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Table 1 Properties of single-layer graphene

Property Value

Surface area/m® g 26301

Real density/g cm™ 2.250

Tensile strength/GPa 130"

Young’s modulus/TPa 1.021
Electron mobility/cm? {V ) 2x10°

Electrical conductivity/><10*S -m™ 5.98+40.11
Thermal conductivity/W {m K)* 53001%
Coefficient of thermal expansion/>10™ K™ -89, 711!
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Fig.1 Different derivatives of graphene: (a) single-layer graphene, Gr; (b) graphene oxide, GO; (c) reduced graphene oxide, RGO;

(d) few layered graphene, FLG; multilayered graphene, MLG; graphene/graphite nanoplatelets, GNPsE#22% (grey spheres

represent carbon atoms, while red spheres correspond to functional groups such as -OH, -COH, -COOH)
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Fig.2 Schematic diagram of powder metallurgy process for preparing Gr reinforced Cu matrix composite
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Fig.3 Schematic diagram of Gr-Metal composite using semi powder metallurgy
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Fig.4 Schematic of synthesis of graphene reinforced copper composites via molecular-level mixing process®
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Fig.5 Schematic of fabricating Gr/Cu composites via in-situ CVD: (a) original Cu powders and PMMA, (b) flaky Cu powders loaded

with PMMA after ball-milling, (c) Gr/Cu composite powders, and (d) bulk Gr/Cu composite after hot-press sintering®?
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Fig.6 Schematic diagram of the large-scale continuous preparation of Gr/Cu composites with highly paralleled distribution of Gr®*
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Fig.7 Schematic of Cu/graphene nanocomposite films prepared by pulse reverse current electrodeposition”

TEXHEAR 22 458 34T (1), R CuSO, BRI, I\ H,SO,
WA pH ER 1, A ERAWRIE T PAAS000 B 1k
Aok Gr 3R, HeiEtEFR W SDS, CTAB %5, &2k
WA UTIE. {#H Dynatronix (DuPR10-3-6) ik Hi i, 46
WA AP, BRARVE MBI, A TR 2 T\
BRI, EVIURRZ BT TUIAR 2 um JE 204 AR Jy
JZ o R ITVER % (5 A R FE AN S A B 43 il e
15 2.5 GPa f 137 GPa. U4k, MR &M EHBHZA R
2.33x10° Q-cm, H404 (1.7%10° Q-cm) Y. XEH
AR TE 7E B AR 4 5 f VR AT AR A3 30 ) ke
BSR4 SRR R AR, ERZTTE0E T % 5
FEAMRL, I TE A SR s A AR S A k)
1) 2% o
1.6 Bk X IS (selective laser melting, SLM)
VEN—F MG R R, WO XS i &0 58
W1 R B T AT RHR AL T AN AT A, %

BOARIE WA BRI s R IR AR SRR T, BERTEmAE
WOCHN, R GIRZESS, M saA 2 i B A5
SEARMIPERE . e NSRRI X ik
1) EL 4l 40 10 4 E R FE 2 1100 MPa, 801608 (X Ak il B A7
SR VA R 4 PR 2 1350 MPa, A7 8875 (078 I A7 8
W5 H0 A0 K A Rk 1D B L Y 32 DXl i) B 4
TR FEFE = 1 2 23%. TR 65 P P e A SO 34 IX s 1| B 4
ARG U o ] 8 WO LIE X IE A T2 & A Sl i i 4 e
EEG MR ERE.

MARB S EMREEE. »TRFREE.
22 SRR TR B AL 22 TR ) £ A 28 M 1 e 4 2
FA MBI T4 R R 2 s .

2 FEMUARER

AT SCHTIR R A 20 F oK IR &AL CVD VET]
CASEELIE f 68 45 5 A BLIm I 38 5 AR 55 SR AR 25 & o e Ah,

| e = A

Laser beam /

Scan line

Laser beam l

Graphene  Titanium
Metallic matrix

Coating layer b
mmmm)  After laser melting

Metallic matrix

K8
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Table 2 Summary of Gr reinforced Cu matrix composites fabricated by different methods
No Composition Dispersion strate Consolidation Mechanical properties Electrical conductivity/ o
' P P 9y treatment Strength/hardness Ductility, 5/% %IACS '
. . 401.335.2, 425.543.3
. . High-ratio MPa (UTS)
1 Cu-(0.5~1)vol%MLG Ball milling dlfferregltllier\]I speed 303.445.2, 360.542.1 16.4~25.1 - [15]
g MPa (YS)
2 Cu-(0~8)vol%GNP Ball milling Hot-pressing 140~310 MPa (YS) - [21]
sintering
Cu-(1~2)wt% i Vacuum uniaxial O hi ) —9q0
3 GNP/ELRGO Ball milling hot pressing HV 50% higher Decrease ~28% [16]
Ultrasonication, ball Vacuum hot-press HV,360~520 MPa
- ~ 0, ! ! ~ -
4 Cu-(0.5-2.0)wt%GNP milling sintering 120-230 MPa (UTS) 8-24 (20]
Mixing by pestle and Cold _compaction,
5 Cu-(0.9~3.6)vol%GNP mortar microwave HV,460~890 MPa - 92~86 [22]
sintering
6 Cu-(0~8)vol%Gr Ball milling Cold-pressed, /3541015 MPa - 17.2~38.4 [23]
argon sintering
Ultrasonication, stir
] o mixing, Spark plasma )
7 Cu-0.3wWt%Gr/RGO dispersing agent, sintering 172/156 MPa (YS) 84.2/73.4 [33]
surfactant
Ultrasonication,
8 Cu-0.1~0.5wt%Gr mixing, Press sintering 184~212 MPa (UTS) 15~23 - [34]
surfactant
- Uniaxial
Ultrasonication, ball :
- 0, ! - -
9 Cu-1vol%RGO milling, stir mixing, Eompactn_on, 352 MPa [35]
ot pressing
10 Cu-0~3.0vol% GNRs  Ultrasonication, mixing “°"FPaction: ;PS' 184~295 MPa 8 94.6 [36]
11 Cul-awto%GNps  UltrasonicationWet  Die compaction, /500630 Mpa - - [37]
mixing N sintering
Vacuum filtration
Cu-10~20vol% GNPs — . ! 265 MPa (UTS) 8
12 Ultrasonication, mixing spa'rk ) 200 MPa (UTS) 6 - [38]
plasma sintering
Ultrasonication, vortex Vacuum filtration,
13 Cu-10~30vol% GNSs AR spark - - - [39]
mixing L
plasma sintering
. Vacuum filtration,
14 Cu-5-38volop GNps  Ultrasonication, vortex spark - - - [40]
mixing L
plasma sintering
Cu-0.2vol% GNPs 226 MPa 14 90
Cu-0.4vol% GNPs 280 MPa 7.5 87
Cu-0.6vol% GNPs . Spark plasma 308 MPa 7.0 88
15 Cu-0.8volos GNps  Molecular level mixing "V i 260 MPa 8.0 86.5 [46]
Cu-2.0vol% GNPs 210 MPa 4.3 83
Cu-4.0vol% GNPs 200 MPa (YS) 4.0 79
Cu 270 MPa - 96.5
Cu-0.5wt%GNPs - Spark plasma 336 MPa - 83.5
16 cuoswioeGNps-ye  Molecular level mixing G oing 270 MPa - 83 (471
Cu-0.5wWt%GNPs-TiC 420 MPa (UTS) 33 83
Cu-2.5vol%RGO - Spark plasma HV,1617 MPa 65.5
17 Cu-5vol%RGO ~ Molecularlevel mixing o oing HV,1888 MPa - 62 (48]
Cu-25v0l%RGO ~ MLM, 20 'C,pHE.6(H) 450 MPa 68.07
Cu-2.5v0I%RGO 20 °C, pH8.1(H) 400 MPa 64.09
Cu-2.5vol%RGO 50 C, pH13.6(H) 262.5 MPa 65.16
18 Cu-2.5v0l%RGO 40 °C, pH13.6(H) Ps 562.5 MPa i 69.04 [49]
Cu-7.5v0l%RGO 20 C, pH13.6(H) 525 MPa 65.79
Cu-5vol%RGO 20 C, pH13.6(H) 637.5 MPa 69.12
Cu-2.5v0l%RGO 20 'C, pH13.6(S) 525 MPa 62.86
- 0 ! :
Cu-2.5v0l%RGO 20 'C. pH13.6(H) 748 MPa (UTS) 65.67
19 Cu-0.40wt%Gr CVD (In-situ growth of Hot 251 MPa (UTS) 44 99.6 52]
Cu-0.95wt%Gr Gr from PMMA) pressing sintering 274 MPa (UTS) 39 100
CVD (In-situ growth of  Hot pressing 290 MPa (YS)
- 0, - -
20 Cu-0.50Wt%Gr Gr from PMMA) sintering 308 MPa (UTS) 53]
21 Cu-1.6vol%Gr Chemical vapor H;)itn;tagsis%ng 305 MPa (UTS) 41.0 97.1 [54]
Cu-2.5vol%Gr deposition hot-rolled 378 MPa (UTS) 323 93.8
In-situ growth of Gr  Cold compaction,
22 Cu-FLG from CHa by CVD sintering HV,2530 MPa - 98.3 [56]
23 Cu-0.1~1 g/L GO Stirring, surfactant - 2.2~2.5 GPa/127~137 GPa 50~73.9 [57]
24 Cu-0.1~0.75¢/LGO Stirring, surfactant - 1.5~2.7 GPa/117~139 GPa 34~84.7 [60]
25 Cu-0.1~0.4g/LGO  Ultrasonication, stirring - HV, 1160~1510 MPa - - [61]

Note: UTS-ultimate tensile strength; YS-yield strength; CTE-coefficient of thermal expansion; (S)-achieved by stirring paddles with the rotating speed of
200 r/m, and high-shear mixing abbreviated as (H) achieved by a rotor-stator mixer (JRJ300-1) with the rotating speed of 3000 r/m
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Fig.16 SEM image of Cu particles dispersed on graphene sheets®
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Fabrication and Research Progress of Graphene Reinforced Cu Matrix Composites

Liang Yan'?, Wang Xianhui', Li Hangyu', Ni Jingyi®, Jin Qianhe*
(1. School of Materials Science and Engineering, Xi’an University of Technology, Xi’an 710048, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Due to the intriguing intrinsic mechanical and functional properties, graphene has attracted extensive attention in the metal
matrix composites as a novel ideal inforcement. In this work, the preparation methods of graphene reinforced Cu matrix composites were
firstly reviewed, and then the research status of improving the graphene dispersivity along with the interface bonding between graphene
and copper matrix was summarized. At last, the potential applications and future research directions of graphene reinforced copper matrix
composites were pointed out.
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