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ON THE VARIED APPLICATIONS OF
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The most famous use of wootz steel is for the manufacture of
blades and other sharp cutting objects. Among the other less well known
application is the use of wootz stee! for armour and for the manufacture
of gun barrels. Both these issues will be critically reviewed in this paper.
In particular, it will be emphasized that a wide range of armour (both for
the persons and animals) were wrought out of wootz steel. In contrast to
the physical metallurgy of wootz steel used in blades, the carbides in
worked wootz steel meant for armour were not particularly aligned. Special
care appears not to have been taken to disperse the carbides in a particular
pattern and the main objective of thermomechanical processing of these
objects was to render the matrix tough by conversion of carbide in in
pearlite as spheroidal carbide. The manufacture of gun barrels out of
wootz steel was another intricate metallurgical operation that was well
practiced in the Indian subcontinent in the pre modern period. The process
of manufacture of tough gun barrels and swords has been highlighted by
providing eye-witness accounts of these processes and the processes
critically analyzed.

Keywords: Armour, Gun barrel, Musical string, Swords,
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INTRODUCTION

There were many varied applications of wootz steel in pre-modern
India. Normally, it is thought that wootz steel was used essentially for cutting
applications like swords and blades. Although they constituted an important
application for wootz steel, there were other applications where wootz steel
was much sought after. In this article, the applications of wootz steel will be

* Department of Materials and Metallurgical Engineering, Indian Institute of Technology, Kanpur
208 016, India; Author for corrspondence (bala@iitk.ac.in)



494 INDIAN JOURNAL OF HISTORY OF SCIENCE

critically reviewed. After introducing the major application, namely for swords,
other applications of wootz steel will be explored.

SwoORDS

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”?. This was the material from which the famed Damascus
blades were made. The high-quality wootz swords, knives and armour were
artistically embellished with carvings and inlays of brass, silver, and gold.
These were specially made for important persons, for ceremonial functions,
etc. However, swords in ancient times were the equivalent of firecarms today.
Therefore, they were basically functional and well-made equipment. It was
the cutting quality that was most treasured. The best swords and warfare
objects were designed for absolutely critical life-and-death situations in the
battlefield and not meant for display purposes. Such arms were not ornately
gilded and silver-chased. The best swords were, at most, coated with blood
from the battle field! Such was the greatness of Damascus blades made from
Deccani wootz. Some typical large swords and small blades made from
wootz steel may be seen (Fig. 1 & 2). These swords are on display at the
Mehrangarh Fort Museum in Jodhpur.

Fig. 1. Collection of different varieties of large swords at
Mehrangarh Museum at Jodhpur.
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Fig. 2. Collection of different varieties of small blades at Mehrangarh Museum at Jodhpur.

The primacy of wootz steel technology in India has now been clearly
established®. There is no way that the technology of wootz steel and making
swords from wootz originated outside the Indian sub-continent. It was only
after the entry of Islam into India that the technology for manufacturing
swords out of wootz steel was learnt from the local artisans. However, the
best wootz steel cakes were still produced in India, although we hear of
production in some central Asian centres. There is historical evidence to
back the claim of primacy of Indian skill in making wootz steel and
manufacturing excellent swords out of them.

One contemporary manual provides testimony of weapons of battle
from the Sultanate period*. This manual of war was called Adab al-harb
wa'’l-shaj’a, written by Fakhr-i Mudabbir during Iltutmish reign, 1210-36AD.
Several different kinds of swords are described in this book and it is also
noted that the best among them were from Hind (i.e. India).

Another interesting fact that Fakhr-i Mudabbir states is about a city
on the banks of Sind, where the iron smiths were masters of the craft and
produced by the process of forging, a blade watered like a date palm leaf.
He also quotes that these blades were cherished by the Ranas, Thakurs and
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men of the tribes and they were very sharp for wounding. This makes it clear
that the best swords were in the hands of the Rajputs and not the Muslims®*.

The wootz steel was legendary because it was used in making excellent
Damascus blades, which were very prized in the Middle Eastern bazars
during the middle ages. The Europeans procured these blades from Damascus,
a large trading center in the Middle Ages. These were among the best swords
available in Europe at that time. The Damascus blades were known to be
extremely hard and tough and could retain their cutting edge for a long time.
The Damascus blades were distinguished from other inferior blades by the
distinctive and beautiful watery patterns, called the damask, obtained on the
surface of the blade after polishing and etching with a mild vegetable acid
(Fig. 3). The Arab traders used to baftle their customers about the fineness
of the edge by slicing a gauze handkerchief in the mid-air with the sharpened
blades. This added to the saga of the Damascus blades.

Fig. 3. Distinctive watery patterns noticed on blades wrought out of Deccani wootz steel.
This example is seen in a sword in the Mehrangarh Fort Museum. (Photograph
courtesy: Mehrangarh Museum Trust).
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The wonderful swords from Persia were much appreciated through
out the world. They were traded and known in Europe through the trading
center of Damascus in modern day Syria. Therefore. the Europeans called
these swords as Damascus blades. An important centre for sword making in
Persia was Ispahan.

Where did the Isfahan blacksmiths obtain the raw material used for
forging? Voysey (1832) in his article on the “Description of the Native
Manufacture of Steel in Southern India,” writes:

“The export, however. of the metal to Persia must be profitable, as it is
sufficient to bring dealers from that country and to defray the cost and risk
of traveling. We found at the village (named Kona Samundram, 12 miles
south of the Godaveri and 25 miles from Nirmul, celebrated for its
manufacture of steel). In 1820, Haji Hussy, from Ispahan, engaged in the
speculation; and it must have answered his purpose, as he was here again
in 1823, having returned in the interval to Persia and disposed of the
venture. He informed us that the place and the process are both familiar
to the Persians and that they have attempted to imitate the latter without
success.”

It should also be noted that in spite of the large costs involved in the
transportation of the wootz cake from India to the middle East, its working
into swords, and then its further travel to Europe, it was still a profitable
enterprise. This speaks volumes about the premium the blades used to fetch
in European markets.

The damask pattern was a sign of quality. These macroscopic
watermarks were due to thermomechanical processing of wootz ingot in a
particular manner. The ingenuity resided in the skillful manner in which the
wootz cakes were forged by the Indian and Middle Eastern blacksmiths. The
legend of the steel grew when the European smiths tried often without
success, to make such implements.

Of more basic concern was the starting material - wootz cakes.
Numerous attempts were made by the Arabs and the Europeans to produce
wootz steel. Several commissions were established in Europe to reproduce
wootz steel. Brilliant minds were engaged in understanding the mystery of
wootz. The works of Faraday in England is a case in point. Anossoff in
Russia and Breant in France are noteworthy’. A large number of elements
including precious metals like gold, silver, and platinum were added to iron
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to obtain the material which would result in the Damask pattern. These
attempts proved to be largely unsuccessful and this added to the mystery of
the Damascus blade.

Let us take a look at a typical way in which a wootz cake was worked
in order to produce a blade. This is based on actual observation of such a
process by Abbot® in the middle of 19th century This has been provided to
access the reader with the important information that the skill of the blacksmith
was very much required in order to produce blades of topmost quality. Abbot
goes on to describe the operation of forging of blade from wootz cake as
follows:

“The substance is a small cake of cast steel weighing about 2 Ibs. and
exhibiting manifest symptoms of the fluid condition in which it acquired
its-plano-convex shape. That is, the lower or convex surface, bears the
impression of the coarse gravelly mould into which it was poured. And the
upper or flat surface has those concentric wrinkles and radiations which
all metals take in crystallizing after fusion. This cast steel (fowlahd) is
purchased at Umritsur in the small cakes above noted. The natives know
not its origin, but only that it comes from the south, and can be purchased
at Delhi, in Jarge as well as in small cakes. The accompanying sketches
1 and 2 (see Fig. 4) represent the plan and profile of a mass lying upon -
the table before me. Now, upon considering the internal structure of this,
we are aware that is a bundle of concentric needles crystallized around a
porous centre, the vesicles of which are coarse and apparent, formed by
the splash of the metal as it fell fluid into the mould. These I have rudely
represented in dots in sketch 12 (see Fig. 4). It is also manifest that the
most solid portions of the mass are the lower or convex surface. And.
accordingly, in beating it out into a bar, great care is taken to preserve
each surface distinct from the other, in order that the edges of the lenticular
mass may become the sides or flat surfaces of the blade; that the convex
surface may become the edge; and the flat. porous surface, the back.
Under any other disposition, the damask figures would be confused and
unseemly - and, as cast steel cannot be welded, by any art known in Asia,
the porosity of the centre of crystallization in the mass, would either offer
a jagged, flawed edge, or one of the sides must be disfigured and weakened
by it. And thus the arrangement pursued in the fabric of the simple damask
blade is suggested by sound sense. The elegance and symmetry arising
from the arrangement is the accidental but necessary consequence.

The mass of cast steel being brought to red heat and held, as represented
in sketch 3 (see Fig. 4), edgewise upon the anvil, is beaten into a square
prism or bar - an operation of about two hours duration. When the requisite
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length is attained, the bar is fattened under the hammer, those sides in the
bar. which had been the edges, being placed, the one above the other
below, so as to become the flat surfaces of the blade. The blade being
shaped with the hammer and file and roughly burnished, is brought to a
dull red heat in a long charcoal fire, - a long vessel of common oil is
placed within reach, and the blade is plunged by successive drawing cuts
edge-foremost into the oil; so that the edge becomes the most highly
tempered part, and the back remains the softest. The excessive temper is
abated in the usual manner by laying the blade over a slow charcoal fire.
It is then burnished, and ground, and being carefully cleansed from grease
in wood ashes, white vitriol (kussces) dissolved in water is rubbed over
all the surface excepting the edge. This, eating deepest between the
interstices of the crystals, exhibits their arrangement which constitutes the
damask of the blade.

In following the mass of cast steel through all the changes of figure
produced by the action of the hammer (sketches 1,5, 7, 8 in Fig. 4) we
perceive that, as it cannot be welded, the pores in the centre of
crystallization must remain, although immensely elongated under the
extension of the mass. These accordingly exhibit themselves in an irregular
and ugly seam in the back of the blade. impairing both its elegance and
its solidity. And hence it is manifest, that in order to the production of a
blade without flaw, either the porous heart of the mass should be ground
out previous to the action of the hammer, or the blade should be forged
of excessive breadth, and the unsound back be ground away. But the
necessity of either precaution would not exist were necks made to the
moulds (sketch ¢ in Fig. 4) in which the steel is originally cast; so that
there might be a surplus of metal (as in casting bullets and guns)-to give
solidity by pressure to the incumbent mass.

We further observe, that as the flat surfaces of the blade (sketch 10 of Fig.
4) are formed of the edges of the lenticular mass (sketch 11 of Fig. 4) they
present a section across the crystallization; rectangular in the centre. but
of various obliquity toward either end. It follows, that the less the original
mass is altered by hammering, the more nearly lateral will be the disposition
of the dots representing the ends of crystals-and hence the various figures
presented by the same metal under slightly different treatment. 1t is also
apparent, that these figures will materially alter, according to difference in
the shape of the original mass -and it may be reasonably doubted, whether
the shape in which the cast steel is brought to India, be the most conducive
to symmetry of damask or to soundness of fibre.

As the damask of a blade is the map of its crystallization, so it is probable
that the figures alter according to the purity of the iron of which the steel
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Fig. 4. Typical account of how wootz cake was processed into blade based on real time
account of the process by Abbot®,
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is formed, the quantity of carbon contained in it, or to both these
circumstances combined. Nay, the degree of heat of the fused metal at the
time of casting, and the temperature of the mould in which it was formed

may both contribute to differences in the crystallization.”

It is no wonder that making the swords was considered an art rather
than performing some simple metallurgical operations. Sadly this aspect is
never borne in mind in cases when traditional technologies are discussed,
and this is very readily apparent in the scientific writings of the western
scholars, which show a distinct reluctance to accept the skills of the Indian
blacksmiths, especially the technology of forging swords out of wootz cakes.

ARMOUR

It is also known that wootz steel was used in other applications
related to warfare items. Wootz steel with a texture similar to that of the
Damascus swords was also used in shields and armour. There are several
fine examples in museums of India. Wootz steel was usually employed in the
form of plates of a simple shape inserted in larger structures. Several examples
can be found in the collection of National Museum, New Delhi’. Smith’
mentions about a cuirass of a north Indian set of armor (c. 1700 AD)
possessing a rectangular piece of watered steel about 12 x 15 inches, riveted
(almost invisibly) into a plain steel surround, now located at the Metropolitan
Museum of Art in New York. Pant and Sharma’ provide some excellent
examples of Indian swords and armor from the National Museum, New
Delhi. One example of wootz steel used in helmets is seen in Fig. 5 while
the use of wootz for body armor is illustrated in Fig. 6. Pant was a renowned
expert on Indian arms and has authored several books on this subject. The
evolution, origins and classification of various types of sword blades and
hilts have been researched in detail by Pant®.

FIREARMS

Another major application of wootz steel was in the manufacture of
small firearms. The advent of gunpowder and its use for projecting objects
at great velocities led to the development of other technologies. Apart from
cannons, the development of guns was a major development. Sukraniti, a
16th century Sanskrit text, has mentioned about these small arms in addition
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Fig. 5. A typical helmet fabricated out of wootz steel.

Fig. 6. Typical body protection gear wrought out of wootz steel.
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to cannons’. In this treatise, khudra-nalika stood for small guns or matchlocks
and brhan-nalika for big guns or cannon. The Sukraniti also mentions that
the matchlock was 2% cubits long with a longitudinal bore of the thickness
of the middle finger and provided with two raised points in order to take
aim. The gunpowder was ignited by means of a fuse, the fire being originated
by percussion of powdered stone struck with a hammer. The matchlocks had
wooden handles and were used by infantry and cavalry. This was in contrast
to the big guns which were carried in carriages. The range of guns depended
on the thickness of the metal-plate and bore. their length and size of balls.

The medieval army employed a variety of projectile devices, apart
from cannons. The terms used for these light arms were slightly different
among the Mughals, Sikhs and the Marathas. Matchlock and flintlock guns
were called tufangs and were used by the Mughal infantry. An example of
a tufang preserved at the Golconda fort is shown in Fig. 7. Notice the
relatively long barrel made of iron attached to the wooden stock. Such arms
were used in the defense of fortifications as well as in field battle.

Fig. 7. Medieval period matchlocks, known as rufangs, in this example from the Golconda
Fort in Hyderabad.
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There are several Mughal miniature paintings where firearms have
been depicted. One typical example showing the use of firearms in field
battle (here in naval battle) is seen in Fig. 8, in an illustration from the
Akbar Nama. These use of handheld muskets in defending fortification can
be noted from Fig. 9, which shows again a Mughal miniature painting from
Akbar Nama (c. 1600). In this painting, gunners can be seen firing light
cannons and muskets from the rampart of a fort. In this case, the barrels of
the muskets are supported by the crenels on the fort ramparts. However, it
was also possible for the barrels to be supported by a tripod that facilitated
shooting.

SN
p

Fig. 8. Mughal miniature painting from Akbar Nama showing the use of firearms in field
battle.
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Fig. 9. Mughal miniature painting from Akbar Nama showing the use of firearms in defending
fortifications.

The matchlocks were of different sizes. Akbar’s matchlocks were of
two sizes, 66 inches and 44 inches. They were made of rolled strips of wootz
steel with two edges welded together. The barrel was damascened and
decorated with gold or silver wires. The barrel was sometimes provided
inscriptions. The wooden stock was sometimes inlaid with ivory. The heavier
matchlocks were mounted on tripods and called sakh-i-tufang. In the early
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days they were loaded with muzzle loading rods. The flintlock guns (called
as cagmaki or toredar) were introduced later. The flint gun was not common.
In the memoirs of Jahangir, he wrote:

“I had in my possession a certain fowling pieces, for which I understand

Mirza Rustum had offered to the former owner the sum of Rs. 12000 and

12 horses, without success. As this appeared to me an extravagant piece

1 wrote to enquire what were the peculiar excellences of the piece and 1

was informed in reply that if fired 100 times successively without

intermission, it was never inconveniently heated, and secondly, that that

was a flintlock and not a matchlock, being self-igniting, thirdly. a ball

discharge from it never missed the mark, and lastly that it carried a ball

of rive mathkals weight.”

There were several other Indian states that adopted the use of firearms
on a large scale. The Sikh infantry, especially during the time of Ranjit Singh
who took special interest in the development of artillery and infantry, included
matchlock guns (consisting of a long barrel of wrought iron which was
attached to a wooden belt and wrapped with metal bands) known as bandook
toradar. It was fired by a fatila (slow light match). In its operation, the
gunpowder was loaded from the muzzle end using a muzzle loading rod. On
triggering, the fatila was brought in contact with the powder in the flash pan
and gun was fired. The name foradar derives from fiber stalks of elephant
creeper called for or taur which was used for the slow matches after drying.
This was in common use in the 17th century by the Mughals. They were very
impressive and it has been mentioned that they struck men at a distance of
nine hundred paces.

Flintlocks were from European origin and it reached in late 16th
century, but could replace the matchlocks and wheel locks only in the 18th
century. The Sikhs were the first to realize its importance and used it in a
large scale. It was a long barreled piece, firing with flint and pan. It was
called as bandook pathar kala or bandook cagmaq. There was no lighted
match but it contained a self-contained ignition mechanism in which a hammer
one striking a piece of flint produced a spark that ignited the gunpowder
placed in the pan. Sometimes, sangins (bayonets) were attached to the front
part of the barrel. These Indian flinklocks were praised by the British and
placed them at par with their pieces.
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We again notice the use of wootz steel for the barrel of the flintlocks.
The wonderful pieces of medieval Indian firearms indicate barrels covered
with elaborate damasenced patterns. Moreover, the surfaces were often
embossed with metal work with various designs inscribed either in lacquer
or painting or by inlaying different materials. The most fancy of them were
engraved with gold and the butt built of ivory or ebony cap. The bands that
were used to hold the barrel with the stock were made of gold, silver, brass
or steel. Sometimes they were of perforated design and also chased.

The pistol was introduced sometime in early 18th century in India. It
was called tamancah or tameancah (meaning a sharp blow). There were
essentially used by higher ranked people. The Indian pistols followed the
British design, which was highly developed. Here again we notice several
instances in which the material used for the barrel was wootz steel.

The method by which gun barrels were manufactured in the early
19th century in Bombay has been described by Bagnold'. There are several
insights one obtains on carefully studying the manufacturing methodology.
It is clear that the pattern welding method is being described in the beginning.
However, insights on the use of wootz steel in gun barrels are provided
towards the end of the description. The description by Bagnold is as follows:

“The gun-barrels made at Bombay, in imitation of Damascus, so much
valued by the Orientals for the beauty of their twist, are manufactured of
iron hoops, obtained from European casks, mostly British. The more these
hoops are corroded with rust, they are proportionably acceptable to the
workman: should there be any deficiency of this necessary oxidation, they
are regularly exposed to moisture, until they are sufficiently prepared for
welding. Being cut into lengths of about twelve inches, they are fanned
into a pile, an inch or an inch and a half high, laying the edges straight,
so as not to overlap each other: a longer piece is then so fined as to return
over each end, and hold the whole together in the fire. This pile is then
heated to a welding heat, and drawn out into a bar of about one inch wide,
and one third of an inch thick; it is then doubled up in three or more
lengths, and again welded and drawn out as before: and this operation is
repeated generally of twist required. The bar is then to be heated about a
third of its length at a time, and being struck on the edge, is flattened the
contrary way to that of the stratification. This part of the operation, brings
the wire or vein outwards upon the strap. The most careful workmen
always make a practice of covering the part exposed to the fire with a lute,
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composed of mud, clay, and the dung of cows or horses, in order to guard
against any unnecessary oxidation of the metal. When the barrel is
completed, the twist is raised, by laying the barrel, from one to five days,
either in vinegar, or a solution of the sulphate of iron, until the twist is
raised; this process is called the wire twist.

To produce the curl, the bars or straps are drawn into bars about three
quarters of an inch square, and twisted, some to the right and others to the
left hand; one of each sort is then welded together, doubled up and drawn
out, as before described; and, according to the skill and experience of the
workman, any intricacy of twist is produced, by this drawing out, doubling
and twisting.

Sometimes, to save trouble, and economise the iron thus prepared, the
artist will rough file an English barrel, weld a strap of Damascus iron
spirally round it, or several straps are laid longitudinally along it, and
welded on. A native artist never works with pit coal. under any
consideration; charcoal from light wood, forms his only fuel.”

The above description of the gun barrel making process also confirms
the skill of the Indian blacksmith in forging intricate tubular objects. In case
when wootz steel was used for the process, the blacksmithy skills of the
Indian artist must be appreciated because the material had to be forged in a
critical temperature range in order to produce a tough barrel (i.e. by controlling
the microstructure of the material by thermomechanical processing).

MusICAL STRINGS

Wootz steel was used in other applications where exceptional
soundness and hardness were necessary, for example cutting implements of
various kinds. Another application where it was probably important was in
the manufacture of fine steel wires for use in musical instruments. For this
purpose, structurally sound ingots with very few nonmetallic inclusions are
necessary. Channapatna near Mysore was famous for manufacturing these
wires for musical instruments. A careful study of original regional literature
is required in order to understand the use of wootz steel for making musical
strings. This could be coupled with an ethnoarchacological study of the
traditional musical string making process.
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