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Biomass-derived carbonaceous materials are considered as one of the most
perspective electrodes for symmetric supercapacitors working with alkaline-basic
electrolytes. However, they still exhibit lower energy density. Herein, we demonstrate the
capacitance performance of the commercial carbon product (YP-50F, “Kuraray Europe”
GmbH), obtained from coconuts, in symmetric supercapacitors by using lithium and
sodium organic electrolytes. It is found that YP-50F delivers higher energy density when
lithium electrolyte containing LiBF,4 salt is employed. The sodium electrolyte with NaPFg
salt is less aggressive toward YP-50F than that of LiPFg salt, as a result of which a good
capacitance performance is observed in the sodium electrolyte. The contributions of
surface functional groups of YP-50F, as well as its compatibility with non-aqueous lithium
and sodium electrolyte, are discussed on the basis of post-mortem scanning electron
microscopy (SEM)/energy-dispersive X-ray spectroscopy (EDS) and X-ray photoelectron
spectroscopy (XPS) data analyses. The obtained correlations could be of significance in
order to design sustainable supercapacitors with high energy density.

Keywords: biomass carbonaceous materials, symmetric supercapacitors, organic lithium and sodium
electrolytes, post-mortem analysis, electrode/electrolyte interactions

INTRODUCTION

The rapidly growing portable electronics market in the last years has evoked a high demand
for better energy storage devices with high power density (Simon and Gogotsi, 2008; Etacheri
et al, 2011). The electrochemical supercapacitors (ESs) satisfy these requirements to a great
extent, but the relatively low energy density limits their future applications (Simon and
Gogotsi, 2008). The energy storage in supercapacitors includes reversible reactions of electrostatic
adsorption/desorption of electrolyte ions on the charged electrode surface (i.e., electrical double-
layer capacitance) (Simon and Gogotsi, 2008; Etacheri et al., 2011). The energy density depends
on the right choice of electrode materials, as well as on their compatibility with electrolyte ions.
Because of extremely high specific surface area, abundantly availability, and low cost, activated
carbons obtained from biomass are widely employed as electrodes in supercapacitors (Rufford et al.,
2008; Bi et al., 2019). The advantages of biomass-derived carbons over others are the presence of
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diverse functional groups contributing to the extra charge
storage in supercapacitors due to their participation in
pseudocapacitance redox reactions (Bi et al., 2019). Recently, we
have demonstrated that commercial coconut-derived carbons,
possessing high amount of acidic groups and narrow pore size
distribution, display excellent cycling stability in an alkaline
electrolyte solution: the discharge capacitance decreases by only
a 2% after 37,000 cycles (Karamanova et al., 2019, 2020).

The used electrolyte is the other key component of ESs,
providing ionic conductivity and thus favoring the charge
compensation on the electrodes in the cell (Zhong et al,
2015). The desirable properties of electrolytes are high ionic
conductivity, wide voltage window, high electrochemical and
thermal stability, low viscosity, low toxicity, low cost, etc. (Wang
et al,, 2012). The electrolyte evaluation shows that the higher
power density is achieved by aqueous electrolytes, while the
organic electrolytes are more suitable to reaching higher energy
density (Calvo et al., 2014). Such finding is a consequence of
the fact that the operating voltage window is wider in organic
electrolytes (Phattharasupakun et al., 2017).

The various performances of biomass-derived carbons in
aqueous and non-aqueous electrolytes are usually related with
ionic conductivity and electrolyte ion size, as well as with the
interaction between the electrolyte and the electrode materials
(Chen et al, 2019). In this case, the matching between the
electrolyte ion size and the pore size of carbon electrode material
has a profound impact on the achievable specific capacitance
(Yang et al., 2007; McDonough et al., 2012). For example, the
presence of very small pores in a carbon material may increase
the specific surface area, but it can also limit the accessibility of
electrolyte ions. Especially, the larger organic ions cannot easily
get access with the small pores, resulting in a negative effect on
specific capacitance (Chmiola et al., 2006).

The compatibility of the electrolyte and activated carbon
contributes to the operating voltage of supercapacitors.
The frequently used organic electrolytes (especially for
commercial ESs) are the solution of the tetraethylammonium
tetrafluoroborate (TEABF;) in the acetonitrile (ACN) or
propylene carbonate (PC) solvent (Rufford et al, 2008). In
addition, battery-like electrolytes such as 1M LiPFg in ethylene
carbonate (EC)/dimethyl carbonate (DMC) or in EC/ethyl
methyl carbonate (EMC)/DMC, as well as 1 M NaPF¢ in EC-
DMC-PC-EA, are also utilized (Qian et al., 2014; Vali et al., 2014;
Yue et al., 2020). However, one should take into account that
the addition of EC leads to the lowering of the electrochemical
stability of electrolytes, especially at lower voltages (Yue
et al.,, 2020). Because of the different storage mechanism, the
electrolyte stability in batteries and supercapacitors varies
significantly irrespective of their similar composition: while
the decomposition voltage of LiPFs/(EC+EMC+HDMC) in
lithium-ion cells is higher than 4 V; the same electrolyte is
decomposed in supercapacitor cells above 3.0 V (Pasquier et al.,
2004; Hu et al., 2009). All the above features indicate that organic
electrolytes are a powerful tool to increase the energy density
of ESs. Despite the variety of experimental data, the role of
the organic electrolyte on the supercapacitor performance is
still under debate.

Herein, we demonstrate the role of the lithium and sodium
non-aqueous electrolytes to achieve high energy density of
symmetric supercapacitors based on commercial biomass-
derived carbons. As electrolytes, we used 1M LiBF4 and
IM LiPF¢ solutions in ethylene carbonate/dimethyl carbonate
(EC/DMC = 1:1), as well as 1M NaPFg in PC. Both LiPF¢ and
NaPFg electrolytes are characterized with high ionic conductivity
in comparison with the LiBF, electrolyte (Ponrouch et al.,, 2015;
Lietal., 2016). As biomass-derived carbons, commercial product
YP-50F (“Kuraray Europe” GmbH) obtained from coconuts is
employed. These products, possessing a high amount of acidic
functional groups and narrow pore size distribution, are subjects
of the study since they show magnificent cycling stability in
aqueous LiOH and NaOH electrolytes (Karamanova et al., 2020).
The interaction between the biomass-derived carbon electrodes
and the organic electrolyte is examined on the basis of post-
mortem scanning electron microscopy (SEM)/energy-dispersive
x-ray spectroscopy (EDS) and x-ray photoelectron spectroscopy
(XPS) analyses of the electrodes after cell cycling.

EXPERIMENTAL SECTION

The commercial activated carbon (YP-50F, “Kuraray Europe”
GmbH) was used to fabricate electrodes for supercapacitor
cells. The electrodes were composed from a mixture of 80 wt.
% YP-50F 10 wt.% graphite ABG 1005 EG-1, and 10 wt.%
polyvinylidene difluoride (PVDF) binder. The electrodes were
dried in vacuum at 80°C for 12 h and pressed under pressure
of 20 MPa. The obtained electrodes were mounted in the
electrochemical cell with a Whatman separator and filled with the
electrolyte in a dry box under argon atmosphere. The reference
electrode was Li/Li* or Na/Na™. The symmetric supercapacitor
cell was assembled from two identical electrodes and three types
of organic electrolytes: 1M LiBF4 and 1M LiPFg in EC/DMC
and 1M NaPFg in PC. All measurements were performed at
room temperature.

The cyclic voltammetry (CV) measurements were carried out
in a three-electrode cell, in a voltage window up to 3.6 V and a
scan rate varying from 1 up to 100 mVs~!. The CV experiments
were recorded on PAR Potentiostat/Galvanostat (United States)
and Multi PalmSens system (model 4, The Netherlands). The
galvanostatic charge-discharge cycling tests were conducted in
a two-electrode cell at constant current mode and current load
varying from 60 up to 600 mAg~! for 25 cycles per step. All
measurements were performed on Arbin Instrument System BT-
2000 (United States). The specific capacitance was calculated
from cyclic voltammograms and charge-discharge curves as
described elsewhere (Karamanova et al., 2019, 2020).

The surface and morphology changes in the carbon-based
electrodes during supercapacitor testing were analyzed by means
of ex-situ SEM/EDS and XPS techniques. The XPS spectra
were registered using AXIS Supra electron spectrometer (Kratos
Analytical Ltd., United Kingdom) and achromatic AlKa radiation
with photon energy of 1486.6 eV and charge neutralization
system. The binding energies (BEs) were determined with an
accuracy of £ 0.1 eV. The chemical composition in the depth of
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the films was determined by monitoring the areas and BEs of Cls,
Ols, and F1s photoelectron peaks. Using the commercial data-
processing software of Kratos Analytical Ltd., the concentrations
of the different chemical elements (in atomic %) were calculated
by normalizing the areas of the photoelectron peaks to their
relative sensitivity factors.

The wetting angle is measured on an apparatus, Force
Tensiometer K100 of KRUSS K100 (Germany). The
measurement consists of dropping of 6.3 pl of the electrolyte
on the electrode, and the obtained value of the wetting angle is
averaged from five measurements.

RESULTS AND DISCUSSION

Figure 1 compares the CV curves of YP-50F cycling in lithium
and sodium electrolytes. In general, all CV curves are typical
for symmetric supercapacitor systems. However, some additional

features need to be discussed. The CV curves in the LiPF¢-based
electrolyte display an abrupt peak at low scan rates at 0.50/0.15
V vs. Li/LiT. This peak can be assigned to the interaction of
Lit with the Al collector (Hudak and Huber, 2011). This is
a specific property of Al in the LiPF¢-based electrolyte, which
is not observed in sodium electrolytes (Figure 1). In LiBF4
electrolyte and below 0.5 V, there is a strong deviation of the
CV curve profiles from the rectangular shape, thus indicating the
contribution of parasitic redox interaction of Li™ with YP-50F
and/or interaction of Lit with the Al collector. At high scan rates,
the effect of redox peaks on the CV curve profiles is negligible,
and all CV curves bring the features of the capacitive behavior.
In order to minimize the effect of the Al collector, insets in the
same figure show CV curves when the low voltage limit is above
1.0 V. In this case, the capacitive behavior is better pronounced
in the CV curve profiles, which look similar to a rectangle. The
comparison of CV curve profiles of YP-50F reveals that the
optimal voltage limits depend on the electrolyte composition:
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FIGURE 1 | Cyclic voltammetry curves of symmetric supercapacitor cells in organic electrolytes at different scan rates and voltage limits: (A) LiBF4 (0.1-3.0 V),
(B) LiBF4 (1.3-3.0 V), (C) LiPFs (0.1-3.0 V), (D) LiPFs (1.3-3.0 V), (E) NaPFg (0.1-3.0 V), and (F) NaPFg (1.0-3.6 V).
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FIGURE 2 | Specific capacitance (Csp, CV) vs. scan rate in different organic
electrolytes and potential windows, with scan rates 1, 10, 25, 50, and 100
mvs—1.

for LiPFg-based electrolyte, the range is of 1.2-3.4 V vs. Li/Li™;
1.3-3.0 V vs. Li/LiT for LiBFy; and 1.0-3.6 V vs. Na/Na™ in
NaPFg-based electrolytes.

From the CV curves, the specific capacitance (Csp,cv) of YP-
50F is calculated using Equation (1):

Q

Csp,CV = ————
P AV - D

(1)

where Q is the area under the CV curve, dv/dt is the scan rate,
AV is potential window, and m is the mass of active material.
The calculated capacitance values as a function of the scan rate
are given in Figure 2.

The YP-50F exhibits higher capacitance in the LiBF4-based
electrolyte in comparison with that in LiPFs. The capacitance
of YP-50F in the sodium electrolyte approaches to that in the
LiBF4-based electrolyte. It is worth mentioning that in the
sodium electrolyte, the voltage range is broader than that in the
lithium electrolyte, which contributes to the energy density of
the supercapacitor.

The galvanostatic charge-discharge tests are carried
out in order to differentiate, further, the performance of
YP-50F in lithium and sodium electrolytes. The specific
capacitances are calculated according to the following equation
(Wang et al., 2017):

C = (IxAt)/(mxAV) 2)

where I, At, m, and A V indicate discharge current, discharge
time, mass of active material, and voltage window.

The calculated capacitance of YP-50F and its dependence
on the current load are shown in Figure 3. There are several
points that need to be outlined. First, the specific capacitance
decreases with the increase of the current density, probably
because of the remarkable gain of the diffusion limitation inside

pore channels (Wang et al., 2015). The rate dependence seems
similar for both lithium and sodium electrolytes when a broad
voltage window is used (between 0.1 and 3.0 V). In the narrow
voltage window (i.e., between 0.6 and 2.4 V for lithium electrolyte
and between 0.1 and 2.6 V for sodium electrolyte), the rate
capability of YP-50F is improved significantly. The obtained
capacitance values for YP-50F in lithium and sodium organic
electrolytes are lower than those in aqueous electrolytes (i.e., 6 M
LiOH and 6 M NaOH) (Karamanova et al., 2020): at a current
load of 60 mA/g the capacitance is about 80 F/g in LiBF4 and
NaPFg vs. 113 F/g and 108 F/g in LiOH and NaOH, respectively.
It should be taken into account that these capacitance values
are reached in different voltage window: 1.8 V for LiPFs and
LiBFy4, 2.5 V for NaPFg and 1.2 V for aqueous electrolytes.
This has an effect on the energy density, which is discussed
below:

Among the organic electrolytes, at low current density, YP-
50F cycled in LiBF, exhibits a higher capacitance than that of
YP-50F in LiPFe. At high current density, this trend is changing—
the capacitances of YP-50F in LiBF4 and LiPFs electrolytes are
nearly similar (Figure 3A). Replacement of lithium with the
sodium electrolyte does not change significantly the capacitance
of YP-50F at low current load. By increasing the current load,
the capacitance of YP-50F in NaPFs decreases more quickly than
that of YP-50F in the lithium electrolyte. This means that in
NaPFs electrolyte, YP-50F displays worse rate capability. The
observed phenomenon can be related with different ionic sizes
of Na*t than Li* and their compatibility with the pore size of YP-
50F. Based on first-principles molecular dynamics simulations,
it has been calculated that the sizes of the first solvation shell
of alkali ions in the EC solvent increase from LiT to NaT,
that is, 1.95-2.34 A (Cresce et al., 2017). The pore sizes of YP-
50F are higher than 1 nm (Karamanova et al., 2019, 2020),
which means that they are accessible by solvated Lit and Na™
ions. On the other hand, the bigger size of solvated Na™ ions
can be related with a worse rate capability of YP-50F in the
NaPFg electrolyte.

The cycling stability is also different when YP-50F is cycled
in lithium and sodium electrolytes (Figure 3). After 1,000 cycles,
YP-50F is characterized by highest cycling stability when the
LiBF4 electrolyte is used (i.e., about 89%). The worse cycling
stability is observed for YP-50F cycled in LiPFg-based electrolyte
(i.e., about 83%). In the NaPFg electrolyte, the cycling stability
of YP-50F varies around 84%, and it is lower than that in
the LiBF, electrolyte. It is noticeable that, in the aqueous
electrolytes, the cycling stability of YP-50F is also worse in
the sodium electrolyte than in the lithium electrolyte (i.e., 91-
92% in NaOH vs. 94% in LiOH) (Karamanova et al., 2020).
In addition, the Columbic efficiency in both aqueous and
non-aqueous electrolytes is around 99-100%. This implies that
the ionic conductivity of the electrolyte and ionic sizes of
Lit and Na® are not the only factors contributing to the
supercapacitor performance.

The next factor is the wettability of the electrode by the
electrolyte. Therefore, the wettability of YP-50F by organic and
aqueous electrolytes (determined by the contact angle) is listed in
Table 1. In general, the organic electrolytes wet YP-50F better in
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comparison with aqueous electrolytes. Whether it is an aqueous
or an organic electrolyte, the wettability of YP-50F is better in the
lithium electrolyte, especially in LiBF4. This can be related with
an improved performance of YP-50F in the LiBF, electrolyte.

To get insight into the effect of the electrolyte on the
supercapacitor performance, ex-situ SEM and XPS measurements
are undertaken. For the purpose of this study, the electrodes are
analyzed after CV measurements.

The SEM images of the pristine and cycled electrodes
are compared in Figure 4. The comparison shows that
the pristine electrode morphology, consisting of relatively
homogeneous and dense bound particles, is maintained to a
high extent when YP-50F is cycled in the LiBFy electrolyte.

The morphology of the electrode undergoes a significant change
in the LiPF¢ electrolyte: there are micrometric cracks, and
the electrode roughness seems to have increased after cell
cycling. This indicates that LiPFs salt is more aggressive
toward YP-50F than LiBF4. In NaPF¢ electrolyte, the changes
in morphology are intermediate between that for LiBF4 and
LiPF¢ electrolytes: the cracks appear, but they are less obvious
in comparison with LiPFs. This is experimental evidence for
low chemical activity of the NaPFq electrolyte toward YP-
50F in symmetric supercapacitors than that of the LiPFg
electrolyte. The chemical inertness of LiBF; toward YP-50F
as well as an excellent wettability of YP-50F, has a major
impact on the improved supercapacitor performance. The better

TABLE 1 | Contact angles of the carbon electrodes in aqueous and non-aqueous lithium and sodium electrolytes.

Electrolyte 1M LiBF4 in EC/DMC

1M LiPFg in EC/DMC

1M NaPFg in PC 6M LiOH 6M NaOH

Contact angle, ° 0° (absorbs immediately) 18.4°

38.8° 60.8° 83.7°
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FIGURE 4 | Scanning electron microscopy images of the pristine AC electrode (A), AC electrode after CV test in the LiBF,4 electrolyte (B), LiPFg electrolyte (C), and
NaPFg electrolyte (D).

5315 5330 O1s F1s

\
:

Intensity, a.u.

Intensity, a.u.
Intensity, a.u.

o~
[T L
O 1
2 A d S
| - 1 L _ L L 1 T T S T B . L L L 1 1 | -
295 290 285 280 538 536 534 532 530 528 52 692 690 688 686 684 682
Binding Energy, eV Binding Energy, eV

Binding Energy, eV

FIGURE 5 | C1s, Ofs, and F1s spectra for pristine YP-50F (a) and YP-50F worked in LiPFg (b), LiBF4 (c), and NaPFg (d) and electrolytes.

compatibility of LiBF, with activated carbon could be compared  salt (Metzger et al., 2020). Using on-line electrochemical mass
with recent findings of Metzger et al. (2020) on the high- spectrometry, it has been demonstrated that the LiBF, salt has
voltage stability of conductive carbon with various lithium better stability toward conductive carbon (even at 50°C) than
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the LiPF¢ salt (Metzger et al., 2020). This finding concerning
conductive carbon is in agreement with our observation in regard
to activated carbon.

Other parameters that could contribute to the capacitance
of YP-50F are the functional groups. Recently, it has been
demonstrated that YP-50F exhibits predominately basic
functional groups (Karamanova et al., 2019, 2020). In addition,
acidic groups such as phenolic, carboxylic, and lactone groups
occur in low amounts (Karamanova et al., 2019). During cycling
in alkaline electrolyte, the surface of YP-50F becomes rich in
carboxylic groups (Karamanova et al., 2019, 2020). In general,
the carboxyl and hydroxyl groups are deprotonated in alkaline
media, while the carbonyl groups participate in redox reactions
and give rise to the pseudocapacitance of carbonaceous materials
(Frackowiak and Beguin, 2001; Fang et al., 2012). It is worth
mentioning that there are many works on the chemical reactivity
of functional groups in aqueous electrolyte, but in organic
electrolytes, the works are scarce. In this study, we examine the
behavior of functional groups of YP-50F in organic lithium and
sodium electrolytes by means of XPS spectroscopy (Figure 5).
The Cls spectrum of pristine YP-50F consists of an intensive
peak at 284.8 eV, which comes from sp?-hybridized graphitic
carbon. In addition, low intensive peaks at 285.5, 287.0, and
288.8 eV can be deconvoluted. These peaks are associated with
C atoms that are bonded to oxygens in hydroxyl/epoxide groups
(C-0), carbonyl groups (C=0), and carboxyl groups (COOH).
These assignments are also supported by Ols spectrum of
pristine YP-50F. However, it should be taken into account that
the assignments of Ols peaks to O species in the literature are
not the straightforward procedure as in the case of C 1 spectra
(Clark and Dilks, 1979; Kundu et al., 2008). Irrespective of this
uncertainty, the Ols spectrum displays two overlapped peaks at
531.5 and 533.0 eV that can be assigned to double-bonded O
atoms in esters, carbonates, and acids, as well as to single-bonded
O atoms in ketones, ethers, and alcohols.

The cycling of YP-50F in LiPFs and LiBF, electrolytes leads
to enrichments of the electrode surface with hydroxyl/epoxide
groups (C-O) and carbonyl groups (C=0O). This behavior of
functional groups is opposite to that observed in aqueous
lithium electrolyte (i.e., 6M LiOH), where the relative amount
of carboxylic groups increases significantly. In comparison with
lithium electrolytes, the NaPFq electrolyte does not provoke
any significant interactions with functional groups, which are
demonstrated by the Cls and Ols spectra. The new feature here
is demonstrated by the F1s spectrum. There is a peak at 683.6 eV,
which is due to F atoms in NaF. The fluorides are also observed on
the surface of YP-50F cycled in LiPFe. In contrast, the surface of
YP-50F is free from fluorides in the LiBF4 electrolyte. This result
can be related with higher stability of LiBF4 in comparison with
LiPF¢ and NaPFg.

The element amounts in pristine and worked electrodes are
determined by XPS and SEM/EDS. The combined use of these
two methods allows extraction of quantitate information on the
chemical elements at different deep from samples: XPS provides
chemical information about the few top surface layers only (i.e.,
up to 5 nm), while the SEM goes deeper (i.e., more than 1,000
deeper than the XPS) (Table 2).

The XPS and SEM-EDS data show that the oxygen amount is
nearly homogeneously distributed over the depth of pristine YP-
50F. After electrochemical reaction, the surface becomes richer
on oxygen and fluorine atoms. It is of importance that the
electrode surface is the poorest of O, F, and Li atoms when YP-
50F worked in the LiBF, electrolyte. At this electrolyte, YP-50F
possesses a higher capacitance performance.

The advantage of using organic electrolytes is demonstrated
by the relationship between energy density and power density
of the supercapacitors (SCs) (Ragone plots, Figure 6). At power
density of 100 Wkg™!, the SC working in LiBF4 shows energy
density of 91.1 Whkg™!, which is higher in comparison with
that for LiPFs and NaPFs electrolytes. It is of importance that
the energy density of supercapacitors with organic electrolytes
is comparable and, in some cases, higher than those previously
reported (Mak et al., 2012; Zhong et al., 2015; Pazhamalai et al,,
2019). The energy density in the organic electrolyte is three—four
times higher than that in LiOH and NaOH electrolytes (i.e., at
power density 100 Wkg~! its energy density is around 21-22
Whkg~!). Among organic electrolytes, YP-50F worked in the
NaPF¢ electrolyte shows a very good relation between energy
and power density, which will be of significance to construct a
sustainable supercapacitor.

TABLE 2 | Element content (at. %) for YP-50F determined from XPS and
SEM/EDS analysis for pristine and worked electrodes in different electrolytes after
CV-tests.

Samples C, at.% 0, at.% F, at.% P, at.% Me, at.%
Pristine (XPS) 81.10 5.50 13.40 -
Pristine (SEM) 86.00 7.60 6.40 -
LiPFg (XPS) 9.70 16.90 45.30 2.60 25.50 (L)
LiPFs (SEM) 29.70 12.25 57.00 1.05
NaPFg (XPS) 22.40 14.30 56.60 2.50 4.20 (Na)
NaPFg (SEM) 60.40 11.60 25.50 0.40 2.10 Na)
LiBF4 (XPS) 63.20 12.90 20.70 - 3.20 (L))
LiBF,4 (SEM) 70.81 17.00 12.19 -
100
—=—LiBF, (0.1-3.0 V)
— —e—LiBF, (0.6-2.4 V)
= 804 *
> —A—LiPF, (0.1-3.0 V)
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FIGURE 6 | Ragone plot of symmetric supercapacitors with YP-50F worked
in organic and aqueous electrolytes.
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CONCLUSION

The present study shows the capacitance performance of the
commercial carbon product (YP-50F, “Kuraray Europe” GmbH),
obtained from coconuts, in symmetric supercapacitors by using
lithium and sodium organic electrolytes. It is found that YP-
50F delivers higher energy density when a lithium electrolyte
containing LiBFy salt is employed. This electrolyte is chemically
inert toward YP-50F. The most aggressive electrolyte toward YP-
50F is LiPFg-based electrolyte, which determines the lower energy
and power densities. The interaction of LiBF4- and LiPF¢-based
electrolytes with functional groups results in the enrichment of
the electrode surface with hydroxyl/epoxide and carbonyl groups.
For the sake of comparison, in basic alkaline electrolyte, the
carboxylic groups dominate the electrode surface (Karamanova
et al,, 2019, 2020). The sodium electrolyte with NaPFg salt is less
aggressive toward YP-50F than that of LiPF¢ salt, as a result of
which a good capacitance performance is observed in the sodium
electrolyte. The results obtained are a good prerequisite for future
research and for a more complete elucidation of the processes
occurring in various organic electrolytes.
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