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SPRJEČAVANJE NASTANKA EKSPLOZIJE PRAŠINE U INDUSTRIJI 

PRI NANOŠENJU PRAŠKASTIH PREMAZA 
Lidija JAKŠIĆ1, Martina MELNJAK 2, Marinela BELAVIĆ 3 

Sažetak: Prašine su izrazito požarno i eksplozijski opasni materijali, čije paljenje uzrokuje trenutno stvaranje i 

ispuštanje ogromne količine energije, brzi porast tlaka i stvaranje plinovitih produkta, čime dolazi do razaranja 

opreme, postrojenja, onečišćavanja okoliša i oštećenja ljudskog zdravlja i života. U prvom dijelu rada obrađena 

je podjela eksplozivnih prašina, te uvjeti u kojima dolazi do eksplozije, kao i najčešći izvori paljenja. U 

sljedećem dijelu prikazana je protueksplozijska zaštita kroz obvezujuće zakonodavstvo i pripadajuće norme koje 

se odnose na Ex atmosfere, na primjeru tvrtke u kojoj se vrši aplikacija praškastog boje na metalne 

transformatore, kao i sve mjere sprečavanja i supresije požara i eksplozije koje su poduzete. Cilj rada je ukazati 

na eksplozivno-požarnu opasnost  prašine boje u prahu i utjecati na povećanje svijesti o njihovim opasnostima, 

kako bi se povećala opću sigurnost i zdravlje radnika. 

Ključne riječi: zapaljiva prašina, praškasti premazi, Ex-postrojenje, klasifikacija zona opasnosti, eksplozija 

 

PREVENTION OF DUST EXPLOSION IN POWDER COATING 

INDUSTRY 

Abstract: Dust are extremely flammable and explosive material, which ignition causes the instantaneous 

generation and release of huge amounts of energy, rapid pressure rise and gaseous products and the destruction 

of equipment, plants, environmental pollution and damage to human health and life. The first part of the paper 

deals with the division of explosive dust, and the conditions in which the explosion occurs, as well as the most 

common sources of ignition. The following section presents explosion protection through binding legislation and 

related standards relating to EX atmospheres, on the example of a company that applies powder paint to metal 

transformers, as well as all fire prevention and explosion prevention and suppression measures taken. The aim of 

the paper is to point out the explosive-fire danger of powder paint and to influence the increase of awareness 

about their dangers, in order to increase the general safety and health of workers. 

Кey words: flammable dust, powder coatings, Ex-plant, hazard zone classification, explosion 

 

1. INTRODUCTION 

Any process involving production, processing and use of raw materials that are in powder form or 

in the process of processing and processing create dust must be observed with great care because the 

vast majority of dust is explosive under certain conditions, which can easily occur within the process. 

Every explosion is unpredictable, no matter what industry it takes place in. In addition to 

unpredictability, dust explosions are an almost instantaneous exothermic and destructive process of 

releasing huge amounts of energy through pressure and heat, contributing to the danger to life and 

health of workers present, as well as the environment, depending on the type and properties of dust 

involved in the explosion. 

Dusts are finely divided solid particles, rated at 500 μm or less, which may be dispersed in air and 

precipitate due to their own weight, may burn or smolder in the presence of air and may form an 

explosive mixture in the air at normal atmospheric pressure and temperature (including dust and sand 
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according to ISO 4225) [1]. It is assumed that almost any sufficiently comminuted material in a 

mixture with air to burn, ie. oxidizes if enough energy is brought to it to initiate an exothermic 

reaction. Dust appears as a product, by-product, waste or is used as a raw material in many industries, 

and it is considered that about 80% of industrial dust is flammable and explosive [2]. 

2. DUST EXPLOSION 

Flammable dusts are either finished products or are formed during the manipulation and 

processing of solid material, where larger particles are crushed, ground or separated into smaller 

particles. NFPA 654 (2020) defines flammable dust as flammable solid particles that pose a high risk 

of fire and explosion when suspended in air or some other oxidizing medium, in the concentration 

range between the lower and upper explosive limits (LEL-UEL), regardless of the size of the dust 

particles or their shape [3]. Dust explosion is a very fast and violent chemical reaction that takes 

place for about 100 m/s and most often has catastrophic consequences for the environment, plant, as 

well as the people present. In relation to the fire triangle and the factors that are necessary for the 

occurrence of fire (oxygen, source of ignition and fuel substance) with the continuous development 

of chain reactions, the dispersion of fuel (dust particle) is necessary for the occurrence of a dust 

explosion, dust particles in a certain concentration and granulation in the air so that a deflagration 

explosion can occur. When this occurs indoors such as buildings, plants, silos, pipelines or parts of 

work equipment and devices, the resulting explosion pressure (Pmax) of 6-20 bar creates a complete 

detonation explosion that occurs as a result of the following five conditions (oxygen, ignition source, 

presence of flammable dust, its dispersion in the air at a certain concentration, space confiniment) 

known as the dust explosion pentagon [4]. If the plant is not designed to mitigate the effects of the 

explosion, a deflagration explosion can destroy most of the building and plant. 

 

2.1. Division of explosive dusts 

Based on laboratory tests by the U.S. Department of the Interior, Bureau of Mines, all dust can be 

divided into two groups, depending on whether the dust cloud explodes or not in contact with the 

ignition source of sufficient energy, explosive and non-explosive dust [5].  

Any organic dust, according to NFPA 654 (2020) as well as light metal dust that can oxidize in 

case it is dispersed in the air can create a flammable cloud of dust [3].  

In general, all dusts can be divided into 3 main groups according to the Table 1. [6]: 

 

Table 1 - Division of explosive dusts [6] 

EXPLOSIVE DUSTS 

ORGANIC DUST Natural dusts - wood dusts, coal and peat dusts, textile dusts (cotton, cellulose), other 

natural dusts 

Chemical - technological dusts 

 dust in the manufacture and processing of plastics, resins and rubber (polymers) 

 dust in the pharmaceutical and cosmetic industries and in the production of pesticides 

 other chemical-technological dusts 

INORGANIC 

DUST 

Metal dusts (pure metal dusts, and various tipe of alloys) 

Other inorganic dusts (carbides, nitrates, oxides) 

MIXED DUST Different mixtures of the above dusts in different proportions. 

 

Not all dusts show the same explosive capacity, so for most known dusts, the ignition ability 

was determined experimentally. According to this division, dusts that spread flame and smolder when 

ignition is initiated are classified in group A, while other dusts that do not support spread fires are 

placed in group B [5]. 
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2.1.1.  Powder polymer coatings 

The most common types of powder coatings, ie. powder paints used in anti-corrosion protection 

of metal objects with the purpose of preserving their mechanical and chemical resistance, resistance to 

temperature, atmosphere and UV rays, and preserving the structure of the material are as follows: 

 thermoplastic powder coatings (polyethylene, polypropylene and PVC coatings), 

 thermoset powder coatings (epoxy, acrylate, polyester, polyurethane coatings, and hybrid 

coatings). 

Electrostatic powder coating is a technological process of applying electrostatically charged 

powder particles to the surface of a product that has the opposite charge, creating a high quality 

coating. It is the latest technique of applying paints and coatings to the product, and the technique was 

developed in 1967. in order to reduce the use of volatile organic compounds that are necessary for the 

"classic" application of paints. The advantage of using electrostatic powder coatings in the industry is 

that it does not require the use of organic solvents, which directly affects the health of workers and the 

environment, and it is possible to use up to 98% of powder returned by recirculation [7]. 

In addition to the fire and explosion hazard of polymer powder coatings arising from their chemical 

composition, structure, particle size and purpose, the addition of various fire and explosion hazards is 

created by the addition of various pigments, fillers or resins to the base coat. The addition of cellulose-

based fillers significantly increases the explosion potential, while the addition of inert mineral-based 

fillers reduces the fire and explosion potential of powdered polymers. The addition of retardants to 

polymer powder coatings has only a slight effect on reducing explosiveness, and in the production of 

powder coatings retardants are not added to the product because they affect the quality and purpose of 

the product, while insufficiently reducing the explosive and fire hazard since it is possible to add them 

only in small quantities. 

About 70% of dust generated in industries that produce or use different forms of polymers 

(including epoxy and polyurethane dust) is thought to be explosive. [7]  

 

2.2.  Conditions for dust explosion 

To form an explosive atmosphere, the dust must be dispersed in the air in a certain concentration 

between the lower and upper explosive limits (LEL-UEL). For most dust, LEL ranges from 

approximately 20 – 60 g/m3, UEL from 2 – 6 kg/m3, while highly flammable dust can explode at a 

concentration of 15 g/m3 [8].  

Dust concentration expressed as LEL in air is observed as the mass of dust in the air volume in 

g/m3, where is the lowest explosion limit – LEL, the lowest concentration of flammable dust in an air 

mixture that can explode with a suitable ignition source. Upper explosion limit - UEL is the maximum 

concentration of dust in the air mixture above which a cloud of dust cannot explode. The power of the 

explosion increases as the concentration increases, but only until the concentrations become saturated, 

where there is too much combustible matter in the dust cloud and too little oxygen to cause ignition 

and explosion. Dust is primarily dangerous in the form of dust clouds and as a layer of deposited dust. 

It is considered that a layer of dust 1 mm thick, concentration 500 kg/m3 can create a cloud of 

explosive dust up to 5 m high and concentration 100g/m3, with values within the lower and upper 

explosive limit (LEL: ~20-60 g/m3, UEL:~2000-6000 g/m3) [8].  

The layer deposition of dust that participates or is generated in the technological process is a huge 

danger because the dust is enough to be at the same time in the form of a dust cloud, as well as in the 

form of a deposited layer of dust, which very easily turns into a dust cloud in which is dust 

concentration higher than the lower explosive limit (LEL). For that dust and with an appropriate 

ignition source (ignition energy higher than the ignition energy of the dust cloud) may lead to a 

primary or initial explosion.  

Dust explosions are in many cases more destructive than flammable gas or vapor explosions, 

given the occurrence of secondary and tertiary explosions. The primary explosion swirls the dust 

deposited on the plant and work equipment, as well as inside it, and creates a secondary explosion that 

is more destructive than the first because much more dust is now swirled in contact with hot particles 

and gaseous products of the previous explosion. A series of successive chain explosion reactions 

begins (Figure 1). Dust explosions are primarily different from flammable gas and vapor explosions by 
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place of origin because they most often occur within process equipment, in places where a mixture of 

flammable vapors or gases rarely ignites due to low oxygen concentration, while such enclosures 

ensure the creation of explosive pentagon conditions. It is also possible for an explosion of flammable 

gases or vapors (hybrid mixtures) in a mixture with air to represent the primary (initial) explosion. 

Hybrid mixtures are mixtures of flammable gases or vapors with flammable dust or flammable 

floating flakes, fibers or other particles. 

 

Figure 1 - Formation of primary and secondary dust explosion [8] 

 

2.3.  Ignition sources 

Potential ignition sources in the powder industry and plants are numerous, but their identification 

is difficult in many cases that have resulted in explosions as the explosion has destroyed work 

equipment and devices or the plant. Also, the procedures of evacuation and rescue of workers from the 

affected area, and the process of extinguishing the fire by the fire brigade makes it difficult and 

impossible to identify the cause of the fire. 

Ignition sources in the industry are numerous, but only some have a large enough ignition energy 

that can cause dust to ignite. All failures and disturbances in the operation of equipment and plants, 

including maintenance, upgrades, conversion, overcapacity, can be considered as a potential cause of 

ignition of explosive atmospheres and it is the duty of the employer and every worker to approach 

such work with due care, in accordance with instructions and guidelines for work in potentially 

explosive atmospheres [9].  

According to the EN 1127:2019 Explosive atmospheres - Prevention and protection against 

explosion - Part 1: Basic principles and methodology and non-electrical equipment located in a zone-

classified plant, in Table 2. are showed the most common ignition sources which should be taken into 

account when determining the Ex –zones. 

 
Table 2 - Ignition sources by HRN EN 1127:2019 [9] 

IGNITION SOURCES EXAMPLES 

Hot surfaces Bearing, hot tubes, brakes, heaters, mechanical seal, shaft seal 

Flames, hot gases and hot particles Internal combustion engines, exhaust gases, gas engines, furnaces 

Mechanically generated sparks Fan, bearing, gears, chain drive 

Electrical appliances Electric motor, switches, lamps, heaters, sockets, switches 

Wandering currents, cathodic protection / 

Static electricity Equipment made of polymer material: belts, straps, pipes, ventilation 

ducts made of polymer, inappropriate clothing and footwear, 

Atmospheric discharges Lightning 

Radio-electromagnetic waves 

frequency from104 Hz to 3×1012 Hz 

Radio transmitters, antenas, mobile phones 

Electromagnetic waves frequencies from 

3×1012 Hz to 3×1015 Hz 

/ 

Ionizing radiation Lasers 

Ultrasound Liquid level meters in tanks 

Adiabatic compression and shock waves Air or gas compressors 

Exothermic reaction, including self-ignition of 

dust 

Storage of coal and coal dust and other dust chemical reaction 
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With the advancement of technology and the creation of new technological processes with new 

materials, the ignition sources and causes change, and there is a possibility of creating new unknown 

ignition sources. Based on statistical data and empirical observations, one of the basic measures of 

occurance of explosion protection when working with flammable dust is to prevent the ignition of 

explosive mixtures by eliminating the above causes of ignition, since it is impossible to prevent the 

formation and formation of explosive mixtures. 

 

3. EXPLOSION PROTECTION (EX) 

Explosion protection is a set of planned actions and activities in the organization, and 

performing daily tasks in the technological process where there is a potential possibility of an 

explosive atmosphere in order to increase safety and prevent downtime or prevent damage and 

malfunctions that can cause explosive ignition of explosive atmospheres [9]. 

 

3.1.  Classification of danger zones 

Considering that the primary measures of explosion protection are completely impossible to 

implement because they include the prevention of the creation of an explosive atmosphere, which is in 

contradiction with the production or technological process that creates, ie. uses dust, it is necessary to 

classify any potentially explosive atmosphere into danger zones with regard to the probability of 

formation of an explosive atmosphere and its duration. 

 

Danger zones as volumes within the work area tell us which kind and type of work equipment, 

materials and shop may be located in which zone. When it comes to flammable dust we distinguish 

according to EN IEC 60079-0: 2018 the following zones [1] : 

 zone 20 – the permanent presence of dust clouds (probability of explosion is high); 

 zone 21 – the primary stage of discharge (probability of explosive atmosphere is medium); 

 zone 22 - secondary degree of discharge (the probability of an explosive atmosphere is small 

and short-lived). 

 

In the technical documentation, the spread of the zones is marked with graphic symbols according to 

EN IEC 60079-10-2 [10]. 

 
Table 3 - Symbols for graphic marking of danger zones according to HRN EN 60079-10-2 [10] 

 

             

 

3.2.  Measures to prevent and suppress fires and explosions (on a practical example) 

This sub-chapter briefly describes the technical measures to prevent fires and explosions that are 

built into the technological process, and devices for their suppression, on the example of the company 

"Ferokotao" Ltd., Donji Kraljevec, Croatia, which manufactures external metal formwork transformer. 

The most complex, explosive and dangerous part of the technological process is the anti-corrosion 

protection of metals, which is performed through the electrostatic application of powder polymer 

coating (powder paint and coating) on the transformer surface, in automatic Wagner cabins. 

3.2.1. Application of epoxy or polyester powder coating 

The application of the powder coating to the product is carried out in an automated Wagner booth 

for electrostatic powder coating. Powder coating (epoxy or polyester coating) is automatically metered 

CLASSIFICATION OF THE SPACE - FLAMMABLE DUST 

 

ZONE 20 

 

ZONE 21 

 

ZONE 22 
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into the Wagner cabin via a powder delivery device - PXS where it is electrostatically applied with 

vertical and horizontal guns to a grounded metal transformer hanging on steel chain slings from the 

conveyor. 

 

 

 

 

 

 

 

 

The powder coating line itself is designed by the manufacturer for use with explosive dust. The cabin 

itself is not expected to generate dust clouds of sufficient concentration to be able to cause an 

explosion, as the vacuum ventilation sucks dust from the cabin floor all the time and returns it to the 

recycling system. The cabin is therefore classified as zone 22, where no explosive atmosphere is 

expected under normal conditions, but all electrical and non-electrical equipment is nevertheless in 

Ex-design, thereby further eliminating the presence of ignition factor. 

The most effective measure of fire and explosion protection, in this case, is complete and 

continuous removal of dust from the cabin (at its source) for powder coating, which is achieved by 

sufficiently efficient and effective ventilation, then drainage of dust to the cyclone and filter, and safe 

collection and recycling. At the same time, the ventilation reduces the volume of zone 20, in which 

there is a possibility of explosions to a small volume inside the cyclone and the filter, bounded by an 

explosion-proof membrane. In order to carry out this process safely, without the danger of static 

electricity generated by fluid flow through the system, galvanic connection and drainage of static 

electricity of each piece of work equipment are provided, and an explosion-proof membrane is 

installed in the filter area where dust explosion is most likely. Sparks thermal sensors are installed in 

all channels, which can activate a special fire suppression system for powder coating applications at 

any time. In general, all the explosion protection measures taken above can be divided into preventive 

measures to prevent fires and explosions of powder coatings, which include taking all technical and 

organizational measures. Since the probability of dust explosion cannot be completely eliminated, 

measures to reduce and mitigate the effects of fire and explosion of powder coatings are implemented 

by an explosion reduction system that includes the installation of explosion membranes. Explosion 

membranes are highly effective protective systems designed to allow dynamic opening, ie. rupture 

without creating hazardous fragments that could damage the plant, and releasing pressure and 

explosion products at a specific location without damaging the rest of plant [11]. 

Fire and explosion suppression is performed by installed fire suppression system for powder 

coating applications that prevent the development of explosion and secondary explosion, as well as the 

spread of fire, and in case of spark or flame activates and fills all closed parts of the equipment 

(cabins, pipelines, cyclones) with carbon dioxide or other inert gas. Further prevention of the spread of 

flames and explosions by means of active and passive devices is done through the installation of fire 

dampers. 

The selection, design, construction and ultimately installation of adequate protection systems in 

the plant itself as a measure to reduce and mitigate the effects of the explosion, should be implemented 

Figure 2 - Electrostatic powder coating (picture left); filter unit with explosive memran(middle); dust separation cyclone 

(right) – (source: „Ferokotao“ d.o.o.) 
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in the process of construction and equipment of the plant in which dust is handled, used or generated 

and there is a potential risk of dust explosions. 

When working in plants where there is a possibility of creating a potentially explosive atmosphere 

of dust, (regardless of the classification of the space and the elimination of ignition causes), the type 

and amount of dust should always establish an effective protection and safety system, determining the 

next steps [12]: 

 hazard identification and risk assessment (hazard identification and assessment of the 

probability of an explosive atmosphere, identification of ignition sources and assessment of 

ignition probability, determination of possible consequences of explosion, risk assessment and 

level of current protection and necessary measures to reduce risk), 

 determination of special measures for achieving safety of employes health due to the 

occurrence of an explosive atmosphere (dust removal, galvanic connection), 

 ensuring a safe working environment and appropriate monitoring during the presence of 

employees in accordance with the assessed risk and preventive and corrective maintenance of 

technological equipment, 

 ensuring effective coordination of all participants in the preparation of technical and project 

documentation, studies, as well as coordination of companies performing works, as well as 

technological discipline and raising the conscience of workers who perform work with powder 

paints. 

 

Prescribed technical and organizational measures of explosion protection when working with 

powder coatings, as well as occupational safety and fire protection are required to be implemented by 

all participants in construction (design, manufacture, installation, assembly, testing) as well as users - 

employers and all workers (maintenance, operation, use) of electrical and non-electrical devices and 

all parts of the plant. This allows the potentially explosive atmosphere to be kept to a minimum with 

good maintenance given the frequency of occurrence, the duration of the discharge and the amount of 

dust. 

4.  CONCLUSION 

Awareness of the dangers of flammable and explosive polymer dust is still relatively low and fails 

to keep pace with technological and industrial developments, which increases its danger to workers 

health as well as general safety. Most dust explosions in industry result in huge destruction of 

equipment, devices and plants, material costs, as well as human casualties, so maximum attention 

should be paid to preventive and suppressive measures of explosion protection, as well as fire 

protection to prevent adverse events. It is important to note that regardless of all implemented 

measures, the basis for preventing fires and/or explosions is good technological discipline, work in 

accordance with professional rules and legal provisions, compliance with safety instructions, 

maintaining correct modes and parameters of the plant and built-in safety elements, with the aim of 

preserving the life and health of workers and reducing the risk of explosive atmospheres and in 

accordance with Directive 1999/92/EC of the European Parlament on minimum requirements for 

improving the safety and health of workers potentially at risk of explosive atmospheres (ATEX 137). 

It is impossible to stop and control the explosion, as well as react in the moments of its occurrence, 

which makes it hard to manage the work process as well as self-evacuation and self-rescue of workers, 

and make it specific risk among other dangers, harms and efforts arising from the work process. 
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