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Table 1 Chemical composition of raw materials (w/%)

Element Si Mg Ti Sr Fe Be
ER4220 6.98 0.66 0.12 0.027 0.108 <<0.0005
Metal mold

6.87 0.58 0.132 0.028 0.122 0.03
test bar
Sand mold

7.08 0.59 0.141 0.032 0.098 0.034
test bar
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Fig.2 Schematic diagram of forming principle
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Table 2 Process parameters

Forming process Wire feed speed/m'min™ Travel speed/mm-s™ Flow rate/L-min”' Current/A Voltage/V
CMT+Plus 6 10 25 120~130 20.4~21.4
%3 WAAMZLI114A (L2 5
Table 3 Chemical composition of WAAM ZL114A (w/%)
Element Si Mg Ti Sr Fe
National standard (GB/T1173-2013) 6.5~7.5 0.45~0.75 0.1~0.2 <0.2
WAAM ZL114A 6.85 0.62 0.11 0.026 0.11
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Fig.3 OM images of ZL114A (a, b) as-deposited, T4 of WAAM, (c, d) T6 of WAAM; (e, f) as-cast, T4 of metal mold casting, (g, h) T6 of

metal mold casting; (i, j) as-cast, T4 of sand casting, (k, 1) T6 of sand casting
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Fig.4 SEM images and EDS analysis of the WAAM ZL114A-T6
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Fig.5 Porosity and distribution of WAAM ZL114A: (a) as-deposited, (b) T4, (c) T6, and (d) SEM image of porosity
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Fig.6 Defect distribution of metal mold casting (a, b) and sand casting (c, d) samples: (a, c) OM images and (b, d) SEM images
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Fig.7 Mechanical properties of different molding methods of
ZL114A-T6
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Fig.8 SEM images of ZL114A tensile fracture: (a) WAAM, (b) metal mold casting, and (c) sand casting
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Microstructure and Properties of ZLL114A Aluminum Alloy Prepared by Wire Arc
Additive Manufacturing

Li Chengde ', Gu Huimin', Wang Wei®, Zhai Yuchun'~, Ming Zhu?, Wang Shuai', Ren Lingling', Wang Zhenbiao®
(1. Northeastern University, Shenyang 110004, China)
(2. NingBo Sub-Academy of the National Weapons Science Research Academy, Ningbo 315103, China)
(3. North East Industrial Materials & Metallurgy Co., Ltd, Fushun 113200, China)

Abstract: The effect of wire arc additive manufacturing process on the microstructure and properties of ZL114A aluminum alloy was
studied by metallographic microscope, scanning electron microscope and electronic universal test. Compared with the traditional casting
method, the microstructure of as-deposited WAAM ZL114A has smaller dendrite spacing, the distribution of fine Si-phase is uniform, and
the chemical composition is controlled effectively. Through T6 heat treatment process, Si-phase is fully spheroidized and the second phase
is dispersed on the matrix of alpha-Al. Meanwhile, the mechanical properties are significantly improved. The tensile strength, yield
strength and elongation are 360 MPa, 315 MPa and 7.5%, respectively; in particular, the elongation is 2.1 times higher than that of sand
cast sample. The tensile fracture is characterized by ductile fracture. The defects of WAAM ZL114A are mainly pores smaller than 30 pm.
After heat treatment, the number of pores decreases and the size increases.

Key words: wire arc additive manufacturing (WAAM); aluminum alloy; microstructure and properties; defect
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