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Abstract

An effective method of water purification from manganese compounds is the use of magnetite, so it is advisable to
improve the way it is used. The main disadvantage of using dispersed microcrystalline magnetite is the difficulty of
implementing water purification in dynamic conditions, due to the significant resistance to water filtration. In the
case of the use of magnetite in static conditions, there is a constant consumption of magnetite after settling and
filtration, and the demanganization process requires the use of bulky and poorly mobile installations (mixers,
settling tanks and filters). Therefore, water purification from manganese ions was carried out under dynamic
conditions by filtering water through a layer of strong acid cation exchange resin KU-2-8 in H+, Na+, Ca2+ forms
modified with magnetite. This allows constant contact of the solution with the ion exchange material and reduces
the role of the limiting diffusion factor on the water purification process. When evaluating the effectiveness of
cation exchange resin KU-2-8 in the extraction of Mn2+ ions from water depending on the form of the resin, it was
found that the FEDC for the resin in H* form is 2198 mg-eq/dm3, for Na* it is 2175 mg-eq/dm3 and for Caz* the value
is 1717 mg-eq/dm3. Therefore, during the transition from H+ to Na* and to Ca2+ form there is a decrease in the
sorption capacity for Mn2+ ions in the cation exchange resin KU-2-8. On the cation exchange resin in Ca2+ form the
efficiency of demanganization decreases with increasing concentration of manganese ions. When increasing the
initial concentration from 5 to 10 and 30 mg/dm3 in distilled water, the residual concentration increases from 0.14
to 0.35 and up to 1.95 mg/dm3 when filtered through 10 cm3 of resin in Caz* form. When removing Mn2+ ions from
artesian water, the residual concentration was 4.0; 7.0 and 27.0 mg/dm3 respectively. Thus, on magnetite-modified
cation exchange resin, manganese ions are removed only partially due to ion exchange and their complete removal
from water is possible only due to catalytic oxidation and deposition on magnetite.
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OIITHKA BKJIAZLY IOHHOI'O OEMIHY B IIPOLIECAX IEMAHT AHAIIIT
MOJANPIKOBAHUM KATIOHITOM KY-2-8
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AHoTariqa

EdexTUBHUM MeTOAOM OYMIIEHHA BOAHU BiJ| CIOJYK MapraHuo € 3aCTOCyBaHHSI MarHeTUTY, TOMY AOLIJIbHUM 6yJ/10
B/IOCKOHA/IeHHs1 MeTOJy HOro BMKOPUCTaHHA. B poGoTi ouMieHHA BOAU BiA iOHIiB MapraHuio npoBOAWIN B
AVHaMiYHMX yMoBax npu ¢QinbTpyBaHHI BOAU 4yepe3 IIap CUJIBHOKHUCJOTHOro KartioHity KY-2-8 B H*, Na+, Ca2+
dopmax MmoaudikoBaHoro marHeturoM. lle f03BoJIsI€ 3a6€3NM€YUTH NOCTIHHUN KOHTAKT PO3YHMHY 3 iOHOOGMiHHUM
MaTepiajioM Ta 3HIXKYE poJb Jimityiodoro audysiiiHoro d¢akTopy Ha mpouec oumiieHHA Boau. Ilpu ouniHni
edpexkTHBHOCTI KaTioHiTy KY-2-8 mpu BuaydeHHi ioHiB MnZ?+ i3 BoaM B 3ajiekHOCTi Bijg ¢opmu ioHiTy Gy.sio
BcTaHoBJjaeHo, mo INOJE€ ana iowity B H*Y, popmi cranoButh 2198 mr-eks/am3, Na* - 2175 mr-ekB/am3, Ca2+ -
1717 mr-exB/am3. OTxe, npu nepexoAi Big H* go Na+ i go Ca?+ ¢opMu BiAGyBa€TbCAd 3HWKEHHA COPOLiiiHOI
3aaTHOCTI KaTioHiTy KY-2-8 mo ionax Mn2+. [Ipu nmigBUIeHHI NOYaTKOBOI KOHUeHTpanii 3 5 g0 10 Ta 30 mr/am3 B
AUCTU/IbLOBAHIN BOJi 3a/IMIIKOBAa KOHIeHTpauis 3pocrae Big 0.14 go 0.35 ta go 1.95 mr/am3 npu ¢iibTpyBaHHA
4yepe3 10 cm3 ionity B Ca2+ ¢popmi. [Ipu BuydyeHHi ioHiB Mn2+ i3 apTe3iaHCbKOI BOJAM 3a/JIMIIKOBi KOHLLeHTpaLisa
craHoBuM 4.0; 7.0 Ta 27.0 mr/am3 BianoBiaHo. OTxKe, Ha MOAU(PIKOBAHOMY MarHeTUTOM KaTiOHiTi ioHM MapraHujo
BWIY4YalOThCs JIMIIEe YACTKOBO 3a pPaxXyHOK iOHHOro o6MiHy, a mOBHe BWIY4YeHHA iX i3 BoAM MOXK/IMBe JUlIe 3a
PaxyHOK KaTaJIiITUYHOr0 OKHC/IEHHA Ta BUCa/ >KeHHs] Ha MarHeTHTI.

Karuosi cnosa: feMaHraHanisi; ioHHUNM 06MiH; KaTa/liTUUHE OKUC/IEHHS; apTe3iaHCbKa BOJa; MarHETUT
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AHHoTauga

9 PeKTUBHBIM METOJ0M OYMCTKH BOJAbI OT COeAMHEHUII MapraHua fABJsAeTCd NpUMeHeHHe MarHeTUTa, I03TOMY
IieJ1IeCO06Pa3HBIM GbIJIO COBepIIEHCTBOBaHME MeTO0/Ja ero McCNoJib30BaHMA. B paGoTe o4yMCTKY BOJbI OT MOHOB
MapraHua NpoBOAWIM B AUHAMHUYECKHUX YCI0BMAX NPH (PUJILTPOBAHMHU BOABI Yepe3 CJI0H CHUIbHOKHUCIOTHOTO
katuonuta KY-2-8 B H+, Na+*, Ca2* ¢opmax MOoAUPHUIMPOBAHHOTO MArHeTHTOM. JTO MNO3BOJISIET 06€CHEeYUTh
NOCTOAHHBII KOHTAaKT pacTBOpa € HOHOOGMEHHBIM MaTepHa/iOM M CHWKAeT poJb JHUMHTHPYIOLIETO
AndPy3sroHHOro ¢akTropa Ha mnpouecc O4YMCTKH Bojbl. IIpu oneHke 3¢pdeKkTHBHOCTH KaTHOoHUTA KY-2-8 mpm
HU3BbATUM HOHOB MnZ* U3 BOAbI B 3aBUCUMOCTH OT GOPMbI MOHUTA GbLJIO ycTaHOBJIeHO, uTo IIOJE a4 nonura B H+,
dopme cocraBaser 2198 mr-axkB/am3, Nat - 2175 mr-akB/am3, Ca2+ - 1717 mr-a3kB/am3. CiejoBaTesIbHO, NpPU
nepexoge ot H* k Na+ u k Ca2* ¢popMe NMPOUCXOAUT CHUKEHUE COPOGLIMOHHOMN crnoco6HOCTH KaTHoHMTa KY-2-8 mo
vuoHaM Mn?+. [Ipy MOBbINIEHMH HAYA/IBHOM KOHUIEeHTpauuu ¢ 5 g0 10 u 30 mMr/am3 B AMCTU/JIMPOBAHHOH Boje
0CTAaTO4YHaA KOHLeHTpanusa BospacrtaeT oT 0.14 a0 0.35 u go 1.95 mr/am3 npu ¢puabTpanuu 4epe3s 10 cM3 MOHMTA B
Caz+ ¢popme. [Ipy U3BATHH MOHOB Mn2+ ¢ apTe3UaHCKOM BOJbl OCTaTOYHbIE KOHLEHTpaluu coctaBasaim 4.0, 7.0 u
27.0 Mmr/am3 cooTBeTCTBEHHO. TakK, Ha MOAUGHMIMPOBAHHOM MarHeTUTOM KaTHOHUTE MOHbI MapraHia U3bIMalOTCA
JIMIIb 4YacTUYHO 3a CYeT MOHHOro OGMeHa, a NOJIHOe M3BJieYeHHe HUX U3 BOJbl BO3MOXKHO JHIIOb 3a CYET
KaTaJIMTH4YeCKOT0 OKMC/IEHUA U OCAKAEeHUA Ha MarHeTHUTe.

Karuesvie cnosa: JA€MaHraHalusd; WOHHBIN OGMQH; KaTaJIUTUYIE€CKOEe OKUCJIEHHUE; apTe3uaHCKad BOJd; MAaTrHETHUT.

Introduction

The number of water supply sources in
Ukraine with high quality water is quite limited.
Among other pollutants of natural waters, a
significant place is occupied by ions of iron,
manganese, nitrates, humic sunstances [1-3].
Water lighting and decolorization technologies
are widely used today [4; 5]. Purification of water
from iron can be achieved by aeration of water
and its filtration [6-8]. Anion exchangers provide
efficient removal of nitrates, phosphates and
sulfates from water [9; 10].

It is much more difficult to solve the problem
of water demanganization, as manganese (II) ions
are oxidized in water very slowly: hundreds of
thousands of times slower than iron (II) ions [11-
13].

Ion exchange and reverse osmosis are not
selective for manganese ions, which leads to a
deep softening of water desalination, when there
is no need to completely remove carbonates,
hardness ions and other water-soluble
substances from the water [14; 15]. The presence
of manganese in concentrations greater than
0.2 mg/dm3 is not allowed in potable water [14].
However, the concentrations of manganese in
water can be in much higher concentrations (0.5-
5mg/dm3) due to natural factors and
anthropogenic impact. [16-19]

Recently, many works have been published
describing the processes of extraction of
manganese ions from water by sorption methods
[20-22]. Sorbents with a deposited catalyst film,
preferably manganese oxide, are often used to
increase the purification efficiency [23, 24]. A

catalyst for the oxidation of manganese ions
based on manganese ore was also developed [25].

It should be noted that the oxidation of Mn2*
ions, even in the presence of catalysts, largely
depends on a set of factors, such as: pH of the
medium, redox potential of the medium, the
concentration of manganese and oxygen ions [26,
27]. The author has concluded that the auto-
oxidative reaction between Mn2* and MnO: in
solutions does not occur at pH below 9.0.

In general, the oxidation processes of
manganese (II) ions on the surface of catalysts
are accompanied by the formation of MnOs,.
Although in the complete absence of chlorides,
the formation of Mn;03 is possible [28].

Recently, more and more attention is paid to
biological methods of water demanganization
[29-31]. However, the biochemical oxidation of
manganese is a more complex process than
sorption and chemical oxidation and is often
much slower than these processes [32]. At the
same time, the enzymatic oxidation of manganese
can take place in high yield.

However, sorption-catalytic extraction of
manganese (II) ions from water can be more
technological. This process involves the sorption
of Mn2+ions on the catalyst and their oxidation to
MnO:; in the presence of oxygen. The best results
were obtained using magnetite. This sorbent
catalyst is effective in the oxidation of iron ions
and manganese [33].

However, the use of magnetite is possible only
in static conditions. Adding to the water of fine
magnetite and its separation in settling tanks and
filters is needed. This complicates the water
purification technology. The filtration of water
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through the magnetite layer is too slow, as the
magnetite particles are very fine (they are
nanoparticles in size) [34]. Therefore, magnetite-
modified cation exchange resins, such as KU-2-8
cation exchange resin, are used to remove
magnetite under dynamic conditions. However, in
the process of modifying the cation exchange
resin, it is treated with alkali at the last stage,
which leads to the transition of the resin to the
Na+ form. In this case, the extraction of
manganese can occur due to sorption and
oxidation on magnetite, or due to sorption on
cation exchange resin, which is the basis of the
catalyst. When studying the mechanism of
manganese ion extraction, it was noted that
conversion of cation exchange resin into Ca2?+
form did not guarantee complete exclusion of ion
exchange from the process of manganese (II) ion
separation from water. Therefore, to clarify the
mechanism of the extraction of manganese (II)
ions from water, it was expedient to study in
detail the mechanism, including the use of Ca2+
form of the resin.

The aim of the work was to study the
processes of ion exchange extraction of
manganese (II) ions from water, taking into
account the dependence of the process on the
concentration of manganese (II) ions, the form of
ion exchanger, the presence of hardness ions in
water.

To achieve this goal, the following tasks were
set:

- Evaluate the effectiveness of cation exchange
resin KU-2-8 in the extraction of manganese (II)
ions from water, depending on the form of the
resin;

- To determine the efficiency of the extraction
of manganese ions from water, taking into
account the level of manganese concentration in
water;

- Evaluate the effect of hardness ions on the
sorption of manganese ions from dilute solutions.

Materials and methods

Strong acid cation exchange resin in H*, Na*,
Ca?* forms was used. As working media solutions
of manganese sulfate in distilled and artesian
water were used. Artesian water had the
following characteristics: hardness H = 4.0 - 5.3
mg-eq/dm3, alkalinity A = 4.0 - 5.2 mg-eq/dm3,
pH = 7.20-7.87, [Ca?* = 3.0 - 4.1 mg-eq/dm3, [C]]
25.0-75.0 mg/dms3, [SO4] = = 15.0-
48.0 mg/dm3, the concentration of manganese
ions was at the level of 5 to 300 mg/dm3.

Solutions of manganese sulfate in distilled and
artesian water with concentrations of Mn2?+ from

5 to 300 mg/dm3 were filtered during the studies
on the extraction of manganese ions on the KU-2-
8 cation exchange resin (Vi = 10 cm3). The resin
was used in H*, Na+, Ca?* forms. Consumption of
solutions was 10 cm3/min. The sample volume
was 250-500 ml. Manganese concentration, pH
and calcium ion concentration were monitored in
the selected samples.

Results and Discussion

The known order of selectivity of double-
charged cations for strongly acidic cation resins is
following:

Hg2+ < Cd2+ < Mn2+ < Mg2+ < 7n2+ < Cu?+ < Ni2+ <
Ca?+ < Sr2+ < Pb2+ < Ba2+

According to this data, the cation exchange
resin KU-2-8 has a much higher selectivity for
calcium ions compared to manganese ions.
However, this does not mean that in the Ca?* form
the cation exchange resin will not sorb
manganese ions. Especially in conditions when
solutions of manganese (II) salts do not contain
calcium ions, and the concentration of manganese
ions is significant. In this case, the course of ion
exchange will be determined to a lesser extent by
selectivity and to a greater extent by the process
of equalization of the concentration between the
solution and the sorption volume of the resin.
Thus, during the sorption of manganese ions
from solutions of manganese sulfate in distilled
water at a concentration of the latter 280 - 300
mg/dm3 on the cation exchange resin KU-2-8 in
H+, Na* and Ca?* forms (Fig. 1, Fig. 2, Fig. 3), full
exchange dynamic capacity (FEDC) of the cation
exchange resin was the same for H* and Na*
forms and reached its limit values: 2198 and
2175 mg-eq/dm3 respectively. For cation
exchange resin in Ca?* FEDC was slightly lower
and reached 1717 mg-eq/dm3. The solution was
acidified only when using cation exchange resin
in H* form due to the exchange of Mn2* ions for
counterions. For the resin in the Na* and Ca?+
form, the sorption process had little effect on the
pH of the solution.

To mathematically describe the initial
sorption curves under dynamic conditions
(dependence between the concentration of ions
in the eluate and the sorption time, or the
consumed volume of the solution) at a given
constant filtration rate of the solution through the
column with cation exchange resin most often the
Thomas model is used. It is one of the most
reliable models, which is quite simple and easy to
use. The Thomas model is described by the
dependence:
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o T
Co 1+exp (K(%{—co-r))

where K is the constant of the Thomas model,
dm3/mg-h; Q is the maximum concentration of
metal in the solid phase, mg/g; V is the
volumetric rate of filtration of the solution
through the column (flow rate of the solution
through the column), dm3/h; m is the mass of the
sorbent, g; t - time, year.

When controlling the process by measuring
the volumes of filtered solutions at a constant
filtration rate, the filtration time (h) can be
calculated by the formula:

P=—=
Vv

)

where V; is the volume of the filtered solution

The application of the Thomas model, which
describes the dynamic initial sorption curves, is
reduced to determining the constant of the
Thomas model by experimental results. The
kinetic coefficient and sorption capacity of the
column can be determined by the linear
dependence of In (C/Co-1) on 1 (or on Vs/V). The
dependence can be represented as:

(1) (%)

In (%— 1)
M V.
SRS
The coefficient of determinism (correlation)
R2 was calculated by the formula:

RZ= Z?=1(yi _?)
: 2 — ?)2
where y is the average value of the function (in

this case the calculated value of the concentration
CMn*, mg/dm?

of metal ions in the solution C, mg/dm3) at a
given value of the argument x (in this case the
volume of the solution passed through the ion
exchanger Vs, dm3); y; is the value of the function
(C) at a given value of x (Vs).

For 10 cm3 of cation exchange resin, the mass
was calculated based on the specific volume of
2.7 cm3/g, M = 3.7 g. In the case of the sorption of
manganese ions under dynamic conditions, the
kinetic coefficient (Thomas model constant) was
equal to 0.01394 dm3/mg-h for the resin in H*
form, 0.00729 dm3/mg-h for the resin in Na*
form, 0.00370 dm3/mg-h for the resin in Ca2+
form. The maximum concentration of the metal at
the selected concentrations of Co was determined

by FEDC.
Vi-N

~ 71000 M,
where Er - FEDC, mg-eq/dms3; N is the equivalent
weight of the metal; for Mn2+ it is 27.45 mg; M is
the mass of the resin, g (for this case 3.7 g); Vi is
the volume of the resin, cm3.
For manganese ions, based on equation 1, the
Thomas model can be Writtgn as:
C= 0

1+ exp [0.00976(#— GCo (%))]

Q

As it can be seen from Fig. 1 - 3, calculated
dependences of C on V; according to the Thomas
model correlate well with experimental data not
only for ion exchanger in H+* and Na+* forms, but
also for ion exchanger in Ca2* form, and therefore
adequately describe the processes of the sorption
of manganese ions on cation exchange resin KU-
2-8 in dynamic conditions.

pH
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Fig. 1. The dependence of the concentration of manganese ions (1; 2) and the pH (3) of a solution of
manganese sulfate (C (Mn2+) = 280 mg/dm3) in distilled water on the filtration rate through the cation exchange
resin KU-2-8 in H* form (Vi = 10 cm3) at a solution flow rate of 10 cm3/min. (curve 2 is calculated according to the

model of Thomas) (FEDC = 2198 mg-eq/dm3)
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Fig. 2. The dependence of the concentration of manganese ions (1; 2) and the pH (3) of a solution of
manganese sulfate (C (Mn2+) = 280 mg/dm3) in distilled water on the filtration rate through the cation exchange
resin KU-2-8 in Na* form (Vi = 10 cm3) at a solution flow rate of 10 cm3/min. (curve 2 is calculated according to the
model of Thomas) (FEDC = 2175 mg-eq/dm3)
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Fig. 3. The dependence of sorption of manganese ions (1; 2) and the pH (3) from a solution of MnSO4
(C (Mn2+) = 300 mg/dm3) in distilled water on the cation exchange resin KU-2-8 (Vi = 10 cm3) in Ca2+ form on the
volume of the passed solution (U = 10 cM3/min) (curve 2 is calculated according to the model of Thomas) (FEDC =
1717 mg-eq/dm3)

It should be noted that for the cation exchange
resin KU-2-8 in H*, Na+*, Ca?* forms, the
coefficients K in the Thomas model differ from
each other, due to the fact that despite the close
initial concentrations of manganese,
experimental sorption curves are different.
Despite the fact that FEDC for cation exchange
resin in H* and Na* forms do not differ, the initial
sorption curves for different forms are different
(Fig. 1 and Fig. 2). In the first sample (Vs =
0.25 dm3) for cation exchange resin in Na* form
the concentration of manganese reaches 1.3
mg/dm3, while for H+ form the excess of
manganese concentration (1.0 mg/dm3) occurs
when passing more than 1.5 dm3. For cation
exchange resin in Ca2* form, the concentration of

manganese in the first sample (Vs = 0.25 dm3)
reaches 5.0 mg/dm3.

It is interesting to note that when the
concentration of manganese in distilled water is
reduced to 30.0 mg/dm3, its sorption on the
cation exchange resin KU-2-8 in the Ca?* form is
quite effective (Fig. 4). When filtering 4.0 dm3 of
the solution through 10 cm3 of cation exchange
resin at a flow rate of 10 cm3/min, the
concentration of manganese on the initial
sorption curve increases from 0.6 mg/dm3 to
1.95 mg/dm3. The sorption curve calculated
according to the Thomas model at a value of the
coefficient K = 0.0037 dm3/mg-h is quite close to
the curve obtained experimentally.

Similar results were obtained at a
concentration of manganese (II) in distilled water
of 5.0 and 10.0 mg/dm3 during sorption on cation
exchange resin in the Ca?* form (Fig. 5). And in
this case, the initial curves calculated by the
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Thomas model are close to the experimental
dependences. In all cases (Fig. 4 and Fig. 5) the
concentration of calcium ions desorbed from the
ion exchanger exceeds the equivalent amount of
sorbed manganese ions. It is possible that in this

CMn**, mg/dm?

case, when converting the cation exchange resin
to the Ca?* form, an excess of calcium sorption
took place, which was accompanied by leaching
of excess calcium ions with distilled water.

C Ca?, mg/dm?

30 B e 1.2
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\ ! Aemae o _
v/ A== h
204 %/ - 08
|l
154 v - 0.6
Iy
———-]
I 04
! [} -E--‘,
! \
591 [} -l a3 - 0.2
! Y
oA B _Aa L | L —— = 26
0 0.5 1 1.5 2 25 3 3.5 4
V, dm?

Fig. 4. Dependence of the concentration of manganese (1; 2) and calcium ions (3), on the volume of the
solution of manganese sulfate (C Mn2+ = 30 mg/dm3) passed through the cation exchange resin KU-2-8 in Ca2+ form

(Vi=10 cm3) (curve 2 is calculated according to the model of Thomas)

CMn**, mg/dm?
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Fig. 5. The dependence of the concentration of manganese (1; 2; 3; 4) and calcium ions (5; 6), from a solution
of manganese sulfate in distilled water (C Mn2+ = 5 mg/dm3 (1; 2; 5) C Mn2+ = 10 mg/dm3 (3; 4; 6)) on the volume
passed through the cation exchange resin KU-2-8 in Ca2+ form (Vi = 10 cm3) at a solution flow rate of 10 cm3/min.
(curves 2 and 4 are calculated according to the Thomas model)

Sorption of manganese ions from solutions
with concentration of 5, 10 and 30 mg/dm3 in tap
water was much less effective when they were
filtered through cation exchange resin KU-2-8 in
Ca?* form (Fig. 6). As it can be seen from Fig. 6,
the concentration of manganese in the solution
with an initial concentration of 5 mg/dm3 after
passing 4 dm3 of the solution increases to 4.0
mg/dms3. At an initial concentration of 10 mg/dm3
under these conditions it increases to 7 mg/dms3

and at an initial concentration of 30 mg/dm3 it
increases to 27 mg/dm3. If we compare with the
data of [35], where it was clearly shown that
when passing a solution of manganese sulfate in
artesian water (CMn2* = 5mg/dm3) through
10 cm3 of magnetite-modified cation exchange
resin KU-2-8 in Ca?* form (volume 8 dms3), the
concentration of manganese in the source water
was 0 mg/dms3.
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Fig. 6. Change in the concentration of manganese (1; 2; 3) and calcium ions (4; 5; 6), from a solution of
manganese sulfate in artesian water (C Mn2+ = 5 mg/dm3 (1; 4); C Mn2* = 10 mg/dm3 (2; 5); C Mn2+ = 30 mg/dm3 (3;
6); C Ca2+ = 4,0 mg/dm3) when filtering them through the cation exchange resin KU-2-8 in Caz* form (Vi = 10 cm3)

It is clear from Fig. 6 (curve 1) that when
passing such a solution through the unmodified
cation exchange resin KU-2-8 in Ca?+ form with a
volume of the passed solution of 4 dms3, the
concentration of manganese increases from 0.4 to
4.0 mg/dm3. It can be assumed that the extraction
of manganese from water during its filtration
through magnetite-modified cation exchange
resin is partly due to ion exchange, but the
biggest part is removed due to catalytic oxidation
on magnetite.

Conclusions

1. It is shown that cation exchange resin KU-2-
8 provides extraction of Mn2* ions from water.
FEDC for ion exchanger in H*, Na*, Ca?* form is
2198, 2175, 1717 mg-eq/dm3 respectively. The
concentration of manganese in the initial
solutions reaches 0.01 - 280 mg/dm3, for the
resin in the Na+* form it is 1.3 - 280 mg/dm3, and
5.0 - 300 mg/dm3 for the resin in the Ca?+ form at
a volume of solutions of 3.25 dm3. This indicates a
decrease in the sorption capacity of the cation
exchange resin KU-2-8 on Mn?* ions during the
transition from H* to Na+* and to Ca?* form.

2. It is established that during sorption of
manganese (II) ions from distilled water on
cation exchange resin in Ca%* form, the efficiency
of water purification decreases with increasing
concentration of manganese ions. When filtering
4 dm3 of Mn2* solutions with concentrations of 5,
10 and 30 mg/dm3, respectively, through 10 cm3
of ion exchanger in Ca?* form, the residual
manganese concentration increases from 0.14 to
035 and up to 1.95mg/dm3. When the
concentration of Mn2+ is 300 mg/dms3, the
residual concentration of manganese reaches 26

mg/dm3 at a volume of filtered solution of
0.5 dma3.

3. The influence of hardness ions on the
sorption of manganese (II) ions on the KU-2-8
cation exchange resin in Ca?* form has been
determined. It is shown that under these
conditions the efficiency of manganese sorption
decreases due to competitive sorption of
hardness ions. At initial concentrations of Mn2z+
being 5, 10 and 30 mg/dm3, the concentrations of
manganese leakage reach 4.0, 7.0 and
27.0 mg/dm3 respectively. This confirms the
conclusion that on magnetite-modified cation
exchange resin manganese ions are removed only
partially due to ion exchange and their complete
removal from water is possible only due to
catalytic oxidation and deposition on magnetite.

4. It is known that the concentration of Mn2+
ions in natural water does not exceed 8 mg/dm3
at concentrations of hardness ions greater than
4 mg-eq/dm3, which significantly reduces the
efficiency or makes ion exchange purification of
water impossible. The use of magnetite-modified
cation exchange resin in the demanganization of
aerated water provides complete removal of Mn2*
ions due to catalytic oxidation without restriction
of the filter cycle.
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