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Aspect of history

The history of nmetallurgy in the Indian subcontinent began prior to the 3rd

m || enni um BCE and continued well into the British Raj.[1] Metals and rel ated
concepts were nentioned in various early Vedic age texts. The Rigveda al ready
uses the Sanskrit term Ayas(artan an,) (netal). The Indian cultural and
commercial contacts with the Near East and the G eco- Roman world enabl ed an
exchange of netallurgic sciences.[2] Wth the advent of the Mighal s
(established: April 21, 1526&€” ended: Septenber 21, 1857) further inproved the
established tradition of netallurgy and netal working in India.[3] During the
period of British rule in India (first by the East India Conpany and then by the
Crown), the netalworking industry in India stagnated due to various col oni al
policies, though efforts by industrialists led to the industry's revival during
the 19th century.

Overview [ edit ]

Recent excavations in Mddle Ganga Vall ey done by archaeol ogi st Rakesh Tewari
show i ron working in India may have begun as early as 1800 BCE. [ 4]

Archaeol ogical sites in India, such as Ml har, Dadupur, Raja Nala Ka Tila and
Lahuradewa in the state of Uttar Pradesh show iron inplenments in the period

bet ween 1800 BCE - 1200 BCE. Sahi (1979: 366) concluded that by the early 13th
century BCE, iron snelting was definitely practiced on a bigger scale in India,
suggesting that the date the technology's inception nmay well be placed as early
as the 16th century BCE.[5]

The Bl ack and Red Ware culture was another early Iron Age archaeol ogical culture
of the northern Indian subcontinent. It is dated to roughly the 12th a€“ 9th
centuries BCE, and associated with the post-R gvedic Vedic civilization. It
extended fromthe upper Gangetic plain in Utar Pradesh to the eastern Vi ndhya
range and West Bengal .

Perhaps as early as 300 BCE, although certainly by 200 CE, high quality stee
was bei ng produced in southern India by what Europeans would later call the
cruci bl e technique. In this system high-purity wought iron, charcoal, and

gl ass were mxed in crucibles and heated until the iron nelted and absorbed the
carbon. The resulting high-carbon steel, called fA« Acd,+ U U ZBZF in Arabic
and wootz by | ater Europeans, was exported throughout nmuch of Asia and Europe.
WIl Durant wote in The Story of Cvilization I: Qur Oiental Heritage:

Hi ndu, Buddhist, Jain and other texts [ edit ]

The Sanskrit term Ayas neans netal and can refer to bronze, copper or iron.

Rigveda [ edit ]

The Rig Veda refers to ayas, and al so states that the Dasyus had Ayas (RV
2.20.8). In RV 4.2.17, "the gods [are] snelting |ike copper/netal ore the human
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generations".

The references to Ayas in the Rig Veda probably refer to bronze or copper rather than to iron.[6] Scholars |ike
Bhargava[ 7] mamintain that Rigved was witten in the Vedic state of Brahmavarta and Khetri Copper mnes formed an

i nportant | ocation in Brahmavarta. Vedi c people had used Copper extensively in agriculture, Water purification, tools,
utensils etc., D. K Chakrabarti (1992) argued: "It should be clear that any controversy regardi ng the neani ng of ayas
in the Rgveda or the problemof the Rgvedic famliarity or unfamliarity with iron is pointless. There is no positive
evi dence either way. It can nmean both copper-bronze and iron and, strictly on the basis of the contexts, there is no
reason to choose between the two."

Arthashastra [ edit ]

The Arthashastra |lays down the role of the Director of Metals, the Director of Forest Produce and the Director of
Mning.[8] It is the duty of the Director of Metals to establish factories for different nmetals. The Director of M nes
is responsible for the inspection of mnes. The Arthashastra also refers to counterfeit coins.[8]

Qher texts [ edit ]
There are many references to Ayas in the early Indian texts.[9]

The At harva Veda and the Satapatha Brahnana refer to krsna ayas ("black netal "), which could be iron (but possibly
also iron ore and iron itens not made of snelted iron). There is also sonme controversy if the term syamyas ("bl ack
metal) refers toiron or not. In later texts the termrefers to iron. In earlier texts, it could possibly also refer
t o darker-than-copper bronze, an alloy of copper and tin.[10][11] Copper can also beconme black by heating it.[12]
Oxidation with the use of sul phides can produce the sane effect.[12][13]

The Yajurveda seens to knowiron.[8] In the Taittiriya Samhita are references to ayas and at | east one reference to
smths.[8] The Satapatha Brahmana 6.1.3.5 refers to the snelting of netallic ore.[14] In the Manu Snriti (6.71), the
follow ng analogy is found: "For as the inpurities of netallic ores, nelted in the blast (of a furnace), are consuned,
even so the taints of the organs are destroyed through the suppression of the breath." Metal was also used in
agriculture, and the Buddhi st text Suttani pata has the follow ng anal ogy: "for as a ploughshare that has got hot
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during the day when thrown into the water splashes, hisses and snokes in volunes..."[8]

In the Charaka Sanmhita an anal ogy occurs that probably refers to the | ost wax technique.[14] The Sil pasastras (the
Manasara, the Manasol |l asa (Abhilashitartha Chintamani) and the Uttarabhaga of Sil paratna) describe the | ost wax
technique in detail.[14]

The Sil appadi karam says that copper-sniths were in Puhar and in Madura.[14] According to the H story of the Han
Dynasty by Ban Gu, Kashmir and "Tien-chu" were rich in netals.[14]

An influential Indian netallurgist and al chem st was Nagarjuna (born 931). He wote the treati se Rasarat nakara t hat
deal s with preparations of rasa (nercury) conpounds. It gives a survey of the status of netallurgy and al cheny in the
| and. Extraction of nmetals such as silver, gold, tin and copper fromtheir ores and their purification were al so
nmentioned in the treati se. The Rasa Rat nasamuccaya descri bes the extraction and use of copper.[15]

Archaeol ogy [ edit ]

Chakrabarti (1976) has identified six early iron-using centres in India: Baluchistan, the Northwest, the |Indo-Gangetic
di vide and the upper Gangetic valley, eastern India, Malwa and Berar in central India and the nmegalithic south
India.[8] The central Indian region seens to be the earliest iron-using centre.[16]

According to Tewari, iron using and iron "was prevalent in the Central Ganga Plain and the Eastern Vindhyas fromthe
early 2nd m |l ennium BC. "[ 17]

The earliest evidence for snelted iron in India dates to 1300 to 1000 BCE.[18] These early findings also occur in

pl aces li ke the Deccan and the earliest evidence for snelted iron occurs in Central India, not in north-western
India.[19] Moreover, the dates for iron in India are not later than in those of Central Asia, and according to sone
schol ars (e.g. Koshel enko 1986) the dates for snelted iron may actually be earlier in India than in Central Asia and
Iran.[20] The Iron Age did however not necessary inply a major social transformation, and Gegory Possehl wote that
"the Iron Age is nore of a continuation of the past then a break with it".[21]

Ar chaeol ogi cal data suggests that India was "an i ndependent and early centre of iron technol ogy."[22] According to
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Shaffer, the "nature and context of the iron objects involved [of the BRWculture] are very different fromearly iron
obj ects found in Southwest Asia."[23] In Central Asia, the devel opnent of iron technol ogy was not necessarily
connected with Indo-lranian mgrations either.[24]

J.M Kenoyer (1995) also renmarks that there is a "long break in tin acquisition"” necessary for the production of "tin
bronzes” in the Indus Valley region, suggesting a |l ack of contact wi th Bal uchi stan and northern Afghani stan, or the
lack of mgrants fromthe north-west who could have procured tin.

Indus Valley Cvilization [ edit ]

The copper-bronze netallurgy in the Harappan civilization was wi despread and had a high variety and quality.[25] The
early use of iron may have devel oped fromthe practice of copper-snelting.[26] While there is to date no proven
evidence for snelted iron in the Indus Valley civilization, iron ore and iron itens have been unearthed in eight |Indus
Val l ey sites, some of themdating to before 2600 BCE.[27] There renmains the possibility that some of these itens were
made of snelted iron, and the term"krsna ayas" m ght possibly also refer to these iron itens, even if they are not
made of snelted iron

Lothali copper is unusually pure, lacking the arsenic typically used by coppersniths across the rest of the Indus

vall ey. Wirkers nmixed tin with copper for the manufacture of celts, arrowheads, fishhooks, chisels, bangles, rings,
drills and spearheads, although weapon manufacturing was mnor. They al so enpl oyed advanced netal lurgy in follow ng
the cire perdue technique of casting, and used nore than one-piece noulds for casting birds and animals.[28] They al so
i nvented new tools such as curved saws and twisted drills unknown to other civilizations at the tine.[29]

Metals [ edit ]

Brass [ edit ]

Brass was used in Lothal and Atranjikhera in the 3rd and 2nd m |l ennium BCE.[30] Brass and probably zinc was al so
found at Taxila in 4th to 3rd century BCE contexts. [ 31]

Copper [ edit ]
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Copper technol ogy nmay date back to the 4th millenniumBCE in the H nmalaya region.[15] It is the first elenment to be
di scovered in netallurgy, Copper and its alloys were also used to create copper-bronze i mages such as Buddhas or

H ndu/ Mahayana Buddhi st deities.[14] Xuanzang al so noted that there were copper-bronze Buddha i mages i n Magadha. [ 14]
In Varanasi, each stage of the inmage manufacturing process is handled by a specialist.[32]

O her netal objects made by Indian artisans include |anps.[33] Copper was al so a conmponent in the razors for the
tonsure cerenony. [ 14]

One of the nost inportant sources of history in the Indian subcontinent are the royal records of grants engraved on
copper-plate grants (tanra-shasan or tanra-patra). Because copper does not rust or decay, they can survive
indefinitely. Collections of archaeol ogical texts fromthe copper-plates and rock-inscriptions have been conpil ed and
publ i shed by the Archaeol ogical Survey of India during the past century. The earliest known copper-plate known as the
Sohgaura copper-plate is a Maurya record that nentions fanmine relief efforts. It is one of the very few pre-Ashoka
Brahm inscriptions in India.

Gold and silver [ edit ]

The deepest gold mines of the Ancient world were found in the Maski region in Karnataka.[34] There were ancient silver
mnes in northwest India. Dated to the middle of the 1st nillennium BCE gold and silver were al so used for naking
utensils for the royal fanmily and nobilities.the royal fanily wore costly fabrics that were made fromgold and sil ver
thin fibres enbroidered or woven into fabrics or dress.

lron [ edit ]

The iron pillar of Delhi.

Recent excavations in Mddle Ganges Valley show iron working in India may have begun as early as 1800 BCE.[35] In the
5th century BCE, the Geek historian Herodotus observed that "Indian and the Persian arnmy used arrows tipped with
iron."[36] Ancient Romans used arnmour and cutlery made of Indian iron. Pliny the Elder also nentioned |Indian iron.[36]

Muhamrad al -1drisi wote the Hindus excelled in the manufacture of iron, and that it would be inpossible to find
anything to surpass the edge from H ndwani steel.[37] Quintus Curtius wote about an Indian present of steel to
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Al exander.[38] Ferrum i ndi cum appeared in the list of articles subject to duty under Marcus Aurelius and Commodus. [ 8]
I ndi an Wootz steel was held in high regard in Europe, and Indian iron was often considered to be the best.[39]

Wotz and steel [ edit ]

The first formof crucible steel was wootz, developed in India sone tine around 300 BCE. In its production the iron
was m xed with glass and then slowy heated and then cooled. As the m xture cooled the glass would bond to inpurities
in the steel and then float to the surface, |eaving the steel considerably purer. Carbon could enter the iron by
diffusing in through the porous walls of the crucibles. Carbon dioxide would not react with the iron, but the snal
anmounts of carbon nonoxi de coul d, adding carbon to the nmix with sonme |evel of control. Wotz was w dely exported

t hroughout the M ddl e East, where it was conbined with a | ocal production techni que around 1000 CE to produce Damascus
steel, faned throughout the world.[40] Wotz derives fromthe Tam | termfor steel urukku.[41] Indian wootz steel was
the first high quality steel that was produced.

Henry Yul e quoted the 12th-century Arab Edrizi who wote: "The South |Indians excel in the manufacture of iron, and in
the preparations of those ingredients along with which it is fused to obtain that kind of soft iron which is usually
styled Indian steel. They al so have workshops wherein are forged the nost fanmpus sabres in the world. ...It is not
possible to find anything to surpass the edge that you get fromlndian steel (al-hadid al-Hindi).[36]

As early as the 17th century, Europeans knew of India's ability to make crucible steel fromreports brought back by
travel ers who had observed the process at several places in southern India. Several attenpts were nmade to inport the
process, but failed because the exact technique remained a nystery. Studies of wootz were nmade in an attenpt to
understand its secrets, including a major effort by the fanpus scientist, Mchael Faraday, son of a blacksmth.
Wrking with a local cutlery manufacturer he wongly concluded that it was the addition of al um nium oxide and silica
fromthe glass that gave wootz its unique properties.

After the Indian Rebellion of 1857, many Indian wootz steel swords were ordered to be destroyed by the East India
Conpany. The netal working industry in India went into decline during the period of British Crown control due to
vari ous colonial policies, but steel production was revived in India by Jansetji Tata.[36]

zZinc [ edit ]
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Zinc was extracted in India as early as in the 4th to 3rd century BCE Zinc production may have begun in India, and
ancient northwestern India is the earliest known civilization that produced zinc on an industrial scale.[42] The
distillation techni gue was devel oped around 1200 CE at Zawar in Raj asthan. [ 30]

In the 17th century, China exported Zinc to Europe under the nane of totanu or tutenag. The termtutenag nay derive
fromthe South Indian term Tutthanagaa (zinc).[43] In 1597, Libavius, a netallurgist in England received sone quantity
of Zinc nmetal and naned it as |ndian/ Ml abar lead.[44] In 1738, WIlliam Chanpion is credited with patenting in Britain
a process to extract zinc fromcalamne in a snelter, a technology that bore a strong resenblance to and was probably
inspired by the process used in the Zawar zinc nmines in Rajasthan.[36] His first patent was rejected by the patent
court on grounds of plagiarising the technology common in India. However, he was granted the patent on his second

subm ssi on of patent approval. Postlewayt's Universal Dictionary of 1751 still wasn't aware of how Zinc was
produced. [ 31]

The Arthashastra describes the production of zinc.[45] The Rasarat nakara by Nagarjuna descri bes the production of
brass and zinc.[46] There are references of nedicinal uses of zinc in the Charaka Sanmhita (300 BCE). The Rasaratna
Samuchaya (800 CE) explains the existence of two types of ores for zinc netal, one of which is ideal for neta
extraction while the other is used for nedicinal purpose.[47] It also describes two nethods of zinc distillation.][31]

Early History (4€"200 BCE) [ edit ]

Recent excavations in Mddle Ganges Vall ey conducted by archaeol ogi st Rakesh Tewari show iron working in India nay
have begun as early as 1800 BCE.[35] Archaeological sites in India, such as Ml har, Dadupur, Raja Nala Ka Tila and
Lahuradewa in the state of Utar Pradesh show iron inplenments in the period between 1800 BCE- 1200 BCE.[35] Sahi (1979:
366) concluded that by the early 13th century BCE, iron snelting was definitely practiced on a bigger scale in India,
suggesting that the date the technology's early period may well be placed as early as the 16th century BCE. [ 35]

Sone of the early iron objects found in India are dated to 1400 BCE by enpl oying the nmethod of radio carbon
dating.[ 48] Spi kes, knives, daggers, arrow heads, bow s, spoons, saucepans, axes, chisels, tongs, door fittings etc.
rangi ng from 600 BCE&€” 200 BCE have been di scovered from several archaeological sites.[48] In Southern India (present
day Mysore) iron appeared as early as the 12th or 11th century BCE. [49] These devel opnents were too early for any
significant close contact with the northwest of the country.[49]
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The earliest avail abl e Bronze age swords of copper discovered fromthe Harappan sites in Pakistan date back to 2300
BCE. [ 50] Swords have been recovered in archaeol ogi cal findings throughout the Ganges-Januna Doab regi on of India,
consi sting of bronze but nore commonly copper.[50] Diverse speci nens have been di scovered in Fatehgarh, where there
are several varieties of hilt.[50] These swords have been variously dated to periods between 1700 and 1400 BCE, but
were probably used nore extensively during the opening centuries of the 1st m |l enni um BCE. [ 50]

The begi nning of the 1st m |l enni um BCE saw ext ensi ve devel opnments in iron netallurgy in India.[49] Technol ogica
advancenent and nmastery of iron netallurgy was achieved during this period of peaceful settlenents.[49] The years
bet ween 322 and 185 BCE saw several advancenents being made to the technol ogy involved in nmetallurgy during the
politically stable Maurya period (3228€”185 BCE).[51] G eek historian Herodotus (4314€"425 BCE) wote the first
west ern account of the use of iron in India.[48]

Perhaps as early as 300 BCE&€”al t hough certainly by 200 CE&€”high quality steel was being produced in southern India
by what Europeans would later call the crucible technique.[52] In this system high-purity wought iron, charcoal, and
glass were mixed in a crucible and heated until the iron nelted and absorbed the carbon.[52] The first crucible steel
was the wootz steel that originated in India before the beginning of the conmon era.[53] Wotz steel was widely
exported and traded throughout ancient Europe, China, the Arab world, and becane particularly fanmous in the Mddle
East, where it becane known as Damascus steel. Archaeol ogi cal evidence suggests that this manufacturing process was
already in existence in South India well before the comopn era.[54][55]

Zinc nmines of Zawar, near Udai pur, Rajasthan, were active during 400 BCE.[56] There are references of nedicinal uses
of zinc in the Charaka Samhita (300 BCE).[56] The Rasaratna Sanmuccaya (800 CE) explains the existence of two types of
ores for zinc netal, one of which is ideal for netal extraction while the other is used for nedicinal purpose.[56] The
Periplus Maris Erythraei nentions weapons of Indian iron and steel being exported fromlndia to G eece.[57]

Early Common Erad€”Early Modern Era [ edit ]
The world's first iron pillar was the Iron pillar of Delhi &€"erected at the times of Chandragupta Il Vi kranmaditya
(3754€"413).[ 58] The swords manufactured in Indian workshops find witten nention in the works of Muhanmad al -1dri si

(flourished 1154).[59] Indian Bl ades made of Damascus steel found their way into Persia.[57] European
schol arsad€”during the 14th centuryé€”studi ed Indian casting and netal | urgy technol ogy. [ 60]
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Akbar namad€”witten on August 12, 1602a4€"depicts the defeat of a€"written on August 12, 16024€" depicts the defeat of
Baz Bahadur of Ml wa by the Mughal troops in 1561. The Miughal s extensively inproved netal weapons and arnor used by
the arm es of India.

I ndi an netal lurgy under the Mughal enperor Akbar (reign: 1556-1605) produced excellent small firearns.[61] Gomans
(2002) holds that Mughal handguns were stronger and nore accurate than their European counterparts.[62]

Srivastava & Al am (2008) comment on I ndian coinage of the Mughal Enpire (established: April 21, 1526 - ended:
Sept enber 21, 1857) during Akbar's reginme:[63]

Akbar reformed Mughal currency to nake it one of the best known of its tinme. The new regi me possessed a fully
functioning trinmetallic (silver, copper, and gold) currency, with an open mnting systemin which anyone willing to
pay the mnting charges could bring netal or old or foreign coin to the nint and have it struck. Al nonetary
exchanges were, however, expressed in copper coins in Akbar's tinme. In the 17th century, following the silver influx
fromthe New Wrld, silver rupee with new fracti onal denomni nations replaced the copper coin as a conmon medi um of
circulation. Akbar's aimwas to establish a uniform coinage throughout his enpire; some coins of the old regi ne and
regi onal ki ngdons al so continued.

Statues of Nataraja and Vishnu were cast during the reign of the inperial Chola dynasty (200-1279) in the 9th
century.[60] The casting could involve a mxture of five netals: copper, zinc, tin, gold, and silver.[60]

Consi dered one of the nost remarkable feats in nmetallurgy, the hollow, Seam ess, celestial globe was invented in
Kashmr by Ali Kashmri ibn Lugman in 998 AH (1589-90 CE), and twenty other such gl obes were | ater produced in Lahore
and Kashmr during the Mughal Enpire.[64] Before they were redi scovered in the 1980s, it was believed by nodern

metal lurgists to be technically inpossible to produce hollow, metal globes, w thout any seans, even with nodern

t echnol ogy. [ 64] These Mughal netallurgists pioneered the nmethod of | ost-wax casting, and disguised plugs, in order to
produce these gl obes. [ 64]

Colonial British Erad€”Republic of India [ edit ]

Modern steel naking in India began with the setting of first blast furnace of India at Kulti in 1870 and production
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began in 1874, which was set up by Bengal Iron Wrks. The Ordnance Factory Board established Metal & Steel Factory
(MBF) at Calcutta, in 1872[65][66] The Tata Iron and Steel Conpany (TlISCO was established by Dorabji Tata in 1907, as
part of his father's conglonerate. By 1939 Tata operated the |l argest steel plant in the British Enpire, and accounted
for a significant proportion of the 2 mllion tons pig iron and 1.13 of steel produced in British India
annual ly. [ 67] [ 68]

Native arnms production [ edit ]

The first iron-cased and netal -cylinder rockets (Mysorean rockets) were devel oped by the Mysorean arny of the South

I ndi an Ki ngdom of Mysore in the 1780s.[69] The Mysoreans successfully used these iron-cased rockets agai nst the

Presi dency arnies of the East India Conpany]during the Angl o- Mysore Wars. [ 69]

A painting showi ng the Mysorean arny fighting the British forces with Mysorean rockets, which used netal cylinders to
contain the conbustion powder. [70]

A Mysorean sol dier using his Mysorean rocket as a flagstaff (Robert Hone, 1793/4).
See also [ edit ]

Ref erences [ edit ]

Term nol ogy for ayas [ edit ]

Qher terns [ edit ]

Prastari ka: netal trader

Sul bhadhat usastra: science of netals

panchal oha, sarva |oha: the five base netals (tin, lead, iron, copper, silver)
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