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NEW INSIGHTS ON CLASSIFICATION OF IRON-
CARBON ALLOYS, SPECIALLY HIGH CARBON
STEELS, IN RASARATNASAMUCCAYA
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The categories of iron-carbon alloys mentioned in
Rasaratnasamuccaya have been critically discussed, with particular
attention to the high carbon varieties (wootz steel). The most characteristic
feature of high carbon steel (¢7kspa loha) is pogara, which has been shown,
for the first time, to be the solidification cavity seen in the centre of the
top of the wootz ingot. The connection of pogara with the term pulad
used for wootz steel in several parts of the world has been pointed out.
The knowledge on origin and roots of words from language studies can
be usefully combined with knowledge pn metallurgical/material issues
from archacometallurgical studies to open up new lines of thought.

Key words: High carbon steel, Kanta loha, Khara loha, Munda
loha, Tiksna loha, Pogara, Rasaratnasamuccaya.

INTRODUCTION

The origin of the science of metals and minerals in India can be
traced to early times, beginning from the pre-historic period (4500-1500
BC). Several metallurgical and chemical practices like casting, forging and
smelting were known to the people of the Harappan Civilization. These
practices progressed positively in next period (1500 BC-600 BC) when
references to many metals and minerals can be noted in the four Vedas. The
Atharvaveda in particular appears to have been the original source for later
practices of Rasasastra (the science of mercury and minerals) mentioned in
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the Upanisads, Srutis, Brahmana and other scriptures'. The next period termed
as Ayurvedic period (600 BC-800 AD) can be identified as the golden period.
Significant works such as Caraka Samhita and Susruta Samhita were produced
in the first half of this period. The Arthasastra of Kautilya (321 BC-396 BC)
provides a systematic and scientific account of smelting of many metal ores.
The evolution of advanced Rasasdastra took place in the period between 500
AD and 1600 AD when several texts came into existence with increasing
activity in this science. The aims of Rasasastra appears to have been two
fold - conversion of base metal into gold and silver (lohavidya or
rasavidya) commonly called as alchemy and use of scientific knowledge for
curing diseases to achieve perfect health (dehavidya). One is truly
wonderstruck by the vastness and depth of the knowledge acquired by scholars
of this period where the physical and pharmacological properties of many
metals and ores, and the processes of smelting the ores have been detailed.
This truly attests to the evidence of consistency and depth of knowledge of
advanced metallurgy.

The earliest available text of Rasasastra is Rasahrdayatantra of
Govinda Vagbhatapada dated to early 800 AD. During the same period,
several scriptures attributed to Nagarjuna (possibly more than five persons
with similar name), the father of Rasasastra are mentioned (like Nagarjuna
tantra. Rasaratnakara, Yogaratnamalda, Rasendra Mavigala, Rudrayamala
tantra, Yogasataka, Arogyamanijari, etc.). The authorship of Rasaratnakara
has also been attributed to Nityanatha Siddha.

The important works written between 800 AD and 1600 AD and
available in published form are Rasopanisat by Somanatha (1000 AD).
Cakradatta by Chakrapani Datta (1100 AD), Basavarajiyam by Basavaraja
(1100 AD), Anandakanda by Bhairavanatha (1200 AD), Kakacandisvara tantra
by Kakacandisvara (1200 AD), Rasendracudamani by Somadeva (1200 AD),
Rasarpava by Bhairavananda Yogi (1200 AD), Rasaprakasasudhakara by
Yasodhara (1400 AD), Rasaratnasamuccaya by Vagbhata (1400 AD),
Rasendrasarasarigraha by Gopalakrsna Bhatta (1400 AD), Rasakaumudi
by Ganacandra (1500 AD), Rasasariketakalika by Camunda Kayastha
(1600 AD), Rasakamadhenu by Sri Cadamani (1700 AD), Rasacandamsu by
Dattaram Vaidya (1700 AD) and Ayurveda Prakasa by Madhava Upadhyaya
(1700 AD)'.
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Rasaratnasamuccaya is a work of Rasasastra written sometime
between 1300 AD and 1400 AD. The author of the text agrees right in the
beginning that the work is not original and it is a compilation of existing
knowledge borrowed from the works of several scholars (also quoted in the
text). This text is credited as being the first systematic work on Rasasdstra
as aptly summed up by Prafulla Chandra Ray in his History of Hindu
Chemistry as “a systematic and comprehensive treatise on materia medica,
pharmacy and medicine. Its methodological and scientific arrangement of the
subject matter would do credit to any modern work and altogether it should
be pronounced a production of unique of its kind in Sanskrit literature.””

The author of Rasaratnasamuccaya has been called as Rasa Vagbhata
to distinguish him from other famous authors with similar name Vagbhata.
The greatness of the author lies in the manner in which extremely scattered
and disintegrated information available from earlier original sources were
put into a comprehensive and handy compilation, thereby making
Rasaratnasamuccaya as one of the best works of Rasasdstra'. The first
eleven chapters deal with properties and medicinal aspects of minerals and
metals, while the chapters from twelve to thirty deal with prepared
formulations for treatment. Chapter five is of particular interest from a
metallurgical perspective because as the first verse announces the important
metals (svarna or gold, rajata or silver, tamra or copper, loha or iron, naga
or lead and variga or tin), alloys (pittala or brass, kamsa or bronze and
vartaloha or bell metal). Several aspects and properties of these materials are
described in this chapter.

It is important to critically look at the verses 67 to 96 of chapter five
of Rasaratnasamuccaya because iron-carbon alloys have been classified.
The main aim of the present analysis is to understand the properties of high
carbon steel (or wootz steel) based on this classification. The text of
Rasaratnasamuccaya in chapter five from verses 67 through 96 will be
reviewed in the form of an executive summary. The Dravidian Etymological
Dictionary Revised (DEDR)? and Comparative Dictionary of Indo-Aryan
Languages (CDIAL)* will be utilized for understanding the meaning of the
terms used in Rasaratnasamuccaya. New interpretations, that have a bearing
on the wootz problem, will be proposed.
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EXECUTIVE SUMMARY

Atha loha:

mundam tiksnaiica kantafica triprakdaramayah smrtam |
mydu kuntam kadararica trividham mundamucyaye || 67 ||
kharamsarafica hrnnalamtara vattarica vajiram |
kalalohabhidhanarica sadvidham ti ksnamucyate || 68 ||
bhramakaricumbakancaiva karsakam dravakam tatha |
evaricaturvidham kantam romakantavica panicamam || 69 ||

Varieties of loha:

Loha? is remembered (smrtam) of 3 types: munda, ti kspa, kanta. Varieties of
munpdaloha are three: mrdu, kuntha, and kadara. Varieties of tiksna are six:
khara, sara, hynnala, taravatta, vdjira, and kalaloha. Varieties of kanta are
five: bhramaka, cumbaka, karsaka, dravaka, and romakanta.

Atha mundam:

mrdu kuntam kadaram ca trividham mundamucyate |
dutadravamavisphotam cikkanam mydu tacchubham || 70 ||
hatam yatprasaredduhkhat tatkuntam madhyamam smrtam |
yaddhatam bhajyate bharge krsnam syattatkadarakam || 71 ||

Varieties of mundaloha®:

Mundaloha is of 3 types: mrdu. kunta and kadara. Mrdu is auspicious; it is
that which melts quickly on heating, does not break on beating, which is soft
and cikkana (slimy). Kunta is one which spreads with difficulty on beating:
this is of medium type in qualitative grade. Kadara is inferior loha, breaks
if beaten, broken surface is black in colour [mrdukaspayasa ‘soft-iron’ (Skt.)].

Properties of mundaloha:
mundam param myrdulakam kaphavatasuamialamamehagada
kamalapanduhari

gulmamavdatajatharartiharam pradipi sophapaham rudhirakrtkhalu
kosthasodhi || 72 ||

Mundaloha is very soft; used in alleviating kapha and vatasila, arsa,
amadosa, prameha, kamala, pandu, gulma, amavdta, udararoga and sopha.
It improves appetite, enhances blood and effects kosthasuddhi.
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asuddhaloham na hitam nisevanadayurbalam kantivinasi niscitam |
hrdi prapidamtanute hyapatavamrujam karotyeva visoddhya mdarayet || 73|,

Consuming bhasma prepared from asuddha (impure) loha is unwholesome.
It destroys the strength, complexion and reduces the life-span. It causes
hrdaya sula and Sarira Saithilya leading to many diseases. So, the bhasma of
the loha is prepared only after sodhana.

Atha tiksnam:

kharamsararica hrnnalam taravattarica vajiram |
kalalohabhidhanarica satvidham ti kspamucyate || 74 ||
parusampogaronmuktam bharige paradavacchavi |
namane bhariguram yattatkharalohamudahrtam || 75 ||
vegabhariguradharam yatsaralohamtadiritam |
pogarabhasakam pandubhiimijam saramucyate || 76 ||
krsnapanduvapuscaricubijatulyorupogaram |

chedane catiparusam hrnnalamiti kathyate || 77 ||
angam chdya ca vangavica pogarasyabhidhatrayam |
cikuram bhariguram lohatpogaram tatparam smrtam || 78 ||
pogarairvajrasankasaih siiksmarekhaisca sandrakaih |
nicitam syamalarigarica vajiram tatprakiryate || 79 ||
nilakysnaprabham sandram masam guru bhasuram |
lohdghdtepyabharigdtmadhdrai_;z kalayasam matam |
kharalohatparam sarvamekaikasmacchatottaram || 80 ||

Varieties of tiksna’:

Tiksnaloha are of six types: khara, sara, hrnndla, taravata vajira and
kalaloha. Khara tiksnaloha® is spotty, “rough, uneven, hard” (parusam?®),
pogaronmuktam (with released holes). Broken surface is lustrous like mercury.
It breaks when bent.

Edge of sara tiksnaloha' mutilates when hit hard. It has a semblance of
pogara (released holes). Found in whitish yellow earth.

Hrnnala tikspaloha" is dull white in colour; has pogara (released holes)
which resemble castor seeds. This loha is extremely hard and very difficult
to break.
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Anga, chaya, variga? are (dhatra ‘receptacles’) — synonyms of pogara.
When the iron is broken, brittle, hairy (cikura) lines and pogara (released
holes) are seen.

Vajira tiksnaloha is massive (solid) and very hard like vajra (diamond); it
has minute lines and pogara (released holes) is black in colour.

Kalaloha is bluish black in colour, solid, slimy (smooth), heavy and lustrous;
its edges are not mutilated even by the impact of beating.

Among all the six types, that is, khara, sara, hrnnala, taravatta. vdjira,
and kalaloha, each is one hundred times superior to the previous type (e.g.,
sara is 100 times superior to khara and so on).

Properties of kharaloha:

ritksam syatkharalohakam samadhuram paketha virye himam |
tiktosnam kaphapittakusthajatharapli hamapandvartinut |
sadyah Silayakrdgadaksayajaramehamavatapaham |
diptaricatirasayanam balakaram dunarmadahapaham || 81 ||

Khara tiksnaloha is ritksa (astringent): had madhura paka, sita virya, tikta
rasa and is hot to touch. It alleviates kapha, pitta, eradicates udara, pliharoga,
amadosa, pandu, sila, yakrit vikara, ksaya, daurbalya, prameha, amavata,
arsa and daha. It is a very good rasayana and is nutritious.

Atha kantam:

bhramakam cumbakaricaiva karsakam dravakam tatha |

evam caturvidham kantam romakantarica paricamam || 82 ||
ekadvitricatusparicasarvatomukhameva tat |

pitam krsnam tathdaraktam trivarnam syatprthak prthak || 83 ||
kramena devatdstatra brahmavisnumahesvarah |

sparsavedhi bhavetpitam krsnam Srestham rasdayane || 84 ||
raktavarnam tathdcapi rasabandhe prasasyate |

bhramakam tu kanistham syaccumbakam madhyamam tatha |
uttamam karsakaricaiva dravakaricottamottamam || 85 ||

Varieties of kantaloha'*:

Kantaloha is of five types: bhramaka, cumbaka, karsaka, dravaka,
and romakanta. The varieties of kantaloha are: ekamukha, dvimukha,



NEW INSIGHTS OF CLASSIFICATION OF IRON-CARBON ALLOYS 433

trimukha, caturnukha, paricamukha and sarvatomukha. By colour, it is of
three types: pita (yellow), krsna (black) and rakta (red). In each divinities
Brahma, Visnu and Mahesvara are respectively situated. Pitakanta is
sparsavedhi (that which turns anything into gold by mere touch), krsnakanta
is the best rasayana; raktakanta loha is used to make inert (baddha). Bhrama
is inferior, cumbaka is medium and karsaka is superior; dravaka kantaloha
is the best of all.

Properties of kantaloha:

bhramayellohajatam yattatkantam bhramakam matam |
cumbayeccumbakam kantam karsayetkarsakam tatha || 86 ||
saksad yaddravayelloham tatkantam dravakam matam |
tadromakantam sphutitadyato romodgamo bhavet || 87 ||
catusparicamukham Sresthamuttamam sartomukham |
bhramakam cumbakam caiva vyadhinase prasasyate || 88 ||
rase rasdyane caiva karsakam dravakam hitam |
madonmattagajah sitah kantamankusamucyate || 89 ||
ksetramjnarvagrhitavyam tatprayatnena dhimatd |

maruld tapaviksiptam vajrayenndtra samsayah || 90 ||

When small pieces of iron are brought near the kantaloha and if these pieces
tremble a bit and revolve around. Such a kantaloha is bhramaka kantaloha.

Iron pieces are attracted and get attached when brought near the cumbaka
kantaloha.

Karsaka kantaloha attracts the iron pieces towards it.

Dravaka kantaloha attracts iron pieces even from a far off distance (or it can
repel the pieces).

Iron pieces brought near romakdntaloha stand erect like hairs. Kantaloha
which has four or five faces (planes) is the best. The variety which has the
faces (planes) on all directions is extremely good. Bhramaka and Cumbaka
can eradicate diseases. Karsaka and dravaka are used in rasa karma and
rasdyana karma.

Kantaloha is like arikusa (goad) for the parade which is like an inebriated
elephant.
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A smart physician collects kantaloha by selecting a proper ksetra (region).
Kantaloha undoubtedly gets vitiated by polluted air and it discards sunrays.

Features of superior kantaloha:

pdtre yasya prasarati jale tailabindurna liptam |

gandham hivgu tyajati ca tathatiktatam nimbakalkah ||

pake dugdham bhavati Sikharakarakam naiti bhamau |
kantam lauham tadidamuditam laksanoktam cananyat || 91 ||

In a vessel made of kantaloha containing water, if a drop of oil is put, the
oil does not spread. The smell of hirigu (asafetida) vanishes when smeared
inside the vessel of kantaloha. The bolus (kalka) of nimba loses its bitterness
after sometime. Milk when heated in a kantaloha vessel boils up to the brim
of the vessel but does not spill over the rim of the vessel.

Kantaloha possessing these features is said to be the best and other types are
discardable.

Properties of kantaloha:

kantayo tirasayanottarataram svasthe cirayuhpradam |
snigdham mehaharam tridosasamanam Salamamulapaham ||
gulmapli hayaky tksayamayaharam pandidaravyadhinu- ||
tiktosnam himaviryakam kimaparam yogena sarvatirnut || 92 ||

Kantaloha is the best rasayana; enhances life-span when consumed by a
healthy person. It is snigdha, alleviates all doga. Kantaloha eradicates diseases
like prameha, amadosa. arsa, gulma, yakrit, pliha, pandu, udara. 1t is tikta
in taste, hot (to touch) and has s7ta virya (or, both Sita and usma). If bhasma
of Kantaloha is taken along with proper anupdana, it can cure all kinds of
diseases.

Loha: sodhana-marana:

samyagausadhakalpanam lohakalpah prasasyate |
tasmatsarvaprayatnena Suddham loharica marayet || 93 ||
nayah pacetparicapaladarvagirdhvam trayodasat |

ddau mantrastatah karma kartavyam mantra ucyate || 94 ||
om amrtodbhavaya svahdah anena lohamaranam || 95 ||
laksottaragunam sarvam loham syaduttarotiaram |

kantam kotigunam tatra tadapyevam gunottaram || 96 ||
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Of all medicinal preparations, loha kalpa are excellent.

Superior variety of loha is obtained, subjected to sodhana with effort and
then subjected to marana. If loha is taken for the process of mdrana, it
should not be less than five pala (that is, 12 tola or 200 gms) or more than
sixteen pala (64 tola or 704 gms.)

A mantra, Om amritodbhavaya svahd, is chanted before commencing the
process like marana

Tiksna loha is superior to mundaloha, and kantaloha is superior to tiksna
loha. Kantaloha is a crore times superior to all other types of loha.

CHARACTERISTICS OF HiGH CABON STEELS

The above executive summary of the relevant verses related to iron
that appears in the Rasaratnasamuccaya has been provided so that the reader
has the first hand information on the actual verses in the text as well as the
most modern translation. We come to know that iron carbon alloys were
classified into three broad categories — munda loha, tiksna loha and
kantaloha. 1t is clear from the nature of these three different categories that
munda loha represented very high carbon containing ironcarbon alloys (one
that we may in modern parlance call cast irons), tiksna loha was the name
given to high carbon steels, and kantaloha low and medium carbon steels.
In order to aid visualization, the approximate composition ranges for these
three categories of iron-carbon alloys are shown in the Iron-carbon phase
diagram" of Fig. 1.

As regards wootz steel, the important verses to focus attention are
verses 74 through 80 where the six different varieties of high carbon steels
(i.e. tiksna loha) are detailed. The root, dhatu, for tiksna is tij in Sanskrit.
The word taijasa-vartini means ‘crucible’. Thus, tiksna loha is directly
related to crucible steel. We further realize that the word # ksna implies that
this category of iron-carbon alloys was specially meant for cutting applications
because of the association of sharpness with this name’.

The precise translation of the verses will not be repeated here but we
shall critically look at the verses from a metallurgical perspective. Six varieties
of high carbon steel that was made by the molten process (i.c. wootz steel)
have been mentioned. All the varieties appear to refer to as manufactured
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Fig. 1. Iron-Carbon phase diagram showing the composition ranges for the three broad categories
of iron-carbon alloys mentioned in chapter 5 verses 67-96 of Rasaratnasamuccaya. The categories
are indicated as K for kantaloha, T for tiksnaloha and M for mundaloha. (Phase diagram
courtesy: Don Wagner)

wootz ingot and not the processed material. This is important because one
class of people were involved in producing (or smelting) wootz steel ingots,
which were wrought to the necessary shape by another set of skilled
blacksmiths. Either the blacksmiths completely finished the product from
start to finish, or the wootz was supplied in a semi-finished condition. These
semi-finished ingots could be later wrought by another blacksmith to make
blades/cutting objects of desired shape. Therefore there were different groups
of blacksmiths involved in working wootz to the finished product.
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It is interesting here to note the skill of the Indian blacksmith in
working with wootz steel. Reaumur!'é, writing in 1722, was highly critical 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", writing in 1677, specifically
mentions that wootz steel “very rarely came unwrought into England.”

In the following discussion, we shall critically review three properties
of wootz steel (i.e. high carbon steels) as mentioned in the
Rasaratnasamuccaya. The most important characteristic of high carbon steels
will be taken up in greater detail after discussing the first two properties.

Two common properties mentioned for the medium carbon steels in
the Rasaratnasamuccaya verses 74-80 are, first, they were lustrous (verse 75
mentions that “broken surface is lustrous like mercury” while verse 80
specifically mentions “lustrous™), and secondly, they possessed lines on the
surface (verse 78 where mention is made that “when the iron is broken,
brittle, hairy lines are seen” and verse 79 also mentions “vdjira tiksna loha
has minute lines). The lustrous nature of the broken surface is clearly due
to the presence of cementite in the wootz steel ingot. We notice the same
kind of bright fracture in iron carbon alloys containing higher amounts of
cementite'®. The fine lines that are mentioned refer to the large cementite
bulky precipitates of cementite that are arranged in a particular pattern which
appears as lines to the observer of the wootz ingot and this is due to the
manner in which the ingot solidified in the crucible (generally slow cooling
rate). In fact, the importance of these aligned cementite streaks (i.c. these
lines on the surface) in obtaining fine quality cutting object is evident when
one compares verse 78 where the best quality wootz steel (namely vajira ti
ksna loha) is said to possess “minute lines” which implies that an aligned
arrangement of finer carbide particles in the original wootz steel ingot resulted
in good cutting properties in the finished product.

Recent research has revealed the presence of different types of
cementite particles (large bulky carbides elongated carbides along grain
boundaries, carbide from pearlite at some locations in grain boundaries and
spheroid carbides in the matrix) are present in wootz steel objects’®. New
insights that have been obtained on the nature of these different types of
cementite particles by electron back scattered diffraction technique have been
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explained by Barnett and Balasubramaniam? in the thematic issue following
this one. The most important observation to note is that carbon is mainly
present in wootz steel ingots and objects made of wootz steel in the form of
cementite and not as carbon or graphite.

CRITICAL ANALYSIS OF POGARA

Now let us focus on one common (and important) characteristic of
the high carbon steels mentioned in these verses. Verses 75 to 79 clearly state
that one of the characteristic features of tiksna loha is that it contained
pogara. This is a very important term because this specifically is mentioned
in Rasaratnasamuccaya while describing five types out of the total six types
of tiksna loha. This has been generally translated as “hair like lines” and
thereby related to white cementite streaks, that were coarse enough to be
seen by the naked eyes?!.

However, this may not be the appropriate translation. In order to
arrive at some conclusions, let us look at a set of glosses for understanding
the term pogara used in describing fiksna loha. These are: pogulu a hole
(Ka.); pokor hollow; bogga small hole, perforation (Kol.); hole (Nk.); bonga
hole (Ga.) (Dravidian Etymological Dictionary’ DEDR 4452). Further, we
notice that association of carbon/charcoal from the terms bog (pl. boggul),
bogum (pl. bogmul) ‘charcoal, carbon’ (Parji) (DEDR 4460).

It is also important to note the context in which the term pogora
appears in the text. For example in verse 75, the specific term used is
parusam pogaronmuktam. The term pogara clearly means “hollow, hole” as
described above. We next pay attention to the term parugsam and this has
been translated in the executive summary as from the origin barusu rough,
coarse; parusapu hard, harsh (Telugu) (DEDR 3973); parusa hard (Skt.Pali)
(CDIAL 7910). This is also closely tied with another way to look at the term
as “purusam pogaronkmuktam” whereby “purusa” means “pupil of the eye”
(Satapatha Brahmana) and “muktam” implies “that which is released” (as a
weapon released from, say, dhanus). Thus, read with “purusam,” the phrase
“purusam pogaronkmuktam” may be reference to a small hole (like pupil of
the eye) released on the metal.

We next have to look at the metallurgical implications of this
interpretation, namely release of tiny circular holes (like the pupil of the eye)
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on tiksna loha. There is no satisfactory explanation for the term pogara
because the metallurgical implications have not been discussed earlier in the
literature, but for the translation of pogara as “hair-like lines”. The reason
for lack of detailed discussion is because there was no physical evidence on
which the connection can be made, due essentially to lack of actual wootz
steel ingots. However, during the course of a thorough study of wootz steel
currently underway at IIT Kanpur, two original wootz steel ingots were
obtained from Telangana region. They were of two different sizes. However,
both appear similar in shape, in that they are concave at the bottom and
almost flat on the top side (see Fig. 2 for side view of the ingots). The larger
one is approximately 11 ¢cm in diameter and 2.5 cm in thickness in the
thickest portion, while the smaller ingot is approximately 6.5 cm in diameter
and 2 cm in thickness at the thickest portion. The larger wootz ingot was
obtained from Konapuram village in Nizamabad district of Andhra Pradesh
and its weight is 1.5905 kg. The smaller wootz ingot was obtained from a
senior blacksmith called Mandalogi Gangaram from Konapuram in
Kammarpalli Mandal of Nizamabad district of Andhra Pradesh and it weighs
0.4254 kg.

Fig. 2. Side view of two wootz ingots

The bottom view of the wootz ingots are shown in Fig. 3. The bottom
of the wootz ingots was in contact with the crucible and generally takes the
shape of the bottom of the crucible. In both these cases, the bottom appears
with a small concavity indicating the nature of the bottom of the crucible in
which it was made. The top surfaces of the wootz ingots are shown in Fig
4. Particular attention must be focused on these images because the interesting
observation that is evident is that when one looks at the ingot from the top,
there are circular marks in the center, very much like the possible description
in the Rasaratnasamuccaya verse 75, namely like “pupil of the eye” In
metallurgical terms, it is very easy to understand this as solidification cavity
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Fig. 3. Bottom view of the two wootz ingots

Fig. 4. Top surface of the two wootz ingots. The solidification cavity at the centre of each ingot
has been arrowed

resulting from the solidification of the wootz ingot in the crucible. In fact,
the description given in the Rasaratnasamuccaya aptly is a remarkable
description of solidification cavity. Therefore, the characteristic feature of all
wootz ingot was that they were solidified after melting steel and further the
ingots appear to have been cooled down slowly after the process of wootz
steel making in crucible was over. This would result in the solidification
cavity like that noticed on the top surface of wootz steel ingots, i.e. the
surface not in contact with the crucible.



NEW INSIGHTS OF CLASSIFICATION OF IRON-CARBON ALLOYS 441

Fig. 5. Castor seeds showing that their characteristic shape is oval and not circular.

It is also easy to appreciate why there were no good interpretations
of the term pogara in the past. The problem was that the earlier scholars just
did not know how an original wootz ingot looked like and therefore the co-
relation of the term to the characteristic feature on the wootz ingot was
missed. Due to the availability of these two original wootz ingots, it has been
possible to interpret the term pogara with the solidification cavity seen in
the centre of wootz ingot and therefore the particular way in which the
material solidified in the crucible was also important while classifying the
different types of tiksna loha.

Further in verse 77, we notice that the hrnnala variety of ti ksnaloha
is mentioned as possessing pogara which resemble castor seeds. Fig. 4 shows
castor seeds, from which it is easy to conclude that the solidification cavity
in case of this category of high carbon steel was not perfectly circular in
nature but slightly oval in nature.

Finally we may end the discussion on pogara by noting its close
phonetic relationship with the term pulad (and its variants), which was widely
used in several different parts of the world?2. The present discussion provides
some valuable clues that the term pulad could originate from the characteristic
feature noticed in all the wootz ingot, namely the solidification cavity, which
was called in the local dialects and even so prominently in the Sanskrit text
Rasaratnasamuccaya (not one time, but five different times while referring
to steel used for cutting applications, namely 7ksna loha) as pogara.
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CONCLUSIONS

The classification of different categories of iron carbon alloys in the
Rasaratnasamuccaya has been critically discussed. Special attention was
focused on high carbon steels that were called by the general term of fiksna
loha and its further subdivision into six varieties. The most characteristic
feature of tiksna loha is pogara and this has been analyzed to show, for the
first time, that this implied the solidification cavity seen in the centre of the
top of the wootz ingot. It has been proposed that the origin for the term
pulad (and its many variants) is this term pogara. The present study further
shows how knowledge on origin and roots of words from language studies
can be fruitfully combined with knowledge on metallurgical/material issues
from archacometallurgical studies to open up new lines of thinking.
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