






  

could possibly be attributed to the death of bacteria reunion 
material, substrate sediments or something unknown. Such 
matter could affect the performance of the MFC. Here, a 
modified electrode in CNT/PANI would be better for 
increasing MFC electricity generation. The equivalent circuit 
model of the MFC and Nyquist plot for the four kinds of 
electrode is made, and shown in Fig. 5. (A) and Fig. 5. (B), 
respectively. In the equivalent circuit model in Fig. 5. (A), the 
resistance Rs means the internal resistance of the MFC. The 
elements include the electrode of the anode and cathode, 
proton exchange membrane and wire and electrolyte 
(bacteria solution). The ohmic loss originating from the 
internal resistance was the main factor affecting the 
performance of the MFC system because of the linear feature 
of its I-V curve. The capacitances Cda and Cca are the electric 
double layer impedances between electrode and electrolyte 
related to anode and cathode. The capacitances would 
influence the charge transfer ability between the electrode 
and electrolyte related to anode and cathode, similar to 
activation loss. The capacitances Cd1 and Cd2 are the electric 
double layer impedances between electrode and stainless 
steel wire. These are related to the anode and cathode due to 
the design of the MFC system. From the results shown in Fig. 
5. (B), a lower resistance Rs was executed at an NR-woven 
carbon paper electrode, and the lower capacitances for Cda 
and Cca were obtained for the CNT/ PANI carbon paper 
electrode. From the Nyquist plot, the MFC for the CNT/ 
PANI carbon paper electrode was found to have lower 
impedance than with other cases studied. To sum up, the 
MFC with a CNT/ PANI carbon paper electrode would 
provide the greatest electricity generation. These findings 
further exhibit its feasibility to improvement of power 
performance in MFCs [30].  

 

  

 

  

Fig. 3. SEM images shown before experiment for: carbon cloth electrode (A); 
carbon paper electrode (B); CNT/PANI carbon paper electrode (C); 

NR-woven carbon paper electrode (D). (magnification: 3000x) 

  

  

Fig. 4. SEM images shown after experiment for: carbon cloth electrode (A); 
carbon paper electrode (B); CNT/PANI carbon paper electrode (C); 

NR-woven carbon paper electrode (D). (magnification: 3000x) 
 
 

 

 

Fig. 5.  (A) Equivalent circuit model of the MFC; (B) Nyquist plots showing 
for different kinds of electrodes. Impedance spectra recorded using a single 

sine wave modulation with 20mV amplitude. 
 

IV. CONCLUSIONS 
In this study, four kinds of electrodes were applied to 

investigate the effect on the performance of a MFC in E. coli. 
Their materials were comprised of carbon paper, carbon cloth, 
carbon nanotube/polyaniline (CNT/PANI) and NR-woven 
carbon paper electrodes, respectively.  Some results obtained 
are addressed as follows: 

As for power performance of MFCs, a larger power 
density with about 1574mW/m2 was executed by using the 
CNT/PANI electrode at the condition of voltage being 1.18V 
and current as 12.8mA because of a lower ohmic polarization 
losses and a larger contacting surface area of electrode. This 
shows that using the CNT/PANI as a modified electrode 
could give a positive effect on the power performance of 
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