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AN ASSESSMENT OF THE SANSKRIT WORD
HEMAGHNA USED FOR LEAD METAL
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The paper discusses the genesis of an uncommon Sanskrit word
“hemaghna” used for lead metal. The literal meaning of this word is “the
destroyer of gold”. The adverse effects of the presence of lead in gold
have been described to justify the formation of this word for lead. The
reasons for the presence of lead in gold have also been discussed.

Key words: Cupellation process, Gold, Hema, Hemaghna, Lead

INTRODUCTION

The Vaijayantikosa (3.2.30) of Yadava Prakasa has referred to an
uncommon synonym hemaghna for lead metal. Yadava Prakasa was the teacher
of the famous Indian philosopher Ramanujacarya (c1055-1137AD). The noted
historian of the Sanskrit literature Baladeva Upadhyaya has stated the date of
composition of the lexicon Vaijayantikosa as the later part of the eleventh century
AD?. Monier-Williams has also referred to this word as one of the synonyms of
lead metal in his lexicon?.

The literal meaning of the word hemaghna is “the destroyer of hema”.
Hema is one of the oldest synonyms for gold in Sanskrit literature, dating back
to Vedic period. The Rgveda (1V.2.8, 1X.97.1) has referred to the word hema.
It has also been mentioned in the Nighantu of Yaska, as one of the fifteen
synonyms of gold. The word hema has been used for gold on many occasions
in the Ramayana (1.54.22, 2.9.57, 2.32.7, 2.112.21, 2.114.5, 3.12.32, 4.3.17,
4.40.54, 5.42.17, 5.45.3 etc). The Mahabharata has also mentioned various
products such as bow, gada etc. adorned with hema (Dronaparva, 14.7, 21.35;
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Karnaparva, 32.39). Necklaces made from hema have also been referred to in
the Mahabharata (Dronaparva 23.18, 23.57). Kalidasa has also used the word
hema for denoting gold on several occasions in his work Raghuvamsa (1.10,
2.36, and 6.15). The Amarakosa of Amarsimha (composed in the earlier part of
the third century AD) has included hema in the list of synonyms of gold (2.9.94).

Lead is called hemaghna because its presence in gold leads to the
destruction of the characteristics or attributes of gold. This word was coined on
the style similar to that used for making the Sanskrit words like satrughna
(destroyer of enemies), brahmaghna (destroyer of brahmins), tamaghna (destroyer
of darkness, i.e. the Sun).

The present paper discusses the genesis of the word hemaghna for lead
metal. An attempt has been made to analyse as to how the presence of lead
adversely affects the characteristics of gold.

GENESsIS oF THE PRESENCE oF LEAD IN GoLD

An important question which arises is as to what is the genesis of the
presence of lead in gold. There could be two different ways by which lead can
co-exist along with gold. Firstly, lead could be present in gold in a natural way
as a result of the extraction and refining process used for gold. Secondly, lead is
added intentionally in pure gold for some purpose. In ancient and medieval times,
both of these modes could have been responsible for the presence of lead in gold,
as explained below.

In ancient and medieval times, gold was obtained from both alluvial placer,
and vein deposits. Panning process, i.e. washing with water, was an essential and
important step in the flow-sheet of gold extraction from both of these deposits.
Panning of gold concentrate was usually carried out more than once.

The mined alluvial placer gold deposits had coarse, medium and fine sized
gangue materials such as gravels, sand, clay etc. The coarse and medium sized
gangue materials were removed by hand picking and some variants of gravity
concentration. The resulting gold concentrate containing fine size gangue materials
and gold particles, was subjected to panning process for more than once to
remove the unwanted low density gangue particles. Similarly the crushed and
ground vein gold deposits were also subjected to panning process for the gold
recovery.
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Panning process demanded dexterity and ingenuity at each stage of the
operation. The richness of gold in the concentrate depended upon the number of
panning operations, but at the expense of greater loss of fine gold particles in the
tailings. Thus a common practice was to prepare a gold concentrate of relatively
low quality in terms of gold content without loosing much fine size gold particles
in the tailings, and to use some alternative method to remove the remaining
unwanted sand and soil impurities without any significant loss of gold. In order to
achieve this objective, the resulting gold concentrate obtained after panning was
heated with lead in a porous refractory crucible. As a result, not only the base
metals such as copper, iron, tin etc. present in the gold particles, but also the sand
and soil present in the gold concentrate were removed. This method was known
as Cupellation process.

The nature of soil and sand impurities present in the gold concentrate
would depend upon the location of the deposit, but the most frequently encountered
oxide impurities would be SiO,, Ca0, FeO, Fe,0,, Cu,0, Zn0, As,O;, Sh,0,,
Al,O;. When gold concentrate containing these oxide impurities is heated along
with sufficiently large amounts of lead, say at 1150 °C, then the lead and also the
base metals present in the gold are oxidized. Since the concentration of lead is
many times more than that of base impurities present in the impure gold, the
primary oxidation of lead first takes place. Lead oxide does not accumulate in the
melt until all the base metals have oxidized. Subsequently, it begins to pass into
melt at a higher rate. In other words, lead oxide serves as a carrier of oxygen
from the primary oxidant air to impurities. Subsequently, a liquid solution between
lead oxide and respective oxides of the base metals impurities in gold is formed.

If the crucible in which the gold is melted is porous, which is the case
usually, then these oxides of base metals together that of lead would get absorbed
by the porous crucible. There is a very large difference in the surface tension of
lead and lead oxide, and molten lead is not absorbed in the porous crucible.
Elements such as Sh, As and Zn , when present in impure gold are, in part,
volatilized as oxides and in part absorbed in the porous crucible. If the crucible
does not have enough porosity, then the liquid slag consisting of lead oxide and
the oxides of the base metals present in the impure gold would float on top of the
liquid metal, which can be tapped off leaving behind purified gold in the crucible.

The lead oxide will also combine with various oxides present in the sand
and soil gangue materials present in the gold concentrate. As a result, a low
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melting point slag is produced. The slag can either get absorbed in the porous
crucible or can be tapped off.

If all the lead added to gold in Cupellation process, does not oxidize due
to inefficient oxidation, then the resulting gold will contain some residual lead. The
amount of residual lead will depend on the ingenuity of the gold-worker.

There could have been intentional additions of lead in pure gold. Gold and
lead have densities of 19.3 gm/cc and 11.34 gm/cc respectively. Lead could have
been added to gold for the adulteration purpose by fraudulent gold-workers in
ancient and medieval times.

ErFFecT oF LEAD ON THE CHARACTERISTICS OF GOLD

The formation of the word hemaghna for lead suggests that the presence
of lead in gold adversely affects some of the important characteristics of gold. The
most important application of gold was in jewellery making ever since ancient
times. It would be interesting to know as to which characteristics of gold get
adversely affected by the presence of lead even in a small amount.

The two most important characteristics of gold which would be affected
by the presence of lead are colour and joining ability. Presence of lead in gold will
produce blackish tint on the splendid golden yellow colour of gold. Such a colour
would make the gold jewellery unattractive to customers or users. For understanding
the effect of lead on the joining ability of gold, it is necessarily to consider the
gold-lead (Au-Pb) phase diagram, which is shown in Fig. 13,

Fig. 1. Gold-Lead phase diagram
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Gold and lead have greatly different melting points. Gold has a melting
point of 1064.4°C, while lead has 327.5°C. In the present context, it is reasonable
to study the phases formed in gold alloys containing small amounts of lead, say
1-5 wit%, at different temperatures. It is interesting to note that lead has no solid
solubility in gold. At room temperature, gold-lead alloys containing 1-5 wt% lead
will consist of pure gold and y phase. The y phase is an intermetallic compound
Au,Pb, and contains 65.6 wt% gold and 34.4 wt% lead.

Table 1. Solidus and liquidus temperatures of Gold-Lead alloys

Composition,wt % Solidus temperature,°C Liquidus temperature,°’C
99Au-1Pb 418 1052
98Au-2Pb 418 1037
95Au-5Pb 418 1000

Table 1 shows the solidus and liquidus temperatures for gold alloys
containing 1, 2, and 5 wt% lead. It can be seen that the solidus-liquidus temperature
range is quite wide. As a result, gold-1wt% lead alloy is fully solid below 418°C,
fully liquid above 1052°C and a mixture of solid and liquid phases in between
418°C and 1052°C. Similarly gold-2 wt% lead and gold-5 wt% lead alloys
contain both solid and liquid phases in the temperature range 418-1037°C and
418-1000°C respectively. The amount and composition of the solid and liquid
phases present in gold-lead alloys containing 1, 2 and 5wt% lead at different
temperatures under equilibrium condition can be calculated from its phase diagram
using lever rule, and the values are shown in Table 2. It can be observed that the

Table 2. Composition and amount of phases formed in Gold-Lead alloys at different
temperatures, as calculated from its phase diagram

Composition, Temperature, Composition, wt% Phase present, %
wt% °C Liquid Solid Liquid Solid
99 Au- 1 Pb 500 60AuU-40Pb 100 Au 25 975
800 80AU-20Pb 100 Au 5 9%
1000 95Au-5Ph 100 Au 20 80
1037 98AuU-2Ph 100 Au 50 50
1052 99AuU-1Pb — 100 —
98AuU-2Pb 500 60AuU-40Pb 100 Au 5 95
800 80AuU-20Pb 100 Au 10 20
1000 95Au-5Pb 100 Au 40 60
1037 98AuU-2Pb — 100 —
95Au-5Pb 500 60AuU-40Pb 100 Au 125 87.5
800 80AuU-20Pb 100 Au 25 75
1000 95Au-5Pb — 100 —




400 INDIAN JOURNAL OF HISTORY OF SCIENCE

amount of liquid phase increases with increase in temperature above the solidus
temperature.

The above behaviour of gold-lead alloys has an important practical
implication in jewellery making. In ancient and medieval times, jewellery and
personal ornaments were manufactured mainly from sheets, wires and granules of
gold. Sheet- and wire- gold were shaped into finished or semi-finished shapes
involving a number of unit operations, followed by joining. Many a times the
manufacture of jewellery also involved decoration by granulation and filigree
techniques, which also required joining operation. One method of joining consisted
of using a brazing or hard solder foil of gold-copper or gold-silver-copper alloys
at the joint. Subsequently, the area near the joint was heated until the hard solder
melts. On solidification, a firm joint was formed. The liquidus temperature of the
hard solder will depend on its composition. For example, 80 wt% gold- 20 wt%
copper hard solder is fully liquid above approximately 910°C. Other gold-copper
compositions will require even higher temperatures to achieve fully liquid state.

Thus, the heat affected zone near the joint will have areas on the jewellery
where the local temperature would be in the solidus-liquidus temperature range of
the gold-lead alloy composition used for the jewellery making. During joining
process, pockets of liquid phase will be formed within the solid matrix of gold-
lead alloys in the area where the local temperature is within the solidus-liquidus
temperature range of the alloy. In these areas, the liquid phase will appear on the
surface of the jewellery during joining. The amount of liquid formed will depend
on the local temperature, as discussed earlier. Although the liquid formed during
joining of the jewellery would solidify on subsequent cooling, the surface finish of
the gold jewellery gets adversely affected. Rough surface having depressions
would result. Minute cracks may also form.

CoNCLUDING REMARKS

The presence of lead in gold affects the characteristics of gold in two
ways. The splendid golden colour of gold deteriorates due to appearance of
undesirable blackish tint. The surface finish of the jewellery made from gold-lead
alloys will be adversely affected during the hard soldering or brazing operation.
This is caused due to the appearance of the liquid phase in the heat affected zone
of gold-lead alloys. Such behaviour will be observed even if lead is present in very
small amounts, since lead has no solid solubility in gold. Due to these factors, lead
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was designated as the destroyer of gold. Thus the formation of the word hemaghna
for lead is fully justified.

The formation of the word hemaghna in Sanskrit is an example of the
methodology used for naming metals and non-metals, wherein the destructive
quality of metals and non-metals are used for forming words. In this context, it
IS interesting to note that sulphur was named also as sulbari in Sanskrit language.
The literal meaning of this word is “the enemy or destroyer of sulba, i.e. copper”.
Sulphur was called sulbari, because it was harmful to copper metal, in the sense
that the reaction between sulphur and copper resulted in the formation of copper
sulphide.
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