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Microstructure and properties of low carbon steel/stainless steel graded material

fabricated by two-TIG dual-wire arc additive manufacturing
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Abstract: Low carbon steel/stainless steel thin-walled gradient material was prepared using two-TIG dual-wire arc additive manufacturing
method, and its microstructure, mechanical properties, and corrosion resistance were analyzed. The results show that as the proportion of
stainless steel increases, the elemental composition of the low-carbon steel/stainless steel gradient material exhibits an approximately linear
change pattern, with the Fe element content gradually decreasing, while the Cr and Ni element contents gradually increasing. The
microstructure of the gradient material exhibits gradient changes in the height direction, transitioning from the martensite and ferrite
structure at the bottom to the martensite structure in the middle, then to the martensite and austenite structure in the upper middle, and
finally to the 8 ferrite and austenite structure at the top. As the proportion of stainless steel increases, the microhardness of the gradient
material generally shows a gradually increasing trend, with a microhardness of 230-430 HVO. 3. The tensile strength of the gradient
material in the horizontal and vertical directions is 1224 and 1106 MPa, respectively, with elongation of 11% and 12. 5%, respectively.
The fracture surface morphology of the gradient material in both horizontal and vertical directions shows ductile dimples, characteristics of
ductile fracture. With the increase of stainless steel proportion, the corrosion resistance of the gradient material is enhanced, and the

corrosion resistance of the top is higher than that of the bottom.
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Table 1 Chemical compositions of ER70S-6, CHM-304 and Q235 (mass fraction, %)
Material C Mn P S Si Cr Ni Mo Fe
ER70S-6 0.071 1.46 0.011 0.012 0.83 0.010 0.010 0.010 Bal.
CHM-304 0.051 1.73 0.013 0.012 0.51 18.29 8.13 0.024 Bal.
Q235 <0.22 <1.4 <0.045 <0. 050 <0.35 - - - Bal.
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Table 2 Basic process parameters for two-TIG dual-wire arc additive manufacturing

Current ratio,  Argon flow rate,

1, +1,/A Q/(L/min) L/mm distance ,d/mm

Arc length  Tungsten electrode Arc travel speed, Wire feeding speed,
v,/ (cm/min)

Tungsten electrode Interlayer

v/ ((cm/min) tip angle,6/(°) temperature , 7/ °C

200+200 15 3 3

8 450 60 200

A 1

Physical picture of two-TIG dual-wire arc additive
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Fig. 1

manufacturing testing device
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Fig.2  Schematic diagram of the additive gradient material wall
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Fig. 6 XRD patterns of the graded wall at different positions
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Table 4 Corrosion current density and self-corrosion
potential at different positions of the graded wall
. Self-corrosion Self-corrosion current
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