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Table 1 Roonr temperature mechanical properties

of SiC particle reinforced AFbase composite
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15 20 490. 71 364.54 9.20
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Fig. 1 Microstructure of aluminium alloy bonded

to SiC particle reinforced Al-based composite

( Bonding temperature 565 C; copper foil interlayer;
bonding time 3 h)
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Fig. 2 Content profile of copper element in

5056A1/ Cu/ SiC,/ Al joint under
different bonding times
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Fig. 3 Dissymmetry of dissimilar materials in
TLP diffusion bonding process

TEAH TS IR P 2 BEAN BT B AR, AR S 4k
S I AH R A I8 B, AR R 3 T Bk e
FE, il 3(d) s o R —Fr BeARL B2, BE e
ME M RERTREAME SR, XEEERT
HAEME AL TGRS AR R, B TE B
FHEE >, BT AR S BUAE 1% B B4 R, WA
ROk B A SR .

3) SEumBEE B BARFIE AT Cu JTTERE
B IRAFAEAR AL Cu JRTAREE 1M B P8, 24 Cu 3K
FEE /N T[] AH 22 e BE IRy, G 6 ok 8 11, A7 159480/ [l
L AR TR HESE, B 3(e) fin, BT Cu LH
EE AR Y 8O K T7E88 & b 19 BoH
B, DRt 30 A R — 00 R/ ] 51 o A
BUK o CUWAHSE W AR, SR P B A R, W
Bl 3(f) P o B T2 AR — 00 8RR 0 456 ] 3 B2 K
TERE &, R 2% B B g R, T8 &
BRI RS S mE

4) BB Be AEAHE T, S e g ]
GG, EERUBECAEIEATEH, WTREEE A KE
BS54k

MRS H R LUE R ST B S — )
[ m S 12 2 B R (R Z 40« YRR 2050 A 70 5 e vt 3]
3ABYB AL EIE R, B RFAE TR A MR F

AL GRS EBD, SEGEAR AT K BOg AR
LG E WM, 1 Cu JTURAR G E
HIP HOE L ROR, T BOBATEES] N B i3 45 51
ELi RS WA AWM, AT AE T SiC Ak
HsRIE R SRR S RS B TLP § HOE S A 1Ak
SRR

3.2 EMMEITLP I BUEZIEX FRIEE

SERAPRL R R R R R e I 2B B 4
BN o 46PN 0 18 i @ S AN AR R R, AR AR
FR 3 0l S ST P N REA 5 V0ORE S B ] 4 )
(R BR a6 SR, ARBR R IE T ) #5308 624 % TR 97 1K
5 . BlH A ChERS 4, B IEAMEL.

dy;, dYs,
o o] |-
R
¥
A % B
. R
Va1 X
- ¥
y Y
W 32 y
L/S interface I Central  L/S interface 1T

at beginning of line of at beginning of
isothermal interlayer isothermal
solidification solidification

4 SR TLP & 855 Bt [ B B B
Fig.4 Schematic representation of isothermal

solidification of TLP diffusion bonding

process of dissimilar materials

XTARAR R 1, 15 ¢ I ZI9E [ TR 2] - Vi

ALE, ALK ER A4 5 WA R A 1 Tt B ol
dVs - Do @ Ocly, 1) (1)
dt — (ca.B— cwsf) Oy Y= - v,

WIH A FIIL T 5 AR

Y31(t=0)=0 (2)
e(y, 1= 0)= co (3)
c(y= - Ya, t>0)= cos (4)
e(y” o 1)= co (5)

M5 Fick 7 HUE FERIR, 355U 1A [ AR H A
W 734 K

& — ce e a—

(v, t)= U+ Ux*erf( m) (6)
FHAIT 4R 451 Fads S 4 A vl 4

co= Ui+ U (7)



134G 2 M

MhSCOM, A% Aok RL TLP & #7421 4Ex frdk *+ 303 -

TG
o= Uk Uz-exf(JTD—“—t) (8)
S1

BT UM Uy, co M st W EL, IR ZE BRI
Bl 5 2 W . ikl PAAS 2

Yai= 2631 4 Dsit (9)
XF G N EERNT EHEE, JSFHAT ef(- x)
= — erf(wx), P8 ATLLE N

CaoS= U1— Uz'eI‘f( G31) (10)
¥ (7) F(10) FHIE AT LAAS E

CQ— CQS
U2= T4 erf( Gay) (11)
X (9) HEAT TR SRAT W T 3 TH B IS T
dY. D

ko 2009) SRS A FERR BE OC T v B
ik
agt% B} 2 I - v 1
oy - Ugﬁexp 4Dsi1) 5 Dot (13)
B (11~ 13) RN (), wT PSR TR I ok
T Gy Rk

Gal 1+ erf( G31)I »/TTeXp(— G3) = S

CaL.— CaS

2

(14)
I, LU 5152 £ b M A 7
FRT CrffRIEA:
G32I 1+ erf( G32)I »/TTexp(— G%)

_ Lap= €20 (15)
Ca.— CaS2

WA T IE A W BIWARJZAE 0315 [R] A 3 46
SEIN, ST B Beal R R G S O
/TS HNERB I Wa, PR BRI [
FHHNERSEER A Wy, WIITHIAT

Wai= 261 I Dsits (16)
W= 263 |Dsts (17)
Wi+ Wa= Wax (18)
L4
3= (19)
4( Gz JDSI+ Gz JDS2)2

KF W MBI R SE 5, 185 18 ok
e, Dafl Dol e iR FEE A SME A
BRIy ECR A .
HTwRR FAERS SN ESMEH Y LR
BATAE Dsi< D, MR EE N BFIAEXTRRVE, &
S R A A I WS oA
Wi= Gn [Dsits— Gs [Dsits (20)

3.3 HEHEPS RS RIEIE

K545 T Sic ki snin ik B S e S5 a
G TLP 7 HOE B (JESIR E O 565 °C, HEHEIN (8]
N 12 h) Bk XK Cu J0 5 B o 0 A S 06 45 R 5 8L
ERIET R A LA .

& —Experiment
-==-Simulation

\\‘
~—

-1.0 -0.5 0 0.5 1.0 1.5 2.0
Distance from interface/mm

5 Y 12 h FEE Sk X Cu JTEER LY
Fig. 5 Content profile of copper element in

5056A1/ Cu/ SiC,/ Al joint
( Bonding time 12 h)

H1F Cu JRFAE R A8 B BT BOR HUR S0,
T AAS B AR S A G I v S5 e e v o S 1 ik
JE Hh S ot [ I RE AN AR IR 3 A R, SRS
SKAR R ARG YT BOR B, IRk
RVE AR BE R SN 08 12 h /efy, Bda v
W R AR T R o AR DL

MEL 5 BTLE I, fEfa e, Bl g
RS GO KA F YA, WHABR R Rirrv
vk EREEMES G SERE L, WRIR T
P85 e 8 23T (R SEE DML vt T B R 45 2R 1
FER G R, BRSO A 2 2R 1 S B U
B A, BUE RS R Rl e T 2R
HT LA W 7 TR PR R 1) HOATIe B A HER 1Y Cu
JURAAER GBI PR BUREG 2) N BETE 70 i 5
AR IO G RIEA AT K, fAEH —EM
w2 . WS T RUR IR 7 100 o0 A B S
ARG B R & AR R K, ATITIE ] T A

A HERT
REFERENCES

(1] HSCU. S RRDRE TLP 7 BOE S e A Jv i ) 2 2K e
PERFFE[ D] . AEmt: AERONTZES LR K 22 LA TR 2 e,
2000, 1~ 3.

QU Werr ging. The study on TLP diffusion bonding process



304 - A R R 2003 4 4 J]
and interfacial mechanical mismatch of dissimilar materials transient liquid- phase bonding of SizN4/Ti/ Cu/Ni[ J]. Chi-
[D]. Beijing: School of Mechanical Engineering, Beijing U- nese Journal of Materials Research, 1999, 13(3): 313 ~

niversity of Aeronautics and Astronautics, 2000, 1~ 3.

316.

[2] GuanY, Gale W F. Transient liquid phase bonding of a Hf [8] Zhai Y, North T H, Serrato-Rodrigues J. Transient liquid
bearing single crystal nickel aluminide to MM247 superalloy phase bonding of alumina and metal matrix composite base
[J]. Mater Sci & Tech, 1999, 15(2): 207 ~ 212. materials[ J] . Journal of Materials Science, 1997, 32: 1393
[3] LehnR K. Joining of 6061 aluminium matrix- ceramic particle ~1397.
reinforced composites| D] . USA: MIT, 1991. 77. [9] Sinclair C W, Purdy G R, Morral J E. Transient liquid- phase
[4] Duvall D S, Owczarrski W A. TLP Bonding: a new method bonding in two- phase ternary systems[ J]. Metall Mater Trans
for joining heat resistant alloys[ J]. Welding Journal, 1974, A, 2000, 31A: 1187~ 1192.
53(4): 203 ~214. [10] Zhou Y, Gale W'Y, North T H. Modelling of transient liq-
[5] MacDonald W D, Eagar T W. Transient liquid phase bonding uid phase bonding[ J]. Inter Mater Reviews, 1995(40):
[J]. Annu Rev Mater Sci, 1992, (22): 23~ 46. 181 ~ 196.
[6] B& %, BIw, R K, . Si;Ng/Ti/Ni/Ti/ SizN Wbk [11] MacDonald W D, Eagar T W. Isothermal solidification ki-
B AH LS SR, P EE AR netics of diffusion brazing[ J]. Metall Mater Trans, 1998,
W, 1999, 9(S1): 166~ 171. 29A(1): 315~ 325.
CHEN Zheng, 7ZHAO Qrzhang, WU Bin, et al. The [12]  Tuah-Poku I, Dollar M, Massalaki T B. A study of the
strength and fracture of partial transient liquid-phase bonding transient liquid phase bonding process applied to Ag/ Cu/ Ag
of SizNy/Ti/ Ni/ Ti/ SisNy4[ J]. The Chinese Journal of Non- sandwich joint[ J]. Metall Mater Trans, 1988, 19A(2):
ferrous Metals, 1999, 9(S1): 166 ~ 171. 675 ~ 686.
[7]1 B& %, B%EEH, ZEE. SiNy/T Cu/Ni K55 B [13] Liu S, Olsen D L. Modeling of brazing processes that use

[AGAHERZ[J]. MRIESE 22 4R, 1999, 13(3): 313
316.

CHEN Zheng, LOU Hong-qing, LI Zhr zhang. Double partial

coatings and interlayers[ J] . Welding Journal, 1991, 70(S.
8): 207 ~215.

Dissymmetry of TLP diffusion bonding of dissimilar materials

QU Werr qing, ZHUANG Hongshou, ZHANG Yarr hua
(School of Mechanical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Based on the experimental study on TLP diffusion bonding of SiC particle reinforced AFbased composite and aluminium alloy, the
extensive study on the dissymmetry of dissimilar materials TLP diffusion bonding process was conducted, and the isothermal solidification kinet-
ics of TLP diffusion bonding process of dissimilar materials was mathematical modeled. The numerical results were compared with the content
profiles of each element in the joint area. The research indicates that the bonding interface departures to aluminium alloy from the original cen-
tral line in the joint area of SiC particle reinforced Albased composite and aluminium alloy, and the content profile of solute atoms distributes
fairly asymmetrically. Because of difference of the solute atoms diffusion speeds and the metallurgical reaction between interlayer and base met-
al, the dissymmetry exists obviously in dissimilar materials TLP diffusion bonding process. And the isothermal solidification kinetics model can

be used for illustrating TLP diffusion bonding process of dissimilar materials.
Key words: dissimilar materials; TLP diffusion bonding; dissymmetry
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