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Abstract: Interfacial brittle compounds strongly affect the mechanical properties of Al/Cu brazing joints. It is important to
determine the formation, growth behavior and bulk properties of interfacial compounds to further control the interfacial
microstructures and properties of joints. In this paper, synchrotron radiation X-ray imaging was used to dynamically
characterize the interfacial reactions at Al/Cu brazing joints, and first-principles calculations were subsequently performed
to calculate the bulk properties of the interfacial compounds. The formation sequence, modulus and bonding characteristics
of the compounds were investigated. The results show that layered Al,Cu, and faceted and dendritic Al,Cu compounds form
during cooling. The faceted and dendritic AlL,Cu compound is the primary phase and precipitates at the original interface,
exhibiting the characteristics of asymmetric secondary dendrite arms. After the Al,Cu compound contacts the base metal,
the ALLCu compound reacts with the base metal to form the Al,Cu, compound. The interfacial compounds exhibit mixed
bonding characteristics, including metallic and covalent bonding. Compared to those of the Al,Cu compound, the Al,Cu,
compound has a greater cohesive energy, bulk modulus, shear modulus, Young's modulus and hardness, enhancing the
hardness of the joints and decreasing their toughness and plasticity.
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1 et B b AVCu S R: B EAS [ I ) 9 A5 X 2 W47 < (a) 107 s, (b) 142 s, (¢) 183 s, (d) 275 s, (e) 385 s, () 685 s
Fig.1 Inhomogeneous dissolution behavior of the matrix at the Al/Cu interface at different heating time: (a) 107 s, (b) 142 s, (c) 183 s,
(d)275s, (e) 385 s, (f) 685 s

2 ik B AVCu 54 s ) A& W 76 A R ] 11 A K47 4 (a) 287 s, (b) 289 s, (¢) 290 s, (d) 292 s, () 3125, () 319 s,
(g) 335, (h) 375 s, (i) 565 s
Fig.2 Growth behavior of intermetallic compounds at the Al/Cu interface at different times during cooling: (a) 287 s, (b) 289 s,
(c)290s, (d) 2925, (e) 3125, () 319 s, (g) 335 s, (h) 375 s, (i) 565 s

YR i, B v SIS A B SE I AL B I BLTR — AR AEAR BB/ AR AR (] 2b), X R i TER I B
YRR H U0 S ) BEA DT AR FEREE T MAL Cu SRR R, A H TR Y ECR Y AR
KOS BIE i, LS B W AR 13 3 ik, AR, — KA —IRECT AR R B R AL | BEA X — Uk
UOBCRR T DI A B e i BRI AR AR AR R BRI AR BAGAE T, S IRB A AR

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



+296 - FOUNDRY TECHNOLOGY

Vol.45 No.03
Mar. 2024

T3 T RAEMUE AR USRS AT R B A S A K (R
— KR AR RN DA RS Y
TN S BAEAE AR A, BB R A AR
OV A AR R K AR i ROST B K T i R
RSF BTN &3k, WKl 2c~e Fian , W& 12 HIE (8]
AN JE K TR R SR R AIC , SRR T & A A R
ARARAT R o D30 R A W T D b B TH AL A BB
T R, I 1) b A A AT A v A K 2 B R Y /N T
T ARCIRIE 30 (8] 26~h)

XF AYCu F 1 5% 18 Ab 19 W2 2L B 4T SEM 3=
fE5 WAy o B, L 3 e, ZEIXE T 5 X8 1T, 3
WA AlLCu k& W 5 4L 5 4 2L (AI+ALCu), 4n &
3a fll b FroR FE X T 5 X5k 1TV, B AR B 2 F

AR T H 2 3 Al:Cu=2:1  Al:Cu=4:9 , 1]
FE N/ TR AR ALCu 16 &9 520k AlCu, L&
YI(HE 3c~d), 2 b BRI m#at v, AY/Cu Fi 2
S HERERE 1) WS AT R B WO i R A R
1 JFUG T AR TE B IR ALCu fb &9, T Al
25 18] 2 BER A BR ), A RE WL E] AlCus 1L 5 9 0 A=
Ko, s 1% B8 R b EvE 5 AlCu, tb & 1Y
TE KT . R, T 208 ALCus oA YR TE i, &
BAFAELLT 2 ML, O% T ALCu fh & WERE
BT E B 14 S T AL %E 1 AT ALCu (b S @Y
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&Y.

B 3 Al/Cu 4T 55 A [7] IX 3 A9 fOM 2 41 < (a) X8R 1, (b) IX 38 11, () IX 38 111, (d) IX 48 TV
Fig.3 Microstructures at the Al/Cu brazing interface: (a) region I, (b) region II, (c) region III, (d) region IV
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4 SRS FIRIAL . (a) ALCu fb& W), (b) ALCus L&)
Fig.4 Schematic diagrams of the crystal structure model:
(a) ALL,Cu compounds, (b) Al,Cu, compounds
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Tab.1 Crystal parameters and cohesive energies of the
Al,Cu and Al,Cuy compounds"*¢
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Tab.2 Elastic constant, modulus, Poisson’s ratio and hardness of the ALLCu and Al,Cu, compounds

Elastic constants Modulus/GPa
Phases v H/GPa
Cll CIZ CI3 C?? C44 C(s(y B G E
Al,Cu 178.3 84.6 64.6 167.4 32.1 46.4 105.4 41.7 110.6 0.33 4.7
Al,Cuy 218.6 88.9 76.6 132.2 71.9 182.6 0.27 11.0
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5 Al/Cu $TF A L& W1 B0 A% < (a) ALCu L& W 73 I 35 % JEE AL (b) ALCu fb & ¥ 73 I S % JEE -Cu, (c) ALCu fb &Y
1S (D) ALCuy (b5 W9 73 A% -AL (e) ALCus 165 W1 73 WS % -Cu, (f) ALCu, 165 W) 19 S E
Fig.5 The densities of states of IMCs at the Al/Cu brazing interface: (a) PDOS-Al of Al,Cu IMC, (b) PDOS-Cu of ALCu IMC,
(c) TDOS of Al,Cu IMC, (d) PDOS-AI of Al,Cu, IMC, (¢) PDOS-Cu of Al,Cu, IMC, (f) TDOS of Al,Cu, IMC
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