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Table 1 Chemical compositions of 38CrMoAl (mass fraction, %)

C Si Mn Mo Al Fe
0.35-0.42 0.2-0.45 0.3-0.6 18.0-19.0 0.15-0.25 0.7-1.1 Bal.
£ 2 Al-Si-Cu-Mg L2427
Table 2 Chemical compositions of Al-Si-Cu-Mg (mass fraction, %)
Si Cu Mg Mn Ti B Zr Al
6.0-8.0 1.3-2.0 0.2-0.4 0.15-0.25 0.05-0.15 0.02—0.05 0.05-0.1 Bal.
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Fig. 1 Schematic diagram of composite casting mold drawing and photo of steel/aluminum ingot: (a) Composite casting

mold drawing; (b) Steel/aluminum ingot
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Fig. 2 Interface microstructures of steel after hot-dip in

pure aluminum and aluminum-silicon alloy: (a) Pure

aluminum; (b) Aluminum-silicon alloy
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Fig. 3 Interfacial SEM images of steel hot-dip in pure aluminum(a) and aluminum/aluminum interface(b), scanning map(c)

of element distribution in Fig. 3(a) yellow box, high magnification SEM image of steel/aluminum interface(d), scanning

map(e) of element distribution in Fig. 3(c) yellow box, line scanning(f) of dotted line in Fig. 3(c)
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Fig. 4 XRD pattern peaks of intermetallic compound of

steel hot-dip in pure aluminum

Table 3 EDS point composition analysis of intermetallic compound of steel hot-dip in pure aluminum

Spot Mole fraction/% N
No. Al o o - o Composition phase
1 96.48 3.52 Al-Si Alloy
2 64.94 1.26 33.80 AlLO;
3 99.59 0.41 Pure Al dipping medium
4 2.89 77.57 19.54 Steel matrix
5 70.83 22.63 6.54 Fe,Als
6 77.96 17.87 4.17 Fe,Alj;
7 98.39 1.40 0.21 Pure Al dipping medium
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Interfacial SEM images of steel hot-dip in aluminum-silicon alloy(a), aluminum/aluminum interface(b) and

steel/aluminum interface(c) and scanning map(d) of element distribution in Fig. 5(c) yellow box, line scanning(e) of dotted

line in Fig. 5(c)
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Table 4 Interface composition analysis of steel hot-dip in aluminum-silicon alloy shown in Fig. 5

Spot Mole fraction/% o
Composition phase
No. Al Fe Cr Si 0)
1 94.65 535 Al-Si Alloy
2 66.28 2.62 31.10 AlLO;
3 91.36 8.64 Al-Si alloy dipping medium
4 7.62 70.19 19.51 2.68 Steel matrix
5 62.33 25.07 7.27 5.33 Fe,Als
6 74.18 13.72 3.28 8.82 AlgFe,Si
7 75.69 11.76 1.44 11.11 AlsFeSi
8 83.81 0.22 0.07 15.90 Al-Si alloy dipping medium
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Fig. 6 XRD pattern of intermetallic compound of steel

hot-dip in aluminum-silicon alloy
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Fig. 7 Relationship between logarithm of thickness of
intermetallic compound layer InAX and logarithm of
hot-dip time Inz: (a) Hot-dip pure aluminum; (b) Hot-dip
aluminum-silicon alloy
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Table 5 Intermetallic compound growth kinetic index »

and reaction rate k

Growth kinetic Reaction
Alloy .
index, n rate, k
Hot dip pure aluminum 0.505 5.57X1077
Hot dip Al-Si alloy 0.613 4.63X1077
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aluminum-silicon alloy: (a) Hot-dip pure aluminum; (b) Hot-

dip aluminum-silicon alloy
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Table 6 Diffusion coefficient of Fe and Al during hot dip
pure Al and Al-Si alloy for 15 min

Hot dip alloy DFe/(cmz-sfl) DAl/(cmz-sfl)
Pure aluminum 3.8X107" 3.4X107°
Al-Si alloy 1.1x107" 1.7X107°
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TR & J8 B L & ¥ N FeAls i 42 4 2 AN
AlgFe,Siv AlsFeSi BURDIRAHZ , 5T Ak i 5 v
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Effect of hot-dip Al on microstructure and mechanical properties of
Al-Si/38CrMo composite interface during solid-liquid forming

MAO Hong-kui', GUO Bing-xin', FAN Zong-yi', XU Hong', HOU Fu-min', CAO Xin',
ZHAO Qiang-sheng”, HOU Jian-bing’, LIU Shi-yuan®, WANG Yu'

(1. School of Materials Science and Engineering, North University of China, Taiyuan 030051, China;
2. Shanxi Zhongbing Foundry Co., Ltd., Datong 037006, China;
3. Shanxi Diesel Engine Industry Co., Ltd., Datong 037006, China)

Abstract: 38CrMo alloy steel and Al-Si-Cu-Mg high strength casting aluminum alloy were used as raw materials
for solid-liquid composite casting. The experiments of hot-dip plating pure Al and Al-Si alloy at 720 C for 5-20
min were carried out, and the steel/aluminum composite with good interface metallurgical bonding was prepared.
The effects of hot-dip time and hot-dip composition on the microstructure and mechanical properties of
steel/aluminum interface were studied. The results show that the interfacial intermetallic compounds are Fe,Als and
FeAl; during hot-dip pure aluminum; and the interfacial intermetallic compounds are Fe,Als and AlgFe,Si during
hot-dip Al-Si alloy. The thickness of intermetallic compound layer increases with the increase of hot-dip time. The
maximum interfacial microhardness of hot-dip pure aluminum and Al-Si alloy are 535.2 HV and 580.6 HV
respectively, and the maximum shear strength are 28.4 MPa and 39.4 MPa, respectively. At the same hot-dip time,
the thickness of intermetallic compound layer formed by hot-dip pure Al is larger than that formed by hot-dip Al-Si
alloy, mainly because the existence of Si element reduces the diffusion coefficient of Fe and Al atoms, hinders the
diffusion between Fe and Al atoms, and inhibits the growth of intermetallic compound layer.

Key words: steel; aluminum; hot-dip; interface bonding; microstructure; mechanical property
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