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ABSTRACT: This work investigated the microstructure, corrosion and wear resistance and corrosion mechanism of Ni60 and
Ni6OWC spray welding coating, which can provide a reference for the selection of spray welding coating for the mechanical

parts in service under severe working environment. Ni60 and Ni60OWC coatings were prepared on 16Mn steel substrate by an
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oxy-acetylene flame spray welding process. The phase composition and microstructure of the coatings were tested and analyzed

by an X-ray diffractometer, metallographic microscope and scanning electron microscope. The corrosion and wear resistance of

the two coatings were studied by an electrochemical workstation, salt spray(fog) apparatus and abrasive wear tester. The results
show that there are metallurgical bonding layer and heat affected zone between spray welding layer and 16Mn steel substrate.
The microstructure of the Ni60 coating is a large number of smaller-sized granular and rod-shaped carbides and borides
dispersed on the NiCr solid solution substrate. In addition to the fine hard phase similar to the Ni60 coating, the Ni6OWC
spray-welded coating has a uniform distribution of WC particles of different sizes. The wear rates of Ni60 and Ni60WC coating
are 8.3% and 2.3% of 16Mn steel respectively, and the self-corrosion current densities are 1.0% and 7.6% of 16Mn steel
respectively. In addition, the galvanic corrosion between the matrix phase and the hard phase is the main corrosion mechanism

of the two nickel based spray welding coatings. Both Ni60 and Ni60OWC spray welding coatings can significantly improve the

wear and corrosion resistance of the 16Mn steel. Among them, Ni60 and Ni60WC coatings are respectively suitable for surface

protection of mechanical partsin service environment where corrosion and wear are the main factors.
KEY WORDS: spray welding; nickel-based aloy coating; Ni60; WC; abrasive wear; corrosion
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Fig.1 Surface morphologies of the Ni60 and Ni60WC powders: c) high magnification morphology of the Ni60 particle, d) high

magnification morphology of the Ni60 particle of the Ni60-WC
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Fig.2 XRD results of the Ni60 and Ni60OWC coatings
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Fig.3 Microstructure morphologies and EDS analysis: a) cross-section morphology of Ni60 coating; b) high-magnification
cross-section morphology of Ni60 coating; ¢) cross-section morphology of Ni6OWC coating; d) high magnification cross-section
morphology of the Ni6OWC coating; €) the interface between Ni60WC coating and substrate; f) the EDS result of the region
labeled as 1 in Fig.b; g) the EDS result of the region labeled as 2 in Fig.b; h) the EDS result of the region labeled as 3 in Fig.b; i)

the EDS result of the region labeled as 4 in Fig.d
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Fig.4 Hardness and wear loss rate of the 16Mn steel and two
spray welding Ni-based coatings

IKT 16Mn LA, LA R A s 4 256 5 1 i AR S i
WH, FERRCHE R B A R b, B O A 3 AR
R0 BRI 7 40 IR A L P A AR AE
AR B S R i, LR AT B AR R A I 452 1) BB )
S8, AF R A4 RR S R Rk /N o SCHK[4, 14] 43, Ni60
TR 2 AR K TR0 A B B A % 0 A e 4% 25 1
A, BRI SR 2 A0 NE R, SR e L s A
XFF Ni60 W2, i T b & WC 151 A, fff NiBOWC
A0 R R RE A T — 2 AR
2.5 ERFOREIERZERE M4 sE
2.5.1 EEMBIERE M B EE s

FLPR 16M n AX T o AL U 2 1) A2 T oy
WAL LR 5 i . & 5 AT LAE Y, PR
J2 1) 8 oy Eb A7 I8 5 v T AR 16Min X, HLRE I A il 2
{7 E AL EL 16Mn B SR 22, SR AL AR TAE S, A 5 1Y)
X E B s th 64T A shil s, 15 2045 FE 5 S
Tl A A S R R, IR 1.

KI5 A 16Mn i fh g A5 R B gk 122 v Al 2 i Al it 2k
Fig.5 Polarization curves of the 16Mn steel and two spray
welding Ni-based coatings

&1 EHiE 16Mn MIAFBHRERAENEMBAIBEE
HMEREE

Tab.1 Corrosion potential and corrosion current density
of the 16Mn steel and two spray welding Ni-based coatings
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Fig.6 Surface morphologies and EDS results of the two spray welding Ni-based coatings after electrochemical corrosion
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Fig.7 Surface morphologies of the 16Mn steel and two spray welding Ni-based coatings after copper-accelerated acetic acid-salt
spray (fog) testing: a) 16Mn steel after 24 h of corrosion; b) Ni60 coating after 168 h of corrosion; ¢) Ni60WC coating after 168 h

of corrosion
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