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ELECTROLYSIS OF COPPER FORM STRIPPING SOLUTIONS
FOR ETCHING PRINTED CIRCUIT BOARDS

Abstract The article reviews the liquid extraction - electrolysis based etching solution regeneration process
for printed circuit boards.

It describes process conditions providing the electrolysis of copper from sulphate solutions that are formed at
the stage of stripping (re-extraction) of copper ions (II) from organic extractants.

Tests have been carried out in an industrial environment.

It shows that the electrolysis of copper proceeds generating high current efficiency where a stripping solution
contains 1.0 mol/I of sulfuric acid and 0.8 - 1.0 mol/l of copper ions (II), the current density is 1.0 - 6.0 A/ dm” and
electrolyte is mixing. An analysis has been made of the composition of cathode copper obtained as a result of
electrolysis from the reference electrolyte and stripping solutions upon contact with organic extractants. It has been
found that the purity of cathode copper reaches 95 - 98% of the base substance. It has also been found that stripping
solutions progressively accumulates an insoluble precipitate comprising about 40% of lead, which may be attributed
to the mechanical destruction of the active anode layer composed of lead oxides (PbO,). The study shows that it is
necessary to look for a anode material to replace lead dioxide anodes having poor stability in this process.

Keywords: printed circuit boards, etching, copper-ammonia solutions, copper-chloride solutions, regeneration,
extraction, stripping solutions, electrolysis, anode, cathode copper, current density, current efficiency.

Introduction

The operation of etching the copper layer from the non-conductor surface is the requisite stage in the
process of manufacturing printed circuit boards [1, 2]. At present, two types of etching solutions are
primarily used, i.e. those of hydrochloric acid or alkaline ammonium. And in both cases, the formulation
includes dichloride copper lending a distinct quality to the etching mechanism [3-5].

The dissolution process is driven by the interaction of metallic copper with ions of divalent copper
acting as an oxidizing agent for the solution, resulting in a gradual increase in the total content of copper
ions in the solution thus progressively slowing down the etching rate necessitating changing the solution.
In up-to-date processes it is essential to maintain the etching rate at the same level. It is achievable by the
fixed composition of the etching solution [6,7].

This can be done by using regeneration systems. The maximum desired effect has been produced by
the regeneration process based on the recovery of copper ions by extraction from an aqueous etching
solution [8-10]. Following the extraction stage, copper ions are re-extracting into the sulfate electrolyte
depositing metallic copper onto the electrolyzer cathode [11-13]. The reactions describing the entire
etching and regeneration process cycle are detailed in Table 1.
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Table 1- The etching and regeneration reactions using the method of liquid extraction & electrolysis
of copper-ammonia and copper-chloride based etching solutions

Item Operations Typical reactions for etching and regeneration
No. Copper ammonia solution Copper chloride solution
1 Etching a) Cu’o + Cu(NH;),Cla— 2Cu(NH;),Cl; | a) Cu’ye + CuCly, — 2CuCl;
6) 2Cu (NH;),Cl + 1/20, + 2NH,OH + | 6) 2CuCl + 1/20, + 2HC] — 2CuCl, . H,O.
2NH,C1 — 2Cu(NH,),Cl, + 3H,0.
2 Extraction 2HR*£0rg,) + Cu(NH3),Cl, + 2H,0 — | 2HR" () + CuCly — CuR;  (org) + 2HCI
CU.R2 (org.) + 2NH4C1 + 2NH4OH
3 Stripping CuRy (grg) + HySOs = CuSO, + 2HR (o) | CuRy oy + HSO4 = CuSO, + 2HR )
4 Electrolysis a) cathode: CuSO,4+ 2e —> Cu’, + SO,%; | a) cathode: CuSO,+ 2e — Cu’yy + SO
b) anode: H,O - 2¢ — 1/20,T + 2H" b) anode: H,0 - 2¢ — 1/20,T + 2H"
5 The resultant Cu’ e, = Cu’ey Cu’er. = Culy
reaction 1s as
follows:

Legend: HR*(Org,) and HR**(Org') - extractants, CuRz*(mg') and CuRz**(org‘) - copper organic compounds, Cu’, — non-conductor
copper, Cu’,,4 — cathode copper

It can be seen from the above-referenced reactions that the etching of copper and the regeneration of
etching solutions using the liquid extraction & electrolysis method looks balanced making all solutions
reusable and electrolytic copper the only by-product. In addition, it is evident that these etching solution
regeneration systems have the common stage of electrically depositing copper from sulfate stripping
solutions.

The process flow diagram of continuous regeneration of etching solutions for printed circuit boards is
shown in Figure 1.

Etching Copper-rich Copper-rich
; extractant
solution > electrolyte; Electrodeposited
Extraction Stripping Electrolysis ———»
-+ - - copper
Copper- Copper- Copper-
depleted ammonia depleted depleted
solution extractant electrolyte

Figure 1 - Process flow diagram of continuous copper extraction and stripping followed by
the electrochemical deposition of copper

The stages of extraction and re-extraction (stripping) have covered in sufficient detail earlier [14],
while the features of copper electrolysis relating to this process have not been discussed.

Therefore, the purpose of this study was to examine the features of the cathode extraction of copper
from stripping solutions.

Test Technique

To simulate the regeneration process and to obtain re-extraction copper-enriched solutions, the plant
shown in Figure 2 was used.

The plant operates two ETs33F PTFE centrifugal extractors splitting the aqueous and organic phases
under the impact of centrifugal forces at a rotor speed of 2,700 rpm [15]. The extractors enable a
maximum of 15 I/h of the solution to be processed in a flow through mode.

The plant includes a copper etching tank and a solution stripping copper electrolysis bath. During the
test the plant was used in an industrial like environment. It was connected to a printed circuit board
etching machine, as it is difficult to produce the requisite amount of etching solutions in laboratory
conditions.

Polarization measurements were carried out in a three-electrode 50 cm® electrochemical cell using an
IPC - Pro MF potentiostat/galvanostat. A copper plate with a 1 cm® surface was used as a working

— ] —
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electrode; a platinum plate — an auxiliary electrode; a saturated silver chloride electrode —a reference
electrode.

The obtained potential data were recalculated with respect to the reference hydrogen electrode (RHE).
Polarization curves were recorded in a potential & dynamic mode with a potential sweep rate of 10 mV/s.

The assay test of the sediment was carried out using a JEOL JSM-5610 LV scanning electron
microscope complete with an Oxford Instruments energy dispersive X-ray attachment. The dispersive
parameters of the sediment were determined by laser diffraction using an Analysette NanoTec laser
particle sizer.

To determine the concentration of copper (II) ions in the solution the complexometric titration method
was applied. A 0.1 N solution of Trilon B (EDTA) was used as the titrant [16].

i

1.1 — Copper-rich etching solution; 1.2 — Copper-depleted etching solution; 2.1 — Copper-rich extractant;
2.2 — Copper-depleted extractant; 3.1 — Copper-rich electrolyte; 3.2 — Copper-depleted electrolyte; 4 — Electrodeposited copper;
I — Etching bath; IT — Extractor 1; III — Extractor 2; IV — Electrolytic bath; V — DS source

e——o 1.2

[ m——

1.1

Figure 2 - The test plant setup for solution etching and regeneration of solutions is given below

The current efficiency in% (CE) of cathode copper was obtained from polarization measurements
using the formula:

CE: [(]wpper) /(]wpper+hydmgen)] 1 -1 00%7 (1)

where:

I copper— current strength (A) applied to extract copper is expressed as the difference between the current
strength applied to extract both copper and hydrogen (Icopperthydrogen) and extract hydrogen (Inygrogen), t —
electrolysis time (h).

The current applied to extract hydrogen was obtained from polarization measurements in the
background electrolyte, i.e. a sulfuric acid solution. The current strength has been calculated by the
formula I = i-S, where: i is the current density (A/dm?); S is the working electrode surface, dm’

In preparative electrolysis the specimen mass was determined before and after the electrolysis process
while the current efficiency (CE) was measured gravimetrically:

CE = (my/m.)-100% )

where:
m,, — the weight of copper deposited on the specimen during electrolysis, r; m; — the calculated mass of
copper that is presumed to be deposited during electrolysis r.

m, = g'I't, where: g is the electrochemical copper equivalent, 1.186 g/(A h).

To extract copper from copper-ammonia solutions, a DH-510A [17] (Deltaplast LLC (Russia))
extractant was used.

To extract copper from copper chloride solutions a MX-90 (firm SIGMA —Engineering AB (Sweden))
extractant was used.

The anodes contain lead-base lead dioxide.

Test Results and Discussion Findings

Since the entire regeneration cycle for etching solutions is a chain in interrelated processes, it was
essential to determine the parameters of copper extraction from stripping solutions and to set the process
parameters that are to be maintained at this stage.

— § —
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During the polarization measurements of solutions with different acid content the permissible values

of current densities below the limit values at which dense copper deposits are formed were obtained
(Figure 3).

Figure 3 -The function of the limiting current density (ijy; ) of copper extraction
and a H,SO, concentration in electrolyte The cathode potential is E = 220 mV (RHE)

It follows from the referenced data that solutions with a low content of sulfuric acid are more
suitable for the electrolysis of copper, as they allow for a more expanded range of current densities at
which compact copper deposits precipitate, which is well in accord with the literature data stating that
dense copper coatings can be obtained with a sulfuric acid content of about 0.4— 0.7 mol/l [18].

But conversely, it is known that re-extraction runs rapidly with a sulfuric acid concentration of about
2.0 mol/l [19]. To finally settle on the process parameter in question, the value of copper current

efficiency was determined as a function of sulfuric acid content in electrolyte. These data are reflected in
figure 4.

CE, %
94 -
92 -
90 -
88
86
84 -
82

80 T T T 1

0 1 2 3 4
Ciasoys mole/l

Figure 4 - The function of copper CE and the H,SO, concentration in electrolyte during the electrolysis of the solution
containing 0.50 mole/I of Cu®" ions and i;, A/dm? :1 - 1,5;2 -2

It was found that the maximum value of CE is observable with a sulfuric acid content of about 1.0
mol/l which is the most suitable for copper re-extraction and electrolysis.

On the other hand, the efficiency of copper electrolysis is much related to the content of copper (II)
ions in a stripping solution. Figure 5 shows the relation between limiting current densities and the
concentration of copper ions in a solution.
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Figure 5 - The function of the limiting i, and the copper concentration
in a sulphate solution. C(H,SO,) 1.0 mol/l, E=0 mV (RHE)

A growing content of copper (II) ions in a stripping solution enables electrolysis in a wide range of
current densities, and the linear function indicates that the diffusion of discharging copper ions to the
cathode is critical. Stirring in electrolyte makes it possible to increase cathode current density by a factor
of 1.5.

The obtained value of the current efficiency showed that copper is efficiently extracted from
extraction solutions at the electrolyzer cathode reaching the limits of about 95-98% (Figure 6).

e = — =i
~ — T

_...';._ﬂ:{.': 0
Figure 6 -The function of copper CE and a concentration of Cu®" ions
in a sulfuric acid solution C(H,SO4) 1 mole/l, E=220 mV (RHE)

Figure 7 - Shows the relation of copper current efficiency and cathode current density at various
concentrations of copper ions in a solution.

CE,%
100 4
90 -
80 4
70 4
60 A
50 4

40 4 ] .
o ~e ]

30 T T T T T .

0 0.5 1 1.5 2 25 3 3.5
LA/dm?

b e

Figure 7 - The function of the copper CE and the cathode current density
at the concentration of copper ions in a solution, mol/l: 1- 0.08; 2- 0.39; 3-0.78

It was shown that while a high concentration of copper ions in a solution is maintained, the process
performs well in a wide range of current densities. In the tests where a solution was mixed with air,
current densities increased by a factor of a 1.5-2 can be used. The referenced results imply that the

— 10 ——
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efficient electrolysis of copper requires a copper concentration in a stripping solution to be maintained at
about 0.8-1.0 mol/l with the content of sulfuric acid being about 1.0 mol/L.

An analysis was mode of the composition of cathode copper obtained as a result of electrolysis from
the reference electrolyte and stripping solutions upon contact with the organic extractants DX-510 A and
MX-90 (table 2).

Electrically deposited copper comes out to be fairly pure. A small inclusion of oxygen can be
attributed to partial deposit oxidation with ambient air oxygen. The inclusion of carbon can be accounted
for by carbon dioxide present in electrolyte as well as the stripping solution being contaminated with an
organic extractant.

Table 2 - The element composition of copper obtained from solutions containing 0.80 mol/l
of copper ions, 1.0 mol/l of sulfuric acid

Solution Element wt% in a deposit
Reference solution free of organic impurities [C]/[0O]/[Cu] [0.11]/]2.67]/[97.22]
Stripping solution (using
MX-90) [C]/[0]/[Cu] [0.73]/[3.98]/[95.29]
Stripping solution
(using DX-510A) [C]/[0O]/[Cu] [0.511/[1.67]/[97.82]

When a reference plant is used to regenerate etching solutions, an insoluble precipitate is known to
gradually accumulate in a stripping solution. The composition of this substance has been determined to
find out what causes this phenomenon.

It was shown that the substance consists of amorphously structured inhomogeneous granules sized
between 10 um and 50 pm. Some impurities in the composition were found and quantified by a
scanning electron microscope (Figure 8).

The deposit contains calcium, magnesium, aluminum, iron and zinc ions, which can be attributed to
the fact that tap water was used to prepare the etching solution. It was found that the insoluble precipitate
contains about 40% of lead. Lead can occur in a solution only as a result of mechanical destruction of the
active anode layer comprising lead oxides (PbQ,). It is necessary to make allowance for the super high
sensitivity of PbO, anodes to cathodic polarization that may take place when the electrolyzer is shut
down. When powered off, the electrolyzer starts to function as a battery with the PbO, cathode, While
PbO, gets partially reduced and the electrode gets covered by less stable phase lead oxides of lower
valence [20-22].

cnekTp 1

0 1 2 3 4 5 6 7 8 9 10

MonHas wkana 100 uvn. Kypcop: 0.000 K3B
Item No. 1 2 3 4 5 6 7 8 9 10
Element C O Mg Al P Ca Fe Cu Zn Pb
wt% 12.4 23.1 0.2 0.1 5.9 6.4 8.4 3.4 1.3 38.6

Figure 8 - The element distribution diagram for the insoluble precipitate in a stripping solution of sulfuric acid
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Therefore, it can be stated that it is undesirable to use low-wearing anodes with an active layer
containing lead oxides when copper is electrically deposited from stripping solutions in regeneration
processes using etching solutions for printed circuit boards where such application requires electrolysis
to be frequently stopped.

Conclusion

The tests have shown that the electric deposition of copper from stripping solutions in the
regeneration process based on the liquid extraction-electrolysis system should be carried out under the
following conditions:

a) the content of sulfuric acid etching solutions order is 1,0 mole/l; b) the content of copper (II) ions
is 0.8-1.0 mol/l; ¢) the working current density is 1.0-6.0 A/dm*; g) electrolyte mixing under these
conditions an electrolytic deposit containing 95-97% of copper is produced.

The study has been carried out under the financial sponsorship of the Russian Ministry of Education
and Science pursuant to Agreement No. 14.583.21.0068 dated November 22, 2017. The unique identifier
is RFMEFI58317X0068.
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BACIHA IIVIATAJTAPBIH OHAEY PEDKCTPATI'UPJIEY EPITIHAIJIEPIHEH
MBIC SJIEKTPOJIA3I EPITIHAIJIEPAIH MBICTBIH 2JIEKTPOJIN3I

Annortanusi. Cynbl 9KCTpakiMsi —3JIEKTPOJIM3 IMPUHIMII OOWBIHINA JKYMBIC JKacalThiH Oacria IJIaTajlapblH
OHJICY EPITIHAUICPIH pereHepaIusiay TeXHOJOTHICH KapacThIPhLIIbL.

Opranukanslk  okcTpareHTTepieH  Mbic  (II)  woHmapslH — peskcTpakuusuiay — OacKbIIBIHAA — TY31IETiH
KYKIPTKBIIIKBUIIBI ~ CPITIHAUICPIHEH MBICTBIH  DIICKTPOXOMISUTBIK — KOJIMEH OeJiHyilH KaMTaMmachl3 CTETiH
TEXHOJIOTHSUIBIK PEXKUM/IED aHBIKTAJIbI.

Toxipubenep eHIIPiCTIK MapTTapaa KXYpri3uimi.

MEBICTBIH TEKTPONN3i pedkcTparupiey epitiamiciame 1,0 Moxp/m KykipT KeImukbuibl, 0,8 - 1,0 Mons/n1 Meic (II)
MOHIAPBI, TOK THIFBI3NBIFBI 1,0 — 6,0 A/aM° GOnFaHza *OHE SNIEKTPOIHTTI apanacThipy Ke3iHIe XOFaphl TOK
OOMBIHIIA IIBIFEIMMEH JKYPETiHAIr KepceTimi. OpraHuKajblK 3KCTPareHTTEPMEH OCEpIECKEH PEIKCTparupiey
epITIHAINEPiHIH JK30HE MOMAETBAlI DJIEKTPOJIUT JJICKTPOIM3IHEH KEHiH aJblHFaH KaTOATHI MBICTBIH KYpambl
capanTanapl. Herisri 3aT OOWBIHIIA KaTOATHI MBICTBIH Ta3amblFbl 95-98 %-mer Kypaiinel. CoHBIMEH KaTap,
peakcTparupiey epitiHgicinae mamamern 40% KOpPFachIHHAH TYpPaThlH €pIMEHTIH TYHOAHBIH IKMHAJIATHIHIBIFBI
anbIKTaIbL. byst kopracein okcuineH (PbO,) TypaThiH aHONTHIH OCJICCH I KaOaThIHBIH MEXaHHUKAJIBIK OY3bLITybIMECH
GaiimaHBICTEI O0JTyBl MYMKIH. ByJ1 TEXHOJIOTHS YIIIIH TYPaKTBUIBIFBI TOMEH OOJFaH KOPFAaChlH OKCH/IIHEH >KacallbIHFaH
aHOATApBI AIMACTHIPa AJIATBHIH MaTepUalI/Ibl 13/IeCTipy KePEKTIri KopceTui.

Tyiiin ce3mep: Oacmanbl Iatanap, 6OHAEY, MBIC-aMMHAK EpITIHAIIEPl, MBIC-XJIOPUATI epiTiHALIep,
pereHepanys, SKCTPaKLUUs, PEIKCTPArupIey epiTiHALIepi, SIEKTPOIN3, aHO, KaTOATHI MBIC, TOK TBHIFBI3IBIFBI, TOK
OOWBIHIIA IIBIFBIM.
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SJIEKTPOJIN3 ME/IN N3 PEDKCTPATUPYIOIIUX PACTBOPOB TPABJIEHUSA IIEYATHBIX IIJIAT

AnHoTanus. PaccMoTpeHa TEXHOJIOTHS pereHepanny pacTBOPOB TPaBJICHHs IIEYATHBIX IUIAT, paboTaromas 1o
HPUHIMITY KHIKOCTHAS 3KCTPAKLUS — 3JIEKTPOIIN3.
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OmnpeeneHbl TEXHOJIOMMYECKUE PEXKUMBI, 00CCICUUBAIOLINE IJIEKTPOBBIICICHUE MEIU W3 CEPHOKUCIBIX
pacTBOPOB, 00pa3yOUIMXCS Ha CTafauu pedkcTpakimy noHoB (I1) Meu U3 opraHnvYecKux 3KCTPareHTOoB.

DKCHEePUMEHTHI IPOBOIMIIMCH B IIPOMBIIIICHHBIX YCIOBHSX.

[TokazaHO, YTO OJIEKTPOIM3 MEAW TPOTEKAET C BBICOKUM BBIXOJOM II0 TOKY MpPH COACPKAHWUH B
peakcTparupyoiiem pactsope 1,0 Mmonb/n ceproit kucnothl, 0,8 - 1,0 Monb/n nonos (II) menu, morHocTn Toka 1,0 —
6,0 A/aM’ W IepeMELIMBAHHM SIEKTPOIUTA. [IpOAaHAIM3MPOBAH COCTAB KATOAHOM MEH, MOJYYCHHOW TpH
AIIEKTPOJIM3E U3 MOJIEIIBHOTO AJIEKTPOJIHMTA U PEIKCTPATMPYIOLIMX PACTBOPOB, MOCIE KOHTAKTA C OPraHUYeCKUMHU
JKCTpareHTaMu. Y CTaHOBJIEHO, UTO YUCTOTa KaTOJAHON Menu gocturaet 95 — 98 % no ocHOBHOMY BelecTBy. Bmecte
c TeM OBbUIO YCTaHOBIIEHO, 4YTO B PEIKCTPArMPYIOIIEM pPacTBOpE MPOMCXOAUT IOCTENIEHHOE HAaKOIUICHHE
HEepacTBOPMMOTO OCajJKa, KOTOpbli mpumepHO Ha 40% COCTOMT M3 CBHHIIA. DJTO MOXET OBITh CBSI3aHO C
MEXaHWYEeCKUM pa3pylICHHEM aKTHBHOIO CJIOS aHoJa, cocrosmiero u3 okcunoB cuHna (PbO,). Ilokxasana
HEOOXOAMMOCTh TOMCKa MaTepHaja JJisi aHOJIOB, 3aMEHSIOIIMX aHOAbI M3 IBYOKHCH CBHHIA, MaJlOyCTOHYMBBIX B
JIAHHON TEXHOJOTHH.

KiioueBble ¢JI0Ba: NIeYaTHbIC [UIATHI, TPABJICHHE, MEHO-aMMHAYHbBIC PACTBOPBI, METHO-XJIOPH/IHBIC PACTBOPHI,
pereHepanys, dKCTPAKIKS, PEIKCTPATUPYIOIIHE PACTBOPBI, JJIEKTPOJIN3, aHOJ, KaTOIHAs MeMb, IUIOTHOCTh TOKa,
BBIXOJI 110 TOKY.
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ELECTROFLOTATION EXTRACTION OF POWDERED
CARBON-BASED MATERIALS FROM AQUEOUS SOLUTION
WITH USING OF SURFACTANTS

Abstract. Comparative electroflotation studies of powdered carbon materials from an aqueous solution of
sodium sulfate electrolyte were carried out.

Kinetic electroflotation dependences of various carbon materials particles (carbon nanoflakes and activated
carbons OU-B and BAU-A) are shown. It is established that the particles of carbon nanoflakes are most effectively
extracted in the presence of nonionic surfactants. Whereas the extraction degree of activated carbons does not reach
20% in the same conditions.

Electroflotation studies of powdered carbon materials from aqueous solutions with the addition of coagulants
AP*" and Fe*" were carried out to improve the efficiency and intensity of particles extraction. We studied aqueous
solutions containing different types of surfactants: anionic, cationic and nonionic. Studies have shown that carbon
nanoflakes are extracted quite effectively regardless of nature either the coagulants or the surfactants.

The extraction degree of activated carbon particles OU-B reached 90-95% if iron ions were present in an
aqueous solution of cationic or nonionic surfactant. But the efficiency of the process was reduced in the presence of
AT’ due to the formation of a large amount of insoluble aluminum hydroxide.

We also studied the surface characteristics of powdered carbon materials (electrokinetic potential ({-potential)
and hydrodynamic radius of the particles) for a better understanding of the electroflotation process.

Keywords: carbon materials, electroflotation, surfactants, coagulant, {-potential, hydrodynamic radius.

Introduction. Activated carbon is a highly porous carbon adsorbent, which is obtained from various
carbon-containing organic materials [1]. Activated carbon is widely used for treatment, separating and
extracting gaseous and liquid substances [2-6]. In the Russian Federation and Kazakhstan, as well as in
world practice, the largest share in the consumption of activated carbon is a processing of drinking and
technical water.

Activated carbons are unique adsorbents [7-9] due to their hydrophobic properties in comparison with
such adsorption materials as silica gels, zeolites, ionites and etc.

Activated carbons with a particle size less than 0.1 mm are considered powdered materials. This type
of coal is often used for the liquid phase; it is thoroughly mixed with the liquid to be purified. After
adsorption of impurities, the coal is removed from the solution by filtration or precipitation [10, 11].

The particle size distribution, which is carefully controlled by modern grinding processes, greatly
influences the rate of adsorption, filtration, and precipitation. In addition, the small particle size makes it
difficult to extract the formed dispersed phase "carbon material - adsorbate".

One of the most popular methods of particle extraction is presently flotation [12-16]. Studies of the
electroflotation extraction of powdered carbon materials, such as activated carbons [17], and carbon
nanomaterials [18-20] have been published before.
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This article presents the experimental results of electroflotation extraction of powdered carbon
materials, namely, activated carbons BAU-A and OU-B, as well as carbon nanoflakes (CNF), from
aqueous solutions of different composition.

Methods and researching objects. Carbon nanoflakes (bulk density 0.27 g/cm’; ash content 0.5%;
specific surface 243 m%/g), activated carbon OU-B (GOST 4453-74) and BAU-A (GOST 6217-74) were
selected as objects of research. Colloid-dispersed systems of carbon materials in aqueous solutions with
surfactants (anionic surfactant — NaDDS; cationic surfactant — Katinol; nonionic surfactant — Triton X-
100), metals salts Al,(SO4);, Fex(SO4); and electrolytes Na,SO,, NaCl were prepared for conducting
experiments.

Laboratory studies of the efficiency of the electroflotation extraction were carried out in a non-
flowing electroflotation unit with an insoluble anode at a constant pH. The column of electroflotation unit
is made of glass with the cross-sectional area 10 cm” and the volume of the treated solution 500 ml. The
height of the unit is 800 mm, the sampling valve is located at a height of 40 mm above the electrode unit.

The electrode unit includes an insoluble anode made of ORTA (titanium base with a film coating of
cobalt and ruthenium oxides caused by thermal decomposition of a mixture of their salts) and a cathode
made of stainless steel mesh with a cell size of 0.5 x 0.4 mm (wire thickness 0.3 mm). The cathode is
located above the anode in order to allow free passage of the anodic oxygen bubbles into the column of
electroflotation unit. A rubber packing separates electrodes. The device is powered by a DC power source
B5-48. The range of bulk current densities is 0.1-0.5 A/l. Gas saturation occurs due to hydrogen and
oxygen released at the cathode and anode.

In fine of the treatment, sampling is performed through the valve in order to determine the residual
concentration of the pollutant in the treated solution. When studying the kinetics of the process, sampling
is carried out every 5 min.

Electroflotation efficiency was evaluated by the degree of extraction (a, %), which was calculated as
the ratio of the difference between the initial (Cy) and final (C;) content of pollutants in the solution to
their initial content: a = % x100%.

The analysis of the carbon material concentration was carried out using an adapted quantitative
analysis method (with calibration graph) on a PROMEKOLAB PE-5300B spectrophotometer. The
determination of the hydrodynamic radius of the particles and the electrokinetic potential was carried out
by the method of dynamic light scattering with the use of equipment PHOTOCOR Compact-Z.

The experiments were conducted using analytical equipment of the MUCTR resource-sharing center.

Experimental results and discussion. Figure 1 shows the kinetic dependence of the degree of
extraction of particles of carbon materials from an aqueous solution of the electrolyte Na,SO, in the
presence of a nonionic surfactant.
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Figure 1 - Kinetic dependence of the degree of extraction of particles of carbon materials from an aqueous solution
in the presence of a nonionic surfactant: C (CNF, OU-B) = 100 mg/L; C (BAU-A) = 1000 mg/L; C (TX-100) = 100 mg/L;
C (Na,SO4) = 500 mg/L; i, = 0.2 A/l; pH 7.0
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The analysis showed that CNF particles are most efficiently extracted from an aqueous solution of a
nonionic surfactant — after 10 minutes of electroflotation the recovery rate is 69%. While the degree of
extraction of activated carbon reaches 5-20%.

Below are the studies of the electroflotation extraction of carbon materials from aqueous solutions of
electrolytes of different composition.

Table 1 shows the results of the study of electroflotation of carbon materials (CN) from an aqueous
solution of anionic surfactant in the presence of metal hydroxides A’ u Fe’*.

Table 1 - Effect of the nature of carbon materials on the degree of extraction of the floatation complex "CN-Me(OH);" from
an aqueous solution in the presence of metal hydroxides and anionic surfactant NaDDS

Recovery rate "CN-Me(OH);3" a, %
Me** CNF OU-B BAU-A
5 min 30 min 5 min 30 min 5 min 30 min
*without Me®* 3 5 2 2 5 26
AI(IID) 85 94 22 36 27 75
Fe(1IT) 33 95 15 20 5 15

i,=0.2 A/L; pH 7.0; C(CNF, OU-B) = 100 mg/L; C(BAU-A) = 1000 mg/L;
C(NaDDS) = 100 mg/L; C(Na,SO4) = 500 mg/L; *C(Na,SO,) = 500 mg/L

Analysis of the experimental data showed that after 5 minutes of electroflotation, the degree of
extraction of ULF reaches 83-85% regardless of the nature of the added coagulant. After completion of the
extraction process, the recovery rate reached 94-95%.

Unlike carbon nanomaterial, OU-B activated carbon was not efficiently removed (20-36%). Whereas
the extraction process of BAU-A carbon in the presence of AI** coagulant did not show effective results in
the first minutes, and upon completion of the purification process, the degree of particle recovery reached
75%.

The results of the study of the electroflotation of activated carbons and carbon nanoflakes from an
aqueous solution of a cationic surfactant in the presence of metal hydroxides AI’" u Fe’" are presented in
Table 2.

Table 2 — Effect of the nature of carbon materials on the degree of extraction of the “CN-Me(OH);” flotation complex
from an aqueous solution in the presence of metal hydroxides and a cationic surfactant Katinol

Recovery rate "CN-Me(OH);3" a, %
Me™* CNF OU-B BAU-A
5 min 30 min 5 min 30 min 5 min 30 min
*without Me®" 68 73 9 52 3 36
AI(IID) 90 95 14 81 3 51
Fe(IIT) 92 96 71 94 23 81

i,=0.2 A/L; pH 7.0; C(CNF, OU-B) = 100 mg/L; C (BAU-A) = 1000 mg/L;
C(Katinol) = 100 mg/L; C(Na,SO,) = 500 mg/L; *C(Na,SO,4) = 500 mg/L

It was established that, regardless of the nature of the particles in the presence of the Fe’* coagulant,
the extraction degree reached 81-96%. However, the addition of A" coagulant makes it possible to
efficiently remove only CNF and OU-B carbon after 30 minutes of the electroflotation.

Similar results were shown by experiments on the extraction of carbon materials from an aqueous
solution of nonionic surfactants in the presence of metal hydroxides A" u Fe* (Table 3).

Differences in the extraction of particles of carbon materials are primarily associated with the
methods of obtaining these materials, which affect their textural and surface characteristics. In addition,
the size of particles and their charge is important in electroflotation.

Table 4 presents the results of the study of the electrokinetic potential and the hydrodynamic radius of
the CNF particles.
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Table 3 — Effect of the nature of carbon materials on the degree of extraction of the "CN-Me(OH);" flotation complex from
an aqueous solution in the presence of metal hydroxides and nonionic surfactant TX-100

Recovery rate "CN-Me(OH)3" a, %
Me** CNF OU-B BAU-A

5 min 30 min 5 min 5 min 30 min 30 muH
*without Me** 69 71 3 4 4 25
AI(IIT) 80 93 21 86 3 3
Fe(1IT) 94 95 58 92 66 91

i,=0,2 A/l; pH 7.0; C(CNF, OU-B) = 100 mg/L; C(BAU-A) = 1000 mg/L;
C(TX-100) = 100 mg/L; C(Na,SO4) = 500 mg/L; *C(Na,SO,) = 500 mg/L

Table 4 — Effect of the nature of surfactants on the electrokinetic potential { and the hydrodynamic radius R
of CNF particles in an aqueous solution in the presence of metal hydroxides

Type of
surfactant

Additives Na,SO0, | Fe(OH); | Al(OH); | Na,SO, | Fe(OH); | AI(OH); | Na,SO, | Fe(OH); | Al(OH),

NaDDS Katinol TX-100

{, mV -24 -3 +7 +1 +7 +12 -18 +10 +12

R, um 14 28 57 11 67 10 22 39 69

C(CNF) = 100 mg/L; C(surfactant) = 100 mg/L; C(element) = 500 mg/L; i,= 0.2 A/l; pH 7.0; t (electroflot.) = 30 min

In the presence of cationic surfactant Katinol, CNF particles recharge ({=+1-12 mV) and acquire
more hydrophobic properties, which positively affects their electroflotation extraction. In addition, in the
presence of iron (III) coagulant, the particles have a maximum size of 69 microns.

The same results and changes in the particle surface properties were observed in the presence of
anionic surfactant and AI’* coagulant, as well as in the presence of nonionic surfactant and Fe’", AI*
coagulants. In the absence of coagulants, the surface of the particles acquired a high negative charge,
which could complicate the electroflotation extraction of CNF.

The characteristics of OU-B activated carbon in the presence of various electrolytes were also studied
(Table 5).

Table 5 — The effect of the pH of the electrolyte solution on the magnitude
of the electrokinetic potential £ and the hydrodynamic radius R of the particles of OU-B

OU-B
Nast4 NaCl
H
Specifications 3 7 11 3 7 11
i, mV -5 -16 -37 -10 -18 -18
R, pm 17 6 8 10 12 11

C(OU-B) = mg/L; C(electrolyte) = 1 mg/L

Analysis of the experimental data made it possible to establish that the maximum particle size of OU-
B (10-17 um) can be achieved in an acidic medium of sulfate background, as well as at any pH of the
chloride background. However, the high negative electrokinetic potential of the particles of activated
carbon can affect and hinder their extraction.

Conclusions

Consequently, conducted experiments show that electroflotation extraction of carbon materials
depends on their nature, method of preparation, as well as on texture and surface specifications (potential
and particle size).

— 18 ——
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In addition, the presence of cationic and nonionic surfactants, Al", Fe* coagulants in solutions
contribute to the change of particle properties due to the formation of flotation complexes, which leads to
effective electroflotation extraction of carbon materials.
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! J.M1. MenneneeB aTeiHAars Peceil XMMUsA-TEXHOIOTUSIIBIK YHUBEpCuTeTi, Mackey, PO;
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KYPAMBIH/IA BA3 BAP BOJIFAH CYJIbI EPITIHAIVIEPIEH YHTAKTOPI3 /I
KOMIPTEKTI MATEPUAJIJAP/BI DJIEKTPODJIOTAIUAJIBIK KOJIMEH AJIY

Annoranmsi. Harpuil cynb(arTblHBIH CyJBl 3JEKTPOJIMTTEPIHEH JIIEKTPO(MIOTAIMS IKOJBIMEH albIHFaH
YHTAKTOpi3 a1 KOMIPTEKTi MaTepruaNIapIblH CaTbICTRIPMAIbI 3epTTEYIIepPi KYPTi3iii.

OPTYpIIi KeMipTeKTi MaTepualgapIad TYPaTeH OemeKkTep i 0elin aryablH, SFHU KOMIpPTEeKTI HAHOKAOBIPIIIaK
neH OV-b xone BAY-A Oencenai kemipiepaiH KHHETHKANBIK Toyenniutri kepcerinai. Monorenni emec BA3 6ap
Ke3le KOMIPTEeKTI HaHOKaOBIpIIaK OeimeKTepi eH THIMII aJbIHATHIHABIFEL, all OEJICCHl KOMIpAiH albIHy Adpekeci
20 % >xeTneHUTIHAIT aHBIKTaIbI.

OnekTpo(IOTAMSHBIH HMHTCHCHBTUIITH JKOHE THIMIUTITIH >KOFapbuIaTy MaKCaThIH/IA A" xome Fe¥'
KOaryJISSHTTapblH KOCBUIFAH CYJIbl epITIHIUIEPACH YHTAKTopi3Ai KOMIpPTEKTI MaTepuaniapiasl Oamin ainy OoMbIHIIA
3eprreysiep kyprisuimi. Kypameinaa optypmi BA3 OonraH (aHHOH[BI, KATHOHIBI YKOHE HOHOTEHII €MEC) CYJIbI
epitinainep 3eprreimi. 3eprreyiep bBA3  koHe KOAryJasSHTTHIH TaOWFaThlHA KapaMacTaH  KeMIPTEKTI
HaHOKAOBIpIIAKTAp aHAFYPIIBIM THIM/II OOJIIHIIT aJTbIHATHIHABIFBIH KOPCETTI.

Kypambiana xaTHOHIBI HeMece HOHOTeH I eMec BA3 Gap OoiraH Cymbl epiTiHAiIE TeMip UOHAAPHI OOIFaHaa
OV-b Gencenni kemip GemmexTepinin aneiy gopexeci 90-95 %-ra xerti. A'* Gap GonFan kesne KHbIH epUTiH
ATFOMHUHUH THAPOKCUI TY3LTy ce0eOTi mporece THIMILTITI TOMeHIeH 1.

OnexTpodIoTaIys MpoIecciH JKaKChl TYCIHY MaKCaThIHIa YHTaKTIpi3di KOMIPTEKTI MaTepHajiapIslH OeTTiK
CHIIATTaMAaChl, SIFHU OSJEKTPOKHHETHUKANBIK MOTeHIHAN ((-MOTeHIMAN) XoHEe OeJNIIEeKTepAiH THAPOANHAMHKAIBIK
paanychl 3epTTeNi.

Tyilin ce3aep: KoeMipTeKTi MaTepuanaap, eKTpodIoTanus, OETTIK-aKTUBTI 3aTTap, KOAryJsaHT, (-TOTEHIINA,
THAPOJMHAMUKAIBIK PaJIyC
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'Poceniickuii XUMAKO-TEXHOMOTHIECKHI yHuBepcurer umenu 1.1. Menneneesa, Mocksa, Poccust
2A0 «MHCTHTYT TOTIMBa, KaTanu3a u stekrpoxuMun uM. J[.B. Cokomnbckoro», Anmarel, Kazaxcran

SJIEKTPO®JIOTAIMOHHOE U3BJIEYHEHUE IOPOIIKOOBPA3HBIX YI'JIEPOJHBIX
MATEPHAJIOB U3 BOJHbBIX PACTBOPOB B ITIPUCYTCTBHUU I1AB

Annotanus. [IpoBeieHbI cpaBHUTENBHBIE HCCIIENOBAHUS IIEKTPOMIOTAIIIOHHOTO U3BJICUEHHS TOPOIIKO0Opas3-
HBIX YTJIEPOJHBIX MAaTepHAIOB U3 BOJHOTO PACTBOPA JIEKTPOIIUTA CyJIb(haTa HaTPHsL.

INoxa3aHbl KHHETUYECKHE 3aBUCUMOCTH U3BJIECUCHHS YaCTUL] Pa3IMYHbBIX YIJIEPOAHBIX MaT€pPHUaIOB: YIIIEPOAHBIX
HaHOYellyeK U akTUBHpoBaHHBIX yriaed OY-b u BAY-A. YcraHoBneHo, 4TO B IPUCYTCTBUU HeHOHOreHHoro ITAB
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HanOonee 3(P(EeKTHBHO W3BIEKAIOTCS YAaCTHIBl YIJIEPOAHBIX HAHOYEIIyEeK, TOTrJa KaK CTETeHb W3BICUCHUS
AKTHBHPOBAHHBIX yriieil He gocturana 20%.

Junst moBbimeHnst 3 (GEKTUBHOCTH M WHTEHCHBHOCTH 3JIEKTPOQIIOTAIIMK OBUIM TPOBEIEHBI MCCIIEIOBAHHA IO
M3BJICYCHHUIO MOPOIIKOOOPA3HBIX YIJIEPOAHBIX MAaTEpHaloB M3 BOAHBIX PAaCTBOPOB MPH NOOABICHUH KOATYJISHTOB
AP u Fe*'. Boum HU3y4YEHBl BOJHBIE PAcTBOpPHI, coaepxkaliye pasiauuHble Tunbl [IAB: aHMOHHOE, KaTMOHHOE U
HenoHoreHHoe. VcenenoBaHus MOKa3anu, YTO yIJICPOAHBIE HAHOYCUIYHKH M3BJIEKAIOTCS JOCTATOYHO (P (EKTHBHO,
HE3aBUCHMO OT NMPHUPOJIbl KoaryisHTa u [TAB.

CreneHp HM3BICYEHUS 4YacTUIl akTuBUpoBaHHOTo yrng OY-b nmocrurama 90-95%, ecnu B BOJHOM pacTBOpe
KaTHOHHOTO WM HenoHoreHHoro ITAB mpucyTrcTBOBamM HOHBI Jkene3a. Torja Kak B INPHUCYTCTBUU A"
5 PEKTUBHOCTH IpOIlecca CHIKAJIACh 32 CUYET 00pa3oBaHMs OOJBIIOr0 KOJMYECTBA OC3JKa TPYAHOPACTBOPUMOIO
TUAPOKCUA ATIOMUHUSL.

Jns mydiiero NMOHMMaHMS TIpoliecca 3JeKTpOoQIIOTAllMK OBUIM W3Y4YEHBI MOBEPXHOCTHBIE XapaKTEPUCTHUKU
MOPOIIKOOOPA3HBIX ~ YIVIEPOAHBIX ~ MAaTepuasioB:  JJIEKTPOKMHETHYeCKMH  moreHmuan  ({-moreHummanm) u
THIPOJIMHAMHYECKHIN pailyC YacTHII.

KiroueBble c¢JI0Ba: YIJEpOAHBIE MaTEpPHAbL, AICKTPO(IOTAMSA, ITOBEPXHOCTHO-aKTHBHBIC BEIIECTBA,
KOaryisHT, (-IIOTeHIMaN, THAPOANHAMUYECKHH paanyc.

Information about authors:

Kolesnikov Artem Vladimirovich, Candidate of Technical Sciences, Associate Professor of the Department of Innovative
Materials and Protection against Corrosion DI. Mendeleev, Moscow, Russia. E-mail: artkoles@list.ru. ORCHID: 0000-0002-
4586-6612

Milyutina Alyona Dmitrievna, Candidate of Technical Sciences, Leading Engineer of the Department of Inorganic
Substances Technology and Electrochemical Processes DI. Mendeleev, Moscow, Russia. E-mail: milyutina_alena_rhtu@mail.ru
ORCHID: 0000-0001-6749-1770

Kolesnikov Vladimir Aleksandrovich, Doctor of Technical Sciences, Professor, Head of the Department of Technology of
Inorganic Substances and Electrochemical Processes DI. Mendeleev, Moscow, Russia. E-mail: kolesnikov-tnv-i-ep@yandex.ru
ORCHID: 0000-0002-3965-4728

Zhurinov Murat - Doctor of Chemical Sciences, Academician of the National Academy of Sciences of the Republic of
Kazakhstan, JSC Institute of Catalysis Fuel and Electrochemistry named after D.V. Sokolsky ”, Almaty, Kazakhstan, e-mail:
nanrk.mzh@mail.ru; https://orcid.org/0000-0001-5314-1219

Baeshov Abduali - Doctor of Chemical Sciences, academician of the National Academy of Sciences of the Republic of
Kazakhstan, JSC Institute of Catalysis Fuel and Electrochemistry named after D.V. Sokolsky ”, Almaty, Kazakhstan, e-mail:
bayeshov@mail.ru Orcid: 0000-0003-0745-039X

Yaskevich Vladimir Ivanovich - Researcher, Institute of Catalysis Fuel and Electrochemistry named after D.V. Sokolsky ”,
Almaty, Kazakhstan, e-mail: yaskevich46@mail.ru, https://orcid.org/0000-0001-9342-8337

REFERENCES

[1] Shabanova TA, Glagolev VA (2019) Graphen and natural formations, NEWS of the Academy of Sciences of the
Republic of Kazakhstan, Series of geology and technical sciences, 3 (432): 80-84. DOI: 10.32014/2019.2518-170X.71 (in Eng)

[2] Mukhin VM, Klushin VN (2012) Production and application of carbon adsorbents. [Proizvodstvo i primenenie
uglerodnych adsorbentov.] MUCTR, Moscow, Russia. ISBN: 978-5-7237-0905-08

[3] Pausova S, Riva M, Baudys M, Krysa J, Barbierikova Z, Brezova V (2019) Composite materials based on active
carbon/Ti0O, for photocatalytic water purification, Catalysis Today, 328: 178-182. DOI: 10.1016/j.cattod.2019.01.010 (in Eng)

[4] Kolodynska D, Krukowska J, Thomas P (2017) Comparison of sorption and desorption studies of heavy metal ions from
biochar and commercial active carbon, Chemical Engineering Journal, 307: 353-363. DOI: 10.1016/.cej.2016.08.088 (in Eng)

[5] Amerkhanova S, Shlyapov R, Uali A (2017) The active carbons modified by industrial wastes in process of sorption
concentration of toxic organic compounds and heavy metals ions, Colloids and Surfaces A, 532: 36-40. DOL:
10.1016/j.colsurfa.2017.07.015 (in Eng)

[6] Kudaybergenov KK, Nyssanbayeva GR, Ongarbayev YeK, Mansurov ZA, Di Capua R, Alfe M, Gargiulo V (2019)
Sorption ability of modified nano-carbon materials, NEWS of the Academy of Sciences of the Republic of Kazakhstan, Series
chemistry and technology, 3: 63-70 DOI: 10.32014/2019.2518-1491.31 (in Eng)

[7] Zhang D, Luo Q, Gao B, Chiang Sh-YD, = Woodward D, Huang Q (2016)
Sorptionofperfluorooctanoicacid,perfluorooctanesulfonateandperfluoroheptanoicacidongranularactivatedcarbon, ~ Chemosphere,
144: 2336-2342. DOI: 10.1016/j.chemosphere.2015.10.124 (in Eng)

[8] Deng Sh, Nie Y, Du Z, Huang Q, Meng P, Wang B, Huang J, Yu G (2015) Enhanced adsorption of perfluorooctane
sulfonate andperfluorooctanoate by bamboo-derived granular activated carbon, Journal of Hazardous Materials, 282: 150-157.
DOI: 10.1016/j.jhazmat.2014.03.045 (in Eng)

[9] Wang W, Deng Sh, Li D, Ren L, Shan D, Wang B, Huang J, Wang Yu, Yu G (2018) Sorption behavior and mechanism
of organophosphate flame retardants on activated carbons, Chemical Engineering Journal, 332: 286-292. DOLI:
10.1016/j.cej.2017.09.085 (in Eng)

— 20 ——



ISSN 2224-5286 5.2019

[10] Nakazawa Yo, Matsui Yo, Hanamura Yu, Shinno K, hirasaki N, Matsushita T (2018) Identifying, counting, and
characterizing superfine activated-carbon particles remaining after coagulation, sedimentation, and sand filtration, Water
Research, 128: 160-168. DOI: 10.1016/j.watres.2018.03.046 (in Eng)

[11] Krahnstover Th, Wintgens Th (2018) Separating powdered activated carbon (PAC) from wastewater — Technical
process options and assessment of removal efficiency, Journal of Environmental Chemical Engineering, 6: 5744-5762. DOI:
10.1016/j.jece.2018.09.001 (in Eng)

[12] Apimakh YeV, Leudanski AE, Volnenko AA, Zhumadullaev DK (2018) Methods of carrying out flotation processes,
NEWS of the Academy of Sciences of the Republic of Kazakhstan, Series chemistry and technology, 5: 82-91. DOI:
10.32014/2018. 2518-1491.11 (in Eng)

[13] Ni Ch, Bu X, Xia W, Peng Ya, Xie G (2018) Effect of slimes on theflotation recovery and kinetics of coal particles,
Fuel, 220: 159-166. DOI: 10.1016/j.fuel.2018.02.003 (in Eng)

[14] Sahinoglu E (2018) Cleaning of high pyritic sulfur fine coal via flotation, Advanced Powder Technology, 29 (7): 1703-
1712. DOLI: 10.1016/j.apt.2018.04.005 (in Eng)

[15] Chen P, Li H, Yi H, Jia F, Song S (2018) Removal of graphene oxide from water by flocflotation, Separation and
Purification Technology, 202: 27-33. DOI: 10.1016/j.seppur.2018.03.034 (in Eng)

[16] Xia Ya, Wang L, Zhang R, Yang Z, Xing Ya, Gui X, Cao Y, Sun W (2019) Enhancement of flotation response of fine
low-rank coal using positively charged microbubbles, Fuel, 245: 505-513. DOI: 10.1016/j.fuel.2019.02.092 (in Eng)

[17] Kolesnikov AV, Milyutina AD, Ladygina YuSh, Kolesnikov VA (2018) Development of Electroflotation Technology
for Extraction of Anionic Surfactants and Nonferrous Metal lons from Wastewater Produced at Electroplating Industries, Russian
Journal of Applied Chemistry, 9 (7): 1081-1089. DOI: 10.1134/S1070427218070042 (in Eng)

[18] Vu TP, Vogel A, Kern F, Platz S, Menzel U, Gadow R (2014) Characteristics of an electrocoagulation—electroflotation
process in separating powdered activated carbon from urban wastewater effluent, Separation and Purification Technology, 134:
196-203. DOI: 10.1016/j.seppur.2014.07.038 (in Eng)

[19] Matsuura K, Uchida T, Guan Ch, Yanase Sh (2018) Separation of carbon fibers in water using microbubbles generated
by hydrogen bubble method, Separation and Purification Technology,190: 190-194. DOI: 10.1016/j.seppur.2017.08.065 (in Eng)

[20] Kolesnikov AV, Milyutina AD, Desyatov AV, Kolesnikov VA (2019) Electroflotation recovery of highly dispersed
carbon materials from aqueous solutions of electrolyte, Separation and Purification Technology, 209: 73-78. DOL:
10.1016/j.seppur.2018.07.014 (in Eng)




News of the Academy of sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286 https://doi.org/10.32014/2019.2518-1491.49
Volume 5, Number 437 (2019), 22 —29

UDC 547.1.661.123:542.941.7:547.36

AK. Zharmagambetoval, M.M. Usmanova, A.S. Auyezkhanoval,
S.N. Akhmetova', E.T.Talgatov', N.Zh. Tumabayev', B.K. Dyusenalin®

""D.V. Sokolskiy Institute of Fuel, Catalysis and Electrochemistry" JSC, Almaty, Kazakhstan;
? Institute of Polymer Chemistry and Physics of Uzbekistan Academy of Sciences, Tashkent, Uzbekistan;
Innovative University of Eurasia, Pavlodar, Kazakhstan
a.assemgul@mail.ru

SYNTHESIS AND CATALYTIC PROPERTIES OF COMPOSITES
WITH Pd-2-HYDROXYETHYL CELLULOSE) ON BENTONITE

Abstract. Palladium composites based on 2-hydroxyethylcellulose (HEC) and bentonite (BT) have been
synthesized to use them as “green” catalysts for the process of phenylacetylene hydrogenation under mild conditions.
The introduced amount of HEC in the composites was 5, 10, and 20%. Viscometer method shows the degree of
polymer fixation on the surface of the mineral sorbent. The HEC/BT systems with polymer content of 4.1; 9.0;
18.9% have been obtained. Samples of the obtained HEC-containing composites were characterized by X-ray,
scanning and transmission electron microscopy. The data obtained have confirmed the fixing of the polymer on the
surface of support.

The sorption capacity of the developed HEC-bentonite composites to  Pd*" ions has been studied. The content
of palladium in the prepared composites desreased with the increasing of HEC amount in the [PA(HEC)BT] systems
and were : 0.9% Pd-BT/HEC (4%), 0.8% Pd-BT / HEC (9%, 0.6% Pd-BT / HEC (19%). To compare the activity
and selectivity of composites with different content of HEC in phenylacetylene hydrogenation, the catalysts with the
equal palladium content (0.6%) have were prepared. The developed catalysts showed high activity in the
hydrogenation at 40°C and atmospheric pressure of hydrogen. The most effective was 0.6% Pd-BT/HEC composite
with a HEC content of 9%, the selectivity to styrene was 92.0% with 96.4% conversion of the phenylacetylene.

Keywords. 2-Hydroxyethylcellulose, polysaccharides, bentonite, catalytic activity, hydrogenation, palladium
catalysts.

Introduction

Recently, the design of catalytic systems with the natural plant components is in the focus of scientific
interests [1-19] as renewable and environmentally friendly raw materials for chemical syntheses [20].
Polysaccharides, such as cellulose, chitosan, pectin, containing of various functional groups in their
structures are able to form complexes with metal ions [21, 22]. Cellulose is one of the most promising
polysaccharides for developing catalytic systems [15-17] due to its hydrophilicity, chirality,
biodegradability, wide chemical modifying ability, and a large surface area. The disadvantage of cellulose
in the synthesis of complex compounds with metal ions is its insolubility in water. Therefore, in this work,
hydroxyethylcellulose (HEC), was used as a soluble cellulose modification for catalyst preparation.

Catalytic properties of the developed palladium catalysts supported on HEC-modified bentonite have
been tested in hydrogenation of phenylacetylene under mild conditions.

Experimental part

The method of sequential adsorption of polymer and metal salt from water solutions was used for the
preparation of palladium catalysts [23].

A natural sorbent - bentonite (BT) was used as a support. A cellulose derivative, 2-
hydroxyethylcellulose, was chosen as the nanoparticle stabilizer. The polymer amount was chosen to
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obtain composites of support with 5%, 10% and 20wt.% of the polysaccharide. Palladium chloride was
used to prepare the catalysts with 1 wt. % of Pd. The metal ion concentration in the catalyst after
adsorption was determined on an SF-2000 spectrophotometer (Russia, 2015) using calibration curves.
Calibration was based on the measure of concentration of series of standard palladium solutions.

IR spectra were obtained on Karl Zeiss Specord-IR-75 spectrometer in the range of 4000-400 cm™.

The morphology and structure of the initial bentonite and bentonite-based HEC-containing
composites as well as sizes of metal nanoparticles were examined by scanning and transition electron
microscopy.

The phenylacetylene hydrogenation reaction was carried out in thermostatic reactor in ethanol (25
ml) at 40°C and atmospheric hydrogen pressure. Before the reaction the catalyst was saturated with
hydrogen for 30 minutes and the tested substrate was injected to the reactor. Hydrogen uptake was
measured and reaction products were detected by chromatographic analysis (“Khromos”, Russia). The
catalyst selectivity was calculated as the proportion of the target product to the sum of all reaction
products at a given conversion.

Results and discussion

Synthesis of polysaccharide-silicate composites (PSC) was carried out at room temperature and
included the following stages:

a) adding of a polymer solution to an aqueous suspension of bentonite;

b) stirring the PSC for 2 hours;

¢) precipitation of the polymer in suspension of the support for 24 hours;

d) washing and drying the PSC at room temperature.

The scheme of catalysts’ preparation is presented on the Figure 1.

Synthesis of Polysaccharide-Silicate (PSC)
Composites

|

Addition of a polymer solution to an
aqueous suspension of bentonite

|

PSC stirring

w

Precipitation of the polymer in
suspension of the support

|

‘Washing and drying

Figure 1 — The scheme for production of polysaccharide-inorganic composites

The concentration of the polymer in the mother liquor of composite was determined using a viscosity
calibration curve. The amount of adsorbed polymer was determined by the difference in mass of polymer
in the mother liquor before and after sorption. Calculated results of actual content of the polymer in
composites are presented in Table 1. It has been shown that the degree of HEC adsorption increases from
81.7 to 94.6% with an increase in the amount of polymer introduced.
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Table 1 - Adsorption of HEC on BT

The amount of entered HEC, % % precipitated HEC from the entered The content of HEC in the HEC/BT,
initial amount %
5.0 81.7 4.1
10.0 90.2 9.0
20.0 94.6 18.9

The presence of polysaccharides in the composites also demonstrated by IR spectroscopic data,
according to which the absorption bands of asymmetric and symmetric stretching vibrations of -CH
groups of HEC in the range of 2950-2800 cm™ were appeared in the spectra of composites (Table 2). In
addition, a shift in the absorption bands of the deformation vibrations of polysaccharide -OH groups in the
range of 1450— 1350 cm™ was observed. These changes can be explained by the formation of hydrogen
bonds between the oxygen-containing groups of the polymer and OH-centers of bentonite confirming
chemisorption of HEC on the surface of the aluminosilicate.

Table 2 — IR spectroscopy data of the studied samples

30H SOH(BT)
Sample vOH vCH 5C-OH VAI-O
1141
BT o -
- 525
2919 1415
HEC 3424 2973 1386
3620 1042
2925 1422
HEC/BT 3416 2876 1381 7o
519
1046
3619 2938
Pd-HEC/BT 43 5870 1462 ggé

The slight shift in bands characteristic to -OH and Al-O groups indicates the participation of BT
hydroxy groups in the binding of polymer (Table 2).

According to scanning microscopy testing, an enlargement and aggregating of HEC-bentonite species
(Figure 2, a) to compared with initial bentonite (Figure 2, b) were observed due apparently to the coating
of the alumosilicate with the polysaccharide.

o
2B &
NP

S~ L

oa : e y . ;
SElI  20kV WD11mm  S830 x1,000  10pm  — SElI  20kV WD11imm S§S30 x1,000  10pm
Sample 9069 11 Sep 2018 Sample 9021 11 Sep 2018

Figure 2 — SEM images of HEC(9%)/BT (a) and Bentonite (b)

—— 4 ——
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In order to obtain catalysts, the solution of palladium (II) salt was dropwise added into the suspension
of HEC-bentonite composite in the amount corresponding to the formation of 1%Pd-HEC/bentonite
system. Figure 3 provides a general scheme for the preparation of the supported polymer-modified

catalysts.
% Me"™

polymer

m—— - -
BENTONITE BENTONITE
BENTONITE

Figure 3 — Scheme of the formation of HEC-based catalysts

The content of metal immobilized on the polymer-modified surface of inorganic material was
determined from the change in the concentration of metal ions in the mother liquor before and after
sorption. Data on sorption are presented in the Table 4.

It is shown that the degree of deposition of palladium ions on the HEC modified bentonite decreases
with an increase in the content of polysaccharide on the composites (Table 4).

Table 4 - Sorption of Palladium Ions on HEC/BT Composites

07 03 :
. My 10 1n.the My 10™ in The degree of adsorption The metal content in
Composite initial solution, solution after 3 o
. my, - 107, g % catalyst, %
g sorption, g

4% HEC/BT 1.91 0.28 1.63 85.30 0.85
9% HEC/BT 1.91 0.30 1.61 84.30 0.84
19% HEC/BT 1.91 0.86 1.05 55.00 0.55

The IR spectroscopy data (Table 2) showed the shifts of the absorption bands of the HEC functional -
OH and -C-OH groups in the in the region of 1450-1350 cm™ of the in spectrum of three-component Pd-
HEC/BT composites. The shift in the absorption bands of the -CH-group valence vibration indicates
change in the conformation of the polysaccharide and interaction of palladium ions with the polymer
layers of HEC/BT.

According to TEM images, the obtained Pd-HEC/BT composites are characterized by agglomerates
consisting of nanosized (4-10 nm) palladium particles (Figure 4).

Thus, palladium containing composites based on natural materials like modified cellulose and
bentonite have been prepared. Interaction of the components was confirmed be IR-spectroscopy and
electrom microscopy. The polysaccharide contributes to the formation of uniform palladium nanoparticles,
which form clusters on the surface of bentonite coated with a polymer. The amount of Pd in the
composites depends on the quontity of the HEC in the composite. The smallest amount of Pd (0.6wt.%)
was detected on the HEC/BT with the content of the polymer of 19%.

100 nm
—

Figure 4 — TEM images of Pd-HEC/BT
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To compare catalytic properties of the composites with different HEC content, the catalysts with 0.6
wt.% of palladium was prepared.

The liquid phase hydrogenation of phenylacetylene was chosen as a model reaction.

Phenylacetylene is hydrogenated with formation of styrene (1) which then reduced to ethylbenzene

(2):

CH=CH2
P
= " oH, C2Hs
cat cat
1 2

The hydrogenation rate is increased with the increasing of polymer content in the catalysts from 4%
to 9% (Table 5). The further increase of the polysaccaride percentage in the catalyst lead to a desrease in
its effectiveness. The optimal palladium catalyst contained 9% HEC and was characterized with the
selectivity to styrene of 92% at 96.4% conversion of the substrate (Table 5).

It can be assumed that the reason of low hydrogenation selectivity on the catalyst with a low HEC
content (4%) was incomplete coating of the surface of bentonite with a polymer, and part of the palladium
was adsorbed directly on the bentonite, and as a result the catalytic centers can be heterogeneous. In the
case of an excess amount of polymer in the catalyst (19%), the reason for the low selectivity may be the
difficulty of transporting the substrate to the active palladium centers located inside the macromolecular
network.

To prove this assumption, it is necessary to conduct additional studies of synthesized catalysts. At the
same time, the obtained results confirm the possibility and prospectiveness of using natural materials, such
as cellulose and bentonite, to produce complex three-component polymer-inorganic composites with fixed
transition metal nanoparticles and to use them as catalysts.

Table 5 — Results of the Hydrogenation of Phenylacetylene on 0.6% Pd/BT-HEC catalysts with different polymer content

Catalyst Reaction rate, Selectivity to Conversion, %
W#*10°, mol/s styrene, %
C=C C=C
Pd/BT-HEC (4%) 32 2.7 82.2 70.3
Pd/BT-HEC (9%) 3.2 3.7 92.1 96.4
Pd/BT-HEC (19%) 3.1 3.1 87.2 90.5

Note — Experimental conditions: T=40°C; P=1 atm; m=0.05g; solvent — ethanol.

Conclusions

A HEC-based polysaccharide-silicate composite with varying amounts of polymer (5%, 10%, and
19%) has been obtained by the adsorption method. The preparation method of composites eliminates high-
temperature calcination and recovery. By the viscometer method, it was found that the degree of
adsorption of HEC varies within 81.7-94.6%. The presence of polysaccharides in the composition of the
obtained composites was confirmed by IR spectroscopy, TEM and SEM. It was established that a change
in the amount of polymer in the composition of the catalyst affects the selectivity of the hydrogenation
process. The prospects of using polysaccharide-silicate composites as components of hydrogenation and
oxidation catalysts are shown. Such systems can be attributed to a new generation of "green" catalysts.

The optimal catalyst for the hydrogenation of phenylacetylene is a palladium HEC/BT catalyst with a
HEC content of 9%, the selectivity of which for styrene was 92% at 96.4% conversion of the substrate.

This work was supported by the State Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan (grant AP05133114).
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BEHTOHUTTIH BETIHJIE Pd-2-THJIPOKCUITUJINEJIJIIOJIO3A BAP KOMIIO3UTTEPAIH
CHUHTE3I MEH KATAJINTUKAJIBIK KACUETTEPI

AnHoramms. JKymcak jkarmaiina (eHWIALETHICHAI THAPJIEY MPOLECIHIEe <«KachUD» KaTajlu3aTop pPeTiHae
nmaiinanany ymriH 2-rugpokcmyTiiai nemtrono3a ([D10) sxone 6enronut (BT) nHerizinme mammaguii I'IL]-crmukaTTh
KOMIIO3UTTEP CHHTE3IEIII.

Kommosurrep kypambianarsl I'OL-HeIH ecentik canbl 5, 10 xxoHe 20% Kypaasl. BUCKO3UMETpUANBIK dicTieH
MUHepanIsl COPOSHTTIH OeTiHe MOTUMEPAiH OEKITITy Aopekeci KopCceTii.

Kypambiaga 4,1, 9,0, 18,9% nomumepi 6ap I'DL/BT xyitenepi anpiabsl. Ansiarad ['O1]-KypaMasl KOMIOZUTTED
HKC, ckaHepieHTiH OHE JKapbhIK TYCIPETIH DJICKTPOHJBIK MHKPOCKONHS OIICTCPIMEH CHUMATTAFaH. AJIBIHFAH
MOJIIMETTEp TaChIMaJJayIIbIHBIH OeTiHE MOJIMMEPAiH OCKITUINeHIH pacTaibl.

Pd*" mompapsina KaTbicThl o3ipienren [ DL[-CHINKATTE KOMIIO3HTTEP/IH COPOLMAIBIK OENCEH TN 3epTTey
OOoMbIHIIA KYMBICTAp KYPri3iiai. O3ipiaeHreH KOMIO3UTTEpAIH KypaMbIHa najutaauiiain Kypamel ['O1] menmepinin
yrrarobiMeH azaiasl: 0,9% Pd-IT/ I'9C (4%), 0,8% Pd-BT/T3L] (9%), 0,6% Pd-BT/T'OL] (19%). Kypambeaga 'OL]
6ap KOMNO3WTTEpIiH OCNCEHAINIri MEH CEeNeKTHBTUIrH CalbICTBIpy YIIIH nauraanii memmepi Oipneit (0,6%)
KaTanu3aropiap JaibIHIaIbl.

O3ipieHreH nawaauid karamusaropiapsl 40°C TemmepaTypaja koHE CyTeTiHiH aTMoc(epalblK KbICBIMBIHIA
(heHMIATICTWIICH ] THAPHUPIICY PEaKIUACHIHIA OenceHaumiK kepcerTi. EH xorapsl TriMainikke KypambiHaa 9% ['OL]
6ap 0,6% Pd-BT/I'DL] koMIO3UT Me, OHBIH KAaTBICBIHAA CyOCTpaTThIH KOHBepcHsACH Kesinae 92,0% OosraH cTUpPOI
6oiipIHIIa TamFamMna3abUIbIK 96,4% Kypassl.

Tyiiin ce3mep: 2-THIPOKCHUATWIAI LEJUIION03a, MOJUCAXAPUATEP, OCHTOHUT, KATAJTUTHUKAJIBIK OCICeHIUTIK,
rUzpIiey, NaulaJuil KaTalu3aTopiapsl.
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CHUHTE3 U KATAJIMTUYECKHE CBOﬁCTuBA KOMITIO3HUTOB C Pd-2-
I'MAPOKCHUITWILEJLIIOJI030U HA BEHTOHUTE

Annoraumsa.  CunrtesupoBanbl  namwiagueBble [ Oll-cunukaTHble  KOMIO3UTHL  Ha  OCHOBE  2-
runpokcudTIe U003 (I'D1]) u 6enronnTa (BT) ¢ 1enmbio MpUMEHEHNS HX B KAUECTBE «3ETICHBIX)» KaTaln3aToOpOB
JUIA TIpoLlecca THUAPUPOBAHMS (PEHWIALCTHIICHA B MATKUX YCIOBHsX. PacderHoe kommdectBo ['DI] B cocraBe
KOMITO3UTOB cOCTaBisuIo 5, 10 u 20%. Bucko3uMeTprueckuM METOAOM MOKa3aHa CTENEHb 3aKpEIICHUs MoIuMepa
Ha TOBEPXHOCTH MUHepaibHOro copbenTa. beun nmomydensr ['D11/ BT cucremsl ¢ conepxkanuem nonumepa 4,1, 9,0,
18,9%. O6pasubl momyueHHbix [Oll-comepkammx KOMIO3UTOB ObutM oOxapakTepuzoBaHbl Meronamu HKC,
CKaHUPYIOIIEH U MPOCBEUYUBAIOIIEH 3JIEKTPOHHON MHUKpockonuu. [lonmydeHHblE 1aHHbIE TOATBEPANIIN 3aKPEIUICHNE
MOJIMepa Ha MIOBEPXHOCTH HOCUTEIIS.

IIpoBeneHBI HCCICAOBAHHS IO H3YUYCHHIO COPOIIMOHHOM aKTUBHOCTH pa3paboTaHHbIX [ DIl-crIMKaTHBIX
KOMIIO3UTOB 110 oTHOmeHmo K moHam Pd®". Coxepikamue namiagus B cOCTaBe pa3pabOTAHHBIX KOMIIO3HTOB
yMeHbImanock ¢ ypenuueHuem komumdectBa DI 0,9% Pd-BT/ I'OL (4%), 0,8% Pd-BT/I'3L (9%), 0,6% Pd-
BT/T211 (19%). 1ns cpaBHEHUST aKTHBHOCTH M CEJICKTUBHOCTH KOMITIO3HTOB C PA3IUYHBIM cojiepkanneM [ 'O Obutn
MIPUTOTOBJICHBI KaTaJIM3aTOPBI C OAMHAKOBBIM cozepxanueM namianus (0,6%).
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PaspaboraHHple MajulagyieBble  KaTAIU3aTOPbl  [MOKA3aJlM  aKTUBHOCTH B PEAaKUUU THAPHPOBAHHS
¢denmnanermwieHa npu temmneparype 40°C u atMochepHOM naBieHUH Bogopoxaa. Hambompmeit 3hekTuBHOCTRIO 1
aktuBHOCTRIO oOmamaer 0,6% Pd-BT/I'OL] xommo3ut ¢ coxepxkanmeM DLl 9%, cCeneKTHBHOCTh HA KOTOPOM IIO
ctupoiy coctaBuia 92,0% npu 96,4% xonBepcuu cyodcTpara.

KnroueBble cioBa. 2-I'MIPOKCHITHIILEIUIION03a, TOIKCaxapuipl, OEHTOHUT, KaTaJUTHYeCKas aKTHBHOCTB,
THAPHUPOBaHKE, NaJIaJUEBbIe KaTaIN3aTOPBL
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EFFECT OF THE TERMAL TREATMENT TEMPERATURE
ON THE DURABILITY AND THE CRACKING ACTIVITY OF THE
CATALYSTS ON THE BASE OF MODIFIED MONTMORILLONITE

Abstract. Increase of the durability of granules of Al (2.5) NaHMM +HLaY-catalyst at crush with temperature
increase of calcination of catalysts from 500 to 650°C is found. It is noticed that the introduction of zeolite Y in the
replaced rare-earth form leads to growth of durability of the granulated catalyst.

It is shown that preliminary calcination at 550,600°C of the zeolitecontained catalysts supported on the activated
Al-pillared montmorillonite in Na-and CaNa — forms, leads to significant reduction of yields of gasoline on these
catalysts that demonstrates that heat treatment of the catalyst increases durability, but does not provide necessary
activity of the catalyst in the fuel direction.

Keywords: catalytic cracking, termal treatment, pillared montmorillonite, gasoline, light gasoil, vacuum gasoil.

Introduction. One of the most important operational characteristics of heterogeneous catalysts is
their mechanical strength with respect to compression, bump and abrasion, depending on the technology
of the catalytic process [1,2]. With the continuous movement of the catalyst in the form of a fluidized bed
in catalytic cracking units, the catalyst particles are hit against the equipment walls and against each other
with the formation of crumb catalyst and dust, which requires constant replenishment and significantly
increases the cost for the production of cracking products. For catalytic processes, an important role is
played by the selection of the matrix or carrier, which provides the necessary porous structure, specific
surface area, heat resistance, and mechanical strength of the catalyst. It is known that the strength
characteristics of catalysts are determined by their composition and textural properties - porosity, specific
surface, size of primary particles, etc. However, there are very few works in the literature devoted to the
study of the relationship between strength and physicochemical properties of catalytic systems [3]. In
connection with the above, the development of new effective ways to increase the mechanical strength of
catalysts for oil refining based on natural clays and zeolites seems to be an actual task for modern oil
refining.

In this work, Tagansky montmorillonite was used as a matrix of catalysts, on the basis of which new
highly efficient cracking catalysts were synthesized by pillaring of clays [4,5]. However, the strength of
catalysts based on matrices with pillared montmorillonite does not always corresponded to the
requirements of their operation. To increase the strength and durability of the catalysts, pretreatment of
natural montmorillonite was varied by adjusting the calcination temperature, which is accompanied by an
increase in the bulk density and strength of the catalysts.

The purpose of the work is to determine the crush strength and the activity of catalysts based on Al-
pillared montmorillonite and zeolite Y in the cracking of vacuum gas oil, depending on the temperature of
the preliminary calcination of the catalyst.
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Experimental part

In the synthesis of pillared clays, an aluminum hydroxocomplex of the proposed composition [Al;304
(OH) 4 (H,0) 5] ™, abbreviated (Al;;’ ) with a four-coordinated aluminum atom, was used as a fixing
agent. The method of obtaining oligomeric (Al;;” ) consists in hydrolysis of an aqueous AICI; solution
with an aqueous solution of NaOH with a ratio of OH- / AI’ * = 2.5 and a final pH = 4.1 under conditions
of vigorous stirring. The procedure for the synthesis of aluminum montmorillonite (AINaHMM) is
described in[6]. The catalyst was additionally modified with zeolite Y in the substituted La-form (15%).

Elemental analysis of the catalyst samples was carried out by the method of energy dispersive - X-ray
fluorescence spectroscopy on the energy dispersive microanalysis system INCA - Energy 450, installed on
a JSM6610LV scanning electron microscope, JOEL, Japan.

The crush strength of the investigated catalysts was determined from the results of three
measurements on the device “Prochnomer katalizatorov” PK-21-015, JSC BSKB «Neftekhimavtomatikay
(Russian).

The catalytic activity of the samples was determined in a laboratory flow-type installation,
corresponding to the standard, with a fixed catalyst bed in an amount of 30 ml. The catalytic activity was
determined in the temperature range 480-550°C with a bulk feed rate of 1 hour. Vacuum gas oil (VG) of
the Pavlodar Petrochemical Plant (PPCP) with the end of boiling point of 510°C was used as a raw
material for cracking. During the distillation of catalyzate, the gasoline fractions TbApA—2050C and light gas
oil 205-350°C were collected. The analysis of the hydrocarbon composition of gasoline cracking was
performed on a chromatograph “Chromos-1000" with a flame ionization detector and a capillary column
100 m long; temperature is 250°C; helium is carrier gas.

Results and discussions

At present, montmorillonite is successfully used in the matrix of Russian industrial cracking catalysts
[7,8]. In addition to participation, along with other components of the matrix (aluminosilicate, aluminum
oxide) in the formation of the porous structure of the catalyst and the primary cracking of large
hydrocarbon molecules, montmorillonite provides the mechanical strength of the catalyst, which is
determined by the pretreatment method of montmorillonite, its porous structure and composition. It is
known that the pillaring of clays with metal oxides with the formation of columnar structures leads to the
formation of new porous materials with a high specific surface, a large volume of micro- and mesopores,
and an increased thermal stability [9]. Matrix-based catalysts with Al-pillared montmorillonite were
chosen as objects for developing ways to increase crushing strength due to the fact that they had the
highest activity on gasoline output, but were distinguished by low strength. To increase the strength and
durability of the catalysts, pretreatment of natural montmorillonite was varied by adjusting the temperature
of calcination in air and introducing various additives before the intercalation stage. To select the optimum
temperature for calcining catalysts, two batches of Al (2.5) NaHMM + HLaY and Al (2.5) CaNaHMM +
HLaY catalysts were prepared. A preliminary analysis of the samples was carried out (Table 1), from
which it is clear that NaMM activation with sulfuric acid helps remove Na * ions from the initial
montmorillonite and reduces the sodium content from 1.4% in the original NaMM to 0.2% in activated
NaHMM and remove it completely after aluminum pillaring. The elemental compositions of the initial
NaMM and CaNaMM are close to each other. The difference was found only in some excess of iron in
NaMM compared to CaNaMM. The introduction of HLaY into the catalyst leads to an increase in the
sodium content to 0.5%, and the amount of La is 2.0%. The composition of the catalyst varies little after
testing in cracking.

Table 1 - The elemental composition of composite catalysts based on Al-pillared montmorillonite
before and after the cracking of vacuum gas oil on it

Sample C O Na Mg | Al Si Cl Ca Fe La
NaMM 7.78 | 51.6 | 1.4 2.1 113 1247 |03 0.56 | 0.39 -
NaHMM 8.09 | 52.5 | 0.2 2.0 114 ] 250 | - 0.38 | 0.37 -
Al(2.5)NaHMM 11.2 | 546 | - 1.2 119 | 20.8 | - - 0.25 -
Al(2.5)NaHMM+HLaY 10.5 | 53.7 | 0.5 0.8 10.8 | 21.5 | - - 0.21 2.03
Al(2.5)NaHMM-+HLaYafter the experience 104 | 524 |1 04 0.9 113 | 22.7 | - - 0.20 1.75
CaNaMM 7.8 |52.0 |09 1.9 12.0 | 246 | - 0.61 | 0.25 -
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The crush strength of the studied catalysts, as can be seen from the results of Table 2, depends on the
composition and temperature of the preliminary calcination.It is noticed that the introduction of zeolite Y
in the replaced rare-earth form leads to growth of durability of the granulated catalyst. With an increase in
the temperature of calcination of Al (2.5) NaHMM + HLaY- catalyst from 500 to 650°C, its strength
increases sharply and at 600°C reaches its maximum value and then decreases. On the spent catalyst, the
strength at all calcination temperatures is slightly lower than the strength of the initial, and the maximum
strength equal to 104.6 N / cm® was found at a calcination temperature of 550°C.

Table 2 - Strength characteristics of Al (2.5) NaHMM + HLaY- catalysts depending
on the temperature of calcination by compression method

Sample Calcination temperature, C Strength, N / e’

Al(2.5)NaHMM 500 50.1
Al(2.5)NaHMM-+HLaY 500 80.1

550 100.3

600 107.2

650 94.3
Al(2.5)NaHMM-+HLaY 500 80.1
(after experience) 350 104.6

600 70.3

650 77.4

Earlier, we showed that Al (2.5) NaHMM + HLaY showed high activity on the yield of gasoline
during the cracking of VG PPCP. This vacuum distillate has the end of boiling point (EBP) of 534°C.
Fractional composition: initial boiling point(IBP) - 282°C; 5% -342; 10% -360; 50% -423; 90% -494; 95%
-516°C. Mass fraction of sulfur is 0.103%, density at 20°C-885.6 kg / m’.

The conversion of VG at its cracking increases with increasing temperature, while the yield of
gasoline drops from 51.2% at 480°C to 33.6% at 550°C, and the yield of light gas oil grows in these
conditions by 2.7% (Table 3). The maximum yield of gasoline obtained on this catalyst at 480°C. The
conversion of SH and the total yield of light products under these conditions are also maximum and
amount to 93.0 and 69.4%, respectively [10]. The amount of gaseous reaction products increases with
increasing cracking temperature from 17.8% at 48 ° C to 26.8% at 550° C. The amount of coke deposited
on the catalyst during the cracking process also increases with increasing process temperature.

Table 3 - Material balance of VG cracking on Al (2.5) NaHMM + HLaY- catalyst at different temperatures

Raw material VG

Experience temperature, °C 480 | 500 | 550
Yield of products,%

Gas 17.8 20.0 26.8
Gasoline (IBP-205°C) 51.2 435 33.6
Coke 5.8 6.4 7.7
Light gas oil (205 - 350°C) 18.2 18.0 20.9
Heavy gas oil (>350°C) 42 9.1 8.2
Losses 2.8 3.0 2.8
Conversion 93.0 87.9 89.0
The total content of light products 69.4 61.5 54.5

The main disadvantage of this catalyst is its very low strength, which increases during calcination at
high temperatures (Table 2). To determine the effect of calcination temperature on the activity of these
catalysts in cracking, a batch of VG PPCP grade A, type 2 was used. The EBP of VG was 510°C, the
density at 20°C 907.7 kg / m®, kinematic viscosity at 50 ° C is 22.691 mm” / s, sulfur content is 1.43%,the
temperature of hardeningis 27°C, coking ability 0.21wt.%.

— 3 ——
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Table 4 - The main technical parameters of VG PPCP, obtained in 2018

Sample Test method Norm Actual values

1 Fractional composition: TURB-3002206696.004-2001

a) up to 350°C is distilled,% not 18

more than

b) 90% distilled at 0C, not 535

higher
2 Density at 20°C, kg / m3 GOST 3900 870+952 907.7
3 Kinematic viscosity at 50° C, GOST 33 5+25 22.691

mm®/ s
4 Mass fraction of sulfur,% mass. | ST RK ISO 8754 no more 2 1.7-1.43
5 OFlash point in closed crucible, | GOST 6356 not less 61 145

C
6 Pour point, °C GOST 20287 not less 10 27
(method A)

7 Coking ability, % mass. GOST 19932 no more 3 0.21
8 Fe amount,% mass. X-ray fluorescence analysis 0.05
9 Ni amount, % mass. X-ray fluorescence analysis 0.01

The catalyst calcined at temperatures of 500, 550 and 600°C was tested in the cracking of VG at
different temperatures (Table 5). Analysis of the data presented in Table 4 shows that with an increase in
the temperature of the experiment from 480 to 550°C and calcining to 600°C, the catalyst activity in the
fuel direction decreases significantly. Thus, the yield of gasoline decreases from 40.5% to 27.1% with an
increase in the temperature of the experiment from 480 to 500°C and calcining from 500 to 550°C. A
decrease in the yield of gasoline and an increased (growth of ~ 2 times) the formation of gases is probably
due to a change in the porous structure, acidity, and elemental composition of the catalyst with increasing
temperature of calcination. This is confirmed by a further decrease in the yield of gasoline with an
increase of the calcinationtemperature to 600° C (Table 5). Under these conditions, the yield of gasoline
decreases to 21.4%, while the yield of light gas oil increases to 23.1% and gaseous products to 48. 3%.

Table 5 - Material balance of VG cracking on Al (2.5) NaHMM + HLaY-catalyst at different temperatures
of the experiment and calcining (up to Teye = 600°, regeneration at 550°C)

Raw material VG
Experience temperature, "C 480 500 500 550
Calcinat on temperature, °C 500 550 600 600
Yield of products,%
Gas 28.6 41.6 48.3 43.6
Gasoline (IBP-205°C) 40.5 27.1 214 21.1
Light gas oil (205 - 350°C) 20.8 11.2 23.1 25.0
Heavy gasoil (> 350°C) 4.4 12.1 3.8 5.6
Coke 3.7 3.9 22 2.7
Losses 2.0 4.1 1.2 2.0
Amount of products 100 100 100 100

The next series of experiments was carried out using montmorillonite in CaNa-form from the
quarry«Zapadny» of 12 horizons containing the following alkaline cations: Na™ 35 mg / eq, Ca™ >28 mg
/ eq, Mg™ = 24 mg / eq, K" ~ 4.0 mg / eq. (Table 6). After activating with acid and pillaring
ofmontmorillonite by aluminum the composition and textural characteristics approach to the previously
used MM in the Ca- and Na-forms. The raw material was VG PPCP grade B type 2 with a density of
907.7 kg / m®, kinematic viscosity at 50°C equal to 27.05 mm?s, the sulfur content is 1.5 wt.%,the
temperature of hardeningis 30°C and coking ability is 0.14 wt.%.
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Table 6- Material balance of VG cracking on Al (2.5) CaNaHMM + HLaY -catalyst at temperatures
of 480, 500, 550°C, calcining at 500, 550, 600°C and the ratio of catalyst : raw = 1:1

Raw material VG

Experience temperature, °C 480 500 500 500 550 *550
Calcination temperature, °c 600 500 550 600 600 *600
Yield of products, %

Gas 36.4 5.8 28.9 29.2 42.2 32.6
Gasoline (IBP-205°C) 39.2 58.5 46.8 46.4 30.0 36.2
Light gas oil (205 - 350°C) 16.8 29.1 16.2 17.2 19.2 14.8
Heavy gas oil (>350°C) 32 2.0 3.5 2.9 3.8 4.7

Coke 2.4 2.5 2.4 1.8 2.5 8.2

Losses 2.0 2.1 22 2.5 2.3 3.2

Amountofproducts 100 100 100 100 100 100

* ratio of catalyst: raw = 2: 1.

A freshly prepared catalyst, calcined at 500° C, cracks VG at 500°C to produce 58.5% of gasoline, the
amount of which decreases with an increase in the preliminary calcination temperature to 550°C and
600°C to 46.8% and 46.4%, respectively (Table 6). Heat treatment of the catalyst at 600° C reduces the
yield of cracking gasoline regardless of the process temperature itself. The yield of gasoline increases with
increasing ratio of catalyst: VG from 1: 1 to 2: 1.

The results indicate that heat treatment of the catalyst increases the strength, but does not provide the
necessary catalyst activity in the fuel direction. A decrease in the activity of a catalyst calcined at a high
temperature is possible, due to the influence of the temperature of the calcination on the textural and acidic
characteristics of the catalyst,hasinfluence on the cracking direction.

The group composition of gasoline formed during the cracking of VG on Al (2.5) NaHMM + HLaY
depending on the temperature of calcination is presented in Table 6, from which it can be seen that with
increasing temperature of calcination an increase in the number of isoparaffins is observed while the
relative content of olefins and aromatic hydrocarbons in gasoline is reduced by 18-20%. The octane
number (O.N.) of gasoline cracking by motor method (m.m) decreases with increasing temperature of
preliminary calcination of catalysts from 550 to 650°C by 5 units.

Table 7- Group composition of gasoline cracking VG on Al (2.5) NaHMM + HLaY
at different temperatures of the calcining of the catalyst

Catalyst Calcinati-on Hydrocarbon composition
0

temp-re, °C Paraffin-naphthenic Isoparaffins,mas | Olefins,m | Aromaticsmas O.N.
hydrocarbons,mass.% $.% ass.% $.% (m.m)

Al(2.5) 550 13.2 16.86 39.88 19.14 65.0

NaHMM+
HLaY 600 10.87 28.38 24.24 21.49 63.0
650 9.02 27.58 31.63 15.61 60.0
Conclusion

An increase in the crushstrength of granules Al (2.5) NaHMM + HLaY-catalyst was found with an
increase in the temperature of calcination of the catalysts from 500 to 650°C. It is noticed that the
introduction of zeolite Y in the substituted rare-earth La-form also leads to an increase in the strength of
the granular catalyst.

It was shown that preliminary calcination of zeolite-containing catalysts deposited on pillared Al
activated montmorillonite in Na- and CaNa-forms at 550, 600°C leads to a significant decrease in gasoline
yield on these catalysts, which indicates that thermal treatment of the catalyst increases the strength, but
does not provide the necessary catalyst activity in the fuel direction.

— 34 ——
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TYPJIEHAIPIVI'EH MOHTMOPUJIJIOHUT HETI'BIHAEI'T KATAJTM3ATOPJIAP BEPIKTII'T MEH
KPEKMHI'TEY BEJICEHAIIITTHE TEPMUAJIBIK OHJAEY TEMIIEPATYPACBIHBIH 9CEPI

Annotanusi. Tepmusuteik oHzey TemmnepartypacsiH 500-neH 650°C neitin xorapbutatkanaa Al(2.5) NaHMM-+HLaY-
KaTaJau3aToOpbl TYHIPIIIKTEpiHIH YriTUIyre Kapchl OepikTimiri apraTbiHbl TaObuiabl. TyHIpHIIKTeNreH KaTanu3aTopra
apanacThIpbUIFaH CHpeK kep La-opmackiHa Y 1[EONHUTIH €HT13y OCpIKTUTIKTIH 6CyiHe OKeNeTiH OalKamibl.

Na- sxone CaNa-¢popmasibl Al-MeH MUUIapUpIIEHIN OeICeHAIPIIreH MOHTMOPMIIOHUTKE €HI131IMeH 1IeOIUTKYPAMAbI
Kkatamusatoprapasl 550,600°C kesiHge amibiH ana TEPMUSUIBIK OHJIEY OChl KAaTATM3aTOPIAPAA OCH3MH IIBIFHIMBIHBIH
TOMEHJICyiHe aJblll KeJedi, Oyl KaTaau3aTOpAbl TEPMISUIBIK OHJIEY OEepiKTUIIKTI apTThIPFaHBIMEH OTBIH OarbITHIHAA
KaTaJIN3aTOPABIH KaXKETTi OCIICEHALTIK TaHbITa aIMAHTHIHBIH KOpCeTe .

Tyiiin ce3nep: Karanusmik KpeKUHT, TEPMUSIBIK OHAEY, NMUUIAPUPJICHICH MOHTMOPWUIOHUT, >KaHapMai, jKeHLI
ra3onjib, BAKYyMIBIK Ia30MIb.
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BJIMAHUE TEMIIEPATYPBI IIPOKAJIKA HA ITPOYHOCTDb U KPEKUPYIOIIYIO AKTUBHOCTbD
KATAJIN3ATOPOB HA OCHOBE MOJU®HUIIUPOBAHHOI'O MOHTMOPHJIVIOHUTA

Annortauus. HaiineHo ysennuenue npounoctu rpanyn Al(2.5)NaHMM-+HLaY- katanuzatopa Ha pa3aaBiuBaHHE C
MOBBIIICHUEM TEeMIIEpaTypbl HpPOKaJIKW KaTtanu3aTopoB c¢ 500 no 650°C. 3ameueno, uto BBemeHue meonnta Y B
3aMelIeHHOH peaKo3eMenbHoi La- Gpopme Takke NPpUBOAUT K POCTY MPOYHOCTH TPAaHyIMPOBAHHOTO KaTannu3aTopa.

[okasaHo, 4TO peABapUTeNbHAs Ipokanka mpu 550, 600 °C HeonnTcoaepkKalMX KaTaTu3aTopoB, HAHECEHHBIX Ha
MUWUIAPUPOBaHHBIH Al akTUBHUPOBaHHBIH MOHTMOPHUIOHUT B Na- u CaNa —(opmax, NPUBOAUT K CYLIECTBEHHOMY
YMEHBIICHUIO BBIXOZOB OCH3MHA Ha STHX KaTalM3aTopax, YTO CBUAETEIBLCTBYET O TOM, YTO TepMHUYecKas oOpaboTka
KaTaJH3aTopa IOBBIIIAET IPOYHOCTh, HO HE obecreunBaeT HEOOXOJUMOW aKTHBHOCTH KaTalM3aTopa IO TOILUIMBHOMY
HAaIpaBJIECHUIO.

KioueBble cj0Ba: KaTaJUTHYECKUH KPEKUHT, TepMHUYeckas o0paboTKa, MWILIAPHPOBAHHBIA MOHTMOPWIUIOHHUT,
OCH3MH, JIETKUH ra3oiiib, BAKyyMHBIH Ia30iib.
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CATALYTIC HYDRODEAROMATIZATION OF MOTOR FUELS
AS A METHOD OF PRODUCING ECO-FRIENDLY FUELS

Abstract. The aim of the work was to study the process of hydrodearomatization of gasoline fractions and
diesel fuels for the production of environmentally friendly fuels with a low content of aromatic hydrocarbons.
Hydrogenation of two gasoline fractions of LLP Atyrau Refinery (AR) and LLP Pavlodar Refinery (PR) and two
diesel fuels of PA and LLP PetroKazakhstanOilProducts, Shymkent (PKOP) on Rh-Pt/Al,O; catalyst was studied.
The influence of the technological parameters of hydrodearomatization process (pressure 1-5 MPa, temperature 25-
200°C) on the content of benzene and aromatic hydrocarbons was studied. At temperatures of 50-200°C and
hydrogen pressures of 2-5 MPa, benzene is completely removed from the fractions, and the amount of aromatic
hydrocarbons is reduced by 1.5-2 times. Some operational properties (kinematic viscosity at 20°C, pour point and
cloud point, flash point, density at 20°C, iodine number, aromatic hydrocarbon content) of the initial diesel fuels of
PA and PKOP and after catalytic treatment were determined. In process of hydrodearomatization all operational
indicators were improved and approached the standards for diesel fuel, and the cetane index increased by 1-2 units.

Keywords: catalyst, hydrogenation, hydrodearomatization, aromatic hydrocarbon, gasoline fraction, diesel fuel.

Introduction

In the world production of motor fuels, there is a constant tendency to tighten not only their
operational but also environmental characteristics. One of the ways to improve the environmental
characteristics of motor gasolines is to reduce the content of aromatic hydrocarbons, in particular,
benzene. The problem of reducing the benzene content in motor gasolines is particularly acute for
domestic oil refining. The content of benzene and aromatics in gasolines, significantly exceeding
international standards (Euro 5 < 1% benzene and < 30% aromatics, Euro 6 - 0.1% benzene and 11%
aromatics), is due to the predominant production of gasolines by reforming process.

The main reactions of hydrocarbons on the catalyst during the reforming process are the
dehydrogenation of naphthenes and the dehydrocyclization of paraffin hydrocarbons, which lead to the
accumulation of aromatic compounds with a high octane number in the reforming product. However, these
compounds are the most toxic of all hydrocarbon groups and they form poisonous substances during
combustion. Particularly dangerous is benzene, which forms benzopyrene during combustion, which,
according to the degree of toxicity belongs to the first hazard class with a maximum permissible
concentration - 0.000001 mg/m’. Up to 58% aromatics are formed in reforming plants, and the benzene
content can exceed 3% vol. This implies the task of development and implementing additional reformate
processing processes in order to reduce the benzene content in it. Benzene reduction in reforming products
is possible by the following methods [1-2]:

- hydrogenation of benzene with the formation of cyclohexane, leading to some decrease in the octane
number of the component;

- extraction of pure benzene, cost-effective only with its further effective use;

- alkylation with low molecular weight olefins, which allows not only to solve the problem of benzene
removal, but also to increase the yield of the target high-octane component;
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- hydroisomerization of benzene to cyclohexane followed by isomerization to methylcyclopentane
with a slight increase in the octane number and yield of the target component;

- transalkylation of benzene and aromatic hydrocarbons Co., leading to a decrease in the yield of the
target product;

- fractionation of the reformate to obtain a set of fractions, then mixed in various proportions to
achieve the desired result,

- reforming + hydroisomerization of benzene - hydrogenation of benzene to cyclohexane, followed by
its isomerization to methylcyclopentane (RIGIZ).

The authors of RIGIZ [1] explain the benefits of hydroisomerization of cyclohexane to
methylcyclopentane with a higher octane number of the latter 92, while cyclohexane has 88 units.

Diesel fuel in its composition has 15-30% aromatic hydrocarbons, 10-40% paraffin hydrocarbons and
20-60% naphthenic hydrocarbons. The high content of aromatic hydrocarbons reduces the value of the
cetane number of diesel fuel and increases the emissions of particulate matter into the environment,
adversely affects the ignition time, and increases the height of the non-soaking kerosene flame. For these
reasons, reducing the content of aromatic hydrocarbons by hydrogenation is also relevant to improve the
environmental friendliness of diesel fuels. In the process of hydrogenation, aromatic hydrocarbons are
converted to naphthenic hydrocarbons, and the olefins found in fuels are converted to more stable paraffin
or naphthenic hydrocarbons depending on their nature in the feedstock [3-4].

According to the regulation EN590:2010 in force in the European Union, the content of polycyclic
aromatic hydrocarbons (PAHs) in diesel fuels should not exceed 8% wt. [3]. In the USA, the total content
of aromatic hydrocarbons in diesel fuels is limited to 10% vol., and PAHs - 1.4% vol. [4]. The standards
adopted in Sweden are the most stringent in the world: the volume fraction of aromatic hydrocarbons in
diesel fuels should not exceed 5%, and PAHs - 0.02% [5].

Tighter requirements for motor fuels are observed in the CIS countries. According to the current
Technical Regulations of the Customs Union of Russia, Belarus and Kazakhstan, diesel fuel may contain
no more than 11% wt. PAHs.

The use of fuel purified from aromatic hydrocarbons (gasoline and diesel fuel) can significantly
reduce its consumption, minimize the load on the engine and have minimal environmental impact.

A significant number of studies have been devoted to the problem of hydrodearomatization of oil
products for the production of environmentally friendly fuels [6-16]. The most effective catalysts are
metals of group VIII, which, in terms of activity for the hydrogenation of benzene, are arranged in the
following order Rh> Ru >> Pt >> Pd >> Ni> Co.

In industry, both catalysts based on metals of group 8 and sulfide are used, but in the latter,
hydrogenation of benzene and aromatic hydrocarbons is carried out under more stringent conditions. The
most widely used carriers in the industry are active alumina, synthetic amorphous and crystalline
aluminosilicates (zeolites). Two-stage of deep hydrodearomatization processes have become common in
abroad in which NiW or NiMo sulphide catalysts are used in the first stage and more active acid supported
bimetallic platinum-palladium catalysts in the second stage. The developers of two-stage processes are
such largest companies as Shell, UOP, Criterion Catalyst.

Thus, in the literature on catalysis in recent years, there has been considerable interest to the process
of hydrogenation of aromatics, which is largely explained by the practical application in the production of
environmentally friendly fuels.

In previous works [17-20], it has been studied by us the catalytic hydrogenation of aromatic
hydrocarbons, developed catalysts and process conditions for the hydrodearomatization process (removal
of benzene and decrease in the content of polyaromatic hydrocarbons) of gasoline fractions of "Atyrau
Refinery" LLP. The aim of this work is the catalytic hydrogenation of benzene, mono- and polyaromatic
hydrocarbons in gasoline fractions of "Atyrau Refinery" LLP and Pavlodar Oil Chemistry Refinery
(POCR LLP) , as well as diesel fuels POCR LLP and PKOP LLP (PetroKazakhstan Oil Products,
Shymkent)

Experimental part
Bimetallic modified catalysts based on Group 8 metals (Pt and Rh) on aluminum oxide were prepared
for hydrodearomatization of gasoline fractions and diesel fuels. At preparation of catalysts RhCl;-3H,0,
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H,PtCls-6H,0 of "chemically pure" mark were used. Solutions of these compounds were applied by the
adsorption method on the prepared carrier Al;O;. A mixture of aqueous solutions of two metals was
applied at preparation of bimetallic catalysts. The catalyst samples were filtered off and dried at 100-
110°C to constant weight. The reduction of supported catalysts was carried out in a quartz tube with
electrical heating in a hydrogen stream at 200°C for 4 hours, then the catalysts were cooled in a hydrogen
stream until room temperature.

The experiment was carried out on a kinetic installation - the autoclave of "Amar Equipment Ltd" in
the isobaric-isothermal regime.

The chromatography method was used to determine content of benzene and aromatic hydrocarbons.

Results and discussion

Hydrodearomatization of the gasoline fractions was carried out on the prepared catalysts. Stable
catalyzate of Atyrau Refinery (AR) and gasoline fraction Stable catalyszate of PCOP refinery. Both
fractions were obtained as a result of reforming.

Table 1 presents data on the content of benzene 1.0 - 3.23% and aromatic hydrocarbons 55.04-58.68%
in both fractions.

Table 1 - The content of benzene and aromatic hydrocarbons in the gasoline fractions of AR and PKOP

Name of fraction Benzene content, mas. % Aromatics content, mas. %
Stable catalyzate of AR 3.23 55.04
Stable catalyzate of PKOP 1.0 58.68

We studied the effect of the content of the active catalytic phase on the composition of the
components of two gasoline fractions during hydrodearomatization on 0.2% Rh-Pt/Al,05, 0.5% Rh-
Pt/Al,0Osand 1.0% Rh-Pt/Al,O; catalysts.

Figure 1 shows the composition of the catalysis before and after the catalytic treatment of the gasoline
fraction. The stable catalyzate AR at 50°C and 0.4 MPa. With an increase in the content of the active
phase, the conversion of aromatic hydrocarbons increases, its content decreases from 55.05% to 34.7% for
the catalyst 0.2% Rh-Pt/Al,05, 32.5% for the catalyst 0.5% Rh-Pt/Al,O; and 28.4% for the catalyst 1.0%
Rh-Pt/Al,O;. On all three catalysts, benzene is completely removed from the fraction.
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Figure 1 - Hydrogenation of the fraction Stable catalyzate AR on catalysts 0.2% Rh-Pt/Al,03, 0.5% Rh-Pt/Al,04
and 1.0% Rh-Pt/Al,03 at 50°C and 0.4 MPa

Figure 2 shows the composition of the catalyzate before and after the catalytic treatment of the
gasoline fraction. Stable catalysis of PKOP at 50°C and 4.0 MPa. On all three catalysts, benzene is
completely removed from the fraction. With an increase in the content of the active phase, the conversion
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of aromatic hydrocarbons increases, its content decreases from 58.7% to 33.8% for the catalyst 0.2% Rh-
Pt/Al,05, 29.95% for the catalyst 0.5% Rh-Pt/Al,O; and 29.0% for the catalyst 1.0% Rh-Pt/AL,O;.
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Figure 2 - Hydrogenation of the fraction Stable catalyzate PR on catalysts 0.2% Rh-Pt/Al,0;, 0.5% Rh-Pt/Al,0;
and 1.0% Rh-Pt/Al,0z at 50°C and 4.0 MPa

The technological parameters (temperature and pressure of hydrogen) of the process of
hydrodearomatization of two gasoline fractions were tested. The influence of temperature in the range of
25-200°C and hydrogen pressure of 1.0-5.9 MPa on the content of benzene and aromatic hydrocarbons
was studied.

Table 2 presents data on the hydrogenation of a sample of gasoline. Stable catalyzate AR in the
temperature range 25-200°C. In the entire temperature range, benzene is absent, i.e. its conversion was
100%. The content of aromatic hydrocarbons decreased from 55.04% to 20.54%. At 1.0-3.0 MPa, the
benzene content decreases from 3.23% to 0.12-0.01%, and at 4.0-5.0 MPa, benzene was completely
hydrogenated. The content of aromatic hydrocarbons with increasing pressure from 1.0 to 5.0 MPa
decreases from 55.04 to 23.79%.

Table 2 - Hydrodearomatization of the fraction Stable Catalyzate AR at 0.5% Rh-Pt/Al,0;

Conditions Benzene content, mas. % Aromatics content, mas. %
Initial After Initial After
P, 1.0 0.12 40.21
MPa 2.0 0.05 36.92
at 50°C 3.0 3.23 0.01 55.04 33.85
4.0 - 29.73
5,0 - 23,79
T, °C 25 - 34.73
at 4 MPa 50 - 29.73
100 3.23 - 55.04 26.54
150 - 23.91

Table 3 presents data on the hydrogenation of a sample of gasoline Stable catalyzate PR in the
temperature range 25-200°C. In the entire temperature range, benzene is absent, i.e. its conversion was
100%. The content of aromatic hydrocarbons decreased from 58.68% to 25.74%. With a change in
hydrogen pressure from 1.0 to 3.0 MPa, the benzene content decreases from 1.0% to 0.7-0.01%, and at
4.0-5.0 MPa, benzene was completely hydrogenated. The content of aromatic hydrocarbons decreases
with pressure from 1.0 to 5.0 MPa from 58.68 to 29.05%.

— 4) ——
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Table 3 - Hydrodearomatization of the fraction Stable Catalyzate PR at 0.5% Rh-Pt/Al,O;

Conditions Benzene content, mas. % Aromatics content, mas. %
Initial After Initial
P, 1.0 0.7 50.21
MPa 2.0 0.04 46.95
at 50°C 3.0 1.0 0.01 58.68 33.85
4.0 - 29.93
5,0 - 29.05
T, °C 25 - 34,93
at 4 MPa 50 - 29.93
150 - 26.91
200 - 25.74

Figure 3 shows data on the group composition of organic substances in two gasolines of the initial
fractions and after hydrogenation over Rh-Pt(90:10)/Al,0;, P = 3 MPa, T = 50°C. For the Stable
Catalyzate AR the benzene content in the initial state was 3.23 wt.%. After the reaction, benzene is absent,
i.e. 100% benzene conversion. The amount of aromatics decreased from 55.04 wt.% to 23.79 wt.%.

It should be noted that the number of olefins decreased almost 2 times from 0.23% to 0.11 wt.%, this
is very favorable for gasolines, since the presence of olefins leads to instability (the oligomerization and
polymerization reaction proceeds).

The amount of paraffins slightly increased from 12.22 wt.% to 13.99 wt.%. And the content of
isoparaffins increased from 27.16 wt.% to 36.81 wt.%. Apparently, the isomerization of paraffins to
isoparaffins occurred. The content of naphthenes increased sharply from 2.12 wt.% to 25.3 wt.%.
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Figure 3 - Group composition of hydrocarbons of the Stable Catalyzate AR before and after catalytic treatment

Figure 4 showed that in the initial Stable Catalyzate PR there was 1.0 wt.% benzene; after
hydrogenation benzene was not found in the catalyzate - i.e. it was completely hydrogenated. The
aromatic content in the original gasoline was 58.68 wt.%, After hydrogenation it became 29.39 wt.%.

The amount of olefins decreased significantly from 10.2 wt.% to 0.51 wt.%, which leads to the
stability of gasoline. In addition, the content of isoparaffins increased from 17.05 wt.% to 28.2 wt.%. This
indicates the occurrence of the hydroisomerization reaction on this catalyst, which is favorable for the
octane number.

The data on the octane number, density of the initial gasoline fractions before and after the catalytic
treatment, shown by chromatographic analysis, are shown in Table 4. The octane number by the research
method of the initial Stable Catalyzate AR is 83, after processing it decreased to 81. For the gasoline
fraction, Stable Catalyzate PR octane number according to the research method before and after the
experiment is 87. In this case also, the octane number has not changed. This indicates that the processing
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of gasoline practically does not reduce the octane rating. Densities slightly increased after treatment for
both fractions, and the saturated vapor pressure decreased, which is understandable from the point of view
of changing the hydrocarbon composition to a heavier region - naphthenes have a higher density and lower
vapor pressure compared to aromatic hydrocarbons.
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Figure 4 - Group composition of hydrocarbons of the Stable Catalyzate PR before and after catalytic treatment

Table 4 - Indicators of gasoline fractions before and after catalytic treatment

Octane number Saturated vapor pressure, kPa Density at 20°C, g/l
Name of fractions initial after initial after experiment initial after experiment
experiment
Stable catalyzate AR 83 81 23.64 19.86 779.87 785.55
Stable catalyzate PR 87 86 24.65 19.39 789.4 793.50

It should be noted that the studied processes of hydrodearomatization of gasoline fractions were
carried out under mild conditions — temperature 50°C compared with 160-330°C used in world industry.
Under more stringent conditions, the process of complete hydrogenation of aromatic hydrocarbons can
occur with the opening of the benzene ring, which is undesirable, because alkanes have a low octane
number.

The same catalyst was tested during the hydrodearomatization of two diesel fuels obtained from PR
and PKOP. In diesel fuels, olefins, mono- and poliomatic hydrocarbons can be hydrogenated. Table 5
shows the hydrogenation of PKOP diesel fuel (180-350°C) and PR diesel fuel (169-347°C). The change in
the operational characteristics of diesel fuels during hydrogenation to Pt-Rh/Al,O; is presented in table 5.

Table 5 - Physico-chemical indicators of diesel fuels of PR and PKOP in the process of hydrogenation

Condi- Densi-ty | Cloud | Pour Flash point Kinematic Aroma- Iodine Cetane
tions at 20°C, | point, | point, in a closed viscosity tics number, index
g/cm3 °C °C crucible, °C at 20°C, content, gl,/100g
mm?/s % of fuel

Diesel fuel PKOP (180-350°C)

Before hydrogenation 0.833 5 0 61 4.5 13.80 3.2 52
Pt-Rh/ALO; 0.839 -2 -4 57 4,6 0.73 0 53
Diesel fuel PR (169-347°C)

Before hydroge-nation 0.841 - 15 -8 64 4.8 12.90 2.9 49
Pt-Rb/
ALOs 0.850 - 18 -12 58 5.0 0.68 0 51

— 4y ——
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In the presence of a Pt-Rh/Al,O; catalyst, the density increases for PR fuel from 0.841 to 0.850 g/cm’,
and for PKOP fuel from 0.833 to 0.839 g/cm’ (the norm for diesel fuel is 0.860 g/cm’). Clouding and
solidification temperatures decrease respectively for PR fuel increased from -15 to -18°C and from -8 to -
12°C, and for PKOP fuel - from 5 to -2°C and from 0 to -4°C. The flash point in a closed crucible for PR
fuel decreases from 61 to 57°C, and for PKOP fuel from 64 to 58°C, whereas according to the norm 55°C.

The viscosity of AR fuel increases from 4.8 to 5.0 mm?/s and for PKOP fuel from 4.5 to 4.6 mm®/s
(according to the norm of 3-6 mm®/s). The aromatics content (including mono- and polyaromatic
hydrocarbons) for PR fuel decreases from 12.90 to 0.68%, for PKOP fuel from 13.8 to 0.73%. The iodine
number indicates the presence of double bonds, i.e. the presence of olefins. For PR fuel, the iodine number
decreased from 3.2 to 0 g 1,/100 g of fuel, for PKOP fuel it decreased from 2.9 to 0 g 1,/100g of fuel,
which indicates that olefins were practically hydrogenated on the catalyst.

The cetane index increased by 1-2 units: for PR fuel from 49 to 51, for PKOP fuel from 52 to 53. The
cetane index depends on the ratio of naphthenic and aromatic hydrocarbons, and in our case, the aromatics
were hydrogenated to form naphthenic hydrocarbons.

Thus, the advantage of catalytic hydrodearomatization is the improvement of performance indicators
and approximation to the standards for diesel fuels obtained at Kazakhstan refineries.

The technology of hydrodearomatization of automobile gasolines and diesel fuels is applicable for the
production of eco-friendly fuels with a low content of aromatic hydrocarbons, which will reduce the
volume of gaseous emissions and extend the service life of cars by 1/3, which will also bring economic
benefits.

Conclusions

The process of hydrodearomatization of two gasoline fractions of AR and PR and two diesel fuels of
PR and PKOP on the prepared Rh-Pt/Al,O; catalysts was studied. The effect of the process parameters of
the hydrodearomatization of gasoline fractions (pressure 1-5 MPa, temperature 25-200°C) on the content
of benzene and aromatic hydrocarbons was studied. At of 50-200°C and 2-5 MPa, benzene is completely
removed from the fraction, and the amount of aromatic hydrocarbons is reduced by 1.5-2 times. The group
composition of gasoline fractions showed a decrease in the number of aromatic hydrocarbons, olefins and
an increase in paraffins of the iso-structure, which indicates the occurrence of not only a hydrogenation
reaction, but also hydroisomerization. Some operational properties (kinematic viscosity at 20°C, pour
point and cloud point, flash point, density at 20°C, iodine number, aromatic hydrocarbon content) of the
starting diesel fuel PR and PKOP and after catalytic treatment were determined. In the presence of a Pt-
Rh/ALO; catalyst, all performance indicators improve and approach the standards for diesel fuel, the
content of aromatic hydrocarbons decreased to 0, and the cetane index increased by 1-2 units.
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IKOJIOT'UAJIBIK TA3A OTBIH AJTY 9AICI PETIHAE MOTOP OThIHbBIH
KATAJIM3AIK THAPOJEAPOMATU3ALIUAIAY

AnHoTanus. JKYMBICTBIH MakcaTbl KypaMbIHIAa apoMaTThl KOMIpPCYTEKTepi TOMEH DOKOJIOTHSIBIK Ta3a
OTBIHAAPIBl OHAIPY YIIIH OeH3MHAI (pakuusiap MeH Ju3eib OTHIHAAPBIH THIpOJecapoMaTH3alusIay IPOLECiH
3eprTey Oouiblll TaObuIaAbl. AThlpay MyHail enaey 3aybiThl JKeke Llapyamsuibik Cepikrecriri (AMO3) xone
[MaBnonap myHaixumusiiblK 3aybiThl JKeke lapyamsiibik Cepikrecriri (IIMX3) exi GeH3unai GpakuusChbIH KoHE
AMO3 wmen XIIC PetroKazakhstanOilProducts, Illeivkent (IIKOIT) exi nusenbai ortbiHbIH  Rh-Pt/Al,O4
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KaTann3aTopiapblHaa TUApiey 3epTrenmi. ['mapomeapomaTu3aiyisl MPOLECIHIH TEXHOJOTISUIBIK IapaMeTpiepiHiy
(xpiceIMBI  1-5 MITa, Temmeparypacel 25-200°C) GeH307 MEH apoMarThl KOMipCyTEKTepAiH KypambiHa dcepi
seprrenai. 50-200°C Ttemmepartypama skoHe 2-5 MIla cyreri KeICBIMOapbiHIa OeH3071 (DpaKIHsaa TONBIFHIMEH
KOWBIIAABI, aJl apoMaTThl KemipcyTekrep caHbl 1,5-2 ece Temenmeiini. [IMX3 sxone ITKOII Gacramkel amu3ens
OTHIHAAPBIHBIH JKOHE KATAIM3IIK OHAEYAEH Kelinri keibip mailinanany kacuerrepi anbikranasl (20°C kesingeri
KUHEMATUKAJIBIK TYTKBIPJIBIFBI, KATy JKOHE TYHJBIPY TeMIEparypachl, TyTaHy temreparypacel, 20°C kesingeri
TBHIFBI3MIBIFBI, WO CaHBI, XOII HICTI KOMIPCYTEKTEpAiH Kypambl). ['uapoaecapomaTusaiys mporeci Ke3iHiae O0apIibik
naiiianany KepceTKilTepi kaKcapabl )KOHE TU3eNb OTHIHBI YIIIH HOpMaJlapra aKbIHIAAWIbI,all [ICTaHbIK HHICKC
1-2 Gipiikke yiFanapl.

Tyiiin ce3aep: kaTanuzarop, ruapiey, THAPOieapoOMaTH3alysl, apOMaTThl KOMIpCYTEKTep, OEH3UH (PaKIUACH,
JIN3€IIb OTHIHBL.
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AO «MHCTHTYT TOIUIMBA, KaTaim3a u snekTpoxumun uM.J[.B.Coxonsckoro», Anmatsl, Kazaxcran

KATAJIUTUYECKAS THAPOOEAPOMATHU3AIIMSA MOTOPHBIX TOIIJINB
KAK CITOCOB INOJYYEHUSA S9KOJOI'MYECKHN YNCTBIX TOIIVIUB

Annotanus. Llensio paboThl SBISUIOCH M3yYEHHE IMPOIECCca THIPOIeapoMaTn3alui OCH3WHOBBIX (pakiuil n
JIM3ETBHBIX TOIUTMB JUIS TPOM3BOACTBA 3KOJIOTHYECKH YHCTHIX TOIUIMB C HHU3KHM COJECP)KAaHHEM apOMaTHYeCKHX
yraeBogopoaoB. M3ydeHo rumpupoBaHue MByX OeH3MHOBHIX (paknuii TOO ATsipayckuii HedTemepepabaThiBato-
i 3aBoj (AHII3) u TOO ITaBnogapckuit HepTexummdeckwii 3aBoy (ITHX3) u apyx am3ensHBIX TorumuB [THX3 u
TOO PetroKazakhstanOilProducts, IlIeimkent (ITKOIT) ma Rh-Pt/Al,O; xaramusatope. MccieaoBanoch BIHSHHE
TEXHOJIOTHYECKUX MAapaMeTpPoB Mpoliecca ruapoaeapomaTusanuu (1asiaedue 1-5 Mlla, temneparypa 25-200°C) na
cozepkanre OEH30J1a U apOMATHYECKHUX YIIIEBOIOpoaoB. [Ipu Temmeparypax 50-200°C u paBinenusx Bogopoja 2-5
MIIa 6eH3011 TOJHOCTBIO yaansieTcs: U3 (Qpakiyy, a KOJUIeCTBO apOMATHYECKUX YrIIEBOJOPOIOB CHIDKaercs B 1,5-2
pasa. OnpejieneHbl HEKOTOPbIE YKCIUTYaTallHOHHbIE CBONCTBA (KMHEMAaTHYecKas BA3KoCTh mpu 20°C, TemiiepaTypbl
3aCTHIBAHUS. W [OMYTHEHUS, TEMIEPATypa BCIbIIKY, WIOTHOCTh mpu 20°C, HoqHOE YMCIO, COIEpKAaHUE apoMa-
TUYECKHUX YTIIEBOAOPOIOB) UCXOMHBIX au3enbHbIX TormuB [THX3 u ITKOII u mocne kataiuTHaeckoi o0padboTku. B
Ipolecce THAPOeapOMaTH3allMy BCE 3KCIUTyaTallMOHHBIC MOKA3aTeNH YJIyYIIaloTCsl W NMPHOIKAIOTCS K HOpMaM
JUISL TU3EJIBHOTO TOTUIMBA, @ IETAHOBBIM MHAEKC YBEJIMYWICS HA 1-2 eMHUIIBL.

KiroueBble ci10Ba: KaTanu3aTtop, TMAPHUPOBAaHWE, TMAPOJCAPOMATH3ANMUS, APOMATHUECKUE YTIIEBOJOPOJIH,
OeH3uHOBast (HPAKIHS, AN3ENEHOE TOTIINBO.
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STUDY OF ON THE ELECTROCHEMICAL BEHAVIOR
OF TITANIUM IN ACIDIC BROMIDE SOLUTION BY RECORDING
THE POTENTIODYNAMIC POLARIZATION CURVES

Abstract. The electrochemical dissolution of titanium in a potassium bromide solution acidified with a sulfuric
acid solution by recording cyclic and anodic potentiodynamic polarization curves was studied for the first time. The
influence of the sulfuric acid and potassium bromide solutions concentration on the titanium electrode oxidation was
considered.

A polarization curve was performed in 1.0 M potassium bromide solution in the presence of 0.5 M sulfuric acid
and the titanium oxidation anodic maximum was recorded. To explain the titanium dissolution characteristics during
the polarization by industrial alternating current, cyclic anodic-cathodic (CAC) and cyclic cathode-anodic (CCA)
polarization curves of the titanium electrode in potassium bromide sulfate solution were recorded. At the CAC
voltammogram, when the titanium potential is shifted to the anode direction, titanium oxidation current is recorded at
potentials from “plus” 1.3 V to “plus” 2.3 V. In the cathode direction of the CCP voltammogram curve between
potentials “minus” 0.7-1.0 V, a hydrogen evolution current is observed. The dependence of anodic potentiodynamic
polarization curves on the concentration of sulfuric acid and potassium bromide solutions was studied, in both cases
an increase in the titanium oxidation maximum current was observed, a mechanism was also established and the
reactions sequence proceeding on the electrode was calculated.

Studies have shown that electrode reactions occur by a complex mechanism.

Keywords: titanium, potassium bromide, sulfuric acid, electrode, potentiodynamic polarization curves,
oxidation current.

Titanium can be called modern techniques and industry metal since most of its part is used for space,
aero- and hydro technologies needs. In its turn, titanium (I'V) oxide is the main titanium industry product.
The classic methods of its production are a complex process that involves the production of titanium
sulfate, tetrachloride and bromide solutions for obtaining titanium minerals called ilmenite, leucoxene and
rutile. It is very difficult to extract these salts directly from titanium residues (scrap) since titanium is a
highly corrosion-resistant metal with high-melting temperature in many aqua environments [1]. It is
important to determine the electrochemical dissolution laws, mechanisms and kinetics of corrosion-
resistant metals in various aqueous solutions.

M.S. Amrutha used a four-stage mechanism to determine chemical constants by investigating of Ti in
varying concentrations of hydrofluoric acid (0.01 M=1.0 M) through applying potentiodynamic
polarization and electrochemical impedance spectroscopy methods [2]. F. Fasmin presented a kinetic
model of titanium electrode anode dissolution in 0.1 M hydrofluoric acid in active and passive regions [3].
A.B. Bayeshov et al. have considered electrochemical dissolution of titanium in the sulfur, hydrochloric
acid and phosphoric acid medium in the solution with fluoride ions in the presence of alternating current
[4-9]. The study result shows that titanium electrode dissolves with high current efficiency in acidic
solutions containing fluoride ions.
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U. Tetsuya studied the electrochemical dissolution of titanium electrode in the TMHA-T,N ionic
liquid. It was determined that no dissolution of titanium was observed during the anodic potential sweep
up to +6.0 V due its oxide film formation. Prior to electrochemical experiments, more mechanical
smoothing of titanium surface led to the shift of the titanium potential immersed in the electrolyte to a
negative value. In this case, the anode titanium dissolution in the zone with the potential value "minus"
0.95 + "plus" 1.6 V was determined [10].

D. Baehre considered the electrochemical dissolution behavior of pure titanium electrode,
TiMaAl6V4 and intermetallic Ti60A140 (y-TiAl) in potassium bromide-, sodium chloride-, sodium nitrate
aqueous solutions at different pH-values. During the study, the methods of cyclic voltammetry, linear
sweep voltammetry polarization and chronoamperometry were performed. As a result, a positive effect of
halide compounds on the titanium electrode dissolution and its alloys was determined [11].

Literature data analysis shows that electrochemical properties of titanium in bromide acidic
environment have not been studied yet. Having investigated titanium (III) ions oxidation mechanism, A.B.
Bayeshov and G.M. Iztileuov show that titanium (III) ions oxidation occurs as a result of the hydrolysis
process at high temperatures and can be met either in [Ti(H,O)s]Cl; or [Ti(H,0)s]SO,4 form in the acidic
medium. As a result of the study, at 333 K temperature, an increase of titanium (III) ion oxidation wave in
a sulfuric acid concentration of 300 g/l was observed, and the most maximum current negative value was
"minus" 0.8 V in the graphite electrode and "minus" 0.02 V in lead electrode [12].

Y. Jiang and Y. Wu investigated the electrochemical reaction mechanism of titanium alloy in neutral
(NaCl) aqua environment performed by polarization curves. It was defined the formation of titanium
intermediate oxide shell through oxidizing during its anode dissolution in the sodium chloride solution
[13].

The advantage of the titanium anode oxidation process as a coating in materials surface covering in
the biomaterials production has been shown in a number of studies [14, 15]. E.A. Kornyushova et al.
studied electrochemical properties of titanium and platinum electrodes in dicarboxylic amino acids. Due to
the implementation of the surface reactions in the titanium electrode, the oxide shell has been grown;
thereby the existence of its adsorbing properties has been determined [16]. Young-Taeg Sul et al.
discovered the electrochemical properties of titanium biomaterials in acetic acid, phosphoric acid, calcium
hydroxide and sodium hydroxide, and showed that the anode voltage stress (dV/dt) in acidic electrolyte
was higher than in alkaline electrolyte [17].

In the given work, electrochemical properties of titanium were studied by recording
potentiodiodynamic polarization curves in potassium bromide aqueous solution acidified by sulfuric acid
solution.

The polarization measurement was performed using potentiostat "Autolab". Voltampereometric
studies were conducted in three-electrode thermostated electrolysis cells. A silver-chloride electrode was
used as a reference electrode, and platinum cord as an auxiliary electrode. The outer surface of titanium
covered by teflon with a diameter of 2 mm and used as a working electrode.

Before each experiment, the titanium electrode was rinsed with distilled water and smoothed in 500
um and 200 pum sandpaper material, defatted and washed thoroughly with filter paper. Different
concentrations of KBr and H,SO, aqueous solutions were used as electrolytes.

When the titanium electrode is polarized by direct current in the Galvanometric case, its surface is
passivated by oxidized layers and electrode dissolution by forming titanium ions is accompanied by very
low current efficiency. Results of our previous research show, titanium electrode intensively dissolved in
the sulfuric acid bromide solution polarized by the industrial alternating current has been observed [18,
19].

The titanium electrode properties in potassium bromide solution were investigated first in potassium
bromide and sulfuric acid solution, subsequently by recording anodic and cyclic potentiodynamic
polarization curves in mixed solutions of potassium bromide and sulfuric acid.

Anodic polarization curves were taken to determine the titanium electrode specificity to dissolve in
potassium bromide and sulfuric acid.

In the potentiodynamic polarogram taken in the anode direction the titanium oxidation wave in
potassium bromide or sulfuric acid solutions was not recorded.
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In subsequent studies, 1.0 M potassium bromide solution was dissolved in 0,5 M sulfuric acid
solution and polarization curve "potential-current density" was recorded. In this solution, it is possible to
notice that the anodic titanium oxidation current was recorded in the anode potentiodynamic curve.

In the cyclic mode, potassium bromide and sulfuric acid solutions were recorded in cycles between
"plus" 2.5 V and "minus" 1.0 V in order to detect the specificity of processes occurring in the titanium
electrode polarized by industrial alternating current with the frequency of 50 Hz.

When the CAC potential shifts in the anode direction, the maximum oxidation current between "plus"
1.3 V = "plus" 2.3 V potential is recorded on the polarogram (Figure 1). In the polarogram of cathodic
direction there were no significant oxidation waves, the hydrogen evolution was detected at "minus" 0.7 V
and at negative potentials.
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Figure 1 - Anodic potentiodiodynamic polarization curve of titanium electrode in acidic bromide solution

In the acidified potassium bromide solution, titanium oxidation in the anode direction can be
described by the reaction. In the cathodic direction, mainly hydrogen ion discharge occurs (reaction 2).

Ti—3¢ — Ti*" E’=-1,21V (D)

2H" +2¢ = Hy, )

In the polarization curve taken in the CCA direction, the main processes occurring in the electrode are
repeated (Figure 2). The CCA polarogram cathode direction shows that beginning from "minus" 0.7-1.0 V
potential hydrogen gas division is observed and only the titanium oxidation maximum value decreases
(Fig. 1, b-curve).
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Figure 2 - Cathodic-anodic (a) and anodic-cathodic (b) cyclic voltammogram
of titanium electrode in the acidic bromide solution
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The potassium bromide concentration effect on titanium electrode anodic potentiodiodynamic
polarization curves is shown in Figure 3 (a). Increasing the potassium bromide solution concentration can
significantly increase the oxidation current height. According to the experiment results, dependence taken
on Ig[KBr] — Igi coordinate is straight linear (b). Table 1 was completed based on this dependence result
and the reaction rate for bromide ions was 0.2.

Logarithmic dependence should be straight linear to determine the reaction sequence. The reaction
sequence was mathematically determined [20].
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Figure 3 - Dependence of titanium electrode anodic potentiodynamic polarization curves on the anode maximum
of potassium bromide concentration (a) and the 1gi-lgCx, dependence on potassium bromide concentration (b)

Table 1 - The electrode reaction order of bromide ions occurring during electrolysis

Ne Ca 1gC=x i y=lgi Xy X

1 0.5 -0.301 65 1.8 -0.5418 0.29
2 1.0 0 105 2.0 0 0

3 1.5 1.76 150 22 0.3872 0.1499
4 2.0 0.301 180 2.25 0.6772 0.4586
2 - 0.176 - 8.25 0.5226 0.8985

b nyx-y-xx-2y 4-05226—(0.176-8.25)

= 0.17~0.2
nyx’ —(Xx) 4-0.8925—(0.176)°

Figure 4 (a) shows the titanium electrode dependence on the anodic potentiodynamic polarization
curves and on the sulfuric acid concentration. Increasing the sulfuric acid concentration can significantly
increase the oxidation current height rightfully. According to the experiment results, the dependence taken
on the 1g[H,SO,] — Igi coordinate is straight linear (b). Increasing the sulfuric acid concentration increases
the oxidation current height evenly. Based on this dependence result, Table 2 was completed and the fact
that the reaction rate for sulfuric acid was 0.04 was detected.
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Figure 4 - The dependence of sulfuric acid concentration on the anode maximum at titanium electrode anodic potentiodynamic
polarization curves (a) and the dependence the logarithms of sulfuric acid concentration and the maximum current height (b)

Table 2 - The sequence of electrode reactions on sulfuric acid during electrolysis

Ne Ce 1gC=x I y=lgi Xy X

1 0.25 -0.602 105 2.02 -1.216 1.4800
2 0.50 -0.302 115 2.06 -0.620 0.3800
3 0.75 -0.120 130 2.11 -0.250 0.0625
4 1.00 0 140 2.15 0 0

5 1.50 0.176 145 2.16 0.380 0.1400
z - -0.847 - 10.5 -1.706 2.0600

_nYx-y-Yx-Ty _5-(-1.706)—(-0.847-10.5) _

- . 0.04
nyx*—(Xx) 5-2.06—(-0.847)

b

Summing up, the electrochemical properties of titanium in acid bromide solution were first studied by
recording potentiodynamic polarization curves. No dissolution of titanium electrode was observed during
the anodic polarization in 1.0 M potassium bromide and 0.5 M sulfuric acid solutions separately from each
other. With a view to increasing the electrochemical dissolution process, polarization curves were taken in
1.0 M potassium bromide solution in the presence of 0.5 M sulfuric acid and the maximum oxidation rate
recording was observed. In this case, the mechanisms and kinetics of electrode reactions were determined.
The titanium electrode was studied by recording polarization CAC and CCA in potassium bromide and
sulfuric acid solutions. The specificity of titanium electrode dissolution polarized with alternating current
of 50 Hz is determined. The dependence of anodic potentiodynamic polarization curves on the sulfuric
acid concentration and the potassium bromide concentration was investigated and in both cases the current
maximum increase was observed and the reactions sequence was determined.
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TUTAHHBIH KbIIIKbIJIAbl BPOMUATI EPITIHAICIHAEI'T QJIEKTPOXUMUSAJIBIK KACUETIH
HNOTEHINOANHAMMUMKAUJIBIK ITOJIAIPU3ATIUSIIBI KUCBIKTAP TYCIPY APKbLJIBI 3BEPTTEY

AnHotanus. KyKipT KeIIIKBUIBIMEH KBIIKBUIIAHFaH Kaluid OpOMUIL epiTiHAICIHIC TUTAHHBIH 3JICKTPOXUMHUSI-
JIBIK €py 3aHIBUIBIKTAPhI IIUKJIIIL )KOHE aHOATHI MMOTCHIIMOAMHAMUKAIIBIK TOJISIPU3AIMSUIBIK KUCBIKTAp TYCIPY apKbLIBI
aiFam pet 3epTrengi. TuTaH 3MeKTPOABIHBIH aHOATHIK TOTHIFY MPOIECiHE KYKIPT KBIIIKBUTBI MEH Kaluii OpoMmuIi
epITiHAINEepPiHIH KOHIIEHTPAIHS 9Cepi KapacTHIPBLUIIBI.

Kypambraga 1,0 M kanmit 6pomuzi xoHe 0,5 M KYKIpT KBIIKBUTEI Oap epiTiHie MOISPH3alHsIIBIK KUCHIKTap
TYCipinai koHe Oy Ke3/1e aHOATHI TOTHIFY MaKCUMYMBIHBIH TipKEITeHIIT1 KOPCET .

OHIPICTIK KXUUTIKTErT alfHBIMAJIBI TOKIIEH MOJSIPU3AIMSUIAHFAH TUTAHHBIH €py epeKIIeNiriH TYCIHIIpY YIIiH
TUTAH AJIEKTPOABIHBIH Kaauid OpoMUAI MEH KYKipT KBIIIKBUIBI Oap epiTiHmitepaeri muknnai anoxa-katon (LIAK),
kAl karon-aHox (LIKA) GarbiTTapsinia nosipu3alusiibiK KUchIKTap Tycipinai. [IAK nossiporpamMachiia TuTaH
MOTCHIIMAJIBIH aHOJ OarbIThIHA Kapal BIFBICTBIPFaHIa «wioc» 1,3 B + «mwmocy 2,3 B moTeHImansl apaibIFbIHIA
TUTAaHHBIH TOTHIFY ToOrbl Tipkemmi. LKA mnomsporpamMmachiHblH —KaTon OarbiThiHma «MmuHyc» 0,7-1,0 B
MOTEHIMAIapbIHAH OacTar, CyTeK Ta3bIHBIH OOJIiHY TOTHI OaiKa bl

AHOITHl TOTECHIMOAMHAMUKAIBIK TOIIPU3AIMIIBIK KUCBIKTApFa OPTYPJ KYKIPT KBIIIKBUIBI KOHE KaJIHid
OpoMH[Ii KOHIIEHTPAIMSIIAPBIHBIH dCepi 3epTTEil, eKi XKaFaiaa 1a TATAaHHBIH aHOATHI Py TOK MaKCHMYMIaPBIHBIH
JKOFapBUTANTBIHIBIFBl aHBIKTANIBI, COHBIMEH KaTap, JJIEKTPOATA KYPETiH peaKIUsUIapIblH pPEeTi EeCeITeNill,
MeXaHW3MI aHBIKTAJIIbI.

3epTTey HOTHXKECIHAE THUTAH DJICKTPOMNBIHIA KYPETIH peakIisuIapAblH ©Te KypAedl MeXaHH3MMEH icke
ACaTBIHIBIFBI KOPCETII.

Tyilin ce3nep: THTaH, Kaawii OPOMHII, KYKIPT KBIIIKBUIEL, SIEKTPOJ, MOTEHIIMOANHAMUKAIIBIK ITOJIPU3aLHSIIBIK
KHCBIKTap, TOTHIFY TOTHI.
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HNCCIEJOBAHUME DJIEKTPOXUMHUYECKOI'O IOBEJEHUA TUTAHA
B KUCJIBIX BPOMUJIHBIX PACTBOPAX METOJOM CHATUA
NOTEHINOANHAMMNYECKHUX MTOJAPU3AIINOHHBIX KPUBBIX

AnHoTanusi. BriepBele HCClleIoBaHO 3JEKTPOXMMHYECKOE PAaCTBOPEHUE THTaHa B PacTBOpe OpoMujaa Kajwus,
TIOJIKMCIIEHHOM PacTBOPOM CEpHOM KHCIIOTHI METOJIOM CHSTHUS IUKJIMYECKHX M aHOIHBIX MOTCHIMOAMHAMUYECKUX
MOJISIPU3aLMOHHBIX KPUBBIX. PaccMOTpeHO BIIMSIHHME KOHIEHTpPAMU PacTBOPOB CEPHOM KHUCIIOTHI M OpomMIa Kaius
Ha IIPOLIECC OKHUCIIEHHUS TUTAHOBOT'O JJIEKTPO/Ia.

CHsita nonsipu3zanuonHas kpuBas B 1,0 M pactBope Opomuza kamus B npucytcTBuu 0,5 M cepHOH KUCIIOTH U
3apruKcHpOBaH aHOMHBIH MaKCHMYM OKHCIICHHS THUTaHa. [ 0OBsSCHEHHsT 0COOCHHOCTEH pacTBOPEHMS THTaHA IPH
MOJISIPA3ALH TIPOMBIIIICHHBIM ITEPEMEHHBIM TOKOM CHATHI IUKINYeckue aHogHo-karonuee (LIAK) n nukimmaeckue
karogHo-aHogHble ([IKA) monsipu3aniioHHBIE KPUBBIE TUTAHOBOTO 3JIEKTPOJa B CEPHOKHCIOM pacTBope Opommia
kamust. Ha LAK monsiporpamMMe mpu CMENeHHH MOTEHIANa TUTaHA B aHOAHOM HaIpaBIEHUH PETHCTPHPYETCS TOK
OKHMCJICHHS TUTaHa MU MOTEHIManax ot «mioc» 1,3 B go «mmtoe» 2,3 B. B kxaTogHOM HampaBieHUH MOJSIPOTPaAMMBI
LKA xpuBoit Mexxay noreHumanamu «munyc» 0,7-1,0 B Habmomaercst TOx BblnenieHust Bogopoja. MccienoBana
3aBUCUMOCTb aHOAHBIX MOTCHHUOAWMHAMUYCCKUX MNOJIIPU3AIUMOHHBIX KPHUBBIX OT KOHICHTpAalMKU pacTBOpa cepHoi&
KHCJIOTHI M OpOMU/Ia KaJivis, B 000MX CiTydasix HaOJI0JaeTCsl yBEJIMYSHNE MaKCUMyMa TOKa OKHCIICHHS THTaHa, TaKkKe
YCTAHOBJIEH MEXaHU3M M PACCUUTaH MOPSIOK PEAKIMH, IPOTEKAIOIINX Ha AIIEKTPOJIE.

HccnenoBanus nokasaiy, 4To 3JIEKTPOIHbIE PEaKIUH ITPOTEKAIOT 0 CIIOKHOMY MEXaHHU3MY.

KuaroueBble cioBa: THTaH, OpPOMHUI KajHs, CEpHAs KHCIIOTA, BJIEKTPOM, MOTEHIMOJAWHAMHYECKHE IOJIApH3a-
IIHOHHBIEC KPHUBHIEC, TOK OKUCIICHHS.
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STUDY ON THE EFFECT OF THE DRUG FS-1
ON ACTIVITY OF BACTERIAL ANTIOXIDANT SYSTEM

Abstract. The effect of iodine-containing complex FS-1 on the antioxidant system in M. smegmatis is
described. It is shown that FS-1 under in vitro experimental conditions at doses of 2 pg/ml and
4 pg/ml inhibits the functional activity of bacterial superoxide dismutase enzyme on the example of atypical
mycobacteria M. smegmatis, i.e. resistance to oxidative stress.

Keywords: lodine-containing complex FS-1, antioxidant system, oxidative stress.

Introduction. The widespread introduction of anti-infectious drugs in medical and veterinary practice
has resulted in the emergence of various resistance mechanisms in microorganisms that neutralize or
reduce their effect [1-3]. Currently, this problem has acquired a global scale and led to a decrease in the
drug treatment effectiveness or its complete loss [4-6].

The reason for the spread of infection is not only the resistance of the causative agent to the drugs
used, but also the acquisition of resistance and adaptation to the effects of the defense mechanisms of the
immune system in the macroorganism [7-9]. It has been established that the course of the disease and
nature of the treatment for a number of infectious diseases are influenced by free radical oxidation
processes [10, 13]. The protective role of the immune system in the macroorganism and, first of all,
phagocytosis with an oxygen-dependent mechanism of action on bacteria is known [11]. In this case,
phagocytes kill the absorbed microbes by various superoxide radicals through the action of the antioxidant
enzyme system in microorganisms. The antioxidant enzyme system in microorganisms is composed of
catalase, peroxidase, antioxidant superoxide dismutase (SOD), etc., involved in the neutralization of free
radicals. Catalase and SOD protect microorganisms from exogenous and endogenous oxidative stresses by
neutralizing superoxide radicals. The superoxide toxic radical formed in the cells as a result of metabolic
processes by means of the SOD and catalase enzymes is converted into hydrogen peroxide, followed by its
decomposition into harmless molecular oxygen and water. Microorganisms, in turn, acquire resistance and
adaptation to oxidative stress, as a result of which they survive in the nidus of inflammation, frequently
inside phagocytes [12-15].

The cells of microorganisms in their structure and functions are a full-fledged unicellular organism
responsible for physiological regulation and self-reproduction [16]. The mechanism of action of modern
chemotherapeutic drugs on the microbial cell is complex and multiform. It is associated with their effects
on the microbial enzyme system, respiratory rate, metabolism, on the processes of reproduction and vital
activity of bacteria. Therefore, the need to study the effect of chemotherapeutic drugs on the microbial
cells, their morphological features, emerging endogenous and exogenous oxidative stresses during both
metabolic and infectious processes, seems relevant.

This paper presents the results of a study on the effect of the new iodine-containing drug FS-1 (Patent
of the Republic of Kazakhstan No. 28746, 2014) developed at JSC Scientific Center for Anti-Infectious
Drugs on the activity of the bacterial antioxidant system in mycobacteria.
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Materials and Methods. As a model microorganism, a fast-growing atypical culture Mycobacterium
smegmatis ATCC 607, obtained from the American Type Culture Collection, was used. The examined
concentrations of the drug FS-1 were chosen based on MBC against this test culture, and amounted to 2
and 4 pg/ml. 0.1% solution of adrenaline hydrochloride (FSUE Moscow Endocrine Plant, Russia), 0.2 M
bicarbonate buffer (pH 10.65) were used in this study.

The effect of the substance under study on the antioxidant system in bacteria was determined by in
vitro autooxidation of adrenaline [17]. During the autooxidation of adrenaline in alkaline medium at room
temperature, an adrenaline oxidation product was formed, which absorbed at a wavelength of 347 nm. The
formation of this product was inhibited by bacterial superoxide dismutase. It was found that the emergence
of the adrenaline oxidation product significantly outpaced the formation of adrenochrome (480 nm). It was
therefore proposed to use the determination of this substance to measure the antioxidant activity of various
compounds.

To this end, 2 ml of bicarbonate buffer (pH 10.65) were poured into test tubes, 2 ml of a suspension of
M. smegmatis ATCC 607 at a concentration of 1.5x10° CFU/ml prepared in physiological saline (pH 7.2)
were added, followed by the introduction of the examined concentrations of FS-1 and 0.1 % solution of
adrenaline hydrochloride. The experimental tubes were incubated for 15 min at room temperature and
further centrifuged at 5,000 rpm for 5 min. A sample without adding the substance under study, i.e.
containing 2 ml of bicarbonate buffer, 2 ml of physiological saline, and 0.2 ml of 0.1% adrenaline
hydrochloride solution, served as a control.

The optical density of the supernatant was measured every 30 seconds for 10 min (20 cycles) in the
spectral range from 200 to 500 nm using the Perkin — Elmer Lambda 35 double-beam spectrophotometer
(USA). The operating principle for this device is based on measuring the ratio of two light fluxes that
passed through the comparison channel (blank - 2 ml of bicarbonate buffer, 2 ml of saline solution) and
the sample channel in the cuvette compartment, which allows the background values to be cut off.

The degree of impact of the substance under study on the antioxidant system in bacteria was
calculated according to the following formula [17]:

Percentage of inhibition (activity units = [1 — (ODcongrol / ODexp)] X 100 % (1),

where ODconiro1 1S the average value (n=20) of the optical density of the control sample ; OD.y, is the
average value (n=20) of the optical density of the experimental sample.

The values above 30% were considered as a significant suppression of the activity of the bacterial
antioxidant system under the effect of the substance under study.

The results of measuring the kinetics of the process for autooxidation of adrenaline in alkaline
medium and in the presence of the examined concentrations of the drug FS-1 were presented as mean
values from 2 independent experiments. In a statistical analysis of the control and experimental samples
with GraphPad Prism version 6.00 for Windows (GraphPad Software, La Jolla California USA), the
obtained data were checked for normal distribution using the Shapiro-Wilk test. When confirming the null
hypothesis, the further data processing was carried out by the parametric method (One-way ANOVA). The
results were considered significant at p<0.05.

Results and Discussion

The effect of the drug FS-1 on the antioxidant system in M. smegmatis by in vitro autooxidation of
adrenaline was studied. Spectral studies of the control sample in the range 200 to 500 nm revealed 3
absorption maxima at 242 nm, 292 nm, and 347 nm (Fig. 1). An aqueous solution of adrenaline gives a
maximum absorption at 279 nm, while in alkaline medium (bicarbonate buffer, pH 10.65) there is a slight
shift in the absorption maximum in the UV region to 292 nm [17]. As shown in Figure 1, by measuring the
entire spectrum for 10 min, it was possible to detect the dynamics of spectral changes at 347 nm, which
increased in direct proportion to the measurement time. An increment in the optical density of
accumulation of the primary adrenaline oxidation product was 0.01-0.02 OU (optical density)/min; when
measuring immediately, the optical density at 347 nm was equal to 0.18 A, after 10 minutes it was 0.35 A.
Moreover, the optical density in the spectrum characteristic of adrenaline in alkaline medium (292 nm)
decreased only by 0.01 A (from 1.41 A to 1.40 A) for 10 min.
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Spectral studies of the experimental samples in the range of 200 to 500 nm revealed that the
introduction of the drug FS-1 in the examined concentrations resulted in a slight shift in the wavelength
from 242 nm to 240 nm, 292 nm to 295 nm, and 347 nm to 333 nm (Fig. 2, 3).

Figure 2 shows the results of UV spectroscopy of the experimental sample containing 2 pg/ml of FS-1
where a time-dependent dynamics of spectral changes at 347 nm is clearly visible. An increment in the
optical density of accumulation of the primary product of adrenaline autooxidation under the effect of the
drug FS-1 at a concentration of 2 ug/ml was on average 0.05 OU/min. The optical density of the
experimental sample containing 2 pg/ml of FS-1 with immediate measurement at 347 nm was equal to
0.54 A, after 10 minutes it was 1.05 A.

280 300 30 400 450
nm

Figure 2 - UV absorption spectrum of the experimental sample containing
2 pg/ml of FS-1

Spectral measurements of the experimental sample containing 4 pg/ml of FS-1 at 347 nm for 10
minutes showed a time-dependent increasing dynamics of spectral changes (Fig. 3). An increment in the
optical density of accumulation of the primary adrenaline oxidation product under the effect of the drug
FS-1 at a concentration of 4 pug/ml was on average 0.035 OU/min; when measuring immediately, the
optical density at 347 nm was equal to 0.83 A, after 10 minutes it was 1.18 A.
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Figure 3 - UV absorption spectrum of the experimental sample containing
4 ng/ml of FS-1

Figure 4 presents summary data showing the dynamics of changes in the optical density of the control
and experimental samples at a wavelength of 347 nm for 10 minutes.
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Figure 4 -Dynamics of changes in optical density of the control and
experimental samples at a wavelength of 347 nm

As can be seen in Figure 4, the introduction of the drug FS-1 into the experimental samples at
concentrations of 2 and 4 ug/ml compared with the control sample enhanced 2.5 (p <0.0001) and 1.8 (p
<0.0001) times, respectively, the accumulation of the adrenaline autooxidation product in the supernatant,
which is toxic to M. smegmatis.

The degree of impact of the drug FS-1 at a concentration of 2 pg/ml on the antioxidant system in
bacteria calculated by the formula (1) was 80%, which indicated a significant inhibition of the functional
activity of the bacterial superoxide dismutase enzyme under the effect of the examined substance.

The concentration of the drug FS-1 of 4 ug/ml also inhibited the functional activity of superoxide
dismutase in M. smegmatis ATCC 607, the degree of impact of the examined substance on the antioxidant
system in the test culture was 85%.
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Bacteriological control of the supernatant after exposure to FS-1 at doses of 2 and 4 pg/ml on the
bacterial antioxidant system showed a lack of growth on the Levenshtein-Jensen egg-based culture
medium.

The studies thereby found that the drug FS-1 under in vitro experimental conditions at doses of 2 and
4 pg/ml exhibited a pronounced inhibitory activity on the antioxidant enzyme system in atypical
mycobacteria M. smegmatis. This led to a loss of resistance to oxidative stress in bacterial cells and their
death.
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BAKTEPUAJIIbl AHTUOKCHUJIAHTTHI )KYHUECIHIH BEJICEHILTITTHE ®C-1 JIDPLIIK
3ATBIHBIH OCEP ETYIH 3EPTTEY

AnHoTanusi. byn sxymeicta M.smegmatis 0akTepUsCHIHBIH aHTHOKCHJIAHTTHI JKYHeCiHe KypaMbIHIa nuoj Oap
OC-1 kelIeHiHIH acep €Ty HOTHXKeJepl YChIHBIIIBI. DKCIIEPUMEHTTIK in vitro xarnaiina ®C-1 nopinik 3aThl 2 xoHe 4
MKI/MJI I03aCBhIH]Ia 9cep €TKeH Ke3ne M.smegmatis — aTUNTI MUKOOAKTEPUsIIap MBICAIBIHAA CYIEPOKCUATUCMYTa3a
OakTepusUIBIK (PepPMEHTIHIH (YHKIMOHAIIBIK OCICEH/UIITIH, SFHU TOTBIFY KYH3eNiCiHE TYpaKThUIBIFBIH TOMEHETEe-
TiHI KepceTi.
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HYDROPROCESSING OF GASOLINE AND DIESEL FRACTIONS
ON MODIFIED ALUMO-NICKEL-MOLYBDENUM CATALYSTS

Abstract. The paper presents the results of the study of hydroprocessing of gasoline and diesel oil fractions on
alumina catalysts modified with variable valence metals, additives of phosphorus and lanthanum. The process of
hydroprocessing gasoline and diesel fractions was studied in a high-pressure flow installation with a fixed catalyst
bed at temperatures of 320-400°C, pressure 2.5-4.0 MPa and flow rate of the feedstock 1-3 h™.

The results obtained in tests of catalysts in the process of hydroprocessinggasoline and diesel oil fractions show
that the greatest hydrodesulfurization activity is observed at a temperature of 380-400°C, a pressure of 4.0 MPa and a
flow rate of 1 h'. Under optimal conditions, during the processing of straight-run gasoline fraction, the highest
octane number is characteristic of the KGO-21 catalyst (NiO-Mo0O;-La,0;-P,05-ZSM-A1,0;): 91.8 (RM) and 72.4
(MM). The KGO-23 catalyst (NiO-MoO;-La,05-P,0s-BEA-AL,O;) has a high hydroabsorbing activity. After
hydroprocessing of straight-run gasoline and catalytic cracking gasoline, sulfur was not detected on this catalyst.
When hydroprocessing the diesel fraction of oil, the lowest pour point and cloud point of diesel fuel are achieved on
the KGO-21 catalyst: minus 58.9 © C and minus 57.7 © C, respectively. Diesel fuel produced on this catalyst contains
the least amount of residual sulfur compared with other catalysts.

By the method of temperature-programmed desorption of ammonia, it was found that the concentration of acid
sites on the KGO-21 catalyst is 31.3 * 10 *mol NHsges / g cat. On the surface of the KGO-23 catalyst, two forms of
adsorbed ammonia were found with a Ty, = 175 and 220 ° C (10.2 and 9.5 moINH; / g cat, respectively). The total
amount of NHsges = 19.7 * 10*moINHye, / g cat. The KGO-21 catalyst has the highest concentration of acid sites,
which determines its high hydroisomerizing activity in the hydroprocessingof gasoline fractions.

Keywords: straight-run gasoline, diesel oil fraction, zeolite, catalyst, hydropurification.

Introduction

In connection with the involvement in the processing of high-sulfur oil and the deepening of its
processing, the requirements for hydroprocessing catalysts for petroleum fractions increased. Currently,
there is a tendency to tighten the requirements for the composition of motor fuels, the insufficiently high
quality of which is one of the causes of environmental pollution; therefore the focus of many refineries is
on increasing the depth of hydrodesulfurization. In this regard, for the production of high-quality motor
fuels at the present stage, catalytic processes of deep hydroprocessing of petroleum fractions are of great
importance [1-9]. In the world production of motor fuels, there is a constant trend of tightening their
environmental performance. According to international standards, a significant limitation of the content of
sulfur, benzene, aromatic and olefinic hydrocarbons in motor fuels is required. The effectiveness of
hydroprocessing processes is mainly determined by the properties of the catalysts used. Existing
hydroprocessing catalysts do not satisfy the increased quality requirements for motor fuels. For carrying
out deep hydroprocessing of various fractions of oil, it is necessary to use new efficient catalysts and
technologies.

Global priorities for the development of the oil sector are the creation and introduction of new
catalytic technologies based on the use of catalysts that will improve the quality of oil refining. The
creation of new catalysts for the directed refining of oil and its fractions will now and in the near future
remain a relevant scientific and practical task. Industrial catalysts for hydroprocessing petroleum fractions
in Kazakhstan and the CIS countries do not always meet the increased requirements for the quality of
motor fuels. To improve the quality of motor fuels (gasoline, diesel fuel), cheaper production for the
60 ——
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refineries of the Republic of Kazakhstan, the development of highly efficient multifunctional catalysts for
the processing of oil fractions is an urgent and priority task.

The development of new efficient catalysts for the hydroprocessing of motor fuels is necessary for the
creation of new technologies in this area. At the same time, much attention is paid to the development of a
hydroprocessing catalyst for a certain type of crude oil. In this regard, the creation of new highly efficient
catalysts for the hydroprocessing of gasoline and diesel oil fractions is very important [1-21].

This paper presents the results of the study of hydroprocessing of gasoline and diesel oil fractions on
new alumonickel, tungsten, molybdenum catalysts modified with additives of ZSM-5, BEA, phosphorus
and lanthanum zeolites.

Experimental part

New zeolite-containing alumina catalysts, modified by the introduction of metals with variable
valence and phosphorus, were developed and prepared. The catalysts were prepared by impregnating a
mixture of aluminum hydroxide with high silica zeolites HZSM-5, BEA, and water-soluble salts of nickel,
molybdenum, lanthanum, and phosphoric acid. After impregnation, samples of the catalysts were molded
and dried at 150°C for 5 hours, then calcined at 550 ° C for 5 hours.

The activity of the synthesized catalysts was studied in the hydroprocessingof gasoline and diesel oil
fractions. The process was carried out in a flow-through installation with a stationary catalyst bed at
temperatures of 320-400°C, bulk flow rate of feedstock 1-3 hours™, pressure 2.5-4.0 MPa.

Analysis of the sulfur content in the feedstock and products was carried out on the instrument
SPECTROSCAN. Determination of the pour point and cloud point was carried out on the device LAZ M2.

The physicochemical characteristics of the catalysts were studied using BET, electron microscopy
[22], and temperature-programmed desorption of ammonia [23].

Results and discussion

With enlarged laboratory tests of hydroprocessing of straight-run gasoline on the NiO-Mo00Os-La,0s-
P,05-A1,03-ZSM catalyst (KGO-21) at a temperature of 320°C, the content of isoalkanes increases from
36.8 to 44.3% compared to the initial (table 1). At a temperature of 400°C, the content of isoalkanes
decreases and is equal to 30.7%. With an increase in temperature in the range of 320-400°C, the amount of
aromatic hydrocarbons increases from 10.4 to 28.3%, the yield of naphthenic hydrocarbons increases from
20.3 to 30.3%. The amount of olefins in the catalyzate depends little on the process temperature and is
4.3-5.8%. The yield of the liquid phase with increasing temperature from 320 to 400°C decreases from
74.8 to 55.4%. The octane number of gasoline refined at 400°C is maximum and equal to 91.8 (RM) and
72.4 (MM). Under these conditions, the sulfur content in the resulting gasoline is reduced from 0.0092%
to 0.0028%.

Table 1 - Effect of temperature on the process of hydroprocessing straight-run gasoline on the catalyst KGO-21

Products,% Initialgasoline T,°C

320 350 380 400
Paraffins Cs-Cg 27,3 20,7 10,0 8,5 5,0
Iso-alkanes 36,8 443 32,4 32,6 30,7
Olefins 4,8 4,3 5,4 5,6 5,8
Aromatic hydrocarbons 9,2 10,4 18,7 24,8 28,3
Naphthenic hydrocarbons 21,9 20,3 334 28,5 30,3
The output of the liquid phase 74,8 65,7 59,0 55,4
The octane number by research method 78,9 84,3 89,8 90,0 91,8
The octane number bymotor method 60,9 70,4 69,2 71,8 72,4
Mass fraction of sulfur,% 0,0092 0,0036 0,0033 0,0030 0,0028

Note: V=2 h'', P=4,0MPa

Studying the effect of pressure on the process of hydroprocessing straight-run gasoline on the KGO-
21 catalyst showed that with an increase in pressure in the range of 2.5-4.0 MPa, the maximum amount of
isoalkanes is observed at P = 2.5 MPa and is 34.9% (Table 2). With a further increase in pressure, their
amount decreases to 30.7% at 4.0MPa, while the concentration of naphthenic hydrocarbons increases from
22.9% to 30.3%. The concentration of aromatic and olefinic hydrocarbons depends little on pressure and
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varies between 27.3-29.7% and 4.6-5.8%, respectively. The yield of the liquid phase is 50.4-55.4%. The
octane number of gasoline refined at 4.0 MPa is 91.8 (RM) and 72.4 (MM). The sulfur content in
catalyzate is reduced from 0.0092% (initial gasoline) to 0.0028% at 4.0 MPa.

Table 2 - Effect of pressure on the process
of hydroprocessing straight-run gasoline on the catalyst KGO-21

Products,% Initial gasoline P, MPa

2,5 3,0 3,5 4,0
Paraffins Cs-Cg 273 7,9 6,0 4.0 5,0
Iso-alkanes 36,8 34,9 34,3 30,6 30,7
Olefins 4,8 4,6 5,3 5,0 5,8
Aromatic hydrocarbons 9,2 29,7 27,3 28,4 28,3
Naphthenic hydrocarbons 21,9 22,9 27,1 32,0 30,3
The output of the liquid phase 52,0 50,4 53,2 55,4
The octane number by research 78.9 89.6 88.3 88.9 91,8
method
The octane number by motor method 60,9 72,9 71,8 70,1 72,4
Mass fraction of sulfur,% 0,0092 0,0047 0,0035 0,0033 0,0028

Note: T=400°C, V=2 h!

During the hydroprocessing of straight-run gasoline fraction on the KGO-21 catalyst, the increase in
the volumetric feed rate of the feedstock from 1.0 to 2.5 h™" does not change the content of isoalkanes in
the catalyst and is equal to 30.1 - 30.7% (Table 3). The amount of aromatic and naphthenic hydrocarbons
in the resulting product also varies little with the change in the volumetric feed rate. The yield of olefinic
hydrocarbons ranges from 4.9 to 5.8%. The octane number of the gasoline produced is increased
compared with the initial (78.9) to 90.9-91.8 (RM), the residual sulfur content is reduced compared with
the raw material from 0.0092 to 0.0036.

Table 3 - Effect of volumetric feed rate on the process
of hydroprocessing straight-run gasoline on the catalyst KGO-21

Products,% Initial gasoline V, h'! |
1,0 1,5 2,0 3,0
Paraffins Cs-Cg 28,0 5,0 4,9 5,0 4,1
Iso-alkanes 35,5 30,6 30,2 30,7 30,1
Olefins 4,8 4,9 5,4 5,8 5,2
Aromatic hydrocarbons 8,1 31,6 30,6 28,3 29,7
Naphthenic hydrocarbons 23,6 27,8 28,9 30,3 30,8
The output of the liquid phase - 50,1 48,0 554 43,0
The octane number by research 78.9 89,0 90.9 918 90.7
method
The octane number by research 60.6 713 70,7 72.4 7.1
method
Mass fraction of sulfur,% 0,0092 - 0,0019 0,0028 0,0036

Note: T=400°C, P=4,0MPa

The study of hydroprocessing of straight-run gasoline fraction on the KGO-21 catalyst showed that
the greatest hydrodesulfurizing activity was observed at a temperature of 380-400°C, a pressure of 4.0
MPa and a space velocity of 1 h™.

In the process of hydroprocessing the diesel fraction of oil on the KGO-21 catalyst, the pour point of
the diesel fraction at 320°C decreased from minus 18.3 to minus 35.9°C. As the process temperature rises
to 400°C, the pour point decreases to minus 58.9°C. The cloud point under these conditions falls from
minus 11.3 to minus 57.7°C. The output of hydrofluorised diesel fuel is 90.0-100.0% (Table 4). The sulfur
content is reduced to 0.0536%.

— 62 ——
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Table 4 - Effect of temperature on the process of hydro processing
of the diesel fraction of oil on the catalyst KGO-21

Process Sulfur content,% Pour point, °C Cloud point, °C Yield, %
temperature, °C

Initialdieselfraction | 0,560 -18.3 -11.3 -

320 0,367 -359 -30,7 100

350 0,251 -51,3 -51,0 92,5
380 0,135 -54,9 -48,1 91,0
400 0,0536 -58,9 -57,7 90,0
Note: V=2 h', P=4,0 MPa

Studying the effect of the volumetric feed rate on the process of hydroprocessing the diesel fraction of
oil on the KGO-21 catalyst showed that with a decrease in the volumetric rate from 3.0 to 1.0 h™', the
amount of sulfur in the catalyzate decreases from 0.1942% to 0.0536%. The greatest decrease in the
freezing and cloud point temperatures on this catalyst — down to minus 58.9°C and minus 57.7°C,
respectively — is observed at an optimal flow rate of the feedstock of 2.0 h™'. A decrease in catalyst
activity with an increase in the feed rate of raw materials is due to a decrease in the contact time of
reactants with active sites of the catalyst.

When hydroprocessing a straight-run gasoline fraction on the NiO-MoOs-La,0;-P,0s-BEA-ALO5
(KGO-23) catalyst at 320°C, the content of isoalkanes increases from 35.8 to 40.8%. With further increase
in temperature to 400°C, their number reaches a maximum value of 44.6% (Table 5). The yield of the
liquid phase in the range of 320 - 400°C decreases with increasing temperature from 95.0 to 86.4%, which
is associated with an increase in hydrocracking. Under these conditions, the share of aromatic
hydrocarbons in the obtained catalyzate increases from 9.5 to 11.4%, the content of naphthenic
hydrocarbons decreases from 21.3% in the initial gasoline to 16.1% at 400°C. The concentration of
olefinic hydrocarbons in the resulting catalyzate ranges from 5.8 to 7.3%. The octane number of gasoline
hydroennobled in these conditions remains almost unchanged. The KGO-23 catalyst showed high
hydrodesulfurization activity: after hydroprocessingof straight-run gasoline, sulfur was not detected on it.

Table 5 - Effect of temperature on the process
of hydroprocessing straight-run gasoline on the catalyst KGO-23

Products,% Initial gasoline T,°C

320 350 380 400
Paraffins Cs-Cq 27,6 25,3 23,9 21,8 22,3
Iso-alkanes 35,8 40,8 36,1 39,0 44,6
Olefins 5,8 5,8 7,3 6,7 5,6
Aromatic hydrocarbons 9,5 9,5 8,8 12,1 11,4
Naphthenic hydrocarbons 21,3 18,6 23,9 20,4 16,1
The output of the liquid phase 95 93,6 88,6 86,4
Octane number by research method 80,2 80,0 82,9 78,2 80,8
Octane number by motor method 61,1 62,2 66,5 62,5 66,9
Mass fraction of sulfur, % 0,0050 - - - -

Note: V=2 h'", P=4,0 MPa

The process of hydroprocessing of catalytic cracking gasoline on the KGO-23 catalyst was studied
(Table 6). Studies have shown that at 320-400°C, the amount of isoalkanes and aromatic hydrocarbons
increases from 25.8 to 41.8-48.6% compared to the initial and from 29.2 to 33.6-36.9%, respectively. The
content of naphthenic hydrocarbons varies between 7.0 and 9.0%. The octane number of the gasoline
produced at 400°C is 86.7 (RM) and 80.0 (MM). It should be noted that in catalytic cracking gasoline
hydrated on the KGO-23 catalyst, as in the case of straight-run gasoline, sulfur was not detected,
indicating a high hydrodesulfurization activity of this catalyst.
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Table 6 - Effect of temperature on the process of gasoline hydroprocessing
of catalytic cracking on the catalyst KGO-23

Products,% Initial gasoline T,°C

320 350 380 400
Paraffins Cs-Cg 5,6 9,8 10,1 14,5 8,4
Iso-alkanes 25,8 48,0 47,8 48,6 41,8
Olefins 31,5 4,8 3,9 4,3 4,9
Aromatic hydrocarbons 29,2 293 29,1 33,6 36,9
Naphthenic hydrocarbons 7,9 8,0 9,0 7,0 8,0
The output of the liquid phase 95 87,5 85 84,5
Octane number byresearch method 88,3 85,3 85,2 86,1 86,7
Octane number bymotor method 80,1 78,3 78,6 80,0 80,0
Mass fraction of sulfur,% - - - -
Note: V=2 h'!, P=4,0 MPa

With the consolidated testing of the KGO-23 catalyst in the process of one-stage hydroprocessing of
the diesel fraction of oil with sulfur content of 0.6400%, it was shown that with increasing process
temperature from 320 to 400°C, the pour point and cloud point of the diesel fraction after the
hydroprocessing on the catalyst change little. The output of hydroennobled diesel fuel is 94.5-98.0%. The
sulfur content after hydroprocessing the diesel fraction at 380-400°C on the catalyst KGO-23 is reduced to
0.1100%.

When hydroprocessing straight-run gasoline fraction of oil on the catalyst NiO-WQO;-La,0;-P,0s-
ZSM-ALO; (KGO-4) with increasing temperature from 320 to 400°C, the content of isoalkanes increases
from 26.3% (initial), reaching a maximum value of 41.9% at 380 ° C, slightly decreasing at 400°C (Table
7). Under these conditions, the yield of aromatic hydrocarbons increases to 20.2% (380°C). The amount of
olefins in the catalyzate is 4.4-5.0%. The octane number of refined gasoline obtained at 380°C is
maximally 84.3 (RM) and 69.9 (MM).

Table 7 - Effect of temperature on the process
of hydroprocessing of straight-run gasoline fraction on the catalyst KGO-4

Products,% Initial gasoline T, °C

320 350 380 400
ParaffinsCs-Cy 33,4 23,9 10,9 16,6 19,2
Iso-alkanes 26,3 38,9 40,3 41,9 39,8
Olefins 3,7 4,7 5,2 4.4 5,0
Aromatic hydrocarbons 5,6 8,6 19,1 20,2 11,6
Naphthenic hydrocarbons 31,0 23,9 24,5 16,9 244
The output of the liquid phase 63,5 60,0 47,0 50
Octane number by research method 71,7 82,2 81,8 84,3 81,0
Octane number by motor method 53,8 67,1 66,8 69,9 65,9
Sulfur content, % 0,0370 0,0239 0, 0230 0, 0227 0,0220
Note: V=2 h”', P=4,0 MPa

The yield of liquid catalyzate is equal to 47.0-63.5%. The sulfur content in the catalyzate after
hydroprocessing decreased from 0.037 to 0.0220%.

The catalyst KGO-4 was also tested in the process of hydroprocessing the diesel oil fraction. The pour
point of the diesel fraction after its hydroprocessing on the KGO-4 catalyst at 400°C has decreased to
minus 38.8°C, whereas in the feedstock the pour point is equal to minus 18.3°C. The cloud point under
these conditions varies from minus 11.3 to minus 28.2°C. The output of hydroennobleddiesel fuel is 96.1-
100%. At the same time, the sulfur content decreases from 0.560% in the initial fraction to 0.1025%
(Table 8).

— (4 ——
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Table 8 - Effect of temperature on the process of hydroprocessing of the diesel fraction of oil on the catalyst KGO-4

Experience temperature, °C Sulfur Pour point, °C Cloud point, °C Yield, %
content,%

The original diesel fraction 0,560 -18,3 -11,3 -
320 0,3295 -30,2 -21,9 100
350 0,2198 35,1 25,0 99,6
380 0,1826 -38,1 =272 98,5
400 0,1025 -38.8 -28.2 96,1
Note: V=2 h', P=4,0 MPa

Acid-basic characteristics of catalysts are essential for the processing of hydrocarbons. The acidic
characteristics of the catalysts were studied by the method of temperature — programmed desorption of
ammonia (Table 9).

Table 9 - Acid-basic characteristics of KGO catalysts

Catalyst Maximum peak temperature, °C Amount of desorption ¥NH;qes 107
ammonia bath, 10™*mol/gcat mol/gcat
1 2 1 2
KGO-4 — 195 — 21,0 21,0
KGO-21 — 215 — 31,3 31,3
KGO-23 175 220 10,2 9,5 19,7

From the data presented in Table 9, it can be seen that on the surface of the catalysts NiO-WO;-
La203—P205—ZSM—A1203 (KGO—4), NiO-MOO3-L3203—P205-ZSM-A1203 (KGO—ZI), NiO-MOO:;-LazO:;—
P,05-BEA-ALO; (KGO-23), there are strong acid sites with Ty equal to 195, 215, 220°C, respectively.
The amount of ammonia desorbed from the surface of NiO-WQO;-La,0;-P,05-ZSM-AL,O03(KGO-4) is 21.0
* 10™*mol NH;qes/g cat. The concentration of acid sites on the NiO-MoO;-La,0;-P,05-ZSM-AI,05 catalyst
is higher - 31.3 ¢ 10*mol NHaqes/g cat. On the surface of the catalyst NiO-MoOs-La,0;-P,05-BEA-ZSM-
ALO;(KGO-23), two forms of adsorbed ammonia were found with a Td of 175 and 220°C. Their number
is close to 10.2 and 9.5 mol NH;4./g cat, respectively. The total amount of NH3q4es = 19.7 10 *mol NH; s/ g
cat.

The analysis of the obtained results shows that under optimal conditions during the processing of
straight-run gasoline fraction, the highest octane number is characteristic for the catalyst KGO-21: 91.8
(RM) and 72.4 (MM), respectively. It should be noted that the KGO-21 catalyst has the highest
concentration of acid sites (31.3 10*mol NH;g4es/g cat, Tges = 215°C), which determines its high
hydroisomerizing activity in the process of hydroprocessing gasoline fractions. The catalyst KGO-23 has a
high hydrodesulfurizing activity. After hydroprocessing of straight-run gasoline and catalytic cracking
gasoline, sulfur was not detected on this catalyst.

When hydroprocessing the diesel fraction of oil, the lowest pour point and cloud point of diesel fuel
are achieved on the KGO-21 catalyst: minus 58.9°C and minus 57.7°C, respectively. Diesel fuel produced
on this catalyst contains the least amount of residual sulfur compared with other catalysts.

The new modified zeolite-containing KGO catalysts developed for the gasoline and diesel fractions
hydroprocessing processes are hydrotreated, hydroisomerized and hydrocracked in one stage and allow to
obtain low-sulfur, high-octane gasoline and low-coagulation diesel fuel. When hydroprocessing on KGO
catalysts with dehydrating and hydrogenating abilities, n-alkanes on the metal centers of the catalyst start
to dehydrate, the olefin formed on the acid center turns into carbonium ion, which is easily isomerized
[24].

Source of research funding: The work was carried out according to the scientific and technical
program: Ne BR05236739 "Creating the basis for the production of oil and gas processing products based
on domestic technologies".
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B.T. Tykrun, JI.b. lllanoBanosa, A.3. Aouabmar:kanos, H.A. lllammar
AK "1.B. CoxonbCKUi aTBIHAAFHI )KaHApMaii, KaTaln3 XKoHE dIEKTPOXUMUS HHCTHTYTH", AnMatsl, Ka3zakcran

MOINPUNNPJIEHTI'EH AIIOMOHUKEJIBMOJIMBAEH KATAJIU3ATOPJIAPJA BEH3UH
KOHE JU3EJb ®PAKIITUAJIAPBIH TMIPOOHIAEY

AnHotanus. JXympicTa aypicnagbl BaJICHTTI METalIapMeH MOIUGUIMPIICHTEH koHe (Qochop MEH JIaHTaH
KOCBUIFAH aJTFOMOOKCH/TI KaTalu3aropiiapia MYHaWIbIH OCH3MH XOHE au3eib (paKIMsIapbIHBIH THAPOOHICY
HOTIDKENIEpl KeNTipuireH. BeH3WH koHe am3enb (QpakiusuiapblH KOFaphl KBICBIMIBI aFBIHIBI  KOHIBIPFBIIA
KaTalM3aTop/blH CTanuoHapiibl KabareiHaa temmeparypa 320-400°C, xpickiMbl 2,5-4,0 MIla »xoHe HIMKi3aTTBIH
KeJIeMIIK Oepiny »KbUIIaMIbIFRI 1-3 car’! Gonranna THIPOSHICY TPOIIEC] XKYPri3iii.

MyHaiigplH OCH3WH JKOHE OHM3eNbAi (paKIMsUIapblH THAPOSHICY IPOILECIHAC KaTaam3aTopiapAbl CHIHAY
HOTIDKEC] GOMBIHINA eH 5KOFaphl THAPOKYKipTcizneny 380-400° C TemmnepaTypana, KeichiMbl 4,0 MPa jkoHe KeneMiik
Oepiry KpUTIaMIBIFEI 1 car’ Goyrana GalKaIbL. Typa alinanran OeH3UH (HPaKIUACHH THIMI JKaFaaiina eHaereH e
OKTaH caHbl eH orapbl kepcerkimi KI'O-21 karanuszatopeia (NiO-MoO;-La,03-P,05-ZSM-AL03): 91,8 (39)
xoHe 72,4 (MO) ton. KI'O-23 xkarammsatoper  (NiO-MoOs-La,0;-P,0s-BEA-AL,O;)  en  xorapbl
THIPOKYKIPTCI3ACHIIPY aKTUBTUIIrH KepceTTi. OChl KaTann3aToOpMeH Typa aianran OCH3WH JKOHE KaTaTUTHKAIIBIK
KPEKMHT O€H3MHIH THIPOOHJEreHHEH KeWiH KyKipT Myizae Oaiikaiamanbl. MyHaWIbIH IU3eNbAIK (PaKIHUAChIH
rugpoenaerenne KI'O-21 katanu3aTopbl ¢H TOMEH KaTy JKOHE JIailaHy TeMIlepaTypachiHa Ue OOJIIbI: COHKECIHIIE -
58,9°C xone -57,7°C. Ochl KaTanu3aTopJaH albIHFAH TU3EIIbIIK OTHIH KYpPaMbIHIAFbl KAJIFAH KYKipT MeJmepi 6acka
KaTaJn3aTOPJIAPMEH CANBICTHIPFAH/IA CH a3 MOJIIEPIi KYPaIbl.

AMMUAKTBIH TeMIepaTypaiblK-Oarnapiamansl  jgecopbuus omici  apkpuiel  KI'O-21  katanmzaTopbiHaa
KBIIIKBUIABIK ~OpPTANbIKTAPBIHBIH ~KOHLEHTpauusicel 31,3 10* moub NH;p. /r.katammzatop kypamsr. KI'O-23
KaTaIN3aTOPBIHEIH OeTiHIe ancopOImsianrad aMMHAKTEIH €Ki TYPi Ty 175 xome 220°C ten (10,2 xome 9,5 Mo
NHjpe. /r.KaTammzatop coiikeciHmie). JlecopOmusiianFaH aMMHAKTHIH JKUBIHTHIK Meumepi 19,7: 10 MOJTBNH33 ¢
/r.xaTanu3atop TeH. KplIKbULIBIK OPTaIbIKThIH €H JKOFaprbl KoHIeHTpauscel K['O-21 karanu3aTopbiHaa OaiKaibii
XoHe OeH3MH (ppaKLusIIapbIH THAPOOHJICY MPOLIECTEPIH/IE KOFAPHI FHPOU30MEpIIeY aKTUBTIIITIH aHBIKTANIbI.

Tyiiin ce3nep: Typa aitnanran OeH3MH, MYHAHIBIH q13eib (PAKIUSICHL, IIEOJHUT, KATATU3ATOpP, FHApOTa3anay

B.T. Tykrun, JL.b. llanoBanoBa, A.3. Aouiabmar:kanos, H.A. llammar
AOQO "HuctutyT TOMBA, Katanusa u anektpoxumun uM. J{.B. Cokonbckoro", Anmatel, Kazaxcran

TUJIPOIIEPEPABOTKA BEH3UMHOBBIX U IM3EJIbHBIX ®PAKIUI
HA MOINOPUIINPOBAHHBIX AJTIOMOHUKEJIBMOJINBJIEHOBBIX KATAJIM3ATOPAX

AnHoTauus. B paboTe npuBeneHs! pe3yIbTaThl HCCIEIOBaHU THAPONEpepabOTKH OCH3UHOBBIX U JH3EIbHBIX
¢pakunii HepTH Ha AIOMOOKCHAHBIX KaTalu3aTopax, MOAU(GHUIMPOBAHHBIX METAUIAMH C [EPEeMEHHOM
BAJICHTHOCTHIO, to0aBkaMu (ochopa u nanTana. Ilponece rugpornepepadoTKi OEH3MHOBBIX M JAN3ENIBHBIX (paKiui
U3y4dany B IPOTOYHOM yCTAHOBKE BBHICOKOTO JABJICHHUS CO CTAI[IOHApHBIM CJIOEM KaTalu3aropa MpH TeMIepaTypax
320-400°C, nasnenuu 2,5-4,0 MITa 1 00BEMHOM CKOPOCTH MOAAYH ChIPbs 1-3 gl

PesynbraThl, mMosydeHHbIE NPH HMCHBITAHUSIX KaTaIM3aTOPOB B Ipoliecce IrmaponepepaboTKn OEH3WHOBBIX U
JIM3EIbHBIX (pakiuii HedTH, MOKa3bIBAIOT, YTO HaHOOIbIIas THApooOeccepuBarolas akTHBHOCTh HaOIIIOAaeTCs pu
temneparype 380-400°C, naBnennu 4,0 MPa u oGbeMHO# ckopocTd nogaun lu”'. B ONTHMAbHBIX YCIOBHAX MPH
nepepaboTke TPSMOTOHHOW OEH3MHOBOM ()pakmmu Hanboiee BBICOKOE OKTAaHOBOE YHCIO XapaKTepHO IS
karanmuzaropa KI'O-21 (NiO-MoO;-La,0;-P,05-ZSM-AL0;): 91,8 (MM) u 72,4 (MM). Karammzarop KI'O-23 (NiO-
Mo0s-La,03-P,05-BEA-ALLO53) obmnamaer BBICOKOH runpoodeccepuBaromeit aKTUBHOCTEIO. ITocite
THApOIIepepabOTKU MPSIMOTOHHOTO OEH3MHA M OEH3MHA KaTAIMTHYECKOr0 KPEKHMHra Ha 3TOM KaTalu3aTope cepa He
obnapysxeHa. [Ipu rugpomnepepaboTke nu3enbHON pakiuy HeTH Hamboiee HU3KUE TEMIIEPaTyphl 3aCTHIBAHUS U
[OMYTHEHHUs] JAW3EJILHOTO TOIUIMBA JOCTMIHYThl Ha Katajimsatope KI'O-21: munyc 58,9°C u mumyc 57,7°C
COOTBETCTBEHHO. J[M3enbHOE TOIIMBO, MOJTy4aeMO€ Ha 3TOM KaTalu3aTope, COACPKUT HauMEHbIIee KOJIMYECTBO
OCTaTOYHOH Cephl 110 CPAaBHEHHUIO C IPYTHMHU KaTaIl3aTOpaMHU.

MerogoM TeMHIepaTypHO-IIPOrpaMMHUPOBAaHHON JAecopOlMM aMMuaka YCTaHOBJIEHO, YTO KOHIIEHTPALUs
KHUCJIOTHBIX LIeHTpoB Ha Kartanuzatope KI'O-21 cocraBnser 31,310 moms NH;,. /T kaT-pa. Ha moBepxHOCTH
karamzaropa K['O-23 o6HapysxeHsl 18e GopMbI ancopOupoBaHHOro ammuaka ¢ Ty , paBHoit 175 u 220°C (10,2 u
9,5 monmb NHj,. /r KaT-pa coorBeTcTBeHHO). CymmapHOe KomudecTBO NHjp.. = 19,7-10'4 Mok NHjpe. /T KaT-pa.
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HaunbomnpIel koHIIEHTpaIel KUCIOTHBIX IEHTPOB obnmanaeT karaam3arop KI'O-21, 9To u onpenensieT ero BRICOKYIO
THAPOM30MEPU3YIOIIYI0 aKTHBHOCTB B IIpOLIeccax THAPONepepadoTKU OEH3MHOBHIX (DpaKkiuii.
KnroueBsle ciioBa: NIpsIMOTOHHBII OCH3MH, An3eNbHAS QpaKysa HEQTH, LIEOIUT, KATATU3aTOP, THAPOOYNCTKA.
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COMPARATIVE ANALYSIS OF BIOLOGICALLY ACTIVE COMPLEXES
OBTAINED BY THE SCF COF METHOD - PLANT EXTRACTION
OF PLANTS OF DAUCUS CAROTA, SOLANUM LYCOPERSICUM,
CRATAEGUS TURKESTANICA A. POJARK SPECIES

Abstract. The article presents the results of a study of the qualitative and quantitative extracts obtained by the
method of supercritical fluid extraction by carbon dioxide from the fruits of the plant Daucus carota, Solanum
lycopersicum, Crataegus turkestanica A. Pojark.

Extraction on a Thar SFE-1000 CO,-extraction unit under the following conditions: temperature range in the
reactor is 40-80 ° C, CO, pressure is 180-200 bar, with a gas flow of 100 ml / min, ethyl alcohol was used as a co-
solvent.

The obtained extract was investigated by gas chromatography on a gas chromatograph with an Agilent
Technologies 7890N / 5973N GC / MS mass-selective detector.

The studied extracts identified in Daucus carota: carotenoids, limonene (0.2%), o-cymol (0.29%), cariofillen
(0.3%), phytol acetate (4.25%), eicosane (1.2 %), falkarinol (4.5%), squalene (0.8%), vitamin E (0.6%), campesterol
(0.8%), stigmasterol (2.34%), gamma sitosterol (2.49 %).

Crataegus turkestanica A. Pojark: Limonene (0.42%), o-cymol (0.28), phytol acetate (1.45%), eicosane
(3.65%), falkarinol (0.255%), squalene (2, 0%), vitamin E (0.57%), campesterol (0.78%), alpha-tocopherol (1.83%),
gamma-sitosterol (4.83%).

Solanum Iycopersicum: Carotenoids, fatty acid esters (oleic, linolenic, hexadecanoic, octadecadienoic), eicosane
(2.65%), lupeol (2.33%), phytol acetate (1.61%), alpha-amyrin (7.46 %), vitamin E (1.08%), tetracosane (3.81%)

For a more complete study of the chemical composition of supercritical extracts of the extract, gas
chromatography with a mass selective (GC-MS) detector was used.

Work on the study of extracts obtained under other conditions of extraction is currently ongoing.

Key words: Daucus carota, Solanum lycopersicum, Crataegus turkestanica A. Pojark, SFE, HPLC-MS.

Introduction

One of the most important humanitarian tasks that directly affect the quality of life is a high level of
provision of high-quality drugs. In part, this task can be solved by producing a number of drugs from
widely used and affordable starting materials by processing them using modern methods. In particular, in
the Republic of Kazakhstan, natural, renewable plant resources are the richest source of biologically active
substances. Therefore, at present, interest has increased in the search for new drugs based on plant raw
materials of the Republic of Kazakhstan, since they, in most cases, are much less toxic, cause allergic
reactions much less frequently. Therefore, the search for new technologies for the isolation of safe
bioactive complexes is considered an important task at the present time [1].

Supercritical fluid extraction is a technological process consisting in converting one or more
components of a solid or liquid mixture into a “supercritical gas-fluid”. Produced by contacting a mixture
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of components to be separated with a gaseous extractant at a temperature and pressure above the critical
point. The most widely used as extractants (solvents) are CO,, ethane, ethylene, propane, SFs, etc [2-3].

Features of supercritical carbon dioxide. Supercritical gas has the characteristic of more rapid mass
movement compared with traditional liquid organic solvents. Despite a slightly lower density compared to
a liquid, the dynamic viscosity of the compressed gases most likely corresponds to the values of the
normal gaseous state. The diffusion coefficient of supercritical gas is more than ten times higher than that
of a liquid [4].

A gas in a supercritical state, better than a classical solvent penetrates into the extracted material, is
able to more effectively absorb and transport soluble components of the substance [5-8].

The use of carbon dioxide allows completely and sparingly separating it from the extract and carrier
material as opposed to classical solvents, the elimination of which is not always complete. In other words,
the extracts obtained using this technique are completely free of solvent [9-10].

Superecritical fluid extraction is controlled, which allows you to adjust the extraction of a component
from plant materials. It is precisely this that allows to obtain not only natural food ingredients, such as
natural antioxidants, preservatives, dyes, flavoring substances, but also pharmaceutical ingredients. [11].

The objects of research were Kazakhstani plant species Daucus carota, Solanum lycopersicum,
Crataegus turkestanica A. Pojark.

Material and methods

The supercritical extraction method was carried out on a Thar SFE-1000 CO2-extraction unit under
the following conditions: the temperature range in the reactor was 40—80 ° C, the CO, pressure was 180—
200 bar, with a gas flow of 100 ml / min, as a co-solvent ethanol

The obtained extract was investigated by gas chromatography on an Agilent Technologies 7890N /
5973N GC / MS gas chromatograph with a mass selective detector under the following conditions: a DB-
35MS column (30 mx 250 mm x 0.25 mm) was used, the helium carrier gas velocity was 1 ml / min The
temperature of chromatography is programmed from 40 ° C (holding 0 min) to 300 ° C with a heating rate
of 5 ° C / min (holding 5 min). Detection is carried out in SCAN m / z mode 34-800. The Agilent MSD
Chem Station software (version 1701EA) was used to control the gas chromatography system, record and
process the obtained results. Data processing includes the determination of retention time, peak areas, as
well as the processing of spectral information obtained using a mass spectrometric detector. The Wiley 7th
edition and NIST’02 libraries were used to decipher the mass spectra obtained (the total number of spectra
in the libraries is more than 550 thousand). It was also carried out quantitative determination by UV
spectrometry [12-13].

Results and discussion

The purity of the objects under study are determined in the framework of the State Pharmacopoeia of
the Republic of Kazakhstan 1 edition. [14].

The results of the study of supercritical extracts obtained from objects of Daucus carota, Solanum
lycopersicum, Crataegus turkestanica A. Pojark species are presented in Tables 1-3 and in Figures 1-3.

The quantitative content of the main BAS groups was determined by the HPLC-MS method. The
table contains the substances that have the greatest amount.
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Figure 1- Chromatogram of supercritical extract obtained from the plant Daucus carota

From the results of the chromatographic analysis, it can be seen that many substances were identified
in the supercritical extract obtained from the fruits of the Daucus carota plant;

— 70 —




ISSN 2224-5286

5.2019

Table 1 - Characteristics of the supercritical extract obtained from the plant Daucus carota
Raw material Daucus carota
Production Supercritical fluid extraction with carbon dioxide, in the absence of inorganic salts, without solvent
residues, reproducible microorganisms.
Type of extract Liquid from light yellow to yellow salad color.
Composition PUFA, carotenoids, limonene (0.2%), o-cymol (0.29%), caryophyllen (0.3%), phytol acetate
(4.25%), eicosane (1.2%), falkarinol (4 , 5%), squalene (0.8%), vitamin E (0.6%), campesterol
(0.8%), stigmasterol (2.34%), gamma sitosterol (2.49%).
Using It is recommended to use in the care of fading, flaky and problem skin.
Naturalness The product is 100% natural, does not contain impurities and is not manufactured according to the
chemical formula.
Storage In a sealed package in a cool dark place at least 2 years.
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Figure 2- Chromatogram of supercritical extract obtained from plant Crataegus turkestanica A. Pojark

From the results of the study of the supercritical extract obtained from the fruit of the plant Crataegus
turkestanica A. Pojark by HPLC, it was found that the largest number of compounds are identified at 23-
34 minutes of the process. A more detailed analysis of the extract is presented in table 2.

Compared with previous samples, the largest number of signals is noted, the total analysis is

presented in table 3.

Table 2 - Characteristics of the supercritical extract obtained from the plant Crataegus turkestanica A. Pojark

Raw material:

Crataegus turkestanica A. Pojark

Production:

Supercritical fluid extraction with natural carbon dioxide, in the absence of inorganic salts,
without solvent residues, reproducible microorganisms.

Type of extract:

Liquid from light yellow to yellow.

Composition: Limonene (0.42%), o-cymol (0.28), phytol acetate (1.45%), eicosane (3.65%), falkarinol
(0.255%), squalene (2.0%), vitamin E (0.57%), campesterol (0.78%), alpha-tocopherol (1.83%),
gamma-sitosterol (4.83%).

Using: It is recommended to use in the care of fading, flaky and problem skin.

Naturalness: The product is 100% natural, does not contain impurities and is not manufactured according to
the chemical formula.

Storage: In a sealed package in a cool dark place at least 2 years.
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Figure 3 - Chromatogram of supercritical extract obtained from plant Solanum lycopersicum

Table 3 - Characteristics of the supercritical extract obtained from the plant Solanum lycopersicum

Raw material: Solanum lycopersicum

Production: Supercritical fluid extraction with natural carbon dioxide, in the absence of inorganic salts, without solvent
residues, reproducible microorganisms.

Type of extract: | Oily mass from orange-yellow to orange-red color with a faint characteristic odor.

Composition: Carotenoids, fatty acid esters (oleic, linolenic, hexadecanoic, octadecadienoic), eicosane (2.65%), lupeol
(2.33%), phytol acetate (1.61%), alpha-amyrin (7.46%), vitamin E (1.08%), tetracosane (3.81%).

Using: Components can have anti-inflammatory, antioxidant, wound healing agent, improves skin elasticity and
elasticity ..

Naturalness: The product is 100% natural, does not contain impurities and is not manufactured according to the
chemical formula.

Storage: In a sealed package in a cool dark place at least 2 years.

From the results presented in Table 3, there is a significant presence of esters of fatty acids,
hydrocarbons, as well as plant steroids and biologically active micronutrients.
The results allow us to draw the following conclusions.

Conclusion

Firstly, essential oils are found in the extracts of Daucus carota, as well as in a sufficient amount of
falkarinol - 4.5%. According to British scientists, falkarinol is a natural pesticide that kills cancerous
tumors. Cariofillen, a bicyclic sesquiterpene, which affects the taste and smell of the product, is found in
carrots.

Secondly, in the extracts of Crataegus turkestanica A. Pojark, solanum lycopersicum found: essential
oils, carotenoids, squalene, vitamins and sterols. Squalene is the strongest anti-tumor agent. Stervalene
triterpene has emollient, bactericidal, wound healing, antioxidant properties.

Sterols have anti-inflammatory, anti-allergic, anti-edematous, analgesic properties. Plant sterols, or
phytosterols, are alcohols containing 28-30 carbon atoms. These include B-sitosterol, stigmasterol,
campesterol, spinsterol, and others.

Vitamin E (tocopherols) has anti-inflammatory action, antioxidant activity, is involved in the
biosynthesis of heme and proteins, cell proliferation, tissue respiration, and other important processes of
tissue metabolism.

For the first time, supercritical fluid extraction was used to study Kazakhstani species of three edible
products, the obtained extracts were studied by HPLC.

Analysis of supercritical fluid extracts of three edible products by HPLC indicates the presence of
interesting compounds.
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On-Dapabu ateiniarel Kasak YITTBIK yHUBEPCUTETI
DU3MKAIBIK-XUMHUSIIBIK 3€PTTEYJIEp JKOHE Talay diCTepi OPTANIBIFbI
Kazakcran Pecniybnukacer, 050012, Anmarts k, Kapacaii 6aTsip ke, 95a,

DAUCUS CAROTA, SOLANUM LYCOPERSICUM, CRATAEGUS TURKESTANICA A. POJARK OCIMJIK
TYPJIEPIHEH KK® CO,-OKCTPAKIIUA 9AICIMEH AJIBIHFAH BUOJIOT'UAJIBIK BEJICEHAI KEINEH/II
CAJIBICTBIPMAJIBI CAPAIITAY

AHHoTanmsi. Makanajga »OFapFbIKPUTHKAIBIK (IIIOMATI 9ic KeMeriMeH KOMIpKBIIIKbUT ra3bl KaTbickinaa Daucus carota,
Solanum lycopersicum, Crataegus turkestanica A. Pojark eciMIik >keMicTepi SKCTPAKIIMACHIHBIH CAllaJIBIK KOHE CaHIBIK KYPaMbIH
3epTTey HOTHKENEPl KEeATipireH.

Okcrpaknusuiay Thar SFE-1000 KoHABIPFBICEIHAA KeJeci JKaraaiiia Kyprizini: peakTopiarsl TeMIepaTypa apaibiFsl - 40-
80°C, kpicbiM CO,— 180-200 6ap, razasiy arbrabl 100 Mi/MUH, CO-epTiHAL eceOlH/e MaiilalaHbUTFaH ePTIHIl STHI CIUPTI.

AJIBIHFaH 3KCTPaKT Macc-ceneKTuBTi aetekrop Agilent Technologies 7890N/5973N GC/MS rasasl xpomarorpadra ras
XpoMaTorpaduscel 91iciMeH 3epTTeNi

Daucus carota - 1aH ajbIHFaH SKCTPAKTIIC CH KOIT MOJIIIEP/IC KeJeCi 3aTTap aHbIKTAJIbL: . KapoTuHOUaTap, TuMoneH (0,2%),
o-tumorn (0,29%), xapuodpumien (0,3%), ¢uron aueratst (4,25%), siikozan (1,2%), damskapunon (4,5%), cksanen (0,8%), E
nopymeti (0,6%), kammectepus (0,8%), crurmacteput (2,34%), ramma cutoctepo (2,49%).

Crataegus turkestanica A. Pojark sxcTpakTiciHne eH kel Meumepae Keneci 3arrap tadpurra: tuMoneH (0,42%), o-numon
(0,28), ¢uron auerarsr (1,45%), siiko3zan (3,65%), damskapunon (0,255%), ckeanen (2,0%), Butamun E (0,57%), kamnectepur
(0,78%), anbta-Toxodepon (1,83%), ramma curocrepo (4,83%).

An Solanum lycopersicum 3KCTpPaKTICiHIE aHBIKTaJIFaH MBIHA 3aTTap; KapOTHHOMATAp, Mail KBIMKBULIAPBIHEIH dGHpIepl
(oyewH, JNMHOJEH, TeKcaJiekaH, OKTaJeKaaueH), diko3aH (2,65%), myneon (2,33%), ¢urton auerars! (1,61%), anbha-amupun
(7,46%), E nopymeni (1,08%), Tetpako3ana (3,81%)

Backa »xarqaiiap/ia ajbIHFaH SKCTPAKTLIEP KYPaMbIH 3€PTTEY KYMBICTAPBI JKaJIFacy 1.

Tyitin ce3nep: Daucus carota, Solanum lycopersicum, Crataegus turkestanica A. Pojark, CK®-axcmpaxyus, xpomamo-
macc cnekmpomemp.

YK 547.99
MPHTH 31.23.23

E.C. Uxcanos, E.M. bBypames, I'.A. CeiiTumoBa, 10.A. J/IuTBHHEHKO.

Kazaxckuii HalMOHAIBHBIH YHUBEPCUTET UMEHH ab-Dapabu
Hentp Gpu3nKO-XMMUYECKIX METOJIOB MCCIICIOBAHHUS 1 aHATN3a
Pecny6nmka Kazaxcran, 050012, r. Anmatsl, yin.Kapacaii 6atbipa, 95a,

CPABHMUTEJIbHBIN AHAJIN3 BUOJIOTMYECKHN AKTUBHBIX KOMILVIEKCOB, IOJTYYEHHBIX METOJIOM
CK® CO, -OKCTPAKIIMEU PACTEHUU BUJIOB DAUCUS CAROTA, SOLANUM LYCOPERSICUM, CRATAEGUS
TURKESTANICA A. POJARK.

AnHoTammsi. B craThe mpencTaBieHBl pe3yNbTaThl HCCIEAOBAHHMS KAaueCTBEHHOTO M KOJIHYECTBEHHOTO HKCTPAKTOB,
HOJyYSHHBIX METOJOM CBEPXKPUTHYECKOH (DIIIOMIHOI SKCTpPaKLUM YIIICKHCIBIM Ta30M M3 IUIOJOB PacTeHHU daucus carota,
solanum lycopersicum, crataegus turkestanica A. Pojark.

Dkcrpakuus nposeaeHa Ha ycranoBke Thar SFE-1000 npu cieayromux ycaoBHAX: TEMIIEpaTypHbIN AMAa3oH B peakTope-
40-80°C, maBnenue CO,— 180-200 6ap, npu motoke raza 100 mi/MuH, B Ka4eCTBE CO-pPAaCTBOPUTEIS ObLI HCIOJIB30BaH ATUIIOBBIN
CIIUPT.

TTosty4eHHBIH SKCTPAKT HUCCIIEJOBAH METOAOM ra3oBoi Xxpomarorpaduu, Ha ra3oBoM xpomatorpade ¢ Macc-CeJIeKTHBHBIM
nerexropoM Agilent Technologies 7890N/5973N GC/MS.

B m3ydaeMbIX 3KCTpakTax HAEHTUGUIMPOBAaHBI B Daucus carota: xapotuHoupsl, muMoHeH (0,2%), o-umon (0,29%),
kapuodumieH (0,3%), anerar ¢urona (4,25%), siikozan (1,2%), danpkapunon (4,5%), cksanen (0,8%), putamun E (0,6%),
kamnectepuH (0,8%), crurmactepun (2,34%), ramma curoctepoi (2,49%).

Crataegus turkestanica A. Pojark: Jlumonen (0,42%), o-ummon (0,28), auerar ¢urona (1,45%), siikozan (3,65%),
¢danmbkapunon (0,255%), cksanen (2,0%), Buramun E (0,57%), xamnecrepun (0,78%), ambda-toxodepon (1,83%), ramma
cutocrepoi (4,83%).

Solanum  lycopersicum: KapoTuHOMABL, >QHUPBl KHUPHBIX KUCIOT (OJECWHOBAas, JIMHOJICHOBAs, TEKCalCKaHOBAs,
OKTaJieKaIueHOBas), diiko3aH (2,65%), mymeon (2,33%), aunerar ¢urona (1,61%), ansdpa-amupun (7,46%), surtamud E (1,08%),
TeTpako3aHa (3,81%)

PaboTs! 10 McCIIeIOBAaHUIO SKCTPAKTOB, MOJIyYEHHBIX PH JPYTHX YCIOBUSIX H3BJICUCHHS, B TAHHBI MOMEHT IIPOIOIDKAIOTCS.

KaroueBnle cioBa: Daucus carota, Solanum lycopersicum, Crataegus turkestanica A. Pojark, CK®-skcTpakius, Xpomaro-
Macc CHEeKTPOMETpHSL.
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PHYSICAL-AND-CHEMICAL FEATURES AND MECHANISM OF
COPPER OXIDE (I) FORMATION IN ALKALINE CHLORIDE
SOLUTIONS

Abstract. The most promising ways to obtain highly dispersed copper oxides are electrochemical methods. This
method of transferring copper into a solution allows finding accurately the formation modes of the required valence
ion and obtaining high chemical purity compounds. The methods of producing copper oxide (I) are based on the
anodic oxidation of metallic copper in an alkaline chloride-containing solution. The main advantage of the
electrochemical method is the possibility of obtaining high quality powder with a smaller particle size not containing
metallic copper and bivalent copper oxide. The results of studying anodic corrosion of copper in weakly alkaline and
acidic chloride solutions show that, depending on the content of chloride ions in the solution and the specified
potential value, there can be formed complex copper chloride compounds that in the process of hydrolysis form
copper oxide (I) powder. The region of thermodynamically stable existing of monovalent copper chloride complexes
at low potential values and pH increases.

In this work there has been for the first time made the calculation and a diagram has been constructed that
allows determining only the most probable pH, pCl™ and the electrode region, in which copper oxide (I) can be
obtained.

Key words: copper oxide (I), complex copper chloride, equilibrium potentials, thermodynamics, diagram of
equilibrium systems.

Summary. To predict the reactions occurring under specific conditions for producing copper oxide
(I), and to establish the regions of preferential existence of a particular phase, we constructed the E —pH
diagram for the Cu — Cu” — H,O system. The concentration of chloride ions is assumed to be 4.25 mol.dm™
3 the activity coefficient is 0.78, the pH varies from 0 to 14, the temperature is 298 K. The work presents a
diagram of the stable existence of the Cu,O and CuCl compounds depending on the solution pH and pCI'.
It shows the equilibrium conditions in the Cu — Cu — H,O system at pH equal to 13 depending on pCI".
The potential range at which Cu,O is stable is very limited and its width is within 0.2 V under the
conditions studied for the synthesis of copper oxide (I).

The diagrams calculated by us allow determining only the most probable region of pH, pCl™ and the
electrode potential, in which copper oxide (I) can be obtained.

Introduction. Powdered copper oxide (I) is used to prepare solder paste, copper-containing additives
in friction and anti-friction couples and a number of other industries. The most large-scale consumer of
copper oxide (I) has recently become the chemical industry, using this reagent to prepare biocidal paints
that protect the underwater part of ships and structures from fouling by microorganisms [1].

However, copper oxide (I) currently being produced does not fully meet the requirements of
mechanical engineering, electronic and chemical industries in terms of the particle size, chemical
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composition and scale of production. Thus, in manufacturing raw materials for semiconductors of the
electronics industry [2], materials with high anti-wear tribological properties [3-5], antifouling paints,
there is required dispersed nano-sized copper oxide (I) with a high content of the main component. Copper
oxide (I) of nanoscale is almost impossible to be obtained by traditional pyrometallurgical, autoclave and
chemical methods.

Experiment methodology. One of present day methods of obtaining high dispersion oxides of metals
is an electrochemical method. The advantage of this method of preparation is formation of nanoscale
powder particles in the electrode layer. The lack of knowledge of the electrochemical processes occurring
on the electrodes, the mechanism of powder formation, the reasons for the poor performance of the
electrolysis process formed by limited anode current densities impede the industrial development of the
electrochemical method of producing copper oxide (I) by direct current electrolysis. Experimental data on
the destruction of metals in alkaline solutions are given in works [6—9]. In electrolysis using various forms
of current other than direct current, it becomes possible to carry out a number of electrochemical processes
with the best performance. In works [10-17] it was shown that during the electrolysis of copper under the
conditions of non-stationary electrolysis in aqueous electrolytes, its intensive destruction with the
formation of copper oxides was observed.

Discussing results. The results of studying anodic corrosion of copper in weakly alkaline and acidic
chloride solutions show that depending on the content of chloride ions in the solution and the value of the

specified potential, chloride complexes of copper (I) CuClm(m 2 or CuCl,, ions can be formed.
Increase the flow velocity contributes to increasing the limiting anodic current density values. Copper
oxide (I) is formed as a result of the hydrolysis reaction of copper (I) chloride complexes.

The electrochemical method of converting metals into a solution allows finding accurately the ion
formation modes of the required valence and obtaining a compound of high chemical purity for the main
component.

The reactions have the following values of standard potentials (E°):

Cu—2e <Cu™E°=0.3377 £ 0.0007B (1)
Cu—e <Cu E°=0.5072 £ 0.0015B (2)

Judging by the values of standard potentials in aqueous solutions that do not contain complexing
ligands, with anodic polarization there is more likely running reaction (1) [3].
In the presence of chloride ions, the picture changes: so for the reaction

Cu + Cl ©CuCl, + ¢, 3)

the E° value is equal to 0.137 B, that is much more negative than the potential of reaction (1) [4].
Besides, in chloride solutions there can be copper oxidation to complex ions in the reaction:

(m-1),

Cu+mCl & CuCl, 4)

It should be noted that at a high concentration of chloride ions in the solution, the composition of
copper (1) is as follows: Cule and CuClgz, at this there is mainly formed Cule’.
Let us calculate the standard potential according to m=4 (E°CuClZ3/Cu). The dissociation constant

(Kg)CuClZ3 makes 2.5+10°[3, 4]. The copper electrode equilibrium potential for reaction (2), according
to the Nernst equation is equal to: Cu’/Cu

RT
E :Egu"'/Cu + E lgCICu""

In the solution containing chloride ions and copper in the form of CuClZ 3, the standard potential
value makes:
[CuCl;3]

0
Ecuciz®/cu = Ecu* jcu *0-059141gKg +0.05914lg Cp*

(6)
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Then:

0 = 1076 =
ECuClZ3/Cu =0.5072 + 0.059141g(2,5-10™)=0.176B . (7)

This calculation allows drawing a conclusion that the chloride medium is thermodynamically most
favorable for copper oxidation with the formation of Cu (I) ions at the anode, whereas in solutions that do
not contain a complexing ligand, copper is more likely to dissolve with forming copper (II) by reaction
(D).

The calculation has been performed for the system at 298 K due to the absence of literature and
reference data for the dissociation constants of copper (I) chloride complexes at elevated temperatures.
Since relative changes in potentials do not change with increasing temperatures, the results obtained are
useful in analyzing reactions carried out at temperatures higher than 298 K.

To predict the reactions occurring under specific conditions for the production of copper oxide (I),
and to establish the regions of the predominant existence of a particular phase, we have constructed the E
—pH diagram for the Cu — Cu’ — H,O system (Figure 1). The concentration of chloride ions is assumed to
be 4.25 mol.dm, the activity coefficient is 0.78, the pH value varies from 0 to 14, the temperature is 298
K. Figure 2 shows the diagram of the stable existence of Cu,O and CuCl compounds depending on the
solution pH and pCl’, and Figure 3 shows the equilibrium conditions in the Cu — Cu’ — H,O system at pH
equal to 13 depending on pCI .

Electrochemical and chemical reactions, as well as such expressions for equilibrium potentials are
given in Table 1. The values of standard potentials and constants are taken on the basis of works [18, 21].

Table 1 — Reactions equations and standard potentials values

No. of reactions equation Equilibrium potentials and pH
Electrochemical reactions
1. 2Cu + H,0 ©Cu,0 + 2H" +2e E=0.471 - 0.0591pH
2. Cu+H,0 &CuO +2H" +2¢ E=0.569 — 0.0591pH
3. Cu + 2H,0 ©Cu(OH), + 2H +2e [E=0.609 — 0.0591pH
4. Cu,0 + H,0 & 2Cu0 + 2H" +2e E=0.669 — 0.0591pH
5. Cu,0 + 3H,0 © 2 Cu(OH), + 2H" +2¢ [E=0.747 — 0.0591pH
6. Cu -Cu'?+ 2e E=0.337 + 0.0295 lgac,
7.Cu' oCu™?+e E=0.153(atc,' = ac™)
8.Cu+Cl& CuCl, +e E=0.124 — 0.0591 lga¢,
9.Cu+2Cl'< CuCl; +e E= 0.189+0.05911gacyc); — 0.1182lgac
10.Cu+3Cl'e CuClz? +e E=0.229+0.0591lgacyci;2 — 0.17731gac
11.Cu+4Cl'e CuClg®+e E=0.176+0.05911ga ¢ — 0.2364lgac,
12.Cu,0+2H,0+Cl e Cu,(OH);CI+H +2e E=0.451+0.0295pH — 0.00295 lgar;
13. 2CuCl + 3H,0 & Cuy(OH);Cl + CI'+3H'+2e E=0.785 — 0.0882pH — 0.0295lgerc,”
14. CuCl + 2H,0 ©Cu(OH), + CI'+ 2H +e E=0.777 - 0.0591pH — 0.0591lgare;”
15. Cu" + H,0e HCuO;+3H++e E=1.733 — 2.232pH
Chemical reactions
16. Cu0+ 2H+2CI" 2CuCl + H,0 pH = 5.66 + lgac™
17. 2Cu0 + H' + CI' + H,0 ©Cu,(OH);Cl pH = 7.4 +lgatc
18. 2CuCl; + H,0e Cu,0 +4CI+H" H=4.63 +lgac — lgacac-
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Figure 1 - E—pH diagram for the Cu — Cu” — H,0 system
Cnact = 4.25 mol.dm ™

T=298 K pH

According to the diagram (Figure 1), the region of thermodynamically stable existence of CuCl
decreases with the values of potential smaller than +0.09 V and with increasing pH. At potentials
corresponding to the region above line (13), dicupritrioxychloride may be formed, and at pH exceeding
6.18 copper (I) chloride may hydrolyze to form copper oxide (I).

It should be noted that at high pH the equilibrium potential of reaction (I) is more negative than the
potential of the copper oxidation to copper (I) chloride and is comparable with the potential for the

formation of complex copper ions: CuClE,CuClEZ, CUCLI3 (reactions 9, 10, II). Therefore, during
electrochemical oxidation of copper in the test solution with pH =13 and with E lower than 0.09 V, the
formation of a solid CuCl phase on the anode is thermodynamically unlikely.

Attention is drawn to the wide range of pH values and at the same time a narrow range of potential
values at which the existence of copper oxide (I) is likely. At potentials above lines (1-5), copper oxide (I)
is oxidized to copper (II) oxide and copper (II) hydroxide.

Straight line 16 (Figure 2) is the hydrolysis equilibrium line (according to equation (16). Below line
(16) copper chloride is stable above, its hydrolysis occurs with the formation of copper oxide (I). [22]

The regions of stable existence of metallic copper, copper (I) chloride and copper oxide (I) at pH 13,
depending on pCl are presented in Figure 3. Straight lines 1, 8 and 16, corresponding to the above
equations, are the lines of the equilibrium state of the systems. In region 1 the metallic phase is stable. In
region II chloride copper compounds are stable that can hydrolyze to form Cu,O at pCl™ that is higher than
6, 18. In region III Cu,0 is stable.

The range of potentials at which Cu,0 is stable is very limited and its width is within 0.2 - x V under
the conditions studied for the synthesis of copper oxide (I).

L I I . -
—
=)

Figure 2 — Diagram of the CuCl- Cu,O system equilibrium
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Figure 3 — Diagram of the Cu — CuCl- Cu,0 system equilibrium (pH = 13)

Conclusions. Thus, the diagrams calculated by us allow determining only the most probable region of
pH, pCI and the electrode potential, in which it is possible to obtain copper oxide (I).

M. M. I[ocnaenl, A.Baemonz, M.O. JxunaxubdaeBa 3 .
A.C. )KyMalcal-mBaz, JI.M./Tocnaes’, K.C. Kakenos®, I'.A.Ecen6aeBa’

")K. O6iureB arbiHaark XUMHA-METaILTyprust MHCTHTYTHI, Kaparannsl, Kazakcran,
2I[.B. Cokosibckuit aTeiHarbl XKaHapMail, KaTanu3 xKoHe JIEKTPOXUMUS UHCTUTYThI, AnMatsl, Kasakcras,
*KaparaH il MEMJIEKETTIK TeXHUKaJIBIK yHuBepcuTeTi Kaparanusl, Kaszakcran,
*Kasryreiyoaarsl Kaparan/sl MeMIEKeTTiK SKOHOMHKANBIK YHUBepenTeTi, Kaparanpl, KazakcTan.

CLIT XJIOPUATI EPITIHAVIEPJAE MBIC OKCUAIHIH (I) TY3LITY
MEXAHU3MI MEH ®U3UKA-XUMUAJIBIK EPEKIIEJIIKTEPI

AHHoTauMsA. MBICTBIH JKOFaphl AUCIEPCTI OKCUATEPIH adyIblH €H THIMAL TOCUIAEPi IMEKTPOXUMHUSIIBIK dicTep
Goubin TabbuTaAbl. MBIC epiTiHIICIHE ayBICTBIPY/IBIH KOPCETUIreH SiCi Talal eTUIeTiH BAJICHTTUIIK HOHBIHBIH TY31L1y
POKUMIH 107 TabyFa >KOHE KOFaphl XMMHUSJIBIK Ta3albIKTBl KOCBUIBICTApPAbI alyFa MYMKIHIIK Oepemi. Mbic
okcumin(l) amy omicTepi CUITII XJIOPJBI EpITIHIIAE METAT MBICTBIH aHOITHl TOTHIFYBIHA HeTri3Jeneni.
DJIEKTPOXUMMSUIBIK SMICTIH HETI3ri apTHIKIIBUIBIFEI METaUI MBICHI JKOHE €Ki BaJIeHTTI MBIC OKCHIl IKOK
OeJIeKTepiHIH MeJIIepi a3, JKOFaphl camanbl YHTAaKThl ajly MYMKIHAIri OoJiblll TaObLIajpl. ©OJICI3 CUITLI KoHE
KBIIIKBUT XJIOPUATI €PITIHAUIEpIeri MBICTBIH aHOITHI KOPPO3MSCHIH 3€PTTEY HOTIDKENEPi epIiTIHMIAETi XIOpHI-
HMOHJApIBIH KypaMbIHA JKOHE OEpUIETIH dJIeyeTTiH KeJleMiHe OaiaHBICTHI THIPOJH3 HpoIeciHae MbIC TOTHIFH (1)
YHTaFbIH KAIBIITACTHIPATHIH MBICTHIH XJIOPHATI KeHmICHepi Haiga OOMybl MYMKIH eKeHiH KepceTTi. bip BajeHTTI
MBICTBIH XJIOPUATI KEMICHACPiHIH TepMOIUHAMUKAIBIK TYPAaKThl OMip CYpy aliMarbl 9JIeyeTTiH a3 MoHAepi xoHe pH
ecyi Ke3iHe KbICKapasbl.

Byn xympicTa GipiHmIi per ecemrey Xyprizinai koHe Mbic okcumiH (I) amy MyMKiH OGONATBIH 3IEKTPOJ
noreHnuaibiH Tipek ce3mep: Mbic TOThIFBI (), MBICTBIH XJIOPUATIK KOMILIEKCTEpP, Tele-TeHIIK MOTeHLUaIap,
TEPMOJIMHAMHMKA, TeTe-TeH K KYpbUIbIMAAp JUarpaMmMachl

biH PH, pCl—- pIkTHMaI aiiMarbiH FaHa aHBIKTayFa MYMKIH/IIK O€peTiH AuarpaMma »xacalijbl.

YK 541.13:546.19
M. M. Jocnaes', A.Baemos’, M.O. [kuiku6aesa >,
A.C. )KyMaKaHOBaZ, JI.M.Jlocnaes’, K.C. Kakenos®, I'.A.Ecen6aeBa*

'Xumuko-meranmyprideckuii HHCTHTYT uM. JK. A6umesa, Kaparanaa, Kasaxcran,
? MHCTHTYT TOIMBA, KaTanu3a i sekrpoxumun um. JI.B.Cokoibckoro, Amvatsl, Kasaxcran,
’KaparaHInHCKHit roCy/AapCTBEHHBIN TeXHUYECKUI yHUBepcuteT, Kaparanga, Kasaxcras,
*Kaparasgusckuii 5KoHOMHUecknii yausepcuter Kasmorpebceorosa, Kaparanna, Kazaxcran

OU3NKO-XUMHNYECKHUE OCOBEHHOCTHU U MEXAHN3M OBPA30BAHUSA OKCHUJA ME/IM (1)
B IIEJIOYHBIX XJIOPUJHBIX PACTBOPAX

AHHOTaIII/ISI. Hawub6onee MEPCIICKTUBHBIMU criocodamu MOJYyUYCHUSA BBICOKOJUCIICPCHBIX OKCUIAOB MEAU
SBJIAKOTCA JJICKTPOXUMHNYCCKUEC MCTOJBI. Vka3aHHBIN MCTOA HIEepeBOJa B PacTBOPp MCEAW IMO3BOJIACT AOCTATOYHO
TOYHO HAWTH PEKUMBI O6paBOBaHI/IH HOHa Tpe6yeM0f/'1 BAJICHTHOCTH U NOJYYUTb COCAMHCHUSL BBICOKOM XHMHYECKOMU
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9UCTOTHl. Metonsl monmydenuss okcupa Mmean(l) OasmpyroTcs Ha aHOZHOM OKHCJICHHH METaNTHYecKOH Menu B
MIETTOYHOM XJIOpHACOIEpKameM pacTBope. OCHOBHBIM IMPEHMYIIECTBOM JIIEKTPOXHUMHUYIECKOTO METOAA SBIISCTCS
BO3MOKHOCTh TOJYYCHHUS ITOPOIIKA BBICOKOTO KadecTBa C MEHBIINM pPa3MepoOM YacTHIl, HE COJCpKaIInX
METAJUVIMYECKYI0 MElb U OKCHJ [BYXBAJIEHTHOW Meau. Pe3ynpTaThl MCClIENOBaHMM aHOAHON KOPPO3UM MEIU B
CITa0OIIENTOYHBIX M KHACIBIX XJIOPHUIHBIX PACTBOPAX MOKA3aJIM, YTO B 3aBUCHMOCTH OT COJAEPKaHHS XJIOPHI-HOHOB B
pacTBOpe W BEJIMYHMHBI 337aBAEMOT0 TIOTEHIIMAIA MOTYT 00Pa30BBIBATHCS XJIOPUAHBIE KOMITIEKCH MEIH, KOTOPHIEC B
mporiecce ruaponuza (GopmupyrorT mopomok okcuga memu (I). OOmacTe TepMOAMHAMHYECKH YCTOWYHBOIO
CyL[IeCTBOBaHI/I}I XJ'IOpI/I}IHI)IX KOMIIJICKCOB OL[HOBaﬂeHTHOf/II Meau HpI/I MaJIbIX 3HAQUCHUAX IIOTCHIIMAJIAa U pOCTe pH
COKpaIaeTcsl.

B nmanHO# paboTe BIEpBBIC MPOM3BEICH pacdeT W MOCTPOCHA TUarpaMma, KOTopas MO3BOJSCT ONPEACIHTH
TOJILKO Hanbosee BeposaTHyto obnacts pH, pCl™ u moTeHImana 3MeKTpoia, B KOTOPOH BO3MOKHO ITOTyYCHHE OKCHIA
menu (I).

KaroueBsie cioBa: okcug Mean (I), XmopuaHble KOMIUIGKCHI MEAW, pPAaBHOBECHBIC IOTCHIIMAIEI,
TEepPMOJIMHAMUKA. JHarpaMMa PaBHOBECHBIX CHCTEM.
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SELECTING OPTIMAL MODES OF KNOTWEED RAW
MATERIALS PRESSING OUT AND DEVELOPING TECHNOLOGY
FOR OBTAINING DRY EXTRACT

Abstract. A complex of studies on the choice of optimal conditions for extraction of medicinal plant raw
materials of poultry mountain and the development of technology for obtaining dry extract from plant raw materials
was concluded. There is a tendency to develop resource-saving technologies in ways of creating new drugs from
plant raw materials. This is ensured by the use of various extractants, schemes and extraction modes, using
equipment that can significantly increase the release of radioactive and active substances.Several variants of
extraction of raw materials by the proposed technology using different temperature regimes and time exposures were
studied. We used 40, 50, 60, 70% aqueous solutions of ethyl alcohol as an extractant and determined that 60%
aqueous solution of ethyl alcohol has a better ability with respect to the amount of flavonoid grass red tape to select
the optimal method of extraction of plant raw materials. Quantitative determination of the amount of flavonoids in
the herbs of the red ribbon is made in four Parallels and their metrological characteristics are calculated.According to
the experimental data, the optimal number of particles was 2 mm.

Keywords: Flavonoid, avicularin, hyperoside, quercitrin, isoquercitrin, carotene, rutin.

Introduction

Knotweed, Polygonum aviculare L. is a plant that belongs to the families of alpine fleeceflower
blooming since June throughout the summer. Most of them ripe in the second half of August and the
flowers are small and green. Knotweed has a wide range of biological activities. It is an annual herbaceous
plant up to 30 cm in height, rough, up to 100 cm long. Pale scaly tracheas are observed in the nodes. It is
most common in all the regions of Kazakhstan. They can be found on the roadsides, in plowed places, in
places of walks, in river Sands, in courtyards, in gardens, arrays.

Grass is used for medicinal purposes. The upper part of plants up to 40 cm in length is stocked up
when flowering with a sharp knife or wrapper. The storage term is 3 years [1].

The plant of the knotweed contains flavonoids (avicularin, hyperoside, quercitrin and isoquercitrin),
tannins (up to 0.4%), vitamins (ascorbic acid, up to 0.9% by dry weight, carotene, vitamin K), silicic acid
compounds (up to 4.5%), as well as resins, essential oils, drying, oils, sugar.

It is used for treating colds, bronchitis, pneumonia, pleurisy, cough cracks, bronchial asthma,
pulmonary tuberculosis, insomnia, inflammation of the oral mucosa and red chin, gastritis, dysentery,
liver, gastrointestinal tract, biliary tract, skin diseases, urinary tract burns, rheumatism, wounds.

One of the urgent tasks of modern pharmacotherapy is the problem of choosing medicines of natural
origin for treating the hepatobiliary system. Socio-economic living conditions of the population and
environmental pollution, the use of food containing preservatives, medication without a doctor's
prescription leads to stress on the liver and contribute to the likelihood of the development of certain
diseases.

Currently, the pharmaceutical market is increasing the range of medicines used in treating diseases of
liver and biliary tract, of which there are more than a thousand items. The pharmaceutical industry in

different countries releases hepatoprotective agents of knotweed for treating the liver pathology.

— g2 ——



ISSN 2224-5286 5.2019

In recent years the approaches to the development of new products of plant materials have tended to
develop resource-saving technologies, which is ensured by the use of various extractants, extraction
schemes and modes, the use of equipment that allows significant increasing the yield of extractive and
active substances.

The development and introduction into practice of a resource-saving method of extraction (due to the
maximum depletion of raw materials), as well as preparing stable preparations based on plant extracts, is
an urgent task.

The aim of the work is selecting the optimal modes of extraction of the knotweed plant material and
developing a technology for producing a dry extract.

Experimental part

At present there are a large number of various extraction schemes designed to increase the yield of
active substances, to ensure maximum depletion of raw materials and enrichment of the extract with target
biologically active substances (BAS). Among them there is a scheme of extraction of raw materials with
purified water, proposed by Sargin B.V. et al., implemented on examples of raw materials rich in ascorbic
acid (fruits of viburnum ordinary, Viburnum opulus), water-soluble phenolic compounds (weeping birch
leaves, Betulapendula Roth).

The scheme proposed by Sargin B.V. et al., was taken as the basis of our studies with some
modifications. In the variant proposed by Sargin B.V., the general conditions of the primary and
subsequent heating of the extracted plant material are indicated in a fairly wide range of temperatures and
heating time. The cooling conditions are not specified, only the time interval is given, however, the final
temperature of the extracted mixture is not indicated.

Results and discussion

In this regard, several variants of extracting raw materials according to the proposed technology with
the use of various temperature regimes and temporary exposures are given in Table 1.

At stage 3 of the extraction process (initial heating of the mixture) there were selected the conditions
for gradual increasing the temperature from 20 °C to 40 °C by 1 °C and 5 °C in various time intervals.
Further, at stages 4, 6 (infusion of the raw material at a constant temperature), the possibility of extracting
the raw material by holding the extractable mixture at a constant temperature, as well as the possibility of
reducing the extraction time by eliminating this stage, was evaluated.

Table 1 — Selecting an optimal scheme of the raw material extracting

Stage Mode Scheme 1 (n=5) Scheme 2 (n=5) Scheme 3 (n=5)
No.
1 The plant material was The vessel is pre-aged in an oven-thermostat at 20 ° C for 1 hour
placed in a ceramic
vessel.
2. Filled with the calculated volume of the extractant, taking into account the coefficient of absorption of raw
materials
3. The plant material heating | Increasing the Increasing the Increasing the temperature of
temperature of the temperature of the the extracted mixture from 20
extracted mixture from | extracted mixture from | °C to 40 °C for 2 hours
20 °C to 40 °C within 2 | 20 °C to 40 °C within 2
hours hours
4. Infusion of raw materials | Holding at the temperature 40°C within an hour None
at a constant temperature
5. Subsequent heating With a gradual increase | With a gradual increase | With a gradual increase in
in temperature to 90 °C | in temperature to 90 °C | temperature to 90 °C within 8
within 2-6 hours within 8 hours (by 1°C | hours (by 3°C every 30 min)
every 10 min)
6. Infusion of raw materials | Holding at the temperature 90°C within an hour Without holding
at a constant temperature
7. Cooling Within 6 hours Gradualcoolingfrom90 At the end of the extraction
°Ct020 °C within 10.5 time, the ceramic vessel was
hours (byl °C every 10 | removed from the thermostat
min) and cooled at room
temperature.
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At stage 5 of the extraction process, the possibility of gradually increasing the temperature of the
extracted mixture from 40 °C to 90 °C for 8 hours, by 1 °C every 10 minutes and by 3 °C every 30
minutes, was evaluated. Later, at stage No. 7, the conditions for cooling the mixture were specified.

Thus, three variants of obtaining water extracts are considered: the first one according to the scheme
described in the patent, the 2™ and the 3"by the modified method. In addition, when performing the first
option, cooling was performed without removing the extraction tank from the thermostat, but only turning
it off.

In all three cases, the raw material of knotweed was used in the dry-air state, previously crushed,
mixed and sifted from dust; the first stage for all three extraction schemes was left unchanged.

Table 2 — Comparative assessment of the extractable matters content and the leading BAS groups
in the ready extract and the infusion of knotweed, (M + m)

The studied indicator Water extract Water extractScheme?2 Water extractScheme3 Infusion (n=5)
Scheme 1 (n=5) (n=5) (n=5)
The content of extractives, % 26.4+0.3 28.6+£0.4% *#* A 14.9+0.03 10.2+0.05
The content of polyphenolic 1.81£0.02 2.03+0.02* 4 1.4+0.01 0.9+0.02
compounds in terms of rut in, %
The content of tannins in terms 13.07+0.02 14.01£0.02* ** A 9.86+0.03 6.15+0.03
of gallic acid,%

Note: * - significant difference with infusion (p <0.05); ** - significant difference with the aqueous extract obtained
according to scheme 3 (p <0.05); A - significant difference with the aqueous extract obtained according to scheme 1 (p
<0.05)

Then, to select the optimal method of pressing out the plant raw material of knotweed, we used 40,

50, 60, 70% aqueous solutions of ethyl alcohol as an extractant and found that a 60% aqueous solution of
ethyl alcohol has the best extracting ability with respect to the sum of bird's mountaineer (Table 3) [5].

Table 3 —Selecting the extractant concentration

Ethyl alcohol concentration, % Optical density of the complex with Content of the total flavonoids in the
AICI3/HCl at 411 nm extract, %
40 0.446 0.024 £ 0.001
50 0.460 0.025+0.002
60 0.577 0.031+ 0.001
70 0.419 0.022+ 0.003
80 0.384 0.020+ 0.004

The optimal size of the particles according to experimental data made 2 mm (see Table 4).

Table 4 —Raw material grinding degree

Grass particles size, mm Optical density of the complex with Content of the total flavonoids in the
AICI3/HCl at 411 nm extract, %
1 0.381 0.020+ 0.003
2 0.598 0.032+0.001
3 0.420 0.022+ 0.002
4 0.345 0.018+ 0.004
5 0.488 0.026+ 0.001

From the experimental data it can be seen that as the extraction temperature increases, a proportional
increase in product recovery is observed (Table 5) [5,6]. This indicates that the phenolic compounds in the
grass of a bird highlander easier go into solution at higher extraction temperatures of 40-80 °C and at the
ratio of raw material-extractant 1:15 (Table 6), the duration of extraction is 90 minutes (Table 7).

— 84 ——
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TableS -Determining extraction temperature

Extraction temperature, °C

Optical density of the complex with
AICI3/HCl at 411 nm

Content of the total flavonoids in the
extract, %

40
50
60
70
80

0.339
0.355
0.385
0.391
0.405

0.018+0.0002
0.019+ 0.0003
0.020+ 0.0004
0.021+0.0001
0.022+ 0.0005

Table 6 —Selecting the extraction multiplicity and the raw material to extractant ratio

Raw material and extractant ratio

Optical density of the complex with
AICI;/HCl at 411 nm

Content of the total flavonoids in
the extract, g

1:6
1:10
1:15

0.389
0.236
0.161

0.0615 +0.00004
0.0625 + 0.00005
0.0637 +0.00003

Tabmuma 7 — Selecting the extraction duration

Heating time at the boiling
temperature, min

Optical density of the complex with AICl;/HCl at 411 nm

30
60
90

0.233 +0.0003
0.234 £+ 0.0001
0.274 £ 0.0002

The quantitative determining of the total flavonoids in the grass of knotweed was carried out in four
parallels and their metrological characteristics were calculated. The relative error of determining (g) is 2-
10% at the confidence level of 95[7,8]. The high relative error of a single determination (€1) is due to the
fact that in differential spectrophotometry, aliquots of solutions containing substances absorbing in UV
light are taken not only for the tested extract and standard substance, but also for comparison solutions.

Conclusion

Thus, we carried out a set of studies for selecting the optimal conditions for extracting the knotweed
medicinal plant raw materials and developing a technology for producing dry extract from plant raw
materials. The optimal particle size, according to experimental data, is 2 mm, the ratio of raw materials-
extractant is 1:15, the duration of extraction is 90 minutes with 60% ethyl alcohol.

The data presented in Table 2 indicate that the content of extractive substances in the aqueous extract
obtained according to scheme 2 is 1.1 times and 1.9 times respectively higher than that in extracts
obtained according to scheme 1 and 3 and the content of extractive substances is 2.8 times higher in the
infusion. At the same time, the content of polyphenolic compounds in terms of rutin (%) in the extract
obtained according to scheme 2 exceeded the content of those in the extracts obtained according to
schemes 1 and 3 and in water extraction of the knotweed raw material is 1.1 times, 1.5 times and 2.3 times
higher, respectively.

A.T. Taku6aesa', H.B. Kynalcm;z, JI.M.ChibikoBa’,
A.C. Kan6acosa', )K.B. Paxuméepnnona’

1Kapara}mm MEMIICKETTIK TeXHUKAIBIK yHuBepcuTeTi, Kaparanmer, Kazakcras;
2TIOMEHb MEMIIEKETTIK yHHUBepcHUTETi, TIoMeHb, Peceit

KBI3BLJI TACIIA ©CIMJIIK INMUKI3ZATBIH CBIFBIHJIAYJIBIH OHTAMJIBI
PEXXUMJEPIH TAHJAY )KOHE KYPFAK CbIFbIH/bI AJTY TEXHOJIOT' USICBIH 93IPJIEY

Annotanusi. KpI3pl1 Tacna qopisiik ©CiMAIK NIMKI3aThIH CHIFBIHAAY/IBIH OHTAIMIIBI IIAPTTAPBIH TaHIay OOMbIHIIA
JKOHE JIe OCIMJIIK INMKI3aTbIHAH KYPFaK CHIFBIHJIBI aly TEXHOJOTHSCHIH d3ipiieyre 3epTTeyiiep KeHIeHI »Kypri3iii.
OciMIIK MMKi3aThIHAH )KaHa [penaparTap kacay ToCUIIepiHie pecypc YHEMIEYIII TEXHOJIOTHSIap bl 93ipey ypaici
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Oaiikamambl. By opTypii  SKCTpareHTTEepAi, SKCTPAKIUSHBIH CXEMallappl MEH pEeXAMACpIH KOJJTaHyMeEH,
OKCTPAKTUBTIK OHE ocCep eTYII 3aTTapAblH IIBIFYBIH EIQyip [MopeXelne apTThIpyFa MYMKIHIIK OepeTiH
anmapaTypaHsl TaiiflalaHyMeH KaMTaMachl3 eTiIeAl. Op-TYpili TeMIepaTypaiblK PEeXHMAEPAl JKoHE YaKbITIIA
SKCIO3UIMSIAPABI KOJNJaHa OTBHIPHIN, YCHIHBUIFAH TEXHOJIOTHS OOMBIHINA MIMKI3aTTHI 3KCTparupieymiH OipHemre
HYCKachl 3epaenesai.KpI3p01 Taca eciMaiK MUKi3aThIH CHIFBIHAAYIBIH OHTAMIBI O/iCiH TaHAay YIIiH Oi33KCTpareHT
periazae 40, 50, 60, 70% >Tun cnupTiHIH Cy epiTiHAIIEpiH maiinanangsl xoHe 60% 3THI CIMPTIHIH Cy epiTiHAic
KbI3bLI Tacma mie0i ()IaBOHOWIIHIH COMAcChlHA KATBICTBI CH JKAKChl ajaThlH KAOUICTTUTIKKE HE CKCHJIriH
aHbIKTaAbL K31 Tacma 1mentepiHmeri (pIaBOHOMATAPABIH COMAChIH CAHMABIK AaHBIKTAY TOPT MapajuIeiibae
JKYpri3iieii JKoHe OJapIblH METPOJIOTHSUIBIK CHUIaTTaManapbl ecenTeineai. ToxipuOenik aepekrep OoibIHIIA
OeJImIeKkTep/AiH OHTAWIBI Memepi 2 MM, IIHKI3aT — 3KCTpareHT apakaThiHachl 1: 15, skerpakius y3akTeiFsl 90
MHUHYT, 9KCTPareHT KOHLEHTpausichl 60% 3T CIUPTIH KYPajbl.
Tyiiin ce3nep: dnaBoHON,aBUKYJISIPUH, TUIIEPO3HU/I, KBEPLUTPUH, H30KBEPLUTPHH, KAPOTHH, PYTHH.

A.T. Taku6aesa', U.B. Ky.nalcm;z, JI.M.ChiabikoBa’,
A.C. Kan6acosa', )K.b. Paxuméepinnosa’

'KaparanauHckuii rocyIapcTBeHHbII TeXHHUecKuil yHuBepeutet, Kaparanza, Kasaxcran;
TroMeHCKHH rocyJapCTBeHHBINH yHUBepcuTeT, TroMens, Poccus

BbIBOP OIITUMAJIBHBIX PEXKUMOB OT)KUMA PACTUTEJIBHOI'O CbIPBS IITHYBEI'O I'OPLHA
N PABPABOTKA TEXHOJIOT'MHU ITIOJTYYEHUS CYXOI'O 9KCTPAKTA

Annortanus. [IpoBeneH KOMITIEKC HCCIENOBAHMIA ITO BEIOOPY ONTHMAIBHBIX YCIOBHN OTXKHMAa JIEKapCTBEHHOTO
PaCTUTENBHOTO CHIPhS MTHYLETO TOpHa U pa3paboTKe TEXHOJIOTUH MOIYyYSHHSI CyXOro SKCTPAKTa U3 PACTUTEIHHOTO
ceipbsi. HabOnromaeTcst TeHIeHIHs pa3pabOTKH pecypcocOEperaronX TEXHOJIOTHH B CIIOCO0AaX CO3AaHUS HOBBIX
MPEnapaToB W3 PacCTUTEIBHOIO CHIPbA. OTO OOECIEeuYMBAECTCS NPHMEHEHHEM Ppa3IWYHBIX 3KCTPareHTOB, CXEM WU
PEKUMOB KCTPAKIMU, MCIOIb30BAHUEM aNNapaTypbl, MO3BOJISIOIEH B 3HAYUTENILHON CTEIICHH MOBBICUTH BHIOPOC
panMoOaKTHBHBIX M JACHCTBYIOIIMX BeIIECTB. VI3yueHbI HECKOJIBKO BAPHAHTOB SKCTPArMpOBaHHSA ChHIPhS MO
HpeI[J'IO)KCHHOI‘/II TEXHOJIOTUN C UCIIOJIB30BAHUEM PA3JINMYHBIX TCMIICPATYPHBIX PCKMUMOB U BPEMCHHBIX 3KCHOSI/IHI/II7L
[ITrumit ropeu it BLIGOpa ONTUMAJIBHOT'O METOAa OTKHMMa PACTUTCIBHOI'O ChIPbSI HMCIOJIB30BAJIM B KadCCTBC
skctparenta 40, 50, 60, 70% BOJHBIX PacTBOPOB 3THJIOBOTO CIMPTAa U ompenenund, 4ro 60% BOIHBIA pacTBOp
STHJIOBOTO CIIMPTa 00JIa/laeT Jyqleld croCOOHOCTBIO OTHOCHTENBHO CYMMBI (hJIABOHOM/A TPaBbl KPACHOM JICHTHI.
KonunuectBeHHoe ompezneneHne CyMMbl (IaBOHOWZOB B TpaBax KpacHOW JIGHTHI TNPOU3BOIMTCS B UETHIpEX
napajuleNnsX ¥ PacCYUTBHIBAIOTCS MX METPOJIOTMYECKHE XapaKTepUCTHUKH. [0 ONBITHBIM JTaHHBIM ONTHUMAaIbHOE
KOJIMYECTBO YACTHI] COCTABHJIO 2 MM, COOTHOIIECHHE CHIPhS — SKCTpareHTa l: 15, mMpoaomKUTenbHOCTh SKCTPaKIUN
90 MUHYT, KOHIIEHTpalHs 3KkcTpareHTa 60% 3THIIOBOTO CIIMPTA.

Ki1roueBble c10Ba: (1aBOHON,aBUKYIISAPHH, THIICPO3H, KBEPLUTPHH, H30KBEPIIUTPUH, KAPOTHH, PYTHH.

Information about the authors:

A.T. Takibayeva — Candidate of Chemical Sciences, Karaganda State Technical University, e-mail: altynarai81(@mail.ru,
orcid.org/0000-0003-0536-0817.

I.V. Kulakov — Candidate of Chemical Sciences, Tyumen State University, e-mail:ivankul@mail.ru, orcid.org/0000-0001-
5772-2096.

D.M. Sydykova - Master's degree in chemical technology of organic substances, Karaganda State Technical University, e-
mail: dana_kind sweet@mail.ru, orcid.org/0000-0001-7212-5847.

A.S. Kapbassova - Master's degree in chemical technology of organic substances, Karaganda State Technical University, e-
mail: arailymsabitovna@mail.ru, orcid.org/0000-0001-5098-8780.

Zh.B. Rakhimberlinova — Candidate of Chemical Sciences, Karaganda State Technical University, e-mail:
kargtu_tss@mail.ru, orcid.org/0000-0002-3326-0998.

REFERENCES

[1] Belikov, V.V. Quantitative determination of the main active substances in species of Hypericum L. Rast. resources / T.V.
Tochkova, L.V. Shatunova, N.T. Kolesnik, I.I. Bayandin. 1990. V. 26, issue 4. P. 571-578.doi.org/vestnik.vsu.ru/index_ru.asp.

[2] Belodubrovskaya, G.A. Nomenclature of medicinal plants used in homeopathy: Methodical manual. / E.V. Zhokhov.
SPb.: SPHFA, 1998. P. 5.

[3] Berike, V. MateriaMedica homeopathic medicines. - M.: Homeopathic medicine, 2000. 720 p.




ISSN 2224-5286 5.2019

[4] Bulatov, M.I. A practical guide to photocolorimetric and spectrophotometric methods of analysis / I.P. Kalinkin, 2nd ed.,
rev. and add. L .: Chemistry, Leningrad. Otdel., 1968. 384 p.

[5] Ghendon, Y. Z. World Health Organization strategy for control of hepatitis B // Control of virus disease. New York,
1993. - P. 141-164.

[6] Rakhimov, A. K. The cytoprotective properties of Almaty drugs / D. D. Kusainov, A. E. Gulyaev, Ed. Academician of
the National Academy of Sciences of Kazakhstan S.M. Adekenov. NPrin. 2007. 340 p.doi.org/10.32014/2018.2518-1491.20

[7] Chueshov, V.I. Industrial Medicine Technology / M. Yu. Chernov, L.M. Khokhlova. Kharkov: NFAU, 2002. P. 393-
415.doi.org/studall./all-184067 .html.

[8] Beisenbayev A.R., Zhabayeva A.N., Suntsova L.P., Dushkin A.V., Adekenov S.M.Synthesis and study of pinostrobin
oxime supramolecular complexes// News of the Academy of sciences of the Republic of Kazakhstan, series chemistry and
technology. 2018. Ne 6. P. 6-12. DOI: 10.32014/2018.2518-1491.25 Dauletov, Y., Abdiyev, K., Toktarbay, Z. et al. Radical
Polymerization and Kinetics of N,N-diallyl-N,N-dimethylammonium Chloride and Vinyl Ether of Monoethanolamine. Fibers
Polym (2018) 19: 2023. https://doi.org/10.1007/s12221-018-6947-3




News of the Academy of sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286 https://doi.org/10.32014/2019.2518-1491.58
Volume 5, Number 437 (2019), 88 — 91

UDC615.322:582.734.4:581.45

A.T. Takibayeval, L.V. Kulakov?, A.S. Kapbassoval,
D.M. Sydykova', Zh.B. Rakhimberlinova'

'Karaganda State Technical University, Karaganda, Kazakhstan;
*Tyumen State University, Tyumen, Russia

OPTIMIZATION OF METHODS OF QUANTITATIVE DETERMINING
FLAVANOIDS IN KNOTWEED RAW MATERIAL

Abstract. The method of quantitative determination of flavonoids in the grass of the mountaineer avian is
developed. Improvement of the existing Pharmacopoeia technique for determining the total content of flavonoids in
the grass of the mountain bird is an urgent task, since the long procedure of extraction of raw materials of the bird
mountain and the maximum extract of flavonoids. The optimal conditions of the experiment were chosen. Parameter
optimization of pharmacopoeial methods is the reduction of time of the extraction of flavonoids (total extraction time
1.5 hours) with the introduction of the calculation formula of the correction factor for the incomplete extraction. The
content of flavonoids in the grass of the bird Highlander determined by Pharmacopoeia was 1.62 + 0.02%. The
content of the amount of flavonoids is normalized in the raw material at a level of not less than 0.5%. To determine
the metrological characteristics of the developed technique, 10 parallel definitions were carried out The relative error
of definition does not exceed 3,13 %.A rapid method for determination of flavonoids in poultry sold in buckets for 5
minutes in a variant of the extraction with 70% ethanol. The definition error does not exceed 3.13 %.

Keywords: flavonoids, quantification, UV-spectrophotometry, Herba Polygonum aviculare.

Introduction

Polygonum aviculare L (knotweed) possesses a wide range of biological activity. The drug from
knotweed is used to stop bleeding, inflammation of the urinary tract and stone binding in the kidney.
Knotweed is an annual herb of the buckwheat family. The root is rod-like, low- branched. Stems are 10-60
cm long, spread on the soil or ascending, often branched from the base. The leaves are from elliptical to
linear-lanceolate form, narrowed at the base in a short petiole, 1-4 cm long and 0.5-2 cm wide. The
flowers are located in the leaf axils 2-5. The perianth is deeply dissected, five-membered, green at the
bottom, white or pink at the top. The fruit is a triangular, black, occasionally chestnut nutlet. It flows and
fruits from May to late autumn, in Western Siberia from mid-June to September.

Flavonoids are a large class of natural compounds, the variety of which is mainly caused by the
structure of the aglycone (oxidation state of the three-carbon fragment, the position of the side phenyl
radical, the size of the heterocycle and other features), as well as the composition of the glycoside
fragment.

Physicalproperties. Flavonoids are crystalline substances with a specific melting point, odorless,
having a yellow color (flavones, flavonols), colorless (isoflavones, flavanones).

The group of flavonoids also includes anthocyanins (natural dyes of plants), which are colored
differently depending on the pH of the medium: in an acidic medium, they are red (salts of cations), in
alkaline blue (salts of anions) [1].

The grass of knotweed is included in the USSR State Pharmacopoeia XI edition and the European
Pharmacopoeia, the Pharmacopoeia of Kazakhstan. All the regulatory documents provide for
standardization of raw materials by the content of flavonoids. However, there is a difference in the
methods of quantifying these compounds in the given raw material. The domestic pharmacopoeia provides
for triple extraction of knotweed flavonoids (in the form of glycosides) with 70% alcohol (each extraction
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lasting 30 minutes), followed by adding aluminum chloride solution to the aliquot of the extract and
measuring the optical density of the solution at 410 nm after 20 minutes. For the calculations, the specific
absorption index of the avicularin complex with aluminum chloride at 410 nm is equal to 330. The total
content of flavonoids is normalized in raw materials at the level of at least 0.5%. The European
Pharmacopoeia uses a unified method. The essence of the method lies in the fact that a sample of the raw
material is subjected to acid hydrolysis in acetone, the obtained aglycones are extracted with ethyl acetate
and the optical density of the complex of aglycones with aluminum chloride in ethyl acetate — methanol —
acetic acid is measured. The content of flavonoids is calculated using the specific absorption rate of
hyperoside that is 500 under the conditions of determining. The content of flavonoids is normalized in raw
materials at the level of at least 0.3% [2].

The opportunities for improving the existing pharmacopoeial methodology of determining the total
content of flavonoids in the knotweed grass lie in the area of optimizing a rather long procedure of
flavonoid extraction (1.5 hours), when you can abandon the exhaustive extraction mode of the detected
substances and enter a correction factor for incomplete extraction into the calculation formula [3].

Experimental part

The parameter of optimization of the pharmacopoeial procedure is reducing the time of extraction of
flavonoids (the total extraction time is 1.5 hours) with introducing a correction factor for the
incompleteness of extraction into the calculation formula. The content of flavonoids in the knotweed grass
determined by the pharmacopoeial method was 1.62 = 0.02%.

The main parameter of optimization of the pharmacopoeial method for determining the content of
flavonoids in the knotweed grass is reducing the extraction time, alongside with such parameters as the
concentration of alcohol used for the extraction of flavonoids and the maximum absorption of the complex
of flavonoids with aluminum chloride was tested under the experimental conditions. The dependence of
the yield of flavonoids on the concentration of alcohol and the time of extraction was tested in
experiments with at least 4 repetitions. Since 70% ethyl alcohol is used in the pharmacopoeial procedure
for extraction, this concentration and extreme concentrations used for the extraction of flavonoids, i.e.
40% and 95%, were tested. The results are presented in Table 1 [4-5].

Table 1 -Dynamics of extracting flavonoids from the knotweed grass depending on the extraction time a
t different concentrations of alcohol (with the ratio of raw materials/extractant equal to 1:100), %

The yield of flavonoids, Alcohol Extraction time, min.

(% by weight of dry raw | concentration, (%) 5 10 15 30

materials)/(% of the total 40 1.32+0.03 81 1.33+0.03 82 1.37+£0.02 85 1.50+0.05 93

amount in raw materials) 70 1.51+£0.04 93 1.52+0.03 94 1.53+0.03 94 1.55+0.03 96
95 0.37+0.02 23 0.46+0.02 28 0.56+0.02 35 0.79+£0.04 49

The results obtained indicate that 70% of the ethanol concentration is optimal in the studied range. In
this case, the bulk of flavonoids are removed by the solvent already within the first minutes of extraction,
and subsequently, few residues are extracted [6].

To check the maximum absorption of the products of the knotweed flavonoids reaction with
aluminum chloride, we recorded the electronic spectra of the extraction itself, the reaction products of
flavonoids with aluminum chloride against the background of 95% alcohol and against the extraction itself
(differential spectrum). The long-wavelength maximum of the differential spectrum was at the mark of
407 nm, which fits into the permissible deviation intervals (+ 5 nm), so all measurements were carried out
at the wavelength specified in the pharmacopoeial method, 410 nm. All of the above makes it possible to
offer an express method for determining flavonoids in the knotweed grass, when the bulk of these
compounds are extracted from raw materials within a relatively short period of time and instead of a long
exhaustive extraction of flavonoids remaining in the pile, a correction factor for extraction incompleteness
is entered into the calculation formula [7].

Results and discussion

Express-method of quantitative determining flavonoids in the knotweed grass.The analytical sample
of the raw material is crushed to the size of particles passing through the sieve with holes 1 mm in
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diameter. About 1 g (exact weight) of the crushed raw material is placed in a 250 ml thin flask, 100 ml of
70% alcohol are added, the flask is attached to the reflux condenser and heated in a boiling water bath
within 5 minutes after boiling the solvent. Then the flask is cooled to the room temperature under a stream
of cold water and filtered through a filter paper into a measuring cylinder with the capacity of 100 ml
(solution A). 4 ml of the A solution are placed in a 25 ml volumetric flask, 2 ml of a 2% solution of
aluminum chloride in 95% alcohol are added and the volume of the solution is brought to the mark with
95% alcohol; after 20 min. the optical density of the solution is measured on the spectrophotometer at the
wavelength of 410 nm in a cell with a layer thickness of 10 mm. The following solution is used as the
reference solution: 4 ml of the A solution are placed in a measuring flask with the capacity of 25 ml, 1
drop of diluted hydrochloric acid is added and the volume of the solution is adjusted to the mark with 95%
alcohol. The content of the total flavonoids in terms of avicularin and absolutely dry raw materials in
percent (X) is calculated by the formula:
D *V %25+ 100 % 1.07
"~ 330 m*4* (100 — W)’

where D is the optical density of the test solution; 330 is the specific absorption coefficient of the complex
of avicularin with aluminum chloride at 410 nm; V is the volume of the A solution in the measuring
cylinder; m is the mass of raw material in grams; 1.07 is the correction factor for incomplete extraction of
flavonoids; W is the mass loss during the raw materials drying in percent.

To determine metrological characteristics of the developed methodology, 10 parallel determinations
were carried out (Table 2). The method error does not exceed 3.13%.

Table 2 —Metrological characteristics of the express-method of determining flavonoids in the knotweed grass

f X s? S p t (0.95; 9) Ax &. %
9 1.62 0.005055 0.0711 0.95 2.26 0.05 3.13

Thus, the express-method of determining flavonoids in the knotweed grass is implemented in the
variant of extraction with 70% ethyl alcohol within 5 minutes. The determination error does not exceed
3.13% [8].

A.T. TaKuﬁaeBal, H.B. Ky.nalconz, A.C. Kanﬁaconal, I[.M.Cbmbmonal, K.B. PaymMﬁemeﬂona1
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KBI3BLJI TACIIA IINUKI3ATBIH/IA ®JIOBAHOW/ITAP/IbI
CAHJIBIK AHBIKTAY DIICTEMECIH OHTAMJIAH/IBIPY

Annorauus. Ke3pul Tacna memimninzieri (aBoOHOMITApABIH CaHABIK aHBIKTAy djictemMeci d3ipienai.Kpi3but Tacna
MIeMIMIiHAETT KOCBIHIBI KYpaMbIHIaFbl (hI1aBOHOUATEPl aHBIKTAYIbIH Ka3ipri (hapMakoIesblK OiCTEMECIH XETLLIipy
©3eKTI MIHAET OONbIN TaOBUIANBLOWTKEHI KbI3bUI Tacma INHKI3aThl y3aK MpOIeIypalibl JKCTPAKIHUS IKOHE
(I1aBOHOMITEPMAKCHMYM TYpAE albIHAIBL. DKCIEPUMEHT KYPTi3yAiH OHTAMNBl MIapTTaphsl ANBHABL DapMaKONesIIbIK
OjicTeMeHIH OHTaIaHABIPY MapamMeTpi (IIaBOHOUATAPIBI YKCTPAKIHSIIAY YaKbIThIH (3KCTPAKLUSHBIH JKaJIbl YaKbITHI 1,5
carar) ecentey (opMyJlachblHA SKCTPAKLUSIHBIH TOJBIK €MECTIriHE TY3eTy KO3((UIMEHTIH eHrizyMeH KbICKapTy OOJblI
TabpiTagpl. PapMaKkomesuIbIK OMICIIeH aHBIKTANFaH KYC Kblla memimiaaeri ¢uiaBoHouaTapasiy menmepi 1,62 + 0,02%
Kypanbl.DIaBOHOUATAP COMACBHIHBIH KypaMbl IIHMKi3arTa keminge 0,5% peHredlinne HopMmalaHaabl. ©O3ipJeHIeH
OiCTeMEHIH METpPOJIOTHSIIBIK CHIATTAMANApbIH aHbIKTay YIniH 10 mapajuienbii aHbIKTAy >KYPri3uidi. AHBIKTayIbIH
canbIcThIpManbl Kateci 3,13 % acmaiinsl. KpI3bi1 Tacna meminringeri GpuaBoHOMATapAbl aHBIKTayAbIH DKkcnpecc-aaici 70%
STWJI CIUPTIMEH SKCTPAKIMsI HYCKAChIHIA 5 MUHYTTA icKe achpbliagsl. AHBIKTAy Kareci 3,13 % acnaiabl.

Tyiiin ce3nep: ¢aaBoHouATap, caHIBIK aHBIKTAY, Y K-criekTpohoTOMETpHs, KbI3bLT TACHAIIO0].

A.T. TaKuﬁaeBal, H.B. Ky.nalconz, A.C. Kanﬁaconal, I[.M.Cbmbmonal, K.B. PaymMﬁemeﬂona1
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ONTUMM3ANNA METOAUKHA KOJTMYECTBEHHOI'O OITPEJEJTEHUS
®JIOBAHOUIOB B ChIPBE 'OPLIA ITUYBETO
AnHoTtanus. Pa3paboTaHa MeToInKka KONHYECTBEHHOTO OMNpeeieHHs (IIaBOHOMAOB B TPaBe TOpIA NTHYBETO.
Y COBEpIICHCTBOBAHUE CYLIECTBYIONIEH (hapMaKOIeHHON METOUKH ONPEAEIEeHHs CYMMApHOIO COlepkKaHus (DI1aBOHOUIOB
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B TpaBe roplia NTUYbETO SBJIAETCA aKTyadbHOW 3ajaueil Tak Kak HpPOJOJDKUTENbHAS NPOLEAypa SKCTPaKIUU ChIpbs
OTHYBEr0 Topla U MaKCUMyM H3BIeYb (aBOHOMIBI. [10J00paHBl ONTHMAalbHBIE YCIIOBUS IPOBEICHUS SKCIEPHMEHTA.
IMapamerpom onrtuMuzanuu (papmakonelHoll METOAUKM SBISCTCS COKpAlLEHHE BPEMEHH SKCTPAaKLUM (IIaBOHOMIOB
(oOmiee Bpems dkcTpakuuu 1,5 daca) ¢ BBEJCHHEM B PACUETHYIO (OPMYITy MOMPAaBOYHOrO KOI(PQUIMEHTa HA HETOIHOTY
skcTpakuuu. Conep:xanue (pIaBOHOUAOB B TpaBe ropla NTUYLETO, ONpeeIeHHoe (hapMaKONeiHBIM METOIOM, COCTaBUIIO
1,62 + 0,02%. Coxepxanue cyMMbl (hIaBOHOWIOB HOPMHUPYETCS B ChIphe Ha ypoBHe He MeHee 0,5%. [lns ompeneneHus
METPOJIOTMYECKUX XapaKTePUCTUK pa3paboTaHHOM MeToauku nposenu 10 mapamienbHBIX omnpenencHuil. OTHOCUTENbHAS
ommOKa omperneneHuss He mpesbimaer 3,13 %. Dkcnpecc-Mero] omnpeneneHUs (pIaBOHOMIOB B TpaBe ropla NTHYBETO
peanusyercs B BapuaHTe SKCTpakuuy 70% 3THUIOBBIM CIUPTOM B TeueHHE 5 MUHYT. OmunoOKa onpeneneHys He MPEeBbIIacT
3,13 %.

KiioueBble ciioBa: (hnaBOHOUABI, KOJUYECTBEHHOE ompeneneHue, YO — crnekTpodoToMeTpus, TpaBa TIopla
HTHYBETO.
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STUDYING THE COMPOSITION OF COMPLEXES ON THE BASIS
OF PALLADIUM(II), COPPER(II), IRON(III) CHLORIDES
AND POLYVINYLPYRROLIDONE

Abstract. The compositions of polymer-metal complexes based on palladium(II), copper(II), iron(IIT) chlorides
and polyvinylpyrrolidone were established by potentiometric and conductometric methods. The values of the
Bjerrum formation functions were calculated. According to the experimental data obtained for determination the
composition of the complex, titration curves were constructed and the optimal molar ratios of the reacting
components were found. The obtained calculated data indicate the formation of polymeric complexes of palladium
and copper, in which one complex-metal ion forms into three compound mono-link of polyvinylpyrrolidone. And in
the case of the iron polymeric complex, there is one ion of the complexing metal for the four constituent mono-link
of polyvinylpyrrolidone. Coordination saturation of metal complexing agents in these complexes is due to solvent
molecules or anion of metal salts. The structure and morphology of the synthesized complexes were studied using
IR- spectroscopy and scanning electron microscopy. It has been established that the oxygen atoms of polymeric
ligands take part in the formation of a coordination bond with the metal ion. The results of electron microscopy
indicate the formation of polymer films of a complex with a porous inhomogeneous amorphous structure.

Key words. Polyvinylpyrrolidone, palladium, copper, iron, complexation, Bjerrum method, stability constants,
composition, thermodynamics.

Introduction

Coordination compounds are widely used as homogeneous and heterogeneous supported catalysts.
Chemical transformations in the presence of coordination compounds underlie many catalytic processes. It
is known that they are able to activate molecules of alkenes, alkynes, carbon monoxide, oxygen, which
opens up broad opportunities for the development of new catalytic processes [1].

An additional impetus for the development of catalysis by complexes was the general tendency to
create milder reaction conditions. Classical processes using heterogeneous metal oxide or metal catalysts
are sometimes called “expensive” processes, bearing in mind the high costs per ton of product produced.
These costs are determined by high temperatures and pressures at a fairly low, as a consequence, the
selectivity of the process. In addition, relatively low degrees of conversion of the starting materials often
lead to the need to separate the reaction product from highly diluted mixtures, as well as the recycle of
unreacted reagent. Polymer-metal complexes used as homogeneous catalysts, on the contrary, usually
operate at low temperatures and pressures with high efficiency and selectivity for the reaction products
[2].

The aim of this work is to study the process of complexation of polyvinylpyrrolidone (PVP) with
Pd*, Cu*", Fe*' ions.

Experimental part

Palladium(II) chloride PdCl,, copper(Il) chloride CuCl,-2H,0, iron(Ill) chloride FeCl;-6H,0,
polyvinylpyrrolidone (molecular weight 40,000, AppliChem, Germany), hydrochloric acid, sodium
hydroxide, sodium chloride were used without prior purification.

— 92 ——
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The processes of complexation of palladium(Il), copper(Il) and iron(Ill) ions with PVP were
investigated by potentiometric and conductometric methods [3]. Potentiometric studies were carried out in
thermostated conditions on the pX-150MI ionomer using silver chloride and glass electrodes. The pH
measurement accuracy was 0.02 pH units. Conductometric studies were performed on a
ConductivityMeter 13701/93 device (PHYWE) under thermostatically controlled conditions.

IR spectra of PVP and Pd(II)-PVP, Cu(Il)-PVP and Fe(Il)-PVP complexes were recorded on a FT
IR-4100 type A JASCO instrument in the range of 4000-450 cm™ at Kaiserslautern Technical University
(TUK, Germany). SEM images were taken on a JSM-6490LA Jeol instrument equipped with an X-ray
dispersive energy detector (EDX) for elementary analysis (JEOL, Japan). IR spectra and SEM images
were obtained in analytical laboratories at the Technical University of Kaiserslautern (TUK, Germany).
The stability constants of the PMC are calculated on the basis of the modified Bjerrum method [4].

Results and their discussion

In the works [5-7], the results on the determination of the compositions of polymer-metal complexes
(PMC) based on PVP-PdCl,, PVP-CuCl,-2H,0, PVP- FeCl;-6H,O using potentiometric and
conductometric titration were presented.

The reactivity of a chain molecule is largely determined by the chemical composition, configuration
and conformation of the macromolecule, and knowledge of which makes it possible to determine the role
and mechanism of the catalytic action of various functional groups of macromolecules that are part of the
active centers [8]. The correctness of the final calculations depends on the theoretical laws and the
accuracy of the source data. The calculations performed give results that should be consistent with the
experimental data. In this connection, the modified Bjerrum method [9,10] was used to clarify the
composition and determine the strength of the PMC. The polymer ligand solution was titrated with acid
(HCI) or base (NaOH), depending on the nature of the complexing metal salt, with a change in the pH of
the medium in the absence and presence of ions of the studied metals in the temperature range of 298-343
K (temperature selection due to the use of PMC as catalysts in the oxidation of octene—1 in an oxygen
atmosphere [5]), with three values of the ionic strength of a solution of 0.1; 0.5; 1.0 mol/L (constants,
determined for a given ionic strength, can be considered almost constant for solutions with ionic strength,
which were taken when performing experiments. That is, for most calculations these values can be used
without corrections for ionic strength [11] (sodium chloride was used as an indifferent electrolyte).
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Figure 1 — Potentiometric titration curves of aqueous solutions of polyelectrolyte PVP (1a-c) and polymer—PdCl, (2a), polymer—
CuCl, (2b) systems, polymer—FeCl; (2¢) sodium hydroxide (curves la, 2a) and hydrochloric acid (curves 1b, 2b, 1c, 2¢c) at T =
298 K, I =0.10 mol/L (where K is the optimal molar ratio of the reacting components [Me*”*)/[PVP])
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Figure 1 shows the curves of potentiometric titration of PVP with sodium hydroxide (la, 2a) and
hydrochloric acid (1b, 2b, lc, 2¢) in the absence and presence of Pd*" (1a), Fe’ (2b), Cu*" (3b) ions at T =
298 K, I = 0.10 mol/L (potentiometric titration curves for other values of temperature and ionic strength
have a similar appearance).

As can be seen from Figure 1, the titration curves in the presence of complexing metal ions are in a
more acidic region than in their absence, indicating the complexation process between the polymer ligand
and the metal ion.

A modified Bjerrum method was used to interpret the bias of the titration curves. The obtained data,
performed with its use, are presented in Table 1.

Table 1 — The calculated values of the Bjerrum’s formation functions of PVP—PdCl,, PVP-CuCl,,
PVP-FeCl; systems (T = 298K, I = 0.10 mol/L)

LH'], L]. Lcl, .
sysem | L it ol n

2,4810™ 0,01'10° 3,08107 6,89 2,99

6,0110™ 0,04'107 2,7310° 6,39 2,65

9,4910™ 0,0910° 2,3810° 6,09 2,31

- 13,0010 0,15107 2,03°10° 5,83 1,97

PVP —Pd 16,4010 0,26:10° 1,6910° 5,59 1,64

19,8010 0,4410° 1,3510° 5,36 1,31

23,2010 0,78'107 1,0010° 5,11 0,97

26,6010 1,2010° 0,66:10° 4,92 0,31

0,99-10* 3,46 107! 9,00-10* 0,46 2,7

1,99-10* 2,81 10" 8,01-107 0,55 24

- 2,99-10* 0,76 - 10™! 7,02-107 1,12 2,1

PVP-Cu 3,97-107 0,69 10! 6,03-107 1,16 1,8

4,97-10" 0,71 10" 5,03-107 1,15 1,5

5,96-107 0,68 10! 4,03-10™ 1,17 1,2

0,6410° 1,07 107 11,6107 2,97 1,34

1,52110° 1,51'10° 10,3107 2,82 1,19

2,36'107 1,44107 9,50'10° 2,84 1,10
PVP - Fe** 3,42107 1,5810° 8,301107 2,80 0,96

418107 1,20'10° 790107 2,92 0,91

521107 1,17:10° 6,90107 2,93 0,80

6,38 107 1,2310° 5,70°10° 2,91 0,66
Not: * [LH'] — concentration of the protonated ligand groups; ° [LH+] — concentration of the free ligands which are not
involved in a complexing process; ¢ [Lc] — concentration of the ligand groups connected in a complex; d pL or -lg[L] —
concentration of the free ligands calculated on Henserson-Hasselbach equation pH = pKa + mlg[L]/[LH+], where m - the
empirical coefficient considering interlink interaction of a polymeric chain; ¢ n — Bjerrum’s formation functions or average
coordination number of a metal ion.

The calculated data confirm the formation of PMC with the composition [Me]:[L] = 1:3 in the PVP—
Pd*", PVP-Cu*" systems, and with the composition [Me]:[L] = 1:4 in the PVP—Fe’" system. It is known
that transition metal ions, when interacting with polymers, may not realize their maximum coordination
number, since the ions of these metals can be coordinated to saturate with anionic acids or solvent
molecules [12]. In turn, steric repulsion between large ligands in volume and electrostatic mutual
repulsion of anion ligands when they are replaced by water molecules at a positively charged metal ion
can also inhibit the coordination of additional ligands [13].

For a more detailed understanding of the complexation of high-molecular-weight ligands with metal
ions, it is necessary to calculate the changes observed in this important thermodynamic parameters, such
as Gibbs’ energy, enthalpy and entropy of these processes. Since systems involving high-molecular
compounds are complex, in this connection, the authors of a number of papers [14,15] suggested that the
classical laws of thermodynamics can also be applied to systems with polymeric ligands.

From table 2 it follows that the most stable complex is PMC based on PVP and iron(III) chloride.
This fact is due to the following factors: first, the complex formation reaction can be explained using the

— g4 ——
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theory of acids and Lewis bases. According to the Lewis theory, acids are ions or compounds that accept a
pair of electrons, i.e. such particles are electron acceptors. Thus, metal ions can be considered as polybasic
acids with a deficiency of electronic pairs, corresponding to the maximum coordination number, which
form bonds with bases. Secondly, the strength of the acid increases with increasing valence (in the systems
under consideration, palladium and copper are in the bivalent state, and iron in the trivalent state). It is
also known that metal ions are divided into three large groups: the first group is alkaline and alkaline-earth
elements; the second group — transition metals with d'’- or d*-electron configuration (Pd*", Cu*"), which
are more inclined to form stable complexes with ligands through sulfur, arsenic, phosphorus atoms; the
third, largest group includes transition metal ions with partially filled d-orbitals.

Ions of metals of this group, first of all, form complexes with nitrogen and oxygen-containing ligands.
According to Pearson’s theory [16], Pd*", Cu®" ions are soft acids, while the Fe*" ion is a hard acid, and the
oxygen atom is a hard base. The most stable complexes are formed by the interaction of hard acids and
bases, on the one hand, and soft acids and bases, on the other one. From this it follows that among the
represented metals, iron ions have a high affinity for oxygen [17].

Calculation of thermodynamic parameters showed that the complex formation of PVP with Pd*",
Cu®’, Fe'" ions is characterized by negative values of Gibbs’ energy, which indicates a spontaneous
process of PMC formation in these systems (Table 2). The following pattern is observed for the Pd*—PVP
complex: a positive value of the change in enthalpy (A,H") in the temperature range 298-318 K indicates
the endothermic nature of polycomplex formation, therefore, with an increase in temperature in the
specified interval, the stability of the latter increases. And in the temperature range 318-343K, the
complexation process is accompanied by the release of heat (an exothermic process), as a result of which
the strength of the polymer-metal complex decreases with increasing temperature. The obtained fact of the
ambiguous effect of temperature on the complexation process is probably due to conformational changes
in the structure of the polymer-polyvinylpyrrolidone as shown in [18]. The authors found that the
conformational changes of PVP in an aqueous medium are accompanied by exoeffects, the values of
which depend on the temperature and molecular weight of the polymer.

The complexation reactions of copper and iron ions with PVP are accompanied by exoeffects, as
indicated by negative enthalpy values. With an increase in temperature in the temperature range of 298—
318 K, the stability of PMC decreases.

Complexation processes in binary PVP—Pd*" and PVP—Cu®" systems are characterized by positive
entropy values, which is caused by the destruction of the hydration shells of PVP ligand groups and the
displacement of water molecules from the first coordination sphere of metal ions. The formation of iron
complexes with PVP is characterized by negative values of entropy change. Negative entropy change AS
with a negative enthalpy change AH indicates that the reaction under study is possible at sufficiently low
temperatures and the linear dependence of A on AS is described by the equation AH = -0.36AS + const,
which indicates donor-acceptor interaction [8].

Table 2 — Thermodynamic characteristics of the complexation of Pd*", Fe**, Cu*" ions with PVP

0 -Ar G, + Ar H, +Ar S,
System LK lgp kJ/mol kJ/mol J/(mol-K)

298 9.1020,08 56.9420.62

PVP  Pd** 318 14,20£0,20 109,17+0,69 1288,40,10 4541,720,15
343 11,20£0,09 81,1040.60 898.540.12 2335,3+0,12
298 1452019 82.7190,09 175.7£0.30 218,62120,94

PVP — Cu?* 308 14.420.18 84,90620,11 487.520.80 1307,1320,57
318 11,5020,25 71,83420,08 244.910.90 544.25520,30
208 31,00 = 0,01 176,849 + 0,01 725,653+0,01 1841,620+0,01

PVP - Fe** 318 23.00 £ 0,03 140,01620,04 174,33420,01 5041,0100,02
343 10.10% 0,02 64,397+0,05 1134,375£0,01 3213,15020,06

The nature of the modifying effect of PVP on Pd(II), Cu(Il), Fe(Ill) ions and the possible molecular
structure of the PVP-PdCl,, PVP-CuCl,, PVP-FeCl; complexes was studied using IR spectroscopy (Figure
2). As can be seen from the IR spectra, the peak characteristic of the C=0O bond in PVP becomes
95
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asymmetric after the addition of metal chlorides, which indicates a strong interaction between PVP and
Pd(II), Cu(Il), Fe(Ill) in the complexes PVP-PdCl,, PVP-CuCl,, PVP-FeCl;. The IR spectra of the
complexes under study contain a band at 3400 cm ', characteristic of PVP. The carbonyl group in PVP is
characterized by a peak at 1651 cm ', extended due to the C=N bond in the lactam ring. This band shifts to
1510-1645 cm' in the studied complexes. Differences in the IR spectra of PVP and PVP-PdCl,, PVP-
CuCl,, PVP-FeCl; complexes are observed as a result of donor-acceptor interaction between the oxygen
atom in the polymeric ligand PVP and metal ions — complexing agents [18-20].
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Figure 2 — IR spectra of PVP (a) and complexes of [Pd(PVP);Cl,] (b), [Cu(PVP);Cl,] (¢),
[Fe(IIBI)4(H,0),CL] (d)

To study the surface of polymer-metal complexes, the method of scanning electron microscopy was
used (Figure 3). Analysis of micrographs indicates the formation of polymer films with a porous
inhomogeneous amorphous structure.

Conclusion

Thus, the composition of the PMC was defined by modifying method of Bjerrum. The coordination of
the polymer ligand of PVP in the complexes was confirmed by IR spectroscopy and scanning electron
microscopy. The morphology and peculiarities of their surface were studied. It has been established that
the oxygen atoms of polymeric ligands participate in the formation of a coordination bond with metal ions
of complexing agents. Electron microscopy results indicate the amorphous structure of the complexes. The
thermodynamic parameters of the PMC were calculated, which indicate the process of complexation
between metal ions and the polymer ligand.
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Figure 3 — SEM images of PVP (a) and complexes PVP-PdCl, (b),
PVP-CuCl, (¢), PVP-FeCl; (d)

J.H. Ax6aesa', T'.A. Ceiisixanosa', B.C. Balciponal,
HL.A. CmaryaoBa', A.K. Canxaii', A.K. Bopanraszuesa’

! an—Mapabu aTbinmarsl Kasak YITTEIK yHHBepCcHTeTI, AnMaThl, Kazaxcran;
? J1.B.COKOIbCKHIA aThIHIAFbI KaHapMai, KaTaJu3 JKoHe AMeKTpoxuMust MHcTuTyTHI, AMatel, Kazaxcran

MAJLIA IMVA(IT), MBIC(II), TEMIP(III) XJIOPUITEPI )KOHE MOJIUBUHUAIIINPPOJINIOH
HETI3IHJIETT KEIIEHI KOCBLIBICTAPJBIH KYPAMBIH 3EPTTEY

Annoramusi. [lammaguit(Il), wmeic(Il), Ttemip(Ill) xnopuarepi koHE NONMBUHWINMPPOINIOH — HETI3iHJET
TIOJIMMEPMETAIIBIK ~ KEIIEHII KOCBUIBICTAp/ABIH KYpaMbl TOTEHIOMETPIIK JKOHE KOHIYKTOMETPIIK 9IicTepMeH
aHBIKTaFaH. BeeppyMHBIH Ty3UTy (YHKLMSCHI MOHJIEPI €CEeNTeNreH. AJBIHFaH TOXIpHOMETIK ManiMeTTepre cyheHe
OTBIPBIIN, TUTPJEY KHUCBIKTAphl TYPFBI3BUIBIN, 9PEKETTECYIIl KypaylIbUIApAbIH ONTHMAJIbl MOJIBAIK KaThIHACTaphl
taObuiran. EcenTey HOTHXKECIHIE alblHFAH MOTIMETTEp MNAJUTafMi JKOHE MBIC KEIICHI KOCHLUIBICTAPBIHBIH
TY3UITCHIITIH JONeNaei i, OHAAaFsl MOJUBHHIJIIUPPOIUIOHHBIH YII OYbIHBIHA Oip METaJUI-KEMICHTY3TIill HOHEI
Kenemi. AJl TeMipAiH MOTMMEpITi KeIIeH i KOCHUIBICHIHIA MTOTUBHHIIIITHPPOIUAOHHBIH TOPT OyBIHBIHA Oip MeTaii—
KEIICHTY3TIII HOHBI ColiKec Keje . MeTaun — KeHIeHTY3 il HOHIaPbIHAA KOOPIMHAIMSUIIBIK KAHBIFY YAEpiCl epiTKill
MOJIEKYJIaChl HeMece MeTalll Ty3/1apbl aHHOHIapbl eceOiHeH xky3ere acaabl. IK—cnekTpockomnust koHe CKaHUpIeyIi
ANEKTPOHIBIK MUKpockonus (COM) oicrepi KOMETIMEH CHHTE3/CNTeH KEeIeH I KOChUIBICTAP/IbIH KYPBUIBICHI JKOHE
Mopdostoruscel  3eprrenred. [lojaumepni JMraHaTarkl OTTEri aTOMBl METaUl — KEUIGHTY3rill HOHBIMEH
KOODPJMHAIMSUIBIK OaiJIaHbIC Ty3yTr'e KaThICATBIHBIFEI TAJICNICHI€H. DIIEKTPOHABIK MUKPOCKOIHUS HOTHKECI KEYEeKT1
OipTekTi eMec aMOp(ThI KYpPBUIBIMFA W€ KEMICHII KOCHUIBICTBIH IOJUMEPJl KaOBIKIIACKIHBIH TY31LICTIHIITIH
KepceTeIi.

Tyiiin ce3aep. [loMMBUHMITUPPOIUIOH, MAJUTAANH, MBIC, TEMIp, KENIEHTY311y, beeppyM omici, TYpaKThUIBIK
KOHCTAHTAChI, KYPaMbl, TEPMOJMHAMHUKA.
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JI.H. Ax6aeBa’, I'.A. Ceiiixanosa', B.C. Balmponal,
HL.A. CmarynoBa', A.K. Canxaii', A.K. Bopanrazuepa’

!'Kasaxckuii HanMoHa/IbHBII yHHBEpCUTET UM. alb-Dapabu, Anmatsl, Kazaxcran
? WHucTtuTtyT TOINMBA, KaTanu3a u anexkrpoxumun uM. /1.B. Cokonbsckoro, Anmatsl, Kasaxctan

MN3YYEHUE COCTABA KOMIIVIEKCOB HA OCHOBE XJIOPHU/1OB ITAJIJIA AUSI(IT), METU(IT),
KEJIE3A(III) X1 ITIOJIMBUHUJIIIUPPOJIMIOHA

Annotanusi. CocTaBbl TMOJIMMEPMETAUTMYECKHX KOMIUIEKCOB Ha ocHoBe xiopupoB mnamwtamsi(ll), memu(Il),
kene3a(lll) u momMBHHMUIIMPpPOIMIOHA OBUIM yCTAaHOBJIEHBI ITOTCHIMOMETPHYECKUM M KOHIYKTOMETPHUECKHM
Mmeronamu. beum paccunTansl pyHKIMHM obpazoBanus beeppyma. Ilo momydeHHBIM SKCTIEPUMEHTAIBHBIM JaHHBIM
IO ONPEJENICHNIO COCTaBa KOMILIEKCA OBUIM ITOCTPOCHBI KPHBBIE TUTPOBAHHSA W HAaWJEHBI ONTUMAJIbHBIE MOJbHBIC
COOTHOUICHHSI PEarupyrouMx KOMIIOHEHTOB. IloslydyeHHBIC pacCUMTAaHHBIE MJaHHBIE CBHICTENBCTBYIOT 00
00pa30BaHUM MOJIMMEPHBIX KOMIUIEKCOB Maagusi W MEOW, B KOTOPbIX Ha TPH COCTaBHBIX MOHO3BEHA
MOJMBUHWINUPPOINAOHA MPUXOJUTCS OIWH HOH MeTala-KOMIUIEKcooOpazoBaressi. A B Cilydae IMOJIMMEPHOTO
KOMIIJIEKCa JKelle3a Ha YeThIpe COCTaBHBIX MOHO3BEHA MOJMBHHMWIMHUPPOIUAOHA NPUXOAUTCS OAWH MOH MeTalula-
KoMIIekcooOpa3oBaress. KoopiuHalMoHHAas HACHIIIEHHOCTh —METAIOB-KOMILIEKCOOOpa3oBaTeneld B 3THX
KOMILIEKCaX OCYIIECTBIISIETCS 3a CYET MOJEKYJ pacTBOPUTENsS WIM aHMOHA coyiell meramnoB. Merogamu UK-
CHEKTPOCKONIMM W CKaHUPYIOMEH 3JIeKTpOoHHOH Mukpockornuu (COM) mccnenoBaHbl CTpoeHHE M MOp(hoJorus
CUHTE3UPOBAHHBIX KOMILIEKCOB. Y CTAaHOBJIIEHO, UTO aTOMbI KHUCIOPO/Ja MONUMEPHBIX JIMTaH 0B IPUHUMAIOT y4acTue
B 00pa30BaHNM KOOPIMHAIIMOHHOW CBS3M C MOHOM METaJuIa-KOMIUIEKCOOOpa3oBaTens. Pe3ynbTaThl 31eKTpOHHON
MHUKPOCKOIINH YKa3bIBAalOT Ha 00pa30BaHUE MMOJMMEPHBIX IUIEHOK KOMITIEKCA C TIOPUCTOW HEOAHOPOAHON aMop(dhHOH
CTPYKTYpPOH.

KiroueBble c10Ba: NOJMBUHIINHMPPOIWIOH, NaNIafWi, MEIb, JKEJIE30, KOMIUIEKCOOOpa3oBaHHE, METOJ
beeppyma, KOHCTaHTBI yCTOHYMBOCTH, COCTaB, TEPMOJANHAMHUKA.
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NMR SPECTRA OF PHOSPHORYLATED CARBAMIDE-CONTAINING
HETEROCYCLES: PECULIARITIES OF CHEMICAL SHIFTS
FROM THE VALENCE STATE OF THE PHOSPHORUS
AND THE SIZE OF THE CYCLE

Abstract. The article discusses the results of using NMR spectroscopy to study the structure and flexibility of
the skeleton of the analyzed molecules of phosphaze compounds and the electronic environment of nitrogen and
phosphorus atoms. The authors carried out a cumulative system analysis of chemical shifts in the *'P and *C NMR
spectra of 89 phosphorus derivatives of carbamidecontaining heterocycles, which differ in the valence state of the
phosphorus atom, the size of the cycle and the method of cycle junction.

Key words: heterocyclic compounds, NMR spectroscopy, phosphazo compounds, phosphorylated carbamide
containing heterocycles (PCCH), 3-coordinated phosphorus atom, 5-coordinated phosphorus atom.

Introduction

Phosphazaheterocycles containing an urea fragment and a phosphoryl group in the cyclic skeleton are
attractive because these links of molecules, acting as the key structural elements of these compounds, give
them a skeleton of the structure and contribute to the formation of multifunctional reaction centers. The
simultaneous combination of urea fragments and phosphoryl groups in a molecule makes it possible to
impart specific physicochemical and practically useful properties to the target substance, the investigation
of which is the subject of many studies, including and using NMR spectroscopy.

The use of NMR spectroscopy to study the structure of phosphaza compounds allows not only to
identify the compounds, but also to judge the flexibility of the skeleton of the analyzed molecules and the
electronic environment of nitrogen and phosphorus atoms. In addition, a generalized analysis of chemical
shifts of an array of phosphazacycles helps to reveal their characteristics for the considered range of
compounds. However, so far no attempts have been made of the cumulative analysis of an array of NMR
spectral data of phosphorus-containing urea-containing heterocycles.

In order to fill this gap, we carried out a cumulative system analysis of chemical shifts in the 31P and
13C 89 NMR spectra of phosphorus-containing urea-containing heterocycles, which differ in the valence
state of the phosphorus atom, the size of the cycle and the method of junction cycles.

In a number of works [1-14] devoted to the synthesis of the corresponding phosphazacycles, the *'P
NMR spectroscopy data was used to identify a larger number of different phosphorylated carbamide
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containing heterocycles (PCCH). This paper summarizes the intervals of changes in chemical shifts (CS)
of PCCH in the *'P NMR spectra, which are illustrated by the data given depending on the valence state of
phosphorus, the size of the cycle and the method of junction.

Results and discussion

CHEMICAL SHIFTS OF 3-COORDINATED PHOSPHORUS ATOM IN PCCH NMR
SPECTRA

Analyzed PCCH containing 3 valence phosphorus atom are represented by 4-membered
phosphazacycles (diazaphosphetidinediones 1-6), S5-membered  phosphazacycles (diaza-
phospholidinediones 7-10) and 6-membered phosphazacycles (triazaphosphorinandiones 11-25).

A comparative analysis of CSphosphetidinediones1-2 [1] and 3-6 [2] shows that, for all other equal
structural parameters, the electronegativity of the substituent, directly attached to the phosphorus atom,has
a decisive influence on CS. In other words, in the series of phosphetidinedionesl-6 alkoxy groups
(compounds 3-6) cause pronounced disshielding of the phosphorus atom (10 ppm), rather than amino
groups (compounds 1-2)

(0]
1 - Ry=Me, R=Ph (83.6);
2 - R4=Me, R=uuknorekcun (81.9);
J— J— - N—Ph 3 - R=Me (95.2);
HC—N N7 PR 4 - R=Et (93.1);
P P 5-R=i-Pr (92.3);
| | 6 - R=n-Bu (93.1)
AN O
R Ry R
1-2 3-6

As one can see from the above data, the formation of N, N-P-N and N, N-P-O units in the 4-
membered PCCH cycle of the compounds 1-6 contributes to the appearance ofCSof phosphorus atoms in
the positive spectral region in the interval 81.9-95.2 ppm.

The CS values of 5-membered PCCH 7-10 [3] correspond to the interval from 24.2 to 38.3 ppm,
which indicate a significant screening of the phosphorus atom in the diazaphospholidinediones 7-10
compared to the 4-membered phosphetidinones1-6. In this case, the strong-field shift of phosphorus atoms
in compounds 7—10 compared with phosphazacycles 1-6 is due to the isolation of the second urea nitrogen
atom by the carbonyl group at the 5th position of the cycle, which excludes its direct electronegative effect
on the phosphorus atom. At the same time, a similar effect of the carbonyl group, as can be seen from the
comparison of CS, is not comparable with the influence of the nitrogen atom.

Thus, the formation of the N, C-P-C = O link in PCCH 7-10, compared with FCSG 1-6, causes a
significant strong-field shift (by 50 ppm) of phosphorus.

Rz\N)kN/Rz 7 - Ry=R,=Me (30.7);
\ 8 - Ri=Me, Ry= n-Bu (24.2);
p 9 - R4=i-Pr, Ro,=Me (30.8)
/ 10 - R1= CH3’ R2 = CsHs (383)
R4 (0]
7-10

Turning to the 6-membered PCCH 11-25 [4-6], it should be noted that the influence of substituents
(R) in the N, N> P-R unit on the CS of the *'P nucleus appears in the interval of 66.7-106.9 ppm.
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THB TH3 C|:H3
OYN\{O OYN\{O OYN\]/O
N N N N N N

H3C/ \T/ \CH3 ph" \FI>/ \CH3 ph” \F|’/ ph

R R R

11-18 19-21 2225

11 - R=NMe, (82.7 ppm); _ ] 22 - R=Me (79.9 ppm);
12 - R=NEt, (80.1 ppm); 19 - R=Me (80.5 ppm); 23 - R=Ph (68.7 ppm);
13 - R=NPh, (66.7 ppm); 20 - R=CI (106.9 ppm}); 24 - R=CI (101.6 ppm);
14 - R=NHCH,CH,CI (70.6 ppm): 21 - R=Ph (68.4 ppm); 25 - R=NMe, (79.3 ppm)

15 - R=N(CH,CH,CI), (82.3 ppm);

16 - R=OMe (90.6 ppm);

17 - R=0Si(Me), (90.6 ppm);

18 - R=N(CH3)CH,CH,N(CHj3), (81.0 ppm);

At the same time, in the series of triazaphosphorinandiones of the general formula 11-25 CS of the
phosphorus atom bound to the R group, depending on the nature of the substituent in the P-R link, shifts to
a weaker field in the series: P-C (compounds 19, 21-23 [6]) <P-N (Compounds 11-15 [6], 18 [4], 25 [6])
<P-O (compounds 16, 17 [5]) - P-CI (compounds 20, 24 [6]). The established order of CS change in
phosphazacycles 11-25 is in accordance with the electronegativity of the substituent R, directly attached to
the phosphorus atom. The displacement of electrons by the R substituent from the phosphorus atom in
these compounds contributes to the localization of the lone electron pair at the skeletal carbamide nitrogen
atoms, thereby causing an additional contribution to the weak-field shift of phosphorus atoms.

From the CS data presented, it is clear that the effect of the distribution of electrons in the carbamide
unit of the heterocyclic fragment of molecules 11-25 is worse than the direct displacement of electrons
within the P — R sigma bond in the considered phosphazocycles. It is quite well established that CS of the
three-coordinated phosphorus atom in PCCH 1-25 locate in the positive spectral region within 24.2-106.9
ppm and in the given corridor, the CS values depend on the chemical environment of the phosphorus
atom.

CHEMICAL SHIFTS OF THE 5-COORDINATED PHOSPHORUS ATOM IN PCCH NMR
SPECTRA

A general analysis of the changes in *'P CS in PCCH shows that 3-coordinated phosphazacycles 1-25
exhibit CS in the positive spectral region, whereas for 5-coordinated phosphazacycles this property is
mixed. In other words, CH for 5-coordinated phosphazacycles 2649 [7, 8] is characteristic both in the
positive spectral region and in the negative region with a clear tendency toward the latter.

The change in cholesterol *'P CS in a series of thiylateddiazaphosphophetidinone derivatives 26-49 is
very interesting. So, if thionic phosphetidinones 27-34 [7] exhibit *'P CS in the positive spectral region
(58.5-83.1 ppm), regardless of the nature of the R substituent, then thiylatedchlorophosphetidinones 35-46
(-44.0; -49.6 ppm) and alkoxyphosphetidinone 26, (-39.9 ppm) show negative CS values [8].

— 102 ——



ISSN 2224-5286 5.2019

0 ? 27 - R=ClI (59.20 ppm);
28 - R=NMt; (64.4 ppm);
29 - R=Net, (65.2 ppm);
H3C—N N—CH;3; HiC— N—CHs3; 30 - R=(CH,), (58.5 ppm);
F,/ AN = 31 - R=OMe( 67.5 ppm);
l\ / \\ 32 - R=SMe; (83,1 ppm);
0 33 - R=NPh, (58.5 ppm);
34 - R=N-(uuknorekcun), (58.8 ppm)
(-39.9 ppm) 27-34
CF;

35- R1 = Ph, R2 = CH3’ R3 = Ph; R4 =ClI (-44,3 ppm)
36 - R1 = Ph, R2 = Ph, R3 =Ph; Ry = Cl (-49,6 ppm)

0] 37 - R1 = Ph, R2 = CH3’ R3 = CH3; R4 = Cl (-44,0 ppm)

” 38 - R1 = Ph, R2 = Ph, R3 = CH3; R4 =ClI (-46,2 ppm)

C 39 - Ry = 4-CH3C6H4Y R, = CH3Y R3 = CH3, Ry = Cl (-44,6 ppm)
\ 40 - Ry = 4- CH3C6H4 R, = Ph, R3 = CH3 Ry = Cl ( -45,6 ppm)

HsC—N\ /N—R1 41 - Ry = 4-CH3CgH4 Ry = CH3 R3 = CH,Cl; Ry = Cl (-47,33 ppm)

P 42 - Ry = 4-CH3CgH4, Ry = CH3 R3 =t-Bu; R4 = CI (-20,6 ppm)
R2_S/ I\R3 43 - Ry = 4-O,NCgH4 Ry = CH3 R3 = Ph; Ry = Cl (-48,6 ppm)

44 - R{ = 4-O,NCgH4 Ry = Ph, Rs = Ph; Ry = CI (-50,9 ppm)

45 - Ry = 4- CH3C6H4Y R, = CH3 R3 =Ph; Ry = Cl ( -43,8 ppm)
46 - Ry = 4-CH3CgH, R, = Ph, Ry = Ph; R, = Cl (-48,7 ppm)
47 -R; = CH; R, = Ph, Ry = Ph; R4 = 4-O,NCgH, (-54,1 ppm)
48 - Ry = CHy Ry = 4-CH3CgHy R3 = t-Bu; R, = 4-O;NCgHy (-34,1 ppm)
49 - R1 = CH3’ R2 = 4-CH3C6H4’ R3 = Ph, R4 = 4-02NC6H4 (-53,9 ppm)

In the series of phosphetidinones 26-49 in the first approximation, the carbamide group of the
heterocycle is equivalent in its effect on the phosphorus atom. Consequently, when comparing CS of the
phosphorus atoms in these phosphazacycles, their positive shift is provided by the sp> hybridized state of
the thionic group, and the negative shift of CS, along with other groups, is mainly due to the shielding
effect of the thiol group, since chlorine atoms and alkoxy groups are present in all compounds 26—49.

One of the interesting features in the data analysis *'P NMR spectra of phosphazacycles 50-53 [9] and
54-57 [10] is that the location of CS of phosphorus atom significantly depends on the hybridization of the
P = X bond. So, for example, a distinct dependence of the CS shift to the negative region in the series P =
N <P =0 <P =S in compounds 50-57 is revealed.

o) CH; o) CH;
N/ N/ CH,CH,CI
C—N o \C—N\ N/ Ze
=
HsC—N P< HsC—N P H
R /Xy b
C—N C—N N
/7 \ / | o
o CHs 0 CH3
c
50-53
50 - R=NHCH,CH,CI (3.1 ppm); 54 (14.5 ppm)
52 - R=Cl (5.1 ppm); NO,

53 - R=N(CH,CH,), (4.2 ppm)
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CF;

cl
o CHs CF3 o /CH3 cl o CH,
N\ / o CF, \ o cl \
C—N C—N C—N
\/ /N c /NS
HsC—N /P/O cF;  HsC—N HsC—N /P\,\I(CHZCHZCI)2
C—N N(CH,CH,Cl), //C—N\ N(CH,CH,Cl), //C_N
o// \CH3 o CH; o) CHj
55 (-36.0 ppm) 56 (-38.8 ppm) 57 (-58.8 ppm)

The effect of other substituents at the phosphorus atom in these compounds on the screening of the P
atom is not as obvious as the change of the heteroatom in the P = X fragment of the PCCH examined.

For the series of spiro compounds 58-75 with the nodal phosphorus atom CS *'P become more
characteristic. All PCCH with the nodal phosphorus atom in the spiro compounds 58-62 [11] and 63-75
[12] give only negative CS *'P values (from -64.3 ppm to -79.9 ppm). For example, in phosphazacycles
58, 59 there are two CH *'Ps (wherein in different valence states), however, CS of the nodal atom of
phosphorus can be clearly recognized due to its strong negative shift (-64.3; -69.0 ppm), while the three-
coordinated atom P gives positive CH in the region of 1.9-6.3 ppm.

(@) R1
CHs
HsC~ )k ~R! \N N/
1 N N 0
R\N \ / (0] \P/
“P—P PR
//\’\RZ\R2 N" 1N
0~ N / RrR2\
R1 H3C R1

58 - R,=Me, R4=Ph (1.9; -69.0 ppm) 60 - Ry = CgHy-CF3-3, Ry = CgF5 (-79.9 ppm)
59 - R4=R,=Ph (6.3; -64.3 ppm) 61 - Ry =Me, R; = Ph (-67.8 ppm)
62 - R, = Ph, R, = Ph (-68,5 ppm)

The intervals of CS *'P changes for spiro compounds 63-75 [12] are largely determined by the direct
influence of the substituents R at the phosphorus atom, and their oscillation range varies from -51.4 ppm
to -119.1 ppm Attention is drawn to the fact that by varying halogen-containing substituents R for
spirocycles 63-66 CS *'P become more negative in the series: F <Cl <Br <I. The observed order of CS
change of the nodal atom of phosphorus in compounds 63-66 is in full accordance with the electronegative
properties of halogens. The phenyl group in the spirocycle 60-62, 70, 72 sensitively screens the
phosphorus atom compared with the methyl derivatives 68, 69, 71, 73-75, which is most likely due to the
anisotropic effect of the aromatic core.

63 - R = CI (-56.0 ppm);
64 -R =F (-51.4 ppm);
H3C CH3 65 - R = Br (-73.3 ppm);
66 - R =1(-119.1 ppm);
67 - R = CN (-89.4 ppm);

% /\é 68 - R = MeP(SiMe3) (-56.1 ppm);
69 - R = OMe (-57.0 ppm);
e ,\ 70 - R = OPh (-61.1 ppm):

71 - R = SMe (-56.0 ppm);

72 - R = SPh (-59.4 ppm);
CH3 73 - R = NMe,, (-57.3 ppm);

74 - R = N3 (-66.2 ppm);

75 - R = NPMej (-71.0 ppm)

H3C

One of the factors affecting the location of CS *'P in the PCCH is the possibility of molecular
flexibility of a heterocycle that is not directly related to the phosphorus atom. So, in imidazolidone 76-85,
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this possibility leads to shielding, and for imidazolidones 86-89 — to unshielding of the phosphorus atom
compared to phosphoric acid itself or its esters, as indicated by the significantly strong-field shift of
cholesterol, observed on going to compounds 76-85 and weak-field shift on going to compounds 86-89.

o) 76 - Ry, Ry= CgHs (-12,4 ppm);
(0]
OR
HN. N ||:|>< 2 T7-Ry =_(/j » Ro= CgHs (-9,8 ppm);
\ /| OR, O
R1 78 - R1 = CH3, R2= C6H5 (-21 ,2 ppm),

76-80 79 - R1 = CGHS, R2= ClCHzCHz (-12,5 ppm)
80 - Ry = CgH5 Ry=H (-16,4 ppm);

R 0 o 81 - Ry Ry= CgHs (-11,6 ppm);
1 OR
R-,O )I\ Il 2
Osp Ly N R —@ . Ry= CHs (9.2 ppm)
R0} /g R

83 - Ry = CHz Ry= CgHs (-16,2 ppm);
8185 84 - Ry = CgHs, Ry= CICH,CH, (-11,0 ppm)
85 - Ry = CgHs, Ro= H (-15,8 ppm);

0
Ve v
/
(CHy) N/\/ P o (CHo)3 N/\/F’\OH
HO
HN HO N/<
o 9
86 - n=0(18.1 ppm, 20,6 ppm) HO—P=0"" 89 (17.6 ppm, 21,1 ppm)
87 - n=1(15.5 ppm, 19,4 ppm) OH

88 - n=2 (17.6 ppm, 20,0 ppm)

Conclusion

Comparative consideration of CS of the phosphorus atom in PCCH with five-coordinated phosphorus
shows that they undergo a negative shift, and their location mainly depends on the hybrid state of P atom
in the cycle and the junction type of the cycles

An attempt to make a comparative analysis of CS of the carbonyl group (C = O) in PCCH did not
reveal significant differences due to their changes in a narrow range of values (151-156 ppm), regardless
of the valence state of the phosphorus atom in the cycle and the method of junction of cycles (for example,
in the spiro compounds and bicycles 58-75). Only some shielding of C = O-group in PCCH compared
with urea itself (159.5 ppm) [15] and the bicyclic bisurea of octane series - glycoluril (161.9 ppm) [15] is
of interest. The observed effect appears to be determined by an increase in steric stresses (compression) in
PCCH due to the limitations in the flexibility of their skeleton, and, as a consequence, by strengthening the
order of the amide bond. The informational content of the NMR spectra analysis of PCCH is somewhat
reduced due to the absence of CS data of the NH groups. But this circumstance is due to the fact that
almost all synthesized and identified PCCH given in [1-14] contain substituents at the nitrogen atoms.

The dependences of chemical shifts on the structure of bicyclic bimocarbons and spiro compounds
obtained can be used to study the properties of macromolecular nitrogen-containing systems, as shown by
the example of some nitrogenous alkaloids [16].
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A.A. BaKuﬁaeBI, K.Bb. )KyMaHOBz, C.10. Ham,mm{al’3, C.1. Fopﬁnn1’3, J.B. Xpeﬁronal,
O.B. H0H0Mapemc04, C.B. Maibkos', IL.T. I_[oiflz, I'.K. MaTH[/lﬂ?.OBaz, D.A. Baﬁﬁmapona2

IFLIHBIMI/BepTTey ToMmck MeMIiekeTTiK yHuBepcureTi, ToMck, Peceit
2M.X.)J,'ynam aTbIHIaFEl Tapa3z MeMJIEKeTTIK YHUBepcHUTeT, Tapa3, Kasakcran
'F BUTBIMU3EPTTEY TOMCK MOJUTEXHUKAIBIK YHHUBEpCHTETI, ToMck, Peceit
“JLH. I'ymunes atsinnars! EBpasusuislk yaTThIK YHUBepcuTeT, Hyp-Cyntan, Kazakcran

OOCOPOPNIUPJIIEHTEH KAPBAMUJAKYPAM/IbI TETEPOIIUKJIJAPABIH AMP CIIEKTPJIAPBI:
®OCPOPABIH BAJIEHTTIJIIK K¥YPAMbBbI MEH HUKJLJIAP OJIIIEMIHE BAUJIAHBICTBI XUMUAJIBIK
KO3FAJIBICTAPJABIH EPEKIIEJIKTEPI

AHHoTanus. Makanana TangaHslll OThIpFaH (ocha3akoChUIbICTAp MOJIEKYJIaTapbIHbIH KYPBIIBIMBI MEH KaHKaJIapbl-
HBIH HUITIILTICIH 9He a30T neH ¢ocdop aTroMaapbIHBIH aifHATACkIHAAFEl JIEKTpoHAapAbl 3eprreyae IMP-ciektpocko-
MUSTHBI KOJIIAHy HOTHXKENEpl TalKbUIaHaAbl. ABTopnap 89 xapOaMuaKypamIsl reTepoLUKIAapIbH GochOpTYBIHIBLITAPEIH
SAMP *'P u BC CIEKTpJIapbIHAFbl XUMUSIIBIK KO3FaJIbICTap/ bl JKYHeni Tannay sxyprisiiren. bys xoceuisicrap 6ip-OipineH
(hocdop aTOMBIHBIH BAJICHTTUTIK KYHIMEH, UKIIAP OJIIEMIMEH JKOHE IMKIIAp.bIH Oip-OipiMeH KOChLTy ofici OoibIHIIA
epeKIIeNneHe .

Tyiiin ce3aep:reTepouUKIALIKOCHUIBICTAP, SIMP-ciekTpockonus, QocdazokoceuibicTap, (ochopunupieHreH
kap6amunkypamasl rereporuxinap (OKKI), 3-koopaunupnenrendocdop aTroM, S-koopauHupiieHreHhochop aToM.

YK 543.429

A.A. Baku6aes’, K.B. )Kymanonz, C.10. Manbmmna'”, C.U. FOpﬁl/IHm, J.B. Xpe6TOBal,
O.B. HOHOMaPEHKO4, C.B. MaJIbKOBl, n.r. ]_loﬁz, I'.K. MaTHl/IiBOBaZ, D.A. Baﬁﬁznaposaz

'HaumonansHbiii nccnenosaresnbekuii ToMckuii roCyJapCTBEHHBIN YHUBEPCUTET
2Tapascmzlﬁ rocyapcTBeHHblld yHuBepcuteT M. M. X. lynatu
*HarmoHaBHBIH HCCIeI0BaTeNbCKIiT TOMCKHIA TTOTHTEXHIYECKHMIT YHUBEPCUTET
4EBpa3HﬁCKHI71 HalMoHaNbHbIN yHuBepcuTeT uMenu JIL.H. 'ymunesa,

CIIEKTPBI AMP ®OCOOPUINPOBAHHBIX KAPBAMUJCOJEPKAIIUX TETEPOIIUKJIOB:
OCOBEHHOCTHU XUMHWYECKHUX CABHUI'OB OT BAJIEHTHOI'O COCTOSIHUSA ®OCPOPA
U PABMEPA ITUKJIA

AnHoTauus. B cratbe o0cyxnatorcs pesynbraTbl npuMeHeHus: SIMP-criekTpockonuu Uit U3y4eHUs! CTPYKTYpPbI U
rHOKOCTH CKeJeTa aHaTM3HUPYEeMbIX MOJIeKy dochazacoe/MHEHUH U 3JICKTPOHHOTOOKPYIKEHHS aTOMOB a30Ta U Gocdopa.
ABTOpaMH TIIPOBEIEH COBOKYIHBIA CHUCTEMHBII aHalIM3 XUMHYECKHX CABHUIOB B crektpax SMP P u BC 89
(hochoprpon3BOIHBIX KapOAMHUICOAEPKAUX T'€TEPOIUKIOB, KOTOPHIE OTIMYAIOTCS BAJCHTHBIM COCTOSIHHEM aToMa
(hocdopa, pasmepoM 1HKIIA U CIIOCOOOM COUICHEHHS [IUKIIOB.

KuroueBble ciioBa: rerepolukindeckue coeaunenus, SIMP-cnekrpockonus, dhocdazocoenunenus, Gochopunupo-
BaHHble KapOamuzaconepxkamue rerepouukisl (PKCI), 3-koopaunupoBaHHBIE atoM (ocdopa, 5-KOOPAUHUPOBAHHBIH
aToMm docdopa.
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SEPARATE DETERMINATION OF THE AMOUNT
OF OIL EXTRACTED BY ONE WELL FROM TWO LAYERS

Abstract. The authors of this article proposed a different sampling technique for determining reservoir
productivity. Relative shares of two in common developed layers in the general output of one production well are
determined by vanadium content in oil of several neighboring wells working at each of productive layers separately.
Results of experiments on mixture of oil of different layers of the Kalamkas field showed that concentration of
vanadium changes in proportion to a volume ratio of oil that confirms competency of such offer.

Proposed method was approved in Martyshi and Southeast Kamyshitov multi-layer deposits. The flow rate of
the studied reservoirs according to EPR spectroscopy data is in good agreement with the field data.

Unconditional advantages of the EPR method are its productivity providing a possibility of receiving the
express — information, higher precision and reliability in comparison with the listed methods and no need to stop
production wells when sampling oil for a research.

Key words: electronic paramagnetic resonance, photocolorimetric method, vanadium paramagnetism, relative
flow rate, multilayer deposit.

To solve the problems of development of oil fields of Western Kazakhstan, R. N. Nasirov and others
[1] used data from the study of vanadium paramagnetism. It is found that in the Kalamkas field in the
context of productive layers there is a clear distinction between two independent deposits by paramagnetic
features and vanadium distribution (in the upper — 200g/t, in the lower -140g/t). This gave rise to the
authors argue that the vanadium content is a reliable correlation feature that can be used in monitoring the
development of oil reservoirs.

In the geological and field analysis of oil field development it is necessary to have information about
the operating modes of productive horizons. Basically, the control over the development of deposits is
carried out by geophysical and hydrodynamic methods. However, for the most complete study of oil
fields, it is desirable to use other, non-traditional methods of research.

In recent years, one of the promising areas of control over the development of the field was the study
of changes in the physical, in particular optical and paramagnetic properties of oils.

I. F. Glumov and A. F. Gilmanshin [2] used the photocolorimetric method of separate determination
of oil inflow into the well from two layers operated jointly. The relative debits were calculated according
to the formulas:

)
ql = (KII_ KI); (1)
au=1-—q1, ()

P

where K ," K" K" - light absorption coefficients of oil, respectively, of the first, second layers and
produced oil.
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The main disadvantage of this method is the inability to directly determine the optical properties of
oils with a significant content of colored substances (asphaltenes and resins). The method of electronic
paramagnetic resonance (EPR) is devoid of this disadvantage and can be used for separate determination
of reservoir productivity. Paramagnetism of oils is mainly due to the presence of various complex
compounds V *"and free radicals (FR) in them.

V. M. Arbuzov with co-authors [3] proposed to replace the optical density with the concentration of
tetravalent vanadium or FR in formula (1) and then to determine the productivity of both layers. In one
specially drilled well, first samples are taken from the upper layer, then from the lower and, finally, a
mixture of oils from both layers is taken.

The authors of this article propose a different method of sampling to determine the productivity of
layers. The relative share of the two jointly developed seams in the overall production rate of one
producing well is based on the content of vanadium in the oil for a few nearby wells operating at each of
the productive strata separately. The results of experiments on the mixing of oils from different layers of
the Kalamkass field showed that the concentration of vanadium varies in proportion to the volume ratio of
oils, i.e. confirmed the validity of such a proposal [4].

In the present work, using the EPR method, a new technique was introduced to the fields of Martyshi
and Southeast Kamyshitov.

The above-salt oil and gas deposits in the Ural-Volga region are characterized by a complex
geological structure, due to the influence of salt tectogenesis, as a result of which they are divided by
numerous discharges into individual wings, blocks, fields. Oil and gas resources are dispersed in these
blocks and fields.

The EPR method was used to estimate the productivity of the jointly operated I and II layers of the
VII middle Jurassic horizon in the North-West wing of the Southeast Kamyshitov field. Well 7 receives
oil from these formations. The content of vanadium in the oils of I and II layers is given in table.1. Its
average concentration in these layers is 24.7% and 13.3%, respectively. According to the formulas (1) and
(2) it is possible to determine the productivity of these layers: as a percentage of the well flow rate 7, it is
11 and 89, respectively. As can be seen from table 1, the productivity of the second layer is much higher
compared to the productivity of the I layer, which, in our opinion, is due to their different permeability
(table. 2) calculated from well testing data.

Table 1 - Determination of the relative flow rate of two jointly operated oil reservoirs at the Southeast Kamyshitov field

Horizon age Oil production rate Data according to EPR
Well number t/day % V7ot Oil production rate, %
The North—West wing
7 Jp; VII (I+11 layers) 29,3 100 23,5 11 (Ilayer)
89 (II layer)
19 Jp; VII (I layer) 3,0 100 24,7 -
18 Jo; VII (I layer) 25,0 100 13,6 -
131 Jp; VII (IT layer) 23.5 100 13,1 -
South-East wing
117 J; VI 9,2 100 13,2 95(VI)
I, V1T 5 (VID)
123 Jp; VI 7,1 100 10,0 -
110 I VI 33 100 71,1 -
16 Iy, VII 32 100 68,3 -

Table - Permeability of oil-saturated reservoirs in the middle Jurassic horizons, mkm?

Horizon age | Permeability, 10~ mkm
The North—West wing
J,; VII (I layer) 0,338
Jp; VII (II layer) 0,505
South-East wing
Jp; VI 0,217
I VI 0,070

— 109 =——




News of the Academy of sciences of the Republic of Kazakhstan

High productivity of the VI horizon in comparison with the VII within the South-Eastern wing can be
associated not only with its permeability (table.2), but also with the physical and chemical properties of
the oil lying in it. The flow rate of the studied layers according to EPR spectroscopy is in good agreement
with the field data.

To clarify the process of development by EPR, paramagnetic features of the oil field Martyshi
(between the Ural - Volga) were studied). The main object of the development here consists of I the
Neocomian and the Aptian - Neocomian horizons. According to the results of the development in previous
years, it was assumed that the I Neocomian horizon either does not participate at all in this process, or
takes a small part in it. To find out the share of the Neocomian horizon I in the total flow rate, the EPR
method was used to analyze the vanadium content in the oils selected from the wells of joint operation of
the I Neocomian and Apt - Neocomian horizons, as well as only the Apt - Neocomian horizon.

The average value of vanadium content from the oil of jointly operated horizons is 6.72 g/t, from the
oil of the Apt - Neocomian horizon is 6.78 g/t. Apparently, the proximity of these values means that the
Neocomian horizon I is practically not developed. The main reason for this, in our opinion, is a significant
difference in the permeability of the layers, despite the fact that the other reservoir properties of the layers
and the physico - chemical properties of oils are close. Permeability of the Apt - Neocomian horizon is
0,414 mkm?, I Neocomian is 0,143 mkm®.

Thus, based on the data obtained by the EPR method, it is possible to recommend the I Neocomian
horizon of the Martyshi field for the development of an independent well grid.

In conclusion, it should be noted that in the practice of operating multi-layer oil fields in individual
production wells, several productive deposits are often combined into one development object. Under
these conditions, the possibility of determining the share of each deposit in the total well flow rate is a
very complex and extremely important problem.

The undoubted advantages of the EPR method are its performance, which provides the possibility of
obtaining express information, higher accuracy and reliability compared to the above methods and the
absence of the need to stop producing wells when sampling oil for research [5,6].

EXPERIMENTAL PART

EPR spectra were recorded on the E-12 spectrometer of Varian company. We have found EPR signals
from vanadium ions in the oils of the studied fields. For the determination of concentrations used the most
intense line hyperfine structure (HFS) of complexes of tetravalent vanadium [5,7]. The standard
concentrations were the oil from Urichtau field (from well 8) with known vanadium content (27,6 g/t).
Samples of oil before the analysis was subjected to purification from associated water and solids by
centrifugation (centrifuge T-22) when the rotation frequency of 4000 rpm. The oil samples prepared in this
way were sealed in order to avoid evaporation of gasoline fractions into glass ampoules 0.2 cm in diameter
and 10-15 cm in length.

Gratitude. The authors express their gratitude to the head of the laboratory of electron paramagnetic
resonance (EPR) of Institute of Organoelement compounds from Russian Academy of Sciences - S. P.
Solodovnikov for assistance in recording the spectra of oil on the EPR spectrometer.

CONCLUSIONS

We have proposed a different, simpler sampling technique for determining reservoir productivity. The
relative flow rates of the two jointly operated formations are determined by the measurements of wells
located near the two layers being operated simultaneously. The proposed method is tested in the multi-
layer fields of Martyshi and Southeast Kamyshitov. The flow rate of the studied layers according to EPR
spectroscopy data is in good agreement with the field data.
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"X TocMyXaMe/IoB aThIHIaFbl ATIPAY MEMIIEKETTIK YHHBEPCHTET;
? Peceii Feutbim Akanemusichibie A. H. HecMesiHOB aThIHIAFbI 3JIEMEHTOOPTaHUKAJIBIK,
KOChUIBICTap MHCTUTYTHI, Poccus, MockBa

EKI TYPJII KABATTAH BIP CKBA’KMHA KOMEI'TMEH OHAIPLIETIH
MYHAUWBIH ’KEKE KABAT BOUBIHIIA JEBUTBIH AHBIKTAY

AnHoTanusi. By xymbIc aBTOpIaps! Ken KadaTThl MyHail KEHIIITEpiHEH OHAIPUIITEH MyHall MeJIEpiHiH, ap
KabaTTaH MyHail JeONTHIH aHBIKTAY YIIIH MYHaH YITICIH amyIelH OacKaina oMiciH yceiHansl. Exi Typii kabartan 6ip
CKBa)KMHa KOMETIMEH aJIblHFaH MYHAHIBIH KOCHACBIHIAFbl BaHAUH MOJILCPiH, OHBIH MaHBIH/IA OpHAJacKaH JKeKe
KabaTTap MEeH JKYMBIC )KaCalThIH CKBOKMHA MYHAHBIHIAFbl BAaHAINH MOJILIEPIMEH CaJbICTBIPY KaXKeT.

Byn onmic Mapteimmm xone Onryctik HIsrpic KamummTi xkem Ka®aTThl MyHall KEHIIITEpiHAE CHIHAKTAH OTTI.
3eprrenren kKaOarrapasiH OIIP cmekTpockomus KeMeriMeH aHBIKTaIFaH BaHAIWN MeJIIepiMEeH ecenTelreH
MamiMeTTep OyJI TapH30HTTAPABIH OHAIPICTIK TeOJOTHIIBIK eOUTTepi MEH TOJNBIK coiikec kemerni. COHBIMEH KaTap
TOCUIZIIH iCKe acybl YIIIH KepeKTi MyHal YJTUIepiH ally Ke3iH[e MyHai eHAIpiCTIK YHFbUIAPJbl TOKTATYAbIH KaXKeTi
HKOK.

Tyiiin ce3aep: 3J1EKTPOHIBIK MMAPAMATHUTTIK PE30HAHC, (POTOKOIOPUMETPIIL 9JIiC, BaHAAWN NapaMarHUTH3MI,
CaJIBICTBIPMaJIbI JICOUT, KOTTKA0ATThl MyHal KeHiIIi.
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PA3JIEJIHOE ONPEJEJEHUE KOJJUYECTBA HE®TH,
JNOBBIBAEMOM OJTHOM CKBAKMHOM M3 IBYX IIJIACTOB

AnHotanusi. OTHOCHUTENIBHBIE JIOJM JIByX COBMECTHO pa3palaThIBaeMbIX IIACTOB B 00mIeM JeOuTe OmHOU
JOOBIBafONIEl CKBAKUHBI ONPEACISIOTCS 0 COJCp)KaHMIO BaHAIUs B HE(TH HECKONBKHX COCEOHUX CKBAXKHH,
paboTaromx Ha KaXIOM H3 NPOAYKTHBHBIX IIACTOB pPa3fenbHO. Pe3ynpTaThl 3KCIEPUMEHTOB IO CMEIICHHIO
Hedreil pasHbIX macToB KamaMKacCKOro MECTOPOXKAEHHS IOKAa3aiM, YTO KOHIEHTpAIWs BaHAIWA H3MCEHSCTCS
MIPOTIOPIIMOHANBEHO 00BEMHOMY COOTHOLIEHHIO He(TeH, T.€. MOATBEP TN MPABOMOYHOCTh TAKOTO IPEUIOKEHNUSI.

[Ipemmaraemsrii cmocod anpoOupoBaH B MHOTOIUIACTOBBIX MeCTOpoxaeHHs X Mapteimi u KamermutoBoe FOro
— Bocrounoe. J[eOUT n3y4eHHBIX IIACTOB 1O HaHHBIM OIIP CrIeKTpOCKONHN XOPOIIO COTIIACyETCs C IPOMBICTIOBEIMH
JaHHBbIMH.

BesycnoBHbpIME mpenMyinecTBaMH MeToma OIIP gBIAIOTCS ero MpoM3BOIUTENBHOCTh, 0OOECHeunBaroIias
BO3MOXKHOCTh TOJIy4EHHs dKcpecc — MH(pOpMaIK, OoJjiee BBHICOKAs TOYHOCTh W HAJIEKHOCTH 10 CPABHEHHIO C
MIEPEUUCIICHHBIMH METOIaMH U OTCYTCTBHE HEOOXOJIMMOCTH OCTAHOBKH JOOBIBAIOIINX CKBAXXUH IPH 0TOOpE Mpod
HeTH JUIs KCCIIeI0BaHUs.

KiroueBble  cj10Ba:  3JIEKTPOHHBIA  MapaMarHUTHBIM  pe30HAaHC, (HOTOKOJOPHMETPHUYECKUH  METOn,
MapaMarHUTH3M BaHAAWs, OTHOCUTENBHBIN 1e0UT, MHOTOIIACTOBOE MECTOPOXKICHHUE.
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CATALYTIC CRAKING OF A VACUUM GASOLINE ON HLaY - A
ZEOLITE CATALYST ON A NONACTIVATED ALUMINUM MILLED

Abstract. A comparison of the phase, elemental composition of CaNa-montmorillonite (MM) with the
properties of MM in the Na-form was made, and it was found that the initial CaNaMM and NaMM, as well as the
catalysts based on them, are close to each other in elemental and phase compositions. The textural properties of
montmorillonites are determined and it is shown that the specific surface area, pore volume and number of
micropores of the initial CaNaMM is slightly higher than that of NaMM. The specific surface during aluminum
pillaring grows 2.2 times, while in the case of NaMM, the growth is 1.5 times.

Using the TPD NH; method it was shown that the catalyst based on CaNaMM exceeds the catalyst based on
NaMM in total acidity, the number of medium and strong acid sites (Table 3). It was shown that a zeolite-containing
catalyst with a matrix of Al-pillared MM in the CaNa-form exhibits high activity in the cracking of vacuum gas oil
(VG) with the production of 60% light gas oil. The high thermal stability of the cracking catalyst on the base of MM
in the CaNa-form and its high mechanical strength have been established.

Keywords: catalytic cracking, zeolite, pillar montmorillonite, light gas oil, gasoline, gas, vacuum gas oil.

Introduction. The oil refining and petrochemical industry plays an important, and in some cases the
most important role in the economy of any country [1-4]. In this regard, worldwide attention is paid to the
deepening of oil refining, expanding the range, improving the quality of commodity fuels, especially
environmental properties [5,6]. The tightening of environmental requirements for car engines around the
world leads to a gradual transition from gasoline to diesel engines. Thus, in Europe, gasoline consumption
decreased by 22%, and diesel fuel consumption increased by 19% [7]. Increased demand leads to the
search for new sources of diesel fuel. One of such sources is potentially catalytic cracking, in which, in
addition to gasoline and light hydrocarbon gases, a distillate fraction is produced - light catalytic cracking
gas oil (LGCC) with a boiling range of 200-350°C. LGCCs are used as a component of diesel fuel when
compounding with a straight-run diesel fraction of up to 30%. The share of LGCC in commercial diesel
fuel is limited to a high content of aromatic hydrocarbons, sulfur, low cetane number and high density [8].
Due to the growing demand for diesel fuel and the constant improvement of technology and catalysts, the
catalytic cracking process can now be considered as a way to produce not only gasoline, but also high-
quality diesel fuel [9]. In modern plants using industrial cracking catalysts by cracking vacuum gas oil, it
ranges from 10-15% with a rather low cetane number (25-30 points) [9—11]; on advanced ball catalysts,
increased yield of light gas oil (37,6-38,2%)was observed [12], and on granulated, for example, a series of
"Adamant" light gasoil yield even higher (42,6-45,4%) [13].

Zeolites used in the composition of catalysts should have high activity and selectivity in the cracking
of petroleum fractions, stability under high-temperature effects in air and water vapor, and the necessary
dimensions of the entrance windows in the structure cavity [14-16]. Zeolites of the X and Y types in the
rare-earth exchange form or in the ultra stable form are most relevant to such requirements, and therefore
they find their primary use in the synthesis of cracking catalysts [17, 18].

For the preparation of the matrix of cracking catalysts, it was proposed to use a new class of materials
based on natural bentonites, modification of which by pillaring allows increasing the specific surface, their

— 113 ——




News of the Academy of sciences of the Republic of Kazakhstan

thermal stability and significantly increasing the volume of micro- and mesopores [19,20]. In chemical
modification of layered aluminosilicates with an expanding lattice, it becomes possible to regulate the
acid-base properties of the surface and fix transition metal compounds on it, which was the basis for using
these materials as catalysts in hydrocarbon conversion reactions: cracking, isomerization, alkylation, etc.
[22, 23].

Based on zeolite Y in a lanthanum-substituted form (HLaY) deposited on an aluminum pillar
montmorillonite in the Na-form (AINaMM), a composite catalyst for cracking heavy vacuum gas oil has
been developed to produce light gas oil with a yield of 55-67% depending on the volume of the catalyst.
An increase in the yield of light gas oil was found (up to 72%) after steam treatment of the catalyst [24].
The composition of the catalyst for the production of light gas oil during the cracking of VG is protected
by the innovative patent of the Republic of Kazakhstan [25]. In connection with the use of zeolite HLaY
on Al-pillar MM in Na-form in the composition of the catalyst for producing light gas oil, it was of
interest to reveal the dependence of the cracking properties of this catalyst on the composition of MM, its
physicochemical properties, as well as on the composition and properties of vacuum gas oil.

The purpose of the work is the synthesis of HLaY zeolite-containing catalysts deposited on Al-
pillared montmorillonite in CaNa- form and revealing the influence of the composition of the initial MM,
its exchange form and physicochemical characteristics on the yield of light gas oil during cracking of
vacuum gas oil of make B with increased sulfur content.

Experimental part

Tagan montmorillonite (Kazakhstan) from the Zapadny open pit, 12 horizons containing the
following alkaline cations were used as raw materials for the preparation of the catalyst: Na™> 35 mg / eq,
Ca™ >28 mg /eq, Mg =24 mg/ eq, K" ~ 4.0 mg / eq. The aluminum hydroxocomplex of the supposed
composition [A113O4(OH)24(H20)12]7+ abbreviated (A1137+) with a four-coordinated aluminum atom, was
used as a fixing agent in pillaring. The method of obtaining oligomeric (Al;;"") consists in hydrolysis of an
aqueous AlCl; solution with an aqueous solution of NaOH with a ratio of OH™/ AI’" = 2.5 and a final pH =
4.1 under conditions of vigorous stirring. The procedure for the synthesis of aluminum montmorillonite
(AINaHMM) is described in [19-22]. The catalyst was additionally modified with zeolite Y in the
substituted La-form (15%), molded into granules, dried for 24 hours at room temperature, then calcined at
150°C (2 hours) and 500°C (2 hours).

Elemental analysis of the catalyst samples was carried out by the method of energy dispersive - X-ray
fluorescence spectroscopy on the energy dispersive microanalysis system INCA - Energy 450, installed on
a JSM6610LV scanning electron microscope, JOEL, Japan.

The textural characteristics of the catalysts were determined by the isotherms of low-temperature
adsorption and desorption of nitrogen on an Accusorb device (BET method).

XRD samples of catalysts were carried out using a DRON-4 * (0.7 X-ray diffractometer; with CoK,
and CuK, radiation. The diffractometric reflexes of the catalyst samples were compared with ICPDS
powder standards.

The catalytic activity of the samples was determined in a laboratory flow-type installation
corresponding to the standard, with a fixed catalyst bed in an amount of 40 ml. The catalytic activity was
determined in the temperature range 500-550°C. Vacuum gasoil (VG) of make B, type 2 of Pavlodar
Petrochemical Plant (PPCP) was used as a raw material for cracking with the following characteristics: the
density 907.7 kg / m’, kinematic viscosity at 500°C equal to 27.05 mm” / s, sulfur content 1.5 mass.%,
harden point 30°C and coking ability 0.14 wt.%, with the end of boiling 510°C. During the distillation of
catalyzate, the gasoline fractions Ty;,-205°C and light gas oil 205-350°C were collected. The analysis of
the hydrocarbon composition of gasoline cracking was performed on a chromatograph “Chromos-1000"
with a flame ionization detector and a capillary column 100 m long; temperature is 250°C; the carrier gas
is helium.

Results and its discussion

The physicochemical characteristics of the Tagan montmorillonite in the Na-form, which was used
previously, and in the CaNa-form, as well as HLaY-zeolite catalysts with their use are shown in Table 1-3.
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Table 1 shows the data on the elemental composition of calcium-sodium and sodium forms of the
Tagan montmorillonite and catalysts based on them. The table includes the average of 3 measurements in
weight%.

Table 1 - The elemental composition of composite catalysts based
on Al-pillared montmorillonite in CaNa-and Na-forms

Sample (6] Na Mg Al Si Ca Fe La
CaNaMM 54,6 1,0 2,1 13,4 27,9 0,7 0,3
Al(2.5)CaNaMM 56,4 1,6 16,7 25,0 0,3
Al(2.5)CaNaMM+HLaY 53,8 0,2 1,1 19,8 232 0,2 1,7
NaMM 51,6 1.4 2,1 11,3 24,7 0.56 0.39
Al(2.5)NaMM 54,63 - 1,19 11,87 20,83 - 0,25 -
Al(2.5)NaMM+HLaY 53,66 0,48 0,79 10,80 21,53 0,21 2.03

From the analysis of the data in Table 1, it follows that pillaring of Al leads to the complete
replacement of sodium and calcium from both types of MM and a decrease in the relative amounts of
magnesium and silicon. The aluminum content after pillaring increased, which confirms the formation of
aluminum-oxide columns. With the introduction of HLaY, the amount of La in the CaNaMM-based
catalyst is 1.7% and 0.2% of Na appears, while the amount of La and Na in Al (2.5) NaMM + HLaY is
significantly higher (2.03 and 0.48% ). It should be noted a higher content of Fe in the initial NaMM
(0.39%) compared to CaNaMM (0.3%). In the process of pillaring and introducing zeolite, a decrease in
the amount of Fe is observed, more significant in the case of a catalyst based on NaMM. In the prepared
catalysts based on two different MM, the amount of Fe is approximately the same.

According to the X-ray phase analysis (XRD) in the initial samples of CaNaMM next phases were
identified with reflexes: MM-11.0; 4.46; 3.23; 2.50; 1.67; 1.50; 1.28; quartz-4.27; 3.34; 2.45; 2.23; 2.12;
1.98; 1.81; 1.54; HLaY-14,6; kaolinite-7.2.

It can be seen from Figure 1 that when pillary CaNaMM, the first basal reflex increases from d; =
14.8A to 17.9A. The introduction of zeolite leads to a slight decrease in the first basal reflex to d;, = 16.3A
and the appearance of reflex 14.6. A comparison with the Al (2.5) NaMM + HLaY - catalyst shows that in
this case the separation of the MM layers in the finished catalyst is much less than —11.0 A, and the reflex
14.6 also appears when HLaY is introduced [23].

The textural properties of the initial MM in CaNa- and Na-forms and the catalysts based on them are
presented in Table 2. The specific surface area of CaNaMM grows when pillaring Al from 86.4 cm®/g to
190.5 cm®/g, and with the introduction of HLaY there is a further increase in the specific surface to 308.6
cm’/g. The total pore volume also increases with pillaring, which is accompanied by an increase in the
number of micropores and a decrease in the number of mesopores. It is of interest to compare the textural
properties of the original form of CaNaMM with the properties of montmorillonite in the Na-form, which
we used earlier to prepare the catalyst. From table 2 it can be seen that the specific surface area, pore
volume and number of micropores in the initial CaNaMM are slightly higher than in NaMM. The specific
surface during aluminum pillaring grows 2.2 times, while in the case of NaMM, the growth is 1.5 times.
For both carriers, an increase in the number of micropores is observed in pillaring: in the case of
CaNaMM, by 1.5 times, and for NaMM, by 2.9 times. The introduction of zeolite leads to a further
increase in the number of micropores, while in the case of NaMM, modifying with HLaY zeolite reduces
the number of micropores in the catalyst. A comparison of the cracking catalysts based on MM in the
CaNa- and Na-forms shows that Al(2.5)CaNaMM+HLaY has a much more developed surface and a
greater number of micropores than the catalyst based on NaMM.
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and modified with zeolite Al (2.5) CaNaMM + HLaY
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Table 2 - Comparative textural characteristics of the original calcium-sodium and sodium forms
of the Tagan montmorillonite and catalysts based on them

Sample S, m%/g Total pore R, A Relative amount,%
volume, sm®
/g -
Micropores, Mesopores,
(0-20A) (20-80A)

CaNaMM 86,4 0,083 10,0-73,0 30,0 70,0
Al(2.5)CaNaMM 190,5 0,182 10,0-75,0 44,1 55,9
Al(2.5)CaNaMM+HLaY 308,6 0,167 11,0-72,0 57,4 42,6
NaMM 80,9 0,081 11,5-75,0 26,7 73,3
Al(2.5)NaMM 1234 0,176 10,0-90,0 78,5 21,5
Al(2.5)NaMM+HLaY 124,2 0,107 10,0-65,0 50,0 50,0

Comparison of acidic properties of cracking catalysts based on MM in various exchange forms
showed that the catalyst based on CaNaMM exceeds the catalyst based on NaMM (Table 3) in total
acidity, the number of medium and strong acid sites. The distribution of acid sites in strength is almost
completely preserved on the catalyst after testing in the cracking reaction. According to the relative
amount of acid sites of different strength, the catalysts using MM of different composition are close to
each other.

Table 3 - Acidity of zeolite-containing Al (2.5) CaNaMM + HLaY-catalyst before
and after the experiment according to TPD ammonia

Sample Content a.c. Acid Centers
Weak<200°C Medium 200- Strong Total acidity
300°C >300°C

Al(2,5)CaNaMM+ % 29,67 35,58 34,75 100
HLaY (before)

pumol NHy/g 87,36 104,76 102,31 294,43
Al(2,5)CaNaMM+ HLaY % 26,31 36,14 37,55 100
(afte,r) umol NHs/g 77,72 106,76 110,92 295,4
Al(2,5)NaMM+ % 45,0 30,0 25,0 100
HLaY umol NH,/g 112,5 75,0 62,5 250,0

The data on the VG cracking on Al (2.5) CaNaMM + HLaY - catalyst is shown in Figure 2.
[ EE
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Il ight gas oil (205-350°C)
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Figure 2 — Data of the VG cracking on Al (2.5) CaNaMM + HLaY-catalyst
by varying the space velocity at the T = 500°C
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From the results of the material balance of the cracking of VG, it can be seen that on
Al(2.5)CaNaMM-+HLaY -catalyst, with the space velocity of 0.5hour ' the maximum yield of light gas oil
equal to 60.0% was obtained at a cracking temperature of 500°C. With an increase of the space velocity,
the yield of light gas oil decreases, the amount of produced gas and gasoline increases. The tested catalyst
is characterized by the formation of a large amount of light gas oil in the process of cracking VG.

An increase of the cracking temperature from 500°C to 550°C leads to a slight decrease in the yield of
light gas oil from 60.0% at 500°C to 58.8% at 550° C. Comparative data on the activity of
Al(2.5)CaNaMM-+HLaY catalysts in the cracking of VG at a temperature of 500-550°C are presented in
table 3.

Table 4 — Material balance of VG cracking
on Al (2.5) CaNaMM + HLaY- catalyst at various temperatures

Products The yield of products, wt.%
Temperature 500°C 550°C
Gas 7,4 8,4
Gasoline (b.b.-205°C) 29,2 29.6
Light gas oil (205 - 350°C) 60,0 58,8
Heavy gas oil (>350°C) 1,9 1,8
Coke+Losses 1,5 1,4
Amount of products 100 100

Thus, for Al (2.5) CaNaMM + HLaY catalyst, optimal conditions were selected for producing light
gas oil by cracking VG with a yield of at least 60%: the cracking temperature is 500°C, the feed space
velocity is 0.5 hour. Cetan number of gas oil is 63, sulfur content 1.91 wt.%. The crush strength of this
catalyst granule is 166.3 N / sm”. The strength of NaMM based catalyst granules is higher and amounts to
216-230 N / sm® [24].

To determine the thermal stability of Al (2.5) CaNaMM + HLaY catalyst, it was subjected to
thermovapor treatment at the temperature 750°C during 6 hours with 100% vapor.. Table 4 presents
comparative data on the effect of thermovapor treatment of the synthesized catalyst on the activity in the
cracking of the VG at the temperature 500°C.

Table 5 - Material balance of VG cracking on Al (2.5) CaNaHMM + HLaY at 500°C before
and after thermovapor treatment (tv/t) at the feed space velocity 0.5 hour !

The yield of products, wt.% Before (tv/t) After(tv/t)
Gas 7,4 7,3
Gasoline (b.b.-205°C) 292 27,7
Light gas oil (205 - 350°C) 60,0 60,9
Heavy gas oil (>350°C) 1,9 2,5
Coke+Losses 1,4 1,6
Amount of products 100 100

As follows from the data of table 5, the yield of light gas oil after termovapor treatment increases to
60.9%, the yield of gasoline, on the contrary, decreases by 1.5%, and the yield of heavy gas oil increases
by 0.6% compared to the results before tv/t. Comparison with the results obtained earlier on the catalyst
using NaMM [23,24] showed that before tv/t the catalyst based on CaNaMM shows higher activity and
the yield of light gas oil and gasoline-60.0 and 29.2% (see table .4) probably due to higher specific surface
area and acidity (see Tables 2 and 3). The yield of light gas oil and gasoline on Al(2.5)NaMM + HLaY at
500° C is 55.0 and 17%, respectively (Table 6). However, after tv/t, the yield of light gas oil increases to
72%, and the yield of gasoline decreases to 7.9 %. According to the results on Al (2.5) CaNaMM + HLaY,
the yield of light gas oil after tv /t increases only by 1-2%, while the yield of gasoline remains at a fairly
high level (27.7%).
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Table 6 - Cracking VG PPCP on Al (2.5) NaMM + HLaY before and after tv/t (reactor 50 ml) [23,24]

Yield,% wt.
Cracking products before vapor treatment after vapor treatment
500°C 550°C 500°C 550°C
Gas 2.0 19.3 3.0 5.0
Gasoline 17.0 20.5 7.9 25.5
Coke 7.8 2.3 9.8 10.0
Light gas oil (205 - 350°C) 55.0 453 72.0 52.1
Heavy gas oil (>350°C) 15.0 10.0 5.5 54
Losses 2.2 2.2 2.0 2.0
Conversion 82.8 87.4 92.7 92.6
Amount of products 72.0 75.8 79.9 77.6

Thus, the obtained results showed that the developed highly active and stable catalyst for the cracking
of vacuum gas oil with obtaining 60.0% of light gas oil retains its activity when using MM with various
exchange cations and exhibits high thermal stability during cracking VG with sulfur content up to 1.5
mass .%. The catalyst can be recommended for practical use.

Conclusion

A comparison of the phase, elemental composition of CaNa-montmorillonite with the properties of
montmorillonite in the Na form was made and it was found that the initial CaNaMM and NaMM, as well
as the catalysts based on them, are close to each other in elemental and phase compositions. The textural
properties of montmorillonites are determined and it is shown that the specific surface area, pore volume
and number of micropores of the initial CaNaMM is slightly higher than that of NaMM. The specific
surface during aluminum pillaring grows 2.2 times, while in the case of NaMM, the growth is 1.5 times.

Using the method of TPD NH3, it was shown that the catalyst based on CaNaMM exceeds the
catalyst based on NaMM in total acidity, the number of medium and strong acid sites (Table 3). It was
shown that a zeolite-containing catalyst with a matrix of Al- pillared MM in the CaNa-form exhibits high
activity in the cracking of VG with obtaining 60% light gas oil. The high thermal stability of the cracking
catalyst on the base CaNaMM and its high mechanical strength have been established.
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BEJICEHJIIPIJIMEN AJJFOMAHUAMEH MMAJIJIAPAPJIEHTEH MOHTMOPHUIJIOHATTEIT HLaY — IIEOJIATTI
KATAJTU3ATOPBIHIATBI BAKYYMJIBIK TA3OMJIBJITH KATATUTUKAJBIK KPEKUHT'T

AnHotammsi. CaNa-MOHTMOPHUIOHUTTIH (a3aiblK, dIeMeHTTIK Kypambl Na- GopMmajibl MOHTMOPHJUIOHHT KacHETTepiMeH
CaNTBICTBIPBUIABI koHEe Oactankel CaNaMM sxoHe NaMM, coHBIMEH KaTap cojlap HETi3iHAeri KaTain3aTopiap JIEMEHTTIK jKOHE
(dazanplk Kypambl OOWBIHIIA e3apa YKcac OOJIATBIHBI aHBIKTANABl. MOHTMOPWUIOHHTTEPIIH  TEKCTypallbIK KacHeTTepi
aubpIKTaNIBI, Oactankel CaNaMM Menmnikri Oeri, kKeyekrep keieMi, MHKpokeyekTep canel NaMM Kaparanaa OipHeIe apThIK
eKeHi kepceTingi. MeHmikTi 6eTi aTIoMHHUIMeH mntapupierene 2,2 ece eceni, am NaMM Oynnaii skarnaiina 1,5 ece aprazpl.

NH; TIIJ axicimen CaNaMM HeTi3iHAETI KaTalu3aTop JKAIIbl KBIIIKBUIIBIK, OPTa YKOHE KYIITI KBIIIKBUIABI OPTAIBIKTAP
canbl Ooitpiaiia NaMM Heri3iHaeri karanusatopiaH ackin tycetini kepcetingi (3-kecre). Al mmmiapupnenren CaNa-(opmaibik
MOHTMOPWJUIOHUT MaTPHIAJIbl LEOIUTKYpamsl Katanusarop BI' kpexunrinme 60% jkeHiI ra3oiiiib Ty3in Korapsl OENCEHAITIK
tanbITa/ibl. CaNa-opmansl MM Heri3iHaeri KpeKHHI KaTallM3aTOPbIHBIH XKOFapbl TEPMHUSIIBIK TYPAKThUIBIFBl MEH OHbIH KOFaphl
MEXaHHUKaJIbIK OSPIKTITi aHBIKTAJbI.

TyiiiH ce3nep: KaTaJUTHKAIbIK KPEKHMHI, LEOJUT, MULIAPUPICHICH MOHTMOPHIUIOHHT, )KEHII Ta3o0iiib, jkaHapMmai, ras,
BaKyyM/IbIK Ta30/JIb
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KATAJTUTHYECKHANW KPEKHHI BAKYYMHOT'O TA30MJISA HA HLaY — HEOJJUTHOM KATAJIN3ATOPE HA
HEAKTUBHUPOBAHHOM INNJIVIAPUPOBAHHOM AJIIOMUWHUEM MOHTMOPWIJIOHUTE

Annotanus. [IpoBeneHo comocrasieHue (a3oBoro, 3iaeMeHTHOro coctaBa CaNa-MOHTMOPWIUIOHHTa  CO CBOWCTBaMH
MoHTMopwIoHHTa B Na- (hopMe u HalineHo, uro ucxogusie CaNaMM n NaMM, a Taxoke KaTanu3aTopbl Ha HX OCHOBE OJM3KU
Mexy co00if 1o aneMeHTHOMY | (ha30BOMy cocTaBaM. OmpeiesieHsl TEKCTYpHBIE CBOHCTBA MOHTMOPHJUIOHHTOB ¥ ITOKA3aHO,4YTO
4TO yZAeNbHas IOBEPXHOCTb, 00BEM IOp M KOJIMYECTBO MHKporop y ucxomHoro CaNaMM Heckoibko Beire, yeM y NaMM.
VaenbHas MOBEPXHOCTh NPH NWIIAPUPOBAHUU AJIFOMUHUEM pacTeT B 2,2 pa3a, B TO BpeMs kak B ciyyae NaMM poct cocrasisier
1,5 paza.

Metonom TIIJ] NH; noka3aHo, 4To Mo cyMMapHOW KHCJIOTHOCTH, KOJIMYECTBY CPEIHUX M CUJIbHBIX KHUCJIOTHBIX LIEHTPOB
Katanu3aTop Ha ocHoBe CaNaMM npeBocxomuT katanu3arop Ha ocHoBe NaMM (ta6i.3). [TokazaHo, YTO EOIUTCOAEpIKAIIUI
KaTaJIn3aTop ¢ Marpurell u3 muuiapupoBanHoro Al montmopmmionnta B CaNa-(opme mposiBIsIET BBICOKYIO aKTHBHOCTBH B
kpekunre BI' ¢ momydennem 60% serkoro ra3oiis. YcTaHOBIEHA BBEICOKAsl TEPMUYECKasi CTAOMIBHOCT KaTalnu3aTopa KPeKWHra
Ha ocHoBe MM B CaNa-(opme u ero BEICOKasi MEXaHHUeCKasi IPOYHOCTb.

KnioueBble c10Ba: KaTaIUTUYECKUH KPEKUHT, ICOJHT, MHUIAPUPOBAHHBIM MOHTMOPHJUIOHHT, JITKUH Ta3oiib, OCH3MH,
ras, BaKyyMHbIH ra30iib.
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THE POSSIBILITY OF NEUTRALIZING
WHITE PHOSPHORUS USING MICROBIAL CULTURES

Abstract. The growth of microorganisms of various taxonomic groups (fungi, streptomyces and bacteria) was
observed for the first time in culture media containing white phosphorus P, as the source of phosphorus. This is the
first known example of the incorporation of white phosphorus into the biospheric circulation of the phosphorus
element. The highest concentration applied in this study exceeds the Threshold Limit Value (TLV) of white
phosphorus in wastewater by 5000 times, and in drinking water by up to 100,000,000 times! The growth selection of
cultures resistant to P, was carried out for the first time. We identified the microorganisms, growing on white
phosphorus, as new strains of Aspergillus niger and Streptomyces sampsonii. The number A. niger AM1 and S.
sampsonii A8 were assigned to them, respectively. Strains of the A. niger isolates were shown to better adapt to P,
than the bacteria.

Keywords: biodegradation, white phosphorus, environmental protection, chemical pollution.

Introduction

White phosphorus P4 is widely used in industry and is a key compound in the production of drugs,
phosphate fertilizers, polymers and a number of other important substances and materials. According to
the review article [1], Russia’s portion amidst global consumption of white phosphorus in 2004 was
estimated to be 5.7%, Kazakhstan - 8.1%, China - 71.1%, USA - 8.6%, Western Europe - 5.8% and India -
0.7%. Therefore, the penetration of white phosphorus into the environment is undoubtedly possible.
Meanwhile, white phosphorus is one of the most dangerous environmental pollutants [2]. Protocol III of
the 1980 Convention on Certain Conventional Weapons officially prohibits the use of P, for military
purposes. However, the ban is constantly violated, which leads to human casualties and severe
environmental pollution. Effective methods of purifying the envirinment from this pollutant have not yet
been developed [2]. The only approach to P, detoxification currently involves its oxidation into
phosphoric acid with the aid of copper sulfate solution; however, the implementation of this method is
limited due to its high cost and toxicity. Biodegradation is considered to be one of the most practically
significant and frequently used methods of industrial waste disposal [3, 4].

At the same time, phosphorus posseses a unique quality - being in the form of a simple substance, it
remains a very strong poison, while in its oxidized state, it acts as a biogenic element that is absolutely
necessary for all living organisms (Fig. 1, above). Thus, the primary task lies in finding an efficient and
environmentally friendly approach to oxidize white phosphorus into phosphate. We propose to use
microorganisms for this purpose.

The lower picture of Figure 1, illustrates the coassimilation of several toxic substances in a single
metabolic pathway, demonstrating the perfect nature of the biochemistry of microorganisms, depicted on
the basis of literature sources [6-8]. The inclusion of two toxic xenobiotics (formaldehyde and
hydrocyanic acid) into the composition of sugars and amino acids is perhaps the most significant example
of biodegradation. This is a substantial fundamental argument in favor of the possibility of biodegradation
of even such dangerous xenobiotics as white phosphorus.
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Figure 1 - Phosphorus in its diverse forms. Top left: Explosion of a phosphorus bomb during the Vietham War (image from
https://www.pinterest.ru). Top right: the final oxidized form of phosphorus, phosphate is a food source for plants and plays a
crucial role in the existence of all forms of life. Image from https://elementy.ru. Below. The inclusion of formaldehyde and
cyanide into the structure of sugars and amino acids is a strong example of biodegradation. Synthesis of methanol from methane
(which in itself is a product of microbial metabolism [5]), is carried out by methanotrophic bacteria; serine and fructose from
methanol - by some methylotrophic bacteria and yeast; f-cyano-L-alanine from hydrocyanic acid and serine - by the bacteria
Chromobacterium violaceum; asparagine from cyanoalanine - by a number of plants. A figure of A.Z. Mindubaev

This publication is a continuation of the series of work done by of our team [9, 10], which showed
that microorganisms survive upon being in contact with white phosphorus, adapt to its presence in the
environment and process it into less dangerous compounds. The purpose of this work is to compare the
resistance and ability of microorganisms of different strains and taxonomic groups to the biodegradation
of white phosphorus. And also to identify the minimum inhibitory concentration (MIC) of this substance
in each case.

Experimental part

For the first time, we have successfully observed growth of a stable microbiota, cultured in an
artificial nutrient medium containing white phosphorus as the sole source of phosphorus in concentrations
ranging from 0.01 to 1. Culturing was carried out in a modified Pridhem-Gottlieb medium. The classical
Pridham-Gottlieb medium does not contain monosaccharides as carbon sources, and petroleum products
act as such. Our modification includes glucose as a carbon source. 1 L of the modified medium contained:
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glucose — 5 g, (NHy),SO4 — 2,64 g, MgSO, — 0,49 g, CuSO45H,0 — 0,1 g, FeSO4-7H,0 — 0,02 g,
MnCl,-4H,0 - 0,15 g, ZnSO,4-7H,0 — 0,27 g, and white phosphorus in different concentrations. 7.4 g of
K,HPO,-3H,0 and 2.38 g of KH,PO, were added to the control medium as a source of phosphorus. Semi-
fluid modification of the medium was achieved after adding 4.8 g of agar. White phosphorus was
emulsified in sterile distilled water. The concentration of white phosphorus prior to inoculation was
calculated as follows. An emulsion was prepared from 1 g of white phosphorus in 50 ml of water to
achieve a 2% solution. After cultivation, the concentrations of P, in the media were not measured.
However, the growth of the microorganism itself indicates its decline, since phosphate is essential for
growth, and in this case, it could only be formed from white phosphorus.

Aspergillus niger AM1, the spores of which were introduced together with white phosphorus, was
initially cultured in a medium with white phosphorus concentrations (w/v) of 0.01 and 0.05%. Phosphate
was added to the positive control. No sources of phosphorus were added to the negative control. After 60
days, the fungi were reinoculated into media with concentrations of white phosphorus 0.05; 0.1 and 0.2%.
Following another 60 days, the strains were subcultured to higher concentrations of P4 0.5; and 1%. The
cultivation of Streptomyces sp. A8 isolated from sewage sludge containing white phosphorus was carried
out in a similar manner. The concentration (w/v) of white phosphorus 0.05; 0.1 and 0.2% was used for the
culture of fungi and streptomycetes, but not for bacteria, since the latter do not tolerate high concentrations
of this substance.

Inoculation of A. niger AM1 and S. sp. A8 was carried out using spores, while bacteria were
cultivated in the form of vegetative cells. Spore suspension contained 10® fungal bodies per ml; 0.2 ml was
added per 20 ml of medium. Cultures were grown in flasks with 20 ml of culture medium without
aeration, as well as Petri dishes. Incubation was carried out in a thermostat, at 25°C.

For genetic analysis, DNA samples from the culture of the fungus A. niger AM1 and streptomycete S.
sp. A8 were isolated according to the method described in [11]. Next, the polymerase chain reaction
(PCR) of the obtained DNA fragments was carried out using primers to the conservative sites of the 5.8S
rDNA gene ITS1 (AAATTTAGGGGAATT) and ITS2 (GGGTTGGTTGGCCCGT).

To compare the resistance of black Aspergilus strains to white phosphorus, our strain Aspergillus
niger AM1 was used, as well as three strains from the All-Russian collection of microorganisms in the
Skryabin Institute of Biochemistry and Physiology of Microorganisms (IBPM RAS) (Table 1).

Table 1 - Aspergillus niger strains from the All-Russian collection
of microorganisms (ARCM), with which the study was conducted

Species Strain Substrate of isolation Place of isolation
Aspergillus BKM  FW-|Permafrost deposits, 170 years old, Depth: 20.50-20.55

Taglu, Canada

niger 650 m deep

Afgp ergillus BRM — FW- Frozen volcanic ash, Depth:1.8-1.85 m Kam.chatka Peninsula,
niger 2664 Russia

Aspergillus BKM  FW- | Permafrost, volcanic ash, Kamchatka Peninsula,
niger 2731 Depth: 14.5 m Russia

The cultures were grown in 96-well Corning microplates, the growth rate was estimated by measuring
the optical density (OD) at A 550 nm using a microplate reader Infinite F200 Pro, Tecan (Austria). This
was done to conduct parallel cultivation of different strains, while comparing their growth rate in media
with different concentrations of white phosphorus. In our experiments, the maximum concentration of
white phosphorus in the wells of the plates reached 1%.

For comparison, cultures of bacteria Achromobacter xylosoxidans, Pseudomonas aeruginosa, Bacillus
firmus and Salmonella typhimurium were sown. The purpose of these studies was to detect the minimum
inhibitory concentration (MIC) of white phosphorus for these microorganisms.

To establish the nature of Aspergillus’ resistance to P4, reseeding was carried out in a medium with
phosphate as a source of phosphorus, without P4. The culture grown in this medium was re-inoculated into
a medium with 0.2% white phosphorus. As a control, A. niger AM1, which had previously grown in an
environment with white phosphorus, was also cultured.
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An Avance 400 (Bruker) high resolution NMR spectrometer was used to monitor the P4 processing.
Sampling was done using insulin syringes. The test medium was purified from fungal hyphae and mycelia
using a Millex®-HYV filter (Syringe-driven Filter Unit) with pore diameter is 0.45 microns. Parameters for
spectrum analysis: Bruker Avance I1I 400 MHz 31P {1H} - (161.9 MHz, 25 °C).

Since white phosphorus actively reacts with ions of divalent copper at room temperature, until
recently its biodegradation was not confirmed: the transformations could be explained by a chemical
reaction. For the first time, we carried out a further modification of the Pridhem-Gottliecb medium,
excluding from its composition copper sulfate (CuSO,4) and phosphate. The growth of the microbes under
similar conditions, but in the absence of CuSO,4 and phosphates would provide stronger foundation for the
biodegradation of P,. Statistical data processing was performed using Microsoft Excel 2013.

Results and discussion

In the negative control without sources of phosphorus, a few (11) colonies of Aspergillus niger AM1
were observed. They occupied a relatively large area and grew very slowly (with undeveloped mycelium
and weak sporulation). Without doubt, this was due to the lack of phosphorus. Interestingly, in the
experimental medium with 0.05% white phosphorus, there were fewer colonies (33 colonies) than in the
positive control (49 colonies), but their growth and sporulation was normal in comparison with the
phosphorus deficient medium.

Subsequently, it can be concluded that not all fungal spores survive in a medium with white
phosphorus. However, the survivors have the ability to utilize either P, itself or the products of its
chemical transformations as a source of phosphorus. Reseeding was carried out in media with the
following concentrations of white phosphorus, 0.05; 0.1; 0.2; 0.5 and 1% P4, in order to facilitate their
adaptation to the toxicant. The results suggest that black Aspergillus tolerates the presence of white
phosphorus in the medium, even at a concentration of 1%. The highest concentration of white phosphorus
studied by us, being 1% P4 corresponds to about 5000 times the Threshold Limit Value (TLV) of white
phosphorus in wastewater. Moreover, the TLV of elemental phosphorus in water bodies for household
drinking and use is only 0.0001 mg / 1, which is lower than 1% by one hundred million (1 - 10%) times
[12]. In environments with a lower content of P4, the growth of fungi is more intense - this was determined
visually. After the fourth reseeding, streptomycete also began to grow at a P, concentration of 1%, i.e., it
developed resistance even faster and more efficiently than the fungus.

For the genetic identification of a fungus, the nucleotide sequence of its regions ITS1 and ITS2 was
determined according to morphological characters attributed to the species A. niger. Comparison of the
obtained sequence with the sequences of the GenBank database (NCBI) using the BLAST system allowed
us to identify this microorganism as a new strain of Aspergillus niger and thus, the number 4. niger AM1
was assigned to it [9].

For strain A8, the similarity of the 16S rDNA nucleotide sequences (amplification by primers fD1 and
rP2) of the compared streptomycete fragments selected from the NCBI database and the isolates tested
was 94-99.7%. In particular, the greatest similarity - 99.74% - was found between isolate A8 and
Streptomyces sampsonii. It is proposed to attribute our strain to this species.

Intriguingly, in the medium with white phosphorus, a spontaneous appearance of an Aspergillus niger
AM1 culture with altered morphology and color, which grows faster in the medium with the xenobiotic
under study was observed. In one of the culture replicates, the colony began to develop faster than in
others, although the conditions were completely identical. 55 days after inoculation, the leading culture
began to produce pigment and acquired a more saturated yellow color, which stained both the colonies and
the medium and thus, hinting on the fact that this pigment is water soluble. Judging by the fact that this
fungus efficiently gathered biomass in the medium with white phosphorus, we conclude that it adapts
faster in this medium in comparison to the ancestral culture. We labelled this strain 4. niger AM2.

The NMR analysis revealed the resistance of the AM1 culture to products of partial oxidation of P4.
The very fact of the emergence of resistance to this group of substances (phosphites and hypophosphites,
which are antimicrobial agents [13]) is very interesting, however, the expected result — complete
metabolic conversion of white phosphorus to phosphate is yet to be confirmed.

It turned out that all four 4. niger FW-650, FW-2664 and FW-2731 and AM1 strains show resistance
to white phosphorus at a concentration of 1% and the MIC was not found for them with respect to the
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chosen range of P4 concentrations. Since all the studied strains were randomly sampled strains of 4. niger,
it can be assumed that high resistance to white phosphorus is a sign that characterizes all black aspergillus,
or at least most of them. In addition, at concentrations of 0.5 and 0.25%, the AMI1 strain grew faster, i.e.
proved to be more adaptable (Fig. 2). In the case of bacteria, the MIC was identified to be 0.125% for A.
xylosoxidans, 0.25% for B. firmus, and 0.5% for both P. aeruginosa and S. typhimurium. From this it
follows that black Aspergillus is more resistant to white phosphorus than bacteria.
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Figure 2 - The growth of 4. niger strains in a phosphate deficient medium containing white phosphorus,
on the third day of cultivation. X- axis: concentration (%) of white phosphorus. Y-axis: optical density at A=550 nm.
The growth rate of strain AM1 is emphasized

It was expected that following growth under favorable conditions, reculturing A. niger AM1 in a
medium with P4 could lead to loss in resistance to white phosphorus. In fact, the fungus continued to grow
normally in both P4 after being subjected to a medium with phosphate [14]. In line with this, it can be
concluded that the resistance to white phosphorus in the studied A. niger strain is fixed in the genome, and
is an inherited trait transmitted in a number of generations even in the absence of Py
The vital role of salts of transition metals in the growth and development of microbes is well known [15,
16]. However, excluding copper sulfate from the composition of the nutrient medium revealed that there
was no statistical diference between the fungal growth in the presence and absence of CuSO, (Fig. 3).
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Figure 3 - The growth of A. niger AM1 on the fifth day after inoculation. It can be seen that there
is no significant differencee between culture growth in the medium variant with copper and without copper.
The abscissa axis is the concentration of white phosphorus,%. Y-axis - Optical Density (OD) at > = 550 nm
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It should be noted that when emulsion of white phosphorus was introduced into the copper--dificient
medium, no black precipitate (something we noted in earlier studies) was observed. This means that P,
does not enter into a chemical reaction and remains in the medium for a longer time. This fact is an
additional argument in favor of the fact that the biodegradation of white phosphorus takes place, and not
the chemical neutralization of copper ions.

Conclusion
The work presented has demonstrated for the first time the inclusion of white phosphorus in the natural
cycle of the phosphorus element. The uniqueness of phosphorus is in the fact that this element is
absolutely necessary for the vital activity of all life forms. Nonetheless, as a simple substance, white
phosphorus is a poison of first class danger, which with great difficulty is subjected to destruction in the
environment. Prior to the beginning of our work, the biodegradation of white phosphorus (like its other
allotropic modifications) had not been described in the literature.

The significance of the presented work precisely involves the fact that for the first time, it showed the
possibility of the growth of microorganisms from different and distant taxonomic groups in culture media
containing white phosphorus as the sole source of phosphorus. Thus, oxidation of white phosphorus to
phosphate, the harmless component of all living cells has been shown and its further incorporation into the
microbial biomass.

YIK 579.695; 546.85; 502.55; 661.63

A.3. Mnﬂuyﬁaesl, 3.B. Ba6binun’, A.Jl. Bosommna', K.A. Cal‘lapMLlpaIIOBz,
HM.A. Akocax’, E.K. Bageepa', C.T. Mun3anosa', JI.I'. Mupososa'

'MucTuTyT opranmueckoii n dusnueckoit xumun uM. A.E. ApGy3osa ®ULL KasHI[ PAH,
Poccus, 420088, r. Kazanb, yn. ApOy3oBa, 8;
*Kazaucknii (IIpuBosmkckuil) penepanshbiii yauepeutet, Pocens, 420008, r. Kasans, yin. Kpemnépckas, 18

BO3MOKHOCTbDb OBE3BPEXKUBAHUA BEJOI'O ®OC®OPA MUKPOBHBIMHU KYJIbTYPAMHU

AnHoTanusi. BriepBbie HaOmoaancs pocT MHUKPOOPTaHM3MOB Pa3lIMuHBIX TAKCOHOMHYECKHX rpynn (rpuOoB,
CTPENTOMHUIICTOB M OakTepuil) B KyJbTYpalbHBIX CpElax, COICpIKAIIUX B KaueCTBe MCTOYHHKA (ochopa Oembiit
¢ocdop P4 D10 mepBrIil M3BECTHBIN MpuMep BKiIIoYeHUs Oenoro ¢ocdopa B 6nochepHbIil KpyroBOpOT 3IeMeHTa
¢ocopa. Camast BbIcOKass KOHIGHTpauus, NpUMEHEHHAS B JIAHHOM HCCIIEIOBaHUM, COOTBETCTBYET IIPEBBIIICHUIO
ITAK 6enoro docdopa B crounsix Bogax B 5000 paz, a B muteeBoit Bose — B 100000000 pa3! Briepsrie mpoBenena
CENeKIMsI Ha POCT YCTOMYMBOCTH KyNbTyp K Ps. MBI MaeHTHOHIMPOBAIN MHUKPOOPTaHU3MBI, pacTylye Ha Oenom
thocdope, Kax HOBBIC IITAMMEI Aspergillus niger u Streptomyces sampsonii, KOTOPBIM OBUTH TIPUCBOCHBI HOMepa A.
niger AM1 u S. sampsonii A8. TlokazaHo, 4TO ITaMMEI TpUOOB Aspergillus niger agantupyrTcs K P, ydie, dem
GakTepum.

KiroueBsle ciioBa: Gronerpananust, 6enslit pocdop, 3ammmra OKpyKarouei cpeibl, XKUMHIEeCKOe 3arps3HeHHeE.
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DETERMINATION OF BAS ABOVE-GROUND PART
OF PLANTS OF CIRSIUM ARVENSE L.

Abstract: The results of the study of the chemical composition of aerial parts of Cirsium arvense L. collected
during the fruiting period in the Shamalgan village of Kazakhstan are presented in the article. The quantitative and
qualitative composition of biologically active substances was determined. Samples of Cirsium arvense L. contain
3.2% of alkaloids, 2.08% of flavonoids, 4.08% of phenolic acids, 4.5% of hydrocarbons, 1.16% of polysaccharides,
3.8% of terpenoids, 1.2% of organic acids, 3.12% of tannins, 0.78% of coumarins, 14.85% of protein and 1.67% of
fat. The variety of biologically active compounds have a biological activity according to our results. A comparative
analysis of the mineral, amino and fatty acid composition of Cirsium arvense L. plant was carried out. The analysis
of the mineral composition showed the presence of 11 mineral elements: K, Na, Mg, Ca, Cu, Zn, Cd, Pb, Fe, Ni, Mn,
which allows us to recommend the studied plants as raw materials rich in macro- and microelements.

Keywords: biologically active substances; flavonoids; alkaloids; tannins; mineral composition; fatty and amino
acid composition.

Introduction

All regions of Kazakhstan are rich in plant resources. These resources play a vital role in dynamic
growth of economy of our country. Because of its economic, agricultural and pharmaceutical importance
plant resources are still under study. The healing properties of plants are studied in botanical gardens,
large research institutes, and special laboratories. However, there are a number of wild-growing plants that
have not yet been fully explored. One of the plants with such healing properties is Cirsium arvense. L.
(beetle) plant.

Nevertheless, Cirsium arvense. L. is outside the range of vision of the scientists, it is well known from
the literature that it is used in traditional medicine in addition to some dishes [1].

Cirsium arvense. L. is not fully discovered. Only the presence of vitamins, carotene, microelements
and phytoncides in the plant parts indicates its significance for humanity. Moreover, the roots of this herb
contain natural insulin, so it is a real food for people with diabetes. Chemical composition is not fully
studied too. The constituent of the plant varies depending on its location. It is known that the leaves
contain vitamin C, hydrocarbons, and proteins.

As the research object it was chosen Cirsium arvense. L., which grows in the Chamalgan region of
Almaty district. The shoot system of plant was harvested in August, 2016.

The aim of the research is to identify biologically active compounds from Cirsium arvense L.

The practical significance of the work is the phytochemical analysis of the shoot system of Cirsium
arvense L. plant. The results obtained Cirsium arvense L. allows to expand the scope of the plant
application.

Methods

As the research object it was chosen the shoot system of Cirsium arvense. L., which grows in the
Chamalgan region of Almaty district.

General method of research: According to the first edition of the State Pharmacopoeia of the Republic
of Kazakhstan it is required to follow the rules for phytochemical examination during the preparation and
separation of the sample.
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The second strictly followed rule is crushing the raw materials into the same amount. Otherwise it
would result in damage of details ratio of raw material. In accordance with GOST 24027. 1-80; 24027. 2-
80; 2237-75 the phytochemical analysis of the shoot system of Cirsium arvense L. was done, quantitative
and qualitative analysis were carried out [2].

Methods of investigation: The composition on micro- and macro- elements of the shoot system of
Cirsium arvense L. was determined by atomic-emission spectral analysis, flavonoids and coumarin by
spectrophotometric method, tannins by permanganometric method, amount of oil by Gerber method,
amino acids and carbohydrates by paper chromatography, fat and amino acids were determined by gas
chromatography [3].

The chemical composition of the butanol extraction of the shoot system of Cirsium arvense L. was
investigated by the mass spectrometer detector Clarus-600 (Perkin Elmer) gas chromatography [4].

A certain amount of the shoot system of Cirsium arvense L. was removed and treated with 70%
alcohol solutions and distilled water. In the homogeneous chromatography qualitative analysis was carried
out and it was found that biologically active substances pass through 70% alcohol solutions. The
phytochemical analysis of the shoot system part of Cirsium arvense L. plant was processed. In order to
obtain a scheme of the analysis the crushed raw material (shoot system) was treated with 70% alcohol
solutions at room temperature for 72 hours. Individual extractions with solvents as chloroform and butanol
were done [5].

The investigation on fatty acids constituents of the shoot system of Cirsium arvense L. was done by
Italian “Carlo Erba 4200 device for gas chromatography.

Results

Amount of biologically active substances and quality of shoot system of Cirsium arvense L. are
shown in table 1.

Table 1 - Amount of BAS and quality of shoot system of Cirsium arvense L. samples

Amount in the above-ground part of
No BAS in raw material Cirsium arvense L., %
1 Moisture 11.10
2 Ashiness 7.98
3 Extractive substances
50% alcohol 30.32
DW 38.09
Acetone 2.05
70% alcohol 323
90% alcohol 25.6
Chloroform 3.1
4 Alkaloids 32
5 Flavonoids 2.8
6 Phenolic acids 4.8
7 Carbohydrates 4.5
8 Polysaccharose’s 1.16
9 Terpenoids 3.8
10 Tannins 3.12
11 Organic Acids 1.2
12 Coumarins 0.78
13 Proteins 14.85
14 Lipids 1.67

In medicinal plants there should not be a lot of moisture, as this reduces their quality during storage.
Usually, in the medicinal plant materials the amount of moisture should not exceed 12-15% [6].

The number of micronutrients in the shoot system of an ordinary plant Cirsium arvense. L. were
determined using atomic-emisson spectral analysis at a wavelength of 750 nm using an AANALIST-400
instrument and Spekokol 11 spectrophotometer [7].

The results of the study on micro-and macronutrients are shown in Table 2 and Figure 1. As shown in
Figure 1, a large amount of potassium from macronutrients and zinc from micronutrients are present in the
shoot system of the plant Cirsium arvense L.
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Table 2 - Micro and macronutrients found in the shoot system of the plant Cirsium arvense L .

Ne Detected Element Elements per mass of dry
substance, %

1 Potassium 67,09

2 Sodium 0,46

3 Calcium 53,39

4 Magnesium 5,47

5 Zinc 0,0875

6 Copper 0,0767

7 Cadmium 0,0012

8 Lead 0,0158

9 Iron 0,4877
10 Manganese 0,0845
11 Nickel 0,0189

80

60

40

20

BK HNAa Ca EMo HB7n EHCn Cd mPh Fe EMn H

Figure 1 - Micro and macronutrients found in the shoot system of the plant Cirsium arvense L.
During the study, the amounts of vitamins A, C, and E in the shoot system of the plant Cirsium
arvense L. were determined. The concentration of vitamin C was determined by the method of titrimetry,

using the sodium salt of 2,6-dichlorophenolindophenol. And the concentration of vitamins A and E were
determined by the method of fluorometry. As can be seen from table 3, the amount of vitamin C is high.

Table 3 - Numerical values of the amount of vitamins A, C, E in the shoot system of the plant Cirsium arvense L.

Vitamins Amount, mg/100 g
A 0,406
C 1,9
E 0,886

Gas-liquid chromatography was used to determine the amount of amino acids. Using this method, the
amounts of 20 amino acids were determined in the shoot system of the plant Cirsium arvense L. The
results are shown in table 4 [8].
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Table 4 - The amount of amino acids in the shoot system of the plant Cirsium arvense L.

Ne Amino acid Amount, mg/ 100 g
1 Alanine 602
2 Glycine 254
3 Valine 248
4 Leucine 365
5 Isoleucine 280
6 Threonine 228
7 Serine 298
8 Proline 567
9 Methionine 96
10 Asparatat 1080
11 Cystine 42
12 Hydroxyproline 1
13 Phenylalanine 302
14 Glutamate 2116
15 Ornithine 1
16 Tyrosine 325
17 Histidine 268
18 Arginine 406
19 Lysine 194
20 Tryptophan 69

It was determined that in the shoot system of the plant Cirsium arvense L. 20 amino acids are present.
Of these, glutomate and aspartate are the most abundant, while ornithine and hydroxyproline contain the

least.

Gas-liquid chromatography was also used to determine the amount of fatty acids.

As can be seen from table 5, 23 species of fatty acids are present in the shoot system of the plant
Cirsium arvense L. In addition, the amounts of these fatty acids have been determined. Of these, palmitic,

myristic and oleic are the most abundant, undecanoic and y-linolenic acids are the least.
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Table 5 - The amount of fatty acids in the shoot system of the plant Cirsium arvense L.

Ne Acids Acid index Number,%
1 Oil Cso 1.847
2 Capron Cs. 0 1.603
3 Caprylic Cs. 0 1.230
4 Capric Cio:0 3.026
5 Undecane Cii:o 0.082
6 Lauric Ci20 3.638
7 Tridecane Cis.0 0.145
8 Myristic Cis0 12.689
9 Myristolein Cla: 1 (cis9) 1,011
10 Pentadecane Cis.0 1,313
11 Pentadecene Cis. g 0.314
12 Palmitic Cis:0 34,306
13 Palmitoleic Cis 1 1.463
14 Margarine Ci7:0 0.652
15 Margarine olein Ci7:1 0.316
16 Stearic Cis.0 9.929
17 Oleic Cis: 1noC 22.483
18 Linoleidine Cig. 2 n6t 0.354
19 Lynol Cis: 2 n6e 2,506

20 v -Linolenic Ci8: 316 0.114

21 Linolenic Cig.3m 0.316

22 Arachine Cyo0 0.302

23 Eicosenic Cyo. 1 0.162

Conclusion

BAS were analyzed for the first time in the shoot system of the plant Cirsium arvense L. growing in

Kazakhstan.

The study resulted in the following conclusions:
1) High-quality and quantitative analyzes were made on biologically active substances in the shoot
system of the plant Cirsium arvense L.
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2) As a result of a study on biologically active substances in the shoot system of the plant Cirsium
arvense L., 20 amino acids and 23 fatty acids were determined using GC / MS.

Evaluation of the implementation of tasks. The tasks were fully completed. In the course of the
study, large amounts of biologically active substances were found in the shoot system of the plant Cirsium
arvense L. selected as the object of study. It was suggested that this garden weed, which was considered as
harmful in CIS countries before that, could be used as a medicinal plant. This means that it is appropriate
to continue further research on the composition of the plant, and methods for isolating biologically active
substances.

Also, it can be concluded that the isolation and determination of the composition of these biologically
active substances can make a huge contribution to the chemistry of natural compounds.

C.K. HycinaJi, K.b. baxbikoBa

On-Mapabdu areinaarsl Kazak yiITThIK yHUBEPCHUTET,
XMMUSI ’KOHE XHUMUSIIBIK TEXHOJIOTHS (haKyybTeTi

CIRSIUM ARVENSE L. ©CIMAIT'THIH KEP YCTI BOJIT'THAEI'T BB3-/1bl AHBIKTAY

Annoranus. Anram pet KasakcranuslH Anmathkl o0mbickl [1lamanran alimarbiaga ecetid Cirsium arvense L.
OCIMIIITiHIH XUMUSIIBIK KYPaMbl HOTIDKENEpl KeNTipiireH. BHomorusiuieik OericeH 1l 3aTTapAbIH CalalbIK dKOHE CaHIIBIK,
MeJepi kepcerinreH, oHbIH imiaae Cirsium arvense L. eciMuiriHig KypambiHaH —ankaiouarap 3,2%, dpiaBoHOUATAp
2,8%, ¢enon xkpmmksuigap 4,8%, xemipcymnap 4,5%, nmomucaxapuarep 1,16%, tepnenounarap 3,8%, opraHUKambIK
KeImkpuiaap 1,2%, tepi mnerim 3arrap 3,12%, xymapunzaep 0,78%, akysr3 14,85%,mait 1,67%. Cirsium arvense L.
eCIMIIriHIH KypamblHAa OWOJOTHSIIBIK O€JCeHAl 3aTTapAblH Kem OO0Jybl ONapIblH OHMONOTHSIIBIK OelCeHIUTiK
Kepceryine HerizgenreH. Maxkamaga Cirsium arvense L. eciMAiriHiH KypaMBIHAAFBI MHHEPAJAbI 3aTTap, Mai- jKOHE
AMHUHKBIIIKBUIIAPbIHA CANBICTRIPMAITBI TAJIAY KYpri3iireH. MUHEpaIabIK KypaMblH Tanaay kesinge 11 MuHepaibik
aneMeHTTepaiH Oaper anbikTanasl: K, Na, Mg, Ca, Cu, Zn, Cd, Pb, Fe, Ni, Mn.

Tyiiin ce3aep: Ouonorusutblk OeyiceHAl 3arrap; (UIABOHOWATAp; AJIKAIOMATAp; TEpl WIIETINI 3arTap;
MUHEPAIIBIK KypaM; Maii- >KoHE aMUH KBIIIKBUIIBI KYpaMBbl.

C.K. Hycunaau, K.b. Ba:kbikoBa

Kazaxckuit HamoOHaIBHBIN YHUBEPCUTET UM. anb-Papadu,
(aKyIbTET XUMHUH ¥ XUMHUYECKOH TEXHOIOTHH

ONPEJIEJIEHUE BAB HAJI3EMHOM YACTH PACTEHUM CIRSIUM  ARVENSE L.

AHHoTanusi. B pabGore mnpuBeneHbl pe3ysbTaThl HCCIENOBaHMS XMMHYECKOTO COCTaBa HaJ3€MHOW YacTh
Cirsium arvense L., coOpaHHbIXx B mepuon miomonomenuss B lllamanran pernone Kasaxcrana. MccnemoBan
KOJINUECTBEHHBIH M KayeCTBEHHBIH COCTaB OMOJOTMYECKH aKTHBHBIX BemiecTB. B pacrenmsx Cirsium arvense L.
comepxar 3,2% ankamounos, 2,08% dQuaBonounos, 4,08% QeHONBHBIX KuCIOT, 4,5% yrieBomopomos, 1,16%
noJMcaxapunos, 3,8% TeprneHonnos, 1,2% opranndeckux Kuciort, 3,12% myOunsHbIX Bemects, 0,78% KymaprHOB,
14,85% Oenka n 1,67% >xwupa. PazHooOpa3zue OMONOTHYECKH AKTUBHBIX COCIMHEHHH OOYCIOBIMBAET INUPOKHN
CHEKTp OWOJOrMYecKoW aKTUBHOCTH. IIpoBemeH CpaBHUTENBHBI aHAIM3 MHHEPAIBHOTO, OJKUPHO- U
aMHHOKHCIOTHOTO coctaBa pacterus Cirsium arvense L. AHanmW3 MHHEpalIbHOTO COCTaBa IMOKa3ajl HaMYHE B
obpasiax 11 munepansHbix aneMenToB: K, Na, Mg, Ca, Cu, Zn, Cd, Pb, Fe, Ni, Mn.

KinroueBble c1oBa: OHONOTMYECKH aKTHUBHBIC BEUIECTBA; (hIABOHOMABL;, AJIKAJIOUIBI; JAyOHIIbHBIE BEIIECTB;
MUHEPAJIBHBIN COCTAB; )KUPHO- U AMUHOKUCIIOTHBIN COCTAB.
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PHYSICOCHEMICAL INVESTIGATIONS OF VERMICULITE -
MICROPOROUS COMPONENT FOR HEAT-RESISTANT MATERIALS

Abstract. The results of investigations of Kulantau field (Turkestan region) vermiculite’s physicochemical and
physical-technical properties are presented. The vermiculite’s chemical and mineralogical composition and its main
crystalline phases, which are composed of ferrous magnesium and calcium aluminosilicates of complex composition,
are determined by chemical, X-ray diffraction, spectral analysis methods. The complex thermal analysis method
established the processes occurring during heating, which allow to judge the physicochemical and structural changes
occurring in vermiculite during heat treatment. The electron microscopy method investigated the vermiculite
particles’ surface morphology. The main physical-technical properties of the expanded vermiculite are determined. It
was established that the expanded vermiculite has low bulk density and low thermal conductivity, has high porosity,
fire resistance, and refractoriness characteristics. Due to its unique properties, the expanded vermiculite can be
effectively used as a microporous component for production of composite heat-resistant materials.

Key words: vermiculite, methods of physicochemical analysis, physical-technical properties, microporous
component, composite heat-resistant materials.

Introduction. The Republic of Kazakhstan has huge reserves of natural and technogenic mineral raw
materials, which under certain conditions of their processing can become a full-fledged resource for
various industries [1-4].

The development of effective types of composite binding materials from natural and technogenic
mineral raw materials is one of the most urgent scientific, technical, economic and environmental
problems.

Vermiculite is a natural mineral from the group of hydromica, formed in natural conditions as a result
of hydration and other secondary changes of various micas. Vermiculites, formed from ferrous magnesium
micas — biotite and phlogopite, are of practical importance. The vermiculite’s chemical composition
corresponds to the approximate formula (Mg, Fe®', Fe’);[(Si, Al); O](OH),-4H,0. However,
vermiculite does not always exactly correspond to the general formula, since it contains various impurities
[5].

In Kazakhstan, the most famous deposits of vermiculite are Altyntas, Karatas, Sholak-Kairaktin in
Aktobe region; Barchinsk in North Kazakhstan region; Neozhidannoye in Karaganda region; Kulantau in
Turkestan region [6].

A special feature of vermiculite is its ability to increase its volume by 10-20 times with a sharp
roasting. This expansion phenomenon is due to the fact that during a sharp roasting, the molecular water
between the vermiculite flakes quickly turns into steam, which moves the mica flakes always in the
direction perpendicular to the mica cleavage. The vermiculite expanded during roasting during cooling
retains increased volume with the thinnest air interlayers between the mica flakes, which gives the mineral
many valuable properties, in particular fire resistance, refractoriness and low thermal conductivity [7, 8].

Introduction of the expanded vermiculite, as a refractory microporous component, which, being a
damper, suppresses the resulting stresses under thermal effects, which contributes to increase in the heat
resistance of heat-resistant concrete [9, 10].
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In the works [11, 12], proceeding from the theoretical model applied to refractory materials, it was
found that the vermiculite use contributes to decrease in the thermal conductivity of heat-resistant
vermiculite concrete in comparison with other highly porous materials.

Methods. The physicochemical investigations of the vermiculite samples’ microstructure were
performed using JSM-6490LV scanning electron microscope (JEOL, Japan), with the help of which the
elemental chemical composition was also determined by the energy dispersive method.

The petrographic investigations of the vermiculite samples were performed using MIN-8 optical
polarization microscope by examining immersion preparations in the transmitted light.

The chemical analysis of the studied vermiculite samples was performed according to the method
adopted for inorganic materials [13, 14].

The vermiculite samples’ microstructure was investigated using JSM-6490LV scanning electron
microscope (JEOL, Japan), which also determined the elemental chemical composition by the energy
dispersive method.

The X-ray diffraction investigation was performed using Bruker AXS X-ray diffractometer

(Germany) on €@K, radiation at a voltage of 40kV and at a current of 40mA, at an angle coverage

interval of 2 € 5-80° at a recording step of 0.1° and a recording speed of 2s/step.

The diffraction patterns were decoded automatically using EVA software package of Bruker AXS X-
ray diffractometer.

The thermogravimetric investigations were performed using TGA/DSC1 Mettler Toledo thermal-
analytical system (Switzerland) — a device for combined thermographic analysis and differential scanning
calorimetry. The device is designed to measure thermodynamic characteristics (heat and temperature of
phase transitions and physicochemical reactions), as well as recording changes in the mass of solid and
powdered materials in the temperature range from 25 to 1600°C.
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Figure 1 — The diffractogram of the vermiculite sample

Results. The Kulantau field (Turkestan region) vermiculite samples were used for physicochemical
investigations.
The chemical composition of the vermiculite is shown in Table 1.
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Table 1 — Chemical content of the vermiculite

Content of oxides, mass percent
F8203 FeO NaQO
11.5 1.7 5.5

Si0,
325

ALO,
11.4

CaO
2.6

MgO
16.6

5.6

MnO
8.1

H,0
46

The diffractogram of the vermiculite sample is shown in Figure 1.

As a result of the X-ray investigation of the vermiculite sample, the following main crystalline phases
were identified:

- vermiculite (Mg 3sF€0.48Alo.16)(Al} 28512.72)O10(OH)2(H20)4.3:Mg00 32

- calcium alumosilicates C35_6A12,3Si12048; Ca49.1(A19GSi960334).

Figure 2 shows the derivatogram of the vermiculite sample.

As a result of the complex thermal investigation of the vermiculite sample, the following thermal
effects were determined.

When analyzing the vermiculite’s TG, DTG and DSC curves, it was found that when the vermiculite
is heated, complex thermal transformations were observed: the 1* endo-effect is removal of moisture at a
temperature of 90.7°C with 6% mass loss; the 2" endo-effect at 176.85°C is removal of moisture with
7.5% mass loss. At a temperature of 653.4°C there is a prolonged release of water (the 3™ effect) with a
mass loss of up to 10%, another 0.5% of water is lost at 917°C (the 4™ effect). The first two endo-effects
are due to the loss of zeolitic water from large and small pores, the 3" and the 4" effects are due to the loss
of water present in the vermiculite in the form of structural OH groups, the removal of which leads to the
zeolite structure destruction. The total water mass loss is 11.1%.
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Figure 2 — The derivatogram of the vermiculite

The vermiculite’s complex thermal analysis results allow to judge the physicochemical processes
occurring in it when heated and associated with various states of water in the vermiculite.

The observed intense endothermic effect in the temperature range of 80-100°C is associated with the
adsorption water loss.
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The second endo-effect is caused by the release of water (interpacket), bound to exchangeable water
ions, which is contained between the mica flakes and is strongly adsorbed on their cleavage planes. In this
case, there is a significant samples’ mass loss.

The stretched third endo-effect is characteristic of all micaceous materials, including vermiculite, and
is associated with the removal of hydroxyl groups.

The results of the surface morphology’s electron microscopic investigations and the vermiculite
sample’s energy dispersive analysis are shown in Figure 3.

CnekTi 1

hilg

Figure 3 — The surface morphology and the elemental composition
when scanning the vermiculite sample

The investigations of the elemental chemical composition (Table 2) showed that the vermiculite
composition has a significant content of such elements as Si, Mg, Al, Ca, Fe, K, which characterizes its
mineralogical composition.

Table 2 — The elemental chemical composition of the vermiculite

Content of elements, mass percent

O Na Mg Al Si Cl K Ca Ti Fe

45.89 0.11 8.63 7.82 17.42 0.27 3.04 2.12 1.42 13.28

Table 3 shows the main physical-technical properties of the expanded vermiculite.
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Table 3 — The main physical-technical properties of the expanded vermiculite

Main physical-technical properties Indicators
Loss on ignition, mass percent 1.2-11.8
Bulk density, fraction 0.6-5 mm, kg/m’ 100-150 kg/m®
(Mark 150)
Porosity, including intergranular, % 84-95
Operating temperature, °C +1350

The expanded vermiculite has a number of valuable properties [15], among them the most important
ones include the following:

- low density — 60-200 kg/m”;

- low thermal conductivity coefficient — 0.048-0.06 W/m - degree (°C);

- high fire resistance, melting point > 1300°C;

- low coefficient of thermal expansion — 0.000014;

Currently, the actual scientific and technical challenge is to create new efficient types of heat-resistant
materials, in particular heat-resistant concretes, the production of which saves deficit and expensive raw
materials, reduces fuel and energy consumption and reduces labor costs [16].

Heat-resistant materials for thermal units operating at high temperatures should have high strength,
low thermal conductivity, high heat resistance, not high cost, and a number of other performance
indicators.

Analysis of published works showed that the use of mineral industrial wastes for production of
composite binders can be no less effective than the use of specially manufactured technical products [17].

The choice of the expanded vermiculite as a microporous component of heat-resistant materials is due
to its high thermal insulation properties and fire resistance, due to which the expanded vermiculite is used
in fire-retardant materials.

Conclusion. As a result of the physicochemical investigations, it was established that according to the
mineralogical composition, the vermiculite is represented mainly by magnesian aluminosilicates of
complex composition.

The expanded vermiculite has such valuable properties as fire resistance, high melting point, low
thermal conductivity, low bulk density.

Due to its unique properties, the expanded vermiculite can be effectively used as a microporous
component for production of composite heat-resistant materials.

T. C. Baxupos', B. C. Ilponenko’, H. C. Baskupos',
M. C. laynerusipos’, B. E. Cepux6aes’, K. H. Basxkuposa'

1M.Gye3.013 ateiaaarsl OHTyCTiK Kasakcran memiekerTik yausepcuteTi, LIIsiMkeHT K., Kazakcran;
2YKpanHa MEMEJIEKETTIK XUMHSI-TEXHOJIOTHSLIIBIK YHUBEpcUTeTi, JlHenp k., YkpanHa

BICTBIKKA TO3IMII MATEPUAJIJAPFA APHAJIFAH MUKPOKEYEKTI
KOMITOHEHTI - BEPMUKYJIMTTI ®U3UKA-XUMUAJIBIK 3EPTTEY

Annoranus. Typkictan o0ipicel KynaHnTay KeH OpHBIHBIH BEPMUKYJIUTIHIH (U3UKA-XUMHSIBIK XKoHE (pr3mKa-
TEXHUKAJIBIK KAaCHETTEPIH 3epTTey HOTIKENepi KenTipinreH. XHMHSIBIK, PEHTIeHOrpadus, CHEKTPAIbIbl Tajaay
QIiCTepiMEH BEPMUKYIUTTIH XUMHUSIIBIK KOHE MUHEPATOTHSIIBIK KYPaMbl, dKoHEe OHBIH HETi3T KpucTanabl (hazamapsl
Kypzeni KypamIbsl MarHUHTEMIp jKoHE KajbLUH aJlOMOCHIMKATTAphl aHbIKTanaibl. KeleHai TepMUSUIBIK Talaay
omiciMEeH TEPMUSIIBIK OHICY Ke3iHIe BEePMHKYIHUTTETi (DH3WKa-XHUMHUSIBIK JKOHE KYPBUIBIMIBIK ©3repicTepi
Oarajiayra MYMKIHIIK OEpeTiH MpOILeCTepl aHBIKTaAbl.  JJICKTPOHIBl MHKDPOCKOIHUS OIICIMCH BEPMHKYIIHUTTIH
Oenmiekrep OeriHiH Mopdoyorusicsl 3eprrenyi. ICIHreH BepMUKYJIUTTBIH HETI3ri (U3MKa-TEXHUKANBIK KacueTTepi
AHBIKTAJJIBI. [CIHFeH BEPMHUKYJIUT TOMEH THIFBI3/IBIFEI MEH TOMEH XKBUTYy OTKI3TIIITIKKE He, )KOFapbl KEyeKTi, OpTKe
Kapchl JKOHE KWBIH OajKy cumarTamaiapbl Oap eKeHJIri aHbIKTaijibel. biperell kacuertepi apkacblHIa iCIHIeH
BEPMUKYJIUT BICTBIKKA TO3IMJII KOMITO3UTTI MaTepuaapbl OHAIpY YIIIH MUKPOKEYSKTI KOMIOHEHT PeTiHIe THIMII
naiananyra 60apl.

Tyi#ingi ce3mep: BEepMUKYIUT, QU3UKO-XUMHUSIIBIK Talfay omicTepi, (PHU3HKa-TEXHUKAIBIK KaCHETTepi,
MHKPOKEYEKTi KOMIIOHEHT, BICTBIKKA TO3IMIII KOMIIO3ULIHUSIIBIK MaTepHasIgap.
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T. C. Baxupos', B. C. IIponenxo’, H. C. Baxupos',
M. C. laynerusipos’, B. E. Cepuxoaes’, K. H. Basxkuposa'

'FOsxH0-KazaxcTanckuii rocyapcTBeH bl yHuBepcuTeT nM.M.Aye3oBa, r.11IsiMkenT, Kazaxcran
2YKpaI/IHCKHﬁ rOCyAapCTBEHHBIA XUMHUKO-TEXHOIOIMUYECKUM YHUBEPCUTET, I'.JlHenp, YKpanHa

PON3NKO-XUMHNYECKHUE UCCJIIEJOBAHUS BEPMUKYJINTA —
MHKPOIIOPUCTOI'O KOMIIOHEHTA JIJIS1 ’KAPOCTOMKHUX MATEPHUAJIOB

Annotanus. [IpuBeneHsl pe3ysnbTaThl UCCICIOBAHUN (PU3NKO-XMMHUYECKHX M (PU3NKO-TEXHMYECKHUX CBOMCTB
BepMuKyiIuTa  Kymanrayckoro  mecropoxnenusi TypkectaHckoit — obmactn. MerogamMm — XMMHYECKOTO,
PeHTreHOTrpauIecKoro, CEKTPAILHOIO aHAM3a ONPEIeTICHbl XUMHKO-MHUHEPAIOTUYECKUH COCTaB BEPMHUKYJINTA U
COCTaBIISIIOLIME €r0 OCHOBHBIE KpHCTAJUIMYECKHe (Da3bl, MPEICTABICHHBIE MAarHUIDKENE3UCTBIMH WM KalbIHEBBIMU
AITIOMOCHITMKATaMH CIIO’KHOTO cocTaBa. MeTOZOM KOMIIIEKCHOTO TEPMUYECKOTO aHAJIN3a YCTaHOBJIEHBI IPOIECCHI,
MPOTEKAIOIIIE TIPH HArPEBaHUH, KOTOPbIEC TO3BOJISIIOT CYIUTh O (PU3MKO-XUMHUIECKUX M CTPYKTYPHBIX M3MEHEHUSIX,
MPOUCXOAIINX B BEPMHUKYJINTE IIPH TEPMUIECKOH 00paboTke. MEeTOIOM 3JIEKTPOHHOW MUKPOCKOIHMH HMCCIIE0BAaHa
MOp(QOJIOTH OBEPXHOCTH dacTUI] BepMHKyIUTa. OIpenencHbl OCHOBHBIE (DM3MKO-TEXHHUECKHE CBOMCTBA
BCITy4E€HHOT'O BEPMHUKYJINTA. Y CTAHOBJICHO, YTO BCITyYCHHBIH BEPMUKYJIHUT 00/1a1aeT HU3KOW HACHIITHOM MIOTHOCTBIO
1 HU3KOH TEIUIONPOBOJAHOCTHIO, MIMEET BBICOKHE XapaKTEPUCTUKH MO TMOPUCTOCTH, OTHECTOMKOCTH, TYTOIIaBKOCTH.
BcenyueHHbI BEpMUKYJIMT, Olaromapsi CBOMM YHHKAJIBHBIM CBOMCTBaM, MOXeT 3((EKTHBHO NPUMEHSTHCS B
KayeCcTBE MUKPOIOPUCTOr0 KOMIIOHEHTA JUI IPOU3BOJCTBA KOMIIO3UIIUOHHBIX KApPOCTOMKUX MAaTEPUANOB.

Ki1ioueBble c10Ba: BEPMUKYJIHUT, METO/ABI (PM3MKO-XMMHYECKOTO aHalm3a, (HU3MKO-TEXHHMYECKHE CBOWCTBA,
MUKPOHOPHCTHIA KOMIIOHEHT, KOMIO3UILIMOHHBIE )KapOCTONKNE MATEPUAIIbI.
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POLYSACCHARIDE-STABILIZED PALLADIUM NANOCATALYST
FOR SEMI-HYDROGENATION OF COMPLEX ALKYNOLS

Abstract. New Pd-Polysaccharide/ZnO catalysts with palladium content of 0.1%, 0.3%. 0.5% and 1.0% have
been developed and tested in the hydrogenation of long-chain acetylenic alcohols used as precursors for syntheses of
vitamins and pest-insect pheromones. Pectin and gelan were used as stabilizers of Pd nanoparticles (1-2 nm) fixed on
ZnO. TEM study confirmed uniform distribution of the dispersed metal on the surface of zinc oxide. The sizes of
palladium nanoparticles in the best catalyst were 1-2 nm. The catalysts with 0.5%wt.Pd demonstrated the highest
activity, selectivity to cis-alkenols and stability in multiple runs. TON is varied in the range of 6700-7500 for
hexadecinols. TON was 33000 for hydrogenation of 3,7,11,15-tetramethylhexadecin-1-0l-3 (C,y). A total
hydrogenated amount of this substrate on .05 g of 0.5% Pd-Pec/ZnO catalyst was 48 ml. Deactivation of the catalysts
is observed after 64 runs. TEM images showed partial leaching of twisted polymer-metal films from the surface of
ZnO.

Keywords. Pectin, gellan, polysaccharides, catalytic properties, hydrogenation, palladium catalysts, alkynols.

Introduction

The principles of green chemistry [1] are targeting to develop energy-saving selective processes for
the production of valuable chemicals. Many monomers and plasticizers, aromatic substances, vitamins,
pheromones, medicines and other biologically active substances are synthesized catalytically based on a
selective hydrogenation of long-chain (C;o-C,) acetylene compounds into olefin derivatives [2-9]. These
reactions are often carried out at high temperatures and pressures with rather low yields of targeted
products. In this case the selection of the proper catalyst is very important. The use of modern
nanotechnology approaches for creating new types of nanosized catalysts makes it possible to improve
these drawbacks.

Supported catalysts are usually used in the chemical industry, energy, and environmental protection.
This is due to the fact that their properties depend on the structure and sizes of the active phase. Reducing
its content in the surface of the support leads to a decrease in the particle sizes of the deposited metals and
an increase in the number of active centers for catalytic acts and therefore to an increase in the rate and
selectivity of the reaction. Polymers with different functional groups are used as one of the
nanotechnology approach to synthesize metal nanoparticles and catalysts [10-15]

We have developed a simple method of catalyst preparation based on interaction and stabilization of
metal nanoparticles by polymers on the surface of inorganic sorbents (natural and synthetic zeolites, metal
oxides) [16, 17]. The developed technique allows to obtain catalysts for selective hydrogenation of wide
range of unsaturated compounds [16-22].

The present work demonstrates the possibilities of using an environmentally friendly natural polymers
as pectin and gellan to stabilize palladium nanoparticles on the surface of zinc oxide. The developed low-
percentage catalysts were studied in the semi-hydrogenation of complex acetylene alcohols. The obtained
olefin derivatives are used in the syntheses of vitamins and pest insect pheromones [5].
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Experimental part

The method of sequential adsorption of polymer and metal salt from water solutions was used for the
preparation of palladium catalysts [22].

The acetylenic alcohols: 3,7,11,15-tetramethylhexadecin-1-0l-3 (C,); 9-hexadecin-1-ol (9-HD-1-ol)
and 11-hexadecin-1-ol (11-HD-1-o0l) were purchased from Sigma Aldrich and used without additional
purification.

Ethanol (reagent grade), palladium chloride (PdCl,, 59-60% Pd, Sigma Aldrich), pectin (Pec, M,, =
15000, the content of uronide components is 90.3%, the degree of esterification is 23.7%, Sigma Aldrich)
were also used without additional purification. Zinc oxide (chemically pure) was used as an inorganic
support.

Palladium amount in the Pd-Pec/ZnO catalysts was varied from 0.1 to 1.0 wt.% from total composite
content. The palladium content in mother liquors before and after metal adsorption was determined from
photoelectric colorimetry data, which were obtained on a SF-2000 UV/Vis spectrophotometer (OKB
Spectr, Russia) based on calibration curves constructed at the wavelength A =425 nm.

TEM (transmission electron microscopy) of catalyst samples were studied on a JEM-2100
transmission electron microscope (Jeol, Japan) with an accelerating voltage of 100 kV.

The acetylenic alcohol hydrogenation was carried out in thermostatic reactor in ethanol (25 ml) at
40°C and atmospheric hydrogen pressure. Before the reaction the catalyst was saturated with hydrogen for
30 minutes and the tested substrate was injected to the reactor. Hydrogen uptake was measured and
reaction products were detected by chromatographic analysis (“Khromos”, Russia). The catalyst
selectivity was calculated as the proportion of the target product to the sum of all reaction products at a
given conversion.

Results and Discussion

The developed Pd-Pec/ZnO catalysts with 0.1wt.%; 0.3wt.%; 0.5wt.% and 1.0wt.% of Pd have been
tested in the hydrogenation of 3,7,11,15-tetramethylhexadecin-1-ol-3 (Cy,); 9-hexadecin-1-ol (9-HD-1-ol)
and 11-hexadecin-1-o0l (11-HD-1-ol). The produced olefins of the semi-hydrogenation of these complex
acetylene compounds are used in fine chemistry for production of biologically active substances.

The Cy acetylene alcohol is hydrogenated with high rate and stability at multiple runs on the same
1% Pd-Pec/ZnO catalyst sample (Table 1). However, the selectivity to the olefin alcohol is quite low
(49.9%). Probably, the alkenol is reduced to 3,7,11,15-tetramethylhexadecanol-3 without desorption from
the catalyst into the reaction medium.

Table 1 - Hydrogenation of C, acetylene alcohol on Pd-Pec/ZnO catalysts with various content of palladium

Pd content, % | W*10*, mol/l ¢ | S, % | TON
Pd-Pec/ZnO
1,0 14.8 49.9 10000
0,5 6.6 89.4 33000
0,3 1.7 58.3 550
0,1 0.8 66.1 -
Reaction conditions: 0.05g catalyst; C,= 0.75 ml; 25 ml ethanol; T-40°C; P-1 atm

A decrease in the metal content in the catalysts from 1.0 to 0.1% leads to a significant decrease in the
reaction rate, but the selectivity of the process passes through a maximum attributable to the catalyst with
0.5% metal content (Table 1). It was shown that in 4 minutes the total acetylene alcohol was converted to
the olefinic alcohol on this catalyst (Figure 1).
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Figure 1 - Hydrogenation of C,, acetylene alcohol on 0.5% Pd-Pec/ ZnO. Diagram of the composition of the reaction mixture:
(1) Cyg acetyltnic alcohol, (2) C,olefinic alcohol, (3) Cyp alcanol. Reaction conditions: catalyst sample weight, 0.05 g;
temperature, 40°C; H, pressure, 0.1 MPa; solvent, ethanol (25 mL); initial Cyy acetylene alcohol amount, 0.25 mL
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The amount of the saturated alcohol at this time does not exceed 8%. This catalyst also showed the
highest stability. TON reaches 33,000 (catalytic acts per 1 palladium atom).

The catalyst was washed with water after 39, 57 and 64 runs of Cy alcohol hydrogenation [21]. This
treatment lead to a noticeable increase in the reaction rate. A total amount of substrate hydrogenated on
.05 g of 0.5% Pd-Pec/ZnO catalyst was 48 ml.

According to the TEM data, the initial catalyst (Figure 2, a) is characterized by the uniformly
distributed palladium nanoparticles (1-2 nm) in a bulk polymer matrix fixed on the support. A change in
the texture of the surface polymer-metal composite is observed in the catalysts’ samples taken after 39, 57
and 64 hydrogenation runs. The polymer matrix swelled in the sample tested after the 64 run (Figure 2, c),
a partial peeling of the surface polymer layer is observed on the catalyst. New structures have also been
observed. (Figure 2, d). Twisted polymer-metal films in a form of “stars” were appeared separately from
support.

Figure 2 — Microphotographs (TEM) of Pd-Pec/ZnO catalyst. a - initial; b - after 39 runs; ¢ and d - after 64 runs
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The introducing gellan instead of Pec leads to the formation of a less active, but more selective
catalyst. Such behavior can be explained by differences in the structure of these polysaccharides. Pectin is
characterized by one sucrose group in the monomer, as well as a gellan has four such groups . The process
slows down sharply after the nearly complete conversion of Cyy alkynol to alkenol on 0.5%Pd-Gel/ZnO
catalyst. Selectivity reaches 96% (Figure 3).
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Figure 3 - Hydrogenation of C,, acetylene alcohol on 0.5% Pd-Gel/ZnO. Diagram of the composition of the reaction mixture:
(1) Cyp acynol; (2) Cypalkenol; (3) Cy alkanol. Reaction conditions: my,,-0,05g; ethanol-25ml; T-40°C; P-1 atm

Thus, polysaccharide containing catalysts are complex composites including bulk polymer layer with
dispersed palladium nanoparticles inside, which is chemosorbed on the surface of ZnO. The catalysts
showed high activity and selectivity in semi-hydrogenation of acetylenic alcohols. It is confirmed by
hydrogenation of hexadecinols.

Hydrogenation of 9-hexadecin-1-ol (9-HD1-ol) and 11-hexadecin-1-o0l (11-HD-1-ol) into cis-alkenols
is the most important reaction in synthesis of some pect insect pheromones [6]. The results of the
hydrogenation are presented in the Table 2.

It was found that the hydrogenation of 9-HD-1-ol on 0.3 and 0.5% catalysts proceeds at almost the
same rates (2.4-2.9 * 10™ mol /1 s). In the case of 9-HD-1-ol, the activity of the catalyst increases with
increasing palladium content. At the same time, the selectivity of the process on all studied catalysts
reaches 100%.

Table 2 — The results of hydrogenation of hexadecins on Pd-Pec/ZnO and Pd-Gel/ZnO catalysts

Pd content in catalysts, wt.% | W*10™, mol/l s | Seis-c=c, %o | TON
Pd-Pec/ZnO
11-hexadecin-1-ol
0.1 1.9 100 -
0.3 2.4 100 4400
0.5 2.9 100 7200
9-hexadecin-1-ol
0.1 4.7 100 -
0.3 12.2 100 -
0.5 26.2 100 6700
Pd-Gel/ZnO
11- hexadecin-1-ol
0.5 | 27 | 100 | 7500
9- hexadecin-1-ol
0.5 | 3.3 | 100 | 6900
Reaction conditions: 0.05g catalyst; 25 ml ethanol; T-40°C; P-1 atm
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According to chromatographic analysis, in the first 5 minutes, around all of the starting acetylene
alcohol is converted to cis-olefin on 0.5% Pd-Pec/ZnO (Figure 4). Only trace amounts of saturated alcohol
are detected in the reaction mixture. This catalyst also demonstrates maximum stability during repeated
process runs, TON = 6700-7200 (Table 2).
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Figure 4 - Hydrogenation of 9-HD-1-ol on 0.5% Pd-Pec/ ZnO. Diagram of the composition of the reaction mixture:
(1) C ackynol; (2) Calkenol; (3) Cy alkanol. Reaction conditions: m,,,-0,05g; ethanol-25ml; T-40°C; P-1 atm

In contrast to the catalyst modified with Pec, the hydrogenation rate of both of 9-hexadecin-1-ol and
11-hexadecin-1-ol on 0.5% Pd-Gel/ZnO is lower (Table 2) while selectivity to cis-alkenol remains 100%
and TON also rather high.

Thus, the developed 0.3-0.5% Pd-Pec/ZnO and 0.5% Pd-Gel/ ZnO catalysts are active, stable and
stereoselective hydrogenation catalysts for hydrogenation of complex acetylene alcohols.

Conclusions

Thus, taking into account the principles of green chemistry, the low-percentage palladium catalysts
stabilized with polysaccharides have been developed. The process of their synthesis was carried out at
ambient conditions from water solutions. These catalysts are characterized with high dispersion of Pd
nanoparicles (1-2 nm) evenly distributed on the surface of zinc oxide. The catalyst with 0.5% of Pd
demonstrated high activity, stability and selectivity in semi-hydrogenation of complex alkynols. The
obtained alkenols are used as biologically active substances, as vitamins and insect pheromones osed in
agriculture to predict the development of insect pests and reduce the number of field treatments with toxic
pesticides.
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A.K. KapmaramGerosa', M. )KypsiHoB
«J1.B. Coxonbckuii areiHarsl XKanapmail, kaTanu3 skoHe 31eKTpoxumusa HHCTUTYTel» AK, Anmatsl, Kasakctan

AJIKMHOJ KOMILIEKCTEPIH )KAPTBLIAM TIAPJIEYTE APHAJIFAH NOJIUCAXAPH/I-
TYPAKTAJIFAH IAJLJIAJTAA HAHOKATAJIM3ATOPJIAPBI

Annoranus. Kypamsiaaa 0,1%, 0,3%, 0,5% xone 1,0% Pd 6onateid xana Pd-nonucaxapun/ZnO katamusaTop-
Japbl BUTAMHHICP MEH TEKTUHAI KOHIIKTEPIiH (EPOMOHIAPBIH CHUHTE3/CY YIIIH MPEKypcopiap peTiHae
KOJIZIaHBUTATBIH Y3bIH Ti30€KTi alleTWIICH CIUPTTEPIH THapiey ypaici yumiH o3ipienai. IlektuH meH reman ZnO
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Oekitinrer, Pd (1-2 uHM) HaHOOONIIEKTEPIH TYPaKTAHIABIPFBIN peTiHAe naimanaHsuinel. TEM 3eprreyi amcmepcri
METaNABIH MBIPBII OKCHAIHIH OeTiHe OipKenKi TapaixybslH pacTaibl. EH JKaKChl KaTalnM3aTOpAarbl IMajbiagnit
HaHoOemmekTepiniy Memmepi 1-2 am 6omasl. Kypameinaa Pd memmepi 0,5% GomaTsiH KaTtanuzaTopiap €H JKOFaphl
OeJICeHIUTIKTI, IIC-aNKeHONAAap YIIIH CeJIeKTUBTLIIKTI J)KOHe KaiiTanaMa ChIHaKTapa TYPaKThUIBIKTH KepceTTi. TOH
rexcagexonuaaep yuiH 6700-7500 apamsreima Oomaxel. TOH 3,7,11,15-tetpamernnrexcagekun-1-om-3 (Cy)
ruapney ypaici ymir 33000 xypaitnsl. 0,5% Pd-IIEK/ZnO xaramusaropemnsiy 0,05 © geilin ruapieHreH
CcyOCTpaTThIH Kaumbl Memmepi 48 it Gonasl. KaTamusatopasiH J1e3aKTUBAIMACH 64 OTMeNcH KeliH OalKamasbl.
I[1OM kewmerimMeHn anbiHFaH cyperrep ZnO OeriHeH OypaiFaH MNOJIMMEPINi-META/Ul IJICHKAIAP/BIH JKapThUIaid
CLITICI3MIITIH KOPCETTI.

Tyiiin ce3mep. I[lexkTwH, TemiaH, MOMUCAXapUATEp, KATATUTUKANBIK OCJICEHIUTIK, THIpJCY, MMaiaauid
KaTaJIu3aToOPbI, ATKHHOJIAP.

UDC 547.1.661.123:542.941.7:547.36
A.K. Kapmaramberosa, M. ’Kypunos
AO «MHCTUTYT TOIUIMBA, KaTtanu3a u snekTpoxumun um. JI.B. Cokonsckoro», AnMatsl, Kazaxcran

MNOJINCAXAPUA-CTABUJIN30BAHHBIE HAHOKATAJIN3ATOPBI ITAJIJIA AU
JJIS HOJTYTUAPUPOBAHUS KOMIIVIEKCOB AJIKMHOJIOB

Annoranus. Hoseie Pd-momicaxapun/ZnO karanuzatopsl ¢ conepkanneM namranust 0,1%, 0,3%, 0,5% u 1,0%
ObuTH pa3paboTaHbl M UCTIBITAHBI B THAPUPOBAHUH THMHHOLETIOUCYHBIX AIETHICHOBBIX CIIMPTOB, MCIIOIb3YEMbIX B
Ka4ecTBEe IPEKypCOpOB JUIA CHHTE3a BHTAMHHOB M ()EPOMOHOB HACEKOMBIX. IIeKTHH M TeJaH HCIOJIB30BAIH B
KauyecTBe ctabmimm3aropoB HaHodactul Pd (1-2 uwm), 3akpemnenHsix Ha ZnO. TEM wmccienoBaHne MOATBEPINIO
PaBHOMEPHOE pacIpe/ie/icHHe AUCIEPCHOrO METa/ula Ha MOBEPXHOCTH OKCHJA NWHKA. Pa3Mepsl HaHOYACTHIL
nmajulains Ha JIydlmieM Karanusatope coctaBimsin  1-2 HM. Kartammszatoper ¢ comepxanuem 0,5% Pd
MPOJIEMOHCTPUPOBAJIM HAMBBICHIYIO aKTUBHOCTb, CEJIIEKTHMBHOCTh I10 IMC-AJIKEHOJIAM W CTaOWIBHOCTh MpHU
MHOTOKpaTHOM wucmoib3oBanuu. TON Bapeupyercss B auamnazone 6700-7500 mist rexcagenmnonoB. TON mpu
rugpupoBannn  3,7,11,15-rerpamernnrexcanennn-1-o1-3  (Cyy) cocraBmser 33000. OOmee  KOIM4ECTBO
nporunpupoBanHoro cybocrpara Ha 0,5% Pd-IIEK/ZnO xaranmszatope ¢ maccoi 0,05 r cocraBuio 48 wmur
Jle3akTuBanMs KaTaiM3aTopoB HaOmomaercs mocie 64 mopuuu. J[amaeie [IOM  nokasanu 4YacTHYHOE
BBILIETAYNBAHIE CKPYUCHHBIX OIMMEP-METANTMUECKHX [UICHOK C OBepXHOCTH ZnO.

KioueBble ciaoBa. [lexTnH, TemnaH, monMcaxapuiabl, KaTaJUTHYECKas aKTUBHOCTb, T'MIPUPOBAHHE,
MaJUTaINEBBIC KaTaIN3aTOPh!, AIKHHOJIBI.
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