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In accordance with development of 
nanophysics, the heterogenic “liquid-capillary 
porous matrix” systems, where highly developed 
inter-phase surface does the thermal dynamical 
work, are getting quite actual. Compactness and 
high energy capacity of these phase boundaries are 
explained with the fact, that in this case energy 
transformations are based on the temperature 
dependence of energy of molecular interactions.  

Earlier, we found the temperature 
dependence of direct current with the maximum at 
300-309 K in wet 60Co-gamma-irradiated soot 
samples containing fullerene molecules, which was 
ascribed to proton conductivity [1]. Gamma-
irradiation of the fullerene soot samples at 77 K 
followed by wetting was found to result in 
broadening the peak within 190-360 K 
proportionally to the irradiation dose [2]. X-ray 
diffraction analysis has shown, that the gamma-
irradiation of the soot induces phase transformation 
of amorphous component into graphite nano-
crystallites and at higher doses into nano-tubes. 
Water dissociation was suggested to proceed easier 
on the irradiation modified surface of the nano-
particles and hydrogen accumulates there. The 
peak area corresponds to proton conductivity due 
to thermal desorption of about 1.8 wt. % H. 

This paper is describes the study of radiation 
stimulated proton conductivity in highly porous 
carbon materials. The samples were made from 
powder of activated coal with grain sizes  65 and 
20 μm. The 65 μm powder suspended in phenol 
was deposited on aluminum foil and dried at 70 0C 
(samples No1). The 20 μm powder was mixed with 
epoxy matrix as pellets of 10.5×17.7×2 mm with 
open porosity ~ 73% and the pore size of 0.7 μm 
(samples No2). The electric resistance at  300 K of 
these samples was within 120-150 MΩ. The 
samples were irradiated in the ampoule with 
distilled water by 60Co gamma-quanta at the dose 
rate of 6 Gy/s to the dose of 105 Gy at the 
conditions close to those in [1,2]. Current 
measurements were carried out at the direct 
voltage of 1 V soon after each irradiation step.  

Figures 1 and 2 show the temperature 
dependences of the surface current for the both 
kinds of irradiated samples.  
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Fig. 1. Current flowing over the whole surface 

of open pores in sample No1 (65 μm grain).  
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Fig. 2. Current flowing over the whole surface 
of open pores in sample No2 (20 μm grain). 

 
The conductivity of dry carbon materials 

takes place mainly due to moving π-electrons 
along planes of hexagonal rings. So there is almost 
no temperature dependence of current in dry 
samples of the both kinds. However it appears in 
the samples the pore space of which is filled with 
water molecules. The current peak occurs at 300 K, 
which grows up to 20 times for samples No1 and 
to 103 times for samples No2 (Fig. 1, 2) as 
compared with dry ones. The calculated activation 
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energies of electric transport E = 0.45 eV and 
effective frequency factor ω0 ~ 109 Hz of wet 
samples No 2 are indicative of the prevailing 
contribution from protons into the conductivity.  
After the irradiation to the dose of 5·104 Gy the 
electric conductivity increases within 190-270 K 
and the activation energy decreases to 0.362 eV.  
Wet surface of the irradiated sample No2 has a 
constant electric conductivity during 3 hours at 0oC 
at the voltage of 1 V that proves a significant 
storage of protons in the pore volume, which were 
generated due to radiolysis and dissociation of 
water (fig. 3). The number of proton participated in 
the charge transport calculated from Fig. 3 turned 
out  6.75·1016.  
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Fig. 3. Kinetics of the surface current of wet 

irradiated sample No2 taken at 0oC.  
 
 Filling the sample pores with water 
molecules proceeds due to: a) existence of an 
electric charge on a pore surface; b) difference 
between the dielectric permittivity of water and 
solid material there appears the force directed 
towards the material with a less value of ε, which 
pulls water molecules into a pore. Besides, the 

extrinsic “drawing” electric field may decrease the 
dissociation energy of water molecules due to 
“focusing” of conductivity electrons injected from 
the electrodes into the material with a larger value 
of ε, i.e. water.  
 At the presence of water film on the pore 
surface there occur two effects: shift of the phase 
transition ice-water towards lower temperatures, 
which depends on the film thickness (this shift is 
more noticeable for sample No2 with 20 μm 
pores), and distortion of chemical bonds in water 
molecules (due to a strong field inside a pore). 
Dissociation of a water molecule in an excited state 
takes place by homogeneous mechanism and is 
accompanied by generation of intermediate 
products (OH-, O2-, H+, H2O+), which carry a 
charge , and gases (H2, O2). 
 Gamma irradiation results in formation of 
graphite nanoparticles and nanotubes and their 
accumulation on the sample surface, where water 
molecules are adsorbed and undergo radiolysis. 
Samples No2 have less size pores ~ 700 nm 
(mesopores), hence a larger total surface and 
proton conductivity.  One can assume that the 
decreasing of activation energy of proton transfer 
and broadening of the current peak are due to a 
lower binding energy of a proton with the curved 
surface of C-nanotube or graphite nanocrystallite.  
 
References 
1. E.M. Ibragimova, V.N. Sandalov,  
M.U. Kalanov, M.A. Mussaeva, M.I. Muminov. 
Structure and sorbtion of hydrogen by irradiated 
carbon nano-films. Internat. J. Alternative Energy 
and Ecology, 2004, No 8(16), p. 9-12. 
2. E.M. Ibragimova, V.N. Sandalov,  
M.U. Kalanov, M.I. Muminov. Proton conductivity 
of carbon films. Internat. J. Alternative Energy and 
Ecology, 2006, No 2, p. 63-66. 

 


