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Abstract: Cu/Al heterogeneous joints show significant application potential in new energy applications, but their prominent

substantial physicochemical properties differences lead to
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AEALE 235 H ($202310673165) ; = w4 )@ scd  vel brazing filler metals and optimizing the process are key
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ent with predictions. Using this filler metal, successful vacuum brazing of Cu/Al is achieved, and the effect of brazing tem-
perature (500, 520 and 540 °C) is systematically investigated. Results show that joints brazed at 520 °C exhibit excellent
interfacial integrity without defects, primarily forming Cu;Al, and Al,Cu compounds and achieve the highest shear strength of

38.2 MPa. This study provides a novel medium-temperature low-silver filler metal for Cu/Al heterogeneous joining and offers

data support for brazing process optimization.

Key words : Cu/Al heterogeneous joints; brazing; Al-Ge-Ag filler metal ; microstructure; shear strength

il

1 B

PEBUR T Ak, B X SR AR B 4T IR R &2 %
W FRIETEMIS AR, R, M., /T d
F I AL AR S, W B AR SR RE . YR Y [
EEMAREE T, Co B RAFA SR SRR T M
A, 7ERL . IRAEMGHREIR SRS 2] i Y L ALAE
T HMEREIE R . RN NS AR AR, B
Cu Y RLAFEAR SR> NI, Cuw/Al B (o4 R 33k
HATZ SRR, A (ST S B e B R
AEMY Cu/Al AN AR 2 — T Rk ik, X2 Al
Ml Cuthfgz 7 W, SSRBUEESEIRS R AR
o, RALRAE ER BRGSO

HAT, SCE Cu/Al 3 425 1% 3 22 7 XA 46 WL 42 |
IR RESERE, EVBGE R, k5P
ECE AR, RS R LS AR, SRRk R
WAL, TEREIRIT, AL BOIA AL Cu k2 423 ¢, HHFA
HESHBEINE R, B fELES; oh, AlS
Cu HIE G Y 2 Fhsy U BEL s B 1 1 4 s el k&5 4 (o
CuAl, ALCu, CuAl,, Cu,Al,, CuyAl,), 2%k
B f S R eE e AR RV A i R AR ] 3R AR R R A
B Cw/ ALk, HRA A E . T2 S XA 158 N
P22 J A 7 R 25 ) AR ) T AR

BFREAE S — 0 3E Ao AR BT R 50 5 A ] B 1 4
SAMERETE, R EERE Cu/Al SRR L 1
ARk, TRRH, T hTe i &8 B & 9 25
M2 P RE I SCHE IR 3R . Feng 27 R AL-Si-Mg-Bi 4T K}
HEAT Cu/ AL STHERT, IS Ab A R Cu, Al 5 AL Cu 55
JatkAR, FBOERRE T R Xia S5 AL-12Si 224
EPRME B S0 P AP IR SR B2 RIS, HALBYZ
MRS 2 TR, AR R R, SR Zn-Al £F 8
IFEES AL T ESE, MRS T4 G805 T Cu/Al #2
ko AU Zn-AL EFRMTRR Cu/AL I, PR Cu FIT AL B4 BN
et e R, a5 e s Y, 300
SEGIIABIMBEAUR, AR SRR, RS
ARG MIORE, BT Cu/Al FRAHRMT LA
WARKBGE, EPRIETFIA frdcse ™, Ik, R
BIA SRR USRS ER TS, BRI T H
Ml

ASCHE T Thermo-Cale #4722 115, Tl Al-Ag-Ge
“ICE YRR R L B (AlGeys sAgs, AR WA
TR FOAR A A, IE i 22 s A i i Ak
(differential scanning calorimetry, DSC) ik 3 5 &2 vy 8
SiaR, SRAES R R TISEI Cu/AlGe,s sAgs/Al 5T
g, AL TEFE T AR O, 456 X BT Y
(X-ray diffraction, XRD) . 944 H F i 7855 ( scanning e-

lectron microscope, SEM)5HEIE{X (energy dispersive spec-

trometer, EDS)%FBt, RERIET &4 LT HELM
YIARZERCRER OS], JHPH TR BT DI MR RE . Ao
N AV Cu SRR L TR A S RhiL#E 5 T 2AKYE,
W LA AL Cu YRR AT 5 0 AR T HOR S

2 % I

2.1 ARt

K Thermo-Cale #47FRA AR F S H AL 1 TCHEAS
BARIE, X Al-Ge-Ag = ILA &R R A FM1T M T T
ARGITE, TSR T A, RESHT
AN G 55 T B A b PR I 2 0 L A B R A
FERDIREE X TH] B T35 10 i A f e/ MER 3, £2%
WA ST, B E T —A B Sk e 4
TERIBIBL G A 0T, AlGe,s sAgs .
2.2 HmHE

S E Al A JE UL (SRR . B AR, ZiFEYY
>99.99%) , 4% AlGe, sAgs I BRI TAEIRIAR &, R
BRI IE: T AR AR THl&S 64, £2~3K
AR R o 24 5), el R IE] . ST K vk
AAFIREL) 200 wm BTEEEFE ARS8 A Tl 4l Al
HHHR(50 mmx10 mmx2 mm) VE R EERF, KUK RIS
R 15 FNS wm (RPN HE 2T S BT R EATET S, R4k
R 3,75 wm ARG IOEE S B AT R IR, b
Je P XHAEEIE AT 10 min BBHEELE, LIEBRRME
Yoy, $E 1 R BT SO AT R E TS B ], 4R
TR E R 2 mm, B FHEHSEL P (E5E <5x
107 Pa) #EAF4THE B4 FELL 10 °C/min T SR A4
FEVCEIRIE (500, 520 1540 C), f#1E 15 min JFHEY%
H, BITTARAAT Rk
2.3 MiKFARAE

K DSC XL fL AT T, oA D7 SRR



318 RNESp Y SIS 45 %
: 50 mm > I Ge A0, LB HAR Y = R 2L SRS AR R AE . TEBESS B
g » WHIGE AR, AL A B9 T A S SO AR, 1T Ge AH
e 5 Ag, AL B = 40 500 20 BT, BT EAHZ

Brazing filler metal
Al

£
.tf, % 200 pm

1 SRR R B
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Fig. 2 Thermodynamic calculated phase diagram (a) and DSC curves (b) of as-cast AlGe,s 5Ags alloy
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Table 1 Structure parameters of Phases in AlGe,; sAg; alloy

Phase Structure type Space group a/nm b/nm ¢/nm a/(°) B/(°) v/(°)
Al Cubic Fm3m 0.404 94 0.404 94 0.404 94 90 90 90

Ag, Al Hexagonal P65/mme 0.288 5 0.288 5 0.462 4 90 90 120
Ge Cubic Fd3m 0.565 76 0.565 76 0.565 76 90 90 90

Bl 4 58 AlGeys sAgs A EHLIES . (a) RARIKALIES,
(b) W14 Ag, AL, Al BILRAHBUEH, () Al-Ge LR 2
ity (d)dLSAgiS w4 AL AT

Fig. 4 Microstructure morphology of as-cast AlGe,s sAgs alloy: (a)

overall microstructure at low magnification, (b) morphology of
primary Ag,Al, Al and eutectic structure, (c¢) lamellar struc-
ture of Al-Ge eutectic, (d) interface between eutectic and pri-

mary Al
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Fig. 7 Microstructure and EDS mapping of Cu/Al joint interface brazed at 520 °C; (a) Cu side interface, (b) Al side interface
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Point

Putative phases
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#8 0.04 0.04 0.03 99.89 Ge-rich
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AL A=A 28

(4) AR WFTEHE I Al-Ge-Ag — TCEF BHA Z 4 h i

Cu/Al S TR Pt T —FRHT BUAIG Ag ERIERE, AA R
LPRY TARR AT, IR LL AL Cu MR AL ZE 15 1T
SlER M TS5 T A,
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