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1.1 SE&MKRIHIE

LA A SR IR A SRR (25N 3 2, RIZE
£ 0.5~5 pm), T RTHEA1(0.1% 0.25%-
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KiAE ) 5 um HIBERTEAR K (205 > 99.9%) N A4 44
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N V(Hy):V(Ar)=30:70, &JEIEEHR 450 C, R
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After thermal reduction
rGO/Cu composite powders
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Fig. 1 Schematic diagram of rGO/Cu composites preparation process
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2.1 BARFIE

2 B A EA R SEM 15 . I 2(a) R ] LA
BRI ESN 3~5 um. WE 200)7 LLE
A S A SRR

B2 AR SEM R
Fig. 2 SEM images of raw material: (a) Pure copper;

(b) Graphene oxide
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Fig. 3 Raman spectra and FTIR of graphene oxide and

rGO: (a) Raman spectra; (b) FTIR spectra
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K 4 Fias AR A BRI R 1GO ) XPS YEik .

W 4(a)fT7R, XPS il e mAh T T A A BN A
GO |k C. O W& &, /e Hy U T AT I #Aak
JE S S AL A BRI R AR B R . Rk A SRR A
450 ‘C. H, ER FibAT#GE R, S A BE S5 E R
M 28.68%%F] 9.97%. AL, NTHFFR Hy, HIE R
AR A BIE R, TEIEE &M R E
Jei, A EINEAC ZZIETERIUA T C 1s itk . anE
A)HI(C) TR, 1T 284.5 eV #& C—C %, i 286.4
eV fil 288.5 eV g4Ik [ C—O0 Fit c=0""*,
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Name Pos. x/%
Cls Cls 286.8 71.32
O1s 532.6 28.68
Graphene O-auger
oxide
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O1s 533.5 9.97
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B4 SASEEM GO 1 XPS bl
Fig. 4 XPS spectra of graphene oxide and rGO: (a) XPS
spectra of graphene oxide and rGO; (b) Cls XPS spectra of
graphene oxide; (c) Cls XPS spectrum of rGO
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W IE AP, KB S AT LA Y, AU R AL 4
B o HOSCR T, (HAR & BRGNS —E &
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B5 ARELAEMEEENESH AR SEM &
Fig. 5 SEM images of composite powders with different
contents of graphene oxide: (a) 0.1%; (b) 0.25%; (c) 0.5%
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SEM images and grain size
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copper and rGO/Cu composites: (a), (a’) Pure copper; (b), (b") 0.1%;
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Fig. 6

(), (c') 0.25%; (d), (d") 0.5%
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I, XA RESE rGO HERFTIE . B 6(a)~(d") 5 A
4. rGO FEN 0.1%. 0.25%. 0.5%E &k
PR RS Gt E, f#H Nano Measurer 2X445%)
HAEMENWER RS TS, e A3 A R
s SF 3 A2 7.15 pm. 3.75 um. 3.37 pm. 3.86
um. MATEHEE R SRR S RN AT LA H 1GO
XF e A AR LU B 2, A PDRLI T 3 S AL
JUSF /N TS () SR RST o SX 6B rGO X 4 R A
IRUFPETHLAE R, o DA SR K

B 7 7N 0.5% rGO/Cu E & 18 TEM 1441 a
AUEDS it .t 7R, HEXIECH 1GO, 1T LA
i 1GO 5 MAAE RIFm 4 &, WHAL
B MK 7(b) AT LAAITE, 5 rGO KISt AL A
ETR AR EMAEAE . CHEN 462l i Jie s 45 85 1058
SEEA & oA B RAOKE R E SR, BRARE
(R4 BUE ST T R Cu—O B, FF3R AT RE AL
B

C

AQJJ L A 1 1 1 S:\ll

0 2 4 6 8 10
Energy/keV

B 7 0.5%rGO/Cu EE#E TEM &1 a 5 EDS K
Fig. 7 TEM image(a) and EDS spectrum(b) of 0.5%
rGO/Cu composites

24 EEMRNENZE

1 FRH tGO/Cu AR RHAR X 25 BE 1 il
AR, WK1 HaEH, EE GO MEE(NE
SrEOAWIE N, 2 E PR AR 5 FE AR 7E AN T
X, % rGO &8N 0.5%N, EAPHRHAHR &
He/MEN 97.73%.

F 1 1GO/Cu A RHIAIX %
Table 1 Relative density of tGO/Cu composites

Materials Relative density/%
Cu 99.37
0.1% rGO/Cu composites 98.82
0.25% rGO/Cu composites 98.35
0.5% rGO/Cu composites 97.73

25 EAMRBNEE

K 8 ATz N rGO/Cu &AM KB ARMAT FE k.
iR, Al. A2, A3, A4 RIS 1GO S8 N
0.1%- 0.25%-. 0.5%[¥] rGO/Cu E&Hkl. K 8 F
B A MR RE#E 1GO S &R N, JeHt & e
FEM%. 24 1GO &N 0.1%M 0.25% 5 &+ kA
BR SR, 258 112.7HV M 101HV, 540
HIAEEER S T 97.1%H1 76.3%.

SAMREFE s aT B — 5, iR
BN tGO J5, rGO £THLAEFEARM B & it 4d . 440N
AT N BB RIS, b & S vGO X A ET
HAEH, BHBSSMNE B A A S s . —
T, Beah b R A T SR 2 8] ) t GO mT LA il 47 &
FHHERS, M ahRiA R, AT B4 ok i H

120 - 1127

100

Microhardness, HV

Al A2 A3 A4
Graphene content/%

8 rGO/Cu B &k B

Fig. 8 Microhardness of rGO/Cu nanocomposites
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0, B 1GO S B4k, 15 1GO JHh
DALY, EEMBHFLE R WIERF R, BT bA
7E rGO EEN 0.5%0, A MR B RFAK P
A

2.6 EEMRISBMEE

Kl 9 Fran i rGO/Cu 5 &M L5 3 I 45
B GREY, A GO J5, EAaME B SERs
B3R, BE rGO WNINE MG, AR HE S
RGN G PR Forh 4 H 5 89.7% TACS(~52
MS/m), 4 rGO &N 0.25% I E &1k, i
HS R | KME(Z) 56.5 MS/m), A 97.4% IACS,
EL AR T 1 8.6%.

W
e e}

—u— Electrical conductivity/IACS% 10.98
I Electrical conductivity .

e N
g 175]
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= =
=4 1094 2
2 54t 2
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Q

3 E
g 52p 10.90 §
Q

S =
= 10.88 S
2 50f B
E 1086 2
m

0.84

Al A2 A3 A4
Graphene content/%

B9 rGO/Cu EAMEHIH G R
Fig. 9 Conductivity of rGO/Cu composites
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27 EEMRRERMEE

WK 10 s, SoR THE S NBRME R, BRI
JEA 120 r/min. JE 428 3 mm [ rGO/Cu BH
MR EERE M 2R . B 10 T B RFEZIT AT 2 min B
HIEERE, SE6MEERERNEETRE, 1GO
(AN IR S A BBV e 2 B IR I B
Sl T 2 EE R B IA 0691, 24 vGO iR &=
N 0.1%. 0.25%- 0.5%, A PRI 35 BE 52 (R
IR FFAREIZIH 0572, 0.491. 0.402. EA&HEIEE
% GO RGN, FEHEMERIEABIIIETT .

1.2
— Pure copper
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Fig. 10 Friction curves of rGO/Cu composites

Bl 11 Frs A tGO/Cu E &M BHE 5 N 84 1) A&
PREEAMTHI Y SEM 8. N T #IEFL rGO/Cu B &4 KHI
PEIHLER, AN H rGO & &1 rGO/Cu H&
WRIEEAT TR . W 11()ATLLE H, 4ifist k5
JEE 5B 2 16 R Ak i A 2 SR (R B AR T, AHAR )
R 2 (R BE R L R R PR A R I R . IR Ah,
Pl 3 AT DU 1)/ 1 1 A SR T BE 45 R v 2
ARSI G, T B H A BURLTE e ) A3l 4
FT, (A RRE R4 TR, B U)W 16 S
By, DR, EBSUIRE A L REER T,
AR 1) JEE R TR B — BLARE R 7K il 11(b)
Fizs, TEERIN0.1% rGO J&, rGO KT8 &Mk
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Fig. 11 SEM images of friction contact surface of rGO/Cu composites under 5 N load: (a) Pure copper; (b) 0.1% rGO/Cu
composites; (¢) 0.25% rGO/Cu composites; (d) 0.5% rGO/Cu composites
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Effect of thermally reduced graphene nanosheets on
properties of copper matrix composites

XIONG Cai-zi, LI Duo-sheng, YE Yin, ZOU Ai-hua, WANG Guo-bo, FENG Qing-xiao,
WANG Kai, GUAN lJi-yuan

(School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: The thermal reduction method and spark plasma sintering technology were used to prepare graphene
nanosheets/copper (rGO/Cu) composites, and the effect of different content of reduced graphene oxide (rGO) on
the preparation of composites was studied. The results show that graphene oxide(GO) is uniformly dispersed on the
surface of copper powder. After sintering, GO and copper powder are tightly combined to form a good bonding
interface, and the hardness, electrical conductivity and friction properties of the composites are also improved
respectively. With the increase of rGO content, the hardness and conductivity of the composites first increase and
then decrease. When the rGO content is 0.1%, the hardness of rtGO/Cu composites has the highest value of 112.7
HYV, and when the rGO content is 0.25%, the composites conductivity has the highest value of 56.5 MS/m. The
friction performance of composites decreases with the increase of rGO content. When the rGO content reaches
0.5%, the friction coefficient of the composites is at least 0.402.

Key words: thermal reduction method; graphene oxide; composites; electrical conductivity; friction performance
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