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Abstract: With the prominent advantages of light and high strength, the titanium matrix composites (TMCs) processes a
great application potential in the key areas, such as the aerospace field. After about 40 years of researches, the research
focus has been developed from continuous long fibers reinforced TMCs into discontinuous reinforced titanium matrix
composites (DRTMCs). However, these works always centered on improving the ductility and toughness of TMCs. One of
effective method is microstructure design, which can achieve the good combination between strength, ductility and
toughness of TMCs. This paper focuses on the reviews for the microstructure configurations, the corresponding preparation
methods, mechanical properties and the inadequate of TMCs, having summarized the thoughts and implementation methods
of microstructure design.
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Fig.1 Available materials with different specific strength under
different mach number”
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Fig.2 Schematic diagram of lay-up techniques and microstructure of manufactured TMCs
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Fig.3 Fracture surface and long section of SiC/Ti6Al4V composite after room temperature tensile testing®
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Fig.4 TMCs products?!
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Fig.5 Schematic diagram of fibers arranged crossly”
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Tab.1 Physical properties of pure Ti and common reinforcements in TMCs*"*!

Phases Melting point/C Density/g-cm™ Elasticity modulus/GPa Coefficient of thermal expansion/x10° K"
Ti 1668 4.50 115 9.00
SiC 2697 3.19 430 4.63
Carbon Fibers - 1.80 231
TiB 2200 4.50 425~480 8.60
CNTs ~3379 1.70~2.00 ~1 000
Graphene ~3 852 2.00 ~1 000
TiC 3160 4.99 440 6.52~7.15
TiN 3290 3.97 420 8.30
La,0; 2217 6.51 5.80~12.10
ALO; 2050 4.00 420 8.30
TisSi; 2130 432 225 7.00

€ 6 TiBw/Ti6AI4V & &4 RHK O 4L 4 g 2 P e
Fig.6 Microstructure and mechanical properties of TiBw/Ti6Al4V composites®
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Tab.2 Mechanical properties of TiBw/Ti composites™

) Ultimate tensile ~ Yield strength Elongation
Specimen
strength/MPa /MPa /%
Matrix alloy 1090 1061 3.08
5 vol.% TiBw/Ti 1038 989 2.19
10 vol.% TiBw/Ti 1147
15 vol.% TiBw/Ti 741
20 vol.% TiBw/Ti 521
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Fig.7 Microstructures of TiBw/Ti composites with different TiBw contents sintering at 1 250 ‘C"
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Fig.8 Microstructure of as-sintered and as-deformed 15 vol.% TiC/Ti composites prepared by ex-situ method?"

AR, Hod 7 8 f5% (Transmission electron micro-
scope, TEM)JE i K il i X HL - 17 4T (Selected area
electron diffraction, SAED)fEAEUNE 9 Fr7w . {HAFIE
BRRE, BRA I YK SR A L 4 2 TiC
WKL, LGRS NIA S Ti A4 T R Ti+C=
TiC, #A) & UL, Z 58 LA g ok 4 WA o8 TRk, i i
IR P B A5 1 T 2004 1 480K TiC B0k 1 98 1Y)
BRIEG AR R, o TiC POk & R 2 vol. % 22
A, ARSI, R R — T
Z UL AHFRATIA R, 4 NIl BA R 5 i 2
FUE NS C-C sl [fi1F C IR F A5 k& 4 5
NGRNTREA N G (1Pl i SUR ¥ o (iYL AR VS B
A7 A8 B A2 B 9 K TiC BLA 5 4 WA JsUREAE [H)
Mo ARRAIE . X T 24856 TAMINE SR04 H i
s, —J7 T, BEBE IR 4 WA Ay S A1 3 5 AH SR A5
TSI ORL Y A A R, e S TR AR R
AR 5 — 5, A NI SRR 4 AR SR
o7 A 3 5 AH AR FL 25 G R AT

22 EREFHSSTHAELERESESHH
BEE X BRI S SRR AR WHR AT ST, R IA
PR 1 S0 50 BARE S A ) v 4 SR R U LA A 4K
TR e e SR A, NS BOHL S PRt
AE5 W1 A PERE A TR MELUIHBR I 2288, TRt
BEARTTJ& 1 M s AR AR 2 20 o A (5T TAR, N
R BRIE S AR OWL 45 F BT 4B Y — R
WESRARAR S 21 0 A, AR 4 SR A 5 2 (AT 25 ]
P A LA —E 22 5 BIE A R R B B 4 5ik
FH” DX I B S A DX, G e i A 4 X
PR AR, X S A B RHE SR AR VR T, 3 S AR 2L X
SRR O B B R A5 A R IR R A R AL
(50 A5 77 XA 4 P AN 10 Bros  f A 5 sC A,
B 55 A R B S AL B R A AE X MR OL T, )
SR SE AR 3 5RA B AR XA R B TR &
B B SO 2H 252 BUROULAS 25 5 10 22 WL A4 2 F)
fit 3 77 30 B, 38 5 AR 4R XIS IR 2R Bl
PRI A T X AT B T — 5 R B AR

€9 44>k TiC/Ti & ##H#) TEM K& SAED & {25
Fig.9 TEM and SAED images of nano TiC/Ti composites™
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Fig.10 Four common distribution characteristics of reinforcements in distribution reinforced TMCs®
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Fig.11 Variation of theoretical elastic property of metal matrix
composites with reinforcement contents™!
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Fig.12 Schematic diagram of discontinuous network reinforced TMCs®!
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Fig.13 Comparison of room temperature tensile curves between
discontinuous network reinforced and uniform reinforced
TMCs!*
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I B AR AT A TR A Bl 5 YR S B B, 52 B ¢
G B B T SR A R A S A AR Y

& 14 B4 22 R TiBw/Ti6AI4V &2 &+ EH Y O 41 201 51 )
Fig.14 Microstructure of discontinuous network TiBw/Ti6Al4V compositest!
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SR FEAS, B 15 Bros . SRTIE 8.5 vol.% TiBw/Ti
A 3% S AR 3G 1R K FE S G bORE G DR EF AT ) 98 VAR
Lt 7R 5E TAEH 3.4 vol.% TiBw B 53 & & #4
AL IR ] G AN, 150 T I 3 28 IO R s Bk R A S b
LI IBPE AR AL 52 3G A & B4R, BRI 32
A HOW 25+ 75 T A TR 3R 5 e, A o Rl 42 AE M D) —
AT R e T R A o RS R/ X R
i 2 IR IS SRR EE 5 MR ) 2 PR RE S
TE AN [RDRL AR /N (9 BK 6 42 3KOE B i 45 1 A% K
INGY A 65,110,200 wm, TiBw & & 4 2 vol.% .
3.5 vol.% .5 vol.%.8.5 vol.% .12 vol. %M sk & &
BORE, HO = e an e 3 FoR . 45 R 43R AH
S AHEIT 525 A R SR B DX A A A AT 3
B, 3X T ROAR N S8R AR SR X AR LR
/N HE SRR B A D LR FE A AR R S AL T,
HE 5 R 0 AR 9 2 () PR B BOR S 5 AR, BRI
SRR M

15 ARV FR I BE 2 22 PR TiBw 3y 5 Bk 52 6 BRI
EST oAl A
Fig.15 Room tensile curves of discontinuous network TiBw
reinforced TMCs with different content*”

R3 BEEARREME R~ B9 IEZE L WX TiBwig 2 Ti6A14V £
SEAMHEH A F e
Tab.3 Mechanical properties of discontinuous network
TiBw/Ti6Al4V composites with different network size'*!

TiBw content Network size Ultimate tensile Elongation

Samples

/vol.% /pm strength/MPa 1%
Ti6Al4V 0 - 855 11.3
V2D200 2.0 200 1021 9.2
V3D200 35 200 1035 6.5
V5D200 5.0 200 1090 3.6
V5D110 5.0 110 1060 5.1
V8DI110 8.5 110 1288 2.6
V8D65 8.5 65 1207 4.6
V12D65 12.0 65 1108 0.9

Jiao A5 USIFE I 1% 257 0 1R 194 5 Ak 3 42 45 WA Rk 11 3
fill b 45 7 WUAH(TiBwW + TisSisp) 5 5 4 4k 56 42 & 41
AL, H o TiBw S E 4% 22 BOAR 434i , T TisSisp R 4%
INH A ST oA TR TR T 3 A = P
O3 A OSSR . B 16 AN & 5 19 (TisSisp+TiBw)
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& 16 HA AR (TisSisp+TiBw) & 2 114 i 25 IR 38 58 Bk
RSV R STEDA LTSS
Fig.16 Tensile curves of discontinuous network (TisSi;p+TiBw)
reinforced TMCs with different content™!

ITI6AI4V & 4 M B 7 22 e A 25 4, 7T LLF )
(4.0 vol.% TisSisp+3.4 vol.% TiBw)/Ti6 Al4V F W 24 1
ARENT 5% A 3RS 3.4v0l% TiBw/Ti6Al4V &
B A RHSIRE Y % 25 U e A % 2 AR 4 e R I
S BB DA P i /N RUST 38 5 A B A i3F — 2F
P R WA S0 52 A bRk SR AR B
WAl I TAE R K, B AR SRR | TiSIC, M
WKL N AT SRR 45 T (TisSisp+TiCp)/Ti6AI4V & 4
MR, AR R K T B ROk TiCp 2 Ak % 2k
AR 30 A [ 5 o R0 A A T B fil 40 K TiSip 2
o) R B4 A, A6 1G5 Uk AL 5 B R 9.8 vol % it &
AR EA BN SS RES M, WE 17 iR
(DB AR TAE Tl s Bk B B MR

& 17 9.8 vol.% (TisSis+TiC)/Ti6 A4V & & 1 8} 1) % ik 45 P
AE 55 BLAT W5 19 L 457
Fig.17 Comparison of room compressive properties between
9.8 vol.% (TisSi;+TiC)/Ti6Al4V and existing research™”
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B Z S, W AL/ B 09 5 n] SC Bk
HRHIR) AT Y A BRI A G AR, 1225 1 ]
TP SR AN A B S O A, TR ARSI I U B A
AL TIGAI4V 2284 J5URE 36 FIOE I 8 HoR
i & 1 A UL 5 B BRRE S S A A
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Ao R ) 9 b A0 P A A - A AR AR TR I S
IEAE B AR + A A = TR A RE )1 S T 4k A 4 3R
1S5 A 5 20 S Ak, IR BB 5 T AR 2 PR
B T A RO D) — R AR BB R R, AT L
i A A B 1 AR A K 2 B — s R, DAl
(4 B A A B U5 ] 3o i v — SR I O U S
I3, Pan 45 R i BRI A TR % 2k R g K
TiBw 50 BKHE S G AORE, OS5 TE e & 18
7R o HE AR R T SR 6 4 0 A A TE BRI Tt
IWEF B JTCRATE TWAH T gl 18 QR ;b &
5k PR oA AU 2 1 9 A X b PR 0 B B-Ti
HHLL K 42k TiBw, i@ FG BT ; b 25 i 5 4k S2 %
RE A B X ,B-Ti MK i & fik, 140k
TiBw 734 T B-Ti it s i Jm B-Ti #78 Ha-Ti+B-Ti,
R AT AL B 40K TiBw 20 LA 3% 22 RPIRTE 2040 15
B ) 35 3 A e A T AR 1 il BRI A B e B A
FLA 7+ S SO SR TR 5 8 485 0
Tl R AR R LG, AR S S5 AR A R
P W I AR, 2 e S e R, ARG A
Tl A BRI A AR, I8 Gzt R v SR O 4
2 (14 7L R X B 5 R 1 OO0 2L 4 5 R R A T 1Y
AL BT RARMEH R R AR T M Z—,

P 18 BB i) 3 T 20 5 =l % 2 R A i AR &2 5 BRI 7R
=g
Fig.18 Schematic diagram of discontinuous network reinforced
TMCs prepared by additive manufacturing processt”
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