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Research Progress on Graphene and
Its Composite Free-Standing Films
HOU Zhaoxia, LI Jianjun, LI Wei, BO Daming
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School of Mechanical Engineering, Shenyang University, Shenyang 110044, China)

Abstract: Graphene is an electrode material for the new generation of supercapacitors with high specific surface area, ex-
cellent chemical stability and mechanical properties. However, the binder is usually added to obtain the graphene electrodes
with chemical stability and high density, which will affect the electrochemical performance of the electrods. The free-standing
graphene and its composite film is one of the effective ways to solve the problem. The formation methods of graphene free-
standing film were introduced, including traditional methods such as suction filtration induced self-assembly, gas-liquid in-
terface self-assembly, coating and layer by layer self-assembly and a novel low-temperature rotary method. The research pro-
gress of graphene-based conductive composite films including conductive polymers/graphene, metal oxides/graphene and
multi-component composite films was mainly summarized. The future development trends of graphene and its composite free-
standing conductive films were proposed, including the development of the new, simple and scaled preparation technology for
film electrodes, effective controls of the microstructure of graphene and its composite free-standing films, and applications of
various film forming methods in portable electronic devices or flexible batteries.
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Fig. 1 Photos of GO films obtained by filtration using AAO (a) and PTFE (b) ; Photos of GO films soaked in water for 0.5, 1, 2 and
24 h, which obtained by filtration using AAO (a) and PTFE (b) [13]
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Fig. 2 Formation schematic illustration of free-standing 2D CNTs thin films through capillary force driven compres-

sion on air/water interface (a) and photograph of graphene film (b)['®]
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Fig. 3 Drip coating schematic of CTAB/GO suspension with copper ring

assisted (a); SEM images of GO film prepared with different
CTAB concentrations; (b) 0.1 mg/mL, (¢) 0.3 mg/mL, (d)
0.5 mg/mL 2!
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Fig. 4  Schematic diagram of negatively charged rGO and positively

charged rGO modified by amino by layer by layer self-assembly
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Fig. 5 Image (a) and cross-sectional SEM image (b) of the rGO film

prepared by aerogel casting!?’]
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Fig. 6 Schematic diagram of low temperature rotary cutting process (a)

and SEM image of the vertical arrayed rGO film (b) 2%
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graphene composite free-standing film!*”]
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Fig. 8 Schematic diagram of the preparation process of PANI fiber/rGO composite free-standing film!*]

Steamed water regulation process

bPEI on filter paper

Complexation at dd-LBL (1) 190 °C /\
interface assembly (2) Polymerisation =—

rGO/PANI film

19 1GO/PANI A £ [ SCHEBEM il f T 2UREE (a) 3 ABOCFRECT 1GO/PANI 9 SEM B (b~d) 10
Fig. 9 Schematic diagram of the preparation process of rGO/PANI composite free-standing film (a); SEM images of
the tGO/PANI composites at different magnifications (b~d) 4]
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Fig. 10 SEM images of Co30,/GF composite film'*); (a) surface;

(b) cross-section
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Fig. 11 TEM images of the rGO/MnO,/silver nanowires ternary composite film; (a) low magnification image; (b, ¢) HR-TEM

images of the hollow square region in Fig. 11al*]
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Schematic diagram of the preparation process of PANI/rGO/

CNs ternary composite film'3!
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