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Effect of Tin Addition on the Properties of 925 Silver Alloys

YU Qi, ZHONG Sujuan, MA Jia, LONG Weimin
(Zhengzhou Research Institute of Mechanical Engineering, Zhengzhou 450001, China)

Abstract: 6 kinds of 925 silver alloys were prepared by casting copper-based master alloy with tin content
of 0%~5%, the fluidity, whiteness, micro-hardness and tensile strength were compared, the microstructure
and the corrosion resistance of the 925 silver alloys were observed. The experimental results show that the
highest tensile strength of 4% tin addition on the copper-based alloy in 925 silver alloys, the tensile
strength increase linearly when added 1%~3% tin. With the increase of tin content in the 925 silver alloys,
the micro-hardness, the anti tarnish property of which were elevated, the whiteness and brightness
decreased and the chromatic aberration enlarged. Through the observation of microstructure, with tin
content increase formed two separated high tin solid solution phase in the interface, the effect of alloy
tensile strength, Sn solid solution whiteness and brightness is lower than that of Ag-Cu-Zn solid solution.
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W, TR 2 B AR A R, T D,
TSN & SRR MEREIR R, 2RI B
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AN A 4 FE TR 925 SR RE |
mENERPUANNE, A& —BaEE N Cu. Zn. In.
Sn ELEM%. Cu R FEASRETHAHER
K, B Ag-Cu —Ju&E&ME, mi T Cu 7£ Ag
H ] V5 5 e IR B 8.8%, AN I — R R T 2 [ i
AVERT, TEERI SRR BRI FE R, R BIPTTE Ak
I AR R, W] 35 2 e AR 4 o P ANl
U1 A5 hn Zn 36 925 #4544 W S (R385 o A8 4 00 R,
T Zn PANOEE RIS S SHIE MR, 25
TGS, MRS AR, B n oW 41k
WEEmbL, IREESEENE, SRR R SRE
T RGBSR, ST #tE. N Sn JuER TR
ARG ERIK ), RERsitERUE R
I PR & 4 i TR RES . RSO T Sn Je &
925 ARAUIERERI M, AT WAL e R0 T
HIRGERHAT T AT 53T

1 SR

1.1 EIRrek
S8 A B B AR BRI ATLBE 7S BT B
%, ARIEERE GB/T 4135-2002 4% 1 5 & 15 FH AR Bk
(ZEE(FTE 5 %$0=99.99%), Hifk 2~5 mm. B 1%
it F AR AR & SR AR SRS A RO, 5
PHEMEF 15 AR (ZEE =99.95%), 0 5 FLfifeEE
WR(ZHE =99.995%), 1 54 JmP%E (A =99.95%),
FAE AW T4, RERPLFHERE 2~5 mm
IS ERTE AN R, B WK 1.
1.2 HIRET AR
1.2.1 FA Rl 25 i AN 3
TESESHUINEE LRI A E, Tkl 97.5% 82k
+7.5%f A4, BHEEEE R RE AR
B J5 B R ER AN O £ B A 2l SR R
FEIn#d S ALY AR 980~1100°C « HRHE 712
PRI FE S bR RT i VRS ASE, S AR T B
A R A BB . R e BRI

K1 AESH O EEERRY

Tab.1 The component of copper-based master alloys 1%
Jé5 o(Cu)  w(Zn) w(Sn) o TE4)
73-330 RE 30 0 2
7J-330a RE 30 1 2
ZJ-330b RE 30 2 2
ZJ-330c RE 30 3 2
7J-330d RE 30 4 2
ZJ-330e RE 30 5 2

JERFFTE 610C, HABBMETEASBENF,
B ARG IRE 980°C, HRiE HARAAEH &
KM LBRAFER TR AT, RAREHHR
HERAE. 75 MTS 758 7725 B LR A Bz A i
FE, BARECEE .
1.2.2 mshMiRo7 v KA

H5 100 g 1) 980°C 1l 45 925 AR A & IR 218 5]
AT 7E A B A B, A BB AR E
300°C . & JRIAE G EUH , B A S E I K .
1.2.3 R FE I 46 7790 B A A

5 i) 6 Ao I BB R (R 7 2] 4% [ T € P A
B, IRGEE T R ) @35 mm, JEE 10 mm.
WIE 30% A RIR IR IR iR m A, W
BES PR 6007, 8007, 1000%. 2000*#b4%IT B,
FOGAL TR, 75 YT-ACM 4= E 3h A i
E

CLELAB J5 & Bk 52 4008085 6 SR FH 1 0578, %
Fi B N — =R 24N, Hd 'L it
¥, LONWIERRS, WIS AL=L, L, BEE
AC=ay-a,", 1% AE=b,-b,", MaEARN:

AE, = (ALY +(ACY +(AE'Y ()

DA Z3-330 il % 925 HAMAEARE NS, 1
AR A B AN 1A 4 4 925 IREE M,
1.2.4 T ZURIE G £ T AN 3

W URE FH AR b by R ik, TERDARHT BB,
ARG, PG KRR K=3:1 (1) b A5 P i) f
JE R, R LE B T IR 30 s, HUH S 78
TRAKIRSE T4, SR T4 R IR T8 L BR R m K
Bt EEFA ML M THESMHAL, %
Y HL T AR T EURT I SO ZH 2R Ry o AR O
BIFIHAZ R, (E BRI R 4 2R
fifi i, HoAr K /7% E 200N, fRIERE 20 s.
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1.2.5 Pl AL 8% 7772 S AR

FEAT BB 101010 mm FEBR, K5~ T T
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WK TP C BV, 7E 30°CARIS R TR IR, Kkt
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Fig.1 Comparison of tensile strength
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1AL, 0 1%~5%55 7T R AR SR O &
SR 925 ARPLHEEEE . MHFEAN A ST
FIRT 4%, PR 58 &2 mELECR,
BEE S S BN, BRI MR A A S
HEEEIEE] 4%, 925 GFER R I Bl K ME
230 MPa; 44 & BT 4% A& SRR ER 2 T
B IIN—E BB e R A SR A SIS, HH]
WEEHErER", hT8ES ST T,
PSR TR A R E R AT R s S il s, 7R
REESTEZGERNEHENAEY) AgsSn. CuySny, 55
fatE a9, FBRRASBMRIVEET), BIRIRE
o,

N TR AT W AR SRS S tERE, 6 b
R AN 1A 4 il 4 925 BB PR LA K B an 2 Bl

d 2 T, ARFERN O AR 1%~3%, &4
AR K IR T 14%~35%, 48 & Bl 3%, i
KRR, REES 50 BREERRZE,
FEU AR IS AR P S EHGR TSR S 7K 7T 0y, TSII/D
BEYICR T BRIEARS HK 7), SEatE . [
WIS ICE R ESIE A, BES LR, &

0 1 2 3 4 5
®(Sn) /%

Bl 2 SRR R BERT EL
Fig.2 Comparison of laying length

SRR IEC, 78 980 C BT BN, E—
AR T K S, AR R R — g s,
I 4 1 Bl BE AR 6 925 HRHEAT (5 BE AR,
FLAKOE W26 2. 87 o R etk 430 iR 55 % (100
NASLL, -100 45E), b o 8 B s t 58 % (100
AT, <100 NAREE), LTRoRIGTH RS A

£2 925 RASAERNER

Tab.2 The colorimetric result of 925 silver alloys

e E;ETE%( : Eﬂlﬁiﬁiﬁl ﬁ&@%
a b L AE,,
7J-330 -1.95 5.55 87.4 0
Z7J-330a 0.85 4.94 67.43 20.17
ZJ-330b 0.62 3.95 65.77 21.84
7J-330c 1.81 3.01 61.63 26.15
ZJ-330d 1.35 3.83 57.67 29.95
7]J-330e 4.03 2.43 52.63 35.41

HEE 2 AT 0L, BEES S EEM, 925 BilfEf
FEHRE o BT, b AR, NI TR R
T 751 LRI . LA ZJ-330 #1145 1) 925 £ 9 2 IR FE,
RIEAR T HARMOE AE, , HEES SRR
EERETIEIN, A TR, RSN RERY, &
I8 e R A% 925 RAE, Ag-Cu-Zn AR, I
HNEE TG 3T ORI S i B, M in— 2 &%
JLE, VAR AR 925 AR AR, DLRiE
TG S BT 2234, AT S A
2.2 TMRALR ST

il 25 1) 925 HRARKFE I 1l 75 B O 2 B T
WL, 6 Fh 925 MMM ALK 3 Fras.



(a). ZJ-330; (b). ZJ-330a; (c). ZJ-330b; (d). ZI-330c; (e). ZJ-330d; (). ZJ-330e
Bl 3 AFMREEAS 05 SR 1 925 SRR A
Fig.3 The metallographic photos of 925 silver alloys used 6 kinds copper-based master alloys

ML 3 JE b 1 925 4R 4 A P A ml M 00 21 B
B EANRI LA, TR TR 4 X 3 AT
AR, BERBCFEIE T . 2R F R g
RS, TFEAMEUE S, SR R DL
ZEXCPIERE, &AAREIARY & E 925 REM
MR, HAABIES TR 3. hE 3 T HLEESSE
BN AR R R B N, 4 A I 3%, 925 i
VTR T AT E Sy

3 AP 925 REMEE
Tab.3 The micro-hardness of 6kinds 925 silver alloys

= K
i} : 1 : KA AR ey
R B fxed
7 /% dit/%  (HVo,)
JZ(HV,»,) FEHV,,)
ZJ-330 63.51 100 — — 63.51

ZJ-330a  63.43 90 68.75 10 63.96
ZJ-330b  63.64 70 68.84 30 65.20
ZJ-330c  74.08 50 80.82 50 77.45
Z7J-330d  88.30 20 109.93 80 105.60
Z]J-330e — — 122.26 100 122.26

3(a) NAHFERN T ZJ-330 il 4% 925 HRFE S 4
MR, HEMALRINAF T RS ALK,
B ARV R0 ] R AR TR IR B A A A
RS RAH T . R Ag-Cu-Zn =JCEH4AH
B, 2R R AR Ag-Zn/Ag-Cu/Cu-Zn 5 & 344

AR 38 5), AR — . B 3(b) AN T
A4 71-330a Hl4 1 925 MRS, AR AL
I WL B > B IR kS e AT R T
e RMEE N T sy, SR WE 4 Fis.

>

p Interface I}ver
TR s

Point  w(Ag)/% w(Cu)/% w(Zn)/% w(Sn)/%

1 95.26 3.12 1.62 —
2 94.08 3.60 1.42 0.90
3 88.72 7.37 391 —

B4 ZJ-330a fil% 925 R BT B v R Al T4 R
Fig.4 Results of backscattered electron image and EDX of the
925 silver alloy used ZJ-330a
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Bl 4 1 XS, 2 NKEH, 3
HREAF BN A, SIS R E E
AIE M 1 XN Ag-Zn/Ag-Cu/Cu-Zn [HiEER, 2 [X
SO T SR BN BT IR, B 4 T Vs 44
3 XIAR SRR 1 AWK, REMBIG IR, £F
BE AR BT . ARYE Ag-Cu-Sn —JeA 4 AH
K, =T Sn £ Ag-Cu TR a. B [EEAK
RS, ARYE SO T ER RAE B A Ag-Cu-Zn
WA R RAAAE, 2 XK 2 c 2E I 2 XKICh
a+ Hl Ag-Cu-Zn L2301, 1 A1 3 IR KGN A0 85 0
, UEW] 1 A3 XIS AFLE o #H Ag-Cu-Zn HZ,

FEEAE 3(c) PR EMMHLGIRHIE L, FEOM
B . X Z23-330b il £ 925 AL R o 4H
UK, &AL AR, K AR TR
BOR, MALRHENZ . [ESMHE 3(d)F KB
— BN, 5 EAHEERE AN Y, AL R
% . XF ZJ-330c %K) 925 SR LUK AT
SR E 5 Frs.
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# s }/\.ﬁ’{ ~ ° B

\4 Rl -
= us§9*~‘ \
Py 2

Point  w(Ag)/% w(Cu)/% w(Zn)/% w(Sn)/%
1 94.64 3.40 1.96 —
2 92.13 4.50 2.25 1.02
3 92.88 4.12 1.70 1.10
4 93.40 3.26 1.69 1.65
5 92.90 3.94 1.90 1.26
B 5 23-330c il % 925 SREBH B R AEEIHTER
Fig.5 Results of backscattered electron image and

EDX of the 925 silver alloy used ZJ-330c

Bl 5 1 KECREIRI TR, 1 XA a
A Ag-Cu-Zn [E AL 4, 2 F 3 XIS 7 FEAAHALL,

R [ AR SR TR B T A ALK RS FE R
RO ZE 5, SRR A OB B AT . 7 1. 2.
3 XS AL A A WS i e A i A, B
U BB . Bon R RET BE &R
DBV P, AR A5 25400 11 A P £ g A R 5
[l AR SR, 7R S ST BGR B A . I HLE
E S ET S, £ Ag-Cu &4 5 KRG i p A
e 4.

BEE S SR, SME )P KEMHEEZ,
SCEAAEAW R, SAHA A ST > i R B
SR BT AR TG 22, 30 0 BB LR H
Bl 3(DFTESAH F ST A R, FMEAEE
K AT AR, ZI-330e il 4% 925 HMAN 4L
FnE 6 Fias.

1 89.6pr

Point  w(Ag)/% w(Cu)/% w(Zn)/% w(Sn)/%

1 93.52 3.58 1.86 1.04
2 93.66 3.07 1.61 1.66
3 88.92 6.44 2.87 1.77

Bl 6 ZJ-330e 5% 925 RE UM By REeiE AT 4R

Fig.6 Results of backscattered electron image and

EDX of the 925 silver alloy used ZJ-330e

Bl 6 H, 7RSI B 2L — O ST AT H 2,
JEREL) 20~30 pm, HEAA R H R A I 2 A o A1
Ag-Cu-Zn [HIERH L,

ZEA UL RS, DIREAN A4 Z3-330 il &1
925 HFEN, SEMMALUN Ag-Cu/Ag-Zn/Cu-Zn
WA, 925 A H R . MESSERN,
925 fi & & L E 1 B AH Ag-Cu-Zn [F 15 44 1 4
FE[E AR, LA O b B <4% I T (a+B)Ag-
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Cu-Zn [EVEAF TR S & SR .. MES S
B, By RAWHTIE AL S AT e 8 — ik
M AH, 7EFAL 5 A it Ag-Sn/Cu-Sn (A4,
BRI T RE ) R R, SRPERRAC. ARAE B Bk
SR, S8R (o+B)Ag-Cu-Zn [EVEA A
KT o A Ag-Cu-Zn JE B 514K
2.3 PimALER
WAEER N SmMPSEMERRRE, £
B KGR A =R LN R T R oy ey, s O Wl N =93

AV

4Ag+2H,S+0,=2Ag,S(FE t4)+2H,0 2)
Hr,
2AE+ST5AES  AG'=-40.7 kl/mol (3)

¥ 6 FHAREIESE NapS i, SilFEsRm
AR BICNRL M, TR AR, 4R
wmE 7 s,

51

ZJ330 ZI330a ZI330b ZJ330c ZJ330d ZI330e
Silver alloy 925

B 7 AN 925 SRGTE LA B[]
Fig.7 Resistant sulfide discoloration time of

6 kinds of 925 silver alloys

HE 7 T, AN TCER B SN O ST 3R
925 ARPURL At /), HEEES & BN,
RS, PUBRALTERESRTT . 4R HAL A Ve RE LR
R, BRI IR & e R, S
SRR CupS, A5 ST

4Cu+2H,8+0,=2Cu,S(F& t4)+2H,0 4)
Hr,
2Cu™+S"—Cu,S  AG "=-86.2 kJ/mol (5)

BEL By G ERAERARET alAERE R
ZnS, #R AN SnS DAL InS, 1X 3 PR
T RS ELAR, JUIE ZnS TERLAE AG ° 4201
kJ/mol"™, [N, 7E&4F I Sn. In 47T
RO ARSI E A SRR R

1) HHAN A S R 4% 925 WA
TR f e, IAF] 230 MPa, #8BIRT 4% mE S
BEERAMEXRR, SR 4%58 K.

2) WNINEICER 925 HRIAFE LA RESE T, A
TERESE N, 1 B B A

3) RIS ICE N EA OGS H % 925
WSO 2N Ag-Cu/Ag-Zn/Cu-Zn [EEK; BEE
YeraEain, I B A Ag-Cu-Zn [E VA 44 K i L i
Bk, wge e — P, EMAH AT &
¥ Ag-Cu-Zn [V, ZEF=Hetbtb &4, BFIKE
SIBVERGRE; 8N Ag-Cu-Zn [EVEIARAEL A E
K FLEAN e Ag-Cu-Zn [EVERLL L.

4) IWMBICR ARG SR AR
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