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In this work, the results of researches on application of cation exchange resin KU-2-8 modi-
fied by iron compounds with the reception of magnetite were investigated. As a result, we found the
mechanism by which water is purified from manganese ions using cation exchange resin KU-2-8
modified with magnetite. It was shown that the cation exchange resin modified with magnetite pro-
vides the removal of a significant part of manganese ions due to catalytic oxidation on magnetite.
The conditions of effective manganese extraction under static and dynamic conditions are deter-
mined.

Keywords: manganese (Il) ions, oxidation, catalyst, sorbent, modified cation exchange resin,
water purification, magnetite.

BUIYYEHHA MAPT"AHLIIO 3 BOAU 3A IOIIOMOI'OIO COPGEHTA
KATAJIISBATOPA

M. JI. Tomens, a.1.1H., npodecop, I. M. Tpyc, k.T.H., nouent, M. M. TBepaoximi0, K.T.H., aCHCTEHT,
C. IcHioK, cTyneHTKa, kadenpa Exomnorii Ta TexHOJOr1l pocAIMHHUX NoJiMepiB, HanioHansHMiMA
TEeXHIYHUHN yHiBepcuTeT YKpainu «KUiBChKUI MONITEXHIYHUN 1HCTUTYT iMeHi Iropst CikopchbKoroy,
VYkpaina

VY wiit po6GOTI MPEACTaBICHO Pe3yabTaTH JOCTIKEHb 13 3aCTOCYBaHHSA KaTIOHOOOMIHHOI CMO-
mn KVY-2-8, monn¢ikoBaHOi CHoigykamMu 3amiza 3 OTPHUMaHHSIM MarHeTUTy. Byno BcTaHOBIIEHO
MEXaHi3M OYMILEHHS BOAM BiJl 10HIB MapraHiio 3a JOMOMOTOK KaTioHO0OMiHHOI cMonu KVY-2-8,
MonaudikoBaHoi maruetutoM. Ilokazano, mo mMoau¢iKoBaHa MarHeTUTOM KaTiIOHOOOMIHHA cMoJia
3a0e3mneuye BUJAJICHHS 3HAYHOI YaCTHMHM 10HIB MapraHillo 3a paxyHOK KaTaJiTUYHOTO OKHUCICHHS
Ha MarHeTuTi. BU3HaueHO yMOBU €(eKTUBHOTO BUITYYE€HHS MapTaHIiO B CTATUYHHUX Ta JTUHAMIYHHX
yMOBax.

Knrouosi cnosa: ionn mapranuto (II), okucnenHs, karamizaTtop, copOeHT, MoAudikoBaHa
KaTiOHOOOMIHHA CMOJIa, OYHMILEHHS BOAM, MarHETHUT.

Natural underground waters often contain manganese ions in such amount that
the water becomes hazardous for human health. Manganese in underground waters is
presented as ion Mn?*, salts of which are soluble. To remove manganese from water
one should transfer it to insoluble state by oxidation. Today, there are a number of
typical technologies of demagnetization of water. Many works have also been pub-
lished which describe the purification of water from manganese ion by sorption, ion
exchange, aeration and filtration, catalytic oxidation and electrocautery.However,
most of the listed methods have significant disadvantages. Removal of water from
compounds of manganese is a more complex task since its oxidation to an insoluble
form requires more powerful oxidants and the creation of certain conditions [1].

The ion exchange removal of manganese ions from natural waters is problemat-
ic, as the concentrations of hardness ions in such waters are an order of magnitude
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higher than the concentration of manganese, which, accordingly, leads to the predom-
inant removal of hardness ions from water [2]. The same can be said about
baromembrane processes of water purification (reverse osmosis and electrodialysis),
which provide almost complete desalination of water [3].

Therefore, more promising in this case are the processes based on the use of
manganese oxidation catalysts and sorbents with catalytic properties. In general, the
oxidation of manganese (II) ions on the surface of catalysts is accompanied by the
formation of MnQO,. Although in the complete absence of chlorides, the formation of
Mn,Oj5 is possible. It should be noted that the oxidation of Mn?" ions, even in the
presence of catalysts, largely depends on a set of factors, such as: pH, redox potential
of the medium, the concentration of manganese and oxygen ions [4].

The purpose of this article is to evaluate the efficiency of manganese removal
from water when using a catalyst sorbent. In this work, the results of researches on
application of cation exchange resin KU-2-8 modified by iron compounds with the
reception of magnetite were investigated. Sorbents synthesized due to iron oxide
compounds are actively used in various chemical technologies. It was found that
magnetite (FesO,4) nanoparticles show sorption activity against heavy metal salts [5].

The modified KU-2-8 cation exchange resin was obtained in two stages. In the
first stage, the ion exchange resin was treated with a solution containing the iron (1)
and iron (111) ions in the ratio Fe*":Fe** =1:2. The first stage lasted until the saturation
of the cation exchange resin with iron ions. In the second stage, the cation exchange
resin was treated with a 10% alkali solution. The mixture was stirred until complete
hydrolysis of iron ions with the formation of magnetite in the pores of the cation ex-
change resin.

For removel of mangnese from wter we used unmodified and modified KU-2-8
cation exchange resin under dynamic conditions. It should be noted that when modi-
fying the KU-2-8 cation exchange resin with magnetite at the last stage of the pro-
cess, the resin is treated with alkali. In this case, the Fe** and Fe** ions in the pores of
the ion exchange material form magnetite Fe;O,, and the cation exchange resin itself
turns into Na'-form and can effectively sorb cations from solutions, including the
Mn?* cations. We studied the processes of sorption of manganese ions on the KU-2—
8 cation exchange resin depending on its form (Fig. 1).

As can be seen from Figure 1, the cation exchange resin effectively absorbs
manganese in H*- and Na‘-forms. In the Ca®*form, the capacity of the cation ex-
change resin reaches 1700 mg-eq/dm?®, while in the H*- and Na*-forms the capacity of
the cation exchange resin in manganese exceeds 2000 mg-eg/dm?®. In this case, when
using cation exchange resin in the Ca®*-form, a leakage of manganese ions in the
concentrations greater than 10 mg/dm?® is observed in the first samples of the filtered
solution. This indicates that at low concentrations of manganese ions, they will be
practically not sorbed on the cation exchange resin in the Ca**-form, due to the high
selectivity of the cation exchange resin for calcium ions. This means that in this case,
when using cation exchange resin, the main process will not be the removal of man-
ganese ions, but the softening of water.
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Fig. 1. Dependence of residual concentration of manganese ions (1; 2; 3) and pH
(4; 5; 6) on the volume of the passed solution and the form of the KU-2-8 cation ex-
change resin (V; =10 cm®: H'-form (1; 4), Na*-form (2; 5), Ca*-form (3; 6)
(TDEC1= 2187 mg-eq/dm?®; TDEC2= 2169 mg-eq/dm®; TDEC3= 1708 mg-eq/dm?)

In some cases, especially when preparing drinking water, such deep softening is
impractical. In addition, the process is significantly complicated by the need to peri-
odically regenerate the cation exchange resin from hardness ions. At the same time,
there is a difficult problem of utilizing the fulfilled regeneration solutions. Therefore,
we used magnetite-modified cation exchange resin to extract manganese from water
in both the Na*- and Ca**-form (Fig. 2).
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Fig. 2. Change in the concentration of manganese ions (1,2), hardness (3,4) and
pH (5,6) depending on the missed volume of a solution of manganese sulfate
(IMn*] = 5 mg/dm?®) in artesian water through the KU-2-8 cation exchange resin,
modified with magnetite (Vi = 10 cm®) and cation exchange resin forms: Na*- form
(1,3,5); Ca**-form (2,4,6)
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As can be seen from Figure 2, the manganese ions were completely removed on
the modified cation exchange resin in the Na'-form at their concentration in solution
at the level of 5 mg/dm?(Fig. 2, curve 1). If 7-8 dm?® of water was missing in the first
stage, manganese extraction was possible both due to sorption on the cation exchange
resin and catalytic oxidation on the magnetite, then later, when all the cation ex-
change resin turned into the Ca**-, Mg**-form, manganese extraction was mainly due
to catalytic oxidation on magnetite. This is also confirmed by the data shown in Fig. 2
(curve 2, 4). In this case, the cation exchange resin was previously converted to the
Ca”**-form. Therefore, it did not absorb the hardness ions from the water. Its capacity
was also small during the sorption of manganese ions at their concentration of 5
mg/dm?®. It is obvious that the bulk of manganese ions were removed from the water
due to catalytic oxidation on magnetite.

Obviously, in the first, rather limited stage of water purification, the processes of
sorption of manganese ions along with hardness ions mainly prevail. Subsequently,
when the exchange capacity of the cation exchange resin is exhausted, the extraction
of manganese occurs mainly due to its oxidation on magnetite. It is likely that man-
ganese oxide (MnOQ,) is included in the structure of magnetite or fixed in the porous
polymer material that is the basis of the cation exchange resin. All this ensures the
maintenance of catalyst activity. Therefore, it can work for a long period of time. It is
advisable to use mechanical filters to trap the MnO, particles that can be washed out
of the sorbent.
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