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ABSTRACT: The effect of six different types of 
activated carbons has been studied in view of their 

applicability as functional fillers upon the dielectric and 

microwave properties of natural rubber based 

composites. It is found that the textural characteristics of 

the studied active carbons exert influence both on the 

real part of dielectric permittivity and dielectric loss 
angle tangent, as well as on the microwave properties of 

the studied composites. The composite containing 

activated carbon on the basis of wooden material 

possesses the highest value of the total shielding 

effectiveness in comparison with the composites, 

containing another activated carbons. It has the lowest 

values of specific surface area, area and volume of 

micropores and the highest values of external surface 

area, volume of mesopores and average pore diameter. 

With gradually increasing the values of the indices in the 

first group and gradually decreasing the values of the 

indices in the second group, the value of total shielding 
effectiveness decreases. It is obvious that these indices 

have influence on the rubber matrix-filler particle 

interactions, such as multicontact chain adsorption to the 

surface of the filler. The spatial inhomogeneities formed 

give rise to polarization phenomena and to a frequency 

dependence of the dielectric properties. 

Keywords: activated carbon; rubber composites; 

functional fillers; dielectric and microwave properties 

I. INTRODUCTION 

The production of materials possessing microwave 

absorbing properties has acquired significant importance 
recently. The most important applications of microwave 

absorbing composites are as follows: antenna techniques 

and production - improving the antenna parameters; 

protection of humans and other biological objects from 

the harmful effect of the electromagnetic waves; military 

application - for anti-radar camouflage, to reduce the 

radar cross section of objects; improving the 

electromagnetic compatibility between different 

electronic devices, reducing undesirable reflections from 

objects and devices; to cover the inside surface of test 

rooms (anechoic chambers) in order to achieve "free 

space" conditions for measurements of components and 
systems[1,2]. There has been a long history for research 

into carbonaceous-based microwave absorbers [3-7]. 

Carbon (C) is the fourth most abundant chemical element 

in the universe by mass after hydrogen, helium, and 

oxygen. The inherent charge transport characteristics and  

 

the factors that limit the charge carrier mobility differ 

significantly between the various carbonaceous 

nanostructures reflecting, on the one hand, the electronic 

dimensionality of the structures, and, on the other hand, 

the achievable dimensions of the respective π-systems 

[8]. Carbon black and graphite remained the favorite 
absorbing candidates until the discovery of CNTs in the 

1990s, which have been exploited to a wide range of 

potential industrial applications, including microwave 

absorbers [9-16]. Since the beginning of this millennium, 

other forms of carbonaceous-based absorbers with good 

absorption characteristics have appeared. Most recently, 

grapheme joined the carbonaceous family for microwave 

absorbers applications [17-19]. 

The active carbons are defined as carbonaceous 

materials, possessing well developed porous texture 

(more often a micro- mesoporous or a meso- micro 

porous), containing about 87-97% carbon. They are 

classified into the group of the so called mixed 

(transitional) forms of carbon, in which the atoms can 

participate in various combinations, corresponding to 
sp3-, sp2- and sp types of hybridization of the electron 

orbitals. The availability of strongly developed 

(>100m2/g) external surface, which usually contains 

considerable amount of surface oxygen-containing 

groups (SOG), determining the value of isoelectric points 

(IEP) is a prerequisite for the interaction between the 

macromolecules of the elastomer and the surface of the 

active carbon. It is well known that the interaction 

"elastomer-filler", determined most of all by adsorption 

phenomena, lie at the basis of the process of formation of 

the properties of elastomeric composites. On the other 

hand, it can be supposed that the specific structure of the 
active carbon will exert positive influence upon the 

dielectric losses. It will result in achieving a higher 

degree of absorbance and lower degree of reflection of 

the electromagnetic waves. The data published on the 

utilization of active carbons as reinforcing fillers are 

quite a few [20], while such data on their use as 

functional fillers in elastomeric composites, absorbing 

the electromagnetic waves, are practically missing. 

In this study, the complex dielectric constant (the real 

part of permittivity and dielectric loss tangent) and 

microwave properties (such as: reflection coefficient, 

attenuation coefficient, and shielding effectiveness) of 

rubber composites, containing activated carbons differing 

in their textural characteristics, were investigated within 
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the frequency range from 1 GHz to 12 GHz with the aim 

to establish: 

 - the values of the textural parameters and the 

IEPs of the active carbons, within such range of 

limits, where they could be applied as fillers, 

without creating any technological problems 

during the vulcanization process; 

 - the influence of textural parameters of the 

activated carbon on the complex dielectric 
constant (the real part of permittivity and 

dielectric loss angle tangent) and microwave 

properties (such as: attenuation and reflection 

coefficients, the total, reflective and absorptive 

shielding effectiveness) of composites on the 

basis of natural rubber in the frequency range 

from 1 GHz to 12 GHz. 

II. EXPERIMENTAL 

A. Activated carbons: 

Six types of active carbon have been used, differing in 

their adsorption-textural parameters. These types of 

active carbon are the following: Norit, AG-K, ART, AC-
L, 207C and ACVM. AG-K and AC-L are based on 

anthracite or respectively on lignite brown coal, the Norit 

and ART types are on the basis of wooden material, 

while the 207C and ACVM samples have been prepared 

from different nuts or fruit stones, respectively from 

cocoa nuts apricot stones. The carbon samples ACVM 

and AC-L have been prepared by us using steam-gas 

activation and the rest of the samples are commercial 

products. 

B. Activated carbons characterization: 

The activated carbons have been characterized by means 

of low-temperature nitrogen adsorption (at 77.4К) using 

Quanta chrome Instruments NOVA 1200e (USA) 

apparatus. On the basis of the adsorption-desorption 

equilibrium nitrogen isotherms, applying the specialized 

software, belonging to the apparatus, the following 

textural parameters have been calculated: 

 specific surface area (ABET) after the equation 

of Brunauer-Emmet-Teller, for the pressure 

range P/PO = 0.05 - 0.35 (adsorbate N2, at 77.4 

K); 

  volume of the micropores (VMI) using the 
Density Functional Theory (DFT) (adsorbate 

N2, at 77.4 K); 

  total pore volume (Vt) in accordance with the 

Rule of Gurvich for the pressure range P/PO = 

0.95 (adsorbate N2, at 77.4 K); 

  volume of the mesopores (VMЕS), estimated as 

the difference between the total pore volume and 

the volume of micropores (adsorbate N2, at 77.4 

K); 

  size distribution of the micropores based on the 
equation of Dubinin-Astakhov [21]; 

 size distribution of the mesopores within the 

interval 1.7-15nm on the basis of the adsorption 

branch of the adsorption-desorption equilibrium 

isotherm, using the Density Functional Theory; 

  average pore diameter (DAV) as the ratio 

between Vt multiplied by four and the specific 

surface area ABET (adsorbate N2, at 77.4 K); 

 The external surface area (AEXT) based on the 

αS method [22], from the adsorption branch of 

the isotherm (adsorbate N2, at 77.4 K). 

The isoelectric points (IEP) of the carbons have been 

determined by the method of Noh and Schwarz [23]. For 

this purpose, three different initial solutions having 

various pH factor have been prepared for each type of 
carbon (respectively pH 3, 6 and 11), using HNO3 (0.1 

M) and NaOH (0.1 M). Six flasks for each type of carbon 

were charged with 20 ml of the solutions and with 

various quantities of the studied carbon sample (0.05g, 

0.50g, 0.75g, 1.00g, 5.00g and 10.00g). The equilibrated 

рН was measured after 24 hours. The curves of the 

dependences of the рН on the mass of the carbon samples 

are passing over to a plateau and the isoelectric point was 

determined as the value, at which the change in рН 

becomes zero. 

C.  Sample preparation and vulcanization: 

A rubber compound, taken as a reference, and six 

samples of different activated carbon powder of one and 

the same quantity were charged in an open two-roll 

laboratory mill (L/D 320x160 and friction 1.27). The 

speed of the slow roll was 25min-1. The formulations of 

the prepared samples are shown in Table 1. The inclusion 

of sulfur (vulcanization agent), zinc oxide (activator), 

stearic acid (dispersing agent and accelerating activator) 
and TBBS (N-tert-Butyl-2-benzothiazolesulfonamide-

accelerator) was done with the aim to accomplish a 

normal vulcanization process [24]. The process of mixing 

was carried out as follows: loading some raw rubber, 

afterwards the zinc oxide was added on the 5th minute as 

well as the stearic acid, then after 3minutes of 

homogenization treatment the activated carbon powders 

were added, and after 7 minutes of homogenization the 

accelerator and the sulfur were added. Finally the mixture 

was again homogenized for 4 minutes. The temperature 

of the rolls did not exceed 70ºC. The experiments were 

repeated to check statistically the reproducibility. 
Samples in the form of sheets stayed for 24 hours prior to 

their vulcanization. The optimal vulcanization time 

interval was determined by the vulcanization isotherms 
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taken on an oscillating disc vulcameter MDR 2000 

(Alpha Technologies) at 150ºC according to ISO 

3417:2002 standard. 

Table 1 Formulation of the studied NR based compounds 

(in parts per 100 parts of rubber).  

 

Note: The amounts of activated carbons in samples NR2-

NR7 are 70 phr. 

The rheometer was carried out in a hydraulic electric 

press, with the size of the plate 400x400 mm at a pressure 
of 10 MPa. The obtained samples had dimensions 

200х200х1.5 mm. 

D. Microwave properties measurement: 

Figure 1 indicates the mechanism of interaction of one 

composite with the electromagnetic wave, possessing 

incident power PI. A fraction of the power of the wave is 

reflected by the surface of the material PR. Another 

fraction passes into the material and it is absorbed by it, 
being transformed into a quantity of heat PA, and the 

remaining part of the power is disseminated after the 

sample PT. 

 

Figure 1. Mechanism of interaction of the composite with 

the incident power of the electromagnetic wave. 

The shielding effectiveness is defined as the ratio 

between the power incident on the sample PI and the 

power passing through the sample PT in accordance with 

the equation (1) 25-27: 

      𝑆𝐸 = 10𝑙𝑜𝑔
𝑃𝐼

𝑃𝑇
  (1) 

The total shielding effectiveness (SE, in dB) and the 
reflective shielding effectiveness of the sample surface 

(SER, in dB) are determined by the equations (2) and (3) 

28-31: 

SE=−10lgT,            (2)  

where T = /PT /PI / = / S21/2, 

SER=−10lg(1−R), (3)  

where R = /PR /PI / = / S11/2, 

S11 and S21 are complex scattering parameters or S-

parameters (S11 corresponds to the reflection coefficient 

and S21- to the transmission coefficient). 

The absorptive shielding effectiveness (SEA) is 

calculated as the difference between (2) and (3), as it is 

shown in equation (4) [26, 28-31]: 

SEA=SE−SER.  (4)  

The attenuation coefficient (α, dB/cm) was determined 
using Equation (4). Substituting SE and SER in it with 

Equations (2) and (3), Equation (5) is obtained. 

SEA=10 lg (
𝑃𝐼(1−|𝑆11|2)

𝑃𝑟
) (5)  

For determining the attenuation coefficient, Equation (5) 
was divided by the thickness of the sample d in 

centimeters, as shown in Equation (6). 

α=
𝑆𝐸𝐴

𝑑
 =10lg (

𝑃𝑇

(1−|𝑆11|2)
) (6)  

For the evaluation of the shielding effectiveness and 
measuring the coefficient of reflection from the surface 

of the studied composites the apparatus, represented in 

Figure 2, has been applied. It consists of coaxial 

reflectometric system (directed deviators Narda model 

4222-16 and detectors Narda FSCM 998999 model 

4503A, separating the incident power from the reflected 
power in the line), Ratio Meter) HP Model 416A, 

calculating and depicting the amplitude of the coefficient 

of reflection from the sample, a series of radio wave 

frequency generators G4-37A,G4-79 to G4-82 and HP 

68A in the frequency interval from 1 GHz to 12 GHz, the 

signal generator BM492 releasing a modulating signal of 

frequency 1 kHz directed towards the radio frequency 

generator, coaxial transmission line Orion type E2M for 

frequencies from 1 GHz to 5 GHz and coaxial measuring 

line APC-7mm for frequencies from 6GHz to 12 GHz, 

power measuring device HP 432A. The critical 
frequencies for the coaxial measuring lines were 

determined by the formulas represented in32-33. 
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Figure 2. Apparatus for measuring the microwave 

properties. 

The radio frequency generator and the reflection-

measuring system (reflectometer) are interconnected by 

means of rugged phase stable cable N9910X-810 Agilent 

and through the connectors to avoid any interference. The 

measurements have been carried out observing the 

following procedure: 

a. Calibration of the system for removal of the 

systematic errors using the above mentioned kits 

of calibrating tools and the standard procedures, 

described in 34-35. 

b. Cutting out samples from the obtained 
vulcanized materials having dimensions as 

follows: 

o  External diameter of 20 mm and 

internal diameter of 7 mm in case of 

using coaxial transmission line Oreon 

E2M; 

o External diameter of 7 mm and internal 

diameter of 3 mm з in case of using 

coaxial measuring line APC-7mm. 

c. Carrying out measurements for determining the 

module of the coefficient of reflection using: 
o  Standard load of the type Agilent 1250, 

connected in the position of the coaxial 

line; 

o  Blank coaxial line with a standard load at 

the end (calibrating kit of tools of the 

type Agilent N9330); 

o  Coaxial line with inserted standard material 

(polytetrafluoroethylene PTFE load of 

thickness 1 mm) for confirming the 

correctness of the measurements done; 

d. The studied sample is placed between the 

external and the internal conductor of the 

coaxial line; 

The measurements have been carried out at room 

temperature varying from 19ºC up to 24ºC and incident 
power PI at the inlet of the coaxial measuring line 

varying from 800 µW up to 1300 µW within the 

frequency range of 1 GHz to 12 GHz. 

E. Dielectric properties measurement: 

Complex permittivity: The determination of complex 

permittivity has been carried out by the resonance 

method, based on the cavity perturbation technique. The 

resonance frequency of an empty cavity resonator fr has 

also been measured. After that the sample material was 

placed into the resonator and the shift in resonance 

frequency fε has been measured. The real part of 

permittivity ɛ'r was calculated from the shift in resonance 
frequency, cavity and the sample cross-sections Sr and Sε 

respectively 

ε'r=1+Sr2Sε.fr−fεfr                      (7)  

The sample had the form of a disc with a diameter of 11 
mm and about 1.5 mm thickness. It was placed in the 

position of the maximum electric field of the cavity. 

Dielectric loss angle tangent tan δ 

The dielectric loss angle tangent tan δ was calculated 

from the quality factor of the cavity with Qε and without 

a sample Qr 

tanδ=14εrSrSε(1Qε−1Qr)                     (8)  

The measurement setup used several generators for the 
whole range: HP686A and G4-79 to 82, frequency 

meters: H 532A; FS-54, cavity resonator (Figure 3). 

 

Figure 3. Scheme of the equipment for measuring the 

dielectric properties. 

The dielectric properties have been measured within the 

frequency range from 1 GHZ to 10 GHz. 

III. RESULTS AND DISCUSSION 

A. Textural parameters of activated carbons and their 

influence on the vulcanization process of samples of 

materials: 

The textural parameters, calculated on their basis 

following the methods, described in the experimental 

section, are listed in Table 2. 
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Table 2 The main textural parameters of activated 

carbons used and their IEP values.  

 

In view of the fact that the applied active carbons have 

been used as reinforcing fillers, it has to be noted that not 

all textural parameters are of importance, but mostly the 
specific and the external surface areas and mainly the 

volume of the mesopores. This is due to the fact that the 

pore sizes that allow the penetration of the large 

elastomer macromolecules into the carbon particles are of 

significance. As far as the sizes of the micropores are 

concerned < 2.0 nm36 these are not accessible to the 

molecules of the elstomer. The same holds true also for 

the specific surface area of the micropores. Therefore, the 

parameters, associated with the micropores, will be 

considered only from the view point of comparison 

between the different samples of active carbons. 

From the view point of the type of texture all the six 

studied samples of active carbons belong to the group of 

the micro-mesoporous materials. The specific surface 

areas of the commercial active carbons are varying within 
a comparatively wider range (Table 2) as for example 

that of the trademark Norit is more than twice smaller 

than those of AC-L and 207C. This difference is 

especially strongly demonstrated in regard to the value of 

the external surface area, whereupon this value in the 

case of AG-K compared to those of 207С and AC-L is 

smaller respectively 2.7 and 3.1 times. Substantial 

difference is displayed by the studied active carbons in 

the case of the vulcanization of NR based samples. The 

vulcanization process is occurring and ending normally 

with the samples containing as fillers the active carbons: 
Norit, ART and AG-K, which we shall call conditionally 

"the first group", but it does not end in the case of the 

carbon fillers: AC-L, 207C and ACVM ("second group"). 

The volumes of the micropores and mesopores are 

varying within comparatively narrower limits in the 

studied active carbons. Thus the greatest observed 

difference in the volumes of the micropores - that 

between Norit and 207C is about 1.8 times. Analogously, 

in regard to the volumes of the mesopores, the difference 

between ART and AG-K on one side and AC-L on the 

other side (Table 2) is also 1.8 times. 

The analysis of the carbon samples of the first group 

shows that the specific surface areas (with the exception 

of the ART sample) are comparatively low (Table 2), by 

analogy with it in the second group (with the exception of 

the ACVM samples having ABET = 688 m2/g) the 

remaining two samples are characterized by specific 

surface area >1100 m2/g. Analogously, the external 

surfaces of the active carbons of the first group are lower 

than those of the second group of active carbons (Table 
2). There exists a possibility to explain this difference 

based on the isoelectric points (IEP) of the active carbons 

(Table 2). It is obvious that the values of IEP for the 

carbons of the first group are positioned at about 7, while 

these values for the carbons of the second group are 

either under the value of the neutral point 7 (5.3 in the 

case of 207С sample and 5.5 for the AC-L sample) or it 

is 9.7 in the case of the ACVM sample. Therefore the 

availability of superficial oxygen-containing functional 

groups (SOG), whatever their nature is (acidic or basic) is 

restricting the utilization of active carbons as fillers in 
view of the negative influence of some of them with 

respect to the vulcanization process. We can recommend 

as appropriate fillers only those having IEP ≈ 7. 

Another important parameter, connected with the ability 
of the carbons to be acceptable in the function of 

reinforcing fillers, is the ratio between the volume of the 

mesopores and the external surface area. A logical 

prerequisite for it appears to be the fact that the external 

surface is easily accessible to the large molecules of the 

elastomer, while the internal surface of the mesopores 

(only that of the bigger ones) is not readily accessible to 

them. It has been found out that the activated carbons 

exert serious influence upon the vulcanization process, 

which depends both on the chemistry of the surface of 

carbons (respectively on the IEPs), as well as on their 
textural parameters (most of all on the ratio 

VMES/AEXT). In order to accomplish a normal 

vulcanization process without any technological 

problems it is necessary that the ratio VMES/AEXT 

should be within the limits (8.5-12.0)10-4 and at the 

same time the IEP should be close to 7. It may be 

concluded that only the activated carbons ART, AG-K 

and Norit are suitable for application as reinforcing 

fillers. This is why we used them in our further 

investigations. 

B. Microwave properties: 

Figure 4 represents frequency dependence of reflection 

coefficients |Г| of composites containing ART, AG-K and 

Norit fillers. It is seen that at the frequency range from 1 

GHz to 5 GHz the coefficient of reflection is growing up 

monotonously for all the materials, while for the range 

from 5 GHz to 9 GHz a resonance character is observed. 

The three studied materials manifest high values of the 

coefficient of reflection within the frequency range from 
5 GHz to 11 GHz. At frequencies higher than 10 GHz a 

monotonous decrease in the coefficient of reflection is 

observed, which is more strongly expressed in the case of 
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the material AG-K. For confirming the correctness of the 

measurements done for each frequency a standard Teflon 

probe (PTFE load of thickness 1 mm) has been measured. 

 

Figure 4. Frequency dependence of reflection coefficients 
|Г| of composites containing ART, AG-K and Norit 

fillers. 

The coefficients of attenuation of composites containing 

ART, AG-K and Norit fillers depending on frequency are 

shown in Figure 5. It is seen that the attenuation 

coefficient is sensitive towards changes in frequency. 

Within the range from 1 GHz to 6 GHz the values of the 

attenuation coefficient are growing up with increase the 
frequency. Within the range from 5 GHz to 12 GHz a 

strongly expressed resonance character is observed. The 

maximal values are observed at 6GHz, 8GHz and 

11GHz, while the minimal ones are at 7 GHz and at 

9GHz-10 GHz. 

 

Figure 5. Frequency dependence of attenuation 

coefficient α, dB/cm of composites containing ART, AG-

K and Norit fillers. 

The highest values of the attenuation coefficient within 

the studied range are displayed by the active carbon Norit 

- about 22 dB/cm. The composite containing the AG-K 

displays an interesting behavior -at frequencies 11-12 

GHz sharply raises the attenuation coefficient, which 

reaches a value of 27 dB/cm. 

C. Total shielding effectiveness: 

Figure 6 represents the frequency dependence of total 

shielding effectiveness, SE, dB of composites containing 

ART, AG-K and Norit fillers. It is seen that the sample 

Norit has larger values of the total shielding effectiveness 

(SE) with about 2 dB by comparison with another two 

samples. Within the frequency range from 1 GHz to 11 

GHz the total shielding effectiveness for all three 

materials (ART, AG-K and Norit) has identical behavior, 

whereas for frequencies up to 6 GHz it is increasing with 

the frequency. Further within the range from 7 GHz to 10 
GHz low sensitivity is observed with respect to changes 

in the frequency. 

 

Figure 6. Frequency dependence of total shielding 

effectiveness, SE, dB of composites containing ART, 

AG-K and Norit fillers. 

Figures 7-8 illustrates the results on the reflective 

shielding effectiveness (SER) and absorptive shielding 

effectiveness (SEA). 

 

Figure 7. Frequency dependence of reflective shielding 

effectiveness, SER, dB of composites containing ART, 

AG-K and Norit fillers. 
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Figure 8. Frequency dependence of absorptive shielding 
effectiveness, SEA, dB of composites containing ART, 

AG-K and Norit fillers. 

From the plots in Figure 8 one can determine that the 

highest reflective shielding effectiveness comes as a 

consequence of the reflection from the surface of the 

sample - the tested sample is Norit. For the other two 

tested samples the values of SER are very close to each 

other within the entire frequency range. On Figure 8 it is 

seen that within the range from 1 GHz up to 11 GHz the 

Norit sample displays the greatest absorption. At 

frequencies higher than 11 GHz the AG-K material 

possesses higher values of SEA, showing a different 
behavior in regard to the other two materials and 

determining the behavior of the total shielding 

effectiveness. For all studied materials the reflective and 

absorptive shielding effectiveness manifest resonance 

behavior at frequencies from 6 GHz to 12 GHz, 

whereupon at frequency 6 GHz the SEA is prevailing, 

while within the range from 7 GHz to 11 GHz, the 

reflecting component (SER) is prevailing in the total 

shielding effectiveness. The study of the electromagnetic 

properties of an ensemble of filler particles embedded in 

a polymer matrix requires the determination of not only 

the intrinsic electromagnetic properties of the individual 
filler particles but also the type and strength of inter-

particle interactions, e.g., long-range dipole interactions, 

clustering, and matrix-particle interactions, such as 

multicontact chain adsorption to the surface of the filler. 

It has been well established that spatial in homogeneities, 

i.e., clusters of filler particles, give rise to polarization 

phenomena and therefore to a frequency dependence of 

the effective permittivity [37].  

Homogeneous and heterogeneous media analyzed within 

an effective medium approach are described by two 

material parameters: the complex (relative) permittivity 

eɛ=ɛ'-jɛ'' and the magnetic permeability (relative) µ=µ'-

jµ''. The terms ɛ' (and µ') are associated with energy 

storage and ɛ'' (and µ'') are associated with dielectric loss 

or energy dissipation within a material resulting from 

conduction, resonance, and relaxation mechanisms. The 

loss tangent of the dielectric material is tan δ = ɛ"/ɛ', 

where δ is the dielectric loss angle of the material. 

Energy loss in a material illuminated by electromagnetic 
waves comes about through damping forces acting on 

polarized atoms and molecules and through the finite 

conductivity of a material. 

Through equations available in the literature8, we can see 
that the combination of the magnetic permeability and the 

permittivity of the absorbing composite satisfying the 

impedance matching condition is the key to producing a 

high-performance microwave absorber. Specifically, for 

a single layer of absorber backed by a PEC [perfect 

electric conductor] the reflection loss and the attenuation 

constant are dependent on complex magnetic 

permeability, permittivity, and frequency. If we consider 

diamagnetic carbonaceous materials, microwave 

absorbers are due to dielectric losses. In the case of a 

dielectric absorbent, assuming that µ=1 - j0, the 
maximum reflection loss and the attenuation coefficient 

depend on real and imaginary part of permittivity, 

dielectric loss angle tangents at a given frequency8. This 

is why to explain the effect observed we investigated the 

dielectric properties of the composites studied. 

Figures 9 and 10 illustrate the dielectric parameters of the 

tested materials within a wide frequency band from 1 

GHz to 10 GHz. For all materials one can observe 

increase in the real part of the relative dielectric 

permittivity (εr) upon increasing the frequency up to 

3GHz (Fig. 9), while for the frequency range from 5 GHz 

to 10 GHz one can observe weak influence of the 

frequency. Within the studied range the material ART 

possesses higher values of εr in comparison to the other 

materials. 

 
Figure 9. Frequency dependence of the real part of the 

dielectric permittivity for the studied materials. 
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Figure 10. Frequency dependence of the dielectric losses 

tanδε for the studied materials. 

Figure 10 depicts in a logarithmic scale the results from 

the measurements of tanδε . It is seen that this parameter 

is much more sensitive to changes in the frequency, and 

also to the quantity of the fillers in the tested samples 

themselves. Within the frequency range from 1 GHz to 5 

GHz all three materials have relatively high values of 

tanδε, and it is probably for this reason that the values of 

the shielding effectiveness are smaller in this range. 

Within the frequency range from 5 GHz to 10 GHz the 

ART material displays higher values of tanδε. 

The results of these measurements explain the observed 

microwave properties of the composites. It is obvious 

that the dielectric permittivity and the dielectric loss of 

the composite medium depends on the intrinsic 

permittivity of the phases, their volume fraction, their 
shape and size, their geometrical arrangement associated 

with the material mixture and their textural 

characteristics. The textural characteristics of the 

activated carbons used as functional fillers are different 

(Table 2). This is the reason for their different effect on 

the real part of dielectric permittivity and dielectric loss 

angle tangent as well as on the microwave properties of 

the composites. It was found that the highest value of the 

total shielding effectiveness possess the composites 

containing the activated carbon Norit. It has the lowest 

values of specific surface area, area and volume of 

micropores and the highest values of external surface 
area, volume of mesopores and average pore diameter. 

With gradually increasing the values of the indices in the 

first group and gradually decreasing the values of the 

indices in the second group, the value of total shielding 

effectiveness in the row Norit, AG-K and ART decreases. 

It is obvious that these indices have influence on the 

rubber matrix-filler particle interactions, such as 

multicontact chain adsorption to the surface of the filler. 

The spatial inhomogeneities formed give rise to 

polarization phenomena and to a frequency dependence 

of the dielectric permittivity 37. It may be considered as a 
prove for the effect of activated carbons textural 

characteristics on the dielectric and microwave properties 

of containing them composites. 

IV. CONCLUSIONS 

Six types of activated carbon different in their 

adsorption-textural parameters have been studied as 

functional fillers of composite materials based on natural 

rubber. These types of active carbon are Norit, AG-K, 

ART, AC-L, 207C and ACVM. It has been found out that 

the activated carbons exert serious influence upon the 

vulcanization process, which depends both on the 

chemistry of the surface of carbons (respectively on the 

IEPs), as well as on their textural parameters (most of all 

on the ratio VMES/AEXT). In order to accomplish a 
normal vulcanization process without any technological 

problems it is necessary that the ratio VMES/AEXT 

should be within the limits (8.5-12.0)10-4 and at the 

same time the IEP should be close to 7. 

It has been observed that the composite containing 

activated carbon Norit possesses the highest value of the 

total shielding effectiveness in comparison with the 

composites, containing the carbons AG-K and ART. It 

has the lowest values of specific surface area, area and 

volume of micropores and the highest values of external 

surface area, volume of mesopores and average pore 

diameter. With gradually increasing the values of the 

indices in the first group and gradually decreasing the 

values of the indices in the second group, the value of 

total shielding effectiveness in the row Norit, AG-K and 

ART decreases. It is obvious that these indices have 
influence on the rubber matrix-filler particle interactions, 

such as multicontact chain adsorption to the surface of 

the filler. It is obvious also that the textural 

characteristics of the studied active carbons exert 

influence both on the dielectric, as well as on the 

microwave properties of the studied composites. Some of 

the studied active carbons (Norit, ART and AG-K), 

answering the requirement for appropriate values of the 

IEPs and of the textural parameters can be used as fillers 

in elastomeric composites designed for microwave 

application. 
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