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Abstract. Platinum is one of the most precious metals in the world: 15 times rarer than gold and it is widely used in
jewellery for its characteristic of unicity, incorruptibility, and colour neutrality.

The standard grade in the jewellery industry is Platinum 950%.. In fact, pure platinum jewels are easily scratched, due
to the poor hardness linked with the high purity. Among all the commercial alloys available, the Pt-Ru system is the one
characterized by the highest mechanical properties. Aim of this work is to find an ideal softening heat treatment, in term
of operating time and temperature. The heat treatment must be able to satisfy two main needs: it must permit to com-
plete recrystallization of the work piece, preparing the material for further severe deformation by restoring high ductility
and an equiaxed grain distribution; and at the same time, the final average grain size must be fine, in order to avoid
counter side aesthetic effects that occur when grain size go over the micrometric scale. Due to its rarity, in literature
there are few information about the alloy under discussion. To find the optimal parameters, several samples had been
heat treated at different times and temperatures. Then they had been analysed by optical microscopy and with micro
hardness tests, providing microstructure images and hardness data. By using a combination of three different tempera-
tures and three different times, significant differences were found between the various samples both in terms of me-
chanical properties and of grain size. The comparison of the collected data permit to better understand the behaviour of
the alloy under recrystallization conditions. In the end, it was observed that the dynamics of recrystallization changes
significantly with relative small changes of temperature and was found that the optimal treatment to obtain a fine re-
crystallized microstructure with the desired mechanical properties is at 1000°C for 15 minutes.
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reduction of porosity [5]. In order to obtain a high
deformation, after every step of cold rolling is
necessary an annealing treatment, to recrystallize the

Introduction

Platinum alloys represent the second most im-
portant production filed in the jewelry world, after
gold alloys [1].

Despite gold, the most widespread standard for
platinum jewels is platinum 950 (95 wt.%). This
means that the addition of other metals can be done
up to 5 wt.%, limiting the possibility of reinforcing
the metal by alloying [2]. Object of the study is the
platinum-5 wt.% ruthenium alloy, a widely used
alloy for jewelry manufacture which has good val-
ues of hardness compared with other platinum al-
loys (as can be observed in the graph in Fig.1, with-
out compromise ductility [3—4].

Besides investment casting, fine jewelry
products can be manufactured also via mechanical
processes: a forged bar is cold rolled and annealed,
and subsequently machined, until the net shape
product is obtained. This procedure allows a
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structure and permit further deformation [6].
Unfortunately, there are few information in
literature about platinum processing, and in
particular about annealing parameters [7]. In detail
only few works regarding the Pt-5% Cu alloys can
be found [4,8]. The aim of this work is to study the
role of time and temperature of the annealing
process on the microstructure and the hardness of
the alloy.

Experimental

The samples studied in the present work come
from the industrial process for the production of
platinum watchbands. An example of the final
product can be observed in Fig. 2.

All the samples analyzed are derived from a single
sample of platinum-ruthenium alloy in the annealed
state, with homogeneous grain size and equiaxed
distribution (Fig. 3), and a hardness of 185 HV. The
nominal composition of the alloy is reported in Tab.1.
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Tab. 1
Composition of the Pt950Ru alloy
COMPOSITION
Pt [ 95%
Ru | 5%
240
o
200 Ru* 200 jim
> Cu
Z|160 W -
g 120 Fig. 3. Microstructure of the starting sample, 100x
g a0 e The original thickness of 1,6 mm has been re-

duced to 0,48 mm by a cold rolling process, in order
w0 to achieve a reduction of 70%. This percentage of
reduction was used for two main reason: it is in line
with the common production processes, and allows
recrystallization phenomena.

Once cold rolled, the material has been cut in
several pieces. The pieces have been heat treated in
Fig.1. Micro-hardness evolution with different a furnace with scheduled time and temperature. The

alloying elements in platinum alloys low dimensions of the samples make almost negli-
gible heating time of the single piece.

After the heating process, the samples have been
quenched in ambient temperature water.

Later, the samples were polished with standard
metallographic technique, and microhardness test
have been conducted using microVickers 0.5 scale
with a Leitz micro indenter.

The etching of grain boundaries has been per-
formed by immersing the samples in boiling aqua
regia for 15 minutes. The optical microscope (OM)
observation was performed with a Leica DMRE mi-
croscope.
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% of alloying element

Results and discussion

The samples were heat treated at 950 °C,
1000°C and 1050°C for 10, 15 and 20 minutes and
the results in term of microstructure and hardness
properly evaluated.

In Fig. 4 can be observed the optical micro-
graphs of the samples heat treated at 950°C for dif-
ferent treatment times. It can be observed that at
these temperatures no evident recrystallization phe-
nomena occurs for 10 (Fig. 4a) and 15 (Fig. 4b)
minutes. Only after 20 minutes (Fig.4c) recrystalli-
zation is partially observed. In all the treatment
times the grains resulted still oriented in the rolling
direction. Hardness values of the samples decrease
Fig. 2. Example of watchbands in Pt950Ru alloy to'20.0 HV (Tab. .2) due to the fecovery process, but

at the end of the production cycle this is not sufﬁment to permit the subsequent se-
quences of plastic deformation.
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a) b)

Fig. 4. 950°C and: a) 10 min; b) 15 min; ¢) 20 min. 100x
)

a) b)

At 1050°C the kinetic of recrystallization result
substantially faster than the 1000°C one, leading to
an irregular grain growth as shown in Fig.6. For this
reason, it was decided not to take into account a
detailed analysis of the samples annealed for longer
periods.

) Fig.5. 1000°C and: a) 10 mi ; b) 15 min; ¢) 20 min. 100x

Tab. 2
Hardness values
HARDNESS VALUES (HV 0.5)
10 min 15 min 20 min
950°C 210 206 204
1000°C 150 140 135
Tab. 3
Grain size average values
GRAIN SIZE (pm)
10 min 15 min 20 min
950°C Not Not Not
recrystallized | recrystallized | recrystallized
1000°C 35 45 70

When heat treated at 1000°C, the sample
completely recrystallizes in the first 10 minutes
(Fig.5a). The new grain is fine and equiaxed
(average grain size 35 pm as reported in Tab.3), and
it is not possible to recognize the orientation of the
rolling process. After 15 minutes (Fig.5b and
Tab.3) the average grain size results increased to 45
um, and after 20 minutes (Fig.5¢c and Tab.3) it

L2200um

reaches an average value of 70 pm. Likewise, the
grain growth, hardness decreased from 150 HV to
135 HV (Tab.2), proving that the complete
recrystallization occurred.

Fig.6. 1050°C and 10 min. 100x

The evolution of the mechanical properties, in
terms of micro-hardness, with the treatment time is
summarized in Fig.7. It can be observed both for
950 and 1000°C samples a decrease in the hardness
in comparison with the reference value of the
untreated sample. However, for the sample treated at
1000°C the decrease in the hardness in more
significant. This behavior can be attributed to the
fact that at 950°C only recovery occurs as confirmed
by the micrographs previously reported. Instead at
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1000°C complete recrystallization phenomena can

be observed with the optimal mix in term of
hardness and grain size obtained for a treatment of

15 minutes.
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Fig.7. Evolution of the micro-hardness

with the treatment time for the samples treated
at 950 and 1000°C

Conclusions

From the comparison of the data collected it has
been possible to identify the optimal conditions in
terms of temperature and treatment time for an
annealing softening treatment on a Pt950Ru alloy.
In order to obtain the complete recrystallization
during the annealing process, it is necessary to use a
temperature of 1000°C: at this temperature the new
grain originated is fine, equiaxed, and its growth is
controllable. As regards the treating time, the 15
minutes sample showed an hardness slightly greater
than the 20 minutes one (140 HV the former, 135
the latter), but a much finer microstructure. An
image at higher magnification of the sample
obtained with optimized treatment conditions can be
observed in Fig.8.

VK 621.78

Fig.8. 1000°C and 15 min. 200x

References

Gold Demand Trends Q3 2016. World Gold Council, 8th
November 2016
T. Biggs. The Hardening of Platinum Alloys for Potential
Jewellery Application. Platinum Metals Rev., 2005, 49, (1),
2-15
G. Rakhtsaum. Platinum Alloys: A Selective Review of the
Available Literature. Platinum Metals Rev., 2013, 57, (3),
202-213
K.M. Jackson, C. Lang. Mechanical Properties Data for Pt-
5wt.% Cu and Pt-5 wt.% Ru Alloys. Platinum Metals Rev.,
20086, 50, (1)
S. Tedesco. Manuale di tecnologia e lavorazione del
platino, Atti del congresso Tecno Platino, Vicenza 8 Luglio
1999.
J.C. Wright. Jewellery related properties of platinum.
Platinum Metals Rev., 2002, 46, (2)
G. Normandeau, D. Ueno. Understanding Heat treatable
Platinum Alloys. “The Santa Fe Symposium on Jewelry
Manufacturing Technology 1999”, Proceedings of the 13th
Santa Fe Symposium in Albuquerque, New Mexico, USA,
ed. D. Schneller, Met-Chem Research, Albuquerque, New
Mexico, USA, 1999, 73-103
C. Mshumi, C. Lang. Strenghtening of Platinum-5wt%
Copper by Heat Treatment.. Platinum Metals Rev., 2007,
51,78-82
Received 26/10/18
Accepted 09/12/18

UHDOPMALIUA O CTATBE HA PYCCKOM

https://doi.org/10.18503/1995-2732-2019-17-1-53-57

ONTUMU3ALIUA PEXUMA CMATYAIOLLEN TEPMOOBPABOTKM

AOna tOBENUPHOIO CMITABA Pt950Ru

Jlyka IMernmaro, Aneccanapo Munorro, Kats Bpynemnu, Manyaie [labana

Kadenpa npomsinieHHOro nHkHHNpUETa, [lagyanckoii ynusepenrer, Iagys, Wramms

56

BecmHuk MITY um. .M. Hocoea. 2019. T.17. Ne1




Optimization of softening heat treatment for the Pt950Ru jewelry alloy

Luca Pezzato et al.

Annomayus. TlnatuHa sBiAeTCS OJHUM W3 Haubolee
LEHHBIX MeTa/uloB B Mupe. Ilnatuna Bcrpewaercs B 15
pa3 pexe 30/10Ta ¥ HAXOAWT LIMPOKOE NPHMEHEHHE B
IOBEIIMPHOM  Jienie  Onarojapss CBOCH  yHHKAJIBHOCTH,
MPOYHOCTH M HEHTpanbHOMY LBeTy. CTaHAapTHBII COPT
IUIATUHBI, TPUMEHACMBIH B IOBETUPHON OTPACIH, - 3TO
miatuia 950 npo6sl. Ha camom zene uznenus U3 4ucTon
TUTAaTHHBI JIETKO MTOBPECAWTH H3-3a HX HGI[DCTHTO‘IHOI‘;I
TBEPAOCTH, CBSI3aHHOM C BBICOKOH CTEMEHBIO YHCTOTHI
meramna. Cpemy BceX HMMEIONUXCS IPOMBIIIICHHBIX
CIUIABOB HAMJIYYIIMMH MEXaHHYECKMMM CBOHCTBaMH 00-
nanaer cucreMa Pt-Ru. Ienbro HacTosmieil paboThI ABIIS-
ercsi OIpeIeNCHHE HJICAIBHOIO PEKMMa CMArdaroreit
TEPMUYECKOH 0OpabOTKM C TOUKM 3PEHHs BPEMEHH M
Temmeparypsl. Takas TepMooOpabOTKa JIOJKHA BBITION-
HATH JIBE OCHOBHBIE 3aJ[a4M: CIIOCOOCTBOBATH 3aBepIlie-
HHIO MpOoLEecca PeKPHCTAIUTM3aLHU 00pasa U MOAroTOB-
Ke MaTtepuana K MOCIeIyIOImeMy 3Tary HHTCHCHBHOM
neopMaluy 3a CUYeT BOCCTAHOBIICHHS CBOWCTB IIOBBI-
LICHHON BA3KOCTH M PABHOOCHOM MHKPOCTPYKTYPHI; U B
TO € caMoe BpeMs CIOCOOCTBOBATh OOPAa30BAHUIO Mell-
KO3EPHHCTOH CTPYKTYpPbl U1l MCKIIOYEHHS 00paTHOro
acreTnyeckoro 3(hexra, BO3HUKAOLIETo, KOrja pasmep
3epeH IepecTaeT U3MepAThCs B MUKpoMeTpax. M3-3a ero
PEeAKOCTH B JIUTEPATYpEC HAXOMUATCS JIMIIb HEMHOIUE

YHOMUHAHHS O paccMaTpHBaeMoM ciuiase. Jluisi ompese-
JICHHUs] ONTHMAJBHBIX [apaMeTpoB TEpMOOOPabOTKH He-
CKOJIBKO 00pa3IoB OBIIM MOABEPTHYTHl TEPMHUECKOMH
00paboTKe IPH PA3IHYHON TeMIlepaType H pPa3IndHOM
BpeMeHH o0Opadortku. [locie sroro obpasusl ObLIH H3Y-
YEHBI HA ONTHYECKOM MHKPOCKOIE M MHKPOTBEpOMEpE,
C TIOMOIIBIO KOTOPBIX OBLIM IONYYCHBI H300paeHUs
MHKPOCTPYKTYPBI U JaHHBIE 0 TBepAoCTH. OOpasibl ObI-
TN TOABEPTHYTHl TPEM PA3INYHBIM TEMIIEPAaTypHO-
BPEMEHHBIM PEeXUMaM TepMooOpaboTku. Beun oOHapy-
JKEHbl 3HAYUTENIBHBIC DPAa3INdds MEXAy O0OpasuaMu Io
MEXaHHYCCKNM CBOICTBaM M pasmepy 3epeH. CpaBHeHHe
MOJTYYCHHBIX JaHHBIX [TOMOTraeT Jy4Ile HOHATH MOBEIe-
HHE CIUIaBa B YCIOBMSX pPeKpHCTatu3anmy. B wurore
OBLIO YCTAaHOBJICHO 3HAYUTEIBHOC H3MEHCHNE TMHAMUKI
mporiecca PEKPHCTALIM3AMH IPU OTHOCHTEIBHO He-
OONBIIMX U3MEHEHUSIX TEeMIIepaTyphl. Y CTAHOBJICHO, 4TO
ONTHMANBHBIA PEXHM TEPMOOOPAOOTKH, MO3BOISIOMIMI
MOJTYYHTh MENKYI0 PEKPHCTAILIM30BAHHYI0 MUKPOCTPYK-
Typy U TpeOyeMble MEXaHHUECKUE CBOKCTBA, MOApasymMe-
BaeT 06pabotky npu Temmneparype 1000°C B Teyenue 15
MHH.

Kniwoueewie cnoea: TUIATUHOBBIM CIUlaB, CMATYAIONIAs
TepMOOOpaboTKa, FOBEIUPHBIC YKPAILEHHs, MUKPOTBEp-
JIOCTh, MUKPOCTPYKTypa
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