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Growth Kkinetics of intermetallic compounds at
aluminum/stainless steel interface bonded by rolling
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Abstract: The aluminum/stainless steel clad plates bonded by hot-rolling were annealed at different temperatures for
different times. The microstructure, element distribution and identification of the intermetallic compound (IMC) at the
interface were studied with Zeiss Ax10 optical microscope, Quanta—200 scanning electron microscope, EDAX energy
dispersive spectrometer, D-max XRD, respectively. The influence of annealing temperature and time on the formation
and growth of the IMC at the interface was investigated. The results show that the IMC (Fe,Als) forms at the interface,
which begins to form when the temperature is up to 773 K. With elongation of the annealing time, it becomes thicker
according to the parabolic law. The growth activation energy for the growth of the compound is 162.3 kJ/mol, and the
growth kinetics model is obtained, by which the thickness of the IMC can be evaluated.
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Table 1 Chemical compositions of AA3003 aluminum and
SUS304 stainless steel

) Mass fraction/%

Material
Al Cu Mn Si Fe Mg
AA3003 Bal 0.118 1.143 0460 0.522 0.007
SUS304 - - 1.320 0.400 Bal. -
1 0,
Material Mass fraction/%
C P S Ni Cr

AA3003 - - - - -

SUS304  0.053 0.029 0.001 8.040  17.540
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E1 AFERRESGRK 1 h 5 EE SR EAH B R
Fig. 1 Microstructures of cladding interface annealed at different temperatures for 1 h: (a) Untreated; (b) 723 K; (c) 748 K;
(d) 773 K; (e) 798 K (f) 823 K

(2)

B2 FLEIESE SR SEM %

Fig. 2 SEM images of interface of composite after hot rolling: (a) Lower magnification; (b) Higher magnification
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Fig. 3 Microstructures of cladding interface annealed at 823
K for different times: (a) 0.5 h; (b) 1 h; (¢) 3h
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Fig. 4 SEM image (a) and element line scanning results (b) of
cladding interface annealed at 723 K for 1 h
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Fig. 5 SEM image (a) and element line scanning results (b) of

cladding interface after annealed at 798 K for 1 h
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Fig. 6 SEM image (a) and EDS analysis results (b) of IMC

after annealed at 798 K for 1 h

F2 Jti<aEn SR EDS 2 Hr iR

Table 2 EDS analysis results of intermetallic compound

Element wi% x/%
Al 55.41 71.79
Fe 34.26 21.46
Cr 7.88 5.30
Ni 2.45 1.46
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0 A K B (B RO ZE KGR, ms;
B, so

¥ 3 P B A YT IR RE X KT A) £ 4
K, RIS (LI 8), PTLAsKH 773, 798 Fil 823 K
N R A AR B k, AR TR 40 AN
REERLE 773 K R KHEE k(4.58 X107 m¥/s)5
JINDAL Fl SRIVASTAVAVIH 5 45 b (1)
k(3.38X 10" m*/s)AHLLE /N, £ N JINDAL F
SRIVASTAVAPYIF5E A FH (1) 5 TF-4R RIS, 1 At
FY S 2 304 ANEEAN AT 3003 5544, b i Mn.

t NN



2466 E A a4 8 2F ik 2012 4E9 A
20
e —Fe,Al L
. e 18 .
»—FeAl, 16} N
14} .
12} .
g
R . — 773K
X gl «—798K
* +—823K
A 6_ A
[ al
o ° ° ° n
Tels Jthr N 2
10 20 30 40 50 60 70 80 0 50 100 150 200 250

20/(°)
7 AVEEAH R H XRD 3

Fig. 7 XRD patterns of peeled surface of stainless steel
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Fig. 8 Relationship between IMC thickness and ¢'*
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Table 3 Mean thickness of IMC annealed under different Table 4  Variation of parabolic rate constant k& with
conditions temperature
Temperature/K Time/h Thickness/um Annealing temperature/K  &/(m*s ") R Error
1 3.16 773 4.58X107"° 0994 1.24%x107*
2 5.36 798 9.58X 10" 0998 1.74Xx107*
3 6.68 823 2.12X107 0993 7.47x107*
773 4 8.22
8 12.17 Kb ko MIRETRIT, m¥s; Q AWFHL AWK
10 13.23 e, kJ/mol; R AE/R AL, 8.314 J/(molK); T
14 14.68 DRI (ERRTE), Ko
1 5.83 1 30Q) PO £ A5 -
2 7.80 Ink =Ink, —Q/(RT) 3)
798 3 10.21
4 12.03 PLInk % UTAEEICLES 9), 8Lk, %L
5 13.21 //%“,'$E|]j"j_Q/R7 E{ié}‘)\é{é*ﬂ?iﬁﬁ%ﬁﬁﬁj‘j 11’1k0° é’éi;l_
0.5 5.53
-314
1 9.55
-31.6f
823 2 13.81
-31.8r
3 15.97 0=162.3 kJ/mol
-32.0 k=4.18 X 10 m?/s
5 17.89
w T322¢
.=
PN DN . -32.4f
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WA DIIER, S0 BE St i1 i e W 2. _33'2
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Arrhenius J5 2718,
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Fig. 9 Relationship between Ink and 1/T
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