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Wear Resistance of High Enthalpy Plasma Sprayed WC-10Co4Cr Coating

CHEN Xiao—ming'?, ZHOU Xia-liang"*, WU Yan-ming'?, WANG Ya', MAO Peng-zhan', WANG Li-rong'
(1. Standard &. Quality Control Research Institute, Ministry of Water Resources, Hangzhou 310012; 2. Hangzhou Me-

chanical Design Research Institute, Ministry of Water Resources, Hangzhou 310012)

Abstract: To improve the martensitic stainless steel (0Cr13Ni4Mo) surface hardness and wear resistance, the stainless
steel was strengthened by high enthalpy plasma spraying WC—-10Co04Cr coating. The microstructure and phase composi-
tion of the coating were characterized. Wear tests were carried out at different temperatures. Results show that the WC—
10Co4Cr coating is density and consists mainly of WC phase, while a small amount of W, C and Co,; Cr;; W5 C, exists in the coat-
ing. The WC-10Co4Cr coating has lower friction coefficient both at room temperature and high temperature (400 ‘C). At room
temperature, the wear mechanism of matrix mainly includes adhesive wear and abrasive wear, and the wear mechanism of
WC-10Co04Cr coating mainly includes micro—cutting. Under the condition of 400 C, Wear of stainless steel in the center
grinding mark is most caused by adhesive wear and peeling, but abrasive wear in the edge area of grinding crack . The
wear mechanism of WC-10Co4C sample is abrasive wear with slight peeling.

Keywords: high enthalpy plasma spraying; WC-10Co4Cr; microstructure; wear resistance
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HE ) Y 2 T o3P AR R o A R A 3 T RE LA M
X AR R O HEAT B B A M T4 R K R
SE P B Al A7 il o 3 T AP B AR R AT
o7 FH 3 Bl f B B 1)
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WA R A R AN A5 B8 T
FATS . PR g WC - Co F i B Uk 2 19 07 4
A KO TR RS B R o
& Ry R A U R NS R T S I R
T BT R e O L Y R R S R
HUA RAF A 47 R A 5. B A8 AWE5Y
THEEHFEFH TS HVOF Biig WC-Co IRJZH)
info o B 451 RE Ll 2 0 L R B HEP et i 7 3 45
B Wik i WC—Co IR JZ B it AL T JP-5000 A
DJ-2700 PiFhiE & B KO BEIR TR 2 . AR R R
EHFTEERM AE WC—-Co BroR dim A — %€ it it o
By Cr AU R WC AL Co K& M 45 &
590 JRE A 5 B v T EL R LA S S T ek A
T o ok A B ELE A B TR WC - CoCr R
JZ 9 e L R S A0 P RE 7 AR Bk Z AR SCHIE T . ik

S T UR B AR G I B R A IR L R R
FRL SICFR) 42 flh o AT A PR B TS T 4R i A
AT AR o K R al 1k 100 kW, BAT
BT | B R DU R A0 i ) A AR AR
SCHP R o R 2 T R R A£E 0Cr13NidMo 5
FRARAEE 0 2 I il 5 WC—10CodCr 3 )2 . XHR )2
HOEERACEY (AP e o 3= B R T 7 1 S E R e s
BESXIAR T W IR (25 O) 5 &l (400 O F iR
JZ W BE A VR RE R B PLEE
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1.1 RERH &

RIS B R T KA ] K ES 0Cr13NidMo Hy [
AW, AL o W3R 1. Wi ialRE 19 RS
100 mm X 50 mm X 5mm., Wi EyN R AR T
FE T R B 1 M A0 e 0 A B L B O 2 A
s G om ., WEMBEEMEE H C Statck
GmbH 23 "] A4 = ik WC—-10CodCr #oK . UL
JEO 15~45 pm, W TR BIDREROK B R & T LA
HEAT 30 min T4 A0 BR L HEF IR 100 Co R
T00HE RUME A 47 /5 K5 45 B9 1 e ik AR T ik T
BN IR IIER 50 kW, @ T A 44 L/ min,
A 6 L/min, AW AL 3.5 L/ ming 35 B %
W2 r/min, BUAEE 120 mm.,

£ 1 0Cr13NidMo B [KE R FE WL FER

Table 1 Chemical composition of the 0Cr13Ni4Mo martensitic stainless steel (w/ %)
Element Cr Ni C Mn P S Mo Cu Co N Fe

Content 15.0-16.5 4.5-5.5 0.028 0.73

0.30-0.33 0.013

0.002  0.57 0. 04 0.03 0.01 Bal.
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F18 308 UCREE B2 A, T 2 2 A 2 300 g PRELIF[R] 15 s,
JH WDW-100A BIUJTREIA IR L. #% i GB/ T 8642 -
2002 RAED E TR 25 HEAR B 455 R EE

FH HT 1000 Bk — 4% 20 451 12050 B I 3 B 1
5UR Y BE 5 B AR PE AR L T BE 5 R L 1 1n) B A
10 N, [\ 2£42 5 mm, $% 3 5 560 r/min, B 451 15}

[i] 150 min, R H&EN © 3 mm, % MK
Ra=0. 05 um, B85 77 HRC ffy Siy N, BR1E by BE 5
A, I IR N (25+4) CHRIE IR N (400+
4) C, H LE225D BYHL 43t K F OFF B B2 H
0. 01 mg) R il 56 il J5 X AF 5 b LA SRS 61 2k
FEW RPN 0 50 2847 3 o kB8, 3 kAR E
S0 8 (B A A R B SR Y B K R
SR A4 H 45 (SEMD X B8 1 o LT 350 B 45 1L 3L
FAA Ry AT 53 HT

2 #ZR5iTiE
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ANTFJZ Z 45 5 RE 140 .

40 um

(b) Cross section

K1 WC-10Co4Cr ¥ )2 1Y 35 i A If T2 51
Fig. 1 Surface and cross section morphologies of the

WC-10Co4Cr coating
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o T2 /0N B TG O AT 2H 4 TR R BE T
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EDS 73 Hr 800 45 53 nl A0 Bk 2 1 8000 35 A R Y
OGRS YLad TR 2B AR AE 45 B 1 R R A
B4 .

w Element w/% a/%
C 6.46 40.10
(0} 1.90 8.86
Cr 1.60 2.29
. Co 14.23 18.01
s W 75.81 30.74
3
Q
W w
cCo Co
0 Cr Co W
C o fiw flw AN
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EDS analysis of the WC-10C04Cr coating
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PLAPIRK I R A 3 P A5 5 R I 65 MPa,
W2 GREARG G RYF.

x2 HF5 WC-10Co4Cr 2 EHEE
Table 2 Micro hardness of the matrix and WC-10 Co4Cr

coating (HV,. 1)
Sample WC-10Co04Cr coating Matrix
1 1179 361.7
2 1353 385.3
3 910 342.8
4 1225 335.0
5 1202 358.3
6 1487 385.4
7 1326 351.8
8 1552 332.7
Average value 1274.6 356. 6
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/3 WC-10CotCr 3t J2 2 £ 3 1o 25 1t
Fig. 3  Variation of the tensile strength of the WC -

10Co4Cr coating and matrix with time
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Fig. 4  Friction coefficient of the martensitic stainless
steel matrix and WC - 10Co4Cr coating at room tempera-

ture

# 3 WC—-10Co4Cr Mg i ol A F EL AR 1Y =
WEM R E, SRENFEWLIAERERES, V1
BRI E & 21. 75 mg, WC—-10Co4Cr 1§ 2 F
PRy 0. 78 mg. B AN HE A 1 451 ¢
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ALK 0,035 76, FH AT UL, 4 f) T 25 4 R
CEIL I ONIVE

i N ABR WC-10Co4Cr iR J2 A48 05+
(R0 3 5 408 1 i 1) 32 B DL PR Ay < AR S R R

®3 AARHZETHERSMEIERZE
Table 3 Wear volume and relative wear rate of the sam-

ples at room temperature

Weight Average Relative
Sample
loss/mg value/mg wear rate
21.62
Matrix 21.83 21.75 1
21.80
0. 85
WC-10Co4Cr
0.73 0.78 0.035 76
coating
0.76
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(d) Magnification of (c)
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Fig. 5 Grinding crack morphologies of the matrix and WC-10Co4Cr coating at room temperature
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Fig. 6  Friction coefficient of the martensitic stainless

steel matrix and WC-10Co4Cr coating at 400 C
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(c) WC-10Co4Cr coating

KRB NN 28. 32 mg, WC—-10Co4Cr & )2 & i
JE R E A 1. 60 mg. BEASEE 9 HE 1A B 2 45
o 1, LUK HE & B 0E L U 400 C TR IR J2 3 AR X
JER A 0,056 50, AT WL AE 400 CRIR)E
Xof A B it S PR R ATS A A K I B L EAR X T E
AT IR 2 P B Re A I R R .

x4 FAEARHEAE 400 CTHEREMENERE
Table 4 Wear volume and relative wear rate of the sam-

ples at 400 C

Weight loss/ Average value/ Relative

Samples
mg mg wear rate
27. 80
Matrix 28.01 28.32 1
29.15
1.54
WC-10Co4Cr
. 1. 65 1. 60 0. 056 50
coating
1.62

Pl 8 J2 B FR AR AN 5 19 i o 01 o % 45 1
7k WC-10Co4Cr PR JZ 4L BHJ5 Y FE 400 C &

(d) Magnification of (c)

8 BRI WC-10Co4Cr IR JZ7E 400 CF 1Y 3 1 5 R 44
Fig. 8 Grinding crack morphologies of the matrix and WC-10Co4Cr coating at 400 C
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