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That is why the flammability limits of mixtures are defined as lower and upper limits.
The lower limit means the situation where the smallest amount of gas can ignite, and this
limit is the factor that determines the level of fire and explosion hazard of industrial and
manufacturing enterprises.

If the mixture of air and gas is collected in sufficient quantity for combustion, it will
ignite when heated under certain conditions, this temperature is called combustion
temperature. This temperature can be very high (up to 4500-20000C) depending on the
condition of the combustible mixture and other factors.

The burning speed of many gas mixtures depends on their quantity and the nature of
the gas. The burning speed of gases is 0.3-0.8 m/sec. will be. Except for hydrogen and
acetylene gas, their burning speed is 2.76 m/s and 5.6 m/s. Rapid combustion is called
explosion. The shorter the burning time, the greater the explosive power.

The rate at which liquids burn in a gaseous environment and turn into steam depends
on the physical and chemical properties of the liquid. Also, the process of turning into
steam depends on the temperature of the external environment. Liquid vapor forms on
the surface of a liquid at a certain temperature and pressure. This amount of steam does
not increase or decrease at the same temperature. It is called saturated steam. Since the
number of molecules turning into saturated steam is equal to the number of molecules
turning into liquid, its amount remains the same in the air environment and determines
the quantitative pressure of the mixture.

If the volume pressure of saturated steam is known, it is possible to determine the
density of air at this temperature.

Combustion of gases can occur in certain air conditions. The volume of flammable gas
in the air cannot be greater than the volume in the saturated state, therefore, the
flammability limit of the substance can be determined only by temperature, and this
volume is called the upper limit of the combustible substance. In cases where the density

1004



Mexx/[yHapOJHbINA Hay4HbIN Ky pHaJI Ne 10 (100), yacTsb 2
«HoBocTu o6pasoBaHus: ucciegoBanue B XXI Beke» Mai, 2023

of liquids and gases in air is lower than the saturation point, ignition may occur at a certain
temperature. In order for any liquid to burn, it must be heated to a certain temperature,
and the amount of steam released from the liquid at this time must be sufficient to fuel
the flame. Based on these properties of liquids, their flash and ignition are studied. The
flash temperature is the temperature at which a mixture of vapors and air forms on the
surface of a liquid at a low temperature, and the mixture can burn if heated from the
outside.

Based on this property, liquids are divided into two groups:

1. If the flash temperature of the liquid is 450C or less, it is called a flammable liquid.
Examples of highly flammable liquids are gasoline, alcohol, and other substances.

2. Liquids with a flash point above 450 are called flammable liquids.

The ignition temperature is the state in which ignition continues as a result of the
release of vapors from the liquid at a minimum temperature. For highly flammable liquids,
this temperature is 1-50C higher than the flash temperature, and for flammable liquids it
can be increased by 30-350C.

Combustibility of substances is understood as the formation of gaseous and vaporous
substances that decompose and burn as a result of heating. The state of decomposition of
combustible substances can be used to study the laws of combustion of the volatile part.

The fire hazard properties of solid substances are expressed by the amount of heat
released when the solid substance burns, spontaneous ignition, burning speed and the
spread of burning on the surface of the material.

The combustion temperature depends on the amount of heat generated when
burning solids and the amount of air entering the combustion zone.

The long-term presence of crushed particles of solid substances in the air
environment with a size of 10-9...10-7 m creates a fog-like environment with a high
density. Accumulation of such small particles in large quantities will have the same
explosive properties as gases and flammable liquids. Usually, the amount of dust in the air
is measured in units of g/m3 or mg/l. Many combustibles have very large units of lower
density for dust explosions. The lower limit for the explosion of sugar and peat dust the
density is 13500 g/m3 and 2200 g/m3, and a high-power burning impulse is necessary to
detonate such dusts.

In the initial phase of the explosion, the smallest particles in the air and large particles
are ignited due to the heat released by them, after that, if the density is sufficient, the
ignition becomes volumetric and an explosion occurs. Therefore, the fire and explosion
hazard of dust is determined based on the lower limit of density. Dusts with a density
below the lower flammability limit of 65 g/m3 are explosive (sulfur dust, flour, etc.), if the
density of this limit is more than 65 g/m3, then fire belongs to the category of hazardous
dust (tobacco, wood dust).
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EXPLOSIVE LIMITS
The concentration limit of an explosion is defined as the mixture of flammable gas
or its vapor with air in a closed container in such a way that it burns or explodes from an
external source of flame.

To test this in practice, take a closed container filled with air, add flammable gas or
steam to it little by little, and light it each time. At a small amount of this gas (in % or
weight concentration), the mixture does not ignite, which means that the pressure inside
the container does not change.
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Figure 1.1. Explosive concentration limit of flammable gases and vapors.
A- the lower limit of the explosion.

B- Upper limit of explosion.
As you can see from the above picture, the ordinate axis shows the concentration

of the combustible substance, and the abscissa axis shows the explosion pressure when
trying to ignite the mixture inside the container. These are 1, 2, 3, 4, dots. As the
concentration is increased, there comes a time when the mixture explodes weakly, barely
perceptible (point "A" in diagram 9). As the concentration increases, the explosion
pressure also increases and reaches its maximum point. After that, as the gas
concentration increases, the explosion pressure decreases. At a certain maximum
concentration, there will be no explosion at all. (point "B" in the diagram).

The minimum mixture of flammable gas or steam with air that can cause an
explosion when ignited is called the lower limit of explosion.

The maximum mixture of flammable gas or steam with non-combustible air is
called the upper limit of explosion.

According to the "Rules for the placement of electrical equipment" (PUE), the
classification of shops and external equipment on the risk of fire and explosion has been
developed.

Levels of industrial enterprises according to the risk of fire and explosion.
Taking into account the production technology of industrial and building
constructions, details and materials production enterprises, the raw materials used, the
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products they prepare and the project of the building in which they are located, taking into
account the risk of fire, explosion, its spread in the event of a fire, as well as the complexity
of the fire the explosion hazard level is determined.

Of course, the risk of fire in each industrial enterprise is first measured by the level of
fire hazard of the raw materials used there and the products produced. For example, if the
company uses gaseous combustible substances and the product it receives is in the state
of a highly flammable liquid, then there is a possibility of fire spreading, and the company
can suffer a lot of damage from this.

Based on norms and regulations (ONTP 24-86) taking into account the physico-
chemical properties of substances used in industrial enterprises, all industrial enterprises
are divided into five categories according to the risk of fire and explosion. A and B
categories of these are prone to fire and explosion. Categories V and G are considered only
flammable. Class D does not have the risk of explosion or fire. According to the fire risk, all
technological processes can be divided into the following 5 categories:

Category A - there is a risk of explosion and fire. These include shops where liquids
with a flash temperature of up to 28 oC are stored and used (gasoline depots, oil
refineries). These are industrial enterprises that can create the possibility of explosion of
substances that can burn and explode as a result of combining with oxygen in the air under
the influence of liquid, liquids and gases with a flash temperature below 280C, and a
pressure of up to 5 kP should be. This level includes enterprises that produce sulfur,
carbon, ether, acetone and similar substances.

Category B - there is a risk of explosion and fire. These include shops where liquids
with a flash point of 28 oC to 16 oC are stored and used (petroleum product warehouses).
If they contain liquids, dust and fibers with a flash temperature higher than 280C and
heated up to the flash temperature during the production process, these gases, liquids and
dust can accumulate in the room pressure more than 5 kP and form an explosive mixture.
includes industrial enterprises. An example of this is chemical plants producing ammonia.

Category C - There is a risk of fire. These include working with flammable solid
materials and having a flash temperature above 61 oC

includes sections where liquids are stored and used. (textile enterprises). A, which is
dangerous for fire, steam with a flash temperature above 1200C, liquids with a
temperature, as well as with each other, oxygen in the air combined with water,
combustible substances and solid combustible objects, and Includes industrial enterprises
that do not belong to category B. Examples of this include furniture manufacturing
enterprises processing wood, paper, cellulose, cardboard, ruberoid and willow production
enterprises.

Category D - These are the sections with hot, scalding and molten substances, as well
as gas and liquid fuels. Non-flammable bodies and materials of this level include industrial
enterprises where various heat, sparks and flames can be emitted during the heating,
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scalding and melting process, where solid, liquid and gaseous substances are used as fuel.
This includes metallurgical industry enterprises, heat generating centers, steam plants.
Category E - Cold processing workshops of non-combustible materials are included.
non-combustible objects and materials include cold processing industries. Examples
include stone crushing, ceramic and cement plants.
The grouping of buildings and structures according to fire and explosion risk is
determined after determining the fire and explosion susceptibility category of all rooms in

them.
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