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Abstract: Cu and graphene oxide ( GO) enhanced titanium matrix composites ( GO/Cu/TA1) were prepared by

spark plasma sintering ( SPS) technology. The effects of graphene oxide and Cu on the microstructure, hardness and

tensile properties of the titanium matrix composites were investigated. The results show that intermetallic Ti,Cu phase is

precipitated in GO/Cu/TA1 composites, and discontinuous TiC particles exist at grain boundaries. Compared with TA1

pure titanium, the tensile strength and yield strength of the composite are increased by 66% and 82% respectively,

the microhardness is increased by 58. 4% , and the elongation is maintained at about 15% . The increase in microhard-

ness and strength can be attributed to the synergistic strengthening effect of TiC particles distributed at the interface and

intermetallic compounds Ti, Cu distributed within the grains.
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Table 1 Chemical composition of TA1 pure titanium powder

Fe N 0 C H Ti

0. 04 0.014 0. 084 0.009  0.0006 Bal.
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Fig. 1 Schematic diagram of GO/Cu/TA1 composite fabricating
process: (a) high energy ball milling; (b) low energy
ball milling; (c¢) SPS sintering

M SPS g4t il £ iy TAL 4%k &2 GO/TAL, GO/
Cu/TA1 ZA MR L UTHGRFE . A2 T B i
&, HK. ERAERIRIE SR (R 5:3:1)
Pz, R HIBCAS e & A EOGIE A (EDS) 193 & 5 43
i W fUBE (FESEM) i A7 OW 45 4 R AR, R H]
MVS-1000IMT2 7Y 2 [C A R -0 & S Al ml B, ey
1.96 N, &R PR BN 10 s, BAFESN E
A5 AN A, O BEAE I AR, R
MTS810 J7 Bt g Lk s v iR fiiiae:, Hrffal 3
1 mm/s, >Rk 53 f T B S0 g har A R
B IS

2 HERE5HH

2.1 BEMEKRER

K2 2 GO/TA1 K GO/Cu/TAl {RAH A 1Y SEM
MR, MWE 2 ATLLE L, GO/TAL 1B Ak K &5t Bk
BEJE, TAL By RABCREFR A W BKOE B, i mse i)
AR GO Z3AE TAL KRR TH, AU 2 B 2 9 1A 3R
MG GO/Cw/TAL IR EMAR L EREE S, TAL ¥R
KETRMAIY, RAEHE, {H GO K Cu 7£ TAL
AR A BN 2]

h T 2 RAE Cu & GO ¥ TA1 By K F M1 i
R ARAS, X GO/Cu/TAL IR A By K 47 EDS
BT, d5RME 3 Fron, IWE 3 WL H
Zil i REEKEE J5 , Cu TR AE TAL By AR SR A, i
TR C JURALE TAL R R M2 AN ELI M .



DRPHSCIAS - 55 4 A A S D[R] 1 56 BRI 52 5 b L 0 TR S REBIE 5T 27

B2 RRREH K SEM B A
Fig.2  SEM photographs of different mixed powders:
(a,b) GO/TAl; (c,d) GO/Cu/TAl
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wmath ik s A A
Fig. 3 SEM morphology of GO/Cu/TA1 mixed powder and

elements distribution by EDS surface scanning:
(a) SEM morphology; (b) Ti element; (c¢) Cu

element; (d) C element; (e) O element
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Fig. 4 Microstructures of specimens sintered by SPS: (a, b) TAl
pure titanium; (¢, d) GO/TAl; (e, f) GO/Cu/TAl
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Fig. 5 Microhardness of TA1, GO/TAl and GO/Cu/TAl

composites
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Fig. 6 Tensile engineering stress-strain curves of TAl pure titanium

and GO/TA1l, GO/Cu/TAl composites at room temperature

FREEAG; A Cu TR IG, BEAMEH R E T — P15
FIPEE, AEHRFEAG,

%22 o4 TA1 4li%k }2 GO/TAL, GO/Cuw/TAl B4
MR R PERE. R 2 W LIAEH, GO/Cu/TA1 &
B AR BTRL  E  R E EEA EE TAL 4Bk 43 i 2
= T 66% Fl1 82% , HIEMRIKIRGESIRE] 15% , [H
I, GO 1 Cu JCFE M5 AR KR L T+ TAL
FLARDISRIE, ERELRRRR R B

x2 TAl 4i$k% GO/TAl, GO/Cu/TAl E&H I
=im b RE
Table 2 Room temperature tensile properties of TAl pure titanium

and GO/TA1, GO/Cu/TAl composites

Specimen Ry ,/MPa R,/MPa A%
TAI 272 £2 362 +1 353
GO/TAl 379 10 493 + 12 28 +1
GO/Cu/TAl 496 +7 602 +5 15+2
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Fig. 7 Tensile fracture morphologies of different specimens
(a, b) TA1 pure titanium; (¢, d) GO/TA1 composite;
(e, ) GO/Cu/TAl composite
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