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AR Ti $f, ERRRIE A RAEA . £ RIK TR A
SPAIRA Ti 61 Cu SEAEAIIRRAFIRER, JTRHE R
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HI7E 685 CHFEIAII K. Dong 2 NPT 58 T 34 J5 Ak,
F78#8J% (reduced graphene oxide, rtGO) 5 Ti 2 8] s M
TP, #9900 CH Ti 5 rGO B4 5% 4 N TiC,
H. TiC 7€ TMCs [k £ b e P 24
N TS50 TICITI S &M EHIH IR, Xk
4575 TiCITi & FRLET EBSD 20 #r. & 3a~3¢c 2018
RGBS DUARIS 1] 30, 60, 120 s AEdH AR, F 3cl
N 3¢ XFRIFAE AR, K REARR o-Ti M. 46

B 1 ARVURERTS Ti 63800 GOs TR AIBe4E s TiC/Ti ZEaM R ZH A

Fig.1 Morphologies of deposited GOs on Ti foil surface (a-c) and microstructures of sintered TiC/Ti composite samples (d-f) at different

deposition time: (a, d) 30 s, (b, €) 60 s, and (c, f) 120 s (the inset in Fig.1a shows the magnified morphology of deposited GOs)
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Fig.2 XRD pattern of the TiC/Ti composites B, B KSR R TIiC JZRE@EMERE, BAHSE TIiC 2

100 pm

K3 JRELZs TICITi E-AFPRHEE R ¥ EBSD 2047
Fig.3 EBSD analysis of the sintered TiC/Ti composites samples: (a) 30S, (b) 60S, and (c, c1) 120S (the red and black colors in Fig.3c; represent
TiC and o-Ti, respectively)

K4 Bk TICITI ZEMEHE M) SEM TESA EBSD 7341
Fig.4 SEM morphologies (a-c) and EBSD analysis (d-f) of annealed TiC/Ti composite samples: (a, d) 30S, (b, e) 60S, and (c, f) 120S
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Fig.5 Engineering stress- engineering strain curves of the sintered (a) and annealed (b) TiC/Ti composite samples

Smple 30S
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Annealed

Sample 60S

Sample 1208

= Yo S

B 6 TiC/Ti A& MRE S W DS

Fracture morphologies of the TiC/Ti composite samples (the insets in Fig.6a-Fig.6¢c show the high magnification images of marked regions)

Fig.6
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— 771, BT Ti EARH TiC BIASTEEE AR, 16 S i
IR G A 25 5y = AR R AR, R TIC B2 55
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5 GOs 1) C ALK, Mu 25 NPEpEgnat st 7
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ISR BUEARAER, GOs ) C T % TiC ER)E Ti
BRI A SR SN TIC 4k K, BLE GOs 4%
AR R JEAL TiC.

HE 1 1f) SEM S5 E], BEUTARI Rl i, 7+
[l TiC E B B sk, A5 B FRHE Ti gkl gy ik 5L 2
kA, Mimgntk Tidickr (B 3) o Begh S RN
5% R0 B 4z 5 P o R T ) FR 3 T A AR = (R
5a) , MYEASREBIY 2 fiEHx TiC/Ti ZARE ARk
BRI ARSI 7 20T 4, P Sa Fhbest s RIS 4R TT
PSR AN 5 Pt VA A= R K ) o D
1 B K RS T BRAL .

TiC WA B E W E A MR RIT . &=
22t NPRISH TiC 51504 1) Ti-0.4%TiC A FRHII W2
RERERAT T RS IE R I, BEE SN s n, b1
AR A IERESCA W &, -5 B 1 RSO BT R
Ry, MR RS2, gy TiCTi Fmtia g
ROKEB e, el A B SE r Nna ar e, R
g R 3 — e R SR IR A T R PO T R Tan %5
NPT TICITi EARE AR AT N, M2 RE
HMRIZAMINN A, Tic Z o B Z R, BN
JIRIsEm, Ti ERBMAR T Rl TiC 2R84, 1Ak,
JEREE TR R EUREE 53 2 RS2t e .

FEWTAE R, AR, AR AT R AT
R TICITi FREEGMERE RIFHIPRAY R
Ho AR AR EMER TIC ZETHeMEZ, TiZik2
WENEZ, HEEMEZ BN, BT TICJZ5 Ti
BAR 2 R R AEAN AR T 3 ORI AL P2 AR 3R N Ty, 3
GUR GE S AL EEAE . B TiC AR B0, Ti 3k
(R PERRAR, TR AL TE B FLIR 25 5 JE H2 TW L
(El 6c) HIERLY fE, FEGTRARE 120 s B
i 2 I 2 AR
3.2 BAGSHRIEMMERR HFITROH

o8 225 75 MFRE FL ) Ik A8 v JoRE I L o 7 v 8 5 r
K, SRR TIC WG ELEI 7 MR8 e, 70%
AT B R AL R S B RHEFE R F%, TiC 2R EEHEZ
B R 141 T begd S AR K ASUTRRT[R] 120 s F & TiC
ITESUFI A3 ARRHE o« SLEIASIRIZ TS IR K5, TiC 17
TRE T R ATRE, (HREH N TRAESHE, B4l
BT RIsEm, 1B KSM B ZAR TIC 13 2R aE i
Bk (B o), RESMEFFIR TIC BRKE Y
30 pum, THEKSEEMEF TiIC HKKEZN 10 um
(R D . (LHIBTEIG TiC A 2 580 Ti B iE@
PSR, EZBRARR A, TiC/Ti Fiiiabr= A= i
GURZE Gy Ti AR B I XAk, R 358 4 1) 122 30 1tk ¥
HRME AR BB . BRAE S UURIN TE] 120 s FEAL 1
AR M K T DU 1] 30 s M, GRS R
PR EER ARSI, SEURSEASVIT E] 120 s F¢ i
PR R AR TR KSTURRIS[A] 120 s FEaL R TiC
193070 /B, ASEBEAR CRAFR S 1, DRI IR K 2T
FARTIR] 120 s 5 AR ZRAN B AIS THR KA TTRART ] 30 s
FEfh o BBAh, 1B KPR SR RS A TR S ik
BT, SR R T AR R EE SR R, R
Best MBI A FLRE K AR EE, T R 4% SR 4R
TiC 534, AR KESMEEE T B R B PEIT R .

2 FH T JURER G TMCs S8 30 B3 1 1 7 92
PAR A RRH Sy B . Liu 28 N 205} SPS kst
BT KBS TiBw S207E GNPs A% 1
5% 7 Ti 5 GNPs IS 45 &0, EAEMEVEILT RiF
fH 58 S 1 DC I o 255 N\ 008 o 42 5 P L C Pl 9:1 31 16:1)

=1 K& 1208 F TiC HIRERM S R HT
Table 1 Morphology and distribution characteristics of TiC in

120S sample
Maximum Distribution
State length/pum Morphology characteristic
Sintered 30 Granu!ar and _Layere_d
stripy distribution
Annealed 10 Granular _La)_/ere_d
distribution
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Table 2 Mechanical properties of TMCs
Sample UTS/MPa 1% Method Ref.
TiCITi 555 15 SPS
This work
TiCITi 568 27 Cold rolling+annealing
(GNPs+TiBw)/Ti 701 10.1 SPS [20]
(GNPs+TiBw)/Ti 789 22 Heat treatment
TiBw/TC4 1108 8.3 Extruding [30]
TiBw/TC4 1206 12 Extruding
TiBw/Ti 908 4 Sintering
. . . [31]
TiBw/Ti 1068 6.3 Rolling
TiB/Ti 683 15.2 Sintering
R . [32]
TiB/Ti 735 214 Sintering
(TIC+TiB)/Ti 834 1.2 Selective laser melting [33]
(TIC+TiB)/Ti 946 4.8 Selective laser melting
Ti-TiB/Ti 569 12.7 Diffusion welding [34]
Ti-TiB/Ti 538 18 Diffusion welding
{5 TIBWITCA 5 AAPRHIKE h 839 RN 12%, 1 IRAMGHEHE.

S BRI G A3 20 T A T R SR 0 1 A A | Y
REEHI SR LB IEAR L A4 . Huang 28 A\ B B
XF TiBW/Ti & & MREEAT 5L T — 22 73 8 TiBw FlFF
i TiBw KA b, Ak 2 A BHA 254 M B - Wang
2 NP 2 B b 5 A 4% 7 R TiBITi &KL
R R AR AL T E AR KZE. Zhou
25 NBUR B0k % X M5tk R (selective laser melting,
SLM) #il#% T JRAL (TIC+TIB) /Ti EA&FEL, it %
B S BT R T S A MEHRORAE R CHARRIRE
RER , ST APHRBIIME S 1) B AR, Liu 25 AR
WY HUR N R T — RAAE Ti 2 EEMR
Ti-TiB/Ti EAMK, @ Ti ZRErEE AR
KR B E P, (ARTTE Gty R T aR B AR, (573
HENE, AFFCRALGA AR KT, HTIiCmi &
A MORETE 5 R R T 16 R K R i 15% 42 i E
27%, KR TIRAAHEIBMEITEL . B SE AR 47
YR ARG (F6c) , MHEKEEAME LI
SARIPERTEUSE (B 6F) , RIIAAIEIHR K AR
IR GRS 55 T TIC 107G Ry 2 Ti SR @ ML I3

4 & i

1) BB TR E) /3G g A R AR A S 3 I, e g A
TiCITi EEMEH SR EA W IR . KRS FR TIC 1
TEAE SEUBREE S VIR ] 120 s BE 921k B35 84k

2) REEDMEE L A FLIB K5 b NS i, K
R TIC 32046 Rirs, B KSR TiC IR 2

3) ML Thediatrrl, BAKEZIR TiCTi E6M
ol o B R TR e 1 R K B A5 21 T 2 (AR )
4120 s 3B KA A DR RR A i 9 B2 1Y) [R] IR AR 28 B 15%
PemiE 27%) o BHERSE RS AT TIC AHA Rk &2 Ti
BRI
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Microstructure and Mechanical Properties of TiC/Ti Composites with
Laminated Structure

Wu Hao', Zhang Long, Yu Jiashi®®, Huo Wangtu?, Chen Hao*
(1. Xi’an Noble Rare Metal Materials Co., Ltd, Xi’an 710201, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)
(3. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract: In order to balance the strength and ductility of titanium matrix composites (TMCs), the graphene oxides (GOs) were electrophoretic-
ally deposited on pure Ti foils, then the deposited Ti foils were treated by spark plasma sintering (SPS) process, and finally the in-situ TiC/Ti
composites with layered structures were obtained. In order to further ameliorate the comprehensive mechanical properties, the sintered composites
were subjected to cold rolling and annealing. Results show that GOs on the Ti foil surface reacts with Ti matrix to form the in-situ TiC phases
during sintering process, thus forming TiC/Ti layered composites. With increasing the deposition duration, the content of TiC distributed between
Ti layers is increased. After cold rolling and annealing, the grains of annealed composites are equiaxed, and the TiC still presents the layered
distribution characteristic. When the deposition duration is 120 s, the ultimate tensile strength (UTS) and the elongation (o) of sintered material are
555 MPa and 15%, respectively; UTS and ¢ of annealed material are 568 MPa and 27%, respectively. Compared with the sintered materials, the
annealed material achieves good strength-plasticity synergy. In addition, the strengthening and toughening mechanisms of composites were
discussed based on the analysis of microstructure and fracture behavior.

Key words: titanium matrix composites; laminated structure; mechanical property; microstructure
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