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Formation and bonding properties of
Al(4A60)—steel(08Al) clad strip intermetallic compound

CHEN Xin, LI Long, ZHOU De-jing

(Jiangsu Key Laboratory for Clad Materials, Yin Bang Clad Material Co., Ltd., Wuxi 214145, China)

Abstract: The growth characteristics of intermetallic compound (IMC) at the interface of Al(4A60)—steel(08Al) clad
strip applied for air cooling at power station with different simulated brazing processes were investigated by
metallographic microscopy, scanning electron microscopy, X-ray diffractometry. And the bonding properties of clad strip
were studied through tensile peeling test. The results show that the critical forming temperature of IMC is 605-615 C
when the holding time is less than 20 min, and the composition of the IMC is Fe,Als. As the holding time increases, the
growth of IMC meets the parabolic relationship. The growth constant k is 0.69X10™'? m?%s while the annealing
temperature is 615 ‘C. When the IMC thickness is less than 12 pm, the interface bonding strength of clad strip still
remains well (>45 MPa). As the thickness of IMC increases, the bonding strength of the interface decreases rapidly.
When the thickness of IMC is 25—-43 pm, the bonding strength of the interface decreases to 10-20 MPa. When the
thickness of IMC is 54—68 um, the bonding strength of the interface is only 5-10 MPa.
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£ 1 HHAAGO)-HI(0SADNE &b Ak 2 17

Table 1 Chemical composition of Al(4A60)—steel(08ALl) clad strip
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Fig. 1 Schematic diagram of tensile peeling samples

Mass fraction/%

Material
C Si Mn P S Fe Al Ti
4A60(clad layer) - 0.83 0.01 - - 0.32 Bal 0.02
08Al(substrate) 0.007 0.019 0.25 0.011 0.004 Bal 0.004 0.0004
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Fig. 2 Interfacial microstructures of Al(4A60)—steel(08Al) clad strip under different simulated brazing processes: (a) (605 ‘C, 60
min); (b) (615 °C, 3 min); (¢) (615 ‘C, 10 min); (d) (615 "C, 60 min); (e) (625 C, 3 min); (f) (625 C, 60 min)
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Fig. 3 Relationship between IMC thickness and holding time
under different simulated brazing processes (a) and linear

fitting between IMC thickness and t"? (b)
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Table 2 Comparison of values of growth constant ki*'%
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Material Main IMC phase Annealing temperature/C k/(m*s ) Ref.

Pure aluminum -IF Steel Fe,Als 500 6.76 X107 [8]

Pure aluminum -pure iron Fe,Als 640 8.46X 107" [9]

3003 Al-304 stainless steel Fe,Als 550 2.12Xx107" [10]
4A60-08A1 Fe,Als 615 0.69X 1072 This work
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Fig. 4 SEM image (a) and line scanning result (b) of clad strip interface after recrystallization annealing at 520 ‘C for 24 h
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Fig. 5 SEM images ((2), (c)) and EDS spectra ((b), (d)) of cladding interface after heating at 615°C for different holding time: (a),
(5)10 min; (c), (d) 60 min
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Table 3 Chemical component of intermetallic compound at Fe,Als, Al iR /b1 Fe, A113[6’ 815,161 £ Ty Ats(17]
615 °C for different holding time FIHEUMANN 2508158 55 TEM 25757 VERIF 98 AL T A 1 i
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Al 636 5799 TR0 T 15 C i1 EAT K RERI AL, SiE S i e ik
Si 099 089 b2z 109 BT Fe. Al 76 FeAls F0 i, M0 T Fe,Als

Fe 4245 4L 2629 2524 K. ARSI S Bk, (EATIRR A, 48
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Fig. 6 SEM image (a) and line scanning result (b) of clad

strip interface after recrystallization annealing at 615 ‘C for 30

min
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Fig. 7 XRD pattern of peeled surface at steel side after

recrystallization annealing at 615 “C for 30 min
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Fig. 8 Peeling strengths of Al(4A60)—steel(08Al) clad strip
with different thicknesses of IMC
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Fig. 9 SEM image (a) and XRD pattern (b) of tensile peeling surface at steel side heated at 615 ‘C for 60 min
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Fig. 11 SEM image (a) and XRD pattern (b) of tensile peeling surface at Al side heated at 625 “C for 60 min
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