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Abstract. Some new modified sorbents based on opoka
from Astrakhan region were obtained. A comparative
study of the sorption of cadmium ions on the surfaces of
the sorbents was made. Also the static adsorption isotherm
of substances from agqueous solutions was studied. The
change of enthalpy, isobaric-isothermal potential and
entropy of sorption and kinetics of cadmium ions sorption
from water solutions were calculated. The results of the
study can be used for the water purification from
cadmium ions.
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1. Introduction

Heavy metals are among the most common and
toxic pollutants that impact the most harmful effect on the
human body and biological objects. There are many
different ways of penetrating of this class of substances
into water objects. The metals contained in water
deteriorate the environmental biocenose of water objects
and water quality. For instance, cadmium is one of the
most toxic heavy metals therefore the Russian SanPiN
refers it to the 2™ class of danger (that means “highly
dangerous substances’).

Certain amounts of cadmium are also in the air.
According to foreign data the cadmium concentration in
the air of the countryside is 0.1-5.0 ng/m®, in cities —
2-15ng/m®, and in industrial areas — from 15 to
150 ng/m’. These figures can be explained by the fact that
many coals contain cadmium as an impurity and, when it
is burned by thermal power plants, it enters the atmo-
sphere, where alarge part of it is deposited on the soil.

The wide use of mineral fertilizers increases the
accumulation of cadmium in soil. In natural conditions
cadmium enters the groundwaters due to leaching of non-
ferrous metals as well as the decomposition of aquatic
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plants and organisms that are capable to accumulate it. In
recent decades the anthropogenic factor of cadmium
pollution of natural watersis becoming prevalent.

Cadmium is present in water in the soluble form
(for example, cadmium sulfate, chloride, nitrate) or in the
form of suspended particles as a part of organo-minera
complexes. Ore-dressing factories, non-ferrous metals
plants, chemical and other industrial enterprises are
making the main contribution to cadmium emissions into
nature nowadays. The cadmium content in water is
significantly affected by pH of the water medium and
Sorption processes.

On entering the sea and fresh waters, dissolved
cadmium deposits are accumulated in the bottom
sediments. Cadmium exercises its toxic effect at very low
concentrations. Its excess inhibits the synthesis of DNA,
proteins and nucleic acids, affects the activity of enzymes,
breaks the assimilation and exchange of other trace
elements (Zn, Cu, Se, Fe), that can cause their deficiency.
Natural sources of entering cadmium into living organism
include food (about 90-95 %), water (5-10%) and air
(about 1%). MPC of cadmium for drinking water is
0.01 mg/dm?®, for long-term irrigation of agricultural soils
and water objects—0.005 mg/dm®.

In addition, the lethal dose for humans is
150 mg/kg of body weight in 1.5h, the lethal dose for
dogs — 150-600 mg/kg, mice — 50-100 mg/kg, rabbits —
300-500 mg/kg. The cadmium content in blood and urine
at the concentration of 0.02 mg/dm® is a proof of its
entering at toxic doses. It is able to accumulate in the
liver, kidneys, pancreas and thyroid glands. The negative
influence of the metal also affects the plants, so the
concentration of cadmium in water of 28 mg/dm® when
watering harms sugar beet, but the concentration of
50 mg/dm® is toxic to all kinds of plants.

The negative effect of cadmium is also observed in
different plants and enterprises. For instance, the
1-5 mg/dm® concentration of cadmium has the harmful
effect on sewage treatment facilities, and the content of
5.2 mg/dm® of the metal reduces wastewater purification
effect on percolator filters. After precipitation and
filtration of water the cadmium content is reduced by only
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60% in plumbing. The biological purification of
wastewaters removes 30-80% of cadmium. Chemical
treatment of wastewaters from cadmium is carried out by
adding alkali. At the enterprises of ferrous metallurgy the
chemical purification of wastewaters from cadmium with
the use of lime reaches 98.93%. The same effect of
wastewater treatment from cadmium by reverse osmosisis
98-999%, active carbon adsorption — 99.7%, but
cadmium content with the application of precipitation,
clarification and flltratlon through sand can be reduced
from 0.7 to 0.08 mg/dm®.

Thus we can make a conclusion that heavy metals
are serious polluters of the environment, that impact the
most harmful effect on the human body, animals, plants as
well as on the processes of sdf-purification of water
objects and the work of treatment facilities. And due to
their wide use in different types of industries and human
activities, the considered topic and the researches of this
field is undoubtedly relevant today [1-14].

2. Experimental

A method of producing a sorbent Sv-1-A. 100 g of
Portland cement 500, 10 g of micronized manganese
dioxide (MnO,), 25cm® of 10 % solution of sodium
chloride are added to 100 g of finely divided opoka with
approximately 0.01 mm in diameter particles (the deposit
is village Kamenniy Yar of Astrakhan region). The
resulting mixture is thoroughly stirred. The obtained mass
isallowed to dry to the point at which the granules may be
formed from it. The granules are dried at the temperature
of 373-378 K, and then the product should be calcified for
3-4 days. The resulting material is allowed to remain in
water as long as the reaction relative to a chloride ion will
be negative and then it isdried at 373-378 K.

To create a sorbent with a large number of
micropores in a mixture of “ opoka—Portland cement 500—
pyrolusite” a solution of sodium chloride was added. After
washing the sodium chloride from the sorbent the finished
porous materia is formed. It has a high sorption capacity
and simultaneoudly high strength. The reason for
introducing pyrolusite into the sorbent is to provide a
sorbent which has oxidizing properties to low molecular
weight organic and inorganic compounds, as well asto a
large set of microorganisms [14].

A method of producing a sorbent Sv-1-A2. 100 cm®
of flocculent Z-92 is added to 1009 of finey divided
sorbent SV-1-A with approximately 0.01 mm in diameter
particles. The resulting solution is thoroughly mixed and
alowed to settle the remaining liquid is decanted and
then 500 cm® of distilled water is added to the mixture
under constant stirring. The procedure is repeated once
more, and then the sorbent is left for an hour. The
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resulting adsorbent is dried in a thin layer at the
temperature of 323-333 K under constant stirring.

A method of producing a sorbent Sv-1-A3. 100 cm®
of flocculent A-1510 is added to 100 g of finely divided
sorbent SV-1-A with approximately 0.01 mm in diameter
particles. The resulting solution is thoroughly mixed and
alowed to settle the remaining liquid is decanted and
then 500 cm® of distilled water is added to the mixture
under constant stirring. The procedure is repeated once
more, and then the sorbent is left for an hour. The
resulting adsorbent is dried in a thin layer at the
temperature of 323-333 K under constant stirring.

Data obtained for the construction of the
calibration curve. 0; 0.1; 0.2; 0.5; 1.0; 1.5; 2.0; 2.5; 3.0;
5.0 cm® of a cadmium salt of the 1.10°M concentration
were added into a series of 10 test tubes of 20cm®
volumes, then 4 cm® of an organic reagent PAR (4-(2-

pyridylazo)resorcinol) was added into each solution in the

test tubes after that the resulting solutions were led to
20cm® volumes with distilled water. The obtained
solutions were mixed and their optical densities were
measured at 530 nm in a cuvette of 0.5cm in thickness
relative to distilled water. The calibration curve was
constructed according to the measurement results.

The study of cadmium ions adsorption on sorbents
SV-1-A2 and SV-1- A3. 0; 0.1; 0.2; 0.5; 1.0; 1.5; 2.0; 2.5;
30; 50cm® of a cadmium sdt of the 1.10°M
ooncentratlon were added into a series of 10 test tubes of
20 cm volumes, then the resulting solutions were led to
20 cm® volumes with distilled water. 1 g of the sorbent
was put to each resulting solutions, the obtained mixtures
were shaken for 3 min each, then they were allowed to
precipitate and at last they were centrifuged at the vel ocity
of 3000 revolutions per minute. Then 4 cm® of an organic
reagent PAR (4-(2-pyridylazo)resorcinol) was added into
each solution in the test tubes. The obtained solutions
were mixed and their optical densities were measured at
530 nm in a cuvette of 0.5cm in thickness relative to
distilled water. The experiments were carried out at three
different temperatures. 277, 298, and 313 K.

The study of the kinetics of cadmi um ions sorption
on sorbents Sv-1- A2 and SV-1- A3. 20 cm® of cadmium
solutlon of 1.10°M concentration was added to the
500 cm® flask and then the resulting sol ution was adjusted
to 500 cm® by distilled water. 20g of finely divided
sorbent was added to this solution while switching on a
stopwatch, then the mixture was girred quickly. The
resulting solutions were studied at three different
temperatures. 298, 277 and 313 K. In an appropriate time
intervals the muddy samples were taken which were
filtered through a glass filter or were centrifuged.
Sampling was carrled out at regular intervals up to
30min. Then 4cm® of an organic reagent PAR (4-(2-
pyridylazo)resorcinol) was added into each solution in the
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test tubes. The obtained solutions were mixed and their
optical densities were measured at 530 nm in a cuvette of
0.5 cmin thicknessrelative to distilled water.
3. Results and Discussion

The dependence of the optical density on the
concentration of Cd®* is shown in Figs. 1, 2.

According to the calibration curve, the results of

experiments were used to determine the equilibrium
concentrations of the studied substances. The sorption
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Fig. 1. The dependence of the optical density on the
concentration of Cd(I1) (sorbent SV-1-A2)
before sorption (L) and after sorption at 277 K (A);
298 K (m); 313K (e)
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isotherms were built in coordinates “sorption (I) -
equilibrium concentration [c]”. Sorption (I') was
calculated according to Eq. (1):

o= (G- [C]) v v
1000>m

where T' — the value of sorption, g/g; Co — the initial
concentration of solute, mol/dm® V — volume of
the studied solution, cm® [C] —theresidual  (equilibrium)
concentration of sorbate, mol/dm® M — molar (or atomic)
weight of sorbate, g/mol; m— mass of sorbent, g.
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Fig. 2. The dependence of the optical density on the
concentration of Cd(I1) (sorbent SV-1-A3)
before sorption (L) and after sorption at 277 K (A);
298 K (m); 313K (o)

Tablel
The main char acterigtics of the sor ption of cadmium ions on the SV-1-A2 and SV-1-A3
(n=6,P=0.951,=257)
Defining characteristics Temperature, K Sorbents
SV-1-A2 SV-1-A3
277 4.17+0.40 2.47+0.25
Sorption constants 298 4.44+0.40 1.34+0.10
313 1.60+0.10 0.30+0.03
277 28.62+2.80 34.26+3.00
-AG, kJ/moal 298 28.74+2.80 35.07+3.50
313 31.27+3.00 49.36+5.00
-AH, kIJmol 5.08+0.50 2.55+0.25
277 96.02+9.60 114.55+11.00
-AS, Jmol/K 298 96.42+9.60 117.60+11.00
313 99.88+9.80 157.62+15.00
277 66.67+7.00 62.50+6.00
Sorbent capacity (I..), mg/g 298 100.00+10.00 83.33+8.00
313 50.00+5.00 50.00+5.00
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Fig. 3. Sorption kinetics isotherms of cadmium ions
by sorbent SV-1 A2 a 277 K (A); 298 K (o); 313K (o)

Sorption isotherms were recalculated into the
Langmuir equation isotherms of straightforward form,
which were used to calculate the sorption constants (K)
and the value of limiting sorption (I',,) at 277, 298 and
313 K. The enthalpy change (DH) and the isobaric-
isothermal potential (DG) were calculated by using the
values of sorption constants, and at last the value of the
entropy change(DS) was calculated (Egs. (2)-(4)):

R'I]Tkln%
DH =k (2)
Ti - Tk
DG, =- RT InK, €©)
DH - DG
DS :TI 4

The results of experiments and calculations are
shown in Table 1. Analysis of the results leads to the
conclusion that the cadmium ions sorption on the studied
sorbents is very active. Negative values of the enthalpy
and the isobaric-isothermal potential demonstrate the
spontaneous nature of the sorption process. These results
suggest the formation of strong adsorption complexes,
while the sorbent capacity in relation to the heavy toxic
metals is high enough, that alows to extract the large
guantities of cadmium from water at a wide temperature
range.

3.1. The Kinetics of Cadmium lons
Sorption on Sorbents SV-1-A2
and SV- 1-A3

The study of the kinetics of sorption of cadmium
ions included the construction of sorption kinetics
isotherms by measuring optical densities of the solutions
at different time intervals, the calculation of the sorption
rate constants, the change in entropy of the activated
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Fig. 4. Sorption kinetics isotherms of cadmium ions
by sorbent SV-1 A3 at 277 K (A); 298 K (o); 313K (o)

complex formation (DS)”, the activation energy of the
formation of the adsorption complex (E,«). The isotherms
of sorption kinetics in the coordinates “optical density
(A) —time (7)" arepresented inFigs. 3, 4.

The time for establishing the equilibrium of
sorption is a necessary characteristic of describing the
equilibrium processes, and the value of the entropy
change of activation of the formation of the activated
complex is necessary to establish the mechanisms of
sorption of cadmium ions by the examined sorbents.

According to the research the sorption kinetics
constants of cadmium ions on the modified sorbents at
temperatures of 277, 298 and 313K, S’ and E,q, Were
calculated:

K:E nﬁ (5
t A4

where 4o —the initial optical density; 4; — optical density
of the solution at the moment of time z; z—time, s.

According to the Arrhenius curves in the
coordinates “InK-1/T" the values of activation energy of
sorption kinetics (Eae) was calculated and the entropy
change of sorption complex formation (S) was also
calculated using the Eyring equation:

DS*

InPZ,=10.36+InT + (6)

In Eq. (6) PZy — a pre-exponential factor in the
Arrhenius equation, AS'— the entropy change of activation
of activated complex formation, R — gas constant, T —
temperature.

The results of calculations of the sorption kinetics
constants, E.q and AS', of cadmium ions on the modified
sorbents are shown in Table 2.

Almost all studied sorption processes can be cha
racterized by fairly steep initial line segment of sorption
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kinetics isotherms. As can be seen from the results of
experiments, sorption is rapid enough, and finishes in
three minutes, that means that the sorbate is amost
completely adsorbed on the examined sorbents.

3.2. The results of Water Purification
from Cadmium lons on Sorbents SV-1-
A2 and SV-1-A3

The experiments of water purification from
cadmium ions were carried out. Contaminants were added

into the initial water in the amounts shown in Table 3. The
cleaning efficiency was calculated using the formula:

5= GC

100% @

0

where E — efficiency of cleaning, %; Co — the initial
concentration, mol/dm® C — the residual concentration,
mol/dm®,

The calculated results of water purification
efficiency from cadmium ions on sorbents SV-1-A2 and
SV-1-A3 areshownin Table 3.

Table 2
The thermodynamic char acteristics of sorption kinetics
of cadmium ions on sor bents SV-1-A2 and SV-1-A3 (n =6, P = 0.95, t, = 2.57)
. - Sorbents
Defining characteristics Temperature, K SVLAD SVLA3
o 1 277 3.43+0.30 0.65+0.06
Reteconstans (a0 5 @ 298 3.6420.40 0.8420.08
P ' 313 3.20+0.30 0.47+0.04
E.g, kJmal 277313 5.15+0.50 2.49+0.20
277 2.35+0.20 2.36+0.20
-DS’, ImolK 298 2.36+0.20 2.37+0.20
313 2.34+0.20 2.35+0.20
Table3

The efficiency of water purification from cadmium ionson sor bents SV-1-A2 and SV-1-A3
(n=6,P=0.95,t,=257)

Initial Concentration after §orption-104, - N .
Sorbent concentration-10°, mol/dm Purification efficiency, %
mol/dm?® Temperature, K

277 298 313 277 298 313

0 0 0 0 0 0 0
0.05 0.010 0.015 0.030 80.00 70.00 20.00
0.10 0.012 0.030 0.040 88.00 70.00 30.00
0.25 0.013 0.050 0.070 94.80 80.00 62.00
0.50 0.015 0.055 0.095 97.00 89.00 80.00
SV-1-A2 0.75 0.016 0.060 0.100 97.87 92.00 86.00
1.00 0.018 0.065 0.105 98.20 93.50 89.00
1.25 0.020 0.070 0.110 98.40 94.40 90.40
1.50 0.025 0.075 0.120 98.33 95.00 91.33
2.50 0.030 0.080 0.130 98.80 96.8 100.00

0 0 0 0 0 0 0
0.05 0.018 0.030 0.045 64.00 40.00 10.00
0.10 0.030 0.050 0.060 70.00 50.00 40.00

0.25 0.050 0.090 0.080 80.00 64.00 68.0
SV-1-A3 0.50 0.055 0.095 0.150 89.00 81.00 70.00
0.75 0.060 0.100 0.165 92.00 86.67 78.00
1.00 0.061 0.120 0.180 93.90 88.00 82.00
1.25 0.063 0.140 0.190 94.96 88.80 84.80
1.50 0.065 0.150 0.195 95.67 90.00 87.00
2.50 0.070 0.160 0.200 97.20 93.60 92.00
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4. Conclusions

The obtained results clearly demondrate the high
efficiency of using new modified sorbents SV-1-A2 and SV-
1-AS, cregted on the basis of opoka from Astrakhan region,
for water purification from toxic heavy metals such as
cadmium, with a purification efficiency of up to 98 %.

The decisive rale of the possible mechanisms of the
substances sorption belongs to the dectronic structure of
the solid and the adsorbed particles on it. If it is true, the
behavior of the system under study can be supposed. The
sorption methods of concentration based on the absorption
of dissolved substances by solid absorbers, present a great
variety of sorption mechanisms. adsorption, absorption,
chemisorption and capillary condensation, which in
practice are usually combined with each other. Thus,
chemisorption is wusualy folowed by adsorption.
Adsorption and chemisorption techniques are commonly
used for concentration of heavy metals. The basis theory of
adsorption congders that only those compounds which
form a chemical bond with the surface more strongly than
hydrogen can displace water from the surface of the oxide
and can also be adsorbed. Also the molecular sizeis one of
the important characteristics in an adsorption theory. The
energy gain at the transition from the solution volume to the
surface depends not only on the strength of the resulting
chemical bond, but also on how much of the solvent
molecules are displaced by one molecule of adsorbate. The
degree of molecules association, the tendency to micelle
formation, attractions and other interactions may vary
depending on the change in the molecule size. Theresulting
sorbents have a high sorption capacity to the metal ions,
that's why it can be assumed that the adsorption is carried
out through the formation of chemical bonds between the
sorbate and the sorbent, i.e there is a metal cation
chemisorption. Chemisorption of a metal cation most likely
occurs through a donor-acceptor mechanism to form a
covalent bond and / or as a result of dipole-dipole inter-
action between the meta cation and the sorbent [ 15, 16].

An analysis of the experimental and theoretical
study of adsorption leads to the following conclusion:
opoka of Astrakhan region and sorbents based on it

contain active dites, such as groups ESi_OH,
O— O
—si—0 >A|_OH O/Si\o— —OO—/Sl—OH
\5i=0‘—H20 = A—OH-—-OH . . .
- - >, i.e thee is a wide

opportunity to adsorption by different mechanisms.

The results obtained in the study clearly
demonstrate the high efficiency of the use of modified
sorbents created on the basis of opoka from Astrakhan
region for water purification from toxic heavy metals such
as cadmium. The water from the network of domestic
water supply as well as one of the industrial use can be
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used for purification. The information above suggests the
expediency of using the natural resources of Astrakhan
region — opoka and sorbents based on it for solving some
of the environmental problems associated with
purification of natural and waste waters from toxic heavy
metal s such as cadmium.
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AJICOPBIISA KAJMIIO 3 BOJHUX PO3YHNHIB
HA MOJJU®PIKOBAHUX COPBEHTAX

Anomauin. Odepocano nosi moougixosani copbenmu Ha
ocHogi onok Acmpaxancekoi obnacmi. Ilpogedeno nopieHAHHS
copoyii kaomilo Ha exazanux copbenmax. Bueueno izomepmu
cmamuyHoi copbyii peuosuH 3 600HUX PO3UUHIE, PO3PAXO0B8AHT 3MIHU
enmanonii, [300APHO-I30MePMIUHO20 NOMEHYIaLy ma eHmponii
copbyii. Pospaxosana xinemuxa copOyii 1ioHi8 Kaomilo 3 800OHUX
po3uunie. Ilokazano, wo pesyiomamu OOCHONHCEHb MONXCYMb OYmMu
BUKOPUCAHT 0151 OYUUYEHHSL 800U IO LIOHI8 KAOMIIO.

Knrouosi cnosa. copbenm, copbyis, proxyisHmu, 6axncki
MOKCUYHI eneMeHmut, KAOMIll, O4UUWEeHHS 800U.



