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ABSTRACT

In this study, the rGO aerogel material was successfully fabricated by freeze-drying
combined with high-temperature reduction method. The characteristics of rGO aerogel were
investigated by modern techniques such as SEM-EDX, XRD, Raman, N, adsorption and
desorption. Electrochemical properties were studied through cyclic potential scanning (CV),
charge-discharge (GCD) and electrochemical Imdependance Spectroscopy (EIS) methods in 6M
KOH electrolyte solution. Research results show that rGO aerogel has a large specific surface
area and pore volume of 162.4 m%g and 0.237 cm®g, respectively, and a large specific
capacitance of 90 F/g at a current density of 0.1 A/g and long charge-discharge life with specific
capacitance reaching 87.5% after 500 charge-discharge cycles.
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1. INTRODUCTION

Electrochemical capacitors (supercapacitors) with high of power density, fast of
charge/discharge rates and long of cycle life have been become main complements to secondary
batteries [1, 2]. Depending on the charge storage mechanisms, supercapacitors can be
distinguised into two classes: the electrochemical double layer capacitor with carbonaceous
active materials as electrodes, while the other is pseudocapacitor or redox supercapacitors with
transition-metal oxides or conducting polymers electrodes [3, 4] .

Electrochemical double-layer capacitors (EDLCs) show fast charging performance and
excellent charge-discharge stability among the energy storage devices. EDLCs store electrical
charge on high surface area conductive materials [5].

Reduced graphene oxide (rGO), has been widely studied as a electrode material for
supercapacitor due to its high conductivity and stable cycling propety. The rGO in an aerogel
structure show high surface area and porosity that enable the easy access of electrolyte ions.
Various methods have been studied to enhance rGO aerogel as a supercapacitor electrode, such
as aerogel composite formation with transition metal oxide (TMO), conductived polymers, or
heteroatom (nitrogen, sulfur) doping in rGO aerogel [6, 7].

In this study, a simple approach is applicated to synthesis rGO aerogel which used as
supercapacitor electrode material. GO, as the aerogel precursor, was produced by freeze-drying
method and used for the rGO aerogel formation by high temperature reducing. The material
performance and electrochemical properties of rGO aerogel electrode material was investigated.

2.EXPERIMENTAL

2.1 Chemicals and raw materials

Graphit powder (99%, Merck), H2S04 (98%, Sigma Aldrich), H3PO4 (85%, Aladdin), KMnO4
(AR, Merck), H202 solution (30%, Aladdin), HCI solution (37 %, Aladdin), Deionized water.
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2.2. Preparation of rGO aerogel

rGO aerogel was produced by ice-template method. Fist, 1 g of graphite was oxidized with a
mixture of 90 mL H,SO, (98%), 10 mL of HsPO, (85%) and 6 g of KMnQ, at 5 °C for 15 min.
The mixture was stirred for 3 h at 70 °C. The oxidation was stopped with 50 mL H,0, (30%) and
the solution transfer to brown. Centrifugation at 4000 r/min was applied to wash mixture 5 times
with HCI solution (37%) followed by 200 mL deionized water until the pH was neutral. GO
dispersion was obtained after exfoliated through sonication for 30 minutes. GO dispersion (10
mg/mL) was frozen at -40 °C and freeze-dryed at -80 °C for 48 h. The resultant rGO aerogel was
obtained by reducting GO aerogel at 900 °C for 4 h under Ar gas.

2.3. Materials characterization

The crystal structure of rGO aerogel was identified by X-ray diffractometer on a Bruker D8-
Advance (Germany) with CuKa radiation in the angle range 26 from 10° to 70°. The specific
surface area and porosity distribution of rGO aerogel were investigated by a N, adsorption-
desorption isotherm using a Tri Start 3000 at 77K with a degasing temperture at 200 °C for 5 h.
The surface morphology and elemental compositon were studied by a scan electron microscope
with an energy-dispersive X-ray analysis at an accelerating voltage of 15 kV (SEM-EDX).

2.4. Supercapacitor electrodes preparation and electrochemical mesurements

To obtain the electrochemical mesurements of the prepared sample, the two-electrode
configurations were used. The nickel foil was pretreated with absolute ethanol and dried at 80 °C
for 3 h. The supercapacitor electrodes were made of rGO aerogel, conductive (Carbon super-P),
and the binder: PVDF in 8:1:1 ratio using N-methyl-2-pyrrolidone as solvent. After milling by
ball mill for 8 hours, the mixture was coated on the nickel foil with a size ¢= 8 mm. The prepared
electrode were then dried at 100 °C in vacuum for 12 hours to remove solvent. An aqueous
solution of 6M KOH was used as the electrolyte. Electrodes made by the method mentioned
above were immersed into the electrolyte. Then, two electrodes were assembled in a cell-lock.

The electrochemical performances of rGO electrodes were investigated by Cyclic
Voltammetry (CV), Gavanostatic Charging- Discharging (GCD) and Electrochemical
Imdependance Spectroscopy (EIS) measuraments, which were carried out by Autolab
PGSTAT309n (Metrohm, Switzerland). The specific capacitance (Cs) of the electrodes materials
and energy density of supercapacitor (E) were calculated vis Eq.(1) and Eq.(2), respectly [8].

C.= 21xAt 1)
MxAV

Where | (A), At (second), AV (V), m (mg) is current, discharging time, potential window and
the mass of the active material on electrode, respectively.
_CxAV? CxAV?

2 8

E 2

Where E is the energy density (Wh/kg).
3. RESULTS AND DISCUSSION

3.1. Characterization of rGO aerogel

Morphological properties of rGO were investigated by a scanning electron microscope. The
water removal during the reducing process forms the pores in rGO aerogel. As seen in figure 1,
the interconnected pore in material can be observed.The carbon wall of aerogel was formed by
several stacking layers of the rGO sheet that increase the mechanicals strength of the aerogel
structure. The EDX results showed that, the major compositon of rGO is C (81,18 wt%) and O
(18,50 wt%) with C/O ratio is 4.38, which contributes to the excellent performance of rGO
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aerogel for supercapacitor electrode [9].
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Figure 1. SEM images at 1000x (a) and 20000x (b) for rGO aerogel.
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Figure 2. EDX pattern for rGO aerogel.
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Figure 3. (a) XRD pattern and (b) Raman spectra for rGO aerogel.

XRD pattern of rGO aerogel shows the major peaks at 20= 25.6° and 42.9°, associated with
diffraction of graphitic carbon of (002) and (101), respectively. Accounting on the (002) peak,
the interlayer spacing of material (d) were 3.5 A, which indicates the oxygen containing groups
removal from GO surface (20=10.27°, d=9.05}§) [10]. The stacking of rGO sheets can be divided
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into parallel and nonparallel structure. The peak (101) and (002) nonparallel can be used for
explaining the parallel and nonparallel stacking of rGO aerogel, respectly. The high peak area
ratio of (002)/(101) shows the major stacking of rGO is parallel [9].

Raman spectra was shown in Fig. 3b, show two major peaks at 1355 cm™ and 1590 cm™. The D
peak around 1355 cm™ reflects the vibration of the sp* carbon-carbon of the hexagonal layer and
sp? carbon with other functional groups which contain oxygen atom. The G peak at 1590 cm™ is
attributed of of sp®>-bonded carbon atoms [11, 12]. The I/l ratio of rGO aerogel is 1.02. Compared
with other carbon materials, rGO aerogel show higher value ratio of Ip/lg. During the reduction
process, the surface carbon atoms of rGO aerogel were carried off slowly and disorderedly, thus,
leaving the free bond at the surface and forming a disordered carbon structure [13].

The N, adsorption-desorption cycle of rGO aerogel was presented in Fig. 4 show that the
isotherm of material can be classified into type Il model which is characteristic for macroporous
materials. The adsorption of N, on the rGO sheets surface in the aerogel includes monolayer and
multilayer adsorption process. The N, adsorption volume at the low P/P° area show that a
significant overlapping of monolayer adsorption and the beginning of multilayer adsorption. The
increase of adsorption volume at the P/P°=1 due to macroporous pore and multilayer N,
diffusion and adsorption behavior [14]. The rGO aerogel has high specific surface area
Seer=162.4 cm*/g and pore volumn V, =0.237 cm®/g.
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Figure 4. (a) N, adsorption-desorption isotherm and (b) pore size distrubution.
3.2. Electrochemical properties
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Figure 5. (a) CV curves and (b) GCD cures of rGO aerogel at different current densities.

The electrochemical properties of rGO aerogel were studied by CV technique. The CV cycle
of rGO aerogel at different scan rate from 10 mV/s to 100 mV/s were showed in Fig. 5a. The CV
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curves of the material exhibit an EDLC behavior by showing a rectangular CV shape with a large
area, indicating distinct capacitive behavior and reversibility.

The galvanostatic charge-discharge test were used to evaluate the electrochemical
performance of rGO aerogel under the operational conditions as a supercapacitor. Fig.5b shows
the (GCD) graphs at different current density from 0.1 to 1 A/g in the potential range from 0 to 1
V. The specific capacitance of each electrode was calculated from the discharge curve slope vis
Eg.1. The rGO aerogel shows an excellent specific capacitance of 90 F/g at 0.1 A/g and 80 F/g at
1 A/g. The capacitor has a pretty energy density about 11.25 Wh/kg.

The Nyquist plot representing the resistance of the rGO aerogel electrode is shown in Figure
6a. Nyquist plot of electrode samples with starting point at Z'= 0.3 Q shows that the rGO aerogel
electrode has a relatively low internal resistance and solution resistance Rs. The 45¢ inclined line
representing the Warburg impedance of the rGO sample is very short, indicating that ions can
easily move through the pores of the material.

The GCD test procedure was repeated with sets of 500 cycles. The capacitance retention of
the capacitor (Fig.6b) shows that rGO aerogel exhibit outstanding stability. The capacitance
retention of rGO aerogel remains 85.7% after 500 charge-discharge cycles. It is possible that the
rGO aerogel materials have lost their original structure and porosity, which has affected their
conductive and charge-discharge properties.
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Figure 6. (a) Nyquist plot of rGO aerogel
and (b) Cycling performance of rGO electrodes at 1.0 A/g.
4. CONCLUSIONS

rGO aerogel was successfully prepared, the characterization and electrochemical performance
of rGO aerogel were studied. The obtained rGO shows high specific surface area Sger=162.4
cm?g and pore volumn V,=0.237 cm®lg. The structural properties contribute to the
electrochemical properties of the rGO aerogel (90 F/g at 0.1 A/g) with high cycles stability
(85.7% capacitance retention for 500 cycles). This study provides a promising route to prepare
rGO aerogel as highly efficient electrodes materials for supercapacitors.
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TOM TAT
Vit liéu rGO aerogel wng dung trong dién cwc siéu tu dién

Trong nghién ciru nay, vit liéu rGO aerogel dwgc ché tao thanh cong bang phirong
phap déng khé két hop khir ¢ nhiét dp cao. Pdc trung cia rGO aerogel dwoc khao sat
bang cdc ky thudt hién dai nhi SEM-EDX, XRD, Raman, hdp phu gidi hdp No. Tinh chdt
dién héa dwoc nghién ciu qua phwong phdp quét thé vong (CV), xac - xa (GCD) va do
tong tre (EIS) trong dung dich dién phin KOH 6M. Két qua nghién ciru cho thdy, rGO
aerogel c6 dién tich bé mdt riéng va thé tich 16 xép 1om lan lwot la 162,4 m*lg va 0,237
cm®/g, dién dung riéng lom dat 90 F/g ¢ mdt do dong 0.1 A/g va tuéi tho xac xd lén véi
dién dung riéng dat 87.5% sau 500 lan xac xa lién tuc.

khoa: Graphen; Aerogel; Siéu tu dién; Tinh chét dién hoa.
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