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1. INTRODUCTION

Graphene, a two-dimensional atomic-thick carbon allotrope, has been discov-
ered in 2004 by Andrei Geim and Konstantin Novoselov, following discoveries of
fullerenes and carbon nanotubes (Novoselov et al., 2004). After, it is not surpris-
ing that graphene has gained immense attention in material science and engi-
neering thanks to its unique properties such as optical, mechanical and electronic
properties, besides surface morphology. Several studies have been conducted to
understand the physical and chemical properties of graphene, and a variety of
approaches have been investigated to find out an innovative, low-cost, eco-friend-
ly process to produce high-quality graphene structures. 2D graphene has a large
theoretical surface area (~2630 m?. g'), excellent electron carrier mobility (10,000
cm? V. s!), high thermal conductivity (3000-5000 W. m™'. K™ at room tempera-
ture), good optical transparency (~97.3%) and excellent mechanical strength with
the Yong’s modulus of 1.0 TPa (Stankovich et al., 2006; Nair et al., 2006; Lee at al.,
2008, Balandin et al., 2008).

There are some methods based on top-down and bottom-up approaches to
produce 2D graphene structures. In the top-down approach, it is started from
graphite, in the other one from small molecules that are used to build up graphene
(bottom-up approach). Not only is the isolation of one layer of graphite a chal-
lenge but so also is the stabilization of the exfoliated layers of graphene. If layers
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Ultimately, it is worth believing that through concerted efforts of research-
ers, novel 3D graphene architectures with more fascinating properties will be
designed and fabricated, and the electrochemical energy storage systems based
on the novel porous 3D graphene neteworks and its nanocomposites will exhibit
more remarkable performance.
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REFERENCES

Balandin, A. A., Ghosh, §S., Bao, W,, Calizo, I., Teweldebrhan, D., Miao, E, & Lau, C. N.
(2008). Superior thermal conductivity of single-layer graphene. Nano letters, 8(3),
902-907.

Cao, X., Yin, Z., & Zhang, H. (2014). Three-dimensional graphene materials: preparation,
structures and application in supercapacitors. Energy ¢ Environmental Science, 7(6),
1850-1865.

Chen, J., Sheng, K., Luo, P, Li, C., & Shi, G. (2012). Graphene hydrogels deposited in
nickel foams for high-rate electrochemical capacitors. Advanced materials, 24(33),
4569-4573.

Chabij, S., Peng, C., Yang, Z., Xia, Y., & Zhu, Y. (2015). Three dimensional (3D) flexible
graphene foam/polypyrrole composite: towards highly efficient supercapacitors. Rsc
Advances, 5(6), 3999-4008.

Choi, B. G., Yang, M., Hong, W. H., Choi, J. W,, & Huh, Y. S. (2012). 3D macroporous
graphene frameworks for supercapacitors with high energy and power densities. ACS
nano, 6(5), 4020-4028.

Frackowiak, E., & Beguin, E (2001). Carbon materials for the electrochemical storage of
energy in capacitors. Carbon, 39(6), 937-950.

Frackowiak, E., & Béguin, F. (2013). Supercapacitors: Materials, Systems and Applications.

Frackowiak, E., Abbas, Q., & Béguin, F. (2013). Carbon/carbon supercapacitors. Journal of
Energy Chemistry, 22(2), 226-240.

Guo, S., & Dong, S. (2011). Graphene nanosheet: synthesis, molecular engineering, thin
film, hybrids, and energy and analytical applications. Chemical Society Reviews, 40(5),
2644-2672.

Hall, P. J., Mirzaeian, M., Fletcher, S. I, Sillars, E. B., Rennie, A. ], Shitta-Bey, G. O, ... &
Carter, R. (2010). Energy storage in electrochemical capacitors: designing functional
materials to improve performance. Energy & Environmental Science, 3(9), 1238-1251.

Huang, Y., Liang, J., & Chen, Y. (2012a). An overview of the applications of graphene-
based materials in supercapacitors. Small, 8(12), 1805-1834.

Huang, X., Qian, K., Yang, J., Zhang, J., Li, L., Yu, C., & Zhao, D. (2012b). Functional
nanoporous graphene foams with controlled pore sizes. Advanced materials, 24(32),
4419-4423.

Kulkarni, S. B., Patil, U. M., Shackery, 1., Sohn, J. S., Lee, S., Park, B., & Jun, S. (2014).
High-performance supercapacitor electrode based on a polyaniline nanofibers/3D
graphene framework as an efficient charge transporter. Journal of Materials Chemistry
A, 2(14), 4989-4998.

Lee, C., Wei, X., Kysar, ]. W., & Hone, J. (2008). Measurement of the elastic properties and
intrinsic strength of monolayer graphene. science, 321(5887), 385-388.

Nair, R. R., Blake, P, Grigorenko, A. N., Novoselov, K. S., Booth, T.]., Stauber, T., ... & Geim,
A. K. (2008). Fine structure constant defines visual transparency of graphene. Scien-

-97.



Global View of Energy and Environment in Engineering

ce, 320(5881), 1308-1308.

Ning, G., Fan, Z., Wang, G., Gao, J., Qian, W., & Wei, F. (2011). Gram-scale synthesis of
nanomesh graphene with high surface area and its application in supercapacitor elec-
trodes. Chemical Communications, 47(21), 5976-5978.

Novoselov, K. S., Geim, A. K., Morozov, S. V., Jiang, D., Zhang, Y., Dubonos, S. V,, ...
& Firsov, A. A. (2004). Electric field effect in atomically thin carbon films. Scien-
ce, 306(5696), 666-669.

Simon, P,, & Gogotsi, Y. (2010). Materials for electrochemical capacitors. In Nanoscience
And Technology: A Collection of Reviews from Nature Journals (pp. 320-329).

Song, W. L, Song, K., & Fan, L. Z. (2015). A versatile strategy toward binary three-di-
mensional architectures based on engineering graphene aerogels with porous carbon
fabrics for supercapacitors. ACS applied materials & interfaces, 7(7), 4257-4264.

Song, Z., Liu, W., Wei, W., Quan, C., Sun, N., Zhou, Q., ... & Wen, X. (2016). Preparation
and electrochemical properties of Fe2O3/reduced graphene oxide aerogel (Fe203/
rGOA) composites for supercapacitors. Journal of Alloys and Compounds, 685, 355-
363.

Stankovich, S., Dikin, D. A., Dommett, G. H., Kohlhaas, K. M., Zimney, E. J., Stach, E. A,
... & Ruoft, R. S. (2006). Graphene-based composite materials. Nature, 442(7100), 282.

Tingting, Y., Ruiyi, L., Xiaohuan, L., Zaijun, L., Zhiguo, G., Guangli, W., & Junkang, L.
(2016). Nitrogen and sulphur-functionalized multiple graphene aerogel for superca-
pacitors with excellent electrochemical performance. Electrochimica Acta, 187, 143-
152.

Wang, H., Yi, H., Chen, X., & Wang, X. (2014). One-step strategy to three-dimensional
graphene/VO 2 nanobelt composite hydrogels for high performance supercapaci-
tors. Journal of Materials Chemistry A, 2(4), 1165-1173.

Wang, H., Hu, P, Yang, J., Gong, G., Guo, L., & Chen, X. (2015a). Renewable-juglone-
based high-performance sodium-ion batteries. Advanced materials, 27(14), 2348-
2354.

Wang, H., Yuan, X,, Zeng, G., Wu, Y, Liu, Y, Jiang, Q., & Gu, S. (2015b). Three dimen-
sional graphene based materials: Synthesis and applications from energy storage and
conversion to electrochemical sensor and environmental remediation. Advances in
colloid and interface science, 221, 41-59.

Wang, X., Lu, C., Peng, H., Zhang, X., Wang, Z., & Wang, G. (2016). Efficiently dense
hierarchical graphene based aerogel electrode for supercapacitors. Journal of Power
Sources, 324, 188-198.

Wu, Z. S., Winter, A., Chen, L., Sun, Y., Turchanin, A., Feng, X., & Miillen, K. (2012).
Three-dimensional nitrogen and boron co-doped graphene for high-performance all-
solid-state supercapacitors. Advanced Materials, 24(37), 5130-5135.

Wu, Y., Zhu, J., & Huang, L. (2018). A review of three-dimensional graphene-based mate-
rials: synthesis and applications to energy conversion/storage and environment. Car-
bon, 143, 610-640.

Ye, S., Feng, J., & Wu, P. (2013). Deposition of three-dimensional graphene aerogel on
nickel foam as a binder-free supercapacitor electrode. ACS applied materials & inter-
faces, 5(15), 7122-7129.

Ye, S., & Feng, J. (2014). Self-assembled three-dimensional hierarchical graphene/
polypyrrole nanotube hybrid aerogel and its application for supercapacitors. ACS
applied materials & interfaces, 6(12), 9671-9679.

Yoon, J. C, Lee, J. S., Kim, S. I, Kim, K. H., & Jang, J. H. (2013). Three-dimensional
graphene nano-networks with high quality and mass production capability via pre-
cursor-assisted chemical vapor deposition. Scientific reports, 3, 1788.

Yu, X, Lu, B., & Xu, Z. (2014). Super long-life supercapacitors based on the construc-
tion of nanohoneycomb-like strongly coupled CoMoO4-3D graphene hybrid elec-

-98 -



Global View of Energy and Environment in Engineering

trodes. Advanced materials, 26(7), 1044-1051.

Yu, Z., McInnis, M., Calderon, J., Seal, S., Zhai, L., & Thomas, J. (2015). Functional-
ized graphene aerogel composites for high-performance asymmetric supercapaci-
tors. Nano Energy, 11, 611-620.

Yuan, C. Z., Zhou, L., & Hou, L. R. (2014). Facile fabrication of self-supported three-di-
mensional porous reduced graphene oxide film for electrochemical capacitors. Mate-
rials Letters, 124, 253-255.

Zhang, ]., Zhao, E, Zhang, Z., Chen, N., & Qu, L. (2013). Dimension-tailored functional
graphene structures for energy conversion and storage. Nanoscale, 5(8), 3112-3126.

Zhao, Y., Hu, C,, Hu, Y., Cheng, H., Shi, G., & Qu, L. (2012). A versatile, ultralight, nitro-
gen-doped graphene framework. Angewandte Chemie International Edition, 51(45),
11371-11375.

Zhao, Y., Liu, J., Hu, Y., Cheng, H., Hu, C,, Jiang, C., ... & Qu, L. (2013). Highly com-
pression-tolerant supercapacitor based on polypyrrole-mediated graphene foam elec-
trodes. Advanced materials, 25(4), 591-595.

Zhu, Yanwu, Shanthi Murali, Meryl D. Stoller, K. J. Ganesh, Weiwei Cai, Paulo J. Ferrei-
ra, Adam Pirkle et al. 2011. Carbon-based supercapacitors produced by activation of
graphene. Science 332, (6037), 537-1541.

Zhu, Y., Li, L., Zhang, C., Casillas, G., Sun, Z., Yan, Z., ... & Hauge, R. H. (2012). A seamless
three-dimensional carbon nanotube graphene hybrid material. Nature communicati-
ons, 3, 1225.

-99 .-



