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Effect of WC Particle Size on Microstructure and Properties of WC—-CoCr Coating

YANG Er-juan, LI Tai—jiang, LI Wei, LI Yong, LIU Gang, MI Zi—hao
(Xi’an Thermal Power Research Institute, Xi’an 710032)

Abstract: Particle size of spraying powder is the key factor which affets the properties of tungsten carbide coating.
Three types of WC—CoCr coatings with different WC particle size were sprayed by high velocity oxy—fuel (HVOF). The
microstructure and properties were analyzed by SEM, XRD, micro-hardness tester, particle erosion abrasion tester and
so on. The results show that the decomposition of WC is serious in the FN-WC coating, while little decomposition of
WC is observed in the PN-WC coating and M-WC coating. The porosity of FN-WC coating, PN-WC coating and M—
WC coating are 2. 1%, 2. 0% and 2. 3% ,respectivly. The micro hardness are 1 254, 1 241 and 1 229 HV, ; for the three
kind of coatings. The bonding strength of FN-WC coating, PN-WC coating and M~ WC coating are 68. 7, 73.5 and
72.9 MPa. The erosion wear resistance of the FN-WC coating, PN-WC coating and M-WC coating under attack an an-
gle of 15° are 9. 3X 10", 15.5X10" and 10. 74 X10* g/cm®, while the erosion wear resistance are 4. 68 X10*, 4. 70X 10"
and 4. 26X 10" g/cm® under an attack angle of 90°. Compared with FN-WC coating and M-WC coating, the PN-WC
coating shows uniform microstructure, slight decomposition of WC, concentrated distribution of hardness value, high
bonding strength and good erosion wear resistance under an attack angle of 15°and thus an excellent comprehensive per-
formance.

Keywords: high velocity oxygen—fuel spraying(HVOF); WC—-CoCr coating; abrasive wear

KRB . 2015-04-27; fEE BHA: 2015-06-18; BELIWH . » P EEREFARHTH (HNKJ12-H3D
BIREE: 18 (1983—). (PO, TR, Mt HRAE: Bu MM EEEE S REPI AR Tel: (029) 8200 2772;

E-mail: yangerjuan@tpri. com. cn

W2 HAR B EF: 2015-06-23 17 ¢ 16; M HARHME: http://www. cnki. net/kems/detail/11. 3905. TG. 20150623. 1716. 011. html

Blszigst: M. ERIL, 28, & WC B R SHX WC-CoCr W24 5 1ERERy (1], o E R T/, 2015, 28(4): 70-76.
Yang EJ, Li T J, Li W, et al. Effect of WC particle size on microstructure and properties of WC—CoCr coating [J]. China
Surface Engineering, 2015, 28(4). 70-76.



B 45 .45 . WC R R ST X WC-CoCr W JZHA SPERER IR 71

=
L
il

K e AL 3k i T P 0K e AL B S L T
T JEFR LA K 1k T B8 A5 il T A2 B8 VD R B ol 45
A i S B A A 2 T R R K A R e s
7 v AR I B R0 3 R A s AT AR ART
TAGHFEE Al A7 i 4 L, ™ 5 R 2 AL 2H 08 AT
FROE AN 2 Ak . PR an el 36 3K A8 AL A I A 14
0 BB o [ T 2 28 By 4 I K A 7 v R £
fl R B R Z — o B B KA I U (High ve-
locity oxygen—fuel spraying, HVOF) B L8124
VBB 455 5 B e o B R R L O T 1 B G S
YD KB AL B v A4 T JE 7 7 0% T2 L 8 5 HOR
I BRI R

M I 3 A M R T e A S U 2 M RE B %
HEAR . BEE R WIIR 2 T WC UKL Y R/ 5
Bk T R IR A h WC B RS TR 2 b1 8
SOURL A /N B 4 5 T W R R 2 MR RS . R AN
KA A A5 1 0 K B AL 5 % 2 B AR e BHOK By R
8 B BIOR ik 1 5 3% J2 LA S o Y R R
T P AR SE AR R SRR s L R
YRI5 by R A 00 B AL B O 2 PR R SE A T A
K A 1] 45 1 Bl Ak B e R RED . (R E R A DG R
EED . HI SO RGN T KO R

K K I A B BOK B A8 2 )2 1) AL 4 4
FePERE  BEVTE AR Ry R WC JB0RL R X ik J2 21 41
5P RE R

1 R B

1.1 RE#&

S I A R SR LA 4 K L 9 K TR TR A 2 B
KR WC Bk 3 Fff WC—CoCr #K , Bl FN -
WC.,PN-WC 1 M-WC, FN-WC # K& g%
WC BORLI 32 14158, B J A0 2 BRI AROK 1) 0K
JF 38 2Rk 4 B Bk AR BURL , Wl 1 Ca) (b) B
UKL 1Y) SF- X5 RLFE g 18. 85~37. 56 pum, B e %%
5,48 g/em’, PN-WC HARESLME 1(c) (D
JIE 7R By AR T 4120 T RS 2R o0 Ui B A I g ok
UL A K B 4 S A8OK SAHOK GBURE o 493 A F- 35
FER 23.33~44.79 pm, PA BB E N 5.6 g/em’
M-WC # R TESME 1Ce) (D FF s« 5 A i 1 21
2y WC BURLRLAR A 0. 5~3 pm, By R RLEE
21~50 pm, 2% E R 5.0 g/cm’,

XRD i xf b (B 2) Ko dr 45 2R (3 DAl &
H FN-WC ¥k b WC Foki R ~F &/ . PN-WC
H WC Bk R Pk Z . M= WC oK WC J5ikL
ReF K.

(d) PN-WC, cross section
B1 By R TR S50 K i 41 41

Fig. 1 Surface and cross section morphologies of the spray powders
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Fig. 2 XRD patterns of the powders
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Table 1 FWHM of the WC main peaks
Powder FWHM/ ()
FN-WC 0.194
PN-WC 0. 157
M-WC 0. 148
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Table 2 Parameters of the spraying process

Parameters Values
Pressure(0,)/MPa 1.0
Flow rate(0,) /(L « min™ ') 240
Pressure(C; Hg) /MPa 0.6
Flow rate(C; Hg) /(L » min ') 68
Spray distance/mm 200
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Fig. 3 Cross section morphologies of the coatings
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Fig. 4 XRD patterns of the coatings
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Fig.5 Micro—hardness of the coatings

2.4 REHERE

K3 NIREL G WAL AL PN-WC IR 245
FOR BB KT 73,5 MPa, fir fift i # o 2
Wi TREZE N TR . M- WC 3R 2 25 5 3 - 1
{H5 PN-WC IRJZH 2. H _EIR DI IR Z 455 50
JEXgHE & T FN-WC RJZ4 G L. XA RE S
FN-WC 240K Uk JZ= 76 # & 306 3 i = Ak,
WC WKL i SR AT K. FN-WC 40K IRE
F3~5 SR TIRET.



74 2 EH X W L E

2015 4F

R3 REGHEERE

Table 3

Adhesive strength of coatings

Bonding strength/MPa

Mean value/

Coating Frature position
1 2 3 4 5 MPa

FN-WC 72.3 74.8 62.6 70. 4 63.2 68. 7 Coating+ glue

PN-WC 70.7 75.8 72.0 76.9 72.3 73.5 Glue

M-WC 73.2 69.4 77.2 76.3 68. 6 72.9 Glue
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Fig. 6 Erosion volume loss of the coatings under attack

0 02

angle of 15 °

B 7 Jy90°H /AT FN-WC & )2 .PN-WC &
JZF M-WC R Z R op i B SRR . ATLLE
H L 3 i 2 B ik AR A 2 AR Al A 2 PN -
WC 1 FN-WC iR 2 it ih i BE 5B ) Re 73514

250
vM-WC  Re=4.26
APN-WC  Re=4.70
o 200F o FN-WC  Re=4.68
g = Substrate Re=7.19
S 150
2
2100
[0}
E
250
1

4 L 1 2 | i 1 " A
0 02 04 06 08 10 12
Weight of abrasive grit / kg
B 7 90 B f IR 2 ol il B 5 I FR 4 2R
Fig. 7 Erosion volume loss of the coatings under attack

angle of 90 °



BaH

B 45 .45 . WC R R ST X WC-CoCr W JZHA SPERER IR 75

4.70X10" g/cm® F1 4. 68 X 10" g/cm®, B i i T
M-WC & JZ R0 oh it B 5L BH 5. 3 B 2 A8 907
BUMR B o ol (R FRBE 2R B W s TR AL SR AR
Bl &R A EE 90° UM T Il WC IR JZ A B 4r
B o il RE

K 8y FN-WC.PN-WC fl M-WC & ZH
P EBUE XS L. 3 FIRJZTE 90 KA T 1 o
ol PR 5 9R 38 34 B 157 A T B e el S A R 3
o FLYEDIR A el B AR S A SN K Xk

W17 AE 90 TS T ot ik 72 v i AR R BR A0 2K L
IS°HUf e 8, 76 15° /A F . PN-WC ik
J2 T ik ALY R AN W FN-WC M-WC ¥R
J2 T 1 ok A 9 R B AR O 2% B /b R 1Y
B,

454 3 MR ZAE 15 M R By a7, PN -
WC H T HABAR B B0 b ik 58 H R 10 1 AL
BB, T FN-WC,M-WC %2 vh i BH
JIEAR L ALY LA

S

M05m

(d) 90°, PN-WC

I Y U R LS B )

Fig. 8 Erosion wear morphologies of the coatings
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