mEERMISTIE
RARE METAL MATERIALS AND ENGINEERING

Has a4
2015 4 4 A

Vol.44, No.4
April 2015

BENRZEXT Sn-3.5A0 & & MNALA
patcati -1 0b=Al
B0 R Y KES Y, T TR, KRS

(1. BHSRERBUIAH, =/ EW 650106)
2. MBEREgaRHFEAERESALRE, ~/H EY¥ 650106)

gk 2

W OE: I T AFERHEES Sn-3.5Ag A aMHA LR 4RI )RR . B SR R KR AR
7 AAAG 1A HHAR 5351 101, 10°F1 10°K/s 1 Sn-3.5AQ & 4 BF b, KRR SEAT AT RN 2k R R 15 L A A0
XL B-Sn UKL it B 1R) BE AN AgaSn AR (R 0 AT AT S RN o BE YA AR N PR, B-Sn SR RS R R i T BEIZ TR
AgsSn FERLRT MIZHTAS /N AT NI S], FEA L Jy oA R RE U BE A AN A R N iR . BT AUEERRY], AR
ALK FN AgaSn AHEI S 10 MR & S0 # R REA B & IR, AgsSn AHTE & G il 17 IR BRI RIE .

KR PURA ) Sn-35Ag A& RS SiEMRE

FEZESES: TCG44 YEkFRIOR: A

YEHS: 1002-185X(2015)04-1012-05

B IE R O E A S, SRR T T
N AR T N R ) S B R AR R R 2
I, TF T A A 1) RS AR 7 T R S R AR
JE SRR T R AR, R, AR
PRORB W A, IR AT, BT,
JoFE PR A AT AT B R AR RO T S 4 F A
REW I . E£LHERMBET T, KE NCMS
(National Center for Manufacturing Sciences) M 79 F ]
RER TSR i % Y Sn-3.5Ag. Sn-58Bi. Sn-3Ag-2Bi.
Sn-3.5Ag-0.5Cu-1Zn. Sn-2.5Ag-0.8Cu- 0.5Sb. Sn-2.8Ag-
20In 1 Sn-3.4Ag-4.8Bi %5 7 Fh& & a4y, H L T AR
Ko 3, H AR S B, (BN K, JEIDA (Japanese
Electronic Industries Development Association) F1 JWES
(The Japan Welding Engineering Society) #4177 “7%
HRREAC I 7 S R R TH AT, 7 K-F K
KMt 7 38 F AT, 73 R R AR L, Sn-3.5Ag
(Sn-3.5%Ag) i ERHEA msR A L R 5T 22 Al
PRI RE, A A B Pb-Sn AP RH) —F.

H AW 98 J Al B2 1) J6 8 5T BLEL Sn-3.0Ag-
0.5Cu N3, HlH TR EA S EAR L 1540 RS = &
W), FERH TR S . Bk, XA E R
Sn-3.5Ag IR N FOK A B T Kk H# BRI s &
PERE TR .

{HJ2 Sn-3.5Ag &R &5 4 5 1% 48 Sn-Pb 5k}

It HEA: 2014-04-19

AFTANIE L Sn-3.5Ag J R fA A7 £ K& IR M A (1
W e B AL &) AgsSn AH, B RIAFLE™ HZM 17
BebkRl, JFLEIE AIIREE T 5 S BUR AT,

T B [P 2 2 ) TS e R ROV 549 3 BRABOR
IS, T RHROW S5 A P X3 3 B 0 5 B BT AR A
RERISCAE, P A, R 0B [ o 50 AR O 2H 23 A 2 i
FLAT BB AR SRS A - )7 Ph-Sn B R E
LR ULV A AR R G ORI 1 PR RE
R, (HIXEERNE S RTE AR R IE AR AR T R,

N TR FEIX — e, RV RV Gy ) AT S A
[ 254 AR A 10° Ks F7K A HS B Rl H15d
JEH 10°K/s If)2uh BRI A ™ Sn-3.5Ag L& 4. 12
T LT S A B UL A [ gt [ R T oW L R K T By
fiE, 3 7R AR S RO AL R R, R TR
MR LER o 3L 24 FRASH R AT o 2 It
A5 H 7 ] T R x4 PR PR AT 56 B PRS2 A

1 % I

556 FH Sn-3.5Ag FE LG 4 B 415 99.99% (1 485 B
A Al HR BE AR R G B IR, BTG B 4 RLA T 3t
(96.5%Sn: 3.5%AQ). HEAMAGIFETE B 2SI
SR T T, AR RIS, FRESERE
BRI 3, e B B RS A B EAN 5 mm 1)
25 A A SRR T RIA A 103 KIs (/KA BiEE T

HEWE: smMAESHSE (2011FA026); =mMEAIHIRIBN (2012HC027); =FMEFRHE&/EL I (20121B002)
1EHEN: WAk, 5, 1988 44, Wit, BWHRERUIAN, Wit BaA R ARERESLRE, =~/ BY 650106, E-mail:

526294099@qg.com



%5 4 1

THAELESE . W HIE N Sn-3.5Ag & &ML ZH R R 124k BE R R i

= 1013 -

S Sn-3.5Ag MRHE S R F B4 HURRE, ARAE DR
TR UGEE JE R, S A B Sn-3.5Ag MR 4t i B
HEEEN R R b, AR S R R T Bk 1 2
ol gl ] 17 T O SR R T o IS S04 Sn-3.5Ag
RS SN EETZSHW T BH%ESES 3 MPa;
VAR REA £ 350~400 C; JRELHLE 2000 r/min, S
B4 N 10°K/s S AREM, BESR e .

T RGBS TR A HUE SR R R RO A 2, R
FH A 1 & AH ) 45 vE6F 3 AN FE S IEAT S AH A b, BT
Ji& 7 A 5vol%HNO; AT 95vol%C,HsOH V& & 75 W »
J&§ Pl TE] 298 1.5 min. 48 5 2K F) OLYMPUS BX51M
G AH BB B R TSR . AT e R R A&
B, SR TTR 1N BUALEE 2 D X B4 AT
SHAKE Sn-3.5Ag & & AH AT ¥, il — D E A
(43 A, FH 2R 855 41 T F 1 2 R B % AT I B AN AT
AE 1 43 HT .

Kl MH-6 Zi 5 ASOnT 5 it i3 47 4 DA 58 0 2, )
SE T IR Z A 4 b e GBIT4340.1-1999 (48 4k Al iF
R ERRAE) BEAT, WEHGN 20 N, BAFEG I
10 R, FEHHEHCFBMEAE AR AR .

# Sn-3.5Ag BEIRSERIN TRKE N 15 cm, HAZ
9 0.3 cm AFRIE K EE N 6 cm FORE S HEAT R a6,
{13 25 55 # A 5 mm/min.

2 HER5e

2.1 Sn-3.5Ag A& I LB LI
] 1 72 Sn-3.5Ag A 4 7EAN [A) ¥4 £ 38 E T Bt 5 1)

SAHAL . NEIFTTLUER], A&MAZ R HAA

i 435 A R B 2K 68 3 0 4, A [R1VA T T A R 2 ) 72
R N THIE ALy, AT X SEATH
N BERE AT, ST 2 A A X SR AT A A
R 1 MIRETE S ATAE R, T DARR S (R X IO A
B-Sn i A B K £ DX a0 2 R 4R TG A AgaShn
AHFD B-Sn A I B0E 3 A . 18] 1a AR TE R
101 K/s B A ZURS, BE I SRR I AE B-Sn A
ME 1b FTULE H, fEAERRIEE T 10°K/s B, FEfh
AR A 5] HANE A EY, IR B-Sn AHIS &) o0 AT T #E
MR . B 1c J2 A BRGEA R, A R
KIEHT 10°KSs, BB HFES LR T Bz A4,
WILE B-Sn HTE AL/

Kl 1 Sn-3.5Ag & 4 7E AN [F) ¥ S0 2 R LA 5 1 TOoW 24
Fig.1 Optical images of Sn-3.5Ag alloy solidified at different cooling rates: (a) 10 K/s, (b) 10°K/s, and (c) 10° K/s
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K2 R[EIA I R %ER Sn-3.5Ag A4 XRD K3
Fig.2 X-ray diffraction patterns of the Sn-3.5Ag alloy solidified
at different cooling rates (A-the cooling rate is 10" K/s,
B-the cooling rate is 10° K/s, and C-the cooling rate is

108 K/s)
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Table 1 EDS analysis of water-cooled Sn-3.5Ag alloy (at%)

Zone Ag Sn
White dendrite 0.0 100.0
Gray area 12.2 87.8
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Pseudoeutectic zone
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Fig.3 Reaction diagram of Sn-Ag metastable eutectic

(A-AgsSn, B-B-Sn, Te-eutectic temperature)
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Table 2 Volume fractions of primary -Sn dendrites in Sn-3.5Ag

alloy solidified at different cooling rates

Volume fraction of primary f-Sn

P -1
Cooling rate/K s dendrite/%

10" (air cold) 27.7
10° (water cold) 34.4
10° Crush cold) 56.8

F#3 TEAENEET Sn-3.5Ag & HHE p-Sn H R K F 1
AR R4 RIE R

Table 3 Average grain sizes of primary g-Sn crystal and the

Vicker’s hardness of Sn-3.5Ag alloys solidified at

different cooling rates
Cooling rate/K s* 10* 10° 10°
Average grain size/pm 28 12 3

Vickers hardness,
HV/ X 10 MPa 14.23+0.31 18.15+0.28 23.38+0.26

240F Y=10.73+2.23X 107X
R=0.98
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HV/MPa
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Fig.4 Variation of the Vickers micro-hardness with the reciprocal
square root of p-Sn mean grain size (R-correlation

coefficient, Y-linear regression equation)
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Table 4 Tensile data for Sn-3.5Ag alloy (ey-yield strength, ous

-Ultimate tensile stress, - strain)

Cooling rate oy Outs &r
/K st IMPa IMPa 1%
10'(air cold) 32+04 37401 21.57
103(water cold) 40404 44401 22.32
10%(rush cold) 45+0.2 51402 26.52
60
50F 10° K/s
&g 40+ 10°K/s
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Fig.5 Effect of cooling rate on the tensile stress-strain behavior
of Sn-3.5Ag alloy
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Fig.6 Fracture surfaces of Sn-3.5Ag alloy at different cooling

rates: (a) 10' K/s, SE >500; (b) 10" K/s, BSE =<2000;

(c) 10°K/s, SE >500; (d) 10° K/s, BSE <2000
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Effects of Cooling Rate on Microstructure and Mechanical Behavior of Sn-3.5Ag Alloy

Pu Cunji*?, Xie Ming"?, Du Wenjia“?, Zhang Jiming"?, Yang Yunfeng"? Wang Saibei*?, Zhang Liguang"?
(1. Kunming Institute of Precious Metals, Kunming 650106, China)
(2. State Key Laboratory of Advanced Technologies for Comprehensive Utilization of Platinum Metals, Kunming 650106, China)

Abstract: The microstructure, micro-hardness and tensile behavior of bulk Sn-3.5Ag alloy were studied as a function of cooling rate.
Sn-3.5Ag alloy samples with the controlled cooling rates of 10%, 10® and 10° K/S of were obtained by cooling specimens in different media:
air, water and rush cold. The microscopic analysis and mechanical properties test were conducted. Results show that the cooling rat has a
significant effect on the secondary dendrite size and distribution of $-Sn phase. The $-Sn grain average size and the secondary dendrite arm
space are gradually reduced with the increase of cooling rate, AgsSn grain also become smaller, and distribute more uniformly. Besides, the
micro-hardness and tensile properties with increasing cooling rate improve. Finally, it is concluded that the microstructure and the
distribution of AgsSn grains influence obviously the mechanical properties, and AgsSn grains play a dispersion strengthened role in the
alloy.

Key words: rapid cooling; Sn-3.5Ag alloy; microstructure; mechanical properties
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