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OP-16

Symmetric and hybrid supercapacitors with novel poly(ionic liquid)

electrolytes

A. Stoyanova!, S. Veleva', B. Karamanova', L. Soserov'!, I. Dimitrov?, R. Kalinova?,
Ch. Novakov?

! Institute of Electrochemistry and Energy Systems, Bulgarian Academy of Sciences, Acad. G. Bonchev St., 10,
1113 Sofia, Bulgaria,

2 Institute of Polymers, Bulgarian Academy of Sciences, Sofia, Acad. G. Bonchev St., 103, 1113, Bulgaria

Due to the intriguing advantages of polymeric materials, they are widely used as electrolytes
and binders in supercapacitors, especially for flexible ones. Research efforts to develop new polymeric
materials with high mechanical, electrical, chemical and electrochemical properties, as well as their
new nanostructures, have made great progress in recent years. The development of Polymeric lonic
Liquids (PILs), having polymer-bearing ionic liquids features in their structure, has attracted a

growing interest.

In the present study, multistep synthetic strategy is applied for synthesis of novel

pyrrolidinium - containing polymers and their turning into polymeric ionic electrolyte with high
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conductivity suitable for impregnation of composite electrodes or as additives in PIL electrolytes. The
obtained polymers have lower molecular masses than those used so far in the literature, which is a
prerequisite for higher conductivity and improvement of the electrochemical performance of the
supercapacitor cell. Symmetrical supercapacitors based on these polymer electrolytes and commercial
biogenic activated carbon (YP-50F, Kuraray Japan) have been developed, which demonstrate high

efficiency and stable capacitance characteristics.

A new hybrid supercapacitor is demonstrated based on introduction of synthesized specific
poly(vinylidene fluoride-co-hexafluoropropylene) (P(VDF-co-HFP) copolymer used as binder in its
active electrode mass. The cells based on YP-50F, off-Ni(OH)2 composite electrode, ionic liquid (1-
ethyl-3-methylimidazolium tetrafluoroborate) as electrolyte exhibit improved performances. An ex-
situ physicochemical analysis showed that P(VDF-co-HFP) did not change during the charge-

discharge tests.

Acknowledgments: This study is financially supported by the Bulgarian National Science Fund
through KP-06-OPR 04/5 project and the Ministry of Education and Science of Bulgaria through
projects Ne DO1-286 / 07.10.2020 and DO1-214/2018.



Flexible polymer-ionic liquid composites as conductive films for

supercapacitor applications

Ch. Novakov!, R. Kalinova!, I. Dimitrov', P. Ublekov', S. Veleva!, A. Stoyanova’

! Institute of Polymers, Bulgarian Academy of Sciences, Sofia, Acad. G. Bonchev St., 103, 1113, Bulgaria

2 Institute of Electrochemistry and Energy Systems, Bulgarian Academy of Sciences, Acad. G. Bonchev St., 10,
1113 Sofia, Bulgaria

In recent years, the use of gel polymer electrolytes (GPEs) fabricated by immobilization of
ionic liquids (ILs) in suitable host polymers are of growing interest as potential materials for
supercapacitor applications due to their various advantageous merits, i.e., non-volatility and non-

flammability as well as enhanced mechanical stability due to their plasticizing properties.

In the present study, a few novel GPEs composites are prepared in the form of quasi-solid and
flexible films for application in symmetrical capacitor cells. Non-aqueous GPEs have been formulated
by immobilization of ILs - 1-ethyl-3-methylimidazolium iodide or 1-buthyl-1-methylpyrrolidinium
bis(trifloromethylsulfonyl)imide in a host poly(vinylidenefluoride-co-hexafluoropropylene) (PVDF-
HFP). Redox-additive GPEs have been also prepared by addition of potassium iodide.

GPEs composites have been thermally, structurally and electrochemically characterized by

performing TGA/DSC, FTIR, XRD and electrochemical impedance spectroscopy.

Preliminary cyclic voltammetry (CV) measurements and galvanostatic charge/discharge tests
were made to evaluate their applicability in symmetrical supercapacitor cells assembled with

commercial activated carbon (YP-50F, “Kuraray Europe” GmbH) electrodes.

Acknowledgments: The financial support by the Bulgarian National Science Fund through KP-06-OPR
04/5 project “Innovative hybrid supercapacitors as a challenge for efficient, safe and environmentally
energy storage” is gratefully acknowledged.





