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Differences in the mode of thermomechanical processing between white gold alloys
to produce semi-finished products
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The results of the investigation of the reduction degree on the hardness of a gold sample with chemical composition
Au58,5Ag15Cu9,5Ni9Zn5Pd3 for old white gold alloy and Au58,5Ag18Cul0,5Ga8Zn5 (wt %) for new white gold
alloy, are shown. The obtained results show that hardness of samples is higher when total reduction is higher, and that it
decreases after process annealing. Also, the mechanical properties of the investigated alloys were compared. Alloy
without Ni has lower hardness and higher elongation values.
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INTRODUCTION

With the beginning of the human race evolved
an aspiration of the people for beautification and
wearing jewelry. The rich and beautiful yellow
color, good mechanical properties and relatively
easy way of processing, have made gold a major
element to use for this purpose [1, 2, 3].

Almost all metals in pure elemental state are
very soft, malleable and difficult for mechanical
processing [4,5]. This feature happens to be an
advantage in the production of contemporary
jewelry because it allows mixing pure gold with
other appropriate elements to a higher or smaller
degree, depending on the production technology
and the grade of jewelry you want to get [6].
However, its disadvantages are ductility, wear and
susceptibility to mechanical injuries during
processing of jewelry [7]. Gold alloys are widely
used in jewelry, mostly in the form of wires and
thin strips.

White gold alloys were developed as substitutes
for platinum and are mainly used for jewellery. The
whitening or bleaching of gold is a process of
creating a material that is cheaper and easier to
alloy and fabricate than platinum. There are two
groups of commercial white gold alloys, in one of
which the bleaching element is nickel and in the
other - palladium. Because of the strong hardening
effect of nickel, white gold alloys containing large
amounts of nickel do not have the deformation
characteristics desired for jewelry manufacture It is
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possible to obtain a better combination of colour
and mechanical properties in white golds by
bleaching with palladium, but since the price of
palladium is about 1 000 times that of nickel, these
better alloys are more costly [8,9].

Also, nickel has long been known as a major
skin allergen. In an attempt to reduce the
occurrence of allergic contact dermatitis caused by
nickel, the European Parliament and EU Council
passed the Nickel Directive. For products designed
for direct and long-term contact with the skin
(earrings, necklaces, bracelets, etc.) the rate of
release of Ni should not exceed 0.5 ug-cm? per
week. A more recent measure passed by the
Commission, Directive 2004/96/EC, in an attempt
at more effective protection of EU citizens and
taking into consideration new findings on the toxic
properties of nickel, sets a migration limit of 0.2
ug-cm? per week. This new limit also applies for
earring posts inserted into the pierced ear or into
other pierced parts of the human body [10].

The new line of total nickel-free white alloy was
created to provide maximum protection for
sensitive skin. The Italian company Legor produced
new alloy Proderma [11,12]. Proderma was created
as a practical response to the growing attention
towards phenomena of allergy and skin intolerance
in contact with some commonly used metals in the
gold industry, including nickel. This brand contains
NPF alloys (nickel/palladium free), which do not
contain the two most common whitening elements,

that for several reasons may not be acceptable or

not compatible. Instead, they contain gallium as a
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whitening component and a slightly higher
percentage of Ag and Cu (REF).

In this study, we performed a comparative
analysis of old and new white gold alloy strips
obtained from molten pieces of rectangular cross-
section. We investigated the influence of rolling,
drawing and annealing on the mechanical
properties of those two types of white gold strips.

EXPERIMENTAL PROCEDURE

Preparation of the sample

Mixing of gold with purity of 999,9 %o and the
corresponding master and finished pre-alloys was
used to obtain the needed mixtures of white gold
for jewelry making. From those two mixtures
castings with composition (determined by the
FISHERSCOPE X-RAY XAN-DPP unit located at
the Directorate of Measures and Precious Metals,
Belgrade) 58,5% Au, 15% Ag, 9,5% Cu, 9% Ni,
5% Zn and 3% Pd for old white gold and 58,5%
Au, 18% Ag, 10,5% Cu, 8% Ga, 5% Zn (wt %) for
new NPF white gold, with dimensions of 92 mm x
28,6 mm x 4,7 mm were effused using a melting
procedure at a temperature of 1064°C and fixed
periods of mixing.

Rolling process

Prepared castings were passed through working
rolls to obtain a thickness of 0.38 mm, which was
appropriate for cutting on circled cutting scissors.
After each reduction, samples were taken for
mechanical investigations. After each fifth
reduction the samples were heated in a furnace at a
temperature of 650°C for 10 min. Aforementioned
samples were cut to the width of 18.5 mm and
passed through 4 cylinder plates rolling machine
where tubes were obtained. Subsequently, we
performed gas brazing of the tubes with tungsten
electrodes in argon atmosphere at a current of 10V
and 12A.

Drawing process

The obtained tubes were passed through a
drawing bench with diamond dies to obtain the
diameter most commonly used for making
necklaces and bracelets (tables 2 and 4). After each
fifth reduction the samples were heated in a furnace
at temperature of 650°C for 10 min. Along with the
cast samples, samples obtained in rolling and
drawing processes were taken for mechanical
examination.

RESULTS AND DISCUSSION
The parameters of rolling and drawing for old
white gold with Ni alloy are given in Table 1 for
rectangular samples, and table 2 for tube samples.
Figures 2 and 3 demonstrate the results of hardness
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investigation for the same old white gold with Ni
alloy.

Table 1. Rolling parameters for the tested old white gold
with Ni alloy samples

b, h, Total height Single height

mm mm reduction?% red%ction,g% FolF HV 10
286 4.7 153
287 45 4.25 4.25 1.0444 160
288 4.2 10.64 6.67 1.1190 176
289 3.6 23.40 14.29 1.3056 206
29.0 31 34.04 13.89 1.5161 250
29.1 238 40.43 9.68 1.6786 263
293 2.2 53.19 21.43 2.1364 275
295 1.8 61.70 18.18 2.6111 296
29.7 1.3 72.34/0 27.78 3.6154 314/182*
29.9 0.87 81.49/33.77 33.08 5.4023 245
30.1 0.58 87.66/55.38 33.33 8.1034 279

30.3 0.38 91.91/70.77 34.48 12.3684 311/157*

b-Sample width, HV 10 - Vickers hardness,h - Sample height,
* Hardness after annealing,, F— Cross section area

Table 2. Drawing parameters for the tested white gold
alloy

Single Total
|, mm @, mm elongation,% elongation,% HV'10
150 6.0 173
153 5.8 2.0 2.0 186
158 55 3.27 5.33 207
164 5.0 3.80 9.33 231
169 4.8 3.05 12.67 248/182*
182 4.6 7.69 21.33 200
196 4.3 7.70 30.67 210
214 3.9 9.18 42,67 242

I-Tube length, @-Tube diameter, HV 10 - Vickers hardness
* Hardness after annealing
We show that for higher total height reduction

the hardness values increase (Figure 1).
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Fig. 3. Schematic view of the study of old white gold alloy with Ni.
After process annealing, the hardness values Table 3. The parameters of rolling for tested new white

decrease, and for further total height reduction, gold NPF alloy samples
hardness increases again. _ b h Tgéi'c?i'g:t singlehight .0
Our results demonstrate that as total elongation mm  mm chuk | reduction, % .
increases, hardness values also increase (Figure 2). 286 4.7 146
After process annealing, values for hardness 287 45 4,25 4,25 1,0444 154
decrease, and with subsequent increase of 289 41 12,77 8,88 1,1463 170
percentage of elongation, hardness increases again. 290 35 25,53 14,63 13429 201
Figure 3 presents a schematic view of the study 292 29 3830 17,14 1,6207 247
. N1 294 26 44,68 10,34 1,8077 260
of old white gold alloy W|th Ni. - 296 21 55.32 19.23 22381 270
The parameters of rolling and drawing for new 298 16 6596 23.80 20375 292
white gold NPF alloy are given in tables 3 and 4, 299 12 744710 25.00 39167 310/180*
for rectangular and tube samples, respectively. 30,1 0,8 82,98/33,33 33,33 58750 240
Diagrams in figures 2 and 3 represent results of 303 05 8936/5833 37,50 9,4000 275

30,5 0,38 91,91/68,33 24,00 12,3684 305/150*
b-Sample width, h-Sample height, HV 10-Vickers hardness, *

Hardness after annealing,, F—Cross section area

NPF alloy hardness investigation.
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Table 4. Drawing parameters for the tested new
white gold NPF alloy

o Single Total
I, mm > elongation elongation, HV 10
mm % %
150 6.0 170
154 5.7 2.66 2.66 182
159 5.4 3.25 6.00 203
165 5.0 3.77 10.00 230
173 4.7 4.85 15.33 242/180*
184 4.5 5.20 22.67 199
197 4.2 7.06 31.33 209
216 3.9 8.80 44.00 240

I-Tube length, @-Tube diameter, HV 10 - Vickers hardness
* Hardness after annealing
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Based on the results presented in Tables 1 — 4
the following comparison between the two white
gold alloys can be made: regarding the total
reduction, the new white gold alloy has a higher
value (74.47) than the old white gold alloy (72.34).
At the same time, total elongation is higher for the
new alloy (15.33) than for old alloy (12.67). These
differences in the degree of reduction and
elongation are the result of the presence of very
dispersive liquid Ga over the macro and micro
grain boundaries, since the liquid phase lays over
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almost each grain with definite nm or pm dimension.

Vickers hardness for the new alloy with Ga, after
annealing process, is almost the same as for the old
alloy with Ni (180 vs. 182). For both alloys,
permanent hardness increase is consequent to grain
fragmentation of solid solutions or intermetalloids,
under the influence of strains caused by dislocations
accumulation  on  grains  boundaries.  Such
accumulation with short, (only 10 min), annealing
process at 650°C, enables dislocations to move
drastically lowers Vickers hardness.

CONCLUSION

Based on the experimental research performed and
the results obtained, we can conclude the following:

During cold rolling, for higher total height
reduction, the hardness values increase for both old
and new white gold alloys (slightly more for old white
gold alloys, tables 1 and 3). After the annealing
process, the hardness values rapidly decrease.
Subsequent increase in total height reduction causes
an increase in hardness again.

The relative elongation data obtained are in good
correlation with literature values [2].

During the drawing process, with an increase in
total elongation, the hardness values increase for both
old and new white gold alloys (more for old white
gold alloys, tables 2 and 4). After the annealing
process, the hardness values rapidly decrease.
Subsequent increase in reduction results in an increase
in hardness again.

These investigations show that using the new alloy
NPF, strips and tubes of mechanical properties
appropriate for jewelry making, can be obtained by
rolling and drawing processes.

Moreover, new alloy NPF showed slightly better
thermomechanical properties in comparison to old
alloy. Gallium, used instead of nickel, proved to be a
good replacement. The only flaw is that its use is not
providing the desired white color component of the
funds used for the development of modern jewelry.
However, this can easily be overcome by coating with
a layer of semi-finished rhodium, in order to obtain
the desired jewelry white as shown in Picture 1.
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Picture 1. Products before and after coating with a layer of semi-finished rhodium
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M. B. Mupuu?, P. C. ITepuu?, C. IT. Jumutpuesud®, C. A. Mnaznenosuu?, C. P. MapxanoBuy®

Yupexyus 3a usmepanus u 6nazopoonu memanu, beazpad, kamedpa 3akonmpoanu cybekmu om 61a20p0OHU Meman,
Huw, Copous

2[Tepuu & ITepuy & Cvo. OO, Hoxcapesay, Copbus
SUnosayuonen yenmop kom mexronozuyen u memanypauuen gpaxyimem, Benepad, Copbus
ATexnuuecku gpaxynmem ¢ Bop, Benzpaocku ynusepcumem, Bop, Copbus
STexnuuecku ¢paxynmem ¢ Bop, Benzpadcku ynusepcumem, bop, Copbus
[Tonydena Ha 12 ®eBpyapu, 2014 r.; peBusupana Ha 3 roau 2014 .
(Pesrome)

[Noka3aHu ca pe3yJTaTuTe OT U3CJICABAHETO HA CTENICHTa HAa HAMAaJIBaHe Ha TBHPAOCTTA Ha Mpoba 311aT0 ¢ XUMHYECKH
ceetaB AuS8,5Ag15Cu9,5N19Zn5Pd3 3a crapa ciaB Ha Osmo 3mato u AuS8,5Ag18Cul0,5Ga8Zn5 (ternoBun%) 3a
HOBa cIUIaB Ha Osuto 3naro. [lonyueHuTe pe3ynraTu Noka3Bar, 4e TBbPJOCTTa Ha NPOOKTE € M0-BUCOKA, KOraTo 00LI0TO
HaMaJIeHHE € I0-BUCOKO, M Y€ TSl HamallsiBa ciel mporeca oTrpsiBane. ChIlo Taka, ca CpaBHEHH MEXaHWYHUTE CBOMCTBA
Ha u3cnenBanuTe crutaBute. Crutas 6e3 Ni mMa Manka TBBPJOCT M O-BUCOKH CTOHHOCTH Ha YABIDKCHHE
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