H23BH 3
Vol.23 No.3

HEAREERFR

The Chinese Journal of Nonferrous Metals

201343 H
Mar. 2013

TEHES: 1004-0609(2013)03-0816-06

AlSn Z o i BUBHE SR E Y 8L AR R BT AL ZE

LoF, 2R, FAAR], HI3HE
(EWE R MORLRS 5 TR, B 650093)

B OE: R Y BUSREI S EAR S % AVSn §HUE, AR RIS P TR, R AR A
L. BB XRD ATSHCEERTTT Al/Sn U B IR 2 B SURAE S TR LB . 455K 75 0.5 MPa
F1230 CHEFA T, Sn JCHAMLHY Al WAy 1L SREVRIRIEY 8 B HUN M MK, Al Sn JoH
PHORIBHR R LR, S TOH A AR, B2 Al R Sn [ 88 545 4 2L ER 2R ) S TRl 0 S22 HL S B Atk
JEA5M i, AU/Sn FURVA G552 ALR Sn BRI HL. i 45 S L R P IR 45 8

KHEIA: Al/Sn; §EUE: Fril: PHOEMZ: BRI

RESES: TG406 SCERFRERD: A

Forming mechanism of diffusion couple of
Al/Sn interphase diffusion solution layer
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Abstract: The diffusion couples of Al/Sn were prepared by laminating diffusion couple technology, and then treated for
different holding times. The appearance characteristics and forming mechanism of Al/Sn diffusion solution layer were
investigated by the metallographic microscope, SEM, EDS and X-ray diffractometry. The results show that, under
sintering conditions of 230 C and 0.5 MPa, Sn element spreads along Al grain boundary preferentially, and then spreads
along Al substrate. With the increase of the diffusion time, there exist strong elemental diffusion and dissolution between
Sn and Al. Finally, there are no new phases formed at the interface. The interface transition layer, which is in the
sawteeth shape, consists of Al and Sn divorced alloy. The formation of metallurgical bonding interface comes from the

solid phase diffusion, dissolution and crystallization between Al and Sn.
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Fig. 1 Morphologies and microstructures
of Al/Sn interphase diffusion solution layer
for different holding times: (a) 1 h; (b) 2 h;
(c)4h;(d)6h;(e)12h
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Fig. 2 EDS microanalysis of diffusion solution layer zone at
230 °C for 12 h: (a) EDX results of point composition; (b) EDX

results of linear composition
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Table 1 EDS microanalysis of diffusion solution layer zone

Location on micrograph in Fig. 2(a) w(Al)/%  w(Sn)/%
1 1.16 98.84
2 6.06 93.94
3 60.40 39.60
4 — 100
5 100 -
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Fig. 3 SEM images of Sn distribution on Al substrate:
(a) Higher magnification; (b) Lower magnification
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Fig. 4 XRD patterns on phase structure of Al/Sn diffusion
bonding interface: (a) Region near Sn substrate; (b) Region

near Al substrate

X WEATH AR R Y, Al RIAH Sn AHA
ALUM PTG, AT B R AATAT S, 1X 3B
A2 Al FT Sn AHAEAE, TG A4 a4 e TR A 50 2E
e X5 LIU ZEUUR PR & S iR 98 A1-20%Sn
B YIRS KA —3,  EIYE A1-20%Sn &
ST Al-Sn ER AT A AR R

4ty Al-Sn oA T A, 7E 228.3 C RS
SN2 A B B 1R (oS R R . 28 IR 43T TT LA
Wr, AlVSn ¥ HUSY BUAIEZ IR A2 230 CHE
FEAERTR, Al R Sn JE-7 1 H Y HUT B ROV
KA, BEMAERT DR (a+Sn) L AR, LR B S S5
WA, T RE WA, AL AHAT Sn
MIEAENE, RAART All Sn PWAHILAERIY B
itz AT, §EAMRE T ALA Sn RO ad
AU A AT RE 2 BT ALFIT Sn 4G I 490 2B e i Al
VAR a AHJCEE K AL 1 Sn 45 Ay 241 5 %
o



820 A G EE R

2013 4E3 H

3.3 AVSn ¥ BURRER I AR S #7

L5ty AUSn F BB Y BRI 12 TSR IE 5t
X A 53T Al/Sn Wil JESRHAIE 15 5 X P4
VIR T, K Al/Sn UM A T B 2 T
BOSFERT LA s 3 AN B

1) PyER il B

Y BRI, AL JERRT Sn 2R A, b
EHRARIEN TG, 52 Y SR REEL Sn £
RU(230 CHRJELIETT, Al FEAKRIEGSIK) Sn 24 LT
P A b A2 SR VEAR TR AR AR T, A4S AL B A4 s
A LA R e BT I R I 5 Sn 2 e s, sk
T T B 22 Ak 1) e fil

2) R B

FER R Bt R, AR R AREIER R,
AU/Sn BB G900, BERAE T IR A
RS ALK 0.4 %, T Sn (45
A B AL R IO A, 1 Sn oy S T
i 1 HICR M4 G RE(E) & RAE R F R 455 i) —A
WS . dIThg & aeke, BER RS, B
Ay TR, i AL 45 78327 kI/mol) = T Sn 1)
454568303 kI/mol)!'),  [RITiAHXS - Al JEF, Sn Jil+
S G LR 7 S B 2o R AR, Rk, A
AP R P8I, Al JR AL THIZE, Sn R
FARSETHEAGRS), EPIRANERT, Sn i1 /ol
It AVSn SN AR AT, HALSEAE AL SRk
B B R AT B, M Sn JRFIAR IR SR,
AL b G885 ARGl B Ak R A T ST T GBI B
AR IR A A AR SR T A B W e B T
T BRAR SRR, RN AR SOV A (TR IR IX . 2 s b A
JE) RSB A RO 8 e AL SR 1 S A 1
ORI R, BEME AL T A A T HETT .
WA HUGEHER T E S, SE LB S AT I, Sn
1 AL TH 1350 WA R R W RS , 44N L At
i PO R, BESEEL T Sn AE Al SEARR
T .

3) kBB

FE— B B AR I TR, 3 SR 2k 2
BN, AW FUEAR Y Sn R UK AT AL
WREERS, FFAG R A BRI 45 SR %, I 5 1 [l i AH
ks MR I, BRI, 3L R R e
SR SE S AR, T L I Sk R v R A A o i LA
S Jai i St R A A S, R AT K Sn AH Y ALAH
AP IRE S R IR)Z -

4 g

1) AERESEIRIE Ny 230 CRIZAE T, BEY HUE R
BT RRERS, Al/Sn FRTHITE SO R 9 HUR AR 2
FHIHRLPE X LA 2 H Sn AHAT AL AHG G412 VAL, G
I A A o

2) FHHX AUSn 3L R VBEAHIRSERT Al s
%, RUVRIY AT R IE, AlSn P AR
JEITE i AL Sn [AHY HL. it 5 it IR e
&k

REFERENCES

(11 FXEE, 254, B #, B % Al-Sn Fid ek s Hide

WA LR Y ). o A G R AR, 2008, 18(3):
471-475.
WANG Shuang-xi, LIU Xue-jing, GENG Lin, GENG Biao.
Al-Sn pre-alloyed powders and its application in diamond
grinding wheel[J]. The Chinese Journal of Nonferrous Metals,
2008, 18(3): 471-475.

[21 YUAN G C, ZHANG X M, LOU Y X, LI Z J. Tribological
characteristics of new series of Al-Sn-Si alloys[J]. Transactions
of Nonferrous Metals Society of China, 2003, 13(4): 774-780.

B] & 8 YRE, W, RET7, X Mk S

) AL SR AR B SR S PERELT]. HRr B TR 2R H
REFERR, 2007, 35(10): 37-43.
ZHU Min, ZENG Mei-qin, OUYANG Liu-zhang, WU Zhi-fang,
LIU Xin. Microstructure and wear properties of Al-based bearing
alloys fabricated by mechanical alloying[J]. Journal of South
China University of Technology: Natural Science Edition,
2007, 35(10): 37—-43.

[4]  JAZEWI 9k FE, ZERE, fh B3, ST R. Pb-Sn-Al K&

B IRy 4% & AR RRVIP ORI, R R0 BARRHEAR,
2009, 31(6): 600—603.
ZHOU Sheng-gang, ZHANG Jin, ZHU Pei-xian, SUN Yong,
HUANG Zi-liang. Fabrication and properties of Pb-Sn-Al
laminated composite electrode materials[J]. Journal of Yunnan
University: Natural Science Edition, 2009, 31(6): 600—603.

[5] 2w, BN #h 0 35, BI0OF, BSE, O M, kL

W A% AP EOIRE A RORE LA R[] AR
PAbH £, 2009, 30(4): 1-5.
ZHU Pei-xian, ZHOU Sheng-gang, SUN Yong, HUANG
Wen-fang, YANG Xiu-qin, XU Jian, ZHANG Jin. Study on
interface of Al-Pb composite prepared by liquid-solid coating
method[J]. Transactions of Materials and Heat Treatment, 2009,
30(4): 1-5.



233 B, 5

AV/Sn 0y BB AR SIS O AR 2 R 13 821

(6]

[10]

[11]

MAHY, ZHUP X, ZHOU S G, XU J, HU W F, YANG H M,
GUO J X, CHEN M J. Preliminary research on Pb-Sn-Al
to zinc

laminated composite electrode materials applied

electrodeposition[J]. Advanced Materials Research, 2011,
150/151: 303-308.

KLEIN K, SCHWARZ B, EISENMENGER S C, TOMASTIK C,
BAMA P B, KOVACS A. The initial states of wetting and
spreading of Sn on Al surfaces[J]. Vacuum, 2005, 80: 74—80.
EISENMENGER S C, BANGERT H, BERGAUER A,
BRENNER J. Solid-state wetting and spreading of tin (Sn) on
aluminium interfaces[J]. Vacuum, 2003, 71: 253—-259.

LIU X, ZENG M Q, MA Y, ZHU M. Wear behavior of Al-Sn
dispersoids manipulated by mechanical alloying and sintering[J].
Wear, 2008, 265: 1857—1863.

B, fh 5, Bok®e, &, BUEAE. PUBERS)E%E SR
AlUSn EEMEHI]. MEHGEELAAR, 2009, 30(4): 10-13.
ZHAO Ru-long, SUN Yong, DUAN Yong-hua, LU Li, YIN
Guo-xiang. Al/Sn composite fabricated by mechanical vibration
technology[J]. Transactions of Materials and Heat Treatment,
2009, 30(4): 10—13.

JEURGENS L P H, SLOOF W G, TICHELAAR F D,
MITTEMEIJER E J.
films

Structure and morphology of

aluminium-oxide formed by thermal oxidation of

[12]

[13]

[15]

[16]

aluminium([J]. Thin Solid Film, 2002, 418: 89—-101.

SCHAFFER G B, SERCOMBE T B, LUMLEY R N. Liquid
phase sintering of aluminium alloys[J]. Materials Chemistry and
Physics, 2001, 67: 85-91.

ERDELYI G, FREITAG K, RUMMEL G, MEHRER H.
Volume and grain boundary diffusion of implanted 'Sn in
aluminium([J]. Applied Physics A: Solids and Surfaces, 1991,
53(4): 297-302.

LIU X, ZENG M Q, MA Y, ZHU M. Melting behavior and the
correlation of Sn distribution on hardness in a nanostructured
Al-Sn alloy[J]. Materials Science and Engineering A, 2009, 506:
1-7.

KEu, FHFE, KOG, TVCu [H A AH F I § AL
WIRZRTE AL S[0]. Wy @Ak 5 TRE, 2009, 38(7):
1188-1192.

SONG Yu-qiang, LI Shi-chun, DU Guang-hui. Forming rule of
Ti/Cu interphase diffusion
Materials and Engineering, 2009, 38(7): 1188—-1192.

GEORGE K, GABOR C, MAZIAR S Y. An absolute scale for

solution zone[J]. Rare Metal

the cohesion energy of pure metals[J]. Materials Science Forum,
2003, 414/415: 235-240.

(%RiE FRITE)



