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Introduction 
Batteries are the most common choice of electrochemical energy storage systems 

applied for portable electronics and electric/hybrid vehicles because they can store large energy 
and provide suitable power for many applications. However, supercapacitors (also known as 

electrochemical capacitor or ultracapacitors) are an attractive alternative energy storage device 

that can replace or compliment batteries for high power requirement applications. Supercapacitors 
store energy in two ways: electrochemical double layer capacitance resulting from pure 

electrostatic charge accumulation on the electrodes and pseudocapacitance caused by fast and 

reversible surface redox processes. The main advantages of supercapacitors over batteries are 
their high power capacity, fast charge/discharge rates at high power density, long shelf and cycle 

life. However, the primary disadvantage of the current generation of supercapacitors is the 

relatively low energy density. Increasing energy density of supercapacitors is a challenging issue 

and an impediment to expanded commercialization. The solution rests in utilizing electrode 
materials with higher specific capacitance in organic electrolytes coupled with a reduction in the 

amount of inactive binder. 

 High surface area carbons are considered as excellent electrode materials for 
supercapacitors because they have an attractive combination of properties including no toxicity, 

wide availability, excellent electrical conductivity, high chemical and thermal stability and 

relatively low cost. A variety of carbon materials such as activated carbons, carbon nanofiber, 

carbon black, carbon nanotubes, and carbon aerogel, have been investigated and activated carbon 
has been the most widely used because of its very high surface area up to 3000m

2
/g, low cost, 

high capacitance and long cycle life. However, activated carbon suffers from low electrical 

conductivity and high resistance to ion transport resulting from its complex pore structure, 
consisting of variable pore sizes, pore structures and pore lengths. The net result is that 

supercapacitors of activated carbons produce small specific capacitance restricting their 

successful application as high power density supercapacitor electrode materials.  
An alternative form of carbon called Graphene offers the potential to utilize carbon but 

in a structure that overcomes the limitations of activated carbon. Graphene is a carbon sheet one-

atom thick. It can be produce as single sheets of graphene or stacks of graphene arranged into 

platelets. Single graphene sheets and few-layered graphene platelets have remarkable properties 
such as high surface area, superior stiffness, strength, thermal and electrical conductivity, 

electronic transport properties, chemical and thermal inertness, etc. Thus, they fulfill 

requirements for not only supercapacitor electrode materials but also other energy 
storage/generation devices. However, in contrast to other high surface area carbons, the effective 

active surface area of graphene consists of large open flat layers, not surfaces consisting of 

complex pores. Hence, ion-transport in graphene is much higher than in activated carbons, 
making the development of supercapacitors with attractive combinations of high power density 

and high energy density achievable opening up their use in many high-end applications such as  

polymeric nanocomposites, liquid crystalline devices, sensors, transistors, actuators, and flexible 

displays.  
 

Method for Graphene Production 
There is a critical problem to be resolved for practical use of this promising material; 

mass production to meet demand. Several methods have been known so far to produce single 
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graphene or few-layer graphene which has remarkable properties suitable for many applications: 

(1) micromechanical peeling-off, (2) liquid exfoliation, (3) thermal exfoliation of graphite 
intercalation compounds, (4) graphite oxide production and reduction, (5) chemical vapor 

deposition growth, and (6) electrochemical process using graphite electrode. However, none of 

them are currently appropriate for large quantity production because they are often time-

consuming and they require harmful and toxic solvents, acids or inorganic materials. The success 
of graphene in the market depends on a simple and economical method to manufacture single 

graphene or few-layered graphene.  

Our NTG is produced by a simple top-down exfoliation/fragmentation method that does 
not require environmentally unfriendly chemicals, and with control of a few factors produces 

various grades of graphene with different surface areas. Hence, it is possible to produce a low 

cost NTG carbon which is the most critical factor in the cost of the supercapacitors.  
  

Reports for Graphene-based Supercapacitors 
 Recently, there are a few of papers published on graphene-based supercapacitor. 
Vivekchand et al. [1] reported thermally exfoliated graphene-based capacitor with the specific 

capacitance of 117 F/g. Wang et al. [2] and Stoller et al. [3] reported the specific capacitance of 

205F/g (not including 10% inactive binder) at 100mA/g and 135F/g (including 3% inactive 
binder) at 10mA/g with graphene oxides reduced with hydrazine hydrate for 72 and 24 hours, 

respectively. Chen et al, [4] obtained 164F/g at 10mV/s scan rate with graphene nanosheets 

electrophoretically deposited on nickel foam. All of these results independently support the 

potential of utilizing nanosized thin graphene (NTG), as a promising active material for 
supercapacitor application. Our results on NTG compared to other forms of carbon are 

summarized below  

    

Evidence of NTG’s Superiority 
 Two NTG grades (650 m

2
/g and 720m

2
/g) were tested as an active material. Single 

walled carbon nanotube ( 730~750m
2
/g) from Cheaptubes Inc. and double-walled carbon 

nanotube (650~680m
2
/g, +90% purity, NC2100) from Nanocyl were used for comparison 

purposes. The electrodes were prepared by mixing the carbons and Nafion binder at a weight ratio 

of 80:20. All the measurements were collected in a three-electrode test cell with 1M H2SO4 as 
electrolyte. The cyclic voltammograms were collected at 20 ~1000 mV/s and used to calculate 

specific capacitance of the corresponding NTG, SWNT and DWNT samples. 

 Figure 1 shows cyclic voltammograms of supercapacitors for SWNT, DWNT, and NTG. 

While the Capacitance-Voltage (CV) loop of DWNT shows deviations in the CV data around 
0.3V, due to residual catalyst contributing to the redox-type capacitance behavior, the CV output 

of SWNT and NTG was close to the ideal rectangular shape, indicating excellent capacitance 

behavior and low contact resistance. NTG showed the largest CV loop meaning largest specific 
capacitance, followed in order by DWNT > SWNT.  
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Figure 1. Cyclic voltammograms for NTG, SWNT, and DWNT at 20mV/s. 

  

Figure 2 shows galvanostatic charge/discharge cycles up to 700 performed at 100mA/g. 

The discharge shows a nearly perfect capacitive pattern which is supported by a constant slope 
over the range of potential applied. The constant slope also indicates that the specific capacitance 

remains above 90% even after 700 cycles of testing. This indicates good stability, long life time, 

and high capacitance for NTG-based supercapacitors.  
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Figure 2. Galvanostatic charge/discharge behavior of NTG electrode at a 100mA/g. 

 

 The surface area and specific capacitance of DWNT, SWNT and NTG electrodes are 
summarized in Table 1. Although the surface areas of NTG-A and NTG-B are comparable to 

DWNT and SWNT, respectively, their specific capacitance is superior to carbon nanotubes. 

200F/g of capacitance (including 20% inactive binder) at 20mV/s was achieved, which is the 

highest value reported so far for graphene-based supercapacitors. 
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Table 1. Film resistance, surface area, specific capacitance of DWNT, SWNT and NTG. 
Samples Resistance () Surface area (m2/g) Specific capacitance (F/g) 

DWNT 66 668 135 

SWNT 265 744 88 

NTG-A 762 650~670 186 

NTG-B 800 710~730 200 

 
 

NTG Application for Other Energy Devices 

 
Dye-Sensitized Solar Cell 

 NTG also has a great potential as a counter electrode material in DSSCs to lower the 

cost of solar cell with acceptable performance. Pt is used as the counter electrode in DSSC due to 
its high conductivity and high efficiency but its high cost hinders DSSC commercialization. 

Graphene with low cost and high surface area, good mechanical properties, and environmental 

stability has the potential to replace Pt counter electrode with comparable performance. It has 
been reported that the efficiency of DSSC cell with multiwalled carbon nanotube/PEDOT:PSS [5] 

and graphene/PEDOT:PSS [6] counter electrode is 6.5% and 4.5%, respectively which is 

comparable to 6.3% of DSSC with Pt counter electrode. 

 

Metal-Air Batteries  

 Energy storage in commercial lithium ion batteries is limited by the cathode and does 

not exceed 200mAh/g. Metal/air batteries have a much higher theoretical specific energy than 
most primary and secondary batteries. The specific capacity of Zinc/air and Li/air batteries are as 

high as 850mAh/g and 5000mAh/g, respectively, which is much higher than that achievable with 

conventional lithium ion batteries.  
 The active cathode in metal/air batteries consists of carbons, catalysts, and binders. 

Carbon aerogel, activated carbon, carbon black, carbon nanotube, and carbon foam have been 

investigated for use in lithium/air batteries [7] and it has been known that high surface area 

carbon with high meso/macropore volume and large pore size increases the storage capacity of 
Li/Air battery. NTG with high open surface area may also a good candidate to achieve high 

energy storage capacity 
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