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Study on Microstructure and Sliding Wear Performance

of Ni60/WC-10Co4Cr Coatings Prepared by HVOF Process
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(1. College of Materials Science and Engineering, Hunan University, Changsha 410082, China;
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Abstract:In order to decrease the material and manufactural cost of the HVOF sprayed cermet coat-
ing, to replace the EHC in wider fields, five cermet composite coatings were deposited by HVOF process
using the blended Ni60 and WC-10Co4Cr powders with different ratios. Microstructure, properties and
sliding wear performance of the Ni60/WC-10Co4Cr coatings as well as electrolytic hard chrome (EHC)
coating were investigated. The results showed that all the HVOF sprayed coatings were compact (porosi-
ties were less than 1%), their hardness increased from 688. 3HV, ; to 1203.4 HV, ; and the wear rate de-
creased from 2. 75X 10 ° mm®/N « m to 7. 29 X107 mm?®/N » m with increasing the WC-10Co4Cr ratio.
The wear rates of the HVOF sprayed coatings and their counterparts as well as their frictional coefficient

were lower in comparison to the EHC coating, which exhibited excellent sliding wear performance.
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Tab.1 Chemical composition of Ni60 powder %

Cr B Si C Fe Ni

15~18 3.0~4.5 0.7~1.0 <5 Bal.

3.5~5.5

WC-10Co4Cr #3 K W47 B Ry 15 ~45 pm,
By AR I L AN 2% 2 TR
2 BABRL(REESY) MXEHRERS

Tab.2 Mass ratio of powders

and number of coatings %
WEmS Ni60 WC-10Co4Cr
NW1 100 0
NW2 80 20
NW3 60 40
NW4 40 60
NW5 0 100

1.2 RWHE
L2.1 REHNE

K TP8000 TR LAKRE Iy Ay AR | 5800 B RA R Y
HVOF B& #4745 A SCHRL 13 A0 LATE B9 8 ok
20 BRI R T2 S50 3% 3 Fis.

xk3 REBSRIZSH
Tab.3 Spraying parameters of HVOF coatings

I AR E ER R WE I B
J(L+h™ 1) /(m® «h™1) /(g e+ min~ 1) B /mm
22.7 52.4 60.0 380.0

1.2.2 M5 Fe AP 8 ) 4%,

4 AHAE i 48 2 B ik N 4, >R ] FEI-Quan-
ta200 4 F B 00 25 0% )2 9 A TE OB 3 L R TH R BE 1%
SR Z LB Z, Sk A HV-5 #8171 g 4 G AT
T e J2 A A T 0 R L R S 300 g, R 15
s M 10 A g O (.



92 W R K22 4R CE SRR O

1.2.3 W ah EH R X

FH CETR-UTM2 Bk % 2 28 482 5 45 52 55 AL DU
AR 2 0 B sk Re . A ARk 6. 35
mm A AR ER LRI 1 625 HV, ;. FilkEh 25
mm X 25 mm X ~5. 3 mm FRAEN, FEIRIEE N 5
mm. 2 ERE 20K 0.3 mm. W )2 A 4 ok T 8
6, H e TOHURE B 29 Ra0. 1. AH R Y BE 1 52 36 4%
PFA 3 15 NG BEIRE42 4 8 mm, F ikl 120 1/
min, JCIE W 7. {8 B R 35 %6 ~45 %0 . B 45t B B[R] Ry
60 min. 2R Zygo 16T = 4 MOWE AR AE B
MY 3D AR 5 BRI A A R BR e EH T
T2 AR T S S AR C A D)L 2R 4 A B B T Bt
FEERE R AL O, 3R (14 B JE T A0 - I i FL R 3R )2 K&
JEE 4 I (0 B AR R VAV, (mm® /N e m) 43 51 5% H
AR DR,

V.=3.14xXDXA/(F.XL) (D
P D oM E AR (mm) s Al BEIJR A - X 8 AR
A (mm?®) 5 F. 8 (N) 5 Lo SUEFE.

V, =3.14 X (R— /R — /) X[3Xr*+(R—

VR —1)?]/(6 X F. X L) (2)
it:':':' R i\] Alzosﬂéﬂéﬁé; r 5‘7 Al Osiﬁ%ﬁfﬁ—ﬂzﬁji{é
7 BRI AR N AR BIE ) s Fo MM (ND) 5 LA B
JEFE.

2 FRWITIR

2.1 MARFIRMEEL ST

Ni60/40 % WC-10Co4Cr ¥y K & 5 1 RE 1% 43 1
wE 1 R,

H P& 1 TR 4k AR B A5 RN RE 3 43 B 45 SR AT LA
B FREEH PR R HAREE L T EE W
Ni60 H3 A o 177 2 T KEURE 14 F9UR 2 SR FH W8 55 3k T2
#1145 1) WC-10Co4Cr # . Ni60 Fl WC-10Co4Cr #}
KA ERTE SO BRIE , 33X B BR TV B 48 47 1 Fy oK A5 A
FWEUR R P A Y AT
2.2 RERWMALR

U 2R B RUE S 2 R,

t & 2 n] LA L BT A th HVOF B T2 &%
(R J2 25 B B B0 . i EHC %2 #0m B AR 7R K
A E TR S RSy ) R aOR D L
- 53 ZE T AN TR 2 AT 1 2 2B G Sk AR e k).
B & 2Ca) 45 AR TR i Ni60 1 )2 2543 4R 1w T 50 ]

50kV X500  10um WD 7.9mm

(a)Ni60/WC-10Co4Cr ¥y KI5

F§ N

(b)) JBURL 1 f RE T

W
Co
C W
Cr Co
N Cr Co W
0 2 4 6 8 10

(o) BUkr 2 1y Rkt

B 1 Ni60/40% WC-10Co4Cr #r K % % 4= 4k
Fig. 1 Morphology of Ni60/40% WC-10Co4Cr
powder and EDS results
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Fig. 2 Cross-sectional microstructure of the coatings
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Tab.4 Hardness, Wear rate and friction coefficient
of the coatings and counterparts

wE R [03)'3 JER 2/ (mm? /N » m) JE
%Y F/% HVos I Al O Bk EY 4

NW1 0.19 688.3 2.75X107° 1.50X1078 0.61
NW2 0.20 694. 6 1.41X10°° 6.35X10°7 0. 64
NW3 0.20 700. 6 4.75X107°¢ 3.85X10°7 0.59
NW4 0.27 731.5 3.32X10°°¢ 3.03X10°7 0.62
NW5 0.56 1203.4 7.29X10°7 1.93X10°8 0.55
EHC / 875.2 1.66X10 % 8.50X10°°¢ 0.85
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Fig. 3 Three dimension morphologies of wear track of coatings and corresponding images of wear scar of counterparts
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Fig. 4 Morphologies of the wear track of the coatings
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Fig. 5 Schematic figures of the sliding wear mechanism
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