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STUDY OF THE INFLUENCE OF MAGNESIUM HYDROXIDE 
ON THE COMBUSTIBILITY PERFORMANCE OF POLYMER COMPOSITIONS 
BASED ON ETHYLENE VINYL ACETATE COPOLYMER 
 
Purpose. To obtain the flame retardants polymer compositions for cables tested the effect of use EVA compositions with 
magnesium hydroxide, on indicators combustibility polymer. Methodology. We used the method of differential scanning 
calorimetry and defined heat flux dependence on the test time for each composition at temperatures from 20 C to 600 C rate of 
temperature rise: 50 C/min, 75 C/min, 100 C/min. Using the model of free kinetics we determined dependence of the activation 
energy from the conversion, a dependence of the conversion on the time of the test, the dependence of the time of the conversion 
from the temperature for each concentration. To comparison of these parameters for each composition we plotted the dependence 
of the time of the conversion from the temperature and the dependence the degree of conversion from the time of temperature 
exposure during the combustion of each of the compositions. Results. We obtained the kinetic characteristics, allowing to 
determine the composition, which provided the best results to reducing the kinetic parameters of flammability of polymeric 
compositions. Originality. For the first time we used the DSC and model-free kinetics to determine the effect properties of 
ingredients of the polymer compositions on the combustibility performance. Practical use. The research results can be used to 
develop polymer compositions for cable products. References 18, tables 3, figures 9. 
Key words: ethylene vinyl acetate copolymer, magnesium hydroxide, combustibility, polymeric composition, kinetics. 
 
Цель. Целью статьи является определение влияния дигидрата оксида магния на показатели горючести полимерных 
композиций на основе сополимера этилена с винилацетатом для разработки составов полимерных композиций для 
кабельной продукции с повышенными требованиями по пожарной безопасности. Методика. Мы применили метод 
дифференциальной сканирующей калориметрии (ДСК) и определили зависимость теплового потока от времени 
испытания для каждого состава при температурах от 20 С до 600 С и разной скорости подъема температуры: 
50 С/мин, 75 С/мин, 100 С/мин. Используя модель свободной кинетики определили зависимость энергии активации 
от степени превращения, зависимость степени превращения от времени испытания, зависимость времени 
превращения от температуры для каждой концентрации. Для сравнения этих показателей для каждой композиции 
строили графики зависимости времени превращения от температуры и зависимости степени превращения от 
времени воздействия температуры при сгорании каждой из композиций. Результаты. Получены кинетические 
характеристики, позволяющие определить состав, обеспечивающий лучшие результаты по снижению кинетических 
показателей горючести полимерных композиций. Научная новизна. Впервые мы использовали ДСК и модель свободной 
кинетики для определения влияния свойств ингредиентов полимерных композиций на показатели горючести. 
Практическое применение. Результаты исследований могут быть использованы при разработке полимерных 
композиций для кабельной продукции. Библ. 18, табл. 3, рис. 9. 
Ключевые слова: сополимер этилена с винилацетатом, дигидрат оксида магния, горючесть, полимерная композиция, 
кинетика. 
 

Introduction. 
Increasing the fire safety requirements for polymer 

compositions for the manufacture of cable products is 
given increasing importance due to the increasing 
application of the latter in a wide variety of technical 
and economic fields and tougher requirements for fire 
safety in construction, energy, nuclear energy, railway 
transport [1-4]. 

One of the ways to reduce the combustibility of 
polymer materials based on polyolefins is the introduction 
of filler-flame retardants into the polymer composition. 
Inorganic fillers-fire retardants, in particular magnesium 
hydroxides are used. These materials not only increase 
fire resistance by absorbing a large amount of heat, but 
also neutralize acid gases, which leads to a reduction in 
smoke formation [5-9]. 

The heating of polymeric materials to temperature at 
which a sharp increase in the rate of exothermic oxidation 
reactions takes place, results in the appearance of 
smoldering. Smoldering is the flameless burning of a 
solid material at relatively low temperatures (400-600) С 
often accompanied by the emission of smoke. 

The cable products are required to meet the burning 
performance: an exothermic reaction with an oxidizer, 

heat of combustion, combustion temperature, energy of 
heat release, burning rate. Data on these parameters for 
polymer compositions based on the ethylene-vinyl acetate 
copolymer and magnesium oxide are absent [10, 11]. 
Therefore, it is expedient to investigate these processes 
when developing and assessing the fire hazard of polymer 
materials for cable products. 

The goal of investigations is study of the effect of 
magnesium dihydrates on the flammability of polymer 
compositions based on ethylene vinyl acetate copolymer. 

Experimental investigations. 
Carrying out investigations we used ethylene 

copolymers with vinyl acetate (CVA), the characteristics 
of which are given in Table 1. 

Table1 
CVA characteristics 

Indicator name CVA 1 CVA 2 

Density, kg/m3 939 951 
Melt flow index, 
2.16 kg, g/10 min 

2.5 5 

Content of vinyl acetate, % 18 28 
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Magnesium dihydrates the characteristics of which 
are given in Table 2 were they used as retardants fillers.  

 
Table 2 

Characteristics of retardant fillers 

Mg(OH)2 
Name of indicators 

Sample No. 1 Sample No. № 2 

Mass fraction, % 

Mg(OH)2 > 93 > 93.2 

SiO2 < 0.05 2.2 ± 0.2 

Fe2O3 < 0.3 0.12 ± 0.02 

Na2O < 0.05 – 

CaO – 2.2 ± 0.2 

Median particle diameter, μm: 

average (D50) 3.0 3.7 

maximal (D98) 20.0 12.5 

minimal (D10) 1.0 1.1 
 

Polymer compositions are presented in Table 3. 
 

Table 3 
Polymer compositions 

Components, % 

Mg(OH)2 Mg(OH)2 

P
ol

ym
er

 
co

m
po

si
ti

on
 

CVA 1 CVA 2 
Sample No. 1 Sample No. 2

1а 60  40  

2а  60 40  

3а 60   40 

4а  60  40 

1b 50  50  

2b  50 50  

3b 50   50 

4b  50  50 

1c 40  60  

2c  40 60  

3c 40   60 

4c  40  60 

 
Thermal, temperature and kinetic characteristics 

were determined from the data obtained on the TGA/DSC 
1/1100 SF device for differential scanning calorimetry 
from METTLER TOLEDO Company at temperature from 
20 °C to 650 °C and heating rate (β) of 50 °C /min, 
75 °C/min and 100 °C /min. 

Differential scanning calorimetry is based on the 
well-known principle of Boersma, or the principle of heat 
flow, in accordance with which the heat fluxes of the 
sample and the reference measurement are compared. 

TGA/DSC 1 is a highly sensitive measuring 
instrument of thermogravimetric analysis (TGA). The 
main node TGA/DSC 1 is a measuring cell which 

includes a furnace and a balance. In addition to the mass 
of the sample, which is measured with the built-in high-
precision balance, TGA/DSC 1 provides a sample 
temperature measurement. Together with the value of the 
reference temperature, these values form the basis of the 
thermogravimetric analysis of the sample. In addition, 
TGA/DSC 1 allows the measurement of the heat flux 
signal, thereby providing the use of differential scanning 
calorimetry (DSC). The sample temperature and the heat 
flux signal are determined based on the readings of the 
temperature sensors, which is measured directly with a 
thermocouple mounted in the crucible holder. 

The heat flux is calculated from the DTA 
(differential thermal analysis) signal, which is the 
difference between the sample temperature and the 
temperature set in the temperature program. The module 
transmits the measurement data to the software, which 
determines the amount of heat flow from the formulas: 

SDTAE T )( , 

sets TTSDTA  , 

where φ is the heat flux, E(T) is the calorimetric 
sensitivity, Ts is the measured sample temperature, 
Tset is the temperature value given in the temperature 
program [12]. 

Kinetic calculations were performed using the model 
of free kinetics [13-18]. The model of free kinetics is 
based on the temperature dependence and the degree of 
transformation. Each transformation gives the calculated 
value of the activation energy. The reaction rate for a 
fixed degree of conversion depends only on temperature. 
The Arrhenius temperature function is used. 

For the analysis, three dynamic temperature curves 
were used for each polymer composition (Fig. 1). 
Dynamic, isothermal and combined temperature programs 
were used. 

The processing of kinetic experiments is based on 
the theoretical equation of S. Vyazovkin: 

 
fke

dt

d RTE / , 

where 
dt

d
 is the reaction speed, s–1; k is the speed 

constant; Е is the activation energy, J/mol; R is the 
universal gas constant, J/(mol×K); Т is the temperature, 
K; α is the degree of transformation, %. 

The activation energy Е(α) is constant for a certain 
degree of transformation (the isoconversion method). 

The rate of chemical reaction depends on the degree 
of transformation (α), temperature (T) and time (t). The 
reaction speed depends on the degree of transformation 
f(α). For each process, speed is own and is determined 
experimentally. 

Based on the DSC obtained using the above 
programs, we obtain graphical data on the dependence of 
the activation energy Е(α) on the degree of conversion (in 
our case, the degree of combustion); the dependence of 
the degree of transformation (α) on the test time (t) at 
fixed temperature (T) and the dependence of the 
transformation time (t) on temperature at fixed degree of 
transformation (α) (Fig. 1). 
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1 – 50 C/min; 2 – 75 C/min; 3 – 100 C/min 

Activation energy 

 
Fig. 1. Thermal, temperature and kinetic characteristics: 

a – the dependence of the heat flux on the test time; 
b – dependence of the activation energy on the degree of transformation; 

c – dependence of the degree of transformation on the test time; 
d – dependence of the transformation time on temperature 

 
To determine the effect of the ingredients of the 

polymer compositions on the kinetic characteristics, 
graphs were constructed of the dependence of the 
transformation time on temperature at a constant 
conversion degree (α = 75%). The results are shown in 
Fig. 2-5. 

From the analysis of the obtained data it follows that 
the kinetic characteristics of the polymer compositions 
essentially depend on the properties of both CVA 1 and 
CVA 2 as well as fillers. 

The transformation time decreases when exposed to 
elevated temperatures. At the same time, in the 
temperature range close to combustion temperatures 
(430 °C), the conversion time is higher for the polymer 

composition based on CVA 1 and flame retardant (sample 
No. 1). As the temperature rises to 520° C, the 
transformation time decreases. 

An analogous dependence is observed for polymer 
compositions based on CVA 2. 

However, the transformation time is of greater 
importance than for CVA 1 based polymer compositions. 

The dependence of the degree of conversion on the 
time of exposure to an elevated temperature close to the 
combustion temperature of polymer compositions was 
studied. 

For this purpose, graphical dependencies of these 
characteristics were constructed at a temperature of 
440 °C (Fig. 6-9). 
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Fig. 2. Dependence of the transformation time on temperature 

for polymer compositions 1a, 1b, 1c 
Fig. 3. Dependence of the transformation time on temperature 

for polymer compositions 3a, 3b, 3c 
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Fig. 4. Dependence of the transformation time on temperature 

for polymer compositions 2a, 2b, 2c 

Fig. 5. Dependence of the transformation time on temperature 

for polymer compositions 4a, 4b, 4c 
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Fig. 6. Dependence of the degree of transformation on the 
temperature influence time for compositions 1a, 1b, 1c 

Fig. 7. Dependence of the degree of transformation on the 
temperature influence time for compositions 2a, 2b, 2c 
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Fig 8. Dependence of the degree of transformation on the 
temperature influence time for compositions 3a, 3b, 3c 

Fig. 9. Dependence of the degree of transformation on the 
temperature influence time for compositions 4a, 4b, 4c 

 
From the data presented, it follows that the degree 

of transformation α increases with the time of exposure 
to an elevated temperature. 

In this case, the exposure time should be 
significantly increased for polymer compositions based 
on CVA 2 and filler (sample No. 2). 

Conclusions. 
1. Kinetic characteristics are obtained for polymer 

compositions based on CVA using magnesium oxide 
dihydrate as an excipient for retardant. 

2. The composition based on CVA2 (with high 
content of vinyl acetate and a high melt flow index) with 
a filler (sample No. 2) with smaller maximum particle 
diameter and largest content of SiO2 guarantees better 
results to reduce flammability indicators. 
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