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Research on the Solid-liquid Composite Process of Steel/Aluminium Bimetal

ZHANG Da, ZHOU lJianyi, SUN Jianbo, HUANG Zhiqiu, ZHANG Yunlong, JIAO Yufeng, HU Ming

(School of Materials Science and Engineering, Jiamusi University, Jiamusi 154007, China)

Abstract: The preparation of steel/aluminium composites by the impact jet solid-liquid composite method was studied. The
surface of the steel matrix was pretreated in advance, and the moving speed of the steel matrix was changed during the
casting process, resulting in different degrees of enhanced heat exchange between the molten aluminium and the steel
matrix. The microstructure, morphology, composition and thermal conductivity of the steel/aluminium composite layer were
detected and analysed via SEM, XRD, EDS and thermal conductivity, and the shear strength was measured via a universal
testing machine. The experimental results show that with increasing moving speed of the steel matrix, the heat transfer of
the impact jet of the molten aluminum on the steel matrix decreases. The composite interface is composed of Fe/Al
intermetallic compounds, and the galvanized layer on the surface of the steel matrix plays the role of wetting, diffuse flow
and protection, which effectively improves the bonding strength between the steel and aluminum. At a casting temperature

of 810 'C and a moving speed of the steel matrix of 12 mm/s, the measured bonding strength is 19.1 MPa, and the highest

thermal conductivity is 88.23 W/(m-K).
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Tab.1 Chemical composition of the steel matrix
(mass fraction/%)

C Cr Ni S P Mn Fe
<0.07 17.0~19.0 8.0~11.0 <0.03 <0.035 <2.0 Bal
=2 HENERS

Tab.2 Chemical composition of pure aluminium
(mass fraction/%)

Si Fe Cu Zn Ti Mn Al
0.001 0.001  0.0015 0.001 0.001 <0.05 Bal.

1wl S IR - v A AR SRR B
Fig.1 Schematic diagram of the preparation of steel/aluminium
composites by the impact jet liquid-solid composite method
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Tab.3 Electrogalvanizing solution formulation

Composition and process conditions formulation
ZnCly/(g-L™") 60
KCl/(g-L") 180
H:BOy(g-L") 25
Temperature/ ‘C 35
pH 5.5
Cathode current density/(A/dm?) 1.5V
RAMBEERREESY
Tab.4 Main parameters of the aluminum/steel composite
experiment
Specimen Surface Movement speed Casting
number pretreatment /(mm-s™) temperature/‘C
1# 3
2# polishment 7
3# 12
810
44 3
St galvanize 7
6t 12
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Fig.2 Schematic diagram of the shear sample size and shear test: (a) shear sample size; (b) shear test
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Fig.3 Morphology of the surface after galvanizing on the steel matrix: (a) cross-sectional SEM image; (b) EDS line-scan analysis
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Fig.4 SEM images of the aluminium/steel composite: (a) specimen 1#; (b) specimen 2#; (c) EDS line analysis of specimen 1#;
(d) specimen 3#
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Fig.5 SEM images of the aluminium/galvanized steel composite: (a) specimen #4; (b) specimen #5; (c) specimen #6; (d) XRD pattern
of specimen #6; (e) EDS point analysis of specimen #6; (f) EDS map analysis of specimen #6
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Fig.6 Analysis of the mechanical properties of the steel/aluminium composite specimens: (a) average shear strength; (b) trend of the
composite layer thickness and shear strength
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Scan Chemical composition
location Al Fe Si Cr Mn
1 0.40 77.00 0.50 19.90 2.10
2 56.60 33.00 0.30 8.80 1.30
3 63.80 30.10 0.10 5.70 0.40
4 66.90 28.20 430 0.30
5 98.70 0.40 0.60 0.10
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Fig.7 Trends of the composite layer thickness and thermal
conductivity
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