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Graphene and Polymer Composites for Supercapacitor Applications: 

Report 

Supercapacitors are most commonly used as energy storage devices. This is because they 

possess the abilities of very high capacitance, high power density, and long cycle. 

However, these materials require high specific surface area as well as mechanical and 

chemical stability. Hence new materials are being discovered as energy storage devices. 

One such material is graphene.  

 Graphene is a one atom thick single carbon layer discovered in 2004. It has a  specific 

surface area of 2630 m2/g . Owing to this, it has garnered very much attention in the 

field of energy storage and its applications like supercapacitors and batteries. 

Graphene’s specific surface area is greater than black carbon (almost <900 m2/g) and 

carbon nanotubes (from 100 to 1000 m2/g), however it is almost same to that of 

activated carbon. Activated carbon is mostly used in the manufacturing of 

supercapacitor’s active material in the electrodes. This is because of its properties like 

large specific surface area, less expensive and the possibility of mass production.  

Though graphene produced by the chemical vapor deposition (CVD) has highest quality 

and less defects, it is quite expensive as compared to activated carbon. 

Other forms of graphene used for supercapacitors now a days include graphene 

nanoplatelets, graphene nanopowders, graphene oxide, reduced graphene oxide, 

chemical modified graphene, etc. In these, graphene nanosheets are stacked in double 

or multiple layers. However, as compared to graphene produced by the chemical vapor 

deposition, these forms have more surface defects. As a result, they cannot be used high-
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end electronic, photonic/optoelectronic applications. But because of their higher density 

of surface defects, they help in increasing in electrochemical capacitance. 

Since cost is an important issue, graphene nanoplatelets are less expensive and also 

offer  high surface area. Hence the active materials of the supercapacitor electrode are 

made of graphene nanoplatelets. Polymer binders are used to bind graphene nanosheets 

over the current collector of electrodes. One such polymer binder is polyvinylidene 

fluoride (PVDF). It is a type of thermoplastic fluoropolymer and has high mechanical 

strength. It also showcases chemical resistance, thermal stability, good aging resistance 

and is highly non-reactive. In supercapacitors, it plays the role of binding graphene 

nanoplatelets or nanopowders over the current collector. It also gives mechanical 

strength. It is formed by mixing  10–20 wt% of PVDF with graphene nanoplatelets. 

Coating on the electrode is done using techniques like doctor blade coating, bar coating, 

drop cast, etc. 

PVDF content over the electrode has to be be monitored properly. Less PVDF content 

results in less binding strength while too much PVDF content decreases the conductivity 

of the electrode. A certain amount of conductive carbon like carbon black (CB) or 

acetylene black is added to PVDF to reduce the adverse effects of its conductivity. 

Another commonly used binder is PTFE which is a type of fluoropolymer. It consists of 

more fluorine atoms than PVDF. Also, PTFE can be easily dissolved in water while 

PVDF requires organic solvent such as NMP to get dispersed. As a result, PTFE is 

preferred as compared to PVDF in the activated carbon supercapacitor industry. 

Researchers have found that the electrode with PVDF binder is less porous as compared 

to the one with PTFE binder. Hence PTFE provides higher capacitance as compared to 
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PVDF owing to their higher microporous volume. However, more amount of PTFE 

reduces conductivity and thus optimal content has to be tested.  

Not only the binder, but the electrolyte chosen also affects the performance of graphene-

based supercapacitor. As a result, compatibility of the electrolyte, the active materials, 

and the current collector should be taken into account while designing a supercapacitor.  

Though polymer binders showcase good properties, they are not conductive generally 

and reduce the energy density of supercapacitors. Hence polymer composites are made 

use of. Graphene polymer composites consist of electrical double layer (EDL) 

capacitance while conducting polymers (CPs) are electrically conducting. They have the 

ability to have fast redox reaction with an electrolyte. This results in a pseudo-

capacitance to be stored in the supercapacitor along with the EDL capacitance. They 

also possess high conductivity, fast charge and discharge, high specific capacitance, they 

are not stable over long cycles. Because of the volumetric change in redox reaction, 

mechanical stress occurs leading to  cracks, material loss or breaking in CPs over long 

cycles which further result in decrease in capacity or failure of device. 

To rectify this and provide better stability, CP-based supercapacitor are compounded 

with different carbon forms through composites. This is because the network of carbon 

is able to adjust the volumetric change during the charge and discharge cycles. It has 

been observed that p-doped CPs are usually more stable than n-doped ones. The 

different types of composites of p-doped CPs with graphene are further discussed. 

Polyaniline (PANI) possesses high conductivity, electroactivity, specific capacitance, and 

better stability. It requires a proton for conduction, hence  a protic solvent or an acidic 

solution is needed in supercapacitor. Oxidative polymerization and electrochemical 

polymerization are generally used for producing PANI, however properties developed 
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depend on the manufacturing process. In situ polymerization of aniline with graphene 

suspension in acidic solution gives composites of PANI and graphene. Usually graphene 

oxide (GO) is used to form the composite because it highly increases the capacitance 

retention over long cycles. PANI nanofibers pseudo capacitance provides the total 

capacitance of the composite. 

Another such composite is Polypyrrole (PPy). Its production is fairly simple. It also 

provides good conductivity and thermal stability. However, as compared to PANI, PPy 

film gives lesser cycling performance. For synthesis, in situ polymerization of PPy is 

preferred because it provides better dispersion of graphene nanoparticles and reduces 

the aggregation. It has been observed that graphene along with PPy leads to use of PPy’s 

electrochemical utilization. Also graphene gives  mechanical support to PPy thus 

improving its structural stability in the charge and discharge cycles. 

Poly(3,4-ethylenedioxythiophene) (PEDOT) is another composite synthesized through 

standard oxidative chemical or electrochemical polymerization methods. It possesses 

very high conductivity, good thermal and chemical stability  It also provides good 

cycling stability and ability of 80% capacitance retention. But it has very high molecular 

weight resulting in low specific capacitance. Generally in situ polymerization method are 

used to form the graphene/PEDOT composite. This composite improves the electrical 

conductivity as well as mechanical strength, provides higher specific capacitance and 

cycling stability performance and hence is highly preferred. 

As it can be seen, graphene has a major effect on the electrical properties, and the 

structural stabilities of the CPs as composites. However, the supercapacitor performance 

depends on factors like polymerization method, properties of individual CPs, electrolyte, 

properties of graphene used etc. For the above types   of CPs mentioned i.e PANI, PPy, 
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and PEDOT, PEDOT possesses the largest molecular molar mass. Thus the specific 

capacitance of the graphene/PEDOT composites supercapacitor is less as compared to 

PANI or PPy. PPy film is less porous as compared to PANI or PEDOT. Hence its cycling 

performance is worst compared to them. Also,  the conductivity of PEDOT is greater 

than PPy which is further greater than PANI. 

Graphene and polymer composites are now a days used in flexible electronic devices like 

flexible displays, curved smartphones etc. Graphene/conducting polymers (CPs) 

composite produce a film which adheres to the required supercapacitor applications. 

Graphene/CPs film along with solid electrolyte can produce a flexible supercapacitor 

device. It can sustain higher degrees of bending or twisting. 

Thus it can be seen that graphene as well as polymer composites provide unique 

properties to supercapacitors. There is still the challenge of low-cost mass production of 

graphene/polymer supercapacitor without giving up on the required properties. But still 

graphene/polymer composites portray huge benefits for supercapacitor applications.  
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