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x1 TCARKRAESRUFERST
Table 1 Chemical composition of TC4 titanium alloy plate (/%)

Al \Y Si Fe Cc N H 6} Ti

65 43 0.03 009 0.01 0015 0.005 0.05 Bal.

&2 WCAEESMRUERD
Table2 Chemical composition of WC alloy powder (o/%)

Fe Co Cu Si Al Cc 0] wC

0.10 0.05 0001 0001 0.015 005 030 Bal

#3 Ni60 EEMARLERS
Table 3 Chemical composition of Ni60 alloy powder (/%)

C Cr Si w Fe B Ni

0.80 155 4.00 3.00 15.00 3.50 Bal.

=4 deloro22 &&MARLFERD

Table 4 Chemical composition of deloro22 alloy powder (w/%)

C Cr Si Mn Fe B Ni

0.20 0.10 2.850 0.50 0.50 1.45 Bal.
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Fig.1 Schematic of laser cladding

P N2200 W, HHEA NS5 mm, HEE VA
6 mm/s, iEKE g N 20 mols. MABIREREREN
1.2~15 mm HPEHERARE, Hh d22 fTRZEREEL
0.6 mm. 4 WC IRSE FFHE 2] 30% LA Ei, WRESHIL
TFRBGE, T WX RSO, RO T I AR
#4500 C.

it B2 B LR s 78 R Hi U 2 s i 0 31 R
N 10 mm><10 mm>10 mm AR EE 8 1 k4 A IR
FE, R X BHERATHEAC (XRD) TR JZ AR 4
B, FEHRE Y 109min, PHATEE Y 1090 K44
EEB A 7E THF:3HNO3:20H,0 18 i Ji it 15~20 s
J&, R A RIS R R BT BAEE (SEM) XTRE
(1) S AR 2H 2R S R R R 43 HEAT ST o

/] HV-1000 {5 f 4k FCAE B VR 34302 5 bt
PRI AR B AT, Rl — /KPRl 3 N AR
HECPEIME, I 1.96 N, {##EmEN 10 s. FIH
HRS-2M 2 w5y i £ 7 JBE 2 B X 06 AT OHE 4T B8 ' /s 11
TCA SR G & B AR AN R TE 2 I T AT 108 2 PR 1
Pasens, JEELE 2.

Load

Spring

Counterbody ball
~

-
A
-t
Slip direction

B2 PR e SR B

Fig.2 Principle diagram of friction and wear test

Coating

~ Substrate



5 8

KGRI : TCA k& E&RMBOLIEE WC ISR SIS 5 IR 2 I SR B

= 2909 -

BRI ZHN R X N EAS 6 mm R &
4 YG6 TR AS4MER, #ai v 90 N, B47KE 5 mm, Jig
4% 5 mm, B5E N 600 r/min, RIS E]) Y 30 min. X
AN PR AR A5 3 B 45 S8 DA TR S 3 45 SR 1)
AIEEME, RSV R E A B RSR . HBE R
TEAFI T LT BB (SEMD W2 BEER 5 () TC4 4k &
S FARFNRE AR MR TSI HBHNEE. R
TR R 45 45 50 5 £ WDW-100D HL -1 75 fig ik Be L _E il e ,
MG EM TCA L& &Rk ERIBIR, 0 i 1138
i Fo WEEGHWETTHE AR,

s=F (D

A

Kol o WRELEAIRE: F vk BT i 30

A HEESIXTTRL
2 HFER57E

2.1 RENHE

3R NEAEER XRD Ei, 122 A 4 Ni60+
50%WC EA5ZE, W2 B A d22 4T K+(Ni60+50%WC)
HEWE. HE 35, IR)E AR B #H W,C. TiC.
NigTiv NiggW; 1 TigW, AHZ R B TG TR
2.2 kW, ThEHECKR, WC KARIRK st o W
M C L&, 1 C 5 Ti. W #EERRI “SEMA7 ,
WEAR R 5 AR OB FE T BB AL B AX ) TiC T W,Co
2.2 EffLAR

4 FRoNERIE A FiR)Z B BRI SEM FES.

v RW,C  ONip W,
oTiC  #NiTi
VTi,W,
S
(]
2
B
c
i)
1=
o |®°
‘o v
j °
* % * o

v *W,C O NipW, b

o TiC AN

VTi,W,,

10 20 30 40 50 60 70 80 9010 20 30 40 50 60 70 80 90

20(9

20/(9

3 BWOLBEIRER XRD K%
Fig.3 XRD patterns of laser cladding coating A (a) and coating B (b)
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Fig.4 SEM morphologies of cross section of coating A (a~c) and coating B (d~f): (a, d) overall picture of the coating, (b, e) bottom enlarged

area, and (c, f) enlarged area in the middle
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Table 5 EDS analysis of points A~H in Fig.4c and 4f (mol%o)

Point w C Ti Ni \Y o} Cr Si B N
A 80.18 11.57 1.58 4.98 - - - 1.69 -
B 51.74 10.18 11.56 6.18 4.75 1.78 1.03 1.61 11.17
C 0.84 6.03 18.35 48.94 19.19 6.65
D 6.83 7.60 15.85 66.93 1.44 - 1.35 - -
E 80.01 12.57 111 4.36 - - - 1.95 -
F 50.96 11.73 13.08 6.94 3.94 1.63 1.19 1.49 9.04
G 3.84 13.53 16.83 54.85 9.65 1.30 -
H 6.93 5.16 21.46 53.01 2.20 1.91 5.86 3.47

K5 IRZEMHELMTL EDS SR

Fig.5 EDS line scan of elements near the fusion line for coating A (a) and coating B (b)
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Fig.6 Microhardness distribution curves of the cross-section of the

coatings
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Fig.7 Friction coefficient-time curves of coating A, B and TC4 substrate
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Fig.8 Characteristic parameters of wear performance for coating A, B and TC4 substrate: (a) wear profile curves and (b) wear volume
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Fig.9 SEM worn surface morphologies of TC4 substrate (a), coating A (b) and coating B (c)

Fo6 BERFRMMEEEER
Table 6 EDS analysis results of points 1~8 in Fig.9 (mol%b)

Sample Point W C Ti Al Ni \% 0 Cr N
TC4 substrate 1 7.01 50.63 6.23 2.20 18.77 15.16

2 81.46 11.15 2.23 2.78 4.62

Coating A 3 41.99 7.85 7.44 31.83 1.78 6.83 2.28
4 54.32 15.12 2.75 3.77 24.04
5 42.13 8.19 6.75 1.94 28.96 1.01 1.45 1.57
6 9.47 12.19 10.83 1.78 33.99 31.74

Coating B 7 1.95 8.66 14.32 73.11 1.96
8 42.23 8.12 15.25 26.61 1.25 5.19 1.35
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FESFRFAE (& 9c) o SE G ILAEIE T, 14 Mk 6 i)
FITR R, 2 MR ESR AR, X EARE T
FE R R BB LT YG6 AL B INER 5T =
R A, 98B AR R B AR
. ATIRE A SIRIZE B INEEHIHLIASZ DU B B
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Fig.10 Pressure-displacement curves of coating A (a) and coating B (b)
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Table 7 Experimental data of shear bond strength

Bonding area,  Shear bond strength,

Sample  Pressure, F/N Almm? o/MPa
Coating A 18443 98 188.19
Coating B 4813 98 49.11

G ORI I B AR

HRTH, 2 A FRE B PB4 & #E 5)5H
4 188.19 1 49.11 MPa. FHiR/ZE B M4 & KT
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Microstructure and Wear Resistance of Laser Cladding WC Reinforced Ni Based
Composite Coating on TC4 Titanium Alloy

Liu Jingang, Yang Jianhua, Wang Gaosheng, Li Yi, Zheng Jianyuan
(School of Mechanical Engineering and Mechanics, Xiangtan University, Xiangtan 411105, China)

Abstract: In order to improve the wear resistance of TC4 titanium alloy, two wear-resistant composite coatings of Ni60+50vol%WC and d22
powder based+(Ni60+50%WC) were prepared on the surface of TC4 titanium alloy by laser cladding. Microstructure and phase composition of the
coating were characterized by scanning electron microscope (SEM), energy dispersive spectrometer (EDS) and X-ray diffractometer (XRD). The
properties of the coating were analyzed by HV-1000 micro Vickers hardness tester, HRS-2M high-speed reciprocating friction and wear tester and
WDW-100D electronic universal testing machine. The results show that the two coatings are composed of W>C, TiC, Ni;7Ws3, NisTi and TixWi«
phases; the two coatings not only exhibit excellent metallurgical bonding with the substrate, but also have uniform and dense microstructure
without cracks. Due to the presence of the in-situ synthesized hard phase and fine-grain strengthening, the hardness of the coating is significantly
increased, which is about 2.82 times that of the TC4 substrate. The friction coefficient (COF) and wear amount of the two coatings are much lower
than that of TC4 titanium alloy substrate. The shear bonding strength of Ni60+50%WC composite coating and d22 powder based+(Ni60+50%WC)
composite coating are 188.19 and 49.11 MPa, respectively. Both coatings can significantly improve the hardness and wear resistance of the TC4
titanium alloy substrate surface, and Ni60+50%WC composite coating performs better in hardness, wear resistance and bonding strength.
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