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Abstract: Ni-based WC wear—resisting coatings were prepared on the surface of TC4 titanium alloy by plas-
ma spraying technology. The coatings’ properties such as microstructure, component, microhardness, abra-
sion loss, wear mechanism and residual stress were investigated by scanning electron microscope (SEM) , ener-
gy dispersive spectrometer (EDS), microhardness tester, friction wear test equipment, X-ray residual stress
measurement tester, and so on. The results demonstrate that the coatings show typical layer structure and
bond well with the TC4 substrate, the porosity of Ni4-30% WC coating is 4. 7%. The microhardness presents
gradient change from the coating to the substrate, which fluctuates in 798 ~990 HV, ;. The wear volume of
the substrate is 8. 9 times of coating under the same load. The wear mechanism of the substrate are mainly ab-
rasion wear and adhesive wear, while the coating is mainly abrasion wear. The coating surface has no cracks
and its residual stress is compressive stress.
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Fig. 1 Morphologies and energy spectrum analysis of Ni+30% WC coating
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Fig. 3 Cross—section and line scanning morphologies of WC particle region
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(a) Low magnification

—]

=

50 um

(b) High magnification

B9 # AT 15 N F Nit30% WC ik 2 B i 3= 1t 1 SEM JE 51
Fig. 9 SEM morphologies of wear surface of Ni-+30% WC coating under the load of 15 N



%2

SRR LS TCA B &R W& & TR Nidk WCIRJZ A S ERE AT 27

2.5 BRERNASH

BRAR L ] J2 5 WA % 22 OO0 20 2 2 L L T )
eSS R SR ERE M B E, SRR
T — WS FBOREWE AR AU A LRI,
M7 83 4% FE 107 ) — 7 A B mT DA 3 VA J2 9 07 ok
JE LT B v DA B B AR B 80 A i . B AR B ) B
AL 2 % o 55 B F- W Ak ok e v ik Ak I T 1Y
7 A — A g R AR T R A o OO R )2
A ofeh TR VR 2 SRR ] AR K R BROAS DL
5| K (I B IV 7 DA B 2 % ) 3 1 8 HI R
SELE VR4S R . 10 g J2 T 5% A N )
MR 25 H L HAH Ry (—340E37) MPa, Ui WiR J2 3%
AT A s 167 T RS S 33 A R T8 55 5 R e 4R v L O
A BB 1R 2B 7= A a1 O TR 5 5
S 8 S (O ER R P N SO Y N VAL E RN
N RO N T N TR S O =R S NG =

141
140 | D = (-340+37) MPa
< u
o
139 -
-,_._J——’/J//
o |
138 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08
sin? s

& 10 ¥ )2 32 0 5% 4 N

Fig. 10 Residual stress of coating surface

3 & i

(1) FJH A TWER T2 TCL BRE 4%
i LA NiCr— Al HFTIEH 4 T Ni+30% WC &
B U2 5 MR SR TR RS L T2
FTIRJZE EAR E] 25 & R4F 2 IR 2 LB R
4.7%.,

(2) [RIRE AR AT T A | Ui J25 B 458 TR 4502 1 4y
B 0. 44,0, 42, AR b P oy KRR R 45 TR 8K
iy 2 e B R R B T R R G B A I BUR BRON
FasE .

(3) [RIRE B 50 2% A T o 25 AR I 451 5k Bt A 280 1
P 8 00 T K R 5 o T S 40 0 2% 1
15 N Bfi T S 5 450 O TR 2 B LAY 8. 9 A
URIZ M VR A0 T AR . SR B AL 2y
B R A0 R 2 2 S A O U DA RIS B0 . R
JZ R RE I AE 798~990 HV, o Z [H I 3) i 5 T
BER ) A

(4) VRJZE R0 JC R BUAFAE S B AR LT 5
JirAii

2% Uk

[1] Agqgeeli N Al, Yilbas B'S, Tabet N. The effect of laser pulse
frequency on the microstructure and morphology of duplex
treated Ti—6Al-4V alloy [J]. Surface and Coatings Tech-
nology, 2011, 205.: 3073-9.

[2] Wang Y, Li C G. Guo L X, et al. Laser remelting of plas-
ma sprayed nano—structured Al, O;—TiO; coatings at differ-
ent laser power [ J]. Surface and Coatings Technology.
2010, 204. 3559-66.

[3] LiJ N, ChenCZ, Lin Z Q, et al. Phase constituents and
microstructure of laser cladding Al, O3 /Tis Al reinforced ce-
ramic layer on titanium alloy [J]. Journal of Alloys and
Compounds, 2011, 509 4882-6.

(4] #fhte, RS, Fai. TCA 4G & %R il WC i 5 % 2
il s (V). s EA 4R ¥ M, 2010, 20(21): 997-1001.

[5] LiJun, Yu Zhishui, Wang Huiping. Wear behaviors of an
(TiB+ TiC)/Ti composite coating fabricated on Ti6Al4V
by laser cladding [J]. Thin Solid Films, 2011, 519(15);
4804 -8.

[6] Vespa P, Pinard P T, Gauvin R, Y et al. Analysis of WC/
Ni- based coatings deposited by controlled short — circuit
MIG welding [J]. Journal of Materials Engineering and
Performance, 2012, 21 865-876.

L7] TUhoe, B3, sz, 5. BOB AR FHe4s Ni60-WC iR
EEMALS S5 [J]. e Sk, 2011, 2506): 85
—-87.

[8] Berger, Saaro L. M, S Naumann T, et al. Microstructure
and properties of HVOF —sprayed chromium alloyed WC -
Co and WC—Ni coatings [J]. Surface and Coatings Tech-
nology. 2008, 203(18): 4417-21.

(9] AR, 24, AUkZD, 45, Ti6AIAV 200 KM BT Ni
5 WCRZRHAMPEREDE S [J]. WAy &)@ A RS LR,
2008, 37(Z4): 606-609.

[10] Zhou Shengfeng, Dai Xiaoqin. Laser induction hybrid rapid
cladding of WC particles reinforced NiCrBSi composite coat-
ings [J]. Applied Surface Science, 2010, 256 4708—14.

[11] BEs, Fik, DR, RPUSNIE#E WC IR Ni60 & 4R
JETEREWFSE [T 1. A ORE A AL B 24 4z, 2008, 29(3): 138
-141.



28 2 B X W L B 2013 4F

[12] £, EiR. F& TR NifE WCIRZ AL SVEREDT JZo WC M AT BTS¢ [T Bk A, 2008, 9. 56
g8 [J]. 8T TZ. 2010, 39(12): 134-136. -58.

[13] Guo Chun, Chen Jianmin, Zhou Jiansong. et al. Effects of (197 Ju3ci, 4B, FIB4E, 2. By sEE 7 T A0
WC-Ni content on microstructure and wear resistance of la- AlSi-20% Al/Ni ¥R 245 Ao g (1], b E R TR,
ser cladding Ni—based alloys coating [J]. Surface and Coat- 2012, 25(1): 71-75.
ings Technology, 2012, 206 2064-71. [20] W&k, BRAZGL. MMM, 55 Ti-6Al-4V BOLHEIE 451 )&

[14] s, ke, B, %, 2738 LR R M BOLKE Ni PEHEAPERE [T P EZRM LA, 2011, 24(3): 11-15.
HWCEGWRZMEHEEDVER [J]. SRR (T [21] E4Rdz. WEH, £330, F. KESERTNNb-CHEEB)Z
B » 2012, 42(4): 924-929. FEE R BUERE BT Y [J]. MOBRE S T, 2011, 19(2) .

[15] ZE@T, MER, REEH. FEFBIR WCEARZHE 122-125.

PERE [J]. AORHAKL B4, 2010, 31(8): 117-120.
[16] EHRAE, MFEE, FMAK, 5. 58 FHIE WC HURH 51 fEE b : VLA AN & F®K 15 221000
Ni LR Z A B Rhrop i bege [J]. #Am L TZ, 2012, 41 B T AR 2B ML TR 2R b
(0 136-139. Tel: (0516) 8310 5206
[17] sRERE. WO RURHE 5 0 4 9 36 2 101 42 & MR BT (D], E-mail; ghf20004@ yahoo. com. cn
f3k . MR R, 2011,
(18] FHE., &%, kM, %, EAHE WC BRI E A%

R L L T o T L L L L L L L L L L L R T

* FREH;E -
W0B FEERRNANFRSWBERKRE AT TS H/ELERF

Hy [ FUAR AR 22 2 BRI 23 3R AR I ) %k 2 5 2% L v MU L 2 4 2R 0000 B 2 S AL R &
22 G2 UL Kb [ W B A7 o XS R AT 22 D1 e 2R [R5 I A9 56 17 Jm 4 1 5 A 7 0 2 R 25 0% [ B AR
NIRRT 25 AU T 2013 4F 10 A A FE Bl A T AU 80 b 52 38 R 2 A 22 IR v Il B R (B
) A RS ) AR I o BP0 BN b B AT R A B9 B T LA B A =l B 1 e 5K S CRRER A
G R 5 0 3 BRI 2 A8 i

AR Y 2 WAL SCIE Bl A, 35 (AN BIR T+ (D F 85 4 3 T v B9 B 17 g 5 ) SR B 2 3 4 4 P e % b /Y
BRAXI 1 5 QBB AR BT 25 A (R 5k 4 oy g 0 80 5 (DB A% 102 3 R Bk 5 R 45 R 5 @ 3R AR L g 5 M R
AE s ©FR AR NS5 TR Br s QWAL AR 5 54N T1 5 @ AR RO R ) 5 4L 854 s @5k
N3 B 5 55 Q05 5 AR N A Y B )

S (8] 3K A T R A 0 ) AT 2 o 50— S 9 R 3l G A 1 2 AR I ) A 38 35 1 PN b R
LR FRFFEL WA . BRI R TEAS IS UL R0 SO AR T Bk, S iU E e
K 7 B N SR AR I AR B HE) R BOR O DL AR 2 AR AT T R (0 1) [) I 30 4 B 2 2 9 ik
AR 7 MR E AR FEYINHE I W 26 5% 43 7 7 A 1R

FUitRIZ: e 30 i AR S 3R LA E-mail , FALE A5 8 i 38 7 2N 0t 2 2 95 41 e AR AR i ik
P LA BRI R T R A E IR SGE H o BRSO L H O M 2 55 2 TSR ST £ 2013 4F 6 A
2 BaUGER .

BRAEN: AR (zhanke8211(@sjtu. edu. cn,15121036955) ;

W VE (henry@epco. com. ¢n,13917992812) ;
F B (chjiang@sjtu. edu. cn,13391307839),

G A E LR TR 2 ™D



