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Influence of Tempering Bead on Performance of Heat Affected Zone of

Nickel —based Alloy Surfacing Layer for Nuclear Power Low Alloy Steel

ZHU Ping, ZHAO Jian-cang, WANG Gan-gang, SHI Yun-zhe
(Remanufacturing and Electrical Safety Center of SNPI Suzhou Nuclear Power Research Institute Co. Ltd. ,
Suzhou 215004, Jiangsu)

Abstract: Tungsten argon arc welding method is used to surfacing 690 nickel — based alloy welding wire on
low alloy steel 16 MND5, the first layer and the third layer using tempering bead technology., respectively.
The hardness, microstructure, and impact toughness of the surfacing layer heat affected zone are investigated.
The results show that the hardness of surfacing layer HAZ can be dropped to below 320 HV,, by the effect of
tempering bead, impact toughness of surfacing HAZ increases by more than 27% , and the average reaches
175 J/em?® . strip microstructure can be improved effectively, which can satisfy the requirements of RCC— M
standard for low alloy steel welding HAZ hardness and toughness index. Studies show that the use of tempe-

ring bead technology can achieve the post weld heat treatment exemption of low—alloy nickel-based surfacing.
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Table 1 Chemical composition of the ERNiCrFe—7A wire (w/ %)

Element C Cr Mo Mn Si N Other Ni
Content 0.035 28.0—31.5 0. 50 8§.0—11.0 1.00 0. 50 0.030 0. 50 Bal.
Element P S Cb+Ta Co Cu Al Al+Ti

Content 0.010 0.008 0.10 0.020 0. 20 1. 10 1. 50

R 216MND5s REENHUERD (REHH/ %)
Table 2 Chemical composition of the 16 MND5 low alloy steel (w/% )

Element C Mn P S Si Ni
Content <0.22 1.15—1. 60 <0.012 <0.012 0.10—0. 30 0.50—0. 80
Element Cr Mo \% Cu Al Co
Content <0. 25 0.43—0.57 <0.01 <0. 20 <0.04 <0.03
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(a) Test position (b) One surfacing layer HAZ and base metal (0 represents the fusion line) (c¢) Three layers surfa-
cing (weld on the left side,base metal on the right side)
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Fig. 1 Microhardness distribution of the weld longitudinal
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(a) Test position (b) Transverse microhardness distribution (0 edge position on behalf of the heat affected zone) (c¢)

Longitudinal microhardness distribution (0 position represents the fusion line)
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Fig. 2 Microhardness distribution of the edge weld longitudinal
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Fig. 3 Schematic diagram of sample location
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Table 3 Impact toughness of samples
No.  Sample code Location e/ (J e em ?)  Average value/(J « ecm ™ 2) Note
1 111 HAZ 127.5
2 121 HAZ 140.0 137.7 1-layer surfacing
3 131 HAZ 145.6
4 11 HAZ 163.8
5 21 HAZ 207.5 180. 2 3-layer surfacing
6 31 HAZ 169. 4
7 12 Low—alloy steel base metal 223.8
8 22 Low-alloy steel base metal 236.9 241.0
9 32 Low-alloy steel base metal 262.5
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Fig. 4 Distribution of surfacing layer bead
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Fig. 5 Microstructure of the heat affected zone in hardfacing layer
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(a) Fracture macroscopic feature (b) Initial crack area (¢) Extension area (d) Secondary fiber area
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Fig. 6 Impact fracture characteristics of the 21 sample

(a) Fracture macroscopic feature (b) Initial crack area (¢) Extension area (d) Secondary fiber area
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Fig. 7 Impact fracture characteristics of the 111 sample
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