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Kniouesvie cnosa:

CHUTBBUHHT, XJIOPH]] Kalmist, Kaymid-40,
Gera-m3IIydeHHe, raMMa-H3iIyde-
HUeE, CIeTeOKIMMaTHIecKas KaMe-
pa, MOHM3ALMA BO3IyXa, aIPOHO-
HBI, 9IeKTPHYECKast IIO/IBIKHOCTB,
KO3((HUIMEHT YHUIIONAPHOCTH.

Urbanization of territories and growth of man-made air pollution require creating and widely implementing means, methods
and materials to increase air quality of indoor premises through ionization. Increase of air quality of indoor premises is on
the front burner which is caused by following reasons of natural air deionization: aerosol and gas pollution and air cleaning
from its pollution. Wherein, use of conventional methods of electrostatic generation of air ions is restricted by its side ef-
fects.

This paper reviews new prospecting methods to create qualitative and treatment air environment inside premises through its
air ionization by interaction of air and natural sylvinite, containing silvite (potassium chloride).

The paper presents generalized experimental data including air ionization of premises for treatment and health-recovering
purposes that represent sylvinite speleoclimatic chambers with surfaces of different design made of either sawn sylvinite
blocks of natural sylvinite or pressed salt tile with high concentration of potassium chloride etc. Air ionization occurs pri-
marily due to beta radiation of natural radioactive isotope potassium-40.

Concentration of air ions of positive and negative polarity and different mobility (light, moderate and heavy air ions) are
studied. Spectrum dlstrlbutlon of alr ions of light mobility group of negative polarity are analyzed in detalls In the range of
mobility more than 2 cm?B~*sec™ unipolarity coefficient is always less than 1. In the range of 1-2 cm?Bsec™ unipolarity
coefficient is larger than 1.

Obtained results prove high efficiency of application of sylvinite construction materials to create high-quality, treatment or
health-recovering air environment, allow to select special construction and decoration materials based on sylvinite depend-
ing on required parameters of air ion composition it order to create high-quality air in the premises.

Vpb6anuzanust TEPPUTOPUI U HapaCTaHUE TEXHOTCHHOTO 3arpsi3HEHHs BO3YIIHOM Cpelbl BCEe HAacTOWuMBee TPeOYyIOT co3-
JIaHUsl U IIHPOKOTO BHEIPEHUS CPEJICTB, CIIOCOOOB M MAaTEPHAJoB JUli yJTydIlIeHHs KadecTBa BO3YIIHON cpelibl BHYTpPEH-
HMX TOMELIEHHH, B IEPBYIO OYEPE/b 3a CYET a9POUOHHM3ALHH. AKTYalbHOCTh HIMEHHO TOTO HANPABJIEHHUs YIyUlIeHHs Ka-
4ecTBa BO3/lyXa BHYTPEHHHUX IOMELIEHH CBSI3aHA C JIByMs OCHOBHBIMM NMPMYMHAMH JIEMOHHM3AIMH NIPHPOIHOTO BO3/yXa:
BO-IIEPBBIX, BCIEICTBHE €r0 a3PO30JILHOIO M IA30BOTIO 3arpsI3HEHH, a BO-BTOPHIX, B IIPOLECCE OYMCTKH BO3yXa OT 3THX
3arps3Henuil. [Ipy 5TOM NpUMEHEHHE U3BECTHBIX KJIACCHYECKHX CIOCOOOB 3/IEKTPOCTATHIECKOTO FeHEPUPOBAHHUS a9POHO-
HOB OTPaHUYEHO MX MOOOYHBIMU dpexTamu.

B Hacrosimel paboTe pacCMOTPEHbI HOBBIE IIEPCIIEKTHBHBIE CIOCOOBI CO3JAaHHs KAaueCTBEHHOW, BIUIOTH 1O JICYEOHOM,
BO3JYIIHOM Ccpe/ibl IIOMENIEH!H MyTeM MX a3POUOHM3AIMH 33 CYET B3aUMOJCHCTBUS BO3/lyXa C IPUPOJIHBIM CHILBUHHTOM,
coJiepyKalllM CHIIEBUH (XJIOPH]T KaJIHs).

IIpencrabieHsl 00001IEHHbIE IKCIIEPUMEHTAIIBHBIE JaHHBIE 00 a9POUOHM3ALMH BO3/IyXa CIIELHAIbHbIX NOMELIEHHIT 1eye6-
HOTO U 03I0POBUTEIBLHOIO HA3HAYEHHS — CUIIbBUHUTOBBIX CIENEOKIMMATHYECKHX KaMep ¢ MOBEPXHOCTAMU Pa3HbIX KOHCT-
PYKLWi, BBIOIHEHHBIX U3 MHJICHBIX CHIbBUHHTOBBIX 0JIOKOB IIPUPOIHOTO CUIIbBUHUTA; U3 IIPECCOBAHHO CONSHOM INTMTKH
C BBICOKMM COZIEPKAHHEM XJIOPUCTOTO Kallus U AP. ASPOUOHH3ALMSA BO3HUKAET B IIEPBYIO OUEPe/Ib 3a CUET OeTa-U3IydeHus
HPUPOHOTO PAJUOAKTUBHOTO H30TOMA Kannst-40.

HccnenoBanbl KOHIEHTpALMs a3pPOUOHOB IOJIOKUTEIBHON M OTPULATENBHONW MONSAPHOCTH Da3iINYHOW MOIBIKHOCTH
(erkue, cpemHHe NPOMEXKYTOYHBIE U TsDKENIble adPOHOHBI). JIeTalbHO PacCMOTPEHBI CIIEKTPANBHBIE PACIpPENeTeHHs
a3pPOMOHOB JIETKOM I'PYMIIbl HOABMKHOCTH OTPHLATENILHON MOIAPHOCTU. B nuamnaszone TO/IBIKHOCTH Gonee 2 cM BT ¢”
KOO()(HIMEHT YHUIIONIPHOCTH BCEI/[a MEHbIIIe ¢MHHIbI, B TO BpeMs Kak B auanasone 1-2 cm?Bc™ suauenne kos(du-
LIMEHTA YHHUIIOIAPHOCTH BCEra GOJIbILIE €AMHULIBL.

IMoy4eHHBIE PE3yNbTAThl IOATBEPKIAIOT BHICOKYIO 3(Q(EKTUBHOCTh MPUMEHEHHUS CUIIbBHHUTOBBIX CTPOUTEIBHBIX MaTe-
PHAJIOB JUISL CO3JaHUs BHICOKOKAQUECTBEHHOM, JIe4eOHOM MM 03JJ0POBUTENBHON BO3/IYIIHOM CPEIbl, MO3BOJISIOT ONTHMAIIb-
HO BBIOMpATh CIICLUAIBHBIE CTPOUTENbHBIE OTACIOYHbIC U IEKOPATUBHBIC MaTEPHAIbl HA OCHOBE CUJIbBHHUTA B 3aBUCUMO-
CTH OT TpeOyeMBbIX NTapaMeTPOB a3POMOHHOIO COCTaBA C LIEIbI0 (OPMUPOBAHMS KAYECTBEHHOTO BO3/lyXa NOMEIIEHUH.
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Introduction

In the conditions when a human spend time in
closed premises and experience “air discomfort”
it is on the front burner and more important to
overcome such challenge than to study other
things. Several authors [1-6] point the cause of air
discomfort in the premises as a change of air ion
concentration in comparison with natural air.
There is significant decrease of light ion concen-
tration occurs in the premises. Under the condi-
tions of lack of natural mechanisms to generate
light air ions and to absorb it during human
breathing, sedimentation on aerosol particles and
adsorption by surfaces of its concentration is
decreased dramatically.

The way to compensate lack of light air ions
through its artificial generation with use of special
equipment is restricted due to negative influence of
corrosion ionizators. They cause ion inducted chem-
ical reaction and side effect of harmful chemicals
such as ozone O3 as well as nitrogen oxides NO,
NO,, NO«[7-9].

Natural methods to provide required level of
air ionization have not mentioned disadvantage
[10]. They are base on use of special construction
matter or materials of salt rocks that are used for
lining or decorating limiting surfaces of premises,
floor or calling. Besides, in order to design unique
medical microclimate of speleoclimatic chamber
[11, 12] of lining [13] and/or construction elements
natural sylvinite is used.

It is well known, that there are both low and
relatively high shares of radioactive emission. It
depends on concentration of chemicals in the rocks
of natural (caves) or artificial mining (potassium
mining) [14-18]. High emissions are caused by
high concentration of light air ions.

At the present time there are no papers that
generalize different theoretical and experimental
results by the same physical parameter. Studies
carried today represent either emission evaluation
[19-21] or evaluation of ion concentration [22]
without consideration of the factors that cause
formation of air ion composition.

Thus, based on physical laws and considered
experimental results to highlight main rules of
implementation of ion formation, caused by radio-
active influence of potassium salts.

lonization emissions
of potassium salts

The main contribution to ionization in potash
mines and in speleoclimatic chambers belongs to
ionization of potassium radiation contained in
potassium and magnesium salts. Rock minerals
containing potassium are sylvite and carnallite;
rocks are sylvinite and carnallite. Average composi-
tion of sylvinite ore of Verkhnekamskoe field of
potassium chloride are as follows: KCI — 25.5%;
NaCl - 68.5%; MgCl, — 0.8%; CaSO, — 1.9%,
insoluble precipitation — 2.7%; H,O — 0.6% [18].

There are to stable isotopes of potassium such
as ¥K (93.08%), *K (6.91%) and radioactive iso-
tope “°K (0.0117%) which is decomposed in two
different ways.

First way includes B-decomposition of “K
(89.28%) and its transformation to stable isotope
“Ca: YKy — *Cay + e”. Emanated isotopes
[B-particles (electrons) ionize air atoms and mole-
cules and then are grabbed by outer cover of air
atoms and molecules and integrated to them. That
forms negative ions.

As a second way of decomposition “°K-ions
experience K-grab (10.72%) and transform to “°Ar.
That core during transformation to stable state
emits y-quantum: Ky + ¢~ —*Ar; + hy and
cause poor y-emission.

The main physical characteristics of radioac-
tive emissions, caused by “°K decomposition are
presented in the Table 1.

Table 1 — The main characteristics
of °K ion emission

Characteristic Value
Half-life period, years 1.248-10°
Concentration of isotopes in the natural
composition, % P 0.0119
Energy of y-emission, MeV 1.505
Average emission energy of B-particles, MeV 0.541
Threshold emission energy of B-particles, MeV 1.322
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lonization of mining and sylvinite speleo-
climatic chambers is caused primarily by ioniza-
tion emissions.

However, air ions and free electrons appear in the
air when trigging energy of molecules and atoms due
to influence of ionization emission create higher
value than ionization potential.

It is well known that B-particles passing
through matter experience elastic and inelastic
interaction with nucleus and electrons of the
surrounding environment. B-particle interaction
with atomic electrons leads to energy transfer
that causes eighter ionization or excitation of
atoms. Both energy transmission types have
common name “ionization losses" and are
equally possible.

In the certain environment y-emission loses its
energy through the photoelectric effect or Comp-
ton-scattering with the main ionization influence
on the air environment caused by secondary elec-
trons.

Research methods

All studies were performed in a real
special rooms lined by sylvinite blocks and
panels in the absence of people (except the
researcher).

The study of air ions concentration values was
carried out using the integral ion spectrometer
UT-8401, which allows registering air ions of posi-
tive and negative polarities in the mobility range
from 0.00032 up to 2.0 cm?B™sec™ and more.

Concentration of air ions of different mobility
groups in the air environment of premises, lined
by special materials based on potassium salts

Averaged values of air ion fractions with thresh-
old mobility of 0.1, 0.01 and 0.00032 am?B™sec™*
(light, moderate and heavy air ions groups respec-
tively) under the considered limit with standard
deviation are presented in the Table 2.

All measurements in the range of mobility
more than 0.1 cm’B7'sec? (light ions) are
represented by air ions of positive polarity, which
is characteristic of surface atmosphere due to the
presence of an electric field of the Earth. The
coefficient of unipolarity Y = n./n_ in the range of
light air ions varies in the range of 1.08-1.57.

Volume concentration of moderate ions
(mobility 0.01-0.10 cm®B~*sec™) of both polarities
is much smaller than concentrations of both light
and heavy ions, which is also characteristic for the
composition of air ionic environment with relative-
ly low ionization intensity.

In the field of heavy air ions (mobility
of 0.00032-0.01000 cm’B*sec™) following experi-
mental fact indicated. The coefficient of unipolarity
Y in the specified range changes its sign depending
on time and measurement object. In some cases
(~12%) concentration of heavy positive ions is more
than the heavy negative. In other cases (~88%), vice
versa, the concentration of heavy negative ions is
more than heavy positive. It is noted that this differ-
ence is due to the magnitude of relative humidity.

Table 2 — Concentrations of air ions of different groups of mobility indoors
with decorating materials based on potassium salt

Volumetric concentration of air ions, cm™
Object Mobility L Mobili;y . Mobility o
more 0.1 cm“B™"sec” 0.01-0.10 cm“B™"sec™ 0.00032-0.01000 cm“B™"sec™
n. n_ n. n_ n. n_

Premises lined by sylvinite blocks 2400+410 | 20504360 | 230+ 70 220490 | 1980+440 | 2350+ 600
of potassium salt
Premises fully lined with molded 1500+ 440 | 11704370 | 260+100 | 260+130 | 2600+620 | 3010+ 580
potassium tiles molded
Premises with decorative fragments
from the material based on potassium 1030 + 380 | 1040+ 360 230+ 80 170+ 70 1600 + 350 1300 + 240
salt (1.5 m on the active surface)
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The distribution of light air ions by
the mobility in the premises lined with
special materials based on potassium salts

The study of spectrum in terms of mobility of
positive and negative light ions in the range of 0.32
up to 2.2 cm?B~'sec™ was done. A typical spectral
distribution of light air ions on mobility presented
below.

Almost all light air ions are in mobility range
of 1-2 cm?B™*sec™. It is noted that in the range of
mobility larger than 2 cm?B™sec™ unipolarity fac-
tor Y is always less than 1 (an average value is
0.89 + 0.09), while in the range of 1-2 cm’B™sec™
unipolarity factor Y is always greater than 1 (an
average is 2.74 + 1.38). For the normal atmosphere
characterized by unipolarity coefficient values in
specified ranges of mobility of 0.68 and 1.33
respectively are common [23]. Mentioned experi-
mental fact agrees with ionization processes in
open air without any extraneous chemical impuri-
ties. The main negative air ions in the range of
mobility of larger than 2 cm?B™sec™ are ions O,
(H20)n. Stable carrier of positive charge are pre-
sented much less in the range of mobility of 1-2
cm?B'sec™ [23]. At the same time stable com-
plexes H*(H,0), and H;O*(H.O),, which are
formed in large enough quantities and are the main
positive light air ions, are within the range of mo-
bility of 1-2 cm?B " sec™.

Discussion on the results

Dependence of sign of Y unipolarity factor
in the area of heavy ions (mobility of 0.00032-
0.01000 cm?B*sec™®) versus time and measure-
ment object (see table 2) may be explained by the
specific properties of the aerosol particles of salt.
As it is known, heavy air ions are generated by
capturing of light ions by aerosol particles. In case
of water cut increase, vaporization or condensation
of water vapor then streams of air ions of different
signs to hygroscopic aerosol particles will vary due
to surface appearance of particles of layer with
molecular water vapor. Such layers create local
electric potential nearby split surface “water-air”.

1800
1600
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1200
1000 {1
800 11
600
400
200
0 -
More than 2 1-2

Concentration, cm-

0.64-1.00 0.32-0.64

Mobility ranges, cm?B-'sec!

Fig. Typical spectral distribution of light positive (2,

4) and negative (1, 3) air ions in the air environment

including decorative materials base on potassium salts

(1, 2) and pure natural air (3, 4). Data 3 and 4 are
taken from [23]

Rate of condensation processes and ability of aero-
sol to orient specifically adsorbed on the surface
molecules of water vapor and dissociate it into the
water determine sign and value of that potential.
According to the model developed in [24], air ions
of the same sign got the zone of potential influene
are smoothly deposited on the drop (particle). lons
of opposite sign are “pushed” by potential, which
reduces the flow of ions. According to experimental
data [25] on the stage of flooding of salt aerosol
particles the conditions of preferential adsorption of
negative ions are formend. On the stage of conden-
sation growth there are conditions for positive ions
formations. The authors think selective deposition
of air ions of different signs on aerosol particle
determines sign of heavy air ions (see Table 2).

Moreover, it is know from [26], aerosol con-
taining salts of sodium, potassium, magnesium has
a clear hysteresis in the aggregate state of aerosol
particles depending on relative humidity. Complete
dissolution of salt particles takes place at 73-78%
of relative humidity, but reverse crystallization
occurs at a relative humidity of 30-40%.

Mentioned above mechanisms explain the exper-
imental fact that at a relative humidity of about 73% or
more (critical relative humidity at which the majority
of salt aerosol particles dissolve and are tiny droplets)
concentration of heavy negative ions is always greater
than the concentration of heavy positive ones.
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On the contrary, at a relative humidity of less
than 73% the sign of unipolarity coefficient Y of
heavy ions can be either negative or positive. That
depends on the nature of humidity of 73%. If the
relative humidity in the past exceeded the critical
values equal to 73-78%, then with a decrease of
relative humidity to 30-40% aerosol particles
remain in the liquid phase and light negative air
ions are deposited. If the aerosol particles are not
completely dissolved, i.e. relative humidity in the
past did not exceed critical values of 73-78% then
positive light air ions are deposited.

Conclusions

Special construction materials based on potassium
salts influence on air ion and aerosol regime of premi-
ses are analyzed. Presented approach to determine
unique properties of special construction and
decorative materials allows explaining its applica-

tion in scientific way, determining scenarios of
use in air environment based on required parame-
ters of aerosol composition and concentration in
air environment in order to create air of high-
quality in the premises.

Obtained equivalence of parameters of air ion
mobility distribution in the premises environment,
lined by material with base of potassium salts,
and in clean atmosphere air (see Fig. 1) prove the
chemical nature of air ions in both environments
is similar.

Volume concentration of air ions in the air
into environment of premises, lined by special
materials with base of potassium salts differ to
natural air by an order of magnitude. That
shows a possibility to use new state-of-the-art
technologies of natural sylvinite application
to create premises of medical and health-
recovering purposes.
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