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Abstract. Effect of content of synthetic aluminosilicates in medium-density polyethylene on the
fire hazard characteristics and mechanical properties of compositions is investigated. It has been
shown that during decomposition of the filler with the release of water, its effectiveness depends not
only on the endothermic effect of decomposition and the content of dehydration products, but also
on the correspondence of temperature of the dehydration of the filler and the temperature of
intensive decomposition of the polymer. Regardless of the type of fillers, an increase in their
content in polymer composite material helps to reduce combustibility. It has been shown that
compositions based on epoxy oligomers or medium-density polyethylene and synthetic zeolite have
properties of self-extinguish and fairly high physical and mechanical characteristics. It is shown that
epoxy polymer composite material with the content of inorganic fillers 40-70 wt.% can be used for
sealing building structures and other products operating at elevated temperatures, as well as in a
mode where the fire resistance and heat resistance of the sealing compound are decisive. A number
of efficiency of flame-suppressing of fillers is presented. Formulations of compositions based on
epoxy oligomers or medium-density polyethylene whith synthetic zeolite having an optimal ratio of
fire hazard and mechanical properties and not having toxic or carcinogenic effects when heated are
recommended.

1 Introduction

Polymer materials are widely used in modern life. They are used in mechanical engineering,
instrument making, construction and other industries as structural, finishing, heat-insulating
materials, sealants, etc.

An important factor restraining the introduction of a variety of polymeric materials is their fire
hazard due to combustibility and related processes. In technology the following characteristics of
the fire hazard of materials and products made of them are determined: 1) combustibility, that is, the
ability of the material to ignite, support and spread the combustion process; 2) fume evolution
during combustion and flame exposure; 3) toxicity of gaseous combustion products and pyrolysis —
decomposition of a substance under the influence of high temperatures; 4) fire resistance of the
structure, that is, the ability to preserve the physical-mechanical (strength, stiffness) and functional
properties of the product when exposed to flame. In turn, combustibility is a complex characteristic
of a material or structure. It includes the following indicators: 1) temperature of ignition or self-
ignition; 2) rate of burnout and spread of flame on the surface; 3) limit parameters characterizing
the conditions under which a self-sustaining combustion process is possible, for example, the
composition of the atmosphere (oxygen index) or temperature (temperature index). [1]

The problem of combustibility of polymers and polymer materials is a long-standing and
constantly relevant. Polymeric materials are used in structures as sealants, thermal insulation, as
part of fire-retardant materials, where their fire resistance is an important property [2, 3, 4].
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Increasing fire resistance of polymer materials, reducing their combustibility, is always given
special attention. All methods to reduce combustibility are based on the following principles: 1)
change in the heat balance of the flame due to an increase in various kinds of heat loss; 2) reducing
the heat flux from the flame to the polymer by creating protective layers, for example from the
resulting coke; 3) decrease in the rate of gasification of the polymer; 4) change in the ratio of
combustible and non-combustible decomposition products of the material in favor of non-
combustible. Polymer materials with self-extinguishing properties can be obtained by introducing
fire retardants and non-combustible fillers into their composition [5, 6]. The most common
fire retardants are phosphorus compounds, antimony oxide and its organic derivatives, various
halogen-containing substances. These fire retardants are entered both individually and in the form
of synergistic mixtures, given their effect on the change in the complex of mechanical, dielectric
and other properties.

A significant deterrent to the use of these fire retardants is the detection of their carcinogenic
nature (both the products themselves and their decomposition products during combustion) [7].
Therefore, in our opinion, the use of various mineral fillers as fire retardants which devoid of the
above disadvantages is more progressive.

It is known that in some cases, to significantly increase the heat resistance of the polymer
composite material (PCM), even without the introduction of antipyretic additives into it, an increase
in the content of inorganic dispersed fillers allows.

The influence of the chemical nature of powdered fillers and their content on the fire hazard of
polymer composite material is not well understood. In this regard, it is of interest to study the
influence of these factors on the combustibility, flammability and smoke generating ability of
highly saturated polymer composite material based on epoxy oligomers or medium-density
polyethylene.

2 The Study of Epoxy Compositions with Inorganic Fillers

Polymer composite materials based on epoxy oligomers, containing up to 60 wt.% of fine
inorganic fillers are widely used in various fields of technology (for example, as sealants).
Clarification of the effect of these fillers on reducing the fire hazard of epoxy polymer composite
materials will increase the reliability and safety of the structures in which they are used.

The introduction of inorganic fillers into polymer binders can reduce the polymer composite
material fire hazard by reducing the content of combustible components and increasing the enthalpy
of the polymer composite material gasification process, as well as by phlegmatizing the flame with
dehydration products [5].

One of the poorly studied fillers of polymeric materials are aluminosilicates (zeolites) [8, 9], in
particular synthetic aluminosilicate of the general formula Na;O-Al,03-2S102-1.8H>0.

The specified aluminosilicate in terms of a unit cell has the following chemical composition:
Naiz | (AlO2)12 (Si03)12 | - 27H20.

Synthetic aluminosilicates are obtained from aqueous solutions of sodium aluminate, sodium
silicate and sodium hydroxide according to the following scheme [10, 11]:

NaOH (aqueous) + NaAl(OH)4 (aqueous) + NaxSi03 (aqueous) — (t1 =25 °C) —
— [(NaAlO2)y (Si02)c - NaOH - H20] (gel) — (2= (25...175) °C) —

— Nax *(AlO2)x - (S102)y - mH20 (zeolite crystals + solution).

For the most part, aluminosilicates have a crystalline structure in the form of a three-dimensional
skeleton containing cavities inside — the voids connected to each other and the outer space by a
channel system. The inside volume of crystalline cavities can reach of 50 %. The porous skeleton of
aluminosilicates carries a negative charge, which is compensated by cations of alkali and alkaline
earth metals (Na, K, Ca, etc.). Cations penetrate intracrystalline cavities together with water
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molecules. Particles of aluminosilicates have a size of 4...40 um and have high sorption ability [12,
13].

For the experiment, highly dispersed inorganic fillers with a particle size of 3..40 pm were
introduced into the composition of an epoxy resin based on Epoxy-520 (analogue of ED-20) with a
hardener polyethylene polyamine:

— synthetic aluminosilicate (zeolite) of the general formula Na,O-Al,03-2S10,-2H>0;

— aluminum hydroxide, AI(OH)3;

— magnesium hydroxide, Mg(OH)s.

For polymer composite materials auto-ignition temperature (tai), oxygen index (OI) and smoke
generation coefficient (Dy) in the smouldering and combustion mode were determined according to
[14]. Thermal-oxidative stability of polymer composite materials was determined using a Paulik,
Paulik and Erdei derivatograph. The heating rate of the samples was 10 °C-min’!, a 100 mg sample.

Combustibility and smoke generating ability of polymer composite material based on Epoxy-520
epoxy oligomer with hardener polyethylene polyamine and with a filler content of 40 wt.% given in
table. 1.

Table 1. The effect of dispersed inorganic fillers on the fire hazard characteristics of epoxy PCM

Auto-ignition | Oxygen index, | Smoke generation coefficient,
Epoxy polymer material temperature, t,; 0] Dy [m?kg]
[°C] [vol.%] pyrolysis combustion
mode mode

Unfilled 440 18.6 1407 810
Filled with synthetic 510 20.0 627 480
aluminosilicate (zeolite)

Filled with AI(OH)3 503 21.9 706 310
Filled with Mg(OH), 487 22.0 660 320

The nature of effect of the fillers content in polymer composite material on their fire resistance
can be traced by the change in oxygen index in Fig. 1. The introduction of the studied dispersed
fillers in polymer composite material begins affect the increase in fire resistance at their content of
20-25 wt.%. With a degree of filling up to 50 wt.% the chemical nature of the studied fillers has a
negligible effect on the parameters characterizing the polymer composite material combustion
process (Ol is 20-22 % by volume, t,; = 487...570 °C).

A noticeable increase in the oxygen index in epoxy resin compositions with AI(OH)3, Mg(OH):
fillers and synthetic zeolite is observed, starting with a filler concentration of about 55 wt.%.

The effectiveness of the filler depends on whether it decomposes with the release of water or not.
All investigated fillers decompose with the release of water [15]. Therefore, the effectiveness of
their action depends not only on the endothermic effect of decomposition and the content of
dehydration products, but also on the correspondence of the temperature of the filler dehydration
and the temperature of intensive decomposition of the polymer. Differential thermal analysis
method (DTA) determined the temperature of the maximum decomposition rate:

— for zeolite — 380 °C;

— for AI(OH); — 306 °C;

— for Mg(OH), — 360 °C.

In the smouldering mode, the smoke generation coefficient of the studied materials is higher than
in the flame combustion mode, which is apparently associated with the catalytic effect of fillers on
the decomposition of the polymer binder. Regardless of the type of fillers, an increase in their
content in polymer composite material helps to reduce combustibility. For example, with a filler
content of 60-70 wt.% the degree of benignity of the samples on the scale of the Shramm-
Tsebrovsky [16] is:
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— for zeolite — 4;
— for AI(OH); —3;
— for Mg(OH), — 3.
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Fig. 1. The dependence of the oxygen index of the cured epoxy compositions on the filler
concentration: 1 — zeolite; 2 — Mg(OH)2; 3 — AI(OH)s3; 4 — boundary of self-extinction in the
atmosphere (Ol = 27 %).

According to the sum of the indicators, studied fillers can be arranged in the following order by
the efficiency of flame suppression action:

zeolite > Mg(OH), > Al(OH)3 .

3 The Study of Compositions Based on Medium-Density Polyethylene with Inorganic Fillers

The introduction of flame retardants in the composition of polyethylene also helps to increase the
fire and heat resistance of the resulting compositions [17, 18].

In the article effect of finely dispersed inorganic fillers on the thermal and mechanical properties
of polyethylene compositions was studied. To do this, in a two-screw laboratory mixer at a
temperature of 160...190 °C, highly dispersed synthetic aluminosilicate with a particle size of
3...40 pm was mixed with medium-density polyethylene (MDP) Marlex® HMN TR-935-HMN TR-
935G in the proportions presented in tab. 2. Samples for testing were made by the pressing method
according to the regimes in accordance with DSTU EN ISO 527-2:2018 [19]. Samples with
Al(OH)3; and Mg(OH); fillers were prepared using the same procedure.

The fire hazard properties of the samples of compositions were studied by the method of fire
tube according to DSTU EN ISO 4589-3:2018 [14], the oxygen index was determined according to
DSTU-N B EN 1991-1-2:2010 [20], and the mechanical properties were studied according to DSTU
EN ISO 527-2:2018 [19]. The research results are presented in tab. 2 and in Fig. 2.

Analysis of data in table 2 shows that the proposed compositions based on medium-density
polyethylene and synthetic zeolite are self-extinguish and have sufficiently high physical and
mechanical characteristics. The tensile breaking stress remains almost unchanged, but the stiffness
increases.
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Table 2. The properties of the compositions of MDP and synthetic aluminosilicate

Comp- Synthetic Time Self- Weight loss Tensile Elongation at
osition | aluminosilicate | before | extinction during stress, break
numbe | concentration, | burning, time, combustion, Op, €p,

r [ wt.% ] [s] [s] [ wt.% ] [ MPa ] [ % ]

1 0 Burns - - 29 870

2 10 198 18 26 30 137

3 15 240 7 8-10 28 130

4 20 280 7 7-8 29 125

5 25 405 6 6-7 28.5 110

When synthetic aluminosilicate is introduced into medium-density polyethylene, the time before
the onset of ignition increases with an increase in its concentration in the polymer from 198 s to
405 s. When a sample is removed from the burner flame, its combustion ceases after 6-18 s,
depending on the composition. Moreover, the own burning time decreases with increasing content
of synthetic aluminosilicate. Meanwhile, in well-known compositions based on polyethylene, self-
extinguish is achieved at a high (up to 25 wt.%) content of an antipyretic mixture (chloroparaffin +
antimony trioxide) [17]. Therefore, in comparison with the existing ones, the studied compositions
based on medium-density polyethylene and synthetic aluminosilicate have increased self-extinguish
and the absence of expensive and toxic flame retardants in the composition. In terms of their
physical and mechanical properties, the studied compositions are not inferior to the known ones.

In the graph of Fig.2 shows that the introduction of the studied dispersed fillers in the
composition of medium-density polyethylene begins to influence the increase in fire resistance with
their content of 30-40 wt.%. But a significant increasing in the oxygen index in medium-density
polyethylene compositions with AI(OH)s;, Mg(OH); fillers and synthetic zeolite is observed, starting
only from a concentration of about 65 wt.%.
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Fig. 2. The dependence of the oxygen index of the cured MDP compositions on the filler
concentration: 1 — zeolite; 2 — Mg(OH)2; 3 - AI(OH)3; 4 — boundary of self-extinction in the
atmosphere (Ol = 27 %).

The decrease in combustibility significantly depends on the ratio of heat loss on decomposition
of the filler and all other heat losses from the flame, which are always the higher, the greater the
total heat of combustion of the polymer. With the introduction of fillers that decompose with the
absorption of heat (in our case, water is split off); heat is consumed both for heating the filler and
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for decomposing the filler and heating the resulting water [21]. Therefore, introduction into the
composition of polyethylene or epoxy resin fillers AI(OH)3, Mg(OH), and synthetic zeolite up to
60 wt.% (see Fig. 1 and Fig. 2) does not lead to a significant increase of oxygen index (OI increases
from 17.5 % to 25-26 %).

The oxygen index of the material, which can be used in various fields, for example, in
construction, meeting the requirements of standards for combustibility, is adopted Ol =27 % (in
Fig. 1 and Fig. 2 is indicated by a dashed line) [1].

Therefore, it can be expected (see Fig. 1) that polymer composite materials based on epoxy resin
can exhibit self-extinction properties at a filler content of at least: zeolite — 55 wt.%, Mg(OH). —
55 wt.%, AI(OH)3 — 60 wt.%.

Similarly, polymer composite materials based on medium-density polyethylene can have the
property of self-extinguish when the content of zeolite, Mg(OH)> and AI(OH); fillers is at least
65 wt.% (see Fig. 2).

4 Conclusion

Thus, the studies showed that introduction of finely dispersed aluminosilicate into the polymer
composite material based on epoxy resin or medium-density polyethylene leads to a decrease in the
combustibility of polymer composite material, with a slight increase in stiffness.

The availability of this filler allows you to recommend it at a concentration of 55-60 wt.% in
epoxy polymer composite material for sealing building structures and other products operating at
elevated temperatures, as well as in a mode where the fire resistance and heat resistance of the
sealing compound are decisive.

Studies have also shown that the studied compositions based on medium-density polyethylene
and synthetic zeolite have self-extinguish and fairly high physical and mechanical characteristics.
This allows us to recommend compositions based on medium-density polyethylene with a
concentration of finely divided aluminosilicate 65-70 wt.% for use in the construction, cable,
instrument-making and other industries.
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