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Abstract. The contamination of water bodies with harmful
pollutants considers an aggravating global problem. The
current research focuses on a developing efficient adsorbed
for removing nitrate ions from aqueous solutions. The study
proposed modified chitosan-zeolite composite beads to
enhance the performance of the adsorption process. The
zeolite was used to increase the surface area, and Zirconium
was loaded on the beads to promote the selectivity for
nitrate anions. The adsorption mechanism was assessed by
characterizing the beads and sorbate adsorbent beads
utilizing X-ray diffraction analysis (XRD), Fourier trans-
form infrared spectroscopy (FTIR), Field Emission Scan-
ning Electron Microscopy (FESEM), and analysis with an
energy dispersive X-ray analyzer (EDX). The experiments
were conducted in a batch system, and the effect of key
parameters like contact time, initial nitrate anion
concentration, and adsorbent dosage on the adsorption
performance was investigated. The results demonstrated
that the highest removal of nitrate ions was determined to
be 95.42% at 0.2 g of Cs-Ze-Zr adsorbent with an initial
concentration of 50 mg/L and a contact time of 120
minutes. The maximum adsorption capacity of the nitrate
ions on the manufactured bead was 80.15 mg/g. In addition,
among the Freundlich, Langmuir, and Temkin isotherms,
the isotherm equilibrium data were consistent with a
Freundlich isotherm model. The kinetic data for adsorption
were satisfactorily fitted by a pseudo-first order. Subse-
quently, the results distinctly indicated that the proposed
adsorbed (Cs-Ze-Zr) could be employed fruitfully in remo-
ving nitrate ions, demonstrated through the remarkable
removal efficiency and adsorption capacity obtained in the
study.

Keywords: modified chitosan, batch adsorption, nitrate,
zeolite, zirconium.
1. Introduction

Water considers the essence of life. Unfortunately,
controlling the quality of water is a foremost challenge.
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Water is infested by several wastes, including industrial,
agricultural, biological, and other dispersed sources."
A wide variety of harmful ions can be presented in

water sources. Nitrate ions have attracted more attention
as a straightforward problem arises in this domain. Nitrate
ions are characterized by high levels of water solubility
and may inflict serious and long-term environmental and
human health harm. It may cause carcinogenic diseases
and the development of nitrosamines and nitrosamide.>*
Accordingly, substantial interest has been received to find
a sufficient technology to remove the anionic pollutant
from the water resources. Over the last few decades, the
researcher has developed different approaches, including
chemical, physical and biological treatments such as a
membrane technology,® electrocoagulation reduction,’
reverse osmosis,” precipitation,’ catalytic reduction,® and
other technologies.

Adsorption has been proposed as a viable tech-
nique for wastewater treatments as it represents a simple,
flexible, and sustainable method.® The basic fundamental
of this technology involves the mass transfer process in
which the dissolved substance is emigrated from the bulk
of fluid to the surface of the adsorbent by means of
chemical and/or physical interaction.'***

It has been recognized that the type of adsorbent
plays a crucial role in the adsorption process. Numerous
studies suggest various adsorbents, including organic ad-
sorbents, inorganic adsorbents, and agricultural wastages
such as activated carbon,*? silica gel,** and dates pits.**

Recently, chitosan has been addressed as one of the
adsorbents used successfully in removing toxic ions.™ It is
obtained from chitin by deacetylation and consists of a
linear polysaccharide, which considers one of the superior
abundant biopolymeric materials. This type of adsorbent
offers some practical advantages compared to other
adsorbents, which can be summarized as a biomaterial
that can be formed into different shapes, biodegradability,
and biocompatibility.’® Also, the primary advantage of
chitosan is that it has a high content of amino and hyd-
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roxyl groups and the amino groups which tolerate
protonation readily in an acidic medium.!” Despite the
mentioned advantages of chitosan, some drawbacks are
pointed out through utilizing chitosan, including poor se-
lectivity and adsorption capacity, low mechanical
strength, and low level of solubility in an acidic
environment.*® Consequently, recent approaches focus on
overcoming these problems by proposing different modi-
fication methods to enhance chitosan's physicochemical
properties of chitosan.'® These methods can be classified
into physical and chemical modifications, such as com-
posite blend forms,?° metal loading,?* and crosslinking.?

Many alternative approaches have been adopted to
improve the properties of adsorbents, like removal
efficiency and adsorption capacity. One way to overcome
this problem is to load it with other substances, for
instance, multivalent metal ions. Anions like nitrite are
more likely to be removed by ions with a higher positive
charge, such as Calcium, Magnesium, Aluminum and
Lanthanum ions.? Zirconium has a higher positive charge
among various types of ions and is biologically and
chemically inert. This material is resistant to oxidant and
reductant, alkalis, and acids.?*

Moreover, zeolites are characterized by a relatively
high specific surface area and ion exchange capacity.
Zeolites are negative-charged hydrated aluminosilicate
minerals.?® The empirical chemical formula for zeolite can
be expressed as M2nO. Al,O3.ySiO,. wH,0.%

The main objective of the current study is to cast a
new light on the removal of nitrate ions from an aqueous
medium by adsorption using modified adsorbents. For this
purpose, chitosan was modified by mixing with zeolites,
and the final mixture was loaded with Zirconium. The
synthesized modified adsorbents were characterized and
used in the batch adsorption process. The study questions
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the feasibility of utilizing the modified chitosan adsorbents
in the adsorption process regarding removal efficiency and
adsorption capacity. Therefore, the effect of key
parameters, specifically contact time, the concentration of
pollutant and the dose of adsorbent were examined in this
work. In addition, the study involved introducing different
adsorption isotherms for the process and adopting the
kinetic model that fits the adsorption mechanism.

2. Experimental

2.1. Chemicals

Chitosan powder (90% deacetylated) was pur-
chased from chemsavers (USA), 13X zeolite powder from
ZR CATALYST CO.LTD (China), zirconium chloride
(ZrOCL2.8H,0) from BDH chemicals Ltd England,
glacial acetic acid (99.5%) from MACRON (China),
glutaraldehyde solution (25%) from THOMAS BAKER,
sodium hydroxide pellets (98%) from ORBITAL
company, sodium nitrate (NaNOs) is supplied by CDH.
Distilled water was used to prepare all solutions.

2.2. Preparation Chitosan-Zeolite
(Cs-Ze-Zr) Beads

The chitosan-zeolite beads were created using a
previously reported method by Sowmya and Meenakshi?’
with modifications. Two grams of chitosan were dissolved
in 100 mL of glacial acetic acid (2% v\v) in a 250 mL
beaker. The mixture was stirred by a mixer (0S20-S) for
three hours at 300 rpm in ambient temperature to obtain
the homogenous gel. Then 0.5g of 13X zeolite was added
to the chitosan mixture and mixed for two hours.?8
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Fig. 1. Shedule of modified chitosan composite beads Cs-Ze-Zr preparation
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Chitosan and zeolite solution was dropped in a
beaker (1L) containing 1M sodium hydroxide by burette
(100 mL) and left for 20 h to obtain viscous beads. After
that, the beads were washed with distilled water until the
pH value reached 6.5-7.0, after that the wet beads were
immersed in a glutaraldehyde solution (25%, 48hour) and
washed with distilled water to neutralize pH. Finally, the
(Cs-Ze) wet beads were placed in zirconium chloride
solution (ZrOCL2.8H.0O, 5%wl/v) for 24 h and then
washed several times with distilled water to remove the
excess zirconium chloride. The beads were dried at room
temperature as shown in Fig. 1.

2.3. The Batch Adsorption Experiments

The batch adsorption experiments were performed
in a 250 mL glass bottle placed in a flask shaker (1990-
Germany). A specific amount of the prepared (Cs-Ze-Zr)
adsorbents was placed in 250 ml of sodium nitrate
solution. The mixture was shaken at a constant rotation
speed of 150rpm at room temperature.

The effect of contact time (0-180 min), adsorbent
dosage (0.05-0.3g), and initial nitrate ions (50-600 mg/L) on
a removal efficiency and adsorption capacity were investi-
gated through the study. Samples were taken periodically and
filtered before analysis. Thereafter, the samples were
analyzed by a spectrophotometer at a wavelength of 220 nm
according to the method described in the literature.?®

The removal efficiency (removal %) is estimated
according to the following Equation:
G -G

removal % =100-

_ ®

where ¢ is initial concentration of NOs; ¢ the
concentration with time.

The adsorption capacity was calculated as follows:

adsorption capacity = R r;ct -V 2

where m is mass of adsorbent, v volume of solution.

3. Results and Discussion

3.1. Cs-Ze-Zr beads

The adopted preparation method of (Cs-Ze-Zr)
beads gives substantial results interpreted in Fig. 2. As can
be observed from the pictures, the first step of preparation
gives viscous white beads of chitosan-zeolite beads after
they immersed in NaOH solution as in (2-A). In the
second step, the beads turned into semi-solid beige beads
after they were treated with glutaraldehyde, as in (2-B).
Thereafter, the exposition of beads to zirconium chloride
solution made the bead's color yellow, as shown in (2-C).
Finally, the beads gain their ultimate dark brown color
after drying as in (2-D).

Fig. 2. Pictures of the beads obtained in each step of preparation Cs-Ze-Zr beads

3.2. XRD Analysis

The XRD spectra of chitosan, zeolite, Zirconium,
and the composite Cs-Ze-Zr beads after adsorption are
presented in Fig. 3. As can be observed, the XRD pattern
of chitosan can be identified clearly from peaks that
appear at 20 of 20.34 and weaker peaks at 21.35 and 35.4,
which is munching typical fingerprints of chitosan.3:3!
The test points out a high crystallinity with an average
crystallite size of 9.8 nm for chitosan. The phase I.D. of
the XRD pointed that zeolite can be characterized by
broad peaks at 20 of 6.04, 9.95, 15.4, 23.3 and 30.9. The
pointed peaks demonstrated the amorphous nature of 13X
zeolite.3234

Additionally, the XRD diffraction patterns for
Zirconium were located at 20 of 7.4, 14.88, 23.43, 27.74
and 29.76. These peaks are also pointed according to
ICSD 00-032-1498.%* Furthermore, low-intensity peaks of
XRD spectra for the composite Cs-Ze-Zr beads were
located at 20 of 5.9, 21.2, 20.7, 24.5, 31.6, and 39.5,
which indicate the presence of chitosan, zeolite, and
Zirconium with a small shift of their location. The Cs-Ze-
Zr beads after adsorption declined in intensity after due to
nitrate adsorption. The nitrate alters the surface structure
of Cs-Ze-Zr beads. That behavior was also obtained when
Fe-Cs-Alg beads were exposed to adsorption with
phosphate.
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3.3. FTIR Studied of Adsorbent

FTIR spectra of chitosan (Cs), zeolite, (Cs-Ze-Zr)
bead before and after adsorption are shown in Fig. 4. A
broadband peak was observed, which was designated for
the pure chitosan overlapped stretching vibrations of the -
OH and NH; groups at 3444 cm™. The -CH, group's
asymmetric C-H stretching vibrational peak was presented
at 2862 cm. Also, it can be noticed that the N-H bending
vibration of NH, and -OH was 1577 and 1381 cm™. 1
Furthermore, the C-O-C skeletal vibrations caused the
peak at 1076 cm1, while the C-O stretching vibration of
chitosan caused the peak at 1026 cm®. % In the zeolite, the
TO43% (T = Si or Al) tetrahedral symmetric and
asymmetric stretching vibrations, respectively, were
represented by the peaks centering at 999 and 671 cm™.
The building blocks of the octahedral structures were
attributed to the dual six-member rings at 563 cm. 37.3
The T-O bending vibration of the zeolite interior (where T
= Al or Si) may be responsible for the absorption band at
463 cmt, ® Additionally, it was possible to observe the
Si(Al)-O vibration peak at 756 cm™. % Due to the
presence of hydroxyl groups, the spectrum of 13X zeolite
displayed a broad absorption band with a center at 3460
cm?® that corresponded to OH vibrations. Before
adsorption, the peak observed at 447 cm 14 was attributed
to the Zr-O bonds. The bands at 1670 cm™ and 1577 cm?
in chitosan shifted to 1651 cm™ and 1539 cm™ in Cs-Ze-
Zr beads, which were attributed to intermolecular
interaction between chitosan's -NH2 group and the Si-O
and Al-O groups of the zeolite. The band appeared at
3444 cmt in chitosan reduced to 3360 cm in Cs-Ze-Zr

bead. However, this peak reduced to 3082 cm in Cs-Ze-
Zr beads after adsorption, that may contributed to metal
coordination with the chitosan functional groups.? In
addition, spectra of beads after adsorption showed that a
new peak at 1388 cm™ 4! was related to the N-O stretching
frequency, which demonstrated that nitrate ions had been
adsorbed on the adsorbent.

3.4. FESEM and EDAX studies
of adsorbent

Figure 5 (A-D) depicts FESEM images of Cs-Ze-
Zr composite beads both before and after the adsorption
of nitrate ions. Figures A&B show the spherical form of
Cs-Ze-Zr prior to adsorption and the heterogeneous
surface morphology with an extended roughness. The
possibility of pollutants being absorbed is encouraged by
the surface's rising roughness. The beads in figures C &D,
after nitrate ion adsorption, still maintained their spherical
shape, and the surface was smoother than it was before
adsorption. This occurred because the nitrate ions had
coated the beads after adsorption. Fig. 5E of EDAX
spectra for Cs-Ze-Zr beads showed that the peak of Zr+
obviously appeared, and this proved that the Zr** was
successfully loaded onto the chitosan-zeolite beads. The
rise in nitrogen weight percentage from 7.15% to 8.10%
and oxygen atom weight percentage from 22.77% to
24.87%, as depicted in Fig. 5F, demonstrated the
adsorption of nitrate ions on Cs-Ze-Zr composite beads. In
addition, the chloride element was reduced compared with
Fig. 5E, suggesting that the ion exchange mechanism also
controlled the sorption system.
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Fig. 3. XRD analysis of chitosan, zeolite, zirconium, and the composite Cs-Ze-Zr beads
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Fig. 4. FTIR spectra of (A) chitosan, (B) 13x zeolite, (C) Cs-Ze-Zr beads
before adsorption, and (D) Cs-Ze-Zr beads after adsorption

3.5. Effect of Contact Time

The effect of contact time on removal efficiency
and adsorption capacity was examined with initial NOs
concentration of 50 mg/L and an adsorbent dosage of
0.1 g. Fig. 6 shows that both removal efficiency and
adsorption capacity increased with the contact time. The
removal efficiency increased dramatically from 17% to
83% by increasing the time of adsorption from 30 min. to

120 min. After that, the removal efficiency starts to level
off, where the increase of contact time to 180 minutes
resulted in raising the efficiency only to 91.4%.

Similar behavior was observed with adsorption
capacity. The adsorption capacity increased gradually from
4.27 mg/g to 20.7 mg/g with increased contact time from 30
to 120 minutes. The improvement of adsorption capacity was
insignificant when the contact time exceeded 120 min, and
reached about 22.6 mg/g at contact time of 180 minutes.
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Fig. 6. Effect of contact time on removal efficiency and
adsorption capacity

This behavior could be attributed to the abundance
of unoccupied active sites in the initial stage of the
process. Thereafter, the adsorption capacity is slightly
restrained because of the adsorbates accumulation.'® The
results achieved in the current work agree with the results
obtained by the literature.?”

From this set of experiments, it can be concluded
that the best operation time for the adsorption process is
120 minutes, were removal efficiency and adsorption
capacity are at their adequate values; further increase in
experimental time is impractical for the process.
Consequently, the rest of the results are going to introduce
at an operation time of 120 minutes.

3.6. Effect of Initial Concentration

Practically, the water resources content different
concentration of pollutants. Therefore, it’s crucial for any
treatment method to examine the feasibility of a treatment
system with different ranges of pollutant concentration. In
the current study, the effect of NOsz concentration on
removal efficiency and adsorption capacity was examined
in the range of 50-600 mg/L, with an adsorbent dosage of
0.1 g, rotation speed of 150 rpm, at a contact time of 120
minutes and ambient temperature. Fig. 7 demonstrates that
the increase of pollutant concentration declines the removal
efficiency. The removal efficiency decreases distinctly from
83.03% at a concentration of 50 mg/L to around 26.70 % at
an initial NO3 concentration of 600 mg/L.

On the other hand, the adsorption capacity shows a
reverse response to that obtained with a removal effici-
ency. The adsorption capacity augmented dramatically
from 20.7 mg/g with an initial concentration of 50 mg/L
to around 80.12 mg/g with an initial NO3z concentration of
600 mg/L.

This rise could be attributed to the increased
driving power generated by the nitrate concentration gra-
dient between the aqueous and solid phases.*? The
maximum adsorption capacity of 80.15 mg/g was achi-
eved at concentrations of 400 mg/L. After that, the
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adsorption capacity carves flattened, where the active sites
of the adsorbed are saturated with the pollutant.
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Fig. 7. Effect of NO; concentration on removal efficiency
and adsorption capacity

3.7. Effect of Adsorbent Dosage

By adjusting the dosage, the optimal adsorbent
dosage may have been studied in the range of 0.05, 0.1,
0.2, and 0.3 g. The experimental conditions were the
following: a contact time of 120 minutes, a rotational
speed of 150 rpm, ambient temperature and a 50 mg/L
nitrate solution. The removal of nitrate ions is illustrated
by the dosage of the adsorbent in Fig. 8. The removal
percentage augmented along with the increase in Cs-Ze-Zr
dose. This upward tendency is brought on by a rise in
active sites and functional groups available as a result of a
rise in an adsorbent dosage. The adsorption process
achieves the equilibrium point after a constant rise in the
removal efficiency due to the overcrowding of adsorbent
particles on adsorption sites.*® As a result, the best dosage
of 0.2 g was chosen for this research.
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Fig. 8. Effect of adsorbent dosage on the removal efficiency

3.8. Adsorption Isotherm

Adsorption isotherms, graphs used to assess ad-
sorption studies, were applied to investigate the adsorption
mechanism and general efficacy (chemisorption/ physi-
sorption). To ascertain the nitrate adsorption statics onto
Cs-Ze-Zr beads, Temkin's isotherm models in addition to

well-known isotherm models, including Freundlich and
Langmuir ones, were examined.

3.8.1. Langmuir Isotherm Model

It is based on the assumption that the adsorbent has
a constant adsorption energy at a constant temperature
when the adsorbed solute forms a monolayer. Linear form

is expressed as
1 1 1 1

2=y ©)

e dmax Amax KL Ce

where ge (mg/g) is the amount of nitrate adsorbed by
adsorbent mass at equilibrium, ce is the concentration of
nitrate (mg/L), and k. is Langmuir constant (L/mg). The
gmax (Mg NO3/g adsorbent) is the maximal monolayer
adsorption capacity. Additionally, it was possible to
explain the Langmuir isotherm using the separation factor
that was determined using Eq. (4):4

R, =—— 4)

1+ kg c;

where ¢; is the initial concentration of nitrate (mg/L). R.'s
value indicates the sort of isotherm, with R = 0 being
irreversible, (0< R <1) being favorable, and R. = 1 being
unfavourable.

The plot of 1/ge vs. 1/c. is illustrated in Fig. 9, the
gmax and k. are computed from the slope and intercepted,
respectively.

3.8.2. Freundlich Isotherm Model

The Freundlich model presupposed that the
adsorption process takes place in a multilayer sorption and
that the molecular distribution on the adsorbent surface is
heterogeneous.* Freundlich's equation is illustrated below
in its linear form:

logq. = logks +% logc, (5)
where de (Mmg/g) is the amount of nitrate adsorbed by
adsorbent mass at equilibrium, ce is the concentration of
nitrate (mg/L), Freundlich empirical constants Kr (mg/g)
and n serve as an indicator of adsorption capacity and
favorability. The plot of log ge vs. log c. is illustrated in
Fig. 10. The 1/n and Kr are computed from the slope and
intercepted, respectively.

3.8.3 Temkin Isotherm Model

One characteristic of the Temkin isotherm makes
good quality of the interaction between the adsorbent and
adsorbate. Forms using this model were used and
provided as Eq. (6) below:

qe = Blnkr + Blnc, (6)

where B is the Temkin constant and kr is the Temkin
isotherm constant (L/mg).

The plot of ge Temkin isotherm vs. In c. is
illustrated in Fig. 11.
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Fig. 11. Temkin adsorption isotherm

Table 1 shows the correlation coefficient R? for
the Langmuir, Freundlich, and Temkin isotherm, which
are (0.9151), (0.9668) and (0.8945), respectively. It
amply demonstrates that the experimental data of nitrate
ion adsorption by Cs-Ze-Zr are a decent fit with the
Freundlich model.

Table 1. Parameter of Langmuir, Freundlich, and
Temkin isotherm for nitrate ions

Isotherm Parameter Value
Langmuir ke 0.2977
Om 29.15

R? 0.9151

R. 0.0629

Freundlich ke 8.8206
1/n 0.3155

n 3.1695

R? 0.9668

Temkin kr 2.1998
B 5.0725

R? 0.8945

The Freundlich coefficient n provides a measu-
rement of the adsorption process favorability. The range
of n values between 2 and 10 indicates the acceptable

physical adsorption, between 1 and 2 - moderate
difficulties, and below 1 — poor adsorption.*64” This was
supported by the current study's n value (3.1695), which
suggest massive physical adsorption.

3.9. Adsorption Kinetics

The pseudo-second-order and pseudo-first-order
equations are two popular kinetic adsorption models that
can calculate the adsorption rate. The tests were run in a
variety of contact conditions over time. The linear form of
the pseudo-first-order equation is as follows:

In(qe — q;) = Inq, — kqt @)

where ki (L/min) is the pseudo-first-order constant; g. and
g: (mg NOs/g adsorbent) are the amounts of nitrate ions
adsorbed at equilibrium and at any time, respectively. Fig.
1 shows the In (Qe-r) vs. time graph.

The linear form of the pseudo-second-order
equation shows:
t 1 t
—_ = —_ 8
ac  k2a%  qe ®)

where k2 (g/mg. min) is the pseudo-second-order constant.
Fig. 13 shows the graph of t/g; vs. time.
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According to Table 2, the correlation coefficients
for the pseudo-first-order and pseudo-second-order were
(0.9798) and (0.9714), respectively. These results showed
that the pseudo-first-order model described the adsorption
of nitrate ions by Cs-Ze-Zr. Competently, the g ca for the
pseudo-first-order (12.74 mg/g) was considerably more in
line with the experimental value (11.9275 mg/g) than the
pseudo-second-order.*®4% The pseudo-first-order kinetic
process indicates equilibrium between the liquid and solid
phase for reversible reactions. At the same time, the
pseudo-second-order kinetic model predicts that mass
transfer is not the rate-limiting step but rather the
adsorption mechanism.

Table 2. Parameters of pseudo-first-order and pseudo-
second-order Kinetics of nitrate ions

Kinetic Model Parameter Values R?
1st order Je cal My/g 12.74 0.9798
Qe exp MY/ 11.9275
k1(1/min) 0.0261
2nd order 0 ca MO/ 17.33 0.9714
Ce exp mg/g 11.9275
ko g/mg-min 1.05.10°

4. Conclusions

The removal of nitrate from water by modified (Cs-
Ze-Zr) beads was investigated in this research. XRD,
FTIR and FESEM have characterized the (Cs-Ze-Zr)
bead. The key effective parameters were explored, and the
results demonstrated that the best time of removal was
120 minutes, and the optimum dosage was 1g/250mL of
Cs-Ze-Zr. The adsorption capacity increased with
increasing the nitrate concentration while the removal
efficiency decreased. In addition, by increasing the
adsorbent dosage, the removal efficiency increased, and
the adsorption capacity decreased. The maximum
adsorption capacity for nitrate ions on Cs-Ze-Zr was 80.15
mg/g. Since the isotherm data for nitrate ions fit the

y =0,0577x + 3,1586

10 -
R?=0,9714

t/q

O T T T T 1
0 20 . 40 . 60 80 100
Time (min)

Fig. 13. Pseudo-second-order Kinetic model of nitrate ions

Freundlich isotherm the best, it was clear that multilayer
sorption predominated. Also, the adsorption kinetic for the
nitrate ions followed the pseudo-first-order in kinetic
experiments, showing that physical adsorption has prevai-
led. The current work's ultimate concentration of treated
water reached the global limit of nitrate. Consequently,
the Cs-Ze-Zr beads can be utilized for simple separation
procedures, and it could be a useful solution to the real-
world issues posed by separation processes.
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ITAPAMETPUYHE TA KIHETUYHE
JOCAKEHHSA BUJAJIEHHS HITPATIB 3 BOAU
MOJUPIKOBAHUMHU KOMIIO3UTHUMH
KYJBbKAMMU 3 XITO3AHY

Anomayin. 3a6pyonenns 600HUX 00'€kmia wKIOTUSUMU 3a-
OpYOHIOIOYUMU PEUOBUHAMU € OOHIEIO 3 HAULOCIMPIUX 2I0OATLHUX
npobnem. I[lomoune Oocniodcenns 30cepeddiceHo Ha po3podyi
epexmugro20 adcopbeHmy Onsi GUOANEHHs. HIMPAM-IOHI8 3 600HUX
po3uunig. Y 00cniodcenHi 3anponoHo8aHo MoOUIKo8aHi Komno-
3UMHI XIMO3AH-YEONMHI KYIbKU 05l NIOGUUEHHST eqheKmUBHOCMI
npoyecy aocopoyii. Leonim euxopucmogyeanu O0na 30inbuleHHA
naowi NOBEPXHi, A YUPKOHILl HAHOCUTU HA KYIbKU Ol NIO8UUEHHS
cenekmueHocmi w000  Himpam-auionie. Mexanizm  adcopoyii
OYIHIOBANY, XAPAKMEPU3VIOUY GUXIOHI KYIbKU mMa KVIbKU 3
aocopbosanum copoamom 3a O0NOMO20I0 PEHM2EHOCIPYKIMYPHO20
ananizy (XRD), ingppauepeonoi cnexmpockonii 3 nepemeopeHusim
Dyp'e (FTIR), nonvosoi emiciliHoi CKAHY8ANbHOI e1eKMpPOHHOT
mixpockonii (FESEM) ma amnanizy 3a 0onomozoio eHepeoouc-
nepciiinozo  pemmeenigcokozo  ananizamopa (EDX).  Jlocriou
nposoounU 6 cucmemi nepioOuyHol 0ii ma UEHAU 8NIUE KIIOUOBUX
napamempie, MaKux sK 4ac KOHMAKmy, NOYamKo8a KOHYeHmpayis
HIMpam-aHioHie i 003y6aHHA A0COPOEHMY HA epexmueHicmy
aocopbyii.  Pesynbmamu  noxasanu, wo Haueuwuil Ccmynito
SuIyHeHHs Himpam-ionie 0ye saghixcosanuti Ha pigni 95,42 % 3a
suxopucmanua 0,2 2 Cs-Ze-Zr adcopbenmy 3 NOYAMKOBOHO
Kouyenmpayicio 50 me/n i uyacom kowmakmy 120 xeunum.
Maxkcumanvha aocopbyiiina 30amuicms w000 Himpam-ionie Ha
sueomosneritl kymvyi cmanosuna 80,15 me/e. Kpim moeo, cepeo
izomepm Dpetinonixa, Jlenemopa i Temkina oani npo pienogazy
i3omepmu  y32000iCy8anucs 3 Mmooewno izomepmu  @petinonixa.
Kinemuuni oani 0ns aocopbyii Oynu 3a008iIbHO ANPOKCUMOBAHT
ncesdonepwum  nopaokom.  Ompumani — pe3ynbmamu — 4imko
exasylomvs Ha me, wo 3anpononosanuii aocopbenm (Cs-Ze-Zr)
Modice Oymu YCRIUWHO BUKOPUCMAHULL OIS GUTTYYEHHsL HImpam-ioHis,
WO NIOMBEPOHCYEMBCA  BUCOKOI  eEKMUBHICINIO  SUTYYEHHS 1
aocopOYitiHOI 30aMHICIMIO, OMPUMAHONO 8 OOCTIONHCEHHI.

Kniouoei cnoea: moougixosanuii ximosaw, nepioouuna
adcopbyis, Himpam, yeonim, YupKoHiil.



