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Abstract Biosourced carboxymethyl cellulose polymer
electrolytes have been studied for potential application in
electrochemical devices. The carboxymethyl cellulose was
obtained by reacting cellulose derived from kenaf fibre with
monochloroacetic acid. Films of the biosourced polymer
electrolytes were prepared by solution-casting technique
using ammonium acetate salt and (1-butyl)trimethyl ammo-
nium bis(trifluoromethylsulfonyl)imide ionic liquid as
charge carrier contributor and plasticizer, respectively. The
shift of peak of carboxyl stretching in the Fourier transform
infrared spectra confirmed the interactions between the host
biosourced polymer with the ionic liquid. Scanning electron
microscopy indicated that the incorporation of ionic liquid
changed the morphology of the electrolyte films. The room
temperature conductivity determined using impedance spec-
troscopic technique for the film without ionic liquid was
6.31 x 10* S cm ' while the highest conductivity of
2.18 x 102 S cm ' was achieved by the film integrated
with 20 wt% (1-butyl)trimethylammonium
bis(trifluoromethanesulfonyl) imide. This proved that the
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incorporation of ionic liquid into the salted system im-
proved the conductivity. The improvement in conductivity
was due to an increase in ion mobility. The results of linear
sweep voltammetry showed that the electrolyte was electro-
chemically stable up to 3.07 V.

Keywords Carboxymethyl cellulose - Kenaf fibre -
Biosourced polymer electrolytes - Ionic conductivity - Linear
sweep voltammetry

Introduction

In these recent years, numerous investigations on
biosourced polymers such as chitin, cellulose, carrageen-
an and chitosan as alternatives to synthetic polymers
have attracted the attention of academicians and re-
searchers all over the world. Biosourced polymers pos-
sess advantageous properties such as eco-friendly, non-
toxic, cost-effective, abundant and have high potential
to replace some petroleum-based polymers [1-4]. New
types of polymer electrolytes (PEs) based on these
green polymers have shown potential for application in
solid-state electrochemical devices such as solid-state
batteries [5—10], dye-sensitized solar cells [11, 12], ca-
pacitors [13] and sensors [14]. Among these biosourced
polymers, carboxymethyl cellulose (CMC) is a cellulose
derivative which exhibits biodegradable and non-
hazardous properties. Pure CMC shows low ionic con-
ductivity, but with addition of proper salt and plasticiz-
er, its ionic conductivity can be enhanced.

Generally, addition of plasticizers to polymer electro-
lytes is an effective technique to improve their conduc-
tivity. The essence of plasticization is to boost the con-
ductivity of polymer electrolytes using low molecular
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weight and high dielectric constant additives [15, 16]. In
crystalline polymer electrolytes, the plasticization is also
the alternative way to reduce crystallinity and improve
the amorphous phase content of the polymer electrolytes
because of the high polarity and low vapour pressure of
the plasticizers [17, 18]. Furthermore, according to
French et al. [19] and Koksbang et al. [20], the plasti-
cizers help in dissolving and dissociating doping salts
and thereby increase the number of ions. On the other
hand, plasticizers such as N,N-dimethylformamide and
N,N-dimethylacetamide are considered neither eco-
friendly nor safe for application in electrochemical de-
vices [21, 22].

As alternatives and because of their eco-friendly na-
ture [23, 24], many ionic liquids (ILs) have been used.
In fact, ILs have received keen interest for application
in electrochemical devices due to their unique proper-
ties, such as negligible vapour pressure, good thermal
stability and non-flammability, together with high ionic
conductivity and a wide window of electrochemical sta-
bility [25]. ILs also meet the requirements of plasticiz-
ing salts and are able to improve thermal and mechan-
ical properties of polymers. Polymer electrolytes con-
taining ILs have been reported to possess good ionic
conductivities [26-28]. Khanmirzaei et al. [29] reported
that the incorporation of 1-methyl-3-propylimidazolium
iodide into rice starch-sodium iodide-based electrolytes
enhanced the room temperature conductivity from
~10* S em™ to 1.20 x 107 S cm™". So, due to high
ionic conductivity, the incorporation of ILs into polymer
electrolytes distinctively improves their electrochemical
stability [30].

In an earlier work [3], we investigated the role of the
composition of ammonium acetate, CH;COONH,4 to the
properties of CMC based electrolytes. The highest conduc-
tivity of ~107* S cm™ ' was shown by CMC-20 wt%
CH3;COONHy4. To enhance its ionic conductivity,
ionic liquid, (l-butyl)trimethylammonium
bis(trifluoromethylsulfonyl)imide (BMATFSI), was incor-
porated to the system. We have tried to incorporate CMC
with other types of ionic liquids; however, the ionic liquids
did not contribute or help to enhance the properties of the
electrolytes. BMATFSI comprised of (1-
butyl)trimethylammonium cation (BMA™) and
bis(trifluoromethylsulfonyl)imide anion (TFSI ). The con-
ductivities of the molten salts based on ammonium ion are
in the region of 10 to 10> S cm™ ' at ambient temperature
and electrochemical stability is up to 4.5 V at room tem-
perature [31, 32]. The addition of BMATFSI into the poly-
mer is expected to increase the value of conductivity due to
their ability to disrupt the crystalline phase in the polymer
to be more amorphous [33]. The presence of the BMATFSI
would also act as a lubricant in the polymer electrolytes.
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Therefore, based on its compatibility with our materials,
BMATEFSI is proposed to serve as plasticizer in the
biosourced polymer network of CMC.

A few polymer electrolytes based on biosourced
polymers and ionic liquids are reported in the literature.
To the best of our knowledge, there has been no work
on biosourced polymer electrolyte (BPE) based on CMC
derived from kenaf fibre plasticized with ionic liquid
ever reported in the literature, except our published
work [3, 34]. Although CMC is hydrophilic, and ionic
liquid is hydrophobic, they can interact and form trans-
parent biopolymer electrolyte films. This is an indica-
tion of good repartition of BMATFSI in CMC-based
polymer and portends good physical properties.
However, only conductivity and dielectric studies were
discussed in that paper. Thus, in this paper, we report
the interactions of components as well as thermal, mor-
phological, electrical and electrochemical properties of
the BMATFSI-incorporated CMC-CH3;COONH, systems
investigated using Fourier transform infrared (FTIR)
spectroscopy, thermogravimetric analysis (TGA), dynam-
ic mechanical analysis (DMA), scanning electron mi-
croscopy (SEM), electrochemical impedance spectrosco-
py, transference number measurement and linear sweep
voltammetry (LSV), respectively.

Experimental
Materials

Kenaf fibre was commercially obtained from KFI Sdn. Bhd.,
Malaysia while ammonium acetate and (1-
butyl)trimethylammonium bis(trifluoromethylsulfonyl)imide
were purchased from Sigma-Aldrich, Germany. All materials
were used without further purification.

Preparation of biosourced polymer electrolytes

CMC used in the present work was derived from kenaf
fibre as reported in our previous paper [3]. The value of
degree of substitution (DS) for the obtained CMC is
1.49. The DS of the synthesized CMC is higher than
that of commercial CMCs. This means that the CMC
has a higher number of oxygens, thus providing more
active sites for coordination with the cations of the dop-
ing salt, resulting in a higher conductivity value [3]. All
of the BPE films were prepared by solution-casting
technique. CMC was doped with 20 wt% of
CH;COONH,, which was used as doping salt and var-
ied amount of ionic liquid, BMATFSI (10-40 wt%).
Pure CMC (without ammonium salt) film was also pre-
pared as a reference sample. For the BPE films
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preparation, weighted amounts of CMC, doping salt and
BMATEFSI were dissolved in 40 mL of aqueous acetic
acid (1 %) solution at room temperature. Complete dis-
solution was achieved after several hours of stirring
using magnetic stirrer. The final clear solution was then
poured into Petri dishes and left to dry at room temper-
ature to form highly translucent and flexible thin films.
The films were kept in a desiccator for further drying.
Figure 1 shows one of the prepared CMC-
CH3COONH,4-20 wt% BMATFSI BPE films.

Sample characterization
FTIR spectroscopy

The FTIR measurement was performed by using a
Perkin Elmer Frontier FTIR spectrometer equipped with
an attenuated total reflection accessory. The sample was
placed on top of a diamond surface with a pressure arm
applying force onto the sample and infrared light was
passed through the sample. FTIR spectra were recorded
in the spectral range from 4000 to 500 cm ' at a reso-
lution of 2 cm™'. The FTIR data were recorded in the
transmittance mode. The FTIR spectroscopy was carried
out to study interactions between CMC, CH3;COONH,4
and BMATFSI.

Thermogravimetric analysis

TGA was carried out from ambient temperature up to
600 °C at a heating rate of 10 °C min ' by using a
Setaram EVO Labsys thermal analyser in argon atmo-
sphere. TGA was performed in order to investigate ther-
mal properties and transition behaviour of the studied
BPE system. The first run was done up to 100 °C to

Fig. 1 Transparent CMC-CH;COONH,-BMATFSI film

remove absorbed water and the second and third runs
were performed up to 600 °C.

Dynamic mechanical analysis

Glass transition temperatures of CMC films were deter-
mined by using Perkin Elmer DMA 8000 instrument.
The analysis was done in tension mode. The samples
used were of 2 c¢cm length and 1 cm width. The thick-
ness of the samples was around 0.01 cm to 0.05 cm.
The temperature range was from —100 °C to 100 °C
and the heating rate was 1 °C min ' while the frequen-
cy was fixed at 1 Hz. Glass transition temperatures of
BPE samples were determined from the peak of the tan
0-T curves.

Electrochemical impedance spectroscopy

The electrical study was performed on a Solartron 1260
impedance/gain phase analyser with frequency ranging
from 10 to 4 MHz. Each BPE sample was sandwiched
between two stainless steel electrodes of diameter 2.0
cm (area = 3.142 cm?). The impedance of the samples
was measured at temperatures in the range from 0 to
75 °C. The dc conductivity, o (S cm ') was calculated
using the equation,

o=— (1)

where, ¢ (cm) is the thickness of polymer electrolytes
measured using Mitutoyo digital micrometre, R, is the
bulk resistance obtained from the intercept of high fre-
quency semicircle or the low frequency spike on the Z-
axis of Nyquist plots, and A (cm?) is the area of
electolyte-electrode contact.

Scanning electron microscopy

The cross-sectional morphology of each of the BPE film was
observed using Zeiss EVO MA10 scanning electron micro-
scope at 1000x magnification with 10 kV electron beam. BPE
samples were sputter-coated with gold using coating machine
for 90 s before the analysis to prevent charging.

Transference number measurement

Ionic transference number measurement was carried out using
a direct current polarization technique by monitoring the po-
larization current as a function of time. The BPE films were
sandwiched between two stainless steel blocking electrodes
connected to a 1.5-V voltage source.
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Linear sweep voltammetry

The electrochemical stability window of the electrolytes, the
selected BPE was measured using the technique of LSV
which was performed on a Wonatech ZIVE MP2 multichan-
nel electrochemical workstation. The LSV was carried out
using stainless steel electrodes at a scanning rate of 1 mVs '
from 0 to 4 V.

Results and discussion
Fourier transform infrared spectroscopic analysis

For investigating interactions between the host polymer,
ionic salt and ionic liquid, FTIR spectroscopy was per-
formed on the CMC-CH;COONH,4-BMATFSI BPE
films. Figure 2 shows FTIR spectra of pure CMC,
CMC-20 wt% CH3;COONH,; and CMC-CH3;COONH,
containing 20 wt% BMATFSI in the 2000-800 cm '
spectral range. The band at 1593 cm ' is assigned to
the stretching mode of COO™ in the carboxylic group
which is the main backbone in CMC [16]. Upon addi-
tion of CH;COONH, to the CMC-salt system, this band
shifted from 1593 cm ' to 1586 cm '. This suggests
that the cation (H) of the ammonium group [NH4']
in CH;COONH;, interacted with the (C = O) of CMC.
The weak band at 1040 cm ™' is ascribed to the charac-
teristic of C—O stretching of polysaccharide skeleton
[35, 36] and the small shifting of the band at
1058 cm™' to lower wave numbers portends the contri-
bution of CMC to the complexation of this ammonium
groups. The bands observed at 1420 c¢cm ' and
1328 cm ! are due to the symmetric vibration of —
COO™ and —C-O stretching, increased significantly after

Transmittance (a.u.)

1328

15937

2000 1800 1600 1400 1200 1000 800
Wavenumbers (cm™)

Fig. 2 IR of (a) pure synthesize CMC; (b) CMC-CH3COONH, and (c)
CMC-CH3COONH4-20 wt% BMATFSI
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introducing the carboxymethyl substituents onto cellu-
lose chain. However, the band at 1420 cm ™' might have
overlapped with the bending vibration of O—H in CMC
and the deformation band of NH in CH3COONH, as
reported by Kamarudin et al. [37].

The introduction of 20 wt% BMATFSI into the BPE
system causes the shifting of the asymmetric stretching
of COO™ in the CMC-CH;COONH, at 1586 ¢cm ' to a
higher wavenumber (1592 c¢cm '). Shamsudin et al. re-
ported a similar effect in their work where the asym-
metric stretching peak of COO ™ in the carboxymethyl
carrageenan was shifted to a higher wave number upon
the inclusion of ionic liquid [38]. This shift in the wave
numbers reveals that the BMATFSI has successfully
complexed into the BPEs. The incorporation of
BMATFSI theoretically weakens the dipole-dipole inter-
actions in the polymer chains thus reducing the solva-
tion of H* by polymer matrix and induces an increase
of segmental motion of the BPEs.

Thermogravimetric analysis

TGA curves of the CMC-CH;COONH,4-BMATFSI BPEs
are presented in Fig. 3. Two distinct stages are ob-
served. The first weight loss is about 24.11 to 26.77%
in the temperature range between 30 and 135 °C for all
BPE samples. The initial weight loss is credited to the
presence of entrapped moisture in the samples [39]. A
similar observation was reported by Lam et al. [40].
This also can be explained by the behaviour of
biosourced polymer which tends to absorb moisture
from its surroundings during loading or evaporation of
solvents in the BPE samples [41].

In the present study, the CMC-CH3;COONH, complex
integrated with BMATFSI shows an improvement in
heat resistivity and thermal stability. This proves that
the ionic liquid plays an important role in improving
its thermal properties [42]. Apparently, with the incor-
poration of BMATEFSI, the decomposition temperature,
T4 increases while the total weight loss of BPEs film
decreases. It can be observed from Fig. 3 that the BPEs
sample integrated with 20 wt% of BMATFSI achieved
the highest 74 of 363.38 °C with total weight loss of
62.43 % (second weight loss). This weight loss is due
to the loss of COO from the polysaccharide backbone
[43]. At this stable range, the weight of polymer com-
plexes is drastically reduced as the main contributor for
this weight loss is attributed to COO . Besides that, the
presence of the amorphous phase in the BPE system
results in an increase in heat sensitivity. Since it is
thermally stable, less monomer was detached from the
complex structure of BPE and reduced the total weight
loss [44]. Among the plasticized BPEs, CMC-
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Fig. 3 TGA curves of CMC- 120 PR
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CH;COONH, integrated with 20 wt% BMATFSI por-
trays the lowest total weight loss indicating that the film
is the most thermally stable electrolyte.

Dynamic mechanical analysis

Figure 4 depicts variation of the loss factor (tan §) with tem-
perature for the CMC BPE-based films. The curve for the pure
CMC sample shows a peak at —18 °C, which corresponds to
the glass transition, 7. The introduction of ammonium acetate
does not change the position of the tan 6 peak but broadening
toward lower temperature could be detected. This peak could
be attributed to the plasticizing effect of ammonium acetate
molecules owning the interactions that they developed car-
boxylated groups of CMC, as confirmed by FTIR analyses.
The tan & peak is clearly shifted toward very low temperature
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Fig. 4 DMA spectra of films of (a) pure CMC, (b) CMC-CH3;COONH,4
and (¢) CMC-CH;COONH,4-20 wt% BMATFSI

Temperature /°C

(=69 °C) after the introduction of BMATFSI. This reduction
of T, indicates high plasticizing effect of the ionic liquid mol-
ecules that increases the CMC chain mobility. The plasticizing
effect is expected to give favourable effect on ionic mobility of
the resulting polymer electrolytes [45].

Electrochemical impedance spectroscopic analysis

Presented in Fig. 5 is the variation of conductivity with ionic
liquid content for the CMC-CH3COONH, biosourced poly-
mer electrolytes. The conductivity increases up to a maximum
value at 20 wt% of BMATFSI and dramatically decreases at
higher BMATFSI concentration. The conductivity of CMC is
7.51 x 107 S cm™' while CMC-20 wt% CH;COONH, has a
conductivity value of 6.31 x 10 S cm'. Addition of 10 wt%
of BMATFSI increases the conductivity to
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1.50E-03 A

1.00E-03

Conductivity (S em™)

5.00E-04 4

0.00E+00

0 10 20 30 40
Concentration of BMATFSI (wt%)

Fig. 5 Ionic conductivity of CMC-CH;COONH4-BMATFSI at ambient
temperature
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7.96 x 10°* S cm™'. The conductivity increases further
reaching a maximum value of 2.18 x 107> S ecm™' with
20 wt% loading of BMATFSI. This phenomenon is the result
of BMATFSI plasticizing effect. The plasticizing effect
weakens the dipole-dipole interactions in the polymer chains
thus reduces the solvation of H* by polymer matrix. This
promotes ionic decoupling and enhances the dynamic free
volume of the polymer system and thereby enhances the ionic
conductivity [34, 46]. According to Norwati et al. [28], IL
which also acts as a plasticizer does not only weakens the
polymer-polymer chain interactions but also decreases the
dipole-ion interactions in the dopant salt.

In addition, the plasticizing effect lowers the T; therefore,
it softens the polymer backbone and increases the segmental
mobility. This observation is consistent with the 7-IL content
behaviour discussed earlier. Another explanation for the in-
creasing trend of conductivity with increase in BMATFSI
concentration is the increase of ion mobility. This is evidenced
from the dielectric studies which was reported in our earlier
paper [34]. Upon addition of more than 20 wt% of BMATFSI,
the ionic conductivity is drastically decreased. This drastic
decrease phenomenon may be possibly due to formation of
non-conducting ion pairs [46, 47]. The conductivity decrease
is also caused by the creation of ion aggregates or ion multi-
ples which reduces the number of mobile ions and impedes
ion mobility in the BPEs [46, 48].

Temperature dependence of ionic conductivity study was
performed to investigate the influence of thermal treatment on
the biosourced CMC polymer electrolytes. Temperature de-
pendence of conductivity for the biosourced polymer electro-
lyte added with different compositions of BMATFSI was stud-
ied in the temperature range of 303—-348 K. This measurement
can be used to analyse the mechanism of ionic conduction of

Fig. 6 Arrhenius plots of CMC-

the BPEs [16]. Figure 6 illustrates the dependence of ionic
conductivity on temperature for the BPE films.

The linear variation of log o with 1000/T suggests
Arrhenius behaviour or thermally assisted behaviour of ionic
conductivity as expressed by

o=o0y exp (—Ea/kT) (2)

where, oy is the pre-exponential factor, E, is the activation
energy, k, is the Boltzmann constant and 7 is the absolute
temperature. The regression values, R* obtained from linear
fit of Arrhenius plots are close to unity (R?~1). The conduc-
tivity does not show any abrupt change with temperature in-
dicating that there was no phase transition in the polymer
electrolytes within the selected temperature range.
According to Nik Aziz et al. [49], this relation shows that
the conductivity is thermally assisted which means that the
variation of temperature used affected the conductivity of the
samples. It can be assumed that the nature of ion transport, in
this case H*, is quite similar to that occurring in ionic crystals,
which is the ions jumping into the neighbouring vacant sites.
As temperature increases, the rate of jumping increases
resulting in an increase of conductivity [50, 51].

E, values were calculated using Equation (2) and the results
are depicted in Fig. 7. Comparing Fig. 5 and Fig. 7, it can be
seen that £, for conduction decreases gradually with increase
in conductivity, implying that the ions in highly conducting
samples require lower energy for migration. Samples with
lower E,, provide smaller band gap which allows the
conducting ions to excite more easily to free ion-like state,
hence increases the conductivity of the samples [52]. The E,
of the CMC-CH3COONH, added with 20 wt% BMATFSI is
0.067 eV. This E, is considered low, thus it can be concluded
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Fig. 7 Activation energy vs. BMATFSI concentration

that proton (H") would break and re-bind the coordination
bond easily with lower energy barrier.

Morphology study

Cross-sectional SEM micrographs of pure CMC, CMC-
CH;COONH,, CMC-CH;COONH,4—20 wt% BMATFSI bio-
polymer electrolyte films at x 1000 magnification are depicted
in Fig. 8. Pure CMC shows the presence of large cracks. When
CH5;COONH, is complexed with CMC, the cracks start to
reduce, Fig. 8(b). With the addition of BMATFSI, the cracks
are further decreased indicating that the sample become
smoother (Fig. 8 (c)). This might be due to the plasticizing
effect of the BMATFSI.

Fig. 8 SEM cross-section of (a)
pure CMC (b) CMC-
CH3COONHy and (¢) CMC-
CH;COONH 420 wt%
BMATFSI

Ionic transference number measurements

Figure 9 presents the normalized polarization current-time
plot for CMC-CH3;COONH, containing 20 wt% BMATFSI
BPEs. The values of ionic transference numbers, £, and elec-
tron transference number, . were determined using the equa-
tions as follows:

Ir—1,
tion = 3
w=1T G)
I
te = — 4
=1 @)

where the /; is a total initial current at the time # = 0 (ionic and
electronic) and /; is the current on saturation (electronic cur-
rent only) which are determined from a normalized polariza-
tion current versus time plot.

The initial total current decreases with time due to the de-
pletion of the ionic species in the BPEs and became constant
in fully depleted situation. lonic migration occurs until steady
state is achieved. At the steady state, the cell is polarized and
any residual current flow is due to electron migration across
the electrolyte and interfaces. This phenomenon occurs if the
BPEs is primarily ionic [50, 52].

Table 1 depicts the experimental values of ¢; for the samples
of CMC containing 20 wt% CH3COONH, and 20 wt%
CH5COONH, with 20 wt% BMATEFSI BPEs. ¢ for CMC-
CH;3;COONHy is 0.99 which indicates an almost perfect ionic
conductor. This means that the charge transport in the CMC-
CH;COONH, system is predominantly due to ions and
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Fig. 9 Normalized polarization
current versus time for the BPEs
film of CMC-CH;COONH,-

0 wt% BMATFSI

Normalized Polarization Current, I(A)

Z

expected to be protons with only a negligible electronic con-
tribution [53].

The addition of BMATFSI into CMC-CH;COONH,
BPE leads to a decrease in #. This result is found to
be in agreement with that reported by Sharma et al.
[54], who studied plasticized (PEMA + PVC + NalOy)
system. The decrease of #; may be attributed to the
formation of ion pairs and neutral ion aggregate in
CMC-CH;COONH, upon addition of BMATFSI, which
dilutes the ionic concentration. The #; of the BPE be-
comes smaller as the ion pairs and neutral ion aggre-
gates do not give any contribution to ionic conduction.

Electrochemical stability determination

LSV measurement was performed in order to determine
the electrochemical stability window of the studied
CMC based BPE film. The electrochemical stability
study was done on the CMC-CH;COONH, system in-
corporated with 20 wt% of BMATEFSI since it is the
highest ionic conducting BPE. The voltammogram of
this BPE is shown in Fig. 10. The onset current of

Table 1  The ionic and electronic transport numbers for BPEs at room
temperature
BPE film Transport number

t t. Totat ¢
CMC-CH;COONH4 0.99 0.01 1.00

CMC-CH;COONH,4-20 wt% BMATFSI 0.93 0.07 1.00

@ Springer
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the BPE is detected at about 3.07 V. The onset current
is assumed to be the biopolymer electrolyte’s breakdown
voltage. This means that electrochemical stability win-
dow of the BPE is up to 3.07 V demonstrating that it is
electrochemically stable to be used for fabrication of
protonic batteries, since the electrochemical window of
protonic battery is about ~1 V [55, 56].

Conclusions

In this work, BPEs of kenaf fibre-based carboxymethyl cellu-
lose impregnated with CH;COONH, and BMATFSI were
prepared and characterized. BMATFSI influenced the ionic
conductivity of the BPEs and the best value of
2.18 x 107 S cm ' was exhibited by the system containing

Current, I(A)

y 1 . : i N
0 0.5 1 15 2 25 3307V
Volt (V)

Fig. 10 Linear sweep voltammogram for the biopolymer electrolyte film
of CMC-CH3;COONH4-20 wt% BMATFSI
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20 wt% of BMATFSI. TGA analysis showed that incorpora-
tion of the IL improved the thermal stability of the BPE films.
FTIR analysis confirmed the interaction between polymer
host with ammonium salt and ionic liquid. The results also
showed that by imparting ionic liquid into the biopolymer
system, it decreased the roughness of the CMC-
CH;COONHy, films’ surface which could help in enhancing
contact at the electrolyte-electrode interface. Ionic transfer-
ence number was found to be predominantly due to ions.
Linear sweep voltammetry results showed that the electro-
chemical stability up to ~3.07 V indicating suitability of the
BPEs for possible practical application in electrochemical
devices.
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