T.A.Cavadzade et al.

G
UDC: 543.25;54-4;628.16;66.087.3;678.5

https://doi.org/10.59849/2409-4838.2024.3.27

ADSORPTION STUDIES OF Ni (I1) ION REMOVAL FROM AQUEOQOUS SOLUTIONS BY
NOVEL MODIFIED SYNTHETIC COPOLYMER: ADSORPTION ISOTHERMS

Tahir Aliakpar Javadzade™*"’, Esmira Calil Eyyubova®
'Baku State University, Baku, Azerbaijan
Khazar University, Baku, Azerbaijan
*tjavadzade@khazar.org
Received: 24.04.2024
Accepted: 28.07.2024

This work is dedicated to adsorption study of Ni(ll) ions by synthetic adsorbent based on ma-
leic anhydride styrene copolymer and 4-Amino-N-2-thiazolylbenzenesulfonamide modified with thi-
ourea. During work different parameters affecting adsorption process were investigated such as
influence of pH, contact time, ionic strength and initial metal ion concentration. It was found that
maximum adsorption capacity is observed at pH=3 and is equal to 18 mg/g. In order to describe
adsorption process different adsorption isotherm models were studied and the results were found to
be consistent with the Langmuir model. Dubinin-Raduskhevic model was investigated to show that
physical adsorption takes place in the system adsorbent-adsorbate. The present work also includes
desorption studies and 0.5 mol/l solution of HNO3 has shown the highest desorption capacity over
Ni(Il) ions.
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INTRODUCTION

It is known that water is a very valuable natural resource for both humans and other living crea-
tures but currently, water pollution is considered a dangerous problem and is a serious global problem
[47, 29]. Among these pollutants, inorganic pollutants, especially heavy metals, differ from others
[44]. Thus, the high toxicity of these pollutants and inability to be broken down and eliminated biolo-
gically, this group of inorganic pollutants is always in the spotlight [48]. Heavy metals are mainly
transition elements (Pb, As, Hg, Cd, Zn, Ag, Cu, Fe, Cr, Ni, Pd, etc.) [34, 27]. The main features of
this group of elements are that they are extremely toxic even at the ppm level. The main cause of en-
vironmental pollution with heavy metals is mankind's own responsibility. The rapid development of
industry has resulted in the same rapid increase in the amount of harmful substances released into the
environment [9, 15, 38]. Wide use of these metals in various fields of agriculture and industry has led
to the pollution of the environment with these metals. This group of metals also includes nickel also.
Nickel is the 24th most common element on earth and makes up 3% of all compounds [40, 22]. Nic-
kel is mainly used for mixing with other metals during the purchase of alloys, so that the obtained pro-
duct has high corrosion resistance against air, water and alkalis [11]. For this reason, nickel is regu-
larly used in various industrial processes such as electroplating, painting of ceramic products, mineral
processing and stainless steel production, batteries, non-ferrous metal coins, metal alloys and so on
[30, 38]. Such widespread use of nickel leads its massive release into the aquatic environment through
industrial waste and nickel-containing products in wastewater [24].

Nickel is one of the most important trace element for protein metabolism and hormone regula-
tion in the human body [31]. However, exposure to high amounts of it causes various types of chro-
nic and acute diseases [41], as well as genotoxicity [10, 21], neurotoxicity [37], hepatotoxicity [1],
nephrotoxicity [43], kidney and lung damage [17], shortness of breath [8, 18], skin dermatitis [49],
gastrointestinal tract disorders [36], vomiting [16], diarrhea in the human body so resulting in inhi-
bition of oxidants and increased risk of cancer [13, 20, 12, 35]. Therefore, the World Health Organi-
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zation, the permissible concentration of nickel in water should not exceed 0.02 mg/l. This proves
how dangerous even a very small amount of nickel is [42].

One of the most important problem of our time is finding novel method for the removal of
nickel from aqueousmedium. Among the various separation methods, adsorption is one of the most
efficient, cost-effective and effective methods used to remove heavy metals from solution. Adsorp-
tion has shown high efficiency in the separation of metal ions, including nickel. Thus, adsorption is
already used in several industrial processes, including the separation of nickel from wastewater, due
to its low cost, rapidity, ease of application, efficiency even for low concentrations [39].

In recent years, significant progress has been made in the purification of nickel ions from wa-
ter using the adsorption process. However, there is still a need for the synthesis of new sorbents that
are more effective in a short time with the ability to effectively separate nickel from the solution at
a low or high concentration [32, 26].

The purpose of the presented work is to study the sorption of Ni(ll) ions from its aqueous so-
lutions by a polymer chelating sorbent based on a copolymer of maleic anhydride and 2-(4-amino-
benzenesulfamido)-thiazole with styrene and modify this sorbent by novel thiourea derivative for
the increasing its sorption capacity. The characteristics of sorption, especially pH, time, ionic
strength, initial concentration of metal ion were studied. The desorption process was also investiga-
ted and the optimal eluent was determined. Several adsorption isotherms have been studied.

MATERIAL AND METHODS

Devices

The optical densities of the solutions were measured with a KFK-3 spectrophotometer using 1 cm
thick quartz cuvettes. The pH values of the solutions were measured using a pH-meter equipped with a
pH-121 standard solution with a glass electrode. Distilled water was obtained through a-10 device.

Preparation of solution

Nickel standard solution (1x107?)

All the reagents used are of high purity. The 10 M solution of nickel was obtained by dissol-
ving 0.2628 g of NiSO4x 6H,0 in 100 ml of distilled water. Different concentrations of Ni(ll) solu-
tion was prepared by diluting 10 stock solution.
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Scheme 1. Hydrolysis of the anhydride groups contained in the copolymer
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Scheme 2. Structure of 4-Amino-N-2-thiazolylbenzenesulfonamide
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Buffer Solution

The buffer solutions (pH=3-8) used during the experiment were obtained by mixing
appropriate amounts of 0.1 M CH3COOH and NH3xH,0 and forpH 2 HCI was used.

Synthesis and identification of sorbent

Radical copolymerization of maleic anhydride with styrene in a benzene solution in a water
bath (75-80 C) for during 140 min conducted. As an initiator azobiisobutyronitrile recrystallized in
ethanol were used.

The obtained copolymer was washed with benzene and dried to constant weight in a drying
cabinet at 50°C. The yield of the copolymer is 95-97%. It is known from the literature [33] that
maleic anhydride forms a 1:1 (mole ratio) alternating copolymer with styrene. Calculated amounts
of formaldehyde and the corresponding amine are added to the obtained copolymer. The reaction is
carried out in a sand bath with continuous stirring. Since the reaction is carried out in an aqueous
environment, the anhydride groups contained in the copolymer are hydrolyzed (Scheme 1).

In the system, unstable carbonyl-amine is obtained from the interaction of formaldehyde and
amine groups. The removed carbonylamine interacts with the carboxyl groups in macromolecules,
and the removed amine fragment enters the macromolecule (Scheme 2).
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Fig.1. IR spectrum of the sorbent

In the IR spectrum (Figure 1) of the sorbent, 3668-3111 cm™ [valence vibrations of the —OH
group in the carboxyl group, as well as valence vibrations of the -NH group (3361 cm™)], 1733-
1745 cm™ (valence vibrations of the —C=0 group in the carboxyl group), absorption bands are
observed at frequencies 1585-1565 cm™ (C-N valence oscillations and N-H deformation
oscillations), 1605-1457 cm™ (valence oscillations in the benzene ring), 730-695 cm™ (deformation
oscillations in the benzene ring)
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Fig.2. Thermogram of 4-Amino-N-2-thiazolylbenzenesulfonamide
fragment containing sorbent
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The resistance of the sorbent to temperature was determined by the thermogravimetric method
(Figure 2). From the thermogram of the sorbent, it is known that the breakup of water and other
mixtures observed with an endothermic effect at 150°C (mass reduction-17.04%). Destruction of
the macromolecule and oxidation or burning of destroyed fragments observed with a weak endot-
hermic effect in the temperature range of 70-209°C the mass decreases (mass reduction-42.67%). In
the temperature range of 391-724°C, complete combustion of the polymer observed with a strong
exothermic effect occurs (mass reduction-35%).
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Fig.3. FTIR spectrum of the functionalized sorbent

According to the analysis of the FT-IR spectrum of diisopropylthiocarbamide (Figure 3), N-H
vibrations at 3567 cm* are visible in the spectrum of the ligand in the region of 3450-3100 cm ™.
The band at about 1457 cm ™ in the compound shows some change in the spectrum after the conver-
sion of that compound. The new band shifts to about 1486-1524 cm ™. These shifts can be attribu-
ted to the increase in the double bond character of the C-N bond. The spectrum of the compound
confirms that C=S as the main functional group exhibits a peak at a wavelength of 1190-2140 cm ™.
Conversion through the exocyclic sulfur atom is associated with a decrease in the -electron density
of the thiourea exocyclic C=S bond. In addition, the v (C=S) bond of the free ligand is red-shifted to
lower frequencies upon conversion.

Synthesis of N,N’-diisopropyl thiourea

The synthesis of N, N’-diisopropyl thiourea was carried out according to the literature [45, 3]
(using PEG-400 catalyst) in a 2:1 ratio of thiourea and diisopropylamine, and the reaction was carri-
ed out for 36 hours at normal atmospheric pressure. Then the obtained solid mass was washed, filte-
red and dried. The scheme of the reaction is as follows is in the scheme below (Scheme 3).

NH, j\ PEG-400 > /L j\ /J\ +2NH31
2 Lt HNTNH, HOefux NN

H H

Scheme 3. Formation reaction of N,N’-diisopropyl thiourea

Sorption experiments

Sorption studies of Ni (Il) ions were carried out at room temperature. For each experiment, 2
ml of metal ion solution of known concentration (5:10° mol/L) was added to 50 ml conical flasks.
30 mg of sorbent and appropriate pH were added to each flask. The pH level of the solutions was
monitored using a pH-121 pH-meter. After keeping the obtained mixture for 24 hours, the liquid
phase was separated from the solid phase by filter paper.

Then 1 ml of sample was taken from each flask and diluted with a buffer solution of pH-5.
The final concentration of Ni (Il) ions was 2,2",2",2""-{(1,1-Dioxo-2,116-benzoxathiole -3,3(1H)-
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diylbis[(6-hydroxy-5-methyl-3,1-phenylene)methylenenitrilo] }tetraacetic acid reagent (R) was
measured using KFK-3 photoelectrocolorimeter at wavelength A=580 nm. The degree of removal of
metal ions is calculated by the following formulas:

Ry, = =100 (1)

g

_ (Cp—ECa W (”)

g
m

Here, Cy is the initial concentration of the metal ion (mol-L™), Ce is the equilibrium concentra-
tion of the metal ion (mol-L™), V is the volume of the solution (L), and m is the mass of the sorbent
(mg). _

Desorption process

The preparation of adsorbent is usually a complex process that requires a certain amount of ti-
me and energy. At the same time, the substances used for synthesis are often very expensive and
difficult to obtain. Therefore, it is very important to investigate the reusability of the investigated
sorbent. A number of methods are used for the regeneration of adsorbents, such as biological met-
hod (with the help of microorganisms), thermal method (through oxidation) and chemical method,
which is the most commonly used method, where the absorbate is expelled with a suitable solvent
[28]. In this research, we have studied the effect of different acids and its concentration on the de-
sorption process.

The desorption study was carried out using 0.5 mol-L™* solutions of different inorganic acids
with the same concentration, that is, HNO3, HCI, H,SO4 and CH3COOH acids. To carry out the ex-
periment, 30 mg of sorbent was poured into 4 flasks, 2 ml of 102 M Ni (I1) solution and 18 ml of
pH 3 were added and kept for 24 hours.Then, the solid part of the solution was separated from the
liquid by filtration. 20 ml of 0.5 M HNO3, HCI, H,SO, and CH3COOH acid solutions were added to
the filtered part.

Each was kept by tightly closed for 24 hours. A day later, the liquid part of the solution sepa-
rated from the solid again. Then 1 ml of the homogeneous solution was taken, 1-2 ml of 2 mol/Il
KOH solution was added, diluted with pH 6.0 buffersolution, and the final concentration of Ni (1)
ions was determined using the KFK-3 device.

RESULTS AND DISCUSSION

Effect of pH on the sorption of Ni (1)

The pH of the solution is an important factor affecting the sorption capacity of Ni(ll), because
it affects the stability of nickel in the solution and can change its forms in the solution, for example,
at different pH values, nickel in solution Ni**, Ni(OH)*, Ni(OH ),, Ni(OH) * forms [19]. Besides, it
can change the electrical properties of the sorbent surface. At pH values above 8, Ni** is the major
form of nickel found. The pH of the initial solution was chosen between 2.0 and 8.0 to prevent the
formation of hydroxides during sorption .

To conduct the experiment, 30 mg of sorbent was weighed and collected in separate contai-
ners, then 2 ml of 10 M metal ion solution and 18 ml of appropriate pH were added to it and kept
for 24 hours.

After 24 hours , the solution was filtered through a filter paper to separate solid particles and
measured at a wavelength of A=580 nm using a KFK-3 spectrophotometer. The effect of the pH of
the solution on the sorption of nickel is shown in the figure below (Figure 4).
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Fig.4. Effect of pH on the sorption of nickel

As a result of the measurement, it was found that the capture of Ni (I1) ions with the highest
percentage from the solution was at pH 3. Therefore, this value of pH was used in all subsequent
experiments. A graphical representation of the result of the experiment is given in the figure below.

After soaking of the sorbent with N, N’-diisopropyl thiourea, the effect of the pH value of the
environment on the sorption process was studied and in this case it was determined that the
maximum absorption was at the value of pH 3.

Effect of time on the sorption of metal ions

The results of kinetic studies show that the degree of adsorption of Ni(ll) ions to adsorbents
can be extremely variable and difficult to predict. Thus, it is known in the literature that the
equilibrium time of Ni(Il) sorption is reached within 15 minutes [7], and another one is completed
in 7 days [46]. It is clear that this change depends on the type of sorbent used. Basically, synthetic
sorbents reach equilibrium faster than natural sorbents, which in most cases is explained by the fact
that they have more sorption centers, have a high surface area, and have more and wider pores.

In order to study the dependence of sorption on time, 30 mg of sorbent was taken and 2 ml of
10 M metal solution was added to it, and then 18 ml of pH 3 was added and the rate of sorption of
metal ions in the solution was studied for 30-270 minutes. The result of the experiment is given in
the graph below.

As can be seen from the figure (Figure 5), after 60 min, the sorption has already stabilized and
reached the equilibrium state. It can be said that after this time, the metal ion was no longer
captured from the solution. The same situation was observed when N, N’-diisopropy! thiourea was
absorbed into the sorbent. That is, the sorption after 60 min reached the plateau price. A graphical
representation of the result of the experiment is given in the figure below.

21
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Fig.5. Effect of time to sorption process
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In the course of this work, the effect of ionic strength on the capture rate of Ni(ll) ion was
studied. For these purposes, 2 mol/L potassium chloride KCI solution was used.

Studies have shown that the presence of K™ and CI" ions in the range p = (0.2—1.4) mol/L has
a negligible effect on metal ion sorption.

Effect of initial concentration of Ni(l11) ions on adsorption capacity

The initial concentration of the metal ion is very important in the study of the adsorption
process. Because the concentration of metal ions is one of the main factors that ensures its
movement towards the surface of the adsorbent [4].

During the experiment, the effect of the concentration of primary metal ions on the degree of
adsorption by the synthesized sorbent was studied. For this purpose, the concentration range of Ni
(11) ions from 2x10™* mol/L to 8x10™ mol/L was used. For this purpose, 30 mg of sorbent was
weighed, and an appropriate volume of metal ion solution and pH 3.0 was added. After 60 minutes,
optical densities of homogenous solutions in KFK-3 were measured at A = 590 nm with pH 6.0
buffer solution. The result of the experiment is given in the figure below (Figure 6).

N
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Adsorption capacity (mg/g)
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Fig.6. Effect of initial concentration adsorption capacity

Desorption process

This work also includes the study of the opposite process - desorption. It is an important task
to have the necessary eluents to adsorb the metal ion. In our article, this process is carried out using
different inorganic acids of the same concentration, in particular, 0.5 mol/L solutions of HNOj,
HCI, H,SO,4 and CH3COOH acids. The research results showed that the maximum desorption capa-
city on Ni(ll) ions is 0.5 mol/L HNOg solution.

Adsorption isotherm

For a better understanding of the adsorption process, the relevant adsorption equilibrium must
be used in the study. The nature of the adsorbate-adsorbent interaction is described by adsorption
equilibrium. In the present study the equilibrium data were analyzed using the Langmuir,Freundlich
and Dubinin-Radushkevichisotherms.

Langmuir isotherm

The Langmuir equation is often used to give the sorption equilibrium. In the Langmuir isot-
herm, it is assumed that all areas of the surface of the sorbent are similar to each other, that is, homo-
geneous. In this model, the sorption of metal ions occurs on a homogeneous surface without any inte-
raction between equally adsorbed ions. assumes and the ability of a molecule to adsorb at a given site
does not depend on the occupancy of neighboring sites, adsorption is reversible and the adsorbed mo-
lecule is assumed to be unable to migrate along the surface or interact with its neighbor [6].

The Langmuir model is expressed by the following formula:
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Here, C. (mmol/L) is the adsorbate concentration in the aqueous phase at equilibrium, ge
(mmol/g) is the equilibrium adsorption capacity, gm is de for a complete monolayer, and K is the
Langmuir isotherm constant (L/mmol™).

A linear graph of 1/ge versus 1/C. is shown in the figure below. The values of Qmax and K.
were calculated from the slope and intercept of the plot, respectively.

The main characteristic of the Langmuir isotherm can be represented by a separation factor
called the equilibrium parameter (R) and has the following form:

1
T1+bc,

Re

Here, b is the Langmuir constant (L/mmol), Co is the initial adsorbate concentration
(mmol/L). The R value indicates the type of isotherm. A value between 0 and 1 indicates a favo-
rable adsorption process.

The results show that the R, is between 0 and 1 and equal to 0.99when only sorbent is used
and after modification, which indicates that the adsorption is favorable under the experimental con-
ditions determined by the Langmuir model. Also, the value of the regression coefficient is
R?=0.4877 and 0.6771, respectively, indicating that this isotherm model is in good agreement with
the experimental adsorption data (Figure 7).
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0.25 y =0.0202x + 0.0151
R?=0.6771

y =0.0069x +0.0128
R?=0.4877

0 2 4 6 8 10 12 14 16 18 20 22
1/C,

® S S+T Sorbent Sorbent +Thiourea

Fig.7. Langmuir isotherm model

Freundlich isotherm

The Freundlich isotherm model determines the degree of heterogeneity of the adsorbent surface.
Adsorption sites consist of small heterogeneous adsorption sites, each of which is homogeneous [5].

The isoterm is described by the following equation

1
Inge = INKet = In Cq
n

where C. (mmol/L) is adsorbate concentration at equilibrium, g. (mmol/g) is the equilibrium
adsorption capacity,Kr is Freundlich constant and 1/n is the heterogeneity factor.

On average, the more favorable adsorption tends to have a Freundlich constant n between 1
and 10. A larger value of n (a small value of 1/n) implies a stronger interaction between the
adsorbent and the adsorbate, while 1/n equal to 1 indicates linear adsorption, which is characterized
by the same adsorption energies for all points on the branch. Linear adsorption generally occurs at
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very low solute concentration and low adsorbent loading.Ourcalculations shows that 1/n =0.5674
and after functionalization case 1.602. So It indicates normal adsorption in both cases (Figure 8).

Inq.

-3.5 3 -25 -2 -15 -1 -0.5 0 05
nC,

ST L] Sorbent + Thiourea

Sorbent

Fig.8. Freundlich isotherm model

Temkin isotherm

According to the Temkin isotherm equation, adsorption is characterized by a uniform distribu-
tion of binding energies up to a maximum binding energy, and the fall in the heat of adsorption of

all the molecules in the layer decreases linearly with coverage because of adsorbent—-adsorbate inte-
ractions [2].

The generalized (1) and linearized forms (1) of the model are given by the following equations:
Q= In (KrCo) ()
Ge= 3 In(Kr)+,In(Co) (n

Here Ky is Temkin isotherm constant (L/g), R- ideal gas constant (8.314 J/mol K), T-
temperature (K), bt constant related to the heat of sorption (J/mol)

t+ Thiourea ———Sorbent

Fig.9. Temkin isotherm model

From the figure 9 the values for Bris equal 5.5688 for just sorbent and after functionalization
it becomes 8.2229.1t shows there is physisorptionoccurs soif the By< 8 kJ/mol the adsorption pro-

cess is physical adsorption and Br> 8 kJ indicates chemical adsorption.The value of
Ktis38.8766425 and after functionalization 55.2285558.
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Dubinin-Radushkevich (D-R) isotherm

The Dubinin-Radushkevich (D-R) isotherm model is applied to estimate porosity, free energy,
and sorption characteristics. It is successfully applied for the adsorption of heterogeneous system
including solid and liquid. This model is considered more general than the Langmuir model, becau-
se in its derivation a homogeneous surface and a constant sorption potential are not assumed [23].
The isotherm is obtained based on the following equation.

Inqe:Inqs-kD.Rz—:2

The Polanyi potential, which depends on temperature, gas constant and equilibrium density is
expressed in the following equation:

&=RT In (1+-)

The Dubinin-Radushkevich isotherm has found many promising applications for determining
whether the nature of sorption is physical or chemical. For this purpose, the k name obtained from
the slope of the plot is used in the following equation:

1
J2kD-R

E=

The R?value is equal to 0.7993 and 0.5185.E is equal to 3.5 kd/mol. If E is between 8 and 16
kJ/mol, it indicates a chemisorption process, and an E value below 8 kJ mol™ indicates a physical
adsorption process.Thus, in our both case, the value of E is lower than 8 means that the physical
adsorption (Figure 10).

0 10000000 20000000 30000000 40000000 50000000 60000000
€2

® S+T e S ——Sorbent + Thiourea ———Sorbent

Fig.10. Dubinin-Radushkevich (D-R) isotherm

Application of adsorbent for determination of Ni (11) in waste water of oil field

For the analysis purposes water sample was taken from oil field of Pirallahi island. A sample
of around 2 L of drinking water was left to distill for 1 day. An additional 1 L of filtrate was collec-
ted and acidified with 10 mL of HNO3(1:1). The resultant mixture was then evaporated slowly till it
reached 70-80 mL. The final solution was filtered, transferred to a 100 mL flask, and diluted with
distilled water up to the mark. Resulting solution was passed through the microcolumn filled with
adsorbent with 1.0 mL/min of speed. Ni(ll) ions absorbed by adsorbent in microcolumn was desor-
bed by 1.5 M HNOj3 solution. Then eluent is passed into 25 mL flask. 2.5 mL of reactive is added
into flask and diluted till mark with pH 5. Absorbances of the resulting solutions were measured at
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A=580 nm on KFK-3, I=1 cm on the background of R. The amount of Ni (II) ions in water samples
were calculated on the basis of previously built calibration curve. Results were compared with AAS
and are given in the table 1.

Table 1
Determination of Ni (I1) in waste water of oil field
i i _ t, .5
Analized object | Adsorbent Reagent geler® oL S
Vi
Water S R (0.35740.015) - 107 0.02
AAS (0.364+0.016) - 107 0.04

CONCLUSION

In conclusion, the outcomes of our investigations reveal promising and noteworthy results,
that shows this novel functionalized sorbent can effectivly be used for the removal of nickel from
water.After modification of sorbent adsorption capacity approximately 20% increases. Adsorption
isotherms were investigated by several models and it was found that results best fit the Langmuir
model. Proposed method was applied for determination of Ni(ll) ions in water samples taken from
oil field of Pirallahi island.
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YENI MODIFiKASIYA OLUNMUS SINTETiK KOPOLIMER IL9 SULU
MOHLULLARDAN Ni (II) IONUNUN ADSORPSiYON TODQIQATLARI:
ADSORPSIYA iZOTERMLERI

T.9. Cavadzads, E.C. Eyyubova

Bu is Ni(II) ionlarinin malein anhidrid stirol kopolimeri va tiokarbamid ilo modifikasiya olun-
mus 4-Amino-N-2-tiazolilbenzolsulfanilamid asasinda sintetik adsorbent vasitasilo adsorbsiya tad-
gigina hosr edilmisdir. Is zaman1 adsorbsiya prosesins tosir edon miixtolif parametrlor, o ciimlodon
pH-1n tasiri, tomas miiddati, ion qiivvasi va ilkin metal ionlariin konsentrasiyasi tadqiq edilmisdir.
Miioyyan edilmisdir ki, maksimum adsorbsiya gabiliyysti pH=3-do miisahids olunur vo 18 mqg/g-a
borabardir. Adsorbsiya prosesini tosvir etmok iigiin miixtalif adsorbsiya izoterm modellori tadgiq
edilmis vo naticalorin Langmuir modelino uygun oldugu miisyyan edilmisdir. Fiziki adsorbsiyanin
adsorbent-adsorbat sisteminds bas verdiyini gostormok tigiin Dubinin-Raduskhevic modeli tadqiq
edilmisdir. Bu is homginin desorbsiya todgigatlarini shats edir vo 0,5 mol/l HNO3; mahlulu Ni(ll)
ionlari tizarinds an yiiksok desorbsiya gabiliyyatini gostormisdir.

Acgar sozlar: adsorbsiya, Ni (11), kopolimer, izoterm

AJCOPBIIMOHHBIE UCCJUIEAOBAHUA YIAJEHUA HOHOB Ni(1I) 13
BOJHBIX PACTBOPOB HOBBIM MOAUDPUIINPOBAHHbBIM CUHTETUYECKUM
COINIOJIMMEPOM: U3OTEPMbI AICOPBIINHN

T.A. Jl:xxkaBagzane, J./1:x. J1060Ba

Jannas pabota nocesiieHa u3ydeHuro ajacopormu uoHoB Ni(Il) cuHTeTnueckum agcopOeHTOM
Ha OCHOBE COIOJIUMEpPA MAJICMHOBOTO AaHTHIpHIA CTUposia W 4-aMuHO-N-2-THa3ommioeH30:-
cynb(hoHaMuAa, MOAU(PHUIIMPOBAHHOTO THOMOYEBHUHOM. B X0/1€ paboThI OBLIIM UCCIIEIOBAHBI PA3INYHBIE
napameTphbl, BIUSIONIME Ha MPOoIece aIcOpOIMHY, TaKue Kak BiusHue pH, BpeMs KOHTaKTa, HOHHAs CHla
¥ HayaJbHasi KOHIIEHTPAIMsI MOHOB METAUIOB. YCTAHOBIICHO, YTO MaKCHUMalbHas aJICOPOIMOHHAsS
eMKocTh Habmonaercss npu pH=3 u paBna 18 wmr/r. [lns onmcanus mporecca aacopOnuu ObLH
W3YUYEHBI PA3JIMYHbIE MOJIEIM U30TEPM aJCOPOIUH, U ObUTO OOHAPYKEHO, YTO PE3YIBTAThI COTIIACYIOTCS
¢ monenbto Jlenrmiopa. Mozens JlyOnHuHa-PangymeBrya Obuta MCCIeIOBaHa C LENbIO OKa3aTh, YTO
dbusndeckas ancopOuuMs TPOUCXOIAWT B CUCTeMe ajicopOeHT-ancopbar. Hacrosimas paborta Takxke
BKJIIOYAET uccienoBanus aecopoumu, u pactBop HNO; ¢ konunentpaumein 0,5 Monb/n mokasain
HarOOJIBIITYIO 1ECOPOIMOHHYI0 criocoOHOCTh 10 noHaM Ni(II).

Kuarwuessblie ciioBa: aocopoyus, Ni (Il), conorumep, uzomepma.
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