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1. Introduction

To date, halogen-based polymeric compositions have
been widely used in the cable industry. In recent years,
technical requirements for cable products have increased
and, as a result, the need to develop new advanced ma-
terials, including fireproof polymer composite materials.
Composite fireproof materials of polyolefins are very pro-
mising. This is due to the growing use of wires and cables
for the energy industry, nuclear energy, railway transport,
construction, and so on. In these industries, fire safety
requirements for cable materials are significantly higher
than for general-purpose cables. Insulation and sheathing
materials must comply with European standards. It is
necessary to create special-purpose materials that meet
specific operational needs — not the spread of combus-
tion and the halogen-free, low smoke and low toxicity
materials.

The creation of halogen-free formulations is achieved
by introducing flame retardants — metal hydroxides into
the base polymer. Aluminum hydroxides AI(OH)3; and
magnesium Mg(OH),, of synthetic and natural origin,
hydromagnesites, have been used commercially. Processing
of such materials causes difficulties, due to the high content

of fillers, flame retardants. A modifier is used to regulate
the rheological properties of polymer compositions [1].

The main technical characteristics for fireproof polymer
compositions during operation are electrophysical characte-
ristics. However, researching them is not enough. Therefore,
the study of the dependence of electrophysical properties
on the composition of polymer compositions, given the
modifier, chemical composition, dispersion of fillers, flame
retardants, is an actual problem.

2. The ohject of research
and its technological audit

The object of research is the electrophysical proper-
ties of fireproof composite materials of ethylene — vinyl
acetate copolymer, which include filler-flame retardants
and modifiers. In order to ensure the incombustibility
performance, polymer compositions have a high degree of
filling up to 60 % by weight. Polymer matrix is used —
a ethylene — vinyl acetate copolymer. Inorganic fillers-
flame retardants — aluminum oxide trihydrate, magnesium
oxide dihydrate and hydromagnesite.

One of the most problematic places is to obtain stable
electrophysical properties at such a high level of filling
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of the polymer composition. To ensure the level of elec-
trophysical indicators, which corresponds to the regula-
tory documentation, the modifiers — aminosilanes — are
introduced into the polymer compositions.

3. The aim and ohjectives of research

The aim of research is studying the changes in the
electrophysical properties of fireproof composite materials:
ethylene-vinyl acetate copolymer depending on the con-
centration of the modifier, type and dispersion of the flame
retardant.

To achieve this aim it is necessary to perform the fol-
lowing objectives:

1. Investigate the electrical strength of polymer com-
positions.

2. Investigate the specific volume electrical resistance
of polymer compositions.

3. Investigate the dielectric loss tangent and permit-
tivity of polymer compositions.

4. Research of existing solutions
of the prohlem

Analysis of the literature data shows that one of the
means of reducing the flammability of polymeric materials
of polyolefins is the introduction of filler-fire retardants into
the polymer composition [2]. For this purpose, inorganic
fillers-flame retardants are used [3]. In conditions of real
fire, polyvinyl chloride (PVC) plastic compounds, which
are elements of cables that have an oxygen index (OI)
value of up to 40 units, are a source of release of corro-
sive gas of hydrogen chloride (HCIl) and significant smoke.
Therefore, in order to solve the problems associated with
the release of HCI and smoke, polymer compositions were
created that do not emit corrosive gases and have a signifi-
cantly lower level of smoke emission [4]. These materials
not only increase the fire resistance due to the absorp-
tion of a larger amount of heat, but also neutralize acid
gases, which leads to a decrease in smoke generation [5].
Polyolefins are commonly used as the polymer base, and
aluminum oxide trihydrate, magnesium oxide dihydrate,
and magnesites are used as flame retardants. This direc-
tion is dedicated to a significant amount of research.
The mechanical and fire-resistant properties of composite
materials to ethylene-vinyl acetate copolymer (EVA) and
alumina trihydrate with different particle diameters were
studied, and the change in these properties depending
on the dispersity of the filler was determined [6]. The
effectiveness of the use of calcium hydroxide with the
aim of increasing the fire resistance of medium density
polyethylene is shown [7]. The fireproof properties of
composite materials are investigated, the base polymer in
which is low-density polyethylene/ethylene-vinyl acetate
copolymer (LDPE/EVA). Metal hydroxides (magnesium
hydroxide and aluminum oxide trihydrate) are used as fillers
for flame retardants. Refractory properties are assessed by
horizontal combustion and oxygen index [8]. Using the
methods of thermogravimetric analysis (TGA) and diffe-
rential scanning calorimetry (DSC), polymer compositions
are studied using magnesium dioxin as a flame retardant.
The heat capacity of these materials is determined [9].

The fire resistance of ethylene copolymer with vinyl
acetate, which is filled with metal hydroxides (aluminum

oxide trihydrate and magnesium oxide dihydrate) and silicon
dioxide, is investigated. It is noted that silica provides an
advantage if the amount and other properties of fillers con-
tribute to the formation of a protective mineral layer [10].

It is established that to ensure the fireproof properties
of composite materials for insulation and cable sheaths and
better safety of electrical equipment and devices, there
must be a very high degree of filling of the polymer matrix
with metal hydrates. This can lead to loss of flexibility
and low mechanical properties with simultaneous problems
during processing [11].

Possibility of using magnesium hydroxide, zinc borates
and their joint action as an inhibitor of combustion of
polypropylene fiber is investigated. The efficiency of using
zinc borate is shown. The use of magnesium hydroxide is
ineffective. Thermal, mechanical and morphological pro-
perties are tested [12].

The efficiency of using aminoalkoxysilanide as a coupling
agent [13] to improve polymer-filler contacts in composite
materials and process inorganic substrates to increase the
adhesion of various polymers and coatings [ 14, 15] is shown.

Information on the use of aminoalkoxysilane to modify
fireproof polymer compositions, including those based on
ethylene-vinyl acetate copolymers, is practically absent
in the literature.

These studies show that the properties of polymer
compositions vary depending on the composition. The
level of electrophysical properties of fireproof polymer
composite materials during the operation of cable pro-
ducts is important. However, many issues related to the
creation of fireproof polymer compositions are still not
well understood. Especially it concerns the effect of the
modifier, fillers-flame retardants and the polymer matrix
on the electrical properties.

5. Methods of research

The copolymers of ethylene vinyl acetate (EVA-1, EVA-2)
are investigated, the characteristics of which are given
in Table 1, as well as filler-flame retardants, which used
alumina trihydrate, magnesium oxide dihydrate, a mixture
of magnesite and hydromagnesite.

Tahle 1
Characteristics of copolymers of ethylene with vinyl acetate (EVA)
Indicator EVA-1 EVA-2
Density, kg/m® 938 951
Melt flow rate, 2.16 kg, g/10 min 2.5 5
Vinyl acetate content, % 18 28

Characteristics of fillers-fire retardants are given in
Table 2. Modifier 1 isaminosilane (3-aminopropyl-triethoxysi-
lane) modifier 2 is aminosilane (N-(3-trimethoxysilane)
propylbutylamine). Characteristics are given in Table 3.

The ingredients of the polymer compositions are weighed
on the scales with an accuracy of 0.001 g and sequen-
tially loaded onto the rollers. Temperature of the work
roll (443%5) K. Temperature of the cold roll (438+5) K.
Samples are rolledin 3 minutes at a gap of 0.4—0.5 mm.
Then the gap is adjusted to 2 mm. In the process of rolling
periodically cut at least 2 times per minute. Last minute
rolls without undercuts.
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Samples are conditioned at a temperature of (293+£2) K
for at least 24 hours.

Rollers have a friction of 1.5.

Measurements of electrophysical indicators of polymer
compositions are carried out on samples with a thick-
ness of (1.0+0.1) mm, manufactured by the roller-pressing
method with T=448 K.

Table 2
Characteristics of fillers-fire retardants
Mgs(C03)4(0H)5-4Ho0;
Al(OH)3 Mg(OH); QS(M;S][E‘;[ESZSM 2
Indicator Sumolo | Semals | Semols | Samal
ample | Sample | Sample ample
No.1 | No.2 | No.3 | No.4 Sample No. 5

Mass fraction, %:
— Mg(OH), - - >33 >83.2 98.96
— Al(0H); | >99.2 | >995 - - -
- 5i0, <0.05 | <0.1 | <0.05 | 2.2+0.2 0.67
— Fey0s <0.035| <0.03 | <0.3 |0.12+0.02 0.04
— Nag0 <0.6 <0.4 | <0.05 - <0.05
- Ca0 - - - 2.2+0.2 -
Median particle diameter, microns:
— medium

(Do) 1.5 3 3 3.7 1.4
Cmadmum| ze |18 | 20 | 125 8.35

(Dgg)
— minimum

(Do) 0.5 1 1 1.1 1.02

Table 3
Characteristics of aminosilanes
Value

Indicator

Aminosilane 1 Aminosilane 2

Density, kg/m5, 20 °C 950 947
Dynamic viscosity, mPa-s, 20 °C 2 2.5
pH 11.3 10.9

A series of experiments to determine the electrical
strength, electrical resistivity, permittivity, dielectric loss
tangent was carried out using an AII-70 type appara-
tus (Russia), a KISI-1 resistance meter (Russia), and an
AC bridge P589 (Russia).

Electrical resistivity is determined by the presence
of free charges (electrons and ions) and their mobility.

Electric strength is electric field strength, the value of
which occurs to breakdown — a measure of the electrical
strength of a given material.

The permittivity of a composite material is determined
by the ratio of the capacitance of an electrical capacitor,
which is filled with a dielectric to the capacitance of the
same capacitor in vacuum.

Dielectric losses understand a part of the energy of an
electric field, which is irreversibly dissipated in a dielec-
tric in the form of heat.

Processing of the results and plotting were performed
using Microsoft Office Excel 2007 software.

The adequacy of the regression equation was carried
out by checking the statistical significance of determina-

tioncoefficient R> by the F-criterion determined by the
formula [16]:

Fo R*> n-m-1
PT1I-RY m

where n — the number of observations; m — the number of
factors in the regression equation.

6. Research resulis

Measurement of the electrical strength of polymer
compositions is carried out with an alternating voltage
of up to 50 kV and a frequency of 50 Hz.

The research results are shown in Fig. 1, 2.
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Fig. 1. Dependence of electrical strength on the modifier content
for EVA-1-based polymer compositions and flame retardants (1, 4, 5):
1, 2 — fire retardant 1; 3, 4 — fire retardant 4; 5 — fire retardant 5
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Fig. 2. Dependence of electrical strength on the modifier content
for EVA-2-based polymer compositions and flame retardants (1-5):
1, 2 — fire retardant 1; 3 — fire retardant 2; 4, 5 — fire retardant 3;

B, 7 — fire retardant 4; 8, 9 — fire retardant 5

The measurements of the volume electrical resistance
are carried out using a KISI-1 cable insulation resistance
meter with a voltage of 1000 V.

The calculation of the specific volume electrical resis-
tance is carried out according to the formula:

di+dy,\
i
= J R

4t 7

Po = (1)
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where d; — diameter of the measuring electrode, m; dy —
internal diameter of the guard electrode, m; ¢ — the sample
thickness; R,, — measured resistance, Ohm.

The research results are shown in Fig. 3, 4.
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Fig. 3. Dependence of the specific volume resistance on the content of the
modifier of EVA-1-polymer compositions based on EVA-1 (1, 4, 5):
1, 2 — fire retardant 1; 3, 4 — fire retardant 4; 5 — fire retardant 5
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Fig. 4. Dpendence of the specific volume resistance on the content of the
modifier EVA-2-based polymer compositions with flame retardants (1-5):
1, 2 — fire retardant 1; 3 — fire retardant 2; 4, 5 — fire retardant 3,
B, 7 — fire retardant 4; 8, 9 — fire retardant 5

Polymer compositions contain inhomogeneities and
impurities in the form of a second phase, resulting in
a change in dielectric properties — the Maxwell-Vanger effect.

The most common type of inhomogeneitiesis the pres-
ence of voids. Under these conditions, the permittivity
is simply reduced by the value, depending on the vo-
lume and distribution of air, which is located in them.
A much greater effect can be expected from the presence
of water in the insulating material. Such materials behave
like three-dimensional grids, causing a contribution to the
permittivity, which depends on the frequency and loss from
the currents that occur in conductive isolated samples.
Therefore, it is promising to study the specific volume
resistance of polymer compositions after exposure to wa-
ter, as a result of which the moisture content increases.

The research results are shown in Fig. 5-9.

Measurement of the dielectric loss tangent and electrical
capacitance (for further calculation of the permittivity of
the medium) was carried out using an AC bridge P589
at a voltage of 24 V and a frequency of 1 kHz with an

acceptable basic error of £0.1 % when measuring capaci-
tance and +(0.02tg8+3-10~*) when measuring the tangent
of dielectric loss angle.
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Fig. 5. Dependence of specific volume electrical resistance
on moisture content of polymer compositions based on EVA-1 flame
retardant (sample 1) and modifiers:
1 — without modifier; 2 — 0.6 % maodifier 1; 3 — 1.5 % modifier 1;
4 — 0.6 % modifier 2; 5 — 1.5 % modifier 2
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Fig. 6. Dependence of specific volume electrical resistance
on moisture content of EVA-1-based polymer compositions based
and flame retardant (sample 4) and modifiers:
1 — without modifier; 2 — 0.6 % modifier 1; 3 — 1.5 % modifier 1;
4 — 0.6 % modifier 2; 5 — 1.5 % modifier 2; flame retardant (sample 5)
and modifier 2: 6 — without modifier; 7 — 0.6 %; 8 — 1.5 %
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Fig. 7. Dependence of specific volume electrical resistance
on the moisture content of EVA-2-based polymer compositions
and flame retardant (sample 1) and modifiers:
1 — without modifier; 2 — 0.6 % modifier 1; 3 — 1.5 % modifier 1;
4 — 0.6 % modifier 2; 5 — 1.5 % modifier 2; flame retardant (sample 2)
and modifier 2: 6 — without modifier; 7 — 0.6 %; 8 — 1.5 %
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Fig. 8. Dependence of the specific volume electrical resistance
on the moisture content of EVA-2-based polymer
compositions and modifiers 1, 2 of flame retardants (sample 3)
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Fig. 9. Dependence of the specific volume electrical resistance
on the moisture content of EVA-2-based polymer compositions
and flame retardant (sample 5) and modifiers:

1 — without modifier; 2 — 0.6 % modifier 1; 3 — 1.5 % modifier 1;
4 — 0.6 % modifier 2; 5 — 1.5 % modifier 2

Permittivity

4.8

e=0.144-C, - (2)

The calculations were carried out according to the formulas:
— permittivity of the medium:
t
¢+@T’

&

where d; — the diameter of the measuring electrode, m; dy —
internal diameter of the guard electrode, m; ¢ — the sample
thickness; C, — measured electrical capacitance, pF.

— the dielectric loss tangent:

tgs = = (D'Cseq. 'Rseq.y (3)

o-C,, R

par. Rpar.
where @ — the angular frequency, rad/s; Cpq. — measured
electrical capacitance in an equivalent parallel equivalent cir-
cuit, pF; Ry, — measured resistance in the equivalent parallel
equivalent circuit, Ohm; Cy,,, — measured electrical capacitance
in equivalent sequential equivalent circuit, pF; Ry, — measured
resistance in equivalent parallel equivalent circuit, Ohm.

The research results are shown in Fig. 10—13.

An insulating material is considered to be better, the
higher its electrophysical properties. Electrophysical proper-
ties are characterized by the values of resistivity, dielectric
strength (penetration strength), permittivity and dielectric
loss. The values of these characteristics and their dependence
on aggressive factors (in particular, moisture absorption),
temperature and frequency of the electric field determine
the choice of insulating polymer compositions.

The study of the dependences of the electrical strength
of polymer compositions on the chemical composition and
dispersion of fillers-flame retardants demonstrates the influ-
ence of each of them on its value. The analysis of these
characteristics shows that high values of the electrical
strength can be achieved when used as fillers-flame re-
tardants of aluminum oxide trihydrate. For EVA-1-based
polymer compositions — 27-27.5 kV/mm (samples 1, 2).
For EVA-2-based polymer compositions — 32—35 kV/mm.
EVA-2-based polymer compositions-2 with a large indica-
tor of polymer flowability have large values of electrical
strength than EVA-1. This can be explained better by the
adhesive properties of the polymer matrix relative to the
filler and the uniform distribution of the ingredients of
composite materials in supramolecular formations.
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Fig. 10. Dependence of permittivity and dielectric loss tangent of EVA-1-based polymer compositions and flame retardants 1, 4, 5 on the content
of modifiers: 1, 4, 6, 8 — madifier 1; 2, 3, 5, 7, 9, 10 — modifier 2; 1-4 — fire retardant 1, 5-8 — fire retardant 4; 9, 10 — fire retardant 5
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Fig. 12. Dependence of permittivity and dielectric loss tangent of EVA-2-based polymer
compositions and flame retardants 3, 4 on the content of modifiers: 1, 3, 5, 7 — modifier 1;
2, 4, B, 8 — modifier 2; 1, 2, 5, B — fire retardant 3;
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Fig. 13. Dependence of permittivity and dielectric loss tangent of EVA-2-based polymer
compositions and flame retardant 5 on the content of modifiers:

1, 4 — modifier 1; 2, 3 — modifier 2

When used as fillers for magnesium oxide
dihydrate, the dielectric strength decreases
to 25 kV/mm for polymer compositions
based on EVA-1 and to 29-31 kV/mm
for EVA-2-based polymer compositions. It
should be noted that the use of fillers-flame
retardant with a smaller average particle dia-
meter affects the increase in this indicator.
When using hydromagnetics as a filler, the
dielectric strength decreases to 19-21 kV,
respectively.

It should be noted that the qualitative
composition and the amount of the modi-
fier — aminosilanes have a significant influ-
ence on the value of electric strength. For
EVA-1-based polymer compositions (Fig. 1),
the dielectric strength increases for all flame
retardants. Significant increase occurs when
using modifier 1 (with a lower dynamic
viscosity).

For EVA-2-based polymer composition-
swith a flow index of 5.0 g/10 min, the
dielectric strength decreases when using
aluminum oxide trihydrate (sample 1, 2)
and magnesium oxide dihydrate (sample 3).
When using magnesium oxide dihydrate
with a large average particle size (sample 4)
and hydromagnesite (sample 5), the dielec-
tric strength increases with an increase in
the number of modifiers 1 and 2.

The study of the influence of the chemical
composition of the dispersity of fillers-flame
retardants and the quantity and quality of
modifiers shows the change in the specific
electrical volume resistance of polymer com-
positions. When used as a EVA-1 polymer
matrix, the specific electrical volume resis-
tance decreases for polymer compositions
by placing aluminum oxide trihydrate and
magnesium oxide dihydrate and modifier 1
with a lower dynamic viscosity (2.0 MPa:s).
And it increases when using modifier 2 with
a higher dynamic viscosity (2.5 MPa-s). For
polymer compositions, placing the fire re-
tardant 5, the specific electrical volume re-
sistance increases significantly from 1-1013
to 0.8:10'%* Ohm-cm and exceeds the value
of this indicator without the introduction
of modifier 1.

The specific volume electrical resistance
of EVA-2-based polymer compositions is
reduced for all fillers-flame retardant when
using modifier 1 with a lower dynamic vis-
cosity. When modifier 2 is used, it chan-
ges little, and in the case of use as fillers,
aluminum oxide trihydrate with a smaller
average particle diameter and magnesium
oxide dihydrate with a large average particle
diameter increases 10 times.

The changes in the specific volume electri-
cal resistance from the moisture of polymer
compositions with different contents of mo-
difiers 1 and 2 are investigated. A decrease
in the specific volume electrical resistance
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for all polymer compositions with increasing humidity,
both with and without modifiers, is shown.

EVA-1polymer compositions are investigated. When using
aluminum oxide trihydrate (sample 1, Fig. 5), a signifi-
cant decrease in this indicator is observed when using the
modifier 1 from 1.0-10' to 1.0-10'! and 1.6-101® Ohm-cm
(curves 4, 5). If using modifier 2, then the decrease in
specific volume electrical resistance decreases by an order of
magnitude. The moisture content of 0.25 % and the content
of the modifier 1.5 % specific volume electrical resistance
exceeds the value for the unmodified polymer composition.
When using magnesium oxide dihydrate (sample 4) and
hydromagnesite (sample 5), polymer compositions with modi-
fier 2 have the best value. For example, for hydromagnesite
(curve 8), the specific volume electrical resistance increases
compared to the unmodified polymer composition sample from
1.0-10" up to 1.6-10'®> Ohm-cm, moisture content 0.31 %.

If EVA-2 polymer matrix is used, then the main trend
of decreasing the specific volume electrical resistance from
humidity remains, however, it moves to the region of lower
values (Fig. 7-9).

Important electrical characteristics for fireproof polymer
compositions are permittivity and dielectric loss tangent.
Therefore, let’s investigate the change in these parameters
from the chemical composition and dispersion of fillers-flame
retardants and the qualitative and quantitative content
of the modifiers 1, 2. The electrically insulating mate-
rial is considered the better, the lower the permittivity
and the dielectric loss tangent. Thus, for EVA-1-based
polymer compositions (Fig. 10), the best performance in
dielectric permeability is a composition with a smaller
average particle size of the filler-flame retardant alumi-
num oxide trihydrate (curve 3, sample 1) or magnesium
oxide dihydrate and modifier 2, and also magnesium oxide
dihydrate (curve 7, sample 4). This indicator practically
does not change with an increase in the modifier content.

The permittivity changes little when used as a filler-flame
retardant hydromagnesite and modifier 2 (curve 9). When
using the modifier 1, this indicator increases significantly.

Also, the trend is observed for the dielectric loss tan-
gent for all EVA-1-based polymer compositions.

EVA-2-based polymer compositions with a flow index
of 5 g/10 min. Research results show that with the use of
aluminum oxide trihydrate and modifiers 1, 2, the permitti-
vity index and the dielectric loss tangent are improved and
moved to lower values (Fig. 11). Moreover, large values of
these indicators are obtained using modifier 2 (curves 3, 4, 6).

The use of modifiers 1, 2 in polymer compositions con-
taining magnesium oxide dihydrate leads to a deteriora-
tion of the permittivity and the tangent of dielectric loss
(Fig. 12). But in the case of the use of flame retardant
(sample 4) with a smaller average diameter of particles
and modifiers 1, 2, the tangent of dielectric loss practically
differs little from the unmodified composition (curve 7, 8).

The use of hydromagnesite as a filler-flame retardant
(Fig. 13) shows a significant effect on the improvement of
the permittivity and the tangent of dielectric loss angle.
The permittivity decreases to 3.9, and the dielectric loss
tangent decreases to 1.0-1073 in the presence of modifier 1
in an amount of 1.5 %.

An important influence on the electrophysical proper-
ties of fireproof polymer compositions provides for the
formation of the supramolecular structure of the obtained
compositions. This is evidenced by the results of studies

of electrical strength, specific volume electrical resistance,
permittivity and tangent of dielectric loss angle.

7. SWOT analysis of research results

Strengths. The advantages of this research are the study
of the electrophysical properties of fireproof polymer com-
posite materials using high-precision modern methods. The
obtained results provide a comparative assessment of the
electrophysical properties when using the ingredients of poly-
mer compositions with different physicochemical properties
and modifying their aminosilanes. This makes it possible to
increase the electrical properties of fireproof compositions
for the manufacture of insulation and cable sheaths com-
pared with similar known materials, this reduces material
consumption by reducing thickness and makes it possible
to increase the economic efficiency of production of fire-
resistant cables.

Weaknesses. The ingredients of polymer compositions
must be imported because they are not produced in Ukraine.

Opportunities. The research results allow the develop-
ment of technologies for the production of polymer com-
positions with controlled electrophysical properties for
insulation and cable sheaths.

Research can use manufacturers of polymeric materials
around the world.

Threats. 1t is necessary to master the technological
process of production, personnel training in the manage-
ment of the technological process.

1. Changes in the electrophysical properties of fireproof
composite materials, ethylene copolymer with vinyl acetate
are studied depending on the modifier concentration, type
and dispersion of the flame retardant filler. The physical
strength of fireproof compositions is significantly influenced
by the physicochemical properties of fire retardant fillers
and modifiers. Electric strength significantly increases up
to 32-35 kV/mm in the case of use as fillers-flame retar-
dants of aluminum oxide trihydrate with a smaller average
particle diameter of the EVA-1-based polymer matrix and
modifier 1. When using the EVA-2-based polymer matrix,
high rates (41 kV/mm) obtained for compositions with
hydromagnesite and modifier 2.

2. Tt is shown that the specific volume electrical resis-
tance varies little for modified polymer compositions using
magnesium oxide dihydrate with a smaller average particle
size and modifier 2 for the polymer matrixes EVA-1 and
EVA-2. After exposure to moisture, the specific volume
electrical resistance has a maximum value of 1.2-10'3 Ohm
cm for the EVA-1-based polymer, the flame retardant is
aluminum oxide trihydrate and modifier 1.

3. It is determined that the permittivity and dielectric
loss tangent have the best performance for EVA-1-based
polymer compositions, hydromagnesite and modifier 2
(e=3.3; tg=6-102).
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