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Tablel Chemical composition of raw materialsand substrate
(/%)

Material Si Mg Ti Sr Fe Sc Er

ER4220 7.01 0.67 0.114 0.026 0.103 -

ER4220+Er 6.98 0.66 0.112 0.028 0.105 - 0.263
ER4220+Sc  6.94 0.65 0.116 0.028 0.112 0.272

6061-0O 0.62 1.03 - - 0132 -

B AR 226 B OR 21
Fig.1 Microstructures of raw material wire: (a) ER4220, (b) ER4220+0.3Er, and (c) ER4220+0.3Sc
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Fig.3 Schematic of WAAM process

£ 2 WAAM AI-7Si-0.6Mg & £ HILZE B 5

Table 2 Chemical composition of WAAM Al-7Si-0.6Mg
(/%)
Alloy Si Mg Ti Sr  Fe Sc Er

ER4220 (alloy A)  6.950.60 0.107 0.028 0.110 - -
ER4220+Er (alloy E) 6.94 0.61 0.109 0.027 0.112 - 0.258

ER4220+Sc (alloy S) 6.91 0.59 0.112 0.025 0.117 0.274
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Fig.4 WAAM alloy and schematic diagram of sampling position
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Fig.5 Metallographic microstructures of as-deposition alloys (horizontal): (a) alloy A, (b) alloy E, and (c) alloy S
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Fig.6 Metallographic microstructures of as-deposition alloys (vertical): (a) alloy A, (b) alloy E, and (c) alloy S
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Fig.7 Impurity Fe-phase in as-deposited WAAM alloys: (a) alloy A, (b) alloy E, and (c) alloy S
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Fig.8 XRD patterns of as-deposited WAAM alloys
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Fig.9 EPMA image of the as-deposited alloy S
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Table3 WDS analysisresults of Fe-rich phase containing Sc

Element /% at/%
Mg 4.076 4.681
Al 81.314 84.038
Si 7.523 7.476
Fe 4.849 2.416
Sc 2.238 1.389
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K10 BERIIRE WAAM BB &4 SEM & & EDS 7 #r 4 1
Fig.10 SEM images (a, b) and EDS analysis results (c, d) of as-deposited WAAM alloy: (a) alloy E and (b) alloy S

2.1.2 T6 # A3 A4 09 LR 12 2 NI T6 #ULFE S I WAAM JE & 41 SEM 14,

K 11 A& T6 #3511 WAAM BUE & 4114 B 12a H#i kTR dbr A RIAEN ALEr A, JSFN 2~3 pm,
AL, FTLVEH, A B. S3MEERME. AmdH 5HBEIFSESHREK K. MES Sc &4+ a;
ZRFEARWE, H3MEEMHASLHEESR, HAK  LIRAR A GRS Sc i Fe A (Al,SisFe (Mg, Sc)s),
AP 3 d R SURL 2 58 — AR R B AR TEER SR A HRSH S BHURES BOY & SAH LR A B AR 1L

Horizontal

Vertical

K11 23l Te #Ab /R WAAM WK & 4 2 21
Fig.11 Metallographic microstructures of WAAM alloys after T6 heat treatment of alloys A (a, b), E (c, d), and S (e, )
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Fig.12 SEM images (a, b) and EDS analysis results (c, d) of WAAM alloy after T6 heat treatment: (a) alloy E and (b) alloy S
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Fig.14 Decline rate of high temperature strength of WAAM
alloy (vs. RT)
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Fig.15 SEM morphologies of fractures of alloys A, E, S at different temperatures (the data of the comparison sample is from reference [18])
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Fig.16 SEM morphologies and EDS spectra of fractures of alloys E (a) and S (b) at 250 C
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Fig.17 Metallographic structures of residual samples at different temperatures (the data of the comparison sample is from reference [18])
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Fig.18 SEM images and EDS spectra of residual samples at 250 C: (a) alloy E and (b) alloy S
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Effects of Er, Sc Addition on Microstructure and Properties of WAAM
Al-7Si-0.6M g Alloy

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

Abstract: The effects of Er and Sc addition on the microstructure and properties of Al-7Si-0.6Mg fabricated alloy by wire arc additive
manufacturing (WAAM) were studied by metallographic microscope, scanning electron microscope, room temperature and high
temperature tensile tests. The results show that the addition of Er leads to the shortening of the dendrites and the thinning of the dendrites
in the as-deposited alloy, and the addition of Sc leads to the shortening of the size of the a-Al dendrites of the as-deposited alloy, which
tends to be equiaxed. After T6 heat treatment, the microstructure differences are eliminated. The addition of Er, Sc can improve the high
temperature performance stability of WAAM Al-7Si-0.6Mg alloys at 200 and 250 °C, and the effect of Sc is better than that of Er.
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Corresponding author: Li Chengde, Ph. D., Assistant Researcher, Ningbo Sub-Academy of the National Weapons Science Research
Academy, Ningbo 315103, P. R. China, Tel: 0086-574-87902506, E-mail: 15940599525@139.com



