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Effect of Trace Indium and Tin on Anti-tarnishing and Buring Resistance of Silver Alloy
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Abstract: The anti-tarnish and burning resistance properties of 925Ag alloy are investigated by
manipulating trace indium and tin contents, makes progress in solving the problem of 925Ag alloy
tarnishing caused by sulphurization and oxidation. The results indicates that 0.375 wt% of In enhances the
anti-sulphurization and anti-perspiration properties while extremely low content of In affectes those two
properties adversely, and the effects of solely addition of Sn on those two properties are not obvious. Trace
In and Sn’s mechanisms and effects of protecting Zn within the 925Ag alloy is intricate. When melting
time is short, In protects Zn more effectively than Sn, though Sn prolongs the protection time for Zn.
When the content of In and Sn drop to a certain level, burning of Zn will be accelerated. Zn plays an
important role in improving the anti-discoloration of silver alloy, so the content of In, Sn, Zn were
determined according to re-melting times, melting duration time and service environment of the silver
alloy to achieve the desired results.
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Tab.l Chemical composition (mass fraction) of Silver alloys

and corresponding master alloys 1%
&4 Ag Cu Zn Sn In
WEE A 925 3.75 3.75 0 0
WEEB 92.5 3375 375 0 0.375
WEeC 92.5 3.5625  3.75 0 0.1875
WEED 925 3375 375 0375 0
A 0 50 50 0 0
0B 0 45 50 0 5
e c 0 475 50 0 2.5
#0D 0 45 50 5 0
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Tab.2 Chromatic value of samples eroded by (NH,4),S

FE A L L, a a, b, b, AE
Pure-Ag  98.182 9.876 -0.023 30.462 0.132 -56.117 109.0469
A 98.875 85.053 -0.017 -5.278 -0.086 44.291 46.77653
B 99.366 96.967 0.082 -7.709 0.001 28.857 29.98539
C 99.014 77.284 0.003 0.321 0.121 43.335 48.3709
D 98.984 58.494 -0.052 6.612 0.002 33.326 52.8615
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Tab.3 Standard electrode potential of element, electrode potential and gibbs free energy of sulphurizing reaction

L Pt AR BAL R B
e R R H AR LA B9V R H AR LA B9V AG®/(kJ/mol €
Ag Ag=Agte +0.799 Ag+ST=Ag,S+2¢e 0.691 -63.3928
Cu=Cu*"+2e’ +0.521 CutS*=CuS+2e” 0.698 -67.5947
Cu Cu=Cu'+¢’ +0.337 Cut+S?=Cu,S+2¢” 0.89 -92.4933
Zn Zn=Zn>"+2e’ -0.762 Zn+S*=ZnS+2e 1.405 -143.323
Sn Sn=Sn*"+2¢" -0.136 Sn+S*=SnS+2¢” 0.87 -96.178
In In=In*"+3¢ -0.342 2In+38%=In,S;+6¢” 1.03 -100.011
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Tab.4 Variation of chromatic value for sample eroded by

artificial sweat

CIELab (AE)
CE7
Day 6 Day 11 Day 16 Day 21
A 1.142 13.174 45.762 75.268
B 1.410 5.095 38.108 76.432
C 2918 22.194 45972 82.425
D 1.898 19.752 49.858 80.002
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B 1 REs A S NETBRMEE 6 RE SEM ER
Fig.1 SEM image of silver alloy A

eroded 6 days by artificial sweat
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Fig.2 SEM images of (a) silver alloy BII and (b) silver alloy DII

&S5 B2 FHR XSRS (RS 50
Tab.5 Component (mass fraction) of area marked in Fig.2 /%
ffE O Ag Cu Zn Si Fe Mg
1 390 9364 0.79 034 133 0 0
2 3521 3422 6.15 2243 199 0
3 4036 124 428 2.04 2974 14 2094
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Tab.6 Gibbs free energy of high temperature oxidation for elements

Element Cu Zn Sn In
AGG/(kJ/mole') -113.005 -200.654 -168.351 -177.406
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Fig.3 Variation of burning loss for elements
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