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Wear and Corrosion Resistance of WC-CoCr Coatings on TA15 by Laser Melting
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Abstract: WC-CoCr coatings were manufactured on TA15 by laser melting deposition (LMD) technology. The
effects of laser power on the microstructure, microhardness, wear resistance and corrosion resistance of the coating
were investigated by X-ray diffraction, scanning electron microscopy with energy spectrometer, microhardness tester,
tribometer and electrochemical workstation. The results indicate that the coating is characterized by a uniform distribu-
tion of granular TiC and petal W. As laser power rises, the content of metal phase is decreased while the content of
ceramic phase is increased. The coating manufactuerd by 1 200 W exhibits desirable wear and corrosion resistance,
where the friction coefficient is 0.32, specific wear rate is 1.95X 10" mm’/(N+m), corrosion potential is —0.33 V, and
corrosion current density is 9.89X107* A/cm®. During the wear process, the redistribution of ceramic and metallic
phases in subsurface effectively diminishes the adhesive wear due to the highest content of ceramic phase, and the high-
est volume fraction of corrosion-resistant Ti-rich phase is beneficial for the coating to form a protective TiO: passiv-
ation film during electrochemical corrosion.
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Tab.l Nominal composition of TA15 alloy %
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Fig.1 XRD patterns of WC-CoCr coatings fabricated on TA15

titanium alloy with different powers
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Fig.2 Cross-sectional morphologies of WC-CoCr coatings laser deposited on TA15 titanium alloy with different powers
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Tab.2 Thickness of coatings with different powers

&/ W JEJ /pm
800 330.3
1000 484.7
1200 672.5

R3 TABL LREBEESNETRESE
Tab.3 Element contents of coatings on TA15 at different positions
%

Ty

=
I

Ti W Cr Co \%4 Al
A 86.27 12.78 0 0 0 0.95
B 48.70 46.49 0 0 2.62 2.19
C 62.73 24.74 2.77 2.80 3.31 3.65
D 6.17 82.15 7.29 4.39 0 0
B WC g4 s o,
2WC=W,C+C (1)
W,C=2W 4+ C (2)

11 9 15 1) C A5 A b HOR O J2 o ) — 38 2) T

RE

Ti+ C=TiC (3)
35— 4 TN ) C AW & A 2 i
Ti+ W + 2C = TiwC, (4)
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Fig.3 Surface hardness of coatings manufactured with different

laser powers
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Fig.4 Friction coefficient curves of WC-CoCr coatings and
TA15 substrate under 20 N load
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Fig.5 Pit profile of WC-CoCr coatings and TA15 substrate

under 20 N load as well as corresponding specific wear rate
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Fig.6 Wear tracks of WC-CoCr coatings on TA15 manufactured with different laser powers
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Tab.4 Element content of CoCr-WC coatings on TA15 at wear

tracks %
& Iy
6] Al Ti A Co w
P, 9.97 2.43 46.82 1.82 4.14 34.82
P, 44.2 0.82 6.93 — 12.85 35.16
P, 5.32 1.20 23.45 — 2.42 67.62
P, 10.82 4.28 54.91 2.55 12.95 14.5
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Fig.7 Potentiodynamic polarization curves, Nyquist plot and equivalent circuit of WC-CoCr coatings and TA15 substrate in 3.5% NaCl

solution

b 2 3 25 5 S T SO T A3, W C-CoCr

e 2 S B L TRl T O T A L 0 2 A

S T B TR AT ) T 0 U2 4 e 2 i ok o

IR B LA AR B THO, B 6B L ¥ 2 T o 2 75
616

73 50, B REA AT i 2 5| A 22 ST, G A T S 0 B
B G AR WURCR B9 TiC 5 4 J@ A A ST A % A=, AT [
IRV 2 Y T P v L X BT T 800 W T % 1Y Ak J2 T ok
PEAR T TAISEEM YR H . R R T IRZENAFIEEZ



TAL5 A OEIE LT W C-CoCr ¥ J2 1 5 it 1ok 4 BE BIF 5%

FHEE

£5 TAIS R WC-CoCr2ERMILEENBBSH

Tab.5 Equivalent circuit parameters for impedance spectra of TA15 and WC-CoCr coatings

4 R/ (Q:cm?) Yo,/ (X10°Q tes"em 9 n R/ (Q-ecm®) Y,/ (X10 °Q 's"em ) n, R,/ (Q-cm?)
800 W 6.5 204.8 0.8 6 559 358.7 0.6 8 066
1000 W 6.1 446.9 0.7 8.3 143.8 0.8 36 980
1200 W 6 3774 0.9 5 136.4 0.8 72 510
TA15 5.9 7.4 0.8 3 865 6.2 0.7 31 880
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Fig.8 XPS spectra of elements in WC-CoCr coating manufactured at 800 W

2p 32TIO, 4F 52 WO, 2p 2/3 Co,0,
g 2p 3/2 Co(OH), 2p 1/2 Cr(OH),
- 2p 3/2 Cr(OH),
—_— L
% 2p 12 TiO, oA g L
..... e
. —
2p3/2Ti miﬁ
— =]

530 525 470 465 460 455 450 40 36

535

L ) L L L L L L )
32 28 810 800 790 590 585 580 575 570

540 595
ditriit/eV Hditriit/ev ditriitleV ditrfitleV LifrfieleV
(a) OTLH (b) TiJGH () WILH (d) Cori# (e) Crut &
H9 1200W # &5 WC-CoCrik B &t Xy ki#EH
Fig.9 XPS spectra of elements in WC-CoCr coating manufactured at 1 200 W
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