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Microstructure Evolution and Properties of WC/Ni Based Coating on the
Surface of 12CrMoV Alloy Steel by Laser Cladding

Han Jitai, Xia Qingfeng’, Wang Keqing, Hua Guoxiang

School of Automation, Wuxi University, Wuxi 214105, Jiangsu, China

Abstract To solve the problems of wear and corrosion failure in cold-working die steel during long-term service, Ni60
coatings with different WC contents are prepared on 12CrMoV substrate using laser cladding technology. The forming
characteristics, microstructure, mechanical properties, and corrosion resistance of the coatings are characterized using X-
ray diffraction, scanning electron microscopy, energy dispersive spectroscopy, friction and wear testing machines, and
electrochemical workstations. The results indicate that the additive amount of the WC can change the solidification
characteristics of the melt pool, thereby reducing the width of the coatings and increasing the depth of the coatings. When
the additive amount of the WC is 30% (mass fraction), the hardness of the coating is 853 HV0. 3, and the average friction
coefficient is only 0. 467. It has excellent mechanical properties, but the toughness of the coating decreases, leading to the
formation of pores during the solidification process, which reduces the corrosion resistance of the coating. When the
additive amount of the WC is 10% and 20% respectively, the size of the grain structure is refined, the grain boundary area
is reduced, and it has excellent corrosion resistance. When the additive amount of the WC is 20% , the corrosion current
density of the coating is only 3. 65 X 10" A/cm®, and the mechanical properties are only slightly lower than the coating
obtained with 30% WC additions. Therefore, this study explored suitable WC/Ni60 coatings for wear and corrosion
environments, determined the optimal additive amount of the WC, expanded the application range of WC/Ni60 coatings in
mold steel, and has guiding significance for engineering practice.

Key words mold steel; laser cladding; WC/Ni60 coating; microstructure; performance characterization
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Table 1 Chemical composition of Ni60 and 12CrMoV

Atomic fraction /%

Material .
C B Si Fe

Ni Mo \Y P S Cu

12CrMoV 0. 08~0. 15 — 0.17~0. 37 Bal.

0.90~1.20 —

0.25~0.35 0.15~0.30 =<0.35 <0.35 <0.25

Ni60 0.70~1.10 3.00~4.00 3.50~5.00 =<5 15.00~17.00 Bal. — — — — —
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Fig. 1 Single channel morphologies of different coating samples. (a) W10; (b) W20; (c) W30
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Fig. 2 XRD pattern of W20 coating
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Table 2 Element proportion of phase

Atomic fraction /%
Fe Cr Ni S w

Area

A 22.17 16.30  18.15 9.46 — 33.92
B 9.06 24.32 22.83 37.28 — 6.51
C 14.69  30.80  30.20 8.44 0.77 8.75
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Fig. 3 Microstructures of W20 coating
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Fig. 4 Microstructures of WC/Ni based coatings. (a) (b) W10 coating; (c) (d) W20 coating; (e) (f) W30 coating
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Table 3 Average grain size of W10, W20, W30

Average grain size

Sample Equiaxed grain Columnar grain
W10 6.38(40.41) 11.32(=£0.27)
W20 4.35(£0.32) 9.63(£0.25)
W30 4.17(+£0.12) 9.21(+£0.41)
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Fig. 5 Mechanical properties of WC/Ni based coatings. (a) Microhardness; (b) COF; (c) average COF;
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Fig. 6 Wear morphologies of WC/Ni based coatings. (a) W10 coating; (b) W20 coating; (¢) W30 coating; (d) mapping of Fig. 6(b)
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Fig. 7 Polarization curves of WC/Ni based coatings
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Table 4 Electrochemical parameters obtained by Tafel empirical

law and polarization curves

Electrochemical parameter

Sample E.. vs. SCE (saturated
' c“:lomel elect(rode) /V e /(1077 A em®)
W10 —0.742 18. 60
W20 —0.878 3.65
W30 —0.755 5.28

B R B, 1K 9(a) S WC/Ni 35 J2 9 Nyquist #h
2, Horh , ZF0 2R BEATC I SR AN R S . VR 2 I BT IR
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Fig. 9 Nyquist and Bode plots of WC/Ni based coatings. (a) Nyquist plot; (b) Bode plot
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Table 5 Equivalent circuit fitting results
Sample R./(Q-em®)  Q,/(Q '-S"-ecm %) n R, /(Q:cm®) Q,/(Q '+S"cm ?) n, R, /(Q+cm?)
W10 4.543 1.884x10 " 0.6902 6.170 6.699Xx10 " 0.7120 6828
W20 4.722 3.625x107" 0. 6604 16. 930 9.648X10°° 0. 8856 7782
W30 4.954 1.318x10* 0.6388 7.048 4.590x 10" 0.7003 7249

454 WC/Ni 3% J2 1 Nyquist #i 28 5 Bode #h 42
DL KON 45 L R M kB, WC /N3 4% J2 10 T g b 1
v ERHE R S W20 > W30 > W10, % 5 1 4k il £
fresp s —8 . WEHHE WCE BN K, k2
i S bk S B R R N R X EE R T
WC & 404k T dfoki, 48 7 T Bl Ak B 9 80 8 5 8
PE LT T T 4R 2 B 65 phobE e . RT3 WC IR
IRt 20% B R Z AR TR Z AL, LIRS TEE

b it R v R — 2D T R IR Y B TR 2 B4 o g
A HI 55 U 2 BT JE kv RE

A

IO 8 AR TE VR AR R 12CrMoV K 1
Tl 45 7 AR WC i i i Ni60 4% J2 L il RE 24 oK HY B
W BB RG . WC IR TR 2 Mot iveE , T 85U
)2 1) A0 RO 0 o R AR, B W C B R BN 0

0914008-7
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b F1 B 8 320 U /N O S TR B A G R . WC/NI60 TR
JE 458 £ 2 i y-Ni(Fe, Cr),,Cs. (Fe, Cr),C, . W,C
WC MM, w2 ket E2h WC %1 C oo
RY5FEAICE RN AN . )2 PSR E 15 25
ANTA] VR J2 IS &8 M AR, T00R R S5l . W30 1R 2
B S RORE B A R, T 3k 853 HVO. 3, HLH: R % 1 i i,
7E 30 N B 2k far T BE AR BN 6. 36 X 10° mm’. WC
HEOR T TR JZE Y S M RS 5 AL B O R T R K
W30 ¥ 2 (1 it JE§ b v BEAIE T W20 3% 2, FL B A T A& )
Tiif 65 ik 1 e R A Y Rl AR, e TR WC
I, N AT A4 v BE S R ko RE L, WC B N i
WA 20%6 o B 5T R A ) AR L 1 2 i B A LA B
RS -9

Z % x M
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