Chemical Technology, Control and Management

Volume 2021 | Issue 5 Article 1

10-29-2021

ANALYSIS OF WATER TREATMENT METHODS FOR CIRCULATING
WATER SUPPLY IN INDUSTRIAL PLANTS

Djalolitdin Paxritdinovich Mukhitdinov
Tashkent State Technical University, Address: 2 Universitetskaya st., 100095, Tashkent city, Republic of
Uzbekistan, E-mail: muhitdinov48@mail.ru, Phone: +998-94 -604-23-80;

Nilufar Abdusomi kizi Yunusova
Tashkent State Technical University, Address: 2 Universitetskaya st., 100095, Tashkent city, Republic of
Uzbekistan, E-mail: yuna-uz@mail.ru, Phone: +998-99-883-08-07., yuna-uz@mail.ru

Follow this and additional works at: https://ijctcm.researchcommons.org/journal

b Part of the Complex Fluids Commons, Controls and Control Theory Commons, Industrial Technology

Commons, and the Process Control and Systems Commons

Recommended Citation

Mukhitdinov, Djalolitdin Paxritdinovich and Yunusova, Nilufar Abdusomi kizi (2021) "ANALYSIS OF WATER
TREATMENT METHODS FOR CIRCULATING WATER SUPPLY IN INDUSTRIAL PLANTS," Chemical
Technology, Control and Management. Vol. 2021: Iss. 5, Article 1.

DOI: https://doi.org/10.51346/tstu-02.21.5-77-0034

This Article is brought to you for free and open access by Chemical Technology, Control and Management. It has
been accepted for inclusion in Chemical Technology, Control and Management by an authorized editor of Chemical
Technology, Control and Management. For more information, please contact app-tgtu@mail.ru.


https://ijctcm.researchcommons.org/journal
https://ijctcm.researchcommons.org/journal/vol2021
https://ijctcm.researchcommons.org/journal/vol2021/iss5
https://ijctcm.researchcommons.org/journal/vol2021/iss5/1
https://ijctcm.researchcommons.org/journal?utm_source=ijctcm.researchcommons.org%2Fjournal%2Fvol2021%2Fiss5%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/243?utm_source=ijctcm.researchcommons.org%2Fjournal%2Fvol2021%2Fiss5%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/269?utm_source=ijctcm.researchcommons.org%2Fjournal%2Fvol2021%2Fiss5%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1062?utm_source=ijctcm.researchcommons.org%2Fjournal%2Fvol2021%2Fiss5%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1062?utm_source=ijctcm.researchcommons.org%2Fjournal%2Fvol2021%2Fiss5%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/247?utm_source=ijctcm.researchcommons.org%2Fjournal%2Fvol2021%2Fiss5%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.51346/tstu-02.21.5-77-0034
mailto:app-tgtu@mail.ru

ISSN 1815-4840, E-ISSN 2181-1105

Himiceskaa tehnologia. Kontrol’ i upravlenie cHEMICAL
CHEMICAL TECHNOLOGY. Fmocan
@ TCM CONTROL AND MANAGEMENT
2021, Ne5 (101) pp.09-18. https://doi.org/10.51346/tstu-02.21.5-77-0034 ‘
International scientific and technical journal :_LL
journal homepage: https://uzjournals.edu.uz/ijctcm/ e
Since 2005

UDC 66.067

ANALYSIS OF WATER TREATMENT METHODS FOR CIRCULATING WATER SUPPLY IN
INDUSTRIAL PLANTS

Djalolitdin Paxritdinovich Mukhitdinov?, Nilufar Abdusomi kizi Yunusova?

Tashkent State Technical University, Address: 2 Universitetskaya st., 100095, Tashkent city, Republic of Uzbekistan,
E-mail: muhitdinov48@mail.ru, Phone: +998-94 -604-23-80;
2Tashkent State Technical University, Address: 2 Universitetskaya st., 100095, Tashkent city, Republic of Uzbekistan,
E-mail: yuna-uz@mail.ru, Phone: +998-99-883-08-07.

Abstract: This scientific paper deals with the problem of extracting Ca2+ and Md2+ salts from water in order to prevent
the formation of scale on the heating surfaces of heat exchange equipment. The features, advantages and disadvantages of
chemical, membrane and ion exchange methods of water treatment have been evaluated. It has been shown that the chemical
method of water purification can be used only for the preparation of industrial water at large stations (at the same time, high
residual hardness prevails in the water, the equipment has low productivity), and the membrane method requires pretreatment
of water, creation of overpressure and the inability to regenerate the membrane. The ion-exchange method, despite its inherent
disadvantages, is the most promising, since this method does not form sediment, which must be removed with the help of additional
devices, does not form sludge, there is a possibility of restoring ion exchange capacity, as well as the compact size of the
installation, ease of maintenance and high efficiency.

Keywords: heat exchange, water softening, scale, reagent method, ion exchange, membrane, reverse osmosis.

Annomayun: Mwoa uccukiuk arimMawiuHuwl YCKYHACUHUHZ UCUMUIAOUSAH 103a1apudd KACMOK NAo0 OYIUMMUHUHS
onounu onuuwt yuyn cyedan Ca2+ ea MQ2+ myznapunu onuw myammocu xypub uuxuiean. Cye mauépiauinune Kumésutl,
MeMOPaHanu 6a UOH QIMAWUHUWL YCYIIAPUHUNHS XYCYCUSMAAPYU, AD3aIIUKIapu 6a Kamuunukiapuea 6axo oepurean. Cyenu
MO3ANAUHUNE KUMESULL YCYIU haram HupuK CMAaHyusaiapoa CaHoam Cyeunu matlépaaw yuyn uwaamunumu mymxunmueu (6yHoa
cygoa 10Kopu KOIOUK KAMMUKIUK XOCUl Oynadu, YCKYHA RACM YHYMOOPIUKKA 324 O0V1a0W), MeMOPAHARU YCYI ICA CY8HU
dacmaabku mo3anawi OOCKUYUHU, OPMUKYA OOCUMHUHS XOCUN KUIUHUWUHY Manad smumy 64 MeMOpanaHu Kauma mukiau
UMKOHUAMULA 220 IMACTUSU KYPCAMUNLAH. Y3U20 XOC KAMYUTUKIAP2A KAPAMAil, CY8 MO3AIAUHUHS UOH ATMAUAUHULIU YCYIU IHS
Maxoyn xucoonranaou, YyHKu 6y yCyn KyWumua Kypuimaiap époamuoa onud mauianuuiu Kepaxk 0ynean Ykma XoCui KUIMaiou,
KYUKYM XOCUN KUIMAUOU, ULYHUHZOEK UOH QIMAWUHUW KOOUTUSIMUNY MUKLIAUW MYMKUHAUSU, KYPUIMAHUHZ YIYAMAAPUHU
KUYMUKTIUSU, MEXHUK XUZMAM KYPCamuul KyIaaueu 6a I0KOpu CamapaopiukKa 32aauei Kypeamuiean.

Tasanu cy3nap. ucCuKIuUK aIMAWUHULL KyPUIMACU, CYEHU IOMUAMUWL, KACMOK, PeazeHmuu YCyl, UOH AIMAWUHYEU,
Membpana, meckapu 0CMoc.

Aunnomayua: B pabome paccmampusaemcs npobrema useneuenus uz 600wl coreu Cal+ u Mg2+ c yemwvio
npedomepauerust 00pa306anUs HAKUNU HA 2PEIOWUX NOBEPXHOCMAX MeNn1000Menno20 0bopydosanus. Oyenensvt ocobenHocmu,
npeuMyuwecmsa U HeOOCMAmKY XUMUYeCKo20, MeMOPAHHO20 U UOHOOOMEHHO20 Memo008 NoO20mosKy 600vl. Ilokazano umo
XUMUYECKUL MemoO OYUCHKU B0Obl MOdicem Oblmb NPUMEHeH MONbKO OJil NOO2OMOBKU MEXHUYeCKol 600bl HA OONbUUX
cmanyusx (npu dmom 6 600e npeobradaem viCOKAs OCMAMOYHASL HCeCMKOCMb, 000pydosanue 001a0aiom HU3KOU
NpoU3800UMENbHOCNbIO), A MeMOPAHHbIL Memoo mpedyem NpedsapumenvHol o0pabomku 600bl, CO30AHUSA U3DLIMOYHO2O
0ae1eHUsl U HeBO3MOICHOCbIO pecenepayuu memopanvl. Honoodmennvlli Memoo, He CMOMPA HA NPUCYWUe emy HeOOCmamKi,
ABNACNCA CAMBIM NEPCHEKMUBHBIM, NOCKOIbKY NPU SMOM Memooe Heodpazyemcs ocadok, KOMopblil HeodX00UMO YOaams npu
nOMOWU OONOTHUMENLHBIX YCIMPOUICME, He 00pa3yemcs wiam, Cyuwecmsyen 803MOHCHOCHb 60CCIMAHOGIEHUS UOHOOOMEHHO
CROCOOHOCMU, a MAKJHCe KOMNAKMHbIE PA3MePbl YCIMAHOBKU, NPOCIOMA 8 OOCIYHCUBAHUYU U 8bICOKAA IPPEKMUSHOCHD
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Knroueevie cnosa: mennoobmennux, ymseuenue 600bl, HAKUNL, peazeHmHblil CHnocob, UOHOOOMEH, MemMOpaua,
obpamHublii ocmoc.

Introduction

In technology, for the efficient use of energy resources, the concepts of “energy saving™ are used,
which determines the achieved level of efficiency in the use of energy and energy resources, and "energy
efficiency”, which determines the economic indicator of the quality of use of energy and energy resources.

The main problem of recycling water supply systems in production companies is the process of scale
formation and its deposition on the heating surfaces of heat exchangers, boilers, etc. Therefore, the energy
efficiency of heat exchange equipment can be increased both by intensifying heat exchange processes using
various design solutions (artificial roughness, swirling flow, etc.), and by neutralizing the formation of scale.

Practically every branch of industry has and is improving measures aimed at saving energy [1]. At
industrial enterprises, one of the main sources of heat loss is heat exchange equipment, the main problem
of which is the formation of scale on internal surfaces [2]. This problem is relevant not only for heat
exchangers, but also for water supply systems and water treatment plants for CHP plants [3]. The formation
of scale on the inner surface of the heat exchange equipment is the reason for the decrease in its efficiency,
since scale is a rather strong heat insulator [4]. Due to the limited heat transfer of heating elements in
conditions of scale formation, the heat exchanger operates in critical modes, which quickly leads to
equipment failure and energy waste and, as a consequence, to financial losses [5].

No less important in the formation of scale is the problem of blockage of heat exchanger pipes (for
example, a scale thickness of 1-2 mm can lead to a reduction in water throughput by 1/5).

Unfortunately, in industrial plants there is no way to continuously monitor the growth of scale in
heat exchangers. The indicator of the growth of the scale layer is the change in the temperature regime of
the heat exchanger [6], the deterioration of its thermal performance [7], as well as a decrease in its efficiency
(scale with a thickness of only 2 mm practically halves the amount of transferred heat).

The scale structure, the degree of contamination of the inner surface of the heat exchanger and its
type determine the method of cleaning them (mechanical, chemical, etc.), the choice of which depends
mainly on the duration of the equipment shutdown, as well as the presence of reagents, special equipment,
etc.

As a result of the use of the mechanical method, its negative sides are also manifested: a higher rate
of scale formation due to an increase in the roughness of the heat exchange surface and a violation of the
oxide protective layer, increased wear of equipment, large time costs, etc., and chemical cleaning can lead
to partial dissolution oxide film and even the metal from which the heat exchanger is made [8].

To combat scale in heat exchange equipment, you need to know that it is entirely related to the
hardness of water saturated with salts.

Continuous and long-term efficient use of heat exchangers is directly related to the degree of
hardness of the water used [9].

Research Methods and the Received Results

To extend the service life of heat exchangers, organize efficient and stable heat exchange, water
must be softened as much as possible.

The processes of extracting Caz + and Mg + salts from water are called softening. There are many
modern methods of water purification. The main ones are following:

e Chemical;

e Membrane;

e lon exchange.

Consider the features of water preparation in the indicated ways.
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Water softening by chemical methods is based on the treatment of water with soda ash, lime
polyphosphates or complex compounds (for example, antiscalants), etc. Each of these methods involves the
use of one or another reagent. Let's consider these methods in the presented sequence.

In industry, from the chemical methods of water softening, the most widespread is the soda-lime
method, based on the addition of slaked lime and soda to the water [10]. These reagents form poorly soluble
compounds with calcium and magnesium cations: Mg(OH)2, CaCOz, Caz(POa)2, Mgs(POs), etc., which
precipitate [11]. Salts of carbonate hardness can be removed by adding slaked lime [12] (liming, treatment
of water with calcium hydroxide Ca(OH) to a pH of about 10 with the formation of Ca, + and OH-ions in
solution):

Ca?* + 2HCOj3 + Ca?* + 20H = 2CaCOQO3) + 2H,0 1)
Mg?* + 2HCO3? + 2Ca" + 40H" = Mg(OH)2| + 2CaCOs| + 2 H,0 (@)
lons Ca?* and OH™ bind hydrogen ions and thereby cause a shift in equilibrium to the right. This, in
turn, leads to the formation of COs?~ ions and their binding of Ca?" ions to poorly soluble CaCOs.

However, the introduction of OH™ ions into the solution leads to the binding of Mg?* ions to poorly

soluble magnesium hydroxide:

Mg?" + 20H — Mg(OH), (3)
or in molecular form:
Ca(HCO:s); + Ca(OH)2 — 2CaCO3z| + 2H20 4)
Mg(HCO3)2 + 2Ca(OH)2 — Mg(OH)2| + 2CaCOs] + 2H20 (5)
Dissolved CO- is removed during a chemical reaction:
CO2 + Ca(OH); — CaCOs|+ H20 (6)

The above equations of chemical reactions show that in the process of formation and sedimentation
of a precipitate, hardness salts are extracted from the solution, together with which colloidal and suspended
particles with associated impurities are removed. Sedimentation occurs in sedimentation tanks and clarifiers
with a suspended sediment layer [13].

However, this method does not completely eliminate the rigidity. The reason for this is the certain
solubility of CaCOs and Mg(OH)2. Therefore, this method is used for relatively weak softening (up to 1.4 -
1.8 mg-eq/ 1) [14, 15]. The depth of water softening during soda-liming depends on the water temperature
and, accordingly, is equal to 1-2 mg-eq / | without heating, and when the water is heated to 80-90 ° C - 0.2-
0.4 mg-eq/ |, respectively [16 ].

Under certain conditions, lime can be replaced with caustic soda using Na>CO3z and NaOH:

Ca(HCQO»)2 + 2NaOH= CaCO3 +NaC0O3 +2H,0 (7)
Mg(HCO3)2 + 2NaOH= Mg(OH)2 + Na2CO3+ CO2+H20 (8)
CaSO04 + Na,CO3= CaCOs3+ NaxSO4 9)

It is pertinent to note the formation of soda as a result of the reaction of caustic soda with bicarbonate,
which means that its dosage is necessary. Therefore, water softening with caustic soda can be used if there
is such a ratio between carbonate hardness, the content of free carbon dioxide and calcium non-carbonate
hardness, when the amount of soda formed during the decomposition of bicarbonates and interaction with
free carbon dioxide is sufficient to remove the calcium non-carbonate hardness, determined by equality:

Hca + A =2H:+ CO> (10)

Where, Hca — calcium non-carbonate hardness of water to be softened; A— softened water alkalinity,
mg-eq/l; Hc — carbonate hardness of water to be softened; CO, — content of free carbon dioxide in the
source water, mg-eq/l.

The above analysis shows that as a result of the addition of lime, the carbonate hardness decreases,
but the non-carbonate hardness increases. Salts of non-carbonate hardness are removed by adding soda.
Removal of carbonate hardness during water softening can be represented as the following chemical
reaction:

Ca(HCO:s3); + Ca(OH)2 = 2CaCO3 + 2H20 (11)

11
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Or molecular form:

CaS04 + Na2CO3 = CaCOs | +Naz SO4 (12)

CaCly+ Na,CO3=CaCOzl+2 NaCl (13)
The resulting magnesium carbonate reacts with lime:

MgCOs + Ca (OH), = Mg (OH), { +CaCO3; (14)

The amount of remaining hardness is only 0.3 meg/l. To increase the efficiency of the softening
process, it is desirable to simultaneously add both lime and soda. With the simultaneous addition of reagents,
the reactions proceed in the following sequence:

Ca%*" + COs** = CaCO3| (15)

Mg?* + COs** = MgCOs (16)
and further

MgCOs + Ca®" + 20H" = Mg(OH)| + CaCO3| 17)

Equation (17) shows that magnesium oxide hydrate Mg (OH) 2 coagulates and precipitates.

The reagent water treatment method is mainly used for use in heat exchangers [17]. Due to the high
alkalinity of the reaction medium for drinking purposes, this method is not used.

Polyphosphate method of water preparation. For heat exchange equipment, in addition to water
softening methods based on the use of chemical reagents, a softening method is also used with
polyphosphates [18] that bind hardness salts. In industry, a method is more used that provides without the
dosage addition of polyphosphates to the water (water seeps through filters with polyphosphates, which
slowly dissolve and enter into a chemical reaction with hardness salts, which no longer form scale). Sodium
polyphosphate NasP3O1o can serve as such an effective reagent. In the case of using NasP3019, the binding
of Ca?* and Mg?* ions occurs due to the formation of calcium and magnesium compounds that are rapidly
soluble in water:

P3010° + Ca?* = [Ca(P3010)]? (18)
P3010> + |\/|g2+ = [Mg(P3010)]3' (19)

A significant disadvantage of this method of water softening is the impossibility of preparing
drinking water and the possibility of causing harm to the environment if water softened by this method gets
into water bodies.

Method for softening water with sodium hexametaphosphate (NaPOs3)s. Sodium hexametaphosphate
(NaPOs)e has surface active properties and, on this basis, can be adsorbed on the surface of nuclei of calcium
carbonate crystals, leading to the isolation of CaCO3 particles, forming a thin film, which prevents the
growth of microcrystal nuclei and, as a consequence, an increase in their solubility [19].

Water softening method using trisodium phosphate (NasPO4-12H,0). This method is based on the
property of NasPOs-12H,0 to transfer scale to sludge [20]. As a result of the chemical reaction of trisodium
phosphate with water, a slightly soluble calcium orthophosphate is formed, which is deposited on the faces
of CaCOs crystals, as a result of which their shape changes, which is an obstacle to the formation of larger
crystalline aggregates. The use of this method of water softening contributes to the formation of easily
removable sludge [21].

The chemical reaction of the water softening process with trisodium phosphate is represented by the

equation:
3Ca(HCO3)2 _ Ca(PO4)2~L
32 4 = A2t g
| - IMg(HCOs), 2NazPOg4 Mg (PO, ! 6NaHCOs3 | (20)
The resulting calcium and magnesium salts of phosphate acid are poorly soluble in water, therefore
they almost completely settle. Since this method is quite expensive, its use for water softening requires
preliminary softened lime and soda [22].

Water softening method using barium. This method is used in combination with other methods.
Barium-containing reagents such as Ba(OH),, BaCOs, BaAl,0, are preliminarily introduced into the water.

12
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The introduction of BaCOs is coupled with the use of flocculants with mechanical stirrers, since it forms a
heavy suspension that quickly settles [22, 23]. The stages of the chemical process are described by the
reactions:

Caso, _ Ca(OH),!

o Ba(OH) =0 2 1 +BaS 04l (21)
Ca(OH)2+Ca(HCO3),=2CaC03l+2H20 (22)
Ca‘“'c04+ BaAl,04= 3“504% CaAl,04l (23)
MgSo, _BaSO4

T+ BaALOs =it + MgAILOs | (24)
CallC09)z 4 BaAl,04 = L9429 4 BACOLL+H,0 + CO; (25)
Mg(HCO3), MgAl,0,1

Barium reagents are toxic; therefore, this method is not suitable for the preparation of drinking
water, and in industry it is used extremely rarely due to its high cost.

The analysis of water softening by reagent methods shows that they can be used only at large water
treatment plants and exclusively for the preparation of industrial water, used, for example, in heat exchange
equipment, since this method of water treatment is associated with the disposal of solid sediment, the
presence of a specially equipped storage for reagents , availability of an optimal method for introducing
reagents into water.

In addition, another disadvantage is the high value of the residual hardness of softened water [24].
Sedimentation is very slow, the performance of the equipment is low, and the dimensions are rather large.
As a result of softening by this method, waste is formed in the form of difficult to dispose of sludge. The
technological process of chemical water softening requires careful control, and mainly manual (laboratory),
since it depends on many factors: water temperature, dosage accuracy of reagents, etc. [13].

Water purification using membranes — is based on water filtration through specially prepared
materials having certain pore sizes [24]. The water to be purified is passed through a special semi-permeable
membrane with many tiny pores. Under the influence of pressure, water penetrates through the membrane
[25]. As a result, all impurities remain on one side of the membrane, and purified water on the other. The
membrane preparation method can be used to purify water from impurities of mechanical and organic origin.
The quality of purification by the membrane method depends entirely on the material of the membrane [26].
As materials for membranes can be used: polymers of natural origin, synthetic polymers, ceramics,
composites, silicate glasses, etc.

vjq

Tap water -

»
’ clean water

Smaller molecules, pure O Larger molecules
water

Fig. 1. Reverse osmosis plant.

Analyzing individual methods of membrane filtration of water.
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Membrane water softening methods include an installation operating on the principle of reverse
osmosis (Figure 1, 2), when the pore size of the film material does not exceed the size of water molecules.
In this case, mainly water and some part of salts, the ion size of which does not exceed 0.0001 microns, can
pass through the trap. Using this method, it is possible to filter out both organic and inorganic contaminants,
achieving a high degree of salt removal at low energy costs [27, 28].

The main advantages of reverse osmosis plants are: a high degree of water purification (up to 99.9%)
without heating and the use of chemical reagents from organic impurities, compact size, low energy costs,
the possibility of using in microelectronic, food, pharmaceutical and other industries, low operating costs.

2 1 ¢ X A

4>_L‘_&_ /' -—

Fig. 2. Technological scheme for softening groundwater:
1- membrane apparatus; 2 — pump; 3 — sump for collecting wash water; 4 — collection of water; 5 — pump; 6-8 — valves;
9-reactor.

Along with the indicated advantages, there are also significant disadvantages of the installation,
consisting in the high cost of the installation, the impossibility of using purified water for drinking purposes
and high requirements for the quality of the water to be softened.

Nanofiltration method of water treatment, flowing under pressure in the range of 3 - 20 bar, allows
you to filter out larger particles of impurities than with reverse osmosis. When cleaning by this method, the
composition of salts in water before and after cleaning does not change, the color and turbidity may decrease.
Surface waters are purified by nanofiltration.

The ultrafiltration method of water preparation is based on the use of a filter module with capillary
sizes from 0.001 to 0.01 microns. The module is usually made of polyethersulfone and the filtration process
takes place at a pressure of 1.5 to 7 bar.

The main disadvantages of the membrane method of water softening can be considered the need for
primary filtration, the creation of excess pressure in the system for pushing water through the membrane,
the inability to regenerate the membrane, the relative high cost of reverse osmosis plants and the requirement
for additional costs [29].

Water softening by ion exchange method. From a practical point of view, in order to eliminate the
main disadvantages of the above two methods of preparing water for technical needs, consisting in the need
for primary filtration, creating a high pressure, lack of the possibility of regeneration, high residual hardness,
excessively slow sedimentation of the sludge, low productivity of equipment and its high cost, the most
preferable and economically justified is the ion exchange method, which excludes the formation of sediment
and does not require continuous dosage of reagents, which greatly simplifies the operation of the installation,
which has much smaller overall dimensions, but greater processing efficiency, compared to installations
operating by the deposition method [30]. This method uses the ability of individual hardly soluble
components, which are ion exchangers, to enter into exchange reactions with cations and anions contained
in water [31]. lon exchangers are substances prone to sorption exchange of ions with an electrolyte solution,
insoluble but water-swelling solid granular inorganic substances or high-molecular organic compounds with
amobile cation (H*, Na*, K*, NH4") or anion (OH"). [32]. Cations are substances that exchange cations, and
ion exchangers are substances that exchange anions. Cations have a certain capacity, determined by the

14
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number of cations that it is able to exchange during the filtration cycle [33]. This capacity can be full
exchange capacity, determined by the quantitative composition of calcium and magnesium ions, which is
capable of retaining 1 m3 of the cation exchanger until the moment of dynamic equilibrium (the equation
of the filtrate hardness with the hardness of the source water), and working, determined by the ability to
retain 1 m3 of the cation exchanger until the moment of "breakthrough” into hardness ion filtrate. The
absorption capacity is determined by the ratio of the volumetric capacity to the entire volume of the cation
exchanger. When the working capacity of the cation exchanger is depleted, it must be regenerated [34]. The
consumption of the treated water, its hardness and the characteristics of the resins used determine the
frequency of regeneration of the cation exchanger, carried out with an aqueous solution of sodium chloride,
which replaces calcium and magnesium ions with sodium ions. Among all the ion-exchange methods for
the preparation of industrial water, the method of sodium cationization stands out [35]. In this method, ion-
exchange materials exchange calcium and magnesium ions with ions of other substances that do not form
scale on the heating surfaces of heat exchangers, boilers, etc. As the main reagent for the regeneration of
the cation exchanger in the method, sodium chloride was chosen, which is characterized by its availability
and low cost. Regeneration products (CaCl., MgCl») are satisfactorily soluble in water. [36]

However, the processes of ion exchange are reversible [37]. Therefore, if an increase in sodium ions
relative to calcium and magnesium ions is observed in water, the absorption of Ca* and Mg?* in equations
(26) - (30) slows down, and the process shifts more and more to the left.

2 NaR + Ca(HCO3)2 «»CaR2 + 2NaHCOs3; (26)
2 NaR + Mg(HCOs3)2 <»MgR2 + 2NaHCO3 (27)
2 NaR + CaCl; «—»CaR2 + 2NaCl; (28)
2 NaR + MgSOs —MgR2 + NaxSOy4; (29)
2 NaR + CaSiO3 «»CaR2 + NazSiOs3, (30)
This process can be depicted in the form of the following reactions:
CaRz + 2Na+ «<2NaR + Ca?*; (31)
MgR2 + 2Na+ «<2NaR + Mg?*. (32)

If an increase in the concentration of sodium and potassium in water during the treatment of water
leads to an increase in mineralization, then, even with two-stage sodium cationization, deep softening of
water becomes almost impossible. Then there is a need for regeneration with solutions of the corresponding
alkalis, acids and salts[31]:

(Kat)2Ca + 2NaCl < 2(Kat)Na + CaCl,,
(Kat)2Mg + H2S04 « 2(Kat)H + MgSOs,
(An)Cl + NaOH < (An)OH + NacCl.
An installation for water softening, with the principle of sequential use of H-cationization and OH-
anionization, is shown in Figure 3.

H,O C0,.0,
I x[

3

H,0

4

Fig. 3. Water softener.
1 — cation exchanger; 2 — anion exchange filter; 3 — degasser; 4 — collection of water.

However, increasing the efficiency of regeneration by increasing the concentration of the solution
has a certain limit associated with economic costs (the need to reduce the consumption of the solution with
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an increase in the concentration of sodium chloride), which leads to a decrease in the efficiency of
regeneration [38]. To eliminate this disadvantage, it is necessary to use a two-stage regeneration scheme: at
the first stage, they are regenerated with a dilute (2-3%), and at the second stage, with a sodium chloride
solution with a higher concentration (10-12%). However, with a limited flow rate of the regeneration
solution, its filtration rate never reaches the filtration rate of softened water. For the diffusion of Na™ ions
into the cation exchanger core and Ca?* and Mg?* ions from the core into the solution, at least 15 minutes
are required. This factor is decisive when calculating the maximum filtration rate of the regenerating
solution, which is in the range of 4-6 m®h. Since the intensification of ion diffusion is a function of
temperature, then, if the process allows, the regeneration solution must be heated to 40°C. The exchange
capacity of the cation exchanger in the sodium form depends on the hydrogen index of the water being
softened [39]. With a decrease in pH, the number of H* ions participating in the exchange with Na* ions
increases. This dependence can be represented in the form of equation (33):

NaR + H"* <HR + Na* (33)

In [41], to eliminate water hardness, a "cation-exchange” method based on the use of cation-
exchange resins is proposed. According to this method, solids contain mobile ions called ion exchangers
(insoluble in saline, acidic and alkaline media), which are capable of exchanging ions for the environment.
The author of the work divides ion exchangers into two groups, in the first of which cations are exchanged
for cations of the medium (cation exchangers), and in the second, ion exchangers exchange their anions
(anion exchangers).

As inorganic ion exchangers, the author distinguishes zeolites - aluminosilicates with a complex
composition (aluminosilicate Na2O-Al203-4Si02-mH-0). The author allows the use of ion-exchange resins,
which combine high operational and technical characteristics with a variety of physical and chemical
properties.

The author of this work reflects the composition of the cation exchangers used for water softening
in the form of a generalizing formula NazR, where Na* is a very mobile cation, and R is a cation exchanger
particle with a negative charge. When water is passed through the cation exchanger, sodium ions are
exchanged for calcium and magnesium ions. This exchange is expressed by the following equations:

Ca?" + NazR = 2Na* + CaR; (34)
Mg?" + NazR = 2Na* + MgR (35)

As a result, calcium and magnesium ions, passing from the solution to the cation exchanger, reduce
the hardness of the water.

With the onset of dynamic equilibrium, the ion exchanger undergoes regeneration by passing a
concentrated solution of NaCl (Na2SQ4) or HCI (H2SO4). This leads to the release of Ca?* and Mg?* + ions
into the solution and saturation of the cation exchanger with Na* and H* ions.

In [42], for water softening, it is proposed to use natural (glauconites, humus coals) and artificial
ion-exchange resins. The author of the work also subdivides these ion exchangers into cation exchangers,
exchanging cations, and ion exchangers, exchanging anions. According to the author, ion exchangers consist
of the same or different ionogenic groups, and cation exchangers can have mixed functional groups in the
following combinations: sulfonic and oxyphenolic, sulfonic and carboxyl; phosphoric acid residues and
oxyphenolic; arsenic and oxyphenolic; carboxyl and oxyphenolic. According to the degree of dissociation,
the author subdivides ion exchangers into strongly acidic ones; weakly acidic; strongly basic and weakly
basic.

On the basis of the studies carried out, the author notes the dependence of the rate of ion exchange
during cationization on factors such as the valence of ions, their charge, the value of hydration, the efficiency
of the ion radius and makes a series in decreasing order of the rate of entry of ions into the cation exchanger:

Fe3*>AIP*>Ca?*>Mg?*>Ba?*>NH*">K*>Na".

In the process of increasing the concentration of ions during the regeneration of cation filters,

according to the author, this pattern can be changed.
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The disadvantages of this method include periodic costs for the regeneration of chemicals, the need
for wastewater treatment, an increase in operating costs with an increase in the salt content in the source
water [43].

Conclusion

The analysis of water treatment methods for water used for technical purposes that does not form
scale on the heating surfaces of heat exchangers, boilers, etc., shows that the most effective is the ion-
exchange method, which has found wide application in industry. The salts of magnesium and calcium, which
impart hardness to water, are replaced by other chemical structures as a result of ion exchange, preserving
the necessary properties of water [44]. This method of water treatment is also used in cases where it is
necessary to prepare highly mineralized water with a salt content in the range of 100-200 mg per liter, and
in cases with a sufficiently high level of hardness [45].

The advantages of the method include the ease of operation of the water treatment plant (WPU), the
non-formation of sediment, which must be removed with the help of additional devices, the small
dimensions of the apparatus, no sludge formation, which cannot be said about the chemical method, high
processing efficiency compared to the installation of the chemical method, recovery the ion exchange
capacity of the ion exchanger, in contrast to the membrane method, which, after filling the membrane,
cannot be reused [46].

Thus, based on the above methods, we can conclude that the most convenient and profitable option
for softening process water in heat exchangers is the ion-exchange method, which allows you to qualitatively
soften water in a relatively short time.
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