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Abstract: Octacalcium phosphate (OCP) is a material from the calcium phos-
phate group with a crystal structure similar to hydroxyapatite. The removal
process of lead and cadmium in aqueous solution using octacalcium phosphate
material was investigated. OCP material was synthesized by the solution pre-
cipitation method. The structural and phase properties of OCP before and after
the removal process were determined by the X-ray diffraction (XRD) method.
Microstructural and semi-quantitative analysis of the material was investigated
by scanning electron microscopy and energy dispersive X-ray spectroscopy
(SEM-EDS). Characteristic bands and functional group determination were
revealed using the Fourier-transform infrared spectroscopy with attenuated
total reflection (FTIR-ATR). As target pollutants, Cd(Il) and Pb(II) were
chosen in adsorption experiments. Results show that OCP in the first 10 min
has a very fast removal rate for Pb(Il); the equilibrium state was reached after
10 min with more than 98 % adsorption efficiency. Results for Cd(Il), results
showed the same removal rate but somewhat lower adsorption efficiency,
amounted to approximately 63 %.

Keywords: calcium phosphate material; adsorption; water purification; heavy
metals.
INTRODUCTION

Due to their exceptional crystallographic, ecologically acceptable, non-toxic,
and biocompatible properties, materials from the calcium phosphate group have a
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232 MIRKOVIC e al.

significantly wide range of uses. One of the interesting ones from this group is
octacalcium phosphate (OCP), with particularly unique properties,! next to hyd-
roxyapatite (HA), which presents the most common calcium phosphate materials
with a wide range of uses.?:3 Octacalcium phosphate stimulates bone regener-
ation due to the chemical characteristics of this material, in which Ca2* or PO43~
are released from the structure, and bone growth occurs in a certain direction; this
activity helps the process of bone regeneration and conversion of OCP to HA .4
Taking into account that certain good structural and, therefore, chemical pro-
perties of octacalcium phosphate can be designed by various synthesis methods,
this material also can be used as an adsorbent for the removal of organic pollut-
ants from aqueous solutions or a cation exchanger for water defluoridation.>-6

The possibility of using octacalcium phosphate material as a potential rem-
over for the immobilization of organic molecules but also heavy metals, regard-
ing its non-stoichiometric composition and structural defects at calcium ion sites
and phosphate ion lattice positions, which can be replaced with cationic and
anionic ions in structure.2’” This material has an interesting layered structure,
where the HPO42~ in a hydrated layer of OCP can be replaced and stacked in an
apatite layer.!-8 In the previous studies, it’s been reported that interlayers in OCP
structure recognize the chirality of some organic compounds during the incorpor-
ation process.8 Various syntheses of this material exist and have been used so far.
However, precipitation is one of the simplest and most commonly used methods
for obtaining materials with precisely defined characteristics.!0-13

The main idea of this work is the synthesis of pure octacalcium phosphate
material using acetate solutions as a source of calcium and hydrogen phosphate
as a source of phosphorus group for its synthesis relying on ecological and
cheaper synthesis methods using precursors other than nitrates or phosphoric
acid. The study’s main goal was to define the morphological and crystallographic
parameters of the material obtained, which was used to remove heavy metal ions
such as Cd(II) and Pb(Il). The results of this study show the benefit of using
octacalcium phosphate, which is non-toxic to the environment, where its disposal
in the ecosystem represents a biofertilizer because it becomes a source of phos-
phorus and calcium for plants.!3

EXPERIMENTAL

Octacalcium phosphate powder (OCP) was synthesized by a slightly modified solution-
-precipitation method, than the previously published,!! by titration of 250 mL Ca(CH;C0OO),
(Sigma Aldrich, p.a.) solution with a molar concentration of 0.04 M with 750 mL
NaH,PO4 -H,0 (Kemika, Zagreb, p.a.) solution with molar concentration 0.013 M. The tem-
perature during titration synthesis was adjusted to 60 °C, and the pH value of approximately 5
pH units was maintained throughout the titration process, checked by pH meter (LLG Lab-
ware, Meckenheim, Germany). The solution in the beaker was stirred at 100 rpm, and the sol-
ution in the burette was set to drip one drop per second. After synthesis, the precipitate was
transferred to a fine-grade filter paper and washed three times in distilled water and once in
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OCTACALCIUM PHOSPHATE UTILIZATION AS ADSORBENT 233

alcohol, after which it was dried at 40 °C for 12 h. As a final result, fine white powder was
obtained.

Structural and phase characteristics of the synthesized material were examined by the
X-ray diffraction method (XRD) on a polycrystalline sample using a Siemens D500 X-ray
diffractometer with CuK & radiation and Ni filter, in the 26 range from 10 to 60°, with a scan-
ning step size of 0.02, and scanning time of 0.5 s per step. Find It Inorganic Crystal Structure
Database was used for structural data calculation and phase identification of octacalcium
phosphate, using card number: ICSD #65347, and PDF2 Release 2023, using card numbers:
01-071-5049 for hydroxyapatite and 01-087-2477 for decalead hexakis(phosphate(V)) dihyd-
roxide. Crystallite sample sizes were calculated using the Scherrer equation,!> and structural
parameters were obtained by the Powder Cell crystallographic program.'6

The sample’s morphology and surface properties were investigated using a JEOL JSM-
-6610LV scanning electron microscope. Before semi-quantitative EDS analysis, the unpo-
lished sample was coated with Au — thickness 18.0 nm.

Fourier transform infrared spectroscopy with attenuated total reflection (FTIR-ATR) was
used to analyze surface functional groups and the chemical nature of the OCP sample. FTIR-
-ATR spectra were recorded on a Thermo Fisher Scientific spectrometer, model Nicolet IS 5.
For spectra processing, the Omnic program (Thermo Fisher Scientific) was used.

For adsorption kinetics experiments, Cd(II) and Pb(II) were chosen as target pollutants.
The adsorbate solution was prepared from the mixture of nitrate salts, Cd(NOs), and Pb(NOs),.
The 20 mg of OCP sample was measured and added to the plastic tube containing 50 cm? of
Cd(II) and Pb(II) mixture solution concentration of 40 mg/dm? of each pollutant. Then, the
prepared mixture was shaken at 180 rpm for 24 h, and 1 cm? of aliquot was taken at intervals,
10, 20, 30, 60, 120, 180, 300 min and 24 h. The pH value of 40 ppm adsorbate solution was
5.5, and that value was chosen for experiments. The reason for that lies in the fact that higher
pH values (pH > 6) lead to the formation of insoluble metal hydroxides, while lower pH
values (pH < 4) lead to the competitive adsorption between positive Cd(II), Pb(Il) ions and
protons. After adsorption, the aliquot was properly diluted, acidified with HNO;, passed
through a 0.45 um PTFE filter, and analyzed by ICP-OES spectrometer (ThermoFisher
Scientific ICAP duo 7400). All adsorption experiments were performed at 25 °C in duplicate.
The blank probe was also prepared. The removal efficiency of OCP for each contaminant at
time 7 was calculated by the following equation:!?

Co+C;

0

Removal =100 (D
where Cy and C, (mg/dm?) are the initial and concentration at time ¢ (min) of pollutants,
respectively.

For analysis of the adsorption kinetics study, pseudo-first-order and pseudo-second-order
were used as theoretical models. The equation of pseudo-first-order is given as:!7

0, =Q.(1-e™h) 2

Where O, (mg/g) is the amount of adsorbed pollutant at time ¢ (min), Q. (mg/g) is the
initial pollutant concentration in equilibrium, and k; (1/min) is the pseudo-first-order rate
constant.

The equation of pseudo-second-order is given as:!”
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0= 0 +hy +1) ()
Qe
where &, (g/mg min) was the pseudo-second-order rate constant.

The parameters k;, k, and Q. were obtained from the intercept and slope of the Q, versus t.

The adsorption isotherms were investigated to clarify the interaction between pollutants
and OCP in solution at equilibrium and determine maximum adsorption capacity.!® The mix-
ture was prepared by the same procedure that was mentioned above in the concentration range
40-500 mg/dm?3 per pollutant. The prepared mixture was shaken at 200 rpm, the pH value of
the adsorbate solution was 5.5, and the equilibration time was 3 h. After equilibration, 1 cm?
of mixture was taken, properly diluted, and analyzed by ICP-OES. All adsorption experiments
were performed at 25 °C in duplicate. The blank probe was also prepared. The following
equation calculated the adsorption capacity:!”

VG -C)
Qe - w

where Q. is the adsorbed amount of pollutant (mg/g), W is the mass of OCP (g), V is the
volume of sample aliquot (cm3), and C, and C, are the initial and equilibrium concentrations
of adsorbed pollutant.

Langmuir and Freundlich’s isotherms were used as theoretical models to analyze adsorp-
tion isotherms. The general Langmuir equation was presented as follows:!7

— Qmaxbce
Qe 1+bC,

“4)

®)

where Qpax 18 the theoretical maximum adsorption capacity of the adsorbent (mg of pollutant
per gram of adsorbent, mg/g), b is the constant related to the heat of adsorption (dm>/g).
The Freundlich isotherm can be represented as follows:!7

Q. = K C"™ (©6)

Where K; is the Freundlich empirical constant related to the adsorption capacity, (mg/g)
(dm3/mg))!"; 1/ng is the heterogeneity factor.

RESULTS AND DISCUSSION

SEM micrographs with EDS analysis of obtained OCP material are pre-
sented in Fig. 1. Fig. la represents agglomerates with sizes in diameters of
approximately 35 um. The morphology of agglomerates is in spherical forms.
Fig. 1b shows the detailed morphology of synthesized OCP powder. Proper crys-
tal grains of OCP have plate-like morphology, which agrees with the precipit-
ation method of synthesis.!? Also, this kind of crystal formation is known in the
literature as a petal-like structure.20 Prismatic plate-like grains are stacked
together in such a way that they form the appearance of a blooming flower.

Based on obtained and calculated EDS spectra, the Ca/P ratio is 1.33, typical
for octacalcium phosphate materials.?!

Fig. 2a shows the XRD pattern corresponding to synthesized OCP material.
Based on the presented results, slightly wider peaks with a slightly higher base-
line indicate a small crystallite size in the material, obtained by the precipitation
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OCTACALCIUM PHOSPHATE UTILIZATION AS ADSORBENT 23 5

method of synthesis.!1-13.15.16.22 Based on the results presented, the material
reveals sharp and well-defined peaks indicating proper structural arrangement.
Peaks in the 20 region from about 35 to 55° have higher intensities, which we can
assume is a preferential orientation created during the sample preparation. This
occurs when plate-like crystals are stacking during the application of the sample
to the carrier. This phenomenon often leads to the increment of peak intensities
of specific monolayer reflections.23

Fig. 1. Micrographs of OCP: a) Lower magnification presentation with EDS spectra,
b) enlarged detail with EDS spectrum.

Refinement of structural parameters of the OCP sample is done using the
Powder Cell program and ICSD file number 65347, space group P 1. The results
of refinement are presented in Table 1.

Structural results for OCP shown in Table I indicate that the unit cell para-
meters have smaller parameters compared to the literature data. Lower lattice
parameters are size-related changes of lattice parameters and present a deficit of
the intercrystalline pressure in a small particle. The calculated crystallite size of
about 200 nm confirms that as the particle size decreases, the lattice parameter of
the nanoparticle decreases.24 Results of OCP confirm that crystal sizes determine
the size-related change of the length of each lattice edge in a perpendicular dir-
ection or the above mentioned preferred orientation, as explained in Fig. 1a.25
Also obtained structural strain of 0.000176 %o, which indicates the existence of
low structural deformations, may be related to the dislocations between small
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crystallites. The results of the refined parameters indicate that nanocrystalline
octacalcium phosphate with good structural order was obtained by this method.

% ocp

Intensity (a.u.)

10 20 30 40 50 60
26(%)

#65347

xs e s s s
e

Fig. 2. a) XRD results of OCP with matching card #65347 and b) crystal structure of OCP in
the direction of the ¢ axis (red spheres are oxygen atoms, grey spheres are hydrogen atoms,
hydrogen bonds are shown in dashed lines, PO, tetrahedral are presented in purple and CaOg
octahedral are presented in blue color).

TABLE I. Refinement results; unit cell parameters of synthesized OCP sample

Sample alA b/ A c/A al® Ble y/°
ICSD #65347  19.79203) 9.6230(3) 6.9350(3) 91.150(3) 93.540(3) 109.650(3)
OCP 19.666(5)  9.519(2) 6.8260(3) 90.120(6) 92.498(4) 108.660(1)

The FTIR-ATR spectra of OCP samples and OCP samples after Pb(Il) and
Cd(II) removal (OCPpc) are shown in Fig. 3a and b. For both samples, the most
dominant peaks are near 1018 and 558 cm™!, which originate from stretching
vibrations of P—O bands and bending vibrations of O—P-0, respectively, and can
be assigned to the PO43~ group.26-29 Additionally, stretching vibration at 865
cm™! can be attributed to the HPO42~ in the hydrated layers of OCP crystals.27-29
Crystalline water in samples is represented by a broad peak at 3500 cm™!.26 Two
shoulder straps which can be observed only for pristine OCP sample at 1071 and
1190 cm™! could originate from stretching and bending vibration attributed to the
HPO42~ group in OCP crystal structure (Fig. 3b) and these vibration peaks of
PO43~ and HPO42~ groups are typical for OCP crystal formation.2”

From the OCPpc spectrum it can be seen that the main differences, com-
pared to pristine OCP, are the absence of peaks attributed to the HPO42~ group at
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OCTACALCIUM PHOSPHATE UTILIZATION AS ADSORBENT 237

1071 and 1190 cm™! as well as an increase of O-P—O bending vibrations inten-
sity at 600 and 558 cm™! and intensity of stretching vibration at 865 cm™! of
HPO42~ group in the hydrated layers (Fig. 3b).27:29 These are structural changes
of OCP after the adsorption processes of lead and cadmium and the presence of
more hydrated layers.

a)

——ocCP,,

Transmittance, %

0 T T T T T T T T 1
4000 32800 2200 2800 2400 2000 1800 1200 800 400

Wavenumber, cm™

b)
100 4

40

Transmittance, %
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1400 1200 1000 800 &0 400
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Fig. 3. a) FTIR spectra of OCP and OCPyp¢; b) amplified image of the square marked area in a.

The summarized results of the adsorption kinetic study and the fitting plots
are presented in Table II and Fig. 4, respectively. For Pb(Il), in the first 10 min, a
very fast removal rate with a rapid increase in adsorption capacity was observed.
The equilibrium state was reached after 10 min when it adsorbed more than 98 %
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Pb(II). In the case of Cd(Il), a fast removal rate, also after 10 min, was observed
with a lower adsorption capacity of about 63 %. After 10 min, adsorption was
slower, and the equilibrium was reached after 2h of adsorption.

TABLE II. The fitting parameters of adsorption kinetics using the pseudo-first-order

Pseudo-first-order parameters

Pollutant

R? ky / min! O, caled. / mg g'!
Cd (I1) 0.8755 0.0763 74.84
Pb (1) 0.8359 0.2480 125.87
kb ------------------- .
120 4 il 1
100 -
Ten 80 - T e S T
2 ¥y 4
o 60
40
m Cd e Pb
Pscudo-first-order kinctics
204 = = Pseudo-second-order kinetics
0= — T T 1 T L — T T T
0 200 400 600 800 1000 1200 1400

T/ min

Fig. 4. Adsorption kinetic data for Cd(II) and Pb(II) and nonlinear fit with pseudo-first and
pseudo-second-order kinetic models.

Comparing the removal rate after 10 min, it can be concluded that the rem-
oval rate of Pb(Il) is two times higher than the removal rate of Cd(Il) (Fig. 5).
The fitting parameters of the adsorption kinetic model are present in Tables 11
and III. It can be observed that the correlation coefficient (R2) is very similar for
the both theoretical models and the both pollutants (ranged 0.8359-0.8827), but it
is slightly higher for pseudo-second-order, and according to this fact, the adsorp-
tion of Cd(II) and Pb(II) can be described by the both models which confirm the
good agreement, between Q. experimental and Q. calculated. According to the
recent literature data, the pseudo-second-order model shows better agreement
with most adsorption systems in this field. Since there is no adsorbate dissociat-
ion in our system, the pseudo-first-order model is the only logical choice to des-
cribe the kinetics of Cd(I) and Pb(II) adsorption on the OCP sample.30 The
lower rate constant value for Cd(Il) shows that the OCP first adsorb the Cd(II).
This observation indicates that the OCP sample has much better adsorption per-
formance for Pb(I) removal in a mixture with Cd(II).
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Fig. 5. Adsorption kinetic curves for Cd(II) and Pb(II) adsorption on OCP.

TABLE III. The fitting parameters of adsorption kinetics using the pseudo-second-order models

Pollutant Pseudo-second-order parameters 0. exp. / mg g’
R? ky/ gmgmin!  Q,caled. / mg g’! ¢

Cd (I1) 0.8827 0.0973 80.90 77.52

Pb (II) 0.8472 0.4805 130.11 128.54

The results of the adsorption isotherms study are presented in Fig. 6 and
Tables IV and V. Based on the R? value, adsorption data of Cd(II) and Pb(II)
could be well described by the Langmuir isotherm model. Theoretical maximum

" Cd e Pb
Langmuir isothcrm
I — Freundlich isotherm

300 -

400

300

Q /fmg I

200

100 —

0 el S e e e e
0 50 100 150 200 250 300 350 400
A -1
C imgl

Fig. 6. Adsorption isotherms fitted by Langmuir and Freundlich model.
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adsorption capacity (Omax) obtained from Langmuir isotherm is much higher for
Pb(II) (1951 mg/g) than Cd(II) (104 mg/g), which confirms excellent adsorption
performance of the OCP sample for Pb(I) removal. The shape of the isotherm
curve for Pb(Il) shows that the plateau stage is not reached, which means that
removal of Pb(II) at a higher concentration is possible. Also, the affinity for
Pb(II) removal is much higher than the affinity for Cd(II) removal.

TABLE IV. The fitting parameters of Langmuir adsorption isotherm

Poll Parameter

offutant R? Omax / mg g’ b/ dm3 mg!
Cd (IT) 0.9863 104 0.2657
Pb (II) 0.9693 1951 6.99x104

TABLE V. The fitting parameters of adsorption isotherm using the Freundlich model

Pollutant Parameter

R? Kp / mg gl (dm3 mgh)Vn 1/ng
Cd (I1) 0.8920 43.33 0.1373
Pb (1) 0.9248 134.63 0.2403

In order to check the goodness of fit for the Freundlich models in a different
range of points, a fitting was done in the middle range of points, with no points at
low concentrations and high concentration - near saturation limits. The results are
shown in Table VI and Fig. 7. A difference was observed in the case of Pb ads-
orption. A better agreement of the Freundlich model was established in the mid-
dle range of points, which was confirmed by a higher value of the coefficient R2.

TABLE VI. The fitting parameters of adsorption isotherm for Pb fitted in the middle range of
points using the Freundlich model

Pollutant Parameter
ofiutan R? Ky / mg gl (dm? mgh)ln 1/ng
Pb (1) 0.9682 119.50 0.2658

With the aim of better understanding the entire process of removing targeted
heavy metal ions from aqueous solutions, XRD analysis of OCP was performed
after adsorption experiments. In Fig. 8, the XRD diffractogram of the dried
OCPpc sample is presented. On the basis of the presented results, two phases are
identified. The peaks primarily belong to the phase declared hexakis(phos-
phate(V)) dihydroxide — Pbjg(PO4)6(OH),, with hexagonal symmetry, e.g.,
P63/m. The other identified phase belongs to hydroxyapatite Cas(PO4)30H with
the same structural property. The identified hydroxyapatite phases are character-
ized by clear, sharp and well-defined peaks that indicate a good structural arran-
gement of these phases. A slightly higher background indicates a certain content of
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Fig. 7. Adsorption isotherm for Pb fitted in the middle range of points by Freundlich model.
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Fig. 8. X-ray powder diffractogram of dried OCPp sample.

the amorphous phase after adsorption experiments. Based on these analyses, it
can be said that phase and structural transformations of octacalcium phosphate
occurred in the presence of lead. In the positions where calcium was found, the
incorporation of lead and the formation of a hexagonal structure occurred first,
along with the formation of hydroxyapatite, which represents a more stable struc-
tural hexagonal form into which triclinic octacalcium phosphate tends to convert
most often by the dehydration process. This was also confirmed by FTIR-ATR
analysis (Fig. 3b). In the OCP structure, the HPO4—OH layer is unstable in tri-
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clinic structure; because of this, it is easily transformed to hydroxyapatite (HAp)
via dehydration upon further immersion.3! The same process happened with
Pb(II) ions, which made a stable further insoluble salt.

CONCLUSION

The targeted octacalcium phosphate material was successfully obtained by
solution precipitation method using acetate and sodium phosphate solutions. The
parameters calculated using XRD data show that monocrystalline material was
obtained with some lower unit cell parameters compared to data from the lite-
rature. FTIR spectra revealed characteristic vibration peaks of PO43~ and
HPO42~ groups, which are typical for OCP crystal formation. The prismatic and
petal-like microstructure of OCP crystal grains is confirmed by SEM analysis,
with a 1.33 Ca/P ratio. For Cd(Il), the theoretical maximum adsorption capacity
was 104 mg/g, and with lower adsorption capacity by about 63 %, while after 10
min adsorption was much slower, and equilibrium was reached after 2h. Excel-
lent adsorption performance of the OCP for Pb(Il) removal, which is obtained
from Langmuir isotherm, was 1951 mg/g of theoretical maximum adsorption
capacity, with up to 98 % of adsorption capacity in the first 10 min. After ads-
orption experiments, XRD analysis showed the structural transformation of octa-
calcium phosphate into a hexagonal symmetry structure corresponding to the
hydroxyapatite phase. This mechanism of interlocking of lead in the structure of
OCP and its translation into a stable, further insoluble lead salt, on the basis of
which the use of this material can be recommended for the remediation of soils
polluted with high concentrations of lead.

Acknowledgment. The research was funded by the Ministry of Science, Technological
Development and Innovation of the Republic of Serbia, in a frame of research topics number
1702302 and 1702307 based on contract number: 451-03-1/2023-03/17.

U3BOJ

YKJIAILAIGE OJIOBA U KAIMHUJYMA U3 BOOEHOI' PACTBOPA KOPUCTERHU
OKTAKAJIIUIJYM-®OCOAT KAO AICOPBEHT

MWJbAHA M. MUPKOBUR', UBAH [I. BPALJAHOBUR!, ATEKCAHIAP [I. KPCTUR?, IY1bA JI. BYKWUR?,
BJIADVIMUP M. IOOEBCKU! u AHA M. KAJTUJAIUC!

'0gcex 3a mamepujane, Uncumym 3a Hyxiedphe Hayke Bunua — Hayuonamny unciautitym Penydnuxe
Cpbuje, Yrusepsuiueii y Beotpagy, Muxe Ilemposuha Anaca 12—14, 11000 Beoipag, >Ogcex 3a pusuuxy
xemujy, Unctiutiyw 3a nyxaeapue Hayke Bunua — Hayuonannu uncimuinyti Penyonuxe Cpouje,
Ynusepsute y Beoipagy, Muxe Ilemposuha Anaca 12—14, 11000 Beoipag u *Ynusepsuitet y Beoipagy,
Buonowxu paxyniteii, Ciiygenwcku wpi 16, 11000 Beoipag

Oxrakanuujym-cdocdar (OCP) je maTepujan u3 rpymne Kaauujym-gocdara ca KpucTa-
HOM CTPYKTYpOM CIMYHOM XHIPOKCHANAaTHTCKOj. MCMUTHUBAH je mpolec yKiamarwa 0710Ba U
KaIMHjymMa y BOZIEHOM pacTBOpY KOpHIThemeM CUHTETHCAHOT OKTakanuujyM-docdara. Oxra-
Kanuujym-gocdaTHd MaTepdjal je CHHTETHCAH METONOM TIpelMNHTaldje W3 pacTBopa.
CrpykrypHa u (pas3Ha cBojctBa OCP ompehena cy metonom peHarercke nudpaxiyje Ha MOTH-
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OCTACALCIUM PHOSPHATE UTILIZATION AS ADSORBENT 243

KpPHUCTaIHOM Y30pKy IIpe M HaKOH Ipolieca yKiamama IolyTaHaTa U3 pacTtsopa. Meroze cke-
HUpajyhe enexTpoHCKe MUKPOCKOIHje ca eHepreTcko JUCIEP3UBHOM PEHITEHCKOM CHEKTPO-
CKonujoM KopuurheHe cy 3a ogpehuBambe MUKPOCTPYKTYPHE U CEMHU-KBAHTUTAaTUBHE aHA/IU3€
cuHTeThcaHor Matepujana (SEM-EDS). Kapakrepuctuune Tpake M oppehuBame (yHKLHO-
HaJHUX rpyna ogpehusane cy kopuuhemem HHpaLpBeHe clieKTpockonyje ca $oypuepoBom
Tpanchopmanujom ca ocadmeHoM ToTanHoMm peduiekcrjom (FTIR-ATR). 3a uwmHe 3arahu-
Baye n3abpaHu Cy KaIMHUjyM U OJIOBO Y eKCIIepUMEeHTHMa aficopIiyije. PesynTatu nokasyjy na
OCP y mpBux 10 min uma u3y3eTHy Op3uHy yK/Iamamba 0J0Ba; PABHOTEKHO CTamkbe je MOCTHUT-
HyTo HakoH 10 min ca Buwe on 98 % edukacHOCTH ajcopnuuje. 3a KagMHjymM pe3yiTaTH
NoKasyjy UCTy Op3uHYy yKiIamama alH HEIITO HUXY e(UKACHOCT afiCOPILHUje KOja U3HOCH OKO
63 %.

(ITpummeno 15. centembpa, peBunupano 4. oktodpa,- mpuxsaheno 26. neuemdpa 2023)
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