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desorption. was established after 3 hours. As the concentration of sorbed metal ion increases,
it reaches its maximum at 6:10° M. To study desorption, the effect of different
acids - HNOs, CHsCOOH with the same concentrations on the desorption of
Ag(I) from the sorbent was studied. The experiment showed that the maximum
desorption of Ag(I) occurs in 2 M nitric acid (HNOs).

Introduction

Sorption technologies have been widely used for the preconcentration of heavy and hazardous
metal ions [1-7]. Chelating sorbents are of particular interest as sorption material. More efficient
is the use of modified forms of the MASC. For example, chelating sorbents, which are fixed on
organic compound-s matrices [8-9]. According to recent papers, the MASC is a potential matrix
for the synthesis of chelating sorbents, as well as the preconcentration and determination of
heavy metal ions [10-13].

Ag(I) is among heavy and toxic metal ions. It can accumulate on skin and prolonging contact
with it results in argyria [14-15]. Therefore, it is actual from analytical point of view the sorption
preconcentration of Ag(I) as heavy and toxic metal ion from aqueous solutions.

The main goal in the present work is to study the conditions for the preconcentration of Ag(I)
with a new chelating sorbent based on MASC modified with NAA, followed by determination of
Ag ions by photometric spectrometry to remove Ag(I) from aqueous solutions.

Experimental technique

Sorbent. To investigate the sorption preconcentration of Ag, a synthetic chelating sorbent based
on MASC and NAA was used for preconcentration of Ag(I).
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Synthesis of sorbent.

The sorbent synthesis is carried out according to the method [16]. The sorbent used in this study
was created by modifying a macroporous MASC. NAA was applied as an amine. To begin,
weigh 3 g of copolymer using an analytical scale before transferring it into the round bottom
flask. The appropriate amount of NAA was weighed, dissolved in water, and added to the
flask's original contents. In the synthesis, formalin was utilized as a cross-linking agent. The
reaction was conducted at 60-70 °C for 30-40 minutes. The following stages were observed in the
polycondensation reaction (Scheme 1):
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Because the procedure is carried out in an aqueous medium, the polymer's anhydride groups
undergo hydrolysis.
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The combination of formaldehyde with 4-nitroaniline-2-arsonic acid creates an unstable

carbonylamine. Unstable carbonylamine interacts with the macromolecule's carboxyl groups,
introducing the amine into it.

Before conducting experimental studies, the synthetic chelating sorbent was purified. To conduct
the experiment on the sorption of silver ions, the sorbent was ground in an agate mortar and
sifted through a sieve with 14 mm pores.

Figure 1 shows the molecular structure of the amine.
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Fig 1. Molecular structure of 4-nitroaniline-2-arsonic acid

Solutions. The standard solution of Ag(I) was prepared by dissolving an accurate mass of the
metal salt AgNOs (chemically pure) in distilled water [17]. Spectrophotometric measurements
were performed using a Lambda Perken Elmer spectrophotometer and a KFK-2 photoelectric
colorimeter. Working solutions were obtained by appropriate dilution of the stock solutions.

To create the required acidity ammonium acetate buffer solutions (pH 3-11) were used. The
determination of silver in solutions was carried out by the spectrophotometric method using the
reagent - 2,2',3,4-tetrahydroxy-3'-sulfo-5'-nitroazobenzene.

Study of metal sorption. Metal sorption isotherms were obtained under static conditions at
20°C. The sorption value and the degree of metal extraction were calculated from their
equilibrium concentration in the solution by the spectrophotometric method [18]. The degree of
extraction (R, %) and the value of sorption (q., mg/g) for the studied analyte were calculated
using the formulas:

CO - Ce
R, % = x100 (1),
e
(Co — C)V
qe = m - 2),

where Co and C. are the initial and residual (equilibrium) concentrations of the adsorbate,
respectively, mg-L7; V is the volume of the solution, L; m is the mass of the sorbent, g.

When studying sorption in a static mode, 510° M of Ag(I) metal aqueous solution was
introduced into a test tube with a ground stopper, and an ammonium acetate buffer solution was
added to create the required acidity to a total volume of 20 ml. 30 mg of the sorbent was added to
a test tube, closed with a cork, and intensively stirred for 1-150 min. The solution was separated
from the sorbent by filtration.

Study of metal desorption. The dependence of metal desorption from the modified sorbent
surface on acidity and eluent concentration was studied under static conditions. A portion of the
modified sorbent weighing 30 mg was placed in a 50 ml conical flask with a metal solution and
left for three hours with stirring. Then, the sorbent was separated from solution by filtration. At
the final stage, the concentration of desorbed silver(I) ions was determined in the obtained
filtrate.

Results and discussions
Sorbent identification.
IR spectroscopy.

The structure of the synthetic sorbent CSMA-4-nitroaniline-2-arsonic acid was studied by IR
spectroscopy methods. The following vibrations are observed in the IR spectrum of CSMA-4-
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nitroaniline-2-arsonic acid: 3600-3100 cm™! (stretching vibrations of the -OH group, as well as
stretching vibrations of the -NH group (3400-3200 cm™)], 1775-1745 cm! (stretching vibrations of
the -C=O group in the carboxyl group), 1585-1565 cm™ (stretching vibrations of C-N and
deformation vibrations of N-H), 1605-1515 cm™ (stretching vibrations of C-C in the benzene ring),
730-695 cm! (deformation vibrations of C-C in the benzene ring).

Influence of pH on sorption. The static sorption capacity of a synthetic chelating sorbent
depends on the content of functional-analytical groups in the sorbent matrix and the acidity of
the medium. The sorption of silver(I) by synthetic sorbent was influenced by pH.

The study of the effect of pH (in the range of 3-8) on the preconcentration of silver(I) ions under
static conditions showed that the quantitative extraction of metal ions is achieved at pH 5.

This effect of the medium pH value on the preconcentration of silver(I) ions can be explained as
follows: at a low pH value, -AsOsHz and NH: functional groups of the polymer sorbent easily
form protonation and in this case, competition between the formed protons and silver ions with
subsequent electrostatic repulsion of silver ions is observed in the aqueous solution. In this case,
the adsorption value decreases. With a further increase in the pH value, these functional groups
are no longer protonated and therefore the previously observed process of electrostatic repulsion
of the silver ions decreases. The result of this process is an increase in the adsorption value of the
silver ion.

At pH=5 of the environment, at which maximum adsorption is observed, the metal ion in the
aqueous solution is in the form of Ag".

The pH or acidity value of the medium at which hydrolysis of a metal ion begins depends on its
charge and radius. Thus, the greater the charge and the smaller the radius of the cation of a metal
element, the lower the pH value of the medium at which hydrolysis of the metal begins. [19] For
silver ions in aqueous solution, at pH values greater than 8, the hydrolysis process begins.

Figure 2 represents the dependence of adsorption capacity on medium pH.
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Fig.2. Effect of medium pH on adsorption capacity.
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Fig. 2 shows that the maximum degree of silver extraction by sorbent is achieved from solutions
with pH 5. So, all further studies were carried out at pH=5.

Effect of time on sorption. It was found that the sorption equilibrium in the "sorbent - liquid
phase" system is achieved after 3 hours of contact. For all further experiments, the time to
establish the sorption equilibrium was 3 hours.

Influence of silver (I) concentration. The initial concentration of metal affects the value of the
sorbent sorption capacity. The study of the dependence of the sorption capacity (SC) on the
concentration of silver (I) showed that the sorption value changes with the concentration of the
silver ions. Figure 3 shows the dependence of the sorption capacity of the sorbent on the initial
concentration of silver ions. As can be seen from the figure, the maximum sorption capacity of
the sorbent is achieved at an initial metal concentration of 6:103 M. So, with an increase in the
concentration of the silver ion in the solution, the amount of adsorbed metal increases, and at a
concentration of 6:10° M it becomes maximum (pH=5, C ags =6°10° mol/l, Viet.=20 ml, SC = 334,08

mg/g).
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Fig.3. Effect of initial concentration of metal on adsorption capacity.

Study of the desorption of the absorbed silver ion from a polymeric sorbent. The technique of
adsorption has a number of benefits, including great reversibility, which enables recycling of
wasted adsorbent by desorption.[20] Furthermore, desorption and regeneration of the sorbent is
the economical process of removal silver(I) ions. This process allow the repeated use of sorbent.
In this process a precipitate of silver (I) with sorbent was formed, filtered off, washed 2-3 times
with distilled water in order to remove the diluents, and then dried. To select a suitable eluent, as
desorbing agents various acids were tested — mineral HNOs and organic CHsCOOH. It was
found that the desorption capacity of HNO:s is higher than that of CHsxCOOH. A study of the
influence of the HNO:s concentration showed that Ag(I) ions are maximally desorbed in a nitric
acid with concentration of 2.0 M.
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Effect of concentration of different acids on the degree of extraction (%) of silver(I)

Acid Concentration, mol/l Degree of desorption, %
HNO:s 05 65

1,0 79

2,0 87
CH:COOH 0,5 60

1,0 71

2,0 76

Adsorption isotherm. The adsorption isotherm depicts the connection between the adsorbate in
the surrounding phase and the adsorbate adsorbed on the surface of the adsorbent at
equilibrium and constant temperature. This graph is extremely important for research on
adsorption studies. [21] Adsorption isotherm will be linear only in small ranges, at low sufficient
concentrations the linear adsorption isotherm can be applied. [22-23]

In this work, Langmuir adsorption isotherm model was used to explain adsorption process.

Langmuir isotherm. [Langmuir, 1918]: Langmuir's model is widely used to depict physical and
chemical adsorption. The Langmuir isotherm model is defined by the following equation:
_AmKiCe
© 1+1<Lce’( )
In the equation, Ce (mmol/dm?) represents the adsorbate concentration in the aqueous phase at
the adsorption equilibrium, ge (mmol/g) represents the equilibrium adsorption capacity or the
quantity of metal adsorbed on the adsorbent's surface at the adsorption equilibrium, qm is the
maximum adsorption capacity equal to qe for the complete monolayer, and Ki (dm?*/mmol) is the
Langmuir isotherm constant.

A graph showing the dependence of 1/qe on 1/Ce has been produced. The gmax and Kt values
were calculated using the plot's slope and intercept, respectively. Table 1 illustrates Langmuir
isotherm parameters.
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Table 1. Langmuir isotherm parameters .
Langmuir
qmax, Mg/g Kidm¥mg | Ru R?
3.507 0.004 0.996 09177
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Re is a crucial adsorption equilibrium characteristic that determines whether the isotherm is
irreversible (R. = 0), favorable (Ri<l), linear (Ri=1), or unfavorable (Rc>1). The Langmuir
isotherm model factor Rt may be derived using the following equation:

1
L 1+K;Co’ (2)
where Kv is the Langmuir constant(dm®mmol), Co is the initial concentration of adsorbate
(mmol/dm?3).

The results obtained reveal that Rt is between 0 and 1 and equivalent to 0.996, indicating that
adsorption is favorable under the given circumstances using the Langmuir model. Furthermore,
the coefficient of regression R>=0.9177 indicates that the isotherm model matches well with
experimental adsorption values.

Conclusion. For the first time, the preconcentration of silver ions with a synthetic sorbent based
on MASC modified with NAA was investigated. The most effective conditions for silver sorption
on the adsorbent were identified. Silver removal by adsorbent is most effective in pH 5 solutions.
After 3 hours of contact, the "adsorbent - liquid phase" system reached sorption equilibrium. The
Langmuir adsorption isotherm was used to describe the adsorption process. As the
concentration of silver ions in the solution rises, sorbed metal increases until it reaches its
maximum at 6:10° M. The results demonstrated that the suggested sorbent may be utilized to
preconcentrate silver in aqueous solutions. The regenerated sorbent can be reused for further
preconcentration processes.
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CUHTETUYECKUI XEAATOOBPA3YIOIV COPBEHT HA OCHOBE MAJAEMHOBOI'O AHTUAPUAA CO
CTUPO/AOM U 4-HUTPOAHUAVH-2-APCOHOBOU KNCAOTOM AA51 KOHITEHTPMPOBAHMS
CEPEBPA(D)

H.IT.O®OEHANEBA, AM.MATEPPAMOB, ®.M.YUbIPAT'OB
baxumckii 'ocyaapcTBeHHBI YHUBEpCUTET
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Amportarmrst: CraThs TTOCBAINIEHa M3BAEYEHNMIO MOHOB cepeOpa(Ag) B Kucaou cpege mpu pH 5 comoammepom
MazenHosoro anrmapuga co crupoaoM(CMAC), xummdecknt MoAVMQUIPOBAaHHBIM 4-HUTPOaHMANH-2-apCOHOBOII
kucaotoit(HAK). Vccaeaosanme copOumm moHoB Ag(l) mpoBoaMAOch B CTaTMUYECKNMX YCAOBILIX. VI3ydeHO BAMHNE
PasAVIHBIX ITapaMeTpoB Ha Iportecc coponym noHos Ag(l). MakcumaabHas copOIya MOHOB MeTaAla HabAroaaeTcs
npu pH 5. CopOrnoHHoe paBHOBecHe ycTaHaBAMBaeTcsl yepes 3 daca. Koamdectso copbmpoBaHHOTO MOHa MeTaAla
yBeArdmBaercsa U npu KoHueHTpanuy 8-10% M craHoBurcsa MakcumaabHbIM. Aas msydenmsa gecopouym Ag(l) c
copOeHTa 1CCAeJ0BaHO BAVsHME pasandHbiX KucaoT - HNOs, CH3COOH c¢ 0auHaKOBBIMM KOHIIEHTPALIVISIMIL.
DKCIIepUMEHT I10Ka3a, 9To MakcuMaabHast gecopount Ag(l) mponcxoant s 2M azotHoit kucaote (HNOs).

Karouesble ca0Ba: CHHTETHYECKMII XeAaTOOOPa3yloLInii COpOeHT, cOpOLMOHHAs eMKOCTh, cepeOpo(l), copbmus,
AecopOnyisL.

UOT 546.42

MALEIN ANHIDRIDI-STIROL SOPOLIMERI OSASINDA 4-NiTROANILIN-2-ARSON TURSUSU iLO
GUMUS() QATILASDIRILMASI UCUN SINTETIK XELATOMOLOGOTIRICIi SORBENT

N.T.OFONDIYEVA, AM.MOHORROMOV, F.M.CIRAQOV
Baki Déovlat Universiteti
afandiyeva.narmin@mail.ru

Xiilasa: Maqale giimiis(Ag) ionlarmin 4-nitroanilin-2-arson tursusu(NAT) ile kimyavi modifikasiya olunmus, malein
anhidridi-stirol sopolimeri(MASS) ilo turs miihitde pH 5 sorbsiya olunmasina hesr edilmisdir. Ag(I) ionunun
sorbsiyasmin tedqiqi statik seraitde aparilmusdir. Ag(I) ionlarmmn sorbsiya prosesine miixtelif parametrlorin tasiri
Oyranilmisdir. Metal ionlarmin maksimal sorbsiyasi pH 5-de miisahide edilir. Sorbsiya tarazligi 3 saatdan sonra alde
olunur. Udulmus metal ionunun miqdar1 artir ve 810° M gatiiginda maksimuma c¢atir. Ag(I)-in sorbentdan
desorbsiyasimni dyranmok {igiin eyni qatiliqh miixtelif tursularin - HNOs, CH3COOH tesiri dyrenilmisdir. Tacriiba
gostordi ki, Ag(I)-nin maksimum desorbsiyasi 2M azot tursusunda (HNOs) bas verir.

Acar sozlar: sintetik xelatomalagatirici sorbent, qatilasdirma, giimiis(I), sorbsiya, desorbsiya.
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