%49 % 55 8 10
2020 4 8 H

BAEEREMBISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.49, No.8
August 2020

DNFEBEX Cu/Sn KRBT AR

T, F

R WNFE, ZRE, FNER

CEMBLTRY: Wl A Bt LA EFEGLRE, Hl 22 730050

W OFE. RHIEBERSE T AE 523 553 F1 573 K (W T A J0H A5 /EH] Cu/Sn AR R W IRAT oSG I 75 A
T Cu Z7EERL Sn IRV A0 26 2 TCHE FE FE TR 6.796~24.106 £ o 45445 BRITAS L0 7 v 43 Tl DA P e 23 A 2801« 7k
SO BN T P RN A A B R IR — I . SR, RGN 4 /E Cu/Sn FHIHIK R AR 1500 K A2 A T
Feil, ANHAR = T Cu 7 Sn IR0 A4 ]9 B A B, i HLASE B3 DX Cu SR AR I A4 5 AU YAC 2550V, 1 ek v 4 i 1) 4k & 1 (IMIC)
IR SCEILIES, WO TR RO RSO & P R BERAE T, 4% Cu/Sn [ ST AT PO Cu SR T AN
eI Sn BN, AH IR T — B TRV RS o ZRA LA B U T DR A A8 R kA R A Cu AF Sn T

i RV R B K
KRR VEMRMLED CEVET R TR
PENEDES: TG454 XEFRIRAD: A

XEHS: 1002-185X(2020)08-2724-06

[ 4 i A0 TS 4 R I AR U 2R 4 i R
(A 8 2 —, Bl AT . BEEER
WASE M, EXe T 2hEReBERSS)E
oV R R SO RAT R e Sk . R TR AR A MR
S RE A B R, DR b P A A T 1 A 4
JEAEHAS B I fRAT N TR T 2 9, fE%
ATy 2 K By D) 2 07 AT T MR, B AR
BRI Ak, B AN R R A 4 i R
R, A 40 10 9 8 B 8 AN B A b A v A6 137 1R
F R BB AR )R8, TR IR AR 37 4 TR 16 4 s W AR AT R 15
PR T TR AL o 8 P AR Ry B w903
W T ERA G, R BIES TS, BEEAE
WA T A F I A 5 RS B R I 7R 2 N (g a7 A
PRI D I HL S 3 5 0 [ /9 S T A 1) 4 B - A 2
PESCL MR KR 3 T A R SIS SRR T2
() (A EL A 5, R ] A 4 A A 4 S P v
LilV NWF98 T e A I IVE T N AL SEAE Sn 4T R}
R RAT 9, RSk RO S B T AR IRIR R, X B
K EERE BB AL R, R, Guo™4 A A
h X LB A IEIR ORI AL R IS DUBERT H 1) a-Al AH,
HAER A T A . Liu®%E NWF5T T8 A AR T
Al 22 A5 Sn BT RMR RS IRAT b, R LB 75 I
RO M A 1 T A, L e XV APt o 2 O 28 0 7 g
REBR ) 21~27 5. Shaol' V4 N 78k Pl Bh N se sl 7

i HEA: 2019-08-15
EE&WmB: HxA®/EER-SE (51465032)

Ag/Sn/Ag FE R K PLE B INBAR (TLP) &%,
FURIL: £ Ag /Sn FHIETAEIE B T 40 1) B DUAR AgsSn,
TR P YA T 2 AR 408 Ao 2 T o AR 5 ATl Ag
JE 7 3 R SRR E B BIGHE , HEOK T W R R

EIRBTSCARAR W, S I IR B e (L 1 ] A < e A
WS T A R, H L R L EAE AT I
CAT I ST 4 RIE Sz Sci MBS Kk . ILAT R i
HLHIE A e AR P A T A AT O, RIEAS T
YELL Cu/Sn A R AN BFFON S, il 9256 455 A B e
BEAU TV WF SRS P AL o A A% R I 2R 1) e 4k
A AT 7P 00 200 00 T R AA 5 A0 T S 2 A S
O 7 AT T [ < J A S e v B A AL

1%L %

ARHE T 38 FH A 1 AR 4 DR 2 AR 1 mm B4l Cu
(99.99%) 22, WAEJEZ40 Sn (99.99%) Kiksik 5
M . (RIS IR SE IR 2 0T, B SR 400#. 800#.
1500#. 200041 3000#(1 /K WD 44T B Cu 2K TH, 75
ZBR LR A A R RN & 40 5L 5% 1)
NaOH ¥ 2B R G ;s 85 A 5%HC1 34T
W, FEAE R R R S U 3 min, O 253 K
JEWT . T RSFEEL 70 g (468, REE TE 4
I (38 mm (&) x35mm (HAE) ) Y, 4 RlfE
523, 553 #1573 K (il B N AR, AR R

EB BN Grihioc, 95, 1973 454, Wit B, 2 MNB T ERR R 5 TR R, Hl 220 730050, E-mail: weiyuanyu2018@163.com



o558

AT ICES: ThEB AN Cu/Sn AR RIEMAT M IR 5% © 2725 »

15 mm [kt Rk ARSI T H LA 8 mm,
PB4y 28 kHz, TZE N 500 Wo T H LT 5 45
NEE B H IR ERZ) 4 mm &b, 5 Cu 2 [MPEEEHN 6
mm. SEEREE IR EEWE 1 TR,

S0 I, K S BN FA B AH N PR B S K R 22 4 N
B, AER— IR E R A BARE 5. 104 15 F1 20 min J5
Nl R 22, RS PR A K A, 13 B
iR AE s TIRTUB A BAE AT Cu 22/l Sn W
(R R, A [ R B R AT T R RS, D IR
TIE A gt T [R) AR 7], %) S S 56 fR3EL 290 280, 270 F 260
s Jo it D0 EE Pk AR B, R I AR R TR 43 A 10
20, 30 M1 40 s, @BAEMIRIE KRG, REF Cu 221
HFAE K R, A3 B0 7S AR R IR A ke

B 2 4U6 AR FE I Cu 22 UK A= 3 il i X BB
25 Cu 22 JIGH 7 mm) L AT PR IR T, AU 800#
1500#. 2000#F1 300041 /K WPACHEATHT BE . IR I RL
JEH 1 pm SNIAMDGE AT I, s e G AR IR
Ffo R T SEE0R 2, RIS ERHI % T 3 M.
2y W AE I QUANA-FEG450 B 7 & 5 39 4 v B3 A
MEF-3 2% BB W5 IMC fITESR Cu 228000, SR
J&i i Tmage J #AF0 5 4 AH IR A vh Cu 2 (1 5% B T AR S,
B R AL (D Rl (2D

S =’ (D

Ar:|r—r0| (2)
Horp, SRS Cu i R r RERMG
Cu 45812, rg NVAEMAT Cu 2317 GXHEIX 0.5
mm); Ar UK Cu ZGEMRIEE .

2 RWHER

Bl 2a 1 2b 43l JoEE A S ER R Cu 2278
Fa il Sn EFRIER A R AR R SR B TR IR G &R
i 2% o P ) RS TE AN ] S 56 2 400 T 19 20 B
28 Origin 9.0 AL 13 2 B TP 2 28 . th 18] 2a m %1,
TABFVER T Cu AR F5 kL Sn AT ki i S5 1% 55 %

Ultrasonic horn «—__ Cu wire

Thermocouple —— /
/'

Crucible

Insulation board

Sn liquid

Resistance furnace

BT W R S s I

Fig.1 Schematic diagram of dissolution experiment
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Fig.2 Dissolution thickness of Cu wire in molten Sn solder

without ultrasonic (a) and with ultrasonic (b)
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Table 1 Relationship between dissolution rate with or
without ultrasound

Dissolution rate Dissolution rate

T/K Time/s without ultrasound, with ultrasound, V.74
Vo/um-s™ Ve/um-s™
10 0.152 6.796
523 20 0.111 1033 9.306
30 0.092 11.228
40 0.078 13.244
10 0.164 10.537
553 20 0.122 1728 14.164
30 0.102 16.941
40 0.088 19.636
10 0.207 12.111
573 20 0.149 2507 16.826
30 0.122 20.549
40 0.104 24.106
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Effect of Power Ultrasound on Dissolution Behavior of Cu/Sn System

Yu Weiyuan, Lei Zhen, Sun Xuemin, Wu Baolei, Sun Jungang
(State Key Laboratory of Advanced Processing and Recycling on Non-Ferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The dissolution behavior of Cu/Sn system with or without ultrasound at 523, 553 and 573 K was studied by an immersion
method. It is experimentally found that the dissolution rate of Cu wire in molten Sn under ultrasonic action is 6.796~24.106 times more
than that without ultrasonic effect. Combined with the method of finite element simulation, the phenomenon was explained from the
perspectives of ultrasonic cavitation effect, micro jet effect and acoustic streaming. The results show that the cavitation bubble collapse
will produce a high temperature of about 1500 K at the Cu/Sn interface, which not only increases the solid solubility limit of Cu in the Sn
liquid, but also melts the Cu in the “micro-point” region. The micro jet effect can reduce the thickness of the intermetallic compound (IMC)
layer and change its morphology, and increase the channel of atomic diffusion. The acoustic streaming will produce a stirring effect, and
the solute Cu atom at the front of the Cu/Sn solid-liquid interface is continuously pushed to the Sn liquid. Internally, the solute atom
solubility is always lower than the saturated solubility. Therefore, combined with the above factors, the dissolved amount and dissolution
rate of solid Cu in the Sn solution are significantly increased under the action of ultrasonic waves.

Key words: dissolution mechanism; lead-free solder; visualization
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