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Abstract: The excellent mechanical, electrical and thermal properties of graphene enable its promising applications in the
field of new functional materials. How to realize the large-scale controllable construction of graphene micro-nano-scale units
and promote the application of its excellent performance at the macro level has become one of the most essential challenges at
present. Among the many controllable preparation methods of 3D graphene monoliths, 3D printing can realize multi-scale
controllable construction of graphene and other functional component materials via precise cutting, structural complexity,
controllable design of geometric dimensions and component distribution optimization. The 3D printed graphene monoliths
exhibit better mechanical, electrical and thermal properties than those of other conventional carbon nanomaterials. It is one of
the most important frontier areas for graphene functional materials research. This article reviews several 3D printing methods
that are currently applied to the preparation of macroscopic

monoliths of graphene, as well as applications in various
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functional materials and devices. Based on these new techniques
of 3D printing, it is expected to realize rapid and large-scale
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Table 1 Main preparation methods of three-dimensional graphene

Preparation Main measure Specific surface Density  Electrical conductivity Reference
method area (m?/g) (mg/cm®) (S/cm)

In-situ assembly Metal ion assisted hydrothermal method - 2 - [12]

Metal ion assisted hydrothermal method - 30 2.5%1073 [13]

Regulate the pH of GO - 1600 7.6 [14]

CH4N,, S assisted 399 2 - [15]

Reducing agent assisted - 37 0.11 [16]

CH, 0, reduction - 9.1 - [17]

Induced assembly Evaporation of water molecules ) S ) s
under vacuum condition

Breath pattern method - 10 649 [19]

Controlled freezing - 7.0 0.12 [20]

Ultra-low temperature freezing - - - [21]

Template CVD (nickel template) 850 5 10 [22]

Polystyrene microspheres template 194.2 - - [23]

Melamine template - - - [24]

Polyurethane template - 2 2.25x1073 [25]

Chemical cross-linking Cross-linking reaction - - - [26]

Cross-linking reaction - 10.6 - [27]

Cross-linking reaction 160 10 1.3 [28]
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Table 2 Main implementation techniques and basic material of 3D printing

Type Technology

Basic material

Extrusion molding

Direct metal laser sintering ( DMLS)

Electron beam melting ( EBM)

Granular material molding

Selective heat sintering ( SHS)
Selective laser melting ( SLM)

Stero lithography apparatus (SLA)

Photopolymerization molding

PolyJet (PJ)

Fused deposition modeling (FDM)

Selective laser sintering ( SLS)

Digital light processing ( DLP)

Thermoplastic material, metal, edible material
Almost any metal alloy
Titanium alloy
Thermoplastic, metal powder, ceramic powder
Thermoplastic powder
Miscellaneous powder, pre-alloyed powder, elemental metal powder
Photosensitive polymer
Liquid resin

Photosensitive polymer
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Fig. 1 Several different 3D printing graphene aerogel technologies: (a) direct ink writing'>”’ | (b) GO nanowire fabricated by pulling a mi-

cropipette (8]

, (¢) combining with cold casting method"®’ | (d) combining with stereolithography!
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Fig. 2 Study on the application of 3D printing graphene composites: (a) tensile test of 3D printing GO composite*!! | (b) the rheo-

logical properties of printing ink'**) | (¢) graphene metamaterials!>! | (d) graphene cement composite material >/
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Fig. 3 The application of 3D printed graphene in sensing field; (a) graphene aerogel wearable sensor ®) | (b) the dy-

namic response of the GO sensor towards C,Hg vaporl®) | (¢) schematic of (rGO/PTA) , multilayer film produc-

tion by layer-by-layer fabrication using the inkjet printing method "}
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Fig. 4 The application of 3D printed graphene in energy storage field: (a) schematic of the fabrication process of the microsu-

percapacitor[ o8]
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, (b) schematic of the fabrication process of 3D interdigitated microbattery architecture
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Table 3 Capacitance performance of 3D printing graphene electrode

Method Materials Capacitance Energy density Power density Potential range Reference
DIW GO 56.7 mF/em? - LV (0~1V) [68]
DIW GO/GNP/Si0, 4.76 ¥/g 0.26 Wh/kg 4079.9 W/kg 0.8 (0~0.8V) [69]
FDM Graphene/PLA 485.47 pk/g - 4V (-2~2V) [70]

Inkjet (2D) GO 48~132 F/g 1.34 Wh/kg 2.19 kW/kg 1V (-0.6~0.4V) [71]
DIW LFP/LTO 1.2 mAh/cm’ 9.7 J/em? 2.7 mW/cm’ 1.8V [72]
DIW GO/LFP/LTO 170 mAh/g - - [73]
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