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Abstract: The development of copper matrix composites promises to comprehensively enhance the mechanical properties
and functional characteristics, such as electrical and thermal conductivity, of copper and copper alloys. Graphene possesses
excellent mechanical and physical properties and is regarded as an ideal reinforcement material for copper matrix composites.
The interface properties between graphene and copper determines the overall performance of the composites. Enhancing the
interfacial adhesion of graphene/copper through interface regulation has become a research hotspot currently. This review
summarizes various regulation strategies for the graphene/copper interface in recent years, including graphene defect desig-
ning, carbon-carbon hybrid reinforcements, metal and ceramic nanoparticle-modified graphene, and in-situ grown graphene
and graphene complex reinforcements. It systematically discusses the mechanisms by which interface regulation influences
the mechanical properties, electrical conductivity and thermal conductivity of the composites. Moreover, the application
prospects of high-performance composites developed by interface regulation strategies and future research directions are also
provided.
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Fig. 2 Interface regulation by graphene defect engineering'®’ ; (

a) schematics of oxygen-coordinated RGO/Cu interface and Cu, O, -coordinated

P-RGO/Cu interface, (b) HRTEM image of P-RGO/Cu interface region
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Fig. 4  Microstructure of ceramic nanoparticles modified graphene reinforced composite: (a) TEM images of WC,_, anchored on the GNSs, (b) schematic

of the microstructure of W-Cu@ GNSs/Cu composiles[ﬁ] ; (c¢) bright field TEM image showing the distribution of GNPs and Al,0, paﬂicles[%]
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(b) HRTEM image taken at the grain boundaries of the GLC/Cu composite

; (d) schematics of the graphene growth on Cu powders using MgO nanoparticles as spacers

(a) in-situ fluidized plasma jet enhanced CVD synthesis of core/shell structured

(c¢) thermal diffusion of pure copper and
[45]
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Statistics on carbon sources, processes, carbon content, performances and strengthening efficiency of various graphene rein-

c o Carbon Loading CVD Carbon Ultimate tensile Strengthening
ormposie source method temperature/ °C content strength/MPa efficiency
3D-GLNN/Cu!”’ Sucrose Hot-drying 800 0. 387vol% 319 149.7
0. 4wt% 251
Graphene/Cul* PMMA Ball-milling 800 NA
0. 95wt% 274
1. 6vol% 305 ~25
Graphene/Cul* PMMA Ball-milling 900
2. 5vol% 378 ~31
3D graphene network/Cu (%) PMMA Ball-milling 800 1. 9vol% 308 116.1
High content graphene .
[54] Sucrose Hot-drying 800 12vol% ~270 NA
nanoplatelets/Cu
Graphene@ Cu/Cul™ Wheat flour Hot-drying 800 0. 70wt% 252 NA
. . o 0. 09vol% 516 218.9
Cu/ Graphene wires %! Liquid paraffin Grinding 900
0. 13vol% 549 211.8
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Graphene-like carbon . .
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Fig. 6  Strategy of in-situ growth of graphene using solid carbon sourcel”) ; (a) schematic illustration of 3D-GLNN/Cu fabrication processes, (b) uni-

form GLNs coating structure around Cu powders, (c¢) snapshot of FIB-3D reconstruction results of 3D-GLNN in the hot-pressed composites,

(d) the in-plane thermal conductivities of pure Cu and 3D-GLNN composites, (e) tensile stress-strain curves of pure Cu and 3D-GLNN/

Cu composite
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Fig. 8  Applications for high performance composite copper foil: (a) 3D schematic diagram of a multilayer printed circuit board with four copper

1ayelrs“gsﬂ , (b) Teamgroup T-Force CARDEA A440 using graphene reinforced copper as cooling composite
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Table 2 Statistics of preparation methods and properties of high-performance graphene reinforced composite copper foils
Graphene derivatives Preparation method Ultimate tensile Thermal C(_):lducfilvity/ Electrical Confj‘uctivily /
strength/MPa (W-m™' K™ %IACS
Graphene "] CVD+magnetron sputtering 137 NA 110
Nickel-coated graphene'*'! Electroless deposition 388.7 431.2 NA
Reduced graphene oxide!*?! Electrophoretic deposition+hot pressing NA 637.7 NA
Reduced graphene oxide!**! DC electro-deposition 280 503. 39 NA
Reduced graphene oxide **! Electrochemical deposition 565 NA 89.8
Graphene oxide!®  Electro-deposition+ultrasonic spraying+hot-pressing 295. 1 416.7 NA
Graphene oxide!*"] Electro-deposition 308 439.6 NA
Nitrogen-doped graphene!*”? Coating onto Cu foil NA 542.9 NA
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Table 3 Statistics of preparation methods, properties and appearances of high electrical conductivity composite conductors

Ultimate tensile  Electrical conductivity

Composite Preparation method strength/MPa JOBIACS Appearance
Graphene/Cu cnmposite“ﬂ CVD+hot-pressing NA 117 Foil
Cu nanofilm/ graphene/Cu (:omposi[es[go] CVD+magnetron sputtering 137 110 Foil
Cu-graphene multilayer film! 102! CVD+electron-beam deposition NA 104.2 Foil
Axially continuous graphene-copper wirel 103 CVD NA 124 Micron wire
Cu/graphene composite wire! ] CVD+powder metallurgy 573 99.8 Wire
e 516 (low content) 94. 85
Cu/graphene wires 56 CVD+powder metallurgy Wire
549 (high content) 93.2
3D Cu-graphene nanosheets composites| ' Hot-drying+hot extrusion NA 103 Wire
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