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Research progress of high-strength and high-conductivity graphene reinforced
copper matrix composites

ZHANG Xiaoqing, JIANG Qingwei’, ZHANG Shoujian, LIU Bowen, WANG Honggang, YAN Guangmao
(Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: High-strength and high-conductivity materials have been the focus of research in the field of materials
science because they can bring higher performance and lower energy consumption in a wide range of applications.
Due to its excellent mechanical properties and good electrical conductivity, graphene is often introduced into the
copper matrix as the most ideal second-phase reinforcement to improve the comprehensive performance. This paper
reviewed the research background of graphene reinforced metal matrix composites. The preparation method of
graphene reinforced copper matrix composites was described and analyzed in detail. The research status of the
mechanical and electrical properties of graphene-reinforced copper matrix composites in recent years was
summarized. Finally, the future development of graphene reinforced copper matrix composites was summarized and
discussed.
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FOH WA 3D A B S BN, B2 A MR 5 B A
PUPL R /0, A BE /N TR B R o R ARt
F14) JEE 58 DRI B0 2 Ay B 0 5 2 5 /)N B ) 2 e e 3
KM/



% 145 %58

K E,F AR5 6 EHRMALLSMBE AT R E 643

x1 AEHRAEAMENGIEHE

Table 1 Preparation method of Gr/Cu composite powder
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Table 2 Preparation method of Gr/Cu composite foil
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Fig.1 Preparation process of Gr/Cu composites: (a) Schematic diagram of RGO/Cu nanocomposites prepared by

molecular-level mixing method;

(¢) Schematic diagram of ball milling mixed processing of HQG/Cu composites
nanocomposite foil prepared by electrophoretic deposition'*

(f) Schematic diagram of Gr/Cu composites prepared by roll-to-roll chemical vapor deposition

3R T 38.00% F134.69%, YANG 25945 4 4
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(b) Schematic diagram of Gr/Cu composites prepared by in-situ synthesis

[15].
L

[33]

(d) Schematic diagram of Gr/Cu

; (e) Preparation process of 3D Gr/Cu composites’””;

[28]
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Fig.2 Preparation process and properties of graphene/copper foil composites

[25],

(a) Preparation process of Gr/Cu composites; (b) Comparison of electrical conductivity of Gr/Cu

composites with different volume fractions and different materials;

(¢) Electrical conductivity of bulk composites obtained by combining copper

foil with graphene of different thicknesses
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Fig.3 Schematic illustration of fabrication of Gr/Cu composite with nacre-inspired structure''”’: (a) Preparation process of

pearl structure Gr/Cu composite; The Gr/Cu composites(e,f,g) showed a ""brick-mortar" structure similar to that of nacre(b,

¢,d); (b,e) SEM micrographs showing the long-range order of flakes, and (c,f) local stacking of flakes; The insets in (b,e)

are nacre and densified Gr/Cu composite, respectively; (d,g) TEM micrographs showing local stacking of flakes

CHEN %R H] MLM 7 f11 SPS T2l # T A
B0 O B R R L B A kL S5 SRR I B A AR
W5 S BRI 5 AL RO S R S U 59, L R R A
AR AT S 2 5 30 T I KU (MFP) FEAIG, A
TS S P R 5 o (EL By S0 o 3
INE) 4.0% (v/v) , H G i AT 88 02 2 25 4l 4 19 85%
TACS P I, U B A B0 5 A 7™ J1 1 55 4 1) S 1
PE . SR E I AEMFH] ] MLM B 78 A [6) 3 35 (40,60,
80.100 °C) T BY/K#E & il & RGO/Cu 44K G 44
B BFgE A L, 1.0% (V/V)RGO/Cu K & # FHili
FE 35 F 123.5 HBS, A Hb 4l 4 $2 55 T 90% ; Bt $i7 528 &
1531302 MPa, Ml 4l 2 TF T 28.8%; T HL PR 1A
P A (L 5% 89% TACS, 5 % 350 W/(mK) ) .
WANG %9053 3o 5 1 -2 TR A #% % RGO FI Cu
(OH), 78 25 B T /K ¥ 21 1R A il & A U2 S5/ 1Y
RGO-Cu #} 4 , 3K F SPS T. 7 il % RGO-Cu B &
ML G5B EW, 5% (V/V)RGO-Cu & 5 A EHEHLHL
R ik 608 MPa, S SRR 3 F5 L) 1, B SRR
FETE 65.5% TACS;2.5% (V/V)RGO-Cu & & # Kl
RGO 1R WAL ROR &b 110, H 2 /& T g G ik

IR I L A MR R G R A R R
s TR 4EFN RGO, LI 25258 H CVD B 7E 4 4
TP T DB B A SR e R 2 R R
L5 SO BEF R PR S T AR B B Ok
(Block) 14k (Rod) FTZE AR (Wire) 3 BB 25 1 A 28
I/ 5L A RL . SRR HOIRE S MR Bt b
SR 3 R E SR 0 5 31 176.4 MPa #15.20 x 107 S/m
(414 89.7% IACS) , ¥ AR G b4 B Y BT P38 B Fl
SRy WA F] 573.3 MPa F15.79 x 107 S/m (4124 T
99.8% IACS) , ZAR A BB 5 FE Rl L 2 853
3k 5] 239.4 MPa F115.83 x 107 S/m (#1324 T 100.5%
IACS) , S8 T 4 SE A R RE I 28 1 .

WANG P58 T — PR A | 378 2 17 1 5
F/NF5 & (SAHs) W B 1) A7 B0 7E Cu s & iy
B, AR RAR A VR A A0 BRI A A R T
R, SEHFEM,0.7% (V/V) Gr/Cu &2 & # B BR bt
$i7 5% I8 B 441 MPa, F A 3 58 19 5 JE 1R 55 1.6 £%
1.4%(V/V)Gr/Cu B G A R BRTH7 38 B i — 25 i
F]477 MPa., & T A 34 5% H7 FL 1A L 0.7% (v/v) Al
1.4% (V/V) Gr/Cu & A B BHRS HL 5 2343 5l ol 5.71 x



% 145 %58

K E,F AR5 6 EHRMALLSMBE AT R E 647

107S/m.5.53 x 10’S/m.5.62 x 107 S/m (44 T 98.4%
IACS.95.3% IACS.96.7% IACS) , 5 7 14 i 2 i AH
Ee, Gr/Cu & & M BMI -3 T AR 4r 09 5 fa v, e BH
A A S0 BEAE (AR L A2 5 R0 B R R R FI AR
WA . ZHANG 25U T H ARG 4k, il i
A PREEFR R L AR T2 A = Gk IR AL AL AR
I Y4 R L 5T A ), L B R S F PR BB Y R R 4
Tt 4354 319 MPa 1 103.4% IACS., CHEN %5077
FH Ak 2795 5 1) 45 A0 78 A 55 0 (Cu@Gr) B B K,
R85 G SPS R4 thl & By i G A kL. BF o KB,
Cu@Gr W] LB 1L Be 45 J5 T2 i WC, I HoA B34
Hb o3 A 7E P 28 4 AR R T . Cu@Gr By R B2 it h
0.8% (m/m) 1) 45 5 52 5 A4 B HL 32 %2 0y 38.512 MS/m
(#0245 F 66.4% IACS) , R E N 264 W/(m-K), &
T E S 278 HV, 439 LA 4% Cu@Gr B3 A 11 45 4
EAMBHEE T 953%.24.3% F128.0%. [14H
K H CVD vE RN EL 28 SRR 25 il 45 1 B8 0/ 2 5
BBE AR, 0 SR MG DTS 1 0.2% (m/m) I, Gr/
Cu B & MBI i 3 B30k B i KA, 40 0k
86.2% IACS H1 313 W/(m-K), Hi $7 98 FF 5 K 35 5]
338 MPa, Bt 5 T2l . PR 2 FILL GO Mk,
456 WAR A Ak 27 340 Tk RN SPS 5 il 45 RGO-Cu/
Cu E B YR B, S5 RFRW B EEAK P INA 4.8%
(m/m)RGO-Cu B & ¥ , il 4 19 2 G b AL i
5 FE TR 3 159 MPa, U758 S 35 F] 260 MPa, 5 44
A A AR T 67% 1 25%; B 5 %N 97.3% 1ACS,
a4 i 5 %8(99.1% TACS) MY . B A TT94%s &
WMAR A CVD I R A K B LR K e B 45
il T A TEREL T 1Y Gr/Cu A M RL, L 3R
K E]111.5% TIACS, fi#F T 544 (112.3% IACS)
A S R 5 PR SR N 276.8 MPa, B4 H AR = T
35.9%; %iE {2 & ik 46.7%, 5 i A LR R T
23.2%,
i Bk SR AT, 4 K 2 BOE FE G M ARG
& T2 S0 /A 2 A B RS B 5 G AR i
JEARAS B T AR T AT R AR T A ol 5 2
A &N Cut7E s S bl ek, ok m = A=
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Table 3 Tensile strength and electrical conductivity of Gr/Cu composites prepared by different processes

2 A MBS & T4 PUPIHRE/MPa  HL S %/% IACS  B:% 3k
1.0%(V/V) RGO/Cu MLM + CVD 302 89.0 [14]
1.6%(V/V) Gr/Cu JEAAE K+ AL 378 93.8 [17]
2.5%(V/V) Gr/Cu JEAAE KR BREL 305 97.1 [17]
3D Gr/Cu ARG G IR AR RPN L 319 103.4 [18]
Gr/Cu ARG 4+ CVD HAELIE A +HUE 276.8 111.5 [19]
0.7%(V/V) Gr/Cu WK IE 4+ SPS +HVEL 441 95.3 [22]
1.4%(V/V) Gr/Cu WK 1E 4+ SPS +#uEL 477 96.7 [22]
0.008%(V/V) Gr/Cu CVD+#UE — 117.4 [25]
0.003%(V/V) Gr/Cu CVD+HUE — 116.3 [25]
3D Gr/Cu WA 4+ CVD +ii s bdh 330 93.5 [27]
Gr/Cu(Rod) CVD +4Fik 573.3 99.8 [29]
Gr/Cu(Wire) CVD +#J% & 239.4 100.5 [29]
Gr/Cu(Block) CVD +HE A K 176.4 89.7 [29]
0.2%(m/m)Cu/Gr/Cu CVD +H2F AR 338 86.2 [30]
5%(V/V) RGO/Cu SPS 608 65.5 [45]
RGO-Cu/Cu WM A7 A 2738 )+ SPS 260 97.3 [46]
0.8% (m/m) Cu@Gr-WCu fb2F4E R+ SPS 278 66.4 [47]
=18 ToE
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Fig.4 Research trend of mechanical and electrical

properties of Gr/Cu composites
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