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It is possible to unambiguously determine the composition of multicomponent gaseous emissions of a
system only if it is in equilibrium, i.e. is in such a state when in any part of it the state parameters are
constant and the same. The content of components and other characteristics of a real mixture can only be
estimated with a certain degree of approximation. To ensure the possibility of applying mathematical
methods to the calculations of real systems, they are greatly simplified, replacing them with ideal models.

Due to the mutual dissolution of mixture components in the region of wet steam, the states of liquids with
supercritical temperatures and vapors with supercritical pressures are possible, as well as the processes of
reverse evaporation and reverse condensation - evaporation of moisture with increasing pressure and an
increase in steam moisture with decreasing pressure in the system. In order to avoid gross miscalculations
in the development and design of cleaning devices, it is necessary to take into account the characteristic
features of the processed substances.

We represent a homogeneous gas mixture as a mixture of ideal gases, considering it possible to apply the
laws of ideal gases to it and to each of its components. There are several generally accepted ways of
expressing the composition of such a mixture. For calculations of processes associated with a change in
pressure in the system, the composition of the mixture is usually given in units of pressure.

According to Dalton's law, the pressure of a gas mixture can be calculated by adding the partial pressures

of its components:
N
b= Z P1
i=1

The partial pressure of the i-th component is the pressure that it would produce at the temperature of the
mixture and in the same amount if one occupied the entire volume of the mixture. Setting the composition
of an ideal gas mixture by a set of partial pressures of all components is equivalent to setting the amount
(number of moles) of each component in fractions of the total amount (number of moles) of the mixture.

According to Dalton's law, similar to other laws, the additivity of partial volumes is assumed:
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Each component of the gas mixture, which is in a state of equilibrium, is uniformly distributed
throughout the volume provided for the mixture, and its pressure is equal to the pressure of the mixture.

In the practice of dust and gas cleaning, it is customary to set the composition of the carrier gas (air, flue
gases) by volume or mass percent, and the content of harmful ingredients - by mass concentrations per
unit volume of emissions. The usual value of pollutant concentrations before cleaning is on the order of
10-2...10-3 kg/m® after cleaning - 10-4 kg/m®. The maximum permissible concentrations of chemical
compounds of medium toxicity in the atmospheric air are standardized within 10-6 ... 10-9 kg / m®, and
especially hazardous substances (for example, carcinogens) - 10-11 kg / m*.

In foreign, and sometimes in domestic literature, pollutant concentrations are expressed in mass parts of
the pollutant per million (ppm) and billion (ppb) mass parts of emissions. Sometimes ppm is expressed as
the number of parts by volume of a pollutant per million parts by volume of gaseous emissions, i.e.
volume fraction taken from a million. At the same time, it is not always indicated in what proportions
(mass or volume) the information is given, which can give rise to misunderstandings.

The composition of suspended particles is characterized by concentration and dispersion. The
concentration of the dispersed phase is most often represented as the mass of particles per unit volume of
the dispersed phase. Particles with sizes that make up any interval are assigned to the corresponding
fraction. The totality of all aerosol fractions is called the fractional composition of its dispersed phase

D — YL, My Dy o= lzliv=1 My (Dy, — Dy
m Z?,:l Ml Iivlel - 1
where M; is the number of particles in the i-th fraction.

|12

The distribution of particles in real aerosols differs from normal, but for many of them it can still be
reduced in shape to normal.

In such cases, it is considered that the sizes of aerosol particles are distributed according to the
logarithmically normal law. The logarithmically normal distribution curve can also be specified by two
parameters - the logarithms of the average diameter and the standard deviation from it:

1aD =2§V=1M11gD1 . N M(lgD,, — lgD,
gom §V=1 M, g Iiv=1M1 -1

Distributions that are close to logarithmically normal are approximated by straight lines and considered to
be uniquely determined by the parameters ¢ and Dy,.

1/2

For the correct choice of methods for treating solid and, in particular, liquid pollutants of gas emissions, it
is important to know not only their dispersed, but also their chemical composition. Pollutant ingredients
can be inert or chemically active to the material of the cleaning device and communications, to moisture,
sorbents, they can evaporate, sublime, decompose, ignite during processing. To avoid negative
consequences or unforeseen results of the developed method of neutralization, it is necessary to have
information about the chemical composition of pollutants and the properties of ingredients in the range of
parameters corresponding to the conditions of their processing.

Certain indicators of the physical properties of gas systems have the same values in the same states,
regardless of the nature of the processes, as a result of which the systems come to these states. As the
main parameters of the state of homogeneous gas systems, it is customary to use temperature T, pressure
p and volume V (specific volume v, density p).

If two of the three state parameters are given, then the physical properties of an ideal gas in a
thermodynamically equilibrium state are uniquely determined by the relation T, p, v.

Any combination of parameters (T, p, v) and state functions (u, i, S) is also a state function. In calculation
formulas, combinations are most often used that give simple ratios and allow one to calculate in an
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explicit form the amount of work done by the system during the transition from one state to another.
At constant volume and temperature, the system performs work by reducing the internal energy by TAS:
A, = —(Au—TAS) = —AF/m

Part of the internal energy TAS, which, at constant T and v, cannot be converted into work, is called
bound energy.

Until now, when defining the state function, we have assumed that the masses of the mixture ingredients
do not change during the transition from one state to another. A characteristic of systems in which phase
and chemical transformations occur under the conditions under consideration can be the specific Gibbs
potential, which is also called the chemical potential :

Y=G6G/m=—U-TS+pV)/m

The chemical potential has the meaning of useful external work, which is produced by a single amount of
the substance of the system under consideration.

The degree of deviation from the ideal gas state can be considered as a measure of the approximation of
the state parameters of real systems to the critical ones. The parameters of the critical state for some
chemical compounds - pollutants of gas emissions are given in the appendix. They have a strictly defined
value for each substance and can serve as physicochemical characteristics of gas systems. Therefore, it
can be assumed that objectively there is a certain functional dependence that is universal for all real gases
(including gas emissions), connecting the state parameters expressed in a dimensionless form (in fractions
of the critical ones):

f(m, 9, w)=const

where: T = p/per v 9 =T/T, w = v/v,, - reduced pressures, temperature and specific volume of real
gases.

This equation underlies the principle of corresponding state parameters, according to which gas systems
in states with two identical dimensionless parameters will have the same other state parameters.
Calculations according to the principle of correspondence give an allowable error.

The determination of the given state parameters and the compressibility factor, based on the additively
calculated values of the critical state of the gas system, is very approximate in many cases - the only
possible one, since the number of combinations of pollutants and their concentrations in waste gases is so
large that the probability of finding the required information for a specific composition of emissions
insignificant.

When designing treatment devices, one often encounters a lack of necessary information on the
parameters of gas emissions of a particular composition, and then it remains to calculate them using the
additivity rule. Pseudo-critical (average-critical) state parameters in such cases are calculated by the ratios

N N
Trner = § Ticr *7 Pper = z Picr T
i=1 i=1

Corrections for the deviation of the parameters of the states of real gas systems from the values
determined by the law of the state of an ideal gas become significant under conditions when the
interactions (mutual attraction and repulsion) of molecules noticeably affect their motion. Formally, the
deviation is expressed in violation of the unitarity (singularity) of the ratio pv/RT and the linear
relationship between pv and T.
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