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Abstract

This study provides a detailed scientific examination of the fire hazards posed by combustible
polymer materials, focusing on the physicochemical reactions that occur during their combustion
and the associated risk factors in emergency situations. Special emphasis is given to the generation
of toxic thermal decomposition products, the intensity of heat release, and the rapid spread of
flames. The paper also explores contemporary strategies for mitigating fire-related risks, such as
modifying polymers for flame resistance, implementing automated fire detection systems, and
utilizing advanced monitoring technologies.

Keywords: Polymer materials, fire hazard, emergency, thermal decomposition, toxic gases, safety
technologies.

Introduction

In recent years, the rapid increase in the use of polymer materials has underscored the need for a thorough
investigation of issues related to their safety. Although polymers are lightweight, durable, and cost-
effective materials, the majority of them fall into the category of combustible substances due to their
organic origin. In fire conditions, polymer materials not only contribute to flame propagation but also
release gaseous products that pose hazards to human health. In this context, fires involving polymer
materials represent some of the most complex types of emergency situations. [1].

Scientific studies show that in most fires occurring in enclosed spaces, the primary damaging factors are
smoke and toxic gases rather than direct flame exposure. This highlights the importance of assessing the
hazard potential of polymer materials and developing scientifically grounded strategies to reduce their
flammability. The combustibility of polymers is determined by their molecular structure, the presence
of hydrocarbon chains, and their thermal stability. Under high-temperature conditions, polymer
structures undergo decomposition, resulting in the formation of volatile combustible products. These
products react with atmospheric oxygen, sustaining a stable flame. During the combustion of polymer
materials, a significant amount of thermal energy is released, which heats surrounding materials and
promotes the chain propagation of the fire. In particular, the presence of polymer materials in
multilayered building structures or enclosed technological spaces significantly increases fire hazard [7].
The gaseous products formed during the thermal degradation of polymers are considered among the
most hazardous factors in emergency situations. Carbon monoxide, nitrogen oxides, chlorine-containing
compounds, and other toxic substances can have detrimental effects on the human body within a short
period of time. Therefore, fire hazard is assessed not only based on the flammability of the material but
also on the toxicity of its combustion products.
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Figure 1. Polymer

Emergencies involving polymer materials are most often associated with technical, organizational, and
human factors. Malfunctions of electrical equipment, uncontrolled contact with high-temperature
sources, improper storage, or errors in technological processes increase the risk of fire occurrence.

At industrial facilities, the storage of polymer raw materials and finished products in large quantities
further elevates the level of risk. Insufficient efficiency of ventilation systems in storage areas or the
absence of fire detection measures can lead to an expansion of the emergency situation. Consequently,
facilities handling polymer materials are classified as high-risk industrial operations [7].
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figure 3. Main factors influencing the fire risk of polymer materials

Modern scientific approaches to reducing the fire hazard of polymer materials encompass several
directions. Foremost, it is considered important to reduce the flammability of the material through
modifications of its composition. The use of flame-retardant additives increases the ignition temperature
of polymers and reduces their burning rate [1]. A second key direction involves the implementation of
automated fire detection and suppression systems. Modern sensor technologies enable real-time
monitoring of changes in smoke, temperature, and gas concentrations, allowing fires to be extinguished
at an early stage.

In addition, digital monitoring and control systems improve the effectiveness of emergency responses.
Advanced systems incorporating artificial intelligence allow for predictive evaluation of potentially
hazardous situations. Proper training of personnel is also essential, as regular safety exercises help ensure
correct responses during emergencies and reduce potential damage.

~



https://en.wikipedia.org/wiki/Polyethylene
https://en.wikipedia.org/wiki/Polyethylene

4
-
Q
&
Q.

O
Q
>
)

-

©
-
g
(Vp
&
-
®

Y
Q

nd
-
®

=
O
>
@
-
-

Y
®
O
-
(-
-
®

-
&
-
-

d=
.
()
o

(V)

A major risk in fires involving combustible polymer materials is the release of toxic gases. The gases
generated during thermal decomposition can severely impact the respiratory system and may lead to
rapid poisoning. For example, carbon monoxide binds quickly to hemoglobin, causing oxygen
deprivation in the body. Certain polymers also emit acidic gases during combustion, which can irritate
or damage the mucous membranes of the respiratory tract. [8].

Additionally, fine particulate matter in smoke decreases visibility, complicating evacuation procedures.
These factors collectively worsen the consequences of fire incidents. Research shows that a considerable
portion of fire-related fatalities results from exposure to toxic gases. Therefore, evaluating the safety of
polymer materials must include a careful assessment of the toxicity of their combustion products [4].
In recent years, advanced technologies designed to lower the fire risk of polymer materials have seen
rapid development. Nanotechnology-based additives improve the thermal stability of polymers and slow
down their combustion, resulting in materials that better withstand high temperatures and reduce the
speed of flame propagation [1]. Intelligent safety systems are also being increasingly adopted. Modern
sensors can detect even subtle changes in environmental conditions, activating automatic warning
signals. Some systems can forecast potential hazard levels, improving preventive measures. In addition,
robotic firefighting equipment offers a promising solution for operating in areas unsafe for humans and
mitigating the impact of emergencies. Addressing the fire hazards of polymer materials requires more
than technical solutions alone; a comprehensive approach is essential. Safety considerations should
begin at the design stage, and material selection must account for flammability, smoke production, and
toxicity [7].

Another important aspect is the enhancement of control and monitoring systems during operation.
Routine technical inspections, continuous monitoring, and safety audits play a crucial role in reducing
emergency risks.

Finally, organizational measures, such as personnel training, the development of detailed evacuation
plans, and regular practical drills, are vital. Minimizing the influence of human error significantly
improves overall safety outcomes.

Research Results

In this study, a thorough evaluation of the fire hazards associated with polymer materials was performed,
considering their flammability, thermal stability, smoke production, and the toxicity of their combustion
products. The primary objective was to determine the factors that influence fire development during
polymer use and to assess the effectiveness of contemporary methods for mitigating fire risk.

The research approach involved reviewing scientific and technical literature, conducting a comparative
analysis of the physicochemical characteristics of different polymers, and simulating thermal
decomposition and combustion processes under high-temperature conditions. Special focus was placed
on ignition characteristics, flame spread rates, heat release intensity, and the chemical composition of
gases generated during polymer thermal degradation.
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Mass Loss, Temperature & Heat Release vs Time
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2-graph. Thermal degradation and combustion of polymer

This figure illustrates the process of polymer thermal degradation and combustion. When exposed to
high temperatures, polymers break down into smaller volatile compounds, which react with oxygen to
sustain flame propagation. The process releases heat, smoke, and potentially toxic gases, highlighting
the fire hazards associated with polymer materials.

The analysis indicated that both the speed and intensity of polymer combustion largely depend on their
molecular configuration and chemical makeup. Polymers with a higher content of hydrocarbon chains
tend to release more heat and propagate flames more rapidly. When exposed to temperatures above
certain critical limits, they experience active thermal breakdown, emitting volatile combustible
substances that maintain a consistent combustion zone.
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3-graph. Combustion behavior of polymer over time

The study revealed that burning polymer materials generates a considerable amount of toxic gases, with
carbon monoxide being the most dangerous. Its strong affinity for hemoglobin can quickly lead to
hypoxia. Furthermore, the combustion of certain polymers emits chlorine- and nitrogen-containing
compounds, which increase the toxic effects on the human body. These findings confirm that the toxicity
of combustion products is a critical factor in evaluating the fire hazard of materials, alongside their
flammability.

The research also examined the effectiveness of modern fire-risk mitigation strategies. It was found that
incorporating flame-retardant and nano-modifying additives can raise the ignition temperature by 15—
30% and slow down the burning rate. Automated fire detection systems allow for the early recognition
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of hazardous environmental changes, reducing response time and limiting potential damage.
Additionally, organizational measures, such as routine personnel training and practical safety drills,
decrease human error during emergencies and improve the efficiency of evacuation procedures [7].
Overall, the study confirms that ensuring the safe use of polymer materials requires an integrated
approach, combining enhanced material properties, advanced technical control measures, and
comprehensive organizational preparedness of personnel for emergency situations.

Conclusion

The analysis showed that polymer materials, although widely utilized in industry, construction, and daily
life, present a significant fire risk due to their organic composition, high combustibility, and the release
of toxic substances during thermal decomposition. In fires involving polymers, the primary dangers to
human health are not only extreme heat but also toxic gases, smoke, and products of incomplete
combustion, which can cause rapid poisoning and hinder evacuation. The study identified that fire risks
are further increased by technical failures, process violations, inadequate storage systems, and human
factors. Facilities that store large quantities of polymer raw materials or finished products pose
particularly high hazards due to the potential scale of consequences [7].

Modern scientific and innovative approaches indicate that fire hazards associated with polymer materials
can be effectively reduced through a comprehensive combination of technical, organizational, and
managerial measures. Key strategies include modifying polymers with flame-retardant and nano-
additives, installing automated fire detection and suppression systems, utilizing intelligent monitoring
and predictive technologies, and deploying robotic firefighting equipment. Equally important is
addressing safety requirements during the design phase, conducting regular technical inspections,
improving risk management procedures, and enhancing personnel training. Implementing these
measures in an integrated manner significantly lowers the likelihood of fire incidents, mitigates their
potential impact, and improves overall industrial and fire safety in the use of polymer materials.
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