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Abstract 

Electric resistivity  of graphite (including thermoexfoliated one) are mainly governed both 
by its structure and morphology. The analysis of electric properties in this case is strongly 
complicated by the presence of the high anisotropy of  for graphite crystal and peculiar 
conductivity mechanism in the disordered areas at the boundaries of the ordered graphite crystals. 
That is why, the mechanisms determining the transport properties of the graphite-based structures 
remains still discussible. Here, several speculations concerning the interpretation of (Т) 
dependencies for nanocomposite materials (NCM) on the base of thermoexfoliated graphite (TEG) 
containing different metal constituent are thoroughly analyzed. 

The specimens for investigation were prepared by the compacting of the source materials 
under the pressure ranging from 60 to 450 MPa. Metal modifier has been involved into NCM 
structure by chemical deposition. The (Т) dependencies within 77-450 К temperature range were 
investigated by the routine four-probe method.  

Electron microscopy investigation shows that the metal modifier particles 100-300 nm in 
size are located at the surface of the graphite platelets (Fig.1). The size of these platelets along a 
axis is much greater that along c axis. The X-ray diffraction studies evidence for high extend of 
texture of the compacted specimens. Since с axis was oriented along the compacting axis, the 
electric current in our experimental geometry flowed in the basis plain for the majority of the 
graphite crystallites. The size of the graphite crystallites L along с axis was determined by the width 
of (002) and (004) TEG reflections) It is ranged within 70-120 nm (see Table). The values of L 
were reduced down to 40-50 nm in a result of impregnation by mineral-organic composition with 
the subsequent thermal shock at 8000С. 

High preferable orientation of the graphite particles allows to consider the electric resistance 
containing two terms: the resistance of graphite along the basis plane (R1=R01+T) and the 
contribution due to disordered interparticle boundaries (1/R2=02+Mexp(Ea/kT)). Considering the 
total resistance being equal to R1+R2, in a case 02>>Mexp(Ea/kT) R(Т) dependence could be 
expressed as: 
R= R0+TRМexp(Ea/kT),     (1) 
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Table.1 

Economic indexes of the project on the power generation and waste recovery 

Incomes,Euro/year 318662 
Maintenance charges, Euro/year 147855 
Net profit,Euro/year 170808 

Direct investments, Euro 1650000 

Payback period, Years 9,66 
Table2 

Specimen Р, MPa L, nm R0 RМ Ea/k, К 
Т1 600 114 1,68 1,27 188 
Т5 600 117 1,42 0,92 234 
Т14 450 50 1,74 1,37 188 

 
 
whereRМ=M/02

2 and R0= R01+1/02. Besides the fabrication conditions and structural 
characteristics, the Table contains the parameters of the approximation of the normalized electric 
resistance R(Т)/R300 by Eq.(1) for three specimens. The value of = was found to be equal to zero 
within the accuracy ±510-5К-1. This testifies that the resistivity in this case is determined mainly by 
the disordered constituent of graphite. It should be emphasized that R0=1/02 if R1=0. Just under this 
condition Eq.(1) is valid. This approach under consideration is somewhat similar to that described 
in [1], the difference being consist in a sign of the exponential term. Unfortunately, it gives only 
rough approximation of our experimental results. The values of Ea occur to be quite reasonable. 
Nevertheless, zero contribution from the second term in Eq.(1) promotes to involve the alternative 

  

   а      b 

Fig.1. SEM images of the source TEG (а) andNCM on its base containing cobalt 
nanoparticles (b). 
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scattering mechanisms. The analysis of R(Т) curves showed that this dependence exhibits a linear 
region being plotted in logarithmic scale (see Fig.2 for illustration). Such behavior proceeds from 
the general dependence in a form: 

 
R=R0L+1TRLТ.  (2) 
 
The latter term is conditioned by the weak localization (WL) effect with =1/2 [2]. This mechanism 
of scattering is known to be related with the quantum effects of conductivity in the disordered 
systems and commonly occurs at low Т. However, WL effect may be also significant at higher 
temperatures [3]. The nature of the second term in (2) was also discussed in Ref.[3]. The existence 
of this term is clearly seen from Fig.3, in which the dependence of dR/dT on Т-1/2 for specimen Т14 
is presented. For the linear part of this dependence one can obtain 1=3,210-3К-1 that is typical for 
metallic type of conductivity. The deviation of dR/dT(Т-1/2) dependence from linear behavior was 
considered in [3] within the model of incipient localization as a result variation of the inelastic 
scattering free path.  

The considered mechanisms of scattering allow to analyze the transport properties of TEG-
Co(CoO) NCMs. These NCMs were synthesized by chemical method through impregnation of TEG 
by water solution of cobalt acetate or cobalt nitrate with the subsequent thermal shock (800-900оС 
for 3-5 min.). In a case of Co acetate being used for impregnation the final NCMs contain either 
pure Co or the mixture of Co and Co oxides. In a case of Co nitrate the synthesized NCMs contain 
only Co oxides. Nevertheless, the additional impregnation of TEG-Co nitrate powders by mineral-
organic solution allowed to synthesize NCMs containing small (according to XRD data) particles of 
pure Co. The contributions to the total resistance being analyzed, the difference in phase 
composition and morphology of the synthesized NCMs permit to ascertain the dominant 
mechanisms of the conductive electrons’ scattering in these materials. 
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