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Abstract: The purpose of this paper was to obtain new hybrid composite materials (HCM) with
applications in electromagnetic shielding and their characterization using new methods. The paper
presents 6 experimental models (EM) of new hybrid composite materials (HCM) with applications in
the electromagnetic shielding and their characterization using new methods. EMs were obtained by
extrusion and melt injection, with different ratios of HDPE/hybrid NiFe2O4/Ag mixture concentrations:
100/0 - 10; 97/3 - 11; 95/5 - 12; 93/7 - 13; 90/10 - 14 and 80/20 - 15. The characterizations performed
within this work are imposed and correlated with the operating conditions of these materials. Thus, we
studied the behavior of polymer composite materials with hybrid fillers, under the action of different
degradation factors such as ionizing radiation, UV radiation and moisture. Following the tests
performed, the experimental model 15, composite with maximum ferrite concentration, i.e. 20 %, was
chosen as the optimal variant. It was aimed to identify the degree of degradation of the developed
composite materials, as a function of the variation of tan ¢ with frequency, at different aging/
conditioning cycles. The originality element of the paper consisted in determining the life time remaining
of the HCM until the moment it needs to be replaced, by an original method protected of by an invention
patent.
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1. Introduction

In recent years, in order to ensure optimal living and working conditions, while protecting the
environment, the development of new materials for various applications has become a priority issue [1].
Due to the continuous increase of electricity production, as well as the number of consumers that
generate electromagnetic fields, the electromagnetic pollution of the environment, in different rooms, is
increasing [2], which leads to the damage to human health [3- 6] and of living matter [7-14].

Mitigation of the level of electromagnetic pollution in rooms is possible by developing effective
materials for the manufacture of electromagnetic shields [15, 16]. The materials needed to make these
shields must meet synergistic requirements regarding the actual conditions of use and the requirements
of the environmental factors to which they are exposed. In addition to an acceptable attenuation of
electromagnetic waves, these materials must simultaneously have a series of characteristics such as:
mechanical performance (elasticity, breaking strength, etc.), resistance to UV radiation, resistance to the
action of mold, etc. Mainly, these performances can be ensured by polymer-based composite materials
(that have adequate mechanical properties [17], acceptable thermal stability [18-20], high resistance to
mold action [10, 19, 21], UV resistance [22], low hydrophilicity [23] etc.) with filler that mitigation
electromagnetic waves such as metal powders [24] or ferrite powders. Ferrite particles have improved
performance when the size decreases below 30 nm [25]. The super-paramagnetic nature of ferrite
particles and their polymer composites is therefore mainly based on the size and distribution of the
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particles in the polymer matrix. As such, these ferrite-doped polymeric materials have exceptional
shielding properties [26]. Among the factors that arbitrate the magnetic properties of ferrite particles are
the morphology, structure, interaction with the matrix and other nearby particles, but also factors such
as temperature, pressure of the doping environment. Ferrite particles have a decisive role in various
fields of science and technology through their adsorptive, magnetic and catalytic nature, due to their
large surface area, high stability to thermal, chemical and mechanical stress, adjustable chemical
composition, but also controllable magnetic properties [27]. Within this paper, polymer composite
materials with hybrid ferrite fillers were obtained, which can be used as electromagnetic shields. The
characterizations of these materials are imposed by their operating conditions which require a high
resistance to the ionizing radiation action and UV radiation, a good mechanical resistance, water
resistance and at the same time to present a life time as long as possible. In order to identify the influence
of the processing conditions on the structure of the prepared materials as well as on the properties
observed in this work, synergistic effects obtained from results from different applied characterization
techniques were investigated. The efficiency of the electromagnetic shielding obtained by the prepared
materials (15) is accepted as satisfactory for the commercial attenuation standards as well as for the
military ones.

2. Materials and methods
2.1. Materials

The following raw materials were used to obtain the EM of hybrid composite materials:

o HDPE powder type ELTEX A3180PN1852 with the properties shown in Table 1 [28];

o ferrite-type hybrid filler powder, which was obtained by mixing the following solutions: 10 mM
solution of Fe®*, 10 mM Ni solution and 10 mM Ag solution, in a molar ratio of 2:1:1. After mixing
these solutions were titrated with excess NaOH at 90°C for one hour and the precipitate formed after
titration was filtered and washed with distilled water. The dried precipitate was heat treated at 700°C for
one hour.

Table 1. Properties of HDPE powder

Units of

. I Standard of Value
Properties Characteristics measurement measurement
Physical Density (23°C) 1SO 1183/A Kg/m?® 957
Flow Index (MFR) 1SO 1133-1 9/10 min 21.3
(190°C /2,16kg)
Thermal Thermal melting temperature ISO 11357-3 °C 131
(DSC)

2.2. Equipment

To obtain the composite materials, a laboratory extruder KETSE, Brabender Germany, was used,
while in order to obtain the necessary samples for characterization, a melting injection machine Dr. Boy
35A, Germany was used.

The characterization of the composite materials obtained was carried out by subjecting them to
various tests performed with certain equipment, namely:

e UV-VIS spectroscopy, (UV-VIS-NIR spectrophotometer Jasco, Japan);

e Dielectric spectroscopy (SOLARTRON Dielectric Spectrometer, Solartron Analytical, UK);

e a universal machine was used for mechanical static testing of materials, model LFM 30kN,
Walter & Sai AG, Switzerland,

In order to characterized the aging/degradation effect related to ionizing and UV radiation two radiate
treatments were performed:

e jonizing radiation irradiation (Laboratory Instrument, Sanguis Ob-Servo, Gammator M38,
equipped with Co-60 sources, Budapest, Hungary);
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e resistance to UV radiation treatment (Kolorlux Blacklight UV lamp, Mercury HGW 160W
Hungary);
e to determine the resistance to moisture/swelling, the Precisa analytical balance was used.

2.3. Methods
2.3.1. Preparation of composite materials

Hybrid composite materials of HDPE/filling type were obtained by the classic processes of plastic
processing (Figure 1), according to IL MAV — 08/2014 [29], in the processing conditions: speed of the
extrusion screw 25-40 rpm; granulation speed 12 rpm; grain size 3 mm.

BRABENDER® PLASTI-CORDERE and Measuring Extruder
Basic Program with Multiple Evaluation / Version 4.2.5

Ordear : BRABENDER Number -1
Date + 21, October 2021 Operator < Alins

Material

Supplier : BRABENDER Colour :NEGRU
Materizl : HDPE+FERITA Size :
Compound I0ANA 10 Melt Density 1.2 [glem]
Potymer :HOFE Bulk Density :

Additive :FERITA Tempsrature :RT
Moisture :

Nate

Eguipment

Extruder Type :DSEZV40D Drive Type : Stand-Alone Extruder
Extruder Cooling  : water Screw 1)

Feed Section : round Die Type : 2-Btrands
F.5. Cooling T Water

HopperDosing : feedar Additions : Measuring ring
- Heating ring

Nute: : Zx3 diameter

Figure 1. The process of obtaining HDPE / filler composite material granules
The temperatures on the 6 heating zones of the extrusion cylinder starting with zone 1 in the feed
hopper were presented in Table 2.

Table 2. Extruder (TE) and injection molding machine (TMI)
heating zone temperatures

Area l Area 2 Area 3 Area 4 Area Area 6
TE (°C) 165 170 175 180 185 190
TMI (°C) 170 175 180 185 190 -

About 500g of granules were obtained from each composite material. Obtaining the samples
necessary for characterization was performed according to IL MAV - 06/2014 [25], in the following
processing conditions: the closing force of the mold in the range 302-317 kN; injection pressure of 550
bar; 90 bar back pressure; injection mold temperature of 15-20°C. The temperatures on the 5 heating
zones of the injection machine cylinder, starting with zone 1 in the feed hopper, were shown in Table 2.
From these granules, 6 sets of samples of about 25 pieces of different shapes and sizes (mm) were taken:
bars with dimensions L x W x H: 97x10x2 and 97x10x4 and discs with dimensions D x H: 28x2 and
12x2.

The composition and coding of the EMs obtained were presented in Table 3.
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Table 3. Sample composition and coding

EM coding Composition (%) HDPE/filler
10 100/0
11 97/3
12 95/5
13 93/7
14 90/10
15 80/20

2.3.2. Characterization of composites resistance to ionizing radiation

Samples obtained by extrusion and melt injection were subjected to ionizing radiation and then
analyzed mechanically and by UV-VIS spectroscopy. The investigations were performed in the same
conditions for the two types of evidence, non-irradiated and irradiated, depending on the purpose pursued
and the presumptive value of the information provided in the context of the practical applications
concerned. The resistance to the action of ionizing radiation was determined by testing the mechanical
properties variation of the materials before and after irradiation with ionizing radiation by the 3-point
bending strength test. Gamma irradiation was performed on samples wrapped in aluminum foil, using a
laboratory irradiation under ambient conditions of pressure and temperature. (Dose rate: 0.7 kGy / h)
[30, 31].

2.3.3. Characterization of composites by UV-VIS spectroscopy

Exposure to doses of gamma radiation induces excitation of the hybrid composite matrix by ionizing
atoms, followed by changes in physical properties, such as UV-VIS transparency or crystallinity.

Knowledge of the radiation-induced effect on the hybrid composite matrix as well as knowledge of
the maximum dose supported by the product before degradation are of interest for their use as a shielding
effect. These possible modifications of the composite substrate after exposure to gamma radiation
require several experiments and investigations to elucidate some aspects of this process. The
observations were made on a microscopic scale by UV-VIS spectroscopy techniques.

2.3.4. Mechanical tensile tests

These tests were performed comparatively on non-irradiated and irradiated composite materials. The
mechanical test performed was to determine the 3-point bending strength, and the elongation to break
strength [32].

2.3.5. Characterization of EMs subjected to different degradation factors
The degradation factors to which the experimental models obtained were subjected are: UV radiation
and humidity. The criteria for estimating the degradation of materials are:
o for UV radiation, the evaluation of the variation of the dielectric characteristics and,
for humidity, the determination of the degree of swelling.

2.3.6. Characterization of the resistance of EMs to UV radiation

The characterization of EMs resistance to UV radiation is performed by performing dielectric
spectroscopy tests. Thus, these tests were performed according to the operating instruction IL MAV -
06/2017 [33], at a voltage of 3 V, a frequency range 1-107 Hz (10 MHz) and using an electrode 30 mm
in diameter.

Elements regarding the characteristics of the behavior of some composite materials at different
degradation factors using the variation of tan 6 frequency function are given by the specialized literature
[9, 11, 13, 14,17, 22, 24]. The characterization of HCMSs under the action of different degradation factors
(UV, temperature, humidity, etc.), through the technique of dielectric spectroscopy, is a relatively new
method. Thus, determining the life time remaining after degradation offers the possibility of replacing
the material in a timely manner, before causing significant damage to the equipment in which it is
inserted. This method is completely new and is protected by patent [34].
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2.3.7. Characterization of composite materials resistance to moisture

Water resistance of polymeric materials is determined by the amount of liquid that the material can
absorb when immersed in water. In the case of this paper, water was chosen as the liquid inflation
medium [35].

3. Results and discussions
3.1. Characterization of composites resistance to ionizing radiation

The dose of 110 kGy ionizing radiation was chosen as an optimal version, because dielectric tests
were performed on similar composite materials. Their composition was presented in [27, 36], at doses
of 0, 20, 40, 60, 80, 110 and 150 kGy and it was observed that at a dose of 110 kGy a slight increase in
electrical conductivity is obtained (by about 11% compared to the previous dose). Thus, these materials
were subjected only to the 110 kGy dose. As it is known, ionizing radiation transfers a very large amount
of energy to the irradiated material, a few orders of magnitude larger than the energy required to break
any chemical bond (max. 10-15 eV) leading to the formation of free radicals, ions and excited molecules.
Cross-linking of materials takes place in the radiation range 50-150 kGy.

3.1.1. Characterization of composites by UV-VIS spectroscopy

In order to highlight the effect of ionizing radiation as degradation effect, the samples with 0% filler
content (10) and maximum filler content, 20% (I5) were analyzed by UV-Vis Spectroscopy. UV-Vis
tests were performed on non-irradiated and irradiated samples. T absorbed dose was chosen below the
critical doze, respectively 100 kGy. All the irradiated samples present an important increase in the
absorption intensity without a modification in the shape of spectra. Absorption spectra were performed
for the analyzed materials. The spectra obtained are shown in Figure 2.

Figure 2. UV-VIS absorption spectrum for
irradiated and non-irradiated samples were:
10-blue irradiated, 10-black - non-irradiated
material, and 15-red- irradiated material, and
I5-green non-irradiated material

200 400 600 800
Wavelength [nm]

The changes that occurred in the composite material structure under the action of ionizing radiation/
UV radiation in general and identified by UV Spectroscopy, are due to the formation of some chromato-
graphy groups on the surface of the material. This is confirmed by increasing the absorption of the UV
spectrum throughout the analyzed range (Figure 2).

The obtained results are corroborated with the data from the literature [37, 38]. The degradation effect
after irradiation is more pronounced for the polymer without filler than for the doped polymer, a fact
confirmed by the difference in absorbance intensity.

3.1.2. Mechanical tensile tests
These tests were performed according to [32] and the results are shown in Table 4.
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Table 4. Average values of 3-point bending strength tests

Mechanical Flow limit . Elasticity Decrease
Sample strength (Rpoz) Elongation modulus Decrease | Increase Elongation
code R), [MPa] | [MPa] | W I | (g [gpa | Rm(*0) | Re (%) (%)
10-0 kGy 35.85 1151 451 2.22 7.03 9.08 4.66
11-0 kGy 39.43 11.7 11.96 2.01 15.19 9.23 61.20
12-0 kGy 40.55 11.65 16.48 2.3 12.28 10.04 71.42
13-0 kKGy 4141 11.15 16.24 1.75 9.03 10.87 73.95
14-0 kGy 41.94 14.38 14.58 2.17 8.54 16.93 74.21
15-0 kGy 43.05 12.98 17.12 2.33 1.95 25.45 75.82
10-110 kGy 33.33 12.66 4.3 1.67
11-110 kGy 33.44 12.89 4.64 1.60
12-110 kGy 35.57 12.95 4.71 1.95
13-110 kGy 37.67 1251 4.23 1.53
14-110 kGy 38.36 17.31 3.76 1.99
15-110 kGy 42.21 17.41 4.14 2.25

The tests to determine the mechanical resistance to breaking by the method of elongation at break
were performed with the help of an adaptation to the traction machine. This adaptation consists in
replacing the clamping system, existing in the machine equipment for the usual materials, with a device
that allows the fixation of samples made of plastic material, (which is much more elastic than metallic
materials) in order to eliminate the risk of tearing the samples from the grippers before they are broken.
Figure 3 represents the mechanical testing machine with the device that replaces the clamping system
grippers for the usual materials and broken samples.

Figure 3. The mechanical testing machine for determining of tensile strength in static
regime of materials, with adapted device and samples broken after elongation

This equipment used is a model LFM 30kN, Walter&Sai AG Switzerland

These tests were performed at a speed of 5 mm/min. Environmental conditions during the tests: Taer
=25+ 2°C, Urelative air = 30 £ 5 %. The 3-point bending strength mechanical tests were performed before
and after irradiation with ionizing radiation at a dose of 110 kGy and indicates the experimental model
encoded 15, as the optimal material. The decrease in mechanical properties after irradiation is inversely
proportional to the increase in filler concentration.

3.2. Characterization of EMs subjected to different degradation factors
3.2.1. Characterization of the resistance of EMs to UV radiation

To determine the dielectric properties of the materials, EMs encoded 10 - I5 were subjected to the
degradation factor UV radiation type, for 312 h.

The tangent of dielectric loss angle (tan 6) or dissipation factor was determined as the ratio between
the imaginary part (er”) and the real part of the relative permittivity (er’) as in equation 1:
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tan 6 = &”"/e/ D

The real part of electrical conductivity (o, in S/m) and resistivity (p, in Q-m) were calculated with
equations 2, 3:
o= & &tan & (2)
p=1/c 3)
where:

& is the permittivity of free space (8.854 x 1012 F/m),

&’ is the relative permittivity (dielectric constant) of the sample,

d is the thickness of the sample (m),

o is the angular frequency (o = 2xf),

f is the linear frequency,

tan o is the tangent of dielectric loss angle (dissipation factor).

The electrical conductivity was calculated according to formula 2 and the electrical resistivity is
calculated as the inverse of the electrical conductivity according to the relation 3. The interval of 72 h
was chosen as the aging cycle [36]. After each cycle, dielectric tests were performed and then o
(electrical conductivity) and p (electrical resistivity) were calculated. The component that is sensitive to
UV radiation is polyethylene. While at low temperatures thermal oxidation of polyolefins is negligible,
exposure to UV radiation in the presence of air can lead to their photo-oxidation even at ambient
temperatures, the process manifesting itself by chain splits, cross-linking and formation of polar groups
[39-41]. Composite materials (EMs) 10 - 15 were irradiated on a UV lamp with a dose of 150 mW/m?/h
at 25°C and 60% humidity. The experimental results obtained were presented in Table 5.

Table 5. Dielectric characteristics of the tested materials

Variations from initial values (%
Type ME tgd c (S/m) p (Qxm) tas Variation & (S/m) and Variation
’ type p (Qxm) type
10 1.94E-02 5.60E-08 1.78E+07
11 1.86E-02 5.58E-08 1.79E+07
12 1.86E-02 5.56E-08 1.80E+07
13 1.85E-02 5.67E-08 1.76E+07
14 1.58E-02 5.64E-08 1.77E+07
15 1.50E-02 1.25E-07 8.03E+06
10 72 hours 1.45E-02 5.32E-08 1.88E+07 25.47 decreases 5.09 grow
11 72 hours 1.77E-02 5.64E-08 1.77E+07 4.90 decreases 1.02 decreases
12 72 hours 1.75E-02 5.58E-08 1.79E+07 5.87 decreases 0.38 decreases
13 72 hours 1.77E-02 5.64E-08 1.77E+07 4.55 decreases 0.47 grow
14 72 hours 1.79E-02 5.68E-08 1.76E+07 11.82 grow 0.80 decreases
15 72 hours 1.87E-02 1.23E-07 8.11E+06 19.57 grow 1.03 decreases
10 144 hours 1.89E-02 5.48E-08 1.82E+07 23.49 grow 2.93 decreases
11 144 hours 1.77E-02 5.50E-08 1.82E+07 0.16 grow 2.44 grow
12 144 hours 1.71E-02 5.44E-08 1.84E+07 2.04 decreases 2.46 grow
13 144 hours 1.77E-02 5.50E-08 1.82E+07 0.16 grow 2.44 grow
14 144 hours 1.48E-02 5.39E-08 1.86E+07 17.22 decreases 5.19 grow
15 144 hours 1.51E-02 1.19E-07 8.39E+06 19.34 decreases 3.32 grow
10 240 hours 1.15E-02 1.59E-08 6.29E+07 39.34 decreases 70.99 grow
11 240 hours 1.43E-02 5.25E-08 1.91E+07 19.44 decreases 4.62 grow
12 240 hours 1.46E-02 5.33E-08 1.87E+07 14.78 decreases 2.01 grow
13 240 hours 1.55E-02 5.46E-08 1.83E+07 12.32 decreases 0.71 grow
14 240 hours 1.62E-02 5.38E-08 1.86E+07 8.32 grow 0.14 grow
15 240 hours 1.68E-02 1.18E-07 8.51E+06 10.54 grow 1.43 grow
10 312 hours 1.48E-02 5.45E-08 1.83E+07 23.76 decreases 2.73 grow
11 312 hours 1.90E-02 5.59E-08 1.79E+07 2.28 grow 0.1 decreases
12 312 hours 1.74E-02 5.65E-08 1.77E+07 6.49 decreases 1.56 decreases
Mater. Plast., 59 (4), 2022, 82-94 88 https://doi.org/10.37358/MP.22.4.5627



https://revmaterialeplastice.ro/

MATERIALE PLASTICE @ @
https://revmaterialeplastice.ro A

https://doi.org/10.37358/Mat.Plast.1964

13 312 hours 1.78E-02 5.68E-08 1.76E+07 3.66 decreases 0.27 decreases
14 312 hours 1.82E-02 5.60E-08 1.79E+07 13.23 decreases 0.67 grow
15 312 hours 1.83E-02 1.21E-07 8.28E+06 18.09 grow 3.07 grow

From the experimental data obtained for the degradation of materials under UV radiation, in-
significant changes are observed. The average electrical conductivity of the composite materials studied
varies throughout the irradiation with UV radiation in the range 5.03E-08 - 1.25E-07 S/m.

Experimental results it shown that the composite materials subjected to UV radiation, after 312 h of
irradiation did not reach degradation. Regarding the variation of electrical conductivity, it can be said
that the most conductive material is 15, respectively the material with the highest percentage of filling.
It is found that for the initial samples, the average conductivity is increasing, in the sense of increasing
the filling concentration of the composite.

A classification can be made in terms of the variation of electrical conductivity as follows:
15>14>13>12>11>10.

For 14 and 15 composite materials at each irradiation dose, there is a slight increase in electrical
conductivity compared to non-irradiated materials. A maximum increase was observed after 240 h of
UV radiation, respectively 9.44% increase for 14 and 5.68% increase for 15.

3.2.2. Remaining life time at continuous exposure to UV radiation of composites

Polyethylene is a semi-crystalline polymer and the addition of powdery materials leads to a decrease
in its crystallinity. This can also be confirmed by determining the remaining lifetime following
continuous exposure to UV radiation. The critical value of the electrical resistivity at which the material
can be considered to be degraded was chosen as the moment when it decreases to 30% of the initial
value.

We can identify at what number of hours of irradiation with UV radiations the material will be
degraded and if it is used in industry, when it should be replaced using formulas for calculating the root
of the equation of degree 2.

The calculated data are presented in Table 6.

Table 6. The life time remaining of EMs at continuous exposure to UV radiation

Samples Equation y B1(b) B2(a) A Mategae;srtsr)ength
10 y = -534.65x%+ 229939x+1E+07 | 5.35E+06 229939 -535 250620 25
11 y = -287.81x%+ 78799x+2E+07 5.29E+06 78799 -288 152113 18
12 y = -277.95x%+ 68453x +2E+07 5.32E+06 68453 -278 144936 13
13 y = -135.65x%+ 37949x +7E+06 2.41E+06 37949 -136 62704 10
14 y=-44.194x? + 18657x + 2E+07 5.38E+06 18657 -44 54161 9
15 y = -37.696x? + 13792x + 2E+07 | 5.40E+06 13792 -38 48911 2

The calculation showed that materials with ferrite filler (11-15) have a shorter remaining life, in
proportion to the percentage of filler added. Thus, it can be said following the results obtained, that 10
lasts 25 years, and for the other samples, respectively 11-15, the period decreases thus 11 (18 years)> 12
(13 years)> 13 (10 years)> 14 (9 years)> 15 (2 years).

3.3. Shielding efficiency of the composite, materials

For materials 10 (HDPE - reference sample) and 15 (HDPE + 20% filler), in terms of wave impedance,
magnetic permeability, attenuation constant and shielding efficiency were calculated according to
Maxwell's equations [42].

The calculation formula for shielding efficiency is shown in formula 4.

qFl[(f_Hﬁ EHiJnE:.;' 211“.'1Ii ir,-::::?_qr_- _J-.!';u'.':'

(4)
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SER(dB) = 10log _Zac__ |

Lo T T o

where:
wr - relative magnetic permeability of the medium related to vacuum;

uo - relative magnetic permeability of the vacuum;

er— relative permittivity of the environment related to vacuum;

go— relative permittivity of the vacuum;

SE- shielding efficiency;

w - 27|;f

f - frequency (Hz).

The experimental results and those resulting from the calculation were presented in Table 7.

Table 7. Average values of shielding efficiency

Shielding efficiency (SE) (dB)
SE reflection 10 -21.6673 21
SE absorption 10 0.4878
SE reflection 15 -34.0206 -32
SE absorption 15 2.4263

Experimental data were expressed as an average of 100 values. The data obtained shown that the
addition of 20% filler to the composite polymer leads to a increase with 34% of the electromagnetic
shielding efficiency.

3.4. Resistance to moisture

The moisture resistance of polymeric materials is determined by the amount of liquid absorbed by
immersion. In this case, water was chosen as the liquid inflation medium.

The following formula (5) was used to determine the water resistance of the study materials,
according to SR EN ISO 175/2011 [35] was used:

Q:M*lOO

X ()
where:
Q - degree of swelling
X234, - mass of swollen material (after each 72 h cycle)
X1—mass of dried material
Figure 4 shows the experimental results obtained for composites resistant to water.

Water resistance
1.0000
0.8000
0.6000

0.4000 '
0.2000 : |
! :

0.0000

G72h G144h G216h G288h mG360h

Figure 4. Water resistance of material composite
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Literature presents experimental data on the degree of swelling / water resistance of polymeric
materials up to 20%, but for polyethylene the recorded values show that it does not exceed 5% [36, 43].
This is due to the filler added to the polymer matrix and can be explained by the fact that there is very
little space left between the particles in the polymer matrix and the filler particles/ aggregates that will
be occupied by the water molecules. A classification can be made in terms of the degree of swelling/
resistance to water action as follows: GI0 <GI1 <GI2 <GI3 <Gl4 <GI5.

4. Conclusions

The paper aim is both to obtain polymer composite materials with hybrid ferrite fillers to be used as
electromagnetic shields, and to characterize them using new methods.

The EMs characterizations performed and presented within this paper are imposed by their operating
conditions. They consist of good resistance to the action of ionizing radiation and UV radiation,
mechanical and water. By submitting to these degradation factors, the materials must have as long a
remaining life time as possible.

The degradation effect after irradiation is more pronounced for the polymer without filler than for
the doped polymer. The mechanical strength obtained before and after irradiation with ionizing radiation
at 110 kGy indicates that sample I5 is the optimal material. Tests performed to determine the efficiency
of electromagnetic shielding have shown that the addition of 20 % filler increase with 34% the
electromagnetic shielding efficiency. Tests performed to determine the resistance to the action of UV
radiation lead to the conclusion that the materials subjected to irradiation for over 300 hours remain
impenetrable, are stable, no degradation is observed. From the point of view of the variation of the
electrical conductivity, it is observed that the most conductive material is the material with the highest
percentage of filling (15). As such, the variation classification the determined electrical conductivity is:
I5>14>13>12 > 11> 10. Polyethylene is a semi-crystalline polymer and the addition of powdery
materials leads to decreased crystallinity, an aspect confirmed by the remaining life time after continuous
exposure to UV radiation of materials with ferrite fillers (11-15). Tests have shown that the remaining
life time is shorter, in proportion to the percentage of ferrite-type hybrid filler added. The composite
materials obtained by us have a degree of swelling of max 0.8% for the material with the maximum
percentage of filling (15) compared to the percentage of up to 20% for polymeric materials and 5% for
polyethylene according to the literature [43].

By adding the polymer matrix there is very little space left between the particles of the formed matrix
and it will be occupied by water molecules. Thus, depending on the degree of swelling/ resistance to
water action, a classification can be made, namely: GI0<GI1<GI2<GI3<GI4<GI5.
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