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Abstract: Discontinuously reinforced titanium matrix composites ( DRTMCs) have many excellent properties such as
high specific strength, low density, superior corrosion resistance, which have become ideal candidates for aerospace,
defense industry and transportation field and have a wide range of applications. Graphene, as a two-dimensional carbon
nano “star” material with excellent intrinsic physical and mechanical properties, has been regarded as a promising nano-
reinforcement for DRTMCs in recent years. Recently, domestic and foreign researchers have been focusing on solving the
key issue of severe interfacial reaction caused by traditional high-temperature sintering through rapid low-temperature con-
solidation as well as powder modification, established a precise interface control method for graphene-reinforced Ti compos-
ites, and optimized the configuration to realize the graphene nanoplatelets intrinsic strengthening. The present work sum-
marized the fabrication and design method of graphene reinforced titanium matrix composites in recent years, investigating
the effects of interface reactions, interface structure and micro-configuration or other key factors on the mechanical proper-
ties, failure mechanism, and prospected the development trend of graphene reinforced titanium matrix composites in the
further.
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(discontinuously reinforced titanium matrix composites, DRT-
MCs) HAT 8w o | W B . 9%, S Eka AL
HATRE 7 DRTMCs $ HE I 58 1A il 77 58 )
PLo3 A S5 A A FORL/ i 0084 58 DRTMCs ( Qinid o 51 A Bk
PR BREAE LR N AL E A2 TiC, TiB B AR ) A0 i i
ik 5 DRTMCs (WA A SiC, ALO,. Si,N, %[ % Wi
*ﬁ) [8,9] .

UTAER, BRANKATRL iy T G o ) 4 BN ) A P RE
TR SR G R LR G IERE Dy I R I B 2 I R,
FHRY Bk 90 K 38 58 K 5 B 99 K 45 ( carbon nanotubes,
CNTs) . #K4 WA (nano diamonds, NDs) A4y 8845 %5
A BIEGYIK B (graphene nanoplatelets, GNPs) J&—F B
BORIEREM, RE TR 8m I 5 (BEAEUR S
T BRI 2SR ~ 130 GPa, A7 [CHEE ~1.0 TPa'™) |
P KOs PERER 9K B A RL, VR R s A )z 1 H]
TG, Mg R A, 5 A% G e ORI
UGS DRTMCs A L, GNPs/Ti &4 b0k 3 5
SRS EE | PRI s PR SR, 2 B N AMIESY
BIEZRTEST ) BRI, GNPs/Ti & A kBTl
FURLHNT = RMEE . H—, GNPs ZERRIEAAR i 43wk
B, K=, M THREAEAIER S MAiETE, GNPs )
5y 5 B HE A R A 7 SO I R AR R RE; H =
GNPs H S 9KR S5 R S8 BB 2 T BB £ AR
WFFEFR W], CNTs Hl NDs 15y BRHE A A 18 05 R o 77 72
WAL, KA AOK BB EHE DRTMCs il £ 3 i i
S IOK RSE TiC MOkE, (852 5 4 RHAG P RE 2 TH X L
RENHO RS, X T GNPs/Ti & A b kL, fal 17 il
GNPs 1) 5 S N, 52 B A ThD S Iy s o ), e e 4
GNPs FASfiE S 5 A1, 2 H ELAYBEFETT 13, GNPs/Ti
AR DRTMCs 1Y & e HoA # R L,
X0 B A KA 98 42 J B 525 B RHIO I R B AT H S B

SRS -3
2 GNPs/Ti EGMRH&ET X

il % GNPs/Ti -G A R T AR ZF, WA 1
ARV EEALE R AS | A B T R4S (spark
plasma sintering, SPS) | fRUEFE4s . MAFFH L, MoK E
SYRC | MOLRE S O PR | SR TS
WL S IR 2 e . AR R, JUHE X T 2
TR R R RIS N A, MELLSCIE GNPs 5K IR 11
RN FER], LG ERESs T 2 MRt &, i
GNPs 5 Ti JL-P- 4 K B S W AR B TiC M, SPS T2 A

A TR R BEAN R e s IR R AE LS, X
WM SR A2 7 ¥ 1 2 (0 61 20 2R 1 5 Al s ST S 1 AT

P20, SPS B H AT GNPs/Ti 5 & 4 44 1 £ 3
#IT

VLA (4 B Ao Bk T HESE Y R A SPS AL T
245 GNPs/TC4 A3 SR 580K ( graphite particles, GPs)/
TC4 FNE AL A 2204 (graphene oxide, GO)/TC4 3 JSEkILE
SRR, B B T SPS e TR IR A 4R 5, 900 °C
Bl AL ST BT il £ 1) 52 6 A R 4 K HE A 58 4 I
N, Horft GNPs (A fIE 25 ¥ {7 B8 Jc b, Jr il €5 1 GNPs/
TC4 B4 A RS IR A 1L TC4 . GPs/TC4 F1 GO/TC4 43
BHRE T 24.6%, 9.22% 1 5. 62% , FIH T k2 H g
FEAEBIAE 1100 °C . AR IR 10 min BSR4
GNPs/TiAl &AMk, MIREE LRV, 5 TiAl ik
FHLL, GNPs 258 G MRS R BRAR T 4 15 BEHDR
BRAR T 4~9 i, MAJRTE Tl KA fL LSS X SPS i 4%
f) GNPs/Ti-47Al-2Cr-4Nb-0. 3W & & k4 Ak 1) 13k I 45 #4) #F
F0F5E, KRB ERING GNPs Xt FEAR Y bz 40 1L A
ERCR, P RR R SERRIR T 45% ., R K% £ 4
TR SPS T £ BUB 1Y GNPs/TCA B A
BE, WFSE R IR AL 150 43 A i) GNPs #0118k 4
W ERIRA LWL ), R T 52 G A R 2L A 2
PEREAHET . EDBE RS IA/R K 2% Sharma % SR A SPS T
ZHil#5 T GNPs/TC4 Z A MBL, ZE A M BRIy
5.29 GPa, MAMEAEH 119.8 GPa, HESLEA TC4 43547
BT 68. 4% F 140. 5% . VU I Kk R4 1E 850 °C 4%
PETH14 T GNPs/Ti A MEL, IR0 T H s R 46 1
e, WIR LB, TERHLEH (45 000 A) BUZE B 114 J5 i v
BAEHT, Rl r= i skl ik, B3R T GNPs
MARAELEFY Y  JE Rt BT R 2R gk AR 2 1 R PR IR L P
BRI T 2445 GNPs/Ti EA A8, AR T A
N, ot GNPs BTt 73 40H 0. 1% 1) GNPs/Ti & G418}
HARSOPARERE, WA S T 54.2% ~70%, A<
R 1 ke kB F BT X GNPs 2 20 B 36 % DRT-
MCs FFJE T RE0F55, KBE SRR B T 90K/
AR TiC J5ORE Y R AR B T 3o B 4 KAl i
SRR ARG BE A HL 48 T 325 1 40%, A, ERK
SEXUF B AV R RS R M ST P gl R
XN AU MR B S | SRR
SEPRERAE TR GNPs/Ti B A MRl 4 s A58 Tl
BT —E M IEE, MSCPE GNPs 78k 5L 44 rb i A 12 1t
TTEBEMERSE,
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. (a) hot-pressing, (b) spark plasma sintering, (¢) microwave sintering, (d) hot iso-

static sintering, (e) powder injection molding, (f) laser melting deposition
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A EUA% 55 P 8 JORE RS2SR, GNPs JEEBEA R JL
FILgok, HA B R R (250 ~ 1000 m*/g) ,
PRI GNPs/ 4 J8 &2 A b Rk i i S0 T DX 38 o LA 30 4 R 4
o, PO R AR S R A 1 BRI, S GNPs/ 4
JREAREMERE R e, WE R s, &
J'& GNPs/Ti & MBS BT Rl ik, kil &
T2, o FLm SRR R RE T M R 56 R, BN
GNPs/Ti Z A bR B ST )

PO A RIS 7] % DRTMCs 254 J1 2# VERE 4R T
A ORIk, HA RER O B (Y DRT-
MCs Z 2|z Kk, TR, WUREEHv] LU fb Bk
mﬁ A BT SRR E SR AR PR AR, I R Ay

S EAARBR LR SO A 5 AR Sy, T RASEEE
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i) GNPs/Ti & & M B 7 1 55 3 004 B35 3 BiF 9% $i
TE 0SSO0 N 2 fER
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Fig. 2 Micro-configuration design and preparation methods of GNPs/Ti
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YRR AR SR 305 ™ 5, B A 5T .0 Melend-
ez L I MY AR Sk il A BRGNS RE(CNTs . NDs)
SR DRTMCs, W98 2 B, B340 K b L5 6 44 I iy A=
BT S R TIC, A A AR B R R BRI L
E38 (B Mg 22, o [ 4E K24 Shin 45 7 A1
(500 CZAT) Filgm e J1 A8 T hedhhil 4 T GNPs/Ti 4
MR, BFE KRB, GNPs 5 Ti HEAR 2 [A] 3L A 3 A3 S i e
N, TR Ti-C B AN 54 s &, W TR
SEATREERES, REE GARE B S S Bk
UL AT AL, 25 GNPs/Ti Z & M B AL TiC A& &A%,
P A 45 AR AN, PEREAR TN A s TiC AHZE AR
i, WS EIR GNPs BIARNESE A, FRARSE & 4 o8
(PP, sIRMEMEHE R, Kitk, Qifih GNPs B -
— 2 RNEAL” 1 TiC )2 AMKT, JRE A MRS T RE
T SR

WEFE N 3T J T 50 T ok 45 ) i Ak R R 7 R 9 45 AH
KTAE, b HE T K 2 P Afg 25000 0 90 S S B 5%
T GNPs/Ti &AMk A AL HLE, 3% A0 & &
SPS T AL AL AP HE AL B T 2 %5 T GNPs/Ti B &4
¥ BRI, TiC RSETE GNPs I LA & A BT
K, R 3 R fE 850 CHUAL BT, BEE
S5 s [E] £ A A ( FAAR R ES ] 120 ~ 600 s) , St TE Ak Y
TiC FTE M A0 46 (4 <« WORL IR 5 7 (& 3a) 28 B < 0%
PRTER S (B 3b) e 1% A AR EE 29 150 nm
BB R G50 (K 3e) o ek T AT 5 4 BT 4
LT, 800 °C LA F # kb ¥ iz vy A BT AY TiC JZ T HE AL
By, e B AR /NG K TiC ORI AH % 4R 850 C
DL b $Ah BRSO A ARG TiC 2 A7 A< 101> Fl< 111>21
P LA R A 24 S R R R R B RO R A, R
JRFF R LAZE R TiC 2077 X E5E Ti B, ff TiC gk
ger KUY R R R X Y T GNPs/
TC4 & M RHIY BT 4t i fk, F98 & 8L, GNPs/
TC4 & & PR 2 BEY 0% 1 TiC 2 (T HoAlh
W= ), RN 2 9 B0 Ak T B B R AR R T 1Y
PECH A i GNPs (UATEZSH1E TCA 4 4 Ha Ak vh A i
WA, IR T GNPs 5 Ti(&4) & ER
T TG 2 A RN BT A | VT 04 A KR P R 55
AR

g N BB 2238 R F GNPs 2 i e 1 Oy 2 s S v
AL BT TR A PG A A e AR T 5 B R A
2EPEITIETE GNPs R 51 A Ni, Cu, Ag ZE40K PR 2,
145 T Ni@ GNPs, Cu@ GNPs Fl Ag@ GNPs 4K 55 4 14
iR, WFTABL. GNPs K& JRIN LIARAERE &
0= T A {1 O & £ e By 9 ) =T 1 g R e O
S BN =4 e R K Tic 0z ( RF L E 90K ) 5578
/N TiC R (RST YT LK) o R, 48 25478

€3 GNPs/Ti ZAMEHE 850 C AL A& T S 1A TiC AHJE 5Bl
AL AR ()120's, ()300's, ()60 s
Fig. 3 Interfacial TiC morphology evolution with time of GNPs/Ti composite
during heat treatment at 850 °C (661, (a) 120 s, (b) 300 s,
(e) 600 s

NERELAEYIZE, H#E T GNPs SERILIR A R mi 4 &
SREE, JFHLBEHE &R 2R T Y, kIR R A A AR
(n B AP HEAIRAE o BT i), BE— 20 BUE T B RO 4
SUESL, ARSI T “1+1>27 /Y GNPs ., FL1f [
JZERNBE AT A B [R]85 S ORI i 25 Ao 1 E 1 e A
THIF TZSHF GNPs/Ti B4R, VAL Tl K24k
JRAIAT BN 3 1o 7 P A ORI B B 4 7 SR T Sic, @
GNPs 94K S 3 30 4K, SR I SPS T 2 il %& i) sic, @
GNPs/Ti G MEL, %A b RHIT B P R HL i Bk i 1
86.8%, W5k : GNPs KEYK SiC, )25 GNPs K
SRR, M T R m R, > T GNPs 7F
Pt A ok B P B BE T B, RN A Y 2 B TIC A
TisSiy HA R T4 = SIS G . 25 Lnik, BF a1
GNPs/Ti 524 WHREA T 52 0 HILEE B 5 1o 7= A K e R 45
07 T T RE R FERIBFFE 7] 9 GNPs/Ti & 4 4Rk 0 8 1 1531
B AR AR

FEROWA BT I, W R T Tl K o ol 2 2
PA#E = DRTMCs % RSB FI = iR 58 B2 HAR, 3T Hash-
in-Shtrikman ¥t , SRS AR B 7, Hl& 0
TiB, 1458 A 52 % 22 = 4k IR 231 19 DRTMCs, A %04
ARG () e, AR KA BRI B BL R SPS
T T BA =2 R S5 1 20 )2 22 0 (few-layer
graphene, FLG)/TC4 &K, WI5E T SPS T 20H XS
EAMEORALUEAS | R4/ Bl 2 RE A B S22 1T
RIFERRLAEE, 0T T AR LU, FLG il I RE BRI 7F
TC4 ¥y AR RIS 408, I Lbesl i e 8 A0 ki
Qb JEASE A 8 = 4 ) 4% 3 A 1Y FLG-TiC B A igsiik, T
FLG 1 TiC 76/ 45 31 S U R s AL VE L, 2 6 M R
Lb TC4 FARZES J12-ERE ] AR, FLBS R W 5 R,
Pl 4a 2y FLG/TiC 3458 TC4 & 4 B4 M OWAE FHAL IR 22
BT AL Tl R 2RI A il 45 T HA GNPs IR
SIATRHIERY GNPs/TCA E A M B, BEFER I, MARSE 1
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—ERREEM T2 GBI GN T, MEsdE T
W M 2531 SER GNPs/ ik AL ORI A T IE K R, B
FIF AL 57 3RS

JE B T AR B A A 3T GNPs/Ti AR E
GMARMA T Z A EHZREH (B 4b), AMUFES T
GNPs [, [RIEARAS T R4 GNPs AR fiIE 3 35 44
B, WA R EIRGE R GNPs/Ti B & M RHTHE T 14458 DRT-
MCs F FE45 i R AR R (153 ~2 GPa) . FEF{hE% R
M, ATt B =42 A 458910 GNPs-(TiB, ) /Ti 5t

I CRRR SRR, W 4e), RERFTEA
FEBHIHL AR I (L2l Ti ZEASR TE 200 MPa) , IR FFIL
S ER B (23.2%) . & 4d A GNPs-(TiB, ) /Ti B &
FEEHRLARIBT COE AR ATLUAE Y, TiB S AUE B R i
7 GNPs-TiC-Ti fYZHFH I, WEE 1 TiC J2 9 Wr 2 ik
BE, RIS T GNPs 55 & AR S ikt , By 1k Tic
RSB FE ARG R I 43 85, GNPs HUFFAEIE AT LUAR He 4
or, AR EIRCR, e it GNPs HUAF M & 5 LA
ks fEH
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Fig. 4 Schematics of 3D network structure and interfacial bonding model of FLG/TC4 composites (a) L1471  cracks deflection in micro-laminated GNPs/

Ti composite (b) (31 , “3D interface” in GNPs-(TiB )/Ti composite inspired by Xanthium sibiricum (¢) [34] , SEM image of the tensile frac-

ture of GNPs-(TiB, )/Ti composites (d) (32)
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S0 R B B IR ONPs/Ti A MRS
TiC( 5% TiB)/Ti & & M kF 47 J1 2% P BEXT Lk (&1 5a il
5b), F—Jr, ORISR B T % H B DRTMCs
TP /W) i 0 41 98 04 68T e OB GONPs/Ti B A
MEHZREEM BT (BB WE 5¢) . #F—hfk

TOULAR AN AL E SO S5 4, T LA GNPs/Ti & & M k25
Gk Re R R AL TS SR

HATHFFE R B, GNPs/Ti B & Ak 58 AL b il 35 22
iRk . B AL . EETRAL . 2V R 1L AT Orowan
SRALAE (5 B AT E AR I A ORI 3 42 8 3R A AR
FEALHIZRAL, TEMOAN B AR ) o 728 () HEEE TPl 7
T, BT O AL R B ) B2 R 2 A, SO0 45
W RSN A DRSS A Y8 (1)) RGN 3R, 2
LA R e HE S R A Rt 3 a0 A T 2 e (A R
SCUGE DU SE R ) AT LK S i A AT T
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JESCHE T A R AR S o SR BN B B S
SEE B S S FORS AR T3 3, T A e e B A
PAFA Rk SN FEE 19 GNPs/Ti B AWk, TEMERIZS
L2 AL R B AR T IFJE T GNPs/Ti E5 4K
SN REAT A WESE, oA AN [ 5 I GO ES AL % GNPs 284
feid S & FHRHEE (9)) VRS TR ML, #a s T
GNPs [ S OWAS A4 18 Bmr R R AR 3L , BIFTE
W, MY S SN AT AR GNPs-TiC * b [a] 58 ) £k &%
Reo 1B 6 NUERFSTLM AL IS GNPs/Ti 526 M RHOW A
SURIWTESL, IR hal DUA Y, S B T A SR i 7
1 Frank-read (755 PEAALEE IR, LAKOR i A9 48 BOIR 07 55
2, A5 TiC RNLJZEAS Ti FEPR A S bt % 3 1 (o 55 2R 1
L RABATHE 4G, TiC S22 e 2 1% 136 19 i 7 o i 8
T ZEPEREBOU IS (N L @R ) , #85rfk
HEGE BBUIBR A 5% o TICREC 0™ A W 5 T A A
EBERL IR E] T TIC RO R B i S BT EN Sy, SR TiC

Comparison of properties of GNPs/Ti composites and traditional in-situ TiC ( or TiB )/Ti composites;

[24, 30, 70-72, 74-76]

(a) ultimate tensile

, (c¢) normalized tensile strength and normalized tensile elongation

[30, 41, 58, 64, 68, 77, 85, 87, 89, 93, 95-97]

FIEJZ 72 A B LB AE GNPs A I JE = X FR i, [t
GNPs 5 TiC [ 2B ICH HIOR S, Kt GNPs 7£ 4%
oy 1z 256 (14 3 A HpoRE SR THT S 1 2 B B R B T A A
MHIVER, Mg R ks y e, WLZmiLsid GNPs 5
TiC ISR, TiC )V 25 GNPs £ & A4 B ffid 72
PRFFE R PRl R RE T, A TiC [N AEhL A B
PIBSCRWIE I KK, (AR 2L RE IS A 2K R B 3%
VKBTI ZR RN J115 38 5] GNPs,  Fifi 5 P 72 () 4k 2 901 7
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