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x1 TCARASUERS
Table 1 Chemical composition of TC4 titanium alloy (/%)
Ti Al \Y% Fe C N H (0]
Bal. 6.0 3.9 0.16 0.01 0.017 0.008 0.09

Fx2 FI01 BEBBEMKRLFEMRS
Table 2 Chemical composition of F101 Ni-based self-melting
powder (/%)
Ni Cr Si B C
Bal. 10 3 25 0.6
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Fig.1  Macro-morphologies of the coatings: (a) F101 and
(b) F101+2%La,03
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Fig.2 XRD patterns of the laser cladding layers: (a) F101 and
(b) F101+2%La,03
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Fig.3 OM morphologies of the coating cross sections: (a) F101
and (b) F101+2%La,03

Kl 4 F101 F1 F101+2%La,0s 457 2 421 SEM JE5i
Fig.4 SEM morphologies of the laser cladding layers: (a) F101
and (b) F101+2%La,03

AR, BT & La B A4k ki E i, fig
B SRK, R E A Y &) BUR IR B i K
AFFIR AR,

3 4 4355 F101 J F101+2%La,0; )2 i
A ZUEIX EDS 0BT 4h . F101 )2 I HOIR A &

& Niv Tiv Cr. Si %70&, 46 XRD 7045 Rl
FA TiNiL CrsSig & AH: M HCRAR T Ti J5 1 70 Hok 2
53.32%, W HER a-Ti B, TiNiv TiSipw Cr,Tis
TiB &R &4 . F101+2%La,05 4 )2 1 Ik (3 HetR AH
FER N Tiv Niy, SR T 70 8UA $) 95.78%, KT H
FEWAN TiNi; AEMAEETCERN Ti, HRSHE
/BRI NIV Cry Si %, AE Btxm, HEWIHA o-Ti.
TiNiv Cr,Ti FMMEEY: REFRMEEETLREN
Ti, A &HEDEM Niv Cr. B. Si, #fEWELASH
Niv Cr. Si % ns R Ti B E3E A& KD &1 TiB M.

5a Al 5b 43 7l 4% F101 2 F101+2%La,05 i J# [X
5 EAASZ SR SEM TESRE . ATRLE . F101 /)
SO P i et 7 TR RS S O N W M B 2 Wl [
R X, HE B (79350 N: 61.25%Ti.
31.85%Ni. 3.7%Cr. 1.74%B. 1.43%Si, #EiATRY
WELTEMEY B, BFRRIENBELSEH. M
F101+2%La,05 H i I IX RS0 [8) #4772 — 25 A3 1)~
fa s O B R A B HOIR A ATAE AN IR AR, 3
mHm AT mAEK, FEKS (BT8R M-
65.21%Ti. 30.02%Ni. 1.63%Cr. 2.64%Si. 0.5%B,
WE AR A RZHAR, RE I A LUR LT
HNFEAA, MR T RIFIGEEE, XM 4 RIE
THESRAZ Mg &omEt, WEFE L,
F101 & F101+2%La,Og M A Fa 52 i X &R H B 1 4R
YA, K RO TE SO N # G FE vp, BRI B TCa
AHAR GBS, BefR i v 2RI Cat) XUAHAZ Al B
P, H T O ARRA IR 2, B AR BT,
M R T AT (R TR oo [ 9 A1,
2.4 BWHEE

K 6 /& F101 & F101+2%La,04 34 2 Y 55 1 bl J52 it
IS Z IR Ze . AT LUE . P I R AR AL it 2

3 E4da b FI01 REERALIEX EDS TR
Table 3 Selected area EDS results of the microstructure of
F101 in Fig.4a (at%)

Area Ni Cr B Si Ti
1 41.30 13.85 1.42 11.03 32.4
2 26.53 10.48 1.2 8.47 53.32

4 [E4b BFM LaOs ik B BMLELNIERX EDS s R
Table 4 Selected area EDS results of the microstructure of
F101+2%La,03in Fig.4b (at%o)

Area Ni Cr B Si Ti
1 31.08 2.42 0 1.8 64.7
2 11.44 2.77 0 1.72 84.06
3 3.87 0.24 1.82 0.66 93.4
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5 F101 1 F101+2%La,05 i J% X 4443 SEM JE5i
Fig.5 SEM morphologies of the transition layers: (a) F101 and
(b) F101+2%La,03
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Fig.6 Microhardness variation of F101 and F101+2% La,O3
along coating depth

0.6
05}

0.4 Wy

0.3} F101+2%La,0, coating

Friction Coefficient

0.2¢

01 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900
Time/s

K7 F101. F101+2%La,03 ¥kJ= & TC4 Bk SE 44 1 EE#E R
Ko 2

Fig.7 Friction coefficient curves of F101, F101+2%La,0O3 and
TC4 alloy matrix
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Table 5 Wear-resistance data of F101 and F101+2%La,03 coatings and TC4 alloy matrix
Material Grinding crack width/mm Average grinding crack width/mm Wear volume/mm®
TC4 matrix 1.261, 1.258, 1.246, 1.240, 1.242 1.249 0.13
F101 0.733, 0.740, 0.736, 0.731, 0.745 0.737 0.027
F101+2%La,03 0.875, 0.881, 0.871, 0.879, 0.885 0.878 0.045

TR, T R B M R AR SR R, — MR
R, R R

Kl 8 J& TC4 £k & & /K & F101. F101+2%La,0;
WEBEBES. LR 8a k& 45k m BRI
K, MWEIRFTLUE 1, BIRSHEEh 5 miEAME, H
A E], BEIRAEFEAR R R TR B AL, R
TR AR BERVE BT, B, ®KE54
FEORI BB R B 40 5 B R B 2R A E & R .

8 TCA4 HkA 44 % F101. F101+2%La,0; i} )2 B 4t SEM
TE3
Fig. 8 SEM morphologies for the wear surface of TC4 alloy
matrix (a), F101 (b) and F101+2%La,03 (c)
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F101 Ni-based Coating Containing La,0O3; by Laser Cladding on TC4 Titanium Alloy

He Xinghua, Xu Xiaojing, Ge Xiaolan, Tao Jun, Zhong Yiying, Liu Qinghui, Wu Guilan
(Engineering Institute of Advanced Manufacturing and Modern Equipment Technology, Jiangsu University, Zhenjiang 212013, China)

Abstract: F101 Ni-based alloy coating and F101+2 wt% La,O3; Ni-based alloy coating were fabricated on TC4 titanium alloy surface with
proper laser cladding parameters, using F101 Ni-based self-melting alloy powder and F101 Ni-based self-melting alloy powder with 2 wt%
La,03 as starting materials. Macro morphology, phase composition, microstructure, microhardness and friction properties of the two kinds
of coatings were compared. Results show that rare-earth La,O3 effectively improves the absorption rate of laser irradiation. More Ti-rich
phases are formed and the microstructure is more uniform and denser in the F101+2 wt% La,Oj3 coating. Although the hardness and friction
property of the F101+2 wt% La,O3 coating are reduced to some extent due to the excessive elements diffusion from TC4 matrix into the
coating, the friction coefficient of the coating is lower (0.41 vs 0.45) and the wear resistance is 2.89 times higher than that of TCA4.

Key words: TC4 titanium alloy; laser cladding; Ni-based alloy; La,Os; friction properties
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