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ABSTRACT The discontinuous reinforcements can effectively improve the mechanical properties, wear resistance, high
temperature strength, and oxidation resistance of the titanium matrix, broadening the application fields of titanium materials. Ceramic
reinforced phases have become the preferred reinforcements for the discontinuously reinforced titanium matrix composites because of
the high hardness, good wear resistance, thermal stability, and low cost, and the TiC particles and TiB fibers are the most widely used.
In addition, the nano-carbon materials have also become the most potential reinforcement materials of titanium matrix composites in
recent years, due to the excellent properties such as high elastic modulus and high tensile strength, the nano-carbon materials can
effectively improve the strength and plasticity of the titanium matrix. In this paper, based on the selection of reinforcements, the
research progress of the discontinuously reinforced titanium matrix composites were summarized in the last decade, the effects of

different reinforced materials on the microstructure and mechanical properties of titanium matrix and the strengthening mechanism
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were summarized, and the further research direction was put forward, which provided a certain basis for improving the overall

properties of titanium matrix composites and expanding their application.

KEY WORDS discontinuous reinforcement; titanium matrix composites; reinforcements; strengthening mechanism
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Fig.1 Morphologies of TiC in TiC/Ti6Al4V composites with

15% volume fraction TiC!'”

HHEMW, SELSBREY (MoC. VO
A DAFRBERRIR 5 Ti JEAL AR B TiC A, SR AR B 5
Mo. V JLERAERERM, SURIMARAL, "EaEs
MORIBYE . wriE A R AR . Lin 251200
FRH THFEZAE T Mo,C Hl VC WP EREEAR T 24
REMISZM . S5 RKH, I Mo,C Fl VC RER XX
PE BRI AR R R B | B RE A B, P MooC
PSR T VCs fERIR T, Ti+Xx%Mo.C B&
MRLEA B3 1) TiO, SN2 LUK E Mo I P X 35,
REA RO A5 SO TiC A, B
R R R FIR, V TRESR FEL
A RBNFRFAT V205 2, ZEEARR &Ry M,
PrEALHERD 2R, STt I & BB AL 3 oAk
G EMEHISRCHLEE 3 2 LTI 48 0K Mo, V
A SR N 3, HON TiC MHBRA DL R 40 S5k .

A R EEAR (CHy UKD ReAE SRR 2 T
TERRAGER S, B ARG T8 v R R 0 R o
JERTAL BT, im0 5 AR %L 10%TiC
(1) TIC/Ti6AI4V E-E M KL BA & e Ik E 1100 MPa,
BAE R = AAE UNT 2%) . Zhang 255'8L TiH, M1 CH,
NIERL, AR R MAMERE T 2% T TVTiC
SAEMEL, BT R BRI R 25 HUK (0<021%,
N<0.062%, H<0.011%) HIM L an/M 5251, Fifs
RAEMEAMXTEER (598%), HEERE K F,
HEARNAT MM R, i 2 Fis, S/ 3R
S 15%TiC 1) TiC/Ti B -G MR RLAd i R 55 B N
628 MPa, FEffIZA 12.1%. *T CH, B iREkEE &
PR SR HLE B (1) C/N/O JERMIFEER
s (20 AL TiC, F28 —AH A (3D 4Hah sk,
Hod G G AR 3 A 38R DA TR B 5 P [ s A AN
TiC, st N .

o AR5 AL REIE R SRR FUi R ©393 ¢
800
600 ‘,
- ; i)
= 400 k| Ti-35%TiC || Ti-7%TiC || Ti-15%TiC Ti
3> PURLGRPE: || PURIEREE: | PUBLORSE. || PrbLaRE.
n || 736 MPa 672 MPa 715 MPa 736 MPa
= TR | R RS | TGRS | | IR
644 MPa || 558 MPa 628 MPa 644 MPa
200 AEpfA | gEpPAR, TEAER JuRiE
3.7% 16.4% 12.1% 18.3%
0 1 1 : 1 . L 1
0.00 0.05 0.10 0.15 0.20

2S

2 1300 CHESE 1 Ti-x%TiC (RRIME0 5 A dRh R fi
87 77— i il 2 )
Fig.2 Tensile stress—strain curves of the Ti—x%TiC composites
(volume fraction) sintered at 1300 ‘C
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Fig.3 Microstructure of TiB network distribution in the TiB,/TA15 composites with the TiB,, volume fraction of 3.5%"!
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Fig.4 Microstructure of the deep-etched as-sintered (TiB + TiC)/Ti6Al4V samples with the (TiB + TiC) volume fraction of 5%:

(a) the 3D presentation of the as-sintered microstructure; (b) the typical microstructure

[39]
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Table 1 Mechanical properties of the ceramic reinforced TMC

HE 5 A

BREHIRIE / HURLSRAE / BURSRAE / ERGREE /

L A% 7
SRR ERSED 1% il Tri% C MPa MPa MPa ELJEE/C.;Z / ig
TiC-Ti64 15%TiC WOLE BT — — 1636+23  1310+22 141+02 [17]
C-Ti 0.4% TiC T H A B e 800 638.0 — 504.6 28.0 [26]
Mo,C-Ti 5%TiC AR 1300 834.5 — 827.8 4.6 [20]
VC-Ti 5%TiC HAS R 1300 596.7 — 590.9 53 [20]
CH,~TiH, 15%TiC A R 1300 715.0 — 615.0 12.1 [5]
TiB,~TA15 5%TiBy BBk 1100 773.0 — — 16.0 [6]
B4C-Ti 5%(TiB +TiC)  AUHSER THe4 1000 808+ 9 — 658+11 202+1.3 [8]
B4C-Ti 1(2).3?3,?& TSR TR 1000 916 + 44 — 1138+16  26+0.7  [36]
.81%TiC
21 AERK RAERBE, FEEESME AR T, iy
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LK I AR X 25 FE ik 99.1%. GNFs 2E4K ftkiil A
g Ak, SESEAGFLE Tic Aug &, =
T GNFs b2t mtase v, — e g Lk
TREFH A Z RO, JZRIFERN 0.34 nm. 553K
By, &A FE2% 0.5%GNF ] GNF/Ti &tk
FEEA RN 125 GPa, HRFRILFIEEE N 1058 MPa,
JeE MR B EE A 1021 MPa, BT SR HEAA 3 il 3 5 12.3%
20.1%F1 14.6%, H GNF/Ti B & MR R 53
AR o AR B ADRE B 2 P R e I S A P4 2
ARG, (R S GUREA LR 2 B 1%8), %)

B AE GBS MR 51, RE i o3 B [ B
CRAR T N, R P e BE K GNF 4544, Mu 222
# 1 Ni-GNFs/Ti £ &4 K}, Ni-GNFs 534k 2 [A]
TELE LA TUTioNi/4K TiCy/Ni-GNFs #2454 0 EE
PRSI, A RRARI S i T R A, KRR
T E AR e 7y, AR -t R a5 B
7No HIT Ni-GNFs 5 Ti [AI[{RFE S E, GNF -5
BORTEREM LR, AR L, BT GNFs/Ti
RLEMEL Ni-GNFs/Ti & &8R4 55 5 5
BT KM # A 8B E H o

EAf 55 M5 (graphene oxide, GO) KA
FERIERER], Bt s Ti KA, R4 B
IR SER, 12 R A A RHKBEE . Dong 1L GO
NIERL, T FH S 2 5 e sl T2 M4 10 GO/Ti 4
PR, GO ¥ BTk, JRIRRR e 3R/,
{BAE T4 ISR, o & i & 4341 0.6%GO
GO/Ti EEHMEHI 0.2% 5 AR 355 A 446 MPa.
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Fig.5 Tensile stress—strain curves of Ni—-GNFs/Ti, GNFs/Ti
composite, and pure Til*"
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22 WRKE
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WUEERIZ B, BATH AL (1.7~2.0 gem™) ). #
B (BKATAE] 1 TPa). BEELE, 12tk
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R, FRAXM CNT REFE LR A ith, MEEE AR
gE & PERg.
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MWCNT) ¥ 35 Ti Jg A stk Tic @ik, H
TE4E TiC(200)/MWCNT(002)f) FLTH B H) % & . Tl
Kl 6 ftn, BROKEREZ BT TiC B8 —i,
A SR [B] 1A R A A 3, $R S RE, R
SR . A, 50 H R S AR
MWCNT BA AU & S81%, 5 Ti BBk f
TSR A, WA AR EA R S R, 56
T ONT S smek B stk L, 5By 2R JF AL
AR TIC FREUARRE R 2 b IR SRR S, 15
F BN SR R R BRI, 110 H BTN CNT 153
PR B 22 SR T H R g5 0, 3 B T RS
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Ay ke
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Fig.6 Schematic illustration of the CNT walls bonded together through the TiC formation

[43]

T2 GUKBRA PG SRERIE R AR 12 E kg

Table 2 Mechanical properties of the nano-carbon reinforced TMCs

Ti-GNF 0.10 TR SR B R A 876 887 817.0 10.0 [23]
Ti-GNF 0.05 A TR + AEL 823 722 651.0 19.0 [22]
Ti-Ni-GNF 0.05 RHAF BT RRAE + REL 823 793 748.0 18.0 [22]
Ti-GO 0.60 T E B e 1273 535 446.0 11.0 [41]
Ti-MWCNT 0.50 IR e 1073 — 1056.0+14.0 27.0+04  [45]
Ti—-VGCF 0.40 TR 5 S Tl 1073 696 5422 27.3 [26]

VGCF NS KBRET 4
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