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Chromium and iron in concentrations as low as 0.3-0.5 per cent have

been found to cause a marked coarsening of the microstructure of 18

carat Au-Ag-Cu alloys on annealing. Where minimum grain growth

during annealing is required, as in the fabrication of rings and chains,

the concentrations of these metals should therefore be kept at a low level.

In the fabrication of carat gold jewellery the
extent of working or deformation of Au-Ag-Cu
alloys between annealing treatments is normally
monitored, since if it is less than about 30 per cent
with most alloy compositions then grain growth
during even relatively mild annealing treatments
may be excessive and weak coarse grained struc-
tures may develop (1). These form surface patterns
(‘orange peel’ effect) on further working, and in
extreme cases the grain boundaries which delin-
eate these patterns may deepen with disastrous
effects. High carat red alloys in particular must not
be annealed after they have had only small de-
formation.

During a systematic investigation of the effects
of various metals in small concentrations on the
microstructures and properties of 18 carat red and
yellow gold alloys we have discovered that ex-
ceptionally large grained structures also develop in
Au-Ag-Cu alloys in the presence of iron or
chromium even though the degree of deformation
before annealing is as high as 70 per cent. The
effect is especially pronounced in silver-containing
yellow gold alloys.

The effects of concentrations of up to 0.5 per
cent iron or chromium were studied. The experi-
mental conditions were those outlined in the

Table
Experimental Conditions

Alloy comp. Au, 75%
(weight %) Ag, 12.5%
Fe or Cr, 0.0-0.5%; Cu, the remainder
Pre- (a) Cast, 70% deformed
treatments  (b) Annealed at 700°C or 800°C for 1 hr,
70% deformed

(c) Final annealing treatment as given in
the captions to Figs. 1-7.
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Table, and the microstructures observed are
illustrated in Figures 1-7.

With a final annealing treatment at 700°C for
1 hour, iron and chromium concentrations of as
little as 0.3 per cent already had a significant effect
on grain size. If these concentrations were increased
to about 0.5 per cent very coarse grains were ob-
served. Figures 1-3 illustrate the latter effects.

If the final annealing treatment was at 800 °C for
1 hour, as may often happen in practice, the dele-
terious effects of chromium and iron additions
showed up (see Figures 4-6) even more clearly.
Whereas 0.3 per cent iron or chromium in-
creased the grain size by a factor of about 2, higher
concentrations caused extreme grain growth (Fig-
ure 7).

No theoretical explanation of these effects can
be given at this stage. It will be apparent, however,
that they are important for gold jewellery manu-
facturers. Iron in particular is an element which
can easily be introduced into alloys by remelting
scrap or by bad refining. If alloys contaminated in
this way are annealed during fabrication under the
conditions found effective for uncontaminated
alloys, coarse grained structures are likely to
develop and give rise to production difficulties.

To ensure reproducibility of the properties of
alloys used in production, especially of such
articles as rings and chains in which a coarse
structure is a disadvantage, it is therefore advisable
that the iron and chromium concentrations in the
alloys should be kept at a low level, and preferably
below 0.1 per cent.
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Fig.1 18 carat yellow gold, annealed 1 hour, 700°C, x 100 Fig. 2 18 carat yellow gold + 0.5% Fe, annealed 1 hour,
700°C,x 100

Fig. 3 18 carat yellow gold + 0.5% Cr, annealed 1 hour, Fig. 4 18 carat yellow gold, annealed 1 hour, 800°C, x 100
700°C, x 100

Fig. 5 18 carat yellow gold + 0.3% Fe, annealed 1 hour, Fig. 6 18 carat yellow gold + 0.3%, Cr, annealed 1 hour,
800°C, x 100 800°C, x 100

The marked effects of chromium and iron
upon gram growth during the annealing of an
18 carar vellow gold (see Table) will be
apparent from Figures 1-7

Fig. 7 18 carat yellow gold + 0.5% Fe, annealed 1 hour,
800°C, x 100
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