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a b s t r a c t

A manganese oxide material was synthesised by an easy precipitation method based on reduction of
potassium permanganate(VII) with a manganese(II) salt. The material was treated at different tempera-
tures to study the effect of thermal treatment on capacitive property. The best capacitive performance was
obtained with the material treated at 200 ◦C. This material was used to prepare electrodes with different
eywords:
anganese oxide

seudo-capacitance
upercapacitor

amounts of polymer binder, carbon black and graphite fibres to individuate the optimal composition that
gave the best electrochemical performances. It was found that graphite fibres improve the electrochem-
ical performance of electrodes. The highest specific capacitance (267 F g−1 MnOx) was obtained with an
electrode containing 70% of MnOx, 15% of carbon black, 10% of graphite fibres and 5% of PVDF. This elec-
trode, with CB/GF ratio of 1.5, showed a higher utilization of manganese oxide. The results reported in the
present paper further confirmed that manganese oxide is a very interesting material for supercapacitor
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application.

. Introduction

Metal oxides with various valence states are acquiring grow-
ng interest in the preparation of electrodes with pseudocapacitive
roperties for supercapacitor applications. Ruthenium oxide is
mong these materials that showing the best pseudocapacitive
roperties [1–3], nevertheless the high cost, the limited availabil-

ty and the polluting effect on environment make this not attractive
or large scale use. Thus, actually other metal oxides such as iridium
xide, cobalt oxide, nickel oxide, vanadium oxide, bismuth oxide,
olybdenum oxide, tin oxide, manganese oxide, etc. are investi-

ated as possible substitute [4–12]. Manganese oxide is a material
ery attractive for its high availability, low cost and no-polluting
ffects compared to ruthenium oxide. For these reasons, nowadays
his material is deeply studied in order to attain more knowledge
bout its intrinsic properties and to find relations between mor-
hological, structural, compositional characteristics of the material
ith the electrochemical performance of supercapacitor based on

his material [12–34]. A great number of papers is present in cur-

ent literature reporting results obtained from manganese oxides
repared by various methods to form materials of different atomic
omposition, structure and morphology. In fact, manganese oxide
aterials were prepared by methods, such as chemical synthesis
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T
s
s
T
l
b
T
4

378-7753/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpowsour.2008.10.080
© 2008 Elsevier B.V. All rights reserved.

13,14], sol–gel synthesis [15–18], hydrothermal synthesis [19–22],
lectrochemical deposition [23–29], electrostatic spray deposition
30,31], physical vapour deposition [32–34], etc., to which in most
ases thermal and/or electrochemical treatments followed to mod-
fy the composition, the morphology and the structure of the raw

aterials. An analysis of the best results in terms of specific capac-
tance referred to manganese oxides obtained by the different
reparation methods will be hereafter reported.

Prasad and Miura [24] prepared manganese oxide by poten-
iodynamic deposition on a stainless steel substrate and obtained
pecific capacitance (SC) of 480 F g−1 at scan rate of 10 mV s−1.
he authors investigated electrode films with very low material
oadings, between 0.1 and 0.23 mg cm−2. Broughton and Brett [32]
eported results of SC of 700 F g−1 obtained from MnO2 films
repared by anodic oxidation of sputtered manganese films of
5–75 �g cm−2 and Pang et al. [15] SC of 698 F g−1 from MnO2
lms obtained by sol–gel synthesis with subsequent annealing at
00 ◦C. These latter authors showed that the SC reduced at about
alf when the mass of electrode was varied from 1 to 13 �g cm−2.
oupin et al. [14] reported interesting results from manganese oxide
ynthesised by a easy method based on chemical reaction of potas-
ium permanganate with manganese sulphate in aqueous solution.

hey reported SC of 180 F g−1 from the untreated powder and, a
ittle different value of 160 F g−1 from the powder heated for 3 h
etween 100 and 200 ◦C, that was a 12% lower of the initial value.
he sample treated at 600 ◦C for 3 h induced a capacitance of only
0 F g−1, that represented only 22% of the initial SC. Their conclu-

http://www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
mailto:staiti@itae.cnr.it
dx.doi.org/10.1016/j.jpowsour.2008.10.080
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ions were that the pseudocapacitive phenomenon occurred in a
ery limited thickness of manganese oxide and thus the specific
apacitance was limited by the available surface area of the mate-
ial. For these authors the thermal treatment at 100–200 ◦C of the
ntreated material produced a small increase of the capacitance
ue to the loss of water molecules but also a greater decrease of
apacitance due to the decrease of surface area, with the second
ffect predominant and producing a lowering of capacitive perfor-
ance. No information was given by the authors on the manganese

xide loadings of electrodes.
The present paper provides new insights into the mechanism

f capacitive improvement of manganese oxide-based electrodes
y varying the amounts of additive materials, i.e. carbon pow-
er, graphite fibres and binding polymer. Moreover, electrodes
ith manganese oxide loadings available for practical applications

about 10 mg of MnOx cm−2) are investigated. The oxide is prepared
y the co-precipitation method following the procedure reported
y Toupin et al. [14], consisting essentially in the reaction of a
ermanganate salt with a manganese(II) salt. A study on thermal
reatment of the manganese oxide is also made to individuate the
emperature at which the highest capacitive performance of the

aterial are achieved. The prepared manganese oxide samples are
nalysed for the morphological, structural and surface character-
stics by SEM, XRD and BET analyses. In a second phase, the best
erforming material is used for the preparation of electrodes of
ifferent composition to evaluate the influence of the addition of
ifferent amounts of fillers on electrochemical performances. In
articular, a study of the influence of different amounts of activated
arbon, graphite fibres and polymer binder on the electrochemical
erformances of the electrodes is carried out. The obtained results
ermit to individuate (a) the composition that gives the best capac-

tive performance, and (b) the content of carbon black and graphite
bres that allow to maximize the utilization of manganese oxide
nd minimize the internal resistance of the electrodes.

. Experimental

.1. Preparation of the manganese oxide materials

Manganese oxide was synthesised by precipitation from an
queous solution of potassium permanganate(VII) and man-
anese(II) chloride, at 25 ◦C. More specifically, a 100 ml solution
ontaining 0.03 moles of MnCl2 was added drop by drop during
0 min under continuous stirring to a 200 ml solution containing

.02 moles of KMnO4. The so-obtained suspension was stirred for
h during which a dark-brown precipitate was formed. After stop-
ing the stirring and decanting for 16 h the suspension two distinct
hases were formed consisting of a fine precipitate and a super-
atant liquor. The liquor was removed by the use of a pipette and

2

E

able 1
ist of investigated electrodes with compositions, specific capacitances, variation rates of

lectrode MnOx (%) Acetylene
black (%)

Graphite
fibres (%)

PVDF
(%)

AB/GF
ratio

Specific
2 mA cm

N70-AB1 70 20 0 10 – 247
N200-AB2 70 20 0 10 – 241
N400-AB3 70 20 0 10 – 211
N200-ABG1 70 5 15 10 0.33 230
N200-ABG2 70 10 10 10 1 244
N200-ABG3 70 10 15 5 0.66 253
N200-ABG4 70 12.5 12.5 5 1 246
N200-ABG5 70 15 10 5 1.5 267
N200-ABG6 70 16.6 8.3 5 2 230
N200-ABG7 70 17.5 7.5 5 2.33 245

a Values calculated from discharge branches of galvanostatic charge/discharge tests.
b Resistances calculated from potential drops at 0.8 V after current inversion; current in
Sources 187 (2009) 284–289 285

he precipitate was washed several times with distilled water in
he beaker before filtering under vacuum. The formed precipitate
as finally dried at 70 ◦C for 16 h after which a fine powder of
anganese oxide was obtained.
The MnOx powder was divided in three portions, the first-

ne remained as-obtained after drying, the second and the third
ere thermally treated at 200 and at 400 ◦C, respectively. The as-

btained, the thermal treated at 200 ◦C and the thermal treated at
00 ◦C materials will be named in the paper MN70, MN200 and
N400, respectively.

.2. Preparation of the electrodes

Electrodes were prepared by a casting technique by spread-
ng the inks, containing the manganese oxide material, the PVDF
inder, the carbon black powder, the solvent and in some cases
he graphite fibres, which were thoroughly mixed in a mortar, on
1.5 cm2 titanium net disk. The metallic disk used as support of

he capacitive layer limited the contact resistance of the electrode
nserted in the test cell. Carbon powder and graphite fibres were
dded to the inks to improve electric conductivity and mechanical
tability of the electrodes and to increase the dispersion of man-
anese oxide. The prepared electrodes differed for the manganese
xide material (MN70, MN200 and MN400), and/or for the amount
f carbon powder and graphite fibres, and/or for the amounts of
olymer binder.

Polyvinilidene fluoride (PVDF) was a product Aldrich in grain
orm that before its use in the ink formation was dissolved in
,N-dimethylacetamide. Shawinigan Acetylene Black furnished by
hevron Phillips with purity >99.9% and surface area of 75 m2 g−1

as the carbon black used in the electrodes. Graphite fibres of
ength 100–200 �m were prepared in-house by milling for 3 min
n a high speed grinder a carbon fabric Avcarb 1071 furnished by
allard Material Products, Inc. (MA, USA).

All the electrodes were prepared with MnOx amounts suit-
ble for practical application in supercapacitors, specifically they
ontained 6.5 ± 0.1 mg MnOx cm−2. The compositions of all the
lectrodes investigated in the present work are reported in Table 1.
first set of three electrodes was prepared to study the effect of

hermal treatment on the capacitive performance of manganese
xide (electrodes MN70-AB1, MN200-AB2, MN400-AB3), and a sec-
nd set, to study the influence of the carbon black/graphite fibres
atio and of the binding agent content on the electrochemical per-
ormance of manganese oxide (MN200-ABG1/MN200-ABG7).
.3. Characterization of materials and electrodes

A scanning electron microscopy Philips XL Series equipped with
DX module model New XL-30, an X-ray diffractometer Philips

SC and resistances.

capacitance at
−2 a (F g−1)

Specific capacitance at
20 mA cm−2 a (F g−1)

Decreasing rate of SC
from 2 to 20 mA cm−2

Resistanceb

(� cm2)

73 70.4% 14.2
115 52.3% 6.6
77 63.5% 9.3

111 51.7% 10.5
123 49.5% 5.4
151 40.3% 4.5
178 27.6% 2.6
193 27.7% 3.9
157 31.7% 3.1
129 47.3% 3.0

version from +5 to −5 mA cm−2.
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Fig. 1. XRD patterns of MnOx materials treated at different temperatures.

’Pert equipped with Cu K� source, and a Sorptomatic 1990
hermoQuest apparatus, were used to analyse the morphological,
tructural and surface characteristics of the manganese oxide.

Electrochemical characterization of electrodes was carried
ut in a three-electrode cell connected to an Amel equipment
or the galvanostatic and potentiodynamic tests. Galvanostatic
harge/discharge (CD) and cyclic voltammetry (CV) tests were car-
ied out in a cell provided of a working electrode, where the tested
lectrode was fixed, and of a platinum disk and a saturated calomel
lectrode (SCE) as counter and reference electrodes, respectively. A
.1 M Na2SO4 solution was used as electrolyte. The exposed area of
ested electrodes was 1 cm2. CD and CV tests were conducted at cur-
ent densities of 2, 5, 10, 20 mA cm−2 and at voltage sweep rates of 2,
, 10, 20 mV s−1, respectively, by cycling the potential of the working
lectrode between −0.2 and +0.8 V with respect to SCE. The results
f CD and CV tests were collected after an initial stabilising time
arried out cycling the electrodes in CV mode at 10 mV s−1 for 50
ycles. In fact, it was found that during the first 10–20 cyclic voltam-
etries some variation on the shape of curves can be evidenced, but

fter 50 cycles the voltammograms were reproducible.

. Results and discussion

.1. Structural and morphological properties

Fig. 1 shows XRD patterns of as-synthesised and of thermal
reated at 200 and 400 ◦C manganese oxide materials. The XRD
nalysis reveals similar structural characteristics for the different
hermally treated samples, which show evident broad peaks at
� = 37.5 and 67.0◦. Other less pronounced broad peaks are at 11.5,
4–29, 42.6◦. These peaks are attributable to the �-MnO2 phase in
greement with similar XRD patterns reported in literature [35,36].
he micro-morphological aspect of the materials is depicted by SEM
mages of Fig. 2. The figure shows that spherical grains of average
imension of about 300 nm appear linked to form bigger agglomer-
tes. This situation is observed for all the different thermally treated
amples. The grain particles of the MN70 (Fig. 2a and b) and MN200
Fig. 2c and d) samples appear formed by small plate-like parti-
les stuck each to the other while the grain particles of the MN400
ample (Fig. 2 e and f) appear formed by petal-like particles which
xtend out the grains. The BET surface area of the sample treated

t 70 ◦C is 6 m2 g−1 while that obtained from the sample treated
t 200 ◦C, that appears similar by SEM analysis to the former, is
6 m2 g−1. Furthermore, the sample treated at 400 ◦C, that appears
y SEM analysis morphologically different from that treated at
00 ◦C, has a similar S.A. of 37 m2 g−1. Thus, a great difference of

t
i
t
f
t

Sources 187 (2009) 284–289

.A. was found between the MN70 and MN200 samples, while sim-
lar values of S.A. were found for the MN200 and MN400 samples. It
s possible that the very low surface area of MN70 sample is caused
rom the water still impregnated in the porous structure after the
egassing treatment carried out before the BET analysis under vac-
um at the temperature of 70 ◦C for 3 h. The degassing treatment
annot be made at higher temperature to avoid morphological and
tructural modifications of the material. The other two materials,
N200 and MN400, are degassed at a higher temperature of 150 ◦C.
EDX analyses were also performed on the three samples to

eterminate the potassium contents. Five analyses were made on
ifferent regions of each sample to have representative values. The
esults of analyses obtained from each sample were very similar
nd they were also similar to those obtained from the analyses of
he other samples. Thus an atomic ratio K/Mn of 0.038 ± 0.004 is
onsidered representative for all the MnOx samples. A typical EDX
pectrum is reported in Fig. 3.

.2. Electrochemical properties

Three electrodes (MN70-AB1, MN200-AB2, MN400-AB3) were
repared with the different treated manganese oxide materials
see Table 1) and analysed for the electrochemical performances
y CV and galvanostatic CD tests. The amounts of charge, which
ere obtained from the discharge process during the galvanostatic

harge/discharge tests were used to calculate the SC of the material
sing the following formula:

C = I · �t

�V · q

In which I and �t of numerator are the current and the discharge
ime, respectively, and �V and q of denominator the potential dif-
erence and the weight of the manganese oxide contained in the
lectrode, respectively. Preliminary tests carried out on two elec-
rodes, one with only carbon black and the other one with carbon
lack and graphite fibres, gave specific capacitance for these mate-
ials very low and thus their contributes to the overall capacitance
n the electrodes with manganese oxide can be negligible without
ppreciable error.

Fig. 4 reports data of SCs obtained from galvanostatic tests
erformed at current densities of 2, 5, 10, 20 mA cm−2 for the
hree above mentioned electrodes. The best results of specific
apacitance were obtained from the electrode with manganese
xide treated at 200 ◦C (MN200-AB2); only the test conducted at
2 mA cm−2 gave a better result with the electrode treated at 70 ◦C

MN70-AB1). Fig. 5 reports cyclic voltammetry curves recorded dur-
ng tests carried out at the voltage sweep rate of 10 mV s−1 for the
hree samples and, Fig. 6 the charge–discharge curves recorded
uring the tests performed at the constant current density of
5 mA cm−2 for the same electrodes. Also from the data collected

rom CV tests, represented in Fig. 5, it was evident that the best
apacitive performance in the reported conditions was obtained
y the MN200-AB2 electrode. Figs. 5 and 6 show also that the
lectrode with manganese oxide treated at the lowest temperature
resents the highest internal resistance. This qualitative difference
mong the electrodes can be observed in the cyclic voltammetry
hrough the slower variation of current sign after the inversion
f voltage sweep and in the galvanostatic charge–discharge tests
rom the jump and drop of potential after inversion of sign of cur-
ent at the minimum and maximum potential. The main reason of

he lower performance found with the electrode treated at 70 ◦C
s probably due to its high electric resistance while that of elec-
rode treated at 400 ◦C to its poorer pseudocapacitive property. The
act that the main contribution at the capacitance in these elec-
rodes derives from pseudocapacitance is demonstrated taking into
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Fig. 2. SEM images at different magnifications of MN

ccount the same considerations made from Toupin et al. [14]. In
act, if the capacitance is due to the double layer formation, it should
epend from the surface area of the material. At the maximum mea-

2 −1
ured surface area of 37 m g , and considering an average value of
apacitance of 20 �F cm−2 [14], a maximum value of 7.4 F g−1 MnOx

ould be obtained, that is a value very much lower than those effec-
ively found in this work for this material (about 250 F g−1). Another
nteresting aspect observed in the graphic of CD tests reported in

Fig. 3. Typical EDX spectrum of synthesised manganese oxide.
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and (b), MN200 (c) and (d), and MN400 (e) and (f).

ig. 6 is that the electric resistance at the beginning of the charging
rocess is higher than that at the beginning of the discharging pro-
ess, as evidenced by the jumps of potential at −0.2 V and drops of
otential at 0.8 V, respectively. The explanation of this effect could
e that during the charging process, free protons and/or cations
orm at the interface electrode/electrolyte and these increase the
onic conductivity of the solution or that a more conductive phase of

anganese oxide is formed. The first hypothesis is more acceptable
hile it is less probable that the metal with a higher oxidation state,

hat forms during charging to 0.8 V, is more conductive. In any case,
his effect merits to be more deeply studied and this will be a topic
f our future work. The electrochemical oxidation process occurring
t the positive electrode during the charging step is the following.

nO�(OX)� → MnO�+�(OX)�−� + �X+ + �e−

The formation of free protonic or cationic species (X+) which
ncrease the ionic conductivity of the electrolyte could also be the
eason of the continuous increase of current during cyclic voltam-
etry charging of the electrodes (Fig. 5). The electrode MN200-AB2,

hat shows the best capacitive performance for the manganese
xide, presents internal resistance of about 6.6 � cm2 (esteemed by

he voltage drop measured after inversion of current at 0.8 V). This
alue if would be lowered could produce further improvement of
he capacitive performance of this material. For this reason, a series
f electrodes based on MN200 material was prepared by adding var-
ous amounts of carbon black, graphite binder and polymer binder.
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Fig. 4. Specific capacitance in function of current density obtained from electrodes
prepared with different treated manganese oxides.
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Fig. 7. Specific capacitance versus current density of the electrodes prepared with
MnO treated at 200 ◦C, 10% of PVDF and carbon black (MN200-AB2) or with carbon
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ig. 5. Cyclic voltammograms of the electrodes prepared with different treated
anganese oxides. Scanning rate = 10 mV s−1.

he list of these electrodes with the respective compositions, spe-
ific capacitances, rates of SC decreasing and internal resistances
re reported in Table 1 (series from MN200-ABG1 to MN200-ABG7).

ig. 7 reports results of specific capacitance obtained at various dis-
harge currents from electrodes with graphite fibres (MN200-ABG1
nd MN200-ABG2) and without graphite fibres (MN200-AB2). In
he same figure the specific capacitance of an electrode MN200-
BG4 with the same ratio between carbon black and graphite

ig. 6. Curves of charge/discharge test obtained from electrodes prepared with dif-
erent treated manganese oxides. Current density = ±5 mA cm−2.
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lack and graphite fibres (MN200-ABG1, MN200-ABG2). The ratio CB/GF is 0.33 in
N200-ABG1 and 1 in MN200-ABG2. The MN200-ABG4 electrode contains 5% of

VDF and has CB/GF ratio = 1.

bres of the MN200-ABG2 electrode (CB/GF = 1) but with a lower
mount of polymer binder is also reported. The figure evidences
he importance of the presence of graphite fibres in the electrode,
hat improves the capacitive performance of manganese oxide, but
lso the necessity to identify the more appropriate CB/GF ratio to
aximize the capacitive performance. In fact, the results obtained

y the MN200-ABG1 electrode with a lower CB/GF ratio than
N200-ABG2 electrode appeared very similar to those obtained
ith MN200-AB2 that does not contain graphite fibres. It is proba-

ly that the presence of graphite fibres with an insufficient amount
f carbon powder forms an electrode not well packed with a large
oid fraction that increases the internal resistance as it is evidenced
n Table 1 (electrode MN200-ABG1). A deeper study of the effect of
he CB/GF ratio in the electrode has been done with the electrodes
ontaining a lower loading of polymer binder (5 wt.% of PVDF in
he electrode) after the observation that the results obtained from

N200-ABG4 electrode, also represented in Fig. 6, prepared with
he same CB/GF ratio of MN200-ABG2 electrode but with a lower
VDF content, gave very much higher capacitive performance. Thus,
he addition of graphite fibres in the electrode has a positive effect
n the specific capacitance and this is evidenced in the figure from
he comparison of the results obtained by the electrode MN1-
00AB2 with those of the electrode MN-200 ABG2 containing the
ame amount of polymer binder (10%). Another important advan-
age deriving from the use of graphite fibres is that a lower amount
f polymer binder may be used without decreasing the mechan-
cal stability of electrodes. The lowering of the polymer binder in
he composition of electrodes produces as an effect the increase of
C of MnOx especially at the higher current densities as it is evi-
enced in Fig. 7 and Table 1 from the comparison of the results
ttained from the electrode MN1-200ABG2 (with 10% of PVDF) with
hose of the electrode MN1-200ABG4 (with 5% of PVDF) and both
aving CB/GF ratio = 1. Thus, a series of electrodes, from MN200-
BG3 to MN200-ABG7, were prepared with 5% of PVDF and various
ercentages of carbon black and graphite fibres to investigate the
ffect of electrode composition on the electrode performances. To
ave a clearer representation of the changes of the electrode per-

ormance with the CB/GF ratio, the specific capacitances obtained
rom CD tests were reported in Fig. 8 as a function of the CB/GF
atio. The figures evidence that at all the investigated current den-

ities (2, 5, 10, 20 mA cm−2) the electrode with CB/GF ratio 1.5 gives
he best SCs and, the improvements of the performance are more
ronounced at the higher current densities where the effects of
he lower internal resistance become more evident. At the lowest
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ig. 8. Specific capacitance versus CB/GF ratio of the electrodes prepared with MnOx

reated at 200 ◦C and having 5% of PVDF obtained at different current densities.

alue of the investigated current densities (2 mA cm−2) there is not
clear trend of capacitance with the CB/GF ratio, because the ohmic

osses in this condition become negligible and other effects could
revail. At the highest investigated CB/GF ratio (2.33) the behaviour
f electrode is very similar to that of the electrode containing only
arbon black (without graphite) as it is observed comparing the
esults of MN200-AB2 electrode of Fig. 7 with the MN200-ABG7
lectrode of Fig. 8. Analysing all the results reported in this paper,
e may affirm that the best result of specific capacitance, 267 F g−1

f MnOx, is obtained with the manganese oxide treated at 200 ◦C
ith the electrode (MN200-ABG5) having 5 wt.% of binder content

nd an acetylene black/graphite fibres ratio of 1.5. The minimum
lectrode resistance is obtained with the electrode MN200-ABG4
hat has CB/GF = 1. Thus, we may affirm that the CB/GF ratio = 1 is
ptimal to obtain the minimum resistance and the CB/GF ratio = 1.5
s optimal to have a higher utilization of MnOx. These two elec-
rodes also present a lower variation of specific capacitance when
hey are tested at 2 and at 20 mA cm−2, that is due to their better
nternal structure for ion mobility. The calculated energy density
nd power density for the electrode MN200-ABG5 are 37 Wh kg−1

f MnOx and 9.8 kW kg−1 of MnOx, respectively.

. Conclusions

A manganese oxide material was synthesised by an easy precip-
tation method, involving an oxidant manganese salt (potassium
ermanganate) and a reducing manganese salt (manganese chlo-
ide), and a subsequent heat treatment. The materials treated at

◦
00 C for 3 h showed the best capacitive performance. A mixed
xide is formed having general formula MnO�(OX)� with X proton
r potassium ion. An electrode prepared with manganese oxide
reated at 200 ◦C and optimised for the polymer binder content
nd carbon black/graphite fibres ratio gave specific capacitance

[

[

[
[
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f 267 F g−1 and energy density and power density of 37 and
.8 kW kg−1, respectively. This electrode was prepared with 6.5 mg
f MnOx cm−2, 5% of PVDF and 1.5 CB/GF ratio. It evidenced also
he lower decreasing rate of specific capacitance by galvanostatic
ests performed at 2 and 20 mA cm−2. The electrode with CB/GF
atio = 1.5 presented the higher utilization of MnOx. This results,
aking into account the relatively high content of manganese oxide
n the electrode respect to those commonly reported in literature,
re very interesting in the perspective of practical application of
anganese oxide in supercapacitors.
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