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Effects of WC Crystal Characteristics on Microstructure and Mechanical Property of
HVOF-sprayed WC-CoCr Coatings

WANG Dafeng'?, MA Bing', CHEN Donggao', MA Liangchao', LIU Hongwei', WU Jinming’

(1. Institute of Welding and Remanufacturing, Ningbo Branch of Chinese Academy of Ordnance Science, Ningbo 315103,
China; 2. School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: To improve the integrated mechanical properties of nanostructured WC-CoCr coating, WC-CoCr coatings were
fabricated by a high velocity oxygen-fuel (HVOF) spraying system from two agglomerated powders with different crystal
characteristics. The effects of WC crystal characteristics on decarburization of WC during the in-flight and coating formation
stage, microstructure and mechanical properties of coatings were systematically investigated. The results show that ultrafine
WC grains with higher density dislocation dramatically decompose into W2C during spraying, resulting in the coating with higher
porosity and lower fracture toughness. However, nano-scale WC grains with apparent twin have good inhibitory effect on
decarburization of WC and significantly enhance the fracture toughness of the coating. Thus, the nanostructured coating exhibits
the best comprehensive properties with low decarburization, low porosity, superior microhardness and fracture toughness.

Keywords: WC-CoCr coatings; WC crystal characteristics; high velocity oxygen-fuel spraying; decarburization mechanism

WRHLEE L, AIMEE KL &S, H
FRE R L SRR 2 1) WC-CoCr IR 2153 T 1
WC-Co FEUR ZH BA S, S ESEEqE ek SRS 5 ORI B WC ik 25 i 2

W TV 22 Tl AR A 2 ThT A 470 8 08 470 5 e 75 47 i UM SAPERE, A4 AH CoCr TTmkm BIHERHAY T

0 5

il

W EEA: 2018-11-28; fEEIHHA: 2019-01-10

BIEEE: TRE 987, B @), BIEmRL, i, HRAE: WmEMhR 2R &L TR A; E-mail: bjing2013saw@126.com

EEWMB: TH AKRERERS 2018A610169); IS HAREIEEES: (2018BS05008); E B HLALFHIIT H (JCKY2017208C006)

Fund: Supported by National Natural Science Foundation of Ningbo (2018A610169), National Natural Science Foundation of Inner Mongolia

(2018BS05008) and National Defense Basic Scientific Research Project (JCK'Y2017208C006)

SIAME: ERE, DK, BRARE, 55, WC RIESSHFHEX HVOF BOR 91K E5H WC-CoCr iR Z A L PERERY M [J]. b =R T4, 2019,
32(1): 88-97.
WANG D F, MA B, CHEN D G, et al. Effects of WC crystal characteristics on microstructure and mechanical property of HVOF-sprayed
WC-CoCr coatings[J]. China Surface Engineering, 2019, 32(1): 88-97.


http://dx.doi.org/10.11933/j.issn.1007-9289.20181128002
http://dx.doi.org/10.11933/j.issn.1007-9289.20181128002

%14 FREE, 4 WC SIRERHEXT HVOF BURAIKE5H WC-CoCr IR Z 4 AL M RR IS M 89

Ly, R B E T IR Z T E v RE) . SR
M, PER R WC 2 & AR i, TE )
Hf tEAH WaC. W A5 ) 55 0 J2 1) 590 4 R v s 5
AE. AHPCHAMMER T 20 (G5 7 milR), Mgk
YA T.25 (High velocity oxy-fuel, HVOF) K A
MG (>500 m/s) ARG IRIRE (<2600 C)
FREET, S0 WC IR EHA mEUE. L5k
TRV e P T RS 401 PR R

BRmTIR T 240, 1 20058 i i s AR e i by
REEAHRE R TR 2 10 1 2F M R R S 1 B o519, 3fE
ok, IO A T WC RS R840
AN B, U2 B R VI T S S o P RE R
. TR ERRAKE 19, Shipway U IBFSE T
HVOF B{iR 44K 254 FIOK 454 WC-12Co 1R)2,
R R KSR A 2 LA 0 v T B R 3 20 45
PERE, TRIMEBA ORGSR ZE, FE R
ISR FE Gk WC A e Em LR, TR T K
PIMEYE WaC Fil CosWsC . SR HAAT 5% 3 2 BH
FEAIR WC RO BY0K RS, WRIZMREEE . B
T S 5 PE R 2 i B U000, Saha UK B
HVOF BRI KLER-) WC-17Co 132, #)1
TR B L S P M R 2 I R T 25%. 35% Fi1 6 £
BHOREEUR)Z, XL IT P TR &5 44 1k 2 19
T IR ZH 2 3 o fr 245

AR LER SR S5 WC-Co JE35 2 B AN
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Fo T AR WC R R SE R RRIE X TR Z O 2R
YIAHAL L, HHRIE T AR L5 WC-CoCr 7R
JERBETIPENLIE

1 i I

1.1 EEMEKRERERE

I WC-CoCr WM A 4 (R 4350
9 86%WC-10% Co-4%Cr, H AW ARHmEE T
- DOE B RS - B e T &Y, AR EE A
10~38 um, JiB WC ¥R 73 5l 4ok . B 4e
JEE,AH R R I T A 2 500 hy 40 DK 45 ) R A 285 )
WA (i NP F1 UP, SCHAHR R ZWR A
HIEFRS), Higk WC FIE41 WC S IAERIE Sy
ol Sy A A R R i B . B TR
45 8, =18 60 mmx60 mmx2 mm,

fifi FH Praxair JP8000 A 5 1 K I3t ik 22 4t il
URIZ, s B oo, A BRI, A
SORTER R, AR B AR R LR N 1
fEHFR, PRAbmiR T ES 0 & B anas i)z
% 1A, SR SR FH A [R] Z 850H) 45 90 K 2546 Uk
2, HBRTESHERE W, BIURE, St
oA AT R P 0 3 Ve B i RN R T WL AL AL B 4
WA 2 AR RN 0.28~0.33 mm,

# 1 HVOFBHEEH
Table 1 HVOF process parameters

Parameters Values
Kerosene flow rate / (L-h™) 27
Oxygen flow rate / (L-min™") 900
Nitrogen flow rate / (L-min™") 8
Feed rate / (g'min™") 70
Spraying distance / mm 390

1.2 SEHFRAERMEREMIRX

] Zetasizer Nano Z BUIOEH KL BBy
JoBE WC By R kLB 934 . SR Rigaku D/max-
3¢ I X BHRATHHY (X-ray diffraction, XRD) %}
W R AR 2 YA S5 A AT 20 B, FHARCEE R
Cufll, Lk 40 kV, Wi 40 mA, FHHiEE
5°/min, FHEIEE 20°~90°, HRHES IR T
(Reference intensity ration, RIR), %5& XRD &ljf
XP R A FNR 2 AR 2R AT 2 i, R
JSM-7001F #1145, F . 4 4% (Scanning electron
microscopy, SEM) #1 FEI Tecnai G2 F30S-
TWIN % 5 B, F B #1485 (Transmission electron
microscope, TEM) XJ 43 AR R JZ M OR A ST
gL, FFd I B9 EDX GETE X R AR FNRZE B9 %
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AT LA o, RIS Re FH i 0 32 559 - S Ak
% (High resolution transmission electron
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2 ZFR5WE

2.1 RMERSR R ADER T

K1 PR WC JERPB R 1B S . i BT,
Yk WC By K 25 EEAINE , BokF- Yk
J 216 nm(ULE 2(a)), M40 WC ¥ AR IMNEA I
Wy, FEIEsRMIE, KR AmyaEA v, X5
%ﬁﬁﬁﬁ%%%%#ﬁ,ﬂﬁi¥ﬂféﬁ
396 nm (JLE 2(b)). TRy AR BUR R EU)N,
P WC AR I4 H —E FREE ) AT SR I

iR

(a) N powder

(b) U powder

K1 WC R ATES
Fig.1 SEM images of the WC raw powders

100

| 0.400nm~10000nm [/ 115
80 L dso: 206 nm M
S dy: 109 nm - S
S 60 b dy: 563 nm 110 P
E T £
s A0 ls 2
20
0 L L 0
10 32 100 316 1000 3100
Size / nm
(a) N powder

Volume / %

100 F
0.400 nm~10 000 nm M {12
80 L ds:396 nm ML 110
dyy: 210 nm i S
60 | dy: 803 nm ] 18 E
le6 2
40 g
14 2
20 + 15
0 L 0
10 32 100 316 1000 3100
Size / nm
(b) U powder

2 WC JEURP AR E 431
Fig.2 Size distribution of the WC raw powders



1

FREE, 4 WC SIRERHEXT HVOF BURAIKE5H WC-CoCr IR Z 4 AL M RR IS M 91

3 S WC HAK B9 HRTEM B 35 FAH 1 1)
SAED (Selected area electron diffraction, SAED)
e A 3(b)(d) FIHT, PIRRE AR AL WC K
AR, AN WC B AR AT BE 2 IR 2SR BT
M, RSP IEESE . I 3(a)(c) R, 4K

(c) HRTEM image of the U powder
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(b) SAED patterns of the N powder
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(d) SAED patterns of the U powder
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Fig.3 HRTEM images and SAED patterns of the WC raw powders
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Fig.4 SEM images of the WC-CoCr powders
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Fig.5 XRD patterns of the WC-CoCr powders
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Fig.6 XRD patterns of the WC-CoCr coatings
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®2 WC-CoCr AEHBENMERE S K
Table 2 Relative phase content of the WC-CoCr coatings (w/%)

Coating type wC W2C Co3WsC
NP 90.01 5.03 4.96
UP 63.62 29.12 7.26

L WC BLA B R T RE (RLHT B A RENY KR
TRE), 2 Ar 45X A Pt i 3l 7R R, sk
T W, CHEMTWRAESEIE CoCr, FHIEMBimA,
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A o
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(c) SAED patterns taken from region A in figure (a)
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(b) HRTEM image

Amorphous 5 1/nm

(d) SAED patterns taken from region B in figure (a)

B 7 4K45H WC-CoCr IRJZH TEM JES1
Fig.7 TEM images of the nanostructured WC-CoCr coating (NP coating)
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(a) Bright field image

(b) SAED pattern taken from region
A in figure (a)
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Amorphous 5 1/nm

(c) SAED pattern taken from region
B in figure (a)
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Fig.8 TEM images of the superfine structured WC-CoCr coating (UP coating)
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(a) Lamellar morphology of the NP coating

Coating

Substrate

100 pm

(d) Lamellar morphology of the UP coating
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Fig.9 Typical cross-sectional SEM images of the WC-CoCr coatings
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iRJZEH WC RSTBI R RN, HZ80 W Bk
FJE, BT WaC FlGe WC 52k 4, 4
SGEAURE I it FE B AR, RIS SR A
Thakur fFFERAE 0, BLAb, HBAMZEAR)ZBRS
S5HH A A BRI IR E I R B (W3 3), X
5 WC BURLR ] R WC VR TR SR G

#3 WC-CoCr ARHHEASH
Table 3 Mircostructural parameters of the WC-CoCr coatings

Coating type Porosity / % Dwc / pm Lco-cr/ pm
NP 0.19 0.19 0.25
upP 0.37 0.25 0.43
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Fig.10 Microhardness and fracture toughness of cross-sections of
the WC-CoCr as-sprayed coatings
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