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DEVELOPMENT OF DIRECTED REGULATION
OF RHEOLOGICAL PROPERTIES OF FIRE
RETARDANT COMPOSITE MATERIALS

OF ETHYLENE VINYL ACETATE
COPOLYMER

O6’ckmom 0ocioxcerms € Peonoziuii NPoUecy 6 a3K020 NIUHY NOJIMEPHUX KOMNOSUUIHUHUX MAMepiais, aKi ne
niompumyroms zopinis. Oonum 3 HatOiILUW NPOOICMHUX NUMAID, WO SUNUKAIOMb Ni0 YAC NePePOOKU NOLIMEPHUX
KOMRNOSUUITIHUX MAMepianie, € nidsuuiena 6 a3kicmo, axa nompebye 30invuenns nanpyz 3cysy 0as 00CazHenHs
3adanol weuokocmi.

3 memoro supiuwenns yici npobremu pospobieno Memoo CNPAMOBAH0z0 Peyi08ais PEOSOZIUHUX XaAPaKme-
PUCMUK NOJIMEPHUX KOMNOSUUIL 3a 00n0M02010 86edenis 00 ix ckaady modudixamopa. Busueno eniue moougi-
Kamopa Ha npoyecu 6’s13K020 NAUNHY KOMNOSUYILIHUX MAMePIalie KONoiimMepy emuieny 3 IHIIAYemamom, saKi e
niOMpUMYIOMb 20PIHIA MA HANOBHIOBAUIE-AHMUNUPENi6. B 00CIi0Ncennax 6UKOPUCMOBYBALU KONOJIMED emuleny
3 gininauemamom. Bmicm eininayemamy cxnadae 18 % ma 28 %; IIIIP 2,5 ¢/10 x6. ma IIIIP 5 2/10 x6. Moou-
@ikamop — aminocunan. Hanosniosaui-anmunupenu:

— mpuziopamu okcudy anominiio 3 cepednim diamempom wacmouwox 1,5 mxm ma 3,0 mxm;

— Quziopamu okcudy mazniio 3 cepednin diamempom uacmouox 3,0 mxm ma 3,7 mMxm;

— zidpomaznesum 3 cepednim diamempom uacmouox 1,4 mxm.

Buxopucmosyiouu memoo kaninspioi 6ickosumempii, GU3HAUEHO HACTYNHI XAPAKMEPUCTIUKI: NOKASHUK MU -
HOCMI PO3NAABY, HANPYICEHHS 3CYBY, WEUOKICMD 3CY8Y, ePeKmUsHY 6 a3Kicmb ma enepzin akmusauii 6’s13K020
nauny. Ilokasnux naunnocmi po3niasy sMeHWyemvcs Y pasi BUKOPUCMAHNS HANOBHIOBAUI8-AHMUNUPEHIE 3 MEH -
wum cepednim diamempom uacmouox. Iokasnux naunnocmi po3niasy noIIMepHoi KOMRO3UUTL 3 GUKOPUCTIAHHIM
HAN0BHI0BAUIE-AHMUNUPENIE PI3HOT XIMIuHOT npupodu ma oucnepcrocmi nideuyemvcs nio uac esedenis Moou-
Gixamopa. /lns mpuziopamis oxcudy amominio ¢ 2—38 pasu, 0as duziopamis oxcudy maziio ¢ 2,2—3 pasu, 0ns
ziopomaznesumie 6 2,0—2,2 pasu. Hanpyocenist 3cysy ma epexmusna 6 asxicmo Haenaxu sMenuycmocs nio uac
66edeniss MOOUpIKamopa 6 noiimMepiy KoMNO3UUio.

Ompumani pesyrvmamu 003604310Mb NIOGUUYBATU NPOOYKMUSHICb Ni0 Yac nepepodKu Po3pobIeHUX Md-
mepianie 3a PAxXyHoOK 3HUNCCHHS MAKUX NOKASHUKIB, K 6 SA3KICMb, HANPYICEHHSL 3CY8Y, NIOBULCHHS NOKAZHUKIG
nAUHHOCMI po3niasy ma weuoxkocmi scyey. Ile 6 c6010 uepzy nNO3UMUEHO BNIUHE HA SHUNCCHHS €HEePZO3AMpPam ma
mepminy 6uzomosnenns kabeavroi npooyKuyii.

Pesynomamu 6yoymo kopucnumu nio wac pospooKu peuenmyp noiMepHux KOMNo3uuii 0ns xabeavioi npodyxuii
ma cnpamosanozo pezynioeais mexHoI02IMHUX NOKASHUKIE Nid uac ix nepepooxu.

KmaovoBi cnoBa: xomnosuyitini mamepiaiu, KONoiimMep emuieny 3 8IHLIAUemamom, Hano8HIEaAYi-AaHMUNIPEHU,
Deoo2iuHi 81ACMUBOCTIL.

Chulieieva 0.

— EN 50363-5: 2005 Insulating, sheathing and covering

materials for low voltage energy cables. Part 5: Halogen-

free, cross-linked insulating compounds;

— EN 50363-6: 2005 Insulating, sheathing and covering

materials for low voltage energy cables. Part 6: Halogen-

free, cross-linked sheathing compounds.

Processing of fire retardant polymer composite materials
causes very great difficulties, which is due to the high
content of fire retardant fillers. The rheological properties

1. Introduction

One of the most large-tonnage consumers of electri-
cal insulating polymer materials is the cable industry. In
recent years, technical requirements for cable products
have increased and, as a consequence, the need to develop
new progressive materials, including fire retardant polymer
composite materials. The promise of fire retardant compo-
site polyolefin materials is a consequence of their growing

use and more stringent fire safety requirements for wires

and cables for the power industry, nuclear power, railway

transport, construction, etc. That is, the insulation and

sheath materials must comply with European standards:
— EN 50363-7: 2005 Insulating, sheathing and covering
materials for low voltage energy cables. Part 7: Halogen-
free, thermoplastic insulating compounds;

of the melt of polymer compositions affect not only the
processing conditions, but also the performance characte-
ristics [1]. For example, lowering the viscosity and increa-
sing the shear rate during processing leads to an increase
in molecular orientation and improvement of mechanical
properties [2]. Therefore, it is directed to regulating the
rheological properties by injecting modifying ingredients,
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their dependence on the chemical composition and the
number of fillers, as well as the dispersion, is an actual
problem.

2. The ohject of research
and its technological audit

The object of research is the rheological processes of
viscous flow of fire retardant polymeric composite mate-
rials. In order to ensure the incombustibility of polymeric
compositions have a high degree of filling up to 60% by
weight. One of the most problematic places is the process
of processing such compositions. The injection of fillers
into the polymer matrix significantly reduces the melt
flow index of the polymer, increases the effective viscosity
and shear stress. To improve these parameters, a modifier,
aminosilane, is added to the polymer composition. A poly-
mer matrix is used — a ethylene vinyl acetate copolymer.
Inorganic fillers-fire retardants — aluminum trihydroxide,
magnesium hydroxide and hydromagnesite.

3. The aim and ohjectives of research

The aim of the research is studying the specific fea-
tures of directed control of the rheological properties of
composite materials of ethylene-vinyl acetate copolymers,
which are fire retardant depending on the composition of
the fire retardant fillers, their fractional composition and
the amount of the modifier.

To achieve this aim, it is necessary to perform the
following tasks:

1. To investigate the dependence of melt flow index of
polymer compositions on their composition and properties
of ingredients.

2. To establish the regularities of the change in the
shear rate from the shear stress, the effective viscosity
from the shear rate of polymer compositions with different
fire retardants and the effect of the modifier on them.

3. To establish regularities in the change in the activa-
tion energy of the viscous flow of polymer compositions
from the amount of fire retardants fillers and a modifier.

4. Research of existing solutions
of the prohlem

Examination of the existing solutions of the problem
shows that one of the means of reducing the combustibil-
ity of polymeric materials of polyolefins is the injection
of fire retardants fillers in the polymer composition [3].
For this purpose, inorganic fire retardants fillers are used.
In real fire conditions PVC plastic compounds, which are
elements of cables having a LOI value of up to 40 units,
is the source of the release of corrosive HCI gases and
significant smoke. Therefore, in order to solve the prob-
lems associated with the release of HCI and smoke, cable
materials have been created that do not release corrosive
gases and have a much lower level of smoke emission [4].
These materials not only increase fire resistance by ab-
sorbing more heat, but also neutralize acid gases, which
leads to a reduction in smoke generation. As the polymer
base of these materials, polyolefins are usually used, and
magnesium hydroxide, aluminum trihydroxide, hydromagne-
sites are used as fire retardants. This direction is devoted
to a significant number of studies. The mechanical and

fire-resistant properties of composite EVA and alumina
trihydrate with different particle diameters were studied,
and the change in these properties is determined depending
on the filler dispersity [5]. The efficiency of the use of
calcium hydroxide is shown to increase the fire resistance
of medium density polyethylene [6]. TGA/DSC methods
are used to study polymer compositions using magnesium
hydroxide as a fire retardant, and the heat capacity of
these materials is determined [7]. The synergistic effect
of aluminum trihydroxide and magnesium hydroxide as
fire retardants of EVA is studied. The effectiveness of
the use of these fillers has been proved using the me-
thods of structural and calorimetric analysis, as well as
the determination of the oxygen index [8]. The effect
of aluminum trihydrate and borate melamine on the fire
resistance and smoke emission of EVA compositions is
studied. Methods of calorimetry, UL-94 and smoke tests
show the effectiveness of using alumina trihydroxide and
borate melamine in order to reduce the combustibility
of polymer compositions [9]. Mechanical properties and
fire resistance are studied by the oxygen index of EVA
and magnesium dioxide compositions for the analysis of
the efficiency of Mg(OH), [10]. The effect of a mix-
ture of aluminum trihydroxide and melamine on the fire
retardant properties and EVA smoke evolution (vinyl
acetate content 60 % by weight, EVA) [11] is evalua-
ted. The effect of nanoclay (organoclays and fire retar-
dants (aluminum trihydroxide and magnesium hydroxide)
on the fire resistance of a polymer mixture of ethylene
vinyl acetate (EVA) and low density polyethylene (LDPE)
is shown [12].

It is established that to ensure the properties of non-
combustible composite insulation materials and cable sheaths
and better safety of electrical equipment and devices,
there should be a very high degree of filling of the poly-
mer matrix with metal hydrates. This can lead to loss
of flexibility and low mechanical properties. At the same
time, problems arise during processing [13]. Therefore,
the study of the effect of modifiers of non-combustible
polymer compositions on rheological properties is an im-
portant problem. But many issues related to the creation
and processing of these materials are still not sufficiently
studied.

5. Methods of research

Ethylene vinyl acetate copolymers (EVA), which cha-
racteristics are given in Table 1, are studied, as well as fire
retardant fillers, which are used aluminum trihydroxide,
magnesium hydroxide, magnesite mixture and hydromag-
nesite. The characteristics of fire retardant fillers are given
in Table 2. Modifier — aminosilane (N-(3-trimethoxysilane)
propylbutylamine).

The characteristics are given in Table 3.

Tahle 1
Characteristics of copolymers of ethylene with
vinyl acetate (EVA)
Indicator EVA 1 EVA 2
Density, kg/m® 938 951
Melt flow index, 2.16 kg, g/10 min 2.5 5
Vinyl acetate content, % 18 28
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Table 2
Characteristics of fire retardant fillers
Mgs(E03)4(DH]2~4HZD;
. Al(0H)3 Mg(0OH), MagsCal(C0s)s
Indicator
Sample | Sample |Sample| Sample Sample
No.1 | No.2 | No.3 No. 4 No.5
Mass fraction, %:
— Mg(OH) - - >33 >83.2 98.96
— Al(OH)3 >392 | >99.5 - - -
— 5i0; <0.05| <0.1 |<0.05| 2.2£0.2 0.67
— Feo0s <0.035| <0.03 | <0.3 |0.124+0.02 0.04
— Nay0 <0.6 | <0.4 |<0.05 - <0.05
—Cal0 - - - 2.210.2 -
Median particle
diameter, pm:
—average (Dsg) | 1.5 3 3 3.7 1.4
—max (Dgg) 3.6 18 20 12.5 8.35
—min (Dyg) 0.5 1 1 1.1 1.02
Tahle 3
Characteristics of aminosilane
Indicator Value
Density, kg/m?, 20 °C 947
Dynamic viscosity, mPa-s, 20 °C 2.5
Boiling point, °C 260

Experimental samples of EVA polymer compositions
with different percentages of fillers-fire retardants and
a modifier in each composition are made by rolling method
at a temperature of (443+5) K for (7-10) min. The rol-
lers have a friction of 1.5.

The ingredients of the polymer compositions are weighed
on a scale to an accuracy of 0.001 g and consistently loaded
onto the rollers. Work roller temperature is (443+5) K.
Cold roller temperature is (438+5) K. Samples
roll 3 minutes on the gap 0.4-0.5 mm. Then 45

for non-metallic materials — Part 511: Mechanical tests —
Measurement of the melt flow index of polyethylene com-
pounds (IEC 60811-511: 2012). And also the viscosity (1)
and the activation energy (E,). As is known, the melt
viscosity, as well as the flow temperature (Ty) of poly-
mers, depends significantly on the filler concentration,
composition and particle size [15, 16].

The composition of the fire retardant fillers in polymer
compositions is from 40 wt. % up to 60 wt. %. It is deter-
mined how the MFI depends on the amount of fillers-fire
retardants at a temperature of 423 K. The successive lengths
of the polymer compositions that have been displaced from
the cylinder by the capillary viscometer are weighed on
a Mettler Toledo scales (Switzerland) to within 0.0001 g
and their mean mass is determined. The difference between
the maximum and minimum values does not exceed 5 %
of the average mass. The results are shown in Fig. 1, 2.

The rheological behavior of polymer compositions is de-
termined not only by temperature and CEV, but also by the
shear stress, the shear rates at which melt flow takes place.

The rheological properties of polymer compositions
are studied at a temperature of 403-423 K and a load
of 21.6 N, 38 N, 50 N, 100 N, 125 N, 216 N.

Using the obtained data, shear stress, shear rate and
effective viscosity are calculated [17].

The shear stress is determined by the formula:

,
PRy e

where T — the shear stress, Pa; P — the pressure necessary to
ensure rate through the capillary, dyne; P;, — input losses,
dyne; R — the cylinder radius, cm; 7 — the capillary radius, cm;
L — the capillary length, cm.

the gap is adjusted to 2 mm. In the process of
rolling periodically cut at least 2 times a minute.
The last minute rolling is without cuts.

The samples are conditioned at a temperature

of (293+2) K for at least 24 hours.
Investigation of the rheological properties
of polymeric materials is carried out by capil-
lary viscometry on the IIRT-AM instrument
(Thermoplastic Melt Index Meter) (Ukraine).

MFIL, g/10 min
1o
W

The results are processed and graphics are plot- 0
ted using Microsoft Office Excel 2007 software.

The adequacy of the regression equation is
checked by checking the statistical significance
of the coefficient of determination R? by the

No.2
T=423K y=-1.4607x>+14.763x-2.46
No.?2 R2= 09791
. _ _  — No.3
/ y=-1.1307x>+11.403x-1.94
2
T e xR
/ s ——y=-0.9793x?+9.9127x-1.68
/4— : R?=0.9804
/ . No. 4
. y=-0.8457x>+8.6583x-1.18
R2=0.9725
No. 1
f f f f f f y=-0.8786x>+8.6214x-1.48
0.2 0.4 0.6 0.8 R2=0.9695

Modifier content, C (%)

Fig. 1. Dependence of the melt flow index (MFI) of polymer compositions of EVA 1

on the amount of the modifier (fire retardants sample No. 1-5)

F-criterion determined by the formula [14]: 35 No.3
1 No.3 y=-3.1214x>+31.119x-4.7
F, R* n-m-1 70 TopRk L.-—-———y R2:x0,9841 i
= No.2
P 1-R? m = o I NO-2 1y 2 3643x2454.196x-3.94
g 55 / R2=0.9817
N = No. 4 No.4
where n — the number of obseryatlons, m— the EP A / Y=22157x2922.124x.3.68
number of factors in the regression equation. = — No_s A — R*=0.9752
= i A‘ﬁ No. | No->
25 % e A y=-14557x*+14.964x-2.54
6. Research results // Rz:I(zI,‘)Sl}S
0.
) ) . 10 t t t t = 2 _
The rheological properties of the EVA are esti- 0 0.2 0.4 0.6 08” 1'4%8263023'307)( 316

mated, which is filled primarily with the melt flow
index (MFI), according to EN 60811-511:2012.
Electric and optical fiber cables — Test methods

Modifier content, C (%)

Fig. 2. Dependence of the melt flow index (MFI) of polymer compositions of EVA 2

on the amount of the modifier (fire retardants sample No. 1-5)
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The displacement rate was determined by the formula: The effective viscosity is determined by the formula:
. 4-Q T
Y= P Ner = §,

where y — the shear rate, s™!; Q — material consumption, where Nesr — the effective viscosity, Pa-s.

cm3/s (Q=mn-R-2-h, where £ is the stationary velocity of the Graphs of the logarithmic dependence of shear stress on
piston immersion, cm/s; R — cylinder radius, cm);  — capil-  shear rate and effective viscosity on shear rate are plotted.
lary radius, cm. The results are shown in Fig. 3-6.
650 T=1423K y= 0.02x3 45 2x + 5.86
R2=1
No.2 No. la
No. 5I/‘NO.4 VO3] Y= 10.008x2+0.155x + 5.596
6.30 No.|1 / A / R2=0.999
A No.5
= ] //A 14 No.sa y=-0.01x2+0.136x+5.756
[ yl]y R2=0.997
e 5 J No. 5a
2 6.10 / i ,/% A y=-0.0075x2+0.1408x+5.596
g / 7 // A R2=0.9953
& L 0.4 No. 2
z / / / y=-0.003x2+0.099x +5.744
E / 72D R*=0.999
1 y=-0.006x>+0.135x +5.546
] / / R2=0.998
No.4
// y=0.000x2+0.087x +5.702
5.70 4 R2=0.999
No. 4a
y=-0.008x2+0.157x +5.468
R2=0.992
No.3
5.50 + y=-0.002x>+0.082x+5.681
0.05 035 052 0.65 075 0.83 0.89 R2=0.999
No.3a
Shearrate, Igy (s) y=-0.002x2+0.104x+5.503
R2=0.999

Fig. 3. Dependence of the shear rate based on the shear stress of the polymer based on EVA 1 and fire retardants (Sample No. 1-5)
without a modifier and a modifier in the amount of 0.6 % (Sample No. 1a—5a)
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Fig. 4. Dependence of the shear rate on the shear stress of polymer compositions based on EVA 2 and fire retardants (Sample No. 1-5)
without a modifier and with a modifier in an amount of 0.6 % (Sample No. 1a-5a)
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Fig. 5. Dependence of the effective viscosity on the shear rate of polymer compositions based on EVA 1 and fire retardants (Sample No. 1-5)
without a modifier and with a modifier of 0.6 % (Sample No. 1a-5a)
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Fig. 6. Dependence of the effective viscosity on the shear rate of polymer compositions based on EVA 2 and fire retardants (Sample No. 1-5)
without a modifier and with a modifier in an amount of 0.6 % (Sample No. 1a-5a)

In order to estimate the energy that is necessary for
the transition of the system to the so-called transition
state, that is, when disruption and bonding are balanced,
it is necessary to calculate the activation energy.

The activation energy of viscous flow is determined
by the formula [18]:

ac —

_ RT,-T,-In(MFI, / MFL,)
I,-T,

)

where T — the measurement temperature, K; MFI; and
MFI, — melt flow indices according to Ty and T5, g/10 min;
R — the universal gas constant, R=8.314 J/mol.
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The results are shown in Fig. 7, 8.

Research results (Fig. 7, 8) determine the energy bar-
riers that are overcome in the elementary act of flow,
depending on the type of fillers-fire retardants and the
amount of modifier.

As can be seen from the graphs (Fig. 1, 2), the MFI
when using EVA 2 are higher than in the case of using
EVA 1 with a lower content of vinyl acetate. A notice-
able decrease in MFI occurs when EVA 1 is used, which
is filled with any fire retardant.

of the shear rate. The greatest shear stress has composi-
tion 1, which includes EVA 2 and aluminum trihydroxide
(sample No. 1) with a smaller dispersion and an average
particle diameter of 1.5 um. Less than the shear stress
has a polymer composition 4, which includes EVA 2 and
magnesium hydroxide (sample No. 4). Flow curves using
a modifier in an amount of 0.6 wt. % shift in the region
of lower shear stresses (curves la, 2a, 3a, 4a, 5a).

On the graphs of the effective viscosity on the shear
rate (Fig. 5, 6), an increase in the effective viscosity with
decreasing average particle diameter of the fire
retardant fillers particles is observed. For poly-

60 No. | o . . . .
~ Sample No. 1 y:-0,59x0+ 56.93 mmer compositions using aluminum trihydroxide
g R2=10.9856 and hydromagnesite (compositions 1, 2, 5), the
= Sarple [No. 5 - No.5 effective viscosity .is signific;.mtly higher than.the
= 50 y—-(i.64x+55.74 polymer compositions 3, 4 in which magnesium
% R 7?\1'(9)5252 hydroxide is used. The effective viscosity is re-
5 ] Sample No.2 y=-0.54x.+49‘8 duce‘d. f01‘r a.ll.polymer compositions when the
5 40 Sample No.4 R>=0.963 modifier is injected (curves 1a, 2a, 3a, 4a, 5a).
2 No.3 The most effective viscosity is observed in
£ | y=-0.67x+38.69  polymer compositions with the lowest disper-
2 Sample No.3 R* 1?"9258 sion of fillers.

30 ‘ } } y=0 6??)&40 54 From Fig. 7, 8, the lowest values of the acti-

0 0.2 0.4 0.6 0.8 RZ':O.9514' vation energy have polymer compositions using
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Fig. 7. Dependence of the activation energy of the viscous flow of polymer
compositions based on EVA 1 and fire retardants (sample No. 1-5) on the amount

of the modifier

magnesium hydroxide, large ones using aluminum
trihydroxide and hydromagnesite. At the same
time, activation energies of polymer compositions
decrease with increasing amount of modifier.
Thus, the rheological properties of non-com-
bustible polymer depend on the melt flow rate of

55

= Sample No. 1 y:0_7g§§'+146_49 the polymer matrix, the chemical composition of
E R2=0.996 the hydrate of metal oxides hydrate, the hydro-
= No.5 magnesites and the modifier.
< s N - y=0.638x+46.00 agnesites and the modihe
m A amp le 0. 2

- I Sample No.5 R?=0.972

& 1 ~No. . analysis of research results

% \‘&u\‘ y—Ii(l%S 62 7. SWOT 1 H h 1t

5 )

% 35 4 Sample No.4 R2§00'3997 Strengths. The obtained results allow to in-
§ ':t\“\. y=0.915x +29.51 crease the productivity during processing of the
5 T “7\: R2=0.994 developed materials due to the decrease of such
< 55 | | Sample No.3 B No.4 parameters as viscosity, shear stress, increase in

0 ‘ 0.2 ‘ 04 ‘ 0.6 ‘ 0.8 yf(ig?(;;’gzo&lz the melt flow parameters and shear rate. This,

Modifier content, C (%)

Fig. 8. Dependence of the activation energy of the viscous flow of polymer
compositions based on EVA 2 and fire retardants (sample No. 1-5) on the amount

of the modifier

An analysis of the obtained results also shows a sig-
nificant reduction in MFI using alumina trihydrate with
a smaller particle diameter. The same dependence is observed
in the case of the use of magnesium hydroxide. Hydromag-
nesite occupies the middle position between sample No. 1
and No.2 of aluminum trihydroxide.

MFT is significantly increased when using a modifier
for all polymer compositions.

From Fig. 3 it is possible to see that the flow curves
shift upward for the polymer compositions of EVA 1. When
using fire retardant fillers with a smaller average particle
diameter of aluminum and magnesium hydroxide, greater
stresses are required to achieve a given shear rate. The
shear stress is significantly reduced when a modifier is
injected into the polymer compositions.

Let’s consider the results of rheological studies of poly-
mer compositions of EVA 2 (Fig.4) at the same values

in turn, will positively affect the reduction of
energy costs and the production time of cable
products.

Weaknesses. Ingredients of polymer composi-
tions are not produced in Ukraine, it is necessary
to conduct import purchases.

Opportunities. The results will be useful in the de-
velopment of formulations of polymer compositions for
cable products and the directed regulation of technological
parameters during their processing.

Threats. 1t is necessary to master the technological
process of manufacture, training personnel to conduct the
technological process.

1. It has been found that the melt flow index is a co-
polymer of ethylene with vinyl acetate, the composition and
dispersity of aluminum trihydroxide, magnesium hydroxide,
hydromagnesite affect the melt flow index of the polymer
compositions. An ethylene vinyl acetate copolymer having
a greater melt flow index provides a greater melt flow
index of the filled polymer composition for all fire retardant
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fillers. Aluminum trihydoxide and magnesium hydroxide
with a smaller average particle size reduce the melt flow
index of the polymer compositions. A significant increase
in MFI is due to the injection of a modifier. The melt
flow index of the polymer composition using fire retardant
fillers of different chemical nature and dispersity increases
with the injection of the modifier. For aluminum trihyd-
roxide 2—-8 times, for magnesium hydroxide 2.2-3 times,
for hydromagnesites 2.0-2.2 times.

2. It is shown that the use of fire-retardant fillers of
different composition and dispersity affects the change in
shear stress and effective viscosity to achieve a given shear
rate. The shear stress and the effective viscosity increase for
polymer compositions containing fire retardant fillers (1, 4)
with a smaller average particle size. These values are sig-
nificantly reduced when the modifier is injected. The shear
stress decreases from 6.04 Pa to 5.5 Pa at small shear
rates, and from 6.35 Pa to 6.12 Pa at high shear rates.
The effective viscosity decreases from 5.94 Pa's to 5.5 Pa-s
with slightly higher shear rates and from 5.62 Pa-s to
5.12 Pa-s at higher shear rates.

3. It has been established that the concentration of
the filler practically does not change the value of the
activation energy of the polymer compositions, while the
nature and dispersity of the fire retardants fillers has a sig-
nificant swim in the change in the activation energy. The
activation energy increases for polymer compositions with
aluminum oxide trihydrate, magnesium hydroxide with
a smaller average particle diameter. Depending on the
composition of the fire retardant fillers, the activation
energy increases in the order of the samples: 3, 4, 2, 5, 1.
Simultaneously, the activation energy decreases when the
modifier is injected from 56 kJ/mol to 29 kJ/mol, depen-
ding on the polymer composition.

Thus, studies have shown the possibility of directional
control of the polymer compositions by such means as
the use of different polymer matrices, the qualitative and
fractional composition of fire retardant fillers, and the
injection of a modifier into the polymer composition.
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