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Crack initiation and propagation at Al/ steel interface in
castings produced by molten aluminum
and explosively welded Cu/ steel plate
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Abstract: Al steel bonding castings was manufactured by the molten aluminum and explosively welded Cu/ steel plate.
Crack initiation and propagation at Al/ steel interface were investigated by SEM in the as cast condition as well as in speci-
mens which were heated at various temperatures and then air-cooled. The main cracks are found in the Fe,Als continuous
intermetallic layer at the ridges of the wavy Al/steel interface and most of these cracks are parallel to the wavy interface.
Being heated at different temperatures from 300 ‘C to 600 ‘C, and then aircooled, these cracks propagate from ridges to
the vales and peaks, and also appear in FeAl; blocks as well. Most of these cracks are found to be parallel to the wavy in-
terface too. The residual stress due to different thermal expansion coefficients of the interacting phases and the volume
change effect associated with the formation of intermetallic compounds, is suggested to be responsible for the crack initia-
tion. Kirkendall effects during the formation of FeyAls result in amounts of tiny holes in this layer, which might facilitate

the crack initiation and propagation afterwards.
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Table 1 Chemical composition of

experimental alloys ( mass fraction, %)

M aterial C Si Mn Cr Ni
50CV 0.51 0.29 0.58 0.95 0. 004
Al alloy 0. 80 0. 80

M aterial \ Cu Mg Fe Al
50CV 0.29 Bal.

Al alloy 4.40 0.50 <0.7 Bal.
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Fig. 1 Schematic diagram of
tensile-shear test specimen
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Fig.2 SEM morphologies of cracks in

A/ steel interface after casting
(a) —Cracks parallel to wavy interface;

(b) —Periodic tilt cracks at interface
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Fig. 3 SEM morphology of small holes and

micro-cracks in FepAls intermetallic layer
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Fig. 4 Morphologies of Al/steel interface after annealing at different temperatures and aircooling
() and (b) =300 C; () —500 C; (d) —600 C



. 226 ¢ o [ A 0 4 AR

2004 42 H

BIPRS00 S0 ik A I () T 9 Ji 1) 3 Ve 35
2y, HAB R FEMR, w2 ) R G0 R R
K. B 4(b) 4300 C, 30 min iB K J5 I A 4 4L
TESR, i3k PR A R 80E AN B TH 3
MK . 500 CiR K2 G, SRS HILT
—LBH P R A, ﬁ%%&ﬁ%L$ﬁ?&Wﬁﬁ
(B 4(c)) . 600 CIBAKTWIGE(E 4(d)), SR
AR IR LE 2 FE A, RN IX SR GRS FEATAT
TBART T . AT LAE H, XA E R, FeAly b
RA AT re A, X ] AE A2 i T Se R AH AR
ABTEAR X VB R BUT IAR A, N AR R DU i
J BRI RS AR ) o B A T SR FE 1L

2.3 FrBYAE T S

Bl 5 7 A 1R AE o B I 3505 B 5 0 W i
. B 5 FTUAE Y, ST e AR 52 BTN ) 5 s AN
GRSy SN 3T TPNE ) S 1}
EHEEAH L B TEWT RIS AE, RAEBIERP A B
7~ HH B W) 25 T R AL

K5 Hr BT S K 8500 b 3

Fig. 5 Fractograph of Al side

after tensile-shear test
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