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W E:UBOKER M ME%E WC-Co MR M . R ARBR T &, #8 URES#HH WC-12Co B
K- RARWBF LM ENRELEH WC-12Co BB, BIHHAENERA RERBBRHAKF WCH
BRI B XU . B X AN T LRRENE R R IR ARRENHEH . RAERE
HELBT WCH COMMAHNEGERET R RETR. RENERRFAUDLEI NN

- 1650 Hv(0. 3)#1 13.9 MPa » m'/%,
KRB B MR WC-Coy BRE BE,: ¥
FES %S TG174.453 XRIRIAE: A

TR TR WC-Co BREE . B BHEYS
BHHBZ— , WCCoEERDERET WC-Co
WERTERERY. TR WC-12Co B/
& EWCERRTMA L ym B/MZE 200 nm B,
BB R RE B M 1300 Hv #inE 2000 HviY, {8
& WC BE 5 AH SRR ~F 89 W8/ B B8 BF 9 3% fn , %%
G550 Y b 24 0 0 R BT BRI, B3 B TT RALGA R, WC-
CoRMBEMBMUERNTLUESKEH Co &
B MA®AT UG8 RE WCHBRRTkiE
HLEFEERLSHATERRE. X THREH
WC-Co £ RMI %, MTALBHARLHWREI &K
HERIERGEEYRNRELINE  RREKRELE
ERIEPFHEE . SELXRBRHEEY XS
— BRENHEETESE AR (AS) . BHFE X
Mg 3 (HVOF) & % B F W5 3% (PS) %, 4 W8 % 41 %t
ARG B, KIGREBEFHERNE BEHE,
ERAKMHRGEERL BRI K RS —
F T F) 69 B RE , WA T 8 0 B0 3% 2 1 kB L 8

RBERBERGHI, ARKREHREHH &R
HTREMFEFES), R ARRETER
EE R FEE(500~1000 m/s) B EAREE %
A-FWEEMARERY, EEIMIBFRFR

W B3 : 2008-09-16

REBL REBERE. B FTEAERIBPHR
BFREBE, REMEH T RER/D, BT RNE
ERKK, BARKILF 7] B o, B, xR B
FHRLIR 2 B9 & AR R BUORIE , 98K H B R aR
PR R (N RS R ERBEM NS
WEN.

A3 WC BOR B R AL 5 U R 20 &
R FBR P 07 3 2 tH IUR B 45 #9  WC-12Co B K
RV BRIk G & WC-12C0 iR 2, LR ERE
BIFHEREBR.
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1.1 WREZ# WC-12Co ke # &
KARGHERTEHENTHBKE WC K
BER A WC-12Co AR (BMEHRBR), RER N
30~50 um, EBR R ARG T, BT BRER M
PKRE WC My & PR ag WC-12Co # 4k K (BPER
EERA) RAEEMBTHRAENEREN, A SL-
ASTREADRAUNERNSE, ERSILEN 0%,
BRIETEESKBPSEEF,E 1000 CRET BHES
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R H URELH WC-12Co R BB MR HE 43

18 h, 2 B w43 9 %148 WC-12Co # K (B M8 3% ¥
F) KRB 25~30 pm. BREEHL N ND4-2L B FF
BERREN RERT A NERS S, TARKNE
Btk 10 : 1,BRENFEE KR 220 r/min,

1.2 NRESH WC-12Co 2 EMH&

RV % 300 K% B ETTHI A9 CS-2000 B4 ¥ W
WRGH & W E , B MR FH 45 BB Lk AR wE g,
MESEREBSEINES, BBKEEHSE
E4r91% 2 MPa #1 600 °C, B5 X EE B 2% 20 mm. BL
AEMAEES S, URRENNERTHTHED
Hlibab 5.

1.3 AAGMEHENRIE

ATHRIMEWCERR B REMMNEHT
A7k HCL3% WC-12Co #3k i) Co 2R =R,
A MASTERSIZER 2000 % 3 3% %7 B 1Y, 31 3% WC
WRL B0 4> 75 B VEGA II-XMU B # s 8E M0
ERANEREEZHE S WCHRMNEW, 8
XRD-6000 # X 52677 5f (XRDMY L B K R % B
BIHEH % IR B Ik B W R e TR, R ER B
B ,i5 A Niihara!""'% 4 A 32 14 §9 Palmquist Q4
RiHHE R BN .
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2.1 WC-12Co Mk HBERHEN

2.1.1 WCEHRAMBESA

1 JyK B B J5 ¥ oK *F WC 550R: B BF 43 7 B
K NELATURI FIEH R P WC Bk FEE
DT 2~3 pm RN BREFH KT WC BRIk

B2, EELPLE 100 nm & 1.5 um 4,
X R R R L R P AR T A s R AR R
FEmmRBRRT WCBREENFBRESHR
B J5 B oK o B KEUH R
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Fig. 1 Changes of WC particle size before and after
ball milling

2.1.2 WC-12Co MARMIERRIBLEH

B 2 BiR ABRER /& WC-12Co K /Y i 1 &
£l NE 2T AR, FRH AP WCEREE
AL R A% 2~3 um, X SHEREHINER
H—B ME 2O, B FERBIBDE AL
WCHRMEANM . RESEH K WC F A EH
KRB /NBRL. S ERRA REEBRFAAKRE
WC BH 5 k% WC BURL AL 15 ¢ 85, A
20T L, BEMR MR F 43 BIFFE R 4209 100 nm
% 1 pm iy WC SR

B2 HREWNEHROEEAH
(a) FIEHK: (b) BREFMEK; () MBHEK

Fig. 2 Cross-sectional view of original, ball milled and spray powders

(a) starting powder; (b) ball-milled powder; (c) spray powder
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3R ARERIE WA XRD Bl WA 3
AR REEHARBRARTHAEH WC A
Cotl. XY EREBRVEBRRABTREHAR
EH. REFHRRBRB RS WC A b 54 1 5
BEBRKPHRE, X SRELBIHAHNKE WC
BRE X

1/(s™)

20 3‘0 40 Sb
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B3 MEMESHKN XRD EiH#
(2) BERBAK;(b) BREBEHK: () BBk
Fig.3 XRD patterns of WC-Co powders

(a)spray powder; (b)ball milled powder; (c)starting powder

e 100pm
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2.2 WC-12Co $ EHRLHIRIELE

4 B s F SR B 45 WC-12Co 3 JZ #
HARGEW, RIZEEL 400 pm. AE 4@ TR, ¥
BHgys, A EE. AE 4(b)TLLEN, R
BHRHFERNERRL WC SR, EREHR 1~2 ym
HBAFRFBE, 556 EF SR/ WCH
BERBHOBAFRT, SHRHKT WC BiK
B TRELHETT LB AT AR F A K WC BiR
SRR,

5EHIRAREEM WC-12Co MR B K S
¥R B & B WC-12Co R /2 H9 XRD E . WA 5
ALURE. REPHFE WCH Coit. &H, &
RBRHMEREOLIBRD, BAEREEL.2H.B
WEHR. NE S EA R, REF WCE Co g8
BHER X GRBERPFEERRMOMEE X ER
BEFHAT aCo 5 pCo HAHERNAR, X 5%
BB R DB F R T 3% RIS B s B 1 %,

2R, WR FELEH WC-12Co B MK BB B
243116 Hv(0. 02) ; W BE% S 4 & BOUR BE 45 H9
WC-12Co % BB IE BEH 1650+ 59 Hv (0, 3), b3
X 13.94+1.9 MPa - m'"2,

B4 AHRRURESH WC-12Co % B AT T HS
(a) B, (b) RBH K

Fig. 4 Cross-sectional microstructure of cold-sprayed bimodal WC-12Co coating

(a) global views(b) high magnification

TR R B, 0K T BB BB
BB RS LHE, REWEE SRR EE
RUMKF EXBERRTFRE ST WC BRI
BIMATHT R, B M sME R, BEF WC
BURR R 37, EEEFLE 1.5 pm A 100
nm &b, 3% 85 WC BURL B 840K 2 7 40 K & BB 4
B 55 F WC J# K& B WC-12Co 3 4 i, WC

BN B S EREHER Co. MENRKE
#WWC12Co R B P, EREAN 1.5 pm HB K
WCHHNABEAHHERE Co i HPETH K
% WC BB BULAT AR, R B4 H WC-12Co
WRERUS KL WC-Co HEM MK WC Bk
BEOFHEBHERE. SMAKR WC-12Co 44
b R E45H WC-12Co R E KK %4818 B9 B 4
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WIE. % . UARELEH WC-12C REMR MR HE 47

R HRAEEFARH TEEASN 1200 Hv 54
K% WC-12Co S B BERE (WC BRI BLEE 1. 5 yum
EB) HIETEELA R 1900 Hv #44k WC-12Co
Bb 6T (WC BURDRLEE 100~300 nm).
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B5 MRELH WC-12Co MR ATJFH XRD Hi%
Fig. 5 XRD patterns of bimodal WC-12Co before and

after deposition

REIRETH &M RRELH WC-12Co R B
RN 13. 91,9 MPa » m'2, i g K &
WC-12Co RH BT R ¥E 2 8 MPa « m'/2, Kk 4%
WC-12Co et Wr R B ¥ H 13 ~ 15 MPa -
m' 0y R, RUR 45 WC-12Co RE B &
EET R B T4k WC-12Co M B ¥ 3 5
#, A B MK R WC-12Co St W 24 804 A 7K 2. B
RESLH WC-12Co R EF &M Co s B 54%
% WC-12Co Rk % WC-12Co H 4t o — B i 1
BT EMBKBIUETF WC PR KB E. Xt F WC
BURLR BE 81 — 43 15 B9 WC-Co #4181, B WC ik
BLE B4 W/ o B 484 0, B 29 40 PR G X T R
it WC-12Co % /2, i i3 44K WC BiRI3R 1L 21k
FCoM EHHBATEEHER THKE WCCo
R Ret g FRRE WC BRI MAFE, 5381
RIBBIRAR WC BB &%4E%%, ERBYR
¥ N TG T B4 EpE R 0. B LT, R BE 9
Bt HEBRBEE MR BALRRTEEMF
A WC-Co kRUSMBELRMEE S H Y
SEELREL T Brag BB,

3 &5 #

A WC JBUBLBL I 2 TR #8 5) 715 ) WC-Co B 5K,

KA RGO DNRELSH WC-12Co RE/
WEAD 1650459 Hv(0. 3), 544k % WC-12Co
et BE AR Y, B B W T HMOKE WC-12Co M #
B AR 13.941. 9 MPa » mY%, 818
KRG WC-12Co i1 BB BB PEK T, BHBH T 45
Kk WC-12Co SR#1 B i B HI 4.
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hardness and toughness of nanostructured and conven-

Preparation of bimodal WC-12Co coatings by cold spraying

GAQ Pei-hu, YANG Guan-jun, LI Yi-gong, LI Chang-jiu
(State Key Laboratory for Mechanical Behavior of Materials.School of Materials Science and Engineering . Xi'an
Jiaotong University,Xi'an 710049 ,China)

Abstract: Bimodal-sized WC particles were prepared by ball-milling process. Spray powder was fabricated
by sinter-crushing of ball-milled powders. Bimodal WC-12Co coating was deposited by cold spraying. It
was found that the WC particle size distribution in the coating was the same as the that of the powder
through SEM analysis. The XRD results showed that the WC and cobalt phases were retained into the
coating from powders. The hardness tests yielded a coating hardness of 1650 Hv0. 3, which was compara-
ble to that of bulk nano WC-12Co, and the fracture toughness of 13. 92 MP » m'?, which was comparable
to that of bulk micro WC-12Co.

Key words: cold spray; WC-Co; coating; hardness; fracture toughness



