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Investigation on microstructure and hardness of UNS N10003 weld cladding
on 316H with optimization of process parameters
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(1. School of Materials Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China;
2. Shanghai Institule of Applied physics, Chinese Academy of Sciences, Shanghai 201800, China)

Abstract: Studying dissimilar alloy welding can reduce cost and ensure the safety of the molten salt reactor structural
material. In this work, a cladding layer of UNS N10003 alloy which is resistant to the corrosion of molten salts was
deposited on 316H stainless steel substrate using Gas Tungsten Arc Weld (GTAW) process. The welding parameters
were optimized. The microstructure and hardness of the cladding layer and cladding-matrix interface were systematically
characterized by optical microscopy (OM), scanning electron microscopy (SEM), transmission electron microscopy
(TEM), and Vickers hardness tester. It provides a theoretical basis for further research on multi-layer and multi-
channel surfacing. The results show when the current was constant, the dilution rate decreased with the increase of the
wire feeding, but the layer height increased with the increase of the wire feeding speed. When the wire feeding speed
was constant, the layer height varied from 0.2 mm to 0.5 mm with the changing of current. The cladding interface was
divided into welding zone (WZ) , unmixed zone (UZ) , and base material (BM). The microstructure in surfacing layer
is mainly austenite. The eutectic carbide of M,C type with molybdenum was precipitated in WZ and a few d-ferrite
precipitates could be found in UZ. The hardness of the cladding layer was relatively uniform and the hardness of UZ
reached (202 +11)HV, and the hardness of BM was (160 £10)HV. The greater hardness of the cladding layer should
be caused by the numerous tiny carbides distributed in the dendrite boundaries.

Keywords: cladding layer; dilution rate; parameter optimization; microstructure; 316H austenitic stainless

steel; UNS N10003 high temperature nickel base alloy
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Table 1  Chemical composition of 316H stainless steel and chemical composition of UNS N10003 filler metal (wt. %)

Alloy C Si Mn Cr Mo Ni Fe P S Cu Al Ti
316H 0.0800 0.41 1.220 16.42 1.96 9.43 Bal. 0.0028 0.0010 0.0047 0.005 0.03
UNS N10003 0.0357 0.44  0.676 6.99 17.19 Bal. 4.05 0.0050 0.0050 0.1900 0.017 -

ERRT, R A ML R SRR 316H A R R IR A 140 ~ 220 A ARIEHL RO 14 ~
AWK PEATITIS , KRR A AALE IR 16 VR 2Z3 S 110 ~250 em/min , #8453 52
K SR TIE R KR B bR A PSS 10 em/min SEARIEENIRE £6 mm, G BRI &
FERR T MERE R ORI B HEAR Oy 15 L/min, BRAGIC A, HEAR 58 UR 2578 0 Bk
RBUK [ 5E . SRR GTAW SRR Gi7E 316H AR KSR i I 22 FF | IF 5 HT M J2 i R,
BUBRR A THEAR AN 1 R . BHE T 2280 BRI Z o i, TESHAENER 2,
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Fig. 1 Schematic illustration of experimental weld cladding process
R2 BEIZSH
Table 2 Welding parameters

HL /A %2/ (em « min ")
140 110 130 150 180
160 110 130 150 180
180 110 130 150 180
200 150 180 200 250
220 150 180 200 250
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Fig.2 Calculation of dilution ratio
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Fig. 3

Welding surface morphology evaluation of cladding parameters: (a)The weld profile at current of 140 A and wire feed

speed from 110 ecm/min to 180 ¢em/min; (b) The weld profile at current of 160 A and wire feed speed from 110 ¢em/min
to 180 ¢cm/min; (¢) The weld profile at current of 180 A and wire feed speed from 110 ecm/min to 180 ¢cm/min; (d) The
weld profile at current of 200 A and wire feed speed from 150 ¢cm/min to 220 cm/min; (e) The weld profile at current of
220 A and wire feed speed from 150 cm/min to 250 ¢cm/min.
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Fig.4 Overlay cladding shape under different welding currents and wire feed speeds
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Fig.5 Influence of different process parameters on cladding layer (a) layer height and (b) dilution rate
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Fig.8 Bone precipitate microstructure in WM and its partial magnification and Higher magnification micrograph of vermicular

precipitates at UNS N10003 weld metal and 316H base metal interface
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Fig.9 EDS analysis result of the precipitate marked as 1 in Fig. 8 (a) and EDS analysis result of the precipitate marked as 1 in
Fig.8 (b)
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