Wootz Steel: A Scientific Achievement of Ancient India

Bhawandeep Sharma?, Anand Prakash Dwivedi?, Debi Prasad MishraP®

2 Department of Mechanical Engineering, Guangdong Technion-Israel Institute of Technology,
China.
b Department of Mechanical Engineering, NITTTR, Kolkata

*Corresponding author email: bhawandeepsharma@gmail.com

Abstract

Wootz steel, an ancient high-carbon crucible steel from India, is renowned for its remarkable
quality and distinctive surface patterns. Produced through a meticulous process that dates back
to at least the 37 century BCE, Wootz steel was prized for its exceptional strength, edge
retention, and flexibility, making it the material of choice for legendary weapons and tools. The
term Wootz is derived from various Indian languages, reflecting the regional origins of this
esteemed material, The study and replication of Wootz steel by European scientists in the 187
and 197 centuries significantly advanced modern metallurgy and materials science, leading to
foundational developments such as the iron-carbon phase diagram and advanced microscopy
techniques. This paper explores the historical significance, unique properties, and production
methods of Wooltz steel, highlighting its impact on modern scientific understanding and its
potential for revival in contemporary markets. By emphasizing its historical importance,
craftsmanship, and exceptional qualities, Wootz Steel can be effectively marketed to modern
consumers, ensuring its enduring legacy and appreciation.

Keywords: Wootz steel, Damascus steel, Ancient Indian metallurgy, Colonial impact,
Deindustrialization, Historical metallurgy.

1. Introduction

Wootz steel, renowned for its exceptional quality and distinctive surface patterns, has captivated
metallurgists, swordsmiths, and scholars for centuries. Produced in ancient India through a
laborious crucible process, this high-carbon steel was highly prized for its superior strength, edge
retention, and flexibility, making it the material of choice for legendary swords and weapons as
presented in Figure 1. The fame of Wootz Steel, also known as Damascus Steel, spread across
Asia, Europe, and the Middle East, inspiring awe and fascination among warriors, artisans, and
scientists alike.
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Figure 1: A Persian sword known as Shamshir from Iran showing the patterns of Wootz steel [1]

1.2 Origins of the Word

The term wootz first appeared in print in 1795 in a lecture by George Pearson to the Royal
Society, describing the Indian crucible steel. It is derived from the Kannada/Telugu word for
steel ukku, which was encountered by European travellers in the regions of Karnataka and
Andhra Pradesh where this steel was produced. Yule and Burnell [2] suggested it may have
come from the Kannada wkku (pronounced wukku), meaning steel, or wchcha meaning
superior quality. The word wkku itself may have origins tracing back to the Tamil word ekku
meaning steel, from the ancient Tamil language over 2500 years old. In Arabic texts from the
oth-12t% centuries AD, the term fu/ad was used to describe the crucible steel, which has been
traced back to the Indian origin word. Another proposal is that it derived from the Gujarati
word oots or wuus for steel, as mentioned by Heath and Biswas. The Tamil and Malayalam
words urukku, meaning steel, have similar linguistic origins. In summary, wootz developed as
an English representation or an anglicized form of Indian language phrases such as vkku and
urukku from Kannada/Telugu and Tamil respectively, all of which allude to the legendary
crucible steel produced in that region since antiquity. The phrase spread to Europe via Arab
traders and manuscripts describing fulad steel [3].

2.0rigins and Production of Wootz Steel

Figure 2 shows the archaeological evidence [4] of the production of Wootz steel in southern
India dates back to at least the 3 century BCE. The process involved carefully heating and
cooling a mixture of iron and plant matter in small crucibles, resulting in a high-carbon steel
ingot known as wootz. These ingots were then forged and shaped into swords, daggers, and
other weapons, revealing the distinctive surface patterns that became the hallmark of Wootz
steel. Additionally, Table 1, shows the timeline of the development of the steel and its
contribution by the researchers and authors.
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Figure 2: (Left) The famous crucible sites for making wootz steel during its time (Right) Crucibles
and iron smelting debris from the shown sites. [5]

Table 1: Key Contributions to the Study and Development of Wootz Steel [5]

Year Researcher(s)/Author(s) Key Contributions

4th Century Alexander’s historians Described it as Indian steel and noted it for

BCE its quality.

12t Century Al-Biruni and Al-Kindi Documented Wootz production techniques.

31 Century AD  Various scholars Early high-quality steel production in China.

1795 Michael Faraday Identified unique carbon content in Wootz

steel.

19t Century Indian and European Rediscovered Wootz properties during colonial
blacksmiths exploration.

1898 Roberts-Austen Developed the iron-carbon phase diagram.

Early 20t Various scientists Explored Wootz's microstructure and

Century properties.

2004 Srinivasan & Ranganathan  Linked Wootz steel to modern metallurgy.

3.Properties and Characteristics

Wootz steel possessed remarkable properties that set it apart from other steels of its time. Its
high carbon content, ranging from 1.2% to 1.8%, contributed to its exceptional hardness and
edge retention. The unique surface patterns in Figure 1, often described as Damascus patterns
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or water patterns [6] were the result of complex microstructures formed during the production
process. These patterns added aesthetic appeal and enhanced the steel’s flexibility and
resistance to shattering. One of the most intriguing properties of Wootz steel was its
superplasticity, a phenomenon discovered in the late 20t century. Studies by researchers at
Stanford University [7] revealed that ultra-high carbon steels, similar in composition to Wootz
steel, exhibited superplastic behaviour at warm temperatures, allowing for exceptional
formability and deformation without fracture. Clear patterns in steel typically indicate well-
formed cementite in ultra-high carbon steel, which is crucial for the blade’s quality. Many
historical blades that once displayed intricate designs have lost their patterns over time due to
rust or improper polishing techniques. This variability has led to the development of various
classification systems by sword enthusiasts to rank these patterns which are shown in Figure 3.
The comparison of Wootz steel is done in Table 2 with the modern available steel.

4. Modern Process for Creating Wootz Steel

Niko Hynninen’s modern process for reproducing crucible steel involves several key steps and
materials. He used a self-made gas/air furnace with a high-temperature refractory cement
lining and lid, capable of reaching temperatures up to 1600°C. Hynninen experimented with
different crucibles, including SiC and clay graphite, which produced varying steel ingots
depending on the materials used in the melting process. Initially, he used modern, nearly
pure iron with low levels of alloys and impurities, along with foundry cast iron to increase
carbon levels to around 1.5%, typical for crucible steel. Later, he obtained purer materials,
including 99.8% iron and 4% cast iron with low alloy content, aiming to achieve a better
crucible steel pattern after melting, forging, and etching. The materials were melted in the
furnace using the selected crucibles, then forged to create bar stocks, and finally etched to
reveal the pattern. Despite initial attempts to produce only small watered patterns on the
steel surface, the use of purer materials in later experiments resulted in the successful
production of crucible steel. However, the process still required refinement to achieve the
desired results comparable to historical crucible steel [8]. Some of the ideas to regenerate
similar steel can also be extracted from the kind of furnace the ancient ironsmiths were using
as shown in Figure 4.
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Figure 3: The different patterns of Wootz steel are shown (a) India tulwar (sword) (b)
mottled pattern (c) Rose Pattern (d) Net pattern [1]
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Figure 4: Schematic of Archaeological Excavated Ironmaking furnace.

Table 2: Comparison of Wootz Steel and Modern Steel
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Characteristic Wootz Steel (Ancient Modern Steel
India)
Composition High-carbon steel (1.5% Varies (low, medium, or
carbon) high carbon, alloyed)
Production Process Crucible process using iron, | Industrial methods like
wood, and leaves Bessemer
Microstructure Carbide nanostructures in a | Optimized based on type
pearlite matrix (ferrite, martensite)
Toughness High toughness and Tunable for applications
flexibility (low to very high)
Hardness Exceptional due to carbide | Adjustable via heat
distribution treatment and alloying
Sharpness Retention Excellent edge retention, Variable as it depends
favoured in weapons on steel grade
Corrosion Resistance Moderate, relied on careful | High in stainless steel,
maintenance lower in plain steel
Applications Swords, armour, and tools Broad areas: from
construction to
aerospace
Innovative Feature First steel to exhibit Advanced alloy designs,
superplastic properties high-strength grades
Cultural/Technological | Considered a technological Foundation of the
Impact marvel of its time industrial and
technological age
Environmental Impact | Minimal (small-scale, High energy
natural resources) consumption due to
large-scale production
Modern Equivalent Comparable to Damascus Varies from basic carbon
steel steel to superalloys

5. Impact on Modern Metallurgy and Materials Science

The investigations into wootz steel by European scientists in the 18™ and 19t centuries played
a pivotal role in the development of modern metallurgy and materials science. The efforts of
researchers like Michael Faraday, Breant, and Anasoff to understand and replicate the
properties of Wootz steel led to groundbreaking discoveries and the establishment of
foundational concepts. Wootz Steel made the construction of the first comprehensive iron-
carbon phase diagram necessary by Roberts-Austen in 1898 [5], inspired by the study of
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Wootz steel, marked a significant milestone in materials science. This diagram enabled the
identification and classification of different iron-based materials based on their composition
and microstructure, laying the foundation for the systematic study of alloys and their
properties. The use of optical microscopy to examine the microstructures of wootz steel,
revealing intricate dendritic patterns and spheroidized cementite, further advanced the
understanding of structure-property relationships in materials. These investigations paved the
way for the development of advanced characterization techniques and the establishment of
materials science as a distinct discipline. The legacy of Wootz Steel continues to inspire
researchers and scholars to this day. Cyril Stanley Smith, a renowned metallurgist and
materials scientist, was fascinated by the rich history and properties of Wootz steel [9], [10].
His writings and insights on the subject contributed significantly to the appreciation and
understanding of this ancient material. Smith’s concept of the materials science tetrahedron
which links processing, structure, properties, and performance, found a remarkable
illustration in the case of Wootz steel. The intricate relationships between the crucible process,
the unique microstructures, the exceptional properties, and the performance of Wootz steel
swords exemplified this fundamental paradigm of materials science. Contemporary research
efforts, such as the Dragon-siayer Projectled by Gregory B. Olson at Northwestern University,
have harnessed the power of computational materials design to recreate the properties of
ancient steels like Wootz [11].

6.Effect of British Policies on the Steel Industries

The British colonial policies played a significant role in preventing the development of the
steel industry in India. Here are some key points on how the British hindered the growth of
steel manufacturing in India, supported by references from the search results:

e The British followed a policy of deindustrialization in India to serve their economic
interests. They discouraged the development of modern industries like steel to ensure
India remained a market for British manufactured goods [12].

e The British colonial administration imposed various restrictions and tariffs, making it
difficult for Indian entrepreneurs to establish large-scale steel plants. This protected
the British steel industry from competition [13].

e The British rulers actively suppressed existing iron and steel production in India,
primarily based on small-scale furnaces and forges. They imposed heavy taxes and
duties on Indian iron and steel products [13].

e The British colonial policies favoured exporting raw materials like iron ore from India
to Britain, rather than promoting local processing and manufacturing [13].

e The book Pennsylvania’s Iron and Steel Industry [14] highlights how the British
colonies in America were allowed to develop their iron and steel industries, in contrast
to the policies followed in India.
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The British colonial policies deliberately prevented the growth of a modern steel industry in
India to serve their economic interests and maintain India as a market for British steel exports,
while simultaneously allowing their American colonies to develop steel manufacturing
capabilities and research which led to the downfall of Indian steel industries.

7. Marketing Ancient Indian Wootz Steel in Modern Times

Marketing ancient Indian Wootz steel in modern times would require a strategic approach
that highlights its historical significance, unique properties, and craftsmanship. Here are some
key ways to market Wootz Steel today:

>

>

Emphasizing its historical importance: Highlight the steel’s ancient origins and its
reputation as one of the finest steels in history. This appeals to history enthusiasts
and collectors.

Focusing on craftsmanship: Showcase the skill and artistry involved in creating Wootz
steel, emphasizing the traditional techniques used in its production.

Highlighting unique properties: Stress the exceptional strength, flexibility, and
sharpness of Wootz steel, which made it highly prized for weapons and tools.

Targeting niche markets: Market to collectors, museums, historical reenactment
groups, and high-end knife and sword enthusiasts.

Creating limited edition pieces: Produce a limited number of items made from Wootz
steel to increase their perceived value and exclusivity.

Collaborating with artisans: Partner with skilled blacksmiths and bladesmiths to
create modern interpretations of traditional Wootz steel items.

Educating consumers: Provide detailed information about the steel’s composition,
production process, and historical significance to increase appreciation and value.
Leveraging online platforms: Use social media, specialized forums, and e-
commerce sites to reach potential customers and share information about Wootz
Steel.

Participating in trade shows and exhibitions: Showcase Wootz steel products at
relevant events to gain exposure and connect with potential buyers.

Offering authenticity certificates: Provide documentation certifying the authenticity
of the Wootz steel to increase buyer confidence and justify premium pricing.

By combining these strategies, Wootz Steel can be marketed effectively at present to modern
consumers who appreciate its historical value and unique qualities.
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8. Conclusion

Wootz steel, with its rich historical significance and exceptional properties, remains a
remarkable material that bridges the ancient and modern worlds of metallurgy. From its
origins in ancient India, where it was produced through a meticulous crucible process, to its
profound influence on modern materials science, Wootz steel stands as a testament to human
ingenuity and craftsmanship. The unique patterns and superior qualities of Wootz steel
captivated the imagination of warriors, artisans, and scientists for centuries, leading to
significant advancements in our understanding of materials. The exploration and replication
of Wootz steel by European researchers in the 18t and 19th centuries laid the groundwork
for modern metallurgy, inspiring developments such as the iron-carbon phase diagram and
advanced characterization techniques. These contributions have had a lasting impact on
materials science, influencing contemporary research and applications in various fields.

In today’s market, Wootz Steel can be effectively marketed by emphasizing its historical
importance, unique properties, and the traditional craftsmanship involved in its production.
By targeting niche markets, creating limited edition pieces, and leveraging modern platforms
for education and promotion, the legacy of Wootz Steel can be revived and appreciated by a
new generation of enthusiasts and collectors. The continued fascination with Wootz Steel
underscores its timeless appeal and the enduring relevance of ancient technologies in the
modern world. As we celebrate the historical and scientific significance of Wootz steel, we
also recognize the potential for its revival and adaptation in contemporary applications,
ensuring that this legendary material remains a symbol of excellence and innovation for years
to come.
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