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Microstructure and Mechanical Properties of the Large Thickness High Nitrogen
Austenitic Stainless Steel Component Deposited by MultiJdayer and Multi—pass
Plasma Arc Additive Manufacturing Process
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igh nitrogen austenitic stainless steel ( HNS) components of 25 mm thick were deposited successfully by wire and plasma arc additive manu—

facturing process in which the self-developed HNS wire is selected as the filling material. Then weld defects chemical composition micro—
structures and mechanical properties of HNS components were tested and analyzed by X—ay detection SEM EDS and mechanical testing ma—
chine. Moreover the influences of deposited speed on microstructure and mechanical properties were investigated in details then the microstruc—
ture evolution and enhancement mechanism of multidayer and multi-pass additive manufacturing process were revealed. Experiment results show
that only few tiny pores are found in the deposited samples and all the alloy elements is evenly distributed in deposited components. The micro—
structure of the effective deposited layers is composed of large amount of austenite few d-ferrite and some nitrides. Meanwhile lots of ferrite
bands are also found at the interfaces of both adjacent deposited layers and adjacent deposited beads. Furthermore with the deposited speed re—
ducing from 30 cm/min to 18 cm/min the width of the ferrite band between the upper and lower layers decreases from 160 ym to 35 um and the
heat input of each deposited layer decreases from 1. 275x10* kJ to 1. 042x10* kJ. In addition the ultimate tensile strength of the deposited sam—
ples in horizontal direction and that in vertical direction individually increased by 90 MPa and 76 MPa on an average the mean elongation in both
horizontal direction and vertical direction individually improved by 6. 5% and 7. 0% and the average impact toughness in two directions individual—
ly enhanced by 12. 07 J/cm? and 4. 02 J/cm?. Hardness testing results exhibited the microhardness of the HNS samples raised by 22. 2 HV on
an average.

Key words high nitrogen austenitic stainless steel (HNS) plasma arc multidayer and multipass additive manufacturing microstructure me—
chanical property
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Fig.1 (a) Plasma arc additive manufacturing experimental equipment and
(b) the typical successfully deposited HNS component’s photography for
° HNS deposition experiments
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Table 1 Chemical composition ( wt%) of substrate and wire
Element C Mn Cr Si Ni Mo p S Al N
High nitrogen steel wire 0.016 17.47 20. 82 0.85 1.24 3.62 0.014 0.019 0.64 0.81
304 Substrate <0.08 <2.0 19.0 <1.0 9.0 — <0.035 <0.03 — —
1.2 2 ° 2 40
99.99%
1.2 L/min 18 L/min 25 mmo, 3
4.8 mm 3 mm 8 mm o
2
Table 2  Preset process parameters of deposited walls
Groupi Deposited Arc Translation Number of Deposited Wire feeding
rouptng current/A voltage /V distance/mm weld passes speed/( cm * min™") speed/( m * min~")
1 150 24.8 3.0 6 18 2.0
2 150 25.1 2.5 8 24 2.0
3 150 25.3 1.7 12 30 2.0
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Fig. 2 Schematic diagram of multidayer and multi-pass additive manufactu— Fig. 3 Schematic diagram of mechanical properties specimens and metallo—
ring paths graphic specimens
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Fig.4 (a) EDS chemical composition testing locations and ( b) chemical
composition distribution curves of the HNS deposited samples in vertical and
horizontal direction
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Fig. 5 Defects distribution in the HNS deposited sample at deposited speed
of 30 cm/min
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Fig. 6  Microstructures of the HNS deposited specimens at deposited speed of
30 cm/min: ( a) effective area in the middle section of component (b) in—
terface between adjacent passes ( ¢) center area of the deposited pass and
(d) interface between adjacent layers
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Fig.7 XRD pattern of the HNS deposited sample
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Fig. 8 Microstructures in interface area between adjacent layers of the HNS
deposited samples at deposited speed of (a) 18 cm/min and ( b) 24 ecm/min
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Fig. 9 (a) Ultimate tensile strengths and ( b) elongation rates of the HNS
samples at different deposited speeds in the horizontal and vertical direction
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Fig. 11  Impact toughness of the HNS deposited samples in the horizontal 40HV ° 13¢
and vertical direction at different deposited speeds 18 em/min~24 c¢m/min 30 em/min
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Fig. 13  Microhardness distribution of samples at different deposited speeds: (a) positions of hardness measurement ( b) microhardness distribution in sample” s

vertical direction ( ¢) mean microhardness of the effective deposited layers; ( d) microhardness distribution in sample’ s horizontal direction
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