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ABSTRACT: Excellent electrical conductivity, high mesoporosity, and high electrolyte accessibility of carbon nanotube 

(CNT) ensure a high charge transport capability and hence a high power density for the capacitor. However, performance 

of the supercapacitors should be improved to satisfy the increasing demands for various applications. In this article, 

commercial CNT was used as active material and a non-aqueous solution, LiPF6 was used as electrolyte to fabricate 

electrodes for EDLC-type supercapacitor. Electrochemical measurements such as BET analysis and cyclic voltammetry 

were performed to determine the capacitance behavior of the device. As results, specific surface area of the CNTs was 

found to be 609 m
2 
g

-1
, and specific capacitance was calculated to be 42 F g

-1
. 
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1. Introduction 

Supercapacitors are usually known as ultracapacitor 

and double layer capacitor. In previous, conventional 

electrostatic capacitors have been used as energy storage 

device, but low capacitance performance have limited 

them to low power applications. As an improvement, 

scientists have been struggling on the understanding of the 

charge transfer processes that occur in the double layer 

system to make high-power capacitors possible and this 

so-called electrochemical or electrical double layer 

capacitors (EDLCs) are also able to deliver more power 

than batteries. From this point of view, supercapacitors 

combine the properties of high power density and higher 

energy density, and also have long life cycles due to the 

absence of chemical reactions.  

Supercapacitors have two electrodes immersed in an 

electrolyte solution, with one dielectric separator between 

them, and two current collectors. The electrode is a 

metallic current collecting material in contact with an 

active material. EDLC results from strong interactions 

between the ions/molecules in the electrolyte and the 

electrode surface. The physical separation of the electronic 

and ionic charges is the source of the energy storage in an 

EDLC [1]. Active materials are in contact with a metal 

electrode, and also become charged. Solvated ions of 

opposite charge are attracted to the active material, and are 

accumulated at the interface between the active material 

and the electrolytic solution. The separator is necessary in 

order to prevent electrical contact between the anode and 

cathode, but still allows for solvated electrolyte ion 

migration. In the vicinity of the electrode surface, there is 

an opposite charge in solution due to an excess of either 

cations or anions. Thus, the double layer is made up of the 

whole array of charged species and oriented dipoles 

existing at the metal-solution interface [2].                     

Carbon materials especially carbon nanotube (CNT) is 

the most common material for supercapacitor electrodes 

and has been intensively studied by many researchers [3 – 

8]. Carbon materials originally have high surface area, 

1,000 ~ 2,000 m
2
g

-1
 and importantly, better surface area 

and porosities can be achieved by additional treatments or 

activation [9 – 11]. Physical and chemical activations were 

used as the additional treatment of CNT electrodes to 

improve the surface area by introducing micropores. 

Besides pore structures and surface area, the wetting 

capability (wettability) of the electrode materials is also an 

important property that affects the capacitance behavior. 

Theoretically, the specific capacitance of carbon materials 

should increase with surface area. Porous texture of the 

carbon determines the ionic conductivity, which is related 

to the mobility of ions inside the pores [12].  

The rate of electrochemical accessibility is determined 

by the mobility of ions inside the pores, which is different 

from that in bulk electrolytes. However, in some cases, the 

movement of electrolyte ions can be interrupted by the 

impurities incorporated with the active material. In CNT 

research, the level impurities (metal catalyst particles 

and/or carbon by-products) can be characterized by using 

Raman spectra analysis and high resolution microscopic 

analysis. Impurities can affect the SSA by physically 

disturb the structure (i.e.; pores, surfaces, layers) of the 

sample/material. This will affect the adsorption/desorption 

of gas during BET measurement. In general, the impurities 

can be eliminated by heat treatment, by heating the 

catalyst particles at their melting temperature. But 

importantly, in alcohol based CVD system, the OH
-
 radical  
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of the alcohol can remove the unwanted impurities during 

CNT growth [13]. 

In the meantime, the reported specific gravimetric 

capacitance (Csp) values of the CNTs ranging from 20 to 

more than 300 F g
-1

. The supercapacitor electrodes 

prepared from multi-walled CNT (MWCNT) in H2SO4 

aqueous electrolyte was first reported with Csp of 113 F g
-

1
, and followed by another MWCNT supercapacitor 

electrodes, which have relatively low Csp values of 15-25 

F g
-1 

[14, 15]. The single-walled CNT (SWCNT) 

electrodes in KOH aqueous electrolyte give a Csps of up to 

180 F g
-1

, and 20-40 F g
-1

 in NaCl aqueous electrolyte [8, 

16, 17]. Almost similar results were also reported in 1M 

LiClO4/propylene carbonate electrolytes [7]. The 

capacitance of SWCNTs in acetonitrile electrolyte 

containing tetra-n-butylammonium hexafluorophosphate is 

around 280 F g
-1 

for 0.1 M [18]. 

In this article, basic experimental set up on electrode 

fabrication of CNT based supercapacitor was studied and 

the fabricated supercapacitor was tested by using cyclic 

voltammetry (CV) analysis. The commercial CNTs were 

also characterized using surface area analysis in order to 

understand the relationship to the device performance. In 

CV analysis, supercapacitor electrode responses to a 

constantly changing voltage, and can be used to calculate 

specific capacitance performance.  

 

 

2. Experimental 

As shown in Figure 1, supercapacitor used in this 

study consists of two electrodes impregnated with an 

electrolyte solution with a semi-permeable membrane 

serving as a separator. The electrode is a metallic current 

collecting material in contact with an active material. In 

this study, 15 mm diameter stainless steel (SS) mesh was 

used as current collector and the commercially available 

CNT powders made of Carbon Nanotechnologies Inc. as 

active material at both electrodes. In this paper, this CNT 

powders is labeled as CNiCNT. Two-electrode Teflon cell 

jig was used as cell to fabricate the device. For the 

characterization CNiCNT powders, nitrogen (N2) 

adsorption and desorption isotherms at –196 
o
C (77 K) 

were measured using Quantachrome Instruments by means 

of Brunauer-Emmett-Teller (BET) surface area and 

Barrett-Joyner-Halenda (BJH) pore analyses. Typically, 7 

– 10mg of sample was used for the measurement. 

 

 

 
 

Figure1: Illustration of the construction of supercapacitor 

The weight of CNiCNT electrode is fixed to 

approximately 25 mg per electrode with 80 wt. % active 

material and 20 wt. % of binder material. Agate mortar 

was used to blend the active and binder materials during 

slurry preparation, then transferred the top of SS mesh 

current collector, and followed by a hand press (up to 

6,000 psi pressure) used to ensure the contact between 

active material and current collector. As soon after that, 

the electrodes were dried up in vacuum oven for almost 12 

hours at 110 
o
C. Listed in Table 1 below are the other 

important items needed to fabricate the electrodes. 

Non-aqueous organic electrolyte, 1M lithium 

hexafluorophosphate (LiPF6) which was used as 

electrolyte is well-known to the usage in Li ion batteries 

and is hazardous for human health, thus the cell assembly 

was performed in a glove box. Besides, it is important that 

soaking the electrode with electrolyte has to be done a 

closed environment to avoid the effect of air and water 

moistures. During cell assembly process, PP separator and 

the glass fibres were used to construct the supercapacitor. 

The separator is necessary in order to prevent electrical 

contact between the anode and cathode, but still allows for 

solvated electrolyte ion migration. 

 

Table 1: Important elements in supercapacitor cell 

fabrication 

Current collector 
15 mm diameter stainless steel 

mesh 

Binder material 

Acetylene black (AB) 50% + 

polytetrafluoroethylene (PTFE) 

50% 

Active material 
Commercial CNT (Carbon 

Nanotechnologies Inc.) 

Electrolyte 

Organic electrolyte, LiPF6 1M 

in EC: DMC 1:1 (Mitsubishi 

Chemical) 

Separator Polypropylene (PP) 

  

*Glass fibres were used to avoid direct contact between 

electrodes 

 

 

Furthermore, appropriate amount of electrolyte is 

required to avoid electrical failures (short circuit, 

electrolyte decomposition etc.) during the electrochemical 

measurement. The supercapacitor was tested using a 

Battery Cycler System, WonATech (WBCS3000). The 

applied voltage was set in the range of 0.0 – 3.0 V due to 

the organic electrolyte`s thermodynamic window which 

can be up to 5.0 V.  

 

3. Results and discussion 

3.1 Surface area and pore size distribution analysis by 

BET measurement 

The surface area and pore structure of CNiCNT were 

characterized by BET and BJH analyses of the N2 

adsorption and desorption isotherms. From BET plot 

depicted in Figure 2(a) and the results summarized in 

Table 2, the specific surface area (SSA) was calculated to 

be 609 m
2
 g

-1
, almost one-half-fold lower than the 

theoretical maximum SSA of one side of graphene sheet 

[11]. This could be attributed to the more than one wall of 

 

Current 

collector 
Electrode material 

Glass fibre 

Separator 

Cell’s cap/cover 
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Figure 2: (a) BET plot and (b) N2 adsorption and desorption isotherms at 77 K for CNiCNT sample 

 

 

(a) 

(b) 
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CNTs (multi walled CNTs) and/or the incorporation 

impurities (e.g. metal catalyst nanoparticles) in the sample. 

However, this is still a reasonable SSA compared to that 

other CNTs (HiPCo 590 m
2
 g

-1
, DC Arc SWCNT 357 m

2
 

g
-1

) [11, 17]. Further, N2 isotherms adsorption and 

desorption volumes in Figure 2(b) also shows a 

considerably good plot distribution as a function to the 

relative pressure. 

Table 2: Results of surface area and pore analysis of 

CNiCNT sample 

Item Result 

Surface area from BET 609.02 m
2
 g

-1
 

Pore volume 1.08 cc g
-1

 

Pore size (mesopore) from BJH 

method 
1.69 nm 

Pore size (micropore) from DR method 1.41 nm 

Average pore size 1.55 nm 

 

In addition, although maximum theoretical SSA value 

of single-walled CNTs can achieve of up to more than 

2,000 m
2
 g

-1
, this results demonstrate that CNiCNT sample 

shown a relatively good surface area and pore size; only 

small effect of impurities. In principle, most of the 

surfaces of the CNTs are accessible to the surrounding 

environment, and this could be good for the access of 

electrolyte ion during charging-discharging process in 

electrochemical device including supercapacitor. In a 

supercapacitor consists of symmetric electrodes, there will 

be two double-layers present, one at each 

electrode/electrolyte interface. In ideal case, the electrodes 

are made of high effective surface-area materials such as 

porous carbon preferably CNTs in order to maximize the 

surface area of the double-layer. Good electrochemical 

performance is therefore achievable in this supercapacitor 

due to the relatively good SSA value and good average 

pore size of approximately 1.55 nm. 

 

3.2 CV analysis of CNiCNT based supercapacitor 

The results of the CV measurement were plotted and 

known as the CV profile, which gives insight into the 

charge and discharge behavior of the EDLC type 

supercapacitor. Ideal carbon material based supercapacitor 

shows a butterfly or a solid rectangular shape CV profile. 

Importantly, CNiCNT based supercapacitor was fabricated 

using Teflon cell jig to avoid difficulties/problems for 

example short circuit failure and electrolyte decomposition 

that may occur when using coin cell. Several 

considerations were taken during the EDLC cell 

fabrication. For example, the weight of active material and 

also the weight of binder material which might increase 

the resistance level in the cell. Figure 3 depicts the second 

cycle of the CV measurement of CNiCNT electrode in 1M 

LiPF6 electrolyte. At 2 mV s
-1

 of CV scan rate, the specific 

gravimetric capacitance (Csp) was calculated to be 42 F g
-1

 

(0.0 – 3.0 V potential). The capacitance was calculated 

from the following simple equation [19]: 

 

C = I / mv                (1) 

 

where I is the average current value of anodic-cathodic 

currents generated by the supercapacitor, m is the working 

(positive) electrode weight, and v is the corresponding 

scan rate. The CV showed a rectangular shape profile, 

confirming the ideal charge-discharge behavior of carbon-

based material. The absence of redox peak in the CV 

explains the consistent current density values at all scan 

rates. In a redox based electrochemical capacitor, chemical 

processes dominate and a sharp decrease can be observed 

for faradaic processes [20]. During the CV measurement, 

the effect of impurities in electrolyte and/or metal particles 

in the CNTs was eliminated, thus the degradation of the 

CNT and electrolyte was prevented.  

The successful measurement of CV can be possibly 

attributed to the not-so-high level of impurities 

agglomerated with the CNTs, in other word good quality 

of CNTs, and also good CNT pore structures that allow 

good accessibilities of electrolyte ions onto CNT surfaces. 

And this is in good agreement with the BET measurement 

results. The results of mesopore type of CNT consisting 

little hysteresis loops from N2 isotherm adsorption 

desorption in Figure 2 is suggested could possibly affect 

the accessibility or the mobility of the LiPF6 organic 

electrolyte as well as electrochemical measurements 

giving low value of specific capacitance. 

 

 
Figure 3: CV profile of CNiCNT electrode in 1M LiPF6 

electrolyte 

 

From current work, for the development of high-

performance supercapacitors, it is desirable to directly 

grow CNTs (entangled or aligned CNTs) onto conducting 

foils to prepare the electrodes. The supercapacitor 

electrode might have large internal resistance because it 

includes binder or adhesive materials which are less 

conductive, which may become barriers in the access paths 

for electrons and electrolyte ions [21]. If high-quality CNT 

could be directly-grown on the conducting foil, 

capacitance performance would be enhanced greatly and 

this will also reduce the electrode fabrication complexity. 

Most importantly, due to the direct connection between the 

CNTs and current collector, higher electrical charge 

storage can be achieved. 
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4.0 Conclusion 
A double layer type supercapacitor was successfully 

fabricated using commercially available CNT active 

material in both (positive and negative) electrodes and 1M 

LiPF6 as electrolyte. Device fabrication using Teflon cell 

type jig promises minimum risk in the fabrication process, 

and also gives physical stability during CV measurement. 

From surface area and pore analyses, it was found that the 

CNT has a relatively good specific surface area of 609 m
2
 

g
-1

 and 1.55 nm pore size. Although the surface area 

analysis might be affected by the impurities incorporated 

in the sample, it is however did not interfere the CV 

measurement at all, with a 42 F g
-1 

specific capacitance 

value, relatively reasonable value for electrode that 

consists of 20 % binder material. This study will enhance 

significant advancement to practically develop high 

performance CNT based supercapacitor. 
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