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scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to be
accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts
& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The inclusion of
News of NAS RK. Series of chemistry and technologies in the Emerging Sources Citation Index
demonstrates our dedication to providing the most relevant and influential content of chemical
sciences to our community.
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MeH MeKkemeriepee KoHmeHm mepeHOdiai MeH canacklH ycbiHaobl. KP YFA Xabapnapbl. Xumus
XXoHe mexHonoaus cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabIK yWiH
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SORPTION OF MANGANESE (I1) AND VANADIUM (1V) CATIONS BY TAGAN
BENTONITE IN AN AQUEOUS MEDIUM

Abstract: the process of sorption of Mn?* and V** cations by bentonite of the Tagan deposit studied
depending on various factors (T, °C; t, min; S: L ratio; Cmn and Cy, mg/l). It was found that bentonite exhibits
sorption properties with respect to the studied cations in a wide range of pH values (from 1 to 10). The highest
degree of their sorption is achieved at the consumption of bentonite 1.5 g per 100 mass. p.of metal-containing
solution. The influence of the nature of the cation on the sorption capacity of Tagan bentonite was established.
The most intense increase in the degree of sorption of manganese (I1) occurs in 15 min with an increase in
temperature to 35°C. The highest degree of sorption of V** cations is achieved in 60 min at 25°C in weakly
concentrated vanadium-containing solutions (50 mg/l V**). Bentonite from the Tagandeposit exhibits a lower
sorption capacity with respect to V** cations as compared to Mn?* cations, which is due to the nature of the

cation.

Key words: bentonite, montmorillonite, sorption, desorption, degree of sorption, Mn?* and V** cations.

Introduction. In recent years, heavy metals
have been entering the biosphere intensively from
the wastewater of the light, heavy, oil-producing
and oil-refining industries. Polluted industrial
effluents contain Co, Mn, Ni, V, Cr, Pb, etc. metals
that are able to concentrate in organisms and have a
negative effect on human health. Heavy metals have
a pronounced summation effect, so the combined
presence of several elements increases their toxic
effect several times [1]. The problem of purification
of various media from heavy metals is solved by the
sorption method using natural sorbents that have ion
exchange and sorption properties, good physical
and chemical characteristics, and low cost [2]. Such
requirements are met by clays with a layered
structure (bentonites) with the main rock-forming
mineral montmorillonite, a highly developed
internal surface, the ability to swell and chemical
resistance [3, 4]. Bentonites exhibit sorption
properties, first, due to a highly branched surface on
which active adsorption centers are located [4-7, 8].
Secondly, due to the formation of intra-atmospheric
complexes through the Si/O - and Al/O-groups at
the edges of clay particles [9].

Manganese (1) and vanadium (1V) are toxic
heavy metals. High concentrations of these metals
have a toxic effect on living organisms, leading to
irreversible violations of biochemical processes.

Currently, to remove manganese and vanadium
cations from water, it is necessary to maintain the
pH to a certain level in order to oxidize them,
followed by precipitation of hydroxides of these
metals and filtration of the resulting compounds.

The problem of wastewater treatment and
water treatment largely rests on the lack of cheap
multifunctional sorbents that are stable during
operation. The search for sorbents with high
sorption capacity, selectivity, and low cost is of
great importance, since ion exchange has taken an
important place among the main methods of water
purification, which are diverse in origin.

Natural and synthetic materials — sand, wood,
activated carbon, silica gels, ion-exchange resins,
etc. - are used as sorbents for cleaning various
media. However, these sorbents have a number of
disadvantages, such as fast clogging, they have
insufficient high adsorption properties, since their
pore sizes are small and the internal surface area is
small. Synthetic sorbents have a good absorption
capacity, but are characterized by higher cost,
complexity of production and the use of high
temperatures, pressures and catalysts.

In recent years, natural layered
aluminosilicates, such as zeolites, glauconites,
bentonites, montmorillonites, kaolinites, illites,
chlorites, etc., have been used in the practice of
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water treatment. Special attention should be paid to
clay minerals, which have a high specific surface
area, chemical and mechanical stability, the ability
to vary surface and structural characteristics, and
low cost [10].

To remove toxic heavy metals, it is advisable
to use a widespread, inexpensive clay mineral as an
adsorbent - bentonite clays. The Republic of
Kazakhstan has significant natural reserves of
bentonite, the main mineral of which is
montmorillonite, which determines their sorption
properties [12, 13]. Bentonite clays are natural
mineral sorbents, and rarely occur in the layers in
their pure form, because they contain accompanying
minerals (beidellite, hydrosludes, chlorites, kaolite,
etc.) [11].

The aluminosilicate framework of clays
mainly consists of alternating parallel two-
dimensional layers formed by silicon-oxygen
tetrahedra and  aluminum-oxygen  hydroxyl
octahedra. In montmorillonite (MM), the main
component of clays, the external and internal
surfaces of the basal faces are active. In addition, its
edge areas are active, creating a large active surface
that reaches 700-800 m? / g [14].

Montmorillonite clays are characterized by a
high cation exchange capacity of 60 to 150
meq/100g. The exchange cations of
montmorillonite are located in the inter-pack space.
The exchangeable cations of montmorillonite are
more often represented by sodium, calcium, and
magnesium ions, which are easily exchanged for
other cations. This is due to the fact that the charge
of the montmorillonite lattice is mainly due to the
charge of the octahedral layer. The charge of the
octahedral layer acts on the exchange cations at a
greater distance than the charge of the tetrahedral
layer. Consequently, the binding strength of cations
to the octahedral layer is less strong than that of the
tetrahedral layer [15].

The MM crystal lattice is electrically
unbalanced (an excess of negative charges is
created). The lack of positive charges is covered by
exchange cations that are adsorbed on the outer and
inner surfaces of the package and on its edge parts
(in areas of chips and violations).

The authors of the article [16] determined the
material composition and sorption properties of
clays in relation to heavy metal ions: Cu?*, Pb*,
Fe®".With the help of the studied sorbents, it was
possible to reduce the concentration of Cu (I1) ions
by (83.5-93)%, Pb (I1) ions by (94-97)%, and Fe(l11)
ions by (97-99)%, with an initial concentration of
ions of each metal of 10 mg/I.

Materials and methods. In this work,
montmorillonite-containing bentonite from the
Tagan deposit (East Kazakhstan) was used, in which

the content of montmorillonite reaches (90-92)%.
Natural bentonite has the following chemical
composition, wt.%: 69, 2Si0O,; 23.40 Al,Os; 3.05
Fe,0s; 1.78 Cat; 1.55 MgO; 0.47 Mn; 0.08 2; 0,
04Na,O; 0.37 TiO2. Judging by the chemical
composition, it belongs to calcium bentonite.

To study the sorption properties of bentonite
from the Tagan deposit, cations of heavy metals —
manganese () and vanadium (IV), which are
present in wastewater and natural waters, were
selected. In order to exclude the influence of
impurities, the sorption capacity of natural bentonite
with respect to Mn?* and V** cations was studied on
the model systems "bentonite-Mn?*(V**) - H,O"
under mixing conditions.

The set temperature was maintained in a
thermostatically controlled reactor. A certain
concentration of Mn?*and VV**cations was created by
introducing an estimated amount of MnSO4-5H,0
and VOSO4-3H-0 sulfates into an aqueous solution.

The influence of time, temperature, norm of
bentonite (S:L) and pH of the medium on its
sorption capacity was studied at a constant Cu, and
Cv equal to 200 mg/I.

The effect of the concentration of V** and V**
cations on their sorption by natural bentonite was
studied at experimentally found optimal values of
temperature, time, and sorbent consumption.

The degree of sorption (R, %) was found by
the difference between the initial and equilibrium
concentrations of metal solutions and calculated by
the formula:

R =M-1OO%,
Co

where C, is the initial concentration of metal
ions in solution, mg / 1; C, - concentration of metal
ions in the solution after itpurification, mg /1.

The initial and final concentrations of
manganese and vanadium ions in the solutions were
determined using an atomic  absorption
spectrophotometer of the AA-7000 type,
manufactured by Shimadzu Corporation, Japan, no.
A30664901456.

Results and discussion. The sorption
capacity of natural bentonite with respect to V** and
Mn?* cations was studied on the model systems
"bentonite-V**  (Mn?") H,O" under mixing
conditions.

The study of the effect of time in the range of
5-60 min on the sorption capacity of bentonite with
respect to Mn?* and V* cations was carried out at
25°C and the norm of the sorbent (S: L) equal to 0.5:
100 at a constant Cwmn and Cyequal to 200 mg/I
(Figurel,2).
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On the sorption curves of both cations, there
is a minimum, which is due to the process of their
desorption from the sorbent into the solution. A
weakly expressed min on the sorption curve of
manganese (1) cations is prescribed at 30 min
(Figure 1 a), and a clearly expressed min on the
sorption curve of V** is shifted to 45 min (Figure 2
a). The highest degree of solution purification from
Mn?* (88.9%) is achieved in the first 5-10 minutes
of the process, and the highest degree of solution
purification from V**(65-66%) is achieved in 60
minutes (Figure a).

The nature of the sorption curves of
vanadium (V) differs markedly from the sorption
curves of divalent manganese (Figure 1 a, b, d). The
exception is the dependence of the sorption of V**
and Mn*" cations on the sorbent rate (Figurel, 2 c).
The degree of purification of the solution from
vanadium (IV), as well as in the case of
Mn?*cations(Figure 1c), increases with an increase
in the load of the sorbent. It was found that the
sorption of V** cations, as well as Mn?" ions has
lower limits from 45.8 to 46.5 %.

degree of

sorption, %o

Tie, an
degree of

sorption, %o c

/

E.ate of sorbent

The sorption of Mn?*cations is significantly
affected by the process temperature (Figure 1b). The
effect of temperature on the sorption of manganese
(1) was studied in the range from 25 to 80°C at S:L
equal to 1:0.5 for 15 minutes. With an increase in
temperature to 35 °C, the degree of purification of
the solution from Mn?* ions increases sharply from
62 to 82 %, and above this temperature it decreases
to 77 %, remaining almost unchanged in the range
(45-70)°C. An increase in temperature above 35 °C
initiates the desorption of manganese (1I) from
bentonite into the solution.

An increase in the process temperature
contributes to a decrease in the degree of
purification of the solution from V** cations (Figure
2b) in the entire temperature range under study, in
contrast to the sorption curve of Mn?*(Figure 1b).
With an increase in temperature from 25 to 70°C,
the degree of sorption of V** ions decreases by
21.1% due to their desorption from the sorbent into
the solution. To obtain a high degree of purification
of the solution from V**ions(52.2%), a temperature
of no more than 25°C is required.

degree of
sorption, %o

/"m_ S

Temperatme, @
degree of
sorption, %o d

Concentration, mgl

a - time; b-temperature; c-bentonite rate; d-concentrationCwn

Figure 1 - Influence of the studied factors on the sorption of Mn (I1) cations
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Figure 2 - Influence of the studied factors on the sorption of V (IV) cations

The extreme dependence of the sorption
curves on time and temperature, that is, the
appearance of min and max on them, is probably
caused by the processes leading to the creation of an
equilibrium concentration of manganese cations in
the manganese-containing solution-sorbent system,
since after a certain time of temperature, as a result
of saturation of bentonite with these cations, the
reverse process of transition of manganese to
solution is carried out.

The effect of the sorbent consumption on the
degree of purification of the solution from
Mn?*cations was studied at 15 min and 35°C (Figure
1c). The ratio of bentonite to the purified solution
was changed in the range from 0.1: 100 to 1.5: 100.
It is established that with an increase in the load of
the sorbent, the residual content of Mn?* cations in
the liquid phase of the system decreases,
respectively, the degree of their sorption increases.
A high degree of sorption of Mn (I1) ions is achieved
ata S: L ratio of 1:1.5 (94.9 %), which is due to the
large mass of the sorbent.

The curve of the sorption of Mn (1) ions from
their concentration, obtained at the optimal
temperature of 35 °C, the norm of bentonite of 1.5
g per 100 mass.p. of a manganese-containing
solution for 15 minutes of the process, is rectilinear
(Figure 1d). In the range of concentrations from 50
to 100 mg/l of Mn?*, the total absorption of sorbed
cations by bentonite occurs. Over 100 mg/l of
Mn?*in solution, there is a slight tendency to
decrease the degree of manganese sorption.
However, up to the content of Mn (1) cations of 600
mg/l, a high degree of purification of the solution
remains (99.4 %).

With an increase in the concentration of
V*cations in the solution, the degree of their
sorption decreases, reaching a minimum (<1 %) in
a vanadium-containing solution with a CV equal to
400 mg/l (Figure 2 d). At a concentration of
vanadium (1V) 500 mg/l, the degree of purification
of the solution increases to 47.2 %. But the solution
that is weakly concentrated on vanadium (50 mg/l)
is most deeply purified at 93.2%.

The extreme nature of the curves of the
dependence of the sorption of V**cations on time
and concentration is due to the same processes as in
the case of the sorption of Mn®*cations.

Conclusion. It follows from the conducted
studies that bentonite of the Tagan deposit under
optimal conditions (t — 15 min; T — 35 °C, S: L
=1:1.5) for all the studied concentrations of
manganese (I1) cations (50-600 mg/l) exhibits high
sorption properties in acidic, alkaline and neutral
solutions and can be used to purify various media
from Mn?*ions. It was found that under optimal
conditions (25°C, 60 min, S: L =1.5:100) in low-
concentrated vanadium-containing solutions (50 —
100mg/I V**), the degree of sorption reaches (93.2-
73.7)%, and in high-concentrated (500 mg/l V**) -
47.2%.

Studies have shown that bentonite from the
Tagan deposit exhibits a noticeably lower sorption
capacity with respect to V** cations as compared to
Mn? * cations. Comparative analysis of the data
obtained showed that in the aquatic environment,
natural bentonite exhibits a preferable sorption
capacity in relation to Mn (1) cations, regardless of
the process conditions, which is due to both the
nature of bentonite and the nature of the sorbed
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cation. When bentonites contain more divalent
exchangeable cations Ca?*, Mg?*, what we have in
our case, they have a greater number of active
centers on the surface of particles, through which
the dispersed phase is hydrogen bonded with the
dispersed medium [17]. If, however, monovalent
metals, mainly Na-ions, prevail in the composition
of exchangeable cations, then the sorption activity
of the surface manifests itself to a lesser extent. In
this regard, calcium bentonites are the best sorbents
in comparison with sodium. Moreover, in our case,
the sorption mechanism due to the emergence of
uncompensated electronic states prevails over the
cation exchange [17].

The studies have shown that the bentonite of
the Tagan deposit exhibits a significantly lower
sorption capacity with respect to V*‘cations
compared to Mn*cations. A comparative analysis
of the obtained data showed that in an aqueous

medium, natural bentonite exhibits a preferred
sorption capacity with respect to Mn (1) cations,
regardless of the process conditions, which is due to
both the nature of bentonite and the nature of the
sorbed cation. When bentonites contain more
divalent exchange cations Ca?*, Mg?*, what we have
in our case, they have a greater number of active
centers on the surface of the particles, through
which the hydrogen bond of the dispersed phase
with the dispersed medium is carried out [17]. If the
composition of the exchange cations is dominated
by monovalent metals, mainly Na-ions, then they
show less sorption activity of the surface. In this
regard, calcium bentonites are the best sorbents in
comparison with sodium. Moreover, in our case, the
sorption mechanism due to the occurrence of
uncompensated electronic states prevails over
cation exchange [17].

YepusixkoBa P.M.*, Kycinoexos O.7K., Cynrandaesa I'.11l., KaiibinoaeBa P.9., Ko:xadexosa H.H.

«O.b. bexTypoB aTeIHIAFEI XUMUS FRUTBIMIAPHI HHCTUTYTEY, AK Anmmater, Kazaxcran.
E-mail: chernyakoval947@mail.ru

CYJIbI OPTAJIAH TAFAH BEHTOHUTIMEH MAHT AHEI (IT)
"KOHE BAHAJUI (IV) KATUOHJAPBIH COPBLIUSIIIAY

AHHOTAIMS: TaraH KeH OPHBIHBIH OeHTOHHTIMEH Mn®' xone V** kaTHOHIApHIHBIH copOLMsIaHy
mpotieci apTypai ¢akropiapra Oainanbictsl 3eprreini (T°C; t, muH.; K:C karbiHacer; Cwn skoHe Cy, Mr / ).
Benronut 3eprrenreH karuoHmapra KateicThl pH Mownpepiniy (1-meH 10-ra neifiH) KeH Juana3oHbBIHA
COpPOLMSITBIK KAacHEeTTep KepceTeTiHl aHbIKTangsl. OnapAblH cOpOLUMSUIaHYBIHBIH €H JKOFaphl JAdpexeci
KypambIH1a MeTaiut 6ap epitiagige 100 macc. 6ei1. OEHTOHUT MIBIFBIHEI 1,5 T OosFana Ko KeTKizinemi. Taran
OCHTOHUTIHIH COPOUMANBIK KabileTiHe KaTHOHAAp TaOWFaTHIHBIH ocepi aHbIkTanasl. Mapranenrin (I1)
copOusiany JIopeKeciHiH eH KapKbIHABI ecyi TemneparypaHbl 35°C neHiH XorapbulaybIMeH 15 MUHYT
iminge Gomamsl. V** KaTHOHIAPBIHBIH COPOLMANAHYBIHBIH €H JKOFAphl JOPEeXKeciHe QJci3 KOHIEHPTIEHTEH
BaHaIWH Kypamasl epitinginepae (50 mr / 1 V*) 25°C temnepaTypana 60 MHHYT immiHze KO XKeTKisimesi.
Taran keH OpHBIHAAFbl OeHTOHMTI V*' KaTHmommapeiHa Mn?* KaTHOHZApBIHA CAJBICTBIPFAHIA TOMEH
COPOIUSIIBIK KaOUTETTIIIK KOPCETE i,

Tyiiin ce3mep: GEHTOHHT, MOHTMOPWJIIOHHT, copbuus, mecopbrms, Mn?* m V* xarmonpapem
copOrmanay Jaopexeci.
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AO «MHcTuTyT XuMnueckux Hayk uM.A.b. bektypoBa», Anmarsl, Ka3axcras.
E-mail: chernyakoval947@mail.ru

COPBLUSI KATHOHOB MAPTAHIIA (IT) A BAHAJIMS (IV) TATAHCKHAM
BEHTOHUTOM B BOJHOIi CPEJIE

AHHOTAIMS: WCCIEIOBAaH TIporecc copbumm KatmoHoB Mn®* u V** Gemrommtom Taranckoro
MECTOPOKIEHHS B 3aBUCUMOCTH OT pasaudHbIX (pakTopos (T,°C; T, mun.; cootnomenue T:0K; Cymnu Cy, Mr/i).
Haiineno, uto GEHTOHUT MPOSIBIIIET COPOLIMOHHBIE CBOWCTBA 0 OTHOIICHUIO K HUCCIIEIyeMbIM KaTHOHAM B
mmpokoM nuanasone 3HadeHui pH (ot 1 1o 10). Haubonpmias ctenens ux copOIMM JOCTUTAeTCs IPU pacxoie
Ooenronnta 1,5 r Ha 100 Macc.4. MeTalT COepKAIIEro pacTBOpa. Y CTAHOBJICHO BIUSHUE TMPUPOJIbI KATHOHA
Ha COpPOIMOHHYIO CIOCOOHOCTh TaraHckuMm OeHTOHHTOM. HamOonee WHTEHCHBHO YBEIHUYEHHE CTEIICHU
cop6uuu mapranna (II) npoucxomut 3a 15 MuH ¢ nmoBsiIicHHEM TemrepaTypbl 10 35°C. Haubosbinas creneHb
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copOIHY KaTHOHOB V**nocruraercssa 60 MuH mpu 25°C B cniabOKOHIICHTPUPOBAHHBIX BAHAIUIN COICPIKAIIUX
pactBopax (50 wmr/mV*). BentonmT TaraHcKoro MecTOPOXICHHS NpPOSBIAET MEHBIIYIO COPOIMOHHYIO
CIIOCOBHOCTH MO OTHOIIEHHIO K KaTHoHaM V1o cpaBHeHMIO ¢ katnoHamu Mn?",

KaroueBsble ciioBa: OCHTOHUT, MOHTMOPHUJUIOHUT, COPOITHS, NecOpOIUs, CTEICHh COPOIMH, KATHOHBI
Mn?* u V.
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