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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 molien 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-mairix 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 8-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

UNS N10003

0.0357 0.4 0.676 6.99 17.19

9.43 Bal. 0.0028 0.0010 0.0047 0.005 0.03

Bal. 4.05 0.0050 0.0050 0.1900 0.017 -
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Fig. 1 Schematic illustration of experimental weld cladding process
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Table 2 Welding parameters
R 7 PIZERE/(cm « minl)
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: (&) The weld profile at current of 140 A and wire feed
speed from 110 cm/min to 180 cm/min (b)The weld profile at current of 160 A and wire feed speed from 110 cm/min
to 180 cm/min (c) The weld profile at current of 180 A and wire feed speed from 110 cm/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.



©4- HE i i R B SRS I =

FHE AT AT SRR R R/ N (140 A) B 5%
ik 22 RS IR BEIR S ERAE YRR E TP 3 (&3
() - HIEREEHRRIY INE]160 AR HEIREFRH
VTSR IAASRAG BT o R Y S 2R
IREERORHRE (B3 (L)), ML A Ay R £ 5E
Ry R A BN IS b @R RiEpny:
PRERIGNFEREHRIRFI180 AR ETEIZ 1S EIIL
= G 22 SRS N, RIS BT
Y (E3(C)) o HIERER B INE]200 ARY,
1% 22 R EAT150 -250 em/minsEEE A 22 (b H 3R
FEEMAVHER E (EI3(d)) - HIFHERITN 220 A,
HeIRE R R EM LA Ha S SUR Al % 25k
2233 4150 cm/minig %250 cm/minks , R &
g2 PR A P (E13(e))-

AP RN A [E L2 SR S 72
TEa, AL vl SRy 75 M AR R 7T LIRS BT
HVHERR RIS MR B EAREIE R T B4FHY G
G ARSI AL - ME AT EIR S
HIRRIES T RSREHIREEMRER, 45584
ESFR - &S () Bor A 22 3R % 53 5177110

%285

130150 180200250 cm/min B HE =30 FE 47 5
£0.9 1~13 mm-1 3 ~1.5 mm
15~1.7mm 1.6 ~1.9 mm-18~2.3 mm
[B] , ZXRBHRAE 2% 22 RS A ER s BRI [R] NS 78
BERNI, AR THEESEE o E5(b)
Hh SRR — B I, BEE 1A 22 SR RE R R 0, M
TR IR 2X B e AR 5 L
TN B OREE 22 S SR BIR M T RR YR E RS I, &
TR B IR AT E R M S HER B
EHE LRV HEIR ERRR R R RS
HYF R A B, N AT g SEBEE B EAHIE
BANE GV - 45 &R E ZMIES B T
FRASEEHYHER =2 DATR S R A BHEAY
MiFER DAL SR UGS HER B BT &, BT DU REFRIR
N FZE&I{F200 - 220 A, 3% 2231 E /250 cm/min:
HEIR B R E BT WA MERERE B AR L B 2
HITERT, Cr Fe T RHARRRD GRS B S8
RHVIE T T 5B P USRI Tl M8  FE 22
FetsPERIFe CrocEIYE & 51 - 2T TR
S (2x 22 2R 1E 250 em/min , R 7T S

AAFELZSEH T HPHEAR R ZZ 5

Fif.4 Overlay cladding shape under different welding currents and wire feed speeds

40 110 cm/min

35 [-~130 cm/min

30 [ 1150 cm/min

NS180 cm/min

2.5 ~200 cm/min
5

/
%2.0 Em250 cm/min

1
1.0
05
0
140 160 180 200 220
I/A
(DHEIRREE

80 {----1110 cm/min
70 ----1130 cm/min
50 ¥ 150 cm/min
40 180 cm/min
30 m~200 cm/min
19 E9j250 cm/min

h

140 160 180 200 220
I/A
(b)fifE

SAELZSENHIEER
Fig. 5 Influence of difiEerent process parameters on cladding layer (a) layer height and (b) dilution rate
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