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Optimization of Polybenzimidazole-based Nanofibers for 
Supercapacitor Electrode Applications

Introduction
Electrochemical capacitors 
(supercapacitors) are energy storage 
devices characterized by high energy 
and power densities with long cycle 
stability. Supercapacitor research 
focuses on improving the device's 
energy density to be more competitive 
with existing battery technology. 
Because of their large power. densities, 
supercapacitors may find application
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Coin Cell Construction and Testing Cyclic Voltammetry

Symmetric devices were assembled using a coin cell (CR2032) configuration. 
The cells are crimped using a manual crimper to seal them, and assessed using 
the Arbin BT2000 from Arbin Instruments using cyclic voltammetry and 
galvanostatic charge/discharge tests.

Since charge storage depends on this 
electrode/electrolyte interface, the 
electricity a supercapacitor can store is 
directly proportional to its available 
surface area. In this work, carbon 
nanofibers from the precursor polymer 
polybenzimidazole (PBI) were produced 
through electrospinning to achieve high 
surface area electrodes.3

anywhere a quick charge of electricity is needed, like regenerative braking 
systems or consumer electronics. Supercapacitors store energy in the 
electrochemical double-layer. When a substrate is charged in an electrolytic 
solution, the substrate will attract the oppositely charged electrolyte ion. This 
interaction forms a double-layer and is the mechanism of charge storage for 
supercapacitors.2
  

 

 

Polybenzimidazole (PBI)

1,3-ethylmethylimidazolium 
bis(trifluoromethylsulfonyl)imide

Energy is related to capacitance 
through the equation E = ½ CV2, so 
energy storage can be improved with a 
higher working voltage. The ionic 
liquid ethylmethylimidazolium 
bis(trifluoromethylsulfonyl)imide was 
chosen as the electrolytic solution with 
a working voltage of 4.1V.

Ammonium Bicarbonate (ABC)
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PBI-C1000 PBI-C1000/SA800

PBI-ABC-C1000 PBI-ABC-C1000/SA800

Thermal treatments: 

1PBI-C1000: 30% PBI, 100% EMITFSI, carbonized at 1000 °C for 1hr
 2PBI-C1000/SA800: 30% PBI, 100% EMITFSI, carbonized 1000 °C 1hr, steam activated 

at 800 °C for 1 hr
 3PBI-ABC-C1000: 30% PBI-ABC, 100% EMITFSI, carbonized at 1000 °C for 1 hr
 4PBI-ABC-C1000/SA800: 30% PBI-ABC, 100% EMITFSI, carbonized at 1000 °C for 1 
hr, steam activated at 800 °C for 1 hr

Cell
Specific 

Capacitance at 
10 mV/s (F/g)

Energy Density (Wh/kg) 
at 1 A/g

Power Density (W/kg) 
at 1 A/g

PBI-C10001 39.5 9.8 1564

PBI-C1000/SA8002 72.4 38.6 1670

PBI-ABC-C10003 65.0 23.5 1635

PBI-ABC-
C1000/SA8004 79.4 44.9 1648

Galvanostatic charge/discharge 
tests: several cells were 
constructed with different 
thermally-treated electrode 
materials and are evaluated 
using an Arbin Instruments 
Supercapacitor Testing Station. 
Points represent energy and 
power densities at a range of 
current densities from 1-6 A/g. 
The addition of ammonium 
bicarbonate (ABC) as a 
porogen increases the 
capacitance. Additionally, an 
increase in capacitance is also 
observed when steam is used 
to etch the fibers at 800 °C. 

Electrochemical Characterization

Cyclic voltammetry: an ideal capacitor is represented by a perfectly rectangular 
cyclic voltammogram, i.e. current required to charge the cell is independent of 
instantaneous voltage. Cells containing the porogen ABC, as well as cells that have 
been steam activated, exhibit near-ideal capacitor properties.

After the fibers are produced, they 
undergo a series of treatments to 
improve their surface area. In addition, 
ammonium bicarbonate is used as a 
sacrificial pore-generating agent 
(porogen) to produce cavities capable 
of accommodating more ions.NH4HCO3(s) → H2O(l) + CO2(g) + NH3(g)
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Electrospun FibersElectrospinning setupPBI Solution

Carbonized Fibers

  We have successfully electrospun fibers of polybenzimidazole (PBI).
  The addition of the porogen ammonium bicarbonate (ABC) prior to heat   
   treatment increases the porosity of the fibers, which leads to greater    
   capacitance.
  Activation by steam at 800 oC etches the fibers, increasing their surface area and 

     
   overall capacitance.
  The combination of porogen ABC and steam activation produces fibers with the   

 
   best electrochemical performance.
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