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Effects of Si and Zn on interface microstructures of
aluminum/steel welding-brazing joint

SHI Yu, LI Jie, HUANG Jian-kang, GU Yu-fen, FAN Ding

(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The dissimilar metals of 5052 aluminum alloy/galvanized steel were joined with lap joint by pulsed double
electrode gas metal arc welding-brazing with ER4043 filler metal. The interfacial microstructures of the joints were
analyzed by scanning electron microscopy, energy dispersive spectroscopy and X-ray diffractometry. The results show
that a zinc-rich zone locates at the weld toe, which is mainly composed of Al-Zn solid solution at the weld seam side and
Fe,AlsZng 4 at the galvanized steel side. Si element in weld seam involves in metallurgy reaction of intermetallic
compound formation and the AlgFe,Si ternary phase is found, the phase AlgFe,Si forms along FeAl; side. The results of
linear scanning indicate that Si atom obviously aggregates in the intermetallic compound layers. Further, the formation
process of Fe-Al-Si ternary intermetallic compound was discussed on the basis of the test results.
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Table 1 Chemical composition of ER4043 (mass fraction, %)
Si Fe Zn Ti Cu Mn Al
5.00 0.40 0.15 0.15 0.05 0.05 Bal.
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Fig. 1 Weld seam morphology of aluminum/galvanized steel

welding-brazing
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Fig. 2 Macrostructure of cross-section of aluminum/steel by
pulsed DE-GMAW welding-brazing
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Fig. 3  Interfacial microstructures of cross-section by
aluminum/steel welding-brazing: (a) Secondary electron image;

(b) Back scattered electron image
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Table 2 Compositions of different areas of interface in Fig. 3

Mole fraction/%
Area
Fe Al Si
A 28.7 68.6 1.7
B 23.5 73.3 2.0
C 19.8 71.0 8.7
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Fig. 4 Microstructures of zinc-rich region by aluminum/steel

welded joint
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Table 3 Compositions of different areas of zinc-rich region in
Fig. 4

Mole fraction/%
Area
Fe Al Zn Si
D 243 59.4 6.0 10.3
E 1.0 80.3 17.3 1.4
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Fig. 5 Distribution of vickers hardness at weld metal side
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Fig. 6 Microstructure of aluminum fusion area by

aluminunysteel welded joint
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Fig. 7 XRD patterns of interface by aluminum/steel welding-
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brazing: (a) Aluminum side; (b) Steel side
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Fig. 8 Linear scanning image of cross-section by

aluminuny/steel welding-brazing
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Fig. 9 Schematic diagram of formation process of Al-Fe-Si

interfacial compound
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