MRS M 2022,16(1):136-141

Materials Research and Application

http://mra. ijournals. cn

Email:clyjyyy@gdinm. com

XEHS:1673-9981(2022)01-0136-06

EETHRARUAK-EURRENAALEL S ERE

LExpY e FBYE ELEFHLVRFHLEFR L AIXLF L EEZF
(1. W6 Tl k2 B R 5 TR B, REE 300401 ; 2. W45 #7 B oh B Ak T 5 5056 %5, Rt 300401)

T4 U 2 AT RAL K

T8 O RO AR RSN WS TR S A R R e b Bk Rk TR A2 AR R I AL U M Sk RE . 0 A
BT R B WA R [ 2 5 85 (TIC-TiSi, Al Ti-SiC) 23 B WA TE T C4 4k 4 4 3% T 1 45 0 Ak fb 4k -
REALER ST A 0 2, AR X ZR AT 5430 4 L S 0 BR O RB A I 46 BL L A R R T R AR
g5 BRI S T W TiC-TiSL, & A M 3% 2 B & TiC A 58%,
Ti;Si, 2 21%, TiSi, 28 7%, Si 2k 9% M Si0, 28 5%, & B F Wi ik Ti-SiC & & B 5 ik )2 & F TiC
(47%), Ti;SL,(40% ) F1 SIC(13% ) 5 76 55 B F Wi ik i B2 o Ti-SiC E-A M iy Ti 55 SiC k4 T W Wi
Pl R, R AR BT TIC A1 TS, 45 55 F iR Ti-SiC &AM TR 2, BoA T 2 A 1 SE /N ok )R

oF. SR TR TIC-TiSi, & G 8 BT AR AL B —RE AL BRI JR AT LL , 45 88 7 B Ti-SiC & & b P45 i Ao k-
ik AR R J2 LA O R A 4 i B O R A S RO B (R R T 18, 704 ) S I ) M A i R P R X
FEAE T4 B 1 WK Ti-SIC G B BN 5 b i 5 A BR— it A BRI J2 v S TR A9 A o 57 40k T vl HL S5 L

HUR L7 NN Aot s 1 A

KR A FBUR ; Ti-SiCs b A B s ik fL Bk REIL K A 1R 2 RIJE MRk

FESES: TG174 XERFRERG : A

I BT B, T, % G T mR e a2 AL AUEE i S PERELT ] MRS S NI, 2022, 16(1)

136-141.

MA Yuduo, YANG Yong, WANG Lei, et al. Microstructure and Properties of Plasma Sprayed Titanium Carbide-Titanium
Silicide Coatings[J]. Materials Research and Application,2022,16(1):136-141.

B 2 T 400 57 AR A R I & R A T IR
B Al A8 A5 TN % 45 ol A5 3 A A Rl A JEE 4R S L
TR S R N ONRE U R . AR IR 2
FE i 7o o T 5 A b el T G A TR B S LB v TR
BVERET . TERZWRENI S R EE T WR
R EA V2 M W A, T2 6 )y i DBk
SR FE AR ARG N AT U A RS T R RE T
LR IR R 2 e P R 4 R B Bk 1L W
W ELBR TIC & IR T SR A A R (H 5
BB T U S S0 TiC # il & TiC IR 21t %)
HH B A AS 78 43 TN 5 1 SR Ak 10 T B, DTG ik A5 ir 75
TR 2 B B0 AR e R A Bt X T B0 B IR

75 B #1: 2021-09-28

F4 ) AL, 3 R A A B O 1 R B L i 2 A
ARG TIC B B I AR 09 58 AR R L A
R A B RS XN AT L e LB R T EL
A W R U R A A L B R VR A Y 2
APERET . REAL YR MR SRR, BRI TE
R I SIO, BEXS IR 277 A4 A BHALAETS . X T
TR JZ W R DR TR RS, o A7 R0 B0 fige D I 1 2 — 2 P IR
s R RO (s JHC 40 oK AR B 3ROK ) | 2K 1 4 490 2K 2
Ty Al 5 U 2 A QUSAS R HORRLAE S i T 2 ROR
73 SME AR DU ALK iR B 0 T 1R & 3k
J2 v S5 T R 22 T] A7 DK 8K 14 ST AS DS E B B
B A B T UK )80 o0 Be 3t O SR AR 28 4 28

HETB :HREARB 24 (52072110) ;b 4E H AR # 34 (E2018202034)
EHZB A D EIF(1991-), 5 Wb & A Wi g8 4, T8 F 505 0 o0 4 s 3 2 A A RS AR e i TR
BIRAEE 5 (1980-), I WA ARTE A L0548 8002, 2 BERF 5% 5 1) S $AUIE 4k Sl 38 Uk J23 Rk



£ 16% 1M

DAy, A A T ORI AL B — AL BR IR R A UG 5 PRk 137

b2 R, A B — kLR e % B4 JE R & 9
I ELRTAS R = W) BA dbbL Al /N R e W) 22 ) 2
Ao SRS b R AR R R AT LA AE
FE IR R RCR R, SN E T KA
1 #0CER  HE— 2D I i S I R B W 1 s Ak . 3l i
A58 1T UR T AR W] &2 Ak (TIC-TiSi, # Ti-SiC)
Gy AE TCABK A 4 3% W & o fb Bk - iE LB 2 & ik
J2 50 M RN A A R B U T AR 0 G IR 2 I A AL
¥, %k BRI 5 PR R AR A 2 A R R Bt KR
PERE .

1 REMBS5TE

JEORHB AR Sy TiC CRLJE /N T 5 pm, | ¥ 52 1 8
AR BR 2 A A7), TiSL, OB /N 10 pm, E 1

S5 R AR R R BRA B AR ) TiCRZEE /NT 20 pm,
Y S S B A R R A BR A B AE ) SiC CRE EE /N
F 3 pm, e B B AR B AL RE OB A BR A R AE ) . A
FHWE 55 18 AL AR K S50k 43 3 ki ol TiC-TiSL, &
AR R Ti-SIC Z A8y R 6 a8 3Ti+2SiC=
2TiC+TiSh,, i+ 58 & & 8 h & ¥ 5T /9 1 53 e L .
TiC-TiSi, & & #h TiC 5 TiSi, (0 B & o 27: 23,
Ti-SiICZ A H i Ti 5 SiC Ay & o 16:9. K&k
MRl TCAEKA 4, 3 I8 24 84 Ni/ALL

W% % I X R A Rk A A I A Ak 38 DA R O
JE SR FE AP J5 4 S A 1 It 2R )R 29 50 pm Y Ni/Al
SR DR SR E SRR S AR G A
T8 2k B R TiC-TiSi, & A ¥ A Ti-SiC & 5 #4r
I TR R B ) SN 250 um WO R . BEIR S B0
FFEI1.

K1 EBETHRIZHSH

Table 1 Parameters of plasma spraying process
RA(EAD A/ AR/ o BB A/
s . R/ A M55 4% BE 5 /mm o
(dm®min ") (dm’min™") (Lemin ")
150 30 100 4

FII X 5 26 A7 942 (Rigaku DMAX-2500X) , %
GRS RN N =N N A I E S BT SR R T €3
(SEM,HITACHI S-4800) flGE 1% 0 #r L (EDS) , 3
TER SRR ZENHWER KX TtESTE. 5
8 R bR i GB8642-88, | FH H7 i 74 I 3k Uk J2 114 45
Aok . R B 4E LR B i (SHIMADZU
HMV-2) & 2 4% 2 08 R, 4067 8 0. 1 kg fin 2k
B ] A 15 s, B A 3RE O i 20 21 %50 4 BRAE i S 1
. FFFIH S A 2 QRS B 3 (2 o0 0. 5 kg, in gk it
[E] 4 15 ) e iR 2 2 AT R RS E Rl i B
TS EIRIE A, LA K & P B i 2 Bk . R
LS g WS-2005 (9 1 2 & 1 B 3l Rl IR 430 @
HAT IR e K 2 7 A 60 N, 2k %4 30 N/
min, ¥R KE N4 mm.
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K1k W55 F R 48 TiC-TiSi, & & ¥ il Ti-
SICE AH SEM & . M 1AL Y, it % 1 4
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R FURLIE B . i 13 A JRRE T A RS A ) 4
K45 Ti-SiC & A8 RT 3K H 2R\ ok RLRS .
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) XRD B 3% . N 2 0] UL, 5 25+ 48 T 45 TiC-
TiSi, B & ¥ B TiC, TiSi, fl Si 41Kk , 1% 55 + 1 fr 15
Ti-SiC & & ¥ i1 Ti, SiC #1 TiH, s 41 5%, ¥ 41 Si
TiH, 548 9142 J5oB RS TiSi, F1 Ti 78 #1453 72 o B %
. H AT AR 55 TR R Uk AR T IEOR S Y 14D
R OIFEAH L EYHBUCE ST 4G A .

& 3N 4B 794 TiC-TiSi, A1 Ti-SiC & 4 4
1% TiC-TiSi, 3 2 F1 Ti-SiC % 2 19 XRD 3% . M
K 3(a) nf L, 45 8 Ik TiC-TiSL, B A M i 5 )2
i TiC, Ti:Sis, TiSi,, Si Ml SiO, 41 il , ¢ W 75 25 & 7
W% v 2o A R 4 TiSi, A AF O TiShy, i H A D it
SIOJE . M 3(b) AT 0L, 55 8§ F Wik Ti-SiC &2 &
BT A5 3 2 B TiC, TiSiy A1 SiC A 2 A%, % 3 Ti-
SICHEAH M Ti5 SiC 75 %5 & F Bk i 72 o B i
M & AT A AR OB IR AE T TIC i TiSE,. XF A
3(a) FE 3(b) & B, Ti-SiC 1k & & 4 1% 2 147 5 g
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SEM images of (a) TiC-TiSi, and (b) Ti-SiC composite powders obtained by spray drying
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Fig.2 X-ray diffraction patterns of (a) TiC-TiSi, and (b) Ti-SiC composite powders obtained by spray drying
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Fig. 3 X-ray diffraction patterns of (a) TiC-TiSi, coating and (b) Ti-SiC coating obtained by plasma spraying TiC-TiSi, and

Ti-SiC composite powders
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Fig.4 Cross-sectional SEM micrographs of TiC-TiSi,
coating and Ti-SiC coating obtained by plasma
spraying TiC-TiSi, composite powder and Ti-SiC
composite powder

(a) TiC-TiSiy; (b) Ti-SiC; (¢) high-magnification image of

area A in (a);(d) high-magnification image of area B in (b)
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Table 2 EDS results of the two titanium carbide-titanium

silicide coatings

TLETEw/ %

X
C Si Ti
A 6.71 84.39 8.90
B 7.67 44.18 48.15
C 20.99 16. 68 62.33
D 11.79 13.10 75.11
E 26.35 53.78 19.87

2.2 EARERMERE

B FWER Ti-SiC & A 8 T 15 i 16 k- ik Ak Bk
%207 3 8O O 1137 HV,, B 8 & F TiC-
TiSLIKREZFIRIZEM 9S8 HV,, . BRIZME W 12
PEREARH T H B 2 4 . )2 OB B 3 A N O T
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(23785 HV) . i TiC-TiSi, & R I& 2 1Y W i il 2 w5
F TIC R 2, 33X 02 A ARG s TiSL, iy i A 153 TiC
IEAL T 5, IR E M IR S . Kasraee 55
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Fig.5 SEM micrographs of indentation morphology of TiC-
TiSi, coating and Ti-SiC coating
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Fig.6 SEM micrographs of scractch morphology of the
TiC-TiSi, coating and the Ti-SiC coating

(a) middle scratch of the TiC-TiSi, coating; (b) end scratch
of the TiC-TiSi, coating; (¢) middle scratch of the Ti-SiC
coating ; (d) end scratch of the Ti-SiC coating
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Microstructure and Properties of Plasma Sprayed
Titanium Carbide-Titanium Silicide Coatings

MA Yuduo"?, YANG Yong"”,WANG Lei', WANG Yanwei', SHAO Yuxuan', CUI Yuhang', SUN Wenwei', WANG Xingyu'
(1. School of Materials Science and Engineering, Hebei University of Technology, Tianjin 300401, China; 2. Key
Laboratory for New Type of Functional Materials in Hebei Province, Tianjin 300401, China)

Abstract: The microstructure and properties of two titanium carbide-titanium silicide composite coatings
obtained by ex-situ and in-situ approaches were studied. Titanium carbide-titanium silicide composite
coatings were prepared on the surface of TC4 titanium alloy utilizing plasma spraying TiC-TiSi, and Ti-SiC
composite powders, respectively. X-ray diffractometer, scanning electron microscope, universal tensile
testing machine, micro-Vickers hardness tester and scratch tester were used to characterize and test the
coatings. The results showed that the coating obtained by plasma spraying TiC-TiSi, composite powders
contains TiC (58 wt. %), Ti;Si; (21 wt. %), TiSi, (7 wt. %), Si (9 wt. %) and SiO, (5 wt. % ). The
coating obtained by plasma spraying Ti-SiC composite powders contains TiC (47 wt. % ), Ti;Si; (40
wt. %) and SiC (13 wt. % ). During the plasma spraying process, chemical reactions occurred between Ti
and SiC in Ti-SiC composite powders, then TiC and Ti;Si; were generated. The coating obtained by
plasma spraying Ti-SiC composite powders had thinner lamina and smaller grain size. The coating obtained
by plasma spraying Ti-SiC composite powders had higher bonding strength, higher microhardness (increased
by 18.7% ), better toughness and better scratch resistance than the coating obtained by plasma spraying TiC-
TiSi, composite powders. The main reason for the elevated mechanical properties could be concluded as the
higher relative contents of the hard phase and the smaller grain size of titanium carbide and titanium silicide
derived from the in-situ reactions.

Key words: plasma spraying; Ti-SiC;reaction synthesis; titanium carbide-titanium silicide ; composite coating;
scratch resistant



