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Abstract

Activated carbon-based composite electrodes have been widely utilized to enhance the specific
capacitance of electrodes. In this study, the effect of the amount of activated carbon on Fe:0:-
graphite (FGs) was investigated. Fe:Os; nanoparticles incorporated with graphite were synthesized
using a co-precipitation method. The composites were characterized using X-ray diffraction (XRD),
Fourier-transform infrared spectroscopy (FTIR), and UV-Vis spectrophotometry. The FTIR spectra
revealed sharp peaks, indicating the successful incorporation of graphite into all four Fe.Os;
nanoparticle samples in their pure state after calcination. XRD analysis showed that the
Fe.0s;/graphite nano-powders had uniform particle sizes when calcined at 400 °C, with an average
crystallite size of approximately 30 nm. The Fe.O;-graphite-activated carbon composite prepared
with varying amounts of activated carbons (FG-0.25, FG-0.33, FG-0.5, and FG-1.0), was analyzed
for its electrochemical performance via cyclic voltammetry (CV). The FG-1.0 composite, with a higher
activated carbon content, exhibited a remarkably high capacitance of 1372 F g*. This significant
improvement could be attributed to the dual role of activated carbon as a highly conductive support
material and as a provider of an enlarged surface area, which enhances charge transfer efficiency.
These findings suggest the potential of Fe:0;-graphite-activated carbon composites for large-scale
power generation applications.
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Introduction Electrochemical Double Layer Capacitors

Supercapacitors act as (EDLCs) involves high surface area, porosity,

high-power

electrochemical energy storage devices and have = mechanical strength, toughness, electrical

many applications in the field of electronic,
medical, and electrical devices. With the growing
demand for high-power, high-reliability, and
safe energy storage equipment, the research
related to supercapacitors has continued to
increase significantly [1,2]. Despite tremendous
development in  capacitors from  the
pseudocapacitor to hybrid capacitors, the novel
synthesis of effective electrodes needs further
research based on the

charge storage

mechanism. The ideal electrode requirement for
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conductivity, stability, and enhanced electron

transfer [2, 3]. Typically, carbon-based
materials are the most widely used materials for
EDLC  electrodes. Carbon-based  anode
materials like activated carbon, graphite, and
graphene form ideal anode materials as they
fulfil most of the above requirements [4-12].
Graphite is an allotrope of carbon with good
mechanical strength, electrical conductivity,
good availability, and high inertness and is an

excellent material for use in supercapacitors
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[13-15]. Graphite powder mixed as a binder-free
additive to activated carbon material was found
to have superior electrochemical properties,
where the presence of graphite influenced the
microstructure and porosity of the material [16].
Likewise, activated carbon (AC) is a carbon
material with a large specific surface area,
abundant pores, and a simple preparation
process, making it the earliest and most widely
for
[0, The
electric double-layer capacitance of activated

carbon is limited to 50 F g1 to 120 F g! in

material
17-20].

used carbon electrode

supercapacitor electrodes

organic electrolytes, and to 200 F g-1 in aqueous
electrolytes [21, 22] which causes a lower energy
density in carbon-based EDLCs [23].

Composite materials consisting of AC, and
transition metal oxides have better capacitive
performance due to increased surface area
compared to bare transition metal or carbon
material [20, 22, 24-30]. Among the metal
oxides, FexOs3 is a good candidate due to its high
[24, 31-33]. Fex03
grown on AC cloth which achieved a specific
capacitance of 295.56 mA h g1 [22]. A Fe;Os-
activated carbon composite prepared via the
method achieved the highest
supercapacitance of 240 F g1 [20]. Studies

pseudocapacitance was

solvothermal

regarding the supercapacitance of graphite
electrodes deposited with Fe,O3 mixed with ACs
are lacking. In addition, the effect of adding AC
externally to the Fe203-graphite composite and
the effect of AC the

electrochemical performance have not been

of amounts on
addressed sufficiently. This study incorporated
the synthesis of Fe,Os-graphite powder by the

coprecipitation method on to which activated

carbon was added externally and then
characterised by  different instrumental
techniques. The enhancement of specific

capacitance with increasing amounts of ACs
was observed and found that the addition of AC
was found to be beneficial in improving the

supercapacitance of the material
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Materials and Methods

Materials

Commercial graphite powder (SD fine-chem
Limited, purity 99.5%), FeCls (96% pure,
Fisher Scientific), H2SO4 (98% pure, Merck),
HNO3z (69%, Merck), NH4OH (25%, Fisher

Scientific), activated carbon (99% pure, Merck)

I~

were used. All the chemicals were of analytical
grade and used without further purification.
Preparation of Fe20s-graphite composite (FG)
The oxidative surface modification in the
case of commercial graphite powder was
obtained by reflux boiling of the graphite powder
with 1:1 HNO3 in a 1:10 w/w ratio for 1 hour.
After boiling, the mixture was cooled and filtered
and then the residue was washed with distilled
water till acid-free as confirmed by the litmus
test of the filtrate. The graphite so obtained was
then dried at 110 °C for an hour in a hot-air over.
Finally,
obtained [34].
Fe,Os-graphite

the oxidised graphite powder was

nanocomposites were
prepared using the co-precipitation method [35].
1.0, 0.8, 0.6 and 0.4 g of oxidised graphite were
taken in a 250 mL beaker and 8, 12, 16 and 20
mL of 0.6 mol L-! FeCls were added to each
beaker with continuous stirring followed by 100
mL of deoxygenated distilled water to prepare
Fe2Os3-graphite nanocomposites (FG-1, FG-2,
FG-3, and FG-4). 2 mol L-! of NH4OH was added
dropwise to maintain a pH value of 11. The
resulting mixture was stirred at 80 °C for 3
The

centrifuging the mixture at 4000 rpm, and then

hours. precipitate was collected by
washed with distilled water until neutral. The
residue was dried at 100 °C for an hour and
calcined at 400 °C for 1 hour in a muffle furnace.
Incorporation of activated carbon into FG
composite

2 g of activated carbon (AC) was taken in a
round bottom flask to which 200 mL of 2 N
HNO3 was added and refluxed for 2 hours at

100 °C. The product was filtered and the residue
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was washed with deionized water until the
filtrate became neutral to litmus. The residue
was dried overnight in a drying oven at 60 °C
and stored in a desiccator.

The oxidised AC was incorporated into the
FG composites, by adding AC to the composite
by simple mechanical agitation. Based on the
analytical result, the Fe,O3 -graphite composite
(FG-3) was selected as the best composite for the
preparation of the Fe>O3-graphite-AC
composites. By varying the amounts of Fe,O3

nanocomposite (FG-3) and AC as shown in

Table 1, a series of mixtures containing 1:1,

1:0.5, 1:0.33, and 1:0.25 Fe;03-graphite-AC
composites by weight were obtained. The
composites were sonicated during the
preparation of active material and the

preparation of the working electrode for proper
mixing and better adherence.
Table 1: Table showing the addition of activated

carbon to the FG composites

Composit FG Activate | FGA
es composi d C
te (mg) carbon
(mg)

FG-0 40 0 1:0

FG-0.25 160 40 1:0.25

FG-0.33 120 40 1:0.33

FG-0.5 80 40 1:0.5

FG-1.0 40 40 1:1.0
Characterization of Fe20s-graphite
composites

The morphology and chemical composition
of the prepared composites were studied using
FTIR, XRD, and UV-Vis spectroscopy. The FTIR
of the
IRPrestige-21 FTIR Spectrometer in the range of
4000 cm-1 to 400 cm™!. The XRD patterns of

composites were collected using

the synthesized composites were recorded using
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a Bruker Diffractometer (CuKa A = 0.154 06 nm)
in the range of 20° to 90°. The average crystallite

size of Fe,O3 was calculated using Scherrer’s

equation.
ka
d= Lcosb
where, d = Cystallite size (nm), k =

Dimensionless shape factor, a = Wavelength of
the X-Ray used (nm), p = Full width at half
maximum (FWHM), and 6 = Bragg’s angle

The UV-Vis spectra of the composites were
collected using a Specord 200 Plus Analytik
Jena double-beam spectrophotometer.

Electrochemical characterization

For the preparation of the working
electrodes, the active material (composite),
polyvinylidene fluoride (PVDF) binder, and

carbon black were mixed in an 8:1:1 mass ratio.
After adding 20 pL of N -Methyl-2-pyrrolidone
(NMP), the mixture was slurred, sonicated for 5
minutes, and coated onto 0.5 cm x 0.4 cm nickel
foam. The foam was then dried in an electric
oven at 60 °C for 12 hours. Cyclic
obtained on a

(HOKUTO

voltammograms  were
potentiostat/galvanostat-HA-I5I
DENKO, Japan) by using a three-electrode
system. The prepared electrodes were used as
the working electrode, platinum wire as the
counter electrode, and standard calomel
electrode as the reference electrode. 0.5 mol L-1
H2S04 solution was used as the electrolyte. The
cyclic performance of the electrodes was
evaluated within a potential window of —-0.1 V to
0.8 V.

The specific capacitance was calculated as

Voltammetric Charge

Specific capacitance = —
Potential windowxMass

The voltammetric charge was calculated
from the sum of the anodic and cathodic
voltammetric charges which is given by the

integral area of the CV curve/scan rate.

https://www.nepjol.info/index.php/INCS


http://www.nepjol.info/index.php/JNCS

Journal of Nepal Chemical Society, January 2025, Vol. 45, No.1

[i(E)dE
2(E, — E;)mv

where, i(E) = Instantaneous current, E; — E;

Voltammetric charge =

Width of potential window, m Mass

deposited, v = Scan rate
Results and Discussion
Morphology and chemical composition of the
composite

Fig. 1 shows the XRD pattern of Fe;Os
particles before and after calcination. The
importance of calcination is visible as two
intense peaks were observed at around 26° and
350. The intense peaks at 35° suggest the
of FeoO3
The XRD

formation nanoparticles after

calcination. of calcined FeyO3
exhibited peaks corresponding to the (012),
(104), (110), (113), (024), (116), (018), (214), and
(300)

particles with a rhombohedral geometry [31].

confirming the formation of a-FezOs3

The average crystallite size of the Fe,Oz particles
thus prepared was estimated from the full width
at half maximum (FWHM) of the most intense

peak to be about 30 nm.

(104)

g after calcination
before calcination
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Fig. 1: XRD of Fe203 before and after calcination.
Fig. 2 shows the XRD patterns of different
FG composites. The XRD patterns of the FG-
composites show peaks at 26 = 24, 26.6, 35, 37,
42, 50, 57, 65, and 67 degrees corresponding to
the (012), (002) (104), (110), (113), (024), (116),
(214), (216)
corresponding to rhombohedral geometry of
Fe,03 data (JCPDS card no. 01-073-2234) and
hexagonal graphite (JCPDS card no. 00-025-

and planes  respectively

0284). These peaks indicate the crystalline
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nature of the composite. The plane (002) at 20 =
26.6 is due to the incorporation of graphite in
an iron nanoparticle. The presence of two
broader peaks around 26 = 26 and 35, where 20
= 26 is of graphite while another peak at 35
the

suggests formation of Fe,O3/graphite

composite in all prepared F-G composites
having varying concentrations [36]. The broader
peak of graphite at 206 = 26.6 is predominant in
the XRD pattern of composite FG-3 in
comparison to other composites. It suggests
that the incorporation of graphite is in good
percentage in this composite. The composite's
average crystallite size of the Fe,Os particles

formed is approximately 30 nm.

a w00

© el

e T

Fig. 2: XRD patterns of FG composites.

The FTIR spectra of different composites are
shown in Fig. 3. The FTIR spectra of different
composites identical
intense band at 437 cm™!, 1033 cm™!, and 2966

cm~!. The observed peaks in all the samples

are with moderately

were almost similar which indicated that the
chemical bonding natures of all the samples
were almost similar. The strong band below 700
cm™! is assigned to the Fe-O stretching. The
band corresponding to the Fe-O stretching
mode of Fe;Oz is seen at 516 cm—1 [32]. The
broad absorption band centered at 2972.2 cm™!
and the peak at 2328 cm-! is due to the

stretching and bending vibrations of the

https://www.nepjol.info/index.php/INCS
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hydroxyl groups
[38].

around 1627 cm™! and 1454 cm™! are due to

and/or water molecules,

respectively The absorption peaks at
asymmetric and symmetric bending vibration of
C=0. The observed peaks indicate the presence
of hydroxyl groups in addition to a small
amount of absorbed water on the same surface
of the product as the products were prepared in
the aqueous solution. In addition, there is a
peak at 1437 cm™! assigned to the deformation
of CHz [39]. A broader peak is observed at 3398
cm~! in the spectrum of the F-G composite
which confirms the doping of graphite in iron
particles [40]. The broad band around 3680
cm-1 allocated to the N-H stretching mode is
probably due to the impurities present in
NH4OH. The peak corresponding to N-H
stretching at 3680 cm™! is broadened and less
intense due to the simultaneous occurrence of
another new vibrational mode after graphite-

doping.

100 |

Transmittance (%)

§ 1033.84 '
—FG2 L
20 _ fGa 516.92|
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0 . . . .
3600 2800 2000 1200 400

Wave number {cm)

Fig. 3: FTIR spectra of FG composites.

UV-Vis spectra of the FG composites show the
absorption spectra in the UV-Vis range of
hematite synthesized with different
concentrations of Fe;Os-graphite show that all
absorption curves exhibit a broad absorption
peak in the range of 400-600 nm wavelength
(Fig. 4) [41]. The the

peak suggested

incorporation of graphite in  hematite
nanocomposite [37]. Out of all these four F-G

composites, the spectrum of FG-2 has more

M. Adhikari et.al 2025

enhancement in absorbance peak compared to
other F-G composites most likely from better
surface modification and better calcination of
the sample. Similarly, FG-3 showed a slightly
enhanced peak at around 560 nm which is a
good range for the successful incorporation of
carbon material in the hematite particles being
in good agreement with the results mentioned in
earlier work [42]. The results suggested that the
sample FG-3 has a better size enhancement
with a better % of carbon among all other Fe,Os-

graphite composites.
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Fig. 4: UV-Vis spectra of FG composites.
Electrochemical characterisation of Fe203-
graphite-AC composites

Electrochemical measurements were
carried out to test the supercapacitance
performance of the prepared composite
electrodes. Cyclic voltammograms (CVs) of the
composites prepared with different weight % of
activated carbon in the three-electrode system
were recorded at the sweep rate of 20 mV s~L.
The fixed operating potential range of -1 V to 0.8
V versus standard calomel electrode (SCE) in
1.0 M H,SO4 electrolyte was used. CVs of the
composites show oxidation and reduction peaks
due to the faradic charge transfer process in the
electrode materials, as shown in Fig. 5. The
specific capacitances of the various composites

are shown in Table 2

https://www.nepjol.info/index.php/INCS
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Fig. 5: CV of the FG activated carbon composites.
Table 2: Table showing the specific capacitance of

various composites

Composite Specific capacitance (F g72)
FG-0 35.0

FG-0.25 109.13

FG-0.33 338.21

FG-0.5 398.04

FG-1.0 1372.60

All discharge curves of the voltammogram show
a linear behaviour in the voltage range of —1.0 V
to 0.8 Vin 1M H,SO4. Pure Fe;Os-graphite (FG-
0) delivers an initial specific capacitance of 35.0
F gL It is because there may be only pure Fe,O3
incorporated with no graphite which makes a
composite having no oxidation and reduction
cycle [43]. Also, there are no traces of activated
carbon involved which can improve the specific
capacitance. But when 40 mg of activated
carbon was mixed with pure Fe,Oz-graphite, the
specific capacitance of composite material
increased significantly. The value of specific

capacitance was found maximum at 1372.60 F

M. Adhikari et.al 2025

g ! for the FG-1.0. The composite at a 1:1 ratio
of Fe;O3z-graphite to AC was remarkably higher
than those at a lower ratio of Activated carbon
supplies. The specific capacitance of FG-0.33
and FG-0.5 are almost similar as a similar
amount of activated carbon was loaded during
the preparation of these electrodes. The specific
capacitance of the FG-AC composite was found
to decrease among all the other composites
which may be related to the decreasing amount
of activated carbon and Ohmic loss arising from
material size [44]. This suggests that there is a
successful incorporation of activated carbon to
a good extent in the FG-1.0 composite which
might have contributed to its superior
capacitance value. Hence FG-1.0 composites
with a 1:1.0 ratio have a good possibility of being
a good composite electrode with enhanced
electrochemical properties for future use in
EDLC, fuel cells, and supercapacitors. Based on
the information obtained from the CV analysis
and of different

changes in capacitance

activated carbon composite

electrodes, it is believed that FG-AC electrodes

incorporated

possess a chemical interaction with electrode
surface and electrochemical behaviour. Despite
the changes in capacitance value due to the
incorporation of activated carbon, FG-1.0
composite with a 1:1 ratio is more promising
because of high specific capacitance but more
investigation should be done regarding the

current density and conductivity.

Conclusions

This study introduces a simple and effective
method to synthesize cost-effective and efficient
supercapacitor electrode materials. Composites
of Fe,Os-graphite (FG) with varying proportions
were synthesized. XRD, FTIR, and UV-Vis
spectra were performed to characterize the

synthesized composites. XRD spectra suggested

the crystalline structure of the Fe,Os-graphite

https://www.nepjol.info/index.php/INCS
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composite and the incorporation of FeyOs
nanoparticles in the graphite. The FTIR spectra
of FexOs-graphite also suggested the formation
of the Fe-O bond and the introduction of the —
OH the

Electrochemical characterization was performed

functional group in composite.
by using cyclic voltammetry. The addition of

activated carbon enhanced the specific
capacitance and 1:1.0 FG-activated carbon
composite was found to have the highest specific
capacitance of 1372.60 F g1 This study was
limited in the preparation and characterization
of the

fabrication of electrode material by adding

Fe,Os-graphite  composites and

activated carbon to increase the specific
capacitance however, the results suggest a more
detailed analysis of composite electrodes using

GCD and EIS analysis.
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