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Abstract  
 

There is an increasing need for supercapacitors as they are unique in their ability to 
deliver high power levels over a time span unattainable by a traditional capacitor. We present a 
low-cost MnO2-based chemistry on large area sheets of carbon aerogel paper. The specific 
capacitance of manganese oxide is typically lower than the best in class of ruthenium oxide; 
however, the much lower cost and available supply of manganese makes this material much 
more attractive [1]. 

MnO2 nanostructures were deposited in aqueous solutions in a covered Teflon container 
on a commercially available carbon nanofoam paper substrate with specific capacitance of 47 F/g 
[2]. Prior to growth, the carbon nanofoam (aerogel) paper was washed in methanol and DI water. 
The MnO2 structures were formed on large area samples of this flexible substrate by an initial 

reaction based on 20 mL 0.01 M KMnO4 as the vessel was ramped in temperature to 150 °C. 
Subsequently, the reaction was augmented by a continuous drip over 1 hr of a mixture of 20 mL 

of 0.01 M KMnO4 and hexamethylenetetramine (HMTA) (0.005 M) at 150 °C. Examination of the 
X-ray diffraction pattern shows the film formed as α-MnO2. The two experiments of α-MnO2 
growth resulted in morphologies resembling nanoflower and nanocube structures. Cyclic 
voltammetry was performed at 1 mV/s or 5 mV/s rate in the safe 0-0.8 V range, where the applied 
potential would not dissociate the oxide into Mn

+
 cations and O

-
 anions [3].   

Specific capacitance of MnO2 (CSP,MnO2) and series resistance (RS) at 1 mA and 5 mA of 
galvanostatic charging current (ICH) were calculated according to the expression  CSP,M = 
mREF·CREF/(mREF + mELECTRODE) + mMnO2·CSP,MnO2/(mREF + mELECTRODE). The mass of the MnO2 
sample under test is denoted by mELECTRODE, the mass and specific capacitance of the carbon 
aerogel (C-aerogel) are mREF and CREF, respectively, and CREF is the measured total capacitance 
of the MnO2/C-aerogel composite, from which the specific capacitance of MnO2 (CSP,MnO2) can be 
extracted. Specific capacitance for sample B at 1 mA charging current was increased from 47 F/g 
to 64 F/g, a 36% improvement over a bare carbon paper surface. However, at 5 mA the CSP of 
all samples was comparable to within 4 F/g. Compared to the control sample, the series 
resistance of sample B had increased by a factor of about 2.4 at 1 mA and about 4.7 at 5 mA, 
whereas RS of sample C had remained comparable, albeit slightly lower. This was a 
consequence of the better surface coverage of sample B with the low-conductivity MnO2 film.  
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Figures 
 

Table I: Charging current (ICH), specific capacitance (CSP), and series resistance (RS) measurements. 

 Sample A 

C-paper only 

(Reference) 

Sample B 

MnO2 nanoflowers  

 

Sample C 

MnO2 nanocubes  

 

ICH (mA) 1 5 1 5 1 5 

CSP,MnO2 (F/g) 47 43 64 39 42.9 41.2 

RS (ΩΩΩΩ) 10.5 6 25 28 9.6 8 
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Figure 1:  X-ray diffraction indicates that the coating 
formed as α-MnO2. 

 

  
Figure 2: Galvanostatic measurements comparing 

charge/discharge cycles. Series resistance was 

determined from ∆V = V2 – V1.  
 
 
 
 
 
 
 
 
 
 

  
Figure 3: SEM micrograph of nanoflower-MnO2 

(Sample B). 
 

  
Figure 4: SEM micrograph of nanocube-MnO2 

(Sample C). 

 


