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Duplex Stainless Steel Welding Wire for Wire Arc Additive

Manufacturing
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Synopsis

Wire arc additive manufacturing is known as a high-efficiency manufacturing method. To obtain the properties of duplex
stainless steel, it is important to control the fraction of austenite phase and ferrite phase to 1:1. However, in wire arc additive
manufacturing of conventional duplex stainless steel welding wire (YS329L4L), excess austenite phase is formed in the as-deposited
structure. In conventional wire manufacturing, the deposition process would be interrupted to achieve the required austenite phase
fraction. In this study, we examined prototype duplex stainless steel welding wire that is designed to reduce excessive formation of
the austenite phase fraction. The wall structure of the prototype wire as deposited indicated a controlled austenite phase fraction
of 40% to 60% without interrupting the deposition. In the as-deposited structure of the prototype wire, the strength is equivalent
to that of conventional wire, while the critical pitting temperature is improved from the 35 C for conventional wire to 45 C .
Furthermore, the Cu coating on the prototype wire has reduced tip wear on the welding contact. The reduced tip wear reduces the
frequency of tip replacement and improves productivity. The results indicated that the prototype welding wire of duplex stainless

steel can achieve high-productivity manufacturing in wire arc additive manufacturing.
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Table 1. Chemical composition of duplex stainless steel

welding wire (mass %).

Wire C Si |Mn|Cu| Ni | Cr | Mo| N

Conventional

steel 0.02| 0.4 | 0.6 |0.03| 9.5 |25.1| 3.9 |0.23

(YS329J4L)

Prototype |02 0.5 | 0.7 |0.51| 6.6 |25.3| 3.0 [0.14

steel
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Fig. 1. The equilibrium phase diagram for welding wire
(a) Conventional steel (YS329J4L), (b) Prototype
steel.
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Fig. 2. Schematic diagram of WAAM experiment.
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Table 2. Overview of the process parameters for producing

the wall structures.

Parameter

Setting

Welding process

GMAW-PDT

Shielding gas flow rate

18 I/min(Argon)

Contact tip work distance 12 mm

Travel speed 60 cm/min
Wire feed speed 2.7, 7.0 m/min
Heat input 1.4, 2.8 kd/cm
continuous
Interpass temperature <400 C
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Fig. 3. Appearance of the test specimen and demarcation
of analyzed regions.
(Continuous, heat input of 2.8 kd/cm, YS329J4L)
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Fig. 4. The microstructure of the wall structure built by
WAAM. (Continuous, heat input of 2.8 kJ/cm)
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Fig. 5. Instance of temperature distribution in WAAM wall
structure (Continuous, heat input of 2.8 kd/cm,
YS329J4L).
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Fig. 6. Instance of temperature cycle in WAAM wall

structure (YS329J4L, measurement position:
Fig. 5).
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Fig. 8. Microstructure after post-weld heat treatment.
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Fig. 9. Relationship between post-weld heat treatment
temperature and y phase fraction in an instance of

high heat input wall structure.
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Fig. 10. Mechanical properties of the wall structures.
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(c) Charpy impact value.
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