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I/ICCJ'IGILOBaHO BJIMAHHUC PA3JIMYHBIX IIapaMETpPOB

Ha 3G (PEKTUBHOCTH MpoIlecca HOHHOTO 0OMEHa C
IEeIbI0 TIOBBINICHUS KAadyecTBa YMSTYCHHS H
obecconBaHus

BOJIBL. [IpencraBnena

3aBUCHUMOCTL IIpoHecca OT MOIUTCIBbHOCTH U

Pa3HbIX nmokasarejei pacTBOPOB npu
BapbUPOBAHUHU KOHOCHTpaALnun n IpUpPOAbI
pacTBOPEHHOT'O BCIICCTBA. Ha OCHOBAaHHH

MOJIYYEHHBIX PE3YIbTAaTOB CHENaHbl BBIBOJBI O
MPUMEHUMOCTH MOHHOTO OOMEHa JJi OYMILECHUS
BOJIBL.

KaoueBble cjoBa: MOHHBIHN oOMeH,
HOHOOOMEHHBIE CMOJIBI, 00€CCOJIMBaHUE, CTOYHAS

BOJBI, 3JICKTPOIIPOBOAHOCTD, 3(1)(1)CKTI/IBHOCTL.

BBenenue. Bonja — 1neHHeHIUN NpUpPOIHBIN
pecypc. OHa wWrpaer HCKIOYHUTEIBHYIO PpOJIb,
oOecneunBast OHOJIOTrHYeCcKHe NOTPEeOHOCTH
OpraHM3MOB, Y4YacTBYsl BO BCEX MeEXaHH3Max U
JKU3HEHHBIX I[MKJIaxX Haled ruiaHeTel. BogHbie
pecypchl aKTHBHO HCIIOJIB3YIOTCS B Pa3IMYHbIX
cdepax
OBITOBBIX,

AQHTPOIIOT€HHOW  JIEATENbHOCTU IS
MIPOMBIIUIEHHBIX H
CEeNIbCKOXO3SMCTBEHHBIX HYyX . [loTpeObHOCTH B
BOJIE OTPOMHBI M €XEroJHO yBelnuuBaroTcs. Ha
36eMHOM IIape OOIIue 3amackl BOJIbI JOCTUTAOT 1,5
MiH KMS. Okono 2% 9TOro 00beMa COCTABISET
MpecHas BOJAa, a KOJWYECTBO JOCTYIMHOW ISt
MCIoJb30BaHus Bobl He npeBbimaeT 0,003%.
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The article considers the influence of various
parameters on the efficiency of ion exchange
process to improve the quality of softening and
desalination of water. It presents the dependence
of the process on the duration and different
characteristics of solutions by varying the
concentration and nature of solute. On the basis
of the results obtained the authors drawn a
conclusion about the applicability of ion
exchange for water purification.

Keywords: lon exchange, ion exchange resins,
desalination, sewage, electrical conductivity,
efficiency.

Introduction. Water is a valuable natural
resource. It plays a crucial role in ensuring the
biological needs of organisms, participating in
all mechanisms and life cycles on our planet.
Water resources are widely used in various
fields of human activities for domestic,
industrial and agricultural needs. The demand
for water is huge and it is growing. On the
globe, the total water supply is up to 1.5 million
km3. About 2% of this amount is fresh water,
and the amount available for use does not
exceed 0.003%.
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HexBarka npecHoi BOJIbI Bce OOJIBIIE ONIYIACTCs
B 43 crpaHax MHpa, COCTaBIAIOLIUX OKoyo 60%
Bcel moBepxHocTu cyuu. [Ipobnemsl ¢ gepumrom
IIPECHON MUTHEBOI BOJABI HCIBITHIBAIOT TaKXKE B
KpbiMmy 1 105kHBIX pernoHax Poccun.

B ycnoBusix pacTyuiero 3arpsi3HEHUs BOJIbI U
ObICTpOro  pocta «BOJTHBIN
npuoOpeTraeT Bce OONBIIYID OCTPOTY.

CyliecTByeT MHEHHE O TOM,

BOJIOTIOTPEOJICHHS
TOJION
YTO B HTOIE

nepen
HEOOXOIUMOCTBIO IOOBIYM IPECHOM BOJBI U3 BOJ
MHPOBOIro OkeaHa. OCHOBHBIMH KOMIIOHCHTaMH B
MOPCKOU BOJIE SIBIISIOTCS Na*, CI', K, Mg2+, Ca2+,
Sr**, Br,
CHOCOOOM JTMKBUIANWU JeQHUINTA TPECHOW BOMIBI

YCI0BCYECCTBO OKaXKETCs

F, H3BOs; HaubGonee paaukaibHBIM

SBJISICTCSI OTMPECHEHHE COJICHBIX M COJIOHOBATHIX
Boj. JlocTuraercs 3TO pa3iMYHBIMU CIIOCOOAMH.
OguuM M3 TakuX CII0COOOB SABJISIETCS HWOHHBIN
0o0OMeH, KOTOpBI OCHOBaH Ha yJaJeHHH U3 BOIbBI
HEOPTraHWYECKUX  BEIIECTB,
METaJNIOB M ApYyrux BemecTB. CyIIHOCTh JAaHHOTO
METO/a 3aKJIIOUYAaETCA B CIIOCOOHOCTH CIIEIUAIbHBIX

HOHOB TAKCIIBIX

MaTepuaioB (MOHUTOB) H3MEHSTh B JKEIaeMOM
HalpaBJIEHUU HOHHBIA cocTaB 00pabaThIBaeMOM
BO/ABI. OJTa TEXHOJIOTUS IO3BOJISIET JIOOUTHCS

KadyeCcTBa BOJBI, COOTBETCTBYIOIIICTO

MIPOMBIINIJICHHBIX OHEPICTUYCCKUX

HOpMam
Pa3INYHbIX
00BEKTOB.

IMocranoBka 3amaum. Llenbro gaHHONM pabOTHI
SBISUIOCH M3ydeHHE 3(P(HEKTUBHOCTU yMATYEHUS U
o0ecconmBaHus BOJIBI HA HOHOOOMEHHBIX CMOJIaX B
3aBHCUMOCTH  OT  KOHIIEHTpAIlMH  PacTBOPOB,
BPEMEHHU TIpollecca ¥ MPHPOIBI PACTBOPEHHBIX
BEIIIECTB.

Meroauka KCrepuMeHTA.

s VCCIIEJIOBAHMUS 3¢ heKTUBHOCTH
o0ecconrBaHusl BOJIbI HA MOHOOOMEHHBIX CMOJIAaX
Obula TpoBeleHa JKCIEpUMEHTalbHas padora,
coCTOAIIast U3 IBYX YacTeu:

1 — omnpenenenue creneHn 00ECCOTMBAHUS
BOJIbl HA MOHOOOMEHHBIX CMOJIaX B 3aBHCUMOCTH
OT HayaJbHOW KOHLEHTpPAlMd PaCTBOPEHHBIX
BEILIECTB, COOTHOCUMOW C 3JIEKTPOIPOBOJHOCTHIO
pacTBopa /10 1 1ocjie HOHHOTO 0OMEHa,

2 — ompenenesue 3(pPEeKTUBHOCTH HOHHOTO
oOMEHa B 3aBHCHMOCTH OT BPEMEHHU Ipolecca U

43 countries, which occupy about 60% of the
land surface, experience the lack of fresh water
more and more. The Crimea and southern
regions of Russia also have shortages of fresh
drinking water.

In the face of growing water pollution and the
rapid growth of water consumption “water
hunger" has become increasingly prominent.
There is a belief that eventually humanity will
face the necessity to extract fresh water from the
oceans. The major components of seawater are
Na‘, CI', K*, Mg, Ca*, Sr**, Br, F, H3BOs.
The most radical way to eliminate the shortage
of fresh water is desalination of salt and
brackish waters. This is achieved in various
ways. One such method is ion exchange, which
is based on the removal of inorganic substances,
ions of heavy metals and other substances from
water. The essence of this method lies in the
ability of special materials (ion exchangers) to
change the ion composition of the treated water
in a desired way. This technology allows
achieving the quality of water corresponding to
norms of various industrial energy facilities.

Statement of the problem. The aim of this
work is to study the efficiency of softening and
desalination of water on ion-exchange resins
depending on the solution concentration,
process time and nature of the dissolved
substances.

Experimental procedure.

To investigate the efficiency of water
desalting on ion exchange resins the authors
have carried out the experimental work,
consisting of two parts:

1 — determination of the degree of
desalination of water on ion-exchange resins
depending on the initial concentration of the
dissolved substances, which correlated with the
conductivity of the solution before and after ion
exchange;

2 — determination of the effectiveness of ion

http://bps-journal.
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IIPUPOJIBI PACTBOPEHHBIX BEIIECTB.
[IpenBapuTeIbHO  NMPUTOTOBHIIM  PAacTBOPHI
NH4C|, Na2804, NaCI, K2SO4, NaZCO& CaC03,

MgSO;4 ¢ xonmentpamusmu 0,5%, 1,0%, 1,5%,
2,0% u U3MEPUIIU HavyaJIbHYIO
AJIEKTPOTIPOBOTHOCTh ~ KaXJIOTO U3 HUX  JIO
npoiiecca obeccosBaHusl. Pe3ynbraTs

SJICKTPOIIPOBOAHOCTHU PACTBOPOB 10 SKCIICPUMCEHTA

Safety of Technogenic and Natural Systems 4 2017

exchange depending on time and nature of the
dissolved substances.

The authors have pre-prepared solutions of
NH4C|, Na,SOy, N&C', K,S04, Na,COs,
CaCO3, MgSQO, with the concentrations 0,5%,
1,0%, 1,5%, 2,0% and measured the initial
conductivity of each of them before the
desalination process. The results of the electrical

IpHBencHb B TaGHIe 1. condu_ctivity of_ th? solutions before the
experiment are given in table 1.
Tao6numa 1
Table 1
Haugansnas SJICKTPOIIPOBOAHOCTL BCEX UCCICAYCMBIX PAaCTBOPOB
The initial conductivity of all the studied solutions
Konnenrpanus, % HayvajabHasi 3J1eKTPONPoOBOAHOCTH, MCM
Concentration. % Initial conductivity, mS
NH4Cl | Na;SO4 | NaCl | K;SO4 | Na,CO3 | CaCOs MgSO,
0,5 9,96 5,20 7,01 6,47 8,15 1,88 2,79
1,0 7,01 8,06 — _ _ 2,25 4,66
1,5 6,47 10,75 _ _ _ 1,5 6,53
2,0 8,15 — _ _ _ 4,21 7,77
Jns  monmydeHWs — HAWIydlIero  pe3yibTaTa To get the best result, the authors have carried

aBTOpaMu ObLIN OPOBCACHBI 3KCIICPUMCHTAJILHLIC

HCCICa0BaHUsd, TIO3BOJIMBIIUE OIMpCACIINTD

ONTHUMAJIbHbIE 3HAYEHUS M COOTHOILEHHUS MAacchl
MOHMTOB M pPAacTBOpPOB, 4TO cocTaBwio — 30r
monuta u 10r wumcciemyemoro  pacTtBopa.
OKCHEPUMEHT NPOBOAWIM C KaXKABIM BEIIECTBOM
mo 10, 15, 20 u 25 MuHYT, U3Mepsst IPU ITOM
3JEKTPONPOBOAHOCTh  ITOCIIE

KaXJa01r0  OoIbITa.

HonyquHHe 3HA4YCHUA HU3MCHCHUA
SJICKTPOMMPOBOAHOCTHU, B 3aBUCUMOCTU OT BPCMCHU

WOHHOTO OOMEHa, IPUBEJICHBI B TaOIHUIIE 2.

out experimental researches, which made it
possible to determine the optimal values and
ratios of resins and solutions, which amounted
to 30 g of the resin and 10g of the investigated
solution. The experiment was carried out with
each substance for 10, 15, 20 and 25 minutes,
and the conductivity after each experiment was
measured. The obtained values of changes of
electrical conductivity, depending on the time of

ion exchange are shown in table 2.
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Tabmauma 2
Table 2
M3MeHeHre 3HAYCHUH JICKTPOIIPOBOIHOCTH B 3aBUCUMOCTH OT BPEMEHH HOHHOTO 0OMEHa

The change of conductivity values depending on the time of ion exchange

Konuenrpanus DaektponpoBoanoctb, MCwm / Electrical conductivity, mS

PacTBOpOB, % NH4C| Na,SO,4 NaCl K>S0, Na,COs3 CaCOs; MgSO4
Concentration
of solutions, %

Bpems t=10 munyT / Time t=10 minutes

0,5 4,06 2,52 2,28 4,15 2,45 0,53 2,21
1,0 - - 4,53 1,07 6,57
15 - — 5,02 3,23 4,67
2,0 — — — 3,89 6,61
KonuenTpanus Daexktponposoanoctsb, MCwm / Electrical conductivity, mS

pacreopos, %0
Concentration NH,4CI Na,SO4 NacCl K>SO, Na,CO3 CaCOs; MgSO,
of solutions, %

Bpems t=15 munyt / Time t=15 minutes

0,5 2,81 2,02 1,69 3,16 1,93 0,37 1,67
1,0 - - - - 3,96 0,76 2,08
1,5 - - - - 4,41 2,54 3,23
2,0 - - - - - 3,23 5,76
Bpems t=20 munyT / Time t=20 minutes
0,5 1,52 1,67 0,84 1,82 1,51 0,22 1,05
1,0 - - - - 2,52 0,54 1,34
1,5 - - - - 3,95 1,87 2,56
2,0 - - - - 2,56 3,25
Bpems t=25 munyT / Time t=25 minutes
0,5 0,23 0,53 0,62 0,36 0,77 0,18 0,12
1,0 - — - - 1,07 0,35 0,68
1,5 - - - - 3,25 1,06 1,25

http://bps-journal.ru/ t: 26
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Jns momydeHuss MakCUMaJIbHO 3(P(PEKTUBHOTO
pe3yabTaTta OT HOHHOTO 0OOMEHA, B COOTBETCTBUU C
TabnuIei 2, pacCMOTpPEHBbI JHana3oHbl BPEMEHH
(mpu  C=0,5%) mpum  KOTOPBIX
AJIEKTPOIIPOBOTHOCTH MUHUMAaJIbHBI
E(CaC03)=0,18MCmMm, E(MgS04)=0,12 mMCwm.

Ha ocHOBaHMM MOTy4EHHBIX TAaHHBIX TOCTPOHIIH
AJIEKTPOIIPOBOIHOCTH oT

3HA4YCHUA

3aBHCUMOCTh
KOHIICHTPAIUH
¢unpTpoBanus (puc. 1 u 2).

pacTBOpoB " BpEMEHU

To obtain the most effective result from ion
exchange, in accordance with table 2, the
authors have considered the ranges of time (at
C=0,5%) at which the electrical conductivity
values are minimal E(CaCO3)=0,18 mS,
E(MgS0O,4)=0,12 mS.

Based on these data, they have constructed the
dependence of the electrical conductivity on the
solution concentration and time of filtration
(Fig. 1 and 2).

-
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Puc. 1. 3aBucumocts anextponpoBogHocTH pacTBopa CaCO;3 0T KOHIEHTpaK U BpeMEeHHU (PpUIbTpaLuy B
HOHOOOMEeHHBIX cMoax: C — KoHIeHTpalus pactBopa, %
Fig. 1. The dependence of the electrical conductivity of the solution CaCO; on the concentration and time of
filtration in ion exchange resins: C — concentration of the solution, %
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¢uIbTpanuu B MOHOOOMEHHBIX cMolax: C — KOHIeHTpaIus pactBopa, %
Fig. 2. The dependence of MgSO4 conductivity on the concentration and time of filtration in ion
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exchange resins: C — concentration of the solution, %

rpagukax
BEILlECTBA

Ha o00oux

KOHIIEHTpaLUH

BUIHO, qTo npu
pactBope  0,5%

Onnako,

B
SJICKTPOIIPOBOAHOCTDH MHHHMAaJIbHA.
0oJIbllIce CHUKCHUC KOHLOCHTpAMK OTMCUCHO IJIA
BBICOKOKOHICHTPUPOBAHHBIX

CJICAOBATCIIbHO, MOHHEIH 0OMeH IIPpOTECKACT Ooiee

pacTBOpPOB, a,

3¢ deKTUBHO.

st OTIpeIeIICHUS BIIMSTHUS MIPUPOIBI
pacTBOpeHHOro BemecTBa Ha 3(QeKTHBHOCTD
MOHHOTO OOMEHA C PAa3JIM4YHONW BaJCHTHOCTHIO U
pasMepaMu  MOJIEKYJI ~ TIOCTPOWMJIH  Tpaduk
3aBUCHMOCTH WU3MCHCHUS MOKa3aHu’
AJIEKTPOIIPOBOJIHOCTH  OT  TPUPOJABI  BEIIECTBA
(puc. 3).  Jlns BceX HMXKEYKa3aHHBIX BEIIECTB
KoHIIeHTpanus coctaBisia  0,5%, a  Bpems

bunprparun 25 munHyT. OnpeneneHbl 3HAUYCHUS
AIIEKTPONPOBOTHOCTH PACTBOPOB JI0 W  IOCIE
sKcTIiepuMeHTa (Tabsumia 3).

Both graphs show that at the concentration of
the substance in 0,5% solution the electrical
conductivity is minimal. However, a larger
decrease in concentration was observed for

highly concentrated solutions, and,
consequently, ion exchange takes place more
efficiently.

To determine the effect of solute nature on the
efficiency of ion exchange of different valence
and size of the molecules the authors have built
a graph of dependence of readings change of
electrical conductivity on the nature of the
substance (Fig. 3). For all of the following
substances, the concentration was 0,5%, and the
filtration time was 25 minutes. The values of
electrical conductivity of the solutions before
and after the experiment were determined
(Table 3).

Tabmuna 3
Table 3

HM3Mmenenue 3HaueHU QJICKTPOMMPOBOAHOCTHU B 3aBUCUMOCTHU OT IIPUPOJALI paCTBOPECHHOI'O BEIICCTBA
The change of conductivity values depending on the solute nature

BemectBo
Na,COs3 Na,SO,

Substance

NaCl

K:SOs | MgSO4 | CaCOs | NH.CI

HauanrnHoe 3HaueHue
QJICKTPOIIPOBOAHOCTH,
MCMm
The initial value of
the electrical
conductivity, mS

5,2 7,01

6,47

8,15 2,79 1,88 9,96

DIJIEKTPONPOBOJHOCTh
IIOCJI€ BBEACHUA
KaTHOHUTA N
apuonuTa, MCM
The conductivity after
the introduction of
cation exchange resin
and anion exchange
resin, mS

0,77 0,53

1,46

0,36 0,12 0,18 0,23
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NaCl Na2CO3 CaCO3 Na2SsO4 K2S04 MgSO4  NHA4C

Bewecrtsa / Substance

Puc. 3. 3aBUCHMOCTB 3J€KTPOIIPOBOJHOCTH 0OECCOIEHHOTO PacTBOpa OT MIPHUPOABI BEIIECTBA

Fig. 3. The dependence of the conductivity of a desalted solution on the nature of the substance

Onnako,  HEOOXOAUMO
HAYaJIbHBIC 3JICKTPOIPOBOJHOCTA PACTBOPOB JIO
oOMeHa, Kak

pa3IA4HEI.

YUYUTHIBATD, 4qTo

mnmponecca n 1I0CJIC

o0eccoMBaHms

HOHHOTO
C wnensro
HpI/IBC)IeHHBIX

ObUTH
BO3MOXXHOCTH  COIIOCTaBJICHHUS
pe3yabTaToB BBEIU KOIDDUIUEHT dPPEKTHBHOCTH
A,
3HA4YEeHHUS HIIEKTPOIPOBOJHOCTH K KOHEUHOMY:

A=1-— L)

Eo
rae E — anekTponpoBOJHOCTh MOCIE KATHOHUTA U

KOTOpHﬁ paB€H OTHOIICHHUIKO HAYAJIBbHOI'O

nonura, Eg— HayaabHOE 3HAUCHHUE
3JIEKTPONPOBOAHOCTH, MCM.

Torma moayduMm  CIEAYIOIIUMA rpaduka
3aBHCUMOCTH KOd(pdunueHTa 3PQGEeKTHBHOCTH OT
IpUpPOIBI BemecTBa (puc. 4).

BU]T

1,2

However, it is necessary to consider that the
initial conductivity of the solutions before ion
exchange and after desalination was different.
To compare the results the authors have
introduced the efficiency factor A, which is
equal to the ratio of the initial value of the

electrical conductivity to the final value:

A=1-2
Eo

1)

where E is the electrical conductivity after
cation exchange resin and anion exchange resin,
Eo — the initial value of conductivity, mS.

We obtain the following graph of the
dependence of the efficiency factor on the
nature of the substance (Fig. 4).

0.96 0,98
= 1 0,9 6,92 0.5 . —
2 0,85 N * v
Z 0,77
= 0,8
5
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S 8 06
o ©
H S
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& 2 pa
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_g_ Q

=

&
ﬁ* wop,2
[e]
=

0 T T |
Macl Na2 Co3 Caco3 N a2s04d K2504 MgS04 NHACI

Substance nature

IIpupona BemecTBa

Puc. 4. 3aBucumoctsb k03 punrenTa 3¢pGeKTUBHOCTH OT MPUPOABI BELIECTBA.
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Fig. 4. The dependence of the efficiency factor on the nature of the substance.

Ha ocu Y ormeuensl 3HaueHus ko3dduuumenra
a¢dekTUBHOCTH, ompeneneHnbie mo dopmyne (1),
Ha ocu X — BOJHBIE PACTBOPBI, COAEPKAIINE
BAJICHTHOCTBIO U

BEIIECTBA C  Pa3IMYHOMU

pa3MepaMu MOJIEKYII.

BriBoabl.

1. TIlpu oOmMeHe Ha  CHJIBHOKHCIOTHOM
Cynb(OKaTHOHUTE OJHO3APSIIHBIX U JBY3apsIHBIX
HUOHOB YCTaHOBIICH CIIEIYIOIIHN pan
CEJIEKTUBHOCTHU:

Na* < Ca?* < K* < Mg?* < NH,*

JIns KaTMOHOB, MMEIOIIMX OJMHAKOBBIA 3apsi,

PAIBI CENEKTUBHOCTH UMEIOT CIIEIYIOLIUN BUI:
H'<Na<K*<NH,",
M g2+ <Ca2+

DTO JOKa3bIBAET CIEAYIOIINE YTBEPKICHHUS:

— JIBY3apsiIHbIE MOHBI 00Jiee CEIEKTUBHBI, YEM
OJIHO3apsIHbIEC HOHBI;

— C YBEJIIMYEHHEM Pa3MEPOB MOHOB, TO €CTh C
YMEHbIIIEHUEM SHEpPruu TUJpaTalnH,
U30UPaTeIbHOCTh CYIb(OKATUOHUTA K KaTHOHAM
BO3pAacTaer.

HckmoueHUIMH B JAHHOM IIETIOYKE SIBISIOTCS
K" u Mg2+ , KOTOpBIE CBS3aHbl C KHCIIOTHBIM
OCTaTKOM 8042' CHILHOH KHCIOTBI. A CHJIbHBIC
JTUCCOUUUPYIOT
ciabble U, KpOME TOTO, TTOJTHOCTHIO.

3JIEKTPOJIUTHI ObIcTpee, ueM
2. [Ipn oOMeHe Ha BHICOKOOCHOBHOM aHHOHHTE,
coJiep KaIieM YeTBEPTHUHBIC aMMOHHUEBBIE TPYIIIIH,
JUIs  aHUOHOB CIEAYIOUMHA  psl
CENIEKTUBHOCTH:
CI"<CH3COO0 < CO5* < SO4”

9T0 AOKa3bIBACT CICAYIONINUC YTBCPIKIACHUA:

YCTAaHOBJICH

— QHHUOHBI KPYIHBIX pa3MepoB B OOJIbIIEH
CTENEeHH HapyIaloT CTPYKTYPY BOJbI, YEM aHUOHBI
MEHBIIEro pa3mepa. BeironHee ux nepexon B asy
CMOJIBI, TJI€ CTPYKTypa BOJbl MEHEE YNOpsA0YEHA.
[TosTomy 1npu

OJIMHAKOBOM  3apsijie

MCHBUICTO pa3MEpa BBITCCHANOTCA U3 HWOHHUTA

AHUOHBI

aAHUOHAMU OOJIBIIIETO pa3Mepa.

— C yBeJIMYEHHEM 3apsija W pa3Mepa aHHOHA
(Maccel © paaMyca MOJCKYJ) YBEIHYHBACTCS
CEJICKTUBHOCTh aHMOHHTA.

The values of the efficiency factor defined by
the formula (1) are marked on the Y-axis, on the
X-axis — aqueous solutions containing
substances with different valence and size of the
molecules.

Conclusions.

1. During the exchange on a strongly acidic
sulphocationite one-valent and divalent ions the
following range of selectivity was established:

Na" < Ca?* < K* < Mg®* < NH,*

For cation exchange resins with the same

charge, ranges of selectivity are as follows:
H'<Na<K'<NH,",
M92+<Ca2+

This proves the following statement:

— divalent ions are more selective than one-
valent ions;

— with the increase in size of the ions, i.e.
with the decrease of hydration energy, the
selectivity of sulphocationite to cations
increases.

Exceptions in the chain are K* and Mg®* that
are bonded with the acid residue SO,* " strong
acid. Strong electrolytes dissociate faster than
the weak ones and, in addition, they do it
completely.

2. With the highly basic anion exchanger
containing quaternary ammonium groups, the
following range of selectivity is established for
anion exchange resins:

CI"<CH3CO0 < CO5” < SO~

This proves the following statement:

— anion exchange resins of large size disrupt
the structure of water more than anion exchange
resins of smaller size. The passage to the phase
of resin is more efficient, where the structure of
water is less ordered. Therefore, for the same
charge, the smaller anions are displaced from
the ion exchanger with anions of larger size.

— with the increasing charge and size of the
anion (the mass and radius of the molecules)
increases the selectivity of the anion exchanger.

http://bps-journal.
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WOHHOTO OOMEHA MPHUHIUIHAIBHO OTIMYACTCS OT
00pabOTKM BOABI JAPYIMMH METOJAMH TEM, 4TO
ylaiseMble U3 Hee TPUMECH He 00pa3yroT Ocajka,
TpeOyIOIIEero MOCTOSTHHOTO yaaneHnus. Kpome Toro,
Takas o00paboTka He TpedyeT HEempephIBHOTO
JO3UPOBAHUS peareHTOB. CrnenoBarenbHO,
OKCIUTyaTalysl YCTaHOBOK, pabOTAOUINX IO METOAY
MOHHOTO OOMEHa, 3HAYUTENILHO MPOIIe, radapuThl
amnmapaToB MeHbIe, a 3hdEeKT 00pabOTKU BHIIIE,
4YeM y JPYTUX YCTaHOBOK.

Takum 00pa3zoM, OOJBIIMHCTBO KOMIIOHEHTOB,
COJICPKAIIMXCSI B MOPCKOM BOJIEC, MOXHO yJAJIUTh C
IOMOIIBI0O ~ HWOHHOTO  OOMEHa  JIOCTaTOYHO
a¢dekTuBHO, HE TmpuOeras K OOJBIIUM 3aTpaTaM.
To ecTb OKeaHCKHE U MOPCKHE BOJBI MOTYT CTaTh
[EHHBIM HCTOYHHKOM BOJHBIX PECYpCOB UL
IPOMBIIIJICHHOTO HCIIOJNB30BaHUS, TaK Kak HX

OT'POMHBLIC 3aIT1aChbl HPAKTUYCCKHN HCUCUCPITACMBEI.

bubaunorpaduyecknii Cnucok.

M. A. Meronasl
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exchange is fundamentally different from other
water treatment techniques in the fact that the
removed from it impurities do not form sludge
that requires constant removal. In addition, this
treatment does not require continuous reagent
dosing. Consequently, the operation of
installations operating by the method of ion
exchange is much easier, the size of the
apparatus is smaller, and the effect of treatment
is higher than in other plants.

Thus, most of the components of seawater can
be removed using ion exchange effectively,
without high costs. That is ocean water and
seawater can be valuable sources of water for
industrial use, as their huge reserves are
practically inexhaustible.
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