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Abstract: Тhe electronic devices are everywhere in our life and for their proper performance it is very important to have them 
protected from Electromagnetic Interference (EMI). Sources of EMI could be some components of the device, nearby conductors, other 
devices, high voltage lines, atmosphere static discharges, etc. One of the main methods for protection from external EMI is by shielding the 
whole device and for this purpose are used various materials. In this paper are presented two types of materials used for EMI shielding - 
polyester silk with electrolysis metal coating and nitrile butadiene based compounds (NBR) containing as a filler natural magnetite. For both 
materials is investigated the EMI absorption for electromagnetic waves in the band (8-12 GHz) and at 2380 MHz. 
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1. Introduction. 
Shielding from EMI is a complex process associated with 

propagation of electromagnetic waves in environments with various 
electromagnetic properties and their interaction with the object, 
characterized with reflection, refraction, scattering and absorption. 
For quantitative evaluation of the effectiveness of the protection is 
used shielding coefficient (S) equal to the ratio of the amplitude of 
the intensity of the electric or magnetic field at any point in the 
shielded area compared to the amplitude of the intensity of the field 
at the same point in the absence of the shield: 
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When an electromagnetic wave reaches the shield, one part of it 
is reflected and another penetrates it undergoing absorption and 
multiple internal reflections (MIR) as ultimately some portion of it 
passes through the shield. All processes of reflection and absorption 
lead to loss of electromagnetic energy: 
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The energy loss from absorption (absorption loss) does not 
depend on the type of the electromagnetic waves (electric or 
magnetic field) and goes up with increasing the waves frequency 
and the thickness of the shield, as well as with increasing the 
magnetic permeability of the material from which it is made. [1] 
The energy loss from reflection (reflection loss) depends on the 
ratio of the impedance of the waves and the impedance of the shield 
material. It is larger for  electric fields,  decreases with increasing 
waves frequency, and does not depend on the thickness of the 
shielding material. Multiple internal reflections always reduce the 
shielding effect because each reflection inside the screen allows a 
small amount of energy to pass through it. 

2. Shielding methods. 
Electromagnetic interference (EMI) is emitted by every wire or 

electronic device associated with electrical energy transferring, sun 
radiation, high voltage atmosphere discharge and other sources. The 
rapid development of the electronic industry during the second half 
of XX century resulted in implementation of electronic devices 
everywhere.  Each of them is a source of EMI, jeopardizing the 
normal functionality of the electronic devices, thus bringing out in 
the foreground this problem.  

Basically the protection from undesired signals emitted from 
electronic devices could be achieved by three methods: 

 

 

proper design; electromagnetic shielding of separate device 
modules; shielding of the whole device. The last method is the 
easiest for realization and economically profitable especially 
because of the possibility for plastic shielding realization. The 
frequency interval above 10 GHz is radio frequency and is the most 
common in the everyday life.  

For electromagnetic shielding are used various materials - metal 
foils, metal grid, cloth with metal knitted fibers, materials with 
electro conductivity fibers and absorbents - wood pulp, micro 
porous rubber, polyvinylchloride resins with fillers, silicon rubber, 
graphite filled  textolite, etc. (tab.1) 

Table 1: Characteristics of some shielding methods 

Method Width,  µ m Resistance, 

Ω/� 

Shielding, 

dB 
Arc sputtering 

of zinc 15-25 0,03 50-60 

Spraying of 
molten zinc 25 4,0 50-60 

Acrylic paint 
with nickel 

powder 
50 0,5-2,0 30-75 

Acrylic paint 
with silver 

powder 
25 0,04-0,1       60-70 

Acrylic paint 
with copper 

powder 
25   0,5 60-70 

Paint with 
graphite filler 25   7,5-20        20-40 

Cathode 
sputtering 0,75 1,5 70-90 

Galvanic 
metalizing 0,75 0,1 85 

Chemical 
metallization 

/copper-
nickel/ 

1,25 0,03 60-70 

Chemical 
metallization 

/silver/ 
1,25 0,5 70-90 

Vacuum 
metalizing 1,25 5-10 50-70 

Ion deposition 
of copper 1,0 0,01 50 

Conductive 
plastic /nylon 

containing 
40% carbon/ 

- 75-100 40-60 
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Nowadays microwave absorbers are mainly used for:  

-protection of the environment  and people from the adverse 
influence of high frequency electromagnetic radiation due to 
industrial and other sources; 

-technical purposes like eliminating undesired signals and noise in 
radio and television technique; in anechoic chambers;  antiradar 
camouflage of mobile and fixed military structure and objects for 
reducing or altering the radar signature.  

The main microwave absorbers’ requirements are minimum 
reflection and maximum absorption of the electromagnetic energy. 
The ideal absorber has broad frequency range of the absorbing 
energy, excellent weather stability, light weight, characteristic 
reliability and capability to work in a broad temperature range. 

3. Measurment of the attenuation coefficient of 
metalized fabrics  

The measurement of the attenuation or shielding effect of the 
metalized fabric was conducted within 8-12 GHz band. The samples 
were installed between two coaxial waveguides for this frequency 
range - R100 (3x10mm) and pressed with equal force. The signal 
was transmitted from sweep generator HP 8620C and its changes 
were monitored on spectrum analyzer HP 8559A (both sets - 
Hewlett Packard make).The fabric samples size is 50mmX50mm. 
They are pressed with equal force between the two waveguides 
fully covering their openings. 

The attenuation of the tested sample is calculated as follow: 

(4) outpass PPA /lg10= ,  where  

P pass - power of the electromagnetic waves that passed through 
the shield; Р out - power of the electromagnetic wave outside the 
shield; Р out = 4 - 5mW. 

4. Experimental results. 
The paper presents two types of shielding materials. The first 

one is made of 100% polyester silk (K167 dtex.) with electrolysis 
metal coating - “sandwich” type construction - Cu/Ni-P [1]. 

 Data was collected according BDS – specific area mass 84 g/m2, 
breaking strength on the basis 74,7 daN, weft-72,2 daN, 
extensibility of the base and by weft - 400 n/10 cm, filling 77%, 
coefficient of drape 23%. With appropriate combination of 
thickness EMI attenuation above 50 dB is achieved in the band of 
the civil radiolocation (8-12 GHz) and at 2380 MHz. The received 
data of the experiments is given on tab.2, tab.3, tab.4 and tab.5. 

Table 2: Electrical resistance of a square (Ω/� 10сm) depending on the 
conditions of the chemical metallization 

Chemical 
metallization 

Direction  
of the 

measure-
ment 

       Duration (min) 

10          20         30        45          60 

Coppering by base 

by weft 

0,12     0,09     0,075     0,05        0,03 

0,24     0,12     0,08      0,055     0,045 

 
Coppering 

+10min nickel-
plating /Ni-P/ 

by base 

by weft 
0,36     0,06    0,045    0,03       0,03 

0,56     0,07    0,06      0,04       0,04 

 
 

 

 

 

 

 

Table 3: Shielding effectiveness (attenuation, dB) depending on the chemical 
metallization type. Signal level 10mW, 10GHz 

Chemical 
metallization 

       Duration (min) 

10          20         30         45         60 

Coppering 42          62         65         67         67,5 

Coppering 

+10min nickel-
plating /Ni-P/ 

57          65         66          71         72 

 

 

 

Table 4: Shielding effectiveness (dB) depending on the duration of the 
nickel-plating of fabric A 

Electrolyte 
for nickel-
plating 

Frequency,
GHz 

 5min      

 

10min 20min 30min 

alkaline 

 pH=9,0 

8,06 

9,46 

12,06 

29,1 

26,1 

23,0 

39,5 

38,1 

36,0 

51,4 

47,8 

44,5 

55,5 

52,3 

49,3 

 

acid  

pH= 5,0 

8,06 

9,46 

12,06 

38,5 

36,8 

36,1 

47,6 

43,8 

40,2 

58,6 

49,6 

46,8 

   - 

   - 

   - 

 

 

Table 5: Shielding effectiveness (dB) depending on the duration of nickel-
plating on fabric В (calendered) 

Electrolyte 
for nickel-
plating 

Frequency,
GHz 

 5min      

 

10min 20min 30min 

alkaline 

 pH=9,0 

8,06 

9,46 

12,06 

25,8 

24,5 

24,2 

35,4 

34,9 

33,6 

50,6 

48,1 

42,9 

55,6 

52,3 

46,8 

 

acid  

pH= 5,0 

8,06 

9,46 
25,3 

24,3 

 

35 

33,8 

 

49,3 

46,7 

51,2 

49,4 

 

 

There were also investigated the properties of thin elastomeric 
microwave absorbers. The samples were built on the basis of nitrile 
rubber, containing natural magnetite (particle size below 10µ) as 
absorption active filler. 

  The mixing process of the rubber with the filler was carried out 
by Brabender  Plasticorder at 50 ºC. The rubber-filler ratio was 10-
60 phr. The films (average thickness of 100 µ) were prepared from 
2mass% 1,2-dichloroethane solution of the rubber-filler 
composition. Magnetic field with induction of 0,60T was applied 
for the period of 20 minutes during the film formation process. The 
magnetic field induction was controlled by teslameter. The samples 
were placed parallel and perpendicularly to the magnetic field lines 
of force. 

The optical microscopy pictures give us information about the 
structure of non modified magnetite filled samples and another one 
modified with EMF. (Fig.1.) In presence of magnetic field we can 
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see an organization in filler particles ordering, which increases the 
probability the propagating wave to meet on its way a filler particle 
instead of polymer matrix material. This probability in the absence 
of EMF, when the structure has the usual disordered nature and the 
filler particles are situated chaotic is considerably less.  

Fig.1:Optical microscope pictures (x 70) of nitrile rubber films, 
containing different concentrations of magnetite (H=0, without magnetic 
field application; H>0- with magnetic field application) 

          

a) 10 phr Fe3O4, H=0            b) 10 phr Fe3O4, H>0 

         

c) 50 phr Fe3O4, H=0            d) 50 phr Fe3O4, H>0 

Fig. 2 shows the absorption of electromagnetic waves in the 
range 8-12 GHz for our samples. The effects concern the influence 
of the magnetic field on the magnetite distribution in the rubber 
matrix. The material is magnetically soft and its particles orientation 
is highly dependent on external magnetic fields.  

The measurements were performed in a waveguide line. There 
were three measured absorbing samples - one control and two 
magnetically modified. For the first modified sample the direction 
of the external magnetic field is parallel with the wave in the 
waveguide. For the second sample it’s perpendicular. The 
absorption of the no modified sample is the lowest. The sample 
modified with a perpendicular magnetic field has the highest 
absorption.   

Fig. 2. Absorption of electromagetic waves in the 8-12 GHz range by films 
based on nitrile rubber and natural magnetite filler. 

 

 

 

 

 

 

 

The application of magnetic field during sample preparation 
affects the filler particles ordering causing secondary structures 
formation guided by the direction of the magnetic field lines of 
force.  

The change in absorption of the electromagnetic waves of the 
elastomeric microwave absorbers under the influence of an external 
magnetic field is due to the orientation phenomena in the 
elastomeric matrix, as well as the arrangement of the particles of the 
absorption-active filler in a favorable manner for better interaction 
between it and the electromagnetic waves falling on the shield [2]. 

5. Conclusions. 
The researched materials were tested for effectiveness of the 

shielding effect. The attenuation was measured after application of 
magnetic field to the elastomeric microwave absorbents in both 
ways of operation of the electromagnetic field - perpendicularly and 
parallel to the sample in the range 8-12 GHz. The experiments 
proved that the tested materials have better shielding effect, 
compared to the control sample. For both materials the absorption 
in both directions was higher for the whole range 8-12GHz than the 
one of the sample. The observed improvement of the shielding 
effect is due to the interaction of the electromagnetic waves and the 
filler-magnetite. The oriented arrangement and resulting structure of 
the particles of the active compound under EMF influence leads to 
increase of the effect of shielding [3,4]. 
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