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Abstract

This study shows preparation and characterization of solid biopolymer electrolyte based on glycerolized methylcellulose
(MC): dextran-doped with ammonium thiocyanate (NH4SCN). The nature of electrolyte composition in terms of interaction is
characterized using Fourier transform infrared (FTIR) technique. Lowering and shifting in the intensity of the bands are
observed with increasing the quantity of glycerol as a plasticizer, confirming complexation between electrolyte components.
lon transport parameters are determined using both of the methods of EIS and FTIR where the parameters are found to be
increased with glycerol concentration. The transport number measurement indicates that ions are the primary charge carrier
in the conduction mechanism where tion is found to be 0.961. The maximum DC ionic conductivity value is achieved that
found to be 1.63 x 10-3 S cm—1. The ESR values are ranged from 300 to 580 Q throughout 450 cycles. The technique of
linear sweep voltammetry (LSV) shows the electrochemical stability window of 2 V for the conducting samples. The
response of cyclic voltammetry (CV) shows an almost rectangular shape without Faradaic peaks. A galvanostatic charge—
discharge investigation has shown the initial specific capacitance, energy density, and power density are 133 F g-1, 18.3
Wh Kg-1, and 680 W Kg—-1, respectively. © 2021

Author Keywords
CV and EDLC study; Dextran; FTIR and EIS study; Methylcellulose; Polymer blend electrolyte; Transport number
measurement and LSV

Index Keywords

Biomolecules, Biopolymers, Dextran, Fourier transform infrared spectroscopy, Glycerol, Nitrogen

compounds, Polyelectrolytes, Solid electrolytes; Cyclic voltammetry and EDLC study, EIS studies, Fourier transform
infrared, Fourier transform infrared studies, Linear sweep voltammetry, Methylcellulose, Polymer blend electrolyte, Structural
studies, Transport number measurement and linear sweep voltammetry, Transport number measurements; Cyclic
voltammetry

References
« Alexandre, S.A., Silva, G.G., Santamaria, R., Trigueiro, J.P.C., Lavall, R.L.
A highly adhesive PIL/IL gel polymer electrolyte for use in flexible solid state

1 0of9 10/1/2021, 9:02 AM



Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

supercapacitors
(2019) Electrochim. Acta, 299, pp. 789-799.

« Aziz, S.B.
Li+ ion conduction mechanism in poly (e-caprolactone)-based polymer electrolyte
(2013) Iran. Polym. J., 22 (12), pp. 877-883.

+ Aziz, S.B., Abidin, Z.H.Z., Arof, A.K.
Effect of silver nanoparticles on the DC conductivity in chitosan—silver triflate
polymer electrolyte
(2010) Phys. B, 405, pp. 4429-4433.

« Aziz, S.B., Hamsan, M.H., Kadir, M.F.Z., Karim, W.O., Abdullah, R.M.
Development of polymer blend electrolyte membranes based on chitosan: dextran
with high ion transport properties for EDLC application
(2019) Int. J. Mol. Sci., 20 (13), p. 3369.

« Nyuk, C.M., Isa, M.l.N.
Solid biopolymer electrolytes based on carboxymethyl cellulose for use in coin cell
proton batteries
(2018) J. Sustainab. Sci. Manage., 2017, pp. 42-48.

« Hamsan, M.H., B. Aziz, S., Nofal, M.M., Brza, M.A., Abdulwahid, R.T., Hadi, J.M., Karim,
W.0O., Kadir, M.F.Z.
Characteristics of EDLC device fabricated from plasticized chitosan:MgCl2 based
polymer electrolyte
(2020) J. Mater. Res. Technol., 9 (5), pp. 10635-10646.

« Chong, M.Y.
Development of biodegradable solid polymer electrolytes incorporating different
nanoparticles for electric double layer capacitor PhD thesis
(2017), University of Malaya

« Salleh, N.S., Aziz, S.B., Aspanut, Z., Kadir, M.F.Z.
Electrical impedance and conduction mechanism analysis of biopolymer
electrolytes based on methyl cellulose doped with ammonium iodide
(2016) lonics, 22 (11), pp. 2157-2167.

+« Mantravadi, R., Chinnam, P.R., Dikin, D.A., Wunder, S.L.
High conductivity, high strength solid electrolytes formed by in situ encapsulation
of ionic liquids in nanofibrillar methyl cellulose networks
(2016) ACS Appl. Mater. Interfaces, 21, pp. 13426-13436.

« Chai, M.N., Isa, M.I.N.
The oleic acid composition effect on the carboxymethyl cellulose based biopolymer
electrolyte
(2013) J. Cryst. Proc. Technol., 3, pp. 1-4.

+« Weng, R,, Chen, L., Lin, S., Zhang, H., Wu, H., Liu, K., Cao, S., Huang, L.
Preparation and characterization of antibacterial cellulose/chitosan nanofiltration
membranes
(2017) Polymers, 9 (12), p. 116.

2 0f 9 10/1/2021, 9:02 AM



Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

« Aziz, S.B., Hamsan, M.H., Abdullah, R.M., Kadir, M.F.Z.
A promising polymer blend electrolytes based on chitosan: methyl cellulose for
EDLC application with high specific capacitance and energy density
(2019) Molecules, 24 (13), p. 2503.

+ Liew, C.-W., Ramesh, S., Arof, A.K.
Good prospect of ionic liquid based-poly(vinyl alcohol) polymer electrolytes for
supercapacitors with excellent electrical, electrochemical and thermal properties
(2014) Int. J. Hydrog. Energy, 39 (6), pp. 2953-2963.

« Sarwat, F., Ahmed, N., Aman, A., Qader, S.A.U.
Optimization of growth conditions for the isolation of dextran producing
Leuconostoc spp. from indigenous food sources
(2013) Pak. J. Pharm. Sci., 26 (4), pp. 793-797.

« Barsbay, M., Guner, A.
Miscibility of dextran and poly(ethylene glycol) in solid state: Effect of the solvent
choice
(2007) Carbohydr. Polym., 69, pp. 214-223.

« Hadi, J.M., Aziz, S.B., Mustafa, M.S., Brza, M.A., Hamsan, M.H., Kadir, M.F.Z., Ghareeb,
H.O., Hussein, S.A.
Electrochemical impedance study of proton conducting polymer electrolytes based
on PVC doped with thiocyanate and plasticized with glycerol
(2020) Int. J. Electrochem. Sci, 15, pp. 4671-4683.

+ Chen, Z., Pei, J., Li, R.
Study of the preparation and dielectric property of PP/SMA/PVDF blend material
(2017) Appl. Sci., 7, p. 389.

« Kadir, M.F.Z., Salleh, N.S., Hamsan, M.H., Aspanut, Z., Majid, N.A., Shukur, M.F.
Biopolymeric electrolyte based on glycerolized methyl cellulose with NH4Br as
proton source and potential application in EDLC
(2018) Ionics, 24 (6), pp- 1651-1662.

« Yan, S., Zeng, S., Su, X,, Yin, H., Xiong, Y., Xu, W.
H3PO4-doped 1,2,4-triazole-polysiloxane proton conducting membrane prepared by
sol-gel method
(2011) Solid State lonics, 198 (1), pp. 1-5.

« Yusof, Y.M., Majid, N.A., Kasmani, R.M., lllias, H.A., Kadir, M.F.Z.
The effect of plasticization on conductivity and other properties of starch/chitosan
blend biopolymer electrolyte incorporated with ammonium iodide
(2014) Mol. Cryst. Lig. Cryst., 603 (1), pp. 73-88.

« Zaharaddeen, Iro, S., Subramani, C., Dash, S.S.
A brief review on electrode materials for supercapacitor
(2016) Int. J. Electrochem. Sci., 11, pp. 10628-10643.

« Zhang, D., Zhang, X., Chen, Y., Yu, P, Wang, C., Ma, Y.
Enhanced capacitance and rate capability of graphene/polypyrrole composite as
electrode material for supercapacitors
(2011) J. Power Sources, 196 (14), pp. 5990-5996.

30f9 10/1/2021, 9:02 AM



Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

+ Pell, W.G., Conway, B.E.
Peculiarities and requirements of asymmetric capacitor devices based on
combination of capacitor and battery-type electrodes
(2004) J. Power Sources, 136 (2), pp. 334-345.

« Polu, A.R., Kumar, R.
AC impedance and dielectric spectroscopic studies of Mg2+ ion conducting PVA-
PEG blended polymer electrolytes
(2011) Bull. Mater. Sci., 34, pp. 1063-1067.

« Aziz, S.B., Abidin, Z.H.Z., Arof, A.K.
Influence of silver ion reduction on electrical modulus parameters of solid polymer
electrolyte based on chitosan-silver triflate electrolyte membrane
(2010) eXPRESS Polym. Lett., 4, pp. 300-310.

« Singh Syali, M., Mishra, K., Kanchan, D.K., Kumar, D.
Studies on a novel Na+ superionic conducting polymer gel cocktail electrolyte
membrane immobilizing molecular liquid mixture of carbonates, tetraglyme and
ionic liquid
(2021) J. Mol. Liq., p. 116922.

« Pandey, M., Joshi, G.M., Deshmukh, K., Ahmad, J.
Impedance spectroscopy and conductivity studies Of CdCI2 doped polymer
electrolyte
(2015) Adv. Mater. Lett., 6, pp. 165-171.

« Vanitha, D., Bahadur, S.A., Nallamuthu, Athimoolam, S., Manikandan, A.
Electrical impedance studies on sodium ion conducting composite blend polymer
electrolyte
(2017) J. Inorg. Organomet. Polym., 27, p. 257.

« Aziz, S.B., Abdullah, R.M.
Crystalline and amorphous phase identification from the tand relaxation peaks and
impedance plots in polymer blend electrolytes based on [CS: AgNt] x: PEO (x-1)(10s
x< 50)
(2018) Electrochim. Acta, 285, pp. 30-46.

Kumar, A., Madaan, M., Arya, A., Tanwar, S., Sharma, A.L.

lon transport, dielectric, and electrochemical properties of sodium ion-conducting
polymer nanocomposite: application in EDLC

(2020) J. Mater. Sci. Mater. Electron., 31, pp. 10873-10888.

Baochen, W., Li, F., Xinsheng, P.
The impedance study of modified PEO polymer electrolyte
(1991) Solid State lonics, 48 (3-4), pp. 203-205.

Arya, A., Sharma, A.L.

(2020), Investigation on enhancement of electrical, dielectric and ion transport properties
of nanoclay-based blend polymer nanocomposites, Springer Berlin Heidelberg
doi:10.1007/s00289-019-02893-x.

« Aziz, S.B., Woo, T.J., Kadir, M.F.Z., Ahmed, H.M.
A conceptual review on polymer electrolytes and ion transport models
(2018) J. Sci.: Adv. Mater. Devices, 3 (1), pp. 1-17.

4 of 9 10/1/2021, 9:02 AM



Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

« Hadi, J.M., Aziz, S.B., Saeed, S.R., Brza, M.A., Abdulwahid, R.T., Hamsan, M.H.,
Abdullah, R.M., Muzakir, S.K.
Investigation of ion transport parameters and electrochemical performance of
plasticized biocompatible chitosan-based proton conducting polymer composite
electrolytes
(2020) Membranes (Basel)., 10, pp. 1-27.

« Brza, M.A., Aziz, S.B., Anuar, H., Alshehri, S.M., Ali, F., Ahamad, T., Hadi, J.M.
Characteristics of a plasticized pva-based polymer electrolyte membrane and h+
conductor for an electrical double-layer capacitor: Structural, morphological, and
ion transport properties
(2021) Membranes (Basel), 11.

+ Lee, D.K,, Allcock, H.R.
The effects of cations and anions on the ionic conductivity of poly[bis(2-(2-
methoxyethoxy)ethoxy)phosphazene] doped with lithium and magnesium salts of
trifluoromethanesulfonate and bis(trifluoromethanesulfonyl)imidate
(2010) Solid State Ilonics, 181 (39-40), pp. 1721-1726.

« Awasthi, P., Das, S.
Reduced electrode polarization at electrode and analyte interface in impedance
spectroscopy using carbon paste and paper
(2019) Rev. Sci. Instrum., 90.

« Marf, A.S., Aziz, S.B., Abdullah, R.M.
Plasticized H+ ion-conducting PVA:CS-based polymer blend electrolytes for energy
storage EDLC application
(2020) J. Mater. Sci. Mater. Electron., 31 (21), pp. 18554-18568.

« Zhang, H., Xuan, X., Wang, J., Wang, H.
FT-IR investigations of ion association in PEO-MSCN (M=Na, K) polymer electrolytes
(2003) Solid State lonics, 164, pp. 73-79.

+« Ramya, C.S., Selvasekarapandian, S., Savitha, T., Hirankumar, G., Angelo, P.C.
Vibrational and impedance spectroscopic study on PVP-NH4SCN based polymer
electrolytes
(2007) Phys. B, 393 (1-2), pp. 11-17.

Aziz, S.B., Asnawi, A.S.F.M., Kadir, M.F.Z., Alshehri, S.M., Ahamad, T., Yusof, Y.M., Hadi,
J.M.

Structural, electrical and electrochemical properties of glycerolized biopolymers
based on chitosan (CS): methylcellulose (MC) for energy storage application
(2021) Polymers (Basel)., 13, p. 1183.

*

*

Noor, N.A.M., Isa, M.I.N.

Investigation on transport and thermal studies of solid polymer electrolyte based on
carboxymethyl cellulose doped ammonium thiocyanate for potential application in
electrochemical devices

(2019) Int. J. Hydrogen Energy, 44 (16), pp. 8298-8306.

+ Woo, H.J., Majid, S.R., Arof, A.K.
Conduction and thermal properties of a proton conducting polymer electrolyte
based on poly (e-caprolactone)
(2011) Solid State Ilonics, 199-200, pp. 14-20.

50f9 10/1/2021, 9:02 AM



Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

« Hadi, J.M., Aziz, S.B., Mustafa, M.S., Hamsan, M.H., Abdulwahid, R.T., Kadir, M.F.Z.,
Ghareeb, H.O.
Role of nano-capacitor on dielectric constant enhancement in PEO:NH4SCN:xCeO2
polymer nano-composites: Electrical and electrochemical properties
(2020) J. Mater. Res. Technol., 9, pp. 9283-9294.

« Rani, M.S.A., Ahmad, A., Mohamed, N.S.
Influence of nano-sized fumed silica on physicochemical and electrochemical
properties of cellulose derivatives-ionic liquid biopolymer electrolytes
(2017) lonics, 24, pp. 807-814.

« Hadi, J.M., Aziz, S.B., Nofal, M.M., Hussen, S.A., Hamsan, M.H., Brza, M.A., Abdulwahid,
R.T., Woo, H.J.
Electrical, dielectric property and electrochemical performances of plasticized silver
ion-conducting chitosan-based polymer nanocomposites
(2020) Membranes (Basel)., 10, pp. 1-22.

« Ramlli, M.A,, Isa, M.I.N.
Structural and ionic transport properties of protonic conducting solid biopolymer
electrolytes based on carboxymethyl cellulose doped with ammonium fluoride
(2016) J Phys Chem B., 120, pp. 11567-11573.

« Devi, C., Swaroop, R., Arya, A.
Fabrication of energy storage EDLC device based on self-synthesized TiO2
nanowire dispersed polymer nanocomposite films
(2021) Polym. Bull.,

« Aziz, S.B., Dannoun, E.M.A., Hamsan, M.H., Ghareeb, H.O., Nofal, M.M., Karim, W.O.,
Asnawi, A.S.F.M., Kadir, M.F.Z.A.
A polymer blend electrolyte based on cs with enhanced ion transport and
electrochemical properties for electrical double layer capacitor applications
(2021) Polymers (Basel)., 13, p. 930.

« Kamboj, V., Arya, A., Tanwar, S.
Nanofiller-assisted Na+-conducting polymer nanocomposite for ultracapacitor:
structural, dielectric and electrochemical properties
(2021) J Mater Sci, 56, pp. 6167-6187.

« Arya, A., Sharma, A.L.
A glimpse on all-solid-state Li-ion battery (ASSLIB) performance based on novel
solid polymer electrolytes: a topical review
(2020) J. Mater. Sci., 55, pp. 6242-6304.

« Pratap, R., Singh, B., Chandra, S.
Polymeric rechargeable solid state proton battery
(2006) J. Power Sources, 161 (1), pp. 702-706.

« Aziz, S.B., Nofal, M.M., Kadir, M.F.Z., Dannoun, E.M.A., Brza, M.A., Hadi, J.M., Abdullah,
R.M.
Bio-based plasticized pva based polymer blend electrolytes for energy storage edic
devices: lon transport parameters and electrochemical properties
(2021) Materials (Basel), 14.

6 of 9 10/1/2021, 9:02 AM



Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

« Shuhaimi, N.E.A., Teo, L.P., Woo, H.J., Majid, S.R., Arof, A K.
Electrical double-layer capacitors with plasticized polymer electrolyte based on
methyl cellulose
(2012) Polym. Bull., 69, pp. 807-826.

« Nofal, M.M., Aziz, S.B., Hadi, J.M., Abdulwahid, R.T., Dannoun, E.M.A., Marif, A.S., Al-
Zangana, S., Kadir, M.F.Z.
Synthesis of porous proton ion conducting solid polymer blend electrolytes based
on PVA: CS polymers: Structural, morphological and electrochemical properties
(2020) Materials (Basel)., 13, pp. 1-21.

« Sudhakar, Y., Selvakumar, M., Bhat, D.K.
Preparation and characterization of phosphoric acid-doped hydroxyethyl cellulose
electrolyte for use in supercapacitor
(2015) Mater. Renewable Sustainable Energy, 4 (3), pp. 1-9.

« Fattah, N., Ng, H., Mahipal, Y., Numan, A., Ramesh, S., Ramesh, K.
Ramesh an approach to solid-state electrical double layer capacitors fabricated with
graphene oxide-doped, ionic liquid-based solid copolymer electrolytes
(2016) Materials, 9 (6), p. 450.

+ Chong Mee Yoke
Development of biodegradable solid polymer electrolytes incorporating different
nanoparticles for electric double layer capacitor
(2017), (Doctoral thesis University of Malaya Malaysia)

+« Wang, J.W.,, Zhao, Z., Song, S., Ma, Q., Liu, R.
High Performance Poly(vinyl alcohol)-based li-ion conducting gel polymer
electrolyte films for electric double-layer capacitors
(2018) Polymers, 10 (11), p. 1179.

« Virya, A., Lian, K.
Lithium polyacrylate-polyacrylamide blend as polymer electrolytes for solid-state
electrochemical capacitors
(2018) Electrochem. Commun., 97, pp. 77-81.

« Bhat, Y., Yadav, N., Hashmi, S.A.
A high performance flexible gel polymer electrolyte incorporated with suberonitrile
as additive for quasi-solid carbon supercapacitor
(2020) Mater. Sci. Eng. B., 262, p. 114721.

« Syali, M.S., Kumar, D., Mishra, K., Kanchan, D.K.
Recent advances in electrolytes for room-temperature sodium-sulfur batteries: A
review
(2020) Energy Storage Mater., 31, pp. 352-372.

« Aziz, S.B., Hadi, J.M., Elham, E.M., Abdulwahid, R.T., Saeed, S.R., Marf, A.S., Karim,
W.O., Kadir, M.F.Z.
The study of plasticized amorphous biopolymer blend electrolytes based on
polyvinyl alcohol (PVA): Chitosan with high ion conductivity for energy storage
electrical double-layer capacitors (EDLC) device application
(2020) Polymers (Basel), 12.

7 of 9 10/1/2021, 9:02 AM



Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

8of 9

« Li, J., Qiao, J., Lian, K.
Hydroxide ion conducting polymer electrolytes and their applications in solid
supercapacitors: A review
(2019) Energy Storage Mater., 24, pp. 6-21.

+ Selva Kumar, M., Bhat, D.K.
Polyvinyl alcohol — polystyrene sulphonic acid blend electrolyte for supercapacitor
application
(2009) Phys. B Condens. Matter., 404 (8-11), pp. 1143-1147.

« Pandey, G.P., Kumar, Y., Hashmi, S.A.
lonic liquid incorporated PEO based polymer electrolyte for electrical double layer
capacitors: a comparative study with lithium and magnesium systems
(2011) Solid State lon, 190 (1), pp. 93-98.

« Aziz, S.B., Asnawi, A.S.F.M., Abdulwahid, R.T., Ghareeb, H.O., Alshehri, S.M., Ahamad,
T., Hadi, J.M., Kadir, M.F.Z.
Design of potassium ion conducting PVA based polymer electrolyte with improved
ion transport properties for EDLC device application
(2021) J. Mater. Res. Technol., 13, pp. 933-946.

« Shuhaimi, N.E.A., Alias, N.A., Majid, S.R., Arof, A.K.
Electrical double layer capacitor with proton conducting k- carrageenanchitosan
electrolytes
(2008) Funct. Mater. Lett., 1, pp. 195-201.

+« Hamsan, M.H., Shukur, M.F., Kadir, M.F.Z.
NH4NO3 as charge carrier contributor in glycrolized potato starch-methyl cellulose
blend-based polymer electrolyte and the application in electrochemical double-layer
capacitor
(2017) lonics, 23 (12), pp. 3429-3453.

« Lim, C.S., Teoh, K.H., Liew, C.W., Ramesh, S.
Capacitive behavior studies on electrical double layer capacitor using poly (vinyl
alcohol)-lithium perchlorate based polymer electrolyte incorporated with TiO2
(2014) Mater Chem Phys, 143, pp. 661-667.

« Jenkins, H.D.D.B., Morris, D.F.
C, A new estimation of the lattice energies of the ammonium halides and the proton
affinity of gaseous ammonia
(1976) Mol. Phys., 32, pp. 231-236.

« Zhong, C., Yida, D., Hu, W., Zhang, J.
A review of electrolyte materials and compositions for electrochemical
supercapacitors
(2015) Chem. Soc. Rev., 44, pp. 7431-7920.

Correspondence Address
Aziz S.B.; Hameed Majid Advanced Polymeric Materials Research Lab., Qlyasan Street, Iraq; email:
shujahadeenaziz@gmail.com

Publisher: Elsevier B.V.
ISSN: 11100168
Language of Original Document: English

Abbreviated Source Title: Alexandria Engineering Journal
2-s2.0-85115431238

10/1/2021, 9:02 AM



Scopus - Print Document https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&st...

Document Type: Article
Publication Stage: Article in Press
Source: Scopus

ELSEVIER Copyright © 2021 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.

9 0f9 10/1/2021, 9:02 AM



