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Mechanism and Properties Evaluation of Wire and Arc Additive Remanufacturing
Formation for Al-Si Aluminum Alloy

WANG Xiaoming, CHANG Qing, ZHAO Yang, HAN Guofeng, QIU Liu, ZHU Sheng
(National key Laboratory for Remanufacturing, Army Academy of Armored Forces, Beijing 100072, China)

Abstract: Approaches were put forward to deal with the various damages including wear, corrosion and drop-off of 6082
aluminum alloys against environment. The CMT (Cold metal transfer) arc additive manufacturing, was proposed to prepared
forming layers (single layer & multi channel, multi layer & single channel and multi-layer & multi-channel) using the
homemade Al-Si-Cr-Er wires. A variety of measuring methods involving OM, SEM, universal mechanical and electrochemical
tests were adopted to evaluate the mechanical and electrochemical performances of the layers. Results show that the layers are
virtually smooth and bright, and the boundaries among weld channels are evident and tight. No obvious porosity, hot crack and
biting weld are detected. Moreover, the addition of Cr and Er in the Al-base wire can effectively inhibit grain growth, which
promotes the refinement of microstructure. The mechanical properties of the layers are greatly enhanced in comparison with
layers fabricated by general ER4043 wires. For example, the average tensile strength of the layers formed by Al-Si-Cr-Er wire
is 228.7 MPa and the maximum extension reaches 13.5%. Additionally, the main failure mechanisms of the layers are believed
to be microporous aggregates shaped dimple. Meanwhile, the corrosion potential of the layers formed by Al-Si-Cr-Er wire
increases about 0.2 V and the self-corrosion current density reduced by about 10 times. The enhanced corrosion resistance can
be attributed to the refinement of grains and the reduction of impurities.
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Table 1 Chemical composition of 6082 aluminum alloy substrate (w/%)
Elements Si Mn Mg Cu Zn Ti Fe Cr
Contents 0.97 0.67 1.02 0.07 0.06 0.01 0.37 0.01
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Table 2 Main chemical composition of two kinds of cladding wire materials (w/%)
Materials Al Si Fe Cu Zn Cr Er Impurities
Homemade welding wire Allowance 12 <0.01 <0.01 <0.01 0.3 0.2 <0.01
ER4043 Allowance 6 0.8 0.3 0.1 <0.01 <0.01 <0.01
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(c) Fracture morphologies of ER4043 forming layer
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Fig.8 Tensile fracture morphologies of two forming layers
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Table 3 Main electrochemical parameter of two forming layers

Al-Si-Cr-Er ER4043
Parameters . .
forming layer  forming layer
Equilibrium potential/V —0.91 -1.13
Self-corrosion potential/V -0.9566 —-1.154
Self-corrosion current 107 10

density/(A-cm™)

Passive potential region -023~-0.82 —-0.42~-0.93

Breakdown potential/V —-0.23 —-0.39
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Fig.10 Electrochemical AC impedance spectra of two forming layers in 3.5% NaCl solution
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