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Abstract

Electric double-layer capacitors (EDLCs) are widely used as electrochemical energy storage
devices for various electric devices because of their excellent electrochemical properties, such
as fast charging, greater power density than that of lithium-ion batteries, and superior
cyclability. Cell optimization is necessary for enhancing the electrochemical performances of
EDLCs. In this study, cell optimization was performed using cathode/anode balancing and
several electrolyte additives. Cathode and anode balancing is conducted by controlling the
cathode thickness from 140 to 220 pm. Consequently, EDLCs assembled with a cathode (200
pm) and anode (120 pm) show good cyclability at 3.2 V. Furthermore, the EDLC prepared with

1.0 M SBPBF4#/ACN + PS showed favorable cycle stability for 500 cycles.

Keywords: 717]0]5-% 713} A| €] (Electric double layer capacitor), A Z|Z 3K Cell optimization),
ol d 7 A (Electrolyte additive), 1122t /J(High temperature stability), 119%H8 4

(High voltage stability), 22 2 4] (Cell balancing)

ESS : Energy Storage System
LIB > Lithium Ion Battery
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EDLC  : Electric Double Layer Capacitor
ACN  : Acetonitrile

VC . Vinyene carbonate
PS - Propanesultone
SL . Sulfolane

AC-ESR : Alternation Current—Equivalent Series Resistance
AC-ESR : Alternation Current—Equivalent Series Resistance
DC-ESR : Direct Current—Equivalent Series Resistance
SBPBF, : Spirobipyrrolidinium tetrafluoroborate

otz 4

Rg : Resistance of Solution
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21 M=

EDLCE =2 A|xs17] Slall @E4 2 (YP-50F, Kuraray, Japan), =4 (Super P, Alfa Aesar, USA), Bt
Q1] (styrene—butadiene rubber/sodium salt of carboxymethyl cellulose, Sigma Aldrich, USA)& A8}t
Sele] 34 foiA BulE ZegE ARESISITE. EDLCAIZE 918t 2292 polypropylene (Sigma
Aldrich, USA)E ARgSISICT Agfjeio 2= Sp1rob1pyrrohdm1um tetrafluoroborate (SBPBF,, Enchem Co,
South Korea), Acetonitrile (ACN, Sigma Aldrich, USA), 73|} 47}A1:= Vinyene carbonate (VC, Sigma
Aldrich, USA), 1,3-Propanesultone (PS, Sigma Aldrich, USA), Sulfolane (SL, Sigma Aldrich, USA)-& A €44
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Table 1 Electrolyte composite using electrolyte additives

Electrolyte composite

Control sample 1.0 M SBPBF,/ ACN
Sample 1 1.0 M SBPBF,/ ACN + VC
Sample 2 1.0 M SBPBF,/ ACN + VC + PS
Sample 3 1.0 M SBPBF, / ACN + SL
Sample 4 1.0 M SBPBF,/ ACN + PS
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Table 2 Electrochemical performance of optimized capacitor by changing the thickness of cathode and anode

Cathode / Anode thickness Capacitance / F AC-ESR / mQ DC-ESR / mQ
140 um/ 120 um 3.405 32.13 61.84
160 um / 120 um 3.385 31.66 62.40
180 um/ 120 um 3.340 31.25 64.50
200 um/ 120 pm 3.299 30.72 69.50
220 um/ 120 pm 3.261 30.51 70.16
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Fig. 1 Capacitance retention ratio of each cell tested at 65C for 1000 hours. The operating voltage conditions are (a) 3.0V
(b)3.1V(c)3.2Vand (d)3.3V
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Fig. 2 (a) Cyclic voltammogram of EDLC depending on electrolyte additives tested from 0.0 to 3.2 V at scan-rate of 50 mV/s

and (b) Nyquist plot of EDLC samples tested with frequency range from 100 kHz to 10 mHz
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Fig. 3 Electrochemical performance of EDLCs. (a) Capacitance, (b) capacitance retention ratio, (c) DC-ESR value and (d)

DC-ESR diversification rate of each cell depending on electrolyte additives
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