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A.T. Grigorian £i·om Moscow pre ented me with the Arabic military manu cript 
of St. Petersburgh. Or Yusuf Za idan fTom lexandria pre ented m with a 0 
copy of Kitab al-khawass al-kabir, and Mr Mahmud min al-' lim from alro 
sent me a copy of Kitab sunduq a-hikma. 
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their consent to publish 'The Arabic Original of Libel' de compositione 
alchimiae' that was published in Volume 14(02): pp. 213-31, (2004); and the 
article 'An Eighth Century Arabic Treatise on The Colouring of Glass', pub­
lished in Vol. 19(01): pp. 121-56 (2009). 

My thanks also are due to Professor Mustafa Mawaldi, Dean of the Institute 
for the History of Arabic Science and editor of the Journal for the History of 
Arabic Science for his permission to publish the atiic1e ' Iron and Steel Tech­
nology in Medieval Arabic Sources', published in Vol. 2, No. 1, pp. 31-43 
(1978), and also the article on 'The Arabic Origin of the Summa and other 
Geber Works', due to be published in Vol. 15 (2009). 

I thank also Professor Alexander Keller the editor if ICON, the journal of 
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search, and I would I ike to thank two in particular. The fOlmder of the Alchemy 
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Introduction 

This vo lume is not a traditional history of alchemy, nor is it another book on 
the history of industrial chemistry. Moreover, unlike usual histories, it is 
devoted to the discussion of some important critical issues in the history of 
Arabic and Latin alchemy and industrial chemistry. 

History of science and technology is not an exact science; and it is 
marred every so often by nationalistic feelings and by the political encounter 
between cultures. Western historians wrote this science largely and 
overwhelmingly, and due to the absence of research in developing countries, 
there was no role in the past for scholars of those countries. In addition, 
whenever a scholar from a developing country voices a valid criticism, 
Western scholars consider it as apologetic or defensive. 

The history of Arabic and Islamic science and technology was on the 
whole lucky because there were some trustworthy Western historians who 
rendered a great service in writing this history during the 19th and 20th 
centuries. 

In addition, in the last few decades scholars of Arabic or Islamic origin 
gained prominence in Western universities and excelled in their research into 
the history of Arabic-Islamic science. Recently also the study of the history 
of Arabic and Islamic science in Arabic and Islamic univer ities had started 
and special institutes were established. Moreover, with the constant 
discovery of new Arabic manuscripts and with editing and publi hing them, 
the history of Arabic and Islamic science i being corrected and rewritten 

again; albeit at a slow pace. 
Research into the Arabic-Islan1ic exact sciences, in particular, i 

currently quite active, and the results of research cannot u ually be 
contested. Numerous scholars, some of whom are imminent, are dev06ng 
their research activities to this branch of science more than to an other 

domain. 
The story is different when we look at the hi tory of rabic a1chem 

and chemistry. There is at pre ent a carcity in scholar with a ma tery of 
Arabic, who are qualified to do re earch in this field. MoreO\ er, for the la t 

seven decades no serious work 011 Arabic a1chem and hemi try has 
appeared, with the exception of a few edited lext . 

On the other hand, in the la t decade of the 19th centur and the fir t 

hal r of the 20th, some historian, took a t:riou intere t in rabic alchemy 
and chemi try. ome of the c like Henr E. tapleton and Eric J. Holmyard 
were large ly tru tworthy and reliable; but other, like l\lar din Benldot and 
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Julius Ruska, were generally biased. Berthelot and Ruska had th~ir own 
motives, and they based their preconceived judgements on mere conjecture. 
Unfortunately, those speculations were accepted uncritically in the West. 
First, these two historians were of immense authority, and they presented 
their conjectures in the garb of scholarship. Their ideas were accepted since 
they played on the Eurocentric sentiments of the educated. ~ estern 
individual. In addition, and more importantly, there was no posslbIhty for 
any academic to check the trustworthiness of those conjectures. It was not 
feasible for any scholar who usually lacked knowledge of Arabic, and even 
Latin to waste his time and efforts in an endeavour that lacked any kind of , 
incentive or support. 

The motive behind those conjectures was to divorce Latin alchemy from 
its Arabic roots, and since they remained unchallenged, the present history of 
alchemy and chemistry in the West in the early period is built mostly on 
feeble and defective foundations. 

Our purpose in this work is to discuss some critical issues in this 
history. We shall not disprove conjectures by counter conjectures; otherwise, 
our work will be worthless and doomed. On the contrary, our presentation in 
this whole volume is based on our research into original sources, mainly 
Arabic manuscripts. 

We present here the results of three decades of research into Arabic 
manuscripts. And although some of the results of this research were 
presented at international conferences and were published in learned journals 
and on the internet, it has now become necessary to put them together and 
make them accessible to the academic community in a convenient form. 

This book has ten chapters; one of these is a review of Arabic alchemy 
and another a review of Arabic industrial chemistry; the remaining chapters 
deal with eight important critical issues. 

The first critical issue is that of the dialogue between Prince Khalid ibn 
Yazid and Maryanus the hermit. This dialogue was the first Arabic 
alchemical treatise to be translated into Latin by Robert of Chester in 1144 
under the title of Libel' de compositione alchimiae. Lt heralded the start of 
Arabic alchemy in the West. Yet Julius Ruska had the unabashed spirit to 
cast doubts on Khalid, Maryanus, and Robert of Chester. He conjectured that 
this whole dialogue is an imaginative story and that a Latin monk had 
written the Latin treatise in the 13th to 14th century. Ruska wrote for this 
purpose his book Arabische Alchemisten, of which vo lume one is devoted to 
his conjecture about Khalid and Maryanus. This work is considered by many 
to be one of Rusk a's masterpieces. 

We have discovered the Arabic original of the dialogue and have found 
that the Arabic text corresponds to an amazing degree with the Latin treatise. 
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Thus, one main conjecture of Ruska was demolished and his honest 
scholarship became questionable. 

The second critical issue is that of the Geber problem. Western alchemy 
started with the translation of Arabic works in the 12th and 13th centuries. In 
the 13th century, several treatises appeared in the West carrying the Latin 
name of Jabir ibn Hayyan (Geber). The most important among them was the 
Summa peliectionis. In 1893 Berthelot came out with the conjecture that the 
Geber works were not written by Jabir but by Latin authors. 

In 1935, Ruska came out with another conjecture when he claimed that 
a treatise called De investigatione perfectionis of Geber was not written by 
Jabir, and a Latin who was also the author of the Summa wrote that part of it. 

In 1986, William R. Newman adopted Ruska's conjecture and built his 
whole work on it. Newman made up a complicated hypothetical assumption 
that an unknown Paul of Taranto was the author of the Summa; and further, 
he attributed to this unheard of character the conception of the corpuscular 
theory that was much publicised by Newman, and the mercury alo~e the0T?" 
However, these two so-called theories are in fact old concepts 111 ArabIC 
alchemy as is conclusively shown in Chapter 3. 

These conjectures of Berthelot, Ruska and Newman are marring. the 
early history of Latin alchemy. We were able to refute ~ll these spe~ulatlOns 
by evidence based on extensive research into ArabIC manuscnpts. We 
proved that the entire Summa is based on Arabic alchemy, and that the 
conjectures of Berthelot, Ruska and Newman about pseudo Latin authors for 
Geber works are unfounded. 

The remaining six critical issues relate to Arabic. indu~trial chemi~~. 
Two of them are on books of recipes, one on potasslwn mtrate and mtrIc 
acid, one on explosive gunpowder and cannon, one on alcohol and one on 
Damascus steel. 

There appeared in the West before the introduction of Arabic. alche~y 
in the 12th century, four books of practical recipe related to mdu tnal 
chemistry. The earliest two go back to the 9th cel~tury and h 0 are from. the 
eleventh. One is the Mappae Clavicula and one I th book of TheophI~u . 
Western historians considered them to be the onl ource on the chemIcal 
technology of medieval Europe and without parallel in rabic literature. . 

These judgments are cau ed by lack of knowledge O! the rabl.c 
treatises on alchemy and chemi tr and by the erroneou notIOn that Jablr 
ibn Hayyan was an allegoric alchemi t. .. 

1-1 contrary to the e a umption, there are numerou .Iabman owever, . . K ' b I 
treatises on practical alchemy and chemi tr . One book f recIpe ' I, 1:~.0 
durra al-l71aknul1o on the colouring of gla and Ih making t artltIcIaI 
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pearls, and it contains a large number of recipes. There is also Kitab al­
khawass aL-kabir which contains dozens of recipes on industrial chemistry. 

In comparing the contents of Kitab al-durra and Kitab al-khawass with 
the four Latin books of recipes, we found that none of them matches Jabir's 
recipes in their novelty and detail. These two works of Jabir, which are 
discussed in this volume, confinn that Arabic literature has more mature 
books of recipes than the four early Latin treatises and they dissipate the 
false notion that was painted by Berthelot and reinforced by his followers , 
about Jabir as a vague allegoric alchemist. 

Another critical issue is that of the first knowledge of saltpetre and 
nitric acid. Berthelot, followed by others, assumed that Arabic works did not 
know these two chemicals, and that they were first known in Europe at the 
end of the 13th century. 

This wrong assumption is also caused by ignorance of Arabic works. 
Potassium nitrate was known in Arabic alchemy since its earliest stages, and 
was identified under different names. Indeed, saltpetre was even recognised 
since the ancient civilisations of Mesopotamia. 

Recipes for nitric acid and aqua regia before the 13th century are also 
given in different works of Jabir, al-Razi and in Ta'widh al-Hakim. 

Another critical historical issue is that of the first formulation of 
explosive gunpowder. It is known that the first recipes of gunpowder were 
formulated in China. However, the powder was weak and non-explosive, 
suitable only for fireworks. 

Claims were made that Berthold Schwartz, a legendary German monk, 
or Friar Roger Bacon, the famous medieval English scientist, were the 
inventors of explosive gunpowder. A century ago Colonel H.W.L. Hirne 
published his own assumptions about this matter, and later in 1956, David 
Ayalon published his assumptions about Firearms in the Mamluk Kingdom. 
These are only two of the many authors of various nationalities and of 
different motives who delved into this subject. Our research here proves that 
the legends and conjectures about this question are without foundation. 

In Arab lands, recipes for explosive gunpowder suitable for cannon are 
given in al-Rammah 's treati se of the 13th century, and in other 
contemporary military and alchemical treatises. We find in these military 
treatises also the description of the first cannon in history. This was a 
portable one, which was used against the Mongols in the battle of ' Ayn Jalut 
in 1260 for frightening the horses of Mongol cavalry. 

. The ideal gunpowder composition contains 75 per cent saltpetre, 
beSIdes sulphur and charcoal. Arabic recipes gave the same ideal 
composition . In Europe and China, the explosive mixture started to appear in 
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the second half of the 14th century, and the first cannon were used in the 
battle of Crecy in 1346. 

The discovery of alcohol is another disputed area. It is assumed in 
Western literature that the earliest reference to the distillation of wine 
occurred in a text from Salerno around 1100 CE, although the technology of 
distillation was transferred to Salerno with the translation of Arabic works. 

Islamic chemists knew the distillation of wine and the properties of 
alcohol from the 8th century. The prohibition of wine in Islam did not 
mean that wine was not produced and consumed. 

The flammable property of alcohol from wine bottles was known from 
Jabir ' s time, and Al-Kindi , al-Zahrawi and al-Farabi mentioned the 
disti llation of wine. 

Alcohol was called khamr musa 'ad (distilled wine), and the current 
word for distilled wine is 'araq which means sweat, an indication of a 
distilled liquid. In early Arabic poetry of the early Abbasid Caliphate, 
distilled wine or strong alcoholic drinks were served. They were not denoted 
by a special name and were just another variety of wines. 

Wine was distilled in Sharish (Jerez) in al-Andalus. It is believed that 
distilled spirits were produced there and that sherry (from Sharish) was 
known since the Arab days. 

The final critical issue in thi s work is that of Damascus steel, which was 
renowned in the West for its superior qualities, and European steel-makers 
sought to find its secret. Britain in the 19th century imported 'wootz' steel 
from India. Therefore, historians thought that Damascus wa only a trading 
centre and steel was not produced there. 

Research into Arabic literature has revea led that Dama cu teel was 
made from local iron ores near Damascus. There were al 0 other Islamic 
areas producing iron and steel from local ores . 

Jabir al-Kindi and al-Biruni wrote about steel in detail. According to , 
them Damascus steel is composed of narmahan which is oft iron, and of 
daus which is cast iron, and this is the reason behind the firind (pattern) in 
swords. This composition as reported by Arab cienti t i in confonnity 
with modern interpretation. Al-Jildaki, in commenting on Jabir' Book of 
Iron describes how cast iron and steel were produced on an indu trial cale. , 

The question of Dama cu steel a the tarting point in m T intere t in 
the critica l issues, and it wa an impetu for me to e tabli h the In titute for 
the History of Arabic Science at the Uni\'er ity of leppo in 1976. and th 
Journal for the His fOf)' of Arabic Science at the ame time. 

In conclusion, this work i a manife t proof tha t hi tOf) of cience and 
technology in the Middle ge cannot be \\ rit1en in i olation from a 
thorough search into Arabic ource . To ba e thi hi tor on Latin ' ource 
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only will result in gross errors as we can see from reviewing the critical 
issues in this work. 

The best reception for this work is to be reviewed by qualified and fair 
scholars who can help in pointing out where I have erred; and if I have 
sometimes used candid language in discussing some of the critical issues, I 
hope that I may be excused. 

1 Arabic Alchemy: cIlm aI-San ca (Science of the Art) 

INTRODUCTION 

The Art of alchemy (Jlm ai-San a), as we shall discuss here, is a theoretical 
and a practical science which is aimed at the transmutation of metallic 
bodies such as iron, copper and lead into silver and gold by using chemical 
preparations and with the help of the elixir. On the other hand, practical 
industrial chemistry is concerned with the production of industrial products 
by using chemical processes and this will be the subject of Chapter 4. Our 
discussion here does not deal with the occult, mystical or spiritual aspects of 
alchemy. 

THE ORIGIN OF THE WORD ALCHEMY 

The Arabic word al-kimya' is composed of the article al (the) and kimya ' 
(chemistry). This word reached the West with the translation movement, 
which took place in the 12th century. The Arabic fonn al-kimya ' is the 
origin of the word alchemy, which is used to denote the science of alchemy, 
which preceded modern chemistry. Kimya ' without the article al is the origin 
of the word chemistry. In Arabic the word al-kimya ' means both alchemy 
and chemistry, Some contemporary Arab writers try to differentiate between 
alchemy and chemistry by using the word al-khimya ' "I Jay' IIto denote 
alchemy. 

The word khemeia occurred for the first time in a decree issued by the 
Roman Emperor Diocletian (c. 245- c. 312), to burn all Egyptian books of 
khemeia that deal with alchemy and the manufacture of gold and sil er. 

This word is most probably derived from the name of Egypt. Plutarch 
(c. 46- 127) mentions in a treatise written about 100 CE that Egypt is called 
Khemia because of the colour of its black soil. Some think that the word i 
of Greek origin, and others think that it is of Chinese. 1 

Although this branch of science \ as called al-kimya' in Arabic, et it 
was also called also the Science of the Art 'ilm al- an'a ;j . '" oil ~ and the 
practitioner of this Art was called sahib ai-san 'a, and alchemi t were called 
hukama ' or philosophers. 

I. For the origin of the word alchem) ee Leicester, 1956, p. 45. 



8 Studies in AI-Kimyci' 

ALCHEMY AND CHEMISTRY IN ANCIENT CIVILISATIONS 

Chemical knowledge started with the ancient civilisations of Mesopotamia 
and Egypt since the fourth millennium BCE. Metallic bodies such as gold, 
silver, copper and iron were used from an early date for various purposes. 
The technique of mining the ores, extracting the metals, alloying and 
fOlming them was mastered quite early. The industries of glassmaking, 
glazing, dying, tanning, oils and fats extraction, detergents and perfumes 
were also developed. 

Several kinds of raw materials that were used in the chemical industries 
were known. Among these were alums, various kinds of salts and nitrates. 2 

This indicates that chemical knowledge was known since the rise of ancient 
civilisations. It was, however, an empirical knowledge and alchemy and 
chemistry were not yet developed into sciences. 

It is well established that the beginnings of science in general started in 
Mesopotamia and Egypt, and from thence they were transferred into Greece. 
It is useful therefore to investigate the beginnings of chemistry in these two 
ancient civilisations since this may reveal to us the origin of several 
theoretical concepts in both alchemy and chemistry. 

The Babylonians believed that the universe originated from water. They 
noticed also that the universe contains opposite elements. Thus there is day 
and night; light and darkness; male and female; hot and cold; wet and diY. 
There is also the good and the evil, and in general, there is for every feature 
an opposite one. It is also possible to divide matter into two opposite 
elements, and from these two opposite elements, everything can be 
generated. 

The Babylonians were keen observers of the stars; and from their early 
history, they believed that the gods are in control of the planets. They also 
believed that the sun, moon and other planets have influence on what 
happens on earth. This was the beginning of astrology. The influence of the 
planets involves metals ; thus, the sun influences gold, and the moon 
influences si lver, and the other planets control the remaining metals. This 
linkage between the planets and metals was the biggest contribution of the 
Babylonians to alchemy or the Art. 

2. Levey, 1959, pp. 128 & 152 says that potass ium nitrate was known in Ancient 
Mesopotamia. Forbes. in SI~dies in Ancient. Technology, Ill , p. 188, also says that sa ltpetre 
was known and used III ancIent MesopotamIa. It was obtained as an efOorescence of the so il 
in certain places where organic matter decayed. It was collected and treated to obtain the 
~rystal s o~ sa.ltpetre. It seems that this ancient practice in these pre-Islamic lands continued 
IIlto Islam IC tImes. 
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Greek philosophers who were thinking about the nature of matter, and 
whose theories were based in part on the Babylonian concepts, inherited the 
principle of the two opposites. 

Aristotle was one of the latter Greek philosophers who benefited from 
those who preceded him and believed in the existence of four principal 
properties, which are composed of two opposites: hot and cold, wet and dry. 
If we combine a pair of these opposites, we obtain four main elements: fire 
(from hot and dry); earth (from dry and cold); water (from cold and wet) and 
air (from wet and hot). This theory of Aristotle prevailed until the middle of 
the 17th century and it exerted a great influence on the possibility of 
transmuting one element into another. 

ALCHEMY AND CHEMISTRY BEFORE ISLAM 

Most historians of science believe that the science of alchemy and chemistry 
started and developed principally in the Nile Valley, and that it was practised 
in Syria, Mesopotamia and Persia. 

Stapleton advanced the idea that the origin of alchemy is to be traced to 
Syria (especially Harran), Mesopotamia and Persia, rather than Egypt. He 
suggested that Syrian refugees from the Persian invasion had carried their 
ideology and technique into Egypt and practised alchemy there using the 
Greek language; and this is how Egyptian alchemy had originated according 
to him. 3 

Alchemy became a prominent science in Alexandria in the early year 
of the CE. The language of culture in Egypt wa Greek and most alchemical 
treatises that were translated into Arabic were from Greek, yet it was 
Egyptian alchemy and it will be misleading to describe it otherwi e. 

The majority of the inhabitants of Alexandria and the other citie in 
Egypt were Egyptians, with small communitie of Syrian and Greek. The 
Egyptian industrial skills in metallurgy, dying and gla -making 'VI ere 
combined with the Syrian, Babylonian and Greek philo ophical 
contemplations in formulating the science of alchem . It i of great 
significance to know that the most important Greek alchemical treati e were 
found in Upper Egypt and that Zosimu wa a nati\'e of khmim in that pan 
of Egypt. 4 During the fir t centurie C there exi led in Eg pt everal 
Gnostic group, and philosophy degenerated unto I-lerm tic pirituali m and 
beliefs in magic and hidden power . 

3. Multhauf, 1966, p. 115; taplcton. 195 56. reproduced b) runt ' agll1. Ch<!lI1i. lrI · Tt'xt 
and Stlldies Vo!. Il (Natural ci<!l1c<!s illlslom. 56). Frankfurt. 2001. 
4. Akhmim, which 1\ a. called Pnnopoh in free". i 700 kill outh or Al ':-.andnn. 
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We find in the writings of early Arabic alchemists many quotations 
attributed to pre-Islamic persons and there are several Arabic alchemical 
treatises attributed to them. These works were the subject of research by 
historians of science who concluded that most of these works were attributed 

to pseudo authors. 
These pseudo authors included Hermes, Iflatun (Plato), Aristo 

(Aristotle), Pythagoras, Agathodaimon, Ostanes, Hiraql (Heraklius, 
Byzantine emperor, 610-41), Cleopatra, Mary, Zosimos, Isis, Krates, 
Markos, Jamasp, Furfuriyus and many others. They came from Egypt, Syria, 
Mesopotamia, Persia, Greece and Asia Minor. 

Sezgin gave a list of the Arabic treatises attributed to each of these 
pseudo authors. It is probable that these works were written before Islam and 
were translated into Arabic from Greek or Syriac. Stapleton, 5 Sezgin and 
others are of this opinion. Other historians are of the opinion that these 
works were written by pseudo-Arabic authors after Islam. However, whether 
these pseudo-alchemical works are pre-Islamic or Islamic, they are a chief 
source for Arabic alchemy. 

Most of the Greek and Syriac originals of these works are lost and very 
scanty fragments have survived. Of these fragments is a Greek text attributed 
to the Hellenized Egyptian alchemist Bolos of Mende. (Mende is now called 
Tall al-Rab'a in the Egyptian Delta.) The treatise is called Physica et mystica 
('Natural and Mystical Things'), a 1cind of recipe book for dyeing and 
colouring, but principally for the making of gold and silver. Other 
alchemical texts, mostly recipes written on papyrus and going back to 300 
CE were found in a cemetery in Luxor in Upper Egypt. 6 These papyri are 
distributed between Leiden and Stockholm. However, the most important 
alchemical extant texts are those attributed to the Egyptian alchemist 
Zosimus, a native of Akhmim in Upper Egypt who probably lived between 
350 and 420 CE. Zosimus had compiled the works preceding him and he 
mentions the names of several pseudo authors such as Hennes, Ostanes and 
Mary. 

Because of the scarcity of Greek texts and the abundance of Arabic 
ones, the main sources for the study of pre-Islamic alchemy are Arabic. 
Again, since most Western historians of science are not familiar with Arabic, 
the serious study of pre-Islamic alchemy remains deficient. 

5. tapl eton, 1953- 56, p. I 
6. Luxor is the site of the ancient Egyptian city ofThebes. 
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The works attributed to Hermes are one important source for Arabic 
alchemy, and his name became linked to it. His fame reached the Latin West 
after the translation of the Arabic works attributed to him. Be is called in 
Arabic "Hermes al-Muthallath bi al-Hikma" which means Bermes the thrice 
endowed with Philosophy. Hikma or philosophy indicates here the great Art 
of alchemy. Latin name Trismegistus is a translation from Arabic. 

One of the important texts attributed to Hennes is the Tabula 
Smaragdina that was translated into Latin from Arabic in the twelfth 
century. Apollonius of Tyana gave this very short text of few sentences at 
the end of his book The Secret of Creation. Jabir Ibn Hayyan cited this text 
also in one or more of his works. The short text of Tabula Smaragdina 
occupied a prominent place in the alchemical literature of the Latin West. 

About Bennes Trismegistus (of the Triple Wisdom) Arabic sources say 
that the first Hermes was the Prophet Idris (the Biblical Enoch) who 
preceded the Flood and built the pyramids of Egypt. Hennes the second was 
from Babylon, he lived in Mesopotamia after the Flood, and he had given 
life to sciences. Hermes the third lived in Egypt after the Flood and he 
developed several sciences and crafts. These three personalities of Hennes 
combined are the source of alchemy, astronomy, astrology, philosophy and 
the remaining sciences. 7 Balinas, or Apollonius of Tyana 8 helped in 
spreading the alchemy of Bermes in his book Sirr al-Khaliqa (The Secret of 
Creation). 

Most historians of science and chemistry believe that the alchemy of 
India and China did not exert any significant influence on the de elopment 
of alchemy and chemistry in the western half of the ancient world. They 
believe that chemistry and alchemy, like other ciences, started in ancient 
Babylonia and Egypt, and they continued their historical development within 
the western half of the ancient world until the rise of modern science.

9 

7. Plessner, El, on D. 
8. Tyana i a to\\ 11 in Kil ik) a in 
9. See c.g. Mullhauf, 1966, p. 15; 

ia M III or on the borders \\ Ilh S) na. 
tapklon, 19:~ 56, p. 8. 
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THE BEGINNINGS OF ARABIC ALCHEMY AND KHALID ffiN 
YAZID 

Khalid Ibn Yazid was the first Arab to work on alchemy or 'ilm al sana 
(Science of the Art). His exact birthday is not accurately known, but we 
know that when his brother Mu'awiya Ibn Yazid had died in 64/683, Khalid 
was not able to become a caliph because of his young age. Some historians 
estimated the year of his death to be 841703 or 901708. But Stapleton 
determined his year of death at 1021720 on the basis of some Arabic 
manuscripts. 

According to Ibn al-Nadim, Khalid summoned from Egypt a number of 
Greek scholars 10 who were well versed in Arabic and commissioned them to 
translate works on the Art of alchemy into Arabic. 11 

Khalid learnt the Art of alchemy under Maryanus, an ascetic hermit 
living in the mountains of Jerusalem who was either an Egyptian or a Syrian, 
and a follower of the Melkite Church, which was loyal to the Byzantine 
Emperors. Maryanus was in turn a pupil of Istfan (Stephanus) of 
Alexandria. 12 

The treatise Liber de compositione alchimiae ~I ~ 1)1 ~YjA 4JL...., j ' 
"~.i! tY. ~L:.. ..»")\J, whose Arabic original became known recently, gives an 
account of the encounter between Khalid and Maryanus and the dialogue 
which took place between them. 13 

Arabic sources that were close in time to Khalid reported his interest in 
alchemy, and Jabir Ibn Hayyan reported in Kitab al-rahib how Khalid 
summoned Maryanus. AI-Jahiz (c. 776-868) reported in Kitab al-bayan wa 
al-tabyin that Khalid Ibn Yazid was an orator and poet, eloquent, 
comprehensive, of sound judgment and extremely well-mannered, and the 
first (in Islam) to order the translation of works on astronomy, medicine and 
alchemy. 

Khalid occupies a high standing among Arabic alchemists, and most 
Arabic works on alchemy give citations from his writings and poems on 'ilm 
af san 'a (the Art). He occupies also the same high standing in Latin 
alchemy. Ruska raised doubts about Khalid's work in alchemy. However, 
Sezgin refuted Ruska's assumptions based on original Arabic sources. 

10. These are Egyptians or Syrians who were followers of the Melkite Byzantine Greek 
Church . 
11 . Ibn al-Nadim, n.d., p. 352. 
12. labir Ibn Hayyan, 1936, p. 529. 
13. AI-Hassan, 2004. 
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Our recent discovery of the Arabic original of Liber de compositione 
alchimiae had proved conclusively that Ruska's speculations were 
groundless. 14 I will discuss this discovery in Chapter 2. 

ARABIC ALCHEMISTS AFTER KHALID 

After Khalid , more translations of alchemical works emerged in Arabic, and 
many Arabic alchemists appeared. We shall mention only some of the most 
eminent ones according to the chronology of their appearance. 

Ja'far al-Sadiq 

Abu 'Abd Allah Ja'far al-Sadiq Ibn Muhammad Ibn 'Ali Zayn al-'Abidin, 
(d. ]481765) was the sixth Shi ' i !mam, and was the coach of Jabir Ibn 
Hayyan. Jabir referred to him in many of his works. There are several 
alchemical tTeatises attributed to him. It is not certain whether Ja'far had 
written them or they were collected or edited by his disciples,15 but they 
form an important part of Arabic alchemical literature. 

Jabir Ibo Hayyao 

The greatest Arabic alchemist and chemist, and the most celebrated, East and 
West, until the rise of modem chemistry, Abu Musa Jabir rbn Hayyan al­
Sufi, also called al-Azdi, al-Kufi, al-Tusi, was born in about 103/ 721 in Tus, 
Khurasan, when his father was residing there, and died in 200/815 in Kufa. 
Jabir is from the Arab tribe of Azd, and Kufa was his principal re idence. He 
is known as al-Sufi because he was a follower of one of the Sufi order . 

After the death of his father, Jabir was sent to Arabia \ here he became 
a pupil of Harbi al-Himyari, according to what Jabir had mentioned in some 
of his works. He studied the Qur'an, mathematics and other cience, in 
addition to the Himyaric language. Jabir mention al 0 that he tudied 
alchemy under a monk (rahib), who was a pupil of Maryanu , the tutor of 
Khalid Ibn Yazid. 

We do not know much about the early life ofJabir; but \\ e know that he 
was an alchemist at the court of the Caliph Harun aI-Ra hid. He \\'a an 
intimate friend and a disciple of Ja ' far al-Sadiq the ixth ~ hi'ite Ima111 . We 

14. I bid. ee Ru ka, 1924. 
15. Muhammad Yahya AI-Ila hil11i had \\ritt en a boo" about la' far al- ad Iq in \\llI'h h ' 
refuted the as umptions about la ' lar in Ru '-a 's boo" : Arabi. che 4IchL'IIIISft!lI. I\. Gc/tar .4/­
sodiq. de,. sech. (e 11110111 (1924), that \\3 ' r printed b) FU3t e7gm III \ 11111,.,11 elt'1I e.' III 

Islalll, 59, Frankfurt, 200 I. 
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find in many of Jabir's works expressions of his deep love and respect to 
Ja'far where he refers to him always as sayyidi, 'my master'. 

Jabir had a close relationship with the Barmakids, the ministers of the 
Abbaside caliphs. Ja'far al-Barmaki, the minister, introduced Jabir to the 
Caliph Harun al-Rashid, for whom Jabir composed a treatise on alchemy. 
After the misfortune of the Barmakids in 187/803 Jabir resided in Kufa in 
seclusion until he died. It is reported that a copy of Kitab al-rahma was 
found under his pillow when he died. 

Eric John Holmyard, the historian of chemistry, is credited with 
investigating the historical identity of Jabir, in elucidating his high standing 
and in indicating his contribution to developing alchemy into an 
experimental science. Holmyard considered that Jabir's importance in the 
history of chemistry is equal to that of Boyle and Lavoisier. 16 

Ibn al-Nadim in his Fihrist gave a list of Jabir's works. He relied on two 
of the three catalogues prepared by Jabir himself for his works. One of these 
catalogues listed all Jabir's works, while the other gave only his works on 
alchemy. Ibn al-Nadim says that he selected from the two catalogues those 
books which he had actually seen or which were testified for him by trusted 
scientists. 

The number of books attributed to Jabir is great. Paul Kraus gave a 
detailed account of those works, which he was able to investigate whether 
extant, or not. Later, Sezgin added to Kraus's list a number of newly 
discovered titles. 

The fame of Jabir is due mainly to his works on alchemy, but he also 
wrote on industrial chemistry, as we shall see in Chapters 5 and 6, as well as 
medicine, physics, mathematics, philosophy and all branches of sciences that 
were known at this time. 

Kraus and Ruska investigated the works attributed to Jabir, and they 
believed that Jabir wrote some of them, while the remainder were written by 
others and were attributed to him. They thought that the complete Jabirian 
corpus was written between the 2nd/8th, and the 4thl1 Oth centuries. 17 

It seems that the most important works of Jabir are the following: 

16. Holmyard, Eric John, 'Jabir Ibn Hayan ', Proc. of the Royal Society of Medicine, Section 
History of Medicine, vol. 16, 1923, pp. 46- 57, reproduced by Fuat Sezgin, in Jabi,. fbn 
Hayyan, Texts and Studies. Vol. I (Natural Sciences in Islam. 69), Frankfurt, 2002. In the 
same volume see also Holmyard's article: 'The identity of Geber' (1923). 
17. A good discussion about Jabir and the assumptions of Kraus and Ruska is given by 
Sezgin, 1971 , and he refuted them. 
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1. The collection of the One Hundred and Twelve Books. There are some 
extant books from this collection, but the majority of titles are still 
mlssmg. 

2. The Book of Seventy. 18 Several of the articles in this book were 
translated into Latin and they are known as the Septuaginta. 19 The 
Arabic original was missing until the first two decades of the 20th 
century. 

3. The collection of the Balance Books, consisting of 144 treatises of 
which few are extant. 

4. The collection of the Corrections Books, consisting of ten treatises 
about the works of ancient authors and of some contemporary ones 
including Jabir himself. One treatise only has survived (Musahhahat 
1jlatun), and we know about some others through citations by various 
authors. 

5. The Great Book of Properties (Kitab al-Khawass al-Kabir). 

This list does not represent all of Jabir's important works. Most of the extant 
works are not studied and are still in manuscript form; the greater part is still 
missing and some more titles may be found. 

There are at least seven Latin treatises that carry the name of Geber 
(Jabir's Latin name) for which the Arabic originals are not yet identified. 
This gave some western historians of alchemy and chemistry the occasion to 
ascribe them to pseudo Latin authors. We have discussed this question in 
Chapter 3. 

Dhu ai-Nun 

Dhu ai-Nun, Abu al-Fayd Thuban Ibn Ibrahim al-Misri (d. 246/861) was a 
Sufi mystic from Egypt, and a master of asceticism and self-discipline. He 
was one of the earliest Sufis and influenced its de elopment; and was 
involved in medicine, alchemy and magic. A a mystical alchemist, he wa 
much quoted by Ibn Umayl and several later alchemist. Ibn al- Jadim li ted 
some of his works. Stapleton discovered eight of hi alchemical treati e . 

Abu Bakr al-Razi 

AI-Razi was the greatest Arabic alchemist after Jabir. He wa al 0 one of the 
greatest physicians in Islam and was an accompli hed philo opher. He i 
known as Rhases in Latin and like Jabir (Geber), he influ nc d greatl the 

18. Jabir Ibn Ha yan, 1986. 
19. Berthclot, 1906. 
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development of Latin alchemy. His influence on the development of Latin 
medicine was immense. 

Abu Bakr Muhammad Ibn Zakariyya al-Razi was born in Rayy in 
present Iran about 251 /865 and died in 3131925. He received hi s education in 
Rayy, and later directed his attention to medicine and excelled in it. 

In his earlier years, before turning to medicine, he devoted his attention 
to alchemy, gaining prominence in it, and wrote severa l important works. 
AI-Razi was renowned for his brief practical recipes and descriptions of 
materials and apparatus. His writings are of experimental nature and are 
considered as an important step in the direction of modern chemistry. 

There are thirteen known Arabic treatises on alchemy for al-Razi , some 
of which are extant, and nine treatises in Latin . Among the renowned extant 
Arabic treatises are Kitab al-asrar, Kitab sirr al-asrar20 and Kitab al­
madkhal al-ta '/imi. 21 One of the missing treatises is Kitab ithbat ai-san 'a wa 
al-radd 'ala man ankaraha (a book on proving the Art and a refutation of 
those who deny it). 

Ibn Wahshiyya 

Ibn Wahshiyya is Abu Bakr Ahmad Ibn 'Ali Ibn Qays Ibn Wahshiyya. He 
li ved in the 3rd/9th century, and was active in alchemy, astrology and 
agriculture, among other things. 

The most important of his works is undoubtedly K. al-fiLaha aL­
nabatiyya on agriculture as it was practised in Mesopotamia before Islam. 
About eight treatises on alchemy are attributed to him, the most prominent of 
which is Kitab al-usul al-kabir, also known as Usul al-hikma. 

Ibn Umayl 

lbn Umayl was one of the foremost allegorical, philosophical and spiritual 
alchemists. His works are of interest in the analytical psychology of Carl 
Jung.22 

Abu 'Abd Allah Muhammad Ibn Umayl al-Tamimi lived in Egypt in 
the first half of the 4thlI Oth century. One of his Latin names is Senior Zadith 
filius Hamuel. He wrote several treati ses and poems on alchemy. The most 
important of hi s poems is Risalat ai-shams ila al-hilal (The message of the 
sun to the crescent), 23 which was translated into Latin under the title Epistola 

20. These two books were published in Tehran. See bibliography. 
21. tapleton e/ al. 1927. 
22. J ung, 1952; Von Franz, 1981. 
23 . H.E. tapleton ; M.I I. lIusein : Report on the Mil' al-Waraql (1932); and H. ". tap leton; 
M.II. Husein : Three Arabic treatises on alchemy by Muhammad Ibn Uma il , ( 1933). Both re-
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solis ad lunam. This poem was explained by the author himself in his treatise 
Kitab al- ma ' al-waraqi wa al-GJ-d al-najmiyya (The Silvery Water and the 
Starry Earth), which is known in Latin as Tabula Chemica. 

Abu Maslama al-Majriti 

Abu Maslama Muhammad Ibn Ibrahim Ibn 'Abd al-Da'im al-Majriti was 
from Majrit (Madrid) in Muslim Spain. He lived in the first half of the 
5th/ ] lth century. He is not the same person as Abu al-Qasim Maslama Ibn 
Ahmad al-Majriti, the mathematician, who died in 398/1008. The confusion 
arose because of the simi larities in their names. 24 

Abu Maslama wrote several works on alchemy and magic. His most 
important work on alchemy is Kitab rutbat al-hakim wa madkhal al-ta '/im 
(The Rank of the Sage and the Introduction to Learning). This work gives 
accurate information on the purification of gold and sil ver, and describes 
several accurate chemical operations. 25 

The second important book of Abu Maslama is Ghayat al-hakim (The 
Goal of the Sage), which is a work on magic and one of the mo t important 
books ever written on astrological magic. It was translated into Spanish and 
then into Latin. The Latin treatise carries the title Picatrix and occupies a 
unique place in the Latin literature on magic. 

AI-Tughra'i 

Mu'ayyid al- Din Abu Isma'il al-Husayn Ibn 'Ali al -Tughra'i wa a great 
poet and an accomplished alchemist. He entered the er ice of aljuqid at 
the time of Malik Shah and went on to become chief ecretary under that 
ruler's son, Muhammad I. He wa the second most enior official in the ci il 
administration of the Saljuqid Empire. During a truggle for Po\! er among 
the Saljuqid princes, he wa executed in 51611122, unjustl according to 
historians. 

As an alchemist, al-Tughra 'i was a prolific writ r. On of hi mo t 
interesting works appears to be Kitab /-faqa 'iq a/-i ti hhad (The Truth of 
Citation ), a respon e to Tbn ina ' refutation of alchemy. nother important 
work is Kitab ma/atih a/-raI1l11a (The Key ofMerc ). 

AI-Jildaki held great e teem for al-Tughra'i and on id red him to b 
next to Jabi r only as an alchemi t. He al a referred to him a the lart rr. 

printed by Fuat czgin in J/m Ulllayl (/1 c 91:!) Tt' r/s lIlId (lIdit',1 ( \ a/llral. ciell 'cs 111 1/,111/ 
75), Frankfurt , 2002. 
24. c7gin, 1971, p. 29 . 
25. Il olmyard . 1990, pp. 101 :!. 
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Ibn Arfa' Ra's 

Abu al-Hasan 'Ali Ibn Musa al-Jayyani al-Andalusi, better known as Ibn 
Arfa' Ra's, lived in Fas and died there in 59311197. He was an allegorical 
alchemist like Khalid lbn Yazid, Ibn Umayl and al-Tughra'i, and became 
renowned because of his eloquent alchemical poem, shudhur al-dhahab 
(nuggets of gold), which is composed of 1460 verses in rajaz fonn which 
covered all letters of the alphabet. Ibn Arfa' Ra's wrote a treatise in which he 
explained his poem. Others also wrote treatises in its explanation including 
al-Jildaki. 

Abu al-Qasim al-'Iraqi 

Abu al-Qasim Ahmad Ibn Muhammad al-'Iraqi al- Simawi lived in the 
middle of the 7th/13th century. One of his most important works is Kitab al­
'ilm al-muktasab fi zira 'at al dhahab (Book of Knowledge Acquired 
Concerning the Cultivation of Gold) which was edited, translated and 
published by Eric Jolm Holmyard. 

AI-Jildaki 

'Izz aI-Din Aydamir Ibn 'Ali al-Jildaki had lived in both Cairo and 
Damascus, and died in Cairo in 743/1342. He is considered one of the 
prominent Arab alchemists. His importance, however, is due to his most 
extensive volumes of explanations and conunentaries on the works of those 
alchemists who preceded him such as Jabir, Ibn Umayl, Ibn Arfa' Ra's , al­
Tughra'i, Dhu aI-Nun, Abu al-Qasim al-'Iraqi and others. He quoted 
extensively from the works of his predecessors both pre-Islamic and Arab. It 
is possible to write a complete history of Arabic alchemy by studying his 
works alone. 

AI -Jildaki says that he spent seventeen years in studying all works on 
alchemy before embarking on writing his books, and during this period, he 
visited several Islamic countries and met the most prominent alchemists 
there. 

AI-Jildaki's works give us very important information on some of those 
earlier Arabic alchemical works whose originals were lost. He wrote no less 
than twenty-five books some of which are in several voluminous tomes: 
Kitab nihayat al talab, which is one of his most important works, was 
studied in a PhD thesis. 26 However, the majority of hi s other works have not 
yet been investigated. 

26. Taslimi , M., PhD Thesis Un iversity of London, 1954 (written at University Co ll ege 
London, under I-Iolmyard). 
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LATER ALCHEMISTS 

Interest in alchemy continued in Islamic lands until later centuries. 
Limitations of space do not allow us to give a due account of later activities. 
One of the most important alchemists after al-Jildaki was 'Ali Bek al-Izniqi 
(from Izniq in Anatolia) who was known as 'Ali Chelebi or al-Mu'allif al 
Jadid (the New Author). He lived in the 9th/15th century and left important 
works that can be quite useful in any study of Arabic alchemy. 

One of the later alchemists who also left serious works was Hasan Agha 
Sirdar who was from Jirja in Upper Egypt and lived in the 11 th/17th century. 

THE DEBATE ABOUT THE VALIDITY OF THE ART 

The debate about the validity of al-San'a (the Art) and the possibility of the 
transmutation of base metals into gold started from the beginning of Arabic 
alchemy. Among the great Islamic scientists and philosophers who denied 
the possibility of transmutation were al-Kindi, Hunayn Ibn Ishaq, al -Biruni, 
Ibn Sina, Ibn Khaldun and several others. It seems that the debate was acute 
before and at the time of Jabir Ibn Hayyan. This prompted Jabir to write a 
treatise in defense of the Art under the title: AI-Burhiin wa ithbiit aI-san 'a 
(The Proof and the Verification of the Art). AI-Kindi wrote a treatise against 
the Art with the title: Ibtal da 'wa al mudda 'in san 'at al-dhahab wa al-fidda 
min ghayr ma 'adiniha (refutation of the claim of those who allege that gold 
and silver can be made from other than their minerals). AI- Jildaki ga e a 
detailed account of this debate in Kitab nihayaf al-talab. There is a fuller 
discussion of this debate in Chapter 3. 

THE THEORY OF ARABIC ALCHEMY 

Most people dismiss alchemy as the fal e Art of tran muting ba e metal, 
such as tin and lead, into silver and gold. Thi iew may be contra ted with 
the notion of some modern historians of cience and chemistry who a sert 
that alchemy was never anything different from chemistry and that it \ a 
essentially the chemistry of the Middle Age . n 

According to alchemical theory, all fonn of matter are one in origin; 
and are transmutable. These iew bear a clo e re emblance to tho e of 
modern physical science. Indeed modern cience ha hO\\11 the po ibilit 

27. Read , 1995 . 
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of bringing about many transmutations of elements. Nuclear experiments 
have successfully transmuted lead into gold, albeit at great cost. 

The sulphur- mercury theory was the basis upon which the alchemy of 
Jabir was based. This theory appears to be a derivative of the Aristotelian 
theory that matter was composed of the four elements of earth, air, fire, and 

water. 
Balinas, and Jabir after him believed that, under the influence of the 

planets, metals were formed in the bowels of the earth by the union of 
sulphur (which would provide the hot and dry natures) and mercury 
(providing the cold and moist). 28 This theory, which was adopted and 
generalised by Jabir, and which appears to have been unknown before 
Balinas, is generally considered as one of Jabir's principal contributions to 
alchemical thought. 

The reasons for the existence of different kinds of metal are that the 
sulphur and mercury are not always pure, and that they do not always unite 
in the same proportion. If they are perfectly pure, and if they combine in the 
most complete natural equilibrium, then the product is the perfect metal , 
namely gold. Defects in purity and, particularly in proportion, result in the 
formation of silver, lead, tin, iron, or copper; but since these inferior metals 
are essentially composed of the same constituents as gold, the accidents of 
combination may be rectified by suitable treatment. Such treatment, 
according to Jabir, is to be carried out by means of elixirs. 

This concept that the metals are composed of mercury and sulphur was 
generally accepted by later generations of alchemists and chemists and 
remained a part of alchemy and chemistry even into the 18th century. The 
idea of the presence of an inflammable principle, sulphur, in metals and 
indeed in almost all bodies, is the ancestor of the notion of phlogiston. 

The sulphur-mercury theory is related to the two exhalations concept of 
Aristotle. One of these vapours, given off by the earth under the influence of 
the sun, was hot and fiery , dry and gaseous, the other moist, cool and 
aqueous. The former generated the idea of the sulphur component, the latter 
that of mercury. The two exhalations concept and its relationship to the 
sulphur-mercury theory is elaborated in several Arabic treatises such as 
those of Balinas, Jabir (including the Latin work Summa Perfection is) , 
Ikhwan al-Safa, rbn Sina, al-Tughra' i, al-Jildaki and others. 

It is of interest to give one Arabic text outlining the theory of alchemy. 
Appendix 2 is an edited text based on Holmyard's translation of al- 'Jraqi 's 
Ki/ab al- film al-muktasab fl zira 'at al dhahab (Book of Knowledge Acquired 
Concerning the Cultivation of Gold). 

28. See Chapter 3 in the present vo lume for a detailed discussion. 

A rabic Akhemy 

APPENDIX 1 PROCESSES IN ALCHEMICAL AND 
CHEMICAL PRACTICE 

21 

AI-Razi's entire scheme of work did not differ from that of Jabir and other 
Arab alchemists and it is summarised as follows: 29 

1. Cleans ing and purification of the substances is performed by means of 
(a) distillation, decantation or filtration (Taqtir): (b) the use of the 
descensory (lstinzal): (c) assation (or roasting - Tashwiyah) ; (d) 
coction (or digestion - Tabkh) ; (e) amalgamation; (f) lavation ; (g) 
sublimation ; and (h) calcination; the last-named being used only in the 
case of metals and stones. Calcination included rusting; and another 
process - allied apparently to both calcination and lavation - was 
Taswil (a word which may be translated as lixiviation). 

2. Having freed the crude materials from their impurities, the next step 
was to reduce them to an easily fusible condition. This was done by a 
process known as ceration (Tashmi), which resulted in a product which 
readily melted, without any evolution of fumes, when dropped on a 
heated metal plate. 

3. The next step was to bring the cerated products to a further state of 
disintegration by the process of solution (Hall). 

4. Solutions of different substances, suitably chosen in proportion to the 
amount of Body, Soul and Spirit they were supposed to possess, were 
brought together by the process of combination (Tamzij). Sometimes, 
however, admixture of solutions was replaced by trituration with 
various liquids, followed by either assation or ceration but al-Razi 
expressly mentions .that combination of solutions is the best. 

5. Finally the combined solutions underwent the proces of coagulation 
CAqd), the product that resulted being the elixir. This wa a ubstance 
of which a small quantity, when projected (tarh) on a larger quantit of 
baser metal, was believed to be capable of con erting it (by a proce 
analogous to femlentation) into il er, or if ilver wa used of 
converting it into gold. 

29. A I-Razi, 1964. 
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APPENDIX 2 THE THEORY OF ALCHEMY ACCORDING 
TO AL-'IRAQI 

1 Metallic Minerals Are One Species 

Know, may GOD have mercy on thee that the materials used in the Art of 
Chemistry are of one species essentially. They are called the metallic 
minerals and subdivided into six sorts varying in form and in properties, but 
not immutable, as are individual animals and plants. 

They are gold, silver, copper, iron, lead and tin. Each of them is marked 
off from the others by accidental distinguishing properties, and it should be 
possible to effect the necessary removal of these properties, the specific 
nature remaining constant. 

We say and maintain that two species of natural things which differ 
radically and essentially cannot be changed and converted one into the other 
by the Art as , for example, man and the horse. However, these six bodies can 
be mutually converted. 

It is possible (for example) for a part of the lead to be changed into 
silver. In the same way silver may be converted into gold. But if silver 
differed from gold in species it would not be possible to convert it into it, 
just as it is impossible to convert a horse into the hwnan species by the Art, 
because they differ radically and essentially. 

These six metallic forms are all of one species, distinguished from one 
another only by differentiating accidental qualities; their extreme limit is 
reached when they become gold. Now that which is free from any accidental 
quality is gold, while what possesses these becomes either silver or the two 
leads if it has the quality of coldness, or copper or iron if it has the quality of 
hotness. And these six forms of a single species are similar merely to health 
and fever in man. When the fever is treated so that it departs and the man 
returns to freedom from disease, he regains the most perfect state of health. 

2 Removing the Accidental Qualities 

Know, may GOD, the Most Exalted, have mercy on thee that we began by 
saying that these six forms are all gold by species, and gold is their limit. 
Now that which is composed in the right proportion quantitatively, and in 
agreement therewith, in the right proportion qualitatively, and whose nature 
has reached its highest point, has become gold; while that in which the 
qualitative (composition) is varied comes forth from the ore in the state of 
imperfecti on. 
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But the quantitative (composition) of these six individuals does not 
vary; for this composition in them depends upon moistness and dryness, 
whereas the qualitative composition depends upon hotness and coldness. 

Now the moistness and dryness of which minerals are composed are 
nothing but watery steam and earthy smoke, and if compounded together in 
right proportion, they give rise to these six metallic substances. However, if 
the dryness, that is , the smoke, is in too great proportion, then are formed 
brittle stones such as the marcasites, magnesia, tutias , and the stones related 
to the mineral substances from kuhl and zamikh, etc. If the moistness, that is 
the steam, is in too great proportion, mercury and nothing else will result. 
This occurs only in particular districts of the earth in places that are very 
near to equilibrium, that is, equilibrium of climate. 

Hence, it has been established that the quantitative composition of these 
six metallic substances is constant. Understand this, therefore, and know that 
the cause of the existence of gold is nothing but the equilibriwn of the 
hotness and coldness, and that the reason why the rest of the six substances 
fall short of being gold is excess either of hotness or of coldness. 

When scientists considered these six ductile mineral substances and 
found them to be of one species, part imperfect and part perfect, and when 
they found imperfect ones in the ores of the perfect, they knew that the 
difference between them was only qualitative. They fow1d that the accidental 
qualities which marked off one from another were only distinguishing 
unessential qualities which could be removed by means of a proper remedy. 

And they said: One of the two following things is neces ary: (a) that we 
remove the accidental properties of these five substances by the fire; or (b) 
that we make a compound which if projected upon them will perfect in them 
that which is imperfect, and remove from them what i in exce of 
equilibrium or falls short thereof. 

Now if we use fire alone, it must be either violent or gentle; and the 
time of each of these fires must be either long or short. 

When silver is placed in a light fire, no ucce is acquired by a hort 
action, but a long period is necessary - even to year : a thing \ hich human 

nature makes difficult. 

So there is no benefit at all to the ilver neither b a long action nor b a 
short one. A long action i difficult, and life i too hort for it. I o. a hort 
action does not succeed. Moreover, when ilver is placed in a \ iolent fire, if 
the time is shorter than nece sary there i no ucce . 'Nh i I , if time i long, 
it is certainly tinctured in the fire and i trengthened, but only after removal 
of the greater part, and 0 small a part i I ft that it \\'a ' not \\ orth 
tran muting it into gold on account of the 10 incurred and th outlay 
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required. Thus, there is no advantage in converting silver into gold by fire 
alone. 

[The author gives then the same argument for copper, iron and the two 

leads.] 

When tlus made itself clear to scientists, necessity drove them to make a 
compound from a single drug, or from drugs either differing in species, or 
differing in form, but nevertheless included in a single species essentially, 
though not relatively. And they made two Elixirs, one of them for whiteness 
and the other for redness, fusible, miscible, soluble, permeating, stable and 
assimilable. For if there be no fusion there can be no mixing, and if there be 
no mixing there can be no assimilation, and if there be no assimilation there 
can be no solution, and if there be no solution there can be no permeation, 
and if there be no permeation there can be no stability in the fire. And if one 
of these qualities is lacking the combination is ruined, and if the combination 
is ruined then the Art is vain. 

It is necessary that one of the Elixirs should be hot and red, in order that 
it may remove the quality of coldness and may tincture the substance with its 
colour, red; and the second cold and white, to remove the quality of hotness 
and to tincture the substance with its colour, white. Therefore, upon 
whatever of these (metall ic) forms the elixir is projected, it dissolves in it 
with effervescence, and will be an aid to the fire in shortening the operation. 
It will be such a substance that it removes the accidental qualities, and at the 
same time preserves the (metallic) form and the equilibrium of its moistness 
with its dryness. 

Now to whatever of these (metallic) forms is cold, is added the hot 
Elixir, and it heats it and tinctures it red; while to those which are hot with a 
heat in excess of equilibrium is added the white E lixir, and it cools them and 
tinctures them white, and gives equilibrium to their constitution which was 
disordered. 

For that which renders necessary the heating of these (metallic) forms in 
the refining fire is only the qualitative variation; thus there occur among 
them the soft and the hard, the heavy, and the light. 

As for silver, the Elixir of Redness when projected upon it fixes it not 
by its heaviness but by its stability and ready fusibility and by protecting it 
from ~he fire. Thus the fire is able to accelerate the action, completes the 
~atunng of the silver, fixes it, and tinctures it, and it becomes gold when the 
lIghtness and whiteness have disappeared from it. For the whiteness in silver 
is the necessary consequence of the coldness and small degree of maturing, 
and when the cause disappears there disappears with it the effect. 
Understand that, therefore, for it is one of the foundations of this Art and the , 
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Sages one and all were very jealous of it even with their sons, and more so 
with the rest of men. 

As for the two leads, that which prevents them from being silver is only 
their coldness, which is in excess of that of silver. Their constitution is 
rendered imperfect by the paucity of their hotness and maturing. 

And since it is known that the Elixir of Whiteness is hotter than the two 
leads, in the same way that the hotness of silver is greater than that of the 
two leads, then the Elixir of Whiteness may be projected upon the two leads. 
It will increase them in hotness and cohesion until it transforms them into the 
just proportion of silver and its hotness, which falls short of gold and goes 
beyond the two leads. 

Thus, the Elixir of silver is not excessively cold, and the Elixir of gold 
is not excessively hot. 

The two coppers, as far as concerns their relationship to gold and silver, 
are hotter and drier than the latter. Now things will strengthen their like and 
weaken their opposite, so that if the Elixir of Redness is projected upon the 
two coppers, it increases them in heat and dryness, and converts them into 
powders from which no advantage whatever can be gained. It is therefore 
necessary that the Elixir of silver should first be projected upon them, to 
moisten them and cool them and convert them into silver: if the Elixir of 
gold is then projected upon them it will convert them into gold, after their 
transformation into silver. So understand that and think thereon. 
These bodies change at first only into the form of silver, and then into gold; 
and this follows uniform ity of specific nature, for what is right for anyone of 
all these fonus is right for the others, since they are all varieties of the 
metallic mineral. 

When the Elixir is projected upon mercury it coagulate it not to a hard 
mineral but to an elixir in the fom1 of powder, such that when it i projected 
upon a mineral form of an imperfect degree it makes it reach perfection of 
the species. 

Understand, therefore, the hidden things of the ecrets of thi Art, and 
thou wilt attain to a high degree, if GOD, the Most E. alted, , ill. 

And Know, may GOD the E alted ha e merc upon thee that I 
intended, in composing this prologue in two ection, onl to guide aright 
him who looketh into this book of mine. For e er Art mu t have gi' en 
material upon which it is ba ed, and we found that material of thi It are 
these six substances, - nay, fi e rather, ince gold, e,'en if it i of their 
number, is perfect, and the Art of Chemi tr wa founded onl ' to rai e th 
remaining substances to its level. I have treated the whole matt r thoroughly. 
in order that the reader may easil enter their 10\\,11, p ak. their languag . 
know their Art, and copy their ro al and phihophical procedure. nd from 
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GOD - may He be exalted and magnified - I ask aid and guidance and right 
direction to the Path, by His grace and munificence. Verily, He is powerful 

over whatsoever He willeth. 
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2 The Arabic Original of Liber de compositione 
alchimiae 
~y. 0: .lll;. ...HA)lJ ~I ~ 1)1 u--Wyy ~~.J 
The Epistle of Maryanus, the Hermit and 
Philosopher, to Prince Khalid ibn Yazid 

Libel' de compositione alchimiae or The Book of the Composition of Alchemy 
is believed to have been the first book on alchemy that was translated from 
Arabic into Latin. The translator was the Englishman Robert of Chester who 
was one of the earliest translators to flock to Spain to learn Arabic and to 
translate some of the Arabic works. He completed his translation on 11 
February 1144. 

With the translation of this book, Europe was acquainted with alchemy 
for the first time. Thus, Robert writes in his preface to the translation, 'Since 
what Alchymia is, and what its composition is, your Latin world does not yet 
know, I will explain in the present book. ' I 

Alchemy remained something rather new to Europe until more than a 
century later. Thus in 1267 Roger Bacon writes in his Opus tertium 
(explaining to the pope the rightful role of the sciences in the university 
curriculum and the interdependence of all disciplines): 

But there is another science which is about the generation of thing trom the elements, and 
from all inanimate things, of which we have nothing in the books of Ari totle; nor do natural 
philosophers know ofthese things, nor the whole Latin crowd of Latin writer. And since this 
science is not known to the generali ty of students, it necessarily follow that they are ignorant 
of all natural things that follow there trom ... And thi cience i called theoretical alchemy, 
which theorizes about all inanimate things and about the generation of things trom the 
elements.2 

Liber de compositione alchimiae acquired a prominent place in the Latin 
alchemical literature. The names of Maryanus (Morienus)3 and Khalid 

I. McLean, Adam, The Book of the Composition of Alchemy, Gla go",. 2002. p. . 
2. Roger Bacon, quoted by John Maxson tillman. The StOl:1' of Alchemy Gild EarZ,' 
Chemistry, Dover, 1960. pp. 262-3. 
3. Although we do not know much about the life of Maryanu from reliable ource. Jet \\e 
can paint a reasonably good picture of him . From the text of the dialogue' tr 'ati ,'\ e karn 
that Maryanus wa a hermit living in the mountain near Jeru alem. We al 0 learn that he \\as 
a follower of Melkite Christian it . His dialogue \\ ith Prince Khalid \Va conducted in rabi. 
which implies that he was an rabic- peaking monk. We learn al 0 that the en ounter 
between Maryanu' and Khalid took place in Dama cus. From these fact. and from the 



........ ---------------------.. 

30 Studies in A I-Kimyd' 

(Calid) became well known to all alchemists in Europe. Their importance in 
alchemy matched that of al-Razi (Rhazes), Ibn Sina (Avicenna) and Jabir 
(Geber). 

A large number of Latin manuscripts have survived. These were 
classified into several categories. 4 Five contain the original Latin text that 
was not altered by later editors. Two of these unedited manuscripts go back 
to the 13th century. They are the Glasgow Hlmterian Library MS 253 , 46r-
53v, and the Paris Bibliotheque Nationale MS Lat. 7156, 197r- 201 v. They 
include the story, as told by Ghalib the mawla (client) of Khalid, which 
relates how Khalid and Maryanus (Morienus) came to meet each other. This 
is followed by the dialogue between the two. 

All the other numerous Latin manuscripts contain a revised dialogue. 
Some contain a preface by Robert of Chester, and some have an additional 
speech by Morienus. The various parts were printed for the first time in 1559 
in Paris. The printed edition contains the preface of Robert of Chester, the 
speech of Mori en us, the revised account of Ghalib, and the revised dialogue. 
The Latin title translates as: 'Booklet of Morienus Romanus, of old the 
Hennit of Jerusalem, on the Transfiguration of the Metals and the Whole of 
the Ancient Philosophers' Occult Arts, Never Before Published,. 5 The same 
publisher issued a second edition in 1564. The text of the Paris editions was 
printed in 1572 in a larger collection of alchemical texts published in Basel. 6 

The Latin printed edition was translated into English, German and French. 
The first English translation was done in the 17th century and is 

contained in a manuscript in the British Library, MS Sloane 3697. This is a 
translation of the Paris Latin edition of 1564. This translation was first 

following account, we may assume that Maryanus was living near the Monastery of Mar 
aba. 

At that same time in history, St John of Damascus (675-c. 749) was a high official in 
the ~ourt of th~ ~mayya.d s in Damascus. He ~as a Damascene from a Syrian famil y, and 
carned the famIly s Arabic name of Mansur. I-lis father before him was also a high official in 
the service of the Umayyads. t John was a Melkite and he retired, probably in 726, to the 
monastery of Mar Saba near Jerusalem, Palestine. The ecclesial heirs of St John were also 
Arabic-speaking Melkites such as Theodore Abu Qurra, who wrote in Arabic. The Melkite 
Church was the first Near Eaastern church to adopt Arabic as its offi cial language in about the 
8th century. (For more infonnation on Chri tianity in the earl y Muslim Empire ee the 
numerous works ofSidney H. Griffith .) 
4. Stavenhagen, Lee, ~ Tes/amen/ of Alchemy, The Uni versity Press of New England , 
Hanover, New Hampshire, 1974, pp. 53-4, and Appendix J. 
5. Morieni Romani , Quondam remitae Hieroso lymitani , de transfi guratione metallorum et 
occulta, ~ummaq~e antiquorum philosophorum medicina, Libellus, nusquam hactenus in 
lucem edl tus. Pans, apud Gulielmum Guillard, in via lacobaea sub diuae Barbarae signo 
1559. ,. 

6. Perna l~, Petrus (ed.), Auriferae arti s, quam chemia vocant, antiquissimi authores, sive 
Turba PhIlosophorum, Basi lea, 1572,2 vo ls. 
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published by Holmyard in 1925 in its 17th-century English. 7 Adam McLean 
published a recent edition in current Engl ish in 2002.

8 

In 1974, Lee Stavenhagen who published the Latin text on opposite 
pages to his translation undertook an English translation based on the oldest 
unrevised Latin manuscripts. 

9 

As is customary with most historians of alchemy of the 19th and 20th 
centuries, such as Berthelot and Ruska, doubts were cast on the old 
established knowledge about the Latin translations of Arabic works. Thus 
the Latin works of Jabir were considered by Berthelot to be authored by a 
Latin Pseudo-Geber. The Morienus-Khalid dialogue did not escape a similar 
kind of judgment. Ruska who was a master in the art of considering most 
works to be written by pseudo authors, cast doubts about Robert of Chester's 
translation and on Khalid, Maryanus and their dialogue, and he came out 
with the conclusion that the whole Latin work was a compilation by an 
Italian Christian cleric possibly as late as the 14th century. Other scholars 
followed Ruska in this assumption. 10 

The curious thing is that Ruska knew about the existence of several 
citations in Arabic alchemical literature extracted from the Maryanus-Khalid 
dialogue, but this did not deter him from coming out with his conclusion. 
The Italian compiler, he assumed, should have known Arabic and he had 
interpolated some Arabic citations. Ruska did not know yet about the 
existence of the complete Arabic texts. This stresses again the fact that 
historians of science, however eminent and scholarly they appear to be, 
should not come up with sweeping conclusions ba ed on the limited Arabic 

sources available to them. 
Although Stavenhagen was also sceptical about Robert of Che ter and 

his Latin translation, yet he became convinced that the \ ork wa ' certainly a 
translation from Arabic ' . He arrived at his conclu ion after he aw 
Holmyard's translation of The Book 0/ Knowledge Acquired Concerning the 
Cultivation o/Gold ~"lJ\ ~\.Jj ~ , . , ,,,)5.01\ ~\ of Abu al-Qa im ~1- ' r:aqi. 1I 
This is in addition to the mention of Maryanu and Khalld m the 

7. Holmyard, Eric, 'A Romance ofChemi tTY', a erie of article that appeared in Chemi t~" 
and Indus/ry, Part I, Jan. 23, 1925, pp. 75-7; Part [I. Jan. 30. p~ . 106- ; part ll l. l~ch [ , 
1925, pp. 272-f:J; Part IV, 20 March 19_5, pp. ~OO- I; P~ (prInted 1 b). ITor), _ I t'> larch 
1925, pp. 327-8. In this eri e of artic le Holmyard pubh hed the full le:-.t 01 the [7th-centut") 
Engli h translation of Ye Booke of Ichil11 ye ( lane 1 . ~697) . 
8. McLean, op. cit. 
9. Slavenhagen, op. cit. . ' 
10. McLean, op. cit. p. 3; .RlI ka, Jul iu ,Arabi he Alchcllli t 11. Wle bad 11. reprInt. 196 . p. 

~~ : Abll 'I-qa il11 Muhal11l11ad Ibn hmud I-' Iraqi. Kitab al-'i/m 1/- lIIuk/Cl 'abji ::ir )'o.t a Ih­
dhahah, Book of Knoll'ledS{C! Acquired OIlCCr~11I1S{ /he /lltil' lt~(1/I (!I Gold: th> ArabiC te"\! 
edited \\ ith a tran lation b E . .I. 1I0lm ard. ParI: euthner. 192_1. 
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commentary ofIbn Umayl on the Book o/the Silvery Water and Starry Earth 
Ay?, ;1\ ~.J~I-, ~.J}I .. WI yL:iS.12 Stavenhagen did not know about the 
existence of the complete Arabic manuscripts of the Maryanus-Khalid 
dialogue. 

There is no doubt about Khalid's place in the history of the Umayyad 
Caliphate. Ruska and others doubted whether he has engaged himself in 
alchemy. Sezgin gave enough historical evidence testifying that Khalid did 
actually work on this science. 13 

Jabir in Kitab al-Rahib reported on Khalid's relationship with 
Maryanus,14 and citations from the dialogue were given by most succeeding 
Arab alchemists. 

We have in the text of the dialogue itself strong evidence regarding the 
authenticity of the meeting between the two men. One is the mention of the 
words mawla and mawali. The mawali were non-Arab Muslim freemen. The 
system existed only during the Umayyad period, namely in the early period 
of the Arab rule in Syria, where Khalid lived. The mawali were assimilated 
during the Umayyad period and when the Abbasid caliphate arose, there was 
no distinction between Arab and non-Arab Muslims, and the word mawla 
ce~sed to b~ used. 15 This is one indication that the story of the dialogue was 
written dunng the Umayyad period. 

There is also clear evidence of the correctness of the dates. Maryanus 
says tha~ he became a hermit four years after the death of Hiraql (Heraclius), 
nam~l~ In 645. When he met Khalid he was a very old man according to 
Ghallb s story. We can assume that he was in his eighties and that he was in 
his thirties when he decided to become a hermit. This indicates that the 
me~tin~ took place .in the last decade of the 7th century or probably at the 
begmnIng of the eighth, when Khalid was an adult in his thirties. The 
historical dates are plausible and are in conformity with each other. 

A further indication is apparent in the name of Maryanus itself. This 
name is written as Marianus in non-Arabic Western literature until modern 
times. This name was common among the followers of the Melkite church in 
Sy~a and Egypt that was loyal to the Byzantine emperors. The name was 
ancient Roman, well known to the Latins. r f a pseudo-Latin writer had 
compiled the dia~ogue as was suggested by Ruska, he could not be ignorant 
of the name Mananos so as to deform it into Morienus as he has done with 
all the Arabic names. On the other hand , the Arabic w;iter wrote the correct 

12. ~tapleton and I/usain, Three Arabic Trca li se~ on Alchemy by Muhammad Bill Ul11ail 
Arabl~ t,exts ,ed ited. by ~. Turab, A.l ia/le S()C/~IY of Bengal CalcUlla, 1933, pp. 54, 84. ' 
13. SC/.glO, f uat, Ge.lchlchle de.1 arahm·hen 8chriJJfum.l, Vol. 1 V Br! 11 197 1 pp 120 5 
14. Mukhfaraf Jahlr ihn iiayyan, cd. Paul Kraus, ·alro, 1935, p. 529.' ,. . 
15 About thc mawa h 'iee art icle MA WLA In U , New l;dJlIOIl 
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name as it was pronounced and written throughout the centuries until 
modern times. 

Similarly several Arabic terms for substances were deformed when they 
were translated into Latin, again testifying to the Arabic origin of the Latin 

text. 
The language of the Arabic text contains several Islamic expressions 

influenced by the language of the Qur'an. These same expressions were 
translated faithfully into Latin and consequently into English as can be seen 
by examining the texts that are presented here. 

We can cite other examples testifying to the Arabic origin of the 
dialogue. It is doubtful that a Latin writer could have composed a text with 
such historical authenticity and full of so many Arabic terms and I lamic 

expressIOns. 
Maryanus was a Melkite 16 as is attested by hi title Rumi and b hi 

allegiance to the Byzantine Emperor Hiraql (Heraclius). The word Rumi here 
describes a follower of this faith. The Melkite church i also knO\\11 as Rum 
Catholic in Arabic. He was either a nati e of Pale tine or Egypt. Melkite ­
are usually the people of Syria, Palestine and Egypt who remained faithful to 
the Council of Chalcedon (451) when the greater part turned Monophy ite. 
The word means imperialist and the root of the name i emitic from malka 

in Syriac for king (malik in Arabic). 
After the Arab conquests of the ear Ea t in the th entuI). the nati\ e 

Christians of the various Chri tian churche were the main \ ehi le through 
which the various sciences and philosoph \\ere tran lated from Greek. 
Syriac, Coptic and Persian into Arabic. Follo\\ er f the . lelkite hur h 
were among the first to adopt Arabic in their li turgy, arlier than the pt! 
and the Maronite Churche . The were among th earli t tran lat f th 
science into Arabic. 17 Among t th earlie t 1elJ...ite to \Hit in rabi \\ 
Theodore Abu Qurra (740- 20), I \\ ho refers to h i nn~lf a a di cipl of] hn 
of Damascu (d . 749), and al-Bitriq \\ ho li\ d during the ali?hate . f .al ­
Mansur (754-775). rabic \Va air ad) in u 3 ' a lang.u31! 1\1 hnstlan 

16. Melk itc: pel1aming (0 the Ireek Cathohc Church Th " r ' I, Il~ 'R, m ,Jwl . Jll 

' Ruml Kathuhkl ' both htemlh mean 'R\1m:m 'ath'11! ,. In th'" 1111 . R, m' t· n I h th 
Ci t) or Rome III lta l ~. hut to·the elt\ of C0I1,IJIlIIl1l11'1 t \)Jl,t.Ultll1\1rl ' \\;}, '.111 lh \\ 

Romc. 
17 Georg' "holll"\. 1h' , \ I.lbIC (htl~l1.lI1 IltCI .1tun.'. 311 .lnl'l· III Ih. I\1t,'mt'1 .\1 

http :, \\\\\\ n l - hll ~hra OIl! OIh11l1!l ,lib tnOl htm " ... lh0 '- .lInll "h,lhl '-.1I\m. 11, I.\rh ' I 
rabi C I\po lo \ 101 Chn~tl;1I111\ l' ., or, III '- .111111 " 11.1111 '- .mm .mJ J,I' '11 I I '1\ l <1, ). 

, . . I· I '''I i /' 1/"/ ' I 'll' d'l1 I I I nil. (h/"/I/lI/II Irohlf 1/,(, tJ.I!,·//(.1 ,1U1II.1! (/( ~, ,,,, • l •• 

19(4). pp ':.7 114 
1 H SI·' :1 ltl('\' \ hll Qlln.1 111 1'/ '\\ 1.\lIh'll 



-------------------------------------------------------.. 
34 Studies in A I-Kimyti' 

churches at the beginning of the 8th century: 19 The use of Islamic terms as 
. . ' 
IS used m the Maryanus-Khalid dialogue, was common among followers of 
the Christian churches when they stal1ed writing in Arabic. One of the 
Arabic Christian manuscripts from the 8th century contains so many 
Qur'anic expressions that the reader of this manuscript would think he was 
reading an Islamic text. 20 Maryanus lived in this period when Arabic was in 
~se by ~~sti.an ~ntellectuals and thus he was able to express himself freely 
m ArabIC m hIS dIalogue with Khalid. This also confinns the report ofIbn al­
N~dim who mentions that Khalid ibn Yazid summoned a group of Greek 
philosophers who were versed in Arabic from Egypt and ordered them to 
translate books on san 'a from Greek and Coptic into Arabic. 21 Greek 
philosophers in this case mean native scholars from Egypt who remained 
Christians. 

In 1971, Sezgin published Vol IV of Geschichte des arabischen 
Schrifftums. It indicated the existence of complete Arabic manuscripts of the 
Maryanus Khalid dialogue. 22 Similarly in 1972 Manfred Ullman's Die Natur 
~nd Ge~eimwissenshaften im Islam was published, also giving similar 
mformatlon about the complete manuscripts. 23 Both furnished infonnation 
about other Arabic works that gave citations from the dialogue. 

Thus the question of the Arabic origin of the dialogue was settled. It was 
deemed necessary, however, to edit the Arabic text to translate it into 
English and correlate it with the English translation of the Latin text. 

The present chapter aims at this. The writer had sought to obtain copies 
of the two known Arabic manuscripts from the libraries of Istanbul and he 

fi rtu . 24 ' 
w~s 0 nate to receIve help. These are Fatih 3227 (ff. 8b-18b) and $ehit 
All Pasha 17~9 (ff. 61a~74b). The writer was also able to secure copies of 
s~veral ArabIC manuscnpts that gave citations from the Maryanus-Khalid 
dIalogue. The appendix gives a list of the Arabic sources available for this 
study, and a list of the manuscripts that were not available. It is believed that 
more Arabic sources may appear in future. 

19. Rachid Hadd~d, ' La phonMique de I'arabe chretien vers 700' in : Pierre Canivet and Jean­
Pau~ Rey-Coq~aIs (eds), La Syrie de Byzance a / 'Islam, VIle- VI/I e siecles (Damascus' 
J nstltut Fran9als de Damas, 1992), pp. 159- 64. . 

20. ,MS: Sinai Arabic 154, .see ~ar.k N. Swanson, 'Beyond Prooftexting: Approaches to the 
Qur an In Some Early ArabIC ChrIstian Apologies', The Muslim World 88 ( 1998) ' 308- 11 
2 1. Ibn a~-Nadlm ~ AI-Fihrist, Cairo, n.d ., p. 352. . . 

22. SezgIn, op. Clt., pp. I1I and 126, and the Arabic updated version Jeddah 1986 pp 163 
and 188. ' , ,. 

~~ . UlImann, Manfred, Die Natur und Geheimwissenshajten im Islam, Leiden , 1972, pp. 192-

24: .Professor F~at Sezgin sent me copies on CD-ROM which was an invaluable hel in 
ed ItIng the ArabiC text. IRCICA in Istanbul sent another copy on microfilm . p 
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The Arabic texts of Fatih and $ehit Ali Pasha are similar to each other 
with minor differences. The largest citation occurs in Kitab al-shawahid fi 
al-Hajar al-wahid, in BL MS add 23418. It was found that the text in this 
MS has been revised so that it deviates to some extent from that in Fatih and 

$ehit Ali Pasha. 
The texts in Fatih and $ehit were compared with the two English 

translations mentioned earlier. It was found that the translation of 
Stavenhagen corresponds very well with the Arabic text of Fatih and $ehit. 
This result seems understandable because Stavenhagen opted to translate the 
oldest unrevised Latin text, whereas the 17th-century English translation 
published by Holmyard and McLean is based on the revised Latin text 

printed in Paris in 1564. 
The English translation of Stavehagen and the Arabic text start with Ghalib's 

account and contain the dialogue. The Speech of Morienus is not part of the 
Arabic text nor of the earliest unrevised Latin text translated by Stavenhagen. 

The last few pages of the English translation of the Latin text are not 
found in the Fatih and $ehit manuscripts. Investigation will continue to find 
the possible Arabic texts that correspond with these last few pages. 

The account or prologue of Ghalib is reproduced in this al1icle in Arabic 
followed by our English translation of this text, and then follows 
Stavenhagen's English translation of the Latin text. This will enable the reader 
to eXalTIine the correlation between the Arabic wording and the English 
translation of the Latin text. The important deviations between the Arabic and 
Latin text are indicated. The footnotes indicate some of the distortions of the 
Arabic names. There must have been errors in the Latin translation due to 
some ambiguity in the Arabic text or to the lack of understanding it. T?ere ~s 
also sometimes a purposeful editing while the translator \ as undertaking hIS 

work. These will become apparent to the reader. 

*** 

~i1lY. ~L:.. y...a)IJ ~\ ~\)\ u-WYJA :\.lb.J 

The Epistle of Maryanus, the Hermit and Philo opher. 
to Prince Khalid ibn Yazid. 

]
15 

[A Testament of Alchemy -

In the l1alTIe of God the merciful and compassionate 

[In the name of the Lord , holy and compa ionate
26

] 

25. tavenhagen's -ngli h lTan lati n of the Latin le>.t 1'0110\\ our Iran Ialion of the 

and is placed ben een quarc brack.et . 

rabic le:-.t. 
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[This is the story of how Khalid ibn Yazid ibn Mu'awiyya27 came into 
possession of the spiritual riches handed down from Stephanos of Alexandria 
to Morienus, the aged recluse, as is written in the book of Ghalib, bondsman of 
Yazid ibn Mu'awiyya. 

Now Ghalib was Yazid's faithful servant,28 entrusted with all his master's 
possessions, and in time, it is said, became faithful servant likewise to Yazid's 
son Khalid.] 29 

*** 

Ghalib the Mawla of Khalid ibn Yazid ibn Mu'awiya said that the reason 
behind Khalid's accomplishment of the noble art (ai-san 'a al-karima) is that 
he went one day on a picnic to Dayr Barran in Damascus. He was fond of the 
art (ai-san 'a), fascinated by it so that he would not give preference to 
anything else. He was constantly searching and experimenting with it and 
enquiring about what might come his way, hoping that he may arrive at it. 

[Ghalib relates as follows how Khalid ibn Yazid ibn Mu'awiyya sought out 
Morienus the Greek, 31 who lived as a recluse in the mountains of Jerusalem. 
One day, Khalid went abroad to a place called Dirmanam. 32 He was 
assiduous in his quest for the Major Work,33 continually enquiring after all 
those he assumed to be privy to this operation.] 

26. This is a translation of the Muslim verse that precedes the start of any text. e;...:...JI..t1 ~ 
~ )IThe word Lord is the ecclesiastic expression for God. 
27. The names of Khalid, Yazid and Mu ' awiya were distorted in th e various Latin 
manuscripts. See Lee Stavenhagen, p. 2, notes I and 2. 
28. Ghalib was a mawla and not a servant. 
29. This is a short introduction to the Latin text. 

30. Dayr Burran is most probably Dayr Murran in Damascus. It was on the lower slopes of 
labal Qasyun, overlooking the orchards of the Ghuta. It was a large monastery, and around it 
was built a village and, one presumes, a residence in which the caliphs could both entertain 
themselves and keep watch over their capital. Dayr Murran often fi gured in poems of the 
time. The Ca liph Yazid I (father of Khalid) was stay ing there sometimes. Other caliphs and 
their representatives visited or lived there on various occasions (Soudre l, E.l. under Dayr 
Murran). Khalid, according to this text, used to stay sometimes at Dayr MUlTan as well. 
31 . Rumi here denotes a person from th e Rum Catho lic Church. 
32. Dirmanam is a distortion of Dayr M urran; see note above. 

33. The Major Work is al-san ' a in Arabic .. . j. 01\ In the later Latin rev ised vers ions the word 
Magistery was used. 
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Figure 2.1 1'1 c· tIe or Marvanus, the Hermit and Philo 'opher, t 
le t:.p1 - . b) I 

Prince Khalid ibn azid, M Fatih ~2_7 (ft. c I 11e 

rabi le\.t of the dialogue. 

-------------------------
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6 
IBER DE c 0 ~·r PO S I-

T I 0 , ALe If V M 1 • Q.....V !: MED 1-

dit fOriCIlU ROnl3..nU ~ C:lhdRcgl 
.lE . prjorUln:quclnRohertus Ca­

ftrcn US de Ar:\bi 0 in L.lci­
nUln cranftulit. 

ROB E R TIC A S T R E N -
S I S f> f\, ~ FAT I O. 

E (. 1 M V m htjloril5 'Vn~YMt1'L." 
.111/orllm. rrl>f foll~ ph,l(}fopIJOJ. 
11IO)'IOn V HIt#JlliseflUHc? "1(;4 v,, · 

clolbnlllr. Prfm.IU t1RfC'm I'lorll~ 
• fUll Enoc h.qMl llU(J nomine- 1-1 c r­

m cs.. c5 4/1(1 n.l)mm~ 'lIOc.d1allfY ~1CrCUllUs. ;)~­
cuntbu vrro /NJI Noe, 'lfft jimi/J,rcr alrol1om;1U 
Her:-mes. (5 "tu, m"'lIJII' l\-icrcurlus dl n:Jl1CU­

p a UM. Eorum Alltcmtn'!II>U .f~1f 1-1 rnlt' ,<Jki 

!():r tiJlJlluNtn in ~e.Jpro rr!1;JilJ1I1. C; rllU yt>­
gllllm diu oh IO/lilt. I/lt" .lkINn .. _ nojh'i~ u IJIt"C<j­
fors bus dlEJ," t"i F Trsp/t". -. pr"pur TYI 'Ulnl '!.',YI J.(­

tI~m colkl1iouC"/n filII 'l,." idlUI .1 Lv,mmo /)~Q 
(ftlrJ~#'dm. F.'I'.1t wtOrl rj/< "%,: (5' p"d0fo-
1'h~u (:' pr()ph~ut. ? 'I r I e- ' f; fH'1 I JO" ;JU > 1'/1 
po; f d,IIlNtfr17J 0 1'»/;: ' 01." '1rfIlO;t et d . ';-'fll1l.1-

Yllm ,tAJ?'J./tbcrnbllm .. 9"#'(71:1 c!,.rnl nu,I) .<J11 .t-- . rum) p,·,mu. ] for 1 lun{,. ,. .;:.$ ~dl .. q".. ()mn~ 

':A11I1 t1t' 1"" par.' 'pfi(17~ r.,(;'r~.Jilo 111110',;' rl/ccd~­
'Ye. {$ foM vcjl ::7 :($ OJI.J.crcr~ Ultl"/·. Itl ur. Q.:ua 
p/~ir-'? lOl1g fl'm r.[ (11~"t ~ ~/f.(t" t/1Fci/c, 1.1;;-' 

Figure 2.2 Libel' de compositione a/chimiae, the Latin text of the 
Maryanus-Khalid dialogue. 
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*** 

"'iii ~l Jl93 ~\j ~ J.:,..')13 ~ J..,.:....lI~ 0~'I1 ...,..J.b3 ~~ <1..4~ ~ ~..J oll-l.! 
. '6 \~ "-! hI w~-~ o~~ ..J:!:'" ~I 

On that day, a man came to him and asked for permission to be allowed to 
enter and see him. He was allowed in and he saluted eloquently. He said: I 
brought to the Amir a benefit that nobody else had matched. 

[and on this occasion a certain man came to him and desired to speak: with 
him. Hearing of this, Khalid bade the man come before him. He saluted 
Khalid, and Khalid returned hi s greeting. 

The fellow then spoke thus to Khalid : ' I dwell in the mountains of 
Jerusalem, and I have come to you, 0 King,34 with delightful news. Never 
has anyone before me given any king such cause to rejoice. ' ] 

*** 

Khalid asked him: and what is the benefit that you have brought with you? 

[' And what is this news?' asked Khalid.] 

*** 

: Jl9 3 ,U~.lIL:.. (.5y...,13 Jl9 . 4L JL...,:i 3 :i .; . 01\ '. ,l b, ~I A Jl9 
J~ ~L..~..J ~ ~i.J ~3 U".ll.JI ~I ~ LJSL.. ~l ..J:!:"'~I le-:!I : Jlli . ~ 
)'\..0 <~3 > U".ll.JI ~I ~l ~~ JS ~ ~~ :i.'" 01\ ~l ~13 ~I)I ~4.Y' .u 

. l.J:!SL.....J13 ~ l..foll ~-' \ OJ\;C 

He said: I had learned that you are seeking the art (01- an 'a) and are asking 
about it. (Ghalib sa id) that Khalid at traight and said: Ye . (The man) aid: 
o Amir, I live in Jerusalem (al-Bayt al Muqadda ) and 1 aw in it an ascetic 
called Maryanus (Marianus) al- Rahib (the Hermit). Who has attained the rt 

34. Khalid was not a ki ng becau e hl! did not be ome a caliph after hi father Yazid. In the 
Arabic te ,t he i ca ll ed amir or prince. 
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(san 'a). He comes every year to Jerusalem (ai-Bayt al-Muqaddas) and 
donates a huge amount of money and gives the poor and the needy. 

[He replied: 'I have heard many say that it is you who continually seek after 
the operation which the philosophers call the Major Work. I will bring you 
to the knowledge of it through a certain Romaean, who lives as a recluse in 
the mountains of Jerusalem, but whose dwelling place I well know. He sends 
large ammmts of gold to Jerusalem every year. '] 

*** 

Then Khalid said to him: If you are telling the truth I shall give you what 
you will ask for, but if you have lied then you will receive what you deserve. 

[Khalid said to him: 'If I find that you have told the truth, I will reward you 
with whatever you may ask. But if you have lied, you may expect the 
worst.'] 

*** 
I • ". '1' ,"I, ~)I J":' , .5 ,"g", , . \....4 "9' c ' ...li.l3 ' .. 1"'> ~ • u- - I.,? I.,? • • 

The man said: I am content with this since you have treated me with justice. 

['Well,' the fellow replied, 'so be it.'] 

*** 

Khalid rejoiced and was pleased with what the man had said. He ordered for 
him a reward and raiment and he promised him good, according to Ghalib. 

[Then Khalid rejoiced greatly and commanded that the man be rewarded 
with gifts and raiment and much else, as he had promised him.] 

*** 
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Then he asked me to accompany him with a group of mawaii. 
[And the king commanded me along with many other of his servants to go 

with him. ] 

*** 

~ c:L..JI ~lb ~ ~ \....,~i ~l.E ~ ~ LSy..i \j.. :";3 ua) Wy u\.:S ~ w~ 
> ~ U.a ~ ~ ..;b.JI ~-"O .J..,....JI ~ t Q J' , ;., ~ & y. I~~ <I..: W fo 

3S < UL ~ o.lli. ·is ." . U 3 

We travelled in realms rising up with some terrains and descending with 
others. We stayed thus for several days in search of that ascetic until we 
located him. We found that he was an old man, weak, of good appearance 
and elegant countenance, wearing a woollen robe and his skin showed as if it 
was worn. 

[And so we set out. After wasting much time going from one place to 
another, in hopes of chancing upon the recluse, we did indeed find him. He 
was tall of stature, though aged, and although lean, so noble of countenance 
and visage that he was a marvel to behold. Yet he wore a hair shirt, the 
marks of which were borne on his skin. ] 

*** 

\...., I ~~ b...) <I..: c..fo ~ ow.b....l1.9 ~G.. <I..: w.....l! ~ o~.J 1..l3 <I..: Wi9.J3 <I..: 6..fo 
. .b! CYlI ~m Ji.o ~ o~i.J 

We rejoiced at finding him and we treated him kindly and persuaded him 
w1til we arrived and brought him to Khalid who was greatly delighted to see 
him. We have never seen Khalid so pleased at anything before. 

[We rejoiced to have found him and poke kindly to him, at la t persuading 
him with sweet words to relent, and brought him" ith u back to our own 
country, there presenting him to King Khalid. e er before had we een the 
king so pleased by anything.] 

*** 

35. The word :u.... ha several meaning . It can mean picture or race. The general meaning i 
that Maryanus had a wrinkled kin due to hi old age . 
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Then he turned towards me and asked me about our journey in the country 
and our return and I related to him what happened with us from the 

beginning till the end. 

[At last he hlmed to me and asked what had befallen us in going and 
coming, and told him the story from beginning to end.] 

*** 

Then he turned to the old man and asked him: what is your name? 
He answered: Maryanus al-Rumi. 

[Then the king regarded the aged man we had brought and wished to know 
by what name he was called. The elder replied, 'I am called Morienus the 

Greek. '] 

*** 

Then Khalid asked: Since when have you been in this state? 

[And Khalid asked: 'How long is it now that you have dwelt as a recluse in 

these mountains?'] 

*** 

He replied: Four years after the death of Hiraql. 

[He replied: 'I began my retreat four years after the death of King 
Herakleios.,36] 

*** 

36. The Arabic name is Hiraql. This name was distorted in Latin as was the case with al\ other 
names. 
37. (WI ~ C~) ~I JA, \ ~ :,-.. ".1\ 
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Then Khalid said: Sit down Maryanus. He sat down and was given a seat of 
honour. Khalid was pleased by his noble appearance and politeness. 

[Then the king bade Morienus be seated, and himself arose to give Morienus 
a place of honour beside him, much pleased with his reserve, modesty, and 
elegance.] 

*** 

Then he said: 0 Maryanus, would it not have been kinder to you if you were 
in a church or a monastery? 

[The king said to him: '0 Morienus, recluse though you be, would it not be 
better that you live in the congregation of others, rather than alone in the 

mountains?'] 

*** 

, ~~ ~ , I'~ L. ~ O~3 .J.l\ ~l...>:PJ \ . ..»"~\.&\ ~i : J~ 
~)3 t.Jj L. tJ}\ \. 0'1 Wl3 ~\3 ~\ ~y....J\ ~ '.)'0',1\3 pI <2ll~ ~ ~U\ 

.' .'7,1\ ofo. "Xl ~I)\ uL...W)I\ ~.J~ "X .u\3 ~W'&I I'~ ul ~ wi 1.4 o...>:PJI ufo ui 

He said: May God guide the Prince. Good is from God and it is in his hand 
to do what he wills. You are right, rest in that is more and wandering causes 
more fatigue and tiredness; but a fanner reaps what he ow , and I hope that 
good will result from what r am in, if God wills. Man will not achie e re t 

except by much toil. 

[He said: "Perhaps, 0 king. But the virtues I look for are in God and in hi 
hand, who will do as he will. And while 1 grant that, a ou ha e aid, life 
might be easier for me than in the mountain , till only he \ ho sows hall 
reap, and he must reap that which he ha own. 0\\ 1 tru t that I have 
gained ome little virtue of my own. A man cannot attail1 repo e e cept 

through labours of the spirit."] 

*** 

0-0 Y> .J~ 0-0 \~ uLS ) .l!L;. Jlli 
. ~l wL.Jt! 211) J ,.,!,""t! 



44 Studies in A I-KiiJ'!}d' 

Then Khalid said: Had this been said from the heart of a believer. Then he 
said: 0 Maryanus I heard that you are a virtuous and a devout person, 
therefore I desired to see you and 1 have sent after you. 

[Then the king said: 'These things are true, if said from the heart by one 
believing in God. 0 Morienus, I am plea ed that you continue in your faith. I 
wished to see you and therefore sent for you. ' ] 

*** 

~I ~ 3 .l....:>1.J ~ J w yJI3 .fo ~ tY'~1 ~ 3 '. I?~ \..ji L.. : ~yy ~ Jw 
.0,·, ,,, .. 11 JiJI3 ~i3 ~13 J."bl wyJI ~ L..3 <~~j (.)A> .)4;/1 ~ 

Maryanus said to him: I am not unique. Moreover, among people there are 
many like me. Death is awaiting each; it is harder on bodies than their sins, 
and what follows death is longer, harder and greater. And God is our aid. 

[Morienus said to him: 'You need not marvel at one such as me, a mere son 
of the race of Adam. At best, [might only be somewhat comelier, except that 
the passage of time has altered me. There are many like me among men. And 
at the end is cruel death, than which no punishment is worse; yet a harsher 
punishment awaits the spirit after death. But the almighty Creator be our 
aid. '] 

*** 

38 . .u...., y,S ~ ~I.) <GLS ~\..jcl ~I .l!L:.. Jw 
Khalid said: God help us in dealing with him because he is a cunning man 
despite his old age. 

[The king replied: 'Thus God may confound man, who is only scorned the 
more, the more he is advanced in age. '] 

*** 

.. l.J.a..l1 t~1 (.)A ~I~ J.....y ~I 0 13 ~l: ~\..j <~>~jl 0 1 .l!L:.. yl ~ 
. c:illj ,- Il. gg ~l ~ <Ci .. l.:.·:u A..........i j I.? 

38. The Latin translator edited this Arabic sentence. 
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Then Khalid commanded that I take him to a part of the palace and to bring 
to him a Christian man from anlong the elder scientists to entertain him and 
talk to him, so that he can feel at home with him, which I did. 

[Then the king commanded me to conduct Morienus to a dwelling near the 
royal palace and to fetch one of the Christian elders who might speak with 
him and comfort him with sweet words, and thus set his heart at peace. I did 
so.] 

*** 

.Y-'-"3 0L..)13 t"''11 LP .u~3 .(j.)~3 ~l U"l?!s ~y ('J:. ~ ~ ~~ .l!L:.. 0\.S3 

.l!L:.. C"'.! r-1 ~ .J y i3 rS 0$"'3 (."ill L,-.l:l~ o~ Y.3 ~\..j~1 ~.)1...:..13 ~."wl 
.('\..j'11 lY=-! ~l ,~b ~.w hI <G.o ~ r-1 ' o);c W Y <G.o ~ ~ 1 Sl~o! 

Khalid used to visit him twice a day to sit and chat with him asking him 
about the various nations, past days, biography of kings and the stories of the 
Greeks (the Byzantines). He told him about the wonders of the people, their 
rule and their affairs, things that Khalid had never heard before. This caused 
Maryanus to occupy a high place in the esteem of Khalid, more than 
anybody has ever occupied before. 

[and the king made it his custom to come h;vice every day to Morienus, 
sitting down with him and peaking with him, but a king him nothing 
concerning his magistery. The king often tayed long, and Morienu 
confided greatly in him. Khalid enquired repeatedly about the custom both 
royal and common of the Greeks, and about their time and historie. e er 
at a loss for a reply, Morienus retold the marvel of their deed and 
discoursed expertly on their sciences, matters such a the king had never 
before heard. Not anyone before had ever held uch a finn place in the 
king's affection as Morienu oon came to hold.] 

*** 

Then Khalid said to him: 0 Mar anu , I have pur lied the rt (01- 0/1 'a) for 
ome time and carched about it and laboured in it but I did not find anybod 
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who can give me infonnation or guide me to it. And 1 ask you to enable me 
to know it and learn its treatment and you will have whatever you request, 
and in addition you will be returned to your original place; and you do not 
have to be afra id from me. 

[Eventually KJlalid addressed him : '0 Morienus, know that 1 have long 
sought the Superior Work, but found none to counsel me in this matter. 
Therefore, I earnestly request that you prepare for me some portion of your 
magistery. You shall have from me then whatever you may ask, and I will 
see to it that you return to your own land, God w illing. Nor need you 
thenceforth have any fear of me. ' ] 

*** 

~i cill..,! L..\.J ' ~).lli.. ~W 'i) ~) J.... Y ~ cllil ,-, ole J9 : ~l:1Y' <U Jw 
J9.J ' ~I lY' 'i) ...j~ 0 i o~ ~ ~ ~ li40 "' • .1: .ill .lli.. ~ lY'~ ':I ..»")11 
~ ~ 'i L.. ,.sI,.'" O.J ,.s I'j~\.J.J clliL.......:...).J ,.sI'jii9,~,.J ,.sI~~.J lY' ~\.J.J ,u",\ ui L.. ~) 

, ,.sI.'lb.J ~i.. ~.J ,.s106".J ,.sl'jib" ~\'sj lY' (..5) L.. <c:'> ~ Le... ~ ~ 01 
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Maryanus said to him: I knew that you did not send after me unless you had 
a need for me. As to what you said , 0 Prince, that T do not have to be afraid 
from you, r have reached the stage at which no body like me should be afraid 
except from God. You have bestowed on me what is befitting for you, and I 
have seen of your kindness, your sympathy, your benevolence, your mercy 
and your love such that a person like me should not hide anything of what 
you require. Added to this what I see of your intelligence, your 
comprehension and the nobility of your faith and your pursuit. Prai se God. 

[Morienus said to him : ' 0 king, may God enrich you. Now L understand that 
you have sent for me only out of great need . But 1 di sregard the kind 
assurance you added, namely that [ should not fear you, inasmuch as I have 
no need to fear anyone save God alone. You have approached me as an equal 
in spirit, and now J see by your affection, excellence, and discrimination that 
one such as I should have no reason to keep fTom you anything of that which 
you seek, for you are indeed a man of good intentions as well as deeds and 
most virtuous. Very well, you have attained to your initiation and instruction 
simply and with the greatest ease. May the Creator be prai sed! ' ] 

*** 
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At this Khalid smiled and sa id : A person with whom compassion is not 
effective will be harmed by crudeness. Haste is an act of Satan. 

[At this, King Khalid smil ed, and then said: 'The crudeness of haste ensnares 
any man, unl ess he be ruled by patience. 1 am of the house of Mu'awiyya, 
and there is no strength save in great God most high . '] 

*** 
, ~I ,.skI. 01 ,~I ~I ~~ 'i) o..,! 'i.J J~ 'i.J cill 0:Hi Li\ ~l:1Y' JI.! 
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Maryanus said: 1 sha ll expla in to you, and there is neither might nor power 
but in God, the most high the supreme. May God guide you to the better. 
Listen to this science (hikma) and you wi ll know what is needed and 
understand it and learn it and wi ll contemplate its in ide and out ide traits 0 

that you will become acquainted to it if God, glory to him, will . 
Thi s matter that you have requested cannot be attained by anyone by 

force and cannot be gained by violence and can only be acquired from a 
scientist by kindness, affection and true 10 e. First it i a fortune from God, 
g lory to him. He delivers it to whom he choose from among hi creature by 
supreme power. He cau es him to learn it and di clo e to him it ecret ; 
and this is one of the gifts of God, the high. He teache it to whom he 10 e 
from among hi s creatu res and hi subjects and to tho e who are hi guide 

and are submitti ng to him. 

rMorienu then said: '0 king, may God enrich OU . 0\\ attend to the 
examination of this operation, and you \~ill know it \\ell and under tand. 

on ider it thoroughly from bcginning 10 end , and ou \\ ill kno\\ all thing 
that pertain to it, God willing. 0 one will be able to perform or accompli h 
thi thing which you havc so long . ought or attain it b mean of any 
knowledge unlc il be th rough affection and genlle humility , a perfect and 
true 10 c. For thi s i omclhing which God gi\ e into Ihe lire kceping of hi 
e lected servants unlil sllch timc a hc ma I prepare onc 10 \\ hom it l1la) be 
handed on from among his secret ' . Thu it i ani the g ift ){' l ad, \\ ha 
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chooses among his humble and obedient servants those to whom he reveals 

it. '] 

*** 

Khalid then said there is no course of action except by guidance from God, 
the most powerful and dignified. 

[Khalid said to him: 'Surely we know that nothing can be done without the 
help and guidance of God, most high and eternal. '] 

*** 

Then Khalid said: Sit down, 0 Ghalib, and write what will take place 
between him and me. 

[Then King Khalid said to me: '0 Ghalib, quickly now, sit down and write 
all that we have said.'] 

*** 

':t ' A •. ;., tY> \9..;., ..l~1 0h ~W ~I ui 39..l.lL;.. Y r1c 1 : u-UYY' J\j 
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39. The Arabic text makes Maryanus cal l Khalid by his name without any formality , whereas 
in the Latin text Morienus is addressing Khalid as '0, King'. 
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Maryanus said: Know, 0 Khalid, that God, the high, has created his servants 
weak from weakness.4o They cannot hold back what he had advanced and 
they cannot advance what he had held back. They cannot know anything 
except what God reveals to them, and they cannot understand except what 
God gives them, and they cannot get except what he has opened a way to it 
by his power. He made those whom he has chosen from among his creatures 
seek the knowledge of this mental gift that takes out its possessor from the 
hard toil of this world and lead him to the riches of future life and its 
delights. They continued transmitting its knowledge by inheritance from one 
to the other until the science was eradicated and its people had gone and the 
teachers could no longer be found. From those genuine books that had 
remained there are the books of the holy men and philosophers that were 
written by our predecessors and were left as inheritance to those successors 
whom God has willed to attain this Art that was described to be too elaborate 
and to be full of falsehoods. If they have said too much and called things by 
other than their true names and described them by symbols yet without doubt 
they have explained them, clarified them, and infonned about them by the 
art and by examples and allusions. They tried to keep away the fools and to 
prevent darkness by intelligent minds and true sayings and so they perplexed 
men of comprehension and reduced to nothing those who ha e no belief. 
They signalled to men of science and comprehension, clarified, and 
explained. The wise should seek science and should not fall short of it. Let 
him put his hope in God and desire from him that he enthuses in him true 
guidance in all his affairs, and to bestow on him critical wlderstanding, good 
handling, COlTect interpretation and excellent compiling without deviation. 

[Thereupon Morienus continued: 'Almighty God in his power created 
powerless servants who can neither undo what he ha done nor advance what 
he holds back, nor can they even know anything except what he re eal to 
them or accomplish anything except what he grant to them. or are they 
able even to possess anything except by the strength that ame God ha 
conferred upon them, nor even govem their own pirit e 'cept in ofar and 0 
long as he has ordained for them. And from among hi ervant, he cho e to 
select certain ones to seek after the knowledge he had e tabli hed that 
rescues him who masters it from the wretchedne of thi world and a ure 
him riches to come, God willing. While tho e 0 cho en u d to hand d0\\11 
this knowledge to their own heir , it wa at la ( 10 ( and it ma t I' 

disposses ed of it when none could be found an more who kn \\ it. But of 
the books which set forth the matter cOlTectl there remained a few by the 



50 Studies in AI-Kimyd' 

ancient seers who went before us. They left their knowledge as a legacy to 
their successors, whom God had chosen to become adepts according to the 
methods that had been explained truthfully and forthrightly by their 
predecessors. The ancients, however, did not refer to the matters pertaining 
to this science by their proper names, speaking instead, as we truly know, in 
circwnlocutions, in order to confute fools in their evil intentions. This they 
did by formulating their convictions and true sayings always in parables, so 
that only those of great wisdom and resource would be able to uncover their 
true meaning. Since the ancients thus disguised this knowledge, those who 
would learn it must understand their maxims. Nor may they draw back: from 
this, but must fix their faith in God and persist to the end that he bring them 
to this knowledge, improve; their estate, and give them direct, unerring 
access to the methods of the science.] 

*** 
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Khalid said: 0 Maryanus, you have spoken and excelled, and you preached 
and your message was well received, and gave advice that caused relief, and 
it is not unfitting if somebody like you with his scholarship, his age, his 
knowledge and his judgment has promised to bring this into completion. 
Explain to me what I am enquiring about and clarify it to me ill an 
unambiguous description that saves me from occupying my mind and 
exerting it in this question. Is it from one thing or from several? 

[King Khalid then said: 'Now well taught and well spoken, 0 Morienus, nor 
do I hold these precepts strange, coming as they do from a teacher of such 
wisdom and years as yourself, who is willing that I should learn this science. 
Therefore explain to me clearly that which I ask of you, sparing me needless 
labour over this matter which I seek from you. Tell me whether this 
operation is accomplished only by a single principle or by several. ' ] 

41 . This is the fi rst question of the Morienus-Khalid di alogue. 

The A rabic Original ofLiber de compositione alchimiae 

APPENDIX: ARABIC TEXTS OF THE MARYANUS - KHALID 
DIALOGUE 

I Available 

a Complete manuscripts 

1. MS Fatih 3227 (ff. 8b- 18b). 

2. $ehit Ali Pasha 1749 (ff. 61 a- 74b). 

b Large citations 

5] 

3. Bntlsh Library MS add 23418, al-Shawahid fi al-hajar al-wahid (ff. 123a-
125b ). 

c Fragments 

4. aI- ·Iraqi al-Simawi, al- 'ilm al-muktasab , BL MS add 24016 (ff. 27, 28, 48). 

5. al-JiIdaki, Nihayat aI-taIab Il, Berlin, MS 41 84 (fo. 183). 

6. Manuscript of Abdallah Yurki Hallaq, Aleppo (p. 180). 

7. NLM (National Library of Medicine), MS A-70 (ff. 53b-57b). 

IT Existing but not available at the time of writing this chapter 

8. Khanji , Cairo, according to Kraus, Jabir, vo!. I, p. 182. Sezgin, p. 126 (seem 

to be a complete one). 

9. Haidarabad, Asafiya, according to StapIeton. See Sezgin, p. Ill . 

10. Tehran, Khaniqal1-i- Ni'mata llah 145 (a fragment, 1 b) ezgin, p. 1-6. 

11. Leningrad University, MS Or. 1192, ezgin, p. 126. 

12. as-Sifr al-mubaJjal, ee Siggel Kata I. Gotha p. 6 -: ee Ilman, p. 193, note - . 

13. ai-Iraqi al-S imawi, K. al-Aqalill1 al- ab 'a. see iggel Kata!. Gotha p. _5: ee 

Ullman, p. 193, note 2. 

14. Chester 8 eatty M 5002 (fo. 55a) . see Ullman' Catalog, p. 172. 

15. Personal Collection; see Krau I, p. 1 7. 



3 The Arabic Origin of the Summa and Geber Latin 
Works: A Refutation of Berthelot, Ruska and 
Newman Based on Arabic Sources 

ABSTRACT 

This chapter presents a reassessment of the Geber Problem based on research 
into the extant Arabic works of Jabir ibn Hayyan and other Arabic works 
that incorporated his ideas. Part 1 discusses the hypotheses of Marcelin 
Berthelot that heralded the problem and texts from the Summa and Arabic 
sources are compared, and thus the Arabic identity of the Summa is 
confirmed. 

Part 2 refutes the assumptions of Julius Ruska about a Latin author for 
part of the Liber Geberis De investigatione Perfeetionis Magisterii of the 
Riccardiana manuscript, and for the Summa. It follows that all the 
assumptions of William Newman that he built on Ruska 's speculations, 
about a previously unknown compiler called Paul of Taranto as the author of 
the Summa are baseless. 

INTRODUCTION 

'Geber ' was the name ascribed to the author of a series of alchemical 
treatises, which began to appear in the Latin West in the middle of the 
thirteenth century. These treatises included the Summa Perfectionis 
Magesterii; De investigatione Pe/feetionis; I De inventione Veritatis: Liber 
Fornaeum and Testamentum , which were usually printed together between 
the fifteenth and seventeenth centuries. These were known until the 
nineteenth century to be translations of works originally written in Arabic by 
Jabir ibn Hayyan. 2 H is name, in the Latin fonn 'Geber' became" idely 

I. This short treatise is not the Libe,. Geberi De investigalione Perfectioni .Hagi terii of the 
Riccardiana manuscript that is the ubject of our di cu ion in Part 2. 
2. The exact dates of the appearance of the Geber Latin work are a matter of peculation. The 
first assumptions regarding the Summa and th~ fOllr treati ' es \~ hich accompan) it were made 
by Marcelin Berthelot, La Chimie all A1o)'ell Age (Pari: Imprimerie lationale, I 93), \'01. I, 
343-4; Ernst Dallll taedter peculated about the Liber Cfarilalis, 'Liber laritati totiu 
alkimicae arti , Bologna Cod. lat. 164 (153)" (later: dem arabischen Ichemi ten Geber 
zugeschriebcn, or: al deren Autor ' ,eber' gcnannt \\ ird). (Roma: rcheion. 1925- 19_ '). 
reprint ed by Funt ezgin, alllral ciellces ill I lalll (Frankfurt: _00 I). \ 01. 7 1. pp. 3_5~ - . 
Robert Multhaurgave a re iev. with a di cu ' ion orthe mailable inrornlation. Tht> Origin of 
Chelllisli:l' (London: OldbOLlllle. 1966). pp. 167 75. William R. e\\man, in hi PhD th si. 
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celebrated. The Summa was so successful that, according to George Sarton, 
it became the main chemical textbook in medieval Europe,3 and its author 
was called 'the father and founder of chemistry' by some Western 

historians.4 

Nobody had challenged this attribution to Jabir until the end of the 
nineteenth century. In 1893, Marcelin Berthelot claimed in his work La 
Chimie au Moyen Age that these treatises had been written by Latin authors 
who would have used Jabir's name in order to facilitate the diffusion of their 
own works. Berthelot was a noted scientist and a public figure, and as a high 
official, he was most influential in France. 5 He 70utlined his reason in 
writing his history of chemistry in the introduction to Volume 3. He said that 
it is necessary that 'we radically change the current ideas about the chemical 
knowledge of the Arabs, and on the influence exerted by this knowledge on 
the civilization and science of the West'. 6 

However, several eminent historians of chemistry and alchemy raised 
serious objections to Berthelot's assumptions. The earliest appeared in 1905 
by Henry E. Stapleton,7 while Eric Holmyard raised the largest and most 
consistent objections in a series of papers published between 1922 and 
1928. 8 James R. Partington sided with Holmyard,9 whereas Lynn Thomdike 
would further question Berthelot's accuracy and judgments. 10 

Despite those refutations of Berthelot, in 1935 Julius Ruska attributed 
the authorship of a part of Liber Geberis De Investigatione Perfectionis 

(Harvard University, 1986), vol. I, pp. 118- 21, discussed both Berthelot's assumptions and 
MulthauPs analysis and gave his own interpretation. 
3. George Sarton, Introduction to the History of Science (Baltimore: Williams & Wilkins for 
the Carnegie Institution of Washington, 1931),2, 1043. 
4. Ferdinand Hoefer, Histoire de la Chimie (Paris: Didot, 1866), vol. 1, 327, 329, 340; Eric 
John Holmyard, 'An Essay on Jabir ibn Hayyan ', in Studien zur Geschichte der Chemie, 
Festgabe Edmund O. v. Lippmann, ed. Julius Ruska (Berlin : Springer, 1927), pp. 28- 37. 
5. Berthelot was Minister of Public Instruction, and Minister of Foreign Affairs (The Nation, 
2 1 March 1907), He was al so a member for life of the Senate (The Nation, 23 December 
1901). 
6. Berthelot, op. cit. , vol. Ill , p. 6. See also p. 16. 
7 Henry E. Stapleton & Rizkallah F. Azo, 'Alchemical Equipment in the Eleventh c. A.D ', 
Memoirs of the Asiatic Society of Bengal, (Calcutta: 1905), I, 47- 70; reprinted by Fuat 
Sezgin , Natural Sciences in Islam (Frankfurt: 200 I), vol. 61 , Chemistry and Alchemy, Texts 
and Studies, VIl, 1- 25. 
8. Most of Holmyard' s papers are reprinted in Fuat Sezgin 's series, Natural Sciences in Islam, 
in the three volumes on Jabir ibn Hayyan, (Frankfurt: 2002), 69, 70 and 71 and in vol. 55, 
Chemistry, Texts and Studies (Frankfurt: 200 I) I, 131 . 
9. James R. Parlington, 'The Identity ofGeber', Nalure, III (1923) , 219- 20. 
10. Lynn Thomdike, His/OIy of Magic and Experimenlal Science (New York: Columbia 
University Press, 1923), vol. 2. 471 - 2; (1934), vol. 3, 40- 1, 46, 64 , 179,355. 
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Magisterii of the Riccardiana manuscript 11 to a Latin author,1 2 who would 
also be the author of the Summa. In 1986, Wi lliam Newman adopted 
Ruska's assumptions and attributed the Summa to a previously unknown 
writer by the name of Paul of Taranto. 13 

In this way, although the 'Geber Problem' is more than one century old, 
and in spite of the definitive judgments by Holmyard and other scholars, the 
assumptions of Berthelot, Ruska and Newman are still adopted uncritically 
by Western historians of alchemy. 

We have dealt with some of Berthelot's assumptions elsewhere and 
they will not be repeated here; 14 thus in Part 1 of the present chapter we 
make a brief summary of our refutation of these assumptions, and continue 
with a discussion of the remaining ones. 

In Part 2, we dispute Ruska's speculations in his study of the DJP and 
his unfounded assumption that a Latin author wrote part of it. We shall also 
discuss William Newman's assumptions which he had built on Ruska' s 
speculations, and which culminated in his conjecture that an unknown 
compiler called Paul of Taranto was the author of the Summa. 

In this way, we hope to contribute in bringing to light the deliberate 
errors on which the early history of Latin alchemy is built. 

PART! REFUTATION OF MARCELIN BERTHELOT'S 
ASSUMPTIONS 

Berthelot's main claims for Latin authors of Geber's work are summarised 
in the following assumptions: 15 

1. The treatises carrying Jabir ' s name were written b Latin author , who 
attributed their work to Jabir due to hi high standing in the We t. 

2. There are no Arabic original for these ame works . 

3. The style in the Arabic work by Jabir i ague and allegoric . 

11 . Henceforward to be mentioned a DIP. Thi lreati e i a long one and it i. not the hort 
treati e of the same name that is u uall) printed \\ ith the 1I111111a. 

12. Juliu Ru ka, 'Uber etzung lInd Bearbei tungen \ on al- Rtlll' . Buch eh'I111I11 ' der 
Geheilllnis e' (1935), reprinted b) Fuat ezgin, ,\ alllral ciel1c!! illJ.lalll. \ 01. '4. \1- Riizi. 
11,261 - 347. 
13. William R. Newman, The 1/111111a Per(cctioll;,\ (!f' Pselldo-Geher A Crilical Editioll. 
Translalion and IlId" (Leiden: Bri ll , 1(91). 
14. Ibid. 
15. The a SlIll1ptlons of Bcrthclot ar di::.persed 111 the \ arlous haptcr~ llf hl~ thr'c \ ~)llIIllC.·. 
e peciall in vo ls I and 3, but Chapter "\ of \ nlume I (pp. 136 _ 0) cmbod~ IllS mall1 

h pothese 
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4. The style of the Summa recalls the style of the Schoolmen. 

5. The Summa is devoid of Muslim expressions, which are extravagant in 

the Arabic texts of Jabir. 

6. The Summa contains an account of the arguments against transmutation, 

which is not existent in Arabic works. 

7. The Arabic works of Jabir do not contain practical recIpes for the 

preparation of materials. 

8. The minor Latin works bearing Geber's name mention more modern 
materials, such as saltpeter, as well as the preparation of nitric acid, 

which are absent in the Arabic works of Jabir. 

9. The Arabic works do not mention the sulphur-mercury theory of the 
generation of metals, nor the three principles in metals - sulphur, 

arsenic and mercury. 

We shall now discuss these assumptions in the same order: 

1 Jabir's Hypothetical High Standing in the West 

Before the translation of Arabic works into Latin, alchemy was unknown in 
the West. Robert of Chester finished in 1144 the first translation from Arabic 
of a book on alchemy - Liber de Compositione Alchimiae. In the preface he 
states, ' Since what Alchymia is, and what its composition is, your Latin 
world does not yet know, 1 will explain in this present book.' 16 Between this 
and 1300, some major Arabic alchemical works were translated into Latin . 
These included Tabula Smaragdina, Turba Philosophorum, The Secret of 
Creation of BalInas, De Perfecto Magisterio, attributed to Aristotle, De 
Aluminibus et Salibus and the Liber lumen Luminum by ai-Rail, parts of 
Kifab af Sab ' ln (The Book of Seventy) by Jabir, 17 and possibly De anima in 
arte alchimiae attributed to Ibn STna (Avicenna). 18 

16. Eric J. Holmyard, Makers of Chemistry (Oxford : Clarendon Press, 1931), 86. ee also: 
Ahmad Y. AI-Hassan, "The Arabic Original of Liber De Composi/ione Alchemiae. The 
Epistle of Maryanus, the Hermit and Philosopher, to Prince Khalid ibn YazTd ', Arabic 
Sciences and Philosophy, 14 (2004): 2 13- 3 1; see also Lee Stavenhagen, Libel' de 
Compositione Alchimiae, 'A Tes/ament of Alchemy' (Hanover, New Hampshire: The 
Uni versity Press of New England, 1974), 5 1- 2. 
17. Multhauf, Origins of ChemistlY, 167. See al so: Robert Halleux, 'The reception of Arabic 
alchemy in the West', in Encyclopedia of the His/olY of Arabic Science, ed. Roshdi Ra hed 
(London: Routledge, 1996), vol. 3, 886-902. 
18. Multhauf, Origins, 160 I. 
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The 'Book of Seventy' that was partially translated by Gerard of 
Cremona in the twelfth century, does not carry Jabir ' s name. 19 Most Latin 
authors believed it was a work by al-Razl, and the actual author remained 
unknown until the end of the nineteenth century. 20 Other than this, we do not 
know of any other work by Jabir that was translated into Latin before the 
middle of the thirteenth century. 

The alchemical works of the thirteenth century that were written by 
Latin authors such as the works of Michael Scot (1175- 1233) and of Vincent 
de Beauvais who wrote his speculum works between 1220 and 1244, quote 
nwnerous Arabic authors, but Jabir (Geber) is not among them. 2 1 For 
Albertus Magnus, the only authority in alchemy was Ibn Slna, whereas 
Roger Bacon did not mention Geber (Jabir) either, although he was 
acquainted with alchemy through Latin translations of Arabic works. 22 

Therefore, as Jabir was not known in the West in the thirteenth century, 
there is no reason to suppose that any Latin author would attribute his work 
to him. On the other hand, according to Roger Bacon's appraisal of the status 
of alchemy at the end of the century, it would be impossible for a Latin 
writer to compose such a considerable and mature corpus of alchemical 
knowledge. Roger remarked: 

But there is another science which is about the generation of things from the 
elements [ .. . ], of which we have nothing in the books of Aristotle; nor do natural 
philosophers know of these things, nor the whole Latin crowd of Latin writers.23 

19. Gerard of Cremona, 'A List of Translations Made from Arabic into Latin in the Twelfth 
C', translated from Latin and annotated by Michael McVaugh, in A Source Book in Medieval 
Science, ed. Edward Grant (Cambridge: Harvard University Press, 1974), 38, item 65 . 
20. 1t is important to remark that the existing Latin manuscripts of Libel' de LXX do not carry 
the name of Geber. MS. BN Latin 7156 at the Bibliotheque Nationale of Paris carries the 
name of an unknown person called lohannis. (The title of this MS is Libel' de Septuaginta Jo, 
translatus a Magis/ro Renaldo Cremonensi, de Lapide animali.) Hoefer did not include 
Sepluaginta among Geber's works, but listed it as an anonymous Latin work, Hoefer, His/ob'e 
de la Ch im ie, 327-40, 433. We find also in MS cod. speciale conserved at the Biblioteca 
Comunale, Palermo, and also in MS 1400 (IT), conserved at Cambridge University, Trinity 
College, that Libel' septuagenta (Libel' de LXX) is attributed to al-RazT. See Paul Kraus, Jabir 
ibn Hayyan, (Hildesheim: Georg Olms, 1989), 42 [reprint] . In some other manuscripts the 
author is anonymous: BL MS Arundel 164; Yale University MS Mellon 2; Ferguson MS 39; 
Ferguson MS. 49; Florence, Biblioteca Nazionale MS . Palat. 887; Modena, Biblioteca Estense 
MS. Latin 357. 
2 1. On Michael Scot, see Multhauf, Origins of Chemistry, 168- 70, and also Charles H. 
Haskins, 'The "Alchemy" Ascribed to Michael Scot' , /sis, 10 (1928): 350- 9. On Vincent de 
Beauvais, see MulthauF. Origins ofChemistfY J 68. 
22. Multhauf says: 'The two eminent Latins did not know Geber'. Mu lthauf, Origins of 
Chemistry, 175; see also p. 171 . 
23. Roger Bacon, Opus Tertium [1 266- 1268], chapter 12. citation given in Engli sh tran lation 
by John M. Stillman, The Story of Alchemy and Early Chemistry (New York: Dover, 1960), 
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Translator of Liber fornacum 

Furthermore, there are frequent cross-references between the Summa and the 
Liber fornacum. It was possible to establish that the latter is a translation 
form the Arabic, and we currently know the name of the translator and the 
place and date of the translation. 24 This fact is of utmost importance and it is 
sufficient in itself to demolish the assumptions of Latin authors for Jabir's 
Latin works. It is indeed bewildering as to why historians of chemistry and 
science kept silent about it. 

2 Lack of Arabic Originals 

We have surveyed all the extant dated Arabic MSS attributed to Jabir. 25 The 
oldest ones (2%) do not date back earlier than the twelfth century. This is to 
say, all MSS by Jabir which preceded the twelfth century have perished and, 
among them, most probably also the ones used by translators. All Arabic 
MSS were written on paper that deteriorates with the passage of time and the 
factors of the environment, and not on parchment, that was the only writing 
material in the West before the advent of printing. 

On the other hand, we should remember that the Arabic originals of 
many significant Latin translations of Arabic scientific and philosophic 
works were also lost, surviving exclusively in Latin or Hebrew. 26 

3 The Allegorical Style of Jabir's Arabic Works 

Jabir's alchemical and chemical works may be classified in two groups. The 
first includes writings on the Art of alchemy, while the econd consi t of 
numerous treatises on practical alchemy and indu trial chemistry.27 

262- 5; also quoted in A.C. Crombie, Augusline (0 Galileo, The Hi to!,) of cience, .D. 400-
1650, Harvard Univer ity Pre s, Cambridge, Ma sachu etts, 1953, pp. 36- . 
24. Ernst Darmstaedter, ' Geber Handschriften' ( 1924), reprinted in ezgm. \'a/ural Scien e . 
vol. 71 , Jabir ibn Hayyiin, Ill , 299-300. e al 0: hmad Y. I-Ha an . 'The Tran lator of 
Liber fornacum: Additional Signifi cant Infonnation', W\\ \\ .hi to!,) - cience- technolog). om. 
25. Ahmad Y. AI-Has an, 'Jabir' un i ing Wor\... . W \\'\\ .hi to!,) --cienc -technolog) . om. 
26. Bes ide Geber' Latin works, man) other rabic \\ or\... e>.. i t onl) in Latin or H bre\\ . 
Some examples in alchemy are: Nine work of al- Razl on al hem) in Latin. ee Fuat ezgin, 
Ge chich/e des A rabischen SchriJfillms (Leiden: Brill, 19 I). \ 01. 4, 2 2; D anima itl arlt' 
alchimiae attributed to A icenna, ee Robert MulthauC Origin. 160- I: The eat'1 Book of 
Arlephills. ce Hall eux, 'The Reccpton', 92. There are also man) Importan1 Latm \\ or\...s in 
other discipline who e Arabic origlllal \\ ere 10 t such as in mathemuti's. 3$lrOnOm). 
philo ophy a trology and mcdicine, uch 3 , \\ or\... ('or 1-"-11\\ 3r17ml: Ibn Ru, hd; 1 huq al­
Isra'T1T,; Ma ha'a llah: ba' 11 al-Kha) lit and man) oth 'r . 
27. AI-Ilassan Bcrthclot's Moti\ e In ChooslIIg the V. rong ArabIC ·''''chemlcal Trcatls" and , ~ ~ 

the Extant Arabic Work of Jabir on Theoretical and Practical \ Ichcm) and Chemlstl':. 
\ ww.hi tory- cicllce-technolog .. com. 
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Figure 302 The first page of liber forn acum of Geber in which the name of 
the translator is g i ven. 
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Berthelot selected for his analysis works belonging exclusively to the first 
group. This was already noticed by Holmyard: '[Berthelot] deliberately 
wanted to underrate Jabir [ ... ], the choice of Jabir's works made by 
Berthelot is entirely misleading. , 28 

4 The Style of the Summa Recalls that of the Schoolmen 

Jabir was a philosopher and according to al-Fihrist, 29 he wrote numerous 
works on philosophy. More recently, Paul Kraus was able to list 23 titles for 
Jabir on philosophy, among which several deal with logic.3o In several 
works of Jabir, there are arguments where he describes two opposite points 
of view and employs logic to arrive at a right conclusion. 31 Thus, Jabir was 
well versed in the tools later employed by the Schoolmen. 32 

5 Muslim Expressions 

According to Holmyard, ' It is here that Berthelot' s ignorance of Arabic led 
him astray. As a matter of fact, the Summa is full of Arabic phrases and turns 
of speech, and so are the other Latin works. ' 33 

Our study of the Summa confinns Holmyard 's assertion.34 lndeed, it 
retained several Islamic expressions of praise to God, mostly of Qur ' anic 
origin. Furthe11110re, there are also well known Arabic sayings. For instance 
in De Investigatione, "Contnuies set near each other are the more manifest" 
.. IJ '~!~\ j:.Al:i ~~.J; "Haste is from the Devil 's side" () \"'J ,~!I\ 0'" ~\. 35 

28. Eric 1. Holmyard, 'A Criti cal Exam ination of Berthelot's Work upon Arabic Chemi try', 
Isis, 6 ( 1924), 479- 99. 
29. The Fihrist of al-Nadim, edited and tran lated by Bayard Dodge e\\ York: Columbia 
University Press, 1970), 2, 862. 
30. Krau , Jiibir ibn Hayyiin , I , 16 1-6. 
3 I. Kiliib a f Khawiiss al-KabTr (The Great Book of Propertie ) contain everal chapters of 
thi kind . MS Or 4041 , Bri ti h Library, chapter (lI1aqiiliil) 2; 5; 1-; 17; :.!5; 63- 70. 
32. In the 12th and 13th centurie, the work of Arab philo opher . notabI) lbn Tnii 
(Avi cenna), a l- FarabT and Ibn Ru hd (Averroes) were tran Iated into Latin . The e \\ orI--s 
included commentaries on Ari totle. Medie al cholar. knO\\ n a choolmen. u ed the 
logical procedure of Aristotle available to them to defend the dogma of Chri tianit) . Fi\e 
centuri e before the choo lmen in the We t, Mu lim think.er u ed logic to defend lu Iim 
dogma and the MUlakallimiin of I lam \\ere the predecc or ' of the hn lian choolm n. e 
Harry A. Wolf: on, 'The Twice-Revealed A\erroe ' . pcclIlllln,"'6 ( . 1961): 3T- 9_: seal 0 

T.J . De Boer, HislOl:v of Philo oph.l' /11 Islam, tran lat db) Ed"ard R. lone ' (London: Luzac . 
1903) 43. 
33. Eric l . Holmyard, 'The Identit) of Geber', reprinted in Clgin. ,varuml ience . \ 01. 69 . 
. k ibir, TeXIS and SllIdie . I , 66 7. 
34. AI- Hassan, rabic Expre sion ' in the , IImllla and the II/I!c.\II~f!.alioll. \\ \\ \\ .hi to~-
cience-techno log .com. 
5. The Alchemical Works 01 Gehcr, tT3Il'iat 'd 111 1678 b) Richard RlI~scll. I11troduction b) 

E.J. Il olm yard, Reproduccd l) Samllel V, elser (Mame: W ' I' cr. 19(4).4. , .... 
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6 Arguments for and Against Transmutation 

Debates regarding the validity of al-San'a (The Art) and the possibility of 
the transmutation of base metals into gold began with the inception of 
Arabic alchemy itself. 36 Throughout Jab ir , s works, references are found to 
the need to defend the Art against those who denied it. Jabir systematically 
warned his readers to be aware of them and gave instructions on how to 
confront them. 37 More specifically, he wrote two treatises devoted to the 
subject: Al-Burhan wa ithbat al-San'a (The Proof and the Verification of the 
Art) 38 and Kitab al-thiqa bi sihhat al- 'ilm (The Book of Confidence in the 
Truth of Science). 39 

After Jabir, the debate continued unabated. AI-Jahiz (c.781-868) was 
not convinced of the validity of the Art40 and aI-Kind] (c. 801-873) wrote 
Kitab ibtal da'wa al-mudda' Tn san'at al-dhahab wa al fidda min ghayr 
ma 'adiniha (A Refutation of Those Who Pretend to be Able to Win Gold 
and SiLver Otherwise than from Ore).41 His contemporary, Hunayn ibn Ishaq 
(808-873) was also opposed to alchemy.42 Their attacks were challenged by 
al- Razl (865-925) in his book Kitab ithbat al- San 'a wa al-radd 'ala 
munkirTha (Book of Confirmation of the Art and Refutation of Those Who 
Deny it).43 The debate continued well into the fourteenth century. 44 

36. References to those who denied the Art are found in the dialogue between Maryanus and 
Khalid ibn YazTd, AI-Hassan, 'The Arabic Original of Liber De Compositione Alchemiae', 
2 J 3- 31. See Chapter 2. 
37. See e.g. NLM MS A33, Kitab al-malaghim al-awwa/ (The First Book of Amalgams), 
folio 9b; Kitab al-tadabf,. al- saghfr (The Small Book of Processes) fo. 92a; and Kitab a/-usii/ 
(The Book of Fundamentals), ff, 64a- 70b. 
38. Kraus, Jabir ibn Hayyan, I, item No. 85. Al-Fihrist, ed. G. Flugel (Leipzig: Rodiger and 
Muller, 1872), item no. 70. Kraus ' numbers of the Fihrist items follow Flugel's edition. 
39. Kraus, Jabir ibn Hayyan, I , item no. 236, Fihrist, Flugel, No. 229. Stapleton et al. 
mentioned a third work by Jabir, Kitab naqd 'ala a/-falasifa (Book of Refutation of the 
Philosophers). H.E. Stapleton, R.F. Azo & M.H. Husain, 'Chemistry in Iraq and Persia in the 
Tenth Century A.D.', reprinted in Sezgin, Natural Sciences, vo\. 73, Muhammad ibn Zakariya 
ar- Razl. Texts and Studies, I, 9- 114. 
40. AI- Jahiz, K. al- Hayawan, ed. A. Harun (Cairo: AI-Babi al-Halabi, J 950),3 , 374 ff. 
41. A/-Fihrist, ed. Bayard Dodge (New York: Columbia University Press, 1970), vo\. IJ, 626. 
42. AI- JildakT, Nihiiyat a/- talab, Sifr I, Berlin manuscript no. 4184 (Landberg 350a); fo. 16a. 
43. Stapleton et aI, 'Chemistry in Iraq ', 54; 112. 
44. On the defendants side, among others: AI- Farabf (d. 950), E. Wiedemann, 'Zur Alchemie 
bei den Araben', Journal for praktische Chemie, N.F. 76 (1907), 65- 87, 105- 23, on 82 and 
on 115- 22; see also 'Farabi' nin imyanin luzumu hakkindaki risale i' ed, Ayadin Sayili 
(1951), reproduced in Sezgin, Natural Sciences, 60, ChemistlY and Alchemy, VI, 45- 59; Al­
Hamdani (d. 945), Kitab al-Jawharatayn, ed. C.To ll (Uppsala: Studia Selllitica Upsaliensia , 
1968), ch. 36; Al- Tughra "[ (d. 1211), Kitab Haqa 'iq a/-istishhad, ed. Faraj Razzuq (Baghdad: 
1982); a/- Ji/daki (d. 1342), Nihayat a/- talab, Sifr I, Berlin MS No. 4184 (Landberg 350a), r. 
16a rf. On the opponents' side: Aba lIayyan a/-Tawh le/I (c. 930- 1023), ee M. Ulllllann, 
Article 'AI-klmiya', Encyclopedia of Is/am (El) , New Edition; fbn Slna (c . 980- 1037), E..I. 
Holmyard. and D.e. Mandeville, Avicennae de conge/atione et coaf!;lIlatione lapidul11 (Paris: 
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7 Recipes for the Preparation of Materials 

Berthelot assumed that Jabir's works are devoid of recipes for the 
preparation of materials. A survey of 59 MSS by Jabir on practical alchemy 
shows the description of large wnbers of recipes. 45 There is a whole treatise 
of recipes which is Kitab al-durra al-maknuna (The Book of the Hidden 
Pearl),46 which contains dozens of recipes on the colouring of glass, the 
manufacture of artificial pearls and improving their colour, and several other 
industrial products. We devoted to this treatise Chapter 6 in the present 
volume. 47 Also, Kitab al- Khawass al kab'ir (The Great Book of 
Properties),48 contains many chemical and industrial chemical recipes. 49 

Some are on the manufacture and annealing of steel, 50 the desalination of sea 
and brackish water by ultra filtration,51 the manufacture of zunjufr 
(cinnabar),52 the colouring of gLass,53 and the manufacture of pearls. 54 
Several recipes are on cosmetics (removing unwanted hair,55 dying of hair 
into yellow gold 56 and dying the hands of maidens with various colours), 57 
on varnishes and paints including waterproofing, 58 making inks of various 
colours,59 and several other industrial products. We have discussed in 
Chapter 5 these industrial recipes of Kitab al-khawass in detail. The other 
books of Jabir contain also many recipes for the preparation of most of the 

Paul Geuthner, 1927), reproduced in Sezgin, Natura/ Sciences, vo\. 60, Chemisny and 
Alchemy, VI, 147-240, on 194-5 (English) and on 239 (Arabic) ; 1bn Hazm a/-Andalusf(994-
1064), Jbn Taymiyya (1263- 1328) and 1bn Qayyim al-Jawaziyya (d. 1349), see Ullmann. 'AI­
kfmiya', El.; see also J. W. Livingstone, 'lbn Qayyilll al-Jawziyyah: A Fourteenth-Century 
Defence against Astrological Divination and Alchemical Tran mutation', Journal of the 
American Oriental Society (JAOS) 91(1971): 96-103; Ibn Khaldiin (1332-1406). ee G.C. 
Anawati, 'La Refutation de l'A lchimie par lbn Khaldun' , in Melange d'Jslamologie dedie cl 
la memoire du A. Abel par ses col/egues, se e/eves et se am is, Leiden 1974. 6-1 . 
45 . These 59 MSS are listed in the appendix to our article "The E tant rabic Work of Jabir 
on Theoretical and Practical Alchemy and Chemistry' . www.hi to!,) - cience-t hnology.colll . 
46. B.N. MS Arabe 6915 . 
47. Ahmad Y. al-Hassan, 'The Colouring of Gla ,Lustre Gla and Gem tone, Kitab al­
dun'a a/-l11akniina (The Book of the Hidden Pearl) of Jabir ibn Ha)) an', Arabic cience and 
Philosophy, vo\. 19, number I, March 2009, CUP. ee Chapter 6. 
48. Briti h Library, MS Or 4041 ; Alexandria Library, MS Ale andria MWlicipalit) 5:!O,t 
49. Ahmad Y. al-Hassan, ' fndustrial hemi try in Kirab al- Khall'Q a/-kabfr of Jabir ibn 
Hayyan ', Journal fo r the Hist01:V of Arabic Science, vo\. 14, leppo. 200 . ee Chapter -. 
50. BL MS, article (maqala) 16, fo . "'2b. 
51. BL MS, article (maqala) 4, ro. lOb. 
52. BL MS, article (maqala) 36, fo . 68a. 
53. BL MS, articles (maqa/at) , 2 ,IT. 53a, 28. fo. 54b, and' -, fo . 663. 
54. BL M , article (maqala), 24, ro. 46a. 
55 . BL M , article (maqa/a) 2 , ro. 46b. 
56. BL M ,article (maqala) 59,1'0. 8 b. 
57. BL M , article (maqa/at) , 28, fT. 53b, 60, 60a, 60b. 
58. BL M , article (lIIaqa/at) 29, IT. 55a, 56b; "'0 573; 31. 593. 
59. BL M , article (I/Jaqa/a) 29, n'. 56a; 3 \. 6\ a. 
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chemical materials that were known, which include for example the making 
of salt of alkali (milh al-qili),60 the refining of tin (rasas qal '1)61 of iron62 

and the other metals. 

8 Modern Materials 

The large number of recipes described in Jabir's MSS mention all materials 
known to alchemists and chemists until the end of the Middle Ages. We 
have dealt with Berthelot's assertion that saltpeter and nitric acid were first 
known after the thirteenth century in Chapter 7. 63 There, we have shown that 
saltpeter was known under various names since the beginnings of Arabic 
alchemy and chemistry, while several recipes for nitric acid are given in 
Jabir's Arabic works as well as in other Arabic treatises before the thirteenth 
century. 

9 Theories of Alchemy in the Summa and in Arabic Works 

Contrary to Berthelot's views, the sulphur-mercury theory and the theory of 
three principles of metals - sulphur, arsenic, and mercury - arrived in the 
Latin West via Arabic translations. The sulphur-mercury theory was basic to 
Arabic alchemy. We shall discuss both theories as they were expounded in 
Arabic works and compare them with the texts of the Summa, together with 
other theories of Arabic alchemy. 

(a) The Two Exhalations Theory 

In Arabic alchemy, smoke (dukhan) and vapour (bukhar) were considered to 
be the origin of metals and stones and were equated to sulphur and 
mercury. 64 Although the smoke-vapour notion had started with Aristotie,65 

60. Jabir, Kiliib sundiiq al- hikma, Oar al-Kutub al-Misriyya, Cairo, MS Tabi'yyat 303, ff. 
66b-67a. 
61. Jabir, Kitiib al- Khawiiss al- Kabir, MS Or 4041 , maqala 36, ff. 67b- 68a. 
62. Jabir, Al-Jumal al- 'ishriln, MS Huseyin Celebi , 743/5, maqala 13 , p. 489. 
63. Ahmad Y. ~I-Hassan, ' Potassi um Nitrate in Arabic and Latin Sources', Proceedings of 
Ihe XXI/nternatlOnal Congress for the History of Science, Mexico City, 200 I. See Chapter 7. 
64. ~I}e this ~hapter was b~ing written a paper appeared on exhalations theory by John A. 
Noms, The MlIleral ExhalatIon Theory of Metallogenesis in Pre-Modern Mineral Science'. 
~mbix, 53 ( I, ~006): 43-65. Our essay here concentrates on the exhalation theory in Arabic 
itt.erature, an.d III the Summa. It takes into consideration only the exact text of the Summa, 
WIthout any IIlterpretations not stated in the text itsel f. It may be added that the text of Ikhwan 
al-Sara: says the following about sulphur: 'Those airy oi ly parts, with the earthy parts that 
w~re pIcked up by them, will become combustible sulphur through the cooking by heat and 
WIth passage of a long time.' 
~-:-SuLAjll J~4J • ..JtyJ\ F:i..:-!\jil\ ~\..»)'\ 00 4-! ~LAJ~~\ ~\-*\ ~\..»)'\ cillJ ~J 
. ~ 
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the full account of their role in the generation of metals and the relation to 
the sulphur-mercury theory was first given in BaITnas' Kitab sirr af khalzqah 
(Book of the Secret of Creation) or Kitab af- 'ital (The Book of Causes ).66 
According to Paul Kraus, Jabir drew heavily from this source in his own 
works, including the two exhalations theory and the sulphur-mercury 
theory. 67 

Hugh of Santalla, who stayed in Tarazona from 1145 to 1151, translated 
Ballnas' Book of the Secret of Creation into Latin in the twelfth century. We 
compared the chapter dealing with the generation of metals in Franyoise 
Hudry's edition of Hugo of Santalla's Latin translation with the 
corresponding chapter in Ursula Weisser's edition of Kitab sirr al 
khalzqah, 68 and found them to be similar (Appendix 1). From this, it is 
evident that the two exhalations theory of the generation of metals and the 
sulphur-mercury theory were available in Latin since the middle of the 

Rasii'il Ikhwiin al-Safo' wa khilliin al-wafo (Epistles of the Brethren of Purity and Loyal 
Friends), (Beirut: Dar Sadir, 2004), vo!. [I , 106. Section Two, on natural sciences, contains 17 
epistles (rasii'i/); epistle (risiila) number 5 is on ' How Minerals are Formed'. 
65. Aristotle, Meleorologica, trans. E. W. Webster (Oxford : Clarendon Pre s, 1968), III 6, 
378a 15 ff. For the text of Aristotle's exhalations concept, see also F. herwood Taylor, The 
Alchemisls (London: Heinemann, 195 1) reproduced by Kessinger Publi hing Company, 
Montana, USA, n.d . , 12- 13 . 
66. BaITnas, K. Sirr al-KhaITqa, ed. Ursula Weiser (Aleppo: In titute for the Hi tory of Arabic 
Science, 1979),243- 79. The complete theory is developed in BalInas' Kiliib sirr al-khaITqa; 
Rasii'i! Ikhwiin al-Safo; al- MajrTtl's Rulabal al- hakTm; al- TughraT Mafot/h al- hikma; al­
'Iraqi's Kitiib al-muklasab ; al- Jildaki' Nihiiyat al-talab and several other later works. ee: 
BaITnas; Ikhwiin al-Safo; AI- Majriti, MS BN arabe 2612, If. 39a-40a: Al- Tughrn. Kitiib 
mafollh al-rahma wa l17asiiblh a/- hikl17a, Wellcome MS OR 21. If. 36a- 36b and 44b-46a: 
J .E. Holmyard: Kitiib al-'ilm al-mukta ab fl zirii'al adh-dhahab by Abii 'I-Qasim Muh. b. 
Ahmad al-'lraqI ( 1923), reproduced in ezgin, Natural Science , \ 01. 61, Chemistry and 
Alchemy, VII, 125-6; AI-JildakT, K. nihiiyat a/-talab. M Berlin 41 4, folio. _9a- 29b. 
Although there are small variation among the e accounts in the detail, the) are all quite 
similar. For this rea on, in this essay we follow al- Jildaki' account. 
67. Kraus, Jiibir ibn Hayyiin, 2, 280- 3. 
68. The paper of F. Nau, 'Une Ancienne Traduction Latine du Belinou rabe ( polloniu de 
Tyane) Faite par Hugo anctellien i . . .' (1907); reproduced in ezgin, Valllra/ Science ill 
is/alll, 60, vo!. 11 , 289- 96; wa useful in our tud) ince it ga\ ea Ii t of all the tI lio of Hugo 
of Santalla' ms. dealing with the generation of metal. Pinella Tra\aglia' tud) ([.I·na 
co 111010gia erlllelica, 11 Kitab irr a/-Ha/iqa De ecretis nalllrae. aple. 2001) on the other 
hand gave e lections only from both Kiliib ~irr al- klwllqah and from Hugo of antalla' , 
Latin translation. His selection from the rabi and Latin te"t did not enable us to compare 
the generation of meta ls in both language . We had therefore to stud) the original rabi' 
work and the original Latin tran lation and do the ompari on. We u ed r ' ub Wei er" 
Arabic edi 1ion of Kitiib irr al- kha//qah ( leppo. 1979) and Fran~oi e's Hudl')' Latin 
edition oC Hugh of antalL's tran lalion: 'Le DI! . ('ere'" //(11l1rl! du P 4pv//onill d Tmn, 
traduction latine par Ilughe de , ant alia du !dtal> , irr al-khal/qa'. hr)!>opocia. 6. 1 154 
(Pari, 1997 99) . 
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twelfth century and not at the end of the thirteenth century, as Berthelot had 
claimed. 

Vincent of Beauvais was acquainted with these theories. Lynn 
Thorndike asserts that in Speculum Doctrinale, Beauvais stated that: 

everything has an occult quality opposed to its natural one; that four spirits, 
mercury, sulphur, arsenic and sal ammoniac, and six metals, gold, silver, copper, 
tin, lead and iron are generated in ~3e bowels of the earth ; and that the metals are 
generated by mercury and sulphur. 

For this reason, Thorndike did not accept Berthelot's assertion that these 
basic theories of alchemy were not known in the West until the Summa had 
appeared at the end of the thirteenth century. Although Thomdike did not 
question the authenticity of Beauvais' statement, he was not sure about his 
source. 70 Now, however, it is conceivable to assume that Beauvais had based 
his statement on Hugo of Santalla's Latin translation of the Book of the 
Secret of Creation. 71 

COMPARISON OF THE EXHALATION THEORY IN ARABIC ALCHEMY AND THE 

SUMMA 

The Arabic text for the exhalation theory and the text of the Summa, are 
reproduced in Appendix 2. An attentive reading of the Arabic and the 
Summa accounts shows them to be remarkably similar. Both assert that the 
metallic bodies cannot be generated from mercury and sulphur in their 
natural form (Summa) or in their coagulated form (Arabic). Both argue that 
natural sulphur and mercury cannot be found together in the same mine, but 
that each one is to be located in its own separate mine. For this reason, they 
should be used in the form of an earthy substance (Summa) or non­
coagulated form (Arabic). Metallic bodies are thus fonned from a double 
fume (Summa) or from vapour and smoke (Arabic). 

This close resemblance of the Summa 's text to the Arabic one refutes 
Newman 's assumption that ' the theory probably occwTed first in the TP, 
from whence it was transferred to the Summa'. 72 Indeed the TP' s account 
itself is al so taken from an Arabic origin. 73 

69. Thomdike, HiS/DIY of Magic, 2, 471 -2. 
70. Ibid . 
71. The source for Beauvais was not known , and since he was acquainted with the sulphur­
mercury theory and the generation o f metal s in the bowels of the earth, and since thi s 
information was based on BiiITnas which was trans lated into Latin, it is concei vable that 
Beauvais might have used the availabl e trans lation . 
72. Newman, Thesis, I, 169. 
73. For the TP's account of the two-exhal ation theory, see Newman, Thesis, vo l. IV , Part 11 , 
p. 58-60. 
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It is obvious, therefore, that the account in the Summa for the exhalation 
theory is an Arabic one. This leads us to two corollaries, one regarding the 
corpuscular theory, and the other regarding the mercury alone theory. 

(b) The 'Corpuscular Theory' 

Newman gave an assumed 'corpuscular theory' great publicity, and it was 
the main theme of at least one academic conference, the proceedings of 
which were lavishly published by Brill of Leiden. 74 Newman thought that 
this theory was first propounded in the Summa and that it was a theory of 
Paul of Taranto. 75 However, this so-called 'corpuscular theory' in the 
Summa is nothing but the same two exhalations theory already discussed. 
Nonetheless, it is worthy to remind that Ballnas in his Book of the Secret of 
Creation, which was one of the basic sources for Jabirian alchemy, and the 
basis of the sulphur-mercury theory, had elaborated this Aristotelian concept. 

To give special prominence to the alleged singularity of this theory, 
Newman chose the word corpuscle to translate the Latin pars, instead of part 
as Russell had done. 76 Nevertheless, the words 'pars ', 'part ' and ' corpuscle ' 
are translations of the same Arabic wordjuz '. 
Newman also attached particular significance to the degree of 'packing' of 
the 'parts' of a metal; as such 'packing' affected its weight and its proximity 
to perfection.77 This same 'packing ' (talzlz or tarzlz) of the 'parts ' (ajza', 
singular: juz ' ') of a metallic body occurs frequentl y in Arabic alchemy 
within the context of the two exhalations theory. We present below a small 
selection from Arabic texts in order to show how ewman 's ' corpuscular 
theory ' is an old concept in Arabic alchemy. 

BALlNAs 

• On gold: 'And it became heavy "razln" because it parts entered into 
each other. ' 78 

• On mercury: ' It is heavy in weight and it part entered into each 
other. ,79 

74. An examp le i Chri topher LOth), John E. ~ lurdoch and \\ illial?l R. e.\\lll an, editor~, 
Lale Medieval and Earl), Modern Corp" clllar .\Jaller TheoriC" (Lelden: Bnll. 2001). Thl 
work wa rev iewed and criticized everel b) Gad Freud ntlml in JOllrnal of Iht! Hi tory c?f 
Philosophy 4 1.2 (2003) 273-4. 
75. Newman, Thesis, I, 288- ~40 . 
76. Newman, 111111110 . 154-5. 
77. Ncwl11an, Sumllla, 154. 
78. BalTn a , Kilcih sir,. al- khanqa. 258 9. 
79. Balinas, Kili:ib irr 01- khallqo, 2~ 7. 
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JABIR 

• On gold: 'Its parts entered into each other in an intermingling that cannot 
be separated and it works with them all.'80 

• On silver: 'To become gold, silver needs two things: the packing of its 
parts (tarzlz) and tinting.' 81 

AL-JILDAKl 

• On metallic bodies in general: ' A condition for the removal of ailment 
from a metallic body is that its parts should be packed so that it acquires 
weightiness instead oflightness .' 82 

(c) The 'Mercury Alone' Theory 

The emphasis on mercury, rather than sulphur, is based on old knowledge in 
Arabic alchemy. From a single sentence in the Summa, Newman assumed 
that this idea would have begun in the thirteenth to fourteenth century. This 
sentence reads: 'And if you can perfect by Argentvive only you will be the 
Searcher out of a most precious Perfection; and of the Perfection of that 
which overcomes the Work of Nature.' 83 

This sentence appears in the Summa's chapter on the nature of Venus or 
copper. The full paragraph reads: 

Hence it is manifest that those Bodies are of greater Pelfection which contain 
more of Argentvive; but what contain less, of less Perfection. Therefore study in 
all your Works that Argentvive may excel in the Commixtion. And if you can 
perfect by Argentvive only you will be the Searcher out of a most precious 
Perfection; and of Perfection of that which overcomes the Work of Nature. For 
you may cleanse it most inwardly to which Mundification Nature cannot reach. 
But the Probation of this viz. that those Bodies which contain a greater Quantify 
of Argentvive are of greater Perfection is their easie Reception of Argentvive. For 
We see Bodies of Perfection amicab ly to embrace Argentvive. 

This text is recommending mercury' if you can'. However, in the Summa 
itself there are recipes prescribing other ingredients besides mercury. For 
instance, one recipe is for the solar medicine of the third order that 
transmutes silver into gold; here sulphur is the essential ingredient. 84 

80. Quoted by al- Tughra'T, K. Majatfh al- rahma, from Kitab al-dhahab (Book of Gold) of 
Jabir, fo. 65a. 
8 1. Jabir, Kitiib al- usiil, NLM MS A33, fo. 62b. 
82. AI- JildakT, Nihaya.t al- talab, Berlin MS 41 84 (Landberg 350b), vo l. I (sifr I) fo . 30b. 
83. Ru~sell 's translation, The Alchemical Work~, 137; Newman, Summa, 206, and hi 
translati on, 73 1. 
84. Russell , The Alchemical Works, 177- 8. 
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The importance of mercury as the matter of metals was repeatedly 
stated in the Arabic alchemical literature and it recurred in the Summa and in 
the works of the fourteenth-century Latin alchemists, and it is in conformity 
with the sulphur-mercury theory. 85 Concerning the Arabic sources, the 
examples below will suffice: 

BALfNAs 

' I say that the origin of all melting bodies is mercury. Mercury is the origin of 
melting bodies and it is the first one among them and they were formed from it. ' 86 

JABIR 

' Mercury is the origin of melting bodies and it ~) their material and first object, 
like the sperm for animals or the seed for plants.' 

Jabir' s comparison of mercury to sperm was repeated by Amold of 
Villanova88 and John Dustin but does not occur in the Summa. 89 

(d) The Sulphur-Mercury Theory and the Composition of Metals 

Berthelot assumed that the Arabic works of Jiibir did not mention the 
sulphur-mercury theory. Later, Newman asswned that a text in the TP on the 
differences in the constitution of metals is unique and is one of two main 
proofs for the relationship between the TP and the Summa. However, the 
account for differences in the composition of metals is part of the sulphur­
mercury theory and is an essential concept in Arabic alchemy. Indeed, it is 
the basis on which the whole idea of transmutation is built. Gold was the 
perfect metal, followed by silver. The four remaining metals - copper, iron, 

85 . ' Quicksilver alone is the perfection of metals, and it contains it ulphur inherent in it elf, 
Lynn Thomdike, A HistOlJl of Magic and Experimental Science, 3 ew York: Columbia 
University Press, 1953),58. 
86. BalTnas, Kitiib sirr al- khalfqa , 243 
87. Jabir, sharh Kifiib al- ra/1I11O, Jarullah M 1641 f. lOa. Indeed. Jabir devoted the three 
treati es of Kitiib al- maliighim (Book of Amalgam) mainl) to the preparation of the eli '\ ir 
from mercury, which had to be purified before it could be u ed. lL I 1 3. Kitiib al­
maliighim, al-aw11'al (the first) ff. 2a-IOb, al-lhiil71 (the econd) fT. 11 b-2 a. and al-Ihii/irh 
(the third), ff. 28a- 36b. 
88. Thomdike, Hi tory of Magic, 3. 70. 
89. Thorndike, HistOl}, of Magic. 3.97. It IS ignifi ant to mention that in one \\ orl·, b) Du ' tin. 
Desiderbile DesideriuJIl , the name ' Jeber' in contra t to the more familiar 'Geber' 1 

mentioned three time, and according to Thorndike,' n I11tere ' ting feature of the (\\ 0 [main] 
work lof Dustin] is their frequen t ci tation of Geber or J >ber. \\ hose intluence upon Du ' tin ' 
doctrine in these issue eem great and open I) a kno\\ ledged. · Thomdike. Hi ton' of·Hlgic, 
3, 70) Thu , it eems po ib le that Du t111 was con ulting a \\ork ~)r Jiiblr oth r than the 
Sumllla. 
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tin and lead - were defective. The aim of alchemy was, precisely, to treat the 
defective metals in order to be brought back to the ideal composition of gold. 
Arabic alchemy texts give accounts of the differences among the metals in 
one fonn or another. 90 The first account is found in the Book of the Secret of 
Creation of Ballnas. Several other accounts are present in Jabir's works as 
well as in the works of other alchemists. 

In the case of gold, the texts quoted below agree that mercury is its 
main constituent, while sulphur should be pure and non-combustible. 
Regarding other metals, the accowlts by Jabir and the Summa are quite 
similar, with insignificant variations. Newman acknowledged that this part 
of alchemy was common knowledge in the thirteenth century. Nevertheless, 
he also believed that the Summa and the TP contained unique information 
regarding the fixedness (non-volatility) and the indication of the amounts. 91 

A close look at the Arabic sources reveals that such infon11ation was not 
. 

umque. 

JABIR 

'Mercury is the ongm of metals; it is their matter and their principal 
constituent. ,92 

Further he says: 

And we shall say also that all metallic bodies in their essences are mercury that 
was set (coagulated) by means of the sulphur of the mine that has risen to it with 
the vapours of the earth. Moreover, they (i.e. the bodies) have differed because of 
the differences in their properties; and their properties differed because of the 
differences in their sulphurs. The differences in their sulphurs are eau ed by the 
differences in their earths and in their positions in relation to the heat that reaches 
them from the sun as it oscillates in it orbit. And the finest of those sulphurs, the 
purest and the most temperate was the go lden sulphur and for this reason mercury 
was coagulated with it firmly and temperately; and because of this temperance it 
resisted fire and it stood firm and fire was not able to burn it in the same way as it 
burns other bodies. 93 

IBN SiNA 

If the mercury be pure, and if it be commingled with and solidified by the virtue 
of white sulphur which neither induces combustion nor is impure, but on the 

90. One of the best explanations for the defects of the four metals, iron, copper, tin and lead is 
to be found in al-'lrii.qT's treatise; see E.J . Holmyard : Kit6b al-'ilm al-muktasab, 124-30. It 
elaborates on the differences among the metals. See Chapter I, Appendix 2. 
91. Newman, Thesis, vo!. I, 81-4. 
92 . Kitiib sharh kitiib al-rahma, larullah MS 1641 , fo. lOa. 
93. E.J. Holmyard, K. al-fdiih, in The Arabic Works of lii.bir ibn J-fayy iin, edited with 
translations into English and critical notes, (1928), reproduced in Sezgin, Natural Sciences, 
69, Jiibir Ibn Hayyiin, TexiS and Studies, I, 54. 

The Arabic Origin if the Summa and Geber Latin Works 

contrary i more excellent than that prepared by the adepts, then the product is 
silver. If the sulphur besides being pure is even better than that just described, and 
whiter, and if in addition it possesses a tinctorial, fiery, subtle and non-combustive 
virtue, in short if it is ~~perior to that which the adepts can prepare, it will solidify 
the mercury into gold . 

IKHWAN AL- SAFA 

[f mercury was pure and if sulphur was tree from impurities and if their parts are 
comingled, and if their quantities were at the ~propriate ratio, then ibrfz gold will 
be formed after a very lengthy period of time. 

SUMMA 

Therefore, 'tis now clear from the precedent, that if clean, fixed , red, and clear 
sulphur fall uP.on the pure sub tan~e .of argentvive (bein&;!t self not excelling, but 
of small quantity, and excelled) of It IS created pure gold . 

71 

To conclude, it is clear that the constitution of metals according to the 
sulphur-mercury theory is the same in the Summa as it is in Arabic alchemy, 
from which it was derived. 

(e) The Theory of the Three Principles: Mercury, Sulphur and Arsenic 

One of Berthelot's main hypotheses was that the theory of the three natural 
principles was not mentioned in the Arabic work. Newman stated similar 
views. This theory and the inclusion of arsenic as the third principle was 
Newman's second main argument to establish the TP as the source of the 
Summa: 

Let us now point out that the inclu ion of ar enic among the metallic principle 
not easily extracted from the Arabic source that our te ts may have u ed. 

He then concludes that 

The Summa and the TP share the unusual theory that ar enic mu t b included 
among the metallic principles: thi further ubstantiate our ie\.\ th~ dependence 
- let us now say a direct dependence - e i Is between the h 0 lext . 

Nevertheless, the three principle - mercury, sulphur and ar enic - are 

94. Eric 1. Holmyard and De mond . Mande ille, Al'icel7l7ae De cOlIgelatiol7e et 
congllltinatione, 147- 240. 
95 . Rasii'illkh\lliill al-Safo '. 2. 106. 
96. Ru ell , The Alchemical Works, 132 . 
97. Newl11an , Thesis, vo!. I, 6. 
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always grouped together in Arabic alchemical texts whenever spirits are 
discussed. This naturally also applies to Jabir. 98 Arsenic was a major spirit, 
like sulphur, and there is extensive literature on its preparation and use in 
chemical operations. 99 Thus, the conclusions of Berthelot and Newman must 
have been based on a lack of familiarity with Arabic sources and a very 
limited number of available Latin texts translated from Arabic. None knew 
Arabic; Berthelot relied on few texts of Jabir of the allegorical category 
translated for him, and Newman relied on a very small number of available 

Latin translations. 

JASIR 

And one of its principles is arsenic whi~h has ~rep~rat.ion, wo~k and Freci8&s 
tincture; this is in addition to the high qualIty of tl1lS prInCiple and Its nobilIty. 

Further, he says: 

We have to believe also that sulphur is one of the spirits and it is necessary for the 
gold work; and arsenic is one of them and it is necessary for the silver work; and 
if arsenic is used in the gold w9&k it will be deficient, and if sulphur is used in the 
silver work it will be deficient. I 

SUMMA 

It now remains that we at present speak of arsenick. We say it is of a subtile 
matter, and like to sulphur; therefore, it needs not be otherwise defined than 
sulphur. But it is diversified from sulphur in this, viz. because it is easily a tincture 
of whiteness, but of redness m~~t difficultly: and sulphur, of whiteness most 
difficultly: but of redness easily. I 

(t) The Three Orders of Medicines 

In the Book of Seventy of Jabir, the concept of the three orders of medicines is 
mentioned in numerous chapters. The Summa contains complete texts 
descri bing this concept that correspond to the texts of the Book of Seventy. 103 

98. Among Jabir's numerous works that discuss spirits (mercury, sulphur and arsenic) are: 
Kitiib al- riyiid, Bodleian, MS Marsh 70, ff. Sa, 6a, 6b and 8a; Kitiib al-usiil, BL MS Add 
23418 fo. 14Sa; Kitiib al- Khawiiss al- KabTr, maqala 66, Alexandria Municipality, MS 5204, 
fo . 143b; Kitiib ustuquss al-uss al-awwal, in E.J. Ho lmyard, The Arabic Works oJ Jiibir ibn 
Hayyiil1 (1928), reproduced by Sezgin, 229. 
99. Jabir, Kitiib al-khiilis al-mubiirak, NLM, MS A 33, ff. 2S0a- 2S0b. 
100. Kitiib al-Jumal al-O 'ishrTn, MS Husey in Celebi, S21 . 
10 I. Kitiib tadbfr al-arkiin, in L 'elaboration de I 'elixir supreme, Jiibir ibn Hayyiin, ed. Pierre 
Lory (Damas Institut Fran9ais de Damas 1988), 142. 
102. Russell , The Alchemical Works, 61 . 
103. Russell , The Alchemical Works, pp. 161 , 19S. 
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Further, n~erous ch~pters in the Summa are based on this concept also. 104 
We have dIscussed thIS topic elsewhere. 105 

Unique Jabir Traits in the Summa 

~esides the discussions given above of Berthelot's asswnptions, we would 
like to close Part I of this chapter by showing three unique traits of Jabir's 
writing, w?ich .di~tinguish his Arabic works. These same distinguishing 
features eXIt agam 111 the Summa and the other Geber Latin works. 

(a) 'Our Volumes' 

Jiibir wrote scores of books and treatises, for which he compiled three 
jihrists (indices). These are listed in the Fihrist of Ibn al-NadTm. More 
recently, Paul Kraus devoted one full volwne to catalogue the works of 
Jiibir. 106 Within these contexts, it is not surprising to find Jabir continually 
referring to his munerous other volwnes or books. This referral became a 
characteristic feature of his style. 107 

In each of the four Latin tracts, Geber also speaks of his 'other 
volwnes'.108 He declares that the Summa is the swn of what he had written 
. h . , tl I ' 109 C . I h m IS 0 ler vo wnes . ertam y, t ose 'other volumes' cannot possibly 
be the minor texts traditionally linked to the Summa. As we shall see below, 
Julius Ruska, followed by William R. Newman, asswned that the 
Riccardiana DIP was a source for the Summa. Ruska based his assumption 
on a single paragraph in the DIP which refers to the author's other 
volumes. 110 

We conclude from all this that the expression 'our volumes ' does not 
apply to any of the above few Latin works. The expression ' our volumes', 

104. The Summa, Ru sell's tran lation, Second Part of the econd Book, chapter X-XX, pp. 
161-77. 
10S. See www.history-science-technology.com where we ga e the Engli h te t from 
Ru sell' tran lation and compared them with our Engl i h tran lation of the corre ponding 
Arabic texts. 
106. Kraus, Jiibir ibn Hayyiin, I. 
107. Kitiib al-manja'a or the Book of Benefit in L 'ri/aboration de I 'eli.r:ir IIprerne, ed 
Lory, IS3 ; Kitiib ustuquss aI-us al-thalith, in E.J. Holmyard. The Arabic Work of Jiibir ibn 
Hayyiin, reproduced by Sezgin, 101; Kitiib al-lIIl1l1takhab lIIin Kiriib ol-Jrrihiid, LM M 
33, ff. 121 a, 14Sb; Kitiib al- irr al-I/Iokn{in, LM ~. A 3, fo. 175a; A.itiib al- Kholl'o . al­
Kab/r, British Library M Or 4041, fT. 33a, 47a, 87b, a. 
108. Russe ll , The Alchemical Works, De illl'e tigatione I . 19: IIl11ma. 23,24; De inl'el7tione. 
20 1,2 14,22 1; LiberJornaclIlII. 227,229, 240, 2S~, 254. 
109. Rllssell, The Alchemical Work. , 23. 
110. Julills Ru ka, 'Ober etzung' (we hall u e in thi paper the page number of Ru \...a' 
original paper), 78. 
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repeated in each of the Geber works, points out to an author who had written 
a large number of works on alchemy. Such an author cannot possibly be a 
pseudo-Geber, as we do not know of any thirteenth-century Latin author 
who wrote so extensively on alchemy. Nor do we know of any Arabic or of 
any pre-Arabic author. The only known author who had composed scores of 
treatises and books on alchemy was Jabir, and his style is reflected also in 
the Latin works. 

(b) The Principle of the Dispersion of Science 

Paul Kraus affums that one of the most characteristic traits in Jabir's works 
is his continual declaration of not having exposed the full truth in one place 
only, but that he had distributed the alchemical knowledge throughout his 
countless treatises. I11 He constantly advises the student of the Art to collect 
and study his books. The Latin works of Geber also exhibit this same trait. 

JABIR 

Understand that we have compiled in this art many books in numerous topics and 
arranged them in different ways. Some were related to others and some were 
complete in themselve [ ... ]. Each complete book is adequate on its own. As to 
those books that are related, each one needs the other, and no person can benefit 
by using them unless he gets ho ld of a complete co llection (and) read them all and 
I h . I iz 
earn t elr purposes. 

GEBER 

We declare that we have not treated of our science with a continued series of 
discourse, but have dispersed it in diverse chapters. And this was done; because, 
if it had been delivered in a continued series of speech, the just man, as well as 
him that is evil , might have usurped it unworthily. Therefore we have concealed it 
in places, where we more openly speak; yet not under an enigma, but in a plain 
d· hA' 11 3 Iscourse to t e rUst. 

(c) Jabir's Books of 'Sums' 

It is not rare to find similar declarations in Jabir's Arabic works, and in the 
Summa. The opening paragraph of the Summa is similar to the corresponding 
one in his Book of Seventy. Jabir distinguished between his larger and 
smaller books and in the preface to the former, sometimes he states that a 
larger book is a sum of the knowledge dispersed in the smaller ones. 

II I. Kraus, Jabir ibn Hayyan, vol I , XXVII- XXX. 
112. Lory, L 'elaboration de I 'elixir supreme, Kitab ai-man/a '0, 153-4. 
113 . Russell , The Alchemical Works , 196. 
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JABIR 

Since there appeared many books of ours on this Art that is called hilana 
(Phi losophy) which has no limit and is the ultimate of philosophy, it became 
unavol?ab le that we should put down a book that explains our previous 
abbrevla~ed words. ~onsequently, we are explaining one word of a certain art [in 
the prevIOUS abbre~lated treatises] by a hundred words of the same art [in this 
volume]. So that thIs volume [Book of Seventy] contains what was in our former 
and our later books. 114 

Further, he says 

We have written before this book of ours several books dealing with such 
~ndamenta l s like these, and all are dispersed. We have made thir ~ook of ours 
lIke the sum of those fundamentals, and arranged it in twenty parts. I 

SUMMA 

Our whole Science of chymistry, which, with a divers compilation, out of the 
books of the ancients, we have abbreviated in our volume, we here reduce into 
one Sum. And what in other books written by us is dimini hed, that we have 
sufficiently made up, in the writing of this book of ours, and supplied the defect of 
them very briefly. And what was absconded by us in one part, which we have 
made manifest in the same part, in thi our volume' that the compleatment of so 

, 116 
exce llent and noble a part of philosophy, may be apparent 

PART 2 JULIUS RUSKA'S HYPOTHESIS ABOUT 
THE RICCARDIANA LIBER GEBERIS DE 
INVESTIGATIONE PERFECTIONIS AND 
THE ASSUMPTION OF NEWMAN 
ABOUT PAUL OF TARANTO AS 
THE AUTHOR OF THE SUMMA 

Ruska's and Newman's Assumptions 

75 

The following chart is a reworked copy of the on that William ewman had 
drawll to summari e his a umption regarding a p eudo author of the 
Summa perfectionis. 1I7 We hall al 0 u e it her to ummari e the 
assumption of both Ru ka and ewman. 

114. Book of eventl'. article I , al-la/lli1 ' Di\ tnlt) '. Lo!"). L 'elaboratio/l de !'diur 'lIprL'm '. 
115 . .Iabir, Kitiib a/-r~riid, M . Mar h 70, fo . 2b. 
I 16. Russcll , The AlchelllicallJ'orA . 2~. 
11 7. William cwman, The . IIIl1/1W Pcr/ectiollls, 65 . 
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In 1925, Emst Dannstaedter discovered a codex in the Riccardiana 
Library of Florence (MS 933), containing Latin MSS devoted to Arabic 
alchemy. He affinned that it corresponded to the end of the thirteenth 
century and it included 'the oldest MS of the Summa Perfectionis of Geber 
that I know, but among other things, the Liber Geberis de Investigatione 
Perfectionis,.11 8 In this chapter we shall designate the Riccardiana de 
Investigatione Perfectionis as DIP (no. 5 in the diagram, Figure 3.3). 

In that period, Julius Ruska was deeply involved in his study of al­
Razl, and in 1935 he wrote an extensive paper in which he assumed that this 
newly discovered DIP (no. 5) is a reworking of Liber Secretorum Bubacaris 
of the BN of Paris 119 (no. 3). He declared that the attribution of the DIP to 
Geber was erroneous: 'only one example of the thoughtlessness with which 

. . I h . I tr t' ,120 ignorant writers and scnbes put arbItrary names to a c emlca ea Ises . 
He therefore decided to include the DIP in his study of the Latin works 

of al- Razl. 121 Ruska even suggested further that the last part of the DIP had 
been written by a late Latin author (no. 4) who would have also been the 
author of the Summa (no. 6).1 22 He considered that Liber Secretorum 
Bubacaris (no. 3) was a reworking of Liber Ebu Baccar er Raisy of Palermo 
(no. 2), which was a translation of Kitiib al-asriir of al- Razl (no. 1). 

In 1986, William R. Newman adopted all Ruska's asswnptions and 
based his voluminous work on them; his main goal was to search for the 
unidentified Latin author that was imagined by Ruska. For this purpose, he 
conceived a maze of bewildering assumptions with an abundance of Latin 
citations to conclude that a previously unknown Paul of Taranto, a compiler 
of a treatise with the title of Theorica and practica (no. 4), was the author of 
both the Riccardiana DIP (no. 5) and the Summa 123 (no. 6). 

We shall prove in this part of the chapter that all the assumptions of 
Ruska and Newman are untenable and without foundation. And since the 
Riccardiana DJP is pivotal in Ruska's and Newman's assumptions, the 
analysis and discussion of this treatise will be a major component in this 
chapter. To do this we shall discuss all their assumptions as illustrated in 
Figure 3.3, under the following main headings: 

118. Emst Darmstaedter, ' Liber Misericordiae Geber. Eine lateinische Obersetzung des 
grosseren Kilab at rahma'. (1925), Republished by Fuat Sezgin in Natural Sciences in Islam , 
71, Jabir ibn Hayyan, TexIs and Studies, Ill , 181 . 
119. We shall refer to this MS henceforth as Bubacaris. 
120. Ruska,Julius, 'Obersetzug' , 86. 
121. Ruska, 'Ubersetzung', 26. 
122. Ruska, 'Obersetzung', 53. 
123. Newman, Thesis, vol. 1, 96- 7. 
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• The Latin MSS of Kitiib al-Asriir of al- RiiZl: We shall prove here that 
the Palenno MS (Lib er Ebu Baccar er Raisy - no. 2) is not related to 
the Paris MS (Liber Secretorum de Voce Bubacaris - no. 3). 

• Ruska 's Assumption that the Riccardiana DJP is an Edition of Liber 
Secretorum De Voce Bubacaris : We shall prove here that the DIP (no. 
5) is not an edition of the Bubacaris (no. 3). 

• Attribution to a Latin Author: We discuss here why Ruska's assumption 
of the attribution of part of the DIP and of the Summa to a Latin author 
(no. 4) is unsubstantiated. 

• The liibirian Paragraph of the DIP on which Ruska and Newman Based 
their Hypothesis of a Latin Author of the Summa: We prove here that 
the single paragraph on which Ruska had based his conjecture about a 
Latin author is simply a translation of one of Jabir's recognisable 
statements. This fact alone disproves the whole hypothesis of Ruska 
and Newman about the imaginary Latin author (no. 4). 

• Arabic and Islamic Expressions in the DJP: We go a step further here to 
prove that the DIP as a whole is rich in Arabic and Islamic religious 
and non-religious expressions, including the part that Ruska had 
asswned to be written by a Latin author. 

• Arabic Technical Terms in the DIP: We continue our proof that the 
DJP, including the part that Ruska had assumed to be written by a 
Latin author, is rich in Arabic technical terms that are not part of the 
usual terms that a Latin author will use in his writing. 

• liibir as the Likely Main Author of the DJP: We prove here that Jabir is 
most probably the author of the major part of the DIP, contrary to 
Ruska's assumptions. Our proofs are supported by the fact that the DIP 
refers to Iabir's Libro quietis (Kitiib al- riiha), and we di cuss this book 
in some detail. 

• Further Examples from Newman 's Assumptions: After we have pro ed 
that the whole structure shown in Newman's diagram is imaginary, we 
give few further examples from ewman's assumption to demon trate 
how they are without any foundation. 

• The TP as a Compilation: we end this chapter by giving further 
examples to illustrate that the TP of Paul of Taranto i a mere 
compilation from translation of Arabic alchem . Thi e. clude any 
possibility for it to be a source for the DIP or the Summa a wa 
assumed by Newman (4, 5 and 6 in Figure 3.3). 

This list of topic should guide the reader in electing "hat topic i of 
interest to him or her. If reading the \\ hole paper i not po ' ible \~ e advice 
the reader to read : 'The Jabirian Paragraph of the: DJP on which Ru ka and 
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Newman based their Hypothesis of a Latin Author of the Summa'. This is a 

short text but of great significance. 

(1) Kitab al-Asrar 

(2) L. Ebu Baccar 
er Raisy 

(3) L. Secretorum (4) TP 
de voce Bubacaris 

~. 

(5) De invstigatione 
perfectionis 

(6) Summa I' 

Figure 3.3 The assumptions of Rusk a and Newman. 

Ruska assumed that an unknown Latin author (4) wrote part of the DJP 
(5) and that he also wrote the Summa (6). Newman based all his work on 
Ruska's assumptions and imagined that the unknown Latin pseudo author is 
called Paul of Taranto who wrote a treatise TP (4), the DIP (5) and the 
Summa (6). 

The Latin MSS of Kitab al-Asrar of al- Razi 

We all know that Kitiib al- asriir (Book of Secrets) of al- Raij'1 24 is a 
practical treati se on alchemy, devoid of theory . In the first two parts, it 

124. Henceforward to be mentioned as KA. 
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gives a classification of substances and a description of alchemical 
apparatus, and in the third and largest part, practical recipes. This work 
remained little known in the West throughout the centuries and the number 
of available Latin MSS is small. 125 Ruska examined six of them: (I) BN 
6514; BN 7156, both from the thirteenth century; (2) Oxford Bodleian 
Digby 119, fourteenth century; (3) Cambridge Trinity College 1120, 
fifteenth century; (4) B .L. Sloane 1754, fourteenth century; (5) Palermo 
Codex Speciale 19, fourteenth century. 126 

As the title of 'book of secrets ' on various subjects was very common, 
and in order to distinguish one from the other, the name of an author was 
customarily attached to the title. In this way, the first four copies, listed 
above, carried the name of ' Bubacar', while the latter two - Sloane and 
Palermo - carried a distorted name of al- RazT. 127 

The importance of Kilab al-asrar (KA) lies in its first two parts, on 
substances and apparatus, which in fact constitute a very small fraction of 
the whole work; and they were frequently quoted by compiler. On the other 
hand, the third part, on recipes, although it constitutes the major part, seem 
not to have been cited in its entirety. This is, probably, because a ast 
number of recipes, from both Arabic and Latin sources, were available to 
compilers 128 This is the reason why the Latin ver ions of KA differ in the 
content and arrangement of the third part. 

The four 'Bubacaris' MSS have complete Latin tran lation of the fir t 
two parts . In 1927, Stapleton et al. publ i hed an Engl i h tran lation of the 

125. Thi work wa never printed. 
138. Ruska, 'Obersetzung', 1- 26. ee al 0: Dorothea Waley inger (DW). ala/ogue of 
Latin and vernacular alchemical fII anuscripls in Greal Brilain and Ire/and Daling from 
before Ihe XVI cenIUlJ!, Brussels, 1928. inger had listed 22 M for Lllmen 1llllllllllS In 

England aga in t three only for the Secrelorull1 of Rhaze . (under itcm 113 for Lllfllen. 
Lt/minus and item I 16 for Secr lorum). 
127. Bubaear is a corruption of Abu Bal r ", hieh is part of al-Razi's name. Thl I\ork 
remained unknown to his tori an of cheml tr), like K.C. chmieder In D,e Ge chic",e der 
A lchimie, (Ilalle: 1832); lIermann Kopp in Geschicle der Chefllie (Bran chl\ elg: I 4 I 47); 
Ferdinand Hoefer took noti ce of the Bubacari M at the B. . but did not rcall e that 
' Bubacar ' was al- Rii7T. (Ferd inand Iloefcr, /lisloll'e de la chllllle, '57). c ordll1g to Jullll~ 
Ru ka, in hi s paper, 'O ber et7LlI1g', 4, Mon t? tein~chnelder rt~all/ed that 'tlubacar' \\a. al­
R i:i~T. Berthelot gave a briefde enption oflhe Buba ari~ B . MS ' , (Bcrthelot. La Chimie 1111 

Moyell ARe, I, 306.) 
128. Wc ha e mentioned above that wc ha'vc collected fIX tht: pres 'Ilt reearch a lurg.e number 
or the work of Jft bir on practica l alchel1l and helllls1\,) Thl. IS in addition w (lther \\orks 
for other Arabic alcheml . ts alld chem l\h. In La1in tl1lll lallons the \\ ork .. u\llllabk to 
compilers il1clude J iher s(/('erdolllll/ or rahle recipe, h) all 111(11) mOll' compl!er l~krthdot. 
La Chimie (111 MOl 'en A~(', I, 179 :!28. 'cc abo Dorothea \\ ak) " lIlger (0 \\ ~). (.ott//ugll/,. 

item 499); I)arlll ' inedtcr, Uht'r clnrll(/II~: and /rlis (/I<' lIl1e(1< fir/I/( l{It'S 1I'I1'l'l/ll<', cllqllt' 
Geber, Ralc (Base l), Pletro (lerna. ISn ). 

--.. -----------------------------------------------
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first two parts of KA , together with extracts from the. third. 129 An import~t 
feature of this translation is that it used both an ArabIc MS and a Bubacans 
MS (BN 6514), finding small differences between both. . . 

In 1935 Ruska published a study on the Latm translatlOns and 
reworkings of KA, and two years later, a German translation inclu~ing all 
three parts. 130 However, he mistook KA that he had translated for a dIfferent 
work of al-RazI, which is Kitiib sirr al-asriir (The Book of the Secret of 

) 13 I 
Secrets. . . 

While he described briefly the Bubacar MSS In hIS 1935 study, he gave 
excerpts from the Sloane and Palermo MSS. 132 The tr~nslation ofth~ Sloane 
MS was made by a Syrian priest in Antioch and retams more ArabIc words 
than the others retain. 133 Ruska did not give excerpts from the Palermo MS, 
but reproduced a listing published by Isodoro Car~ni, 134 establishing his 
evaluation of this MS on Carini's headings of the reCIpes. Although a closer 
look at Carini's list shows that this MS is probably not a complete 
translation, Ruska concluded not only that it was, but that the others were 
reworkings of it. 

Moreover, we can differentiate the six Latin MSS reported by Ruska 
into three types. The four Bubacaris manuscripts correspond to one type, 
while the Sloane and Palermo MSS are second and third types. The 
differences among all three types are noteworthy, thus the possibility of any 
one being a reworking of another seems remote. 

We draw attention here also to a discrepancy in the historical dates of 
the six MSS. We do not know for sure which MSS preceded the other. If we 
consider the dates reported in Ruska's paper, we notice that the Palermo MS 
goes back to the fourteenth century, whereas the Bubacaris Paris MS goes 
back to the thirteenth. Based on these dates, the Palenno MS cannot be the 
source for the Bubacaris MS. This uncertainty about the dates of the MSS 

129. H.E. Stapleton, R.F. Azo, & M. Hidayat Husain, 'Chem istry in Iraq ', 3 17-4 17. 
130. Julius Ruska: AI- RiizT 's Buch Geheimnis der Geheimnisse. Mit Einleitung und 
Erlauterungen in deutscher Ubersetzung. ( 1937), reprinted by Fuat Sezgin, Natural Sciences 
in Islam, 74, AI- Riizf, 11 ,2002, 1- 260 (Sezgin page numbers). ., 
131 . AI- RlizT's Kitiib sirr al- asriir is a sma ller treatise of recipes, Without ne.lther 
classification of materials, nor description of equipment and was not translated into Latm. It 
was published, along with a Russian translation, by U.I. . Karimov, Tashkent, 1957 .. The}e~t 
has also been published in facsimi le by Muhammad Taql Dalllsh-Pazuh , together With [(lt~b 
al- asriir, Tehran, 1964. In this study, we consulted the Danish Pazuh edition and the copy 111 

NLM MS A 33. 
132. Julius Ruska, 'Obersetzung', 10- 26. . . 
133. The introduction to this Latin version of a l-RlizT follows the Is lamic way of mvokll1g 
God's mercy on the translator. 
134. Ruska, 'Obersetzung', Palermo Codex, 10- 16. 
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precludes the assumed relationship between them as hypothesised by Ruska 
in the Figure 3.3. 

Ruska's Assumption that The Riccardiana DIP is an Edition of Liber 
Secretorum De Voce Bubacaris 

The DJP is an extensive treatise,135 written on 24 folios, comprising 45,200 
words, which are compiled from different sources. However, besides the 
initial few pages dealing with substances and equipment, 136 Ruska could not 
find any Razian Latin texts matching the DIP. Moreover, his analysis 
showed that the share of the Razian Latin texts amounted only to about 13 
per cent of the full MS. 137 For this reason, he had to resort to the Arabic KA . 

However, if Ruska wanted to prove that the DIP was a new edition of 
the Bubacaris, the Arabic text of the KA was not the right place to search. 
And, if he was searching for the real sources of the DIP, he should not have 
limited himself to the Arabic KA, but should have surveyed the numerous 
extant works on Arabic alchemy, particularly Jabir's, since after all, the DIP 
does carry his Latin name. 

However, since Ruska limited himself to KA, he had no other options 
but to compromise. Thus, sometimes he writes that the DIP text corresponds 
on the whole (irn ganzen) to KA, while at other times he says that it is a 
rough approximation (annahernd).138 If he had adhered to proper 
comparison rules, the share of materials taken from KA would dimini h 
considerably. To illustrate: upon finding a difficulty in comparing the Arabic 
KA with the DIP, he explains: 

135. The Ri ccardiana DJP was edited and publ i hed b ewman in vol. 3, Part 2, of hi PhD 
thesis. Ruska published also exten ive part of the ~ in hi p~per. Where\ er .there \\ ere 
differences, we u ed Ruska's version because we are dl cu mg hi paper. The foho number 
cited correspond to Newman ' edition. . _ . 
136. There are obvious di fferences between the first few foho of the DJP and tile first foho 
of Bubacaris which indicate that these first folio of the DJP are not ba d and ar not 
reworkino from the Bubacaris. We give two example onl) of the difTeren e be.t\\een the 
DJP and ~he Bubacaris: The DIP ays that borace are ill. including 'borax ~rable' . In the 
Arabic te t thi is bauraq al gharb or al-gharab. y..;ill . ~he tran lator r ad thl \\ ord as the 
'Arab yyJl ' with the letter 'ayn t ' in tead of gha)'1I t (a commo.n e~~r): 0 the \\ rd 
became 'arabie'. In the Bubacari the \ ord i carde and in another \ erslOn It I carb . , 

Another example is the Arabi word khar 1111 I-Rlizili ted e\ en metal. . n~ of th m 
is khiirslnl. The DIP ay that bodie are sc\en including '''ar>'II1': T,he ~\ord '''areslI1' ' tand ' 
for khiir 111/ It i nearer to the rabi original than the 1\ ord 'cate IIn of Bllhacaf/ . 
137. Ruska: 'Ober etzung'. 26 "" . Word .cou~t \\ a~ ba, cd n Ru "a" detail d anal~ I ' of the 
DIP content under the hefld ing' IIgcmell1e bersl ' ht . 
138. Ruska, 'Ober el.wng" 27: I. 
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The 'DIP ' text corresponds on the whole (im ganzen) to the first prescript in KA ' s 
chapter on the 'egg', however at the end it has a stronfJ~nfringement or intrus ion. 
The end seems to have been taken from a third source. 

Toiling in this way, to find in the Arabic KA similarities to the DIP, Ruska 
was able to add a further 27 per cent to the share of Razian sources in the 
DIP, raising the total to about 40 per cent. But the remaining 60 per cent still 
had to be attributed. 

Attribution to a Latin Author 

As mentioned above, Ruska could not find in the Latin Bubacaris and the 
Arabic KA similarities justifying the hypothesis that the DIP was a 
reworking of the Latin Liber Secretorum Bubacaris. 140 Thus, he had to admit 
that the compiler had have recourse to other sources. Therefore, he ventured 
to attribute the last part of the DIP to a Latin pseudo-author. 

To substantiate his hypothesis, Ruska focused on the DJP section 
dealing with alums and salts (ff. 21r- 24r), which corresponds to the last 
paragraphs of Part IX and the full Part X, to conclude: 

What distinguishes these pieces from the largest part of the preceding 
compilations is obviously only due to their mature late Latin formulation . Here we 
do not have to deal with translations of Arabic writings, but with original Latin 
texts which follow in their content older models of the translation I iterature. In , 
their style

l 
Jjowever, they are quite Latin and do not reveal the spirit of the Arabic 

language. 

However, in the first place, here Ruska made an assumption without 
presenting any evidence. Moreover, the description of the style of the text as 
' mature late Latin' is inaccurate. The copy of the DJP under analysis was 
transcribed in the last decades of the thirteenth century but the actual 
translation and compilation were obviously made before, We still have to 
keep in mind the state of knowledge on alchemy in the Latin West by the 
middle of the thirteenth century, as portrayed by Roger Bacon, 142 

The Latin literary style as a criterion to decide on the origin of this p31i 
of the DJP is not justifiable, We must remember that a translation may be 
literal or edited. In the latter case, a translator has his own understanding of a 
text, and then writes it in another style. Thus, for instance, the translators of 
Toledo in the twelfth century used the literal - word-by-word - style, but in 

139. Ruska, 'Ubersetzung', 3 1, Vorschrift was translated here as prescript. 
140. Throughout this essay we use the word Bubacaris to denote Liber Secrelorum 
Bubacaris. 
141. Ruska, ' Obersetzung', 64 . 
142. See above, Part I . 
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the course of the thirteenth century, the translators became more 
knowledgeable and some began to edit their translations. 143 The expression 
' reworking' is often used to denote the editing of a translated text. 
Nevertheless, we cannot consider an editor or a reworker as the author of a 
text. 

Finally, another genre is compilations that is taken from several 
sources, as is the case of the DIP. Compilers may perform some editing. The 
work may carry the name of the compiler, and when it includes material 
from an important author, it may bear his name. In the latter case, we have 
examples from both Arabic and Latin texts. Kitab Sunduq al-hikma (Chest of 
Wisdom) is a compilation of chemical and alchemical recipes 144 and is 
ascribed to Jabir. The Liber claritatis, which is a compilation of chemical 
recipes translated from Arabic, is ascribed to Geber in the same way as the 
DIP which is also ascribed to Geber. 145 Another example is the Artis 
Chemicae Principes or De anima in arte alchemia which is a compilation of 
Arabic chemical and alchemical recipes attributed to A vicenna (rbn Sma).146 
These three Latin compilations of Arabic alchemy and chemistry (including 
the DIP) appeared in the thirteenth century at about the same period. 

Actually, Ruska based his hypothesis of a Latin author on a single 
paragraph in the DIP, which is a Jabirian one, as will now be shown. 

The Jabirian Paragraph of the DIP on which Ruska and Newman Based 
their Hypothesis of a Latin Author of the Summa 

Ruska based his hypothesis of a Latin author for part of the DIP, and 
moreover that this same author would have written the Summa, on the 
following paragraph: 147 

De quorum nominibus, naluris et operationibu hic di persa in di er i 
voluminibus posuimus capitula, et induimu opinione di,ersa . libi tanlen cum 
Deo summam omnium, quae parsim tradidimu ,aggregabimu cum , erirate 
probationis in summa una ennone brevi , in qua quidquid no tra ' olumina utile 
seu superfluum continent aut diminutum. hic per illanl ibiq.ue per haec . anae 
mentis et diligenti indagationis artife ab que errore repenet et pen'el11et ad 
de ideratum perfectae artis actllm et e 'pectatum labori effe tum. Et no non 

143. harles S,F, Burnett, 'Litera l tran lation and intelligent adaptation among t th rabic­
Latin translator orthe fir t half ofthe t\\elfth '. In La d(ffll.iolle delle iell::t'i lamiche ncl 
Media Evo Ellropeo, ed. Biancamaria carcia moretti (Rome, 19 ).9- 2. 
144, Cairo, M TabT'yyat 303, . 
145, Emst Darmstaedter, ' Liber clarilati totiu alk.imicae ani, Bologna od.lat. 164 (153) . 
( 1925- 1928), , ~ _ 
146. Arti chemicae prillcipe' rl1'icenn(', atqlle Geber. Bal (Basel): PIl::tro Pel11a. I::> -), I::> . 
147. Ru ka. 'O ber ctzung'.7; e\\l11an, Th('~i·. 3, pan _. 247 -,'. I "pr:s 111~ gralllud to 
Adall1 McLean and LOll Gi lbeno for their a ' i ' lance 111 the tran~latlon ot Ihls Latll1 paragraph. 
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collegimus ob aliud multa ex antiquorum di ctis et in voluminibus nostris ea 
multiplicavimus, nisi ut ex illis e liceremus secretum eorum , et vitaremus errores, 
et ex eorum coniecturis nostri roboraremus perscrutationem sermonis via brevi et 
veritate perfecta, ad quam faciente glorioso et sublimi Deo, licet cum longi vigilia 
studii et magni laboris instantia usque quaquam pervenimus, et earn totam in libro 
qui Summa intitulabitur, non sub illorum scribemus aenigmate vel fi guri s, neque 
ita lucido trademus sermone, quin ilium accidat necessario insipientes latere 
eosque subire errorem. Sed traditionum omnium assumentes arcanum ex his, quae 
perquisivimus, vidimus atque palpavimus. et certificati sumus cum experientia 
vera, tali sernlOne volente Deo explicabimus. Quod si se ad ea bonae mentis 
artifex exercitaverit, se totum [aut saltem partem] artis excelsae fructum Dei dono 
adinvenisse laetabitur. 

In this paragraph, the author makes three important declarations: 

1. He refers to his 'various volumes' (diversis voluminibus). 
2. He has dispersed alchemical knowledge in these volumes. 
3. Therefore, he will write a ' sum book' (summa). 

This is a Jabir's paragraph and we have already cited similar ones at the end 
of Part 1 under the heading, 'Jabir's Books of Sums' when we discussed the 
'Unique Jabir Traits'. 

We have shown that Jabir was the only author who had written 
numerous volumes throughout which he had dispersed knowledge and who 
wrote 'sums' of this scattered knowledge. 

Also in this same paragraph, the author employs four Islamic 
expressions of praise to God: 'cum Deo', ' glorioso et sublimi Deo' , 'volente 
Deo' and 'Dei dono,.1 48 As we have also discussed above, Geber's works 
included this kind of Islamic expression. Moreover, Geber was 
acknowledged among the Latin alchemists up to the seventeenth century as 
the author that most characteristically praised God, this being a sign of the 
Arabic origin of these works. 149 

This paragraph is therefore, a translation from an Arabic Jiibirian text. 
It ought to be very alarming for historians of science to realise that the whole 
hypothesis of Julius Ruska is based on his false interpretation of this single 
paragraph, and also to realise that the whole intricate structure of William R. 
Newman in his voluminous work concerning a pseudo Paul of Taranto, and 

148. Some of these expressions are also familiar ones in Latin , but their recurrent use in the 
same text is characteristic of Islamic writings. Cum Deo means with God or under command 
of God; volente Deo, God willing, if God will s; Dei dono, by the grace of God. All are 
equivalent to the Muslim Qur'anic expression 'insha 'a Alliih or inshal/ah. Glorioso et sublimi 
Deo, the Glorious and Hi gh God is also a Qur'anic ex press ion . 
149. See e.g. Thomas Vaughan, Aula Lucis, or The House of Light. Adam McLean, The 
Alchemical Web Site, http ://www.alchemywebsite.com/aulaJucis.html. 
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his imagined role in the history of Latin alchemy, is built on Julius Ruska's 
false understanding of just one liibirian paragraph. 

Arabic and Islamic Expressions in the DIP 

The DJP as a whole, including the section selected by Ruska as a Latin 
original text, is rich in Arabic and Islamic expressions. The assumption that 
they were insertions by the author in order to imitate the Arabic style needs 
sound substantiation. It seems infinitely more probable that, inversely, they 
are an intrinsic part of the fabric of the DIP. 

Latin translators used to purge the Arabic texts from conspicuously 
Muslim expressions, like the name of the Prophet and other explicit Islamic 
religious idioms. 150 However, there are some Islamic expressions that can be 
applied to any religious belief, especially those that praise or glorify God. 
These expressions were sometimes kept in the translations. 151 

Among the many Islamic expressions, one sentence reads: ' Benedictus 
igitur sit gloriosus et sublimis Deus qui nihil fecit regimine carens', which 
means, 'Therefore be blessed the glorious and sublime God, who made 
nothing which lacks order. ' 152 

150. Arabic treatises start with the Qur'anic verse 'In the name of God, most Gracious, most 
Compassionate'. This is sometimes followed by various form of the prayer: ' Ble ing and 
Peace upon our Master Muhammad, his Family, and his Companion '. The Latin tran lator 
were usuall y monks and it was natural for them to delete uch I lamic expre ion. One 
example is that Hugh of Santalla removed the Qur'anic ver e 'In the name of God. most 
Gracious, most Compassionate' in hi translation of Kiliib sirr al- khalfqah of Biillnas. Tau, 
p. 102). Another typical case i that Kiliib aI-ra/una of Jiibir wa tran lated into Latin 
probably in the 13th century. It wa tran lated into French at the end of the 19th century b) 
Berthelot-Houdas. The Latin translation has the starting Qur'anic \ er e removed \\ hIle the 
French translation of Berthelot-Houdas had kept it. In addition, the Latin tran lation had the 
concluding prayer for Muhammad the Prophet removed. while the French tran lation had kept 
it. Darmstaedter who publi shed the Latin translation a) in hi ve~ la t fo~tnote that the 
final sentence wi th the name of Muhan1mad is mi ing here. ' The Latlll tran latlOn was urel) 
intended for Christian readers'. 'Der chlu13 atz mit der lennung MOHAM lED fehlt hier. 
Die lateini che Obersetzung war icher fur hri tl iche Le er be timll1t.' (Berthelol. La Chimie 
au Moyen Age, 3, 163- 90; Darm taedter, 'Liber Mi ericordia~ Geber'. original ~p: I 3, 19 , 
'Sezgin pp . 309, 323'). Be ide this oluntaf) c~n or hiP, t1~er \\3 ,0111 lal ~~~r h 
censor hip during the Middle Age \\hich ulminat d 111 the e ' t.abh ~ll1ent of ~le l~qUl ltl,O~, 
(There is a a t literature on the ubject. ee for e 'ample the article: en orshlp ot Bool. In 

the alholic Encyclopedia, online.) 
15 1. ee e.g. Lee tavenhagen, Liber de 0111[10. itiol1 Alchimiae, 'A Te'tomelll of .J.lchell11 ". 
(Hanover, New Hump ire: The UT\lver'it Pre )f e\\ rngland, 1974); The ecrel Book Of 
Artephius, published b) dam McLean, The Alchemy JJ l'b itt', 
http ://www.alchem) web ' ite.colll '3rtephiu.html. 
152. Ru ka, 'Uber ctzung" 76. 
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This sentence is similar to one or two verses in the Qu 'ran. 153 The DJP 
also includes 56 short Islamic religious expressions, such as 'cwn deo', 'cwn 
deo volente', and the I ike, distributed throughout its 24 folios - 10 of which 
appear in the section selected by Ruska as being written by a Latin author. 154 
In the Arabic alchemical literature, these kinds of expressions tend to occur 
at the end of recipes and they are translations of the Arabic ' insha 'allah' (if 
God wills) and its other Arabic forms. The frequency of their use varied 
from one author to the other, but they occur in all of them. This is a typical 
Muslim phrase, derived from the Qu'ran. Its use is mandatory and is deeply 
rooted in Islamic culture. 155 

The non-religious expression 'scias hoc' appears 31 times - 12 of them 
in the section selected by Ruska. It means 'know this', 'understand this' and 
it is typical in Arabic texts whenever the author wanted to stress the 
importance of an idea or a prescription. 156 The phrase 'et est de secretis' 
occurs several times in the DIP, also being a typical expression in Arabic 
alchemy. 157 

A quantitative analysis also serves to underscore the difference between 
Jabir's and al- RazI's texts. In the latter's Arabic printed edition of KA, 158 the 
expression 'if God wills' occurs only 4 times, while 'know this' occurs 7 
times throughout its 116 pages. This is in overt contrast to Jabir's Arabic 
texts. In his al-malaghim books - devoted to the practical alchemy of 
amalgams,159 between folios 2a and 36a there are 48 expressions of 'if God 
wills' and 17 of 'know this'. 

God references by Latin authors 

We have surveyed several alchemical treatises written by Latin authors and 
other works translated from Arabic from the twelfth century on, looking for 
the word 'God' and others signifying 'God', together with their 

153. There are few Qur' anic verses that resemble this text. One occurs in a verse describing 
men who contemplate the wonders of creation in the heavens and the earth. These men will 
praise God saying: 'Our Lord, Glory be to Thee, you have not created all this as lacking 
order.' c:ili~ )lb4 \~ <.::..ih L.. u,.J. In contemplating the wonders of Heavens and Earth the 
word )lb4 means the opposite of order (The Qur 'an, AI 'lmran, Sura 3, verse 191). 
154. Tt may be objected that the expression 'cum deo volente' is also known in Latin ; 
however, it could not be found in alchemical treatises by Latin authors. 
155. Siirat Al Kahf (18) :24: ' And never say of anything "I shall do such and such thing 
tomorrow", except (with the saying): " If God wills" And remember your Lord when you 
forget.' This verse shows that it is mandatory for a Muslim to say 'insha 'a AlIiih. 
156. See our reference below to Kitiib al- maliighim of Ji'ibir where the expression ' understand 
this' is repeated throughout the text. 
157. Ruska, ' Obersetzung', 69. 
J 58. AI- RazT, Kitiib al- asrar. 
159. NLM MS A 33 (Majmii ' Nafis), ff. 2a- 36a. 
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qualifications.
16o 

We found that Latin writers did not use the qualities 
attributed to God by Muslim alchemists. That is to say, it is possible to 
distinguish a Latin author from an Islamic one through the occurrences of 
the word 'God'. 

Latin authors had a particularly Christian style in their references to 
God. For instance, Arnald of Villanova, in Chymicall Treatise, mentions the 
word 'God' devoid of the Islamic attributes. In this work, the term 'Holy 
Ghost' appears more times than 'God' while the latter is defined as 'I say 
that the Father, Son and Holy Ghost are one, yet three.' 161 Furthermore, 'The 
Word was a Spirit, and that Word the Spirit was with God, that is with 
himselfe, and God was that word, he himself was the Spirit', based on John 
1: 1. Thus, in this treatise we find a clear Christian tone, completely different 
from the Islamic. 

In the Book of Quintessence, by John of Rupescissa (d. 1365), the 
author begins his essay 'in the name of the Holy Trinity', in opposition to the 
QU'ranic verse which opens an Arabic work like the Liber de Compositione 
Alchimiae. God is designated several times as 'our Lord God'; the name 
'Jesus Christ' is used, and in no instance do references to God include the 
Islamic attributes. 162 

We quote one more example. In New Pearl of Great Price, written by 
Peter Bonus in the fourteenth century and edited by Janus Lacinius in the 
sixteenth, we find once again the same Christian style of references to God 
(without the Islamic attributes), besides the expressions: 'Christ' , 'Jesus 
Christ, the Son of God', 'our Saviour Jesus Christ' and 'our Lord Je us 
Christ' .163 

Arabic Technical Terms in the DIP 

Many teclmical tem1S clearly betray the Arabic ongm of the DJP. One 
instance is the w1its of weight. Latin translations of Arabic alchemical work 
generally used the 'libra', a translation of the Arabic \ ord rat I . One rat I 
was usually equivalent to about 468 grams, although thi alue had regional 
variations. 164 The Roman libra or pound wa used tlu'oughout Europe, and 

[60. The urveyed Arabic treati es and Latin work of Arabic origin and the Latin \\ ork 
written by Chri tian author are given within the text of thi artic le and in the footnote. 
161 . A Chymica// Treatise of the Ancient and High~I ' JIluminal d Phih oph r. DCI'ille alld 
Physitian Arnoldlls de Nova I 'ilia, publi hed b) dam Mc Lean, The Al hemy Web ile. 
http://www.alchemywebite.com/amaldutreatie.html. 
162 . .lohn of Rupe ci a, The Book ofQllinte sence, Gla ' go\\ , 2002. 
163 . Peter Bonu of Ferrara, The ,\ ell' Pearl of Great Price. Reprint d b) K mger 
Publi shing Company, Montana, U , n.d. 
164. . A htor, Article 'Mall'iizifn ', in Encyclopedia of l 10111 (E l), e\\ Edition. 
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was divided into 12 ounces (about 329 grams). 165 However, many European 
merchants in the Middle Ages preferred to use a larger pound of 16 ounces 
(about 457 grams). 166 As in the case of the ratl, there were many standards 
simultaneously in use. For example, a fifteenth-century Venetian lib bra 
grossa, was equivalent to about 476 grams. 167 Thus, the libra and the ra~l 
are nearly equivalent. Still the DIP compiler (or translator) used the ArabIc 

. . 55·· tl t t 168 ratl. The word rotulum and Its vanants occur tImes In 1e ex. 
Arabic texts also use the dirham, which is equivalent to about 3.6 

grams. 169 In the DIP, the dirham is translated as drachma, and occurs 54 
times. 170 In Spain, the drachma was a unit of mass in apothecaries, and it 
was equivalent to about 3.6 grams and in European countries in general it 
varied between 3.3 and 4 grams. 17 1 However, the drachma is not used in 
Latin alchemical works. 

'Ocab' corresponds to the Arabic 'uqab, meaning eagle. This word is 
much used in Arabic alchemical works as a pseudonym of nushadir (sal­
arnmoniac). The word 'ocab' appears 101 times in the DIP, 172 while in other 
Latin translations or works written by Latin authors, the term employed was 
sal ammoniacum. There are many other tenus in the DIP that kept closeness 
to their Arabic origin. A few examples are presented in Appendix 3. 

Jabir as the Main Author of the DIP 

If we accept Ruska's assumption that the Razlan contribution to the DIP 
amounts to 40 per cent of the whole treatise, we are left with 60 per cent that 
need to be accounted for. We have demonstrated that the pivotal paragraph 
that Ruska imagined was written by a Latin author is a translation from Jabir 
and that the whole section which Ruska tried to assign to a Latin author is an 
Arabic translated text. Therefore, we are left with one choice only which 
means that Jabir is the main author of the DIP. Let us elaborate. 

165 'Libra' , in Encyclopedia Britannica Online. 
166. A Dictionary of Units of Measurement, published on line by Russ Rowlett and the 
University of North Carolina at Chapel Hill. www.unc.edu/-rowlett/units/. 
167. Giorgio di Lorenzo Chiarini , Libra che Iracta di mercatantie et usanze de paesi. 
(Florence: 1481 ). 
168. DJP MS f. Iv, 2v, 3r, 4v, 5r, 8r, 8v, 9r, 9v, 10r, 10v, 12r, 12v, 13r, 13v, 14r, 16r, 18r, 
18v, 19r. It occurred up to 8 times in some folios. 
169. G.C. Miles, article 'Dirham " El .. 
170. DJP MS f. 2v, 3r, 3v, 4v, 5r, 8r, 8v, 9r, 9v, 10r, 10v, 12r, 12v, 13r, 13v, 14r, 16r, 18r, 
18v, 19r. It occurred up to 6 times in some fo l ios. 
171. Wikipedia, article 'Apothecaries' system ' See al 0 : ' Units & Systems of Units' at 
www.sizes.com/units/drachma.htm . 
172. DIP MS 5r, 8r, 9v, 10r, I Jr, Il v, 12r, 12v, 13r, 13v, 14r, 14v, 15v, 16r, 16v, 18r. It 
occurred up to 20 times in some folios. 

The Arabic Origin if the Summa and Geber Latin Works 89 

The dominant figure in Arabic alchemy was Jabir ibn Hayyan. Many 
alchemical works bear his name, as was pointed out above. On the other 
hand, al- Razl wrote a much smaller number of treatises, the most renowned 
of which is KA.1 73 For Arabic writers on alchemy, Jabir was the main 
authority. They quoted him systematically more often than al- Razl. For 
example, al - Jildakl's Nihayat al- talab - a commentary to al-'Iraqi's treatise 
on the cultivation of gold _174 mentions only one work by al- Razl 10 times, 
whereas Jabir is mentioned 194 times and 42 works are cited. 175 

This same huge disparity is found in the literature of Arabic alchemy 
and is not difficult to explain. AI- Razl had an interest in alchemy in his 
youth, for a period of about ten years, to devote himself later to medicine. 
On the other hand, Jabir devoted his long life - 90 years, according to al­
Jildakl - mainly to alchemy. 

We would like to mention here that Jabir was the main source for al­
Razl. This was demonstrated in detail by Stapleton. 176 Earlier, AM 
Maslama al- Majrm (d. 1008) had shown in his book Rutbat al- hakim that 
al- Razl did not discuss any topic that was not discussed earlier by his 
'teacher' Jabir, 177 and that Jabir had revealed facts that remained obscure to 
his 'student' al- RazI.

178 
Another noted alchemist, al-Tugbra 'l (d. 1121), 

claimed in his book Mafotlh al-rahma, that most of al- Razl's twelve books 
were copied. 179 In recent times, Ruska acknowledged that the twelve books 
of al- Razl are influenced by the teachings of Jabir. 180 

Thus, it cannot surprise us that a vast disparity is reflected in the 
alchemical works that were translated into Latin. The translator had a much 
larger choice from Jabir's works on both practical and mystical alchemy than 
from al- Razl's works. This helps to explain the existence of e eral Geber 
Latin works. 

Therefore, the compiler of the Riccardiana DIP would ha e had two 
main Arabic sources: the lesser would be al- Razl, and the main one wa 
Jabir. 

173 . Fuat Sezgin, Geschichte des Arabi chen chrijttul/1 . vol. 4 (Leiden: Brill. 1971), '279-
82. 
174. Translated and edited by Eri c 1. Holm ard, Kitiib al- ·ilm al-mukJa ab. 
175. This statisti cs i based on the inde made b M. Te limi a a part of hi 19 4 Ph. D. 
thesis on Kitiib Nihiiyal al- lalab, at London Univer it), under the upervi ion of Eri J. 
Holmyard . 
176. Stapleton, Azo, & Hu ain , 'Chemi tr in Iraq" 5-. 
177. AI- Majrm, Kitiib mtbat al- hakim, B arabe 26 1_. fo . ~ 7a. 
178. AI- MajrTtT, Kitiib rlllbat al- hakim, fo. 27b. 
179. AI- Tughra 'T, K. Mafotih al- ra/mw, 10. 7b. 
180. Ruska, Islam, vo l. 22, J 935, He a ' on p. 29_, ·lch lllUI3 111i h mU der F st t lIung 
bcgnUgen, dal3 die 'Zw6lf Bilcher' nr- RazT ' . ofTenbar \\ cit ngcr mit den Lchren JUbir's 
ZLI. alllmenhallgcn, als Ill an na h dem Inhalt de I\. .Iirr 01- a, rii,. tUlZUIl 'hmen gen Igt \\ ·r . 



90 Studies in AI-Kimyd' 

Libro quietis (Kitiih al- riiha) 

A further argument for Jiibir is found in a paragraph in folio 6r of the DJP: 

Diximus superius in libro quietis utilia et non utilia, ubi dix imus congelationes 
spirituum et coniunctiones corporum, et subtiliter dix imus in operatione supradicti 
libri. 

Here the author states that he had talked above, in the ' libro quietis' (Kitiib 
al-riiha), of the congelation of spirits, the union of bodies and their 

• 181 
preparatlOns. 

Ruska had noticed this paragraph, but he was not able to find any 
mention of the Libro quietis or the Kitiib al- riiha, neither in Bubacaris, nor 
in KA. Thus, he concluded that it must have referred to a different unknown 
source . 182 However, as al- Riizl's Kitiib al-riiha is not a book on alchemy, 183 

the Libro quietis mentioned in the DIP must be Kitiib al- riiha of Jiibir. This 
work by Jiibir is missing, but we have significant information about it from 
al- Tughrii'j and al- JildakJ. 184 

The importance of Kitiib al- riiha may be appraised from the following 
statement in al- JildakJ's Nihiiyat al- talab: 

And since to us was revealed everything concerned with this science we devoted 
this our book and K. ghiiyal al-suntr and K. aI-shams al munTr and K. al-taqrTb fi 
asriir al-tarkTb and K. sharh k. al- riiha of labir (Explanation of the Book of Rest) 
to important, useful and comprehensive practical discourses, which if mastered by 
the seeker of know~~dge would enable him to grasp all the princip les and 
doctrines of the Art. I ) 

From the paragraph in the DJP, we learn that the Libro quietis discusses the 
'coniunctiones corporum', that is, the union of bodies or their alloying. From 
al- Tughrii'j , we learn that Kitiib aL- riiha deals with the union (tazwij ') of 
bodies. The word 'tazwij' literally means intimate union and, in an 

181. The Liber Quietis is also mentioned in a Spanish MS of the DIP. On f. 61 r begins: 
'secunde partis de coniunctione corporum ', a marginal note in f. 61 v states that the text 
contains a reference to Liber Quietis, Jose Marfa Millas Vallicrosa, Las Iraducciones 
orienlales en los manuscrilos de la Biblioleca Catedral de Toledo (Madrid 1942), M S 96-35 
(Zelada), No 1003 1 de la Biblioteca Nacional. 
182. Ruska, 'Ubersetzung', 55. 
183. This book has two titles, the altern ative one is Kitiib a/-larITb. See StapletoIl , Azo, & 
Husain, "Chemistry in Iraq", 36 1 (Sezgin p. 55). 
184. AI- Tughra'T quoted from it in two of hi s books, Kitiib MaftllTh al rahma wa masiibTh al­
hikma, and Kitiib tarakTb al anwiir; see Kraus, Jiibir ibn Hayyan, I, 120- 1. AI- JildakT 
devoted a whole book, also missing, under the title Kitiib sharh Kilab al- riiha, to explai n it; 
see Teslimi, Thesis, 302; 494. He also quoted from it in two of hi s books, Kitiib al-wiidih.fi 
fakk al-ramz and Kiliib al-laqrTb. 
185. Quoted and trans lated by M. Teslimi , PhD Thesis, 494. 
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alchemical sense, mixing or alloying. In other words 'tazwi"' and , . ., . . ' y 
COntU~1ctlOnes co~v~y_ sllmlar ~eanings. AI- Tughrii ' j would also quote 

extensl:e}y fro~ B~lmas and Jabu. An instance of a long quotation taken 
from Klfab al- raha IS the following: 

A~d BalTnas ~as peaking i~ this chapter about the method of mixing and the 
umon ~f ~he thm (:ar.efied) with the dense (thick). And his meanings are similar to 
what ~ablr had sal.d m Kiliib al- riiha, although the approaches are different; but 
tl~e .sc!entlst pe~celv~s with God 's .Iight and understands the relative rel ationship. 
la?'.r Ibn Hayyan .s?ld that n~ whiteness can take place, or redness, without the 
sp!nt~ and the SpIfItS of .b.odles. And there is no way of differentiating and of 
bnngJJlg out th.e .gentle sp~nt of the body except by the spirits of the spi rits, This is 
because the splnts of bodies yearn for the spirits of spirits and seek them since all 
of them are spiritual and aeriform. Therefore if they are subjected to the heat of 
fire th~y fl y and evaporate. So if the pirits are mixed with F~e spirits of bodies 
they clmg to each other by an adherence that cannot separate. 6 

At the end of this long citation, AI- Tughra'j comments, 'If Jabir in his book, 
which nobody has surpassed us in compiling, had given only this chapter it 
would have been sufficient, because it contains most of the principles that 
are needed in this Art.' 187 

Recapitulation: Bringing to an End Ruska's and Newman's Assumptions 

We have discussed in detail why the DIP cannot be con idered as a 
reworking of the Bubacaris, why it was entirely compiled from ource of 
Arabic alchemy, mainly from Jiibir, why the pivotal paragraph on which 
Ruska had based his hypothesis is translated from Jabir and why no part of 
the DIP was written by a Latin author. 

Having refuted Ruska 's specu lations and since ewman had built hi 
work on Ruska's hypothesis (see the diagram), it follow that all e\vl11an'S 
assumptions are without foundation. 

With this conclusion, it is irrele ant to discu s the argument given by 
Newman on the interdependence of the Bubacaris, the TP, the DIP and the 
Summa. There is no need for this any more. e erthele , v,e hall give fe\\' 
examples. 

Further Examples from Newman's Assumption 

We have given ample evidence of the Arabic identity of the lIlIIma and the 
DIP and shown that the corpu cuIar theor and the 111 rcUl") alone theory are 

186. Al- Tughra'T, Kilab MalalTh al raluna l1 'a ilia (ibTh al-hikm I • • 1\1 . Welkome Or 21 IT. 
52a- 52b. 
187. A 1- Tughra'T, Killib ,\falaITh III rallllltl H'O lIIa.lib/h al-hiJ../II<1., f 52b. 
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of Arabic origin and were not the invention of the pseudo Paul of Taranto. 
We also showed at the end of Part 1 that all alchemical theories in the Latin 
language came with the translation of Arabic works in the twelfth and 
thirteenth centuries. Nevertheless we shall give now further samples of the 
kind of assumptions that Newman used in his work. 

The Bubacaris and the Summa 

Newman would suggest that the Bubacaris was a source for the Summa. 188 

He had studied the two Latin translations of Arabic works available to him -
Geber ' s L. Misericordiae and De Re Tecta by pseudo-Avicenna - and since 
he could not find in them anything comparable to the Summa, he concluded 
that it must have had the Bubacaris as a source. 189 

This hypothesis would be a priori unlikely as these are very different 
works: the Bubacaris is a practical treatise, including very little theory, while 
the Summa is a theoretical work, with a minor content of practical alchemy. 
Thus, any potential similarities would be too fragile a grow1d to establish a 
dependence of either of them on the other. However, it is worth reviewing 
one of the instances (about ceration) which Newman chose to base his 
assumption. 

CERATlON 

This instance was deemed by Newman to be unique and would not occur in 
any other alchemical texts except the Summa and the Bubacaris.190 It 
concerns the materials that ought to be used as agents of ceration. He did not 
find such information in the two Arabic Latin translations that were available 
to him. 

According to Newman, Bubacaris is using sulphur and arsenic in 
ceration, whereas the Summa is using mercury, sulphur and arsenic. He says 
that the author of the Summa has' divined ' the reason why the Bubacaris had 
used sulphur and arsenic only, so he added mercury. 191 

188. Newman used MS BN 65 14 for comparing the Bubacaris treatise with the Summa. 
189. Newman, Thesis, I, 149. 
190. Newman, Thesis, 1,150- 1. 
191 . The real reason why Bubacaris did not include mercury lies in the fact that the third part 
(the recipes part), according to Ruska, is not an exact translati on from Kifiib al- asriir but is a 
re-worki ng, (Ruska, ' Obersetzung' , 16- 18). The Arabic KA gives the cerati on reagents as 
spiri ts (mercury, sulphur and arsenic), salts and boraces, Bubacaris gives them as ulphur, 
arsen ic, salts and boraces. 
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Newman thinks that this alchemical knowledge is quite unique to the 
Summa, but its 'underpinning ' is found only in Bubacaris and he concludes 
that the Summa had used Bubacaris as a source 192 

S UMMA 

Putaverunt ideo aliqui cerationem debere ex oleis, liquidis, et aqueis fi eri: sed 
erroneum est illud a principiis huius magisterii semotum penitus, et ex mani fes tis 
nature. ~peribu~ reprobatum. Na~ram enim non videmus in ipsis corporibus 
metalll cls humldltatem CltO termtnabilem ad illorum fusionis et moll ificationis 
necessitates posuisse .. . In nulli s autem robus melius et possibil ius et propinquius 
hec ~umiditas c~ra ti ~a invenit~r qualm in. his - v ide l iT~j sulphure et arsenico 
proptnque - proptnqulus autem tn argento VIVO et melius. 

The Summa here is advocating the use of spirits only (SUlphur, arsenic and 
mercury) for ceration and is opposing the use of oils, liquids and waters. 194 

B UBA CARIS 

Inceratio corporum sapienti ssimi philo ophi cum sulheribus(! ) et auripigmenti 
puris facere preceperunt quia comm iscentur cum corporibus si coniunguntur et i 
cum ipsis fu erint. Elargant enim ea et diasol[vJ unt et faciunt currere (pro currere 
cod. legit cinerem). Et secundum quod multi dixerunt corpora incerantur cum 
salibus aut boracis et non intellexerunt quod pertinet incerationi et de salibus. on 
est tamen inceratio nisi fueri t cum eis aut sulfur aut auripigmentum 

195 preparatum. 

Bubacaris here is recommending using sulphur, arsenic, salts and borace 196 

This range of materials is not the same as the one in the Summa. 

JABIR 

Jabir discusses ceration in numerous books. We give here a election onl : 

• Kitiib al-rahma al-kablr (The Great Book of Merc ) 197 and Kitiib harh 
Kitiib al- rahma (The Book of E planation of the Book of Merc ) 19 

Jabir advocates the use of mercury, sulphur, ar enic and al-an1monia . 

192. Newman, Thesis, 1,150. 
193. Newman, The is, 1,150. 
194. Ru sell , The Alchelll icallVork , 11 9. 
195. Bubacaris, B . M 6514, tc. 107, b; ewman, Th/!, is. I. 150. 
196. Newman, The is, 1. 150. 
197 . Kifiib 01- rallll1a al- Kab/r. B M arabe 2606. IT 14 b 149a. 
198. Kili'ib sharh Kifi'ib 01- rallllla , Jarullah 1S 0 1641. IQ __ la. 
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Kitab musahhahat if/atUn (The Book of if/atiin's Corrections): 199 

mercury sal-ammoniac and sharp waters. 
, 200· I ' Kitab al- usul (Book of Principles): sal-ammomac so utlOn. 

Kitab tadblr al-arkan wa al- usul (The Book of Treatment of Bases and 
201 . I ' Principles): sal-ammomac so utlOn. 

. ?02 . I' Kitab al-ta1j'rzd (The Book of AbstractlOn):- sal-ammomac so utlOn. 
203 'h" h I Kitab al-riyad (The Book of Gardens): water of eggs w Ite WIt sa-

ammoniac, borax and tinkar; also the fat of the horns of deer. 

Comparing the Latin with the Arabic texts on ceration 

Jabir's materials for ceration are: spirits (mercury, sulphur and arsenic), salts 
(mainly sal-ammoniac), borax, tinkar, sharp waters, wa~er o~ the white of 
eggs and fat or oil from the horns of deer. These matenals mclude all the 
reagents given in the Summa and the Bubacaris.. . . 

Let us remember that ceration is a basic step m a senes of operatlOns of 
Arabic alchemy, each one leading to the other, in order to obtain the el.ixir 
for metals such as gold. It begins by calcination, followed by ceratJon, 
solution and coagulation. 

From the above comparison we conclude that the Summa and Bubacaris 
are not dependent on each other and that their ultimate sources are Arabic. 

The TP and the DIP 

Newrnan had assumed that the DIP is based to some extent on the TP of Paul 
of Taranto, since some formulations are similar in both MSS. However, the 
fraction of such similar formulations is very small relative to the full 
contents of the DIP, representing a mere 3.3 per cent. 204 Thus, they cannot 
be taken as an argument for the dependence of the DIP on the TP, nor for 
Paul of Taranto as the author of the DIP. 

This similarity is due to one of two causes: either the TP used the DIP 
as one of its sources, or both compilers used the same source. In addition to 
the very small fraction of similarities, we noticed that the compiler of the ~P 
had cut down parts of some formulations and removed the typical ArabIC 
Islamic expressions. The hypothesis that the Latin compiler of the DJP had 
purposefully introduced such Arabic and Islamic expressions is untenable. 

199. Kiliib musahhahal ijliilun, BN MS arabe 6915 fa. 89 b. 
200. Kilab al- usul , NLM MS A 33, ff. 48b, 49a. 
20 I . Kitiib tadblr al-arkan wa al- usal, in L 'elaboralion de I 'elixir supreme, 144. 
202. Kilab al-Iajrfd, in E.J.Holmyard, The Arabic Works of.!iibir ibn Hayyiin, 138- 9. 
203. Kiliib al- riyiid, Bodleian MS Marsh 70 fo. 40a. 
204. The DJP contains about 45108 words, while the recipes in question total 1490 words. 
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Inter-dependence of the TP and the Summa 

Under the title 'The Theorica et Practica and its relationship to the Summa' 
Newrnan gave two main arguments to prove the inter-dependence of the 
Summa and the TP. One was about the composition of metals on the basis of 
the sulphur mercury theory, and the second was in connection with arsenic 
as one of the principles. These two assumptions were discussed above in Part 
1. (See 'The Sulphur- Mercury Theory and the Composition of Metals' and 
'The Theory of the Three Principles: Mercury, Sulphur and Arsenic', where 
we compared the Summa with the Arabic sources.) We proved there that this 
alchemical knowledge in both the Summa and the TP is a basic one in Arabic 
alchemy. The restriction of the search to a few Latin sources is the cause of 
this flawed hypothesis. 

Differences between the TP and the Summa 

Newman went further, and in order to prove that the Summa could not have 
been the source of the TP, he paid special attention to the differences 
between both texts. However, in this way, what he did prove, indeed, was 
their lack ofsimilarity.205 

The differences between the TP and the Summa are indisputable and 
there is no need to prove them. However, it is inconsistent to infer from the 
differences that the Summa is based on the TP. On the other hand, our 
discussion in Part 1 above clearly shows that all the chemical theories in the 
Summa are based on Jabirian alchemy. 

The TP as a Compilation: Additional Examples 

It is not our aim to give in this chapter a thorough discussion of the TP. Its 
character as a compilation is stated in its colophon, which ay that it was 
'compiled' by Paul of Taranto. 206 

The theoretical part of the TP begins with a short article on '\ hat things 
and what kind of things this art takes as material '. The te -t gi es everal 
cover names (decknamen) for metals and their calxes. Thi remind u of the 
tradition of Arabic texts. 207 Moreover, in one page only we can find several 

205. The differences between the TP and tJle lIf1lflla occupied 50 pag of e\\1nan's The'i , 
l , pp.121 -70. 
206. Newman's tran lation, The i , 4, Part 2, 175. .. _., _, 
207. See for example: Kiliib Slll7dliq al- hikma, attributed to Jablr, ~1~o' .M Tabl I)) a,t O. 
ff. 25a- 29a; The Kars/lZinf manus ript , item 46 6, Berthe.lot, La U1/II~t? all J'!~rell Are~ ~, 
157- 61; Kiliib al-aqiilfm al- ab 'a (Book of the e\ en R glOn ) b) bu al: Q. 1111 al- Iraqi. 
Gotha M 1261 IT. 16b, 17 19a; Kifiib al-kol1z fi /akk aI-ram::. (The 1 rea tI~ Book 111 

. ' I B' I •• 191 11' 4% 'i9b A oood un '\ of Revealll1g Decknalllen), anon mall aut 1 r, er 111 'I" . , _ . '" . 
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Arabic tern1S mentioned in a distorted form such as, e.g. 'sodebeb' (dhahab , 
gold); 'alkal' (al-kuhl, stibnite); 'anec' (aniik, tin); 'kasdir' (qasdlr, tin); 
'sericon ' (zariqiin, or sarfqiin, lead oxide); 'usurub' (usrub, lead); saffron of 
.. I' f 'fi - I h -r.d 208 Iron IS a trans atlOn 0 za aran a - aul,. 

In the second article, dealing with the four principles (or spirits), 
mercury has alternative distorted Arabic names, such as 'azot' , 'azet ' and 
' zambac' , fromzi'baq. It is also called 'servus fugitivus', which is the literal 
translation of the Arabic pseudonym of mercury, al- 'abd al-iibiq (the 
fugitive slave). Among the names of sulphur we find the Arabic kibrit. 
Arsenic is mentioned by its Arabic name 'zernech' from zarnTkh. Sal­
ammoniac is called "almizedir" and "nischader", from nushiidir, and 
'capocab' from 'uqiib (eagle).209 

The second part of the Practica contains practical procedures and 
recipes easily identifiable as taken from translated Arabic works. We have 
examined the items and recipes that fall between folios 39V and 45R.210 
There are 28 items from which 19 were identified by Newman to have been 
'rewritten' by the author of the TP from Latin translations of Arabic 
sources. 2I1 These recipes are found in the original Arabic works also. 212 

Sal Alkali 
An article under the heading 'how sal alkali should be made', describes how 
sal alkali, to make glass, is to be prepared from a herb. Newman remarks that 

this is the only recipe for sal alkali which I have found in an alchemical text that 
describes the preliminary roasting necessary for the production of potash. rt 
probably reflects the author's own experience.

213 

Arabic works on decknamen is that of Alfred Siggel , Decknamen In der arabischen 
alchemistischen Literatur (Berlin: Akademie-Verlag, 1951). 
208. Newman, Thesis, 4, Part 2, 13- 14. 
209. Newman, Thesis, 4, Part 2, 14-15. 
210. Newman, Thesis, 4, Part 2, 114-34. 
211. These are: Bubacaris, MS BN 6514, ff. 102ra-rb; De aluminibus et salibus of pseudo­
Rhazes, ed. Steele, pp. 15, 16, 18; De Peifecto Magisterio, of pseudo-Aristotle, BCC I, 646A 
and 642B; Lumen Luminum attributed to Michael Scot, ed . J. Wood Brown, in The Life and 
Legend of Michael Scot (Edinburgh: 1897), 247. 
21 2. The Arabic sources that we have examined and which contain most of these recipes are: 
Kitab al- asriir of al- RazT,. 2-7; Kitiib sunduq al- hiknw (Book of the Chest of Wisdom) 
attributed to Jiibir but is also a collection derived from other sources, ff. 57b, 66b, and the last 
two folios without numbers; Kiliib al-muntakhab min Kitiib al-illihiid (Book of Selections 
/Tom the Book of Union) of Jiibir, NLM MS A33, fo. 128b; The KG/'shiJnl MS, Berthelot, La 
Chimie au Moyen Age, 2, items 30 and 3 I, 149. 
213. Newman, Thesis, 4, Part 2, 124. 
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During the Middle Ages, and until the discovery of a manufacturing process 
for alkali, the chief source for this material for glass-making in Italy was an 
alkali imported from Syria, known as polverine, rochetta or allume eatina. It 
is the ashes of a shrub called ushniin, which grows in the Syrian Desert, and 
belongs to the salsola soda family. The Venetians had established strong 
connections to Syrian glass making since the thirteenth century. 214 Allume 
eatina became, thus, the most important single ingredient in the Venetian 
glass manufacture, establishing a regular and plentiful supply from their 
cotton trade with Syria in the fourteenth century. The 'use of Levantine 
ashes was mandatory for Venetians glass-makers ' , 215 ensunng the 
superiority of their glass for centuries. 216 

Therefore, the shrub in question did not grow then in Italy, and the 
compiler of the TP would not have been able to have a personal experience 
in this respect. Most probably, the recipe was compiled from an Arabic 
source. The description in the TP is found in Arabic and Persian texts on 
alchemy and on glazes and ceramics. 

According to one such treatise, potash (qall or qili) was prepared by 
specialists (qallii '). They worked on the edge of the desert and were 
renowned for the high quality of their product. The Salsola plants were 
collected while they were still not completely dry, and then burned in a slow 
smouldering fire, in a pit about one metre wide and two metres deep. The 
ashes were then calcined into blocks of ten pounds each. 217 

Both al- RazI, in KA, and Jabir, in Kitiib sundiiq al-hikma, give recipes 
to prepare the salt of al- qall or ai-qUi from this same material. 218 

EPILOGUE 

The 'Geber Problem' started with Berthelot in 1893. We have umrnarised 
most of his assumptions. In the 1920s, Holmyard gave ubstantial e idence 
against Berthelot's hypotheses. 

In 1935, Ruska removed the name of Geber from the Riccardiana DJP 
and considered it a reworking of the Bubacaris, with a part written by a 
Latin author, who would have also been the author of the Summa. 

214. Aziz S Atiya, Crusade, Commerce and Culture (Bloomington: Indiana Uni\ er it) Pre s, 
1962),238- 9. 
215. Turner, Guy, "Allume Catina and the e. the tic of enetian ri tallo', 115. 
216. Yousef Barkoudah and Jul ian Hender on. 'Plant A he /Tom ) ria and the 1anufacrure 
of Ancient Glas . Ethnograph ic and cicnti tic spect ', Journal ofGla tudi. 4 . (2006), 
279-320; Guy Turner, 'Allume Catina and the e theties or enetian ri tallo", JOl/rnal of 
Design History, 12, ( 1999); I 12- 122. 
2 17. J .W. Allan, ' Abli ' I- Qa im ' Treatiseon cramics'.lral/, I 1 ( 1973): 11 120. 
2 18. KA , 6- 7; Kitiib sl/I/diiq al-hikmah, rr. 66b 67a. 
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In 1986, Newman based his work on Ruska 's conjecture, and attributed 
both DJP and Summa to Paul of Taranto. 

Following Holmyard, once again we have disproved Berthelot's 
hypotheses. Moreover, on comparing Arabic texts with the Summa, we were 
able to show that the Summa is based in its entirety on Arabic a lchemy. 

We gave in Part 2 substantial evidence which proves that the compi ler 
of the DJP could not have been the author of any portion of it, and that it is 
rather a compilation from Latin tTanslations of Arabic alchemy. The Liber 
Secretorum Bubacaris, or rather a different translation of al- Rail's KitZib al­
asrar, is only a minor source, whereas the major one is most probably Jabir 
(Geber). Therefore, the DIP is not a new edition of the Bubacaris, as Ruska 
had claimed. It also follows that the attribution of the DIP to Geber was not 
due to the scribe's ignorance, but it was purposefully ascribed by the 
compiler, the only person who knew what sources he had employed. 

Ruska had based his hypotheses regarding a Latin author of the Summa 
on a paragraph in the DJP that he assumed was written by a Latin author. We 
have proved that this paragraph is of Arabic origin and that it is a fami li ar 
one in Jabir's works. 

Newman had built his work on Ruska's specu lations, and since we have 
refuted these, it follows that all Newman's assumptions about Paul of 
Taranto are unsubstantiated. 

Finally, this essay as a whole gives ample evidence to prove that the 
hypotheses of Berthelot, Ruska and Newman are unfounded. The Summa is 
either a compilation from Arabic sources, mainly Jabir, or a complete 
translation of a missing Arabic treatise. 

If this research is to serve a useful purpose, it should help to cast serious 
doubts on the reliability of the existing hi story of early Latin alchemy as 
written by Berthelot, Ruska and Newman who tried to divorce Latin 
alchemy from its Arabic origins. This history cannot be written with fairness 
and impartiality without a thorough research into Arabic sources. 
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mercury and 
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formcd 
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Il ov iron was 
fonncd 

THE GENERATION OF METALS IN KlTAB SlRR 
AL- KHALIQAH219 AND IN THE LATIN 
TRANSLATION OF HUGH DE SANTALLA (DE 
SECRETlS NATURE) 220 

Sirr page no. De secretis Hulirypage Notes 
folio no. no 

227 10v 65 

328 10v 65 *Lead i heavy 
becau e it 
parts entered 
into each other 

229 I 1 r 66 
23 1 Ilr 66 
233 1 I r 66 
234 Ilr 67 

236 11 r 67 

238 Ilv 68 

243 I 1 v 69 

243 Ilv 69 * Mercury i 
the origin of all 
mctal . 
* T\\o 
e:>.halatlon 
theot) 

245 12r 70 

246 12r 71 * ho\\ ulphur 
\\ a embedded 
in Ide mercur. 
of< ome III tal. 
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dd' '11 \ 

* . ulphur 
mercut) theot) 

249 I::!r 71 

25 1 12r 7' -
253 12\ 7~ 

2 19. Ursuln Wel~sel, /'\Ifiih 1/1''' ri/ kh.lltqah. \Ieppl1. 19~<) 
220. Fran901 'e Iludr). ne .\, '('rCII.\ 1I<1f1II'<', 1'.11'1' al1d 1\111;\11 , I<)l)" 19<)<) 1111' I' ,Ill 'dt\I~'11 ~ t 
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Description 

How gold was 
formed 

How copper 
was formed 

How mercury 
was formed 

. 
How sIlver 
was formed 

Summary 

Cause of 
sulphur 

Sirrpage 
no. 

257 

1

260 

263 

264 

266 

269 

Studies in A l-Kinryd' 

De H udry page no 
secretis 
folio no. 

12v 73 

13r 75 

13r 75 

13r 75 

13v 76 

Notes 

* Gold is heavy 
because its 
parts entered 
into each other 

* Mercury is 
the origin of all 
metals. 

* Two 
exhalations 
theory 
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APPENDIX 2: THE EXHALATION THEORY IN ARABIC AND IN 
THE SUMMA 

Exhalation Theory in Arabic Alchemy 

Know that fusible metallic bodies originate fTOm sulphur and mercury before 
mercury was yet fully coagulated as mercury and before sulphur was full y 
coagulated as sulphur. Because if they were fully coagulated when they are used 
a constituents then malleable bodies (that are extendable under the hammer) 
would not have been formed from them; especially that sulphur is originated in an 
earth different from that in which mercury is originated. Fusible bodies do not, in 
fact, originate from these coagulated sulphurs, nor from that quivering mercury. 
Mineral lxxIies originate only from the vapour and the smoke, and from un~ated 
mercury and un-coagulated sulphur, or, to tell the truth, metallic bodies originate 
from nothing but the water (mii ') and the oil (duhn) . In the hollows of the earth the 
gentle heat causes the water to ascend to the top, carrying the oil (duhn) inside it. 
There, because of proximity to coldness, it cools down and descends (again), tumbling and 
breaking on each other till it reaches its bottom place. Here again the natural heat 
cooks it; and it constantly moves up and down, part of it tumbling over the other until it 
gradually becomes more and more sticky (like the gum ofa tree), more hard and thick, 
and it continuous thus until it is completed as a fusible malleable body. Thus it had 
progressed from the vapour and smoky state to the gummy tate and the apour and 
smoke continue to contact it and descend upon it acting as if it is nourishment, with the 
heat of the mine cooking it. TIle slightly coagulated body acts in the beginning as a 
fennent. It gradually grows and hardens little by little from the viscous gunlmy state to a 
doughy state then to tlle state of a lxxIy molten in fire, then it coagulates into an actual mineral 
lxxIy, which would become gold if the earth from which vapour and smoke emanated 
has been pure and if there has been a moderate heat. And with pure earth and deficient 
heat, silver is produced. We have thu given a great proof for all tho e 
philosophers who have preceded us. 221 

The Exhalation Theory in the Summa
222 

But others say otherwise, that argentvive in its nature wa not the principle. but 
altered, and converted into its earth. and sulphur like", i e altered and changed 
into earth. Whence they ay, that in the intention of nature. the prin iple \\a 
other, than a foetent pirit, and fugitive pirit. And the rea on, that mo\ ed them 
hereunto, was thi s, vi z. because, in the il er mine , or 111 the mine of oth r 
metals, they found not any thing that i argentvive in it nature. or an) uling that I 
ulphur likewise; but they found each of them separated in it ' proper mine. ~n It 

own nature. And tJley al 0 affinn thi for another rea on, \ iz because there I no 
tran ition (a they ay) from contrary to contra!,). un le b) a mi.ddle di po ItiOl~ 
Therefore, seeing it 0 is, they are compe lled 10 confes and behe\ e u1at the.r > I 
no tran ition (or pa ing) from tJle oftne of argent\ I\ e. to the hardne. 01 all) . 

metal , un le by a di spo ition, \\ hich i bet\',een the hardne and ~oftne ' 01 
them. but in the mine the fi nd not an thing, 111 \\ hi h thiS 1I11ddlt: dl po 111011 

22 1. K. nihiiFal al-talab, M. Berl in, 41 84, IT. 29a 29h. 
222. We are' till I re er ing the blghsh of R lI~sell. 
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may be salved; therefore they are compelled hence to believe, that argentvive and 
sulphur, in their nature, are not the principles according to the intention of nature: 
but another thing, which follows from the alteration of their essences, in the root 
of nature, into an earthy substance. And thi s is the way, by which each of them is 
turned into an earthy nature; and from these two earthy natures, a most thin fume 
is resolved, by heat multiplied in the bowels of the earth; and this duplicate fume 
i the immediate matter of metals. 

This fume, when it shall be decocted by the temperate heat of the mine, is 
converted into the nature of a certain earth ; therefore it receives a certain fixation , 
which afterward the water (flowing through the bowels of the minera, and 
spongiosity of the earth) dissolves, and is uniformly united to it, with a natural and 
firm lmion. Therefore, so opining, they thus said, that the water flowing through 
the passages of the earth, finds a substance dissolvible from the substance of the 
earth in the bowels thereof, and dissolves the same, and is uniformly with it 
united, until the substance also of the earth in the mines is dissolved, and the 
flowing dissolving water and it become one with natural union. And to such a 
mixtion come all the elements, according to a due natural proportion, and are 
mixed through their least parts, until they make an uniform mixtion. And this 
mixtion, by successive decoction in the mine, is thickened, hardened, and made a 
metal. And indeed, these men, although they be nigh the truth, yet they do not 
conjecture the very truth. 223 

223 . Russell, The Alchemical Works, 57- 8. 
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APPENDIX 3: SOME FURTHER TECHNICAL TERMS OF 
ARABIC ORIGIN IN THE DIP 

DIP Arabic English or Latin 
Alcofol 224 al-kuhl Stibnite 
Alenbiccum 225 al-inbfq Alembic 
Amar226 ahmar (red) 
Anzarut227 anzariil or 'anzariif Sarcocolla 
plant which contains 
gummy matter; used in 
Arabic medicine and in 
alchemy; it grows in 
Arabia and Ethiopia 

Baurac228 Bauraq Borax 
Borrile229 Bilfawr (crystal glass) 
Caley, kale/3o (a!)qalf 231 Alkali 
Canina, cannine232 Qannfna (glass bottle) 
Edaus233 al-daus or el-daus (one of the 

components of iron 
and steel) 

E . '34 X lr (. IF - 235 a LXlr Elixir 
Fauled236 foliidh (steel) 
Flare murorum salt of old walls This description is not 
antiquorum 237 (saltpeter) known to Latin 

alchemist 
I nderam i 238 Andarcml Crystal clear salt 

224. DJP MS, fo. 21 r. 
225. Julius Ruska, 'Obersetzung ' , 47- 8; 70- 1. 
226. Julius Ruska, 'Ubersetzung', 65 . 
227. DIP MS, ff. 5v, 6r, II v. 
228 . DIP MS, ff. 12r, 12v, 13r. 
229. Ju lius Ruska, ' Ubersetzung' , 68. 
230 . DIP MS, ff. 10r, 12v, 13r, 13v, 14r, 14 , 17r. 
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231. It should be noted that the article al i not a part of the word qalf. The DIP translation i 
the correct foml , while the current Latin alkali con idered 'aI' as being a part of the word. 
232. Julius Ruska, 'Obersetzung', 48; 49; 83 . 
233. DIP MS, ff. I r, 9v, 13r. 
234. DIP MS, ff. 5r, I1 v, 12r, 14r, 16r, 18r, 18 ,23r. 
235. See the note above on al- qalf. Here al 0 the root \\ord is iksir, and al i the arti le. The 
DIP translation is the correct foml , while the current Latin elixir considered 'el ' a part of the 
word. 
236. DIP M , fr. 18r, 19v, 20r; Juliu Ruska, 'Ober etzung' , 66. 
237. Julius Ruska, 'Obersetzung', 73--4. On the name of thi compound ee our arti I , 
' Potassium Nitrate in Arabic and Latin ources' (200 I). 
238. Juliu Ruska, ' Ober etzung' ,73; DJP M , fo. 22v. 
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DIP Arabic 

Insula Hispaniae239 Jazlrat al-Anda/us, i.e. 
the Island of al-Andalus. 
Arabic authors referred to 
al-Andalus as an island. 

Merdesenge240 Murdasanj, mar/ac 
Ob . b · 241 nzum, o nzo Ibrlz - The best quality of 

gold is dhahab ibrTz 

Porta242 bab, means also a chapter 
in a book or a division of 
a text or formulation 

S . ' 43 erraptnum- sharab 
' 44 Tannura- Tannilr 

239. Julius Ruska, 'Ubersetzung' , 70. 
240. DIP MS, ff. 5v, 8v. 
241. DiP MS, ff. 3v, 12v, 13v, 18r, 18v, 19r. 
242. Frequently used in DiP MS. 
243. Julius Ruska, 'Obersetzung', 67. 
244. DiP MS, ff. 2v, 18r. 

English or Latin 

Spain 

(litharge, lead oxide) 

Gold. This designation 
is peculiar to Arabic 
alchemy 

(door) 

(syrup) 

Athanor 

4 Arabic Industrial Chemistry 

INTRODUCTION 

The origins of chemical technology lie in the ancient civilisations of the 
Near East. In Egypt, Syria and Mesopotamia, there appeared three to four 
thousand years BCE several industries such as the metallurgical ones 
including gold, silver, copper, bronze and iron. Other industries included 
glass, dyes, oils and fats, perfumery, tanning, medical drugs, and the 
utilisation of such basic materials as nitrates, alum, soda, salt and gypsum. I 

The metallurgical artisans in Egypt were speculating on the causes of 
the physical facts that they observed, and they attempted to imitate true gold 
and silver as much as possible. This was one reason behind the rise of 
alchemy and the start of alchemical writings. 2 

The Arab conquests and the spread of Islam in the Near East and Iran 
did not disrupt the economy of these countries. The traditional local 
industries were given a new impetus with the flourishing Islamic civilisation 
and the increased demand for more products. 

Similarly, almost the whole corpus of pre-Islamic knowledge in 
philosophy and science was translated into Arabic. Works on alchemy were 
among the earliest to be translated, and thus Arabic alchemy had an early 
start. 

Arabic chemical industries, which were based on the skills of artisans, 
were enriched by the multitude of Arabic treatises on practical alchemy and 
on specific chemical industries. Scientists and technicians who were 
experienced in their special ties wrote these treatises. Some of the e treatises 
had survived but the majority did not, although we know the titles and the 
names of authors of some of them. 3 

SOURCES OF ARABIC INDUSTRIAL CHEMISTRY 

1 Works on Practical Alchemy 

The main sources for Arabic industrial chemi try are the books on practical 
alchemy. Jabir ibn Hayyan (d. c. 815) de cri bed in his numerou book a 

I. Levey, Martin, Chemistry and Chemical Technology ill Ancient Me opo(alllia. 
2. Holmyard, E.J. , Alchemy , p. 19 rr. 
3. Ibn al-Nadim, AI-F ihris(, ce for example p. 454 to r book on perfume . and on cooh.er), 
and pp. 511 ff on alchem . 
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great number of materials and processes .4 Among his works which give 
descriptions of procedures and equipment, and contain many practical 
recipes, are Kitab af-sab'in (the Book of Seventy), Ki/ab al-riyad (The Book 
of Gardens), Kitab al-khafis al-mubarak (The Blessed Pure Book). They also 
include Kitab al-usu f (The Book of Fundamentals), Kitab af-jumal al- 'ishrin 
(The Book of Twenty Clauses), the three books on amalgams, Kitab 
musahhahat iflatun (The Book ofIflatun Corrections), Kitab al-khawass al­
kabir5 

( The Great Book of Properties), and many others. There are also 
chemical compilations attributed to Jabir such as Kitab sunduq af-hikma 
(The Book of the Chest of Wisdom). Jabir also wrote non-alchemical books 
of recipes such as Kitab af-durra al-maknuna on the different methods of 
colouring glass and other industrial products. 

AI-Razi, who considered Jabir as his teacher,6 left works that also 
exerted a great influence. His most important extant alchemical works are 
Kitab al-asrar (The Book of Secrets) and Kitab sirr al-asrar (The Book of 
the Secret of Secrets). The main contribution of al-Razi is his summarising 
of chemical substances, and his description of chemical laboratory 
equipment. He also gave detailed descriptions of the main chemical 
processes with a large number of recipes (see Chapter I). 

We gave in Chapter 1 the names of the other outstanding Arab 
alchemists whose works are also rich in descriptions of chemical materials 
and equipment and in giving practical chemical recipes. 

Works on Arabic alchemy were translated into Latin in the 12th century 
and later and Latin alchemy became acquainted with chemical materials, 
equipment and processes through these translations. These Latin works of 
Arabic alchemy included several works from Jabir (Geber), al-Razi, and 
several other Arabic alchemists (see Chapter 3). 

2 Works that Deal with Specific Industrial Subjects 

There were other Islamic scientists who were not classified as alchemists but 
who wrote important works on chemical subjects, especially on chemical 
technology. We give below brief notes on the more prominent ones, mainly 
those who preceded the 14th century: 

Al-Kindi (d. c. 260/873) wrote numerous treatises on industrial chemistry. 
Among these is Kitab Kimiya' al-'Ifr wa af-tas'idat (Book of the Chemistry 
of Perfume and Distillations) which contains numerous recipes of fragrant 

4. Holmyard, op cit, p. 8 1. 
5. British Library MS Or 4041 and Alexandria Municipa lity MS .5204 
6. The re lationship between Jabir and al-Razi is described in part 11 of hapter 3. 
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oils, aromatic waters and distillations. He left also important treatises on the 
metallurgy of steel and the various kinds of swords and their treatment on 
luster-painted glass, on jewels, the adulteration of foods and other topic~ in 
chemical technology. 

Al-Hamdani (died either in 335/945 or 360/970), wrote Kitab al­
jawharatayn al- 'atiqatayn (on the metallurgy of gold and silver) which is an 
invaluable work. ' 

Al-Biruni (died probably in 44211 050), wrote Kitab al-jamahir fi ma 'rifat 
af-jawahir which deals with precious stones and the metallurgy of metals. 

AI-Tamimi (end of 4thl10th century), wrote Kitab jayb al- 'arus wa rayhan 
al nufus on perfumes, and another work af-Murshid ita jawahir al-aghdhiya 
wa qiwa al-mufradat min al-adwiya, which is an encyclopaedic work mainly 
on nutrition and simples with very useful industrial chemical infonnation. 

AI-Mu'izz Jbn Badis (ruled between 40711 016 and 45411062), has an 
important treatise that is attributed to him,7 'Umdat al kuttab and 'uddat 
dhawi af-afbab on the manufacture of inks and paper. 

AI-Tifashi (died 65111253) is better well-known for his lapidary work Kitab 
azhar al-afkar fi jawahir af ahjar in which he describes 25 precious stone . 

AI-Muzaffar Ibn Rasul (ruled in Yemen from 638/1249 until 695/1295), 
left a book on industrial arts carrying the title of AI-Mukhtara' ft fimul1 min 
al-suna' (Inventions from the Various Indu trial Arts), which contain 
descriptions of several chemical industries such a soap making. 

AI-Jawbari (died 63011232), i well known for his book Kitab al-mukhtarji 
kashf af-asrar wa hatk al-astar, in which he warns the public against trickery 
of all kinds such as practices used by perfumers, alchemi t , jeweller and 
almourers. 

AI-Iskandari (presented his book to King al-Kamil who reigned ben een 
615/12]8 and 636/1238). This i Kitab al-h~l'al al-babi/~l ~l'a li al-khizalla al­
kamiliyya that discus es fakery and counter-fakery. ome of the e trickerie 
depend on principle of chemistry and ph ic and oth r scientific principle. 

7. Attributed aI 0 to Yu ul'ibn bd llah al-Zujaji (d. 1024 1). 
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It also deals with inks, paints, removing of ink writing and the colouring of 
paper. 

AI-Kamili wrote in 63011232 a practical handbook on the extraction, 
purification and assaying of gold. This is Kashf al-asrar al- 'ilmiyya bi dar 
al-darb al-misriyya (Revealing the Scientific Secrets in the Egyptian Mint 
Authority). 

Abu al-Qasim al-Qashani wrote in the year 70011300 a work in Persian 
with the title lawahir al- 'ra 'is wa atayib al-nafa 'is. The book deals with 
precious stones and minerals, perfumes and ceramics. 

Hasan AI-Rammah (d. 63811294) left several military treatises, including 
btab al-furusiyya wa al-manasib al-harbiyya which describes the first 
method for the purification of potassium nitrate. It also gives scores of 
recipes for explosive gunpowder for use in rockets, military devices and 
fireworks . It describes military weapons utilising gunpowder, and discusses 
the distillation of several materials. 

3 Works that Do Not Deal with Specific Industries 

Books on Cosmography: Useful infonnation on various chemical 
technological subjects is found in works on cosmography such as those of al­
Qazwini (d. 68211283) and Shams aI-Din al-Dimashqi (d.72811327). 

Books of Geographers: The books of Islamic geographers such as al­
Maqdisi (wrote in 375/985), al-Istakhri (fl. c. 339/950), Ibn Hawqal (fl. c. 
332- 67/943-77), and others contain important infonuation on the products 
of chemical technology. 

Books on Agriculture: Works on al-filaha, such as that ofIbn al-'Awwam 
(fl. towards the end of the 6th/12th century), contain useful industrial 
infonuation such as the distillation of rose water. 

Encyclopaedic Works: such as Mafatih al- 'ulum of Abu Bakr al-Kuwarizmi 
(fl. c. 366/976), the works of al-Mas'udi (d. c. 346/957), al-Nuwayri (d. 
73311332) and al-Qalqashandi (d. 82111416) are rich sources on chemical 
industries. Anthologies of interesting knowledge such as that of al-Tha'alibi 
(d. 43011038) and al-Ibshihi (d. 85011446) are among the important sources, 
and similarly are books on philology such as al-Mukhassas of Ibn Sida (d. 
458-9/1065-6). 
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Works on Medicine and Materia Medica: The Arabic books of medicine 
and materia medica are full of useful infonnation. Works on materia medica 
include the books of al-Kindi, al -Biruni, rbn al-Baytar, (d. 64611248), Abu 
Mansur Muwaffaq, al-Antaki and numerous others. Medical works include 
Kitab al-tasrif of al-Zahrawi, al-Qanun of Ibn Sina (d. 42811037), al-Hawi 
of al-Razi and many others. 

4 Arabic Industrial Chemistry in Latin 

The translation movement in the West took place in the 12th century and 
later. That was an era in which translations and adaptations of Arabic 
scientific, medical and technological works took place and continued to 
appear until the time of printing in the 15th century and beyond. 8 Many of 
the works were alchemical or have a strong alchemical touch. The 
teclmological works that appeared in the West during this period were a 
product of contacts with the Arabic world 9 

The liber sacerdotum is a decidedly typical product of the early Latin 
works of Arabic origin. It contains over 200 technical recipes, which were 
collected by an Arabic writer from various sources, and the collection was 
translated into Latin in the flIst part of the 13th century. The text is full of 
badly transliterated Arabic and some corrupt Greek tenus that have passed 
through Arabic. It contains a small dictionary of Arabic-Latin metallurgical 
and chemical temlS. 10 

In this same period, there appeared the Liber ignium (c. 1250) which is 
ascribed to an wlcertain author called Marcus Graecus. Some historians 
thought that he was a Byzantine, but it is generally established now that this 
work was translated from Arabic and Marcus was a fictitious name. The 
book is full of Arabic tenus and some of its recipes appear in other Arabic 
treatises. 11 

These two works are typical of the Arabic works that are extant in Latin 
and their Arabic originals were lost. This ha led some hi torians of 
science l2 to attribute the authorship of such work to Latin writer 
irrespective of their Arabic origin. 

8. See Sherwood Taylor in hi s article on ' Pre- cientific Indu trial Chemistry', in A Hi loryof 
Technology, volume 11. 
9. Taylor, F. Sherwood, The Alchemisls. Founder of Modern Chem; 11:1 '. 

10. Berthelot believed that thi work is a tran lation fr m Arabic (La Chilllie all MOl'el1 Ag , 
Vol. I, 179). . . 
11. About Liber Igniul11 ee FoIe, Velllard and Keith Perr) , 'In defen e of Llber Igneum, 
Arab alchemy, Roger Bacon, and the introduction of gunpowder' . . .. . 
12. Ru ka is well known for hi attributing e\ eral rabic \\ ork especwl\) of Jablr ~Geber) m 
Latin , to pseudo Latin author. One e'\ampl i elaborated in Chapter - and another m Chapler 
3 of thi work. 
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Technology Transfer to the West 

We have dealt with the transfer of Arabic industrial chemistry in a paper, 
which is not included in this book. 13 

SOME CHEMICAL INDUSTRIES 
In Chapter 1 we gave a list of processes from al-Razi's Kitab al-asrar, 14 

from the Karshuni manuscript l5 and from Mafatih al- 'ULum. 16 We shall 
give in the following pages a brief survey of very few basic chemical 
materials and of some chemical industries. 

1 Acids, Alkalis and Some Basic Chemicals 

Mineral acids were products of the distillation of alum, vitriol, sal 
ammoniac, common salt, and potassium nitrate, in various combinations. 
The books of Jabir, al-Razi and other Islamic alchemists have numerous 
recipes for the distillation of these substances . Sharp waters or dissolving 
waters were produced in the laboratory, and stored for later use. 

Some Basic Chemicals 

Before we discuss mineral acids, it is useful to acquaint ourselves with the 
main materials that were used. The lack of adequate chemical science did not 
enable the chemist or technician to characterise and evaluate the available 
materials. The identification depended on experience and observation. This 
created sometimes ambiguity in the proper labelling. Materials that had 
similar general properties were given the same name. Thus, natrun in Arabic 
and nitrum in Latin meant both sodium carbonate and potassium nitrate. 

Natrun: Because of the importance of this material in the history of science, 
natrun (as potassium nitrate), deserves a special treatment, and we have dealt 
with it extensively in Chapter 7. 

13. AI-Hassan, 'Transfer of Islamic Technology to the West', Cultural, Contacts. 
14. Stapleton, H.E. , Azo, R.F. & Husain, M.H. 
15. The Karshuni MS was published by Berthelot in volume 11 of La Chimie au Moyen Age. 
Duval translated the Arabic text that is written in Syriac script (the Kar huni), into French . 
The Syriac script was converted into Arabic script in Aleppo by the Rev. AI-Khurfasqflls 
Barsum Yusuf Ayyub and is still in manuscript form. 
16. AI-KlIwarismi , Mafalih al- 'Ulum. 
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Zaj is vitriol. The tenn is a generic one for sulfates. AI-Razi mentioned 
seven kinds of zajat including, qalqadis, qalqatar, qalqand and al-Suri (the 
Syrian). 

Shabb: Shubub (sing. Shabb) or alurns are classified among the zajat by al­
Razi. This is because alums are sulphates also. They are hydrated double 
salts, usually consisting of aluminium sulphate, water of hydration, and the 
sulphate of another element such as potassium, (KAI(S04)212H20.) The best 
alum was al-shabb al-yamani (Yemeni alum). 

Nushadir or sal-ammoniak was classified among the spirits, together with 
mercury, sulphur and arsenic (zarnikh). It can be a natural mineral or 
manufactured. The quality that was used in chemical processes is white 
similar to salt but sharp with burning taste. Nushadir is ammonium chloride 
(N~Cl) which has the property that it will sublimate at a relatively low 
temperature. Either nushadir or salt, which is sodium chloride, were used 
interchangeably in chemical processes to obtain mineral acids. 

Mineral Acids 

Nitric acid: The question of when nitric acid was first known is a critical 
issue in the history of science. Therefore, we have devoted Chapter 7 to it 
along with potassium nitrate. We shall deal briefly here with the remaining 
acids. 

Sulphuric acid: In Kitab al-asrar of al-Razi we find references to the water 
of distilled alum which was used in the various proce se .17 In the Arabic 
Karshuni manuscript, we have three recipes for this acid. One of them run 
as follows: 'The water of vitrioL and sulphur which is used to irrigate the 
drugs: yellow vitriol three parts, yellow sulphur one part, grind them and 
d· '1 I . h f ,18 1St1 t lem In t e manner 0 rose-water. 

In the tTeatise Risalat Ja 'far al-Sadiq fi 'ill77 al- an 'a, we read the 
following recipe: 'Then distil green vitriol in a cucurbit and alembic, u ing 
medium fire ; take what you obtain fTom the distillate, and you \\"ill find it 
clear with a greenish tint. ' 19 

17. AI-Razi, Kilab al-Asrar. pp. 38. 66; H.F. tapleton. R.F. zoo and H. Hu ain, Cheml 11} 

in Iraq, p. 393. 
18. M. Berthelot, and DlIval, La Chimie au HOy!!/I 4ge. \ 01. 11 , pp. 61 10-l, The cited a Id 
recipe is on p. 90. 
19. Ruska, Juliu , Arabi 'ch!! Alchemi II'll. Il. Gayar .J/-. (h/iq. del' , <'chsle illlCilll, indud , th 
te ,t of Kil6b Ji 'ilm a -sillo'al, rabic text. folio 5b. ee aL o. R.J. Forbe~. , horl Hi 101'.1' of Ihe 
Arl of Distillalion, p. 32. 
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This description, which is a preparation of sulphuric acid from vitriol, 

may be of a later date than that of Ja'far al-Sa~i~, b~t it is e~l~er ~han the 
13th century. We find also references to the dIstillatIOn of vltnol In other 

Arabic alchemical treatises. 

Hydrochloric acid: This was called water of salt or sp~rit of salt. (ruh .al­
milh). AI-Razi in Kitab al-asrar, gives the following recipe for a dlssolvmg 

sharp water: 

Take equal parts of sweet salt, bitter salt, tabarzad ~alt, andarani salt, sal~ of a/­
qili, and salt of urine. A fter adding an equal weight of good. c~st.allll1e sal 
ammoniac, dissolve by ~oisture, and dist.il (the miioture). These will dlshl over (to 
give) a strong water wh ich cleaves stone lI1stantly . 

Islamic chemists practised the distillation of bricks early. This produces an 
impure hydrochloric acid. One description was given by al -Zahrawi (d. 
404/1013) in his book al-tasrif (Liber Servitoris), another by Masawayh al­
Mardini (Mesue the Younger, d. 40611015) who lived in Baghdad.

2 1 

The oil of bricks continued to be produced throughout later centuries 
and we find frequent recipes in the Arabic military treatises of the 13th 
century. 22 

Silicic acid: Abu Mansur Muwaffaq was acquainted with Silicic Acid, which 
he obtained from the bamboo. 23 

Organic Acids 

Vinegar was used in large quantities. It was distilled to give acetic acid, and 
this acid was also produced by the dry distillation of wood. Acetic acid 
[CH3COOH], is known also as ethanoic acid. 

Alkalis 

The term alkali was originally applied to the ashes of burned sodiun1- or 
potassium-bearing plants, from which the oxides of sodium and potassium 
could be leached. Alkali s were in great demand for the manufacture of glass, 
glazes, soap and other industries. 

20. AI-Razi, Kitab al-Asrar, p. 77; see al so Stapleton, Azo and Husain , p. 333. 
2 1. Needham, Joseph, Science and Civilizalion in China, vol. V pt. 3, pp. 237- 238; also 
Multhauf, pp. 207- 8, and El, Article Aqrabadhin by B. Lewin. 
22. AI-Rammah, Kitab al-/urusiyya, p. 126. 
23. Holmyard, Makers a/Chemistry, p. 68 . 

................... ----------------------------
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AI-qUi was obtained from the fused ashes of a low woody shrub in Syria 
called ushnan. Its botanical name is Salsola Soda. Chemically it is about 80 
per cent potassium carbonate with some 29 per cent sodium carbonate. The 
concentrated al-qili was call ed by Jabir and al-Razi milh al-qili (salt of 
alkali). 24 

The ashes of oak and other trees were also utilised, and the concentrated 
ashes were called salt of ashes, milh al-ramad. 25 The ratio of potassium to 
sodium carbonates varied greatly with the kind of plants and trees. AI-Razi 
described methods of refining and concentrating both milh al- qili (salt of 
alkali) and milh al- ram ad (salt of ashes). 

Abu Mansur Muwaffaq was the first to make a clear distinction between 
sodium carbonate (soda) and potassium carbonate (potash), which are 
simi lar in so many respects.26 

Lime was quite abundant. It was used in soap making, as a building 
material , and for military purposes as an ingredient in military fIres. It is 
produced by burning stones or marble, and when slaked with water it was 
called nura. 

Caustic Soda or sodium hydroxide was not produced on a commercial 
scale, but was produced in the laboratory, and in Kitab al-asrar of al-Razi 
we fI nd a recipe for this material. 27 

2 Alcohol 

Islamic chemists knew the distillation of wine and the propertie of alcohol. 
The prohibition of wine in Islam did not mean that wine \ a not produced 
and consumed or that the alchemists did not subject it to their di tillation 
processes. 28 As to the lack of a cooling device for efficient con den ation, 
Jabir described a technique to solve this problem in hi di tillation of mineral 
acids. 29 The same method also applies in the conden ation of other apour . 
Alcohol and the distillation of wine is one of the cri tical i ue in the hi tory 
of science and therefore we have de oted Chapter 9 to it. 

24. AI-Razi, p. 3; C. inger et al., A Hi 101:1' a/Tecllllolog)', \ 01. 11, p. "54. 

25 . A l-Rnzi, p. 3. 

26. J-lolmyard, Alchemy, p. 90. 

27. AI-Razi Kitab al-A rar, p.108; (apICIOn, 70 and lI u'nin, p. 91. 

28. Wine was used in medicine n \\ ell a n drill " . 

29. Jabir ibn Il a) 'an, Kitab a/~i/lIl1(/I. n~ _ 3:! -4 . 
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3 The Perfume ('itr) Industry30 

Perfumes were in great demand in the flourishing civilisation oflslam. There 
were many Arabic technical treatises that gave details of this industry. 

3 
I 

Among the existing ones, the most prominent is the Book of Perfume 
Chemistry and Distillations of al-Kindi. In this book, al-Kindi gives 107 
recipes. A more detailed exposition of the perfumes industry is written by al­
Nuwairi in his encyclopaedic work, Nihayat at al-Arab.

32 
Al-Nuwairi 

mentions his sources and gives us a good review of the literature on the 
subject. He quoted extensively from al-Tamimi who wrote Kitab jayb al­
'arus wa rayhan al nu/us. Ibn AI Jazzar (AD 898- 980) wrote a treatise 
dealing with perfumes. 33 'Umar Ibn Al-'Adim (d. 66011262) wrote a guide on 
cooking and making perfumes (lib). 34 

Perfumes are obtained by the blending of fragrant materials in certain 
proportions. The word 'attar, from 'itr (perfume), denoted the perfumer who 
blends the ingredients of a perfume. From this came the word attar in 
English that means a fragrant essential oil. 35 

The materials used are either of plant or animal origin. Essential oils 
and waters from flowers and aromatic plants are obtained by distillation . 
Animal pleasant odoriferous materials include misk (musk) and 'anbar 
(ambergris) 

According to some historians of perfumes, the Arabs became for several 
centuries the perfumers of the world.36 It is reported that among the many 
presents of Harun al-Rashid to Charlemagne were several types of 
perfumes.37 Forbes says that only with the coming of the golden age of Arab 
culture was a technique developed for the distillation of essential oils. 

30. Ex isting sources on perfumes: There were many Arabic technical treatises that give detail s 
of this industry; AI-Kindi wrote Kilab kimya ' al 'ill' wa al-tas'idat (Book of Pe/fum e 
Chemistry and Distillations), or ' Kitab al-Iaraffuq fl al- 'itr '. In this book al -Kindi gives 107 
recipes; al-Tamimi, Kitab jayb al- 'arus wa rayhan al nufus which was a main source for al­
Nuwairi ; Ibn al-Jazzar, A Treatise on the Arts of Medicine and Perfume; Abu al-Qasim al­
Qashani di scusses perfumes in hi s book Jawahir al- 'ara 'is wa alayib al-nafa 'is; AI-Nuwairi 
in his encyclopaedic work, Nihayat ai-Arab gives a detail ed exposition of the perfumes 
industry. He mentions his sources and gives us a good review of the literature on the subject; 
'Umar Ibn AI- 'Adim wrote a guide on cooking and making perfumes ( lib ); Shams aI-Din AI­
Dimashqi gave detail s on the distillation of rose water in Damascus. 
31 . AI-Fihrist listed nine until hi s time, p. 454. 
32. AI- uwairi, vol. 12, pp. I fr. 
33. Ibn al-Jazzar's treatise was published in Tunis (see bibliography). 
34. Ibn al-' Adim, al-Wusla ita al-habib fl wasf al-tayyibal wa aI-lib. 
35. Merriam-Webster's Coll egiate Dictionary. 
36. Trueman, The Romantic Story of Scent, p. 83 . 
37. Einhard, Notker the Stammerer, p. 184, n. 39. 
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By di~tilling their favo~rite. flower, the rose, the Arabs succeeded in extracting 
from It a perfume that IS std I a favourite all over the world - rose water. Rose 
water came to Europe at the time of the Crusades. 38 
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According to Arab geographers, rosewater was distilled in Jur and in other 
towns in Far~ . The rosewater of Jur was the best quality and it 'was exported 
to all countrles of the old world including the Rum (Byzantium), Rumia 
(Rome) and the lands of Ifranja (France and Western Europe) India and 
China.

39 
Sabur was famous for its essential oils, and ten varieties were 

produced including violets, lotus, narcissus, lilies and other flowers. 0 

other place surpassed the quality of its essential oils except Kufa that 
produced the best khiri (carnation) and banafsaj (violets). Damascus became 
renowned in the production of rosewater later and it was exported. Essential 
oi ls were also produced in al-Andalus and other Islamic countries. 

In the manufacture of perfumes, both old and new methods were 
applied. In the old method, the scent of the roses or flowers was captured by 
oil such as the hall (sesame oil). In the new method, the manufacture of 
essential oils and perfumes was carried out by distillation. 

Currently, essential oils are distilled with water added to the flowers in 
a vessel that is heated by direct fire. Water vapour and olatile oil are 
condensed together. In a modification to this, the plant material is su pended 
on a grid above the water level, and steam rises from under the grid. The 
volatiles with water vapour are condensed and the oil i separated . 

In the Arabic method of the past, no water is added to the plant material. 
and no direct steam touches the flowers. Heating is done from the out ideo 
This method can be considered as a dry distillation one. Here the eonden ed 
liquid is primarily essential oil together with the conden ed moisture from 
the fresh plants . Any limited amount of water i eparated. 

The wet method denote heating the cucurbit from the out ide by team 
coming from a water bath and not by direct heating (Figur -+ .1 and Figure 
9.2, Chapter 9) . 

Essential oils were al 0 produced in AI-Andalu . Ibn al-' \\ \'an1 \\ ho 
lived in Seville (end of 12th century) give in Kifab al:filaha, a de cription 
quoted [Tom al-Zahrawi of an indu tria l in tallation for ro ' water and th r 
essential oils, containing 16 or 25 eueurbit . He de 'ribe th equipment for 
the wet and the dlY method . 

In the 13th centur , Dama eu had a thri \ ing ro e\\ at r industr) . Thi i ' 
described by ham aI-Din al-Dima, hqi (d . 72 13 _ ) in Xllkhb I f al-Dohr. 
He de cribes two indu tria l in ta ll ation , one u ' ing 111' \\ et m'thod and tll 

38. TrllCl11 an, The ROlllalllic IOn ' of. C Cllf, pp ,3 --t 
39. Ihn Il av. qa l, pp. 260 1 
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other the dry. Figure 4.1 from al- Dimashqi is for an installation using the 

wet method. 

Ghaliya: Among the liquid perfumes, the ghaliya was the highest in quality. 
AI-Kindi gives in his book on 'itr fourteen formulations for ghaliya. AI­
Nuwairi gives a description of seven, that were formulated for Caliphs, kings 
and the upper classes. Each carries the name of the Caliph or dignitary to 
whom it was formulated. He gives the names of the 'attar or 'attara (the 
lady perfumer) who formulated the perfume. AI-Zahrawi gave also 

formulations for ghaliya. 

Nadd: the nadd occupied among the dry perfumes the same high esteem that 
the ghaliya occupied among liquid perfumes. In both, the misk and 'anbar 
are the main ingredients. The nadd is made in the fonn of bars, sticks or 
powders. It was also incorporated in candles. It was put in perforated boxes 
or in cloths; and was carried on the person or placed between clothes or 
furniture. 40 Perfumed candles emitted their perfumes as long as they were 
burning. 

AI -Tamimi gave the formulations of many kinds of nadd. 41 One is al­
nadd al-Musta'ini which was made for the Abbasid Caliph AI-Musta'in bi­
Allah: 

Misk was the most valued ingredient in the formulation of Arabic perfumes. 
It came from Tibet and China from a gland in a sac under the skin of a deer's 
abdomen. 

'Anbar (Ambergris) is a substance of sweet smell similar to musk. It was 
also highly valued as a perfume. It is found floating on the water in tropical 
seas, or on shores. It is probably a secretion of the gall bladder of the sperm 
whale in whose intestines it is found. 

'ud (Aloe wood) is a fragrant wood of a tree that grew in abundance in the 
mountains of Assam. 

Sandal (Sandalwood) is of Indian ori~in. The yellow has the best pleasant 
scent. It is used in wood form or as oil. 2 

40. AI-Antaki p. 302. 
4 J. al-Nuwairi, p. 60. 
42. Nuwairi on Sandal p. 39 ff. 
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.... , 

Figure 4.1 Installation in Dama cu for the di tillation of ro ewater by the wet 
method from the cosmography of a1-Dima hqi, 13th century. 

4 Petroleum Products 

Petroleum was also refined and utili ed. Crude oil wa produ ed in Iraq from 
oil seepage on the ea tern bank of the Tigri. rab tra\ eller reported that it 
wa prod uced in large quantitie and \ a expol1ed.43 It \\a al 0 produ ed in 
Khuzi tan 44 and in Sinai in Egypt. 45 

43 . Rih/al ibl1 Jubayr, p. 209. Ibll Sa ' id al -Maghribl. Kilab ,1l-JIIghrati\· 1. p. 1Si' 
44. ham ai-Din AI-Dima. hqi , p. 119. 
45 . lbn a' id , p. 130. 

-
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The oilfields of Baku were developed on a large scale since the early 
days of the Arab Empire. AI-Mas'udi visited the fields in 302~915 an4~ 
reported that merchant vessels sailed to Baku to carry loads .of white naft· 
Marco Polo visited the oilfields two centuries later and sa Id that hundred 
shiploads might be taken from it at one time.

47 
He remarked that: 

'this oil is not good to use with food, but it is good to burn. People come 
from vast distances to fetch it, for in all countries round about they have no 

h '1 ,48 ot er 01 . 

Distillation of crude oi l or naft is described in several Arabic chemical 
and military treatises such as in Kitab al-asrar of al-Razi. 49 Several fract~ons 
were obtained. The first fractions were highly flammable and precautIOns 
were given for their distillation, storage and use. Sometimes the. distillation 
continued until heavy distillates, which do not catch fire qUIckly, were 
produced. Crude naft and its distillates were used for military fires. 

The very light fractions were used as solvents and were mixed with the 
resins to prepare waterproof varnishes. A further use was in medicine, and 

. '1 50 the white fractions of naft were conSIdered as drugs for some aI ments. 

5 SoapS I 

Arab geographers frequent ly mention places where soap was made: Aleppo, 
Balis on the Euphrates, Sarmin, Damascus, Nablus, Balkh, Tirmidh, Arrajan 
and Bust. Ordinary and coloured perfumed toilet soap was made and 
exported from Syria. 52 

In Antiquity, though mixtures containing soap were known and used in 
Mesopotamia, soap as such was unknown. 53 The c lassica l world did not have 
better detergents, and bran, pumice-stone, natrun, vegetable alkali and the 
like were used. 54 Later on, Pliny described a pomade kind of soap invented 
by the Gauls. It was recommended for washing the body to treat certain 
illnesses. By 800 eE, soap from animal fats was produced in Europe which 

46. AI-Mas' udi, 'Ali ibn al -I-Iusain ibn ' Ali, Muruj al-dhahab, p. 208 . 
47. Marco Polo, The Tra vels, p. 48. 
48. Marco Polo, p. 48. 

49. AI-Razi, Kilab al-Asrar, p. 109. 

50. Tadhkiral Dawud al-A nlaki, p. 304. 

5 1. AI-Muzaffar Ibn Rasul described soap-making in AI-Mukhlara ' ji fUl1l1l1 min al-sul1a '; 
Dawud al-Antaki , gave also a description of soap-making in hi s Tadhkira. 

52, Rihlal ibn BatLuta, p. 67; Shams ai-Din AI-Dimashqi , pp. 67 , 200. AI-maqdisi, p. 180, 
Tadhkiral Dawud al-Anlaki, p. 203. 

53. I' orbes, Sludies il1 Ancienl Technology, vo l. Ill , p. 187. 
54. rorbes, op. cit., pp. 187 8. 
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had a very unpleasant smell. 55 However, hard toilet soap with a pleasant 
smell from Islamic lands started to arrive. 

[n Islamic territories, soap-making was an establi shed industry. Recipes 
for soap-making are found in alchemical treatises such as those of al-Razi. 
Soap results from the interaction of fatty oils and fats with alkali. ]n Syria, 
where soap-making was a thriving industry, olive oil was used together with 
al-qili and lime. A detailed description of a soap-making process on an 
industrial scale is given by AI-Muzaffar ibn Rasul, and in al- Tadhkira of al­
Antaki. 

6 Glass56 and Artificial Gemstones 57 

Glassmaking originated in the Near East, probably first in Mesopotamia. It 
was a thriving industry in Egypt, Syria and Me opotamia. Some important 
innovations took place before Islam, and the most important one in the 
whole history of this industry was glass blowing, the di covery of which is 
credited to Syrian glass workers. 58 

Under [slam, the glass industTY witnessed a revival. The old centres 
flourished and new ones were established. The remarkable sumptuous 
Islamic glass treasures, which are distributed among mu eum throughout 
the world, bear wi111ess to the high artistic and technological leve[ of Islamic 
glass. 59 

Most Islamic glass was of the soda-I ime-sil ica type. 60 Islamic writers do 
not mention lime in the manufacture of glass and they peak u ually of gJa 
being made from sand and milh al qili or the alt of the a he of oak and 
other woody plants. Lime came with the sand in the form of ea hell . 

Transparent colourless g la wa highly valued and thi wa produced 
either by selecting raw materials of high purity or by adding an oxidi ing 

55. Singer el al., pp. 355- 6. 
56. Ex isling sources on glas : Jabir ibn Ilayyan \Hote Kilab ol-dllrl'o al-l/Iokllll/1o on coloured 
glass, lu tre glass, dyeing of stones and pearl. This i a unique treati e in dealIng \\ itJ, lu tre­
painted gla s; AI-Biruni , in Kilob al-jamohir ha chapte on billaur. glas . enamel and 
adhrak (a precious artificial jewel).; AI-Kar hUI1l manu cripl dc\ oted ,cctIon for olourcd 
gla and glas -making furnaces. 
57. A vai lable ource on gemstone : Jabir Kilab al-dl/lTlI al-lIIakllllllll; Jablr: "-llab. al­
khalVass al-kabir;; AI-Biruni. Kilob nl-jal/lahir; I-Tifa hi. A.illlb ,dill,. al-I.I/Aar/I }lIl1'alll" ell 
ahjar; Ibn al-Akfani, ukhah ad-dakllO 'irli ahl1'al al-imm/llr 
58. ingcr el al .• p, 337. 
59, All book on I lamic art, especinll) thoi>e dc\otcd to the 11iS1Of) of gins . gl\' de cnplll)(1S 
of uch treasures. Some arc: Islalllic /1'1, b, D.T. Rice. London. 1979: an I The -/,., clnd 
ArchileCI"re of Is lalll : 650 1250, b I R, 1 ttil;ghauscn and (), (Jl·abar .. ClaH of Ihl' ,111(<11/.. 

, tefano Carboni and Da id WllltchOllse; The /r/l o(/'ire. cd. Cuthcnnc I less 

60. ompare: Sillger el al., p. :!9. 
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substance. Maghnesia (manganese dioxide, pyrolusite) was used to oxidise 
the iron and improve the colour of the glass. Thus, it is reported that certain 
kinds of glass were so white as scarcely to be distinguished from crysta1.

61 

Other substances, like lead compounds, for improving the quality of glass 

were also added. 
The cut glass that was made at Samarra in the 3rd/9th century is 

considered peerless in its quality . Colourless crystal-type glass was made 
and glass engraving was a specialty of glassworkers under the Abbasids. 
Bowls, bottles and ewers of remarkable sumptuousness were decorated with 
forms of running animals and plant scrolls. 

An important Islamic innovation was the invention of lustre painting in 
Syria during the Umayyad period. This consisted of painting with a pigment 
containing silver which, when fired in an atmosphere without oxygen, 
produced a thin metallic film on the glass varying in colour from pale yellow 
to brown. 62 Some glass was made with sumptuous polychrome effects; the 
technical secrets of these are not yet understood. Other innovations in Egypt 
included gilding techniques. 

The most important achievement in decorating glassware was the art of 
enamelling of colourless and coloured glass. It is thought that after the fall of 
the Fatimid dynasty in Egypt in 567/1171 some glassworkers immigrated to 
Syria where they laid the foundation of the Syrian art of enameled and gilt 
glass. 63 The earliest phase of this art seems to have taken place in Raqqa in 
Syria where thick enamels were used. Later, two groups of Syrian glass 
evolved. One is characterised by the use of thick, jewel-like enamels and is 
connected with Aleppo; the other, notable for its exquisitely painted figural 
decoration, is attributed to DamasclLs. These two types of glass represent one 
of the highlights in the history of the art. 64 

From a peak of excellence at the beginning of the 14th century, a 
decline took place after the sacking of the chief Syrian cities by Timur. 
Damascus fell in 803/1400 and the glass-workers of that city were taken to 
Samarqand. 65 

As was the case with the transfer of science to the West, the art and 
techniques of glass-working were transferred also. The first phase of 

61 . Jabir mentioned the uses of manganese dioxide in glass making, see Holmyard, Alchemy, 
p. 79; Magnesia as an ingredient is mentioned by most Arabic authors, e.g. Shams ai-Din al­
Dimashqi , p. 59; al-Mas' udi , vol. I, pp. 403-4; a l-Antaki, p. 16 1. 
62. A detailed di scuss ion of lustre painted glass is in Chapter 6. 
63. Ettinghausen and Grabar, p. 373. 
64. Op. cit. , p. 374. 
?5. On the history of Islamic g lass see also the arti cle 'Glass, Hi story or by R.J. Charieston , 
111 The New Encyclopedia Brillanica, Macropaedia, vol. 8, 198 1, pp. 183-4. Also: Glass of Ihe 
Sullans, op. cit. and The Arls of Fire, op. cit. 
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technology transfer took place in the 5thl l1th celltury J E . . . w len gyptJan 
~rtlsans founded two glass factones at Corinth in Greece. Here they 
mtroduced contem~orary techniques of glass manufacture, but the factories 
were destro~ed dunng the Norman conquest of Corinth in CE 1147 and the 
workers emIgrated westwards to contribute to the revival of W t 

. 66 es em 
glassmaking. Technology transfer took place again after the Mongol 
conquest of the 13th century CE, which drove large numbers of Syrian glass­
workers from Damascus and Aleppo to glassmaking centres in the West. 67 

A third and a unique method of technology transfer, which reminds us 
of modern technology transfer, is a treaty that was drawn up in June 1277 CE 

betv.:'een Bohemond VII, ~he titular prince of Antioch, and the Dodge of 
Vel1lce. It was thro~gh tIllS treaty ~hat the secrets of Syrian glass making 
were brought to Venice. Raw matenals as well as Syrian Arab artisans were 
sent from Syria. The techniques of Islamic glassmaking formed the 
foundations upon which Venice established its famous glass industry.68 

Artificial Gemstones 

The imitation of mineral gemstones was always of interest to chemists and 
artisans since the pre-Islamic civilisations. During Islam, we started to ee a 
real interest by eminent scientists such as Jabir ibn Hayyan, al-Kindi, al-Razi 
and al-Biruni, who wrote treatises or gave recipes in their works. This 
interest continued until later centuries. 

There are two methods to obtain artificial gemstone ; one wa to ca t 
the colouring materials with the ingredients of gla s and the second is by 
diffusing colour to glass stones. Jabir described both method in Kitab af­
durra al-maknuna (see Chapter 6) and in Kitab al-khawas al-kabir ( ee 
Chapter 5). AI-Razi gave several recipes in Kitab al-asrar. AI-Biruni gave in 
Kitab al-jamahir a recipe for an altificial high valued jewel called adhrak 
that is obtained by casting. 

Among the much later works i one for Muhammad ibn Muhammad 
If1atun al-Bustami who lived in the 17th century and who wrote JOl'i'ahir al­
funun wa a f-sana 'i ' ji ghar 'ib al- 'ulum wa al-bada 'i ' (Je\\ el of Art and 
Artisan Works in the Unique and Wonderful cienc ), Thi ,\-ork deal 
mainly with the manufacture of artificial jewel . Our li t her i not complete 
a there are other later treati e on thi ubject. 

66. inger el al., p. 328. 
67 . R.W. Dougla and . Frank, A Hlslo/,\ ' (!(Gfa smaking, p. 6. 
68. arton, vol. 11 , pt. 11 , p. 1040. 
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C 
. 69 7 eramlcs 

The glazed and painted ceramics that are exhibited in world museums rev~al 
the splendours of the glorious I~lamic a:t of. pott~ry. Egypt, SYrIa, 
Mesopotamia and Persia had a contl11UOUS history 111 thiS art before Islam, 
but under Islam, a revival took place, and the art spread throughout the 
Islamic World reaching Muslim Spain and then the West. 

Glazes are a kind of glass and are applied both to the inside and outside 
of pottery, either to render it impervious to water or for decoration. Two 
main kinds were applied, an alkaline glaze and a lead glaze. Normally .l~ad 
glazes are transparent and colourless but can be given c~lour by the addltlO.n 
of metal oxides. If tin oxide is added to lead, a white opaque glaze IS 
obtained. AI-Binmi gave a chapter in al-Jamahir for enamels and gave the 

recipe for lead and tin glazes. 7o 

In classifying Islamic ceramics, historians of art discuss each locality 
independently. The main sites of early Islamic pottery that are known are 
Samarra in Iraq, Raqqa and Damascus in Syria, Rayy in Persia and al-Fustat 

in Egypt. 

One of the earliest types is the Jabri . This was made in Persia in the 
early days of Islam (7th century CE), and the bulk of it was produced 
between the tenth and thirteenth centuries CE. The Jabri uses earthenware 
that is coated with a white slip of liquid clay and covered by a transparent 
lead glaze. Decoration was affected by cutting a design through the slip 
coating exposing thus the red ware below. The colour of the lead glaze was 
varied by washes of green and purplish brown derived from copper and 
manganese respectively. 

Another type is the Sgraffito that was popular in all Islamic pottery 
centres. The body of the ware was first covered with a white slip and the 
design executed by cutting through the slip with a thin point, thus producing 
a kind of line drawing. Then the ware is covered with a thin yellow lead 
glaze, which, when fired, left a dark tone above the exposed body and a pale 
above the slip. Splashes of coloured glazes are then added in green, 
manganese or yellow. The most important of all Raqqa wares was one with a 
sandy white body and a decoration in black, blue or bluish-purple painted 
under the glaze. Sometimes a thin sgraffito design was associated with the 
painted decoration. 

69. Sources on ceramics: Abu al-Qasim al-Qashani wrote in the year 700/ 1300 an important 
work in Persian with the title Jawahir al- 'ra 'is wa alayib al-nafa'is. The last chapter is on 
ceramics. This chapter became a classic document on the technology of ceramics. 
70. al -Biruni , al-Jamahir, pp. 224-7. 
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Lustre painting is considered by historians of art as the chief Islamic 
contribution to ceramic decoration. The pottery found in Samarra proves that 
lustre painting was fully developed in the 9th century CE in Iraq. The white 
body of the ware was covered with a thin coat of transparent glaze and then 
fired. On this glazed surface the designs were painted in metallic glazes and 
the ware was re-fired at a low temperature. This process deposits a film of 
metal on the surface of the ware, in golden brown, greenish or red colours, 
and if the film is thin such as to allow the light to penetrate it, it glows with 
beautiful rainbow reflections. It is believed that the Islamic lustres of Iraq, 
Syria, Egypt, Persia and Spain were a fonn of gilding, though their 
decorative effect was much more beautiful than gilding has ever been. 

Tin glazing was an important development. Tin oxide was added to lead 
to render the glaze opaque. This tin glaze was decorated in cobalt blue, green 
and sometimes manganese brown or yellow. This type was found in 
Samarra, was also produced in Persia and it reached Spain and then Italy. 
The golden pottery of Granada was tin-enamelled earthenware painted in 
metallic colours derived from silver and copper. 

One important class is the minai (enamel) ware that was produced in 
Persia. Like lustre, this is a luxury ware. It is polychrome painted. In the 
Minai the bodies, which were of white consistency, were painted in pale 
blue, green or purple under the glaze and fired. Black outlines and details of 
the designs were then added in verifiable colours which were of great 
variety. The colours were then set by a second firing. The painting \ as in 
delicate miniature-like technique. 71 

As early as the 12th century the superior artistic pottery of I lan1ic 
countries had already attracted the notice of European a an article of 
luxury for the wealthy. It is reported that Arab potter were brought into 
Italy, France and Burgw1dy to introduce the practice of their art, while 
Italian potters certainly penetrated into the workshops of Muslim Spain and 
elsewhere and gathered new ideas. 72 

Valencian tin-glazed wares, a legacy of the Andalu ian ware , were 
exported to Italy, with Majorcan trading ship and were called maiolica 
(majolica). The Italian potters extended the name to the tin-glazed pottery 
which they made in imitation of the alencian and the ndalu ian \\'are . 
Another example is the Sgraffito ware. Thi technique \\'a deri\' d from the 
Islamic East through the Byzantine medium. It attained atii tic impol1anc in 
Italy towards the end of the 15th century and wa made in Bologna until th 
seven teen th. 

7 1. A good urve or I lal11ic potter) is found in the \\\'o hook.s b) ,\ . Lane: Eclr~l ' llomic 
POllelJ', and Laler Islamic Pollel:I'. Iso in Calg ' r- l~ lth . I~n .lll.\l,.e p(lIlt'~~., 
72. cc T. Glick, Islamic Gi ld ChrislwlI paill ill Ihe EaI'll ' \filMIc ~gc.\ . rp. __ , I. 
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8 Pigments and Inks 73 

Pigments 

Pigments are colouring matter that impart colour wi.thout. penetrating far 
below the surface. They are normally applied as either mks .or washes 
suspended in water, or as oil paints. Islamic artists and artIsans used 
pigments in many applications in inks, oil, paints, glazes, lustres, enamels 

and other purposes. . . 
There are Arabic treatises on inks and paints; one of the earlIest IS 

'Umdat al-kuttab (Handbook of Scribes and the Tool of the Wise), in w~ich 
Ibn Badis (398-45311007-61) gives details of coloured InkS as .well as pa~nts 
and lacquers. Besides these specialised treatises, we fmd I~ alchemIcal 
works such as Kitab al-asrar (The Book of Secrets) of al-Razl a wealth of 
information on colouring materials. 

Black pigments come from carbon, which was produced either from t~e 
smoky flame of oils and waxes, such as lamp-black, or from charcoal: WhIte 
pigments came mainly from white lead (isjidaj),. though bone-wh~te was 
sometimes mixed with it. Red pigments were mamly made from cmnabar 
(zunjufr) the red or crystalline form of mercuric sulphide and "?"om red lead 
(isrinj). Sometimes red arsenic was mentioned in ink formulatIOns. An.other 
red pigment was the lac, which was taken from dark red resmous 
incrustation deposited on certain trees by the lac insect. Another source was 
madder (juwwa) and baqqam (Brazil wood). Blue pigments were obtained 
from lapis lazuli (lazaward) and from indigo. Azurite (a form of copp~r 
carbonate) was used frequently. Green pigments were derived from the baSIC 
copper acetate verdigris (zinjar), and from mineral malachite (dahnaj) , a 
basic carbonate of copper. It is also obtained by mixing other varieties of 
pigments. Yellow pigments were made mostly from yellow arsenic or 
orpiment (arsenic tri-sulphide). Masticote (monoxide of lead) was also used, 
as also saffron, which was employed with other pigments . 

In preparing a paint the pigments have to be brought to the requisite 
fineness by grinding them first in a mortar, then by rubbing them on a flat 
stone mortar (sallaya) using a stone roller (jihr). Water-based pigments 
required a binding medium. Gum Arabic was mostly used, though glues 
(especially fish glue) and glair (a preparation made of white of egg) was 
employed. 

73 . Main existing sources on inks: A considerable number of recipes for ink have survived 
from medieval times; many devised by scribes for their personal use and improved for their 
purpose by trial and error. Jabir ibn Hayyan, Kitab a/-khawass al-kabir; Ibn Badis, Umdaf al 
kuttab and 'uddat dhawi al-a/bab discusses the manufacture of inks, especiall y in Chapters 2-
10. 
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Inks 

On the subject of inks we have several treatises with a large number of 
recipes. The handbook of Ibn Badis mentioned above is one of them. 
Besides black inks there were inks of various colours: golden, si lver, red, 
yellow, green, blue, and white. In any of the treatises related to the subject, 
we find several recipes for each colour. 

A typical black ink would be composed of gall nuts, ferrous sulphate 
and gwn Arabic. Another typical black ink is composed of the soot of oil. 
The soot is roasted until the smell of oil disappears. Jabir ibn Hayyan gave in 
Kitab al-Khawass af kabir several ink recipes based on soot, and he 
described its preparation (see Chapter 5). Ibn Badis gave also several recipes 
for the preparation of carbon from various seeds and vegetable materials. 

9 Dyes 74 

The high level of the Islamic textile industry, and the eminence Islamic 
chemists, were two factors behind the importance of dyeing. There was a 
degree of specialisation in this industry. This was due, on the one hand, to 
the enormous variety of colours, and to the great skill and experience 
required in using the many natural and industrial dyes available. Colourful 
fabrics were used by both men and women and their tastes were to be 
satisfied. To meet these demands, the dyers had to pecialise according to 
the colouring matter used by them. Thus, we find specialist in crim on, 
saffron, sumac, purple, vermilion, or indigo, etc. 

Like many industries, the quality of dyeing was controlled by the 
muhtasib. In one manual, there is a warning against fraud of dyer, uch a 
the substitution of henna for madder. When dyed with henna, red ilk lost its 
colour and brightness if placed in the SW1. 75 

Red dyes were the most important. Madder (fUwwa) i the most ancient 
source of red colour. This plant grows in the Mediterranean area, and the red 
dye extracted from it is called alizarin in modem nomen lature, a \ ord 
derived probably from Arabic. Another red dei Kem1e (qirmi:::). Thi i 
an insect-based dye. There were e eral in ect that were para itic on 
various plants. The words crimson and carmine are derived from th rabic 
word qirmiz. A third impOliant red \ a brazil wood or appat1\\ood 
(baqqam). However, the muhfa ib must pre ent the dyer fr III dyeing red 

74. xi ting source on dyes: Jabir ibn I-la all : Kilab al-khall '£l, al-Aabir, ,\I-Olllla hqi. Abu 
al-Fadl Ja ' far, a/-Ishara ila mall ill al-rijara, niro. p .• 11 . 
75 . Ibn RI-Ukhuwwa, Ma 'olilll al-qurbaji ahkalll al-hisba. pp. 141 2 t I\ rahic t~\.t) 
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with this dye for it does not last. 76 A fourth source was henna (Lawsonia 
inermis). Here also, we have seen that the muhfasib warned against its use. A 

fifth source was lac (lakk). 
Blue dye came from an indigo plant (nil). Indigo was an excellent dye 

and had a fast colour. In Arabic treatises, we find information on its growing 
and on the extraction of indigotin, the chemical compound responsible for 
the blue colour. The Arabic word nil or aI-nil is the origin for the Portuguese 

word anil and the English aniline. 
Yellow dye came from a variety of materials; important among them 

were Safflower (,usfur) and Saffron (za'jaran). The English words for these 
dyes are derived from Arabic. Other sources were turmeric (kurkum). 

Green dyes were obtained by dyeing with blue and yellow. Although 
there were some green vegetable dyes, they were not satisfactory. 

Purple dyes were derived from a number of species of shellfish. Tyre 
and Sidon in Syria were famous for their purple dyes, and the fabrics dyed in 
purple commanded very high prices. The technique of purple dyeing from 

shellfish was can'ied on in Syria until a century ago. 
Black dyes were obtained by boiling the fabric first in a solution of galls 

and then in a solution of ferrous sulphate. Alternatively, a black could be 
obtained by superimposing two or more dark colours.

77 

10 Metallurgical operations 78 

Gold 

Gold in the mines occurs in three forms; it can be found in nuggets, with 
gold-bearing rocks, or with gold-bearing alluviw11. Both al-Biruni and al­
Hamdani explain in detail the methods of extracting gold from its ores. 
Gold-bearing rocks are crushed and pulverised. Al-Biruni wrote: 

Gold may . be united with stone as if it i cast with it, so that it needs pounding. 
Rotary ml.lls (tawahin) can pulverise it, but pounding it by mashajin (trip 
hammers) IS more correct and is a much more refined treatment. The mashajin are 

76. R.B . Serjeant, lslamic Textiles, pp. 206-7. 
77. ?n dyes used in 1~I.amic textiles, the following works are useful: Serjeant, lslamic 
Texfl~es; H. :Vullf, TradllLOnal Crafts of Persia; A. Siggel , Arabische-Deutsches Worterbuch; 
AI-Dlmashql , a/-Ishara ita mahasin al-tijara, p. 211 ; RJ . Forbes, Studies in Ancient 
Technology, vo\. IV. 
78. Extant sources on metallurgy: Jabir ibn Hayyan Kitab al-khawass al-kabir AI-Kindi a 
treatise on the kin?s of iron ,and. sw~rds, the good ~nes and their provenance;' AI-Kindi ,' A 
tre~tl se to Ahmad Ibn al- Mu taSllTI bl Allah about what is thrown on iron and swords so that 
the~r e.dges do not get damaged and do. not become blunt; AI-Hamdani , Kitab al-Jawharatayn 
~l- A tl~atayn on the metallurgy of silver and gold ; AI-Biruni , al-Jamahir ji 111a 'ri/at al­
j awa/lIr. 
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stones fitted to axle which are in tailed on running water fi d' . ' '9 or poun Ing a is the 
ca e In the poundIng of flax for paper in Samarqand.

7 
' 

This imp?rtant statement indicates that water-driven trip hammers were used 
for crushmg gold-bearing rocks before the 3rdll Oth century. In th W t th 

I
. h '11 e es, e 
I~ ter stamp ml s were used around 885/1480, and the heavy stamp mills 

dnven by water-power for pounding auriferous rocks were used at least as 
early as 1519, five centuries later. 

The gold-bearing alluvium was washed in troughs of wood divided b 
partitions. AI-Hamdani gives the details of this operation. The particles :r 
gold are deposited at the end of the trough. 

!he very fine particles of gold from both the pounded rock and the 
al1uvI~1 are re.covered by amalgamation. The crude residues of gold particles 
are mixed with mercury, which dissolves the gold and leaves the other 
minerals. The .mercury is squeezed through a leather or canvas bag, leaving 
the gold that It amalgamated with it in a compact mass. This amalgam is 
roasted until the quicksilver is driven off. 

:-I-~iruni gives an interesting method for collecting alluvial gold from a 

flowmg fiver. He writes: 

There are places in which they dig small pits under the water, which flows over 
them. They fill the pits with mercury ay~ leave it for a while. Then they come 
back after the mercury has become gold. 

The nugget of gold left after roasting was further purified by melting the 
gold in a process called fa 'riq. On melting, any impurities in the gold come 

to the surface in the form of scum. 81 

Gold occurs mixed naturally with silver, and gold is subjected to a 
second purification process-cementation, to remove the silver. This process 
is called fabkh or tas'id. According to al-Hamdani thin plates of gold were 
interleaved with the cementation compound, known as the dawa'. This 
consisted of a mixture of vitriol, salt, and ground brick. The whole was then 
strongly heated. The mixture evolved the vapoms of ulphmic and 
hydrochloric acids. These did not attack gold but con erted the smface silver 
and copper into chlorides that could be scraped off. Cementing could be 
done more than once if the gold was to be made really pure.

82 

Nitric acid was used in the separation or parting of gold from sil er, the 
silver dissolving and the gold remaining. Aqua regia wa u ed to separate 

79. Biruni, pp . 233-4. 
80. AI- Biruni, p. 236. 
81. AI-Hamdani , pp. 155, 165. 
82. AI-Hamdani, op. cit., pp . 165 fT. 
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silver from gold. The gold dissolves to a soluble chloride, while silver is 
attacked and it precipitates as an insoluble chloride. Gold is easily recovered 
by the evaporation of the liquid and beating the residue, while silver is 
obtained by smelting the chloride with an alkali. Nitric acid is suitable for 
separating small quantities of gold from silver and aqua regia for separating 

small quantities of silver from gold. 

Silver 

In one chapter of his book, al-Hamdani describes how to extract silver out of 
its ores. Silver is associated with lead in the fonn of galena, al-kuhl al­
ithmid, or lead sulphide. After being mined, they were crushed and roasted in 
a special furnace equipped with double bellows, using layers of firewood, 
and the lead runs out through an outlet in the rear of the furnace into a tank. 
If lead in the silver ore is not significant, lead is introduced artificially, 
because it has an affinity for silver, and when it is fused with it, it acts as a 
solvent and extracts it from its union with baser metals. The lead was then 
placed in a dish and put back into a furnace. It was covered with layers of 
wood, and subjected to blasts of air from bellows until lead was reduced into 
litharge. The silver ingot remains and could be removed. 

At the end of the chapter on the extraction of silver out of its ores, al­
Hamdani concludes that when the silver ores are very rich it is possible to 
extract half a ratl of silver from one ratl of ore. The amowlt of silver that can 
be extracted fonn lead ores varied from mine to mine. 

In another chapter, al-Hamdani describes how to purify or refine silver 
from its impurities. In one method that was used in Yemen, crushed burnt 
bones and charcoal are used in a furnace. The bones absorb the lead and the 
impurities leaving pure silver. Outside Yemen, crushed salt and bricks, 
together with charcoal, are used. 

Copper 

There are two main classes of copper ores, the carbonates-oxides (such as 
cuprite, malachite and azurite), and the sulphides (such as chalcopyrites and 
chaJcocites). The smelting or both types of ores was practised from ancient 
times. The carbonate ores were easy to smelt: they were just burnt in a 
charcoal fire, but were not abundant in nature. The sulphides were always 
the main source of copper, but were difficult to treat. They were ftrst roasted 
to remove the bulk of the sulphur, and then the roasted ore was mixed with 
char?oal and fed into a high cupola or blast furnace. The first copper 
obtaIned was of poor quality and still contained much sulphur. Therefore, it 
was smelted again to purify it further. Then it was subjected to reftning by 

3 

Arabic Industrial Chemistry 129 

oxidation to remove the remaining sulphur, and then to refining by reduction 
to reduce the remaining cuprous oxide into metal. Some or all of these steps 
were undertaken . 

In Muslim Spain, however, an interesting discovery took place in that 
the sulphide ores on exposure to air in the presence of water, became 
oxidised to foml soluble sulphates. 'The Moors then found that if water 
containing copper sulphate is allowed to run over iron , pure copper is 
deposited and the iron dissolved.' As iron was cheap and abundant in Spain, 
this discovery yielded an efficient method of recovering copper from 
sulphide ore. In essence this 'precipitation' method is still used today.83 

Zinc and Brass 

Zinc was not known as a distinct metal in early Islamic metallurgy. 
Sometime before the 16th century ruh al-tutiya or zinc, had become 
recognised as a metal and was alloyed with copper to fonn brass. It is 
reported that metallurgists in India seem to have isolated zinc as early as the 
13th century,84 and it replaced kharsini and mercury as the seventh metal. 
When Abu-I-Fadl 'Allami (958/1551-100111602) wrote A 'in-i Akbari in the 
10thl16th century, zinc was already known and several compositions for 
brass using zinc were given. 85 It was not until 1720 that the smelting of zinc 

was started in Europe. 86 
Before zinc was known, brass was made by treating copper with zinc 

oxide (tutiya). Brass (shabah) was known before Islam, and zinc oxide was 
produced from its ores at an early date. AI-Hamdani (9th century CE) 
mentioned the treatment of molten copper with al-iqlimiya (calamine). AI­
Razi also mentioned that brass (shabah) is not an elemental metal like 
copper and iron but is a compounded metal. Similarly Al-Biruni in al­
lamahir gave a chapter on brass under the title, ' Description of shabah 

(brass) which is manufactured and mixed by san 'a (the Art)'. 
AI-Biuni stated that when tutiya (zinc oxide) is mixed \ ith copper, it 

does not unite (chemically) with it and is not tran fonned into copper. 
Although al-Razi and AI-Biruni did not mention metallic zinc, et they 
considered brass as an alloy. AI-Biruni noticed al 0 the change in the 
specific gravity between copper and red brass and gave exact value for both 

AI-Biruni described the production of zinc 0 ' ide (rutiya) from it ore. 

83. inger, p. I I. 
84. EB, artic le Zinc. 
85. Abu-I-Fadl 'A ll ami ,' Aill-i-, tkbari 
86. Derry and Wi 11 iam , p. 142. 

• 
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The ore is put in a furnace in which there are objects like baked pottery pegs. The 
fire is lit under the furnace floor. The tutiya rises and attaches itself to the pegs 
and covers them like

8
9 wrapping, so that the pegs become looking as though they 

have scales on them. 

Earlier, Al-Maqdisi (4thJl Oth century) described the manufacture of tutiya in 
Kirman. Still later, in the 13th century, Marco Polo described also its 

manufacture. 88 

Before metallic zinc was produced, all brass was prepared by a 
cementation process. A high temperature (about 1300 QC) is needed to 
reduce calamine to zinc with charcoal, and since this is above the boiling 
point of the metal, its vapour distils off and, under ordinary circumstances, it 
re-oxidises and condenses as zinc oxide. If, however, copper is heated in a 
mixture of powdered zinc ore and charcoal, a proportion of the zinc formed 
in the vicinity of the copper will diffuse into it and form a coating of brass. 
This was the old cementation process, in principle similar to the manufacture 
of steel by diffusion of carbon. 89 

Lead, Tin, Bronze and Other Copper Alloys 

Lead (usrub, al-rasas al-usrub), was abundant and it was found associated 
with silver. The main ore of lead is galena (al-kuhl al-ithmid), lead sulphide. 
Lead can be obtained from it by heating it with charcoal, with some access to 
air. AI-Hamdani describes the furnace. It was provided with an outlet and a 
tank at the back, with one or two pairs of bellows; two men worked each 
bellow. The bellows were separated from the furnace by a wall in order to 
protect the men from being exposed to the lead vapours coming out of the 
furnace. The lead ore was laid in layers inside the furnace, alternating with 
firewood, and the furnace was then fired and kept going by operating the 
bellows day and night. The outlet was then opened and the molten lead runs 
into the tanle 

Tin (al-rasas al-qal 'i, qasdir) was produced from two sources, the main 
one was from the Malaysian peninsula, from a place called Kalah; hence the 
name qal'i for the metal. The other source was from England through Spain 
and the other Mediterranean ports . The most important use for tin was for 
making bronze, and for tinning copper or bronze cooking pots, and for 
mIrrors. 

87. AI-BJruni, p. 263. 

88. AI-Maqdi si, p. 470; Marco Polo, p. 69 . 

89. Forbes in Singer, p. 54. 
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Bronze is an alloy of tin and copper. It was used by the ancient 
civilisations before iron. Its use was so widespread that archaeologists gave 
the name 'Bronze Age' to the 2000 years that preceded the use of iron. 

High tin bronze was called by al-Biruni asfidhruy which means in 
Persian white copper; it is also called sufr, and is best cast or forged at red 
heat. These high tin bronzes contain between 20 and 30 per cent tin, and 
were used for vessels, weapons and mirrors.

9o 

Another copper alloy was batruy. This was a mixture of copper and lead 
(usrub), and was used for mortars, casseroles and cauldrons.

91 
However, the 

most common alloy in use was a quaternary alloy of copper, tin, zinc and 
lead. This alloy was used for cast objects such as mortars. 

Mercury 

Mercury occurs generally as cinnabar (mercury sulphide ore). Very rarely it 
can be found as native mercury. The two main sources of mercury were from 
Spain and from Transoxiana. The mine Almaden (from the Arabic word for 
mine: al-ma 'dan) was the most famous Spanish mine. 

Al-Biruni and al-Hamdani described the method of extracting mercury 

from its ore. Al-Biruni says: 

It is produced from red stone which are heated in the oven until the) are 
disintegrated and mercury rolls from the outlet. Other pound the tone and di til 
them in distillation type equipment in the foml of cucurbit and alembic; mercuf) 

is collected in the receiver. 

Iron and steel 

Damascus steel is important in the history of metallurg . Th origin and 
secret of Damascus steel and the cau e of the firind (pattern) on \\"ord i' 
one of the clitical que t1011 in the hi tory of ci n e, th refore \\e de\ oted 

Chapter 10 to this subject. 

90. AI-8iruJlJ , pp. 264 6. 

9 1. Ibid. 
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11 Military Fires 92 and Gunpowder93 

Military fires were first developed by the ancient civilisations of the Near 
East and Persia. The materials used were petroleum (naft) , and mixtures of 
liquid pitch, resin, sulphur, and other inflammable materials.

94 

From the early days of the Arab Empire, Arab annies and navies 
employed military fires . It is reported that the ships built in Alexandria in 
716 CE for the Umayyad' s siege of Constantinople were equipped with fire­
spouting engines. 95 

During the War of Seven Years (55 /674-611680), new fire , the so-called 
Greek fire , was used for the first time by the Byzantines. About the year 
54/673 a Syrian architect called Kallinikus of HeJiopolis (Baalbek) in Syria, 
defected to Byzantium. This was less than forty years after the establishment 
of the Arab Government in Syria, and just before Constantinople was 
besieged by the Arabs. It seems that Kallinikus had brought with him the 
secret of a new fire , which helped the Byzantines defend themselves. This 
new fire differed from all the previous ones since it contained some secret 
ingredient. The Crusaders called it Greek fire, though the Byzantines 
themselves never called it Greek. 96 

The inheritance by the Arabs of the technical skills of pre-Islamic 
civilisations, together with their mastery of the art of distillation, and their 
control of the petroleum and mineral resources, enabled them to develop 
their own secret military fires that were used in most of their military 
operations. The military fire , called naft, was a regular weapon in Muslim 
armies, and the word naft came to denote the whole mixture or the entire 
ingredients of the flre, whether it was an incendiary mixture or a gunpowder 
mixture. In the Crusades, the Europeans fighting in Syria and Egypt 

92. Sources on mili tary fires: The furusiyya treatises of the 12th century are a good source on 
Islamic mi litary fires that preceded gunpowder. These are two notable examples; Murda ibn 
'Ali al-Tarsusi (12th century), wrote a treati se, supposedly, for Salah aI-Din (Saladin). It 
contains several recipes for incendiary military fires. Another military treatise, AI-Hiyal fl-I­
hurub wa lath al mada 'in wa hifdh al durub of uncertain author (that was attributed to Ibn 
Mankali by two printed editions) discusses military fires on a large cale. See Ibn Mankali in 
bibliography. 
93. Sources on gunpowder: Hasan AI-Rammah's book, AI-furusiyyah wa al-manasib al­
harbiyyah contains 71 gunpowder recipes for fl ying fires, rockets and fireworks. It is the fi rst 
book that gives explosive mixtures for gunpowder, and the first one to give a description of 
the . puri~cat ion pro~ess of potassium nitrate. ; The Karshun i manuscript gives gunpowder 
recipes either precedll1g al Rammah, or contemporary with him. Several other Arabic military 
treatises are full of recipes for gunpowder. 
94. J.R. Parti ngton, A History o/Greek Fire and Gunpowder, p. 28. 
95. P. Hitti , History o/the Arabs, p. 203 . 
96. About Kalli nikus and the Byzantine fires see Hitti , p. 202; M. Mercier, Le Feu Gregois, p. 
202. 
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encountered the use of the Muslim naft (which they called Greek fire) on a 
large scale, and it inspired great terror. 

Modern historians tried to discover the precise compositions of these 
fires. They agree that, in addition to the incendiary materials mentioned 
above, the naft mixture contained a secret ingredient, which made it 
particularly effective. From examining the archaeological and historical 
evidence, some have come to believe that the secret ingredient was 
saltpetre.97 However, some suggested that the secret lay in the use of 
distilled fractions of petroleum. It seems that both opinions are correct. 
Distilled fractions were important ingredients, but saltpetre came to be used 
gradually as a major ingredient, and when the naft developed into 
gunpowder, i.e. a mix ture of saltpetre, sulphur and charcoal, it replaced all 
other mixtures. 98 

Up to the 13th century the petroleum fractions were a principal 
ingredient, but as the percentage of saltpetre increased , the naft troops in the 
13th century dealt mainly with gunpOWder. Liquid naft was applied by 
means of what was known as Zarraqa, naffata or siphon. This was a bronze 
piston pump from whose nozzle ajet of burning liquid was projected. 

From the furusiyya treatises of the 12th century, we can have a good 
idea about Islamic military fires that preceded gunpowder. One of these is 
the treatise of Murda ibn 'Ali al-Tarsusi (12th century), which wa written, 
supposedly, for Salah ai-Din (Saladin). It contains several recipes for 
incendiary military fires.99 Another military treatise that discusses military 
fires on a large scale is entitled Treatise on Stratagems, Wars , the Capture of 

Towns, and the Def ense of Passes . 100 

Gunpowder and Cannon 

This subj ect is one the critical questi ons in the hi tory of cience and 
therefore we have devoted Chapter 8 to it and have al 0 de oted Chapter 7 to 
a discussion of potassium ni trate as mentioned earlier. 

97. Mercier, Le Feu Gregoi . 

98. Ibid ., pp. 13- 16. 

99. Al-Tarsu i, Ali ibn Murda, Tab 'ira! arbab al albab, etc 

100. A I-Hiyal [t-I-hllrub 1I'a lath almada 'in \1'a hirdl! al dumb, Ill . hl~et Ill , rai o. 3:~69, 
Istanbul , ff. 127a- 181 b, Author uncertain . _ en :ral other manu ' 'flpt ' l:\'I ~ t 111 1 tunbul. Lelden , 
and Ribat. Thi work ha been edited and publ ished t\\ Ice. ee blbllOgraph) . 

c 
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12 Paper lOI 

When paper was first manufactured by the Arabs in Samarqand in 751 CE it 
was not made from the bark of mulberry trees as was the case with Chinese 
paper. This material was not available in Samarqand, an~ the Arabs 
employed flax fibres , hemp and linen rags instead. Accordmg to Dard 
Hunter the Arabs at Samarqand, therefore, must be given the credit for the 

. . f h fir l' 102 fabncatJOn 0 test men paper. 
Microscopic examination by Wiesner and Karabacek of old Arabic 

Paper (dating from about the 4th/10th century) had shown that the paper 
examined was composed almost entirely of linen. 103 Other tests have shown 
that the paper was composed chiefly of flax fibres and hemp. Ibn al-Nadim 
(325/936-385/995) wrote that the paper of Khurasan w~s made from lin~n 
(kittan). 104 AI-Biruni (d. 44011 048) in AI-Jamahir mentIOned that pape~ I? 
Samarqand was made of hemp (qinnab). In 'Umdat al-Kuttab ofIbn-Badls It 
is mentioned that white hempen cords of excellent qualities were exported 
from Syria for paper-making. In Jativa in AI-Andalus paper was made from 
flax fibres and hemp. Summarising all available information, we can say that 
Arabic paper was made chiefly from flax fibres , hemp, linen rags and worn 
out hempen cordage. Some secondary materials were added such as cotton 
waste, esparto grass, straw, rice husks, and waste paper. 105 A typical method 
of manufacturing paper on a small scale from flax fibres is described in 
'Umdat al Kuttab ofIbn Badis. 

According to Dard Hunter, ' in the development of papermaking by the 
Arabs a trip hammer was put to use'. 106 Further, we know from Kitab al­
jamahir of al-Biruni that these trip hammers (mashajin) were driven by 
water wheels. 107 

Water-wheels in paper making were mentioned by several sources and 
the Arabic expression of paper-making raha (paper-mill) is frequent. It was 
thought that the water-wheel in paper-mills was first used by the Arabs in 
Jativa in 54611151 , but it is now evident that the first use of water-wheels in 
paper-making preceded this date by few centuries. 

10 I. Sources on paper: Ibn Badis wrote a treatise, 'Umdat al-kuttab, in which he describes the 
manufacture of paper. 
102. Dard Hunter, p. 156. 
103. op. cit., p. 156. 
104. AI-Fihrist, Engli sh translation, vo l. I, p. 39. 
105. Ibn al-Nad im, al-Fihrist, Cairo, pp. 37- 8; al-Biruni , Kitab al-Jamahir ji Ma 'ri/a f al­
Jawahir, pp. 233-4; fbn Badis, Kifab 'Umdat al-Kullab wa 'Uddaf dhawi al-Albab, ms. 
Cai ro, ff. 55- 85; D. Hunter, Papermaking Through Eighteen Centuries. 
106. Dard Hunter, p. 157. 
107. AI-Biruni, Al-Jamahir, p. 234. 
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An important Islamic development in the paper-making industry was 
the invention of a bamboo mould from which the wet sheet of paper was 
placed to drain, and could be removed while still moist. Hunter says that this 
constituted ' the first real step in paper-making, as it enabled the artisan to 
fonn sheets continually upon the same mould. In other words, this invention 
changed paper-making from a craft into an industry.' 

Hunter adds that ' even the most modem paper-machine employs 
. I th . . 1 ,108 precIse y e same pnnclp es . 
Arab paper-makers used wheat starch for sizing paper so that its surface 

is rendered more suitable for writing with ink, but the use of starch took 
place also in China in the same period. 109. 

it· .. ...... (' 
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Figure 4.2 Arabic paper from the 8th to t Oth centuries. 

I OS. Dard Hunter, p. IS6 ff. 
109. Dard Hunter, pp. 141. 1-6- 7. 18 ,190. 



136 Studies in A I-Kimyci' 

Qualities of paper 

Kinds of paper differed in thickness, toughness, polish, colour and 
flexibility. Heavy white paper, which is durable, was preferred. 

The size of a full sheet di ffered between the various countries. The 
width of a full sheet ranged between one to one and a half dhira' . Smaller 
sizes were standardised to 2/3, 112, 113 , 114 and 116 of full sheet. Each 
occasion and each category of people had its size in official correspondence. 
One sheet is calledfarkha or talha. A kaffa or dast (dasht) makes 25 sheets, 
and a rizma is five kaffa or 125 sheets. The words ream in English, reime in 
old French, rame in modem French, and resma in Spanish came from the 
Arabic word rizma. Smilar words are used in several other European 
languages. The number of sheets in a ream was normally 480 or 500 sheets. 

Red paper was made in Syria and in al-Andalus and was assigned to 
some court uses. Paper was made in other shades and colours. Syrian paper 
mills also produced lightweight correspondence paper that was attached to 
carrier-pigeons. Some of this paper was almost transparent. Kraft paper for 
wrapping goods was produced, similarly some qualities of thick 
(strengthened) paper. Paper was used also in some trades like clothing and 
shoemaking, and some disposable dishes were made. 110 

13 Leather and Bookbinding 

Leather 

Leather was produced since the dawn of history and is mentioned in the 
recorded history of every human culture. Egyptian carvings from 3000 BCE 

depict leather dressers at work. The British Museum contains leather articles 
like shoes, sandals and other products of the twenty-first dynasty and earlier. 
The Sumerians possessed a developed tanning technology. 

The major tanning operations have come down from the earliest times 
as a slow empirical development. The Islamic civilisation inherited the skills 
of the Near East and during several centuries tanning technology flourished 
and Muslim artisans contributed in developing this art. From Islamic artisans 
the expertise of leather-making began to reach Europe. The Arabs in Spain 
introduced a great variety of leathers to the West. Morocco and Cordoba 
leathers became widely known throughout Europe for their fine quality and 
fine colours. Through this technology transfer, the tanning industry was 
already established in Europe in the 15th century. However, the basic 
tanning technology remained unchanged, and until the end of the 19th 

110. AI-Qalqashandi , vol. 11 , pp. 476- 7; Ibn Badis, op. cit; al-Iskandari, al-Hiyal al-Babiliyya 
li al-Khizana al-Kami/iyya, ms. no C528; Milli Kutuphane, Ankara, rf. 104-5. 
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century, the .only notable change in leather production was the introduction 
of power-drIven machinery. The first change in 2000 years in tanning 
technology was the use of chrome salt at the end of the 19th century. 

~fter the ne~essary preparatory operations, skins are ready for the 
chemical conversIOn t~ leather, known as tanning (dibagha). I11 By the 
4thll0th century, IslamIC tanners had improved the manufacture of leathe 
into well-established techniques that remained without change until the en~ 
of the 19th century. Three .basic tanning processes were in use: (a) the 
vegetable process, (b) the mmeral (alum) process or towing, and (c) the oil 
process. These processes were used singly or in combination. 

In Spain, the Arabs introduced an important development in tanning 
technology, namely the manufacture of Cor do van leather (cordwain).112 This 
resulted in a leather of unique character and was famed all over Europe. The 
Cor~ovan. leather involved different methods of preparation, among them 
ta~nm~ WIth sumac and tawing with alum. Chamoising was an important oil­
oXIdatIOn process, and this tenn was early applied to the dressing of any 
leather in which oil predominated. Robert Forbes suggests that the word 
'chamois ' is derived from the Arabic word shahm meaning fat. 11 3 

Bookbinding 

After the rise of the paper industry, Arabic manuscripts were produced in 
great quantities. All these were preserved by bookbinding with leather. 
Bookbinding therefore became an important craft in Islamic civilisation. 
Several treatises were written on this subject. These include 'Umdat al­
kuttab of Ibn Badis (d. 49711103), SuM al-a'sha of al-Qalqashandi (d. 
82111418); and the treatise of al-Sufyani who wrote in 1029116 19. A study 
of these gives us an insight into the Islamic bookbinding technique. 

Bookbinding was a respected craft, and was practised by learned men. 
The geographer al-Maqdisi (4thl1 Oth century), wa also a bookbinder and 
was proud to practise his craft on his journeys. Ibn al- adim in al-Fihri t 
mentions a number of some cholar who were bookbinder .114 

Gold tooling reached We tern Europe in the 16th century from Islamic 
bookbinders. Other decorating technique are de cri bed in rabic literature 

Ill . See AI-Ha san and Hill , I. la III ic Technology for the detail. of the tanning proce '". 

11 2. From Old pani h cordovano. cordolY;lI1, cordo an leather. lerrium-\\. eb ter Dtctionuf). 

11 3. On the t.echnology of leather thc follo\\ ing 'ource are u cful: Ibn Badis, op. ci!: Ibn 31-
Ukhuwwa, op. ciL , p. 149; Singer, op. cit., pp. 146 74; WulfT, op. it. pp. __ ,0 2. 

I 14. A I-Film' f, p. 20, Engli h tc,,-!. p. I . 



138 Studies in Af-Kinryti' 

on bookbinding, and many fine examples of the Islamic art of bookbinding 

exist in many of the world museums. 115 

14 The Sugar Industry 

We find information on sugar-cane cultivation in Islam in books on 
agriculture and in various other Arabic sources. l!ihayat af arab fi i!'~un 
al-adab by al-Nuwairi, contains a particularly detaIled and good descnptlOn 

fi 
. 116 

of the sugar re mmg process. 
It was said that the best quality of sugar came from Egypt and Syria; 

with Syria being renowned not only for its products but also for its export 
trade. Waterpower was used. Recent discoveries have revealed the existence 
of 32 water-driven sugar mills in the Jordan Valley. Similarly, wind-driven 

and animal-driven crushing mills were in use. 

Until the end of the 14th century, the technological level of the sugar 
industry in Syria and Egypt was high. Syrian specialists were renowned and 
taught their methods in Cyprus until the second half of the 15th centur~. 
Some of Cyprus sugar products were offered as ' Damascus sugar made m 
Cyprus' domaschini di Cipri. 11 7 The technology of sugar refining was a~so 
transferred from Islam to China. According to Marco Polo EgyptIan 
technicians were called to China where they taught people how to refine 

. d h 118 sugar usmg woo as . 
The West became acquainted with the industry only during the 

Crusades, when the Franks occupied the Syrian coast. 

Sugar-cane plantations spread to North Africa and then to Spain and 
Sicily. From Spain sugar-cane plantations were established in the 1400s in 
Madeira, the Canary Islands, and St Thomas. The Islamic tec1mology of 
sugar-cane processing and sugar refining were established there. In 1493 
Columbus carried sugar cane cuts from the Canaries to Santa Domingo, and 
by the mid 1500s its manufacture had spread over the greater part of tropical 

America. 

115. al-Sufyani, Sina 'at Tasjir al-Kutub, see Martin Levey; rbn Badis in Marin Levey also; 
Wulff, pp. 236- 8. 
116. AI -Nuwairi on sugar: al-Nuwairi remarked that the use of heavy ploughs (maharith 
kibar) was necessary before the sugar-cane could be planted. This remark is important in the 
history of medieval technology since it was assumed that the use of heavy ploughs was an 
innovation of medieval Western Europe only (see Lynn White's assumptions in his book). 

117. Ashtor, A Social and Economic History of the Near East, p. 105. 

118. Marco Polo, pp. 232- 3. 
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15 Vegetable Oils 

Edible vegetable oils were always an important part of the diet. These 
included olive oil and oils from sesame, cottonseed, poppy seed, and other 
similar substances. However, some oils such as linseed oi l and castor oil , 
were used only for industrial purposes. Olive oil was the most valued, so that 
the olive tree was highly esteemed in Islamic culture, being praised in the 
Qur 'an. Due to the tree 's very long life and the value of its fruit, it was 
always considered as important an asset as the land on which it grew. Olive 
trees were always widely cultivated in the Islamic Mediterranean lands 
especially in Syria, Tunisia, al-Maghrib and al-Andalus . 

In the accounts of Muslim geographers, there is much infonnation about 
the centres of olive oil production. In Syria (hilad ai-Sham) , Nablus was 
always famous for its olive oil, which was exported to other Muslim 
countries, particularly Egypt. In Tunisia, production was permanently at a 
high level. Al-Maqdisi reported that at Banunash in the district of Rusfa, 
situated in the heart ofthe olive-tree forests of the Tunisian Sahel there were , 
360 olive oil presses. 119 

The extraction of oils from cottonseeds, almonds, apricot kernels, 
sesame, castor and other oily seeds and plants is described in various sources 
such as in the treatises of Jabir ibn Hayyan, al-Kindi , al-Nuwairi and Hasan 
al-Rammah. Methods of producing olive oil were developed mainly in Syria, 
the home of the olive tree since ancient times. Arabic sources give details of 
a variety of techniques as well as information about the different qualities of 
oil that were produced. 

The principal method was summarised by Dawud al-Antaki, who 
explained how the olives were first crushed, then oaked in hot \ ater and 
pressed. It was a method that lasted until modem times and the introduction 
of more efficient presses. 

Olives were crushed in a mill with vertical millstone. De ign detail 
varied but usually there were two cylindrical stone fixed on the ame 
horizontal axle, which was itself fi ed in the middle to a pivoted vertical 
axle. 

From this first crushing high-quality oil 'V a obtained, though there was 
still oil to be extracted. The pulp wa often soaked in hot v-ater before being 
subjected to a second pressing, this time using a b am or tackle and weight 
press, or a screw press. Such econdary pres ing could be done in a number 
of stages by raising the pres ure between one cru hing and the next; indeed, 
a third tage was frequentl u ed. The oi l fi'om later pr ing \ a of low r 
quality than that from the first , 0 three qualitie of oil wer u uall ' 

11 9. AI-Maqdisi, p. 227. 
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produced. In addition, the liquid that separated out from the pulp was stored 
in settling vats; later the water could be drawn off, leaving low grade oil 

behind; this too was collected. 
According to al-Antaki, oil was obtained from sesame by first soaking 

the seeds in water and then removing the skins. The peeled seeds were next 
roasted, ground and kneaded, then soaked in hot water. However, the oil 

could also be obtained by pressing. 
Oils from other seeds, whether for edible purposes or for industrial uses, 

were obtained by almost the same procedure as that adopted for olive oil. 

Adulteration of Foods and Quality Control 

Adulteration was bound to occur, especially with important commodities, 
and this explains why the office of al-muhtasib was concerned with 

controlling the ingredients of foods. 
A very interesting essay attributed to al-Kindi was on making foods 

from materials other than their normal ingredients (ji sun ' at 'ima min ghayr 
'anasiriha).120 He described meat dishes without meat, meatless sausages, 
and omelets without eggs and so on. And al-Jawbari in Al-Mukhtar fi kashf 
al asrar (on the Revelation of Secrets) devotes one chapter to 'revealing the 
secrets of those who make foods', declaring that these people had 
innumerable tricks and left no food without some adulteration . He described 
for example methods of making artificial honey, artificial samn (cooked 
butter), artificial vinegar, and even a way of manufacturing artificial milk. 
These two authors were not alone; since there are other similar Arabic 
sources that give adulteration recipes. 

BmLIOGRAPHY 

Abu Mansur ~uwaffaq , b. 'Ali Harawi, Kitab al-abnia 'an haaqiiiq al-adwia, MS 
Vienna, Osterreichischen Nationalbibliothek Codex Vindobonensis A. F. 340, 
facs. ed . by F . R. Seligmann, Vienna, 1859; facs . ed. with a tr. of the 
introduction and comments ofSeligmann's ed. by C. H. Talbot as Das Buch der 
Grundlagen iiber die wahre Beschaffenheit del' Heilmittel, Graz, 1972. Was 
edited and published by A. Bahmanyar and H. Mahbubi Ardakani , Ketab al­
abnia 'an haqa'iq al-adwiya , Tehran, 1346 8 .11967. Translated by Abdul­
Chaliq Achundow as "Die Pharmakologischen Grundsatze (Liber 
Fundamentorum Pharmacologiae) des Abu Mansur Muwaffaq bin Ali 
Harawi,", Halle, 1893 . 

Abu-I-Fadl 'Allami ,'Ain-i-Akbari, translators: H. Blochmann (Vo!. I) and I:-1.S . 
Jarrett (Vols (I- m) 1868- 94, reissued , 1948, B.l. Series: Combined edition . 3 
vols in one. 

120. AI-Fihrist, p. 379. 

Arabic Industrial Chemistr)f 

Allan,J. W., 'Abu ' .1 Qasim 's Treatise on Ceramics' , [ran, xi, 1973, 111 - 20. 
Antakl, al-, TadhkIrat Dawud al-Antaki, Cairo, 1359 H. 

141 

Ashtor, E. , A Soci.al and Economic History of the Near East in the Middl A 
London, Collll1s (1984). le ges. 

BerthtehlotAandb?uval, Lha ~him!e au.Moye~ Age, vo!. II, Paris, 1893. DuvaI translated 
. . e ra IC text t . at IS w;l~en 111 .Synac script (the Karshuni) . 

Blful1I,al-, Al- Jamahlr ji ma rifat aljawahir, ed. Krankof, Haydar Abad 1936 
Bo ch, K.G., Islamic Bookbinding, 12'''- 17,h Centuries PhD Dissert t' ' U· · . 

of Chicago, 1922. ,a Ion, I1Iverslty 

Bustami, al-, Muhammad ibn Muhammad [flatun Tawahl'r alft I '[ ' ji . , ' JI - nun wa a -sana 
ghartb al- ulum w~ al-bada 'i ' (Jewels of Arts and Artisan Works in the Uni ue 
and Wonderful SCIences), Gotha MS. q 

Caiger-~mith, Alan, Lustre PottelY, New Amsterdam, 1985. 
Carbon I Stefano and David Whitehouse Glass o'the Sultans Yale Unl'vers'ty P 2001. ,'J , I ress, 

Charieston, R.J:, 'Glass, History or , in The New Encyclopedia Brittanica 
Macropaedla, vo!. 8. ' 

Derry, :.K .. and Trevor I. Williams, A Short History of Technology, Oxford 
UnIversIty Press, 1960. ' 

Dimashqi, Shams ai-Din, Muhammad ibn abi Talib al-Ansari Nukhbat al-dahr ji 
.'aja 'ib .al-barr wa al-bahr , ed. M . A. F. Mehren, Leipzig,' 1923 . 

AI-Dlmash.q.l , Abu al-Fa?l Ja' far, al-lshara ila mahsin al-/UG/'a, Cairo, 1318/1900; 
an edItIOn was publIshed by Bushra al-Shurbaji, Cairo, 1977. 

D.ougJas, R.W. and S. Frank, A History ofGlas making, Oxfordshire, 1972. 
ElI1hard, ~otker the Stammerer, Two Lives of Charlemagne, trans . with intro. by 

Lewls Thorpe, Penguin, 1969. 
El, Article Aqrabadhin by B. Lewin. 
Ettinghausen, R., and O. Grabar The Art and Architecture of 11al11 : 650-1250, 

Penguin, London, 1991. 
Forbes, R.J. , Studies in Ancient Technology, vo!. rn, 1955. 
Forbes, RJ ., Studies in Ancient Technology, vo!. IV, Leiden, 1964 
Fo:bes, R.J. Short History of the Art of Di tillation, Leiden, 1948. 
Ghck, T . lslamic and Christian Spain in the Early Middle Age, Princeton, 1979. 
Hamdani, Kitab al-jawharatayn al-'atiqatayn al-m a 'iyy/ayn al- afra ' wa al-bayda '. 

Die beiden Edelmettalle Gold und Silber, Einleitung, arabi cher Text und 
Ubersetzung von Christopher Toll, Upp ala 1968. 

AI-Hassan, Ahmad Y. , ' Chemical Technology', in Storia della ien::a, vo!. 1II : La 
civilta islamica, Enciclopedia ltaliana, Rome, 2002. 

AI-Hassan, Ahmad Y. and Donald R., 1-:1 ill, 1 lamic Tecl1l7010f!J ', all JIIu (rated 
His/OIY, CUP and UNESCO, 1986. " 

AI-Hassan, Ahmad Y. et al., Science and Technology in I 10117. o!. 4. Parr 2, of the 
multivolume work on The Different A pect of Islamic IIltlire. E O. 
2002. 

AI-Hassan , Ahl11ad Y. T ran fer of I lamic echnolog) to the We t Cultllral 
Con/acts in Building a Univer 01 ivili::a{ion: Islamic omrihllfiol/s, 
Ih anoglu (ed.), IR ICA, Istanbul , 2005, pp. 1 

H~s~, Catherine (ed .), The Ar/, 0./ Fire, J. Paul Getty Mu eum, Lo nge!t:, 200 .. t 
Hlttl , Phi lip, /l is/OIY of the Arabs, 10th edit i n, Macmillan, 1991. 



142 Studies in A I-Kimyi' 

Holmyard, Eric J., Makers of Chemistry, Oxford at the Clarendon Press, 1931. 
Holmyard, Eric J., Alchemy, Dover, 1990 . 
Hunter, Dard, Papermaking through Eighteen Centuries, New York, 1971 .. 
Ibn al- ' Adim, 'Umar, al-Wusla ita al-habib fi wasf al-tayyibat wa al-tlb, ed. S. 

Mahjub and D. al-Khatib, A leppo, 1988. ,. ... . 
rbn al-Akfani, Muharnmad Ibn-Ibrahim Ibn Sa Id al-Ansan as-SlI1Jan, Nukhab al­

dhakha 'ir fi ahwal al-jawahir, ed. Anastas Mari al-Karmali , first printed, 
Cairo, 1939, reproduced, Beirut, Dar Sadir [c. 1980]. . 

Ibn al-'Awwam, Kitab al-filaha, Le livre de l'agriculture d'Ibn-al-Awam, lI1terpr. 
Clement-Mullet. Lutetiae: Franck, 1864-1867. 3 vo!. Arabic edition with 

Spanish translation, Madrid, 1802. . 
Ibn Badis, al-Mu ' izz, 'Umdat al-kuttab wa 'uddat dhawi al-albab, Martll1 Levey, 

'Medieval Arabic bookmaking and its relation to early chemistry and 
pharmacology', in Transactions of the American Philosophical Society, New 
Series, Vo!. 52, Part 4, 1962. Philadelphia. 

Ibn Hawqal, Abli l-Qasim M uhammad b . 'All al-NasTbI, Kitab surat al-ard [Picture 
of the Earth] also known as Kitab al-masalik wa-al-mamalik. , ed. De Goeje,. 
Brill 1873, second edition 1938. Reprinted in Baghdad and Beirut. 

Ibn al-Jazzar, Abu Ja'far Ahmad, Kitab ji funun al-tibb wa-al- 'itr (A Book on the 
Arts of Medicine and Perfume), ed. AI -Radi al-Jazi and Faruq al-'Asali , Tunis, 
2007. See also Rachid Chemli, International Phyto-Aromatic conference, 
March 2000, Nice. Chemli gave a list of the contents ofIbn al-Jazzar's treatise. 

rbn Jubayr, Rihlat ibn Jubayr, Beirut, 1964. 
Ibn Mankali, Al-Hiyal fi-l-hurub wa fath al mada 'in wa hifdh al durub, (Treatise on 

Stratagems, Wars, the Capture of Towns, and the Defense of Passes), ms. 
Ahmet Ill, Serai No. 3469, Istanbul, author uncertain . Several other 
manuscripts exist in Istanbul, Leiden, and Ribat. This work has been edited and 
published twice, one edition by Sulayman al-Rahili, Saudi Arabia, 1997, and 
anther by Nabil Ahmad, Cairo, 2000. 

rbn al-Nadim, Kitab al-fihrist, Arabic edition, Cairo, no date. 
Ibn al-Nadim, The Fihrist of al-Nadim, edited and translated by Bayard Dodge (New 

York: Columbia University Press, 1970). 
Ibn Rasul, King Al- Muzaffar, A I-mukhtara ' fifunun min al- suna' (Inventions from 

the Various Industrial Arts), ed. Muhammad 'Ali Salhiyya, Kuwait, 1998. 
Ibn Sa'id al-Maghribi, Kitab al-Jughrafiya, ed. by I. al-' Arabi, Beirut, 1970. 
Ibn Sidah, abu al-hasan ' AIi b. ]sma'il, Kitab al-mukhassas. 17 parts in 7 volumes. 

Cairo, al-matba'a al -kubra al-amiriyya (1316) 1898. 
Ibn al-Ukhuwwa, Muhammad ibn Muhammad ibn Ahmad, Ma 'alim al-qurba fi 

ahkam al-hisba, ed. R. Levy, Cambridge, 1938. 
Iskandari , Ki/ab al-hiyal al-babiliyya li al-khizana al-kamiliyya, ms. no C528; Milli 

Kutuphane, Ankara. 
Jabir ibn Hayyan, Kitab al-durra al-maknuna (see Chapter 6) . 
Jabir ibn Hayyan, Kitab al--jumal al- 'ishrin, MS Bursa Husain Celebi, Istanbul, No. 

I 5. 
Jabir ibn Hayyan, Kitab al-khawass al-kabir (see Chapter 5). 
Jabir ibn Hayyan, Kitab al-sab 'in. 
Ja ' far al-Sadiq , Risalat Ja 'far al-Sadiq fi 'ilm ai-san 'a , see Jul ius Ruska be low. 
Jawbari ,al-, A L-Mukhtar fi kashf aL-asrar, Damascus, 130211884. 

Arabic Industria! ChemistJ)' 143 

Kamili , Man.siir .ibl.l Ba'rah .a l-DhahabI, Ki/ab kashf al-asriir al- 'ilmiyyah bi dar al-
(larb al-Mlsrzyyah, edIted by Abd al-Rahman Fahmi, Cairo, 1966. 

Karshuni manuscript, see Berthelot and Duval. 

Kindi , al-, Early Arabic Pharmacology; ed. Martin Levey (1973), EJ. Brill; Leiden. 
Kindi, al-, Kitab kimiya ' al- 'itr, ed. Grabers, Leipzig, 1948. 
Kindi,al-, Risalah fi anwa ' af suyuf wa al-hadid (Treatise on Various Kinds of 

Swords and Iron) . It was published under: Medieval Islamic Swords and 
Swordmaking: Kindi's Treatise 'On Swords and Their Kinds', ed., trans!. and 
commentary by Robert G. Hoyland and Brian Gilmour, Gibb Memorial Tmst 
2006; the same treatise was edited by Abdul Rahman Zaki, Maja/lat Kulliya; 
al-Adab, vol. 14, Cairo, 1952. 

Kindi, al-, Riasala ita Ahmad ibn al-Mu '/asim bi Allah fi ma yu/rah 'ala al hadid wa 
al-suyuf hatta la tatathallam wa la takill (on what Drugs are Applied to Iron 
an~ Swor~s so that the~ cannot become Broken at the Edges or Become Blunt). 
TIllS treatIse was publIshed under the title: Risala/ al Kindi ji 'amal al-suyuf 
(on the manufacturing of swords), ed. and annotated by Faysal Dabdub, 
Baghdad, 1962. 

Kuwarizmi , al-, Muhammad ibn Ahmad al-Khuwarizmi, Mafatih al- 'Ulum (Key to 
the sciences), ed . Nuha Najjar, Beirut, 1993. 

Lane, Arthur, Early Islamic PottelY: Mesopotamia, Egypt and Persia, London, 
1947. 

Lane, Arthur, Later Islamic Pottery: Persia, Syria, Egypt, Turkey (revised ed.), 
London, 1971 . 

Levey, Martin, ChemistlY and Chemical Technology in Ancient Mesopotamia, 
Elsevier, ] 959. 

Levey, M. , Mediaeval Arabic bookmaking and its relation to early chemistry and 
pharmacology, in Transactions of the American Philosophical Societ)" 
Philadelphia 1962. See al- Sufyani below. 

Liber ignium, see Foley, Vemard and Keith Perry. In defen e of 'Liber igneum: 
Arab alchemy, Roger Bacon, and the introduction of gunpowder into the 
West ' , J Hist Arabic Sci. 3 1979, 200-18. 

AI-Maqdisi , Ahsan al-Taqasim fi ma 'ri/at al-aqalim, ed. De Goeje, Brill, Leiden. 
1906, offset reproduction by Qasim al-Rajab, Baghdad n.d. 

Marco Polo, The Travels, tran . by R. Latham, Penguin, London, 1958. 
Mas ' udi , al- , 'Ali ibn al-Husain ibn 'Ali , Muruj al-dhahab wa ma 'adin al--jawhar, 

vol. 1, ed. by Y.A. Daghir, Beirut, 1965. 
Mercier, M . Le Feu Gregois, Paris, 1952. 
Multhauf, Robert P ., The Origin ofChemi try, London: Oldboume, 1966. 
Needham, Jo eph, Science and Civilization in China, \ 01. V pt. 3, C p, 19 of. 
Nuwayri , AI-, Shihab ai-DIn Ahmad b. 'Abd al-Wahhab, -ihayat AI-Arab Fi FIIl11/n 

Al-Adab, Cairo, 1998. 
LR. Partington, A Histol), of Greek Fire and Gunpowder, London, 1960. 
Marco Polo, The Travels, trans. by R. Latham, Penguin, London, 195 . 
Qalqashandi, al-, Shihab ai-Din abu '1- bba hmad ibn . li ibn hmad bd 

Allah, Subh al-a'sha, in 14 volume, airo: Dar al-Kutub al- 1i ri) yah, 19 __ . 

Qa hani , ee Allan. 



144 Stlldies in Ai-Kimyd' 

Rammah, al-, AI-Furusiyya wa al-manasib al-harbiyya, edited and annotated by 
Ahmad Y. al-Hassan, Aleppo, 200l. 

Razi, al-, Kitab al-asrar, and Kitab sirr al-asrar, ed. Muhammad Taqi 
Danishpazhuh, Tehran, 1343 (1964). 

Rice, D.T., Islamic Art, London, 1979. 
Ruska, Julius, Arabische Alchemisten. n. Ja'far Al-Siidiq, der sechste 

Imiim. [Includes the text of KiHib fi 'ilm as-sina'a wa-l-hajar al-mukarram, 
Gotha A. 1292 (Haleb 338)], Heidelberg (1924). 

Sarton, George, Introduction to the History of Science, Baltimore, 1931 , vol. IT, pt. 

n. 
Serjeant, R.B. , Islamic Textiles, Beirut, 1972. 
Siggel, A. , Arabische-Deutsches Worterbuch der Stoffe, Berlin, 1950. 
Singer, Charles, et al., A History of Technology, vol. Il, Oxford, 1956. 
Stapleton, RE. , Azo, R.F. & Husain, M.H. , Chemistry in Iraq and Persia in the 

Tenth Century AD, Mem. Asia Soc., Bengal, vol. III , No . 6, 1927 . 
al-Sufyani, Sina 'at Tasfir al-Kutub. See M. Levey: Mediaeval Arabic bookmaking 

and its relation to early chemistry and pharmacology, in Transactions of the 
American Philosophical Society, Philadelphia 1962; and also: Es-Sofiani 
(Abou el-'Abbas Ahmed) . Art de la reliure et de la dorure. (Sina'at tasfir al­
kutub wa hall ad-dahab) , ed. P. Ricard, Paris, Paul Geuthner, 1925. 

Tamimi, al-, Kitab jayb al- 'arus wa rayhan al nuJusl , Kitabkhanah-i-Maj lis-i­
Shuray-i-Milli, MS no.2294, Tehran. 

Al-Tarsusi' Ali ibn Murda, Tabsirat arbab al albab, etc., part of which was edited 
and translated by C. Cahen, 'Un Traite d' Armurerie Compose Pour Saladin', in 
Bulletin d 'etudes orientales, 12 (1947-8). A copy was published in Beirut 
under the title Mawsu 'at al-asliha al-qadima, ed. Carin Sadir, Beirut, 1998. 

Taylor, F. Sherwood, The Alchemists, Founders of Modern Chemistry, Schuman, 
New York. 1949. Reissued Heinemann, London, 1951. 

Taylor, F. Sherwood, in his article on 'Pre-Scientific Industrial Chemistry', in A 
History of Technology, volume Il, edited by Charles Singer et al., Oxford, 
1956. 

Tifashi, al-, Kitab azhar al-ajkar ji jawahir al-ahja,., ed. Muhammad Yusuf Hasan 
and Muhammad Basyuni, Cairo, 1977. A translation into English (with many 
errors) was published under the title:Arab Roots of Gemology: Ahmad Ibn 
Yusuf Al Tifaschi's Best Thoughts on the Best of Stones. Translator Samar Najm 
abul Huda, Maryland, 1997. 

Trueman, John, The Romantic StOty of Scent, Doubleday, NY, 1975 . 
White, Lynn Townsend, Jr. , Medieval Technology and Social Change (Oxford: 

University Press, 1962). 
Wullf, Traditional Crafts of Persia, Cambridge, Mass. , 1966. 
Zahrawi, Abu al-Qasim Khalaf ibn al-Abbas al-, Al-Tasrif liman 'ajiza 'an al-ta'lif, 

facsimile copy of MS Bashir Agha 502, Istanbul , Fuat Sezgin, Frankfurt, 1986. 
See also: Albucasis; On Surgery and instruments; edition of the Arabic text 
with English translation and commentary, by Spink, M.S and Lewis, G.L.; 
London, 1973. 

5 Industrial Chemistry in Kitab al-Khawass al-Kabir 
(The Great Book of Properties) of Jabir ibn Hayyan 

ABSTRACT 

Kitab al-Khawass al-Kabir (the Great Book of Properties) of Jabir ibn 
~ayyan is ?ne of his major works. It consists of 71 chapters (maqalat) on 
dIverse subjects and 70 per cent of these are chemical, industrial chemical or 
alchemical. Popular accounts of Jabir's inventions originated mainly from 
this book. However, no text from Kifab aL-Khawass al-Kabir was ever edited 
or published. In this chapter, all texts of industrial chemical recipes are 
edited and translated into English, based on two manuscripts: British Library 
MS Or 4041 and Alexandria Municipality MS 5204.' 

This chapter discusses Kitab al-Khawass al-Kabir and analy es the 
industrial recipes. Then we give the translated text of the recipes followed by 
a glossary of the main materials. With this chapter and with Chapter 6 on 
Jabir's Kitab al-Durra al-Maknuna which deals with coloured and lustre­
painted glass, Jabir's standing as a chemist and an indu trial chemist is 
confirmed, and the old notions about Jabir being only an allegoric or 
spiritual alchemist are disproved. 

INTRODUCTION 

The picture that Berthelot and other have painted of Jabir ibn Hayyan until 
now depicts him as an allegoric and spiritual alchemi t who \ a in 01 ed in 
the Art of alchemy ('ilm aI-san 'a) that deal with tran mutation and that hi 
writings in this Art were vague and incomprehen ible. Thi picture i the 
core of what is known as the Geber Problem that wa in tigated by Marcelin 
Berthelot in ] 893 and continued throughout the twentieth century. e ha e 
dealt with thi problem in Chapter 3. 

Actually, Jabir was also a practical chemi t ho e work an:: rich in 
outlining chemical proces es, in gi ing recipe for producing material. and 

in the description of laboratory equipment. 
In addition to Jabir' work on the Art or 'ifm af an 'a, he wa ill\oh d 

in industrial chemi try. omc popular book on rabi and I lami 

I. The Arabic te t or the e recipes had be'l1 publ! , hed in the jOIlI'llCl/ ./or rhe !lil'/on ' 0/ 

Arabic Science, Aleppo, \01. 14,200, . 
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civilisation enumerate Jabir's achievements in this field. The circulating 
infonnation is based on what some historians had written in the first decades 
of the twentieth century, but until now we have not had concrete evidence to 
substantiate this circulating infonnation. In the absence of a proof to such 
claims, the tendency is that of disbelief. Jabir's achievements in industrial 
chemistry are dispersed in his nwnerous works and no effort was made to 

collect them and to publish their contents. 

One of Jabir's important works is Kitab al-khawass al-kabir (The Great 
Book of Properties). It is a large book consisting of 71 chapters (maqalat), 
dealing with a variety of topics among which are recipes on industrial 

chemistry. 
We have investigated this work and we realised that it would be quite 

important to publish the recipes on industrial chemical products. These 
recipes, in addition to those of Kitab al-durra al-maknuna, will acquaint us 
with Jabir the industrial chemist and with his achievements in this field. 

In editing the recipes of industrial chemistry we have used two 
manuscripts for Kitab al-Khawass af-kabir; one is the British Library MS Or 
4041 and the second is the Alexandria Library MS 5204 (of the , 
Municipality of Alexandria). Paul Kraus considered the first to be an 
excellent one; but we have found that the Alexandria MS was also quite 
reliable. The correspondence between the two MSS was satisfactory, but 
there were some words and phrases in both of them which remained 
ambiguous. Both were descended from earlier copies: the BL MS was 
written in the 8th century of Hijra and the Alexandria MS was written in the 

tenth. 

KIT AB AL-KHAWASS AL-KABIR: (THE GREAT BOOK OF 
PROPERTIES) 

The science of properties ('ilm al-khawass) is listed in the classifications of 
sciences in Arabic literature. It has few definitions, one of which is that it 
deals with the properties of things that are well known but whose causes are 
hidden. We know for example that a magnet attracts iron but we do not 
know the reason behind this property. In regard to the properties of things as 
given in Kitab af-Khawass of Jabir and in other simi lar works, some causes 
seem reasonable and some are not. 

Properties are classified into several types. There are properties of 
amicable numbers, minerals, plants and animals. Several authors after Jabir 
wrote on the science of properties. These include Muhammad ibn Zakariyya 
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al-Razi,2 al-Simawi al-'Iraqi 3 and Aydamir al-Jildaki.4 Kitab al-khawass al­
kabir discusses the properties of minerals, plants and animals whether 
beneficial or hannful and discusses the uses of these properties in industrial 
chemical recipes and in the treatment of illnesses and in other useful 
applications. 

The book mentions some strange propelties that seem unreasonable, but 
were common at the time of Jabir. These represent a small part of the 
contents. They were apparently inherited from pre-Islamic civilisations and 
became part of the popular heritage. 

Out of the 71 chapters, Jabir devoted 20 to philosophical discourses 
dealing with the science of the balance Cilm aI-mizan) in alchemy. There are 
10 chapters giving practical alchemical recipes that elucidate the Book of 
Seventy. There are 12 chapters on elixir and its benefits including the healing 
ones; 8 chapters are on industrial chemical recipes. Thus, the total chemical 
and alchemical chapters are 50. Of the remaining chapters 13 contam 
medical and protective recipes, some of which are strange depending on 
talismanic properties; these include recipes to protect from bugs, insects and 
vermin. Two chapters deal with the breeding of pigeons, and one deals with 
pistachios and walnuts. Four chapters contain interesting chemical and 
strange recipes. Thus, with the introductory chapter the total comes to 71 . 

From this brief survey, we conclude that the chemical and alchemical 
content of Kitab aI-khawass aI-kabir exceeds 70 per cent, with 18 per cent 
dealing with medical healing and protective recipes, some of which are 
talismanic and strange. The recipes with odd properties, some of which are 
alchemical, do not exceed 6 per cent of all chapters. 

PART! DISCUSSION OF THE RECIPES 

Forty industrial recipes are edited in Part 2 of this chapter, which can be 
grouped into the following categories: (1) water de alination; (2) the 
manufacture and annealing of steel, and hardening it; (3) the colouring of 
glass; (4) artificial pearl; (5) cosmetics; (6) varni he , paints and 
waterproofing; (7) inks; (8) miscellaneous industrial produ t . 

2. AI-Razi, Kilab al-mujid al-kha ji 'i/III a/-khmm • a facsi mile cop~ publi. hed in Tehran 

by Kitabkhana Markazi, 2008. 
3. AI- imawi al-'Iraqi, 'U)'lIn al-haqa'iq lPa idah al-Iara'iq. Gotha L 1274. 
4. AI-Jildaki , Kilab kon:: al-ikhlisa (i 'illll a/-khall'G .1.13 1\1 arab:: 2J-W. 
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1 Water Desalination 

Jabir says that sea water, the water of the Tigris River, rain water or distilled 
salt water can be filtered ten times in something that is thick and closely 
knitted so that itsjawhar (its essence) and its purity is obtained. 

The concept of desalination by using membranes is a modern one that 
was first known in the last decades of the 19th and 20th centuries 
Desalination is now performed by reverse osmosis or ultra filtration. Jabir's 
recipe of the desalination of seawater by using a closely knit and thick 
membrane to obtain pure (potable) water is akin to this modem technology. 

2 Making and Annealing of Steel, and Hardening It 

We have two recipes discussing steel. One is for making steel from its 
components and of annealing it, and one for hardening it. 

(a) Making 0/ Steel and Annealing It 

Jabir says: 

How do we explain the fact that if we take soft iron ' narmahan' and throw on it 
the daus it is converted into steel? And if we heat steel several times and quench it 
in du ' which is sour milk; it is converted back into narmahan as it was before? 

In this short text we fmd two important metallurgical facts, the first is about 
the composition of steel from narmahan and daus, and the second is about 
the annealing of steel. 

What Jabir had said about the composition of steel is repeated by both 
al-J(jndi and al-Biruni. AI-Biruni gives in his book al-lamahir a definition 
of the two components of steel (which give rise to the firind or pattern in 
Damascus steels). He presents also a very interesting interpretation of the 
cause behind the formation of thefirind. It is due, in his opinion, to the 
incomplete mixing of two components of steel in the crucible: soft 
iron (narmahan) and its water (daus). AI-Biruni's interpretation of the cause 
of the firind or pattern in Damascus steel is reminiscent of the modern 
interpretation of historians of metallurgy who were studying the secret of 
Damascus steel. We have devoted Chapter 10 to a fuller discussion of this 
subject. 

(b) Annealing o/Steel 

The process of heating stee l several times and cooling it denotes the 
annealing or softening of steel, which is a common metallurg ical process. 
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There are different methods used currently for the heating and coolina of 
steel in annealing. For cooling, some liquids contain certain kinds of s~lts. 
Jabir used sour milk, and it seems probable that this liquid had an effect 
similar to present-day solutions. The speed of cooling is not indicated. 
Although the word it/a ' is translated into quenching, yet Jabir in this case 
uses the word to indicate the cooling of the heated steel. 

Making a Saw and a Knife that Can Cut Glass and Hard Stones 

This is a recipe for steel hardening. The 'siqaya ~I.iu.' means quenching steel 
in a liquid.

5 
This term is still used in Arabic. A saw or a steel blade is heated 

and then quenched in a liquid for hardening. At present, the quenching 
medium can be water, oil or a liquid of a special formulation, some of which 
are proprietary. The liquid fonnulation of Jabir is a complex one, and it 
should have been effective at the time. Arabic sources discuss the siqaya of 
iron and various formulations are given. Al-Jildaki in his book Kanz al­
ikhtisas gave Jabir's recipe without change. 

3 Colouring of Glass 

Jabir wrote a complete book devoted mainly to the colouring of glass and 
making artificial pearls. This is Kitab al-durra al-maknuna to which we have 
devoted Chapter 6. In Kitab al-durra, Jabir gave recipes for three methods of 
the colouring of glass. One is to cast the ingredients including the colouring 
materials together and thus obtain the cast coloured glass. The second is to 
prepare the colouring ingredients into a paste and to apply it by brush to the 
surface of the glass vessel then introduce it into the oven. This method i 
called talwih or staining of glass. The third method is to bury the piece of 
glass inside a bed composed of the colouring materials and heat the whole. 
Colour is imparted or diffused into the surface of the piece of gla s by thi 
method. 

Jabir gave in Kitab al-khawass one example from each of the three 
methods. In colouring by casting, he gave a pre cription to obtain a preciou 
artificial jewel called adrak. The ingredient are bijadhi, rock cry tal , 
corneliwn, Syrian glass, rubie , red emery, natron, red lead and the filing of 
gold. These are cast together as pre cri bed and the re ult i the adrak 
precious jewel. 

The second recipe deal with the colouring of gla by ta/wiiI or by 
staining. Details of this method are gi en in Chapter 6 on Kifab al-dun·a. 
and need not be repeated here. In thi r cipe Jabir i de cribing how to tain 

5. Dozy under .l;!-w1 '-:lli.... 
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bottles of glass in the colour of silver. He uses silver burnt with yellow 
arsenic . This is pulverised in wine vinegar, painted on the surface of the 
bottle and then introduced into the furnace. Gold filings can be used to , 
obtain a rose like colour matching rubies. 

The third recipe for the colouring of glass deals with imparting colour 
to a piece of rock crystal. In this recipe pine gum, dragon's blood, balsan, 
and Syrian pitch are mixed and pulvelised and made into a paste. The rock 
crystal stone is heated and then wrapped up inside the paste. It is left inside 
the paste for three hours. Red colour is imparted to the stone. We have 
explained in Chapter 6 on Kitab al-durra that this method of diffusing colour 
is considered now as modem technique and patents are granted on some 

versions of it. 

4 Artificial Pearls 

The recipe in Kitab al-khawass on making artificial pearl is similar to the 
recipes of Kitab aL-durra. We give a brief note on this subject in Chapter 6. 

5 Cosmetics'Recipes 

Arab authors used the term 'zina', literally beautifying, to discuss cosmetic 
recipes. These recipes take care of removing unwanted hair, dying hair, 
dying the palm of the hand with various colours, the use of perfumes, 
improving the smell of mouth and armpits and all similar beautifying 
procedures. The recipes include also medical ones for removing 

deformations of skin and hair. 
Beautifying procedures go back to the ancient civilisations of Egypt and 

Babylon and to other pre-Islamic civilisations. 6 It is possible that some 
recipes continued in circulation in the Near East, and it is probable that Jabir 
had chosen some recipes that seemed unique and deserve to be included in 
his book on the science of properties. His recipes on beautifying include one 
to remove unwanted hair, two recipes for dying the colour of hair into 
golden, and ten recipes for dying hands with various colours. 

Arab physicians who came after Jabir had devoted chapters in their 
medical works to the subject of 'zina'. It seems that the first to devote 
chapters on this subject after Jabir, was Abu al-Qasim al-Zahrawi (936-
] 013) from al-Andalus. He wrote his medical encyclopaedia 'al-Tasrif liman 
'ajiza 'an al-ta 'lif at the end of the 10th century. It consists of 30 discourses 
(maqalat) and the 19th discourse deals with al-zina. This discourse has 20 

6. R.J . Forbes, 'Cosmetics and Perfumes in Antiquity'. Studies in Ancient Technology, vo!. 
Ill. Chapter I (Leiden: Brill, 1955), I- 50. 

Industrial Chemistry in Kitab al-Khmvass al-Kabir 151 

chapters; the first] 0 chapters deal with perfumes and the second 10 discuss 
beautifying procedures i~clud~ng care o~ hair, skin, teeth, voice, genitals, and 
other parts of the body. A lIttle later 111 the east, Abu 'Ali ibn Sina (980-
1037) wrote al-Qanun fl al-tibb.

8 This is also a medical encyclopaedia of 
immense importance. In Book Four of al-Qanun, Ibn Sina devoted four 
discourses for al-zina. The first discourse discusses hair and dandruff. the 
second discusses the colour of skin, the third discusses skin diseases an'd its 
remedies, and the fourth discusses the medicines used in al-zina for other 
parts of the body. 

Parts of al-Zahrawi's work and the Qanun of ibn Sina were translated 
into Latin and they continued in use during several centuries in Western 
universities. These Latin translations had acquainted the West with the al-

. . 
zll7a reCIpes. 

Other medical works as well as works on medical formularies 
(aqrabadhinat) and on simple drugs contain recipes of al-zina. The 
Aqrabadhin of Qalanisi for example contains a chapter on al-zina that has 
more than 85 recipes. 9 

Later books on the science of properties have recipes on al-zina. One of 
these is Kitab 'uyun al-haqa'iq wa 'idah al-tara 'iq of Abu al-Qasim Ahmad 
ibn Muhammad al-Simawi al-'Iraqi who wrote his book in 1261 during the 
reign of aI-Sultan al-Dhahir Baybars and it contains a chapter on dye for 
hair and the hands. 10 Another work on the science of properties is Kitab kanz 
al- ikhtisas fi 'i/m al-khawass of al-Jildaki (d. 1342) which discusses al-zina 
such as removing unwanted hair and dyes for hair and skin. 11 Book on 'ilm 
al-bah (the science of sexual relations) contain recipes on al-zina for both 
women and men, one of these is Kitab ruju' af-shaikh of ibn Kamal Pa ha 
who devoted a chapter to the colouring of the hand and nail of women. 12 

Even books on exposing cheating practices discus uch topics. We find 
in al-Jawbari's book Kitab al-mukhtar fi kashf al-asrar a chapter on 
revealing the practices of those who change the colour of horse and another 
on the practices of those who dye the skin of human being . 13 

7. ami Khalaf Hamarneh, 'The First Known Independent Treati e on Co metology in pain'. 
Bulletin of the HislOry of Medicine, 39 ( 1965), 309- 25 . 
8. Ibn Sina, AI-Qanun ji al-tibb. Bulaq Pre , Cairo, I ~94 H (1 77 E): reproduced b) Dar 
Sadir, Beirut. 
9. Aqrabadhin al-Qalani i, ed ited and annotated b: Muhrunmad Zuhatr al-Baba. IHA . 
University of Aleppo, 1983. 
10. AI- imawi al-; Iraqi , 'UYlln , op. it. 
11. A I-J i Idaki , Kanz, op. cit. 
12. Kitab rujll' al-sha),kh ila , ibah.fi al-q1l\1'Il'Ofi 'ala al-b 117. attribuled \() ibn K.runal Pasha. 
BlIlaq, airo, 1309 I I. 
13. al-Jawbari, Kifab al-lIIllkhtar j i Aa h( al-asrar. DamasclI , 1302 I, -1 . 
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(a) Removing Body Hair 

Some of Jabir's recipes depend as we have pointed out on inherited tradition 
and on practice. It is rather difficult to find complete correspondence 
between the various recipes of Arabic works. In the recipe, which Jabir gave 
for hair removal, he is using the gall bladder of a wild porcupine, the head of 
a bat and the milk of a female dog. This recipe seems strange. However, if 
we look at Ibn Sina's recipes, we find a recipe that prevents the growth of 
hair using a fat in which a porcupine has been cooked. Another recipe uses 
the blood of a bat, its brain and its liver. AI-Qalanisi gives a recipe similar to 
that of ibn Sina where a fat in which a porcupine is cooked will prevent the 
growth ofbair. The blood of a bat is used in frequently cited recipes, thus ibn 
al-Baytar mentions that the blood of a bat will prevent the growth of hair 

under the armpits and in the boys' pubic hair. 

(b) Dyeing Hair Yellow Gold 

Jabir says that to dye hair to become of yellow gold colour is unusual; 
therefore, he gave two recipes for it. He did not give recipes for dyeing hair 
into black colour because it is common. If we look into medical works and 
books of properties, we fmd that almost all the recipes are concerned with 
dyeing hair into black colour. However, we find that ibn Sina is also 
devoting some recipes for dying hair into blond colour. 14 

Jabir's first recipe uses vitriol and turmeric roots. Although some 
vitriols will impart red colour, yet it is the turmeric which imparts the yellow 
colour. The second recipe employs yellow golden marqashisha (marcasite) 
and yellow zarnikh (arsenic), both will impart the yellow golden colour. 

(c) Dyeing Skin with Golden Colour 

There are three recipes for the dyeing of hands and nails with golden colour. 
In the first one henna and red arsenic are used. In the second, qalqant (one 
the vitriols, probably copper sulphate) and iron filings which are converted 
into red iron oxide. This is similar to a recipe given in Kitab ruju ' al-shaikh 
of ibn Kamal Pasha. 15 

In the third one, Jabir is using qasab nabti (nabti reed) the distillate of 
which comes out red like blood. lbn Sina gave in the Qanun a similar recipe 
for turning hair into gold blond colour. Also al-Simawi al-'lraqi gave a 
similar recipe in book 'Uyun al-haqa 'iq wa idah al-tara 'iq. 

14. Ibn Sina, Al-Qanun, op. cit., vol. 3, p. 274. 
15. Kitab ruju' al-shaykh, op. cit., chapter 7. 
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(d) Dyeing Skin with other Colours 

Jabir gave six recipes for dyeing the hands with other colours beside the 
golden one. These are silver, red, green, peacock, saffron and turquoise 
colours. 

In Ara.bic works that discuss colours, the basic ones are four: red, 
yellow, whIte and black. Red was obtained from zunjufr (cinnabar) as a 
principal colouring material, yellow was obtained from yellow arsenic, and 
black was obtained from Indian indigo and white from isfidaj (ceruse). 

It is possible to obtain the various other colours from two or more 
pigments. We shall look into the pigments used by Jabir so that we can 
analyse his recipes without dealing with the other secondary ingredients such 
as gWll Arabic. 

For the silver colour, the principal materials are tin isfidaj (ceruse), lead 
isfidaj (ceruse) and camphor. 16 These ingredients are also found in later 
works that gave recipes for dyeing skin. 17 

For red, Jabir used beside zunjufr (cinnabar), red baqqam (sappan-wood 
or brazilwood), red vitriol, dragon's blood, red roses, henna and saffron. 

For peacock, Jabir used Persian vitriol, qalqadis, iron rust, henna and 
zunjufr (cinnabar). 

Saffron colour means yellow saffron, red saffron or a colour in between. 
From the unclear text, we understand that this colour is composed from 
henna and from a combination of the above colouring materials. 

The last colour is the turquoise. The colouring materials are zinjar 
(verdigris or cuprum aceticwn), yellow zarnikh (arsenic), indigo, qalqant and 
saffron. 

6 Varnishes, Waterproofing and Paints 

This group constitutes an important part of the industrial recipes totalling 
twelve. Varnish is a thin transparent protective shining coating u ed mainl 
for finishing wood surfaces; or other surfaces as well. It i compo ed from a 
resin and a quick drying oil. A varnish is usually colourle and it i applied 

over coloured paints for protection. 
The most important resin is the sandaru (andarac), and the qui k 

drying oils include linseed 18 oil, castor oil and che tnut oil. 

16. Camphor i a waxy, white or transparent olid with a tTong. aromatic odour. 
17. AI- imawi al-'Iraq, op. cit., 48a; and Kitab ruju ' al-, haykh. op. cit. 
18. The word linseed or lin eed is ometime written \\ ithout the word oil. ~o t probabl~ the 
intention i lin eed oil in all cases. 
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Jabir labelled several recipes in this category as Chinese. We shall see 
below that this name does mean that these recipes are of Chinese origin. 

We like to point out here that the Arabic terms used in these recipes can 
cause some ambiguity. The varnish is called duhn , which in modern Arabic 
means grease or oil. Paint is called also duhn , and castor oil is duhn and 
similarly linseed oil. The word duhn includes all these materials, but the 
reader will soon be able to understand what material is involved in each 

. 
reCIpe. 

Waterproofing 

We can say that in general varnish coating protects surfaces from getting 
wet. However, Jabir specified three recipes to be suitable for waterproofing 
cloths and other surfaces. One of these carries the heading: 'A duhn which if 
applied as a coating on cloths and armour will protect them from getting wet 
with water.' Here Jabir is using varnish materials, which are sandarus 
(sandarac), castor oil and chestnut oil, and then he adds mastic (mustaka). 

Jabir took the second waterproofing recipe from aI-Fad I ibn Yahya ibn 
Barmak, and it is for waterproofing cloth especially silk. The main 
ingredients are sandarus (sandarac), chestnut oil, ban oil and mastic 
(mustaka). Jabir says that this varnish will protect a person from drowning 
when he crosses water, if he wears a gannent coated with it, and tightens it at 
the neck, the hands and feet and fills it with air. It protects also from rain . 

Using Iron Filings in Paints 

Jabir used iron filings in five recipes for coatings. We could not find in the 
early Western books of recipes any mention of iron filings in varnishes or 
paints until the 19th century and we still find patents issued since the 20th 

century for paints incorporating iron filings. 
In a paint incorporating iron filings, 19 J abir is using qal ifonia (rosin), 

mustaka (mastic), butm (turpentine tree) resin, Iraqi pitch, chestnut, linseed 
oil and iron filings. If iron , copper and other surfaces are smeared with this 
paint it adheres to them and it can hardly be peeled off. Another kind of 
paint is composed of a mixture of sandarus (sandarac), qalifonia (rosin), 
dragon 's blood, mustaka (mastic), linseed oil and needles' filings. 

7 Inks 

Jabir gave four recipes for ink, two for black, one for red and one for gold. 
Black ink is usually made from lampblack or from galls and iron sulphate. 

21 . Article 29, 55b. 
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Jabir gave recipes for the lampblack ink only. In literature after Jabir there 
appeared several treatises devoted to writing materials, which discussed inks 

in more detail. 
In one of the recipes for black ink, lampblack is made from the charcoal 

of the ghada or pine trees. A paste is made from this lampblack and fish 
glue. Discs are made from the paste, which are threaded for use when 
needed. Discs are pulverised when used. For paints, more fish glue is added 
and for ink, liquid gum is added . 

In the second black ink recipe, a lampblack from the butter of cow' s 
milk is used. It can be made also from the oils of khiri (lavender or 
wallflower), ban (ben oil tree) or banafsaj (violets). Such an ink will be 
suitable for the dyeing of hair and beards. 

Red ink is made from the isfidaj (ceruse) oflead and qalqant. These are 
heated overnight in a glassmaking furnace, then pulverised and liquid gum is 

added. 
For the gold colour ink,20 Jabir is using the same ingredients that are 

used in one of the recipes for dyeing hair into yellow gold, namely bauraq, 
the yolk of eggs and yellow gold marqashisha (marcasite). After washing the 
ingredients in vinegar several times, they are pulverised and dissolved in the 
ushnan (Salsola Soda) water. The drug will have a colour that urpasses 
gold. It is suitable for writing on paper or on cloth without the need for gum 

or glue. 

8 Diverse Industrial Products 

There are five recipes for miscellaneous products, for cinnabar (zunjufr). 
black glue, making cooking pots from recycled material , making whip 

from ropes and making saddles. 

Making ZunjuJr (Cinnabar) 

Cinnabar (mercuric sulfide)21 results from the union of ulphur and mercury 
by the method described by Jabir. It is a ba ic material for r d colour. nt il 
recently, historians of teclmology thought that the fi r t recipe for obtaining 
manufactured cinnabar appeared in the Latin book of recipe COIllPO i f iO lle, 

variae or Compositiones Ad Tigenda Mu i a that e" i t in the Lu ca Library 
in I taly and dated at the end of the th or the early 9th centur) . Howe\ r. 
Jabir's recipe in Kitab al-khal1'as al-kabir ha 110\\ cone ted thi -

20. Article 60, 85a. 
2 1. Hg . 
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assumption (see Chapter 6 for more details about the early Latin books of 

recipes). 

Black Glue 

This is a recipe for cheese glue. A recipe for this glue is also found in Kitab 

al-durra al-maknuna. 
In the Mappae Clavicula we find faint allusions to this glue without 

recipes. 22 In about 1100 CE, Theophilus gave a recipe in his book On Divers 
Arts.23 In addition, Cinnino Cinnini in the 15th century gave a recipe in his 

?4 
book The Craftsman Handbook.-

Recycling of Stoneware Debris 

This is a simple recipe in its composition but of great significance. Recycling 
is now of great importance in our modem world. The recycling of glass 
debris is an ancient concept and of metals filings, but to recycle debris of 

stoneware is quite unique. 
This recipe was transmitted to later Arabic works on the science of 

properties such as al-Jildaki's Kitab kanz al- 'Ikhtisas fi 'Um al-khawass; but 
we could not fmd anything similar in the Latin books of recipes. 

Making Whips from Ropes 

Whips were used since ancient civilisations for a multitude of uses. It was 
used as a weapon for defence and attack, for punishment, and in controlling 
horses in riding or in driving. Its use has not stopped until now. 

Whips are made either from leather or from ropes, especially hemp. 
Jabir is describing here a whip that he designed on the request of a 
contemporary ruler who complained to him from the splintering of whips. 
The recipe gives a whip that solves the problem. 

This recipe and others confirm that Jabir was a practical person and that 
he was an engineer. The catalogue of his books indicates that he wrote on 
various engineering subjects. 

22. Smith, Cyril Stan ley, and John Hawthorne, 'Mappae Clavicula, A little key to the world 
of medieval techniques,' The American Philosophical Society, New Series - volume 64, part 
4, 1974, Philadelphia. 
23. Theophilus, On Divers Arts, translated by John G. I-Iawthorne and Cyri l Stan ley Smith , 
Dover, New York, 1979, p. 26. 
24. Cenn ino Cennini , The Craftsman's Handbook: ' 11 Libro dell' Arte', translated by Daniel 
V. Thompson, Jr. New York: Dover, 1933. 
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Making of a Saddle 

This s.imple recipe was of importance when saddles were a main product and 
were I.n ~em~.d. H~wever, Jabir's description of the colouring of wood and 
of pohshmg It IS of Importance irrespective of saddle making. 

Sources of Recipes 

The recipes on industrial chemistry that we discuss here represent the 
technology that was in current use in the 8th century at the time of the 
~bbas~d Ca.liph Harun al-Rashid and Jabir ibn Hayyan. These recipes were 
elth.er InherIted or newl~ developed. For recipes that were not developed by 
Jablr, he alluded sometImes to their sources, and that he collected some of 
them. He says for example that he took a waterproofing recipe from AI-Fadl 
ibn Yahya ibn Barmak who also took it from a manuscript of unknown 
author, since the first pages and the last ones were missing. Moreover, when 
Jabir describes the manufacture of the adrak gemstone, he says that he took 
it from a valuable manuscript. In both of these two recipes Jabir says that he 
tested them. 

Jabir mentions that he tested other recipes. Thus in describing the 
dyeing of belts, he says that he tested the recipe, 'I tested it and found it 
extraordinary.' In describing a paint he says that the recipe 'was described to 
us, so we tested it and found it correct and perfect'. 

Other recipes were devised and developed on the example of the 
transmitted ones. About these, Jabir says: 

A scientist should contemplate these origins, because if he were a cientist, then 
he can develop something similar. All cience are based on each other and on 
analogy, and every rat iona l cience is based on what preceded it. 

About the Name 'Chinese' for Some Recipes 

During the early Abbasid Caliphate, commerce \ ith China wa flourishing, 
and technology transfer fTom China happened through direct contact, a wa 
the case with the paper industry. There wa no tran lation movement from 
Chinese at that early period. 

Some Chinese products were appreciated, a v a the ca e with ceramic 
tableware. Arab arti an were able through e>..perimentation to imitate 
Chine e ceramics using local raw material \~ ithout an kno\\'\edg of 
Chinese recipes. Islamic ceramic product acquired the d cription 'Chine 'e' 
although neither the reci pe nor the product were hine e. I1til no\\, a tray 
is called in Arabic 'siniJ:)ah' or 'Chine e' even ifit i made from metal. 
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Among the recipes of Kitab al-khawass al-kabir the wo:d Chinese is 
used in the names of some varnishes and inks. Moreover, as m the case of 
porcelain, these recipes did not come from Chi.na: They are Arabic reci~es 
for local products. The word Chinese is a descnptlOn for the product. Julrus 
Ruska says about them: 'we cannot say that these recipes are Chinese. They 

. . . , 25 P I Kr I 
are probably of Greek, Syriac or Persian ongm. au aus says a so: 
' Jabir discusses in chapters 28- 31 some dyes that are imitations of Chinese. 
But the details of these recipes represent the technology of the local artisans 
who were contemporary to Jabir.' 26 We add here that these are simple 
recipes for local varnishes or paints, and their technology was a local one 

earlier than the period of trade with China. 
Joseph Needham in his monumental work in which he enumerated 

Chinese achievements cited the recipes of Kitab al-khawass al-kabir as part 
of Chinese achievements. However, Needham should have relied on Chinese 
sources and not on Arabic ones because as we have just explained the word 
Chinese here does not mean that these recipes were of Chinese origin. 27 

Jabir used Arabic manuscripts when he compiled some recipes. 
Moreover, if these recipes were of Greek, Syriac or Persian origin as Ruska 
has maintained, they represent the technology of the same lands that became 
Islamic. In addition, if we accept his assumption, then the original books of 
recipes were translated into Arabic during the Umayyad period. The other 
possibility is that these Arabic recipes which Jabir had compiled were 
composed during the Umayyad period on the basis of existing local 

technology. 

Jabir's Recipes are Detailed 

There is a sharp contrast between the recipes of Jabir in Kitab al-khawass al­
kabir and in Kitab al-durra al-maknuna on the one hand and the recipes of 
Mappae Clavicula and the early Latin books of recipes on the other. We can 
see this, from examining Jabir's recipes and comparing them with the Latin 
ones. The Latin recipes are very concise, not exceeding few words 
sometimes while Jabir's recipes are detailed. Jabir, moreover, is interacting 

with the reader as ifhe is speaking to them. 

A Note about the Method of Editing 

In editing the Arabic recipes, we used only two manuscripts. The first is the 
British Library MS OR 4041 , and the second is the Alexandria Municipal ity 

25. Ruska, see bibl iography. 
26. Kraus, see bibliography 
27. Needham. See bibliography. 
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MS 5204, which is now among the manuscripts' holdinos of Alexandria 
Library. The first one is the oldest among the existing MSS of Kitab al­
khawass al-kabir and is the finest one according to Paul Kraus. However 
although Kraus had praised it highly, yet it has its defects with frequen~ 
lac~nas and. som~ text errors. In our editing of the recipes, we found missing 
foltos and m thIS case the MS of the Alexandria Library was of extreme 
value. It was also useful in correcting some errors. 

In or~er to arrive at the best possible text, we have adopted the BL MS 
as the mam one, and used the Alexandria MS for the missing folios in the 
BL MS. We have also selected the correct text from the Alexandria MS 
where the BL text seemed inaccurate. The adopted texts from the Alexandria 
MS are written inside angle brackets, < ... >. Even with the utilising of both 
MSS, some ambiguous words or phrases remained and are indicated in the 
footnotes. 

PART 2 EDITED TEXTS OF THE RECIPES 

The recipes that are given here are those that were differentiated as purely 
industrial. There are, however, numerous other recipes in Kitab al-khawass 
that are of industrial importance, which are part of the alchemical chapters. 
Such recipes require a further study for distinguishing them as we have done 

here. 

? 
Excerpt from the Fourth Maqala: Water desaLination [10 br 

And from this also is that water hould be from sea water or Tigri \ ater or 
from rain water or distilled salt water or other \ hich we have well compiled 
in Kitab al-tajmi ' (The Book of Compilations). It hould be fi lt red ten time 
in something that is thick and closely knit 0 that it e ence and it clear 

filtrate come out. 

Excerpt from the Sixteenth Maqala: Converting Iron into Steel\32b] _9 

We ask also about the khawa (propertie ) and their exi tence in th world : 
How do we explain the fact that if we take oft iron 'l1arIllOllal1 ' and thr w 

on it the daus , it is con erted into teel? nd if \\ e heat ' teel ev ral tim -
and quench it in du ' \ hich is our milk; it i cam erted ba k into 110rlllOllol1 

as it was before? 

28. This is missing in le>. andria It . quare brack.et. gi \ e the folio numl 'rs of the BL IS . 

29. SOb ill A le andria M . 
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Excerpt from the Twenty-Fourth Maqala: Making Artificial Pearls 

[46a-46b] 

Take some pearls, put them in a bottle, and pour citron juice on them. Then 
throw on them lead isfidaj (ceruse), and then cover the top of the bottle with 
a fitting plate of the same size. Then hang the bottle in the sun for the whole 
day, and if it is during hot weather it will be better, that is in the heat of 
summer. The next day open the bottle, pour out the water, and pour in new 
water. Then pour it out in the third day and pour in new water again. Do this 
for three days. If some of the pearls did not dissolve and become like thick 
sour milk, then pour in more of the citron water. Then take them out after 
they are dissolved and put them in cups and pour out the water from them. 
Then wash them with pure sweet water until you do not find in the water any 
of the citron sourness when you taste it. They should never be touched with 
hand. Put them in a place free from dust and earth until they are dry. Then 
put them in a bottle and cover it, and keep them until you need them. 

Afterwards, take mercury and pulverise it with an equal weight of 
qalqandis and half its weight of andarani salt. Pulverise them until mercury 
caill10t be detected, then take a little from it and spread it on your hand and if 
you notice any glittering continue pulverising until shining disappears. Then 
sublime it twice, kindling fire under it, using thick and large firewood, for 
three hours at mild flre and three hours with intense fire. Lute the mouth of 
the jug (kuz) and leave for the next day, and shelve it. If you want to mix 
them (i.e. the dissolved pearls with the mercury mixture), take from the 
dissolved pearls four mithqals, and from mercury six mithqals and mix them 
together and knead them with egg white inside a smooth glass vessel with a 
raised rim in which you can knead. Then pulverise the mixture with a glass 
pestle on a marble or a glass tray without pressing hard until it becomes like 
mumiya (pitch). Then take it out little by little, using a white silk without 
touching it by hand, and put it in a glass tray. Then roll it until it is 
<spherical>, and so that if you take it by hand it does not stick. Then pierce 
it with a pig' s hair and put it back on the tray until it becomes firm , and 
when it dries well put back the hair and roll it as before; and then you will 
take it pure white as hard as a pebble that cannot be broken if you strike it. 
Put it now in a small box lined with carded cotton and leave it for ten days if 
it is summer, and twenty days ifit is winter, so that it becomes well dried. If 
you want to know if it has dried well or not, put it in the glass tray in which 
you have rolled it, and if its sound is clear like the ring of a small bell then it 
has dried, otherwise put it back in the small box until it dries well. Then 
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polish it with the jewellers polishing tool. Rub it with polishing tool until it 
shines. If it does not shine, return it to the small box so that it dries up well. 

If you want to irrigate it and if it has no sound,30 then take a fish and slit 
its belly and remove what is inside. Take the bubble of the fish, pierce it and 
wash it with wann water and borax, or do not wash, then put the pearl inside 
it. Make a strong thread knot between each two pearls. Put it inside the fish 
and tie its belly. Kindle fire inside a taill1ur until it becomes good white. 
Remove the ashes and the fire and place the fish on a brick in the middle of 
the tannur. Lute the top of the tarmur so that no smoke can go out. Leave it 
for three hours. Open and take the pearl out. If you find that it had any fat, 
wash it with warm water and soap. Know that mercury gives weight to the 
pearl; it tightens it and solidifies it. 

This recipe is one of the masterpieces, and tlle cores of the heart. May 
God be pleased with my Master; he used to say: 0 Jabir, these are the cores 
of the heart, and if you look into our books, you should collect them and 
what may be added to them of their arts. Let peace be on you (wa ai-sal am). 

Twenty-Eighth Maqala: From Kitab al-Khawass al-kabir of Abi Musa 
Jabir ibn Hayyan al-Sufi al-Azdi 

In the name of God, Most Gracious, Most Merciful. 
He (Jabir) said: We gave enough evidences to illustrate that al-khawass 

is a singular science. We shall now mention some of the precious works 
which are a complement to these maqalat, in which we give plea ant 
anecdotes of works in which the learner will find delight and joy and 
complete benefit if he likes to work on them in addition to knowledge, if 

God wills. 

Dyeing a Crystal Gemstone 

I shall mention something nice from dyeing. 
<The method is> to take two mithqal from the gum of pine tree, the 

same amowlt from dragon 's blood, half a mithqal from balsan and half a 
mithqal from Syrian pitch. These are well pulveri ed and kneaded with half a 
mithqal of cow's murrar (centaurea aegyptiaca). You can add more of the 
murrar (centaurea aegyptiaca) if needed inee pulYeri ation \\'ill dry up mo t 
of its wetness if the pulveri ation attain the high qualit indicated b u. 
Take a crystal gemstone, put it in a crucible, and h at it ,et well . When th 
gemstone becomes hot and the crucible i red due to heat, take out the tone 
and wrap it with that drug and leave it in ide it for thre hour, then uncover 

30. The Arabic le>.t sa) (~..rj L..J ). \\hich 1 110t quite clear. Thi ' 1. \\hal \le thlO1-. it mans. 
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it. If you are not satisfied with its colour, wrap it again until it comes out red. 
By my obligation to my master, God's blessings are on him, if the operator 
was skilful he will get the intense red colour from the first time. This 
<recipe> is one of the great secrets and precious benefits. If we compose 
these ingredients in a different manner, we shall get a similar result; 
however, the advantage of the weights given here is to obtain the result that 
we have indicated, but these recipes will be universal. 

Removing Hair from the Body 

We say to them also, what about if we take the whole gall bladder of a wild 
porcupine and pulverise it with the head of a bat until it becomes thick, and 
then mix the whole with the milk of a female dog, and finely pulverise them 
until the mixture becomes like honey? If we coat the body several times with 
it, it removes the hair from the body and no hair will come back at all. In this 
<recipe> is a great and useful knowledge and with it there will be no need 
for practices that harm the body. This <recipe> is useful also for persons of 
cold humor because in addition of removing the hair, it benefits the body 
greatly.[53b] ... If using drugs causes these effects then everything in this 
world has a property. I wonder therefore why we keep considering khawass 
as a science if it is found in most things. 

Dyeing the Back and the PaLm of the Hand 

We also need to mention from these practical prescriptions few things that 
help us to be acquainted to many ambiguities in industry and especially to 
properties. If you wish to dye the back of the hand and the palm with various 
colours, take a qirtas (sheet of paper) and stick it to the hand; it should be in 
the shape of the palm of the hand, and white in colour. Pack it with the 
various dyes, which I shall describe to you. If you like, make it a tree, a palm 
tree or any illustration you like. Make the fingers as roots, with the origin 
black, the spadix silver in colour, the branches deep red, the fruit gold, the 
leaves turquoise, and the twigs parrot colour, which is green and sky colour, 
some of the fruits peacock colour, and some henna colour. If you do this, 
your work will come out well. 

COLD COLOUR I CREOlE TS 

The first colour, which we shall discuss, is the gold . Take two mithqals of 
za'faran (saffron), half a mithqal of 'anzarut (gum of astragalus), one daniq 
of gold ziryab (burned gold), three mithqal s of red zarnikh (arsenic), one 
quarter of a mithqal zarawand (birthwort), one mithqal wars (memecylon) 
which are the red roots, half a mithqal of the gall bladder of the shabbut 
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(carp). Further, take one mithqal gum Arabic, one mithqal mustaka (mastic), 
one mithqal seeds of iklil al-malik (sweet clover), in another recipe flowers 
of iklil al-malik, one mithqal sandarus (sandarac), two mithqals garlic juice, 
ten mithqals henna of the best quality available. If you collect these, 
pulverise each individually and knead it with the garlic juice and with the 
moist cow's murrar (centaurea aegyptiaca), and treat it as we have described. 
Paint with it with a feather or with a hairbrush or with a spindle having a 
cotton swab at its end; take care not to touch it with your hand. If you paint 
with this and leave it, it will asswne the colour and you can use it for 
everything. I swear by my master, it is extraordinary. Wa al-salam (let peace 
be upon you). 

SILVER COLOUR INCREDIENTS 

As for the ingredients of silver colour and how to make them, take three 
mithqals of tin isfidaj (ceruse), two mithqals ofjiss (gypsum), one mithqal of 
dry pigeon droppings, one mithqal of bitter almond kernel. Further. take half 
a mithqal from olive seed kernel, two mithqals from white chestnut kernel, 
one mithqal from gum Arabic, one qirat of kafur (camphor), one dirham of 
lead isfidaj (ceruse). Pulverise each ingredient individually, knead with egg 
white and good vinegar, and coat the fingers with it. All colouring should be 
uniform. Use it as you did in the first chapter and it will be extraordinary. 
Wa al-salam (let peace be upon you). 

RED COLOUR 

We need to speak about red colour. [54a]. Take from qalqand one dirham, 
from red baqqam (sappan-wood or brazilwood) one dirham, red itriol one 
dirham, fuwwa (madder) and dragon's blood one mithqal from each, zunjufr 
(cinnabar) and red roses one dirham, good Zabadani henna fi e mithqal , 
pure za'faran (saffron) half a dirham, mustaka (ma tic) one mithqal. 
Pulverise each individually, mix them, and knead them with 'unnab Uujube) 
juice or with egg yolk and paint whichever finger you de ire and leave it 
overnight so that that the colour i imparted, then \\'a h it. This will be the 
best red colour. You should take care to follow the recipe e ·acHy in order to 
obtain the perfect re ults a v e ha e de cribed, if God \\ ill . 

CREEN COLOUR INCREDIE T 

As for the parrot green co lour, lake twent dirham from good henna, two 
mithqal s nllra ( laked lime). Three mithqal marda ang (litharge). one 
milhqal zaj ( itriol), one Illithqal gum rabic or kathira (tragacanth) and 
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thirty mithqals good Chinese lazaward. Pulverise and knead with wine 
vinegar and egg white. Dye with it and it comes out green by God's help. 

A scientist should contemplate these nmdamentals. He can if he is a 
scientist, devise similar recipes using the examples given here; this is 
because all sciences are based on each other. Every rational science is built 
on a previous one; therefore build your work according to this, especially 
because these examples are among the choicest of properties. So learn them. 
and follow their example and you will follow the right path as you like, if 
God wills. 

PEACOCK COLOUR INGREDIENTS 

We ought to mention after this the ingredients of the peacock colour as we 
have promised at the beginning of this book. Take one mithqal of Yemeni 
alum, two mithqals of Persian zaj (vitriol), two mithqals of qalqadis, three 
mithqals from khabath al-hadid (dross of iron), five mithqals of sour 
pomegranate rinds, ten mithqals of henna, one mithqal of zunjufr (cinnabar). 
Pulverise each individually, then mix them together and knead them with a 
boy's urine. Make it very fine by extended pulverisation. Paint the fingers or 
other areas that are to be coloured with it and it will come out a peacock 
colour ofthe best kinds. Work accordingly and it will come out by the power 
of God as we have described; and do not deviate from what we have 
prescribed. 

SAFFRO COLOUR
31 

As for saffron dye, the hand that is to be coloured with it is dyed with henna 
in the usual way; mix it with these colours and let it be in its middle and it 
will become as required. It was thus prescribed by philosophers, and it will 
appear brilliant saffron red. If it is mixed with these colours it will make it 
rich and shining, better than if it is alone. Know this, and if you realise that 
you should work accordingly, you wi ll have acquired a good knowledge. 

TURQUOISE COLOUR INGREDIENTS 

The turquoise colour is one of the main colours and one of their best. [54b] 
Take from the water of zinjar (verdigris) five mithqals, from yellow zarnikh 
(arsenic) one mithqal, from indigo one mithqal , from qalqand two mithqals, 
from gum Arabic two mithqal s, and from pure za'faran (saffron) two grains 
to one qirat , and from the back of sea crab two mithqals. Grind and knead 

31. The original text is not very clear. 
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with vinegar. Paint with it the palm of the hand and leave it to set and it 
comes out a good turquoise. 

These practices can be in the sheet of paper, which you have fixed on 
the hand and fingers. Think well in executing the picture and the decorations 
that you desire. The more precise these are, and if the branches are entwined, 
and the decorations are turned upon each other, the better it is and the more 
bright. Do this since it is, by God, one of the strange and valuable things and 
it is one of the great benefits that philosophers were avaricious about it. This 
is the end of what we shall discuss in this subject. 

A Jewel Called Adrak 

We want to speak now about what we believe is correct and which deserves 
to be added to these chapters (abwab) in this specific treatise. Philosophers 
have a jewel known as adrak. It is extraordinary and precious and it matches 
yaqut (corundum) in hardness, beauty and nobility. It is, by my master, one 
of the most precious treasures which if one cannot get anything else, I mean 
than this jewel, he needs not have with it any other. By my master, let God's 
blessings be upon him, this recipe which I give in my present book is one of 
the most precious, noblest, superior, clearer and one of the greatest in value; 
and I have worked according to it. Operate according to it if you like and 
leave other works; and by my master, you will achieve with it what you 
desire out from operations and riches because it is almost greater in 
importance, esteem and value than yaqut (corundum). le\ eller know thi 
and they desire it greatly more than yaqut.. 

The method of work is this: Take from bijadi (tourmaline) one ratl, 
from clear rock crystal one ratl, from good 'aqiq (cornelian) half a ratl, from 
Syrian glass half a ratl , from white yaqut (corundum) one uqi a and from 
red sunbadhaj (emery) half uqiyya. Pound all after you heat them and 
immerse them in water and salt to purify them. Thro\ on them half a ratl 
natron, three uqiyyas of isrinj (red lead), one ratl of gold filing that are 
pulverised with sal ammoniac until they become < oft> like marrow. 

Pulverise first the jewels, 32 and end them for ca ting with ome natron, 
tincar and borax. They will come out in 1\ 0 ingot, one olid and on p rou 
on the top. Throwaway the porou ince it i iqlimiya ( alamine). Take th 
<so lid> ingot and pulveri e it ery well until it bee me like powder. and 
wa h it with water and alt, then weeten it \\ ith fr h water. Throw on it the 
re t ingredients and pul eri every \\ell until th ingredient ar mi"\ d 
together and all their part are intermingled. [5 aJ. Put them in a lut d pot 
and co er it with a co er having a hole in \\ hieh yOU an in -ert a large 

32. He mean the gem and gIn. milt 'nal of th~ fir t group of mgn:dlcnt . 
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needle. Verify that the joint is secure. Kindle a fire with thick firewood and 
ghada (haloxylon persicum) charcoal until they whirl. Have with you a long 
large needle with a slight bend at its end. You wi II know the degree of 
melting of the jewels with that iron rod. You have to keep testing it, and 
when you know that it has melted and that it whirls quite well, intensify the 
fire and after three hours from its whirling, take out a little from the molten 
jewel at the end of the iron and put it in a wh ite trough until it cools down. If 
it looks black or if it has turbidity, do not consider it and return it to fire and 
increase the fuel for one more hour, and test it continuously tmtil all of it 
comes out a red jewel like shaqa'iq (anemone) with a shade of yellow. When 
you see it like this, it will be better than yaqut (corundum), and it has 
matured. Stop the fuel and leave it to cool down. Make out of it whatever 
gemstones you desire. If you like to pour it before it cools down, then use 
impervious clay and form it in whatever shapes you like, and pour it <in the 
moulds> as we have mentioned in Kitab al-durra al-maknuna and you will 

get what you like, if God wills. 
This is the end of the twenty-eighth maqala of al-Khawass, praise be to 

God. It is followed by the twenty-ninth maqala of al-Khawass al-kabir of 

Jabir, God's mercy be upon him. 

The Twenty-Ninth Maqala 

In the name of God, Most Gracious, Most Merciful. I begin with God's 
name and His help. Sufficient to me is God alone. Praise be to God, the One 
and Only One, God the Eternal, Abso lute. He has taken neither a wife nor a 
son, and there is none Like unto Him. Far He is high above what the pagans 
and men who are futile say, Exalted and Great. God's blessing and peace be 
upon Muhammad the Prophet and all his fami ly. 

If the wise contemplates our books, 33 he wi ll find that they all contain 
knowledge about dyes either for jewels or something similar. These are 
found in three kinds only. We have discussed in the previous maqala some 
dyes for animal's skins and some for jewels; these are not peculiar properties 
for drugs and balances. I shal l discuss now in this maqala some of the dyes 
for animal's skins and some dyes for clothes according to what I have found. 
The paint known as the Chinese is something that I did not see correct, as it 
should be except with one or two. <1 shall mention> some of clothes dyes 
within the limits of this maqala. We shall mention also some of the paints for 
weapons and other things so that neither water nor dust will reach them with 
the passage of time. We shall start with the base fo r all these sciences, which 
deserve to be presented before others; and this is according to our plan in all 

33. He means the present chapters. 
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the sciences that we have discussed before in completely or in part in our 
present books, if God wills. 

A Varnishjor the Waterproofing ojClothes and Weapons 

We start these recipes with a varnish that prevents water and dust from 
reaching clothes and weapons so they remain unaffected. 

Take from fresh castor <seeds> any quantity you like, and peel the outer 
shells gently until they become clean. Rub them on a flat stone mortar 
(sallaya) until they become like ointment, even softer; Put the paste in a 
stoneware pot that is particularly clean from fat, and a new pot is better. Pour 
on it clear water as much as you like, and boil it vigorously. The oil will rise 
to the top. Skim it as it comes up little by little until you take all the oil, pure 
and thin . Take from this oil three parts and from chestnut oil one part. Peel 
the outer shell of chestnut and the thin skin also. Extract the oil, clarify it 
once or twice, and keep it in a bottle. Place the bottle on hot ashes or cold 
water and test it. Use the best quality oil and get it clarified and clear like a 
teardrop. Preserve it and store it in clean bottles. Mix the castor oil with the 
chestnut oil, taking three parts from the first and one part from the second. 
When they are mixed, put the mixture in a bottle and place it on a gentle fire. 
Take good quality white sandarus (sandarac), peel it with a knife, bruise it 
and take from its extract half the amotmt of the mixture of the two oils. Take 
from mustaka (mastic) that is peeled on fire half the amow1t of the sandarus 
(sandarac). Put the bruised mustaka (mastic) in a bottle and place it on fire 
and it will melt and be dissolved. Let the castor oil and the chestnut oil be 
hot and throw on them the mustaka (mastic) and it will melt with them and 
then take the bottle containing the oils and the mu taka (ma tic) \: hile it is 
warm and pour the contents on the sandaru (sandarac); it will melt instantly, 
and this is its secret. Then introduce a reed into the mi ture and take a 
sample. Put the sample on a glas . If the sample drop down and olidifie, 
li ft the mixture from the fire. if it does not solidify, leave it on fire until it 
dissolves, and so that when it drops on the gla it olidifie. Paint clothe 
and weapons and other things with this varni h and it i , by m ma ter, 
God's blessings be upon him, one of the noble t work . 

A Chinese Varnish jor Belts and Girdles 

We describe after thi the Chine e varni h for bit, girdle , belt for 
animals, for weapon' heath and imilar item ; according to the be t 
method that I have pract ised, te ted and mad u e of. I have found it 

marvellous in every hade, if God will . 
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Take from good quality and pure sandarus (sandarac) whatever quantity 
you desire and clip it into the size of lentils . Put it in a bottle and bury it in 
dung until it dissolves. When dissolved, take from it one part, from the oil of 
maiwizaj (delphinium staphisagra) one part and from linseed oil one part. 
Take linseeds, husk them as you do in sesame husking, then pound them, 
and extract their oil. Combine all the oils and cook them on a gentle fire for 
an extended period. Take care that they do not catch fire because fire will 
bum them and consume them. Take from anbat gum (gum ofturpentine tTee) 
one part, pulverise it very well and throw it on the oils so that they are all 
mixed together. Put down the varnish and filter it. Take the filtrate and put it 
in a bottle, and close its mouth to prevent any earth from falling into it. 

Choose a day with silent wind and without dust and take the belts of 
girdles and bridles or whatever you want, and strain a belt between two firm 
pegs. Take out some of the varnish using a reed or a stick and dribble one 
drop on every shibr (span of the hand) so that you know that you have 
distributed it sufficiently all over. Leave it in the sun until it melts. When it 
has melted use a coarse canvas or a rag and polish the belt continuously until 
it shines and improves so that you can see your face in it. It is, by my master, 
God's blessings be on him, one of the precious works in this application. 

In addition, since we have discussed this varnish, there is no hann if we 
discuss a recipe for Chinese paint, which is one of the peculiar works in 
these things. If you start doing a thing, you should make it perfect, the better 
in quality and the most preferred so that it is distinguished. Because if you 
do something that is common, and is made by everybody, then you do not 
have any advantage over the others, except on those who cannot make it. 
Unless of course if what you have made and in which you are equal with the 
others, has only one way of doing it, in which case you are excused. 

A Chinese Paint Recipe 

Take one uqiyya of qalifunia (rosin) which is ratanj (resin), one uqiyya of 
mustaka (mastic), one uqiyya of butm (turpentine tree) gum, one uqiyya of 
Iraqi zift (pitch), the kernel s of ten chestnuts, six awaqi (uqiyyas) of linseed 
oil and three awaqi of Indian iron filings. Cook in a copper utensil, having 
no traces of lead, until it gets thick. Then filter the paint using a cloth of 
close texture, then smear with it iron, copper and whatever you like and they 
will accept it. It is marvellous and can hardly be removed from the utensil s. 
Thi s is one the secrets of their knowledge, so work accordingly and you will 
get something better. It is one of their good basics in these works. Wa al­

salm (peace be upon you). 
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Recipe for Black Chinese Glue 

Take old cheese and cut it as thin as possible. Then add salt to 't . dd" . .. I I' 1 111 a ItlOn 
to Its ongma sa tmess. Place it on a sallaya (stone morta ) d . 

b 
. r an compress It 

y stones, usmg numerous ones and let them be heavy as h . . muc as you can 
Put It m the hottest sun such as in June July or August ad"l '1' , n SImI ar, untI you 
see all or most the fat of the cheese coming out and until f: t t . ft' . a sops seepmg 
out. A er thl~, ~ash It ver~ well to get rid of its salt. Then put it in the sun, if 
you find fat. m. It, return It under. th.e .sun with salt and pressing by heavy 
stones and nnsmg afterwards, until It IS fat free, if God wills, Wa al-salam 
(peace upon you.) 

!~en take it and pulverise it finely like dust. When it reaches this 
condItIon, take a part from it and a part from good quality wh't fi h I D' I' I e IS g ue. 

ISSO ~e the fish glue m some water and when it dissolves throw on it the 
pulvensed cheese and one quarter of pulverised Indian ink Wh 11 . . en a are 
mIxed you can. ~oat with it whatever you desire. If you perform this 
~anufacture d? It 10 a .hot bath (hammam), because if it gets dry it will never 
dIssolve even If you kmdle under it all the firewood in this world, and do not 
le~ve the bammam until you finish making it because if it is contaminated 
wIth .dust it is spoilt. We have discussed something similar when we 
descnbed the making of glass jems and Chinese clay in Kitab al-durra al­
maknuna, so work according to this <recipe> because it one of the 
marvellous manufactures. We have said that you should not leave the 
hammam until your work is completed because if it becomes dry it will 
never coalesce to each other and will be spoiled. Also, if it is wet and if dust 
enters its sides and edges it is spoiled and will ne er coale ce 0 know the e 
basics in all these chapters and you will achieve [56a] wha~ you de ire if 
God wills. ' 

Moreover, since we have discussed these manufacture , we ay that one 
of the superior among them is the making of the Chine e addles, because it 
has strength, lightness and hardness which are nece ary for much 
movement, in addition to its beauty. Such a manufacture ma ha e to follow 
the preceding ones. We seek God 's help in all matter . 

Description of How to Make Saddles and other Chinese items of Cadi 
(Catechu) Colollr34 

Take the wood that you want to u e and carve it to the extent that you de ire 
and rub it down vigorou ly with barle . After ou ha e oaked henna lea\ e , 

34. adi is catechu or cut ch, c ' tract from the heart\\ood of 4cacia catechu a leguminou tree 
of ~he pulse famil y, nati ve to India and Myanmar. atechu i- a fast b;o\\n~dye used for 
vanou shades of brown and oli \ e, including th familiar khaki, and in tanning. ~ ~ 
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rub it with henna water five times and dry it. After it is dried, rub it with 
baqqam (sappan-wood) water. To make baqqa~ (.sappan-w~od) water, ta~e 
baqqam (sappan-wood) and bruise it and throw It.1I1 a pot wlthout .any fat 111 

it and cook it until its colour comes out yellow 111 wate~. Leave It to settle 
then filter it and tlu'OW in it three dirhams of ground Synan alum. Then rub 
your article with baqqam (sappan-w.ood) water unt~1 it takes its. colour and 
the dye is fixed in it and its colour IS clear. When It re~ches thIS st~ge you 

'11 I'ke it since it is one of the best handicrafts. When It reaches t11lS stage 
WI 1 . d b 
take a rag and moisten it and pour nura (slaked lime) on It. an TU. yo.ur 
article with the rag and nura (slaked lime) until you are sa~lsfied wIth ItS 
colour as it becomes warm with the intensity of rubbing; and It come out red 
as if it is fire in its beauty and colour. Then polish it and varnish it with a.ny 
of the varnishes of your liking, either from the above or by any other varnIsh 
of your choice and it will come as you like if God wills. 

Since we have finished these recipes, we need to mention the making of 
the ink that we require in the above works. This is the Indian. and t~e 
Chinese and it is suitable for everything and is one of the best handlcrafts 111 

itself, so follow it and you will see something marvellous. 

Description of Indian and Chinese ink 

Put a pot on a brazier of ghada charcoal. If you do not want to use charc~al 
you can use pinewood, as oily as possible since some of it is so oily that It.S 
fat will drip because of its richness. Then set it aflame and place on top of It 
a vessel that covers it completely. When it burns, no smoke will be wasted 
because it rises into the vessel. Take all the smoke and put it in a mortar and 
pour on it a quantity of fish glue sufficient to combine it. Pound it strongly 
for one good hour until the smoke and the glue are very well mixed . Then 
moisten your hand with water and take it out of the mortar and knead it with 
your hand very strongly until it extends like nati/(a sweetmeat paste). You 
should know that this operation on it is similar to the ceration of elixirs, and 
the better it is mixed and the more resilient it is made the more you will 
achieve your purpose. When it reaches its end by kneading and it becomes 
like ointment, pinch it into discs and thread them, leaving spaces between 
the discs so that they will not stick together, then dry them in the shade and 

do not make an error. 

If you want [56b] to coat with it anything like sadd les or vessels or 
anything else, pound the <di scs> and add fi sh glue to them to the 
consistency needed and coat with it what you like. If you want to write with 
it throw it after pounding in gum water and write. The gum used is that of 
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pears ' trees only, but glue is better. Work accordingly and you will find what 
you like, and it is one of the secrets in these sciences. 

If you like to make ink using another method, then work according to 
this <following> recipe because it is wonderful and is of great benefit in its 
art and it has a good characteristic. 

Description of Another Ink 

Put cow's ghee in a vessel and overturn on top of it another vessel. Kindle 
fire under the vessel containing the ghee. You can use instead of the ghee 
other fats such as those of the khiri (lavender or wallflower), the ban (ben 
tree oil), banafsaj (violets) or anything similar, and then it can be used as a 
dye for beards, hair and the like. Continue kindling fire until the whole ghee 
or fat is converted into smoke adhering to the upper vessel. Then do with this 
smoke as you have done with the previous ink. You may have to know that 
the previous ink is known as the Chinese ink, while this one is known to 
those who deal with it as the Indian, so know them and use them as you 
wish, wa al-salam (peace on you). 

Now, since we have discussed these things and niceties we need to 
mention a paint that cannot be penetrated by water and ca./mot be dissolved 
by it and cannot harm it even if it had remained on it a long time. We shall 
now start in this if God the Exalted wills. 

Description of Paints that Cannot Be Dissolved by Water 

This recipe for paint with which you treat silk so that water Ca./1l10t reach it i 
taken from al-Fadl ibn Yahya ibn Barmak. I have used it and a ked him if it 
is from his own composition, and he aid no, but I ha e found it in an old 
dismembered book with other <recipes> and I tested them all and found 
them to be correct. The <title> of the book was not found at the beginning or 
at the end and it could not be recognised. 

To make this paint take any cloth you like, but if it i ilk it will be 
better. And if you want it to be white then let it be cotton cloth. If you like, 
you can dye it to your liking u ing pattern of your choice and let the d e be 
with good gum Arabic. Then take from clear white andaru (andarac) that 
resembles billaur (cry tal) and" hich i rich in it fat one 111ann. from 
chestnut fat one mann, from mu taka (mastic) three ma./1n and from raw ban 
fat (ben tree oil) three mann . Take the cooking pot and place it on a hearth 
that does not allow fire to e cape from it id s from anywhere around it. and 
kindle underneath it a gentle fire and k.eep tilTing \\ ith an iron rod until all 

~ 

the andaru (andarac) inside it ha melted. 
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When it has melted quite well throw on it the mustaka (mastic) keepin~ 
the fire as it is. When the mustaka (mastic) has melted also, throw on. It 
gently the chestnut fat, sending it littl~ by little and stirrin~ it. slowly whIle 
keeping the fire . When it boils take a httle <sampl~> by a th1l1 Iron [57a] and 
drop it on your nail , and if it solidifies like billaur (crys~al) o~ ~UI11 ?r 
anything similar then throw on it the fat of ban (ben tree ~11) untIl It bO.ds 
again. If it is not clear as we have indicated, the~ ~eep fee~1I1g .the fire WIth 
fuel and let it be gentle and for a longer time until It fulfil s Its Sign. Then try 

. ·1 35 d 
it on your nail <and throw the fat of ban and try it aga1l1 on your n~1 > . an 
if you find that it will adhere to the cloth then it has matured and It WIll not 

be difficult for you to find this out. 
When it reaches this condition bring it down from over the fire and 

leave it to cool and use it in whatever you like and it will achieve what we 
have mentioned. Coat with it any type of cloth and it will prevent drowning 
in water and will protect against rain especially for travels. A person can 
wear a garment from this cloth and fastens tightly the buttonholes. I? 
addition he fastens the sleeves and at the legs, and if the garment has no tail 
so that it is a shirt at the top and trousers at the bottom, and if he fills it with 
air and wades into water he will not drown, wa aI-sal am (peace on you). 

This is the end of twenty-ninth maqala of al-Khawass al-kabir of Jabir 

God 's mercy be on hUl1. 

The Thirtieth Maqala: From Kitab al-Khawass al-kabir of Abi Musa 
Jabir ibn Hayyan al-Sufi may God be Pleased with Him 

In the Name of God, the Most Gracious the Most Merciful. 
We said in the previous maqala that we shall complete in this one what 

we have started there and after that we shall discuss [57b] other sciences. I 
say that I have started in the previous maqala describing dyes for belts, 
clothes, wood and other things. In this one, I shall continue discussing the 
same topics to complete what 1 have started, if God wills. I have described to 
you how to make a varnish that will prevent water from reaching cloth and I 
shall start by describing here a paint that will prevent water from reaching 
cloth , iron and wood, and it will be good and perfect, and we seek God 's 

help in all matters. 

35. This sentence seems to be a repetition by the scribe. 
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Making a Chinese Paint for Coating Cloth, Iron and Wood and other 
Things like Belts and all Devices 

Take white, clear and good sandarus (sandarac). Peel the upper skin until its 
white appears. Then pound it and sieve it with a sinews36 sieve or a hair 
sieve, which should not be of narrow holes. Take one part from it and two 
parts from the pure oil of chestnut. I think that chestnut oil should be of the 
quality that is used in all things including confectionery. Combine them and 
place them in a clean stone cooking pot having no traces of fat or grease, or 
in a luted clean Syrian copper pot, and ifthe quantity is little put it in a luted 

cup. 
Now place it on charcoal, and if it is in a pot then place it on a hearth of 

the type used for pots. Shield it so that fire will not rise from its sides, and 
kindle undemeath it a gentle fire until the sandarus (sandarac) melts. Insert a 
rod into it for stirring, then test it between two fingers and if you find it 
elastic then increase the fuel until it becomes soft between your fingers like 
oil and does not stretch. Take it out from above the fi re and use it in 
whatever you like such as cloth, wood, belts and other objects . 

If you want it to be yellow, black, red or of any other dyeing colour, 
then dye the cloth in the colour of your choice and paint it with this varnish 
then expose it to the sun and it will dry in one day. The place should be 
uml1Une from dust as much as possible because dust will spoil it and destroy 
it. Choose a place with grass or a watercourse, and it will be wonderful if 

God the Exalted wills. 
One can make from T ibetan wood an article or addle or whatever 

other objects, so that they come out similar to what is brought from Tibet 
and its areas. If the workmanship is to be precise, then let him grind the d e 
of hi s liking such as isrinj (red lead), zinjar (verdigri ), lazaward or an 
similar dyes, separately with thi s varnish and gri nd a thoroughly a po ible 

because grinding is the secret of good dyeing. 
The varnish here is the one that we have described earlier. Moreover, if 

the material s are too much for it, then take the gum [5 a] of anbat (gilll1 of 
turpentine tree) and linseed (o il ), one part seed' oil and two part gWl1. tart 
with the gum, and put it in the pot and kindle fire underneath until it melt 
and foams and then settles . When it ha ettled, pour the eed 'oil on it and 
stir a little wltil they are mixed then bring it down. Thi i th "ami h of gunl 

that is used by saddl ers. . . 
Take this amish and grind the pigment with it. Then coat wnh It \\ ood 

and skin applying one dye after the other. When one dye i applied!t.i left 
to dry and then another dye i painted on top unti l all colour are hl11 bed. 

36. yic J.;....;.., according to Lanc ~ are the inc\\ . l r tendons. 
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Then it is dried and carved with an iron with whatever patte rns one desires. 
The patterns are coloured with hair, then coated with the white Chinese 
varnish that we have described, then it is dried. All the dyed colours of the 

carving will be seen. 
1 have seen this varnish being applied to a pol1shed mirror, which 

accepted dyeing and you could see the face in it, and it could not be harmed 
by water or dew or anything related to its functioning. If it is coated, 
overturn on top of it a glass cover and leave it in the sun for drying. When it 
has dried, it will come out as we have described. As to the carvings in the 
dyes let it be yellow under the red and green above rose and the like fTom 
every colour as it is done in books. Know this and work accordingly and you 
see what you like of this and it is wonderful, wa al-salam (peace on you). 

You can if you like add to the white varnish one or two pieces of 
mustaka (mastic) or more or less. This will speed up its drying. But this is 
not good for coating because it will form grains, hence it is better not to add 
mustaka (mastic) and it will be easier to apply and smoother, wa al-salam 

(peace on you). 
Since we came to the end of this chapter let us describe some varnish 

for stones because it is one of the wonderful things. Here we shall say: 

Making Chinese Varnish Especially for Marble and Brass 

Take large pieces of good quality mustaka (mastic) and purify them. The 
method of purifying is to take a sample at the end a large needle, and put it 
close to the fire, and when it melts, squeeze it taking what comes out and 
throwing the rest. Then take from white ratinj (resin) the same quantity as 
mustaka (mastic) and put it in a clean pot or in a luted jug, and kindle 
underneath a gentle fire until it melts and solidifies in your hand. Then take 

it out, put it aside and clean the jug. 

Then take from the oil of banafsaj (violets) a quantity equal to the sum 
of the weight of both, or you can take sesame oil or chestnut oil , and put it in 
a pot and throw on it the mustaka (mastic) and the ratinj (resin). Kindle a 
gentle fire underneath so that it will not burn . When it thickens and becomes 
like honey, take it out next morning and put it in a bottle of wide head. 

If you want to paint it on brass, use the linseed oil instead of banafsaj 
(viol et) oil together with the oil of shahdanaj (cannabis sativa) , one part of 
each, then poli sh the brass and wipe it and paint it two or three times and dry 
it in the sun until it becomes dry and transparent. Thus, it wi ll not rust, its 
colour will not change, and it will be without smell. If you want to paint with 
it a tray, take the naphta smoke and knead it with the water of trotters, and 
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then the oi l of hawwara (white wheat flower) 37 and use it. It is wonderful· 
wa a l- sa lam (peace on you). . , 

Thi s is what we have promised to describe, and we need now to devote 
one of these Chinese paints to iron and let it be golden since there is much 
profit in these crafts . 

Description of a Chinese Golden Paint for Iron 

Take one ratl from old linseeds and one quarter of a ratl from qalifonia 
(rosi n), that is ratinj (res in) . Pulverise the ratinj and put it in a pot with a 
bundle of iron filings. Kindle underneath it a mild fire, taking care that it wi ll 
not c~tc.h fire,. until it thicke.ns. ]f you want to know if it had matured, dip a 
reed 111 It and lf you see hat It adheres to the reed like thick honey then it had 
matured and store it unti I you need it. 

If you want to coat with it brass or iron, the first thing to be aware of is 
that you should not paint in a windy day to avoid dust, because dust is the 
blight of all e lastic things and of elixirs. If you want to paint with it then melt 
it on fire. The fire shou ld be quiet without smoke or ashe . When it dries, 
paint again twice or thrice until it comes out to your liki ng, if God wills. 

Now, s ince we have completed describing these manufactures we need 
to describe other paints. The former golden paint was especially from the 
people of Basra; while the sim il ar one that we shall describe presently i 
from the work of Hamdan philosophers. It is one of the curiou thing, 0 

work according to it and you wi ll find out what you like if God the Exalted 
wills . 
Description of Chinese Paint for Gilded Iron 

Take five dirhams of ratinj (resin), five dirham andaru (andarac) , three 
dirhams dam al-akhawayn (dragon's blood) and five dirham mu taka 
(mastic). Pound them all and throw them on the oil of old eed, and thro\ 
on them a bundle of the fi lings of need les, u ing a thin rag. Put all in an iron 
pot. Kindle a gentle fire underneath until it boil iolently and paint with it a 
thin coat, then approach it to fire taking care that no a he tick to it. Then 
coat it aga in and approach fire taking care against du t and a he . If Oll 

want to approach fireplace on top of it tone or iron; and place the paint d 
object on top, so that it i heated without being expo ed to a he or du t. If 
YO ll wa nt to paint a pole or omething i111ilar in length make th fire and 
then let it be quiet and in ert the pole, and if Oll \ ant to paint a thing with 
go ld , poli h it first very well 0 that go ld will adhere to it, if od '\ ill . 

37. lI awwara i \ hite wheat 1101\ 'r according to ' Iggcl. Probabl) "heat g 'nn od IS II1tended. 
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Because we have discussed these paints and works, let us describe here 
the basic paints starting with the white one, leaving the res.t t? the second 
part of this discourse and this will be the end of our descnptlOns of these 

things if God the Exalted wills. 

Describing White Chinese Varnish that is the Basic One 

Take from good quality anbat (turpentine tree) gum an.y amount you like. 
Filter it from the sediment, and when it is filtered put It on a flat stone or 
ceramic and place it on hot ashes or gentle fire until it gets rid of it~ h~unidity 
and adhesiveness and becomes pliant under your hand. Then put It ID a pot 
and throw into it thirty dirhams of mustaka (mastic) and two ratls of chestnut 
oil. Then kindle underneath it a gentle fire from the morning until mid-day. 
Then bring it down and store it until you need it. Then var~ish with it 
whatever you like and it will be wonderful, if God the Exalted WIlls. 

The Thirty-First Maqala: From Kitab al-Khawass al-Kabir of Abi Musa 

Jabir ibn Hayyan al-Suft 

In the Name of God, the Most Gracious, the Most Merciful. 
We have promised in the previous maqala that it will be the last one to 

deal with these crafts. But we found that there are more crafts that were not 
covered, so we have added this maqala to enable the reader to be in no need 
for any further crafts and so that he will be in no need for guidance. 

We say, God protect you, that the artisan who will make these things, 
and everything that he will make, should be clean and with good manual 
skill. To acquire manual skill one should be patient in the job that he 
practices. Moreover, if he does not get what he desires he should be patient 
until he corrects himself and get the desired result. If one follows this 
recommendation, he will not require a teacher, even in the science of music, 
which can rarely be learned except under the guidance of a teacher, and 
when this science is acquired then the student can teach it wherever he likes 

after he performs it correctly. 
Because we have started this discourse, we need to complete the 

description of the remaining paints so that the learner of this craft will have 
what he needs, and in these descriptions, we rely on God's help. 

At the end of the thirtieth maqala, we described the manufacture of the 
white Chinese paint. We need now to describe the manufacture of the black 
Chinese paint and other things of this same art as additions. Thus, the learner 
will have wide knowledge in these crafts and so he can achieve what he 

desires if God the Magnificent wills. 
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Making Black Chinese Paint 

Take whatever quantity you like from the oil of old seeds (linseeds) which is 
used for polishing saddles, and take from marzanjush (sweet marjoram), 
sunbul (spikenard), myrtle (lY':l1 ) and ifranjmashk (sweet basil) one 
<splinter> of each and one nut from buwa nuts (nutmeg). Pour water on top 
to immerse and boil them in a pot very well so that the water will acquire the 
sweet smell of the fragrant plants. Then filter the scented water leaving the 
plants and pour the water on linseed oil, and cook it very well until the water 
is gone and the oil remains with the good smell of the aromatic plants and 
without the smell of the linseed oil. 

Then take from the linseed oil one ratl, from iron dross (khabath al 
hadid) half a ratl, and from iron filings half a rat! and cook in a gentle fire in 
a new pot and take care that fire does not enter from above. Keep the fire 
from morning until noon then leave it to cool down, then filter it with linen 
cloth while it is slightly warm, then store it and use it in whatever purpose 
you like, and it will be wonderful, if God wills. 

We need now to describe other paints as extra items only 

A Chinese Paint 

One of these is a Chinese paint that was described to us. We tested it and we 
found it to be proper and of top quality. Take from re in (ratinj) one part, 
from iron filings one part and from linseed three parts. Put the linseeds in a 
container or an iron ladle and throw on it the filings and the resin until they 
are thickened with light fire from underneath. When it become like wax 
(mwn) remove it from fire. If you like to make it paint, put it in a luted 
cucurbit (round still flask), and cover it with an alembic and distil it, and it 
will come out red. This is one of alchemist' proof that they have red 

distillates for their elixirs. 

If this distillate comes out red, it does not mean that it ucceeds only 
with red colour. This is not the ca e. If you want to make an article that is to 
be coated with this paint then make the paint and dye it \\~th any colour of 
your choice and then paint the article yellow, green, black, white, blue, ro e 

and any other colour, and it will never peel off. 

If you want to coat with it a cloth, then do 0 and it \ ill mat h the be t 
works in qual ity, and it i one of the ecret in the e craft . I f you work \\'ith 
it, you will reach what you de ire in painted work, addle, ornament and 
other object. A philosopher hould be able to an wer all qu> tion that are 
presented to him in the be t manner and in the 1110 t intri ate detail, inc a 
philosopher hould comprehend all exi ting cience or a much a po ible 
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of them and he should be able judge the rest by analogy, peace be upon you, 

wa al-salam. 
We need also to follow this with another Chinese paint and this will be 

our last discussion of paints in these books if God the Magnificent wills. 

Description of a Chinese Paint 

Take ten istars38 of sandarus (sandarac) and pound it very well then sieve it 
in a fine hair sieve. Put it in a cooking pot and kindle for it a gentle fire and 
it will dissolve. Once it has dissolved pour on it fifteen istars of good quality 
old linseeds and continue the gentle fire until the sandarus (sandarac) and the 
linseeds are mixed. [60a] If you want to know if they are mixed or not, take 
a reed and take a drop and touch it with your finger. If you find it to be 
viscous then it has reached its end, If it still like oil you will know that it has 
not, so continue until it reaches its end; and when this is done store it until 
you need it. Use it in any application you like and it will be wonderful, wa 
al-salam (peace on you). 

We need now to mention a nice red dye for women, that came across us, 
in the colour of gold, which is easy to make, and it should be practised after 
one becomes well versed in these crafts. 

This is one of the good recipes and of top quality and we have tried it 
and found it as described. If one follows in all dyes the procedure described 
in this one, then he can as well produce all colours of dyes. This is one of the 
better recipes so work according to it. 

Description of a Nice Golden Dye 

Take two parts of qalqant and one part of iron filings. Then pour on them the 
best quality wine vinegar until they are immersed. Foam will rise on top 
similar to fi sh scales. 

Take thi s foam and dry it in the shade then pulverise it and knead it with 
ghasl (marshmallow) water that was distilled with a cucurbit and alembic , 
then ferment it slightly as you ferment henna. Then dye with it the [the hand] 
of the maid for one or more hours, as required, then wash her hand and the 
dye will become after washing as if it is gold but purer in its beauty and 
brightness. This is all that we need from these prescriptions, so work 
according to them and you will achieve your purpose by the power of God 
the Magn ificent. 

. A king of our times, complained to me about the splintering of whips, 
theIr lack of beauty, and high cost. Even with these, th ey do not perform a 

38. Jstar IS about 4.5 mithqaJ or 6.4 di rham, which amounts to 20 grams. 
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required. He .asked m.e t.o design a whip that meets his desire. For this, I had 
developed tillS prescnptJOn, which is for one ofthe unique devices. 

Description of Rope Whips 

Take hemp the thickness of a finger and cut from it the length of two cubits 
(dhira'). T?r0w it i~ a pot containing fish glue and boil it until the glue 
penetrates It. When It had absorbed the glue take it out, put it between two 
pegs and twist it, and stretch it like the bowstring. When it is dry, cut it to the 
length of the desired whip. 

Then take the loose end and weave it lengthwise and width wi e so that 
it has warp and weft Rub (the glue) over it smoothly, softly and evenly and 
the more you do this the more beautiful and perfect it will become. 

Then take a hem of a good coarse cloth and sew it on it then paint it 
with any of the preceding paints. If you like it black then smear it "vith the 
smoke of naft and then varnish it, or you can choose any colour, and it will 
not change, like cotton cloth which is one of the best long-lasting textile , 
and peace be on you, wa ai-sal am. 

Because we have discussed these things, let u mention something that 
matches big and rare industries. What we shall de cribe wi ll be of a general 
benefit and much usefulness. Such recipes occur in the e note by e; or and 
they contain secrets and wisdom, and if people are di tracted by them they 
will neglect their livelihood and their usual activitie , peace be on you. wa 
al-salam. 

This one is of stoneware making out of e\"erything. and thi pre- ription 
matches in its virtue the important pre cription when need an e . It i of 
benefit for artisans. It is one of the great ecret e peciall) in -tone" ork. 0 

work according to it and revea l it secret and you will achiew \\ hat) ou like 
if God the Magnificent will . 

Making Stoneware al1d Everythil1g frolll Broken Stol1e 

Take fi e parts from the broken fragment of ' tone" are and on part from 
l1Turdasanj (litharge), and if thi not a\ ailatl take i, rinj (red lead) in its 
place. Take kathira (tragacanth) and oak it in \\ aler unlil il . "e1l ', 'md \\ h n 
it ha \ ollen put it in a linen rag and . qu eze it untillh e, tt-a't 'om: out 
leav ing the hell , tick and other impuritie, in. i k th~ rag . 

Then moisten thc toneware fragments \\ ith the kathira (tragacanlh) 
water, and make from them" hat ' \ er \\ arc. \ lHl liJ... . and dn thclll . \\ h ' l1 . . 
th ey arc dr , place them in a talltlur un til Ih ') a1" lak' j 1l1\l) I \11l 'I) )r 
solidiI' like stone and become l i J... ~ the original ston '\\ .\rl~ . 
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Moreover in this manner you can treat anything made from stones and 
from things th~t cannot burn in fire. Follow the same proc~dure and ~ou will 
obtain objects similar to the original. The usefulness of thIs chapter IS great, 
because if you find the fragments of an object you will be able to restore the 
original through this prescription and this p~ocedure. It .has a great, 
magnificent and noble secret in it if you have notIced, beca~se It teaches you 
the basis of all fermentations, and there is in it the best gUide for what you 

may need in these crafts. 
So work according to it, and by my master, God's blessings be on him, I 

have rendered you a great service with these crafts which are unique in 
science, if you have realised. So search for them and work accordingly and 

you will find wonderful things. 
In this also is a gradual training for you towards more difficult works, 

so listen to what 1 am telling you, and infer by analogy and this will be a 
great insight for you in deducing sciences. 

I shall mention now some unique products and will describe precious, 
great and noble water that has two benefits, one is that it wiy ~istil re? in 
colour and the second is that it will be used in dyes. TIllS IS a umque , 
product. 

Description of a Wonderful Golden Dye 

Take new nabti reeds and cut them into pieces each four fingers long, then 
put them in a glass cucurbit and overturn on it the alembic and make a tight 
joint in between. Kindle fire underneath until its water is distilled and a 
water red as blood will come out. Then knead the henna with it and when it 
has matured and after one hour had elapsed, it will come out in the 
unmatched colour of gold. Moreover, one may imagine that the palm of a 
woman's hand is painted with a gold paint. 

Then work accordingly in your applications and examine it and you 
will find in it, by my master, God's blessings be on him, many benefits of 
great usefulness, and if there is only the red distillate thi s is in itself one of 
the wonders. 

For at the beginning a small quantity of white distillate comes out, and 
then a red distillate and it is an amazing thing so know it and use it. Some 
people were doubtful about it and said that this is the dye and because it is 
plentiful , water will be mixed with it and both will come out red. 

Moreover, I think, and God is wiser and more informed , that the true 
thing is what these people had said. So know thi s and apply it and it is one of 
the more important sciences, if God the Magnificent wills. 
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Description of a Nice Red Ink 

This reci pe is the last one in these maqalat, and the end of our maqalat also. 
Therefore, work on it because it is good and unique and it contains useful 
things for anyone who applies it, searched and tried it. 

Take eight mithqals from lead isfidsj (ceruse), and four mithqals from 
qalqant, and put them in a bottl e smeared securely with clay and tight at its 
head. 

When it is dry, put it in the upper glassmakers' furnace for one night 
and take it Ollt in the morning. Break the bottle, remove what is inside and 
pul verise it quite well, then moisten it with gum water and write with it 
whatever you like and it will be wonderful, wa al-salam. 

Let thi s be the last di scussion in this art and the end of the maqala. 
Moreover, we come to the exposition that we have previously promised if 
God the Magnificent wills. 

Excerpt from the Thirty-Sixth Maqala [68aJ: Solidifying Mercury into 
Red Colour <Making Cinnabar> 

Take a round glass cup and pour a quantity of mercury into it. Then take a 
Syrian jar and put at its bottom a quantity of pul verised yellow sulpur. Then 
place the cup on the sulphur and let it surround the cup up to its rim. 

Then place it in a tannur, after it has been used for baking bread, and 
cover the mouth of the jar securely. Then take it out and it will be found a a 
solid stone, red like blood of the best co lour. Use it whenever you need red 
mercury (ci nnabar). 

This mercury is called the zunjufr (cinnabar) of philo opher . It is al 0 

called the exterior dye, the start of the interior dye and the contrary dye; and 
it is called the strong dye, the achiever of ta k and other imilar 
descriptions. Use it in any of the mentioned ta ks and for imilar thing, if 
God the Magnificent wills . 

The Forty-Second Maqala: From Kitab al-KllOwass al-Kabir of Abi Mu a 
Jabir ibn Hayyan al-Sufi 

Making a Saw and a Knife that Cut Gla s, Horn and 0/1 Stolle 

In the Name of God, the Mo t Graciou the Mo t rerciful. 
Praise be to God the fir t without a beginning and the la t \\ ithoUl an 

end , the ca pable of d~ing anything without an e ample or upport. Let Him 

be exa lted to great hi ghncs . 

Bccau e we ha e dis u ed until no 
doctrine, sufficient ubjcct in the cien 

in the c maqalat, in the \ ariou 
e and cran , wc need now to 
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mention something from the properties of the inner philosophical sciences 
that are difficult. We shall bring the best that we can in these maqalat and 
end with this one to go into discussing the functioning of the balance as we 
have promised you, if God the Magnificent wills. 

The first thing is to describe making a saw and a knife that can cut 
glass, horns and al I hard and soft stones as easily as they can cut wood and 
reeds, and will pass through them with ease without stopping. 

Philosophers attributed these recipes to talismans as they should be. 
They are talismans in reality. Every talisman peltains to a property since it is 
fast in action [73 b] on its own, wa al-salam. 

The method to make these tools is to take the mushroom, which is 
called the mushroom of the snake, which kills anyone who eats it. This 
mushroom according to dependable experts and to specialists in agriculture, 
is grown only in the dung of donkeys. The best procedure is to grow 
mushrooms under olive trees and to fertilise them with donkey's dlmg. The 
mushroom that results will quickly kill anyone who eats it and is much more 
harnlful than the bish (aconitum ferox Wall) , because of its singular 
property. When the crop has grown, take from it the amount required, and 
take the juice of the mountainous karnab (wild mustard). It comes from 
various places but the mountainous one is the best for this application. Take 
also moist Persian ushnan (Salsola Soda) juice, ' awsaj (Iycium arabicum) 
juice, old wine tartar, I mean the wine should be old since it is better, zabad 
al-bahr (pumice), dhararih (Spanish fly) and the juice of moist banj 
(henbane) tree. 

Pulverise the dry ingredients and mix them with the waters. Put them in 
a bottle and seal its head and bury it in the dung for fourteen days renewing 
the dung every three days, and the contents will dissolve into clear blond 
thick water, which will be a poison for iron, and will rip everything and 
dissolve it. It is also a poison so avoid it because it is quick acting and kills, 
wa al-salam. 

Then make the saw that you desire or the knife to any size. Let the teeth 
of the saw be very small like the teeth of a turtle or smaller, and the knife 
can be with one edge or two edges, and make its blade as thin as poss ible 
because this will be better and quicker in action, if God the Magnificent 
wi lis. 

If you finished with this and made it according to our description, take a 
felt and soak it in old urine for three days then remove it from the urine and 
dry it in the shade, then irrigate it with that water. 

Then heat the saw or the knife and quench it with thi s water in the same 
manner used by ironsmiths in quenching swords. When it is quenched and 
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becomes cool , wrap it very well in rags and safeguard it from dust as much 
as you can, because dust is the plague of everything, wa al-salam. 

If you want to work with it then do so as is the case with all tools in 
their different applications and when you are finished wrap it again with the 
rag and take care not to leave it exposed otherwise the heat treatment will be 
lost. 39 It will cut marble, by my master, as easily as a knife cuts watermelons 
and similar things. It will also cut every stone and no iron at all can affect it. 
It will , by my master, cut emery and large stones which brass-makers use for 
hammering. So use it when the need arises for similar applications, if God 
wills. It can cut through diamonds as sharp knifes cut through meat and 
faster. 

This is what the philosophers had indicated, and I see that the juice of 
wild qatha al hi mar (ecballium elateriwn rich) can be added. Also the juice 
of the habb tree (sweet clover), the juice of marzion (daphne mezereum), the 
water of la'iya (euphorbia triaculeata forsk) and the poison water that is used 
in elixirs, or the juice of rayhan (basil) alone or the juice of the hanzal (bitter 
apple) tree. It will, by my master, cut everything,40 so work accordingly, wa 
al-salam. 

It is not in our power to give more than one prescription in this maqala, 
and so let this be the end of it. 

The Fifty-Ninth Maqala: From Kitab al-Khawass al-Kabir of Abi Musa 
Jabir ibn Hayyan aI-Sufi f85b] 

Dyeing Hair Yellow in the Colour of Gold 

In the Name of God the Most Gracious the Most Merciful, prai e be to God 
the Alert, the Subtly Kind, the Pardoner, who has no equal. 

It is not forbidden or abnonnal to dye hair in black, red or green 
colours, or to dye black, red and green hair il1to white colour, but it i strange 
to dye the hair yellow in the colour of gold. It is, by God, one of the big 
wonders . I will give on example that can be foll owed by anyone who ha no 
experience in these matters. 

The recipe for this is to take from good quali t C priot qa lqant one part 
and a half, one part shahira (vitriol), one part yrian zaj ( uri \ itriol) and 
one part red qalqatar. Combine them in good pulveri ation and knead all 
with the eggs' yolk. 

Put them in a luted kuz (mug), eal the mouth and roa t for one night in 
a strong fire in th e g lassmaker ' 0 en or that of the potter. Then take it out 

39. Il ere comes a ph ra c, that i \'ague. 
40. We omitted here a vague phrase. 
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and leave it to cool down. Take it out from the kuz (mug) and pulverise it 
with the juice of kurrath (leak) and seal the head and roast it in fire another 
night, then take it out in the morning and leave it to cool down. When it is 
cold take it out and pulverise it and store it for your future need. 

If you want to dye with it, take an old wine of good quality, with nice 
smell and clear. Take the roots of kurkum (turmeric), pulverise them with 
the wine and make them like little balls. Let the weight of the kurkum roots 

be half an uqiyya. 
Then take an uqiyya from that prepared drug and knead it with the wine 

that contains the kurkum. Wash the head beforehand with natron only and let 
it not be contaminated afterwards with grease or anything, then apply this 
dye. Then leave it one night and in the morning it will all be soft. Wipe the 
hair with a cloth and then coat it with pure ban oil (ben oil) and it will come 
out the colour of smooth ibriz gold that will not change for six months. Keep 
it, use it, take it as an example for all other sciences because it is amazing, 
and so use it in all applications that come your way. It will not change with 
passage of years and so what may be adduced from it in all sciences, if God 

the Magnificent wills. 

Another Similar Prescription 

Take Armenian bauraq (borax) and pulverise it with the yolk of eggs for 
three days, and whenever the yolk dries irrigate it from the water of the 

Armenian bauraq (borax). 
Then take pure yellow gold marqashisha (marcasite) and pound it into 

coarse grains. Pour it into a glass container and pour on it filtered vinegar or 
utruj (citron) juice covering it by two fmgers above. Then stir it three times 
daily and when the vinegar becomes black pour it out and replace it until the 
vinegar does not change in colour and does not become black. If you see it 
like this, take it out and pulverise it with first drug in qarasia (prw1e) juice 
for three days. Then dry it and roast in a luted ceramic kuz (mug) in a strong 
fire and take out in the morning and protect it from dust, which is the plague 
of all works, and from dew also. When you want to use it take from it two 
parts and from yellow zarnich (arsenic) one part. Pulverise the zamich in 
water until it becomes liquid. Pulverise all in eggs white and some za'faran 
(saffron), and murrar al-baqar (centaurea aegyptiaca) with za'faran (saffron). 
Then coat with it what you like and use it and you will see it ibriz gold. We 
added to it that that it be coated with the Indian paint of the Art, which is the 
same as the Chinese paint of sandarus (sandarac) and linseeds, if God the 

Magnificent wills. Thi s is the end. 
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The Sixtieth Maqala: From Kitab al-Khawass l a -Kabir of Abi Musa 
Jabir ibn Hayyan al-Sufi al-Azdi 

Writing on Paper in the Colour of Gold 

In the Name of God, the Most Gracious the Most Merc·ful P . b 
h fi b 

. I . raIse e to God 
t e or eanng, The Ever Returning the Generous th B t . . " e es ower. 

Th~ wrItmg on paper in the colour of gold by artifice may dispense with 
the pastmg of gold on it. It will be better, brighter, softer and more d bl 
over years than gold. ,ura e 

.Gold is pasted on these things with the water of ashaq (ammoniacum). 
It .wI.1l change place, carry the gold and peel it off. The method of makin 
thIS IS to follow the procedur~ of the fifty-ninth article until you reach th: 
stage when the ~olour of the vInegar remains white. I mean that in which the 
golde.n marqashlsha (mar~asite) is soaked and if the black colour is gone and 
the VInegar becomes whIte you will not need the marqashisha (marcasite) 
t~en bring out :he drugs and roast them. Take them out, pulverise them, and 
dls~olv.e them In five fIngers of the juice of moist ushnan (Salsola Soda) 
whIch IS called the ushnan of zatha. 

You will see that your prepared drug will become upon contactina this 
ushnan (Salsol~ Soda) b.e~er in colour than ibriz gold. So write with it ~pon 
w~atever you ~ik~: a WrItIng book, paper, a cloth or anything like this and it 
wIll come out Ibnz gold without glue or gwn 

. In ad~iti.on, 'you will need this in most similar works . The nobility of 
th~s preSCrIptIOn ~s more than can be described, because, 0 , my brother, you 
wIll. know. the :Irtue of what we have mentioned if you approach people 
dealIng WIth thIs . same ap~lication and practiced the recipe in which they 
excel. Moreover, If you achIeve several times their accomplislm1ent with le s 
cost a~d labour than what they have, and in les time, then you will 
ap.preclate our favour to you and to all people. We ask God to reward us for 
thIS and to bless us with more knowledae in the sciences · he i generou and 
liberal and fulfils what he desires, wa al~salam. ' 
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APPENDIX: GLOSSARY OF SELECTED TERMS 

Description ~.;a.l4 ~'il 

Utrujj, utrunj. Citrus medica c::y':JI 
Risso; citrus limonum risso; 

English: citron 

Adrak or adhrak; A precious e\ .J..l\ 

jewel made by casting glass 

Ifrinjmisbk; Ocinum basilicum, 
\ > •• \ 

, .$ 11' Q? '.....>9 

sweet basil 

Iklil al-malik; Meli lotus e\.W \ J.i.lS \ 
officinalis, Yellow Sweet 
Clover 

Ban; Moringa arabica. (Siggel .I..J u. 
p. 19). Its oil is called ben oil or 
behen oil. 

Bijadhi; according to al- LSj4-::-! ' LSj~ , .. 
Biruni, bijadhi is one of 
hyacinth-like stones. 

' , 
Old linseeds ~ .J-Y-

.. 
Baqqam; Caesalpinia sappan ~ 
(Dozy I, 104, Siggel p.21) .. 
Buqqam; Datura, known as ~ 
Devil's trumpet, metel, downy 
thorn-apple 

Balsan, Commiphora u~ 
opobalsamum, known as Balm 
of Gilead. 

B il1aur; rock cri stall .JJ..i 

Banj; hyoscyamus niger L. ~ 

Bish, aconitum ferox Wall 
> 

L>":!-! 

Jauz buwa; Myristica fragrans \ . 
.J-!.J..P." 

Houtt, nutmeg. 

Hummad al- utruj, Citron juice c:: y':J \ uaL...::.. 
Hummad; rumex acetosa L.; uaL...::.. 
common sorrel 

Hanzal, Citrullus colocynth is. Jk 
Colocynth, Bitter apple 

Dukhan al-naft, The soot of ..l:.ii.l I ub..l 
naphtha. 
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Dam al-akl1awayn, Dracaena 
Cinnabari dragon 's blood 

Duhn al-hawwara; 

Probably wheat germ oil 
. . . . I Duhn al-khm. OIl ofmatthlOla 

Daus, cast iron, or cementite, 
one constituent of steel. 

I 
Du' or dugh, is makhid; 
buttermilk 

Dhararih, cantharis vesicatoria, 
littavesicatoria, Spanish fly. 

I Ratinaj; resin 

Zabd al-bahr;, pumice 

Zarawand; aristolochia longa, 
birthwort 

Ziryab, scorched or intensely 
roasted . 

I ZunJufr; cmnabar 

Sunbul, valeriana celtica; 
spikenard, or nardin. 

Sunbadhaj; emery. 

Sandarus; sandarac. sandaraca 

Shajarat al habb; probably iklil 
al-malik; mellilotus officinalis; 
sweet clover. 

Shahira; vitrio l. 

Simgh al-butm; gum of pistacia 
terebinthus L. (Siggel, p. 20), 
Turpentine Tree. 
, . . I aqlq; cornehan. 

'unnab; Ziz) phus ati, a 
Gaertn .. Juj ube 
, 
anzarul or anzarut; Astragalu 

sarcocol la Dymock 

' awsaj ; Iy ium hawi . 

0.!"":" ':J I r..l 

LS)yJI ~..l 

.,\ I 
~.J 

~I ..l.J. . ..J 

..l..i.JI.Jj 

L:.A:!.Jj 

. 
~j l 

lY'.J.J~ 

~I 0 : . . ~ 

, > 
o~ 

~\ to,o 

.. 

1......lUc. . 

w.J.J.Yc 

:"'t...ul .JC I.:: 
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Description ~..;a.lL: ~"JI Description ~..;a.lL: ~~I 

Ghada or Ghadda, Haloxylon ~ Nannahan; soft or wrought iron . ~L.,y 

perslcwn 

Farrash; Ceruse of lead LPI.;3 
Nil; indigofera tinctoria; true J.;j 
indigo -

Futr al-hayyah; fungus of the ~I~ 
snake, poisonous fungus 

Wars; memecylon tinctoria 
U"jJ 

willd; dye plant. 

Fuwwa, rubia tinctorum L; 'Oy9 Yaqut; corundum, w~l: 
madder. ruby 

Qiththa ' al- himar; ecballium j~1 ili 

elaterium rich. 

Qarasiya; prunus cerasia; L....,I -_..P 
prunes. 

Qulfuniya; colophony. Rosin ~p 

Kafur; cinnamomum camphora jy9LS 

nees; camphor 

Kathira, tragacanth; astragalus I">ps 

gummifera lab 

Kurrath; alliwn porrum, leek. dp 
Kurkum; curcuma longa, ~P 
turmeric. 

La'iya; euphorbia triaculeata ~':/ .. 
forsk 

Ma' al-kawari'; or akari '; water tjLS':/1 La 
of trotters. 

Mazaryun; daphne mezereum uJ:!jjLa 

Murrar; centaurea aegyptiaca y.,JI I . jY 

del. 

Mararat al - Shabbut; gall .b~1 'O)y 
bladder of shabbut (carp) fish . 

Mardasanj; litharge. ~\..ly 

Marzanjush; origanwn " . . 
U"~jY 

majorana L.; Sweet Marjoram 

Maiwizaj ; delphinium (Y-..»" 
staphisagra; Lice-Bane 

Mastaka; pistacia lentiscus; LS'h.OA 
Evergreen pistache ; mastic. 

Manthur; cheiranthus cheiri L; 
_. 

j.J-llA 
Wallflower 

Mumiya'; asphalt 4-<>JA 
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6 An Eighth-Century Arabic Book of Recipes on the 
Colouring of Glass, the Manufacturing of Pearls and 
Other Industrial Products: Kitab AI-Durra AI­

Maknuna (The Book of the Hidden Pearl) of Jabir ibn 
Hayyan (c. 721- c. 815) 

Jabir ibn Hayyan wrote in the 8th century a unique treatise of tecImical 
recipes dealing with the manufacture of coloured glass, making lustre­
painted glass (stained glass), colouring gemstones, purifying of pearls and 
making artificial ones and other useful objects. 1 

This chapter is composed of two parts. Part 1 discusses briefly Islamic 
glass industry during Jabir's time and the origin of lustre (stained) glass. It 
reviews the colouring of glass in Arabic literature and in pre-Islamic times 
and in Latin early books of recipes. This is followed by a description of the 
manuscript of K. al-durra and how it relates to the present knowledge about 
Islamic lustre (stained) glass. This part ends with a note on liizaward as 
cobalt blue in the colouring of glass. In Part 2, we give selected recipes from 
Kitiib al-durra al-makniina. 

PARTl ISLAMIC GLASS INDUSTRY AT THE TIME OF 
JABrn 

When Jabir was writing his treatise on the colouring of gla s in the 8th 
century, there were in Iraq, Syria, Egypt and Iran thri ing glas industries. 
Glass originated in this area since ancient times but it flouri hed and great 
innovations were introduced after the advent of Islanl . Some gla s industrie 
were established during the Islamic period such a tho e of Raqqa, Basra, 
KUfa, Baghdad, Samarra and Fustat. 

Our knowledge about Islamic gla s is based partiall on Arabic 
literature; but we are indebted to the archaeological exca\'ation that were 
undertaken at several sites like al-Raqqa, Qa r al- Ha r al- harqi, amarra, 
Fustat, NisaplLr, Palestine, several other location in the ear Ea t, Europe 
and in the Far East. 2 Furthermore, world mu ewns hold great trea ure of 

I. ee hapter I for a biograph of Jabir. 
2. arboni, tefano, Archaeological ->.ca ation of I lamic Gla s, in Gla , of rh ' ulfans. 

(efano Carboni and Da id Whitehou c, Yale ni\"er it) Pre " 200 I. pp. 14- 24. lor ree'l1I 
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Islamic glass and they contributed considerably to o~r knowledge thr?ugh 
the special exhibits that are organised from time to tIme and the publIshed 

catalogues that include valuable studies by glass specialists .
3 

. 

Glass-making was a mass production industry and large glass factones 
were discovered by recent excavations in Syria and Palestine, in Iraq, Iran 

4 
and Egypt. 

We are not discussing in this chapter the production of ordinary glass 
and shall limit ourselves to the production of coloured and lustre painted 
(stained) glass that are the main themes in Kitiib al-durra. However, we may 
mention in passing that at the time of Jabir and later, clear glass of great 
purity was produced according to al-Biruni,5 who always quotes Arab poets 

in illustrating his statements.
6 

Origin of Lustre Painted or Stained Glass 

Lustre-painting, which is characteristic of Islamic glass and pottery, is a 
metallic sheen applied on the surfaces of glass or pottery objects. Its origin 
has been the subject of discussion amongst historians, the suggested centres 

being, Syria, Iraq, Egypt or Iran. 
According to the latest reported archaeological finds , the earliest 

existing examples of lustre glass were of Syrian origin during the Umayyad 
period.(660- 750).7 Numerous Umayyad glass lustre fragments have been 
found at Qasr al-Hayr al-Sharqi 8 that was bui lt in (728- 9) by the Umayyad 
Caliph Hisham ibn Abd al-Malik, who ruled between 723 and 742 . In 

excavations in Qasr al-Hayr al-Sharqi in Syria. were conducted by a team led by D. 
Genequand as indicated below. 
3. A recent example is the exhibit that was arranged in 200 I by the Metropolitan Museum of 
Art of New York, the Corning Museum of Glass and the Benaki Mu eum, Athens. Glass of 
the Sultans is a catalogue of that exhibition. 
4. Some of these excavations were reported by Carboni in Glass of the Sultans, op. cit. Also 
Sarah Jennings, reported in Glass News (of the Association for the History of Glass,AHG), 

umber I, June 2003, her discovery of amazing large tank furn aces from Tyre, Lebanon, 
thought to date !Tom the 10th- 12th centuries. Vast quantiti es of glass were melted !Tom raw 
materials in furnaces of capacities of up to 37 tonnes. 
5. AI-Biruni, Kitab al- Jamahir, pp. 222- 3. 
6. AI-Buhturi (820- 897), the celebrated Arab poet, said describing a glass containing wine: 
' Its colour hides the glass as if it is standing in it without a container.' 

w \ . .. ... :A! tsJ I . ~ I •.. I.s.! I. : .I <\.::.. L::. jll . . 
y ~ L>- er '1j-' '1j-' ,., .. ~ 

7. Ashmolian, Abbas id Ceramics, Revolution or Evolution? The Development of a True 
Islamic Style in Ceramics. A Web-Based Teaching Course on Islamic eramics. 
8. Genequand, D., with contribution by M. O' Hea, 'Qasr al-Hayr al-Sharqi: une vill e neuve 
des debuts de l' lslam dans la steppe syrienne', Archeologie Suisse, 29.2006.3: 22- 9. 
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addition, the glass found at the ancient site of Pella9 in Jordan included 
Umayyad lustre-painted and gilded fragments. 10 

Figure 6.1 Glass furnace in working order from MOUl'ad lJI urname i. 1 - 2. 

Since luster g lass was used in Qasr al -Hayr al-Sharqi, it i 
reasonable to asswne that the technique of lu tre painting wa developed in 
Syria at an earlier date in the ame century or e en before. Thi a wnption 
seems reasonable becau e Jabi r, who was writing in the second half of that 
century, gave a large number of recipe for thi art, ome of "hi ch ma) have 
been formul ated by hi m and ome ma ha e been compiled from previou 

9. Pell a i set in a fold of the hill that ri e from th Jordan Valle\ km north of Amman. It 
is known in Arabic a Tabaqat Fah!; and i one of the 1110 ' 1 a;l 'I 'nl slIes in JL)rdan and a 
favourite of archaeologi I being e\.ceptionall) rich in antlqUltle . An 'r Ihe> 7th e>ntuD \rab 
conque l, Pell a continued a an ma) ad ell) for just 0\ e>r 100 ) ear .. and ome -up'rb 
potlery remain have been found here. But lik.e , 0 man) Ila "~ In Jordan, lh cil~ \\J~ 
deslroyed by the terrible earthquake or \1) 747. The lIe continued to he (q:upi d during th 
Abba id and Mam luk period , but it \\a no\\ a I11l1ch !:-I11111er and more ruml COI11I11Ul1lr~. 
10. MaI'gm'ct O' lI ca: 'Um3\yad to ratllllid Glass: lind at P'liu'. lii,roriolll' of l~lL1f/1l ~rl 

€l lIwletter; olumc Ill ,. -p'ring _003 
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practice. The accumulation of such a large number of mature recIpes 
requires several decades of industrial experience. 

Apart from these early fragments of Umayyad lustre glass, an extant 
lustre painted glass cup from Fustat is dated 163/779 and another cup from 

Damascus is dated 170/786.
11 

After the rise of the Abbasid Caliphate in 750, Syrian glass-workers 
may have been encouraged to migrate to Iraq 12 and lustre glass was 
produced in Basra, Kufa and Samarra in the 8th and 9th centuries. 

In 1942 Ettinghausen published information about two glass lustre 
sherds, one from the Princeton Art Museum and the other from the Islamic 
Museum in Cairo, the latter of which was inscribed with the nisba (family 
name) 'al-Basri' .1 3 He argued that this inscription was likely to refer to the 
maker, and he dated the sherds to the 9th century. A third glass lustre sherd, 
in the Freer Gallery, is reported to have come from Basra. This clearly 
implies that there was a glass lustre manufacturing industry at Basra, which 
is also known from the historical sources. According to Ya' qubi, Basran 
glassworkers were among the artisans brought to work on Samarra by the 
Caliph al-Mu'tasim (833-842). 

We do not have until now lustre glass objects or sherds from Kufa, 
although there are the remains of lustre pottery. It is assumed by several 
writers that lustre glass is the origin of lustre pottery; 14 and that the first 
painters of lustre pottery inherited some of their techniques from 
glassworkers, and may actually have been glass-painters as well. IS This 
seems natural, since the manufacture of pottery and glass uses similar 
materials, and the two industries have been usually established at the same 
sites. In addition, we can assume that since lustre pottery was produced in 
Kufa, then lustre glass should have been produced there as well. Jabir, who 
mentions the glass of al -Kufa in Kitab al-.durra, confirms this. 

Lustre glass was also produced in Samarra. There are existing lustre 
glass objects from Samarra in world museums. 16 The windows on the inside 
of the magnificent private houses of Samarra were filled with many-coloured 

11. Scan Ion, George T. and Ralph Pinder- Wilson, Fuslat Glass of the Early Islamic Period, 
London,2001,p.210. 
12. Ashmolean; Abbasid Ceram ics, op. cit. 
13. Ettinghausen, Richard, 'An Earl y Islamic Glass-Making Center', Record of the Museum of 
Hisloric Art, Princeton University, Vol. I, No. 2 (Autumn, 1942), pp. 4-7. 
14. Caiger-Smith, Alan , Luslre Pottery, New Amsterdam, ,p. 10. 
15. Craiger -Smith, op. cil., p. 17. 
16 . Glass of the Sultans, op. cil., pp. 20 I, 215. 
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glass disks of 8-19 inches in diameter , 
glass set in a framework of stucco. 17 

or with smaller pieces of stained 

Figure 6.2 Bluish colourless glass, late 10th to early 11 th century with yellow 
and brown copper and silver lustre painting. 

The Colouring of Glass in Arabic Literature 

Arabic literature on the colouring of glass is not yet inve tigated. Therefore, 
our review here is an introductory one and is not exhausti e. We hall limit 
our.selves to the end of the thirteenth century, which i the ame period in 
whIch the major Latin books of recipes had appeared. 

We know at least two existing works for Jabir in which there are recipe 
on the colouring of glass. One i Kifab al-durra al-lI1aknuna and the econd 
is Kifab al-khawass al-kabir. 18 AI-Birw1i mention a third book for Jabir 
called Kifab al-nukhab in which there are recipe for producing gem tone 
from cast coloured glass. 19 A careful search in Jabir' "ork may reyeal 

17. Diamond, M.S., all1aITa the Ephemeral, The .lfetropolilGn .\JUSL'lIl1J of Art Bulletill, \ ' 01. 

23, No. 3. (Mar, 1928), pp. 85 90. . 
18 .. Jabir ibn Ilayyan, Kilab al-khall'as al-Aabir. t: bibliograph). , cc Chapter 5 on [hi. 
subject. 
19. AI-Biruni , Kilab al-Jolllohir, p. '2'27 . 
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some more recipes. However, the present known works, especially Kitab al­

dUrl'a, are without equal. 
AI-Kindi (801-873), the great Arab philosopher, who lived about the 

same era as Jabir, wrote several important works on industrial subjects. Ibn 
al-Nadim (d. 995 or 998) listed in al-fihrist, three treatises related to the 
colouring of glass for al-Kindi: (1) The Kinds of Precious Jewels, and 
Others ; (2) The Kinds of Stones; (3) Risala fi talwih al-zujaj (A Treatise on 
Lustre Glass). 20 These works did not survive but al-Biruni in his book al­
Jamahir refers quite often to al-Kindi who is one of his main sources. Later 
works on precious stones also continued to refer to the works of al-Kindi. 21 

Two other works on glass were listed in al-fihrist, one of them is Jewels 
and their Kinds by Muhammad ibn Shadhan al-Jawhari, 'the Jeweller, who 
wrote it for ai-Caliph al-Mu'tadid (857-902), and the other is Kitab al­
talawih (the book on lustre 'stained glass'), by Yahya ibn Muhammad al­
Zajjaj (the glass-maker). 22 It is to be remembered that treatises on gemstones 
usually contain recipes for making artificial ones from cast coloured glass or 

by colouring cut glass or rock crystal. 
AI- Razi (865-925) in Kitab al-asrar gives several recipes for the 

production of coloured glass and the colouring of gemstones. Several of his 
recipes are for the production of artificial yaqut (ruby) . 23 

Al Biruni (973- 1050) in Kitab al-Jamahir fi ma 'ri/at al-jawahir, which 
deals with precious stones and metals, devoted one chapter to glass, one to 
mina (enamel), and one to a manufactured precious stone called adhrak.

24 

This same adrak is described in both Kitab al-durra and Kitab al-khawass of 

Jabir. 
The Karshuni manuscript (written in Arabic with Syriac script), was 

compil ed between the 9th and 11 th centuries according to Berthelot and 
Duval. 25 It contains several recipes for producing coloured glass and 

description of glass furnaces.26 

20. Al-Fihrist, English translation, vo!. 2, p. 625 . Arabic edition, Cairo, p. 378. 
21. Such as Ibn al-Akfani (d. 1248) in his book Kitab nukhab al-dhakha 'ir fl ahwal al jawahir, 
ed. Rev. Anstas Mari al-Kirmi ll i al-Baghdadi , Cairo, 1939. 
22. AI-Fihrist, English translation, vo!. 2, p. 743. Arabic edition, Cairo, p. 455. 
23. AI- Razi , Kilah al-asrar, Arabic edition, edited by Taghi Danechpajouh, Tehran, 1964, 
pp. 95- 9. 102-3, 105-6, 114. 
24. AI-Biruni, K al-Jamahir, pp. 227- 8. 
25. Berthelot, M. and R. Duval, La Chimie au Moyen Age, vo!. 2, Pari s, 1893 . . The Karshun i 
MS was published in Syriac scri pt, with a translation into French by Duva!. The Karshun i 
Arabic text was converted into Arabic script in Aleppo by th e Rev. Father Barsum on the 
request of the author of the present volume. The Arab ic tex t in Arab ic script is still in M 
form . 
26. Karshuni M<), Berthelot and Duval, op. cit., pp. 194- 7. 
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In the ~ 3th cen tu?' , w~ have two treatises having recipes on coloured 
glass. One 1S for al-T1fash1 and the other is for al-Marrakishi. Al-Tifashi 
(1184-] 253) wrote Kit~b az~ar al-ajkar fi jawahir al-ahjar (Best Thoughts 
on the Best of Stones) Il1 Ca1ro around 1243. This treatise on gemstones has 
one recipe only on producing gemstones from cast glass.27 The treatise of al­
M.arrak~shi was not ~own until no,:. 1;8 was discovered recently together 
w1th Kltab al-durra 111 one manuscnpt, and was written in 1252 at the 
Nizamiyya School in Baghdad. The opening statement of the treatise runs as 
follows: 

AI- Marrakishi , Muhammad ibn Maymun ibn ' Umran al-Himyari, says: These are 
chapters (abwab) about the casting of billawr (crystal), glass and /ayruzaj 
(turquols.e) based on the know-how of brother Hibat Allah ibn Shinvan '" ho 
communIcate~ them ~o me in hi s own words; and afterwards we got together and 
apph~d them m practice and. the resul~ came as he had explained. The e chapter 
explam also the causes of thiS art and Its truth, its fi re and tructures of which he 
did not keep a secret and did not conceal any thing; so understand this from al­
Marrakishi. 

In addition to this statement, the MS has some chapters on pearl 

Recipes on the Colouring of Glass before Islam 

The earliest recipes for glass were from Mesopotanlia and go back to the 
17th century BCE. They were found at Tall 'Umar on the Tigri , and were 
translated into English. They show a well-e tabl i hed tradition in glas 
making. The recipes give compositions of glaze . 29 ~ 

More elaborate reci pes fo r coloured glas . are given in the A yrian 
Cuneiform Tablets from N ineveh from the Librar of urbanipal (66 -
626 BCE). These tablets were tran lated into Engli h30 and Gennan. De pite 
the difficulty and the uncertainty in translating the text of the tablet . it i 
believed that glass of various colour was produced and the recip included 
metallic oxides among other ingredient. 

The tradition of making co loured gla in le opotamia. yria. Eg) pr 
and the Near East as a whole continued throughout the later ' enturi and 

27. A I- Tifa hi' book on gemstone \\ a Iran laled mlO L nglish h:- :amar 3Jnl \ hul Huda. 
Arab Rools o/ Gell/otology, London, 199 The IranJafwn ha mall:- maCCUr3CI6 Th 'Ipe 
on an ali i fi ial gem lone i on pp. 150 and _.' I. 
28. B.N. M Arabe 69 15, fol io, 24b .Da. 
29. Forbcs, R.J . IlIdil'.1 in Ancie/1/ Tcchllology, Bnll . \ nl. \ . I Qb6. pp I . -l 
30. Thompson, R. Campll'lI, Oil Ihe ChclI/i,l /n of Iht' ~'ltl<'lIf 1" lr/</1/ I , llln ILln. 1<)25 \ 
more re 'ntl ran lalion i ' gl\ cn b) \ . I Cl) Opp.:nll'1 l11 . Ih)ht'r1 11 RnlI. n,m B'If<Il,! anJ " 'I 

on aldem. dllss and Glm .1 \/'I/..illg 11/ .JnClt' l/I 1ft 1O[l!lTtIl /I /. 411 f 1/1101/ III Ill. ' /11/ tornl 

Te'rls " 111ch o llla i ll 11/.\ fl"ll ' l iOI/\ /or Gl'l, ,' Ill lAcr.l. rh' t 'llnun' ,\I \I~ 'l\lll Ill' d,I ' . 1 <)~ll . 
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there are obviously similarities between the inherited recipes . Jabir as a 
chemist gave advanced and clear quantitative recipes. He had utilised the 
practical inherited knowledge, but he was evidently not acquainted with any 
recipes from the buried Assyrian cuneifonn tablets that preceded him by 

about fourteen centuries. 
The other important pre-Islamic recipes, beside the Assyrian tablets, 

were those of the Egyptian papyri of the 4th century CE. However, the papyri 
of both Leyden and Stockholm are devoid of any recipes for the production 

of coloured glass. 31 

The Stockholm papyms contains recipes that deal with the imitating of 
gemstones. The first step in the manufacture of imitation was to treat the 
stone in such a way as to roughen it and to make its surface porous. Caley 
who translated the papyms says: 

After corroding the stone, some kind of a dyeing material was then 
applied. Vegetable dyes and mineral substances were employed in 
dyeing. These latter fall into two classes, the inorganic and the 
orgamc substances. Copper salts, for example, were usually 
applied to form imitati9:n emeralds from the base, while alkanet 
was used for red stones. 2 

On this basis Caley assumed that: 'the manufacture of coloured glass was 
not a developed art at the time of this collection'. 33 

One part of Kitab al-durra is devoted to the colouring of gemstones. 
Jabir gives much more advanced recipes in which colouring by diffusion is 
employed, He provides details of this technique and describes the ovens that 
are used for this purpose. 

As in the case of the cuneifonn tablets, these papyri recipes were buried 
in a tomb in Thebes of Upper Egypt and they could not have been possibly a 
literary source for Jabir who relied of course on the inherited skills of the 
area where he lived. 

The Colouring of Glass in the Latin Books of Recipes 

There appeared in the West before the introduction of Arabic alchemy in the 
12th century four books of practical recipes related to industrial chemistry. 34 

31. Caley, E.R. 'The Stockholm Papyrus: An English Translation with Brief Notes' , Journal 
o/Chemical Education IV:8: ( 1926),979-1002. 
32. Caley, op. cit., p. 1000. 
33. Caley, op. cit., p. 100 I. 
34. Sherwood Taylor in his article on ' Pre-Scientific Industrial Chemistry ', in A History 0/ 
Technology, vol. 2, edited by Charles Singer et al., Oxford, 1956, p. 351, listed a fifth MS to 
which he referred to it as 'craftsman 's manuscript written in atalonia about 11 30 '. This MS 
has been edited by M. Bumharn. ' Reci pes from Codes Matritensis A. 16.' Palaeographic 
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These were acclaimed by some Western historians of chemistry and 
technology as 'sources of information on the chemical technology of 
medieval Europe which are without parallel in Byzantium or Islam' .35 The 
earliest is the text known as Compositiones ad tingenda (Recipes for 
Colouring), the manuscript of which goes back to the end ofthe eighth or the 
beginning of the 9th century. 

The Compositiones has in it eight recipes for the manufacture of 
coloured glass. These are very concise and rudimentary. For blood red, it 
says: 'Put 3 oz. of cinnabar to a pound of glass and cook it for 2 days.' For 
the milky colour it says: 'Put 3 oz. of tin to a pound of glass and cook it for 2 
days.' For a red colour it says: 'To a pound of glass, 2 oz. of copper 
ca1cine. ,36 R.P. Johnson discusses the sources of the Compositiones in a 
monograph. 37 He has shown that there is an Arabic influence in the book. 
Certain of its tenns for dyestuffs are Arabic or Persian, such as luza which is 
the Arabic for almond, lulax from lilac, and lazure from lazaward, whence 
comes the word 'azure'. There is also the word siricum (a kind of minium) 
which most probably came from the Arabic sariqun. 38 Overall, these recipes 
are collected from various sources originating in Syria, Mesopotamia, Egypt 
and Byzantium. 

Another book of recipes is the Mappae clavicula, 'Key to painting', 39 

which was first compiled in about the 9th century. It contains most of the 
recipes of the Compositiones including the eight recipes for coloured glass. 
Three more concise recipes for coloured glass were added. Adelard of Bath 
(c. 1080-c. 1152) had edited the 12th-century version of the Mappae and he 
introduced into it several Arabic recipes. 40 

edition. University of Cincinnati Studie , second series, Vo!. 8. Univer it) Pre , Cincinnati. 
1912. 
35. Multhauf, Robert, The Origins o/Chemistry, London, 1966, p. 154. 
36. Bumham, John M., A Classical Technology, Edited, fTom Code ' Lucen is, 490, Bo ton. 
1920, pp. 82- 3. Also Hjalmar Hedfords, Compositiones Ad Tingenda Mu iva, edited and 
translated into German, Uppsala, 1932, pp. 82-5. 
37. Johnson, Rozelle Parker, Compo Wone Variaefi'olll Codex -190, BibliOTheca Capitolare. 
Lucca, The University of Illinois Press, 1939, pp. 2-4. 
38. See Part 2 of this chapter. 
39. Smith, Cyri l Stanley, and John Hawthome, 'Mappae Clal'icula, littl' ke) to the \\orld 
of medieval techniques,' The American Philosophical Society. e\\ erie - \olume 6·t part 
4, 1974, Philadelphia. . . 
40. Berthelot, M., La Chemie all Moye/1 Age, vo!. I, Pari. I 93. p: 60. The rabl 1l1f1~en .e 
was noted by Phillipps. Cyril Stanley mith and Hawthome, p. Clt.. remark. on p. 6 of their 
edition of the M.C. that' Phill ipp could equally \\ ell ha\ e argued that th> author \\'a from the 
Middle East, for many Arabic term appear in chapters 195 to 201'. ee al 0 Charle Bumett 
and Loui e Cochrane, ' Adelard and the Mappae cla\ i ula' in harle ' Burnett; ed, Adela~d 0/ 
Bath: An English cienti t alld Arabi't 0/ fhe Early Twelfth ellfur.", \\ arburg In Htut 
Surveys and Te t , 14., London : Warburg In titute, 1987. pp. 29 -: 
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A third book of recipes is The Schedula diversarum artium, 'Notes on 
Various Arts', of Theophilus that was put together in Germany between 
1110 and 1140. This book is considered the most advanced among the Latin 
books of recipes. Part 2 of this treatise deals with glass. However, the recipes 
for coloured glass do not have added metallic oxides. Hawthorne and 
Stanley Smith who edited and translated the book into English say: 

Theophilus describes a relatively large plant for maki ng g lass in the fonn of 
windows, vessels, mosaic tesserae, and glazes . The chemistry of the process is 
again rather lightly treated. To obtain glass of different color for windows, he 
evidently depended on the incidental presence of manganese in the beech wood 
ashes and iron in the sand and refractories that were used, for there is no 
suggestion of any added metallic oxides or other coloring matter, except III 

compounding the pigment to be applied superficially on painted windows.
41 

The De coloribus et artibus Romanorum of Eeraclius is a craftsman's 
handbook of about the same date as Theophilus, or a little later where there 
are few concise recipes for making red, green, yellow and purple glass. 
Copper or brass filings are used. 

Stained glass is the popular general name applied in Europe for the 
glass used in the making of coloured church windows. 42 The Coming 
Museum of Glass defines stained glass as: 

the generic name for decorative windows made of pieces of coloured glass fitted 
into cames and set in iron frames. Strictly speaking, the tenn is inaccurate 
because, in addition to glass coloured by staining,43 glaziers used, and continue to 
use, glass coloured throughout by metallic oxide, glass coloured by flashing, and 
glass decorated with enamel. 44 

In the four Latin manuscripts discussed above, lustre-painted glass was not 
described. Theophilus and Eraclius described a vitrified or an enamel 
painting that is quite different from lustre. 45 The one prescription given by 
Theophilus for a vitrified paint does not contain lead oxide that is needed as 
a flu~/or the enamel. 1t consists of burnt copper, green glass and blue glass 
only. The enamel had to be melted onto the glass body so that it would 
soften at a temperature lower than that required to soften the body of the 

41. ~awthome, John G. and Cyril Stanl ey Smith, Theophilus on Divers Arts, Dover, 1979, pp . 
XXX I- XXXII. 

42. Merriam- Webster' s Dictionary. 
43 . i.e. lustre-painting. 
44. Comi ng Museum of Glass: A Pocket Dictionary of Terms Commonly Used to Describe 
Glass and Glassmaking. Rev ised Edition . Online. 
45. Merrifield, Mary P., Original Treatises on the Arts of Painting 2 vo lumes Dover 1967, 
vol I, p. Ixxx ii i. ' " 
46. Hawthome and Cyri l Smith , Theophilus, op. cit., Book 11 , Chapter 19, p. 63. 
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object and a lead compound is necessary. The Islamic prescriptions for 
enamels given by Jabir in Kitab al-durra, and by al-Biruni in Kitab al­
jamahir have lead oxide fluxes added to the colorants. One enamel 
prescription from Jabir is given in Part 2 of this chapter. 

Proper stained glass, which is lustre painted, first appeared in Europe in 
about the 11 th century. It was applied on flat glass for church windows. It is 
likely that Venetian inunigrant glass workers, who settled in Limoges in 
France, introduced the art of staining (or lustre). This was a great 
development. The new radical process consisted in painting with metallic 
pigments that were fused into the glass, the painting being thus made as 
durable as the glass itself. One of the first churches to use the new method 
was the Church of St Denis at Paris in the 12th century. Its picture windows 
were so successful that stained glass thereafter became an essential 
constituent of every religious building. 47 

Silver was first employed in staining church glass windows more than 
five centuries after this technique was applied in Syria and Egypt. The 
earliest known example is in the Norman church of Le Mesnil ViIleman (a 
village in the Manche, north of France) and is dated 1313. By the 1320s 
silver stain was widely used, and the technique has been continuously 
employed since then. It survives today in modern stained-glass windows and 
art glass, in which yellow stains are still based on colloidal silver, sometimes 
accompanied by copper. 48 

When we come to the end of the twelfth or beginning of the 13th 
century, we enter the period of translations of Arabic alchemical and 
technological works. These translations continued to appear until the time of 
printing in the 15th century, and beyond. The liber sacerdotum i a typical 
product of the translation movement from Arabic. It contains over 200 
teclmical recipes. These were collected by an Arabic compiler, and the 
collection was translated into Latin in the first part of the 13th century. The 
text is full of transliterated Arabic words, such as kibrif a phar for ellow 
sulphur, with some corrupt transliterations. It contains a little dictionary of 
Arabic-Latin chemical terms. Berthelot fow1d that there are imilaritie in 
some of its recipes with those of the Book of Sevent), of Jabir. The treati e 
contains recipes that deal with imilar topics a the Mappae Clavicula and 
the other Latin treatises on recipe but the detail are different and there i no 
correspondence between thi treati e and the above four treati e .49 Th Iib~~ 
sacerdotum contains se eral recipes for colouring and painting on g\a 

47 . Catholic Encyc/opedia ( 19 13), tained las,b) e\ eraleditor.online. 
48. Brill , in Glass of the S1Iltans, op. cit.. p. '5 . 
49. Berthelot, La Chemie, vol : I; op. cit., pp. I 0- 2. 
50. Berthelol , op. ci l. 
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This important Latin treatise of Arabic chemistry has not been translated 
from Latin and its recipes on the colouring of glass deserve a special 

attention. 
From this survey, it is evident that the recipes for producing coloured 

glass in the four early Latin recipe treatises are extremely concise and very 
few, and the art of lustre-painted (stained) glass was not mentioned in any of 
them. The colouring of gemstones by diffusion was also not mentioned. 
Neri's book of 1662 discussed in detail the production of coloured glass and 
enamels but it did not consider lustre-painted glass nor colouring of stones 
by diffusion. 51 It is reported, that copper and silver lustre technique occurs in 
a 15th-century manuscript of recipes, now at Munich, but no details are 
known about it 52 

The Manuscript of Kitab al-Durra al-Maknuna 

This is a unique treatise. It is number 36 in the Fihrist53 of Ibn al-Nadim, 
number 45 in Kraus's catalogue, and number 39 among the One Hundred 
and Twelve Books of Jabir. 

In maqala (article) 2 8 of Kitab al-khawass al-kabir Jabir gives recipes 
of technical chemistry. In describing in detail a gemstone caIled adrak that 
rivals corundum in its hardness, he concludes this recipe by saying: 

'and pour it in it, as we have mentioned in Kitab al-durra al-maknuna, 
and you will get what you like if God WillS,.54 

In maqala 29 which deals also with technical chemistry Jabir says: 

And we have mentioned something similar in our discussion of glass and its 
working, and Chinese ceramics in Kitab al-durra al-maknuQa, so work according 
to it because it is one of the miracles in practical industries. 5 

51. Neri, Antonio, The Art of Glass, translated by Christpher Merrett, ed. Michael Cable, 
Sheffield, 2004. 
52. Pope, E.M. in A History of Technology, op. cit., p. 304. 
53 . This is according to the Cairo edition, and it is number 35 in the edition ofGustav Flilgel. 
Leipzig, 1871 - 2. 
54. See Chapter 5. 
55. Alexandria Library, MS Alexandria Municipality 5204, fo . 93b; Br. Museum , M OR 
4041 , fo . 55b. 
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In maqala 68 Jabir also says: 

lfthe waters were sharp, then use pharaonic glass the manufacturing of which was 
discussed in our book al-durra al-maknuna which is among the One Hundred and 
Twelve Books. Know this since it has no allegories and no superfiuities. 56 
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Apart from these references, no complete manuscript of this treatise was 
known to exist when Kraus compiled his catalogue in the forties of the last 
century. 57 Nevertheless, while we were searching for Jabir's manuscripts in 
the Bibliotheque Nationale of France, this treatise was unexpectedly found in 
BN MS Arabe 6915 which was acquired by BN at a relatively recent date, 
having been listed only in 1987. 58 

This collection (majmu 'a) includes several valuable treatises that were 
copied and edited by Muhammad ibn Maymun ibn 'Umran al-Marrakishi 
when he was residing at al-Madrasa al-Nizamiyyah in Baghdad in 65011252. 
The treatises in this collection are: K. al-durra al-maknuna of Jabir (ff. la-
24b); a treatise on making coloured glass and gemstones composed by al­
Marrakishi as disclosed to him by an artisan experienced in this craft (24b-
33a); K. musahhahat Ijlaton of Jabir which is the major treatise in the 
collection and occupies about half of the folios (33a-91a); K. sina 'at al-tibb 
al-nabawi which is a practical treatise ascribed to Jabir containing 
alchemical, medical, talismanic and curious recipes (92a- l 08b). Then after a 
short recipe ascribed to Jabir for the preparation of alt (108b- l09a), there 
follows Hirz al-Hakim the Fatimid Caliph (l 09a-123b). The collection ends 
with an alchemical treatise which al-Marrakishi ascribes to his mother 

(123b- 133a). 

Contents of Kitab al-Durra al-Maknuna 

Jabir says at the start of K. al-dun-a that he did not deal with thi art (the 
colouring of glass and related topics) in his other book becau e he devo~ed 
to it this book, which he called al-dun'a al-maknul1a. which alone contam 

this science. 

56. Alexandria Library, MS Alexandria Municipalit") 5204, fo. 151a. , .. 
57. The text in Br. Lib. Add 7722, treati e number 11 , purported to be part 01 A. . al-dllllll al­
makl1ll17a, is on theoretical alchem) and i unrelated to technical chcllli 'Ir): 
58. Cataloglle de Mall crit ' Al'Obes, indc;o.. no. 6836 7'214, complied b) 't \ ette au\ an .'1 al. 
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The treatise can be divided into four mam themes. The first is on the 
manufacture of coloured glass by casting. The second is on lustre painting of 
glass (stained glass). The third is on the colouring of gemstones by di ffus ion 
with descriptions of two ovens for this purpose. The fourth is concerned with 
the manufacture and treatment of pearls and gives recipes for glues and other 

materials. 

Assessment of Kitab AI-Durra AI-Maknuna 

Arabic Chemistry and the Colouring of Glass 

Some modern scholars supposed that there should have been a relationship 
between the methods of glass colouring and Arabic chemistry. Some had 
expressed an interest in knowing whether the chemistry of Jabir ibn Hayyan 
had any bearing on the development of lustre painting. 59 This interest arose 
from the fact that lustre glass was being produced at the same time when 
Jabir was active. He was the chemist of the Caliph Harun al-Rashid who 
made al-Raqqa his second capital and during whose reign the glass industry 
was established in that city. 

In one of his papers, Henderson suggested that Jabir ibn Hayyan must 
have exercised some influence on the constituents of glass in al-Raqqa in his 
capacity as the chemist of the Caliph whi le he was residing there.60 

Alan Caiger-Smith wrote a chapter on alchemy in its relationship to 
lustre-painting. He drew attention to the similarity in materials used by 
alchemists and lustre-makers. 61 

The relationship between Jabir and industrial practice is clearly 
indicated by him in Kitab al-khawass al-kabir in which Jabir gave a 
multitude of recipes on industrial chemistry. In several of these recipes, Jabir 
indicated that he had tried some of the recipes for himself and proved their 
truth. 62 

59. When the present writer discovered Ki/ab al-durra he was keen to know whether the 
recipes i.n this tr~atise correspond with the current knowledge about colouring glass. He 
communIcated With Prof. Julian Henderson who was also interested in Jabir ibn Hayyan. 
Henderson sent the author a complete set of published papers about his excavati ons and 
findings in Raqqa. 
60. Henderson, Julian , ' Rad ical hanges in Islamic Glass Technology ' Archeome/ry 46 3 
(2004), p. 461. ' , , 
61 . Caiger-Smith, Lus/re Pal/elY, op. cit. pp. 186-96. 
62. See Chapter 5. 
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Other Arabic scientists like al-Kindi and al-Biruni were also stressing 
the importance of checking industrial formulations with the practice of 
technicians of their times. 

Al-Biruni discussed the relationship between the chemist and the artisan 
in the colouring of glass. After discussing the various colours that arise from 
metallic oxides, he says: 

They have many methods and disclosures on the composition of basic glass and 
the quantities of the colouring materia ls; but none of these can be considered right 
except by observing the work of the distinguished artisans and by actually getting 
involved in the work and practicing it by doing experiments on the compositions. 
Glass, enamel and ceramics are close to each other ~nd they have common 
techniques in pigments and in the methods of colouring. 

6 

We may mention again that al-Marrakishi wrote a treatise on the colouring 
of glass based on the verbal narration of an artisan and both of them tested 

the recipes together afterwards. 

Islamic Lustre Painted Glass According to Contemporary Scholarship 

Chemical analyses of a group of luster-ware glass fragments in the Coming 
Museum of Glass confirmed that the stained surfaces conta ined silver and 
copper. 64 Brill , who conducted the tests, says: 

We now believe, from our analy es, that the indispensable ingredients for staining 
the glasses were a si lver compound, a copper compound, a reducing agent, and a 
vehicle with a thickening agent. 

Brill further states that the paste is painted onto the surface of the object, 
which was then re-fired at a moderate temperature. During the re-firing, the 
silver migrates through the surface into the body of the gla . Upon 
becoming reduced chemically to minute colloidal particles of metallic ilver, 
it impaJ1s a pennanent stain just beneath the urface. The colour of the 
resulting stain depends primarily on the amOlmt of il er pre ent and the 
extent to which the chemical reduction had proceeded. It could range from a 
lemon yellow to strong amber. E idently, the pre ence of copper hift the 

colour further toward the amber shades. 6S 

The above results reported by Brill , cOlTe pond with the recipe of Jabir 
in which the most important material in the recipe for painted .Iu tre i 
copper and its compound. It occurs in about 90 per ent of the re'lpe , aJ1d 

63 . AI-B irun i, al-Jamahir, op. cil. , p. 2::!5 . 
64. Brill , Glass a/the SlIllalls, p. 34. 
65 . Brill, op. cil. 
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burnt silver is most prevalent also and it occurs in about 73 per cent of the 
recipes. This correspondence between the recipes of Jabir and modern 
analysis is so important that it merits further research. 

Colouring of Gemstones by Diffusion 

The colouring of artificial stones by diffusion was not mentioned in any 
medieval work as far as we know. This is rather a modem concept. It is 
applied currently for the enhancement of the colours of gemstones. The 
conventional diffusion treatment was based on using rather high 
temperatures, but recently patents were granted for diffusing colour at lower 
temperatures. One such patent is US patent number 7033640, 'Method of 
colouring gemstones', issued in April 2006. In summary, the patent calls for 
colouring cut gemstones by introducing metals or metal oxides into the 
surface of the stone by means of heat treatment. During the heat treatment, 
the gemstones are laid on a solid plate and the metals or metal oxides form a 
substantial constituent of the plate. The process described by Jabir in Part 2 
of this chapter has the main elements outlined in this patent. 

Artificial Pearls 

Jabir gave a recipe for making artificial pears in Kitab al-khawass aI-kabir, 
in addition to the recipes in Kitab al-durra. This note is about artificial 
pearls in Kitab al-durra and in non-Arabic literature. 

The Stockholm papyrus that goes back to the 4th century CE describes a 
primitive recipe for making artificial pearl by coating stone grains with a 
paste aimed at imitating the colour of pearl. However, in Jabir's recipes 
actual small pearls are dissolved in citron juice and mixed with special 
ingredients to make a paste. Pearls are formed from this paste by rolling and 
then drying and polishing. 

Several Arab scientists after Jabir discussed pearl. One of the best 
accounts is given by al-Biruni in Kitab al-jamahir, where he gives recipes 
for making artificial pearls and improving their colour. 

In the Latin books of recipes preceding the 15th century we do not find 
recipes on making artificial pearl. The Bologna MS that was written in the 
middle of the 15th century gives a recipe similar to Jabir's recipes in which 
pearl is dissolved in citron juice to make artificial pearl. About the same 
period, between 1480 and 1488, Leonardo da Vinci gave a recipe similar to 
those of Jabir in which small pearls are dissolved in citron juice. 

This similarity between the recipes of the Bologna MS and the 
Leonardo da Vinci ' s recipe on the one hand and the recipes of Jabir on the 
other hand raises the question on whether the recipes of Kitab al-durra and 
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Kitab al-khawass found their way to Europe during the Renaissance. George 
Saliba had discussed this question in detail and he proved that during the 
Renaissance Arabic manuscripts were studied without the need for them to 

66 
be translated. 

Lazaward (Lajvard) and Zaffer 

Cobalt oxide was used for blue colour in lustre glass during the Umayyad 
Caliphate and the early times of the Abbasid Caliphate and the later 
centuries. 67 The Arabic word Iazaward, Persian lajvard was used to denote 
this pigment. The word indicates also' lapis lazuli', which is a stone with one 
of the longest traditions of being considered a gem. The ultramarine pigment 
from this rock, cannot be used for glaze or for producing lustre-painted glass 
because of its lower temperature resistance, therefore the word lazaward 
(Arabic) or lajvard (Persian) when used for lustre pigment must mean cobalt 
ore. 68 At lower temperatures, ultramarine pigment can be used in colouring. 

The mines for cobalt ore were on the south of Kashan in Persia. The ore 
was processed and used in the Islamic Near East and was exported to China 
and to Europe. Towards the end of the 19th century, it was still processed in 
the same traditional way. Schindler (the German-born British engineer who 
had spent nearly thirty years in Persia and was director of mines there), 
visited the mines in the village Kamsar, 19 miles to the south of Kashan, and 
he described the mining operation. The earthy cobalt contains about 5 per 
cent of metal. It is collected and washed with water, and the heavy sediment 
is made into cakes. The cakes, under the name of laj verd i Kashi, are 

exported. 
The ore is reduced in the following way: ten parts by weight of the earth 

or ore (in cakes), five of potash, five of borax, are pounded together to a fine 
powder, and then made into a paste with concentrated grape j uice ( hireh), 
and formed into small balls or cake . The balls are then put wi th pounded 
quartz into a sufar (earthen pot with wide opening) and e 'po ed to heat in a 
furnace for sixteen hours . The metal gained in thi wa amount to about one 
twentieth of the weight of the cobalt cakes employed. To u e the cobalt for 
colouring pottery it i ground into fine powder \\i th an equal quantity of 
quartz. 69 

66. George Saliba, Islamic cience and the Making o/the Europeall Renai ance. liT Pr . 
2007, Chapter 6, pp. 2 10- 32. . ' . 
67. Hes , Catherine. ' Brill iant chievemcnt : The Joume) of I laInlC Gla . and Cemml s to 
Renai ssance italy', in the Art. 0/ Fire. ed. atherine He- • J. Paul Gett) tu eum. Lo 
Angeles, 2004, pp. 1- 33. 
68. Allan .I .W.' bu ' I-Qasim' Trcati con eramic ·.Irall 11 (19T) pp. 111 :20. 
69. Allan, op. cit. 
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Although cobalt blue was known in Islam for many centuries, it was not 
used in Italy until early in the 15th century. It was imported as the impure 
oxide, zaffre, from Syria through Venice and known as colore damaschino 
(Damascus pigment). Since it was dutiable in many ports, there was 
considerable smuggling. 70 

During the Yuan Dynasty (1271-1368), and the early period of Ming 
(1368-1644), the crude cobalt oxide was imported from Persia and was 
known as hui hui ching or ' Mohammedan Blue' which has always been 

greatly admired. 71 

Chemists and alchemists did not know the chemical composition of 
numerous materials before the age of modem chemistry. The word natrun, 
for example, was used to denote either potassium nitrate or sodium 
carbonate. The same applies to the word lazaward or lajvard. It could mean 
either lapis lazuli or crude cobalt oxide. The common quality here is the blue 
colour only. In Western literature, the word zaffer was used to denote this 
pigment. The etymology of the word indicates most probably an Arabic 
origin. 72 This seems probable since this material was imported from Arabic 
lands. 

The real composition of lazaward (lajvard) or zaffer remained unknown 
until about 1739 when Georg Brandt of Sweden, who was studying the blue 
colour of glass, discovered that the colour was due to a new element, cobalt. 

In Kitab al-durra al maknuna, lazaward, indicating cobalt oxide 
pigment, occurred in more than twenty recipes, mostly for producing lustre 
glass. 

Western literature of technical recipes dealing with paints and the 
staining of glass did not refer to cobalt blue until after the 15th century. This 
applies to the Compositiones Ad Tingenda Musiva, 73 the Mappae 
Clavicula 74 and the Schedula diversarum artium of Theophilus. 75 The word 
zaffer was used extensively in Neri's The Art of Glass in 1612. 76 This is 
about eight centuries after Kitab al-durra al-maknuna. 

70. Saliba, George, 'The World of Islam and Renaissance Science and Technology' , in The 
Arts 0/ Fire, ed. Catherine Hess, J. Paul Getty Museum, Los Angeles, 2004, p. 57. Saliba is 
quoting from Pope, E. M. 'Ceramics, Medieval' in A HistOlY 0/ Technology, ed. Charles 
Singer et al. Vol. 2, Oxford. 1954-58, pp. 284-310. 
71. Article 'Pottery, Ming dynasty (1368- 1644), in Britannica online. 
72. Webster's Dictionary (1913 Edition). 
73. Compositiones Ad Tingenda Musiva, op. cit. 
74. Mappae Clavicula, op. ci t. 
75. Schedula diversarum artium of Theophilus, op. cit. 
76. The Art o/Glass, op. cit. 
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Conclusion 

It seems that Kitab al-durra al-maknuna of Jabir ibn Hayyan is the only 
treatise of its kind that discusses extensively lustre-painted or stained glass. 77 

It is also the only treatise that deals with cast coloured glass in a detailed 
manner until the 17th century. It also describes a method of colouring 
gemstones that is the forerunner of the modem colouring by surface 
diffusion. The known Latin books of recipes do not discuss lustre painted 
(stained) glass or pottery. Such lustre wares began to be produced in north 
Italy about 1300. Similarly, the recipes for cast coloured glass in Latin 
literature until the 17th century are very few and concise. Colouring of 
gemstones by surface diffusion was not yet known. 

Recent analysis of Islamic lustre painted (stained) glass and pottery had 
proved that the main ingredients for staining were silver and copper. This 
analysis corresponds with the recipes of Jabir ibn Hayyan in Kitab al-dun'a 

al-maknuna. 
The discovery of this book of industrial chemical recipes dissipates the 

wroncr notion of some historians that Jabir was only an alchemist whose 
writi;gs were vague and allegoric. It also disproves the prevailing 
assumption of some historians of science that the Latin books of technic~1 
recipes that appeared in the West before the 12th century had no ?araJlel~ In 

Arabic li terature. 78 In fact, there is no parallel to Kitab al-durra In practIcal 

chemical recipes in any language. 

PART 2 SELECTED RECIPES FROM KlTAB AL- DURRA AL­

.MAKNUNA 

1 The Manufacture of Cast Coloured Glass 

There are about 51 original recipes for producing coloured glas in add~tion 
to about 12 recipes inserted by al-Marrakishi. The typical procedure 1 . to 
prepare a batch composed of clear or pharaonic gla s 79 and the colourmg 

77. We know nothing about the Munich MS of the 15th centuf) that i reported to contain 
recipes on lustre-painted gla using copper and ilver. 
78. Multhauf, Robert, op. cit. . " 'd 01 mean that 
79. Pharaonic glass is a very high qualtty lead gla . The name ph~raol1lc . oe ~ I ' alas i 
this glass is ancient Egypti an. It indicate the qualit) only. The hlgl~ qual.lt) 0 t 11 ';'" . 

., I I fa Baramkl \\ 3Zlr al- ma I a\ , apparent frolll literary ource. In descnb\llg t le UXUI,) 0" .: . I' 
f h· I \ a a Jug ot pharaol1lc g a . when he vi ited hi s palace, that he aw a tray on top 0 \\ lC 1 \ • -, . -01 ' 

. I K 'b . M cca a becher Ualll) 01 pharaol1lc ::-The Caltph al-Ma ' mun pre enled 10 t le a a \Il e, . f I' . t' ont 
'ddl toOt d> 1 Ihe 111lao e 0 a Ion m T with an opening of one hib,. ( pan) and on the 1111 eo I 1 <;: d"" the arro\\ 

. . . ' I Id ' 1'0 \ and 8rrO\\ an p011llmg , of whIch 1 a man kncel\llg on hi knee 10 mg a 0 \ , -
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materials. The ingredients are grOlmd finely and put in a luted pot which is 
placed inside a glass furnace w1til the contents are melted. 

Materials Used 

The following materials are arranged according to their descending 
frequency in the 51 recipes: 

• Glass, and the like, 49 (billaur 'rock crystal ' , 1; glass, 31; glass, 
pharaoanic, 5; pebbles 'hasa', 8; rock crystal 'maha', 2; sand, Egyptian 
for glass, 1; come I ian stone' aq iq', 1) 

• Copper compounds, 35 (dross of brass ' barani', 80 4; copper filings, 1; 
copper, burnt, 5; calcified copper (halqus), 3; copper scales' rusakhtaj' , 
11; verdigris' zinjar', 7; malachite' dahnaj', 4) 

• Lead compounds, 26 (red lead 'isrinj', 16; litharge 'martak', 6; lead 
'usrub', 1; lead 'usrub' filings, 1; lead ' usrub' , burnt, 2) 

• Iron compounds, 20 (steel, scales, 2; iron, saffron, 4; iron, filings, 3; 
hematite 'sadhanj', 7; marcasite, 3; green copperas 'qalqant' , 1) 

• Magnesia, 8 
I 18 

• Alkali, 9 (alkali, 7; alkali, salt, 2) 

• Natrw1,8 
• Tin compounds, 6 (tin 'anuk' foil, 1; tin filings, 2; tin, burnt, 1; tin, 

ceruse' isfidhaj' , 1; tin, killed, 1) 
• Dragon 's blood,82 4 
• Orpirnent (zarnikh asfar), 4 

towards the lion. AI-Biruni in al-jamahir, p. 93, says that al-Kindi described diamond as to be 
similar to Pharaonic glass. Dawud al-Antaki in al-tadhkira, op. cit. , p. 161 gave a recipe for 
making pharaonic glass that includes burnt silver. We may speculate and compare pharaonic 
glass to the modem best quali ty lead glass like crystal. 
80. BaI'ani according to al-Marrakishi is the dross of brass when it is melted. 
8!. Magnesia here is the mineral of manganese oxide. It is not the present-day magnesia 
(Siggel). Ibn al-Baytar, al- Jami' li muji'adat al-adwiya wa al-aghdhiya, vol 3. Beirut, 1992, 
p. 452; al-Dimashqi, Kilab nukhbal al dahr, ed. Mehren, Leibzig, 1923, pp. 80-1; and Dawud 
al Antaki, al-Tadhkira, Cairo, 1359 H, p. 296; all these de cri bed magnesia as the materia l 
used to help in melting sand and in purifying glass. In the ana ly is of Islamic gla s, Brill 
remarked in Glass of Ihe Sullans, op. cit., p. 29, that Islamic glasses genera lly do contain 
manganese, usually 0.5- 1.5 per cent Mn O. He remarks that this amount indicates a delibcratc 
ad~ition to d~col~urise the glass and offset the greenish tints produced by iron impurities. 
ThiS observatIOn IS confi rm ed by the large number of recipes in Kilab al-durra in whi ch 
magnesia is added to the ingredients. 
82 .. D~~E~n 's blood is call ed dam a-akhawayn (blood of the two brothers) or qalir. The word 
qatlr _ comes from the Arabic name of the island Suqutra, whi ch is the source of dragon's 
blo?d, :ne word Suqutra breaks down into Suq, which means market or emporium, and qlllra 
which IS a vulgar form of dragon 's blood (qalir) . sce Serge D. b lie, Uni versity of Sussex, 
Yemen Update 44 (2002). 
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• Cobalt blue (lazaward), 83 3 

• Tutia, green, 3 

• Realgar (zarnikh ahmar), 3 

• Borax, 2 

• Jqlimiya , gold,84 2 

• Red clay (mughra), 2 

• Cinnabar (qinbar 85 and zunjufr), 2 

• Salt, 2 

• Talc, 2 

• Vitriol (zaj), 2 

• Eggs' shells, 1 

• Curcuma roots, 1 

• Marble, 1 

• Mercury, 1 

• Oil dregs ( 'akar), 1 

• Sal - ammoniac, water of, 1 

• Silver, burnt, 1 

• Sulphur, 1 

• Tincar, 1 

Selected Recipes for Producing Coloured Glass 

We have assigned tentati ve nwnbers to labir' recipe . The e number are 
used below for convenience. 

RECIPE 1, FO. lA: A TWI -FACED GLA ,0 E F CE RED D Ol\E F CE GRE :'<I, 

WHICH IS PLEASANT 

Take four dirhams of red lead (isrinj) , one dirhan1 of dragon' bl od (dam 
al-akhawayn), one dirham of curcuma root, one dirham of 'opper 

83. Lazaward mean ei ther lapi lazuli or cobalt blue. In gla!;s colOUring It I11l -tI:- m .m· 
cobalt bluc. ee Part I. Depending on the temperature rea hed 111 111 >1t1l1g II ' uld m an alsl~ 
lapi lazuli at lower temperature . 
84. AI-Biruni in Kilab al-saydana (article 70, p. _36) definc~ th dw,_ of ~Ih r l i!'lhutiJ </1-
fidda) a iqlimiya. Mu a ibn Maimun (Mall1lomde. ) defines iqlmlll ,/ a. th ')rlJ \ t th m lal 
in fu ion. (Martin Lcve) ,'Medie\'al rabiC Boo"-b1l1d1l112 and ib R Ialll1n It' I ,:r1:- Ch nll , ~ 
and Pharmacology', Tran. aClion ofthL' .f1lll'rtC<1n Phi/(lsophl<'o/ • odL't1. '\\::- 'n 'S. \ ,~I :>-. 
no. 4, 1962, p. 36, notc 256). Iqlilllil'o a 'eordlllg to DJ\\ ud ;11- \ l1la"-l 111 hl~ T,:dh If / I~ th 
dro~ th at float on top of a mnhen metal. Th Iqllllil'll thal I~ 011 '11 m 'nlwn 'd III \r.lt>l: 
phannacological and medical tc"ts i~ that of slher and of gold. th 're I' .lbo Iht' 1t111l11lI'I,~t 
bras. and oppcr. lqlimil'u is sometlmcs trallslated as cadnll:l (L.ltlll 11.1r ,"II,1I1I1I1e) t>UI thIS I' 
not alwa s corr 'ct, IlIce 'admia IS delillcd, a~ all o\ld' of 1 III '(tull\) \\llll'h ,,11 'I, \~nlh> 
• id' of'fllrna 'S \\ hen: COppCI ()r hra" \\ as sml'lt ·d. and 'lIle 'lIhhmcd 
85. It is intclestlllg to note her' that the (,ll"" \\,)rd Ii.)r e1l1nahar I' ,,"mab.1fl 
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hammerscale (rusakhtaj) , 86 and one dirham of red marcasite. Grind them all 
and throw them on one rat I of glass. Put these in an earthenware pot and 
place it in the glassmaker's furnace. Use the same procedure in the other 
recipes that I am discussing. (Al-Marrakishi, the editor, adds that the pot 

should be luted.) 

RECIPE 2, FO. lA: RED WITH A NAVY BLUE HUE 

One hundred dirhams glass, copper burnt with fire (nu has muharraq) fifteen 
dirhams, tin ten dirhams, cobalt blue (lazaward) one dirham. Melt if God 

wills. 

RECIPE 3, FO. lA: ANOTHER GREEN 

Burnt copper three dirhams, dragon's blood (dam al-akhawayn) one dirham, 
red lead three dirhams. These are thrown on one ratl of glass and melted, if 

God wills. 

RECIPE 4, FO. 1B: YELLOW WITH A GREEN HUE 

One hundred dirhams of pharaonic glass, throw on them twenty dirhams of 
tin filings , and five dirhams of copper burnt three times. Grind the burnt 
copper finely , mix it with the tin filings, throw the whole on the glass, and 

melt them. 

RECIPE 5, FO. IB: ANOTHER YELLOW WITH A PURPLE (FARFlRI) HUE 

Take one hundred dirhams 87 of pharaonic glass. Add to it thirty dirhams of 
burnt lead and six dirhams of verdigris (zirijar) borax, (which is copper bumt 
with sal-ammoniac according to al-Marrakishi). Melt the ingredients. 

RECIPE 8, FO. IB: ROSE PHARAONlC GLASS 

Throw two parts of male magnesia on every one hundred parts of glass. 
When melted, it will show red streaks. This is nice and rare. 

RECIPE 10, FO. IB: ANOTHER YELLOW WITH GOOD YELLOWNESS 

Throw on every one hundred dirhams of glass twenty dirhams of clarified 
litharge extract (martak). Melt as I have indicated. 

86. Mainly copper oxide 
87. One dirham is about 3. 12 grams. 
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RECIPE 12, FO. 2A: A MORE INTENSE YELLOW THAT IS NOBLER AND MORE FIRE­

ENDURING 

Throw on one hundred dirhams of glass twenty dirhams of tin burned with 
orpiment (yellow zarnikh) only. Melt it and it will come exceptional. 

RECIPE 18, FO. 2B: EMERALD-LIKE GREEN GLASS 

Take a good quality Kufic green glass, or if possible a clear pharaonic glass. 
Pulverise it and sieve it through a fine mesh sieve, or through a silk cloth. 
Take a dish (of clay or porcelain) and put in it two dirhams of rusakhtaj 
(copper scales) and one dirham of green tutia (zinc oxide), pulverise both 
and mix them. Take from the pulverised glass 120 dirhams and mix well the 
whole together. Take a cup of Damascus pottery <and put the mixture in it>. 

Take from good red natrun two parts and from aI-qili (alkali) one part 
and with a total weight equal to that of the glass, namely 120 dirhams, and 
put them in a glass vessel. Pour water and submerge these under four fingers 
of water. Stir slowly until the materials are dissolved. Leave the solution to 
settle and becomes clear like tears. Take gently some of the solution and 
irrigate with it the glass mixture that you intend to tint. Then introduce the 
glass with its ingredients into the glassmakers' furnace and melt them. Take 
precautions against dust and smoke at the finishing and it will come out an 

emerald equal to the real one. 
The secret of melting is to choose a good and pure Damascus 

earthenware cup. Put in it the pulverised glass with its pigments alread 
mixed. The pulverised glass mixture will fill two-thirds of the cup. Then 
irrigate it with the aI-qi.li (alkali) and the natrun olution. If ou desire to 
make it like a paste, then irrigate it daily and put it on a gentle fire until ou 
consume the whole solution. When it becomes rather dry then introduce it 
into the furnace while it contains some humidity and et on the fire until it i 
melted. To test if it has melted introduce an iron rod and dip it in the cup. A 
small sample will show at it end. When it cool and if ou do not ee in the 
sample any cloudiness and if it is clear and the green colour i eyen then the 
melting is complete, otherwi e you will increa e the fire until the ample 
comes out as described. When thi i done make out of th melted gla 
whatever you need. The firing of the furnace will take two da) and on 

night. 

RE IP E 19, FO. 3A: PROD Cl G .48[' QALllfL " \\ ITH U ' IQl E IRID ENT C LOl Rc 

Take marca ite, magnesia, hematit (. ad!JQI(i), iron , affron (:0 faran 11 
hadid), malachite (d;hnaj), tutia, iron ' cale , and dro of hr.}'. (bar~mi) in 
equal part . Pound them and ie, e them, th n puh cri " them "lfh th' 

inegar of aged , ine that contain fifteen dirhaIll from ea 'h )f . it', db ra 
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and sieved alkali. Dry the pigments and throw ten dirhams of them on each 
one hundred dirhams of Damascus glass. The pulverised glass with pigments 
should be put in a luted earthenware pot and placed in a glassmaker's 
furnace. Light a very strong fire and you will obtain abu qalmun that keeps 
changing colours. 

RECIPE 21, FO. 38: WHITE LIKE IVORY 

You will pound glass into a very fine powder as kuhl (eye powder). Take ten 
parts of talc extract (talq mahloub) for everyone hundred parts of glass and 
pulverise it with the glass so that they are mixed together. Put the mixture in 
a Damascus earthenware pot (qidr shamiyyah). Place the pot in the grand 
furnace (atun a 'zam), for two days and two nights. Withdraw a sample, and 
if it looks undispersed, continue the fire until noon and shut the door of the 
furnace to prevent wind from entering. Take it out when it has cooled and 
you will find it as we have described, if God wills. 

RECIPE 33, FO. 48: SEMI-TRANSPARENT ADRAK
88 

OF INDIGO (NILAJI), GREEN AND 

RED COLOURS 

Take one part of dragon's blood and one part of iron saffron (zaJaran al­
hadid) , add to each uqiyya89 of them two dirhams of good green copperas 
(qalqant) and two dirhams of iron saffron (za Jaran al-hadid) that falls from 
under the hammer and one dirham of malachite (dahnaj), three dirhams of 
litharge (martak) and two dirhams of pure gold iqlimiya. Pulverise all in 
sharp wine vinegar until the whole are mixed together. Roast the mixture in 
a luted mug with a handle (kuz» with a closed top in a tannur in which it is 
heated for one day and one night. Pulverise with vinegar one day and one 
night until it is dry. Then return it for roasting. Repeat this until its redness 
becomes intense. It reaches this condition after three roastings. Take from 
this, three dirhams and from hematite (sadhanj) one dirham and pulverise 
well. Throw from this one dirham on one ratl 90 of good pharaonic glass that 
can be better ifit is old. Melt and stir until the drug (pigments) is thoroughly 
mixed. Keep the fire until the sample of the iron rod comes out semi­
transparent red. 

If you desire the redness intensity of the glass to be like gold, place the 
earthenware pot on a deck (dukkan) in a tannur half full of fire. The tannur 

88. AI-Biruni, Kitab al- Jamahir, edited by S. Krenkow, Haydarabad Deccan in 1355/ 1936. In 
the chapter on adhrak he writes: 'Adhrak is a noble stone, among those that are from the 
moulded stones of the Alexandrians. It is ancient and beautiful , and pleasing, and in deli cacy 
equals the ruby.' 
89. One uqiyya is about 37.5 grams. 
90. One ratl is about 450 grams. 
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will be the same size as the pot and it will be one span (shibr)91 high above 
its top. There will be one hole cut in the tannur opposite the pot for fuel and 
another hole opposite the top of the pot from behind the tannur, and it will 
be luted with clay or bricks. The two holes at the two sides of the pot will be 
to monitor the firing and will be for smoke and for kindling the fire. Close 
the hole at the back of the tannur and kindle the fire using either reeds 
(qasab), or wood, which is better, until midday. If you started early in the 
day keep watching the glass. If it turns like water take the bundle of drug and 
overturn it over the molten glass and stir by an iron rod shaped like a hook 
extending from the top of the pot to your hand. Continue stirring intensely 
until you know that the drug and the glass are mixed thoroughly. Take a 
<sample> at the end of the iron rod, and if you see in it two different colours 
continue feeding the fire with fuel, and if you see it evenly mixed continue 
with little fuel until you realise that it reached its end and became like water, 
then stop the fuel. 

The deck will be one span higher than the bottom of the tannur and its 
diameter will be the same as that of the pot. You will get a beautiful indigo­
coloured adrak from which you will make whatever you desire, if God wills. 

RECIPE 35, FO. 58: To MAKE WHITE AND RED ENAMEL (MINA) 

Take one part of pulverised white pebbles (hasa), one part of red lead 
(sirinj), and one part of natrun. Combine, cook, and it will come out white. If 
you want the enamel red, you will take one part of the filings of steel and 
imbibe it with dissolved sal-ammoniac. Leave it in a damp place for several 
days and then take it out and you will find it a disc as hard as stone. 
Pulverise it with wine vinegar on a flat stone mortar (sallaya). Take 
magnesia and treat it as you have done with iron except for the putrefaction 
(ta 'fin). Take one part from the magnesia and one part from the iron and 
pulverise them all and put them in a bottle (qarura) , luted very well, and 
place it in a brickmaking furnace. Take it out when it flow . Then return it to 
the brick furnace two or three times. This serves a an elixir. Take now from 
the white enamel (mina) whatever you want and thro~ on each one hundred 
dirhams of mina two dirhams from the eli ir and it will come out in the 
colour of the pomegranates grain (habb a/-rUlI1l11an). 

RECIPE 38, FO. 6A: MAKING JEWEL (JAH HAR) 

Take from rock crystal (l17aha) or from Dama eus gla one ratl. Throw on it 
five dirhams of hematite (sadhanj), two dirhams and a half ru aJ.;hf ( opper 

91 . The hibr is the pan of the hand , from the thumb to the lilt! tinger. On shibr equals 
approx. 7 inche or 17.78 cm. 
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scales), two dirhams of good magnesia and one and a half dirhams of tincar. 
If you like its colour tinted yellow and red introduce to it good quality iron 
saffron (za 'faran al-hadid). If you do not want it ye llowish but you want it 
of the bijadhi92 colour then do not introduce iron saffron (za 'faran al-hadid) 
but keep it as we have described. Put it in a mug (kuz) luted from the inside 
with the clay of Upper Egypt (tin Sa 'idi) to prevent it from sticking. Put on 
the head of the mug (kuz) a rag with a hole in it. Place the mug with a handle 
(kuz) in a self-blowing furnace (nafikh nafsihi)93 and put a large quantity of 
charcoal. When you know that it has melted, insert in the hole an iron rod 
and if the water on the iron rod is clear then it has reached its end and then 
lift it from the fire and cool it. Break the mug (kuz) and you will obtain one 
jewel (jawhara) from which you can make whatever you wish. 

RECIPE 44, FO. 6B: GLASS WITH BLUE LAZAWARD COLOUR 

Take two parts of red zarnikh (realgar) and yellow zarnikh (orpiment), one 
quarter part of vitriol (zaj) of kirman, and the same from the pure Egyptian 
sand from which glass is made. Pound each alone and sieve. Irrigate with 
vinegar after you mix them together. Put the drugs in a very well luted 
earthenware vessel (jukhkhara) , keeping the drugs humid with the vinegar in 
a simi lar consistency as that of the sawiq.94 Close the fukhkhara with a rag 
and lute it. Fill the (annul' with wood and dung (sarjin) until the height of 
one dhira' (cubit). 9S Bury the fukhkhara in it. Cover the head of the tannnur 
and lute it. Take out the mug (kuz) the next day and take out the (glass) from 
the mug (kuz) and you wi ll find it as you like, if God wills. 

RECIPE 46, FO. 7B: MAKING RUBY (YAQUT AHMA R) WITHOUT EQUAL 

Take one hundred dirhams of cornelian stone ( 'aqiq), two hundred dirhams 
of rock crystal (bilLaur) and twenty-five dirhams of magnesia. Heat each one 
alone and throw it in sour vinegar. Pound and cook with sour vinegar to 

92. According to al-Biruni op. cit., bijadhi is one of hyacinth-like stones. He says that AI­
Kindi and Nasr hold the ruby variety of it as comparable to go ld . Bijadhi with its rubicundity 
has a glitter of violet (p. 88). 
93. It is a tannur supported at the bottom on three legs. [t has perforated walls and bottom and 
is provided with a deck made of clay on which fire is made. The drug is put in a luted mug 
with a handle (kuz) and the tan nur is placed in a location in which wind is blowing (Majalih 
al- 'ulum). 
..,. <J:h.. jP..,. .Iyll "-Jlc. e;-JiJ.liy' U;lo 0.0 ulS, -.lJ .fjllJ u\.bp.ll..,k i'lj G)l\ ~ Ji.,..1-.l ufo JjiJ:-.....ij C'u_ 

.t::.l)1 ~ cA.J" 

94. A food made of pounded wheat and barley. 
~IJ ~4 t3}.l.o rw" 0JyJl 

95. [n Abbasid times, a dhira ' (cubit) measured on ly ome 48.25 cm. 

Kitab A i-Durra Ai-Makniina ([he Book of the Hidden Pear~ 217 

which ai-qUi (alkali) has been added. Cook very well for half a day until it 
becomes dry and roasted. Throw it in cold water and wash it with water and 
salt until its w~ter and jawhar become clear. Put it in a luted pot (qidr) with 
one hundred dlrhams of natrwl, twenty-five dirhams of al-qili (alkali) salt 
forty dirhams of Armenian borax and ten dirhams of coarse salt (milh 
jGl'ish). Light up fire on it in the furnace two days and two nights or one day 
and one night. If it melts take it out when it cools and throw on it iqlimia. 
Take out the melted ingot (nuqra) and pulverise it with sixty dirhams of red 
lead (isrinj) , five dirhams of cinnabar (zanjufr), two dirhams of realgar (red 
zarnikh) pulverised in vinegar, five dirhams of magnesia, five dirhams of 
copper scales (rusakht),and ten dirhams of pulverised blood stone which is 
sadhan. Mix and put in a luted pot (qidr) and place in a furnace. Blow on it 
continuously until it melts and becomes mature. The sign of its maturity is 
that you put out one carat (qirat)96 of it on a clear surface until it cools. If 
you see it c lear red with plenty of water that is the water of ruby (yaqut) then 
it has matured. If it has turbidity then blow on it unti I it matures. 

RECIPE 47, FO. 8A: IF YOU WANT IT CLEAR GREE 

Pulverise with it after you take it out from the furnace (atun) sixty dirhams 
of verdigris (zinjar), five dirhams of copper scales (rusakht), five dirhams 
magnesia, two dirhams red lead (isrinj) and five dirhams malachite (dahnaj). 

RECIPE 48, FO. 8A: IF YOU WANT IT VIOLET (BANAFSAJI) 

Pulverise with it twenty-five dirhams of verdigris (zinjar), fi e dirham of 
hematite (sadhanj), ten dirhams of red lead (isrinj), ten dirham of orpiment 
(yellow zarnikh) pulverised with egg yolk, five dirhanl of copper cale 
(rusakhtaj) and five of magnesia . This will come out iolet apphire 

RECIPE 49, FO. 8A: YELLOW SAPPHIRE 

Pulverise w ith it thirty dirhams of orpiment (yellow zarnikh) pul eri ed with 
eggs' yolk and vinegar, ten dirhams of red lead (i rinj) , three dirham of 
copper scales (rusakht), three dirham of magne ia, 1\ 0 dirhal11 murda anj 
which is litharge (martak) and five cobalt blue (/a::alVard). Thi \\ ill come 

out yellow sapphire (yaqut as/ar). 

RECIPE 50, FO. 8A: IF YOU WA TIT TA" USI (PE CO K CLO REO)" HI H I THE 

CLEAR ANO STRANGE COLOU R 

Throw with it thirty dirhams of erdigri (::ily'ar) , fi \ e dirham of hematit 
(sadhanj), five dirhams or red lead (isrinj) , three dirham or malachite 

96. Qirat i about onc carat. A qirat i~ about IQ, milligram. and a carat l~ 200 mlihgrtlm 
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(dahnaj), five dirhams of orpiment (yellow zarnikh) pulverised with eggs' 
yolk, one dirham of rusakhtaj (copper scales) and two dirhams of magnesia. 

This will come out a tawusi if God wills. 

2 AI_Talawih: 97 Lustre-painted (stained) Glass 

The treatise contains 118 recipes for talawih (lustre painted or stained glass), 
in addition to nine recipes inserted by al-Marrakishi , the editor. The 
following list of materials of Jabir's treatise is arranged by the frequency of 
the materials in the recipes. The most prominent material is copper and its 
compounds. It occurs in about 90 per cent of the recipes. Burnt silver is most 
prevalent also, and it occurs in about 73 per cent of the recipes. Iron occurs 
in about 42 per cent. Vitriols (sulfates of metals, such as ferrous sui fate, zinc 
sulfate, or copper sulphate) occur in about 58 per cent. Cinnabar (zunjufr) 
occurs in about 38 per cent. The list shows the other important materials 

with the frequency of each. 
In a typical process, metallic ingredients, mainly burnt silver, burnt 

copper or copper compounds, iron and its compounds and cobalt blue, plus 
other materials such as cinnabar, magnesia, realgar, orpiment, sulphur, and 
vitriol , are pulverised individually in vinegar or citron juice and mixed 
together. Glass articles such as cups are painted and decorated with the 
colouring mixture from the inside or outside or from both sides, and are then 
introduced into the smoke chamber in the oven. When the cups become 
black, they are withdrawn and allowed to cool. Then they are washed until 
the colour appears. By introducing them again into the fire, the colour 
intensifies and changes. Sometimes they are introduced into the fire once 
again and the colour becomes brighter. 

Alaterials Usedfor Lustre Painting: Frequency in 118 recipes 

• Copper, 107 (red, burnt with sulphur, burnt with sulphur and arsenic, 
burnt with arsenic and sal-ammoniac, brass 'shabah' scales, verdigris 
'zinjar ', copper scales' rusakhtaj', calcified copper; malachite' dahnaj') 

• Silver, burnt, 86 
• Vitriol 'zaj' , 69 (Qalqant, qalqatar, qalqadis , suri , green vitriol, yellow 

vitriol, vitriol' shahira ' ) 
• Iron, 49 (scales ' tubal', saffron, filings, burnt with sulphur, roasted with 

sal-ammoniac and alum; marcasite; hematite 'sadhanj') 
• Cinnabar, 46 (zunjuJr, qinbar, sanjfar) 

97. Talawih is the process of exposing a painted glass article to fire inside the glassmakers' 
furnace. 
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• Magnesia, 31 
• Arsenic, 30 (zarnikh), (red, yellow) 
• Sulphur, 22 (yellow, white, black, qassari) 
• Lead, 21 (ceruse 'isjidaj';98 litharge (martak); lsrinj) 
• Cobalt oxide, 18 (Lazaward) 
• Alum, 14 (Yamani, Egyptian) 

• Tutia, 12 
• Sal-ammoniac, 8 
• /qlimiya, 8 (gold, copper) 
• Tin, calcined, 3 

Selected Recipes ofTalawih (Lustre-painted or Stained Glass) 

RECIPE 1, FO. 8B: COLOURING BOTTLES INTO PURPLE RED LUSTRE (MULAWWAH) 

One part silver burnt with sulphur and arsenic. Silver is burnt thus for all 
these recipes. And one part golden marcasite, one part brittle magnesia, half 
part hematite (sadhanj), ten parts iqlimiya of copper, half part copper burnt 
with sulphur, one part qalqant, half part yellow sulphur, half of one tenth of 
green tutia, and two parts green vitriol (zaj) and Indian iron burnt with 
sulphur. Combine all these ingredients. Each one is pulverised with distilled 
wine vinegar and citron juice. Paint mature Damascus bottles with this and 
they will come out purple red, if God wills. 

RECIPE 2, FO. 8B: RED LUSTRE (MULAWWAH) LIKE RUBY WHICH SPARKLES l I THE 

SUN IF IT IS FILLED WITH PURE WINE 

One part burnt silver, one part yellow sulphur, one part Indian tutia. one part 
iron hammer scales (tubal) , one part iron saffron (za 'fm'an al-hadid) , one 
part iron roasted with sal-ammoniac and alum, and four part green vitriol 
(zaj). <or> take from each of these ingredients one quarter part and take 
from green vitriol one whole part. And according to the <fir t> manu cript 
take <also> six parts qalqant, one part hammer scales of ~rass, . o~e part 
qalqatar and four parts brittle magnesia. Pul eri e all \ ith Cltron JUlce and 
paint the clear glass and introduce it into the fi re and it will come out 

matchless transparent red . 

98. Isfidaj i known to be \ hite lead or ceru e of lead. It is here h led as c~ru e of tin: 1-
Biruni in Kilab al-saydanafi al-libb ay under item istidaj that il i oft.\~o .. J..\I1d ' Ihal ot Ie~~ 
and that of tin (item 55 p. 52). It i mentioned 31 0 111 JIl!dwcral 1 (1/: ~IO/II ~a:I"olof/ll . 

. ' . . II d " lade ot IIIl 3 It I made at AlIg/icl/s by Robert teele ' whIte co lour that I ca e enl In , , 
lead ' . 
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RECIPE 4 , FO. 9A: MAKING BLUE AND YELLOW; YELLOW FROM INSIDE AND BLUE 

FROM OUTSIDE, MATCHLESS, ANDIS CALLED THE CAT'S EYE ('AYN AL SANNUR) 99 

One daniq 100 old malachite (dahnaj) , and seven grains 101 copper scales 
(rusakhtaj) which is two qirats and one grain (habba), and one daniq of brass 
scales, and one daniq of iron saffron (za Jaran al- hadid) , and one daniq 
white sulphur, and four daniqs orpiment (yellow arsenic), and two daniqs 
burnt silver, and two daniqs green vitriol (zaj), and two daniqs sal-ammoniac 
(nushadir). Pulverise all with citron juice and paint the vessels with this 
mixture and introduce into the fire and it will come out as we have 

described. 

RECIPE 6,FO. 9B: A COLOUR LIKE EMBROIDERY OF RED, GREEN, YELLOW AND 

FROM EVERY COLOUR 

Take equal parts of burnt silver, realgar (red arsenic), marcasite, magnesia, 
matitus (which is sadhanj or hematite, according to al-Marrakishi), calcined 
tin, cinnabar (qinbar), qalqatar, cobalt oxide (Lazaward) , suri which is red 
mineral vitriol (zaj) , and yellow vitriol. Pulverise in squill juice or onion 
juice. Paint with it and it will come out like embroidery. 

RECIPE 7, FO. 9B: A COLOUR LIKE THAT OF A SOLID LAZAWARD STONE, PROVEN 

Twelve parts silver, the same amount of iron scales (tubal) and one quatier 
of a part from cobalt oxide (lazaward). Pulverise all for one day with the 
water of leek and for one more day with vinegar; and paint with it. 

RECIPE 10, FO. lOA: A TURQUOISE COLOUR 

One dirham from each of marcasite and qalqatar. One and a half daniq from 
clear crystal, one daniq of cobalt oxide (lazaward) , one and a half daniq of 
orpiment (yellow arsenic), four daniqs from red copper burnt with sulphur, 
one dirham and a daniq verdigris (zinjar) , one dirham burnt silver. Use these 
as before. 

RECIPE 21, FO. lOB: ANOTHER COLOUR, PISTACHIO 

Verdigris (zinjar) and arsenic (zarnikh) one dirham of each, scales (tubal) of 
copper half a dirham, burnt silver half a dirham. Use them as before. 

99. About 'ayn a.l-s~nnur, .al Biruni writes in al-Jamahir, p. 228: 'Among the cast stones 
~masbukat), ~.I-K lndl mentioned a stone known 'ayn al-slnnawr (the eat's eye) and described 
It to be farfin In colour 'red co lour with a violet tint' . 
100. A daniq is four carats, or 1/6 of dirham . Lt equals 0.525 grams. 
10 I. Grain is habba or sha' ira (barley grain). It is equa l to 0.049 grams. 
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REC IP E 26, FO. lOB: BUTTE R COLOUR SIMILAR TO CHINESE CLAY 

Vitriol (zaj) and cinnabar (qinbar), one dirham of each. Yemeni alum one 
dirham, salt one and a half daniq, silver burnt with white sulphur one dirham 
and three dirhams of lead ceruse (isfidaj). Pulverise all in distilled vinegar 
and work with it. 

RECIPE 29, FO. 11A: ANOTHER PISTACHIO COLOUR 

Take two dirhams of verdigris (zinjar) , one dirham malachite (dahnaj), two 
daniqs cobalt oxide (lazaward), three dirhams realgar (red arsenic) and three 
dirhams burnt silver. Pulverise in the water of leek and work with it if the , 
Most High God wills. 

RECIPE 33, FO. 11B: GOOD GOLD COLOUR, UNDERSTAND IT AND WORK 

ACCORDINGLY 

Filings of Rumi 102 yellow copper two mithqals ,103 silver filings one quarter 
mithqal, zunjuJr half mithqal, vitriol (zaj) one qirat, qalqadis two qirats, sal­
ammoniac (nushadir) three qirats . Pulverise with vinegar and use it. 

RECIPE 44, FO. 12A: AND ANOTHER LAZAWARD GOLDEN COLOU R 

Take two qirats of burnt copper, magnesia four qirats, zunjufr and verdigris 
(zinjar) two qirats from each. Pulverise with vinegar and paint from inside 
and outside. What is painted from inside will come out lazaward blue and 
what is painted from outside will come out gold. Expose it to fire and let fire 

scorch it slightly. That is all. 

RECIPE 45, FO. 12B: ANOTHE R VIOLET COLOU R 

Burnt copper four qirats, vitriol (zaj) and verdigris (zinjar) four qirats from 
each, and yellow sulphur three qirats. Pulverise in very sour vinegar (khall 

tl if) 104 d . Wql , an use It. 

RECIPE 46, FO. 12B: AND IF YOU WA TTHE SKY COLOUR 

Take two dirhams of burnt silver, magnesia six qirat , realgar (red ar enic) 
three qirats , qalqant four qirats , verdigris (zinjar) four qirat and \ itriol (::a)) 

eight qirats. Pulverise in vinegar and use it. 

102. Rumi mean coming from the land of Rum or natolia. In the bbasld era. the Rum \\ a" 
Byzantine. 
103. The value of the mithqal yaries bet\\cen 3.6 and 4.68 gram . 
I 04 I 

. . .. :': I' oUoJ . " - 11 W I -' ~I 
. n Arabic dict-ionarie . khall thaqif means \ ef) Ollr \ megar. ~,p. ,y-...o o.F 

....., ~I .lJ.l.!. ",i 
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RECIPE 58, FO. 13B: AN OYSTER SHELL, RESEMBLING RUBY 

Magnesia, qalqatar and verdigris (zinjar), one dirham from each. Marcasite 
and yellow sulphur two daniqs from each, cinnabar (qinbar) one daniq and a 
half, cobalt oxide (lazaward) one daniq and burnt silver one dirham. 
Pulverise in distilled vinegar or citron juice and expose to fire and it will 

come out like red ruby. 

RECIPE 60, FO. 13B: A GREEN OYSTER SHELL RESEMBLING CORUNDUM 

Cinnabar (qinbar) one quarter of a part, magnesia one part, qalqatar one part, 
verdigris (zinjar) one part, marcasite (marqashisha) half a part, cobalt oxide 
(lazaward) one sixth of a part, yellow sulphur one third of a part, sadrat al­
'aj (sandarus 105 al- 'aj according to al-Marrakishi) one part. They are worked 
with distilled vinegar or hummad l06 and then you illustrate with it on the 
inside of the cup (qadah) or on the outside. If you paint one side, the other 
side will look as corundum. 

RECIPE 63, FO. 14A: GOLD LUSTRE (MULAWWAH DHAHAB) 

One magnesia, two marcasite (marqashisha), one copper, three parts litharge 
(martak) , two arsenic (zarnikh). They are worked with good vinegar and 
exposed to fire (talwih) and it comes out golden. 

RECIPE 65, FO. 14A: ANOTHER GOLDEN LUSTRE (MULAWWAH MUDHAHHAB) 

Seven tutia, four sal-ammoniac, two litharge (martak), one verdigris (zinjar), 
one half of a part vitriol (shahira), one part qalqant, one and a half part silver 
burnt with yellow sulphur. It is utilised and exposed to fire and it will come 
out golden. 

RECIPE 66, FO. 14A: ANOTHER GOLDEN <LUSTRE> 

Take four dirhams of yellow copper burnt with sulphur and arsenic together, 
two and a half <dirhams> golden marcasite (marqashisha), two and a half 
dirhams male magnesia, one and a half dirhams litharge (martak), three 
dirhams sal-ammoniac, one dirham verdigris (zinjar) , one dirham qalqant, 
four dirhams silver burnt with sulphur. Work with vinegar and expose it to 
fire. 

10S. Sandarus is the resin of a tree. We could not find a reasonable interpretation for the resin 
(sandarus of raj ' ivory '). 
106. Hummad is rumex accetosa. Most of such plants contain oxa lic acid and tannin. Jabir 
most probably means hummad al-utruj as in other recipes which is citron juice. 

I 
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RECIPE 70, FO. 14B: AMAZING GOLDEN LUSTRE (MULAWWAH MUDHAHHAB) 

Get as much as you can from the mi Ik of red anemone (shaqa'iq ai-nu 'man), 
and as much qalqant, and the same tinear, and the same dorema 
ammoniacum 107 (ushshaq), that is one part from each. Pound and sieve 
through a silk cloth. Then take the unwashed water of leek (allium porrum. 
kurrath) after you leave it overnight, and mix with it this drug and the milk 
of red anemone (shaqa 'iq ai-nu 'man). Combine all in a bottle in the bran of 
wheat for ten days and decorate the glass with it. [AI-Marrakishi, the editor, 
expresses here his admiration for this recipe which is used by the people of 
al-Maghrib and which he had verified with them.] 109 Then you put on the 
decorations silver foil that has not been smoked and introduce into the 
smoke house for three hours and it will come out matchless gold. [Moreover, 
we have tried this.] 

RECIPE 77, FO. 15A: AND ANOTHER GOLDEN 

Ten parts burnt silver, twenty four parts cinnabar (qinbar), four parts vitriol 
(shahira), four parts qalqant. Pulverise with vinegar and paint pictures from 
inside and expose to fire and it will be gold from outside. 

RECIPE 91, FO. 16A: SILVER LUSTRE 

Take one uqiyya from each of Yemeni alum, Egyptian alum, and sal­
ammoniac. Take one mithqal from ceruse (isfidaj), borax of goldsmiths, 
tin ear and natron. Combine and pulverise with white vinegar for two hours; 
adorn with it and expose to fire. 

RECIPE 100, FO. 17 A: YELLOW LUSTRE, AND CORNELlAN GOLD 

It comes out yellow but if fire is persisted, it comes out golden. One dirham 
of good quality Rumi brass burnt with sulphur, pulverise finely with water. 
One dirham of calcified copper (ha/qus) , one quarter of a dirham from each 
of sal-ammoniac, orpiment (yellow arsenic), Iraqi red lead (asriqun) and 
yellow vitriol. Pulverise in strong vinegar. Illustrate with it from in ide the 
cup (qadah). Introduce into the smoke chamber until it become black. 
When it is washed it comes yellow a the yolk of an egg. If you inten ify the 
fire, it will come out as cornelian stone ('aqiq) and if you renew after thi it 

becomes better. Understand this. 

107. Ush haq i the gum re in exuding from the flowering and fruiting tem of Dorema 
ammoniacum. . . 
108. AI-Marrakishi , the editor, is in erting infonnation and ometime ~ol11~lete r Clpe . It I 

sometimes not eas to di entangle hi in ertion from the original text of Jablr. 

----------..... ----------------------------..... 
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RECIPE 106, FO. 18A: YELLOW KHALUQII09 LUSTRE, LIKE SMOKE 

Seven parts burnt copper, two orpiment (yellow arsenic) and one realgar (red 
arsenic). Pulverise with vinegar that contains two parts of vitriol (shahira). 

Expose to fire. 

RECIPE 110, FO. 18A: YELLOW OYSTER SHELL FROM INSIDE 

Seven parts copper, two parts vitriol (zaj) , half a part orpiment (yellow 
arsenic). Work it in vinegar; expose it to smoke and fire. Take it out and 
wash it and its purity will be exposed. Introduce it into fire and it will come 
out ibriz 110 gold if God wills. 

RECIPE 111, FO. 18A: YELLOW LUSTRE 

One part from each of burnt copper and white marcasite (marqashisha), half 
a part from each of gold iqlimiya, verdigris (zinjar) of Hims III and hematite 
(sadanj). One part of silver bwnt with sulphur and arsenic. Pulverise each 
individually in pure vinegar. Combine all using vinegar also. Draw pictures 
with it from inside and place in the smoke chamber until it becomes black. 
Take it out gently and when it cools down, wash it with a fibre sponge (lif) 
from inside and outside and it will come out yellow. 

RECIPE 112, FO. 18A: GREEN LUSTRE 

Three parts bumt silver, two parts and a halfrealgar (red arsenic), two parts 
verdigris (zinjar), one part magnesia, half a part cinnabar (sinjufr)· You will 
bum silver in sulphur, pulverise in vinegar, and expose to fire. 

3 The Colouring of Gemstones 

In Kitab al-durra af maknuna, the recipes for the lustre painting of glass are 
followed by twelve recipes for the colouring of gemstones and by two 
descriptions of the oven (tannur) used for this purpose. 

Materials Used and the Colouring Process 

The following list gives the materials used in the twelve recipes, arranged in 
a descending order. The most prevalent material is copper and its 
compounds. This is followed by alkali, slaked lime, glass and red lead: 

109. AI Qalqashandi in Subh af a 'sha classifies the red colour into 'innabi for intensive red, 
khamri (wine colour) if less intensive , and khaluqi for less intensive than khamri . 
.))i. J.;l.!ll; LJ>' LJ15. LJ~ c.j ye. J.;l.!ll; LJJ' LJ15. LJ~ 'F'Wt- J.;l. ~I .>;.>.!. LJ15. I;) - • ~I til)1 LJ.,!l1 
I 10. lbriz: pure gold . 
Ill . Hims is a town in Syria, on the road between Damascus and Aleppo. 
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• Copper (burnt, verdigris, copper scales), 9 
• Slaked lime, 8 
• Alkali, 7 
• Glass, 7 
• Lead, red (litharge), 6 
• Sand, red, 3 
• Cobalt oxide, 2 
• Balsam of Mecca, 3 
• Pitch, 2 
• Borax, 1 
• Dragon's blood, I 
• Silver, burnt, 1 
• Iron, scales, 1 
• Pebbles, white, 1 
• Sulphur, yellow, 1 
• Mastic, 1 
• Rosin, 1 
• Pistacia terebinthus, resin, 1 
• Alum, Yemeni,l 
• Vih'iol, 1 

In a typical process the ingredients, such as bumt copper, glas , alkali, 
slaked lime and a resin, are pulverised with vinegar or water. The stones are 
heated and buried in the mixture, or placed in boxes. If boxes are used, they 
are coated from the inside with the ingredients' paste. The stones are placed 
inside the boxes, and the lids are closed. The boxes are then expo ed to the 
fire of the oven (tannur) overnight and the stones will come out coloured. 

Selected Recipes of Gemstones Colouring 

RECIPE 1, FO. 19A: SKY COLOUR 

Two and a half mithqals of cobalt oxide (lazrrward), II~ two mithqal balsam 
of Mecca (resin of commiphora gileadensis - dU/1I1 al-balasan

I13
), half 

mithqal pitch (qitran), two mithqals pi tacia terebinthu re in ( amgh a/-

11 2. Depending on the heating temperature. thi can be al 0 ultramarine pig~1ent. . "-
113. Duhn al- balasan is a re in and not oil. This \Va indicated b) al-Blrum 111 f.:.lfab al­
aydana, p. 126, and in modern literature. The e tract from the trees i I-.nO\\11 a Bal .am of 

Mecca (or bal am ofGi lead or balm ofGi lead) and i a resinou gum orthe rre Commlp~1ora 
'1 d . . ) . t Ith'm Arabia and al 0 natllrah ed, gl ea ensls (SY11 . Comm lphora opobal amum ,natl e 0 Ol t: .' . 
'. . . . ' PI ' TI I'n wa alued 111 medlClIle and 
111 ancient and agall1 m modern time, 111 a e tme. 1e re 
perfume. In Latin the re in wa technical!) known a opobal amurn. 

-----------.. --------------------------.. 
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butm).114 Pulverise all. Heat the stones and bury them in the mixture until 

they cool down. 

RECIPE 4, FO. 19A: COLOURJNG ROCK CRYSTAL (B1LLAUR) RED 

<Four> mithqals dragon 's blood, one mithqal mastic, one mithqal rosin, one 
mithqal pitch, one mithqal balsam of Mecca (resin of commiphora 
gileadensis; duhn al-balasan). Pulverise the drugs and knead with pitch and 
balsam of Mecca. Heat the stones and bury them in the mixture. Leave them 
until they cool down. 

RECIPE 5, FO. 19A: DYEING OF BEADS SKY OR TURQUOISE COLOUR 

Ten dirhams glass, five dirhams slaked lime (nura), three dirhams litharge 
(martak), two dirhams burnt copper. These are pulverised in alkali water and 
the boxes and the gemstones are coated with the paste and are placed in fire 
overnight, and they come out as we have mentioned. 

RECIPE 7, FO. 19B: ANOTHER COLOURING 

One part glass, one and a half parts slaked lime (nura), one pali alkali, half a 
part burnt copper, a small amount of litharge (martak), and a small amow1t 
of red lead (isrinj). Some people throw into it verdigris (zinjar) and cobalt 
oxide (lazaward) 11 5 and do with it as before. 

RECIPE 9, FO. 19B: ANOTHER COLOURING 

Ten dirhams sand, three glass, three burnt copper, two slaked lime (nura), 
one alkali , one verdigris (zinjar). Pulverise in vinegar and coat the boxes 
with the paste. Kindle fire on them, and afterwards let them cool down, and 
they will come out nice. 

RECIPE 11, FO. 19B: COLOURING STONES ALSO 

Ten dirhams from each of vitriol (zaj) and slaked lime (nura) , four dirhams 
alkali, three dirhams burnt copper. Pulverise in vinegar and coat the boxes 
and the lids with the paste from the inside. 

RECIPE 12, FO. 19B: PREPARING THE STONES BEFORE DYEING SO THAT THEY CAN 

ACCEPT THE COLOUR 

One part glass, and one part borax, slaked lime (nura) and Yemeni alw11 
(shabb yamani). Put the ingredients in a pot together with the stones. Pour on 

114. Butm is Pistacia terebinthus which is a nati ve of the eastern Mediterranean countries, It 
is tapped for turpentine A resin from the trunk is used as a vegetable and as a chewing gum . 
115. Po si bly also ultramarine pigment. 
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them vinegar until they are immersed by four fingers. Cook until noon, and 
if the vinegar is diminished, add more. Then cool down the gemstones and 
place them in the boxes that contain the colouring drugs. 

Description of the oven (tannur) for the boxes 

labir, may God bless him, said in this respect: Build a structure similar to an 
oven (tannur), one dhira' by one dhira' with a height of one dhira' also. 
Make for it a banijl16 with a trough all around. The door of the fire-grate is 
below the banij. Mount another oven (tannur) above the banij and let it be 
centred evenly, and make for it a flat tray with partitions (ahjiza). In the 
upper oven (tannur), are shelves (in one level) and under each shelf is a 
<supporting > colwnn made of clay with its lower end resting on the banij. 
The mm1ber of shelves is equal to the number of the boxes, either three or 
four. Between the shelves are spaces to allow the flames of fire to pass 
between the boxes, ascend over them from all sides, and alternate over them. 
The lower oven (tannur) has <holes >1 17 for the escape of smoke. Make your 

. 1 118 d hi . h d I I 119 work accordmg to the examp e; an t s IS teen , wa a -sa am. 

4 Artificial Pearls, Purifying of Pearls and Other Industrial Recipes 

After the recipes on the colouring of glass, there follows the last part of the 
treatise which contains eight recipes for the purifying of pearls, three recipes 
for artificial pearls, three recipes for the manufacture of glue from cheese, 
mastic gum and castor oil extraction. The treatise ends with a recipe to 
utilise the bones of animals such as cattle and camels for producing an 
artificial material that can be moulded into different hape and is light, 
tough and unbreakable. 120 

Artificial Pearls 

RECIPE 13, FO. 22B: TO MAKE PEARL 

Take small pearls and crush them. Wash them with water and alt. Pour on 
them distilled rW11ex juice (hummad) in a clean ve sel and <protect> them 
from dust <while wann>and whenever the rW11e ' juice <hummad> 

11 6. Banij : could not be found in the a ailable dictionarie . From the le"\!, \\ e under tand that 

it is the upper part of the tannur ", ith a trough all a~ound . 
11 7. The text aye kuri <j.)./> which i ta hif(alterallo~l b) the.cop) It} . 
11 8. From thi s we a sume that the original !j conlall1ed an dIu trat\o~l . 
I 19. Wa a l-sa lam mean 'and peace on ) ou'. This is u ed al. the end of a laleme:1t. . . 
120. It i 10 be noted thal all the recto folios of the manu cnpt \\ ere nol photographed 111 theIr 
entirely. The right edge of the recto fol io i, part I) hidden -0 thal some \\ords ar not 

reprod uced . 
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diminishes top it up until the pearls become like dough. Then take white sea­
shells and calcine them until they become like gypsum. Then take, according 
to your need, <washed> mercury sublimated with vitriol (zaj) and salt three 
times and then with salt alone between two cups until you see it like snow. 
Take from each one part and knead in a cup. Before this, cover your finger 
with a <piece> of thick cloth (qatifa) impervious to water and let it be of 
silk. Let the amount of rumex juice (hurnmad) be little if you need it. Wash 
your hands clean and put in your balm white and clean <cloth?>. Take from 
the paste an amount as much as you want, small or large, and put in its 
middle a thick <hair> then roll it on a silk cloth inside a cup Gam). Cover it 
with another. When it becomes dry, knead for it dry hyoscyamus niger (banj) 
white and pure, and put it in its middle like a hazelnut. Take the dough of a 
loaf and put inside it what you have kneaded. Lay on it another loaf and put 
the double loaves on the deck of the oven (tannur), and cover its head. If you 
know that it had been well cooked (ripened) take it out. If it is not what you 
like, you can follow one of two methods. One method is to bury it again 
inside the loaves, and put the loaves back on the deck of the oven. The 
second is to place it inside dough and feed it to a chicken. Lock up the 
chicken for two or three days, slay it and take the pearl from its gizzard. 
Another way is to put it inside a fish and roast it, which is better than 
<feeding it> to the chicken; and this is the end, wa al-salam. 

Purifying of Pearls that were Discoloured from the Sea or from Grease 

RECIPE 2, FO. 20A: PURIFYING YELLOW PEARLS WHOSE YELLOWNESS WAS 

CAUSED BY THE SEA 

Take the amniotic fluid, the liquid that cushions the foetus in the womb of a 
pregnant sheep, and put it in a bottle. Hang the pearls in this liquid for seven 
or nine days. Take out the pearls every three days, examine them, and return 
them to the liquid until you reach the required purity (al-Marrakishi says 
here that if the liquid becomes weak; change it). When the pearls are cleaned 
and purified, put them in fresh water for five days and change the water 
daily, and they will come out purified. 

RECIPE 3, FO. 20B: A OTHER CHAPTER ON PURIFYING YELLOW PEARLS WHOSE 

YELLOWNESS IS CAUSED BY SEA, IT IS INTENSELY YELLOW AND IS CALLED 

SUKKARI (SUGAR-LIKE) 

Take one part white marcasite, and one part sal-ammoniac. Pulverise and 
combine them in a luted green earthen jug (barniyya). Place on it an alembic 
(anbiq) and kindle on it the fire of charcoal. Take the distillate and put it in a 
bottle. Hang the pearls in it for three hours, and take them out every hour and 
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suck them with your mouth strongly. Then immerse them in cold water for 
two or three days and they will come out as you like, if God, the Glorious, 
wills. 

RECIPE 4, FO. 20B: ANOTHER CHAPTER ON PURIFYING YELLOW PEARLS 

Wash them softly in water and ashes and insert in the hole of a pearl a needle 
and dip it once in the milk of giant milkweed ('ushar), 121 and take it out 
quickly so that it does not melt. Then wipe it softly and dip it in dog's milk 
for one hour and it will come out as pure as when it came out from its shell. 

RECIPE 5, FO. 20B: ANOTHER CHAPTER ON PURJFYING YELLOW PEARL 

Take the shells of eggs and calcine them. Knead them in dog's milk and 
make them into two discs. Put the pearl between the two discs and leave it 
for three days. Take it out and you will find it purer than its original colour 
and clearer and better if God, the Glorious, wills. 

Cheese Glue 

RECIPE 9, FO. 22A: DESCRIPTION OF CHEESE GLUE FOR ALL DUTIES 

Take old cheese that is free from fat in any amount of your liking. Cut it with 
a knife as thin as possible. Put it in a pot, one layer cheese and one layer salt. 
Immerse it for a short time with water, then take it out and wash it well with 
fresh water. Pour water over it and put it on a gentle fire. Be careful that 
water is not diminished. If it is diminished, replenish it until midday, until 
you know that it is fat free. Pour out water from it, and take out the quantity 
that you need. This is the same as with purified fish glue. 

Put it in a luted glass vessel, and boil it in fat-free whey (dawgh t.J.)) 
which is to be filtered before it is poured on the glue. When the glue i 
dissolved in it <pour it> on a flat stone mortar (sallaya) and pul erise it till 
you are satisfied by its coarseness or fineness. Use it for whatever purpose 
you want. Know that this glue does not dis olve at all after its fir t 
application. It glues any noble stone, gypsum (qas ), In cla , rock cry tal, or 
glass. Wash the vessel which contains the glue before it et, ince if it et it 
cannot be removed, and any object that is glued with it cannot be eparated 

unless broken. 

121. U hshar y!.o. is giant milkweed. or Calo/rop; ' procefO. 
122. u<>i also means gyp UIl1 . 
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Making a Light and Tough Material from Bones 

RECIPE 15, FO. 24A: UTI.LISING BONES AND MAKING VESSELS FROM THEM IN ANY 

<SHAPE> YOU WANT AND THE MATERIAL WILL BE AS PLIABLE AS LEAD 

Take Lychnis githago (yabruh sanami)I23 rumi one hundred dirhams, sal­
ammoniac one hundred dirhams, <tincar> one hundred dirhams and 
asafoetida (haltit mintin) ten dirhams. Pulverise them and pour them over 
four ratls of wine vinegar. Place the whole over fire until half the <liquid> is 
gone. Take the bones of <sheep>, cows, or camels. Choose the <bones > that 
have marrow, <meat> and sinews. Break the bones and cook them in the 
vinegar of old wine in a pot until they dry up, then dry them in the sun and 
pulverise them and sieve them through a close textured sieve. Weigh a 
quantity and throw it into a luted earthenware vessel. Pour on it the cooked 
batch of vinegar and drugs. Put the <whole> in the furnace (kur) and blow 
on the fire of charcoal or wood until it melts. The vinegar will dry out and 
the <bones> will melt like lead. If it melts and flows, take fifty dirhams of 
verdigris (zinjar) and five dirhams of copper scales (rusakht) and five 
dirhams tutia. Pulverise them and feed them to the flowing <bone mixture>, 
and let <the whole> flow smoothly. Then pour the molten material into any 
vessel, 1 mean into any mould you choose, and it will come out as pliant as 
lead, green, without smell, and unbreakable even if you try to break it. Its 
greatest secret is in the high-quality of its melting. It is light having no 
<heavy > weight. It cannot sink at all. If you make from it mail-and-plate 
arrnours Gawasin), helmets (bid) and shields (daraq), they cannot be cut by 
iron, and this is the end, wa al-salam. 

The reason for choosing marrow bones is that they are moister, and the 
more moist the bones are the stronger will be the material. The cause of this 
is that the <bones> are cold and dry originally. If their dryness is too much 
their interior will be tender and they will easily be broken because of this. If 
moisture flows in them, which is the marrow, this moisture will be in 
equilibrium with dryness and with coldness if the material becomes slightly 
warm the dryness will depend in its entirety on that moisture which is 
inherent and latent in it and which hardens it and makes it <resistant to 
breakage>. When fire touches its moisture, it becomes malleable. This is 
because fire introduces dryness and dryness is thus augmented. This 
necessarily prompts moisture to come into action and thus melting takes 
place quickly; if God, the Glorious, wills. We shall discuss the manufacture 
of this <material> and its different kinds in a special book devoted to it, if 
God the Glorious, wills, and this is the end, wa al-salam. 

123. Yabruh sanami:is Iychnis githago. 
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May God send his blessings and peace on sayyidina (our master) 
Muhammad. 

This is the end of Kitab al-durra al-maknuna. 
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APPENDIX 

, Ajin 

'lzam 
Ushnan farisi 

Basal abyad 

BiIIaur 

Dawgh 

Duhn al-akari' 

Duhn al-khirwa' 

Duhn al-mustaka, 
Luban al-mustaka 

Ghira al-jubn 

Haltit mintin 

Hummad al-utruj 

Jubn ' atiq 

Kafur 

KhalI 

Khamir 

Laban al-' ushshar 

Laban al-kalba 

Laban aI-tin 

Laban halib 

Lulu 

Ma' rahm al- shat 
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ARABIC-ENGLISH GLOSSARY OF MATERIALS 
USED IN PEARL MAKING, PEARL PURIFYING, 
GLUES AND BONES UTILISATION 

~ Dough 

f' L1.c. Bones 

t.,r')j u~1 Salso la cal i. 
Persian 

. I~ l>"":!-! . White onions 

,J~ Rock crystal 

tJ..l Whey 

t)S~1 ~..l Fat of trotters 

f' JyJI ~..l Oil of castor 

c.s <.6, 041\ ~..l Mastic 
<. b· 001\ u\....J c.s . 
~I Ij- Cheese glue 
... .. .. , 
~ ( ljl.::' Asafoetida 

~ . -;1\ . b . Y l>-"" Citron juice -.' 
~~ Old cheese 

,J~\£ Camphor 

J=.. Vinegar 
. 

Leaven ~ 

~1u,J Milk of giant 

milkweed 
4..,JS.l I u,J Dog's milk 

~\ u,J Fig's milk 
{ , ,\.,. u,J . - . Milk 

~~ Pearls 
'0 L..:;J \ r--,J I'-L. Amniotic fluid 

from the womb of 

a sheep 

Mahlab muqashshar 
.. \ 
~ l .' ...... 0 Peeled mahlab 

seeds 

Marqashisha 
\;. ;." 
. I IIJI lI!y Marcasite 

Milh andarani ~\,J..l..i\ ~ Andarani salt 

Natrun UJ~ Natron 

Nura 
- . Slaked lime O,J..J-l 

Nushadir ,J..lL...;, Y Sal-ammoniac 

Qili ~ Alkali 
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I Qishr al-bayd ~I ,- Eggs shells -. y:..g 
I Ramad ..lL. ,J Ashes 

I Rusakht - . 
Copper scales ( , .... 1" -,.) 

Sabun 1.l..J,l\"""":' Soap 
Sadafbahri c.5 Y'-! '-A~ Sea shells -
Shabb yamani .l......J ' ~ _ '-:-W> Yemeni alum 
Sham' 

, 
Wax ~ 

Simsim muqashshar 
, -
~-' LlA " 1 ( Peeled sesame 

Talq ~ Talc 

Thum 
, 

Garlic f'Y 

I Tutia l.J:j-_..J-l Tutia 

I Yabruh sanami 4', <' (.J...r.= l? ... Lychnis githago 

I Zaj c1j Vitriol 

I Zi ' baq 
- , . 

Mercury t.Y.-J,J 

I Zinjar \..:...j . 
,J.,J Verdigris 
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7 Potassium Nitrate and Nitric Acid in Arabic and 
Latin Sources 

INTRODUCTION 

This chapter discusses the various names that were given to potassium 
nitrate in Arabic, and the equivalent words that were used in Latin. In 
investigating this subject, the following question was posed: what were the 
names of potassium nitrate in Arabic before the word barud became 
common? Because the tenn barud was applied in Arabic to potassiwn nitrate 
in the 13th century, some historians of science and technology assumed that 
familiarity with potassium nitrate in Arabic chemistry and alchemy dates 
from the 13th century only. 1 

Potassium nitrate is a resource that was always available in natural 
deposits. Its existence could not have passed unnoticed as in the case of 
other materials found in nature. It should have been utilised to meet the 
various needs of societies across history. Hence, its applications as a viable 
substance, as a medicine, as a raw material for industry or in warfare in some 
foml or another, were readily discemable. 

The difficulty arose in labelling this and other compounds long before 
the establishment of the science of chemistry. For example, in the Arabic 
language, minerals found in nature, including pota sium nitrate, were 
collectively designated under nebulous and all encompassing categories such 
as salts, boraces, alwns or stones, among other misnomers. The difficul ty is 
compounded when different ancient authors classify a certain material under 
different categories; hence, the same material shows up with di fferent labels. 

1. Partington, J.R., A His/OIy a/Greek Fire and Gunpowder, W. Heffer &. ons, C.amb:idg~. 
1960, reprinted by John Hopkins Uni er ity, 1999. In variou place, Partll1gton gl\e 111 hi 
book weeping questionable statement. The e are ome example : on p. :L he ay , '!he first 
definite mention of saltpetre in an Arabic work i that in lbn ai-Ba) tar (d. 1~4 . )' On the 
same page he translates the Latin sentence' at anatrol1 id e / atllilri' b) a Ul11l1lg that the 
word sal anatron is oda, reversing thu the real m aning of the entence. On p. 304 he 'ay. 
' bauraq meaning soda', which is al 0 incorrect. . b' 

The general notion that altpetre was not known until the 13th cen~f) III ra IC 

alchemy and chemistry is re fl ected in other work on the hi tor) of chenllstf) . Thu R. 
M . . . . L d 1966 . on p 17 . altpetre \\ 11Ich doe ' ulthauf III The Or/gm of Chell/l 11"),. 011 all, ,a) . -,' . . I 
not appear to have been k,;own eithe;' to rabic or Europ an chemi t prior to the tl.lIrte~lI~ 1 

century A.D., is found by Leve in the ippur medical lablet of about .1100 ~ .C. Thl I . 

curiou , since the u e of alt petre is ocknO\\ ledged to ha\ e taken pla~t' 111 ~1I1CI 'nt Bab~ Ion 
while in Latin chemistI'. it i claimcd to ho\ e been knmm onl III the I III ntuf) \D. 
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Furthermore treatises that were derived from different sources used to label 
, . 2 

identical materials differently m the same collated work. 
The insignificance of the names that are given to potassium nitrate was 

explained expressively in The Natural History of Nitre of W. Clark (1670) 

where he says: 

Nitn/m, (nitron in Greek) or Nitre, is also called Sa(-nitri, o~ salt-nitre, from i!s 
likeness to salt, and Sal-petrae, or Salt-petre, from Its shootmg on walls, and IS 
also called by other various and aenigmatical names, It is no matter by what name 
it is called, so we agree about the thing.

3 

The same author describes the confusion that was still existing in his time 

(1670) in differentiating similar materials: 

The experienced Druggist shall not more accurately discover a sophisticated Drug 
from a real than our Nitrarian may distinguish between Nitre and salt , Allum or 
Vin'iol which are so like one to another, and may be mistaken by a superficial 

, 4 
observer. 

BORACES AND NATRUN IN ARABIC AND LATIN 

We should not be confused in the maze of discussions that took place about 
what the word nitrum indicated at the time of Pliny and before. 5 We know 
from Arabic and Latin literature of the medieval period that the word natrun 
or nitrun in Arabic and nitrum, nitro or nitri in Latin used to be applied to a 
group of salts, like potassium nitrate or sodium carbonate, that are 
characterised by general similarities6

• The development of the use of both 
the Arabic word natrun and its Latin equivalents went in a parallel path 

throughout the following centuries. 
The word natrun in Arabic has been applied down to the advent of the 20th 
century, to denote potassium nitrate more than sodium carbonate as will be 
apparent from this chapter. It did not become restricted to denote sodiwl1 
carbonate until recently, following the later restrictive usage of the word 
natron in European languages to denote sodium carbonate. However, as late 
as 1902 an article in al-Mashriq about minerals in the Ottoman Empire gave 

2. Such as in the Karshuni manuscri pt. See below. 
3. Clark, W., Natural HistOlY of Nitre, London, 1670, pp. 1- 2. 
4. Clark, op. cit. p. 7. 
5. This discussion was taking place in the 17th century and it continued until recently. Clark, 
op. cit., pp. 12- 15 di scusses this question and concludes that potassium nitrate was known 
under the word nitrum since the time of Pliny and before. See al so p. 36 of the same work. 
6. Singer, C. et al. , A History of Technology, voL 2, Oxford , 1957, pp . 370- \. 
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the following statement: 'the salt of barud or nah'un is classified among the 
boraces, and it is mined extensively in Qunya'. 7 

In the early stages of Latin alchemy in the 12th and 13th centuries when 
Arabic alchemy was being introduced into Europe, the word nitrum or sal 
nitrwl1 in Latin was used to denote the Arabic word natrun when Arabic 
works were translated into Latin. Moreover, as in Arabic, the word in Latin 
could then mean more than one kind of nitrum. So both the Arabic natrun 
and the Latin nitrurn could refer to potassium nitrate, among other things. 

A search for the word natron as sodium carbonate in European 
alchemical literature prior to the 17th century revealed the absence of this 
word. The etymology of natron in the English language indicates that it was 
introduced in 1684 only. s 

Edelard of Bath (d. AD 1150), considered to be one of the most 
prominent scientific individuals in the Latin west, was among the first 
translators of Arabic manuscripts into Latin. He mastered the Arabic 
language during his stay in Syria, and then travelled to Spain, where he 
edited or rewrote Mappae Clavicula, in which he utilised recipes consisting 
of words having Arabic roots. Edelard states that Nitrum est sal qui nascitur 
in terra fiet in laminas in tempore cavalur, which is a description that 
applies to Potassium nitrate. 9 

Michael Scot (1180?-1236?) was translating from Arabic in Toledo in 
1217, and after 1227 was court astrologer and philosopher to Frederick II at 
Palermo. In the Cambridge manuscript of De Alkimia, attributed to Scot, 
three kinds of nitrum are given. 

Sal nitrum de puncta i said to come from India, and Alexandria. it i te ted by 
putting it on burning coa ls, and if it doe not decrepitate or make a noi e it is 
good. There is also a foliated Sal nitrum ome" hat long and thick \\ ith a ra te 
omething like vinegar when touched with the tongue and not a\t), and it make 

a flame over a fire. It is mentioned in ome books; it i the be t for making 
mercury malleable, and change copper into the be t gold. It i found in pain and 
is exported from Aleppo. A t~ird kind i nitrum depilatun1, from I-Iungar) and 
Barbary. It clean dried pork. 1 

7. Ya u'i, Loui s Sheikho, article on mineral mine in the Ottoman Empire (in rabic), A/­

Ma hriq, vol. v, is ue number 17, 1902. p. 775. 
8. See The Oxford horter Engli h Dictionary, and the Mernam Webster ollegiate 

Dictionary, under natron . 
9. Partington, op. cit. , p. "0 . i 
10. Partington, p. 88. For the Latin te.'-t see Wood BrO\\l1, 411 El/qui,." illlo rh" LUt: am. 
Legend of Michael Scot, Edinburgh, I 97. p. 247. ee also . 11. Thom 0~1. Th . Te:\.t ' 01 
Michael cot' AI'S Alchemi£', a . iris. 19 5, YOI. -, pp. ':-23 59. the three kmds ut mtre are 

g i en on p. 535. 
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Partington says: 'There is little doubt that the salnitrum foliatum is saltpetre.' 
I I 

The foliated sal nitrwn as described by Michael Scot has been described 
at earlier dates by several Arabic authors. In the Canon (Al Qanun) of Ibn 
Sina (d. 428/1036) we find under article natrun: ' It is the Armenian bauraq 
and was discussed in the chapter of the letter b.' 12 Then under article bauraq 
we read: 'It can be burnt on top of live fire on a porcelain. The best kind is 
the Armenian, the light, the foliated, the brittle, the spongy, the white, the 
rosy and the farfiri . ,)3 

Al Biruni (973-1048) in Kitab al-saydana fi al-tibb in article bauraq 
says: 'in Greek it is aphinatrun 14 and in Syriac it is nitra'. 15 'The best 
quality is the Annenian that is light and foliated, having leaves. It crumbles 
easily with afarfiri colour; it resembles foam and has a burning taste.' 16 In 
the same article, al-Biruni says that the foam of natrun is said to be the 

Armenian bauraq. 
Ibn al-Baytar gives similar statements. When discussing bauraq he 

says: 

a to that which is called aphruntun 17 which means foam of natrun it is alleged 
by some people to be the Armenian bauraq, the best quality of which is very light 
with leaves and crunbles easi ly; it resemblesfarfir in colour; and is like foam and 
has a burning taste. I 

In the Lexicon of Alchemy of Martinus Rulandus that appeared in AD 1612, 
Armenian bauraq was defined as saltpetre. 19 In the same Lexicon, 
aphronitrum is defined as froth of saltpetre or wall-salt. 2o In Lemery's Cours 
de Chymie,21 it is stated that saltpetre was called aphronitrum by the 
ancients. 

11 . Partington, op. cit. , p. 88. 
12. Ibn Sina, Al-Qanun fi al-tibb, vol. 1, Bulaq edition, 1877, offset printings in Baghdad and 
Beirut, p. 376. 
13 . Ibn Sina, p. 267. 
14. Obviously this is aphronitrum. 
15. Duval translated ni/ra into saltpetre, see below Berthelot and Duval. 
16. AI -Biruni , Kitab al-saydana fi al-tibb , ed. Abbas Zaryab, Tehran , 1371 , pp . 606-7. 
17. Obviously this is aphronitrum. 
18. Ibn al-Baytar, . Abdullah b. Ahmad al-Andalusi, Al-Jami' li Mufradat al-Adwiya wa al­
Aghdhiya, vol. I, Beirut, p. 125. 
19. Martinus Rulandus, A Lexicon of Alchemy, translated by A.E. Waite, reprinted by 
Kessinger Publishing Company, original Latin edition appeared in 16 12, p. 70, item , Baurac. 
20. Rulandus, op . cit. , p. 32. 
21. Cours de chymie contenant la maniere de faire les operations qui sont en usage dans la 
medecine par une methode facil e, avec des raisonnements sur chaque operations ... par 
Nicolas Lemery, Paris, Ed. Baron, Theodore, d'Houry, fil s, Pari s, 1757, pp . 1689. 
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In 'De Compositione Alchemiae' or 'De Re Metallica', 22 which is the 
text of the dialogue between Maryanus (Morienus) and Khalid ibn Yazid 
(see below) the Latin text says:23 'Sal annatron id est sal nitri.' The 17th­
century English translation of this sentence says: 'with salt Annatron, that is 
with salt peter'; the translator substituted sal nitri for salt peter. 24 The use of 
the word saltpetre instead of sal nitri was a later development adopted by the 
moderns according to Biringuccio (d. c. 1539). 25 The word anatron has 
entered the English language dictionaries. Although not much in use, it can 
denote either native carbonate of soda, i.e. natron, or saltpeter. 26 

The following definitions from the Lexicon of Alchemy of Rulandus 
illustrate the relationship between the Arabic words nab-un and bauraq and 
their Latin equivalents: 

Nataron or Natron - i.e. Nitre.
27 

N· N ' 28 ItTum - Itre 
N itrum, Baurach, Rock Salt, Sa ltpetre, Nitre.

29 
Nitre is manufactured in several 

ways - in stables, ancient dormitories, in rocks, cellars, walls, and other such 
places.' ~~~ell as in o ld and disused sand-pits. 
Sal Nltrl - Saltpetre, smelted out of earth which has been drenched in urine -
for example, such earth as forms the floors of stab les. 

In AI-Madkhal al-ta'limi (Instructive Introduction) and in Kitab al-Asrar 
(The Book of Secrets), Abu Bakr Muhammad Ibn Zakariyya al-Razi 
(Rhazes) (d. AD 925) mentions that Goldsmiths' Borax is white and is 
similar to al-sabkha (al-shihai l which is found at the feet of walls . 32 The 

22. Holmyard, 'A Romance of Chemistry', a series of article that appeared in Chemi try and 
fndustlY, Part 1, 23 Jan. 1925, pp. 75-7; Part 11 , 30 Jan, pp . 106- ; part Ill. 13 March 1925, 
pp. 272-6; Part IV, 20 March 1925, pp. 300- 1; Part V (printed IV b) error). 27 March 1925, 
pp. 327- 8. In this series of article, Holmyard publi hed the full text of the 17th-centuf) 
English translation of Ye Booke of Allchimye, (Sloane M . 3697), see al 0 Lynn Thorndike, A 
History of Magic and Experimental Science, vo!. 2. Columbia University Pre . Fourth 
Printing, 1947, p. 2 15 . Lee Stavenhagen, A Testament of Alchemy, The Uni,er i~ Pre of 
New England, 1974. Adam McLean published the Engli h tran lation of loane -1 . 369 
after modern ising its English, ee below. 
23. Morienus, in Manget, Bibliotheca Chemica Curio 0, Gene"a, 1702, I, p. 514 
24. The Book of the Composition of Alchemy, edited b) Adam McLean. Glasgo\\, _00_. p. 2_. 
25. Biringuccio, Vannoccio, Pirotechnia, translated by C) ril . mith and lartha T. Gnudi. 
New York, 1959, p. II 1. 
26. Web ter's Revised Unabridged Dictionan, er ion publi hed 1913. 
27. Rulandus, p. 238. -
28. Rulandll , p. 240. 
29. Rul and llS, pp. 238- 9. 
30. Rulandll , p. 283. 
3 1. This word occulTed a al-sabkha and as 01- hiha in the, arious ( '\.(s. 

32. AI-Razi, Abll Bakr Mllhammad b. la]"ari" ab. Yah, a. ;":itllb al-Asr It \1"£1 ~irr al .J. 'l"ar, 
ed. Muhammad Taqi Dani hpathuh, Tehran. 1-343 (1964)'. p. 6. 
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same description appears in the Karshuni manuscript (written in Arabic with 
Syriac script), which belongs to the period 9th to 11th century according to 
Berthelot and Duval. 33 Duval translated al-shiha which is found at the feet of 

I 34 walls as sa tpeter. 

that: 

The Karshuni manuscript also classifies natrun under the salts. It says 

Salt consists 0/ seven varieties, namely, (1) salt for food, (2) salt of goldsmiths, 
(3) Andarani salt, (4) naphtha and natrun salt, (5) Khurasani salt, (6) Indian salt, 
and (7) natrun which is the nitra salt. 

It is obvious that the two kinds of natrun listed here, namely, in items (4) 
and (7) denote two different kinds of salts, one of which, the Syriac word 
nitra salt, denotes potassium nitrate. Duval translated nitra salt as sel de 
nitre. 35 

Liber Lumen Luminum (Light of Lights), of al-Razi that exists in Latin 
and which is devoted mainly to salts and alums, was translated by Gerard of 
Cremona.36 Lacinius published extracts from this work. The salts mentioned 
in this extract are: salt armoniac; sal gemme; saltpetre, common salt and salt 
alchali. 37 

USE OF NATRUN AS A FLUX IN METALLURGY 

Potassium nitrate was used since the early days of alchemy and until later 
centuries as a fluxing material in the roasting of ores and the melting of 
metals. This becomes evident from a study of medieval and renaissance 
books on metallurgy and alchemy. From De Re Matallica of Agricola (d. 
1555), from Pirotechnia of Biringuccio (d. c. 1539) and from the Treatise on 
Ores and Assaying of Lazarus Ercker (d. 1593), we learn that saltpetre was 

33. Berthelot, M. and R. Duval , La Chimie au Moyen Age, vol. 2, Paris, 1893. p. XII. The 
Karshuni MS was published in Syriac script, with a translation into French by Duval. The 
Karshuni Arabic text was converted into Arabic script in Aleppo by the Rev . Father Barsum 
on the request of the author of the present work. The Arabic text in Arabic script is still in MS 
form. 
34. Berthelot and Duval , 1893, p. 145. 
35. Berthelot and Duval, p. 163. See also the text above, where it was mentioned that al­
Biruni correlated between the word bauraq, aphronitrum with the Syriac word nitra. 
36. McVaugh, Michael, A List of Translations Made From Arabic into Latin in the Twelfth 
Century - Gerard of Cremona (I I 14-1 187), Chapter 7 in A Source Book in Medieval Science, 
edited by Edward Grant, Harvard University Press, 1974, pp. 35- 8. Thomdike (vol. I, p. 670) 
thought that it might have been trans lated by Michael Scot. 
37. Peter Bonus of Ferrara, The New Pearl o/Great Price, reprinted by Kessinger, Montana, 
USA, The extracts made by Laciniius from the Lights of Lights by Rhasis, are g iven on pp. 
363- 88; for salts see pp. 367- 70. 
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an important fluxing material in the melting and smelting operations of 
metals. 38 

In assaying copper ores Agricola writes: 

If, however, it is less rich, a stony lump results, with which the copper is 
intermixed; this lump is again roasted, crushed, and, after adding stones which 
easi Iy melt and saltpetre, it is again melted in ano~~r crucible, and there settles in 
the bottom of the crucible a button of pure copper. 

In assaying iron ore, Agricola says that the ore is burned, crushed, washed 
and dried. Then a magnet is laid over the concentrates and the iron particles 
are colleted in a crucible. 'These particles are heated in the crucible with 
saltpetre until they melt, and an iron button is melted out of them. ,40 

In Ercker's book the use of saltpetre as a fluxing material is mentioned 
in several places. In describing a flux for brittle silver we read: 

silver may also be made malleable ~i a flux that purifies metals greatly. Take sal 
alkali, saltpetry salt,41 crude argol, and saltpetre, of each as much as the other, 
calcine them, then dissolve the mixture in wat;l:l water, pass it through a piece of 
felt, let it coagulate, and the flux will be ready. 0 

The book describes the flux for use in assaying copper ores. 

Take two parts of argol and one part of saltpetre, grind them separately, and then 
mix them. Put the mixture in unglazed pot and then to s in a piece of glowing 
charcoal. This will start a fire in the pot; let it bum until it stops by itself. When 
the pot has cooled, the flux is ready. Take it out of the pot, remove the charcoal , 
and, after grinding it, store the flux in some warm spot; thu it will keep. 44 

38. De Re Metallica, by Georgius Agricola, Translated by Herbert Hoo er and Lou Hoover, 
Dover, New York, 1950; Pirotechnia, by Vannoccio Biringuccio, op. cit. (for reference to 
saltpetre as a fluxing material in Pirotechnia see pp. 136, 194, 296, 213); The Treati e on 
Ores and Assaying by Lazarus Ercker was translated from the Gemlan Edition of 1580 by 
Anneliese Grunhaldt and Cyri l Stanley Smith , The Uni ersity of Chicago Pre s, 1951. 
39. Agricola, p. 245. It must be noted that Agricola used the \~ord halnitrum i.e. salnitrum 
and not altpetre. The translator (Hoover and Hoover), ub tituted the \\ord altpetre for 
halnitrum. The words nitrum or sal nitrum or sal nitri , etc. were replaced b) altpetre b) 
severa l translator and publisher stalting with the appearance of book printing in the 15th and 
16th centuries. This wa unfortunate becau e thi ub titution had made it extremel) difficult 
to know the exact term used by the original author . It made it al 0 difficult 10 1u10\\ the 
history of the development in the u e of the difTerent teml . 
40. Agricola, op. cit., p. 247. 
4 1. Ercker define this a an incru tation on altpetre \'ut capable of being ret"ined to gi\ e a 
table sa lt, p. 34, pp. 307- 8. 
42. rude tartar. 
43. Erckert, op. cit., p. I. 
44. Erckert, op. cit., p. 207. 
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The practice of using potassium nitrate as a fluxing material continued in 
Latin alchemy until later centuries. Newton (last quarter of 17th century) in 
his alchemical treatises gave details of processes in which he used nitre or 
saltpeter as a fluxing material. In his treatise The Key (CLavis),45 he describes 
the preparation of the antimony metal by heating antimony sulphide with 
iron and with nitre as a flux : 

• Make the regulus by casting in nitre bit by bit; cast in between three and four 
ounces of nitre so that the matter may flow. 

• Little nails may be used and especially the ends of those broken from horse­
shoes. Let the fire be strong so that the matter may flow [like water], which 
is easi ly done. When it flows, cast in a spoonfu l of nitre, and when that nitre 
has been destToyed by the fire, cast in another. Continue that process until 
you have cast in three or four ounces. 

• Beat the regulus and add to it two, or at most 2Y2, ounces of nitre. Grind the 
regulus and the nitre together completely and melt again . 

Newton recommends grinding the regulus a third and a fourth time adding 
nitre each time. Then he says: 

In the last three fusion s the regulus must be beaten, and ground and mixed with 
nitre. Some cast the nitre into the crucible, but this is not recommen2~d . You will 
see that the regulus mixed with nitre in this way flows easi ly with it. 

It is interesting to know that Nicolas Lemery in his Cours de Chymie, 
published in 1675, i.e. at the same time when Newton was writing his 
treatises, gave a chapter in his book on 'Regule d'Antimoine avec le Mars' , 
in which he describes a procedure similar to that of Newton. 47 

In the 17th century, the nomenclature was not the same as it is now. The 
name antimony was applied by Newton to the stibnite ore (ithmid in Arabic), 
while the term regulus or reguLus of antimony indicated the antimony metal. 

Let us now give citations from the earlier Arabic and Latin treatises on 
Alchemy. One of the earliest treatises on alchemy to be translated from 
Arabic into Latin was the dialogue that took place between Maryanus 
(Morienus) and Khalid ibn Yazid (d. c. 90/708). Robert of Chester (Robertus 
Castrensis) finished translating it on 11 February 1144. This work is entitled 
De Compositione A Lchemiae or De Re Metallica.48 

45. Keynes MS 18. The Latin text and Engli sh translation were given in The Foundalions 0/ 
Newton 's Alchemy, by B.J .T. Dobbs, CUP, 1975, pp. 251 - 5. 
46. Dobbs, op. cit. , p. 254. 
47. Lemery, N icolas, Cours de Chymie, Pari s, 1675, pp. 182-4. 
48 . For Holmyard 's articles giving text of 17th-century Engli sh translation see note above. 
Mc Lean published this same translati on, see above. 
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Holmyard published a 17th-century English translation of the Latin text 
of De Compositione Alchemiae from a manuscript preserved in the British 
Museum (Sloane MS. 3697). In this translation we read: 49 

for ye wisemen h~ve thus ~aid of this: Now we have taken away ye blackness, aIl8 
have fixed ye whIteness wIth solI Analron, yt. is, with saIl peler, and almizade/ 
whose Complexion is Could and drye [ . . . ] first there is blackness then followeth 
whiteness with salt Anatron. ' 

The use of natrun together with salammoniac (nushadir) in the preparation 
of metals, such as whitening as mentioned above, was a common practice in 
Arabic alchemy. 

In his work, The Book of Seventy (Kitab al-Sab 'in), and in the Book of 
Twenty Articles (Kitab Al-Jumal al- 'ishrin), Jabir ibn Hayyan (d. c. 815) 
gave a number of chemical recipes in which he uses aL-natrun as a flux for 
melting. Here are examples: 

In Kitab al Naqd on iron (Mars) that is book 34 of the Book of Seventy, 
we read about the istinzal of iron (purification by melting in a descendary 
apparatus). Iron is first roasted with yellow arsenic (zarnikh asfar) several 
times. Then 'it is crushed and mixed with one third of its weight of natrun 
and kneaded with oil and melted, and it will descend as white as silver ' . 51 

Gerard of Cremona (1114- 1187) translated the Book of Seventy into 
Latin. The corresponding Latin text to the Arabic one reads in part: 'Deinde 
tere ipsillTI cum triplo sui de nitro. Et sperge cum oleo et distilla Argentum 
liquefactende.,52 Thus in the 12th-century translation of Jabir' s work the 
word natrun was translated as nitro. 

A similar process is given in maqala thirteen of the Book of Twenty 
Articles (Kitab AI-Jumal al- 'ishrin): 53 

As for iron, take one roll iTom it and throw on it one ratl of yellow zarnikh 
(arsenic). Roast it in a hard fire after it was made into fil ing. Take it out after one 
night and throw on it half a roll of ye//ow zarnikh then return it to roasting. Do 
this twice. Take it out and throw on it one roll of red zarnikh and roast fo r the 

49. ye = the; yt.= that. 
50. AI-mizader = AI-nushadir (an1monium chl oride) according to Holmyard. 
51 . Jabir ibn Hayyan, Kilab 01- ab 'in, a fac imile edition produced b) the In titute for the 
History of Arabic -Is lamic c ience, Frankfurt, edited by Fuat ezgin. 19 6. iTom 1 Hu e in 
Chelebi 743 , Bursa, Turkey, p. 205 The teAt can be read a three time . 
52. The Latin translation of the Book of Sevell(l ' b) Gerard of remona was publi h d b) I. 
Belthelot on the basis of BN manu cript num ber 7156; in Archeologie et hi loire de 
sciences, Pari s, 1906, reprint 196 , p. 47. ection of the Latin text from Berthelot' book 
were quoted by tapleton, H.E., Azo, R.F. Hu ' ain, M.H. Chemist!") in ' Iraq and Persia in 
the tenth century A.D., A ialic Sociely of Bel/gal Mem , 01 , 19_7. pp. 3 I --41 . 
53 . Kitab AI JUlllal 01- 'ishrin, M Hu e) in Chelebi 74 . Bursa, Turl-e) , p. 4 9, r1aqala 13. 

------------------------------------------------....... -----------
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third time, Then take it out and purify its blackness by the descendory process. 
The descendory process is done by grinding with it one quarter of its weight of 
natrun knead it with litt le oil and place it in but-bar-but and cover it ... You 
descend it several times until it descends white and pure, better than silver in 
whiteness. 

In Liber Sacerdotum, which is a medieval Latin translation of an Arabic 
work, we find a similar process: 'De preparando ferro quoddam secretum'. 
The text that follows resembles that of Jabir in the Book of Seventy and in the 
Book of Twenty Articles. Here also, the corresponding Latin word to natrun 
.. . 54 
is given as mtro. 

We fmd a similar description for the treatment of iron in Chapter XIV 
of Jabir's (Geber) Latin work De lnventione Veritatis. 55 Russell's English 
translation of the Latin text runs thus: 

Prepare Mars thus: Grind one pound of the Filings thereof, with half a pound of 
Arsnick sublimed. Imbibe the Mixture with the Water of Salt-peter, and Salt­
Alkali, reiterating this Imbibit!~n thrice; then make it flow with violent Fire, and 
you will have your iron white. 

This description of the treatment of iron in De lnventione Veritatis is 
analogous to the text in the Book of Seventy and the Book of Twenty Articles, 
and the corresponding Latin word for natrun is salis petrae (salt-peter). 57 

In Kitab al-Layla on copper (Venus) which is book 36 of the Book of 
Seventy it is mentioned that in one treatment method, burnt copper or 
rusakhtaj (copper scale) is taken. It is heated and quenched in good pure oil, 
then heated and quenched many times. Then 'it is crushed, placed in but­
bar-but (descendary vessel) and melted with natrun or other softening 
material and it will descend like gold,.58 

54. Stapleton et al., p. 355. The Latin text 'De preparando quoddam fe/TO secretum. ' is 
reproduced from Berthelot (Berthelot, La Chimie, l. p. 198, quoting from Biblio. Nat. Ms. lat. 
No. 6514). 
55. The Alchemical Works of Geber, translated into English by Richard Russell in 1678, 
Introduction by E.1. Holmyard, reprinted by Samuel Weiser, 1994, p. 215 . 
56. Russell ' s translation, op. cit. 
57. Stapleton et al. cited the Latin text of the Preparation of Mars where the word salt petrae 
occurs. And since Stapleton noticed the proximity of the Latin text to the Arabic texts of Jabir 
and AI-Razi he thought that the Latin translation of the Arabic word natrun into salt petrae 
was incorrect. Stap leton, among some others, held the fixed idea that the Arabic word natrun 
is not salt petroe. In the same footnote he says that an unknown mediaeval Latin writer 
published De inventione Veritatis under the name of Geber. We notice here a clear 
contradiction: Stap leton says on the one hand that the word natrun was tTanslated [from 
Arabic] into salt petrae wrongly, and at the same time he ascribes De invenlione Verilatis to 
an unknown Latin writer. 
58. Jabir, Kifab al-sab 'in, op. cit. , p. 196. 
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In Kitab al-Ghasl on lavation of bodies and souls and which is book 61 
of the Book of Seventy we read about the treatment of copper. Take one 
hundred dirhams of copper, forty dirhams of zarnikh (arsenic) and ten 
dirhams of sulphur and grind, 

then beat al-zuI7l·a (venus) into thin discs like dirhams, place it in a small pot and 
roast it and copper will become easy to crush. Crush it in a golden mortar and pan 
it off with water then throw on it salt and grind it and wash it. Then take Jt and 
grind it with nan·un and oi l, melt it and it wi ll descend like si lver in colour. 5 

In the Latin translation of Kitab al-Ghasl of the Book of Seventy by Gerard 
of Cremona the last sentence of the 'Ablutio Veneris' says: 'Tere ipsum cum 
nitro et oleo et fac ipswn descendere in botum barbotum. Et descend et colore 
Argenti.' 60 

In De lnventione Veritatis (Chapter XV) of Jabir (Geber), one 
description of the treatment of copper (Venus) reads thus: 

Venus thus calcined, grind, I lib. of it with four Ounces of Arsnick sublimed, and 
imbibe the Mixture three or four times with the Water of Lithargiry, 61 and reduce 
the who le with Salt-Peter, and Oyl of Tartar; and t~U will find the Body of Venus 
white and sp lendid, fit for receiving the Medicine. 

This description of the treatment of copper (Venus) in De lnventione 
Veritatis is analogous to the two descriptions quoted from the Book of 
Seventy. Again, the corresponding Latin word for natrun is nitro and salis 
petrae (salt-peter in the English translation). 

Jabir's (Geber's) Latin De lnventione Veritatis appeared in the latter 
part of the 13th century. It was thought until now that similar processes, in 
which saltpetre was used, never appeared before in Arabic. This gave rise to 
the doubtful conclusion by some historians of science that Geber was not the 
Arabic Jabir, and that saltpetre was known for the first time in the 13th 
century in the Latin West when the Geber's Latin works first appeared (see 
Chapter 3). 

AI-Razi gave another analogous description for the treatment of iron in 
AI-Madkhal aI-Ta 'limi: 

Take filings of iron , as much a you wanl, and having thrO\\ n on them ~n~ quaner 
their weight of powdered red zarnikh, stir (the mixture up). Then put 11 m a bag 
(surrah) , and after luting it \ ilh good clay, place it in a hot lanllllr (oven). 

59. Jabir, Kitab al- ab 'in , op. cil. , p. 329. 
60 . Berthelot, M. Archeologie et hi loire de cieuce, op. cit. , p. 359. 
6 1. Lithargiry = litharge, lead monoxide. 
62. Russell , op. cit., p. 2 15. 
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Afterwards take it out, and weigh it. Then throw upon it one-sixth of its weight of 
natrun, and add olive oi l to the mixture. 

In al-Razi ' s other works, Kitab al- Asrar, and Kitab sirr al-asrar, we find 
numerous other recipes describing the treatment and preparation of iron, and 
copper in which natrun is used. 63 

We find the same practice also in al-Razi 's Liber Lumen Luminum 
(Light of Lights), where it is mentioned: 'Take equal amounts of salt 
armoniac, saltpetre, and borax; pound together, dissolve in a little wine, and 
let it dry. This will render the silver malleable.' 64 

A similar description for the treatment of iron occms in the Arabic 
Karshuni manuscript. It says that after treating the iron filings with red and 
yellow arsenic take it out when it becomes cold; wash it with water and salt. 
When it is dried, mix it with one-sixth its weight of natrun kneaded with oil. 
Then it is melted and subjected to the process of istinzal in the but-bar-but. 65 

More similar citations can be given illustrating the use of natrun as a 
fluxing agent in early Arabic Alchemy.66 This practice continued in later 
centuries as well, and we find numerous similar recipes in the works of AI­
Jildaki and later alchemists. 67 

While discussing the use of potassium nitrate as a fluxing agent for 
metals, it may be relevant to mention here the use of this material in the 
refining of gold. AI-Hamdani (c. 2511865-313/925) in his book Kitab al­
lawharatayn al- 'Atiqatayn describes a refining cementation process for gold 
called ta 'riq (sweating). Ta 'riq, he says, is a slight cooking which removes 
impmities and makes gold more malleable under the hammer. The usual 
drugs used are white vitriol or alum, salt, and yellow bricks, all ground. He 
says: 

63. al-Razi , K. al-asrar wa sirr al-asrar, op. cit., p. 135 and several other pages. 
64. Peter Bonus, op. cit. , p. 368. As mentioned above, the Liber luminis luminum attributed to 
al-Razi was translated from Arabic by Gerard ofCremona. (See McVaugh, op. cit. , p. 38). A 
treatise of a similar title is attributed to Michael Scot (see Thorndike, op. cit., vol. 2, p. 308). 
It was printed by Brown in 1897 as part of a work on Michael Scot. However, Thorndike 
presumed that it is the same as the Lumen luminum ascribed to Rasis in BN 65 17. In MS 
Riccardian 11 8, ff. 35v- 37v the following text appears: ' Incipit liber luminis luminum 
translatus a magistro michaele scoot philosopho', implying that Michael Scot was not the 
author (Thorndike, vol. 2, p. 308). 
65. The Karshuni MS. Item 33, see Berthelot and Duval , op. cit.. 
66. As in the treati se of Salim al-Harrani Kitab al-Shawahid fl al-hajar al-wahid British 
Library ADD 23418, fo . 124b. Salim was a contemporary of al-Ma 'm un and was in charge of 
Bayt al-Hikma. About Salim, see Sezgin, F., Geschichte des Arabischen Schrifitums, vol. IV , 
Bri 11 , 197 J , p. 272. 
67. See for example British Library MS ADD 22756, fo . 114b, where we find a description of 
the use of nolrun in the melting of iron fi lings. 
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The la 'riq may not affect t.he go ld, either because of its nature, the inadequacy of 
fuel or becau e of the burnmg of the drug and the fineness of raw gold, so that the 
gold bars become dry. Then the go ld refiners will heat the bars, and bury them 
either in the salt of eart~ which is found at the feet of walls (milah al turab alladhi 
yakun fi usul al hitan) ,

6 
or in sa lt and vitriol. 

From the above citations, we conclude that both in Latin and Arabic 
alchemical Iiteratme down to the 17th century, potassium nitrate were used 
as a fluxing agent in the smelting, melting and the refining operations of 
some metals. The Arabic words natrun and al-milh alladhi yakun fi usul al­
hitan (wall salt), and the Latin words nitrum (nitre) and salis petrae 
(saltpetre) indicated potassium nitrate in these operations. 

NATRUN IN THE PREPARATION OF NITRIC ACID AND AQUA 
REGIA 

Having established that the Arabic natrun and the Latin nitrum denoted 
frequently potassium nitrate in Arabic and Latin alchemy, we can look into 
some recipes involving the production of nitric acid and aqua regia before 
the 13th century. 

We have already mentioned the Libel' Luminis luminum,69 that is 
usually attributed to al-Razi , and which was published in a book on the life 
and legend of Michael Scot (d. 1235), on the assIDnption that it was one of 
Scot's works. The text gives a recipe for the preparation of nitric acid or 
aqua regia, by distilling a mixture of sal nih-um, sal ammoniac and vitriol. 
The Latin text runs thus: 

M. cum sossile et nitro also ana in aqua resolutis ac coagulatis e ad naturam Iune 
reduxi . R. vitrioli romani Libra I. sal is nitri lihra I . alis arnloniaci 3 . 3 . hec 
omnia comisce in unum terendo et pone in curcubita cum alembico et quod 
di stillaverit serva et pone cum m. crudo ita quod in 3 aque fundatur super mediam 
libram m. in una ampull~ et P? ne in . cineribus be~e clau %n et da Ientum ignem 
per unam diem et po tea mvellles m. 111 aquam puns mam. 

Adam McLean contributed the following translation: 71 

68 . AI-Hamdani, al-Hasan ibn hmad, Kitab al-Jall'hararayn al- 'ariqalaYII lIIin 01- a/ra' 1\"0 

al-bayda', Arabic text edited and translat.ed into German b) Chri topher Toll, UpP ·ala. 1968: 
San 'a' Arabic edition, 1985. p. 132. 
69. ee the footnote abo e on Liber LlIl11illi. IlIlIlinulIl. 
70. Brown, G. Wood, op. cit., pp .. 266 and 26 . 
71. ee the Alchem Web ite http://\\\\\\ .Ie\ it) .com alchclll) home.hlml for the ar hi \ e of 
the Alchemy Academ Di cu ion Group moderated b) Adum 1\ (cLean. 
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This text indicates that ' M' (usually a contraction for mercury in alchemical texts) 
must first be purified by being placed with 'sossile' and spirit of Nitre. ['Sossile ' I 
do not recogni e]. Then you perform a recipe, grinding together I pound of vitriol 
with I pound of nitre and 3 pounds of sal ammoniac, which you then heat in a 
flask and distill offa water. Then you are to place the purified 'M' (mercury) fTom 
your first stage and place this in a flask with three more parts of this acid 
distillate. The flask should be well sealed and h~~ted gently for a day. After this, 
you should find mercury in thi s most pure water. 

On this recipe Adarn McLean comments that 'this will produce a rather 
potent acid, indeed a mixture of nitric and hydrochloric acids - that is aqua 
regia - possibly with some sulphuric acid also as an impurity ' . 

Partington also says that this recipe gives apparently nitric acid or aqua 
• 73 regIa. 

There are Arabic texts using the word natrun in the preparation of nitric 
acid and aqua regia that date from before the 13th century. One of these 
recipes describes the solution of sulphur with acids, and is given in kitab al­
mumarasa (the book of practice) that fom1s book 65 of the Book of Seventy 
by Jabir ibn Hayyan (d. c. 815). The ingredients in the recipe are rice 
vinegar, yellow arsenic (zarnikh asfar), natrun, alkali salt, live nura 
(unslaked lime), eggshells, and purified salarnmoniac. The process, which 
involves distillation, produces aqua regia that is strong enough to put the 
sulphur into solution. 74 

Holmyard in commenting about the recipe for nitric acid in Geber's De 
inventione veritatis (invention of Verity) , says: 'The preparation of nitric 
acid, which is given in chapter xxiii, I have recently come across in a Cairo 
manuscript (the Royal Library) of a work ascribed to Jabir.' 75 

Holmyard says that the manuscript in question is The Chest of Wisdom 
(Sunduq aL-Hikma) in Cairo. 76 The writer of this book was able to obtain a 
copy of this manuscript. 77 It is a collection of treatises that carry the title: 
Sunduq aL-Hikrna. The first treatise is Sunduq al-Hikma proper and is 
ascribed to Jabir. The style of writing raises some doubt about this. One of 
the treatises in the collection carry the ti le Kitab aL-iqtisad al-hadi ila al-

72. Adam McLean comments on the action of the resulting acid on mercury as foll ows: We 
should expect some of the mercury to have di ssolved in the acid. Although mercury is not 
attacked by hydrochloric acid it will readily dissolve in Nitric acid. J am not quite sure if aqua 
regia , which is not merely a mixture of the two acids but has a special chemical structure, 
will readily dissolve Mercury. 
73. Partington, op. cit., p. 87. 
74. Jabir ibn Hayyan , Kitab al-Sab 'in, op. cit. , pp. 341 - 3. 
75. Holm yard , in Science Progress, vol. 19, Jan. 1925, pp. 425- 6. 
76. Holmyard , Alchemy, Dover cdition , p. 8; Sunduq al-Hikma is MS. 303, Dar al Kutub, 
Ca iro, ff. I b-24b (see Sezgin GAS, vol. iv, p. 265). 
77. Courtesy of Mr Mahmud Amin al- ' Alim, Cairo. 
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rashad ~hich gives re~ipes attributed to Muhammad ibn Zakariyya al-Razi 
The recIpes start at folio 56b and end on folio 69a. Between these, we read 
on folio 62a the following recipe: 

Take the ~'ater of egg~, [of] one hundred7~ggs, and one quarter of one ratl from 
salammolllac (nush.adlr)., and t:vo qaj7as of natrun, and Yamani alum (shabb) 
two qaflas. Bury thiS [mixture] III dung for seven days then take it out and distil it 
twice using the qar ' (cucurbit) and ambiq. This distilled water is suitable for 
zarnikh, sulphur and mercury. 

In an Arabic treatise, Ta 'widh al-fakim, published in part by Ruska, 79 we 
read a description of the preparation of aqua regia which is called aL-ma ' al­
ilahi (the divine water) or ma ' aL-hayat (the water of life). This treatise gives 
the recipes that were allegedly practised by al-Hakim (d. 41111021) 
following the recipes that were used by Al Mu ' izz (d. 365/975).80 The 
recipes are traced back to Ja' far al-Sadiq (d. 1481765) in the works ascribed 
to him. 81 Ruska raised doubts about the date of authorship. He gave two 
dates between which he thinks that the Ta 'widh was written ; these are 1021 
CE and the date of copying the manuscript in Shawwal682 (early 1283). This 
last date is improbable as it is extremely unlikely that the scribe who copied 
several alchemical treatises in one collection should be considered as their 
author. 

The ingredients are natrun, alw11, the viriol of Cyprus, and sal 
ammoniac. The recipe starts with a description of the preparation of nan'un 
water by solution: 

Dissolve ?ne ~llIndred mit~qals of n~trun b~ any olution method you choo e: but 
the solutIOn III wetness IS the qUickest. Pound the natrul1 and put it in a 
porcelain pot (kuz) having holes in its bottom. Place the perforated pot over a 
China cup. Stretch on the top of the China cup a wet linen cloth. You hould ha e 
wetted the natrun with a little fresh water so that it v ill adhere to the perforated 
pot. Place the cup and the pot in the wetness well. The l1atr1l11 that \\ ill be 
dissolved by the wetness of the well will trickle into the cup through the hole of 
the pot. 

Description of the lVetnes we/!: Dig in the growld a \\ ell 1\\ 0 dhira ' (ell) in 
depth, wide at the bottom and narro\o\ at the top. Put and at the bottom. Fill the 

78: Qaj7a is a mea ure of weight. In the Arabic dictionarie \\ e read: dirham qaj7a. Qafla i a 
COIll of one dirham. 
79. Juliu Ru ka, Arabische Alchimi ten, reprint in 1967 of the original \\ or\... of 19~4 , pp. 
115- 16. 
80. AI-I-Iakim (386-411 /996- 102 1), i ·th Fatim id caliph; I-Mu ' izz (341-6595 - 5), the 
fourth Fatimid caliph. 
81 . Sezgin op. cit., VoIIV, pp. 293-4. 
82. olution in wetne i a tandard method that \\"8 de cri bed b) al-Razi III A.. . aI-a rar, op. 
cit. p. 80. olution of salts wa a step preceding di ti llation for pr;ducing acid" p. 77. 
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well with water and leave it until the water saturates the a~d and th~ soil of the 
well so that the sand become like mud. The well shou ld be 111 a locatIOn IIn.mune 
from winds and not exposed to direct sun. Immerse the cup and the pot 111 the 
sand. Place at the top of the well a porcelain plate or c losure a.nd on t~p of th~t 
spread plenty of sand. The nalrun will dissolve in two weeks or It may dIssolve 111 

ten days and it will descend in solution to the lower cu~. . . 
Weigh from this [natrun water] one hundred dl/'hams, ~nd throw 111 It ten 

db'hams of alum, ten of alammoniac (nushadir) and five dlrha~1s of qal9al~r 
which is zaj (vitriol) avai lable in Damascus, yellow in colour ~hlch has vell1s If 
broken. It is used by dyers in Syria and is imported from the Island of Cyprus. 
After you throw the mixture in the nalrun ~ater leave th~ w~ol: for two days an.d 
two nights and distil in a cucurbit (qar') and alembIC (lI1blq). Take what IS 
distilled and it wi ll be clear and white as tears. 

The above recipes for the preparation of nitric acid and aqua regia are similar 
to the Latin ones in De inventione veritatis (Invention of Verity) of Jabir 
(Geber). In Chap XXIII on solutive waters we read the following: 

First R of Vitriol of Cypru . Lib. I of Salt-peter, lib. ff. and o~ Jamenous .AlIum 
one fourth part; extract the water with Redness of the Alemblck (for It IS very 
solutive) and use it before alleadged Chapters. This i a lso ~ade much more 
acute if in it you shall dissolve a fourth part of Salalllmol1lac, because that 

, . 83 
dissolves Gold, Sulphur, and Sdver. 

Further we read: 

Our other Philosophical Cerative Water, is this: R Oil dist illed from the Whites of 
Eggs, grind it with half g~ much of Salt-peter, and of Salammoniac, equal parts, 
and it will be very good. 

The Latin recipe of Liber Luminis luminum, and the various Arabic recipes 
that were cited, all of them antedate the appearance of Jabir's (Geber's) De 
inventione veritatis in Latin at the end of the 13th century in which the 
recipe for nitric acid was given. In addition, contrary to the common belief 
that was prevalent until now, it is evident that Geber's Latin recipes of the 
13th century were not the first ones to describe the preparation of nitric acid 
(see Chapter 3). 

THE DIFFERENT ARABIC NAMES FOR POTASSIUM NITRATE 

Al-Shiha that is Found at the Feet of Walls or Milh al-ha'it (Wall Salt) 

83 . Russell , The Alchemical Works ofGeber, op. cit., p. 223. 
84. Russell , op. ciL, p. 224. 
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We have mentioned above, in discussing the classifications of al-Razi and 
the Karshuni MS, that Al-Shiha that is found at the feet of walls denoted 
potassium nitrate. 

When discussing the refining of gold, we mentioned also that al­
Hamdani who was contemporary with al-Razi used a similar expression: 
milah al turab alladhi yakun fi usuI al-hitan (earth salt that is found at the 
feet of walls) to denote potassium nitrate. 

According to al-Kutubi (about AD l311) in his work ma la ysa 'u al­
<abiba jahluhu (what a physician cannot afford to ignore), barud or 
potassium nitrate was called milh aI-ha'it (salt of wall) by the common 
people ofIraq. 'It is the salt that creeps on old walls, and they collect it.,85 

The tenTI milh al ha 'it (salt of the wall) was listed in the Karshuni 
manuscript among the artificial or prepared salts, since it was to be collected 
and treated. The seven artificial are: 

I-The al-qili (alkali) salt; 2- The nura (lime) salt; 3- The bawl (urine) alt; 4- al­
sha 'r (hair) salt; 5- The wood ashes salt, which is sabarzaj; 6- milh al ha 'it (wall 
sa lt); 7- al -tinkar salt. All these salts are used for whitening; they clean the dirt 
and remove blackness, and are utilised in dissolving bodie and spirits. These are 
I · . 86 t lelr actIons. 

The practice used in Iraq in the 9th and 10th centuries for scraping miIh al­
ha 'it (wall-salt or saltpetre) from walls was described in numerous works in 
Europe in much later centuries. These works describe the construction and 
operation of nitre beds and the scraping of saltpetre from walls built 
especially for the purpose of growing saltpetre. 87 

The Flowers of Asyus Stone, the Salt of Asyus Stone and the Salt of 
Stone 

rbn al-Baytar (d. 1248) defines asyus thus: 'Ancient physicians of Egypt call 
it China snow (thalj aI-Sin), and it is known as barud by the COl1Ul10n people 
and the physicians of al-Maghrib.,88 Then he define barud thu : 'It is the 
flowers of asyus stone.' 89 Further, thalj sini (Chinese snow) i defined a : 'It 
is al-barud that is known as the flowers of a)lll tone.' 90 Iso hajar aSJ'lIs 

85. AI-KlItubi, Yusuf ibn Isma ' il, ilia la rasa'lI al-Iabiba jah/lll1l!. M hmadi)) a 1262. tT. 
17b and 36b. . 

86. Berthelot and DlIval, op. cit. , the Kar huni manu cnpt, article 74, pp. 163-4. 
87. Partington, op. cit., pp. 315 and 319. 
88. Ibn aI-Bay tar, op. cit.. vo!. I, p. 41 . 
89. Ibn al-Baytar, op . cit., vol. L p. 114. 
90. lbn a I-Bay tar, op . cit. , 01. I, p. 206. 
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(stone of asy us) is defined as: ' It is al-barud ... and the people of Egypt 
know it as the snow ofChina.' 91 

As mentioned above, AI-Kutubi described potassium nitrate as the salt 
that creeps on old walls. In his definition of barud he says: 'barud is the 
name that denotes the flower of asy us' . 92 

The extent to which the term asy us was prevalent in the Islamic lands is 
not clear. However, it seems that this terminology was used in certain 
regions. For instance, Dawud AI-Antaki (d. 1599), who was born in Antioch 
and lived part of his life in Anatolia, Damascus and Cairo, reported in his 
book af- Tadhkira under item barud, the following: ' it is called in our 
country ('indana), ashush and milh sini (Chinese salt)'. 93 It is apparent that 
as hush is a distortion of the term asyus. When he says 'in our country' he 
means in the region of Antioch in north-west Syria, where AI- Antaki had 

lived most of his life. 
The expression milh hajar asyus (salt of asyus stone) becomes milh al­

hajar (salt of stone) when dropping the word asyus. We actually find in 
some treatises that potassium nitrate or barud was described as milh aL­
hijara (salt of stones). 94 This is a synonym for the word saltpetre (salt of 
stone or salt of rock) in its different forms in Latin and Western languages. 

Konrad Kyeser (d. c. 1405) used the word assio (assionis) for saltpetre 
in his book Bellifortis, which is a manuscript on warfare. In a recipe for 
nitric acid or aqua regia, he specifies distilling Roman Vitriol with p ermisce 
Assionis or with sal armoniacum (sal ammoniac) mixed with p ermisce 
Assionis. 95 The important aspect in Belli/ortis is that the term 'Permisce 
Assionis' is used in lieu of saltpetre or sal nitrum. Partington says that 
Keyeser gave illustrations of incendiary arrows and a rocket, apparently 
from an Arabic manuscript since the man in the illustration has Arabic 
dress. 96 

However, the use of the tenn asyus in Arabic or Assio or Asius in Latin , 
to denote potassium nitrate did not receive wide acceptance, either in Arabic 
or in Latin. A vague connection between nitrum and 'Asian rock or Lapis 
Asius' is expressed in the Lexicon of Rolandus when discussing nitrum: 

91. Ibn aI-Bay tar, op. cit., vol. I, p. 264. 
92. AI-Kutubi , op. cit. 
93. AI -Antaki Dawud ibn ' Umar, Tadhkiral uti aI-a/bob, vo l. I, Cairo, 13561-1/ 1937 A.D., p. 
62. 
94. Anonymous, an Arabic military treatise containing, among other things, numerous 
formulations of gunpowder. MS Bashir Agha 411. 
95. Partington, op. cit., p. 150. Partington quotes Romocki in thi s case. Von ROlllocki, 
Geschichle der ExplosivslifJe. 1895, I, pp. 133- 78. 
96. Partington , pp. 147- 8. 
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There is also th.at Nitre which i c~lIed Sp~mous, and is AphronitTum, Saltpetre, 
the sp~ ll1 e of Nitre, and a true species of Nitre: It h~f affinities with the fl ower of 
the ASian rock or stone, referred to by DlOscondes. 

Barud 

The results that were given above and which proved that potassium nitrate 
were known and were used in Arabic and Latin alchemy before the terms 
saltpetre and barud became common, diminish the importance of the dates 
that ,:ere considered by historians of science as landmarks in the history of 
chemIstry. The date 1240 CE when Ibn al-Baytar mentioned the word Barud , 
and the date of the first appearance of Jabir's (Geber's) Latin work De 
in~el1tione veritatis at the end of the 13th century, with a recipe for njtric 
aCId, are no longer critical dates in the rustory of science as we were 
traditionally taught. 

Although the date when the word barud first appeared is not so critical 
now, yet it is still of interest to study the history of the word. Until recently, 
Ibn al-Baytar was considered the first to mention the word barud in 1240. 
However, there are indications in the literature that the word was mentioned 
earlier. 

Al-Jawbari , Abdul Rahim ibn 'Umar al-Dimashqi, wrote al-mukhtar fi 
kashf aL-asrar wa hatk al-astar in which he warned the general public 
against trickery in all fom1s. He says in his book that he met in Egypt in 
61711219-20 Shaykh Abdul Samad the skilled manjaniq maker. Thi 
indicates that AI -Jawbari probably wrote his book between 1220 and 1222 
since he presented it to the last Artuqid ruler of Amid, ai-Sultan AI-Ma 'ud 
Rukn ai-Din Mawdud (ruled 1222-1231), who wa depo ed by al-Malik al­
Kamil (ruled 1218- 123 8), the Ayyubid Sultan. In al-mukhtar the word 
barud occurred at least four times as barud thalji (snoVv like barud) and milh 
af barud (salt of barud). 98 

We have already mentioned the Karshuni Arabic manu ~clipt that \ a 
compiled between the 9th and 11 th centurie according to B rthelot and 
Duval. If we accept the e date limit then it antedate th work of Ibn al­
Baytar. Moreover, even if we consider von Lippmann' doubt about the 
dates, the Karshuni manu cript wa ba ed on material that \\'a long 
es tablished in the area before the 13th century a \\e can infer al 0 from 1-
Jawbari 's work. There are several recipe in the Kar huni manu cript that 
lIse the word barud. Here are two: 

97. Rolandus, Lexicon, p. 239. 
98. AI-Jawbari, Ab lul Rahim ibn 'Um3r 31-DiI1l3. hqi. <//-1II111.1l1a,. fi Aa.hf al-asrar \I 'll hark 
al-a ' lar, Dama eu , 130211 884, pp. 22: ~6 : 118. 
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Item 174 - For a violent tr~&on - two P'tfts pure alum ; 2 burnt copper, two 
barud;99 one bl ack [vitriol] ; two tutiya; I l one honey; let the work be done in 
an enamell ed glass ware (zujaja khazajiyya), [one adds] raisins and one [olive] 
oi l; and begi n work. 

ltem 175 - Alkali from wi ld rue (harmal); borax (bauraq) from alkali , sa l 
. . 102 I fr ' . I b d . ammOnIac (nushadll') from sawad; pure a urn om Its tony m mera s; aru IS 

taken from its ources; mercury is extracted from its red ores; the two stones of 
ar enic from metal ores [the two stones extracted fro m pyrites with a colour of fire 

103 
are also employed]. 

From Ibn ai-Bay tar, we learn that in North Aft-ica the term barud was 
widespread among both the public and tbe physicians before he published 
his book in 1240. Since it requires a considerable length of time for a term to 
be adopted by the public, it may be concluded that the word barud was 
prevalent before 1240 by several decades; and one can safely assume that the 
word was used in al-Maghrib at least in the second half of the 12th century. 

The same argument can be made from reading the front page of AI-
furusiyyah wa al-manasib al-harbiyya (The Book of Horsemanship and 
Weapons of War) of Najm aI-Din Hasan al-Rammah (d. 695/1295). This 
book was written between 1270 and 1280 and it was the first book in any 
language to discuss potassium nitrate and the use of barud in gunpowder and 
in military applications. The front page states tbat the book was written as: 

instructions by the eminent master (ustadh) Najm ai-Din Hasan AI-Rammah, as 
handed down to him by his father and his forefathers, the masters (al-ustadhin) in 
this art, and by those learned &Jders and masters from among their circles, may 
God be pleased with them all. 1 

It is unmistakable from this statement that AI-Rammah was not the inventor 
of all tbe recipes on barud and gunpowder but that he had inherited this 
knowledge from his father and forefathers, the masters in this art, and from 
the masters who befriended them. The detailed information and the elaborate 
designs recorded in his book support the statement in the front page tbat this 

99. The word barud came in the Arabic text, but Duval translated barud into natron, 
[Berthelot and Duval , op. cit., p. 187], which means sodi um carbonate in modem European 
languages. This is a gross error with no explanation. 
100. The word vitriol was added in Duval 's translation , p. 187. Words between square 
brackets are added by Duval to the French translation. 
10 I. Translated as antimony by Duval. 
102. Translated as soot (suie) by Duval. 
103 . Berthelol and Duval , op. cit., arti cles 174 and 175, p. 197. Thi s is DLtval 's translation of 
an obscure Arabic text. The Arab ic of these two items are rather poor. 
104. AI-Rammah, Najm ai-Din /-Iasan, AI-Fur 'siyya wa al-Manasib al-harbiyya, edi ted with 
analytical introductory chapters by Ahmad Y. al-Hassan, Aleppo, 1998, p. 63. 
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knowledge was handed down to him from generations past. If we go back 
only to the generation his grandfather, as the first of his forefathers , then we 
end up at the end of the 12th century or the beginning of the thirteenth as the 
date when barud as an ingredients for gunpowder became prevalent in Syria 
wbere AI-Rammah was practising his military art. 

Shura 

In the Persian dictionary, Burhan Qati ', compiled in 1651 by Muhammad 
AI-Tabrizi the tenn shura in Persian is barud. 105 In modem Persian 
dictionaries shw'a is potassium nitrate. We fmd the word in Arabic 
alcbemical treatises. In Sunduq al-Hikma, attributed to Jabir Hayyan, shura 
is listed among the pseudonyms tbat are given to the Stone (aI-Ha jar). 106 In 
distilling the Stone (al-Hajar), the distillates are called also by various 
pseudonyms ma ' shuri (water of sbura). 

Shuraj 

Shw'aj is the older word for shura. 107 Dozy defined it as nitre. 108 In 869 CE, 

the rebellion of the Zanj slaves took place in Basra against the Abbasid 
Caliph. These slaves were employed in the Shuraj industry on tbe lower 
Euphrates. Some modem historians interpreted Shuraj as saltpetre. 109 Tbe 
word for saltpetre in the late Sanskrit is shoraka whicb is taken from 
Shuraj. 110 

Suraj 

Ibn al-Baytar gave a definition for Suraj and based his de cription of it on 
Dioscorides and Galen. It is a kind of foamy salt or flower fanned on rock 
near the sea. II I 

105. Tabrizi, Burhan Qati', edited by Muuammad Mu'in, Tehran, 19-1. p. _16 and p. 130 . 
106. Sunduq al-hikma, MS. Dar al-Kutub, Cairo 311, fo. 26b. 
107. Colin , G. S. in El, item Barud. 
108. Dozy, R. Supplement aux dictiol1naire arabe, vol. I. Reprinted b) Libraire du Liban. 
1968, p. 80 I. 
109. Hitti , Philip, Histol)1 of the Arab, Macmillan, 19 O. p. 46 : al 0 R. . lichol on. 
LilerGlY Hi tory of the Arab, London, 1907, p. 273. Forbe in ill/fit'S in 411cit'17f ~ecllllol?gI-' 
(Brill , 1965, vol. 3, p. 188), ays that altpetre \\a known and was Lt ed 111 ancle~t 
Mesopotamia. It was obtain d a an eiTIore cence of the oil in ertain place ' \\ her orgal1lc 
matter decayed. It wa co llect'd and treated to obtain the Cl") ' tal of altpetre. ee al 0 1011111 

Leve . It cem that thi ancient practi e in tht: eland onllnued mto Islamic time. 
110. Partillgton, op. cit., p. 2 15. 
Ill . Ibn ai-Ba tar, 01 . cit., vol. 2. p. 56. 
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Milh al-Dabbaghin (tanners salt) 

Milh al-dabbaghinn (tanners salt) according to Ibn ai-Bay tar, is sura). 11 2 

Dozy also defined milh al-dabbaghin as nitre. 11 3 

Shabb Yamani: Misnomer for Potassium Nitrate 

Some physicians were not able to differentiate potassium nitrate from other 
chemicals. We have a case here where rbn Bakhtawayh, the physician, in his 
book Al-Muqaddimat (composed in 42011029), described the freezing of 
water at any season by using potassium nitrate, confusing it with Shabb 
Yamani (Yamani Alum). rbn Abi Usaybi'a (1203-1270), gave this 
information in his book Uyun al anba. He says: 

He (i.e. Ibn Bakhtawayh) claimed that one takes one raIl of choice Yamani Alum, 
place it inside a new earthenware pot and grind it well into a fine powder; add to it 
six raIls of pure water; place the pot inside a tannur (oven) that is sealed with 
clay, until two thirds of the mixture evaporates. The remaining one third of the 
mixture will become thick. Place it inside a bottle and seal its aperture securely. If 
you desire to use it [to make ice] , then get a new thaljiyya (vessel for making ice) 
in which you put pure water, Add to the pure water ten mi/hqals (ounce~ of the 
already prepared alum water. Let it set for one hour; it will turn into ice. 11 

Von Kremer, and Fisher, confinued independently that the Shabb Yamani in 
this case is in reality potassium nitrate, which has the property of lowering 
the temperature of water. 115 In the period during which Ibn-Bakhtawayh had 
lived, namely the I Othil1 th century of our era, an author identified 
potassium nitrate by one of several labels, depending on what he thinks. It is 
of importance to note that as early as the 1 Othl11 th century Ibn Bakhtawayh 
had described a process of purifying potassium nitrate by dissolving its basic 
components in water, and evaporating the excess water. A small amount was 
then taken from this concentrated substance and dissolved in the water that is 
to be cooled. 

112. Ibn al-Baytar, vol. 2, p. 458. 
113. Dozy, op. cit., vol. 2, p. 6 18, and vo l. I, p. 80 I. 
114. Ibn Abi Usaybi ' a,' Uyun al-anba 'ji labaqat al- atibba ', ed. Nizar Rida, Beirut, 1965, p. 
124. 
115. Partington, pp. 3 11 12, and note 191 , p. 335. 

8 Gunpowder Composition for Rockets and Cannon in 
Arabic Military Treatises in the 13th and 14th 
Centuries 

A GAP IN THE HISTORY OF GUNPOWDER AND CANNON 

In some documented histories of warfare and weapons in the Middle Ages 
and the Renaissance there is a noticeable gap in the history of gunpowder 
and cannon in the 13th and 14th centuries. Some authors jump from China in 
the Far East to Europe in the far west with the slightest reference or no 
reference at all to the Arabic and Islamic lands that spanned the whole 
distance between east and west. In the l3th century, technology could hardly 
have been transferred between the two extremities of the old world unless it 
passed through the Arabic and Islamic medium and subjected to more 
developments. 

It is not our purpose in this chapter to review the history of gunpowder 
and cannon in China and Europe. We shall revisit some Arabic sources that 
were known and repeatedly discussed since the middle of the 19th century, 
and shall add a few more manuscripts and sources that were not discussed 
before. I. We shall analyse gunpowder composition for rockets and cannon as 
they are given in these manuscripts, and shall di cu s briefly the 
development of cannon in the 13th and 14th centurie in the Mamluk 
Kingdom and in Muslim Spain. We conclude with a brief note about 
fireworks. 

POTASSIUM NITRATE 

In Chapter 7, we explained that Arabic alchemi t kne,\' pota ium nitrate 
since the start of Arabic alchemy at the time of Khalid ibn Yazid (d. c. 709). 
It was known under various names, wa u ed a a flw in metallurgical 
operations and for producing nitric acid and aqua regia. We find recipe for 
these uses in the works of Jabir ibn Hayyan (Geber, d. 15). bu Bakr al ­

Razi (Rhazes, d. 932) and other aichemi t . 
Throughout the centurie ,pota iW11 nitrate in rabic \\"as kI10\\11 b) a 

variety of names, and the 1110 t important of the e wa natm1/. It ",a .. called 
also: bauraq; al-shiha that i found 01 the feel of 11'0/1 ; lIIilh aI-ha It (wall 

I. Rcnaud and Fa c, 1848. 



. 
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salt); flowers of asyus stone; salt of asyus stone; salt of stone; shura; shuraj; 
suraj; milh al-dabbaghin (tanners salt); shabb Yamani and lastly barud. 

PURIFICATION OF POTASSIUM NITRATE 

Before potassium nitrate can be used effectively in gunpowder, it should be 
purified. Two processes occur in Arabic literature: 

1 The Process ofIbn Bakhtawayh (Early 11 th Century) 

Ibn Bakhtawayh, the physician, in his book AI-Muqaddimat (composed in 
42011 029), described the freezing of water at any season by using potassium 
nitrate calling it shabb (alum) Yamani (see Chapter 7). 

2 The Process of Hasan al-Rammah (13th Century) 

Hasan al-Rammah describes in his book al-furusiyya wa al-manasib al­
harbiyya (The Book of Military Horsemanship and Ingenious War 
Devices) 2 a complete process for the purification of potassium nitrate. This 
same process became a standard one in Arabic sources and we find it in 
various military treatises. It runs as follows: :3 

Take from white, clean and bright (or fiery) barud (saltpetre) as much as you like 
and two new (earthen) jars. Put the saltpetre into one of them and add water to 
submerge it. Put the jar on a gentle fire until it gets warm. Skim off the scum that 
rises (and) throw it away. Make the fire stronger until the liquid becomes quite 
clear. Then pour the clear liquid into the other jar in such a way that no sediment 
or scum remain attached to it. Place this jar on a low fire until the contents begin 
to coagulate. Then take it off the fire and grind it finely. 

The procedure is further continued using wood ashes, which would 
precipitate calcium and magnesium salts: 

Take dry willow wood, burn it, bury it (smother it) as is with the harraq (tinder). 
Take by weight two thirds of sa ltpetre and one third of ashes of wood, which has 
been carefu lly pulverised, and put the mixture into the jar, and if the jar is made 
from copper so much the better. Add a little quantity of water and apply heat until 
the ashes and saltpetre no longer adhere together. Beware of sparks. 

In this method, calcium salts are removed by adding potassium carbonate in 
the form of wood ashes. Thus, calcium carbonates are precipitated and can 

2. AI-Rammah's book. 
3. AI-Rammah, p. 130. 
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be removed leaving the chemically equivalent amount of potassiwn nitrate in 
solution. Saltpetre is obtained from this solution by crystallisation. 

The method of al-Rammah is the first in which wood ashes were used in 
the manufacture of saltpetre. Partington says that: 'the claim that Roger 
Bacon used wood ashes is based on an arbitrary manipulation of a text, and 
the first clear account of the process known to me is that of al-Hasan al­
Rammah ' .4 

USE OF POTASSIUM NITRATE DURING THE CRUSADES 

A subject that is still in its initial stages of investigation is the early use of 
potassium nitrate during the Crusades. There are advocates of the theory that 
potassium nitrate were used as a component of Greek fire whether Byzantine 
or Arabic. 5 We shall mention here a few cases that suggest the use of nitrate 
by the Arabs during the time of the Crusades. 

1. In the year 564 HI1168 AD the Firanja (the Franks or the Crusaders) 
besieged al-Fustat (old Cairo). Shawar6 decided to burn the city. AI­
Maqrizi says that 20,000 pieces of karaz shami (ceramic Damascus 
grenades) full of incendiary materials were used. AI-Fustat continued 
burning for 54 days.7 Mercier obtained several grenades from the site 
and their contents were analysed. The tests proved the existence of 

. . 8 
potassIUm mtrate. 

2. A military treatise that discusses military fires on a large scale is 
entitled Treatise on Stratagems in Wars, the Capture of Towns, and the 
Defence of Passes This gives a large nW11ber of Greek fire recipes. It 
describes Islamic military technology during the J 2th century. In one 
recipe, natrun is one of the combustible ingredient .

9 

3. During the fifth Crusade that was directed against Egypt, Damietta wa 
besieged in 1218 and the be ieged used Greek fire exten ivel in their 

4. Partington, p. 20 I. 
5. Mercier, p. 9. f I 
6. Shawar became mini (er in 5591164. Ilis treachel') \la erious, for he a ked or tle 
intervention of Amalric I to drive the force or hirkuh (his opponent) out of Eg) pt. The 
Franks be ieged Fusta( (Cairo), and ha\\ ar became alanned and \\ a tf) ing to negotla~e the 
withdrawal of th e Frankish (roop . Being linable to defend Fu tat. he had s I the Clt~ on IIr . 
7. al-Maqrizi, p. 339. 
8. Mercier, pp. 98- 9, anne:-.. No. I. p. 131 . 
9. AI-lliyalfi aI-1711mb, p. 175 (pub lished tc\.t of aI- Rn hilt). 

--------...... --------------------------------------------~ 
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defences. Lalanne believes that the Arabic Jars of fire contained 
• • 10 

potassIwn mtrate. 

4. The seventh Crusade was also directed against Egypt. Louis IX led a 
well-prepared invasion and occupied Damietta in 1249. By this time 
gunpowder was known in Syria and Egypt, and in the battle of al­
Mansura in 1250, in which Louis IX was taken prisoner, the use of large 
pots full of gunpowder and other combustibles was the key in the 
victory of the Arab Army. loinville who was an officer and an 
eyewitness of the battle described eloquently these projectiles and their 
effect on the Frankish army. His description left no doubt among some 
historians that he was describing projectiles containing gunpowder. 11 In 
their history of rockets, published on the internet, NASA says, 'the 
Arabs adopted the rocket into their own arms inventory and, during the 
Seventh Crusade, used them against the French Army of King Louis 
IX '. 12 

5. Gunpowder was used extensively in 1291 at the very end of the 
Crusades during the siege of Acre, in which the city capitulated. 
Western historians described the extensive mining of the city walls by 
gunpowder. A large number of manjaniqs (trebuchets) projected 
military fires containing gunpowder. In addition, archers threw huge 
amounts of arrows carrying gunpowder devices. Large numbers of Arab 
engineers participated in the siege. 13 

GUNPOWDER COMPOSITION OF AL-RAMMAH'S ROCKETS 
(1280 CE) 

AI-Rammah (d. 695 AHI1295 CE) deals extensively in his book, Kitab al­
!urusiyya, with gunpowder and its uses. The estimated date of writing this 
book is between] 270 and 1280. The front page states that the book was 
written as: 

instructions by the eminent master Najm ai-Din Hasan AI-Ram mall as handed 
down to him by his father and his forefathers, the masters in this art a'nd by those 
contemporary elders and masters who befri ended them, may God be pleased with 
them all. 

10. Lallane, pp. 52-4. 
11. Join vi ll e, p. 2 16, see al so Mercier, pp. 77- 8. 
12. http://science.ksc.nasa.gov/history/rocket-history. txt 
13. The fa ll of Acre was described by several western hi stori an . See Runciman pp. 41 2 to 
42 1. ' 

-
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It is umnistakable from this statement that AI-Rammah compiled the 
inherited knowledge. The large number of gunpowder recipes and the 
extensive types of weaponry using gunpowder indicate that this information 
cannot be the invention of a single person, and this supports the statement in 
the front page of his book. If we go back only to his grandfather's generation, 
as the first of his ancestors, then we end up at the end of the 12th century or 
the beginning of the 13th as the date when gunpowder became prevalent in 
Syria and Egypt. 

The book contains 107 recipes for gunpowder. 14 There are 22 recipes 
for rockets (tayyarat, sing. tayyar). Among the remaining compositions, 
some are for military uses and some are for fireworks. The gunpowder 
composition of seventeen rockets is shown in Table 8.1. Five rockets are not 
included because their ingredients included other materials. We limited 
ourselves for the sake of comparison to the three main ingredient . 

If we look at the table and the graph, we notice that most ratios fall 
around the median lines with few odd points only. The median value for 
potassiwn nitrate is 75 per cent. The minimum odd value i 68.57 per cent 
and the extreme odd one is 88.07. 

Bert Hall reported that most authorities regard 75 per cent potassiun1 
nitrate, 10 per cent sulphur, and 15 per cent carbon to be the ideal 
recipe. IS AI-Rammah' s median composition for 17 rocket i 75 nitrate, 9.06 
sulphur and 15.94 carbon which is almost identical with the reported ideal 

reCIpe. 

Table 8.1 Gunpowder composition for 17 rocket from al-Ramrnah 

(1280 CE). 

iNo. Description KN03 ~ C 

18a Tayyar 10 1.5 3 

(rocket) 69 10.33 20.67 

19a Tayyar 10 1.I25 '3 .2: 

(rocket) 74.77 ~.41 16.82 

2 1a Irayyar 10 I ") 

r 
(rocket) 76.92 7.70 15.38 

22a Irayya r 10 1.25 12 ,'-r'-) 

:(rocket) 74.07 ~ ._6 16.6 

14. AI -RaIl111l ah. pp. 70 7. and 1.11 7. 
15. lI all , Bcrt, p. 67. 

______________________________________________________ .. ~ .. __________________________________________________ ~S 
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Table 8. 1 (continued) 

iNo. ipescription jKN03 IS C 

23a rrayyar 10 1.083 12·083 

(rocket) 75.95 8.23 15.82 

~5a rrayyar 10 1.5 12·5 
(rocket) 71.43 10.71 17.86 

26a rrayyar mujanab 10 1.625 1.625 

(tested rocket) 75.47 12.27 12.26 

28a rrayyar muqdah 10 1 3 

(roast rocket) 71.43 7.14 21.43 

1b Tayyar Majnun 12 1.375 12.75 

(mad rocket)- lifts 74.42 8.53 17.05 

I Dam. ratl + 7.5 

uqiyya =2.13 kg 

~b ~ayyar (rocket), 9 0.875 0.875 

lifts 1 Darn. Ratl 83.72 8.14 8.14 

i= 1.85 kg 

3b ~ayyar Tunsi 11 1.25 2.75 

(Tunisian rocket) 73.33 8.34 18.33 

~b rrayyar sakran 10 1.125 1.875 

( drunk rocket) 76.93 8.64 14.43 

5b rrayyar buruq 10 1.375 f·125 
(lightning rocket) 74.07 10.19 15 .74 

6b !White tayyar 10 1.25 2.25 
(rocket) without 74.07 9.26 16.67 
sparks 

34b Heavy tayyar 12 1.75 3.75 
(rocket) 68 .57 10 21.43 
lifts 1 .25 Dam. Ratl 

= 2.313 kg 

36b rrayyar 12 1 0.625 
(rocket) for arrows 88.07 7.34 ~.59 

lA verage for 17 75 9.03 15.97 
rockets 

Notes: Series Ca) are the main gunpowder formu lations of al-Rammah . They are 65 in number 
and occur on pp. 70- 7 of the published Arabic tex t. Series Cb) are the second series of 
formulations. They are 42 in number and occur on pp. 13 1- 7. First line is in dirhams and 
second line shows percentages. 

• 
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Gunpowder composition for al-Rammah's rockets, 13th century 
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GUNPOWDER COMPOSITION FOR ROCKETS IN FUNUN AL­
NAFTOF ST PETERSBURGH MS 

We shall describe the St Petersburgh manuscript in more detail when we 
discuss cannon, below. There is a chapter in this manuscript under the title 
'!unun al-naft min al- jidd wa al-hazl' (The art of gunpowder for serious 
work or for pleasure). It gives a list of gunpowder compositions for pleasure 
(fireworks) and for war including five compositions for rockets as shown in 
Table 8.2.16 

Table 8.2 Rockets from St Petersburgh MS, early 14th century 

KN03 S le 
76.19 6.67 17. 14 

74.07 7.14 18.52 

74.77 5.6 19.63 

75.47 5.66 18.87 

71.43 7.14 ~1.43 

Average 74.38 6.5 19.12 

16. t Peter bugh M ., al.makh=/IIl, pp. 14 , 149, 150. 

, 
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Gunpowder composition of rockets in St Petersburgh MS 
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GUNPOWDER COMPOSITION IN AL-KARSHUNI MANUSCRIPT 
FOR MISCELLANEOUS MILITARY PURPOSES, 11TH CENTURY 

The Karshuni manuscript (written in Arabic with Syriac script), which 
belongs to the period 9th to 11th century, according. to Berthelot and 
Duval,1 7 gives a few compositions of gunpowder. If we dISCOunt these early 
dates, then it is possible that these were later additions from the 13th c~~tury 
as was supposed by Lippmann. The following are the ones related to Imhtary 

18 uses. 

Table 8.3 

~verage 

Gunpowder composition in the Karshuni MS, 11th- 12th 
century (possibly 13th-century additions). 

KN03 S r 
71.43 10.71 17.86 

83.33 8.33 8.34 

71.53 14.23 14.28 

66.67 16.66 J 6.67 

68.97 10.34 20.69 

72.37 12.06 15.57 

17. Berthelot, and Duval , p XfJ,. The Karshuni MS was published in Syriac script ~ witl~ a 
translation into French by Duval. The Karshuni Arabic text was converted into Arabic scn~t 
in Aleppo by the Rev. Father Barsum on the request of the author of thi s work. The Arabic 
text in Arabic script is still in MS foml . 
18. Berthelot and Duva l, p. 198. 
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Gunpowder composition In the Karshuni manuscript 

GUNPOWDER COMPOSITION IN BESHIR AGBA MANUSCRIPT 
FOR ROCKETS AND OTHER USES, 14TH CENTURY 

This is a military treatise of unknown author and unknown date. From the 
text, we infer that it was written in the first half of the 14th century. The 
author says that the Franks are ignorant of the art of gW1powder and it uses 
and he warns in strong terms against revealing its secrets to them. Thi 
implies that the author was writing in the last days of the Crusades. The 

d h '1' 19 following are gunpowder recipes for rockets an ot er m! !tary uses: 

Table 8.4 Beshir A ha MS 

KN03 S C 
73.39 8.25 I .35 

77.67 8.73 13.6 

72.73 9.1 I . I 

75.47 [5 . [ 9...1-

75.47 5.66 I . 7 

81.63 9.1 9.1 

87 .9 J 6.6 5.49 

Average 76.96 9. I 7 I"' . 7 

19. Bc hir Agha M ., 1'0. 2 a. 
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Gunpowder composition in Beshir Agha MS 

GUNPOWDER COMPOSITION OF ROCKETS FROM 'IYARA T AL­
NAFTMANUSCRIPT, 13TH-14TH CENTURIES 

This manuscript contains a large munber of gunpowder recipes, totalling 
about 239. Its title is lyarat al-naft (Formulae of Gunpowder). Its author is 
not known but the MS that we consulted was copied in 77411372; the 
original should be much earlier. AI-Rammah's book was compiled in about 
1270-80 and this one could be compiled on the first decades of the 14th 
century. It gives recipes for fireworks as well as for military purposes. We 
have selected all the rockets recipes that contain only the three main 
ingredients of gunpowder: 20 

Table 8,5 Gunpowder composition for rockets from iyarat -naft MS, 
14th century 

KN03 S ~ 
72.07 9.06 18.92 
71.43 11.93 16.64 

71.43 10.7 1 17.86 
74.08 11.1 1 14.8 1 
75.47 11.32 13.21 
71.43 10.71 17.86 

20. 'Iyara/ aL-nafi , pp. 84- 132. 
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Table 8.5 (continued) 

KN03 S t 
67.47 16.86 15.71 
74.77 6.54 18.69 
72.72 9.1 18.18 
74.07 5.56 ~0.37 
70.97 12.1 16.93 
71.43 12.5 16.07 
69.56 11.6 18.84 

Average 72.07 10.7 17.23 
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Samples 

Gunpowder composition from 'iyarat al-naft MS 

GUNPOWDER COMPOSITION FOR THE EARLIEST CANNON, 
13TH/EARLY 14TH CENTURY 

Four Arabic treatises describe or mention small portable cannon. _I 11 the e 
treatises report that cannon were u ed in the battle of' yn lalut in Pale tin 
in 1260 between the Arab Army and the Mongol, in \\ hich the latter were 
defeated. It was used once more against the Mongol in 1304. The purpo e 

21. These arc: t Peters burgh M ,al-lIIakh:1I1I jami' al-jlll1l1l1: Pari- '..rub .2 _6. Kitab 11-
II/akh:lln li arbab al-(III1I/I1; Pari. rube 2824. A.ilab al-makh::/1lI /ami' <1/-/11111111. and Istanbul 
Revan Ko hku 1933 : 
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of the early cannon and other gunpowder devices, as we shall see, was to 
frighten the enemy's horses and cavalry and cause disorder in their ranks. 
The St Petersburgh MS is the most renowned among the four manuscripts. 
Renaud and Fave attributed it to Shams ai-Din Muhanunad. The only known 
literary figure with this name at this period is Shams ai-Din Muhammad al­
Ansari al-Dimashqi (d. 1327) who like al-Rammah, was from Damascus, 
and both were contemporaries. AI-Dimashqi is well known for his 
cosmography in which he described the use of fireworks in Rama in central 
Syria. 22 In the St Peters burgh MS the cannon is described as fo llows: 23 

Description of the drug (dawa ') that you put in the cannon (midfa ') - Its 
composition C'iyaruhu) is: potassium nitrate (barud) ten, charcoal (fa/7In) 
two dirhams and sulphur (kibrit) one and a half db·hams. Grind them finel y and 
fill one third of the cannon (midfa'). Do not fill ~~re otherwise it will spli t. Then 
let the wood turner make a wooden plug (midfa ') of the same size as the mouth 
of the cannon (midfa'). Ram (the gunpowder) tightly and place on it the ball 
(bunduqa) or the arrow, and give it flre at the ammunition (al-dhakhira). Measure 
the cannon (midfa ') at the hole; if it (i.e. the midfa') is deeper than the hole then it 
is defective and it wi ll punch the gunner (aI-rami), so understand this. 

The composition of 10 dirhams of saltpetre, one and a half dirhams of 
sulphur and two dirhams of charcoal gives the percentages of 74.1 nitrate, 
11.1 sulphur and 14.8 charcoal. 

In the Istanbul manuscript, the description is as follows: 25 

The drug that you put in the cannon (midfa ') : potassium nitrate (barud) ten, 
charcoal (fahm) two dirhams, sulphur (kibrit) one dirham. Grind fll1el y, and fill 
one third of the cannon (midfa '), not more. Seal it (i.e. the gunpowder) by the 
device after you have rammed it; then place the ball (bunduq) or the arrow and 
give fire to the ammunition (al-dhakhira). 

In these cannon, the percentages of gunpowder are 77 nitrate, 7.7 sulphur 
and 15.3 charcoal. 

We have another gunpowder composition for cannon in Kitab al_aniq 26 

and a fourth one in Kitab 'iyarat al-naft. The four compositions are li sted 
together as follows: 

22. See under fireworks. 
23. St Petersburgh MS., p. 160. 
24. ~he word midfa ' means the pusher or the dev ice that pushes or propels. Here the whole 
gun IS ca lled midfa 'and the plug that is placed inside at the top of the gunpowder is ca lled 
also midfa since it pushes the bailor arrow when the explos ion takes place. 
25. MS Istanbul Revan Koshku 1933, fo. 7 1 a. 
26. Al-Aniq, pp. 196-7. 
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Table 8.6 Gunpowder composition for four cannon 14th century. 

KN03 S k: 
St Peters burgh MS 74.1 11.1 14.8 
Istanbul MS 77 7.7 15.3 
IAI-Aniq 73.4 8.26 18.34 
Iyarat al-naft MS 83.33 8.33 8.34 

iAverage 76.96 8.85 14.19 

Gunpowder composition for cannon, 14th century 
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St Peters burgh MS Istanbul MS Af-Aniq MS Iyaret al-nan. MS 

Cases 

TACTICS OF USING THE EARLY CANNON 

The following text from St Peters burgh manuscript de cribe the u e of the 
early cannon along with other gunpowder de ice in battle tactic : 

The kings of old times did nol engage in ~ar except b~ tratagem. The Prophet 
aid: war is trickery. This wa the practice until the time of Hala\\un (Hulaku 

or Hulegu) when the people of Eg) pi u ed thi tricl-- and defeate~ the Tatars 
(Mongol ). Hor e (of the enem)) dare not face tire and the hor 'e \\ I,ll ~n a\\a? 
wi th it rider. The \\ ay 10 do it i to choose a numb.ff onnight . and ~ml h theIr 
lances from both end ~ ith gunpo\\der (barud)- ). The l--mght \\lll \\ear .a 
gannent (qarqaf) with it fronl face mad ofblacl-- thIck \\oolen loth (bala ). It 1 
strewn with balls of linen fiber (1IIIIshaqq) Ihat ha\t' metal \\ ires at Ih Ir end ' 0 

that they are in erted into the gal111ent and the helmet. Thc hor e i al 'o draped 
with thick woolen cloth (hala ): His hand \\ill bc mcared \\ ith di '. ohed talc 0 

27. Barud here mean gunpowder. 
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that he is not burnt by fire. In front of them wi ll be whatever they choose from 
foot oldiers furnished with prinkler maces, crackers (sGlvarikh , explosi ve 
charges) and cannon (madaji').lhey (the knights and the foot so ldiers) will take 
their place in front of the army.2 

More detailed description of the attire of the knight the horse and the foot 
soldiers, is given in the manuscript. There is a detailed description on how to 
train the horses to get them used to the loud explosive noise of the cannon 
and the gunpowder crackers. The method of conducting the attack to frighten 
the enemy's horses and causing them to run away is also described. 

~====-==~~====~'f~"=========~'==~f'~;'========='. ==~ 

f1~;-............ 
I.. 
~ . " , /o r 
I . 
I I 

/ 

Figure 8.1 St Petersburgh MS, p. 159, illustration of the/oris (knight) who 
frightens the horses of the enemy and the two foot soldiers 
accompanying him. On the right, the foot soldier is catTying a hand­
held mid/a ' (cannon), and on the left the soldier is carrying a 
sprinkling club. The mounted knight carries a lance to which 
gunpowder cartridges are attached. The three men and the horse 
wear also fireproof clothing to which gunpowder cattridges are 
attached. 

28. St Petersburgh MS, pp. 160- 1. 

Figure 8.2 
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St Peters burgh MS, p. 156. On the left is an arrow propelled by a 
rocket attached to it. In the centre are gunpowder cracker and 
incendiary devices. On the right is a oldier holding a portable 
midfa ' (cannon) attached to the end of a carrying tick. We ee on 
the right what look like a bomb or an incendiary jar. 

This tactic of using the portable cannon continued throughout the 
century and was the precursor of portable fiream1 . Muhammad rbn Mankali 
in one of his military treatises (written around 764-78/1362-70)~9 wrote: 

ff the Frank who are facing us are ca airy then we hoot at them \\ ith incendiaI) 
arrows and cannon ince their hor e \\ ill be frightened awa\ and \\ hen th ir - -
mobili sation is in di arra) then they" ill be chased. 

The use of the portable cannon continued and wa u ed in celebration in 
addition to its use in warfare. The French tra eller Bertrandon de la 
Brocquiere visited the Holy Land in 1432 and wrote hi book 
Voyage d'Outremer. When he \ a in Dama Cll , he a\\ the celebration on 

29. Ibn ManJ...ali, p. 19. 
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the occasion of the return of pilgrims from Mecca after the haj). He noted: 
'The day after my arrival I saw the caravan coming from Mecca. It was said 
that there were more than three thousand camels. The lord and all the 
notables of the city went out to meet the caravan.' 30 

After he described the mahmal31 that preceded the caravan, he noted: 
'There were also at least thirty men around the mahmal camel, some 
carrying crossbows and others with unsheathed swords in their hands. Some 
had little cannon which they fired from time to time. , 32 

THE DEVELOPMENT OF CANNON IN THE 14TH CENTURY IN 
THE MAMLUK KINGDOM (SYRIA AND EGYPT) 

In AD 1340, Ibn Fadl Allah al- 'Umari wrote a handbook for government 
officials in which he described the main weapons that were used in the attack 
or the defence of towns. 33 He describes cannon that were used in the attack 
of walled cities. 'They throw balls that batter the tops of parapets and break 
the columns of arches.' The cannon developed within four decades into a 
siege engine along with the trebuchet. It is reported by the historian Salih ibn 
Yahya that in 743/1342 the besieged in al-Karak mounted on its walls five 
trebuchets (manjaniqs) and many cannon. 34 It is also reported that in 
753113 52 the governor of Damascus fortified greatly the citadel by mounting 
on it gunpowder cannon (al-makahil bi al-madafi '). 35 

AI-Qalqashandi described in his encyclopaedia, Subh al-a'sha, the 
prevailing siege engines in 76711365. About cannon he wrote: 

Among them (i.e. the siege engines) is the gunpowder cannon (makahil al-barud). 
These are the cannon (madafi ') that use gunpowder. They are of different types. 
Some of them throw huge arrows that can almost pierce stones. And some throw 
iron balls weighing from ten Egyptian raIls ( about 4.53 kg) up to more than one 
hundred (45.3 kg). I saw in Alexandria during the Ashrafiyya State, (of Sultan) 
Sha' ban ibn Husayn,30 when Prince Salah ai-Din ibn 'Arram, God have mercy on 
him, was governor, r saw a cannon made of copper and lead and bound by iron 
ends. A huge heated iron ball was projected from it in the maydan (parade 
square or hippodrome), and it fell into the Si lsi la Sea outside Bab al-Bahr (Sea 
Gate), which is a faraway distance. 37 

30. Bertrandon de la Broquiere, p. 56. 
3 I. The mahmal is a richly decorated palanquin, perched on a camel, which was sent by 
sovereigns with their caravans of pilgrims to Mecca. 
32. Bertrandon de la Broquiere, p. 56. 
33. ' Umari , p. 208. 
34. lbn Yahya, p. 105 . 
35. rbn Iyas, p. 167. 
36. Ruled 764-78/ 1362- 77 . 
37. al-Qalqashandi , pp. 144- 5. 
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In this same period a military treatise called al-Aniq fi al-manajiq was 
written by Ibn Aranbugha al-Zaradkash. The author presented the book to 
the Atabik (chief commander of the army) Mankali Bugha al-Shamsi who 
was in office between 76911367 and 774/1372. Figure 8.3 shows cannon for 
shooting arrows, mounted on an adjustable stand for pointing the gun at 

. 1 f . . 38 Th vanous ang es 0 proJectIOn. e gunpowder composition for these cannon 
is ten dirhams of potassiWll nitrate, 1.125 sulphur, and 2.5 charcoals. This 
gives the percentages of 73.4 potassium nitrate, 8.26 SUlphur and ] 8.34 
charcoals. 
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DEVELOPMENT OF CANNON IN AL-ANDALUS AND AL­
MAGHRlB IN THE 13TH AND 14TH CENTURIES39 

We have no extant Arabic military treatise left to u from al-Andalu and 
al-Maghrib regarding gunpowder. Report about the use of c~nno.n by the 
Arabs in Spain are given in the works of Spani hand rab hI tortan \\'ho 
were closer to the times of the e ent or e en ha e \\ itne ed them. When 
they wrote their account, they did not have the same thinking that trigger d 

38. Ibn Aranbugha, p. 196. • 
39. This paper wa delivered at Granada in June 2002 at the ICOTElll )l11PO ium on the 
hi tor of technolog . 

.. 
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the debate among historians of gunpowder and firearms of the 19th and the 
first decades of the 20th centuries. The question about the first nation to 
formulate explosive gunpowder or to use cannon was irrelevant to them. ]n 
the last three decades of recent history, some scholars adopted a more 
balanced attitude and started to free themselves from the eurocentric way of 
looking at historical sources. In this brief survey, we shall present the 
primary reports about the main events without trying to confuse the reader 
with the disputations of the past two centuries. 

Most of the argument arose when some historians tried to interpret the 
Arabic word naft to denote naphtha or a mixture of incendiary ingredients 
containing naphtha. A study of the titles of treatises dealing with gunpowder 
composition given in this chapter will make it clear that naft denoted in fact 
gunpowder. The term naft was used originally for military fires of any 
composition, and as soon as the new mixture of saltpetre-sulphur­
charcoal was known, the word naft was applied to it. So the treatise 
of 'Iyarat al-naft mentioned above means Formulations o/Gunpowder as we 
have seen. 

In the Vocabulista (a Latin-Spanish Arabic vocabulary compiled in the 
region of Valencia, in the 13th century), one finds the 
word naft opposite Ignis and Ignem excutere. In the later historical accounts, 
this word denoted gunpowder. In al-Andalus in the course of the second half 
of the 15th century, gunpowder became barud, and saltpetre became milh al­
barud. Naft (pI. an/at) then denoted cannon, and naffat denoted gunner. 40 

When we discuss the development of gLmpowder and cannon in al­
Andalus and al-Maghrib countries, we must take into account their parallel 
development in the Arab east namely in the Mamluk Kingdom. 

Another factor that is relevant to our study is the fact that potassium 
nitrate was abundant in Muslim Spain, and it was the only country in Europe 
having these natural deposits. 41 Richard Watson says in his Chemical 
Essays: 'The lands of Spain, says the author of its Natural History, if 
properly managed, would supply all Europe with saltpetre to the end of the 
world. ,42 

40. Dozy, vol. 11 , article naft, pp. 71 1- 12. 
41.. Saltpetre was reported to be found in Spain by Michael Scot (Partington , p. 88). The 
artlcl.e on .Sa!tpetre. in Encyclopaedia Britannica (2002) states that potass iulll nitrate form s in 
certam soils m Spam, Italy, Egypt, Iran, and India. 
42. Walson, p. 322. 
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The Arabs are reported to have used rockets on the Iberian Peninsula in 
] 249; and in ] 288 rockets attacked Valencia. 43 This report needs to be 
investigated further in order to detennine the sources of infonnation. 

Peter, Bishop of Leon, reported the use of cannon by the Arabs while 
defending Seville in 646 AH 1 1248 AD.44 Ferdinand III harassed Seville 
increasingly .and kept the town under siege for 17 months until it 
surrendered.

4
) At this same time, in the Mamluk Kingdom, gunpowder was 

already in use in warfare during the Crusades, and if the devices used in 
Seville were not cannon, then they were most probably projectiles utili ing 
gunpowder similar to those used by the Mamluks in the battle of al-Mansura 
in 1250 against Louis IX. 

In 66011 262, King Alfonso X of Castile succeeded in conquering the 
city of Niebla. The siege was not easy either for the besiegers or for the 
Muslim inhabitants due to the strength of the town's defences, so the siege 
lasted nine months and a half. It is reported that Almohads in defending the 
city used machines that resembled cannon, which projected stones and fire 
accompanied by thundering noises. Some Spanish histories consider that this 
was the first time that gunpowder had been used in warfare in Spain. 46 

Ibn KhaJdun (8th/14th century) says that the Marinid Sultan Abu Yusuf 
Ya'qub, when besieging the town ofSijilmasa in 672- 3/1274: 

Brought into action against thi town mangonel (majaniq) and balli tas (,arradat), 
as well as a naft engine (hil1dam al-l1aft i.e. gunpowder cannon) which di charged 
small iron balls (hasa al-hadid). The e balls are ejected from a chamber (khi::a/la) 
placed in front of a kindling fire of gunpowder. This happ~~l b) a trange 
property which attributes all actions to the power of the Creator. 

This precise information about the use of cannon came from a great 
historian . However western historians of fireann in the 19th and the fir t , 
part of the 20th centuries questioned the report of Ibn Khaldun. The e 
historians were bound by preconceived certain hi torical date for 
gunpowder and cannon that could not be changed even if the go to the 
extreme of discrediting a historian of the calibre of lbn Khaldun. We have 
seen above that portable cannon were u ed b the 1amluk in 1260 in the 
battle of 'Ayn lalut. Indeed, we would advance the ie\\ that in th Maghrib 
and al-Andalus, where petToleum wa not available wherea pota ium 

43 . Fought, tcphen Oliver and John F.Guilmartin. Jr. nc) lopcdia Bntannica. article on 
'rocketandmi ile ystem'. 
44. Partington, p. 228, footnote 6 citing C.F. Tcmler. 
45 . E.I (Encyclopaedia of IsloIII) undcr I hbiliyn. 
~6 . Enan, pp. 390- 2 (sec also thc offiCia l hi tOI) of iebla on the 
IJ1tcrnct:http://w\ \\ . '8 iillodenieb la.coll1 JIlgle Jl1ebla f.him 
47. 1 bn Khaldull , p. 188. 
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nitrate was known to be abundant, cannon may have developed into a siege 
engine somewhat earlier than in the Islamic East. Moreover, the appearance 
of cannon at Sijilmasa as described by Ibn Khaldun was a natural 
development the truthfulness of which need not be doubted. 

In the 14th century, the historic accounts regarding the use of cannon by 
the MOOlish kings of Granada, in defensive as well as offensive operations 
had caused considerable debate among westem historians in the nineteenth 
and the first decades of the 20th centuries. After reviewing the distrustful 
position of some military historians in Europe, Ada Bmhn de Hoffmeyer in 
her carefully focused survey, Arms and Amour in Spain, concludes that: 

The old theories about the Arabs and the Moors and their importance in regard to 
gunpowder and early arti llery in the 14th century cannot be rejected - on the 
contrary! Alchemy and chemical experiments flourished among the Arabs in the 
Mediterranean world not least in Moslem Andalusia, and Saracen scientists and 
technicians were working at various courts of occidental Europe. 

The general opinion no doubt must be that gunpowder artillery was 
introduced rather early to Spain through the Arabs via the Moors of Maroc and 
from them to Moslem Andalusia. From the Hispano-Moors Christian Spain 
learned about gunpowder artillery. The routes probably passed via the Granadine 
kingdom, which at that time had very close contacts with the sultan of Maroe in 
Fez, from which place Granada got mi litary help against the Christians. Itf!ly is 
represented with the Genoese navy supporting Granadines and Moroccanes. 

The facts depend upon the correct translation of certain words from Arabic 
manuscripts. Hoffmeyer refers to the work of Kohler when she says: 

It is not impossible that G. Kohler in his work: Die Entwieklung des Kriegswesens 
und der Kriegsfiihrung, Breslau 1887, was right in his suppositions that the Arabs 
rather early introduced not only gunpowder but even fire-arms to Spain, from 
whence they passed to Italy (coincidence with the documentation from Florence) 
and from Spain and rta ly to France and Germany. (The routes from Hispano­
Moorish Andalusia, passing through Murcia, the Levantine coasts of Spain, 
Aragon to Italy is nothiBg strange in the 14th century, when the Mediterranean 
was a 'Mar Aragones' .) 

The main incidents we are concemed with in the following account had 
taken place dm-ing the tenure of Sultan Abu al-Walid Isma' il ibn Nasr (713 
AH 1 1314 AD-725 AH / 1325 AD), the Nasrid king of Granada who waged a 
number of successful campaigns between the years 1324 and 1325. ]n 
724/1324 he besieged the fort city of Huescar using cannon in his siege, of 
which Lisan aI-Din ibn al-Khatib (1313- 1374) who was a youth at the time, 
and who became later a minister in Granada, relates: 

48. Hoffmeyer, pp. 216-17. 
49 . Hoffrneyer, p. 2 18. 
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He headed towards the enemy territory and challenged the fort of Huescar that 
stands as a bone in the throat of Baza, which he besieged and attacked. He struck 
the arch of the invincible tower with a red-hot iron ball bombarded by the great 
engine that operates by naft (gunpowder).)O 

277 

To celebrate the occasion, the scientist and poet, Abu Zakariyya Yahya ibn 
Hudhayl51 whom lbn al-Khatib highly praised, being his teacher, had 
composed a poem complementing the sultan for the conquest of Huescar: 

They thought that the thunder and the lightning had come down from the skies; 
whereas the ~hunder and lightning are all arou~d them being ~~eated by man. 
These are thmgs of wondrous shapes, sent 11lgh by Hermes - and engineered to 
demolish mountains when they hit. 
Yes, it is this world that always shows you miracles, since nature 's innate powers 
are destined to appear. 

Based on the reports of these eyewitnesses McJoynt concludes that: 
'Granada must have been in the forefront of teclmical innovation in the 
world at this time. The new weapon was a success, for Huescar hastened to 
surrender., 53 

Lomax concludes also that 'The capture of Huescar had seen the first 
use of gunpowder and cannon in Em-opean warfare. ' 54 

After the conquest of Huescar, Sultan Isma' il waged a number of 
campaigns in which he captured a nwnber of cities and forts including Baza 
and Martos in which he used cannon also. 

In 732/1331 Sultan Muhammad IV laid siege to the city of Alicante, of 
which the Spanish historian Zurita (1512-1580) maintains that: 'When the 
Moorish king of Granada besieged Alicante he used a new machine that 
caused great terror. It threw iron balls with fire. '55 

Hoffmeyer finds the report of Muslim gunpowder weapon at Alicante 
to be 'difficult to deny ', given obvious awareness of uch weapons at the 
time. 

In a confrontation known as the battle of Tarifa or the battle of Rio 
Salado in 1340 the Arabs lost heavily to the Ca tillian amlie and their 
allies. The Spa~ish historian Conde relate that in the battle of Tarifa the 
Arabs had employed machines of thunder that launched iron ball propelled 

50. Li an aI-Din ibn al-Khatib, vo l. I, p. 2" 1. 
5\. Maqqari , vol. I I I, p. 260. 
52. The attribution of gunpowdcr to Hern1e mean that this iment ion is a chemical product. 
53. Pre coU, The Art of War, p. 92, footnote I 
54. Loma , p. 166. 
55. Partington, p. 191 (Part ington gaH~ the Latin te:-.t ofluntn). 

• 



278 Studies in AI-Ki17!)1d' 

by nafta, causing extensive damage to the towers and the fortifications of the 
. 56 City. 

However, the main objective of the Spaniards was to occupy and hold 
on to the strategic port city of Algeciras (al-Jazira), situated next to the 
straight of Gibraltar. They had engaged the aid of their allies in Europe in a 
crusade against the Arabs, to which France and England were among 
respondents by sending army contingents. The siege of the city lasted twenty 
months, from 1342 to 1344, during which time the Arabs defended the city 
courageously, using cannon profusely and engaging the enemy in daring 
encounters. 

The Spanish historian Juan de Mariana (1536- 1623) described the use 
of gunpowder and cannons dming the capture of Algeciras . 57 He states: 'The 
besieged did great harm among the Christians with iron bullets they shot. 
This is the first time we find any mention of glmpowder and ball in om 
histories. ' 

De Mariana also relates that the Engli sh Earl of Derby and Earl of 
Salisbury had both participated in this siege. Richard Watson58 thinks that 
the two earls had conceivably transferred the knowledge about cannon and 
gunpowder and their use as effective fireanns to England, and that the 
English adopted this new weapon and used it in the battle of Crecy in 1346. 
Furthennore, Prescott in his book Ferdinand and Isabella 59 emphasises that 
the Spaniards had adopted their knowledge of gunpowder from the Arabs of 
Granada who were familiar with its utilisation for a considerable time before 
their encounter with the Spanish in this siege. Ada Bruhn Hoffmeyer finds it 
' fully trustworthy' that King Alfonso Xl of Castile and the Muslims used 
'gunpowder as propulsor for projectiles' at Algeciras in 1342.60 

The use of gunpowder and cannon spread quickly in Spain. The Spanish 
kings at the initial stages enlisted the help of Moorish experts. Hoffmeyer 
says: 

The first arlillely-maslers on the Peninsula probably were Moors in Christian 
service. The king of Navarra had a Moor in hi s service in 1367 as ' maestTo de las 
guamiciones de artilleria '. The Morisques of Tudela at that time had fame for 
their capacity in reparaciones de artilleria. 61 

56. Con de, vo l. Ill , p. 254. 
57. Mariana, part one, p. 264. 
58. Watson, p. 33 1. 
59. Prescott, Ferdinand and Isabel/a, vol. I, p. 148 note 34; pp. 401 - 2, text and note 46. 
60. Hoffineyer, p. 217. 
61. Hoffmeyer, p. 220. 
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FIREWORKS: A BRIEF NOTE 

The use of gunpowder in fireworks in festivities by the public in the Arab 
cities, took place at the same time as it was used for military purposes. This 
is evident from the titles of treatises giving the composition of gunpowder. 
The majority of recipes given in the 13th century by al -Rammah and in the 
Karshuni manuscript are for fireworks. Similarly, the gunpowder treatises of 
the 14th century deal mostly with fireworks. There are large numbers of 
recipes for fireworks. The names of the different kinds fireworks are varied 
to a large extent and this can be the subject of a separate study. 

Reports about the use of fireworks in Arab cities can be found in non­
military treatises. Al-Dimashqi (d. 1327) who was contemporary with al­
Rammah describes in his cosmography (written in the second half of the 
13th century) the joint use of fireworks by the Muslims and Christians of 
Hama in central Syria on the eve of the birthday of Jesus. 62 

In a book on various trades and crafts, that was not noticed until 
recently, dating from the same period of al-Rammah and al-Dimashqi, we 
find a description of a gunpowder cracker and a gW1powder fireworks 
device. King al-Muzaffar Yusuf ibn 'Umar ibn Rasul (d. 69411294) of 
Yemen compiled this book. The title of the book is al-Mukhtara' fi funun 
min af-suna' (Inventions from the Various Industrial Arts). The description 
of the gunpowder cracker runs thus : 

Description of a furqa 'a (cracker): fold a sheet of paper four or five fold~ on a 
mould. The mould is a rod that is turned to the thickness of a fmger. Fold It vert 
tightly, five or six plies. Take it off the mould. Seal its head ery tightl~, and fill It 
with barud and the charcoal of willow tree mixed together, and close Its end very 
securely. If you want to give it fire, pierce the head with a mall piercing. iro? and 
insert a fuse that has been twisted very well. Glue t.he fus~ t06~le hole, give It fire 
and move away. It will crack and move with explOSive nOI e. 

The use of fireworks by the Mamluk sultans in public celebration in the 
'd6-l 14th century and later is reported in the history books of that peno . 

Fireworks were called in these reports harraqat al- naft or harraqat al-

barod . 
When the French traveller Bertrandon de la Brocquiere arrived in Beirut 

in 1432 the inhabitants were celebrating the 'Id. He \ a urpri ed to see the 

fireworks for the first time. He says: 

62. Dima hqi , p. 281. 
63. Ra ul, pp. 206- 7. 
64. Ibll Iya , Vol. I, p. 179. 
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The Moors held a celebration, whi ch is, I understand, an old custom. It started at 
nightfall. There was a great crowd of people singing and shouting. The men of the 
castle shot off the cannon and those of the city shot some kind of fire very high 
and very far. It was bigger than the biggest lantern 1 have ever seen. They say that 
they use it sometimes on the sea, against enemies to burn the sail s of a ship . It 
would easily burn a house or a town with straw roofs, it seems to me. In a cavalry 
engagement, it would terri~ the horses. It is easy and cheap for someone who 
knows what they are doing. 5 

We infer from his story that fireworks were unknown in France at that time 
(in 1432). Brocquiere says then that he was able, against a bribe, to learn the 
secret of these fires and he took the information with him to France. 66The 
first recorded fireworks in England were at the wedding of Henry VII in 
1486. They became very popular during the reign of Queen Elizabeth 1. 

The people of Granada and other cities in al-Andalus used fireworks in 
their celebrations,67 as was the custom in the cities of Syria and Egypt. 
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9 Alcohol and the Distillation of Wine in Arabic 
Sources from the 8th Century I 

Islamic chemists knew the distillation of wine and the properties of alcohol 
from the 8th century. The prohibition of wine in Islam did not mean that 
wine was not produced or consumed or that Arab alchemists did not subject 
it to their distillation processes. Some historians of chemistry and 
technologl assumed that Arab chemists did not know the distillation of 
wine because these historians were not aware of the existence of Arabic texts 
to this effect. 3 The purpose of this chapter is to present some Arabic texts 
about the production of alcohol from wine, starting with the 8th century. 

The first reference to the flammable vapours at the mouths of bottles 
containing boiling wine and salt occurred in Kitab ikhraj ma fi al-quwwa ila 
al-ji'l of Jabir ibn Hayyan (b. c. 103/72], d. c. 200/815). He says: 

And fire which burns on the mouths of bottles due to boiled wine and salt and 
simi lar things with nice characteristics which are thought to be of little use, these 
are of great significance in these sciences. 4 (see Appendix: Arabic Text 9.1) 

This flmmnable property of alcohol (from distilled wine) was utilised 
extensively from Jabir's time and onwards and we find various descriptions 
of the alcohol-wine bottles in Arabic books of secrets and military treatises 5 

(see Appendix: Arabic Texts 9.5, 9.6, 9.7 and 9.8). 

I. This article embodies the latest research of the writer into thi ubject. It combine al 0 the 
earlier results that first appeared in Islamic Technology, an1l1u trated Hi tOl:)', by aI-Ha an 
and Hill , 1986, UNESCO and CUP. 
2. Forbes; R.J. A Short History o/the Art o/Distillation, Brill. 1970, p. 87; Multhauf, Robert, 
The Origins o/Chemisny, London, 1966, pp. 204-6. 
3. Even in a recent work published in 2006, the author C. Anne Wil on in her book Water 0/ 
Life, Prospect Books, U.K., 2006, p. 84, a umed that the Arab did not knO\\ about the 
distillation of wine. She took her in formation from the outdated wor].. of R.J. Forbe 's A hort 
HistOlY o/Distillation, Brill, 1948. he repeated the ame error ,\hen he in luded on pp. 91 -
3 a very brief section on Arab and Alchem) in which he did not mention anything about Ule 
distillation of wine by the Arabs. Here again, her ource were econdal) and outdated. nne 
Wilson is a non-academic author who ha written book on food and drin].. II1cluding one on 
marmalade. Her book Water 0/ Life i partl) based on conjecture and lac].. Ule qualit: of an 
academ ic work. 
4. Jabir ibn Hayyan, Kitab ikhraj lI1a fi al-ql/\\"\\"a ila al:/1'1, in Afl/khtarat ra a 'il Jabi,. ibll 
Hayyan, ed. P. Kraus, Cairo, 1935, p. 76. . . 
5. The writer came until now acro four uch alcohol \\ ine bottles in four treatl e . One I ..11-
hiyalf/ aI-hI/rub, which represents the technolog) pr \ ailing around I ~OO; an?ther. i al-himl 
al-habilixva, by al-I kandari. fir t quarter of tJle 13th centuf) ; another I ~/-JlIru 1':1"11 Wll (11-
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Among the early chemists who mentioned the distillation of wine is al­
Kindi (d. 260/873) in Kitab al-Taraffuq ji al- 'itr (also known as The Book of 
the chemistry of Perfume and Distillations). He says after describing a 
distillation process: 'and so wine is distilled in wetness and it comes out like 
rosewater in colour,6 (see Appendix: Arabic Text 9.2). 

AI-Farabi (born c. 265/878, died c. 339/950) mentioned the addition of 
sulphur in the distillation of wine. 7 

Abu al-Qasim al-Zahrawi (d. 40411 0 13) also mentioned the disti llation 
of wine when he was describing the distillation of vinegar from white 
grapes . He says: 'and similarly wine is distilled by anyone who loves to do 
SO,8 (see Appendix: Arabic Text 9.3). 

Ibn Badis (d. 45311061) described how silver filings were pulverised 
with distilled wine to provide a means of writing with s ilver, which indicates 
that alcohol was collected as a product and was utilised in various ways. He 
says: 'take silver filings and grind them with distilled wine9 for three days ; 
then dry them and grind them again with distilled wine until they become 
like mud, then rinse them with water. .. ' 10 (see Appendix: Arabic Text 9.4). 

We find in the military treatises of the 14th cenhlrY that old grape-wine 
became an important ingredient in the distillation processes for the 
production of military fires. One manuscript contains five such recipes, with 
warnings that such distillates can ignite easily and they should be stored in 
containers buried in sand 11 (see Appendix: Arabic Text 9.9). 

In the early centuries of Islam distill ed wine was not given a specific 
name. It was just one variety of wines . This is clear from the study of Arabic 

manasib al-harbiyya, by Hasan al-Rammah, second hal f of the 13th century; and MS ISlambul­
Beshir Agha No. 441, probably the first half of the 14th century. Between labir's description, 
and the end of the 12th century this tradition of the wine and sa lt a lcoho l bottles continued 
uninterrupted and there are probably other accounts that will be revealed grad ually. 
6. Ya'qub ibn Ishaq AI-Kindi , Kitab al-Taraffuqfial- 'itr, MS Topkapi Sarai, Istanbul, No. 62-
1992, ff. 140- I ; see also K. Garbers, Kitab kimiya' a!- 'itr wa al-Ias 'idat, Arabic text, and 
German trans., Abhandlungen fur die Kunde des Morgen!andes, Leipzig, 1948, p. 50 of 
Arabic text and p. 95 of German text. Reprinted by Fuat Sezgin, 2002 (Natural Sciences in 
Islam, 72). 

7. Libel' A!pharabii, BN MS. Lat. 7 156, fo. 47 v; Berthelot, M. , La Chemie Au Moyen Age, 
Vol. I, Pari s, 1976 (reprint of the 1893 edition). p. 143; Partington, J. R. , A Hislory of Greek 
Fire and Gunpowder, Heffer, Cam bridge, 1960, p. 53 (reprinted by John Hopkins University 
Press, 1999). 

8. Abu al-Qasim al-Zahrawi, Kitab al-tasrij li man 'ajiza 'an ai-la '!if!, maqala no. 28, Ms. 
'Ali Amiri, Istanbul No 2854. A photocopy of the original folio was suppli ed through the 
courtesy of Pr of. Sami K. Hamarneh. 
9. ,; OQ ~ 

10. Ibn Badis, Kitab 'umdat al-kuttab wa 'uddal dhawi a!-albab, MS of the Egyptian Publi c 
LIbrary, ff. 73b 73a. 
11. MS. Beshir Agha Istanbul , No. 441 . 
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literary and scientific literature as we shall presently see. Some Arabic 
chemists such as Ibn Badis (11th century) called it ~'co ~ (distilled 
wine). The same name was sti 11 in use in the 16th century when al-Antaki 
defined distilled wine J-;, 0 ~ ~ as 'araqi (see below). 

As we have just mentioned, in early Arabic poetry distilled wine was 
one of several types of wine ~ and was not always denoted by a special 
name. The celebrated poet Abu Nuwas (died 198/8 13), who was a 
contemporary of Jabir ibn Hayyan, described wines in beautiful verses. 
When enjoying a drinking session with a friend he tasted three kinds of wine 
in succession. Each time he would ask the bartender (khammar) for a better 
(stronger) drink and the third time, he asked for a wine that ' has the colour 
ofrain-water but is as hot inside the ribs as a burning firebrand '. 12 

~I J9lp t~1 <E 4-iJ ':lJ ~I "L, 0J .} 
An interesting name for wine was ma ' al-hayat o4=JI "L, (water of life) 

which is the same name as aqua vitae (water of life) that was given to 
distilled wine in the West when distillation was first transferred from the 
Arabs in the 13th and 14th centuries. An Arabic poet says: ' I am wandering 
how those who had pressed 13 it had passed away, whereas they have handed 
down to us ma ' al-hayat (the water of life).' 14 

o4=JI yL, \..il Ipy J9.J ljiL, ~ ~~W '-'!?C 

The current word for distilled wine in Arab Lands is 'araq tJY which 
means sweat. The droplets of ascending wine vapours that condense on the 
sides of the cucurbit are similar to the drops of sweat. You find this word in 
Arabic alchemical treatises describing drops of condensing vapours dwing 
distillation. Jabir Ibn Hayyan in his Kitab al-jumal al- 'ishril1 (The Book of 
Twenty Articles) says in Article Thirteen: The material under di cus ion 
should be ' dried slightly after grinding so that its wetnes i dehydrated and 
this is done to avoid the (formation) of 'araq because if 'araq is fomled the 
quantity of the distillate will be smaller than if the 'araq is not fonned. 
Knowthis,.1 5 
tY> <I...!lc. . _,I L:. W19 cillj .a.:i I~' 4..l9 L, , 9,':,;, . ...:i.:... )lJ§ ~I ~ , 90?3 01 .. lY' J;:' ~ • .J.J lY' _ _ u-- -

,cillj wy19 tJY"-:! r-l L.......ftl .le', o .. lI01S jy q.3 j~1 
The etymology of 'araq is of great intere t in the hi tor of alcohol. We 

have given evidence above about the existence of wine di tillation ince the 
8th century. However, what was the common name for the di tilled wine 

12. Nuwayri , Nihayal a!-arab fi fill/un a!-adab, Cairo, n.d ., 01. 4, p. 9 . 
13. Wine i sq ueezed or pre sed from grape. 
14. One Thousand and One 'ighl, Vol. 4, Cairo, 1960, p. 390. . 
15. Jabir Ibn Hayyan, Kilab a! Junta! a!- 'Ishrin, M Hu e) in Chelebl 74 , BULa. Turke~. p. 
487. Maqala 13. 
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among the public? This interesting topic has not yet been sufficiently 
investigated. In our search into literary sources we found in Hikayat Abu al­
Qasim al-Baghdadi (written c. first half 5th/ l1 th century) a mention of 'araq 
al-nabidh ~\ lip (the 'araq of wine). 16 Fakhr aI-Din al-Razi (second half 
of 12th century AD) refers to distilled [wine] as 'araqi.1 7 Al-Nuwayri (d. 
732/1331) mentions in his encyclopaedia that the taxes that were levied on 
'araq amounted to 10 per cent. 18 Al-Antaki (d. 100811 599) mentions the 
'araq of sugar cane and of grapes. When discussing khamr (wine) he defines 
'araqi as a distilled wine that is useful in certain cases. 19 

Syria was particularly known for the production of wines and 'araq 
which were produced in the numerous monasteries and convents of Syria, 
Iraq and Egypt. 20 Wine shops were plentiful in the main cities such as 
Baghdad, and were run by non-Muslims. They catered for all sectors of 
wine-loving persons including poets who left a rich poetry about wine 
-w . I...J _~. 

Distilled spirits in Arabic-Islamic culture were not only obtained from 
the wine of grapes. They were distilled from the wine of dates especially in 
' Iraq where dates are abundant, and from sugar cane as was the case in 
Egypt. During the time of the Prophet when prohibition of alcoholic drinks 
in Islam was imposed, wines were made from grapes raisins dates wheat , , , , 
barley, corn (dhura) , honey, and mare's milk. All these types were listed 
and discussed in the very early days ofIslam. 2 1 Distilled spirits from some 
of these were produced as we have just seen. 

In the 14th century alcohols were exported from the Arab lands of the 
Mediterranean to Europe. Pegolotti mentions alcohol and rosewater among 
the list of exported commodities (1310-1340). 22 

The question of cooling was given special attention in the history of 
alcohol. It must be mentioned that the introduction of the water cooled pipe 
between the alembic and the receiver in the 15th century in the West had no 
influence on the discovery of alcohol and of distilled spirits which had taken 

16. AI-Azdi, HikaY~lt A bi al-Qasim al-Baghdadi, edited by Adam Mez, Heidelberg, 1902, 
(offset copy by QasIm al-Rajab, Baghdad), p. 125. 
17. p: MS at al Zahiriyya Library, Damascus, with the title: Kitab ji aI-san 'a al-i/ahiyya wa 
al-hlkma a~-rab~aniyya.(i f.ada '{ al-a 'shab wa aI-ash jar. A script error is obvious since the 
word khall IS wntten whIle It should be khamr. Araqi denotes disti ll ed wine. 
18. al-N uwayri , op. cit. , Vo!. 8, p. 26 1. 
19. AI-Antaki, Dawud, al-Tadhkira, Cairo, 1282 1-1, pp. 132--4. 
20. AI- Shabushti , Kitab al-Diyarat.(The Book of Monasteries), ed. Gurguis Awwad, 
Baghdad, 1966. 
21. See any book on Hadith (sayings of the Prophet) . 
22. Lop~z, R~bert S. and Irvi ng W. Raymond, Medieval Trade in the Mediterranean World, 
Colum bIa UnIversity Press, 1990, p. 109. 
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place in the 8th century. Jabir ibn Hayyan described a cooling technique 
which can be applied to the distillation of alcohol. 23 In addition, we find in 
Arabic manuscripts instructions to make the alembic and the pipe leading to 
the receiver quite large with a large cooling surface (Figure 9.1). Fans were 
used to cool these surfaces. 

, . 

Figure 9.1 
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From Sharh Shudhur al-dhahab, NLM, M A 65, fo. 1 a. 

The alembic took also a conical shape with a trench along it rim. The 
condensed droplets would slide to the trench and thence to the pipe leading 
to the receiver (F igure 9.2). In the We t thi de ign became popular and it 
was known as rose-hat or 'ro enhut'. 

This was followed by a further improvement whereb the alembic or 
still-head was surrounded by cooling water (Figure 9.3). Thi de\ ice wa 

23. Jabir Ibn I-I ayyan, Kifab al-julI/al al- 'is/will, Uaqala ,Yo. 19. 1 . Bur a ltu ain Celebi, 
I tanbu I No. IS, ff. 532--4. 
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known in the West as the Moor's Head. This name implies an Arabic origin. 
However, it is not clear at this stage where and when the Moor's Head was 
first applied since it was illustrated in both Arabic and European MSS of 
about the same period. 

M M 

F 

Figure 9.2 Wet distillation of al-Kindi, redrawn by Garbers from al-Kindi's 

book Kimiya' al- 'itr wa al-las'idal (The Chemistry of Perfume and Distillations). 24 

The main parts are: M furnace or stove; Q earthenware; T supporting ring; at the 

bottom of the ware; K cucurbit; A conical shaped alembic; J long spout or pipe 
leading to the receiver; VG; F fireplace . 

24. al-Kindl, op. cit. 

Alcohol and the Distillation of Wine 289 

Figure 9.3 NLM M A65, fo . 81 b. Moor' Head 

By the 14th century, the di tillation of \ ine wu traJl ~erred to the Ea t 
and West and the word 'araq in it variou form in the Latll1 alphabet (arak. 
OI'aka, ar~ki, ariki, OI'rack, arack, ,:aki, raqlle. racq/l~. rac. rak. ar~k~~ 
became wIdely used outside the r lamlc land of the em a t. The M?I1c:.0 
used the word aJ·ak for example in the 14th centur) . tongol oraki I, lIr t 
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mentioned in a Chinese text in 1330.25 The word spread to most lands of 
Asia and the eastern Mediterranean. 

Because of the translation of Arabic works into Latin and the direct 
contact of learned Europeans with Arabic science and culture there appeared 
in Latin literature the earliest European references to distillation and alcohol. 
The medical school of Salerno in the south of Italy took up the distillation 
techniques from Arabic culture because of the extensive translations from 
Arabic that were undertaken by Constantinus Africanus (d. 1087). In 
describing a distillation process a famous text on simples, Circa ins fans, 
dated 1150 the author says that he is describing distillation 'as the Saracens 
make it'. 26 

The Circa insfans, containing remedies, or simples, from Arabic 
sources, was compiled at the medical school of Salemo in the mid-12th 
century. It is considered the first-known document compiled by a Latin 
author and has been attributed to Matthaeus Platearius. A contemporary to 
Platearius was Magister Salernus who left a work of much less importance 
but which gave a description of alcohol from the distillation of wine. The 
authors of both works were contemporary and flourished around the middle 
of the 12th century. We can naturally conclude that the report given in Circa 
instans about the Arabic origin of distillation is true also for the description 
given by Magister Salernus. 

It is also assumed that the first mention of alcohol occurred in a 
cryptogram which was added by Adelard of Bath to the Mappae Clavicula 
(c. 1130). The solving of the riddle of the words in the Mappae cipher was 
suggested by Berthelot27 and it reads as follows: 

By mixing pure and strongest wine with three parts of salt and heating in a vessel 
customary for that purpose, a wateI is produced which when kindled is inflamed, 
(yet) leaves the material unbumed. 8 

This description is the same one as that of the Arabic wine bottles mentioned 
above. As with the whole science of chemistry, the recipes for the distillation 
of wine were part of the Arabic alchemical legacy that was transmitted in its 
totality to the West. Adelard of Bath himself was an Arabist who lived in 

25. Needham, Joseph, Science and Civilization in China, Vol. 5, CUP, 1980, p. 135 (Mongo l 
araki had been first menlioned in the Yin Shan Cheng Yao, c. + 1330). 
26. Hans Gerold Kugler an article on the intemel http://www.world-
sp i rits.com! de/worldsp i ri ts!Gesch i ch le. h tm 
27. Multhauf, op. cit, p. 205, footnote 11 . 
28. Stillman, John Mazson, The Story of Alchemy and Early Chemistry, Dover, 1960, p. 189. 
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Arab lands and several of the recipes that he added to the Mappae Clavicula 
. d' h ?9 have ArabiC wor s In t em.-

A third early mention of alcohol in a Latin MS occurred in Liber Ignium 
attributed to Marcus Graecus. More than one description of the distillation of 
wine occurs in the later editions of Liber 19nium that are dated between 1250 
and 1300. It was established by historians of science that this work is 
probably a translation, or an adaptation of an Arabic work of the time that 
made its way into the 'Latin' world via Constantinople. Others think that the 
translation or adaptation took place in Muslim Spain. 

In the 13th century, several Latin authors mentioned distilled wine. 
Prominent among these was Thaddeaus Alderotti (known also as Thaddeaus 
Florentini d. 1303) who benefited from the medical knowledge of the School 
of Salerno. He wrote a work about the medicinal benefits of distilled wine in 
which he called it Aqua Vitae (water of life), a name that was used in Arabic 
literature as we have seen above. The impOltance of Aldoretti 's work is that 
he used a coiled condensing tube surrounded by water between the alembic 
and the receiver. Such a cooling device was not applied in practice before 
the 15th century. 30 

A better known author was his contemporary Arnold ofVillanova, who 
was a celebrated physician, phannacist, and alchemist (b. between 1235 and 
1240; d. near Genoa, 1312 or 1313). There were not a few tov·ms named 
Villanova at that period in Spain, France, and Italy. Some identify his town 
with Villanueva in Catalonia. He was well versed in Arabic and Hebrew and 
comprehended all that was then known of the natural sciences, especially 
medicine and pharmacology. He thought highly of Galen and Rhazes and 
taught medicine, botany and alchemy at Barcelona, Montpellier, and Paris. 
He described the distillation of wine in more than one work and in his Liber 
de Vinis he outlined the medicinal values of distilled wine be ide hi 
description of the distillation process. Latin works multiplied about this topic 
in the following centuries and it is not possible in this limited space to 
enumerate them. 

On the practical side the production of distilled \vine during most ~f the 
14th century was a monopoly of physician and apothecarie because It \\'a 
considered as a kind of medicine. This did not la t long, hO\ ever, and 
production of distilled wines was undertaken al 0 b conU110n people. We 
cannot go into the detailed development of the ri e of the di tilled pirit 
industry that aro e in the following centurie . In thi limited pace, \ye 

29. Berthclot, M., Archeologie et Histoire de ciences. Alii terdalll. 196, . p. 17 . 
30. h[tp:/!w\.vw.zallser.a schnap /ge chich[e, ge chichle2. h[m 



292 Studies in A I-Kimya J 

mention only that most histories of distilled spirits acknowledge that the act 
of distillation of spirits is credited to the Arabs especially the Arabs of al­
Andalus. 31 Jerez (Sharish), Malaga, Seville and other regions in al-Andalus 
were renowned for their wines. They were exported but the details of trade 
in wines are not fully docwnented.32 In Cordoba, there was a state-operated 
market for wine in the Christian quarter during the time of al-Hakam I (796-
823). 33 Wine was distilled in al-Andalus as we have seen above (see al­
Zahrawi). It is thought that distilled spirits were produced in Jerez since the 
Arab days and that sherry in English and xeres in French are derived from 
Sharish the Arabic name for Jerez. 34 

3 1 Bert L. ~allee, Alcohol In the Western World : A History, first appeared in the 
June 1998 Issue of Scientific American, and published on line at 
http ://www.beekman wine.com/prevtopy. htm. 

32 Co~stabl e, Olivia Remie, Trade and Traders in Muslim Spain, CUP, 1994, p. 185. 
33 Gll ck, Thomas, Islamic and Christian Spain in the Early Middle Ages Princelon 
Uni versity Press, 1979, p. 80. ' 
34 http://home.online.nol- perno ll/D_Al cohol.html 
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APPENDIX: IMAGES OF ARABIC TEXTS 
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Arabic Text 9.1 Arabic text from Jabir ibn Hayyan. 
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Arabic Text 9.2 Arabic te t fj'om al-Kindi 
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Arabic Text 9.3 Arabic text from al-Zahrawi. 

Arabic Text 9.4 Arabic text from fbn Badis. 
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Arabic Text 9.5 Arabic text from kitab al-hiyal fi al- hurub, 



a 

296 Studies in AI-KimyaJ 

Arabic Text 9.6 Arabic text from al-hiyal al-Babiliyya. 

Alcohol and the Distillation of Wine 

: 2,. '''J!.- (\)<.iJ2 )&.j~~J&.Ued 

~ ~)~ IJjJ 4J ~)IJ ~) JI ~ Lf.::.i ~I (') • ;' .. i .L.;. 

, ' 
( ) < 4:-a) Ju.-li cJu..~ Lf.:..o ~ J \. I i; I,;u ~ j4>. ~ (or) < ~ J > 

. ; •• "I ~.J..ij 4Jli ~ ~ .J..ij IJ" J :it. ·i 

Arabic Text 9.7 Arabic text from al-Rammah. 
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Arabic Text 9.9 Arabic text from MS Beshir. 

7 

10 Damascus Steel in Medieval Arabic Sources I 

INTRODUCTION 

The main purpose of this chapter is to make available to historians a selected 
number of passages from Arabic medieval literature (some of which were 
hitherto unpublished) which bear upon ferrous metallurgy. For each source, 
we present an English translation followed by the Arabic text. 

We shall start with the composition of steel according to Jabir ibn Hayyan 
and al-Biruni. Then we discuss the reason behind the jirind or the pattern in 
sword blades.

2 
This is followed by a description of producing crucible steel 

in Damascus by the carburising of soft iron. Then we give a description of 
obtaining pig iron from ores, and of decarburising this high carbon iron to 
obtain steel. This is followed by a summary of al-Kindi's treatise on the 
kinds of swords and the centres of steel production in the eastern Islamic 
lands. The sections that follow trace the history of Damascus steel industry 
unti I the 19th century. 3 

COMPOSITION OF STEEL 

The oldest description of the composition of steel is due to Jabir ibn Hayyan 
in Kitab al-khawass al-kabir as we have explained in Chapter 5. Jabir said 

I. This chapter is an edited version of my article 'Tron and Steel Technology in Medie al 
Arabic Sources' , Journal for the History of Arabic Science, Vol. 2, umber I, May 1978, 
Aleppo, pp. 31-43. Since that date, the paper was frequently quoted and it had fulfilled its 
intended purpose. Our book (with Donald Hill), Islamic Technology, an fIlustrated History, 
was quite useful also in this regard . . 

Recently, in 2006, 28 years after the publication of m) paper, Hoyland an~ Gtlmour 
published their book Medieval Islamic Swords and Sword Making. Gibb Memonal enes. 
They translated al-Kindi 's treatise that was already summarised in thi article, and they gave 
as an appendix Jabir and al-Jildaki's description of the production of pig iron and teel on an 
industTial scale, using my paper; and they al 0 gave another appendix on al-Biru~i' c~apr:r 
on iron and steel that J also discus ed. Tbu my paper of 28 ) ear ago ,,,bich i gl\ en III ~hls 
chapter presented the main infonl1ation in Hoyland and Gilmollr' booh.. I mu t mentIOn. 
however, that the new book is a u eful addition to the literature on Arabic-I lamic ferrous 
metallurgy. 
2. Firind is the pattern that characteri e Dama Cll teel sword . . 
3. These pa sages are based mainly on Ms. A) a o1'ya 4 32, fT. 170-2. ee al 0: bd al-
Rahman ZakY, al-Suyuf wa Ajna uha', an edited Arabic te>..t, Faclllry of Art .Journa!. , 01. l-l, 
part 2, airo, 1952; Hanlmer-Purgstall, Baron de, ' ur le Lame des Onentaux ,Journal 
A iatique, Ve Serie, tome Ill , pp. 66- 0, Paris. 1854. 
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that steel is composed from soft iron (narmahan) and daus. AI-Biruni gave 
the same formulation in more detail. 4 He says: 

'As to (iron) which is made from narmahan and its water which flows 
before it when it gets rid (of its impurities), it is called fuladh ~'1..,9 (steel).' 

~ uo}';""il\ .).jc 0'-:lyJI ~I ~ ',?jjl Y>3 ~L.. LJ..c3 0A>L..yll lJA ~...rJI L..13 

))/~I 

AI-Biruni elaborates on daus when he writes: 

Narmahan is divided into two types. One is (narmahan) itself, and the other is its 
water which fl ows from it when it is melted and extracted from stones, and it is 
called daus u.o J~, in Persian it is called astah, and in the area of Zab ilstan, ru J.J, 
because of its speed of flow and because it overtakes iron when it is flowing . It is 
sol id, white, and tends to be silvery. 

U 0 21';I1\3 ~Ij)/I L:..!§3 -G.o JjL....JI o.JL.. ft)/13 y. W..l..:..i L.J:!.:~ ~I 0A>L..yll f,,'O"2 ~ 
~ 3 ~ 3ft 4..c yJ 3,) 0~1 j ~I J.i.U <G.....,I ~ j.illU L....a 3.:1 <..5A .,..I':13 0 ).~.:JI LJ..c 

.4 2,:::';'1\ ~I l.,-l~ ~i ,. ,1. 0 Y>3 .0'-:lyJI ~ ~..l..:...!1 

An iron that has a lower melting point that flows before soft iron and is hard, 
white and silvery is probably white cast iron. Thus, both Jabir and al-Biruni 
give the same formula for the composition of steel. 

Figure 10.1 The pattern orfirind on a sword. 

4. AI-Biruni , Kitab al-}amahir fi ma 'ri/at al-jawahir y.1y.J1 ~y..c ~ y.~1 (A 
Compendium of Mineralogy) written by the ce lebrated savant, Abu al-Rayhan al-B iruni 
(973- 1048). Two main manuscripts were consu lted. The first is Ms. Topkapi 2047 from 
Istanbul , and the other is Ms. Cas iri 905 from the Escori al. Similarly, the book printed in 
Hyderabad was a lso consulted (Kilab al-Jamahir, edited by E. Krenkow Hyderabad, 
1936/37). ' 
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CAUSE OF THE F1RINDOR THE PATTERN ON BLADES 

All Islamic swords that were made from Damascus steel or from steels of 
similar quality showed the peculiar pattern that was referred to in Arabic 
literature as firind or 'jawhar ' jA'y?> ' .).j.J. 

From al -Kindi"s treatise, we learn that the pattern orfirind .).jyJl or 
jawhar jAy.JI is found in all manufactured steels. According to him, swords 
made from natural steels (non-manufactured, Shaburqan) have no pattern 
or 'jirind '. When speaking about the firind of swords made from natural 
steel, al-Kindi states: 

' These swords show no firind when treated with tarh 5 (.;b or when treated 
otherwise, and all their iron is one colour. ' 

On the other hand, all swords that are made from manufactured steel 
show the 'jirind'in various degrees. AI-Kindi describes the 'jirind ' or 
pattern of all types of manufactured steels and of swords produced in various 
localities in Islamic lands, and ofIndian steel. 

AI-Biruni in al-jamahir gives a very interesting interpretation of the 
cause behind the formation of the firind or pattern in steels. It is due, in his 
opinion, to the incomplete mixing of two components of steel in the crucible, 
namely soft iron (narmahan) and its water (daus u..a 3.:1). He says: 

'Fuladh (steel) in its composition is of two types. In one type, all that i in the 
crucible, narmahan and it water i melted equally 0 that they become united in 
the mixing operation and no component can be differentiated ~r s~en 
independently. Such steel is su itable for files and similar tool . (One may 111lagme 
that shaburqan is of such type and of a natural quali£) uited to hardening). In the 
second type, the degree of melting of the contents of the crucible varie , and thu 
the intermixing between both components is not complete, and the two 
com ponents are shifted j}~ and thus each of their two colours (colour of 
their components) can be een by the naked eye and it i calledfirilld.,6 

5. Tarh referrs here to the drug (mixture of materia l ) thal i used to Ireal the urface. of 
words to how the ir firilld or pattclll . 

6. For thc modern interpretation of the cau e of thcJirilld cc C) ril . Smith,. t Hi ton' (11 
Melallugraphy, Chicago, 1960, pp. 14 24. 
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AI-Biruni's interpretation of the cause of thefirind or pattern in 
Damascus steel is reminiscent of the modern interpretation of modem 
historians of metallurgy who were studying the secret of Damascus steel for 
the last two centuries. 

A METHOD FOR MAKING CRUCIBLE STEEL IN DAMASCUS 

AI-Biruni quotes a description of making crucible steel from a book written 
by a Damascene ironsmith called Mazyad ibn 'Ali. He says: 

Mazyad ibn ' Ali , the Damascene blacksmith, wrote a book describing swords that 
were specified in al -Kindi's treatise. He commenced by dealing with the steel 
composition and the construction of the nlmace (lair), and with the construction 
and design of crucibles, the description of (the varieties) of clay and how to 
distinguish between them. Then he instructed that in each crucible five ratls of 
horseshoes and their nails should be placed, which are made of narl77ahan, as well 
a a. wei!Sh~_ of ten db'hams each of rusukhtaj ~ J.J, golden marcasite stone 
~~I \ '~'J,~,,~I and brittle magnesia. They plaster the crucibles with clay and 
place them II1slde the fumace (lair) . They are filled with charcoal and they (the 
cruCIbles). are blown upon with rumi bellows, each having two operators, until it 
(the Iron) melts and whirls. Bundles.J~ are added 
containing ih~ila; (myrob~ l an)? pomegranate .rinds, salt (used in) dough, and 
oyster shel.ls Y jlll '-I1.l.....:>1 ,( lIt. pearl she ll s), 111 equa l portions, and crushed, each 
bundle welghll1g forty dirhams. One (bund le) is thrown into each crucible' then it 
(the crucible) is blown upon violently for an hour. Next, they (the crucib'les) are 
left to cool, and the eggs are taken from the crucibles. 

THE PRODUCTION OF PIG IRON AND CAST STEEL ON AN 
IND USTRIAL SCALE 

We ~ound that ~s. no. 4121 of the Chester Beatty Library, contains a part 
of Kltab al-Hadld (The Book of Iron) of Jabir ibn Hayyan, that is given in 
the cou~se of ~ commentary by al-Ji ldaki (fl. c. 1339-42). The following text 
from thiS Ms. IS of great significance for the history of metallurgy: 

Damascus Steel in MedievalArabic Sources 

'Chap~er : Lear?, br?ther, tha.t it is you~ comrades who found (from founding, melt 
metalu~) Iron 111 foundrIes (especIally) made for that purpose after they have 
e~t:acted .it (the ore) from its mil~e as ye.lIow earth intermingled with barely 
vlslbl~ vell1s of Iron. They place It 111 ~oundll1g fumaces designed for smelt~qE it. 
~hey I~stall powe.rfu~ bellows on all SIdes of them after having kneaded (0 _) a 
lIttle oIl and alkalI WIth the ore. Then they apply fire to it (the ore), together with 
cinders (~I) and wood. They blow upon it until it is molten, and its entire 
substance o~ J A M? is rid of that earth. Next, they qmse it to drop through 
holes like (those of) strainers, (made in) the furnaces )fil so that the molten iron 
is separated, and is made into bars from that ore. Then they transport it to far lands 
and countries. People use it for making utilitarian things of which they have need . 

'As for the steel worker, they take the iron bars and put them into 
founding-ovens ~L...... which they have, ~uited to their objectives, in the steel 
works. They install firing equipment)fil into them (the ovens) and blow fire 
upon it (the iron) for a long time until it becomes like gurgling water. They 
nourish it with glass, oil, and alkali until light appears from it in the fire and it is 
purified of much of its blackness by intensive founding, night and day. They keep 
watching while it whirls for indications until they are sure of its suitabi lity, and its 
lamp emits light; thereupon, they pour it out through channels so that it comes out 
like running water. Then, they allow it to solidify in the shape of bars or in holes 
made of clay fashioned like large crucibles. They take out of them refined steel in 
the shape of ostrich eggs, and they make swords from it and helmets, lance heads, 
and all tools.' See Appendix for facsimile of the MSfolios. 
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From these two descriptions, it seems safe to state that the first process 
describes the production of pig iron (or cast iron) from ores, and that the 
second one describes the production of cast steel by refining pig iron. 

THE THREE METHODS OF STEEL PRODUCTION 

From the above texts excerpted from Jabir ibn Hayyan, al-Biruni and al­
Jildaki we learn that steel was produced by three methods: 

AI-Biruni described the first method in which narmahan (soft iron) and 
daus (cast iron) were melted together in the crucible. The econd method is 
by carburising narmahan (soft iron) in the crucible. AI-Biruni attributed this 
to Mazyad ibn 'Ali the Damascene ironsmith; and the third method is by the 
de-carburisation of pig or cast iron and refining it into teel as it i described 
in the commentary of al-Jildaki on Jabir ibn Hayyan ' Kitab al-hadid (The 
Book ofIron). 7 

7. The three methods were outlined in our book Islamic Technology. an 11111 trated Hi (ory. 
al-Hassan and Hill , UN E CO and UP. 1986. Recentl) , Ho) land and Gi lmour ( ee abO\ ) 
gave an incorrect interpretation to the de cription of lildaki ofsteelm311ufacture, although the 
text i obvioll as can be reali ed. 
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THE ANNEALING AND HARDENING OF STEEL 

Jabir ibn Hayyan gave in Kitab al-khawass al kabir one recipe for the 
annealing of steel and another for its hardening (see Chapter 5). AI-Kindi 
wrote also a treatise on the heat treatment of steels, other than the treatise 
that we shall summarise below. This carries the title of A Treatise to Ahmad 
ibn al-Mu 'tasim Billah on what Drugs are Applied to Iron and Swords so 
that they cannot become Broken at the Edges or Become Blunt ~i ~J :UL......J 

JS:i ':1-, t'~")' ':I ~ U ~I-, ~..l..:JI ~ C~ ~ .JJL: t' cl' .,l\ 0!. 

Several treatises in Arabic give recipes on the annealing and heat 
treatment of steel. However, the discussion of these is outside the scope of 
this chapter. 

AI-KINDI ON KINDS OF ISLAMIC SWORDS AND CENTERS OF 
STEEL PRODUCTION 

A~ong the extant works of Abu Yusuf b. lshaq al-Kindi (fl. 850), the 
phIlosopher of the Arabs, is 'A Treatise (Addressed) to some of His Brethren 
Concerning Swords'u ~I ~ <\..i1.".:..J ~ ~J :UL......J . The treatise contains 
much useful technological infonnation. However, we shall be content in this 
chapter to give al-Kindi's classification of the various kinds of iron and steel 
from which swords were being made. We excerpted the passages below 
from this treatise. 

Natural and Not-natural Iron 

'L~am .t~a~ iron from which .swords are forged is divided into two primary or 
~aIn . dlv~s l.on s: .natural (as 1~I~ed) and not-natur~l (i . . e. manufactured). Natural 
~ron IS ?Ivlded mto two dlvl slon_s: shabL!rqan ul! .J.J:lL..:;, and it is the male, hard 
Iron whIch can .be heat~treated ~ Jil! by its nature, and narmahan, which is 
the female so~ Iron whIch canno~ be heat-treated by its nature. [Swords] can be 
forged from eIther of these two kmds orrrom both combined . Thus, all kinds of 
swords t~at are made of natural iron fall into three kinds: shaburqani, 
narmaham, and those made ofa combination of both. ' 
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Not-natural or Manufactured Iron or Steel 

' Iron which is not natural (i.e. manufactured) is steel orfuladh j'i~ . It means 

the refined or purified l.,S9. 0011. It is made of natural iron by adding to it while 

smelting some (ingredients) for purifying it, and for decreasing its softness, until it 

becomes strong, flexible, susceptible to heat treatment, and until itsfirind jj.) 

appears. 
, 
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.o.1.i') ~ ~-' ~I ~ \..d 4l-o ..»'-"':l ~ ...:i-'\..:;...J -,. 7.].) <lJo, oJ ~~ ,->'! ."l\ ~ 

Three Main Qualities of Steel 

' This steel is divided into three divisions: the antique~l, the modem Gh...J1 , 
and the non-antique, non-modem. Swords may be forged rrom all these steels. 
Thus, there are three kinds of swords: the antique, the modem, and the non­
antique, non-modem. ' 

i9-, Gh..c ':1-, ~ ':I ~I-, GhA.l\-, ~I ~! t~i :ti)l:i ~J ('" .9;J ~':I~I I~-, 
':1-, ~ ':1-, Gh..c-, ~ :4..:i)l:i ~~':I~I u~1 tl.Ji\..S .u~1 I . J" .... o~ u-- F 

6~ 

'Antique' Means Top Quality Steel 

'Antique is not related to time (or age) but it indicates the noble or the generous 
qualities, as when it is said "an antique horse" meaning a noble horse (of good 
breed). That (sword) which has the noble qualities is "antique", no matter in 
which age it was forged . At the extreme end of the "antique" i its oppo ite in 
meaning, I mean that ( word) which is deprived of the qualitJe of the '"antique". 
That is why it was given an oppo ite name, i.e. modem, even if was forged before 
the time of ' Ad. Those (swords) wh ich have some qualitie of the "antique". but 
which are deprived of ome of its quali ties, are the word that exhibit orne of the 
qualities of the "modern". Therefore, the e sword are given a name in t11 middle 
between both, and they are class ified a non-antiqu ,non-modem e\ en if the) are 
forged in ancient or modem time . word-maker called ome of the e word 
"non-antique", and called by ome other "non-mod m".' 

..l1.J:l ~ lY'.) J\.9.:! ~ t fl I .) J ~ 0" <-,-lA> j:; Wl J: .)L..)I .)1 4:i:ic j.o ~ j:; ~-' 

.Y> ~I 0" ~'11 w.):JI-, .~ ~..l '-;?i .) ~ ~ ("fill ~I.".:.. ~ W .r-::,ft.l...! 
uts Ul-, Gh..c ~l ~I ~ ~ ~:ili ~I ~I.".:.. ("..le L.. ~I ~I . ...r o~ 
~I ~ ~I.".:.. ~ :i.....) . .:..-' ~I .y:>1.".:.. ~ oh ':ll L..1J . ..l~ j.oj ~ ~ ..l! 
':1-, ~ ~ ~ ~':II ~.h...,y.., t""L: ~I ' - !.! Q' ''~ 6 h..c.11 .y:>1y.. ~ ~ ~J 
':1-, \ S ' ;.,.~ ~ ~ ':I t""1 4J :ili~1 u-.a:i.:"U !~h ) .:,,1..0)1 ("..ili.. .:"ts .:,,1 . ~~ 

.I ~ ! ;" a ! ...r -...Jh..o 
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Three Kinds of' Antique' or Quality Swords 

' The antique swords are divided into three kinds. The first and best in quality of 
all is the Yemenite; the second is the Qal' i ~ and the third is the Indian.' 

Swords Forged from Imported Steel 

Some swords were called non-native ..u -"" ..J:!F. They were forged from 
imported steel. Some Khurasani swords for example were forged from steel 
imported from Sarandib; and this is the case in several other cities. 

Swords Forged from Local Iron 

'As for those native swords • .ll JA, they fall into fi ve kinds. Of these are the Khurasani, the 
iron of which is produced and forged in Khurasan; the Basriyya, the iron of which is produced 
and forged at Basra; the Dal17ascene, the iron of which is produced and forged at Damascus; 
and the Egyptian, which is forged in Egypt. Swords in this category may be forged in other 
places like those of Baghdad, of Kufa, and a few other places, but are not attributed to such 
places because of their scarcity. These are all the types of swords which are made from 
manufactured iron, I mean from steel. ' 

IRON FOUNDRIES IN DAMASCUS IN THE 12TH AND 13TH 
CENTURIES 

We find references to iron foundries in Damascus in medieval times in 
Arabic literature. Thus, in the book Subh aL-a 'sha (Cairo: Ministry of 
Culture) by al-Qalqashandi (d. 1418), when discussing government 
deparn:nents in Damascus during the Ayyubid dynasty (1171-1250), the 
followll1g statement occurs (vol. 4, p. 18): There are several small 
departments such as the department of foundries ~L..al\ :l.:;, for iron, copper, 
glass, and others.' 
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Then (on p. 190), al-Qalqashandi speaks about departments of the civil 
service in Damascus and says: 

Of these is the civil department of foundries ~L.....J\ P and the executive in 
charge of this department is the co~~terpart of the officer in charge of the military 
department of foundries ~L.....J\ .l.:O who was mentioned above when dealing 
with military officers (men of the sword). 

The History of Damascus City ~j ~~ ~)..:i (Damascus: Arab Academy 
of Science,1954) by Abu al-Qasim 'Ali ibn al-Hasan, known as Ibn 'Asakir 
(d.ll77), mentions (vol. 2, p. 58) the sites of iron foundries in Damascus. 

The Name 'Damascus Steel' is an old one and was used in Arabic 
Literature. 

Zayn aI-Din al-Dimashqi al-lawbari (d. 1232) wrote his book A 
SeLective Book on Revealing Secrets )Y"'J!I , 9.7.5 ~ "of;'; 0\1 (Damascus, 
1302 H) as a guidebook on how to discover cheating methods adopted by 
various trades and crafts. Chapter 8 is on 'revealing secrets of manufacturers 
of arms'. The following passage occurs (p. 61): 

They have a prescription for a (good) cutting sword: Indian steel or Damascus 
steel is taken and a sword is made of these steels which is strong, thick in the 
middle and thin at the edges, with evenness such that no place is stronger than the 
other. Then, if it is heat-treated with the above-mentioned water, nothing can 
oppose it. 

~..J ~)I 1.5~ , 92'" <U.o ~ ~j ) c.?~ ~'J!.;9 hy :tb\.9 ' 92'" ~ ~J 
<\.,j\j ~L.., 0 P; r-.ll:l.J \ I' W I tY> ~-~ ~ -"" U.a 1.5 ~i ~ -"" ufo 'J! l:JL...:i.a ~I r.JI 

• I'~ 4...o\.:J! ~ 'J! 

The passage below also shows that the tenn 'Damascus steel ' was current 
during the 14th century. The quotation is from a manual on quality control 
by Dia' ai-Din Muhammad al-Qurashi , known as Ibn al- Uhkuwwa (d. 
l329). The book is Ma 'ahm al-qurba fi ahkam a-hi ba r-l.S..:..i ~ ~yJI r-l~ 
4." ".,,\1 (ed. Reuben Levy, Cambridge, 1938; reproduced in Baghdad, 
Muthanna), p. 224: 

An honest and trustworthy (individual) from among them (the a~i ficer ) i cho en, 
(as inspector). He prevents (them) from mixing steel needle With tho e made ot 
armahan (soft iron,) for, when sharpened, the latter may be confu ed as made 
from Damascus steel, Therefore, each quality should be separate ~om the other, 
and he shou Id take an oath fTOm the artisan to follow the e r gu lat Ion . 
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t'" ~j'(~1 y'll l.Jhl';'J u i (pi oJ ~t.i.....::. ~i c.Y> 40i ~ ~.J ~ wY-;1 
'lJh c.sk 4-lo { Ai. a JS ufi:l J: ~.lll j'JI~~ hI,.;" u i j~ ~ IjJ ~y u4-0.J'JI1 

.~lE ~ t~\ l AI'J.J 

IRON MINES IN THE LEBANON AND ANTI-LEBANON RANGES 

Iron and steel foundries in Damascus were using the iron ore of the Lebanese 
mountains. The Geographer, Shams aI-Din Abu 'Abd Allah al-Maqdisi (also 
known as al-Muqaddasi, d. c. 1000), in Ahsan al-taqasim fi ma 'ri/at al­
aqalim r::1\..!YI :u Y-'" ~ ~\..U\\ ~i (Leiden: Brill, 1906; reprinted 
Baghdad, Muthanna), p. 184, when speaking about iqlim ai-Sham (i.e. Syria) 
states that there were iron mines in the mountains of Beirut. 

In like manner, al-Idrisi (d. c. 1160) in Nuzhat al-Mushtaq fi lkhtiraq 
al-Afaq J\.9'J11 Jlfol ~ JI, .~{ol\ 4.A.j.i (see Eilhard Wiedemann, Aujs6tze zur 
arabischen Wissenschaftsgeschichte, vol. 1, p. 740) reports that iron ore in 
large quantities was being mined in the vicinity of Beirut and transported to 
all parts of Syria. 

Ibn Battuta's famous travel account, Rihlat lbn Battuta ~~ 0!\ A..b..J 
(Beirut, Sadir, 1964), contains a remark by the author (p. 62) to the effect 

that when he stopped over in Beirut in 1355, iron was being exported from 
there to Egypt: 

Dawud Ibn 'Umar al-Antaki (d. 1599) in his Tadhkira e,sSlh.i'JI\ ..l.J\..l op.ii 
(Cairo, n.d., p. Ill) defines iron and describes the manufa; ture of steel from 

soft (female) iron in crucibles. He states that iron originates 
from Sham (Syria), Persia, and Venice. 

In the 18th century (between 1792 and 1798), the German traveller, U l. 
Seetzen, in his Reisen (Berl in, 1854), Bd, 1, pp. ] 45 , 188- 91 , reported that 
the ferrous industry in the Lebanese mountains was still flouri shing. 
Operations involving mining, smelting, and the fabri cation of steel 
implements were in full swing. 

Damascus Steel in M edieval A1"abic Sources 309 

In the 19th century, W .M. Thomson, who lived in Syria, refers in his 
book The Land and the Book (London, 1886) to iron in the Lebanese 
mountains and to iron ore mining and smelting, which operations were still 
going on in about 1834. 

In ]921 , I.M. Toll wrote a paper on the Mineral Resources o/Syria 
(Engineering and Mining Journal, vol. 112, 1921, p. 846) with a map 
showing the iron ore deposits . He describes the quality of iron ores and the 
locations of iron ore mining which was still going on in some localities. He 
states, however, that smelting of iron in the mountains of Lebanon ended in 
about 1870 due to scarcity of wood and fuel and the low price of imported 
lron. 

CONCLUDING REMARKS 

We have provided important information about the production of pig iron, 
cast iron, wrought iron and steel in Islamic lands; have discussed three 
methods for producing steel ; and have given al-Biruni 's explanation about 
the fonnation ofthejirind or pattern in sword blades. 

We have also given a comprehensive summary of al-Kindi ' s treatise 
which provided useful information on the kinds of Islamic swords and the 
centres for the production of iron and steel from local iron ores in the eastern 
lands of Islam. 

We also reviewed the history of the steel industry in Damascus, Syria 
unti I the end of the 19th century, and reported on the iron mines in the 
Damascus region. 

Although the myth about the role of Damascus as a trading centre only 
for wootz steel has now been dispelled, it is interesting to rai e the que tion 
of how that myth came into being. 

The answer seems to be as follows . As the Industrial Re olution got 
underway, European steel-makers sought to emulate the quali ty of DaJ?a cu 
blades. 8 At that time wootz steel was imported in to Britain from Indla; and 
Syria and other Islamic lands were not known to be centres for teel 
production. Thus, the myth evolved that 'Dama cu steel' wa made from 
wootz steel and that Damascus was only a trading centre. 

8 TJ . J ' 1I 'I of Dama u steel i' 011 idembl . . le literature on the European re ' earc 1 11110 le ecn; '.., 
. . f If ' C r'1 nl1th' A HlstoT\ ' oj The 1I11ere ted reader \NII I find an account 0 muc 1 0 11 111 ) 1 . • 

Melallography (Chicago: The Uni er il) of Chicago Pre, , 1960). 
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Figure 10.2 MS. Chester Beatty 412], fo. lv. 

Figure 10.3 MS. Chester Beatty 4121, fo. 2r. 

Index 

Abbasid Caliphate, 5, 32, ]57 , ]94, 
207 

Abu al-Qasim's Treatise on Ceramic , 
97 , 141,207 

Abu al-Walid Isma'il ibn Nasr, 276 
Abu Bakr al-Kuwarizmi, 108 
Abu Man ur Muwaffaq, 109, 112, 

113, 140 
Abu-I-Fadl 'Allami, 129 , 140 
Acids, 110-113,127,248,249 

- Sharp waters, 94,110 
- Mineral acids, 110, ] 11, 113 
- Nitric Acid, 3, 4, 56, 64,111, 

127 ,128,235,237,239,241, 
243,245,247-253,255,257 

- Aqua regia , 4, 127, 128 , 
247-250,252,257 

- Sulphuric acid, 111,112 , 248 
- Hydrochloric acid, 112, 127,248 
- Silicic acid, 112 
- Organic Acids, 112 
- Acetic acid, 112 

Adam McLean, 31, 83-85, 87, 239, 
247,248 

Adrak or adhrak; 186 
Agricola, GeOI'giu ,240,241 
Albertus Magnu ,58 
Alchemy, 1-4,7-23.25-27,29-32, 

35,54-56,58,59,62-71,74,76-79. 
81-87,89-92,94,95,97,98,101, 
103- 106,109,113,120,142,143, 
145,147 , 190, ]98,203,204,235. 
237-240,242,243,246-248,253, 
257,276,283,290,291 
- Alchemy and chemi try in unci 

ent civilizations. 8 

- Alchemy and chemistry before 
Islam, 9 

- Beginnings of Arabic alchemy, 
12 ,64 

Alcohol, 3,5, 113 ,283-287,289-293, 
295,297 
-'Arag,5,285,286,289 
- Alcohol wine bottles, 283 
- Flammable vapours at the 

mouth of bottle ,283 
- Alcohols exported from Arab 

1and,286 
Aleppo,5,26,51,63,65 , 99, 110, 118, 

120,121,142,144,145.151, 198, 
224,237,240,254,264,281,299, 

Alexandria, 9,12,36,63.72,106, 
132,145,146,158, 159,202.203. 
234,237,272 

Algecira (al-Jazira).278 
Alkali; al-gili. 64, 96, 97. 103, 110. 

112,113,118,119,128,210,213. 
214,217,224-226.232.241.244. 
248, 251 , 254, 303 
- alt of alkali: alt of al-qili, 64, 113 

Alum, 105, 110, Ill , 137,164.170. 
218.219,221,223,225.226,235. 
240.2~6.249,250.254,256.25 
- Yemeni alum (, habb yall/Qni). 

111 , 16~, 221. 223. 226. 233 
Amalgamation. 21 , 127 

~ 

AndaJus, 5. 18.63.104.115.123. 
134,136, 139.150,23,.27 . . 27~. 
275,276,280.2 1.29_ 

nla.ki. Oa\\ ud Ibn ' mar al-. 109. 
116,118-120.139- 14[,210,211. 
252. 285 . 286.30c 



312 Index 

Antioch, 80,121 ,252 
Aphronitrum, 238, 240, 253 
Arguments for and against transmuta-

tion,62 
Arnold of Villanova, 69,291 
Arsenic, Zarnikh, 56,64,66,71,72, 

92-96, Ill , 124, 150, 152, 153, 
162,164,184,218,219-224,243, 
245,246,248,254 
-Red zarnikh, 162,216,217 , 243, 

245 
- Yellow zarnikh, 152,153,164, 

213 , 216-218,243 
A syrian Cuneiform Tablets, 197, 198 
asyus, 251,252,258 
Avicenna, 30, 56, 59, 61, 83, 92 
Ayyubid, 253, 306 
Babylonians,8 
Baghdad, 27, 62, 112, 142, 143, 191, 

196,197,203,238,281,286,306, 
307,308 

Baku,118 
Balinas; Apollonius , 11,20,56,65-67, 

69 , 70,85 , 91 
Barud, 235,237,251-255,258,268, 

269,272,274,279 
Basra, 175 , 191, 194,255, 306 
Battle of aI-Man ura, 260, 275 
Battle of 'Ayn Jalut, 4 
Battle ofCrecy, 5, 278 
Battle of Rio Sal ado or battle of 

Tarifa , 277 
Bauraq,81, 103, 155, 184,235, 

238-240,254,257 
Beirut, 65,142-144, 151 , 190,210, 

234,238,256,279,280,281,308 
Berthelot, Marcelin, 1-4, 15 , 26, 

31,53-55,59,61,63,64,66,69, 
71-73 , 79,85,95-98, ]09- 111, 
141 , 143,145,190,196,199,201, 
238,240,243-246,25 1,253,254, 
264,282,284,290,29 1 
- Berthelot's Assumption , 54, 55, 73 

- Refutation of Berthelot's 
Assumptions, 55 

- Choice of Jabir's works made by 
Berthelot,61 

- Belthelot' ignorance of Arabic, 61 
Bolos of Mende, 10 
Book of Seventy, 15,56,58.72,74, 

75,106 , 147,201,243-245,248 
Book of the Hidden Pearl, 63,191 
Bookbinding, 136-138, 141 ,211 

- Gilding techniques, 120 
- Gold tooling, 137 

Brass, 129,130,174,175,183 ,200, 
210,211,213 , 218-220 , 223 

Bronze, 105, 130, 131, 133 
Bubacar, 79 , 80 
Bubacaris and the Summa, 92 
Byzantium, 115, 132, 199 
Caiger-Smith, 123, 141, 194,204 
Cannon, madafi', 3-5, 133,257,263, 

267,268,269,270,271,272,273, 
274,275 , 276-278,280 
- makahil al-barud, 272 
- Development of cannon in the 

Mamluk Kingdom, 272 
- Development of cannon in Al­

Andalus and AI-Maghrib, 273 
- Two earls transfened knowledge 

about cannon and gunpowder to 
England, 278 

Carini, Isodoro, 80 
Cause of sulphur, 100 
Cause of mercury, 99 
Caustic Soda, I] 3 
Charlemagne, 114, 141 
Cinnino Cinnini, 156 
Clear glass, 129,219 
Cobalt blue (lazaward), 123 , 19] , 

208 , 211,212,217,218 
Colouring of glass, 3,63, 147 , 149, 

]50 , 19L , 195- 198 ,202-205,227 
- Diffusion , 54 , 83 , 130, ] 98,202, 

204,206,209 

Index 313 

Composition of metals, 69,95 
Composi tiones Variae from Codex 

490, Bibliotheka Capitolare, 
Lucca , L99 

Constantinople, 33, 132,291 
Copper, 7,8 , 20,22,24,25 , 66 , 

68-70,99,100,105,122-124, 
127-131,152,154,168,173,195, 
198 , 199-202,205,209- 226 ,230, 
233,237,24],244-246,254,258, 
272,306 
- Copper, burnt, 210 
- Tinning copper, 130 

Cordovan leather, 137 
Corpuscular theory, 3, 67 ,91 
Corrections Books, 15 
Co metic , zina, 63, 147, 150 

- Cosmetics Recipes, 150 
- Dyeing hair yellow gold, 152 
- Dyeing skin with golden colour, 

152 
Crude oil, 117, 118 
Crusades, 115,132,138 ,259,260, 

265,275,282 
- Potassium nitrate used during the 

Crusades, 259 
Damascus, 3, 5,18 ,29,30,33,34, 

36,114,115,117,118,120-122, 
131,138,142,148,151 ,194,208, 
213-215,219,224,250,252,253, 
259,268,271,272,286,299,301, 
302,306-309 

daus, ee iron and teel , 5, 103,148, 
159, 187,300,301,303 

Dayr BalTan; Dayr MUlTan, 36 
De aluminibus et salibus, 56. 96 
De Inventione Veri/atis. 53,244.245. 

248,250,253 
De Investigatione Pelj'ecfiolli ,3,53, 

54,75,76 
Debate about the validity of al-San'a 

(the Art), 19 
Desalination of ea and brackish 

water, 63 

Dimashqi, Abu al-Fadl Ja'far, 125, 
14] 

Dimashqi, Shams aI-Din, 141 , 280 
Dioscorides, 253, 255 
Distillation, 5, 21 , 108, 110-115, 

117, ll8 , 131,132,141,248.249, 
283-285,287-292 
- Distillation of bricks, 112 
- Distillation of crude oil, 118 
- Light fraction , 118 
- Heavy distillates, 118 
- Distillation of essential oil , 114 
- Distillation of rose water, 108 
- Distillation of wine, 5,113.283, 

284, 289-291 
- Dry distillation of wood, ll2 

Dozy, R. , 149, 186,190,234, 255, 
256,274,282 

Edelard of Bath , 237 
Egypt, 7-12,15,16,19,32-34,105, 

108,117 , 119,120-123 ,132, 136, 
138, 139, 143, 150 , 161,163, 184, 
188, 190- 192, 197-199.201.209. 
210,216,219 ,223,251-253 , 
259-261,269,272,274,280,284, 
286,306,308 

Egyptian technician called to China. 
138 

Enamel (//Iina) . 119,123,196,200, 
201,205 , 215 

England, 30, 56. 79 . 85. 130,239. 
278,280 

Ercker, Lazaru ,240,241 
E sential oiL, 11-1-. 115 
Exhalation theory in Arabic and in the 

Ul11Ina, 64. 10 I 
Farabi. 5. 61. 62. 2 .f 
Firework . .f.IO ,132. r7, 261. 263. 

266.26 .279,2 ° 
- harraqar al-naft, 279 
-Iwrraqat al-barud, _79 

Fla, fibre. 134 
FloweL of <\ , ) L1 ,' stone. 25 L . _58 
FlUgel. 62.202. :D-J. 

~ 



314 

Frllilce,54, 115, 123 ,20 1,203,276, 
278,280,282,291 

Frederick n, 237 
Freezing of water, 256, 258 
fuladh, see iron and steel , 103,300, 

301,305 
furusiyya treatises , 132, ] 33 
Fu tat, 122, 191,194,259 
Geber,3, 14, 15,30,31 ,53-61,69, 

73,74,76,79,83-85,89,92,97, 
98,106 , 109,145,190,244,245, 
248,250,253,257 
- Geber Problem, 3, 53, 55 , 97, 

145 
-Alchemical Works ojGeber, 61, 

244,250 
Generation of Metals in Kitiib sirr 

al-khaZfqah, 99 
Gerard ofCremona, 58 , 240, 243, 

245,246 
Ghalib, 30, 32, 35, 36, 39, 40 , 48 
Glass , 3, 9,63 , 96, 97, 103, 105-107, 

112,119-122,141,145,147,149, 
150,156,160 , 165,167, 169,174, 
180-182,184,186,191-203,204, 
205,207-216,218,219, 223-227, 
229,254,303,306 
- Glass engraving, 120 
- Glass factories at Corinth, 121 
- Glass furnaces, 196 
- Glass-workers taken to Samar-

qand, 120 
Glue, 124, 155, 156, 169-171, 179, 

185 , 227,229,232, 279 
- Cheese glue, 156,229,232 
- Fish glue , 124, 155 , 169, 170, 

179,229 
Gold , 7,8,10, 17-26,31 , 40,62,63, 

66-72 , 89,94,96,99-101,104, 
105,107,108,126-128 , 137,141, 
149, 150,152,154, ]55, 162, 165 , 
175,178,180,183-185 , 21 1, 214, 
216, 219 , 22]-224,237,244,246, 
247,250,251 

Index 

- Gold-bearing alluvium, 126, 127 
Granada, 123,273 , 276-278,280, 

282 
Great Book ojProperties, 15,61,106, 

145,146 
Greek fire , 132, 133,143,235 ,259 , 

282,284 
Gunpowder, 3,4,108 , 109, 132,133, 

143,235 , 252,254,255 , 257 ,258, 
260-279,282,284 

HamdanI, 62,107,126-131,141, 
246,247 , 25] 

Harun a1-Rashid, 13, 14, 114, 157, 
204 

Hemp, 134, 156, 179 
Heraclius; Hiraql, 32, 33 
Hermes Trismegistus, 11 
Hirz al-Hakim, 203 
Hisham ibn Abd al-Malik, 192 
History oj Damascus City, 307 
Hoffmeyer, Ada Bruhn de, 276-278 
Holmyard,EricJohn, 1, 14, 17, 18 , 

20,26,31,35,54-56,61,62,65 , 
70-73,89,94,97,98,105,106, 
112 , 113,120,142,239,242-244, 
248 

Houdas, 85 
Hudry, Franc;oise , 65 
Hugh de Santalla, 99 
Hunter, Dard , 142 
Ibn aJ- Bay tar, 109, 152, 190,2]0, 

235,238,251-256 
Ibn al-Jazzar, 114, ] 42 
Ibn Arfa' Ra's, ] 8 
Ibn Badis, 107,124,125,134, 

136-138, 142,284, 285 , 294 
Ibn Bakhtawayh , 256, 258 
Ibn Battuta, 118 ,308 
Ibn Fadl Allah al-'Umari, 272 
Ibn Hawqal, 108 , 115 , 142 
Ibn Jubayr, 117 , 142 
TbnKhaldOn , 19 ,63,275,276,28 1 
Ibn Rasul, Muzaffar Yusuf ibn 'Umar, 

107,118, IJ9 , 142,279 

• 

Index 315 

Ibn Sidah, 142 
Jbn SIna , Ibn Sina, 17, 19,20,30,56, 

58 ,61,62,70 , 83, ]09, ]5J ,152, 
238 

Ibn Umayl, ]5-]8,32 
Ibn Wah hiyya , 16 
Ibn Hudhayl , Abu Zakariyya Yahya, 

277 
Idrisi, 308 
Ikhwan al- Safa , 20 , 64 , 65 , 71 
'i/m al-khawass , 146, 147 , 151,156 
'i/m al-mizon, 147 
Industrial chemistry, 1-4, 7,14,59 , 

63 , 105 , 106, 109, 110, 144- 146, 
157 , 198 , 204 
- Sources of Arabic industrial 

chemistry, 105 
- Arabic industrial chemistry in 

Latin, 109 
Inks, 63,107,108 , 124,125 , 147, 

154, 155 , 158 
Iraq, 27, 62, 80 , 90 , 111 , 117,122, 

123, ]44, 191 , 192, 194, 243 ,251 , 
281,286 

Iraqi al-Simawi, 18,51 
Iron and steel, 5, ] 03 , 131 ,299, 304, 

308 , 309 
- Carburising of soft iron, 299 
- Declli'burizing high carbon iron , 

299 
- Pig iron (or cast iron) from ores, 

299 , 302, 303 ,309 
- Cast steel by refining pig iron,303 
- Damascus steel, 3, 5,131, 148 , 

299.301,302,307,309 
- Cause of the firind or the pattern 

on blade, 131, 148 ,30 1,302 
- Crucible steel, 299, 302 
- Making crucible teel in Dama -

cus,302 
- Compo ition of steel, 14 ,299, 

300 
- Dau ,5,103, 148, 159, 187,300, 

30 1,303 

- Narmahan, 5, 148,159,189, 
300-304 

- Shaburqan, 301 , 304 
- Methods of Steel Production, 303 
- Annealing and hardening of steel, 

304 
- Production of pig iron and cast 

steel on industrial scale, 299, 
302 

- Swords forged from local iron, 
306 

- Iron foundries in Dama cus, 306 , 
307 

- Yemenite swords, 306 
- Antique , not related to age, indi-

cate noble qualities. 305, 306 
- Iron mine in the Lebanon , 308 
- Iron filings in paints. 154 

Ja'far al-Sadiq , 13 ,26,111 , 112,142, 
144,249 

Jabir Ibn Hayyan, Jabir, 3,11-15.19, 
26,32 , 53 , 54, 58.59.61-63,65 , 
70,72-74 ,76,89-9 1,94,105, ]13, 
119,121 ,124-126, 139.142,145. 
157.161 , 172,176,181, 183.185. 
190, 191 ,195,204 , 209.234.243, 
248,257,283,285,287.293,299, 
302-304 
- Jabir, philosopher. 7.9. 15. 19. 

26,29,30,34,35,37,40.49, 
56, 58.61,62 ,87, 101,164, 
165 , 175. 177. 181- 183. 196, 
237,304 

- Jabir, practical chemi 1. 145 
- Jabir. un-known in the We 1. 56 
- Allegorical tyle of Jabir. 59 
- Unique Jabir trait in the Summa. 

73 
- Di P r, ion of cience. N 

Jalivu. 134 
Jildaki. 5. 17- 20,26, 1. 62 . 65. 68. 

89.90,147.149.151.156.246, 
299.302.303 

John of Damascu. 30, 3.:' 



316 

John of Rupescissa , 87 
Joinville, 260, 282 
Jur, 115 
Kallinikus, 132 
Kamili , 107 , 108 , 136, 142, 143 
Karak ,272 
karaz shami , 259 
Karshuni manuscript, 95 , 110, Ill , 

119, 132, 143, 196,236,240 ,246 , 
25 1,253,264,279, 

Khalid Ibn Yazid , Calid, 2, 12, 13, 18, 
26,29,34-37,56,62,239,242,257 

Khllrasan , 13, 134,240,306 
Khuwarizmi , 143,234 
Khuzis lan , 117 
Kindi,al -, 5, 19, 62 , 106, 109, 11 4, 

116, 12 1, 126, 139, 140, 143, 148 , 
196, 205 , 210,216,220,284,288 , 
293,299, 01,302,304,309 

Kirman , 130,2 16 
Kilab al-aniq ji al-manajiq , 268 
KilClb al-asrar (KA), 16,27,76- 80, 

86,92,96, 98,106 , 110- 11 3, 118, 
12 1, 124, 144, 196, 239,246 

Kilab al-d/(rra al-makniina, 63, 106, 
I I 9, I 2 I , I 42 , 145 , I 46 , 149, I 56 , 
158, 166, 169, 191 , 195,202- 204, 
208,209,23 1 

Kilab fi funltn al-libb wa-al-' ilr , 142 
Kilab al-hadid, 302 , 303 
Kitah, al-hayawon, 62 
Kilab al-hiyal ji-l-hurub wa falh al 

mada'in wa hift. al durub , 295 
Kilab ikhraj ma/i al-quwwa ila 

al-)I '/,283 
Kilab al- 'i/m al-muklasab./i zira'a/ al 

dhahab ,20,26,31 , 65 ,70,89 
Kilab al-isharct ila mahasill al-lijorct , 

I 25, I 26, 14 I 
Kila/) ilhbal al-san'a, 16, 19, 62 
Kilab al-jamahir ji ma'rifal al-jawahir, 

107, 126, 134, 141 , 196,234,300 
Kilob al-jami'/i muFadat aL-adwiya 

wa al-at;hdhiya, 2 10,238 

Kilah (/1-jo wlwJ'(JluYI/ al-'aliqaluYI7 al 
rl/a'iyyala)'1/ u/-sCfj'ra'wa al-baydo' . 
107, 126, 14 1, 246 , 247 

Kilab al-jllrl/al al-'ishrfn , 64, 72, 106, 
142,243,285,287 

Kitab javb al-'ams wa rayhal/ 01 
1lI ~{t IS, 107, 11 4, 144 

Kilab kall o;. 01- ikltlisas ji 'ilrl/ al-kha 
wass, 147, 149, 15 I 

Kilob al-khc7/is a/-l1l11b(lrok , 72, 106 
Kilab al-kllClwass al-kabir , 4, 15,6:1, 

64, 72, 73 , I 06, 11 9, I 2 I , I 2 126, 
142, 145- 147, 155, 158, 159, 161 , 
166, 172, 176, IHI , 183, 185, 195, 
202,204,206,234,299 

Kilah //'W la yasa 'Il al-Iahiba 
jaltlllllll, 25 I 

Kilab nta'olil1/ al-qurboji ahkal1/ 
al-hisha , 125, 142, 307 

Kilah al-madkhal al-la'lil1/i , 16 ,239, 
245 

Kiwh ma/alih al-'ulunt , 108 , 110, 143, 
2 16, 234 

Kilah ma/alTh al-rahnta wa lnasc7hlh 
al-hi/<I1IO , 65 

Kilah aL- malilt;him, 62. 69, 86 
Kilob al-I7I1!/id aL-khass./i 'ilm al­

klwwass, 147 
Kilab aL-ntllkhassas, 108 , 142 
Kilah al-lIIllkhlar ji kashf al-asrar wo 

halk al-aslar , 107,253 
Kilab al-nlllkhlara'ji /Ul1l1n Inin al­

S/.l.110' , 107 , 11 8, 142,279,28 1 
Kilah musaltllClhol UZalun , 94, 106 
Kiloh nihoyal al- arahp funun 

al-odad, 143,285 
Kilab nihayol al-Ialabfi shorh 

al-muklosab,26 
Kilab nllkhbru al-dahrji 'ajo' ib 

aI-heir!' wo al-bahr , 141 
Kilah nUl,hal ol-ntushloq./i ikhlirorl 

o/-qj'aq , 308 
Kilrib ol-qul/lln fi al-lih" , 15 1, 23R 
Kil{(/) 01- mh{( , 77 , 90 , 9 1 

IlIde\ 3 17 

Kilob al m/ul/o ol-kahr,. , 93 
Kiloh ol-riyad, 72,75, <)4 , 106 
Kilo/J mlahol 01- "akin/ , (i5 
Kilob al-suh'ill, 243 245, 248 
Kilo/J ol-soydallojl al-libh , 2 19 , 

2,)4,238 
Kilo/J .\illa'(f/ ta.\fir ol-/Wlub , 138, 144 
Kilah si,.,. ol-usrar , 16,27,80 ,89, 

106, 144,246 
Kilah subh (11-(1 'sho , 137, 143 ,272, 

28 1 , 306 
Ki((fb s/(lIr/nq al- Itik/l/(/ , 64 ,83, 95 , 

96,97, 1()6,248,255 
Kiwb 01 fara/(uq./i al-'il"; Kilab kimi­

va' al-' il" wo al-Ias'idol , 106, 11 4, 
143,284 

Kilab {l1 wsrif lil110n '{(jiza '0/1 '01-
10'1((, 144, 150 

KiwI? 'll/IIe/al 01 A aI/ab and 'ucldal 
dhowi al-alhah , 107, 124 

Kiloh USlllqllSS al-uss al-Ihalilll, 73 
Kilab 'IIYU II al anba' , 256, 280 
Kilob 'uYlln al-haqa' iq wo idoh 

ol-Iara'iq , 147, 152 
Krall s, Paul , 14,26,32,58,61,65 , 

73,74, 146, 158 , 159, 190,234 
Kura , 13, 14, 115, 191 , 194,306 
Kutubi , 25 1, 252 
La hil1lie (//{ Moyen Age, 26, 53 , 54, 

79, 85, 95 , 96, 109, I 10 , I I I , 14 1 , 
190 , 196,240 ,282 

Lapis I<,II.U I i , u lzoword, 124, 207, 
208 ,2 11 

Lolill MS'S ofKilob 01 Asra,. of 
al-Ra,:.I , 77, n 

Lead , 7, 19 ,20 ,22,24,25, 4~ , 66, 67, 
7() , 94 , 96 , 99 , 104, 120 , 122 124, 
I 28, I 30 , I 3 I , I 49, I 53. I 55, I 60 , 
16,), 165, 168, 173, 179,181,188, 
200 , 20 I , 209 2 I 2, 2 I 5, 2 I 7, 2 I <) , 

22 1,223 226 ,230 ,245,272. 2H7 , 
2XH 

ro.\(/.\' qul'i, 64 
m .\(/.I'lIsl'IIh . 110 

Lev~y , Martin , 77 , 105, 13R, 142. 
143, 2 1 I , 256 

Uher c/urilalis, 53, 79 , 83 
Libel' de COIl1fJosiliolle !\Ichimioe , 2, 

12, 1:1 ,26,29, 38,56,62,85,87 
Uber rI(' I.XX; Uher de Sepli/ot;inla , 58 
Uher./rm/(/cII/II , 53, 59, 60 , 73 
Uber Geberis De Il/ v('s ligaliol7e 

Pel:(eclioni.\ Magislerii , 53, 54, 75 , 
76 

Liher igniUlII , 109, 143,29 1 
Uber Lumel/ Lllminlll11 , 56, 240, 246 
Liher Misericordiae Geber , 76, 85 
Liher qllieli.\', 90 
Libel' Secrelorum de Voce fjllbacaris , 

77 , 81 
Linseed oil ,1')9 , 153, 154, 168 , 174, 

177 
Li san ai -I in ibn al -Khatib , 276, 277 
Louis IX taken pri<.,oncr, 260 , 275 
Lustre painting, 1010\\'il1 , 120 , 121, 

192, 193,195,200,204,218,224 
Mar/rosa al -Ni;,amiyyah, il.lJJ11i yya 

, chool , 203 
Maghrib , 11 7, 1')9, 142,223,25 1, 

254,27],274,275 
Magister Salcrnu<" 290 
Majriti , 17,65,89 
Malik al-Kam tl , 253 
Manganese, 120, 122, 123,200,2 10 
Mankali Hugha al- ham,> i ,271 
Mansur. al-, 33, 260, 275 
Mapp(/ (' /m 'inr/o , 3. 156. 158. 199, 

201,208 ,2l7,2t)O ,29 1 
Marcu... Jraec u<." 109 ,29 1 
Marinld ,275 
Marrakl.,hl. 197,20 ,205 . 209. ~ 10 . 

212.2 18.220,222.223.22R 
Maryanu,> (MOIll:JlU.,) , 2, 12. I .. _6. 

29 15. 7 39.4 1 5 1, 56 , 62, _39. 

242 
Mas'ud Rukn <1 1 1)111 M:l\\dud . 2.1 
Ma., 'udi . IOX, II X. I _(l. 141 
A/(I\/lcIilll, "l'~ trip hal1lllll:r .... 126, 13-1 



318 

Mawla, 30, 32, 36 
Mazyad ibn 'Ali, 302, 303 
Medical school of Salerno, 290 
Mediterranean, 125, 130,139,226, 

276,286,290 
Mercury, 3,20,23,25,56,64- 72, 

91-96,99-101 , 111,127,129,131, 
155, 160, 161,181,211,228,233, 
237,248 , 249,254 
- Mercury Alone Theory, 3, 67,68, 

91 
Metallic colours, 123 
Michael Scot, 58,96,237 ,238,240, 

246,247,274 
milh al-ha 'it, 250, 251 , 257 
milh al-qili, 64, 113 
milk al-ramad, alt of ashes, 113 
milh hajarasyus, 252 
Military fires, 113,118, l32, l33 , 

259,260,274,284 
mina (enamel) , 123, 196,215 
Mongol horses frightened away, 4, 

269,270,271 
Moor's Head, 288, 289 
Morocco, 136 
Mu'izz Ibn Badis, al-, 107 
Murda ibn 'Ali al-Tarsusi,132, 133 
Mu'tadid , al-, 196 
Naft, 118,132, 133 , 179, 186,263 , 

266, 268,269,274,275,277-279, 
281 

Narmahan, see iron and steel ,S, 148 , 
159, 189 ,300-304 

Nasrid , 276 
Natrun, 110, 118,208,210,2 13 ,215, 

217,232,236-240,243-250, 257,259 
- Natrun as a flux in metalluray 

b' 
240,243,246 

Newman, WiJJiam R., 3, 53 , 55, 
66-73,75-78,81,83,84, 91 - 96, 
98 , 190 
- Newman adopted Ruska's 

assumptions, 55, 76 
- Newman's imaginary diagram , 77 

Index 

- Refutation of Newman's 
assumptions, 75 

Nineveh Library of Assurbanipal, 197 
NisapCir, 191 
ni tra salt, 240 
Nitre, nitrum , 236, 237,239,240, 

242,247,248,251 ,253,255,256 
Norman Conquest of Corinth, 121 
On Divers Arts , 156,200 
One Hundred and Twelve Books, 15 , 

202,203 
Packing of parts of a metal, talz.fz; 

tarz.lz, 67,68 
Paints, 63,108, 124,149,153,154, 

155,158, 166,171,175-179,208 
Paper, 54, 59,64, 65, 73, 76, 77 , 

79-81,107,108,110, 127,134-137, 
142,155,157 , 162,165,185,204, 
273,279,282,299,309 
- Method of manufacturing paper, 

134 
Paul of Taranto, pseudo author of 

Summa, 3, 53, 55, 67,75-78,84, 
92,94,95,98, 

Pearls, 4, 63, 119, 149,150,160,16], 
191,197, 204,206-228,229,232 
- Purifying of Pearls, 191,227, 

228 
-Altificial pearls , 63,149,150 , 

160,206, 227 
Petroleum products, 117 
Pharaonic glass, 203, 209, 210, 

212-214 
Physica et Mystica, 10 
Polverine,97 
Potassium Nitrate, 3, 4 , 8, 64 , 103 , 

108,110, 111, l32, 133,208,235-
237,240,242,246,247,250-26 1, 
268,273,274,282 

Processes in alchemica l and chemical 
practice, 21 

Qa lqashandi, 108, 136, 137, 143,224, 
272,281,306,307 

Qanunal- , 109, 151 , 152,238 

Index 319 

Qashani,Abu al-Qasim al-, 108,114, 
122,143 

Qasral- Hayral-SharqJ, 191-193 
Qazwini,108 
q iIi, 64, 97, 112, 113, 119, 213, 217 , 

232,251 
Raqqa , 120,122, 191,204 
RasiJ'illkhwiJn ai-Sofa' wa khillan al­

waJa', 65, 71 
Razi (Rhazes), 4,15,16 , 21 , 27 , 30, 

55,56,58,59 , 62,67,76-82,86 , 
88-90,96-98,106,109-113,118, 
1 19, 121, 124, 125, 129, 144 , 147 , 
196, 239,240,244-247 , 249,251 , 
257,286 

Riccardiana DJP, 73, 76, 77,81,89,97 
- Jabirian paragraph of the DIP on 

which Ruska and Newman 
based their conjecture, 77, 83 

- Arabic technical term in the DIP, 
77,87 

- Arabic and Islamic expressions in 
the DIP, 77,85,94 

- Jabir as the likely main author of 
the DIP, 77 

Risalahfi anwa' al sltyufwa al-hadid, 
143 

Risalat ibtal da'wa al mudda'in san'at 
al-dhalwb , 19, 62 

Risalat Ja'jar al-Sadiq fi 'iZm 
al-sal1'a, 111 , 142 

Robert of Chester, 2, 29,30,31,56,242 
Roger Bacon. 4, 29, 58, 82,109. 143, 

259 
ruh al-/1/ilh , 112 
nth al-tlltiya , 129 
Ru ka, Julius , 2, 53-55. 73, 75. 76. 79. 

80,84,85, 103 , 104, 142. 158.249 
- Refutation of Juliu Ru ka,53 

Russell, Richard, 57, 6 I , 244 
Sal ammoniac, NI/shadir. 66, 88. 93. 

94,96,110,112, /65,212,215. 
2 18-223,228.230.232.247.24<. 
249,252,254 

Sal annatron , 239 
Sal nitri ; sal nitrum; salnitrum folia-

tum , 235, 236, 239, 24] 
Salah ai-Din , Saladin, 132, l33, 272 
Salih ibn Yahya, 272 
Saltpetre, saltpeter, sal-petrae, 4, 

8,133 , 235 , 238-241,245-247 , 
251-253,255 , 258,259,268,274 
- Saltpetre a a fluxing material, 

241 
- Saltpetre , hooting on walls, 236 

Salt of urine, 112 
San1arra, 120, 122,123,191 , 194, 195 
Sandm'us (sandarac), 153, 154, 163. 

167,168,171 , 173 , 175,178,184, 
222 

Scienceofpropertie , 146.150, 151, 
156 

Science of the balance, 147 
Secret oJ Creation, Sirr al-Khaliqa, 

11,56, 65-67 , 70 
Secrets of Syrian glas making 

brought to Venice. 121 
Sharh Kitab al- rahma, 69. 70. 93 
Shawar.259 
Shiha which isJound at theJeet oJ 

walls. 240 
Shura; ShU/'aj, 255. 258 
Siege of Acre, 260 
Sijilmasa, 275, 276 
Silver, 7. 8.10,17,19,20-25.32. 

62,66.68.69.71.72.99-101, 
105.107.120.123.125-12 .130. 
150.153.162.163.195.201. 20_. 
205.206._09-211.21 -2_- .241. 
243-246.2 0.2 4.300 
- ilverburn1.206.210._1 -222 

oap. 107. 112. 113. 11 . 119. 161. 
233 
- soapmak.ing. 107. 113. 11 .119 

odiumcarbonnte.IIO.113.20. 
236.2_ 7.254 

lain d "lass. 191. 192. 19:. 196. 
C' 

_OO-_02.204.209.21~._19 



320 Index 

Stavenhagen , Lee, 31 , 36 , 56 , 85 , 239 
Stockholm Papyrus , 198 , 206 
Style of the Sununa recalls of School 

men, 56 , 61 
Sufyani , 137,138 , 143 , 144 
SugarIndustry, 138 

- Sugar refining , 138 
Sulphur-mercury theory, 20 , 56 , 

64--67 , 69 , 71,95 
- How each metal was formed 

from mercury and sulphur, 99 
Summa Perfectionis Magesterii, 53 
Syrian glass, 97,119-121 , 149,165, 194 

- Syrian glass-workers to glass-
making centres in the West, 121 

Tabula Smaragdina, 11 , 56 
Tadhkirat 'uli at-a/bab , 252 
Tamimi , 16, 107 , 114, 116, 144 
Tanning, 8, 105 , 136, 137 , 169 
Testamentum , 53 
Theophilus , 3 , 156, 200 , 208 
Theorica et Practica (TP) of Paul of 

Taranto , 95 
- Inter-dependence, of the TP and 

the Summa , 95 
- Differences between the TP and 

the Summa, 95 
- TP as a compilation , 77 , 95 
- TP and the DIP, 94 

Theory of the Three Principles, 71 , 95 
Three Orders of Medicines, 72 
Tin , 19 , 20 , 22 , 64, 66,68 , 70 , 96 , 99 , 

111 , 122, 123 , 130, 131 , 163 , 199, 
210 , 212, 21 3, 216, 219 , 220 , 232 
- Refining oftin, 64 
- Tin filings, 210 , 21 2 
- Tin glazing, 123 
- Tin oxide, 122, 123 
- Tin-enamelled earthenware , ]23 

Translator of Liber fornacum , 59 
Trip hammers, 126 , 127 , 134 
Tughra'i , 17, ]8 , 20 , 27 , 62 , 65 , 68, 

89- 91 
Tutia , or Tutiya , 23, 211 , 213,219 , 

222, 230,233 
Two exhalations, 20 , 64 , 65 , 67 , 99 , 

100 
Ultra filtration , 63, 148 
Umayyad Caliphate , 32, 207 

- Umayyad's siege of Constanti­
nople , 132 

Ushnan, 97 , 113 , 155,182, 185 , 232 
Varnishes, 63,118 , 147 , 153 , 154, 

158, 170 
- Varnish for waterproofing of 

clothes and weapons , 167 
Venetians, 97 
Vitriol,z~j , 110-112, 127, 152, 153, 

163 , 164, 183 , 187 , 211 , 216 , 
218- 226 , 228 , 233,236, 246- 248 , 
250 , 252,254 

Water-driven sugar mills, 138 
Waterproofing , 63 , 147 , 153 
Whips from Ropes, 154--157, 169 
White naft, 118 
Workers emigrated westwards, 121 
Yazid 1, 36 
Zaffer, 207 , 208 
Zahrawi , 5, 109, 112, 115 , 116, 144, 

150 , 15] , 284 , 292, 294 
Zinc , 129- 131 , 211 , 213 , 2]8 
Zinc oxide , 129, 130, 213 
Zinjar , 124 , 153 , 164, 173 , 210 , 21 2, 

217 , 218 , 220- 222 , 224 , 226,230 , 
233 

Zosimus, 9, IO 
ZunjuJr (cinnabar) , 63 , 124, J53 , 155, 

163 , 164, 181 , J87 , 211 , 21 8, 221 



-



book discusses eight critical issues in the history of Latin and Arabic 

alchemy and chemistry, which are currently accepted without concrete 

evidence, and are based mainly on conjecture. The essays in the book are 

based on extensive research into Arabic manuscripts and Latin l iterature. 

The results of this research are challenging. They prove the Arabic origin 

of the Summa Perfection is and the other Geber Latin works. Thus the pre­

vailing conjectures about assumed Latin authors are refuted on the basis of 

ample evidence. 

The book discusses the Arabic original of Liber de compositione alchimiae 
that was the first treatise on alchemy to appear in the West. It brings into 

light for the first time Jabir's book of recipes on the co louring of glass and 

his other chemical industrial recipes. An essay discusses potassium nitrate 

and nitric acid in Arabic and Latin sources. Both were known before the 

13 th century. Explosive gunpowder with the ideal formula and portable 

cannon were known in Arabic military treatises in the 13 th century. The 

book gives an essay on the distillation of wine and alcohol since the eighth 

century. The final essay is on the composit ion of Damascus steel. 
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