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Abstract—  Supercapacitor  also known as Electrochemical double layer capacitor. It is a advanced technology for the 
Storage of the electrical energy. Porous separator membrane that separates the electrodes of an electrochemical capacitor allows 
ions to spread out across to the opposite electrode, through the separator. Capacitance and ESR value of capacitor is most 
important in every energy storage system. It is known that power capability of supercapacitor is depend on the internal resistance 
of supercapacitor. Hence, capacitance and Equivalent series resistance (ESR) is considered as an output work in the presented 
paper. This paper presents the effect and significance of separator thickness of electrochemical double layer capacitors. 
Keywords— supercapacitor;  separator; membrane; energy storage devices. 

I. INTRODUCTION 
Electrochemical double-layer capacitor (EDLC), also known as supercapacitor, is a type of important electrochemical energy 
storage device[1]. In batteries and the electrochemical energy storage devices, separator serves as an inactive fundamental 
component, and it plays an important role in determining the energy storage device performance [2]. A separator is a porous 
membrane/mat sandwiched between two electrodes[2]. Its main function is to physically separate the two opposite electrodes to 
avoid electrical short circuits, and also provide a way for ionic charge carriers transport in liquid electrolyte throughout the 
interconnected porous separator[3]. 
Supercapacitor consists of current collectors, electrodes, separator, and electrolyte[3]. Many researchers had given their efforts to 
produce a high performance supercapacitor for various focused studies such as the studies on the electrode, electrolytes and current 
collectors to have their high energy and power were reported[4]. On the other hand, only a few papers reported about the study of 
separator for the energy storage devices. Lots of research is going on supercapacitor due to its properties like high durability, high 
power density and fast charging and discharging mechanism [5]-[10]. To obtained high power, high capacitance,  low ESR, high 
energy density, scientist have tried various types of porous membrane. More recently for separator material, they are focusing on 
natural porous materials[11]-[12].Supercapacitor  also known as electric double layer capacitor consists of two electrodes immersed 
in an electrolyte solution. Charge storage mechanism is provided by electrodes while electrolyte provide conducting medium for 
them. The cell structure of supercapacitor is symmetric in nature i.e. Both electrodes have same materials. Supercapacitor offers 
very high capacitance per gram of material than conventional capacitor. In this Research work, the  two different types of separators  
behaviors of supercapacitors comparatively studied. The separators are AGM and polyethylene are used, but there are nonwoven 
polypropylene (PP) mat, porous PP membrane, Al2O3-coated PP membrane, HI-SEP, PVC, and nonwoven cellulose paper use also. 

II.  EXPERIMENT 
There have two types of separator used for experiment, which is increased thickness between the two electrodes one by one. For 
developing one prototype, two wire mesh SS316 of dimension 1cm X 3cm are taken. A manganese dioxide (50%) and Vulcun XC-
72 (50%) with isopropyl are formed and a loading of 20mg/cm is applied on the wire mesh. After loading, wire mesh is kept dried 
for 20 mins by naturally, also it is dry by the use of dryer. After drying, wire mesh is sandwich in between one type of three 
separators with the help of  fevibond  paste which is used as a adhesive. The size of separator is 3cm X 4cm which is minimum and 
appropriate size of the designed electrodes. Another prototype was developed by using a  manganese dioxide  (50%) and Vulcun 
XC-72 (50%) with isopropyl are formed. When loading the different wire mesh care should be taken that each wire mesh has 
uniform loading. After drying, wire mesh is sandwich in between second type of three separators with the help of  fevibond  paste 
which is used as a adhesive. and it is compared with previously developed prototype on the basis of capacitance,  internal resistance. 
For both prototypes, electrolyte used is potassium sulphate (K2SO4) because it got higher potential voltage.  

       After this, same  process is repeated by increasing the layers of separator between two electrodes of supercapacitor of two 
different types of separator material. The layers of separator is increased the effect of capacitance and internal resistance are 
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analyzed, And result and conclusions are drawn. 

 
Fig1. Supercapacitor with separator double layer between two electrodes 

III. ANALYSIS 
The capacitance and ESR are the most important factors for design of the supercapacitor. There are analyzed the capacitance and 
ESR factors influenced by the multiple layers of supercapacitor with different types of separators. 

TABLE I 
COMPARISON OF SUPERCAPACITORS WITH MADE UP OF POLYETHYLENE (0.25MM) SEPARATOR THICKNESS 

Thickness   C (f) ESR 
1 Layer 0.2815 49.72 
2 Layer 0.3083 30.81 
3 Layer 0.2944 23.77 
4 Layer 0.2549 62.76 
8 Layer 0.3548 38.04 
12 Layer 0.4451 52.79 

 

  
Fig2.Capacitance of Supercapacitor with polyethylene separators layers 
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Fig3.ESR of Supercapacitor with polyethylene separators layers. 

TABLE III 
COMPARISON OF SUPERCAPACITORS WITH MADE UP OF AGM (1.6MM) SEPARATOR THICKNESS 

Thickness C ( f) ESR 
 1 Layer 0.3208 20.265 
 2 Layer 0.2974 23.537 
 3 Layer 0.326 23.003 
 4 Layer 0.3201 26.558 
 8Layer 0.3675 19.045 

 12 Layer 0.424 17.687 

 

Fig4.Capacitance of Supercapacitor with AGM separator layers 
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Fig5.ESR of   Supercapacitor with AGM separator layers 

IV. RESULTS 
In the first case figure(2), the impedance of the separator in electrolyte is proportional to its thickness and inversely proportional 

to its porosity. Therefore the important characteristics for a membrane separator are high porosity, high strength and thin structure. 
A comparison of the ESR and capacitance of supercapacitors using 2 different separators is given in TableIII. 

TABLE IIIII 
EFFECT OF SEPARATOR THICKNESS ON ESR AND CAPACITANCE 

Separator Thickness(mm) ESR Capacitance 
PE 0.5 30.81 0.3 
PE 1 30.49 0.29 

AGM 3.2 23.53 0.29 
AGM 6.4 22.12 0.32 

(3 cm2,12 Cm2 electrode, separator area respectively) 

V.  CONCLUSIONS  
There are two  characteristics of supercapacitor derived from various thicknesses of separator are studied and is compared with 
different types of separator. After studying it is observed that, Polyethylene separators of  high thickness has high capacitance 
values and low internal resistance value  as compared to high thickness of same  separator at 3rd layer after this ESR is increased due 
to increase in thickness of separator. Also AGM separators of high thicknesses has high capacitance values  and  some about high 
ESR up to 4th layer after this the ESR is decreased during increase in thickness of AGM separator. It is clear that thickness and 
porosity  not sufficient to determine the ESR and capacitance, but that other characteristics such as tortuosity and wetability, 
strength of separator material. 
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