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ABSTRACT: This article reports the synthesis, charac-
terization and supercapacitative properties of dodecyl
benzenesulphonic acid (DBSA) doped polyaniline(PAni)
and its magnetite composites. The synthesized compo-
sites are characterized by Uv-Vis, FT-IR, XRD, SEM,
electrochemical methods and are evaluated as electrode
material for supercapacitor applications. The composites
are partially soluble in methanol and are highly dispers-
ible in water. The pristine polyaniline (PAni-DBSA)

showed a specific capacitance of 160 F/g, whereas
its magnetite(3.8 wt %) composite (C1) and the sym-
metrical capacitor derived from C1 showed enhanced
capacitance of 228 F/g and 180 F/g respectively, at
1 mA/cm2. VC 2011 Wiley Periodicals, Inc. J Appl Polym Sci
122: 1510–1518, 2011

Key words: polyaniline; magnetite; supercapacitor; charge-
discharge; current density

INTRODUCTION

Conducting polymers (CPs) now own a special sta-
tus in the field of electroactive materials especially
after the pioneering and noble prize winning contri-
butions by Shirakawa-McDiarmid-Heeger group in
the year 2000.1 After this, a great deal of progress
has been made on these synthetic metals in terms of
their synthesis, processability and device applica-
tions.2–4 Particular attention has been given on poly-
aniline (PAni) due to its stability, thin film-forming
property with tunable conductivity due to controlled
acid-base doping and most importantly due to its
commercial viability. Polyanilines have been studied
extensively due to their applications to practical
devices for energy storage, electrochemical sensors,
electrochromic devices, electromagnetic interference
(EMI) shielding, and corrosion protection.3–10 Appli-
cation of the CPs in energy storage devices is also
well known11 and recent studies12–15 in this area
gave impetus to fundamental and applied research
on CP-based new materials.

Supercapacitors are energy storage devices which
can be fabricated with high power and high energy

density and possibly bridge the gap between high
power density capacitors and high energy density
batteries.16 When incorporated into a battery-based
power source, it adds to the capability for meeting
the burst power demands in applications such as
electric vehicles.17,18 Basically there are three catego-
ries of materials which are used as supercapacitor
electrode materials (i) carbons, (ii) metal oxides, and
(iii) conducting polymers. Double layer capacitance
is major contribution for capacitance in the first type
of materials whereas redox reactions are responsible
for the major contribution for the capacitance
(known pseudo capacitance) in the latter two types
of materials. Transition metal oxides are promising
materials for supercapacitor application, for example
RuO2, IrO2,

19–22 but these are not preferred due to
their high cost. Other oxides such as Fe3O4,NiOx,
Co3O4, V2O5, and MnO2 are also known for the use
of supercapacitor materials.23–26 Conducting poly-
mers, namely, polyaniline, polypyrrole, and poly-
thiophene, are the next best opted materials for this
purpose as they exhibit as high as 500 C/g charge
capacity.27–30 CPs are promising materials for super-
capacitors14 for the reasons that (i) these exhibit high
specific capacitance as the redox process occur in
entire polymer mass and (ii) these exhibit high con-
ductivity in the charged state so that the device with
low ESR can be possible which is vital in deciding
maximum usable power. Moreover CPs are flexible
and are also low density materials compared with
metal oxides and hence favor easy fabrication of low
weight and flexible devices.
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Earlier, we reported the synthesis and bifunctional
utility of organically soluble polyaniline-magnetite
composites which can be useful in sensing dopamine
and as supercapacitor material.31 The composite ma-
terial on stainless steel (S.S) as current collector
exhibited a specific capacitance as high as 213 F/g.
This article studies, in detail, the supercapacitative
properties of the polyaniline-magnetite composites
with various loadings of magnetite in polyaniline.
The composites are synthesized and characterized
by formal spectral methods and are evaluated as
electrode material for supercapacitor applications.
The results are presented and discussed.

EXPERIMENTAL

Materials and methods

Analytical grade aniline monomer was purchased
from Merck, India. Stainless steel foil (0.05 mm,
Type 304) was purchased from AlfaAesar and con-
tained Fe:Cr:Ni in 70 : 19 : 11 wt %. Dodecylbenzene
sulfonic acid (70 wt % solution in 2-propanol)
(DBSA) was purchased from Aldrich chemical
company. X-ray diffraction patterns (XRD) were
obtained with PANalytical MPD diffractometer
using Cu Ka radiation. FT-IR spectra of KBr powder-
pressed pellets were recorded on model no.nexus-
670 spectrometer from Thermonicolet. spectrometer.
Conductivity of the samples were measured by four-
probe method using KEITHLEY nanovoltmeter after
pressing the samples into 1 cm dia, 1.5 mm thick
pellets under 3 ton pressure. Cyclic voltammetry
was performed on AUTOLAB 302 electrochemical
system using three electrode assembly consisting of
a platinum foil (2 mm x 2.5 mm) working electrode,
a glassy carbon rod (2 mm diameter, 8 cm long) as
auxiliary electrode and a S.C.E as reference elec-
trode. Solartron Electrochemical analyzer (Model
1287) was used for Impedance spectra. Charge-dis-
charge experiments were also conducted on AUTO-
LAB 302 electrochemical system using a fabricated
S.S composite electrode.

Synthesis of PAni-DBSA -Fe3O4 nanocomposites

Fe3O4 magnetic particles were prepared by precipita-
tion-oxidation method according to a known proce-
dure.32 PAni-magnetite composites were prepared
by an in situ polymerization of aniline (1 mL) in
DBSA (10 mL in 100 mL water) solution containing
specific amount of Fe3O4 magnetic particles accord-
ing to the known procedure.33 The main difference
in the present synthesis is low loading of Fe3O4 ma-
terial ranging from 0.1 g, 0.2 g, and 0.3 g per 1 mL
of aniline and using acid form of DBSA instead of

salt form (Na-DBSA) in the known procedure. A
typical procedure for composite C1 is given below.
Magnetite particles (0.1 g) were mixed into 90 mL

water containg 10 mL of DBSA (Aldrich,70 wt % in 2-
propanol) and were sonicated for 30 min for effective
dispersion. To this was added 1 mL of aniline (10.7
mM) and stirred vigorously for 1 h. Ammonium per-
sulphate (APS, 2.28 g, 10 mM)) in 25 mL of water, was
added to the above solution dropwise and stirring
continued for 12h. The dark green resulting precipi-
tates were filtered through no.42 filter paper and
washed thoroughly with water until filtrate is color-
less and finally dried in oven at 50�C. The polymer-
ized products are designated as C-1, C-2, and C-3 for
Fe3O4 loadings of 0.1, 0.2, and 0.3 g, respectively. The
weight% of the magnetite was calculated from the
yield of the composite obtained and were rechecked
with CHNS elemental analyses which were found to
be as 3.55, 7.49, and 11.19 wt %, respectively. A control
sample (PAni-DBSA) was also prepared without addi-
tion of Fe3O4 particles and studied along with the
composites for comparison.

Electrode preparation

The composite electrodes with S.S as current collec-
tors (1 cm2) were prepared using polyvinylidene flu-
oride (PVDF, 10 mg, Fluka) as binder, activated car-
bon (10 mg, Fluka) as diluter and conductor and the
composite C1(or C2 or C3) (80 mg). First PVDF was
dissolved in N-methylpyrrolidone (NMP) solvent
and other ingredients were thoroughly mixed into it
by manual grinding in a mortar. The resulting slurry
was uniformly coated on the S.S electrode and dried
at 50�C for 24 h. The two electrodes were tightly
placed together with a fresh cotton cloth as separator
and tied with nylon tag. This symmetrical capacitor
was subjected to charge-discharge tests from 0.0 to
0.75 V in 1M sulfuric acid and the specific capacitan-
ce(SC), specific power (SP), and specific energy (SE)
values were calculated from discharge times29,34 by
the following relationships:

S.C(F/g) ¼ I(A) � t(s)/DE � m
SP (W/kg) ¼ I(A) � DE/m

SE (Wh/kg) ¼ I(A) � t(s) � DE/m

where I ¼ current (A), t¼ discharge time (s),m ¼mass
of the electroactive material on two electrodes and DE
is the potential window scanned.

RESULTS AND DISCUSSION

Formation, composition, and characterization
of the composites

In addition to its strong proton donating ability,
which is needed for PAni for inducing conductivity,
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the presence of long chain in DBSA makes it as a
good surfactant. Because of this reason, the prepared
composites C-1, C-2, and C-3 are partially soluble in
chloroform, methanol and dispersible in water.
However, the solubility/dispersibility decreases with
increase in oxide incorporation, i.e., the order
C1>C2>C3 is noticed. Dramatic effect in particle
size and morphology is observed for the composites
when magnetite is added into polyaniline. The size
of the particles (50–100 lm) in the pristine polymer
is greatly reduced to about 0.5–1 lm for the compo-
sites (Fig. 1). This is due to the smaller size of mag-
netite particles (30 nm) which acted as nulclei for
the formation of PAni particles. As the concentration
of the magnetite increased the particle size also

increased, as seen from the SEM profiles in Figure 2.
Thus it is expected that the composite C1 has maxi-
mum surface area compared with the pure polymer
or C2 and C3 and hence also expected to exhibit
higher capacitance values, which indeed observed.
We could not perform the TEM analysis of these
composites to evaluate the size and morphology due
to magnetic nature. On the basis of the data from C,
H, N, and S elemental analyses collected in Table I,
Polyaniline-magnetite composites are formed with
magnetite loadings of 3.55, 7.49, and 11.19 wt %.
The characteristic FT-IR peaks (Table I) of con-

ducting PAni-DBSA, attributable to C¼¼C stretching
of benzenoid (NABAN) and quinoid (N¼¼Q¼¼N)
segments in the polymer chain are observed at 1558

Figure 1 Scanning electron micrograph of a) pure Pani-DBSA b) composites C1 c) Composite C2 and d) composite C3

TABLE I
Composition, Conductivity, and Spectral Data of the Samples

Polymers/
composites

FT-IR (KBr pellet)(cm�1)
Conductivity

(S/cm)

C%, H%, N%, S%
(respectively for

EB.1DBSA.xFe3O4)
Oxide content

(wt%)C-N(ar) N-B-N N-Q-N N-H

PAni-dbsa 1295 1470 1558 3436 0.502 73.25, 6.97, 8.13, 6.90 0.0%
C1 1296 1474 1562 3434 0.551 70.46, 6.71, 7.82, 4.47 3.55%
C2 1295 1469 1557 3430 0.571 67.28, 6.44, 7.51, 4.29 7.49%
C3 1296 1461 1559 3429 0.597 64.89, 6.18,7.20, 4.12 11.19%
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and 1470 cm�1. The peak observed at 1296 cm�1 is
assigned to the CAN stretching vibration of the ben-
zenoid ring. The band fell in the range 879 cm�1 is
identified as the out-of-plane bending of CAH bond
in the 1,4-disubstitued ring. The peak at about
1115 cm�1 is related to the poloron band formed by
doping. The R-SO3

�1 group of doped DBSA is seen
at 1037 cm�1. The CAHar stretching is observed at
2922 cm�135. The composites also exhibit very simi-
lar IR bands. The main difference between iron ox-
ide composites and pure PAni-DBSA is the decrease
of NH- stretching band intensity in former cases
which is possibly due to -HN. . .Fe3O4 interaction in
the composites. The UV-Vis spectrum (Fig. 2) of C1
in basic NMP solvent exhibited bands at 321 nm,
420 nm and 601 nm suggesting that PAni is par-
tially doped state. The fully doped state for the
polymer is achieved by addition of few drops of
HCl to this solution. This results in the electronic
bands to appear at 350 nm [assignable to p! p* of
benzenoid structures], 427 nm [excitations to
polaron band] and 805 nm [excitations to polaron
band].35–37

XRD studies on the composites revealed the
inclusion of Fe3O4 particles in the composites
(Fig. 3). The profile exhibited peaks assignable to
reflections due to (220), (311), (400), (422), (511),
(440) at 2y ¼ 30.16, 35.49, 43. 12, 53.55, 57.05, and
62.64 respectively, due to Fe3O4 particles.38 PAni
matrix is amorphous and showed broad hump cen-
tered at 2y ¼ 20 and a relatively sharper but still
broad peak at 2y ¼ 25.31. The former peak is
ascribed to periodicity parallel to the polymer chain
and the latter peak may be caused by the periodic-
ity perpendicular to the polymer chain.39 The inten-
sity of the peaks due to iron oxide increases upon
increase of its loading in the composite from C1 to
C3. The pristine polymer showed a conductivity of
0.5 S/cm (Table I). The composites C1-C3 showed

slightly higher conductivity of 0.551, 0.571, and
0.597 S/cm respectively, due to the presence of
magnetite particles.
Electrochemical activity of the composites has

been investigated. Figure 4A(b) shows the cyclic vol-
tammogram of the composite on Pt foil electrode in
1M sulfuric acid. Two anodic oxidations of PAni
take place at 0.288 V, 0.784 V, and reductions at
0.651V and 0.10 V suggesting the presence of con-
ducting PAni. A middle oxidation peak generally
observable for pure PAni at about 0.4 V assignable
to benzoquinone impurities/degradation products is
seen with low intensity and suggests that the impur-
ities are present in lower amounts. The plot of m1/2

versus anodic peak current is linear and hence the
electron transfer is diffusion controlled. Pristine
polymer PAni-DBSA [Fig. 4(A), a] showed the oxida-
tion peaks at 0.186 V and 0.684 V which are nearly
100 mV less than composite C1. This suggests that
electron transfers are more facile in the pristine than
in composite C1. The parallelogram shape for the
CV with high current suggests that the material is
useful for supercapacitor application.

Capacitance of single electrodes

Very few reports are available on the use of Fe3O4

(or its composites) for supercapacitor applica-
tions.40,41 Pure Fe3O4 material40 showed a specific
capacitance of 5–7 F/g where as dispersion of this
material on carbon black lead to high specific capaci-
tance in the range 30–510 F/g. Barring our earlier
communication,31 to the best of our knowledge,
there is no report on the use of this material com-
posited with PAni for the use of supercapacitor.
Hence, the pristine polymer and composites C1-C3
were tested for their supercapacitance properties.
Single electrodes were subjected for charge-dis-

charge tests at different current densities. Figure 5
shows the charge-discharge cycling curves for the

Figure 3 XRD profiles of the composites. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Figure 2 Uv-Vis spectrum of C1 in NMP solvent a) as
prepared b) after addition of few drops of con.HCl
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C1-C3 composite electrodes at a current density of
3 mA/cm2. Table II lists specific capacitance of the
single electrodes at different current densities. Com-
posite with lowest incorporation of magnetite (C1)
showed highest SC value of 228 F/g at 1 mA/cm2.
This value decreases to 180 F/g at 5 mA/cm2. The

SC values decrease to 176,173 F/g for the composites
C2 and C3 at this 1 mA/cm2 current density. These
values further decrease to 143 F/g and 130 F/g for
5 mA/cm2 current density. The stability of the com-
posite electrodes against 1000 charge-discharge
cycles was tested [Fig. 5(d)] at current density of

Figure 4 A: Cyclic voltammogram (CV) of pristine polymer (a) PAni-DBSA and (b) composite C1 on Pt electrode
recorded at 100mV/s in 1M sulfuric acid. The figure also shows the transition potentials for LE $ES $ PE states for the
composite (B) CV of fabricated supercapcitor at the scan rates of 100 to 500 mV/s (a–e).

Figure 5 Charge-discharge curves for the single electrodes (a) C1 (b) C2 (c) C3 at C.D ¼ 3 mA/cm2 and (d) graph show-
ing specific capacitance of the above electrodes with cycle number.
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3 mA/cm2 and the data is collected in Table II (in
parentheses). Figure 5(a–c) shows that charging and
discharging times fall with cycle number. This is
also reflected in specific capacitance values. The fall
in charge-discharge times is more (about 48%) for
first 500 cycles and is less for latter 500 cycles (about
2%). The rapid deterioration of specific capacitance
values is due large internal resistance of the elec-
trode which causes large ohmic drop at high dis-
charge current density.42 It is also observed from the
charge-discharge curves that there is considerable
resistance (ESR) while charging and discharging as
evident from sharp jump in the voltage jump. The
estimated ESR (¼DV/I) is about 1 X cm2 when
1 mA/cm2 current density is used.

Assembled capacitor

A symmetrical capacitor was assembled as described
in experimental section and was studied for its ca-
pacitance properties. Table II lists the capacitance
values evaluated from the studies. Figure 4(b) shows
the CV behavior of the fabricated capacitor at vari-
ous scan rates. Figure 6(a) shows the first three
charge-discharge curve of the device at current den-
sity from 1 mA/cm2. Figure 6(b) shows the charge-
discharge curves for 1st, 50th, and 1000th cycles for
the capacitor at a current density of 5 mA/cm2. The
capacitor exhibited a capacitance of 180–135 F/g at
1–5 mA/cm2 (Table II). The capacitance is about 75–
79% of the single electrode capacitance values. The
capacitor showed a decrease in capacitance to 135
F/g at 5 mA/cm2. The charge-discharge tests carried
for 1000 cycles at this current density (5 mA/cm2)

showed that the capacitance value falls to 84 F/g in
the last charge-discharge cycle. The decrease, from
the first to 1000th, is about 35% and indicates that
there is a degredation of electrolytes and PAni43 dur-
ing the cycling experiments. The reduction in the ca-
pacitance per discharge cycle is only 0.035% which
is 10 times smaller than reported in literature.44

There is a sudden jump in voltage in charge-dis-
charge curves; this suggests reasonable IR drop
which is apparently decreased compared to the sin-

gle electrode. Figure 6(d) shows the variation of cou-
lombic efficiency of the capacitor with cycle number.
Coulombic efficiency45 (g) is calculated as g ¼ (td/
tc) � 100 where td and tc are discharge and charge
times. The value which is low at 70% for first 100
cycles rises to 97% on further cycling. The other two
important electrical parameters, power density, and
energy density of the capacitor has been estimated
from the active masses of the two electrodes and has
been shown in Figure 7. The capacitor exhibited a
power density of 0.407 kW/kg with an energy den-
sity of 6.33 Wh/kg at a discharge current density of
0.44 A/g. The power density value decreased to
0.081 kW/kg with energy density of 8.37 Wh/kg at
a discharge current density of 0.085 A/g.

Mechanism of charging-discharging

Polyaniline exhibits two pairs of major redox peaks
encompassing three oxidation states of PAni, which
involve leucoemeraldine (LE), emeraldine (ES), and
pernigraniline (PE) (Fig. 2). The oxidation process
involves insertion of anions into the polymer chain.
In the discharged state of a capacitor, PAni of both
the positive and negative electrodes is in ES form,
and the capacitor voltage is close to 0 V. Upon
charging of the capacitor between 0 and 0.75 V, the
positive electrode transforms from ES to PE state,
whereas the negative electrode transforms from ES
to LE state. Therefore, half the N atoms of the PAni
allow insertion of HSO4

� ions in the positive elec-
trode and a similar number of N atoms allow expul-
sion of HSO4

� ions from the negative electrode at a
given time. There is no mechanism available in liter-
ature for the oxidation (charging) step when Fe3O4

used as electrode material. However, there are cou-
ple of reports24 which showed that magnetite is elec-
troactive and useful in the potential range �0.8 to
0.5V for as supercapacitor material. Here we pro-
pose that there is preferential oxidation of Fe(II) cen-
ter in Fe2O3.FeO to Fe(III) as shown below with
intake of HSO4

� ions into the composite which are
expelled in the discharge step due to reduction of
Fe(III) back to Fe(II). Thus two Faradaic oxidation

TABLE II
Capacitance Data of the Composites and Capacitor at Different Current Densities and Cycle Numbers

Composite electrodes

Specific capacitance (F/g)

@1mA/cm2 2 mA/cm2 3 mA/cm2 4 mA/cm2 5 mA/cm2

Ist cycle Ist cycle Ist cycle (1000th cycle) Ist cycle Ist cycle (1000th cycle)

Pani-single electrode 160 137 117 101 86
C1-single electrode 228 216 204 (103) 194 180
C2-single electrode 176 160 150 (50) 146 143
C3-single electrode 173 154 144 (33) 140 130
C1-capacitor 180 160 156 147 135 (84)
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reactions occur at one electrode surface while charg-
ing or discharging and are coupled together to
enhance the specific capacitance of the composite
synergistically. Thus the following mechanism
should operate in the composite while charging and
discharging.

Charging: PAni þ H2SO4 ! [PAni.Hþ.]HSO4
� and

Fe2O3.FeO ! Fe2O3.FeO
þ( HSO4

�)
Discharging: [PAni.Hþ.]HSO4

�!PAniþHþþHSO4
�

and Fe2O3.FeO
þ( HSO4

�) ! Fe2O3.FeO þ HSO4
�

It can be noticed that the specific capacitance of
the single electrode of pure PAni- DBSA increased
after the addition of magnetite particles (i.e., com-
posite C1) which is also due to the increased sur-
face area (due to lower particle size) apart from the
contributions from reversible redox process of
magnetite particles. However the S.C values
decreased with increase in magnetite loadings for
C2 and C3. This may be due to higher particle size

Figure 7 Plot of specific power versus specific energy of
C1 symmetrical capacitor based on active mass on the
electrodes.

Figure 6 (a) charge-discharge curves for first three cycles exhibited by symmetric capacitor of C1 at C.D ¼ 1 mA/cm2

(b) Charge-discharge curves for various cycles exhibited by capacitor of C1 at C.D ¼ 5 mA/cm2 (c) variation of specific
capacitance of the capacitor with current density (d) capacitance and columbic efficiency of the of C1 capacitor with cycle
numbers.
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(lower surface area) formed with higher loadings
of magnetite particles which probably offsets the
increase in SC arising from redox process of mag-
netite particles.

Electrochemical impedance spectroscopy studies

Electrochemical impedance spectroscopy (EIS) was
employed to obtain equivalent circuit parameters
such as transfer resistance and ohmic resistance
which enable mechanistic characterization of the sys-
tem. Typical Nyquist plots for the capacitor in 1M
sulfuric acid at potentials at 0.2, 0.4, and 0.6 V are
shown in Figure 8.

The high-frequency intercept of the semicircle on
the real axis provided the value of ohmic resistance

(Rsol), and the diameter of the semicircle gave an ap-
proximate value of the charge transfer resistance
(Rct) of the composite/electrolyte interface. The
value of Rsol is not much change and lie between
0.20 to 0.225 X for the voltages 0.2 to 0.6 V of the
capacitor. But, the value of Rct increased with the
capacitor voltage between 0.2 and 0.6V which is evi-
dent from the increased diameter of the semicircle. It
is known that the conductance of PAni is maximum
between ES and PE states and it decreases when
PAni transforms in to the LE state. Since the nega-
tive electrode of the capacitor gradually changes to
the LE state when the voltage of the capacitor is
increased, hence Rct value also increased. The electri-
cal parameters deduced from impedance plots using
equivalent circuit shown in Figure 8 are collected in
Table III. The estimated values of the capacitance
from the EIS study are in agreement with experi-
mental values obtained from charge-discharge
curves.

CONCLUDING REMARKS

Majority of the reports on super capacitor studies on
polyaniline are based on electrochemically deposited

Figure 8 Nyquist plots for the capacitor C1 (a) at 0.2 V (b) at 0.4 V and (c) at 0.6 V and (d) equivalent circuit used for
the system.

TABLE III
System Parameters Obtained from Nyquist Plots

S.No
Potential

(V)
Rct

(X cm2)
CPE1

(X�1 cm�2s)
CPE2

(X/S)

1 0.2 0.93 6 0.2 0.00019 6 0.0005 0.686
2 0.4 1.005 6 0.2 0.00015 6 0.0003 0.690
3 0.6 14.89 6 1 0.0023 6 0.0001 0.306
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polyaniline directly on electrodes such as Pt, S.S,
graphite, and carbon paper.29,46 These electrode sys-
tems showed high specific capacitance of the order
of 700–800 F/g values due to their three-dimensional
nanofiber networks, porosity, thin layer formation
and substrate effects. These favorable properties are
effectively limited in chemically prepared polyani-
line samples where the size of the particle are in the
range of few micrometers. More over, chemically
prepared samples are more prone for impurities
than electrochemically prepared samples. Not many
reports are there in literature which shows high ca-
pacitance, high power density and high energy den-
sity exhibiting chemically synthesized polyaniline or
its composites.47–51 Thus, our report is the first
report that shows high capacitance, high energy and
power density supercapacitor electrode material
based on polyaniline-magnetite composite.

In summery, for the first time, it has been demon-
strated that (i) polyaniline-magnetite composites are
useful as electrode materials for supercapacitor
applications (ii) the pristine polymer, PAni-DBSA,
showed a lower specific capacitance of 160 F/g,
whereas the single electrode of composite C1 and
the symmetrical capacitor of C1 (with a 3.8 wt %
loading of magnetite) showed enhanced capacitance
of 228 F/g and 180 F/g at 1 mA/cm2 respectively,
(iii) the capacitance values increased with decreased
loadings of magnetite particles, (iv) the composites
are organically soluble and dispersible in water.

Authors sincerely thank the Director, CECRI for his encour-
agement and for providing new instrumental facilities.
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