ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI
YJITTBIK FhUIBIM AKAJIEMUSCHIHBIH

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES
PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN

I'EOJIOI'USA ' KOHE TEXHUKAJIBIK I'bIJIBIMIAP
CEPUSCBI

L 4

CEPUA

I'EOJIOI'MA U TEXHUYECKHUX HAYK

L 4

SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

3 (423)

MAMBIP - MAYCBIM 2017 .
MAM — UIOHB 2017 1.
MAY - JUNE 2017

XKYPHAIJI 1940 XXbIJIJAH IIBIFA BACTAFAH
KYPHAII UBAAETCA C 1940 r.
THE JOURNAL WAS FOUNDED IN 1940.

KBbUIBIHA 6 PET IIBIFAZIbI
BBIXOIAUT 6 PA3 B 'O/
PUBLISHED 6 TIMES A YEAR

AJIMATBIL KP ¥TA
AJIMATBI, HAH PK
ALMATY, NAS RK



bBacpengakrtoph
3. F. 1., mpodeccop, KP ¥FA xoppecnionneHT-My1eci
N.K. BeiicembeToB
Bac penakTopbIHBIH OpBIHOACAPHI
Koaraes I'.K. npod., reosr.-MuH. F. TOKTOPHI
Pengakxnous ankacs

AbaxanoB T./. mpod. (Kazakctan)

Abumesa 3.C. pod., kopp.-myueci (Kazakcran)
AaueB T. npod., akagemuk (O3ipOaiikaH)
Baxupos A.B. mpod., (KeipreicTan)

Becnaes X.A. npod. (Kazakcran)

Bumum6aes B.K. npod., akagemuk (Kazakcran)
BykrykoB H.C. mpod., kopp.-myieci (KazakcTtan)
Byaar A.®. poo., akagemuk (YkpaunHa)

I'anues U.H. nipod., akagemuk (ToxkikcTaH)
I'pasuc P.M. nipod. (AKIL)

Epramues I'.X. npo., akagemuk (Kazakcran)
Kykor H.M. nipoo. (Kazakcran)

Ken:xkanues B.K. npod. (Kazakcran)
KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. ipod., akagemuk (Peceit)
KypckeeB A.K. npod., akagemuk (Kazakcran)
Kypuagos A.M. nipod., (Peceit)

Meney A.P. mpod., kopp.-mymieci (Kazakcran)
MyxameaxanoB ML.A. ipod., kopp.-myureci (Kazakcran)
HurmatoBa C.A. npod. (Kazakcran)

O3noeB C.M. nipod., akagemuk (Kazakcran)
IocToaaruii B. mpog., akanemuk (MoJioBa)
Pakumes B.P. npod., akagemuk (Kazakcran)
CeiitoB H.C. ipoo., kopp.-mymeci (Kazakctan)
CeiitmypaToBa 3.10. nipod., xopp.-mymieci (Kazakcran)
Crenanen B.I'. mpod., (I'epmanust)

Xampepu Tx. . npod. (AKLI)

M Teitnep M. npod. (I'epmanwst)

«KP ¥T'A Xa6apaapbl. ['eosiorust MeH TeXHUKAJIBIK FBUIBLIMIAP CEPUSICHD).

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Menmikrenyui: «Kazakcran PecryOnukachbiHbIH ¥ITTHIK FhUIbIM akageMusicb» PKB (Anmarsi k.).

Kazakcran pecryOnuKachiHbIH MOoJIGHHET IeH akmapar MHHHUCTPIIriHIH AKIapaT JKOHE MyparaT KOMHUTETIHZE
30.04.2010 k. 6epinren Ne10892-2K mep3imik 6acbUIbIM TipKeyiHEe KOWBLTY Typallbl KYaJliK.

Mep3iMaimiri: KbIIbIHA 6 PeT.
Tupaxsr: 300 naHa.

Penaxiusanaeig mekerkaipl: 050010, Anmats K., llleBuenko kemr., 28, 219 6e., 220, Ten.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz /geology-technical .kz

© Kazakcran PecmyOnukachiHbIH ¥ ATTHIK FRUIBIM akaneMusichl, 2017

Penaxmmsaein  Kazakcran, 050010, Anmarsr k., Kaban6aii 6ateipa kerir., 69a.
mekemkaiipl: K. . CorOaeB aTeIHAAFBI TEONOTHS FRUIBIMAAP WHCTHTYTHL, 334 6emme. Tem.: 291-59-38.

TumorpadustHeH MekeHxaitsl: «ApyHa» XK, Anmatsr k., MypaTtbaesa kerr., 75.

— ) ——



I'maBHBIH penakToOp
1. 3. H., mpodeccop, wieH-koppecnonaeHT HAH PK
. K. Beiicem0eToB
3aMecTUTENb II1aBHOTO PEAAaKTOpa
Koaraes I'.2K. pod., TOKTOp Te01.-MHH. HAYK
PenakuuoHHas KONIETr U

AbaxanoB T./l. npod. (Kazaxcran)

Abumesa 3.C. ipod., un.-kopp. (Kazaxcran)
AmmeB T. npod., akagemuk (AzepOaiimkan)
Baxupos A.B. mpod., (Keipreizcran)

Becnaes X.A. npod. (Kazaxcran)

Bumum6aes B.K. npod., akagemuk (Kazaxcran)
BykrykoB H.C. mpod., wr.-kopp. (Kazaxcran)
Byaar A.®. npog., akagemuk (YkpanHa)

I'anues U.H. npod., akagemuk (TamxukucTan)
I'pasuc P.M. nipoo. (CIILIA)

Eprammes I'.X. nmpod., akanemuk (Kazaxcran)
Kykor H.M. nipoo. (Kazaxcran)

Ken:kanues B.K. npod. (Kazaxcran)
KoxaxmetoB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. ipod., akagemuk (Poccus)
KypckeeB A.K. npod., akanemuk (Kazaxcran)
Kypuagos A.M. nipod., (Poccust)

Meney A.P. npod., un.-kopp. (Kazaxcran)
MyxameaxanoB ML.A. ipod., wi.-kopp. (Kazaxcran)
HurmaroBa C.A. npod. (Kazaxcran)

O3n0eB C.M. nipod., akagemuk (Kazaxcran)
MocToaaruii B. mpog., akanemuk (MosioBa)
Pakumer B.P. npoo., akanemux (Kazaxcran)
CentoB H.C. mpod., wr.-xopp. (Kazaxcran)
CeiitmypaToBa 3.10. npod., un.-kopp. (Kazaxcran)
Crenanen B.I'. mpod., (I'epmanust)

Xamdepn JIx./1. npod. (CILIA)

I Teitnep M. npod. (I'epmanwst)

«H3BecTusi HAH PK. Cepusi reosioruu 1 TeXHUYECKHX HAYK».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CobctBennnk: PecmyOnmukanckoe oOmectBeHHoe oOwvenuHeHne «HammonanpHas axamemMus Hayk PecryOmmkm
Kazaxcran (r. AnMaTtsr)

CBHUIETENBCTBO O NIOCTAHOBKE HA y4eT IEPUOANYECKOro MedaTHoro u3zfanus B Komurere mHGOpMaLUK U apXUBOB
MunucrepcTBa KyabTypsl 1 uHdopmanun Pecriyonuku Kazaxcran Nel0892-K, Boinannoe 30.04.2010 r.

[TeprnoguvHOCTH: 6 pa3 B TO1
Tupax: 300 sx3eMIUTSIPOB

Anpec pegakuuu: 050010, r. Anmarsl, yi. Llleuenko, 28, xom. 219, 220, Ttem.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz /geology-technical.kz

© HammonaneHas akanemust Hayk Pecry6imkn Kazaxcran, 2017

Anpec penaknuu: Kazaxcran, 050010, r. Anmarter, yi. Kabanb6aii 6ateipa, 69a.
Wuctutyt reonorndeckux Hayk um. K. M. CarnaeBa, komnara 334. Ten.: 291-59-38.

Anpec Turorpaduu: UIT «Apyna», r. Anmarsl, yin. Mypar6aesa, 75

— 3 —



Editor in chief
doctor of Economics, professor, corresponding member of NAS RK
I. K. Beisembetov
Deputy editor in chief
Zholtayev G.Zh. prof., dr. geol-min. sc.
Editorial board:

Abakanov T.D. prof. (Kazakhstan)

Abisheva Z.S. prof., corr. member. (Kazakhstan)
Aliyev T. prof., academician (Azerbaijan)

Bakirov A.B. prof., (Kyrgyzstan)

Bespayev Kh.A. prof. (Kazakhstan)

Bishimbayev V.K. prof., academician (Kazakhstan)
Buktukov N.S. prof., corr. member. (Kazakhstan)
Bulat A.F. prof., academician (Ukraine)

Ganiyev L.N. prof., academician (Tadjikistan)

Gravis R.M. prof. (USA)

Yergaliev G.Kh. prof., academician (Kazakhstan)
Zhukov N.M. prof. (Kazakhstan)

Kenzhaliyev B.K. prof. (Kazakhstan)
Kozhakhmetov S.M. prof., academician (Kazakhstan)
Kontorovich A.Ye. prof., academician (Russia)
Kurskeyev A.K. prof., academician (Kazakhstan)
Kurchavov A.M. prof., (Russia)

Medeu A.R. prof., corr. member. (Kazakhstan)
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan)
Nigmatova S.A. prof. (Kazakhstan)

Ozdoyev S.M. prof., academician (Kazakhstan)
Postolatii V. prof., academician (Moldova)

Rakishev B.R. prof., academician (Kazakhstan)
Seitov N.S. prof., corr. member. (Kazakhstan)
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)
Stepanets V.G. prof., (Germany)

Humphery G.D. prof. (USA)

Steiner M. prof. (Germany)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)

The certificate of registration of a periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 10892-)K, issued 30.04.2010

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://nauka-nanrk.kz/geology-technical.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2017

Editorial address: Institute of Geological Sciences named after K.I. Satpayev
69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38.

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty

— 4 —



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 3, Number 423 (2017), 198 — 205

UDC 544.773.432:621.382-022.532

I. E. Suleimenov', G. A. Mun’, I. T. Pak’,
Sh. B. Kabdushev', Z. A. Kenessovaz, E.E. Kopishev4

' Almaty University of Power Engineering and Telecommunications, Almaty, Kazakhstan,
Kazakh National University, Almaty, Kazakhstan,
*Institute of Information and computing technologies, Almaty, Kazakhstan,
*S. Toraighyrov Pavlodar State University, Pavlodar, Kazakhstan.
E-mail: esenych@yandex.ru; mungrig@yandex.kz; pak.it@mail.ru;
sherniyaz.kabdushev.hw@gmail.com; zarina.kenesova@gmail.com;eldar_kopishev@mail.ru

REDISTRIBUTION OF THE CONCENTRATIONS
IN POLYELECTROLYTE HYDROGELS CONTACTS
AS THE BASIS OF NEW DESALINATION TECHNOLOGIES

Abstract. The possibility of using temperature-sensitive hydrogels for the demineralization of aqueous solu-
tions of low molecular weight salts is presented in this article. In particular, the proposed method is applicable to
saline groundwater, desalination problem, which is especially acute for many regions of Kazakhstan. The article
shows that the use of temperature-sensitive hydrogels allows to use solar radiation energy for producing demine-
ralized water. The proposed method is based on the concentrations redistribution effect, by which highly charged gel
upon swelling in a saline solution absorbs water depleted by a low molecular weight component. In the next stage of
the desalination cycle, the accumulated liquid is separated from the polyelectrolyte gel being in contact with the ther-
mosensitive polymer network. At the final stage, desalinated liquid separates from the thermosensitive gel by heating
at the sunlight. The intermediate stage is required because the direct heating of the polyelectrolyte gel does not
provide its collapse, and the heat-sensitive gels alone do not have the density of the grid charge sufficient for concen-
trations redistribution effect. To implement this method of desalination, it is necessary to develop a technique of
engineering calculation allowing to determine the characteristics of the heat-sensitive gel that is used for a particular
range of concentrations. This, in turn, requires a generalization of previously developed theory of the concentrations
redistribution effect in case of contact of the two grids with different degrees of ionization. Such theory is proposed
in this article. It is based on the solution of equations describing the balance of low-molecular ions concentrations at
the junction of two grids. It was found that the equations of this type can be solved analytically for the important in
practice cases. These solutions meet the qualitative analysis of system behavior. Our theory results in the correspon-
dence principle, i.e., the obtained solutions in the limiting case of the zero-degree ionization of one of the meshes
transform to the results of the previously developed theory. This enables the use of the proposed theory as a basis for
engineering calculation of temperature-sensitive hydrogels characteristics used in the desalination cycle.

Keywords: demineralized water, aqueous solutions, low-molecular ion, temperature-sensitive hydrogels, saline
groundwater.

Desalination of natural water is a challenge for a number of Kazakhstan regions including the region
where the capital is located. In the suburbs of Astana and surrounding areas, there are numerous sources of
groundwater, but their use (e.g., for agricultural purposes) is hindered by the presence of low molecular
weight salts, particularly by sodium chloride. At present, there are numerous methods of demineralization
of aqueous solutions (reverse osmosis, electro dialysis, etc.), but such purified water in the above regions
cannot be forwarded into economic turnover due to economic factors, primarily related to the energy
expenses.

Authors of the article [1] proposed the method of desalting the liquids based on the use of concen-
trations redistribution effect [2, 3], which was observed when a cross-linked polyelectrolyte network was

— 198 ——




ISSN 2224-5278 Cepus ceonoeuu u mexnuueckux Hayk. Ne 3. 2017

placed into a low-molecular salt solution. If the concentration of salt in solution is 3-5 times lower than the
concentration of ionized hydrogel groups (in terms of maximally swollen state), the polyelectrolyte
network will absorb the depleted solution, the concentration of which is less than the initial one. In
accordance to methodology [1], the depleted solution is separated from the hydrogel by the effect of
electric current.

Thus, the method of demineralization of water (including groundwater) [1], consists of two stages:
1) the gel accumulates the depleted solution by the low-molecular weight component, and 2) this solution
is separated from working substance by an electric current.

Expenses of energy necessary for separating the liquid from the hydrogel are quite high (they can be
precisely estimated using an analogy with Faraday's law [4]). However, the second stage of this method
can be realized by using thermo-sensitive hydrogels, which allows conducting demineralization directly
using energy of solar radiation.

Indeed, the main property of thermo-sensitive hydrogels [5,6] is the ability to undergo through phase
transition while increasing a temperature. This phase transition is characterized by rapid decrease in gel
volume, accompanied by the separation of accumulated water. It is essential that this phase transition takes
place under temperatures from 30 to 50°C. Consequently, it can be caused directly by solar radiation
heating, which allows to exclude expenses on electric power for the second stage of desalination cycle.

However, the realization of this cycle being analogous to [1], in which the separation of demine-
ralized water is carried out due to heating of the working substance by solar radiation is hampered by the
specificity of the mechanism of phase transition that causes the collapse of thermo-sensitive hydrogels.
Namely, this phase transition takes place in the network, which simultaneously includes both hydrophobic
and hydrophilic functional groups [7]. The resulting degree of swelling is determined by the hydrophobic-
hydrophilic balance, which can be shifted to one side or the other by external influences. In particular, an
increase in temperature enhances hydrophobic interactions [7]; as a result, there is a phase transition of
given type. Consequently, only hydrogels with a relatively low amount of hydrophilic functional groups
can be thermo-sensitive. Otherwise, the hydrophobic-hydrophilic balance will be irreversibly shifted to the
region of hydrophilic interactions. This means that thermo-sensitive polymer hydrogels can not have a
significant density of the net charge becausehydrophilic interactions are the most pronounceddue to the
dissociation of ionogenic groups.

This property does not allow using thermo-sensitive hydrogels directly in the desalination cycle,
similar to the one described in the work [1]: that is why it is necessary to modify this approach.The tech-
nology of demineralization of water proposed in this article is based on the use of the following cycle. In
the first stage [1], the polyelectrolyte hydrogel interacts with demineralized water. At the same time, due
to the above mentioned effect of redistribution of concentrations, the swelling polymer network accumu-
lates a solution concentration of which is much lower than the initial one.

In the second stage, the swollen polyelectrolyte hydrogel is brought into contact with a weakly
charged thermo-sensitive network, which is in a non-swollen state. Due to the fact that in the volume of
the polyelectrolyte hydrogel the concentration of the low molecular weight salt is relatively small (for the
above mentioned reasons), the low density of its charge is no longer significant: some amount of the liquid
accumulated by the polyelectrolyte gel passes into a weakly charged thermo-sensitive network. In the third
stage, this liquid is separated from the thermo-sensitive gel by heating with solar heat.

Implementation of this methodology requires, among other things, the development in a methodology
of calculating the characteristics of the used working substances. Therefore, there comes a problem of a
theoretical description of the redistribution effect of the concentrations in a low-molecular salt that occurs
upon contact of two cross-linked networks with different network-charge densities. This problem is solved
in this article.

Let's write the Donnan balance equations in the following form, considering, for definiteness, the
case where both networks are saturated with sodium chloride.

[Na'], =a[Na'], (M
[CI], =a7'[CT], @
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where the chemical symbol in square parentheses represents the concentration of the corresponding
ions, a - the Donnan coefficient, the indices i, e referring to the ion concentrations inside and outside the
hydrogel, which has the maximum charge density, respectively.

Equations (1), (2), expressing Donnan's equilibrium, should be supplemented by ratios, presenting the
neutrality condition in both networks.

[-COO, +[CI'], =[Na'], ®)
[-COO1. +[CT'], =[Nd'],, 4)

It is assumed that the density of both grids remains unchanged, and the degree of their dissociation is
close to 100%. If there is no free solution in the system, the low-molecular component is distributed only
between the two networks that are under consideration, i.e.

wWCH +(1-w)[CI ], =¢, )

where w is the fraction of the volume occupied by the gel with a higher net charge density in the system.

Ratio (5) expresses the constant condition of the total amount of low-molecular salt in the system
under consideration. A similar condition for the concentration of cations should not be written down, since
it is linearly dependent on the already presented relationships.

Equations (1) - (5) represent a closed system that allows to find the concentrations in both parts of the
system if the net charge densities and the concentration of the initial solution are known.

We emphasize that the recorded system of equations is completely analogous to that used in [2, 8],
the difference is that the presence of a charge in both contacting networks is taken into account. The
results of the cited studies show that the calculation performed on the basis of the used equations
satisfactorily describes the experimental data. This gives reason to suppose that the characteristics of the
working substances used in the desalination cycle based on thermo-sensitive hydrogels can be obtained by
calculation.

Substituting ratios (3) and (4) in (1), we immediately obtain a system of three algebraic equations:

[-COO0, +[CI'], =a[-COO1, +[CI ],) (©)

Substituting equations (3) and (4) into (1), we immediately obtain a system of three algebraic
equations, which includes relation (6) and expressions (5) and (2). Equations (6) and (2) form a system of
linear equations for the concentration of anions, which allows us to express these quantities through other
ones. By substituting (2) into (6), we have

[-COO |, +a'[C), =al[-COO), +[CT],) ™
Where it comes to
(. - [-COO "1, - a[;COO 1. (3)
a—a

It also implies (2) that
_[-COO "], - a[-COO ], )

2

[CI7), =a”'[CI7],
a” -1

Substituting (8) and (9) into relation (5), we obtain the only equation for the Donnan factor.

w

[-COO "1, — a[-COO 1, [-COO "], — a[-COO0 ], (10)
o +(l—w) — =c,

Or
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w l-w j (11)
+ =c,

2 -1
a -1 a-a

(—coo] —a[—COO‘]e(
Where it comes to
[-c001, -of—COO0 w+(1-wa)=c,(e® -1) (12)

It can be seen that this equation is quadratic relatively to Donnan's factor.
For more convenience, we put the marks:

N, =[-COO; N,=[-COO), (13)
Then
(N. —dVe)(w+(l—w)a):c0(a2 —1) (14)
or
a’(cy + N, (1=w))+ oA Now=N,(1-w)) = (¢, + N,w) =0 (1

Equation (15) has, as expected, a well-defined symmetry. Namely, if we go from the factor ato the
opposite of it

a=a (16)

i.e. to consider the symmetry case (respectively to the choice of the Donnan factor), then equation (15)
goes into relation

(¢o-+ N (1=w))+@Nw=N,(1-w)-&"(c, + Now) =0 (47

It is seen that if in the equation (17), the "i"” and "e"” indices are interchanged, and if relations are
replaced

W=1-w (18)

Then it goes over into equation (15), which expresses the symmetry mentioned above.
The solution of the equation (15) has the form

Ni(l—W)—New+\/(New—Ni (1= w))* +4{c, + N (1= w)c, + N,w) (19)

- 2(c, + N (1-w))

In the expression (19), the plus sign is chosen at the root since only the positive values of the Donnan
factor have a physical meaning.
For clarity, it can be rewritten using the reduced net charge density

N N, (20)
n=——n,= >
o o
We have
n, (l - w) —-n,w+ \/(new— n, (1 - w))2 + 4(1 +n, (1 - w))(l + nl.w) @1)

o=

2Al+n,(1-w))
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Dependences of the potential on the parameter 7, less dense network for different values of w in two
different values of n; are presented in Figure 1a, b.

[+ 4
20 ~
4
15 4
3
10 A
L |
5 - [ ]
O 1— T L] T L] T
0,001 0,01 0,1 1 10 100

Re

Figure 1a — Dependences of the Donnan factoro. on the parameter 7, at n; = 20 and
different values of w=10.9 (1); 0.6 (2); 0.3 (3); 0.1 (4)

It is seen that in the region n.<n;, a<1 holds, that is, as follows from (2), the concentration of anions
(coinciding in the case under consideration with the concentration of a low molecular weight salt) in a
more ionized network is lower than their concentration in a less ionized one. This completely corresponds
to the conclusions of [2, 3].

Namely, the unequal value of the degree of ionization of the networks leads to a redistribution of the
concentration of the low molecular weight salt, with the difference that, because of the nonzero degree of
ionization in both networks, this effect becomes less pronounced compared with the case where the
polyelectrolyte hydrogel is located in a solution of the low molecular weight salt.

o
S -
4
4 -
3
3 -
3
211
‘l -
i et et et
0,001 0,01 0,1 1 IlO 100 nt

Figure 1b — Dependences of the Donnan factora on the parameter #, at n; = 20
and different values: w= 0.9 (1); 0.6 (2); 0.3 (3); 0.1 (4)

This is also evident from Figure 1. Namely, with increasing n,, the value of the factor a decreases, i.e.
as the densities of the networks under consideration approach each other, the difference in the concen-
trations between the solutions accumulated by the two networks becomes less noticeable. More precisely,
this conclusion is valid for the region n.<n;.

In the case when n, = n,, as expected, the value of o becomes merely equal to one. This is emphasized
by Figure 1b, in which the corresponding point is marked with dashed lines.
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With the inverse relation n>n; , o<l holds, which also indicates the existence of a concentration
redistribution effect. However, in this case, the concentration of the low-molecular component in the
network characterized by the parameter n;, on the contrary, becomes larger than in the network charac-
terized by the parameter 7. In fact, the degree of ionization of the last network becomes larger.

Figure 1 also shows that in the region n.<n;, the value of o increases as the proportion of the volume
falling on a denser grid decreases (as w decreases). This is quite understandable, since as w decreases, the
volume increases, where a low-molecular component can be displaced.

Following [2, 3], we will use the given values of the concentrations

22
Ce:ce; n:Ne (22)
N, N,

1 1

Examples of the dependencies of the reduced concentration of a low molecular weight salt in a less
dense network on the initial reduced concentration are shown in Figure 2. (These dependencies are
constructed on the basis of the solution obtained for the Donnan factor.)

Ce
0,16 1
0,12
2
0,08
3
0,04
U = T T T T 1 Co
0 0,01 0,02 0,03 0,04 0,05

Figure 2 — Dependences of the reduced concentration of a low molecular weight salt
in a less dense network C, from the initial Cy; range up to 0.05, n=0.1, w=0.9 (1); 0.6 (2); 0.3 (3); 0.1 (4); 0.05

It is seen that the concentration of a low-molecular component in a less dense network decreases as
the fraction of the volume falling on a denser network decreases. This, in particular, shows that it is
possible to ensure the operation of the second stage of the cycle in question, choosing the ratio of the
volumes of polyelectrolyte and thermo-sensitive networks. Namely, by choosing a sufficiently large
volume of a thermo-sensitive network (in comparison with the volume of a polyelectrolyte gel), one can
choose conditions under which the concentration of the solution accumulated by this network will be
several times lower than the initial one.

Thus, the advantage of the proposed technology is the direct use of solar energy for the deminerali-
zation of water. When this range of operating temperatures lies in the range of 30-500°C. This figure is
easily achievable in solar heaters. There is also the possibility to provide a calculation of the characteris-
tics of the desalination cycle, built on the basis of thermosensitive polyelectrolyte hydrogels, by analytical
means. The calculations show that it is possible to select the characteristics of this cycle, which provides a
decrease in the concentration of the initial solution of the low molecular target by several times, which, in
particular, already ensures the possibility of introducing the water resources available in the vicinity of
Astana into economic circulation.
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MOJMDJIEKTPOJUTTI TEJBJIEPAIH KOHTAKTIJIEHTEH KE3/IE
KOHIIEHTPAIIUSTHBI KAWTA BOJIIHYI CYIbI TYIBLIAH/BIPY IBIH
"KAHA TEXHOJIOTHSICHI

AHHOTaUMA. A3 MOJIEKYNIANBl CY epiTiHIIepiMEeH TepMOCE3Till TelbAepai CyAbl NeMUHepaTu3aisuiay yIiH
KOJIJaHyFa OOaTBIH MYMKIHIIK KepcerinreH. COHIal-aK YCBIHBUIFAH 9JIIC TY3/BI )KepacThl cynapra, ssiHu KP-HBIH
KOITereH aiiMaKTapblHIAFbl Cy TYIIBIIAYy MOCEJIECiH LIelryre apHaiFaH amay. Makajiana TepMOCe3rill Trenbaepai
KOJIIaHBICKA €HT13y apKbUIBl KYH SHEPrHsACHIHBIH PaIHMalMsIChIH JeMHHEpalH3alMsUlaHFaH CyIbl ally MaKcaThIHIa
KOJIJaHyFa MyMKiHZiK Oepeni. bepinren omic KOHIICHTpAaIUAHBI KaliTa Kypy 9cepiHe Heri3mesei, SSFHU KYIITI 3apsii-
TaJIFaH Tellb TY3IBI CyNa iCiHy Ke3iHAe a3MOIIEKYJISIpIbl KOMIIOHECHTI )KaFbIHAH KeleHIIEHTeH CYAbl CiHipYyi apKbLIBI
JKy3ere acelpbiIaabl. Tympuiay IUKIBIHBIH KeJleci Ke3eHIHe KHHAIFaH Cy MOJIUMEepIli TOPMEH JKaHACKII HOJIUIJICK-
TPOJMTTI TenbAeH aiblppuianbsl. COHBIHAA TYNIBUIAHFAH CYHBIKTBIK TEPMOCE3TIll Telbli KYH COyJeciMeH KbI3IBIpY
apKBUTBI ABIHAIBL. ApabIK Ke3eH Il KOIJaHy MOIMIICKTPOIUTTI TeIb i TiKeJIeH KbI3ABIPY OHBIH KEPEKTi MoJep e
CBHIFYBIH KAMTaMachl3 €Te ajMaii[pl, al TepMOCE3Tilll relbIepaiH 031 TOp 3apsATHl THIFBI3ABIKKA He eMec. MyHpaai
dcepi JKy3ere achlpy YIIiH WHXXEHEPIIK ecenTeyiep oMiCiH OWIacThIPy KaXeT, XKOHE OJl TePMOCE3TIlI TeJbIiH ap-
Halibl AWana3oHIbl KOHIICHTPAUSHB KOJIJaHyFa OONAaThIHOAN CHIMaTTaMaNapibl aHBIKTayFa MYMKIHIIK Oepyi THic.
By xarmaii, ©3 Ke3eriHAe alFalliKbl KOHIIEHTPAIMIHbI KaiiTa Kypy 9CepiHiH TEOPHACHIH OpTYPIIi JeHIeHIeri HOHN3a-
[MsUTaHFaH €Ki TOPIbIH KOHTAKTIICHY XKaFJaiibl OPBbIH ajiFaH Ke3Jle JKajbuiayapl tanam eteni. OCbIHAai Teopust OChl
JKYMBICTa YCHIHBUTFaH. OHBIH HETi31H a3MOJIEKYJISpiIsl HOHIAPABIH €Ki TOPMEH KOHTAaKTIIEHTeH Ke3Jeri OamaHCHIH
CHUIIATTaUTBIH TEHACYJep LenryiMeH alKplHnanaapl. OChIHIANH THITI TEHACYJep NPAaKTHUKAIbIK MaHBI3/Ibl JKaFIai-
JapJa aHATHTUKAIBIK IIEMTiMIep Il Tajal eTeTiHi ic )Ky3iHae aHsIKTanFaH. bepiiren memrimaep xyiie OeTanbICHIHBIH
camainbl Typle capantamaiayblHa jkayar Oepeni. ¥KcaTy Karuaachl OpbIHIANAMbL, SFHU LIEKTEYJIl KaFai1a ajblHFaH
HOTIDKEINep Oip TOPIBIH HOHU3AIISUIAHY T9pEXKeci HOMMIK KOpCeTKIiMIiHe ne OONFaHIa, allFallKel YCHIHBUIFAH TEOPHS-
MEH cuIaTTanansl. by sxarmail OepiireH TeopHsiHBI TYIIbUIAY HUKIBIHIA KOJIJAHBUIATEIH TEPMOCE3TII rebIepIiH
CUTIaTTaMaJlapblH HHKEHEPITK €CEeNTey HEeTi3iHe aHbIKTay YIIiH KAMTaMachl3 eTe/i.

Tyiiin ce3aep: cy epiTiHAICIHIH JeMUHEpaTH3alUsUIaHybl, TEPMOCE3TINI Tellb, Cy TYIIBIIAY Mocelenepi, a3 Mo-
JIeKyJ1aJIbl KOMIIOHEHT, TY3/bI CY.
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MEPEPACHPEJEJTEHUE KOHIEHTPALMIA }
IPU KOHTAKTE IOJIMSJIEKTPOTMTHBIX T'MPOTEJIEN
KAK OCHOBA HOBBIX OIPECHUTEJILHBIX TEXHOJIOT Ui

Annoranus. [IpogeMoHCTpEpOBaHA BO3MOXKHOCTH HCIIONB30BAaHUS TEPMOUYYBCTBUTEIHHBIX THAPOTENCH st
JIEMIHEPAJN3alMA BOJHBIX PACTBOPOB HU3KOMOJIEKYISPHBIX cojiei. B gacTHOCTH, MpeioskeHHBIH CIIoco0 mpumMe-
HUM K 3aCOJICHHBIM TPYHTOBBIM BOJIaM, IPoOJIeMa ONPECHEHHSI KOTOPHIX OCTPO CTOUT JJisi MHOTHX pernoHoB PK.
[ToxazaHo, 4TO MCIIOIIB30BAaHIE TEPMOTYBCTBUTEIBHBIX THIPOTEICH MO3BOJISET NEPEHTH K MCIIOIb30BAaHUIO YHEPTUHI
COJTHEYHOU pafHaluyl Ui NOJIYYCHUs AeMUHepann3oBaHHON Boabl. [IpemtoskeHHbIN cr1ocod OCHOBBIBAaeTCS Ha (-
(hekre mepepacpeesicHIsI KOHIICHTPAIIHA, 32 CYET KOTOPOTO CHUJIBHO 3apsDKCHHBIN Telib MPU HaOyXaHUH B COJICBOM
pacTBope IMorjionaeT 00eJHEHHYIO 10 HMU3KOMOJIEKYJISIPHOH KOMIIOHEHTe BOAy. Ha ciemyromieil ctaauu onpecHu-
TEJBHOTO IMKJIA aKKYMYJTUPOBaHHAS KUAKOCTh OTACISACTCS OT MOJUJICKTPOIUTHOTO TeJs MPHU €ro KOHTAKTe C Tep-
MOYYBCTBUTEIIFHOW MOJUMEPHON ceTkoi. Ha 3aBepmmaroriell cTamuu ONpPECHEHHAs >KHIKOCTh OTHCISACTCS OT
TEPMOYYBCTBHUTEILHOTO TEJIsl 33 CUET HArpeBa COTHEYHBIMU Tydamu. Heo0X0IMMOCTh MCIIONIE30BaHHS TPOMEKYTOY-
HOW CTaJMU OTIPENEISIETCS TeM, YTO MPSIMOI HAarpeB IMOJIUAIIEKTPOIUTHOTO Tellsl He 00ecIeYnBaeT ero KOJUIaIlC, a
TEPMOYYBCTBHUTENBHBIC TN CaMH 0 cebe He 00JIafaroT TUIOTHOCTBI0 CETOYHOTO 3apsaa, JOCTATOYHON IS BBIpa-
JKEHHOTO TIPOSBIICHHS d(PeKTa mepepacipeneieHus KOHIeHTpannid. s peanusanun paccMaTpiuBaeMoro crocoda
OTIPECHEHUS HEOOXOMMO CO3[JaHNE METOANKH WH)XEHEPHOTO pacyeTa, MO3BOJIIONIETO OMPEAeTUTh XapaKTePUCTHKHI
TEPMOYYBCTBUTEIBHOTO TeJls, HCIOIB3yEeMOro Uil KOHKPETHOTO AWana3oHa KOHLEHTpAuid. DTO, B CBOIO O4Yepenb,
TpeOyeT 00O0O0IIeHNs paHee Pa3BUTON Teopuu 3¢ ¢eKTa mepepacrpeneeHus] KOHIEHTpauid Ha CiIyYaidl KOHTaKTa
JIByX CETOK C HEOJIMHAKOBOH CTEIICHBIO HOHM3AIMH. Takast Teopus IpeJioKeHa B JaHHOH padote. Ee 0CHOBOW sBIIsI-
eTCsl pellieHne ypaBHEHHUH, ONMCHIBAIONINX 0ajJaHC KOHLEHTPALMi HU3KOMOJIEKYJSIPHBIX HOHOB MPU KOHTAKTE JBYX
CCTOK. yCTaHOBJ’IeHO, YTO B BAXKHBIX JJIA HNPAKTUKHU CIydasAaX YpaBHCHHUA JAHHOTI'O TUIIA JOINYCKAIOT aHAJIUTUYCCKUC
penrenus. JlaHHBIC pEIICHUS OTBEYAIOT KAYSCTBCHHOMY aHAIHM3Y MOBEACHHUS CHCTEMBI. BBITIOTHSIETCS IPUHIIAT COOT-
BETCTBHS, T.€. IOJYYCHHBIC PEIICHUS B MPEICIEHOM CITydac HYJICBOH CTCIICHH MOHU3ALUHN OJTHOW M3 CETOK Iepexo-
IIIT B PEe3yJIbTAThI PaHES PA3BUTON TEOPUH. DTO 00ECIICUMBACT UCIIOJIF30BAHHIE MPEIOKESHHON TCOPHH B Ka4eCTBE
OCHOBBI U HHYKEHEPHOTO pacueTa XapaKTePUCTHK TEPMOUYYBCTBUTEIBHBIX THAPOTENeH, HCIOIB3yEeMbIX B OIIPECHHU-
TETHHOM LIUKJIE.

KiroueBble cioBa: JeMUHEpAIH3alUsl BOOHBIX PACTBOPOB, TEPMOUYBCTBUTEIBHBIN T'ellb, MPOOIEMBI OIPECHE-
HUS1, HU3KOMOJICKYJISIPHBIN KOMIIOHEHT, COJICHBIE BOJBI.
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