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Influence of Parameters on Microstructure and Microhardness of Ni60 Alloy Hardfacing

by Plasma Transferred Arc Welding
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(1. School of Material Science and Engineering, Dalian University of Technology, Dalian, Liaoning 116024; 2. Sheny-
ang Blower Works Group Corporation, Shenyang 110869)

Abstract: The Ni60 alloy powder was deposited on the surface of Z2CN18-10 stainless steel by plasma transferred arc
welding. The microstructure and microhardness of the hardfacing with different welding currents and powder feed rates
were characterized by scanning electron microscope, X-ray diffraction, electron microprobe and hardness tester. The re-
sults show that the microhardness of the coating improves a lot, the phenomenon of hardness transition and elements dif-
fusion is observed in the fusion area. The microhardness of coating with current of 110 A is about 630 HV while the
hardness of the coating and the hardness gradient both decrease with higher currents or lower powder feed rates. Micro-
structural gradient is observed including fusion area, dendrite (needle—like, strip—like and floret—like) near the interface
and equiaxial structure (bulk-like and plate—like) near the surface in the coating. As current increases, the floret—like
eutectic structures don’t disappear and the volume ratio increases. As powder feed rate decreases, the needle-like struc-
tures become more bulky. The strip—like and separated bulk —like borides are observed in the intermediate part of the
coating with powder feed rate of 6 g/min.
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5 K6 R S R ) R )
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HESRELAA N 200 mm X 35 mm X 20 mm [
Z2CN18-10 ANEEM MM AE . HESEHT N 1 W0/
PIER N T s FEAIRYS 20 FE L AN BB N B IR TE 400 CF
PRI 2 by DLk G e AR S P AR s, L Ni-Cr-
B-SiZRBIE FIETES S0 AR Ni60 1 HE AR A1 K
HAL# B FRSE RN IR 1Rk 2, AR5 DI
BRE 1R 2 AR 3, RS 20 mm X 20 mm,
HIEBRESHOLE 3.

1 Ni60 § £ BRI KFE R 5
Table 1 Composition of Ni60 alloy powder

L& Ni Fe Cr C B Si
TR/ % A& 12.13 15.85 0.46 3.11 4.45

R2NiIO EEMRRTRRAESH
Table 2 Size and percent of Ni60 alloy powder

H#/pm 150 125 106 71 63 53 45

FREAE/% 1.4 10.9 23.1 43.7 10.9 9.3 0.7
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Table 3 Welding parameters used in PTAW process

Z B WAL k2 ke 3
i/ A 110 130 110
Mk V 30 30 30
B G /mm 20 20 20
P BF /(mm » min~ ) 40 40 40
PR RE/ (L min ") 10 10 10
M/ (g e min D) 10 10 6

F LSl XRD-6000 Fy X—5F 26 1 AU
Ni60 & 483 R FEATYAH 231 5 25y JSM-5600
LV B4 i G0 HE KR G 4 2 0 A SR 1T W 5%
A3 M s L E Sy EPMA -1600 19 B T4 51 X HE SR 4
G )2 IEAT RE R A RO A 2 A S v v A A s
5o MVC-1000B 4 FC i B2 0 & HE 45 2 35
B B2 A3 A s 2 Ry 1 kg M) 15 s,

2 KBERRITE

2.1 Ni-Cr-Si-BAE#HRK
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AR XI5 AT S P A0 43 B 45 3L W LLE &
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— 36 Ni-Si #1 Ni-Cr B 01654 .
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Fig. 1 SEM micrograph of original Ni60 powder
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Fig. 2 XRD pattern obtained from original Ni60 alloy

powder
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Fig. 3 SEM images of the nickel-based alloy coating
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Fig. 4 SEM images of intermediary areas of sample 3 alloy coating

X4RE 1 BETFRIEERSNE (RESE/ %)
Table 4 EPMA point quantification of locations in sample 1 (w/ %)

JLHR
wE wa C B si Fe Ni Cr R
Al (AN 6.89 0.95 0 25. 46 25. 47 41. 23 ]
Bl VNIV IN 0 10. 60 3.77 23.06 43.29 19. 27 ity
C1 K40k 5. 89 0. 30 0 18. 29 15. 64 59. 88 WAk
D1 ek 0.52 16.18 0 2.59 0.55 80. 16 Wik 4
El J R fL 5.47 0.44 0.03 12. 41 4,78 56. 56 Wik

XS RHE2ETFRIIEENSNE (RESE/ %)
Table 5 EPMA point quantification of locations in sample 2 (w/ %)

TLE .
s BE C B Si Fe Ni Cr x4
A2 LIRIN 5.36 0.79 0. 04 30. 26 15.78 61.23 AL
B2 etk 0.36 12. 68 0.05 3.06 0.29 66.21 iRtk
C2 K5k 6. 38 0.20 0.05 16. 93 19. 63 56. 80 ALY
D2 M SENFE R 0.51 24,92 2.57 14. 86 40. 40 16.73 ik
E2 VNI N 0.42 18. 30 1. 89 15. 86 37.26 26.28 AL

Ko RXHIBHTHEHATERNNE (REHH/ %)
Table 6 EPMA point quantification of locations in sample 3 (w/ %)

L

ity B C B Si Fe Ni Cr x4
A3 RN 5.67 0. 86 0.02 33. 46 12. 60 47.38 WAk
B3 iR IR 0. 85 5.13 2.31 23.00 51.78 16. 93 ik 4
C3 Bk 0.51 6. 89 0.01 32. 61 4.98 54.91 1k

E3 KR 0.61 6. 54 0 23.67 6.97 62.22 K]
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Fig. 5 Elemental line scanning using an electron micro-

probe for Ni and Fe across fusion line in sample 1
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Fig. 7 Microhardness profile of the cross section of coatings
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