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Nanocellulose/reduced graphene oxide composites for high performance supercapacitors
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Abstract: Nanocellulose/reduced graphene oxide (NC/rGO) composites were prepared by a simple one-step hydro-
thermal method using high-concentration graphene oxide (GO) solution as the reaction precursor and nanocellulose
(NC) as the physical spacer and electrolyte reservoirs. Subsequently, we explored the potential of NC/rGO as elec-
trode materials for supercapacitors. Due to its dense porous structure and large oxygen-containing functional group
content, NC/rGO-1 prepared with 1 mL NC exhibited the best electrochemical performance. The binder-free sym-
metric supercapacitor based on NC/rGO-1 showed high gravimetric and volumetric specific capacitance of 269.33
F-g™" and 350.13 F-cm™ at a current density of 0.3 A-g™". These values can still reach 215.88 F-g™" and 280.62 F -
em™ at 10.0 A-g™' (80.15% of its initial value). The assembled device also displayed high gravimetric and volumet-
ric energy densities (9.3 Wh-kg™ and 12.13 Wh-L™") and excellent cycling performance (the initial specific capaci-
tance decreased by only 6.02% after 10 000 cycles at 10 A+¢g™).
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and (d) Raman spectra of the samples

(a) Nitrogen adsorption-desorption isotherms, (b) pore size distribution curves, (¢) XRD patterns,
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Table 1 Summary of specific surface area, total pore volume, and density for rGO and NC/rGO

Sample Specific surface area / (m?-g™) Total pore volume / (cm?+g™) Density / (g+cm™)
1GO 87 0.12 1.61
NCAG0-0.5 132 0.26 1.32
NC/GO-1 157 0.27 1.30
NC/GO-2 171 0.40 1.11
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Table 2 Elemental contents and C/O ratio obtained by XPS analysis of the samples
Sample Atomic fraction of C/ % Atomic fraction of O / % C/O ratio

GO 69.74 30.26 2.30
rGO 87.25 12.75 6.84
NC 58.31 41.69 1.39
NC/rGO-0.5 84.48 15.52 5.44
NC/rGO-1 86.25 13.75 6.27
NC/rGO-2 87.17 12.83 6.79
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Fig.6 (a) Gravimetric specific capacitances and (b) volumetric specific capacitance of rGO and NC/rGO at different
current densities; (c) Gravimetric Ragone diagrams, (d) volumetric Ragone diagrams, (e) EIS spectra,

and (f) Bode diagrams of rGO and NC/rGO
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Table 3 Electrochemical properties of different graphene-based electrodes

Material Electrolyte Current density / G/ G/ Electrode system Ref.
(A-g™) F-g" (F-em™)

SGH 5 mol-L' KOH 1 165 Three [31]
N-doped PCs 1 mol-L"" H,S0, 0.5 306 Two [32]
PGF 6 mol- L' KOH 1 219 Two [33]
HRGHs 1 mol-L"" H,S0, 1 260 312 Two [34]
HrGO 1 mol-L"" H,S0, 1 232 273 Two [35]
LTRGO 6 mol- L' KOH 0.5 226 Two [36]

NC/rGO-1 6 mol- L' KOH 0.3 269 350 Two This work
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