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Fig. 1 (A) SEM image of 3D graphene; (B) Charge-discharge curves of 3D graphene as a cathode in Al battery and at 4000 mA - g™,

The inset is voltage-time profile; (C) Cycle performance and coulombic efficiency of Al full battery at 4000 mA - g™,
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Fig. 2 TEM images of (A) graphene foam (GF), (B) GF@ZnO and (C, D) GF@Fe;O,. (E) HRTEM image of Fe;O, nanoparticles;
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anode; (I) Comparison in cycle performances of GF and GF@Fe;0, anodes at 1CP.
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curves of 3D Graphene@Si*?
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Fig. 8 (A) Initial charge-discharge curves of nitrogen doped grapheme (N@G), 3D reduced grapheme foam (rGF), nitrogen doped

3D grapheme foam at 0.2C; (B) Rate performances of N@G, rGF and N@GTF in the range of 0.2C ~ 10C; (C) Capacity re-
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Fig. 9 (A)FESEM, (B) TEM and (C) HRTEM images of Co;0, MNSs@3DGNs; (D)FESEM image,(E)TEM image and (F)EDX
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Fig. 10 SEM images of (A) Ni porous foam, (B)3D Graphene@Ni and (C)MnO,@3D Graphene@Ni. The magnified SEM im-
ages in (B)(D)and in (C)(E-F)*!
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Fig. 13 SEM (A) and TEM (B) images of 3D Graphene@MnO, composites; Structure and photos (C) of 3D Graphene@MnO,
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Fig. 14 SEM images of (A) 3D-Graphene and (B) 3D-Graphene@Co,0,; (C-D)High resolution SEM images of 3D-Graphene@
Co0;0,; TEM (E) and HRTEM (F) images of Co,0, nanowires grown on 3D graphene foam surface*’
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CVD Preparation and Application of
3D Graphene in Electrochemical Energy Storage

XIA Yong-kang', GU Ming-yuan', YANG Hong-guan', YU Xin-zhi', LU Bing-an'**
. Dchool o, sics an ectronics, Hunan Uniwersity, angsha , wna;, 2. Fujian dtrait Gr ene
(1. School of Physi d El ics, H University, Changsha 410082, China; 2. Fujian Strait Graph
Industry Technology Research Institute, Quanzhou 362201, Fujian, China)

Abstract: Three-dimensional (3D) graphene combinations with the excellent intrinsic properties of graphene and the 3D
micro/nano porous structures provide a graphene foam with high specific surface area, excellent mechanical strength and fast
electron and mass transports. The 3D graphene foam and its composite nanomaterials are widely used in the fields of
nano-electronics, energy storage, chemical and biological sensing. The 3D graphene foam prepared by chemical vapor deposition
(CVD) method is of high purity and crystallinity. In this review, a brief overview in the CVD preparations of 3D graphene and
properties of CVD prepared 3D graphene based nanomaterials in electrochemical energy storage systems (aluminum battery,
lithium-ion battery, lithium-sulfur battery, sodium-ion battery, metal-air battery and supercapacitor) is given. Recent progresses and

possible future applications in CVD prepared 3D graphene based nanomaterials are also reviewed and highlighted.
Key words: three-dimensional graphene; aluminum battery; lithium-ion battery; lithium-sulfur battery; sodium-ion battery;

metal-air battery; supercapacitor
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