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Table 1 Nominal compositions of designed Au-Pt-Sn

alloys
Sample No. Alloy x(Au)/% x(Pt)/%  x(Sn)/%
1 AuyPteoSn, s 16 69 15
2 AuyPts;Snso 16 54 30
3 Au,cPt,Sny, 16 4 42
4 AuyPtsoSns, 16 30 54
5 Au,¢PtySne, 16 20 64
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Table 2 EPMA elemental analysis and possible phase of each
spot marked in Fig.1(c)

Spot Mole fraction/%

Possible phase
No. Au Pt Sn
1 451 7428 21.21 Pt;Sn
Au-Pt alloy

2 80.45 19.55 -
(gold-rich solid solution)

HCP-PtSn and
3 2347 65.04 1149
platinum-rich solid solution

Au-Pt alloy
4 80.07 19.93 -

(gold-rich solid solution)

HCP-PtSn and
5 34.13 5848 7.39
platinum-rich solid solution

HCP-PtSn and
6 13.01 8326 3.73
platinum-rich solid solution
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Fig.2 XRD pattern of alloy 1 (Au;6PtgoSn;s)
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Fig. 3 Microstructures of alloy 1 and EPMA mapping distributions of elements in alloy 1 (AusPteSnis): (a) Au element area
profile; (b) Pt element area profile; (c) Original image; (d) Sn element area profile (Redder the higher the contents, bluer the lower

the content)
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Fig. 4  Microstructures of alloy 2

(Au,Pts4Sn3) at different magnifications
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Table 3 EPMA elemental analysis and possible phase of each

spot marked in Fig.4(c)
Spot Mole fraction/% )
Possible phase
No. Au Pt Sn

1 91.08 6.49 2.43 Gold-rich solid solution

Pt3Sn and gold-rich
2 5045 36.59 12.96
solid solution

3 9122 5091 2.87
4 338 7326 23.36 Pt;Sn
5 0.75 53.67 45.58 PtSn

Gold-rich solid solution

6 A4 2 B N EPMA TR A0
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*—PtSn
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— XRD pattern of alloy 2
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Fig. 5 XRD pattern of alloy 2 (Au;Pts4Sn;)
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Fig. 6 Microstructures and EPMA mapping distributions of element of alloy 2 (Au;cPts;Snz): (a) Au element area profile; (b) Pt

element area profile; (c) Original image; (d) Sn element area profile (The redder the higher the content, the bluer the lower the

content)
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Fig. 7 Microstructures of alloy 3 (Au;¢Pts,Sny,) alloy at different magnifications
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Table 4 EPMA elemental analysis and possible phase of each
spot marked in Fig.7(c)

Spot  Mole fraction/%

Possible phase
No. Au Pt Sn

1 91.56 4.13 4.31 Gold-rich solid solution and AusSn
2 93.6 3.79 2.61 Gold-rich solid solution and AusSn
3 0.56 51.65 47.79

4 1.01 51.04 47.95

PtSn
PtSn

&S5 & 7(d)s 1 I EMPA S g R
Table 5 EPMA elemental analysis and possible phase of spot
1 marked in Fig.7(d)

Mole fraction/%
Possible phase
Au Pt Sn
2.36 7522 2242 Platinum-rich solid solution

WAIX, BHTRKRE R, 1BAEREK, SEOR
A AE R T PIRPOR ) Au-Sn & 440, HE AT IS H
50, £ Au-Pt-Sn —JuHE&ERT, 1£700 CHER
BRAELE 1 M PtSn+ Po,Sns HRAR I =AHIX .
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BB S i f H XRD . [FRE, A4 5 48 700 C
NG RATEE . B 13 1K 9. % 10 el &, &
4 FEH AuSn. Pt,Sns. AuSn, 1 AuSn, PUAHZHL K
Bl 15@a) i1, IKEBERIEYIAEN Pt,Sns, K
FEARFEF IR AN AuSny . B W) M A N
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. =—Au;Sn
A +—PtSn
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A
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Fig. 8 XRD pattern of alloy 3 (Au;¢Pt4,Sny,)



544 o EA 4R AR 2019 4E3 A

Au Lv. Area% Pt Lv. Area%

’ a66 29 513 09
‘ '351 58 |387 233
235 28 261 42

120 g5, 135 115

Av:65 00 AVZZQO 00

COMPO Lv.Area%  Sn Lv. Are%%

1088 o5 I 1172 76
816 888 4,
544 o 604 .o
272 988 320 106
0 36

Ave 7 00 Ave 908 00

B9 &&3 mMRMALUR EPMA JC5R 4345 1 77
Fig. 9 Microstructures and EPMA mapping distributions of element of alloy 3 (Au;¢Pts,Sny;): (a) Au element area profile; (b) Pt
element area profile; (c) Original image; (d) Sn element area profile (The redder the higher the content, the bluer the lower the

content)

E 10 &4 4 1 EBMAA

Fig. 10 Microstructures of alloy 4 at different magnifications
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Table 6 EPMA clemental analysis and possible phase of each

spot marked in Fig.10(b)

Mole fraction/%
Spot No. Possible phase
Au Pt Sn
1 481 4790 4729 PtSn
2 491 4872 4637 PtSn
3 484 4784 4732 PtSn
4 3630 044 63.25 AuSn,(Liquid)

&7 B 10(c) % s EMPA 73 HT45
Table 7 EPMA elemental analysis and possible phase of each
spot marked in Fig.10(c)

TLAEEWARE Sn X, 700 CHEMIMAFE 1 MLEH
Pty Sns+HBUH KA X o

WA E 5 DM E e ARSI AL PR
& 1~3 MARD AR, H 3 A G e i I 2R A
AT TR AL Y Au-Pt & <RI 7 A A, B LA < 1~3
F1 288 P2 MIRGE FEE 20 v T 4 4 R 5 FOAH A A AN 2T

8 K 10(d)si 1 ) EMPA 3 Hirs
Table 8 EPMA elemental analysis and possible phase of spot
1 marked in Fig.10(d)

Mole fraction/%
Spot No. Possible phase
Au Pt Sn
1 35.57 - 64.43 AuSny(Liquid)
2 4796 496  47.08 AuSn(Liquid)
3 6.84 31.53 61.63 Pt,Sn;
4 35.05 - 64.95 AuSny(Liquid)

RN HTRI AN, K EERTEAAHE B 222 Au ER
A Sn LEMEEX, H AKX, HTiEKRER
m, B KE IR, SEORAHXART 3 FASHE T
Au-Sn B4, XALIGLE R, £ Au-Pt-Sn =

E 12 &4 4 11 EPMA &S

Mole fraction/%
Possible phase

Au Pt Sn

5.88 32.76 61.35 Pt,Sn;
"—AuSn

o o—PtSn

o—AuSn,
‘_Pt25n3

20/(°)
Bl 11 &4 41 XRD i
Fig. 11 XRD pattern of alloy 4 (Au;sPt;oSns4)
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Fig. 12 EPMA mapping of elements of alloy 4 (Au;sPt;0Sns4): (a) Au element area profile; (b) Pt element area profile; (c) Original

image; (d) Sn element area profile (The redder the higher the content, the bluer the lower the content)
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Fig. 13 Microstructures of alloys at different magnifications
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Table 9 EPMA elemental analysis and possible phase of each . s—AuSn,
spot marked in Fig.13(c) i ::ﬁﬂgg“
Mole fraction/% *—Pt,Sn;
Spot No. Possible phase
Au Pt Sn
1 1.48 4036 58.16 Pt,Sn;
2 3499 241 62.60 AuSn,(Liquid)
3 34.24 65.76 AuSn,(Liquid)
4 24.50 75.50 AuSny(Liquid)

10 [ 13(d)H A R EMPA 73 H 453t
Table 10 EPMA elemental analysis and possible phase of
each spot marked in Fig.13(d)

Mole fraction/%
Spot No. Possible phase
Au Pt Sn
1 4791 192  50.18 AuSn(Liquid)
2 48.73 1.86 4941 AuSn(Liquid)

HIEJRAZURHR L 75 A BT Au-Sn &4,
FrLhE 4 4 A5 AR B AR 2 AR . AR AR DA sieg
IR A A (K Au-Pt-Sn A R I HENTY, i w]

) p | H
10 20 30 4

E 14 &4 51 XRD %
Fig. 14 XRD pattern of alloy 5 (Auy¢PtySngg)
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Fig. 15 Microstructures and EPMA mapping of elements of alloy 5 (Au;¢Pt;0Snes): (a) Au element area profile; (b) Pt element area

profile; (c) Original image; (d) Sn element area profile (The redder the higher the content, the bluer the lower the content)
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Fig. 16 Isothermal section of Au-Pt-Sn system at 700 C
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Isothermal section of Au-Pt-Sn ternary system at 700 C

HU Jie-giong" 2, XIE Ming" %, CHEN Song" 2, CHEN Yong-tai"?, WANG Song?, WANG Sai-bei' 2

(1. School of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China;

2. Kunming Institute of Precious Metals, Kunming 650106, China)

Abstract: The isothermal section of the Au-Pt-Sn ternary system at 700 ‘C was investigated by
X-ray diffractometer and electron probe microanalyzer. The results show that the isothermal section of the
Au-Pt-Sn  ternary system at 700 C is composed of three single-phase regions, seven two-phase regions and six
three-phase regions. The six three-phase regions including Pt;Sn+FCC-A1+PtSn, PtSn+FCC-Al+AusSn,
PtSn+Pt;Sn+AusSn, Pt;Sn+FCC-A1+AusSn, PtSn+Pt,Sns+Liquid, PtSn+FCC-A1+Liquid. The spinodal decomposition
reaction of Au-Pt alloy exists in the Au-Pt-Sn system. With decreasing Pt content, the spinodal decomposition phase in
the alloy gradually disappears, and it completely disappears in Au;¢Pt3oSnss and Au;¢PtyoSng, samples. Because the
melting point of Pt-Sn alloy phase is higher than that of Au-Sn alloy, most of phases in 700 ‘C isothermal section are
Pt-Sn alloy, while Au-Sn alloy phase mainly exists in liquid phase. The microstructures distribution of Au,cPtsoSn;s,
Au,PtssSnygand AuyPts,Sny, alloy are more uniform and the strengths of the alloy are higher than that of Au;¢Pt;oSnsy
and Au;4Pty,Sng, alloy because of the existence of spinodal decomposition phase.

Key words: Au-Pt-Sn system; phase diagram; isothermal section; microstructure; phase equilibrium; spinodal
decomposition

Foundation item: Projects (2017YFB0305700) supported by the National Key R&D Program of China; Projects
(U1602275, U1602271) supported by the National Natural Science Foundation of China; Projects
(2018ZEO011, 2018ZE012, 2018ZE022, 2018ZE026) supported by the Major Science and Technology
Projects of Yunnan Province, China; Projects (2018FB088, 2017FB144) supported by the Applied
Basic Research Foundation of Yunnan Province, China

Received date: 2018-01-16; Accepted date: 2018-05-10

Corresponding author: XIE Ming; Tel: +86-871-68328841; E-mail: powder@ipm.com.cn

(wiE  HWH)



