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SORPTION OF HEAVY METAL CATIONS FROM
A WATER-SALT SYSTEMBY NATURAL MONTMORILLONITE

Abstract. The sorption properties of natural montmorillonite from the Tagan deposit
with respect to heavy metal cations were researched on the model system "Mn?*—Co%*—
NiZ*=V**—H,0-montmorillonite". The influence of temperature, duration of the process and
concentration of solutions, as well as the norm of the sorbent on the degree of sorption
of cations is considered. The optimal conditions for the sorption process (25°C, 30 min,
T:K = 1,5:100) have been determined, at which the degree of solution purification is up
to 86.36% cations of Co?*, 85.59% of Ni?*, 82.64% of Mn?* and 52.29% of VV**. The nature
of the sorption curves is determined by the nature of the sorbed cation. According to the
absorption efficiency of natural montmorillonite, ions are arranged in the following order:
Ni2*> Co?*> Mn?"> V**. The results of the conducted studies indicate the possibility of
effective use of bentonite clays of the Tagan field in the purification of wastewater from
heavy metal cations.
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Introduction. At present, enterprises specializing in the extraction and pro-
cessing of oil are the largest industrial sources of wastewater pollution with highly
toxic substances, among which the most dangerous are compounds of heavy metals.
The composition of polluted industrial wastewater contains Co, Mn, Ni, V, Cr, Pb
and other metals, even small amounts of which can lead to adverse consequences
for human health and the environment. Heavy metals are able to concentrate in
organisms to quantities that are hundreds and thousands of times higher than their
content in the natural environment. It should be noted that the joint presence of
several elements enhances their toxic effect several times. It should be noted that
the joint presence of several elements enhances their toxic effect several times [1].

Existing methods and means are not always effective in processes of puri-
fication of oil containing water. The most effective, allowing to achieve the maxi-
mum degree of purification are adsorption methods [2] using cheap natural sorbents
with ion exchange and sorption properties [3]. Clays (bentonites) with a highly
developed inner surface, high swelling and chemical resistance meet these
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requirements [4,5]. Bentonites exhibit sorption properties due to a highly branched
surface with active adsorption centers [6,7].

Due to the high ability of montmorillonite to adsorb various organic and
inorganic compounds, bentonite clays with a high content of montmorillonite are
often used. Montmorillonite (MMT) refers to sorbents with micropore sizes
changing during adsorption and with an expanding unit cell; the parameter from the
crystal cell of the mineral can increase by 3-10 A [8].

The large reserves of bentonites explored in Kazakhstan make it possible to
classify the republic as a producer country, such as the USA, China, and Russia.
The main bases of bentonites in the southeastern region of the republic are the
deposits of the Primonrak and Kyngrak groups. The mineral montmorillonite,
which is widespread in the East Kazakhstan region, purifies water by absorbing
heavy metals from it[9].

EXPERIMENTAL PART

As a sorbent, we used montmorillonite-containing bentonite from the Tagan
deposit, located in the Zaisan depression (Eastern Kazakhstan). The content of
montmorillonite in bentonite horizons reaches 90-92%. The chemical composition
of the clay is shown in table 1.

Table 1 — The chemical composition of montmorillonite

Composition, %
SiO2 AlOs | Fe203 Ca0 MgO MnO K20 Na20 TiO2
69.2 23.40 3.05 1.78 1.55 0.47 0.08 0.04 0.37

The sorption capacity of natural montmorillonite with respect to the V#*, Co?*,
Ni2*and Mn?*cations was studied under stirring conditions in a thermostatically
controlled reactor, which was evaluated by the change in their content in the
solution, i.e. by the difference between the initial and residual concentration of
cations (after the completion of the process). The degree of sorption (extraction) is
the ratio of the difference between the initial concentration and the concentration
of cations V (1V), Co (1I), Ni (1), and Mn (I1) attained to a fixed point in time to
their initial content. The initial and final concentrations of vanadium, cobalt, nickel
and manganese ions in solutions were determined on an AA-7000 atomic absorp-
tion spectrophotometer, «ShimadzuCorporation», Japan, Ne A30664901456.

The study of the process of sorption of the studied cations by natural
montmorillonite was carried out in a multimetal aqueous solution.

The specified concentration of V**, Co?*, Ni?*, and Mn?* cations was created
by introducing into the aqueous solution the calculated amount of the corres-
ponding sulfates VOSOs3H,0, C0SO47H.0, NiSO4+7H,0, MnSOs5H,0 of
chemically pure grade.
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RESULTS AND DISCUSSION

According to the information available in the scientific literature, it can be
assumed that natural montmorillonite will exhibit a sorption capacity for cations of
divalent and tetravalent metals (V**, Co?*, Ni?*, Mn*) present in oily waters. In this
regard, studies of the sorption capacity of natural montmorillonite with respect to
the indicated cations were carried out, depending on a number of main process
factors in a multicomponent system «Ni?*— Co?*~Mn*-V**~H,0».

Preliminary studies have shown that the pH of the solution has no significant
effect on the sorption capacity of natural montmorillonite in relation to the studied
cations.

The degree of purification of various media significantly depends on the
fractional composition of natural aluminosilicate. To determine the main properties
of natural montmorillonite as a sorbent of heavy metals in wastewater treatment,
the influence of the size of its granules on the efficiency of sorption of Ni?*, Co?*,
Mn?*, V4 cations was studied. The study of the sorption capacity of montmoril-
lonite of different dispersion with respect to the indicated cations was carried out
at a constant temperature (25°C), S: L = 1.5:100 and the concentration of Ni?*, Co?*,
Mn?*, V# ions equal to 100 mg/l in the time interval from 5 to 60 min process. So
granular (7 mm) montmorillonite and dispersed powder MMT with a grain size of
0.2 mm were used.

The data obtained show that the degree of purification of metal-containing
systems significantly depends on the size of the sorbent granules (figure 1). With
an increase in the degree of dispersion of montmorillonite grains, the degree of
sorption of cations, regardless of their nature, increases. Sorption of the studied
cations on the coarse phase (7 mm) is on average 10-20% higher than on the fine
phase. The contact time of the sorbent with the solution also affects the degree of
purification of the metal-containing solution. However, the nature of the sorption
curves is determined by the nature of the cation and the duration of the process.

Figure 1la shows that, regardless of the granule size, the degree of sorption of
Ni2* cations slightly increases with increasing time.

Sorption curves of Co (I1), Mn (I1) and V (1V) cations are characterized by the
presence of a maximum or a minimum (figure 1 b, c, d). The degree of sorption of
cobalt (11) by the studied sorbents increases up to 30 min, and over the specified
time decreases, which is probably due to the desorption of cobalt cations from
montmorillonite into the solution (figure 1b). At the same time, desorption is less
pronounced when using a granular sorbent (0.7 mm). The optimal time for the
sorption of Co?* cations by dispersed and granular MMT is 30 min.

The sorption curve of Mn?* (11) ions for both sorbents has a weakly pronoun-
ced minimum at 30 min (Figure 1c). It should be noted that with an increase in time
from 30 to (40-60) min, the degree of sorption of manganese (l1) cations increases
insignificantly.

As for the sorption of V* cations, for dispersed (0.2 mm) and granular
(0.7 mm) montmorillonite at 15 min of the process, the degree of their sorption is
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practically the same and amounts to (56.0-58.0)% (figure 1 c). Moreover, the
sorption curve for coarse-grained montmorillonite has the opposite character of the
sorption curve of the powdered sorbent. Thus, coarse-grained montmorillonite
sorbs 15% more in the first 5 minutes of the process compared to the dispersed
sample. With an increase in time from 5 to 15 min, the degree of vanadium sorption
by granular MMT decreases by 8%, and in dispersed ones increases by 5%. In the
system under study, the opposite processes occur: when coarse-grained MMT is
used, desorption of sorbed cations from MMT into the solution takes place, while
dispersed MMT is accompanied by sorption of ions. With an increase in the time
from 15 to 30 min, the degree of sorption by granular MMT already increases to
68.0%, and, on the contrary, decreases to 52.0% with the hyperglymed. In this case,
coarse-grained MMT adsorbs ions, while dispersed MMT is characterized by
desorption of ions, which occurs most intensively in the interval of 20-30 min. At
60 min, the degree of sorption of V** cations becomes practically the same for both
types of MMT (64,0 -66,0)%. Based on the data, it follows that in the sorption of
vanadium, coarse-grained MMT is also more effective at 30 min of the process.
Thus, in the sorption purification of wastewater from heavy metals, it is advisable
to use montmorillonite with a granule size of 0.7 mm for 30 min.

The degree of purification of metal-containing agueous medium significantly
depends on time, temperature, concentration of sorbed cations and the rate of
montmorillonite (S:L ratio).The study of the effect of temperature, time and con-
sumption of montmorillonite was studied at a constant concentration of heavy
metal cations equal to 200 mg/I (figure 2 a, b, c).

The analysis of the obtained results showed that the sorption curves depending
on the factors under study for all cations are of the same type and are represented
by almost rectilinear straight lines. However, the course of the ion sorption curves
is determined by the process parameter. With the duration of the process, the sorp-
tion curves of cations have a weakly pronounced tendency to increase (figure 2 a),
while with increasing temperature they slightly decrease (figure 2 b). With an in-
crease in temperature, the degree of sorption of cations slightly decreases, which is
due to a slight desorption of cations from the sorbent into the solution (figure 2b).
Moreover, this tendency is most pronounced for the sorption of V (IV) cations, the
degree of sorption of which decreases by 24% at 90°C. That is, an increase in tem-
perature initiates the process of desorption of cations, but most of vanadium (V) ions.

The most significant effect on the sorption of all cations is exerted by the S:L
ratio (MMT norm). It follows from the results obtained that an increase in the load
of the sorbent has a direct proportional effect on the residual content of all cations
in the solution (figure 2 ¢). Thus, the best degree of its purification is achieved at
the highest consumption of 1.5 g of MMT per 100 g of metal-containing solution
and amounts to 82.64% Mn?*, 85.59% Ni?*, 86.36% Co?* and 52.29% V**.

Based on the data, it follows that the duration and temperature of the process
do not have a significant effect on the sorption capacity of MMT. The process of
purification of a metal-containing solution in the presence of all studied cations is
largely determined by the sorbent norm.
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The influence of the concentration of the sorbed cations was investigated at a
constant temperature of 25°C and the ratio S:L = 1.5:100 for 30 min. The sorption
curves depending on the concentration of the sorbed cations have an abrupt
(extreme) character (figure 2d). So the curves of sorption of cations Co?* and Ni?*
have an identical character, on which max and min are prescribed at their
concentration of 200 mg/l and 500 mg/l, respectively. When the content of cations
is up to 50 mg/l, the process of their sorption occurs, from 50 to 500 mg/l — desorp-
tion, and in a more concentrated solution (500 mg/l) - sorption again.The process
of sorption of Mn?* and V** cations proceeds according to a different type, their
sorption curves are characterized by the presence of one min at a concentration of
100 mg/I for V** ions and 500 mg/l for Mn?*cations. At the indicated concentrations
of tetravalent vanadium and divalent manganese, sorbed cations are released from
MMT into the solution (desorption), which is apparently due to the tendency of the
system to an equilibrium state.

The behavior of the sorbed cations in solution is possibly related to the size of
their ions. The ionic radii of the Co?* and Ni?* ions are 0.78 and 0.74 A, respect-
tively, and the closeness of the size of their ionic radii determines practically the
same character of the sorption curves. The Mn?* cation has a larger radius size
(0.91 A) compared to the two previous ions and in the range of their concentrations
from 50 to 300 mg/l the degree of solution purification remains almost constant,
desorption is recorded only in a concentrated solution at 500 mg/l. In quantitative
terms, Co?" and Ni?* ions are sorbed more than Mn?* cations, which affects the
effect of ion size on the sorption capacity of MMT. However, the sorption of
V* jons does not fit into this pattern. Having a small ionic radius (0.61 A) in
comparison with other cations, instead of the expected high degree of solution
purification, MMT exhibits the lowest sorption capacity with respect to tetravalent
vanadium. It is possible that the vanadyl cation VO?* is sorbed from the solution,
the ionic size of which is larger than not only the V**ion, but also the Co?*, Ni?*,
and Mn?* ions. As a result, first of all, montmorillonite adsorbs smaller ions (Ni?*,
Co?*, Mn?*), and vanadyl ion is sorbed on the remaining free sorption centers. It is
this that can explain the lower degree of purification of the solution from vanadium
for all studied factors in comparison with others. The degree of purification from
vanadium (V) is 34.0% less than the degree of purification from cobalt (1), 33.3%
less than that of nickel (I1) and 30.0% from manganese (I1).

Graphic processing of the results obtained showed that, regardless of the
factors affecting the sorption of cations, the sequence of sorbed cations in the
system. According to the efficiency of absorption of Mn?*, Co?*, Ni%*, V** ions by
natural montmorillonite in their joint presence, they are arranged in the following
order: Ni?*> Co?*> Mn?*> V#*,

The results of the conducted studies indicate the possibility of effective use of
bentonite clays of the Tagan field in the purification of wastewater from heavy
metal cations.
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Pe3iome

O. JK. JKycinbekos, P. M. Yepusxosa, A. A. Aeamaesa,
H. H. Kooicabexosa, P. A. Kaiieiyoaesa, I'. Il Cynmanbaesa

CYJIbI-TY3/1bl XXYUEJIEH TABUFU MOHTMOPUJIJIOHUT APKbBLJIbI
AYBIP METAJIUI KATUOHJAPBIH COPBIIUAJIAY

«Mn?* — Co?* — Ni?* — V* — H,0 — MOHTMOPWJUIOHUT» MOJIENI KYMeCiHaeri aybp
MeTaJll KAaTHOH/IAPbIHA KAThICTHl TaFraH KeH OPHBIHBIH TAOMFH MOHTMOPHJUIOHUTIHIH COPO-
IUSIIBIK KacheTTepi 3epTTeni. TemmepaTypaHblH, TPOIECC Y3aKTHIFBI MEH €pPiTiH/i KOH-
LEHTPAIMACHIHBIH, COHIaii-aK COPOCHT MeIIIepiHiH KaTHOHAAPIBIH COPOIIsIIaHy Jope-
KeciHe acepi KapacTeIpsuiabl. CopOums nponeciHiy oHTalb! xargainapsr (25°C, 30 muH,
T2K = 1,5:100) amsIKTamael, ockl karaainapaa epitingini Co?* KaTHOHBIHAH Ta3apTy
nopexeci 86,36 %, Ni?*- 85,59 %, Mn?* - 82,64 % xone V** - 52,29 % kypaiigsl. Copouus
KUCBHIKTapBIHBIH CHIIATBH COPOLMsIaHATHIH KaTHOHHBIH TaOUFaThIHA OaiinaHbicTel. Taburu
MOHTMOPHWUIOHUTIIEH COpOLMsUIaHy THIMJIUIITT OOMBIHIIA MOHIAp Kelleci PEeTIeH OpHa-
nacaaer: NiZ*> Co?"> Mn?"> V**, Xyprisinren 3eprrey HoTwxkenepi TaraH KeH OPHBIHBIH
OCHTOHHTTI Ca3[JapblH aFblH CyJNApAbl ayblp METal KaTHOHAAPBIHAH Ta3apTyla THIMII
KOJIJaHy MYMKIH €KCHIH JIOJCIICH]II.

Tyiiin ce3mep: copOuus, TaOUFM MOHTMOPHJUIOHHT, aybslp MeTajjgap, copouus, Ka-
THOHJAP.
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Pe3iome

V. XK. Jlocycunbekos, P. M. Yepusikosa, A. A. Aecamaesa,

H. H. Kooicabexosa, P. A. Kaitvinbaesa, I'. I1I. Cynmanbaesa

COPBIIM A KATHUOHOB TAXEJIBIX METAJIJIOB

13 BOJHO-COJIEBOM CUCTEMBI ITPUPOJITHBIM MOHTMOPUJJIOHUTOM

HccnenoBanbl COpOLIMOHHBIE CBOICTBA PUPOIHOTO MOHTMOPMILIOHHTa TaraHckoro
MECTOPOXKICHHS 110 OTHOIICHUIO K KATHOHAM TSDKEJIBIX METAJUIOB Ha MOAEIHHON cHcTeMe
«Mn? — Co?* — Ni?* — V* — H,0 — MOHTMOPHIIIIOHHTY. PaccMOTpeHoO BIMSHME TeMIepa-
TypBI, TPOIOIDKUTEIFHOCTH TIpoIiecca U KOHIIEHTPAIIMH PACTBOPOB, a TAKXKE HOPMBI COP-
OeHTa Ha CTeNeHb cOpOIMH KaTHOHOB. OTpenereHbl ONTHMAalIbHBIE YCIOBHS Ipolecca
copbrmu (25°C, 30 mmu, T:0K = 1,5:100), mpu KOTOpBIX CTEIEHb OYMCTKHA PAacTBOpPA
coctaBisier 10 86,36 % ot Co?", 85,59 % ot Ni?*, 82,64 % ot Mn%" u 52,29 % ot V*'.
XapakTep KpHBBIX COpOIIMHU OIpeessieTcst IpUpoioii copoupyemoro katuHa. 1o addex-
TUBHOCTHU TIOTJIONICHUSI NPUPOJHBIM MOHTMOPWIJIOHUTOM HMOHBI PACIIONAraroTCsS B Clie-
nytomem nopsyike: NiZ*> Co?™> Mn?*> V4. PesynbraThl NpoBENEHHBIX HCCIIEN0BAHMI
CBUJIETENIBCTBYIOT O BO3MOXKHOCTH 3((EKTUBHOTO PUMEHEHUS] OEHTOHUTOBEIX I'MIMH Ta-
TaHCKOTO MECTOPOJK/ICHHU B OUYMCTKE CTOYHBIX BOJI OT KATHOHOB TSKEJIBIX METAJLIOB.

KaioueBble cjoBa: copOuus, NpUpOJHBIH MOHTMOPWIUIOHHT, TSDKENbIE METaJlIbl,
copOumsi, KATHOHEI.
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