
34

ГОРНЫЕ НАУКИ И ТЕХНОЛОГИИ
MINING SCIENCE AND TECHNOLOGY (RUSSIA)

Chernyi K. А., Faynburg G. Z. Evaluation of variation of salt dust hygroscopic aerosol particle size...2025;10(1):34–44

https://mst.misis.ru/

eISSN 2500-0632

© Chernyi K. А., Faynburg G. Z., 2025

TECHNOLOGICAL SAFETY
Research paper

https://doi.org/10.17073/2500-0632-2024-07-283
УДК 622.41:552.53

Evaluation of variation of salt dust hygroscopic aerosol particle size 
as a function of relative air humidity

K. А. Chernyi  SC  , G. Z. Faynburg  SC
1 Perm National Research Polytechnic University, Perm, Russian Federation

 chernyy_k@mail.ru

Abstract
The expansion of mining in potash mines has faced the problem of fresh air shortage, which cannot be 
solved within the current paradigm of self-contained ventilation. Prospects are related to sequential and 
recirculation ventilation, as well as the concept of “ventilation on demand”, requiring a detailed description 
of the processes of “self-cleaning” of a mine air from dust. Crushing a rock mass results in the formation of 
many aerosol hygroscopic salt particles, which in humid air conditions aggregate and settle on a drift floor. 
Accurate mathematical models are necessary for predicting the dispersion of these particles and associated 
gases. The paper considers the regularities and mechanisms of the effect of relative air humidity on the size 
of salt dust particles, aerosol hygroscopic salt particles of halite (NaCl) and sylvin (KCl). The interactions at 
the contact “salt surface – humid air” are described and the current understanding of the hysteresis processes 
and the stages of deliquescence and efflorescence (recrystallization) of hygroscopic aerosol particles are 
considered. Due to the fundamental difficulties of using modern experimental electronic equipment in the 
conditions of underground mines, data on oceanic aerosols of the same chemical composition were involved 
in the analysis. A number of models of hygroscopic growth of oceanic aerosol particles were reviewed and 
then adapted to the conditions of a potash mine atmosphere that made it possible to obtain average values 
of the factor of a salt aerosol particle hygroscopic growth. The good convergence of the known scientific 
data on the changes of the hygroscopic growth factor depending on relative air humidity for both oceanic 
aerosol and salt dust aerosol characteristic of a mine air was shown. The obtained theoretical-empirical 
data characterizing the changes in the size of salt particles depending on relative humidity were tested in 
model studies with salt aerosol. Young’s model was proposed to interpret and predict the changes in the 
size distribution of salt aerosol particles. The heuristic value of the proposed approach was confirmed by 
the example of the Young’s model record in log-log coordinates. The results of the study can be applied to 
calculate the processes of dust conditions formation in rock-salt and potash mines.
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Аннотация
Расширение масштабов добычи полезных ископаемых в калийных рудниках столкнулось с проблемой 
нехватки свежего воздуха, которую невозможно решить при текущей парадигме автономного прове-
тривания. Перспективы связаны с последовательным и рециркуляционным проветриванием, а так-
же концепцией «вентиляции по требованию», требующими детального описания процессов «само- 
очистки» рудничной атмосферы от пыли. Разрушение горных пород сопровождается выбросом солевых  
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аэрозолей, которые во влажной атмосфере укрупняются и осаждаются на поверхность. Для прогнози-
рования распространения этих частиц и сопутствующих газов необходимы точные математические 
модели. В статье рассматриваются закономерности и механизмы влияния относительной влажности 
воздуха на динамику размера соляной пыли – гигроскопических аэрозольных соляных частиц гали-
та (NaCl) и сильвина (KCl). Описаны взаимодействия при контакте «соляная поверхность – влажный 
воздух» и рассмотрено современное представление о процессах гистерезиса, а также об этапах рас-
творения и обратной кристаллизации гигроскопических аэрозольных частиц. В связи с принципи-
альными сложностями использования современного экспериментального электронного оборудова-
ния в условиях подземных рудников в анализ вовлечены данные по океаническим аэрозолям того же 
химического состава. На основе анализа ряда моделей гигроскопического роста океанических аэро-
золей проведена их адаптация к условиям атмосферы калийного рудника, что позволило получить 
усредненные значения фактора гигроскопического роста соляной аэрозоли. Для океанического аэро-
золя и соляной пыли рудничной атмосферы наблюдается хорошее соответствие известных данных 
динамики фактора гигроскопического роста от влажности воз духа. Полученные теоретико-эмпири-
ческие данные, характеризующие изменения размера соляных частиц в зависимости от относитель-
ной влажности, апробированы в модельных исследованиях с соляным аэрозолем. Для интерпретации 
и прогнозирования изменений размерного распределения соляных аэрозольных частиц предложено 
использовать модель Юнга. На примере записи модели Юнга в двойных логарифмических коорди-
натах подтверждена эвристическая ценность предложенного подхода. Результаты исследования мо-
гут быть применены для расчета процессов формирования пылевой обстановки в каменно-соляных 
и калийных рудниках.

Ключевые слова
калийный рудник, проветривание, безопасность, атмосфера, аэрозоль, галит, сильвин, сильвинит, со-
ляная пыль, растворение, кристаллизация, фактор гигроскопического роста, спелеотерапия, модель
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Introduction
The significant expansion of mineral extraction 

in current potash mines faced a problem of severe 
shortage of fresh air supply to a mine, which cannot be 
solved within the prevailing paradigm of autonomous 
independent ventilation of working areas. Under these 
conditions, almost all the prospects proved connected 
with sequential and (or) recirculation ventilation, as 
well as with the concept of “ventilation on demand”, 
which require an adequate description of the proces- 
ses of ventilation of mine workings, including the pro-
cesses of “self-cleaning” of a mine air from dust at the 
levels of atoms, molecules, and clusters [1].

Crushing of a rock mass during mining operations 
in potash mines is inevitably accompanied by the for-
mation of many aerosol hygroscopic salt particles of 
various sizes, which get into the air and form an aer-
odisperse medium. Instrumental measurements [2–4] 
show that in the process of mutual collision in humid 
air conditions salt particles aggregate and intensively 
precipitate on a drift floor. All this requires a detailed 
calculation of gas and dust conditions in a multi-con-
nected network of mine workings of different aero-
dynamic types and process purpose on the basis of 
mathematical models adequate to reality, one of the 
obligatory members of which is the “runoff” of an 
impurity due to various kinds of micro-level interac-
tions. One such interaction is the effect of relative hu-

midity on the growth, consolidation, and coalescence 
of aerosols of the major potash mine rock minerals 
halite (NaCl) and sylvin (KCl). General regularities of 
such effect are known from phenomenological obser-
vations, but the details of these processes and their 
mathematical description required for digitalization 
of mine ventilation processes are missing [5, 6].

Moreover, the spectral size composition and dy-
namics of processes of interaction of salt aerosols with 
humid air have acquired independent significance in 
connection with the use of both underground spaces 
of rock-salt and potash mines for the purposes of so-
called speleotherapy and ground sylvinite speleocli-
matic chambers for speleoclimatotherapy [7].

The present paper is devoted to the consideration 
of the issues of mathematical description of the rela-
tive humidity effect on the size of hygroscopic aerosol 
particles.

The purpose of the research presented below is 
to determine the regularities of changes in the dis-
tribution (in size) of salt dust particles depending on 
the relative humidity of air, required for digitalization 
of mine ventilation to calculate and control the dust 
conditions in mine workings.

Achieving this goal required implementing the 
following measures:

– to review current ideas about the nature of a salt 
crystalline particle behavior at changing relative air 
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humidity, its watering and efflorescence (recrystalli-
zation);

– to review the known physical models of hygro-
scopic particles growth, determine their applicability 
to the conditions of mine atmosphere;

– on the basis of known experimental and em-
pirical data on hygroscopicity of salt-water aerosol 
particles to reveal and confirm the feasibility of their 
use in estimating the size change of hygroscopic salt 
dust aerosol particles in potash mines;

– on the basis of actual measurements in a field 
experiment in an air medium with salt aerosol to ex-
perimentally confirm the reliability of the results ob-
tained on the basis of the proposed models of hygro-
scopic growth and the models of size distribution of 
salt aerosol particles in a mine atmosphere.

Techniques
The mineralogical and chemical composition 

of a salt aerosol depends on the corresponding pa-
rameters of salt rocks surrounding the airspace of 
a  mine  [5,  6]. The composition of salt rocks in po- 
tash mines is diverse and has been studied in de-
tail for geological and mining-metallurgical purpo- 
ses  [8, 9]. The main practically important rocks are 
those formed by sodium chloride (halite), potassium 
chloride (sylvin) and potassium-magnesium chloride 
(carnallite) minerals: halite, sylvinite (red, banded, 
and mottled), carnallite. The interaction of relative-
ly “moisture-resistant” halite and sylvin with air is 
especially important for mine operation [10], since 
carnallite, being a double aqueous salt of potassium 
and magnesium chlorides KCl · MgCl2 · 6H2O, con-
tains itself molecular moisture and quickly “spreads” 
in humid air.

It should be noted that the interaction of NaCl 
(halite), KCl (sylvin) aerosol particles and host rock 
(sylvinite) with humid air remains insufficiently stud-
ied due to the relative slowness of natural processes 
of moisture condensation/evaporation and due to the 
extreme technical complexity of ensuring the opera-
tion of modern electronic measuring equipment [11] 
in conditions of aggressive and explosive environ-
ment. All this significantly complicates the quan-
titative study of the physics of salt aerosols in the 
conditions of underground mines and implementing 
appropriate field experiments, supplemented by the 
problems of financing such works.

In contrast to this situation, research on the im-
pact of salt-water aerosol on the formation of the 
Earth's climatic conditions, the trends and conse-
quences of the dangerous change of which are visible 
to all, due to its importance for the fate of mankind, 
receives the necessary relatively generous funding, 

despite the costliness of the experiments, which are 
increasingly being conducted with enviable persis-
tence around the world.

Since salt-water aerosol is formed largely from 
NaCl and KCl particles, the results of salt-water  
aerosol studies (see, e.g., [12–14]) can and should 
certainly be taken into account as well-reliable in-
strumental studies for solving the problems dis-
cussed in this paper.

Findings

Current understanding of the mechanisms 
of deliquescence and efflorescence (recrystallization) 

of halite and sylvin aerosol particles
The most important role in the interfacial inte- 

raction of water vapor and salt particles is played by 
the essential fact that halite (NaCl) and sylvin (KCl) 
minerals have cubic syngony. Therefore, positively 
charged metal atoms, sodium Na+ and potassium K+ 
and negatively charged chlorine atoms Cl– are struc-
turally equivalent and form ionic structures of high 
stability: one sodium / potassium ion (Na+ / К+) is sur-
rounded by six chloride ions (Cl–) and, conversely, 
one chloride ion is surrounded by six sodium / po-
tassium ions. Thus a NaCl / KCl salt crystal of even 
a  few nanometers in size retains its crystal proper-
ties (in dry air).

Salt aerosol particles have a strong affinity for 
water and, being hygroscopic, are enveloped by at-
mospheric moisture molecules, watered, dissolved, 
and grow due to the condensation of water vapor on 
a crystal [15], and the growth rate of particles with in-
creasing relative air humidity naturally increases [16].

Four characteristic stages of transition from dry 
salt crystals to spherical drops of fully deliquesced 
salt solution can be distinguished in the mechanism 
of salt particle deliquescence when changing relative 
humidity RH, which is the result of hydrosorption 
processes at a “salt surface – humid air” contact.

At the first stage, characteristic of low RH values, 
the force fields of atoms on the surface of a dry salt 
crystal are only partially compensated by the force 
fields of neighboring atoms in the crystal lattice, and 
therefore they are able to interact with the force fields 
of atoms of water vapor molecules, always contained 
in an air. This interaction leads to the attraction of 
water molecules from the air to the solid surface and 
the formation of brine condensate, but due to the 
rather small number of water molecules in the air, 
the surface is not destroyed. In addition, at low water 
vapor elasticity, simultaneously with the attraction, 
water molecules previously deposited on the surface 
of salt crystals are released into the surrounding air. 
Thus, at RH of about 10–20%, the shape of the salt 
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particles remains unchanged with preserving crystal 
surfaces corresponding to dry nonspherical crystal-
line particles [17].

At the second stage, the characteristic RH values 
are up to 70–75%. Under these conditions, a film of 
loosely bound water appears on the surface of salt 
particles in a relatively short period of time, which 
is highly aggressive towards easily soluble salts, and 
a  salt mineral begins to deliquesce. The amount of 
water increases due to condensation [15], a crystal 
becomes more and more deliquesced, and finally wa-
ter molecules envelop all surfaces of the deliquescing 
particle. The cubic shape of the particle with its sharp 
edges and corners disappears due to the fact that sur-
face-adsorbed water deliquesces the salt crystal sur-
face predominantly at the corners and edges of the 
crystals, where the field strengths attracting water 
molecules are stronger. Cubic particles become first 
near-cubic and then near-spherical [18], i.e., rounded 
(Fig. 1, a).

With further interaction with water vapor and 
increasing RH, a particle becomes large enough in 
size and tends to become an inhomogeneous sphere 
with a water shell (Fig. 1, b) [19], and, as for “large” 
particles, with a solid, partially nonspherical salt 
crystal core.

The third stage of the interaction between salt 
crystals and water in air leads to complete deliques-
cence (dissolution) of the crystals. If the RH exceeds 
a critical value called the salt deliquescence point due 
to atmospheric humidity or the deliquescence relative 
humidity DRH, the solid inner core of a particle, a salt 
crystal, deliquesces completely in a liquid drop and 
disappears, forming a homogeneous spherical drop of 
saturated solution [13].

The fourth stage is characterized by the fact that 
as RH increases above the DRH value, up to about  
85–90%, the salt particles continue to increase at 
a slower deliquescence rate and become spherical drop-
lets of solution at high RH values (e.g., about 99%) [17].

This is the above 4-stage process of moisture con-
densation on the surface of a salt aerosol particle un-
til its complete deliquescence.

The reverse process, the release of moisture from 
the drops into the surrounding atmosphere and the 
efflorescence (recrystallization) of a salt, is so diffe- 
rent from the deliquescence process that we can speak 
of hysteresis.

First, as RH decreases, a drop of unsaturated wa-
ter-salt aerosol with a fully deliquesced salt crystal 
loses water along the same equilibrium vapor pres-
sure curve, but remains in a liquid state and looks like 
a supersaturated brine drop, gradually decreasing in 
size due to water evaporation.

However, instead of “drying out” and efflores-
cence (crystallizing) at RH equal to DRH as one might 
expect, the salt aerosols remain hydrated and the 
solution remains supersaturated up to much lower RH 
values. This behavior is due to the fact that at a cer-
tain degree of “drying”, to form a crystal, the hydrated 
Na+ and potassium K+ ions need to conjugate with Cl− 
ions, and such atoms number should be enough for 
a crystal formation.

With a further decrease in relative humidity, ha- 
ving passed (after passing) the DRH value(s), a second 
critical relative humidity is reached, called an efflores-
cence point or Efflorescence Relative Humidity ERH, at 
which a salt particle begins to “solidify”, gradually dry-
ing out and efflorescing (recrystallizing), now already 
representing a “solid-liquid” system [15, 20].

 а b
Fig. 1. Electron micrograph of sea salt crystal during deliquescence [15]: 

а – RH = 70 %; b – RH = 76 %
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Since the DRH and ERH thresholds are different 
and relatively far apart in values, the presence of hys-
teresis leads to the fact that salt aerosol particles can 
exist in two forms, crystalline or aqueous, depending 
on the history (previous dynamics) of the RH change 
when the RH value is cycled. As a result, salt aerosol 
particles (both as solid, partially nonspherical salt 
crystals with a watery shell and as spherical droplets 
containing fully dissolved salt) can exist in the range 
of relative humidity values from about 45–50% to 
about 70–75%.

It should be noted that for sylvinite as a rock 
composed of different minerals with different DRH 
and ERH thresholds, the deliquescence and efflo-
rescence processes may be even more complex than 
described above. Meanwhile, since the ERH of most 
salts and salt mixtures is about 40%, in most cases 
observed under ordinary aqueous atmospheric con-
ditions with characteristic RH values typically great-
er than 40%, the hysteresis in the curve of changing 
particle size due to the difference in relative humi- 
dities of deliquescence (DRH) and efflorescence 
(ERH) can be neglected.

Modeling the growth of hygroscopic salt particles
Many different physical models are now known 

that describe the growth of hygroscopic particles as 
a function of RH quite well.

To describe the changes of the dependence of the 
size (equivalent diameter) of a moistened aerosol par-
ticle D(RH) on RH, it is accepted to use a dimension-
less value GF(RH), particle growth factor:

0

( )( ) ,
( )

D RHGF RH
D RH

=
 

(1)

where D0(RH) is diameter of its dry base, a salt crystal 
at RH = 0%.

Note that, generally speaking, the growth factor 
at the same RH values depends on the absolute diam-
eter of a dry particle that is especially evident for par-
ticles of a few tens of nm in size [11, 21, 22].

Table 1
Salt aerosols hygroscopicity parameter k

Nature of salt aerosol particles k

Salt-water aerosol, R2 = 0.9980 [24] 1.074

KCl particles of 100 nm in diameter,  
in the range 0.85 < aw < 0.95 [25] 0.99 ± 0.07

NaCl particles of 100 nm in diameter,  
in the range 0.85 < aw < 0.95 [25] 1.12

NaCl [26] 1.34

NaCl [23] 0.91–1.33;  
1.12 in average

According to Koehler’s k-theory [23], the hygro-
scopic properties of aerosol particles can be defined as 
a function of the hygroscopicity parameter k and water 
activity aw in a drop of solution, defined as the ratio of 
the water vapor pressure over the flat surfaces of an 
aqueous salt solution to the vapor pressure over pure 
water at the same temperature. Under the condition 
of equilibrium of a salt aerosol droplet with water va-
por and the nullity of the Kelvin effect describing the 
surface curvature that is true for particles of 100 nm 
and larger, aw ≈ RH / 100, and Koehler’s equation can 
be written as

1
1 3

3
100( ) 1 1 ,

1 1 100

w

w

RHa
GF RH k k

RHa

    = + ≈ +   − −      

(2)

rom where it is well seen that the larger k is, the grea- 
ter the slope of the graph of GF ≈ GF(aw) ≈ GF(RH / 100). 
dependence is. The estimation for particles lar- 
ger than 0.05 µm gives an error of substituting aw  
for RH of no more than 5%, and, for particles larger 
than 0.1  µm, no more than 2%, which are quite ac-
ceptable for practical use.

Some of known literature data on hygroscopicity 
parameter k for salt aerosols are presented in Table 1.

For mixtures of soluble components, the hygro-
scopicity parameter can be approximated as the sum 
of its volume-weighted terms [23]:

,i i
i

k k= ε∑
 

(3)

where ki is hygroscopicity parameter of an indivi- 
dual component of a mixture; εi is relative volume of 
a component in the mixture.

Our estimation of the range of the hygroscopicity 
parameter k variation for sylvinite gives the follow-
ing: NaCl content in red sylvinite of the Kr-II forma-
tion of the Verkhnekamsk potassium-magnesium salt 
deposit varies within 71.51–73.20%, and that of KCl, 
20.70–21.70%, while other components can be ne-
glected. Then, taking into account the data of Table 1 
for the salt aerosol (mixture of KCl and NaCl), char-
acteristic of the air environment formed by potassi-
um-magnesium salts, the hygroscopicity parameter 
varies in the range of 1.163 to 1.196, averaging 1.180.

A somewhat different (than (2)) model for de-
scribing the growth factor GF(RH) is presented in [16], 
according to which the model parameterization of 
GF(RH) is described by the following expression:

1
32 100( ) ,

1 100

RH
GF RH A

RH

 −
 = ⋅
 −   

(4)

where A is parameterization factor, for salt-water 
aerosol equal to
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4.0 1.081.
3.7

A = ≈

The refinement of the dependence of the growth 
factor on water activity made in [27] to improve the 
approximation of experimental data suggests that the 
continuous hygroscopic growth of aerosol particles 
can be well described by the expression:

0
1

32

( )( )
( )

1001 ,
100 100 1 100

D RHGF RH
D RH

RHRH RHa b c
RH

= =

     = + + +    −         

(5)

where a,  b,  c are approximation parameters depen- 
ding on a particle species, presented in Table 2 for 
NaCl particles according to [27].

Models describing the GF(RH) dependence in the 
form presented below [28–30] have become widely 
used:

( )( ) 1 ,100
g

RHGF RH C= − +
 

(6)

where g is so-called humidity factor; C is parameteri-
zation factor, the values of which for a number of salt 
aerosols are presented in Table 3.

A summary of the various experimental data ob-
tained by different researchers and authors is pre-
sented in Fig. 2. The solid line indicates the average 
value of the salt aerosol particle growth factor, cha- 
racteristic of potash mines air, as a function of RH.

The obtained results were used in the study of 
the size of aerosol particles in a model air medium 
as a   function of RH, which simultaneously allowed 
to verify the adequacy of the above theoretical views 
with respect to the specific conditions of salt aerosol 
in an air medium.

Experimental research
The authors selected a special model facility, 

a  sylvinite chamber, which is an isolated room with 
the size of 2.0×3.5 m with controlled ventilation, all 
walls of which are lined with pressed salt sylvinite 
tiles 5–7  mm thick, manufactured by specialists of 
the Mining Institute of Perm Federal Research Center 
of the Ural RAS Branch, as a testing ground for ex-
perimental studies of the influence of relative air hu-
midity on the counted size distribution of salt aerosol 
particles. The chamber ceiling 2.5 m high is ground 
halite, the floor is combined (passages are made of 
salt tiles cut from solid rock, and the rest of the area is 
coarsely crushed halite mixed with sylvinite).

The study of aerosol particle size distribution was 
carried out using an AZ-6 aerosol particle counter (PK.
GTA-0.3-002), which allowed recording of aerosol par-
ticles of six size fractions: 0.3 µm and above, 0.4 µm 
and above, 0.5 µm and above, 0.6 µm and above, 0.8 µm 
and above, 1 µm and above. The measurement range 
of countable particle concentration was from 102 to 
3 · 105 dm–3. The principle of the AZ-6 aerosol particle 
counter operation is optical and based on recording 
of scattered radiation. The tolerance limit of the basic 
relative error of aerosol counting concentration mea- 
surements in the range from 3 · 104 to 2,5 · 105 is ± 40 %.

Relative humidity was recorded using an IVA-6A 
thermohygrometer, which allowed measuring tem-
perature and relative humidity in the ranges from 
−20 °C to +60 °C and 0–98%, respectively. The toler-
ance limits of basic absolute error of relative humidity 
measurement at 23 °С in the range of relative humid-
ity of 0–90% is not more than 2%, and in the range of 
90–98%, not more than 3%. The tolerance limit of ab-
solute error of temperature measurement is not more 
than 0.1 °C.

Long-term studies of the slowly changing micro-
climate were conducted while the RH value decreased 
from 90% (such maximum humidity was recorded in 
the chamber after several days of rainy weather) to 
62% (after several consecutive sunny days).

The results of studies of aerosol particle size dis-
tributions (distribution density dN(D) / dD, where the 
differential dN(D) determines the number of particles 
in a unit volume, usually in one liter, dm–3, пfalling 
within a unit interval of diameter dD, usually in µm; 
bringing to one dimensionality, the aerosol particle 
distribution density dN(D) / dD are expressed in cm–4) 

Table 3
Values of g and C parameters in parameterization (6)

Aerosol characterization Hu-
midity 
factor  

g

Parame- 
terization 

factor 
C

Source

Salt-water aerosol accumulation 
mode (0.05 µm in diameter) –0.210 0.00 [28]

Salt-water aerosol, R2 = 0.9886 −0.355 0.00 [24]

KCl according to experimental 
data of [31] –0.325 0.05 Authors

Table 2
Values of a, b, c parameters of model (5)  

(according to [27])
Parameterization 

characteristics a b c

No correction 3.89243 −4.49667 1.62110

With Kelvin correction 4.83257 −6.92329 3.27805

With Kelvin correction and 
sphericity correction 5.78874 −8.38172 3.92650
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in a model air medium, presented in Fig. 3, clearly 
show a decrease in aerosol particle concentrations 
with decreasing RH, especially for particles of about 
0.3–0.5 µm in diameter. This is consistent with the 
mechanisms of salt particle watering and drying dis-
cussed above. While RH decreases, the particles grad-
ually lose the water shell, decreasing in size, the mode 
of salt aerosol particle distribution shifts toward in-
creasingly smaller particles, resulting in a decrease in 
the number of particles in the fixed particle size inter-
vals of 0.3–1 µm.

Findings Discussion
The approximation of the spectral size distri-

butions of salt aerosol particles presented in Fig. 3 
was carried out according to the well-known Young’s 
model [33–35]:

*

*
0

0

( ) ( ) ,
lg

Y
dN D Dn D
d D D

−
 

=  
 

or
*( 1)

* *
0

0

( ) ( ) ,
Y

dN D DB n D
dD D

− +
 

= ⋅  
   

cm–4,    (7)

where dN(D) / d lg D is distribution density of coun- 
ted particle concentration, cm–3; N(D) is concentra-
tion of particles with diameter larger than D, cm–3; 
D0 is arbitrarily chosen particle diameter in the range 
from about 0.1 µm to 10.0 µm, for which the validity 
of Young’s model is reliably proved; п*(D0) is distri-
bution density at D = D0, cm–3; Y * is power exponent; 
B* = 1 / (ln 10) ≈ 0.434 is dimensional conversion fac-
tor, cm–1.
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Salt-water aerosol, according to (6), g = −0.355, C = 0 [24]

Fig. 2. Experimental and empirical data of growth factor of different salt aerosols depending on relative humidity
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This write−up of Young’s model to describe the 
continuous size distribution of the counted concen-
tration was selected for the reason that equation (7), 
allowed for comparability with the relationships for 
the growth factor GF(RH), also operating according 
to (1) with D / D0. In addition, equation (7) in log-
log coordinates depicts the distribution function as 
a straight line.

The exponents of power in the functions ap-
proximating the power-series distributions of aero-
sol particles at different values of RH are not much 
different (see Fig. 3) and amount to Y * = 4.06 ± 0.03. 
This obtained value agrees well with historical re-
sults, according to which the values of the exponents 
of power in the Young's model for aerosols of differ-
ent physical and chemical nature vary in the range 
Y * = 2–5 [36].

The values of the distribution density п*(D0) in 
the approximating expressions presented in Fig. 3 
decrease as RH decreases that also agrees with the 
previously presented reasoning about the salt aerosol 
particles efflorescence processes and with the regu-
larities of the considered Young’s model.

The regularities of the changes in the distribu-
tion density п*(D0) depending on RH can be obtained 
by taking the particle diameter as the diameter of 
a “dry” particle at RH  =  0  % and based on the av-
eraged values of the hygroscopic growth factor ob-
tained earlier and presented in Fig. 2. Fig. 4 shows 
the distributions of “dry” aerosol particles with di-
ameter D0 calculated from (7) together with (1), based 
on the values of GF(90 %) = 2.13; GF(87 %) = 1.97; 
GF(76 %) = 1.65; GF(62 %) = 1.44.According to Fig. 4 
all distributions empirically recalculated to a “dry” 
residue for all considered cases of relative humi- 
dity were reduced in log-log coordinates to a single 
straight line and are described by the empirical ex-
pression

(5.06 0.03)
0

0

(2.14 0.18) ( ) .dN D
dD

− ±= ± ⋅
 

(8)

The obtained results allowed not only to con-
firm the reliability of the regularities of hygroscopic 
growth of sea salt particles known in atmospheric and 
ocean physics, but also to generalize the Young’s size 
distribution (8) for the conditions of a mine atmos-
phere that allows using it in modeling dust conditions 
in mine workings of potash mines.

Conclusion
The study demonstrated uniform regularities of 

hygroscopic growth of salt aerosol particle sizes as 
a function of relative air humidity, characteristic of 
both sea air and the air of potash mines.

The shown high convergence of the hygroscopic 
growth factor values (with mean value of root-mean-
square deviation of 0.11 in the interval of the factor 
change of 1.26–4.77) borrowed from known models 
and known scientific data on watering and reverse ef-
florescence of salt particles of salt-water aerosol with 
the results obtained by the authors in a model air en-
vironment, typical for the atmosphere of a salt mine, 
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Fig. 4. Effective distribution of “dry” aerosol particles
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Fig. 3. Salt aerosol distributions by particle size at different 
relative humidity values
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