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RECREATING W00TZ STEEL OUTSIDE INDIA*

It is now internationally recognized that one of the greatest material
discoveries to originate from the Indian sub-continent is Deccani wootz
steel, often referred to as “the wonder material of the orient™!. Wootz steel
was the starting material for making tough and strong blades. Wootz steel
was a much-researched enigma and one of the major scientific efforts of
Europeans was in duplicating wootz steel. Numerous attempts were made by
the Arabs and the Europeans to produce wootz steel. Several commissions
were established in Europe in the pre-modem period to reproduce wootz
steel. Brilliant minds were engaged in understanding the mystery of wootz.
The works of Faraday in England, Anossoff in Russia and Breant in France
are noteworthy?. This historical note will summarize the European attempts
in duplicating wootz steel. The exceptionally long and localized monopoly
of the smelters of Deccan in the production of wootz cakes is beyond
controversy based on available archaeological and historical evidences’.

The Damascus Connection

The Europeans first came into contact with the swords wrought of
Deccani wootz steel cakes during the crusade wars. The use of Damascus
swords was immortalized by Sir Walter Scott in his 1871 fictional book The
Talisman. In this famous book, Scott narrates a meeting between Richard the
Lionhearted and the Saracen King Saladin in the twelfth century AD. The
two adversaries were showing off the virtues of their swords. Richard cleaved
an iron mace to demonstrate the strength and toughness of his heavy, two-
handed, straight blade. In reply, Saladin took a silk cushion and “drew [his]
scimitar across the cushion. .. with so little apparent effort that the cushion
seemed rather to fall asunder than to be divided by violence. . .” This
demonstrated the sharpness of his blade. To further prove that this was not
a magic trick, Saladin then sliced through a limp cloth veil in midair. This
really startled the Europeans. Interestingly, Scott describes Saladin’s
marvelously sharp and wieldy weapon as a curved and narrow blade, which
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“glittered not like the swords of the Franks, but was, on the contrary. of a
dull blue color, marked with 10 millions of meandering lines.” He was
certainly referring to a sword exhibiting damask pattern made out of Deccani
wootz. The Talisman was made into two movies and a BBC television mini-
series, and this revived the fame of Deccani wootz and Damascus swords in
modern times.

The fame of Damascus swords was for real. European crusaders
received a fright when they encountered wootz-based Damascus swords in
action. A swinging blow with a Damascus sword made of “felingana” steel
could cut a man in two even if he was protected with the best European
armor. Crusader helmets were of no use against these swords. Remarkably,
the swords never shattered or broke even with very rough use. And the best
part was, the swords retained the sharp edge even after continuous use.
These famed stories of the Damascus blades (wrought out of Deccani wootz
steel) have been so much quoted in the literature that it cannot be just myth,
but real fact.

The use of “Damascus” while referring to the blades does not provide
proper appreciation for the origin of such swords from the Indian sub-
continent. The manufacture of wootz steel cakes and fabrication of swords
from these cakes were known even prior to the arrival of Muslims in India,
as attested in a manual of war caned Adab al-harb wa’l-shaj’a written by
Fakhr-i Mudabbir during Iltutmish reign, 1210-1236 AD*. The Indian
blacksmiths were very intelligent smelters as well as blacksmiths. This is
attested by the large number of iron and steel weapons discovered routinely
by archeologists in Andhra and Karnataka. The Deccani Kakatiyas were
renowned for their swords and skilled swordsmanship. Wootz steel was
transported all over India to centers of excellent sword manufacture in
Rajasthan, Bihar, Punjab, etc. Later, with the arrival of Muslim rule in India,
a large amount of wootz cakes was traded to the Arab world. Swords fabricated
from wootz were traded in Damascus, a city in modem-day Syria. Damascus
was a trading and manufacturing center, quite similar to what Singapore is
today. The semi finished wootz swords and blanks were imported from
Deccan and they were worked by the artistic swordsmiths and armorers of
Syria, Iran, Armenia and Caucus to manufacture the so-called Damascus
blades. Apart from swords, the blanks were also worked into knives and
high-class armor. These were sold at Damascus.
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Scientific Studies in Europe

Over the centuries therefore, the wonderful surface pattern of the true
wootz-made swords led to many attempts at similar fabrications in Persia,
Central Asia, Far East, Europe and within India itself. One useful method to
produce cutting objects with wavy surface patterns was by lamination of
different grade steels. Laminated cutting objects from around the world has
been reviewed by Wadsworth and Lesuer®. In Rajasthan. artisans heat-welded
strips of wrought iron and steel which were twisted and beaten so as to
eventually produce a wavy surface. This was known as welded damascus or
sakela®. There were artisans who even tried to forge the entire wavy pattern
by etching the swords with acids®. But none could match the property exhibited
by swords made of true wootz steel. We shall now learn about the scientific
studies conducted in the 19 century in Europe to duplicate wootz steel. The
comments of some of the notable scientists of that time will also be touched
upon.

There were innumerable attempts made by European technicians and
metallurgists to duplicate wootz steel. The activities undertaken in this regard
make for a fascinating reading. The details of these attempts have been
reviewed in detail by Smith? (in 1965), Wadsworth and Sherby’ (in 1980),
Yater® (in 1982-84) and Srinivasan and Ranganathan' (in 2004).

It is hard to imagine now that the secret of the wootz was much
sought after by the Europeans. The wootz steel and Damascus blades had a
profound effect on European metallurgy. The Europeans were aware that the
tough Damascus swords were forged from Indian steel known as wootz. The
secret of both their structure and their superiority was intensely debated
nearly two hundred years ago. However, wootz steel was regarded as almost
unworkable by European smiths. Porta® mentions that it can be worked after
it has been annealed in calcined gypsum (i.e. lime) and very slowly cooled.
Reaumur'® was highly critical in 1722 of Parisian artisans, because none of
whom succeeded in forging a tool out of a cake of Indian steel. It is interesting
to note that wootz steel cakes were worked and then sent to Europe. Moxon'!
specifically mentions in 1677 that wootz steel “very rarely came unwrought
into England.” The production of wootz steel was in full swing up to the
early 20th century and an estimate of its demand in Western countries can
be had from the fact that in the 17th century, one Dutch consignment of this
steel consisted of 20,000 ingots shipped from India'>.
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The comments of a European blacksmith, quoted by Smith?, are most
interesting: “It is the most difficult of any steel to work at the Forge, for you
shall scarce be able to strike upon a blood heat but it will Redsear; in so
much that these Symeters are by many workmen thought to be cast Steel; but
when it is wrought it takes the finest and keeps the strongest edge of any
other Steel. Workmen set almost an inestimable value on it, to make Punches,
Cold Punches & c of.”

A discussion of the early interest in wootz and the people involved
in the studies can be found in Smith? Hadfield® and Wadsworth and Sherby’.
- Europeans were very eager to unravel the mystery of Deccani wootz from
which Damascus blades were fabricated. Their interest in the metallurgy of
wootz reads like a mystery novel. The following material has been summarized
from a discussion provided originally by Smith?.

The European interest in wootz was present even since they
encountered it during the Crusades. The spirit of scientific inquiry was kindled
in the European continent in the 18th century and several notable scientific
discoveries were made during this century. The approach of scientific research
by experimentation was also established. Wootz did not escape the scientific
minds of Europe.

Pearson'® reported the first chemical examination of wootz in 1795.
Around this time, Mushet" presented his investigation on wootz and correctly
concluded that the critical property was the higher carbon content of wootz
steel. James Stodart, an expert cutler, was the first to initiate serious work
on this subject. In a long letter written in 1814 to Benjamin Heyne he noted
that wootz was highly variable®. He commented that when wootz was remelted
and cast into bars like English steel, it was of superior quality, “decidedly the
best I have yet met with.” He advised the East Indian Company to teach the
Indians to melt wootz and adopt tilt hammering, suggesting that it would
become a source of considerable revenue. Stodart later commenced scientific
studies on wootz in collaboration with the famous scientist, Michael Faraday.
These two collaborators incorrectly attributed the unique properties of wootz
to its alumina and silica content'é.

Faraday was a son of a blacksmith and it is natural that he took
interesting in understanding the production of patterned blades from wootz
cakes. Faraday in 1819 analyzed wootz, with unsatisfactory results'’. In 1820,
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he made alloys with wootz-like damask'é. This was performed in collaboration
with Stodart. They were sure that the Indian damask resulted due to
crystallization. However, their steel was different in composition compared
to Indian wootz. In another paper published in 1822, Faraday.and Stodart
described many alloys that showed good damask. However, they did not
really appreciate the beauty of the simple Indian high carbon cast steel.
Nevertheless, these experiments paved the way for alloy steel development.
When the French heard of Faraday’s work, a commission was set up to
investigate wootz. This was headed by Jean Robert Breant, who was an
Inspector of Assays at the Paris mint. The mandate of the commission was
to repeat Faraday’s work, Breant conducted over 300 experiments in 6 weeks
by adding Pt. Au, Ag, Cu, Sn, Zn, Pb, Bi. Mn, U, As and B to steel. It must
be noted that his commission also received 100 kgs of wootz from the East
India Company. He went on to draw the conclusion, similar to Mushet', that
it was the higher carbon percentage that was responsible for the typical
damask pattern. His publication in 1823/34 is acknowledged as the first one
to understand the nature of wootz. He is credited to be the first to successfully
make blades similar to the Indian one,

The paper by Breant'® in 1823 set out the principles of alloy formation
in iron-carbon alloys, for the first time. Smith> has summarized his paper
thus:

Bream’s paper is one of the minor classics of metallurgy. In it he applies
to steel Berzelius® principles of chemical combination, and suggests that
carbon added to iron. at the proper temperature, first forms increasing
amounts of steel, as a separate ‘compound,” and that as more carbon is
added beyond the ideal composition of steel, iron carbide commences to
form. On slow cooling a steel of very high carbon content, the ‘steel’ and
the carbide will crystallize separately, the crystals being larger the slower
the cooling. The details of the damask depend on the manner of forging,
being in there form of longitudinal streaks if forged in only one direction,
crystalline if forged equally in all.

Breant’s procedure was adopted by a Russian major-general named
Paul Anossoff, the Engineer of Mines and Director of Zlatoust Steel Works
in the Urals'. He established a factory for manufacturing blades. The
biography of Anossoff makes for interesting reading®. Sadly, Anossoff did
not give credit of the procedure to Breant. Belaiew?! concluded that Anossoff
succeeded in making Damascus blades of high quality. Smith? comments
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that the blades made by Anossoff did not match the quality of the blades
wrought from Deccani wootz based on photograph of one of Anossoff’s
blades given in Lenz??. Anossoff performed several experiments with different
compositions and added a number of elements to steel like Ag, Au, Pt and
diamond®. He finally settled upon a method of manufacture that involved
melting iron with graphite and a flux. slowly cooling, and finally forging and
etching'®. The metallographic interest of Anossoffs paper was commented by
Belaiew?.

Around the same time, De Luynes? analyzed some swords as well as
several cakes of Persian and Turkish cast steel. Based on his analysis, he
concluded that an alloying element was needed to give a good damask and
preferred manganese. His sword production method required cutting of
markings on the surface of the nearly finished blade,

A Swiss metallurgist, J.C. Fischer displayed in 1851 a high-nickel,
low-carbon steel that he had developed, called Mereor steel?, which he
claimed showed damask in the interior part, However, the steel did not
display a pattern visible to the naked eye.

From the middle of the 19" century, interest in Deccan wootz and
Damascus blade declined in Europe. This was primarily due introduction of
large-scale steel manufacturing processes of Bessemer and Siemens. These
developments provided steel of more homogenous composition and were
adaptable to large-scale production. Another factor responsible for the decline
in interest was the advent of firearms by 1850s. This made wootz redundant
for the purpose of war.

In 1860s, Professor Tschemoff visited Zlatoust and rediscovered
Anossoffs work. He returned to Petrograd and manufactured some Damascus
steel at Oboukhof works. His lectures at the Michael Artillery Academy
inspired Belaiew to repeat the work of Anossoff in 1804. Belaiew published
an historical account?” of Damascus steels in 1906, followed by a publication
in 1918 of his own studies on Damascus steel?’. His work recognized the
malleability of Damascus steel to globular nature (i.e. spherodized carbide)
of the forged steel due to forging at a red heat (~ 700-800°C).

Belaiew’s method was adopted by Harnecker of Solingen, Germany
in 1924 to make a number of blades?.
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The microstructures of real Damascus blades were examined by
Zschokke?. He also tried to understand the structural changes that resulted
due to various quenchmg and tempering heat treatments. Wadsworth and
Sherby refer to Zschokke’s work to emphasize the importance of correct heat
treatment in order to produce the damask pattern. It must be noted that
Captain Bagnold*® wrote about this steel in 1831. However, he was not able
to explain scientifically the extraordinary properties of this kind of steel.

Interest diminished in Damascus steel after 1920s, till 1960s when
Smith? published his Reviews on History of Metallography. With the decline
in study of Damascus blades, the factors controlling the ultra high carbon
steel’s capability of exhibiting damask were not researched for in the middle
part of the 20th century. This was the situation before interest was again
revived in America about 50 years ago.

Revival of Interest

There is recent renewed interest in understanding the materials science
behind wootz steel. This primarily has been taken up by American scientists.
Based on research conducted over the last three decades, two mechanisms
for the appearance of the typical Damascus patterns from ultra high carbon
steels have been proposed. These mechanisms have been overviewed in Ref.
1. The Wadsworth-Sherby mechanism attributes the formation of the structure
to specific thermomechanical treatments while the Verhoven-Pendary
mechanism attributes the appearance of the Damascus pattern to the presence
of critical carbide forming elements, notably vanadium, in the original ore
from which the Deccani wootz were manufactured. These mechanisms have
been critically reviewed in this volume. Of particular concern is the fact that
wootz steel was made at several different centers far removed in distance
from each other in Deccan (South India). Additionally, it is known that
different kinds of swords were manufactured from these wootz steel and the
wide classification®! lends support to the idea that the working of high carbon
steels from several sources was mastered by the ancient and medieval
blacksmiths of India. There may be more to the mystery of wootz steel than
that revealed by recent scientific investigations.
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