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Abstract— Electrical conducting carbon nanoporous structures 

were explored by changing the pyrolysis temperature of 

activated carbon prepared by chemical processes from olives 

stones. The effect of these preparation parameters on the 

structural and electrical properties of the obtained was studied. 

The obtained results revealed that, the activated carbon phase 

was transformed progressively with pyrolysis temperature into 

carbon conducting phase. The temperature-dependent 

conductivity of the activated carbon structures show a 

semiconducting behaviour. 
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I. INTRODUCTION 

Conductive carbon nanocomposites covering a large area in 
different material applications, is one of the most important 
subjects in the reason of it’s wide range of electrical 
conductivity that varying within several orders of magnitude, 
extending from insulators up to conductors. Containing a large 
surface area, porous carbon structures have been used in a 
wide variety of applications such as electrodes of 
supercapacitors, energy storage, gas sensors, advanced 
catalysts supports, chromatographic packing, and others [1-9]. 
The electrical properties of carbon materials derived from 
organic precursors have been studied extensively over the 
years and have been shown to vary widely depending on the 
heat treatment temperature (HTT)[10]. Later works [11] 
described an electron hopping between localized states as the 
main mechanismfor electric conduction for sample treated at 
700 °C. The authors have shown that the calculated density of 
localized states increases with HTT within the range of 600-
700 °C. In fact during carbonization, the physical properties, 
particularly the transport properties, undergo strong 
modification and depend on texture of the obtained material 
[12]. This evolution is experimentally related to a loss of 
heteroatoms, during the pyrolysis [13]. The process of 
carbonization appears as a solid phase nucleation. In fact, the 
loss of hydrogen promotes the production of bidimensional 

nanolayers [14]. However, although the number of 
publications on carbons is considerable, no totally satisfactory 
explanations on the evolution of their electronic properties in 
the range of carbonization are available. In fact, electrical  
 
 
properties in carbons depend strongly on structural and 
textural properties which are very close to the precursor, 
doping element catalyst and elaboration protocol used.   
We present in this paper, a low-cost preparation method of 
microporous electrical conducting carbon (ECC) structures 
based lignocelluloses material (olives stones). The analysis of 
the obtained results revealed that, activated carbon insulating 
phase was transformed progressively with pyrolysis 
temperature into ECC phase; this means that the percolation 
threshold observed in the obtained structure can be defined by 
thermal treatment process. 
 
 

II.  EXPERIMENTAL 
 

A.  Sample preparation 

A series of activated carbon pellets were prepared in our 
laboratory using olive stones in two steps process: chemical 
activation and carbonization. In the chemical process, some 
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amount of granular olive stones was mixed with aqueous 
solution containing 50% H3PO4 (w/w) at the weight ratio of 
1/3. The suspension of the olive stones in chemical 
impregnation solution was mixed at 110 °C for 9 hours. 
Impregnate olive stones powder was used as raw material; 
with a size of about 80 µm. A mass of 0.6 g of the raw 
material was placed between the pistons in the dice and the 
mechanical pressure, P, was loaded on them for 1 min by an 
oil hydraulic machine. After the compression, the impregnate 
olive stones ejected from the dice were columnar pellets. The 
pellets were thermally activated in a fixed bed vertical reactor 
tubular furnace under nitrogen continuous flow for 3 hours at 
different carbonization temperatures in the range from 350 °C 
to 1000 °C. After cooling, activated carbon pellet was washed 
for several times with hot water until the pH of washing 
solution became neutral. The samples were dried at 110 °C to 
get the final product. The nomenclature of each sample 
includes the pyrolysis temperature and the abbreviation of 
activated carbon pellets (ACP): for example the activated 
carbon pellet carbonized at 410 °C will be denoted ACP410. 

 

B. Characterization techniques 

The prepared products were characterized using a JEM-200 
CX transmission electron microscope (TEM).X-ray diffraction 
(XRD) patterns of ECC were carried out by a Bruker 
D5005diffractometer, using Cu Kα radiation ( λ=1.5418 Å). 
Electrical measurements in a temperature range of 80-300 k 
were carried out using a liquid nitrogen cryostat where the 
samples were kept under vaccum during the measurements. 
Current-voltage measurements were performed using a 
computer-controlled set up compressing a Keithley 220 
current source and an Agilent 34401 A multimeter. For ac 
measurements an Agilent 4294Aimpedance analyser was used 
to collect impedance measurements avec a wide frequency 
range. We employ a parallel mode to measure conductance G 
using an alternating signal with a voltage amplitude for 50 mv. 

 
 

III.  Results and discussion 
 

Figure 1 exhibits the XRD patterns of the extracted product 
and after heat treatment at different pyrolysis temperatures 
(410 °C, 500 °C, 1000 °C) in nitrogen atmosphere. From this 
figure, it can be outlined that at low pyrolysis temperature 
materials was amorphous. According to these diffractograms, 
the samples are partly amorphous as prepared and after 
pyrolysis, because of the presence of small bands centred at 
around 26° and 44°, corresponding to (002) and (101) hkl 
planes, respectively, the most intensive diffraction peaks of 
graphite phase. The average grain size can be crystalline can 
be calculated using the Scherrer equation [15]. 
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Where λ is the X-ray wavelength ϴB is the maximum of the 
Bragg diffraction peak (in radians) and B is the line width at 
half average value of the crystallites was found about 1 nm. 
Fig. 2 displays TEM micrograph of  ACP500; the sample 
exhibits significants nanoporous morphology in which pore 
sizes are about 2 nm in diameter. 
 
 
 

 
Fig. 1. XRD patterns of: (a) ACP410, (b) ACP500, (c) ACP1000 

 
 
 

 
 

Fig. 2. TEM micrographs of ACP500 sample 
 
The dc room temperature bulk conductivity results as a 
function of the pyrolysis temperatures are plotted in Figure 3. 
It is well known that all conductive samples show a 
characteristic percolation threshold that is dependent on the 
nature and particle size of the conductor. The DC conductivity 
change markedly in transition range between 410-600°C. 
Furthermore, there is a region in the percolation curve where 
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the conductivity of the samples changes abruptly as the 
conductor content is increased. This change occurs near the 
percolation threshold and has the same behavior as illustrated 
in Figure 3. According to the fact that percolation theory 
predicts a critical concentration of percolation threshold at 
which conductive paths are formed in the samples, leading to 
a conversion from an insulator to a more conductor material 
[16-20], it is useful to define in our study the percolation 
threshold by a critical conduction temperature Tc as illustrated 
in Figure 3. It means that when the porous carbon is heated, 
the samples can be transformed to electrical conductive 
particles and the Tc is the pyrolysis temperature 
corresponding to the beginning of conductive path formation. 
Figure 3   indicates that the critical conduction temperature for 
this material resides between 350 and 600°C. In order to 
determine the critical conduction temperature values, the 
conductivity versus pyrolysis temperature was fitted to a 
power law proposed by El Mir et al [21] and given by: 
                     
σ=A (T-Tc)n,                                                                      (2) 
 
Where σ is the conductivity of the sample, T is the pyrolysis 
temperature, Tc is the critical conduction temperature, A and 
n are the fitting constants. The best fit is obtained for A=2.24 
10-7

Ω
-1cm-1k-n and n=2.7 when Tc was assumed to be 410°C. 

Figure 3 shows that a good fit was achieved between the 
experimental data (square) and the fit function (triangles). 
Theoretical predictions of the critical exponent, n, range about 
3.1 have been reported [22].  The studies of microporous 
samples have shown that the electrical characteristics are 
highly dependent on the pyrolysis temperature and that there 
is a sample conductivity change of about seven orders of 
magnitude when the heat treatment temperature is varied 
between 350°C and 1000°C. This increase may be due in part 
to the conversion of amorphous carbon into a semi-crystalline 
phase. The emergence of XRD graphite related bonds for 
sample pyrolysed at 1000°C, as shown in Figure 1, may 
consolidate this hypothesis. 
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Fig.3. the dc conductivity isotherms versus pyrolysis temperatures 
 
 

Figure 4 presents the variation of ln (Gdc) versus 1000/T for 
ACP500.The curves exhibit activated temperature dependence 
in accordance with the following equation [23]: 

 

                                            (3) 
 
 

Where A is the pre-exponential factor including charge carrier 
mobility and density of states, kB is the Boltzmann constant, T 
and Ea are respectively the measurement temperature between 
200 and 300 K and the activation energy. The observed linear 
fits in the high temperature domain, reveals a thermally 
activated process. The activation energy calculated using 
equation (3) is the order of 188 meV. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. dc conductance versus 1000/T for ACP500 . 
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Figure 5 shows the frequency dependence of the ac 
conductance at several measurement temperatures for 
ACP500. For the full range of frequency, the behavior is 
semiconductor. In the high frequency domain, the ac sample 
conductance may follow the Jonscher power law [24]:    

 
                                                                                           (4) 
 
 

Where Gdc is the dc conductance, A is a pre-exponential factor 
and s is the frequency exponent. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5. ac conductance at various measurement temperatures between 

200 and 300 K for ACP500 
The deduced s values from fits using equation (4), in the high 
frequency region, for different measurement temperatures 
indicate that 0 < s < 1 characterizing the probably dominance 
of hopping conduction mechanism [25].  The equation (4) is 
often called ‘‘the ac universality law’’ since it has been found 
to satisfactorily describe the ac response of numerous different 
types of materials, which can be classified as disordered solids 
[26,27], such as ion conducting glasses [28,29], conducting 
polymers [30] and polymer matrix–conductive filler 
composites [31].  
 

IV. CONCLUSION 
 
The microporous electrical conducting carbon has been 
prepared by chemical method combined with a furnace firing 
in nitrogen atmosphere. The micropore electrical conducting 
carbon presents some particular behavior. Structural and TEM 
observations indicates an amorphous nanoporous phase, it has 
been demonstrated that heat treatment improves the network 
structure density and increases the carbonization which 
involve the transformation  of the material from insulating 
into conducting phase. 
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