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Disclosure to Promote the Right To Information

Whereas the Parliament of India has set out to provide a practical regime of right to
information for citizens to secure access to information under the control of public authorities,
in order to promote transparency and accountability in the working of every public authority,
and whereas the attached publication of the Bureau of Indian Standards is of particular interest

to the public, particularly disadvantaged communities and those engaged in the pursuit of
w education and knowledge, the attached public safety standard is made available to promote the
timely dissemination of this information in an accurate manner to the public.
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Precious Metals Sectional Committee, MTD 10

FOREWORD

This Indian Standard (Second Revision) was adopted by the Bureau of Indian Standards, after the draft finalized
by the Precious Metals Sectional Committee had been approved by the Metallurgical Engineering Division
Council.

This standard was earlier published in 1964 and revised in 1981. In this revision the provisions of IS 3541 : 1981
‘Code of practice for manufacture of 23.3 and lower carat gold alloys (first revision)’ have been incorporated by
way of merger with a view to have a single, complete and user friendly standard. The earlier seven tables
indicating typical compositions of the various types of gold alloys have also been rationalized in to three tables
for easy understanding of the user. After publication of this standard IS 3541 shall stand withdrawn. The
provisions of this standard have also been aligned with IS 1417 : 1999 *‘Gold and gold allgys, jewellery/artefacts
— Fineness and marking — Specification (third revision)’.

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value,
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with
IS 2 : 1960 ‘Rules for rounding off numerical value (revised)’. The number of significant places retained in the
rounded off value should be the same as that of the specified value in this standard.
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( Second Revision )

This standard covers guidelines for manufacture of
23, 22, 21, 18, 14 and 9 carat gold in the form of
ingot, bar, plate, sheet, rod, wire and granules.

2 REFERENCES

The following standards contain provisions which,

thrmloh reference in this text, constitute provisions of

this standard. At the time of publication, the editions

indicated wara valid All qgtandarde are guhiect tn
ingicated were vaiia. Ail stangargs are SUsjeCt 1o

revision, and parties to agreements based on this
sldnuaru are CI]QOU[dch o HlvestlgdLC LIlC pUbblUlllLy
of applying the most recent editions of the standards

indicated beiow.

IS No. Title
191 (Part 6) : Copper : Part 6 Fire refined high
1980 Pnnducf1v1f\1 copper (FRHC\ (thyr/]

revision)

209 : 1992 Zinc ingot {fourth revision)

1417 : 1999 Gold and gold alloys, jewellery/
artefacis — Fineness and marking
— Specification (third revision)

1418 : 1999 Assaying of gold in gold bullion,
gold alloys and gold jewellery —
Cupellation (fire assay) method
(second revision)

21121981 Grades of silver and silver alloys
(first revision)

2782 : 1964 Primary nickel

3096 : 1965 Fine grade palladium

3 TERMINOLOGY

For the purpose of this standard, the following
definitions shall apply.

3.1 Assaying

It is the chemical process of determining the
gold content of the sample expressed in parts per
thousand (%o).

3.2 Bar
A regular shaped ingot, narrow in width when

compared to its length and made by casting in a metal
or graphite mould.

3.3 Carat

Carat is one-twentyfourth (1/24th) part by weight of
the metallic element gold.

The ratio between the mass of gold content and the
total mass expressed in parts per thousand (%o).

Ingot
A solid casting of convenient shape and weight.

3.6 Plate/Sheet

Material in flat form obtained by rolling and of
uniform width and thickness.

3.7 Rod/Wire

Material usually in rounded form with uniform cross-

cpr-hnn throuchout. It mav also be sanare. rectanoular
s& arougnout. it may aisg 8¢ square, reclanguiar

or in other cross-sectional form in special cases.
4 PURITY OF METALS

4.1 Gold

Gold used in the preparation of the alloys shall be

standard or fine gold conforming to IS 1417.

4.2 Alloying Elements

n
:..

nnnnnnnn of allaving tha fal mo maetale
ror tae purpusc O1 auuv1115, the xuuuwuls imcetais

conforming to grades as indicated against each shall

be used

Metal Grade Indian Standard,
Ref to

Silver 999/1 000 iIS2112

Copper FRHC Grade IS 191(Part 6)

Nickel 99.90% (Grade I) IS 2782

Zinc Zn 99.95% IS 209

Palladium Pd 99.9% IS 3096

4.2.3 Some typical compositions of the alloys

o thmca cimmet e TQ 1AV b g,
lllbluul(lg tnose speciiicud lll 1o 141/ lldVC UCC“ glVCII

in Annex A.

4.2.4 Rich alloys of gold with silver and copper of
known composition may also be employed.

4.2.5 When preparing alloys that have to

a nfnnrbn-rl onld content alloy W
a aara g0 LOTNIICHIL, anowadl



1S 2790 : 1999

the varying gold content, in the metal used. The

naint Nenendinge

sino exanmnle will ilhictrate th
< PULLL L/OPOIGITE

lUllUVVl’l& MAUIII}II\/ AR T Illuolral B‘le
on the purity and car atag of gold, the parts of this
o i a particular

calculated from the following formula:

axb

o
(&

where
a = carat required,
b = 24 parts of carat, and
c caratage of gold alloy to be converted.

i

For example, for (‘nnvernno 22 carat oold to 14 carat

gold, we require, 15.27 parts of 22 carat gold and 8.73

parts of base alloy, such as copper-silver alloy.

ol kit

5 REQUIREMENTS

5.1 Forms

Gold of 23, 22, 21, 18, 14 and 9 carat shall be in the
form of ingot, bar, plate, sheet, rod, wire and granules.
Details of shape and size shall be subject to agreement
between the purchaser and the seller.

5.2 Standards for Assaying

The actual gold content of the forms stipulated in 5.1

shall be of fineness as an‘(‘]ﬁf‘d in IS 1417 when

assayed in accordance w1th IS 1418.

6 ACCESSORIES FOR MELTING

6.1 Accessories such as crucibles, furnace, mould,
mould dresmng, etc are usually required for the

p

6.2 The furnace should be capable of attaining a
temperature of about 200°C above the temperature at
which the alloy will melt completely.

7 MELTING AND CASTING

7.1 Weigh accurately gold and alloying elements.
Place copper, which should preferably be in the form
of grains, at the bottom of the crucible and then add
silver, preferably in the form of grains. Finally, add
gold and cover with a layer of lump charcoal,
sufficiently thick to prevent oxidation followed by
borax. When using zinc as an alloying element, let
the alloy in the crucible melt and introduce zinc in
the molten metal under the layer of charcoal in the
crucible.

7.1.1 When the entire mass is in liquid state stir

thoroughly with red hot graphite stirrer, quickly

withdraw the curcible from the furnace and pour the

contentc into mnf')h]p mnnld r\rp‘nr\nc]v \x'mrmpr] and

LOLWIRS (iU 4 sunauav invuiv viUuS1y ar vl all

dressed with oil. If the ingot is large, it will be

ouring rate towards the

nt shr 'nkage and promote

ael

necessary to slow down the

end of cactine <o
TG Ul vasuiig o

better feeding of the casting. In all cases, the
ho

temperature of final pouring should be controlled so
that 1t is about 50°C above the temperature at which
the a]]nw will melt Cgmplg{e]y

7.1.2 [n most cases and particularly when the
composition has nickel or zinc in it, it is easier and
better to manufacture the alloy in two stages, first by
preparing an alloy of the base metals and then by
mixing the proper proportion of this alloy with gold
or an alloy of gold. When using nickel and zinc, it is
better to prepare an alloy of copper, nickel and zinc or
copper and zin¢ and to mix the requisite proportions
of it with an alloy of gold and silver.

7.1.2.1 A typical illustration for manufacturing 14
carat gold is as follows:

a) Take pure copper 8 parts and pure silver 2
paris and melt them 1 a crucible under a
layer of charcoal. After thoroughly mixing
the molten alloy with a hot iron rod, pour the
melt into a hot cast iron horizontal mould.

b) Take 14 parts of pure gold in a crucible placed
in a furnace. Depending on the purity of the
gold taken, calculate the weight of copper-
silver ailoy required to produce 14 carat gold
alioy as given in 4.2.5.

¢) Add thealloy to the crucible and heat. When
the gold and the alloy are at the fusion point,
add pure vegetable charcoal on the surface
of the melt to prevent the alloy from
oxidation. Then follow the procedure given
in 7.1.1.

NOTE — Itis advisable to granulate the entire mass, remelt the
granules and cast into ingots to ensure homogeneity.

8.1 Annealing

As general rule, when proper attention has been given
to the melting and casting, a cast ingot may be reduced
to one half in original thickness without any annealing.
This reduction is to be effected in several passes, the
actual opening of each pass varying with the alloy.
8.1.1 Condition

The conditions necessary for successful annealing are:

a) Annealing temperature,
b} Duration of annealing, and
¢) Annealing atmosphere.

8.1.1.1 Annealing temperature

A suitable annealing temperature for the majority of
gold alloys (excluding white gold) lies in the region



of 550°C- 650°C. The exact temperature, suitable for
annealing any particular alfoy may only be ascertained
by practice.

8.1.1.2 Duration of annealing

The duration of anneaiing wili depend on the size of
the ingot. As a general rule, alloy should be removed
as soon as they are uniformly heated to the annealing
temperature and should not be allowed to soak for more
than a minute or two.

Yellow gold requires a slightly higher temperature and
slightly longer annealing time than red gold which
contains larger proportion of copper than of silver.

8.1.1.3 Annealing atmosphere

Annealing has always to be carried out under non-
oxidising conditions to prevent oxidation of the base
metals present in the alloys. For ideal results, a muffle
furnace equipped with pyrometer and heated by gas
or electrically and with attachment for maintaining
non-oxidising atmosphere is the best equipment.

The working jeweller will seldom have a muffle

furnace or nvrometer available and he will have to
€ or py aval ang he will have to

take recourse to the blow-pipe annealing generally
used for small articles in the course of manufacture.
The article is thinly coated with a mixture of boric
acid and methylated spirit and dried. It is next placed

on a charcoal block and heated as far as possible to
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the time and temperature combination. Some
oxidation is inevitable and particularly with large
pieces annealing may not be expected to be perfectly
uniform.

8.2 Quenching

Quenching is an essential operation after annealing
of the carat alloys.

8.2.1 Quenching should be performed generally from
a temperature of 400°C for the carat alloys. Visual
estimation of the correct temperature is difficult and
experience and judgment of the craftsman are the only
guides in the absence of any equipment for
measurement of temperature.

8.2.2 It is advantageous to quench the alloy in dilute

F T s L oL T~ P I o S TIPS
sSulpnuric acid 01 daboui o 10 1V PCICCINl strengin.

9.1 The gold ingot, bar, plate and sheet may be suitably
marked in a prominent position with their fineness,
the mass and the name of manufacturer or his trade-
mark and the date of manufacture. In case of rod/
wire and granules the containers duly sealed shall be
marked in a prominent position with their fineness,
the mass and the name of the manufacturer or his
trade-mark and the date of manufacture.
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ANNEX A
(Clause 4.2.3)
TYPICAL COMPOSITION
A-1 The typical compositions of 23, 22, 21, 18, 14 Table 2 Typical Compositions of Red Gold Alloys

and 9 carat yellow, red and white gold alloys are given (Clause A-1)
in Tables 1 to 3 for information.

Gradein Metals, Percent by Mass
Table 1 Typical Compositions of Yellow Carat —= : ~
Au Ag Cu Ni Zn
Gold Alloys
(Clause A-1)
21 87.50 2.50 10.00 —
Grades Metals, Percent by Mass 87.50 — 12.50 — —
inCarat - —N -
Au Ag Cu 7n 18 75.00 4.00 21.00 — -
75.00 2.50 22.50 — —
23 96.00 4.00 — — 75.00 — 25.00 — —
96.00 2.00 2.00 — 14 58.50 7.50 34.00 — —
96.00 — 4,00 — 58.50 6.00 35.50 — —
58.50 5.20 36.30 — —
22 91.66 8.34 — — o 1750 250
. . 55.00 — —
91.66 6.20 2.14 - 37.50 — 61.00 — 1.50
91.66 4.10 4.24 — 37.50 5.00 57.50 —_ e
91.66 2.00 6.34 —
-91.66 — 8.34 — Table 3 Typical Compositions of White Gold
21 87.50 12.50 — — CIA""yS
87.50 10.00 2.50 — (Clause A-1)
18 75.00 16.00 9.00 - Grades Metals, Percent by Mass
75.00 12.50 12.50 — in Carat - N -
75.00 11.00 14.00 — Au Ag Cu Ni Zn Pa
75.00 9.50 1550 - 18 75.00  15.00 — — - 10.00
75.00  8.00 — — — 17.00
4 58.50 17.50 24.00 —
: 75.00 — 5.00 5.00 — 15.00
58.50 15.00 26.50 - 7500 1100 310 590 - 5.00
58.50 12.50 29.00 — 75.00 —— 5.50 14.50 5.00 —
9 37.50 17.50 42.00 3.00 14 58.50 — 18.00 17.50 6.00 —
58.50 — 16.50 1650  8.50
37.50 11.00 51.50 —
58.50  31.50 - 10.00 -
37.50 10.50 45.00 7.00 5850 2150 5.00 - 15.00
5850 1800  6.50 2.00 1.00 14.00
9 37.50 - 2760 1750  17.40 —
37.50 — 40.00  10.70  11.80 —
NOTES

1 The alloys shall be free from Pb, Bi, As, Hg, Se, Te and Pt
group metals etc.

2 Composition of gold alloys given above are indicative and not
exhaustive. The base metal contents may vary to get desired colour
and other physical characteristics but gold content shall however
not go below the minimum fineness as specified for the respective
grades.
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