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Abstract. The authors of this paper propose and provide scientific substantiation for a new technique of producing
bimetallic wire from precious metals for jewelry chains. The method is protected with a patent of the Russian
Federation. The authors did calculations to define the processing regimes of cold rolling and drawing that would ensure
a uniform distribution of the drawing force between the passes thus minimizing the required drawing force parameters.
The PROVOL software was used for calculations that accounted for the actual production environment of the Gulidov
Krasnoyarsk Non-Ferrous Metals Plant (aka JSC «Krastsvetmet»). The software has a certificate of state registration.
Using the developed regimes, experimental studies were conducted to obtain a bimetallic wire with the core made of
925 silver alloy and the shell made of 585 gold alloy. A trial run of the technique, which was conducted by JSC
«Krastsvetmet» to produce bimetallic wire for Singapore style chains, resulted in quality products. A study of the
structure and properties of long-length deformed semi-finished products showed that the use of the new technique lead
to enhanced strength and performance of the bimetallic wire for jewelry chains preventing defects during the chain
bending process. Thus, the authors propose a new technique for producing bimetallic semi-finished products from
precious metals alloys that helps improve the quality and expand the assortment of finished jewelry products.
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Introduction

Currently, the major share of the jewelry market
falls on the production of jewelry chains and brace-
lets, the deformed semi-finished products for which
are manufactured using metal processing operations
[1-4], and only 10% are exclusive jewelry with pre-
cious and semiprecious stones [5]. Jewelry market is
shrinking assortment of manufactured jewelry prod-
ucts, while Russia's share in world jewelry exports is
only 0.12% ($ 120 million). Most consumers prefer
more affordable products, for example hollow chains,
but at the same time in no way inferior in terms of
external characteristics of full-weight products. At the
same time, hollow chains are characterized by low
strength and performance characteristics, and, as a
rule, cannot be repaired. The main trends in the de-
velopment of the jewelry market are an increase in
competition for the import of jewelry a reduction in
demand for the existing range of products. This en-
tailed a reduction in the production of jewelry chains
and bracelets as they become unclaimed which stimu-
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lates jewelry companies to work on cheaper produc-
tion and facilitating products [6, 7].

At the result with these trends in the develop-
ment of the jewelry market the first main thing is the
search for new methods and technologies for the
production of jewelry chains from new alloys based
on precious metals characterized by manufacturabil-
ity in deformation processing and an increased level
of strength and consumer properties. The authors
suggest a method for preparing a bimetallic wire
made from precious metals [8] which allows achiev-
ing the above advantages and at the same time is
characterized by a relatively low production cost. In
this case, a silver alloy of 925 samples was proposed
as the core, and a new alloy of 585, which has a
high level of mechanical properties due to a change
in the percentage content of the alloy components
and the use of modifying additives [8].

JSC «Krastsvetmet» produces about 160 jewelry
braids which are based on various technologies for
obtaining a deformed semi-finished product. [4].
The fig.1 one of such typical technologies for the
production of type «Korda» chains:
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Fig.1. Typical technology for manufacturing
jewelry chains

This technology is characterized by high process
complexity and the use of etching to make a hollow
chain. The basis of the bimetallic billet with the iron
core and the shoe is made of a band of gold alloy of
585 tests. The main operations for the manufacture
of lengthy deformed semi-finished products are the
following: obtaining the cast billet from a gold alloy
and rolling it to a strip of specified sizes: obtaining
an iron core with a diameter of 8,0-8.3 mm; folding
a gold strip around the iron core with a strip of gold;
multi-transitional processes of cold profiled rolling
and drawing of a bimetallic semi-finished product to
produce a wire of the required diameter.

Analysis of the presented industrial technology
for the production of hollow chains and features
made it possible to propose the replacement of the
iron core with silver from a 925 silver alloy. The
shirt to be made from a new alloy based on 585 red
gold with additives of modifiers in order to obtain a
product with high strength and performance charac-
teristics.

In the proposed technology, a deformable alloy
based on precious metals has a high plasticity when
processing a bimetallic semi-finished product with
respect to an iron core that during deformation, can
lead to cracks in the workpiece and wire breaks. In
this connection problems of the correct choice of the
deformation modes were taken into account, taking
into account the limitations on energy-force parame-
ters. The appointment of intermediate annealing be-
tween the processing cycles, in order to restore the
ductility of the metal and to determine the mechani-
cal properties of the deformed semi-finished prod-
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ucts for studying their structure at each of the pro-
cessing stages.

Computation of deformation modes of processing

Using the technical characteristics of the equip-
ment used for standard technology and data on the
geometric dimensions of the billet and wire, the de-
formation modes and energy-force parameters of
cold-rolled and multiple-drawing processes were cal-
culated. For their calculation, the PROVOL program
[9], developed at the Department of Metal Pressure
Processing of the Institute of Non-Ferrous Metals of
the Siberian Federal University was used. This pro-
gram was adapted to the industrial production condi-
tions of OJSC Krastsvetmet, taking into account the
existing scheme for the production of bimetallic
semi-finished products for chains of the “Korda” type
when rolling a billet 8§ mm in diameter to a square rod
with dimensions of 1.12x1.12 and drawing it further
to a final wire diameter of 0.25 mm.

As a result, technological parameters for long
rolling and drawing were obtained then used to car-
ry out experimental studies in laboratory and indus-
trial conditions. An example of calculating the
drawing parameters is shown in Fig. 2.

Analysis of the base data showed that in contrast
to the existing technology for the production of
chains type of the “Korda” a uniform distribution of
individual extracts and values of the stock coeffi-
cients is ensured, ensuring the production of semi-
finished products without breakages during defor-
mation (Table 1).
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Fig. 2. The window to PROVOL program for calculating multiple drawing parameters
Table 1
Route of wire drawing
Travel | Diameters, | Cross- section Single Total Deformation Draw Reserve
number mm area, mm? rolling out | rolling out degree, % stress, MPa coefficient
1 0.90 0.64 1.48 1.48 324 379.3 1.83
2 0.75 0.44 1.46 2.16 315 551.4 1.54
3 0.60 0.31 1.44 3.11 30.6 622.6 1.49
4 0.53 0.22 1.40 4.36 28.6 623.1 1.56
5 0.45 0.16 1.36 5.92 26.5 598.2 1.67
6 0.39 0.12 1.32 7.82 242 561.1 1.81
7 0.34 0.09 1.30 10.17 23.1 543.0 1.88
8 0.30 0.07 1.28 13.01 21.9 522.1 1.97
9 0.27 0.06 1.25 16.27 20.0 486.4 2.13
10 0.25 0.05 1.22 19.84 18.0 449.2 2.31

The results of the research and analysis

Experimental research on pilot-industrial testing
of the developed technology was carried out in the
conditions of JSC «Krastsvetmet». The alloy for
making the strip was obtained by direct fusing of the
main components in a continuous casting furnace in
a protective atmosphere. Modifying additives were
introduced into the melt in accordance with known
methods for modifying gold-based alloys. Rhodium
pre-precipitated from the electrolyte by galvanic
means to silver, was introduced into the melt in the
form of an Ag-Rh ligature with a rhodium content

of 0.001 to 0.01 wt. % immediately before crystalli-
zation. Iridium was introduced as a melt of Cu-Ir
components. The composition of the alloy was con-
trolled by quantitative chemical analysis.

The bimetallic wire consisted of a silver core
(alloy 925 — Sterling silver) and a shell of the pro-
posed alloy based on 585 gold. The tape of a gold
alloy 0.33-0.50 mm thick obtained by the cold roll-
ing method was wrapped around a silver core - a bar
with a diameter of 2.5-8.2 mm. This ensured the
production of bimetallic billets and reduced the risk
of shell detachment from the core of the wire during
processing. Thus the ratio of the cross-sectional are-
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as of the core and the body of the semi-finished
product was 0.27-2.6. The bimetallic billet was sub-
jected to cold long rolling and subsequent drawing
to a final wire diameter of 0.25 mm. In the process
of carrying out the pilot-industrial test during de-
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formation, it was possible to ensure a tight fit of
the gold shirt against the silver core (Fig. 3), to
achieve a homogeneous fine-grained structure
(Fig. 4) and to reach a high level of mechanical
properties (Table 2).
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Fig.4. Microstructure of the bimetallic wire with a diameter of 0.6 mm: a — shell of a gold alloy
of 585 samples; b — core made of 925 silver alloy, x500

Table 2
Mechanical properties of the metal bimetallic wire
Tensile Flow limit, Percentage Tensile Flow limit, Percentage
Diame- strength, MPa MPa extension,% strength, MPa MPa extension,%
ters, mm
Cover from alloy of gold 585 of JSC Cover of a gold alloy 585 samples
«Krastsvetmet» with the addition of modifiers
0,9 657 338 43.2 694 553 48.5
0,75 803 413 36.7 848 675 41.2
0,6 906 465 28.6 956 761 32.1
0,45 945 486 24.3 998 795 273
0,25 983 505 19.5 1038 827 21.9
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a

Fig. 5. Type of wire (a) with increasing x200 and jewelry chain «Double diamond» (b)

A comparative analysis of the data on the me-
chanical properties of a metal shell made of a 585-
alloy gold alloy used by JSC «Krastsvetmet» and a
shell of a new alloy [8] shows that the strength and
plastic properties of the latter are higher. This makes
it possible to assume that the chaining process will
take place without the formation of defects and the
performance properties of jewelry chains manufac-
tured by the new method will correspond to the ex-
isting requirements for this type of product.

From the obtained wire, experimental many
high-quality jewelry chains were made (Fig. 5),
with no breaks or detachments of the shirt from the
core during chain linking.

Conclusion

At the result, the conducted studies showed that
the proposed method of manufacturing bimetallic
wire provides an increased level of mechanical
properties and their uniform distribution along the
length of the product. The process of manufacturing
of bimetallic wire realized in industrial conditions
on the basis of this method, makes it possible to ob-
tain a tight fit of the shell to the core, is character-
ized by greater manufacturability of bimetallic semi-
finished products increased strength and plastic
properties of the metal. Decrease in the probability
of breaks in the drawing process and stratification of
the gold sheath during binding chain webs due to
greater uniformity of mechanical properties along
the length of the product. At the same time, the
quality of jewelry, the mechanical and operational
characteristics of the finished product is increased
and its cost is reduced which gives grounds to rec-
ommend the proposed method for producing bime-
tallic wire in production.
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UHDOPMALNA O CTATBE HA PYCCKOM A3bIKE
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WCCNEOOBAHWUE TEXHONOI MK NONYYEHUA BUMETANTMYECKUX
DE®OPMUPOBAHHbIX MOJTY®ABPUKATOB NPU NPOU3BOACTBE
IOBENUPHbIX LIENEW U3 CMNTABOB KPACHOIO 301TIOTA

CunenbhukoB C.B., Yubucosa E.C., Jlonatuna E.C., Iutkosckas 10.11., Buanapesa K.A., Jlonatux B.A.

Cubupckuii heaepasbHblil yHHBEpCHTET, . KpacHosipek, Poccust

Annomayusa. TIpennoxkeH U Hay4HO OOOCHOBAH HOBBIN
croco® MOTydyeHHs] OMMETAJUIMYECKOH IPOBONOKH H3
JIParoliCHHBIX METAJUIOB JUISl IOBEIMPHBIX LENeH, 3amu-
mieHnblii matentoM P®. TpoBeneHsl pacuersl aedopma-
LMOHHBIX PEXKHUMOB XOJOAHOH COPTOBOM NPOKATKH U
BOJIOYEHHS, KOTOPBIE 00ECIEUNBAOT PAaBHOMEPHOE pac-
npesie/ieHHe BBITSDKEK 110 MPOXOAaM M JIaloT BO3MOX-
HOCTb MHHHUMHU3HMPOBATH OJHEPrOCHIOBBIC IapaMeTPhbl
o0paboTku. J{nsi pacyeToB NPUMEHUTENBHO K TIPOMBIII-
JIeHHbIM ycioBusM npousBozactBa OAO «KpacHosipekuit
3aBoj] LBeTHbIX MeTauioB umenu B.H. 'ynunosay (OAO
«Kpacupermer») npumeHera nporpamma «PROVOLy, Ha
KOTOPYIO IOJIy4€HO CBHJIETEIBCTBO O I'OCYAAPCTBEHHOM
peructpauuu nporpammsl 1t 9BM. C ucnons3oBaHnem
Pa3pabOTaHHBIX PEKMMOB IIPOBECHBI SKCIEPHMEHTANIb-
HbIe HCCIIEIOBAHMS MO IONYYEHHIO OMMETaIMYecKoH
TPOBOJIOKH, Y KOTOPOH B KauecTBE CEpJICUHUKA HCIOMb-
30BaJicsl CIuiaB cepebpa 925 mpobbl, a B KauecTBe 060-
JOYKH — cmiaB  3omota 585  mpoObl.  OmbITHO-
MPOMBIIUICHHAsT anpo0aIys TEXHOJIOTHH MOIy4eHus Ou-

Metaunueckot posoiioku B OAO «Kpacusermer» st
M3rOTOBJICHHUS FOBENMPHOU 1enu thna «PomO nBoitHOI»
MO3BOJIMIIA TIONYYHTh KAa4eCTBEHHYIO HPOAyKumio. HMc-
CIIE/OBAHHS CTPYKTYPhl M CBOWCTB JUIMHHOMEPHBIX JIe-
(hopmupoBaHHbIX 101y(HaOPUKATOB [1OKA3AJIM, YTO MPH
HCIOJBb30BAHUH HOBOTO CIOCO0A MOBBIIAIOTCA HPOY-
HOCTHBIC M DKCIUTyaTal[HOHHbIC XapaKTEPHCTUKH Oume-
TAJUTHYECKON TMIPOBOJIOKU 11 MPOU3BOJCTBA FOBEJIMPHBIX
IeTed, U MpoIiece LeNeBA3aHus IPOoXoIuT Oe3 oOpa3oBa-
Hus fedektoB. TakuMm 06pa3oM, Mpe/IoKeH HOBbIN CIIO-
Cc00 U TEXHOJIOIrHs OJIy4eHus OMMETAJUINYECKUX nojiy-
(abpukaToB Ha OCHOBE CIUIABOB M3 JAPAroOLIEHHBIX METall-
JIOB, KOTOpbIE IIO3BOJISIOT IIOBBICHTH KAaueCTBO T'OTOBON
TPOAYKIMH U PACIIUPUTH aCCOPTUMEHT FOBEIIMPHBIX H3-
JIeTIH.

Kniouegvie cnosa: Ouverammmuecknii momydabpukar,
IOBEJIMPHbIE  LIENH, 30JI0TO, Ccepedpo,  CepueuHHK,
pybaika, pexxumsl JedopMaiyi, COpTOBas MPOKATKa,
BOJIOYEHHE.
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