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Fig.1 SEM morphologies of raw materials: (a) WC-12Co, (b) WC-10C04Cr, and (c) CrzC,-25NiCr
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Table1 Process parameters of HVOF

Parameter Value
Oxygen pressure/>0.1 MPa 10
Oxygen flow/L min™ 270
LPG pressure/>0.1 MPa 7
LPG flow/L min™ 65
Air pressure/>0.1 MPa 6
Air flow/L min™ 600
Powder feed rate/g min™ 45
Nitrogen carrier gas flow/L min™ 9.4
Carrier gas pressure/>0.1 MPa 6
Working distance/mm 180

FHAHE B WS BE 5 s R TS, S BEERON B AL ik &
Bk, In#ESA 100 N, AER A4 30 min, FEKE
A5 mm, #3% 4 300 r/min.
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Fig.2 Microstructures of HVOF hard surface coatings: (a, b) WC-12Co; (c, d) WC-10C04Cr; (e, f) CrsC,-25NiCr
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Fig.3 SEM microstructures (a) and EDS element mapping (b) of WC-10Co4Cr hard surface coating
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Fig.4 SEM morphology of WC-10Co4Cr hard surface coating
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Table 2 Porosity of the three kinds of hard surface coatings

Coating WC-12Co

WC-10Co4Cr Cr3C,-25NiCr

Porosity/% 111

0.98 0.92

A 0% 2 FLIR 22 I A R 45 A 1R 38 I i B A1 » (L2, 25%NiCr
(IR i 2 FLBRF 5 14%CoCr i T 14 2 AH LA Bl
R PR vy, JFG 32 T Ji DRI ] Rt 5o 65 AL RRE i A (1] P i)
WA K. Co Xl i AHRRALAS VR LE Ni A0 Cr X
CryC, KB RELF, FEL CraC,-25NiCr ffi[fij it )2 FLBR
R R .

# 3 /& WC-12Co. WC-10C04Cr A1 CryC,-25NiCr
%2 R BE A . WC-12Co B THI iR 2 BB T A
9711.8 MPa, WC-10Co4Cr 1§ [ ¥ J2 1) T & A
10005.8 MPa, CrsC,-25NiCr ¥ )2 HI1# £ 4 6928.6 MPa.
IEE THT 9 J2 P S Al i 55 = B2 5 68 o 1 55 i S L R K /s
FHK o CryCr-25NiICr TR Z IR A AH & Bd e, FLASEEfH
A . WC-10C04Cr i )2 HHAFAE B S 9K 4 WC i
o7 DX 35, A AR P (R e 1

5 Jy WC-12Co. WC-10C04Cr F1 CrsC,-25NiCr i3
JEAE A ) BE P ZR AT N (R AR A 2 o 3 Ty J 5 1) BE
RECRAL BTG MR B BEBRRRAE . NITF A6 R A R
B, 3 FhiRE I B R EOS LT BESR T =BG, BEF
BN BETHR 2 S50 BEBR (SigNy) Wl I i3k N\ ) B 12
RAS, HEMREE AZ WG, BEBEST He = AL R B I
TURZ R, G R Al RS B 1Y 0, BE 43 AR A 1
K BEEBEBEIIEAT, HAbRm AR E, K

REURE 220 T A, PR R BB AG: TiSAEVIRIfER T
RABIW, BRZITEBNENA T, BEEEREAERE— A
PRI VG N - (HA&, CrsCyo-25NiCr ffif F B &K T
WC JERETIRE, FCAERPR RIS [a] P IA 3] BE 2 R 30 K
B, BjEEaT &P, WK s FR. tah, =50, R
JE I BEHE R A S T B IEAHOC . WC-10C04Cr (1R JiE i
W, HLEEEE R BN ; CraCyp-25NiCr [RE /)N, FLEE
BRI .

B 6 IR R AE AR A 10 B TR ARk T R 51 1
CrsC,-25NiCr B R 8 FE AR BE B R, 4052 1.73 mm
1 68.74 um. B IR AL RN, BRI 5 FE AR B
BHTAR, 75 WC-10C04ACr 2, B JR WE FE AR B
AN, SRR 1.36 mm F1 4418 pm. bR SE B RHE R
THEZRFAEN, TRJE A E S 35 s e JBE 45 28 50N S IR
g, HEFEMEXHXR.

7 4 WC-12Co. WC-10C04Cr F CrsC,-25NiCr i
JEAE 1 mol/L 1) HCI A5 1) B 152 28 25 B P[] AR 4 2K
MEFFTLLE W, BT A E A, IR E R B R
S A FAREL A B TR . 7E HCI %3, WC-12Co
H1 WC-10C0o4Cr 1) BEHE SR UK HE I ZAI I 3l WC-12Co
(K% 5130 FBl {2 5 K T WC-10C04Cr. CrsC,-25NiCr [ BEH
REFae L. BT WC EREAMFTILFASRE

®3 IMBEEARHNEMERNKER

Table 3 Hardness of the three kinds of hard surface coatings

Coating WC-10Co4Cr WC-12Co Cr3C,-25NiCr
Microhardness, HV,3s/MPa 10005.8 9711.8 6928.6
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Fig.5 Variation of friction coefficient with time for different hard

surface coatings in air

10 05 00 05 10
Width/mm

K6 A RIBE VR 2R 2 S AR A IR B YRR A T Ve o i T )
Fig.6  Cross-sectional depth profile of different hard surface

coatings in air
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Fig.7 Variations of friction coefficient with time of different hard

surface coatings in 1 mol/L HCI
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Fig.8 SEM morphologies of the wear track of WC-12Co (a) and WC-10Co4Cr (b) hard surface coatings in 1 mol/L HCI
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Fig.9 Variations of friction coefficient with time of different hard

surface coatings in 1 mol/L NaOH
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Fig.10 SEM morphologies of the wear track of WC-12Co (a) and CrsC,-25NiCr (b) hard coatings in 1 mol/L NaOH
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Friction Behavior of WC-12Co, WC-10Co04Cr and Cr3;C,-25NiCr Coatings Prepared by
HVOF in Different Media

Luo Xin', Wang Shaoyi*?, Hong Yuankun®, Wu Jiayi*, Luo Wanqing®, Zhong Zhigiang?, Yang Qiumin*?
(1. Department of Materials Metallurgical Chemistry, Jiangxi University of Science and Technology, Ganzhou 341000, China)
(2. Chongyi Zhangyuan Tungsten Industry Co., Ltd, Ganzhou 341000, China)

Abstract: In order to study the friction behavior of hard surface coatings in different media, the coatings were prepared by high-velocity
oxygen-fuel (HVOF) with WC-12Co, WC-10Co04Cr and Cr3C,-25NiCr materials as raw materials. The hardness, morphologies of the wear track
of the coatings were analyzed by micro-hardness tester, wear tester and SEM. The results show that the porosity of the coating is closely related to
the content of the binder phase. When the binder phase (Co) content is 12wt%, the porosity of the coating is 1.11%. When the binder phase (CoCr)
content is 14wt%, the porosity of the coating is 0.98%. When the binder phase (NiCr) content is 25wt%, the porosity is reduced to 0.92%. In air,
WC-10Co4Cr has the highest hardness and the lowest friction coefficient, while Cr;C,-25NiCr has the lowest hardness and the highest friction
coefficient. In the environment of 1 mol/L HCI, the best corrosion resistance of NiCr binder makes the friction coefficient of CrsC»-25NiCr coating
stable, and the poor corrosion resistance of pure Co and CoCr makes the friction coefficient of WC-10Co4Cr and WC-12Co coatings with high and
low fluctuations. In the friction process in 1 mol/L NaOH environment, the corrosion of hard phase can reduce the hardness and increase the
friction coefficient.

Key words: HVOF; hard surface coating; medium; friction performance
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