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Abstract:In order to improve the surface friction, wear and high temperature oxidation resistance of
TC4 titanium alloy, NiCrCoAlY + 20% (mass fraction) Cr;C, mixed powder was selected as the
cladding powder to prepare NiCrCoAlY-Cr;C, composite coating on the surface of TC4 titanium alloy
by using laser cladding technology. The microstructure and phase composition of the coating were
analyzed by OM, SEM, XRD, EDS, etc. The microhardness of the coating was measured by HXD-
1000TB tester. MMG-500 three-body wear tester and WS-G150 smart muffle furnace were used to test
the friction,wear and high temperature oxidation resistance of the coating and substrate. The results
show that the laser cladding technology can be used to prepare the good composite coating on the
surface of TC4 titanium alloy without cracks and pores. The microstructure of the cladding zone is
dense, mostly needle-like crystals and dendrites. The microstructure of the bonding zone is mainly
composed of planar crystals, cellular crystals and dendrites, which generates a variety of products
including the carbides, oxides and intermetallic compounds that can improve wear resistance and high
temperature oxidation resistance. The maximum microhardness of the composite coating is 1344HV,

which is about 3. 8 times of the 350HYV of the titanium alloy substrate. The friction factor of the
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composite coating is 0. 2-0. 3, which is significantly lower than the friction factor of the titanium alloy

substrate of 0. 6-0. 7. Under the same conditions, the wear mass loss of the composite coating is

0. 00060 g, which is 0. 9% of that of 0. 06508 g of titanium alloy substrate. After oxidation at 850 °C

for 100 h, the oxidation mass gain of the composite coating is 6. 01 mg * cm

that of 25. 10 mg * cm

~2, which is about 24 % of

? of titanium alloy substrate. Laser cladding technology effectively improves the

friction and wear performance and high temperature oxidation resistance of the TC4 titanium alloy surface.

Key words: TC4 titanium alloy;laser cladding; microstructure; wear property; high temperature oxid-

ation resistance
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Table 1 Chemical compositions of TC4 titanium
alloy (mass fraction/ %)
Fe C N H O Al \% Ti

<0.30 <<0.10 <<0.05 <<0.02 <<0.20 5.50-6.80 3.50-4.50 Bal

R 2 NiCrCoAlY R UER S (REHH/ %)
Table 2 Chemical compositions of NiCrCoAlY powder (mass fraction/ %)

Cr Co Al Y C Fe Ni
16. 00-22. 00 4. 00-8. 00 3.00-7. 00 0. 20-0. 60 0.20-0.70 <1.00 Bal
K3 CnC BERMUZERS (REDE/%) M ZYAE, % HXD-1000TB i 068 B i1 &5 94 )=
Table 3 Chemical compositions of Cr; C, T AR B L d F MMG-500 B8 351558 56 FL 46 ) 5 453 1 fE
powder (mass fraction/ %) T WS G150 1 5 It B L 560
Ni Cr Cr; Cy
16. 00 4. 00 Bal 2 g_gﬁkﬁ%ﬁ*ﬁ
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¥ 77 HEAT OGBS 5 R SR A
SR B UEAR TR AT 7 N MO BRI T 2S8R
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N 30%.
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Fig. 1

Morphologies of cladding layer
(a) cross-section morphology of cladding layer; (b) cross-section local magnified morphology of cladding layer;

(o) longitudinal profile morphology of cladding layer; (d) macro morphology of cladding layer



110 [N

2021 4 12 H

2.2 BEEERNMALRSW

E 2 RIGHEZR EDS £ I8 51 B il 21 1A,
2(a) HE 1 (O EZH EDS 8w K, £ 44
K2 i A 2L EDS iUk 4rHr. H A 24
I A B )2 T ER B JL AR, &5 & EDS & H 45 R
(I 3) 4 BT ] 1. T AE B AF v 3 1 AR oy T 2 B A i 5
WK Ti o, BT LA IGE 2 8 384, Ti 9o
REmARETRDE, XHABEZESEMAEE BN
BAER . —E i TRV BEEEZ i Ti &
TEG A XA — AU BT, R E A TR i & =l
FEFERMAEDL . B 2(h) WG E L E A s, 4
BUR R B  E B R AN IR DL R R
B3 RAR AN, XEm THEEZ ERSE[N R
T2 ol Vo A TR = WO R . 45 AR 4 1 EDS 4
M PR A B E S C.Cr.Ni 0 & WA B P&

[Fasedcladdingllayen

Substrate \>

& Ti,Cr, Ni 50 %, 8 W0 B & Bk 164 Fn 42 ] 1L
BB SR T AL 0 T N R PR A 2
(o) I 2 v il 0 e 4L 2 A g W i, B oML
TR fity AR A DA Bt ) 1 S i L R A T
)7 i BB R A E BRI ORI
IETE PR R H HOR S R BRI, MR A C
e Ti,Cr,Ni ST R, i D b & C, Ti,Cr,
Ni &R, E 2 (DE5E X B4, £ 2 hF 1 b .
FEAR A AE R S P s E B & Ti.Cr, N o & .
H 358 [ BR m] Y B S8 G/ R Gl B2 6 32 / k[ 3k
RO MR ZHLES . RO E R T
o T B A tb 5 TRL E AIG A BK G A SR AR ik, B B T
AR A 1 e R L 3 B [ R R e/, 23 G/R ME
BR A X AR RS E g A X EEEN
T T A % A A /)N B [ R B S KL G/RAE

P2 JRA)Z EDS ZeA M () LURAE B ZE B (D) P i (o 5455 X (D) W i R

Fig. 2 EDS line scan cross-section image of cladding layer (a) and microstructures of

upper (b),middle (¢) and bonding zone (d) of cladding layer

F4 RBREEHMEREDS B SMER(REFE/%)
Table 4 EDS composition analysis results of microstructure

of cladding layer (mass fraction/ %)

Point C Al Ti \Y% Cr Co Ni

A 18.28 1.70 7.00 — 25.83  5.39 41. 80
B 15.50  2.69 20.45 0.68 21.77  3.37 35.54
C 7.28 4.30 47.23  2.40 11.94  3.14 23.71
D 6.01 5.46 52.33 2.80 8.89 2.98 21.53
E 3.26  5.92 65.46 3.12 5.06 1.13 16. 05
F - 6.21 80.36 4.01 3.30  — 6.12
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Fig. 3 Distribution diagram of EDS line scan element content intensity
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Fig. 4 XRD pattern of the cladding zone
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Fig.5 Microhardness distribution curves of

laser cladding layer to matrix
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Fig. 6 Relationship between friction coefficient and time of laser

cladding layer and titanium alloy substrate
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Fig. 8 Surface worn morphologies of titanium alloy substrate (a) and laser cladding layer (b)
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Fig. 9 Oxidation kinetics curves of titanium alloy substrate
and cladding layer after oxidation for 100 h at a

constant temperature of 850 “C
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