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Complex formation between a natural polysaccharide — gellan and an antimicrobial drug
— ofloxacin was studied in aqueous solution. Conductimetric and potentiometric titration curves
revealed that gellan and ofloxacin forms a water-soluble complex of composition 2:1 mol/mol
stabilized by ionic and hydrogen bonds. The formation of the gellan-ofloxacin complex was
confirmed by FTIR spectroscopy, dynamic light scattering, zeta-potential and thermogravimetric
analysis. The average hydrodynamic size of the complex was found 307+5nm and its zeta-
potential was negative and equal to -15 mV. Thin films of the gellan-ofloxacin complex, gelled
in 0.3 wt.% of CaCl, were used to study the release kinetics of ofloxacin in distilled water and
phosphate buffer. Tf1e drug release kinetics evaluated by UV-Vis spectroscopy at Amax =289 nm and
calculated by the Ritger-Peppas model correspond to non-Fickian diffusion in distilled water and
Case Il transport (zero-order kinetics) in phosphate buffer. The cumulative release of ofloxacin
from the gellan-ofloxacin films was equal to 96+2% and 36+2% in phosphate buffer and distilled
water, respectively. It is expected that the gellan-ofloxacin complex is able to form in situ gel on
the surface of the eye and to prolong the drug residence time in the tear fluid.

Keywords: gellan; ofloxacin; complexation; drug delivery.
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Tabufn nonncaxapup — rennaH MeH MUKpobKa Kapcbl npenapaT — 0$pIOKCALMHHIH, Cybl
epiTiHainepiHiH apacblHAAFbl KeWeHHiH Ty3inyi 3epTTengi. KoHAYKTOMETpAiK KaHe pH-meTpAik
TUTPAEY KUCIKTAPbIHbIH HITUKeNepi 6ObIHLWA rennaH odAOKCALUMHMEH UOHbIK KIHE CYTEKTIK
6aiinaHbicTap apKbiabl 2:1 MONIb/MONb KaTblHACTa KeleH Ty3eTiHAiri aHbikTanabl. KelweHHiH
opTawa ruapoaunHamuKanblk enwemi 30715 Hm, A3eTa-noTeHUManbl Tepic, AFHM -15mB TeH.
lennaH-odNOKCALMH KelueHiHiH Ty3ineTiHiH UK-®ypbe cnekTpockonua, AMHAMMUKaANbl XKapblKTbl
WaWbIpaTKbIW, A3eTa-NOTEHLMaN XoHe TepMOrpaBMMETPUANbIK aHanu3AepMeH pacTangbl.
TennaH-obaoOKCaLMHHIH eTe )yKa naeHkacbl 0,3% CaCl, epiTiHAiCiHIH KaTbICbIHAA anbiHbIn, CY
oHe pocdaT bydepiHiH epiTiHAiciHe NNeHKagaH Od)HOKcaLI,VIHHIH, WbIFY KNHETUKACbI 3epTTensi.
[apinik 3aTTbiH WbIFY KMHETUKachl YK-KepiHeTiH cnekTpockonuacbiHAa A =289 HM TONKbIH
Y3blHAbIFbIHAA aHblKTanbin, Putrep-Mlennac mopenimeH ecentengi. Cyp,a *aHe docdaT
bydepiHiv, epiTiHgiciHae A2piNiK 3aTTblH, LWbIFY KMHeTUKacbl PuK 3aHblHa 6GafbiH6aMAabl
KoHe aHomanbabl (Il kafgainpa) anododysua baiikanagbl. fennaH-odbaoKcauMH NAeHKacbiHaH
obNoKcaUMHHIH KymynaTueTi 6ocan woifybl docdat bydepiHae 96+2%, an AUCTUNLEHTEH cyaa
36+2% TeH 6014abl. 3epTTEYNEPAEH KYTETIH HOTUKE, reiNaH-0GNOKCALMH KelleHi Ke3 ¥KacbiMeH
9peKeTTecKeHAe in situ renb Ty3in, A3PiNiK 3aTTbIH, 9Cep eTy Mep3iMiH y3apTaabl.

TyiiiH ce3paep: rennaH; odnoKcaLMH; KelleH Ty3iny; Aapi-aapmekTi bocary.
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KomnnekcoobpasoBaHne MexXay MNPUPOAHbIM  MOAMCAXapuAOM — TENNaHOM W
aHTUMMKPOBHLIM nNpenapatom — O(AOKCALMHOM M3yyeHO B BoAHOM pacTBope. Kpusbie
KOHAYKTOMETPUYECKOro U pH-MeTpuyecKkoro TUTPOBaHWUA MOKas3anW, YTo rennaH obpasyet c
odoOKCAUMHOM BOAOPACTBOPUMbIA KOMMAEKC cocTasa 2:1 MoNb/MONb, CTabUNU3UPOBAHHBIN
MOHHbIMW  B3aUMOAENCTBUAMM U  BOAOPOAHbIMM cBA3AMU. CpeaHernapoavHaMUYECcKUi
pasmep Komnnekca coctasnaet 307+5HM, a ero A3eTa-noTeHUMan oTpuuaTeneH w
paseH -15mB. O6pasoBaHWe Komnaekca rennaH-odNOKCaUUH NOATBEPKAEHO AaHHbIMU
MK-®Oypbe  cnekTpockonuu, AMHAaMMYECKOro  CBETOpacceaHMA,  [A3eTa-noTeHuuana w
TEPMOrpaBMMETPUYECKOrO aHanu3a. TOHKaAa NJeHKa rennaH-opnoKcaunH, NpUroToBNeHHas
B 0,3% pactBope CaCI2 6blna UCNONb30BaHA ANA U3YYEHUA KUHETUKM BbixoAa odaOKcaLUMHa B
Boay v ¢ocohatHbii bydpep. KMHETMKa BbiIxoga NeKapcTBa, UlyyeHHas meTogom YO-suanmmon
cnekTpockonuu npu A =289 HM U BblYMCAEHHAs NO MOAeNU Putrepa-fennaca, 8 Boay
n dpocodaTHbIi bydep cooTsBeTCcTBYET HEPUKOBCKOM W aHOManbHoi (cnyuain 1) auddysum.
KymynaTtusHoe BbicBo60OXAeHMe 0dOKCaLMHA U3 NNEHOK reNnaH-0pIoKCaLMH COOTBETCTBEHHO
paBHO 96+2% u 36+2% B dochaTHOM bydepe u AUCTUAAMPOBaAHHON Boade. Oxupaerca, YTo
KOMNeKc rennaH-odaokcaumH cnocobeH o6pasosath in Situ renb B CNE3HOW KMAKOCTU U
NPOJIOHIMPOBATL BPEMA yepXKaHUA eKapcTBa.

Kniouesble cnosa: BblCBOﬁO)K,D,eHMe

NleKapcTea.

reanaH; 0¢U‘IOKC3LI,I4 H; KOMI'IHEKCOOﬁpa3OBaHMe,’



(2022) Chem Bull Kaz Nat Univ 2:4-12

CHEMICAL BULLETIN

of Kazakh National University

http://bulletin.chemistry.kz/

BN

XABAPUWbI

BECTHMK

UDC 541.64+678.744

https://doi.org/10.15328/cb1239

Ophthalmic drug delivery system based on the complex

of gellan and ofloxacin

G.S. Tatykhanova'**
S.E. Kudaibergenov!

, V.O. Aseyev?

, M. Vamvakaki*

, V.V. Khutoryanskiy>*®

!Institute of Polymer Materials and Technology, microdistrict “Atyrau 1” 3/1, 050019 Almaty, Kazakhstan

2Satbayev University, Satpaev str. 22a, 050013 Almaty, Kazakhstan

3University of Helsinki, Yliopistonkatu 4, 00100 Helsinki, Finland
4University of Crete, Heraklion 700 13, Greece

*Reading School of Pharmacy, University of Reading, Whiteknights RG6 6APUK, Reading, UK
5Al-Farabi Kazakh National University, al-Farabi av. 71, 050040 Almaty, Kazakhstan

*E-mail: gulnur-ts81@yandex.kz

1. Introduction

Over the past few decades, microbial polysaccharides
have attracted the attention of researchers due to their
advantageous physicochemical properties. Currently, one of
the most widely studied and comprehensively described
member of this group is gellan —a linear polymer consisting of a
tetrasaccharide repeating unit of 1,3-linked B-D-glucose,
1,4-linked B-D-glucuronic acid, 1,4-linked B-D-glucose, and
1,4-linked a-L-rhamnose produced by Sphingomonas elodea [1].
The fermentative production and manufacturing of gellan at
industrial scale is described in many reviews [2,3].

Due to its unique structure and beneficial properties,
gellanis currently described as a potent multifunctional additive
for various pharmaceutical products. Its specific gelling
properties in different media has led to the development of
controlled release formulations based on gellan. Various
formulations have been studied including oral, ophthalmic,
nasal and other [4, 5]. A recent report [4] suggests that gellan-
based materials can also be used in regenerative medicine,
dentistry or gene delivery. Gellan gum-based hydrogels exhibit
excellent in vivo and in vitro biocompatibility [6], tunable
physical mechanical and injectable properties [7-9] for
application in the regeneration of cartilage [7,8], tissue
engineering [10], cell encapsulation [11], nucleus pulposes
regeneration [12]. Recent progress in the design of multi-
functional hydrogels based on gellan gum in the context of
biomedical engineering and regenerative medicine is discussed
and summarized in recent reviews [4,13-15].

Gellan-based systems for the sustained delivery of
ophthalmic drugs are of great interest because the sol-gel
transition of gellan in response to mono- (Na*, K*) and bivalent
(Ca%, Mg*) cations present in tear fluid makes it suitable for
ophthalmic formulations as a thickening or gelling component
[14, 16]. Gellanis nontoxic and not harmful for human organisms
and is therefore widely used as a viscosifying additive in the
food industry [17]. The most popular ocular formulation based
on gellan is Timoptic XE® which is administered topically to the
eye and increases the drug bioavailability by 3-4 times, while it
considerably decreases the unfavorable effect in comparison
with the standard solution of timolol [18,19]. The systems
consisting of the model drug Gatifloxacin (0.3%) and gellan or a
mixture of gellan-sodium alginate-carboxymethylcellulose
exhibit mucoadhesive properties. In vivo experiments on ocular
delivery demonstrated that the drug retention was exceeding
12 h [20]. Combination of a Gerlite":alginate containing matrix
also shows the prolonged effect in vivo. The rheological
measurements showed that such mixtures exhibit pseudoplastic
character after contact with tear liquids [21]. The viscosity of a
microemulsion system containing terbinafine hydrochloride in
combination with mucin confirms the interaction of gellan and
mucin justifying the possibility of adhesion to biosurfaces [22].
Gellan gum and its methacrylated derivatives were tested as in
situ gelling mucoadhesive formulations of pilocarpine [23]. A
recent review [24] highlights the stimuli-responsive in-situ
gelling systems based on gellan gum studied using in vivo
models for glaucoma and various ocular infections. In spite of
the wide applications of gellan-drug combinations in medicine,

© 2022 The Authors
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6 Ophthalmic drug delivery system based on the complex of gellan and ofloxacin

pharmacy and biotechnology, the application of novel eye
drops of prolonged action based on gellan and ofloxacin in
ophthalmology was not described in the literature yet. Only one
information that we have found is ofloxacin loaded gellan/
poly(vinyl alcohol) nanofibers possessing gastroretentive/
mucoadhesive drug delivery potential [25].

The present communication describes the complexation
of gellan with ofloxacin to develop prolonged dosage eye drops
by the immobilization of the antibacterial drug — ofloxacin
within a matrix of biocompatible and biodegradable natural
polymer —gellan in the form of thin film. It is expected that the
eye drops consisting of gellan and ofloxacin will form a thin gel-
like film on the eye surface due to the presence of inorganic
ions in tear fluid and will provide delivery of ofloxacin for a
definite time.

2. Experiment

2.1 Materials

Commercial low acyl gellan with the molecular weight in
the range of (1-5)-10° Da was purchased from “Zhejiang DSM
Zhongken Biotechnology Co., Ltd.”, China, and used without
further purification. Antimicrobial drug — ofloxacin purchased
from Sigma-Aldrich (UK) was used as received. Reagent grade
phosphate buffer with pH 7.4 was purchased from Sigma-
Aldrich (UK).

2.2 Methods

FTIR spectra of samples were recorded using Carry 660
(Agilent, USA) using dried samples. The thermal characteristics
of samples were determined using TGA «Labsys EVO» Setaram
(France). The average hydrodynamic sizes and I-potentials
were measured using Malvern Zetasizer Nano ZS90 (UK).
Absorption spectra were registered by UV-Vis spectroscopy
(Specord 210 plus BU, Germany). Conductimetric and pH-
metric titrations were carried out on Modular conductivity
meter 856 Conductivity Module Metrohm and Automatic
Titrator 905 Titrando Metrohm (Switzerland). Mini-magnetic
stirrer IKA Topolino (Germany) was used for gentle stirring of
the solution (around of 50 rpm) in order not to damage the
hydrogel film.

2.3 Preparation of gellan-ofloxacin films

Gellan-ofloxacin films were prepared by mixing of a 10 mL
103 mol-L* gellan solution and 5 mL 10 mol-L* ofloxacin (2:1
mol/mol) and adding 1 mL 0.3 wt.% CaCl, to this mixture to
achieve a uniform dispersion and gelation. Casting of the fluid
gel into Petri dishes and allowing it to stand at room
temperature and afterwards drying for 24 h, leads to the
formation of an insoluble in water gellan-ofloxacin flexible film.
Circular pieces of each film, 4.0£0.2 mm in diameter and
0.5+0.1 mm thick, were cut with a cork borer and were used for
drug delivery studies. Each piece of weighed film was
approximately equal to 101 mg.

2.4 Evaluation of release rate of ofloxacin from gellan-
ofloxacin films

The release rate of ofloxacin from the gellan-ofloxacin
films was studied as follows. Small pieces of gellan-ofloxacin
films (d = 4.0+0.2 mm, h =0.5£0.1 mm) were placed in glass vials
at room temperature (25+1°C) and soaked in either 8 mL
distilled water or phosphate buffer under gentle stirring (around
of 50 rpm) in order not to damage the hydrogel film [26]. From
time to time 2 mL of the solution were taken to measure the
absorbance of ofloxacin at 289 nm. These experiments were
performed under sink conditions and to keep the volume of the
solution constant, the 2mL solution taken for UV-Vis
measurement were compensated by adding 2 mL of distilled
water or phosphate buffer, respectively [25]. The accumulative
release was calculated by formula [27]:

Cumulative percentage release, % =

_ Volume of sample withdrawn, mL
- Bath volume, mL

<P +P,

where P_is the percentage release at time t; P___ is the
percentage release previous to “t”

and the results were shown as mean £ SD. The cumulative
release of ofloxacin is the total amount (in percentage) of
ofloxacin released from the gel matrix during the full time of
experiments until the full or partly release of drug will be
reached.

3. Results and Discussion

Addition of an aqueous solution of ofloxacin to an
aqueous solution of gellan leads to the decrease in the electrical
conductivity and pH of the system due to the formation of both
ionic and hydrogen bonds between the two components
(Figure 1). Partial neutralization of glucuronic acid of gellan by
tertiary amine groups of ofloxacin and formation of hydrogen
bonds with participation of carboxylic groups of drug and
polymer chain is responsible for sharp decrease in conductivity
and gradually decrease the pH of the solution. After formation
of gellan-ofloxacin complex of definite composition, the excess
of drug molecules significantly increases the conductivity and
slightly decreases pH of the system. Such phenomenon is
usually specific for interpolymer or polymer-drug complexes
stabilized by ionic and hydrogen bonds or both [28,29]

The composition of gellan-ofloxacin determined from the
minimum and the bend in the conductimetric and pH-metric
titration curves was approximately equal to [gellan]:[ofloxacin]
=2:1 mol/mol. Taking into account that the molar composition
of gellan-ofloxacin determined by the conductimetric and pH-
metric titration curves is close to 2:1 mol/mol, the speculative
structure of the complex can be represented as shown
in Figure 2.

BecTHuK KasHY. Cepua xummyeckana. — 2022. — Ne 2
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Figure 1 — Conductimetric (a) and pH-metric (b) titration curves of gellan with ofloxacin. [Gellan] =
1:10° mol-L. The volume of gellan solution used for the titration is 10 mL.
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Figure 2 — Schematic representation of the intra-macromolecular gellan-ofloxacin complex of composition 2:1 mol/mol

It should be noted that ofloxacin can be involved into both
intra-macromolecular and inter-macromolecular complexation
with both hydroxyl and carboxyl groups of gellan. Formation of
a gellan-ofloxacin complex of composition 2:1 mol/mol is also
confirmed by DLS measurements (Table 1).

The minimal values of average hydrodynamic size and
zeta-potential of the complex gellan-ofloxacin confirm the
composition of 2:1 mol/mol. The negative charges of gellan,

ISSN 1563-0331
elSSN 2312-7554

ofloxacin and the complex particles is due to the presence of
carboxylic groups in the structure of all substances. The
minimum value of zeta-potential (- 14.9 mV) in case of the
gellan-ofloxacin complex 2:1 mol/mol is probably related to the
partial neutralization of the carboxylic groups of gellan by the
amine groups of ofloxacin and the involvement of the carboxylic
groups of gellan and ofloxacin in the formation of hydrogen
bonds as schematically shown in Figure 2.

Chemical Bulletin of Kazakh National University 2022, Issue 2



8 Ophthalmic drug delivery system based on the complex of gellan and ofloxacin

Table 1 — The average hydrodynamic size and zeta-potential of gellan, ofloxacin and a mixture of gellan-ofloxacin of different
composition

Composition of gellan-ofloxacin, mol/mol Average hydrodynamic size, nm Zeta-potential, mV
4:1 33645 -43.0%2
2:1 30745 -15.0%1
1:1 315+5 -40.0+2
1:2 3384 -21.045
1:4 370+2 -25.045
Gellan 605+10 -41.0+2
Ofloxacin 187+3 1.0£3

The FTIR spectra of dry gellan, ofloxacin and the complex  of the hydrogen bonding of the carboxylic groups of ofloxacin
of gellan-ofloxacin (2:1 mol/mol) are shown in Figure 3 together  with the hydroxyl or carboxyl groups of gellan. In addition, the
with the identification of some characteristic bands (Table 2). C-N stretching vibration of ofloxacin at 1549 and 1522 cm™ are

As revealed from the FTIR spectra, the intensive peak at  shifted to 1537 cm™ confirming the involvement of the amine
1712 cm™ disappears in the complex of gellan-ofloxacin because  groups of ofloxacin in the formation of ionic bonds.

= ]
4000 3500 3000 2500 2000 1500 1000

‘Wavenumber

Figure 3 — FTIR spectra of dry gellan, ofloxacin and the gellan-ofloxacin complex of composition 2:1 mol/mol

Table 2 — Identification of the characteristic bands of gellan, ofloxacin and the gellan-ofloxacin complex (2:1 mol/mol)

Wavenumber, cm*

Gellan Ofloxacin Gellan-ofloxacin complex Band assignments
(2:1 mol/mol)

3369 - 3376 OH stretching
2928 3044-2786 2920, 2857 CH stretching
- 1712 - C=0 stretching of COOH groups
1607 1621 1615 COO stretching
- 1549, 1522 1537 C-N stretching

1459 1453 C-C stretching in benzene ring
1408 1406 1399 CH deformation
1037 - 1039 C-O-C stretching
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DTA curves of the individual components and the complex
are shown in Figure 4. Decomposition of the gellan backbone
takes place between 200 and 300°C. The sharpest weight loss is
observed at 249°C that coincides well with the literature [16]
which reports the thermal decomposition of ofloxacin at 243°C.
In the case of the gellan-ofloxacin complex (2:1 mol/mol) the
decomposition peaks of the individual components (gellan and
ofloxacin) fully disappear demonstrating a weight loss for the
complex at 338 and 379°C. This is related to the formation of
the gellan-ofloxacin complex as the sole compound.

0.0
o
o
S -0.54 243
1]
I}
o
x — Gellan
.g’ -1.04 —— Gellan-Ofloxacin
3 (2:1 mol/mol)
2 —— Ofloxacin
@
Q -1.54

249
-2.0 T T T
200 300 400

Temperature, °C

Figure 4 — DTA curves of gellan, ofloxacin and the gellan-
ofloxacin (2:1 mol/mol) complex

The release kinetics of ofloxacin from the gellan-ofloxacin
thin films, gelled by addition of 0.3 wt.% CaCl,, were evaluated
using UV-Vis spectroscopy by detecting the time dependent
absorption spectra of ofloxacin at A = 289 nm in distilled water
and phosphate buffer at room temperature (Figure 5).

As seen from Figure 6 the release kinetics of ofloxacin
from the gellan-ofloxacin (2:1 mol/mol) thin films into distilled
water and phosphate buffer is different. During 30-40 min, the

0.4 -
- 0.3+ a)
>
3 —— H,0
g —1
€ 0.2 —5
g —10
2 15
20
< 0.1+ —22
/\_25
—30
0.0

260 270 280 290 300 310 A,nm

0.8

o o
& [e]
1 1

Absorbance

o
N
1

0.0

0 10 20 30 40
t, min
Figure 6 — Release kinetics of ofloxacin from the gellan-
ofloxacin thin films, gelled by the addition of 0.3 wt.% CaCl,,
into distilled water (1) and phosphate buffer (2) at 25+1°C

release of ofloxacin in phosphate buffer is 2 times faster
compared to that in distilled water; this is related to the
presence of inorganic ions in the buffer solution that reduce the
strength of the polymer-drug ionic bonds. Calculation of the
release kinetics using the Ritger-Peppas model [30] expressed
as A/Am = kt" (where A s the absorbance of ofloxacin at time t,
A_ is the absorbance of ofloxacin at infinite time t_, k is a
structural/geometric constant for a gelled film, n is the release
exponent representing the release mechanism) corresponds to
non-Fickian diffusion (n = 0.59) in distilled water and Case Il
transport (n =0.95) in phosphate buffer. The percentage release
of ofloxacin into distilled water after 30 min and phosphate
buffer after 40 min was leveled off at = 12+1% and = 4+0.5%
respectively (Figure 7). The cumulative release of ofloxacin from
the gellan-ofloxacin films calculated by procedure [27] is equal
to 36+2% and 96+2% into distilled water and buffer solution
respectively (Figure 8). In the case of distilled water, the release
of ofloxacin may be influenced by the hydration and swelling of
the gellan film, the penetration of water into the gel matrix

06 b) —— buffer
S —— 1 min
:. —— 5 min
o —— 15 min
g 041 20 min
€ —— 22 min
2 25 min
Q
< —— 30 min

0.2 35 min

\———/___\ —— 40 min
0.0 T T T T T
260 270 280 290 300 310 A,nm

Figure 5 — Time-dependent absorbance of ofloxacin from the gellan-ofloxacin (2:1 mol/mol) thin films gelled by the addition of 0.3
wt.% CaCl, into distilled water (a) and phosphate buffer (b) at 25+1°C
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resulting in the passive diffusion of ofloxacin from the gel
matrix. The faster release of ofloxacin into the buffer solution
was attributed to the destruction of the ionic bonds, formed
between the carboxylic groups of gellan and the amine groups
of ofloxacin, by the ionic species of the solution, which is
accompanied by an enhanced diffusion of ofloxacin from
the gel matrix.

Released ofloxacin, %

0 T T T
0 10 20 30

40 t, min

Figure 7 — Percentage of released ofloxacin into distilled
water (1) and phosphate buffer (2) from the gellan-ofloxacin
thin films, gelled by the addition of 0.3 wt.% CaCl,
at 25+1°C

=
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@
o
1

(]
o
1

N
o
1
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o
1

o

10 20 30

Cumulative percentage release of ofloxacin, %

4I0 t, min

o

Figure 8 — Cumulative percentage release of ofloxacin from
gellan gel matrix into distilled water (1) and phosphate buffer
(2) from the gellan-ofloxacin thin films, gelled by the addition

of 0.3 wt.% CaCl, at 25+1°C
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Effect of food processing
method on heavy metals
content
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The problem of high content of heavy metals in food has spread broadly over the world.
The presented study suggests the minimization of heavy metal content in processed food due
to different applied techniques such as the frying, boiling, steaming and sous-vide. Three main
food products were chosen for investigation — Daucus carota subsp. Sativus (carrot), Solanum
tuberosum (potato) and Allium cepa (onion). The concentration of heavy metals (Zn, Pb, Mn, Cd,
Cu) was determined in samples investigated by atomic-absorption spectrometer. The health risk
index (HRI) was calculated based on obtained data. In all investigated samples, high concentration
of lead was identified among the heavy metals. The highest concentration of zinc, lead and
manganese was determined in boiled Daucus carota subsp. Sativus, cadmium — in sous - vide
Daucus carota subsp. Sativus, copper — in steamed Daucus carota subsp. Sativus. HRI values of
cadmium for Solanum tuberosum samples were ranged from 6.8 to 7.1 and for lead are ranged
between 3.4 and 4.9.

Keywords: heavy metals; vegetable crops; food processing; atomicabsorption spectrometry;
health risk index.

©OH ey aaiciHiH TamaK,
eHimaepiHaeri aybip
meTangaapablH meswepiHe
acepi

A.E. Aunapos?, H.A. HypcanuHa'?¥,
W.B. MaTtBeeBa’?, O.U. MoHOMapeHKo!

'9n-dapabu aTbiHAaFbl Kasak yaTTbIK,
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2DU3KKa XMMUANBIK 3ePTTEY }KaHe Tanaay
opTanblfbl, AAMaThl K., KazakcTaH
*E-mail: nursapina.nurgul@kaznu.kz

A3bIK-TYNiK eHiMAaepiHAeri ayblp meTangapabl, ken 6onybl 6yKin anemae KeH TapanfaH
macesie. ¥CblHbI/IFAaH 3epTTey KYMbICbl 9PTYPAi KONAAHbINATLIH TEXHONOMMANAPAbIH apKacbiHAA
OHAeNreH TafamzapAarbl ayblp MeTanzapAablH MenwepiH asanTyabl ycbiHagbl. OnapabiH
apacblHAa Kyblpy, KaWHaTy, bymeH nicipy »KaHe cy-BuA Typsiepi 6ap. 3epTttey ywiH Daucus
carota subsp. Sativus (cab6i3), Solanum tuberosum (kapTon) »xaHe Allium cepa (NnA3) cUAKTbI YL
Heri3ri Tamak eHimaepi TaHganabl. 3epTTeNreH yArinepaid, KypambiHAafbl ayblp MeTanaapabliH,
(Zn, Pb, Mn, Cd, Cu) KOHLEHTpauMACbl aTOMAbIK-abCcopBUMANBIK CNEKTPOMETPAIH KemerimeH
aHbIKTanabl. AnbIHFAH ManimeTTep HerisiHae AeHcaynblKkKa Kayin uHaekci ecentengi. bapabik
3epTTenreH yarinepae KoOpfacblHHbIH, KOHLEHTPALMACHI }KOFapbl €KeHAiri aHblKTanabl. MblpbiL,
KOPFacblH }XaHe MapraHeLTiH eH, X0ofapbl KOHLLEHTPaUUAChl KaHaTblAFaH Daucus carota subsp.
Sativus-Te, KaaMUIA — Cy-BUA a4icimeH AanbiHaanfan Daucus carota subsp. Sativus-Te, mbic — byfa
nicipinreH Daucus carota subsp. Sativus-Te aHbIKTanabl. bapabik Solanum tuberosum ynrinepingeri
KaAMWW YLWiH AeHcaynblkKa Kayin MHAeKCi 6,8 aHe 7,1 apanbifblHAA, @/l KOPFACbIH YLWiH 3,4 KaHe
4,9 peiid 6ongpbl.

TyliiH ce3pgep: ayblp MeTanAap; KOKeHIC AakblAgapbl; Tamak JaiblHAay; aTOMAbIK-
abcopbumanbIK CNEKTPOMETPUSA; AEHCAYIbIKKA Kayin UHAEKCI.

BaunaHue cnocoba 06paboTKu
NULLLEBbIX NPOAYKTOB Ha
copepKaHue TAXKeNbIX
MeTannos

A.E. Anapos?, H.A. Hypcanuna'?*,
WU.B. MaTBeeBa'?, O.WU. MoHOmapeHKo!

'Ka3axcKuit HaLMOHaNbHbIV YHMBEPCUTET
UmeHun anb-dPapabu, r. Anmatobl, KasaxctaH
2LleHTp GU3UKO-XMMUYECKUX METOL,08
nccnefoBaHNA U aHanusa,

r. AnmaTbl, KazaxcTtaH

*E-mail: nursapina.nurgul@kaznu.kz

MoBbiWeHHOEe cogepXaHue TAXeNbIX MeTan/iIoB B NPOAYKTAaX MNUTaHUA ABAAETCA
LUIMPOKO pacnpocTpaHeHHON npobnemoit BO Bcem mupe, Tpebytowein AeTanbHOro U3yvyeHus.
HacTosAwee nccnenoBaHve npeasnaraeT MMHUMU3NPOBATL COAEPIKAHME TAMKENbIX MEeTan/ioB B
NWLLEBbIX NPOAYKTaX 3a CYET MEeTOAA NPUrOTOB/IEHUA, TAKUX KaK 06)KapuBaHWe, OTBapuBaHue,
npuroToBAeHWe Ha napy M MeToa cy-Bua. [na wvccneposBaHua 6bian BbiGpaHbl Tpu
pacnpocTpaHeHHbIX MULLEBbIX NPOAYKTA, TakKMX Kak Daucus carota subsp. Sativus (MopKoBb),
Solanum tuberosum (kaptodens) u Allium cepa (nyk). KOHUEHTpauMa TAXKENbIX MeTannos
(Zn, Pb, Mn, Cd, Cu) B uccnegyembix obpasuax 6bina onpeseneHa aTomHo-abcopbLMOHHOM
cnekTpomeTpueit. Ha oCHOBaHWUM MOAYYEHHbIX AaHHbIX 6bl1 paccyMTaH MHAEKC PUCKA 340POBbIO.
Bo Bcex uccnepoBaHHbIX 06pasuax 6bina yCTAaHOBAEHA BbICOKAA KOHLLEHTpauus CBUHLA.
Hanbonbluas KOHLEHTpaLUMA LMHKA, CBUHLLA U MapraHua bbiia onpegeneHa B oTBapHoW Daucus
carota subsp. Sativus, kagmua — B Daucus carota subsp. Sativus, NPpUroToBNIeHHON MeTo40M Cy-
BMA, MeAu — B NPUIrOTOBAEHHOM Ha napy Daucus carota subsp. Sativus. 3HaYeHUs MHAEKCA pUcKa
3[0pOBbI0 ANA KaaMUA BO Bcex obpasuax Solanum tuberosum BapbupoBanuch oT 6,8 go 7,1, a
Ana cBuHUa — ot 3,4 oo 4,9.

Kniouesble cnoBa: TAXesble MeTas/ibl; OBOLWHbIE Ky/bTypbl; NPUroToB/aeHNUe NpoayKToB
nnUTaHUA; aTOMHO-aGCOp6LI,MOHHaﬂ CNekTpomeTpuAa; MUHAEKC PUCKa 340P0OBbIO.
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1. Introduction

Due to rapid industrialization and urbanization activities,
heavy metals (HMs) pollution spread over the globe that leads
to environmental problems, as well as health hazards to human
being [1]. The presence of HMs in the environment can have a
natural or industrial origin. Industry is the main emitter of HMs
to the environment [2]. Concentration of heavy metals in
different foods depends on the soil composition, water,
nutrient balance, and metal permissibility, selectivity, and
absorption ability of the species. In addition, direct foliar
uptake of heavy metals from the atmosphere could also be
possible during plant growth [3]. Heavy metals can accumulate
in different plant species and living systems [4]. Through the
food chain, heavy metals enter the human body, which leads to
negative affect to human health. Information about heavy
metals in food products are important for adequate food
consumption data [5]. Iron, zinc, copper, chromium, cobalt and
manganese are essential elements needed, while lead,
cadmium, nickel and mercury are toxic at certain levels [6].
Effect of heavy metals on human health has been shown in
several researches. In [7-10], it is reported, that cadmium and
arsenic may cause kidney dysfunction, lung cancer and
destructive influence on neurological system. Excessive
amount of lead in blood causes toxic epidermal necrolysis and
serious problems with neurologic and hematologic systems
and the gastrointestinal tract [11-13]. High content of copper
leads to changes in cellular activity, such as regulation of lipid
metabolism, gene expression, neuronal activity, resistance of
tumor cells to chemotherapeutic drugs, different abnormal
mutations and the temporal and spatial distribution of copper
in hepatocytes [14-16]. Special attention is required to consider
the effect of heavy metals on the body of children and infants,
because of some specific features of growing organisms [17].
Another difficulty about substances containing heavy metals is
that they are hard crumbling in human body and slowly get out

of human organism. This is the reason why heavy metals are
considered as one of the most dangerous pollutants of food
industry and their concentrations and influence must be
controlled and studied thoroughly in complex with soil
pollutions by heavy metals [18-21].

Three commonly used types of food product (Daucus
carota subsp. Sativus — carrot, Solanum tuberosum — potato and
Allium cepa — onion) were chosen as investigated samples. For
determination of effect of food processing method on content
of heavy metals in investigated samples, in this research, four
most commonly used methods of food processing were chosen:
frying, boiling, steaming and sous-vide. For evaluation of health
risk index, concentration of heavy metals was determined by
atomic-absorption spectrometer.

2. Experiment

2.1 Sample pretreatment

Samples were purchased in local market of Almaty, largest
city of Kazakhstan and second in Central Asia. All samples were
washed by distilled water.

Investigated samples were processed in four different
ways: frying, boiling, steaming and sous-vide. Samples were
crushed using ceramic knife. Boiling was performed during 30
min in deep teflon skillet. Frying was performed in the same
Teflon skillet without application of oil. Samples were fried until
the crust is formed. Steaming was performed during 30 min in
stainless steel steam cooker through the porous piece of cloth
in order to avoid contact between steel surface and samples.
Sous-vide was performed during four hours in vacuum bags at
65°C. After cooking, all samples were cut into small pieces and
dried in oven “VULCAN” type A-550 (Ney, USA) at 40°C till the
constant mass.

In order to avoid contamination of food by metallic dishes
and other tools, only teflon, glass and ceramic tools were used
during whole process of sample preparation.

© 2022 The Authors
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16 Effect of food processing method on heavy metals content

2.2 Determination of heavy metals

All reagents used for analysis were analytical grade and
purchased in “LaborPharma”, Almaty, Kazakhstan.

The certain mass of sample was placed in 250 mL Kjeldahl
flask and fully oxidized by the mix of concentrated sulfuric
(chemically pure, Russia) and nitric acids (chemically pure,
Russia) in the ratio 1:1 at 180°C. The indicator of ending of
oxidizing is the release of nitrogen dioxide gas. The content of
the flask was quantitatively transferred into the 25 mL flask
through paper filter and diluted by bi-distilled water. The
samples were measured by atomic-absorption spectrometer
(AA — 6200 Shimadzu, Japan) [22].

2.3 Health risk index
HRI was calculated for each sample by following equation
[23]:

HRI = DII\/I/R},

where DIM is daily intake of heavy metal mg/person/day
and R is the oral reference dose, mg kg* body weight d*. R |
value for Zn, Pb, Cd, Mn and Cu is 1.5, 0.004, 0.001, 0.033, and
0.04, respectively [24].

The health risk index values greater than 1 for human
health were not considered safe [23].
The DIM was calculated by following equation [19]:

DIM = Cm*Cf*DF/ body weight,

where C_is concentration of heavy metal in sample, mg/
kg; C/ is conversion factor, which convert the fresh vegetable
weight to dry weight; D, is daily intake of vegetables/food, kg/d.

According to the food basket of Kazakhstan [25], each
citizen of Kazakhstan consumes the following amounts of Allium
cepa — 0.05 kg d?, Daucus carota subsp. sativus — 0.05 kg d?,
Solanum tuberosum — 0.26 kg d*. Average adult weight for
Kazakhstan was considered as 60 kg.
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3. Results and Discussion

3.1 Content of heavy metals

Among the heavy metals, the highest concentration was
identified for lead in differently processed Daucus carota subsp.
sativus. The highest concentration of lead was determined in
boiled Daucus carota subsp. Sativus and equal to 73.8 mg/kg, in
comparison to the lowest concentration — sous- vide Daucus
carota subsp. Sativus, it was 1.3 times higher.

According to the Figure 1, the lowest concentration among
the heavy metals was determined for cadmium. In all differently
processed Daucus samples the
concentration of cadmium ranged from 19 to 22 mg/kg. In case

carota subsp. Sativus
of zinc and copper, the concentration of heavy metals did not
change significantly depending on method of processing. For
manganese, the highest concentration was determined for
boiled Daucus carota subsp. Sativus, while in comparison to the
lowest concentration was 1.4 times higher.

In investigated samples of Solanum tuberosum, the
highest concentration of lead was determined in boiled sample
according to Figure 2. Among the differently processed samples
of Solanum tuberosum, the lowest concentration of lead was
determined in fried sample, which was 1.4 times lower than in
boiled sample. The lowest concentration among the heavy
metals was for cadmium in Solanum tuberosum samples. The
content of cadmium was around 19 mg/kg in all samples of
Solanum tuberosum and did not depend from processing
method. For copper, manganese and zing, it can be stated from
Figure 2, that fluctuated, however
insignificantly changed depending on method of processing.

concentration was

In case of Allium cepa samples, the highest concentration
of lead was determined in comparison with other metals.
Steamed and sous-vide samples of Allium cepa had highest
concentration of lead which was equal to 66 mg/kg. Compared
to the lowest concentration, it was 1.3 times higher. The lowest
concentration among the heavy metals was determined for
cadmium, manganese and copper. Meanwhile, for boiled and
sous — vide Allium cepa, content of copper 2.4 times was lower
than for fried sample. The content of zinc in fried and boiled

i fried
i steamed
boiled

sous - vide

Cu Mn

Figure 1 — Concentration of heavy metals in Daucus carota subsp. sativus
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Figure 3 — Concentration of heavy metals in Allium cepa
sample of Allium cepa was equal, and 1.2 times lower comparing  Table 1 — HRI of heavy metals
to steamed and sous — vide samples.
Out of all results, it can be concluded, that content of not HRI Zn Pb cd Cu Mn
all investigated heavy metals will depend on method of Daucus carota subsp. Sativus
processing food. We can observe, weak correlation between Fried 0 11 15 0 0
content of lead, copper and manganese depending on method
. Steamed 0 1.3 1.7 0 0
of processing of food.
Boiled 0 1.4 1.7 0 0
3.2 Health Risk Index (HRI) Sous-vide 0 11 11 0.2 0
Risk assessment is helpful in estimating of possible health Allium cepa
risk posed to human population which can be exposed by Fried 0 1 14 0 0
certain contaminants, including heavy metals, over a long
. . o . ] Steamed 0 1.2 1.6 0 0
period via daily dietary intake. Based on concentration of heavy
L . Boiled 0 1.1 1.7 0 0
metals in investigated samples, values of HRI were calculated.
In Table 1 it is seen that only two metals — lead and Sous-vide 0 12 17 0 0
cadmium are exceeding of HRI value to dangerous values. In Solanum tuberosum
case of Solanum tuberosum, for all differently processed Fried 0 3.4 6.8 0.2 0.2
samples, HRI value of cadmium was significantly higher than 1. Steamed 0 44 6.8 02 0.2
The same trend was seen for HRI value of lead for Solanum
- . Boiled 0 4.9 7.1 0.1 0.2
tuberosum samples. As a result, it indicated the possible health
risk to human body in case of long period Solanum tuberosum Sous-vide 0 43 7.0 0.2 0.2
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18 Effect of food processing method on heavy metals content

consumption. However, in case of HRI value of lead for Solanum
tuberosum, the highest value was calculated for boiled samples,
while the lowest value was indicated in fried ones, which means
that, we can insignificantly reduce exposure of lead by choosing
the method of processing food.

For Daucus carota subsp. sativus and Allium cepa samples,
HRI value of cadmium and lead was slightly higher than 1. HRI
value of zinc, copper and manganese for all investigated
samples were less than 1, which indicates no health risk to
human.

4. Conclusion

The high concentration of lead was determined in all
investigated samples among the heavy metals. In Solanum
tuberosum and Daucus carota subsp. Sativus, the high
concentration of lead was determined for boiled samples;
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HRI of cadmium and lead in Solanum tuberosum samples
are significantly exceeding one. The highest value of HRI of lead
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value was indicated in fried, which means that, we can
insignificantly reduce exposure of lead by choosing the method
of processing food.

Acknowledgement
The work was supported by a project of Ministry of

Education and Science of the Republic of Kazakhstan “Influence
of application of mineral fertilizers on accumulation ability of

radionuclides and heavy metals in root vegetables”
(AP08052224).
9 Koller K., Brown T., Spurgeon A., Levy L. Recent

Developments in low-level lead exposure and intellectual
impairment in children // Environmental Health Perspectives. —
2004.-Vol.112, 1s.9. — P.987-994.

10 Waalkes M.P. Cadmium carcinogenesis // Mutation
Research/Fundamental and Molecular Mechanisms of
Mutagenesis. —2003. — Vol.533, Is.1-2. — P.107-120.

11 Lestan D. Novel chelant-based washing method for soil
contaminated with Pb and other metals: A pilot-scale study //
Land Degradation and Devolopment. — 2017. — Vol.28, 1s.8. —
P.2585-2595.

12 Gardener H., Bowen J., Callan J.S. Lead and cadmium
contaminationin a large sample of United States infant formulas
and baby foods // Science of The Total Environment. — 2019. —
Vol.651. — P.822-827.

13 Chuang H.Y., Cheng W.C., Chen C.Y., Yang Y.H., Sung F.C.,
et al. A follow-up comparison of blood lead levels between
foreign and native workers of battery manufacturing in Taiwan
// Science of The Total Environment. — 2008. — Vol.394, Is.1. —
P.52-56.

14  Zhou J., Liang J., Hu Y., Zhang W., Liu H., et al. Exposure
risk of local residents to copper near the largest flash copper
smelter in China // Science of The Total Environment. — 2018. —
Vol.630. — P.453-461.

15 Cail.M.,WangQ.S., LuoJ., Chen L.G., ZhuR.L., et al. Heavy
metal contamination and health risk assessment for children
near a large Cu-smelter in central China // Science of The Total
Environment. — 2019. — Vol.650. — P.725-733.

16 Gaetke L.M., Chow-Johnson H.S., Chow C.K. Copper:
toxicological relevance and mechanisms // Archives of
Toxicology volume. —2014. — Vol.88. — P.1929-1938.

17 Cao S., Duan X., Zhao X., Wang B., Ma J., et al. Health
risk assessment of various metal(loid)s via multiple exposure
pathways on children living near a typical lead-acid battery
plant, China // Environmental Pollution. — 2015. — Vol.200. -
P.16-23.

BecTHuK KasHY. Cepua xummyeckaa. — 2022. — Ne 2



A.E. Diyarov et al. 19

18 Brunetti G., Ruta C., Traversa A., D’Ambruoso G., Tarraf W.,
et al. Remediation of a heavy metals contaminated soil using
mycorrhized and non-mycorrhized Helichrysum italicum (Roth)
Don // Land Degradation and Development. — 2018. — Vol.29. —
P.91-104.

19 Jiang V., Chao S, Liu J., Yang Y., Chen Y., Zhang A., Cao H.
Source apportionment and health risk assessment of heavy
metals in soil for a township in Jiangsu Province, China //
Chemosphere. —2017. — Vol.168. — P.1658-1668.

20 WangV., WangR., Fan L., ChenT., Bai Y., et al. Assessment
of multiple exposure to chemical elements and health risks
among residents near Huodehong lead-zinc mining area in
Yunnan, Southwest China // Chemosphere. — 2017. — Vol.174.
—P.613-627.

21  Ayub H., Ahmad A. Physiochemical changes in sous-vide
and conventionally cooked meat // International Journal of
Gastronomy and Food Science. — 2019. — Vol.17. — P.100-145.

22 Ponomarenko O.l.,, Botvinkina M.A., Matveyeva |.A.
Methods of control of natural objects and environmental
monitoring: educational-methodological handbook. — Almaty:
Kazakh University, 2014. — P.165.

23  Mehmood A., Raza W., Kim K., Raza N., Lee S.S., Zhang M.,
Lee H., Sarfraz M. Spatial distribution of heavy metals in crops
in a wastewater irrigated zone and health risk assessment //
Environmental Research. —2018. — Vol.168. — P.382-388.

24  US-EPA IRIS // Database. https://www.epa.gov/iris

25 Web page (2018) Minimum consumer busket: defenition
and composition [Minimal'naya potrebitel'skaya korzina:
opredelenieisostav]. https://mojazarplata.kz/dohodyminimum/
Prozhitochnyj _minimum/minimalnaja-potrebitelskaja-korzina

References

1 Rai PK, Lee SS, Zhang M, Tsang YF, Kim KH (2019) Environ
Int 125:365-385. https.//doi.org/10.1016/j.envint.2019.01.067
2 Pogrzeba M, Rusinowski S, Krzyzak J (2018) Environ Sci
Pollut R 12096-12106. https://doi.org/10.1007/5s11356-018-
1490-8

3 Islam MS, Ahmed MK, Habibullah-Al-Mamun M (2014) J
Agr Food Chem 62(44):10828-10835. https://doi.org/10.1021/
f502486q

4 Sharma S, Kaur I, Nagpal AK (2018) Environ Monit Assess
190:385. https://doi.org/10.1007/s10661-018-6763-7

5 Adimula VO, Onianwa PC, llupeju O, Ayom E, Baba AA
(2019) African Journal of Science, Technology, Innovation and
Development 11:261-268. https://doi.org/10.1080/20421338.2
018.1556455

6 Onianwa PC, Adeyemo AO, Idowu OE, Ogabiela EE (2001)
Food Chem 72:89-95.

ISSN 1563-0331
elSSN 2312-7554

7 He K, Wang S, Zhang L (2009) Sci Total Environ 407:3986-
3993. https://doi.org/10.1016/].scitotenv.2009.03.018

8 Chiodo LM, Jacobson SW, Jacobson JL (2004) Neurotoxicol
Teratol 26:359-371. https://doi.org/10.1016/j.ntt.2004.01.010

9 Koller K, Brown T, Spurgeon A, Levy L (2004) Environ
Health Persp 112:987-994. https.//doi.org/10.1289/ehp.6941

10 Waalkes MP (2003) Mutat Res-Fund Mol M 533:107-120.
https://doi.org/10.1016/j.mrfmmm.2003.07.011

11 Lestan D (2017) Land Degrad Dev https://doi.org/10.1002/
Idr.2818

12 Gardener H, Bowen J, Callan JS (2019) Sci Total Environ
651:822-827. https://doi.org/10.1016/j.scitotenv.2018.09.026
13 Chuang HY, Cheng WC, Chen CY, Yang YH, Sung FC, et al
(2008) Sci Total Environ 394:52-56. https://doi.org/10.1016/].
scitotenv.2008.01.032

14 Zhou J, Liang J, Hu Y, Zhang W, Liu H, et al (2018)
Sci Total Environ 630:453-461. https://doi.org/10.1016/].
scitotenv.2018.02.211

15 Cai LM, Wang QS, Luo J, Chen LG, Zhu RL, et al (2019)
Sci  Total Environ 650725-733. https://doi.org/10.1016/].
scitotenv.2018.09.081

16 Gaetke LM, Chow-Johnson HS, Chow CK (2014) Arch Toxicol
88:1929-1938. https://doi.org/10.1007/s00204-014-1355-y

17 Cao S, Duan X, Zhao X, Wang B, Ma J, et al (2015) Environ
Pollut 200:16-23. https://doi.org/10.1016/j.envpol.2015.02.010
18 Brunetti G, Ruta C, Traversa A, D’Ambruoso G, Tarraf W, et
al (2018) Land Degrad Dev 29:91-104. https.//doi.org/10.1002/
Idr.2842

19 Jiang Y, Chao S, Liu J, Yang Y, Chen Y, et al (2017)
Chemosphere 168:1658-1668. https://doi.org/10.1016/].
chemosphere.2016.11.088

20 Wang Y, Wang R, Fan L, Chen T, Bai Y, et al (2017)
Chemosphere 174:613-627. https://doi.org/10.1016/].
chemosphere.2017.01.055

21 Ayub H, Ahmad A (2019)
Gastronomy and Food Science 17:100-145.
org/10.1016/}.ijgfs.2019.100145

22 Ponomarenko Ol, Botvinkina MA, Matveyeva IA (2014)
Methods of control of natural objects and environmental
monitoring: educational-methodological handbook. Kazakh
University, Almaty. P.165. ISBN 978-601-04-1096-1

23 Mehmood A, Raza W, Kim K, Raza N, Lee SS, Zhang M,
Lee H, Sarfraz M (2018) Environ Res 168: 382-388. https://doi.
org/10.1016/j.envres.2018.09.020

24  US-EPAIRIS // Database. https://www.epa.gov/iris

25 Web page (2018) Minimum consumer busket: defenition
and composition [Minimal'naya potrebitel'skaya korzina:
opredelenieisostav]. https://mojazarplata.kz/dohodyminimum/
Prozhitochnyj _minimum/minimalnaja-potrebitelskaja-korzina

International Journal of
https://doi.

Chemical Bulletin of Kazakh National University 2022, Issue 2



Synthesis of 1-propargyl-1-
(2-methyl-3-oxo-3-(p-tolyl)
propyl)-piperidin-1-ium
bromide and its plant
growth-stimulating activity
assessment
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The aim of this study was to synthesize novel ionic compound — 1-propargyl-1-(2-methyl-3-
oxo-3-(p-tolyl)propyl)-piperidin-1-ium bromide — via the N-alkylation (in conventional conditions
and using ultrasound activation), and investigate its influence on the plant growth-stimulating
activity using of sweet sorghum seeds. The synthesized compound was fully characterized
by infrared (IR) and nuclear magnetic resonance (NMR) spectroscopy. Regardless of the type
of synthesis’ methods, the isolated yield of the produced ionic compound is showed 79-81%,
however, the reaction rate was significantly increased by using ultrasonic activation. For the
assessment of the growth-stimulating activity of the synthesized ionic compound, parameters
such as root length, shoot length, seed energy germination rate, and germination capacity
were determined on 10 genotypes of sweet sorghum seeds. The results of samples with low
concentration (0.001% vol. solution) were demonstrated the higher intensity for tested genotypes
than control samples, especially for process of gemmogenesis and intensity of rhizogenesis. The
results of this study can be used as basis for the further development of plant growth stimulants
based on ionic compounds.

Keywords: tolperisone; ionic compound; ultrasound activation; sweet

germination; plant growth-stimulating activity.

sorghum;

1-Nponaprun-1-(2-metun-
3-oKco-3-(n-Tonun)
nponun)-nunepupuH-1-
nym 6pomugiHiH cuHTesi
JKOHEe OHbIH ecimAaiKTepaiH,
ecy-6enceHpginirine acepiH
6afranay
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BepinreH 3epTTeyaiH, MaKcaTbl }KaHa MOHAbIK KOCbI/bIC - 1-nponaprun-1-(2-meTtunn-3-oKkco-
3-(n-Toaun)nponun)-nunepnanH-1-uym 6pomuari, N-ankungey apkbinbl cuHTe3sgey (KaibinTbl
KaFpanaa KaHe ynbTpaablbbiCTbIK 6enceHaipyMeH) KaHe TaTTi XKyrepiHiH A9HAEPIH KONAAHbIM,
OHbIH, eciMAiKTepaiH ecy blHTanaHAblpy 6enceHginirie acepiH 3epTTey. ANbIHFaH KOCbI/bIC
MHOPaKbI3bIA cnekTpockonuackl (UMK) »KaHe A4POAbIK-MarHUTTI pPe3oHaHC CNeKTPOCKOMUACHI
(AMP) apKbinbl cMnaTTanbiHAbl. ANbIHFAH KOCINBICTbIH, WbIFbIMbl CUHTE3 d4iciHe HainaHbICTbI
emec - 78-81%, bipak Kanaynbl @HIMHiH Kypblaybl yN1bTpaablibbICTbIK BenceHaipymeH angekanaa
Tesipek 6onaabl. CUHTE34E/TeH MOHAbIK KOCINbICTbIH, ©CY biIHTanaHAbIpy 6enceHainiriv Tekcepy
Ke3iHAe Tamblp Y3bIHAbIFbI, anblpak, y3blHAbIFbI, OHY IHEPTUACHI KIHE 3epPTXaHasblK OHTIWTIK
CUAKTbI NapameTpaep TaTTi XKyrepi AgaHaepiHiH, 10 reHoTMNbIHAA enweniHAi. KocbinbICTbIH, eH,
KilWKeHTall KOHCeHTpauuaaasbl epiTiHaici (0,001%) akcbl KepceTkiwTep KepceTeai, acipece
TaMbIp XK3He KanblpakK AamyblHblH npouecciHe. Ocbl 3epTTeyAiH HaTUXKenepi Keneci aneyetTi
3KONIOTUANBIK-KAYINCi3 8CiMAiK 6Cy bIHTaNaHAbIPFbIWTAP YWiH Heri3 peTiHAe KonAaHblaa anaabl.

TyiiiH ce3aep: ToNNepr30H; MOHAbIK KOCbINbIC; yIbTpaablbbicneH 6enceHaipy; TaTTi Kymaid;
©HY; OCyAi bIHTaNaHAbIpaTbiH 6enceHainik.
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Llenbto paHHOro wucciefoBaHUA ObiNO CUHTE3MPOBATb HOBOE MOHHOE CcoeAuHeHWe
—1-nponaprun-1-(2-meTun-3-okco-3-(n-Tonmn)nponun)-nunepnamH-1-uym  bpomug - ¢
nomouibto N-anKuAnpoBaHua (B OBbIYHBIX YCNOBUAX U C UCMNO/b30BAHWEM Y/NbTPa3BYKOBOW
aKTMBaLUMW) U UCCNEeL0BaTb €ro BAUAHUE HA POCTOCTUMYNUPYIOWYIO aKTUBHOCTb PacTeHUI C
MCMNO/Ib30BaHWEM CEMAH CNAaAKoro copro. NMonyyeHHoe coeanHeHne 6blIo OXapaKTepu3oBaHo
C nomoLlbio MHOpakpacHoi (MK) cnekTPOCKOMMM U CNEKTPOCKOMUU ALEPHO-MArHUTHOTO
pe3soHaHca (AMP). BbixoZ Noay4yeHHOTo coeamHeHus cocTaBun 79-81% BHe 3aBUCMMOCTM OT
MeToAa CUMHTEe3a, oAHaKo 06pa3oBaHME Keaemoro CoeAMHeHUA MPOUCXOAUT 3HAYUTENbHO
6bicTpee Npu yNbTPa3BYKOBOM aKTMBaLMK. [11Aa npoBepKa pOCTOCTUMYAUPYIOLWEN aKTUBHOCTHU
CUHTE3MPOBAHHOTO WOHHOTO COeAWMHEHMA OblNM M3MepeHbl TakuMe napameTpbl Kak AAUHA
KOpHSA, A/IMHA AUCTA, SHEPrua npopactaHuAa U nabopaTopHas BCxoxKecTb Ha 10 reHoTunax
cemMsAH cnafkoro copro. PacTeop Bewiectsa ¢ MmeHblwel KoHueHTpaunen (0,001%) nokasbiBaeT
Xopoluve nokasaTtenu, B 0co6eHHO Ha NPOLLeCcC Pa3BUTUA KOPHEW U INCTbEB. Pe3ynbTaTbl 3TOro
MUCcCNefoBaHUA MOTYT MOC/AYXWUTb 6a3oi AnA AanbHellwel pa3spaboTKM CTUMYNATOPOB pocTa
pacTeHu Ha OCHOBE MOHHbIX COeUHEHWNA.

KnioueBble cnoBa: T0/INepr30H; MOHHOE COeAMHEHNE; aKTUBALMA YNbTPAa3BYKOM; ClafKoe
COpro; NpopacTaHue; POCTCTUMYAUPYIOLLAA aKTUBHOCTb.
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Synthesis of 1-propargyl-1-(2-methyl-3-oxo-3-(p-tolyl)propyl)-
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activity assessment
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1. Introduction

Sorghum (Sorghum bicolor (L.)) is a very important gain
crop, it could produce a large yield and adapted under rough
conditions such as heat and drought [1]. A substantial variation
of sugar content makes sweet sorghum a potential source of
biofuel [1]. It is used for animal feed [2], alcohol [1,4], syrups,
glucose, modified starches, citric acid, etc. [3,5]. To stimulate
the germination of sorghum different growth regulators are
recommended [6]. Recently, N-methyl derivative of tolperisone
was found practically harmless toward A. Fischeri [7], which
makes other derivatives of tolperisone potentially promising
environmentally friendly growth stimulants. In the present
study, we describe the synthesis of a new ionic compound
obtained via N-alkylation of tolperisone and its germination
stimulating activity.

2. Experiment

2.1 Materials and research methods. Synthesis of
1-propargyl-1-(2-methyl-3-oxo-3-(p-tolyl)propyl)-piperidin-1-
ium bromide

The melting point of ionic compound was measured in
open capillary tube on an OptiMelt (Stanford Research System).
IR spectra were recorded on Nicolet «5 700 FT-IR» spectrometer
in a KBr tablet. *C NMR and 'H spectra of synthesized
compounds were recorded on «JNM-ECA Jeol 400» (100.53 and
399.78 MHz respectively) using CDCI, as solvent, the shooting

temperature is 25°C. Control over the process of reactions and
individuality of compounds was carried out by TLC on SiO, plates
(Sigma Aldrich®, Germany) with mixture of diethyl ether:ethanol
(4:1) as eluent and with iodine vapors development. Tolperisone
freebase was obtained from Mydocalm® for synthesis at the
room temperature and from corresponding hydrochloride
(Shanghai Acmec Biochemical Technology Co, Ltd.) for synthesis
with ultrasound activation. All reactants and solvents from
Sigma Aldrich®. An ultrasonic probe from Cole Parmer (50-60Hz,
0-240 W) was used for the reaction. The separation and
purification of the substances was carried out by recrystallization
from appropriate solvents.

“Room temperature” method: In 15 ml acetonitrile, which
contains 7.3 mmol tolperisone free-base, 5 ml of new
acetonitrile with 8.03 mmol propargyl bromide was added.
After mixing the reaction was carried in room temperature for 6
days. The precipitate was washed by cold acetonitrile and
purified by recrystallization from diethyl ether: ethanol = 1:4.
Product is beige crystals. Yield 81%. mp = 180°C. IR (KBr), cm™:
1670 (C=0), 1132 (C-N),3264 (=C-H)

“Ultrasound activation” method: Tolperisone free-base
(9.5 mmol) was dissolve in 15 ml acetonitrile and propargyl
bromide (11.1 mmol) was added. Reaction was carried out with
ultrasound activation (240 W, 30-50°C) for 5 hours, after
precipitate was formed, it was washed by cold acetonitrile and
purified by recrystallization from diethyl ether: ethanol = 2:3.
Product is beige crystals. Yield 79%. mp = 177°C. IR (KBr), cm™:
1670 (C=0), 1132 (C-N), 3264 (=C-H)

© 2022 The Authors
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'H NMR (CDCl,) &, ppm: 1.35 — 1.40 (C,,), 1.64 — 2.04
(C,,.0),236-2.39(C, ), 3.37-3.45(C, _ ),3.57-3.68(C,,_, ),
3.89-3.99(C,, ),4.01-4.10(C,,, ), 4.56-4.63(C,), 5.10-5.16
(C,), 7.24 - 733 (C,, ), 8.14 - 8.18 (C,, ). *C NMR (CDCL,) §,
ppm: 19.99 (C,,), 20.08 (C, ), 20.62 (C,), 21.87 (C,,), 35,65 (C,,),
51.67 (C,), 60.35 (C, ), 60.87 (C, ,), 71.84 (C,), 81.67 (C,), 129.77

(C,,,0), 131.36 (C,, ), 131.36 (C,,), 145.50 (C,.), 199.96 (C_,).

17,19 16,20)’

2.2 Assessment of plant grow-stimulating activity

The synthesized tested for
germination energy and capacity with 10 sorghum genotypes
(KAZ-16 2013, Victoria-4 2013, Victoria-4 2014 (20 cm), Kiz-9
2015, Kiz-9 2014 (18.5 cm), Kiz-9 2013, Kiz-8 2015, Kiz-8 2014
(19.5 cm), Kiz-8 2013, Kiz-20 2013). The experiment was
performed with 2 solution of 1-propargyl-1-(2-methyl-3-oxo-3-
(p-tolyl)propyl)-piperidin-1-ium  bromide with different
concentration —0.01% (mass) and 0.001% (mass) and water was
included as control. All dishes and experiment equipment were
sterilized. Sorghum seeds were soaked in 90% ethanol for 6-7
minutes and after, were washed 3-4 times with distilled water.
20 seeds were placed in each Petri dish (10 Petri dishes for
control, 50 — for each concentration of solution) on the filter
paper, so they did not touch walls and each other. The filter
paper was moisturized with the corresponding solution. The

ionic compound was

samples were placed in a light-proof cabinet, temperature: 22-
25°C. Growth parameters including root length, shoot length
and rate of the germination were determined after 4 and 9 days.
For each batch of 100 seeds, the normally sprouted seeds are
counted, considering the initial and final calculations. If the
germination results of individual batches did not exceed the
standard deviation, the batches were considered comparable.
The result was the determination of the arithmetic mean with
an accuracy of 1%.

@

CH;,

3. Result and Discussion

Ultrasound activation - one of the best known non-
conventional activation techniques at a laboratory scale. It is
used by chemists to increase the reaction rate, speed up
reaction time, and operate the reaction at more mild conditions
[8]. Synthesis of 1-propargyl-1-(2-methyl-3-oxo-3-(p-tolyl)
propyl)-piperidin-1-ium bromide (Figure 1) was carried out from
obtained free-base [7] of tolperisone hydrochloride with
N-alkylation under room temperature and with ultrasound
activation (Table 1). The isolated yield of both methods is
showed almost identical results; however, the reaction rate of
the ultrasound activation method is 28 times faster.

During the assessment of the growth-stimulating activity
of the synthesized ionic compound, the effect of the seed
germination was studied on the 10 genotypes of sweet
sorghum and growth parameters such as root length, shoot
length, seed energy germination rate (after 4 days), and
germination capacity (after 9 days) were determined.
Experiments were carried out with solutions of 1-propargyl-1-
(2-methyl-3-ox0-3-(p-tolyl)propyl)-piperidin-1-ium  bromide
(concentration 0.01% and 0.001%) and water were used as
control. The mean value of the results on the effect of
germination of sweet sorghum seeds, including standard
deviation (SD) is presented in Tables 2-4.

The data of the gemmogenesis (Table2) and the
rhizogenesis (Table 3) presents that samples with
concentration (0.001% solution) is demonstrated the higher

low

intensity for tested genotypes than control samples. 0.01%
concentration of ionic compound shows better results (for root
and shoot length) only for genotype Victoria-4 20 cm 2014 after
9 days of germination (Figure 2) compared to control and lower
concentration.

-

(0]

+_—\ CH,CN, +N
Br Br
CH,

Figure 1 —The reaction of N-alkylation of tolperisone free-base with propargyl bromide to produce 1-propargyl-1-(2-methyl-3-
oxo-3-(p-tolyl)propyl)-piperidin-1-ium bromide

Table 1 - The yield and time of the reaction in respect with method of synthesis

Method of synthesis Time Yield, % SOIVent.S of Melting point
recrystallization
Room temperature 6 days 81 Et,O:EtOH =1:4 180°C
Ultrasound activation 5h 79 Et,0:EtOH =2:3 177°C

BecTHuK KasHY. Cepua xummyeckaa. — 2022. — Ne 2
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Figure 2 — Growth stimulant’s effect on the root length (cm) of several genotypes of the sweet sorghum seeds
after 9 days of germination

Table 2 — The result of 1-propargyl-1-(2-methyl-3-oxo-3-(p-tolyl)propyl)-piperidin-1-ium bromide’s effect on the root length of
sweet sorghum seeds

Germination after 4 days, cm Germination after 9 days, cm
No. Genotype (SD £0.02) (SD £0.3)
Control 0.01% 0.001% Control 0.01% 0.001%
1 KAZ-16 2013 0.3 0.2 0.8 2.0 1.0 2.5
2 Victoria-4 2013
3 Victoria-4 20 cm 2014 1.2 1.5 1.8 4.2 6.3 6.2
4 Kiz-9 2015 0.1 0.2 0.1 2.4 2.5 4.3
5 Kiz-9 2014 (18.5 cm) 0.1 0.7 1.2 1.5 2.0 5.2
6 Kiz-9 2013 0.1 0.1 0.4 2.5 1.5 5.7
7 Kiz-8 2015 0.1 0.1 0.1 2.1 3.0 3.7
8 Kiz-8 2014 (19.5 cm) - 0.1 0.1 2.0 1.4 4.1
9 Kiz-8 2013 0.1 0.1 0.1 4.0 1.4 5.5
10 Kiz-20 2013
ISSN 1563-0331 Chemical Bulletin of Kazakh National University 2022, Issue 2

elSSN 2312-7554



24 Synthesis of 1-propargyl-1-(2-methyl-3-oxo-3-(p-tolyl)propyl)-piperidin-1-ium bromide...

Table 3 — The result of 1-propargyl-1-(2-methyl-3-oxo-3-(p-tolyl)propyl)-piperidin-1-ium bromide’s effect on the shoot length of

sweet sorghum seeds

Germination after 4 days, cm

Germination after 9 days, cm

No. Genotype (SD £0.01) (SD £0.2)
Control 0.01% 0.001% Control 0.01% 0.001%

1 KAZ-16 2013 0.5 0.1 1.0 2.5 2.0 4.5
2 Victoria-4 2013 - - - - - -
3 Victoria-4 20 cm 2014 0.5 1.2 1.7 4.3 5.1 5.1
4 Kiz-9 2015 0.1 0.3 0.1 3.0 3.0 34
5 Kiz-9 2014 (18.5 cm) 0.1 0.4 0.5 3.0 35 4.5
6 Kiz-9 2013 0.1 0.2 0.3 3.3 2.0 4.7
7 Kiz-8 2015 0.1 0.1 0.1 3.2 4.2 5.0
8 Kiz-8 2014 (19.5 cm) - 0.1 0.2 3.0 2.4 3.7
9 Kiz-8 2013 0.1 0.1 0.1 3.5 3.0 4.5

[y
o

Kiz-20 2013 - -

The result of seed energy germination rate (Table 4) varies
depending on the genotype of sorghum. Samples with low
concentration show a better result for Kiz-9 2013, KAZ-16 2013,
Kiz-8 2015 compared to control and higher concentrated
solution. However higher concentrated solutionis demonstrated
by growth for 5-25% for such genotype as Victoria-4 20 cm
2014, Kiz-9 2014 (18.5 cm) and Kiz-8 2014 (19.5 cm); for genotype
Kiz-9 2015 and Kiz-8 2013 water provides more effectiveness

than solutions of ionic compounds. On the 9th day, we
determined the germination capacity (Table 4), and it has been
noticed that 4 genotypes (KAZ-16 2013, Kiz-9 2014 (18.5 cm),
Kiz-9 2013, Kiz-8 2015) have maintained the same dependence
of the result as seed energy germination rate. Nevertheless, Kiz-
9 2015, Kiz-8 2013, Victoria-4 20 cm 2014 presents the same
rate of control and more concentrated solution of the ionic
compound.

Table 4 —The result of 1-propargyl-1-(2-methyl-3-oxo-3-(p-tolyl)propyl)-piperidin-1-ium bromide’s effect on the germination energy

and germination capacity of sweet sorghum seeds

Germination energy, %

Germination capacity, %

No. Genotype (SD £3.2) (SD £2.5)
Control 0.01% 0.001% Control 0.01% 0.001%

1 KAZ-16 2013 60 35 80 65 40 80
2 Victoria-4 2013 - - - - - -
3 Victoria-4 20 cm 2014 75 80 65 80 80 70
4 Kiz-9 2015 30 20 15 25 25 20
5 Kiz-9 2014 (18.5 cm) 30 50 25 20 55 30
6 Kiz-9 2013 30 30 55 30 35 55
7 Kiz-8 2015 15 15 35 50 50 70
8 Kiz-8 2014 (19.5 cm) - 25 20 10 30 35
9 Kiz-8 2013 35 15 30 50 50 40

=
o

Kiz-20 2013 - -

BecTHuK KasHY. Cepua xummyeckaa. — 2022. — Ne 2



Y.O. Belyankova et al. 25

4. Conclusion

Using ultrasound activation for the synthesis of ionic
compound, 1-propargyl-1-(2-methyl-3-oxo-3-(p-tolyl)propyl)-
piperidin-1-ium bromide was obtained with almost the same
yield in a shorter time. The synthesized ionic compound’s
solution with control did not show any effect on the germination
of 2 genotypes: Victoria-4 2013 and Kiz-20 2013. For other
genotypes of sweet sorghum (KAZ-16 2013, Kiz-9 2014 (18.5
cm), Kiz-9 2013, Kiz-8 2015, Kiz-8 2014 (19.5 cm)), germination
energy and capacity of seeds, processes of gemmogenesis and
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Thermal decomposition of the copolymer of polyethylene glycol fumarate with acrylic
acid (p-EGF:AA) of two different compositions synthesized earlier was studied in the present
work. TG and DTG curves prove that decomposition takes place in several stages. According to
thermogravimetric curves it has been found out that for the copolymer with higher content of
acrylic acid the decomposition of the copolymer’s sample is started at higher temperatures. It
has been shown the shift of the temperature of decomposition’s start to the higher area with the
increase of heating rate which is necessary for the detorsion of macromolecular coil. Experimental
data processed using graphical methods of Kissinger—Akahira—Sunose and Friedman allowed us
to calculate the activation energy of the thermal decomposition process. It has been established
that the copolymer with the composition of 21.03:78.97 mass.% has lower meaning of activation
energy than the one with the composition of 68.96:31.04 mass.%. As a result of calculation one
can see that the meanings found out using these methods depend slightly on conversion. Using
Achar-Brindley-Sharp method and the method of invariant kinetic parameters the kinetic triplet
of the decomposition process has been found which was used to build the calculated curve. The
dependences of g(a) on a using these parameters showed a satisfactory agreement of calculated
curves with the experimental ones. One can conclude that the decomposition process of the
copolymer of polyethylene glycol fumarate with acrylic acid is well described with of D3 (three-
dimensional diffusion) model.

Keywords: thermogravimetry; activation energy; copolymers; polyethylene glycol
fumarate; acrylic acid.
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NOAUSTUNEHIMKONbPYMapaT cononmmepiHiH (N-3rP:AK)  TepmuANbIK biablipaybl 3epTTenreH.
TG xaHe DTG KMCbIKTapbl bigbipay npoueci bipHewe caTblga KYPeTiHiH Aanenaengi.
TepmorpaBMMeTPUANBIK KUCbIK CbI3bIKKa CAMKEC, KypaMblHAa aKpUA KbILWKbIAbI Ken conoanmep
YWiH cononumep YAriCiHiH blAblpaybl Kofapbl TemnepaTypaga 6acTanaTbiHbl aHbIKTANAbI.
MaKpoMONneKkynanblK WapnapAbl alHaNAblpy  KakeTTinirimeH 6aWnaHbICTbl  Kbi34blpy
Kb AAaMIbIFbIHbIH XOFapbliaybIMeH XXOFfapbl aiMaKKa blablpayAblH 6acTany TemnepaTypacbIHbIH,
e3repyi kepceTinreH. PpuamaH meH KuccuHpaxep-Axkaxup-CaHysapiH rpaduKkanbik agictepimeH
OHAEeNreH IKCMEePUMEHTTIK MaNiMeTTep TEPMUANDIK, biAbliPay NPOLECiHIH aKTUBTEHY SHEPTUACLIH
ecenTeyre MymKiHaik 6epai. 21.03:78.97 macc. % KypaMblHbiH, cononumepi 68.96:31.04 macc.
% -TeH Ofapbl blAblpay aKTUBTEHAIPY 3HEPruAcbiHa Me eKeHAiri aHbikTanabl. Ecenteynep
HaTWKenepi 6OMbIHWA OCbl 3AicTepMeH TabbiNFaH MaHAEP KOHBepCUAFa KaTTbl Tayenai emec
eKeHiH Kepyre 6onaabl. Axap-bpuHanu-llapna agiciH KoHe WHBAPMAHTTbl KUHETUKaNbIK
napameTp/siep 3/iCiH KONAAHa OTbIPbIM, eCenTeNreH KUCbIK CbI3bIKTbl KYPY YLWiH KONAaHbINATbIH
blAblPay MPOLECIHIH, KUHETUKANbIK TpunaeTi Tabbingbl. OCbl NapameTpiepai KongaHa oTbipbIn,
g(a) a-fa Tayenginiri ecentey KUCbIKTapblHbIH, TAXipubenik KUCbIKTapMeH KaHafaTTaHap/blK
KenicimiH KepceTTi. AKPUA KbILWKbIIbIMEH NONAUITUNEHIINKONbGYMApAT CONOMMMEPIHIH blablpay
npoueci D3 (yw enwemai andpdysuna) mogenimeH *Kakcbl cunaTTanfaH Aen aiTa anambis.
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B HacToAuwel paboTe MCCNEAOBAHO TEPMUYECKOE PA3/OKEHWE CUHTE3UPOBAHHOTO
paHee conosivMmepa NoMM3ITUNEHIIMKOAbOYMapaTa C akpuaoBon Kucnotoi (n-3rd:AK) aByx
pa3nunyHbIx cocTaBoB. TG 1 DTG KpuBble A0Ka3bIBAOT, YTO NPOLLECC PA3/IOKEHUA MPOUCXOAUT B
HECKO/IbKO cTaaunit. Mo TepmorpaBumMeTpUYecKUM KPUBbIM YCTAaHOBJIEHO, YTO ANA conoanmepa
c 6onblMMm copepskaHMemM akpUI0BOW KUCNOTbI pas3sioxeHne obpasL,a cononmmepa HaunHaeTcaA
npu 6onee BbICOKMX TemnepaTypax. [ToKasaH cABUT TemnepaTypbl Ha4ana pasnoxeHusa B bonee
BbICOKYI0 06/1aCTb C POCTOM CKOPOCTU Harpesa, CBA3aHHbIN C HEOBXOAMMOCTbIO PAaCKpPyYnBaHUA
MaKpPOMOEKYNAPHbIX KNYOKOB. IKCNneprMMeHTabHble AaHHble, 06paboTaHHble rpaduyecknumn
metogamu ®puamaHa u KuccuHpxkepa-Akaxmpa-CaHys3a, MO3BONIMAM paccyMTaTb 3Hepruu
aKTMBALMM npoLecca TEPMUYECKOrO pPas3oXKeHUsA. YCTaHOB/IEHO, YTO COMOIMMEP C COCTaBOM
21.03:78.97 macc, % wvmeeT 3HEPruio aKkTUBALMW pas3noxeHua Bbiwe, yem 68.96:31.04
macc. %. Mo pesynbraTam pacyeToB MOMKHO YBWAETb, YTO 3HAYEHMUA, HalAEeHHble AaHHbIMU
MeToAaMW, He CUAbHO 3aBUCAT OT KOoHBepcuun. Ncnonb3ya meton Axapa-bpuHanu-Lapna un
MeTO/, UHBAPUAHTHbIX KMHETUYECKUX NMapamMeTpoB, HaleH KUHeTUYeCKMIn TpunaeT npouecca
pasfNioXKeHnA, KOTOpbI MCNO/Nb30BaH ANA MNOCTPOEHWA pacyeTHON KPWUBOW. 3aBUCMMOCTHU
g(a) oT a ¢ ucnoNb3oBaHWEM AAHHbIX MapPameTPOB NOKasann yA0BNETBOPUTENbHOE COrnacue
PacY€THbIX KPMBbLIX C 3KCMepUMeHTanbHbIMU. MOXHO CKas3aTb, YTO NPOLECC Pa3/oXeHua
cononumepa NONUITUNEHIIMKONbdyMapaTa C aKpPWIOBOM KUCNOTOW XOPOLUO ONMCbiBaeTcA
mozenbto D3 (TpexmepHan audodysua).

KnioueBble cnoBa:  TepMOrpaBuMeETpuUs;
NOAU3TUNEHTIMKONbGYMAPaT; aKpMA0Bas KUCAOTa.
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1. Introduction

The study of the kinetics of thermal decomposition of the
copolymers on the basis of unsaturated polyester resins is of
great importance from the scientific point of view within the
last decades as the study of physicochemical properties of such
objects has vital role in modern industry [1].

Unsaturated polyesters are obtained by condensation
polymerization of unsaturated dicarbon acids or their mixtures
with saturated acids with polyhydric alcohols [2]. Compositional
materials based on polyester resins have wide application as
binding, film-forming, impregnated and filling compounds [3].
Besides, the ease of processing the unsaturated polyesters to
the end-product makes actual the use of the copolymers on
their basis for the number of industrial directions and therefore
the question of the level of their thermal stability is of special
importance [4,5].

Usually the thermogravimetry is used for the study of
thermal destruction of polymers. Qualitative analysis of
experimental data depends on reliable estimation of kinetic
parameters E_ A and f(a), and in essence it gives mathematical
explanation which is necessary for the extrapolation of the
behavior of the decomposition reaction. In this regard there
were worked out many different methods for the determination
of kinetic parameters on the basis of experimental data of
thermogravimetry [6,7].

At the beginning stage of the studies the main kinetic and
thermodynamic parameters of decomposition of some
copolymers on the basis of polyethylene glycol fumarate with
acrylic acid have been determined with the help of differential
and integral methods [8,9]. It was found that at different
degrees of conversion, the activation energies are very close: E
= 205-227 kJ/mol. And the copolymer is more thermally stable

in a nitrogen atmosphere in accordance with the kinetic
parameters. The result of the study has shown the practical
value of this procedure.

The aim of this work is to make a comparative analysis of
the kinetics of thermal decomposition of the samples of
polyethylene glycol fumarate with acrylic acid of the
composition of 21.03:78.97 and 68.96:31.04 mass.%.

2. Experiment

Study of thermal properties of p-EGF:AA copolymer in
three parallel experiments was made with the help of device for
simultaneous thermal analysis Labsys Evolution TG-DTA/DSC of
«Setaram» brand in dynamic mode with temperature range of
30-600°C at heating in AIZO3 crucible with rate of 2.5, 5, 10 and
20°C/min in nitrogen atmosphere with stream rate of 30 mL/
min. Calibration of device for thermogravimetric studies and
heat flow rate was carried out three fold under the CaCO,
standards and In respectively.

The kinetics of thermal decomposition is usually expressed
by the following equation:

da
o (1)
ac = kM

where k is the rate constant, t is the reaction time, a is the
conversion, which is described as:

Lo me @
mi—mf

where m, m, and m_are the mass at the beginning, at time
t, and at the end of the reaction.

© 2022 The Authors
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The decomposition rate constant (k(T)) is a temperature-
dependent function and is usually described by the Arrhenius
equation.

Hence, the equation (1) can be written as follows:

da —E
5 = Aexp <ﬁ> f(@) 3)

where A is the pre-exponential factor, E is the activation
energy, R is the universal gas constant (8,314 J-mol?), f(a) is the
reaction model and T is the temperature (K).

Integral and differential methods were used to determine
the activation energy (E ).

The Kissinger—Akahira—Sunose method [10,11] is based
on the following expression:

In (%) = Const — <%> (4)

where B, is the heating rate (°C/min).

The activation energy can be obtained from a plot of
In ﬁ versus 1/T, for a given value of the degree of conversion,
a, wHere the slope is equal to E, /R.

The most common differential isoconversion method is

that Friedman method [12]. The method is based on the

equation:
da
1B\ o7 ) wi

Eq. (5) is applicable to any temperature program. At each
given a the value of E_is determined from the slope of a plot of
ln(6i*da/dt)a,iagainst 1/To(,i' The index is introduced to denote
various temperature programs.

To define the reaction model and pre-exponential factor,
method of invariant kinetic parameters and model fitting
method were used in this work. Differential method of Achar-
Brindley-Sharp [13] was obtained as the result of equation
logarithm (3):

= In[f()As] — % (5)

(et E ;
"(f(a))‘" ~RT ©)

Left part of equation (6) for this analytic form f(a) will be
straight line, whose incline and crossing allow the estimation of
activation energy and pre-exponential factor, respectively.
Despite the fact that parameters are modified in wide range
with f(a), they all demonstrate the strong correlation, known as
compensation effect:

lnAi = a*Ei + b* (7)
where a"and b” are the compensation parameters and the

subscriptirefers to a factor producing a change in the Arrhenius
parameters(conversion, temperature program).

Using the ratio of apparent compensation effect,
compensation parameters are defined for each heating rate.
Thus, diagram a" vs b represents the straight line, whose
parameters allow estimating the invariant kinetic
parameters [6]:

b*=ImA+a’E (8)

3. Results and Discussion

At practical application of polymers, thermal stability in
necessary temperature range plays a great role. Copolymers of
unsaturated polyether resins with hydrophobial monomers,
having the spatial linked structure, are distinct with thermal
stability in wide range of temperatures and are widely
described in the literature [14,15]. In the result of studies it was
found that composition of unsaturated polyether and
monomers used for linking influences significantly the thermal
stability of copolymerization products, presence of aliphatic
inclusions in copolymer decreases the thermal resistance.
Increase of degree of unsaturation of polyether resin, as well as
increase of polyether resin content compared to monomer
leads to increase of thermal stability of copolymers. Results of
thermogravimetric analysis showed that these copolymers

are thermally resistant up to 250-300°C, and after
this thermal destruction happens, that runs
in several steps.

At the first time synthesized copolymers of

polyglycolemaleanates with unsaturated carbonic acids have
spatial linked structure as well [16,17], and it seemed interesting
to study the influence of temperature on their behavior by
thermogravimetry. In this work, is a previously synthesized
copolymers  p-EGF:AA of composition 21.03:78.97 and
68.96:31.04 mass.% is the object of research [18], which have
proven themselves as «smart» systems. Thermogravimetric
analysis was performed in dynamic conditions at four different
heating rates. Figure la shows the dependence of sample
weight from the temperature, and figure 1b shows the curves of
the rate of decomposition.

As we see in Figure 1a, increase in the composition of
acrylic acid leads to the offset of copolymer decomposition
start to the area of higher temperatures. This concept is
illustrated slower with DTG curve (Figure 1b): thus, maximum
rate of copolymer decomposition is moved from 356 to 3752C.
Figure 1 shows that decomposition process is started at the
temperature of ~150°C, and then there is step-by-step
decreasing of sample weight with emission of volatile matters.
The second stage of decomposition starts at the temperature
of 265°C and is finished at 480°C, with a lower ratio of acrylic
acid. With a ratio of 21.03:78.97 mass.%, start and final
decomposition temperature moved to 280 and 500°C
respectively. The same trend is observed in DTG curve. Residue
weight at the end amounts approximately 15-17 percent of
total sample weight.
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Figure 1 - TG (a) and DTG (b) curves of p-EGF:AA 21.03:78.97 and 68.96:31.04 mass.% at heating rate 5°C/min

To process the thermogravimetric curves at different
heating rates, areas with highest weight loss are selected.
Figure 2 shows the dependence of conversion degree and
temperature.
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Figure 2 — Dependence of the conversion (a) of the copolymer
p-EGF:AA 21.03:78.97 mass.% on the temperature at different
heating rates

With the aim to estimate the thermodynamic stability
subject to activation energy of copolymers, equations the
Kissinger—Akahira—Sunose and the Friedman was applied.
Selection of these methods was conditioned with the possibility
to compare the activation energies obtained by integral and
differential methods, which allow to estimate the legitimacy of
allowances made at equation derivation. Dependence diagrams
of equations are shown in the Figure 3 a, b, cand d.

ISSN 1563-0331
elSSN 2312-7554

As can be seen from the graphs, the points obtained by
the Friedman differential method have a greater scatter (Figure
3) than in the Kissinger-Akahira-Sunose (KAS) method, and as a
consequence, the latter are more parallel to each other. For all
the obtained partial dependencies, activation parameters are
calculated; their values are shown in Table 1.

As we see in Table 1, activation energies at different
levels of conversion, have good convergence for both
methods. At the primary stage of decomposition, activation
energy values are changed in the range ~236 and 271 kJ/mol.
Further we can observe stabilization and slight decrease. At
value of a > 0.7 activation energy starts increasing gradually
and reaches its maximum at o = 0.9. Increase of E_is mainly
connected to intensive decomposition of copolymer p-EGF:AA
at high temperatures in inert media. As well, high values of
activation energy in the beginning of the process witness the
complex processes, happened at thermal destruction, related
to breaking of unsaturated double bonds in copolymer
structure.

Using equation 6, thirteen values of E and InA were
obtained for respective reaction models. Since for invariant
kinetic parameters method it is necessary for E_not to depend
strongly on level of transformation, the range 0.1-0.9 was
selected.

Figure 4a shows that for the ratio 21.03:78.97, the points
lie on the same straight line and have a high degree of
correlation, and for the ratio 68.96:31.04, the degree of
correlation is slightly lower (Figure 4b). In inclination and
crossing of the diagram, invariant kinetic parameters of
copolymer decomposition were found, E =240 kJ/mol and InA
=38 for a copolymer with a lower ratio of polyester resin and E_
=248 kJ/mol and InA = 40 with a higher ratio. Activation energy
conforms with values obtained by isoconversion methods.

When both parameters are defined, we can numerically
reconstruct the reaction models in any integral or differential

Chemical Bulletin of Kazakh National University 2022, Issue 2
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Figure 3 — Kissinger-Akahira-Sunose (a,b) and Friedman (c,d) plots of p-EGF:AA 21.03:78.97 and 68.96:31.04 mass.%

Table 1 — Kinetic parameters according to, Kissinger-Akahira-Sunose and Friedman

Kissinger-Akahira-Sunose Friedman
o, % 21.03:78.97 68.96:31.04 21.03:78.97 68.96:31.04
E, R? E, R? E, R? E, R?
kJ/mol kJ/mol kJ/mol kJ/mol
0.1 236.21 0.9881 242.51 0.9967 248.26 0.9936 271.19 0.9993
0.2 232.57 0.9979 223.95 0.9919 244.16 0.9996 231.25 0.9859
0.3 240.42 0.9961 250.39 0.9966 237.38 0.9975 24791 0.9885
0.4 233.72 0.9998 226.02 0.9766 232.53 0.9997 222.04 0.9608
0.5 225.87 0.9999 246.61 0.9438 225.28 0.9997 240.61 0.9303
0.6 222.79 0.9986 267.16 0.9555 224.76 0.9981 261.84 0.9486
0.7 223.12 0.9995 234.02 0.9558 230.13 0.9990 230.68 0.9582
0.8 226.84 0.9983 237.56 0.9790 237.48 0.9980 238.34 0.9829
0.9 235.11 0.9884 250.03 0.9849 242.70 0.9853 259.55 0.9880
Mean 230.74 0.9963 242.03 0.9756 235.85 0.9967 244.82 0.9714
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Figure 4 — Plot of the supercorrelation ratio (a* vs b*) of p-EGF:AA 21.03:78.97 mass.% (a) and 68.96:31.04 mass.% (b)

Table 2 — Some of the kinetic models used in the solid-state kinetics

# Reaction model Code fla) g(a)
1 Power law P4 4 a* alH
2 Power law P3 3a?? als
3 Power law P2 2 al? al/?
4 Power law P2/3 2/3 a2 a??
5 One-dimensional diffusion Mampel (first D1 1/2 ot a?
6 order) F1 1-a -In(1-a)
7 Avrami—Erofeev A4 4(1- a)[-In(1- o) [-In(1-a)]**
8 Avrami—Erofeev A3 3(1- a)[-In(1- a)]?? [-In(1-a)]*”2
9 Avrami—Erofeev A2 2(1- a)[-In(1- ]2 [-In(1-a)]2
10 Three-dimensional diffusion Contracting D3 3/2(1- a)?3[1-(1- a)]*3]* [1-(1-a)]3)?
11 sphere R3 3(1- ) 1-(1-a)?
12 Contracting cylinder R2 2(1-a) 1-(1-a)?
13 Two-dimensional diffusion D2 [-In(1-a)]* (1- a)In(1l-a)+ a
form. The models used in this study have been summarized in
Table 2. Integral form might be reconstructed by value 1.5
substitution of E, and A to the equation [19]:
A (Ta -E 1.0
o@ =5 [ e (o7 )ar ©) _
I
(o]
With the help of equation 9, the set of numeric values g(a) 0.5 .
for different conversion levels was obtained. With the aim to
check the correctness of obtained data, we made the attempt i
to compare the experimental curves with calculated ones. 00
The dependence graph of the reaction model on the
conversion degree has a profile reminiscent of an accelerating 0.0 02 04 06 08 1.0

reaction (F1, D1, R3, etc.). Therefore, the calculated data were
compared to the previously selected theoretical graphs g(a).
As seen in Figure 8, a good conformity was found for the D3
model, the same situation is peculiar for other values of
heating rate.
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Figure 5 — Theoretical g(a) plots as a function of conversion a
for several kinetic models and experimental plot for kinetic
model D3 (dotted lines)

Chemical Bulletin of Kazakh National University 2022, Issue 2



32 Kinetic parameters of thermal destruction of the copolymer of polyethylene glycol fumarate...

4. Conclusion
Thermal decomposition of copolymer p-EGF:AA at
different heating rates was studied, and it showed that growth
of the latter moves the decomposition start temperature to
higher area. Comparative analysis showed that the more heat-
resistant is that the copolymer with a lower content of polyester
resin. Activation parameters of decomposition reaction are
calculated with isoconversion methods of Friedman and
Kissinger-Akahira-Sunose, which have high converging.
Combining different methods, kinetic triplet was obtained,
corresponding to E_ = 240 kJ/mol, A = 3,19-10' min™ for a
copolymer of composition 21.03:78.97 mass.% and E_= 248 kJ/
mol, A = 2,3510” min® for a copolymer of composition
68.96:31.04 mass.%. Using the integrated Arrhenius equation,
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Chemical composition and
biological activity of Zosima
absinthifolia (apiaceae)

N.S. Alikhanova*, E.N. Novruzov

Botany Institute of Azerbaijan National
Academy of Sciences, Baku, Azerbaijan
*E-mail: elixanovanermin@yahoo.com

Zosima absinthifolia (Vent.) Link is a perennial herb and is found in Iran, Turkey, Iraq and
different countries of the Caucasus, Middle East and Central Asia. It is the only member of
Zosima genus growing in Azerbaijan. It has been used as a medicinal plant since ancient time in
Iran, Turkey and Pakistan. The fruits are used as a food flavoring and as a food spice in Iran. The
knowledge of Z. absinthifolia organs containing a great number of bioactive compounds is of high
importance. The aim of this study is to sum up literature data on the results of experimental
studies of the chemical composition and biological activity of Z. absinthifolia. The results of the
chemical study of Z. absinthifolia show that fruits, roots, seeds, flowers and other aboveground
parts of plants are rich in various biologically active substances such as coumarins, furocoumarins,
pyranocoumarins, flavonoids, monoterpenes, sesquiterpenes and etc. Chemical components that
isolated from different organs of Z. absinthifolia have allelopathic, high antibacterial, antifungal,
antioxidant, anti-inflammatory and other properties. Some of the chemical constituents have
substantial pharmacological properties. It is clear that Z. absinthifolia has significant potential for
useful natural supplements in many contemporary diseases.

Keywords: Zosima absinthifolia; chemical composition; biological activity; essential oil;
coumarin.

Zosima absinthifolia
(apiaceae) xsnmuanbik,
KYPaMbl }KaHe 6UONOrnAnbIK,
KbI3MeTi

H.C. AnuxaHosa*, E.H. HoBpy3os

O3ipbalixkaH ¥NTTbIK Fbl/IbIM
aKageMmACbIHbIH BOTaHWKa UHCTUTYTHI,
BaKy K., ©3ipbaiixaH

*E-mail: elixanovanermin@yahoo.com

Zosima absinthifolia (Vent.) Link — Upanga, Typkuaga, MpakTa kaHe Kaskas, Taay LUbifbic
neH OpTa A3uaHbIH TYpAi engepiHae Ke3geceTiH KemkblnablK wen. byn 93ipbaiixkaHaa
eceTiH Zosima TYKbIMbIHbIH, »Kanfbi3 eKini. On exenri gayipaeH 6actan UpaH, TypKua sKaHe
MakicTaHga Aopinik ecimaik peTtiHae KonAaHbinFaH. Memictep WpaHpa TaramablK xow
MICTEHAIPriW »aHe TafamAblK Aamaeyiw peTiHAe KongaHbinagbl. KentereH 6MOaKTUBTI
KocbiabicTapbl 6ap Z. absinthifolia aFr3anapbiH 6iny yakeH maHbi3Fa ne. By sKyMbICTbIH, MaKcaTbl
—Z. absinthifolia XumuanbIK Kypambl MeH BUONOTUANBIK BeNCeHAiNIrH IKCNepPUMEHTTIK 3epTTey
HaTuXKenepi 6oiblHWA a4ebu aepekTepai annoinay 6onabin Tabblnagbl. Z. absinthifolia
XUMUANBIK 3epTTey HaTUXKenepi eCiMAiKTepaiH, KemicTepi, Tamblipiapbl, TYKbiMAapbl, rynaepi
KoHe backa pa kep ycTi 6eniktepi KymapuHaep, ypokymapuHaep, NMpaHOKyMapuHaep,
dbnaBoHOMATAP, MOHOTEPMNEHAEP, CECKBUTEPNEHAEP KaHe T.6. CUAKTbI apTypAi BMonormanbik
6enceHpi 3aTTapfa 6ait ekeHiH KepceTedi. XMMUANBIK KOMMNOHEHTTep apTypai Z. absinthifolia
MyllenepiHeH OKLWay/naHfaH, afNonaTUKanblK, Kofapbl aHTMBAKTepuanabl, caHbipayKy/iakKa
Kapcbl, aHTUOKCMAAHTTbI, KabblHyFa Kapcbl XaHe 6acka Aa Kacuettepre ue. Keibip XMMUANDBIK,
KOMMOHEHTTEep alTap/bikTait dapmakonorusanbik kacuettepre wue. Z. absinthifolia Kasipri
KeseHAeri Ken TapajifaH CbipkaTTapfa navaanbl Tabufu Kocnmanap peTiHAe akTapabiKTan
NnoTeHLManfa ne eKeHi aHblK.

Ty#iH ce3gep: Zosima »KycaH Xanblpafbl; XMMUANbIK Kypam; Buosoruanbik 6enceHainik;
adup malibl; KyMapuH.

Xumuueckuii coctas u
6uonorMyecKkan akTUBHOCTb
Zosima absinthifolia
(apiaceae)

H.C. AnuxaHosa*, E.H. HoBpy3oB

UHCTUTYT 60TaHMKM HaumoHanbHoM
aKagemuu Hayk AsepbaiarkaHa,

r. baky, AzepbaigkaH

*E-mail: elixanovanermin@yahoo.com

Zosima absinthifolia (Vent.) Link — mHoronetHee TpaBAHUCTOE pacTeHWe, BCTpeyaeTca B
WpaHe, Typuuu, Upake 1 pasnunuHbix cTpaHax KasKasa, BavkHero BocToka u CpegHeit Asuu.
3TO eAMHCTBEHHbIN NpeacTaBuTenb popa Zosima, npouspacTtatowmii 8 AsepbaiigkaHe. OH
MCMNONb30Ba/ICA KaK NeKapCTBEHHOEe pacTeHue ¢ apeBHnx BpemeH B MipaHe, Typuuun n MNakucTaHe.
Mnopbl UCNONb3YIOTCA B KayecTBe MULLEBOro apomaTusaTopa U nNuuiesol npunpassl B MpaHe.
Bonblioe 3HaYeHUe nmeeT 3HaHWe opraHos Z. absinthifolia, copep:alwmx 60nblOe KONUYECTBO
610aKTUBHbIX coeanHeHuN. Llenbto HacTosAwel paboTbl AsnseTca 0606LWeHne AUTEPATYPHbIX
[aHHbIX MO pe3y/nbTaTam 3KCMEepPUMEHTasIbHbIX WCCAe0BaHUA XMMWUYECKOro cocTaBa W
6ronoruyeckoit akTUBHOCTH Z. absinthifolia. Pe3ynbTaTbl XMMMYecKoro usydenua Z. absinthifolia
NOKa3bIBalOT, YTO NIOAbI, KOPHU, CEMEHA, LLBETKU U APYr1e Haf3eMHble YacTW pacTeHnn 6oraTbl
pasIMYyHbIMKU BMONOTMYECKM aKTUBHBIMM BELLEeCTBAMM, TAKUMU KaK KYMapuHbl, pypoKyMapuHbl,
nUpaHoOKymapuHbl, GnaBoHOMAbI, MOHOTEpPMeHbl, CecKBUTepneHbl W Ap. XuMUYeckue
KOMMOHEHTbI BblAENEHHbIE M3 Pa3/iMyHbIX opraHos Z. absinthifolia, o6nagatoT annenonatuy-
HbIMM,  BbICOKMMWU  aHTUBAKTEPUaNbHbIMKU, MPOTUBOrPUOKOBBLIMK, AHTUOKCUAAHTHBLIMMU,
NPOTUBOBOCNANNTENbHBIMU U APYTUMM CBOMCTBaMU. HeKOTOPbIE N3 XMMUYECKUX KOMMNOHEHTOB
06n1afaloT CywecTBEHHbIMU GapMaKoNorMyeckummn ceBocTBamu. fcHo, uTo Z. absinthifolia
o06n1apaeT 3HaYMTENbHLIM MOTEHLMANOM B KayecTBe MOJIEe3HbIX HaTypafbHbiX A06aBOK npu
MHOTUX COBPEMEHHbIX 3aboneBaHmnAX.

KnioueBble cnoBa: Zosima NONbIHHOAUCTHASA; XUMUYECKUI COCTas; 6uonornyeckan

aKTUBHOCTb; 3GUPHOE MAC/I0; KYMapWH.
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1. Introduction

Zosima absinthifolia (Vent.) Link belongs to Zosima Hoffm.
genus of the Apiaceae family and is a perennial dense deciduous
plant. The genus includes 10 species distributed from Arabia to
Baluchistan (Pakistan) in the Caucasus, Central Asia, and Asia
Minor. In the Caucasus and Azerbaijan, genus is represented by
a species of Z. absinthifolia. It as an ordinary plant is distributed
in various botanical-geographical regions of Azerbaijan
(Absheron, Gobustan, Khazar lowland, Kur-Araz lowland,
central, South Caucasus, Nakhchivan, Diabar), from lowland to
middle mountainous areas. It is often found in wormwood
semi-deserts, dry clay soils, dry rocky and rocky slopes [1-3]

Z. absinthifolia is known as a medicinal plant in Iran,
Turkey, Pakistan, etc. since ancient times. In folk medicine,
fruits, flowers, and aerial parts of plants are used. In Turkish folk
medicine, the mixture made from the leaves is used in the
treatment of diabetes [4-6]. In the Kalat and Khudzar districts of
Pakistan’s Balochistan province, the plant seed extract has an
effective effect against coughs and other sore throats in
children, and from the aerial parts against gastrointestinal,
cough and other diseases [7-9]. Aqueous infusion of the flowers
of the plant is used as a hemostatic agent in internal bleeding
[10]. Another factor is the use of Z. absinthifolia fruits and aerial
parts as a sedative in traditional medicine [11].

The medicinal and nutritional features of Z. absinthifolia
are due to the presence of various groups of compounds-
flavonoids, coumarins, mono-, sesquiterpenes, various groups
of biologically active substances, essential oils in it.

A number of literature data show that the chemical
components isolated from Z. absinthifolia have antibacterial,
antioxidant, anti-inflammatory, allergic, antifungal and other
biological properties. Biological activity and use of various
organs of Z. absinthifolia in traditional medicine mainly depend

on the quantity of different groups of biologically active
components in plant.

2. Main part. Chemical composition of Z. absinthifolia

Z. absinthifolia plant material collected from different
places contains essential oil, flavonoids, coumarin, etc. have
been found to contain biologically active substances such as.

2.1 Essential oil

Many biological features of Z. absinthifolia are associated
with the presence of essential oil in various organs. Quantitative
composition of essential oil was in terms of dry raw materials in
flowers — 0.11%, in the aerial parts during flowering — 0.26%, in
leaves — 0.08%, in the green parts of stems — 0.037%, in green
leaves — 0.08%, in small green fruits — 0.55%, 1.4-1.8% in
immature large fruits, 1.3% and 0,9-1,6% in ripe fruits and 0.72%
in dried fruits [12,45].

The oil obtained from the fruits of samples taken from
Azerbaijan had a multi-component composition, the main
components of which was octyl alcohol, octyl butyrate and
octyl acetate [12,13].

An analysis of the literature on the amount and
composition of essential oils shows that it depends on plant
growth and soil-climatic conditions.

A study of the composition of the essential oil in different
areas shows that both the main and the minor components
quantity change significantly (Table 1).

In the essential oil obtained from the fruits distilled by
hydro-distillation of samples collected from Turkey, octyl
acetate (38.4%), octyl hexanate (31.9%), octanol (12.9%),
nonane — 27.1%, a-pinene 12.7% and germacrene B-10.3%.
were dominant [14]. Another group of scientists in Turkey
studied the composition of the essential oil and determined

© 2022 The Authors
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Table 1 — Component composition of essential oil of Z. absinthifolia in different areals

Components

Content in essential oil

Turkey, % Cyprus, % Iran, % Azerbaijan, % References

1 2 3 4 5 6
Octylbutyrate 2.0 1.0 0.27 5.1,0.97,9.47 [12, 14, 16, 19, 41, 42]
Octyl acetate 38.4,1.0,19.9,81.6 63.2 3.8,87.48,7.52,10.5, 79.7,89.44,44.76  [12,14-19, 41, 42]

59.72, 66.82, 69.69

Octyl hexanoate 31.9,0.6,0.2 19.8 4.5 0.06,0.12 [14-17, 41, 42]
Octanol 12.9,2.8,4.6,3.2 2.2 9.6,2.16,3.12, 7.62, 14.22, 17.06 19.1 [12-17,19]
a-pinene 0.2,1.3,2.2,01 1.1,7.08,2.23,1.38,0.11 0.08,0.22 [14-17, 19, 41, 42]
B-pinene 8.9 0.1,5.32,2.12,0.31,0.21 0.02 [15,17, 19, 41]
p-cymene 2.2,0.1 0.99, 0.37 [15, 16, 19]
B-bourbonene 0.2,0.1,0.3 2.95, 0.69, 0.45 0.05,0.72 [14-16, 19, 41, 42]
Linalool 0.4,0.4,0.2 1.8,0.19,0.17 [14, 15,17, 19]
Limonen 2.7,15,0.1 3.28,0.7 [15, 19]
Octanal 1.0,2.5,0.2 0.3 0.2,1.27,0.8 0.68,1.29 [14-17, 19, 41, 42]
Germacren-d 0.2,2.0,0.5 0.1 13.42, 4.14,1.59,0.38 4.54 [14-17, 19, 42]
Octyl octanoate 6.0,0.8,0.9 9.2 5.03 [14-16, 18]
Germakren B 10,3 [14]
2-Nonanon 2.6 [15]
Hexadecanoic acid 0.3,1.3,0.5 0.4 0.8,0.15, 0.52 [14-17, 19]
Ostol 1.5 0.4 (14, 17]
Camphene 0.1 0.2,2.99, 1.66,0.92, 0.9,0.1 [15,17,19]
Sabinene 0.1 0.1,3.43,1.26,0.31,0.2,0.1 [15,17,19]
Myrcene 3.0,1.3 0.9 [15, 17]
B-phellandrene 0.4,0.7,0.1 11 [15, 17]
(Z) -4-octenyl acetate 0.5,5.1 0.5 [15, 16]
Bornyl acetate 0.3,1.3,0.2 1.5,1.54,0.62,1.06,1.36,0.53  1.07,0.67 [15,17, 19, 41, 42]
B-caryophyllene 0.2,1.0,0.2 0.5 13.9,7.84,5.47,2.57,0.77 0.26 [15-17, 19, 41]
Myrtenal 1.5 0.2 [15]
(E)-2-Decenal 26.7,0.1 0.1,0.34 [15, 17]
trans-pinocarvyl acetate 1.4,0.1,26.7 [15,17,19]
trans piperitol 0.4 [15]
Myrtenyl acetate 0.9 [15]
a-terpineol 0.3 0.1,0.41,0.28 0.05 [15, 17, 19, 41]
cis-piperitol 0.5 [15]
Citronellol 0.4 [15]
(E, E) -2,4-decadienal 0.9 [15]
Myrtenol 0.6 [15]
Cuparene 0.6,0.1 [15]
(Z) -4-octenyl hexanoate 0.7 0.1 [15, 16]
Geranyl acetone 1.4,0.1 [15]
2,5-dimethoxy-p-cymene 3.6 [15]
Caryophyllene oxide 0.8,0.4,0.1 0.2 5.7,1.10, 5.87,1.85,0.5 [15-17, 19]
Spatulenol 0.5,0.1 0.1 2.46, 2.68,2.63, 1.05 0.71 [15, 16, 19, 42]
a-cadinol 0.6 [15]
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Table 1 — Component composition of essential oil of Z. absinthifolia in different areals (Continued)

1 2 4 5 6
(2E, 6E) — Farnesyl acetate 2.3 0.15, 0.52,0.8,0.15,0.52 [15, 17, 19]
(2E, 6E) —Farnesal 0.4 [15]
Tricosan 0.7 0.4 0.4 [15-17]
(2E, 6E) —Farnesol 1.7 0.38 [15, 43]
Heptacosan 0.5 [15]
Dodecanoic acid 0.2 0.7 [15, 16]
Phytol 0.5 0.22 [15, 42]
Tetradecanoic acid 1.0 0.8 [15, 16]
Bicyclogermacrene 0.1 2.3 [16, 17]
Octyl heptanoate 18.6 [16]
Geranial 2.0 [17]
5-elemene 0.1,2.49,1.15, 0.95, 0.43 [17, 19]
Geranyl butyrate 1.5 [17]
Caryophylla-4 (14), 8 (15) 0.6 [17]
diene-5p-ol
geranyl valerate 9.6 [17]
(E)—sesquilavandulyl 1.9 [17]
acetate
3-methyl nonane 6.07,2.65 [19]
Cineole 0.36 0.52 [19, 41]
B-ocimene 0.4 0.4,4.82, 1.06,0.28 0.12 [15, 17, 19, 41]
Myrcene 2.64,1.21 [19]
1-hexyl-3-methyl 2.92,1.15 [19]
cyclopentane
3-methylundecane 471,1.11,0.1,0.18,0.1 [19]
Camphor 35.24 [19]
Borneol 2.76 [19]
(4)-Decen-1-ol 1.89, 0.34 [19]
Hexyl Hexanoate 0.52, 0.7,0.78 [19]
Geranyl acetate 0.31 [19]
Decenyl acetate 0.59, 5.02,4.4, 0.31 [19]
N-octyl 2-methylbutyrate 0.41, 0.92,0.4, 0.68,0.71 [19]
B-Selinene 1.73, 1.37 [19]
B-Eudesmol 0.71, 1.84 [19]
a-Bisabolol oxide B 1.45 [19]
Octadecanal 0.1, 2.12,4.06, 6.09 [19]
a-bisabolol 0.85, 0.57,0.38 [19]
Meta-cymene 0.02 [41]
Cyclopropane, pentyl 4.79,13.88 [41, 42]
L-4-terpineol 0.04 [41]
Decanal 0.08 [41]
a-copaene 0.05,0.58 [41, 42]
B-copaene 0.03,0.27 [41, 42]
Eicosane 0.08, 0.04 [41, 42]
y-terpinene 0.06 [42]
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Table 1 — Component composition of essential oil of Z. absinthifolia in different areals (Continued)

1 2 3 4 5 6
B-elemene [42]
y-pironene 3.03 [42]
a-Cubebene 0.06 [43]
B-Cubebene 0.24 [43]
Ylangene 0.06 [43]
B-Yglanene 5.32 [43]
Cedrene 2.45 [43]
ao-Muurolene 0.21 [43]
y-cadinene 0.89 [43]
a-Amorphene 1.3 [43]
Yy -Muurolene 0.82 [43]
Allo-Aromadendrene 1.3 [43]

that the main components of this oil are octyl acetate — 81.6%
and trans-pinocarvil acetate — 26.7% [15].

Some components were identified in the essential oil
obtained by hydrodistillation from the dried fruits of
Z. absinthifolia collected from two various areas of Northern
Cyprus. Of these, octylacetate (63.2-59.5%), octylhexanate
(19.8-18.6%), octyllocanaate (9.9-9.2%), octanol (7.1-2.2%) are
major components in composition [16]. Cavidnia and co-authors
show that, octylbutyrate 19.2%, B-caryophylline 13.9%, octanol
9.6%, geranilvalerate 9.6%, caryophylline oxide 5.7%, octanol
2.37% were dominant groups in the essential oil obtained from
plant fruits [17].

In 2013, the composition of the essential oil of fruits was
analyzed and it was determined that the main components are
octyl acetate (87.48%) and octyllocanoate (5.03%) [18].

When studying the composition of essential oils in various
organs, it was determined that the maximum amount of
essential oil is in ripe seeds (0.88%), and the lowest amount is in
the leaves (0.31%). Also, octyl acetate and 1-octanol are the
main constituents of seeds [19].

The essential oil in different phenological stages of
Z. absinthifolia seeds were studied by different authors. Some
components as a-pinene, n-octanol, germacrene-D,
B-caryophyllene, octyl acetate, caryophyllene oxide were the
main components of the essential oil in different stages of seed
growth [20].

Literature data on the component composition of
Z. absinthifoliain different areas show that there are quantitative
and qualitative differences between essential oil.

It depends on geographical and climatic factors in the
area where the plant grows. Thus, the number of components
in the obtained essential oil, their percentage varies.
Summarizing all this, we can say that the composition of the
essential oil is different in different areas, but all of them have a
high content of compounds belonging to the group of
octylacetate and other ethers.

2.2 Flavonoids and coumarins

The results of the literature show that biologically active
substances such as some flavonoids, alkaloids and different
coumarin have been found and identified in various organs of
Z. absinthifolia. [21-23]. Also, various coumarins, furo-,
piranocoumarins were obtained individually from the roots,
fruits, seeds and aerial parts of plant. Imperatorin and two
coumarins, 7-preniloxicoumarin and aurapten were obtained
from the plant seeds and were identificated by UV, *H and **C
NMR data [18,21]. A number of studies have analyzed the
deltoin and columbianadin content of coumarins in the aerial
parts and root of the plant and found that the amount of
deltoin in the plant over the amount of columbianadine [24,25].
Numerous studies show that these coumarine derivatives
posses a variety of biological properties including anti-cancer,
anti-inflammatory, antioxidant, enzyme inhibitory,
antitubercular, antifungal, antibacterial, anticonvulsant and etc.
activity [26-32].  Furthermore, bergapten, imperatorin,
pimpinellin, and umbelliferon were isolated of the roots from
Z. absinthifolia [15]. Two pyrano-coumarins, aegelinol and
agacillin, were also been identificated in dichloromethane
extract of plant roots by Razavi S.M. [18]. Besides, two
compenents- zozimin and marmesin were identified in the roots
of the plant in Absheron [33]. In addition, the fruit contains
zozimin, deltoin, bergapten, imperatorin, isobergapten,
isopimpinellin, pimpinellin, sfondin, umbelliferon and others.
coumarin substances were found [46,47].

2.3 Fatty acids

The fact that the plant has various beneficial therapeutic
properties may also be due to the presence in it of fatty acids,
which are part of the lipid components. During a number of
studies, fatty acids were found in various parts of Z. absinthifolia.

During the initial research, 20.1% fat was found in the
seeds of the plant [48]. In Azerbaijan, 1.2% capric acid was
found in the fruits of Z. absinthifolia [13]. As a result of research
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conducted in Iran, only caprylic and palmitic acid were detected
in the plant. Their amounts were 1.69 and 0.15% in the leaf,
respectively, and 3.47 and 0.52% in the early stages of seed
development [19]. S. Karakaya and colleagues identified caprylic
(0.1%), lauric (0.2%) and myristic (0.8), aerial parts (4.1%), root
(1.3%) and palmitic fatty acid in the fruits of the plant [15]. In
addition, 0.8% palmitic acid [17] and 1.3% capric acid has been
identifiedinthe Z. absinthifolia aerial parts [34].Chromatographic
analysis of the oil obtained from plant fruits was determined 14
fatty acids- caproic, caprylic, capric, lauric, myristic, myristoleic,
palmitic, palmitoleic, stearic, oleic, linolenic, linoleic, arachidic
and behenic. The main component of Z. absinthifolia fruit oil is
oleic acid (74.36%). Small amounts of caprylic and palmitic acids
were also found to be 8.9% and 5.39%, respectively. The lowest
percentage is palmitinoleic acid (0.07%) [44].

2.4 Antibacterial activity

Zosima absinthifolia, like other species belonging to the
family  Apiaceae, contains coumarins, furocoumarins,
pyranocoumarins, flavonoids, terpene compounds-mono-,
sesquiterpenes, etc. The various biologically active components
isolated from Z. absinthifolia, have anti-inflammatory, highly
antibacterial, phytotoxic, antifungal, antioxidant and other
biological properties.

A study conducted in Iran found antibacterial activity of
three coumarin derivatives derived from the fruit of the plant -
imperatorin, aurapten and 7-preiloxicumarin and essential
oil [35]. In numerous studies are also known other biological
properties of the imperatorin [36-37]. In addition some
pyranocoumarins (aegelinol, agacillin) derived from the plant
roots also have moderate antibacterial activity [18]. A group of
researchers found that the essential oil of the fruit has a high
antibacterial effect against Bacillus subtilis and Bacillus pumilus
[35]. At the same time, the ethanol extract of the aerial parts of
Z. absinthifolia  has antimycobacterial activity [38]. The
methanol extract was found to have a important antibacterial
avtivity against Bacillus cereus and Staphylococcus epidermidis
[35]. Antimicrobial properties of the essential oils of the species
Z. absinthifolia has been studied as well as it was as certained
that essaential oils can be used as antifungal means [41].

2.5 Antioxidant activity

According to some studies, the methanol extract of the
plant fruit has significant antioxidant activity [39]. Ethyl acetate
extracts of Z absinthifolia also have high antioxidant
potential [40]. The highest antioxidant activity of the plant is
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characterized in dichloromethane extract of essential oil from
fruits and flowers. For this reason, the flowers and fruits of
plant may be a new potential source of natural antioxidant and
anticholinesterase compounds [15]. In addition, the results of
biological studies show that acetone extract and seeds (in the
early stages of development) have high antioxidant properties
[19]. Plant methanol extract showed that high antioxidant
feature with an RC50 value of 143.5 pg mL* [35].

2.6 Anti-inflammatory and alleopathic activity

Some researchers have reported that alleopathic activity
of some components-aurapten and 7-preniloxicumarin derived
from Z. absinthifolia fruits [35]. Razavi and co authers found
that the essential oil obtained from the fruit of the plant has an
alleopathic effect against bacteria and fungi from the middle to
the top [35]. The imperatorin, isolated from the plant and
belonging to coumarins, also plays an alleopathic role for the
plant and can protect the plant from various pathogens [21]. In
addition, a number of studies have found that the imperatorin
has anti-inflammatory activity [31]. Also, Z. absinthifolia aerial
part extract exhibited significant anti-inflammatory activity in
75 mg/kg dose [24, 25].

2.7 Antifungal and cytotoxic activity

Biologically active substances isolated from the seeds and
roots of Z absinthifolia, in particular imperatorin,
antifungal activity against the fungus Sclerotinia sclerotiorum

have

[21]. Pirano-coumarins derived from the root of the plant -
aegelinol and agacillin also have antifungal activity [21].
According to research, the cytotoxic properties are manifested
in acetone extracts of flowers [19] and methanol extract [39].

4. Conclusion

Different types of chemical constituents of Z. absinthifolia
and their biological activities are reflected in the article. Many
chemical compounds were isolated from the selected plant and
identified. Among them, mono-, sesquiterpens, coumarins are
the main bioactive components in Z. absinthifolia. Also, many
components in the chemical composition were evaluated for
their biological activity. Some of the chemical constituents have
substantial pharmacological properties. It is clear that, a
number of component obtained from Z. absinthifolia has
significant potential as useful natural supplements in numerous
diseases and can be used
in the future.
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B paHHoW paboTe 6blM NosyyYeHbl copbeHTbl Ha OCHOBe MpupoaHoro ueoawta (L) v
WwamoTHo rauHbl (LUT), obpaboTaHHbie pacteopamu NaCl u HNO,, ansa u3ssneyeHns MOHOB
Na* u K* u3 coneHoi Bogabl. bbinn uccnenoBaHbl GU3UKO-XMMUYECKME XapaKTEPUCTUKKU
nosyyeHHbix copbeHToB metogamu CIM, EDAX u B3T. BbisiBNeHO, YTO nocnepoBaTtesibHan
obpabotka pacteopamu NaCl u HNO, nonoxutenbHo BaAuseT Ha copbuMOHHble CBOMCTBA
nccnesyembix matepuanos. MakcumanbHoe yBesnyeHue yaenbHOM NoBepxHocTu ¢ 4,5 m2/r oo
39,3 m?/r Habnopaetca gns L, o6paboTaHHOro KMC/IOTOM, a yaenbHas nosepxHocTb LT Takxke
noBblWwaeTca Noytn B 2 pasa c 8,4 m?%/r go 15,3 m?/r. MoHbl Na* u K* nssnekaTca u3 Boapl 3a
cyeT MOHHOTo obmeHa ¢ KatmoHamu L u LU B pesynbrate onpeaeneHns KaTMOHOOBMeHHOM
emKkoctun (KOE) nccneayembix copb6eHTOB, 6bia10 ycTaHOBAEHO, YTO 06paboTka pacTteopom NaCl
ynyywaetT MOHOOBMeHHble cBoWcTBa copbeHTa M NpuMBOAUT K 06Pa3oBaHUID «FOMOWMOHHONY
dbopmbl antomocuankaTtos, 6narogaps yemy copbeHTbl erye BCTYMatoT B peakuuMuM MOHHOTO
obmeHa. ABTOpamu ycTaHOBAEHa COPOLMOHHAA aKTUBHOCTb MOJYYEHHbIX MaTepuanoB Ha
OCHOBE NPUPOAHOrO LEeonnTa M WamMoTa No OTHOLWEHMIO K KaTuoHam Na* u K. MakcumanbHas
CTeneHb U3BNeYeHUn coctasnset 28,45% ana noHos Na* copbeHTom LUM-Na-H v 76,28% ana
noHos K* copbeHTom LUM-Na. Cpegm copbeHTOB Ha ocHoBe LL Hanbonee appekTUBHBIMU popMmamu
asnatotca U-Na-H (15,44% nssneyeHns Na*) u Li-Na (60,47% nssnedyeHus K).

KnioueBble cNoBa: LEonNT; WamMoTHAA MuHa; moanduKaums; XxapakTepucTuku; copbums;
n3BnevyeHune; onpecHeHue; MoHbl Na* u K.

Ty3Abl cyaaH HaTpuii meH
Kanuii NOHAaPbIH any

YWiH TabUFU LEoNUT neH
LaMOT ca3blHa Heri3genreH
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anAaplH-ana 3eptrey

I.A.CeitnxaHoBa?*, A.b. Paxbim*?,
A.B. KaH?!, A.K. KeHecoBa'?,
Uuxak Macraii®

'9n-dapabu aTbiHAaFbl Kasak yaTTbIK,
yHuBepcuTeTi, Aaimathbl K., KasakcTaH
2DU3UKA-XMMUANBIK 3EPTTEY }KIHE Tanaay
aAicTepi opTanbifbl, AimaThl K., KasakcTaH
3Xumuna genapTameHTi )aHe
HaHOTEXHONOrMA MHCTUTYTbI, Bap-UnaH
yHuBepcuteTi, Pamat-laH K., U3paunnb
*E-mail: gaseilkhanova@gmail.com

Byn xymbicTa Ty3abl cyaaH Na* xaHe K' moHgapbiH 6enin any ywiH NaCl xaHe HNO,
epiTiHainepimeH eHaenreH Tabusmn ueonut (L) »kaHe wamort casbl (LUC) HerisiHaeri copbeHTTep
anblHAbl. AnblHFaH copbeHTTepaiH, duM3MKa-xMmuANbIK cunatTamanapbl CIM, EDAX, BIT
apictepimeH 3eptTengi. NaCl »aHe HNO, TisbeKkTel eHaey 3epTTeneTiH maTepuanpapibiH,
copbumanbik KacMeTTepiHe OH acep eTeTiHi aHbIKTanAbl. KbllWKbliMeH eHaenreH Ll meHWiKTi
6eTiHiH, makcumanapl yafatobl 4,5 m?/r-gad 39,3 m?/r-ra geiid skofapblnaybl 6aikanagbl, an LWC
MeHWiKTi 6eTi 8,4 m?/r-gan 15,3 m?/r-fa aeitiH 2 ece aptagbl. Ll skaHe LIC KaTMoHAApbIMEH MOH
anmacy HaTuxeciHae cygaH Na* xaHe K noHgapbl 6enin anviHaabl. 3epTTeneTiH copbeHTTepaiH
KaTMOH anmacy cbiibimabinbieblH (KAC) aHbikTay HatuxkeciHae NaCl epiTiHgicimeH eHaey
COPBEHTTIH MOHANMACTbIPFbIWTBIK KACUETIH KaKCapTbiM, alOMOCUINKATTaPAbIH «TOMOMOHABIK»
TYPiHiH, Ty3inyiHe oKeneTiHi aHbiKTangbl. OCbliHbIH, apKacblHAA COPOEHTTEpP WMOHAbIK anmacy
peakuusnapbiHa oHal Tycegi. Hymbic aBTopnapbimeH Na* »kaHe K' KaTMOHAapblHA KaTbICTbl
TabWFU LEONNT NeH LWaMOT Heri3iHae anblHFaH maTepuanaapabid, copbumansik 6enceHainirii
aHbIKTanbIHAbI. EH ofapbl 6enin any LLUC-Na-H copbeHTimeH Na* noHaapbl ywiH 28,45% xaHe
LUM-Na copbeHTimeH K' noHaapbl ywiH 76,28% Kypaiabl. L HerisiHgeri copbeHTTep apacbiHAa
L-Na-H (Na* anyabiH 15,44%) oHe L-Na (K* anyabiH 60,47%) HeFypabim TUiMAI HbicaHAApPbI
6onbin Tabblnaapl.

TyliH cespep: LEoAUT; WamoT casbl; TYPAEHAIpY; cunatTtamanap; copbuusa; 6enin any;
Tywbinanabipy; Na* »kaHe K noHaapsl.

The use of natural zeolite
and chamotte clay-based
sorbents for the extraction of
sodium and potassium ions
from saline water:

a preliminary study
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In this work, sorbents based on natural zeolite (Z) and chamotte clay (ChC) treated
with NaCl and HNO, solutions were obtained to extract Na* and K*ions from saline water. The
physicochemical characteristics of the obtained sorbents were studied by SEM, EDAX, and BET
methods. It was found that successive treatment with NaCl and HNO, solutions has a positive
effect on the sorption properties of the studied materials. The maximum increase in the specific
surface area from 4.5 m?/g to 39.3 m?/g is observed for acid-treated Z, and the specific surface
area of ChC also increases almost 2-fold from 8.4 m?/g to 15.3 m?/g. Na* and K* ions are extracted
from water due to ion exchange with Z and ChC cations. As a result of determining the cation
exchange capacity (CEC) of the studied sorbents, it was found that treatment with a NaCl solution
improves the ion exchange properties of the sorbent and leads to the formation of a “homoionic”
form of aluminosilicates. Due to that the sorbents more easily enter ion exchange reactions. The
authors established the sorption activity of the obtained materials based on natural Z and ChC
with respect to Na* and K* cations. The maximum recovery rate is 28.45% for Na* ions with the
ChC-Na-H sorbent and 76.28% for K* ions with the ChC-Na sorbent. Among Z-based sorbents, the
most effective forms are Z-Na-H (15.44% Na* recovery) and Z-Na (60.47% K* recovery).

Keywords: zeolite; chamotte clay; modification; characteristics; sorption; extraction;
desalination; Na* and K* ions.
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1. BBepeHue

Mo paHHbIM OOH, yxke ceituac 6onee 1,2 mappg nopein
JKMBYT B YCNOBMAX MOCTOAHHOrO AeduumTa NpecHoi BoAbl,
OKONO 2 MApA CTpafaloT OT Hero perynapHo. Mo nporHosam
®AO, K cepeguHe TpeTbero gecatunetma XX| B. YUC/NEHHOCTb
JKUBYLLMX MPU MEepMaHEHTHOW HexBaTKe BOAbl MpeBbicuT 4
MApA Yenosek [1]. Mo nporHo3am MUHUCTEPCTBA 3Konoruun PK
B KasaxctaHe cnyuutca gedwuuunt Boabl B 2040 rogy. 97%
MMPOBbLIX 3aMacoB BOAbl — coneHble. C pOCTOM YUCIEHHOCTH
HaceNleHNA NAaHeTbl, @ TaKXKe Pa3BUTUEM NPOMbILIIEHHOCTU U
TEXHO/IOTUI, TaKKe pacTeT NoTpebHOCTb B MpecHol BoAe.
YyntbiBaa BbllLEN3NOXKEHHOE,
pa3paboTkM cnocoba onpecHeHWs CONEHON BOAbl, KOTOPbIU
b6yaeT xapaKTepusoBaTbcA
HU3KON cebecToMmocCTblo. PAapg CTpaH, KOTopble y¥Ke HacTur

BO3HMUKaeT HEO6XO,CI|MMOCTb

BbICOKOW 3P PEeKTUBHOCTbIO ¥

BOAHbIA KPU3WUC, BbIHYKAEHbI npuberatb K MCNONb30BaHMIO
aNbTePHATUBHbLIX BOAHbLIX WCTOYHWUKOB,
MUCMO/Ib30BaHMIO MOPCKMX
npeaBapuUTeNbHOMY OMPECHeHWo. Ha cerogHAWHUn aeHb
BblaenAlT asa Haubonee meTtoaa
onpecHeHns CONEHOM BOAbI A1A € UCNONb30BaHMA B KayecTse
NUTbEBOW:
ocmoc [2].
TEPMUYECKUM METOZAM OMPECHEeHUA U ABNAETCA AOCTAaTOYHO

B TOM uucne K
BOA, noABeprHyTbiX
pacnpocTpaHEHHbIX

MHOrocCctyneH4yataa Auctuanauuna wu 06paTHbIl71
MHOFOCTyHeH‘-{aTaﬂ ANCTUNNAUMA OTHOCUTCA K

npoctoit U 3dpdeKTUBHON, HO TpebyeT 6ONbLIMX SHEpreTu-
YecKMux 3aTpaT, KoTopble 06ycnaBAMBaOTCA HEOBXOAMMOCTbIO
NMOCTOAHHOrO MOAAEPNKaHWA  BbICOKOW TemnepaTtypbl B
AauctTunnaumoHHom annapare [3]. O6paTHbIN OCMOC — OAMH U3
BUAO0B MeMbpaHHON TexHonormm -—
pPacnpoCcTpaHéHHbLIM  MeTo4O0M

ABnseTca Haubonee

onpecHeHus.  [aHHaA

TEXHO/IOTUA ABNAETCA MeHee SHEProéMKoM U nmeeT 6oNbLLYI0
30 bEKTMBHOCTb MO CPaBHEHUIO C TEPMUYECKOMW, HO MmeeT
3HauMTe/IbHble HEeAOCTATKM, CBA3AaHHbIE CO C/IOXHOCTHIO
3KCM/lyaTaumMm, BbICOKOW CTOMMOCTbIO CaMOW OCMOTUYECKOM
YCTAHOBKM M CMEHHbIX membpaH [4].

CopbUMOHHbI  MeTog, SABAAETCA MepCcrneKTUBHbIM B
MCMO/b30BaHUN B MPOLLECCe ONpPecHeHUs coneHon Boabl. Kak
M3BECTHO, COpBeHTbl NpeacTaBAAldT M3 cebs matepuanbl C
Pa3BUTOM CTPYKTYPOI, Ha MOBEPXHOCTM U/ B 06 bEME KOTOPbIX
NMPOMCXOANUT KOHLEHTPMPOBAHME MOM/IOLLAEMOr0 BelLecTsa.
CopBUMOHHbIN METOL ONPECHEHMS 3aK/TH0YaeTCA B NOMIOWEHUN
copbeHTOM 3aco/AWMX WMOHOB M3 BOAbl, KOTOPbIMM
npevmyLiectseHHo asaatotca Na¥, K u Cl-[5].

CornacHo [6], aAcopbUMOHHbLIN MeToh OTHOCUTCA K
meToZam, B KOTOpoMm peanusyetcs
XapaKTepusytowminca KOPOTKOAEMNCTBYOWMNM
aenctenem obbekTa ¢ COpbLMOHHBIM MaTepuanom. JaHHbIN
MeToZ, B OCHOBHOM, MCMO/b3yeTcA A5 ONPecHeHUs BOAbl CO
CpefHVMM MAM HU3KMM 3HayeHMem cosieHocTW. [ns onpec-
HeHus BoAbl C 6Honee BbICOKOW Cco/MeHOCTbIO agcopbumsa

MeXaHU3M,
B3auUMO-

ABAAETCA  3KOHOMMYECKM He CaMbiM  PaUMOHaNbHbIM
cnocobom, Tak Kak TpebyeT gocTtaToyHo bonbloro obbema
copbeHToB, KoTopble  HeobxoAMMO  MpeABapuUTENbHO
CuMHTe3MpoBaTb. OAHAKo, HecMoTpA Ha  uMmelowmeca

HEJOCTaTKM M OrpaHWYeHMs, MHOrMe HaydHble rpynmnbl
AanbHero v 6auMkHero 3apybexbs, Kak nokasbiBaeT 0630p
NMTepaTypbl, aKTUBHO Pa3BMBAOT COPOLMOHHbIE MeToAbl B
OonpecHeHUn: npegnaraloT HoBble COPHEHTbI, HOBble Crocobbl
MoANDULMPOBAHMA, ONTUMA/IbHbIE YCIOBKA OMPECHEHUA Ha
OCHOBE aHanAM3a BAMAHMA  PasiMuYHbIX  GaKTOpoB Ha
nccnegyemble npoLeccsl.

© 2022 The Authors
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Tak, nonynsapHbl COpPBGEHTbl Ha OCHOBE MNPUPOAHOrO
MWHepanbHOro
COpBLMOHHOM
MeTaNNoB, COAEpMKallMxcA B coneHon Boge. Heobxoaummo
OTMETUTb, YTO MO CPABHEHMIO C CUHTETUYECKUMM copbeHTamu,
MCMO/Ib30BaHWe NPMPOAHbIX MaTepuanos 6osee BbIFOAHO C
SKOHOMMYECKOM U 3IKOMOFMYEecKoW ToyeK 3peHusa. [na
YNy4LIEHMA COPOLMOHHBIX XapPaKTEPUCTUK UCXOAHbIX 0ObEKTOB
MCMO/Ib3YTCA Pa3inyHble MeToabl UX Moandukaumm [5].

MprpoaHbIE LLEeONNTBI U FNHBI OCTAaTOYHO 3G EKTUBHbIE,
JeleBble M PacnpocTpaHeHHble maTepuasnbl, obnagatouwme
BbICOKOW COPOUMOHHON aKTUBHOCTbIO MO OTHOLWEHWU K
BeLLecTBam pasnnyHoi npupoasl [7,8].

M3 nutepaTtypbl M3BECTHO, UYTO MPUPOAHbIE LEOAUTHI
[0CTaToO4YHO 3P deKTUBHBI B NMpoLEeccax ONpecHeHUs CONEHOM
BoZAbl. Tak, B pabote [9] npupogHbIv ueonuTt MHaoHe3nn 6bin
TEPMMUYECKM aKTUBMPOBAH M WMCNO/b30BaH A/NA ONPeCcHeHUs
MOPCKOW BOAbI, TEM CaMbIM YMEHbLUUB COAEPKAHME COMM Ha
9,4%. Y4yeHbimu u3 KaHagbl [10,11] TakKe 6bla MCNONb30BAH
NPUPOAHBIN LLEeONNT, NOABEPTLUMINCA TEPMUYECKOM aKTMBALLUM
c nocneaytoueit 06paboTKoM XN0PULOM HATPUA U KMCIOTOMN.
[aHHbll BUA, 06paboTkM oKasanca 6osee 3dPeKTUBHLIM,
YMeHbLUUB coaepaHune noHos Na*, K n ClI" Ha 90-96%. Tak:xe B
JaHHOM paboTe OTMeYEeHO, YTO NePCNeKTUBHbIM HanpaBaeHUEM
4NA uccnepoBaHut byaeT npuMeHeHWe WCMOoJ/Ib30BaHHOro
LLle0/INTa KaK UCTOUYHUK Kanna ANA pacTeHUNA.

B unccnepoBaHumn [12] ana onpecHeHWs MOPCKOM BOAbI
6b110 MCMONB30BAHO ABa BMAA NPUPOAHOIO LLEOINTa, a TaKKe
TMVHUCTBIM maTepuan layered-double hydroxide (cnovctbiii
ABOWMHOM ruapokena). ConecopepkaHne YMEHbLWMUNOCh A0
2,09% nocne 06paboTKM MOPCKOM BOAbI NPUPOAHBIM
ueonmtom, n ao 0,70% - ramHoli. ObpaboTaHHas Boga Gbina
MCMO/Ib30BaHa /1A OPOLUEHWNA CEMAH peaunca, YTo NpPUBeno K
npopacTaHuto cemaH. To ecTb, ONpecHeHHasa BoAa OKasanacb
671aronpUATHOMN ANA UCMO/Ib30BAHMUA B arPOKYNbType.

BonbLwoli nHTepec npeactasnsneT pabota [13], B KoTopoit
uccnenoBaH npouecc runepduabTPaLMn CoNeHbIX TPYHTOBBIX
BOA,  MPOHULAEMbIMU  OT/IIOXKEHUAMMU Bbino
YCTAHOBNEHO, 4YTO Haubonbwwuii BKNAL B
OMpPecHEeHUA TFPYHTOBbIX BOJ BHOCUT WOHHbIN 06MeH. B
npouecce GUALTPALMM  MOHbI  KanbUMA M MarHuMA Ha
NMOBEPXHOCTM [MIUHbI 3aMeLLLAtOTCA MOHAMWU HATPUA U3 BOAbI,

CblpbA,
aKTUBHOCTbIO

KoTopble XapakTepusytoTca
Mo OTHOWEHWI K WOHaM

TNNHBI.
MeXaHU3Im

TeM CaMbIM CHUXKAnA conecoaepaHue.

B KayecTBe WMOHOOOMEHHbIX MaTEpPMaNoB LIMPOKO
MUCMONb3YIOTCA NPUPOLHbIE MUHEpanbl KaKk, Hanpumep,
ueonnTbl, obnagatowme afcopbUMOHHBIMM CBOMCTBAMM MO
OTHOLUEHMIO K Pa3/IMYHbIM MOHAM METaNI0B U OPraHUYecKux
coeanHeHun. LLeonnTbl y4acTBYIOT B PEAKUMAX KATMOHHOIO
obmeHa [6], T.e. cnocobHbI 3amelLLaTb CBOM KaTUOHbI Ha MOHbI, B
yactHocTh, Na* n K'. Tak, B pabote [14] ueonuTtbl, 6oraTbie
Kasbunem 6blan UCNoNb30BaHbl ANA uU3BnedeHua noHos Na'.
MN3BECTHO, YTO ceNeKTUBHOCTb MoHOB Na* n K" ebiwe, yem Ca?* n
Mg? [15]. MosTomy wWcnonb3oBaHME LEOAWNTa, B KayecTse
COPOLMOHHON MaTpuLbl B NMpoLLeccax OnpecHeHus, ABaseTca
uenecoobpasHbIm.

B cBA3M C 3TMm, B [JaHHOW CTaTbe MpeAcTaB/ieHbl
pe3ynbTaThl N0 pa3paboTke areHTOB-ONpPecHUTelei Ha OCHoBe
LLeoInTa v LUAMOTHOM IIUHbI, U3YYEHUIO UX GU3UKO-XUMUYECKUX
XapaKTepUCTMK, a TaKKe Mo OueHKe WX COopbLUOHHON
AKTMBHOCTM B Npoueccax ussnevyeHnsa noHos Na* n K'.

HoBW3HOM paHHOro uccnefoBaHWA ABAAETCA NpuUMme-
HeHMe LUeonuMTa W WAMOTHOW rnHbl  KasaxcTaHcKkoro
NPOUCXOXKAEHUA [ANA MNONYYEHUA areHTOB-ONpecHuTenen
coneHol Bogbl. MpUpoaHble LEOAUT U WAMOTHAA rMHA Bblan
moguoumumpoBaHbl pactsopamu NaCl n HNO, ansa ynydweHus
UX aAcOpOUMOHHbBIX CBOMCTB. BblAM Npeano)KeHbl HOBble
COpbLUMOHHbIE areHTbl ANna u3BnevyeHua uMoHoB Na* u K" us
CO/IeHOM BOAbI.

2. JKCNnepuMeHT

Ob6beKkTamu uccnefoBaHUA ABNAOTCA COPOEHTbl Ha
OCHOBE NPUPOAHOTO LEeoAMTa MecTopoxaeHua LUaHKkaHan
(AnmaTtuHckan 061acTb), @ TaK»Ke LWaMOTHOW IMHbI KOMMaHUK
«TennocBeT NHXUHUPUHI.

B xope paboTbl ucnosnb3osaHbl caeaytowme ¢uU3MKo-

XMMUYECKMEe MeToAbl aHanu3a: aToMHO-abcopbumoHHas
cneKkTpockonus (AA-6200 Shimadzu), CKaHupytowasn
3NeKTpoHHaa Mukpockonua (C3M, FEI 400 Magellan),

3HepProancnepcMoHHan peHTreHoBCKan cnekTpockonua (EDAX,
FEI 400 Magellan), B3T (aHanunsaTop yae/bHOW NOBEPXHOCTHU U
nopuctoctn Quantachrome Nova 4200e).

2.1 OnpegeneHue KaTMOHOOOMEHHOM eMKOCTH
copbeHTOB

KaTnoHoOBMeHHaA eMKOCTb MaTepuanos ornpejeneHa
COrNIAaCHO CTaHZAPTHOM MeToAMKe, onucaHHol B [16,17]:

1r copbenta cmewwnsanu ¢ 100 ma 1 M pacteopa NH,CI.
CycneHsnu nepemeLlwnBanncb B TedeHne 244 n LeHTpudyru-
poBanuch. [anee 6biAn onpenesieHbl KOHLEHTPaLMM MOHOB
Ca*, Mg*, Na* u K' B pacTtsope npu MOMOLWM aTOMHO-
abcopbunoHHoro cnektpomeTpa. KOE 6biiM paccunTaHbl Kak
CyMMa KOHLEHTPaLUui BbICBOBOXKAEHHbIX KaTUOHOB U Bbipa-
YKeHHyto B Make/100 r, ucnonb3ya cieayloliee ypaBHeHue:

MMaKB/lOOr = C/(3 X 10)! (1)

roe Mws/moe — 3TO KOHLEHTpaLuuMA BblCBOOOXKAEHHbIX
KaTnoHos, M3Ks/100 ;

C — 3TO KOHUEHTpauusa BblCBOBOXAEHHbIX KaTMOHOB,
mr/n;

3 - BbICBODOOXK AEHHbIX
KaTUOHOB — aTOMHaA Macca, YMHOXeHHasa Ha ero ¢dakTop
3KBWBA/IEHTHOCTU.

3TO 3KBMBA/ZIEHTHaA Macca

2.2 NonyyeHune copbeHTOB

B paboTe ncnonb3sosaHbl 4 cepun copbeHTOB Ha OCHOBE
ueonuta (L) v wamoTHOM ranHbl (LUT):

1 cepua: ucxogHole mnuHepansl — L v LWT;

2 cepusa: LL u LWLUT, o6paboTaHHblie NaCl;

BecTHuK KasHY. Cepua xummyeckaa. — 2022. — Ne 2



l.A. CeitnxaHoBa v ap. 47

3 cepus: L u LT, obpaboTaHHble HNO,;

4 cepwma: UL v WT, nocnegosaTenbHo obpaboTarHblie NaCl
n HNO,.

Cop6eHTbl 6b11M NoAyYEHbI Ceayowmnm obpasom:

Ona 1 cepumn copbeHToB ucxoatble L, n LT npombiBanncb
ANCTUNANPOBAHHOM BOAOM B COOTHOLWeEeHUM 100 mn Bogbl Ha 11
MuHepana. Mocne NPomMbITble MUHEpPasbl BblAK BbiCYLIEHbI NPK
TemnepaTtype 100°C B TeyeHue 1 4, nanee Ha BO3AyXe B TEYEHUE
24 4. BbiCyWeHHble MWHEpPasbl WU3MENbYaNUCh A0 MENKOAM-
CMepPCHOro COCTOAHWUA, 3aTem MPOCEWBA/IUCL Yepes CUTO A/A
yAaNeHUA MeXaHUYEeCKUX MPUMECEN U KPYMHbIX YacTel.

Ona nonyyenna 2 n 3 cepum copbeHToB 15 r npombiToro L
v LUT obpabateiBanuncy 1 M pactsopom NaCl uam HNO, 8 coot-
HowweHuK TB:XK 1:5. CycneHsna nepemeLinMBanacb Ha MarHUTHOM
Mellasike B TedeHne 6 4 npm yactote 200 06./muH. CycneHsua
oTPMNLTPOBbLIBaNACcL, 06paboTaHHbI MWHEpan MNPOMbIBaNCA
OVWCTUNNNPOBAHHOM BOAOW A0 MOMHOrO yaaneHua uoHos Cl
(npun obpaboTtke NaCl; KoHTponb Nnposogunca 0,1 M pacTBopom
AgNOa) M [0 AOCTUXEHUA NOCTOAHHOro ypoBHA pH (npu obpa-
60oTke HNO),. NMpombiTbiii 06paboTaHHbI MUHEPan BbICyLINBaN-
ca npu Temnepatype 100°C B TeyeHue 4 4, 3aTem Ha BO3AyXe B
TeyeHue 12 v.

4 cepua copbeHTOB Noayyanach nyTem AanbHenwel obpa-
60Tkm copbeHTos 2 cepun 1 M pactsopom HNO, (no meToaunke
nonyyexus 3 cepun copbeHToB).

2.3 Agcopbums noHos Na*wm K*

OnpegeneHve aacopbUMOHHBIX XapaKTepUCTUK uccaeay-
eMblX MaTepuasoB NPOBOAW/IN MO OTHOLWEHWUIO K MoHam Na* n
K* ¢ ncnonb3oBaHMemM moaenbHbIX PacTBOPOB B CTAaTUHECKOM
pexnMme npu KOMHaTHOM TemnepaType:

— pacteop NaCl, KoHueHTpauua noHos HaTpua 50 mr/n;

— pacrteop KCl, KoHueHTpauua MoHOB Kaaua 50 mr/n.

Ona nposefeHua agcopbumn noHos Na* u K* otbupanu
HaBecKy copbeHTOB maccoii 0,5 r 1 nomeLLanm nx B XMMu4eckue
npobupkn obbemom 50 ma. B npobupku ¢ copbeHTamu 3anu-
Baau no 30 Mmn mogenbHoro pactsopa. Cogepumoe npobUpoK
TWaTeNbHO MepemellnBanoch B TedyeHue 6-124 npu 200 06./
MMWH. 3aTeM pacTBOpbl OTAENANNCHL OT COP6EHTOB B LeHTpubyre
npu 3000 06./mMrH. O6pasLbl aHaM3NPOBAAM Ha COAepIKaHue
MOHOB METa/IJIoB Ha aTOMHO-abCOPOLMOHHOM CMEKTpoOMeTpe.
[na nonyyeHna BOCNPOM3BOAMMbBIX PE3Y/NbTaTOB BCE IKCMepwU-
MEeHTbI Mo nposeaeHuto aagcopbumm noHos Na* u K* nposoau-
NINCb TpU pasa.

BennunHy cteneHn n3snevyeHUAa meTanna paccyUTbIBANU
N0 ypaBHEHUIO:

Co — Ce
E=——%100%, (2)
Co

rae C, U €, — HayanbHas M PaBHOBECHAsA KOHLEHTpauuu
copbaTa COOTBETCTBEHHO, Mr/A.

BennunHy aacopbunm ana Bcex copbeHToB paccumnTbiBanm
Mo ypaBHEHUIO:

_Co—Ce
A——m *V, (3)

ISSN 1563-0331
elSSN 2312-7554

rae ¢, U C, — Haya/bHaA M PaBHOBECHAA KOHLEHTPaLuA
copbaTa COOTBETCTBEHHO, Mr/A;
V —o06bem pacTBopa copbarta, n;

m — macca copbeHTa, r.
3. Pe3ynbTaThbl U 06CyKAEHUE

3.1 ®U3UKO-XMMUYECKME XapPaKTEPUCTUKN COPOEHTOB

Ha ocHoBe aHanM3a 3SKCMEpPUMEHTaNbHbIX [AHHbIX
YCTHOBAEHO, YTO LeonuT (L) LLiaHKaHalCKOro mecTopoXKaeHus
OTHOCUTCA K MWHepasny  KAMHOMNTWUANOJUTOBOrO
KavHonTunnonut asnsetca Haubonee pacnpoCTpaHEHHbIM
TUMOM MPUPOAHBIX LEOSIMTOB U OTHOCMTCA K LLeoAnTam Tuna
rennangmTa [18].

[na reinaHaMTOB XapaKTepHa TpexmepHasa aftoMoCUan-
KaTHaA KpPWUCTaNAnYecKan pelleTka, COCTOALLAA B OCHOBHOM W3
CNoeB CTPYKTYPHbIX eanHuy, 4-4-1-1: aByx 4-4neHHbIX Konew,
TeTPasApoB, COeAMHEHHbIX ABYMA AOMONHUTENbHbIMM TeTpas-
Apamu. 3seHba 4-4-1-1 o6pasytoT cnom (010), kaHanbl n3 10-12-
YNEHHbIX Kosel,

LLlamoTHas

TMna.

raMHa  — 6enasa  TepmoobpaboTaHHas
KAaO/NMHOBas [/IMHA CO CBOWCTBAMWM KaMHA, ycToWuMBas K
arpeccuBHbIM  cpefiam, CoAepKallas  BbICOKOAMCMEPCHbIe
r'MOPOANOMOCUANKATLI. TAMHA He TpebyeT AONOAHUTENbHOM
OYMCTKM MoCae BTOPUYHOIO UCMOAb30BaHUA. OHa MOKeT bbITb
MUCMONb30BaHa B MPOMbILLINEHHOCTH B HONbLUMX KOANYECTBAX.

B coctras LU BXOAAT Takue 3/7emeHTbl, KaK OKCuAbl
KPEMHUA, aNtOMUHUA, KanbUWUTbl, OKCUAbI MarHua, OKCUAbI
aKTMBHbIX MEeTan/0B, COeAMHEHUA Kenesa u apyrve. B
cTaHAapTe, ob6biBaeMOM B Kapbepax, orHeynop LUT coaeput
6onee 5% Boapbl. OrHeynop LUM MOXHO 3KcniyaTMpoBaThb He
Bblle Auana3oHa TemnepaTtyp oT 1520 po 1820°C, stoT
noKasaTtesib 3aBUCUT OT COCTaBa OTHEYNOPHOM ruHbl. CpeaHui
pa3smep rpaHyn W coctasnsaet o1 1,5 oo 2,5 mm.

Ha pwucyHkel npeactasneHbl  C3M-u306parkeHun
06BbEKTOB MCCNeL0BAHUSA.

Mopdonorua npupogHoro L, (pucyHoK 1A) xapaKTepu-
3yeTcA MJOTHbIMU arioMepaTtamu  pasanyHon opmbl ¢
HEKOTOPbIM  MPOCTPAHCTBOM  MeXAYy HuWMK  (nopamm).
PacnpeneneHve yacTuy No pasmepam OXBATbiBAET LUMPOKMIA
amnanasoH ot 0,1 ao 100 MKm co cpeaHUm pasmepom (1,223 +
0,788) mKkm?2. Yactuubl mncxogHon LUM (pucyHok 1B) umetot
YyewynyaTyto popmy pasnnyHbiXx pasmepos. CpegHuii pasmep
YacTuLL UCXOAHOM MKHbI cocTasasneT (1,29 +1,61) mkm?,

PesynbtaTbl  3/1€eMEHTHOrO  aHanu3a,  MOJIyYeHHble
MEeTOA0M 3HeproaMcnepcuoHHol cnektpomeTtpumn (EDAX),
npeactasneHsl B Tabanue 1.

UcxopHbiv L, coaepuT B ocHoBHOM Si, O 1 Al, a Takxe
Hebo/bwoe KoNMYecTBo Takux meTannos, Kak Na, Mg, K, Ca n
Fe. MpumeyaTenbHo, 4To nocne ob6paboTku L, 1 M pacteopom
NaCl cogepaHune HaTpusa ysennumsaetcs ¢ 0,45 go 1,97%, a
cogepaHue oCTa/bHbIX MeTanNoB ymeHbliaetca: Mg ¢ 1,49
no 0,35%, K ¢ 0,60 go 0,45%, Fe c 2,70 po 0,45%, 0,69%.
BepoATHO, 3TO CBA3aHO C 3amelleHMEeM MOHOB YKasaHHbIX
MeTann0B MOHaMM HaTPMUA.
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AL

B) Wr

PucyHok 1 — C3M-u3obpakeHuns 06pasuos: A) 4acTuLbl NpUpoaHoro LeoauTa (L) c n1oTHbIMKM arnomepaTamm pasanyHon popmol

C HEKOTOPbIM NPOCTPAHCTBOM MeXKAY HUMMK (Nopamu); B) YacTULbl MCXOAHOW WaMOTHOM ruHbl (LUT) ¢ yewyiiyaTon dpopmoii
pa3AnYHbIX pa3mepos

UcxoaHas LT copepknT B ocHoBHOM Si, O u Al, a Takxke
HebonbluMe KoAnyecTsa MeTannoB, Takmx Kak Na, Mg, K, Ca n
Fe. MpumeyaTenbHo, 4To Nocne 06paboTkm LU 1 M pacTBopom
NaCl cogepaHme Na Take yBennumsaetca c 0,44 po 0,62%,
copepkaHne Mg npakTuyeckn He meHsetca ¢ 0,50 go 0,52%,
copepxkaHue K ysennumsaetca c 0,86 no 0,92%. Ckopee Bcero,
3TO CBA3AHO C 3aMeLLeHMeM NOHOB METa/I/I0B MIOHAMM HATPUA.

Takum o6pa3om, NOCKONbKY BCE MEeTaN/bl B CTPYKType LL
n W asnAawoTcA NOTEHLMANbHbIMU LEHTPaMW KaTMOHHOTO
obmeHa, UX copepiKaHue U3MeHseTca nocae ux obpaboTku
pactsopom NaCl.

Mpeacragnset uHTepec cooTHoweHue Si/Al, onpege-
naowee copbumnoHHblie csoicTaa L, n LUT. Lienbto KMCAOTHOM
06paboTKM ABAAETCA yBennyeHne oTHoweHus Si/Al, koTopoe
ONA NPUPOAHbIX LeoanuToB Bapbupyetca ot 2 go 10.
BbICOKOKPEMHUCTbIE LEONUTHI UMET OONbLUYI YAeNbHYHo
noBepxHocTb 1 06bem nop [19].

I'IpM HU3KUX AaHHOTO
NOBEPXHOCTb LEOZINTOB U TNUH ABNAETCA FM,D,pOdJMIIbHOVI, B TO

3HaYeHuAxX COOTHOLWeEHUA
BpemMA KaK BbICOKME 3HayeHWs NpuBoAAT K ee ruapodob-
HocTu [20]. 3HayeHun cooTHoweHusa Si/Al ana nccneayembix
0b6BEKTOB ABAAIOTCA [AOCTAaTOYHO HU3KMMW, YTO CBUAe-
TeNbCTBYET O TMAPOPUABHOCTM MOBEPXHOCTU COPOEHTOB U
61aronpuUATHO ANA afcopbLMM HeopraHMYeckMx MoHoB. NMocne
06paboTkn L, KucnoToi 3HayeHuwe Si/Al npakTUyecKM He
06paboTkM  XNOpPUAOM  HATpuUA
ymeHbwunocb ¢ 4,43 po 2,93. 3T0 MOXeT roBOpUTb O

M3MeHun0Cb, a rnocne
MOBbIWEHUN TMAPOGUNBHOCTU MOBEPXHOCTU WU YBEAUYEHUMU
COPOLMOHHOM aKTUBHOCTMU MO OTHOLIEHWUIO K HEOPTraHUYECKUM
noHam. B cnyyae WM Habnwopaetca obpaTHblt addekT —
yBennyeHne cooTHoLWeHUA nocse 06paboTkum conbio 0T 1,19 go
1,45 n ymeHbweHne ao 0,88 nocne 06paboTKM KUCNOTOW.
BepoaTtHo, B cnyyae LWl 6onee addektusHoW dopmoit B
npoueccax onpecHeHua 6yget LWM-H.

Ta6nm.|,a 1- Pe3yanaTb| 3/1EMEHTHOro aHanunsa C0p6€HTOB, nonyvyeHHble MeToaom 3Hepro,u,mcnepcv10HHoD'1 cnekTpomeTpun

Obpasey, C, Bec.% O, Bec.% Al, Bec.% Si, Bec.% Na, Bec.% K, Bec.% Mg, Bec.% Ca, Bec.% Fe, Bec.% Si/Al
13,92 52,07 4,85 21,48 0,45 0,60 1,49 2,84 2,30 4,43
U 12,47 +1,15 +1,02 12,56 10,19 +0,06 40,30 +0,88 +0,38 +2,51
Li-Na 12,34 47,07 8,64 25,34 1,97 0,45 0,35 3,11 0,69 2,93
+4,75 +2,65 +1,43 +1,5 +0,07 +0,91 +0,71 +0,49 +0,07 +1,01
LoH 28,10 44,02 3,56 15,99 1,05 0,92 1,86 1,80 2,70 4,49
19,14 4,72 10,73 +1,68 +0,53 10,42 11,48 +0,38 +0,89 12,30
wr 6,71 43,22 22,40 26,62 0,44 0,86 0,50 _ i 1,19
+1,98 +1,27 +1,72 +2,37 +0,09 +0,21 +0,24 +1,28
Wr-Na 24,70 38,18 11,78 17,11 0,62 0,92 0,52 . ) 1,45
13,45 +1,83 41,01 +1,25 10,11 +0,76 +0,38 +2,03
WIrH 20,47 30,03 19,30 16,97 0,33 1,61 0,54 . . 0,88
+4,01 12,15 +0,86 +1,13 10,28 10,84 +0,66 +1,34
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OfHOW M3 Ba*KHEMLWMUX XapaKTepUCTUK A1A ONUCaHWUA
copbeHTOB ABAAETCA yAeNbHAA MOBEPXHOCTb M pasmep nop,
KOTOpble MOXHO MoNyYnTb meTogom bpyHayspa-dmmerta-
Tennepa (B3T). Pe3ynbTaTbl OUEHKM  afCcOPOUMOHHOMN
aKTMBHOCTM  WUCCefyemMblX — MaTepuanos,
meTogom B3T, npeactasneHbl B Tabanue 2.

CpaBHUTENbHbIM aHaM3 AaHHbIX TabaWLbl 2 yKa3blBaeT Ha
TO, YTO UCXOLHbIN LLeOINT MMeeT [0BO/IbHO HU3KYIO yae/IbHYI0
naowanb MNoBepxHoCTM, pasBHyo 4,5m?/r. Moandukaums
XI0PUAOM HaTpuA NPUBOAMT K MOBbILWEHUIO yAEeNbHOMN
naowaan noBepxHocTM A0 6,2 m?/r. Haubonblumnit adpdexT
COOTBETCTBYET KMCNOTHON 0b6paboTKe LLe0NUTa, B pesy/braTe
KOTOPOW faHHan XapaKTepucTuKa ysennumsaerca ao 39,3 m?/r.

nosy4eHHble

Ta6auua 2 — Pesynbtatbl 63T

YaenbHasa naowaab O6wuit o6vem nop,

O6pasue noBepxHoCTH, M?/r *103 cm3/r
U 4,50+ 0,09 2,00+ 0,04
U-Na 6,20£0,13 2,00 £ 0,04
U-H 39,30+0,94 5,00+0,09
wr 8,40£0,22 2,90£0,03
LWIr-Na 10,90 £ 0,23 3,90 £ 0,04
LWIr-H 15,30£0,38 4,00+ 0,06
YaoenbHas nosepxHocTb LI coctasnser 8,4 m%/r.

O6paboTKa CoNbo NPUBOAUT K YBEIMYEHWNIO AAHHOM BEIMYUHDI
40 10,9 m?/r, conpoBoxAaatoLieecsa nosbieHnem obbema nop
c 0,029 go 0,039 cm®/r. O6bem mop Mocne KUCAOTHOW
06paboTku LUI NpakTUYECKM TaKOW e, KaK 1 nocne o6paboTku
conbto. YaenbHas nosepxHocTb UM nocne KucnotHol obpa-
6OTKM XapaKTepusyeTcsa 3aMeTHbIM ee yBeandeHvem c 8,4 ao
15,3 m?/r. Takum o6pasom, LU, o6paboTaHHas KuCa0Ton, byaeT
6onee 3ddeKTMBHA B COPOUMOHHBIX Npoueccax, KoTopble
XapakTepusytoTcs GU3MYeCcKMM B3aMMOAENCTBMEM PEAreHToB.

KatoHoobmeHHaa emkocTb (KOE) sBnseTcs BaKHOW
XapaKTEePUCTUKOM ANA KOIMYECTBEHHOM OLEHKM CNOCOBHOCTH
MWHEepanoB BCTyNaTb B peakuuMuM WOHHOro obmeHa.
B Tabnuue 3 npeactasneHbl 3HaveHnsa KOE ans nccneayembix

Tabaunuya 3 — KatuoHoo6MeHHas eMKOCTb Uccneayembix 06bekToB

maTepuanos, KOE npMpoaHbIX LEONUTOB U MKH KoiebaeTtca oT
200 g0 400 maks/100 r [21]. Kak BUAHO 13 gaHHbIX Tabaunubl 3,
KOE HeobpaboTaHHoro L, 40BONbHO BbICOKA, B YaCTHOCTK, ANA
MOHOB Ka/bLuA, NMO3TOMY MOXKHO cAenaTb BbiBoA, 4To L
COAEPKUT 6O/bLLE KANbLMA, YeM APYTMX OOMEHHbIX KATUOHOB.
O6paboTka L xnopugom Hatpus (NaCl) nossonnno ysenmunTb
KOE uncxoaHoro mwuHepana ¢ 616,0 go 624,4 maks/100 .
KnucnotHan 06paboTka NPpMBOAUT K 3HAUUTENbHOMY CHUNKEHUIO
KOE ueonuta go 129,2 maks/100 r 3a cuyeT BblleauynBaHuA
WOHOOBMEHHbIX 3/1€EMEHTOB.

Cnepyetr oTmMeTUTb, 4To obuwee 3HayeHne KOE pgna L
nocne o6paboTKM HaTpMem MOBbLICUIOCL HE3HAYUTENbHO.
OpaHaKko cnegyeT 06paTuTb BHUMaHWe Ha KOE no oTaenbHbim
noHam: KOE (Na*) nosbicunack ot 116,8 o 230,1, B TO Bpems
Kak KOE no Ca* n Mg? ymeHblmnamcs ot 441,2 go 348,4 n ot
42,3 po 29,3, cooTtBeTcTBeHHO. B TO e Bpema KOE no K*
NpaKTUYEeCKM He n3meHunacb. OTCoAa MOXKHO CAeNnaTb BbIBOA,
4yTO B pesynbTate 06paboTKM COMbI0 NPOUCXOAUT yBENUYEHUE
COAEP’KaHUA MOHOB HAaTPMA B LLEOIUTE 33 CHET MIOHOOBMEHHbIX
NpoLLeCcCcoB NPEUMYLLECTBEHHO C MOHAMM KaNbUUA U MarHUA.
HacblweHre NoBepXHOCTU LLEONIUTOB U [IMH MOHAMWU HATpuA
npuBoaMT K  0bBpasoBaHuto dopmbl
aNlOMOCUMAMKATA W yayywaeT WMOHOOOMEHHble CBOMCTBA
maTepuana, Tak Kak MOHbl HaTpUA Nerye BCTynatT B peakuum
MOHHOro obmeHa [22,23].

KOE wucxogHOW WamoTHOM [AMHbI cocTasasna 291,3
M3KB/100 1, 4TO ABAAETCA CPEAHUM 3HAYEHUEM ANA TIUHUCTBIX
maTepuanos. B pesynbtate 06paboTKM XN0pUAOM HaTpusA
3HayeHne KOE rnHbl nosbicunock 4o 353,9 maks/100 r. Mpwu
KUCNOTHOWM obpaboTke BC/AeacTBMe BbllLle1IaYMBaHMA
06MmeHHbIX KaTMoHoB KOE McxoaHOro maTeprana ymeHbWUIOCh
fo 129,3 make/100 r. B cayyae LWWI-Na Takke 3ameTHO
yBennyeHne KOE no woOHam HaTpuMA U 3Ha4yUTesbHOe
YMEHbLIEeHMEe NO MOHaM Ka/ibUMA U MarHus,
CBUAETENbCTBYET O HACbIWEHUN NOBEPXHOCTU IUHbI MOHAMM
HaTpUA 3a CYeT WMOHHOro obmeHa MPeuMMyLEecTBEHHO C
KanbLMeM U MarHuem.

Takum obpasom, noayyYeHbl MaTepuanbl
LeoNUTa M LWaMOTHOM [MWHbI, 06paboTaHHble XJA0PUAOM
HAaTPWA M a30THOW KUCAOTOM, U3yyeHbl PUINKO-XMMUYECKUE
XapaKTepuUCTUKKU, KOTOpble MNO3BONAKT WX WMCNOAb30BaTb B
COpPBLMOHHbIX NpoLLeccax.

«TOMOMOHHOM»

4YTO TaKXe

Ha OCHOBe

KOE, m3kB/100 1

O6pasubl
Na* K* Ca* Mg? CymmapHoe 3HayeHue

L, 116,80+3,45 15,70+1,61 441,20+10,53 42,30+1,12 616,00+16,71
L-Na 230,1045,98 16,70+2,03 348,4018,08 29,20+0,57 624,40+16,66
U-H 86,60+2,01 10,30+0,67 28,20+0,97 4,20+0,04 129,20+3,69
wr 166,90+5,78 11,30+2,16 5,70+0,81 50,20+1,89 291,30+10,64
LUr-Na 239,80+6,34 8,70%0,74 1,90+0,03 35,60+1,53 353,90+8,64
Lr-H 95,80+2,47 7,50+0,38 0,30+0,01 0,70+0,02 129,30+2,88
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CopbeHTbl Ha ocHose L, u LUI 6bian mccnepoBaHbl B
npoLeccax OMpecHeHUsa COJMIeHOW BOAbl, B YacTHOCTW, ANA
N3BNEYEHWA MOHOB HATPUA U Kanuma (Tabanupbl 4-5).

Cnefyet oTMeTUTb, YTO ANA mcxoaHbix LL/LUT, a Takxke
obpaboTaHHbiX cosnbto  ¢opm LI-Na/LLUM-Na Habnogaetca
HebonblWwoe yBe/UYEeHWe CcoAepKaHMA MWMOHOB HATpusa B
pacTBOpe MocCAe KOHTAKTa ¢ copbeHTom. ITO MOKeT b6bITb
0obycnoBneHO Tem, 4YTO B JaHHbIX ¢opmax copbeHToB
COAEPMKUTCA 3HAUYUTENIbHOE KO/IMYECTBO HATPUA, KOTOPbIM B
npouecce B3aMMOAENCTBUA C CONEHOW BOAON Bblaenserca B
pacTBop, T.e. MnpoucxoauT pecopbuma. Takum o0b6pasom,
AaHHble dopmbl copbeHToB ABAAIOTCA HedDPEeKTUBHbIMM B
npoueccax onpecHeHua. OpaHako, o6paboTka HaTpuem
ABNAETCA BAaXHOW CTyNeHbio Nony4yeHusa copbeHTa, cnocobHoro
M3BNEKaTb MOHbl HATpPWUA M3 BOAHbIX pacTBopos. U3 [11]
M3BECTHO, YTO NpeaBapuTenbHaa obpaboTka ueonmnta Na* B
pe3ynbTate nocaeaytoLein KUCAOTHOM 06paboTKN NPMBOAUT K
bonee MONHOMY 3amelLeHUI0 OOMEHHbIX KaTMOHOB Ha
NPOTOHbl.  ABTOpamu  6bINO  ycTaHOBAEHO, 4To 6e3
npeaBapuTenbHOn 06paboOTKM MOHAMWM  HATpPUA MNepeBos,
LLe0/IMTa B roMOMOHHYt0 H-popmy Bbi MeHee NoaHbIM. TakKe,
npeagapuTenbHas obpaboTka HaTpuem yMeHbLuaeT
paspyLlueHne CTPYKTYPbl MMHEpana u gealtoMMHUPOBaHMWE NpuU
obpaboTke KucnoTou [24].

Kak BMgHO w3 Tabnuupl 4, HawaydlwMe MOKasaTenu
aocturatoTca y copbeHTOB, NoNyYeHHbIX nytem
nocnegosatenbHol obpaboTkm L, n WUT xnopuaom Hatpus u
kucnotoh (LU-Na-H um LUM-Na-H), Kotopble cocTasnatoT 15,44% u
28,45% cOOTBETCTBEHHO.

Ta6auua 4 —Pe3ynbtaThl 3BneYeHUA MOHOB Na* U3 MoAENbHbIX
pacTBopoB

O6pasubl C(Na*), mr/n E, % A, mr/r
NaCl 24,96+1,50 - -
(MoaenbHbIN pacTBop)

1) 29,25%#2,01  pecopbuma  pgecopbumna
LI-Na 34,61%2,25  pecopbuma  pecopbums
U-H 22,31+1,34 11,90+0,84 0,16+0,01
L-Na-H 21,62+1,47  15,44+0,95  0,20+0,01
wr 31,09+2,74  pecopbuma  pecopbumsa
LUr-Na 25,45+1,54  pecopbuua pecopbuma
Lr-H 22,20+#1,42  12,43+0,81  0,17+0,01
Lr-Na-H 19,43+1,34  28,45+1,83  0,33+0,02

B Tabnvue 5 npuBeseHbl pe3ynbTaTbl U3BAEYEHUA NOHOB
K* copbeHTamu Ha ocHoBe L, 1 LU CopbeHTbl Ha ocHoBse LUT
OEeMOHCTpUpyoT  6osiee  BbICOKME  3HayeHMA  CTeneHu
n3BnevyeHua B npegenax 67,96-76,28%. 3t1o, BEpOATHO, CBA3AaHO
c Tem, yto LUT coaepknT B cBOEM COCTaBe, B OCHOBHOM, MOHbI
Na*, KoTopble  MaKCMManbHO  3amewarT uoHbl K,
cogepxKawmeca B MoAesbHOM pacTtBope. PesynbrtaThl

nsBneyeHnsa moHos K*' copbeHTamm Ha ocHose LL HMxKe no
cpaBHeHUO ¢ copbeHTamu Ha ocHose LUM BO3MOXHO, 3TO
CBfA3aHO € Tem, 4YTo B cocTase L cogeprkatca noHbl n Na* n K,
nostomy npu noHos K' wus3
MOHOOOMEHHbIM  Mpoueccam

n3pnevyeHun MOAEeNbHbIX

pacTBOpOB, noasepratoTca
TO/IbKO MOHbI HATPUA.

AHanu3 pesynbTaToBs, MNpPeACcTaBleHHbIX B Tabauue 5,
YyKasblBaeT Ha OTHOCWUTENbHO  BbICOKME  COPOLMOHHbIE
xapakTepuctukn ans LU u LWL, o6paboTaHHbIX X10pPUAOM
HaTpuA, 4YTO, BEPOATHO, 0BYC/NIOB/IEHO NEPEBOAOM UCXOAHbIX

MaTepuanos B roMonoHHyto Na-bopmy.

Ta6bnuua 5 — Pe3ynbrathbl M3BNeYeHUs MOHOB K U3 MoaebHbIX
pacTtsopoB

O6pasubl C(K*), mr/n E, % A, mr/n
Kcl 49,5442,98 - -
(MoaenbHbIV pacTBop)

L 33,23+#2,01  32,93#2,05 0,98+0,06
U-Na 19,58+1,27  60,47+3,83  1,80+0,11
U-H 36,92+#2,39  25,49+1,55  0,76%+0,05
U-Na-H 36,95+2,28  25,40%1,71  0,76+0,04
wr 15,22+#1,03  69,28+4,41  2,10+0,13
Lr-Na 11,75£0,79  76,28+4,71  2,27+0,14
wr-H 15,87+1,02  67,96+4,08  2,02+0,13
Lr-Na-H 15,50+0,98  68,70+4,25  2,04+0,12

OfHaKo, BAaHHOM cnyYae 3¢ deKTMBHOCTb 06paboTaHHbIX
XN0PUAOM HaTpuA Gopm COpBEHTOB ABAAIOTCA CMOPHbLIMU NPU
OnpecHeHUN, TaK Kak MOXKET MPOUCXOANTb 3aMeLLeHMe O4HOro
3aCO/IAKOLLErO MOHA Ha APYroi — Kanua Ha HaTpuit. Mpu aTom
CTeneHb COMIEHOCTM PacTBOpPa MOXET He ymeHblaTtbes. Ho
AaHHas dopma 06paboTKM aNtOMOCUMIMKATOB MOMET UMETb
NpPaKTUYECKUt MHTepec B Apyrux cdepax, rae HeobXxoaMmo
KOHLLEHTPMpPOBaHUE U U3BNEYEHME MOHOB Kanus. Hanpumep, L
n UM nocne nsBneyeHMs MOHOB Kaaua MOTyT MPUMEHATLCA B
KayecTBe ya06peHuMit Kak UCTOYHMK Kaaus, KOTOPbI ABAAeTCA
BaYXHbIMW MUKPO3/IEMEHTOM ANA pacTeHui [25].

Takum o6pasom, B npoueccax OMNpecHeHus Aydle
ucnonb3oBatb 06paboTaHHble  KMCNOTOW, AMbO
[,0BaTeNIbHO COMbIO U KMCN0TOM Gpopmbl cOpbEeHTOB.

nocne-

3.2 CpaBHeHUe 3pPEeKTUBHOCTU NONYYEHHbIX COPOEHTOB
C U3BECTHbIMU U3 INTEPATYPbI AaHHbIMK

M3BecTHO, 4To copbeHTbl Ha OCHOBE YrepoAa, Takme Kak
AKTUBMPOBAHHbIM Yrob, yriepoaHble HAHOTPYOKM U rpadeHsl,
061a4atoT 3HAYMTENIbHBIMK a4 COPOLMOHHBIMM CBOMCTBAMM NO
OTHOLUEHWIO K PA3/INYHbIM OPraHUYEeCKMM U HEeOpraHMYeCcKUM
coeanHeHuam [6]. Tak, B paboTe [26] wncnosnb3oBaHa
aKTMBUPOBaAHHAA yrnepogHas TKaHb O/1A U3B/NeYEeHUA MOHOB
Na* un K* n3 soabl. bblNo yCTaHOBNAEHO, YTO U3BAEYEHNE MOHOB
Na* yrnepoaHbim copbeHTOM cocTaBmio 9%, a MoHoB K — 50%.
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B pabote [27], ans wussnedveHua wunoHos Na*
MCMO/Ib30BasIM  TOHKYK MAEHKY amopdHoro yraepoga, B
pesynbTaTe KOTOPOro CTeneHb W3B/JevYeHUs uoHoB Na+
coctasuna 45%. AsTopamu [28] nccnesosaHa spPeKTUBHOCTb
aNbrMHATHOrO refa Ansa aAcopbuMu MOHOB HATpPWA, CTENEHb
n3BNEeYeHNA KoToporo coctasuna 16,8%. B pabotax [15,29]
npeAcTaB/eHbl pesynbTaThl no onpecHeHuUto c
ucrnonb3oBaHMem LeonuTa. Tak, B pabote [29] ycTaHoBAEHO,
YTO CTeneHb U3BNEYEHMA MOHOB K+ LLeonnuTom, o6paboTaHHOro
pactsopom NaCl, coctasuna 50%. B pabote [15] uccnegosaHo
nsssevyeHne noHos Na+ copbeHTOM Ha OCHOBE MPUPOAHOrO
ueonuta, 06paboTaHHOr0 pPacTBOPOM CEPHOW KUCAOTHI,
cTeneHb M3BneyYeHUA paBHa 88%. CpaBHUTE/IbHbIIA aHanu3
COPOLMOHHbIX MaTEPMaNOB YKa3blBaeT Ha TO, YTO MHOTMeE U3
HUX ABAAIOTCA [O0CTAaTOYHO AOPOroCTOAWMMMY,
pyeMbiMM B XO0Ze MHOrocTyneH4aTbix npoueccos. Cneayet
OTMETUTb, YTO MOJlyYEHHble B HACTOALLEM MWCCAeLO0BaHUU
copbeHTbl XapaKTepusylTCA CPaBHUTENbHO HEBbICOKUMMU
3HaYEeHUAMM CTENEHU W3BNEYEHUA MOHOB HATPUA U Kanwus,
OAHAKO ABNAOTCA AOCTYMHbIMW B GUHAHCOBOM OTHOLUEHUM,
npeAcTaBAAT MUHepasnibHoe cbipbe KasaxcTaHa.

M3 BOAbI

CUHTE3U-

4. 3aKknuyeHue

B pabote 6biaM nonyyeHbl COPOGEHTBI
NPUPOAHOTrO LLeO/INTa U LLAMOTHOM TNNHbI U UCCNef0BaHbI UX
aacopbLUMOHHbIE CBOMCTBA MO OTHOWEHMUIO K MoHam Na* u K
ONA OnpecHeHUsa coseHol Boabl. B pesynbrate obpaboTku
NPUPOAHOTO LLeOINTA U LUAMOTHOM FNHbI XZI0PUAOM HAaTPUA U
a30THOM KMUCNOTON 6blAM nony4veHbl 4 cepunm COpbEHTOB.
MccnepoBaHbl bU3nKo-xMMHYeckune XapaKTepUCTUKU

Ha OCHoBe
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00 624,4 maKks/100 11 ¢ 291,3 00 352,9 maks/100 r ansa L v LUT,
COOTBETCTBEHHO. 3710 0b6bACHAETCA obpasoBaHvem
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