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Abstract:In many industries there are flammable dusts very often present as a main product, by-product or 

waste. Food, textile, woodworking, coal, electortechnical, pharmaceutical, chemical industry or agriculture are 

the sectors in which there is a risk of the presence of combustibledusts and of their potential explosion. For a 

proper safety of the facilities in which the flammable dusts occur it is necessary to know the dust explosibility 

characteristics. The fire and explosion characteristics of the dusts are depending on many factors and properties 

of the particular dust, such as humidity of the material, ash content, chemical composition, polydisperzity, 
particle size of the dust, etc. The article deals with the particle size influence of chosen combustible dusts beeing 

on a heated surface in the settled state on the minimum ignition temperature of the dust.  
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1. INTRODUCTION 

The risk of industry flammable dust ignition has increased significantly in recent decades as 

flammable dusts more often began to become a part of industrial processes.  In general, about 70% of 
dust produced in the industry is explosive. Dust reduction in companies is the main purpose of the 

national and European legislative. Early identification and characterization of dust in companies may 

reduce the risk of explosion. It could be used to identify hazards in industrial production where an 
explosive dust is produced. For this purpose several standards for identification and characterization of 

explosion characteristics of industrial dust are being used.[1] The consequences of the fires or 

explosions can have severe impact on property, material values, technology and the health or lives of 

workers. It is necessary to know the properties of dusts that are present in the food industry. In 
particular, it is very important to know the explosibility characteristics of the dusts, such as the 

minimum ignition energy, the minimum ignition temperature in the settled and  turbulent state, the 

minimum oxygen concentration, the explosion constant Kst, the lower and upper explosion limit and it 
is necessary to use protective devices that can protect the technology against a fire or subsequent 

primary or secondary explosion. 

During a settled dust explosion, the combustion flame spreads rapidly from the settled dust layer 

into the dust cloud, and the temperature and pressure rise rapidly. The minimum ignition temperature 
is one of the important criteria for determining the explosion risk of dust.A series of tests were 

conducted on the minimum ignition temperature of various types of flammable industrial dusts in the 

settled layer on hot plate (heated surface), and it was found that the minimum ignition temperature 

depends on the particle size of the settled dust.  

2. PRINCIPLES OF COMBUSTIBLE INDUSTRIAL DUST EXPLOSION 

Among the basic chemical characteristics of combustible dusts, it is possible to include thermal 
one’s self-ignition of combustible dust, dust dispersion and chemical activity of dust. 

It is also important to know the elemental and chemical composition of the dust substance. 
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2.1. Primary and secondary explosion 

In order to cause explosion of flammable dust, the following elements are present at the same 
time: flammable dust, ignition source, oxygen (air), dispersion of flammable dust particles and their 
occurrence in a closed space (e.g. in a container, etc.), Figure 1. 

 

Figure 1 - Fire triangle and explosion pentagon - the five elements necessary for a dust explosion [2]   

 

In the case when flammable dust is beeing ignited, there very often two explosions occur. They are 

known as primary and secondary explosions. The primary dust explosion is the first explosion caused 
in an ignited dust suspension in a confined space (such as a container, room, or particular part of an 

technology equipment). The primary explosion is very often able to shake the rest of a dust that has 

been accumulated and in the whirled state it can cause secondary explosion. This secondary dust 
explosion is often more destructive than the primary one, Figure 2. 

 

 

 
Figure 2–The secondary dust explosion as a consequence after the primary explosion of a dust [3] 

 

2.2. Characteristics of combustible industrial dust 

After the initiation of the flammable industrial dust, due to the exothermic combustion reaction, a 
larger amount of heat is developed than is removed. In a closed space, the increase in temperature will 
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be manifested by increasing of the pressure. Time course of pressure increasing during an explosion as 
a function of time (explosion curve) is shown in Figure 3. 

 

 

 

Figure 3  Explosion curve of flammable dust [4] with the changing of reduced explosion pressure 

(pred) and maximum explosion pressure (pmax) depending on time; (dp/dt)max  -  the highest rate of 

pressure rising 

 

The degree of dust dispersity has a significant effect on flammability and explosiveness. Dust 

which is more dispersed has not only a large surface area and high chemical activity, but also a lower 

auto-ignition temperature and an extensive interval between lower and upper explosion limits. The 

burning rate of the dust is similar to the burning rate of gases, where at the same time the burning 
process proceeds smoothly [5, 6]. 

The degree of dispersity is given by the relation: 

 

    d = S/V  [m−𝟏]     (1) 

 

where S - dust surface [m2], V - volume of dust [m3]. 

Dust dispersion, i.e. the size of dust particles, is determined by sieve or specialanalysis that 
determines the percentage or mass fractions of certain dust particlesdimension. In practice, sieving is 

most often used to determine the dimensions of dust grainsthrough sieves.[5, 6] 

On the basis of their physico-chemical properties dusty mixtures belong to colloid and dispersion 
systems, for which the linear dimension of the particles is the defining characteristic. At a particular 

weightthe small linear dimension of the system leads to a significant increase in surface area. [6]  

3. MEASUREMENTS OF PARTICLE SIZE INFLUENCE 

Experimental measurements were performed on an apparatus for determining the minimum 

ignition temperature in the settled state. The dusts were sieved through sieves with opening diameter 

0.2 mm, 0.315 mm and 0.5 mm, Figure 4. A layer of a settled dust was deposited on a hot plate, which 

was tempered to particular temperature values. The lowest temperature at which the settled dust 
sample had beenignited was the minimum ignition temperature of the food dust in the settled state. 

The temperature in the laboratory was always in the temperature range from 22 °C - 24 °C. The test 

itself was performed according to the prescribed conditions with respect to the required laboratory 
temperature from 15 °C to 35 °C.  
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Figure 4 Sample sieving and testing equipment [photo MiroslavaVandlíčková] 

 

The final results from the experimental measurements are given in the table 1. These 

minimum ignition temperature values show that many of industrial dusts are flammable at the 

temperatures that can be very quickly obtained in many types of industrial technologies.The 

results shown that the minimum ignition temperature is depending on the dust particle size. 

The decreasing of the dust particle size causes the decreasing of the minimum ignition 

temperature.  

Although a particle size limit of 500 microns is not used as a criterion to define a 

combustible dust in many of the relevant standards, these standards explain that, typically, it 

is unlikely that particulates will be combustible when the particle size is greater than 500 

microns due to the small surface-to-volume ratio. [7] 

 

Table 1 Minimum ignition temperature of selected food dusts in a settled layer 

 

  Minimum ignition temperature of selected food dusts in a settled state   

 

Flammable  

dust 

 

 

The resulting temperatures [° C] for three different fractions and two layers 

  

Fraction 0,20 mm 

 

Fraction 0,315 mm 

 

Fraction 0,50 mm 

 

Layer 

5 mm 

 

Layer 

12,5 mm 

 

Layer 

5 mm 

 

Layer 

12,5 mm 

 

Layer 

5 mm 

 

Layer 

12,5 mm 

 

Cocoa 278 290 280 290 280 291 

Gluten free soya 
flour 

negative negative negative negative negative negative 

Dried milk 370 380 371 380 371 382 

Wheat flour negative negative negative negative negative negative 

Ground black 
pepper 

281 289 286 290 290 293 

Ground red 
pepper 

283 290 285 292 293 299 

Ground garlic 440 444 441 445 443 446 

Cinnamon 299 303 304 305 305 307 
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Potatoe starch negative negative negative negative negative negative 

 

4. CONCLUSION 

After analyzing and evaluating all the measured results in the experimental measurementit 

was found that to change the minimum ignition temperatures of the tested wood dusts the 

particle size of food dust has an effect. Therefore, it can be concluded thatthe minimum 

ignition temperature is not only dependent on the type of material from which the dust is 

produced and on the humidity, but mainly it depends on the size of the dust particles found in 

the dust mixture. The minimum ignition temperatures of the tested food dust ranged from 

446°C to 278°C depending on the specified type of food dust. 

 

But still from a dust explosion prevention and mitigation perspective, a definition of 

combustible dust that does not define a particle size limit is more appropriate for the 

identification of combustible dust hazards. Under such a definition, potential hazards are not 

erroneously screened out from further hazard analysis or risk assessment based on particle 

size. [7] 
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