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Synthesis of hybrid materials
based on layered double
hydroxides

INestroinaia 0.V.*, 2Ponomarenko O.I.

!Belgorod State University, Belgorod, Russia
2Al-Farabi Kazakh National University,
Almaty, Kazakhstan

*E-mail: nestroynaya91@gmail.com

The use of pesticides adversely affects not only the environment, but also human health.
A promising direction in solving this problem is to obtain hybrid materials capable of controlled
release of pesticides. Layered double hydroxides (LDHs) can act as a matrix. Layered double
hydroxides with intercalated glyphosate anions (MgAI-Gly-LDH) were synthesized by different
methods: coprecipitation at constant pH (MgAI-Gly-LDH-c), synthesis under hydrothermal
conditions (MgAI-Gly-LDH-ht), microwave method (MgAI-Gly-LDH-mw) and rehydration method
(MgAI-Gly-LDH-re). All the synthesized samples were analyzed by X-ray phase analysis (XRD),
energy dispersive X-ray spectroscopy, scanning electron microscopy, Fourier transform infrared
spectroscopy and Raman spectroscopy. It is shown that the methods of co-precipitation and
synthesis under hydrothermal conditions are most suitable for the synthesis of hybrid materials.
Samples of MgAI-Gly-LDH-ht and MgAI-Gly-LDH-c have a well-crystallized structure, unlike the
sample of MgAI-Gly-LDH-re, in which the LDH phase is practically absent.

Keywords: layered double hydroxides; intercalation; glyphosate; hydrothermal synthesis;
microwave synthesis.

KaTtnapabi Koc
rMApoKcuaTepaiH HerisiHaeri
rmbpuati matepmnanaapapliH,
CUHTE3I

'HectpoitHana 0.B.*, 2NMoHomapeHKo O.U.
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MeTuumaTepai KondaHy TeK KopllafaH opTafa faHa emec afaMHblH AeHCaynblfbiHa
na acepiH Turiseai. byn maceneHi welyaiH, nepcnekTUsTi 6afbiTbl nectUuMATepai 6akbinai
oTbIpbIn 60caTa anatbiH rMbpuATI Matepuangapabl any 6onbin Tabbinagbl. MaTtpuua peTiHae
KaTnapnbl Koc rugapokeuatep (KKM) KongaHbinybl mymkiH. TnudocodatteiH, (MgAI-Gly- LDH)
aHMOHAAPbIMEH MHTEPKaNMBpPAEeHTeH KAaTNapabl KOC TMAPOKUATEDP TYPAi dA4iCNEH CUHTE3AEN A
TypakTbl pH (MgAI-Gly-LDH-c) 6ipre TyHAbIPY, rTMApOTEPMAnbAi XKafgannapaa cuHtesgey (MgAl-
Gly-LDH-ht), mukpoTonkbiHabl agic (MgAI-Gly-LDH-mw) kaHe perngpatauuma agici (MgAI-Gly-
LDH-re). Bapablk CUHTE34enreH yarinep peHtreHodasanblK Tasngay, 3HEpProgucnepcusinbik,
PEHTreHAiK CNeKTPOKOMNWA, CKaHepneyli 31eKTPOHAbIK MUKpockonua, dypbe TypaeHaipyLwi
SHeproamMcnepcTi MHOPPaKbI3bI CNEKTPOKONUA KaHe bipire Tapany CNeKTPOCKONWUACbIMEH
Tangay Kacangbl. MbpuaTi matepuangapabl CMHTE3AEYAiH, eH Konalbicbl bipre TyHAbIPY
d4ici }KaHe rmapoTepmanbai Kafgannapaa cuHtesgey 6onatbiHbl aHbIKTangbl. MgAl-Gly-LDH-
re ynricimeH canbicTbipfaHaa MgAI-Gly-LDH-ht »aHe MgAI-Gly-LDH-c yarinepiHiH, Kypbinbimbl
YKaKCbl KpucTangaHfaH, oHaa KKl dasackl myngem oK.

TyiiiH ce3aep: KaTnap/bl KOC TMAPOKCUATEP; MHTEPKaNALmMs; rndocaT; rMapoTepMUANBIK,
CMHTE3; MUKPOTOJIKbIHAbI CUHTES.
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MpuMmeHeHWe necTMUUAOB NarybHO BAMAET He TO/IbKO Ha OKPYKaloLLylo cpeay, HO U Ha
37,0pOBbe YenoBeKa. [lepcneKkTUBHLIM HanpaB/ieHWeM B PeLeHUM AaHHO Npobiembl ABaAeTcA
nonyyeHve rubpuaHbIX MaTepuanos, CMOCOBHbIX K KOHTPOAMPYEMOMY BbICBOBOXKAEHUIO
necTMunaoB. B KayecTBe mMaTpuibl MOTYT BbICTYNaTb CAOUCTblE ABOMHblE ruapokeuabl (CAN).
Cnouctble ABOMHbIE TMAPOKCUAbI C MHTEPKAZMPOBAHHBIMU aHWOHamu randocata (MgAI-Gly-
LDH) 6bIAn CMHTE3UPOBaHbl PasHbIMKM METO4aMMU: COOCaXKaeHue npu noctoaHHom pH (MgAI-
Gly-LDH-c), cuHTe3 B ruapoTepmanbHbix ycnosuax (MgAI-Gly-LDH-ht), mMUKpOBONHOBBbIN
meTog, (MgAl-Gly-LDH-mw) n meTog perngpartaumm (MgAl-Gly-LDH-re). Bce cuHTE3MpoBaHHbIE
06pasubl 6bIIM NpoaHanM3MpPoOBaHbl PeHTreHo}a3oBbiIM aHaAN30M, 3HEProAMCcnepCMOHHOM
PEHTreHOBCKOW CMeKTPOCKONMEN, CKaHUPYIOLWEen 31eKTPOHHOM MUKPOCKONUeN, MHppaKkpacHon
cnekTpockonueli ¢ Pypbe npeobpasoBaHNeM U CNEKTPOCKONUE KOMBUHALMOHHOIO pacceaHuA.
MoKkasaHo, YyTo Hanbonee NOAXOAALMMU ANA CUHTE3A TMOPUAHBIX MaTepUanoB ABNATCA METOS,
COOCAXAEHMA U CUHTES B TMAPOTEPMANbHBIX ycnosuax. O6pasubl MgAl-Gly-LDH-ht u MgAI-Gly-
LDH-c 06n1apatoT XopoLo OKPUCTaNIM30BAHHOW CTPYKTYPOM, B oT/iMune oT obpasua MgAl-Gly-
LDH-re, y KoToporo ¢a3sa CAI npakTM4yeckn oTcyTCTBYyeT.

Kniouesble cnosa: caouctbie ABOﬁHbIe rMmapoKkcuabl;
I'M,D,pOTepMaﬂbelﬁ CUHTE3; MMKpOBOﬂHOBbIﬁ CUHTEe3.

UHTEepKanauma; rnmbocaT;
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1. Introduction

Advances in plant protection through the use of pesticides
have made a significant contribution to increasing yields and
ensuring stable agricultural production. Unfortunately, along
with the obvious advantages, there are some disadvantages, in
particular, the risk of environmental pollution.

For example, one of the most popular herbicides in the
worldis glyphosate. Itis widely used not only for the destruction
of a large number of harmful plants in agriculture, but also for
the cultivation of modified crops [1]. Thus, we can conclude
that glyphosate enters not only into the environment, but also
into the human body along with food and water. Systematic or
periodic release of pesticides into the human body, even in
small quantities, has various negative effects on human health.
Controlled pesticide release technology is an effective tool for
solving this problem.

In a number of publications, in order to reduce the risk for
the environment, it is proposed to use natural and synthetic
inorganic compounds to encapsulate pesticides in order to
obtain controlled release composite materials. Examples of
such materials are inorganic and organically modified silicate
clays, zeolites and polymers.

The interest in layered double hydroxides (LDHs) as
matrices for the storage and slow release of chemicals of
various nature is due to the specific structure and unique
properties of these materials.

LDHs are layered materials with the general formula,
where M? and M3*- metal ions in the octahedral positions of
brucite-like layers, An-inorganic or organic anions that
compensate for the positive charge of brucite-like layers [2].
Features of the structure of hydrotalcite-like compounds
provide their specific ion-exchange, sorption, electrical and

magnetic properties. Excess positive charge of brucite-like
layers is compensated by anions located in the interlayer
space [2,3]. Interlayer anions are easy to exchange, that allows
to modify LDH and regulate their properties.

The intercalation of organic anions into the structure of
LDH can be carried out in various ways. The advantage of using
LDHs as carriers of pesticides lies not only in their ability to ion
exchange, which makes them an excellent matrix for transferring
labile pesticides, but also due to the basic nature of LDHs, they
have a favorable effect on many cultivated soils with increased
acidity. In addition, pesticides intercalated between brucite-like
layers can be reliably protected from biological, chemical and
thermal damage in soils. In such systems, a synergistic effect
can also be observed, which is manifested in an increase in the
activity of the intercalated drug.

In this paper, composite materials based on the LDH as
glyphosate’s carrier were obtained. Previously, Ni,Al - LDH and
MgAl — LDH were synthesized with intercalated glyphosate by
co-precipitation method [4]. For the synthesis, the most
common methods as co-precipitation and anion exchange
were used. In our own work, we studied the possibility of
synthesizing combined materials using the hydrothermal
method, the microwave method and rehydration method
(“memory effect”).

2. Experiment

2.1 Preparation of samples

Hybrid materials based on layered double hydroxides and
glyphosate anions (MgAI-Gly-LDH) were obtained by using four
different methods of synthesis: co-precipitation, rehydration,
hydrothermal and microwave. A sample of LDH was also
synthesized in the nitrate form (MgAI-NO,-LDH).

© 2019 Al-Farabi Kazakh National University



6 Synthesis of hybrid materials based on layered...

Nitrates of corresponding metals were used for the
synthesis of the samples, as well as sodium hydroxide and
glyphosate. All reagents were pure for analysis.

MgAI-NO,-LDH was synthesized by coprecipitation. This
method is now considered as the most common in the synthesis
of LDH. This is due to the fact that it has become possible to
obtain well crystallized and pure phase materials. Magnesium
and aluminum nitrates in a molar ratio of Mg:Al 3:1 were
dissolved in 150 mL of distilled water and 100 mL of a
precipitating solution (NaOH) were gradually added to this
solution.The total concentration of ions in the solution was
approximately equal to 1 M. The pH of the mixture was
constantly kept (pH=10.0+0.1). The precipitate was given aging
at 98°C for 48 h. The obtained sample was well washed with
distilled water from impurities and dried at 120°C.

MgAIl-Gly-LDH was also obtained by using the
coprecipitation method (MgAI-Gly-LDH-c). Previously, this
method was received by the [5] group. Metal nitrates were
added to 150 mL of glyphosate solution, which was taken in the
triple — excessed relative to aluminum ions Al**. Next, solution-
precipitant was added to the mixture. During synthesis, the pH
of the system did not exceed 9-10. The aging process of the
precipitate and its washing were held under identical
conditions.

MgAIl-Gly-LDH was synthesized by method of rehydration
(MgAIl-Gly-LDH-re). This method implies a study of the “memory
effect” or the ability of layered double hydroxides to restore
their structure. The synthesized sample MgAI-NO,-LDH was
subjected to heat treatment at a temperature of 500°C for 1 h.
As a result, a mixture of oxides was obtained. Then this mixture
was poured with glyphosate solution and was constantly stirred
for 24 h. A day later, the sample was dried at 100°C.

Also MgAI-Gly-LDH was synthesized under hydrothermal
conditions (MgAI-Gly-LDH-ht). This method allows to obtain
fine powders with a crystallized layered structure. This synthesis
was carried out for two days in Autoclave Engineers Parker at
140°C at a constant pH level. The concentration of metal ions in
the solution was 1 M. Glyphosate, as in the method of co-
precipitation, was taken in triple-excessed relating
to aluminum.

The last sample of MgAI-Gly-LDH was synthesized under
microwave irradiation (MgAI-Gly-LDH-mw). This method is
interesting because it is possible to reduce the time of formation
of the structure significantly. This synthesis was carried out in
MARS-6 reactor with a microwave exposure time of 3 min and a
power of 700 W. The composition of the reaction mixture did
not change compared with the previous methods.

2.2 Characterization

X-ray phase analysis (XRD) was used to identify the
structure and phase composition of the synthesized
samples on Rigaku diffractometer (CuKa radiation) with a scan
step of 20 0.02°. The analysis was performed by the powder
method (Debye-Scherrer-Hell’s method). Sample preparation
consists of the grinding of LDH samples in an agate mortar to a
powdery state.

The study of the morphology of the samples was held by
scanning electron microscopy using a HITACHI SU1510
microscope at an operating voltage of 200 kV. For analysis, the
samples were ground to a powder and applied to a carbon film.

Elemental analysis of metal and phosphorus cations in
samples of LDHs was performed by an FEI Quanta 200 3D
scanning electron microscope equipped with an energy
dispersive X-ray analysis (EDAX) system at an operating voltage
of 30 kV.

The IR spectra of the samples were recorded in the range
of 4500-450cm™ using a Shimadzu IR Prestige 21 FT-IR
spectrometer. Registration was performed for a mixture of
samples with potassium bromide.

Raman spectra were collected in backscattering mode
using LabRAM HR Evolution spectrometer (Horiba, Japan), with
excitation at 525 nm from a helium-neon ion laser. The scanning
scope traversed between a Raman Shift of 500cm™ and
4500 cm™, and only one accumulative number of times was
arranged.

3. Results and Discussion

X-ray diffraction patterns of samples of LDH obtained by
different methods are shown in Figurel. All synthesized
samples may be identified as layered double hydroxides, since
powder X-ray diffraction patterns are common to this class of
compounds. The obtained patterns of samples exhibit the basal
peaks (003), (006), (009/012), (015), (018), (110) and (113),
which confirm the formation of LDH structure. The reflexes
corresponding to the basal reflections (110) and (113) form a
doublet at approximately 62 degrees, which is also common to
hydrotalcite-like compounds. Excepting MgAI-Gly-LDH-mw
sample, which is a fixed singlet, that indicate a low crystallinity
of structure.

It should be noted that there is a slight displacement of the
first peak of intercalates in the area of small angles of 2theta.
This fact may be the proof of the successful intercalation of
glyphosate in structure of LDH. However, in spite of a good
crystallized structure, impurity phases (ALO,, Al(OH),) are
present in the samples MgAIl-Gly-LDH-ht and MgAI-Gly-LDH-c.

The sample MgAIl-Gly-LDH-re has the lowest crystallinity.
The X-ray diffraction pattern shows that the structure of the
LDH is partially restored, the phases are difficult to distinguish
and therefore it is rather difficult to speak about intercalation.

Comparing the X-ray diffraction patterns of the samples
obtained by different methods, one can note that the most
intense and narrow reflexes are observed for LDH synthesized
in the hydrothermal conditions (Figure 2). Quite narrow peaks,
high intensity values and a well-split doublet indicate a high
crystallinity of the samples. The samples obtained by the co-
precipitation method are slightly less crystallized.

The least successful was the synthesis of the LDH sample
by dehydration — rehydration method. It was assumed that the
mixture of oxides obtained after calcination of Mg-Al-NO,-LDH
will be able to return the layered structure when interacting

BecTHuK KasHY. Cepua xummyecKkasn. —2019. — Ne2(93)
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Figure 1 — X-ray diffraction patterns of synthesized samples

It has been suggested that
occur in parallel with the

with aqueous glyphosate.
glyphosate intercalation will
regeneration of the layered structure. Figure 2 shows the
diffraction patterns for a mixture of oxides (MgO and Al,0,)
after calcination and LDH after rehydration. However, it turned
out that the structure is restored only partially. There are no
peaks that are characteristical of hydrotalcites and the intensity
of the reflections on the X-ray diffraction patterns is low, which
indicates a low content of the LDH phase in the sample.
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Figure 2 — X-ray diffraction patterns of MgAI-Gly-LDH-re and
oxides

The parameters ¢ and a of the crystal lattice of LDH were
calculated according to XRD data (Table 1). The parameter c,
which characterizes the interlayer distance, was calculated by

ISSN 1563-0331
elSSN 2312-7554

the formulas c=3d (003) [6]. The parameter a is equal to the
distance between adjacent cations in a brucite-like layer. It is
calculated as a=2d(110) [6].

According to the results of elemental analysis (Table 1), it
is shown that in the samples synthesized by co-precipitation
and under hydrothermal conditions, the molar ratios are equal
to the theoretically calculated ones. In a microwave synthesized
sample, the molar ratio is slightly lower than in the theoretical
one. Value of parameter c is correlated with the results of
elemental analysis.

Table 1 — Metal atom fractions and crystal lattice parameters of
the LDHs calculated from EDAX and XRD data

Sample c, A a, A Mg/AI/P/N
molar ratio
MgAI-NO,-LDH 22.5 3.06 25:1:0:1
MgAlI-Gly-LDH-ht 27.3 3.09 2:1:04:04
MgAl-Gly-LDH-c 26.1 3.07 2:1:0.33:0.33
MgAl-Gly-LDH-mw 22.3 3.06 1.7:1:0.25:0.25
MgAI-Gly-LDH-re - 3.06 1.2:0.7:0.02:0.1

The morphology of the synthesized samples was assessed
by scanning electron microscopy (SEM). Figure 3 shows a SEM
micrographs of the synthesized hybrid material. Large particles
with a good layered structure are observed in the photo.
Micrographs show clearly separated layers. Generally, the
morphology of the ground sample without water exhibits
agglomeration of fine particles in several microns, though the
size of primary particles is in nanoscale. The water existence
leads to a further agglomeration into large particles [7].

Chemical Bulletin of Kazakh National University 2019, Issue 2(93)



8 Synthesis of hybrid materials based on layered...

SU1510 15.0kV 17.8mm x650 SE

Figure 3 — SEM micrographs of the MgAI-Gly-LDH-ht

The additional information on the structure of the
synthesized hybrid materials was obtained by the method of IR-
spectroscopy. Using this method, it was possible to confirm the
intercalation of glyphosate into the MgAI-LDH structure. The
obtained IR spectra are characteristic of hydrotalcite-like
compounds (Figure 4). However, on the IR spectra of the
samples, there are also extraneous peaks, which can be
evidence of the intercalation of glyphosate into the structure of
the LDH. The IR spectra of LDHs are characterized by the
presence of a broad intense band with a maximum in the range
of 3480-3600 cm?, which corresponds to the vibrations of
hydroxides in metal hydroxide layers and H,0 molecules in the
interlayer space. The presence of a weak shoulder in the range
of 3060-3100 cm™ and at 1650-1670 cm™ indicates vibrations
related to the —OH groups of water molecules born by hydrogen

Absorbance/ %

bonds to carbonate anions. However, a shoulder at 1630-1800
with maxima at 1650 cm™ can indicate a C = O bond, and a low
intensity band in the area of 2250-2375 cm™is usually referred
to atmospheric CO,. The splitting of the band related to the
position for free carbonate anions (1480-1500 cm?) is due to
decreasing in the symmetry of anions as a result of interaction
with interlayered water molecules and/or hydroxyl groups of
brucite-like layers. The absorption band with a maximum at
~ 1380 cm™ corresponds to the vibrations of the NO, group [9],
which in turns corresponds to antisymmetric stretching
vibrations and is pronounced due to the presence of carbonate
anions in the interlayer space. In samples with intercalated
glyphosate, the band disappears at 1380 cm™. Perhaps this is
due to the displacement of the group NO,". Shoulder broadening
in the range from 1250-1500 cm™ is also explained by the

MgAH-Gly-LDH-ht

MgAI-LDH

T T T
4000 3500 3000

Wavenumber/ cm ~

T T T T 1
2500 2000 1500 1000 500

1

Figure 4 — DRIFT spectra of the synthesized samples

BecTHuK KasHY. Cepua xummyecKkasn. —2019. — Ne2(93)



Nestroinaia O.V., Ponomarenko O.I. 9

possible intercalation of the P = O group into the structure
(1175-1350 cm™) [8]. On IR spectra for the samples of MgAl-Gly-
LDH-c, MgAI-Gly-LDH-ht, MgAI-Gly-LDH-mw also showed
atypical peaks for LDH in the range of 900-1115 cm?, which
probably correspond to PO,* (970-1175 cm™) and PO,* (910-
1030 cm™). In addition, faint absorption bands in the range from
860 to 830 cm™ are present in the spectra of the samples.
According to the literature, they may be due to weak puckering
deformations vibrations of nitrate anions (860-800 cm™) or the
P-O group (1200-855 cm™). The presence of these peaks serves
as evidence of the complete or partial intercalation of
glyphosate into the structure of the LDH. Based on the results
obtained by IR Fourier spectroscopy, it can be assumed that
intercalation proceeded best of all in samples of MgAl-Gly-
LDH-c and MgAIl-Gly-LDH-ht.

Additional information on the intercalation of glyphosate
anion into the structure of layered double hydroxides was
obtained by using Raman spectroscopy (Figure 5). Based on
official data it’s known that the nitrate forms of LDH are
characterized by the presence of maxima at 1044, 1355, and
712 cm™, which correspond to variations in the NO, group [8].
There is also a peak at 557 cm™, which corresponds to metal-
oxygen-metal (Al-O-Mg) vibrations [10]. The Raman spectra of

the LDH are characterized by the presence of signals in the
range from 3000-4000 cm™, which correspond to OH- groups of
water molecules, and the presence of a peak in the region from
1300-1500 cm™ indicates the presence of atmospheric CO,.

Previously [11], glyphosate was analyzed by Raman
spectroscopy. Raman spectrum of glyphosate was obtained in
the spectral range of 850-1050 cm™. In this interval 3 maxima
were recorded (876 cm™, 930 cm™, 980 cm™).

The Raman spectra of all synthesized samples contain
LDH’s typical absorption bands. Peak’s dislocation is observed
on Raman spectra for all samples. The signal corresponding to
the vibrations of Al-O-Mg is in the range of 555-558 cm™ for
every synthesized sample. The absorption bands corresponding
to the NO, group are also dislocated in the range of 1055-
1058 cm™. The maximum at ~1055 cm™ can be caused by both
fully symmetrical stretching vibrations of the nitrate anion, and
symmetrical stretching vibrations of the C—C bond (1080 cm).
It can be conceivable that takes place mutual interference of
both lines, so it cannot be definitely identified. The same applies
to the maxima at ~1400 cm?, as well as the corresponding
fluctuations of NO, — the group [8], which in turn corresponds
to antisymmetric stretching vibrations and is pronounced due
to the presence of carbonate anions.
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Figure 5 — Raman spectra of the synthesized samples

A peak in the range of 1350-1400 cm™ can indicate the
presence of CO, sorbed from air. This peak is most pronounced
in MgAI-Gly-LDH-re. This fact does not correspond to the result
of FT-IR spectroscopy, wherein substantially no peak
corresponding to atmospheric CO,.

The absorbed peak at ~980 cm™ corresponded to the PO’
group is registered for the MgAI-Gly-LDH-c, MgAl-Gly-LDH-ht,
MgAI-Gly-LDH-mw samples. This peak also corresponds to the
maximum related to glyphosate. In the sample MgAI-NO3-LDH
and MgAIl-Gly-LDH-re, this peak is completely absent, which
correlates with the data obtained by FT-IR spectroscopy. The

ISSN 1563-0331
elSSN 2312-7554

presence of this peak is proof of the intercalation of glyphosate
into the LDH structure. MgAI-Gly-LDH-ht has the most
pronounced peak. This fact is comparable with the results of
X-ray diffraction and IR spectroscopy.

4. Conclusions

MgAIl-LDH-based hybrid materials with intercalated
glyphosate were synthesized by co-precipitation at constant
pH, synthesis under hydrothermal conditions, rehydration

method, and microwave method. Using XRD, it was shown that

Chemical Bulletin of Kazakh National University 2019, Issue 2(93)
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samples synthesized by co-precipitation and under
hydrothermal conditions have the most crystallized structure.
In a sample synthesized by the rehydration method, there are
practically no phases related to LDH. Using IR and Raman
spectroscopy, partial intercalation of glyphosate into the
structure of LDH was proved. Peaks corresponding to
glyphosate were present in the spectra for all samples, except
for the MgAI-Gly-LDH-re sample. According to the obtained
results, it was concluded that it is possible to obtain hybrid
materials with well-crystallized structure and a minimum
number of impurity phases using co-precipitation and
hydrothermal conditions. However, it should be noticed that

References (GOST)

the microwave method is also a very promising method
for the synthesis of LDHs as it significantly reduces time of
synthesis.
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Artemisia albicerata is of greatinterest and occupy animportant place among the vast variety
of medicinal plants in Kazakhstan due to its endemicity, medical and pharmacological properties,
and has a rich chemical composition consisting of amino acids, fatty acids, macro-micro elements,
flavonoids and other low-molecular substances. In the present study, Artemisia albicerata,
collected in Almaty region of Kazakhstan has been explored with the purpose of quantitative and
qualitative analysis. As a result, twenty amino and eight fatty acids were identified by gas-liquid
chromatography. The major amino acid contents were glutamate (2615 mg/100 g), aspartate
(1296 mg/100 g) and alanine (890 mg/100 g), while the composition of fatty acids mainly was oleic
(19.6%) and linoleic (68.4%) acids. Furthermore, eleven macro-micro elements were determined
in the ash of a plant by the method of multi-element atomic emission spectral analysis, main of
them were Ca (60.0 mg/g), K (60.4 mg/g), Mg (12.2 mg/g), Na (5.57 mg/g), Fe (3.57 mg/g). Also it
should be highlighted that total bioactive components such as organic acids, flavonoids, tannins,
coumarins, alkaloids, saponins, polysaccharides together with the moisture content (6.62%), total
ash (7.96%) and extractives (12.7%) have been determined.

Keywords: Artemisia albicerata; bioactive microelements;

aminoacids; fatty acids.
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Kasipri TaHaa, Artemisia albicerata ©3iHiH, 3HAEMWANbIK, MeAULMHANbIK KaHe
bapmakonoruanbik KacuetTepiHe 6anaHbICTbl KasakcTaHAafbl KONTEreH AapiNik ecimaiktepaid
apacblHAa MaHbI3abl OpbiH anagbl. CoHbimeH 6ipre, aMMH >KaHE Mai KbllWKblAgapbiHaH,
MaKpO-MUKPO 3/nemeHTTepaeH, dnaBoHouATepAeH, Tafbl Aa backa TeMeH MONeKynanblk
3aTTapgaH TypaTbiH 6ail XMMUAABIK Kypamfa e 6ONFaHAbIKTAH, YAKEH KbI3bIFYLWbIIbIK
Tyabipagbl. byn ymbicta AnmaTbl 0b6/bICbIHAA XWHANFaH Artemisia albicerata anfaw pet
CaHAbIK XaHe canasbl Tangaybl MaKkcaTblHAa 3epTTengi. HaTukeciHge, rasgbl CYMbIKTbIKTbI
XpomaTorpaduaHbl KONAaHa OTbIPbIM, XUbIPMa aMUH }KIHE Ceri3 Ma KblLWKbl1Aapbl aHbIKTANAbI.
AMMH KbIWKbIIAAPAbIH, Heri3ri Kypambl raytamaT (2615 mr/100 r), acnaptat (1296 mr/100 r)
KoHe anaHuH (890 mr/100r); mai KbllWKbINAbIPAbIH — onenH (19,6%) xaHe AuHon (68,4%)
KblWKbIAAAPbl 60bIN Tabbinabl. COHbIMEH KaTap, aTOMAbIK 3MWCCUA CNeKTpanbabl Tangay
94ici apKblabl OH 6ip MaKpO- }KaHe MUKpPOaeMeHTTep 3epTTendi. OHbIH, iWiHAe Heri3ri Kypambl
— Ca (60,0 mr/r), K (60,3 mr/r), Mg (12,2 mr/r), Na (5,57 mr/r), Fe (3,57 mr/r). byaaH 6acka,
Artemisia albicerata-HblH, KypamblHaH OpraHUKanblK KblWKblAgap, GnaBoHoOMATap, TaHUHAED,
KYMapuHAEpP, anKkaNouaTap, CamnoHUHAEP, NOMUCAXapUATEP CUAKTbI BUONOTMUANBIK aKTUBTI
KOMMNOHEeHTTepmeH 6ipre OciMAiKTIH  binFangbinbiFbl  (6,62%), Kynginiri  (7,96%) kaHe
3KCTPaKTUBTIANIN (12,7%) aKbiHAANAbI.

TyiiiH ce3pep:Artemisiaalbicerata; 6MOaKTUBTIKOMNOHEHTTEP; MaKPO-, MMKPO3IEMEHTTED;
aMMH KbILWKbIAAP; Mal KbIWKbIAAAP.
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Artemisia albicerata 3aHMMaeT Ba)XHOe MeCTO CcpeAu OrpoMHOro pasHoobpasus
NeKapCcTBEHHbIX pacTeHui B KasaxcTaHe U npeacTasnseT 6onblioi nHTepec bnrarogapa csoen
3HAEMUYHOCTU, MEAULMHCKUM U GapMaKONOrMYeCKUM CBOMCTBAM, TaKKe B CBA3M ¢ 6oraTbim
XMMUYECKMM COCTaBOM, COCTOALLMUMA U3 aMUHOKUCNOT, }KUPHbIX KUCZI0T, MaKPO-MUKPO3JIEMEHTOB,
bnaBoHOMA0B U APYTUX HU3KOMONEKYNAPHbIX BellecTB. B gaHHoi paboTe, Artemisia albicerata,
cobpaHHasn B AAMaTUHCKOM 06nacTu Bbina Bnepsble UCCNef0BaHa C LEe/iblo KONMYECTBEHHOTO U
KayeCcTBEHHOro aHa/nM30B. B pe3ynbrate UCNO/Nb30BaHUA ra3o-KMAKOCTHON XxpomaTorpaduu, B
coctase Artemisia albicerata 6bin1 MAEHTUPULMPOBAHDI ABaALATbL aMUHO- U BOCEMb XKUPHbIX
KncnoT. OCHOBHOE CoAepsKaHMe aMUHOKMUCIOT COCTaBAAT rayTamat (2615 mr/100 r), acnaprtaT
(1296 mr/100r1) nanaHuH (890 Mr/100r); )MUPHbIX KUCAOT—0NenHoBasA (19,6%) M nnHonesas (68,4%)
KMCNOTbl. Kpome TOro, MeTo40M MHOTO3/1€EMEHTHOTO CNEeKTPaNbHOrO aHaNN3a aTOMHOW aMUcCUn
B 30/1e pacTeHuA BblM onpefeneHbl OANHHAALATD MaKPO-, MUKPO3NEMEHTOB, OCHOBHbBIMWU U3
KoTopbix asnatoTca Ca (60,0 mr/r), K (60,3 mr/r), Mg (12,2 mr/r), Na (5,57 mr/r), Fe (3,57 mr/r). Takske
6bIAM AMArHOCTUPOBaHbI BUONOrMYECKM aKTUBHbIE KOMMOHEHTbI, KaK OpraHUYecKkue KUCIOTbl,
bnasoHouabl, Ayb6unbHble BeleCcTBa, KYMapuHbl, anKkanouibl, CanOHWHbI, NoAUcaxapuabl
BMECTE C coAepiKaHnem Bnaru (6,62%), obuieit 30bl (7,96%) 1 aKCTpaKTUBHbIX BewecTs (12,7%).

KnwoueBble cnoBa: Artemisia albicerata; 6W0aKTUBHbIE

MUKPO3/1EeMEHTbI; aMUHOKUCNOTbI; XXKUPHbI€ KNCNOTbI.

KOMMNOHEHTbl;  MaKpo-,
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1. Introduction

Artemisia albicerata is a herbaceous plant of the genus
Artemisia and an endemic plant of Kazakhstan [1], which is
promising as a source of a great amount of flavonoids, as well as
individual flavonoids (rutin, quercetin-3-glucogalactoside) that
stimulate or inhibit a particular enzymatic process. Therefore,
studying such substances is crucial for medicine and
agriculture [2]. Artemisia species are usually silver green or dark
green, have pungent smell and bitter taste due to the presence
of terpenoids and sesquiterpene lactones[3]. Meticulous
phytochemical and pharmacological studies on Artemisia
species demonstrated that many of them are responsible for
various  biological activities such as antimicrobial,
antioxidant [4] and antimalarial [5]. Aerial parts and leaves are
used to treat a wide range of diseases including gastric trouble,
liver dysfunction and skin inflammation [6].

Artemisia albicerata is a largely unexplored plant that has
been mentioned in several articles related to the determination
of its phenolic composition [2,7]. Consequently, in the present
survey, for the first time, there was a study that verifies
guantitative, qualitative analysis, macro-, micro elements and
amino-, fatty acids of Artemisia albicerata which grown in
Almaty region of Kazakhstan, also, due to the fact that above
substances are effective in the fight against diabetes, metabolic
disorders and have a rejuvenating effect [8,9]. Furthermore, in
contemporary times, it is a well-known fact that obesity is
becoming a thorny problem. Amino acids improve not only
indicators of health, but also facitate the loss of weight.
Especially, arginine, cysteine and phenylalanine. Resolvins in
fatty acids contribute to the growth of nerve cells and health in
the treatment of diabetic neuropathy, which is one of the most
dangerous complications of diabetes.

2. Experiment

2.1 Plant material

Artemisia albicerata was collected and rigorously studied
by Dr. Alibek Ydyrys, The Herbarium of Laboratory Plant
Biomorphology, Faculty of Biology and Biotechnology, Al-Farabi
Kazakh National University in Almaty region, Kazakhstan at the
end of August in 2018. Subsequently, it was dried at a room
temperature in a well-ventilated room in presence of sunlight,
then cut into small pieces.

2.2 The quantitative and qualitative analysis

The quantitative and qualitative analysis of bioactive
constituents of Artemisia albicerata were explored according to
methods reported in the monograph [10]. The content of
extractives in Artemisia albicerata has been determined by
70%, 80% ethanol solutions in water in accordance with method
reported in the State Pharmacopeia X [11].

2.3 The determination of fatty acids

The content of fatty acids was identified on a gas
chromatograph Carlo-Erba-4200 (ltaly) using the following
chromatographic conditions are following: carrier gas used is 4.6
grade helium supplied at the rate of 30 mL/min, flame ionization
detector temperature of 188°C, oven temperature of 230°C;
analysis time of 1 h, steel column of a size 0.4 m x 3 mm filled
with polyethylene glycol adipate (20%) on cellite-545 (China).

Sample preparation stage: 10.0 mL of methanol (90%,
Russia), 2-3 drops of acetyl chloride (40% solution, China) were
added to chloroform extracts of the studied samples and then
methylation was carried out at 60-70°C for 30 min. Methanol
was removed using a rotary evaporator, and samples were
extracted with 5.0 mL of hexane and analyzed on a gas
chromatograph [12]. The determination was made in the Kazakh
Academy of Nutrition.

© 2019 Al-Farabi Kazakh National University
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2.4 The determination of amino acids

Conditions for the quantitative analysis of amino acids: the
temperature of flame ionization detector 300°C, carrier gas 4.6
grade helium, inlet temperature 250°C and chromosorb WA-W-
120-140 mesh as a stationary phase. Aqueous extraction of
samples was hydrolyzed using 5 volumes of HCI (10% solution,
Kazakhstan) within a period of 24 h. Then, the hydrolyzate was
evaporated in a rotary machine IKA RV 10 (Germany) at 40°C
and after the centrifugation at a speed of 2,500 rpm, the
precipitation is dissolved in 2 volumes of sulfosalicylic acid
(60%, Russia). Subsequently, the extracts were eluted through
the ion exchange column with Dowex-50. After that, to the
eluates, freshly prepared one drop of 2,2-dimethoxypropane
(98%, Kazakhstan) and one volume of propanol (60%, Russia),
saturated with 1 N hydrochloric acid were added. The next step
involved appending acylating reagent (1 volume of acetic
anhydride (Russia), 2 volumes of triethylamine (Russia), 5
volumes of acetone (Russia)) to the flask through vapour with a
subsequent addition of 2.0 mL of ethyl acetate (Russia) and
saturated 1 volume of NaCl solution (Kazakhstan). Finally, the
ethyl acetate layer was evaluated on gas chromatograph [13].
The determination was made in the Kazakh Academy of
Nutrition.

2.5 The determination of macro-, microelements

The mineral composition was identified, utilizing a
Shimadzu 6200 series spectrometer. 2.52 g of raw material was
placed in a pre-calcined and accurately weighted porcelain
crucible. Then the crucible was gently heated, first letting the
substance burn at the lowest possible temperature, and the
flame was gradually increased. Calcination was performed at
500°C to obtain a constant mass. At the end of the calcination,
the crucible was cooled in a desiccator and then the resulting
ash was burned again at 600°C until a uniform gray color was
obtained. The ash of Artemisia albicerata (0.199 g) was
dissolved in 10.0 mL of 40% nitric acid by heating. After that, the
resulting solution was heated to obtain wet salts. Subsequently,
it was dissolved in 15.0 mL of 1 N nitric acid and transferred to a
25.0 mL volumetric flask for analysis.

3. Results and Discussion

3.1 The quantitative and qualitative analysis

Quantitative and qualitative analysis
constituents, moisture content, total ash and extractives were
determined in Artemisia albicerata. The results are illustrated in
Table 1.

Moisture and ash content vary within certain limits for
every plant and depends on the nature of the plant material
itself, how it is collected and dried. For Artemisia albicerata the
limit is 13%, according to the State Pharmacopeia X [11].
Therefore, the determination of these contents was necessary
to prove the good quality of Artemisia albicerata.

The largest quantity of extractives in Artemisia albicerata
was obtained with 70% alcohol. Thus, this appropriate solvent
could be utilized in the extraction. The identification of

of bioactive

extractive substances by an appropriate solvent is important as
it determines the good quality of plant for the content of
biological metabolites.

During the quantitative analysis, it became clear that the
contents of alkaloids, saponins and flavonoids are higher than
that of other biologically active substances. Accordingly, it is
logical to conclude that Artemisia albicerata could be potential
source of above, significant constituents. Investigation of
these bioactive constituents is crucial for medicine because
flavonoids are now considered as an indispensable component
in a variety of nutraceutical, pharmaceutical, medicinal and
cosmetic applications. This is attributed to their anti-oxidative,
anti-inflammatory, anti-carcinogenic
properties coupled with their capacity to modulate key cellular
enzyme function [14]. As regards alkaloids, they are important
secondary metabolites that are known to possess therapeutic

anti-mutagenic and

properties. Moreover able to prevent the onset of various
degenerative diseases by free radical scavenging or binding
with the oxidative reaction catalyst [15]. Additionally, saponins
influence plasma cholesterol levels positively and obtain
anticarcinogenic, antioxidant activities, inhibitory effect on
infectivity of HIV in vitro, in addition, protective effect on
liver injury. Prevent
atherosclerosis.

hypercholesterolemia and aortic

Table 1 - Quantitative analysis
constituents of Artemisa albicerata

of biologically active

Component Content, %
Moisture 6.62
Ash 7.96
Extractives 12.71
Alkaloids 8.30
Saponins 7.76
Flavonoids 7.26
Polysaccharides 1.44
Tannins 1.33
Coumarins 0.33
Organic acids 0.32

3.2 Fatty acids analysis

Regarding fatty acids, primarily there were oleic (19.6%)
and linoleic (68.4%) acids (Figure 1). Artemisia albicerata is
definitely one of the precious sources of linoleic acid, which is
substantial for skin health. Also, it is vital as a precursor of the
LCPUFAs that are incorporated into cell membranes in the form
of phospholipids and other lipid components [16]. This acid
increases the level of arachidonic acid, which is the main
precursor of a series
eicosanoids, which regulate a large number of physiological
processes [17].

of bioactive metabolites called
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Figure 1 — Fatty acid contents of Artemisia albicerata

3.3 Amino acids analysis

Artemisia albicerata contains glutamate (2615 mg/100 g),
aspartate (1300 mg/100 g) and alanine (890 mg/100 g) as shown
in Figure 2. Furthermore, based on the results, it is sensible to
assume that Artemisia albicerata contains almost all essential
amino acids such as valine, leucine, lysine,
methionine, threonine, tryptophan and phenylalanine and can
be used to obtain them.

3.4 Macro-, microelements

Eleven macro-, micro elements were obtained from the
ash of plant. Main of them were Ca (60.0 mg/g), K (60.4 mg/g),

isoleucine,

3000 T

2615

2500 +1

2000

1500 1

1000 +

Amount in plant, mg/100 g

432
500 A 415 396 324

Mg (12.2 mg/g), Na (5.57 mg/g), Fe (3.57 mg/g) as shown in
Table 2. It appears that Artemisia albicerata is a great source of
macro- and micro elements, which are necessary for the
functioning of the muscular, cardiovascular, immune, nervous
systems and participate in the synthesis of vital compounds,
metabolic processes, blood formation, digestion
neutralization of metabolic products.

and

Table 2 — Composition of macro-micro elements in the sample
of Artemisia albicerata

Concentration in ash, Concentration in plant,

Element
mg/g mg/g
Ca 60.0 4.73
K 60.4 4.76
Mg 12.2 0.960
Na 5.57 0.439
Fe 3.57 0.282
Mn 0.321 0.0253
Zn 0.182 0.0144
Cu 0.0589 0.00470
Ni 0.0382 0.00300
Pb 0.0114 0.000900
Cd 0.00120 0.000100
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Figure 2 — Amino acid contents of Artemisia albicerata

4. Conclusions

To sum up, the investigation of phytochemical constituents
of endemic plant Artemisia albicerata grown in Almaty region of
Kazakhstan has been made for the first time. This research
demonstrated total biologically active components, twenty
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amino and eight fatty acids, eleven macro-micro elements of
Artemisia albicerata, as well as constituent importance of these
substances. According to the results of the present study, it has
been proven that this plant is one of the valuable sources of
alkaloids, saponins, flavonoids, moreover, linoleic acid,
aspartate, glutamate and alanine, furthermore, macro-micro
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elements, such as Ca, K, Mg, Na and Fe. Thus, it is logical to  That’s why, the results indicated in the article prove the
conclude that presence of these bioactive constituents in  necessity to a further thorough study.
Artemisia albicerata may indicate that the plant contains

substances capable to prevent cardio vascular diseases, stroke Acknowledgements
and breast cancer, also, to promote a better brain activity,
transamination reactions, the production of immunoglobulin The work was supported by grants from Ministry of

and antibody synthesis, to enhance immune system and provide ~ Education and Science of the Republic of Kazakhstan (IRN:
energy for brain, central nervous system and the muscle tissues. ~ AP05133199).
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Synthesis of new composite
materials for processing of
methane into important
petrochemical products

2Kaumenova G.N., **Zhumabek M.,
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The aim of this research was to develop the technology of new composite material synthesis
for the processing of natural gas methane into olefins. The effects of technological parameters
(temperature, volumetric rate, reaction mixture composition) on methane’s oxidative conversion
into important petrochemical products has been studied. The paper presents data on methods
developed for synthesis and physicochemical characteristics of catalysts. The technological
parameters of the process conducted by means of integrated automated laboratory setup were
optimized. It has been established that 10% K-30% Mn-10% Nb/50% glycine catalyst prepared
by the solution combustion synthesis (SHS) method in solution was active for olefin formation
at oxidative transformation of mixture 41.8% CH,+16.2% O, +42% Ar at a volumetric velocity of
3500 h. It was determined that at T=800°C, yields of C H, and CH, were 3.3 and 14.3%,
respectively.

Keywords: methane; catalytic oxidation; solution combustion synthesis; ethylene; hydrogen.
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Anmarbl, KasakctaH
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3epTTey MakcaTbl MeTaHAbl MaHbi34bl MYHAaNXMMUANBLIK ©Himaepre KalTa eHJaeyae
aHa KOMNO3WUTTI maTepuangapibl cuHTesgey 6onbin Tabblnagbl. MeTaHHbIH MaHbI3AbI
MYHaUXMMUANBIK OHIMAepre TOTblfa allHany PeakUMACbIHbIH, TEXHONOTUANBIK NapameTpaepiHiH,
(TemnepaTypa, Kenemaik XbingamablK, PeakumanblK KOCNaHblH Kypambl) acepi 3epTTeniHai.
Makanaga AaliblHAANFaH KaTanusaTopnapAblH, CUHTE3aey aaicTepi MeH GU3NKa-XMMUANBIK,
KacueTTepi  yCblHbINFaH. ABTOMATTaHAbIPbINFAH  3epTXaHaNblK  KOHAbIPFbIAA  YPAICTiH,
TEXHONOTUANBIK NMapameTp/iepi oHTalnaHabIpbinfFaH. EpiTiHaiae e34iriHeH TapanaTtbiH XoFapbl
Temnepatypanbl cuHTes (BTHTC) saicimeH 10% K-30% Mn-10% Nb/50% ravumH aanbiHaanFaH
KaTanusatopaa ﬁaCTaI'IKbI peakuusanblk - Kocna  41,8% CH, +16,2% 0,+42% Ar, kenemaik
*KblngamablFbl 3500 caf?! TOTbIKTbIpFaHAa onebuUHAEpAiH, Tysmy 6enceH,a,|n|r| aHbIKTa/IbIHAPI.
3epTTey HaTukenepi T=800°C kesiHae C, H,kaHe CH, weifbimaaps 3,3% aHe 14,3% KYPaWTbIHbI
aHbIKTaNbIHAbI.

TyiiH ce3pep: meTaH; KaTaNu3AiK TOTbIFy; ©34iriHEH TapanaTbiH XOFapbl TemnepaTypanbl
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Llenbto paHHOro wuccnenoBaHua 6bio  pa3paboTaTb TEXHONOTMIO CUMHTE3a HOBbIX
KOMMO3ULMOHHbBIX MaTepuanoB Ana nepepaboTkM meTaHa B BaKHble HedTexMumuyeckue
npoAyKTbl. MccnenoBaHo BAMAHME TEXHONOTMYECKMX MapameTpoB (TemnepaTtypbl, 06bemHOM
CKOPOCTHM, COCTaBa PeaKLMOHHON CMecW) peakumu OKMCAUTENbHOTO MpeBpalLeHWUs MeTaHa
B BaKHble HedTexMmuyeckme NpoAyKTbl. B cTaTbe npencTaBneHbl AaHHble pa3paboTaHHbIX
MeTOA0B CWMHTE3a W YCTAaHOB/EHbl (GU3IMKO-XMMUYECKME XapaKTEPUCTUKM KaTa/in3aTopoB.
ONTMMMU3NPOBAHDI TexHONormyeckune napameTtpbl npouecca, nposeaeHHOro Ha
aBTOMaTU3MpPOBAHHOWN N1abopPaTOPHON yCTaHOBKE. YCTaHOBIEHO, YTO aKTUBHbIM M0 06pa3oBaHuIo
onedumHoBNpU OKMCHMTeanOM npespawenun cmecn41,8% CH,+16,2% O,+42% Arnpu obbemHol
ckopocTu 3500 4yt asnsetca 10% K-30% Mn-10% Nb/SO% rnMu,MH KaTanm3aTop, NPUTrOTOB/IEHHbIN
MMETOL0M CamMOopPacnpoOCTPOHAIOLLErocs BbliCOKOTeMnepaTypHoro cuHTe3a (CBC) B pacTtBope.
OnpepaeneHo, yto Nnpu T=800°C BbIXOA, C,H 1 CH, cocTasnser 3,3% 1 14,3%, COOTBETCTBEHHO.

KnioueBble €n0Ba: MeTaH; KaTa/IMTUYECKOE OKUC/IEHUE;
BbICOKOTEMMEPATYPHbIN CUHTES; 3TU/IEH; BOLOPOA,
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1. Introduction

The world’s oil reserves are decreasing every day due to
the continuous production and their processing using the most
modern technologies. Scientists all over the world are looking
for various raw materials and methods to use the vast resources
of natural gas as a substitute for petrochemicals. In this regard,
considerable attention is drawn to natural gas as an alternative
source of raw materials for petrochemical industries.

According to the annual Statistical Review of World Energy
— 2018, published by British Petroleum (BP) at the end of 2017,
proven natural gas reserves in the world are estimated at 193.5
trillion cubic meters.

Kazakhstan ranks 15" in the world and 4" in the CIS of
natural gas reserves. The prospects for the development of the
global gas processing industry are associated with the creation
and introduction of new catalytic environmentally friendly
technologies for producing of olefins, based on production of
polymers, alcohols and motor fuels. Gas processing plants in
Kazakhstan are currently engaged mainly in the purification of
gases from water, impurities of carbon dioxide and hydrogen
sulfide for their use for domestic purposes. This situation is
associated with the lack orabsence of new catalytictechnologies
for the directed processing of light C,-C, alkanes. There are no
production facilities for the production of olefins, plastics,
motor fuels and other products whose demand is met by
imports. Therefore, an important task is the intensive
development of the industrial processing of light hydrocarbon
raw materials, the reserves of which far exceed oil reserves.

It is known that natural gas is 90% methane. Oxidative
dimerization of methane to ethylene, which allows obtaining a

number of petrochemical products, such as polyethylene,
polystyrene and many other chemical products, is of
considerable interest. This is primarily due to the low
cost of methane compared to other hydrocarbons [1].
Development of new efficient catalysts for the selective
oxidation of light alkanes is still at the research and development
stage [2-5].

In the work of Karakaya [6], the Mn/Na,WO,/SiO, catalyst
was studied for the oxidative dimerization of methane. The
catalyst was prepared by impregnation methods. The influence
of temperature, volumetric rate and the ratio of reaction gases
were investigated. It is determined that methane conversion is
38% at a volume rate of 390 h. The maximum ethylene yield
was 16% at 750°C and a gas ratio of CH4/OZ=2.

In[7] Sr-Al, La-Sr-Al and NaZWO4—Mn/SiO2 series of
catalysts were prepared by solution combustion synthesis (SCS).
The activity of catalysts was investigated at 450-850°C and
CH,:0,:N,=32:8:10 ratio, the linear velocity of gases was 50 mL/
min. During the experiments, it was determined that catalysts
were not active in the temperature range of 450-600°C. The Sr-
Al series of catalysts, where Sr/Al=1.25, were active. It was
found that the maximum yield of C, hydrocarbons on the Sr/
Al=1.25 catalyst at ~ 800°C was 11.5% with C2H4/CZH6=4.5 ratio.
For each catalyst of the La-Sr-Al series, the C, hydrocarbons
yield and ethylene/ethane ratio were measured over a wide
temperature range. The highest ethylene yield of 12.3~13.0%
was achieved at 720°C, and the CZHA/C2H6=1.7 and 1.6 ratios,
respectively. It was found that the 10% Na,WO,- 5% Mn/SiO,
catalyst was the most highly active and selective one which
provides the maximum yield of C, hydrocarbons at 750°C (21%)
with the C,H,/C H =2 ratio.

© 2019 Al-Farabi Kazakh National University
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In [8] the Mn-Ce-Na,WO,/SiO, catalysts prepared by the
impregnation method were investigated for oxidative
dimerization of methane. In particular, due to the double
advantages of the tubular membrane reactor, a high methane
conversion of 60.7% with selectivity of C,, 41.6%, ethylene/
ethane ratio of 5.8% and ethylene yield of 19.4% at a volumetric
rate of gas hourly space velocity (GHVV)=6050 ml-g*-h* was
achieved.

It is known that self-propagating high-temperature
synthesis (SHS) contributes to the production of catalytically
active, heat-resistant, nanostructured and promising composite
materials. In the present work, the catalysts tested in the
process of oxidative conversion of methane into important
petrochemical products were prepared by the method of
combustion in a solution.

2. Experiment

2.1 Catalyst preparation

The experimental part presents the results of the study of
the activity of the following catalysts:

1.5% K —3.5% Mn/AlSi;

1.5% K —3.5% Mn/AlSi+50% urea;

10% K —30% Mn — 10% Nb/50% glycine.

The catalytic systems were synthesized by the method of
impregnation in air and by solution combustion synthesis.

The developed compositions of catalysts were prepared
by capillary impregnation of mixed aqueous solutions of metal
nitrate salts supported on carriers by moisture capacity,
followed by drying at 200°C for 2 h. Calcinations of samples at
500°C for 2 h in air was carried out for decomposition of
supported metal salts and corresponding volatilization of
nitrates from the catalyst surface.

The catalysts using the SCS method were prepared [9-11].
Thus, certain amounts of nitrates of the corresponding salts
were weighed to prepare a catalyst. These salts are pre-ground
in an agate mortar and then mixed in a porcelain dish. Then 10
mL of distilled water is gradually added to this mixture of salts;
the mixture is stirred in air for several minutes until complete
dissolution.

The muffle furnace was previously turned on to the
required temperature (in our case, up to 500°C). The prepared
mixture from a porcelain cup is transferred to a 200 mL heat-
resistant glass beaker and placed in a heated muffle furnace.
After 2-3 min with an incomplete opening of the door of the
muffle furnace, it is visually possible to observe burning in the
solution, at which this mixture rises along the walls of the glass
during rapid boiling. Urea and glycine were added to the
composition of SCS catalysts to improve the combustion
process. The presence of glycine or urea in the composition of
catalyst contributes to a change in the color of solution into
brown color during combustion. Then the glass is cooled in air,
and the finished catalyst is placed in glass cups.

2.2 Characterization techniques

Analysis of the initial mixture and the reaction products

was performed using “Chromos GC-1000” (Russia)
chromatograph, which was equipped with packed and capillary
columns. The packed column is used for the analysis of H, O,
N, CH, CH,, CH,, C-C, hydrocarbons, CO and CO,. A capillary
column is used to analyze liquid organic substances, such as
alcohols, acids, aldehydes, ketones and aromatic hydrocarbons.
Temperature of the detector by thermal conductivity — 200°C,
evaporator temperature — 280°C, column temperature — 40°C.
The speed of the carrier gas (Ar) is 10 mL/min. The
chromatographic peaks were calculated from the calibration
curves plotted for the respective products using the “Chromos”
software for pure substances. Based on the measured areas of
the peaks corresponding to the amount of the introduced
substance, a calibration curve V=f(S) was constructed, where
V — amount of substance in mL, S — peak area in cm?
Concentrations of the obtained products were determined on
the basis of the obtained calibration curves. The balance of
regulatory substances and products was £3.0%.

2.3 Physico-chemical methods

The specific surface area and measurement of the pore
distribution of the developed catalysts were studied by the BET
method (Bronauer-Emmett-Teller) on a GAPP V-Sorb 2800
analyzer (China). Nitrogen with helium was used as carrier gas.
BET method was carried out at Advanced Ceramics and
Composites Laboratory,
Nanotechnology NCSR “Demokritos” (Athens, Greece). Nitrogen
with helium was used as carrier gas.

Morphology, particles size, chemical composition of initial
and worked out catalysts were performed on transmission
electron microscope TEM-125K with enlargement up to 66000
times by replica method with extraction and micro diffraction.
Carbonic replicas were sputtered in universal vacuum station,
and carrier of catalysts was dissolved in HF. Identification of
micro diffraction patterns was carried out by means of ASTM
cart index (Ukraine).

Natural gas with a methane volume of at least 99.99%
(LLC “Cryogen”, Kazakhstan) is the main object of study.

Institute of Nanoscience and

3. Results and Discussion

The paper presents data of activity of 1.5% K-3.5% Mn/AlSi
catalyst prepared by impregnation for the oxidative conversion
of the 34% CH,+17% 0,+49% Ar mixture at the volumetric rate
of 6500 h?. As can be seen from Figure 1, the yield of the
reaction products increases with increasing the reaction
temperature from 650 to 900°C.

The formation of products of partial oxidation —H, and CO,
complete oxidation — CO,, and the target reaction products —
CH, and CH, is observed in the oxidative conversion of
methane. It should be noted that the process goes towards the
formation of H, and CO. The yields of products increase with
increasing reaction temperature. CO, is produced in smaller
amounts, the yield of which also increases with increasing
temperature. The yield of ethane and ethylene does not exceed
5% at all temperatures.
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Figure 1 — Effect of a reaction temperature on the product
yield of the oxidative conversion of methane on
1.5% K-3.5% Mn/AlSi catalyst

The active phase of 1.5% K-3.5% Mn was introduced into
AlISi+50% urea mixture, followed by preparation of catalyst by
SCS method for oxidative conversion of 66% CH,+34% O,
mixture at CH,:0,=2:1 ratio and 6500 h* space velocity without
diluting the reaction mixtures with argon. As can be seen from
Figure 2, the yield of reaction products increases with increasing
the reaction temperature from 650 to 900°C. In this case, H,,
CO, and CO,, the yield of which increases with increasing
reaction temperature, are also the main reaction products. The
yield of ethylene also does not exceed 5% at all temperatures.

——H, —8-CO —4—COp ——CyHg —+—C)Hy

40 q

30

Yield (%)

10

600 650 700 750 800
T (%)

* *—
850 900

Figure 2 — Effect of reaction temperature on the product yield
of the oxidative conversion of methane on 1.5% K-3.5% Mn/
AlSi+50% urea catalyst

Data on the activity of the developed three-component
10% K-30% Mn-10% Nb/50% glycine catalyst prepared by the
SCS method for oxidative conversion of
41.8% CH,+16.2% O,+42.% Ar mixture at a space velocity of
3500 h™ and CH,:0,=2.5:1.0 ratio will be given. As can be seen
from Figure 3, the three-component composition with the
addition of niobium showed good activity in relation to the
formation of olefins compared with the two-component
compositions of catalysts prepared in various ways. The yield of

ISSN 1563-0331
elSSN 2312-7554

C,H,and CH, also increases with an increase in the reaction
temperature from 600 to 800°C. At a temperature of 800°C, the
yield of C,H, passes through a maximum and decreases again
with increasing temperature to 900°C. The yields of H,, CO and
CO, slightly change with increasing temperature and vary within
2-3%. Thus, the optimal temperature for the formation of C,H,
at which the yield is 14.3%.

16 7 ——Hy —B-CO —4-CO; —=CyH =—+-CHy

Yield (%)

T (%)

Figure 3 — Effect of reaction temperature on the product yield
of oxidative conversion of methane on 10% K-30% Mn-
10% Nb/50% glycine catalyst

Thus, the activity of the developed two- and three-
component catalytic systems prepared by impregnation and
SCS method in the oxidative conversion of the methane of
natural gas was investigated. It was established that
10% K-30% Mn-10% Nb/50% glycine catalyst prepared by the
SCS method is the most active in formation of C,H, among the
studied compounds. It was found that 800°C is the optimum
temperature for the formation of 3.3% CH, and 14.3% CH, in
the process of oxidative conversion of the mixture
41.8% CH,+16.2% 0O,+42% Ar with a ratio of CH,:0,=2.5:1.0and a
space velocity of 3500 h?.

In addition, the methods for synthesis of the developed
catalysts were determined, and the physicochemical
characteristics of the catalysts were established. Developed
applied K-Mn catalyst was studied by the BET method (Figures 4
and 5).

It is known that five types of hysteresis loops were
identified and correlated with various pore shapes by De Boer.
Hysteresis type A corresponds to cylindrical supports, type B is
associated with slit-like pores, hysteresis type C and D are
wedge-shaped pores, and hysteresis type E is produced by the
pores of the neck of the bottle. The isotherm of adsorption and
description of applied K-Mn catalyst shown in Figure 4
correspond to the first type of hysteresis A [12].

From the data of Figure 5, it can be seen that a significant
amount of pores have a size of up to 10 nm. This, in turn, is an
important characteristic of catalyst, on the basis of which it can
be concluded that the developed catalyst is nanoscale.
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Figure 4 — Isotherm of adsorption and desorption of applied
K-Mn catalyst

This conclusion is also confirmed by electron microscopic
studies of catalysts. Figure 6 shows the electron microscopy
and electron microdiffraction data of the accumulation of
particles whose sizes vary from 5-10 nm to 50 nm or more. The
microdiffraction (a) pattern is represented by symmetric and
separate reflexes and can be related to the phase mixture:
a-KO, (JCPDS, 8-351), e-MnO, (JCPDS, 12-141), KAIO, (JCPDS,
2-897), Mn.AlSi.0, 3H,0 (JCPDS, 18-1286) and perhaps
MnALO, Galaxite (JCPDS, 29-880), K,Si, 0, (JCPDS, 26-1463),
AIZMn408 (JCPDS, 16-205).

Figure 6b shows small accumulations of small dense
particles with a size of 4-5 nm. The microdiffraction pattern is
represented by a small set of weak diffuse rings and can be
attributed to a mixture of phases: a-Mn,0, (JCPDS, 24-508) and
K,0, (JCPDS, 32-827). Figure 6c shows large translucent and
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Figure 5 — Differential dependence of pore size distribution on
applied K-Mn catalyst

dense particles with sizes ranging from 50-100 nm to 200 nm or
more. The microdiffraction pattern is represented by a small set
of reflexes and can be attributed to a mixture of phases:
a-K,Si0,(JCPDS, 31-1076), Mn,(SiO,),(OH), Allghanyite (JCPDS,
22-726), B-MnO, Pyrolusite (JCPDS, 24-735), e-MnO, Akhtanslite
(JCPDS, 30-820) and K, , Mn, ,,0,(JCPDS, 30-950).

Thus, the influence of technological parameters of
reaction on the yield of target products was established. The
study of catalytic oxidative conversion of the main components
of natural gas is methane was carried out on the developed
catalytic systems by varying the reaction temperature, space
velocity and ratio of the main gases in reaction mixture in order
to obtain the optimal amount of desired reaction products.
Process parameters on an effective catalyst in an integrated
plant were optimized.
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Figure 6 — Electron microscopic images of the 5% K-Mn catalyst (x 66000)

4. Conclusions

Thus, synthesis methods developed, and
physicochemical characteristics of catalysts were established.
Technological parameters of the process, conducted in an
integrated automated laboratory setup, were optimized.

It was established that 10% K-30% Mn-10% Nb/50% glycine
catalyst prepared by SCS method is active for production of
14.3% C,H, in oxidative conversion of 41.8% CH, +16.2% O,+

42% Ar at 800°C and space velocity of 3500 h*.

were

It follows from the results that it is possible to optimize the
process of oxidative conversion of methane by selecting the
optimal technological parameters of the reaction and improving
the composition of the catalysts.
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B HacToswen paboTe wccnefoBaHa KaTanuTMdeckas akTusHocTb K,CO, B peakuuu
KapbokcunvpoBaHua dpeHona HaTpuinaTUaKkapboHaTtom. Bbina noctasneHa 3ap,aqa paspaboTkun
HoBoro 3ddekTMBHOrO cnocoba MONYYEHUA CaNULUAOBON KUC/IOTbl, KOTOPas HaxoguT
LUIMPOKOE MNPUMMeHeHWe B KayecTBe (papmaleBTUYECKMX M APYrUX Npenapatos, a TaKke B
KavecTBe 3QDEKTUBHBIX CTUMYNATOPOB POCTa PACTEHUN NMPUMEHAEMbIX B CE/IbCKOM X0O3AICTBE.
Hanbonee pacnpocTpaHeHHbIM CNocobom CUHTE3a CaNULMIOBOM  KUCAOTbl  ABAAETCA
KapbokcunmposaHue deHona no peakuun Konbbe-LLmuara, KOTOpbIN UMeeT paj cepbesHbIX
HepocTaTkoB. OAHUM M3 anbTEPHATUBHbIX METOAO0B ABAAETCA MPUMEHEHUE LWEeNOYHbIX conew
MOHO3MPOB Yro/ibHOW KMCAOTbI B KayecTBe KapboKcuaumpytowero peareHta ¢eHona. C uenbto
ycoBepLUEHCTBOBaHMA cnocoba NosyYeHna caanLMA0BOM KMCNOTbI BNiepBble bbina ncciegosaHa
KaTanuTMyeckas aKTMBHOCTb KaTanusatopa K,CO, B peakuuu kapbokcunuposaHua deHona
HaTpuiaTUNAKapboHaToM. U3yueHo BAUAHUE napameTpos npoBeAeHUA NpoLecca (TemnepaTtypa,
AaBneHune, NPOAOIKUTENBHOCTb PeaKL MK, COOTHOLIEHUA KaTaansaTopa K Kapbokcuampyiouiemy
peareHTy) Ha BbIXOA, LENeBOro nNpoAayKTa. HailaeHbl onTWManbHble YCNOBWUA NpOBeAeHUA
npouecca: T=160°C, P_ =10 atm, T=7(4+3) u., [K,CO,]:[H3K]=0,07:1, npn KOTOPOM BbIXOA, LLeN1€BOrO
npoaykTa coctasun 80%. bbian onpeaeneHsl BbIXO,CI,bI LLleneBoro NpoAyKTa KapboKkcnamposaHua
beHona HaTpuiiaTUIKapboHaTom B NpUCyTCTBUN 1 6e3 K ,CO,. HalipgeHo, uto K,CO, npossnset
KaTa/IMTUYECKYIO aKTUBHOCTb B laHHOM peakummn Kap6OKCVII1VIpoBaHMFI

Kniouesble cnosa: kapbokcunmposaHue; GeHon; HaTpuinaTuAKapboHaT; KapboHaT Kanus;
CannUMNOBasA KMUCNOTA.
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ymbicTa deHonabl HaTpuiiaTunkapboHaTtneH Kapbokcungey peakuuacbiHaa K,CO, -
TiH aTanuUTUKaNbIK aKTUBTINIr 3epTTenreH. PapmaueBTUKaANbIK KaHe ecimAikTepaiH ecyiHe
KYaTTaHAbIPFbIW peTiHAe aybin LWapyawblAblfbIHAA KaHe T.6. npenapaTrapfa KeHiHeH
KONAAHbIC TabaTblH Ca/NMLUMA KbIWKbINBIH anyAblH KaHa, OHTalAbl dA4iCiH acay MmakKcaTbl
KoMbInAbl. Canuuna KbIWKbINbIH anyAblH, €H KeH TapanfaH aaici Konbbe-LUMmaT peakuymacol
60MbIHWa CiNTiNik meTanaapabiH, GeHoNATTapbIiH Kapbokecungey 6onbin caHanagbl, 6ipak OHbIH,
bipHewe MaHbI3abl Kemuwiniktepre ne. Ocbl agicTepaiH, 6ipi — deHongapabl kKapbokcunaey
peareHTi peTiHAE KOeMip KblIWKbIAbIHbIH, CIATiNIK Ty34apbliHblH, MOHO3GMpPAEpiH KongaHy
6onbin Tabbinagabl. CanuUUA  KbIWKbIABIH - aNyAblH KaHa TaCiNiH AambITy MaKcaTbiHAa
deHonabl HaTpuitaTuakapboHaTneH Kapbokcungey peakunacbiHaa K,CO, KaTanus3aTopbiHbIH,
KaTaNUTUKaNbIK aKTUBTINIri 3epTTensi. MpouecTi )Kypri3yaiH napameTpnepiHiH acepi sepTrenreH
(TemnepaTtypa, KbiCbiM, PeaKUMAHbIH, KYPY YyaKbITbl, KaTanu3aTop MeH KapboKkcungeyuwi
peareHTTiH KaTblHacbl). MpouecTi XKy3ere acblpyablH, OHTaNbI )Karp,ﬁnapbl Tabbingbl: T=160°C,
P.,=10 atm, t=7(4+3) u, [K,CO,]:[H3K]=0,07:1, maKcaTTbl eHim wbifbimbl 80,0%. ®eHonabl
HanmwamnKap60HaTneH K CO KaTann3aTopbl KAaTbICbIHAA KSHE KaTbICbIHCbI3 KapboKcunaey
peaKuMACbIHbIH, MaKcaTTbl SHIM LWbIFbIMbI aHbIKTanabl. Kapbokcungey peakuumacoiHaa K,CO,
-AblH KaTaNUTUKaNbIK BenceHainik kKepceTeTiHi aHbIKTanAbl.

TyiiiH ce3pep: Kapbokcungey; beHon; HaTpuiiaTUAKapboHaT; Kanuit KapboHaTbl; cannuumn
KbILKbIbI.
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The catalytic activity of K,CO, in the carboxylation reaction of phenol with sodium ethyl
carbonate has been |nvest|gateciZ The aim of the research was to develop a new efficient method
for producing salicylic acid which is widely used in pharmaceuticals and other type preparations,
also used in agriculture as an effective plant growth promoter. The most widespread synthesis
method of salicylic acid is the Kolbe-Schmitt of phenol carboxylation, but it has a number of
serious disadvantages. One of the alternative methods is the use of alkali metal salts of mono
ethers of the carbonic acids as carboxylating agents in the carboxylation of phenol. In order to
improve the method of production of salicylic acid, the catalytic activity of the K,CO, catalyst
at the carboxylation of phenol with sodium ethyl carbonate was studied for the first time.
The effect of the process parameters (temperature, pressure, reaction time, ratio of catalyst
to carboxylating agent) on the yield of the target product was studied. It was found optimal
conditions: T=160°C, P_,,=10 atm, t=7(4+3) h, [K,CO,]:[SEC]=0.07:1 at which the yield of the target
product was 80%. The yields of the target product at phenol carboxylation with sodium ethyl
carbonate in the presence and without K2CO3 were determined. It was found that K,CO, shows
the catalytic activity during carboxylation reaction.

Keywords: carboxylation; phenol; sodium ethyl carbonate; potassium carbonate; salicylic
acid.
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1. BBepeHue

B nocnesHee BpemsA Bbi3biBaeT 60/bWON  MHTEpec
npobsema MCMNO/b30BaHUA AMOKCMAA Yrnepoga B KadyecTse
MCTOYHMKA Yrneposa B OpraHMYecKom CuHTese. YTuausaums
OMOKCMAa yrnepoAa B XMMUUYECKOM CUHTE3e MMeeT TaKKe
Ba)KHOe MNPMPOLOOXPaHHOE 3HayeHWe, TaK Kak sABAAeTcA
OA4HUM W3 NyTelW CHUNKEHWA aHTPOMOreHHbIX BbI6POCOB
OMOKCMAa yrnepoga — F1aBHOTO KOMMOHEHTA MapHMKOBbIX
rasos, B aTmocoepy. OgHMM M3 Hambosiee MepCrneKkTUBHbIX
Hanpas/eHW MCNOAb30BaHMA AMOKCMAA yrnepoga B
OpraHMYecKOM CUHTE3e ABAAETCA CMHTE3 Ha ero OCHOoBe
KapbOHOBbIX Mpumepamm
NPOMbILWIEHHOrO NPUMEHEHUA AMOKCUAA YIIepOLa B AaHHBIM
HanpaBNeHUW ABAAOTCA CUHTE3 Kapbamuga
LeNCTBMEeM QMOKCMAA YIAepoAa U aMMUaKa M NMPOU3BOACTBO
CaNMUMNOBON KUCAOTbI KapboKcuanpoBaHnem  ¢deHonaTa
HaTpUA AMOKCMAOM Yrnepoaa.

MoneKkyna AWOKCUAA Yyrnepoga ABAAETCA MHEPTHOW

KMCNOT M UX NPOU3BOAHDbIX.

B3auUmMo-

nogasnstoliee 60NbWMNHCTBO PEAKLUN C Y4acTUEM AMOKCUAA
yrnepoga npoTeKaeT B onpeaesieHHbIX YyCA0BUAX (MpUmeHeHne
KaTa/M3aTopOoB, KECTKME YCA0BMA NpOBeAEeHMA npouecca).
AsTopamu [1] 6b110 NpoM3BEAEHO NPAMOE U pernoceseKTUBHoe
KOHAEHCUPOBAHHbLIX apPOMATUYECKUX
CoefMHEHUI AMOKCMAOM Yrneposa C MOMOLLbIO KUCAOTbI

KapboKcunnpoBaHue

Jlbtonca. Takum obpasom, 06paboTKa HadpTannHa, aHTPaLLEHA U
deHaHTpeHa guokcugom yrnepoga (3,0 Mla) B 6eHsone npu
40°C B npucytcteum AlBr, paet 1-HadToWHylO KuCaOTY,
9-aHTpaueHKapboHOBYO KUCNOTY U 9-peHaHTpeHKapHbOHOBYO
KUCNOTY B KayecTBe eAMHCTBEHHOIO0 KMCAOTHOrO NPOAYKTa C
BbIxogamu 43, 20 n 34%, cOOTBETCTBEHHO.

PernocenektmsHas d)yHKLI‘VIOHaJ'Il'BaLI‘VIH KOHOEHCU-
poOBaHHOro apomaTuyecKoro coegunHeHusa, nmerouiero
MHOXeCTBO PeakLMOHHbIX y4aCTKOB C O,D,MHaKOBOi;I

peaKkLMOHHOM CNOCOBHOCTbIO, ABAAETCA CNOMHOW 3ajayen.
BA)KHOM rpynnon B
OpraHMYeCcKon XMMnUM, apomaTUiYecKme KapboHOBbIE KUCAOTI,

XoTa kKapbokcurpynna u sABnsfetca

KaK NpaBmo, NO/y4atoT KOCBEHHbIMU METOAAMM, TAKMMM KaK
BBeAeHMe 6OKOBbIX afKMAbHbIX Lenei ¢ nociesylolmm

OKUC/NIEHMEM WAM  0BpasoBaHWEM  apUAMETaNANYECKUX
coefuHeHWU ANA  panbHelwero pobasneHus AMOKCMAa
yrnepoga, MOCKO/MbKY  AOBOMbHO  TPYAHO  3aMeHWTb
apomaTuyeckuii BogopoL Ha Kapbokcu rpynny. K Takum
npAMbIM  Mpoueccam  KapbOKCMAMPOBAHMA,  OTHOCATCA
aumnuposaHue Ppugens-Kpadptca ¢ocreHom uam  ero
CMHTETUYECKMMW  3KBMBaneHTamu [1,2],  KaTanuTuuyeckoe

KapbOKCUAUPOBAHME MOHOOKCMAOM WAU AMOKCUAOM Yrie-
KapboKcunmpoBaHue
obpasytowmxca B
pesynbrate XMMMUYECKUX MU INEKTPOXMMUYECKUX peakuuit,

posa ¢ nomouwbto nannagms (Il) [3],
APOMaTMYECKUX aHMOHHbLIX PagMKaNos,

BOCCTAHOBNEHMEM WAM GOTOMHAYUMPOBAHHLIM MEPEeHOCOM
3/1eKTpoHa [4], nobasneHne OUKapbOKCUAMETUIBHOTO
pagmKana, 06pasytoLLeroca M3 MasioHOBOW KMCOTbI U aLeTaTta
mapraHua (lll), nocnegywolwmm npespalieHMem MNONYYEHHON
OVKapboHOoBOW KMcOThI [5], U KaTannsmpyemoe kagmuem (l1)
TpaHCKapbOKCMAMPOBAHME  LLENOYHbIM  METANIOM  COAel
apomMaTMyeckmx KapboHOoBbIXx KucnoT[6]. OpgHako oOHM
obnapatoT HU3KUM BbIXO4,0M " HeLoCTaTOYHOM
pervocenekTMBHocTblo [7]. B xoAe [AaHHbIX WMCCAeLOoBaHWMA
peakumit  reTepoKYMyNeHOB,KaTaAN3MPYyEMbIX  KUCAOTOM
Nibtonca [8] 6bin0  06HapyXKeHOo, YTO KOHAEHCUMPOBAHHbIE
apomaTuyeckue coesMHeHNa MOryT 6bITb HENOCPEACTBEHHO U
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pervocenekTMBHO  KapboKcuaMposaTbca  C
yrnepoga B MPUCYTCTBUU KUCNOTbI Jlblomca. BHumatenbHoe
u3yyeHue nuTepaTypbl Nokasano, 4yto Hoppucu u apyrue,
coobwmnm o npototune ewe B 1940 r [9]. OHM 0BHapyKUANK,
YTO Me3UTU/IeH pearMpoBan C AMOKCUAOM yraepoga B
npucytcteum  AlBr, c obpasosanuem 2,4,6-TpumeTnnbeH-

AMNOKCMAOM

30MHOM KWUCNOTbl C BbIXOAOM 27%, 4YTO COMPOBOXAANOCh
aunnuposaHvem cybctpata Ppupgena-Kpadrca 6eHsonHowM
KUCNOTOM A0 nonyyvenua amn-2,4,6-TpumetundeHunnkeToHa c
BbIxogom 45%.
peakumn Hoppuca, nocne 3TOro OHa /NnLWb B PeAKUX Caydasax
nossnaanacb B pasHbix pabotax [10]. B paHHoM pabote
coobuatoTcs npeaBapuTeibHble 3TOro
oyeBugHoro KapbokcunuposaHua Tuna Ppugena-Kpadtca
KOHAEHCUPOBAHHbIX apPOMaTUYECKMX coeguHeHn [11].
KoHpeHcMpoBaHHble apoMmaTUyecKne coeMHEeHNUA MoryT
6bITb KaPOOKCUAMPOBAHbBI C AUOKCUAOM YIEPOAA C MOMOLLbIO
Kncnotbl  Jlbtonca.  BbiCOKaA  pernocenekTMBHOCTb U
OTHOCUTE/IbHO XOpOLUME BbIXOAbl NMPOAYKTA XapaKTepHbl ANA
3TOM  peaKkuuu, KOTOpas MOXKeT  KOHKypupoBaTb C
TPaAMLMOHHBIM MHOFO3TanHbIM CUHTE30M 3TUX KapbOHOBBIX

HeCMOTpH Ha MNOTeHUWMa/IbHYHD Ba*XHOCTb

pesynbTathl

KMCAOT.
Kak NPOMOTUPOBAHHanA peakuus
KapbokcunuposaHua Konbbe-Lmuara, mexaHuWsm cuHTesa

OCHOBaHMem

NPOW3BOAHbIX CaAMUMNOBON KucnoTbl u3 deronos ¢ CO, B
NPOMbILINIEHHOCTN A0 CUX MOP OCTAETCA HEACHbIM, Jaxe Mo
HacToslee BpemA. B ctatbe [12] 6bIn uccnepoBaH CUHTE3
3,6-gMxNnopcanuLmnoBom (3,6-AXCK) n3
2,5-pguxnopdeHokenga u CO, B npucytcteun K,CO,. AsTopbl
MOKa3bIBaloOT, UTO peaKL A MOXKET NPOTeKaTb cama no cebe, HO

KNUCNOTbI

C MeHblUEelN CKOPOCTbIO, a TakXe ¢ 6osiee HU3KUM BbIXOLOM MO
CpaBHEHMUIO co caydyaem ¢ gobasneHnem K,CO,. OfHaKo BbIXOA,
3,6-OXCK nnwb He3HaYMTeNbHO 3aBUCUT OT pa3mepa choa, yTo
He MOXKeT 6bITb 06BACHEHO C TOYKM 3pEHUSA KaTaUTUYECKOro
adpdekTa. CneposatensHo, K2C03 MOMET, C O4HON CTOPOHbI,
AeiicTBOBaTb KaK KaTanunsaTop akTneaumm CO,, Tak 4TO peakuma
MOMKeT b6bITb YCKOPEHa, C A4 PYroii CTOPOHbI, OH TaKKe AencTayeT
KakK copeareHT npu deHona,
obpasylouieroca B pesynbrate MNobOYHOM peaKkuuu, [0
beHoKcnpa, KOTopbl B JanbHelwem npespalLaeTca B
canauumnar.

3,6-guxnopcanmumnosas kucnota (3,6-AXCK) ssnaetcs
OCHOBHbIM MPOMEXYTOYHbIM NPOAYKTOM B MPOU3BOACTBE
3,6-4UXN0pP-2-METOKCMOEH30MHOMW  KWUCAOTbI,  repbuunga
6eH30MHOW KUCNOTbI, WMPOKO MCNOoAb3yemoro ansa 6opbbbl ¢

AenpoTOHNPOBaAHUU

Cl C
COOK OK

Cl cl

LUMPOKOANCTBEHHbBIMM COpHAKaMu " HECKONbKMMMU
[13].  3,6-OXCK
MCNOb3yeTCcA ANA CMHTEe3a HEKOTOPbIX XMMUYECKUX BELLECTB,
TAaKMX  KaK  XeMUNIOMWUHeCLeHTHble, ¢dapmaleBTMyecKue
npenapatbl U MNUrMeHTbl. [0 CpaBHEHWIO C HEeKOTOpbIMMU
OPYrMMKW  NyTAMKU  cuHTe3a u3  1,2,4-TpuxnopbeHsona u
2,5-guxnopaHmnmHa peakuma Konbbe-LUmunara
Hanbosee pacnpoOCTPaHEHHOM ANA NONYYEHUA aPOMaATUUECKUX
IMAPOKCUNbHBIX KapbOHOBBLIX KWUCNOT, 6narofapa BbICOKOM
4YncTtoTe MNPOAYKTA, a TaKXKe KaK LWWPOKaa [OCTYMHOCTb
maTepuana uctoyHuKka [14]. O6bl4HO 3,6-AXCK nonyyatoT
KapbokcunmposaHuem 2,5-auxnopdeHokcnaa (2,5-ClLPhOK),
OernapaTtMpoBaHHoOro npoaykta 2,5-guxnopdeHona  (2,5-
OX®), c AMOKCHAOM yrnepoaa B OpraHUYecKUX pacTBOPUTENSAX,
Npwv NOBbIWEHHbIX AaBJEHUAX, KaK MOKa3aHo B popmyne (1):

TPaBAHUCTbIMU pacTeHnamm TaKXe

ABNAETCA

Cl cl

OK COOK

(1)

+CO; ———

OH

Cl Cl

Mpeanonaraetca, 4TO MpM  BbLICOKMX TemnepaTypax
noboyHasa peakumsa Konbbe-LLmnara byaet umeTb MecCTo, Kak
npeacTaBaeHo B dopmyne (2) [7,14], B KOTOpOM
MOHOMEeTaN/IMYECKUI  CanuuMAaT  MOXKeT OblTb  Aanee
npespalleH B AMMeTaNIMYeCcKUii cannumnaT c obpasoBaHnem
3KBMMONApPHOro ¢eHona. B npegbigylwiem unccnegoBaHun
aBTOPOB AaHHOM paboTbl No cuHTe3y 3,6-AXCK no peakuuu
Konbbe-lUmuara [15] 6bin0 noaTBepAeHo, 4To nobouyHas
peakLuMA MOXeT MONHOCTbI0 MPOTeKaTb Yepe3 MeXaHU3M
nepeHoca npoToHa bpeHcTega — Jloypu 1, cneposaTesnbHo,
obuiee cTexMomeTpuyeckoe ypaBHeHue cuHTesa 3,6-AXCK no
peakumn Konbbe-lUmuata MOXKHO 3anucaTb B BuAe
ypaBHeHusa (3) cymmupya ypasHeHus (1) u (2), uTo o3Hauvaer,
YTo TEOopeTUYEeCKU  MaKCUManbHbi  BbIxog  3,6-AXCK
coctasnfeT Bcero 50%. CumTaeTcA, YTO 3TOT HU3KMI BbIXOA,
ABAAETCA pe3ynbTaToM MO6OYHOW peakuuu; cnefoBaTesibHO,
KNO4YeBbIM METOA0M NOBbIWeHMA Bbixoaa 3,6-AXCK asnaetca
npespaweHve  2,5-AX®, nonyyeHHoro B  pe3ynbraTe
BCnomoraTesibHOW peakuuu, B 2,5-CLLPhOK, koTopbiit fanee
MOKeT bbITb KapboKkcuanposaH [16-18].

Cl cl

COOK OH

(2)

OK

cl cl
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Cl

OK

+ CO,

Cl

Ha OCHOBaHWWM 3KCMEepUMEHTa/bHbIX WUCCAEA0BaAHUI
KPUCTaNIMYECKOM CTPYKTYPbI KapboHaTa Kaius, NpoBeaeHHbIX
Idemoto u ap. [19] u Becht un gp. B [20] 6bina onTumMU3npoBaHa
K,CO,.

31pOBaHHasA CTPYKTypa NMOPOLUIKOBOro KpUcTanna nokasaHa Ha

reomeTpuyeckans CTPyKTypa ¢a3bl Tena onTumu-
pucyHke 1. OcHosHaa macca K,CO, npuHagnexut npoct-
paHcTBeHHOW rpynne P121/cl c u4eTblpbma GOpPMYAbHbIMU
eAVHULAMM B NPUMUTUBHOW Aveinke. Ero (001) noBepxHOCTb
MMeeT CaMyo HU3KYI NOBEPXHOCTHYIO IHEPruto, rae peakuuns
Hanbonee BepoAaTHa[21]. [duoKcupg,
aKTMBUPYeTCA HAa MecTe OCHOBaHWA 6Hnarogaps ero cnabow
anekTpoadPUHHOCTU. AHanM3 pacnpeenieHUa 3/1eKTPOHHOM
naoTHocTn nosepxHocTtn K,CO, (001) nokasaH Ha pUCYHKe 2, Ha
KOTOPOM TaK¥Ke YyKasaH noTeHUManbHbii 6a30Bblii  LEHTP

yrnepoga  /erko

Jlblonca: KpacHas neTia fABAAETCA LEeHTPOM, 0boralieHHbIM
aneKkTpoHamu. CiiegoBaTesibHO, BEPXHAA CTOPOHA aToMa Kanus,
MOCTOBOM LEHTP W Monas CTOpOHa aTOMOB KMC/0poAa,
BEPOATHO, ByAyT aKTUBHbIMK LieHTpamu ana CO,.

Cl o]

COOK

Cl C

PucyHoK 1 — OnTMMmM3npoBaHHaA KPUCTANIMYECKasa CTPYKTypa
obbvemHoro K,CO,

PUCYHOK 2 — DNneKTpPOHHOE pacnpeesieHure NJoTHOCTM nosepxHocTy (001) K,CO,
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BosmoxHaa cTpyktypa CO,, apcopbupoBaHHoOro Ha
nosepxHoctn (001), 6bina  oNTUMM3MpPOBaAHa.
uccnesosanuio [22] Ceiidepta u ap. no aacopbumm CO, Ha
NOBEPXHOCTM  Xpoma, cocToAHua afcopbumm CO, Ha
NMOBEPXHOCTM OKCMAA MeTassla MOXKHO 0606WNTL B BUAE NATH
KOHUrypaumm:

(1) oanH aTom Knucnopoga CO, nepneHANKyNAPHO cBA3aH
C aTOMOM MeTanna Ha nosepxHocTH, CO, OCTaeTcs IMHeRHowM
CTPYKTYpOU;

(2) atom yrnepoga CO, aacopbupyetca Ha BepxHem
y4yacTKe MOBEPXHOCTHbIX aTOMOB MeTanna ¢ obpasoBaHMem
MOHOAEHTAaTHOro KapboHaTa;

(3) u atom yrnepoga, ¥ oAMH aToOmM Kucaopoaa Co,
B3aMMOZENCTBYIOT C MOBEPXHOCTbIO, 06pasya OGuAeHTaTHbIN
KapboHar;

(4) oba atoma kmcnopoga CO, cBA3aHbl C aTomamu
MeTaNna COOTBETCTBEHHO, B TO BPeMA KaK aTom yriepoga
Hanpas/ieH 4ytobbl O06pasoBatb cBA3b CeeeO
NOBEPXHOCTHbLIMM aTOMaMM KUCNOPOAa;

(5) To e camoe, 3a WCK/AOYEeHWEM TOro, 4TOo aTom
yrnepoga CO, HaxoAuTcs NPAMO  HaA, 0bpasysa
MOCTUKOBYO KAapOOHATHYIO CTPYKTYPY.

BaTomuccneaoBaHum Kaxaana BOSMOXHaA KOHPUrypauma
aacopbuposaHHoro CO, NpUHMMaeTCA B KadecTBe HavaabHO
CTPYKTYpPbI AN1A ONTUMU3ALUN.

BO3MOXHbI  KAaTaNMTUYECKMIA  MEXAHU3M K,CO, no
cuHTesy 3,6-guxnopcanuumiaTa nokasaH Ha pucyHke 3. CO,
aKTMBMpYyeTcA Ha 6a30BOM y4yacTke € yriom u3rnba, obpasya
NPOMeXyTOouYHbIN 2,5-ClL,PhOK-CO, ¢ 2,5-OX®P Ha noBepxHOCTH
K,CO,, 3aTem atom C 31eKTPOGW/IbHO aTakyeT OpTO-yriepos,
beHoKcnpa; mexay Tem, BOZOPOL B opToyriepoge
npespawaeTcd B GEHOKCUIbHBIM KUC0POA, MOCPescTBOM
1,3-npoToHHOro nepeHoca. MyTb peakuun NoYTH TaKoM ke, KaK

CornacHo

BHU3,

HUM,

M Yy MexaHu3Ma «3-MpoMeXKyTOYHOro W 3-nepexonHoro

COCTOAHUINY, NpeanoKkeHHoro Mapkosmyem 1 coasT. [23].
Sppexkm  denpomoHuposaHus K,CO, &

copeazeHma. Kak noboyHana peakuus 6yaer

reHepmnpoBaTb pPaBHble KO/MNYeCTBa ¢eHona n cannumnarta,

Kayecmese
M3BECTHO,

ecnu He byaet nobasneH katanusartop, Ho fobasnenne K,CO,
npuUBOAUT K ApPYromy pacnpeneneHuto npoaykta. B stom
cnyvyae KonmyectBo 2,5-AX®P 3HauUMTENbHO MeHblUe, 4Yem
Konuyectso 3,6-AXCK, B To Bpema Kak nocneaHuit mmeet
NOBbIWEHHbIN BbIXOA,. ITO MOXHO 06BACHUTL TeM GaKTOM, YTO
2,5-1X® penpoToHupyetcs K,CO, cobpasosanuem2,5-ClPhOK,
KOTOpbIN MOXeT KapboKcmnmpoBsaH no
3,6-anxnopcanunumnata. 370 ewe ofHa BaxHaa ponb K,CO,:

6bITb

NMOCKOJIbKY CcOpeareHT npeApacrnoioXeH K LWenoun Ans
nenpoTtoHupoBaHua 2,5-OX® pno 2,5-puxnopdeHokcunpa, 4to
ABNAeTCA npepnocbinkon pana  obpasosaHua  3,6-OXCK.
YpaBHEHWE XMMUYECKOM CTEXMOMETPUM K,CO,, pearnpytoLiero
¢ 2,5-AX®, 3anucbiBaeTca cnegytowmm obpasom (4) [24]:

Cl Cl

+ KyCOy ———— + KHCO; (4)

Cl Cl

MMbpuaHbie adpdektbl  K,CO,
YBE/IMYEHUM CKOPOCTU peaKkuumu,

Habnogannucb Kak B
Tak W B MOBbIWEHUN
paBHOBECHOro Bbixoga B peakuuu Konbbe-LUmunara. C ogHow
CTOPOHbI, OH AeACTBYeT KaK KaTannsaTop, Nockosbky CO,-TOMN
K,CO, AemoHcTpupyeT ABa cnabbix OCHOBHbIX LEHTpa Ha
nosepxHoctn K,CO, Ansa aacopbumn  monekyn CO,, uTO

cl
Cl OK Cl
o, 0. O CO, ; cl O=/.=0
i i e pE—— . S
K™K A P—
A
cl
cl
cl s cl
CI) \ \K cl 9 o
NI L ;oo o«
H - / H Y\~ - :
é O~ PN
o_ O 0 NN SRS S0
- o T T ol

o 0
v

PUCYHOK 3 — BO3MOXHbIN KaTaIMTUUYECKNIA MexaHU3M cuHTe3a 3,6-4XCK us 2,5-CI2PhOK 1 CO, Ha nosepxHocTh K,CO,
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cornacyetca ¢ pacyetamu TOM, nokasbiBalOWMMU, YTO CO2
MOeT aacopbuposaTtbea M akTuBMposaTbea Hag K,CO, (001)
NOBEpPXHOCTb c SHepruewn aacopbunn 0,35 3B.
ApcopbupoBaHHbIf U BbICOKOAKTUBMPOBaHHbIA CO, 3aTem
npeBpalL,aeTcs B MOHOAEHTATHYIO KapboHaTHY CTpyKTypy. C
Apyroi ctopoHbl, K,CO, AeiicTByeT Kak AenpOTOHUPYOLLMIA
areHT, 06e3B0OXKMBas BCNOMOraTebHbl NPoAyKT 2,5-OXd ao
2,5-Cl,PhOK, KkoTopbiii moeT 6biTb KapbokcuauposaH Ao
3,6-guxnopcannumnara.

Llenbto fAaHHOM paboTbl ABASETCA yCOBEpPLIEHCTBOBAHME
cnocoba nNosyYyeHua cainumnaoBO KUCAOTbI MyTeM NPAMOTo U
pernoceneKkTUBHOro KapboKCUANPOBAHMA KOHAEHCUPOBAHHbIX
apPOMATUYECKMX COEAMHEHWA C [UOKCMAOM yraepoga B
npucytcTeun  katanmusatopa  K,CO, Ana  [OCTUNKEHWA
MaKCMMaNbHOTO BbIXOAA LL,e/1eBOro NPOAYKTa.

2. JKCnepumeHT

2.1 BausHue COOMHOWEHUA Kamaau3amopa K Kapbok-
cunupyowemy peazeHmy Ha 8bix00 yesneso2o Npodykma
OnbIT 1. B CTEKNAHHbIA peakTop emkocTbio 100 mn,
NMOMeLLeHHbIW B CTaNbHOW aBTOKnaB, 3arpysanaum 3,08T
(0,027 monb) HaTpuiaTunkapboHaTa, 3,53 r (0,0375 monb)
¢deHona wm  0,035r (0,0025 monb) K,CO,. AsToKnas
repMeTU3MpOBaau, ABaXKAbl NPOAYBaAN AUOKCUAOM yriepoaa
ONA ypaneHus BO3A4yXa, a 3aTeM HanoNHAAM AUOKCUAO0M
yrnepoga Ao gasneHua 10 atm, BKAKOYANM nepemellnBaHue u
oborpes. TemnepaTypy peakLMOHHONU CMecu MOoAHWMAAU B
TeueHue 6 4 7o 160°C 1 Npu 3TOM TemnepaType BblgepKMBaANN
1 4. Mocne 3Toro npekpawanu nepemelimBaHme u oborpes,
aBTOK/MAB  OX/JaXX[anu [0 KOMHATHOM  TemnepaTypbl.
PeakunoHHyto cmecb 06pabaTtbiBanv BoAoOW. Mony4veHHbI
BOZHbIA PacTBOP 3KCTPArMpoBasu TOAYOJOM ANA yAdNeHus
Henpopearuposaslero ¢eHona. MpoAyKT peakunn BblaAenanm
noAaKucneHnem BoAHoM ¢asbl CONAHOM KMCNoToi. Monyumnm
1,511 (45,4%) caamumnosoit kucnotbl. T =155-158°C. Mocne
0AHOKpaTHO Nepekpuctannunsaumm (soga) T =158-159°C.
OnbIT 2. Peakuuto nposoaunu npu konundectse 0,105 r
(0,00079 monb) K,CO, v BCeX ApYrux yCN0BUAX, aHANOTUYHbBIX
onbiTy 1. Nonyumnu 1,88 r(56,8%) cannumnaoBom KUCAOTbI.
OnbIT 3. Peakuyuto nposoaunn npu koaundectse 0,175 r
(0,00137 monb) K,CO, ¥ BCEX APYIMX YCNOBUAX, aHANOTUYHBIX
onbiTy 1. NMonyumnun 2,04 (61,6%) cannunioBoit KUCAOTbI.
OnbIT 4. Peakuuio nposoannu npu konuyectse 0,245 r
(0,00185 monb) K,CO, v BCEX APYTUX YCNOBUAX, aHANOTUYHBIX
onbiTy 1. NMonyumnun 2,33 r(70,1%) cannunnoBoi KUCAOTbI.
OnbIT 5. Peakuuto nposoamaun npu Konmdyectse 0,280 r
(0,002 monb) K,CO, v BCcex Apyrux ycnoBuaAXx, aHanornuHbIx
onbiTy 1. Monyumnnm 1,99 r (60,1%) cannuMaOBOIA KUCAOTbI.
OnbIT 6. Peakuunto nposoauan npu konudectse 0,35 r
(0,0025 monb) K,CO, w BCcex Apyrux ycnoBuAX, aHaNOrMUHbIX
onbiTy 1. Monyumnn 1,78 r (53,7%) cannuMioBOM KUC/OTbI.
OnbiT 7. Peakyuio nposogunun npu konudectse 1,75 r
(0,0138 monb) K,CO, ¥ BCex Apyrux ycnosusx, aHanornuHbIx
onbiTy 1. Monyumnm 0,06 r (1,8%) canMuUMNOBON KUCNOTbI.
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2.2 BausHue memnepamypel HA 8bIX00 Uea1es020
npodykma

OnbiT 8. B cTeKnAHHbIA peakTop emkocTbto 100 mn,
NOMELLEHHbIN B CTanbHOW aBTOKAaB, 3arpyxanam 3,081
(0,027 monb) HaTpuiaTUnkapboHata, 3,531 (0,0375 monb)
deHona u  0,245r (0,00185 monb) K,CO,. AsToknas
repmeTM3npoOBanu, ABaxKAbl NPOAYBaAU ANOKCUAOM Yrneposa
ANA yAaneHua BO3AyXa, a 3aTeM HaMoOAHAAW AWOKCUAOM
yrnepoaa Ao AasnexHua 10 aTm, BKAOYANU NepemellnBaHmne u
oborpes. TemnepaTypy peakUMOHHON CMecu NOAHUMANU B
TeyeHue 6 4 go 140°C u npu 3TOM TemnepaType BblAep>KUBaANK
1 4. Mocne 3Toro npekpawanu nepemewwmnsaHve u oborpes,
aBTOKNAB  OXNa¥X4aNu [0  KOMHATHOM  TemnepaTypsbl.
PeakumoHHyt0 cmecb 06pabaTtbiBanv BOAOW. [losyyYeHHbIM
BOAHbIA PacTBOP 3KCTPArMpoBanu TONYONOM ANA yAANEHUA
HenpopearnposasLluero peHona. MpoayKT peakummn Bblaenanu
nogKucneHnem BofaHow dasbl CONAHOU KMUcnoTon. Monyunnum
0,64r (19,4%) canuumnosow T ,=155-158°C.
Mocne ofHOKpaTHOM nepekpuctanausaumun (soga) T =158-
159°C.

OnbIT 9. Peakuuio nposoannu npu Temnepatype 150°C u
BCEX APYrMX YCAOBMAX, aHANOIMYHbIX onbiTy 8. Monyunnu
1,591 (47,8%) cannunnoBoi KUCAOTbI.

OnbiT 10. Peakuuio nposoaumau npu temnepatype 170°C u
BCEX APYrMX YCAOBMAX, aHANOIMYHbIX onbiTy 8. Monyunau
2,621 (78,9%) canvMumMnoBOM KUCNOTbI.

2.3 BausHue OaeseHus OUOKCUOA yanepood HA 8biX00
yenegozo npodykma

OnbiT 11. B cTeKNsAHHbIA peakTop emkocTbto 100 mn,
NOMELLEHHbIW B CTaNbHOW aBTOKANaB, 3arpyxanu 3,08t
(0,027 monb) HaTpuiaTUaKkapboHaTa, 3,531 (0,0375 monb)
deHona u  0,245r (0,00185 monb) K,CO,. AsToknas
repmeTM3npoBanu, ABaxKAbl NPOAYBaAU ANOKCUAOM Yrneposa

KUCNOTbI.

ONA yAaneHus BO3Ayxa, a 3aTeM HaMoHANM AUOKCUAO0M
yrnepoaa Ao AaBneHuA 7 aTm, BKOYAAW nepemellnBaHue U
oborpes. TemnepaTtypy peaKkLUMOHHOM CMecu NOoAHUMANU B
TeyeHue 6 4 fo 160°C n Npu 3TOM TemnepaType BblAepKUBANN
1 4. Mocne 3TOro Npekpawanu nepemellmBaHne u oborpes,
aBTOKNAB  OX/JaX[aZn [0 KOMHATHOM  TemnepaTypbl.
PeakuMoOHHYO cmecb obpabaTbiBann BoAoOW. [MONyYeHHbIN
BOAHbIA PAcTBOP 3KCTpPArMpoBanu TONYOJOM ANA yOANeHUus
HenpopearupoBsaslwero ¢peHona. MPoAyKT peakunn Bolaenanm
noAKucneHMem BoaHoli dasbl CONAHOM KMCAOTOU. Monyumnm
2,121 (64%) canuumnosoit kucnotbl. T =155-158°C. Mocne
OAHOKPaTHO NnepekpuctTaninsaumum (soga) T =158-159°C.

OnbIT 12. Peakuuio nposoAnnun npu aasneHnun 13 atm um
BCEX APYrUX YCNOBUAX, aHanorunyHbix onbity 11. Monyuymnum
2,301 (69,2%) canMumioBOn KUCNOTbI.

OnbIT 13. Peakyuio npoBogunu npu gasneHnm 16 atm m
BCEX APYrUX YCNOBUAX, aHanoruyHbix onbity 11. Monyumnum
2,231 (67,2%) canuunMnoBON KMCNOTbI.

2.4 BausHue npoooaxcumesnsHOCMU Peakyuu Ha 8bixo0
yesneso2o Npodykma

OnbIT 14. B CTeKNsAHHbIA peakTop emKocTbio 100 mn,
NOMELLEHHbIW B CTalbHOW aBTOKNaBe, 3arpyxanu 3,08r
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(0,027 monb) HaTpuaTunkapboHata, 3,531 (0,0375 monb)
¢deHona wu  0,245r (0,00185 monb) K,CO,.
repmMeTM3npoBanu, ABaXKAbl NPOAYBaAN ANOKCMAOM yraeposa
ONA yAaneHua BO3AyXa, a 3aTeM HanoJHAAM AMOKCUAOM

ABTOKNaB

yrnepogaa Ao gasneHua 10 atm, BKAKOYANM nepemelunBaHue u
oborpes. TemnepaTypy peakLMOHHOM CMecu MoAHWMANU B
TeyeHue 6,54 10 160°C v npu 3TOM TemnepaType BblAepKUBaNm
0,5 u. NMocne aToro npekpalLann nepemelimaHme n oborpes,
aBTOK/IaB  OXJlaXX[anu [0 KOMHATHOM  TemnepaTtypbl.
PeakunoHHyto cmecb 06pabaTtbiBann BoAoW. Mony4yeHHbI
BOAHbIN pacTBOp 3KCTParMpoBanu TONYO/NIOM ANA yAaneHus
HenpopearvposasLero ¢eHona. MpoayKT peakuum Bolaenanm
noAKUCNeHnemM BOAHOM dasbl CONAHOM KucnoTon. MNonyynnm
1,95 r (58,6%) canuumnosoit kucnotbl. T =155-158°C. Mocne
OAHOKpaTHO nepekpuctanamsauum (soaa) T =158-159°C.

OnbiT 15, Peakuyuio npoBogMauM NpU  NOAHATUM
TemnepaTypbl peakuMoHHOW cmecn B TedeHue 5 4 go 160°C u
BblAEPKKe Npu 3TON TemnepaType 2 Y, U BCeX A PYrUX YCAOBUSAX,
aHanornyHbIxonbiTy 14. MNonyunnn 2,53 r(76,3%) canvumnosoi
KMUCOTbI.

OnbiT  16. Peakuuio npoBogMaAM NpU  NOAHATUM
TemnepaTypbl peakuMoHHOW cmecn B TedeHue 4 4 o 160°C u
BblAEprKKe Npu 3TON TemnepaTtype 3 4, U BCeX A pYrux yCA0BUSAX,
aHanornyHbIx onbiTy 14. Monyunnum 2,66 r (80%) canuumnosom

KUCNOTbI.

3. Pe3synbtatbl U 06CyKAaeHUA

NccnepoBaHua B obnactu Kap6OKCMJ'IMpoBaHMH
rMaOpoKcnapeHos wen04HbIMKM conamm ANKUNYTONbHbIX
KUcnot nposoaAnAnUCb B LI,eHTpe ¢M3MKO-XVIMM‘-{ECKMX

MeTOA0B MCC/AeAoBaHMA M aHanu3a Ka3axcKoro HaumoHasb-
HOTo yHMBEpCUTETa MMeHU anb-Papabu. B HacToAwen paboTe
nccnegosaHa peakuus KapboKcanmposaHua ¢deHona
HaTpWiiaTMNKapb6oHaTOM B NpUCYTCTBUM KaTaausaTtopa K,CO,.
MocTaBneHa 3agaya pas3paboTka Hosoro 3ddeKTUBHOro
cnocoba NoayYyeHus caanumMaoBOM KMCAO0TbI, KOTOpPas HaxoauT
dapmakonorun, B
CE/IbCKOM X03AMCTBE U APYIrMX OTPACAAX MPOMbILLINEHHOCTH.
Hanbonee cnocobom
cannumnoBson KapboKcmnmposaHue
$EeHONATOB  LWeNoYHbIX MeTannos no peakuun Konbbe-

WKMpoKoe npumeHeHne B MeauuuHe,

pacnpocTpaHeHHbIM
KMCNOTbI

CUHTE3a
ABNAeTCA

Wmunara [25,26], vmetowmnii pag cepbesHbiX HeAOCTaTKOB,

rNaBHbIMM U3 KOTOPbIX  ABASETCA  HeobxoAMMOCTb
npeaBapuTeIbHOro CMHTE3a GEHOATOB LLLEIOUYHbIX METaN/108
BBUAY TEXHO/I0TMYECKOM TPYLOEMKOCTH noay4yeHua
nocnegHux (OTroHKa BoAbl B BAKyyme) W CUAbHOM
TUTPOCKOMUYHOCTM  CYXMX  XJIOPHEHONATOB  LLEIOYHbIX
MeTanNoBs.

B cBA3M C BbIWEN3NOXKEHHbIM NpeacTaBadAeT MHTepec
a/IbTePpHAaTUBHbIE METOAbl CUHTE3a canmu,mnosoﬁ KUCNOThI,
UCKAKYawwmne LWEe/T0YHbIX
meTannos. OAHMM M3 3TUX METOAO0B ABNAETCA MPUMEHeHue

ncnonb3oBaHue CbeHOﬂﬂTOB

LLENOYHbIX CONeit MOHO3hUPOB YrosIbHOM KUC/IOTbI B KayecTee
KapboKcmanpytoLero peareHTa ¢peHo0B.

LLlenoyHble conn moHO3OMPOB YroibHOW KUCAOTbI NErKO
CU3Te3MpylOTCA B3aumogeincTBMeM AuoKcuaa yraepoga c
npUMeHeHUn
KMCAOT B KauyecTse
NNTEPaTYPHBbIX

anKoronATamm WEe/I0YHbIX  METa/l/10B. 0}

LLENI0YHbIX conen

KapboKcunmpytoLero

OAHHbIX HE UMeeTCA.
JKCNnepumeHTbI nabopatopHom

aBTOK/IAaBHOW yCTaHOBKe, M306paskeHHOW Ha pucyHke 4, 6es

ANKUNYTONbHBIX
peareHta ¢deHon0B

nposoannu B
npnmeHeHuUA paCTBOpMTe/'Ieﬁ B Cpeae OMOKCMAOa yrnepogda.

YcTaHOBKa peaKkTop
eMKOoCTbto 100 M/, MarHUTHYO MeLLanKy, MaHOMETP, MeLasKy,

BK/ItOYaeT: aBTOK/JaB, CTEKAAHHbIN
3NeKTpoHarpesaTenb, Tepmonapy, Tepmoperynatop, 6annoH c
ABTOKNaB,

,D,VIaMaFHVITHOI;i Hep)KaBerou.l,eﬁ CTanun, pacnosoXeH Ha CTo/InKe

ANOKCMAOM  yraepoaa. W3rOTOB/EHHbIV U3
MarHUTHOM MeLlasikM, C MOMOLLbI KOTOPOW NPOM3BOAMUTCA
nepemellnBaHMe peakUMOHHOW cmecu. [laBneHue rasosow
cpefbl B Xofe oOnblTa NOAAEPXKMBANOCH MOCTOAHHBIM.
Tepmonapa NO3BONSAET  KOHTPO/AIMPOBaTb  TemnepaTypy
peaKkuMOoHHOM dneKTpoHarpesaTesb  CHabxKeH
TEPMOPErYINPYIOLLUM YCTPOWCTBOM.

3.1 CuHme3 canuyunosoli Kucsaomel
8aHuUeM peHona HampuliamuakapboHamom

Peakuuna nposoaunack 6€3 npuMMeHeHUA pacTBopuTesei

cmecu.

Kapbokcunupo-

B cpefe AMOKcuaa yriepoga Ha nabopaTopHoit ycTaHoBKe
aBTOK/IAaBHOrO TWNa (pUcyHOK 4). YCTaHOB/NEHO, YTO peakuus
npoxoamt CeNeKTUBHO c
TMAPOKCUBEH30MHOW KUCNOTbI.

obpasoBaHvem opTo-

\ - {0

~

ﬂ
oo

—_
—a

2

0O603HavyeHuMA: 1 — aBTOKANAB; 2 — MarHMTHaA MellankKa; 3,
4 — ycTpolicTBa ANA BBOAA M BbIBOAA rasa; 5 — maHomeTp; 6 —
Mewanka; 7 — 3neKTpoHarpesaTenb; 8 — Tepmonapa; 9 —
TepmoperynaTtop; 10 — 6annoH c rasom; 11 — CTEKAAHHbIN
peakTop emKocTbto 100 mn.

PucyHOK 4 — Cxema nabopaTopHOI yCTaHOBKM A4
nposeaeHna peakLmm KapboKCMANPOBAHMUA
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3.2 U3yyeHue KamanumuyecKkol aKmusHocmu
Kamanausamopa 8 peakyuu KapbOOKCUAuposaHua ceHona
HampulismunkapboHamom

B cuny uccnegosaHnii 1 060CHOBAHMI NMPUBEAEHHDBIX B
NuTepaTypHOM o630pe, B KayecTBe KaTa/mM3atopa AaHHOM
peakuumn bbin BbIbpaH KapboHaT Kanus.

3.21
KapboKcunupyrowemy  peazeHmy — Ha
npooykma

Pe3ynbraThbl
Tabauue 1 1 Ha pucyHKe 5. 3aBUCMMOCTb LLeNeBOro NPoayKTa
KapboKcunupytowemy
peareHTy UMeeT 3KCTPeMabHbIV XapakTep. Mpu yBenmyeHum

cooTHoweHuA ot 0,01:1 go 0,07:1 BbIxOA NPOAYKTA peakuuun

BnusHue coomHoweHus Kamanusamopa K

8bix00 uesnesoeo

nposegeHHbIX ONbITOB nNpuBeaeHbl B

OT COOTHOWEHMA KaTa/n3atopa K

ysenunumeaetca ¢ 454% po 70,1%. [Mpu  panbHerwum
yBennyeHnun cootHoweHna go 0,6:1 BbIxoa LUenesBoro
NpoAyKTa peakuun cHuxaetca go 1,8%. Takum ob6pasom,
ONTUMaNbHbIM COOTHOLIEHMEM KaTanusaTopa K Kapbok-
cunupyowemy peareHTy aAsnsetca 0,07:1. [danbHeiwue
onbITbl  MPOBOAMAM  NPW  HAWMAEHHOM  ONTMMasIbHOM
COOTHOLLEHUM.

80

70,1

70
R 60
@
£
> 50 |
=
8
c 40 |
g
%30
[21]

20

10

0

0,01:1 0,03:1 0,051 0,07:1 0,08:1
CooTHoweHwe [K,CO,]:[H3K]

0,1:1 0,6:1

PUcyHOK 5 — BanaHme cooTHOLWeHMA KaTaamnsatopa K
KapbOKCUAMPYIOLLEMY peareHTy Ha BbIXOA,
L,eneBoro npoAyKTta

3.2.2 BnausHue memnepamypsl HA 8bIX00 Uesneso2o
npooykma

Pe3ynbraThbl
Tabnvue 2 M Ha pucyHKe 6. Kak v npu npoBefeHUM LaHHOM

NpPOBeAEHHbIX OMbITOB NpuUBEAEHbl B
peakuumn 6e3 yyacTua KaTanmsaTopa, Temnepatypa ABaseTcs
napameTpom, CyLLeCTBEHHO BAMAKOLWMM Ha BbIXOZ LLenesoro
npoaykta. C yBennyeHnem Temnepatypsl co 140°C po 170°C,
BbIXO/, Ca/IMLLMIOBOMN KUCAOTbI TaKKe yBennumsaetcs ¢ 19,4%
80 78,9%. KaKk 6bl/10 YKa3aHo Bbille, B CUANY TOTO, YTO LEeNbto
6bl71 NOUCK Hanbonee MArKUX yCAOBUI NPOBEAEHUA LAHHOW
peakuuu,  panbHenwue nccnepoBaHuA npoBoAMAnUCh
npu 160°C.

ISSN 1563-0331
elSSN 2312-7554

78,9

Bbixon, npoaykTa, %

140 150 160 170
Temnepatypa, °C

PUCYHOK 6 — BausaHue TemnepaTypbl Ha BbIXOA, LLe1eBOr0
npoayKTta

3.2.3 BausHue dasneHus Ouokcuda yanepood HA 8biX00
yesnesozo npodykma

Pe3synbTaThl NpoBeaeHHbIX npuBeAeHbl B
Tabnvue 3 v Ha pucyHKe 7. HaliaeHo, YTo AaB/ieHne guoKcmaa
yrnepofa TaKXe B/MAET Ha BbIXOA LENeBOro npoayKTa.
MNoBblweHne faBaeHUA guokemnaa yrnepoga c 7 atm go 10 atm
BbIXOZ, L,eNeBoro npoaykra ysenunumsaetca ¢ 64% po 70,1%,
a npuv panbHelllem yBeNWYEHUMM pfaBneHua p[o 16atm
HabnogaeTca MNOHMMKeHMe BbIxoAa NpPoAyKTa Ao 67,2%.
[anbHellumve  onbIThl nposoAunAn npu  HangeHHom
ONTMMa/NIbHOM AaBNeHUN Anokcmaa yrnepoaa 10 atm.

onbITOB

oy 70,1

70 69,2
69 |
68 67,2
67 L
66 L
65 L
64 |
63 |
62 |
61 L
60

BbIxog npoaykTa, %

7 10 13 16

[asnenue, atm

PUCYHOK 7 — BAnaHWe faBneHus ANOKCMAa yrneposa Ha
BbIXOZ, Lie/IeBOro NpoAayKTa

3.2.4 BausHue npodoaxumesbHOCMU peakyuu Ha 8bIX00
yesneso2o Npodykma

Pe3ynbTaTbl nNpoBeAeHHbIX npuseseHbl B
Tabnuue 4 1 Ha pucyHKe 8. U3 npuBeaEHHbIX AAaHHbIX MOXHO

onbITOB
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Tabnuua 1 — BAvsHWe COOTHOLWEHMA KaTann3aTopa K KapHOoKCUIMPYIOLLEMY peareHTy Ha BbIXOA, LLes1eBOro NpoayKTa

Ycnosusa nposeaeHUA peakuyumn

BbIX0OZ, CannUMNO0BOIA

CooTHOLIeHMe KaTannsaTtopa K Temnepatypa, [asnenue,  poAOAKUTENBHOCTHY, kncnotel,
Kap6okcunupytowemy pearenty [K,CO,J:[H3K] °C atm y %
0,01:1 160 10 7 45,4
0,03:1 160 10 7 56,8
0,05:1 160 10 7 61,6
0,07:1 160 10 7 70,1
0,08:1 160 10 7 60,1
0,1:1 160 10 7 53,7
0,6:1 160 10 7 1,8

* MoaHATUE TemnepaTypbl B TedeHre 6 4 40 160°C + 1 4 Bblgep»KKM NpU AaHHOM TemnepaType.
A patyp A aep pn A patyp

Tabnuua 2 — BavaHWe TemnepaTypbl Ha BbIXOZ, LLeIeBOro NpoAyKTa

YcnoBusA NpoBeAeHUs peakumm

BbIX0Z, CannumnNoBoi

Temnepatypa, CooTHoOLWeHWe KaTanunsaTopa K [asnenune, [poJomKNUTENBHOCTHY, kncnotel,
°C kap6okcunupytowemy peareHTy [K,CO,J:[HIK] atm y %
140 0,07:1 10 7 19,4
150 0,07:1 10 7 47,8
160 0,07:1 10 7 70,1
170 0,07:1 10 7 78,9

*TMofHATVE TemnepaTypbl B TeYeHUe 6 4 10 OnpeaeneHHOro 3HadeHun + 1 4. BblAepsKKa Npu gaHHON TemnepaTtype

Tabnunua 3 — BansHue gasneHna gMOKCUAA Yriepoaa Ha BbiXo4 LLeN1eBoro npoayKra

YcnoBusA NpoBeAeHUs peakumm

BbIX0Z, CannumnnoBoit

[asneHue, CooTHoLeHWe KaTanm3aTopa K TemnepaTypa, [poAoOKUTENBHOCTHY, KMCCOTI’"
aTm KapbOoKCUANPYIOLLLEMY pPeareHTy [KZCOS]:[HBK] °C Cl %
7 0,07:1 160 7 64
10 0,07:1 160 7 70,1
13 0,07:1 160 7 69,2
16 0,07:1 160 7 67,2

*MNoaHATHe TemnepaTypbl B TeyeHue 6 4 Ao 160°C + 1 4 BblaeprKKa Npu AaHHOW TemnepaType

Tabnaunua 4 — BansHue NpogoIKUTEIbHOCTM pPeaKkLMu Ha BbIXO4 LLeN1eBOro NpoayKTa

Ycnosua nposegeHnAa peakummn

CooTHoweHwWe KaTan n3aTtopa K

BbIXo4, cannumnosom

MpoaonknTEeNbHOCT, TemnepaTtypa, [asneHwue, KUCNOThI,
KapboKcuaupytowemy peareHTy R %
Yy C atm 0
[K,CO,J:[H3K]
6,5+0,5 0,07:1 160 10 58,6
6+1 0,07:1 160 10 70,1
443 0,07:1 160 10 80
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80

70,1
70 |
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40 |
30 |

Bbixog, npoayKkTa, %
%
o
T

10 +

6.5+0.5 6+1 443

MpoAoAKUTENBHOCTD, Y

PMCVHOK 8 — BaunsaHune npPoAONKNTENBHOCTU PeaKLMUN Ha
BbIXOA LeN1eBoro NpoAyKTa

BMAETb, YTO C YBe/NMYEeHUEeM MPOLO/IKUTENbHOCTN peakuun
YBENNYMBAETCA U BbIXOA, LIeIeBOro NpoayKTa. Takum obpasom,
MaKCMMasibHbIN BbIXOZ, Ca/NMLMAOBON KUCAOTbl AOCTUraeTcA
npw 3 4 BblAEPXKKe, 4TO paBHO 80%.

3.3 CpasHeHue 8bix0008 Uese8020
npucymcmeuu u 6es Kamanusamopa

B Tabnuue 5 u Ha pucyHKe 9 npuseneHoO cpaBHeHWe
BbIXOA,0B LENeBOro npoayKTa KapbokcunuposaHua deHona
HaTPUIITUNKAPOOHATOM B 3aBMCMMOCTU OT TemnepaTypbl B

npodykma 8

npucyTcTBnn 1 6e3 K,CO,.

M3 npuBefeHHbIX AaHHbIX MOXHO BWAETb, YTO NpU
yyactun K,CO, B peakuuu KapbokcuamposaHua ¢deHona
BbIXOZ, LEeseBoro npoaykta B
3aBMCMMOCTM OT TemnepaTypbl yBeIMYMBAELTCA B CPeAHEM Ha
20% BbIXOZAaMW MONYYEHHbIMU NpPWU
nposefeHUn npouecca 6e3 yyactua KaTaamsartopa.

Takum 06pasom MOXKHO yTBepXAaTb, W4TO K,CO,
npoABAAeT  KaTa/MTUYECKYlD  aKTUBHOCTb B  peakuuu
KapboKkcuanposHMA deHona HaTpPUNITUAKapboHaTOM.

Kak BugHO u3 pucyHka WK-cnekTtpa (pucyHok 10)
obpasoBaHMe coseil NPUBOAMUT K UCHE3HOBEHMIO MN.M. CBA3U

HaTPUN3ITUNIKapHOHaTOM

no CpaBHeHUKO C

100 | Bbixog 6e3 KaTanusaTopa A-BbiIXog C KaTaM3aTopom

78,9

70
60 -
50
40
30
20
10 -

Bbixog npoaykra, %

140 150 160 170
Temnepartypa, °C

PucyHok 9 — CpaBHeHMe BbIXOA0B LLeNeBoro npoayKTa B
3aBMCMMOCTY OT TeMNepaTypbl B NpUCyTCTBMM 1 6e3 K,CO,

C=0 1 NOABNIEHUIO BMECTO Hee M.M. MOHU3UPOBAHHOW rpynMnbl
COO" (acumm. OYeHb
MHTEHCKBHbIe M.n. npu 1612-1630 cm™ (acMmm. BaneHTHble

M CUMM. BafeHTHble KonebaHus):

KonebaHus) u cnabo MHTEHCKBHbIe n.n. npu 1314-1346 cm?
(cMmm. BaneHTHble KonebaHus).

1B177.15

o
()]
T w0
=
o 147858,02
[ 14385,06
=™ 13776,05
I
13461,05
2 [ 10832,03
S o 13114,01| 10783,05
= ‘ w
8_ . 34508,01 | { 8262,03
c / 56712,02
/ "r ‘ foasoz
02 — w
M J |
7S E— ~J L
000 3500 3000 2500 200 e e s

BonHosoe uucno, cm?

PucyHok 10 — UK-cneKTp HaTpuiiaTuaKkapboHaTa

Ta6nuua 5 — CpagHeHue BbIXOAO0B Lie/IeBOr0 NPOAYKTa B 3aBMCMMOCTM OT TemnepaTypbl B npucyTcTeum n 6e3 K, CO,

YcnoBuA NpoBeAeHNs peakLmm

Bbixog, cannumnoBoit KUCNoTobl, %

CooTHOLEeHMe KaTannsaTopa K

Temnepatypa, [asneHue, MpoAOAKNTENBHOCTLY, B NPUCYTCTBUMU
N KapboKcuampytoLwemy peareHTy 6e3 kaTanusaTopa
C aTm Cl KaTanusatopa
[K,CO,J:[H3K]
140 0,07:1 10 7 12,9 19,4
150 0,07:1 10 7 27,3 47,8
160 0,07:1 10 7 49,7 70,1
170 0,07:1 10 7 58,4 78,9

*MofAHATUE TemnepaTypbl B TeYeHUe 6 Y [0 onpeaeneHHoro 3HaueHus + 1 4 BbigepiKKa Npu AaHHOM TemnepaType
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4. 3aKknueHue

C uenbio ycoBepLleHCTBOBaHMA cnocoba nonyvyeHuA

npucyTcTeumn u 6es K,CO,. Bbino onpepenero, 4to K,CO,
NpoABAAET KaTa/IMTUYECKYI0 aKTUBHOCTb B AAHHOW peaKkuuu
KapbOoKCMANPOBaHUSA.

CanuUMNOBOM  KWUCNOTbl  BnepBble 6bina  UccnenoBaHa MonyyeHHble HayuyHble pe3ynbTaTbl NPeACTaBAAOT

KaTanmMTuyeckan aKTUBHOCTb K,CO, B peakuun  GOMbLWYIO MNPAKTUYECKYI0 LEHHOCTb, T.K. OHWM MOTYyT HalTK

KapboKcuaMpoBaHua deHona HaTpuinaTUAKapboHaTOM. npakTUyYecKoe NpMmMeHeHue A5 NPOMBbILWAEHHOrO NONyYeHuUn
MccnenoBaHo  BAMAHME  MapameTpoB  NPOBEAEHUA  CaZWLMIOBOMN KUCAOTbI.

npouecca (Temnepatypa, AasneHuWe, NPOLOIKUTENbHOCTb

peaKkLuu, COOTHOLWEHUA KaTanusaTopa K Kapbokcuau- BnarogapHocTu

pylolemy peareHTy) Ha BbIXOZ LLleeBoro NpoayKTa. HanaeHsi

OnTMMasbHble YyCNOBMA nposefeHusa npouecca: T=160°C,
P.,=10 atm, t=7(4+3) u., [K,CO,]:[H3K]=0,07:1, npn koTopom
BbIxoa coctasun 80%.

Bbinn  onpepeneHbl  BbIXOAbI
KapbokcunmposaHua ¢deHona

PaboTa BbiNoNHEHa B paMKax AUcCepTaLMOHHOW paboTbl
JokTopa PhD Kasaxckoro HauMOHanbHOrO yHUBepcUTeTa
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By/ }KymbICTa A42piNikK 3aT TETPALMKAMHAI MaKCaTTbl KeTKi3y YWiH TeH4eci oK copbeHT
peTiHAe MArHeTUT-6EHTOHUT KOMMNO3UT benwekTepi cMHTe3aendi. MarHeTUT 6enleKTepiHiH,
6EeHTOHUTKYpbINbIMbIHA eHYi peHTreHdasanbik Tangay agictepimeH Herizgenai. TeTpauMKAUHHIH
BEHTOHUT KoHEe MarHeTUT-6EeHTOHUT KOMMNO3WTIHIH, 6eTiHaeri aacopbuusacbl 3epTTenai.
TeTpauMKANHHIH, GEHTOHUT KHE MarHeTUT-6EHTOHUT KOMMNO3UTIHIH, BeTiHaeri makcumangbl
apcopbumnacel cavikeciHwe 84,2 aHe 71,1 mr/r KypauTblHAbIFbI KepceTingi. ALCOpPOUMAHbIH,
opTaHblH pH-Ha aHe yaKbITKa Tayenainiri aHbikTanabl. MarHeTUT-6eHTOHUT KOMNO3uUTi BeTiHae
agcopbumna MaHiHiH, opTaHbiH, pH ’KOofapblinblFaHAa ecyi OoHAafbl GEHTOHUT KypambIHAAFbI
CU/INKAT TONTAPbIHbIH, CiNTiINIK OpTaja AMccouMaumnAanaHybiMeH TyCiHAipinAi. TeTpauuKkauH
KYPaMblHAafbl aMWH TONTapbl MeH BEHTOHUTTIH TepiC 3apAATaNFaH CUIMKAT TONTapbl apacbiHAa
3/IeKTPCTAaTUKAbIK TAPTbINbIC, OTTEK aTompaapbl MeH OH-TonTapbl 6eHTOHUTTIH, SIOH kaHe
MarHeTuTTiH Fe-O TonTapbiMeH CyTeKTiK bainaHbic Ty3ineai. AgcopbumnaHbl KaMTamachl3 eTeTiH
Heri3ri KywTep peTiHAe 3/1eKTpCcTaTUKaNblK apekeTTecynep meH H-6aiinaHbicTap gen anTyfa
6onagbl.

TyiiiH ce3pep: MarHeTUT; BEHTOHWUT, MarHUTTIK GeNLWEKTepP; KOMMNO3UT; TETPALUKINH;
apcopbums.
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B paHHOW paboTe MarHeTUT-6€HTOHWUTOBbIE KOMMO3WUTbI ObIIM CUMHTE3MPOBAHbI Kak
YHUKaNbHbIV COPOEHT ANA AOCTAaBKMU TEeTPaLMKAMHA. BBeAEHME YAaCcTUL, MarHETUTa B CTPYKTYpPY
6EeHTOHWTA OCHOBAaHO Ha MeTofax peHTreHodasoBoro aHanusza. WM3yyeHa agcopbuwua
TeTpauuKAMHA Ha NOBEPXHOCTM BEHTOHUTA U KOMMO3UTa MarHeTUT-6eHTOHMUT. MoKas3aHo, 4To
MaKcMMmanbHas afcopbuma TeTpaLMKAMHA Ha NOBEPXHOCTU BEHTOHUT M KOMNO3UTa MarHeTUT-
6eHTOHUT cocTaBnsAeT 84,2 1 71,1 Mr/r COOTBETCTBEHHO. YCTAHOBAEHA 3aBUCUMOCTb aacopbLmm
oT pH cpeabl ¥ BpemeHW. YBennMYeHWe 3HaAYeHMA aacopbuun Ha NMOBEPXHOCTU KOMMO3UTa
MarHeTUT-6€HTOHUT NpU noBbiWeHUn pH cpeapl obycnosBneHo Auccoumaumeln B LLENOYHON
cpefile CUAMKATHbIX rpynn 6GeHTOHWTa B COCTaBe Komnosuta. Mexay aMUHOKWUCAOTamu
TeTpauMKAMHE W OTPULLATENIbHO 3aPAMKEHHbIMW CUAMKATHbIMKM rpynnamu B OeHTOHUTE
NPOUCXOAWUT 3NEeKTPOCTaTUYECKOe B3auUMOAEWCTBME, aTOMOB Kucnopoga M OH-rpynnbl
o06pasyloT BogopoaHble cBA3n ¢ SiOH- rpynnamu B 6eHTOHUTE M Fe-O-rpynn marHeTuTta. B
KayecTBe OCHOBHbIX cua, obecneunBatowmx agcopbumnio, onpeaeneHbl dneKTpocTaTUYeckme
B3aMmogencTema u H-ceasu.

KntoueBble €N0Ba: MarHeTUT; 6EHTOHWUT; MarHUTHbIE YacTULbl; KOMMO3UT; TETPALMUKIIUH;
agcopbums.
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In this research, magnetite-bentonite composites were synthesized as a unique sorbent for
the delivery of tetracycline. The introduction of magnetite particles into bentonite structure is
based on X-ray phase analysis. Adsorption of tetracycline on bentonite surface and magnetite-
bentonite composite was studied. It is shown that maximum adsorption of tetracycline on the
surface of bentonite and composite magnetite-bentonite is 84.2 and 71.1 mg/g, respectively.
The dependence of adsorption on pH and time was established. The increase in the adsorption
value on the surface of the composite magnetite-bentonite with increasing pH is due to
the dissociation in alkaline medium of bentonite silicate groups in the composite content.
Electrostatic interaction occurs between the amino acids of tetracycline and negatively charged
silicate groups in bentonite, oxygen atoms and OH groups form hydrogen bonds with SiOH
groups of bentonite and Fe-O groups of magnetite. Electrostatic interactions and H-bonds were
determined as the main forces providing adsorption.

Keywords: magnetite; bentonite; magnetic particles; composite; tetracycline; adsorption.
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1. Kipicne

MegmumMHaga MarHeTUTTIK HaHobenwekTepai KongaHy
cafanapbliHbliH, Bipi — A2pi-AdpMeEKTepai MAKCATTbl KeTKi3y.
OHbIH, Heri3ri apTbIKWbINbIKTapbl: afF3aHblH, 6acka opraHaapbl
MEeH XyWMeciHe A2piHiH, yabl 9CepiH a3alTy MyMKIHAIr, MarHuUTTi
epic apKblibl A2pi eHrisinreH HaHobenwekTepai benrini 6ip
OpblH/Aa YCTay KaHe bafbITTay MyMKiHAiri 60nbin Tabblnaapl [1-
3]. MarHetut-ca3 KOMMNO3UTTEpPiHIH, AWUcnepcTiniri  meH
MEHLUIKTI ayfaHbl eTe ¥Kofapbl 60/bIN KeNeTiHAIKTEH MarHUTTI
copbeHTTEpAi KaTTbl asanblK 3KCTpakuuanay Tacingepi
APKbINbl BHAIPICTIH Kangblk CynapblH MeTann MOHAAPbIHAH,
bosaynapaaH, 6eTTik-akTMBTI  3aTTapAaH Tasajnay  YWiH
KonpaHyfa 6onaabl [4-8]. OcbiFaH opali KYMbIC MakcaTbl —
L2pinik 3aT TeTPAUMKANHHIH MarHeTUT-6eHTOHUT
KOMMNO3UTIHAEr afCcopbUMACbIHbIH, epeKLenikTepiH aHbIKTay.
TeTpauuKNUH MeauUMHALA FaHA eMec, TamMaK eHepKacibiHae
a3bIK-TYNiK 6HIMAepiH caKkTay Mep3iMiH y3apTy, BeTepuHapuaaa
YKYKNanbl aypynapablH, anfblH any KaHe emaey YWiH KeHiHeH
KONZaHbINAAbI. byn 3aTTblH, dapmaLueBTMKanbIK
KacinopblHAAPAbIH, Kyc dabpuKanapbiHblH, KanablKTapbiHAA,
COHAaN-aK afaM »KaHe XKaHyap/apAblH emMip cypyiHe KepekTi
eHimaepzeri KocnanapbliHblH, 601ybl afam AeHcaynblfbiHA
KOHe KoplafaH OpTaHblH, 3KONOTUANbIK TeHrepimiHe Kepi
acepiH Turisegi, COHbIMEH KaTap aHTUOWOTUKTepre Tesimai
MMKPOOpPraHMaMaepaid, AamyblHa cebenwi 6onagbl, con
cebenTi KanablK CynappaH TeTpauuMKAnHAI 6enin any maceneci
TyblHZanab! [9].

2. Taxipubenik 6enim

ymbicTa 6GEHTOHUT KaTbiCbiHAA JAMOPAbIH,  dAici
6oibiHWA MarHeTUT-6eHTOHUT KoMno3uTi  anbiHAabl  [10].
BEeHTOHUT  CcyAblH,  KeTKiNiKTi  menwepiHge  iciHgipinin,

FeSO,7H,0 «aHe FeCI3-6HZO Ty34apbiIMeH aMMWaK Cybl
KaTbICblHAA MArHeTUTTIK KacueTKe mMe copbeHTTep anblHAbl.
Peakuua TeHaeyi:

Fe? +2Fe*+80H =Fe O, +4H 0.

TeTpauMKAUHHIH KypbiNbIMAbIK bopmynachi:

CH: CH
\d S 3

ANbIHFAH MarHeTUT-6€HTOHUT KOMMO3UTIHIH beTiHAe
TeTPAUMKANHHIH, afCcopbLMAChIH 3epTTey YWiH A2PiNiK 3aTTbiH,
aPTYpPAi KoHUeHTpauusacsl apTypAai (0,2-2 r/n) epiTiHainepiHe
(20 mn) COPOHEHTTIH, 6enrini menwepi canblHbIN
(0,5000+0,0005 r), KOocna 5 MWH MexaHWKanbIK LWanKayaaH

KeliH 6ip Taynikke Kanabipbingbl. CopbumsagaH KewuiHri
epiTiHAIHIH, KOHL,eHTpaLmaChl 360 HM-ae crneKTpo-
boTOMETPUANBIK dAiCNEH aHbIKTAaNAbI.

MarHeTuT-6eHTOHUT KOMMO3UTIHIH, peHTreHaiK

andpakrorpammanap andpakTomeTpiHae

aHbIKTaNabl.

[IPOH-3M

3. Hatukenepgpi Tankbinay

MarHeTuT-6eHTOHNUT KOMMO3UTTEPIiHIH, KYpaMblHa
b6acTanKkbl 3aTTapAblH,  eHYyiH JAanengey VYWiH onapabiH
YArinepiHiH peHTreHaik ¢pasanbik Tangaybl *kacanabl. 1-cypetre
6EHTOHUT, MAarHeTUT KaHEe MarHeTUT-6EHTOHUT KOMMO3UTIHIH,
AndpaKkTorpammanapbl KEpceTinreH.

© 2019 Al-Farabi Kazakh National University
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bacTankpl BEHTOHUTTbIH, peHTreHaik anopak-
TorammacbiHAa 20 6ypblWbiHbIH, KepHeKiNik maHgepi 5,81;
19,29; 26,09; 34,90 kaHe 63,85 Kyparabl. OnapabiH iwiHAe aca
»Kofapbl maHaepi 5,81 xaHe 19,29; andpakumsa bypbIWbIHbIH,
6yn maHaepi MarHeTuTTIH,
AndpaKTorpaMmacbiHAa aca KepHeKi WbiHAap 26 6ypbIWbIHbIH,
31,25; 36,68; 38,25 oHe 43,38 maHaepiHae Tabbinabl.
OcbliHgan  wbiHAap [11-15]  KyMbICTAapbiHAA  MarHeTUTTIH,
peHTreHorpammacbiHaa TabbinfaH onap Fe,O,-ke
YKATKbI3bINfaH. An KOMMO3WUTIHIH,
andpakTorpammacbiHaa cUNMKaTTapFa TOH WblHAApP
TeMeHAen, OHbIH, ececiHe MarHeTUTKe CaMKeC aHa WbIHaap
nainga 6ongbl. Onap 26 6ypbiwbiHbIH, 35,62; 37,16 KaHe 43,36
MaHZAepiHe calkec. Byn manimetrTep MarHeTUTTiH GEHTOHWUT

KYPbIZIbIMbIHA €HYi Typanbl manimeT bepeai.

CUNINKaTTapFfa TOH.

KoHe
MarHeTuT-6€HTOHUT

i
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1-cypet — BeHTOHUT (1), MarHeTUT (2) }KaHe MarHeTuT-
H6EHTOHUT KOMNO3UTiHIH, (3) gUdpaKkTorpammanapbl

ANbIHFaH MarHeTUT-6eHTOHUT KOMMO3UTIHIH, 6eTiHAaeri
TETPAUMKAUHHIH,  afacopbuuAcbiH - 3epTTey  HaTUKenepi
2-cypeTTe bepinreH. M3oTepmaHblH, 6y Typi MUKpoMnopanbik
copbeHTTEpre ToH. TeTpauMKAMH agcopbuuacbl 6GOMbIHLWA
JKacanfaH IKCNEepUMEHT HaTuKenepi
KoMno3uTi beTiHaeri agcopbumna maHi HacTankbl muHepan -

MarHeTuT-6eHTOHUT

6EeHTOHUTTEH TOMeHAey 60naTbIHAbIFbIH aHbIKTaAbl (2-cyperT).

Agcopbuna  HaTwKeciH  JIaHrmioop — 6oMblHWA  eHAey
MaKcumangbl agcopbuua  mMaHaepi  BGEHTOHWUTTE  KaHe
KomnosuTtTe 84,2 mr/r aHe 71,1mr/r KypanTbIHAbIFbIH

KepceTTi. MarHeTuT-6eHTOHUT KOMMO3UTI MEH KeKe BEHTOHUT
casblHblH, agcopbumaAnbiK KabineTiHaeri albipmalublibIKTap
GEHTOHUT KYPbINbIMbIHAA  ©LeMi 10-20 A
nakeTapasblK KeHicTikTep 60aybiMeH BainaHbicTbl. KomnosunT

-re KeTeTiH

CUHTe3i bapbicbiHAa By KeHiCTIKTEP MarHeTUT 6enwweKkTepimeH
TOANbIN Kanagbl.
TeTpauUKANHHIH,
beTHaeri agcopbumsacbiHA OpPTaHbIH, CYTEKTIK KepcCeTKilWiHiH
acepi 3eptTeng,.
(3-cypeT) cyTeKTiK KepceTKilWTiH apTybiIMeH aAcopbLMAHbIH,

MarHeTuT-6eHTOHUT KOMMNO3MUTI
AnblHFaH Taxipubenik manimeTTepaeH

6ipTiHAen )Xofapbinan, pH=9 KafaaibiHAA MaKCMManabl MaHre

A, mr/r

o T T T T T 1
) 5 10 15 20 25 30

C, ™mr/n

2-cypeT — TeTpauMKANHHIH, 6EHTOHUT (1) }KoHe mMarHeTuT-
6eHTOHUT Komno3uTiHaeri (2) agcopbumacsl
nsotepmanapsl (T=298 K)

-
[é)]

2 4 6 8 10
pH

3-cypet — OpTa pH-HblH TETPALUKANHHIH MarHeTUT-6€HTOHUT
KomnosuTiHaeri agcopbumnacbiHa acepi (T=298 K)

YKEeTeTIHAIr KepiHin Typ. By KaWT KomMno3uTTeri 6EHTOHUTTIH,
CUNUKAT TOMTApPbIHbIH, opTagafbl OH-TONTapbIHbIH dcepiHeH
AuccoumnaumnanaHybiMeH TyciHgipinea,.

AfcopbuunanbiK KUHETUKaHbI 3epTTey COpbeHT — AdpiniK
3aT XKyleciHae copbumanbik Tene-TeHAiIK YakbITbIH aHbIKTayfa
MYMKIHZIK 6epeai (4-cypeT). AnbiHFaH TayenaikTepai Tangamn
OTbIPbIM, AACOPOUMAHBIH, anfawkbl 5 MUH TETPALUKAUHHIH
50% KaTTbl 6eTKe ayblCaTbIHAbIFbIH XaHe agcopbumnsaHbiH, 30
MUWUH OHbIH Me/wWepi MaKCMManabl MaHre KeTeTiHAiriH
barikayfa 6onagbl. Apcopbuma  yaKbITbiH  KOFapblinaTy
KUCBIKTbIH, Naatofa (TypakTbl MaHre) LWbIFyblHA anapagbl.
N3oTepmaHblH, 6yn 6eniri 6eTTiH KaHbIKKAHAbIFbI Typasbl
aknapart bepega,.

Afcopbuma HaTUMKeNepiHeH TeTPALMKANHHIH, MarHeTuT-
HEHTOHUT KOMMO3UTTIH, BeTimeH ©3apa apeKeTTecyiHiH Heri3ri
MeXaHU3Mi [pinik cybCcTaHUMAHbBIH, amuHaep TobTapbl mMeH
GEHTOHUTTIH Tepic 3apAATanfaH CMAMKAT TONTapbl apacbiHAA
3NEKTPOCTATUKANbIK TAPTbINbIC Aen TyXblpbiMAayFa 6onaabl.
Bipak, TeTPALMKAUHHIH, KypbinbiMAbIK GOPMyNacbiHaH OHbIH,
MOJIeKYNACbIHAA OTTEK aTomaapbl MeH OH-TonTapAbiH, KeNTiriH
baiKayfa 60naabl }KaHe onap, e3 KeseriHae, 6eHTOHUTTIH SiOH
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Awmr/r YKOHe MarHeTUTTiH, Fe-O TonTapbiMeH CyTeKTiK 6ainaHbIc Ty3yi
. i MYMKiH. AFHM aacopbuua 3NEKTPOCTATUKANDBIK,
80 dpeKeTTecy/fiepMeH KaTap CyTeKTiK bainaHbicTap apKblibl Aa
. > > - . iCKe acaTblHADbIFbIH ¥KOKKA LWblFapyfa 6o1manap.
60 - be 2

4. KopbITbIHAbI

MarHeTUT-6€HTOHUT  KOMMO3WUTI CUHTE3Aesin, OHbIH,
204 agcopbumanbik  Kabineti 6afanaHabl. MarHeTUT-6€HTOHUT
KOMMO3UTiHIH,  aacopbumanbik  Kabineti  GEHTOHUTNEH
04 CanbICTbIpFaHAa TOMeHipek 6onabl KaHe By KaluT 6EHTOHUT

- Ca3blHbIH KYPblIbIMbIHAA NaKeTapasblK KeHicTikTep 6onybiMmeH

) 20 40 60 80 100 120 Herizgengi. TeTPauMKAWHHIK, MarHeTUT-6eHTOHUT  KOMMO-

t,MUH 3uTiHAeri agcopbumacbiHbiH, pH-Ka Tayenai ecyi KOMMO3UT

KYPaMbIHAaFbl Ca3AblH, CUAMKAT TONTapPbIHbIH, CiATINIK opTaja

4-cypet — TeTpauMKANHHIH 6EHTOHUT (1) }KaHe MarHeTuT- WMOHAQHYbIMEH  TyCiHAipinai. AacopbuuaHbl KamTamachbi3

H6EHTOHUT KOMNO3UTTIHAETI (2) aACcoPOLMACHIHbIH, eTeTiH  Herisri  KywTep  peTiHAe  3/1eKTPOCTaTUKaNbIK
KUHETUKabIK KMCbIKTapbl (T=298 K) apekeTTecynep meH H-b6alinaHbicTap aHbIKTanAgbl.
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