
 
Thematic Section: Research into New Technologies. ___________________________________________ Full Paper 
Subsection: Technology of Electrochemical Processes.                The Reference Object Identifier – ROI: jbc-01/20-61-1-67 

Kazan. The Republic of Tatarstan. Russia. _________ ©Butlerov Communications. 2020. Vol.61. No.1. _________ 67 

The Digital Object Identifier – DOI: 10.37952/ROI-jbc-01/20-61-1-67 
Submitted on January 14, 2020. 

 

Multicomponent non-aqueous electrolytes for high  
temperature operation of supercapacitors 

 
© Svetlana V. Stakhanova,1,2+ Mikhail V. Astakhov,1* Ludmila A. Puntusova,1  

Ruslan R. Galymzyanov,1 Ilya S. Krechetov,1  
Alexey V. Lisitsyn,1 and Natalia V. Sviridenkova1,2 

1 Physical Chemistry Division. National University of Science and Technology “MISiS”. 
Leninsky Ave., 6. Moscow, 119049. Russia. Phone: +7 (495) 638-46-64.  

2 Analytical Chemistry Department. D. Mendeleev University of Chemical Technology of Russia.  
Miusskaya Sq., 9.  Moscow, 125047. Russia. Phone: +7 (495) 638-46-64.  

E-mail: stakhanovasv@gmail.com 
___________________________________ 
*Supervising author; +Corresponding author 

Keywords: non-aqueous electrolyte, supercapacitor, tetraethylammonium tetrafluoroborate, 
propylene carbonate, ethylene carbonate.  
 

Abstract 
Multicomponent non-aqueous electrolytes based on cyclic carbonates and tetraethylammonium 

tetrafluoroborate have been developed for the operation of supercapacitors at elevated temperatures. 
Propylene carbonate, which has a high dielectric constant and a high boiling point, was used as the main 

solvent of electrolytes. However, a significant drawback of propylene carbonate is its high viscosity, which 
leads to decrease in the electrical conductivity of electrolytes based on it compared to electrolytes based on 
acetonitrile. 

To increase the electrical conductivity, an additional component was introduced into the electrolyte – a 
cosolvent with the necessary set of properties. When choosing cosolvents, two approaches were used. In the 
first case, to increase the dielectric permittivity of the liquid phase, ethylene carbonate having a higher 
dielectric constant than propylene carbonate was introduced into the electrolyte. This approach made it 
possible to significantly increase the electrical conductivity of the electrolyte and to achieve high resource 
stability of the supercapacitor. The values of the specific capacitance and energy of the supercapacitor with 
the introduction of ethylene carbonate in the electrolyte practically did not change. In the second case, butyl 
acetate, which has a low viscosity but has a moderate polarity and a sufficiently high boiling point, was used 
as a co-solvent. In this case, not only an increase in the electrical conductivity of the electrolyte was observed, 
but also a significant increase in the capacitive characteristics of the supercapacitor. 

It is shown that the use of a mixture of cyclic carbonates and esters as a solvent in the composition of 
the electrolyte can increase its specific conductivity by 40%, and the specific energy consumption of a 
supercapacitor by 20%. The developed electrolytes provide long-term operation of supercapacitors both at 
room temperature and at elevated temperatures up to 80 °С. 
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