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Process of indirect brazing alumina to 5A05 Al alloy
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(State Key Laboratory of Advanced Welding Production Technology, Harbin Institute of Technology,
Harbin 150001, China)

Abstract: Vacuum brazing of Al alloy and electroless nickel plated alumina was carried out with Al-Si-Mg brazing alloy
and Mg powder in home-made technical hood. Effects of brazing temperature and holding time on the interface structure
and shear strength of joints were analyzed. The experimental results show that the interface structure is
ALO3/Ni( I zone)/Al3Ni, (1l zone)/AlsNi+Mg,Si(Ill zone)/a(Al)+Mg,Si(IV zone)/5A05 when the brazing temperature is
570 “C and holding time is 15 min. The maximum shear strength of joints is up to 25 MPa. As the holding time prolongs,
Ni layer becomes thin, A13Ni zone changes little and Al;Ni+Mg,Si zone becomes thick and dispersed. When the holding
time is 50 min, Al3Ni+Mg,Si zone becomes scattered and Mg,Si near SA05 alloy disappears. The effect of brazing
temperature on the joints is similar to that of holding time. The fracture mode of joints is brittle. When the shear strength
of joints is lower, the joints fracture near a(Al)+Mg,Si on Al alloy side. When the shear strength of joints is higher, the
joints fracture on Ni+interface (I zone and III zone).
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Table 1 Chemical composition of 5A05 aluminium alloy

(mass fraction, %)

Mg Fe Si Cu Mn Zn Al
4.8-55 05 0.5 0.1 0.6 0.2 Bal.

PEEFIRAT, Kb D B B AT B SR B, X
A5 AR I AL-Si-Mg £ RHZE 1000 5 KR RP AT 3%
Ji s HNEREGERT BEfS, £ 10% NaOH ¥yt
2~5 min. /K¥E. 30% HNO; ##Al4L 1 min. 7KVE;
R, KGHER I IREE L BN B Mg i T2
W, FEEEERR TR AT R NI A BN T 1X
107 Pa)o SR AT FEELEE 43 1 0 5504 560 565, 570
F1580 °C, LRURETEIZ> 514 5 15+ 30 Fl 50 min. K
FHHH H 8% S—4700(SEM)X 23k S LTI 4 2R Sk

ITMEE, 4G EDS RBERE /BT ACHN X ST s st
179301 s BT 7 e BHALE L (Instron model 1186)
PR () H R AT BY R S A T I

2 #REHE

21 $HEELMAEEALS

Kl 1 BT N ATHRIREE 570 °C . AR 1A] 15 min B
Pk B ML . I 1@ I, ¥ Ni 25 ALO; B
M BTN S, 2850, sk
4 NPV, ETU, 4 Ni JZad TIX, 58T
Ni JZ (55 R W X iy 46 4 T, FEUE SAOS 1 Js
X4 NIVIX, 2 R RN XTI . fHE 1(b)
AP, TR B IR A, T 2 pm
KAy MK S AR A A 2 R 93 A TRER AR (ke
RALFRY Y, v ERE, 290 30 pm Zidys IVIX ()
ML 5A05 fE B IR, SLInEnE )
POtk 21

Bl 1 GRS 570 C ORI ] 15 min IS4k 212
Fig.1 Microstructures of joints brazed at 570 C for 15 min:

(a) SEM image of joint; (b) Higher magnification of (a)
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Fig.2 Element scanning distribution of joints along black line

in Fig.1(a)
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Table 2 Chemical compositions of elements and possible

phases for joints

x/%
Zone Possible phase
Mg Al Si Ni P
4 - - - 875 125 Ni/layer
mBy - 3595 - 405 - Al3Ni,
me - 747 - 253 - AL3Ni
mom) 652 0 348 - - Mg,Si
V() 59 907 25 09 - a(Al)
V@FE 632 0 368 - - Mg,Si
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Fig.3 XRD pattern of zones Il and III for joints
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Fig.4 Relationships between standard Gibbs free energies and

temperatures of four kinds of AI-Ni compounds
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Fig.5 Effects of brazing temperature on microstructure of

joints: (a) 550 C, 15 min; (b) 580 C, 15 min
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Fig.6 Effect of holding time on microstructure of joints: (a)

30 min, 570 ‘C; (b) 50 min, 570 'C
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Fig.7 Effect of brazing temperature on shear strength of joints
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Fig.8 Effect of holding time on shear strength of joints
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Table 3 EDS analyses results of fracture surface

Zone Mg Al Si Ni P Possible phase

A 7.1 908 13 0.8 - a(Al)

B 01 879 12 - - a(Al)

C - - - 96 4 Ni-P

D 23 752 04 221 - Al3Ni

E 1.1 974 02 13 - a(Al)

F 275 576 132 1.7 - a(Al)+Mg,Si
G 21 898 64 17 - a(Al)

H o646 - 354 - - Mg,Si

Fig.9 Morphologies of fractures: (a) 5 min, 570 ‘C; (b) 15
min, 570 °C; (¢) 580 ‘C, 15 min

Al JG%, F X EER a(A)+Mg,Si, K, ik
— I RAAEEER ), — i R AAE TR I R X

9(C)FT 7~ MR 580 °C+ {4, 15 min FI KT
PO IES . B 9(c) T F i, Wi X0 e 1 i 2,
Wi LB SRR ILAE 2 AN XS R. 0 & XOIdEAT R il
ST, I B A OREYUIR MgoSi,  HEWT I I Y
%R A AR SR A A M IV IX Y

3 e
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By )5 fe i, TR % 25 MPa.
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