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Kasakcmar Pecnybniukacbl Y¥nmmbiK fbifibiM akademusicsl "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHoroeausi cepusicbl” fbinbIMU XypHarbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyze KabbindaHraHbiH xabapnaliobl. byn uHdekcmeny b6apbicbiHOa
Clarivate Analytics komnaHusicsl xypHandbl o0aH opi the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyda. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMesiepae KOHMeHm
mepeHQiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. Xumusi xxoHe mexHosoausi cepusickl Emerging
Sources Citation Index-ke eryi 6i30iH kKoramGacmbIK YWiH eH e3eKkmi xoHe 6edernidi XUMUSITIbIK FblribiMOap
bolibiHWa KoHmeHmke adasnodbifbiMbi30bi 6indipeodi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3secmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bin
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHoul eepcuu Web of Science.
ColepxxaHue 8 amom uUHOeKcupogaHUU Haxodumcs 8 cmaduu paccmMompeHusi komrnaHuel Clarivate
Analytics dnss danbHetiwezo npuHsamus xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kayecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamered u yuypexdeHul. BknoyeHue Mseecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawy MnpueepxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMesIbHOMY KOHMEeHMY 10 XUMUYEeCKUM Haykam Ors Haulie2o coobwecmaa.
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SYNTHESIS AND PROPERTIES OF A COMPOSITE MATERIAL
BASED ON COAL MINING WASTE

Abstract. The article presents the results of a study of the synthesis of composite materials based on coal waste
combined with coal and polymer raw materials, using ultrasonic chemistry methods and determining the possibility
of their use as an active mineral additive for replacing part of cement in fine-grained concrete. By varying the
composition of the matrix and the filler, a composite material is obtained whose properties are quantitatively and
qualitatively different from the properties of each of its components. As a filler in the composition of the composite
material, burned rock is used - the product of oxidative self-firing of waste rock, extracted together with coal to the
surface. Burned rocks contain an organic part (unburned carbonaceous impurities) and a mineral part (calcined clay-
sandy part). Features of the material composition of burned rocks, coal industry waste allows us to consider them as
secondary mineral raw materials. The binder in the composite material used is thiourea-formaldehyde resin. The
resin was obtained by the standard method of polycondensation of thiourea with formaldehyde at a molar ratio of
thiocarbamide:formaldehyde = 1:2. The choice of thiourea-formaldehyde resin is due to the availability, water
solubility and the presence of a sufficient number of proton acceptor centers capable of complexation with a
modifier. The modifier for composite materials used a coal waste product related to promising natural polymers in
nanotechnology, sodium humate, extracted by alkaline extraction from oxidized coal from the Shubarkol deposit.
Sodium humate refers to polyfunctional polymers with a unique combination of hydrophobic and hydrophilic sites, a
variety of oxygen-containing functional groups, aromatic, heterocyclic and other groups. All this suggests a high
ability of sodium humate to intermacromolecular interactions with both the burned rock and thiourea-formaldehyde
resin. Composite material based on burned rock, sodium humate with thiourea-formaldehyde resin was synthesized
by impregnation using ultrasonic treatment. The decisive role of ultrasonic activation is shown and the effectiveness
of its application to the process of producing composites is noted. The modern physicochemical and
physicomechanical methods have characterized the composition and structure of the obtained composite materials.
The mineralogical composition of composite materials was studied using x-ray phase analysis, and surface
morphology based on microscopic analysis using a scanning electron microscope. Filling the composite material
with burnt rock provides higher physical and mechanical properties. The strength of burnt-filled composites is higher
than that of samples of a similar composition without burnt rock. The resulting composite can be used as a building
material.

Key words: composite material, filler, binder, burned rock, thiourea-formaldehyde resin.

Introduction

In the industrial zone of the Karaganda region everywhere you can see a lot of stacked dumps and
heaps of different shapes and sizes. Storage dumps are products of oxidative self-firing of waste rock,
which are extracted together with coal to the surface. Annually, mine heaps occupying large areas of land
increase by hundreds of thousands of cubic meters. Like coals, they should be attributed to promising
minerals that can be used as raw materials for processing into various products [1-3]. The disposal of such
wastes and the development of methods for obtaining important products on their basis are very relevant.
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Due to the intensive development of the construction industry in the country, there is a shortage of
natural mineral raw materials used for the needs of the construction complex. The use of coal mining
waste in the production of building materials allows not only solving environmental problems, but also
increasing the raw material base of the construction industry.

Burned rocks of mine heaps (BR) can be attributed to sources of natural mineral raw materials of
technogenic origin. They have found the most diverse application in various industries, and, first of all, in
the construction industry [2, 4-8]. The importance of burned rocks as raw materials for processing into
various products for construction purposes is confirmed by significant foreign experience [5-7].

Among the promising areas is the development of polymer concrete technology. As you know,
polymer concrete is a highly filled composition based on synthetic polymer binders, fillers and fillers. The
degree of filling can reach 90-95%. With a relatively low consumption of polymer, they have high
strength and durability. A review of information in the field of developing technology for producing
polymer concrete, theoretical and experimental studies of the laws of their structural formation,
physicochemical properties, shows their higher strength and chemical resistance to traditional concrete [8-
12]. Most widely used for the manufacture of polymer concrete are available epoxy, polyurethane, furan,
polyester, and phenolic resins. The issues of developing a composition based on burned rock with
thiocarbamide resins remain poorly understood.

The aim of this work is to synthesize a composition for polymer concrete based on burnt rocks of
mine heaps with thiocarbamide resins and to determine the possibility of their use as an active mineral
additive in fine-grained concrete.

Experimental part

Materials

In preparing the composition, the thiourea formaldehyde resin (TUFR) was used as the cheapest and
most technologically advanced synthetic binder. The choice of thiourea-formaldehyde resin is due to its
availability and water solubility. Thiourea with a melting point of 180-182°C and a 37% aqueous
formaldehyde solution are the feedstock for the synthesis of TUFR. TUFR was obtained by the standard
method of polycondensation of thiourea with formaldehyde at a molar ratio of thiourea:formaldehyde =
1:2. Hardener used phosphoric acid (H3POs). The resin yield was 92%. The composition and structure are
proved by the data of IR-spectroscopy and conductometry.

The filler in the composition of the composite materials used burned rock (BR) - a product of
oxidative self-firing of waste rock, extracted together with coal to the surface.

The modifier is sodium humate (HNa), isolated by alkaline extraction from oxidized coal from the
Shubarkol deposit. Characteristics of HNa: } COOH+OH - 4,5 mEq/g, Y COOH - 3,0-3,5 mEq/g, A - 13-
15%, W? - 10-12%, nitrogen content - less than 1%.

Synthesis of composite material

Composite material of the composition BR+HNa+TUFR (3:1:2 and 2:1:1) was synthesized as
follows. The objects of the study were obtained by the traditional method of impregnating the filler (BR)
with a solution of modifier (HNa) of a given concentration under the influence of ultrasonic treatment for
10 minutes (ultrasound frequency 22 kHz). Then we leave the mixture for impregnation for 24 hours.
After impregnation, the composite was dried in a stream of air at 80°C for 4 hours. The resulting
composite material of the composition BR+HNa (3:1 and 2:1) is then impregnated with a hot solution of
TUFR at a ratio of BR+HNa+TUFR equal to 3:1:2 and 2:1:1.

Methods

Sample preparation of the burnt rock was carried out by the sieve method using an electrodynamic
vibrostand PE-6700 (Russia, St. Petersburg). The vibrostand is an electronic-mechanical device with
indexing the time interval until the end of work, and allows the sieving of bulk materials on laboratory
sieves.

An ultrasound device 1L-100-6/2 with a maximum power of 1200 W and a cylindrical waveguide was
used as a source of ultrasound. The unit is equipped with an ultrasonic generator IL-10 with a
magnetostrictive transducer with an operating frequency of 22 kHz.

To determine the mineralogical composition of the composite material, X-ray phase analysis (XRD)
was used. The phase composition of the composition was studied on a DRON-2.0 diffractometer using
Co (Ko) radiation A = 1,7902 A in the range 10°-90° (26), with a counter rotation speed of 2 deg/min,
I =10 mA, U =30 kV.

— 7 —
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To study the surface morphology of the synthesized composite, a microscopic analysis was performed
using a TESCAN MIRA-3 scanning electron microscope.

The nominal viscosity of the starting resin was determined using a VZ-246 viscometer with a nozzle
with a diameter of 4 mm.

Bulk density was determined according to GOST 19440-94, dry residue, mass fraction of free
formaldehyde was determined according to GOST 14231-88

Results and discussion.

Burned rocks, depending on their composition and degree of heat treatment, can be used in the
construction industry as one of the components in the production of: concrete, concrete products, thinning
additives in the manufacture of bricks, filler composite materials, etc. The work used burned rocks from
the dumps of the mine them. Gorbachev of the Karaganda region, representing brick-red comminuted
stones. The initial BR were crushed in a jaw crusher, where the particle size was reduced to 5 mm.
Eliminated and washed with plenty of water to get rid of carbonaceous and other inorganic impurities,
then they were screened. The burned rocks used have the following chemical composition: silicon (60%),
aluminum (25%), iron (4-5%), potassium, calcium, magnesium up to 2%, sodium, titanium, phosphorus
up to 1%. The composition of burned rocks also includes valuable natural cement - the result of
calcination of limestone and clay in the process of burning coal. In the course of the study, 0,1 mm
fractions were used.

In order to increase the technical parameters and reduce the porosity of the burned rock, it was
modified with sodium humate, obtained on the basis of oxidized coals of the Shubarkol deposit. The
effectiveness of using sodium humate as chemical and structural modifiers for the filler is due to the
peculiarities of its molecular structure, multifunctionality, the ability to various kinds of chemical
reactions, as well as to donor-acceptor and hydrophobic interactions. The method is based on the
immobilization of humate in the porous structure of a burnt rock using ultrasonic dispersion. Ultrasonic
treatment allows you to achieve a uniform distribution of sodium humate throughout the volume of the
rock. The results of silicate analysis of burning rock impregnation with a solution of sodium humate of a
given concentration under the influence of ultrasonic treatment for 10 minutes showed that ultrasound
contributes to a change in the content of silicon and aluminum oxides in the composites. So, under the
influence of US in composites, the content of silicon oxides significantly decreases (57%), and the content
of aluminum oxides increases (28%), which significantly reduces the silicate module in comparison with
the module of the original burned rock. Upon receipt of the BR+HNa composite, the removal of iron,
titanium, phosphorus, and calcium oxides into the filtrate is observed. Significantly increases the content
of metabolic sodium. At the same time, composites are enriched with calcium and magnesium ions, iron
and potassium ions go to the filtrate. The optimal ratio of the starting components is a 1:1 ratio and the
optimal ultrasonic processing time is 10 minutes.

The main disadvantage of composite material (BR+HNa) when using it is poor chemical resistance
during operation in real conditions, when the material is influenced by numerous factors: temperature
difference, aggressive environment, mechanical stress, and more. One way to increase the life cycle of
composites is to impregnate the surface of the material with resins. As a resin in the matrix of the
composite material used TUFR (table 1).

Table 1 - the Effect of various factors on the yield of the composites

Composite Ratio (L:S:S) US, min Yield, %
0 81,3
2:1:1
10 84,0
BR+HNa+TUFR
0 82,2
3:1:2
10 81,3
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Among the composites BR+HNa+TUFR (3:1:2 and 2:1:1), the most promising is the composite of
BR+HNa+TUFR (2:1:1).

The X-ray phase composition of the composite material, BR+HNa+TUFR (2:1:1), was studied on a
DRON-2.0 diffractometer using Co(Ka) radiation. Figure 1 shows X-ray diffraction patterns for a change
in the composition of the composite.
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Figure 1 - X-ray diffraction pattern of the obtained composite BR+HNa+TUFR (2:1:1)

As the results of the study showed, heights are indexed in the region of interplanar spacing: d=1,99 A
(v-Al,03), d=2,12 A (a-quartz SiO,), d=2,40 A (CaO-Al,03), d=2,82 A (Fe;SiO, - fayalite), d=3,35 A
(a-quartz SiOy).

One of the main methods for studying the structure of substances is electron microscopy. The current
level of development of this direction allows us to increase objects by several thousand times and consider
micron-sized particles. The results of studying the surface morphology of the synthesized composite
BR+HNa+TUFR (2:1:1) are shown in Figure 2.

o MIRAZ TESCA
Der 86 6

rememancs in

a-x3270 b - x 14 000 . ¢ - x 166 000

figure 2 - Electron microscopic images of BR+HNa+TUFR (2:1:1)

In the micrograph you can see the loose surface of the sample, on which there are both small and
large grains, you can also see particles that have the form of thin plates. An increase of 166 000 times
(figure 2 ¢) shows smooth and uniform growths with fine-grained particles and aggregates with sizes from
24,68 to 31,03 nm. The elemental composition and the multilayer EDS-map of the composite composition
are presented in figure 3.

The result of mapping the elemental composition of BR+HNa+TUFR (2:1:1) fully confirms the
composition of the product, and the distribution of chemical elements on the microstructure confirms the
presence of elements that are both part of the resin and elements that make up the burned rock, such as
carbon, oxygen, silicon, aluminum, iron, potassium, magnesium.
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Figure 3 — EDS-map of the composite BR+HNa+TUFR = 2:1:1
Table 2 shows the physicomechanical characteristics of the obtained composites.

Table 2 - Physico-mechanical characteristics of the obtained composites

Conditional | Curing time, Dry The content Bulk Breaking point
Composite viscosity, sec (20°C, residue, of free density, Reend, Roompr,
sec HsPOa) % formaldehyde, % g/em® MPa MPa
TUFR 30 60 55,4 0,9 0,45
BRHINarTUFR 62 120 94,2 0,6 0,92 3.1 4,0
(2:1:1)
'éle T)NaJrTUFR 70 128 838 05 0,95 2,5 2.7

As can be seen from table 2, the curing time for composites based on burned rock with sodium
humate in combination with thiourea-formaldehyde resin increases compared with the original resin.
However, the addition of filler to the resin leads to a decrease in the formaldehyde content in the
composite, thereby reducing its toxicity. The bulk density of thiourea-formaldehyde resin is 0,45 g/cm®,
and for composites based on it, the value ranges from 0,92-0,95 g/cm?®.

Based on the results obtained, it can be assumed that the mechanism of the formation of a composite
of the composition BR+HNa+TUFR flows through a series of stages of series-parallel reactions and leads
to the formation of a composite, the composition of which is determined by the ratio of the starting
reagents, as well as the order of their mixing. The resulting composites are complex complexes and when
they are poured onto glass substrates, sufficiently strong composites.

In order to identify the possibility of using BR as an active mineral filler of an additive in the
composition of a composite material, tests were carried out on the compressive strength of samples. The
test results are shown in table 2. It follows from the table that the student criterion is higher than 2,07, the
additive is considered to have passed the strength test. Based on the test data, it follows that the addition of
burned rocks as a filler is considered to have passed the strength test.

Conclusion

Thus, a new composite material was developed. By varying the composition of the matrix and filler,
the mechanical strength of the composite is increased and toxicity is reduced. The composition of the
composite obtained is confirmed by elemental and x-ray phase analysis. A microscopic analysis was
performed to study the surface morphology of the synthesized composite. The physicomechanical
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characteristics of composites are studied. A decrease in the content of free formaldehyde in the composite
indicates a decrease in toxicity. The resulting composite can be used as a building material.
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IKP XKIIIC OpraHuKajbIK CHHTE3 KoHE KOMIpXUMUACH MHCTUTYThI, Kaparanuel, Kasakcran;
2Peceii FBUIBIM aKkageMUAChIHbIH Cibip GoMiMiHiH KoMip jKoHE KOMIp XMUMUACH! (eaepalbl 3epTTEY OPTaIbIFbl,
®DenepainblK MEMIICKETTIK OI0KETTIK FRUTBIMU MeKeMeci, KemepoBo, Peceii

KOMIP OHAIPY KAJIABIKTAPBI HEI'I3IHAEI'T KOMIIO3UTTIK
MATEPHUAJIIBIH CUHTE3I MEH KACUETTEPI

AnHoTanusi. Makanana ynpTpaibIOBICTBIK XMMHSI OMICTEPIH MNaijgalaHy apKbUIbI KOMIp JXOHE MOIUMEpI
IIMKI3aTIIeH YIITACThIpa OTHIPHII, KOMIp OHIPY KaJJIbIKTaphl HETi3iH/Ae KOMIIO3UTTI MaTepHaigap CHHTE31H 3epTTey
HOTIDKEIIEpi JKOHE YCaK TYHIpIIKTI OeToHmapaarbl IeMEHT OOITiH aybICTHIpyFa apHalFaH OEJCCHII MHIHEPaJIbl
KOCIa peTiH/Ae KOJIaHy MYMKIHAITH aHBIKTaY YChIHBUIFaH. MaTpHuLa MEH TOJTBIPFBILITHIH KYPaMbIH ©3repTill, OHbIH
KacueTTepi opbip Kypamiac KaCHETTEPiHEH CaHIBIK KOHE CAIlaJbIK JKaFbIHAH ePEKIICIICHETIH KOMITIO3UTTI MaTepra
aneHaEL. KoMno3uTTi MaTepuan KypaMbIHIa TOITHIPFBINI PETiHIIE XKAHFBII Kaz0amap — keMipMeH Oipre skep OeTiHe
IIBIFapPBUTATEIH 0OC KBIHBICTAPABI TOTBHIKTHIPFBINI ©3MITiHEH KYHAIPY oHiMiI KoimaHbUIFaH. JKaHFaH KBIHBICTapABIH
KypaMbIHIa OpPTaHUKANBIK OeJiiri (>kaHOaraH KeMipili Kocmanap) >KoHe MHHepaiuabl (KYWIIpireH cazapl-KyMITBI)
Gemniribap. JKanrpi Ka3z0axapblH 3aTThIK KYPaMbIHBIH, KOMIP OHEPKACiOl KaJIABIKTAPBIHBIH €PEeKIICTIKTEpi Oap bl
KalTasiaMma MHHEPAJIIBIK IIIMKI3aT PETiHAE KapacThIpyFa MyMKiHaiK Oepeai. KoMmo3uTTik Marepuania 0aiTaHbICThI-
PYIIBI THOMOYEBHHO(GOPMaAIIBAET U IIalbIpbl Konganblirad. [laieip THokapOaMua: popManbiaeruy = 1:2 MOISpIIBbIK
KaTblHacTa (opManbIeruileH THOMOYEBHHA ITOJMKOHICHCAIMSCHIHBIH CTAaHIAPTTHl 9fici OOMBIHINIA aJIbIHFaH.
TuomoueBMHOpOPMANTBIETUA MIAWBIPBIH TaHJAY KOJ JKETIMIUIIrIMEH, CyJa epiriluTiriMeH »oHe MOAN(PUKATOPMEH
KEIIeH/I Ty3yre KaOuIeTTi NpOTOHOAKLENTOPISBI OPTAIBIKTAP CAHBIHBIH JKETKUTIKTI OOJybIMEH OaiIaHBICTHI.
KommosurTik Marepuanmap yuin moxudukarop Lllydapkesn keH OpHBIHBIH TOTHIKKAH KOMIPIHEH CUITLII SKCTPaKIUs
oziciMeH OeJiHreH HaHOTEXHOJIOTHAAAFbl NEPCIEKTHBAIBI TaOMFH HOJMMEpIIEpre JKaTaThlH KOMIp eHJIEY KaJlJbIK-
Tapel OHIMI, HATPUN TyMaThl KoJaaHsUFaH. Hatpuit rymatser ruapodoOTH xKoHE THAPOPIUTBAL YIacKenepaiH Oipereit
yiiecimi, KypaMbIHIa OTTeri 6ap GYHKINOHANIBIK TONTAP.IBIH, XOII HIiCTi, TETEPOIMKIIII jkoHe 0acKa Aa TOTTapIbIH
alyaH Typuutiri 6ap NOMM(YHKIMOHAIABI ITOJMMEpIiepre jKaTaabl. TeXHUKAJbIK MapaMeTpiepAi apTThIPY JKoHE
YKAHFBIII Ka30anapIelH KeyeKTiUTriH ToMeHaeTy MakcatbiHaa 1llybapker kKeH OpHBIHBIH TOTHIKKAH KOMipi HeTi3iHae
QIBIHFAH HATPUH T'yMaTbIMEH MOAM(HKAIMsIIAY >KYPri3inai. TONTBIPFEIKA apHAIFaH XUMUSUIBIK JKOHE KYPbUIbIM-
IBIK MOIU(UKATOpiap pPEeTiHAe HATPUHA TYMATHIH KOJNJAHYABIH THIMILTITT OHBIH MOJEKYJIAJBIK KYpPbI-JTBICHIHBIH
epeKIIeTiKTepiMeH, MOJU(YHKINOHAIABUTBIFBIMEH, OPTYPJl XUMUSIIBIK peakiusuIapra KaOlIeTTUTrIMeH, COHiai-aK
JIOHOPJIBIK-aKIENTOPJIBIK JKOHE TUAPO(pOOTHIK ©3apa opeKeTTecyyepre HerinenreH. MyHBIH 0opi  Harpuid
IyMaTbIHBIH MaKpOMOJIEKYJIaapajblK CHIIAThIHA Kapai, ©pTEHreH J>XBIHBICIIEH J€, THOMOYE€BUHO(POPMAIIbACT U
IaliBIpMEH JIe ©3apa dpeKeTTecyre JKorapbl KaOuleTTinirin kepcereai. Kyinipiaren xpIHbICTap, THOMOYEBUHODOP-
MaJIp/IETUATI IIaibIpel Oap HATPUil T'ymarhl HeTi3iHIeri KOMNO3WIMSIBIK MaTepHal yJIbTPaablObICTHIK ocep.i
KOJIIaHy apKbUIbl CIHAIPY 9JICIMEH CHHTE3AEIreH. OJIC yIbTPaAblObICTHIK AUCIEPTUpIIEY i MaiiiaiaHa OTBIPHIII,
JKaHFBII Ka30amapAblH KEyeKTi KYpBUIBIMBIHA TyMaTThl MMMOOMIM3alMsUIayFa HETi3JeNreH. YIIbTPagblObICTHIK
OHJICY >KBIHBICTBIH OapIbIK KejeMi OOMbIHIIA HATPUH T'yMaThIHBIH OipKeNKi TapaylyblHa KOJI KETKi3yre MYMKIHJIIK
Oepemi. YIbTpanbIOBICTHIK aKTHUBTCHIIPYIIH AaHBIKTAYIIBI pOJi JKOHE OHBI KOMIIO3UTTEpAlI alxy IporeciHe
KOJIJaHyIbIH THIMALIIT] KOPCeTITeH.

Kasipri 3amMaHFbI pU3HKa-XUMUSIIBIK )KOHE (PH3HKA-MEXaHUKAIBIK 9IiICTEPMEH abIHFAaH KOMIIO3UTTIK MaTepHal-
JapablH KypaMbl MEH KYPBUIBIMBI cUTIaTTaFaH. KOMIO3UTTIK MaTepranaapAsIH MHHEPATOTHIIBIK Kypambl Co(Ka)-
coyneneHyai nainanana oteipei, JJPOH-2,0 nHagudpakromerpinge peHrreHodasapl Taigay KeMeriMeH 3epTTeireH,
an TESCAN ¢upmaceiasiH MIRA-3 pacTpibIK 37€KTPOHIBIK MUKPOCKONTHI MaiaaiaHa OTBHIPHITT, MUKPOCKOTIHSITBIK
Tayaay HeriziHae OeTiHiH MOP(OJIOTHCH 3epTTENIreH. DIIEMEHTTIK KYpaM/Ibl KapTajay HOTHXKeCi OHIMHIH KypaMbIH
pacraiinpl. KoMIo3HIUsUIBIK MaTepHaN/Ibl JKaHFBII Ka30agapMeH TONTHIPY JKOFapbl (pru3nKa-MeXaHUKaJbIK KepCeT-
KilTepai KaMTamachl3 etesi. JKaHnrblm KazdanapMeH TONTHIPBUIFAH KOMITO3UTTEP/IH OEpIKTIri KaHFaH >KbIHBICCHI3
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yKcac KypaM yIriiepiHe KaparaHAa >KOFapbl. AJIBIHFAH KOMIIO3UT KYPBUIBIC MaTepHallbl peTiHIe NaiifalaHbLIybl
MYMKIiH.

Tyiiin ce3mep: KOMIIO3UTTI Marepuall, TOJNTHIPFHIL, OaiIaHBICTBIPYLIBI, XKAHFBII Ka30anap, THOMOUEBHHO}OP-
MaJIbJIETU/] IIAUBIPBI.

A.X. Kaknnal, O.B. Apur?, E.IL. Bacmien!, T.C. )Kusorona’,
3.M. Mysnaxmeron?, A.M. I'azanuen’, C.A. Cemenopa®

1TOO UnctutyT opranmgeckoro cunresa u yriaexumun PK, Kaparanna, Kazaxcram;
2 DepiepalbHbli HAYYHO-UCCIIEN0BATENLCKUM LEHTP YTONBHON M XUMHYECKON IPOMBIIIEHHOCTH
Cubupckoro ornenenus Poccuiickoit akagemun Hayk, Kemeposo, Poccus

CHUHTE3 U CBOMCTBA KOMITO3UTHOI'O MATEPHUAJIA
HA OCHOBE OTXO/JOB YIJIEJOBbIYN

AHHOTaHHﬂ. B crartbe MPEACTAaBJICHBI PE3YJIbTAaThl HUCCICAOBAHUA CHUHTC3a KOMIIO3UTHBIX MaTCpHaJiOB Ha
OCHOBE OTXOJIOB YIJIEHOOBIYM B COYETAHWH YTOJBHBIM W MOJMMEPHBIM CHIPBEM, C HCIIOJIb30BAaHHEM METOIOB
YJIBTPa3BYKOBOH XMMHHM M OIpEIEJICHHE BO3MOXKHOCTH HMX IPUMEHEHHS B KadeCTBE aKTHBHOW MUHEPaJbHOW
J00aBKM ISl 3aMEHBI 4acTH IIEMEHTa B MEJIKO3CPHHCTHIX OeToHax. Bapbupys cocTaB MaTpuipl M HAIlOIHUTEI,
MOJTy4eH KOMIIO3UTHBIH Marephajl, CBOWCTBa KOTOPOIO KOJMYECTBEHHO M KAYECTBEHHO OTJIMYAIOTCS OT CBOMCTB
Ka)XXJIOTO U3 €r0 COCTaBIISIOIMX. B KauecTBe HAIOJHHUTENS B COCTaBE KOMITO3MIIMOHHOTO MaTepHaja MCIOIb30BaHa
ropenas Mopoja — MPOXYKT OKHCIUTEIBHOTO CaMOOOXKHTa ITyCTBIX ITOPOA, H3BJIEKAEMBIX BMECTE C yIJIEM Ha
MOBEPXHOCTh. [ 'Openble MOpPOABI COAEpKAT OPraHWYECKyI0 4UacTh (HECTOPEBIIME YTJIMCTBIE TIPUMECH) U
MHUHEpAIBbHYI0 (000XKEHHYIO TIMHUCTO-TIECYaHUCTYIO YacTh). OCOOCHHOCTH BEIIECTBEHHOTO COCTaBa TOPEIBIX
IopoJ, OTXOHOB YIJICIPOMBINIJICHHOCTU IIO3BOJIACT pacCMaTrpuBaTb HMX KaK BTOPUYHOC MHUHCPAJTIBHOC CbhIPHEC.
CBA3yIOIMM B KOMIIO3UTHOM MaTepHaje UCIOJIb30BaHa THOMOYEBHHOGOpManpaerugHas cmona. CMomna mosydeHa
[0 CTaHAAPTHOW METOAMKE IOJMKOHACHCAMM THOMOYEBHHB! C (DOPMAIIBICTHIOM IIPH MOJSIPHOM COOTHOIICHUH
TtHoKapOamua:popmaibaerun = 1:2. Beibop THOMOUEBHHO(OPMAIBbIETUIHON CMOJIBI 00YCIIOBIIEH IOCTYITHOCTBIO,
BOJIOPACTBOPUMOCTBIO M HAJIMYUEM JIOCTATOYHOTO KOJIMYECTBA IPOTOHOAKIENTOPHBIX IEHTPOB, CIIOCOOHBIX K
KOMIUIeKcooOpazoBanuio ¢ MoaudukatopoM. MoaudukaropoM [Uisi KOMIIO3UTHBIX MAaTepHajoOB HCIIOJIB30BaH
MPOJYKT OTXOJa yrienepepaboTKu, OTHOCSIINICS K HEPCIIEKTHBHBIM IIPUPOAHBIM TOJIMMEPaM B HAHOTEXHOJIOTHH,
rymMar HaTpus, BBIJCJICHHBI METOJOM IIEJIOYHOW OKCTPaKUMM M3 OKUCIeHHBIX yriaed LlyGapkonbckoro
MecTopoXkaeHus. ['ymar HaTpust OTHOCHTCSA K HOJNU(YHKIMOHAIBHBIM IIOJIMMEPAM C YHHUKAIBHBIM COUYETaHHEM
ruapodoOHBIX W THAPOMWIBHBIX YYacTKOB, Pa3HOOOpa3neM KHCIOPOACOAEPXAMMX (PYHKIMOHAIBHBIX TPYIII,
apOMaTHYECKNX, TeTEPOLUKINYECKIX U APYTUX IpynnupoBoK. C HENbI0 MOBBIIICHUS TEXHUYECKHX MapaMeTpoB U
CHIDKCHUSI TIOPHUCTOCTH TOPEJIOW TOpOJBI MPOBEICHO €€ MOIU(HUIMPOBAHHE T'yMaTOM HATpUs, IOJyYEHHOTO Ha
OCHOBE OKHCIEHHBIX yriei Lllybapkoasckoro MecTopoxaceHus. J(P(GEeKTHUBHOCTh UCIOIB30BAHMS T'yMaTa HaTpus B
Ka4eCTBE XUMHUYECKHX M CTPYKTYPHBIX MOAMGHUKATOPOB Ul HATOIHHUTENA OOYCIIOBIEHAa OCOOCHHOCTSIMU €ro
MOJIEKYJISIPHOTO CTPOEHHS, MOJIH(YHKIMOHAIBHOCTBIO, CIIOCOOHOCTHIO K Pa3HOTO PoJia XUMHYECKUM PEaKIHsM, a
TaKkKe K JIOHOPHO-aKIENTOPHBIM 1 THApo(oOHBIM B3auMoeicTBUsIM. Bee 3To npearnosnaraet BHICOKYIO CIIOCOOHOCTD
rymara HaTpuss K MEXKMaKpOMOJEKYJIIPDHBIM B3aUMOJCHCTBUSIM C Kak C TOpeNod TMOpoxoH, Tak |
THOMOYEBUHO(GOPMANBACTHIHON cMOI0i. KOMIO3UIIMOHHBIN MaTepHai Ha OCHOBE IOPEJIOi MOPO/Ibl, TyMaTa HaTpHs
C THOMOYEBHHO(OPMAaIIbIETHIHONW CMOJIOW CHHTE3MPOBAaH METOOM IIPONHUTKHU C MCIIOJIb30BAaHUEM YIIBTPa3BYKOBOTO
BO3/ieiicTBUs. MeToj OCHOBaH Ha HMMOOWIM3AlMM TIyMmMara B IIOPUCTYIO CTPYKTYpy TOpENod TOpOAbI C
WCTIONIb30BaHNEM  YJIBTPAa3ByKOBOTO HCHEPTUPOBAHUS. YIIbTpa3ByKoBas 00paOOTKa TIO3BOJSIET JTOOUTHCS
PaBHOMEPHOTO pacHpeNesieHuss TI'ymara HaTpus Mo BceMy oO0béMy mopozpl. [lokaszana onpenersomast polb
YJIBTPa3BYKOBOH aKTHBALMK ¥ oTMedeHa 3()(EKTUBHOCTH €ro MPUMEHEHHS Ha TIPOLECC ITOJTyYESHHUS] KOMITO3HTOB.

CoBpeMeHHbIMU (PHU3UKO-XUMHIECKUMH W (PU3NKO-MEXaHHYECKHIMH METOJaMH OXapaKTepPH30BaHBI COCTaB U
CTPYKTypa MOIy4IEHHBIX KOMIO3UTHBIX MaTepHaIoB. MUHEPAIOTHUECKUI COCTaB KOMITO3UTHBIX MAaTEPHATIOB U3YUIEH
C TIOMOINBIO0 peHTreHoda3oBoro aHamu3a Ha audpakromerpe JPOH-2,0 ¢ ucnons3oBanuem Co(Ka)-m3mydenus, a
MOp(OIOrHs TOBEPXHOCTH Ha OCHOBAaHMM MMKPOCKOIIMYECKOTO aHalu3a C HCHOJIB30BAHUEM PacTPOBOTO
anekTponHoro Mukpockona MIRA-3 ¢upmer TESCAN. PesynbraT KapTHUpOBaHHUS 3JIEMEHTHOTO COCTaBa MOJHOCTHIO
MOATBEPXKIAIOT COCTaB IMpPOayKTa. HamoiHeHHe KOMMO3MIMOHHOTO Marepualia Topesiod mopozoil obecreunBaeT
Oonee BbICOKHE (DU3MKO-MEXaHMYECKHE MOKazaTedau. [IpoyHOCTh, HAMOMHEHHBIX TOPENoi MOpPOJOH, KOMIO3UTOB
BBIIIIE, YeM y OOpa3loB aHAJOTMYHOIO cocTaBa Oe3 ropesod mopoabl. [lomydeHHBIH KOMIO3UT MOXXET OBITh
UCIIONB30BaH B KA4€CTBE CTPOUTENILHOTO MaTepuara.

KiroueBble ¢j10Ba: KOMIIO3UTHBIH MaTepHal, HallOJIHUTEIb, CBA3YIOIINHA, ropenas Mopoia, THOMOYEBHHOGOD-
MaJlbIeTUAHAS CMOJIA.
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SYNTHESIS AND APPLICATION OF ACRYLIC FILMS IN PAINT
AND VARNISH MATERIALS

Abstract. Copolymerizations of unsaturated compounds with different ratios of acrylic monomers were
synthesized. The synthesized copolymers exhibit good adhesion, flexibility and waterproofing performance may be
used in the paint industry. The behavior of the copolymers of MMA and BuMA and proven by IR spectroscopy. This
paper describes the synthesis, structure and properties of certain block copolymers. The practical application of
scanning electron microscopy used for investigation of materials.

Keywords: methyl methacrylate, butyl methacrylate, copolymers, paint, films, tensile strength, elongation at
break, shore hardness.

Introduction. Polymers based on methacrylic monomers have optical, mechanical properties, they
are biocompatible, easy to functionalize, that causes a wide application in various fields ranging from
coatings and ending medicine. This explains the need for controlled synthesis of polymers based on [1] of
the class of monomers.

Methyl methacrylate and butyl methacrylate copolymers are widely used adhesive compositions,
paint, varnish, materials for restoration work, due to its transparency, good film-forming properties, high
adhesion to various substrates, increased bio and weather. Block copolymers of the structure is used to
improve the compatibility of the polymer components in the solutions and the mixtures.

In this paper, the synthesis of new hydrophobic copolymers based on butyl methacrylate (BuMA) and
methyl methacrylate (MMA) investigated their physicochemical and surface properties. Methyl
methacrylate as a monomer contains a highly polar ester group, which confirms the hydrophilic nature
while the methylene and methane groups in the main chain and side chain support the hydrophobic nature,
respectively.

This work relates to paints and can be used to protect various surfaces in the home and in industry.
Methacrylic paint composition according to the first embodiment comprises a film-forming methacrylate -
acrylic organic soluble copolymer of butyl methacrylate with methyl methacrylate. This relates to the
production of coatings and can be used to generate protection against various external surfaces aggressive
action and giving the appearance of the corresponding products. Paints and coatings based on methacrylic
copolymers such as a copolymer of butyl methacrylate and methyl methacrylate are highly weather- and
light resistance [2]. This elastic coating resistant to shock, have good adhesion to the surface.

The structure of the copolymers block of is used to improve the compatibility of the polymer
components in the solutions and the mixtures. The thermal behavior of the copolymers is important to
predict the lifetime of materials. The aim of this work is to study of methyl methacrylate (MMA) with
butyl methacrylate (BuMA) by IR spectroscopy, SEM and physical-mechanical properties.

Experimental (Materials and apparatus). Methyl methacrylate, butyl methacrylate,
Azobisisobutyronitrile acid production company «Aldrich Chemical Co.» USA was used without further
purification and other chemicals as ethanol and acetone used in this experiment. Benzoyl peroxide (BPO)

— 14 ——



ISSN 2224-5286 2. 2020

(supplied by Melbourne), N,N-dimethyl-p-toluidine (DMPT) (supplied by Fluka) and hydroguinone (HQ)
(supplied by Merck) were used as purchased.

Synthesis of copolymers. In the ground-glass prepared monomer mixture of 450g methyl
methacrylate (MMA) mixed with 50g butyl methacrylate (BuMA) and a molar ratio of 90:10 after
assembly of the device in a three-necked reaction flask was charged with a stirred mixture of 100 g and
the reaction mixture was stirred for 10 minutes at stirring heated air bath to 800S. When the temperature
reached 500C, the supply of nitrogen or argon that extends almost to the surface of the reaction mass. Gas
flow rate was controlled clamp so that the bottle was held through an intermediate air bubbles. To the
residue was added a mixture of the dinitrile 0,5gr azobisisobutyronitrile acid (AIBN) and the stirrer and
dissolve with vigorous stirring. After dissolving the mixture and stirring the cooling slowly drop wise over
1 hr through the addition funnel administered initiator (Scheme 1).

Methyl methacrylate Poly methyl radical obtained by reacting a copolymer of methyl methacrylate
with methyl methacrylate according to the following scheme:

° CH O
/\/\ 3 /CH3 e ‘P .__/GH;;]
o] n
H.C H,C O ABN - |m ¥°
m + n — - o =o o
CH, \
H,C CHs

T
PIMMA-co-BMA] 7

BMA MMA

H-

Scheme 1 - General reaction for the synthesis of MMA/BMA copolymer

Copolymerization is carried out to syrup state. The mixture was then cooled in cold water, carefully
opened, and dissolved in acetone. Copolymers transferred to a beaker dissolved in acetone, the contents of
the solution was purified by precipitation in ethanol. This occurs because the copolymer is not soluble in
ethanol. Then they were dried in a pre-weighed Petri dish, first in air and then vacuum circuit drier.

Tests. This paper was carried out by IR spectroscopy on 65 Spectrum FT-IR spectral range between
4000 — 4500 cm™ and a scanning electron microscope "EVO 50 XVP" (Carl Zeiss) (Wolverhampton
Instruments) synthesized copolymers were filmed in different proportions. Experimental part [The tensile
properties of the copolymers and terpolymers cast films were measured by using MTS 10/M tensile testing
machine at a crosshead speed of 50 mm/min. An average of at least four measurements was taken, and the
1-kN load cell was used. Shore A, D hardness was measured using an indentation hardness tester
according to ASTM D2240-75.]

Results and discussion FT-IR spectra. Infrared spectroscopy method was used to solve the problem
in our research. It is one of the most informative methods for optical investigation of solids as well as
allows you to record the vibrations of the structure of molecules and surface groups of atoms, as well as to
observe the change in the chemical bonds in the process of adsorption of the reactants. With the help of
IR - spectroscopy we can determine the structure of molecules, as in the infrared region contains the
majority of the vibrational and rotational spectra of molecules.

For the determination of [3] components in the copolymers there should have a spectrum
characteristic, easily identifiable intense absorption bands by IR spectroscopy (see table 1).

Table 1 - The compositions of the copolymers obtained by IR - spectroscopy

IR - spectra, the oscillation MMA: BUMA MMA: BUMA MMA: BUMA
frequency 90:10, cm™? 50:50, cm? 10:90, cm™?
1 2 3 4
CHb> tension 2930 2955 2957
CH, CH2 u CH3 tension - 2874 2873
C=0 tension 1722 1722 1722
C=C bending 1434 1447 1464
CH3 bending 1386 1385 1384
C-O-C tension - 1267 1267
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Continuation of table 1
1 2 3 4
C-O-C tension 1237 1238 1239
0O=C-O- tension 1142 1142 1143
—C-O-C- tension 1061 1063 1063
—C-0O-C- tension - - 1019
—C—-C- tension 985 964 945
—C—C-tension 840 844 844
C—H bending 749 748 748
0O-C-0 shears - - 517
0-C-0 shears 478 482 438

If any, by comparing the value of this peak with the gauge dependence of the peak intensity -
concentration of the component, it is possible to determine the content of the copolymer. The copolymers
synthesized based on MMA: BuMA were recorded IR spectra (figure 1).
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Figure 1 - IR spectra of copolymers based on MMA: BUMA
Composition [MMA]: [BuMA] mol.%: 90:10 (M1), 50:50 (M2), 10:90 (M3)
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The spectra of copolymers based on MMA: BuMA are characterized by an absorption band in the
band range 2874cm™ — 2873cm™ can be attributed to the stretching vibrations of aliphatic and by the
presence of methyl groups CH, CH2 and CHz bonds.

Meanwhile, the signal can be seen in 2957cm™ — 2930cm™ is the result sp® carbonyl monomer butyl
methacrylate and most intensive absorption bands esters [4] are in 1723cm™ — 1722cm™ stretching
vibrations of unsaturated carbonyl groups C=0.

Absorption band at 1434 cm™ — 1464 cm™ monomer spectrum [5] due to the presence of a double
bond C = C stretching vibrations and vibrations = CH - groups, with absorption bands in the region
1267cm™ - 1237cm™, 1142cm™ -1143cm™ u 1061cm™ - 1063cm™ -C-O-C- ester group, indicating the
formation of a copolymer of MMA: BuMA. In the 1019 cm™ there is a series of four absorption bands,
which together with the strip in 790 cm™ are characteristic of methacrylate structure. Intensive pass band
frequency range 1019 cm™ - 790 cm™ and 2957cm™ — 2930cm™ traced in the spectra of all the samples.
The IR spectra of different ratios of copolymers were observed changes in the intensity of transmission
bands of carbonyl functional groups in all the samples, which allowed us to estimate the degree of
polymerization of MMA and BuMA [6]. The composition of the copolymers MMA: BuMA identified by
IR - spectra, which are stretching vibrations of the respective functional groups. The intensity of the bands
corresponding to the characteristic depends on the composition of the starting monomeric mixture. It is
clearly seen that the copolymer consists of units of different amounts of methyl methacrylate and butyl
methacrylate [7].

Scanning electron microscope (SEM). Scanning electron microscopy (SEM) to analyze the
materials have been widely used to solve specific scientific and technological problems due to their high
information content and reliability of the results of the study. The physical and mechanical properties of
the materials are determined by their microstructure which depends on the electronic structure, chemical
composition, and their fabrication technology [8].

2. MMA:BUMA 50:50

EHT = 1000 KV Signal A = SE1 : o EHT = 10.00 K Sigoal A= SE1 Date 11 New 2014
Filo Name = Sa.if - 50 | WO= 60mm  FileName = 4biF Mag= 200K

| 10pm EHT = 10.00 kY Signal A = SE1 Date 11 MNov 2014
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Figure 2 - Images of copolymers based on MMA: BUMA obtained by the SEM method
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Different ratios of copolymers were evaluated by scanning electron microscopy. From figure 2 the
copolymers of MMA: BuMA are porous, and swelling due to a large capacity of the copolymers.

SEM images showed copolymers, species such as a structure that provides a large surface area for
improved adsorption. Structure existed small pores and is indicated for the better solubility. For the
copolymerization reaction of MMA: BUMA in different proportions structure was porous and irregular
look strong and changed the structure is not uniform.

Filler and fine aggregate. In this work, fine - dispersed calcium carbonate was used as a filler in
paint products, and fine quartz sand was used as a fine filler. Before using these fillers, they were dried at
105 ° C for 48 hours to remove moisture at least 0.1%. Table 2 presents the characteristics of the filler and
the fine aggregate [9].

Table 2 - Properties of filler and fine aggregate

Filler or fine aggregate Size Density Water content Organic
(um) (20 °C, g/cm®) (%) impurities
Calcium carbonate <25 2.7 <0.1 Nil
Silica sand 106-121 2.61 <0.1 Nil

Preparation of copolymer syrups. Copolymer syrup was produced by dissolving copolymer
(MMA/BUMA) and BPO into MMA monomer at normal temperature (25°C). Then, a liquid component
was produced using MMA monomer, DMPT and HQ. BPO and DMPT were added at 1.5 and 0.75 parts
per hundred (pph) to syrup to act as initiator and accelerator, respectively. HQ was added in the syrup as
an inhibitor. Paraffin wax was as added 1% wt. of syrups. This copolymer syrup was then placed into the
liquid component mixed with ratio 10/90 % wt/wt to maintain the mixing ratio at 100% as shown in table 3.

Table 3 - Formulation of copolymer syrup for acrylic paint

Group Syrups (&35’33,% (ugﬂmm)
Syplo/M1 10 90
Group 1 Syp10/M2 10 90
Sypl0/M3 10 9

Film preparation. Films were prepared by casting the acryl syrups on leveled surfaces and allowing
them to dry at room temperature for 3 hours. The films were stored in a desiccator at room temperature for
further characterization and measurements [10-11].

Mechanical Properties of polymer films. The mechanical properties of the copolymer films with
respect to the amount of MMA and BuMA are shown in figures 3-5.

4 N

Tensile strength, kgf/cm?

MMAIBUMA [ |

Figure 3 - Tensile strength of copolymer films as a function of MMA/BuMA content
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Figure 4 - Hardness of copolymer films as a function of MMA/BUMA content

Elongation, %

Figure 5 - Elongation at break of copolymer films as a function of MMA/BUMA content

It can be seen that tensile strength increased with increasing amounts of MMA in the copolymer
(figure 1). MMA/BUMA (90/10) showed the largest tensile compared with MMA/BUMA (50/50). This is
presumably due to the increased hard segment contents (MMA) in the copolymer film. The elongation at
break was increased with increasing amount of BUMA as shown in figure 2. It may be due to the increased
in chain flexibility (BuMA). Similarly, hardness shore (A) was found to increase with increasing of MMA
content in the copolymer films as shown in figure 3 [12].

Conclusion. We have obtained a new synthetic copolymers based on methyl methacrylate (MMA)
and butyl methacrylate (BuMA), with use of the dinitrile as an initiator of Azobisisobutyronitrile acid
(AIBN).

The result of research, the molecular interaction with the MMA: BuMA liquid phase methacrylic
copolymer dispersions, which had a significant impact on the protective properties of the coatings.
Polyampholytic properties of cross linked copolymers of MMA: BuMA, partly due to the presence of
unsaturated groups and carboxyl methacrylate structure characteristic for which presence confirmed also
that by decreasing the content of the hydrophobic monomer MMA copolymers are obtained which are
insoluble in water. lonization of the carboxyl groups is a major contributor to the process of swelling and
aspirations to the distribution of solvent throughout the volume of the polymer network.

Studies have confirmed the effectiveness of dispersion paints using MMA: BuMA staff 50:50 mole. %,
can improve water repellency, resilient flooring, as well as to reduce the drying time of coatings to touch
on various mineral substrates [13].
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Study waterproofing properties of the films showed that the higher content of the copolymer
composed of MMA contributes to obtaining films with lower adsorption capacity and hence higher
waterproofing properties.

A.H. Hypabi6aeBa, E.W. Pycrem, I'.P. CangueBa, I'.A. CeiiTOexoBa,
A.C. JapmenbaeBa, M.C. KaamaxanoBa, A.M. ErucunoBa, Y.T. OTbiHIINEBA

M.X. dynatu ateiHaars! Tapa3z MeMileKeTTiK yHUBepcuTeTi, Kazaxcran
AKPWI YJIAIPJIEPIH CUHTE3JEY KOHE JAK-BOSTY MATEPUAJIJAPBIHA KOJIIAHY

Annoranus. bepinren Makanana metrmmerakpuiaatr (MMA) nien Oytunmerakpmiat (BMA) xoHe Tirymn areHt
AVBH nHUIMATOPBIH KOCY apKbUIBI KaHAa MOJIMMEPIEpIl CHHTE3ZICH aly >KOHE OJapIIblH HETi3T 3aHAbUIBIKTaphl
KapacThIpsUIael. OCBIFaH OaiIaHBICTHI CHIP-00sly MaTepHaIIaphl CaJaChIHIAFBI ©3€KTi MOCeNeHiH 0ipi — eHepKacinTe
KOJIJaHy YIIiH KacHeTTepi KaKCapThUIFaH, )KbUIIaM KeOeTiH, SKOIOTHSIIBIK Ta3a, COJIBBEHTCI3 Oosymap aimy. Oneme
COJIBBEHTCI3 0oslyllap peTiHjAe SHOKCHITI KOHE IOJNMYpeTaH[bl O0syJap YCHIHBUIFAH. AKPHJI OOsyJlapbIHbIH
KYpaMbIH/a CY[bIH JKOHE OPraHHUKAaJbIK epiTKImTepiH 00JMaybl COJMBBEHTCI3 0OslyIap AeM aTajaThiH, KypaMbIHIA
yIlIlla OPTraHUKANBIK KOCBUIBICTAp ©T€ TOMEH OOJIATBHIH OOsyNap/bl CHHTE3ZEI ajlyFa KoHE (H3MKa-MeXaHHKaJbIK
KacHeTTepl MeH DKOJIOTHSUTBIK CHITIAThI KaFbIHAH Ta3a, XKaKChl OHIM alyFa MYMKIHAIK Oepeni.

3eprTey TaKbIPHIOBIHBIH ©3eKTuIr. Ka3akcTaHHBIH KYpIIBIKTHIK KJIMMaT TYPiHIH T€3 ©3reprillTiriHe »oHe Kypaesi
THIIPOTCONIOTHSUIBIK  JKaFAaiblHa OalIaHBICTBI, FUMaparTap MEH KYpPbUIBICTApAbl THAPOU3ONSLIMSIIBIK KOpFay
MaHbBI3IB! Oombin caHanansl. Oceiran OaimaHeicThI, KasakcTanma 060sy skaOBIHABUIAPEIH JaWbIHIAY, OJIAPMEH KaMTy
JKOHE OCHIHIAl OHAIPICTI JAMBITY — ©3€KTi MacemeNnep i Oipi.

OHepKacil opKalllaH OTe KOFAPHI HKCIUTyaTAIFUIBIK KACHETTEPTe He jKaHa ChIp-00sy MaTepHalgapblH OHIIpyTe
TaNMbIHAIABL. AKPWIBII ChIp-Oosy MaTtepuanmapsl (CbM) Oipkarap Oara jXeTrec KacueTTepre We, OHBIH IITiHIe
aTMocgepara )KoHe JKapbIKKa TYPAKTBUIBIFBI )KOHE CY MEH CiTiuIepre Te3iMaiiri 6ap.

7KyMmbIc MakcaTbl — SpTYpJli MOHOMEpJIEPMEH KaHBIKIIAFaH METAKPHJIbII IIafbIpiaap — METHII MEeTaKpUiIaThl
HETi3iHJe JkKaHa comojuMepiiep aity. JKaHa COMOJHUMEpNICp HEri3iHae METWIMETAKpWiaT MEH OyTHIMETaKpHIaT
CHHTE3/Iey KOHE OHBIH (DM3UKA-XMMUSIIBIK KAaCHETTEPiH 3epTTey. | MApOM30IALMIIBIK KacHeTTepi 0ap akpuiar
00styJTapbIH KOJIaHyAaFbl OJIMMEPITi aKpUJIATTap HETi31H allyIblH TeXHOJIOTHSCHIH KYPY.

OPpTYpJli KaTbIHACTAFbI XKaHa comoauMepiep — MMA sxoHe BMA cunTte3nenni, conmai-ak (GU3NKa-XUMHSIBIK
KacueTrTepl 3epTrenai. Yiuipiep, cipHeiep NalblHAAy YIIIH COIOJMMED KOJIAAHBUIABI, OJapAbIH (H3HKa-Mexa-
HUKaJIBIK KaCHETTEeP1 3ePTTENi XKoHe 00sTy IbIH KypaMbIHa ocepi KapacThIPBUIIbI.

Herizri votmkernepi:

— airam petr MMA-BMA HeriziHze comomuMepiep 0acTankpl KOCIIagarbl MOHOMEPIIH opTYPJIi KATBIHACTAFBI
Maccaga 00c paguKaIabl COOIUMEPIICHY 9/IiCi apKbUIBI CHHTE3ICIII;

— anpmrad cononmMmep MK cmekrpockomms omiciMeH cumartanigsl. OChl aJbIHFaH MOJIMETTEp HETi3iHAe,
COTOJIMMEPIIEP KYPBUIBIMBI YChIHBUI/BI;

— aubBIHFaH COMOJHMMEPiH OeTKi KaOaThIHBIH MOPQOJIOTHICHIH 3epTTey YILIIH CKaHepJeylll 3JIeKTPOHIBIK
MHKPOCKOII d/1ici KOJIAaHbLIIbI;

— aJBIHFaH comoyuMepiepaiH yiarinepi COM oxiciMeH Tanaay apKbUTbl MOHOMEPAIH SpTYpJll KaTbIHACTapbIHA
OaiiaHbICThI, OCTKI KaOATHIHBIH MOP(GOJOTHICHIHIA alTapIIBbIKTal aifbIPMAIIBUTBIKTAp O0ap eKeHiH kepceTemi. byTun
METaKPUIIATBIMEH METHJI METAKPHJIAT HETI31H/Ie KaHa COTOIMMEPICPIiH (H3NKa-XUMHUSIIBIK KACUETTEPIH CUHTE3ICY
JKOHE 3epTTey. ByTnin MeTakpuiaTbiIMeH METHJ METaKpWiaT HETi3iHAe aHa CONOJIMMEpIIepAiH (U3UKa-XUMHSIIBIK
KacHeTTEepiH CHHTE3/ey JKoHE 3epTTey. MOHOMEpIiH SpTYpJli KaThIHACTAPHI HOJMMeEp OeimeKkTepiniH Mopdoio-
THSCBIHA 9Cep €TEeTiHi 3epTTeli;

— CHHTE3JIEJITE€H COTIOJIMMEpIIep YIAIpIep, akpHiIaT cipHenepi, 005y xKaObIHIBUIAPHIH allyJa KOJXAaHBUIAbI;

— axkpwiar OosdymapelH aily YIIH KaTaJu3aTopiap, TOJNTBHIPFBINTap KOJMaHbULARL. KaTtammsaropiap
affTapibIKTail )kKaObIHIAPIAPABIH KENTIPY yaKbITBIH KbICKAPTATHIHBI, all TOJNTBIPFBIIITAD, 00y KENKEH Ke3/€, OHIAFbl
MOJMMEPAiH KeIl OThIpMayblHa ceOemmri OOJIaTBIHBI, OPTYPJIl OPTAaHBIH JCEpiHE TYPAKTBUIBIFBIH apPTTHIPATHIHEI,
MOJMMEPIIK KOMITO3UTTIK MaTepHaIIapAslH MEXaHUKAIbIK KACHETTEpiH JKaKCapTATHIHBI JKOHE IMOIUMEPIIK
MaTepHaIAaPAbIH ©31HIIK KYHBIH TOMCH/ICTCTIHI aHBIKTAJIIbI;

— 3amaHayu (DU3MKa-MEXaHMKAIBIK 3€pTTey OMICTepl KOMEriMeH NOIMMEp YJAIpJepiHiH JKoHE aKpHIIbIi
cipHenepiHiH (pu3nMKa-MeXaHUKAJIbIK KaCHETTEePl aHBIKTAJIIbI, OHBIH IIIiHJE CO3BLIY OCpIKTLIIri, aXKpIpay Ke3iHmeri
canbIcTRIpMatsl y3apysl, Llop Tocii GOWBIHIIA KATTBUIBFEI 3EPTTEIIL.

Tyiiin ce3gep: MeTWIMETaKpwWiIaT, OyTHIMETaKpWIAT, COMOIUMepIep, 0osy, YImipiep, CO3bUTy OepiKTiiri,
XbBIpay Ke3iHIeTi calbIcTRIpMaltsl Y3apysl, Llop Tocimi GOHBIHIIA KATTHUIBIFEL.
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Tapasckuii rocynapctBennbiil yuuepcuret uM. M. X. Jlynaru, Kazaxcran

CHUHTE3 1 IPUMEHEHUE AKPUJIOBBIX IIJIEHOK
B IAKOKPACOYHBIX MATEPHUAJIAX

AnHoOTanus. [laHHas CTaThsd MOCBSINEHA CHHTE3y HOBBIX MOJMMEPOB, YCTAHOBICHHIO OCHOBHBIX 3aKOHOMEp-
HOCTEl MOJIy4YeHUs! COMOJIMMEPOB Ha OcHOBe MeTmiMeTakpuiara (MMA) ¢ oyruimerakpunarom (BMA) ¢ 2,2-a30-
6uc-m3o0yruponntpun (AVBH). B cBs#3u c 3THM, pemieHHe 3afadd IOJMYYEHHs SKOJOTMYECKH Oe30IacHbBIX
OBICTPOCOXHYIINX KpacoK (HE COAeprKallie OPraHNYeCKHE PACTBOPUTEIH) C YIYyYIIEHHBIMH SKCIUTyaTallHOHHBIMU
XapaKTEPUCTHKAMH TIPOMBIIUIEHHOTO HAa3HAYCHMs SBISIETCS aKTyadbHOW B 00JACTH CO3JaHHS JIAKOKPACOUHBIX
MmarepuasnioB. B Mupe 0€3cOIbBEHTHBIE KPAacKH B OCHOBHOM IIPEICTAaBIICHBI 3MOKCHAHBIMH M TIOJNYPETaHOBBIMU
JIAKOKPACOYHBIMH MOKPHITSIMHU. [Ipemiaraercst co3qanne akprIaTHBIX JaKOKPACOYHBIX MaTepPHAaJIOB, HE COIEPIKALIIX
OpraHWYecKHe M BOJHBIC PACTBOPHUTEIH, TaK Ha3bIBaeMble O€3COJIBBEHTHBIC KPACKHU C OUYE€Hb HU3KHM COJIEpKAHUEM
JETyuyluX OpraHW4YeCKHX COEAMHEHUH, 4YTO TI03BOJSIET COYeTaTh OTIMYHbIE (PU3MKO-MEXaHUYECKHE U
9KCIUTyaTallMOHHBIE XapaKTEPUCTUKU U IKOJIOTHUYHOCTb.

B Kazaxcrane B CBA3M C pe3KO KOHTMHEHTAJIBHBIM THIIOM KIMMAaTa U CJIOXHON T'MIPOTeoOTHYecKON
00CTaHOBKOM, THAPON3O0JIIIIMOHHAS 3alUTa 3JaHUH 1 COOPY>KEHHH SBIIETCS HeoOX0quMoi Mepoil. B cBsi3u ¢ aTnm
pa3paboTKa ruIpor30IAIHOHHBIX JJAKOKPACOYHBIX MMOKPBITHH SIBIISIETCS] aKTYaIbHBIM.

[TpOMBINIIEHHOCTh HEMPEPBIBHO CTPEMUTCSI MPOU3BOAMTH HOBBIE JIAKOKPACOUHBIE MaTepHajbl C JIy4IIMMU
9KCIUTyaTallHOHHBIMU CBOMCTBAaMH. AKpPWIIOBBIC JTAKOKPACOYHBIE MaTepuaibl 00JIalaloT PsiIOM LIEHHBIX CBOWCTB, B
TOM 4HCIe aTMOc(ep- U CBETOCTOHKOCTHIO, YCTOMUMBOCTBIO K BO3AECHCTBHIO BOABI U IIETIOYEH.

Leabio paGoThl SBISETCS CO3AaHNE HOBBIX COIOJIMMEPOB HA OCHOBE HEHACHIIICHHBIX METAKPHUIOBBIX CMOJ —
METWIMETAKpHIaTa C pa3NudHbIMH MOHOMepaMH. CHHTE3UPOBAaHNE U HCCIIEA0BAHUE (DU3UKO-XUMUIECKUX CBOMCTB
HOBBIX COIOJIMMEPOB HAa OCHOBE METHIMETaKpuwiaTa ¢ OyTuiaMmerakpwiaToM. IlomyueHne nmoauMepHON akpHiIaTHON
OCHOBBI JJIsl IPUMEHEHNS B aKPUIIATHBIX KPACKax ¢ THAPOU30JISLMOHHBIMUA CBOWCTBAMH.

CHHTE3UpOBaHNE HOBBIX MOJIMMEPHBIX CBSA3YIOIIMX M PEareHTOB NPH Pa3IMYHBIX COOTHOLICHUAX MOHOMEPOB
MMA-BMA wu wuccrenoBanue ux (U3MKO-XUMUYECKUX CBoiicTB. Comomumepbl OBbUIM  HCHOJIB30BaHbl IS
NPUTOTOBJICHHUS IIJICHOK, CHPOIIOB, 3aTeM ObUIM M3ydeHbl MX (PU3UKO-MEXaHMYECKHE CBOWMCTBA W BIIMSIHME MX Ha
CBOMCTBa KPACOK.

OCHOBHBIE PE3yJbTaThL:

- Bnepssle nosmyuens! cononumepsl Ha ocHoBe MMA u BMA MeTonoMm panukalbHON MOJMMEpHU3aldd B
Macce ¢ pa3IuYHbIM COAEP)KaHHEM MOHOMEPOB B UCXOJHON CMECH.

- IlomydyenHele conomuMepsl oxapakTepusoBaHel MerogamMu MK-cnextpockonmun. Ha  ocHoBanun
MOJYyYEHHBIX JaHHBIX MPEUIOKEHA CTPYKTYpa HOJIUMEPOB.

- Jlna mccnemoBaHMsT MOPQOIOTHH ITOBEPXHOCTH IOMYYECHHBIX COIOJMMEPOB OBII HCIOJIB30BAaH METOI
CKaHUPYIOIIEH IeKTPOHHON MUKpockormmH (COM).

- CODM-aHanmm3 00pasoB COINOJIMMEPOB YETKO IIOKa3bIBAIOT, YTO CYLIECTBYIOT 3aMETHBIE pa3fiMuusi B
KOJINYECTBE MOHOMEPOB B 3aBHCUMOCTU OT CTaJMU 3KCIIEPUMEHTAa. Pa3Hble COCTaBBI MOHOMEPOB BIUSET Ha
MOP]OJIOTHIO YaCTHI] TTOJIMMEpa.

- CuHTE3WpOBaHHBIE HOBBIC COIOJMMEpPHBIC IUICHKH, aKPWIATHBIE CHPONBI MOKHO HCIOJB30BaTh B
JIAKOKPACOYHBIX OKPBITUSX.

- Jlnsg momydeHust akpuIaTHBIX KPacoK OBLTH MCIIONIB30BaHbl KaTaIM3aTOPhl U HAIIOJIHUTENN. BBIsSBIEHO, YTO
KaTaJn3aToOpbl 3HAYUTENBHO COKPAIIAIOT BPEMS BBICBIXaHHS JIJAKOKPACOYHOTO IMOKPBITHS, KOTZa KpacKa BBICBIXAET,
TO HAIIOJIHUTEIb HE JAET MOJUMEPY OCAXKAAThCS, MOBBIMIAIOT YCTOMYUBOCTh K BO3ICHCTBUIO PA3IUYHOU CPEIB,
yIy4lIaloT MEXaHUYECKHUE CBOMCTBA IOJMMEPHBIX KOMIIO3MLIMOHHBIX MATEPHUANOB M CHUXKAIOT CTOUMOCTh
MOJIUMEPHBIX MaTepHAJIOB.

- C NoOMOIIBIO COBPEMEHHBIX (H3MKO-MEXaHWYECKUX METOJOB OBLIM ONpeleNieHbl (PH3MKO-MEXaHUYEeCKUE
CBOMCTBa aKpPHJIOBBIX CHPOIIOB U MOJMMEPHBIX IJICHOK, B TOM YHCJE MPOYHOCTh HAa PACTSDKEHHE, OTHOCUTEIHHOE
YAJUHEHUE NpH pas3pbie, TBepAocTs 1o Llopy.

KioueBble ci1oBa: MeTHIMETakpwiaT, OyTHIIMETAaKpWiIaT, CONOJMMEPHI, Kpacka, IUIEHKa, HMPOYHOCTh Ha
pacTsKeHHe, OTHOCUTEIbHOE YATIMHEHUE IIPU pa3peiBe, TBEpAOCTH Mo Llopy.
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CATALYTIC SYNTHESIS
OF A LINEBY ACETYLENE HYDRATION

Abstract. Acetone is a valuable chemical product. It can be obtained by oxidative dehydrogenation of isopropyl
alcohol, oxidation of propylene, decomposition of acetic acid and ethyl alcohol, oxidation of cymene and others.
Among the known processes for the production of acetone, the most promising is the synthesis by hydration of
acetylene in the presence of catalysts. The advantage of this method is the possibility of carrying out the process in
existing plants for the production of acetic aldehyde. On the other hand, the process of simultaneously producing
acetaldehyde and acetone under the influence of multifunctional catalysts and carrying out the process using flexible
technology is promising. The vapor-phase hydration of acetylene with the formation of acetone on polyfunctional
catalysts was studied. Process parameters are found that provide acetone with high selectivity and acetylene
conversion. At present, acetic aldehyde is mainly obtained by two methods - hydration of acetylene and oxidation of
ethylene. The process of hydration of acetylene to acetic aldehyde in the presence of catalysts has been studied quite
well. Numerous catalysts have been proposed for this process. Among the known catalysts for hydration of acetylene
to acetic aldehyde, the most active was the cadmium calcium phosphate catalyst (CCF), which is recommended for
industrial use. However, cadmium calcium phosphate catalyst is not without drawbacks. The average yield of
acetaldehyde in one pass of acetylene does not exceed 7.0%. The CCF catalyst is very sensitive to temperature
changes, its service life before regeneration does not exceed 72-76 hours.

Keywords: acetone, propylene, hydration process, catalyst, crosslinking, multifunctional properties.

Introduction. Acetylene hydration in the presence of a catalyst can be carried out in order to obtain
aceton. The advantage of this method is the possibility of carrying out the process in existing plants for the
production of acetic aldehyde. Replacing cadmium calcium phosphate catalyst with a zinc-containing
catalyst allows obtaining acetone with a good yield with minor changes in technology [1-5]. Recently, the
sol-gel method has been intensively used for the synthesis of inorganic and oregano-inorganic matrices at
low temperatures.
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Figure 1 - General scheme for the production of nano catalysts by the sol-gel technology
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This method has a number of advantages: the simplicity of the equipment used, efficiency,
environmental safety, low cost, adaptability of technology and others. Figure 1 shows the general scheme
for the preparation of Nano catalysts by the sol-gel technology.

The main processes that occur in the sol-gel transition and the products that can be obtained by the
sol-gel method are shown in figure 1. I-maturing of the sol and gel formation: sol (1) — gel (2); II-drying
under super critical conditions or washing the gel with solvents: gel (2) — airgel (3); III-drying under
normal conditions: gel (2) — xerogel (4); IV-deposition of nano particles: sol (1) — powder (6);
V-absorption of a sol by a rod substance: sol (1) — a thin layer xerogel (7); VI - tempering (cooking):
xerogel (4) or a thin layer of xerogel (7) — monolithic glass and ceramics (5) or a thin layer and shell.
Nano catalysts exhibit high catalytic activity, selectivity, as well as stability (stability).

Firstly, with decreasing particle sizes, most of the atoms are located on the surface; therefore, a
catalyst consisting of nano particles has a large surface and becomes very active in heterogeneous
reactions.

Secondly, most of the properties of nano particles are related to their size (size efficiency), therefore,
by changing the size of nano particles one can control not only activity, but also selectivity. With a
decrease in the particle size of the catalyst, the reaction rate sharply increases.

Based on the foregoing, it follows that the study of the possibility of using nano-catalysts obtained on
the basis of metals Zn, Mn, Fe, V and other elements with multifunctional properties for the hydration
reaction of acetylene and its derivatives is an urgent task [6-9].

Methods. The experiments on the catalytic hydration of acetylene and its derivatives in the gas phase
were carried out in a reactor with a diameter of 25 mm, a height of 2000 mm, made of stainless steel under
stationary conditions. The qualitative and quantitative composition of the reaction products was studied by
gas-liquid chromatography under the following conditions: stationary phase 15% Apiezon-M in Color
chromium, column thermostat temperature 80 0C, carrier gas flow rate helium 60 cm®/min., DIP detector.
Quantitative analysis was carried out using the internal standards method.

The specific surface area, crushing strength, total pore volume and ash content of the samples were
determined.

The specific surface area was determined by thermal desorption of nitrogen in a carrier gas flow -
helium at the boiling point of liquid nitrogen, the experimental data were processed using the BET
equation [10-13].

The mechanical strength of the granules for crushing was measured on a device “Durably measures
PK-1", designed to test granular materials for mechanical strength under static conditions by compression.
The arithmetic average of 25 individual tests was taken as the result of the analysis.

The total pore volume of the granules was calculated by the formula:

1 1
V=—I>[1O—

pk pn
where, pk, pn are the apparent and psychometric density of the granules, g/ml, respectively.

The apparent density of the granules was determined by measuring their volume without taking into
account the internal pores. The volume of the granules was found by immersing them in solid powder
(silica sand with a particle size of 0.063-1.1 mm).

The phase composition of the samples was determined by x-ray diffractometry, the survey was carried
out on a DRON-3M diffract meter using CuKa radiation with a Ni filter, and the length of the x-ray
radiation.

The specific surface area of the obtained catalyst was calculated by the BET method, the average
mesopore size by the VUA method. The dispersed properties of the catalyst were studied using a scanning
electron microscope (JSM-6510 LV). The catalytic activity of the obtained sample was studied on the
hydration reaction of acetylene [14-17].

Acetaldehyde and acetone were synthesized as follows. Acetylene was saturated with water at a
temperature of 70-80 °C and at a ratio of water: acetylene = (1: 3) - (1: 5) moll was passed through a
catalyst bed at 360 °C with a space velocity of 180-200 h-1.

The gas-vapor mixture leaving the reactor was cooled in the refrigerator. The reaction products were
captured in water. Catalysis contains acetaldehyde, acetone, cretonne aldehyde, steam aldehyde and
others. In order to maintain the degree of acetylene conversion not lower than 80%, every 20 hours the
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reaction temperature was raised by 10 °C. After 96-120 hours, the degree of conversion of acetylene is
reduced to 75-70%. Then the reaction was stopped and the catalyst was regenerated in a known manner
[18-21].

Further, the effect of various parameters (temperature, space velocity, acetylene-water ratio) on the
conversion of acetylene and the yield of acetone was studied.

Results. Because of studying the effect of temperature on the acetone yield, it was found that in the
temperature range 360-500 °C the dependence between the reaction yield, temperature is extreme, and at
450 °C, the yield was considered maximal.

Based on the results on the qualitative and quantitative composition of the reaction products on this
catalyst, we propose the following acetone formation mechanism:

In the reaction of acetone formation, acetaldehyde is first formed then 3-hydroxybutanal is formed as
a result of aldol condensation.

CH=CH + H.O — CH3CHO,
2CH3CHO — CH3CHOHCH,CHO.

Upon hydration of 3-hydroxybutanal, a dihydric alcohol is formed and upon further dehydrogenation,
acetoacetic acid is formed:

CH3;CHOHCH,CHO + H,O — CH3CHOHCH2CH(OH)2
CH;CHOHCH,CH(OH), - CH3COCH,COOH + 2H>
In turn, acetoacetic acid under these conditions is decarboxylase and acetone is formed.
CH3;COCH,COOH — CH3COCH3z+ CO»,

We have proposed a technological scheme for producing acetaldehyde, acetone (or a mixture thereof)
is shown in figure 2.
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Figure 2 - Technological scheme of hydration of acetylene:
1-pump; 2-acetylene gas holder; 3-heat exchanger; 4-reactor; 5-heat exchanger; 6-capacity for catalysis;
7-absorption column; 8-blower; 9-gas holder for nitrogen; 10-distillation column; 11-container for acetaldehyde;
12-capacity for acetone; 13-tank for bottoms; 14-heat exchanger

We have studied the process of catalytic vapor-phase hydration of acetylene and its derivatives in the
presence of complex mixed polyfunctional catalysts. In the process of producing acetaldehyde, cadmium
fluoride on alumina promoted by aluminum fluoride was used as a catalyst. In the synthesis of acetone,
zinc oxide supported on alumina, promoted with cadmium fluoride and aluminum, of the following
composition, % weight: ZnO-20.0-25.0 was used as a catalyst; CoF,-3.0-5.0; A1F3-3.0-5.0; Al,05-60.0-84.0.

The composition and properties of the synthesized catalysts for the synthesis of acetaldehyde and
acetone are shown in table 1.
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Table 1 - The composition and properties of the synthesized catalysts

Composition Specific Operba;lg?etlme The yield of the target product,
Ne b o Legend surface, 4 %
mass % ey regeneration,
g hour acetaldehyde acetone

1 Zn0-20.0; AlFs-3.0

AlLO3 -77.0 X-1 135,0 72,0 10,0 82,0
2 CdF2-20.0

Al,03 - 80.0 Ka-1 186,0 96,0 75,0 5,0
3 CdF2 -18.0; AlFs-3.0

Al;03 - 79.0 KA-2 210,0 96,0 82,0 30
4 CdF2-18.0; AlF3-2.0

Cr205-5.0; Al,05-75.0 KXA-1 225,0 120,0 83,0 15
5 Zn0-18.0; CdF2-2.0

Cr203-5.0; Al205-80.0 HKXA-1 165,0 120,0 3,0 86,0

As can be seen from the table, catalyst No. 5 stably works for 120 hours (if the temperature rises by
100 °C every 20 hours), ensuring the degree of conversion of acetylene at the level of 91-95% and the
yield of acetone is 86.0%.

The following is the dependence of the degree of conversion, the stability of the catalyst (catalyst
No. 5) and the yield of the target product on the ratio of water: acetylene (table 2).

From the presented data, it follows that with an increase in the water: acetylene ratio, a gradual
increase in the stability and selectivity of the catalyst, yield of the target product, and acetylene conversion
are observed.

Table 2 - The dependence of the degree of conversion, the stability of the catalyst
and the yield of the target product on the ratio of water: acetylene

The ratio of water: The average mileage The yield of the target product, Acetylene
acetylene, mol of the catalyst before on the reacted acetylene, % conversion, %
regeneration acetaldehyde acetone
1 32,0 4,6 55,0 70,2
2 54,0 3,4 66,0 80,4
3 96,0 2,2 76,0 86,0
4 125 15 80,0 91,0
5 144 1,2 82,0 95,0
6 132 11 76,0 94,0

We also studied the effect of temperature, space velocity, the ratio of methyl acetylene-allen fraction:
water and others on the yield of acetone. Under optimal conditions, acetone was obtained with a yield of
86.0% upon conversion of the methyl acetylene-allene fraction 92.0-94.0%.

The hydration reaction of acetylene to acetaldehyde was carried out in the presence of cadmium
chromium aluminum catalyst - KHA in the temperature range 360-460 °C.

The effect of the ratio of acetylene: water on the selectivity of acetaldehyde formation in the range of
acetylene: water = 1: 1-6 mol was studied. Moreover, it was found that in the range of the ratio of
acetylene: water = 1: 1-1: 3, an increase in the proportion of side products is observed.

The yield of acetaldehyde does not exceed 26.0% of the reacted acetylene. At a ratio of -1: 4-1: 6, the
yield of acetaldehyde and the conversion of acetylene reaches a maximum. A further increase in the ratio
of acetylene water has no significant effect.

It was experimentally established that the yield of acetaldehyde and the conversion of acetylene
substantially depends on the space velocity of acetylene.

The effect of the space velocity of acetylene on the acetaldehyde yield and its conversion was studied
in the range of the space velocity from 50 to 120 hours (figure 3).
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Figure 3 - The effect of the space velocity of acetylene on its conversion

The effect of temperature, grain size of the catalyst, reactor parameters, and catalyst bed height on the
process parameters was studied. It was found that the reaction for the synthesis of acetaldehyde begins at
350 °C. In order to maintain the acetylene conversion at a level of 70-75%, the temperature of the reactor
was raised by 10 °C every 10 hours. It was found that the optimum ratio of the height of the catalyst layer
to the diameter of the reactor equal to 50-60, the space velocity of acetylene is 50-60 hours Under these
conditions, the KXA-1 catalyst with constant activity lasts up to 120 hours and during regeneration within
16-24 hours completely restores its activity.

Replacing cadmium chromium aluminum catalyst with zinc alumina fluoride or zinc cadmium
chromium aluminum catalyst leads to the formation of acetone as the main product in the process of
hydration of acetylene.

In order to establish technological parameters of the process for producing acetone by direct hydration
of acetylene, we studied the effect of space velocity, temperature, the ratio of acetylene: water and others
on the yield of acetone,

The effect of temperature was studied in the range of 250-500 °C in the presence of CCA-1 catalyst,
with a ratio of acetylene water = 1: 4 moll, with a space velocity of acetylene of 80 hoursl (table 3).

Table 3 - The effect of temperature on the conversion of acetylene

Temperature, °C Acetone yield on reacted acetylene, % Acetylene conversion, %
250 15,2 18,0
300 20,6 26,0
325 33,4 34,0
350 63,0 62,0
375 70,6 80,0
400 82,0 84,0
425 84,0 90,0
450 65,0 94,0
500 52,0 98,0

As can be seen from the table, TSKKA-1 catalyst is inefficient up to 350 °C. Starting from 350 °C to
425 °C, there is a gradual increase in acetone yield and acetylene conversion. A further increase in
temperature leads to a significant decrease in the yield of acetone due to the flow of side products.

Conclusion. The reactions of acetone synthesis were studied by direct hydration of acetylene on
catalysts prepared from oxides and fluorides of zinc, cadmium, iron, chromium and aluminum, using a
solution of acetic acid as a peptizing agent. The main texture and operational characteristics of the
synthesized catalysts are determined.
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Based on the study of the dependence of the degree of conversion, the stability of the catalyst and the
yield of the target product on the water: acetylene ratio, it was revealed that catalyst No. 5 worked stably
for 125-144 hours (provided that the temperature rose by 100 °C every 20 hours), ensuring the degree of
conversion of acetylene at the level of 91-95% and the yield of acetone - 90-92%.

A technological scheme for producing acetaldehyde, acetone by catalytic hydration of acetylene is
proposed.

H. ®aiizsynnaes!, K. Akmanaiiyanr’, A. Kapxapos®

!CamapKkaH1 MEMJIEKETTIK YHUBEPCHTETI, Y30€KHCTaH;
2Satbayev Unibersity, Anmatsl, Kaszakcran;
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ALNETOH JIUHUACBIHBIH KATETUKAJIBIK CUHTE3I

AHHOTanMsl. ALIETOH — MaHbI3[bl XUMUSJIBIK OHIM. OHBI M30MPOIUI CIHUPTIH TOTHIFY apKbUIbI ACTHIPIEY,
MPONIICHHIH TOTBIFYBI, CipKe KBIIIKBUIBI MEH STIJI CIUPTIHIH BIOBIPAayBl, KYMCHHIH TOTBHIFYHI XOHE OacKalapbl
apKbUIBI allyFa 00 Ibl.

AneToH eHIIpyniH OeNTiii mpouecTepiHiH imIiHae KaTaln3aTOpiapAslH KAaTBICYBIMECH alleTWICHHIH THOpaTa-
LUSIChl APKbUIbI CHHTE37ICY MEPCHEKTHUBAIIBI CUIATTa OOJIBIN Kenedi. byl omiCTiH apThIKIIBUIBIFBI KOJJIAHBICTAFbI
oCIMIIKTEp/ie CipKe albJeTHIIH OHJIIpY INPOUECIH JKYPridy MYMKIHIITiMeH OaiiaHbICThl. EKiHIII jKaFblHaH,
KOI(pYHKIIMOHAIIBI KaTAIN3aTOPJIAPIbIH 9CEPIHCH alleTalbICTH IIEH alleTOHABI Oip YaKbpITTa OHIIPY JKOHE MKEM/II
TEXHOJIOTUSIHBI KOJIIaHY apKbUIbI IIPOIIECTI XKYPri3y MepCHeKTUBAIBI CUIIATTa OOJIBII KeJe .

AnetwieHHIH KeNn(yHKIMOHAIIBI KaTalu3aTopiapia Ty3uryiMeH Oy ¢a3ainbl THApaTanuschl 3epTTeNi.
[Tpouecc napaMeTpIepi aeTOH bl )KOFaphl CEJIEKTUBTUIIKIICH JKOHE alleTHIIeH TYPJICHIIPYMEH KaMTaMachl3 eTe/li.

Kasipri yakpITTa Cipke ajibJerujli HETi3iHCH €Ki OJICICH IIbFapbUIa/ibl: AllCTHICHHIH THIPATAIMSICH YKOHE
STUJICHHIH TOTBIFYBI.

Karanuzaropiap/iplH KaThICYBIMEH al€THICHAI CipKe ajbJerujiHe ACHiH BbUIFAIIAHABIPY MPOIECI HKAKCHI
3epTTenreH. by mpomecc VImiH KemnTereH KaTaau3aTopiiap YCBHIHBUIABL. ATETHIICHII CipKe aibAeruiiHe IeHiH
BUTFAJIIaHABIPyFa apHAIFaH OCNTIi KaTaau3aTopiapAblH IMIiHAE OHEPKACINTIK KONJaHyFa YCHIHBUIFAH KaJMFii-
kampimid  pocdaree  kKatanmzatopsl (CCF) Oemcenmi Oonmmpl. Amafima kaamuii Kaimpimii  QocgaThIHBIH
KaTaJIn3aTophl KEMIITIKTEPCI3 00IMaiabl. ATCTHICHHIH Oip JKOJBIHAAFBI alleTAIbACTHATIH OPTAIIa IIBIFBIMIbLIBIFBI
7,0 %-nan acnaiinel. CCF kaTanu3atopbl TeMIIEpaTypaHblH e3repyiHe eTe ce3iMTal, OHbI KaJlblHa KeNnTipyre AeHiHri
KBI3MET Mep3iMi 72-76 caraTTaH acmausl.

KaranuzatopapH KaTBICYBIMEH alleTHIICH THAPATAIMACHIH alleTOH aiy YIIiH Kyprizyre Oonamel. byn ofictiH
aPTHIKIIBUTBIFBI — KOJJIAHBICTAFBl OCIMIIKTEPIE CIpKe albJCTHIIH OHIIpYy NPOIECIH XYprildy MYMKIHAIriHIE.
Kaamuii-kanbimii GpocdaThiHbIH KaTaIN3aTOPhIH IUHK 0ap KAaTalU3aTOPMEH AJIMAaCThIPy TEXHOJIOTHSIAFbl a3araH
e3repicTepMeH JKaKChl IIBIFBIMIIBI alleTOH aTyFa MYMKIHIIK Oeperti.

KaxpiHma OeifopraHUKAaNbIK XKOHE OPraHUKAJIBIK-OeHOpraHMKAaIbIK MAaTPHIIATAPIbl TOMEH TeMIlepaTypaja CUH-
Te3[ey YUIIH CON-TeNb ofici KapKbIHABI KOJMaHbu1a Oactaabl. by omic GipkaTap apTHIKIIBUTBIKTapFa Me: KOJIAHBI-
JaThIH KaOJBIKThIH KapanaibIMIbUIBIFBI, YHEMITIK, JKOJOTHSIIBIK KAyilci3ik, ap3aH Oara, TEXHOJOTHSIAPIbIH
OciiMILTIr JKOHE OacKaiaphl.
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KATAJIMTUYECKWIA CUHTE3 JIMHUU TUJIPATAIIAEN ATIETAJIEHA

AHHOTanMs. ALICTOH SIBJISETCS LIEHHBIM MPOIYKTOM XUMUYIECKOH IPOMBIIIIIEHHOCTH. OH MOKET OBITh NMOTYUYCH
OKHCIIUTENBHBIM JETHUIPUPOBAHUEM H3OMPONHUIOBOIO CHHUPTA, OKHUCIECHHEM MPOMHIICHA, PA3I0KEHHEM YKCYCHOMH
KHCJIOTHI ¥ 3THJIOBOTO CTIMPTA, OKUCIEHHEM KyMoJIa U JIp.

Cpenu M3BECTHBIX IPOIECCOB MPOU3BOJCTBA alleTOHA HauboJiee IEepCHEeKTUBHBIM SIBJISAETCS CHHTE3 THMipara-
IIMeH aleTwieHa B MPUCYTCTBUU KaTalnKu3aTopoB. [IpeMMyIecTBOM JaHHOTO METOAA SIBIISETCS BO3MOKHOCTD IPOBE-
JeHUsl Tpollecca B CYILECTBYIOIIMX YCTAaHOBKAaX MPOM3BOJACTBA YKCYCHOro ampaeruga. C 1apyroi CTOPOHBI,
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MHOTO0OCIIAIONTNM SIBJISIETCS MPOLECC OJHOBPEMEHHOIO IONYYEHHs aleTajbIernaa M aleToHa MoJ IeicTBHEM
o yHKIHOHATIBHBIX KaTAIU3aTOPOB U IIPOBEJCHUE MTPOLIECcCa M0 THOKOM TEXHOJIOTHH.

W3yuena napodasHas rumparaiys aleTuiieHa ¢ 00pa3oBaHHEM alleTOHa Ha TOIU(YHKIMOHAIBHBIX KaTalu3aTopax.
Haiinensl mapameTpsbl mporiecca, 00eCIICUHUBAOIIME TOMYUYCHHUE alleTOHA C BBICOKOW CEJIEKTHBHOCTBIO M KOHBEpCHEH
arleTHICHa.

B HacTosmiee BpeMsi yKCYCHBIN albJCTHI B OCHOBHOM IMOJYYArOT IBYMsI METOJIAMHU - THAPATAI[UCH alleTHIICHA U
OKHUCIICHHEM ITHJICHA.

IIpomecc ruaparamuu aneTuicHa OO YKCYCHOTO alblerHja B MPUCYTCTBHH KAaTAIH3aTOPOB H3y4YeH J0-
CTaTOYHO XOpomIo. [ 3Toro mpomecca mpeiokeHbl MHOTOYHCIICHHBIE KaTann3aTopbl. Cpen W3BeCTHBIX KaTalu-
3aTOPOB THUApPATAlMH alETHICHA N0 YKCYCHOTO albJlernja Hamboliee aKTHBHBIM OKa3aJjiCid KaJIMHUHKaIbIIHiA-
docdharuprii katamuzatop (KK®), koTopelli peKOMEHAOBaH ISl IPOMBINUICHHOTO IpuMeHeHus. OpHako
KaaMHUAKaIbIUiH(OChaTHBIA KaTaIu3aTOp HE JHUIICH HeqocTaTkoB. CpemHHH BBIXOJ aleTalbJerHaa 3a OJHH
npoxon anetrmieHa He npeBbimaer 7,0 %. KK® xatanu3aTop o4eHp YyBCTBHUTEICH K M3MEHEHHIO TEMIIEPATypHI,
€ro CPOK CITy>KOBI 10 pereHepaIui He MPeBbImaeT 72-76 4acoB.

I'uaparaius aneTuieHa B MPUCYTCTBHH KaTalu3aTopa MOXET ObITh IMPOBEJCHA C IICNIBIO MOJYYCHHUS alleTOHA.
IIOCTOI/IHCTBOM JAHHOTO METOJa ABJIACTCA BO3MOXXHOCTHL MNPOBCACHHA IMPOLECCa B CYHIECTBYIOINX YCTaHOBKax
MPOU3BOJACTBAa YKCYCHOTO alibJCrHaa. 3aMeHa KaJaMHuiKanbiuidochaTHOro katanusaTopa Ha IUHKCOACPIKALIUI
KaTaJau3aTop MO3BOJISET MOJYYUTH allETOH C XOPOIIUM BBIXOIOM IPH HE3HAYUTEIILHBIX H3MEHEHISIX B TEXHOJIOTHH.

B nocnennee Bpems 305b-TeNb METOJ WHTCHCHUBHO HCIIONB3YETCS Ui CHHTE3HPOBAHUS HEOPTaHHMYECKUX H
OpraHO-HEOPTaHMYECKUX MATPHUI] IPU HU3KUX TeMIIepaTypax. ITOT METOA 00JamaeT HEeNbIM PSAOM IPEHMYIIECTB!
MPOCTOTON MCIIONB3YeMOTro 000pyIOBaHUS MPHOOPOB, SKOHOMHYHOCTBIO, KOJOTHYECKON 0E30MacCHOCThIO, HU3KOH
ce0eCTOMMOCTBIO, TPHUCIIOCOONIIEMOCTIO TEXHONOTHA M apyrue. Ha Puc.l mpuBenena oOmias cxema IOJydYCHUS
HAaHOKATaJIN3aTOPOB METOAOM 30Jb-T€IIb TEXHOJIOTHH.
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ELECTROCHEMICAL BEHAVIOR OF SILVER
IN APOTASSIUM FERROCYANIDE SOLUTION

Abstract. One of the main priorities of the innovative industrialization of the country is the development of
metallurgy and the production of finished products. In this regard, the application of new methods for producing
metals and their compounds or extracting them from solutions is an important task of our time. One of the promising
methods applied currently is the polarization by alternating current of industrial frequency, which arouses the interest
of researchers both from the point of view of oxidation and destruction of the passivating film. The peculiarity of the
processes occurring under the action of industrial alternating current is that, by changing the direction of the current,
it is possible to remove the oxide film and create conditions for the metal to further dissolve.

The work shows the distinctive features of electrochemical processes occurring on a silver electrode during
electrolysis by industrial alternating current in a solution of ferrosyne-sintered potassium by the method of rational
mathematical planning. The optimal conditions for the dissolution of silver are determined by studying the effect of
current density at the electrodes, the concentration and temperature of the electrolyte, the duration of the electrolysis
and the frequency of the alternating current. It is shown that when polarized with an alternating current of silver in a
pair with a titanium electrode, the passivation process of the silver electrode is eliminated and the dissolution rate of
the metal increases.

Keywords: alternating current, silver, electrode, electrolysis, closeness of current, current output.

Recently in electrochemical researches special attention is paid to the processes proceeding with an
electrode involvement by superimposed a. c. technique [1-7].

Use of the nonstationary mode of electrolyzing expands the possibilities of a research of the
mechanism of the cathode and anode processes, opens essentially new opportunities of using them for the
solution of different technological questions.

Electrochemical processes are used to solve various topical issues in the field of production. Rather
than direct current, alternating current allows to create simple, yet rational technological processes [8].

In the works [9-13] is provided this to polarization of a silver electrode by an industrial alternating
current with a frequency of 50 Hz. It was set that in sulfate solution silver is dissolved with a high
efficiency in case of low current densities, and in solution of hydrochloric acid the efficiency of dilution of
silver makes only 10,4%.

It is necessary to mark that the detail researches carried out by us on a silver electrode and other
researchers studying titanium, chrome, molybdenum, lead, etc. in case of polarization by an alternating
current of industrial frequency, showed that the electrode processes proceeding with an electrode
involvement by superimposed a. c. technique, sharply differ both on the mechanism, and according to the
guantitative characteristics [14-17].

Electrochemical processes involving noble metals are interesting, especially silver, in connection with
the increasing need for it in various branches of technology and industry. The most valuable properties of
silver are its high electrical conductivity, reflectivity and beautiful decorative appearance of polished
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sediments. Silver plating is widely used in electronics, electrical engineering and other industries to
improve surface conductivity and minimize transition resistance at the points of contact, as well as to
impart optical properties to the surface of a product. Technical-economic and quality indicators of the
silvering process depend on the nature and composition of the electrolyte. Cyanide solutions are the most
widespread ones, but they are toxic and dangerous to the environment.

The most common substitute for cyanide silvering electrolytes is a solution of ferrous sulphide
potassium. This is explained by the fact that it is less toxic than cyanide electrolyte, cheaper than iodide
and sulphite, and, according to [18,19], it has the best scattering ability. In this regard, it is interesting to
question of the behavior of silver in a ferrosynetosuronic solution during polarization with industrial
alternating current and the possibility of the formation of the corresponding complex compound of silver.

Systemic studies, which allow to establish the laws of the silver electro-oxidation with the subsequent
synthesis of its compounds, can lead to both the intensification of its production and the solution of
resource-saving problems.

In this regard, the study of the processes of silver ionization discharge under the action of industrial
alternating current seems relevant and timely.

The purpose of this work is to study the electrochemical behavior of silver during the polarization of
unsteady currents in a solution of ferrocyanide syngas potassium.

To study the electrochemical behavior of silver in a potassium ferrocyanide syrup solution, the main
experiments were carried out in a 100 ml cell. A titanium wire and a silver plate were used as electrodes.

Electrodes before experiments were thoroughly cleaned, degreased and washed with distilled water.

Results and discussion

The study of the electrochemical behavior of silver in a neutral medium was carried out by the
method of rational mathematical planning [20]. In accordance with the planning for the six factors, and in
each factor of five levels 25 experiments were conducted. The studied factors and their levels are
presented in table 1.

Table 1 — Levels of factors under study

Level
Factor 1 > 3 7 5
X1, current density on the silver electrode, A/m? 200 400 600 800 1000
Xz, current density on the titanium electrode, kA / m? 20 40 60 80 100
X3, solution concentration, M 0,5 1,0 15 2,0 2,5
Xa, duration of electrolysis, min 15 30 45 60 75
Xs, electrolyte temperature, ° C 20 30 40 50 60
Xas, frequency of alternating current, Hz 50 100 150 200 250

The experiments results after mathematical processing are shown in Table 2, in which Y3,Y>, etc. -
particular functions, respectively, of factors Xi, X, etc.

Based on table 2, the graphs were plotted (figure 1). To describe point data, it is necessary to choose
the right empirical formulas. The dependence Y1=f(X1) is described by the equation of a straight line. The
equation of a line is:

Yi=aX (l)

Table 2 — Experimental values of private functions.

Function Level Average
1 2 3 4 5 value
Y1 70,6 73,7 61,5 55,2 49,0 62
Y2 52,5 65,5 70,6 63,2 58,3 62
Y3 73,7 64,5 60,2 54,1 46,65 62
Y4 73,7 68,5 63,3 55,8 49,4 62
Ys 73,7 67,8 60,8 56,4 51,3 62
Ys 73,7 68,6 59,7 55,6 52,5 62
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It can be considered that the straight line drawn on the graph goes out from some point, taken
arbitrarily on the left side of the straight line, with coordinates X, Y1. The offset of the origin to this point
is fixed as follows:

Y-Y1=a(X—X1) (2)

Selecting on the right side of the line any point with coordinates X, Y2 and substituting them into this
equation, we get:

Y,-Yi=a (Xz - Xl) (3)
After the final transformation, the equation has the form:
Y, -Y.
Y=Y, +—2—1(X-X,) 4)
Xz - X1

Some graphs have the form of a parabola, we enter the extremum values into the parabola equation. In
the parabola equation (Y = aX?), we enter the values X, Yiwith the offset of the origin:

Y = Yl—a(X—Xl)z (5)

Then we select the second point with coordinates Xz, Y, approximately in the middle of the section of
the branch passing through the experimental points, and substitute all four numbers into the final equation:

Y,-Y,
(Xz - X1)2

The calculated values at the matrix levels of the arguments are given in table 3.

Y=Y+ (X = X,)? (6)

Table 3 — Calculated values of functions at matrix levels

Function Level Average

1 2 3 4 5 value
Y1=93-0,018 (X-300) 71,17 74,83 67,60 64,00 60,40 67,60
Y2=91-0,0037 (X-70)? 65,00 70,63 71,63 66,67 61,75 67,13
Y3=91-4,6666 (X-0,75) 72,16 69,83 67,5 65,17 62,83 67,49
Y4=95-0,29 (X-22,5) 77,17 72,82 68,47 64,12 59,77 68,47
Y5=92 - 0,2666 (X-25) 73,33 70,67 68,01 65,33 62,67 68,00
Y6 =93 - 0,0029 (X-40)? 72,70 72,70 70,39 65,75 58,79 68,06

The significance or insignificance of the function can be established without repeated experiments
using the nonlinear multiple correlation coefficient:

_ (N _1)Z(YT _Ya)z
R_ﬁ_(N KDY (Y, -Y,,)?

t = RvN —K—l>2
" 1-R?

where N is the number of points described, K is the number of active factors, Y, is the experimental result,
Y. is the theoretical (calculated) result, Y., is the average experimental value.

The nonlinear multiple correlation coefficient for the 5% level and the value of its significance is
tr > 2, which indicates the significance of the functions.

The correlation coefficient and the significance of the corresponding particular functions are listed in
table 4. As can be seen, all the considered functions influence the silver dissolution.

To describe the statistical multifactor dependencies, the particular functions generalized
M.M.Protodyakonov’s equation [21]:

()
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Y, =_]_71Yi;

_ [93-0,018(X, —300)]-[91-0,0037(X , — 70)?]-[91— 4,6666(X , —0,75)]
" 88,85° -[95-0,29(X, — 22,5)]-[92 - 0,2666(X . — 25)]-[93—0,0029(X , — 40)°]

(8)

Table 4 — Correlation coefficient R and its significance tr for particular functions

Function R tr Function significance
Y1 0,92 19,08 Significant
Y2 0,75 2,72 Significant
Y3 0,88 5,65 Significant
Ya 0,95 85,64 Significant
Ys 0,96 14,38 Significant
Ys 0,94 10,15 Significant

Based on the equation, we find the correlation coefficient for N = 25 and K = 6. It is equal to 0.4956
and the significance is tr = 3.02> 2, which indicates the adequacy of the generalized equation.

Based on the equation, 8 was determined as the optimal conditions for the electrochemical dissolution
of silver: the density on the silver electrode was 200 A/m?, the density on the titanium electrode was
60 kA/m?, the electrolyte concentration was 0.5-1.0 mol/l, the electrolyte temperature was 20-40 °C,
electrolysis duration - 15-30 minutes, frequency of alternating current - 50 Hz.

As the research results have shown, during the silver polarization by industrial alternating current,
silver ions, silver dicyanoferrate are formed.

In the cathode half-period, gaseous hydrogen is released on the titanium electrode and silver ions are
reduced. At this point, the silver electrode is in the anodic half-period and dissolves to form silver ions,
dicyanoargentate and silver oxide.

With an increase in the current density at the silver electrode, the current output (CO) of silver
dissolution decreases (Fig. 1a). This is due to the fact that at high current densities, the proportion of
electricity affected by a side process - oxygen evolution - increases compared to the amount of electricity
affected by the dissolution process of silver.

The effect of current density on the titanium electrode on the CO dissolution of silver was studied in
the range of 20-100 kA/m?2. The maximum CO value is observed at it = 60 KA/m? (Fig. 1b).

When studying the electrolytes concentration effect on the results of electrolysis, it was found that the
maximum value of the current efficiency is achieved at a concentration of 0.5 mol/l (Fig. 1c).

Studying the effect of the electrolysis duration on the dissolution process of silver during polarization
with industrial alternating current showed that with an increase in the electrolysis duration, the current
dissolution rate of silver naturally decreases. It should be noted that on the electrode during prolonged
experiments the electrode surface is covered with a layer of dark color.

The study results of the temperature effect on the electrically dissolving the silver electrode showed

that the behavior of silver in the electrolyte solution under study has a similar character with the above
data (Fig. le). An increase in temperature adversely affects the electrochemical activity of silver.
Apparently, with increasing temperature, electrode processes become more reversible, that is, compounds
formed in the anodic half-period can be restored back to the cathode.
Figure 1f shows the dependence of CO dissolution of silver on the alternating current frequency. With an
increase in frequency, the W of metal dissolution decreases. The decrease in the electrolytic silver
dissolution with increasing frequency of the current, apparently, is due to the decrease in the duration of
the anode half-period.

— 34 ——
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Figure 1 — Point graphs and curve approximation effect on W silver dissolution:
a — current density on a silver electrode, b — current density on a titanium electrode, ¢ — electrolyte concentration,
d — electrolysis duration, e — electrolyte temperature, f — AC frequency

Thus, we studied the electrochemical behavior of silver during polarization of industrial alternating
current in a potassium ferrocyanide potassium solution by rational mathematical planning, it is shown that
when the system of silver-titanium electrodes is polarized by an alternating current, the silver electrode
dissolves to form potassium dicyanoargentate, and it has been established that the parameters studied have
a significant influence on the silver dissolution.
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KAJINI1 ®EPPOLIMAHU/II EPITIH/ICTH/IETT
KYMICTIH DJEKTPOXUMMSIIBIK KACHUETI

AnHOoTaumsA. EniMi3giH HMHHOBAIMSUIBIK WHIYCTPHUSJIAHABIPYBIHBIH HETI3ri 0achIMIBIKTApBIHBIH Oipi —
METaJLTyprus MeH JaiibiH OyiibiMaapsl oHIipy. OcbiFaH OaiaHbICThI, METAIIAP/IbI HKOHE OJIAP/IbIH KOCHLIBICTAPbIH
OHIIPYMIH JKaHa OMICTEPiH KOJIaHy HEMece OJIapIasl epiTiHAiiepacH Oeiinm any ere MaHbabl. Kasipri kesme
KOJIIaHBUTATBIH TEPCICKTUBAIBIK OMICTepaiH Oipi — OHMIPICTIK JKUITIKTEri adHBIMAIbl TOKICH ITOJIIPH3ALIUS.
OHepKacinTIK aifHBIMaNIbI TOKTHIH 9CEPIHEH OTETIH NPOLECTEPAiH ePEKIIETIKTepl TOK OaFrbIThIH ayBICTBIPFaH Ke3Je,
OKCHITI TJICHKAHBI aJIbII TaCTayFa )KOHE METAJIIbI Opi Kapal Y3IIKCi3 epiTy YIIiH jKaraai sxacayra OoJapl.

baranbl MeTanaapbiH, acipece, KYMICTiH KaThICYBIMEH JKYPETIH 3JIEKTPOXUMHUSIIBIK MIPOLIECTEP MallInHA jKacay
MEH OHEPKACINTIH OpTYpJI cajajapblHlia, CYPaHBICTHIH ©cCyiHe OaiIaHBICTBI, KBI3BIKTHI O0bIN OTHIp. KymicTiH eH
KYH/Jbl KaCHETTEpl — OHBIH JKOFapbl 3JIEKTP OTKI3TIIUTIri, IAaFbUIBICY KaOUIeTi jKOHE KBbUITHIPATHUIFaH TYHOAHBIH
9NIeMi COHJIIK TYPi.

Kammiinig ¢eppormannn  epiTiHOICI KYMICTEHIIpyAe IMAaHABl OJIEKTPOJUTTEPAIH €H KOIl TapalFaH
aJIMaCTBIPFBIMIBI OOJIBINT caHaaabl. KyMiCTiH 3JIEKTPTOTHIFY 3aHIBUIBIKTAPBIH aHBIKTAyFa MYMKIHJIIK OSpeTiH, OHBIH
KOCBUIBICTAPBIH CHHTE3ACYIe KYPri3iIreH JXKyHeal 3epTTeyiep OHBIH OHIIPICIH KapKbIHAATyFa [a, COHOai-aK
pecypcThl YHEMIIEY MACeleliepiH LIeIIyre /e OKeJTyl MYMKIH.

JKympicTa alHBIMAJBl TOKIEH TMOJISPU3ALMSAIAHFAH KYMIC OJIEKTPOJBIHAA Kalui rekcanuaHodeppaTs
epITIHIICIHE JKYPETiH 3JEKTPOXUMMUSUIIBIK YPIICTEPAIH epeKIIeTiKTepl paldoHaIbl MaTeMaTHKAIBIK JKOocHapiay
omici OotibiHIa kepcerinred. JKocmapra coiikec anthl (akTop YIIiH JXoHE opOip dakrtop Oec neHreiire ue
25 skcnepuMeHT Kypri3uiai. CTaTUCTHKANIBIK KOMOJIIEMIlI TOYSIAUNIKTEPIi CUIIATTay YIIiH JKeKe (YHKUIUsIAp —
M.M. TIpoTOAbsSKOHOBTHIH TeHAeyl KoiaaHbuiabl. Ocbl TeHAEyAiH Heri3iHme 613 n = 25 xone K = 6 ymiH
Koppemauust kKo3¢hduuneHTiH anblKTaablK. OHbIH MoHI 0,4956 xoHe t; = 3,02>2 xoHe Oyl XKaJlbUIaHFaH TeHICYAIH
COMKECTIriH KepceTei.

KyMicTiH 3IeKTPOXUMUSIIBIK €PYiHIH OHTANIIBI Iapaiapbl aHBIKTAI/BI: KYMIC 3JEKTPOBIHBIH THIFbI3IBIFbl —
200 A/m?, TuTaH AIEKTPOIBIHBIH THIFBIB3ABFE — 60 KA/M?, aneKkTponuT KoHneHTpammsack — 0,5-1,0 mons/m,
aneKkTposuT Temneparypackl — 20-40 °C, amekTpoaun3 y3akThiFbl — 15-30 MHH., altHBIMaNBI TOK XKuimiri — 50 I'm.

Turtan 3J€KTPOIBIMEH JKYNTACKAHIA, KYMIC 3JEKTPOJbIHAA MACCUBTEHY IMPOLEC] KOMBUIBII, METAJJbIH epy
KBULIAMIBIFBl apTAaThIHBl AHBIKTANBI. KaToAThl apThlall MEpHOATA TUTAH 3JIEKTPOJBIHAA Ta3 TOpi3adi CyTeri
OeuiHel jkOHEe KyMiC MOHIAPBIHBIH TOTHIKChI3IaHybl Oaiikanaasl. OChl COTTE KYMIC 3JIEKTPOJbI aHOATHI KapThlIal
neproATa 0oJabl KIHE KYMIC HOHIAPBIHBIH, TUIIUAHOAPTEHTATTHIH j)KOHE KYMiC OKCHJIHIH Naliaa OoybIMEH epuii.
3epTTereH mapaMeTpiep KYMICTI epiTy MPOLECiHE eeyli ocep eTeTiHI aHBIKTaJIIbL.

Tyiiin ce3mep: alHBIMANBI TOK, KYMIC, 3JCKTPOJH3, aifHBIMAJbl TOK JKHLIITI, TOK THIFBI3BIFEL, TOK OOMBIHINIA
IIBIFBIM.

A.B. Baemos!, 3.K. Tynemosa’, A.K. Baemosa®, M. Ozaep*

'AO «VHCTUTYT TOILIMBA, OPraHUYECKOTO KaTajiu3a
u snextpoxummn umern J{.B.Cokonsckoro», Anmatsl, Kazaxcran;
2MesxayHapoJHbIH Ka3aXxCKO-TypelKuil yHuBepcuTeT uMmend Xomxu Axmena Scasu, Typkectan, Kasaxcran;
8 Kazaxckuii HaloHasbHbIH yHUBEpCHTET MMeHH anb-Dapabu, AnMarel, Kazaxcran;
4 Yuupepcuter Myribl umenu Coitkbl Kouman, Typuus

SJEKTPOXUMHNYECKOE IOBEJEHUE CEPEEPA
B PACTBOPE ®EPPOIIMAHUIA KAJIUA

AHHOTaHPlﬂ. O,I[HI/IM N3 OCHOBHBIX IIPUOPUTCTOB HHHOBaHHOHHOﬁ UHAYCTpHUAJIN3aAllMN CTPaHbl ABJIACTCA
Pa3BUTHUC MCTAJUIYpPTHHA W TIPOU3BOACTBO TOTOBBIX HIPOAYKTOB. B oroii cBs3m MNPUMCHCHHUE HOBBIX CII0c000B
MOJYyUCHH MCTAJIOB M HX COGI[HHGHI/II}‘I WK U3BJICUCHHA HUX HN3 PACTBOPOB SBJIACTCH aKTyaJILHOﬁ 3a/:[aqef/'1
COBpPEMEHHOCTH. OI[HI/IM N3 MNEPCHEKTUBHBIX CHOCO6OB, NPUMECHAIOIUXCS B HACTOAIIECEC BPEMs, SABJISACTCA
ToJisIpusanust NEPEMEHHBIM TOKOM HpOMLIH.U'IeHHOfI 9aCTOThI, KOTOPasA BBIZBIBACT HHTEPEC PICCHe,HOBaTCJ'IefI KakK C
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TOYKH 3pEHHs OKCHAOOOpa30BaHWS, TaK W paspylIeHHs MaccHBHpyomeil mieHKH. OcoOeHHOCTh IPOIECCOB,
MPOTEKAIOIINX TOA JACHCTBHEM IPOMBIIUICHHOTO IEPEMEHHOTO TOKa, 3aKII0YaeTcs B TOM, YTO MPHU CMEHE
HAIpaBJICHUS TOKa YAAeTCs CHATh OKCHIHYIO IUICHKY M CO3JIaTh YCJIOBUSI JUIS OECHPENsITCTBEHHOTO JaIbHEWIIEero
pacTBOpEHUs MeTaa.

HHTEepecHbIM MPEACTABISIOTCS IIEKTPOXUMHYECKHE TIPOLIECCHI C y4acTHEM OJIaropoIHbIX METaJIOB, B 0OCOOCH-
HOCTH cepe0pa, B CBSI3U C BO3pACTAIOIIEH MOTPEOHOCTHIO B HEM Pa3IMYHBIX OTpaciell TEXHUKH W IPOMBIIIJICHHOCTH.
Hanbonee neHHBIMU CBOWCTBaMH cepeOpa SIBISIETCS €ro BBICOKAsl AJIEKTPONPOBOJHOCTh, OTpakaTelbHasl CHOCO0-
HOCTH Y KPaCHBBIN JIEKOPATUBHBIA BHUJI TIOJIMPOBAHHBIX OCAIKOB.

Hambonee pacnmpocTpaHeHHBIM 3aMCHHTENIEM ITMAHHUAHBIX DIIEKTPOJIUTOB CepeOpEeHHs SBISETCS PacTBOP
JKEIIE3UCTOCHHEPOUCTOr0 Kamust. CHCTEMHBIC WCCICIOBAHWS, ITO3BOJSIONINE YCTAaHOBUTH 3aKOHOMEPHOCTH
3JIEKTPOOKHUCIICHHS cepedpa C MOCIeAYIONNM CHHTE30M €TI0 COSAMHEHH, MOTYT IPUBOIUTH KaK K MHTCHCH(DUKAIINU
€ro MPOM3BOCTBA, TaK U PEIIaTh MPOOIEMBI PECypCOCOECPEIKEHIS.

B pabote moKa3aHBl OTIMYUTENBHBIE OCOOCHHOCTH 3JIEKTPOXHMMHYECKHX IIPOIIECCOB, MPOTEKAIOMINX Ha
cepeOpsSTHOM 3JIEKTPOJE TPH AJIEKTPOIHM3E IPOMBINUICHHBIM ITEPEMEHHBIM TOKOM B PacTBOpPE JKEIIE3UCTOCHHEPO-
JIICTOTO KaJusi METOJIOM PallMOHAIBHOTO MaTEMaTHYECKOr0 IIaHUPOBaHHs. B COOTBETCTBUM C MIIaHUPOBAHHUEM IS
mecTr (haKTOpOB, a B KAXKJIOM (akTope MsiTh YpOBHEH ObLIO MPOBeAeHO 25 onbIToB. [Jisi ONmUcaHus CTATUCTUYECKUX
MHOT0()aKTOPHBIX 3aBHCHMOCTEH YacTHBIC QyHKIMH 00001mIu ypaBaeHrne M.M.IIporoapskonoBa. Ha ocHoBaHuu
ypaBHeHUsI Hanww ko3ddunueHt koppersuu npu N = 25 u K = 6. On pasen 0,4956 u 3HaunmocTs tr = 3,02> 2,
YTO yKa3bIBAaeT Ha aJIcKBATHOCTH 000OIIEHHOTO ypaBHEHHSI.

OmnperenieHbl ONTUMAIBHBIC YCIIOBUS JIEKTPOXMMHUYECKOT0 PacTBOPEHHs cepedpa: IJIOTHOCTh Ha cepeOpsiHOM
snektpone — 200 A/M%, IJIOTHOCTH Ha THMTaHOBOM 3JeKTpoge — 60 KA/M?, KOHUEHTpAlus 3JEKTPOJIHTA —
0,5-1,0 moms/m, Temmeparypa anmekrponuta — 20-40 °C, mpomomKUTEeIBHOCTE deKkTponm3a — 15-30 mMuH., JacToTa
nepeMeHHoro Toka — 50 I'm.

[Toka3aHo, 4TO MPH MOJSAPH3ANAN IEPEMEHHBIM TOKOM cepedpa B Iape ¢ THTAHOBEIM SJIEKTPOJIOM, YCTpaHIeTCs
MpoIlecC IAacCHBALMU CEpeOPSHOTO JIIEKTPOAa, M CKOPOCTh PACTBOPEHHMS MeETala Bo3pacTtaeT. B kaTogHOM
MOJYTIEpHO/Ie Ha THUTAHOBOM D3JEKTPOJE BBIACISACTCA Tra3000pa3HBIl BOAOPOJ M HAOIIOJAeTCs BOCCTAHOBJICHHE
HOHOB cepebpa. B 3ToT MOMEHT cepeOpsHBIA 3JIEKTPOJ HAXOTUTCS B aHOTHOM IONYIIEPHONE M PACTBOPSETCSA C
o0pazoBaHUEeM HMOHOB cepedpa, IUIMaHOapreHTaTa M OKCHIa cepedpa. Y CTaHOBIEHO, YTO U3yYCHHBIE ITapaMeTphl
OKa3bIBAIOT 3aMETHOE BJIMSHKE Ha IPOLIECC PACTBOPEHUS cepedpa.

KaioueBble ci10Ba: nepeMeHHbIH TOK, cepedpo, IMEKTPOIIN3, YaCTOTa TOKA, INIOTHOCTh TOKA, BBIXOJ 10 TOKY.
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CHEMICAL STUDY OF LAVANDULA FERTILIZER

Abstract. Genus Lavandula — specially grown as an aromatic and medicinal plant. In inflorescences, the content
of essential oil is from 0.8 % to 2.6 %, in leaves up to 0.3 %. The main components of the essential oil are linalool
(10-30 %) in the free state and its esters with acetic, butyric, valerianic, caproic acids (30-60 %), as well as geraniol,
citral, borneolen, bisabolene, a-pinene and others.

Currently, the plant is used as an ornamental, as a spice in cooking, as well as for medicinal purposes. In
traditional medicine, flowers, leaves and branches of lavender are used.

In Bulgaria, lavender is used as a means of calming the nervous system, relaxing baths and for skin diseases.

In Germany, ointments are made from lavender petals. In Austria, lavender leaves are collected before
flowering and are used as soothing and anti-inflammatory drugs. In Poland, in combination with a pharmacy
chamomile flower, the flowers of a lavender plant are used in the healing of a fresh voice and bronchial disease.

In France, an infusion of lavender flowers is used as an urolithic substance.

The object of the study is raw materials L.angustifolia of individual collection at the experimental site of the
laboratory of medicinal plants of the Institute of Phyto-Introduction and Botany at the Ministry of Science and
Education of the Republic of Kazakhstan of Almaty.

The technology for producing a biologically active complex from the plant species under study has been
developed by varying the nature of the extractant, its ratio with raw materials, time and extraction ratio.

The optimal condition for obtaining a biologically active complex from a plant is: extractant —
50 % ethyl alcohol, the ratio of extractant to raw material — 1: 9, the time of double extraction — 72 hours,
temperature — 25 °C.

The fractional composition of the aerial mass of L.angustifolia, which is represented by water-soluble and
water-insoluble fractions, was studied.

The article presents for the first time the data of a qualitative and quantitative analysis of the lipophilic
components of the aerial mass of L.angustifolia, determined by gas-liquid chromatography with mass spectrometry
(GC/ MS).

Analyzes were carried out in a laboratory of chemistry of natural coefficients, University of Karachi, Karachi,
Pakistan, the structure and quantitative content of 16 compounds were established in the aerial mass of the plant
L.angustifolia.

The identification of the components was carried out by analogy with the known mass spectra of the samples
embedded in the computer data bank and relative retention times. Quantitative determination of the composition of
the analyzed mixture was carried out by the method of normalization by peak areas.

Keywords: Lavandula (L. angustifolia), GC-MS, extraction, BAS, aerial parts.
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Introduction

Lavandula root is a rod, a tree, and strongly branched on its support. When the new bushes are
stretched to the surface, the obsolete bumps bend over. The leaves are rectangular, oval greens, bearded or
rectangular, with the edges. The young leaves of the lavanta plant are gray, aged leaves — green [1-3].

Lavandula was specially crafted as aromatic and medicinal plant in the year 2000. Today Lavandula
plant is used in many different spheres. It is widely used as lavender in lavender, as a spice in culinary, as
well for therapeutic purposes, lavender flowers, leaves and branches are used in folk medicine. Collect
lavender flowers at the time of flowering and dry it on a sunny day. Then, prepare the flowers, leaves and
sprays separately for use in the pots [4-6].

Flowers of Lavandula contain uric acid, cinnamic and garnarin. Essential oils will be 0.8-2.6 % in the
bouquet, 0.3 % in the leaves and 0.19 % in the class. The main components of the essential oils are
linoleum (10-30 %) in vacuum and its esters (30-60 %) with acetic, oily, valerian and caproic acids, as
well as alumina, citral, borneol, bisabolene, a-pinene, dihydrochrylophyllene epoxy, as healing.

It is known that the composition of plant extracts is directly related to various factors such as the
temperature of the extraction process, the extraction time, the plant raw material and the nature of the
solvent or solvent system used.

Depending on the tasks to be solved, a wide array of organic solvents such as hexane, chloroform or
benzene is used to extract biologically active substances.

However, most organic solvents are highly toxic compounds, have a build-up effect in tissues or are
carcinogens, whereby it is requireB to include additional steps for drug substance purifi cation and
additional methods for quality control of such preparations. These measures lead to an imminent increase
in the cost of end product [7-11].

This article analyzes the lipophilic composition of the ethanol extract Lavandula with various alcohol
/ water content. The aim of the study was to compare the chemical composition of the extracts from
Lavandula using two solvents, which are different in polar type, to allow the two systems to be used as a
basis for the medicinal forms.

Materials and Methods

The selection of the optimal technological parameters of raw plant materials ting aimed at the
identification of those affecting directly the composition and the quality of the final complex of
biologically active substances (BAS) [12]:

1) the nature of the solvents;

2) raw material:solvent ratio;

3) the temperature;

4) the duration of the extraction;

5) the extraction frequency.

The selection of the optimal solvent was carried out on the basis of the qualitative analysis of the
main BAS groups and the quantitative extraction of extractive substances by pharmacopocial methods
[13].

Determination of lipophilic components of a substance by chromatography spectrometry. The
extracted extrudate is extracted with hexane (1: 2) for 72 hours at 20-24 °C. The extract is enriched in a
rotary evaporator in a soft case.

A Perkin-Elemer Autosystem gas chromatograph with an XL mass-selective detector — TurboMass is
used with a flare quartz capillary column (30 x 2.5 mm, 0.25 pum thick), PE-5 coating and a 99.9 %
helium-filled phase. It starts at a temperature of 60 °C (works for 5 minutes), from 20 °C / min to 180 °C,
from 3.5 °C/min to 290 °C. The final temperature is maintained for 40 minutes.

Mass spectra are ionized with an emission of 70 eV and a full scan in the range of 40-350 a.m.
The injector temperature was 310 °C, and the RA-TiO sample was divided by 1:60 according to the model
[14-20].

Methods for determining the qualitative composition of the ground part of plants and roots,
determining the composition of fractions, as well as determining the structure and purity of the separation
of compounds in raw materials:

— extraction of various polar solvents;

—— 40 ——
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— two-dimensional and one-dimensional chromatography on FN3 paper (Germany) and with a system
of solutions.

As the main method for studying chemical composition, the authors opted for the method of high
performance gas chromatography with mass-selective detector as the most accurate and universal, which
allows for identifi cation of the widest possible spectrum of compounds.

When selecting the optimal extractant, the following solvents are used: ethyl alcohol (50 %,
70 %, 90 %) water solution. 5 g of Lavandula (L. angustifolia) of the ground part of the plant, 50 ml
capacity, packaged in sausages. The raw material and the solvent obtained in a ratio of 1:6 are kept for
24 hours at room temperature. After 24 hours, the resulting extract can be filtered through a Buchner filter
and a vacuum pump. The resulting extract is measured with a measuring cylinder, poured into a porcelain
dish, evaporated in a water bath, and the substance is removed.

In the technology of substance separation, the main parameter is the ratio of raw materials and
extractant. In order to determine the optimal volume, the selected extractant changes the ratio of raw
material and solvent from a ratio of 1:4 to a ratio of 1:10. 5 g crushed (L. angustifolia) — ground part of
plants of various sizes (20, 30, 40, 45, 50) 50 % extraction with ethyl alcohol. In addition, during the
extraction process as a stable factor: extraction time (24 hours) and temperature (20-25 °C).

Determination of technological parameters for obtaining substances

Selecting the extraction state: Obtaining the substance was carried out according to the following
scheme:

50-100 g vegetable raw materials Lavandula (L. angustifolia) 250-500 ml of 50 % water-ethyl
alcohol, preparation of raw materials and extractant in a ratio of 1:9 and settling at room temperature for
72 hours. The contents of the flask are thoroughly mixed, and the paper is filtered into a dry flask through
a filter. This extraction process is repeated 2 times using the high-temperature method.

The resulting extracts are added and filtered with paper used at the beginning of the filter.

Results and discussion

According to the results obtained (L. angustifolia), during 72 hours of extraction at a temperature of
24-28 °C.the time and multiplicity of extraction are the same. 100 g of dried and standardized plant raw
materials were obtained for extraction.

Lavandula (L.angustifolia),%o

30

25 4

E Ethyl alcohol 50%
20 -

Ethyl alcohol 70%

Ethyl alcohol 90%
15 -

10

Picture 1 - General provisions of Lavandula using various extractants origin
of the substance from the ground part of the plant , %

Using the obtained extracts of Lavandula (L. from the aboveground part of the angustifolia plant, a
substance of 50 % ethyl alcohol was taken in large quantities.
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Table 1 - Lavandula is related to the relationship between" raw material-extractant» %

Ratio of raw material (g) and extractant (ml) Lavandula (L.angustifolia),%
1:4 -
1:6 27,44
1:8 31,96
1.9 55,94
1:10 55,36

Using the selected extractant, the optimal raw material — extractant ratio is 1: 9. if you choose the
right ratio of raw materials and extractant, you can save time by knowing the content and ratio of
extractant in the industrial industry.

Table 2 - General provisions depending on the time of the extraction process Lavandula %

Time of extraction Lavandula (L.angustifolia),%
12 27,24
24 55,94
48 75,52
72 88,66

Table 3 - General provisions depending on the multiplicity of extraction of Lavandula, %

Number of extractions Lavandula (L.angustifolia),%
1 extraction 28,01
2 extraction 28,14

As the next step, the extract was examined by high-performance gas chromatography with mass
selective detector Aligent Technologies 6400 Series Triple Quadrupole LC/MS under the following
conditions: Poroshell 120 EC-C18 column (50 mm long, 3 mm in diameter, with the coating substance
particle size of 4.0, 2.7 and 1.9 um) was used, with 10 % aqueous solution of methanol as mother solvent
and 90 % methanol as final solvent at the pressure of 11.5 mPa and the temperature of 40 °C. Components
were identifi ed by mass spectra and retention times using the NIST library and Wiley LC/MS.

Based on the research of the studied plant raw materials, it was found that there are 16 compounds.
Plant raw materials contain the amount of methyl ester of linoleic acid (29.34 %) and hexahydrofarrenal
acetone (0.41 %). Lavandula plant raw material contains methyl ester of linoleic acid (29.34 %), ethyl
ether of palmitic acid (21.48 %) and methyl ester of palmitic acid (15.42 %). The Lavandula plant contains
B-santalol (0.41 %), which contains very small amounts of Sesquitersenoid compounds.

It is obvious that with in case of an unchanged amount of the plant material, the increase of the
extragent amount in the extraction process results in increase of the substance dissolved and transported
from the cell to the intercellular space. At the same time, the increase of the volume of the extragent Jeads
to decrease of BAS concentration in the extract.

The ground raw material is introduced to a five-, seven-. nine- and twelve-fold amount of the solvent
for studying the dependence of the raw material solvent ratio on the BAS amount in the plants studies. The
results are shown in Fig. 1, The raw material solvent ratio has a positive effect. In fact, the solvent in the
ratio considered brings about a greater amount of the extractive substances obtained despite the solvent
used. This is consistent with the mass transfer principle as the concentration gradient between the solid
and most of the liquid is the driving force.

In accordance with the mass transfer law the difference between the concentration of the extract and
thesolvent increases the transition of the soluble substances into the solvent and continues until the
establishment of equilibrium. It is so because the concentration difference is the driving force of the
diffusion process.

— ) ——
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However, the increase of the solvent consumption is limited by the cost of concentrating the extract
obtained.

It follows that the cost of the extract evaporation is an important factor requiring consideration.
Therefore, the smaller the raw material: solvent ratio, the more efficient from an economic pint of view is
the extraction process.

The effect of the extraction temperature on the process of maximum extraction of BAS complex is
studied. The temperature increase leads to an increase of the solubility of the various polyphenolic
constituents,as well as to an increase of the rate of their diffusion. Since the boiling point of the solvents
used does not exceed 80 °C no significant change of the composition of the extracted substances is
expected.

Table 4 - Lipofil composition of Lavandula angustifolia plant

No Connection name RT (min) Amount,% Molecular
formula
1 Methyl 4-propan-2-yl benzoate 17.021 0.59 C11H1402
2 a - terpene 19.403 1.88 CioH1s
3 Caryophyllene oxide 20.427 7.87 Ci5H240
4 d - zedrol 21.173 4.03 Ci15H260
5 Lancel 21.635 0.73 C15H240
6 Caryophylline oxide 21.895 241 Ci15H240
7 2,6,8- trimethylbicyclo [4.2.0] oct-2-en-1,8-diol 22.02 0.88 C11H1802
8 B - santalol 22.222 0.7 C15H240
9 Hexahydropharnesy! acetone 24.369 0.41 CisH360
10 8-Ox0-2' — deoxyguanosine 25.963 0.63 CisH220
11 Palmettic acid methyl ester 26.24 15.42 C17H3402
12 Palmettinic acid ethyl ester 28.253 21.48 C18H3602
13 Linoleic acid methyl ester 31.516 29.34 C19H3202
14 Phytol 31.709 4.25 CaoHao
15 Stearic acid methyl ester 31.902 3.98 C19H3302
16 Linoleic Acid Ethyl Ester 32.506 1.4 C20H3402
Conclusion

The lipophilic composition of the surface of the angustifolia Lavandula plant was determined by gas
chromatography using an ion detector and an Agilent HP-5MC device at Karatekin University, Chancara,
Turkey. The studied plant material contains linoleic acid methyl ether (29.34 %), palmitic acid ethyl ether
(21.48 %) and palmitic acid methyl ether (15.42 %). Lavandula (contains a very small amount of B-
santalol (0.41 %), which is part of sesquitrepenoid.

16 compounds were identified using the chromatogram shown in table 4.(methyl-4-propane-2-yl
benzoate, o — terpinene, caryophyllene oxide, 6 — cedrol, Lancel, 2,6,8 — trimethylbicyclo [4.2.0 ]Oct-2-
EN-1,8-diol, B — santalol, hexahydrofarnesylacetone, 8-Oxo-2'-deoxyguanosine, methyl palmitic acid
ester, ethyl palmitic acid ester, methyl ether linolenic acid, phytol, stearic acid methyl ester, linoleic acid
ethyl ester). The resulting lavender essential oil contains 70-80 % saturated C6-c44 hydrocarbons.
Quantitative quantities are: docosan (2.8779 %), genacosan (2.4896 %), non-docosan z-14 (2.2156 %),
tetracosan (2.3894 %). Butyl-1-methylpropyl ether (4.4067 %) and cyclochloroctane (3.0660 %),
1,2-Benzenesulfonic acid. Test essential oil contains from 10 to 15 esters. In addition, korneol found in
essential oils (0,0287 %) and caryophyllia (0,0123 %).
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! on-Mapabu arbinaarsel Kazak yITTHIK yHHBEPCUTETI,
7Kana TexHOMOTHsIIap MEH MaTepHalap FhIBIMU-3€pTTEY HHCTUTYTHI
Kasakcran PecryOnmkacer, Anvatsl, KazakcTaH;
2 X anbIKapaIbIK XMMHUSLIIBIK JKOHE OMOJOTHAIIBIK, FBLIBIMIAP OPTAIIBIFBI,
Kapauu ynusepcureri, Kapauwu, [Tokictan

LAVANDULA FERTILIZER-AIH XUMUSIJIBIK 3EPTTEYI1

Aunnoranusi. Jlapauma (Lavandula) 6i3nin qoyipiMisre meifin XOmI HiCTi ®KaHE TOPUTIK 6CIMIIK peTiHIe apHaNHbI
ecipinreH. D¢up Maiibl Kypamsl ryn morbipsiHga — 0,8 %-nan 2,6 %-ra neiiin, sxansipakrapbina 0,3 %-ra neiiin
6omaznpl. Dhup MalbIHBIH HETI3T1 KOMIIOHEHTTEPIHE epKiH )aFaainarel auHanooln (10-30 %) sxoHe cipke Cybl, Ma,
BaJIepHUsiH, KampoH KbIIKbUIbl (30-60 %) Oap, coHmail-ak OHBIH 3(HpIepi — TepaHUoJ, IUTPajib, OOPHEOJEH,
6ucabosieH, a-nmuHeH. Kasipri yakpITTa ©CIMIIK COHIIK OHIMIEp/e, IOMACYIll PETiHAe acha3ablK YIIiH, COHIai-aK
eMIIK YIIiH Je naijanaHeiiafpl. XalbIKTBIK MEIULIMHANa JOpUTIK MakcaTTapMeH JiaBaHAaHbIH TYJepi,
JKarbIpakTapbl MeH OyTakTapbl KOJIJIaHbLIa bl, OyTaKTapblH OeJiek OeTeskenepre )KUHaIl, naijananyra JaibiHIalIbl.
Bonrapusiia naBanza Ky#Ke jKyHeciH THIHBIIITAHABIPATHIH, BAHHAJIAP MEH Tepi aypyiapblH eMISHTIH Jopi periHne
KONIaHbUIaAbl. ['epMaHuUsga JlaBaHIa dKalblpaKTapblHAaH JKaKIa jkacaiipl. ABCTpHsAAA JaBaHIA >KarblPaKTapbl
T'YJIACHIeHTe JCHiH KHUHATaAbl, oNlap THIHBIITAHIBIPATHIH KOHE KaObIHYFa Kapchl IpenaparTap peTiHie maiiana-
Heanel. [lompImana mopixaHanmblK TYHMemak TyJdiMeH Oipre, JlaBaHAa OCIMIIKTEPiHIH TYJIEpi jkaHa AAaybIC TEH
OpoHX aypyblH eMIeyAe KoimaHbpuTagsl. DpaHmmsaga aBaHAa TYJIiHIH TyHOACHl HeEcen aWTaWTBIH 3aT peTiHae
navgaTaHbLIabI.

3eprrey oObektici — Kaszakcran PecnyOmmkacer Fruomeim  xoHe  Bimim  MuHHCTpIiri  >KaHBIHAAFHI
(DUTOMHTPOIYKIUS )KOHE OOTaHMKA MHCTHTYTHI IOPLITIK ©CIMIIKTEp 3ePTXaHACBIHBIH dKCIEPHUMEHTANBIK OoTiMiH/Ie
xeke xuHaiaran Lavandula (l.angustifolia) mmkizarsr.

3epTTenin JKaTKaH OCIMIIK TypiepiHeH OWOJOTHSUIBIK O€JCeHIl KEMIeH aly TEXHOJIOTHSACH SKCTPaKIUs
3aThIHBIH Ta0WFaThIH, IIMKI3aTKa KATHIHACBIH, YaKBITThl JKOHE OKCTPAKIUS KOA(PQPHUIMEHTIH e3repTe OTBIPHII
JKacaypl.

OcCIMJIKTeH OWOJOTHSUIBIK O€NCeH/l KelleH ayAblH OHTaibl ImapThl: dKkcTpareHT — 50 % ostun cnwmpri,
9KCTPaKIMHBIH HIMKi3aTKa KaThIHAckl — 1: 9, KocapyiaHFaH IKCTPaKLUs yaKbITEl — 72 caraT, Temueparypa — 250 °C.

L.angustifolia >xep ycTi MaccachbHbIH (GpaKUHIbIK KypaMbl 3epTTENl, O Cy/a CPUTIH KOHE CyAa epiMeiTiH
(pakuusapaaH Typassl.

Makanana anraimn petr L.angustifolia xep ycti MaccachbHbIH THITOGIIBAI KOMIIOHEHTTEPIHIH CAMalbIK JKOHE
CaHIBIK TANJAYBIHBIH JAepeKTepi KenrTipinai, Macc-criektpoMerpusicsl (GC/MS) 0Gap ra3  CYHBIKTBIKTBI
xpomarorpadus oiciMeH aHBIKTAJFaH.

Tangaynap TaOWFM KOCBUIBICTap XUMUSICHI 3epTXaHachiHIa, Kapaun KanacelHBIH YHUBepcuTeTiHae, [lokicTaH
Kamaceiama L.angustifolia ecimuirinin sep ycti MaccachiHga 16 KOCBUTBICTBIH KYPBUIBIMBI MEH CaHIBIK KYPaMbl
OPHATBUIIBL.

KommnonentTepai colikecTeHAIpy KOMIBIOTEPIiH IepekTep OaHKiHE CaiBIHFAaH YITUIEpHiH Oenrimi macc-
CIIEKTpJICpiHe JKOHE yCTall KaJly yaKbIThIHAa YKCac jKy3ere achlpbuiafbl. TailaHaThlH KOCHAHBIH KYpaMbIH CaHMABIK
aHBIKTay LIBIHAAD ayJaHbl OOMBIHIIA KaJIbINKA KENTIPY 9iCIMEH JKY3ere achIpbUIBL.

A.B. TammmoeroBa’, A.K. Ym6eroal, 3.5. Xaamenona®,
E.C. Mxcanos, M.I. Yoyaxapu?, JK.A. Aunos!, T'.III. Bypamespa®

! Kazaxckuii HAlIMOHAJIBHBIN YHUBEPCUTET UMEHH ajlb-Dapadu
HayuHo-uccienoBarenbCKuii MHCTUTYT HOBBIX TEXHOJIOIMM U MaTEpHUasIoB
Pecnyosinka Kasaxcran, Anmatsl, Kasaxcran;
2Mes1yHapoAHbIH LIEHT XUMHYECKHUX U OMOJIOTMYECKUX HayK YHUBepcuTeTa Kapaun,
r. Kapaun, [lakucran

XUMHUYECKOE UCCIEJOBAHUE LAVANDULA FERTILIZER

Aunnoramusi. Pox JlaBanma (Lavandula) — crmenmanbHO BBIpaIleHHBIH Kak apoMaTHOE M JIEKapCTBEHHOE
pactenue. B comBermsx copepxkanue 3¢upHoro macimo ot 0,8 % mo 2,6%, B muctesax mo 0,3 %. OcCHOBHBIMHU
KOMITOHEHTaMH 3(GHUPHOTO Macia BIsitoTcst uHanoon (10-30%) B cBOOOTHOM COCTOSHUM U €T0 3QHPBI C YKCYCHOH,
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MAacCIITHOW, BaJepHSHOBOW, KampoHoBoi kuciotamu (30-60 %), a Takke TepaHHOJN, IMTPajib, OOpPHEOJEH,
6mcaboJeH, O-TTMHEH U IpyTHe.

B Hacrosiiee BpeMs pacTeHHE HCIIOIb3YeTCsl KaK AEKOpaTHBHOE, B KaYeCTBE CHELUH B KyJIWHAPHH, a TAKXKE B
JIEYEOHBIX neisx. B HapOHHOﬁ MEANIUHE UCIIOJIB3YIOTCA UBETHI, JIMCThS U BETBU JIaBaHABI.

B Bonrapuu naBaHay MCHOJIB3YIOT KaK CPEACTBO, YCIOKaUBaIOIIee HEPBHYIO CUCTEMY, PAcCalIsioNIe BaHHBI
W TIPH KOKHBIX 3a00JI€BaHUSIX.

B I'epmanuy penaroT Masu W3 JICTIECTKOB JlaBaHABl. B ABCTpuM cOOpaHBI JIMCTBS JIaBaHIBl 10 LBETEHHUS U
UCTIONIB3YIOTCSI B KaUeCTBE YCIIOKAWBAIOIINX M MPOTUBOBOCHAIMTENBHBIX mpernaparoB. B Ilonbine, B coyeranuu c
aNTeYyHbIM IIBETKOM POMAIIKH, I[BETKH JIABAHAOBOTO PACTCHHUS MPUMEHSIOTCS IPH 32KUBICHUH CBEXEH paHBl H
OpoHXUATBEHON 00JIE3HU.

Bo ®paHumu HaCTOM LIBETKOB JIaBaHIbI UCIIONB3YIOT KaK MOYETOHHOE BEILECTRO.

O6bekToM wuccrmemoBanusi  sBisiercst  ceipe  Lavandula  (L.angustifolia) waousumyamsHOoro cbopa Ha
IKCIIEPUMEHTAIBHOM y4YacTKe JJaOOpaTOPUH JICKApCTBEHHBIX pacTeHHH MHCTUTYTa GUTOMHTPOLYKIMU M OOTaHUKH
npu MuHHCTEpCTBE HAyKH U 0Opa3oBanus PecryOmmku Kasaxcran ropona Ammaresl.

OTpa60TaHa TCXHOJIOTUA MOJTYYCHU 6I/IOJ'IOFI/I'-IeCKI/I AKTUBHOT'O KOMIIJICKCAa M3 HUCCICAYEMOT'O BHUJa paCTCHUA
BapbUPOBAHUEM NIPUPOABI OKCTPpAr€eHTa, €ro COOTHOIECHUEM C CBIPDHEM, BPEMCHU U KPAaTHOCTH OKCTPAKIINHU.

OnTuManbHBIM yCIOBHEM JUI IOJTYy4YEHUs OWOJIOTMYECKH AaKTUBHOI'O KOMIUIEKCA W3 PAaCTeHHs SBIAETCS:
sKcTpareHT — 50 % 3TUIOBBINA CIUPT, COOTHOLICHUE IKCTPAareHTa U Chlpbsa — 1:9, BpeMs IBYXKpaTHOH 3KCTPAaKLIUU —
72 yaca, Temneparypa — 25°C.

W3yden GpakiioHHBIN cOCTaB Haa3eMHOM Macchl L.angustifolia, koTopsrii mpencrasieH BOIOpacTBOPUMBIME 1
HEPacTBOPHMBIMH B BOJIC (DPAKLIUSIMHU.

B craree BHepBBIC NpPHUBEACHBI JaHHBIC KAUYeCTBEHHOTO M KOJMYECTBEHHOIO aHajM3a JIMHNOQHIBHBIX
KOMIIOHEHTOB Haja3eMHOM Maccel L.angustifolia, ompenenensr MeToqoM ra30uakoCcTHOM XpoMarorpadueii ¢ Mace-
cnextpomerpueit (GC/MS).

AHanu3bl MPOBEACHHI B J1a00OpPaTOPUM XUMHUH IIPUPOINHBIX COSOUHEHHiH, YHuBepcurera ropomga Kapaun, T.
Kapauwu, Ilakucran, B Haa3eMHOW Macce pacrtenus L.angustifolia ycraHoBieHBI CTPYKTYpBI M KOJMYECTBEHHOE
coaepkanue 16 coennHeHui.

Wnentudukannss KOMIIOHEHTOB OCYILIECTBJICHA II0 AHAJIOTMM C M3BECTHBIMH MacC-CIEeKTpaMu 00pasloB,
3aJI0)KEHHBIX B OaHK JaHHBIX KOMIIBIOTEpAa M OTHOCHUTEIBHBIM BpeMeHeM ynepkuBaHus. KoindecTBeHHOE
OIIpeJieNICHNE COCTaBa aHAIN3UPYEMON CMECH OCYIIECTBICHO METOI0OM HOPMaJIM3aliH MO TUIOMIASIM TTHKOB.

Karouesnie ciioBa: Lavandula (L. angustifolia), IX-MC, skctpakuusi, BAB, Haj3eMHast 4acTb.
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PHYSICAL AND CHEMICAL PROCESSES OCCURRING
IN THE GRANULATED PHOSPHORUS SLAG DUMPS

Abstract. One of the most dangerous man-made mineral formations located in the territory of Kazakhstan is
disposal areas for granulated phosphorus slag, since its shells contain initially the dangerous gases such as PHs, H.S,
HF, etc. Permanent sources of such gases are also CasP, (intrinsically poisonous gas), CaS and CaF,. In the
structures of phosphorous ash disposal areas, the chemical and physical-chemical processes contain initially gases,
which may be in different modifications. For example:

e Phosphene (PHs) in the form: PH3—P,05—HPO3—H3POy;

e Hydrogen sulfide (H2S): HoS—H2S03— H,SOy;

¢ Hydrogen fluoride and silicon tetrafluoride: HF—SiFs—H,SiFs—HSiOs3;

e Carbon oxide (CO): CO—CO,—COCl..

Such chemical processes intensify greatly the anthropogenic effect of phosphorous ash disposal areas on the
environment — biogeocoenosis.

In addition to the processes related to gas components, in the phosphorous ash disposal areas, the hydration
processes occur as a result of interaction of slag with water. Thereat, sub-microcrystalline CSH(I) and calcium are
generated. Depth of slag hydration reaches 1...3 pm. Such processes form a thin layer on the surface of slag particles
resulting in linking of separate grains into a whole. Therefore, the surface of phosphorous ash disposal areas has the
certain strength with cracks, through which water, air, snow, etc. are penetrating into the disposal area.

It is evident that granulated phosphorus slag in the form of disposal areas has very adverse impact on the
biogeocoenosis, causing the pressing need for their disposal; moreover, such slags are valuable raw material for the
construction industry and agriculture only after their decontamination from dangerous gases.

Keywords. Granular phosphorus slag, dumps, hazardous gases, chemical reactions.

Introduction. One of the most dangerous technogenic mineral formations located on the territory of
Kazakhstan is the granular phosphorus slag dumps (hereinafter referred to as GPS or GPD), (figure 1),
formed as by-products in the production of phosphorus and its compounds [1].

Near Shymkent and Taraz there dumps have more than 20 million tons of granular phosphorus slag
where chemical and physicochemical processes constantly occur, due to which hazardous gases
derivatives in the dump structures such as phosphine (PHs), hydrogen fluoride (HF), hydrogen sulfide
(H2S) and others, previously occurring during the sublimation of elemental phosphorus from phosphorite
[2.3], are formed.

In addition, under certain conditions, phosphide (poisonous in itself), calcium sulfide and fluoride,
which are part of the slag can serve as these gases sources, which while interacting with water, form a
hydration phase of type CSH (1), generating a crust of certain strength with cracks on the surface of the
dumps [4-6].
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Figure 1 — The dump of granular phosphorus slag near the city of Taraz

Consequently, slag dumps are the same hazardous objects as emissions of the same gases during
production processes. At the same time, emissions are controlled, and phosphate slag dumps are
uncontrolled, constant, and therefore their danger is significantly higher.

The utilized phosphate slag dumps through the neutralization of granular phosphorus slag, which is
environmentally friendly can be an excellent raw material used for construction and agriculture.

The phosphorus and GPS generation technology is the following: in electric furnaces at temperatures
of 1450 ... 1500°C in mixtures consisting of phosphorite (3CaO - P,Os) of the Karatau deposit, quartz sand
(SiOy) and carbon (C), the reaction occurs according to the following formula:

Caz(POy)2 + 3SiO2 + 5C — 3 (Ca0 - Si0z) + 2P 1 +5C0O 1 D

From this formula it follows that P and CO are released as gases, and CaO - SiO, — as a melt, at rapid
cooling the GPS is generated.

In addition, as a result of complex physical and chemical processes, dangerous gas-dust-like
impurities arise - in the form of phosphine (PHs), fluoride (HF) and hydrogen sulfide (H.S), slag (and
other) dust that are released into the atmosphere, in production and other premises concentrated in the
GPS shells located in dumps [7.8].

Emission of harmful dust and gas substances into the atmosphere and their presence in production
facilities are well studied [7.8]. For example, at slag production and bucket discharge sites, the content of
PHs reaches 0.3 ... 3.5 g / m® and HF — 1.25 ... 6.9 mg / m® [8]. At four phosphorus production plants
(before 1990) in Shymkent and Zhambul, the emission of harmful gas-dust-like substances into the
atmosphere reached 150 billion m®, the content of phosphine, hydrogen fluoride and hydrogen sulfide,
dust up to 200 thousand tons per year (currently, “Kazphosphate” LLP pay special attention to labor
protection and safety) . There is no such close attention to phosphate slag dumps.

The above mentioned gases are very dangerous and toxic (table 1).

Table 1 — MPC (in mg/m? gas toxic substances occurring in the composition of phosphorus slag dumps [9]

Substance Hazard Maximum permissible concentration (mg/m®)”
MPCwa MPCwms MPCap
H2S 2 10 0,008 0,008
HF 2 0,5 0,02 0,005
SiF4 2 0,5 0,02 0,005
PHs 2 0,5 0,1 0,1
Cco 4 20 3..5 1..3
Dust 3 - 0,3 0,1

*WA - working area, MS — maximum single, AD - average daily

Studies have shown that higher MPC may cause various human diseases (peptic ulcer, chronic
gastritis, cirrhosis of the liver, musculoskeletal disorders) and animals’ skull bones and teeth destruction.
They are especially dangerous for river and marine animals [7.8].

—— 48 ——
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There are known developments of non-fired and composite binders and concrete on the basis of
electrothermophosphorus slags from the Novo-Zhambul phosphoric plant, Kazfosfat LLP with high
strength and durability, also physicochemical processes of the products of hydration and structure
formation of these binders have been studied [10-12].

An analysis of the literature data shows [7.8] that in the phosphorus industry, particular attention is
paid to emissions and production facilities, and phosphorus slag dumps are almost absent. Meanwhile,
these dumps have a significant uncontrolled anthropogenic impact on biogeocenosis, i.e. the environment.
Therefore, the study of physical and chemical processes associated with GFSD is quite urgent — this is
what this work is devoted to.

Research Methodology. The object of the study was granular phosphorus slag from dumps located
on the territory of Kazphosphate LLP (Taraz).

The chemical and phase GPS compositions were identified using a DRON-3M X-ray machine
(Russia), derivatographic unit Q-1500 D (MOM, Hungary), infrared spectrophotometer Specord M 80, a
MIN-8 polarizing microscope, and traditional chemical analysis.

The determination of hazardous gases was done using the ALTAIR PRO gas analyzer (single-channel
explosion-proof portable). Sample preparation with a specific surface of 500 m?/ kg was carried out for
physicochemical analyzes at a laboratory vibratory mill with a capacity of 2 kg. In this case, the released
gases were measured through holes with a diameter of 2 mm.

The experimental results. The dumps of granular phosphorus slag (GFSD) in Shymkent and Taraz
occupy about 1730 hectares of fertile land with the enclosing territory allocated based on the sanitary
standards. In addition, chemical enterprises engaged in the production of phosphorus-containing products
are located near the rivers Sairam (Shymkent) and Assa (Taraz), which due to location reasons raises
many negative issues.

The GFSD storage period has already reached about 30 ... 50 years. The total amount is more than
20 million tons (moreover, the Shymkent GFSD is constantly decreasing, due to the fact that it is
constantly used in road construction - without any permits, Taraz plant is growing due to the existing new
Zhambul phosphorus plant).

The chemical composition (rounded) GFS, %: SiO - 41 ... 44; CaO — 44 ... 48; Al,0; — 3.2 ... 3.6;
Fe,O3 — 0.5 ... 0.6; MgO - 2.5 ... 3.2; P,Os — 1.07 ... 2.5; SO; — 0.5 ... 0.8; F — 1.2 ... 2.0; calcium
phosphide (CasP2) — 0.2 ... 0.3; calcium fluoride (CaF2) — 4.0 ... 4.5; calcium sulfide (CaS) - 0.2 ... 0.3.

Such a chemical composition of GFS is obtained as a result of physicochemical processes occurring at
a temperature of about 1450°C in electrothermal furnaces in mixtures consisting of phosphate [Cas(PO.):]
from the Karatau deposit, quartz sand (SiO2) and carbon (C) based on the following formula (1).

When molten slag comes into contact (t = 1450 ... 1500°C) with water vapor and in case of water
granulation the chemical pyrohydroline reactions occur (schematically) [13] as follows:

CaF, + H,0 + SiO, = 2HF + CaO - SiO,,
CasP, + 3H,0 + 3Si0; = 2PH; + 3 (Ca0SiOy), )
CaS + H,0 + SiO, = H,S + CaO - SiO..

Elemental phosphorus, interacting with atmospheric oxygen, forms phosphoric anhydrite based on the

following formula:
4P +50; — 2P,0s ©)

With rapid water cooling, the melt does not have time to crystallize and by retaining some of the
internal energy, passes into the vitreous state. This state gives GFS a certain astringent property which
increased when grinded and activated by various additives. The average GFS density is about 1100 ...
1200 kg / m?, its soft shell material is easily destroyed by external influences.

The formation of the halo in the X-ray diffraction pattern and the diffusivity of the main maxima of
the absorption bands of the IRS confirm its amorphism. The endoeffect in its thermogram at 800 "C shows
softening of the glass, and the exoeffect at 920 ‘C — the crystallization of pseudo-(CaO - SiO,) (figure 2).
From this physical analysis it can be seen that GFS is an excellent material for use in silicate and building
materials and products, including road construction and agriculture. However, only if it is neutralized from
hazardous impurity gases.




News of the Academy of sciences of the Republic of Kazakhstan

W\W1

920°C

1000
Figure 2 — X-ray diffraction pattern (1), thermogram (2) and a fragment of the infrared spectrum (3) of the GFS

It should be emphasized that the components of the GFS are not inactive but actively interact with the
environmental ingredients and themselves, by significantly increasing its anthropogenic impact on
biogeocenosis. Gas-dust emissions of the existing phosphorus plant settling on the surface of GFSD will
make their negative contribution.

In GFSD structures the main interdependent parallel physical and chemical processes may occur as
follows:

¢ chemicals associated with harmful gases;

e physical and chemical, associated with the hydration of slag and its dust.

a) Chemical reactions associated with gases in GFS shells, for example, with PH3:

PH3+H,O—PH4++0OH,
PH4++H,O—>PH,OH+H,
or

PH4++H,0—PH3+H50",

PH4++0H — PH3+H,0",

2 PH3+40,—>P>0s5+3H-0, (4)
P205+H,0—>2HPO3,
HPOs+H>O—>H3PO,

Therefore, depending on the environment, a phosphine in the ecosystem can exist in the form of
compounds as follows: PH3;— P05 —>NRAz;— H3PO..

The same chemical reactions occur with H,S, HF + SiF4 and CO, respectively, with the formation
(schematically):

HzS—)HzSO3—)stO4;
HF >HF;; SiF4ﬁH2$iO3ﬁHzSiFe (5)
CO—»C0O,—COCI

Furthermore:

e calcium phosphide is poisonous gas — it may under certain conditions be a constant source of
formation of a new portion of PH3;

e calcium sulfide turns into H,S based on the following formula:

CaS+ 2H20—100—C—)Ca(OH)2+ H,ST(under conditions of phosphoric slag binders steaming):;

CaS + COx+ H,0—»CaCOs+ HzST; (6)
calcium fluoride - during autoclaving of phosphoric slag binders it can give HF based on the following
formula:

130..200°C
CaF,+ H,SOs ——————> CaSO4+ 2HF T (7)
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As can be seen from the table 2 the content of CasP,, CaF,and CaS in the composition of GFSD in the
amount of 20 million tons of solids: 69.3; 2700 and 69.3 respectively, t.

Table 2 — The total content of gas-forming substances in GFSD, the amount of which is 20 million tons

Name of gas-forming substances Chemical formula Content of gas-forming substances
% t
Calcium phosphide CasP2 0,3 69,3
Calcium fluoride CaF2 4,0 2700
Sulfide calcium CaS 0,3 69,3

b) Physical and chemical processes associated with slag hydration:

A neoplasm is formed on the surface of the slag grains as a result of interaction with water. A
physicochemical study showed (figure 3) that this neoplasm consists of a gel- and crystalline CSH (I) and
calcite. As can be seen from this figure, peaks appear on the radiograph at d/n = 3.03; 2.84 and 1.82 A,
typical for crystalline CSH (l). Five effects are recorded on the thermogram — three endo and two —
exoeffects.

3,03
2,84

180°C

30’0
Figure 3 — X-ray diffraction pattern (2) and thermogram (1) of GFSD grains

The endoeffect at 130 °C indicates the presence of gel-like phases in the neoplasm and the endoeffect
at 180 °C is apparently a submicrocrystalline part of the hydrosilicate phases.
These processes proceed according to the following schemes:

CoSH, 120180°¢ , C,SyH,+ CH.
The endoeffect at 820°C shows the calcite decarbonization according to the scheme:
CaCO; 8¢ , CaO + COy, (8)

which confirms carbonization of previously formed hydrosilicate phases that arose during the surface
interaction of slag grains with water.

The exoeffect at 840°C indicates the transition of CSH (I) at elevated temperature to wollastonite by
the reaction:

CSH &<, 3-CS. 9)
The exoeffect at 910 °C confirms crystallization of the initial glassy slag with the formation of

B—Ca0-SiO..

Petrographic studies show that the gel-like silicate mass has light refraction in the range n = 1.51 ...
1.53; CSH (I) = n =154 ... 1.56, and CaCO; — ng = 1,658; ns = 1.485. In this case, CSH (I) has a fibrous
structure, and calcite crystals are formed as a rhombohedron and a prism. The depth of hydration of the
slag grains is 0.1 ... 0.3 microns.
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Thus, in dumps, granular phosphorus slag is hydrated in the presence of water, which leads to its
transformation into stone with a certain strength, as a result of which individual grains are crosslinked into
a single whole, which is denser than slag, therefore it envelops the slag grains in a dense layer, which
prevents further hydration of the slag itself. However, this dense layer in the form of a crust occurs with
cracks through which water, gas, snow, etc. penetrate into the dump.

Phosphate slag dumps are a constant source of pollution of the region’s ecosystem. In fact, as long as
these phosphorus slag dumps exist nearby, there can be no improvement of the environmental situation in
the southern region of Kazakhstan.

In preventing environmental pollution caused by phosphorus slag and waste disposal facilities, there
are four main options:

— cover them with a thick layer of earth or with a special polymer or concrete mixture;

— liquidate by laying them in mine and other man-made spaces;

— use as fertilizer for agricultural farming and material for land reclamation purposes;

— produce various building materials on their basis.

It is possible, of course, to leave everything as it is. However, this is counterproductive, as discussed
above.

Let’s briefly consider all the pros and cons of implementing the above in terms of environmental and
economic efficiency.

1. The closure of phosphate slag dumps with a total area of 50 hectares with a thick layer of land is
unproductive, because:

— removal of this land causes additional anthropogenic environmental pollution and the alienation and
desolation of lands;

— huge financial, human and technical costs;

— earth filling of phosphate storage facilities with a height of 50 m each is not so simple based on the
technical capabilities of existing machines and mechanisms;

—the main low productivity of this venture is that this work will need to be repeated periodically,
since the thickness of the backfill may decrease due to erosion reason;

—when closing the dumps with concrete mix it can be considered that the environmental problem will
be solved, however, such work will be more expensive than backfilling option (for example, the cost of
1 ton of land is 2500 tg, cement — 14500 ... 15000 tg) therefore, from an economic point of view such an
event is extremely ineffective;

— closing the dumps with a special polymer mixture is the most promising among others, however,
the life of the polymer film is relatively short (1-1.5 years), such an expensive mixture will need to be
exported, since it is not produced in Kazakhstan, in addition, under certain conditions (for example, in its
interaction with acids toxic substances) it creates an environmental problem.

2. Even more inefficient in environmental and economic terms is the liquidation of phosphate slag
dumps by laying down mine and other man-made spaces. For example, the cost of one 60-ton wagon
reaches 320 thousand tenge. For 20 million tons of phosphorus slag, 333,333 wagons are needed. It is easy
to calculate - the transportation of slag dumps by wagons will amount to 106 billion tenge. But in addition
to transportation, there are other operations such as loading and unloading, filling, etc. These are
additional costs — their cost is equal to 20-30 % of the transportation cost.

3. If slag dumps are used as fertilizer for agricultural farming and as material for land reclamation,
then, first of all, a technological line cleaning gaseous substances, especially phosphine, hydrogen fluoride
and hydrogen sulfide will be needed. In addition, the technical and economic efficiency of slag dumps as
fertilizer used for land reclamation shall be defined since there are conflicting data on this [14].

4. What if to produce various effective building materials on the basis of slag dumps? However, we
note the following: with some certainty, it can be argued that there is simply no alternative to processing
these dumps into building and silicate materials. In our opinion, this direction is the most promising and
environmentally and economically effective, since in this case the problem associated with the slag dumps
utilization is solved comprehensively.

The specificity and nature of the phosphate dumps in which the prehistory of their occurrence is
associated with the production of phosphate-containing products, determines the increased degree of their
anthropogenic impact on the ecosystem, namely, as already mentioned on biogeocenosis.
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Summary. 1. In the phosphorus industry, environmental, technological and sanitary safety usually
means the measures and technical requirements related to the emission of harmful substances into the
atmosphere and hydrosphere, as well as their level of concentration in production facilities without giving
the required attention to the granular phosphorus slag dumps.

Meanwhile, the granular phosphorus slag dumps in the amount of 20 million tons have a significant
anthropogenic impact on biogeocenosis, i.e. the environment, since hazardous gas-dusty ingredients are
accumulated in its structures.

2. Chemical and physico-chemical processes constantly occur in the structures of dumps, as a result of
which:

e phosphine (PHs) can be in the form: PHz <> P,0s <> HPO3 <> H3POy;

(] hydrogen sulfide (HzS) —H.S & HzSO3 > HzSO4;

e hydrogen fluoride and silicon tetrafluoride - HF <> SiF4 «» H2SiFg «» H2SiOs3;
e carbon monoxide (CO) — CO — CO; — COCly;

e slag — CSH (D).

3. The potential amount of 20 million tons of phosphate and calcium sulfide sludge can reach
69.3 tons, and calcium fluoride — up to 2700 tons, which under certain conditions can be sources of the
above-mentioned dangerous gases.

4. Finding granular phosphorus slag in the form of dumps is extremely dangerous for biogeocenosis
and the urgent need for their disposal suggests itself, especially since these slags are valuable raw
materials for the construction industry and agriculture.

Confirmations. Scientific results were obtained within the framework of TSELSIM LLP work.

3.A. Ectremecos, II.1. CanbikoB, A.B. bapBunos,
H. b. Capcenbaes, M.3. EcremecoB, A.Y. YpanxanoBa, A.A. Tyiraranos

«IeJICUM» XKIIC OpTanblk KYphUIRIC MaTepHAIIAPBIH CEPTH(PHUKATTAY CHIHAKTAPBI 3ePTXAHACHL,
Anmarsl K., Kazakctan

TIAIPIHIKTEJITEH ®OC®OP KOXKIAPHI YATHILJIEPIHJE BOJATBHIH
OU3UKAJBIK-XUMUAJIBIK ITPOHECTEP

AnHoranusi. KazakctaH aymarbIHIaFsl €H KayinTi TEXHOTEHAIK MUHEPAIIBIK TY3UTIMACPIiH Oipi — TyHipImiK-
tenreH (ocdop KOKBIHBIH YHIHAUIEpP], OUTKCHI OHBIH KaObIKTapbiHaa Oactankeiga PHsz, HaS, HF xone T.0. CHAKTHI
KayinTi razgap 6ap. byn razmapasiy typaktel ke3nepi — CasP2 (e3imen e3i yiubl ra3), CaS xxone CaF, ne. ®ocdop
KOXBI YHIHIINEpiHIH KYpBUIBIMAAPbIHAA YHEMI XUMHSUIBIK JKOHE (HM3HMKaIBIK-XMMUSUIBIK TIPOLECTEP OPBIH AJIBII
TYpaJbl, HOTIDKECiHE OacTamKpIna O0NaTHIH ra3aap opTypili Moaudukanusuiapaa 60Iysl MyMKiH. MbIcabr:

e ®ocdun (PH3) PH3—P,05—HPO3;—H3PO, Typinze;

¢ Kyxipt cyreri (H2S): H,S—HSO3— H,SO, Typinze;

e Oropits cyTeri xaHe kKpemuuii Tetpadropuni: HF—SiFs—H,SiFe—H,SiOs;

¢ Kewmipreri okcuai (CO): CO—CO,—COCl.

MyHpait XxuMusUIBIK Tiponiectep Qocdop KOXKbl YHIHIUIEPIHIH KOpLIaraH OpTara aHTPOIOIEHMIK JCcepiH —
OHOreoIeHO3 1kl aliTapIIbIKTal KyIeiTe .

I"asnmel KypammacTapra OaiIaHBICTHI TIPOIIECTEPICH 0acka, pochop KOXKbI YHIHIIEPIHAC KOKIBIH CYMEH ©3apa
9peKeTTeCcyi HOTHKECIH/IE THAPATAIMSUIIBIK MpouecTep opbiH anansl. byn perre cyomukpokpucranasl CSH(I) xone
Kanpiuii Ty3ineni. KoxkapiH ruaparanmst tepenpiri 1..3 MkM-re skereni. Ochl mporecTepAiH HOTHXKECIHIE KOXK
OenmiekTepiHiH OeTiHIe XyKa Kabar maiina Ooiampl, COHBIH callapblHAH JKEKeJlereH TYHIpLIKTepHiH OipTyTac
6oubin Gipiryi opsia anansl. ConapIkTal Gocdop Koxxbl YiiHAINepiHiH OeTi YHiHAIHIK immiHe Cy, aya, Kap >kKoHe T.O.
KipeTiH apBIKTapMeH Oenriti O0ip OepikTiKke He.

Tyttiparikrenren ¢ochop KOKTapeIHBIH YHIHAIIEp TypiHIe OOMyBl OHMOTEOIeHO3Fa ©Te Tepic ocep eTeTiHi
Oenriyi, ochIFraH OaIaHBICTHI OJIAPBI KOJETe KapaTyAbIH aca YIKeH KaXETTUIIr TYbIHIAN Ik, ocipece, Oy Koxkaap,
oJIapIbl KayinTi rasfapiaH 3apapchl3aHAbIpFaHHaH KeHiH FaHa KYPBUIBIC HHIYCTPHUSCH MEH aybll MIApyallbUIBIFbI
YILiH OaFaiibl MKKI3aT OOJBII CaHaTaIbI.

Tyiiin ce3nep. Tyitipiikrenrex Gocdop KoXbI, YHiHIUIED, KAYINTI ra3aap, XMMHUSUIBIK peakLusiiap.
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3.A. Ectemecos, II.1. CaapikoB, A.B. bapBuHos,
H. b. Capcen6aes, M.3. EcremecoB, A.Y. YpanxaHoBa, A. A. Tyaaranos

TOO «eJICUM» LlenTpanbhas taboparopust cepTHOUKAIMOHHBIX UCTIBITAHUI CTPOUTEIBHBIX MATEPHAIOB,
r. Anmatsl, Kazaxcran

ON3UKO-XUMHNYECKHUE TPOHECCHI, TIPOUCXOJAIIUE
B OTBAJIAX TPAHYJIMPOBAHHBIX ®OCP®OPHBIX HIIJTAKOB

AnHoTamms. OnHUM K3 Hauboyiee ONMACHBIX TEXHOTCHHBIX MHUHEPAIIBHBIX 00pa30BaHHUN, HAXOASAIIMXCS Ha
Tepputopun KazaxcraHa, SBISIIOTCS OTBAJIBI IPAaHyJIHMPOBAHHOIO (OCHOPHOro MuUIaKa, MOCKOJIBKY B €r0 CKOPIIyHax
M3HAYAIbHO MPUCYTCTBYIOT Takhe onacHbie ra3bl kak PH3, HyS, HF u ap. TlocTossHHBIMEM MCTOYHHUKAMHU 3THX I'a30B
sBisiroTes Taoke CasP, (cam mo cebe spmoButhiid ra3), CaS u CaF,. B crpykrypax dochounuiakooTBaioB HOCTOSIHHO
HPOUCXOAAT XUMUUECKUE M (PU3UKO-XMMHUYECKUE TIPOLIECCH], B PE3yJIbTaTe KOTOPBIX M3HAYAIBHO IIPUCYTCTBYIOIINE
ra3bl MOTYT HAXOJUTHCA B PA3JIMIHBIX MOZ[I/I(bI/IKaI_[l/IﬂX. Hale/IMep:

e ®ochun (PHs) B Buge: PHz—P,05—HPO3—H3POy;

e Ceposoopon (HzS): HaS—H3SO3— H,SO04;

e OropucTelii Bomopon u TerpadTopun kpemuus: HF—SiFs—H,SiFe—HSiOs;

e Okcup yriiepoja (CO):CO—CO,—COCl,.

Takue XMMHYECKHE MPOLECCHl CYIISCTBEHHO YCHJIMBAIOT aHTPOIIOTCHHOE BIHMsHUE (HOCOOIUIAKOOTBAJIOB HA
OKPY’KaroLIyIo cpely — OHOreoneHos.

Kpome mporeccoB, CBf3aHHBIX C Ta30BBIMH COCTaBILSIFOIIMMH, B (OC(ONIIAKOOTBANAX MPOHCXOISAT
THAPATALIOHHBIE ITIPOLIECCHl B pe3yJibTaTe B3aUMOJCHCTBUS caMoro nuiaka ¢ Bojoi. Ilpm stom obpasyrorcs
cyomukpokpucrauinaeckue CSH(l) u xampumii. I'myOuna ruapaTtauu nuiaka gocturaer 1...3 MxMm. B pesynbrare
3TUX MPOLECCOB HA MOBEPXHOCTH YACTHI] lIUIAKa BO3HUKAET TOHKHUII CIIOH, BCIEICTBHE Yero IMPOUCXOUT CLIMBaHUE
OTIENBbHBIX 3€peH B eauHoe uenoe. [loaTromMy mnoBepxHOCTh (ocdonuiakooTBanoB 00NagaeT onpeneaeHHON
MPOYHOCTHIO C TPEIIHHAMH, Yepe3 KOTOPBIe BHYTPh OTBaJIa MPOHUKAIOT BOMIA, BO3IYX, CHET H JIp.

OueBUIHO, YTO HAX0XK/CHUE TPaHyINPOBaHHBIX (POCHOPHBIX IUIAKOB B BUJE OTBAIOB YPE3BbIYaliHO HETATUBHO
BJIMSIET Ha OMOTEOLICHO3, B CBS3U C 3THM BO3HUKAET HACTOATEIbHAS HEOOXOJUMOCTh UX YTHIN3ALUH, TeM Oojee 3TH
IITAKK SBJISIOTCS LCHHBIM CHIPHEM [UI CTPOUTENIBHOW HMHAYCTPHU M CEIBCKOrO XO3SIMCTBA, TONBKO IMOCIE HX
00e3BpEKMBAHUS OT OITACHBIX Ta30B.

KunroueBsie ciioBa. ['panyarpoBaHHbIN GOCHOpPHBI ITaK, OTBAJIBI, OIACHBIE ra3bl, XAMUYSCKUE PEAKIIUH.
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STUDY OF THE CATALYTIC HYDRAZINOLYSIS
OF HIGHER FATTY ACIDS

Abstract. In this work, the reaction of hydrazinolysis of higher fatty acid in the presence of an ionite catalyst is
considered for the first time. Synthetic commodity anion exchange resin AB-17-8 was used as a catalyst. Before use,
the anionite was converted to OH-form and its exchange capacity was determined. The experiments were made in the
static conditions in a glass reactor with mixing of the reaction mixture.The reaction of palmitic acid with hydrazine
yielded the corresponding hydrazide. The influence of various factors (quantity of hydrazine hydrate, catalyst, butyl
alcohol, temperature, reaction duration) on the formation of palmitic acid hydrazide was studied. It is shown that
with an increase in the amount of hydrazine hydrate in the initial mixture from 2.0 to 2.52 g per gram of palmitic
acid, the yield of hydrazide increases, and further increase in the concentration of this reagent leads to a decrease in
the selectivity of the process, due to the occurrence of side condensation reactions. Increasing the amount of catalyst
from 2 to 3 g per gram of palmitic acid leads to an increase in the yield of hydrazide. It reveals optimum conditions
of synthesis under which the most palmitic hydrazide yield made 90%. The analysis of the initial substances and the
reaction product was carried out using the photocolorimetric method. As a result, the IR spectroscopic researches of
the mechanism of hydrazinolysis reaction of the palmitic acid with active centers of anion-exchange. It is shown that
the reaction proceeds with the formation of transition complexes on the surface of the anion exchange resin. The
practical value of this work is to develop an effective method of palmitic acid hydrazide preparation.

Keywords: palmitic acid, hydrazine, hydrazide, catalyst.

Introduction. Higher fatty acid hydrazides and their derivatives are widely used in medical practice,
in various sectors of the national economy [1-4]. For example, hydrazides of oleic, linoleic, linolenic and
palmitic acids have been used as antibacterial, anti-fungal, and anthelminthic drugs, fungicides, chelating
agents, and metal corrosion inhibitors [5,6].

There are various methods of obtaining hydrazides of higher fatty acids [6]. For example, the most
promising way to produce hydrazides is the hydrazinolysis of esters, mainly methyl or ethyl esters of the
corresponding carboxylic acids, when heated in a solvent medium. Hydrazides of oleic, linoleic, and
linolenic acids have been prepared from the corresponding methyl esters under argon within 3—4 h in
anhydrous alcohol [6]. Another method of synthesis of these compounds is enzymatic hydrazinolysis of
methyl esters with lipase in an aqueous-alcoholic medium at 40°C [5]. The drawbacks of this method are
mediocre yield of the hydrazides (70-75%), poor selectivity of the process, sophisticated isolation of the
target product from the reaction mixture, and the need to grow microorganisms [5].
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In addition, methods are known based on the thermal decomposition of carboxylic acid salts with
hydrazine [7]. The disadvantage of these methods is that, along with the main product, are obtained
incommensurate amounts of impurities - 1,2-diacylhydrazines and cyclic compounds. The yield of the
main product (hydrazide) is increased, in particular, by azeotropic distillation of water. Also known is a
method of producing hydrazides by thermal decomposition of salts of carboxylic acids with hydrazine
hydrate, including mixing carboxylic acid and hydrazine hydrate in a molar ratio of CA: HH = 1: 1.2,
heating under reflux in the presence of butanol, active aluminum oxide and benzene, distilling water as an
azeotrope at a temperature of 95 °C for 2-8 hours, filtering the melt of the reaction mixture, crystallization,
washing and drying the product in vacuum [8]. The yield of hydrazides is 80-95%.

The disadvantage of this method is that it is suitable for obtaining only hydrazides of lower
carboxylic aliphatic acids with the radicals R = CHjs, i-CsH7. In addition, this method uses solvents that
deteriorate the organoleptic properties of the product, which requires additional purification of the target
product.

At present, the synthesis of carboxylic acids and their derivatives using heterogeneous catalysts -
ionites is the most promising method [8-10]. In this regard, the synthesis of practically important higher
fatty acid hydrazides in the presence of heterogeneous catalysts is an important task.

The purpose of this study is to investigate the hydrazinolysis of palmitic acid in the presence of the
anion-exchanger AV-17-8 in the OH-form.

Experimental part. Experiments are carried out in static conditions. In a three-neck round-bottom
flask with a capacity of 250 ml, equipped with a mechanical stirrer, a thermometer and a reflux condenser,
1 g (0.0039 mol) of palmitic acid, 2.52 g (0.0504 mol) of hydrazine hydrate, 3 g of anion exchanger AV-
17-8 in OH -form, 8 g (0.44 mol) of water are introduced. The reaction mixture is heated on a water bath,
stirring for 3 hours at a temperature of 95°C. After this time, the mixture is cooled and the anion-
exchanger is filtered off from the liquid part, washed with 30 ml of water. The water is distilled off from
the solution, the remaining solid residue is dried at 60°C. The analysis of palmitic acid hydrazide is carried
out by the photocolorimetric method. The melting point of hydrazide is 150-152°C. The IR spectra of the
starting materials and reaction products are taken on "Impact 410" spectrometer (USA).

Results and discussion. Palmitic acid hydrazinolysis was investigated in the presence of anion
exchanger AV-17-8 in the OH-form.

C1:H3COOH + NaHe Y Cy:H3CONHNH, + H,0

Under the conditions studied, the main product of the interaction of palmitic acid with hydrazine
hydrate is palmitic hydrazide. The influence of various factors (the amount of hydrazine hydrate and
anion-exchanger, temperature and duration of the reaction) on the formation of hydrazide are given in the
table. During hydrazinolysis of palmitic acid, the optimum process conditions are the mass ratio palmitic
acid: hydrazine hydrate : water: anion-exchanger = 1:2.52:8:3, temperature of 95°C, 3 hours of reaction
time, while the hydrazide yield amounted to 90%.

Table 1- Palmitic acid hydrazinolysis (palmitic acid mass is 1 g)

hydrazine anion exchanger, water,g reaction temperature, the hydrazide
hydrate, g g time, hours °C yield, %

3,86 2 8 3 95 47

3,20 2 8 4 95 64

2,52 2 8 3 95 82

2,52 3 8 3 95 90

2,00 3 8 3 95 45

2,52 3 10 3 95 87

2,52 3 12 3 95 86

2,52 3 8 3 80 53

In the infrared spectrum of palmitic hydrazide, absorption bands of valence vibrations are observed
in the region of 1641,1706 cm ~! (C = 0), 2959, 2927, 2849 cm ~* (CH, CHs), 1274- 1094 cm ~* (C - C),
3433,3220 cm™ (NH) groups, as well as deformation vibrations in the region of 1509 cm™ (NH) groups.
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Figure - IR spectrum of palmitic acid hydrazide

The mechanism of hydrazinolysis of higher fatty acids is still not well understood. According to [11-
20], it can be assumed that hydrazinolysis of oleic acid in the presence of an ion exchange resin AV-17-8
(OH) is carried out by heterogeneous catalysis and the active centers of the anion exchanger are polymer-
bound quaternary ammonium ions and hydroxyl ions . During the adsorption of palmitic acid on the
anion-exchange resin , an intermediate complex is formed, which then interacts with hydrazine to form
hydrazide and regenerate the active centers of the ion exchanger.
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Conclusion. Thus, we first studied the hydrazinolysis of higher fatty acids using the example of
palmitic acid in the presence of AV-17-8 (OH) anion exchanger, found the optimal process conditions and
made conclusions regarding the reaction mechanism.
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JKOF APBI MAMJIbI KBIIIKBLIIAPIBIH KATAJIMTTIK TUAPA3UHOJIA3IH 3EPTTEY

AnHoTaumsi. JKorapbl Maiifibl KBIIIKBUIIAPIBIH THAPA3HATEP] JKOHE OJApIbIH TYBIHABLIAPHl METULMHAIBIK
NpaKTUKaa, XajblK MapyallbUIBIFEIHBIH 9PTYPIIi cayajapblHAa KEHIHeH KOIIaHbUIaIbl. AWTaJbIK, MBICAJIbI, OJICHH,
JIMHOJL,JINHOJICH K9HE MAIbMHTHH KBIIIKBUIIAPBIHBIH THIPasHATEpi aHTUOAKTEPUAIbl, BUPYCKA KapChl , aHTHI€JIb-
MHHTTI areHTTep, QyHrunuarep, xenar TY3yLli areHTTep, COHBIMEH KaTap IOJIMMepIIep, TYpaK-TaHABIPFBIIITAD MEH
Gostymap eHMIpici YIIIH KOJJaHBUIAIEI.

JKorapbl MaiiiIpl KBIIIKBULAAPABIH THAPA3UATEPIH ANyABIH OPTYPIi omicTepi Oenrismi. MpIcansl, THAPA3UATEP]
aJTyIbIH aHAFYPJIIBIM KOJIAMIbI 9MIICIHE KYpaesi d3pUpiIepaiH THAPa3suHOIN31, dcipece KOoFaphl MAMIIbl KBIIIKbBUIIAPABIH
METWII HeMece STHII S(UPIIEPiH epITKILITE KbI3BIPY S/ICI KaTaIbl.

CoHBbIMEH KaTap OJIEHH, JIMHOJ, JIMHOJCH JXOHE NaJbMUTHH KbIIIKBUIIAPBIHBIH THAPA3HIATEPIH CHUHTE3/ACY/I
e37icpiHe Coiikec METHIII A(QUpNepAi KOJAaHBIN, a30T arMocdepachiHna 3-4 carar OOWBI aOCONIOTTIK CIHPT
opraceiHia >ky3ere acbipansl. CoHpnaii-ak, KapOOH KbIIIKBUIJAPBIHBIH TY3JapblH THAPA3UHMEH TEPMHSIIBIK
BIIBIPATYFa HETi3AeNreH aaicTep ae oenrini. by amicrepain kemmIilirine Herisri eHiMMeH (THIpa3uarieH) Oipre Ker
Memmepsae |,2-auanuiaruapasuHIepAiH KOHE IHMKIABI KOCBUIBICTApAbIH KOCHAlapbl TY3UICTIHIIr KaTaJbl.
I'mppasuarepni amynslH Keieci omici OoOHBbIHIIA KapOOH KBIIIKBUINAPBIHBIH TY3AApblH THUApasuHruaparneH 1:1,2
MOJBIIK KATHIHACHIHOA Kepi MY3JATKBIIICH OyTaHON, aKTUBTI ATOMHHHNA OKCHII OHE OEH30J KATHICHIHIA
KbI3abIphIn, 95°C Temneparypana 2-8 caraT 0O0ibl a3e0TpOI TYPIHIE CyHbl alifiar, PeaklUsUIbIK KOCHAHbIH KaTThl
Oeuirin cy3in,oHbI KalTa KpUCTaIalIbl, [Ias/Ibl XKaHe Bakyyme kentipeni. ['mapasuarep mbiFsivMbl 80-95%.

Kazipri ke3ne kapOOH KBIIIKBUIAAPHI JKOHE OJIAPABIH TYBIHABUIAPBIH TETEPOreHJI KaTalu3aTopiap/ibl-
WMOHUTTEPAl KOJIAaHY apKbUIbl CHHTE3JeY aHarypjbIM Ooiamiarbl Oap omicke jxartaapl. OcbiFaH OaillaHbICTHI
MPaKTHKAJIBIK JKaFbIHAH MaHBI3/Ibl )KOFapbl KapOOH KBIIIKBUIJAPBIHBIH THIAPA3UITEPIH TeTepOreHl KaTaau3aTopiap
KaTBICHIH/Ia CHHTE3/Iey ©3€KTi Macesie OOJIBIIN TaObUIa bl

By xymbIcTa anfram peT >KOFapbl Mailiibl KBIIIKBUIIAPABIH THIPA3UHONIN3 PEaKLIUsICH HOHUTTI KaTannu3aTop
KaTBICBIHIAa KapacThIpbUIAbl. KaTanuzaTop peTiHne Tayapibl CHHTETHKAIIBIK aHHOH alIMacTHIPFBIN miaiislp AB-17-8
KonmaneuIapl. Kompmanap amgpiHaa anmoHutT OH-dopmara Kemnipiimi jkoHE OHBIH ajiMacy CHIHBIMIIBUIBIFEI
aHbBIKTaNAbl. ToxipuOenep craTUKambIK XaFgaiaa MIBIHBI PEaKTOpAa PEakUUsUIbIK KOCHAaHBbl apaiacThipy apKbLIbI
xKyprizingi. IlanbMHUTHH KBIIIKBUIBIHBIH THAPA3HHMEH pEaKnWsChl apKbUIbl OFaH COHKeC THApa3uj  ajbIHBL
[ManbMUTHH KBIIKBUTBI THAPA3HUIIHIH TY3UTyiHEe opTypii (hakTopiapAbH (THIPAa3HHTHAPATTHIH, KaTaln3aTOP.IBIH,
CyIBIH MOJIIepi, TeMmIlepaTrypa, peakius Y3aKTBIFB) ocepi 3epTrenni. bacramkel kKocmaza | T© maabMHTHH
KBIIIKBUTBIHA AJBIHFAH THUAPA3UHTUAPATTBIH MeepiH 2-2,52 rpamra AeWiH apTTBIpFaHAa THIPA3H[ IIBIFBIMBI
KOFapblUIagbpl, OyJl pEareHTTIH KOHIEHTPAalMsACBIH apbl Kapail apTThlpy Ke3iHIe jkaHaMa KOHJCHCAIUs
PeaKIMsUIaPbIHBIH JKYPYyiHe OailIaHBICTHI MPOIECTIH CEICKTUBTUIITHIH TOMEHACHTIHAIN KopceTimi. | T HaJTbMUTHH
KBIIIKBUIBIHA ECENTENIeH KaTajlu3aTOpIblH MeJiepiH 2-3 TpaMra JeWiH apTThIpFaHja THAPA3u] IBIFBIMBI
JKOFApBUIANTBIHABIFGl  aHBIKTAIIBL. CHHTE3/IIH OHTAWIbl >KarAaiylapblHAa MAJIBMHUTHH KBIIKBUIBI THUAPAa3HIIHIH
wbIFBIMBL 90 % Oonapl. MK-CrieKTpoCKONUSUTBIK 3epTTeyIep HOTHKECIH e MATbMUTHH KBIIIKBUIBIHBIH THIPA3UHOIU3
peaknusChl AHWOHUTTIH AKTHBTI OPTAJIBIKTAPBIHBIH KaThICYBIMEH JKY3€re acaThlH MEXaHW3Mi YCHIHBUIABL.
PeaknusiHblH aHHOHHUT O€TiHIE aybIclalibl KOMIUIEKCTEPIH TY3UIyiMEeH JKYpeTiHAiri Kepcerinui. bym xymbIcThIH
MPaKTHKAJIBIK MaHBI3ABUIBIFGl MaJbMUTHH KBIIKBIIBIHBIH THAPA3UIIH alyAblH THIMII SJICIH OiyacTeipy OOJIBII
TaObLIa b,

Tyiiin ce31ep: MAIBMUATHH KBILIKBUIBL, TUIPA3HH, THAPA3UJ, KaTaJIu3aTop.
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HNCCJIIEJOBAHUE KATAJIMTHYECKOI'O T'HJIPABUHOJIN3A BbICIIHNX )KUPHBIX KUCJIOT

AHHoOTanus. ['Mapasunel BBICIIMX JKMPHBIX KHUCJIOT M MX TNPOU3BOJAHBIE HAXOIAT IIHPOKOE NPUMEHEHHE B
MEIULMHCKON IIPAKTUKE, B PA3JIMUYHBIX OTPACIAX HApOJHOro XossiicrBa. Tak, Hampumep, ruapasuiibl OJICUHOBOM,
JIMHOJIEBOH, JIMHOJICHOBOH, MAJIbBMUTHHOBON KHCJIOT UCIIOJIB3YIOTCSI B Ka4eCTBE aHTHOAKTEPUAIIbHBIX, IIPOTHBOTPHO-
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KOBBIX, AHTHIE€IBMHHTHBIX CPEICTB, (YHTHLHIOB, X€IaTOOOPa3yIOIMX AareHTOB, a TaKXKe NPUMEHSIOTCS A
IIPOMU3BO/ICTBA MIOIMMEPOB, CTAOMIN3aTOPOB 1 KPACOK.

CyIIecTBYIOT pa3jIM4yHbIe METO[bI ITOJIyYEHHUs] THJIPAa3WI0B BBICIIMX JKUPHBIX KucioT. Hanpumep, Hanbonee
yI0OHBIM CIIOCOOOM TMOJy4eHHs THIPa3WIOB SIBISETCS THIPA3UHONU3 CIOKHBIX 3(QHUPOB, NPEHUMYLICCTBEHHO
MCTHJIOBBIX HJIM DOTHJIOBBIX 3(1)I/IpOB COOTBETCTBYIOIIIUX BBICIIUX JXUPHBIX KHUCJIOT IIPpU HArpe€BaHuu B CPEIAC
pacTBopHTEIS.

CuHTe3 THAPa3uI0B OJIEHHOBOH, TMHOJIEBOH, IMHOJICHOBOH U MaTbMUTHHOBON KHCJIOT OCYIECTBIISIIOT TAKKE U3
COOTBETCTBYIOIIUX METWIOBBIX 3(hUPOB B aTMOc(epe a3oTa B TeueHue 3-4 4 B cpeje abcomoTHOro crupra. Kpome
TOTO, U3BECTHBI CIIOCOOBI, OCHOBAaHHbIE HA TEPMHUYECKOM Pa3JIOKECHUH COJel KapOOHOBBIX KHCIIOT C THIPA3HHOM .
HenocratkoM 3THX crocOo0OB SIBISIETCS TO, YTO HAPSLy C OCHOBHBIM HPOAYKTOM (THAPA3HIOM), TTOIYUAIOTCS HECO-
pa3MepHbIe KOJWYecTBa npumece - 1,2-auanmiruapasvHOB M IUKIMYECKHX COEAMHEHWH . BpIxon ocHOBHOTO
MPOXYKTa MOBBIIIAIOT, B YACTHOCTH, a3€0TPONHON OTTOHKOM BOABL. Takxke N3BECTEH CIIOcO0 MOTyUeHUs THAPA3HIOB
TEPMHUUYECKUM Pa3JIOKCHNEM COJIeH KapOOHOBBIX KHCIOT C THAPA3MHTUAPATOM, BKIIOYAIOIINN CMEIINBaHUE KapOo-
HOBOM KHCIJIOTBI U THAPA3MHTUApATa B MOJBHOM COOTHOWIEHMH 1:1,2, HarpeBaHue ¢ OOpaTHBIM XOJOIUIBHUKOM B
MPUCYTCTBUH OyTaHOJa, aKTUBHOW OKHUCH aJIOMHHHUS U OCH30J1a, OTTOHKY BOJBI B BHE a3€0TPOIIa IPU TEMIIEPaType
95°C B Teuenue 2-8 yacoB, (PWIBTPALMIO paciulaBa PEaKHMOHHOW CMECH, KPUCTAJUIM3AIMIO, TPOMBIBKY M CYIIKY
MpOAyKTa B BakyyMme. Brixox ruapasunos cocrariser 80-95%.

B Hacrosimiee BpeMsi cuHTe3 KapOOHOBBIX KHCIIOT U MX MPOM3BOJIHBIX C UCIIOJIB30BAaHHEM I'e€TEPOTCHHBIX KaTa-
JIM3aTOPOB - HOHUTOB SBJISIETCSI HAKOOJIee IIEPCIEKTUBHBIM CITOCOOOM. B CBSI3M ¢ 3TUM CHHTE3 NPAaKTHYECKH BayKHBIX
THJIPA3U/I0B BEICIINX )KUPHBIX KUCIIOT B IPUCYTCTBUH I'€TEPOTCHHBIX KAaTAIN3aTOPOB ABJSIETCS aKTYaJIbHOH 3a1adei.

B »r10ii paboTe BHepBBIE PACCMOTPEHA PEAKIMS TMAPA3HHOIM3A BBICHIMX XHPHBIX KUCIOT B TPHCYTCTBHU
MOHHUTHOTO KaTalnu3aTopa. B kauecTBe KaTanm3aTopa MCIOIb30BAIM TOBAPHYIO CHHTETHUYECKYIO aHHOHOOOMEHHYIO
cmony AB-17-8. Ilepen mcmomb3oBanmeM aHHOHMT mepeBoamwm B OH-popMmy u ompenmensimm ero oOMEHHYIO
eMKOCTh. OIIBITHI TPOBOAMIIN B CTATHUECKHUX YCIOBHUSX B CTEKISIHHOM PEaKTOpE C IMEepEeMEIINBAHUEM PEaKIIMOHHON
cMmecH. Peakupell manbMATHHOBOW KHCIIOTHI C THAPA3MHOM OBLI MOJYYEH COOTBETCTBYIONIMHA Truapasui. M3ydeHo
BJIMSIHUE Pa3IMYHbIX (PakTOpoB (KOJIMUECTBA TUIPA3UHIUIPATA, KaTaIU3aTOPa, BOAbI, TEMIIEPATypPhl, TPOIOIDKUTENb-
HOCTH PEaKIK) Ha 00pa3oBaHKe TUAPa3uaa NAIBMUTHHOBOW KUCIOTHL. [loka3aHo, 4TO C TOBBIIIEHUEM KOJIMYECTBA
THIpa3UHTHIpaTa B MCXOAHOM cmecu oT 2,0 mo 2,52 r Ha TpaMM MaJbMHUTHHOBOI KHCIIOTHI BBIXOJ THJIpa3uia
BO3pacTaeT, AaJbHEHIIee yBEIMYEHHE KOHIIEHTPAMM 3TOr0 peareHTa NPUBOAMT K CHIDKCHUIO CEJIEKTUBHOCTH
npoliecca, 3a cueT MPOTeKaHUs MOOOYHBIX PeakK KOoHAeHcaluy. [1oBbIIIeHne KONNYecTBa KarainuzaTopa oT 2 10
3 r Ha rpaMM MaJbMUTHHOBOW KUCJIOTHI MPUBOJUT K BO3PACTAHUIO BBIXOJA THApa3uja. B ONTUMabHBIX YCIOBUAX
CHHTE3a BBIXOJ THAPa3HIa MaJIbMHTHHOBOH KHCIOTHI cocTaBwil 90 %. AHanmm3 MCXOAHBIX BEUIECTB M IIPOIYKTa
peaknuy MPOBOAMIN (POTOKOJIOPUMETPUIECKUM MeTooM. B pesynbprare K- crieKTpoCKOMUecKuX ncciae 0BaHuN
NpPEATIOKEH MEXaHW3M pEeakIWW THIPa3WHONN3a TAIbMHUTHHOBOH KHCJIOTHI C YYacTHEM aKTHBHBIX ILIEHTPOB
aanoHnTa. IlokazaHoO, YTO peakmus IPOTEKaeT C OOpPa30BaHMEM MEPEXOIHBIX KOMIUICKCOB Ha ITOBEPXHOCTH
aHnoHuTa. [IpakTHdeckas 3HAYMMOCTb PabOTHI COCTOHT B pa3paboTke Hanbomee 3((HeKTHUBHOTO crioco0a MOIyIeHUsI
THIpPa3uia MATbMUTHHOBON KHCIIOTHI.

Ki1roueBble ¢10Ba: MalbMUTHHOBAS KUCJIOTA, THAPA3UH, THAPA3HI, KaTalnnu3aTop.
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SYNTHESIS OF PROPERTIES
N-METHYL-2-(PYRID-4-YL)-3,4-FULLEROPYRROLIDINE

Abstract. The article is devoted to the reactions of [2+3] cycloaddition of pyridine-4-aldehyde to fullerene C60,
as well as to the preparation of its water-soluble from of the resulting reaction product N-methyl-2-(pyrid-4-yl)-3,4-
fulleropyrrolidine. A literature review of organic compounds containing the pyrrolidine cycle was carried out. It is
noted that such compounds have a wide spectrum of biological activity and are part of many drugs of both natural
and synthetic origin. In this regard, an interesting “pharmacophore” group is the pyridine cycle, which is part of
about 5% of all known drugs. The reaction of pyridin-4-aldehyde with fullerene C60 was carried out in the presence
of sarcosine under the conditions of the Prato reaction.

The reaction mechanism of 1,2-dipolar cycloaddition, leading to fulleropyrrolidine, is described. The water-
soluble complex fulleropyrrolidinas with poly-N-vinylpyrrolidone was obtained.

The structures of the synthesized compounds were studied by IR, UV, H and **C NMR spectroscopy, as well as
by the date of two-dimensional spectra of COSY (1H-1H) and HMQC (*H-'3H). The values of chemical shifts,
multiplicity and integrated intensity of *H and *3C NMR signals in one-dimensional NMR spectra were determined.
Using spectra in the formats COSY (1H-1H) and HMQC (1H-13C) homo- and heteronuclear interaction were
established, confirming the structure of the studied compounds.

Key words: fullerene C60, sarcosine, pyridine-4-aldehyde, fulleropyrrolidines, Prato reaction, NMR spectra.

Currently, among a large number of functionalized C60 fullerene compounds, fulleropyrrolidine
derivatives are one of the most intensively studied classes [1-3]. The 1,3-dipolar cycloaddition of
azomethinilides to fullerene, known as the Prato reaction [4], is one of the most effective ways in
obtaining fulleropyrrolidines. Compounds containing the pyrrolidine cycle in common organic compounds
have a wide spectrum of biological activity and are part of many drugs of both natural and synthetic
origin, for example, proline, atropine. It should be noted that some of the most important aspects of the
biological activity of fullerens and its derivatives include the fight against HIV and antibacterial activity,
inhibition of enzymes, antitumor therapy, controlled drug delivery, neuroprotective properties, and
antioxidant activity. In fullerene synthesis, studies of the synthesis of C60 fullerene derivatives containing
new “pharmacophore” groups are of great interest [4-12]. In this regard, an interesting “pharmacophore”
group is the pyridine cycle, which is pert of about 5% of all known drugs. However, compounds
containing both the pyrrolidine, pyridine rings and the fullerene sphere have so far been little studied.

Taking into account the scientific and applied prospects of the pyridine series and fullerene, we
synthesized and conducted an NMR study of the structural features of the new fulleropyrrolidine 1 by the
three-component condensation of fullerene C60, N-methylglycine (sarcosine) and pyridine-4-aldehyde
under the conditions of the Prato reaction. One of the main factors affecting the yield of the final product
in this reaction is the homogeneity of the medium, therefore the synthesis of fulleropyrrolidine 1 was
carried out in xylene while the reaction medium was heated for 3 hours. The presence of an amino acid in
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the reaction medium, which is a zwitterionic compound, probably negatively affects on the reaction rate
(heterogeneity factor) [13-19].

H A Xylene t
Ceo+ CHyNHCH,COOH + c_¢/ — >
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The mechanism of formation of N-methyl-2-(pyrid-4-yl)-3,4-fulleropyrrolidine (1) involves the
condensation of an a-amino acid (sarcosine) with an aldehyde (pyridin-4-aldehyde), leading to the
formation of an ammonium salt, which undergoes decarboxylation process to obtain an insitu azomethine
ylide. The latter reacts with a 6,6-double bond of fullerene by 1,3-dipolar cycloaddition, forming a

pyrrolidine cycle.
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The structure of the obtained new fulleropyrrolidine 1 was established by IR, UV, H and *C NMR
spectroscopy, as well as by the data of two-dimensional spectra of COSY (*H-'H) and HMQC (*H-*3C).

In the spectrum of IR compound 1, bands for C-N bonds of the pyridine ring are observed;
vibrational frequencies of the fullerene skeleton, C—H, and N-H bonds are present (figure 1).
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Figure 1 - IR spectrum of compound 1

The UV spectrum of compound 1 has 310, 319, and 430 nm (rigure 2). A peak with a low intensity at
430 nm is characteristic of all [6,6] - closed adducts of fullerene C60.
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Figure 2 - UV spectrum of compound 1

The *H NMR spectrum of compound 1 is characterized by the presence of a three-proton singlet
signal at 2.86 ppm. protons of the H-6,6,6N-methyl fragment of the pyrrolidine ring. Single-proton singlet
signal at 4.97 ppm indicates the presence of the metin proton H-5 in the pyrrolidine cycle. The appearance
of two single-proton doublet signals at 4.33 and 5.04 ppm with the same spin-spin coupling constant of 2J
9.4 Hz confirms the presence of two axial and equatorial protons H-2ax and H-2eq of the pyrrolidine ring

—— g4 ——
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bonded to the fullerene nucleus. The aromatic pyridine protons H-8, 12 and H-9, 11 were manifested by
broadened two-proton siglets at 7.79 and 8.72 ppm respectively.

In the C NMR spectrum of compound 1, signals of the pyrrolidine ring with an N-methy! substituent
are observed at 40.07 (C-6), 70.12 (C-2) and 82.42 (C-5) ppm. The carbon atoms of the pyridine fragment
resonated at 124.24 (C-8.12), 150.13 (C-9.11) and 155.68 (C-7) ppm. Numerous signals in the range of
136-148 ppm belong to sp>-hybridized carbon atoms of the fullerene nucleus.

The structure of compound 1 was also confirmed by two-dimensional NMR spectroscopy COSY
(*H-'H) and HSQC (*H-'*C), which allows one to establish spin-spin interactions of a homo- and
heteronuclear nature. The observed correlations in the molecule are presented in the diagrams. In the
spectra of the H-'H COSY compound, spin-spin correlations are observed through two bonds of
methylene protons H?*-H?9 (4.33, 5.04 and 5.04, 4.33) ppm and through three proton bonds of the
neighboring methine groups H3'? —H% (7.79, 8.72 and 8.72, 7.79) ppm pyridine ring. Heteronuclear
interactions of protons with carbon atoms through one bond were established using ‘H-*C HSQC
spectroscopy for the following pairs present in the compound: H5-C® (2.86, 40.06), H**-C? (4.33, 70.12),
H?9-C? (5.04, 70.12) H>-C° (4.97, 82.42), H31#C312(7.79, 124.24), H**-C*™ (8.72, 150.13) ppm (figure 3).

Figure 3 - Correlations in the spectra of COZY (*H-'H) (a) and HMQC (*H-13C) (b) of compounds 1

The main problem that impedes the biological studies of fullerene derivatives and the creation of
therapeutic agents based on them is the insolubility of fullerenes in water. One of the possible ways to
overcome this problem is to obtain water-soluble complexes of fullerene derivatives with water-soluble
polymers approved for use in medicine, for example, with poly-N-vinylpyrrolidone.

In this regard, a complex of compound 1 with poly-N-vinylpyrrolidone in methylene chloride was
obtained:

—H,C—CH— N
— | Ay O
‘ —

The formation of complex la occurs as a result of solubilization of fullerenepyrrolidine 1 by PVP
chains and the physical interaction of the lactam group with the fullerene sphere. The resulting complex
la is soluble in water.

Thus, using the reaction [2+3] cycloaddition, the reaction of addition of pyridin-4-aldehyde to C60-
fullerene in the presence of sarcosine under the conditions of Prato reactions was carried out. A new
compound N-methyl-2-(pyrid-4-yl)-3,4- fulleropyrrolidine was obtained and its water-soluble derivative.
The structure of the obtained substances was proved by *H and *3C NMR spectroscopy, as well as by the
data of two-dimensional spectra of COSY (*H-'H) and HMQC (*H-**C).

Research funding source. This work was financially supported by the Science Committee of the
Ministry of Education and Science of the Republic of Kazakhstan (Grant AR051311054).
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Experimental part

The IR spectrum was recorded on a Vertex 70V spectrophotometer (Bruker) in KBr pellets. UV
spectra were recorded on a Lambda 750 spectrophotometer (PerkinElmer). The *H and *C NMR spectra
were recorded in DMSO-ds on a INM-ECA 400 spectrometer (399.78 and 100.53 MHz *H and **C nuclei,
respectively) of the Jeol company from Japan. The survey was carried out at room temperature using a
DMSO-ds solvent. Chemical shifts are measured relative to the signals of residual protons or carbon atoms
of a deuterated solvent.

N-Methyl-2- (pyrid-4-yl) -3,4-fulleropyrrolidine (1). To a solution of 100 mg (0, 1388 mmol) of
C60 in 20 ml of xylene were added 14, 78 mg (0, 138 mmol) of pyridin-4-aldehyde and 123,6 mg
(1,388 mmol) of sarcosine (molar ratio of reactants 1: 1, respectively). The reaction mixture was boiled for
3 hours at 110-120°C. After removal of the solvent, the residue was chromatographed on a silica gel
column, eluting with toluene unreacted C60 and productl. Yield 28 mg (23%). *H NMR spectrum, &, ppm
(J, Hz): 2.86 s (3H, H-6.6.6), 4.33 d (1H, H-2ax, 2] 9.4), 4.97 s (1H, H-5), 5.04 d (1H, H- 2eq, 2] 9.4),
7.79 br. s (2H, H-8.12), 8.72 br. s (2H, H-9.11). *C NMR spectrum, 5C, ppm: 40.07 (C-6), 70.12 (C-2),
82.42 (C-5), 124.24 (C-8,12), 150.13 (C-9,11), 155.68 (C-7). IR spectrum, v, cm-1: 526, 825, 1409, 1596,
2784, 2949, 3446, 3467. UV spectrum (CHCIs), Amax, nm: 310, 319, 430.

The method of obtaining complex (1a). To a solution of 2 mg of fulleropyrrolidine 1 in 2 ml of
methylene chloride was added 200 mg of PVP in 3 ml of methylene chloride. The reaction mixture was
stirred for 30 minutes at room temperature. After removal of solvent, the residue was dried by vacuum.
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N-METWJI-2-(IIUPU-4-1J1)-3,4-OYJUVIEPOIIUPPOJIMIUHHIH
CHUHTE3I ’KOoHE KACHUETTEPI

AnHotranusi. Makana nupunui-4-anpaeruarin Ceo Qysuiepenre [2+3]-IMKIOKOCHUTY PEaKIMIChIH KOHE
peakuusi HOTWXKECIHIEe anblHFaH oHIM N-meTui-2-(nupui-4-un)-3,4-QyuieporuppouIMHHI — CyJla epUTIiH
TYBIHJIBICBIH Iy OJIiCTeMeJiepiH 3epTreyreapHajirad. KypamblHIa NUPPONMAMHIAI UMKIL 0ap OpraHUKajbIK
3aTTapJIblH aJbIHY JKOJJAapbl MEH KacHeTTepi Typaibl 9AeOMeTTIK mmIony kacamraH. Oy 3aTTapiblH OHOJIOTHSIBIK
KacHeTTEpiHIH KEH ayMaKTBUIBIFBI JXOHE OJIapAbIH KONTEreH [opulik TaOWFHM JKOHE CHHTETHKAJIBIK 3aTTaplblH
KypamblHa KipeTiHi TankputanraH. Dymnepeniik cunre3ne ¢ymiepeH Ceo KypamblHIA KaHa «(PapMaKOIHSIIBIKY
TomTapel Oap 3aTTapasl CHHTE3EYre apHAIFaH FBUIBIMH JKYMBICTAPBIHA KOI KOHUI OeNiHeTiHI aWThIIab.
Opra#ukanslK 3aTTapAblH  KypamblHa QyJUlepeHAl (parMeHTTepAiH OONyBl OCHl 3aTTapAbIH OHWOIOTHSIIBIK
KaCHETTEPiH jKaKcapTybl HEMece jkaHa, OypbIH OOIMaFraH MEXaHHKAIBIK, XUMHSUIBIK, (PU3UKAJIBIK KIHE OHONOTHAIIBIK
KacHeTTepHiH Tmaima OoxybslHAa OKeNeTiHi KeceTinenmi. bynm kaHa epekmie KacHeTTep HaHO MacIITaOTaFrbl
(akxTopIapIsIH dcepiaepiMeH OalmaHbICTHI 00MyHI aiiThuTaabl. DyIsepeHHiH KONTereH XKaHa TyBIHABIIAPHl alaMHBIH
HMMYH/IBI KETICHEYIIUTIK aypylapblHa jKoHe OakTepusIapra Kapchl, COHIal-aK (hepMEeHTTEepAl TeXEYIIIK, KaTepii
iCIKKe KapcChbl, HEHPOIPOTEKTOPIIBIK Teparnusijia, COHBIMEH 0ipre aHTHMOKCUAAHTTHI KaCHETTEp/i KONTeN KOpceTeTiHe
Hazap aynapaabl. JKymbicta nmupuanH-4-ansaeruariy Ceo QyJuiepeHMEH KOChUTy PeakLUsIChl YIIIHII peareHT aMHH
KBIIIKBUIBI TIMLIMHHIH (CapKO3MHHIH) KaTbhicyblHAa [Iparo peakumschl jkaraadblHIa JKyprisiteai. Peaknusibik
JKaFIalIbIH THIMJII JKOJIapblH Taly YIIIH epiTKIIITepAiH (TOJyoJ, KCHJION) TaOMFaThIHBIH, PEaKLHSIHBIH XYPY
YaKbIThl Y3aKTHIFBIHBIH, OPEKETTECYIIl 3aTTap/blH MOJIIEpIiK KaTbIHACHIHBIH, COHJal-aK PeaKIUsIIbIK OpPTaHbIH
TEeMIepaTypaJblK PeXUMIiHIH acepiiepi 3eprrenred. Ochl 3epTTeyNep i HOTIDKECIHIIC aTbIHATHIH OHIM PEaKIHsIIBIK
opranaH 28% OeiHiN ambHAIBI. AJNBIHFAH FEUIBIMHA HOTIDKENEPIl Tajmay MoliMerTepi OoifprHmA 1,3-TUmomnspist
IUKJIII KOCBUTY PEaKLMsACHIHBIH iK€ acBIPBUFaHbl TYpalbl TY)KBIPBIM JKacanaabl. AJlaHFaH ykaHa N-MeTwui-2-(upui-
4-u1)-3,4-byIneponuppoTHIHHHIH OHOIOTHSJIBIK KACHETTEPIH 3epPTTeY YILiH OHBIH CY/a epUTiH KOChUIBICH ou-N-
BUHWIIMPPOJIMIOHMEH KOBAJEHTTI OaifmaHblcch3 kargaiiia anbiHambl. JKyMBICTa CHHTE3IENIHIN —albIHFaH
3aTTapablH XUMUSUTBIK-(H3UKAIBIK KacueTTepinkaszipri 3amanrsl K-, YO-, SIMP H xome ¥C cnexrpockonus,
conpaii-ak kocemmemai COSY (*H-H) u HMQC (*H-3C) cnekrpiepiMeH 3epTTey HOTHKeENEpi KeENTipiareH.
Asbiaran 3aTTapabid Kypbuibichingarel "H men C atompapeinbiy SIMP-criekTpiiepiHieri XMMHUSIIBIK JKbUDKYJIapbI
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MeH MHTerpapbl cel3bIKTapsl Tanksiiadrad. Kocemmemai COSY (*H-'H) u HMQC (*H-C) cnexrpnepi GoiibiHma
QIBIHFAH 3aTTapJarbl I'OMO- MEH TIETEPOSAPONIBI OPEKETTECYLIIEPAl TAIKbUIAY HOTWKECIHAE ajbIHFaH JKaHa
3aTTap/IbIH KYPBUIBICHI IQJIENJICHET.

Tyiiin ce3nep: dymwiepen C60, capko3uH, mUpuAUH-4-anbaerua, Gymieponuppoaunuuaep, [Ipato peakiuscsl,
SAMP-cniexTpnep
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CHUHTE3 U CBOMCTBA
N-METHJI-2-(IMUPUI-4-UJT)-3,4-DYJLIJIEPOIIUPPOJINIUHA

AnHotanus. CTaThs TOCBSIIECHA W3YUYCHHUIO peakimy [2+3] MUKIONPHCOCTUHCHUS MUPUAWH-4-albAeruna K
¢ymepery Cep, a TakXKe IMOJYYCHHIO BOJOPACTBOPUMOM (DOPMBI MOIYyUYEHHOTO TNPOAYKTAa peakund N-MeTHi-2-
(mpun-4-mn)-3,4-pymnepormpponuanaa. [IpoBeneH muTepaTypHBIA 0030p 1O OPraHUYECKUM COCTUHCHUSM,
COJICpKAIlUM TUPPONUANHOBBIN [uKI. OTMEYEeHO, YTO TaKWe COETUMHEHHA OOJNQJaloT IIHUPOKUM CIIEKTPOM
6MOIOrMYEeCKO aKTHBHOCTH M BXOIAT B COCTaB MHOTHMX JIGKAPCTBCHHBIX MPEMNapaToB Kak MPHUPOAHOTO, TaK U
CHHTETHYECKOTO MPOUCXOKICHHA. B 3TOM 1utane mHTEpecHON «papMako(pOpHOD» TPYIION SBISIETCS TUPHUAHUHOBBIN
IIUKJI, KOTOPBIA BXOIUT B COCTaB OKOJO 5 % OT BCEX M3BECTHBIX JIEKAPCTBEHHBIX IpenapatoB. OIHAKO COETUHEHHMS,
coJieprKallie OJTHOBPEMEHHO MUPPOJIMANHOBBIN, IIMPUAMHOBBINA IUKIIBI U (QyJUIEpEeHOBYIO cepy HCClieIoBaHbl OKa
Mmano. B ¢ymrepeHoBOM cuHTE3e OONBIIONW HWHTEpEC IPENCTaBIAIOT HUCCIEIOBaHUSI CHHTE3a IPOU3BOJHBIX
¢dymnepena Ceo, colepkallie B CBOEM COCTaBe HOBbIE «(hapmakoopHbie» rpymnbl. [lokaszaHo, 4ro Hajau4ue
¢ymepeHoBoro ¢parMeHTa B CTPYKTYpPE COEIMHEHHS MOXKET NPUBECTH K CYIIECTBEHHOMY YIIYYIICHHIO WU
MOSIBJICHUIO KaYeCTBCHHO HOBBIX MEXaHWYECKHX, XUMHYECKHX, (PU3MUECKHUX, OMOJOTMYECKUX W JPYTMX CBOMCTB
COeIMHEeHUI. DTH CBOWCTBA CBSI3aHbI C MPOSBICHHEM HaHOMAacIITaOHBIX (akTopoB. OTMEUYEHO, YTO HEKOTOpPHIE U3
Hanbosee Ba)XKHBIX aCICKTOB OMOJIOTMYECKOW aKTUBHOCTH (DyJUIEPEHOB M €ro MPOM3BOAHBIX BKIIOYAIOT OOPHOY C
BUY wu antubakTepHaidbHyI0 aKTHBHOCTb, WHTHOMpOBaHME (HEPMEHTOB, IPOTHBOOIYXOJEBYIO TEpAIHIO,
KOHTPOJIUPYEMYIO TOCTAaBKY JIGKAPTCTBEHHBIX CPEACTB, HEHPOIPOTEKTOPHBIE CBOMCTBA, a TAKXKE aHTHOKCHIAHTHYIO
aKTHBHOCTb. Peakims B3ammopeiicTBusl mupuauH-4-anpaeruga u ¢ymiepeHa Cep MPOBOAWMIACH B NPHCYTCTBUU
AMHHOKHCIIOTHI TMIMIKHA (CapKO3MHA) B yCIOBHsAX peakuuit [Ipato. C Henbio HAXO0KICHHS ONTHMAIBHBIX YCIOBHIL
peakuuy TPOBEACHO MW3yYEHHWE BIMSHHUS TPHPOABI PACTBOPUTEICH, COOTHOIIEHHE PEAarupyHOIINX BEIIECTB,
MPOJIOJDKUTENBHOCTh PEaKIMU, a TaKKe TEeMIIEPaTypHBIH PEeXHM peakIMOHHOM cpeabl. Ha ocHoBanum ananmza
TMOJYYCHHBIX MAAaHHBIX OIMMCAH MEXAaHU3M pPCAKIHUU 1,3-I[I/IHOJ'IHpHOFO HOUKJIOMTPUCOCINHCHUSA, MPUBOAAIICC K
¢dymneporupposununy. s M3ydeHus: OMOJIOTMYECKHUX CBOMCTB IOJY4YEH BOJOPACTBOPHMBIH KOMILJIEKC HOBOTO
(ymneponupponuanHa ¢ 1oiau-N-BUHIIUPPOINIOHOM. [cclieoBaHbl CTPOCHUSI CHHTE3UPOBAHHBIX COCTMHEHHUN
metogamu UK-, Y@-, SIMP 'H u *C cnexrpockonnu, a Takxke JaHHBIMEH AByMepHbIX crekrpoB COSY (*H-'H) u
HMQC (*H-'3C). OnpeneneHbl 3HaueHUs XMMUYECKHX CIABUIOB, MyJIbTHILIETHOCTh U UHTErPalbHas UHTEHCUBHOCTD
curnanos ‘H u *C B ognomepHbix crekrpax IMP. C nomowsto crnektpos B popmarax COSY (*H-'H) u HMQC
(*H-13C) ycTaHOBIEHBI TOMO- M TE€TEPOSIEPHBIE B3aMMOJAEHCTBHUS, MOATBEPKAAIOIIME CTPYKTYPY HCCIELYEMBIX
COEJIMHEHUH.

KuaroueBbie cioBa: dyiuepen Ceo, CapKO3UH, THPUIUH-4-anbleru, ¢yiueponupponuantbl, peakius [Ipato,
SAMP-crekTpsl.
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PHYTOCHEMICAL COMPOSITION OF LIPOPHILIC FRACTION
OF PLANTS OF THE PLANT ROSA CANINA L. GENUS ROSA

Abstract. The genus of wild rose, or Rosa L., belongs to the family Rosaceae. It has many cultural forms, bred
under the general name Rosa. At the moment, more than 400 species of rose hips are known. Usually these are
upright shrubs, less often creepers, sometimes low tree-like forms or almost herbaceous plants. Rosehip is common
in the temperate and subtropical zones of the Northern Hemisphere, it can often be found in the mountainous regions
of the tropical zone. Some species of rose hips are common from the Arctic Circle in the north to Ethiopia in the
south. On the American continent - from Canada to Mexico, Favorable conditions for Rosehip are in the
Mediterranean region. Several species of the Rosehip genus have an extensive distribution area.

Kazakhstan has significant resources of medicinal raw materials of plant origin. Among the most priority
representatives of the wild flora are species of the rosehip genus - Rosa L. as a most valuable medicinal plant. In
total, 21 species of wild rose grow in the republic, including 5 in the central Kazakhstan: R. glabrifolia - sh. naked,
R. laxa Retz. - w. loose, R. acicularis Lindl. - (W. needlefish), R. majalis Herrm. (R. cinnamomea L.) - sh. May
(W. cinnamon) and R. pimpinellifolia L. (R. spinosissima L.) - W. femoral cell. Kazakhstan species of the genus Rosa L.

Rose hips are characterized by a high content of biologically active substances and are widely used both in
medicine and in cooking.

In this paper, a comparative analysis of rose hips, Rosa canina L., harvested in the fall of 2018 is carried out.

Plant raw materials are collected in the southern region of the Republic of Kazakhstan (Almaty region). The
crushed air-dry raw materials were extracted with hexane and chloroform in the ratio of raw materials-reagent (1:10)
in a Soxhlet apparatus. The resulting extract was concentrated under mild conditions to a thick concentrate, which
was analyzed on a gas chromatograph with a mass selective detector.

The analyzes were carried out on a gas chromatograph with a mass spectrometric detector 6890N / 5973C
(Agilent, USA). The peaks detected in the chromatograms were identified using the NIST’11 and Wiley 10 mass
spectral libraries.

The article first studied and conducted a comparative analysis of lipophilic substances contained in the fruits of
the plant Rosa canina L, harvested in the Almaty region.

The extracts mainly include hydrocarbons, derivatives of higher carboxylic acids, higher alcohols and some
other substances, in particular butyl tetradecyl ether of hydrochloric acid, [4- (2-methylpentanoylsulfamoyl) phenyl]
amide of 2-methylpentanoic acid in hexane extract and, butyl undecyl ether sulfuric acid, eicosy! trifluoroacetate and
ethoxycarbonyl-3-methyl-4-azafluorenone, 2-fluorenilim in the chloroform extract.

Further work will be continued in order to determine the potential biological activity of the obtained extracts.

Keywords: Rosa canina L., CK®-skcrpakrms, HUKOTHH, GC-MS, XIMHUYeCKHii COCTaB.

Introduction

The rosehip genus, Rosa L., belongs to the family Rosaceae. It has many cultural forms, bred under
the general name Rosa. At the moment, more than 400 species of rose hips are known. Usually these are
upright shrubs, less often creepers, sometimes low tree-like forms or almost herbaceous plants. Rosehip is
common in the temperate and subtropical zones of the Northern Hemisphere, it can often be found in the
mountainous regions of the tropical zone. Some species of rose hips are common from the Arctic Circle in
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the north to Ethiopia in the south. On the American continent - from Canada to Mexico. Favorable
conditions for Rosehip are in the Mediterranean region. Several species of the Rosehip genus have an
extensive distribution area [1-3].

Kazakhstan has significant resources of medicinal raw materials of plant origin. Among the most
priority representatives of the wild flora are species of the rosehip genus - Rosa L. as a most valuable
medicinal plant. In total, 21 species of wild rose grow in the republic, including 5 in the central
Kazakhstan: R. glabrifolia - sh. naked, R. laxa Retz. - w. loose, R. acicularis Lindl. - (W. needlefish),
R. majalis Herrm. (R. cinnamomea L.) - sh. May (W. cinnamon) and R. pimpinellifolia L. (R. spinosissima L.) -
W. femoral cell. Kazakhstan species of the genus Rosa L [4-5].

Rosehip (canine) (R. canina). Branched tall shrub with curved, sparse spikes with single flowers of
pale pink or white color. Fruits are smooth, fleshy, light or bright red, spherical or oval-spherical
elongated-oval; the flesh is sweet, edible, thick. Sepals fall off before ripening. The pulp content in
relation to the weight of the dry fruit is 54.9-65%; seed content 35.0-45.1%. The fruits of this type of
rosehip are a weak source of vitamin C. The content of ascorbic acid in the pulp of fruits is usually
extremely limited - from 0 to 0.95% and carotene 3.8-12.9 mg% [6].

In this article, we consider lipophilic substances in the composition of R. canina fruits identified in
hexane and chloroform extracts.

Materials and Methods

Plant raw materials are collected in the southern region of the Republic of Kazakhstan (Almaty
region). The crushed air-dry raw materials (500 g) were extracted with hexane in the ratio of raw
materials-reagent (1:10) in a Soxhlet apparatus. The extract obtained was concentrated under mild
conditions (water bath temperature 40-45 ° C) using a vacuum water-jet pump, to a thick concentrate,
which was analyzed on a gas chromatograph with a mass-selective detector. The analyzes were performed
on a gas chromatograph with a 6890N / 5973C mass spectrometric detector (Agilent, USA) equipped with
a Combi-PAL autosampler (CTC Analytics, Switzerland). For GC-MS analysis, 1.00 ul of the sample was
injected into the injector of a gas chromatograph using an autosampler at an injector temperature of
250°C. Chromatography was performed using an HP-5ms capillary column (Agilent, USA) with a length
of 30 m, an inner diameter of 0.25 mm, and a film thickness of 0.25 pum at a constant carrier gas velocity
(helium,> 99.995%, Orenburg-Tekhgaz, Russia) equal to 1.0 ml / min. The program for heating the
chromatographic column: holding for 5 min at 40 ° C, heating at a speed of 10 ° C / min to 280 °C,
holding for 5 min. The total chromatographic time was 34 minutes. The temperatures of the quadrupole
and the MSD ion source were 150 and 230 ° C, respectively [7-16].

Mass spectrometric detection was carried out in the ion scanning mode in the m / z range from 40 to
550 with a solvent delay of 5 min. The peaks detected in the chromatograms were identified using the
NIST’11 and Wiley 10 mass spectral libraries [17-25]. Data are presented in tables 1 and 2.

Results and discussion

Table 1 - The data of chromatography-mass spectrometry
of a hexane extract obtained from rose hips Rosa canina L.

Ne | Retention time Name of compound Gross formula Quantity,%
1 26,89 Gentriacontan CaiHea 3,00
2 28,46 Heptocazane Ca7Hs6 9,63
3 28,76 Bis 2 (ethyl hexyl) phthalate C24H3804 3,89
4 29,21 butyl tetradecyl ether hydrochloric acid C1gH3803S 3,75
5 29,93 Pentacosin CasHs2 21,87
6 30,04 1-heptacosanol Ca7Hs60 14,69
7 30,63 Nonhexacontanoic acid CagH1302 1,99
8 31,32 Octadecan CigHag 19,16
9 31,48 Methyl 2-0xo octadecanoate C3gH3603 3,10
10 31,64 Methyl -5.9.21-octa-cosatrienoate C29H5202 3,82
[4- (2-Methylpentanoylsulfamoyl) phenyl] amide 2-

11 31,82 Imethylpentanoic acid C18H204S 3,00
12 32,97 Octadecanoic acid 2-oxo-methy! ester C39H3603 9,63
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12 substances were identified in the hexane extract of the rosehip Rosa canina L., of which
Heptocazane, Pentacosin, Octadecane, belonging to the hydrocarbon class, have a high percentage, higher
alcohols 1-Heptacosanol, derivatives of higher carboxylic acids (Methyl 2-oxo octadecanoate) , Methyl-
5,9,21-octa-cosatrienoate, 2-oxo-methyl ether of octadecanoic acid) and higher carboxylic acids
Neagexacontanoic acid. In addition, Bis 2 (ethyl hexyl) phthalate (a phthalic acid derivative) and butyl
tetradecyl ether of hydrochloric acid were identified in the extract.

Table 2 - Chromatography-mass spectrometry data of a chloroform extract obtained from rose hips of Rosa canina L.

Ne Retention time Name of compound Gross formula Quantity,%
1 28,47 2-methyl okatacosan Ca29Heo 8,14
2 29,22 Butyl undecy! sulfuric acid ester C15H3203S 3,23
3 29,93 Octadecan CisHss 21,23
4 30,04 Eicosyl trifluoroacetate C24H41F302 14,27
5 31,24 Naphthalene, decahydro-1,4a-dimethyl-7- (1- CisHos 1,36

methylethyl) -, [1S- (1a, 4aa, 70, 8aB)]
glucopyranosyloxy) -1-butenyl] -4

6 31,31 Octacosan CisHss 25,51

7 31,37 4- [3 - (B-d-hydroxy-3,5,5-trimethyl-2-cyclohexen- C27H38012 1,54
1-one,

8 31,82 3-benzyl-2,4-pentanedione C12H14012 4,46

9 32,97 1 eicosen Cao0Hao 5,51

10 33,62 ethoxycarbonyl-3-methyl-4-azafluorenone, 2- C29H22N202 6,34
fluorenilimim

10 compounds were identified in the chloroform extract of rosehip Rosa canina L.

The dominant hydrocarbons are 2 methyl okatacosan, octadecane, octacosan and naphthalene,
decahydro-1,4a-dimethyl-7- (1-methylethyl) -, [1S- (1a, 4aa, 70, 8aB)] glucopyranosyloxy) -1-butenyl] -4.

Separately, it should be noted that eicosyl trifluoroacetate belongs to the class of organohalogen
compounds, which are relatively rare in plant objects. In addition, a homolog of butyl tetradecyl ether of
hydrochloric acid was identified. Butyl undecyl ether of sulfuric acid was also detected in the hexane
extract. Ethoxycarbonyl-3-methyl-4-azafluorenone, 2-fluorenylimime, which is a natural dye, was also
identified in the chloroform extract.

Conclusion

For the first time, a comparative analysis of lipophilic substances contained in the fruits of the plant
Rosa canina L, harvested in the Almaty region, was studied and carried out.

The extracts mainly include hydrocarbons, derivatives of higher carboxylic acids, higher alcohols and
some other substances, in particular butyl tetradecyl ether of hydrochloric acid, [4- (2-methyl-
pentanoylsulfamoyl) phenyl] amide of 2-methylpentanoic acid in hexane extract and, butyl undecyl ether
sulfuric acid, eicosyl trifluoroacetate and ethoxycarbonyl-3-methyl-4-azafluorenone, 2-fluorenilim in the
chloroform extract.

Further work will be continued in order to determine the potential biological activity of the obtained
extracts.

E.C. Uxcanos, I'.E. Tacmaram6eroBa, FO.A. JlutBunenko, I'.A. Ceilitumona, I'.I1l. Bypamesa

On-Mdapabdu areinaarel Kazak YITTHIK YHUBEPCUTETI,
OU3UKATBIK-XUMHSIIBIK 3ePTTEYJICP JKOHE TAIAY 9TiCTEPl OPTAIIBIFEI
Kasakcran PecrryOnukacer, Anmatel, Kazakcran

ROSA CANINA L. ©CIMAIK )KEMICTEPIHIH JUITO®WJIbAI ®PAKIIUSCBIHBIH
OUTOXNUMUAIBIK KYPAMBI

AnnHortanus. Utmypea Hemece paymas (Rosa L.), Kersrsuit Tycti (RoSaceae) ordacsina sxatasl. JKanmsr Poza
JIeT aTajaThblH KOITereH MoAeHHW HbelcaHmapbl Oap. Kasipri yaxeitra mrmypsiHHBIH 400-1eH actam Typi Oenrii.
Onerre Oy Tik Oyramap, cupek JlnaHa, kelie OWik eMec arail TOpi3lec Hemece InenTti ecimuaikrep. UTMypbiH
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CoNTYCTIK >kapThl IIAPHBIH KAJbIITHI )KOHE CyOTPONUKAJIbIK aliMaKTapbIHIa TapajFaH, OHbI TPOIHMKAIBIK Oelaey i
Taynsl aygaHAapeIHAA KesnecTipyre Oosampl. TMypHIHHBIH KeiOip Typiiepi COATYCTIKTET MOMSAPIBIK IIeHOepaeH
oHTYCTIKTerl Dduonusra Aein xereni. An Amepuka KypibirbiHIa-Kanaganan Mekcukara feid 6apaasl. UTMypbiH
YILIiH KoJaiinsl sxaraai YKepopTa TeHi3i alimarbl. ITMYpBIH TYpiHiH OipHelle KeH Tapaly aiMarbl 0ap.

Kasakcranma eciMIik TEKTEC IOPUTIK IIMKI3aTTBIH €JIeyni pecypcrapbl 0ap. JKabaiibl eceTiH (iopaHbIH €H
GaceIM eKiNJepiHiH KaTapblHa UTMYpBIH — R0Sa L. Terinix Typnepi xaransl. PecryOmukana ntMypsiHHBIH 21 Typi
eceni, onbly iminae Opranbik Kazakcranga-5: R. glabrifolia — 6ac cyiiekri utmypsin, R. laxa Retz. — 6opmbuigak
utMypeiH, R. acicularis Lindl. — (uae utmypsin), R. majalis Herrm. (R. cinnamomea L.) — maii uTMypbIH (CHBIP
utmypsiH) u R. pimpinellifolia L. (R. spinosissima L.) — 6eapeHienucTik UTMYPbIH.

WtMypsIH xKeMicTepi OMOTOTHSUTBIK OCICeH Il 3aTTapAbIH JKOFaphl OOIYBIMEH epeKIIeNeHe Il XKoHe MEeTUIIMHAIA
Ja, KyJIMHApUsiaa 1a KeHIHEeH KOJIIaHbLIA/IbL.

By sxymbicta 2018 KBULABIH KY3iHAE JabIHAAIFaH HTMYPHIH, R0OSa canina L. xemicTepiHe CalbICTHIPMAIIBI
Tanmgay JKyprisineni.

Ocimaix mukizatel Kasakcran PecmyOmukachlHBIH OHTYCTIK eHipiHAe (AnMaThl OONBICHIHIA) >KUHAIFAH.
¥Ycakranran aya-kyprak mmmkizar Cokcier ammapaTbiHAarbl mivkizat-peareHT (1:10) kaTbIHACBHIHIA T€KCaH JKOHE
XJIOPO(OPMMEH DJKCTparepieHai. AJIBIHFaH CBHIFBIHIIBI MacC-CeJIEKTHBTI JETeKTOphl Oap rasabl Xpomarorpadra
TaJlaraH KaJlblH KOHIEHTPATKa JeHiH xKyMcaK XKarJaiilap/ia HIOFbIPIaHJbIPABL.

Tangaynap 6890N/5973C (Agilent, AKIII) Macc-CrieKTpOMETPHSIIBIK NETEKTOPhI Oap ra3ibl xpomarorpadra
Kyprizigi. XpomaTtorpaMmanapaa TaObulFaH InbIHAapAbl colikecteHaipyni NIST'11 sxome Wiley 10 wmacc-
CHEKTpJIepi KiTalXaHaIapbIHBIH KOMETIMeH KYPTi3/i.

Makanana anraim pet Anmarel OONBICBIHAA AaiibiHaanraH Rosa canina L. ecimuiridid skemicTepinmeri
o uIIbl 3aTTapFa CABICTRIPMANIBI TAIAY JKYPTi3UIl ®KHE 3epTTEI .

ChIFBIHABUIAPIBIH KYpaMblHa HETi3iHEeH KOMIpCyTeKTep, KOrapbl KapOOH KBIIKBULAAPBIHBIH TYBIHIBUIAPH,
JKOFaphl CTIPTTEp JKoHEe 0acka Ja 3aTTap TaOBUINBI , OHBIH IMTHC TY3 KBIIKBUIBIHBIH TETPaISIiI dGupi OyTui,
[4- (2-meTunmenTanonnCyMb(GamMorna) GEHWI| TeKCaH CHIFBIHIBICHIHIAFEI 2-METHIIMIEHTaH KBIMIKBUIBI aMHUJIi JKOHE
KYKIPT KBIIIKBUIBIHBIH OyTHI yHIeumn s¢upi, Diko3wn TpudTopalerar xoHe STOKCHKapOOHWI-3-MeTHia-4 —
aza(IyopeHoH.

OmaH KeWiHTi JKYMBICTap aJbIHFaH CBHIFBIHABUIAPIBIH OJEYeTTI OHWONIOTHSIIBIK OEJCeHIUITIH aHBIKTay
MaKCaThIH/Ia JKaJIFacaThlH 00JIabl.

Tyiiin ce3mep:. Rosa canina L., JKK®-skctpakitust, HUKOTHH, GC-MS, XUMHUSITBIK KYpaMbl.

E.C. Uxcanos, I'.E. Tacmaram6eroBa, F0.A. JlutBunenko, I'.A. Ceiitumona, I'.I11. Bypamesa

Kazaxckuit HalmOHAIBHBIA YHUBEPCUTET UMEHH anb-Dapadu,
LenTp QU3NKO-XUMHUIECKUX METOZO0B MCCIICIOBAHMS U aHAIN3a
Pecny6muka Kazaxcran, Anmvatsl, Kazaxcran

O®UTOXUMHUYECKHWI COCTAB JIMITIO®UIbHOM ®PAKIIMM IJIOI0B
PACTEHHUS ROSA CANINA L. POJA HIUITIOBHUK (ROSA)

Annotanus. Pon mmmoBHuk wim po3a (Rosa L.) otHocuTcst k cemelcTBy po3onBeTHbIX (Rosaceae). Umeer
MHOXECTBO KYJIbTYpPHBIX (HOPM, Pa3BOAMMBIX MO 0OUIMM Ha3BaHuem Po3a. Ha maHHBIN MOMEHT M3BECTHBI Oosee
400 BumoB mmnoBHUKA. OOBIYHO TO MPSIMOCTOSIINE KYCTAPHUKH, PEXE JIMAHBI, MHOT/IA HEBBICOKUE IPEBOBUIHON
(hopMBI WK MOYTH TPABSHUCThIE pacTeHus. IIIUMOBHUK pacnpoCTpaH€H B YMEPEHHBIX M CYOTPOMMYECKUX 30HAX
CeBepHOro MouymapHs, HepeIKo ero MOXKHO BCTPETHTh B TOPHBIX pallOHAX TPOIHUYECKOro mosica. HekoTtopsie BHIbI
HIMTIOBHUKA PACIPOCTPAHEHBI OT MOJSIPHOTO Kpyra Ha ceBepe 10 Dduonuu Ha rore. Ha aMeprKaHCKOM KOHTUHEHTE -
ot Kanazapr 10 Mekcuku. bnaronpustHeline ycaoBus Uisl MIUIMOBHAKA HAXOAATCs B o0macti Cpearu3eMHOMOPDSL.
Heckosbk0 BUIOB pojia MMIIOBHUK UMEIOT OOIIHPHBIN apea paclpoCTPAHEHHUS .

Kazaxcran o0Onagaer 3HaYMTEILHBIMU PECYPCaMH JIEKAPCTBEHHOI'O CHIPbSl PACTUTEIBHOTO MpoucxoxkaeHus. K
YHCITy HauOoJiee MPUOPUTETHBIX MpEACTaBUTENeH AUKopacTyIied (Iopbl OTHOCITCS BUABI POJa IIMIOBHUK — ROSa
L. xaK [eHHEHIero JIeKapcTBEHHOTO pacTeHus. Bcero B pecmyOnuke mpouspactaeT 21 BHI HIMIMIOBHHKA, B TOM
yucie B LlentpansHom Kasaxcrane — 5: R. glabrifolia — mr. romonucteiif, R. laxa Retz. — nr. peixisiit, R. acicularis
Lindl. — (ur. urmucteiif), R. majalis Herrm. (R. cinnamomea L.) — m1. maiickuii (. kopuunsiit) u R. pimpinellifolia L.
(R. spinosissima L.) — w1. 6eapenuenuctsiit. Kasaxcranckue Bunsl poaa Rosa L.

[lnoJpl WIMMOBHUKA OTIMYAIOTCS BBICOKAM COJCPKAHHEM OHOJIOTMYECKH aKTHBHBIX BEIICCTB M ILIMPOKO
NPUMEHSIOTCS KAK MEIMLMHE, TAK U KYJIHHAPHUH.

B nanHO# paGoTe MPOBOAWTCS CPaBHUTENBHBINA aHAIM3 TUIOJOB MIMMOBHKHKA Rosa canina L., 3arorosieHHOTO
ocenbio 2018 roxa.
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PactutensHOE CHIphe coOpaHo B rokHOM permoHe PecnmyOmukm Kazaxcran (AnmatuHcKass o007acTsh).
H3MenbueHHOe BO3LYIIHO-CYX0€ ChIPhE IKCTParupoBaid TeKCAHOM U XJIOPO(GOPMOM B COOTHOILICHUE ChIPhE-PeareHT
(1:10) B ammapare Coxcnera. IlomydeHHBIH SKCTPakT KOHLEHTPUPOBAIM B MATKHX YCIOBUSIX JO TYCTOTO
KOHIIEHTpAaTa, KOTOPBIil aHaJIM3UPOBAIIM HA ra30BOM XpoMaTorpade ¢ Macc-CelneKTHBHBIM JIETEKTOPOM.

AHanu3bl NMPOBOAMJIM Ha ra3oBOM Xpomarorpade ¢ macc-CleKTpOMEeTpHYecKuM aerekTopoM 6890N/5973C
(Agilent, CIIA). WpenTudukanuio MTHKOB, OOHAPYKCHHBIX HA XPOMATOrpaMMmax, MPOBOJMIM IPH HOMOLIH
6ubmmnorek macc-criektpoB NIST 11 u Wiley 10.

B craree BmepBble M3ydeH W NPOBEAEH CPaBHUTEIBHBIA aHANN3 JUMNOQWIBHBIX BEIIECTB, COJIEpPXKAIINXCS B
ioaax pactenus Rosa canina L, 3aroToBieHHOro B AJIMaTHHCKOH 00JIacTH.

B cocraB 9KCTPaKTOB BXOIAT MPEUMYLIECTBEHHO YIIICBOAOPO/IBI, IPOU3BOAHBIC BHICHINX KAPOOHOBBIX KUCIIOT,
BBICIIIE CIIUPTHI M HEKOTOPBIC JPYTUe BEILECTBA, B YACTHOCTH, OyTHI TETPaJCLIIOBBIA S(HP COJSIHON KHCIIOTHI,
[4- (2-meTunmenTaHOMICYTB(GAMOIT) GEHII| aMUT 2-METHITICHTAHOBON KUCIIOTHI B TEKCAHOBOM 3KCTpPAaKTe M Oy THIT
VHICHMWIOBBIH 3up cepHOi KHCIOTHI, Diko3mn TpudTopanerar u 3TOKCHKapOOHUI-3-MeTHi-4- a3zadiyopeHoH,
2-(hiyopeHHIMMUM B XJI0pO(GOPMEHHOM IKCTPaKTE.

JanbHeitne padoThl OyIyT NPOJODKEHBI C LENbI0 ONpeIeeH s MOTEHIUATbHON OHOIIOTHYECKOi aKTUBHOCTH
TMMOJIYYCHHBIX OKCTPAKTOB.

Karouesbie ciioBa: Rosa canina L., CK®-skcrpakiust, HUKOTHH, GC-MS, XUMHYECKHI COCTAB.
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USE SUNFLOWER OIL PRODUCED BY JSC «<SHYMKENTMAY» AT
THE DEVELOPMENT OF TECHNOLOGY OF EMULSION PRODUCT

Abstract. On the basis of the conducted researches on factors of formation of consumer properties of emulsion
products, recipes and technology of low-calorie emulsion sauces have been developed.

On the basis carried out of the studies the factors of the formation of consumer properties of emulsion products
of special purpose, recipes and technology for obtaining low-calorie emulsion sauces were developed.

The expediency and effectiveness of the use of deodorized refined vegetable oils of JSC "Shymkentmai* were
substantiated.

An organoleptic evaluation of the experimental emulsion products were carried out in comparison with the
traditional ones, which were evaluated according to the following parameters: appearance, consistency, odor and
taste. It has been established that a of fat content 35% emulsion product on the basis of sunflower oil produced by
JSC «Shymkentmai» with a plant additive were characterized by a higher value of the total quality index due to the
delicate taste and absence of foreign flavors.

It is revealed that the calorie content of the new emulsion product is significantly reduced by reducing the
prescription amount of vegetable oil, while maintaining high organoleptic parameters. Low amounts of protein in the
formulations of the new emulsion product should be considered as a positive moment, as emulsion product is a sauce
that is served to the main dish, including meat, fish and poultry.

Key words: emulsion product, functionality, sunflower oil, consumer value.

Introduction. The market for fat products is constantly expanding due to new products developed in
accordance with the latest achievements and recommendations of the science of nutrition. Great
opportunities for the development of the range of mayonnaise and mayonnaise sauces are associated with
an increase in their food value and a decrease in energy value due to a directed change in the formulation
composition, with the perfection of the fat phase, the introduction of vitamins, minerals, dietary fiber and
other physiologically functional food ingredients [1-4].

The production of fatty products, including emulsion, for the nutrition of various population groups
with a balanced complex of biologically active substances: lipids, fatty acids, proteins, vitamins and
minerals, is possible on the basis of the development of effective methods for processing vegetable oils
produced by JSC “Shymkentmai”.

However presently presented at the home market the assortment of mayonnaises and mayonnaise
sauces on the basis of vegetable oils produced by JSC “Shymkentmai” for the healthy eating very were
limited.

The necessary conditions for the production of emulsion products of a functional purpose are [5-7]:

- the use of high-quality vegetable oils, which allow obtaining high-quality products;

- use of non-traditional types of emulsifiers (wheat germ);

- the use of vegetable additives (powder from jid).

In this regard, the development of new formulas for emulsion sauces with low calorie content is
topical, since their emulsion nature allows not only to enrich the product with a large number of
biologically active additives intended for replenishment of essential substances (essential nutritional
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factors) in the body, but also to reduce caloric content by replacing sugar sweeteners of plant origin, as
well as get a tasty product, useful for the health of all population groups [8-11].

The aim of the work is to study the use of sunflower refined oil produced by JSC "Shymkentmai* in
the development of an emulsion product for functional purposes.

Objects and methods. As research object, the refined and unrefined deodorized oils (produced by
JSC “Shymkentmai”), emulsive sauce, were chosen.

At the carrying out of researches applied the generally accepted, standard methods of determination of
physical and chemical properties of raw material and ready products. The colored was determined by the
method of determination of the colored number with the use of Lovibond colorimeter according to QOST
5477-93 [12]. Determination of viscidity of the food emulsive systems were carried out on the rotary
viscometer-stirrer of " Rheotest -2".

Rheotest is a rotary viscometer-stirrer, suitable for realization of more exact rheological researches of
non-newtonian liquids. The test temperature can be regulated a wide range by temperature control.
Rheotest is characterized the scientifically-reasonable principle of measuring, and also wide range of
measuring of moving tension, speed of change and viscidity [13,14].

The use of water-fat emulsions is most preferable, since it helps stabilize the physiological functions
of the human gastrointestinal tract and is easily digestible. In addition, this is one of the possible ways to
optimize the fat diet and nutrition structure of the population of Kazakhstan at the expense of developing
new types of sauces [15,16].

Results and discussions. When developing the formulations of the emulsion fat product, as a fat
basis, were used the refined deodorized and unrefined sunflower oils, produced by JSC “Shymkentmai”.

Organoleptic and physicochemical parameters of refined deodorized and unrefined sunflower oils are
given in tables 1 and 2.

Table 1 - Organoleptic characteristics of refined deodorized and unrefined sunflower oils

Indicator name Characteristics of sunflower oil
unrefined sunflower oils Sunflower refined deodorized oil "High
grade"
Transparency Sediment and light turbidity or «grid» over Transparent without sediment
sediment allowed
Smell and taste Characteristic of sunflower oil, without foreign Without smell, impersonal taste
smell, smack and bitterness

Table 2 - Physicochemical parameters of refined deodorized and unrefined sunflower oils

Indicator name unrefined sunflower oils Sunflower refined
deodorized oil "High grade"

Color number, 15
Mg of iodine, no more 6
Acid number, mg KOH/g, no more 15 0,30
Mass fraction of non-fatty impurities , %, no more 0,05 Absence
Mass fraction of phosphorus-containing substances,%, not more Absence
than:
in terms of stearoololeucitin 0,20
in terms of P20s 0,018
foam ( qualitative test ) 0,15 Absence
Mass fraction of moisture and volatile substances , %, no more Not standardized 0,10
Flash point of extraction oil, °C, not less Not standardized Not standardized
Peroxide number, mole of active oxygen / kg, no more Not standardized 4.0
An anisidine number, no more 7,0 3,0

The acidic and peroxidic numbers of the oil under investigation meet the requirements for the
permissible levels of oxidative damage for unrefined oils in accordance with TR 1556-1958-A0-016-2017
[17].

Due to the complete conformity of organoleptic and physicochemical parameters of vegetable oils to
the characteristics and values recorded in the normative and technical documentation for this type of
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product, the above oils were used for the preparation of experimental and control samples of mayonnaise
sauce. It should also be noted that the peroxide number of oils in both cases does not exceed 1.0 mmol
(*2 O) / kg, which indicates a high quality of raw materials and its suitability for the preparation of
emulsion products.

Proceeding from the foregoing, the refined deodorized sunflower oil produced by JSC
"Shymkentmai" is the most preferred raw material for the production of mayonnaise sauce with improved
consumer characteristics.

In laboratory conditions samples of a emulsion product of fat content of 35% with used of the refined
sunflower oil produced by JSC "Shymkentmai" were developed.

An organoleptic evaluation of the experimental emulsion products were carried out in comparison
with the traditional ones, which were evaluated according to the following parameters: appearance,
consistency, odor and taste (table 3).

To assess the organoleptic characteristics of model compositions of emulsion product, a 5-point scale

was used.
Table 3 - Organoleptic quality indices of emulsion product

Indicators An experience Control Average Score
An experience Control
Appearance, Homogeneous creamy, with single | Homogeneous creamy, slightly 4,99 4
consistency air bubbles stretched
with single air bubbles
Taste and smell Delicate taste, sour, without Pleasant, slightly pungent and 4,98 3,8
bitterness, with the smell and sour taste, with a slight smell and
smack of jid and citric acid taste of unrefined sunflower oil,
mustard and citric acid
Color Bright yellow, homogeneous White, homogeneous throughout 5 4,5
throughout the mass the mass

Based on the results obtained, emulsion product with a fat content of 35% based on sunflower oil
produced by JSC “Shymkentmai” with a vegetable additive is characterized by a higher value of the total
quality index due to a delicate taste and the absence of foreign flavors. The control sample of mayonnaise
is perceived more acidic, and notes of the original oil are felt in the taste.

Physicochemical parameters of a mayonnaise sauce fat content of 35% on the basis of sunflower oil
produced by JSC “Shymkentmai” with a plant additive (table 4) were studied.

Table 4 - Physical and chemical parameters of the emulsion product of fat content of 35%
on the basis of sunflower oil produced by JSC "Shymkentmai" with vegetable additive

Indicator name An experience Control
Moisture content, %: 52,5 50,5
Acidity in terms of acetic acid, % 0,35 0,6
Emulsion stability, % undamaged emulsion 100,0 98,0
Effective viscosity at 20°C, Pa*c 13,6 11,8

The data obtained, summarized in tables 3 and 4, indicate that the samples of products comply with
GOST R 53590-2009 and GOST 31761-2012 in all respects. It was found that the experimental samples of
the emulsion product were better in all respects than the control samples.

We analyzed food and energy value of emulsion product (table 5).

Table 5 - Food and energy value of emulsion product (per 100 g of product)

Indicator name Indicator value
Proteins, g 1,0
Fat, g 35,0
Carbohydrate, g 1,8
Energy value, kkal/100 g 326,2
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Caloric content of the new emulsion product is significantly reduced by reducing the prescription
amount of vegetable oil, while maintaining high organoleptic parameters. Low amounts of protein in the
formulations of the new emulsion product should be considered as a positive moment, as the emulsion
product is a sauce that is served to the main dish, including meat, fish and poultry [18-20].

The mineral and vitamin composition of the emulsion product were also determined, which is
presented in table 6.

Table 6 - Mineral and vitamin composition of the emulsion product

Vitamins, mg/100 g Mineral substance, mg/100 g
Product name _
A E p-carotin K Na Ca Mg Fe
Emulsion product 7,0 0,48 4,0 63 513 57 11 0,4

According to the data presented in table 6, it can be concluded that the emulsion product has a
balanced chemical composition: a reduced amount of fats; have a positive effect on the physiological
processes of the body.

One of the important consumer properties of food is the safety property.

In accordance with GOST R 53590-2009, mayonnaise and emulsion products should be stored at the
manufacturer and the consumer in warehouse, commercial refrigerated rooms or refrigerators with air
circulation, at a temperature not lower than 0 © C and not higher than 10 ° C. It is not allowed to storage
mayonnaises and emulsion products in direct sunlight [21].

Decrease in consumer properties of emulsion product was studied, analyzing the dynamics of changes
stability and, organoleptic indices.

To reveal the dynamics of changes in the quality characteristics of the developed products, they were
packaged in polymer cups weighing 250 g and stored at a temperature of 10 ° C and relative humidity of
not more than 75% for 45 days. Storage modes were chosen in accordance with the requirements of GOST
R 53590-2009, taking into account that 10 °C is the maximum permissible. The dynamics of change in the
quantity of emulsions of control samples and the developed products is presented in the table 7 and in
figure.

Table 7 - Physicochemical parameters of experimental and control batches
of low-calorie products and their change during storage.

Indicator value

Indicator name Control An experience
freshly worked
Emulsion stability, %, undamaged emulsion | 98 | 100
After 20 days storage at temperature of 10 °C
Emulsion stability, %, undamaged emulsion | 97 | 100
After 30 days storage
Emulsion stability, %, undamaged emulsion | 95 | 100
After 45 days storage at a temperature of
Emulsion stability, %, undamaged emulsion | 88 | 98

Analyzing the dynamics presented in figure 1, we can conclude that the emulsion product with jid
powder and wheat germ flour are more resistant to storage than the comparison samples. Based on the fact
that according to the norms the emulsion stability is not less than 97%, the shelf life of the mayonnaise
with a mass fraction of fat of 35% at a temperature of 10 ° C. Thus, the shelf life of the emulsion product
is up to 45 days.

The conducted researches showed that low-calorie sauces, both freshly prepared and stored, obtained
according to the developed recipes, have high organoleptic and physicochemical parameters.
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Conclusion. Based on the studies of the factors of formation of consumer properties of emulsion
products, recipes and technology for obtaining low-calorie emulsion sauces have been developed.

The expediency and effectiveness of the use of deodized refined vegetable oils of JSC
"Shymkentmai" is substantiated.

It has been established that emulsion product of fat content of 35% on the basis of sunflower oil
produced by JSC “Shymkentmai” with a plant additive is characterized by a higher value of the total
quality index due to the delicate taste and absence of foreign flavors. The control sample of mayonnaise is
perceived more acidic, and notes of the original oil are felt in the taste.

It is revealed that the calorie content of the new emulsion product is significantly reduced by reducing
the prescription amount of vegetable oil, while maintaining high organoleptic parameters. Low amounts of
protein in the formulations of the new emulsion product should be considered as a positive moment, as
emulsion product is a sauce that is served to the main dish, including meat, fish and poultry.
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«IIBIMKEHTMAM» AK LIBIFAPATBIH KYHBAFBIC MAMBIH IMAVJIAJIAHBIII
SMYJIbCUSJIBIK TY3/bIK TEXHOJIOTUSICBIH OHEY

AHHOTanusi. 3epTTey HOTHKENEpiHe Coiikec, MallOHEe3 OHIMJIEPIHIH HAPBIFBl KAPKBIH/BI JaMbII Kelle/i JAereH
KOPBITHIH/IbIFA Keyre Ooiajpl, anaiiia OeJilek cayaa >KeNijiepiH[e YCHIHBUIFAH MalOHE3 TY3/bIKTaPbIHbIH
a4CCOPTUMEHTI Hamap >XoHe OipKenki emec, OHIMHIH OCBHl TYpiHe (DU3HONOTHSUIBIK OCIICEHNI WHTPEIUCHTTEPIIH
OoybIHa OalIaHBICTBI TYTHIHYIIBUIAP/IBIH CHCAYJIBIFBIH CAKTayFa OaFbITTAaJFaH OHIMAED KOK. TYTHIHYIIBLIAPIbIH
TaJFAMbl MEH YOKAEPIH 3epTTey Ka3ipri TYTHIHYIIBI TaOMFH WHIPEAUEHTTEp MEH JHETaNbIK KOCHaaap/biH
APTHIKIIBUTBIKTAPEIH KAKCHl OUTETIHAIrH, Kypambl OOWBIHINA TEHrepiMIl KoHE Malmaimbsl KochamapiaH TYpPaThIH
OHIMTI'€ KbI3bIFYIIBUIBIK TaHBITATHIHBIH J)KOHE MailOHE3/[iH KYHBIHAH I'epi MYHJall OHIM YIIiH KeOipek Teiyieyre naibiH
EKEeHJIIT1H KOPCeTTi.

OMYJIBCUSIIBIK OHIMAEPIH TYTHIHYIIBUIBIK KaCHETTEPIH KAIBINTACTHIPY (akTopiapbsl OOMBIHINA KYpri3iireH
3epTTEy HETi31H/Ie TOMECH KaJOPHSIIBI AMYJIECHSITBIK TY3/BIK PEIENTICI )KOHE TEXHOJIOTHUSCH OHICIII.

«IpiMkeHT™MAal» AKHBIH J1€3010pH3allMsUIaHFaH Ta3apThUIFAH OCIMIIK MaiIapblH KOJJAHYIBIH OPBIHBLIBIFBI
MEH THUIMIUTIT] HeT13/IeNTeH.

CHIpTKBI TYpi, KOHCUCTCHIIUS, HiC JKOHE oM TOpPi3Al OpraHONENTHKAIBIK KOpCEeTKImTepi OOWBIHIIA TOKIpH-
Oemi yarire 6aramay xyprizingi. llemvkerTmaity AK mbrapaTsiH KyHOAFBIC MalBl HETI31HIE OCIMIK TEKTI KOCTaiap
(kupe yHTarpl MeH OWmail OCKiHi) KOCBUIFaH MambUIBIFBI 35% OO0NaTBIH SMYIBCISUTBIK TY3ABIK Oerae JoMHIH
00JIMayBl JKOHE HO31K ITOMHIH apKachIHIA CallaHbIH JKUBIHTBHIK KOPCETKIIIHIH )KOFaphl MOHIMEH CHUIIATTAIAThIHIBIFBI
oenrierai. OpraHoJIENTHKAIBIK KOPCETKIIITEPIIH Y3aK CaKTalTybl Ke3iHAe KYHOArblC MalbIHBIH PEICNTYpaaarbl
MOJIIIEPIHIH a3al0bIHBIH apKACBIH/IA AMYJBbCHUSUIIBIK TY3/BIKTBIH KAJIOPHUSCHI €I9Yyip a3asThIHIbIFbl aWKbIHIAJIbI.
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JKana aMyJIbCHSUIIBIK TY3/BIK PELeTITYPAChIHIAFbl aKybI3 MOJIIIEPIHIH TOMEH 00JIybl IMYIbCHUSUIIBIK TY3ABIKTHI HET13Ti
ac - eT, 0aJIBIK IICH KYC MA3ipiHe KOJAaHbLUIATHIH CAIMAKThI KE€3 JCII eCenTeyre 0oiaibl.

JluHamuKaHBl Tajail OTHIPBIN, JKWUAE YHTarbl MeH OWail ecKiHi YHBI KOCBUIFAaH SMYJIbCHsSl OHIMI cakTayra
aHarypJbIM TO3IMJII JlereH KOPBITBHIHIIBI jKacayFa Oonansl. Hopmanapra colikec, SMyJIbCUSHBIH TYPAKTBUIBIFBI KEM
nerenge 97%, 10 ° C temneparypana MaioHe3neri MaiabiH maccachl 35%. Ocpuiaiiina, MaioHE3 TY3IbIFBIHBIH
JKapaMIbUTBIK Mep3iMi - 45 KyHre feiiid. 45 KyH imriHjae MalloHe3 Ty3/bIFBIHBIH OPraHOJIENTHKAIBIK CHITATTaMaIaphl
IraMa’bl e3repesi, OyJ1 oJapAbIH KOFaphl KOPCETKIIITEPIMEH pacTaiabl.

XKupme yHTaKTapIslH XUMUSUIBIK KYpaMbl 3epTrenreH. JKume yHTarbl KypamblHa KETKUTIKTI MeJIepae Cyaa
JKOHE Maiijia epUTIH BUTAMUHJIEP, COHBIMEH KaTap MHUHEPAIIbI dJIEMEHTTEp 0ap.

Tazapreurran «J{oHBs» KYHOArbIc Maifbl HeTi3iHAE MailoHe3 COYCHIH XXHJE YHTarbl MEH OMIall ©CKiHi YHIBI
KOJIJIaHY JKaFIaibIH/Ia MbIHAJIApFa MYMKIHIIK Oepei:

- Onrycrik Kaszakcranma maii )koHe Mai OHIMIECPIHE CYPaHBICTHI aPTTHIPY;

- OTAH[BIK [IMKI3aT HET131H e Maiaaabl TAMaKTaHy YIIiH MailOHEe3 TY3IbIKTAPbIHBIH TYPJIePIH KEHEHTY,

- Oumail eMKiHI YHBIH B3MYJbraTop PETIHAE, al JKHUAC YHTAaFrblH TOTTUICHIIPTINI OHE (PYHKIMOHAJIBI
MHIPEAMEHT PeTiHe Naliaaiany apKblibl QyHKIMOHAIBL, TOMEH KaJOPUSUIBI JKaIllail TYThIHY OHIMIH alty.

- XJIBIKTBIH TaMaKTaHYbIHJAFbl JOPYMEHIEp MEH MUHEpaJAap/larbl TalIbUIBIKTHI a3ailTYy;

- OCbl OHIMIEPAIH TYTHIHYIIBUIBIK CHUIATTaMaJlapbIHbIH JKakcapyblHa OallaHbICTBI MaioOHE3 COyChIHA
CYPaHBICTHI APTTHIPY.

Tyiiin ce3aep: dMyJIbCHSIIBIK OHIM, (PYHKIUSUIBIK, KYHOAFBIC Malbl, TYTHIHYIIBUIBIK KYH/IBUIBIFBL.
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HNCITIOJIb30BAHUE IMTOACOJTHEYHOTI'O MACIJIA,
BBIITYCKAEMOM AO «IIIBIMKEHTMAI» ITPU PA3SPABOTKE
TEXHOJIOI'MHA SMYJIBCHOHHOT'O IMTPOAYKTA

AnHoTauus. [1o pe3ynbTaraM NpoBeIEHHOr0 UCCAEA0BAHUS MOKHO C/IETAaTh BBIBOJ O TOM, PhIHOK MaOHE3HOU
MPOAYKIUHN OBICTPO pa3BUBACTCS, OJHAKO aCCOPTUMEHT MAaWOHE3HBIX COYCOB, MPEICTABICHHBIN B TOPTOBBIX CETSX,
OemeH M 0HOOOpPA3eH, OTCYTCTBYIOT MPOIYKTHI, HANPaBJICHHBIC HA MOJICP)KaHUE 3MOPOBBS MOKyMaTelel 3a cueT
HAIMYAS B COCTaBe JAHHOTO BHAA MPOAYKTOB (DU3MOJOTHMYECKH aKTUBHBIX HHITPEANEHTOB. M3ydeHune
MOTPEOUTENBCKUX MPEAIIOYTEHHH U MOTHUBAIMHA BBISIBIIIO, YTO COBPEMEHHBII IMOTPEOUTENH XOPOIIIO OCBEIOMIICH O
MOJIb3¢ HATYPAIbHBIX HWHITPEIUCHTOB M OWOJIOTHYECKH AaKTHBHBIX IO0OABOK, W 3aMHTEPECOBAaH B IPOIYKTE,
cOaaHCHPOBAaHHOM II0 COCTaBY M COZICPIKAaIIeM IOJIC3HBIC IS 3J0POBbS MT00ABKU, MPU 3TOM TOTOB ILIATUTH 3a
TaKOW MPOAYKT OOJIbIIIE, YeM CTOMMOCTh MaifOHE30B, IPEICTABICHHBIX B POZHUYHOMN CETH.

Ha ocHOBaHMM TIPOBENEHHBIX WCCIICAOBaHUA 1O (akTopaM (QOPMUPOBAHHS MOTPEOUTEIHLCKUX CBOMCTB
9MYJIbCHOHHBIX TPOYKTOB pa3pabOTaHbl PEUCHTYPhI X TEXHOIOTHS HU3KOKAIOPUIHBIX IMYJIECHOHHBIX COYCOB.

Ob6ocHoBaHa 1eneco00pa3HOCTh M 3(P(EeKTHBHOCTH NPUMEHEHUS JE30/MPOBAHHBIX padUHUPOBAHHBIX
pactutenbHbix Macell AO «lIIsIMkeHTMal.

[IpoBeaeHa opraHojenTHYeCcKas OIEHKA OMBITHBIX 00pa3I0B MPOIYKTA IO CICTYFOIIUM ITOKa3aTeIsIM: BHCITHHA
BHJ, KOHCHCTCHIIMS, 3amaX W BKYyC. YCTaHOBJICHO YTO, SMYJIbCHOHHBIA TPOAYKT >XHUPHOCTH 35% HaA OCHOBE
MOJICOJTHEYHOTO Macia, BeimyckaeMoit AO «IIIbIMKeHTMal», ¢ pacTUTEIBHON 100aBKOM (ITOPOIIOK KU U MyKa H3
3apOJIBIIICH IIIICHAIIBI) XapaKTepu3yeTcss 0ojiee BBICOKMM 3HAUYEHHEM COBOKYITHOTO ITOKAa3aTellsl KayecTBa 3a CUET
HEXXHOTO BKyCa W OTCYTCTBHSI TOCTOPOHHUX IMPUBKYCOB.

BrIsBiI€HO, YTO KaJOPHUHOCTH JAHHOTO 3MYJIBCHOHHOTO MPOAYKTAa CYIIECTBEHHO CHIKEHA 3a CUET YMEHb-
IIEHUS PELENTYPHOr0 KOJHYECTBA PACTUTENHFHOIO Macia, MPU COXPAHEHHUH BBICOKMX OPTaHOJENTUYECKUX IOKa3a-
teneld. Huzkoe kommuecTBo Oenka B pelenTypax HOBOTO 3MYJIBCHOHHOTO NMPOAYKTAa CIEIyeT pacCMaTpHUBATh Kak
MOJIOKUTEIBHBII MOMEHT, IIOCKOJIBKY SMYJIbCHOHHBIN MPOAYKT — 3TO COYC, KOTOPBIH MOACTCs K OCHOBHOMY OJTIOTY,
B TOM YHCJIC U3 MsCa, pr6I)I U IITHULBI.

AHaJ’II/ISI/IpyX ]II/IHaMI/IKy, MOXHO CJA€JIaTb BbIBOJ, 4YTO 3MyJ'II:CPIOHHLII71 HpOI[yKT C HOpOIJlKOM JOKUaa u
MIICHUYHOW 3apOJIBIIICBONH MYKOH OoJiee ycTOWYHMB K XpaHEHWIO. OCHOBBIBAsSCh Ha TOM, YTO B COOTBETCTBUHU C
HOpPMaMH{ CTOMKOCTb dMYJbCUH HE MeHee 97%, MpOoJoIKUTENLHOCTh XpaHEHUsl MailoHe3a ¢ MacCOBOM JI0JeH XKupa
35% mnpu Temmeparype 10°C. Takum 00pa3om, CpOK TOAHOCTH MaHOHE3HOTO coyca — 10 45 cyrok. B TedcHue
45 cyTOK XpaHEHWS HE3HAYUTEIHHO H3MEHSIOT CBOM OpPTAaHOJNCNTHYCCKHUE ITOKA3aTeNd, YTO MOATBEPIKIACT HX
BBICOKasl OaJUIbHAS OLIEHKA.
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W3yueHbl XUMUYECKHI COCTAB MOPOILKa Jkua. [IopoIok mKuIa B TOCTATOYHOM KOJIMUECTBE B CBOEM COCTaBe
COJIepIKaT BOJIO- U )KUPOPACTBOPUMBIC BUTAMUHBI, & TAK)KE MUHEPAIbHBII DJIEMEHTBHI.

Hcnonp3oBaHne MaiOHE3HOIO cOyca Ha OCHOBE pa(UHUPOBAHHOTO MOJCONHEYHOro Macia «JloHs» c
J00aBJICHHUEM MOPOIIIKA KUIA U MYKH 3apOJIBIIICH MIICHUIBI TO3BOJIHT:

- TOBBICUTH CIIPOC HA MacloxupoByto mpoaykiuio FOKO;

- pacuIMpuTh ACCOPTUMEHT MAOHE3HBIX COYCOB IS 3[I0POBOTO MUTAHUS HA OCHOBE OTYECTBEHHOTO CHIPHS;

- TOJIYYHTh (YYHKIIMOHAIHHOTO-HU3KOKAJOPHUHHOIO IMPOAYKTAa MAacCOBOrO MOTPEOJICHHS 3a CUET IpUME-
HEHHME MYKH 3apOJBIIICH MIICHUIBI B KAYECTBE AMYJIBraTopa, a MopoIlka KU B KAYECTBO CaxapO3aMEHUTEIS U
(DYHKIIMOHAIFHOTO MHIPEINCHTA.

- YMCHBIIUTH ACDUINT B MUTAHUN HACCIICHUS B BUTAMUHAX U MUHEPAIIbHBIX BEIIECTB;

- TMOBBICHTH CHPOC HA MAOHE3HOIO COyCa B CBSI3U C YJIYYIICHHBIMH MOTPEOUTEIECKUMU XapaKTEPUCTHKAMH
YKa3aHHBIX POJYKTOB.

KiroueBble €JI0Ba: 3MyJIbCHOHHBIA MPOAYKT, (PYHKIIMOHAIBHOCTh, MOACOJHEYHOS MACiIO, MOTPEOUTEIIbCKAsS
LEHHOCTb.
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USE OF OIL AND BITUMINOUS ROCKS AND WASTE FROM THEIR
PROCESSING IN CREATION OF COMPOSITE SILICATE MATERIALS

Abstract. The article considers the issues of technology of silicate materials of dense and cellular structure with
usage of oil bituminous rocks and waste from their processing, in particular: the optimization of the ratios of the raw
components of a silicate materials mixture, the development of optimal technological parameters for the production
of silicate materials, and the technological aspects of the production of the above materials.

The optimal compositions of binders with use of waste products from OBR are studied in this work as an
activating component of lime or cement. The stability of the samples was studied in various media with a low and
high content of basic calcium hydrosilicate. If they contain insoluble silicates and aluminosilicates containing silica,
they are acid resistant. Alkali-resistant rocks containing oxides corresponding to strong bases are combined with
oxides corresponding to weak acids, for example, calcium and magnesium carbonates.

As a result of the experimental work, technological processes for the manufacture of silicate materials (of dense
and cellular structure) based on the OBR and waste from their processing are substantiated and developed. The paper
reveals the chemical-mineralogical and the structural features of oil bituminous rocks and waste from their
processing. The optimal ratio of the waste mixture of oil and bituminous rocks with lime and the technological
parameters that ensure the grade of lime-sand binder from 400 to 500 are established. Silicate materials based on this
mixture have high physical and mechanical properties and comply with the requirements of the ST standards of the
Republic of Kazakhstan for silicate brick and GOST state standard for aerated concrete.

Thus, the compositions and conditions for the preparation of these binders with high resistance in large
temperature, pressure and aggressive environments are proposed in this work.

Key words: oil bituminous rocks and waste from their processing, structure, mechanochemical activation,
silicate materials, binder, cellular concrete, durability.

Introduction. One of the problems of the global scale of the twenty-first century is the human impact
on the environment. In this regard, the utilization of oil bituminous rocks (hereinafter - OBR) and waste
from their processing is given special attention [1].

The solution to the above problem is the creation and development of non-waste environmentally
friendly and mobile technology in creating systems of silicate composite materials and technology for the
synthesis of artificial stone, energy-saving and low-energy-consuming man-made products.

The presence of a large number of deposits of the OBR and bitumen-containing sands (hereinafter
referred to as the Kir) in Kazakhstan, and as a result, replenishment of scarce oil products, determines the
organization of the processing of the OBR with the receipt of 15-30% of bitumen and 70-85% of the
mineral part of the sandy type feldspar-quartz, clay and carbonate composition. Currently, more than
50 deposits have been examined and developed only in the western regions of Kazakhstan and reserves of
more than 20 million m3 have been determined [2].
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The mineral part of the OBR under the microscope is represented by isometric grains of a darkish
color, angular and low-rounded, 0.10-0.15 mm in size, which indicates fine grain size. The specified type
of raw material contains up to 70% quartz, 24% feldspars, 3% calcite, single grains of sulfides, apatites,
and barite. Voidness - 42%, average density - 1290 kg / m3. The chemical composition is presented in
table 1.

Table 1 - chemical composition (%) of the mineral part of the OBR processing

Product name Si02 | AlO3 Fe2 Ca M K2 Na SO C I
Mineral part of the 82,6 9,3 2,0 1,3 0,3 1,8 1,2 0,8 - 1,4
OBR processing

The OBR processing waste is a group of calcareous-siliceous materials that are dispersed systems of
insoluble particulate matter of an amorphous or submicrocrystalline structure with a significant amount of
free kinetic energy sufficient for the mutual attraction of the macroparticles with the formation of water-
resistant structural bonds. This makes it possible to minimize fuel and energy processing costs, to carry
out directional regulation of structure formation in materials hardening without heat treatment, thereby
intensifying the technological process for the production of silicate materials and products based on them

[3].

The physicochemical, mineralogical, and structural features of the OBR and mineral waste from their
processing are represented by two main groups - siliceous materials containing more than 50% SiO- and
limestone-siliceous materials containing 20-50% CaO and 20-50% SiO,.

Materials and methods. In this work, we studied the optimal composition of binders using waste
from the OBR processing as an activating component of lime or cement. To obtain comparative data,
natural sand was used, the composition of which is identical to the waste of the OBR processing, i.e.
quartz-feldspar mineralogical composition.

Mechanochemical activation was applied by co-grinding the components of the mixture [4].
Shredding of waste from the OBR processing occurs more quickly than its natural counterpart. This is
facilitated by the presence of defects on the surface of the grains of the waste of the OBR processing;
surface melting and deeper cracks along the cleavage of feldspar crystals and others in the process of heat
treatment of the rock while removing bitumen.

Lime and sand binder. Obtained by co-grinding the waste from the processing of OBR with lime, to
a specific surface of 300 m?kg. The optimal ratio of lime and waste from the OBR processing are in the
range from 0.5:1 to 1:1, at which the activity of lime-sand binder has the highest rates, i.e. strength of 42-
50 MPa.

The properties of samples of calcareous-sand binders, depending on the composition and conditions
of hardening, vary significantly - samples subjected to autoclaving have a higher strength than samples
steamed and hardening under ordinary conditions. It is possible to note the linear nature of the dependence
of strength values in the direction of increase, with a corresponding increase in the content of lime in the
composition of binders [5].

We studied the possibility of using OBR processing waste as an additive to cement. An evaluation
criterion for mechanical activation was the heat of hydration of the activated mixture from the waste of the
OBR and the strength of the composite materials based on it - binders with the addition of waste from the
OBR are at the same level as with the addition of blast furnace clinker [6].

Results of research. Studies of the impact of additives from OBR processing waste showed that the
compressive strength of samples depends on the hardening conditions - for samples with composition:
70% cement clinker and 30% of OBR processing waste hardening under ordinary conditions, compressive
strength in 28 days is 46, 0 MPa. After autoclaving, the samples show composition: 50% cement clinker
and 50% OBR processing waste, compressive strength is 50.0-53.8 MPa. This composition is optimal and
the obtained results on compressive strength are objectively approximated with a normal density value of
27.3%, which is one of the smallest. Hence, it can be considered that the waste of the OBR processing is
an active additive and increases the grade of cement.

Considering the fact that most of the known deposits of OBR are located near oil producing regions
where cement with special properties (grouting) is used, the one in contact with various mineralized

—— g4 ——
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waters, accompanied by high temperature conditions and pressure, the possibility of OBR processing
products as active additives to obtain special cements was reviewed.

Studies of the stability of binders in solutions of magnesium sulfate, sodium sulfate, magnesium
chloride and sodium, in natural mineralized waters typical of Kazakhstan (sulfate-chloride and chloride-
sulfate), resistance to atmospheric conditions and alternate freezing and thawing [7]. The mineralogical
composition, structure and dispersion of the siliceous component have a great influence on the resistance
of autoclaved materials to the aggressive action of sodium and magnesium sulfate solutions [8].

Lime-sand samples made from mineral wastes from OBR processing turned out to be more resistant
than cement-sand samples made from traditional raw materials. But in sodium sulfate solutions, the above
calcareous samples turned out to be less stable. Therefore, impurities of feldspar rocks in sands are not
only acceptable, but also desirable, especially if the products are used under conditions of further exposure
to magnesium-sulfate corrosion. The durability of lime-sand products can be increased by increasing the
dosage of lime in lime-sand mixtures. The resistance of lime-sand products containing sodium salts can be
increased by introducing a certain amount of ground sand [9]. The stability of the samples was studied in
various media with a low and high content of basic calcium hydrosilicate. If they contain insoluble
silicates and aluminosilicates containing silica, they are acid resistant. Alkali-resistant rocks containing
oxides corresponding to strong bases are combined with oxides corresponding to weak acids, for example,
calcium and magnesium carbonates.

We performed a series of experiments in which the test samples of cement containing up to 50% of
the waste of the OBR processing were closed with a 5% solution of Na,SO4 in one case, and in the other
with a 3% solution of MgSO.. The experimental results are shown in table 2.

Table 2 - Influence of aggressive environments on the change in bending strength (MPa)
of cements with the addition of OBR processing waste

Materials and conditions of Hardening conditions Storage in 5% Na2SO4 for Storage in 3% MgSOQa4 for
preparation lday | 6day | 12day | 1day | 6day | 12day
cement with 50% of waste under normal conditions 3,6 2,7 1,6 3,6 2,9 1,1
from OBR processing and steaming at 75°C 4.4 41 3,3 4.4 4,0 3,0
sealed with water
autoclaving at 175°C 5,2 4.6 4.2 5,2 4.8 5,0
cement with 50% waste from under normal conditions 40 3,6 3,8 4.6 44 44
the processing of OBR and steaming at 75°C 6,3 6,4 7,0 6,3 6,0 6,6
sealed with 5% solution of autoclaving at 175°C 74 7,6 78 74 7,6 78
Na2S04
cement with 50% waste from | under normal conditions 4,2 4,8 4,4 4.2 4,9 4,6
OBR processing and cured steaming at 75°C 5,8 55 5,8 5,8 5,9 6,0
with 2% MgSO4 solution autoclaving at 175°C 6,2 6,4 6,6 6,2 6,5 6,8

After molding, part of the samples hardened under ordinary conditions, the other was steamed at
75 °C, and the third part was autoclaved at 175 °C. Hardened samples were placed in solutions of sodium
sulfate and magnesium. After the expiration of the storage period, they were subjected to a strength test.

Mixing with sulfate solutions, increasing the temperature of the hardening conditions, storage in
aggressive solutions - all these improves the strength of the samples. In particular, samples made from a
mixture inoculated with a 5% sodium sulfate solution and hardened under conditions of steaming at 75 °C,
after 12 months of storage in solutions of 5% Na2S04, and 3% MgSO4, reduced the strength by 5% (table
3.2.1) and the samples made from the mixture, sealed with a 3% MgSO4 solution and solidified under the
same conditions, after storage in a 5% sodium sulfate solution and after the same test periods, not only did
not reduce the strength, but, on the contrary, increased it by 5%, and when stored in 3% MgSO4, these
same samples reduced strength by 4% [10] .

It should be noted that samples hardened in hydrothermal conditions at 175 °C have absolute
resistance, which not only does not decrease, but, on the contrary, increases in aggressive sulfate solutions.

From this it follows that when using cements with the addition of waste products of the OBR
processing used for laying boreholes, sulfate resistance can be improved by introducing sulfate salts into
their composition. This mechanism of action, conventionally called the “affinity” of the composition of
cement with the test medium, can be common for other types of binders and aggressive environments [11].
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Silicate materials with a cellular structure. We studied silicate materials of a cellular structure
based on OBR and waste from their processing. The ratio of cement to lime was established on
experimental basis: the ratio of the waste of the processing of OBR and binder (50% lime and 50%
cement) is accepted - 1.5: 5 and 1.75: 1 and they correspond to a water-hard ratio - 0.45 and 0.44. Under
these conditions, the compressive strength of the samples is 5.1 and 5.2 MPa, with a density of 730-742
kg/m3. When the ratio of the waste of processing OBR and binder (60% lime and 40% cement) is 1.5: 1
and 1.75: 1, the density of the samples is 738-742 kg / m3, and the compressive strength is 5.2 and 5, 1
MPa. Data strength characteristics of these compositions are presented in table 3.

Table 3 - The effect of the ratio of the mixture components
on the density and strength of samples with a cellular structure

. The composition of the binder The composition of the binder
The ratio (50% lime and 50% cement) (60% lime and 40% cement)
(products of processing OBR: _ _ _ _
astringent) W/H | Density, | Compressive | W/H Density, Compressive
kg/m? strength, MPa kg/m? strength, MPa
1:1 0,48 720 4,01 0,46 730 3,8
1,25:1 0,47 723 4,6 0,47 733 4,3
1,5:1 0,45 730 51 0,45 738 52
1,75:1 0,44 736 52 0,44 742 51
2:1 0,43 740 3,38 0,44 750 3,6

The structural properties of cellular concrete indicators and a number of its properties are influenced
by the amount of blowing agent [13]. The compressive strength of the samples increases with the
consumption of aluminum powder of 0.058 by weight of the dry components for the mixture, where the
ratio of the components of the waste of the processing of OBR and binder is 1.5: 1, and with a ratio of
1.75: 1, the optimal consumption of aluminum powder is 0.060%.

Thus, the waste of OBR processing both in milled and not in milled form is suitable as a siliceous
component for the production of silicate materials with a cellular structure that meet the requirements of
the standards with respect to its properties [14].

In order to reduce water absorption and increase the hydrophobic properties of cellular concrete,
natural OBR is introduced into the mixture in an optimal dosage of 10%. Natural OBR contained in the
mixture up to 10% ensures the hydrophobicity of products: reduces water absorption by 25%, vapor
permeability by 45%, shrinkage by 20%, adsorption moisture by 2.2 times. In addition, it contributes to
the modification of the capillary-porous structure in the intergranular space of the material and the
creation of fine crystallinity and fine porosity, which leads to a decrease in deformation stresses by
4.3 times compared to materials without additives. Samples made from a mixture with the addition of 10%
OBR are more frost-resistant than those without the additive — they withstood up to 100 cycles without
destruction [15].

Silicate materials of dense structure. Dense silicate materials based on OBR and their waste were
studied. To increase the activity of the interaction of the components, the raw material was partially milled
(to activate it) and introduced into the mixture from 10 to 20%. A positive effect of the addition of the
ground part of the OBR processing waste on the strength of pressed silicate samples was observed.
Combined grinding of waste products from OBR and lime significantly contributes to an increase in the
strength of the samples - up to 30 MPa, with a binder content of 22-25%.

With a constant ratio of binder and waste processing OBR, equal to 1: 3, with an increase in press
pressure increases the density of the samples and at the same time decreases water absorption [16].

With a constant composition of a mixture of a binder -25% and non-ground product of processing
OBR - 75% and a pressure of 20.0 MPa, with increasing humidity of the mixture, the density of the
samples increases, and the compressive strength increases to a certain value of the moisture of the mixture
- 7-9%, in which the density and strength are respectively 1810 and 1826 kg / m; 24.84 and 25.1 MPa.
With increasing temperature of the processed medium, the strength of the samples increases. Strength and
density indicators of the tested samples are shown in table 4.
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Table 4 - the Effect of hardening conditions on the properties
of silicate material based on waste processing OBR

Mixture composition, % Hardening conditions Density, kg/m? Compressive

Binding OBR processing waste strength, MPa
25 75 steaming at 80°C 1830 10,8
25 75 steaming at 120°C 1840 16,4
25 75 autoclaving 175°C 1858 25,0

Frost resistance of pressed samples after 25 cycles of alternate freezing and thawing, in general, meets
the requirements of GOST 379-2015 [17] on silicate stones and bricks: compressive strength - 29.7 MPa;
density - 1870 kg / m; water absorption - 9.2%; frost resistance - 25 cycles; brand - 250.

Thus, as a result of the tests we were able to establish the technological aspects of obtaining silicate
materials based on OBR and waste from their processing.

The quality of silicate products is closely related to the composition and structure of the neoplasms
represented by CSH (1) and tobermorite, the structure of which varies from gel to fine crystalline.

The parameters of the microporous structure of phase-forming calcium hydrosilicates vary from the
hardening conditions and determine the operational properties of the material. The less porous and more
homogeneous structure that takes place during hardening of samples under wet conditions or by steaming
corresponds to the highest strength and frost resistance of materials [18].

The strength of the samples both after molding and after hardening increases with increasing
pressure. The strength of samples after molding intensively increases by more than three times with an
increase in pressing pressure from 5.0 to 20.0 MPa, then with a further increase in pressure from 30.0 to
40.0 MPa, the strength of samples after molding increases by 19%.

The increase in the strength of the samples with increasing pressure is due to the fact that during
compaction by pressing, “constrained” conditions are created under which the interacting particles are
significantly closer to each other, the solvated solid phase is densely packed, and the polarization
interactions of the particles of the components are greatly enhanced. With less pressure, the distance
between the particles is greater meaning that the concentration of the solid phase decreases and the
solvated particles of the components are disconnected, and the water contained between them has thick
interlayers, which leads to a weakening of the polarization interaction and reduces the rate of formation of
cement substances [19].

On the basis of non-ground waste from the processing of OBR, it is possible to manufacture cellular
concrete products with a density of 700-728 kg / m3 and compressive strength of 5.4 - 5.9 MPa. In the
manufacture of cellular concrete with the addition of 10% natural OBR, the hydrophobicity of products is
achieved up to 85%.

According to their physical and mechanical properties, pressed silicate materials and products meet
the requirements of standards: stamp 75 to 250, density 1810-1920 kg / m, water absorption 7-10%, frost
resistance 15-50 cycles. Silicate brick based on the non-ground product of processing OBR and lime-sand
binder during autoclaving has the brand name “200”, and with the addition of an additional 5% cement,
the autoclave treatment can be replaced by steaming.

Conclusion. Based on the results of the work, technological processes for the manufacture of silicate
materials (dense and cellular structure) based on OBR and the waste from their processing are
substantiated and developed. The chemical-mineralogical and structural OBR and waste from their
processing have been identified [20], namely:

- OBR of semi-dark color contains up to 15% of the organic part and up to 85% of the mineral part,
including 70% of quartz and 30% feldspar minerals. The structure of grains along cracks, cleavages and
surface grooves is saturated by the organic components (bitumen);

- waste from OBR processing consists of a fine-grained sandy substance of feldspar-quartz
composition.

The surface of the grains of quartz and feldspar is darkly colored, slightly melted, has numerous
defects and cracks along the cleavages. In terms of chemical composition, in addition to silicon dioxide,
aluminum oxides and alkali metals are present [21].

It was determined that the optimal ratio of the mixture of waste from OBR processing with lime and
the technological parameters ensure that the lime-sand binder is 400 to 500 grit. Silicate materials based
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on it have high physical and mechanical properties and meet the requirements of ST for silicate brick and
GOST for cellular concrete.

In addition, the presence in OBR system of up to 15% bitumen does not significantly affect the phase
composition of hydrated components having less crystallinity, a more gel-like structure; promotes the
formation of a thin film on the surface of the interacting particles, reducing the speed of their interaction.
Hydrated neoplasms in the studied materials have a microporous structure. These factors have a positive
effect on the strength characteristics of the material.

Silicate materials of a cellular structure made on the basis of OBR in an amount of 10% in a mixture
of waste from OBR, lime or cement achieve significant hydrophobicity, which positively affects the
reduction of water absorption by 25%, sorption moisture by 2.2 times, shrinkage by 20%, vapor
permeability up to 2 times, which significantly improves the performance of products.

Cementing materials based on wastes from processing of OBR in a mixture with lime or cement, have
low heat and in heat-moisture conditions they intensively gain the required grade, have high sulfate
resistance, in conditions of elevated temperature and hostile environment, which simulates working
conditions when drilling boreholes. The compositions and conditions for the preparation of these binders,
which are highly resistant under conditions of high temperature, pressure and aggressive environment, are
proposed.
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3. M. Kambakuna®, M. I. Bpysko?, A. T. Opbinosa®
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MYHA BUTYMWUHO3/IbI ’KbIHBICTAP MEH OJIAP/BI OHJIEYITH
KAJJIBIKTAPBINAIAJIAHBIT KOHE OHJIEN CUJIMKATTBI MATEPHAJIJIAPIBIH dKACAY

AnHoTanusi. Makanajga MyHail OHUTYMHHO3IBI KBIHBICTAPABI JKOHC OJapibl KalTa 6HACY KaJJbIKTapbIH
KOJIJTaHa OTBIPBII, THIFBI3 KOHE YAIIBIKTHI KYPHUIBIMAAFEl CHJIMKATThI MaTepHAIAap TEXHOJOTHICHI, aTal aiiTKaH/a:
CHWJIMKATThl MaTepHaAap KOCMACBHIHBIH IIHMKIi3aT KYpaMIacTapbIHBIH apaKaThIHACHIH OHTAMIAHIBIPY, CHIIMKATTHI
MaTepualIapAbl TalbIHAAYABIH OHTAWIB TEXHOJOTHSITBIK MTapaMeTpIIepiH 93ipiiey, KOFaphla aTalFaH MaTepruaiaap
OHJIIPICIHIH TEXHOJIOTHSUIBIK aCIIEKTiIepi Maceeepi KapacThIpbUIFaH.

MyHaii OUTyMHHO3/BI JKBIHBICTAD MCH OJIAPIbI KaiTa OHJICY KaJIbIKTAPBIHBIH XUMUSIIBIK-MHHEPAIOTHSUTBIK
JKOHE KYPBUIBIMIIBIK epEKIIeTiKTepi aHBIKTanabl. IIWKi3aTTBIH XUMUSITBIK-MAHCPATOTHSIIBIK KYPaMBIH, OHBIH
KOHTAKTLUTi-KOHACHCAIMSIIBIK, KACHSTTEPIH Ha3apFa ajia OTHIPHIIL, )KYMBICTa OKTiH HEMecCe IIEMEHTTIH aKTHBTCHAIPYIITi
komnoHeHTi peringe MBXK kaiita eHIEY KalABIKTaphIH MaiifanaHa OTHIPBI TYTKBIP 3aTTapbIH OHTAMIIBI KYpaMbl
3epTrenni. TYTKeIp KacHeTTepi alKpIHAay JKOHEe KYMIEHTy YIIH KOcma KOMITIOHEHTTEpiH Oipre ycakray >KOJIBIMEH
MEXaHUKAIBIK-XUMIBUTBIK, aKTHBANMSIAY KONTAHBUIABL. JIMCIIepCHSITBIKTHIH JKOFaphIIayhl JKOHE COHBIMEH Oipre
HIMKI3aTThIH OCJICEHAUIIrT KOem Jdpexkele KOFapbl KATThUIBIKIIEH CHUNATTAJATHIH MaTepualiapibl Oipre yHTakray
Ke3iHae OaliKanazbl.

MyHaiiOMTyMHUHO3/IbI KBIHBICTAP MUHEPAJIAPBIHBIH JKOFapbl ePIrillTiri oNapiblH OKIEH e3apa 9peKeTTeCyiH
OenceHmipeni. OKTaCThI-KYMBI TYTKBIP MaTepHajiap YJIriIepiHiH KacHeTTepi, KypaMbl MCH KaTaro afaaiiapbiHa
OainaHbICTBl aWTapNBIKTall e3repe/i - aBTOKJIABTHI OHJEYAEH OTKEH YJriiep OylaHIbIpbUIFaH JKOHE OJeTTerl
Karaaiaapaa KataTblH Yiriiepre Kaparanjga OEpiKTiri Korapbl Oosajpl. BaillaHBICTBIPFBINI KYPAMbIHIAFbl OKTAC
MOJIIICPIHIH THUICTI YIFAIOBIMEH OCpIKTUTIK MOHJICPIHIH YJIFAl0 KaFblHA TOYCJIUITIHIH CBI3BIKTHIK CHIIATHI
OenrineHeni. MyHald OWTYMHHO3/BI JKBIHBICTAPJBI KalTa ©OHACY KAIIBIKTAP KOCIHACHIHBIH OKTACICH OHTAMIIBI
apaKaThIHACKI JKOHE TEXHOJOTHSIBIK TTapaMeTpiiep aHBIKTAJbI, OJap 9KTAaC-KYMJIBI TYTKBIPFBINTHIH MapkaceH 400-
neH 500-re neifin KaMTaMachl3 eTyre MyMKIHIIK Oepei.

MBX xkaiiTa eHIey KalABIKTapBIH [IEMEHTKE KOCIa PeTiHAe MaigaiaHy MYMKIHIIT] 3epTTenai. MeXaHuKaIbIK
aKTUBTCHIIpyAiH Oaramay kputepmiti MBJXK kalita eHAey KanabKTapelHAH O€JCEHIIPIIreH KOCIaHBIBIH
TUIpaTaUsIIay SKBUTBIIBIFEI YKOHE OHBIH HETi31HIeri KOMIIO3UIMSIIBIK MaTeprHaIapAbH OepiKTiri OOIbIT TaObLIaab!
- MBX xaiita eHIey KaIOpIKTapbl KOCBUIFAH OaiiTaHBICTHIPFBII JOMHA KOXKBIH KOCKaHAAFbIIal AeHrerne 00ma bl

Corrputyra OepikTiri OOMBIHINIA aNBIHFAH HOTIDKENEp €H a3JapbIHbIH Oipi OONBINT TaOBUIATBIH KaJIBIITHI
KOIOJIBIKTBIH MOHIMEH OOBEKTHMBTI TYple alnpoKCUMalusiaHaabl. MeHIikri Oeri a3 MyHail OWUTyMHMHO3.bI
JKBIHBICTAPIBl KaiiTa OHIACYIIH KYMIbI OHIMICPIH KOCKaH Ke3[e HEMEHT YJTUICpiHIH JKYKa ycaKTayFa KaparaHiaa
OepikTiri >xorapbl 0odybl THiC. MyHail OMTYMHHO3/bI KBIHBICTAPABIH KaiiTa ©HAEIIeH MEHIIIKTI OeTi a3 KymJIbl




ISSN 2224-5286 2. 2020

OHIM/IEPIH KOCKAH Ke3/e IEMEHT YJriiepi ycak MailjajaHraHmapra KaparaHma OepikTiri skorapbl 0oabl. MyHbI
CYCHEH3UsIaFbl MaTepHasiblH ipi (pakumsinapbl pH-opTaHblH MOHIH TOMEHIETETiHI TYCIHIIpeAi, Oy LEeMEeHT
CHSIKTBI CUITUI peakiuschl Oap apajnac 0aiIaHbICTBIPFBIIITHIH THIPATAIUICH MEH THIIPOJIU3IH JKEACNIeTyre bIKIall
erenl. MyHnall MexaHM3M IEMEHTTIH MYHalOMTYMHHO3/bI JKbIHBICTap/bl KaiTa eHICYAiH KYMJIbl ©HIMIepiMeH
KBIIIKBUIIBIK-HET3IITIMEH ©3apa opekerTecyine HerizaenreH. MBXX kaiita eHumey Kanablkrapbl OenceHii Kocra
0O0JIBIN TaOBUIA/IBI XKAHE IEMEHTTIH MapKaJIbIFBIH apTTHIPa/bl, COHal-aK XKbUTy OHJEITCH ATIOMUHOCHINKAT KYpPaMbl
ca3bl, KYJ-LIbIFapy, LUIaKTap J>KoHEe Oacka Ja TEXHOTeHIIK 3aTTap TYpIiHIAEri NHPOTreHAl eHiMIepMeH
CaJIBICTBIPBUIATHIH O€JICEH 1 KOca OOJbIN TabbuTabl, OYI1 olapJaH MyHal ©HIMEPIH ally NMPOLeCiHIeTi TEPMHUSIIBIK
ocepMeH TyciHAipimeai. MyHaliOUTyMHHO3ABI JKBIHBICTAPABIH OCNTiTi KeH OpBIHAAPHIHBIH OackiM Oeiri apHaibl
KacueTrTepi Oap (aybIpiaTbUTFaH, TY3Fa TO3IMIi, BICTBHIK IEH TY3Fa TO3IMl, TaMIIOHAKIBIK) IEMEHTTEp KOl
MOJIIepAe TYTHIHBUIATBIH ~MyHail  OHAIpyII ayJaHgapra KakblH OpHANACKaHBIH  €CKepe  OTBIPHII,
MYHaHOMTYMHHO3/BI JKBIHBICTApABl KalTa eHJACY OHIMIEpiH apHalbl HMEMEHTTep aly VIIH OelceHi Kocmaiap
peTiHae  malpamaHy ~— MYMKIHOITT  KapacTeIpbUiAbl.  KampmuiimiH  TeMeH  JKOHE  JKOFapbl  HETi3Zeri
THUAPOCHIINKATTAPBIHBIH YATLIEP] TYpal opTanapaa Te3IMAUTITI 3epTTeNIi.

ATtan aifTkanna, KypamblHIa MyHail OMTYMHHO3/IbI JKBIHBICTAP/bl KaiTa eHACYIIH KYMJIbl KaJABIKTapbl Oap
CHIHAJIATHIH LIEMEHTTEP MAarHWi MeH HaTpuilNiH Cyib(aTThl epiTiHAUIEpIHE CalbIHBIN, ABTOKJIAB >KarAaiblHIA
KaTalThUIFaHHAH KeWiH Cynb(arThl epiTiHmiiepae cakraimbl. JKacanaran yiAriiep OChl arpecCHBTI epiTiHIaLIEpIae
a0COMIOTTI TO3IMILTIKTI KepceTTi. byl opekeT MexaHM3Mi IIEeMEHT KypaMbIHBIH NalaagaHy OpTachbIMEeH "TYBICTHIK'"
JIerl IapTThl TYple aTaiablK. KepceTiireH Karuaa TYTKBIp MaTepHajjap MEH arpecCHBTI opTanapiblH Oacka
TYpJiepiHe KOJJIAHbUTYbl MYMKiH. KypamplHma KpemHe3eM Oap epiMEWTiH CHIMKAaTTap MEH aJIOMOCHINKATTap
OonraH Karnmaiga ojap KBIIKbUIFAa Te3iMai Oonbin TaObutazel. JKypri3uireH sKCIEpUMEHTANABIK JKYMBICTap
HoTmkecinge MBXX xoHe onmapzpl Kaiita eHuey KajIbIKTaphl HETi3iHAE CHIIMKATThl MaTepHaligapbl (THIFBI3 JKOHE
YIMIBIKTEl  KYPBUIBIMABI) AaWBIHOAYABIH TEXHOIOTHSUIBIK TIPOLECTEepl Heri3genai koHe o3ipieHmi. Mynait
OWTYMMHO3/IBI JKBIHBICTAPIbIH KaiTa ©HIENIeH TEXHOICHIl MHHEpaIblK ©HIMJAepi YHTaKTalFaH, COHJAH-aK
YHTaKTaIMaraH TYpiHAE KacueTTepi OOMBIHINA CTaHAAPT TAJlANTAPbIHA CAil YAIIBIKTHl KYPBUIBIMAAFBI CHINKATTHI
MaTepHalgapAbl OHIIPY YUIIH KpeMHE3eMAiK KOMIIOHEHT PeTiHze >kapaMIsl 0ombin Tabbuiaapl. CHIIMKATTH KOCTIaFa
TabUFu MyHail OMTYMUHO3IBI KBIHBICTHIH 5% - Fa JAeHiHTi Kocnackl OyibIMAapIsiH THAPOGOOHSITBIFEIH KaMTaMachl3
eTeni: cy ciHipimyin 25% - ¥a, Oy eTKi3rimTirid 45% - ¥a, aAcopOIMSIIBIK BUIFATIBIIBIKTHI 2,2 €ce, KalUUILIPIIbEI COpY
7 ece, as3ra to3iMautikTi 100 1ukire neifin asadtaapl. CHIHMKAT KOCMAChlHA MYHAWOMTYMHHO3IBI JKBIHBICTBI KOCY
KalMULIPIIBI-KeYeKTI KYPBUIBIMABI MOIU(UKAIHsIayFa KOHE YCaK KPUCTAIIBUIBIKTHI KOHE YCaK KEYeKTi KYpyFa
BIKIIAJI ETEI.

Ok Oap MyHall OWTYMHHO3IBI OKBIHBICTApAbl KalWTa ©HJEY KaJJbIKTapblHAH aJIbIHFAaH OK-KyMJIbI
0alIaHBICTHIPFBIII HETI3IHIET] CHIIMKATThl MaTepHaJlapAblH JKOFapbl (PU3MKaNIBIK-MEXaHUKAIIBIK JKOHE MaiianaHy
KacueTTepi Oap »oHe oJap CHIIMKATTHI KIpIIMI NEeH YSIIBIKTH OETOHFA KOWBIIAThIH HOPMATHBTIK TajlalTapra Colkec
Keesi.

Tyiiin ce3mep: MyHail OWTYMHWHO3IBI JKBIHBICTAD MEH OJapAbl OHJICYAIH KaJABIKTApbl, KYPBUIBIM,
MEXaHOXUMMSUIBIK aKTHBTEHJIIPY, CHIIMKATTBI MaTepHaIap, TYTKbIP, YsUIbl O€TOH, OEpIKTIK.
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HNCIIOJBb30BAHUE HEOTEBUTYMHUHO3HbIX IOPOJ 1 OTXO/J0B UX NIEPEPABOTKH
B CO3JJAHUN KOMITO3NIIUOHHBIX CUJIMKATHBIX MATEPUAJIOB

AHHoOTanus. B cTaThe paccMOTpeHBI BONPOCH! TEXHOJOIMM CHJIMKATHBIX MaTepHallOB IJIOTHOM M SYEHCTOM
CTPYKTYpPBI C IPUMEHECHHEM HE(PTCOMTYMHHO3HBIX MOPOJ U OTXOJOB MX MEPepabOTKH, B YACTHOCTH. ONTHMHU3ALINS
COOTHOUIEHWH CBIPBEBBIX COCTABISIIOLNIMX CMECH CHJIMKAaTHBIX MaTephajoB, pa3paboTKa ONTHMaJIbHBIX
TEXHOJIOTHYECKUX MapaMeTPOB M3TOTOBJIEHUS CUIMKATHBIX MaTepHajoB, TEXHOJIOTMYECKHE aCIEeKThI MPOU3BOACTBA
BBIIIEYKAa3aHHBIX MATEPUANIOB.

BEbIsIBIIEHBI XMMHUKO-MHHEPAIIOTHYECKHE M CTPYKTYPHBIE OCOOCHHOCTH HE()TEeONTYMHHO3HBIX TIOPOJ U OTXOJI0B
nx mepepaborku. [IpuHMMas BO BHHMaHHE XHMHKO-MHUHEPAJOTMYECKHH COCTAaB CBIPbS, €ro KOHTAaKTHO-
KOHJICHCAllUOHHbIE CBOWCTBa, B padoTe HCCICNOBAINCH ONTHUMAIbHBIC COCTaBbl BSOHKYIIMX BEHIECTB C
HCTONB30BaHUEM OTX0H0B mepepaboTkn HBII, kak akTHBH3MPYIOMIEr0 KOMIOHEHTa W3BECTH WM IeMeHTa. J{ist
MPOSIBJICHUS] M YCHJICHUS BSDKYIIMX CBOMCTB ObIITa IPUMEHEHA MEXaHOXMMHYECKAsi aKTUBALMS ITyTEM COBMECTHOTO
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M3MENbYEHNS KOMIIOHEHTOB cMecH. [1OBBIIIeHHEe NUCHEepPCHOCTH M BMECTe C TeM aKTUBHOCTH CHIPbS B OOJbIICH
CTEIICH! OTMEYaeTCs IIPH COBMECTHOM ITOMOJIE MaTEPHAIIOB, XapaKTEPH3YIOIIUXCSI TOBBIIEHHON TBEPIOCTHIO.

[ToBbIlIEHHas: paCTBOPUMOCTh MHHEPAIOB HE(PTEOMTYMHHO3HBIX MOPOJ aKTUBM3HPYET MX B3aUMOJICHCTBHUE C
n3BecThlo. CBOIcTBA 00pa3LI0B N3BECTKOBO-TIECUYAHBIX BSDKYIMX MaTepPHAaIOB, B 3aBUCHMOCTH OT COCTaBa U yCIOBHI
TBEpPJICHUS, M3MEHSIOTCS B 3HAUMTEJIBHBIX TIpeliesiaX - 00pa3sibl, MPOUICANINe aBTOKJIABHYI0 OOpabOTKYy, UMEIOT
Ooslee BBICOKYIO ITIPOYHOCTb, 4eM O0Opaslbl, NMPOMapeHHbIE M TBEPACIOMIME B OOBIYHBIX ycioBHAX. OTMeuaercs
JUHEWHBIH XapaKTep 3aBUCUMOCTH 3HA4YEHUH IPOYHOCTH B CTOPOHY YBEIUYEHHUS, C COOTBETCTBYIOILUM
YBEJIMYEHUEM COAEPIKaHUS U3BECTH B COCTABE BSKYIIUX. Y CTAHOBJIEHO ONTHMAJIBHOE COOTHOIIEHUE CMECH OTXO/0B
nepepaboTkn HePTEONTYMHHO3HBIX MOPOX C M3BECTHIO M TEXHOJOTWYECKHE ITapaMeTphl, KOTOPHIE ITO3BOJISIOT
00ecreYyuTh MapOYHOCTH H3BECTKOBO-TIECYaHHOTO BsDKyIero ot 400 mo 500.

N3zyyanack BO3MOKHOCTB HCIIOIBb30BaHMs 0TX00B nepepadoTkn HBIT xak nmobaBku k mieMeHTy. OneHOYHBIM
KpPUTEpUEM MEXaHWYECKOW aKTHBAI[MM SIBUJIACh TEIJIOTa THAPATALUHM aKTHBH3MPOBAHHOW CMECH M3 OTXOZIOB
nepepabotkn HBII u mMpoYHOCTh KOMITO3WIIMOHHBIX MAaTEPHaJiOB Ha €€ OCHOBE - BsDKyIIHE C JOOAaBKOH OTXOIOB
nepepabotku HBII, HaxosaTcs Ha TOM ke ypOBHE, UTO W IpH J00aBKe TOMEHHOTO nutaka. [lomydeHHbie pe3ynsTaThl
MO0 NPOYHOCTU Ha CXKATUC, O6'beKTI/IBHO AIMMPOKCUMHUPYIOTCA CO 3HAYCHHUEM HOpMaJ'[BHOﬁ TYCTOTHI, ﬂBJ’IHIOH.[PIﬁCS[
ONIHOW W3 HauMeHbIMX. [Ipu 06aBKe MecyaHbIX MPOIYKTOB NMepepaboTKH HEPTEOUTYMHUHO3HBIX MOPOJ] C MEHBIIEH
yZIENbHON MOBEPXHOCTBIO LIEMEHTHBIE O0paslibl MMeENU OoJsiee BBICOKYIO MPOYHOCTb, YeM IpU 0ojee TOHKOM
M3MeNbUeHUU. DTO 00BICHIETCS TeM, 4To OoJiee KpyITHble (hpakLIuK MaTepralla B CyCIIeH3UH CHUXKAIOT 3HaueHne pH
Cpenbl, YTO CIOCOOCTBYET YCKOPEHHIO THApATalud M THAPOJIN3a CMEUIAHHOTO BSDKYIIETO, UMEIOIIEro IEIOYHYI0
peakiuio, Kak M IeMEHT. Takod MeXaHM3M OCHOBAH Ha KHUCIOTHO-OCHOBHOM B3aNMOJAEHCTBHM ILIEMEHTa C
NeCYaHbIMH TIPOJYKTaMu mepepaboTkn HedTeOnTyMHHO3HBIX nopox. OTciosa MOXHO CUYHTaTh, YTO OTXOJBI
nepepabotku HBII siBisitoTcst akTHBHOM 100ABKOW M MMOBBIIAIOT MAPOYHOCTh LIEMEHTA, a TAK)KE SBJISIOTCS aKTHBHON
J100aBKOM, CpaBHUMOH C MMPOTEHHBIMU MPOIYKTaMH THUIA TEPMOOOPaOOTaHHBIX INIMH aJFOMOCHIMKATHOTO COCTaBa,
30JIBI-YHOCA, [IUIAKOB M IPYTHUX TEXHOTEHHBIX BEIIECTB, YTO OOBSICHICTCS PE3yIbTaTOM TEPMHUYECKOTO BO3IACHCTBUS
B TIpOIIECcCe M3BIICUCHUS U3 HUX HEPTENPOTYKTOB.

Y4uTeIBast TO, 4TO OOJBIIMHCTBO U3BECTHBIX MECTOPOXKICHUN HE(PTEONTYMHHO3HBIX MOPOJA HAXOAATCA BOIM3N
He(pTeNOOBIBAIONINX pPAaHOHOB, TAE MOTPEOISFOTCS B OOJBIIMX KOJMYECTBAX IEMEHTHI CO CIICIHATBLHBIMHU
cBOHCTBaMH (YTSDKEJICHHBIE, COJECTOMKHE, TEPMOCOJECTONKHE, TaMIIOHAXHBIE), paccMaTpUBalach BO3MOXKHOCTh
UCIIOJIb30BaHKUs MPOIYKTOB IepepabOTKH He(PTEeOMTYMHHO3HBIX IIOPOJ B KadeCTBE AaKTHBHBIX J00aBOK ISt
MOJYyUYCHHUs CHCUUAJIBHBIX IIEMCHTOB. I/I3yqana01) CTOMKOCTh O6p33HOB B pa3JIMYHBIX Cp€aax HU3KO-H
BbBICOKOOCHOBHBIX THAPOCUIIMKATOB KaJIbIIHA. B YaCTHOCTH, HCHBITBIBACMBIC HEMCHTBI, COJACPKAIINUEC MECUAHBIC
OTXO/bl MepepaboTKu He(PTEOMTYMUHO3HBIX IOPOA, 3aTBOPSUIM CYJIb(AaTHBIMH pacTBOPaMH MarHWs W HaTpus, C
MOCJIEAYIOINMM TBEPACHUEM B aBTOKJIABHBIX YCJIOBUSIX W TOCIEAYIONIMM XpaHEHHEM B CYJb(aTHBIX pacTBOpax.
[Tosy4eHnsie 00pa3ubl UMeIH aOCONMIOTHYIO CTOMKOCTD B 9THX arpeCCHUBHBIX PacTBOpax. DTOT MEXaHU3M JCHUCTBUS
HaMH Ha3BaH YCIOBHO «POJCTBEHHOCTBIO» COCTABA LIEMEHTA C CPEAOH HKCILUTyaTalH. Y Ka3aHHBIA MPUHLIUI MOKET
OBITH pacHpocTpaHeH Ha JpPYrWe BHIblI BSDKYIIMX MaTEpPHAIIOB W arpecCHBHBIX cpea. lIpy Haimmuum B HHUX
HEPaCTBOPUMBIX CHJIMKATOB U aTIOMOCUINKATOB, COAEPIKALINX KPEMHE3EM, OHHU SIBISIOTCSA KUCIOTOCTONKUMH.

B pesynprare NpoOBENCHHBIX SKCIIEPHMEHTAIBHBIX paboT OOOCHOBaHBI M pa3pabOTaHBI TEXHOJOTHYECKHE
MIPOIIECCHl N3TOTOBIICHHS CHIIMKATHRIX MaTepHANIOB (TUIOTHOW U sST9EeUCTO# cTpykTypsl) Ha ocHoBe HBIT 11 0TX01MOB X
nepepaboTku. TexXHOreHHble MUHEpaJIbHbIE MPOLYKTHI IepepaboTkH HeQTEeONTYMHHO3HBIX IOPOA KaK B MOJIOTOM,
TaK U B HEMOJOTOM BHJE SBJISAIOTCS NPUTOJHBIMU B KaueCTBE KPEMHE3EMUCTOTO KOMIIOHEHTa JJIsl IPOU3BOJCTBA
CHIIMKATHBIX MAaTE€PUAJIOB SYEUCTOH CTPYKTYpPBI, 10 CBOWCTBAM OTBEUAIOLIMM TpeOoBaHUSIM cTaHaapra. JlobaBka B
CHJIMKAaTHYIO0 CMecCh /10 5 % mnpupoaHoil HedTeOMTYMHHO3HOW MOpojabl obecrieynBaeT THAPO(GOOHOCTh U3AEIHUIL:
YMEHBIIIaeT BojomorjomeHue na 25 %, naponponuriaeMocts Ha 45 %, aacopOIMOHHYIO BIaXXHOCTH B 2,2 pasa,
KaMWUISIPHBIA MOACcOC B 7 pa3, Mopo3ocToikocth 1m0 100 nukioB. [loGaBka HE(TEOMTYMHHO3HOW MOPOIBI B
CHJIMKaTHYI0 CMECh CIOCOOCTBYeT MOAMGMUIMPOBAHUIO KaIWUIIPHO-TIOPHUCTON  CTPYKTYPbl M CO3JaHHUIO
MEJKOKPHCTAITINYHOCTH U MEJIKOIIOPUCTOCTH.

CunmkaTHBIE MaTepHalibl Ha OCHOBE H3BECTKOBO-TIECYAHOTO BSDKYIIIET0, MOJTYYEHHOTO U3 OTXOJ0B IepepaboTKU
He(TeONTYMHIHO3HBIX ITOPOJ] C M3BECTHIO, UMEIOT BHICOKHE (PM3MKO-MEXaHIMUECKHE U AKCIUTyaTallHOHHbIE CBOICTBA 1
COOTBETCTBYIOT HOPMATHUBHBIM TPEOOBAHMSM K CHIIMKATHOMY KHPIINYY U sTYEHCTOMY OCTOHY.

KiroueBble cjioBa: HepTeONTYMHHO3HBIE TIOPOJ M OTXOABI MX NMEPepabOTKH, CTPYKTYpa, MEXaHOXUMHYECKas
AKTHBALMSL, CHIIMKATHbIE MaTEpHAaIbl, BAXKYILEE, STIEUCThIN OCTOH, I0JITOBEYHOCTb.
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CATALYTIC OXIDATION OF FERROUS IRON
TO INCREASE THE EFFICIENCY OF URANIUM LEACHING

Abstract. Currently, enterprises of the metallurgical complex in Kazakhstan are faced with the problem of raw
materials quality and the impossibility of productive processing of a number of ores. In recent years, not a single
significant mineral deposit has been discovered, and previously discovered deposits are not of industrial interest, due
to the low content of mineral components. «Kazatomprom» enterprises producing uranium by in-situ leaching
method (ISL) were no exception. Today, the metal content in productive solutions is steadily decreasing; to increase
the concentration of uranium production, it is necessary to increase the amount of reagent consumption, which leads
to significant costs. The cost of uranium in the world market has decreased, significant production costs lead to a
decrease in the profitability of production. The mechanism of uranium oxidation by iron ions is catalytic in nature.
To regenerate iron, air oxygen was supplied to the leaching solution along with the oxidizing agent. The paper
presents the results of studies on the possibility of intensifying ISL of uranium by introducing sodium nitrite into the
leaching solution with additional supply of compressed air or oxygen to the leaching solution to ensure the catalytic
oxidation of iron (II) ions by dissolved oxygen. The positive effect of stirring is proven. Research works at the
testing ground with simultaneous supply of sodium nitrite and pure oxygen to LS allowed reaching 1.0 and 1.2 g/l Fe
(111) concentrations.

Key words: uranium, in-situ leaching, leaching solution, sodium nitrite, oxidation.

Introduction. To increase the extraction of uranium from ores containing uranium (V) minerals, it is
necessary to use oxidizing agents to convert the insoluble tetravalent form of uranium to hexavalent. Since
in-situ leaching of uranium-containing ores the solution always contains iron, then interaction reactions of
U (IV) with Fe (I11) ions are of both theoretical and practical interest [1, 2]. Interaction process of U (IV)
with Fe (111) ions can follow two mechanisms:

| U0, + Fe* = UO," + Fe?*

UO," + Fe¥" = UO2" + Fe?* (1)
I UO, + 4H" = U* + 2H,0

U* + 2Fe® + 2H,0 = UO2* + 2Fe?* + 4H*

According to the first mechanism, uranium oxidation occurs on the surface of UO, without hydrogen
ions participation. Since uranium usually dissolves in an acidic medium, the second mechanism, in which
the first stage is the dissolution of UO; in acid followed by the oxidation of U (IV) in solution, may be
equally probable [3].

According to a number of studies, uranium dioxide is poorly soluble in acids. Even at a temperature
of 70°C for 6 hours, 1.76% of uranium is dissolved in sulfuric acid with concentration of 12.5 g/l, at a
concentration of 100 g/l - 2.5%. The same amount of uranium dissolves in perchloric acid, and 1.51-
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1.28% in hydrochloric acid. In this regard, it can be assumed that the second mechanism does not play a
major role in the process, and the oxidation of UO; by Fe (lll) ions proceeds according to the first
mechanism.

However, many's the time, due to the regenerative nature of the reservoir, almost all of the iron will
be in divalent form and it must also be oxidized to involve it in the oxidation process [4, 5].

With sodium nitrite appending in leach solutions perhaps two mechanisms of its affecting: direct
oxidation of Fe (Il) catalytic effect. Direct oxidation of iron occurs by the reaction:

Fe?" + NO, + 2H* = Fe® + NO + H,0 @)

Accordingly, the amount of oxidized iron is directly proportional to amount of added sodium nitrite.
However, using this method, the generated NO will be bound by divalent iron until it ends in the solution,
then when the solution leaves the chink and the pressure drops, intense NO release into the atmosphere
will occur, which will negatively impact the environmental situation.

Fe?" + NO = [Fe(NO)]?* 3)

The second mechanism is based on the catalytic effect of sodium nitrite, in which the divalent nitrite
ferrous complex undergoes oxidation. Supply oxygen to the system is necessary and the amount of
oxidized ferrum will depend on the concentration of dissolved oxygen [6, 7].

A[Fe(NO)J* + O, + 2H,0 = 4Fe* + 4NO 4)

Experimental part. In order to find a satisfactory solution for Fe (II) oxidation, it was decided to
establish how the process proceeds at atmospheric pressure with aeration and without aeration in a
confined space at overpressure [8, 9].

The oxidation process at atmospheric pressure was carried out in glass tumbler with a volume of
300 ml, a solution volume of 200 ml. The process was conducted while stirring, aeration and in a static
position without external actions. Solution composition and the conditions are as follows: Fe** stock
solution 2.5 g/I, sulfuric acid 1.54 g/l, sodium nitrite 50 mg/l. Content of Fe** after the addition of nitrite
was 55.85 mg/l. Air supply for aeration was 12 I/hour. Obtained results are presented in table 1.

Table 1 — Fe3* content under various oxidation conditions

Time, h
0.5 1 2 3 4 5
Aeration of Fe®*, mg/l 111 125 139 139 139 139
Stirring of Fe®*, mg/I 125 167 223 223 258 279
Statics of Fe®*, mg/I 110 13 139 160 167 181

The concentration of ferric iron in the samples was determined using the volumetric method. The
method is based on the formation of Fe (I11) with sulfosalicylic acid, a fulvous color complex at pH 2-3
and the destruction of this complex upon titration with Trilon B to form a stronger complex Fe (111) with
Trilon B, colored in yellow color. Thus, titration is carried out until fulvous color of the solution turns to
yellow [10].

Result and discussion. Received data show that the process proceeds most rapidly with solution
stirring, and upon aeration after 2 hours, the content of Fe (111) does not change, which indicates that the
oxidation process is stopped, it is obvious that nitric oxide is completely blown out of the system. Along
with that, stirring has the most favorable effect, due to the elimination of diffusion restrictions, namely, the
transfer of dissolved oxygen through the surface of the water mirror into the depth of the solution due to
convection. This was mentioned by the authors [11, 12].

Further, the tests were carried out in a pressuretight stainless steel reactor at an air pressure of 8 bar
and with different contents of sodium nitrite, solution volume was 6 liters. The composition of the initial
solution was the same. Table 2 presents the obtained results [13].
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Table 2 — Solution composition in the oxidation of iron at overpressure

Sodium nitrite 50 mg/I
t, min 2 4 10 20 30 40 50 60
Fe3* mgl/l 153 167 223 272 307 349 376 397
Sodium nitrite 150 mg/I
t, min 10 20 30 40 50 60 70 17
hours
Fe®*, mg/l 321 390 418 446 481 X 726 1075

Dissolved oxygen was 7.8 mg/l, after adding nitrite (50 mg/l) was 6.4 mg/l, which confirms that
dissolved oxygen is not disposed of immediately. After two minutes under a dissolved oxygen pressure of
11.3 mg/l. When sampling, there was instant degassing of the solution due to pressure drop. The air
bubbles are very small, the solution looks turbid, and after about a minute the solution becomes limpid.
The experiment with a sodium nitrite content of 150 mg/l was carried out under similar conditions, after
60 minutes, stirring was carried out for 10 minutes by releasing air from the top point while supplying,
which gave a constant movement of the solution. As can be seen from the table, the dynamics of oxidation
slows down before stirring, and then there is a sharp jump in the content of Fe (111).

Further, oxidation under pressure was carried out with the participation of pure oxygen, the solution
composition is the same, figure 1 shows the reactor in which the process was carried out at an oxygen
pressure of 2.5 and 5 bar and a sodium nitrite content of 50 and 150 mg/l. Figure 2 shows the results.
Detailed description of the participation of oxidizing agents in the leaching process is described by the
following authors [14, 15, 16].

Figure 1 — Oxidation reactor under the oxygen pressure:
1 - reactor; 2 — oxygen supply from the cylinder; 3 — agitator drive; 4 — manometer; 5 — control module

After the first 10 minutes, the solution discolored, the smell of nitric oxide disappeared. After the
appearance of 1 g/l Fe*, the solution acquires a characteristic rusty color. As can be seen from the figure,
at a concentration of 50 mg/l sodium nitrite, the iron content weakly depends on the generated oxygen
pressure, which may be due to the limitation of the oxidation process by the lack of catalyst. At a
concentration of 150 mg/l, the effect of pressure is more pronounced and at 5 bars complete oxidation of
iron occurs in 20 minutes.

An analysis of obtained data made it possible to compile a summary table on Fe (l11) oxidation rate
under various conditions. The results are shown in table 3.

—— g4 ——
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Figure 2 — The dependence of Fe®* content on sodium nitrite concentration and oxygen pressure
Table 3 — Rate of Fe (I11) oxidation under various conditions
Average oxidation rate, mg/I*hour
Static P=8 atm, P=8 atm, P=5 atm, P=2.5 atm, P=5 atm, P=2.5 atm, P=5 atm,
stirring 50 air, air, oxygen, 50 oxygen, 50 oxygen, 150 | oxygen, 150 oxygen,
mg/l of 50 mg/I 150 mg/I mg/l NaNOz | mg/l NaNOz | mg/l NaNOz | mg/l NaNOz without
NaNOz NaNO2 NaNO2 NaNO2
36 397 520 1500 1500 7500 5000 0

Based on the obtained data, pilot tests were conducted directly on a single block of one of the fields
[17]. Oxygen and sodium nitrite were fed directly into the main pipeline with leaching solution in
technological acidification construction unit (TAC), sampling was carried out in the node receiving and
distribution of solutions, which was located 300 meters from the TAC. The volume of the leach solution
was 55 m*h, sodium nitrite was supplied with a concentration of 100 and 150 mg/l, the oxygen flow rate
was 2 m*/h. The main provisions for conducting pilot tests are described by the author [18].

Similar works on iron oxidation in the ISL of uranium was carried out by the all-russian scientific
research institute of chemical tecnology [19]. Principle of method is the addition of ammonium
lignosulfonate, alkali or alkaline earth metals (lignin) for oxidation. Also, a similar technology was used in
[20].

First, oxygen was supplied without sodium nitrite for 30 minutes, analysis of the solution showed that
iron oxidation did not occur, and then sodium nitrite was turned on. From table 4 it can be seen that the
Fe3* content continuously increases over time and with a higher concentration of sodium nitrite, this
process is noticeably faster.

Table 4 — Indicators of leaching solution with simultaneous leading of sodium nitrite and oxygen

100 100 100 150 150 150 150
Indicators of LS NaNO2 NaNO:z NaNO2 NaNO2 NaNO2 NaNO2 NaNO:
mg/l+ 02 | mg/l+0O2 | mg/l+0Oz2 | mg/l+O2 | mg/l+0O2 | mg/l+0O2 | mg/l + O2
15.30 16.30 18.30 10.20 10.40 11.10 11.40
Before leading pH 1.48 - 1.48 - - - -
ORP, mV 373 - 372 - - - -
Fe?*, g/l 2.40 - 2.40 - - - -
Fe3*, g/l 0.11 - 0.11 - - - -
After leading pH 1.48 1.51 1.53 1.45 1.45 1.44 1.47
ORP, mV 390 419 432 400 403 403 412
Fe?, g/l 2.48 1.73 1.34 2.01 1.67 1.84 1.28
Fe3*, g/l 0.2 0.73 1.00 0.42 0.81 0.67 1.17
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Conclusion. The process under consideration proceeds rather slowly at atmospheric pressure, while
aeration contributes to the complete removal of the catalyst from the system, as a result of which the
process ceases. Stirring has a significant effect. Significant intensification of the process is observed
during testing at excessive pressure of air or oxygen. The beneficial effect of stirring is also confirmed.
Maximum efficiency was recorded when using pure oxygen as an oxidizing agent with its excess pressure
and mixing in a confined space. Moreover, the effect of pressure is negligible at low concentrations of
oxidizing agent. The oxidation reaction of Fe (I1l) when using pure oxygen as an oxidizing agent, but
without the addition of nitrite does not proceed. Research works at the testing ground with simultaneous
supply of sodium nitrite and pure oxygen to LS allowed reaching 1.0 and 1.2 g/l Fe (I11) concentrations at
nitrite concentrations of 100 and 150 mg/l, but the peak was not reached by iron content in view of the
limited duration of the experiments. Thus, the efficiency and feasibility of using sodium nitrite
simultaneously with oxygen supply under pressure to leaching solution magistral during Fe?* oxidation in
the process of uranium in-situ leaching.
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YPAHJIBI HIAMMAJIAY TUIMJILJIITTH APTTBIPY YIIIH BUBAJIEHTTI
TEMIPII KATAJIUTUKAJIBIK TOTBIF'YbI

Annoranus. Kazipri yakeirra Kazakcrangarsl METaJUTyprust KEIICHIHIH KOCITOPBIHIAPHI IIUKI3aT Carackl XKoHe
Oipkarap KeHIepi eHIMII KaiiTa eHIey MYMKIH eMecCTiri MocenenepiMer Oerre-0eT kemyae. by nmpobnema Tabury,
OUTKEHI COHFBl OHKBUIABIKTapAa KOMTETeH ipi KCH OpBIHAAp O3ICPiHIH OHAIPICTIK MYMKIHIIKTEpiH CapKbII alibl.
CoHBIMEH KaTap, COHFBI XbUIHAphl Oipme-Oip MaHBI3IBI Maiimanel Ka30a KeH OpHBI TaObUIFaH KOK. [laiimaner
KOMITOHEHTTEP/IH TOMEH KypaMblHa OallaHBICTBl aIIbUIFAaH KEH OpPBIHIAAPBl OHEPKACINTIK KBI3BIFYIIBIIBIK
TyABIPMANUIBI.

YpaHpl KepacThUIBIK YHFBIMA apKbLIbI IIaliManay omiciMeH mibirapaThiH "KasaromeHepkacin” ma epekIiesnik
emec. byriHri kyHi eHiIMAI epiTiHIIepAeri MeTaIAbIH KypaMbl YHEMI TOMEHACH/I, ypaH OHMAIPICiHIH KOHIEHTpa-
LUSACBIH apTThIPy YIIIH PEareHTTEpl TYThIHY KOJIEMIH apTThIpy KaXKeT, Oy allTapibIKTall LIBIFbIHAAPFA OKelel.
Cinrici3geHnipy epiTiHIICIHAeTi KBIIIKbT KOHLEHTPALMACHIHBIH JKOFapbUlaybIMEH OailIaHBICTBI 3JIEMEHTTEPHIH
MeJepi aprajabl, Oy opi Kapai eHueyre tepic acep ereni. KyH caiiblH ypaH KoCIOpHBIHA JKY3JIET€H TEKIIe
pearentrep KakeT. COHFBI JKbUIJAphl YPaHHBIH QJIEMJIK HApBIKTarbl Oarackl TOMEH/ETr€H/IKTeH, OHJIIPICTIH
alTapIbIKTall TIBIFBIHAAPE OHIIPIC PEeHTAOCNBIUTITIHIH TOMEHICYIHE aNbIl Keiedi. OHIMHIH epiTiHaiIepiHaeri
YPaHHBIH KOHLEHTPALMACHIH apTTHIPY VIIIH EpIiTiHIIHIH MIaiiMaiay IOTEHIMAIBIH apTTBIpy KaKeT. Ojaeduerrep
OoifpIHITa, KabaTTarbl ypaH TETPaBaICHTTI JKOHE alTHIBAJICHTTI KyHae Oomanbl. JKepacThUIBIK YHFBIMA apKbIIbI
maiiManay Ke3iHae epiTiHIire TeK anThIBAICHTTI ypaH Kipeai, TeTpaBaJeHTTI ypaH KabaTTrIKTa Kamanel. EpitiHaire
TETPaBaJCHTTI ypaH aily YIIiH OHBI aJITBIBAJICHTTI KYHTe AEHiH TOTBHIKTHIPY KEpeK, OJl YIIiH TOTBIFY areHTiH €HTi3y
apKBUIBI CUITICI3NIEHIIPY ePITIHIICIHIH TOTBHIFY-TOTHIKCHI3/IaHy TOTEHIIMANBIH apTTHIPY Ka)KeT, OHBIH MOJIIepi oTe
HIEKTeyTl. Byl TOTBIKTBIPFBIII 3aTTBIH KOpIIaraH OpTara ocepi MEH TOTHIKTBIPFBIII 3aTThIH ©3IHIIK KyHBIHA
OaiimaHbICTEl. TOTBIKTBIPFRIITAPABIH KEJIECi TYpiepl KONAAHBUIAABI. CyTeK MEePOKCHII, OTTeri, YIIBAIECHTTI TeMip,
HaTpuil HUTPUTI *koHE T.0. CyTeK MEepOKCHAlI TOTBHIFBI JKOFAphl TOTHIKTHIPFBIII KacHETKe Me koHe ''KasatomeHep-
KacCiI'" KociMOphIHAApBIH/A KeH OPHBIHBIH TEXHOJIOTHSIIBIK KOHABIPFBICHIH KBIIIKBUIIAHIBIPY/1a KOAIaHbUIa bl bipak
KBIMOATIIBUIBIK, TICPOKCUITI YHEMi KOJJaHyFa MYMKIHIIK Oepmeimi. OTTeri €H ap3aH TOTHIKTBIPFBINI OOJBITT
TaOBUTAJIBI, aNaiila OHBIH THUIMJLUIN ayaJarbl KYpPaMBIHBIH a3AbIFbIMEH (= 21%) oHE CYHBIK (ha3amarbl TOMEH
epIrimTiriMeH meKTeNe i, OHBIH KypaMbIHa TY3 KOIl MeJIIep e O0TybIHA KO OepMen .

XKepacTeiiblK yHFBIMA apKpUIbl makmanay kesinge Ily-Capeicy ypaH Mera-mpOBHHIMSCHIHBIH KEH
OPBIHAAPBIHAAFBI HET13T1 TOTHIKTHIPFBIMI - YIIBAJICHTTI TEMip HOHAAPHI OOJIBIN TaOBLIA B, Oap opAaifbiM KabaTTapaa
Oomamel. YpaHHBIH TeMip HOHAAPBHIMEH TOTBHIFY MEXaHW3Mi TaOWFaTTa KaTAIUTHKAIBIK OONBIT TaObuianel. TOTHIFY
Ke3iHae TeMip OMBAJICHTTI KYHIe TOTHIKCHI3AaHIBIPBUIAABI 1a IPOIECTIH KbULAaMIBIFBI TOMEHICH I, CIITICi3AeHAIpY
epITIHICIH KaliTa OenceHaipyai KaXeT eTell, SSFHU epITIHIIre KOChIMINA TOTBIKTBIPFBILI 3aTTapAbl €HTi3y apKbLIbl
YLIBAJICHTTI TeMip MOHAApblH pereHepauusicbl. COHbIMEH TEMIpJi pereHepauusiiay YLIIH KOCBIMIIA TOTBIKTBIP-
FBIIITHI €HTi3y MYMKIHAIrT Oap. Bysl TOTBIKTHIPFBINI KeJeci eJemMaepre CoWKec OHTaiibl 0OJybl KepeK: KYHBI -
OipiHII Ke3eKTe Kasipri Tay-KeH OHJIIpiCl KoCIMOphIHAAPIAbIH KBI3BIKTBI, KeJeci — THIMAUIK, COHFBICHI -
naijanaHblIFal  pPeareHTTiH 3HSHCHI3ABIFBI, OWTKEHI KOpllaraH opTara KeJNTIPEeTiH 3ananjbl a3adTy eHuipic
TipeKTepiHiH Oipi 0OJBIN TaOBLIAIBL. OneOueTTep OOMBIHINA CUITICI3ZCHIIPY CPITIHIUICPAIH TOTHIFY OCICCHIUTITH
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apTTRIPY YIIiH aTMocdepaiblK OTTETiH KOCHIMINA HaiganaHyra O6omansl. CinTici3geHAipy epiTiHAiciHE TOTHIKTHIP-
FBIII 3aTTIeH Oipre aya OTTETiH KaMTaMachkl3 eTefi. Ta3a OTTeri CHAKTHI aya OTTETiHIH €31 THIMIi eMecTiri Oenrimi.
Ochiran GalaHBICTBI KYMBICTBIH MakcaThl TeMip/iH (Il) HOHIApBIHBIH epiTiIreH OTTEriMeH KaTaTHTHKAJBIK
TOTBIFYBIH KaMTaMachl3 €Ty YVIIiH CHIFBUIFAH ayaHbl HEMece OTTEriH CUITICI3NeHJpy epiTiHIICiHe KOChIMIIa
KaMTaMachl3 €TYMEH CUITLII epiTiHAIre HaTPUil HUTPUTIHIH TOTBHIKTHIPFBIIIBIH SHII3y apKbUIbl YPaH/Ibl )KePaCThIIBIK
YHFBIMa apKbUIbI MaiMasiayabl KyIenTy MYMKIH/ITIH 3epTTey OOJIIBL.

Tyiiin ce3mep: ypaH, *epacTbUIBIK YHFBIMa apKbUIBI LIaiiMajiay, CUITICI3EHIIpY epiTiHAici, HATPUH HUTPHTI,
TOTBIFY.

A.3. Adnabmarikanos’, H.C. Usanos!, M.C. Maiuméaes?, U.E. Anenn0aes?’,
A.E. Hyprasuna®, A.JI. Anteinéex’®, H.M. Illokodaes!

'AO "MHCTUTYT TOIIMBA, KaTaiu3a v 3nekTpoxumur um. JI.B. Cokosbckoro”, Anmarel, Kazaxcras;
2TOO «Kas/u3aita», AnmaTel, KasaxcTas;
3TOO «Cemusbaii-Uy, Crennsk, Kasaxcran

KATAJIMTUYECKOE OKUCJIEHHUE JIBYXBAJIEHTOI'O KEJIE3A
JJIA ITIOBBIINEHUSA 9O PEKTUBHOCTHU BBIIIIEJTAUYNBAHUSA YPAHA

AnHoTanus. B HacTosmee BpeMs NpeanpusiTHs MeTaJLTypruueckoro komiuiekca B Kazaxcrane, CTOJIKHYIUCH €
npoOeMol, KadecTBa CHIPbS W C HEBO3MOXHOCTHIO NPOJYKTHBHOW mepepaboTku psaa pya. HaHHas mpobiema
3aKOHOMEpHA, MOTOMY KakK 3a IIOCIEeIHHWE MICCATHICTHS MHOTHE KPYMHBIE MECTOPOXJICHHS HCUEpPNaIH CBOU
MIPOMBIIIVICHHBIE BO3MOXHOCTH. Tak jke€ 3a MOCJIEAHHE TOABI HE OBUIO OTKPHITO HH OJHOTO 3HAYUTEIHEHOTO
MECTOPOXKICHUSI TIOJIE3HBIX HCKOMAaeMbIX. OTKpBITBIE MECTOPOXKACHHWS HE TIPEICTABISIOT POMBIIIIEHHOTO
MHTEpPECa, B CBSA3U C HE3HAUUTEIBHBIMU COJIEPKAHISIMU TTOJIE3HBIX KOMIIOHEHTOB.

Ipennpusatus «KazaTrommnpomay», I0OBIBAIONINE ypaH METOJOM MOJ3EMHOIO CKBR)XKWHHOTO BBIIIEIAYUBAHUS
(IICB) ©e cranm ucKiIoUYeHHMEeM. Ha ceromHAIIHWN [IeHb COAep)KaHWe MeTaula B TMPOLYKTUBHBIX PacTBOpax
HEYKJIOHHO CHH)KAETCS, /I YBEJIMYCHUs] KOHIEHTPALUH YPAHOBBIM IPOHM3BOJACTBAM HEOOXOIUMO YBEIHYUBATH
KOJIMYECTBO TOTPEOJICHHS PEeareHToB, YTO MPUBOJMUT K 3HAYUTENbHBIM 3aTpaTaM. C MOBBIILICHUEM KOHIEHTpPAIMU
KHCJIOTHl B BBIIIETAUMBAIOIIEM PAcCTBOPE YBEIMYMBACTCS COJEPXKAHHWE IOMYTHBIX 3JEMEHTOB, YTO HETAaTHBHO
CKaXXeTCs Ha JalbHEWIIei mepepaboTke (B OCOOCHHOCTH OOJBIIOC BIUSHHE OKA3bIBACT OKCHJl KPCMHHS).
EsxecyTouHO ypaHOBOMY MpPEANpPHATHIO HEOOXOAWMBI COTHH KyOOB peareHTOB. Tak Kak B IIOCIECIHHE TOJbI
CTOMMOCTh ypaHa Ha MUPOBOM pBIHKE CHU3MIACH, 3HAYUTENbHBIE 3aTPaThl MPOU3BOACTBA MPHUBOAAT K CHIDKEHHUIO
peHTabenpHOCTH N1OOBIYM. JIIs1 MOBBIIIEHWsST KOHLEHTPAIMM YpaHa B TNPOAYKTHBHBIX DPacTBOpax, HEOOXOIMMO
YBEJIMYUTH BBINIETAUUBAOIIUI TOTeHIMAN pacTBopa. COrfacHO ITUTEpaTypHBIM JaHHBIM, ypaH B IIACTE 3aJIETaHUS
HaXOAUTCS B YETBIPEXBAICHTHOM M IIecTUBaNeHTHOM cocTosHuu. [Ipu IICB B pacTBOp mHEpexomuT TOJBKO
IIECTUBAJICHTHBIN ypaH (C COMyTCTBYIOIIMMH 3JIEMEHTaMH), YSeTHIPEXBAJICHTHBIN ypaH OCTAeTCsl B IUIACTE 3aJICTaHMS.
Jis u3BnedYeHus] YETBIPEXBAJEHTHOTO ypaHa B pacTBOpP, HEOOXOAMMO OKHCIHWTh €ro 10 IIECTHBAJIEHTHOTO
COCTOSIHHS, AJISI 9ero HeoOXOIMMO MOBBICHUTH OKHCIHMTEIFHO-BOCCTAHOBHTEIIBHBIM IMOTEHIMAI BBIIIEIaYHBAIOIIETO
pacTBOpa C MOMOIIBIO BBEICHHUSI OKUCIUTENS, KOJTUIECTBO KOTOPBIX BECbMa OTPaHMUYEHO. DTO CBSI3aHO C BIMSAHHEM
OKHCJIUTENS] HA OKPYXKAIOUIYI0 CPEAY U CTOMMOCTBIO OKUCIHUTENA. VICIONB3yIOTCS CIEAYIOIUE BUIBI OKUCIUTENEH:
MEPOKCU BOJOPOJIA, KUCIOPOJ, TPEXBAJIEHTHOE JKeJe30, HUTPUT Hatpusi u np. Ilepokcuj Bomopoma obnamaer
BBICOKMMH OKHUCIIUTEIBHBIM CBOMCTBAMH M €ro HCIOJB3YIOT IPH 3aKHCICHHHM TEXHOJIOTHYECKOro OJoKa
MECTOpOXXJeHHs Ha mpeanpusatuax «Kasarommpomay. Ho noporoBrusHa He HO3BOJISIET MCIOJIB30BaTh MEPOKCH] Ha
MOCTOSTHHOW ocHOBe. Kuciiopox Bo3jiyxa sIBISIETCSI CaMbIM JEHIEBBIM OKHCIIUTENEM, OIHAaKO ero 3¢QeKTHBHOCTh
OTpaHMYCHA MaJbIM COjAepkaHHeM B Bo3ayxe (= 21% 00.) m Manoil pacTBOPUMOCTBIO B JKUAKOH (aze, demy
MPENATCTBYET 3HAUUTENBHOE COJIECOAEPIKaHIE B TOM UHUCIIE.

[Tpu IICB ypana Ha Mectopoxaenusix Lly-Capsicyiickoil ypaHOBOIT Mera-mpOBHHIMA OCHOBHBIM (IIPHUPOTHBIM)
OKHCJIUTENIEM SIBJISIIOTCSl MOHBI TPEXBAJCHTHOI'O >Kelie3a, KOTOphIE BCEr/a NPUCYTCTBYET B Iuiacte. MexaHW3M
OKHCIICHHs ypaHa MOHAMH JKeJle3a HOCUT KaTaIMTHYECKUl XxapakTep. B xone okucineHus xene3o BOCCTaHaBIUBAETCS
JI0 JBYXBAJICHTHOTO COCTOSHHS M CKOPOCTh IpOIECca MaaaeT, YTo TpeOyeT MOBTOPHON aKTHBAIlMM PACTBOpA
BBIIIECTAYNBAHKS, T.€. PET€HEPAlMy HOHOB TPEXBAJICHTHOTO JKEJIE3a 33 CUET BBEJACHUS B PACTBOP JOMOJHHUTEIBHBIX
okuciuTened. Tak U pereHepaly )kene3a BO3MOKEH BBOJ JOMOJHUTEIBHOTO OKHCIUTENS. JJaHHBIH OKHUCITHTENb
JOJDKEH OBITh ONTHMAJIBHBIM I10 CIEAYIOIIMM KPUTEPHAM: CTOMMOCTB JUIS COBPEMEHHBIX IOOBIYHBIX NPeIIpHATHI
HAaxOAUTCS HA IIEPBOM MecTe, Jaiee sBisgercd 3(p(eKTHBHOCTh M HOCIeqHee 3TO 0e3BPEeJHOCTb HCIIOIb3yEeMOIo
peareHTa, T.K. MUHIMU3aIlMs BPea 3KOJIOTHHU SBJISETCS OJJHUM M3 CTOJIIOB Ipon3BoJcTBa. COTIacHO JINTEPaTypPHBIM
JIAaHHBIM, JJIS TIOBBIIIEHUS OKUCIUTENBHON AaKTHBHOCTH pAcTBOPOB BBIIENAYMBAHUSA MOXHO HCIOJIb30BaTh
JIOTIOJIHUTENIFHO KHCIOPOJ BO3MyXa. B BbIlIenaunBaromuil pacTBOP BMECTE C OKHCIHMTENEM I0JaTh KHUCIOPOJ
BO3/1yxa. I3BeCTHO, YTO KHCIIOPO/] BO3ayXa caMm 1o cebe He 3(h(eKTHBEH, TaKkKe, Kak U YHCThII Kuciopo. B cBsi3u ¢
3THM LeNbI0  padOTHl CTAJO0 HCCIEJOBAaHHE BO3MOXKHOCTH HMHTCHCHU(HKAIMHM II0J3EMHOTO0 CKBa)KHHHOTO
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BBIIIICJIAYMBAHMS ypaHa 3a CYET BBEACHUSA B BBILIECIAYMBAIOLIMN DPACTBOP OKHUCIUTENS HUTPUTA HATPUS IPHU
JIOTIOJTHUTENFHOM I0Jladye CXKAaTOr0 BO3AyXa MM KHCIOPOAA B BBIMIENAYMBAIOIINI PAacTBOpP UIA OOECTICYECHUS
KaTaJTUTHUECKOTO OKUCIIeHUsI HOHOB xkene3a (I1) pacTBOpeHHBIM KHCIOPOAOM.

KiioueBble cioBa: ypaH, MOJ3€MHOE CKBaXMHHOE BBINIEIAUMBaHUE, BBIIIEIAYUBAIONIUN PAaCTBOP, HUTPUT
HaTpUsl, OKUCIICHHE.
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METHOD FOR MANUFACTURING THIN FILMS OF CUBI204
FOR PHOTOELECTROCHEMICAL APPLICATIONS

Abstract. A method has been developed for producing thin semiconductor films of a complex copper-bismuth
system (CuBi,O4) with reduced roughness and increased photoactivity.

The application process is carried out under standard laboratory conditions from aqueous solutions of salts,
takes advantage of centrifugation to evenly distribute the coating over the surface, is characterized by low material
consumption, and allows the thin nanocrystalline layers formation with a given thickness. Polyethylene glycol (PEG)
is used to improve the spraying of solution droplets over the entire surface of the CuBi,O4 film, which allows the
dense uniform films deposition.

Scanning electron and atomic force microscopy data demonstrate the ordering of the growth of CuBi,O4
particles (size ~200 nm) and a 1.5-fold decrease in the roughness of the relief when polyethylene glycol is added to
the solution. Micrographs show the growth of uniformly sized rounded crystallites.

In a comparative analysis of the XRD diagram of the samples, an increase in the number and intensity of peaks
corresponding to the crystalline phase of Kusachiite (CuBi,O4) with the introduction of PEG into the initial solution
is observed.

Based on the photoelectrochemical measurements results, it was found that the addition of polyethylene glycol
to the electrolyte helps to increase the photoactivity of the samples by 2 times.

The obtained thin polycrystalline CuBi,O. films are promising for use in photoelectrochemical converters.

Keywords: Solar energy material, spin coating, CuBi,O4, polyethylene glycol.

Introduction. A fundamental condition for a hydrogen economy is the ability to renew, purify, and
efficiently produce hydrogen.

Currently, non-renewable methods for producing hydrogen, such as steam methane conversion, are
cheaper than photoelectrolysis. However, the methane process leads to CO, emissions and is ultimately
limited to natural gas reserves. On the contrary, photoelectrolysis of water does not lead to environmental
pollution, sunlight and water can be considered inexhaustible resources, and with an increase in the
efficiency of use of solar energy, it can be expected that internal costs will continue to decrease [1].

A significant advantage of the hydrogen obtained by photoelectrolysis is the relative ease of storage.
If necessary, hydrogen can be stored and then converted into electricity in a fuel cell, which makes it
particularly advantageous as a fuel for transport or in remote locations without electricity. In addition, it
can simply be burned as fuel for heating or cooking, making it a promising alternative to natural gas.

However, despite significant research efforts over the past decades, fundamental problems still
impede the commercial use of photovoltaics. Such problems include the low efficiency of sunlight, the
corrosive instability of most semiconductors in aqueous solutions, the complex and expensive designs of
PEC elements, etc. Obviously, to achieve progress, innovation is needed in both device design and
material development.

One of the materials that can provide a high photocurrent density and a large overvoltage of the
process of water photolysis is CuBi,O4, which was first proposed as a possible photocathode material in
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2007 [2]. However, relatively little is known about this compound, especially in comparison with such
more studied metal oxides as TiO,;, Fe;Oz BiVO4, Cu.,O [3] and complex copper chalcogenides
((Cu2ZnSnS(Se)s) [4].

CuBiy0O4 is a p-semiconductor and has many promising physico-chemical properties including
magnetic susceptibility, dielectric constant, high-temperature heat capacity, electrochemical capacitance,
photoelectrochemical ability and catalytic properties [5-7]. CuBi»O4 has a small energy of the band gap of
1.5-1.9 eV, and, therefore, can largely absorb the visible parts of the solar spectrum [8-11]. The potential
of the conduction band of CuBi,O, is more negative than the redox potential of H*/H,. Due to this,
CuBi,04 is widely studied for use as a photocathode for solar energy and decomposition of water with
evolution of hydrogen [12-17]. CuBi»O4 can be used as a promising photocatalyst for the decomposition
of organic pollutants and dyes [17].

In recent years, many methods of obtaining CuBi.Os have been used. Crystalline CuBixO4
nanoparticles were synthesized using various methods, including solid-phase reactions [8,9,18],
mechanochemical treatment [19-20], hydrothermal crystallization [21-23], thermal decomposition and
complexation [24,25], microwave synthesis [6], ultrasonic method [16], electrochemical synthesis [13,26],
magnetron sputtering [28], floating zone method [29], and sol-gel method [30]. Most of these methods are
not widely used due to complexity, the use of high temperatures and low reproducibility.

In this work the spin coating method was used, which is carried out under standard laboratory
conditions from aqueous salt solutions, uses the advantages of centrifugation to uniformly distribute the
coating on the surface, is characterized by low material consumption, allows the formation of thin
nanocrystalline layers with a given thickness. It is known that the addition of polymers is often used to the
uniform distribution of solution droplets over the entire surface of the deposited films when using the spin-
coating method. In this work polyethylene glycol (PEG) is used for this purpose. The investigations of
photoelectrochemical properties of CuBi,O4 thin films are important for the creation of effective
photocathodes.

Experimental procedure. A solution for depositing CuBi,O4 films was prepared by mixing copper
nitrate trihydrate and bismuth nitrate pentahydrate (at 0.05M and 0.1M, respectively) with acidification
with concentrated (65%) nitric acid. Subsequently, the resulting mixture was evaporated without boiling to
an amount of 1/5 of the original volume and cooled to room temperature. The preparation of solutions
containing polyethylene glycol - 2000 (PEG) additives was performed after cooling the initial solution,
adding PEG in the amount of 0.25 grams to each 5 ml of the solution. After that, the solution was
subjected to treatment in an ultrasonic bath. The resulting mixture was used for at least an hour, but not
later than a day after preparation.

Films of the complex system copper-bismuth were obtained by the spin coating method. The films
were applied to pre-cleaned optically transparent electrodes, which are a fluorinated tin oxide glass (FTO),
measuring 10*25 mm. During rotation of the FTO, the electrodes were fixed in the horizontal plane by a
special holder, which avoided the displacement of the substrate and eliminated the influence of the
position on the uniformity of film deposition. Rotation lasted 90 seconds at a frequency of 500 rpm.

After application, the films were annealed in a muffle furnace for 2 hours at a temperature of 600°C.

In the future, physico-chemical characterization of all samples was carried out.

With the help of an electronic scanning microscope from JEOL (Japan) with the capabilities of the
micro analysis "JSM 6610 LV", surface micrographs were obtained. Analysis of the elemental
composition excluded the presence of impurities.

The structure and morphology of the surface were studied by atomic force microscopy (JSPM-5200
(JEOL)). During the measurements, images of topography and contrast images for the phase regions were
recorded. During scanning, a region measuring 500x500 nm was examined.

The crystal structure was confirmed by X-ray diffraction on the X-ray diffractometer DRON-4-07.

Photoelectrochemical studies were performed in real time in a solution of 0.2 M Na;SO4 + 0.1 M
phosphate buffer + 10 mM H.O. under modulated illumination with a wavelength of 465 nm in a GillAC
(ACM Instruments) apparatus using a quartz cuvette and a silver chloride reference electrode.

Results and Discussion. Figure 1 compares the results of electron microscopy for CuBi,O4 films

deposited on FTO/glass from solutions without organic constituents (Fig. 1a, ¢) and from solutions

containing PEG (Fig. 1b, d). Microphotographs of the samples surface show that the addition of

polyethylene glycol to the solution contributes to the ordered growth of identical in size and shape grains
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(190-210 nm), while precipitation from the primary solution observed the development of chaotic
formations ranging in size from 85 nm to 820 nm and the presence of significant relief changes.

.
« & oy

SEI 20KV WD10mm  SS20 X50,000  0.5pm  Se— SEl  20kV wD9mm $820 x50,000 0.5pm

(a) (b)
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Figure 1 - SEM micrographs of the surface of deposited CuBi2O4 films a, ¢) without using PEG; b, d) in the presence of PEG

The results of elemental analysis show that the elemental composition of the films corresponds to the
composition of the CuBi,O4 precipitate with an accuracy of £ 2 at %. The introduction of polyethylene
glycol into the solution does not affect the composition change and does not contribute to the appearance
of impurities in the composition of the precipitate.

Figure 2 shows the results of films investigation on an atomic force microscope. On scans in 3D
format, growth figures up to 146 nm (figure 2a) are formed from the initial solution, whereas for films
deposited from solutions with polyethylene glycol content only growth up to 94 nm is observed (figure 2b).
Experiments showed that when using a solution with PEG, the roughness of the surface decreases by a
factor of 1.5, and the crystallites have a rounded shape characteristic of the CuBi»O compound.

409,86 x 499.8 x 145.6 nm 4508 x 459.8 x 94.0 nm

(a) )

Figure 2 - Micrograph of surface obtained on AFM
for deposited CuBi204 films a) without using PEG; b) in the presence of PEG
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Figure 3 shows the X-ray diffraction patterns of CuBi,O. films deposited on glass / FTO from the
initial solution (figure 3a) and solutions containing PEG (figure 3b). Crystallographic analysis of X-ray
data and EDAX measurements confirm the presence of the Kusachiite phase (CuBi»Os). The peaks of
SnO; from the substrate on the diffraction diagrams are due to the small thickness of deposited CuBi,O.
films (less than 500 nm).

From the results of XRD it is obvious that the introduction of polyethylene glycol into the solution
positively affects the film structure. There is an increase in the diffraction peaks and their intensities.

1500

1000+

Relative intensity, a.u.

@

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
20, deg

Figure 3 - XRD diagram of deposited CuBi2Oa4films a) without using PEG;
b) in the presence of PEG: # FTO; * CuBi204

The photosensitivity of the deposited CuBi»Os films was studied by photoelectrochemistry with
modulated illumination with a wavelength of 465 nm (a solution of 0.2 M Na;SO4 + 0.1 M phosphate
buffer + 10 mM H;0,). Figure 4 shows the photocurrent curves for samples of CuBi»QO;4 thin films.

E (mV)

Figure 4 - Photopolarization curve under modulated illumination with a wavelength of 465 nm
in the "light off /light on" mode for the CuBi204 electrode without using PEG (a) and in the presence of PEG (b)
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Photoelectrochemical study of deposited films showed that the photocurrents are negative, and the
resulting semiconductor is characterized by a p-type conductivity. A comparison of the photocurrent
values indicates that the photoelectrochemical activity of films deposited from solutions containing
polyethylene glycol was found to be 2 times higher when switching from the light off mode to the light on
mode (figure 4b) than the precipitated ones without the addition of PEG (figure 4a).

The developed method of deposition of a complex copper-bismuth CuBi.O4 system allows obtaining
photocathodes with high photosensitivity.

Conclusion. A new composition of a solution for the thin films deposition of the copper-bismuth
(CuBi204) complex system on FTO/glass by the spin coating method has been developed.

The physicochemical characterization of samples precipitated from solutions containing and without
polyethylene glycol was carried out. The positive effect of the use of PEG is shown.

Surface micrographs showing the ordering of the growth of CuBi,O4 particles (size =200 nm) with the
addition of polyethylene glycol to the solution were obtained by SEM.

The results of AFM indicate a 1.5 times decrease in the roughness of the relief and the formation of
equidimensional rounded crystallites.

For all films, the XRD method confirmed the presence of the crystalline Kusachiite phase
corresponding to the CuBi>O, compound. Comparative analysis of the XRD diagram of samples obtained
from solutions containing PEG and "pure"” (without PEG) shows an increase in the number of peaks and
their intensity in the first case.

Based on photoelectric measurements, it is established that CuBi,O4 films precipitated from solutions
containing polyethylene glycol show a photoactivity of 2 times higher.

Thus, the developed method of deposition of a complex copper-bismuth CuBi>O4 system makes it
possible to obtain polycrystalline films with high photosensitivity, p-type conductivity, which are
promising for use in photoelectrochemical converters as photocathodes.

J.C. Ilyzukosa, M.B./Ieprauesa, I'.'M. XycypoBa

AK "J1.B. CoxkonbCcKuii aTBIHIAFHI JKaHAPMAid,
KaTaJn3 KOHE IEKTPOXUMUS HHCTHTYTHI", AnMathl, Kazakcran

DOOTO3JIEKTPOXUMUSAJIBIK KOJIJAHYFA
APHAJIFAH KY¥KA CuBi:O4 INIEKAJIAPBIH AJTY S9ICI

AnHorouusi. CuBizO4 - cy ¢otonus mporecin yikeH (OTOTOK THIFBI3ABIFBI MEH YJIKECH acKbIH KEpHEYMEH
KaMTaMachl3 €T¢ ajJaThlH MaTepuayl Oobin TaObutaabl. OJ THIABIM CalbIHFAH aiiMarbIHBIH HEprusicel 1,6-1,8 3B
OoyaThIH P-TUNTI METAJUI-OKCHITI apajac jKapThUIald OTKI3riml OojbIn TaObLIaJbl JKOHE CTaHAAPTTHl CYTEKTi
JIEKTPO/IKA KATBICTHI MOTEHIM AN IaMaMeH 1 B ke3inge poToToK Oacranaibl.

Kasipri ke3ne KaObIKIIamapabl >kacayblH TYpJli omicTepi Oenrimi »oHe onapiblH SpKaWchIchiHAa Oenrimi Oip
apTHIKIIBUIBIKTAp MEH KeMInimikrep ToH. OChl omicTep/iH KONMIUIrT KypAEeNiTiriHe, >KOFapbl TeMIlepaTypaHbl
nalananyblHa )KOHE Halllap )KaHFBIPTHUTYbIHA OalIaHBICTHI KEHIHEH KONJaHyFa OonIMaisl.

Byn sxympIcTa TY3HapIblH Cy pITIHIUIEPIHEH CTaHTAPTTH 3epTXaHANBIK JKaFaaiiapa sKypri3iieTid spinning
coating oici KOJTaHBIIAIbI, YCTIHTI OeTi OOMBIHIIA KaOBHABI OipKeNKi Oelry YIIiH HeHTpU(YTalay apTHIKIIBUIHIK-
TapblH NaiianaHanbl, a3 MaTepual ChIHBIMABUIBIFBIMEH CHITATTaNa/bl, KaJIbIHABIFBI OENTill KYKa HAaHOKPHUCTAJIBI
KabaTTappl KAIBINTACThIpyFa MyMKiHAIK 0epesi. CuBizOs kKaObIKIIanapbiHbIH 0apIiblK OETiHE epiTiHIl TaMIIbUIAPbIH
TO3aHAAHYBIH JXKaKcapTy YIIiH nommdTwieHraukodb ([I1310) kommamputamel, Oyi THFBI3 Oip TEKTi KaOBIKIIaIapIbl
TYHIBIpYFa MyMKiHJiK Oepeni. Anbiaran CuBizO, xyka kaObiKmanapsl (oTo31eKTpOXUMHUSUIIBIK KaCHETTEPIH ipreii
3epTTey YIIiH JKaKCHI.

KalbIKmanap/p! jkary YIIH alJblH aja Ta3apThUIFaH 3JIEKTPOJATap pPeTiHIe (TOPHpIICHIeH Kajalbl OKCHI
(FTO) xabateiMeH xaObUIFaH ONTHKAJIBIK MOJIIIP IIBIHBI IUIACTHHANAP KoyAaHeUIAsl. 1llery kesiHae aneKTPOATHIH
KOJIZICHEH JKa3bIKTHIKTA OpHAJlaCyblH apHalbl YCTaFbllll KaMTaMachl3 €TTi, OHBIH KOHCTPYKIMACH aiHalFaHza
TOCCHIIITIH BIFBICYBIH OOJIBIPMAyFa KoHE KaOBIKIIAHBIH OipKeiKi KaFbUIybIHA TEpic acep OoNapIpMayFa MYMKIHIIK
Oepai. Aitrany 90 cekyHn imiHAe, MUHYThIHA 500 affHATBIM SKHLIITT Ke31HAE KY3eTre acChIPBUIIBL.

CuBi;0.4 kaObIKIIaNapbiH KaFyFa apHAIFaH epiTiHAIHI JaibiHAay OipHelle Ke3eH/e OTTi, OJ MBIC IIEH BUCMYT
a30T TY3[apblH apajacThIpy >KOHE KOHIEHTPALMSAIAHFAH a30T KbIIKbUIBIMEH (65%) KbIIKBUIIAHIBIPY, €PITIHAIHI
OynaHIBIpy JKOHE TEMIIEpaTypachlH OeiMe TeMIlepaTypachlHa AeiiH TeMeHAeTy. KypaMblHaa MOIMITUICHTINKOIIb
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(IT9T") Gap epirinainepaeH KaObIKIIATAPbIH TYHABIPY JXOHIHIET] AKCIEPUMEHTTEp YIIIH epiTiHiire opdip 5 mi
epitingire 0,25rp II9T-2000 xockuimel. TuiMai apamacTelpy YINIH YIBTPAaABIOBICTBIK BaHHA KOJNJAHBUIIHL
OKCHEepUMEHT HOTHIKEINepi AaibIHalIFaH epiTiHAiHI THIMII Maiianany Mep3iMi JaiblHIaFaHHaH KeliH Oip ToyNiKTeH
apThIK 00JIMaybIH KOPCETTI.

Conrbl Ke3ekTe My(enpai nemTe KaObIKmanapael 2 carat 0oitbl 600°C Temmneparypana KyWaipy ysere
ACBIPBIJIJIBL.

OU3MKaNBIK-XUMISUIBIK 3epTTeyJIepaiH HoTmxkenaepi aptypii [I3I' kypaMbl O6ap 3JIEKTPOIMTTEPIICH JKacaiFaH
yJIrisiepzie aTapIibIKTai aifblpMalbUIBIKTapAbl aHBIKTa bl

CkaHeputi SJIEKTPOH/IBIK KOHE aTOMIBIK-KYII MHUKpOCKOMUSHBIH aepekrepi CuBiOs4 OemmexTepiniH ecyiHiH
petke kenrtipyin (kememi ~200 HM) >KOHE epITiHAIre MOJIMATHICHTINKONh KOCBUIFAaH Ke3le penbedTiH Kemip-
OYIBIpIBIFBIHBIH 1,5 ece ToMeHAeyiH kepceTeni. MukpodoTorpadusma OipKenki enmeM i ToOHTeNIeK KPHUCTATIapIbIH
ecyi Oalikamazpl.

bacrankel epitinaire 13" enrisrenne ynrinepain XRD diagram canbicThipmansl Tajmaybinaa kusachiite
(CuBi;04) kpucTanasik (azacsiHa COMKeC KeJIETiH MIBIHIAP CaHbl MEH KAPKBIHIBUIBIFEI KOOEHETiHI GaiKaabl.

DOTOANEKTPOXUMHSIIBIK ~ OJILICYJIEPAIH HOTIDKENEpl HEri3iHAE OAIIEKTPOJIUTKE IOJMATHICHIJIMKONIBAI KOCY
yJiriiepaiiy poToaKTUBTIIINIH 2 ecere apTThIpyFa bIKIAN €TeTiHI aHBIKTAJIbI.

Ocepunaiinia, (OTOAIEKTPOXUMUSIIBIK TYPICHIIPTilITepe KOJIAaHy YIIiH nepcneKTuBaiibl Mpic-BUcMyT CuBiO4
KYPAET OKCHATI XYHeHI TYHIBIpY 9iicTeMeci skoFapbl (POTOCE3IMTANIBIFEl P-THIITI MOJUKPUCTANIBI TTICHKAIAP b
alyra MYMKIiHAIK Oepei.

Tipek ce3mep: KyH SHEPTHACH MaTepHalaapsl, spin coating, CuBi2O4, TOMHATHICHT THKOb.

I.C. Ily3ukoBa, M.B. /IlepraueBa, I'.M. XycypoBa

AQO "VHCTHTYT TOIUIMBA, KaTalu3a 1 dJICKTPOXUMHH
uM. /[.B. Cokonbckoro", Anmarel, Kazaxcran

CIIOCOB U3IrOTOBJIEHUS TOHKHUX IIJIEHOK CuBi204
JIJISI ®OTORJEKTPOXUMHUYECKUX TPUMEHEHUI

AnHortamus. CuBi;O4 siBrsieTcss MaTepuanoM, KOTOPbI MOXKET 00ecreynTh OOJBIIYIO INIOTHOCTh (POTOTOKA U
OorpIoe mepeHanpshkeHrne mporecca ¢oronu3a Boabl. OH mpeAcTaBiseT co0O CMEIIaHHBIA METaul-OKCHIHBIN
MOJYTIPOBOTHUK [P-THIA C SHEprueil 3ampenieHHou 30H 1,6-1,8 3B n morenmmanom Havama ¢oTtoToka okomo 1 B
OTHOCHUTENIBHO CTaHIAPTHOTO BOJIOPOAHOTO 3JIEKTPO/IA.

Ha ceromusmiauii eHb M3BECTHBI Pa3JIMYHBIC METOJbl HAHECEHHS IUICHOK M, KaKAOMY M3 HHUX IPUCYIIN
OTIpEJENICHHBIC IPEUMYIIIECTBA M HEJOCTATKH. BONBIIMHCTBO M3 3TUX METOAOB HE HAXOAUT IIMPOKOTO MPUMEHEHUS
U3-3a CJI0KHOCTH, UCTIOJIb30BAHHS BEICOKHX TEMIIEPATyp ¥ HU3KOH BOCTIPOM3BOAMMOCTH.

B nmanHO#t pabore wucmone3yeTcs Merod Spinning coating, KOTOphId MPOBOMUTCS TIPH CTAHAAPTHBIX
Na00paTOPHBIX YCJIOBHSX M3 BOJHBIX PAcTBOPOB COJIEH, MCHOJNB3YeT MPEUMYIIECTBA ILEHTPUPYTUPOBAHUS LIS
PaBHOMEPHOTO paclpesieNeHus] IOKPBITUS 10 MOBEPXHOCTH, XapaKTEepU3yeTcsd HU3KOH MaTepuaIoeMKOCTHIO,
MO3BOJIsIeT (POPMHUPOBATH TOHKUE HAHOKPUCTAILUTMUCCKUE CIOU ¢ 3aiaHHOW TonmmuHoi. [Tommatmwienriukons (I1017)
UCIIONIB3YETCS ISl YJIYYIICHUS] paclblICHHUsl Kameilb pacTBopa Ho Bced mnoBepxHocTH muieHkH CuBixOs, uTO
MIO3BOJISIET OCAX/IATh IUIOTHBIE OJHOPOIHBIE MIICHKH. [loyuennble ToHKHE uieHKH CuBi>O4 xopomro noaxomsr s
(hyHIaMEHTAIBHBIX HCCIICAOBAHUM (POTONIEKTPOXUMHUUECKHX CBOHCTB.

JUisi HaHeCEeHWs! MJICHOK WCIOJIB30BAIIM 3JIEKTPOJIBI, MPEICTABIAIONNE COO0H MPEABAPUTENHLHO OYHIICHHbIC
OINITHYECKH TPO3pPayHble CTEKJISHHBIC IUIACTHHBI, MOKPBITHIC cloeM (ropupoBanHoro okcuaa ososa (FTO).
[TonoxxeHne 37eKTpoJa B TOPU3OHTAIBHONW IJIOCKOCTH NMPU OCAXKICHUU OOECIICUMBAI CIICHHAIBHBINA Jep>KaTeb,
KOHCTPYKIHUSI KOTOPOTO TIIO3BOJIMIA M30€XKaTh CMEIICHMS MOAJOXKKH MPU BPAIIEHUHM M HCKIIOYUTH BIIUSHHE
MOJIOKEHU Ha PaBHOMEPHOCTh HAaHECEHMs IUICHKH. BpamieHue ocymecTBisiock mpu dactore 500 o60poToB B
MUHYTY B TeueHue 90 cekyHn.

[puroToBnenue pactBopa A HaHeceHus TwieHOK CUBizO4 MPOUCXOAMIIO B HECKOIBKO 3TAMOB, BKIIOYAOIINX
CMELIMBaHNE a30THBIX COJEH MEAM M BHCMYTa C IOJKHCICHHEM KOHICHTPUPOBAaHHOH (65%) a30THOIM KHCIIOTOH,
BBIMAPUBAHUE U CHIKEHUE TEMIIEPATypbl pacTBOpa 10 KOMHATHOM. J[J1s1 3KCIIEpUMEHTOB IO OCAXKJECHUIO IICHOK U3
pacTBOpoB ¢ coaepkanreM nonuaTmwieHrmkoins (I19I0), B pacteop podasisim 0,25 rp [13I-2000 Ha kaxasie 5 mi
pactBopa. Jlnst 3¢hexkTHBHOrO mNepeMEelMBaHMs HCIIOIb30BANN yIbTPA3BYKOBYIO BaHHY. Pe3ynbTaThl 3KcIiepH-
MEHTOB IIOKa3ajH, YTO ONTHUMAJbHBIH CPOK HCIOJIB30BaHWS IPUTOTOBICHHOTO PacTBOpa HE Ooiee CyTOK Iocie
MIPUTOTOBIICHHSI.

B mocnenHoro odepenp OCYHIECTBISUICS OTXKWI IJIGHOK B My(QEIbHOW IeYd B TEYEHHE 2 4YacoB IIpHU
temnepatype 600 °C.
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Pe3ynbTaThl (DM3MKO-XMMHUYECKUX HCCIICNOBAHUI BBISBWIIM 3HAYNTENbHBIE OTIMYUS B 0Opa3lax, W3rOTOBJICH-
HBIX M3 JIEKTPOJIHUTOB C PA3IUIHBIM cofepxkanuem [191 .

JlaHHBIE CKAaHUPYIOLIEH 3JIEKTPOHHOM M aTOMHO-CHWJIOBOM MHKDPOCKOIMM JEMOHCTPUPYIOT YIIOPSIOYUBAHUE
pocra gactun CuBiO4 (pasmep =200 uM) u cHmkeHHe B 1,5 pasa mepoxoBaroctell penbeda mpu T0OABICHHH B
pacTBOp NMoJIMATHWIEHTIMKOIIs. Ha MukpodoTorpadusx BUIEH poCcT paBHOPa3MEPHBIX OKPYTIIBIX KPHCTAJUIUTOB.

Ipu cpaBuutTensHoM ananmm3ze XRD diagram o6pasuoB, HaGmomaeTcs yBEIUYCHHE KOJIMYECTBA U
MHTCHCHBHOCTH MHKOB, COOTBETCTBYMOIINX Kpuctamunueckon ¢asze Kusachiite (CuBiO4) npu Beemenuu I10I B
MCXOJHBIA pacTBOP.

Ha ocHoBanumm pe3ynbTaToB (HOTORNEKTPOXHMMHYECCKUX HM3MEPEHUH YCTaHOBJICHO, 4YTO jgo0aBjieHHE B
ANEKTPOIIHUT MOJIUITUIICHIIIMKOIIS CIIOCOOCTBYET YBEIMYCHHIO (POTOAKTHBHOCTH 00pa3LoB B 2 pasa.

Takum 06pa3zom, pa3paboTaHHAas METOIHMKA OCAKACHHUS CIOKHOOKCHAHOM cucteMbl Memb-BucMyT CuBiOs
HO3BOJIACT IONTyYaTh MOJIMKPUCTAIUINYECKUE TUICHKH P-TUIIA IPOBOAUMOCTH C BBICOKOI (POTOUYBCTBHTEIBHOCTEIO,
HEPCIEKTUBHBIC ISl NCIIOIb30BaHMS B (DOTOIEKTPOXUMHYECKHX PeoOpa3oBaTesx.

KinroueBbie cJI0Ba: MaTepHaltsl Ul COJTHEUHOM sHepruu, Spin coating, CuBi,O4, MOMMA THIICHT THKOITE.
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KAOLINITE MODIFIED BY ALUMINUM IN THE CRACKING
OF VACUUM GASOIL AND IT’S MIXTURE WITH FUEL OIL

Abstaract. The data of the cracking of vacuum gas oil (VG) and a mixture of VG with fuel oil (M-100) on
HLaY zeolite catalyst based on acid-activated kaolinite of the Pavlodar deposit modified by aluminum are presented.
The synthesis of the kaolinite matrix and the HLaY zeolite catalyst with its use, the physicochemical and acid
characteristics of the catalyst and its constituent components, and the fractional and hydrocarbon compositions of
vacuum gas oil are described. High mesoporosity of the H-form of the used kaolinite (86.2%), modified by
aluminum of the H-form (84.1) and the HLaY catalyst (80.1%), which provide the activity of the sample in cracking
of the mixture with a yield of 32.6% gasoline and 25.9% light gas oil (LG) at 450°C and in cracking of VG a yield of
38.2% gasoline and 29.4% LG at 500°C. The gasolines of cracking of LG contain an increased content of iso
paraffins (up to 20.2%) and a low content of aromatic hydrocarbons (24.1%), which makes the catalyst attractive for
cracking a mixture of VG with fuel oil.

Key words: catalytic cracking, kaolinite, vacuum gas oil, fuel oil, zeolite, modification.

Introduction

Recently it is known that the main direction in the development of the oil refining industry is an
increase in the production of motor fuels due to the involvement of heavy oil residues in the technology |1-
3|. Fuel oil, which consists of about 50% of oil, is the main reserve for in-depth processing of oil raw
materials. For the practical implementation of the process, it is interest to prepare catalysts using natural
mineral raw materials — kaolinite and montmorillonite clays |1-7| and industrial waste - energy evils for
example |2, 8|.

Among the many natural clays, leading foreign companies in the preparation of microspherical
industrial cracking catalysts widely use kaolin [4-7, 9|, while in Russian catalysts, natural montmorillonite
is preferred | 10 |.

Kaolinites belong to the class of layered silicates |4, 5,11,12| with continuous layers of silicon-
oxygen tetrahedrons: 1 layer of octahedra and 1 layer of tetrahedrons. The bags are firmly adjacent to each
other, as a result of which water molecules and metal cations cannot enter the interpackage space of
minerals. Kaolinite is a hard aluminosilicate. It does not swell in a mixture with water, has a low cationic
capacity. There are no noticeable isomorphic substitutions of aluminum with atoms of other metals.
Changes in the structural and other physicochemical characteristics of kaolinites in catalytic and
adsorption processes can be achieved by acid and alkaline activation of clays |12-15|.

An important property of kaolinite clay catalysts is their ability to remain active in the presence of
heavy metals |16|, which is of considerable interest for cracking of residual crude oil. Large reserves of
kaolinites in Kazakhstan |17| determine the attention to the study of the adsorption and catalytic properties
of modified kaolinites.

Previously [18-19| we studied the activity of HCeY - zeolite catalysts on aluminum-modified
kaolinites of the Ermakov and Sarymsak deposits in cracking of heavy vacuum gas oil and adsorption
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water purification from heavy metal cations on sorbents based on these clays |20-21|. It has been shown
that cracking activity and adsorption capacity in water treatment depend on the chemical composition of
the initial kaolinites. The catalyst based on Ermakov kaolinite showed great activity in the cracking. And
an adsorbent based on the Sarymsak kaolinite — in the water treatment,.

The aim of the work was synthesis of matrix based on aluminum modified Pavlodar kaolinite, HLaY
zeolite, the preparation of HLaY zeolite-containing catalyst and the determination of the activity of the
synthesized catalyst in cracking of vacuum gas oil and its mixture with fuel oil.

Experimental part

For preparation of the catalyst, the kaolinite clay of the Pavlodar deposit RK was subjected to
grinding and “elutriation”. Clay was activated by acid with a 20% sulfuric acid solution according to the
standard procedure for 6 hours in a boiling water bath. After activation, the clay was washed from SO,*
ions, sequentially dried at room temperature (day), at 150°C (2 hours) and calcined for 2 hours at 500°C.
Subsequent modification of kaolinite by aluminum was carried out by slow introduction of synthesized
according to the method |19| hydroxocomplex with concentration of aluminum of 2.5 mmol AP / g
kaolinite. Calcination at 500 ° C is accompanied by the decomposition of the hydroxocomplex to alumina.
The matrix of the prepared catalyst is designated as Al (2.5) HPK.

For preparation of the catalyst we used HY zeolite in the rare earth form — HLaY, which was
obtained from NaY zeolite by ion exchange with NH4CI followed by the exchange of NH; ion to
lanthanum. The content of HLaY zeolite in the catalyst is 15%. The elemental composition of the catalyst
samples and their components was determined by X-ray fluorescence analysis on a “Niton XRF
Analyzers” instrument manufactured by “Thermo Scientific” and using X-ray fluorescence spectroscopy
in an energy dispersive microanalysis system “INCA-ENERGY 450” mounted on a JSM6610LV JEOL
scanning electron microscope, Japan. The average value of three measurements was used.

The catalysts were characterized by BET, X-ray phase analysis performed on a DRON 4 * 0.7 device
with CuKa radiation, and TPD (temperature-programmed desorption) of ammonia.

The activity of the synthesized catalysts in cracking was determined with using of vacuum gas oil of
Pavlodar Petrochemical Plant (PPCP) with e.b. 532°C and mixture of vacuum gas oil (70%) with fuel oil
(30%).

The products of cracking and raw feed were analyzed chromatographically. For analysis of gasoline
and the gas phase of cracking, Chromos GH-100 chromatograph with a 100 m capillary column with a
stationary phase HP-1 (ASTM D 6729-04) was used. The carrier gas is helium. The analysis of vacuum
gas oil components was carried out on an Auto System XL SIMIDS chromatograph with a Perkin Elmer
SIMIDS -100% column (polymethylsiloxane), 30 m long with a helium flow of 40 cm® min (ASTM
D2887).

Results and discussions
Fractional and hydrocarbon composition of VG are presented in tables 1 and 2, and the chromatogram
of the initial VG in figure 1.

Table 1 - the Fractional composition of the VG PPCP

The percentage of Distillation temperature by The percentage of Distillation temperature by weight,
distillate, % weight, °C distillate, % °C
5 258 55 407.5
10 290.1 60 415.7
15 312.0 65 422.9
20 323.1 70 430.7
25 338.6 75 440.1
30 383.6 80 450.1
35 365.7 85 461.6
40 3774 90 4747
45 388.4 95 498.2
50 398.5 100 532.0
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Table 2 - Hydrocarbon Composition of the VG PPCP

Knacc yrneBogopoioB Content, % weight.
Paraffin hydrocarbons 66.2
Isoparaffin hydrocarbons 13.2
Aromatic HC 6.0
Olefins 0.4
Naphthenes 3.4
Oxygen containing compounds 2.9
Unidentified compounds 7.9
Total 100

FID2 B, (19AC1-3\FID00012.D)
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Figure 1 - Chromatogram of PPCP vacuum gas oil with e.b. 532°C

According to the data of X-ray fluorescence spectroscopy, the composition of the used fuel oil M-100
PPCP includes 2.5% sulfur, 0.07% vanadium and 0.02% nickel.

The chemical composition of the used Pavlodar kaolinite PK, its H-form (HPK), aluminum modified
Al (2.5) HPK and HLaY zeolite catalyst are shown in table 3.

Table 3 - The chemical composition of K, HK, Al (2.5)HPK and HLaY-zeolite catalyst

Content, weight %
Sample Na20 MgO Al203 K20 SiO2 Ca0 TiO2 | Fe20s | La:0Os
K 0.18 0.08 34.86 0.1 59.52 0.15 1.25 3.83 -
HK 0.03 0.03 32.81 0.08 63.11 0 1.38 2.57 -
Al(2.5)HPK 0.12 0.12 35.00 0.14 59.8 0.14 1.2 4.5 -
Al(2.5)HPK +HLaY 0.10 0.10 35.9 0.08 57.67 0.11 0.85 3.44 1.70

An analysis of the data in the table shows that acid activation leads to a decrease of the Al,O3 content
(by =3%), which was compensated by the introduction of an aluminum hydroxocomplex. The initial
kaolinite contains a small amount of 0.18% NaO and its amount decreases during the processing of the
catalyst. The iron content in the initial sample is 3.83%, in the aluminum-modified sample - 4.50% and in
the HLaY zeolite-containing catalyst - 3.44%. The amount of La,Os3 in the catalyst is 1.7%.

The textural characteristics of Al(2.5)HPK matrix and Al(2.5)HPK + HLaY samples are illustrated in
table 4.

Table 4 - Characterization of aluminum-modified kaolinite sample and HLaY -catalyst by BET

Catalyst Sss, M?/g Total volume of R, nm Relative content, %
pores,sm°/g Micropores <2 nm Mesopores 2-8 nm
Al(2.5)HPK 28.8 0.09 2.0-8.0 16.0 84.0
Al(2.5)HPK+H 131.8 0.15 2.0-8.0 19.9 80.1
LaY
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When the H-form of Pavlodar kaolinite is modified by aluminum, the specific surface increases from
28.8 m%g to 131.8 and the number of mesopores, on the contrary, decreases to 80.1%.

X-ray diffraction diffractograms of the HK matrix and HLaY zeolite catalyst on aluminum-modified
kaolinite are shown in figure 2. Reflex 2.02 is assigned to the lanthanum present on the surface.

Figure 2 - The diffractograms of HPK (a) u Al(2.5)HPK +HLaY (b)
The activity of aluminosilicate contacts in cracking, as it is known, it is primarily associated with their
acidity. The acid characteristics of the initial, acid-activated and aluminum-modified kaolinite, as well as
the HLaY catalyst based on it are shown in table 5.

Table 5 - Acid characteristics of kaolinites of the studied samples

Sample Content of a.c. Weak a.c. Medium a.c. Strong a.c. Total acidity
< 200°C 200-300°C >350°C

NK % 47.8 45.2 7.0 100
mcmole NHs/g 20.9 19.8 3.0 43.8

HPK % 38.9 38.7 22.3 100
mcmole NHa/g 451 44.9 10.0 115.9

Al(2.5HPK % 24.3 51.7 24.0 100
mcmole NHs/g 29.2 62.0 28.8 120.0

% 23.0 47 30.0 100

ﬁ:fié)HPKJr mcmole NHs/g 30.2 61.7 39.4 131.3

The lowest acidity (43.8 mcmole/g) and the number of strong acid centers (a.c.) - 7% is the difference
between the initial PK sample. Activation by acid and modification with aluminum lead to an increase of
the total acidity and the number of strong a.c. The highest acidity (131.3 mcmole/g) and the number of
strong a.c. -30% AIl(2.5)HPK + HLaY

Data on the activity of the catalyst Al(2.5)HPK + HLaY in the cracking of VG and its mixture with
fuel oil are shown in table 6.

Table 6 - Cracking VG and mixtures of VG with fuel oil on Al(2.5)HPK+HLaY

The yield of cracking products, % weight VG VG+ Fuel oil
450°C 500°C 550°C 450°C 500°C

Gas 4.0 9.4 11.2 75 10.0
Gasoline 22.1 38.2 18.5 32.6 24.3
Coke 7.1 8.0 8.1 10.4 9.1

Light gas ail 40.0 29.4 25.0 25.9 23.2
Heavy gas oil 24.8 27.8 37.2 21.3 30.9
Losses 2.0 2.2 2.1 2.3 25
Conversion 73.2 85.0 62.8 73.4 64.6
Sum of light products 62.1 67.6 435 58.6 46.5
Octane number 85 85 85 85 85

Total 100 100 100 100 100

— 110 ——



ISSN 2224-5286 2. 2020

In VG cracking on a synthesized catalyst (table 6), the optimum temperature is 500°C. At this
temperature, the yield of gasoline was 38.2%, the amount of light gas oil - 29.4%, the yield of light
products - 67.6% and the conversion of raw materials - 85%. The decrease of the cracking temperature to
450°C and increasing to 550°C leads to a decrease in gasoline yields. In the cracking of a mixture of VG
with fuel oil, the best results were obtained at 450°C: gasoline yield - 32.6%, light gas oil - 25.9%, the
amount of light products - 58.6%. The gasoline yield during cracking of a mixture of VG with fuel oil is
lower at 500°C, and at 450 ° C higher compared with VG cracking. When the mixture is cracked, coke
formation is more intense than in the VG cracking: 10.4% at 450°C. The rather high activity of the
synthesized catalyst is probably determined by the high content of strong acid centers and increased
mesoporosity of catalyst.

The hydrocarbon compositions of the gasoline cracking gasoline and a mixture of gasoline with fuel
oil are shown in table 7.

Table 7 - The hydrocarbon composition of VG cracking gasoline
and a mixture of VG + fuel oil on aluminum-modified kaolinite

Catalyst Raw T°,C Paraffins Iso Aromatic Naph Ole >
paraffins PC thenes finns
Al(2.5)HPK+HLaY | VG 450 6.9 22.9 2,3 15.0 32.9 100
VG 500 5.7 20.4 25 14.4 34.9 100
VG+Fuel oil 450 7.1 19.9 20.8 18.1 34.1 100
VG+Fuel ail 500 6.0 20.2 23.0 18.3 32.5 100

In the composition of cracking gasolines the attention is drawn to the low content of aromatic
hydrocarbons, which even in the cracking of a mixture of vacuum gas oil and fuel oil does not exceed 23%
at 500°C with the benzene content (1.3 and 1.5% wt). The gasoline obtained on the HLaY catalyst based
on aluminum-modified kaolinite in the cracking of VG and a mixture of VG with fuel oil, can be
recommended for practical use in reducing of the amount of olefins in gasoline by hydro processing.

The hydrocarbon composition of the VG cracking gases and the mixture of VG with fuel oil on the
sample are illustrated in table 8.

Table 8 - Hydrocarbon composition of gases of VG cracking and mixtures thereof with fuel oil on Al (2.5) HPK + HLaY

Hydrocarbons VG VG+Fuel ail
500°C 450°C 450°C 500°C

Methane 14.0 18.9 19.5 21.2
Ethane 10.3 12.7 13.0 14.1
Ethylene 15.0 13.7 19.5 19.1
Propane 9.8 9.0 4.5 6.4
Propylene 22.7 20.1 13.3 19.6
Iso butane 4.3 3.3 2.3 3.0
Butane 1.2 0.8 0.8 14
Butylene 12.5 10.8 3.2 7.8

> Cs+Cs+ 74 23.9 10.7 10.2
>"C2-Cs alkenes 37.7 33.8 32.8 38.7
> C2-C4 alkenes 50.2 44.6 36.0 46.5

The compositions of the gaseous phase in the cracking of VG gases and the mixture of VG with fuel
oil gases on an aluminum-modified kaolinite sample are quite close. VG cracking takes place with the
release of significant quantities of dry gas (methane + ethane). At 450 and 500°C these values are 24.3 and
31.6%. The yield of C, - C4 alkenes at these temperatures is 50.2 and 44.6%. the most yield of propylene -
22.7% and butylene - 12.5% is formed during of the cracking of VG. When cracking of mixture of fuel oil
with VG, less formation of propylene and butylenes was noted. The total amount of C»-C4 alkenes in VG
cracking is 36.0 and 46.5% at 450 and 500°C. In the composition of the cracking gases of the mixture of
VG with fuel oil the content of dry gas 32.5 and 35.3% at 450 and 500 ° C and a significant (up to 46.5%)
amount of C,-C, alkenes is more than in the case of VG cracking.
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Conclusion

The results of a study of the cracking of a mixture of VG with fuel oil and VG showed that the HLaY
zeolite-containing catalyst based on aluminum-modified acid-activated Pavlodar kaolinite shows a rather
high activity in the formation of light oil products of 32.6% gasoline and 25.9% LG at 450°C with a raw
conversion of 73.4%. The more active (38.2% gasoline and 29.4% LG) catalyst is in VG cracking. A
distinctive feature of cracking gasolines on an HLaY catalyst modified with aluminum kaolinite is an
increased content of isoparaffins (22.9% in cracking of VG at 450°C and 20.2% in cracking of a mixture
of fuel oil with VG at 500°C) and a reduced amount of aromatic hydrocarbons not exceeding 2.5% in
cracking of VG and 23.0% - in the cracking of a mixture of VG with fuel oil. The content of benzene is
1.3 - 1.5% wt. for every kind of raw. The increased content of olefinic hydrocarbons in the gasoline
(32.5 - 34.9%) indicates the need for practical use of hydrotreating of the resulting gasoline.

An assumption was made about the effect of acidity and the mesoporous structure of the synthesized
catalyst on the efficiency of work in the fuel direction to produce gasoline and light gas oil.
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BAKYYM/IbIK F'A30MJIb ’KOHE OHbIH MA3YTIIEH KOCHHACBIHBIH
KPEKUHI'THAET'T ATIOMUHUUMEH TYPJEPHAIPIJI'EH KAOJIMHUT

AHHOTAIMSA. AJTIOMUHUMEH TYPJICHAIPUTII, KBIIIKBUIIBIK Oencernaipiared [1aBinogap keH OpHBIHBIH KAOJUHHTI
Herizingeri HLaY-meonurti KatanusatopblHIarsl BakyyMablK raszoitib (BI) skome BIT masyrnen (M-100)
KOCIIaHBIHBIH KPEKHHI1 OoiibiHIIa MamiMertep Kenripuired. Kipicne OenimMiHIe KaONUMHUTTI ca3-OalllbIKTap
naljanaHbplIFaH KaTaJlu3aTopJiaparkl KPEeKUHITIH epeKuIeikTepi aiTeurad. Ca3-0aImbIKThl KbIIIKBUIABI OHACYICH
oTKi3in, apTeiHaH SO4-MOHJApBIHAH JKBUIBICTATATHIH KAOJMHUTTI MAaTPUIAHBIH CHUHTE31, CUPEK Ke3/IEeCETiH apaiac
tdopmanarsl HY-neonutinin sxoHe HLaY-meonnTri KaTaiau3aTopiapblHBIH CHHTE3Aepl cumarttanradH. lLleomut
Kypamsl 15%mac kypansl. Kartanuzaropinap MeH OHbI Kypaymibl komrnoHeHTTepi BOT, peHTrendasansik aHanm3 xoHe
aMMHUaKTBIH TepMOOaFIapiIaMaIbIK JTeCOPOITUACHI 9MIicTepl apKblIbl CHIATTAIFAaH. YJTUIEPIiH 3JEMEHTTIK KYpambl
AHBIKTAIIBL. XPpOMaTOrpadUsUTBIK SJIICTICH aHBIKTAFaH BaKyyMJBIK Ta30MIbIbH (HPAaKIUSIIBIK KOHE KOMIPCYTEKTIiK
KYpambl, KpEKUHT O€H31HI MeH ra3 (pa3achlHbIH KOMIPCYTEKTIK KypaMbl KENTipiIreH.

KpIKBUIABIK OHIEY Ke3iHAeTi allOMUHUA OKCHII KYpPaMbIHBIH TOMEHIEyi 2.5MMOJb AP*r/xaonunuT
KOHIICHTPJII aJTFOMUHUN THAPOKOMIUICKCIH eHTi3iI, Kpi3apipranaa Al,O3 JeiiiH bIabpIpay apKbLIbl OPHBIHA KEATIPLUII.

AmomunuiiMen Ttypaengipuiren H-dopmansl kaonauuutTiH MeHuikti OeriniH Memmepi HLaY neonmurin
enrisrenie 28.8 -nen 131.8 m%r peitin yikeiieni. Kaonunur konpansuiran H-opma (86.2%), anoMuHUiMEH
typieraipinren H-popma (84.1%) sxone HLaY-karamnzatop (80.1%) >Korapbl ME30KEYEKTUIIK KOPCETTI, IamMachl
COJI NIMKI3aTThI OEJICEHAIPINT MEH KaTaln3aTOpAbIH OEJICEHIUIIrH apTThIPaThIH CUSKTHI.

BI' men masyt kocnaceiabiH kpekunrinae 450°C kesinge 6ensun mbirbiMbl (32.6%) BT kpexunrinen kebipek
(22.1%) wsiransl, an 500°C kesinge BIT kpexuHringe GeH3UH LIBIFBIMBIHBIH HOTHKECI skoFaphl (38.2%) 6omaibl.
Kenin razoitne BI™ kpekunrinme eH xorapsl HoTHxe (450°C kesinme 40.0%) xepcereni. 450 sxone 500°C kesinne BI'
KpEeKUHTIHIH TycTi eHiMzaepi (62.0 xone 67.6%) KocmamaH Kaparanma (58.5 xome 47 5%) sxorapbl 6omagsl. BI'
KpEKHMHTIHIe IMUKI3aTThIH €H YJIKEH KOHBEPCHUSICHI Oaiikanabl.

KaonmHUTTI KBIIKEUIMEH OHJIEY, aTIOMUHUIAMEH TYpieHAipy koHe HLaY meonuTTi eHri3y >Kaimbl KbIIKbIIIBIK
MeH KYIITi )KOHE OpTa KBIIKBUIIBIFBIHEIH apTybiHa okenexmi, Al(2.5)HIIK+HLaY karanm3atops! yImiH coiikeciHIe
131.3 mxmoas NH3/t, 30 sxone 47%.

BI' men BI' masytmeH Kocmachl KpPEKHHTIHIH OeH3uHAepi u30-napaduHIep KYPaMBIHBIH JKOFapbUIaybIMECH
epexmeneneni (BI' ymin 450°C kesinme 22.9% sxome xocma ymin 500°C kesinge 20.2%). 450°C xesingeri BI'
OCH3MHIHIH apoMarThl KeMipcyTekTep Kypambl 2.3-2.5%, anm kocmama 20.8% ©Oonapl. KaonmmHHTKYpams!
katanuzartopbiHnarsl BIT meH BIT masyTrel KocmaceiHbIH KpekuHr Oemsuuzaepi 1.3-1.5% acnalTeiH OeHzomn
KYpaMbIHBIH a3 OOJIybIMEH >KOHE KaHBIKIIaraH KeMIpCYTeKTepIiH Keml OoiybIMeH epekieneHeni. Kpekunr
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OeH3MHIHIH KypambIHIarbl n3o-napaduuaep KypambiabiH (20.2% peiiH) apTybl jkKOHE apoMarThl KOMIpCYyTEKTep
KypambIHbIH (24.1%) Temenzeyi BI' ma3yTieH KoCachlHbIH KPEKHHT1 YIIIiH KaTaln3aTopAbl TAPTHIM/IbI €TE/II.
KBIIKBUIIBIK TI€H ME30KEYeKTi KYPBUIBIMHBIH BEH3WH MEH JKCHINT ra30ijib ajblHATBIH OTBIHIBIK OarbIT
OolibIHINA )KYMbICTap THIMALTITIHE 9Cepi TYpasibl YCHIHBICTAP AN THIIIBI.
Tyiiin ce3nep: KaTaaM3IiK KPEKUHT, KAOJHHUT, BAKYYMBIK Ia30iiib, Ma3yT, EOJIUT, TYPICHAIPY.

JI.A. Boakosal, H.A. 3akapuna®, O.K. Kum!, A.K. Akypnexosal,
I.A. Kymagyninaes!, B.A. SAckesuy?, B.IL T'puropnesa’, A.B. T'aoapakunos?

TAO «UTKD nm. J1.B. Cokombckoroy, Anmarsl, Kazaxcras;
2 Hayunslit XuMHKO-aHATHTHYECKUN IIeHTp, AnMaTsl, Kazaxcran

MOJIUPUIIUPOBAHHBINA AJIIOMUHUEM KAOJUHUT
B KPEKUHI'E BAKYYMHOTI'O I'A30M.JISI U ETO CMECH C MA3YTOM

Annotanus. [IpuBeneHs! 1aHHbBIE IO KPEKUHTY BakyyMHoro razoiist (BI') u cmecu BI' ¢ mazyrom (M-100) Ha
HLaY-neonuTHOM Karanu3arope Ha OCHOBE MOIM(UIMPOBAHHOIO AIIOMHUHHEM KHCIOTHO-aKTUBHPOBAHHOTO
kaonmHUTa [laBmomapckoro mecropoxnaeHus. B pasmene «BBemeHue» OTMEYeHBI OCOOCHHOCTH KpEKHWHTa Ha
KaTaln3aTopax ¢ UCIIOJB30BaHHEM KAaOJIHMHUTOBBIX ITHH. OMUCAHBI CHHTE3 KAOJHMHUTOBON MAaTPHIIBI, BKITFOYAFOIIUI
KHCIIOTHYI0 00pabOTKy TIMHBI C TOCIeAyonuM oTMbiBanueM OT SOs-noHoB, HY -Ieonnrta B 3aMemeHHON
penko3emenbHOM  Gopme u HLaY-neonutHoro xaranusatopa. CopexaHue HeoiMTa cocraBisuio  15%mac.
KaranuzaTtopsl ¥ COCTaBISIOIMHME €ro KOMIIOHEHEHTHI OXapakTepu3oBaHbl MeTomamu bOT, penrtrenoda3oBoro
aHaJM3a U TePMOIIPOrpaMMHUPOBaHHON JecopOuuu aMmmuaka. OnpeiesieH 3JeMeHTHBIN cocTaB 00pasuoB. [IpuBeneH
(hpaKIMOHHBIN U YIJIEBOJOPOIHBIA COCTABBI BAKYYMHOTO Ta30MJisl, YIJIEBOIPOIHBIC COCTABbI OCH3MHOB KPEKHUHTA U
ra3oBoi (a3, onpenesneHHbIe. XpOMaTOrpahUuECKUM METOIOM.

YMeHblIeHue COACPIKAaHUA OKCHJa aJIlOMUHHUA MpH KHUCJIOTHOM AKTHUBAIlUM KOMIICHCUPOBAJIM BBCACHUCM
I'UIPOKCOKOMILIEKCA ATIOMUHUS ¢ KoHueTpamueil 2.5MMonb APRYT kaonvHuTa € TOCHEYIOUMM Pa3oKEHHM J10
Al>O3 npu npokaMBaHUH.

BenmuuHa ynenpHON MOBEPXHOCTH MOAM(DUIIMPOBAaHHOHN amoMuHHeM H- (OpMBI KaoJawHWTA IPU BBEICHUUHN
neomuta HLAY ysenmumsaerca ot 28.8 no 131.8 m?r. IlokaszaHa BBICOKAas MeE30NOPHCTOCT H-(hopmb
WCTOJNB30BaHHOTO  KaonmuHMTA (86.2%), ™MomudbummpoBanHoi amomuaueM H-dopmer  (84.1%), wuHLaY-
karanuzaropa (80.1%), KoTopas, mo-BHINMOMY, BIMAET Ha aKTUBAIIMIO CHIPHSI U aKTHBHOCTH KaTaJIN3aTopa.

ITokazano, uto npu 450°C B kpekunre Cmecu BI' ¢ masyTom Bbixon OensuHa (32.6%) Goublie, 4eM HpU
kpekunre BT (22.1%), a npu 500°C nyumue pe3ynbTaThl 110 BhIXoAy OensuHa (38.2%) nonydensl ais BI. Bosblie
Beero nerkoro raszoitis (40.0% mpu 450°C) o6pasyercs npu kpekunre BI'. Bbixos CBETNIBIX MPoayKToB npu 450 u
500°C mnst BI (62.0 u 67.6%) mpeBblaeT 3TOT oKaszaTens s cMmecH (58.5 u 47 5%). B kpexunre BI" ormeuena u
camasi Oonbimas (85%) KOHBEPCHUS CHIPBSL..

AKTUBHPOBaHNE KAOJIWHHUTA KUCIOTOH, MOI(UIIMPOBaHNE aJIFOMUHUEM U BBeneHue eonura HLaY npusomst
K pocTy OOIIeil KHCIOTHOCTH M YBEIMYECHHUIO YKCJIAa CHJIBHBIX W CPEIHHMX KHCIOTHBIX IEHTPOB, KOTOpPBIE IS
katanu3aropa Al(2.5)HITK+HLaY cocrasmstot 131.3 mxmons NH3/r, 30 u 47%, cOOTBETCTBEHHO.

Bensunsr kpekunra BI' u cmecu BI' ¢ MazyToM OT/IHYarOTCS MOBHIIEHHBIM COAEpKaHHEM H30-TIapa(puHOB
(22.9% npu 450°C mna BT u 20.2% npu 500°C nns cmecu).. ConepskaHue apoMAaTHYECKUX YIJEBOAOPOIOB B
Gensune u3 BT 2.3-2.5% u 20.8% u3 cmecu npu 450°C. Bensunbl kpekunra BT u cmecu BIC ¢ Ma3yToM, IoJTyYeHHbIE
Ha KAaOJMHUT-COAEpIKAlleM KaTalu3aTope, OTJIMYAIOTCS MalbIM COAepKaHHEeM OeH30ia, He IMpeBbImaronmeM 1.3-
1.5%, v BBICOKHM COJIEpXKaHWEM HEIPEAEeNIFHBIX YTICBOAOPOAOB. DTO, MO-BUANMOMY, OTPEAEsieT HEOOXOUMOCTh
JIOTIOJTHUTEIbHOW THIAPOOYMCTKH OEH3MHOB, MOJIYyYaeMbIX Ha MOAM(MUIMPOBAHHBIX ATIOMUHHUEM KAOJIUHUT-
COJIepIKaIUX KaTalau3aTopax, IpU MPaKTUUECKOM HCIONb30BaHuK. [1oBbIIIEHHOE cofepikaHue M30-napaduHoB (10
20.2%) ¥ TIOHIKEHHOE COJEp)KaHWE AapOMaTHYeCKUX YIJIeBOAOponoB (24.1%) nemarT Karamu3aTop
IIPUBJIEKATEIbHBIM JUIsl KpekuHra cmecu Bl ¢ mazyTom

BbickazaHO IpeArooXeHHe O BIMSHUHM KHCIOTHOCTH M ME3ONOPHCTOH CTPYKTYPBI CHHTE3MPOBAHHOTO
KaTaju3aropa Ha 3QeKTUBHOCTH pabOTHI 10 TOIIIMBHOMY HAaIlpaBJIEHHIO C IOJyYeHUEM OCH3MHA U JIETKOTO I'a30iis

KiioueBble cj10Ba: KaTalUTUYECKUHM KPEKHUHI, KAOJUHUT, BAaKyyMHBIM ra3oiliib, MasyT, LIEOJMUT,
MOIU(UIIPOBAHUE.
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SYNTHESIS OF PEROFSKITE-LIKE
Co-CONTAINING CATALYST

Abstract. There are several approaches to the preparation of catalysts with a developed surface based on oxides
with a perovskite structure. Perovskites, due to the possibility of easy variation of chemical composition, make it
possible to choose the optimal composition of the catalyst and surface area, and as a result it is possible to influence
effectively the selectivity.

Perovskite-like LaMeO3 oxides are one of the most promising catalysts for many oxidation processes due to
their high activity in oxidative reactions and the stability in aggressive environment. Pekini method (polymer
complexes method) and its simplified variant - citrate method are the most widely used for the synthesis of
perovskite-like oxides.

This article reports about the synthesis of perovskite-like complex oxide LaCoOs; obtained in two ways:
hydrothermal, using ethylene glycol, and the citrate method using the template — mesoporous silica KIT-6. The
structure of the samples obtained was determined by the XRD method. As a result, it was found that the catalysts
have a perovskite structure.

Key words: LaCoOs, perovskite, KIT-6.

Introduction. Cobalt catalysts are preferred for Fischer-Tropsch synthesis. The catalytic properties of
cobalt catalysts are usually influenced by chemical interactions between the carriers and the metal, the
texture of the catalysts and the morphology of crystals. Therefore, the balance of interactions between
carriers and cobalt is very important [1-2]. It was previously shown that the type of precursor compound
affects the physicochemical and catalytic properties of the reduced Co nanoparticles [3]. Such stable Co-
containing compounds are mixed oxides with spinel, delafossite or perovskite structures.

Perovskites, due to the possibility of easy variation of the chemical composition, make it possible to
choose the optimal composition of the catalyst and surface area, and as a result it is possible to influence
effectively the selectivity for products. Perovskites have a flexible structure and are able to undergo
significant changes with a possible decrease in symmetry or the formation of defects, while remaining
within the framework of a perovskite structural type. There are several approaches to the preparation of
catalysts with a developed surface based on oxides with a perovskite structure.

Perovskite-like LaMeOs oxides are one of the most promising catalysts for many oxidation processes
due to their high activity in oxidative reactions and the stability in aggressive environment. Pekini method
(polymer complexes method) and its simplified variant - citrate method are the most widely used for the
synthesis of perovskite-like oxides [4]. The method of polymer complexes is a method for the synthesis of
highly homogeneous and highly dispersed material oxides by using a complexing agent and the
intermediate production of a polymer gel. Citric acid is usually used as the complexing agent, and ethylene
glycol as the copolymer. However, the method of polymer complexes has its drawbacks, since the cations
of some metals, for example, silver and platinum can’t stabilize in the resulting compound: they can be
easily reduced by an organic complexing agent. Another possible way to obtain perovskite-like oxides is
the hydrothermal method and template synthesis, which is the introduction of a template with a developed
surface at the stage of deep interaction of the components [5].
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This article reports the synthesis of perovskite-like complex oxide LaCoO3 obtained in two ways:
hydrothermal, using ethylene glycol, and the citrate method using the template — mesoporous silica KIT-
6. The proposed methods for the synthesis of catalysts ensure the homogenization of cations in the
synthesized precursor compound and the homophasis of the compound obtained.

The structure of the samples obtained was determined by the XRD method. As a result, it was found
that the catalysts have a perovskite structure. As a result, it was found that the catalysts have a perovskite
structure.

Materials and methods. The following reagents were used in the work: La(NOs3):x6HO (xu,
Peaxum, TY 6-09-4676-83), Co(NOs3):x6H20 (u, Peaxum, 'OCT 4528-78), NaOH (x4, Dxpoc, TOCT
4328-77), HNO3 (ocu, 'OCT-11125-84), ethylene glycol (x4, Peaxum, 'OCT 19710-83), citric acid (uza,
Okpoc, T'OCT 36-52-69), C;HsOH (Peaxum, TOCT P 51999-2002). HCI (I'panxum, TOCT 3118-77),
butanol-1 (Peaxum, 'OCT 6006-78), Pluronic P123 (Aldrich, MW 5800 O20PO70E020), ethanol (ITOCT
P 51999-2002), tetraethoxysilane (TEOS) (Kommnonent peaktus, CTII TY KOMII 2-312-11) For the
preparation of solutions, distilled water was used.

Two samples of LaCoO3 with different ratios La:Co were obtained by the hydrothermal method [6] in
the presence of ethylene glycol. The first sample of LaCoO; (LCO-1) was obtained by solvation of 0.06
mol of lanthanum nitrate and 0.06 mol of cobalt nitrate in 80 ml of water. Then 0.16 mol of ethylene
glycol was added to the salt solution.

Separately, 120 ml of a 4M sodium hydroxide solution was prepared in a polypropylene beaker. Then,
salt solution with a soft template was added drop wise to the sodium hydroxide solution. The pH of the
solution changed from 3.0 to 13 with the formation of a thick purple precipitate of a mixture of cobalt
alcoholates and lanthanum hydroxide. Then, nitric acid was added drop wise to the solution until pH = 10,
the resulting suspension was stirred for 2 hours. Next, a propylene beaker with a suspension was closed
tightly with a lid and placed in a heating oven for 24 hours at a temperature of 100°C. Slow oxidation of
templates by NO;™ anions which are present in the solution occurs at 100°C followed by the release of
nitrogen or nitrous oxide. Formation of a mixture of carboxylic acids undergoing further degradation with
the gradual separation of terminal carboxyl groups is observed in this process (figure 1).

@ e o

Figure 1 - The scheme of the oxidation of ethylene glycol in hydrothermal conditions

A slow decrease of pH is observed due to the isolation of oxidation products, which leads to an
increase in the concentration of cobalt and lanthanum cations in the solution. At the end of the synthesis,
the brown suspension was washed with 5 L of distilled water on a filter and dried under an infrared lamp.
The obtained powder was calcined in air at 500°C for 3 hours and 750 °C for 4 hours. The second sample
LCO-2 was obtained in a similar way, the amount of metal cations in this synthesis was 0.06 mol of
lanthanum nitrate and 0.08 mol of cobalt nitrate. This ratio was chosen due to the fact that part of cobalt is
lost due to its better solubility in comparison with lantanum [6].

According to published data [7], the mesoporous silicon carrier KIT-6 has a developed specific
surface. On the one hand, its use in the synthesis of LaCoOs by the citrate method can significantly
increase the surface of the forming perovskite. On the other hand, the use of citric acid and, as a
consequence, the creation of an acidic environment under synthesis conditions prevents the chemical
participation of SiO; in the formation of the sample.

The synthesis of the mesoporous silicon carrier KIT-6 was performed according to the procedure [7].
The following ratios of TEOS / P123 / HCI / H,O / Butanol = 1 mol / 0.017 mol / 1.83 mol / 1.95 mol /
1.31 mol were used to calculate the weights. The synthesis procedure is as follows: 9 g of P123 and 17.40
g of HCI (35%) were dissolved in 325 g of water, mixed until the solution was completely homogenized.
Next, 9 g of butanol was added and stirred at 35 ° C for 1 hour. Then, 19.35 g of TEOS was added. In this
case, significant heat release was observed. The resulting solution was stirred at 35 ° C for 24 hours. In the
last step, the mixture was hydrothermally treated at 100 ° C for 24 hours. Next, the resulting precipitate
was filtered, washed with alcohol and dried under an infrared lamp. The obtained precursor was subjected
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to heat treatment for 4 hours at 500 ° C, during which the organic components of the precursor were
removed and the desired template KIT-6 was formed.

A sample of LaCoOs/KIT-6 (LCO / KIT-6) was obtained by the citrate method. Samples of salts of
(Co(NO3); x 6H20 (0.02 mol) 5.83 g and La(NOs); x 6H,O (0.02 mol) 8.67 g and citric acid were
dissolved in 60 ml of ethanol. 6 g KIT-6 was mixed with 60 ml of water and allowed to mix for
30 minutes. Then, a solution of salts was added dropwise into the resulting suspension. The resulting
mixture was kept for 24 hours with continuous stirring at 35 °C, and then, evaporated in a rotary
evaporator at 95 °C to form a gel, which was dried under an infrared lamp, grinded into powder and
calcined at 500 °C for 3 hours and at 700 °C - 4 hours. Then, a sample with KIT-6 was kept in 500 ml of
a 7% NaOH solution at 70 °C for 15 minutes, filtered and washed on a filter with 2 L of distilled water at
a temperature of 75 °C four times, then dried under an infrared lamp.

In the synthesis by the citrate method, an excess of citric acid over the NOs™ anions, calculated on the
conversion of the latter into nitrogen, provides an amorphous gel [4], from which a single-phase LaCoO3
oxide was formed during heat treatment. The resulting powder contains in its structure lanthanum and
cobalt as part of complex chelate complexes that decompose in stages during heat treatment at 1800C and
3500C with the release of water vapor, NO2 and CO2. At the limiting stage, cobalt is oxidized with air
oxygen at 7000 ° C and a perovskite structure is formed:

3C00 + H,0 — Co30, + 2H* + 2e E°=0.99 B [8] (1)
2C030, + H,0 - 3C0,05 + 2H" + 2e E°=1.02 B [8] 2
0, + 4H* + 4e - 2H,0 E°=1.23 B (3)

The phase composition of the samples was determined by X-ray phase analysis (XRD) on a D-8
diffractometer (Bruker) using Cu-Ka radiation by point-to-point scanning method with an interval of
0.050 in the angle range 26 from 20 ° to 80 °.

Intensity

20

PI/ICyHOK 2- ﬂaHHLIe peHTFeHO(i)aZ‘)OBOFO aHalin3a CUHTE3UPOBAaHHBIX 06pa31103

According to the XRD data (Fig. 2), the samples obtained are represented by the LaCoO3; perovskite
phase (JCDD PDF2 00-025-1060) with the inclusion of the Coz0O4 phase (JCDD PDF2 00-009-0418) and a
small admixture of the La,Os phase (JCDDPDF2 00-022-0641).

The results of the XRD analysis show that the samples obtained are represented by the perovskite
phase. The resulting catalysts with perovskite structure are of great interest for the Fischer-Tropsch
synthesis. Perovskites, due to the possibility of easy variation of the chemical composition, allow to
choose the optimal composition and surface of the catalyst, as a result it is possible to influence effectively
the selectivity. In this regard, further study the obtained Co-containing catalysts with the perovskite
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structure by other physicochemical methods is planned and the possibility of using them for Fischer-
Tropsch synthesis is considered.

Source of research funding. Initiative project “Conversion of hydrocarbon raw materials of
Kazakhstan” Department of “Chemistry and Chemical technology” of M.Kh.Dulaty Taraz State
University.

I'.JA. Ixernucoaea, b.K. Macanumoa, A.b. [layier
M.X. dynatu ateiagars! Tapa3 meMiekeTTik yHuBepcureti, Tapa3, Kasakcran
Co-KYPAM/bI IEPOBCKUT KYPbLJIIBIM/bI LACOO; KATAJIU3ATOPBIH CUHTE3/JIEY

Anotanusi. [IepoBCKUT KypbUIBIMBI Oap OKCHATEpre Heri3feireH, OeTTiK ayAaHbl YJIKEH KaTallu3aTopliap/bl
JalbIHAaynelH OipHeme Tociinepi Oap. IlepoBckuTTep, XUMMSUIIBIK KYPaMBIHBIH MKEMJl ©3TepyiHiH MYMKIHAIriHe
0aiiIaHBICTHl KAaTAIM3aTOPABIH KYPaMbIH JKOHE OHBIH OCTTIK ayJaHbIH OHTAINIBI TaHIayFa MYMKIHIIK Oepei,
HOTM)KECIHJIe OHIMHIH CEJICKTUBTUIIriHE ocep €Tyl MyMKIH.

[epoBckuT KypbuibIMabl okcuarep LaMeOs TOTBIFY peaksuIapbIHIAFbl OEICEHALTIIT MEH arpeccuBTi OopTara
TYpPaKTBUIBIFBIHA OAIaHBICTHI KONTETeH TOTBHIFY MPOIECTEpPiHIH MEePCIEeKTUBTI KaTaln3aTOPIAPBIHBIH Oipi OobIT
TabbuTazBl. [IepOBCKUT KYpBUIBIMABI OKCUATEPl CHHTE3IeY YIniH lexuHn omici (momuMepiti KemeHaep 9/1ici) xKone
OHBIH JKCHUIIETUITeH HYCKAChl HWTPATTHl OfiC KeHiHeH Kosjganpuianbl. bynm makamama LaCoOs mepoBCKUT
KYPBUIBIM/BI KYpJeli OKCUJ €Ki JKOJIMEH CHHTE3JeNi: STHICHIJIMKONb KOJIIaHA OTBIPBII, THAPOTEPMAbl AICIICH
’KOHE KaTThl TeMIuiar Me3onopiibl kpemHedeM KIT-6 karbichiHAa, HUTpaT oaici. AJIBIHFAH YJATUIEPIIH KYPBUIBIMBI
PDA onicimen anbikTanibl. HaTikecinae karann3aTopaapbiH MEPOBCKUTTIK KYPhUIBIMFA UE€ EKEHJIITT aHBIKTANIbI.

PDA momimMerTepiHe colikec ajblHFaH YariaepaiH (aszansik Kypambl LaCoOs; nepoBckutTik (aszaceira (JCDD
PDF2 00-025-1060) caii kenexni. .Kypambinna a3z menmepne Coz04 daszaceinsiy (JCDD PDF2 00-009-0418) sxone
La,03 azaceasie (JCDDPDEF2 00-022-0641) enemeyre OonaThiH Kocnaiapsl Oap.

POA Tanmay HoTvKenepi ajblHFaH YATUIEPIAiH KYpPBUIBIMBIHAA HEPOBCKHUTTIK (a3a TY3UINEHIIriH KepceTei.
ITepoBckutTik KypbUibiMFa ue Co-Kypamabel Katanusatopiap Oumep-Tponmn cHHTE3iHZE KOJIaHyHA YIIKSH
KBI3BIFYIIBUTBIK  TynbIpanbl. Ce0e0i, TEepOBCKUTTEPIIH, XUMUSIBIK KYPaMBIHBIH HKEMII ©3repy MYMKIHZIriHe
OaiimaHBICTEI, ONap KaTalW3aTOPABIH OHTAWIBI KypaMbl MEH OCTTIK ayIOaHblH YIFaiiTyFa MyMKIiHOIK Oeperi,
HOTIDKECIHIE CENEeKTUBTLIIKKE THIMII acep eTyi MyMKiH. OcbIiFaH OaiIaHBICTBl aJIBIHFAH MEPOBCKUTTIK KYPBUIBIMBI
6ap Co Kypamubel KaTaim3aTopiapisl Oosamakra Oacka (pU3MKa-XMMUSUTBIK OIICTEPMEH 3epTTey skoHe Dumep-
Tpomm cuHTE31HAE KONAaHy MYMKIH/ITT KapacThIPhIIaIb.

Tyiiin ce3nep: LaCoOs, neposckur, KIT-6

I'.A. AxernucoaeBa, b.K. MacanumoBa, A.b. [layier
Tapa3ckuii rocyapcTBeHHbId yHuBepceuret uM. M. X Jlynaru, Tapas, Kazaxcran
CUHTE3 IEPOBCKHUTOINIOJOBHOI'O Co-COAEPKAIIEI'O KATAJIU3ATOPA

AHoTtanusi. CyIIecTByeT HECKOJIBKO MOAXOAO0B K IOJIyYEHHIO KaTaJH3aTOPOB C Pa3BUTOH MOBEPXHOCTBIO Ha
OCHOBE OKCHIOB CO CTPYKTYpoW NepoBckuTa. [lepOoBCKHTHI, Onaromaps BO3MOXKHOCTH TI'MOKOTO BapbHPOBAHUS
XMMHUYECKOT'0 COCTaBa IM03BOJISIET NOA00PaTh ONTUMAIIBHBIA COCTaB KaTaln3aTopa U MOBEPXHOCTH, BCIIEACTBHE YETO
BO3MOXKHO 3(p(hEeKTHBHO BIMATH Ha CEIEKTHBHOCTbH MO MPOYKTaM.

[MepoBckuTononobHbie okcuabl LaMeOs sBisitoTcs 0HUMH U3 HanboJiee NEPCIIEKTUBHBIX KaTallM3aTOPOB IS
MHOTHX MPOLIECCOB OKHWCIICHHWS, OJylarojiapsi CBOEH BBICOKOM aKTHBHOCTH B OKHCIHMTENBHBIX pEaKIMsiX U
CTaOMJIBHOCTH arpeccUBHOM cpene. [yl cuHTE3a MEepOBCKUTOIOJOOHBIX OKCHIOB HauOOJIbIlIEe PACIPOCTPOHEHUE
noxyamst Merof [lekuan (MOTOJ MOJIMMEPHBIX KOMIUIEKCOB) M €TI0 YIpAIIeHHBIH BapHaHT — IUTPATHBIA MeTod. B
STOW cTaThe OBUIO CHHTE3UPOBAHO IEPOBCKUTONMONOOHBIN croxHb okcua LaCoOz nByms cmocobamu:
THIPOTEPMANIbHBIM, C TPHMEHECHHEM STWJICHIJIMKONS, W IMTPATHBIM CIOCOOOM C BHECEHHEM TeMIulata —
Mezonopuctoro kpemuaezéma KIT-6. CTpykTypsl HOIy49eHHBIX 0oOpasmoB Obuio ompeneneHo PDA meromom. B
pesynbTare ObUIO YCTAHOBJICHO, YTO KAaTAIU3aTOPbl HMEIOT IIEPOBCKUTHYIO CTPYKTYPY.

CornacHo manHbIM PDA monydenHsie 06pasipl mpeacTasieHs! ¢dasoi neposckura LaCoOs (JCDD PDF2 00-
025-1060) ¢ Brmrouennem ¢aspr Co30s (JCDD PDF2 00-009-0418) u HeGosbmmoit mpumechio ¢aser LaOs
(JCDDPDF2 00-022-0641).
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Pesynbratel POA aHanm3a Moka3blBalOT, YTO IMOJy4YeHHbIE 00pa3lbl IpeicTaBlieHbl (a3oil MepOBCKUTA.
[TomyyeHHBIE KaTadH3aTOPHI CO CTPYKTYPOH MEPOBCKHUTA IMPEICTABISAIOT OONBIION WHTEpec B cuHTe3e Dumepa-
Tponmra. Tak kak, HEpOBCKUTHI, Oarofapsi BO3MOXHOCTH THOKOT0 BapbUPOBAHUS XUMHUUECKOTO COCTaBa MO3BOJISET
noz[06paT1) ONTUMANbHBIM COCTaB U MOBEPXHOCTHU KaTajan3aTopa, BCICACTBUEC YCTO BO3MOXKHO 3(t)(1)eKTI/IBHO BJIIUATH
Ha CEeJEeKTUBHOCTh. B cBsA3u ¢ 3TuM nonydeHHbsle Co- coaepikaliye KaTaau3aTopbl CO CTPYKTYpOH HEpOBCKHTA B
OyaymieM TUIAaHHPYETCSl MCCIIEIOBATh JIPYTUMH (U3MKO-XMMHUYECKUMH METOJaMH M PAacCMOTPETh BO3MOXHOCTH
UCTOJb30BaHus B cuHTe3e Pumepa-Tpommia.

Karwuessie cioBa: LaCoOs3, neposckur, KIT-6.
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INVESTIGATION OF RELIABILITY OF THE SCREW UNIT
OF THE COAL-ROLL PRESS BT-3M

Abstract. In the article we propose the method of calculation of parameters of stress state and rigidity of screw
blade at bending in one plane, screw-piston press of BT-3M grade for production of coal briquettes is simultaneously
mixing, transporting and pressing unit. The blade is regarded as a thin axially endless helicoid shell rigidly attached
to the shaft along an internal helical boundary. Considering that the presence of the blade does not affect the
deformation of the constant-section shaft during bending, we examine the effect of the presence of the blade on the
bending stiffness of the screw. Invention covers the problem of screw blade deformations at preset displacements at
inner boundary caused by shaft bending considering that its axis has curvature.

In the second stage of calculation we construct a compensating solution, which eliminates inconsistencies in
differential equilibrium equations and static boundary conditions, and on the inner contour of the shell we set
conditions of rigid pinching. As a result, the screw was calculated using the developed method. Blade is calculated
with parameters r1 = 0.04 m, r2 = 0.1 m, r3 = 0.03 m, screw blade thickness d = 0.005 m, L = 0.2 m, total length of
hollow shaft 1, 2 m. Calculations have shown that at such screw parameters and created specific pressure of material
on the screw Ore = 8.5 - 10° Pa, the rigidity of the blade is the stiffness 11% of the tubular shaft.

Keywords: screw, press, calculation, briquette, extras, equations.

Introduction. For a number of years, the company Briquette Technologies LLC (Barnaul, Russian
Federation) has been manufacturing equipment, improving and introducing it [1]. In particular, BT-type
equipment is manufactured for the production of coal briquettes (figure 1).

The operation of this equipment was studied taking into account the technological parameters of its
knot. The screw is at the same time a mixing, conveying and pressing knot. The screw knot (figure 2)
consists of a tubular shaft and a helical tape of welded construction.

Figure 1 - Industrial screw piston press BT - 2.5-3 t/h
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Figure 2 - To the calculation of the screw knot: a) design scheme, b) auger in the trench

In this case, the screw knot experiences bending of the shaft during operation, wear of the helicoid
tape and alternating loads caused by the uneven density of the mixed mass. In these cases, it can be argued
that the blades and shaft of the screw will always be under high voltage.

We propose a method for calculating the parameters of the state under voltage and rigidity of a screw
blade of auger during bending in one plane. We consider the blade as a thin helical shell endless in the
axial direction, rigidly fastened to the shaft along the internal helical boundary (figure 2b).

Assuming that the presence of the blade does not affect the nature of the deformation of the shaft of
constant cut during bending, we study the effect of the presence of the blade on the bending rigidity of the
screw.

Consider the problem of the deformation of a screw blade for a given displacement on the inner
boundary due to bending of the shaft, assuming that its axis has a curve 1/p.

Middle surface of the helicoid shell is assigned (figure 1) to the coordinates r, ¢pwhich define the
orthogonal coordinate lines system on it (figure 2), with Lame parameters [6]:

A=1, B=.r%+ (0,5L/m)2,

where L - is the step of the helicoid.
The unit vectors t; and t, of the coordinate lines r and the normal n to the middle surface [5] (see
figure 2) are related to the unit vectors of the Cartesian coordinate system by the formulas:

ti=cos@i+ sin@j;
= L(—Sin(o i+cos@j) + L ok; @
B 278

n= L(singoi—cos¢j)+ k.
2B B

The next is to determine the displacements of the points of the interface line between the shell and the
shaft. When the shaft bends in the YOZ plane, the movement of its points along the directions of the X, Y,
Z axes is

z
£ =0; n:_o,S.ﬁ;cj:y—; 2
P P

- v cing - g — 4

X=ricos@; y=nsine ; z=05L —
s

wherer; is the radius of the shaft, and passing using formulas (1) to the projections of displacement on the

axis of the local basis of the shell, we obtain

2
u=-Cp2 _ iv=Ch [ o : 3
- sing -Bll-[(p-sm(p—q;-cowJ (3)
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2

_ 2
w=C|_L_ (p—-COS(p+27rrl ~p-sing |’
278, 2 LB,

where C = (0,5L/m)?/p; By is the value of the Lame parameter of the ¢ -line at the inner boundary of the
shell.

In addition to displacement (3), the values of the angle of rotation of the normal n or, equivalently, the
unit vector t; in the plane perpendicular to the boundary of the shell border must be specified. When the
shell is rigidly bonded to the shaft, its unit t1 rotates with the shaft transverse cross of shaft through an
angle

It follows that the rotation angle in the plane n, t; is equal to

Gi1= O0t=it Ly =—C27zr1-§0-8in§0- (4)
272',0 LB]_

So, the kinematic boundary conditions on the inner edge of the shell are established. There is no
voltage on the outer free edge.

To calculate the helicoids the equations of the general theory of shells [6], [8], [9] written in the
orthogonal system of curvilinear coordinates of the surface that do not coincide with the lines of the main
curvatures are used. In this case, we take into account that the curvatures of the normal cross of the
helicoid passing through the r - and ¢ - lines are equal to zero, and the surface torsion is

1L
Rz 2782

As a result, we obtain the following system of equations:

— equation of equilibration:

oBR] o(. My) r. B 5
B, o(g M) rp 8O g o ofyo M), oh r(g Mo) B, g o O
or op Ri2 B R12 or Rio op B Ri2 Ri2

—N- r - 0N
a(BQ1)+aQ2+B(zS_M1+M2j+Bqn_O'a(BM1) - =M + M -BQ:=0;

a o Ry ar B g

Ri2

a(BH)+L-H +2—H—B-Q2=O;
4

or B
— geometric ratio:
. — . ou 0 20 .
glza—ui 82 - ov ru v Y12=—"—+ B(Vj—a) )
or Bop B2 Bog or\B/) R
v gy= LM ey a|vi=on 9 (6)
R12 or R12 B 8(0 n 2B| or op or R12

_ 00, +r91+Qn =06 16 &
Bdp B2 Ry Bop B2 Ry
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— ratio of elasticity:

T,= — Eh

©2); s=_Eh ;
l ’ - ’
12 (61 +vez) ( 20wy 12

(7)

Mi=D (41 +vgo) 1€ 2,H=D(1-V) 1.

We write the static boundary conditions on the external contour of the helicoid in the form [8]
. w5 Te=S-Mi1=0;Q;=Qi+ M =0; My =0. ®)
TR, O Ri2 Bop

In this screw bending problem, the distributed loads qi, 2, gn are absent, all blade turns are in the
same stressed state, so internal forces and deformations are periodic coordinate functions. Displacements
u, v, w and rotation angles 9;, 9,, £2,, have no periodicity property.

The blade is calculated in two stages.

First, we set an approximate law for changing the movements of the blade points assuming that its
radial sections passing through the horns t;, n (figure 2) do not deform. It is assumed that kinematic
boundary conditions (3) and (4) are satisfied.

In the second stage of calculation we build a compensating solution, which eliminates inconsistencies
in differential equations of equilibrium (5) and static boundary conditions (8), and on the inner contour of
the shell we set conditions of rigid pinching.

Thus, all components of stress-strain state are represented as sums f = f& + f@ where O -
components of approximate solution satisfying kinematic boundary conditions of shell with shaft, and f® -
components of compensating solution.

In the first solution, the movement functions according to the conditions (5) have the form:

2
2 I ) 2 2
u= -C¢ s ; v=C_L _P w=C|[ L ¢ 27, ] (9)
L _sing: psing Cosg | - | —— L. cosp+2L . p-sin
2 By 2 omB, 2 0 g PPN
Using ratios (6), we find membrane deformation components
) . 1
gfl):ovgél) :C.L.Sinq) ’ }/g_%zo (10)
B2
and parameters for changing the curvature and torsion of the middle surface )(fl) =0;
2
using elastic ratios (7) we determine internal forces and moments Tl(l) =v- Tz(l);
2 .
Mél):_Dczl 1+L -Cos¢@’ (12)
L-B B2
HO=_p.c.(1-v).— 5 Sing’
7-B
from the fourth and fifth equations of equilibrium of moments from (5), we get transverse forces
2
@ _D-C-ram® LI o
% BS ( L 2z 4
(13)
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2 2
@ _D-C |2z r L |2r . .
Q3 =2 {L (1+Bz]+(1—v)~2 B, -sing

By substituting the forces found into the first three equilibrium equations (5), we find surface loads

2
e
v B

q(l)_ EhC o : (14)

2 .
qél)z DCL |,6,2 +(3v —1)( L) -cosp
B2 27

In the expressions for loads ql(l) and qgl) and omitted the components having order (h/B)>.

As can be seen from the dependencies (12), forces exist on the outer contour of the blade

(15)

1-v2 822 BZ B2

*1) v-EhC r . . 2 ;
Tl()zi'iz‘sn'](/) Tl(%):_v DC-[1+QJ-COS¢
2 2

2 2
) _DBCry |47 1) 3-20). £ | cos ():—vDC 11472 | eosg
Ql Bg [ L ( V) o0 ¢ 1 LB2 822 4

Where r,— is the outer radius of the blade; B> - is the value of the Lame parameter at this radius.

Thus, the inconsistencies in equilibrium equations generated by approximate solutions are established.

Let 's look at the problem of finding a solution that compensates for mischief. This solution must
satisfy equations (5) - (7) at loads

. . A2 1
¢ =—q® : g = q®: P =—qf, (16)
boundary conditions of the specified rigid fixation on the inner contour
2
u@ =v@ =w® = 91( ) 0, 17

and conditions of specified loading on external circuit free in relation to displacements

*(2 *M. (2 1) *D .\ (2 1
-|-1( )=_-|-1(), Tl() T1(2 , Ql =-Q (), Ml( )=—M1()-
(18)
The formulated task allows for the separation of variables. This procedure differs from the same
procedure in the related task of calculating rotation shells.
Accepting that functions
2) .2 2 12 12 @ (2 2
u@, 51( ), gg )'Tl( )*Tz( ), 91( ),K( ) HO) Q( )
change along helical lines r = const by the law of the sinus, i.e.

f@=f(r)-sing, (19)
Where f® — is any of the functions listed.
Each of functions
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VD, @ 0@ 5@ W@ g@ D (D @ M@ @

imagine in the form
g(z) =Q-Ccosg . (20)

Unlike the shells of rotation in the helicoid, normal forces and bending moments are functions of
different parity. The same can be said of shear forces and torques. As a result of substitution of
expressions (19), (20) in equations (5) - (7) and separation of angular coordinate ¢ functions, we obtain a
system of ordinary differential equations, which can be represented as

dY=FY+GZ+g;Z=MY, (21)
dr

Y=o (= A (s M) (= A o=
o) 46-2) -5} o

A vector of basic variables (order 8), Z ={z;, 7} - a vector of complementary variables (order 2); F,
G, M - are coefficient matrices.

where

1—1/2

_ v 0 0 0 0
B2 B EhB
L2y ) 2y
0 _i 0 -1 0 0 0 0
Rio
-2) @-v)r v o 1ev vr 0 204y) 1
BR]_Z BZR]_Z BZ Rl22 BZ EhBRlZ BD
Enhr? Ehr w 1 (1-2v)
35 3 0 °© 7 g5 0
B B B B BRlZ
Ehr Eh y r 1 (Q-v)r
- - 0 0 -— % L. T2
B B B B Ri2 B“Ryo
0 0 0 0 0 -2 o Vz_l_zv
. Ri2 B R
0 0 0 0 0 0 1 VTr
B
2 _2) ).
o o 0o 202 D(lv)rD_sz;+1 D(t-v)-r
Rio BRy» R, B B
) 2
@-vh* o, , B+vi-v)rD of-v?) 20wy ~2D(-v)
12R12 BRlZ R12 BZ
2 r 1 1 r
o Ty o 5 3 0 00O
M= BRz B°R;, R B° B
22f 1 _ r2 E
B R12 BRlZ B
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The edge problem for the system of equations is solved numerically by the method of orthogonal
Godunov run. With known blade deformations, its effect on screw bending stiffness can be determined by
Lagrange 's theorem. For this purpose we calculate deformation energy of one blade turn [5]

Eh 2 7122
u:lj | Bdedr
2 n O

v Dl + o) 420 0)e? —xyno)

Each deformation component in expression (22) defines the superposition of two solutions, for
example: g, = gél) + géz) etc. In so much as the deformations are proportional to either sin or cos, in you

(22) it is necessary to calculate only a one-dimensional integral by the pen r, in which the deformations are
replaced by their amplitude functions.
L

Bending stiffness of the blade is found by formula K = 2—‘2’, where 8 = 5

- Mutual rotation angle of shaft sections spaced apart by screw L pitch.

When calculating the screw as a bending rod, the rigidity of the blade (23) is added to the stiffness of
the shaft EI/L. Figure 3 shows the dependence of the bending stiffness of the blade K/(Eh) 3 on the pitch
L, mm.
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Figure 3 - Graphic dependence of bending stiffness of blade K/(Eh) 3 on pitch L, mm of screw line

Conclusion. According to the developed method, the screw of the auger press BT-3M for the
production of coal briquettes was calculated. Calculation of the blade with r1=0,04m parameters of m,
r1=0,04 M, r,=0,1 m, r3=0,03 m, thickness of the screw piston 5=0.005 blade of m, L=0.2 m, total length of
a hollow shaft 1, 2 m is executed.

Calculations have shown that at such screw parameters and created specific pressure of material on
the screw Ore = 8,5-10° Pa, the rigidity of the blade is the stiffness 11% of the tubular shaft. Reliability by
capacity criterion P = 0.667, which is structurally insufficient.

In order to increase reliability, one-piece version of the screw with the developed casting technology
can be offered.

E.C. A6apaxmanos!, B.T. Epmaramoer?,
2K.M. Kacenopa?, M.K. Kazankanosa?, A. Caiipanoex’

1 «C. Topaiireipos atbiarst [1aBnogap MeMiekeTTik yHuBepcuteTi», [aBnonap, Kazakcra;
2 «KeMip XUMHSACHI KoHE TeXHOMorus uHeTuTyTh» JKIIIC, Hyp-Cynran, Kazakcran

HCCJIEJOBAHHUE HAJIEXKHOCTH HTHEKOBOTI'O Y3JIA
YI'JIEBPUKETHOI'O IPECCA BT-3M

AnHoTanus. Makaraga 6ip Ka3bIKTHIKTa HUTy Ke3iHAE ITHEKTiH OypaHAalbIK aJaFbIHBIH KepHEYIl Kyii MeH
KaTTBUIBIFBIHBIH apaMeTpJIepiH, OipMesriiie apalacThIPbIL, TACHIMANIAUTBIH JKOHE HBIFBI3IAYIIbl TYHIH OOJIBII
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TaObLIaThIH KOMIp OpukerTepiH enaipy yuriH BT-3M Mapkanbl IIHEK-MOPIISH I NPECTiH NapaMmeTpliepiH ecentey
oficiH ychiHaMbI3. [miki OypaHmasnbl Iekapa OOMbIHIIA OUTIKIIEH KaTThl OEKITLIMeH KajlaKThl, OCHTIK OarbITTa
XKIHIIIKE MICKCI3 TeIMKOU KaOBbIK PeTiHIe KapacThipambi3d. KamakTeiH 00Tysl HUTYy Ke3iHJIC TYPaKThl KMMa OLTIriHIH
JedopMalnsCHIHBIH CHIIAThIHA 9cep eTMEil Jen ecenTeiMi3, KaJlaKThiH 0ap OOJMybIH LIHEKTIH WUTy KaTThUIBIFBIHA
acepi 3eprrenai. OciHiH 1/p KHCBIKTBIFBI 0ap OEM ecenTel OTBIPHIN, OUTIKTIH MaibICybIMEH OailaHBICTHI IMIKi
nekapajia OepilireH OpBIH ayBICTRIPYJIAp Ke3iHae OypaHIaibl KaJaKThIH Ie(hOpMAanUIChl Typabl TAIIChIpMa Kapaibl.
Byn perre mHek TopaObl )KYMBIC iCTEreH Ke3ze OUTIKTIH MaWBICYBIH, TSITHKOU]] TACTIACHIHBIH TO3YBIH JKOHE apayac
MacCaHBIH OipKeJKi eMeC THIFBI3ABIFEIMEH TYBIHAATATHIH OENTICI3MiK JKYKTeMelepHai CBhIHAWABL OpuHe, Oy
JKaFJaiapaa MIHEKTiH KallaKTapbl MEH OUTri opJailbIM KOFaphl KepHEYMEH Oojamel AEM aWTyra OOJajbl.
KapacThIpbUibill OTBIPFaH TANCHIPMA/ia Uiy HIHEKTIH OOJIHIeH KyKTeMenep (i, 42, O JKOK, JKaybIPHIHHBIH OapJIbIK
opamjapbl Oipaell KepHeysl Kyiije, COHIBIKTaH iIIKI Kyl IHeH JedopMauusuiap ¢ KOOpAWHATaHBIH IEPHOITHIK
¢dyskuustaps! 60ssin TadbbuIansL. JKeoKBITY U, V, W 3koHe Oypbuty Oypbimtapbiga 9, U, £2,,, MEp3IMALTIK KacHET
kOK. ExiHmi ke3eHme audQepeHIUanIplK TCHIACYICPIHAC OJKOHE CTATUKAIBIK IICKapajblK JKarmaiiapiaa
TaHFBIIITAPbI JKOSITHIH KOMIICHCAIUSIIBIK IICHIM KYpPalabl, COHBIMCH KaTap KAOBIKTHIH IIIKI KOHTYPBIHIA KATTHI
KbICBIMHBIH IIApTTapblH Kobuabl. HoTmxkecinnme o3ipieHreH omicreme OOMBIHINA IIHEKTI €CENTey KYpri3iiai.
ri=0,04 m, r;=0,1 m, r:=0,03 M M mapamerpiep apKbUIbl KaJaKThl €CENTey OpPBIHIAJABI, IITHEKTI KaJlaKThIH
KanelHAbIFel 0=0,005 M, L=0,2 M, Kybic OimikTiH >kaimbl Y3eIHIOBFE 1, 2 M. Ecentey HoTWXeciHAE, ITHEKTIH
OcnriieHreH MmapaMeTpiepiHie »OHE KEH IIHEKTepiHAEe MaTepuaiia maiija OONaThlH MEHIIKTI KBICBIM
Pya:8,5-1051'[a, KaJaKTBhIH KATTBUIBIFBI KYOBIPIBI OUTIKTIH KATTBUTBIFBIHBIH 11% KypaWTBIHBIH KepcerTi. EH
aNJBIMEH, KaJlaK HYKTENIEpPiHiH JKbUDKY ©3TepiCiHiH jKaKbIH 3aHBIH OenrineliMi3, OYJI OHBIH t; , N OpTaJapbl apKbUIbI
OTEeTIH pajuaiabl KuMajiapel aedopManmsIaHOayslH Kepeeteni (cyper 2).byir perte KnHEMaTHKANBIK MIEKapabIK,
)kargaiinap (3) xoHe (4) KaHaraTTaHABIpEUIANEL. EcenTeymiH ekiHmi ke3eHne nud¢epeHINanablK TeHICYIepiHe
Terne-TeHaiK (5) KOHE CTATHKAJBIK MICKApANIBbIK JKaraainapaa (8) TaHFBIITHI XKOSTHIH KOMIICHCAIMSIIBIK HICHIIM
TY3€Mi3, COHBIMEH KaTap KaOBIKTHIH iIIKi KOHTYpPBIHAA KATTHl KBICBIM INApTTapblH KOSAMBI3. COHBIMEH, KEpHEYIi-
nedopmanusIanFan Kyiiain 6apasik kommnonentrepin f = f + f@ xocwapimape! Typinzge enecreremis , mynna &) —
KaOBbIKIIAHBIH ~ OUTIKIIEH JKaHACYbIHbIH  KHHEMATHKAJbIK  IIEKApaJblK INAPTTapblH  KaHAFaTTaHABIPAThIH,
YKaKBIHIATBUIFAH MICIIIMHIH KOMIIOHEHTTEPI, a f@ — KoMIeHCAITMSIIBIK [ICITIIMHIH KOMIIOHEHTTEPI.
Tyiiin ce3mep: MIHEK, IPecc, ecenTey, OPUKET, Kajlak, TCHJCY.
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HNCCJIIEJOBAHUE HAJIEZXKHOCTH HIHEKOBOI'O Y3JIA
YIJIEBPUKETHOI'O ITPECCA BT-3M

AHHOTauusa. B craTee mpemnaraercs MeTOJ pacyeTa MapaMeTpOB HANPSIKEHHOTO COCTOSHHUS M KECTKOCTHU
BUHTOBOM JIONAcTH IMHEKA MPH HW3rHOC B OJHON IUIOCKOCTH, IIHEKOMOPIIHEBOro mpecca mapku BT-3M  mis
MPOU3BOJICTBA YTOJNBHBIX OPHKETOB SIBIIAIONICTO OJHOBPEMEHHO CMEMIMBAIONINM, TPAHCIOPTHPYIOIUM U
mpeccyromumM y3ioM. Jlomacte paccMarpuBaeM Kak TOHKYH) OSCKOHCUHYIO B OCEBOM HAIPABIICHUH TEIHKOUIHYIO
000II09Ky, JKECTKO CKPEIUICHHYIO C BAJIOM TI0 BHYTpPEHHEH BHUHTOBOW rpaHurie. CuuTas, 4YTO HAMYWE JOMACTH HE
BIIHSIET Ha XapakTep AedopMaruii Baia MOCTOSHHOTO CEUCHHS MPH U3THOE, UCCIeAyeM BIMSHHUE HAMYHUS JIOTTACTH
Ha W3rHOHYI0 JKECTKOCTh IIHEKa. PaccMmoTpeHa 3amaya o medopManusx BUHTOBOW JIONIACTH TIPH 33TaHHBIX
MepeMeIICHUSIX Ha BHYTPEHHEH IpaHUIle, 00yCIOBICHHBIX H3THOOM Baya, CYUTAsl, YTO €r0 OCh UMEET KPUBU3HY

IIpu >TOM IIHEKOBBII y3€J UCIBITHIBACT MPHU PabOTe M3rM0O Baja, U3HOC T'eJIMKOUIHON JICHTHI U 3HAKOIIEPEMEHHbBIE
HArpy3KH, BhI3BIBACMbIC HEPABHOMEPHOW IJIOTHOCTHIO CMEIIMBAEMON MacChl. ECTECTBEHHO, B PACCMOTPEHHBIX ITHX
CITy4asix, MOKHO YTBEPIKIaTh, YTO JIOMACTH M BaJ ITHEKA BCErAa OyIeT HAXOIUTHCS IOl BHICOKAM HampsiKeHueM. B
paccMaTpuBaeMOU 3ajJade U3ruda ITHEKa paclpe/ieiCHHbIC HArpy3KH (1, (2, Qn OTCYTCTBYIOT, BCE BUTKH JIOTIATKA
HAXOJATCS B OJUHAKOBOM HAIPSIKCHHOM COCTOSHHH, TO3TOMY BHYTPCHHHC yCWIHS U Ac(HOpMaIvu SBISIOTCS
MEPUOTNICCKAMHU (PYHKIUAME KOOpAWHATHL. [lepemenienus U, V, W ¥ yIJIbl IOBOPOTa, CBOHCTBOM HEPHOIHMIHOCTH
He oOmamaer. Bo BTOpoM sTame pacyera CTPOMM KOMIICHCHPYIOIIEE PELICHUE, KOTOPOe YCTPaHSIEeT HEBS3KH B
muddepeHIManbHbIX ypaBHEHHUSIX DPABHOBECHUS W CTATHYECKUX TPAHUYHBIX YCJIOBHSX, MPUYEM Ha BHYTPEHHEM
KOHTYpe 000JI0UKU CTaBHM YCJIOBHS )KECTKOTO 3alieMiieHus. B pe3ynbrare no pa3paboTaHHON METOJMKE TPOBEACHBI
pacueTsl mHeKa. BrimonHeH pacder iomacté ¢ mapamerpamu r1=0,04 M, r.=0,1 m, r;=0,03 M, TonmmHa MHEKOBOH
sonactu 6=0,005 M, L=0,2 m, oOuiast aauHa mosoro Bajma 1, 2M. PacueTsl mokasanu, 4yTo MpH TaKUX Hapamerpax

— 127 ——



News of the Academy of sciences of the Republic of Kazakhstan

IIHEKA U CO3/[aBAEMOM YJIENILHOM JaBJIEHMU MaTepuaia Ha mHek P,,=8,5¢10° Ia , xeCTKOCTh JIONACTH COCTABJIAET
11% xectkoctn TpyOdaroro Bama. CHauanma 3ajaeM NPHONMKEHHBIH 3aKOH H3MEHEHHS IEPEMELICHHH TOuYeK
JIOTIACTH B TPEANONOKEHUH, YTO €€ paJAualbHbIE CEYEHUs, MPOXOAAlIe dwepe3 optel 1, N (puc. 2), He
nedopmupyrorcs. Ilpu 3ToM mpenmosnaraercs, 9YTO yIOBIETBOPSIIOTCA KMHEMAaTHYSCKUE TPaHWYHbBIE yciaoBus (3) u
(4).Bo BTOpOM »dTame pacyeTa CTPOMM KOMIICHCHPYIOIIEE peElIeHHe, KOTOpOe YCTpaHsSeT HEBSI3KH B
muddepeHranbHbIX ypaBHEHHUIX paBHOBecHS (5) M CTaTMYECKMX TPaHUYHBIX YCIOBHAX (8), MpUYeM Ha BHYTPEHHEM
KOHType OOOJIOYKM CTaBMM YCJOBHUS JKECTKOro 3amieMieHus. VTak, Bce KOMIIOHEHTBHI HAalpsDKEHHO-
nedOpMUPOBAHHOTO cocTosHUs npejacTaBuM B Bue cymm f = O + f@ rpe ) — xommonenTs! npubmMKEeHHOrO
pelleHHs, YI0BIETBOPSIONIEr0 KMIHEMATHIECKUM TPAHUYHBIM YCIIOBHSAM CONPSKEHHs 000JI0YKM ¢ BajoM, a @ —
KOMITOHEHTBI KOMIICHCHUPYIOLIETO PEIICHNUSI.
Ki1roueBble cj10Ba: ITHEK, TIPECC, pacieT, OpUKET, JIONAcTH, YPaBHEHHUS.
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EFFECT OF SURFACTANTS ON THE REDUCTION
OF LEAD(I1) IONS ON LEAD ELECTRODE

Abstract. The effect high molecular weight water-soluble surfactants with different functional groups have on
the electroreduction of lead(ll) ions on a lead electrode in various electrolytes is studied. A copolymer of
methacryloylaminophenol with acrylic acid, a leather waste hydrolyzate, and a copolymer of monoethanolamine with
vinyl ether acetate are used as surfactants. The electrolytes that are used are 1 M KCI, KBr, KNOz, HCOONa,
NH,SO3H, 0.5 M Na;SO4, and 0.35 M NazCsHsO7 -2H,0. It is shown that in 1.0 M KCI or KBr solutions, there is no
inhibition of the electroreduction of lead(ll) ions by the adsorption layers of surfactants. It is found that the inhibitory
effect of polymers on the electroreduction of lead(ll) ions in different background electrolytes increases in the order
KCI > KBr > NasCe¢Hs072H,0 > Na,SO4 > KNO3z > HCOONa > NH,SO3H.

Key words: lead ions, electroreduction, surfactants, electrolyte, lead electrode, exchange current.

Introduction. Surfactants are widely used to improve the cathodic deposits of metals and alloys, to
obtain coatings with desired physicochemical properties, and as additives to electrolytes for metal refining
and corrosion inhibitors [1-3].

A great many studies have recently been devoted to the effect surfactants have on electrode processes.
Most of them reflect the effect low-molecular compounds have on electrode processes, and only a few
discuss the effects of high-molecular compounds [4-7].

In recent years, there has been growth of interest in studies on additions of water-soluble polymers
with several functional groups with different properties, which provide high adsorption capacity on
electrodes and have an appreciable effect on the electrode reactions [8, 9].

It is known that the presence of surfactants makes it difficult for electrode processes to proceed, as it
produces an inhibitory effect explained by the blocking of the electrode’s surface [10, 11]. The inhibitory
effect of organic additives also depends on a number of other factors, including the composition of the
electrolyte [12-15]. The inhibitory effect of the additive depends on the nature of the anions of the
electrolyte, so it is impossible to predict continuation of the effect of inhibition in different electrolytes. If
we know the general patterns of the effect organic substances have on the anions of a background
electrolyte and their interaction with them, we can interpret the mechanism of electrode processes, and in
some cases adjust the rate of electrochemical reactions [16-18].

Therefore, investigation of the electroreduction of metal ions on electrodes in the presence of polymer
additives with several functional groups that provides the necessary physicochemical properties of the
electrolyte (scattering power, viscosity, electric conductivity, etc.) is very important from both theoretical
and practical viewponits.
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The aim of this work was to study the effect a number of organic compounds have on the rate of lead
electroreduction on a lead electrode in electrolytes, in the presence of different anions of the background
electrolyte.

Methods. The effects of a number of surfactants were studied:a copolymer of
ethacryloylaminophenol with acrylic acid (CMAAP-AA) (Mr = 15000-20000), a hydrolyzate of leather
industry waste (HLIW), and a monoethanolamine vinyl ether acetate copolymer (VEMEA) (Mr = 50000-
100000). Electrolytes of the following composition were studied: 1 M KCI, KBr, KNO;, HCOONga,
NHzSOsH, 05 M Na2$O4, and 0.35 M NasCsHsO7 2H,0.

KCI and KBr were chosen as the background electrolytes,due to their strong adsorption activity. The
accelerating effect halogen ions have on electrode processes is well known. NasCsHsO; 2H,O and
HCOONa were chosen from among the organic acids, since they are inert; the NOs™ ion is a weakly
adsorbable anion. It was of interest to use 1.0 M NH,SOzH as the background electrolyte for purposes of
comparison against other electrolytes, since the inhibitory effect of the SOsH - ion in the presence of
surfactants is strong. It was of particular interest to study Na;SO4 as the background electrolyte, since the
SO,* anion does not participate in adsorption. We studied the electrochemical behavior of lead(ll) ions in
the 0.067 x 102 to 1.33 x 102 wt % range of surfactant concentrations at 298-328 K. The kinetics of the
discharge of lead(ll) ions on a polycrystalline lead electrode was studied by measuring the polarization
curves using a P-5827M potentiostat.

Results and discussions. Our studies of the electroreduction of lead(ll) ions on a solid electrode
against a background of 1.0 M KCI, 1.0 M KBr, 1.0 M KNO3 and 0.35 M NasCsHs072H,0 showed
surfactants had no effect on the discharge of lead ions(l1). This was due to the high specific adsorption of
halogen ions on the surface of a lead electrode, which can compete with the adsorption of adsorbate
molecules. The result is that no inhibition is observed. The depolarizing effect halogen ions have on
inhibition could be due to two phenomena. The first is the altered structure of the adsorption layer, caused
by the adsorption of both halogen ions and surfactant molecules. The second is associated with the
catalytic action of halogen ions; their low content in solution accelerates the electrode process.

Figure 1 shows the polarization curves of the electroreduction of lead(ll) ions on a lead electrode
against 0.5 M Na;SO4 with and without a surfactant at T = 298 K. Adding a surfactant to the solution
greatly inhibits the discharge of lead(ll) ions, which is apparent from the falling reduction current and a
substantial increase in polarization. When the content of the surfactant in the solution is increased, the
degree of inhibition grows and the drop in the limiting current becomes greater in the region of negative
potentials. The polarization curves of the electroreduction of lead(ll) ions in the presence of HLIW are N-
shaped, which is characteristic of the discharge of lead(ll) ions in the presence of nitrogen-containing
surfactants.

j. mA/cm?
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Figure 1 - Polarization curves for the electroreduction of lead(ll) ions on a lead electrode obtained at 7= 298 K on the background
of 0.5 M NazS0s in the presence of surfactants and without them HLIW. Csurf x10%, wt %: (1) 0.00, (2) 2.00, (3) 5.30, (4) 13.30

A similar study was conducted in the presence of CMAAP-AA and VEMEA. The introduction of
polymer surfactants into the solution accelerates the electrode process. With increasing surfactant content
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in the solution, the discharge of lead(ll) ions accelerates. This is manifested in an increase in recovery
currents and a decrease in polarization.

Polarization curves of lead(ll) ion discharge in the HCOONa solution in the absence and presence of
polymer surfactants at T=298 K indicate that the introduction of CMAAP-AA and VEMEA into the
solution leads to inhibition of the lead(ll) ion discharge process. With increasing concentration of additive
CMAAP-AA and VEMEA in solution increases the slump of the limiting current and increases the
polarization. With the increase in the content of these surfactants in solution inhibitory action CMAAP-
AA and VEMEA diminished In the case of HLIW the introduction of surfactant in the solution leads to
inhibition of the process of discharge of ions of lead(ll), accompanied by a reduction in currents
reconstruction and zoom eniem polarization. With an increase in the concentration of the HLIW additive
in the solution, the degree of inhibition increases, the decline of the limiting current increases.

In the presence of HLIW, a similar picture is observed in 1.0 M NH>SO3zH and 1.0 M KNOs solutions.
It should be noted that in the presence of CMAAP-AA and VEMEA in a solution of 1.0 M NH,SO3H, the
addition of copolymers leads to inhibition of the process, manifested in a decrease in the limiting
reduction current. At the same time, there is a slight increase in polarization. With increasing
concentration of surfactant additives in the solution, the degree of inhibition increases. However, at
surfactant concentration above 1.33.10-2 wt. % there is some weakening of the inhibitory effect of
surfactants.
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Figure 2 - Polarization curves for the electroreduction of lead(ll) ions on a lead electrode obtained
at 7= 298 K on the background of 1.0 M HCOONa in the presence of surfactants and without them:
(@) CMAAP-AA, Csurf X103, wt %: (1) 0.00, (2) 2.00, (3) 5.30, (4) 13.30.

(b) HLIW, Csurf 108, wt %: (1) 0.00, (2) 2.00, (3) 5.30, (4) 6.70, (5) 13.30.

(c) VEMEA. Csurt X108, wt %: (1) 0.00, (2) 2.00, (3) 5.30, (4) 6.70, (5) 13.30
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The obtained polarization curves were analyzed as described in [19], and the dependences for the
electroreduction of lead(Il) ions were constructed:

where i is the current density, n is the number of electrons transmitted, F is the Faraday constant, n is the
overvoltage, R is the universal gas constant, and T is the absolute temperature. In the investtigated region
of polarization (figure 3), the dependences were linear and parallel to one another, testifying to the
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constant value of the transfer coefficient. The data are presented in table 1.
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Figure 3 - Semi-logarithmic dependences of electroreduction of lead(ll) ions at T=298 K in the absence
and presence of HLIW. Csurf X103, wt %: 1 — 0.00; 2 — 2.00; 3 - 5.30; 4 — 6.70; 5 — 13.30

The data are presented in table 1.

Table 1 - Values of transfer coefficients a for electroreduction of lead ions (II) in various electrolytes
in the presence of surfactants and without them at T=298 K

surfactants without CMAAP-AA HLIW VEMEA
W surfactants
KNO3 0.33+0.01 0.33 0.33 0.33
NH2SO3H 0.62+0.01 0.62 0.62 0.62
HCOONa 0.22+0.01 0.22 0.22 0.22
The electroreduction of lead(ll) ions proceeds in two stages:
Pb* — Pbs®* +2e — Pb
Table 2 - Exchange currents (jo x 103, A/cm?) of the electroreduction of lead(l1)
ions in different electrolytes in the presence of CMAAP-AA at T = 298-328 K
Electrolyte T,K Courf X103, wt %
0 2.0 4.0 5.3 7.0 13.3
1.0 M NH2SOsH 298 5.0 4.6 3.7 3.3 3.2 3.7
308 5.1 5.4 5.3 4.4 3.9 3.8
318 6.8 5.3 4.6 3.8 4.1 3.9
328 6.3 6.3 4.2 4.7 4.7 4.7
1.0 M HCOONa 298 5.9 53 4.9 4.3 4.1 3.9
308 6.4 5.9 5.7 5.6 5.8 5.7
318 6.3 - - - - -
328 6.7 - - - - -
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The slowing of the electron transfer stage does not affect the adsorption of Pb** ions on the electrode.
The constant transfer coefficient testifies to the uniform mechanism of the discharge of Pb* ions.
Exchange currents jo for the discharge of lead ions(Il) were calculated from dependences. The exchange
currents (jo x 10%, A/lcm?) of the electroreduction of lead(ll) ions in different electrolytes in the presence
of surfactants are given in tables 2,3.

Table 3 - Exchange currents (jo x 108, A/lcm?) of the electroreduction of lead(l1) ions
in different electrolytes in the presence of VEMEA at T = 298-328 K

Electrolyte T,K Csurf X108, wt %

0 2.0 4.0 5.3 7.0 13.3

1.0 M NH2SO3H 298 5.0 4.8 4.7 4.6 3.4 4.1
308 5.4 49 4.8 4.7 45 4.5

318 6.3 6.3 6.2 5.4 45 4.7

328 6.3 6.4 59 5.8 4.8 4.8

1.0 M HCOONa 298 5.9 4.6 4.2 3.9 5.4 5.4
308 6.4 5.4 5.4 5.2 5.1 7.0

318 6.3 5.9 5.7 5.5 5.4 7.1

328 6.7 6.9 6.2 5.9 5.5 7.4

Analysis of the data presented in the tables shows that depending on the background anion when there

are no surfactants, the rate of the electroreduction of lead(l1) ions slows in the order
KCI > KBr > NasCgHs5072H,0 > Na,SO4 > KNO3> HCOONa > NH,SOsH.

Adding a surfactant lowers jo, indicating that this process is slowed. It should be noted that in a
solution of 0.5 M NaxSO,, the electroreduction of lead(ll) ions is strongly inhibited in the presence of a
surfactant. This is because an adsorption surfactant film forms on the electrode’s surface. The inhibitory
effect of the surfactant additive depends on the nature of the electrolyte anions and is enhanced in the
presence of CMAAP-AA in the order

KNO3;> HCOONa > NH,SO3H > Na,SO4
while with HLIW and VEMEA we have
Na,SO4s> KNOs; > HCOONa > NH,SO3H.

The dependences obtained for the discharge of lead(ll) ions with and without surfactants are linear
and parallel to one another; i.e., the mechanism behind the inhibition of the electrore-duction of lead(ll)
ions in the presence of surfactants at high temperatures remains unchanged.

The values of transfer coefficient a for the discharge of lead(ll) ions at on a lead electrode remain
constant. The constancy of o suggests that the mechanism of the discharge of lead(ll) ions was not
changed in the presence of surfactants. It is inhibited at the stage where depolarizer ions penetrate into the
surface layer. The analysis of tables 2,3 shows that in solutions of 1.0 M NH,SO3H and 1.0 M HCOONa
with increasing temperature the inhibitory effect of CMAAP-AA and VEMEA weakens. The inhibitory
effect of HLIW persists at T=328 K. In solutions 1.0 M KNO; and 0.5 M Nay;SQ, inhibition of
electricoreduction of lead ions (I1) adsorption surfactant film is not observed.

A temperature-kinetic analysis of the polarization curves in the range T = 298-328 K with no
surfactants was performed using the technique proposed in [20]. The temperature—kinetic curves for the
discharge of lead ions(ll) without surfactants and with surfactants are linear and independent of the
overvoltage. Using these data, we calculated the effective energies of activation of the electroreduction of
lead(1l) ions in different electrolytes with and without surfactants. Our findings are listed in table 4.

Table 4 - Effective energy of activation (Aefr, kJ/mol)
of the electroreduction of lead(ll) ions in different electrolytes

Electrolyte With no surfactants CMAAP-AA HLIW VEMEA
NH2SOsH 115 9.6 15.3 19.1
HCOONa 115 45.0 -47.5 6.8
KNO3 115 - 2.3 -
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Conclusion. Thus, the obtained experimental data allow to conclude that on the background of 1.0 M
KCI, KBr 1.0, 0.35 M Na3CsHs072H,0 20 inhibition of the electroreduction of lead ions(I1) adsorption of
the surfactant film at the studied temperatures was observed.

In other cases, the rate of electrical recovery of lead ions (I1) in dependence on surfactants decreases
inarow:

HLIW > CMAAP-AA > VEMEA.

Temperature studies show that the discharge of lead(ll) ions in the presence of surfactants is inhibited
at T=328 K. It was found that the inhibitory effect of polymers on the electrical recovery of lead(ll) ions in
electrolytes increases in the following sequence:

KCI > KBr > NazCsHs072H20 > Na,SO,; > KNO3 > HCOONa > NH.SOsH.

A.B. Baemos!, A.K. Mambip6exosa?, M.K. Kaceimona®,
AJI. MamuTora®, A.K. Mambip6exoBa?, O.H. Yeunna*

1.B. CoxonbCKuil aThIHAAFb] JKaHAPMAH, KaTaIN3 KOHE IIEKTPOXUMHS UHCTUTYTHL, Anmatsl, Kasaxcras,
2K.A. Scayu aThingarsl XalblKapajblK Ka3ak-Typik yHusepcuteti, Typkicran, Kazakcran;
3M. OyesoB atbingarsl OHTYCTiK Kazakcran MemiekeTTik yauepeuteTi, IlbivkenT, Kazakcran;
4Camapa MeMJIEKETTIK TEXHUKAJIbIK yHuBepcuTeTi, Camapa, Poccus

KOPFACBIH 2JIEKTPOJABIHJIA KOPFACBIH UOHJAPBIH(II)
TOTBIKCBI3JJAHYBIHA BETTIK-AKTUBTI 3ATTAP/JbIH 9CEPI

Annoranus. berrik-aktuBTi 3arTap (BA3) MeranmapaslH KaTOATH TyHOATapsl MEH KYWMalapIbl JKakcapTy
YIIiH, OepinreH (QU3MKAIBIK-XUMISIBIK KacHeTTepi Oap >KaOBIHIBUIAPABI Ay YIIiH, MeTangapAbl paduHupiey
ANIEKTPOIUTTEPiHE KOHE KOPPO3HsI HHTHOUTOpIIapbiHa KOCTIajap peTiHae KeHiHeH KOIAaHbIIa k.

OnexTponTsl mpouectepine BA3-AbIH ocepiH 3epTTeyre KOmTereH 3epTTeyiiep apHajFaH, OJapblH KOIIIiIiri
TOMEH MOJIEKYJaJbIK KOCBUIBICTAPIBIH SJIEKTPOITHIK MPOLECTEPiHE CEpiH JKOHE TeK a3 FaHa )KYMBICTap CaHbl -
KOFapbl MOJIEKYJIAJIBIK KOCBUIBICTAPABIH dcepiH KapacThipbUiFaH. COHFBI YaKbITTa FaIbIMAAPIBIH Ha3apblH
AJIEKTPOATAPIA KOFAPhI aACOPOIMSUIBIK KaOUISTTI KAMTaMachl3 €TETIH JKOHE 3JICKTPOATHI Peakiisuiapra eneyJai acep
eTeTiH, KacueTTepi OOWBIHIIA epeKIIeJeHeTIH (QYHKIMOHANIBIK TomTapsl 0ap, cyla E€pUTiH IOJMMEpIepAiH
Kocrasiapbl OOWBIHIIA 3epTTeysiep KbI3BIKTBIPAIbl. DJIEKTPOJIUTTIH KaXKETTI (U3MKO-XHUMHUSUIBIK KAaCHETTEpiH
(wamsipaTy KabijeTi, TYTKBIPJBIFBI, 3JIEKTPOTKI3TIIITIr koHe T.0.) KaMTaMachl3 eTeTiH OipHele (yHKIMOHANIBIK
TonTapsl Oap MOJMMEpPIIK KOCHAJIap/AblH KAaTBICYBIMEH JICKTPOATAp/a METAI MOHAAPBIH 3JICKTPTOTHIKCHI3IaHYbI
oTe 03eKTi Macese 00BN TabbIIa bl, COHBIMEH 0ipre TEOPHSUIBIK XKOHE MPAKTUKAIIBIK MaHBI3EI 0ap.

OpTYpili (QYHKIMOHAIABIK TONTapMeH (aKpHi KbIMIKBUIBI 0ap MEeTaKpHIOWIAMHHOMDEHONIBIH COMOINMEpi
(AK-MAA®C), Mr=15-20 w™bH, ObUTFapel ©HEpKacidi KamaplkTapbHbH —ruaponm3atel  (BOKI)  xoHe
MOHO3TaHOJAMWH BHHWI 3(HpiHiH aneTaTteHbH comomumepi (MDABD), Mr =50-100 MbIH) cyma epHTiH >KOFapbl
MoJneKynael  OerTik-aktuBTi 3artapaelH  (BA3) arrac amektpoara koprackiH wmoHmapeHBIH(IL)  opTypmi
3IIEKTPOIUTTEPAE IEKTPTOTHIK-ChI3JaHybIHA dcepi 3epTTENI.

JKymeicra keneci anekrposiurrep 3eprreimi: 1 M KCI, KBr, KNO3, HCOONa, NH;SOzH, 0.5 M NaySO,,
0.35 M NazCeHs072H20. ®oHIBIK 3IEKTPOIHUT peTiHAe KYIITI ancopOuusuibiK Oencenautikke Oaitnanbictel KCl1
xkoHe KBr rtanpmamraH. [anmomarsl HMOHAAPIBIH DJIEKTPOATHIK IPOLECTEpPre OJKEACNICHTIH ocepi  Oenrimi.
NazCe¢Hs072H,0, HCOONa opraHukaiblK KBHIIKBUIAAPAaH WHEPTTI OoNFaHAbIKTaH TapmanraH. NOsz WOH a3
aJ1IcopOIMsITIaHaTBIH aHUOHAPFa KaTa/lbl.

@DOHABIK SJCKTPOIHUT peTiHme Oacka JIMEKTPONUTTepMeH canbicThipy ymiH 1.0 M NH>SOsH 3eprrenres,
oiitkeHi BA3 katbicysiMern SO3H- HOHHBIH Texeyiln acepi yikeH. AHHOH SO anCcoOpOIMAIBIK OEICEHALTIT TOMEeH
OonFaHABIKTaH, POHABIK MEKTPoIUT perinae NaSOy 3epTTeyi e Oenrini 0ip KbI3BIFYIIBUIBIK Ty IBIPILL.

KopraceiH mongapbiHbIH(II) KOpFachklH 3JIEKTPOABIHIA BICKTPOXMMHSIBIK KacHeTTepi KapacThIpbUIAThIH
BA3-/1bIH KOHLEHTpauus uHTepBanbinga 6.710% + 1.33102 macc. % »xoHe Temneparypa 298-328 K apanbirbiHzia
3epPTTEIII.

OKcnepruMeHTaN bl HOTYDKENEpl Tanjay Ke3iHnue KopracblH HOHAAPBIHBIH(II) 21eKTpTOTHIKChI3AaHy KbUIAaM-
neirbl BA3 OonmmaraH ke3fe (OHHBIH AHUOHBIHA OailJIaHBICTBI Keyieci KaTap OoibiHIIA (OapiblK 3epTTEAreH
temneparypanapaa) aseiktamael: HCOONa > KNOs; > NH,SO3H > NasCeHsO; > NaxSOs. AK-MAADC
KaTBICYBIMEH 3€PTTEIreH JJICKTPOJIMTTEP/E OHBIH WHrHOMpreymi acepi keneci katappa kymeirtineni: KNOs >
HCOONa > NH,SO3H > Na,SO., BOKI katsickiana keneci karapra Na,SO4> KNO3z > HCOONa > NH>SO3H we.

AJsIHFaH TOXipHOeTik HoTHKenep OGoiisiHma (GoH petinme Kapacteipsirad 1.0 M KCI, 1.0 KBr, 0.35 M
NasCeHs072H,0  epitinpinepae 3epTTenreH TemIeparypaitapaa aacopOmmsiuslk BA3 IuieHkackiMeH KOpFAachIH
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HMOHJAPBIHBIH 3JEKTPTOTHIKCHI3IaHyBIHBIH Texkey Oaiikanmaiinel. Kanran xarmaiimapaa xopracsiH(II) monnapsHbH
ANEKTPTOTHIKCHI3IaHY KbUIIaMIsiFel BA3-Fa GaitnansicTel keneci kKatapaa: BOKI > AK-MAA®C > MDABD.

Temmnepatypanslk 3epTreyiiep KoprachlH HOHAApBIHBIH(II) paspsabl KapacTelpeiiaTelH BA3  KaThICYbIMEH
T=328 K kesiHme ne Texeyai KepceTemi. DIEKTPONUTTepaAe KoprackiH HOHAAPBIH(II) 37eKTPTOTHIKCHI3aHybIHA
moJUMepIiepai, uHruoupeymi acepi keneci pernen eceni: KCl > KBr > NazCgHs072H,0 > Na,SO4 > KNO3 >
HCOONa > NH,SOzH. Temmnepatypa 298-328 K apajibIFsiHia MOJSpU3alysUIbIK KUCHIKTapAbIH TeMIepaTypa-JblK-
KMHETUKAJIBIK Tajjaay kyprisinai. BA3 kareicybinna H koprackiH(II) MOHIap paspsablHBIH TeMIlepaTypalibiK-
KHHETUKAIBIK KUCBIKTAP TY3Y CBHI3BIKTHI OOJIBII Kee.

Onextponurtepne BA3 KaTpICybIHOa XKoHE KaTBICYBIHCHI3 TemmepaTtypa 298-328 K kesinme xopraceH (II)
HOHJAPBIHEIH JIEKTPTOTHIKCHI3IaHY YIIIiH aybIcy KO (GUIMEHTTEePiHIH (1) IIaMarapsl €CenTeNreH.

OpT1ypai anekrponurrepae BA3 KaTeicybIHAA )KOHE KAaTBICYBIHCHI3 Temreparypa 298-328 K ke3iHae KOprachH
(II) MOHAAPBIHBIH SIEKTPTOTHIKCHI3AAHY YILUIiH aIMacy TOKTapbIHbIH MaHzAepi (jo10° A/cm?) ecenrenren.

Onexrponurrepne bA3 xateicybimen xopracsiH(Il) moHDap pa3psaBIHBIH THIMIII aKTHBTEHAIPY YHEPTUSCHIHBIH
mamanapsl ecenrenreH. BA3 KaTBICYBIMEH YII HETi3Ti jKarmaiapl kepceryre Oomaasl. AKTHBTCHIIPY YHEPTHSICHI
apranel. byn KyObUIBIC KOCBIMIIA TOTEHIMANIbl KEAEPTiHIH Maiiia OONybIH KepceTeldl, SFHU TeXKeYAiH
AKTHBAIMSUIBIK MEXaHM3MI OpBIH allajibl. AKTHBTEHIIPY OSHeprusicel aszasjsl, sifHU KopracbhlH(II). moHmapbIHBIH
paspsabl JKeHUIeTIeNi AKTHBTEHIPY 3HEPTHsCHl TEpIiC MOHIE He, TeMIepaTypajbIK-KHHETHKANIbIK KUCHIK Kepi
Toyenzinikke ue. by, anekTpox OETiH TONTHIPY ASPEKECIHIH e3repyiMeH TeMIlepaTypaHblH KOFapbulaybl Ke3iHae
KOMITEHCAIMSIIIBIK Scep KYOBUTBICBIMEH OaiiIaHbICTHI.

Kympicta 3eprrenreH BA3 KoprachlH 3J€KTpPOABIHAA aACOPOIISUIAHAABI JKOHE MaKCHMAIABl ancopOmms
aiimarbl- 0.4 + -1.0 B unTepBanbiHna opHanackaH. KoprackIHHBIH HOJIIIK 3apsAAbIHBIH MoTeHIuansl Eq=o = - 0.56 B,
an Ttene-TeHAIK moteHmmansl E, = - 0.126 B Tten. BA3 katpicybiHCEI3 KoprachiH(II) MOHDApBIHBIH pa3psasl
ANEKTPOATHIH OH 3apsiATalFaH OCTiHAC OTei.

Tyilin ce3mep: KOprachlH MOHIAPHI, IIEKTPTOTHIKCHI3AAHY, OETTIK-aKTHUBTI 3aTTap, AJIEKTPOJIHT, KOPFACHIH
JIEKTPOIBIBI, AIMACy TOTBI.
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BJIMAHUE ITOBEPXHOCTHO-AKTUBHBIX BEHIECTB HA BOCCTAHOBJIEHUE NOHOB
CBHUHIA(Il) HA CBUHIIOBOM J3JIEKTPOJE

AnHoranus. IloBepxHocTHO-akTHBHBIE BemiecTBa (IIAB) Hamm mmMpokoe HmpUMEHEHHE Ui YIydIIeHHs
KaTOZHBIX OCAIKOB METAJUIOB U CIIIABOB, NOIYYEHHS TIOKPBITHI € 3alaHHBIMU (PU3NKO-XUMHYECKHMH CBOWCTBaMHU, B
KavyecTBe J0OABOK B 3JIEKTPOJIUTHI pahUHUPOBAHUS METAJUIOB M HHTHOUTOPOB KOPPO3HH.

Wzyuennto neiictust [IAB Ha »1eKTpoAHBIE TPOIECCH! HOCBSIIEHO OOJBIIOE KOJMYECTBO HCCIIEIOBAaHHH,
OOJIBIIMHCTBO M3 KOTOPBIX OTPaKaeT BIMSHHE Ha 3JIEKTPOAHBIE MPOLECCH HU3KOMOJEKYIAPHBIX COSIUHEHHH U
TOJIbKO HE3HAYMTEIBHOE YHCIIO PadoOT - AEHCTBHE BHICOKOMOJIEKYJSIDHBIX COeAMHEeHWil. B mociennee Bpemst Bce
Oosblllee BHMMAaHWE YUYEHBIX IPHUBICKAIOT MCCIENOBaHMSA IO J00aBKaM BOJOPACTBOPUMBIX MOJIHMMEPOB C
HECKOJIBKUMH Pa3IHYaOMIMMUCS MO CBOMCTBaM (DyHKIMOHAIBHBIMU TPYMIIAMH, KOTOPbIE 00ECTIEUNBAIOT BBICOKYIO
aICOPOIIOHHYI0 CIIOCOOHOCTh Ha 3JIEKTPOJax M OKa3blBAlOT 3aMETHOE BIMSHUE HA JIICKTPOIHBIC PEAKIHH.
DJIEKTPOBOCCTAHOBJIICHHE MOHOB METAJUIOB HA JJIEKTPOJAaX B MPHUCYTCTBUHU IOJMMEPHBIX JOOABOK C HECKOIBKHIMU
(GYHKIMOHAIBHBIMH TPYIIIIAMHU, KOTOpOEe olecreunBaeT HeoOX0IUMbIe (PM3UKO-XMMHUUECKHE CBOMCTBA AJIEKTPOJIUTA
(pacceuBarolasi ClIocOOHOCTb, BSI3KOCTb, 3JIEKTPOIIPOBOJHOCTD U JIP.) OYEHb aKTYaJIbHO U UMEET KaK TEOPETUIECKOE,
TaK ¥ IpaKTUYECKOE 3HAUCHHUE.

HccnenoBaHo BIMSHHE BBICOKOMOJIEKYJSIPHBIX, PAacCTBOPHMBIX B BOJE ITOBEPXHOCTHO-aKTHBHBIX BEIIECTB
(ITAB) ¢ pasnuuyHbiME  (QYHKIMOHATBHBIME Tpynnamu (COMONUMEP METaKpHIOHIaAMHHO(DEHOMa C aKpHIOBOM
kucioroid, Mr=15-20 Thic, THAPOIN3AT OTXOA0B KOXKEBEHHOH MPOMBIIUICHHOCTH M COIIOJIMMED alleTaTa BUHUIOBOTO
a¢upa MoHodTaHoiramuua, Mr =50-100 Teic.) Ha snekTpoBOccTaHOBIeHHEe MOHOB cBuHHA(Il) Ha ogHOMMEHHOM
JIEKTPOJIE B PA3INYHBIX JICKTPOJIHUTAX.

HUccnenoBansl amektponuthl cieayromero cocraBa: 1 M KCI, KBr, KNOs;, HCOONa, NH,SOz:H, 0.5 M
Na,SO4, 0.35 M NazCeHs072H,0. B kagectse ¢onoBoro asnektposnura Beiopansl KCl u KBr Beumy cuimbHOMN
a7IcOPOIIIOHHON aKTUBHOCTH. I3BECTHO yCKOpsomee ICHCTBHE TaJOMAHBIX MOHOB HA 3JIEKTPOIHBIC IPOLECCHI.

— 135 ——




News of the Academy of sciences of the Republic of Kazakhstan

NasCsHs072H,0, HCOONa BbiOpaHbl OTOMY, YTO SIBISIFOTCS. HHEPTHBIMU M3 YMclia opranudeckux kucioT. NOsz
HOH OTHOCUTCA K Maj0aJICOPOUPYIOIINMCS aHHOHAM.

B kauectBe ¢onoBoro snekrponuta uzydeH 1.0 M NH2SO3H a1 cpaBHeHus ¢ IpyruMu 3J€KTPOIUTAMU, TaK
kak Topmossiee aedictBue SOsH- nona B mpucyrctBuu ITAB Benmko. OmnpeneneHHBbI MHTEpEC NPENCTABISIO
takke nsydenue Na;SO4 B kauecTBe (JOHOBOIO 3JIEKTPONIUTA, TaK Kak aHuoH SO4% afcopOLHMOHHO MaTOAKTHBEH.

HccnenoBaHo 3yIeKTpOXMMHUUYECKOe TOBeleHne MOHOB cBHHIA(I]) Ha CBHHIIOBOM 3JIEKTpOJie B NPHCYTCTBHU
BhIOpanHbx [TAB B 06nactu konnentpanuu 6.7-10 + 1.33:102 macc. % B unrepsane temneparyp T = 298-328 K.

AHanu3 3KCIIepUMEHTAIBHBIX JTAaHHBIX ITOKa3bIBAET, YTO CKOPOCTD AJIEKTPOBOCCTAHOBIIEHUSI HOHOB cBHHIA(I]) B
3aBUCHMOCTH OT aHWOHa (hoHa B orcytcrBue [IAB yObiBaeT B psamy (IIpu BceX HCCIEIOBAaHHBIX TeMIlEpaTypax):
HCOONa > KNO3z > NH>SOsH > NazCeHs07 > Na SO, . B mpucyrcrBun CMAA®-AK ero marHOupytomee
JIeficTBAE B WCCIICAOBAaHHBIX 3JCKTPONUTAX ycuimBaercs B cienyromem psay: KNOz; > HCOONa > NH,SOsH >
Na»SOs, B ciaydae 'OKIT umeer Bun: Na;SO4> KNO3; > HCOONa > NH,SO3H

[Mosy4yeHHbIe 3KCIICPUMECHTAIBHBIC TaHHBIC MO3BOJSIOT CleiaTh 3aKimodeHue, uto Ha ¢oue 1.0 M KCI,
1.0 KBr, 0.35 M Na3CsHs072H,0 uurubupoBanus 3ieKTpoBoccTaHoBieHUsT HOoHOB cBUHNA(II) amcopOunoHHOM
wieHkoi [TAB mnpu wu3yueHHbIX Temmeparypax He HaOmojaerca. B ocrampHBIX —cilyyasx CKOPOCTh
anexTpoBoccTanoBienns: nonos cuHua(ll) B 3aBucumoctu ot ITAB yOwiBaer B psay: TOKIT > CMAA®-AK >
BOMDA.

TeMneparypHble HCClIeIOBaHHS MTOKa3bIBAIOT, 4TO pa3psn nonos ceuHua(ll) B mpucyrcrBun nomydenusix [1AB
narubupyercs u npu T=328 K. YcraHoBieHo, 4TO HHrHOUpYyOIIee ISHCTBIE IMOJUMEPOB Ha AIIEKTPOBOCCTAHOBIIE-
uue wonHoB cBuHIA(Il) B asnekTponmTax BoO3pacTaeT B cieaywoomiei mocienoBarensHocTH: KClI > KBr >
NazCeHs072H,0 > Na,SO4 > KNO3z > HCOONa > NH,SO3zH.

[IpoBenen TeMmnepaTypHO-KMHETHYECKUH aHAIW3 MOJSIPH3ALMOHHBIX KPUBBIX IJISI WHTEpBAJa TEMIEpaTyp
T=298-328 K. TemmeparypHOo-KuHeTHdecknue KpuBble paspsina uonoB csuHUA(I) B mpucyrctBum I1AB
MIPSIMOJIMHEHBI.

YcTaHOBNEHB! BENWYHHBI KOX(HUIMEHTOB MEepeHoca o IS DJIEKTPOBOCCTaHOBIEHHS HOHOB cBuHLA (II) B
Pa3NIMUHBIX DJIEKTPOJIMTAX B OTCYTCTBUE U B pucyTcTBun [IAB npu T=298-328 K.

Paccuntanbl BeauuuMHBI TOKOB o6MeHa (jol10° A/cm?) nns snekrpoBoccTaHoBienuss uoHoB ceuana(ll) B
Pa3IMUHbBIX AJIEKTPOJINTAX B OTCYTCTBUE U B pucyTcTBun [1AB npu T=298-328 K.

Omnpenenenbl BeTMUUHbBI 3P PEKTUBHOM 3HEprun akTuBanuu paspsna nonos ceunna(ll) B npucyrcreun I1AB B
pa3nuuHbIX 3JeKTposuTax. B mpucyrctBuu [IAB MOHO BBIIENUTH TPH OCHOBHBIX Cilydas. DHEPrHs aKTHBALMU
BO3pacTaeT. YBeNn4eHHe A,pp CBUIETEIBCTBYET O BO3HHKHOBEHHMH JOMOJHHUTEIHLHOTO MOTEHLMAIBHOTO Oapbepa,
T.€. IMEET MECTO AKTHBALMOHHBIH MEXaHM3M TOPMOXXCHUS. DHEPrUsl aKTHBAILMM YMEHBINAETCs, T.€. obJyierdaercs
paspsn moHoB cBuHOA(Il). DHeprus akTMBaIMM HWMEET OTPUIATENHLHOE 3HAUCHHWE, TEMIIEPaTyPHO-KHHETHUYECKas
KpHBasi UMEET OOpaTHYIO 3aBHCHMOCTb. JTO, BEPOSITHO, CBSI3aHO C SIBJICHHEM KOMIEHCAIMOHHOTO 3(p¢eKTa mpu
MOBBIIIICHUN TEMIIEPATYPbl ¢ U3MEHEHHEM CTETICHH 3allOJHEHUs MOBEPXHOCTH 3eKTpoaa. M3ydennsie Hamu [IAB
a/IcCOpOUPYIOTCS] HA CBHHIIOBOM 3JIEKTPOJIE U 00JIaCTh MAKCUMAJILHOM ajicopOIy Haxoaurcsi B untepsaie — 0.4 + -
1.0 B. Ilorenmuan HyneBoro 3apsaa cBuHua Eq=0 = - 0.56 B, a paBHoBecHblii noteHuuan E, = - 0.126 B. Paspsn
noHoB ceuHIA(II) B orcyTcTBHE ITAB npoTekaeT Ha MONTOXKUTENBHO 3apsKEHHOM MMOBEPXHOCTH AJIEKTPO/A.

KaioueBble ciioBa: MOHBI CBHHIA, 3JIEKTPOBOCCTAHOBJICHHE, IOBEPXHOCTHO-aKTUBHBIEC BELIECTBA, JIECKTPOJIHT,
CBHUHIIOBBIH 3JIEKTPOJI, TOK 0OOMEHa.
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SYNTHESIS AND STUDY OF STRUCTURAL PROPERTIES
OF COMPOSITES BASED ON NI-RU FOR STEAM CONVERSION
OF ETHANOL

Abstract. Catalyst precursors, substituted by rare-earth and transition metals, promoted with Ru nanoparticles
using the modified Pechinimethod (Organic polymeric precursor) have been synthesized. To transform biofuel
(ethanol) into hydrogen from the obtained active phases, three different methods were used to synthesize composites
with the general formula [LaMn1-xBxOs + & / Ln1yZryO>] (1: 1 by mass), B = Ni, Ru, Ln = Pr, Sm, Ce. Structural
and surface properties of the obtained samples of complex oxides and composites were studied using the BET and
XPA methods. The textural and structural characteristics of composites differing in the methods of their
preparationare presented.

Key words: perovskite, fluorite, composites, biomass, hydrogen.

Introduction

Fossil fuels are widely used, but their resources are limited. Therefore, the development of new fuels
is necessary, and currently much attention is paid to renewable energy sources [1]. Biomass as a
renewable raw material is not only the subject of numerous scientific studies, but in some countries it
largely replaces traditional fossil energy sources. To date, one of the most promising methods for
transforming biomass into fuel and energy is catalytic steam conversion of the liquid products of biomass
processing into hydrogen and synthesis gas [2].

In this regard, the need to create new catalysts for the steam conversion of ethanol to hydrogen and
synthesis gas is of great interest. Well known catalysts for steam reforming of oxygen-containing
compounds are usually noble [3-5] or transition metals [6-9] deposited on the surface of porous supports.
The main problem that impedes their industrial application is the coke formation on the surface of
catalysts and, as a consequence, their deactivation [6-10].

Nanocrystalline oxides with the structure of fluorite, perovskite and spinel and their nanocomposites
containing cations of rare-earth and transition metals, capable of changing their oxidation state, have high
mobility and reactivity of oxygen. Such oxides are one of the most promising carriers resistant to coke
formation for catalysts for the conversion of hydrocarbons or oxygen-containing compounds into synthesis
gas [11,12].

There are several approaches to the preparation of oxide nanocomposites with the structure of
perovskite and fluorite. The method of synthesis of nanocomposite materials should provide high chemical
uniformity of the obtained complex oxides along with their high dispersion. Among many methods for
preparing catalysts, the high spatial uniformity of the distribution of cations in mixed oxides is ensured by
the method of the so-called ester polymer precursors (Pechini method) with the addition of chelating
agents such as citric acid, ethylene diamine (ED) and ethylene glycol [13].
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Based on this, the aim of this work is to synthesize and study the texture properties of Ni-Ru-based
composites intended for ethanol steam reforming.

Experimental part

Preparation of active ingredients

To prepare the samples Pro15Smg15Ceo3sZross02 and LaMngasNigs5RuUg1 according to the
Pechinimethod, we used crystalline hydratesPr (NOs)s:6HO(pur.), Sm (NOs)-6H,O (puriss),
Ce (NOs); - 6H20 (p.a.), ZrOCl; (puriss),La (NOs)s:6H20 (puriss), Ni(NOs).-6H,O (p.a.),RuOCl; (p.a.),
Mn(NOs). - 6H0 (puriss), citric acid (LA, puriss), ethylene glycol (EG, p.a.), ethylenediamine (ED, pur).

The exact molar masses of nitrates were determined by thermal analysis. Ethylene glycol and citric
acid were used as complexing agents. Ethylene diamine is added to further polymerization of the system.
Reagents were taken in molar ratios of LC: EG: EDA: Zv (metals) = 3.75: 11.25: 3.75: 1. Citric acid was
dissolved in ethylene glycol with vigorous stirring and gentle heating (60-80 ° C). Crystalline hydrates of
metal nitrates were added to the resulting solution cooled to room temperature with vigorous stirring, then
ethylenediamine was added dropwise. Full homogenization was expected in 2 h. The resulting mixture
was evaporated with stirring to obtain a viscous polymer, calcined in a muffle furnace at 700 ° C during
5 hours.

Synthesis of Nanocomposites

Nanocomposites based on Pro15Smg.15Ceo.35Zr03502 LaMngasNiosRugicomplex oxides at a 1: 1 ratio
were synthesized using a modified Pechini polymeric precursor method, followed by calcination with
700°C for 4 hours.

Physico-chemical studies of the samples obtained

The phase composition of the samples was determined by x-ray phase analysis (XRD). Diffraction
patterns were obtained using a Bruker Advance D8 diffractometer with CuKa radiation. Scanning was
carried out in the angle range of 20-80 (20) with a scan step of 0.05 (20). Identification of the phases
obtained and quantitative calculations were obtained using the ICDD X-ray file cabinet.

The specific surface area of the synthesized samples was measured by the express version of the BET
method for thermal desorption of argon on a SORBI-M device.

Results and discussion
Using the method of low-temperature nitrogen adsorption, the specific surface area of the obtained
oxides and nanocomposites was calculated.

Table 1 -Textural properties of complex oxides and synthesized composites

Ne Composition of Composites Method of preparation Calcination,°C Surfzace, Bulkdengny,
m?/g kg/m

1 Pro.1s Smo.15Ce0.35Zr0.3502 Pechini 700 75

2 LaMno.4sNio.45 Ruo.103 Pechini 700 8 -

3 | ProisSmo.1sCeo.35Zr0.3502 Polymer 700 36 1,3621
LaMno.4sNio.4sRu0.103

4 Pro.15Smo.15Ceo.35Zr0.3502 1 one-pot synthesis 700 49 1,4691
LaMno.4sNio.4sRuUo.1 O3

5 Pro.15Smo.15Ce0.35Zr0.3502 1 Ultrasonic dispersion 700 61 1,1174
LaMno.4sNio.4sRU0.103

From the results presented in table 1, it is seen that the fluorite-like complex oxide with the
composition Prois Smo.1sCeo.35Zr0350zprepared by thePechinimethod has the largest specific area -
75 m2/g. The composite prepared by the method of ultrasonic dispersion is distinguished by a high
specific surface as well. The composites prepared by the Polymer and One-pot synthesis methods showed
36 and 49 m?/g, respectively. The lowest specific surface index has a perovskite-like complex oxide with
the composition LaMngsNio4sRuo1Osprepared by the Pechinimethod. It is known thatperovskites
generally have a low specific surface area [14, 15].
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The phase composition of the sample of complex oxide ProisSmg15Ceo35Zr0.3502prepared by the
Pechini method and calcinedat 700 ° C in the angle range 26, 20-80 ° C is shown in figure 1.
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Figure 1 - Diffraction pattern of the Pro.15Smo.15Ce0.35Zr0.35025ample

According to X-ray diffraction data (figure 1), a sample of the complex oxide
Pro.15Smo.15Ce0.352r0.3502 is a single-phase well crystallized system, which is a solid fluorite-like solution
of cubic type PrSmCezZrO (Fm3m) with a small admixture of phases of monoclinic and tetragonal
zirconium oxides.

Using the XRD method, the phase composition of the complex oxide sample
LaMng4sNig4sRug 10sprepared by the Pechini method, calcined at 700 ° C in the angle range 26, 20-80 ° C
(figure 2) was determined.
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Figure 2 - Diffraction pattern of the LaMno.4sNio.4Ruo.10ssample

According to the XRD data (figure 2), the phase composition of the LaMnNiRuOnanocomposite is
crystallized in the structural type of perovskite with orthorhombic symmetry.

Next, the phase compositions of composites synthesized by the Polymer and One-pot synthesis
methods and the ultra dispersion method (figure 3) based on complex oxide precursors were determined.
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Figure 3 - X-ray diffraction patterns of composites

From the data presented (figure 3) it can be seen that upon application of various active components,
such as Ni, Mn, Ru, the fluorite-like structure of composites obtained using the Polymer and
ultradispersion methods is preserved. Whereas in a composite synthesized by the One-pot method, the
fluorite-like structure is deformed. The crystalline phase — NiO was identified in composite, obtained
using the Polymer method.

Surface promotion of the support by rare-earth elements inhibits the growth of nickel crystallites,
preventing the formation of large particles necessary for the formation of coke, and also complicates the
reoxidation of metallic nickel during the reaction [16,17,18,19]

Complex oxides with a perovskite structure in addition to high oxygen mobility have a number of
additional unique properties. Due to this, they are sometimes called "replacement of noble metals" in the
application to catalysis [20]. Catalysts based on substituted precursors for the ethanol steam reforming
process based on perovskites LaFeNiOs [21], LaixAxFeiyNiyOs (A = Ca, Sr) [22.23], Lal-xSrxFe;-
yC0yO3 [24], LaixCaxFe1.xC0x03[25] and LaXCoOs (X = Mg, Ca, Sr, Ce) [26] are well known.

The results of this work are of particular interest in the field of modern catalysis in obtaining
renewable energy sources, and also require further research. The data obtained contribute to the solution
of the development of domestic catalyst production

Conclusions

This study presents the results of the synthesis of single-phase nanocrystalline complex oxides with
the general formula [LaMn1-xBx03 + 6 / Ln1-yZryO2] (1: 1 by mass), B = Ni, Ru, Ln = Pr, Sm, Ce, with
fluorite ( doped cerium-zirconium oxide) and perovskite structures by thePechinimethod.

Synthesis methods are proposed that lead to the formation of a complex perovskite-fluorite system
with cations uniformly distributed in one structure and a developed interphase phase. The influence of the
synthesis method on the structural properties of the oxide system is shown. The results of the study
showed that in the synthesis of composite structures, the most effective is the method of ultrasonic
dispersion.
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3TAHOJJIBIH, BY AMHAJIBIMBI YIITH NI-RU HETT3IHJET'T KOMIIO3UTTEPAI CHHTE3JIEY
7KOHE OJIAPJBIH KY¥PbIJIBIM/IBIK KACUETTEPIH 3EPTTEY

AnHotanus. Kaz0a oTeIHZapsl KEHIHEH KOJIAHBUIAAB, Oipak ojapAblH pecypcrapbl mekTeyii. COHABIKTaH
OTHIHHBIH XaHa TYPJIEPiH jkacay KaxeT. Ka3ipri yakpITTa jkaHapTHUIATHIH YHEPTHSA KO3/AepiHe Kol KeHUT OemiHyae.
buomacca- mmKkizaT peTiHIE KONTEreH FhUIBIMH 3€pTTEYJIEpJiH TaKbIPHIObI FaHa €Mec, COHbIMEH KaTap, KewoOip
eniepae OOCTYpii Kazba SHeprus Ke3AepiH aiMacTeipyna. ByriHri tapma OuWoMaccaHbl OTBIH MEH JSHEpIUsta
alHAIIBIPYIBIH TEPCICKTHBTI OICTEPiHIH Oipi — OMOOTHIHIBI CYTETi MEH CHHTE3 Ta3blHa OYJBl KaTAIUTHKAIBIK
alHaIABIpy OOJIBIN TaOBUTAIBI.

OcpIFaH OaiiyIaHBICTBI ATAHONBI CYTETi MEH CHHTE3 ra3blHa Oy alfHaJbIMbIHA KaXKETTi JKaHa KaTallku3aTopJiapbl
Kacay KaKeTTUIIr YJKEH KbI3BIFYLIBUIBIKTEI TYABIpAbl. KypambiHoa oTTeri 0ap KOCBUIBICTApIbIH OyJbl aifHaIbI-
MBIHBIH KaTaJIU3aTOPJIaphl 9AETTE KEYEeKTi TaChIMAIAaFbIITApFa KOHIBIPBUIFAH achll HEMece aybICIalbl MeTajiaap
Gombin Tabbutamel. Onapiasl ©HEpPKACiNTe KOJAaHyFa Kelepri KeNTIpeTiH Herisri Macelne, KaTajln3aTopiapAblH
KeMipJIeHy1 koHEe COHBIH CalJapbIHAH OJIAP.IbIH KapaMCHI3ABIFEI OOJBIT TAOBLTAIB.

KypaMbiHIa cHpek Ke3[eceTiH jKoHE aybICIalbl METAIIApAbIH KaTHOHAAphl 0ap (IIF0OpPHUT, IEPOBCKUT JKOHE
IIMMHENIb KYPhUTBIMABI HaHOKPUCTAJIBI OKCHITEP MEH OJIap/IblH HAHOKOMITO3UTTEPI TOTHIFY KYHIH e3repryre Kadi-
JIETTI JKOHE OTTETIHIH OFaphl KO3FAIFBILTHIFEI MEH peakiusuiacy KabineriHe ue. MyHIall OKCHUATEP KOMIPCYTeK-
TepAi Hemece OTTeri Oap KOCHUIBICTAPIbl CHHTE3 I'a3bl MEH CyTeriHe aifHaIABIpyFa KaXeTTi KaTaJIn3aTopllapiAblH
KOMIpJIeHyiHE TypaKThl THIM/II KaTalu3aTopiap/biH 0ipi 00JIbIN TaObLIaIbL.

OcbIFaH caiikec, OYJ1 )KYMBICTBIH MaKCaThl - 3TaHOJABIH Oy aliHanmbIMbIHIaFbl Ni-Ru HeriziHgeri KoMno3uTrep/i
CHHTE3/ICy )KOHE OJIap/IbIH KYPBUIBIMIBIK KACHETTEPIH 3epTTey OOJIBIIN TaObLIa bl

Ru HaHOOeIEKTEpIMEH TPOMOTOPIIaHFaH, CUPEK KE3/IECETIH )KOHE aybICIalbl METAIaPMEH alIMacThIPbUIFaH
KaTaJIM3aTopJIapAbIH IPEKYPCOPIIapbIHBIH CHHTE31, MTOJUMEpIIl OPraHUKaNbIK IPEKYpCOopIapblH MOANMUINPICHT €H
onicimen (ITexunm) xypri3ingi. bruooTsiHHaH (3TaHOM) CyTeri ay YIUiH, ajblHFaH OeliceHal da3anapiaH  yiI Typi
omicnieH xanmbl popmynacel [LaMny«ByOs+s/LN1yZryOz] (1:1 macca Goiisima), B = Ni, Ru, Ln = Pr, Sm, Ce
KOMIO3UTTep cuHTe3AenAl.CHHTEe3Aey OMICTepiHiH YATLIepaiH KYphUIBIMIBIK XOHE OCTTIK KacHeTTepiHe ocepiH
pertresnik (Qazansikxone BET omicrepimen 3eprrenmi.CuHTE3[ey OmICTEpiHIH epeKIIeNiriHe OaiaHBICTHI
KOMITO3UTTEPAIHKYPBUIBIM/IBIK KoHE OETTIK KaCHEeTTepl CUIIaTTal Ibl.

ByJ1 )KYMBICTBIH HOTHOKENEpl 3aMaHayH KaTaln3 CajachlH/a JKaHAPThIIATHIH SHEPrUsl KO3/EpiH ajlyaa epeKiie
KbI3BIFYIIBUIBIK, TYABIPaJIbl, OCBIFAH Opai, OJJaH 9pi 3epTTey/ii KaKeT eTe/li. AJNbIHFaH MAJIIMETTep KaTalu3aroplap-
JIBIH OTaHJIBIK OHAIPICIH JaAMBITY MOCENIEICPiH MICITyTe BIKIAT CTe/Ii.

Tyiiin ce3mep: NepoBCKUT, GIIOOPUT, HAHOKOMITO3UTTEpP, OOMacca, CyTeri.
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CUHTE3 U U3YYEHUE CTPYKTYPHBIX CBOMCTB KOMIIO3UTOB
HA OCHOBE NI-RU JIJII TAPOBOM KOHBEPCHUHU DTAHOJIA

AHHoTanus. Vckomaemble BUIBI TOMIMBA MINPOKO HUCTIONB3YIOTCS, OJHAKO UX pecypchl orpanudeHsl. [loatomy
pa3paboTKa HOBBIX BHJOB TOIUIMBA HEOOXOAWMMa, W B HAcTOAIIee BpeMs OONBIIOE BHUMAHHE YIENseTCS
BO300HOBIISIEMBIM MCTOYHHKAM JHepruu. bromacca kak BO30OHOBIISIEMOE CHIPhE HE TOJILKO SIBISIETCS MPEIMETOM
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MHOTOUYHCIICHHBIX HAYYHBIX MCCIICIOBAHUM, HO B HEKOTOPHIX CTpaHaX B 3HAYUTENBHOH MeEpe 3aMeHseT
TPaIMLMOHHbIE HCKONAEMble WCTOYHHKHM 3Hepruu. Ha ceromHsmHuil IeHb OJHMM U3 CaMbIX INEPCHEKTUBHBIX
METOJIOB TpaHC(OpMAIMK OMOMACChI B TOIUTMBO W SHEPTHIO SBIISIETCS KaTaJUTUUECKas NapoBas KOHBEPCHS HKHIKUX
MPOJYKTOB NepepaboTKu OHOMAacchl B BOJOPOJ U CUHTE3-Ta3.

B 21011 CBsI3M HEOOXOMMOCTh CO3/IaHUSI HOBBIX KaTaJIM3aTOPOB LIS TAPOBOI KOHBEPCHU ATAHOJIA B BOAOPO] U
CHHTE3-Ta3 BBI3bIBACT OOJBIION MHTEpec. M3BecTHBIE KaTalM3aTOPBLIISI MApOBOIi KOHBEPCHN KHUCIOPO/ICOACPKAIINX
COCAMHEHUIT OOBIYHO TMPEICTaBISIOT COO0OH OJaropoigHbple WM TEPEXOAHbIE METaJUIbl, HAaHECEHHBIE Ha
MIOBEPXHOCTBIIOPUCTHIX HocuTened. OCHOBHOW NpOONEeMOi, 3aTPYIHSIOMIEH WX IPOMBIIUIEHHOE IPUMEHEHHE,
SIBIISIETCSI 3ayTIIEPOKMBAHUE KATaIM3aTOPOB MKAK CIEICTBHE - X J€3aKTHBAIN.

Hanokpucrannmyeckne OKCHIBI CO CTPYKTypoH (IIoopuTa, MEPOBCKUTA M INMUHENIN M UX HAHOKOMIIO3HTHI,
coJieprKalie KaTHOHBI PEIKO3EMENIbHBIX U ITEPEX0IHBIX METAIIIOB, CIOCOOHBIE U3MEHSTH CBOIO CTETICHb OKHCIICHHS,
00J1a1af0T BBICOKOH MOJBMXKHOCTBIO U PEAKIIMOHHOI CIIOCOOHOCTBIO KMCIOpOAa. Takue OKCHIBI SBISIFOTCS OXHHMU
13 Hanbojee MEPCIEKTHBHBIX HOCHTENCH, yCTOWYMBBIX K 3ayTJICPOXMBAHHMIO KAaTaM3aTOpPOB, IS NPEBpAILCHHS
YTIIEBOJIOPOIOB MM KHCIOPOJICOAEPIKAIINX COCMHEHNI B CHHTE3-Ta3 U B BOJOPOI.

Hcxogst U3 3TOT0,leNbIoIaHHON pabOoThI SIBISIETCSl CUHTE3 U M3Yy4YEHHE TEKCTYPHBIX CBOWCTB KOMIO3WUTOB Ha
ocuose Ni-Ru, npeara3HaueHHBIX I TAPOBOM KOHBEPCHHU STaHOJIA.

CuHTe3upoBaHbl MPEALIECTBEHHUKHM KaTalH3aTOpPOB, 3aMELICHHBIE PEIKO3EMEJIbHBIMH U IEPEXOAHBIMHU
MeTalllaMd POMOTHUPOBAaHHBIX HAaHOYACTUIIAMU RU ¢ moMomipi0 MOANGHIMPOBAHHOTO MeToja organic polymeric
precursor (Meron Ilexunu). s Tpancdopmanmy OuoTorIIMBa (3TAHONA) B BOAOPO/I, U3 MOJTYYEHHBIX aKTHBHBIX (a3
TpeMsl pa3HBIMU METOIAMH CHHTE3HMPOBAHbI KOMIO3UTHI ¢ o6miel Gopmyioi [LaMnixBxOs+s/LN1yZryO2] (1:1 1o
Mmacce), B = Ni, Ru, Ln = Pr, Sm, Ce.. CTpyKTyHbIC ¥ TOBEpXHOCTHBIC CBOHCTBA MOJIYICHHBIX 00Pa3I0B CIIOKHBIX
OKCHJIOB ¥ KOMIIO3UTOB H3Y4eHHI ¢ moMoInbio MeTofioB BOT u POA. IlpencraBieHbl TEKCTYpHBIC W CTPYKTYPHEBIE
XapaKTEPUCTUKN KOMIIO3UTOB, OTIIMYAOIINECS B 3aBUCUMOCTH OT METOJIOB €TO IIPUTOTOBIICHUS.

PesynbraTsl HacTOsIIEH paOOTHIIPEACTABISIOT OCOOBII HMHTEpec B 00JIACTH COBPEMEHHOTO KaTanm3a
MPUTIOyYCHHN BO300HOBIAEMBIX HCTOYHMKOB OJHEPIMH, a Takxke TpeOyloT JajibHeilee ucciIeJoBaHME.
[Mosy4eHHbIe JaHHBIE CIIOCOOCTBYIOT PELICHHIO BOIIPOCOB Pa3BUTHUSI OTEUECTBEHHOTO MPOU3BOJICTBA KaTalIn3aTOPOB.

KiroueBble cJI0Ba: IEPOBCKUT, (UIIOOPUT, KOMIIO3UTHI, OOoMacca, BOZOPOA.
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STUDY OF THE EFFECT OF A NEW COMBINED INHIBITOR
AND A PERMANENT MAGNETIC FIELD ON CORROSION AND SALT DEPOSITION

Abstract. This academic article encompasses the investigation results concerning, the composite acquired from
the mixture of hydrated technical phosphatide, cubic thickness of polypropylene glycol, and sodium
hexametaphosphate. According to the outcomes of laboratory researches, it was determined that the developed new
composite provides not only prevention of equipment from corrosion, but also protection of those from salt
deposition. Furthermore, as a result of the joint effect of a stable magnetic field of 280 kA/m, high protective
efficiency was determined. Thus, the optimum consumption was found to be 150 mg/l. In this case, the protection
effectiveness against corrosion and salt deposition accounted for 93% and 85% accordingly.

Commercial tests of the combined action of the reagent and the permanent magnetic field were carried out on
the cooling system of compressors “Bibiheybatneft” OGED (Oil and Gas Extraction Department). In the field with
the combined use of a magnetic field and inhibitors the protective effect is 90%, and the protective effect of salt
deposition is 73%.

Keywords: oilfield equipment, salt deposition, inhibitor, aggression, composite, corrosion.

Introduction

At the oil and gas refineries and petrochemical plants, when water is heated due to the super
saturation of water with salts, primarily calcium carbonate, on the heat exchange surfaces of the heat
supply and hot water supply systems, circulating cooling systems, distillation desalination plants and
evaporators, low-pressure steam boilers. Operation of the listed equipment is also hampered by the
formation of iron oxide deposits with high corrosive water aggressiveness. Similar problems arise in
oilfield equipment in oil production. Therefore, the development of a multifunctional reagent that
effectively inhibits corrosion and salt deposition is an urgent task.

Corrosion and salt sedimentation processes occurring in oil extraction create difficulties in
exploitation of wells and consequently this causes an increase in the cost of the extracted oil.

Salt deposits form on the exploitation line, pump-compressor tubes, valves, and pumps, as well as oil
preparation equipment and therefore entirely cover the internal surface of the facilities, restrict flow of
stream or bring to whole limitation in movement of steam [1, 2]. Furthermore, salt sediments inevitably
contribute to corrosion and its enhancement [3, 4].

The feasible causes for salt sedimentations can become chemical incompatibility of the waters
flowing into wells from various horizons (mixture of alkaline and hard waters), and excessive saturation of
water-salt system throughout the period of change in hydraulic pressure and thermodynamic conditions.
From this reason, the improvement of exploitation efficiency of wells operating in circumstance in which
corrosion and salt deposition take place is one of the pressing issues [5,6].

Firstly, inhibitors against salt sedimentation are applied in preservation of submersible pumps
operating in wells because precipitation of salts inside working pieces of facilities will have a profoundly
negative impact on the operation of the equipment, the facilities will be out of order prematurely, and
thereby the work of the equipment will extremely aggravate. Unambiguously, salt deposition decreases
operation time of pumps by virtually three-five times [6]. Recently, an inhibitor against salt deposition are
applied in oil reserves for protection of oilfield equipment from mineral salts mainly comprising calcium
and magnesium carbonates [7]. A fundamental study of scale formation of calcium carbonate (CaCOs) for
producing oil wells has been carried out [8, 9].
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It is imperative to select an effective inhibitor in accordance with the operating parameters of the
wells and the chemical composition of layer water once choosing technology for prevention from
corrosion and salt precipitation [10-12]. From this reason, production of effective inhibitors prepared from
multicomponent mixtures for prevention against corrosion and salt deposition becomes necessary. To
obtain synergetic effective composite, combination of inhibitors is investigated on the basis of certain
principles and optimal analyses.

Even though each of these inhibitors made from several components have a certain power of
influence, combination of those results in formation of synergetic effect and make an opportunity to
deteriorate different influences simultaneously and have complex effects.

Results of laboratory researches

As a result of laboratory researches, new complex effective composite was prepared from the mixture
of hydratedtechnical phosphatide (TP), sodium hexametaphosphateand (NaPOs)s cubic thickness of
polypropylene glycol (PPG).

In order to investigate protection effectiveness from corrosion of new complex effective composition,
according to laboratory tests was conducted on U-shaped device with using aggressive layer water within
the period of six hours and at temperature of 25C°.

The corrosion rate is computed by the expression given below:

crR=M"M (1)
St
where, CR — corrosion rate, g/m?-hour; m — mass of the test specimen before the test, g; m; — mass of the
test specimen after the test, g; S — the surface area of the witness specimen, m?; t — test time, hours.
The effectiveness of the protective action of the inhibitor was characterized by the degree of
protection IE, %.

= M 100% 2

IE
where, CR and CR: —corrosion rates of the sample without inhibitor and with inhibitor.

Research methodology of composites against salt sedimentation principally consists of examination of
precipitation of carbonate salts in laboratory conditions. On the other hand, protection effectiveness of
composite against salt deposition is dependent upon amount of consumption in aggressive environment.

In order to determine intensity of salt deposition investigations were performed in underground water
environment during the period of six hours and at the temperature of 65C°. Consumption rate of the
composite was in the range of 50 and 250 mg/I.

Intensity of salt deposition is determined by precipitation of calcium ion. Concentration of calcium
ion is detected by means of titration method. As an aggressive environment, underground water containing
abundant minerals was utilized.

The effectiveness of the reagent is defined by reduction in an amount of calcium carbonate present in
the reagent solution for precluding precipitation of calcium carbonate into solid surface.

Reagent effectiveness is expressed with the assistance of the formula given in the following.

g, = 2R =Ry 000
DR

0

E, — effectiveness of reagent in, %; DR, — speed of salt deposition in water, mg/cm?-hour; DR; — speed of
salt deposition in the water containing reagent, mg/cm?-hour.

The research results are shown in figure 1.

As it can be seen from figurel, results of laboratory researches have determined that optimal
consumption of the composite in the environment is 200 mg/l. In this case, protection effectiveness values
against corrosion and salt deposition are 94% and 87% respectively (0.73-0.044 g/m?-hour and 0.0127-
0.0016 mg/sm?-hour).
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Figure 1 — Intensity of salt deposition and corrosion rate in underground water

To study the mechanism of the protective action of the reagent, a potentiostatic method of obtaining
polarization curves of 1020 steel was also used. The research results are shown in figure 2.
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Figure 2 — Cathode (1-2) and anodic (1!-2') potentiostatic polarization curves
1,1%- cathode and anode curves without reagent
2, 2! - cathode and anode curves with a reagent (200 mg/I)

As can be seen from figure 2, a mixed-type reagent is capable of equally effectively inhibiting both
electrochemical reactions on an electrode at a concentration of 200 mg/l, which is consistent with
gravimetric tests.

In recent years, the use of physical fields encompassing fixed and variable magnetic fields has been
widely used in various industrial sectors. Magnetic, like any other effect, has negative and positive sides
[13-20].
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Therefore, in order to examine the joint influence of the different voltage stable magnetic inductors
and the developed new composite, the investigations were performed in laboratory circumstances.

To inspect the effectiveness of stable magnetic field in preservation from salt deposition and
corrosion, the laboratory experiments were performed in magnetized and non-magnetized ground water
throughout the period of six hours. 30x50x3 mm samples prepared from 1020 brand steel and 40, 120,
200, 280, 360, and 400 kKA/m voltage stable magnetic inductors were utilized in the tests. A laboratory
setup for studying the effect of a constant magnetic field on the corrosion rate in formation waters is

shown in Figure 3.
4

Figure 3 - Laboratory installation for studying the effect of magnetic fields on the corrosion rate in formation waters
1-thermostat ul, MLW, 2-contoct thermometer, MLW PGW, 3- Medingen/silz freital,4- magnetic inductors,5-tests coupon
(samples),6- well model,7- laboratory cork, 8-laboratory tripod

The effect of stable magnetic field can vary depending upon the static regime of the exploited
environment, the duration of the effect of magnetic field on the environment, the intensity of the field.
Considering these, to determine the optimum effect conditions of magnetic field, the velocity of the water
used in the investigations and the outcomes of the water magnetized by different voltage magnetic fields
are demonstrated in figure 4 and 5.

As depicted in figure 4 and 5, in the magnetized underground water flowing at the velocity of
0.5 m/sec during the period of six hours corrosion rate and intensity of salt deposition of 1020 brand steel
were 0.73 g/m?-hour and 0.0127 mg/sm?-hour accordingly. Once the environment was affected by stable
magnetic field having different voltage, it was revealed that there was reduction in corrosion and salt
deposition to certain extent. The maximum effect against corrosion and salt deposition was acquired in
280 kA/m voltage stable magnetic field. Therefore, when the undeground water flowed at the speed of
0.5 m/sec through 280 kA/m voltage stable magnetic field, corrosion rate and protection effectiveness
against corrosion decreased up to 0.59 g/m?-hour and 19% respectively. In the meantime, intensity of salt
deposition and protection effectiveness against salt deposition comprised 0.0097 mg/sm?-hour and 24%
accordingly.

The influence of the magnetic field on the concentration of cations of magnesium, calcium, and iron
was studied in well formation water Ne 117 deposits of Gunashli. The results of the study are shown in
figure 6.

As can be seen from the figure, after 200-300 hours of exposure to formation water with a magnetic
field of 280 kA/m, the concentration of Ca® * and Mg?* ions decreases, a particularly active decrease is
observed in Ca®*. Subsequently, with increasing time of exposure to a magnetic field, the concentration of
these ions does not change. In contrast to calcium and magnesium ions, the concentration of iron ions in
the first 120 hours of exposure to a magnetic field increases as a result of corrosion processes. In the range
of 120-200 hours, the amount of dissolved iron stabilizes, and after 200 hours of exposure is reduced. A
decrease in the concentration of iron ions in the formation water is a sign that under the influence of a
constant magnetic field, the corrosion of the metal is inhibited. This assumption is confirmed by
measurements of the corrosion rate made by the gravimetric method in laboratory conditions.
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Figure 4 — Effect of stable magnetic field on corrosion rate of layer water
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Figure 6 — Dependence of the concentration of cations of magnesium, calcium and iron in produced water of wells Ne117
of the Guneshli fields from the time of exposure to a magnetic field of 280 kA / m (1 - Mg?*, 2 - Ca?*, 3 - Fe?* + Fe¥)
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A constant magnetic field affects not only the chemical composition of the produced water, but also
the number of microorganisms contained in the well’s production. In laboratory conditions, the effect of a
constant magnetic field of 280 kA / m on the number of SRB was studied. After 200 hours of exposure to
a magnetic field, the amount of SRB decreased from 10’bacteria/ml to 10°bacteria/ml , indicating a
biostatic effect. Thus, laboratory studies have shown that when a magnetic field of 280 kA/m is exposed to
formation water, its corrosiveness decreases.

Inside aggressive environment, for researching the joint influence of 280 kA/m voltage fixed
magnetic field with the prepared new composite the conducted investigation results are represented in
figure 7.
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Figure 7 — Joint effect of fixed magnetic field with prepared composite on intensity
of salt deposition and corrosion rate in layer water

It can apparently seem from figure 7 that the existence of protective effect is noticed as a consequence
of the joint effect of 280 kA/m voltage fixed magnetic field with the prepared reagent. Thereby, it is
concluded from the obtained outcomes during carrying out the laboratory experiments the optimum
consumption of the composite with the fixed magnetic field is equal to 150 mg/l. In this condition,
protection effectiveness against salt deposition and corrosion constitute 85% and 93% respectively. As
seen from the comparative analysis of the results obtained that co-application of composition with fixed
magnetic field is efficient with respect to economy. In this case, 25% of the reagent is saved.

Conducted researches have shown that the new composite can be utilized in oil wells, petrochemical
plants, internal transportation systems of mines and also against corrosion and salt deposition in
preservation system of layer pressure.

Production tests

Commercial tests of the combined action of the reagent and the permanent magnetic field were
carried out on the cooling system of compressors“Bibiheybatneft” OGED (Oil and Gas Extraction
Department).

To determine the corrosion rate by gravimetric method and assess the braking effect of the inhibitor,
control specimens were installed for 30 days before and after injection of the reagent. The samples were
made from steel grade 1020.

Fishing tests showed that with the use of the reagent, the corrosion rate decreased on average from
0.0815 g/m?-hour to 0.0082 g/m?-hour, with a protective effect of 90%. Tests have shown that treating
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water with a permanent magnetic field inhibitor significantly (up to 10 times) reduces the rate of
corrosion.

The rate of scale deposition decreased on average from 0.0097 to 0.0026 mg/sm?-hour and the
protective effect of scaling was 73%.

Using the composite has not only expanded lifetime of pipelines and equipment and time needed for
corrosion and salt deposition to be occurred, but also provided ecological safety in by decreasing the
number of accidents.

Conclusions

1. A new composite has been generated from the mixture of technical phosphatide, cubic thickness
of polypropylene glycol, and sodium hexametaphosphates a result of laboratory researches.

2. Optimal consumption of the composite has been determined as 200 mg/l in an aggressive
environment. In this case, protection effectiveness values against corrosion and salt deposition are
accounted for 94% and 87%, respectively.

3. Has been determined by means of the joint protective effect of 280 kA/m voltage fixed magnetic
field with the prepared new composite. Hence, the optimal consumption has been diminished by 200 mg/I,
constituting 150 mg/l. In this case, protection effectiveness against corrosion and salt deposition has been
accounted for 93% and 85% accordingly.

4. The results obtained showed that the combined use of the composition with a fixed magnetic field
is effective from the point of view of economy. In this case, the reagent consumption is reduced by 25%.

5. In the field with the combined use of a magnetic field and inhibitors the protective effect is 90%,
and the protective effect of salt deposition is 73%.
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YJAbBTPAJBIBBIC )KAFJANBIHIA 4-AMUHOBEH30M KbIIIKbIIBIHBIH
MOJU®UKALMUSITIAHFAH TYBIHABICBIH CUHTE3/IEY

Annoramusi. Kpickara xabapiamana 3-[(4-sToxcukapOoHit)heHUITKapOaMOin]|-2-TIpoTeH KBIIKBUTBIHAH STHIT
4-(2,5-nnokco-2,5- muruapo- 1 H-mpposin)6eH30aTThl YIBTPaAbIOBICTHIK OCICEHICHIIPY/II TTaiiiaiaHa OTHIPBII, OHBI
ollaH opl IUKIACHIIpY Ke3iHne, (ypaH IUMKIIH amry CcaThIChl apKbUIBl CHHTE3[CY MYMKIHIITT KapacTHIPBUIFaH.
bacranke! peareHTTep peTiHAe n-aMHHOOEH30H KBIIIKBUIBIHBIH STHI 3(Upi jkoHe MallenH aHTHAPHIl KOJJAHBIIIbL.
Peaxuus Oactankpl peareHTTEp/iH KBUMOJIBIIK KaThIHACHIHA OIPKANBIITHI KYPEdi. YIIbTPaabIObICTHIK KOHJIBIPFBI
peringe 22 k[’ >KMUTIKTErl >KOHE MAarHUTOCTPHKLMSUIBIK TYPJICHAIprimi 0ap yJabTpaiblObICTBHIK T'€HEpaTOpMEH
xabapikranran NJI-10 yapTpaablObICTHIK KYPBUIFBI KOJNJAHBUIABL. YIIBTPaIbIObICTEl KONJAHYy XUMHSUIBIK MPOLECTI
KapKBIHIBI JKYPTi3yre, peakiys >XbUIAAMABIFBIH apTTBIPyFa >KOHE COHFBI OHIMHIH IIBIFBIMIBUIBIFBIH apTTHIPYFa
MYMKIHZiK Gepesii. ANBIHFaH KOCBUIBICTBIH KYPhUIBIMEI MeH Kypambl UK- skone SIMP H criekTpockomusichl apKbLIbI
pacTabl.

TyiiiH ce3aep: yIbTpaIbIObIC, n-aMHHOOCH30MHOM KBIITKBUTBIHBIH ATHII 3PP, MATCHH aHTHIPHII, TUKIICHY .

buonorusibik OelceHai KacueTTepi Oap >kaHa THIMIAI mpenapaTTapabl i3mey — (apmalieBTHKa
FBUIBIMBIHBIH ©3€KTi Macenenepinin Oipi. CoHFBl yakpITTa OyJl mpenapaTTapIsl CHHTE3ICY HpOLECiH
KAHTAHIBIPY JKOHE XHWMILSUIBIK pEaKMFsUIapABIH THIMIUITIH apTTRIPY VIOiH, TOJKBIHIBIK XUMUS
KOJIIAHBLIBIN Keneqi. YnbTpaablObicThIK acep (Y /IO) omiciH KoJjgaHa OTBIPHIN, OHUOJOTHSUIBIK OeICeHIl
KacueTTepi 0ap KOCBUIBICTAPJBIH CHHTE3IH 3€PTTEY FaIBIMAAPABIH KbBI3bIFYIIBLUIBIFBIH APTTHIPHINT OTHIP
[1, 3]. YapTpambIObIc XUMHUSITBIK, peaKITHUTapABIH JKBUIIAMIBIFI MCH OaFbIThIHA aWTapIIBIKTal ocep eTei.
Baransr OMOIOTHSUTBIK O€JICCHII 3aTTap CHHTE3IHIH HETi3iHIe KaTKaH peaknus KaOUIeTiH apTTHIPY YIIiH
YIIBTPaABIOBICTHIK 9CEp €Tyl KeHiHEH Maijanany e3eKTi Mocesie OO caHama bl

3epTTeymiiiep KOHACHCUPIECHTEH a30T XOHE OTTEKKYpamJac TeTepOIMKJI CHHTE3iHe XIiTi Hazap
aymapansl. OmapasiH Oipi — Oenrimi mopinmepnin dapmakodopTsl ¢dparMeHTTEpi Ooyica, Oipi Tabwrh
OHMOJIOTHSUTBIK OCJICeH Il KOCBUIBICTAP/BIH KypamblHa Kipemi. FbUIbIMH JIEpeKTEpACH n-aMUHOOCH30H
KBIIIKBUTBIHBIH TYBIHABUIAPBI MEH OJapAblH dSdupiepi — TaOWFH KOCBUIBICTAPABIH CHHTCTUKAIBIK
aHayorTapel  OOJIATBIHBI, al TUPPOJIUAOH  TYBIHIBUIAPBIHBIH  JKaHa  OWOJOTHSUIBIK — OenceHmi
KOCBLIBICTAP/IbIH CHHTE31H BIHTAIAHBIPATHIH JKOFAPhl THITHO3/Ibl, AHTUKOHBYJIbCAHTTHI, aHTHAPUTMUSLIBIK
Oencenpiniri [4-5] 6ap exenairi 6enrini. [Tupponuaon sapocs 6ap n-aMMHOOSH30HM KBIIKBUIBIHBIH JKaHa
TYBIHIBUIAPBIH ~ aly YUIH  yIbTPAAbIOBICTHIK kaFmaina otun  4-(2,5-auoxco-2,5-nuruapo-1H-
MTAPPOJIIIT)0CH30aThl CHHTE3EITi. Y IIBTPAABIOBIC K631 PEeTiHAe MarHUTOCTPUKITHSUIBIK TYPJICH I PTilIeH
JKaOIBIKTAJIFaH, KYMBIC kuiTiri 22 k1, MakcuMainpl KyarTbuibirbl 1200 BT jkoHE HMUIHMHIPIIK TOJKBIH
KoHABIpFeIcHl  Oap WMJI-100-6 / 2 ymeTpanplOBICTBIK ammapaThl NaimanaHpUIbl. byn mpomecc N-
aMUHOOCH30M KBIIIKBUIGIHBIH OTHI J(UpIHIH MaJeHH aHTHIPHUAIICH OejMe TeMIlepaTypachlHIa
YABTPAIBIOBICTHIK aliapaT KOMETIMEH cXxeMa OOUBIHIIIA 63apa OPEKETTECYIMEH KY3€Te aChIPBUIIIB:
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Peaknus OipKanbInThl KYpemi. YIbTPaIbIOBICTHIK KYPBUIFBIHBIH 9cep €Ty YakbIThl 10 MHHYTTHI
Kypaael. CuaTe3 yakbITel 60 MuHYyTTa 92 % MIBIFBIMABI KYpaabl. YIIBTPaIbIObIC PEAKIHS KbUIIAMIBIFBIH
eaoyip JKEeINEeNIeTin, COHFbl OHIMHIH INBIFBIMIBUIBIFBIH apTTHIpaabl. KaieImTel >karmaiina CHHTE3IeIy
yakpIThl 180 MHHYTTBI Kypadbl. AJIBIHFAaH KOCBUIBICTBIH KyphUIBIMBI MeH Kypambl MK-xome SMP 'H
CIEKTPOCKOIHSCHI apKBLITBI PacTaIbl.

AnbiHFaH KochUIBIC — 3-[(4-sTOKCcHKapOOHMI)heHnIKapOaMOnI]|-2-TIpOIleH  KBIMIKBUIBI, OJaH opi
MUKIICHIpY Ke3iHze, pypaH HUKITiHIH allbuTy CaThICHIH 3epTTeyre MyMKiHAiK O0epi. Cyabl a3e0TPONTHI
alilay apKbUIBI TOJIYOJCYIb(POKBIMIKBUIBIHEIH JIM®DA — Tomyonm KocmachlHAa HIBIFBIMBI 89  %-1bI
Kypaiitein otun 4-(2,5-nuokco-2,5-muruapo- 1 H-nuppomnin)0eH30aT anblHAbL. AJIBIHFAH KOCBLUTBICTBIH
KYPBUIBIMEI MeH Kypambl MK-xone IMP "H crieKTpocKommschl apKblLIbl pacTal kL.

Tao:xkipubeJik 06/1imM

3-[(4->Tokcukapoonun)pennaxkapoamMonii]-2-nponeH  KuIIKbUIBI  (A).  YIbTPambIOBICTHIK
KYPBUIFBIHBIH KATBICBIHAA 1-aMUHOOEH301 KBIIIKBUIBIHBIH 3THI 3Qupi skoHe 20 MII. alleTOH epiTiHaiciHe
OipTiHmeNn MaJleWH aHTHUAPUATIH 7,5 MI. DKBHMOJSAPIBI MOJIIEPiH KOcambl. YIJIBTPaablOBICTHIK
KYPBUIFBIHBIH dcep €Ty yakbIThl 10 MUHYTTHI Kypaiabl. 1 cararTaH KeliH maiiga OonraH TyHOa cysiieni
JKOHE alleTOHHAH KalTa KpHCTalAaHABIpbUIanbl. OHIMHIH MWBIFBIMBI — 92 %-ra, OanKy TemmepaTrypackl
192-193 °C-xa TeH. AIbIHFaH KOCBUIBICTHIH KYpbUIBIMBI MeH Kypambl WK- sxome SMP 'H
CITEKTPOCKOMIHSACHI apKBUIBI pacTayiabl. ANbIHFaH KOCHUTBICTRIH MK cniektpinae amun ToosHBH (NHCO)
cirnipy xomaxrapsr 3280, 3190 cm™ aitmarsiza, kKapGoumn To6bHEH (C = O) ciHipy konakrapsl 1670 cm™
artmarbiana, (COC) cinipy »xomarsr 1230 cM laliMarsinia GalKaisl.

I1Hia-4-(2,5-nuokco-2,5-nuruapo-1H-nuppommin)éensoar (B). 3-[(4-3ToxcukapOoHmI)heHMIKAp-
0aMowmII|-2-IPONICH KBIIIKBUIBI TOJTYOJICYJIb(OKBIIKBUIBIHBIH KaThIChIHAA koHe 40 mi. JIM®DA-tomyon
KOCIaJapbIH cy OeliHyiHiH ToKTamyblHa neiiin JlmH-Ctapk canTamachIMEeH KbI3meipansl. ComaH KeiiH
OyJaHIBIPBIIAABI, KPUCTAJIAHFAH TYHOAHBI CIHUPTTCH KalWTa KPUCTANAHABIPAJbl. OHIMHIH IIbIFBIMBI
89 %-ra, Oanky Temmeparypachl 114-115 °C-xa TeH. AJIBIHFaH KOCBUIBICTBIH KYPBUIBIMBI MEH KYpambl
UK-xone SIMP H CIEKTPOCKOMHSICHIMEH 3JIEMEHTTIK Talliay apKbUIbl pacTalAbl. AJIBIHFAH KOCBUIBICTBHIH
UK cnexrpiepinge HC=CH ToOBIHBIH BaJCHTTI TepOeilic KapKeIHIBUIBIFEI TOMEH KopiHemi, oipak 3100-
3090 cm™! ke3inze cumarTamanbIK curHAN Gaiikamaas, C=0 TOOBIHEIH BaeHTTi Tepberici 1700-1680 cm™
altMaFbIH]Ia KapKBIH/IBI JKOJIAKTap TYPIHZE JKoHE aJci3 00epToH TypiHae 3465-3450 emt anMareraga, COC
TOOBIHBIH BAJEHTTI Tepbermici 1245 cm™ aiimarbinma Gaiikamansl. DTun 4-(2,5-1moxco-2,5-muruapo-1H-
mippu) GeH30at KocklibickiH IMP *H cHeKTpItik TangayblHaa apoMaTThl TOPT IpoToH curHamsl Hy — Ho
(4Hapom., 3 8 I'm) anci3 epictep aiimarbiHga Kepinedi: 7,51 m.ja. oonranma, nyomer Hi sxone 8,05 m..
Oonranma. Otun gparmentinid curHangapsl: (3H, CHs , 3iu 8 I'm) 1,43 m.1. GonFaHma, CHHTIIET PETiHIIE
s)xone (2H, CHy, 30an 8 I'u) 4,34 m.a. 6onranaa, kBaapyruieT perinae Oakikanansl. (2H, CH = CH) umun
nukiaingeri CH ToObHbIH poToHAaps! 7,11 M., OonFaHna, CHHIIIET TYpiHJe OalKanabl.
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SYNTHESIS OF A MODIFIED 4-AMINOBENZOIC
ACID DERIVATIVE UNDER ULTRASOUND CONDITIONS

Abstract. The search for new effective drugs with biologically active properties is one of the urgent problems.
Recently, to intensify the process of their synthesis and increase the efficiency of chemical reactions, wave chemistry has
been used. Increased interest of researchers is caused by the synthesis of compounds with biologically active properties
using the method of ultrasonic treatment (US). It is known that derivatives of p-aminobenzoic acid and their esters are
synthetic analogues of natural compounds, and pyrrolidone derivatives have high hypnotic, anticonvulsant, antiarrhythmic
activity, which stimulates the synthesis of new biologically active compounds. In a brief report, the possibility of
synthesizing ethyl-4-(2,5-dioxo-2,5-dihydro-1H-pyrrolyl) benzoate from 3-[(4-ethoxycarbonyl) phenylcarbamoyl]-2-
propenoic acid using ultrasonic activation through a step is considered disclosure of the furan cycle with further
cyclization. Ethyl ester p-aminobenzoic acid and maleic anhydride were used as starting reagents. An ultrasound device IL-
100-6/2, equipped with a magnetostrictive transducer, with an operating frequency of 22 kHz, with a maximum power of
1200 W and a cylindrical waveguide, was used as a source of ultrasound. The synthesis of 3-[(4-ethoxycarbonyl)
phenylcarbamoyl]-2-propenoic acid was carried out by reacting the starting reagents at equimolar ratios and room
temperature. The US time was 10 minutes. The reaction proceeds smoothly. Ultrasound has a significant effect on the rate
of chemical reactions and can increase the yield of the final product. Under classical conditions, the synthesis time was 180
minutes; using ultrasound, the synthesis time was reduced by 3 times. The product yield was 92%. The structure and
composition of the obtained compound was confirmed by IR- and H* NMR-spectroscopy. In the IR-spectra of the obtained
compound, there are absorption bands of the amide group (NHCO) in the region of 3280, 3190 cm™, absorption bands of
the carbonyl group (C=0), characteristic in the region of 1670 cm™, absorption band (COC) in the region of 1230 cm™.

The resulting compound, 3-[(4-Ethoxycarbonyl) phenylcarbamoyl]-2-propenoic acid, made it possible to study the
step of opening the furan ring, with further cyclization. Ethyl 4-(2,5-dioxo-2,5-dihydro-1H-pyrrolyl) benzoate was obtained
in 89% vyield by azeotropic distillation of water in the presence of toluenesulfonic acid in a DMFA-toluene mixture. The
resulting product is a light yellow powder with melting point 114-115°C. The structure and composition of the obtained
compound was confirmed by IR-and H* NMR-spectroscopy. In the IR-spectra of the obtained compound, the stretching
vibrations of the HC=CH group manifest themselves in the form of a low-intensity but characteristic signal at 3100-
3090 cm, stretching vibrations of the C=0 group as intense bands in the region of 1700-1680 cm™ and a weak overtone at
3465-3450 cm'?, stretching vibrations of the COC group in the region of 1245 cm™. When analyzing the H! NMR-spectrum
of a compound, ethyl 4-(2,5-dioxo-2,5-dihydro-1H-pyrrolyl) benzoate, the signals of aromatic four protons
Hi- Hz (4Hary, 3Juu 8 Hz) are recorded in the field of weak fields: Hi doublet at 7.51 ppm. and a doublet at 8.05 ppm.
Signals of the ethyl fragment: (3H, CHs, 3Jun 8 Hz), appear as a singlet at 1.43 ppm. and (2H, CHz, *Juu 8 Hz) quadruplet at
4.34 ppm. The protons of the CH group of the imide cycle (2H, CH=CH) appear as a singlet at 7.11 ppm.

Keywords: ultrasound, ethyl ether p-aminobenzoic acid, maleic anhydride, cyclization.
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