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REGULATION OF ELECTROPHYSICAL
PROPERTIES OF FIREPROOF POLYMER
COMPOSITIONS FILLED WITH
HYDROMAGNESITE FOR CABLE PRODUCTS

Pisenv enexmpodisuunux 61acmusocment nojcescobe3neuniux nosMepHux KOMNO3UYIl 8 3aiexcHOCmE 610 6NausYy
inepedienmis nedocmammuvo docaioxncero. OcobaUBO ye CMOCYEMbCst 6NAUGY MOOUPIKAMOPA HA 6AACTNUGOCTI 1301AUTL
ma 06010nKU Kabeavtoi npodykuii. Tomy 06 'ckmom docrioxcens € elekmpo@isuuni 6AAcmueoCcmi noNCeIcode3neuux
KOMNOSUUIHUX Mamepianie KONoLIMepy emuieny 3 GIHIIAuemamom, Hanosuenux ziopomaznesumom. JJocuioicy-
8aIU KOMNO3UYTT KONOJIMEPY 3 NOKAZHUKOM nAunHocmi posniasy 2,5 ma 5 ¢/10 xs, ziopomaznesumy 3 cepeonim
medianmin diamempom uacmouox 1,4 mxm, aminocunranu 3 ounamiunoio ¢’ssxicmio 2 MIla-c ma 2,5 MIla-c. Buko-
PUCMOBYBAIU anapam UnpooyeaniLs i30J18Uil, GUMIPIOGAY eLeKMPUUIN020 ONOPY I30AAUiL, MICT 3MIHHO20 CIMPYMY.
Ompumano erexkmpodisuuni xapaxmepucmuxii, sxi 003601510Mb BUSHAUUMU CKAA0, U0 3a0e3neuye ONMuUMaiIbHi
3nauents Oas 130AAUIUHUX mamepianie i mamepianie 00010HOK Kabeavioi npodyKyii 3 nidsuweHUMU BUMO2AMU
nodxcexcHoi b6esnexu. Bukopucmano memoou erexkmpo@isuunux 00CaioHcens 3 Memoo BUSHAUCHHS 6NIUBY GLACTU-
socmeil inzpedicnmis NOJIMePHUX KOMNOSUUIL HA eNeKMPUuny MiyHicmv, numomuil 00 eMHULL eLeKMPUUHULL ONnip,
manzenc Kyma OieieKmpuunux empam, dieiexmpuuiy nponuxnicms. Erexmpuuna miynicms niosumyemocs nio
uac suxopucmanms norimepnoi mampuyi KEB-1 ma moougixamopy 1 6id 21 do 40 kB/mm; niod wac suxopucmain-
ns norimepnoi mampuyi KEB-2 ma modugpixamopy 2 6id 22,5 do 42 xB/mm. [Tumomuii 06 emnuii erexmpuuuii
onip 3HAUNO NIOBUUYEMBCS Ol NOLIMEPHUX KOMNOSUUILL, HANOBHEHUX 2i0POMAZHESUMOM, NPU GUKOPUCTRANI
nonimepnoi mampuyi KEB-1 ma mooupixamopy 1. 3uauenns iiozo 36invwyromvcs 6id 1-10" do 6,6-10 Om-cu.
Buxopucmanis 6 sxocmi norimepnoi mampuyi KEB-1 npuzeodums 0o snudcenns OleieKmpuunoi nponukHocmi.
3Haune sHuMCeHHS 14020 NoKasHuka 6i0 4,1 do 3,6 cnocmepizaemuvcs npu suxopucmanni moougixamopy 13 men-
wor Junamiunoro 6’ssxicmio (2 MIla-c). Tanzenc xkyma dierexmpuunux empam maxogc 3uuxcyemocs 6id 0,013
00 0,0046 npu suxopucmanni modugixamopy 1. Pesyromamu docaiodcens 0ouinwio suKopucmosysami 0 pos-
POOKU CKAAOY NONCENCOOINCUHUX NOJIMEPHUX KOMNO3UUTL 015 Kabeavroi npooyxuii.

KmovoRri cnoBa: xomnosuyiini mamepiaiu, KONOJiMep emuieny 3 GIHIIAUEeMAmMoM, eaeKkmpopisuuni e1acmu-
60CML NOJNCENCOOEINCUNUX NOJIMEPHUX KOMNOIUUTLL.
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of the composition, depending on the available raw mate-
rials or the desired electrical properties of the final product.

1. Introduction

The development of industrial production of fireproof
cables requires the use of polymer compositions with high
electrophysical characteristics [1, 2]. In order to reduce the
flammability of fireproof compositions, inorganic filler-flame
retardants are used [3—5]. The effect of fillers-flame retardant

2. Methods of research

Ethylene-vinyl acetate copolymers EVA-1 with a melt
flow index of 2.5 g/10 min and EVA-2 with a melt flow index

on the properties of polymer compositions is shown in [6, 7].
The effect of modifiers on the improvement of the physic-
mechanical and rheological properties of polymer compositions
is studied [8, 9]. The properties of polymer compositions
depend on their composition. The level of electrophysical
properties of fireproof polymer compositions, depending on the
influence of ingredients, has not been sufficiently studied. This
is especially true of the effect of the modifier on the properties
of the insulation and sheath of cable products. Therefore, the
object of study is the electrophysical properties of fireproof
composite materials: ethylene-vinyl acetate copolymer, filled
with hydromagnesite. The aim of research is studying the
effect of physicochemical properties and the concentration of
modifiers and polymer matrix on the electrical and physical
properties of fireproof composite materials: ethylene-vinyl
acetate copolymer filled with hydromagnesite. This will allow
a reasonable approach to determining the type of polymer
and modifier. It also allows to quickly adjust the formulation

of 5.0 g/10 min are investigated, as well as hydromag-nesite
with an average particle diameter of 1.4 microns; modi-fier 1 —
aminosilane with a dynamic viscosity of 2.0 mPa-s and
modifier 2 — aminosilane with a dynamic viscosity of 2.5 mPa-s.

The methods that are used in the process of studying
the electrophysical properties of fireproof polymer compo-
sitions are given in [10].

3. Research results and discussion

Measurement of the electrical strength of polymer com-
positions is carried out with an alternating voltage up to
50 kV at a frequency of 50 Hz. The research results are
shown in Fig. 1, 2. The study of the dependences of the
electrical strength indices of polymer compositions on the
physicochemical properties of the polymer matrix, modi-
fiers and hydromagnesite (fire retardant 5) demonstrates
the effect of each of them on its value.
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Fig. 1. The dependence of the electrical strength on the modifier content
for polymer compositions based on EVA-1 and flame retardant 5:
1 — modifier 1; 2 — modifier 2; 3 — a mixture of modifiers, where
k1=0.67; k2=0.33; 4 — a mixture of modifiers,
where k1=0.33; k2=0.67
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Fig. 2. The dependence of the electrical strength on the modifier content
for polymer compositions based on EVA-2 and flame retardant 5:
1 — modifier 1; 2 — modifier 2; 3 — a mixture of modifiers,
where k1=0.67; k2=0.33; 4 — a mixture of modifiers,
where k1=0.33; k2=0.67

Analysis of the results shows that the dielectric strength
of the filled with hydromagnesite and modified polymer
compositions increases. When using the polymer matrix
EVA-1 and modifier 1 from 21 to 40 kV/mm. When using
the polymer matrix EVA-2 and the modifier — from 22.5
to 42 kV/mm. That is, a significant increase in this indica-
tor is observed when using a polymer matrix with a high
melt flow index (5 g/10 min) and a modifier with a higher
dynamic viscosity (2.5 MPa-s).

To account for the contribution of each modifier, let’s
compile a regression equation for modifiers 1 and 2:

Y =(21.12604155). 1 4 (21.28¢°919% ). £2; (1)

=(21.28¢0%17). b1+ (22.83¢0404%)- k2, (2)

where k1 — the number of modifier 1 in weight parts; k2 —
the number of modifier 2 in weight parts.

By changing the number of modifiers in their mixtures,
the optimal values of the amount of the modified mixture
are obtained (Fig. 1, curve 3, 4; Fig. 2, curve 3, 4).

The calculation of the specific volume electrical resistance
is performed in the same way as in [10]. The research re-
sults are shown in Fig. 3.
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Fig. 3. The dependence of the specific volume resistance on the content of
the modifier polymer compositions based on EVA-1 with a fire retardant 5:
1 — modifier 1; 2 — modifier 2; 3 — a mixture of modifiers,
where k1=0.67; k2=0.33; 4 — a mixture of modifiers,
where k1=0.33; k2=0.67

With an increase in the specific volume electrical re-
sistance, the electrical insulating properties of the material
are improved. The specific volume electrical resistance
increases significantly for polymer compositions filled with
hydromagnesite using the EVA-1 polymer matrix and modi-
fier 1. Tts value increases from 1-10'3 to 6.6:10' Ohm-cm.

Regression equations taking into account the contribu-
tions of each of the modifiers in the mixture:

Y =(9E +1262757). 1 + (9 +12¢1176%). £2, (3)

where k1 — the number of modifier 1 in weight parts; k2 —
the number of modifier 2 in weight parts.

Moisture has a particular effect on the change in specific
volume electrical resistance, since polymer compositions filled
with fire retardants have the ability to moisture permeabi-
lity. The changes in the specific volume electrical resistance
due to the moisture content of polymer compositions are
investigated. The research results are shown in Fig. 4.

The decrease in the specific volume electrical resistance
for polymer compositions is shown. Regression equations
for mixture of modifiers:

y=(4E+17¢79%%)-k1+(1E +17¢755%)- k2, (4)

where &1 — the number of modifier 1 in weight parts; £2 —
the number of modifier 2 in weight parts.

The measurement of the tangent of dielectric loss angle
and electrical capacitance is carried out in the same man-
ner as in [10]. The research results are shown in Fig. 5.

Regression equations taking into account the contribu-
tions of the mixture of modifiers 1 and 2 will be:

— for dielectric constant:

v =(4.115¢"011)- 1+ (4.089¢ 002 ) k2; (5
— for the tangent of dielectric loss angle:
y=(0.013¢71) k1+(0.014¢70%7) k2, (6)

where £1 — the number of modifier 1 in weight parts; k2 —
the number of modifier 2 in weight parts.
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Fig. 4. Dependence of the specific volume electrical resistance
on the moisture content of polymer compositions based on EVA-1
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; 6 — a mixture of modifiers,
where k1=0.67; k2=0.33; 7 — a mixture of modifiers,
where k1=0.33; k2=0.67

and modifier 2 from 22.5 to 42 kV/mm. The specific volume
electrical resistance increases significantly for polymer com-
positions filled with hydromagnesite when using the polymer
matrix EVA-1 and modifier 1. Its value increases from 1-10'3
to 6.6-10'" Ohm-cm. The use of EVA-1 as a polymer matrix
leads to a decrease dielectric constant. A significant decrease
in this indicator from 4.1 to 3.6 is observed when using
modifier 1 with a lower dynamic viscosity (2 MPa-s). The
tangent of dielectric loss angle decreases from 0.013 to 0.0046
when using modifier 1 with a dynamic viscosity of 2 MPa:s.
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An important influence on the electrophysical proper-
ties of fireproof polymer compositions provides the for-
mation of the supramolecular structure of the obtained
compositions. This is evidenced by the results of studies
of electrical strength, specific volume electrical resistance,
dielectric constant and tangent of dielectric loss angle. The
research results allow the development of technologies for
the production of polymer compositions with controlled
electrophysical properties for insulation and cable sheaths.

The advantages of this research are the study of the
electrical properties of fireproof polymer composite ma-
terials using high-precision modern devices.

4. Conclusions

The study shows that the dielectric strength of the filled
with hydromagnesite and modified polymer compositions in-
creases. When using the polymer matrix EVA-1 and modifier 1
from 21 to 40 kV/mm. When using the polymer matrix EVA-2
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