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A& 4 SnSb11Cu6 HIEIMA LR Jy A LRI,
AT T BAEHARN T AR TR R R

R FTH I JE AR A SnSb11Cu6, HAk 2 psr I
R 1, SLEFTIE Cd BIAEEEN 99.999%. A & AEH Al
(F45 N DLZ-25) ik, FraawamiE, A
CA(EED AN 0% 0.1% 0.5%. 1.0%F1 1.5%, i
B, FFE 650 CHHMRIR 0.5 h, ZJGE% 2T
I E AL R (BB TR 250 °C, WA 2 hydr, 5%
R 420 C. KA IF b REHRREE& 8% Cd
(R & B2 kRN SnSb11Cu6-xCd(x=0- 0.1+ 0.5+
1.0, 1.5).

#F 1 SnSbllCu6 b5y
Table 1  Chemical compositions of SnSb11Cu6 (mass

fraction, %)

Sn Sb Cu Pb As
Bal. 10.91 5.95 0.064 0.023
Fe Bi Zn Al Cd
0.0087 0.0590 0.0007 0.0005 0.0170

WRIEHT, AEPAE BT BT R 5 mm B
B, AR S35 W AR R 43 BT BRI B B A
[ — SR AL AR R T D) #1010 mm B AR, 3 FH BE
MUFT BRI o (i A iR P58 AN T s 8 P PR A2 451
HUIN TN EAR 10 mm. A5FE 50 mm. £ 100 mm [1
AR, bR 58 1R 2 -SRI oA B AR
13 mm. K 38 mm HEE. PRI 20 BT FE 1) X2kl
fTgH%, #9454 3kW/*D8 ADVANCE Da Vinci. 4
JE A B %2 A 5 g FeCly, 10 mL HCI #1 90 mL H,O,
Jit A AR SR A 1 28 5 MIXAR, 6 Al 4
155 HMAS-D1000SZ, F7{HF1E 4556 Bt FH 1 %
L T IR, 850 WAW-1000,

WIS R, JEAART SnSb A WA R X6 i
FH & 9 0.098 N, Izt (825 10 so H {46 0 B
BB N 0.75 mm/min, JE45 565 B R 468 %
9 1.0 mm/mine 746, BRFE I AR AR 2 A AR
(17 0.2%A2 T It 5 R B A7 AT, 470 5 A A2 4
Pz T B BT 7% BB B A . ARG e ) R R R A
10 N3 2000 B s R 3A{E, S A0 4 1 e 08 &2 /D 1R
B 3 A RS .

2 SLIHLER

2.1 EErHYLELR

—JGHE 4 Sn-Sb-Cu AT REALE RO LR T
AH(Sb ¥ T Sn HIEVE14), B #H(SnSb), 1 AH(CueSns),
B4 & H(CusSn), y A1(Cus;Sng)~ SnsSb, Fl Cu,SbH,
A T8 3L 5l 7K & 45 SnSb11Cu6 &4 10.0%~12.0%11] Sb
H1 5.5%~6.5%M] Cu, FHIEHFEMALE 1(a)2
TERE o BV S0 HE 2 EESL TR SnSb
R RERREUEIRI CugSns AHP 2. SnSb A HAS
FHE, B, RANERAR, BEAEK o B
BLH. FHIEAZI CueSns 42 SnSb AL A% L,
HAEEEA I FES, CueSns H15E MBI T HE
SHZOR AP S AT SnSb AH A bL EAK F i i
PR RST. Ah, o AR EESIEBMESE, FE54
HA RGN SRR A1, g AR » 48
e e, aea W rRKEEET). G8E
A, TOHEARRM, GEFARRUR MY, A X
BN [ A/ NI R, 24 845 4b T = iig i T iR,

(@) o
*+— Sn
4 — SnSb
1 * * — Cu4Sng

20/(°)
(b) . *+—Sn
4 — SnSb
® — Cu¢Sn;
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B 1 SnSbl1Cu6-xCd [¥] XRD i
Fig. 1 XRD pattern of SnSb11Cu6-xCd: (a) SnSb11Cu6-0Cd;
(b) SnSb11Cu6-1.5Cd
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GB/T 1174-92 Hi&H 7 —Fh & E Cd(1.1%~
1.6%) 15 7& &4 SnSb12Cu6Cd1, Cd 1E N# &
SWFEIRRINCE, —HHZHET Cd5 Sn i, 5
Fe JUFEANHHIA, 55— 510 Cd 231401k SnSb A1
M. B 14H7T SnSb11Cu6-0Cd 1 SnSb11Cu6-1.5Cd
B AH o> B, S5 R R WK Cd o I B K & &
SnSb11Cu6 H', & &M IAZ o 1. SnSb AHA!
CueSns #H, FHREHPIEE LAY . Bl 2(b)~2()
Fi7nA SnSb11Cu6-xCd & 15 R g, MEHm]
DIEH, AEESENEST, AR SnSb A1
ERIREREAR B CueSns AHIS 510 ARTE B A A, Cd
B SnSb11Cu6 J&, G4 SnSb AHFT R RIAH L BER
RS, 4 Cd SEAN 1.5%F, SnSb A SFH Ak R
SRR 23%. 3K 2 P45 T SnSb11Cu6-xCd
h SnSb AHIM BRI AT, BEE Cd & & x 11
I, &< SnSb AHIEEIE 2, 1M SnSb KX ALk
PR, B Cd Be G 4 AT AH SnSb (1)
Ak, B4 SnSb BIFER]: Cd & &N 0.5%0F, &
& SnSb AR AR R /N ZE S /N

%<2 SnSbl1Cu6-xCd ' SnSb &N ALK E
Table 2 length of SnSb in
SnSb11Cu6-xCd

Number and diagonal

WCAY% Number ?f Diagonal length of SnSb/um
SnSb grain Range Average

0 30 40.37-73.23 56.67

0.1 35 31.94-65.32 49.62

0.5 36 48.83—54.90 46.86

1.0 35 31.23-59.67 45.84

1.5 44 30.72-61.64 43.74

22 EEEESH

T A5 A CueSns RS R/N, ToiE F e FE
g, FASCH HgsH T &4 SnSb11Cu6-xCd 2
1AFN SnSb I EMAEEE(HV), WF 3 Fim. WE 3
AFDUE s ZEARFT SnSb AR RAMRE BEAIBE Cd & &
MR, 4 Cd & &N 1.5%K0),  FEARAH 1 Al
MERERE = T 24% /A7, BEJTAH SnSb [ i 5 12
T 21%k . MBI ESE, 2 Cd &%
TE 0.1%~1.5% [AliF, A& B R hd e Cd
SRR K, Y Cd SEAE 0.5%~1.5%2 /5

Fig. 2 Microstructure of SnSb11Cu6-xCd after chemical etching: (a) SnSb11Cu6; (b) SnSb11Cu6-0Cd; (c¢) SnSb11Cu6-0.1Cd; (d)

SnSb11Cu6-0.5Cd; (e) SnSb11Cu6-1.0Cd; (f) SnSb11Cu6-1.5Cd
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%3 SnSb11Cu6-xCd 1 W
Table 3 Microhardness of SnSb11Cu6-xCd

w(Cd)/ Microhardness of Microhardness of
% matrix, HV SbSn, HV
0 24.05 85.77
0.1 25.93 85.99
0.5 26.77 86.48
1.0 27.83 92.03
1.5 29.74 103.63

I, A4 SnSb AH IR UAEERE Cd 2 & 138G s 1
K, Hsb, SCERR6]T 4 T Cd £ Sn HIIEMREE,
EIRFE 223 CF, N 0.75%, fEIRE 176 CTF, A
1.16%, BEHI4 Cd & EHAKK, Cd ¥ T Sn JEEUHIE
TR T FE DRI AR B, 2 Cd SR
HEINEE, & AR Cd 7E4E S ATl SnSb AHIKIAT H 24t
FHEAZRIAZ G, 504 T IZAEES, f SnSb AHT)
TR FE 3K

2.3 hRFESEMEEE

B 3(a)F1E 3(b)FTR 53 54 4 SnSb11Cu6-xCd
PR R 45 5 1) RS- AR 2 s B 3(0) BT
&4 SnSb11Cu6-1.5Cd FiAAIFE46 5 (1l & 4
Y51 T A4 SnSb11Cu6-xCd S AN 45 (1) 1124 e
M 3(c)HATCAG H, R A (1 B 1147 B A T4
(IR EE P, W 1 PR DT 28 1 [] 2 e B2 S s, Cd N,
He MR RGRE . bR AR REREE Cd &
TR, 24 Cd &8N 1.5%KI, AHEEARE I
BILRNES, GE&MEREERET 26.5%K 4,
DL S T 23.1%A 4, PUEMRERE T 24.1%
KA AN, BT 44 SnSbl1Cu6-0.5Cd, HAhH 4
(B K R AN, 2 Cd BN 15%I, &4
WG KRBT 17.6%4 47, B Cd FIIMAAE— &
JaFE NS T & ar 8.

4 SnSbl1Cu6-xCd & i% N i) SR
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Fig. 3 Mechanical properties of SnSb11Cu6-xCd: (a) True

E-— - ——
——

stress—strain curves of tensile tests; (b) True stress—strain
curves of compressive tests; (c) Specimens of SnSbl1Cu6-

1.5Cd after testing

Table 4 Mechanical properties of SnSb11Cu6-xCd at room temperature

w(Cd)/ Elongation at Modulus of Tensile yield Tensile strength, Compressive strength,
% break/% clasticity/GPa strength/MPa ultimate/MPa ultimate/MPa
0 34 68.6 66.4 81.5 96.3
0.1 2.8 60.4 66.7 823 97.5
0.5 42 65.1 73.4 90.1 102.6
1.0 3.2 65.2 81.7 96.7 113.1
1.5 2.8 67.8 84.0 100.3 119.5
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G &M R R BRI T HBMAL, FHM
G & TRAL I 7R R A A R Ak T A AT BT
W20 BRI, IR, SR 48 2 A
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ZEGN IR, SREZ, BRI R YA TR
W2 BRI E Z W aRL AT, 4R AR T
BHI5), N 5 Ak, G4 T AR
o, enFIAUEROS, dRFLEhYT, AR T RLUm YT
J&. F Cd I %44 SnSb11Cu6 J5, A4+ SnSb
FHET R RSk, BE 2, 3 Cd &3] T 908
SRALIIVER, (64 RAH IR, M.
[FI, Cd 5 Sn R [ A4, [5) Sb ¥ [ 54k
TER—FE, 4&EZ 25N EHRE, BRSO T A7
WIZBNMBE T, MR LT, IS A
R RGN, AH S PR A G 1 2B 1, PRI SnSb11Cu6
N Cd J5, Aa eI RGO, ML TR

B A G S MM A NS Il T 1% SnSb
A AR R0 A A B R oA Jit Bk Rl 4y, A SnSb 1)
s RGN, AR, A ReA A 4 BE I R R
Ho MSZIREERE, 7E SnSb11Cu6 A 0.5%Cd i »
A4 SnSb ARRL R/ ZE R B RN, R I
HICER Cd MNEEML, &4, M KFN,
HEMIBHEEIEA, Ui SnSb SRR S 2 i/,
SRS, WA TR E G &M BN, ENkEE S
MEL AMUERA R A A& BF —E
(R )y, BB RAFIRE . RS AT &
Mo B AR TS, AR ETER Cd iR
e, FEEMAA SN AR E.

ALK MEILER Cd MABEH KA &
SnSb11Cu6, H2E| 1 4 & 5 b Al [ S 5wtk (I VE
A SRR AR N, 0SSR E RS &)
IAVESE N, R A SRAE R XAE— e R LR T &
ST, BN A4 SnSb11Cu6-xCd TSV 1
FYEREI B, ISR Cd S &N 0.5%~1.0%.

4 g

1) Cd IIAJG, SnSb AHEUEIE 2. SEkiAR, ff
BEERGREE. M. R, &2 TR
YEH.

2) Cd A&, B&Y5 Sn JERLIEEAR, $emaam
SR PEFIRE R, HBRAR A SR, R 30 [E A SR Ak 1)
EH.

3) X
FEN 0.5%~1.0%.

44 SnSb11Cu6, HEFLIEN Cd
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Effects of micro-adding Cd on microstructure and mechanical
properties of SnSb11Cu6 tin-based bearing alloy

CHEN Yong-hong', ZHONG Ning', YIN Zhong-wei?, LI Hu-lin?, DONG Qin?

(1. Chonggqing Yuejin Machinery Co., Ltd., Chongqing 402169, China;
2. School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: In order to improve the load capacity of tin-based bearing alloys, this paper investigated the effects of
micro-additive Cd on the microstructure and mechanical properties of SnSb11Cu6 tin-based bearing alloy were
investigated by X-ray diffractometry, optical microscopy, hardness analysis, tensile and compressive test and other
analysis techniques. The results indicate that the addition of Cd does not change the phases of the alloy, whereas it can
decrease the size and increase the number of SnSb hard grains, indicating that Cd has an effect on refining SnSb phase,
and further increases the hardness, strength, and plasticity of SnSb11Cu6. Meanwhile, the formation of solid solution (Cd
in Sn) improves the hardness and strength of the alloy, whereas reduces the plasticity of SnSb11Cu6. When the content of
Cd is about 0.5% (mass fraction), the hardness, strength, and plasticity of the alloy increase. Considering the
comprehensive performance of the alloy, the priority content of Cd is about 0.5%—1.0%.

Key words: Cd; SnSb11Cu6; microstructure; mechanical property; strengthening mechanism
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