845 4% 455 ooE O Ok Vol. 45, No. 5
2018 4£ 5 H CHINESE JOURNAL OF LASERS May, 2018

SIC LI A TiNG Ak 2181 S PR S0
%J\iﬁh ﬁﬂﬁ’ [%ﬁ/%\@k’ %ﬁ? %éﬁ%

KIEILT EBHRBRE 5 TR 105 KIE 116024

HWE RHAMOCEEEARTE TC21 A &R WEH T &A SICFAMEARZ U5 T SiC BR RS WK EHIZY
AR AR O 20 20 R i B P AR M RE M SE R . A5 SR RA IS E i E B A A Ti, NiL TiNi, Tis Sis #1 TiC; TiC
UL B A0 Ak A RL I VR F s B INRCK SIC TBURL IS () )45 78 2= 2 1T W 38 AN 15 1k 29 01 o BE AR 1Y 2.1 %R 2,082 A L T s
TGk SIC BURLJS B4 78 J2 2 TH RS B2 R 5 P 43 5 S LAk B 2.4 A% R 1.475 435,
FEIA O MOLEAR: BOLEE; SESWRIE; SIC RIS MO LY i

hESES TG147 HERFRIRED A doi: 10.3788/CJL201845.0502002

Effects of SiC Particle Size on Microstructures and Properties of
TiNi Based Cladding Layers

Sun Lin, Wei Chaoqun, Sui Xinmeng, Chen Zhuo, Zhang Weiping
School of Materials Science and Engineering , Dalian University of Technology, Dalian, Liaoning 116024, China

Abstract Composite coatings including TiC particles are fabricated on the TC21 titanium alloy surface by the laser
cladding process. The effects of SiC particle size on the phase compositions, microstructures, hardness, friction and
wear properties of the cladding coatings are investigated. The results show that the main phases of the cladding
coatings are Ti, Ni, TiNi, Ti;Si; and TiC and the TiC particles refine the grain size. The addition of micro-SiC
particles makes the hardness and the wear resistance of the cladding coating surface increase to 2.1 and 2.082 times
that of the matrix, respectively, in contrast, the addition of nano-SiC makes them increase to 2.4 times and 1.475
times, respectively.
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2 Ik
2.1 REAEE

PN STH 30 mm X 15 mm X 8 mm fJ TC21
G e Ve SRR, @ ACAT B | £ BT Ve S M T &
. OB IEB R R Ti B N K SIC kL (H 42
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WS B R A B A e A T 90 C T4 2 h
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TR LT AREEZA R 1 mm; R SR
aTE RO T AT B AL WOt R R
1000 W, H i # ) H 6 mmes ' LB E AN 3 mm,

1 BOCKEEIR AW IR OF RS %)
Table 1 Compositions of mixed powder in laser cladding

(mass frication, %)

Mixed powder Ti Ni SiC
Micro-SiC 50 40 10
Nano-SiC 50 40 10
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Fig. 1 Cross-sectional morphology of cladding coating.

(a) M-SiC; (b) N-SiC
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Fig. 2 XRD pattern of cladding coating
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Fig. 3 Microstructure morphology at bonding zone of cladding coating. (a) M-SiC; (b) N-SiC

TCRIATE RN ERIE 3. B 5 A 3 A
MGG R LW, M-SiC #il N-SiC 8 )2 H . OH'IX
BRI A BRCR A s 4 Ti.C ot R, HIEFH
SPECL 2R 11, R, R OK €8 JBURIR 20 21k TiC;
F F' XU ERA L &4 TioNi St o, 1] L
B R Kt kIR 4 80 TiNi/TisSip 35 df
A LHGANE JE7 X 80 20 8 40 40k 4 4L

0502002-3



H |

i P

2 REESE XA X EDS 45258 5780080, 20

Table 2 EDS results at different positions of bonding zone of

cladding coating (atomic fraction, %)

Position Ti Ni Si C Phase
A 61.16  18.98  15.43 4.43 Ti, Ni/Ti; Siy
A’ 48.12  45.96 2.92 3.00 TiNi
B 83.76 6.70 2.39 7.25 B-Ti
B’ 56.28 3.14  36.75 3.83 Tis Sis
C/C"  49.40 - - 50.60 TiC

D/D' 58.54 29.46 5.80 6.20 Ti; Ni
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TR ;s (d) N-SiC, Ti &

Fig. 4 Microstructure morphologies of different cladding coatings.

(a) M-SiC, middle; (b) N-SiC, middle; (c¢) M-SiC, top; (d) N-SiC, top
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Table 3 Elemental analysis results at different positions

marked in Fig. 4(a) (atomic fraction, %)

Element E F G H

Ti 48.550 63.782 63.554 57.265
Ni 44,346 30.119 29.301 1.415
Si 1.384 4.971 2.286 0.197
C 5.518 1.134 4.859 41.123

Phase TiNi  TiNi/Ti;Si;  Tip Ni TiC
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Fig. 5 EPMA surface scan result of the middle of M-SiC cladding coating
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Fig. 6 Microhardness distribution of cladding coating
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Fig. 7 Wear surface appearances of matrix and cladding coating. (a) TC21 matrix; (b) M-SiC; (c¢) N-SiC
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T Ak 1 85 DD R U B 1k BB R A YT R, M-
SIC 15 7 2 h AR IE 1 SIC U A B2 48 2 B2 v ml 41 41
R Y Siy N, P 25 35k B4 Y 785 45 D0 Il N-SiC e 2
JE I SiC BURL, JC 2 Sis N R % ko0 i 8 2
FR DI 5 PRI N-SIC 8 )23 19 BB R 22 L U K T
RORA B M-SIiC B#E 2 .

F 4 TC21 Ak 595 2 0 B B 80
Table 4 Wear data of TC21 matrix and cladding coating

Wear scar Abrasive ) Wear rate / Wear resistance /
Specimen ) ) Wear loss /mm?® ) )
width /pm area /mm’ (mm®<h ") (hemm *)
TC21 substrate 1676.7 0.187 0.934 1.868 0.535
M-SiC 1267.5 0.090 0.090 0.898 1.114
N-SiC 1375.8 0.128 0.128 1.268 0.789
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