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Table 1 Chemical compositions of wires and substrate(mass

fraction, %)

Element Mg Fe Si Ti Mn Cr Cu Zn Al

AzZ31 Bal — 002 — 040 — — 0.76 296
ER5356 5.00 0.40 0.25 0.15 0.10 0.10 0.10 0.10 Bal

6061 1.03 0.70 0.56 0.15 0.15 0.04 0.17 0.25 Bal
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Fig. 1 Double wires gas tungsten arc additive manufacturing

system
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Table 2 Designed wire feed speed ratio of AZ31 to ER5356

and Mg content
WFS, WFS,
- O WES 3/ WESgrssss E
/m-min /m-min
0.3 3.0 10% 10.74%
0.5 3.0 16.67% 14.18%
0.6 3.0 20% 15.80%
0.75 3.0 25% 18.11%
1.0 3.0 33.33% 21.67%

Bl 2 /IR 22 3k 52 Lh 5 369 A4 4 A 4T 1T () 10%; (b)

16.67%; (c) 20%; (d) 25%; (e) 33.33%
Fig. 2 Cross sections of the components with different ratio of
the wire feed speed: (a) 10%; (b) 16.67%; (c)20%; (d) 25%; (e)

33.33%
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Fig.3 Dimensions of tensile specimens
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Fig. 4 Microstructure of the specimens with different ratio of the wire feed speed: (a) 10%; (b) 16.67%; (c)20%; (d) 25%; (e) 33.33%
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Fig.5 XRD analysis results: (a) XRD patterns of the specimens; (b) details of the box selection area in Fig. 5 (a)
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Fig. 6 IPF of the specimens with different ratio of the wire feed speed: (a) 10%; (b) 16.67%; (c)20%; (d) 25%; (e) 33.33%
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Fig. 8 The nominal Mg content and the Mg content in the
a-Al phase and B-Al;Mg, phase / eutectic structure in the

components
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Fig. 9 SEM image and EDS result of the specimen with 20% ratio of the wire feed speed: (a) SEM image; (b) a-Al phase (point A);
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Fig. 10 SEM image and EDS result of the specimen with 33.33% ratio of the wire feed speed: (a) SEM image; (b) proeutectic a-Al

phase (point A); (c) eutectic a phase (point B); (d) eutectic B phase (point C); (e) Alg(Mn, Fe) (point D)
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Research on Microstructure and Mechanical Properties of High Mg
Content Al-Mg Alloys by Double Wires Gas Tungsten Arc Additive

Manufacturing Process

Luo Xiao-yu, Feng Yue-hai, E Xuan-yu, Han Hao

(School of Material Science and Engineering, Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract: As the properties of the high strength Al-Mg alloy component is difficult to be improved, a new gas tungsten arc
additive manufacturing process was proposed to increase the Mg content in Al-Mg alloy component. Two heterogeneous
wires were synchronously fed into the same molten pool, using ER5356 as the main melting wire, and a small amount of
AZ31 as the auxiliary melting wire. Five groups of thin wall components with high Mg content were deposited by
adjusting the ratio of the feed speed of the two wires. The microstructural characteristics, evolution and mechanical
properties of the components were investigated. The results show that with the wire feed speed ratio between AZ31 and
ERS5356 increasing from 10% to 33.33%, the a-Al phase transforms from equiaxed grains to dendrites, and the B-Al;Mg,
phase transforms into divorced eutectics. The average grain size increases from 17.26 um to 21.35 pm and then decreases
to 14.69 um, meanwhile, the content of the B phase and the eutectic structure increases. Compared with the Al-Mg alloy
component deposited by traditional single wire feed gas tungsten arc additive manufacturing process, the micro Vickers
hardness of the high Mg content components reaches 114.93 HV on an average, increased by 64.2% and the ultimate
tensile strength reaches 342 MPa, increased by 24.8%.

Key words: double wires additive manufacturing; high strength Al-Mg alloy; microstructure; mechanical properties
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