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Abstract: A facile method to synthesize surfactant-modified graphene for supercapacitor is demonstrated through intercalation of gra-
phene oxide (GO) with Triblock copolymer Pluronic F127 (F127). A rationalized reduced GO-F127 is obtained by hydrothermal and
thermal annealing-driven structural reconstruction. The F127 was found to be successfully intercalated in GO layers and facilitate the stabi-
lization of the single layer or few-layers structure of graphene sheets during the reduction process. An increased surface area of 696 m%/g is
achieved in the surfactant-modified graphene, which is about three times higher than that of pristine graphene (200 m%/g). The electroca-
pacitive behaviors of the resultant composites are systematically investigated by cyclic voltammeter and galvanostatic charge-discharge
techniques. The sample of tGO-F127 thermal-treated at 400 °C delivers a maximum specific capacitance of 210 F/g at scanning rate of 1
mV/s in 6 M KOH electrolyte and an excellent cycling stability retaining over 95.6% of the initial capacity after 1000 cycles.
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1. Introduction

Graphene is a light-weight two-dimensional monolayer com-
posed of all-sp>-hybridized carbons with intriguing properties,
such as high electrical conductivity, high surface area, good me-
chanical properties, which make it highly attractive for numerous
applications including Li-ion batteries, fuel cells, chemical detec-
tors, solar cells and supercapacitors.'> As an intriguing approach
for production of graphene, reduction of graphene oxide (GO) by
thermal method or reducing agent has attracted intensive studies.®
? Fortunately, GO can be facilely derived from oxidation of natu-
ral graphite in a large scale, allowing the GO to be an exciting
precursor for producing graphene based materials with low cost.'’
An atomic layer of GO generally comprises with phenol hydroxyl
and epoxide groups on the basal plane and ionizable carboxylic
acid groups around the edges.'"'? Normally, through weak dipole
and quadrupole van der Waal’s interaction with surrounding envi-
roment, the ionized edge acid groups enable the stabilization of
GO in aqueous dispersion in the form of single sheet layer. How-
ever, removing the oxygen-containing groups by chemical reduc-
tion, often introduces a quick re-aggregation of graphene sheets
into graphite. Therefore, the microstructures of the resultant rGO
should be modulated by a proper assembly strategy, which signif-
icantly affects the properties in the final product.

GO has been reported to be an unique amphiphile with nega-
tive charged hydrophilic edges and hydrophobic basal plane.'>'*
This intriguing behavior allows GO to be selectively interacted
with certain surfactants, which are capable of tuning the a am-
phiphilicity of GO and controlling the assembling of the rGO at
interface. For example, Zhang et al. have investigated the surfac-
tant-stabilized graphene materials with different surfactants of
tetrabutylammonium hydroxide (TBAOH), cetyltrimethylammo-
nium bromide (CTAB), and sodium dodecylbenzene sulfonate

(SDBS)."* They showed that the rGO sheets could be intercalated
by the surfactants, which eliminate the restacking of rGO and
increase its wettability, thus leading to an improved electrochemi-
cal performance. In addition, the modification by surfactant helps
to homogeneously disperse rGO into single or few layers in aque-
ous solutions, which permits chemical reactions between rGO and
second phase in aqueous solvent. Mao et al. have directly loaded
the PANI onto surfactant-stabilized rGO in aqueous solvent,
which avoids the general degradation of PANI during the reduc-
tion and re-oxidation process of GO."> Among the large family of
surfactants, the commercially available block copolymer PEO(s-
PPO,y.PEO;(s (F127) has been widely investigated due to its well
established chemical behaviors.'® Tt shows that such block copol-
ymer can be self-assembled through hydrogen bonding and hy-
drophobic/hydrophilic interactions in aqueous environments to
form vesicles, which can be used as soft templates for fabricating
mesoporous carbon materials.'”'* However, few works have been
conducted to control the assembling of graphene by F127 in the
electrochemical field. In the present work, we modulated the mi-
crostructure of graphene by intercalating the surfactant of F127
into the layered GO, which is further processed by hydrothermal
and thermal annealing procedures. The electrocapacitive behavior
of the surfactant-modified rGO is systematically investigated by
cyclic voltammeter and galvanostatic charge-discharge techniques.
The improved electrochemical performance is demonstrated for
the surfactant-modified rGO, contributed from the increased sur-
face area and more favorable pore volumes, as compared to the
pristine rGO.

2. Experimental
2.1 Materials

Pluronic F127 (Mav=12000 g/mol) was purchased from Sig-
ma-Aldrich. GO solution (5 g/l) was obtained from Graphite Mar
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Fig. 1 Schematic illustration for the synthesis of rGO-F127 composites via hydrothermal and thermal annealing routes. Note that the
structure of F127 is divided into the PPO and PEO parts represented by lines in purple and green colors respectively. After drying, the

long-tailed F127 is cross-linked, as indicated by the purple hexagon.

ket. All the chemical reagents used in this work were commercial-
ly available and used as received without any purification.

2.2 Preparation of surfactant-stabilized graphene (rGO-F127)

In a typical experiment, 12.5 mg F127 was added into 20 mL
dilute water and stirred at room temperature for 24 hrs. The well
dissolved solution is then added into 5 mL GO aqueous solution at
a concentration of 5 g/L. The mixture is then stirred for another 24
hrs to make sure that the surfactant is well intercalated between
the GO sheet layers. After that, the suspension solution was trans-
ferred to a Teflon-lined autoclave and heated to 180 °C for 12
hours. The autoclave was then cooled to room temperature. There
was precipitation at the bottom of the autoclave as black powder
for the hydrothermally treated rGO-F127 composites. The black
powder was recovered and freezed by liquid nitrogen, and then
freeze dried under vacuum condition. The as-synthesized rGO-
F127 composites were then annealed in argon at different temper-
atures of 350 °C, 400 °C and 450 °C respectively (labeled as rGO-
F127-350, rGO-F127-400, rGO-F127-450 respectively.) The
composite without any heat treatment (labeled as rGO-F127-non)
was prepared at the same condition. For comparison purpose,
samples of pure rGO were annealed at different temperature of
350 °C, 400 °C and 450 °C (labeled as rGO-350, rGO-400, rGO-
450 respectively).

2.3 Characterization.

The rGO-F127 composites were characterized using both
scanning electron microscopy (SEM, JOEL JSM-6700F) and
transmission electron microscopy (TEM, JOEL JEM-2010). N,
sorption isotherms were measured for specific surface area and
pore size distribution (ASAP 2020). Before measurement, each
sample was degassed at 180 °C for 1 hour. The specific surface
area and pore volume were measured by N, adsorption/desorption
using Brunauer-Emmet-Tell (BET, Micromeritics ASAP2020)
method. The composition and structure were studied by a Kratos
Axis Ultra X-ray photoelectron spectroscopy (Kratos Analytical)
equipped with a monochromatized Al Ko X-ray source, where the
pressure of the chamber was controlled at 10”° torr. Thermogravi-
metric Analysis (TGA) utilized the SDTQ600 instrument. The
chamber was purged with N, gas (7.5 ml/min) and heated from
room temperature to 650 °C with heating rate of 10 °C/min. Fouri-
er transform infrared (FT-IR) spectra were examined on a Varian
3100 FT-IR (Excalibur series) spectrophotometer. Samples were

prepared by casting pellets from sample/KBr mixtures. Sixty-four
scans were signal averaged with a resolution of 4 cm ' at room
temperature.

2.4 Electrochemcial Measurement

Cyclic voltammetry (CV) and galvanostatic charge-discharge
were characterized for the electrode using 6 M KOH as electrolyte
in a three-electrode cell using Solartron Electrochemical System
SI 1287. A platinum plate is used as the counter electrode and
Ag/AgCl (in a saturated KCl aqueous solution) as the reference
electrode. 80 wt% of surfactant-modified rGO, 10 wt% of acety-
lene black, and 10 wt% of polytetrafluoroethylene (PTFE) were
mixed together in ethanol, and then ultrasonicated to ensure uni-
form mixing. The mixed slurry was coated onto a Ni foam, then
dried at 120 °C in vacuum oven for 12 hours. The loading mass of
samples was kept around 7 mg. The electrodes were pressed at 8
MPa, then kept at 120 °C in air to remove extra water.

3. Results and discussion

The formation procedure of F127-rGO composites took place
in the following three steps: GO was first soaked with F127. GO
is an amphiphile with hydrophilic edges and hydrophobic basal
plane (as shown in Fig. 1).2° Therefore, the hydrophobic part of
PPO in F127 can in principle interact with the hydrophobic part of
GO, while the hydrophilic segment of PEO will interact with the
surrounding water molecules through forming hydrogen bonds.”'
In the next process, the oxygen-containing group in the GO is
removed by hydrothermal treatment at 180 °C for 12 hrs. Due to
the modification by adding F127, the hydrophilic PEO chains in
the rGO-F127 composites stabilize the graphene layer in the water
and suppress the restacking of graphene sheets during the hydro-
thermal process.”’ After thermal treatment, the long-tailed F127 in
the as-designed system is supposed to be cross-linked into
nanoflakes to decorate graphene layers, acting as spacers to elimi-
nate the agglomeration of graphene into graphite. However, we
also note that the presence of F127 will decrease the overall con-
ductivity due to the high resistance as compared to graphene.
Therefore, in the last procedure of sample preparation, the content
of F127 is rationalized through different thermal treatment in
order to improve the electrochemical performance of hybrid elec-
trode.”2

The composition of the surfactant stabilized rGO is firstly
studied by TGA as shown in Fig. 2. Three distinctly weight loss
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steps are observed in Fig. 2. At temperatures below 100 °C, the
weight loss around 6% is attributed to the water vapor. The major
weight loss is about 21% occurring at temperatures between 200
to 300 °C, which is related to the removal of oxygen-containing
groups from rGO.>* When the temperature is raised above 350
°C, the decomposition of the F127 occurs and a weight loss of 6%
is obtained.*
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Fig. 2 TGA curves of as-derived F127-rGO composite.
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Fig. 3 FT-IR spectra of F127, rGO-F127-non, rGO-F127-350,
rGO-F127-400 and rGO-F127-450.

Fig. 3 presents the FT-IR spectra of F127 and rGO-F127 hy-
brids with different thermal treatments. As shown in these spectra,
the band locating around 1100 cm™ is assigned to the characteris-
tic C-O-C stretching vibration in F127, which are found to gradu-
ally disappear in samples thermal-treated with increasing tempera-
tures.?® It evidences that the content of F127 is reduced with in-
creasing annealing temperatures. This result is consistent with
observation from TGA. The FTIR peaks at 1731 cm™ and 1222
cm’! are attributed to carbonyl/carboxyl (C=0) and epoxy (C-O)
respectively, while the peak appearing at 1571 cm™ is correspond-
ing to the deformed C-C bond due to the existence of epoxy
groups.”” The peaks of C=0 and C-O become weaker with in-
creasing annealing temperature, as indicative of removal of the
oxygen-containing groups during thermal treatment process.

The morphology of rGO-F127 composites annealed at differ-
ent temperatures was characterized by SEM as shown in Fig. 4.
All F127-rGO composites exhibit 3D porous structures, formed
during the hydrothermal process.”® In addition to the porous struc-
ture, one also notes that certain bulk-like
F127 is covered on the rGO sheets in rtGO-F127-non and rGO-
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F127-350. With further increasing annealing temperature, the
gauzy graphene sheets are formed and exhibit a curved thin flaky
appearance as shown in the corresponding SEM images. The de-
tailed nanostructure of the surfactant modified rGO is investigated
by the high resolution TEM images. For the surfactant-stabilized
graphene materials (as shown in inset of Fig. 5), the gauze gra-
phene with the disordered or irregular stacked layers is observed,
demonstrating that the graphene sheets are in the single or few
layers structures.'®> With increasing the annealing temperature, the
nanostructure and morphology of a single sheet are varied. For the
as-obtained rGO-F127 composite, the sphere-like cross-linked
F127 are uniformly decorated on the graphene sheets. Upon ther-
mal treatment, bright regions in irregular piece-like shape are
observed as indicated by the black arrows in Fig. 5 b and c, evi-
dencing that the uniformly covered F127 is partially removed
from the graphene layer. When the annealing temperature is
raised to 450 °C, the F127 is completely removed and graphene
sheets with a dense of the microspores are exposed.?

Fig. 4 SEM images for composites of rGO-F127 without an-
nealing treatment (a) and annealed at temperatures of 350 °C (b),
400 °C (c) and 450 °C (d), respectively.

]
Fig. 5 TEM images showing the individual sheet layer of
rGO-F127-non (a), rGO-F127-350 (b), rGO-F127-400 (c) and
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rGO-F127-450 (d). The insets are the low resolution image of the
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Fig. 6 The N, adsorption-desorption isothermals for rGO-F127 and rGO without heat treatment (a) and those annealed at 350 °C (b),
400°C (c) and 450 °C (d). The BET surface and pore volume for the rGO-F127 and rGO with different annealing temperatures are shown

in (e) and (f) respectively.

The specific surface areas for rGO-F127 composites and rGO
with different heat treatments were examined by using isothermal
N, adsorption-desorption as shown in Fig. 6. They all show the
cross-curves between type-I and type-IV curves, demonstrating
the presence of micro/mesopores in these materials. Compared to
the isothermal curves between the rGO (in blue lines) and rGO-
F127 (in red lines), the amount of gas absorption is greatly en-
hanced in rGO-F127 composites, indicating a rise in specific sur-
face areas of these surfactant modified rGO materials. The calcu-
lation of BET surface areas for the rGO-F127 (in solid lines) and
rGO (in dashed lines) with different heat treatment are plotted in
Fig. 6e. It shows that the BET surface areas of rGO-F127 compo-
sites are largely dependent on the heat treatment, while those of
rGO show a small variation (keep around 200 m*/g) with the an-
nealing temperatures ranging from room temperature to 450 °C.
The BET surface areas of rGO-F127 composites are greatly en-
hanced compared those of rGO at the same annealing tempera-
tures. In particular, rGO-F127-400 shows an advantageous value
of 696 m?*/g, which is almost three times higher than that of the

pristine rGO. This result clearly shows that a great enhancement
in surface area originates from the modification of F127 rather
than the heat treatment. Moreover, a similar trend is also observed
for the variation of pore volume as a function of annealing tem-
peratures (shown in Fig. 6f). The corresponding pore volumes of
rGO are independent of the heat treatment process, while a great
improvement in pore volume is found in the surfactant modified
rGO composites. Notably, rGO-F127-400 also performs a favora-
ble pore volume of 2.34 cm’/g. The enlarged pore volume ob-
served in the rGO-F127 composites is believed to be beneficial
for the diffusion of the electrolyte to the active sites of electrode
and will make a positive contribution to the electrochemical per-
formance.?

Defects and oxygen-containing functionalities on rGO surface
degrade the overall conductivity, therefore leading to a poor elec-
trochemical performance. Herein, the recovery of benzene ring for
rGO and rGO-F127 composites at different annealing tempera-
tures is examined by XPS survey and shown in Fig. 7. The XPS

Page 4 of 9



Page 5 0of 9

spectrum of C 1s collected from the six samples can be deconvo-
luted into three peaks (colored lines) with different carbon bonds:
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sp” bonded carbon at 284.5 eV (C—C), epoxy/hydroxyls at 286.4
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Fig. 7 C 1s XPS spectra of tGO-F127 annealed at temperatures of 350 °C (a), 400 °C (c) and 450 °C (d), respectively. The C 1s XPS
spectra of rGO annealed at the same condition is shown in (b), (d) and (f) respectively. The comparison of the C-C contents between rGO
(in blue color) and rGO-F127 composites (in red color) are plotted in (g).

eV (C-0), and carbonyls at 288.4 eV (C=0). The resultant carbon
ratios can be calculated from the fitted peak areas and the estimat-
ed carbon ratios are summarized in Fig. 7g. It shows that the C-C
ratio in rGO and rGO-F127 composites exhibits the similar value
of 77% at temperature of 350 °C, while both of rGO and rGO-
F127 samples show a rise in the recovery of benzene ring with
increase in the annealing temperature. This result is consistent
with previous reports that the thermal-annealing method is capa-

ble of facilitating the removal of the oxygen-containing groups.’*
Additionally, we also note that the degree of carbon recovery is
higher in surfactant modified rGO than that of rGO. For example,
the C-C ratio of rGO-F127-400 is greatly enhanced from 77 % to
80 % as compared to that of rGO-400. With further increasing the
annealing temperature to 450 °C, oxygen-containing groups are
largely removed from rGO surface and the reduction degree is
around 85 % achieved for the rGO-F127-450.
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To evaluate the electrochemical behavior of the rGO-F127
composites, cyclic voltammetry (CV) and galvanostatic charge-

discharge were conducted in 6 mol/L KOH electrolyte. Fig. 8a
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Fig. 8 Steady state cyclic voltammograms of rGO-F127-non (a), and rGO-F127-400 (b) supercapacitors, measured by applying a po-
tential varying from -1 to 0 V at varying sweep rates (from 1 to 100 mV/s). Comparison of CV curves for rGO-F127 composites with dif-
ferent heat treatments at the scan rate of 1 mV/s (c). Specific capacitance of the four samples with respect to different scan rates (d).

and b show the CV curves of the rGO-F127-non and rGO-F127-
400 at various sweep rates. Both electrodes demonstrate a rise in
current response with increasing sweep rate, indicating a desirable
capacitive behavior. Besides, the two samples present CV curves
with the occurrence of not only rectangular-like shape, but also a
few humps, which is owing to the presence of pseudocapacitance.
Fig. 8c shows the CV curves for the different heat-treated rGO-
F127 composites at the scan rate of 1 mV/s measured in three-
electrode configuration. The CV curves for the four samples pre-
sent almost rectangular shape, as indicative of dominant capaci-
tive contribution from EDLC. Few humps located at the voltage
ranging from -0.8 V to -0.4 V are observed in CV curves of the
samples annealed below 400°C, while those of rGO-F127-450
show a nearly ideal rectangular shape. Normally, the humps in the
CV curves originate from the contribution from the oxygen-
containing group.”” In the XPS survey, we also note that the ther-
mal annealing can effectively remove the oxygen-containing
groups from the rGO surface. Therefore, with increasing anneal-
ing temperature, the largely lost oxygen-containing groups is re-
sponsible for the nearly absence of the humps in CV curves in
rGO-F127-450. The specific capacitance obtained from the CV
curves can be estimated by the following equation:

350, rGO-F127-400 and rGO-F127-450, respectively at the scan
rate of 1mV/s. As expected, the capacitances of these samples
decrease with increasing the scan rate, which is related to interca-
lation/deintercalation of protons or alkaline metal cations. At low
scan rates (e.g., 1 mV/s), protons or alkaline metal cations can
intercalate into the inner of the electrode material, which can be
fully utilized. In contrast, a higher scan rate only permits protons
or alkaline metal cations intercalate/deintercalate into the out
layer of the electrode, therefore giving rise to the modest electro-
chemical performance.”” Compared with the other three samples,
the rGO-F127-400 shows an increased surface area and more
favorable pore volumes, which allow ions transfer into electrodes
more efficiently and therefore give rise to a better performance
especially at low scan rates.

At temperatures below 400 °C, the capacitive performance is
increased with the rise in annealing temperature. Especially, at the
temperature of 400 °C, an advantageous capacitance of 210 F/g is
achieved, which is almost two times higher than that of rGO-
F127-non (111 F/g) and rGO-F127-350 (129 F/g). When the an-
nealing temperature is raised to 450 °C, an evidently decrease in
specific capacitance is however observed in rGO-F127-450 (99
F/g). Notably, the trend of change in capacitance during the heat

J‘ v treatment process largely follows that of the variation in BET
= mAV surface area and pore volume with the annealing temperature. The
Hm 1) rise in specific capacitance at temperatures below 400 °C is owing

where I is the response current, ¥ is the potential scan rate, AV is
the potential window, m is the mass of active electrode material
and u (mV s™)is the scan rate. The specific capacitances calcu-
lated for the four samples are summarized in Fig. 8d, which are
plotted as a function of potential scan rate. The capacitance values
are of 111, 129, 210 and 99 F/g for rGO-F127-non, rGO-F127-

to the enlarged surface area and pore volume, which can effective-
ly facilitate the diffusion of the electrolyte ions into the electrode.
In addition, we note that the lowest capacitance is found in the
rGO-F127-450, which possessing a higher surface area and pore
volume than that of rGO-F127-non or rGO-F127-350. It manifests
that the electrochemical performance of rGO-F127 composites is
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not solely determined by the surface area or the pore volume.*
The presence of surfactants in graphene materials is believed to
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enhance the wettability of the graphene surface and thus capable
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Fig. 9 (a) Galvanostatic charge-discharge curves for rGO-F127 composites at the current density of 1 A/g, (b) variation of specific ca-
pacitance at different current densities, (c) variation of IR drop with discharge current density, and (d) cycling performance at the current

density of 1 A/g.

Table 1 Physicochemical parameters of rGO-F127-non, rGO-F127-350, rGO-F127-400, rGO-F127-450.

BET

Sample surface area Pore volume
rGO-F127-non 121 0.75799
rGO-F127-350 211 0.69703
rGO-F127-400 696 2.33518
rGO-F127-450 341 1.23857

. ERS Csp
C=C ratio
/ohm F/g
- 1.8e-2 107
77% 1.2e-2 126
80% 5.7¢-3 168
85% 4.5¢e-3 73

of boosting the electrochemical performance as a supercapacitor
electrode.”> When the annealing temperature is raised up to 450
°C, the surfactant of F127 is largely decomposed, leading to a
weak wettability of rGO layers in rGO-F127-450. It makes the
diffusion of electrolyte ions within the sample difficult and there-
fore contributes to a bad electrochemical performance.

The capacitive performance is further studied by galvanostatic
charge-discharge scanning with different current densities in the
voltage window ranging from -1 to 0 V. Fig. 9a shows the gal-
vanostatic charge-discharge for the rGO-F127 composites at the
current density of 1 A/g. The charge/discharge plots for these five
samples show a triangular shape and nearly symmetric profile,
suggesting the dominant contribution from EDLC, while a slight
asymmetry is resulted from the pseudocapcitive behavior of oxy-
gen-containing groups. In the charge-discharge profile, rGO-

F127-400 shows the largest discharge time, whereas rGO-F127-
350, rGO-F127-non electrodes show a slightly reduced discharge
time, and the rGO-F127-450 offers the shortest discharge time.
This observation suggests that rGO-F127-400 exhibits the highest
capacitance value (168 F/g), followed by rGO-F127-350 (126 F/g),
rGO-F127-non (107 F/g) and rGO-F127-450 (73 F/g), which is
consistent with trend obtained from the CV testing. In addition,
we also note that the specific capacitance achieved for rGO-F127-
400 (168 F/g) is much more advantageous than that of rGO (101
F/g) alone at the same measurement condition. This improvement
is owing to the enhanced surface area and pore volume induced by
the modification of F127, which are more favorable for ion diffu-
sion, as discussed earlier. To evaluate the capacitance retention of
surfactant modified rGO electrode materials at high current densi-
ty, Fig. 9b shows the variation of specific capacitance at different
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current densities. It shows that a nearly stable capacitance value at
high current densities, suggesting a desirable retention capability.
Fig. 9c shows that the IR drop increases almost linearly against
the discharge current density for the rGO-F127 composite elec-
trodes and the overall equivalent series resistance (ESR) of the
supercapacitor cell can be determined from the slope of the leaner
relationship. Internal resistances increase with increasing anneal-
ing temperature. The calculated ERS values are summarized in
Table 1, showing that rGO-F127-non, rGO-F127-350, rGO-F127-
400, and rGO-F127-450 are of 1.8x10” ohm, 1.2x107 ohm,
5.7x107 ohm and 4.5x10 ohm, respectively. The improved con-
ductivity with increasing the annealing temperature can be corre-
lated to the increased reduction of carbon in rGO and removal of
F127, which is of high resistance. The decrease in internal re-
sistance is highly desirable for energy storage, as less energy will
be lost to produce the unwanted heat during charging/discharging
cycles. The cycle life of rGO-F127-400 was further examined by
using the continuous charge-discharge experiment at a current
density of 1 A/g. The capacitance retention is shown in Fig. 9d, as
a function of cycle number (cycled between -1 and 0 V). A typical
triangular charge-discharge curve is observed as shown in the
inset of Fig. 9d, indicating that the EDLC energy storage is domi-
nant. A slight decrease in capacitance over the first 200 cycles and
remains almost unchanged thereafter. The degradation in capaci-
tance can well be ascribed to the consumption of electrolyte aris-
ing from the irreversible reaction between the electrodes and elec-
trolyte.*® The cycling performance of the tGO-F127-400 retains
95.6 % of its initial capacity over 1000 cycles, revealing an excel-
lent stability for supercapacitor application.

4. Conclusions

Surfactant-modified graphene materials were developed for
supercapacitor by intercalation of graphene oxide (GO) with
Triblock copolymer Pluronic F127, followed by hydrothermal
treatment and thermal annealing to rationalize the nanostructures.
F127 was successfully intercalated between the rGO sheet layers,
leading to an increased surface area and pore volume as well as an
enhanced surface wettability, which contribute to the improved
electrochemical performance. A specific capacitance of 210 F/g is
measured for the rGO-F127-400 at scanning rate of 1 mV/s in 6
M KOH electrolyte. This material also shows an excellent cycling
stability of 95.6 % after 1000 cycles of consecutive galvanostatic
charge-discharge, demonstrating a desirable performance for elec-
trochemical energy storage.
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