
 

Experimental Investigation of the Pyrolysis of Synthetic Materials 
Exposed to External and Internal Fires 

DUBININ Dmytro1,a*, HRYTSYNA Ihor1,b, RAGIMOV Serhii1,c, 
HRYTSYNA Natalia2,d 

1National University of Civil Defence of Ukraine, 94, Chernishevska str., Kharkiv, 61023, Ukraine 
2Kharkiv National Automobile and Highway University, 25, Yaroslava Mudrogo str., Kharkiv, 61002, 

Ukraine 
adybinin@nuczu.edu.ua, bgritsina@nuczu.edu.ua, cragimov@nuczu.edu.ua, 

dnatagritsina@gmail.com 

Keywords: synthetic materials, fire and thermal decomposition. 

Abstract. Consideration was given to the issue of flammability during the thermal decomposition of 
synthetic materials used for the constructions to isolate the process equipment and building structures. 
The experimental research data obtained for the thermal decomposition of synthetic materials with 
the measurements of temperature as a function of the time of thermal radiation were given including 
a change in the mass and structure of the specimens of synthetic materials exposed to the thermal 
radiation during the fire. The obtained experimental data enabled the substantiation of the process of 
the thermal decomposition of synthetic materials depending on time and temperature and also a 
change in the mass of the specimens of synthetic materials before and after the tests.  

1 Introduction 
Synthetic materials include the substances that are produced from other elementary substances using 
the method of organic synthesis. Synthetic materials are high molecular organic compounds, i.e. the 
polymers [1-3]. Dry coal distillation or coking products, oil sublimation products and wood 
processing products are used as a raw material for synthetic materials [4, 5]. Synthetic materials differ 
by a high content of carbon and most of them contain no oxygen [6]. Therefore, these require for their 
burning an ample amount of air (10–12 m3/kg) [7, 8]. 

During their heating, synthetic materials start melting with the formation of the liquid layer on 
their surfaces. This liquid layer cannot be held on the vertical and inclined surfaces captured by fire 
and runs off the structure. As a matter of fact, the liquid layer on such surfaces has a thickness within 
1 to 2 mm. The running off liquid forms on the floor of the premises or on the ground surface a layer 
of several centimeters that spreads and captures other not yet burning objects [9, 10]. Table 1 gives 
the elementary composition of some synthetic materials.  

Table 1. Elementary composition of synthetic materials [8]. 

Polymer (synthetic) material  С Н О N 

Isoprene rubber 88.25 11.75 − − 
Caprolactam  63.70 9.75 14.2 12.35 
Natural rubber  88.25 11.75 − − 
Polypropylene  85.4 14.6 − − 
Polyacrylate  55.90 6.9 37.2 − 
Polyethylene  85.80 14.2 − − 
Phenol-formaldehyde resin  78.80 5.05 16.15 − 

 

At the present time, the products made of synthetic materials find a wide application in a person’s 
life, mainly during the construction and operation of the premises in residential buildings. However, 
being in great demand these products are dangerous for the health and life of a person [10, 11] in the 
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case of the outbreak of internal [12] and external fires [12-15]. In addition, the burning of synthetic 
materials results in the release of dangerous combustion products that have a degrading effect on the 
environmental ecology [16-20].   

In contrast to solid organic materials (wood) [21], synthetic materials can melt and evaporate and 
these get charred and release the products in a gaseous aggregate state during the thermal 
decomposition or pyrolysis [22, 23]. It should be noted that synthetic materials can potentially release 
twice as much thermal energy during the combustion. Under the action of thermal energy, these 
materials are much easier decomposed into the fuel in a gaseous aggregate state capable of burning 
[24]. The products of the thermal decomposition of the synthetic fuel are also subject to much easier 
inflammation in comparison to the products derived from the natural fuel [8, 25]. Taking into 
consideration the above, we can state that the timely detection of the source of fire can considerably 
reduce the arrival time of the fire-rescue units to the place of fire to rescue the people in the fire zone 
and minimize the consequences of the fire [26, 27]. Hence, the studies of the factors of the fire danger 
and thermal decomposition or pyrolysis processes of synthetic materials in the case of the fire spread 
are of vital importance and should be resolved.   

Much attention is paid to the studies of the structure of synthetic materials, including a change of 
it and to their combination with different compounds and appropriate investigations are carried out 
in this field [28-31]. As for the thermal decomposition of synthetic materials and the danger of their 
inflammation, we can mark out the research done by the authors in [32] that gives the “Pyrolysis” 
model that can predict the thermal decomposition both of the charred and non-charred synthetic 
materials. It is envisaged in the case of charring that the swelling of the material is controlled by the 
amount of coal formed during decomposition reactions taking into consideration the coal porosity. It 
should be noted in this case that the given model was calibrated only for the three types of easily 
inflammable materials such as polystyrene, polycarbonate ВРА and the reinforced fiber of the 
polymer composite and in its turn it limits the sphere of application of this model and the use of 
synthetic materials for construction purposes.  

In paper [33], the authors suggest the numerical model of the multiphase Pyrolysis that includes 
the tracking of the surface of movable boundary including the formation of the charred material and 
the detailed simulation of the chemical kinetics of the burning. Using the conical calorimeter, such 
materials were studied as wood (pine) and polyethylene of a low density. This model enables the 
investigation of the charring process of the materials and the measurement of the concentration of 
toxic gases (CO, CO2) during the material decomposition and it is primarily related to the wood and 
the investigation of the thermal decomposition of synthetic materials and first of all the melting of it 
requires additional studies.  

The authors of [34] study the pyrolysis phenomenon and investigate experimentally and 
numerically the combustion of polystyrene and its composites that include modified ammonia 
polyphosphate and grapheme. During the investigations, we determined the thermodynamics of 
synthetic materials including the reaction heat, specific heat capacity and the heat conduction that 
was additionally obtained by the measurement of rate at a mass loss during the tests performed using 
the conical calorimeter. The investigations carried out are aimed mainly at the determination of 
physical and chemical properties of synthetic materials and not at the effect of fire factors.  

Paper [35] delves into the investigations carried out to specify a decrease in the combustion rate 
of polymer by treating it with the flame retardant agent.  The simulation showed that the chemical 
kinetics of the “fire cycle” results in more than additive effect of different fire retardants if these act 
in a manner to reduce both the pyrolysis rate of polymer and the oxidation of light substances in 
comparison with the combined fire retardants by acting in one phase. However, the studies of the 
thermal decomposition of synthetic material during the heat radiation depending on the distance to 
the fire source have not been conducted.     

This paper suggests carrying out experimental investigations to study the effect of the thermal 
radiation on synthetic materials that are used for construction purposes, for example, polyethylene 
foam and foamed and extruded polystyrenes. During the investigation we will study the process of 
thermal decomposition and a change in the structure of the specimens of synthetic materials before 
and after the tests.     

96 Fire Safety and Applied Materials



 

The purpose of this research was to carry out the experimental investigation to determine the 
dependence of temperature on the thermal radiation time, including a change in the mass and structure 
of the specimens of synthetic materials that are used for construction purposes and are exposed to the 
thermal radiation of the fire.  

2 Materials and Research Methods 

As test specimens of synthetic materials, we used during the experiment the polyethylene foam [36] 
(PEF, polyethylene foam and PET, metalized polyethylene) with the dimensions of 120×120×10 mm, 
the foamed polystyrene [37] with the dimensions of 120×120×15 mm and the extruded polystyrene 
[38] with the dimensions of 120×120×20 mm that are used for construction purposes to isolate the 
process equipment and building structures. To study the effect of the thermal radiation on the 
specimens of synthetic materials during the fire spread we used the electric heater with the voltage of 
220 V at a frequency of 50 Hz and the power of 1.5 kW manufactured in Ukraine and it was arranged 
opposite to the specimens and parallel to the radiator amid the three heating elements at a distance of 
150 mm, as shown in Fig. 1.  

 
Fig. 1. General view of investigation conditions: 1 – the heater, 2 – the extruded polystyrene,  

3 – the polyethylene foam, 4 – the foamed polystyrene 
 
The screen in the form of the metal sheet was arranged between the heater and the brick. The 

temperature of material specimens was measured in an inactivated state and then the heater was 
brought to mode and the screen was removed. Afterwards, the screen was lowered every 30 seconds 
and the temperature was measured. The surface temperature of the specimens of synthetic materials 
was recorded using Thermal Imaging Camera manufactured by the FLIR Systems Estonia OÜ 
Company [17]. Fig.2 shows the investigation arrangements.  

 
Fig. 2. Measuring the material surface temperature  

During the thermal radiation of the specimens of synthetic materials we observed a change in the 
structure of the synthetic material. A change zone is marked by the red marker in Fig.3.  

1 2 3 4
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Fig. 3. A view of the specimens of synthetic materials during their thermal decomposition under the 

thermal radiation 
 
Experimental investigations were carried out in the two stages. During the first stage the specimens 

were heated using the electric heater and the temperature was measured at an interval of 30 s during 
9 minutes.  

During the second stage, the investigation was carried out to determine the changes in the mass of 
the specimens of synthetic materials before and after the tests. The measurements were taken using 
the electronic jewelry Digital Table Top Scale manufactured in China with a maximum weighing 
weight of 500 g and the error within 0.1g, and the division value of 0.01 g. Fig.4 shows the 
investigation arrangements.  

 

 
Fig. 4. Measurement data obtained for the mass of the specimens of synthetic materials before and 

after the tests  

3 Discussions of Results 
Table 2 gives the research data obtained for the mass of the specimens of synthetic materials before 
and after the tests.  
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Table 2. Measurement data obtained for the mass of the specimens of synthetic materials 

Description of synthetic 
materials 

Specimen mass 
before the tests, 

[g] 

Specimen mass 
after the tests, [g]  

A change in 
the specimen 

mass, [%]  
Polyethylene foam 4.49 4.20 - 6.46 
Foamed polystyrene  4.26 3.72 - 12.68 
Extruded polystyrene  7.89 8.20 + 3.93 

 
The research data obtained for the effect of temperature on the specimens of synthetic materials 

and a change in their mass are given in Fig.5.  
 

 
Fig. 5. The relationship of temperature on the surface of the specimens of synthetic materials as a 

function of time during the thermal radiation 
 
This research paper delves into the thermal decomposition or pyrolysis of synthetic materials 

(polyethylene foam, the foamed and extruded polystyrenes) used for construction purposes. During 
the investigation we managed to read the time and temperature of the start of the pyrolysis of synthetic 
materials (Fig.5) and record a change in the mass of material specimens before and after the tests 
(Tab.2). It was also established that a rapid increase in the temperature on the surface of synthetic 
materials occurs already after 2.5 minutes (the surface temperature of the polyethylene foam is equal 
to 92 °С, of the foamed polystyrene is 92 °С and of the extruded polystyrene is 102 °С). At the 4th or 
5th minute we observe a change in the material structure (Fig.5), the domain of a change is marked 
with the red line in Fig.3. It should be noted that the start of a change in the material structure results 
in its thermal decomposition with the release of toxic and combustible gases. The premises where the 
experiments were carried out had a specific unpleasant odor and the material surface temperature was 
equal to 129°С for the  polyethylene foam, 123 °С for the foamed polystyrene and 134 °С for the 
extruded polystyrene. At the 9th minute the material surface temperature attained its maximum and 
constant value (155 °С for the for the  polyethylene foam, 151 °С for the foamed polystyrene and 
164 °С for the extruded polystyrene) 

Table 2 gives the mass measurement data for the specimens of synthetic materials before and after 
the tests. It should be noted that a change in the mass of the specimens of synthetic materials was 
decreased for the polyethylene foam by 6.46 % and for the foamed polystyrene by 12.68% while for 
the extruded polystyrene the mass was increased by 3.93 %. It means that a decrease in the mass of 
synthetic materials is relating to the decomposition and subsequent evaporation and an increase in the 
mass results from the oxidation of air with oxygen with the subsequent swelling of the material.  
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To prevent the thermal decomposition of synthetic materials used for construction and domestic 
purposes by the consumers it is reasonable to apply the fire–proof compositions on their surfaces 
(gypsum plaster, etc) [39, 40], the paints, and impregnate the materials with fire retardants, for 
example as for other materials [41-43] and in the case of their inflammation it is recommended to use 
the mist water fire-fighting equipment [44, 45] with appropriate performances [46-50].  

The carried out investigations enable the substantiation of the pyrolysis process of synthetic 
materials taking into consideration the time, temperature and a change in mass for the further 
development of mathematical models. Simultaneously, during our future investigations we plan to 
improve the protection of the materials using fire-proof compositions and carry out the investigations 
in a broader temperature range.  

Summary 
Experimental investigations were carried out to define the time, the temperature and a change in the 
mass of synthetic materials before and after the tests due to their use for construction purposes 
exposing these to the effect of the thermal radiation of the fire. The obtained research data show that 
a change in the structure of the materials is observed after 4 or 5 minutes of the thermal radiation of 
the specimens accompanied by the start of the process of their thermal decomposition and the 
specimen temperature is equal to 129 °С for the polyethylene foam, 123 °С for the foamed 
polystyrene and 134 °С for the extruded polystyrene. As for the measurement data obtained for a 
change in the mass of the specimens of synthetic materials before and after the tests it was established 
that the mass of the specimens of synthetic materials was decreased for the polyethylene foam by 
6.46 % and for the foamed polystyrene by 12.68 %  while for the extruded polystyrene it was 
increased by 3.93 %. It is indicative of that a decrease in the mass of synthetic materials is relating to 
the thermal decomposition with the subsequent evaporation  and an increase in the mass results from 
the oxidation of air with oxygen with the subsequent swelling of the material.  

On the whole, the obtained research data enable the establishment of the danger of the process of 
the thermal decomposition of synthetic materials.  

Hence, the investigations carried out to establish a danger of the inflammation of synthetic 
materials used for construction purposes to isolate the process equipment and building structures 
enable the solution of many problems relating to the prevention and elimination of the development 
of internal and external fires.   
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