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Abstract Ti-based composite coating is successfully fabricated on Ti811 titanium alloy surface by laser cladding.
The phases, microstructures, microhardness, friction and wear resistance of the coating are studied, and the
formation mechanism of TiB,-TiC composite mosaic structure is analyzed. The results show that the main phases of
the coating are reinforced phases of TiC and TiB,, intermetallic compound Ti, Ni and matrix o-Ti. The misfit
between the (0001) face of TiB, and the (111) face of TiC is only 1.057%, which indicates that TiB, can be the
most effective heterogeneous nucleation core of TiC to form a TiB,-TiC composite structure. Due to dispersion
strengthening, solid solution strengthening and fine-grain strengthening effect, the microhardness of the coating can
reach 617 HV, which is 1.62 times that of Ti811 titanium alloy. The coating has good friction and wear resistance,
its wear volume, wear depth and average friction coefficient are 175X 10 ° mm®, 80.13 pm and 0. 39, respectively,
and the wear volume of the coating is about 26 % lower than that of the substrate.
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Table 1  Chemical composition of Ti811 near « titanium alloy

Element Al Mo A\

C N Fe (0] Ti

Mass fraction /% 8.10 1.05 0.99

0.03 0.01 0.05 0.06 Bal.

Fl 1 BARM SEMIES . (a) TC4 #3;(b) Ni60 #
Fig. 1 SEM morphology of the powders. (a) TC4 powders; (b) Ni60 powders
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Fig. 2 XRD patterns of cladding powders and coating. (a) TC4 powders; (b) Ni60 powders; (c¢) coating
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Fig. 3 (a) Cross-section morphology of the coating; (b) schematic of the coating
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Fig. 4 Microstructures of cross-section of the coating. (a)-(b) Top region of the coating; (c) bottom region of the

coating; (d) bonding zone; (e) top region of the coating; (f) magnified image of Fig.4 (e); (g) magnified image

of A region in Fig.4 (f); (h) magnified image of B region in Fig.4(f); (i) magnified image of Fig.4(g)
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Fig. 5 EDS analysis of phases in the coating. (a) Dendritic TiC; (b) granular TiC; (¢) Ti,Ni; (d) «Ti; (e) TiB,
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Table 2

WA TiB, Ml TiC Z (8] i 2k 25 B RS IO R, JF DL
KW TiB, J& 75 f] IVE R TiC 5 BB A% L, [H]
I ESIE R 4 (e) H TiB,-TiC & At 25 A I 1,

Wit Materials Studio 2017 %k {4 # <7 B9 TiB,
A TIC SRS I E 6 FiR, s S 5L 2,

kSR, () TiB,;(b) TiC

Lattice constants of TiB, and TiC

Lattice constant /nm

Crystal Crystal system Space group
a b c
TiB, Hexagonal P6-MMM 0.3028 0.3028 0.3228
TiC Cubic FM-3M 0.4328 0.4328 0.4328
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Table 3

between TiB; and TiC, and calculated misfit

Parameters in calculating lattice misfit

Parameter TiB, (0001) // TiC(111)
Luvw Jri, [2110] [1100] [12 107
Luvw Jric [TO]] [111] [TlO]
6/ 0 0 0
d i, /(1071 m) 3.028 5.245 3.028
dric/(107" m) 3.060 5.301 3.060
8 /% 1.057
[101],,.

[Il 1]Ti(‘,

(1100},

[I 1O]TiC
[1210], @

B 7 (000D TiB, 5111 e M fA%E X &
Fig. 7 Crystal relationship between (0001)TiB, and (111)c
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Fig. 8 Microhardness distribution of the coating
3.5 EEEmRER

Ti811 kG 4 FlLAR J2 1 B8 452 5 451 1k 18 WL 3% 4, B
1A B 2 R i R s 401 20 3 A e A D Ze an T 9
Jr7R . WL 9Ca) ~ (b) R A] LU Y, 2R 2 1 B 4 14
FRAN B B 4/ T Tis11 5K& 4 1 08 2 10 B 4
RN T 26 V0 . R WK 2 HA BT T 5
A& M 9Co) W] LLE Y, 76 A1 [ 11 58 458 5 4 2% 1
T Ti811 BkA 4 70 A2 A JBE 152 15 450 B B 1) B8 458 A K
0.56~0.75, 1M ¥k JE B EEEE K B 0.37~0.41, I
WE BB/ BN B E s T Tisll £k A
S FRMAIREETE ., W 9(D T LA H . 3% 2 B
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Table 4 Friction and wear properties of

Ti811 titanium alloy and the coating

Wear volume / Wear  Wear volume rate /
Material . i ) )
(10 * mm®*) depth /pm (10 ® mm’+s ')
Ti811 238.3 94.35 1.19
Coating 175 80.13 0.88
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Fig. 9 (a) Wear volume of Ti811 titanium alloy; (b) wear volume of the coating; (c) friction coefficient curves;

(d) section profiles of a typical wear track
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