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Abstract 

In this study, we grasped the deterioration state of water-based EDLC using impedance spectroscopy and performed basic analysis for the 
development of online diagnostic technology, and clarified the voltage dependence and temperature dependence of impedance with respect 
to changes in measurement frequency. In addition, reversible and irreversible deterioration diagnosis was performed in a high temperature 
and overvoltage environment, and the deterioration state of the activated carbon electrode surface could be grasped. 
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Fig. 1.  Equivalent circuit of ideal EDLC. 
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Fig. 2. EDLC cell. 
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Fig. 3. Measurement circuit of impedance. 
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Fig. 4. Experimental results. 
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Fig. 5. Experimental results. 
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Fig. 6. Experimental results. 
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Fig. 7. Experimental results. 

 

 

5.  EDLC
 

5.1  80 ºC

EDLC
1

80 ºC 2
80 ºC

3 80 ºC
EDLC 80 ºC

1 1 2
3

大森　朋希，中西　真大，田島　大輔

－ 10 －



 
 

5  
 

 

(a)   

 
(b)   

8  
Fig. 8. Experimental results. 
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Fig. 9. Experimental results. 
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Fig. 10. Experimental results. 
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Fig. 11. Experimental results. 
) 10 V�

1 Hz 10 Hz 10 V

0.1 Hz �10 V

(14-16)  

6.

�EDLC

�，

�2020 �

(
)

( ) Pandolfo, A.G.; Hollenkamp, A.F. Carbon properties and their role in
supercapacitors. J. Power Sources 2006, 157, 11–27. 

( ) Thounthong, P.; Raël, S.; Davat, B. Control strategy of fuel
cell/supercapacitors hybrid power sources for electric vehicle. J. Power
Sources 2006, 158, 806–814, 

( ) Thounthong, P.; Raël, S.; Davat, B. Energy management of fuel
cell/battery/supercapacitor hybrid power source for vehicle applications. J. 
Power Sources 2009, 193, 376–385 

( ) Dixon, J.; Nakashima, I.; Arcos, E.F.; Ortuzar, M. Electric Vehicle Using a
Combination of Ultracapacitors and ZEBRA Battery. IEEE Trans. Ind.
Electron. 2010, 57, 943–949, 

( ) Zou, C.; Zhang, L.; Hu, X.; Wang, Z.; Wik, T.; Pecht, M. A review of
fractional-order techniques applied to lithium-ion batteries, lead-acid 
batteries, and supercapacitors. J. Power Sources 2018, 390, 286–296, 

( ) Ashtiani, C.; Wright, R.; Hunt, G. Ultracapacitors for automotive
applications. J. Power Sources 2006, 154, 561–566, 

( ) Al Sakka, M.; Gualous, H.; Van Mierlo, J.; Culcu, H. Thermal modeling and 
heat management of supercapacitor modules for vehicle applications. J.
Power Sources 2009, 194, 581–587, 

( ) Bohlen, O.; Kowal, J.; Sauer, D.U. Ageing behaviour of electrochemical

大森　朋希，中西　真大，田島　大輔

－ 12 －



 
 

double layer capacitors: Part I. Experimental study and ageing model. J. 
Power Sources 2007, 172, 468–475,  

( ) Kötz, R.; Ruch, P.W.; Cericola, D. Aging and failure mode of 
electrochemical double layer capacitors during accelerated constant load 
tests. J. Power Sources 2010, 195, 923–928,  

(10) German, R.; Sari, A.; Venet, P.; Ayadi, M.; Briat, O.; Vinassa, J.M. 
Prediction of supercapacitors floating ageing with surface electrode 
interface based ageing law. Microelectron. Reliab. 2014, 54, 1813–1817,  

(11) Torregrossa, D.; Toghill, K.E.; Amstutz, V.; Girault, H.H.; Paolone, M. 
Macroscopic indicators of fault diagnosis and ageing in electrochemical 
double layer capacitors. J. Energy Storage 2015, 2, 8–24,  

(12) Dagousset, L.; Pognon, G.; Nguyen, G.T.M.; Vidal, F.; Jus, S.; Aubert, P.-H. 
Electrochemical characterisations and ageing of ionic liquid/ -

butyrolactone mixtures as electrolytes for supercapacitor applications over 
a wide temperature range. J. Power Sources 2017, 359, 242–249,  

(13) , J. Modelling of degradation 
and a soft failure moment during the operation of a supercapacitor applying 
selected diffusion processes. Eng. Fail. Anal. 2017, 82, 566–582,  

(14) Zhang, L.; Hu, X.; Wang, Z.; Sun, F.; Dorrell, D.G. A review of 
supercapacitor modeling, estimation, and applications: A 
control/management perspective. Renew. Sustain. Energy Rev. 2018, 81, 
1868–1878,  

(15) Schiffer, J.; Linzen, D.; Sauer, D.U. Heat generation in double layer 
capacitors. J. Power Sources 2006, 160, 765–7 

(16) Zheng, F.; Li, Y.; Wang, X. Study on effects of applied current and voltageon 
the ageing of supercapacitors. Electrochim. Acta 2018, 276, 343–351,

 

 

インピーダンス分光による電気二重層キャパシタの劣化状態の把握とオンライン診断技術開発のための基礎研究

－ 13 －


