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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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SYNTHESIS OF NANOCRYSTALLINE COMPLEX OXIDES
IN SUPERCRITICAL ALCOHOLS

Abstract. An intensive search for solid electrolytes with high proton conductivity is being continued over the
past few decades, which is primarily due to the high practical significance of these systems. Proton conductors are
widely used as components of electrochemical devices such as gas sensors, electrolyzers, fuel cell membranes, etc.
The variety of currently known solid proton conductors can be classified by operating temperature parameters, with
the allocation of low, medium and high temperature regions. Each class, from the point of view of its practical use,
has a number of advantages, but at the same time, specific disadvantages that hinder practical implementation. In this
regard, the material science goal - the synthesis of new materials with functional properties, remains relevant.

For the first time, complex oxides — lanthanum niobates — were synthesized using alcohol solutions of salts of
the corresponding metals by the solvothermal method in a flow reactor in a supercritical isopropanol medium. This
method allows one to obtain single-phase lanthanum orthioniobate oxides, the phase composition, structure and
morphology of which is characterized by X-ray phase analysis (XRD), Raman spectroscopy (Raman spectroscopy),
scanning and transmission electron microscopy (SEM and TEM).

Key words: synthesis in supercritical alcohols, complex oxides, lanthanum orthoniobate.

Proton-conducting electrolytes for H - SOFC were discovered by Iwahara et al. [1,2] in the early
1980s. They indicated that niobates and tantalates of rare earth metal are a group of compounds with
interesting properties, both from scientific and practical point of view. The study of the properties of these
ceramic materials was based on the study of their optical and, in particular, fluorescent properties [3-4].

The structural properties of this ceramic were studied in [5,6]; It turned out that lanthanum niobate at
490 to 525°C undergoes a phase transition (of the second kind) from a monoclinic phase with a
fergusonite structure to a tetragonal one with scheelite structure. This phase transition is accompanied by a
large thermal expansion, and in turn, it was determined that the high-temperature phase has a higher
proton conductivity.

A number of works were devoted to the search for doping cations capable of stabilizing the high-
temperature phase. It was shown that in the case of introduction of cations into the lanthanum sublattice,
the transition temperature changes only slightly, whereas in the case of substitution of niobium into the
sublattices, it changes appreciably (up to room temperature in the case of doping with antimony or
vanadium) [7, 8].

The introduction of lanthanides with a smaller ionic radius into the lanthanum position does not affect
significantly the phase transition temperature, but strongly changes the optical and electrical properties of
rare-earth niobates, in particular, enhances the luminescent properties [9].

— f —
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Rare-earth metal orthiobates are a new class of high-temperature proton conductors with the ABO3
perovskite structure [10,11], having proton conductivity of the order of 10* Ohm™ Sm™ at temperatures
above 700°C and high stability in a humid and CO; enriched environment. However, LaNbO4 has a rather
low conductivity [12].

Since the presence of oxygen vacancies is the main factor responsible for the appearance of proton
defects, the value of proton conductivity is directly related to the defectiveness of the complex oxide.
Numerous efforts have been made to improve conductivity by single- or multi-element doping of
perovskite sublattices with cations having a lower valency and a larger ionic radius, including monovalent
(Na', K"), divalent cations (Ca**, Sr**, Ba®") or trivalent cations (Fe’', Gd**, La’"), as well as perovskite
B-sublattices with cations having high valency with a small ionic radius, such as W**, Ce*', Zr*" , Mn*",
Co*, Yb*, and Y*'[13,14].

According to Hausgrund and Norby [11], when doping lanthanum niobate with calcium cations
(Lao9oCaooiNbOy), the proton conductivity in wet hydrogen increases sharply and is about 10* C/cm at
900°C, while it is two orders of magnitude lower in the case of undoped material

Various methods are used to synthesize rare-earth metal orthioiobates: the preparation from salts
melts [15, 16], solid-phase synthesis [11,15,16,17], the sol-gel method [18,19,20], spray pyrolysis
(thermal decomposition of aerosol solutions) [12], coprecipitation [21] and mechanochemical synthesis
[21,22]. Most of the above methods are multi-stage, time-consuming and require large time and energy
spending. In contrast, synthesis using supercritical fluids (SCS) is characterized by simplicity and high
productivity.

Aymonie [23] emphasizes that the supercritical fluid technology used to produce oxide materials
makes it possible to control the synthesis process by varying the operating parameters and provides an
understanding of how each parameter, affecting the synthesis process, allows controlling the material
characteristics in terms of size , morphology, structure.

The aim of this work is to obtain proton-conducting materials using alcohol solutions of salts of the
corresponding metals by the solvothermal method in a flow reactor in a supercritical isopropanol medium.
During the study, the complex oxides LaNbO4 and Lag99Cag.0i1NbO4 were synthesized and characterized
by a complex of physicochemical methods.

Experimental part. Samples of complex oxides were synthesized by solvothermal synthesis using
supercritical isopropanol in a flow-type reactor; installation scheme is shown in figure 1. Samples of
lanthanum niobates were synthesized using alcohol solutions of salts of the corresponding metals. The
precursors used were La(NOs3);*6H,O (VECTON, 99.99%), Ca(NOs), (REAHIM, 99.5%), NbCls
(LLC NPP Methim, 99.90%). Precursor solutions were prepared by dissolving in isopropanol . The
resulting mixture was injected into the mixer with a syringe pump at a rate of 5 ml/min. A preheated
alcohol was injected continuously with a plunger pump in the same mixer at a rate of 9 ml/min. The
synthesis was carried out at 400°C and 120-130 atm. After exiting the reactor and depressurizing the
product was cooled in a heat exchanger and collected in a storage tank. The decantation method was used
to separate the solid product from the mother liquor. The resulting precipitates were dried and calcined at
700-1300°C for 4 hours.

To obtain a dense ceramic based on a sample doped with calcium, the compressed tablet was calcined
in air for 4 hours at 1300°C. Its density was estimated using data on its weight and geometric dimensions.

The phase composition of the samples was studied using a BrukerAdvance D8 diffractometer with
CuKa radiation. Diffraction patterns were obtained by scanning in the angle range 15 - 90 (20) with a
scan step of 0.05 (20). The obtained phases were identified using an ICDD X-ray file cabinet. The
coherent scattering region (CSR) was determined by the diffraction reflection (004) for the tetragonal
Lag.99Cao01NbO4 [PDF 50-0919] and (-121) for the monoclinic [PDF 22- 1125] phases.

IR spectra of the samples were recorded on IR Fourier spectrometer Cary 660 FTIR spectrometer
(Agilent Technologies) and PIKE Technologies Gladi ATR in the range of 4000-250 cm™, with a scanning
step of 32. Electron microscopic studies were performed on a JSM-6460 LV scanning electron microscope
(JEOL, Japan).
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Figure 1 - Laboratory installation for supercritical synthesis 1 - a tank with alcohol, 2 - a tank with a solution of metal salts,
3 - a plunger pump, 4 - a syringe pump, 5 - a reactor, 5a - a flow heater for alcohol, 6 - a mixer, 7 - a furnace,
8 - a heat exchanger, 9 - back pressure valve, 10 - storage tank

Results and discussion. According to the X-ray diffraction pattern (figure 2a), after supercritical
synthesis, the initial lanthanum orthoniobate and the calcium doped sample are X-ray amorphous
materials. After calcination at 700°C in both samples, lanthanum orthoniobate is formed in two phase
modifications: low-temperature monoclinic [01-083-1911] and high-temperature tetragonal [00-050-0919]
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Figure 2 - X-ray diffraction patterns of lanthanum orthoniobate samples a) after SCA and b) after calcination at 700°C

According to the XRD data (figure 2b), Lag.99Cao.0i1NbO4 is a mixture of two phases — monoclinic
and tetragonal, whose peaks are broadened, indicating that the sample obtained during the synthesis is an
ultrafine material with a primary particle size of the nanometer range. With an increase of the calcination
temperature (figure 3), the crystallization of both phases increases, and the phase ratio changes in the
direction of increase of the monoclinic phase Lag99Cao01NbOs. After calcination at 1300°C, the tetragonal
phase is retained in very small quantities.
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Figure 3 - Diffraction patterns of Lao.o9Cao.01NbOa4 after calcination at 900—1300°C

As follows from the data in Table. 1, the domains of both phases remain in the nano-region even at
high calcination temperatures. It should be noted that the size of the monoclinic phase domains decreases
with an increase in the calcination temperature, which may be related to the specific dynamics of the
transformation process of the tetragonal phase into the monoclinic one, which does not proceed to the end
even at 1300°C. In this case, a decrease in the specific surface with increasing annealing temperature
indicates an increase in the average particle size of the sample and, therefore, an increase in the density of
domain walls with which the channel of rapid diffusion of oxygen ions and protons can be associated [19].

Table 1 - Characteristics of Lao.99Cao.01NbOs after calcination at 700-1300°C

Ne Calcination temperature, °C Coherent scattering region, nm ST, m%/g
Tetragonal phase Monoclinic
phase
1 700 23.8 - 20
2 900 354 42.3 16
3 1100 52.9 27.9 4
4 1300 66.0 27.5 0.2
576
La, Ca, NbO,
430
3 618
z
g  |1300°C
=
1100°C
900°C

T T T T T T 1
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Wavenumber, [cm ]

Figure 4 - IR spectra of lanthanum orthoniobates after calcination at 900—1300°C

According to IR spectroscopy, the absorption bands in the range of 1500-1400 cm™ for the low-
temperature sample correspond to carbonates (figure 4). The spectral absorption regions of Nb-O groups
in the [Nb>" Q4] * tetrahedron are in the region of 600 cm™ '. Oscillations in the regions of 800 and

— Q —
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430 cm™ correspond to the monoclinic phase Lago9Ca .01NbO4, which is in good agreement with the XRD
data. The intensities of these peaks increase with annealing temperature.

The relative density of Lago9CagoiNbO,4 tablet calcined at 1300°C for 4 hours was ~ 90%, which
indicates good sinter ability of the materials obtained by this method due to their disorder. Indeed, for
samples obtained by the method of high-temperature solid-phase synthesis, such a density is achieved only
at higher temperatures of ~ 1500°C [15-17]. The fine-grained structure of ceramics with the grain size
1-5 microns also should be noted (figure 5).

- Z5kU

Figure 5 - SEM images taken from the surface (a) and from the cleavage (b) of the Lao.99Cao.01NbO4 ceramic sample

Conclusions. Thus, in this work, the complex oxides LaNbO4 and Lag 99Cag01NbO4 were obtained by
solvothermal methods in a flow reactor in a supercritical isopropanol environment for the first time.
According to XRD and IR spectroscopy of lattice vibrations, the structure of the samples is a mixture of
monoclinic and tetragonal phases, the ratio of which varies with increasing calcination temperature.
Preservation of nanocrystallinity even in the high-temperature Lag9oCao.01NbO4 sample can play a large
role in its transport characteristics.

Thanks. This work was financially supported by M.Kh. Dulati Taraz State University, Taraz,
Kazakhstan. Research work was carried out on the basis of the scientific laboratory of Chemistry and
Chemical Technology Departmen, TarSU, the Department of Physical Chemistry of the Novosibirsk State
University and the Laboratory of Deep Oxidation Catalysts of G.K. Boreskov institute of catalysis SB
RAS, Novosibirsk, Russia.
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HAHOKPUCTAJIABI KYPJAEJI OKCUATEPII ’KOF'APBI
KPUTHUKAJIBIK CIMPTTE CUHTE3JIEY

AnHoranus. [IpoToH eTkisrimn 0ap KaTTBl 3JCKTPOJUTTEPIi WHTECHCHBTI KapacThIPy >XYMBICHI OipHerie
OHJIaFaH JKbUIZAap OOMBI JkalFacyia »oHe Oy, €H alIbIMeH, MyHIal J>KyHeJepIiH >KOFapbl NPaKTHKAIBIK
MaHBI3AbUIBIFBIHA OaiiaHbBICTEL. ['a3 HaT4MIi, 3JIEKTPONN3aTOp, OTHIHHBIH JKacylIaNbIK MeMOpaHackl *kaHe T.0.
MPOTOH OTKI3TIMI ANEKTPOXUMUSUTBIK KYPBUIFBUIAPABIH KOMITOHEHTI peTiHAe KeHIHeH KojimaHbUiamsl. Kasipri
yakbITTa OENTil MPOTOH OTKI3TILITEPiHIH XKYMbBIC TeMIlepaTypachblHa OailIaHbICTHI TOMEH, OPTAllla JKOHE JKOFaphl
TEMIIEpaTypaibl MPOTOH OTKI3TiluTep OOJNBIN JKiKTenenl. OpOip KIACTBIH MPAKTUKANBIK KOJJIAaHY TYPFBICBIHAH
anranza, Gipkatap apThIKIIbUIBIFBI O0ap, COHBIMEH Oipre oyap/IblH COTTI KOMMEPUHMsUIaHYbIHA Keepri 00JaThiH HAKTHI
KeMmiIitikrepi ne kesgeceni. OckifaH OaiijlaHBICTBI MaTepUalTaHy FBUIBIMBIHBIH HETi3ri MIHIETI — (YHKIHMOHAIbI
KacueTTepi Oap skaHa MPOTOH OTKI3TIII KACUET] 0ap HAHOKOMITO3UTTEP i CHHTE3ICY.
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IIpoTon eTki3rimt Kacueti 6ap saekTpoaurrepai 1980 xpuimapabie 6ackiHma MBaxapa xoHe 0acka 1a FajbMaap
3eprTeil Oactanpl. FanpiMaap cupek Ke3neceTiH KOCBUIBIC — HHOOAaTTap MEH TaHTaJJapAblH FBUIBIMH TYPFBIIAH 14,
NPaKTHKAJIBIK TYPFBIIAH Ja MaHbI3Jbl Kacuerrepi Oap KochuibicTap TOOBI €KeHIH KepceTTi. bysl kepamuKaibIK
Marepuall KaCHETiH 3epTTey, OJIap/blH ONTHKAJIBIK KACHETIH, aTan alTKaH/a, JIOMUHECIIEHTTI 3epTTeyre Heri3aemu.
JlanTaH OPTOHMOOATHIHBIH KYPBUIBIMABIK KacueTiH 3eprrerenne 490-men 525°C-ka neifinri TemmepaTypasa
(beprycoHUT KypbUIBIMBI 0ap MOHOKIMHIAIK (a3amaH, LICSTUT KYPBUIBIMBI Oap TeTparoHajblbl (a3ara aybICybl
OaliKajiabl.

JlanTaH opTOHNOOATHI — )KOFaphl TEMITEPATypaIbl MPOTOH OTKI3rinI Kacueti 0ap ABO3 epOBCKUT KYpPBIIBIMIIBI
KYpZENi OKCHI, K0Faphl Temmeparypaaa 700°C nporon erkisrimi 10~*Om'em™!, an surranme sxoue Gaiibrreuran CO;
OpTaChIHIA TYPAKTHI OOJBIT KeJe .

Kanmer  popmynacel ABO; TEpOBCKUT KYpPBUIBIMABI KYpAENi OKCHUITEDP TYPaKTBUIBIFBIHA OaiiIaHBICTBI
SIIEKTPOJIMTTIH €H KOJIAHIBl MaTepHaibl. A MEPOBCKUT KaTHOHBIHA TOMEH BalieHTTi cinTimik meranmap (Na“, KY),
eKiBaeHTTi cinTinik sxepmeranmap (Ca?’, Sr**, Ba?") xone ymsanenrti (Fe**, Gd*", La*") kxatnonmap opnanacyst
myMmkin. Kepicinme, neposckur B katnonst W', Ce*', Zr*', Mn®", Co**, Yb** xone Y** cuAKTBI KilIKeHTAll HOHIBIK
pamuychl Gap >KOrapbl BaJCHTTI KaTHMOHIAAPMEH KaMTaMachl3 eriieai. KenTereH mepoBCKHT KypbUIBIMABI KYpAENi
OKCHATEP/iH IPOTOH OTKI3TiLITIK KacueTi oap.

Cupek Ke3[ieceTiH MeTalap JJAaHTaH OPTOHHOTTAP.IbI CHHTE3/CY YIIIH KeleCifiel Typil oficTep KO IaHbUIA b
OaNKpITIANApIaH TY3 MaiibIHaY, KaTThl (ha3alibl CHHTE3, 30JIb-T€Nb 9ici, CIpel MUPOIH3i (a39PO30IIBIiH TEPMHUSIIBIK
BIIBIPAY), Oipre TYHY *oHE MEXaHOXUMUSIIBIK cuHTe3. JKorapblia atayFaH 9iCTEpAiH KOIIIiri KeIlcaTbulbl, y3aK
YaKBbIT TICH DHEPIusiHbl KaxeT eredi. KepiciHiue, »KOFapbl KPUTHKAIBIK CYHBIKTHIKTBI KOJIJaHa OTBIPBIIT CHHTE3ICY
omici KapamailbIM XOHE JKOFaphl eHiMIiI OONBIT Kenmemi. Aymonie eHOEKTepiHJe OKCHATI MaTepHajIbl eHAIpy.e
KOJIIaHBUIATBIH YKOFapbl KPUTHUKAJIBIK CYHBIKTBHIK TEXHOJIOTHACH! 3ePTTENETIH MaTepral MOP(OIOTrUsChl, KYPbUIBIMEI
JKarblHaH TIapaMeTpiepiH ©3repTill, CUHTe3 YIepiCiH OakbulayFa JXOHE CHHTE3 YJepiciHe ocep ereTiH opOip
nmapaMeTpAiH MeJIIepi MeH MaTepHuaJIIbIK CHITaTTaMaIapblH 0acKapyFa OONaThIHIBIFBIH AiTTHI.

CoHpbIKTaH, OYJI )KYMBICTA aJFalll PeT >KOFapbl KPUTUKAJBIK OpTala M30IpolaHon KaTelckiHIa LaNbOs meH
Lag99CagoiNbO4 kypmem okcuarep cuHTe3feniHin ambiHibl. Asbiaran LaNbOs men LaggoCagoNbOs xypaemni
OKCHUATEPJiH KYHAIpY TemneparypacbiHa 0ainaHbICThl (PU3UKO-XUMHUSUIBIK KACHETTEP] 3epTTeI .

Kymeic Hotmxkecinne anbiaran LaNbOs men LaggoCag o NbO4 Kypamasl Kyp/esli OKCHIATEp Ka3ipri yakbITTa
CyTeTi SHeprus canachlH/a KapKbIHIIbI 3epTTeyre OalnaHbICTHl YIKeH cypaHbicKa ne. COHABIKTaH NMPOTOH ©TKI3rimI
KacueTi 6ap HAHOKOMKOMIIO3HUTTEP 9li JIe YAKSH 3epTTEyIIepIi Tajar eTeIi.

Tyiiin ce3gep: >XOFapbl KPUTHKAIBIK CIPUTTE CHUHTE3JEY, KYpHelli OKCHATEp, JIaHTaH OpTOHHOOATHI,
KYPBUIBIMJIBIK CUIIATTaMaliap.
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CHUHTE3 HAHOKPUCTAJIVIMYECKHUX CJIOXKHbBIX OKCHUIOB
B CBEPXKPUTHYECKHUX CIIUPTAX

AHHOTAUMA. VHTEHCUBHBIA MOUCK TBEPABIX JJIEKTPOJIUTOB C BBICOKOM NPOTOHHON MNPOBOAMMOCTBIO
MPOJIOKAETCSl HA MNPOTSHKEHUM IIOCIETHUN HECKONBKHX AECSITWIETHH, 4YTO OOYCIIOBICHO B IIEPBYIO OUYEpEnb
BBICOKOH MPaKTU4ECKON 3HAYMMOCTBIO JaHHBIX cHcTeM. [IpOTOHHBIC TPOBOJHUKK HAXOIAT HIMPOKOE MPUMEHEHHE B
KauecTBE KOMIIOHEHTOB ICKTPOXUMHUYECKUX YCTPOHCTB, TAKUX KAK ra30Bble CEHCOPBI, 3JIEKTPOIN3EPHI, MEMOpPaHbI
TOIVIMBHBIX 3JIEMEHTOB U JP. MHOF006p8.3l/Ie M3BCCTHBIX B HACTOAIICC BPpEMA TBEPAbIX MNPOTOHHLIX MPOBOJHUKOB
MOXET KJIaCCU(HULIMPOBAThCA 10 IapamerpaM pabdo4Mx TeMIeparyp, BbIAEIsSS HHM3KO-, CpeaHe- ¢
BBICOKOTEMIIepaTypHble obsacti. Kax/plii Kiacc, ¢ TOYKH 3pEHUS] MX MPAKTHYECKOTO HCIIONb30BaHMs, 00Jajgaer
pSIOM JIOCTOMHCTB, HO U B TO € BpeMs clenn(UUecCKMMH HEJ0CTaTKaMH, CAEPXKHMBAIOIIMMH HX IPaKTHYEeCKOe
BHeJpeHne. B 3Toll cBs3M, MaTepuanoBequecKas 3a/aya — CHHTE3 HOBBIX MaTepualioB ¢ (PyHKIMOHAIBHBIMU
CBOMCTBaMH, OCTAETCA aKTyalbHOIL.

IIporormpoBogsmue 31ekTponutbl Lt H + -TOTD Opum oOHapykeHBl Iwahara n coaBT. B Hauame 1980-x
rogoB. OHM yKa3zaiu, 4TO HHMOOATHl M TAHTAJIATHl PEIKO3EMENBbHBIX METAIOB INPEACTABISAIOT COOOH TIpyIny
COEIMHEHUH ¢ MHTEPECHBIMU CBOMCTBAMU KaK ¢ HAYYHOM, TaK U C MPAKTUUYECKON TOUKH 3peHus. M3yueHne cBOWCTB
9TUX KEpaMHYECKMX MAaTepHajoB 0a3sHMpOBAIIOCH HA HCCIEIOBAHMM MX ONTHYECKUX CBOMCTB, M, B YaCTHOCTH
duryopecueHTHBIX. CTPYKTYpHBIE CBOMCTBA 3TOH KEpaMUKHU ObUIM M3YyY€HBI M OKa3aJI0Ch, YTO HUOOAT JIaHTAHA TPU
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temrneparype ot 490 no 525°C mperepneBaeT (azoBblit mepexon (BTOPOro poja) M3 MOHOKIMHHOHW (asel co
CTPYKTYpO# (heprycoHHTa B TETPArOHAIBHYIO CO CTPYKTypoi mieenuta. OpTOHHOOATHI PeIKO3EMENIbHBIX METAIIOB
SIBIIIFOTCSL HOBBIM KJIACCOM BBICOKOTEMIIEPATYPHBIX MPOTOHHBIX MPOBOIHUKOB CO CTPYKTYypoil mepoBckuta ABOs3,
UMEIOT MPOTOHHYIO TMpPoBoAUMOcTh Topsaka 10* Om' Cm' mpu Temmeparypax Bbime 700 °C M BBICOKYIO
YCTOWYHMBOCTh BO BIIaXKHOM M obOorameHHoit CO, cpeme. Onnako LaNbOs oOnamaer nOCTaTOYHO HU3KOU
NIPOBOANMOCTHIO. [IOCKOJIBKY HajMuMe BaKaHCHH KHCIIOPOAA SIBIISICTCS OCHOBHBIM (DaKTOPOM, OTBETCTBEHHBIM 32
MOSIBJICHHE TPOTOHHBIX AEe()EKTOB, TO BEIMYMHA MPOTOHHON NMPOBOJMUMOCTH HANpsMYIO CBsi3aHa C Ae()EKTHOCTBHIO
CJIOKHOTO OKcuaa. MHOTOUYMCIEHHbIE yCWINS ObUIM MPEANPHHSTHI JJISl YIYUIICHUS! TPOBOAUMOCTH ITyTEM OJHO-
W MHOTOJIEMEHTHOTO NOIMPOBaHHS Kak A-TOINPEIIETKH MEPOBCKHTA KaTHOHAMH, MMEIOIIUMHU 0oJiee HH3KYIO
BAJIECHTHOCTh W OOJBIIMM HOHHBIM pamuyc, BKIodas omHoBanentHsle (Na', K'), mByxpanentusie xatnonsl (Ca’,
Sr?, Ba*") mmm TpexsanenTHble kaTnoHwl (Fe’', Gd**, La’"), Takx m B-mompemeTkn mepoBCKHTa KaTHOHAMH,
MMEIOIINX BBICOKYIO BAJIEHTHOCTH ¢ HEGOIBIIMM HOHHBIM paamycom, TakuM kak W3, Ce*', Zr*", Mn**, Co®", Yb*' n
Y3*. Cormacro Hausgrund u Norby, npu monmpoBannm Humo6Gara jnanTaHa KaTuoHamu Kaibmus (LagooCagoNbOs)
IPOTOHHAS POBOJMMOCTE BO BIAXKHOM BOJOPOJIE PE3KO YBENIMUIMBAETCS U cocTaBiseT okono 10 3 C/em mpu 900°C,
B TO BpEMs KaK B CJlIydac HCJONMMPOBAHHOI'O MaT€purajia MpoOBOAMMOCTL Ha JiBa MOPsAJAKa HUXKEC.

Jnst cuHTE3a OpPTOHMOOATOB PEAKO3EMENbHBIX METaUIOB HCIIOJIB3YIOT pa3IMuyHble METOABI: MOJy4YeHHE W3
paciuiaBoB  coseif,  TBepaodasHbIii  CHHTE3,  30Jb-I€JIb  METOJ,  CIpEeH-nmuposu3  (TepMUYecKoe
PpasJio’KEeHUE a3pO30JIsi pACTBOPOB), COOCAKACHUE M MEXaHOXUMHUYECKUH CHHTE3. BONBIIMHCTBO M3 MepeYrciIeHHbIX
BBIIIIE METOJIOB SIBJISIOTCSI MHOTOCTAINHHBIMU, TPYIOEMKUMH U TPEOYIOT OOJBIIMX BPEMEHHBIX M YHEPreTHYECKUX
3arpar. B oTiamume OT HHMX CHHTE3 C HCIoib3oBaHHeM cBepxkputhueckux ¢(monnoB (CKC) xapakrepusyercs
MPOCTOTOH W BBICOKOW IPOM3BOAUTENHHOCTRIO. B  pabore Aymonie mOZYepKHBAaeTCs, YTO TEXHOJOTHS
CBEPXKPUTHYECKUX (IIIOHIOB, MPUMEHIEMas ISl TIOJYYCHUS OKCHIHBIX MaTepHaloB, 1aeT BO3MOXKHOCTh YIIPABIISTh
IPOLIECCOM CHHTE3a ITyTeM BapbHpOBaHHSA pabO4YMX MapaMeTpoB M JaeT NOHMMaHHE TOTO, KaK KaKIbIH Imapamerp,
BIIMSIONIMI HA IPOLIECC CHHTE3a, II03BOJISIET KOHTPOJIUPOBATh XapaKTEPUCTUKH MaTepyaia ¢ TOYKH 3pEeHHs pa3Mepa,
MOP(OJIOTHH, CTPYKTYPBI.

I_ICJ'II)IO ZlaHHOpI pa60Tl)l ABJIACTCA MOJYYCHHUE IMTPOTOHIIPOBOAAIINX MAaTEPUATIOB C UCIIOJIB30BAHUEM CIIUPTOBBLIX
pacTBOpPOB COJIEH COOTBETCTBYIOIIMX METAIJIOB COJIBBOTEPMAIBHBIM METOJAOM B IPOTOYHOM pEaKTope B
CBEPXKPHUTUYECKOH cpele M30mpormaHoyia. B xome paboThl ObUIM CHHTE3UPOBAHBI CI0XHBIC OKCHIbl LaNbOs u
Lag.99Cao.01NbO4 1 0XapakTepru30BaHbl KOMIIEKCOM (PU3MKO-XUMHUYECKUX METOIOB.

Takum o0Opa3om, B JaHHOH paboTe BHEpBBIE MOJMy4eHb! cloxHble Okcuabl LaNbOs m LaggoCagoiNbOs
COJIbBOTEPMAIEHOM METO/aM B IIPOTOYHOM PEaKTOpe B CPEie CBEPXKPUTHUECKOTO n3onponanona. I1o nanaeiM POA
n HMK-criekTpockonmun Kone0aHWi pemeTKH, CTPYKTypa OOpasloB MpeICTaBIseT CO0O0H CMeCh MOHOKIMHHOW M
TeTparoHaJbHOU (ha3, COOTHOLIEHHE KOTOPBIX H3MEHSETCs C POCTOM TeMIIepaTypsl NpokanuBaHusi. CoxXpaHeHHE
HAaHOKPHUCTAJUTMYHOCTH [ake Y BBICOKOTEMIIepaTypHOro odpasna LagosCagoiNbOs MoxkeT urpatb OONBIIYIO pOib B
€r0 TPAHCIIOPTHBIX XaPAKTEPUCTUKAX.

KiroueBble cj10Ba: CHHTE3 B CBEPXKPUTHUYECKHUX CIMPTAX, CJIOXKHBIE OKCHIBI, OPTOHHOOAT JIAHTaH.
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IMPACT OF HUMIC ACID ON GROWTH, DEVELOPMENT
AND PRODUCTIVITY OF CORN HYBRID UNDER CONDITIONS
OF NORTHERN KAZAKHSTAN

Abstract. The biological activity of humic acids is proven on various types of crops. Domestic preparation
“Kazuglegumus” is a fertilizer proposed for increasing crop yields, containing water-soluble organometallic chelate
complexes with free C — O, C — O, C-NH functional groups. The authors present the results of a study of the
effectiveness of the use of domestic organic fertilizer obtained from oxidized brown coal on the growth and
productivity of corn hybrids in the northern regions of Kazakhstan. The agrochemical properties of the soil were
studied, phenological observations were carried out on the phases of plant development, taking into account the yield
of green mass during harvesting, zootechnical analysis of feed. Field experiments were carried out at «North
Kazakhstan Research Institute of Livestock and Crop Production» LLP in 2019 on Hungarian selection hybrids MV
170 and MV 270. Phenological observations on the phases of maize development showed that the use of potassium
humate with trace elements has a stimulating effect on the growth and development of maize hybrids, increasing its
productivity and yield in the forest steppe conditions of North Kazakhstan. The optimal effective dose of
"Kazuglegumus" humate fertilizer was determined for pre-sowing treatment of corn seeds and subsequent
extracorporeal feeding.

Key words: foliar top dressing, potassium humate, corn, pre-sowing seed treatment, productivity, fertilizer,
coal.

Introduction. For many years, corn has remained an important agricultural crop in Kazakhstan.
According to the National Agency for Statistics, in the Republic of Kazakhstan in 2019, corn was grown
on an area of more than 252 thousand hectares, which is 3.5 thousand hectares more than in 2018. The
largest number of cultivated areas in Akmola, Turkestan, Kostanai and Zhambyl regions. The main
exporters of Kazakh corn are Uzbekistan, Russia, Turkmenistan, Afghanistan and Tajikistan. In 2019,
Kazakhstan exported about 50 thousand tons of corn, of which 45 942 tons - to Uzbekistan. Currently,
relations are being established with the China on the export of agricultural products, including corn [1]. In
the light of existing achievements and emerging prospects, the need to maintain soil productivity and soil
health becomes apparent. It should be noted that in recent years there has been an increase in interest in
“environmentally friendly” soil fertilization in agriculture. A wide range of commercial humic products
are used as soil additives to increase crop yields, as well as to increase the efficiency of nutrient utilization
by plants. [2]. A qualitative analysis of the soil, seeds, processing technologies, the use of fertilizers to
increase productivity - all these issues are quite relevant in obtaining high yields of corn. The properties of
Russian-made peat humates are widely studied, and the need for their use in growing corn is scientifically
proven. Thus, the studies conducted by the authors on the experimental field of the Belgorod Scientific
Research Institute of Agriculture in many years of field experience in the Central Chernozem region on
the use of potassium humate growth regulator for spraying vegetative plants of medium early corn hybrid
14
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tillage in the range of 8.51-8.57 t/ha [3]. The effectiveness of the joint use of mineral fertilizers and plant
growth regulator potassium-sodium humate with trace elements produced by the "Force of Life" in the
cultivation of corn on grain was studied on the irrigated chestnut soils of the Volgograd. Its composition
includes (in %): humic acid - 20; other organic acids - 10; nitrogen — 10; phosphorus — 1.0; potassium —
2.0; sodium — 1.0; sulfur — 0.5; magnesium — 0.5; iron — 0.5; copper — 0.5; manganese — 0.5; pine forest —
0.5; zinc — 0.5; molybdenum — 0.01; cobalt — 0.005.

The advantage of fertilized plants in development was noted already in the phase of 3-5 leaves and
remained until the end of the growing season. It should be noted that the Russian humate of potassium
sodium with microelements was used on irrigated chestnut soils, which allowed the authors to obtain
results on increasing plant growth by 20% in height, dry ground mass accumulation in the 3-5 leaf phase
by 43-48%, in phase of full wax ripeness 53-56% [4]. In the forest-steppe zone of the Republic of North
Ossetia-Alania, studies were conducted on the use of preparations derived from humic substances in order
to combat weed vegetation and reduce the stress effect on corn plants of Russian selection hybrids. The
authors found that the most effective in the forest-steppe zone is the use of the drug «potassium humate
80». Its use in concentrations of 0.01-0.02% allowed to increase the content of chlorophyll in corn leaves
by 7.7-17.6% in comparison with the control. At the same time, the authors note that increased
concentrations of "potassium humate" have a depressing effect on the intensity of corn photosynthesis [5].
Various methods of applying humate fertilizers. So, in a study to determine the effect of the use of
K-Humate on dry matter, elemental composition and absorption of nutrients by corn plants, the drug was
applied to the soil or leaves at doses of 150, 300 and 450 g/day when growing plants in pots. The soil used
in this study was loamy (38.4% clay, 39.9% water and 21.7% sand), slightly alkaline (pH 7.8), moderate
in organic matter (2.90%) and rich in content CaCOa (11.5%). [6,-9]. According to the analysis, the
fertilizer contains the following forms of nutrients available for plants: HA- 53-59%, K - 12.53%,
N-1.1%,0-16.57%, Si- 17.61% [10, 11].

The aim of the research is to analyze the effectiveness of the use of organic fertilizer “Kazuglegumus”
on the growth and productivity of maize hybrids in the northern regions of Kazakhstan.

Materials and methods. The object of research is the corn hybrids of the Hungarian selection
MV 170 and MV 270. Hybrid corn MV 170 - a hybrid of Hungarian selection with a short growing season
of 85-100 days, FAO group 170, height 150-170 cm. The color of the leaves is dark green with the number
on the main stem 11-14. The spadix is long, narrow, well covered with a wrapper, length is 14-17 cm. The
mass of 1000 grains is 250-280 g. The type of grain is round. The grain yield when threshing 80-84%.
Resistant to cold, tolerates drought.

Hybrid corn MV 270 - a hybrid of Hungarian selection with a growing season of 90-105 days, FAO
group 300, 160-180 cm high. The color of the leaves is dark green with 11-14 on the main stem. The ear is
thick with deeply embedded grains, 15-18 cm long. The mass of 1000 grains is 270-300 g. The type of
grain is tooth-like has increased adaptability. Field experiments were conducted in 2019 at «North
Kazakhstan Research Institute of Livestock and Crop Production» LLP. The soil of the experimental plot
is typical for black earths of forest steppe of North Kazakhstan - black earth is plain, medium-sum
medium-weight, heavy and medium-carb.

Gross reserves of basic food elements in the black-earth soils of North Kazakhstan are high, however,
most of them (especially phosphorus) are in a difficult state for plants. The soil of the test site is poorly
provided with mobile phosphorus, medium - nitrogen, exchange potassium - high. Agrochemical
properties of the soil of the test site are characterized by the following indicators (table 1)

Table 1 - Agrochemical characteristics of the soil of the experimental plot

Soil layer, Humus content, Pu gross, % Movable mg / kg
cm % (H20) nitrogen phosphorus potassium N-NOs P20s KO
0-20 5.7 7.0 0,31 0,18 2,51 15,8 29 415
20-40 5,1 7,3 0,27 0,19 2,12 17,8 28 380
40-60 43 7,6 0,21 0,10 1,96 15,2 18 325
60-80 3,7 7,7 0,18 0,09 1,87 12,6 13 310
80-100 3,6 7.8 0,14 0,07 1,85 11,9 11 300
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The climate of the region where the experiments were carried out is characterized by sharp
continentality. The region is characterized by severe, long winters and hot, short summers. The average
long-term temperature of July is + 20.2 °C, of January - 25.4 °C. The frost-free period lasts from 110 to
130 days. The sum of positive temperatures above 10 °C, at which the normal growth and development of
annual herbs is observed, is in the range of 2100 °C. The duration of the period with daily average
temperatures above 10 °C during 139 days. The average annual rainfall in the region ranges from
280-340 mm. During the growing season, May - August, 180-200 mm falls. This area is characterized by
early spring drought, exacerbated by strong winds, which leads to severe desiccation of the soil. The
following analyzes were used in the experiments: observations of meteorological conditions, analysis of
soil moisture every 10 cm of the 0-100 cm layer during the sprouting period, phenological observations of
the phases of plant development, plant density during the sprouting period by counting all plants from
3 meters to four internal rows on two non-adjacent replicates, the dynamics of the height of plants before
harvesting by measuring 10 plants on four internal rows, on two non-adjacent replicates, taking into
account the yield of green mass during harvesting, by cutting 15 cm all corn plants with 3 meters in four
inner rows on each plot.

One field experiment was laid in 2-fold repetition with a total plot area of 240 m?. The following were
determined in soil samples: humus — according to Tyurin in the modification of Simakov; pH of an
aqueous extract on a pH meter; total nitrogen - according to Kjeldan; nitrate nitrogen - by ion-selective
method; phosphorus and potassium - according to Machigin (before sowing).

The initial moisture was determined in an oven at a temperature of 60-65 °C, moisture moisture - at
105 °C, crude fiber - according to Genneberg-Shtoman; crude fat - according to S.V. Rushkovsky; crude
ash - ashing method at a temperature of 450-500 °C; total nitrogen - photocolorimetric method using the
reaction of indophenol greens; phosphorus - vanadium molybdate method; potassium oxide - on a flame
photometer; carotene in freshly collected Zirrel samples. The content of feed units was calculated
according to chemical analyzes.

The soil of the experimental plot was treated according to the type of early winter fall as a flat-cutter
with a KPG-2.2 deep-ripper to a depth of 20-22 cm. In winter, double snow retention was carried out, in
spring - early spring harrowing in 2-3 traces to close moisture. Before sowing, soil treatment was carried
out with the SZS-2.1 seeder and rolling with ZKK-6A ring-spur rollers.

Presowing treatment of corn seeds was carried out with liquid humate fertilizer "Kazuglegumus" in
doses of 1 ml / kg, 3 ml/ kg, 10 ml / kg according to the following scheme (table 2).

Table 2 - The Impact of humate fertilizer "Kazuglegumus" on the productivity of corn hybrids

. Hybrid corn
Fertilizer dose MV 170 MV 270
Control T T
Kazuglegumus 1 ml/kg+11/ha+11/ha + +
Kazuglegumus 3ml/kg+1.51/ha+1.51/ha + +
Kazuglegumus 10 ml /kg+21/ha+21/ha + +

Note: 1 dose - seed treatment, 2 dose - the first foliar top dressing, 3 dose - the second foliar top dressing

At the time of sowing (May 20, 2019), the supply of productive moisture in the meter soil layer was
95-101 mm. Corn was sown with the SON-2.8A seeder with 70 cm aisle. Seeding depth of 5-6 cm,
seeding rate - 75 thousand seeds / ha. After sowing, the plot was rolled in for better contact of the seeds
with the soil. To destroy germinating weeds and destroy the soil crust, pre-emergence and post-emergence
harrowing was carried out with light harrows across the rows at a low tractor speed. With the appearance
of 5-7 leaves, inter-row processing of corn was carried out to a depth of 5-6 cm to further destroy weeds.

The first foliar treatment was carried out in the phase of 6-8 leaves, the second - in the phase of
sweeping corn plants. Foliar treatment of corn with a backpack sprayer was carried out by spraying with
fertilizer "Kazuglegumus" in doses of 1, 1.5 and 2 1/ha.

Results and discussion. Field germination of seeds was 64.8-78.1%.

Phenological observations on the phases of the development of corn showed that the use of potassium
humate with trace elements had an effect when used at a dose of 3.0 and 10.0 ml/kg for seed treatment,
and at a dose of 1.5 and 2.0 I/ha at the first and second foliar treatment.
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The emergence of seedlings of corn plants of the hybrid MV 170 was noted in the control, in the
second and third experiments on May 31, in the version with a maximum dose of 10 ml/kg, 2 I/ha, 2 g/ ha
on May 30, full germination in the control, in the second and third options - June 3, and in the fourth
experiment a day earlier - June 2 (figure 1).

= = .

Figure 1 - Seedlings of corn plants of the hybrid MV 170 when treated with different doses of fertilizer:
a-control,b) 11/ha,c)1.51/ha,d)21/ha

The emergence of seedlings of corn plants of the hybrid MV 270 was noted in the control, in the

second and third experiments - on June 1, and in the fourth experiment two days earlier - on May 31, full
seedlings in the control and in the second and third variants - June 6, and in the fourth experience - June 4

(figure 2).
b
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Figure 2 - Seedlings of corn plants of the hybrid MV 270 when treated with different doses of fertilizer:

a
a-control,b) 11/ha,c)1.51/ha,d)21/ha

c l d

General data on the results of phenological observation of corn plants of the hybrid MV 170 in
experiments on the use of fertilizer "Kazuglegumus" are presented in table 3.

Table 3 - Phenological observations of the growth and development of corn plants of the hybrid MV 170

shoots . Ripeness
beginning | full | SWeeping | Bloom ot vax | full
Control 20/05 31/05 03/06 24/07 7/08 07/09 - -
Kazuglegumusl ml/kg+11/ha+11/ha 20/05 31/05 03/06 24/07 7/08 07/09 - -
Kazuglegumus3 ml/kg+1.51/ha+1.51/ha 20/05 31/05 03/06 23/07 7/08 07/09 - -
Kazuglegumus 10 ml/kg+21/ha+21/ha 20/05 30/05 02/06 21/07 5/08 04/09 - -

Hybrid name Sowing

As can be seen from table 3, the phase of emergence of the corn hybrid of MV 170 into the tube of
plants of corn was noted in the control and second experiment — June 29, in the third experiment — one
day, and in the fourth experiment — three days earlier. The sweeping phase of this hybrid in the control and
second experiment was recorded on July 24, in the third experiment - a day earlier, in the fourth
experiment - three days earlier. The flowering phase was observed on August 7 in the control, the second
and third experiment, and in the fourth experiment two days earlier. The phase of dairy ripeness was noted
on September 7 in the control, the second and third experiment. In the fourth experiment, where the
maximum dose of humate fertilizer was used, this phase occurred three days earlier.

Generalized data on the results of phenological observation of corn plants of the hybrid MV 270 in
experiments on the use of fertilizer "Kazuglegumus" are shown in table 4.
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Table 4 - Phenological observations of the growth and development of corn plants of the hybrid MV 270

) . shoots . Ripeness
Hybrid name Sowing beginning full Sweeping | Bloom dairy | wax | beginning

Control 20/05 01/06 04/06 28/07 13/08 13/09 - -
Kazuglegumus 20/05 01/06 04/06 28/07 13/08 13/09 - -
Iml/kg+11/ha+11/ha
Kazuglegumus 20/05 01/06 04/06 28/07 13/08 13/09 - -
3ml/kg+151/ha+1.51/ha
Kazuglegumus 20/05 31/05 03/06 25/07 9/08 11/09 - -
10ml/kg+21/ha+21/ha

The sweeping phase of this hybrid in the control, second and third variants were observed on July 28,
in the fourth experiment - three days earlier. The flowering phase was noted on August 13 in the control;
in the second and third experiments, this phase occurred one day, and in the fourth experiment, four days
earlier. The onset of the phase of milk ripeness was recorded on September 15 in the control, in the second
and third experiments - in two, and in the fourth experiment, where the maximum dose of humate fertilizer
was used, - four days earlier.

At the time of harvesting, corn plants in all experimental plots, incl. and control, were in the phase of
milk ripeness, which is associated with prolonged precipitation, which prevented the achievement of the
phase of wax ripeness.

When determining the standing density of seedlings of corn plants MV 170 and MV 270, the presence
of a relationship and a direct dependence of the dose of fertilizer on the standing density of plants during
seedlings were revealed (table 5).

Table 5 - The density of the corn plant during the germination period, depending on the dose of fertilizer

MV 170 MV 270
Fertilizer dose standing density + to control, standing + to control,
pes / m? % density pcs / m? %
Control 6,9 - 6,8 -
Kazuglegumus 1 ml/kg+11/ha+11/ha 7,1 2,8 6,8 -
Kazuglegumus 3ml/kg+ 1.51/ha+1.51/ha 7,1 2,8 6,9 14
Kazuglegumus 3 ml/kg+1.51/ha+1.51/ha 7,2 4.2 7,1 4.2

As can be seen from table 5, the best indicator of plant stand density for seedlings of the hybrid
MV 170 for seedlings is 7.2 pcs / m?, and for the hybrid of MV 270 - 7.1 pcs / m?, with a fertilizer dose of
10 ml / kg, 21/ ha and 2 1/ ha, which exceeds the control by 4.2%.

A direct correlation was also found between the increase in the dose of fertilizer and the indicator of
the height of corn growth (table 6).

Table 6 - Plant height of corn hybrids depending on the dose of fertilizer "Kazuglegumus"

hybrid MV 170 hybrid MV 270
Fertilizer dose height - r: to control - height Cmﬂ: to control -
Control 164.8 - - 179.3 - -
ot Legfginfuss 1/ha+1.51/ha 1727 79 4.8 193.2 139 7
Ifgzn‘lllg}igg“f‘zlsl ha 1/ ha 177,5 12,7 7,7 198.5 19,2 10,7

As can be seen from table 6, the hybrid MV 170 has the highest indicator of plant height in the fourth
embodiment. It is equal to 177.5 cm, the difference with the control is 12.7 cm. Hybrid MV 270 the best
indicator of height is also noted in the experiment with the maximum dose of potassium humate. It was
198.5 cm, which is 19.2 cm higher than the benchmarks
18 ——
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Analysis of the yield of feed units per hectare of sown area showed that according to this indicator,
the best results were revealed according to the results of the fourth experiment, where doses of fertilizer
“Kazuglegumus” were applied at 10.0 ml / kg for seed treatment, and 2.0 1 / ha during the first and second
foliar treatment (table 7).

Table 7 - The output of feed units of corn hybrids depending on the dose of humate fertilizer

MV 170 MV 270
9 roductivi Sod. roductivit Sod.
Fertilizer dose p reen m ty in 100 kg feed output. p reen m y in 100 kg feed output.
g c/ha " green m., units, t / ha & ¢ /ha " green m., units, t / ha
feed. units feed. units
Control 216,5 23,1 50,9 2473 23,5 61,7
Kazuglegumus
Iml/ke+11/hat11/ha 246,4 23,4 58,7 275,5 23,6 70,5
Kazuglegumus
3ml/kg+1.51/ha+1.51/ha 263,6 236 63,0 294,0 2.9 763
Kazuglegumus
10ml/ke+21/ha+21/ha 275,6 23,5 65,7 301,9 23,7 80,3

As can be seen from table 7, a higher yield of feed units per hectare was obtained in the fourth version
of the experiments on both hybrids, which amounted to 65.7 ¢ / ha for the hybrid MV 170, and 80.3 ¢ / ha
for the MV 270 hybrid.

Conclusion. The Kazuglegumus fertilizer had a positive effect on the productivity of maize hybrids.
The highest yield of green mass of the hybrid MV 170 of 275.6 ¢ / ha was obtained in the fourth group,
where the plants were treated with fertilizer at a dose of 10 ml / kg, 2 1/ ha, 2 1/ ha. The same regularity
was also observed in the hybrid MV 270, where the maximum green mass yield was 301.9 ¢ / ha. The high
dry solids in both maize hybrids was positively influenced by the dose of humate fertilizer at 3 ml / kg 1.5
1/ha, 1.51/ ha. In the MV 170 hybrid, it was 34.5, and in the MV 270 hybrid 34.7%.The highest yield of
feed units per hectare was obtained for both maize hybrids in the fourth experimental version when
treating plants with Kazuglegumus fertilizer at a dose of 10 ml / kg, 21/ ha, 2 1/ ha and amounted to 65.7
¢/ m in the hybrid MV 170 ha, the hybrid MV 270 - 80.3 ¢ / ha.

It is worth noting the fact that corn plants of both hybrids during the growing season were not
susceptible to any diseases inherent in this type of plant, although corn was also the precursor. In the
course of the experiments, the optimal effective dose of humate fertilizer was determined: for pre-sowing
treatment of corn seeds - 10 ml / kg, for the next two foliar dressings - 2 1/ ha and 2 1/ ha, respectively.
The use of potassium humate with trace elements in the form of humate fertilizer "Kazuglegumus"
stimulates plant immunity and prevents the death of corn plants from specific diseases

E.B. Kyxap ., B.T. Epmaramoer?, ’K.M. Kacenosa?, A.O. Yanas®,
M.K. Kazankanosa?, H.Y. Hypranues?, I'.E. Baiiinna?

! «C.Celipynmmn arbingarer Kazak arporexaukansik yausepeuteti» KeAK, Hyp-Cynran, Kasakcran;
2 «Kemip XuMHsACHI %koHe TexHONorus MHCTUTY T JKIIIC, Hyp-Cynran, Kazakcran;
3«Conrycrik KazakcTan MatmapyaibUibEsl aHe ociMaikmapyambuibirsl F3U» XKIIC, Kasakcran

COJITYCTIK KABAKCTAH OHIPIH/IE )KYT'EPI BYJIAH/IAPBIHBIH
OCIMIHE, JAMYBbIHA )KOHE OHIMAUIITTHE I'YMHUH KbIIIKbIVIBIHBIH OCEPIH 3EPTTEY

AHHoTauusl. ['yMHH KBIIKBUIJAPBIHBIH OMOJOTHSIBIK OENCeHIUTr aybUIapyabUIbFel  JaKbUIIAPBIHBIH
anmyan Typizme nomengenreH. «Kasyrimerymyc» oTaHABIK TpemapareiHbIH - KypambeiHga C-O, C-0O, C-NH
(GYHKIMOHAJIBI TONTAp MEH CyJa CPUTIH METa/Ul OpPraHUKAJbIK XeJaTThl KeHIeHIepi Oap, aybUIIapyamibUIbIFbI
JAKbUIIAPBIHBIH  OHIMJUIITIH apTThIPY YIIIH YCBIHBUIFAH THIHAWTKBIIL. ABTOpiap KasakcTaHHBIH COJNTYCTIK
aliMarbIHIaFbl KYrepl OyAaHIapbIHBIH ©CiMi MEH OHIMIUITriHe, TOTHIKKAH KOHBIP KOMIpJEH alblHFaH OTaHMABIK
OpPraHOMHHEPAIIBl THIHAUTKBIIITAPABI KOJNAAHYIBIH THIMIUITIH 3€pTT€Y HOTIDKENEPIH YCHIHFaH. TOMBIPaKTHIH
arpOXUMHSIIBIK KACHETTepl 3epTTenai, OCIMIIKTepHiH namy ¢asamapbl OOHMBIHIIA (EHONOTUSUIBIK OaKbUIay
19
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KYPTI3UIA1, eriH )KUHAY Ke3eHiHJIe JKachlil MAaCCAaHbIH LIBIFBIMIBIFBI €CENKEe aJbIHABI, )KEMI'€ 300TeXHHUKAIBIK TaJIAay
xyprizingi. Eric Toxipubeci 2019 bl «Conrycrik Kazakcran MasninapyaribUibiFbl )KOHE ©CIM/IIKIIAPYalIbUIBIFbI
F3U» KIIC-ne MV 170 xone MV 270 Benrp cenekuusicel OyaanbiHaa sxypriszinai. JXKyrepini mamy ¢a3zachel
OolibIHIIA (PeHONOTHSIIBIK OaKbUIay MUKPOAJIEMEHTTEpl Oap Kalui ryMaTbhlH KOJIJaHBLTY, )Kyrepi OyJaHbIHBIH 6CiMi
MEH JaMybIHa, OHIMILTITT MEH LIBIFBIM/IBIFBIH apPTTHIPYFa bIHTAJaHABIPYLIBI 3CEP €TETIHIH KOPCETTI.

Kyrepi TykbIMBIH ceOy aniplHAa eHaey YuiH «Kasyrierymyc» ryMarThl THIHAWTKBILITBIH OHTAMIBI THIMI
J103aChbl JKOHE OJ[aH KEHiHT1 TaMbIpJlaH ThIC KOPEKTEHIIpY aHbIKTanipl. «Kasyrierymyc» cayna MapKachIHJIAFbl
OTaHJBIK KaJHil TyMaT Mpenaparsl — aybUIapyallbUIbIFbl 1aKbUIIAPBIHBIH OHIMALTIIH apTTHIPY YLIiH YCHIHBUIATBIH
iCiHy >KOHE IIeTEeNIiK THIHAMTKBIITAp Ti3Oerinmeri >kaHa OpeHn. DyibB KBIMIKBUIEI XKOHE TYMHUH KBHIIIKBUIBIMEH
KYpJeli KoMOWHAIMAAA Tipi aF3aHbl CayBIKTHIPY OOMBIHIIA OMOXKETIMAL KeeH Kypaiapl. KyHasuiersr 70-TeH actam
TYpl KOMHOHEHTTI MuHepai, 20-7aH actaM aMHH KbIIIKbUIBI, BUTAMHH, TaOWFU IOJMCAXapuj, CTEPHUH, TOPMOH,
MaiJIbl KBIIKBLI, OCIMAIK TUTMEHTTEPI ((hI1aBOHOW) XKoHE TAOUFU aHTHOKCHIaHTTapra (KaTexuHaep) OaiaHbICTHI.

Ochpl KelleH KypaMblHaa TaOUFUTEKTI CTEPOMATHI emec (uTodcTparcHaep — u30()IaBOHOUATAP, COHIAM-aK
XMHOHJIBI aHTHMOMOTHKTEPiHIH KacuerTepi Oap j>koHe Oacka Aa Maijanbl KOMIIOHEHTTEp TaObUIABL. BHOIOTrHAIBIK
Oescenii 3aTTap/AblH MYHIall KOHLEHTPALMICHl TYMUH KbINIKBUIAAPBIHBIH Tipi OpraHu3Mepre OH OCEpiHiH alyaH
TYPJIUTITIH TYABIPaIbL.

«Kazyrierymycy» Kaiuii ryMaThl HETi31HAET1 OTaHIbIK OpraHoMHHepasabl THIHAUTKBI (OMY) — KOHBIp KeMip/i
TOTBIKTBIPY apKbUIbI ANbIHFAH Kapa KOHBIP TYCTi cyOcTaHIUsACH. ThIHAWTKBIIITAPBI OHAIPY TeXHONOTUsIChIH «KeMmip
XUMUACHI JKoHe TexHonorusi uHCTUTYTh JKIIC aBTOPIBIK YKBIMBI jkoHe «Ka3TeXHOYrojb» FBUIBIMH-OHAIPICTIK
6ipaecriri»y XKIIC ennipymrici a3ipueni.

Byn TexHOIMOTHS YABTPAAUCTIEPCTI MUTIEIDIANIAPIBI ATyFa MYMKIHIIK O€pETiH yIbTPaAbIObIC )KOHE aya OTTETiHIH
B2 mapkansl TOTBIKKaH KOHBIp KeMipre OipiieCKeH ocepiHe Heri3[eNreH. AJBIHFAH OHIM OeIMIeKTepiHiH Memepi
oCIMJIIKTEp/Ier] KeyeKTepIiH eJIeMiHeH ojeKkaiiia a3, OyJl eciMJIKTep ar3achlHa Te3 €HYre bIKIan eTell.
Ocpuiaitma asnpiaran kanuii rymatel Kypambinaa C—0,C—OH, ¢ - NH ¢yHKIMOHaN b TONTHI CyJa €PUTIH METall
OpraHUKAaJIbIK XeIaTThl KeueHepi oap.

Tyiiin ce3mep: TaMmbIp/iaH THIC KOPEKTEHIIPY, KM T'yMaThl, KYrepi, Ka3yrjieryMyc, TYKbIMIIbI aJIIbIH alia
OHJICY, OHIMJIUTIK, THIHAUTKBIII, KOMIp, ()CHOIOTUSIIBIK OaKbLIAY.

E.B.Kyxap !, 5.T. Epmaram6er?, JK.M. Kacenona?, A.O.‘Ianaﬂ3,

M.K. Kazankanosa?, H.Y. Hyprammes?, I'.E.Baiianna?

"' HAO «Kasaxckuii arporexnuueckuii yausepcuret uM.C.Celidymmnay», Hyp-Cynran, Kasakcran;
2TOO «VIHCTHTYT XUMHM YIS M TexHosorumy», Hyp-Cynran, Kasaxcran
3 TOO «Cesepo-Kazaxcranckuiit HUM %HUBOTHOBOICTBA U PACTEHUEBOICTBAY, paiion beckon, Kaszakcran

BJUSAHUE T'YMHUHOBOM KUCJIOTHI HA POCT, PA3BUTHE U ITIPOAYKTUBHOCTD
I'MBPUAOB KYKYPY3bI B YCJIOBUAX CEBEPHOTI'O KASAXCTAHA

AHHOTaIIHﬂ. buonornyeckass akTUBHOCTh TYMHUHOBBIX KUCJIOT JOKa3aHa Ha Pa3jIMYHbIX BUAAX CEIbCKOXO03SIUCT-
BEHHBIX KyubTyp. OrteuecTBeHHBIH mpemnapar «Kasyrierymyc» — ynoOpeHue, mpeaiaraeMoe [Uisi IMOBBIILICHUS
YPOXKalHOCTH CEJIbCKOXO3SMCTBEHHBIX KYJBTYpP, COJiepiKalliee BOJOPACTBOPUMBIE METAJUIOOPIaHHMYECKHE XeJIaTHbIC
komIuiekcel co cBoOogubiMu C-0O,C-OH, C-NH ¢QyHKUnOHaIBHBIMM TpyIlnaMu. ABTOpPaMH IIPEJICTABIECHBI
pe3ynbrarhl  M3y4eHHs dS()(EKTUBHOCTH TNPHUMEHEHUS OTEYECTBEHHOTO OPraHOMUHEPAIBHOTO  yA0OpeHMs,
MOJY4YEHHOTO U3 OKHCIEHHOTO Oyporo yriisi, Ha poCT M NPOJYKTUBHOCTh THOPHIOB KyKYpYy3bl B CEBEPHBIX pErHOHax
Kazaxcrana. M3ydeHpl arpoXMMHU4ecKHe CBOWMCTBA IOYBBI, MPOBEACHBI (PEHONOTMYECKHE HAOMIOAEHHUS 1Mo (azam
pa3BUTHS PACTEHHUI, Y4eT ypOXXKAWHOCTH 3€JeHOH MacChl B ITIEPHOA YOOPKH Ypokas, 300TEeXHHUYECKUI aHam3
kopmoB. [Tonessie ombrThl mpoBommmrck B 2019 rogy B TOO «Ceepo-Kazaxcranckuit HUM skMBOTHOBOACTBA M
pacTeHHEBOJICTBA» Ha THOpHUIax BeHTrepckoil cenekmmu MV 170 m MV 270. ®deHonoruveckue HaOMIOASHUS TIO
dasaM pasBUTHA KyKypy3bl IIOKa3ajd, 4TO IPUMEHEHHE TyMaTa Kalus C MHKPOIJIEMEHTAMH OKa3bIBACT
cTUMyIupylommid  3GpQGekT Ha PocT W pa3BUTHE THUOPUIOB KyKypy3bl, MHOBBIILICHHE €€ IPOAYKTUBHOCTH H
ypoxaitHocTu B ycnoBusix jecoctenu CeBepHoro Kazaxcrana.

Omnpenenena ontumaibHas 3QQeKkTuBHas no3a rymatHoro ynodpenusi «Kasyrierymyc» Juisi mpearnoceBHOM
00pabOTKK CEeMSIH KyKYpY3bl U TOCIIEAYIOUIMX BHEKOPHEBBIX MOAKOPMOK. OTEUYEeCTBEHHBIN MpenapaT rymMara Kaaus
noJ; ToproBoil Mapkoi «Kasyrierymyc» — HOBBI OpeHI B JIMHEHKE OTEUYECTBEHHBIX M 3apyOe)KHBIX yH0OpeHHH,
npeajaraeéMblii Uil TOBBILICHNS YPOXKaHHOCTH CEJIbCKOXO3SIMCTBEHHBIX KYJIBTYp. B ciokHOW KOoMOWHammm c
(yIbBOBOM KHCIIOTOM, T'YMHHOBBIE KHCIOTHI OOpa3yroT OMOJOCTYNHBIH KOMIUIEKC II0 O3JIOPOBJIECHHIO >KHBOTO
opraansMa. Ero meHHOCTH 00ycioBineHa HammuneM Ooiiee 70 pa3MYHBIX KOMIOHEHTOB M3 MHHeEpaiioB, Oomee 20
aMHMHOKHCIIOT, BUTAMHUHOB, NPHUPOJHBIX IOJIMCAXaPUA0B, CTEPHHOB, TOPMOHOB, XHPHBIX KHCIIOT, PACTHTEIBHBIX
MUTMEHTOB ((pIIaBOHOUIBI), TPUPOJHBIX AHTHOKCUIAHTOB (KAaTCXHHEI).

20




ISSN 2224-5286 Series chemistry and technology. 4. 2020

B cocTaBe naHHOTO KOMIUIEKCca OOHApYKEHbI HECTEPOUIHbIE (PUTOICTPAreHbl HATYPAIBLHOTO MPOUCXOXKACHHS —
n30(pIaBoHONIBI, a TaKkKe, 00JIafA0IINEe CBONCTBAMH aHTHOMOTHKOB XMHOHBI M IPOYHE IOJIE3HbIE KOMIIOHEHTHI.
Taxkas KOHIICHTpalus 6I/IOJ'IOFI/I‘16CKI/I AKTHUBHBIX BCUICCTB O6yCﬂaBﬂl/IBaeT MH0r006pasne ITOJIOXKUTCIIbBHOT'O BJIUSAHUA
T'YMHWHOBBIX KHUCJIOT Ha JKMBBIC OPraHU3MbI.

OtevecTBEeHHOE OpraHoMuHepanbHoe ynoopenue (OMY) nHa ocHoBe rymara kamus «Kasyrierymyc» —
cyOcTaHIMSI TEMHO-KOPHYHEBOTO 1[BETA, MOIYyYEHHAs! MyTeM OKHCIECHUS Oyporo yris. TexXHOJIOrHs MPOW3BOJCTBA
ynoOpeHus pazpaboTana aBTOPCKUM KOJIEKTHBOM TOO «HCTHTYT XUMUH YT U TEXHOJIOTUM» U IPOU3BOIUTEIEM
TOO «HayuHo-1pon3BoACTBEHHOE 00BeinHEeHNE «Ka3TeXHOYToIbY.

TexHONOTHS OCHOBaHa Ha COBMECTHOM BO3IEHCTBHM Ha OKWCIICHHBIN Oyphli yroms Mapku b2 ymbTpasByka u
KHCJIOPOAA BO3/AyXa, MPUBOISMIEM K IOMYYEHHIO YJIBTPAIUCIEPCHBIX MHIEUI. Pa3Mepsl 4acTHI] IOIyYEeHHOTO
MPOJYKTa HAMHOTO MEHBIIIE, YEM Pa3Mephl NOpP B PACTCHUSAX, YTO CIIOCOOCTBYET K OBICTPOMY NMPOHHKHOBEHHIO B
opraHu3M pacteHui. [lomydeHHbIH TakuM 00pa3oM rymat Kajlusi COIEPKUT ce0e BOIOPACTBOPUMBIE METATNIOOPTaHH-
YgecKue XenaaTHele KoMIieKcsl co ceoboaabMu C—O,C—-OH, C- NH ¢yHKIMOHATEHBIME TPYTIIIaMHU.

KnroueBble cJjioBa: BHEKOPHEBBIE IOJKOPMKH, TyMaT Kallus, KyKypy3a, Ka3yrlerymMycC, IIPeIIOoCEeBHas
00paboTKa CeMsiH, IIPOIYKTUBHOCTh, YIOOPEHHE, YTOJIb, (PCHOJIOTUICCKAC HAOIIOICHHS.
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BIOSYNTHESIS AND DYNAMICS OF ACCUMULATION
OF SESQUITERPENE LACTONES
IN ARTEMISIA GLABELLA KAR. ET KIR.

Abstract. The study of biosynthetic processes in plant cells and methods for their regulation is an important
aspect in the development of biotechnological methods for the production of valuable medicinal compounds. The
identification and establishment of enzyme structures involved in the formation of secondary metabolites in plants by
using molecular genetic methods is one of the relevant ways in the study of their biosynthesis. For a successful
search, it is necessary to use plant organs with their quantitative accumulation.

In this work for the first time, a quantitative assessment of the content of sesquiterpene lactones arglabin and
argolide in CO»-extracts of Artemisia glabella Kar. et Kir. individual organs were performed at different stages of the
growing period (start of regrowth, end of regrowth, budding, flowering, fruiting); using electron scanning
microscopy, the leaves surface morphology was determined. It was found that the quantitative accumulation of
arglabin is observed during budding stage and its amounts are 1.90% in leaves and 1.56% in buds. On the surface of
leaves Artemisia glabella Kar. et Kir., there are capitate glandular trichomes of an oval shape, the sizes of which vary
between 70-80 microns in length and 33-38 microns in width.

Based on the obtained experimental data, we assume that the leaves and buds of intact plant Artemisia glabella
Kar. et Kir. during the budding stage will be the optimal samples to search for genes involved in the biosynthesis of
sesquiterpene lactones.

Key words: sesquiterpene lactones, arglabin, biosynthesis, trichomes, supercritical fluid extraction, Asteraceae,
Artemisia glabella Kar. et Kir.

Introduction. The study of biosynthetic processes of plant cells and methods of their regulation is
one of the current trends in biological chemistry. The biosynthesis of isoprenoids, a very large group of
natural compounds that are diverse in structure and function, has been studied by many foreign researchers
[1-15]. It was established that the biosynthetic pathway of all isoprenoids begins with two branched
phosphorylated precursors — isopentenyl pyrophosphate and dimethylallyl pyrophosphate (figure 1), which
are formed in living organisms along one of two pathways [1]:

1) mevalonate pathway (classic, Bloch-Lynen pathway, MVA-pathway) - from mevalonic acid,
occurring under the action of enzymes located in cytosol;

2) non-mevalonate pathway (alternative, Rohmer pathway, MEP- pathway) - from methylerythritol
phosphate occurring under the action of enzymes localized in plastids.

Under the action of isopentenyl pyrophosphate isomerase enzyme, a double bond shift occurs in
isopentenyl pyrophosphate (IPP) and an isomeric compound, dimethylallyl pyrophosphate (DMAPP), is
formed. Further formation of terpenes occurs by attaching IPP residues to a DMAPP molecule to produce
geranyl pyrophosphate or to a growing chain of isoprenoid with the formation of farnesyl pyrophosphate,
etc. (figure 1).
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IPP — isopentenyl pyrophosphate; DMAPP — dimethylallyl pyrophosphate;
GPP — geranyl pyrophosphate; FPP — farnesyl pyrophosphate; GGPP — geranylgeranyl pyrophosphate

Figure 1 — The main pathways of terpenoids formation

It should be noted that the cytoplasmic (MVA) and chloroplast (MEP) pathways differ only in the
early stages: since the formation of the Cs-unit of IPPP, there are no differences in the stages of
biosynthesis [2, 3]. In addition, higher plants and some microorganisms are characterized by the use of
both pathways of isoprenoid biosynthesis, and although both pathways in the plant cell function
simultaneously, they are physically isolated from each other [1].

To date, the biosynthetic pathways of the formation of individual sesquiterpene lactones in a number
of plants of the Asteraceae family have been studied (costunolide in Cichorium intybus L. [4], Helianthus
annuus L. n Lactuca sativa L. [5]; parthenolide in Tanacetum parthenium (L.) Sch. Bip. [6]; artemisinin in
Artemisia annua L. [7, 8, 9] and in some others). The key to determining biosynthetic genes in many
studies has been the identification of plant organs in which quantitative accumulation of sesquiterpene
lactones occurs [9, 10]. On the surface of most of them, there are exogenous specialized terpenoid-
containing secretory structures - glandular trichomes [11], which show the highest concentration of
sesquiterpene lactones and quantitative content of TpGAS synthase (a gene encoding the first stage of
germacranolide biosynthesis) [8, 9, 12]. Their presence and morphological diversity for a number of plants
Asteraceae family are confirmed by electronic scanning microscopy [13, 14, 15]. It was glandular
trichomes that were used in many studies to isolate RNA and its sequencing in order to determine the
nucleotide sequences of genes encoding the structures of terpenoid biosynthesis enzymes in plants.

The aim of this work was the quantitive evaluation of the content of sesquiterpene lactones in
individual organs of Artemisia glabella Kar. et Kir. at different stages of the growing period and
determining the size of glandular trichomes on their surface in order to select optimal samples for the
search for genes involved in biosynthesis of arglabin.

Materials and methods of the research. The object of research in this work was the plant of the
flora of Kazakhstan Artemisia glabella Kar. et Kir. of Asteraceae family. Aerial parts of Artemisia
glabella Kar. et Kir. were collected in the Karkaraly district of the Karaganda region in accordance with
the phenospectrum for the main stages of growing season of the plant: start of regrowth — 01.06.2018; end
of regrowth — 22.06.2018; budding — 18.07.2018; flowering — 15.08.2018; fruiting — 18.09.2018). Plant
samples were placed in the herbarium fund of the laboratory of botany and biotechnology of JSC “IRPH
“Phytochemistry”.

The collected raw materials were divided into individual organs (stems, leaves were separated and,
depending on the developmental stage, buds/flowers/fruits), also whole shoots were left for study. All
plant sampes were dried by the air-shadow method.

The extraction of secondary metabolites from the aerial part and individual organs of the plant was
carried out on a supercritical fluid extraction unit USFE-5/2 [16] with the following parameters (for all
types of raw materials): pressure 16 MPa; temperature 60°C; duration 180 minutes. For each extraction,
100 g of raw material collected in 2018 during the corresponding growing period was used.

The quantitative content of components in the CO, extracts was determined by high-pressure
reversed-phase HPLC with a UV-detector on a Hewlett Packard Agilent 1100 Series chromatograph in
isocratic mode. Analysis conditions: analytical column 4.6x150 mm, Zorbax SB-C18 sorbent with a
particle size of 5 um, column temperature - room temperature, mobile phase acetonitrile:water mixture
(1:1), mobile phase velocity 0.5 ml/min, injection load 20 pl, detection at a wavelength of 204 nm. Data
was calculated using ChemStation software.
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The study of surface morphology of individual plant organs was carried out using optical microscopy
methods. MBR-1A biological microscope was used to inspect the surface. Scanning electronic microscope
of high-spatial resolution Mira 3 LMU Tescan was used to detect the size of terpenoid-containing
structures. Air-dried samples of Artemisia glabella Kar. et Kir. leaves with a sputtering of 25 nm thick
gold were prepared for analysis.

Results and discussion. Among secondary metabolites of Artemisia glabella Kar. et Kir., there are
sesquiterpene lactones arglabin (1) and argolide (2) - biologically active compounds with a proven
pharmacological effect and promising for chemical modifications, as well as dihydroargolide (3).

o) @) O
(1 2) )

The major component of the Artemisia glabella extract is sesquiterpene lactone arglabin - 1(10)-
epoxy-5,7a,6B(H)-guaia-3(4),11(13)-dien-12,6-olide, the average content of which is 1.49% for air-dry
raw materials, the rate of recovery by supercritical fluid extraction reaches 92.4% [17]. It has an inhibitory
effect on a number of transplantable tumors (Pliss’s lymphosarcoma, Walker’s carcinosarcoma, RMC-1
breast cancer, alveolar liver cancer, P-388 and D-1120 leukemia), as well as on tumor strains resistant to
standard chemotherapeutic drugs (fluorouracil, sarcolysin, prospidin, rubomycin), is used as an
immunomodulating agent [18]. There was also revealed its hypolipidemic effect in hepatoma cells [19].
The water-soluble derivative of dimethylaminoarglabin hydrochloride [18] is the active substance in the
unique antitumor drug "Arglabin", which, according to a number of characteristics, has no analogues in
the world, has passed clinical studies and is used in antitumour therapy. Arglabin is promising for
chemical modification; more than 70 derivatives are obtained on its basis [20].

Microscopic examination of the surface of Artemisia glabella Kar. et Kir. organs allowed us to
establish that the epidermal glandular structures (trichomes) of the aerial parts Artemisia glabella
(figure 2) are represented by two forms: glandular hairs and capitate glandular trihomes (both are
multicellular). On both sides of the leaves and on the lower part of flower Artemisia glabella, glandular
trichomes predominate (Figure 2¢c, 2d), which have an oval in shape. The size of glandular trichomes on
the leaves surface varies between 70-80 microns in length and 33-38 microns in width (figure 3).

a — anthodium of Artemisia glabella; b — flowers from anthodium;
¢ — lower part of the flower; d — leaves on the stem; e — leaf (view from above)

Figure 2 — The presence of terpenoid-containing structures
on the surface of aerial parts Artemisia glabella Kar. et Kir.

— g ——
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SEM HV: 10.0 kV
View fleld: 1.41 mm
SEM MAG: 186 x

Figure 3 — Size of glandular trichomes on the surface of Artemisia glabella Kar. et Kir. leaves

To study the dynamics of accumulation of sesquiterpene lactones in individual organs of Artemisia
glabella Kar. et Kir. a series of CO,-extraction of raw materials collected at different stages of the growing
period was carried out. The results of chromatographic analysis of the obtained CO,-extracts are presented
in table 1.

Table 1 — Results of HPLC analysis of the quantitative content
of arglabin and argolide in COz-extracts of Artemisia glabella

. Extract Content, Content, .
Ne Type of plant raw material % per extract % on air-dry materials
mass - : - -
arglabin argolide arglabin argolide

1 2 3 4 5 6 7
1 SR — start of regrowth (raw material collection 01.06.2018)

1 | whole shoots | 705 [ 1598 | 195 ] 1,12 | 0,14
I | ER — end of regrowth (raw material collection 22.06.2018)

2 whole shoots 5,71 13,75 3,86 0,78 0,22
3 shredded stems 1,85 11,74 291 0,21 0,05
4 leaves 9,58 13,13 3,71 1,26 0,35
IIl | B - budding (raw material collection 18.07.2018)

5 whole shoots 7,15 20,76 5,56 1,50 0,40
6 shredded stems 2,90 13,91 2,91 0,40 0,08
7 leaves 7,44 25,56 6,83 1,90 0,51
8 buds 8,28 18,84 4,65 1,56 0,39
1V | FL — flowering (raw material collection 15.08.2018)

9 whole shoots 6,25 8,73 2,09 0,55 0,13
10 shredded stems 2,50 7,83 1,69 0,20 0,04
11 | leaves 5,70 8,12 1,72 0,46 0,10
12 inflorescences 6,60 10,25 2,32 0,68 0,15
13 | young whole shoots (regrowth) 8,18 9,37 1,93 0,77 0,16
V| FR— fruiting (raw material collection 18.09.2018)

14 | whole shoots 3,57 11,12 2,31 0,39 0,08
15 shredded stems 1,66 8,04 1,26 0,13 0,02
16 leaves 7,35 15,43 3,29 1,13 0,24
17 | multiple fruit + leaves 7,00 12,86 3,15 0,90 0,22
18 | young whole shoots (regrowth) 7,40 15,96 341 1,18 0,25

At the start of regrowth stage, the yield of CO,-extract from whole shoots (leaves and stems) is 7.05%
on air-dry materials with an average concentration of arglabin of 1.12% on air-dry materials.

At the end of regrowth stage, there is a slight decrease in the yield of extract to 5.70% on air-dry
material, which is most likely due to the relative increase in the proportion of stems in the total weight of
the raw material, the extract yield of which (as can be seen from the data in Table 1) is insignificant and is
1.85% on air-dry material. Also, in this phase, an increase in argolide concentration is observed by almost
2 times (up to 3.86 in the extract and 0.22 on air-dry materials) with a slight decrease in the concentration
of arglabin (from 1.12% to 0.78%).
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A quantitative yield of CO,-extract is observed during budding stage (on average, within 7.15% on
air-dry material). During this stage, the highest concentration of arglabin and argolide in the obtained
extracts was noted. Thus, the highest content of arglabin was recorded in the leaves (25.56% in the extract
and 1.90% on air-dry material), it is slightly lower in buds (18.84% in the extract and 1.56% on air-dry
material). This fact is completely correlated with the presence on the surface of precisely these Artemisia
glabella organs of capitate glandular trichomes - structures where the formation and accumulation of
terpenoid nature substances occur.

The chromatogram of the CO,-extract of raw material Artemisia glabella collected during budding
stage shows the presence of three additional peaks of components with retention times of 6.7139, 13.836
and 17.683 min, which form and accumulate in buds (figure 4b).

During the flowering stage, the yield of the extract decreases to 6.25% on air-dry material, there is an
almost three-fold decrease in the concentration of arglabin and argolide (up to 0.55% and 0.13% on air-dry
material respectively).

For the fruiting stage, the extract yield is minimal (3.57% on air-dry material) and the content of
sesquiterpene lactones arglabin and argolide in whole shoots is 0.39 and 0.08% on air-dry material.

VWD1 A, Wavelength=204 nm (100818B7.D)
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a — leaves extract; b — buds extract

Figure 4 — Chromatograms of the component composition of the COz-extract of individual organs
of Artemisia glabella during budding stage

From the data in table 1 it is also seen that the biosynthesis of arglabin continues in young whole
shoots even with the repeat regrowth, which is observed in the 2-3rd decade of August. Moreover, the
content of arglabin in them remains quite high (1.18% on air-dry material during the fruiting stage).

Comparative data on the content of target component (arglabin) for different stages of the growing
period and in individual organs at the budding stage are presented on diagrams (figure 5).

8,28 8,28
8 - g 7,44
6 - 6
4 4 4 - 2,90

1,90
2] 27 040 E:
0 0 0 |
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a b

a — in whole shoots along the stages of growing period; b - in individual organs in the budding stage;
blue chessboard pattern - yield of extract, % on air-dry material; red stripe pattern - arglabin content, % on air-dry material

Figure 5 — Arglabin content and COz-extract yield on dried raw materials of Artemisia glabella Kar. et Kir.
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The results of an experiment on CO,-extraction of secondary metabolites from raw materials of
Artemisia glabella correlate with previously obtained by chloroform extraction data on the quantitative
accumulation of sesquiterpene lactones precisely at the budding stage in leaves and buds [21, p. 79, 89]. It
should be noted that the percentage content of arglabin in the Artemisia glabella population growing in the
natural habitat (Karkaraly district) is almost 3 times higher. However, this difference can also be
associated with the use of various methods for its extraction from plant materials (chloroform and
supercritical fluid extraction).

Conclusion. As a result of the studies, it was found that the presence of sesquiterpene lactone
arglabin is observed in all individual organs of Artemisia glabella Kar. et Kir. and during all stages of the
growing period. Terpenoid-containing organs are leaves and buds, in which its quantitative accumulation
during budding stage is noted (within 1.56-1.90% according to HPLC analysis of CO, extracts). On the
surface of these organs there are specialized terpenoid-containing structures - glandular trichomes, in
which the biosynthesis and accumulation of sesquiterpene lactones and other terpenoids under the action
of sesquiterpene synthases occur. According to electronic scanning microscopy data, the glandular
trichomes on the surface of Artemisia glabella Kar. et Kir. leaves have an oval shape, their sizes vary
between 70-80 microns in length and 33-38 microns in width. Thus, we assume that the leaves and buds of
an intact plant are optimal samples to search for genes involved in the biosynthesis of sesquiterpene
lactones.
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ARTEMISIA GLABELLA KAR. ET KIR. OCIMJITTHIETT
CECKBUTEPIEH/I JJAKTOHJIAPABIH )KHHAKTAJY JUHAMUKACBI
’)KOHE BHUOCHUHTE3I

AnHotanus. JXyMBICTBIH MakcaTbl — apriaOWH OWOCHHTE3IHE KaThICATBIH TEHACPAl i3ley YIIiH OHTAMIIBI
YIIriepii TaHoay MaKcaThIHa BereTaIlMsUIBIK Ke3eHHIH TYPIIi caTeichiHaa Artemisia glabella Kar. et Kir. eciMairinig
JKEKeJIeTeH MYIIeJIepiHAeri CeCKBUTEPICH I JTaKTOHAApAbIH MOJNIIepiH CaHABIK Oaranay jKoHE OJapAbIH OeTiHaeri
0e3xi TpuXoMalapIbIH KOJIEMiH aHBIKTay.

By xyMmpIcTa anFamn peT BereTalrsUIbIK Ke3eHHIH TYPJi CaTBICBIHAA (ecy YaepiciHiH Oackl, asfbl, Oypiey,
ryiney, xxeMic 0epy) Artemisia glabella Kar. et Kir. ecimairinig xexenereH mymie CO,-CHIFBIHABICHIHAAFBI apTiIaduH
MEH aprojiuji CECKBUTEPICHI JAaKTOHAAPBIHBIH MOJIIepiHe CaHABIK Oaraiay >Kypri3iii; 3JeKTPOHIBI CKaHepiey
MHUKPOCKOIIUS 9JIICIMEH KamnblpaK OeTiHiH MOP(OIOTUSCHl AHBIKTAJIJIBI.

3epTTey HOTHXKECIH/IC apriladMH CECKBUTEPICH1 TaKTOHBI Artemisia glabella Kar. et Kir. eciMmairiniy 6apibIk
MYIIECIH/IE JKOHE BETreTAalMsIIBIK KEe3CHHIH OapJibIK caThiChiHIa Oailikanansl. OHBIH CaHIBIK JKUHAKTAIYbl Oypiey
Ke3eHIHJe alKbIHAAIIBI KoHEe >kamblpakTa 1,90%, rymmanakra 1,56% xepcerri. ApriabuH OMOCHHTE3l TaMbI3
alBIHBIH 2-3-OHKYHIITiHAe OallKalaThIH jKac O©CKIHHIH KailTa ecy yaAepiciHie ae kamnracansl. by perTe onapabrH
KYpaMbIHJaFbl aprilabMHHIH MeJIIIepi CaJILICTEIPMAIbI TYPJE KOoFapbl Oomanbl (keMic 6epy catbicbiHaa 1,18%).

Artemisia glabella Kar. et Kir. eciMairiHiH »xepycTi OejiriHAe TEepPIeHOWATH KYPBUIBIMOAPIBIH €Ki Typi
AHBIKTAIIBL 0311 TYKIIE >koHe Oac Topi3mi Oe3mi Tpuxoma. THIKBIP JKycaH >KaIllbIpaKTAPBIHBIH €Ki JKaFrbIHIA JKOHE
rynaiH TeMeHri Oemiringe ©Oac Topi3mi  Oe3mi  Tpuxomaiap 0achiM  Kenedi. JJEKTPOHIbl  CKaHepley
MHUKPOCKOTIHSACHIHBIH JIepeKTepi OOWBIHINA THIKBIP JKyCaH >KalbIpaKTapbIHBIH OeTiHaeri 0e3li Tpuxomaiap Comak
MIITiHAL 00BN Kenei, emeM Y3eIHABIFR 70-80 MKM xoHe eHi 33-38 MKM mIerinae e3reperi.

AJBIHFaH 3KCIIEPUMEHTTIK JCPEKTEPIiH HETI3iHIC CECKBUTECPICH/II JAKTOHIAAPAbIH OMOCHHTE31HE KAThICATHIH
TeHICPl 13/ey YIIH OHTAWIbl yiuritep perinae OypieH dasaceingarsl Artemisia glabella Kar. et Kir. uaTakTimi
OCIM/IIT1HIH JKalbIparbl MCH T'YJIIIAHAFBI TAHIAIBL.

Tyiiin ce3nep: Asteraceae, Artemisia glabella Kar. et Kir., ceckBurepnenai 1akToH1ap, apriadiH, OMOCHHTES,
TPUXOMAJIap, KOFAPl KPUTUKAIBIK (ITFOUITI SIKCTPAKIIHUS.
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BUOCHHTE3 I IMHAMUKA HAKOIUVIEHUSA CECKBUTEPIIEHOBBIX JIAKTOHOB
B ARTEMISIA GLABELLA KAR. ET KIR.

Annotanus. [{ens paboThl — KOJIMYECTBEHHAsS OLIEHKA CO/IEPKAHMUS CECKBUTEPIICHOBBIX JIAKTOHOB B OTJIENIBHBIX
opranax Artemisia glabella Kar. et Kir. Ha pa3HBIX CTagusIX BETETAlMOHHOTO TEPHOAA W OMpEIeNicHHE pa3MepoB
JKEJIE3UCTHIX TPUXOM Ha WX IMOBEPXHOCTH TPH BHIOOPE ONTHMANbHBIX OPraHOB PAcTEeHHs Ui TOWCKA TI'€HOB,
YYacTBYIOIINX B OMOCHHTE3E apriiaduHa.

BriepBble mpoBeneHa KONMYECTBEHHAs OLEHKA COJEpPKAaHHMS CECKBUTCPIIEHOBBIX JIAKTOHOB apriabuHa u
apromuna B CO»-3KCTpakTax OTHACIBHBIX OpraHoB Artemisia glabella Kar. et Kir. Ha pasHBIX cTaguax
BEre€TallMOHHOI0 Tepuoja (Hayaao OTPacTaHHs, KOHEI OTpacTaHWs, OyTOHM3alMs, IIBETCHUE, IUIOJOHOIICHUE).
MeTo10M IIEKTPOHHOI CKaHUPYIOLIed MUKPOCKOIUH OlpesieieHa MOp(hOJIorusi MOBEPXHOCTH JIMCTHEB — OJIHOTO U3
OCHOBHBIX OpTaHOB 6I/IOCI/IHTe3a CCCKBUTCPIICHOBLIX JIAKTOHOB.

YCTaHOBIEHO, YTO IPUCYTCTBUE CECKBUTEPIICHOBOTO JIAKTOHA apriiabMHa HaOIoJaeTcs BO BCEX OpraHax
Artemisia glabella Kar. et Kir. 1 Ha Bcex cTaausx BEreTalMOHHOIO Iepuoja. KolndecTBeHHOE ero HaKOIICHUE
oTMeuaeTcsi B repuoj OytoHu3zauuu u cocrasiser 1,90% B muctesax u 1,56% B Oyronax. brocuntes aprinabuna
MIPOJIOIKAETCS] ¥ TIPH ITOBTOPHOM OTPACTaHWHM MOJIOJBIX ITOOETOB, KOTOpOe HabiomaeTcs BO 2-0i - 3-eif nekamax
aBrycra. [Ipm 3ToM coznepskaHue apriabuHa B HHX OCTaeTcsi cpaBHUTENbHO BbeicokuM (1,18% B mepmon
TIJI0TOHOIIICHHS ).

Ha moBepxHocTH nucTteeB U OyTOHOB Artemisia glabella Kar. et Kir. ycranoBneHo Hammume ABYX (Gopm
TEPIEHONCOAEPKALINX CTPYKTYP: KEIE3UCTHIX BOJIOCKOB U TOJIOBYATHIX XKeJIE3UCThIX TpuxoM. Ha obenx croponax
JIMCThEB U HIKHEH YacTH IIBETKA Y MOJIBIHU TJ1aJKON NPeo0IaJaroT ToJI0BYAThIC JKENe3UCThIe TPUXOMBI. 110 naHHBIM
SHCKT'pOHHOﬁ CKaHprIOHJ,eﬁ MUKPOCKOIINH, KCIJIC3UCTBIC TPUXOMbI Ha IMOBEPXHOCTU JIMCTHEB IMOJIBIHA Fﬂa[lKOﬁ
MMEIOT OBaJIbHYI0 (hopMy, pasMepbl Bapbupyrorcs B npezenax 70-80 MM B [uinHy u 33-38 MKM B LIMPHHY.

Ha ocHoBanuu IMOJYUYCHHBIX JSKCIICPUMCHTAJIBHBIX JaHHBIX B Ka4YC€CTBC OINTUMAJIBLHBIX OPraHoOB JIs IMOUCKa
TeHOB, YYaCTBYIOIIMX B OHOCHHTE3€ CECKBUTEPIICHOBBIX JIAKTOHOB, BBIOPAHBI JIMCTBS M OyTOHBI MHTaKTHOTO
pacrenus Artemisia glabella Kar. et Kir. B ¢aze OyToHH3amm.

KuaroueBnie cnoBa: Asteraceae, Artemisia glabella Kar. et Kir., ceCKBUTEpIICHOBBIC JIAKTOHBI, apriaOuH,
O6uocHHTE3, TPUXOMBI, CBEpPXKpPUTHYECKAsK (UIIOMIHAS SKCTPAKIIUS.
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LANGMUIR-BLODGETT FILMS BASED
ON SUPERHYDROPHOBIC SOOT

Abstract. In this paper it was produced Langmuir-Blodgett films based on superhydrophobic soot by Nima CD
installation (England). Chloroform was used because it has a low boiling point and is not miscible in water.
Consequently, the dispersion can be dropped onto the surface of the water in the Langmuir-Schaefer trough. The
superhydrophobic soot was obtained at the Institute of Combustion Problems (Almaty, Kazakhstan) by combustion
propan-butan mixture by applying an electric filed. To establish complete information about the structure of the soot
obtained, studies were conducted by Raman spectroscopy and a transmission electron microscope (TEM). An
analysis of the results of Raman spectra shows that two modifications of carbon are present in the obtained samples -
amorphous carbon 1350 cm™ (D - amorphous) and 1590 cm’!, a graphitized carbon phase. As a result, it was found
that the produced Langmuir-Blodgett films have a nanostructure, since soot has a nanoscale (20-60 nm), which is
confirmed by electron microscopic and Raman studies.

Key words: film, superhydrophobic soot, surface.

Introduction. A Langmuir-Blodgett (LB) film is a nanostructured system formed when Langmuir
films - or Langmuir monolayers (LM) - are transferred from the liquid-gas interface to solid supports
during the vertical passage of the support through the monolayers. LB films can contain one or more
monolayers of an organic material, deposited from the surface of a liquid onto a solid by immersing the
solid substrate into the liquid. A monolayer is adsorbed homogeneously with each immersion or emersion
step, thus films with very accurate thickness can be formed. This thickness is accurate because the
thickness of each monolayer is known and can therefore be added to find the total thickness of a
Langmuir-Blodgett film. The gorgeous feature of Langmuir-Blodgett films is the internal control of the
internal layer structure down to the molecular level and the exact control over the obtaining film thickness.
Sophisticated LB troughs let us to treat several materials with different functionalities and offer the
opportunity to setup the layer architecture according to the requirements of the desired molecularly
engineered organic thin film setup [1].

In work [2-5] transparent superhydrophobic films with TiO, photocatalysts, cobalt nanoparticle
Langmuir-Schaefer films on ethylene glycol subphase, some methodologies based on technique to build
thin films of graphene oxides, Quantum Dots and silver nanowires were studied. Surface roughness and
morphology of the films are changed with rising concentration of TiO,, which was attributed the size
difference of the starting materials. The wetting angle of the resulting film which contain 2 wt % TiO, was
higher than 140° even after UV illumination with the intensity of 1.7 mW/cm? for 800 h. The film with
2 wt % TiO, maintained higher wetting angles than the film with 0 wt % TiO, after 1800-h out door
exposure. The obtained films in this work are the first ones that satisfy the demands of transparency,
superhydrophobicity and long lifetime contemporaneously [2]. The possibility of modification of surface
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wettability is particularly eligible in implantology. This effect is reached by coating a given material with
thin films containing nanoparticles of different chemical properties [6]. This work reports on the
fabrication, optimization and characterization of ultrathin films containing submicrometer particles (sSMPs)
of the hydrophilic and water stable UiO-66-COOH(Zr) metal organic framework (MOF). It was
established that the presence of MOF particles significantly enhances the surface roughness and allows
ultrathin, hydrophobic coverage to be obtained. It has been shown that the crystallinity and the porosity of
the MOF remains almost unaltered in MOF/ODP films [7].

Langmuir-Schaefer deposition is a scalable process for forming a percolating film based on graphene
platelets which can be applied for electronic gas sensing [8-10] and LB films can find application in many
area [11].

In the presented work it was created LB films based on superhydrophobic soot obtained by
combustion propan-butan mixture. For the first time kind of soot having superhydrophobic properties was
synthesized at the Institute of Combustion Problems (Almaty, Kazakhstan), which was obtained by
applying an electric filed [12].

Experimental part. The Nima software uses Microsoft Sans Serif fonts, as our software is
compatible with all versions of Windows from 95 to XP you may need to load the specific MS Sans Serif
font onto your PC. Copies are on the Nima CD. When the required number of layers have been deposited,
the dipper will stop. Data can be viewed also in the (pressure & area) -time and dipper - area axes, selected
from the Graph Menu.

A typical LB film deposition instrument (Nima CD) shown in figure 1.

a— scheme

b — photo

Figure 1 - A typical LB film deposition instrument (Nima CD)

A typical multi-layer deposition (conventional dipper) was obtained by following stages which are
shown in the scheme below.
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Make up a solution of 10 - CHCI: from the chemicals supplied with the trough. Make
enough to fill your trough about twice

v

Prepare a glass slide by rubbing it with the ferric stearate supplied. This will make it
hydrophobic

v

Move the dipper up by clicking on U’ - or the PgUp' button of vour keyboard.
The dipper will come to rest at its top position

\

Insert the slide between the jaws of the dipper clamp

v

Go the Dipper Menu (‘Dipper’ on menu bar)

A

Select the appropriate values for yvour deposition

Typical values are: Dipper Speed: 20 mm/min; Target pressure: 25 mN/m; Top End: 5 mm; Bottom
End: 20 mm; Number of Layers: 10.

Then, spread the monolayer and select 'Pressure Control' from the Barrier menu of Installation of
Nima CD. The film will be compressed to its target pressure. If pressure control is unstable, reduce the
'Feedback Gain' value. A value of 1.0 is good for almost all conditions.

After, select 'Program Dip' from the “Dipper menu”. The dipper will be run down and up under the
selected conditions.

Results and discussions. Thus, to produce thin films of superhydrophobic soot, 10 mg of the powder
was dissolved in 10 mL of chloroform. Chloroform must be used because it has a low boiling point and is
not miscible in water. Consequently, the dispersion can be dropped onto the surface of the water in the
Langmuir-Schaefer trough.

The chloroform quickly evaporates and the hydrophobic soot is left sitting at on the water. This
floating layer is reducing the surface tension of the water, as measured by the pressure sensor at the
surface.

As more dispersion is deposited, the surface tension atthe surfaces decrease while the surface
pressure due to the material increases.

When the surface is sufficiently covered, the floating 'islands' of hydrophobic soot can be compressed
into a continuous film.

The barriers are moved to reduce the area occupied by the soot and force the islands to come together.

As it is compressed, the surface pressure increases - which leads to the pressure-area graph in the
attached file.

When completely compressed, the film can be deposited by lowering the substrate attached to the
vacuum pump.

The software is used to bring the substrate into contact with the surface and the film will be deposited,
as it shown in figure 2.

Figure 2 - Creation film on the water surface
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When the film is nearly fully compressed (like the attached data), it may rearrange on the surface.
This can be controlled by using less dispersion or compressing to lower surface pressures, figure 3.

It is known that, the air/water interface possesses excess free energy originating from the difference in
environment among the surface molecules and those in the bulk. This interfacial free energy is
approachable by measurements of the surface tension. The surface tension of water is about 72 mN/m at
20°C which is an exclusively high valuation in comparison with other liquids and accordingly makes
water a perfect sub phase for monolayer studies.

The overall way to transportation an amphiphile to the surface is to dissolve it in a volatile non-polar
solvent and then using a micro syringe to deposit onto the surface. The solution spreads rapidly to cover
the available area. As far as the solvent evaporates, a monolayer is formed. When the available area for the
monolayer is large the distance between adjacent molecules is enormous and their interactions are weak.
The monolayer can then be regarded as a two-dimensional gas. Under these conditions, the monolayer has
less impact to the water surface tension. If the available surface area of the monolayer is reduced by a
barrier system, the molecules start to exert a repulsive force on each other.

Figure 3 - Hydrophobic soot film

Surface pressure curve recorded during the LB monolayer assembly from computer. The most
important indicator of the monolayer properties of an amphiphilic material is obtained by measuring the
surface pressure as a function of the area of water surface available to each molecule. Thus, final surface
pressure reached 50 mN/m.

The soot applied for creating LB films was investigated by transmission electron microscope (TEM)
and Raman spectroscopy, figure 4. The obtained spectra are shown in figure 4, b.
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Figure 4 - Results of investigation methods of soot samples: a — TEM images; b — Raman spectra

As it can be seen from TEM images, the superhydrophobic soot has nanospherical chain structure, in
the form of pearls with varying degrees of branching, which have a diameter in the range of from 20 up to
60 nm.

Analysis of the Raman spectra shows that in the samples obtained there are two peaks 1350 cm™
(D - amorphous) and 1590 cm™ (G - graphite), corresponding to the phase of amorphous carbon (figure 4, b).
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Conclusion. In this article, the LB film preparation technique was discussed. Langmuir-Blodgett
technique was used to assemble monolayers of superhydrophobic soot. Films were deposited using the
vertical (LB) deposition methods onto glass substrates. However, soot films do not completely cover the
water surface, probably due to the dissolution of into the aqueous subphase. As a result, it was found that
the obtained Langmuir-Blodgett films has a nanostructure, since soot has a nanoscale from 20 to 60 nm,
which is confirmed by electron microscopic and Raman studies.

Mepyept Haxunkeizer'2, Anan Jaaron®

'MHCTHTYT npobieM roperus, Anmartsl, Kazaxcram;
’KasHY nmenn ans-®apabu, Anmatel, Kazaxcram;
3VuusepcuteT Cacceke, BenukoOpuTanus

MJEHKH JIEHTMIOP-BJIOJIKETT HA OCHOBE CYNIEPTUJIPO®OBHOM CYTKH

AnHotanusi. O0JacTh UCCIICAOBAHUNA HAHOPAa3MEPHBIX 3(P(PEKTOB MOKA3bIBACT, YTO THMAPOGOOHBIC CBOHCTBA
MOBEPXHOCTEH OCHOBaHbl HA NPABWIBHOM CTPYKTYpe YacTHI, BBICTYIIOB WJIM BEpIIMH CYOMHKPOHHOIO U
HAaHOMETPOBOI'O pa3Mepa, paclojIOKEHHBIX Ha IMOBEPXHOCTH YIOPSAOYCHHBIM oOpa3om. [loBepxHocTH, nMeronye
ruIpo(oOHBIE CBOWCTBA, MOTYT OBITh MOJYYEHBI XMMHYECKMM MM METOJIOM BBIPAIIMBAHUS HAHOPa3MEPHBIX
MaTepuanoB. Takoil 3d¢dekT cymecTByer B AWKOH mpupone. SpKUM MPUMEpPOM SIBISETCS MOBEPXHOCTH JIHCTHEB
JI0TOCA, YCESHHAas MHOTOYMCIICHHBIMH MHKPOCKONNYECKHMHU BBICTYNIaMH, HPUAAIOIIMMH ITOBEPXHOCTH JIHCTHEB
UCKIIFOUHTEIIbHBIE CYyNepruapooOHbIe CBOMCTBA.

OTH WCCIEIOBaHMS TOKAa3bIBAIOT, YTO Ca)a, CHHTE3UpyeMasl MpPU CKHUTAHUHM YTIJIEBOJOPOJHOrO TOIUIMBA B
OIIPE/ICNICHHBIX YCJIOBUAX, 0oOnazaer cynepruapooOHBIM CBOHCTBOM M MOXKET OBITh HMCIOJIB30BaHA B KauecTBE
HAITOJTHUTEIS TP CO3JaHUH THAPO(OOHBIX TOKPHITHH.

CynepruapodoOHas caka MojlydeHa MpHU COKUTAHWW IIPONaH-OyTaHOBOMW CMECH NPU HAIOKEHHWH DJIEKTPHU-
YEeCKOro noJjis B J1a0OpaTOpu¥ CHUHTE3a YIJIEpOJHBIX HaHOMAaTEpUAJIOB B IulaMeHH MHcTHTyTa mpolieM ropeHus
(Anmarsl, Kazaxcran).

Jnst ycTaHOBIEHUWsI TOJSHOM HMHGOpPMAlMW O CTPYKType IOJy4aeMOH CaXXH NpPOBEICHBI HCCIEIOBaHUS
MIPOCBEYHBAIOIINM JIEKTPOHHBIM MUKpockoroM (II9M), MeTo1oM CIeKTpOCKOIMN KOMOMHAIIMOHHOTO PACCEsSHHS.

Pesymprater [IOM mokasanm, 9to cynepruapodoOHas caka MMeeT HAaHOC(HEpUUECKYIO LEMHYI0 CTPYKTYpy B
(hopMe >xeMdyTa C pa3HOH CTENEHBIO Pa3BETBICHHS, AUAMETP KOTOPOH HaXoIuTcs B Auana3zone ot 20 mo 60 HM.

AHanu3 pe3yabpTaToB CIIEKTPOB KOMOMHAIIMOHHOTO PACCESHUSI CBETA MOKA3bIBAET, YTO B IOJYYEHHBIX 00pasax
HPHUCYTCTBYIOT JABE MomupuKanuu yriaepoma - amopdueii yraepox 1350 cm! (D - amopdusii) m 1590cm™
(G - rpadurusupoBaHHas yriepojaHas $aza).

B nanno#t paboTte ObIIM M3rOTOBIEHHI IUIEHKH JIeHrMiopa-bromkeTT Ha ocHOBe cymeprunpodoOHOil caxku Ha
ycraHoBke Nima CD (Aurmusi). [ns monydeHus TOHKHX IuieHOK 10 Mr cynepruapooOHOM caxku pacTBOPSUIM B
10 mi xnopodopma. Xnopohopm ciaenyeT UCI0JIb30BaTh, TOCKOJIBKY OH HMEET HU3KYIO TeMIeparypy KUIICHUs U He
cMmemmBaercss ¢ Bojgod. CienoBaTenbHO, TUCIIEPCHs MOXKET OBITh COpOIleHa Ha MOBEPXHOCTh BOJBI B KODBITE
Jlerrmiopa-Illedepa.

Xnopodopm ObicTpo ucnapsiercs, a ruapodoOHas caxa ocTaeTcsi Ha BOAe. JTOT IUIAaBAIOLIMI CIIOH yMEHbIIAeT
MTOBEPXHOCTHOE HATSHKEHUE BOJIBI, N3MEPSAEMOE JATYNKOM JABICHHS Ha TOBEPXHOCTH.

ITo mepe ocaxknaeHus OOJIBIIETO KONMYECTBA UCIIEPCHH ITIOBEPXHOCTHOE HATSDKCHHE Ha IOBEPXHOCTSIX
YMEHBIIIAETCs], @ TOBEPXHOCTHOE JIaBJICHNE U3-3a MaTepHaa yBEININBACTCSL.

Korza mnoBepXHOCTh IOCTAaTOYHO IIOKPHITA, IUIABAIOIIME «OCTPOBKM» THUIPO(GOOHOH Cakm MOTYT OBITH
CIPECCOBAHBI B HETMPEPBIBHYIO MIICHKY.

bapbepsl nepeMenaroTcs, 4To0b yMEHBIIUTD IO/, 3aHATYIO CaXKeH, U 3aCTaBUTh OCTPOBA OOBEIUHUTHCS.
Ilo MEpE CXKaTugd NaBJICHHUC Ha IMOBEPXHOCTH YBCIMYMUBACTCA, YTO MPHUBOAUT K Fpa(l)m(y O6J'IaCTI/l JAaBJICHUSA B
npukperuieHHoM (aiisie. [locie moyiHOro cxkaTusi IUIEHKa MOXKET ObITh HaHECeHA NMYTEM OITyCKaHUS IOJIOXKKH,
NPUKPEIUICHHOW K BaKyyMHOMY Hacocy. Ilnenka Oyner cxkara /0 1ieJeBoro JaBiieHHs. Eciau KOHTpONb NaBlieHUs
HecTaOWIIeH, YMEHBIINTE 3HaUeHHE «Y CHIIeHHEe 00paTHOH cBs3n». 3HayeHnue 1,0 XopouIo Juist MOYTH BCEX YCJIOBHUIL.

[Tocxe atoro HeoOxoauMo BeIOpaTh «Dipper menu», 3ateM MeHIo «Program Dip». KoBm Oyner omyckarbcs n
MIOJJTHAUMATHCSI IPU BHIOPAHHBIX YCIIOBHSX.

Takum o0pa3oMm, OBUIM TOJy4YeHHI IUTeHKH JIeHrMiopa-biomkeTT Ha OCHOBe caxud, oOJamaromien
cyneprupooOHsIMU cBoicTBaMH. B pesympTare OBUIO OOHApYXKEHO, UYTO IONYYCHHBIE IUICHKH JIeHrMiopa-
BbromxeTT NMEoT HaHOCTPYKTYPY, KOTOPbIE IOATBEPKIAIOTCS IIMEKTPOHHO-MUKPOCKOITMYECKHMHI U PaMaHOBCKUMH
UCCIIEJOBAaHUAMH.

KiroueBsble ciioBa: 1mieHKa, cyneprupodoOHas caxa, IOBEPXHOCTb.
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Mepyept Haunkeizer'2, Anaun Jaaron®

Kany npo6Gnemanapsl HHCTUTYTHI, AnMaThl, Kazakcran;
29n-Dapabu areiaaarsl Kasak yiITThIK yHuBepcuteTi, Anmarsl, Kazakcran;
3Caccekc yHuBepcHUTeTi, YJIbI0pHTaHus

ACATUJIPO®OBTHI KYWE HET'I3IH/IE
JIEHI'MIOP-BJIOJXKET KABBIKIIIAJIAPBIH AJTY

Annoranus. Hanoemmemni s¢dexrinepai 3eprrey camackl 0eTTiH THAPOPOOTH KacHeTTepi OemeKTepain
IYPBIC KYPBUIBIMBIHA, OeTKeire perTenreH CyOMHKpPOHIBI JKOHE HAHOMETP OJIeMICpiHiH IIBIHIApbIHA HETi3-
JIenreHin kepcereni. ['mapodoOThl KackeTTepi 6ap OeTTepai XUMHUSIIBIK JKOJIMEH HeMeCe HAHOOJIIIEMII MaTepra-
JapAabl ecipy amiciMeH amyra Oonansl. MyHpaail ocep Taburarta Oap. JKapkplH MbIcan peTiHJe, KalblpaKTapablH
OetiHe epekie acaruapooOTh KacheT OepeTiH, KONTereH MUKPOCKONUSIIBIK LIBIFBIHKBI CHI3BIKTAPMEH epeKiIese-
HETIH JIOTOC JKallbIpaKTapbIHbIH OETKi Ka0aThlH aiyra 0oJapbl.

byn 3epTreyiep KeMipCyTeKTi OTBIHIApAbl JKary apKbUIbl CHHTE3JENITeH KyieHiH Oenrimi Oip »karmaiina
acarupodoOThl KacMeTKe M€ EKEHMIrH koHe THApo(pOOTHl KaOBIHIBI Kacay OapbIChIHAA TOJITHIPFBII PETiHIE
Nai1aIaHbLIATHIH/BIFBIH KOPCETTI.

[Ipoman-OyTaH KoCIacklH jKary OapbIChIHIa ajibIHFaH acarnnpodoOTsI Kyiie 3JIeKTp epiciH Oepy apKbUIbI KaHy
npobieManapbl HHCTUTYTBIHBIH JKaJbIHIA KOMIPCYTeKTI HaHOMaTepHalIJaplbl CHHTE3ey 3epTXaHaChlHIA ajlbIHIbI
(Anmartel, Kazakcran).

ATBIHFaH KYHEHIH KYPBUIBIMBI Typaibl TOJBIK aKmapar aily YOI Ky#de Yiaruiepi KapbIKTaHIBIPFBIII
ANIEKTPOHABI MUKpockom (KOM) jxoHe KOMOMHANMSUIBIK HIAIBIPAY CIIEKTPOCKOIUSICHI APKbUIbI 3ePTTEIIII.

JKOM notmxkenepi kepceTkeHaei, acaruapodo0Tsl KykeHiy muamerpi 20-maH 60 HM-Te AEHIHTT auama3oHaa
OoNaThIH TYPIIl JopeKeeri 1HKy TypiHaeri HaHoChepablK Ti30eKTi KypbUIbIMIapAaH TYPabl.

KoMOMHAIMSIIBIK IIAIIBIPay CHEKTPOCKOINMACHI HOTHXKENIEPIH Tajjlay alblHFaH YJrliepAe KOMIPTEKTiH eKi
yorici — 1350 em™! (D - amopdhr) xkome 1590 em™! (G - rpadurtenren komipreri paszacer) 6ap eKeHIIrH KOPCETTI.

Kympicra Huma CD xkouusiprbichiHna (Anrimus) acarugpodoOTsl kyie Herizinae Jlenrmrop-brnomkerrt
KaObIKImanapsl aneiHabl. JKyka KaObikmanapas! any yoria 10 ma xsopodopmaa 10 mr acaruapodoOThl KeMIpTeKTi
Ky#e epitingi. XmopoGopMHBIH KaifHay TeMmIepaTypachl TOMEH >KOHE CyMEH apajaclaidThIHIBIKTaH KOJIJaHBIIIbI.
Conppikran aucnepcusiabl Jlanrmiop-1lledep plabICHIHAAFBI CyIbIH OeTiHE aFbI3yFa 0oJabl.

Xnopodopm Te3 Oymanbpin, TuapodoOTH Kyie cyma Kamaabl. byl KankeiManbl KadaT Cy KBICBIMBIHBIH
CEHCOPBIMEH OJIIICHETiH CYIbIH KepHEYiH a3aiTapl.

Hucniepcust xerm OoNFaH caiiblH, OeTTepheri KepHEey a3asubpl JKOHE MaTepHalAbIH OocepiHeH OeTKi KBICHIM
YKOFapbUIAIbL.

TabakmianbiH O€TKI KabaThl KETKUIIKTI TYpAe KaObUIFraH Ke3ae, ruapodo0Thl KyHEHIH KaJKbIIT KYPIeH «YIIKIp
OeJIIeKTepi» Y3MiKCi3 KaObIKIIara KbIChUIAIbI.

Keneprinep kyleHiH ajblll OTHIpFAH ayJaHbIH a3alTyra jkoHE YHIKip Oemmexrepai Oip-OipiHe jKakbIHIATyFa
MOKOYp erei.

CHIFBUTFaH CalibIH OCTiHJETI KBICHIM JKOFaphUIAM/IbI, OYI TipKenTeH (ailgarsl KBICBIM alilMaFbIHBIH Ipadurine
okerneni. TONBIK CHIFBUIFAHHAH KCWiH, KAOBIKIIAHBI ally MaKCAaThIHIIA BaKyyMIIBIK HACOCKA OCKITUIreH TaOaKIIaHbBI
TOMEHIe TYCipy apKbUIbl KoygaHyFa Ooianbl. KaObIKiia MakcaTThl KbICHIMFA JEHiH KbICBUIAABL. Erep KbICHIMIbI
Oackapy TYpakchI3 Ooica, «kepi OaiylaHBIC ©CiMi» MOHIH a3aiTy KaxkeT. 1.0 MoHI OapibIK Karmaiira THIMAI OOJBIT
caHanaspl.

«Dipper ma3ipin», ogan kerin «Program Dip» ma3ipiH Tarmanpz. Okay TaHTAIFaH KaFmaaia TOMEHAEUIl
KOHE KeTepiiei.

Ocsutaiinia Kyie Herisingeri acarumpodo0Tsl Kacueri Oap JleHrmrop-BiomkeTT KaObIKIIagapsl abIHIIBL.
Hormwxecinge anbiaraH JleHrmiop-bromkeTr KaOBIKIIATapbIHBIH HAHOKYPBUIBIMIBI EKEHAIrT aHBIKTaNIbL, Oy
JKapBIKTaHIBIPFBILI AJIEKTPOH/IBIK JKOHE paMaH CIIEKTPOCKOIUSICHI apKbUIbI pacTallbl.

Tyiiin ce3mep: KaObIKIIa, acaruApoPoOThI Kyiie, OeT.
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TESTING OF MO-CONTAINING CATALYSTS APPLIED
TO AL-, AL/ZR-PILLARED CLAYS DURING THE OXIDATIVE
DEHYDROGENATION OF ETHANE TO ETHYLENE

Abstract. The development of an alternative method for the oxidative dehydrogenation of ethane to
ethylene is an important task in the presence of a suitable catalyst. Mo-containing catalyst systems applied
to Al-, Al/Zr-columnar clays were prepared. The textural characteristics of the synthesized Al-,
Al/Zr-columnar clays differ from the textural properties of natural clay with an increase in their specific
surface from ~54 m?%/g to ~215 m*/g. The LaNbMo and VMoTeNb catalyst systems applied to 1-, Al/Zr-
columnar clays showed higher activity and selectivity for oxidative dehydrogenation of ethane (ODH). A
detailed characterization was achieved using XRD, adsorption of N,, SEM, BET to study the texture
properties of the synthesized catalysts. The highest activity and ethylene selectivity were shown by 10%
VMoTeNb/PILCs and 20% VMoTeNb/PILCs catalysts. The lowest ethylene selectivity was exhibited by
10% LaNbMo/PILCs and 20% LaNbMo/PILCs catalysts. The results obtained indicate that the application
of LaNbMo and VMoTeNb polyoxide active phases to Al-, Zr-columnar clays can improve the physical
and mechanical properties of these types of catalysts due to changes in both the nature of the crystalline
phase and the catalytic properties in oxidation reactions.

Keywords: oxidative dehydrogenation; ethane ethylene; mechanism ethylene production.

1. Introduction

In recent years natural gas reserves and their rational use have been of great interest. Partly, natural
gas can be attributed to renewable natural resources, since methane emission begins immediately with
rotting biomass of animal and vegetable origin, and they renew faster than oil.

Currently, natural gas is widely used in the power industry and much less in the chemical industry due
to some inertness of the gas. That is, many chemical reactions that have an industrial sense require too
high costs to be economically viable [1, 2]. For example, the process of dehydration of light alkanes also
presents a significant problem associated with their low reactivity, high energy consumption, and low
selectivity [3-5].

One of the ways to intensify the dehydrogenation of alkanes is their oxidative dehydrogenation
(ODE). In the case of oxidative dehydrogenation of ethane (ODE), these reactions are as follows:

C,Hg + 1/20, - C,H, + H,0 AH,qg = —105 kJ/mol,
C,Hg + 7/20, - 2C0, + 3H,0 AH,9 = —1428 k] /mol,

C,H, + 30, - 2C0, + 3H,0 AH,0g = —1323 kJ/mol.
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Despite the widespread use of steam cracking, fluid catalytic cracking, and catalytic dehydrogenation
in the synthesis of olefins, intensive research is underway to develop oxidative dehydrogenation (ODH)
catalysts for alkanes. This approach can significantly reduce the temperature of this process, which leads
to higher selectivity and less coking of the catalysts [1, 3]. A number of catalysts have been proposed to
improve ethane conversion and ethylene selectivity [6-10].

Ethane ODE is performed on a solid catalyst in which ethane reacts with an oxidizing agent, usually
oxygen. When comparing the ODH of ethane with existing commercial processes, a number of advantages
are noted: there is no thermodynamic limitation (AGR, 298K°=-128 kJ/mol); the reaction is exothermic
(AHR, 298K°=-106 kJ/mol), which eliminates the need for energy; a limited number of reaction products
(COx and ethylene) is observed; catalyst deactivation with coke does not occur due to the presence of
oxygen in the reaction medium [8]. Therefore, the development of an alternative method for the oxidative
dehydrogenation of ethane to ethylene in the presence of a suitable catalyst has become an urgent task.

Based on this, the goal of this study is to develop new catalytic systems applied to columnar clays in
order to obtain an environmentally friendly and economically viable catalyst, designed to increase ethane
conversion and ethylene selectivity.

2. Experimental part

2.1 Catalytic synthesis

Research objects are polyoxide catalyst systems deposited on columnar clays capable of catalyzing
the process of oxidative dehydrogenation of ethane to ethylene.

2.1.1 Mechanical activation of natural clays

To activate natural kaolinite clays, the AGO-2 high-voltage planetary mill was used. The grinding
was carried out with steel balls with a diameter of 8 mm and a total weight of 200 g in 150 ml water-
cooled steel drums. The ratio of balls’ mass to the mass of mixture (M) was 20:30. The rotational speed of
the drums was 1200 rpm (40g). To ensure a low level of powder contamination in the steel grinding
medium, the natural lining of the working surface of drums and balls, obtained by preliminary activation
of a similar mixture, leading to the coating of the surface of the balls and the inner surface of the drums
with the processed composition, was used [11].

2.1.2 Synthesis of columnar clays

Pre-cleaned and ground natural clays with particle diameters up to 0.25 mm were incubated for
24 hours at room temperature for complete hydration., Aluminum and zirconium hydroxocomplexes were
used as intercalating solutions (hydrolysis of aqueous solutions of aluminum chloride (0.2 M) and
zirconium chloride (0.2 M) in aqueous NaOH solution (0.5 M)). Pillarization was carried out by slowly
adding intercalating agent to clay samples, followed by washing of chlorine ions. The obtained Al-,
Zr-columnar clays were dried for one day at room temperature, then they were calcined at 500 °C for
5 hours.

2.1.3 Preparation of catalysts

Mixed oxides LaNbMo and MoVTeNb with nominal atomic ratios La:Nb:Mo=1:0.8:0.2 and
V:Mo:Te:Nb=0.3:1:0.23:0.12 were prepared. The synthesis of the catalysts included the following stages:
1) an aqueous solution containing ammonium paramolybdate (Merck, 99%), telluric acid (Sigma-Aldrich,
98%) and ammonium metavanadate (Sigma-Aldrich, 99.5%), was prepared with constant stirring at 80 °C
FROM; separately 2) an aqueous solution of niobium oxalate (ABCR Laboratories, 99%) was also
prepared at 80 °C. 3) then, a solution of niobium oxalate was added to a mixture containing ammonium
paramolybdate, telluric acid and ammonium metavanadate with vigorous continuous stirring. The
resulting mixture turned into a suspension, which was cooled to room temperature. Using the
impregnation method, the prepared polyoxide system was applied onto the surface of Al-, Al/Zr-columnar
clays by the volume of moisture capacity. Then, the catalyst samples were dried at 50 °C for gradual
evaporation of water. The catalysts were first thermally treated at 310 °C for 1 h, then they were calcined
at 700 °C for 3 h in a stream of nitrogen.

2.2 Characterization of catalysts

2.2.1 Study of physico-chemical properties of the catalysts

The texture characteristics of columnar clays were studied using nitrogen adsorption and desorption
isotherms using the BET method (Brauner-Emmett-Teller) on a SORBTOMETR-M device (Russia). The
38
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change in the phase composition of the catalysts was monitored using x-ray phase analysis on a general-
purpose diffractometer DRON-4-0.7 with CuKa radiation (Russia).

2.2.2 Statistical processing of data

Statistical analysis was performed with a help of SPSS Statistical Program (version 16, Chicago,
Illinois, USA) using semi-logarithmic regression analysis Graphpad PRISM Software (San Diego,
California, USA).

2.3 Catalytic test

2.3.1 Reactor plant with on-line chromatographic analysis

Catalytic experiments were carried out in an automated laboratory flow reactor with on-line
chromatographic analysis of the components of the reaction mixture. A quartz tube reactor with an internal
diameter of 10 mm and 200 mm in length was equipped with two thermocouples, one of which showed
the temperature of the wall of the reactor, and the other measured the temperature of the catalyst layer. All
runs were performed by feeding a mixture, consisting of ethane (C,), oxygen (O,) and nitrogen (N>) as a
diluent in the ratio C;Hs:02:N, = 10:10:80, into the reactor. The purity of ethane, oxygen, and nitrogen
used in this work was 99.7 vol. %, 99.996 vol. %, and 99.999 vol. %, respectively. The gas flow rate was
quantified using independent mass flow temperature controllers.

2.3.2 Reaction conditions

For a typical experiment, 0.60 g of a heat-treated catalyst with an average particle size of 150 um was
charged to the reactor. Before carrying out the reaction, the composition of the gas mixture was checked
using GC, and was preheated to 140 °C. A blank experiment, conducted at 480 °C, confirmed the absence
of transformations of both ethane and oxygen in the absence of a catalyst.

The reaction was carried out for 6 hours. In all experiments, the carbon balance was in the range of
100% =+ 2.0%. For systematical study of the effect of temperature and contact time on the catalytic
behavior of LaNbMo and VMoTeNb catalysts, the first series of experiments were carried out in
accordance with the factorial design of the experiment. The partial pressures of ethane, oxygen, and
nitrogen at the inlet were fixed at 7.0, 5.5, and 65.5 kPa, respectively.

3. Results and discussion

3.1 Texture characteristics of columnar clays

The specific surface of Al-, Al/Zr-columnar clays was determined using indicators of nitrogen
adsorption and desorption isotherms by the BET method on a SORBTOMETR-M device (Russia) (table 1).

Table 1 - Textural characteristics of Al-, Al/Zr-columnar clays

Ne Compound SBET, Vpore ads, Vpore des, Vmicropore,C Average Dpore Dpore
m?/g cm®/g cm®/g m®/g pore ads, A des, A
diameter, A
1 | glina MM 53.7097 0.115297 0.119158 0.002722 95.0805 139.1295 | 117.4108
2 | AI-PILCs 173.1012 | 0.048405 0.061924 0.049691 26.6481 111.0876 | 51.2044
3 | AVZr-PILCs 216.3813 0.046253 0.061939 0.063175 24.3099 105.5924 | 48.1946

Note: V pore ads/des — by method BJH;
Average pore diameter: 4V/A BY BET;
BJH adsorption/desorption average pore diameter: 4V/A.

The textural properties of the synthesized Al-, Al/Zr-columnar clays are shown in table 1. The
specific surface of natural clay treated with intercalating agents increased from ~54 m*/g to ~215 m?/g.

It can be seen from Figure 1 that the specific surface (SBET, m*/g) of natural clay grows when it is
pillared with intercalating agents of aluminum and zirconium. The average pore diameter of Al-, Al/Zr-
columnar clays gradually decreases compared to natural clay. In this case, the average micropore volume
(Vmicropore, cm?/g) in all the studied samples remains unchanged.
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Figure 1 - Comparison of the texture properties of natural clay with Al-, Al / Zr-columnar clays

3.2. Catalytic testing

Catalytic properties of the polyoxide LaNbMo and VMoTeND catalysts applied to Al-, Zr-columnar
clays in the oxidative dehydrogenation reaction of ethane (ODE) were studied. The synthesized samples
were tested in a flow reactor with on-line chromatographic analysis of the reaction mixture components.
The test results are shown in table 2 and in figure 2.

Table 2 - Catalytic properties of polyoxide catalysts LaNbMo and VMoTeNb applied
to columnar clays in the oxidative dehydrogenation of ethane

Ne Sample Tp., °C t,c X, % Selectivity,%

C2Ha COx
1 10% LaNbMo/PILCs 400 5,52 10,2 36,1 63,9
430 5,52 14,6 353 64,7
460 5,52 21,0 353 64,7
2 | 20% LaNbMo/PILCs 400 3,36 0,8 34,1 65,9
430 336 1,5 38,0 62,0

460 3,36 2,6 44,7 55,3

3 | 10% VMoTeNb/PILCs 420 5,52 49,3 91,9 3,1
441 5,52 65,3 87,7 12,3
461 5,52 79,6 81,3 18,7

4 | 20%VMoTeNb/PILCs 417 5,52 47,4 90,9 9,1
440 5,52 62,9 87,6 12,4
460 5,52 80,6 78,8 21,2

Note: PILCs — Al/Zr-pillared clays

For the initial reaction mixture (vol. %) the components (table 2, figure 2) were taken in the following
ratios CoHs:02:N> = 10:10:80.

— YY) ——
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Figure 2 - Oxidative dehydrogenation of ethane to ethylene with LaNbMo and VMoTeNbD polyoxide catalysts

The results of catalytic tests of the polyoxide LaNbMo and VMoTeNbD catalysts (Figure 2) applied to
Al-, Al/Zr-columnar clays showed that catalysts with the chemical composition of VMoTeNb have high
selectivity during the oxidative dehydrogenation of ethane to ethylene, despite the active mass in them.

Mixed metal oxides MoVTeNbO have low surface area, which limits their potential industrial use.
The inclusion of metal oxides on the substrate improves the mechanical properties of the catalysts and, as
a rule, modifies their catalytic behavior, which can adversely affect the catalytic activity [10, 12].

It is known [10, 13] that Mo-containing catalysts applied to natural supports (alumina, modified clays,
zeolites) have a higher reactivity than alumina.

Conclusions. The results obtained indicate that the deposition of LaNbMo and VMoTeNDb polyoxide
active phases on Al-, Zr-columnar clays can improve the physical and mechanical properties of these types

of catalysts by changing the nature of the crystalline phase, as well as catalytic properties in oxidation
reactions
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Al-, Al/Zr-BAT AHAJIBIK CA3BAJIIIBIFBIHA OTBIPFBI3BIJIFAH Mo-K¥PAM/IbI
KATAJIM3ATOPJIAPABI OTAHABI STUJIEHT'E TOTBIKTBIPA JEI'M/UVIEY YJIEPICIHIAE CBIHAY

Annoranusi. Onedunaep cuHTe3iHAe Oy, CYHBIK KaTaJUTHUKAJIBIK KPEKHHITIH JKOHE KaTalWTHKAJIBIK
JETHAPOreHU3ALUMSIHBIH KeHIHEH KOJIAHBUIybIHA KapaMacTaH, alKaHAapAbl TOThIKThIpa neruapiey (ODH)
KaTaln3aTopiapblH Kypy OOMBIHIIA KapKBIHIBI 3epTTEYNIEp JKYprisimyme. DTaHIBI TOTHIKTEIpa merunpiey (OT/)
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KaTThI KaTaJIM3aToOpAa OPbIHIANIA/IbI, OH/IA ITAH TOTHIKTHIPFBIIIIEH, SIFHU OTTErIMEH dpeKeTTece li. DTaH bl ITUIICHTe
JIeiiH TOTBIFY apKbUIbl IETUIPICHIIPYl JKy3ere achlpy YILIIH KOFapbl CEJIEKTHUBTI KaTalu3aTop AailblHaay O0acThl
MIHJIET OOJIBII CaHasIa bl

Ocputaiiiia kocmanap Kypambel: La:Nb:Mo = 1:0.8:0.2 xone V: Mo:Te:Nb = 0.3:1: 0.23:0,12 Gonateia Al-,
Al/Zr-6aranansl cazbanmibikTapra OThIpFeIbUFAaH LaNbMo xone MoVTeNb karanu3artopsl TailbIHAANIBL.
Barananel ca3neiH KypeUIbIMABIK curatTaMackl BET omiciH KoimaHa OTBIPEII, a30T aJCOPONHUSACHI )KIHE TecopOIus
M30TepMaIapbIHBIH KOpCeTKilm Herisinae 3eprrenni. Cuntesnenin aneiaral Al-, Al/Zr-O0araHanbIK ca30aIIbIKTHIH
KYPBUIBIMBIK, CHIIATTAMACH! TAOUFH Ca30aIIIbIK KYPhUIBLIMBIHAH YCTiHI1 KAOBITBIHBIH ~54 M2/T-neH 15215 M%/r neitin
oCyi apKbUTBI epeKIIeIIeHEe 1.

ABToMarTaHJpIpblIFaH online xXxpoMaTorpadusUIBIK aHANW3 OPHATHUIFAH 3€PTXAHAIBIK AaFbIHIbl PEaKTOpAa
KaTaIUTHKAIBIK TOXipuOe xyprizy OapeicbiHma Al-, Al/Zr-6araHanmslK caz0ammiblK OeTiHe OTHIpFBI3bUTFaH LaNbMo
xoHe VMoTeNb karamuTukanbiK Ky#enepi 3TaHHbIH TOTBHIKThIpa aeruapnenyine (IT/]) kaTbicThl eTe >KOFapbl
OEJICEHAUTIK TIEH CEeNEKTUBTUIIK TAHBITTHI.

CHHTE3IeIreH KaTaln3aTopiiapablH KypbeUlbIMABIK Kacuerrepi XRD, N», SEM, BET ancopOius omicrepi
Herizinge cunarrainabl. EH skorapbl OenceHainik meH stuieH cenekTuBTUIriH 10% VMoTeNb/PILCs xone 20%
VMoTeNb/PILCs kaTtanu3aTopiapbl KepcerTi. DTWIeHHIH eH TeMmeH cenektuBTinirin LaNbMo/PILC 10% sxone
LaNbMo/PILCs 20% kartanu3zatopiapbl KOPCETTI.

Al-, Al/Zr-6aranansl casbammblkrapra OTHIpFbIBbUIFaH LaNbMo sxeHe VMoTeNb karamusatopiiapbIHBIH
KaTAIUTHKAIBIK ChIHAK HOTHXKECIH capamnTayla XUMUSUTBIK KypaMbl VMoTeNb kaTaim3aTOpbIHBIH STHICHTE TOTBIFY
apKBUTBI IETHAPIICHY YAEPICiHIe KYpaMbIHIAFEI OeJICeH I MaccaIapAblH MeIIepiHe KapaMacTaH KOFaphl CEIEKTUBTI
€KEH/IriH KOPCeTTi.

Apanac metamn okcunrepi MoVTeNb a3 kexemai yeTiHri OeTke ue, Oy olapIsIH OHEPKICINTIK KOIAaHBLTYBIH
mekreigi. Meraun okcuaTepiH cyOCTpaTka KOCY KaTalM3aTOPIbIH MEXaHUKAJIbIK KAaCHETIH jKaKcapTalbl JKOHE,
o/leTTe, KATATUTUKAIIBIK OEJICEHILTIKKE Tepic acep €Tyl MyMKIH KaTaluTHKAJIbIK 9PEKETTi 03repTei.

Anpiaran HoTmkenep Al-, Zr-OaraHajbl ca30ajlIbIKTapra OTBIPFBI3BUIFAH IMOJMOKCHATIK OesceHmi (asaisl
LaNbMo xone VMoTeNb karanuzaTopiapblHbIH TOTBIFY PEaKLMSCHIHIAFbl KpUCTALI (aza MEH KaTaluTHKAaJbIK
KacHEeTTEPIHIH JKaKCcapaThIH/AbIFbIH KOPCETTI.

Tyiiin ce3mep: TOTHIKTHIpa JETHIpICY, ITaH, STUIICH, MEXaHU3M, ITUIIEH OHJIpICI.
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HUCIBITAHUE MO-COAEPKAIIUX KATAJIM3ATOPOB,
HAHECEHHBIX HA Al-, Al/Zr-CTOJIBYATBIE I'VIMHBI, B TIPOOECCE OKUCJIMTEJIBHOI'O
JETNJAPUPOBAHUSA 3TAHA B OTUJIEH

AnHoTanus. HecMoTpst Ha IIUPOKOE MCIIOTB30BAHKE MMAPOBOTO KPEKHUHTA, (PIFOMI-KaTATUTHYECKOTO KPEKUHTa
M KaTaIUTUYECKOTO JCTHIPUPOBAHUE IPU CUHTE3E OJIe(UHOB, BEIYTCS WHTCHCHUBHBIC IMOWCKHA IO pPa3paboTKe
KaTaJlM3aToOpoB OKucIuTenbHoro neruapupoBanusi (ODH) ankxanoB. OJID sraHa BBIIOJNHSETCS HA TBEPAOM
KaTalm3aTtope, B KOTOPOM 3TaH PeardupyeT C OKHUCIHTENEM, OOBIYHO KHCIOpOJOM. Pa3paboTka albTepHATHBHOTO
croco0a OKUCITUTENHHOTO NETHAPHUPOBAHWS STaHA B OTHJICH SBIICTCS AaKTyalbHOM 3amadedl B MPHCYTCTBUH
MOIXOAAIIETO KaTaIn3aTopa.

Takum o00pa3omM, ObBUIM NPUTOTOBJCHBI KaTajaM3aTopbl — cMemranHele okcuasl LaNbMo um MoVTeNb ¢
HOMHHAJIBHBEIMHA aTOMHBIMHA OTHOmeHussMH La:Nb:Mo=1:0,8:0,2 u V:Mo:Te:Nb=0,3:1:0,23:0,12, HaHeceHHBIE Ha
Al-, Al/Zr-cronbuarbie TuHBI. BbUTM HM3yuYeHbI TEKCTYpPHBIC XapaKTEPHUCTHKH CTOJIOUATHIX TIIMH MO TOKa3aTeisiM
n3otepM aacopOuuu u necopbumu azora no Meroay bOT. Pesynbrarhl aHHOTO HCCIENOBaHHS IOKa3alH, YTO
TEKCTypHbIE CBOWCTBA CHHTE3MPOBaHHBIX Al-, Al/Zr-cron04areiXx TJIMH OTJIMYAIOTCS OT TEKCTYPHBIX CBOMCTB
IPUPOHON TJIMHBI C YBEJIMIEHHEM UX YJIENBHON MOBEPXHOCTH OT ~54 M%/T 10 ~215 M?/T.

I[Ipy mpoBeACHWU KATATUTUYECKHX SKCIICPUMEHOB HA AaBTOMATH3WPOBAHHOM JIA0OPATOPHOM MPOTOYHOM
peakTope ¢ on-linexpomarorpaduueckium aHanm3oM Kataautuyeckue cucteMbl LaNbMo u VMoTeNb, HaHeceHHBIE
Ha Al-, Al/Zr-cron0uaTele TIWHBI TPOSBISUIA 0OJIee BHICOKYK) aKTHBHOCTh W CEJICKTHBHOCTh B OTHOIICHUH
OKHUCITUTENBHOTO nerunpupoBanus dTana (ODH).

JeranpHas XapakTepHUCTHKa OBUIa JOCTHUTHYTa C Hcmoib3oBanneM XRD, agcopbommm N,, SEM, BOT musa
M3yYeHUS TEKCTYPHBIX CBOHCTB CHHTE3MPOBAaHHBIX KaTaIN3aTOPOB. HanOoNbIIyI0 aKTHBHOCTD M CEIEKTUBHOCTH I10
stuneny nokasanu 10% VMoTeNb /PILCs u 20% VMoTeNb /PILCs katanu3atopsl. HanMenbIel ceneKTHBHOCTBIO
o atuiieHy obnagamu 10% LaNbMo/PILCs u 20% LaNbMo/PILCs katanu3atopbl.

— 4y ——
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PesynbTarhl KatanuTHyeckux ucnbiTaHui nonunokcuaHbixLaNbMo u VMoTeNb karann3atopoB, HaHECEHHBIX
Ha Al-, Al/Zr-cronGuareie rIMHBI, MOKa3ald, YTO MPU OKUCIMTEILHOM JETHIAPUPOBAHUH ITaHA B ATUIIEH BBICOKYIO
CENISKTMBHOCTh HMMEIOT KaTaJHM3aTopbl ¢ XUMHuYeckuM coctaBoM VMoTeNb, HecMOTpst Ha cojepaHHe B HHUX
AKTHBHOU MacCBhl.

CwMmemannble okcuabl MetauioB MoVTeNb uMeroT HU3KyH0 IUIOIIaAb MMOBEPXHOCTH, YTO OTPaHHYMBACT HX
HNOTEHIMAJIbHOE IPOMBIIUIEHHOE IPUMEHEHHE. BKIIOYeHHEe OKCUAOB METAIJIOB HAa MOAJOXKKY YIydIlaeT
MEXaHW4YEeCKHE CBOMCTBA KaTaJlM3aTOPOB M, KaK IPaBWIO, MOAWGHIMPYET MX KaTaJUTHYECKOE IOBEAEHHE, UYTO
MOXET OKa3bIBaTh HEOJIArONPHUATHOE BIMSHIE Ha KaTAIUTHUECKYIO AaKTUBHOCTb.

[Tomy4eHHbIe pe3yabTaThl MCCIECAOBAHUS CBHICTEIBCTBYIOT O TOM, YTO HaHeceHHe Ha Al-, Zr-cronmbuarsie
TJIMHBI TIOJHOKCUAHBIX akTUBHBIX (pa3 LaNbMo m VMoTeNb Moxer ymydmmuTs (pu3ndeckre M MeXaHHIeCKue
CBOHCTBA KaTaJIM3aTOPOB 3TUX THUIIOB 3a CUET M3MEHEHHS KaK ITPHUPO/IBI KPHUCTAIUINIECKOTO (ha3bl U KaTaIUTHIECKNE
CBOICTBA B PEAKLIUSIX OKUCIICHUS.

KaroueBble €10Ba: OKUCIUTENBHOE IETUAPUPOBAHNE; 3TAH; ITHICH; MEXaHU3M; IIPOM3BOACTBA ITUIICHA.
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ON THE PRODUCTION OF PURIFIED DIAMMONIUM
PHOSPHATE FROM EXTRACTION PHOSPHORIC ACID BASED
ON OFF BALANCE ORES OF THE KARATAU BASIN

Abstract. The problem of utilization of man-made waste from the mining complex has not lost its relevance
since the end of the last century. The amount of waste only in the «Central» mine quarry of the Zhanatas field, is
about 22 million tons of phosphate-silicon raw materials (PSRM). More than 12 million tons after flotation
enrichment were used for acid processing and as commercial phosphates for electro thermal processing. When
refining the Zhanatas quarries to the working depth, at least 18-19 million tons of PSRM will be formed [1].

Off-balance ores of internal overburden are represented by three special dumps of the mines "Kokjon",
"Koksu", "Tjesay", "Aksay", the volume of which is more than 3.2 million tons with a content of up to 20% P,Os.

Mineral fertilizers in the agro-industrial sector of the economy play a key role in improving crop productivity
and quality. Given the export orientation of the phosphorus industry, it cannot be considered outside of
macroeconomics, as its situation remains complex and unstable.

The practical importance of innovative research to develop technological foundations and technical solutions for
the production of diammonium phosphate (DAP) [7], derived from wet-process phosphoric acid (PSRM )balance
Karatau phosphorite is no doubt also compiled the original data on the establishment of a pilot plant and the
calculated techno-economic assessment of innovative industrial production.

Our proposed technology will reduce the economic costs of processing off-balance raw materials and increase
the range of phosphorus-containing products to 10-15%; increase the production of PSRM and DAP to 20-25%;
create additional jobs.

The results of innovative scientific research are applicable to the chemical enrichment of man-made waste for
target products, which are urgently needed by the agro-industrial complex, to improve the environmental and
economic indicators of industrial regions and the welfare of the population of Kazakhstan.

Keywords: Off-balance phosphorites, Karatau basin, diammonium phosphate, extraction phosphoric acid, drum
granulator dryer, neutralization, evaporated and non-evaporated PSRM.

Introduction. In world practice, the trademark diammonium phosphate 18:46 has long been
established, with a mass fraction of total nitrogen of at least 18 %, and total P,Os of at least 46 %,
exported fertilizers usually meet these requirements. In addition, export contracts more strictly regulate the
granulometric composition [8]. This requires normalization of the proportion of the size of DAP granules
from 2 to 4 mm or from 2 to 5 mm, produced by the largest producers of Russia-JSC "PhosAgro-
Cherepovets" and LLC "Balakovskaya mineral fertilizers", which are part of the holding company
"PhosAgro" and contain at least 95% of granules from 2 to 5 mm (in practice, from 97 to 100 %) [2].

The composition of the fertilizer DAP includes diammonium phosphate (NH4),HPO,; and
monoammonium phosphate NH4H,PO4, as well as impurities whose content depends on the chemical
composition of the initial phosphoric acid [3].

— Y4 ——
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Diammonium phosphate fertilizer (diammophos, DAP) - a complex fertilizer containing two main
nutrients-nitrogen and phosphorus. In accordance with the technical conditions, diammonium phosphate
fertilizer, according to its physical and chemical parameters, must meet the technical requirements of
TU-113-08-556-93 [4,5].

Commercial innovative product is fire-and explosion-proof. Hazard class-4, maximum permissible
concentration (MPC) of DAP dust in the air of the working area-10 mg/m® [6].

Compared with ammophos, which contains the predominant amount of monoammonium phosphate
(MAP) and diammonium phosphate per unit of P,Os contains twice as much nitrogen, despite the fact that
the total content of nutrients in MAP and DAP is the same (about 64 %), in addition, more concentrated
fertilizers can be obtained on the basis of DAP [5,14].

In the process of innovative production of DAP, the extraction phosphoric acid is subjected to deeper
ammonification, due to the introduction of the cheapest and one of the most concentrated nitrogen —
containing components-ammonia-into the fertilizer.

This makes it possible to use a smaller amount of more expensive nitrogen-containing production
components (ammonium nitrate or urea) for nutrient balancing [16], which makes it more economically
feasible to obtain DAP and fertilizers based on it.

Especially important role of DAP plays in the process of blending. Due to the high concentration of
nutrients, its use leads to savings in financial resources for transportation, storage and application of
DAP-based fertilizers to the soil [1,12].

Currently, ammonium phosphates with a nutrient concentration (P205+N) of more than 60% are
obtained in the CIS countries from Apatite concentrates and high-quality phosphorites of North Africa.

Production of highly concentrated fertilizers from phosphorites of the Karatau basin of the Republic
of Kazakhstan requires deeper enrichment, with the production of concentrates containing more than 30%
P,0s and MgO less than 1% [3,7], or additional purification of extraction phosphoric acid from impurities,
and especially from magnesium and fluorine, since iron and sulfur can play the role of micro-fertilizers.

The production of phosphorus and other mineral fertilizers in Kazakhstan is mainly carried out by
three enterprises: - «Kainar» LLP, with a capacity of 240 thousand tons per year (Shymkent) and the
«KazAzot» LLP plant (Aktau), where there are production facilities nitrogen fertilizers and liquid
ammonia with a capacity of 1600 thousand tons per year, Taraz branch of «Kazphosphate» LLP mineral
fertilizer plant (MFP), with a capacity of 150 thousand [19] tons per year. However, they do not fully
satisfy the need of the Republic of Kazakhstan for fertilizers.

Therefore, establishing the mechanism of the influence of impurities, in particular compounds of
fluoride and magnesium on the physico-chemical and physico-mechanical properties of purified DAF are
necessary conditions for the creation of a hardware-technological scheme of the innovative technology of
obtaining the target product (DAP) from natural phosphate rock of the Karatau basin and industrial wastes
[16], stored in the dumps of the Zhanatas, Aksay and Kokjon mines.

In the course of research on the innovative process of obtaining DAP, the main attention is paid to the
chemistry, kinetic dependencies and hardware design of the main technological stages, as well as to the
quality of the finished product: such as caking, granule strength, and dust formation [18]. In the literature,
the influence of the concentration of phosphoric acid, the impurities contained in it, and the hardware
design of the process on the properties of the finished product, as well as the mechanism and chemise of
this influence are not sufficiently developed, which is the goal of an innovative research work [8], which
has relevance.

The difference between the innovative technology offered by us and the existing ones is the use of
evaporated and unpaired extraction phosphoric acid from raw resources of domestic balance and off
balance ores.

The production of mineral fertilizers from local raw materials will allow involving low-grade
phosphorites and man-made waste in the new technology of enrichment.

DAP, obtained using phosphoric acid with a lower concentration than traditional technology, has
lower physical and mechanical properties, increased hygroscopicity and traceability [10]. To preserve the
quality of DAF during transportation and storage the moisture content of the finished product shall be not
more than 2.0 %; for this purpose— exposure of the product to produce at least 2 hours and the temperature
of the shipment is maintained in accordance with the requirements of normative technical documentation.
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Materials and Methods. In connection with the rise of the economy of the Republic of Kazakhstan
on the basis of innovative and industrial development and its transfer from a raw material to a competitive
commodity-producing state, there is a need to develop new and improve existing technologies in all
sectors of the economy [7].

Experimental research is traditionally the most objective method. Therefore, the main method of the
proposed work is a free associative instrumental method of experiment, one of the most accessible and
effective ways to develop a number of scientifically based physical, chemical, technological and technical
solutions for the synthesis of competitive domestic DAP with an optimal ratio of paired and non-paired
PSRM [9,11].

This will ensure compliance with the principles of scientific ethics and their use in the creation of
technology for the synthesis of DAP in BGS using unpaired and evaporated PSRM and ammonia gas [17].

To conduct experiments, samples of phosphate raw materials from various deposits "Chulaktau",
"Zhanatas" and "Kokjon" were studied on a raster electron microscope (SEM) for the content of P>Os .
The results of the study are shown in figures 2,4 and 6.figures 1,3 and 5 show the appearance of a large
and crushed sample of phosphorites taken for experiments.
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Figure 2 - Elemental composition and electronic image by electron microscopic
examination of a phosphorite sample taken from the «Chulaktau» deposit
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Figure 4 - The elemental composition and the electronic image are shown according
to the results of an electron microscopic study of a phosphorite

sample taken from the «Zhanatas» deposit

Figure 5. Coarse and crushed phosphorite sample taken from
«Kokjony deposit.
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Figure 6 - The elemental composition and the electronic image are shown according to the results
of electron microscopic examination of a phosphorite sample taken from the «Kokjon» deposit

Results and discussion. The chosen method, with its own individuality of the Association process,
has common reference points of contact between individual participants of collective research, as well as
with respondents offering various DAP production technologies [13].

Table 1 shows the content of P,Os (%) in the phosphate feedstock of the «Chulaktau», «Zhanatas»
and « Kokjon» deposits.

Table 1 - P20Os content (%) in the phosphate feed of the «Chulaktau», «Zhanatas» and « Kokjon» deposits

Type of phosphate material Content P205 %
Weight % Atomic %
Chulaktau 7,77 5,03
Zhanatas 8,18 7,10
Kokjon 6,13 3,79

Comparison of the results of research of samples of phosphate raw materials from various deposits
«Chulaktauy», «Zhanatasy and «Kokjon» for the content of P,Os shows that the best quality is
characterized by the phosphorite of the Deposit "Zhanatas", containing P205 -8.18% [12 ].

The presence of harmful impurities and low P>Os content make it necessary to enrich the
phosphorous ore [1,15]. To do this, in our opinion, it is possible to use the flotation method of enrichment.
At present, fine - milled fosmuka is obtained from carbonate ores and flotation phosphorous concentrate is
obtained from it. Flotation phosphate concentrate is usually used as a raw material for the production of
phosphorous-containing and complex mineral fertilizers, phosphoric acid.

Conclusion. Experimental data and technological schemes can be used to obtain diammonium
phosphate from substandard phosphate raw materials. The aim of the research is to develop and create an
innovative technology for obtaining high-quality diammonium phosphate in a drum granulator dryer from
a mixture of evaporated and unpaired extraction phosphoric acid with a predominant share of unpaired
EFC extracted from off-balance phosphorites of the Karatau basin. From the conducted research of
samples of phosphate raw materials of various deposits, «Chulaktau», «Zhanatas» and «Kokjony, the best
was the phosphorite of the" «Zhanatas» Deposit, containing P,Os - 8.18%.

Scientific research and experimental work was carried out using modern laboratory equipment
equipped with computer technology. The analysis of the raw materials, the resulting product and materials
was performed using physical and physico-chemical methods of research on modern raster microscope
JSM 6390 LV, DRONE, IR spectroscopy, etc., and comparative analysis was performed using
mathematical processing of research results [4.19].

The results of the conducted research of bidit are applied in the development of technological bases
and technical solutions for the innovative process of diammonium phosphate production using BGS from
unpaired extraction phosphoric acid obtained from phosphorites of the Karatau basin.

48
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K.T. Kanracos, I'.C. lllaiimepaenosa’,
K.K. Ixanmyanaesa!, A.A. Kaxip6aesa!, E.b. Mycipenosa®

'M.Oyes0B atbinaarsl OHTycTiK Kazakcran MemsiekeTTik yausepcureri, LbivkenT, Kazakcran;
2Silkway xansikapanblk yausepcuteri, llIsivkenT, Kazakcran

KAPATAY BACCENMHIHIH BAJTAHCTAH TbIC KEHJIEPI HET'I3IH/E DKCTPAKIMSIJIBIK
®OCPOP KBIIKBLILIHAH TASAPTBLIFAH JUAMMOHUI®OCPAT AJTY

AnHoTauus. Tay-KeH eHIIpy KEIICHIHIH TEXHOTCH/IK KaJIJbIFbIH IMalJara >KapaTy MocelleCi ©TKEH FacChIpAbIH
COHBIHAH 0acTam ©3eKTUIriH ofantnail keneni. JKanatac keH opHbl «LIeHTpabHBIN» KapbepiHACT] KAJIIABIK MOJIepi
22 MiH. ToHHara XybIK (ocdar-kpemuuid mukizatelH (OKII) xypaiinel. dnortanusnslk OalbITygaH KeiH 12 MiH.
TOHHAJaH acTaM KBIIIKBUIABl OHJEY YIIIH JJIEKTPOTEPMISUIBIK OHJEYyAe TayapiblK (GochOpHUT peTiHae NaiaraHbUIFaH.
«Kanatac» xapbepiH )KyMBIC TepeHJIiriHe AeliH xkeTinaipy kesinae keminne 18-19 mun. ronna OKII naiina 6onaasr [1].

Imki apmrsiMa Tay >KbIHBICTAPBIHBIH OanmaHcTaH Thic KeHuepi «Kexxon», «Kekcy», «Trecait», «AKcail» ChIHABI YII
apHaiibl YHIH/1 apKbUIBI YCHIHBIIIBL, KeJeMi 3,2 MIIH. TOHHaJIaH acTaM, Kypambiaaa 20% P205 Gap.

DKOHOMHUKAHBIH arpoeHEPKACINTIK CEKTOPhIHAA MHHEpall THIHAUTKBIIITAD aybUIIApYaIlbUIBIFGl JAaKbLIIAPbI-HbIH
OHIMJILIITI MEH CalachlH apTThIpYJa MaHbI3bI peIl aTKapaabl. @ocop caaachlHbIH SKCIOPTTHIK OaFBITBIH €CKEPE OTHIPHIIL,
OHBI MAaKPO3KOHOMHMKAJIaH THIC KapacThIpyFa O0JIMaiiIbl, OTKEHI OHBIH JKaFalfbl Kypeli jKoHe TYPaKChI3 OOJIBIT KaTabl.

Juammonuiipocdar (JJAD) enaipiCiHIH TEXHOJOTHSIIBIK HETi3i MEH TEXHUKAJIBIK LICHIIMIH d3ipiey OoWbIHIIA
UMHHOBAIUAJBIK 3€PTTEYJIEPAiH IPaKTUKAIBIK MaHbI3AbUIBIFSI [7], KapaTay TeHrepimMaik GpocdopurrepineH 3KCTPaKLUSIIBIK
hocdop kprukpuibiHaH (DDK) anbiHATBIH, COHIANW-AK TIKIPUOEITIK-OHEPKICINTIK KOHABIPFBI KYpyFa 0acTamkel JepeKTep
JKacaJFaH XKOHEe OHEePKICINTIK HHHOBAIMSUIBIK OHAIPICTI TEXHUKAIBIK-9KOHOMUKANIBIK Oaraiay )KYMBICE €CeNITENIreH.

bi3 yCHIHBIN OTBIPFaH TEXHOJIOTHS TEHI'€PIMHEH THIC IIHKI3aTTHl KaiiTa eHAeyTe, SKOHOMHUKAIBIK IIBIFBIHABI a3alTyFa
JKoHe KypambiHza docdop Oap eHaipineTin eHiM cypbintaMachiH 10-15%-ra, OOK xone JJAD ennipic xenemin 20-25%-
Fa JICHiH )KOFapbUIaTyFa, KOCBIMIIIA )KYMBIC OPBIHIAPBIH KYPYFa MYMKIHAIK Oepei.

VIHHOBaIWSIBIK FBUIBIMHU 3€PTTEYJICp HOTIIKECI arpOeHIIPICTIK KEIIeH aca KaXeTTi, MAaKCaTThl eHIMAepre TeXHO-
TeHIIK KaJZBIKTapAbl XUMHUSIIBIK OalbITy/1a, OHEPKICINTIK aiMaKTapAbIH SKOJOTHSIIBIK-OKOHOMUKANBIK KOPCETKIIITEPiH
sxoHe KP XaIIKBIHBIH dMT-ayKaThIH JKaKCapTy/aa KOJIAaHbLIAIbL.

Tyiiin ce3nep: Oamancran Thic Qocdopurrep, Kaparay OGacceiini, auammonuiidocdar, skcTpakuusuibik Gocdop
KBIIIKBUIBL, Oapabanabl TYHipIIiKTerin KenTiprim, GedTapanTanaslpy, Oynanras sxoHe OynanOaran DDK.

K. T. XKanracos!, I'.C. Illaiimepaenona’,
K.K. Isxanmyanaesa', A.A. Kanip6aesa!, E.B. Mycipenosa’

'"TOxm0-KazaxcTaHCKmi TOCYIapCTBEHHBIN yHHBEPCHTET UMeHH M.Aya30Ba, IlIevkenT, KazaxcTam;
*Mexnynapoaubiii Yausepcurer SILKWAY, IlsimkenT, Kaszaxcran

O MOJIYYEHUU OUUIIEHHOT'O TMAMMOHMI ®OCHATA U3 SKCTPAKIIMOHHOM
®OCPOPHOM KUCJOTHI HA OCHOBE 3ABAJIAHCOBBIX PY /] BACCEMHA KAPATAY

AnHotanus. [IpobGnema yTWIM3allMd TEXHOTEHHBIX OTXOJIOB TOPHOJOOBIBAIOIIETO0 KOMIUIEKCAa HE TepsieT CBOIO
aKTyaJIbHOCTb C KOHIIA MPOLLIOro cToneTus. KoaudecTBo 0TX0J0B TOIBKO IO Kapbepy «LleHTpabHBIN», MECTOPOXKACHUS
XKanatac cocraBiser okoino 22 MiH. ToHH ¢(ocdarHo-kpemuuero ceipbd (®KC). bonee 12 MuH. TOHH mocie
(roTanmoHHOrO O00OTAllleHHsT HWCIOJB30BAHO JUI KHUCJIOTHOW mepepabOTKM W Kak ToBapHbie (ocdoputsl mnpu
anekTpoTepMudeckoii nepepaborke. Ilpu nopaborke kapbepoB «Kanaracy» no paboueil riayOuHBl 00pa3yercss He MEeHee
18-19 maH. Tonn ®KC [1].

3abanaHcoBbIE PyIbl BHYTPEHHEW BCKPBIIIHOM MOPOIBI IPEACTABICHBI TPEMs CIICLIOTBAIAMU PYIHUKOB «KOKKOHY,
«Kokcy», «Trecaii», «Akcaity», 00beM KOTOPBIX COCTaBISIOT Oosiee 3,2 MITH. TOHH ¢ coaepxkanueM 110 20% P20s.

MuHepalipHble YAOOpEHHs B arpONpOMBIIUICHHOM CEKTOPE 3KOHOMHKH HTPAIOT KIFOYEBYIO POJb B IMOBBINICHHH
YPOKallHOCTH M KauyecTBa CEJIbCKOXO3SHCTBEHHBIX KYJbTYp. YUMTHIBAs AKCHOPTHYIO HaIpaBiIeHHOCTh (ochopHoi
OTpaciiy, ee HeJIb3s PaccMaTpPHBaTh BHE MAaKPOIKOHOMHUKH, TaK Kak ee 00CTAHOBKA OCTACTCS CJIOKHOM U HEYCTONYMBOMA.

[IpakTHyeckas 3HAYMMOCTh HHHOBALMOHHBIX HCCIEIOBAHNUH O Pa3pab0TKe TEXHOJOTHYECKUX OCHOB M TEXHHYECKUX
pemenuid npousBozacTBa auammonurdocdara(JAD)[7], nomyuaemoro u3 skcTpakunoHHOH ¢ochopHoil kucnotsl (ODK)
6anancoBbIX hochopuToB KapaTay He BEI3BIBACT COMHEHHM, TAK)KE COCTABICHBI HCXOIHbIE JaHHBIE HA CO3AaHHUE OIIBITHO-
MPOMBIIIICHHON YCTAaHOBKM M pAacCUUTaHa TEXHHKO-DKOHOMHYECKAash OLCHKAa MPOMBIILICHHOTO HHHOBAIMOHHOTO
MIPOU3BOJICTBA.

IpennaraemMasi HAMU TEXHOJIOTHS O3BOJIHUT CHU3UTh SKOHOMUYECKHE 3aTPaThl Ha MepepaboTKy 3a0aIaHCOBOTO CHIPbS
W YBEJIHYHTh ACCOPTUMEHT BBITyCKaeMbIX (Gocdopcopepxamux npoaykroB 10 10-15%; yBenmuauTs 00beM MPOM3BOACTBA
DOK u IAD o 20-25%; co3naTh JONOIHUTENBHBIE paboune MecTa.
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Pe3ynbpraThl MHHOBALMOHHBIX HAYYHBIX HCCIICIOBAHUH MPUMEHHMBI IPU XHUMHYECKOM OOOTalICHHH TEXHOTCHHBIX
OTXOZO0B Ha LEJIEBBIC MPOAYKTHI, B KOTOPBIX OCTPO HYXKIACTCA anOHpOMbIlHJ'[eHH]:Iﬁ KOMIUICKC, B YJIY4YLICHHUU 3KOJIOI0-
JKOHOMHYECKHUX MMOKa3aTesei MPOMBIIUICHHBIX PETHOHOB U OarococrosiHus Hacenenust PK.

KuroueBble ciioBa: 3abanancosbsie Gpocdoputsl, 6acceiin Kaparay, nuammonuiidocdar, sxcTpakiponsas pochopHast
KHUCJI0Ta, OapabaHHbIi TPaHYISATOP CYIINIIKA, HEHTpanu3anus, yruapestas 1 Heynapeaaas JDOK.
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DEVELOPMENT OF TECHNOLOGY
OF YOGHURT BY USING ACID WHEY

Abstract. Fermented milk products play an important role in people's nutrition, especially for children, the
elderly, and the ill people. The dietary properties of fermented milk products are that they improve metabolism,
stimulate the secretion of stomach acid, and stimulate the appetite. The presence of microorganisms in their
composition that can survive in the intestines and inhibit putrefactive microflora leads to inhibition of putrefaction
processes and the extinction of the formation of toxic protein breakdown products entering the human blood. Among
dairy products, dietary fermented milk products are in high demand, especially dietary yogurts with vegetable
additives.

Whey is the liquid protein part of milk that remains after the separation of cottage cheese obtained as a result of
milk coagulation by acidic or proteolytic enzymes. It has high nutritional and biological value. Even though that the
composition of the whey is a valuable secondary product, the question of its rational use is still unresolved.

The purpose of this research is to develop an optimal technology for the production of fermented milk products,
namely yogurt by using acid whey. For this study, acid whey was selected, since the amount of produced acid whey
more than the production of the amount of cheese whey. Recently, there has also been a growing interest in the
possibility of using whey proteins in the development of technology for fermented milk products, but more and more
often in these studies, a cheese whey is used. According to GOST 34352-2017 "Milk whey-raw materials" in terms
of physical and chemical composition acid whey is not inferior to cheese whey, except for the indicator of titrated
acidity, which is much higher in acid whey. Therefore, the use of acid whey in the development of technology for the
production of fermented milk products is a time-consuming process that requires careful selection of the primary
processing of whey and strict compliance with the processing modes of the main product.

For the fermentation process of yogurt with the addition of whey of different origins, several types of starter
cultures were selected, such as starter cultures from Genesis, Vivo, and Yalactis company. To obtain a dense,
homogeneous clot of the finished product and to reduce the use of heat treatment, ultrasonic (US) treatment was used
before the fermentation process of the mixture, and instead of traditional homogenization and pasteurization
processes. And also to intensify the fermentation process of microorganisms by saturating them with oxygen at the
beginning of the fermentation process, the samples were rotated around their axis in a shaker incubator for a certain
amount of time at a constant fermentation temperature.

The study was based on organoleptic and physicochemical analysis of prepared yoghurt with added whey, as
well as a comparative analysis of production technology and physicochemical characteristics of yoghurt added
natural whey and whey, produced from the manufacture of cottage cheese from powdered milk. We also studied the
optimal ratio of milk and whey to obtain more suitable and attractive for customer organoleptic properties.

Key words: whey, cottage cheese whey, yoghurt, fermented milk products, processing of whey.

Introduction. Reasonable use of milk whey is the main task in the state program for the development
of the agro-industrial complex (AIC) of the Republic of Kazakhstan in 2017-2021. In the dairy industry,
one of the reserves for improving production efficiency can be the search for suitable directions for
processing dairy raw materials using all its components, through the widespread introduction of waste-free
technologies developed based on the latest achievements of science and technology. In this regard, it will
be profitable to use whey as the main raw material for expanding the range of food products [1].
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Because of the high content of organic compounds capable of oxidation, the indicator of biochemical
oxygen demand (BOD) of whey is an average of 50,000 mg O»/1, which is high in amount. In this regard,
the ingress of whey into sewage systems, and in emergency cases-directly into reservoirs can cause serious
environmental problems. In comparison for the oxidation of organic compounds that contained in 25 tons
of whey (a cheese factory of average daily capacity) will require the same amount of oxygen as for the
oxidation of household wastewater in a city with a population of 40 thousand people [2].

In recent years the amount of processed milk, likewise the amount of whey, in Kazakhstan has
increased. In such countries as France, the United States, Sweden, and Canada, the dairy industry
processes 50-95% of dairy by-products [3]. At the same time, the dairy industry in Kazakhstan was
processed only about 1/5 of all whey. Some entreprencurs have begun to send the whey for initial
processing, and then for sale. The rest is poured into the sewer, which is an irrational decision in the
production of dairy products. It is also impractical for dairies to hold a high wastewater treatment cost that
is why companies are looking for alternative solutions to the problem of whey utilization.

Deep processing of whey, as well as its further use in the production of food products as a milk
substitute, is a profitable solution, both from an economic and environmental point of view.

Even though whey is the least energetically valuable dairy product, this product has a pronounced
property of stimulating the secretion of the gastric digestive glands. Due to the presence of easily
digestible proteins, vitamins, carbohydrates, and minerals in it, whey considered as a biologically valuable
product [4].

Whey approximately consists of 93.7% water. The remaining 6.3% includes dry substances such as
milk sugar (lactose), proteins, macro-and micronutrients. Lactose is a carbohydrate that normalizes the
activity of the gastrointestinal tract. Whey proteins regarded as complete ones that contain a balanced
composition of essential amino acids. The biological value of whey proteins is very high-112% relative to
the standard. Whey proteins are involved in several processes, such as the process of hematopoiesis and
the synthesis of liver proteins. Milk whey contains a small amount of milk fat, which has high digestibility
and helps to strengthen the activity of enzymes. The whey contains all B vitamins, as well as vitamin C,
nicotinic acid, choline, vitamin A, vitamin E, and Biotin. It also contains calcium, magnesium, and
probiotic bacteria. This leads to a special interest in whey among specialists from many branches of the
food industry [5].

At the moment, whey used in a wide range of products and various forms (liquid, concentrated, or
dried). Whey used in the production of products such as baked goods, processed cheese, ready-made dry
mixes, infant food, beverages, frozen desserts [6].

Researchers from Kazakh agro technical University studied the concept of innovative technology of
waste free processing of dairy products, particularly cottage cheese. The technology of processing cottage
cheese, and acid whey were proposed. The opportunity of getting beverages by using acid whey and
Saskatoon berries were proved [7].

Fortification of conventional foods with biologically active substances helps to improve health and
reduce the risk of disease. However, most bioactive agents with biologically active substances have
restrictions of use in food, so they require additional study of the effect of fortifiers on food. Scientists at
the University of Lorraine in France have studied the use of curcumin in the production of yogurt. The
results of studies have shown that curcumin is adsorbed on the bacterial shells of Lactobacillus bulgaricus
and mainly on Streptococcus thermophilus, without suppressing their growth and their acidifying ability
[8].

At the University of North Carolina researchers have studied the capability of proteins from cottage
cheese whey to reconstruction for future use in yogurt. The results of the tests showed that the yogurt,
prepared from cottage cheese whey protein, had a color and titrated acidity similar to those obtained using
sweet whey protein. Yogurts with acid and sweet whey proteins differ in sensory characteristics from the
control yogurt made from skim milk concentrate. The yogurt, prepared from acid whey, had a lower gel
strength, a higher sour taste, and a lower density and viscosity compared to yogurts made from sweet
whey [9].

Many food scientists have investigated the feasibility and acceptability of using whey and whey
products in beverages and fermented milk products, but not enough research studies conducted on the use
of unprocessed, liquid curd whey in foods such as fermented milk drinks, particularly yogurts [10].
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The purpose of this research is to investigate the process of production yogurts by addition of acid
whey of various source (whey collected from cottage cheese production, that made from natural milk and
milk powder), as well as different ratios of whey with the main raw material (milk), to obtain the optimal
composition of the finished product with an attractive appearance and useful composition.

Experimental part. (Materials and methods) In this research milk is taken as the main raw material,
which was examined by GOST 31450-2013. Natural whey and whey, collected from the cottage cheese
production by using milk powder, were taken from milk processing plants in the Akmola region of the
Republic of Kazakhstan. Also, for the fermentation process, we used starter cultures from Genesis, Vivo,
and Yalactis of different composition (5 different types).

The following methods of analyses were used:

- titrimetric method according to GOST 3624-92, GOST 25555.0-82;

- potentiometric method according to Gost25179-90;

- refractometric method according to GOST 25179-90;

- organoleptic method according to GOST 34352-2017, GOST 31981-2013.

Yogurts with the use of whey in different ratios of compositions produced in the experimental
production shop for processing dairy products of the S.Seifullin Kazakh agrotechnical University (Nur-
Sultan, Republic of Kazakhstan). The research of raw materials and finished products conducted in the
laboratory of the Department of food and processing technology, technical faculty, S.Seifullin Kazakh
agrotechnical University (Nur-Sultan, Republic of Kazakhstan).

The milk tested according to GOST 31450-2013. The chemical composition of curd whey studied
according to GOST 34352-2017, for the content of acidity, density, and proteins. Then the milk mixed
with natural whey and whey obtained from reconstituted milk in a ratio of 50/50 and 30/70. The resulting
raw material processed with ultrasound (US) waves at a power of 300 W for 5-6 minutes with
simultaneous heating of the raw material to 36:£10C. Then starter cultures of Genesis, Vivo, and Yalactis
of different compositions (5 different types) were added at a dose of 5% of the total weight of the product.
Fermentation was carried out at a temperature of 38+10C for 6-8 hours. The flasks were placed in the
Orbital shaker-Incubator ES 20/60 incubator, where the first 50 minutes of fermentation performed
rotational-vibrational movements of samples to saturate the starter microbiological culture with air.

Results and discussion. The obtained experimental samples examined for organoleptic
characteristics and physical and chemical indicators, the results of which shown in tables 1,2 and figures
1,2,3,4.

Table 1 - Organoleptic characteristics of yogurt with the addition of natural whey

Name of characteristics of yogurt

Samples of yogurt

Appearance and texture

Taste and smell

Color

Yogurt (ratio of milk and
whey 50/50)

Homogeneous, fairly
viscous.

Common for fermented
milk products, without
strange tastes and odors

Milky-white

Yogurt (ratio of milk and
whey 30/70)

Heterogeneous, liquid, there
is a stratification of the layer
of whey from milk.

Acid, with a hint of whey

Milky-white and yellow,
common for milk and
whey, respectively

Table 2 - Organoleptic characteristics of yogurt using whey obtained

from the production of cottage cheese from milk powder

Samples of yogurt

Name of characteristics of yogurt

Appearance and texture

Taste and smell

Color

Yogurt (ratio of milk and
whey 50/50)

The clot is uniform, dense
and fairly viscous.

Common for fermented
milk products, without
strange tastes and odors

Milky-white

Yogurt (ratio of milk and
whey 30/70)

Heterogeneous, liquid, there
is a stratification of the layer
of whey from milk.

Acid, with a hint of whey

Milky-white and yellow,
common for milk and
whey, respectively
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Figure 1 — Sensory characteristics of yogurt produced with the addition 50% of whey
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Figure 2 — Sensory characteristics of yogurt produced with the addition 70% of whey

According to organoleptic measures, the results obtained from yogurts, produced using whey
collected from cottage cheese from milk powder are on a par with yogurts, produced from natural whey.
However, when using whey obtained from the production of cottage cheese from milk powder, more
dense and viscous consistency of the product clot can be achieved.

3,5
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sl yOgUrt with 50% whey add ed (natural)
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Figure 3 — Protein content of the studied yogurt

According to the given data, the protein content in yogurts, with the addition of natural whey, is
higher than in yogurts, with the addition of whey obtained from the production of cottage cheese from
milk powder. Furthermore, it can be noted that a greater amount of protein was obtained when the ratio of
milk and whey 50/50 used than when the ratio of 30/70. This can be connected to the low acidity of the
fermentation mixture used.

— 54 ——
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Figure 4 — Acidity content of the studied yogurt

In compliance with the presented data on the acidity of yogurt, it can be seen that the optimal ratio of
milk and whey in the production of yogurt is the proportion 50/50. At a ratio of 30/70, due to the high
acidity of the resulting mixture, lactic acid bacteria develop very slowly, which consequently impacts to
the organoleptic properties of the product.

Conclusion. In the course of the study, the possibility of producing yogurt by using acid whey in
equal proportions with milk was proved. Since the acidity of acid whey is higher than that of sweet whey,
its use requires compliance with stricter processing regimes. Also, it should be noted that the final
composition of the product may be influenced by other factors than those described in the article.
Therefore, research work on this topic will continue, and by basing on further research, it will be possible
to conclude the advantages of using natural whey, and whey obtained from processed products from milk
powder in the production of dairy products.

Acknowledgement. This research conducted within the framework of the initiative project “Scientific
justification and development of technology for functional food products. State registration NeO118 PKI
0553 (2018-2020)".
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CAPBICY/Ibl MAWJIAJIAHY APKBLIbI MOTYPT TEXHOJIOTUSICBIH JKACAY

AnHotaunusi. KpIIKeLT CYyT eHIMumepi amaMHBIH, ocipece OanamapiblH, €r[e >KacTarbl agaMIapiblH JKOHE
HayKacTap/IblH TaMaKTaHybl OapbICHIHIA MAHBI3BI POJT aTKapaasl. KBIIIKBUT CYT OHIMICPIHIH AUETAIBIK KaCUETTepl
3aT ajaMacynabl JKaKcapTajabl, acka3aH CeJliHiH OeJliHyiH BIHTAJIaHIBIPAIbl JKOHE TaMaKKa JereH TOOeTiH
amaabel. KypambiHia imiekre ciHyre jkoHe Iipik MHUKpodiopaHbl 6acyra KalOijeTTI MHUKpOOpPraHM3MIEpAiH OOysl
Py YAEpIiCTEePiHiH TeXeNyiHe JKOHE ajJaM KaHbIHAa TYCETiH aKybl3 BIABIPAybIHBIH SCepiHeH maiina OomaThIH yiIbl
OHIM Ty3lliciH Tokraraapl. CyT eHIMIEpiHIH apachblHIa AMETAJbIK KBIIKBII CYT ©HiMIepi, acipece, eCIMIIK
KocHajapbl 6ap TUeTajblK HOrypTTap YIKEeH CYpaHbICKa He.

CappiCy — CYTTiH KBHIIIKBUT HeMece IPOTEONUTHKANBIK (PePMEHTTEpMEH YHBITY HOTIKECIHIE aJbIHFaH
cy30eneH OenreHHEeH KeHiH KaidraH CYTTIH CYHBIK aKyb3 Oeiiri. On >KOFapbl TaraMIbIK JKOHE OHOJOTHSITBIK
KyHAbUIBIKTapFa ue. CapbICy Kypambl OOMBIHINIA KYH/BI SKIHIII ©HIM OOJIBINT CaHATaThIHBIHA KapaMacTaH, OHbI THIMII
naiianany Moceseci oj1i KYHre AeHiH IIeIIiIMereH.

3epTTeyAiH MaKcaThl KBIIIKBUI CYT OHIMIEPIH, aTall alTKaH/Aa CapbICy KOCBUIFaH HOTypTTHI OHIIPYAIH OHTAHIbI
TEXHOJIOTHSCHIH a3ipiey Oousbin caHaiagsl. Ocbl 3epTTeyre cy30e capbiCybl TaHIa/Ibl, OHTKEHI cy30e capbICybIH
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OHIIIPY KeJIeMi OHIIPUICTIH IpIMIIIK CapbICybIHBIH MOJIICPiHeH achil Tycedi. CoHmail-aK, COHFbI YaKbITTa KBIIIKbLI
CYT eHIMJEpiHIH TEXHOJOTUSICHIH d3ipJeyie capbiCy aKybI3JapblH MaiifaiaHy MYMKIHZIITIHE KbI3bIFYIIBUIBIK apTThl,
anana ocel 3eprreyae keOiHe ipimimik capbicysl naimananagsl. MEMCT 34352-2017 «CyT capbiCybl — IIMKi3aT»
OOWBIHIIIA CaphICYABIH (DU3MKA-XUMUSUIBIK Kypambl OOMBIHIIA Cy30€ capbhICybl IpPIMIIIK CapbICybIHAA OJACKaiaa
KOFapbl THUTPJEHETIH KBIIIKbUIIBIK KOPCETKIIIiHeH Oacka ipiMIIIK capbiCyblHaH KeM Oonmaiiabl. COHABIKTaH
KBIIIKBUI CYT OHIMIEpiH OHJIpy TEXHOJIOTHSICHIH o3ipieyne cy30e capbICyblH MaijalaHy capbICybl OacTamkbl
OHJICY/II MYKHUSAT ipIKTEY/Ii JKOHE HETi3Ti OHIMII KaiTa eHACY PEKUMIH KaTaH CaKTayAbl Talall eTETiH, KOl CHOCKTI
Ka)KeT eTeTiH yzepic OOJIbII caHaabl.

CappICy KOCBUTFaH HOTYPTTHI allbITY VAEpICiHEe TYpii TEKTi amIbITKBl JaKbUITAPBIHBIH OipHeIIe Typi, ararm
aritkanna Genesis, Vivo soHe Yalactis pupMachIHBIH YHBITKBICH TaHIAMN aTbIHABI. JIaibIH ©HIMHIH TBIFBI3, OIpTEKTI
YiBIFaH KOIOBIH aly MaKCaTBIH/A YKOHE JKBUTYMEH OHACYAl MaligajaHyAbl a3aiiTy YIIiH ASCTYpPIi TOMOTEHIEY MEH
nacTepJiey IiH OPHbIHA KOCIIAHBI YHBITY YAEPICIHIH alabiHaa YaAbTPaabiOsicThIK (V3) oHmey Koganbuiapl. CoHmai-aK
alIbITy YAEPIiCiHIH OachlHIa MHKPOOPTaHU3MAEPAlI OTTErIMEH KaHBIKTBIPY apKbUIbl (DepMEHTalusuiay YIepiCiH
0alipITy YIIIH ChIHAMAHBI IIEHKep-WHKyOaTopia ©3 OCIHIH aiHajgachlHAa YHBITYIbIH TYPAaKThl TEMIIEPATypPachl
Ke3iHze Oenrii Oip yakbIT MeJIepiH/ie alHaIIbIPbUIIbL.

3eprrey OapbIChIHIA KYPFaK CYTTCH JaWbIHIAIFaH Cy30€ CapbiCybl MEH TaOWFU CapbhiCy KOCBUIFaH JalibIH
HOTYPTTBIH HETi3ri OpraHOJENTHKAJIBIK J>KOHE (U3MKAIBIK-XUMHUSJIBIK KOPCETKINIIHE CaJbICTBIPMaNbl Tajuay
Kyprizigi. Ocbkl KepceTKimTepMeH KaTap, ©OHIMHIH OpraHOJIENTHUKAIIBIK KOPCETKill OOHBIHINA TYTHIHYIIbIFa
apHaJFaH KOJAWIbl JKOHE KBI3BIKTBHIPATBIH ©OHIM aly ally YIOiH CYT IEH CapbICYIbIH OHTAWIBl apakaThIHACKHI
3epTTENI.

Tyiiin ce3aep: capricy, cy30e capbICybl, HOTYPT, CYTKBIIKBUIIABI OHIMACD, CapbICyIbl KaliTa oHIEY.

I'.H. KakynoBa, A.T. Caranasix
Kazaxckuii arporexunueckuii ynusepcuter uM.C.Celidymmuna, Hyp-Cynran, Kazaxcran
PA3PABOTKA TEXHOJIOT'MM MOTI'YPTA C UCITIOJIb30BAHUEM CBIBOPOTKHA

Annotanusi. KicoMoIouHble NMPOAYKTHI WIParoT BaKHYIO POJIb B IHUTAHWM JII0feH, 0COOCHHO neTel, JmIl
MOXHJIOTO BO3pacTa U OOJIbHBIX. J[MeTnueckre CBOHCTBA KUCIOMOJIOYHBIX ITPOITYKTOB 3aKJIIOYAIOTCS B TOM, YTO OHU
YIYYLIaloT OOMEH BEIIECTB, CTUMYJIHPYIOT BBIIEICHHE KEITyJOYHOTO COKa M BO30YKHArOT amreTuT. Hammuue B Mx
COCTaBE MHKPOOPIaHH3MOB, CIIOCOOHBIX NPIIKMBATBCS B KHIICYHHKE M IOAABISATH THUJIOCTHYIO MHKpOdIIopy,
NPUBOIUT K TOPMOXKEHHIO THHJIOCTHBIX HPOLIECCOB M MPEKPAILECHUIO 00pa30BaHUs SIOBUTHIX MPOLYKTOB pacrana
Oenka, MOCTYNAIOIIMX B KPOBb uenoBeka. Cpeny MOJOYHBIX INPOLYKTOB OOJBLIMM CIPOCOM IIOJB3YIOTCS
JUETHYECKHE KHCIOMOJIOYHBIE IIPOIYKTBI, 0OCOOCHHO THEeTHYECKHE HOT'YPTHI C PACTUTENBHBIMU JOOABKaMH.

CBIBOPOTKA — 3TO JKUKast OEIKOBAsl 4aCTh MOJIOKA, KOTOpPasi OCTaeTcs Iocie OTASICHHUs TBOPOr'a, IIOIy4YCHHOTO
B Pe3yJIbTaTe CBEPTHIBAHUSI MOJIOKA KHCJIOTHBIMHM WJIM TPOTEONIUTHYeCKUMH (epMeHTamu. OHa 00agaeT BBHICOKON
MUIIEBOH M OHOJIOTMYECKOH LIEHHOCThIO. HecMoTpst Ha TO, YTO HO COCTaBy CHIBOPOTKAa SIBISIETCS LIEHHBIM
BTOPUYHBIM IIPOAYKTOM BOIIPOC O PallMOHAILHOM €€ UCIIOJIb30BaHHUH JI0 CHX ITOp CTOUT HEPEIICHHBIM.

Lenpto nmaHHOrO  WCCEAOBaHUS  SIBISIETCS  pa3pabOTKa ONTUMAaIbHOM  TEXHOJIOTHMHM  IPOW3BOJCTBA
KHCJIOMOJIOYHBIX IIPOJIYKTOB, @ HMEHHO HOTypTa C J00aBIE€HHEM CHIBOPOTKH. ISl JTaHHOTO MCClIeNOBaHUs ObLIa
BBIOpaHa TBOPOXKHAs CHIBOPOTKA, TAaK KaK KOJMYECTBO IPOU3BOACTBA CHIBOPOTKH TBOPOXKHOH MPEBBILIACT
KOJIMYECTBO IIPOM3BOJMMON IOJACHIPHOH CHIBOPOTKU. Taroke B MOCIEIHEE BPeMs BBIPOC HHTEPEC B BO3MOXKHOCTH
UCIIOJBb30BAaHMSl CHBIBOPOTOYHBIX OENKOB NPU pa3pabOTKe TEXHOJOTHMH KHCIOMOJIOYHBIX IPOAYKTOB, OIHAKO BCE
qame B 3THX HCCIEIOBAHUAX HCIONB3YIOT MOACHIPHYIO ChIBOPOTKY. CormacHo I'OCTy 34352-2017 «CsiBopoTKa
MOJIOYHAS — CBIPbE» 10 (PM3UKO-XMMUUECKOMY COCTaBY ChIBOPOTKA TBOPOXKHASI HE YCTYIIAeT CBIBOPOTKE MOJCHIPHOM,
3a HCKIIIOYEHHEM TI0Ka3aTelst THTPYEMOM KHCIOTHOCTH, KOTOpasi HAMHOTO BBIIIE B TBOPOXKHOI chIBOpoTKe. [ToaTomy
HCIIOJIb30BaHUC TBOpO)KHOﬁ CBIBOPOTKHU IIpU pa3pa60T1<e TCXHOJIOT'MU MMPOU3BOACTBA KUCIOMOJIOYHBIX MNPOAYKTOB
SIBJISIETCSI TPYIOEMKHUM IPOLIECCOM, KOTOPBIH TpeOyeT TIAaTeIbHOTO 1Mo 100pa MepBUYHON 1epepadOTKH CHIBOPOTKH U
CTpOTroe COOJIIOICHHE PEIKUMOB TIEPEPAOOTKH OCHOBHOTO IIPOIYKTA.

[t mponiecca 3akBalMBaHUS HOTypTa C J10OAaBJIEHUEM CHIBOPOTKM Pa3HBIX MPOMCXOXKICHUI ObIIIM BBHIOpaHBI
HECKOJIPKO BHJIOB 3aKBacOYHBIX KyJBTYp, a MMEHHO 3akBacku ¢upmbel Genesis, Vivo, u Yalactis. C nensio
MOJYyYEHHs TUIOTHOTO, OJHOPOJHOTO CTYCTKa TOTOBOTO NPOAYKTa M Ul YMEHBIUCHHS YIOTPEOJICHHS TETJIOBOU
00paboTku OBLTAa MCTIONB30BaHa yiIbTpa3BykoBas (Y3) oOpaboTka mepes MpomeccoM 3aKBAlIMBAHUS CMECH BMECTO
TPaJMLMOHHOW TOMOTCHM3AlMM M TacTepu3alud. A Takke Ui HHTeHCHDUKAaIuM Ipouecca (QepMeHTalHu
MHKPOOPI'aHM3MOB ITyTEM HACBIICHUS UX KUCIOPOJOM B Havaye NMpoIecca 3aKBaIMBaHKs MPOOBI Bpalaid BOKPYT
CBOCH OCH B IIEHKep-MHKyOaTope ONpEeAesICHHOE KOJIMYECTBO BPEMEHH IIPH IIOCTOSHHOM TeMIlepaType 3aKBa-
IIUBAHMS.
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B xonme wuccienoBaHus ObUIM IPOBENECHHBI 0a30BbIE OPraHOJENTHYECKHE M (M3MKO-XMMHYECKUE aHAIN3bI
rOTOBOTO HOrypra € JO0aBIEHHEM TBOPOXKHOW CHIBOPOTKH, @ TaKkkKe ObUI NPOBEICH CPaBHUTEIBHBIA aHAIN3
TEXHOJIOTUH TPOU3BOJICTBA U (PM3UKO-XMMHUECKHX TOKa3aTeslel Horypra ¢ IpuMeHEeHHEeM ChIBOPOTKH HaTypalbHOU
U CBIBOPOTKH, MOJYYEHHOM B pe3yJibTaTe MPOU3BOJCTBA TBOPOTa U3 CYyXOro Mojoka. Hapsay ¢ 3TumMu nokasaTensiMu
OBUIO WCCIIEZIOBAHO ONTHMAILHOE COOTHOLIEHHE MOJIOKA M CBIBOPOTKH MJISl MOJy4eHHs OoJiee IOAXOMSIIEro U
MIPUBJIEKATENBHOTO JUIS HOTPEOUTEINS 110 OPraHOJIEITHYECKUM [T0Ka3aTelsM MPOIYKTa.

Ki1ioueBble ci10Ba: CHIBOPOTKA, TBOPOXKHAs CHIBOPOTKA, HOTYPT, KHCIOMOJIOYHBIE IPOJXYKTHI, nepepaboTka
CBIBOPOTKHU.
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ABOUT THE PRODUCTION OF FERTILIZER MIXTURE
WITH THE USE OF TECHNOGENIC WASTE

Abstract. Coal is one of the oldest fuels, and was the main source of energy until the middle of the XX century.
Now, despite the active use of oil, gas, and uranium, the share of coal in global electricity production is about 40%
(in China — 78%, in the US — 50%, in Russia — 19%). However, coal does not burn without a trace. In the process of
its combustion, not only energy is generated, but also waste [1-2].

According to B. Tarchevsky's classification [3,4], ash dumps by origin belong to the group of garbage dumps.
By addition, ash dumps can be either loose or tightly-tiled.

The average size of ash deposits changes significantly only near the place where the pulp is released, and the
size change is small in the rest of the ash dump [2]. After the end of operation of this container, ash dumps pollute
the atmosphere, water, and soil.

The situation that has developed in the world and domestic markets for mineral fertilizers and fertilizer mixtures
makes a number of technological and technical requirements for obtaining high-quality products of the agro-
industrial complex, is relevant, which formed the basis for the development and creation of an environmentally safe
mixtures.

The technology will allow you to:

- to obtain a new nomenclature of fertilizer mixture containing magnesium and other micronutrients, as well as
to develop a technological scheme for obtaining fertilizer mixture containing magnesium and other micronutrients;

The results of innovative research will be used in the agricultural sector of the economy and in farms of the
Republic of Kazakhstan.

Keywords: fertilizer mixture, prolonged action, mineral fertilizers, ash and slag waste thermal, plants, screening
of dolomite ores, trace elements.

Introduction. A prerequisite for the development is the creation of a new range of mineral fertilizers
and fertilizer mixture obtained from phosphates, ash and slag waste generated during the processing of
brown coal and trace elements based on substandard screenings of dolomite ores [5].

There is a known method for producing fertilizer mixture [8] containing nitrogen, phosphorus and
potassium in the form of different components (nitrogen in the form of ammonium nitrate, ammonium
sulfate, urea, ammonium phosphates, phosphorus in the form of superphosphates, phosphorous flour;
potassium in the form of chloride and sulfate), in which the initial components are mixed in dry form in
specified proportions to obtain the necessary fertilizer composition. The disadvantages of this method are
dusting and segregation of the resulting mixture.

In the method for obtaining phosphorous fertilizers [3-4], with a high content of P,Os assimilated by
plants from non-enriched phosphate raw materials, the stages of separate grinding of the phosphorus-
containing raw materials and the mineral additive with their mixing are used.

The method improves the quality of phosphorus-containing mineral fertilizer by increasing the lemon-
soluble form of P,Os to 61-78 %.
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The disadvantages of the method include separate mechanochemical activation of phosphorus-
containing raw materials and mineral additives, which complicates the technological process. In the
method for obtaining organomineral humic fertilizers [4], the humate-containing substance (peat, sapropel,
brown coal) is treated with a chemical reagent, potassium nitrophosphate, and a nitrogen-containing
fertilizer, in the form of urea, is introduced into the resulting mixture. The advantage of this method is the
ability to carry out humification processes in a single container.

Therefore, an innovative technology for obtaining a fertilizer mixture from ash and slag waste is the
most promising and environmentally and economically feasible. There are a number of ways to obtain a
complex organomineral fertilizer containing phosphates, humic acids and moisture-retaining other
nutrients based on boron, zinc, copper, sulfur, etc. [12]

The practical significance of ash and slag waste in agriculture, as an environmentally friendly and
cost-effective fertilizer or soil amendments, can be established after field experiments for each type of
soil, in order to confirm its quality and safety of fertilizer mixture.

The idea is to improve the quality and quantity of agricultural products through the use of innovative
technology for obtaining magnesium-containing additives and trace elements.

This is achieved by complex and joint processing of ash and slag waste from a thermal power plant
(TPP) and substandard screenings formed during the extraction and preparation and technological
processing of dolomite ore.

Materials and Methods. The current situation on the world and domestic markets for mineral
fertilizers and fertilizer mixture impose a number of technological and technical requirements in order to
obtain high-quality products of the agro-industrial complex, which is also relevant. This formed the basis
of an innovative project to develop and create an environmentally safe fertilizer mixture [12-15].

It is known that experimental research with the associative instrumental method is objective and
allows us to develop scientifically-based physical, chemical and technological solutions for obtaining
various nomenclatures of fertilizers and fertilizer mixtures.

Based on the chosen method, it is possible to develop reliable and technological regulations, identify
the optimal parameters of technological processes, technological schemes of various productions, initial
data for the design of installations, technical and economic assessments of industrial enterprises for the
intended goals and objectives of research. The selected method will allow you to develop time and
production schedules, with the justification of optimum parameters of technological process, main
equipment and machines to implement their goals and objectives of the study, baseline data for pilot and
industrial plant, technical and design documentation, techno-economic assessment of industrial
production.

The ash and slag waste contain a significant part of the elements of the periodic table of D. I.
Mendeleev: oxides of silicon, aluminum, iron, rare earth metals and is used for extracting useful metals
[15-16].

To create a new range of mineral fertilizers-fertilizer mixture obtained from phosphates, ash and slag
waste, we took samples of unbalanced phosphorite and dolomite from the «Aksay» deposit for research.
figures 2,4,6 shows the result of a study of a sample of phosphate raw materials and dolomite from the
«Aksay» deposit.

fam o o

Figure 1 - A large and crushed sample of unbalanced phosphorite taken from «Aksay» field
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Figure 2 - The element composition and electronic image of the software are shown the results
of electron microscopic examination of a sample of unbalanced phosphorite taken from the «Aksay» deposit

Figure 3 - A large and crushed dolomite sample taken from the «Aksay» field.
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Figure 4. The element composition and electronic image of the software are shown the results
of electron microscopic examination of a sample of dolomites taken from the «Aksay» deposit
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Results and discussion. The method chosen by us, with its individual process, will allow us to obtain
better quality agricultural products and reduce the harmful impact on the health and well-being of the
population of our state and on a global scale of man-made ash and slag waste and sifting of dolomite fines.

Table 1. shows the content of microelement Mg (%) in phosphate raw materials and dolomite of the
«Aksay» deposit.

Table -1: content of microelement Mg (%) in phosphate raw materials and dolomite of the «Aksay» deposit.

Type of phosphate material Content Mg %
Weight % Atomic %
Phosphate raw materials of the «Aksay» deposit 2.3 1.73
Dolomite deposits «Aksay» 10.77 8.03

From the samples used for the study of phosphate raw materials and dolomite of the «Aksay» deposit
for Mg content, the best result was shown by the dolomite of the «Aksay» deposit, containing Mg-10.77%.

Today, a method for obtaining complex-mixed mineral fertilizer [17], by high-temperature treatment
of a charge containing phosphate raw materials, vermiculite and waste from the coal mining industry.

The phosphorous fines are pre-ground to a class less than 0.1 mm, and vermiculite and waste from the
coal mining industry to a class 0-1 mm, the resulting charge is moistened to a humidity of 6-8% by
weight. water, subjected to high-temperature treatment at 750-9000°C in a rotating drum furnace, cooled
to a temperature of 25-40°C and mixed with 8-12% granulated ammonium nitrate.

The process is carried out with the following content of charge components, wt.%: phosphate raw
materials-60-72, coal mining waste-8-15, vermiculite-7-16, ammonium nitrate-8-12.

The disadvantage of this method is the high temperature of the process (850-1000°C) and the lack of
nitrogen in the product, which increases the quality of mineral fertilizer.

Therefore, an innovative technology for obtaining a fertilizer mixture from ash and slag waste is the
most promising and environmentally and economically feasible.

Conclusion. Based on the conducted research, the innovative technology of obtaining a multi-
component mineral fertilizer with its wide application in the agro-industrial complex, improving the
agrochemical properties of the soil and the cost-effective process of producing mineral fertilizers is of
applied significance.

The introduction of the results of innovative research into production will allow to obtain an
environmentally safe mix for the agro-industrial sector of the economy of the southern and South-Western
regions and the Republic of Kazakhstan as a whole. This will ensure, on the one hand, to increase the
efficiency of the use of fertilizers within Kazakhstan, and on the other — to Orient producers to supply
fertilizers for export.

The resulting social and economic effect can be attributed to improving the welfare of the country's
population through the use of environmentally friendly agricultural products, obtaining a competitive new
range of fertilizer mixture containing magnesium and trace elements.

K.T. XKanracos!, A.M. Koxkaxmerona',
K.K. I:xanmynmaesal, P.A. Capkyiakosa?, @.B. AivenoBa’

'M.Oye308 arbingarel OHTycTik Kazakcran MemiekeTTik yausepeuteti, [lIbmvkenT, Kaszakcran;
’M.Oye30B ateiagarsl OHTYCTiK KasakcTan MemiekeTTik kKostemxi, Lsmvkent, Kaszakcran

TEXHOTEH/I KAJIIBIKTAP/IbI KOJIJAHY HETI3IH/IE
KOCTIA TBIHAMTKBIII AJTY OHIIPICI

AnHoTtanusi. Kemip — OTBIHHBIH KOHE TYPiHiH 0ipi, XX FachIpAblH OpTachiHA ICHIH OJ1 SHEPTUSHBIH HETi3r1 Ko31
Oonbin kengi. Kasip myHaid, ra3, ypan OeliceHl maiijalaHbUTyblHA KapaMacTaH, dJIEMIK 3JIeKTP dHEPTUSIChIHIAFbI
kemipaiy yieci mamamen 40% xypaiinsl (Keitaiina 78%, AKIL-ta 50%, Peceiine 19%). Anaiina xemip KauabIK
birapaibl. OHBIH XKaHy YIepiCiHe SHEPrHsIMeH Koca, KaJIbIKTap Ja naiina 6oxaznst [1-2].

B.TapueBckuii kinaccuukanusicbiHa coiikec [3,4], maiima OoJiFaH KYJI-IIUIAKTApbl KOKBIC TOOBIHA JKATaJbl.
KochiMiirara calikec, KyJI-IUTaKTapbl 60C HEMECE ThIFBI3 TAKTANIIIA OOIYbl MYMKIH.
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Kemipai jxary Ke3iHAe MHHEpalibl KOMIIOHEHTTEp KyJI MEH IUIAKKa eTell, ojap KyJ YHIHIinepiHae
SHEPreTUKANIBIK OHAIPICTIH KaIABIKTaphl peTiHAe >kuHajdanbl. Kaszipri yakeiTTa >KMHAKTallFaH KyJ YHIHALIEPIHIH
Maccachl YiKeH. EdiMi3[iH KeMip KbUly 3JIEKTp CTaHIMSUIAPbIHBIH Kyl YHiHzxutepinae 20 Mipa. T actaM KyJ MeH
IIJIaK XKHHAIABL, aJl KYJI YHIHIUIepl OpHaIacKaH )Kep/IiH KaIlbl ayAaHbl OHJIAFaH MBIH FeKTapIbl KYpazbl.

KyJ-nuiakTapblHBIH OpTama MeJiepi TeK IeUToNo3a OHAIPUIETIH Keplae FaHa aiTtapiblKTall e3repeai, ai
KaJFaH KyJ yHiHginaepinge memmepi a3 6onaasl [2]. Ockl pesepByapabl NaianaHyJaH INbIFapFaHHAH KEHIH Kyl
yHiHAiIepi atMocdepaHsl, CyIbl, TONBIPAKTHI JIACTAMIBI.

Kyn-twrak kanaeikrapsie (KIIK) kaTThl, TeXHOTCHAIK KaNIBIKTAPABI HKOK MICENECIH IIENIe OTBIPHII, TO3FaH
TOTBIPAK YIIiH KOPEKTIK 3aTTapra olleyeTTi KOcma peTiHAe MaimalaHbuTybl MYMKiH. bBi3miH oiemmbma, X320
KYJiHIH KypambIHIa Oipereil TeXHOJOTHSUIBIK KacHeTTepi O0ap, olapAbsl THIHAWTKBII pEeTiHIAS THIMAI MaimamaHyFra
KypaMBbIHJa Ke3JeCeTiH KOMIOHEHTTEep MYMKiHAIK Oepeni, conpiMer Kartap KIIIK-nma eciMmikTepaiH KaJdbIOTH ©Cyi
MEH JaMybIHa KOKETTi dJIeMEHTTep Oap.

OJeMIiK JKOHE IIIKI HapblKTa KaJbIITACKAH MHHEPanIbl THIHANTKBIUTAP MEH THIHANTKBI KOCIAara
arpoOeHEPKACIN KEIICHIHIH camajbl OHIMICPIH aly MaKcaThlHAa OipKaTrap TEXHOJOTHSUIBIK JKOHE TEXHHKAJIBIK
TaJanTap Koibuiaasl, Oy COHIai-aK ©3eKTi OOJIBII caHaa/(bl, OYJ SKOJIOTHSIIBIK Kayilci3 THIHAUTKBII KOCHAChIH
93ipIIey XKOHE KYPY KOHIHJIET1 JKYMBICTBIH HETi31HE aJIbIHIbI.

TexXHOIOTHsSI MYMKIHIIT1:

- SHEPro OPTAJIBIKTHIH JIOJOMMTTI KeH/I dKCILTyaTalysiay yaepicinae naiina oonran KO0 kyn-nurak Typinaeri
TEXHOTeH1 KaJBIKTAPbIH HHHOBALMSIBIK TEXHOJIOTHS apKbUIbI )KaHA THIHAMTKBIII KOCIIA ay YIIiH MaiaanaHy;

- THIHAWTKBII KOCIMAHBIH JaHa TypiH amy eHpipiciHme JKOO-ThIH KyJ-IIIaK KalaablkTapel MeH Kaparay
OacceltHiHIH JOJIOMUTIH KOJIAaHY apKbUIbl OHAIPIC ayMaFrbIHAAFBI IKOJOTHSIIBIK KAyiNTi a3aiTy;

- SKOJIOTHSUIBIK Kayillci3 THIHAMTKBIII KOCIIACHIH, KyYpaMbIHIa MarHUH xaHe 6acka Ja MHKPOTBIHAWTKBILI aTyaa
OHTAMJIBI TApaMeTPiH aHBIKTAY.

VIHHOBAIMANIBIK FBUIBIMU 3€pTTEYACH ajblHFaH HOTkenep Kasakctan PecryOnmkachlHBIH SKOHOMHMKAHBIH
arpapIblK CEKTOPBIHAA XKoHe (hepMepIliK MapyallbUIbFbIHIA Hali1alaHblIa kL.

Tyiiin ce3mep: THIHANUTKBII KOCHACHI, Y3aKKa CO3BUIFAH oCEP, MHHEPAJAbl THIHAWTKBIIITAP, XKBUTY DJIEKTP
OPTAaJIBIKJIAPBIHBIH KYJII MEH IUIAK KAIABIKTAPHI, JOJIOMUT KEHIHIH KeCiHAIIepl, MUKPORJIEMEHTTED.
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O IMPOU3BOACTBE TYKOCMECH C IPUMEHEHHUEM TEXHOI'EHHBIX OTXO/10B

AHHOTanusi. YTOIb — OMH U3 JPEBHEHINUX BHUIOB TOIUIMBA, KOTOPBIH BILIOTH IO cepeauHbl XX Beka ObuI
OCHOBHBIM UCTOYHHMKOM 3Hepruu. Celiuac, HECMOTPSI Ha aKTUBHOE MCIIOJIb30BaHue He(TH, ra3a, ypaHa, 10Jsl Yrisl B
MHPOBOM TIPOM3BOJICTBE IIEKTPOIHEPruu cocrasisier okono 40% (B Kurae — 78%, B CIHA — 50%, B Poccun —
19%). OnHako yroibs He cropaet OecciieHo. B mporecce ero cxuranusi oOpasyeTcs HE TOJNBKO DHEPTUs, HO U
oTxoasl [1-2].

ITo xmaccudpukanmu B. TapueBckoro [3,4], 30100TBaNBl O MPOMCXOXKIECHUIO OTHOCSATCS K TPYIIIE MYCOPHBIX
oTBaNOB. 110 CII0XKEHMIO 30J100TBAJIBI MOTYT OBITh KaK PBIXJIbIE, TAK U IUIOTHO-TUIMTYATHIC.

IIpn cxxurannm yrieii MUHEpalIbHBIE KOMIIOHEHTHI MEPEXOIsT B 30JIy W IUIAK, KOTOPBIE CKIAJUPYIOTCS Kak
OTXO/IbI PHEPIETUUECKOT0 TPOM3BOACTBA B 30J00TBaIAX.

HakorneHHass K HacTosIieMy BPEMEHHM Macca 30JI00TBaJOB oOrpoMHa. Ha 30/m00TBanmax yroiabHbBIX
TETJIORJICKTPOCTAHIIMKA CTpaHbl OBUIO CKIaaupoBaHo Oosiee 20 Mup T 3076l M IIJIaKa, a 00mas MiIomangb 3eMeb,
3aHATHIX 30JI00TBAJIAMH, COCTABIISIa MHOTHE JIECSITKU THICSY I'€KTapOB.

Cpe}IHI/lﬁ Ppa3MEp 30JIbHBIX OTJIOKEHUN U3MEHSIETCS CYIECTBEHHO TOJIBKO B6J'II/I3I/I MECTa BbIITYCKa ITYJIbIIbI, 4 Ha
OCTaJbHOM YacTH 30JI00TBajla M3MEHEeHHe pa3MepoB HeBenuko [2]. Ilocne mpexparieHus SKCIUTyaTalMd JaHHOMN
€MKOCTH 30JI00TBAJIBI 3arps3HAIOT aTMocdepy, BOLy, TOYBY.

31O MOXeT HCIIONB30BaThCd B KAuecTBE IOTEHIMAIGHON J00aBKM K NHUTATEIbHBIM BELIECTBAM IS
JIerpaipOBaHHBIX MIOYB, TEM CaMBIM pelIasi IPOOJIeMy yIalleHNs! TBEP/bIX, TEXHOT€HHBIX OTXO/IOB.

[To Hamemy mueHmio, 301ma TOLl comepKUT KOMITOHEHTHI, O0JIaAIOIINE YHUKAIBHBIMH TEXHOJIOTHYECKHMHU
CBOHCTBaMH, TO3BOJSIOMMMH 3()h(HEKTHBHO HCIIOIB30BATh UX B KaueCcTBE yNOOPEHHH, TaK KaK 3JIEMEHTHI, KOTOpbIE
HEOO0XOAUMBIE 11 HOPMAIBHOTO POCTa U pa3BUTHS pacTeHui oOHapysxeHo B 31LIO.

CroxuBIIeecs HA MUPOBOM M BHYTPEHHEM PBIHKAX K MUHEPAIBHBIM YHOOPEHUSAM M TYKOCMECSIM IOJIOKEHHE
HPEABSIBIACT DSl TEXHOJOTMYECKMX M TEXHHUYECKHX TPEOOBAaHMN Ml IMOIY4EHHs KadeCTBEHHOH NPORYKIHMN
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arpoNpPOMBIIIJICHHOTO KOMIUIEKCA SIBJISIETCSl aKTyalbHOM, 4YTO JIETJIO B OCHOBY IO pa3paboTKe M CO3JaHHUIO
9KOJIOTUYECKH O€30I1aCHON TYKOCMECH.

TexHonorust o3BOJIUT:

- HCIOJIb30BAaTh TEXHOI'€HHbIE OTXO0AbI TOLl B BWje 30J0ILIAKOBOrO Marepuana, oOpasyrolero B Ipolecce
9KCIIyaTallid SHEPro MPEAIPHUSITHS MO MepepaboTKe MOJOMUTOBBIX Py MPH MOJyYCHHUH WHHOBAIHOHHOW HOBOM
HOMEHKJIATYPBI TYKOCMECH;

- TIOJIy4UTh HOBYIO HOMEHKJIATypy TYKOCMECH, COAEpiKalled MarHuid W Jpyrue MUKpOYZAOOpEHHs, a Takke
pa3paboTaTh TEXHOJIOTHYECKYIO CXEMY HOJIyYeHHS! TYKOCMECH, COZEpJKalled B CBOEM COCTAaBE MarHUi M JpyrHe
MHUKPOYIOOpEHHUS;

Pe3ynbTaThl HHHOBAaIIMOHHBIX HAYYHBIX UCCIEAOBaHUI OyAyT UCIIOIB30BAHbI B arpApHOM CEKTOPE SKOHOMHUKH U
B (hepmepckux xo3siicTBax PecryOnmku Kazaxcran.

KaroueBble cjl0Ba: TyKOCMECh, NPOJIOHTMPOBAHHOE JEHCTBHE, MHHEPAIbHBIC yJOOPEHUS, 30JOILIAKOBBHIE
OTXOJbI MenoGou INeKMPOCMAHYUU, OTCEBBI IOTOMHUTOBBIX PYA, MUKPOIJIEMEHTBHI.
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Co-Mg-Mn COMPOSITE CATALYSTS
FOR PARTIAL OXIDATION OF NATURAL GAS

Abstract. The problem of rational utilization of natural and associated petroleum gases and the cessation of
their flaring is one of the acute and unresolved environmental problems. The aim of this work is to develop effective
thermally stable catalysts of a new generation for the processes of oxidative conversion of light alkanes of natural
and associated gas into synthesis gas. The results of partial oxidation of the methane of natural gas on the catalysts
prepared by solution combustion synthesis are presented. Investigation of the activity of catalysts produced from
initial mixture of Co(NO3), - AI(NO3); - Mg(NO3), - Mn(NOs), + urea of different composition was carried out for
the production of synthesis-gas. It was found that the optimal conditions for producing of synthesis-gas are: CHy4
conversion - 98%, yield of target products: H, - 98 - 99% and CO - 40 - 43%, T = 900°C, space velocity - 2500 h™..
The catalysts were studied by X-ray diffraction, transmission electron microscopy, specific surface area, pore volume
and average pore diameter. The presence in the catalysts of simple and mixed oxides, metal aluminates and spinel-
type structures, the presence of which contributes to the active work of catalysts for oxidative conversion of CHa, has
been established.

Key words: catalytic oxidation, methane, synthesis-gas, cobalt, magnesium.

Introduction. In the twenty-first century, humanity is faced with a global problem — Earth's climate
change as a result of an increase in the concentration of greenhouse gases in atmosphere. The problem of
greenhouse gases and their reduction is closely related to energy security, the stability of global energy
markets and the sustainable development of each state and the world community as a whole. It is generally
accepted that full reduction and mitigation of the effects of climate change is currently impossible, but
measures must be taken to reduce the emissions of anthropogenic greenhouse gases. The study of the
selective oxidative conversion of methane is consistent with Kazakhstan's development priorities in the
use of its own hydrocarbons. According to forecasts, saturated hydrocarbons will not only preserve, but
also strengthen their position as raw materials for the production of valuable organic compounds and fuel
compositions, which will contribute to the revival of the national petrochemical industry. The activation of
natural and associated petroleum gas (containing from 65 to 98% methane) for the targeted single-stage
synthesis using nanoscale catalysts is one of the most relevant and important tasks in the field of organic
catalysis. The gas processing plants of Kazakhstan are currently engaged mainly in the purification of
gases from water, impurities of carbon dioxide and hydrogen sulfide for their use in domestic purposes.
Therefore, there is a great economic incentive to develop effective catalysts for converting of natural gas
into valuable products. So far, the production of synthesis gas is the only economically feasible way of
converting methane into more valuable chemicals. The production of synthesis-gas from methane using
active and stable catalysts plays an important role in the chemical and petrochemical industries. Prospects
for the development of the global gas processing industry are associated with the creation and
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implementation of new catalytic environmentally friendly technologies for the production of synthesis-gas
and hydrocarbons based on the production of fuel mixtures. Often the targeted production of synthesis-gas
(CO + H») as an environmentally friendly modern fuel, as well as expensive olefins, is the first step in
converting of natural gas.

For the above processes, oxide catalysts [1-3], their mixtures, and composites based on them [4,5]
have been recently used instead of the noble metals [6,7] that were used previously. The method of self-
propagating high-temperature synthesis has become widespread in recent years [8], especially its
modification - the solution combustion synthesis (SCS) [9-11], as a result of which finely dispersed oxides
and spinels are synthesized [12,13].

Previously, we investigated the process of oxidative conversion of light alkanes into synthesis-gas in
the presence of oxygen on different types of catalysts: noble metals [14-16], oxides [17,18] and catalysts
prepared by solution combustion synthesis [19-23].

The paper presents the data of the activity of the developed SCS catalyst based on Co - Al - Mg - Mn,
capable of carrying out the process of oxidative conversion of methane into synthesis-gas.

Experimental

Catalyst preparation

SCS was used to prepare catalysts. A mixture of salts and distilled water was placed in a quartz glass.
The content of the glass was heated to 80 - 100°C. Then the beaker with the solution was placed in a
preheated muffle furnace, where the catalysts were prepared at various temperatures. At the beginning of
the reaction, a large amount of heat is generated, which ensures a rapid spread of the combustion front and
a sharp increase in temperature. After several minutes, structural catalysts are formed, the formation of
which is one of the reasons for the high activity of the prepared samples.

Characterization techniques

The initial mixture and reaction products were analyzed using a Chromos GC-1000 chromatograph
with the Chromos software. Chromatographic peaks were calculated using calibration curves constructed
for the corresponding products using the Chromos software for pure substances. The catalysts were
studied by XRD on a Siemens Spellman DF3 spectrometer with Cu-Ka (A = 1.5406E) radiation in steps of
0.03°/1" in the 26 range from 5° to 100°. For semi-quantitative X-ray analysis, 5% KCI was added to the
analyzed samples as an internal standard. Transmission electron microscopy (TEM) was used to determine
the morphology of the developed catalysts. The electron-microscopic characteristics of the catalysts were
obtained on an EMK-125 K microscope (Sumy, Ukraine) at an accelerating voltage of 75 kV. The specific
surface area was determined and the pore distribution in the catalysts was measured by the BET method
(Brunauer—-Emmett-Teller) using a GAPPV-Sorb 2800 analyzer. Nitrogen (99%) with helium (99%) was
used as the carrier gas. Pore volume and average pore diameter were calculated by the BJH method using
desorption isotherm curves.

Results and discussion. Catalysts of the Co - Al - Mg - Mn + urea series were prepared in a muftle
furnace heated to 500°C. Three thermocouples were installed on top. All thermocouples were in a glass,
which was located inside the muffle furnace. The first thermocouple was in the lower layer of the solution,
the second thermocouple was in the middle layer and the third thermocouple was in the surface layer of
the solution. Two combustion modes are carried out during the synthesis of catalysts by the solution
combustion method: volumetric explosion and self-propagating mode. In the volume of the explosive
mode, the solution is heated and the water evaporates. The gel is formed after the evaporation of water.
The temperature in the muffle furnace gradually rises to a critical temperature. As soon as the temperature
reaches critical, an exothermic reaction is carried out throughout the volume of the catalyst. Figure 1
shows the temperature-time profile of the volumetric combustion regime of the system 12.5% Co(NOs3), +
12.5% AI(NO3); + 12.5% Mg(NO3), + 12.5% Mn(NO3), + 50% urea.

In the process of synthesis, the solution evaporates at T, = 100°C and a gel is formed starting from
temperature T; = 167°C, and a volumetric explosion occurs with T, = 270°C. The maximum temperature
in the lower part reaches 564°C, in the middle part - up to 825°C, in the upper part reaches 1007°C. Table
1 shows the temperature at different levels of the solution in the synthesis of Al - Co - Mg - Mn catalysts
with different contents of active components.
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Figure 1 — Temperature-time profile of the volumetric combustion mode
of the 12.5% Al - 12.5% Co - 12.5% Mg - 12.5% Mn + 50% urea system

Table 1 — Temperature in various layers during the synthesis
of Al - Co - Mg - Mn catalysts with different contents of active components

The initial composition of the catalyst To T T2

12.5% AI(NO3)3 - 12.5% Co(NO3)2 - 12.5% Mg(NO3)2 - 12.5% Mn(NOs)2 + 92.6 286.1 564.2
50% CO(NH2)2

3% AI(NO3)3 - 3% Co(NO3)2 - 41% Mg(NO3)2 - 3% Mn(NOs)2 + 50% 97.4 280.4 659.98
CO(NH2)2

3% AI(NO3)3 - 3% Co(NOs)2 - 3% Mg(NO3)2 - 41% Mn(NO3)2 + 50% 95.9 287.6 755.7
CO(NH2)2

41% AI(NO3)3 - 3% Co(NO3)2 - 3% Mg(NO3)2 - 3% Mn(NOs) + 50% 97.3 284.0 523.6
CO(NH2)2

3% AI(NO3)s - 41% Co(NO3)2 - 3% Mg(NOs3): - 3% Mn(NO3)2 + 50% 100.7 276.0 491.7
CO(NH2)2

Table 1 shows the temperatures in the solution (only the lower part of the solution) during the
synthesis of Al - Co - Mg - Mn catalysts with different element contents and shows the initial temperature
(T,), the ignition temperature (T;), and the adiabatic flame temperature (T.). The adiabatic flame
temperature indicates the maximum combustion temperature achieved under adiabatic conditions.

Study of the activity of 12.5% Al - 12.5% Co - 12.5% Mg - 12.5% Mn + 50% urea catalysts prepared
at 300 - 600°C by solution combustion synthesis in a flow catalytic installation was carried out at 900°C,
GHSV = 2500 h', 34% CHa4 + 17% O2 + 49% Ar. The results of studies carried out during the synthesis of
catalysts at temperatures from 300 to 600°C are presented in Figure 2.
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Figure 2 — Dependence of methane conversion and selectivity by Ha
and CO from the catalyst preparation temperature
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The catalyst 12.5% Al - 12.5% Co - 12.5% Mg - 12.5% Mn + 50% urea prepared at 500°C showed
high selectivity by H, (96.5%) and CO (97.4%). The methane conversion was 98.5%. Further, to
determine the activity of the samples, the composition of the catalyst was varied. A series of catalysts
prepared at 500°C by the solution combustion synthesis was studied using a PKU-1 apparatus. The
catalytic reaction was carried out at atmospheric pressure and a temperature of 900°C. The experimental
results are presented in Table 2

Table 2 — Methane conversion and selectivity by H2 and CO on catalysts
of various compositions during the oxidation of methane to synthesis gas

Catalysts XcHa, % Selectivity, %
H» CO
12.5% Al —12.5% Co — 12.5% Mg — 12.5% Mn + 50% CO(NH2)2 94.7 95.4 99.4
41% Al - 3% Co - 3% Mg - 3% Mn + 50% CO(NH2)2 42.1 63.8 74.5
3% Al - 41% Co - 3% Mg - 3% Mn + 50% CO(NH2)2 99.7 87.9 96.9
3% Al - 3% Co - 41% Mg - 3% Mn + 50% CO(NH2)2 14.7 19.5 22.6
3% Al -3% Co - 3% Mg - 41% Mn + 50% CO(NH2)2 324 42.9 46.9

As can be seen from Table 2, as a result of varying the content of elements in Al - Co - Mg - Mn
catalysts, it was found that the catalysts exhibit the highest activity in the case of the highest content of
aluminum and especially cobalt. Samples of 12.5% Al - 12.5% Co - 12.5% Mg - 12.5% Mn and
3% Al - 41% Co - 3% Mg - 3% Mn possess the maximum catalytic activity, while 41% Al A - 3% Co -
3% Mg - 3% Mn sample has lower activity. As a result of the analysis of the obtained results, a catalyst of
the composition 20% Al - 20% Co - 5% Mg - 5% Mn was synthesized.

An analysis of the data indicates that the methane conversion values, as well as the H,/CO ratios, are
almost identical both at 1500 h' and at 2500 h™'. The methane conversion reaches 94 - 98% in both cases.
The Ho/CO = 2 is achieved at a space velocity of 1500 h!, starting from 800°C, which is favorable for
syntheses of alcohols and olefins. The ratio slightly exceeds 2 at 2500 h™'. At a space velocity of 2500 h™',
the highest values were obtained for the yields of H, and CO. When implementing the process at 1500 h™',
the hydrogen yield is reduced to 80%.

The phase composition of the Al - Co - Mg - Mn series of catalysts was studied by XRD. Figure 3
shows the XRD spectra of the catalysts.
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Figure 3 — X-ray phase analysis of catalysts of various compositions based
on Al - Co - Mg - Mn + urea. 1 - KCl, 2 — C0304, 3 — MgAl204, 4 — CoAl204, 5 — MgO, 6 — MnO, 7 — MnsOs
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As a result of X-ray phase studies, it was found that the samples contained: Co304, MgAILOs,
CoAl,04, MgO Periclase, MnO, and Mn;sOs.

Table 3 presents the texture characteristics of Al - Co - Mg - Mn + urea catalysts with different
element contents.

Table 3 — Textural characteristics of Al - Co - Mg - Mn + urea catalysts with different content of elements

Textural characteristics
Catalysts Surface area, Pore volume, The average pore
m?/g cm’/g size, nm
12,5% Al - 12,5% Co - 12,5% Mg - 12,5% Mn + urea 7.6 0.02 11.8
41% Al - 3% Co - 3% Mg - 3% Mn + urea 5.2 0.02 114
3% Al -41% Co - 3% Mg - 3% Mn + urea 6.1 0.02 13.7
3% Al - 3% Co - 41% Mg - 3% Mn + urea 7.8 0.03 16.8
3% Al -3% Co - 3% Mg - 41% Mn + urea 54 0.02 14.3
20% Al - 20% Co - 5% Mg - 5% Mn + 50% urea 22.2 0.03 18.5

The specific surface area of the catalysts is low. This is due to high combustion temperatures during
preparation of catalysts. Despite this, the synthesized catalysts have a high specific activity, which allows
them to compete even with catalysts of the Pt group.

Electron microscopy studies were carried out for the developed series of catalysts. For example,
electron microscopic photographs of 3% Al - 41% Co - 3% Mg - 3% Mn + urea catalyst were obtained
(Figure 4). The microdiffraction pattern of particles with a size of 20 - 40 nm, located on a thin film, is
represented by reflections and corresponds to a mixture of phases: B-MnO,, Bo3moxno, Co,0s. For
samples with a size of 30 - 50 nm or more, the microdiffraction pattern is represented by reflections
located along the rings and corresponds to a mixture of phases: MgO, (Co, Mg) O, e-MnO», MgHozss,
CoO.

Figure 4 — TEM photographs of 3% Al - 41% Co - 3% Mg - 3% Mn + urea catalysts

From the obtained results it was found that the optimal conditions for producing of synthesis-gas are:
CH4 conversion - 98%, yield of target products: H> - 98 - 99% and CO - 40 - 43%, T = 900°C,
GHSV =2500 h™".

Conclusion. Thus, it was found that the synthesized Al - Co - Mg - Mn + urea catalysts are active in
the reaction of partial conversion of methane into synthesis-gas. The optimal conditions for the maximum
operation of this catalyst are: a space velocity of 2500 h™' at a temperature of 900°C. The presence in the
catalysts of simple and mixed oxides, metal aluminates and spinel-type structures, the presence of which
contributes to the active work of the catalysts for the oxidative conversion of methane, has been
established.
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TABUTU I'A3/1bI KOMIIO3UTTI Co-Mg-Mn KATAJIM3ATOPJIAPBIHIA
IMAPOUAJIABI TOTBIKTBIPY

Annotanus. JKubipMa GipiHIi FackIpa azam3ar atMocdepaia NapHUKTIK ra3Jap/blH IOFbIPIaHy MeJIIEePiHiH
ecyi HoTmkecinae XKepJeri KIMMaTThIH ©3repyiHiH kahaHablK mpodiiemMackiHa Tar 0oibl. [IapHUKTIK ra3map xoHe
ONApAbIH Tapaixy JKarjailblH OOCeHIEeTy Mocelieci JHEPreTHKAIbIK Kayirnci3airi, jxkahaHIblK SHEPreTHKabIK
HAPBIKTHIH TYPAKTHUIBIFBIMCH KOHE MEMIICKETTEP MCH XKaJIIIbl QJIEMIIK KOFaMIACTBIKTHIH TYPAKThl TaMYbIMEH THIFbI3
OaiinanbicThl. Ka3ipri yakpITTa KJIMMATTBIH ©3repy CajiapblH TOJIBIK KAJIIbIHA KENTIPY )KOHE OHbI XKEHIUIIETY JKEHLT
TUMEWNi, IereHMEH aHTPOTOTeH/IK MAPHHUKTIK Ta3 IIBIFAPBIH/BICHIH a3aiiTy XKOHIHJET] Iapajap/bl KaObliiay KaxKerT.
MeTaHapl TadFaMIbl TOTHIKTBIpA alHANIBIPYIBI 3epTTey Ka3zaKCTaHHBIH ©31HIIK KOMIPCYTEKTEpiH MaigaaHyabIH
JamMy OachIMIIBIKTaphIHA colikec Kenemdi. XKacanpiaran 6omkammap OOWBIHIIA KAHBIKKAH KOMIPCYTEKTep IIUKi3aT Ke3i
peTiHae FaHa caKTaldMal, YITTHIK MYHAl-XUMHs OHEpKociOiH KalTa >KaHNAHABIpYFa BIKMAT eTeTiH KYHIBI
OpPTraHUKANBIK KOCBUIBICTAp MEH OTHIH KOMIIOZWINMSNIAPBIH aly VINiH ©3IHIIiK YCTaHBIMAAPHIH HEIFAHTaIbL.
Hanenmemnai xatanu3atopiapabl maiganaHa OTBHIPHIN, MaKCaTThl Oip CaTBUIBI CHHTE3 YIIiH TaOWFH JKOHE MyHaiFa
imecrie ra3mapasl (KypaMbeiHOa 65-teH 98%-ra nein MeTaH 0ap) aKTUBTEHIIIPY OPTaHUKANBIK KaTaIn3 CaJachIHIAFbl
€H ©3€KTi )KoHe MaHbI3/bl MiHJeTTepiH Oipi. Kasipri yakeitra KazakctaHHBIH ra3 eHiey 3aybITTapbl HETi31HEH ra3 bl
TYPMBICTBIK MaKcaTTa Maiijajiany YIIiH Cy/JaH, KOMIPKBIIIKbUI T'a3bl MEH KYKIPTCYTeri KochalapblHaH Ta3apTyMeH
ariHampicaabl. COHABIKTaH TaOWFH Ta3/ibl KYHJBI OHIMAEPre alHAIBIPY YIIIH THIMJI KaTaJM3aTOPJIap/sl d3ipiieyre
JIETeH YJIKeH SKOHOMUKAIIBIK KaXETTUIK Oap. O KYHre JIeiiH MeTaH/bl aHaFypJIbIM KYHIIbl XUMHUSUIBIK 3aTTapra
alHANBIPY IBIH JKAIFBI3 SKOHOMUKAIIBIK JKOHE KOJDKETIMJII MKOJIbl — CHUHTe3-ra3 eHAipici. benceHni »xoHe TypakThl
KaTaJIn3aTopiiapibl MaianaHa OTHIPEIN, MCTAHHAH CHHTE3-Ta3/lbl aly XUMUS JKOHE MYHaH-XUMHUS OHEPKOCiOi yIIiH
MaHBI3Bl POl aTKapaubl. OJEMJIK a3 eHJCY OHEPKOCiOiH NaMBITYIBIH KeEIlelIeri OTHIH KOCIaJapbhlH OHIIpYyTre
HETI3JIeITeH CHHTE3-Ta3 OCH KOMIPCYTEeKTepIi ayAblH YKaHa SKOJIOTHSUIBIK Ta3a KaTalu3[IiK TEeXHOJIOTHUSIIAPBIH
KYpyFa jkKoHe OHBI eHTi3yre OaimaHbIcThl. Kazipri 3aMaHFbI SKOJIOTHSUIBIK Ta3a OTHIH peTinae cuaTe3-ra3nsl (CO+H,),
COHJaif-aK KpIMOAT TypaThIH onehUHAEpAlI MAaKCAaTTHl OHAIPY TaOWFW Ta3mbl TYpJICHAIpyHeri O0acThl Kamam OOJBIT
caHalabl.

Korappina atanmFaH ypzictep YIIiH OyphIH NaifaJaHbUIFAaH achll METaJJaplIblH OpHBIHA COHFBl YaKBITTa
OKCHTI KaTalu3aTop MEH OHBIH KOCHanapbl Heri3iHjeri KOMMo3uTTep Konganbutyaa. COHFbBI JKbLIIAPbl ©3MiriHEeH
TapayaThIH JKOFapbl TEMIIEpATypajbl CUHTE3 dicCi, acipece OHbIH MoaupuKausicel — epitinaine xany aaici (SCS)
apKbUIBI J)KYKa JAUCIIEPCTI OKCHATEP MEH IIMHHENbAEP/Ii CHHTE3/Iey KEHIHEH Tapajiy/a.

Epirtingine »xany amiciMmen Co - Al - Mg - Mn + HecenmHop KaTaau3aTopJIaphIHbIH CEPHICH My(ENbIiK MeTe
nmabiHanel. Karanusaroprapapl epiTiHIiAe jkaHy SAiCIMEH CHHTE3Jey YpIiCiHAEe KaHyIbIH €Ki PeXuMi xKysere
achIpbIIAIbl: KOJIEMJIK >KapbUIbIC JKOHE ©3[IriHeH Tapairy pexuMi. KemeMIik »apbuiblc pexXuMi Ke3iHze epiTiHi
anmeIMeH OIpPTiHICN KBI3aJbl JKOHE KypaMbIHIArbl cy OyinaHanel. Cy OyiaHFaHHAH KEWiH Telb maiiia Ooiajsl.
Mydens neminaeri temmnepaTtypa OipTiHAEN IIEKTIK TeMIlepaTypara AeHiH KOFapbpUIaimpl. TemmepaTypa ImieriHe
JKETKEeH]IE SK30TEPMUSUIBIK PEaKIisl KaTaTn3aTOpAbIH OapiblK KelleMi OOMBIHIIA KY3€Te aChIPBLIA B

Epirinnine xany oaici apkeuisl 300 - 600°C Temneparypana paiteiaganran 12,5% Al - 12,5% Co - 12,5% Mg -
12,5% Mn + 50% HecemHop KaTalnM3aTOPJIAPBIHBIH OCICEHAUIIN arbIMIbl KaTalM3IiK KOHABIPFBIAA 3€PTTEIII.
Peakumsnbiy maptel: 34% CHs + 17% O; + 49% Ar, xenmemuik sxpuimamaelk 2500 car’!, an peakuusiHbIH
temnepatypacel — 900°C. Temmepartypa 500°C kxe3inae naibmnanran 12,5% Al - 12,5% Co - 12,5% Mg - 12,5% Mn
+ 50% wnecennop karaimzatopbl Hz (96,5%) sxone CO (97.4%) OONBIHIIA KOFAphl CEIEKTHUBTUIIKTI KOPCETTI.
MerannbiH KoHBepcusichl 98,5% kepcerti. Onman opi AalbplHAANFaH YITUIepAiH OEJICEHAUNrIH aHBIKTay YIIiH
KaTaliu3arop KypamblHa TYpJIeHAIpY IKyprizinmi. KypaMblHOarbl 3JIEMEHTTEpIi TYPJICHIIPY HOTIIKECIHIIE
nmaiierananrad Al-Co-Mg-Mn karanuszaropiapia €H Kell MeIIIepae allOMUHHNA, COHBIMEH Karap KOOAIBTTHIH
MeJiepi kem OOJIFaH jKaFnaiiia KaTaru3aTopiiap eH XKOFapbl OCJICEHIITIK TAHBITATHIHBI aHBIKTAJIJIBL.

CunTes-Ta3 any yurin oHraiinsl karnaii: T = 900°C nen W = 2500 car! 6onranna, CHs-Tin konsepcusicer 98%,
aJ MakKcaTThl OHIMAEpAiH MBIFBIMBL Hy - 98 - 99% xone CO - 40 - 43%, GomaTeiHbl akpiHAanel. CoHOali-ax,
KaTanu3aTop KypaMbIHAAa METaHHBIH TOTBHIFA aifHaTy *KYMBICBIHA OEJICEH[I BIKMAaN €TETiH KapamaibIM jKOHE apaiac
OKCHITEPIiH, METaJUT alFOMUHATTAPbI MEH IITHHETh TYPIHACT1 KYPBUIBIMIAp aHBIKTAIIbL.

Tyiiin ce3nep: KaTaIu3iK TOTBIFY, METaH, CHHTE3-Ta3, KOOAIbT, MarHUH.
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Co-Mg-Mn KOMITO3UTHBIE KATAJIU3ATOPBI
IMAPIHUAJIBHOI'O OKUCJIEHUA ITPUPOITHOI'O I'A3A

AnHOTanusi. B /BagnaTh nepBOM BEKe UENIOBEYECTBO CTAIKMBAETCS C INIOOABHOM ITpoOieMol M3MEHEeHUs
KJIMMaTa 3eMJId B pe3yJibTaTe pocTa KOHLEHTPALMK MapHUKOBBIX I'a30B B arMocdepe. [Ipobiiema mapHUKOBBIX ra30B
M MX COKpaIlleHHE TECHO CBSI3aHbl C YHEPreTHUECKON 0€30MaCHOCThIO, CTA0MILHOCTBIO TII00aIBHBIX YHEPreTHYECKUX
PBIHKOB U YCTOHYHMBOTO Pa3BUTHUS KaKIOTO FOCYIapCTBA U MUPOBOTO cOOOMIecTBa B 1eloM. [IpHHATO cUuTaTh, 9T
MOJTHOE BOCCTAaHOBJICHHWE M CMSATYCHHE TOCICACTBUN W3MEHEHHS KIMMara B HACTOSIIEe BpeMs HEBO3MOXKHO, HO
HEOOXOAWMO TIPHHATH MEpHI IO COKPAIICHHWI0 BBEIOPOCOB aHTPOIIOTEHHBIX TAPHUKOBBIX Ta30B. l3ydeHne
CEJIGKTUBHOTO OKHCJIMTEIBHOTO MPEBPAllCHHs MeTaHa COOTBETCTBYET IpHOpHTeTaM pa3BuTusi Kaszaxcrama B
HCTIOJIH30BaHUH COOCTBEHHBIX YIII€BOAOPOAOB. Ilo mMporHO3aM, HACKHIIIIEHHBIE YTICBOAOPOABI HE TOJIBKO COXPAHSAT,
HO M YKPEIIAT CBOM MO3HUIUN B KaUYCCTBEC ChIPbA AJIA IMOJTYUCHUA EHHBIX OPraHUYCCKUX Coe[ll/IHEHl/II‘/II 1 TOIIJIMBHBIX
KOMITO3MLIMI, KOTOpble OyIyT CHOCOOCTBOBaTh BO3POXKICHUIO HAIIMOHAIBHOW HE(PTEXMMHUYECKOH NPOMBILI-
JICHHOCTU. AKTHBAIMsl MPUPOIHOTO M TMOIMYyTHOro He(TsHOro rasa (comepxamiero ot 65 g0 98% wmerana) mis
LIEJICBOTO OJHOCTAJMHHOIO CHHTE3a C KCIOJIb30BAaHWEM HAHOPA3MEPHBIX KaTaIM3aTOPOB SIBISETCS OJHOW U3
HanOoiee aKTyalbHBIX M BaKHBIX 337ad B OOJACTH OpraHMYECKOro KaTainsa. | a3zomepepadaThIBaronive 3aBOJIbI
Kazaxcrana B HacTosiiiee BpeMs 3aHUMAIOTCsl B OCHOBHOM TOJIBKO OYHCTKOM Ia30B OT BOABI, MPUMECEH yIIIeKUCIOro
ra3a ¥ cepoBOIOpOJa IS WX HCIIONB30BaHUA B OBITOBBIX IeisiX. [103ToMy cymiecTByeT OOJBIION 3KOHOMUYECKHI
CTUMYJ B pa3paboTke 3PPEeKTHBHBIX KaTaJIH3aTOPOB LIS IMPEBPAIICHHS TIPUPOIHOTO Ta3a B IICHHBIC MPOIYKTHL. [0
CHX TIOpP €JMHCTBEHHBIM SKOHOMHYECKH IOCTYIHBIM ITyTEM MpeoOpa3oBaHUs MeTaHa B Ooliee IEHHBIE XUMUYECKUE
BEIIIECTBA SBJSIETCS MTPOU3BOJICTBO CHHTe3-ra3a. [lomydyeHne cuHTE3-Ta3a U3 MeTaHa C MCIOJIb30BaHHEM aKTUBHBIX 1
CTaOMJIbHBIX KaTaJM3aTOPOB HWIPAET BaXKHYIO pOJb B XHMHYECKOW W HEPTEXUMHYECKOH MPOMBIIIIIEHHOCTH.
[lepcrieKTHBBI pa3BUTHS MHPOBOH razornepepadbaThBAIONICH MPOMBIIUICHHOCTH CBA3aHBI C CO3/IaHIEM U BHEJIPEHUEM
HOBBIX KaTaJUTUYECKUX DKOJIOTHUECKH YHUCTBIX TEXHOJIOTUi TMOJIYUCHHUS CUHTE3-Ira3a U yrjiieBoagopoa0B, OCHOBAHHBIX
Ha TPOU3BOJICTBE TOIUIMBHBIX cMeced. [lepBbIM miarom B NpeoOpa3oBaHUM IMPHUPOJHOrO Ta3a 4YacTo SBISETCS
nesieBoe mpou3BoacTBO cuHTe3-raza (CO+H;) Kak 3KOJOrMYECKH YHUCTOTO COBPEMEHHOI'O TOIUIMBA, a TaKkKe
JIOPOTOCTOSINX 0JIe(pHOB.

Jnst BBIIENIEpEYHCIIEHHBIX MPOLIECCOB B ITOCIIETHEE BPEMs MCIOJIB3YIOT OKCHIHbBIE KAaTajlu3aToOpbl, X CMECH,
KOMITO3UTBl Ha MX OCHOBE BMECTO OJaropomHbBIX METAJUIOB, KOTOpBIE HCIIONB30BAIM paHee. Meron
CaMOpPAacIIPOCTPAHSIOMIETOCS BBHICOKOTEMIIEPATypHOTO CHHTE3a IIONYYWIT PACIPOCTPAHEHHWE B IIOCIEIHUE TOIBI,
0ocobeHHO ero Momudukanus — MeTon pacTtBopHoro ropeHus (SCS), B pe3ynbTaTe KOTOPBIX CHHTE3UPYIOTCS
TOHKOJIMICTIEPCHBIC OKCHIBI M IIITHHEIH.

Karanuszarops! cepuun Co - Al - Mg - Mn + MoueBHHa ObUIM NPUTOTOBIICHBI B My(eNbHOH MeYl METOI0M
pacTBOpHOTO TOpeHus. B mporecce cuHTE3a KaTaau3aTOpPOB METOIOM TOPEHHS B PAacCTBOPE OCYIIECTBISETCS IBa
peKrMa ropeHus: 00beMHBII B3PBIB U CAMOPACIPOCTPAHSIONIMNCS pexuM. B o0bemMe B3pBIBHOTO peXuMa pacTBoOp
HarpeBaeTcsi U Boja ucmapsiercsi. Ilocne wcnapeHusi Boubl oOpasyercst rejib. TemmepaTypa B MyQenbHOU Iedn
MOCTETICHHO PACTEeT JO KPUTHUYECKOM TemrepaTypbl. Kak Toibko TeMmeparypa OOXOAWUT 1O KPUTHYECKOM,
9K30TEpPMHUECKasl peaKiys OCYIIECTBISIETCS 10 BCEMY 00beMYy KaTaln3aTopa.

Bruto mpoBeneHo wuccnenoBanue aktuBHOCTH 12,5% Al - 12,5% Co - 12,5% Mg - Mn + 50% MmoueBuHa
KaTanu3aTtopos, npurorosiaeHHbIX mpu 300 - 600°C mMeTooM ropeHus: B pacTBOpe, B MPOTOYHOM KaTaaUTUYECKOMN
ycraHoBke. Ycnosus peakimn: 34% CHa + 17% O, + 49% Ar, o6wemuas ckopocts 2500 u!, temneparypa peakunn
- 900°C. Karammzarop 12,5% Al - 12,5% Co - 12,5% Mg - 12,5% Mn + 50% modeBHHa, IPUTOTOBICHHBIA MPH
500°C, mokasan BbIcOokme cenektuBHOCTH 10 Hy (96,5%) m CO (97.4%). KonBepcust merana cocraBmia 98,5%.
Janee s ompenesieHHss aKTHBHOCTH 00pa3loB ObUIO TPOBEACHO BapbUPOBaHHE COCTaBa KaTajiuzaropa. B
pe3yJnbrare BapbupoBaHus cojepkanus eMeHToB B Al - Co - Mg - Mn karaiu3aropax ObUIO YCTaHOBJICHO, YTO B
ciIy4ae HanOOJBIIETO COACPKAHMS aTIOMHHHUSA M B OCOOCHHOCTH KOOanbTa KaTaJH3aTOPhI MPOSBISIOT HAUBBICIIYIO
AKTHUBHOCTb.

OnTuManbHBIMU YCIOBUSIMH JIJISl TIONMY4YeHUs] CHUHTE3-ra3za sBisitorcsa: 98% xonBepcus CHiy, BBIXOHA LIENEBBIX
npoxyktos: Hy - 98 - 99% u CO - 40 - 43%, T =900°C u W = 2500 u™!. YCcTaHOBIIEHO IPUCYTCTBHE B KATAIU3aTOPAX
MPOCTBIX W CMEIIAHHBIX OKCHJIOB, aJIOMUHATOB METAIOB M CTPYKTYp IIIHMHEIBHOTO THIIA, IPUCYTCTBHE KOTOPHIX
CIOCOOCTBYET aKTHBHOW paboTe KaTain3aTopoB OKHCIUTEILHOTO PEBPAILCHNsI METaHa.

Ki1roueBble c10Ba: KaTaAINTHYECKOE OKHUCIICHHUE, METaH, CHHTE3-Ta3, KOOaJIbT, MarHUi.
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CHEMICAL CONSTITUENTS OF LIPOSOLUBLE EXTRACT
OF SPIRAEA HYPERICIFOLIA L.

Abstract. The genus Spiraea L., spirea, represents deciduous shrubs of the family Rosaceae Juss., subfamily
Spiraeoideae Focke. The genus is widespread in the temperate and the subtropical zone of the northern hemisphere
having more than 100 species. S. hypericifolia L. has the most extensive Eurasian range and is considered one of the
most evolutionarily advanced representatives of the genus. In the leaves of S. hypericifolia L. detected, p-
hydroxybenzoic, coffee, ferulic, chlorogenic acid, flavones apigenin, luteolin and 5-glucosides of flavonols
isoquercitrin and avicularin. In this study, chemical constituents of liposoluble extract of Spiraea hypericifolia L.
were determined for the first time. The components isolated from liposoluble extract of the aerial part of medicinal
plant of S. hypericifolia L. were analyzed using the GC-MS method. In total, sixty-three compounds were isolated
from hexane part and their relative content was determined by normalizing the peak area, in which the main
components are octacosanol (9.59%), docosene-1 (8.57%), squalene (8.12%), and n-hexadecanoic acid (7.50%)
separately. These compounds have high biological activites, namely anti-inflammatory, antimicrobial, antitumor,
antibacterial.

Key words: S. hypericifolia L., hexane extract, liposoluble components, GC-MS.

Introduction. The development of medicinal flora and intensive search for new sources of
biologically active substances with a wide range of pharmacological effects are very relevant for the
development of the pharmaceutical industry. Among the promising sources of plant raw materials are
representatives of the genus Spiraea L. (Rosaceae Juss.).

Species of the genus Rosaceae Juss are of considerable interest as plants used in folk medicine and
have a great resource potential. Phenolic compounds with high biological activity were found in Spiraea:
flavonols, flavones, flavans, and phenol-carboxylic acids. Saponins, essential oils and steroid glycosides
have been found in various parts of plant species of the genus Rosaceae Juss. In Chinese medicine, they
are used as medicinal plants with analgesic, antipyretic and anti-inflammatory properties. In modern
studies, the biological activity of plant species of the genus Rosaceae Juss, associated with the presence of
phenol-carboxylic acid derivatives-antimicrobial, phytotoxic [1], has been well studied. Antitumor activity
of flavans was detected [2].

Meadowsweet (Spiraea hypericifolia L.) is a perennial shrub with a height of 50-150 cm.The leaves
are 10-25 mm long and 1.5 - 1.8 mm wide, glabrous or short-pubescent when young, back-oval or
lanceolate, whole-edged [3, 4]. In S. hypericifolia L., p-oxybenzoic, coffee, ferulic, chlorogenic acids,
flavones-apigenin, luteolin and their 5-glucosides, flavonols - isocvercitrin and avicularin, catechins,
carotenoids, aromatic carboxylic acids, and vitamin C were found [5-6]. Plants of the genus Spiraea are
used as a means to relieve headaches of various types, as well as rheumatic joint pain, gastrointestinal
diseases, helminthiasis, gynecological diseases. Powerful antibacterial and antiviral action leads to the use
with colds and flu, and herpes. The literature does not contain information about the liposoluble
composition of species S. hypericifolia L., which grows in the Almaty region of Kazakhstan.

The experience of our research group has previously conducted similar studies on the different
medicinal plants [7-10]. The purpose of this work is to qualitative and quantitative determine chemical
constituents of liposoluble extract of meadowsweet from the Almaty region.
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Materials and methods. Plant material. The aerial part of the plant material S. hypericifolia L. was
collected in the Almaty region of Kazakhstan in October 2018. The aerial part of S. hypericifolia L. dried
in air was cut into small pieces and stored at room temperature.

Extraction and isolation. Naturally dried aerial parts of S. hypericifolia L. (100 g) were ground, then
extracted with 90% ethyl alcohol (1:8) three times (seven days each time) at room temperature. After
evaporation of the solvent at low pressure, the residue was dissolved in water, subsequently the resulting
solution was sequentially separated with hexane, dichloromethane, ethyl acetate and n-butanol to obtain
the corresponding extracts. The resulting hexane extract was analyzed by GC-MS.

Experimental part. The liposoluble components in the hexane extract of the medicinal plant were
analyzed using the GC-MS method. The work was carried out on a gas chromatograph with mass selective
detector Agilent 7890A -5975C. Used capillary column HP-5MS length 30 m, internal diameter 0.25 mm,
film thickness of stationary phase 0.25 pum. Chromatography conditions: carrier gas-helium; flow rate 1 ml
/ min; column temperature: initial temperature of 50°C (10 min), temperature rise from 10°C / min from
50°C to 300°C, final temperature of 300°C (40 min), scanning range of 30-1000 AU, electronic shock
mode at 70eV. The temperature of the ion source is 230°C. 1 pul of the sample was injected Into the
chromatograph evaporator. Samples were introduced by splitting with a 5: 1 split ratio.

Identification of the compounds: Identification of compounds was done by comparing the NIST and
Wiley library data of the peaks and mass spectra of the peaks with those reported in literature. Percentage
composition was computed from GC peak areas on HP-5SMS column without applying correction factors
[11].

Results and discussion. In the study, sixty-three chemical components were identified from the
hexane part of the aboveground part of S. hypericifolia L. plants using the GC-MS method. Their relative
content was determined by normalizing the peak area. The GC-MS chromatogram of fat-soluble
components from the aboveground part of S. hypericifolia L. is shown in figure 1.
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Figure 1 — Total ionization chromatogram of hexane part from S. hypericifolia L.
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Table 1 shows the main content of liposoluble components from the hexane extract of the aerial part
of S. hypericifolia L. The fat-soluble content from the hexane extract of the aboveground part of
S. hypericifolia L. was determined, in which the main components are octacosanol (9.59%), docosene-1
(8.57%), squalene (8.12%), n-hexadecanoic acid (7.50%), linoleic acid (3.88%), gamma.- sitosterol
(3.71%), hexanoic acid (3.45%), tridecan, 7-hexyl- (3.40%), lupeol (2.98%).

According to the results, the presence of octacosanol and other biologically active compounds
justifies the use of hexane extract of the plant for the treatment of certain diseases. Octacosanol is used for
herpetic infections, skin diseases, Parkinson's disease, amyotrophic lateral sclerosis (ALS, Lou Gehrig's
disease), high cholesterol and “hardening of the arteries” (atherosclerosis), protects cells, relieves stress
and restores sleep disturbed by stress [12-14]. Thus, octacosanol (polycosanol) can be used as a drug or
dietary Supplement for the treatment of metabolic diseases without any side effects. Squalene weakens the
development of cancer cells, strengthens the immune system, and can increase a person's life expectancy.
Squalene, an isoprenoid from the group of polyphenyl compounds, is an intermediate metabolite in the
synthesis of cholesterol, possessing antioxidant, immunostimulating, lipid-lowering, cholesterol-lowering,
anti-carcinogenic and anti-inflammatory activity [15]; antimicrobial activity, especially against
Mycobacterium tuberculosis [16]. In addition, squalene, the main component of the skin's surface
polyunsaturated lipids, has a softening, cooling, and antioxidant effect on the skin, as well as antitumor
activity [17]. n-hexadecanoic acid shows interesting biological activity against certain diseases and
pathogens. For example, the anti-inflammatory, antioxidant, hypocholesterolemic [18], and antibacterial
[19] activities described for n-hexadecanoic acid may offer a rationale for the traditional use of this type.
These biological activities of the compounds present in S. hypericifolia L. extract support the medicinal
use of the plant. Studies have identified the main biologically active compounds present in the two
extracts. Identification of these compounds in the plant serves as the basis for determining the possible
health benefits of the plant, which leads to further biological and pharmacological research.

Table 1 — The liposoluble components from the aerial part of S. hypericifolia L.

No. Name of the compound Retention time, Rt min MW Peak Area %
1 2 3 4 5
1 Hexanoic acid 5.279 116 345
2 trans-2,3-Epoxydecane 10.24 156 0.28
3 Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6- 10.877 204 0.26
methylene-, [S-(R*,S*)]-
4 3-Buten-2-one, 4-(2,2,6-trimethyl-7- 11.506 208 0.81
oxabicyclo[4.1.0]hept-1-yl)-
5 Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- 11.608 202 1.01
6 2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a- 11.888 180 2.11
trimethyl-, (R)-
7 Naphthalene, 1,2,4a,5,6,8a-hexahydro-4,7-dimethyl- 12.041 204 0.69
1-(1-methylethyl)-
8 Dodecanoic acid 12.67 200 0.75
9 Cedrol 13.043 222 0.45
10 Tetradecanoic acid 14.827 228 0.68
11 2-Pentadecanone, 6,10,14-trimethyl- 15.643 268 1.37
1 2 3 4 5
12 Z-8-Hexadecene 15.991 224 0.21
13 Hexadecanoic acid, methyl ester 16.424 270 0.97
14 | Dibutyl phthalate 16.552 278 1.92
15 Hexadecenoic acid, Z-11- 16.637 254 1.28
16 n-Hexadecanoic acid 16.926 256 7.50
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Continuation of the table
1 2 3 4 5
17 | Hexadecanoic acid, ethyl ester 17.087 284 1.18
18 Octane, 1-bromo- 17.291 192 0.55
19 | E,Z-2,13-Octadecadien-1-ol 17.605 266 0.27
20 9,12-Octadecadienoic acid (Z,Z)-, methyl ester 17.971 294 1.36
21 9-Octadecenoic acid (Z)-, methyl ester 18.056 296 0.37
22 Sulfurous acid, pentadecyl pentyl ester 18.226 362 1.32
23 Linoelaidic acid 18.472 280 3.88
24 9,12-Octadecadienoic acid (Z,7)- 18.591 280 1.00
25 6-Nitroundec-5-ene 18.667 199 0.69
26 | Oleic Acid 18.71 282 0.71
27 | Heptadecane 19.101 240 0.20
28 | n-Tetracosanol-1 19.738 354 0.91
29 11-Octadecynoic acid, methyl ester 19.891 294 0.36
30 | Tricosane 19.959 324 1.08
31 4,8,12,16-Tetramethylheptadecan-4-olide 20.188 324 1.33
32 2-Methyl-Z,7-3,13-octadecadienol 20.562 280 0.53
33 | Tridecane, 1-bromo- 20.774 262 0.29
34 E-2-Octadecadecen-1-ol 20.876 268 0.23
35 1-Docosene 21.403 308 8.57
36 cis-10-Nonadecenoic acid 21.522 296 1.16
37 | Docosanoic acid, methyl ester 21.666 354 2.49
38 Acetate, 2-[(acetyloxy)methyl]-4,4-dimethoxybutyl 22.040 248 0.54
ester
39 Undecanoic acid, ethyl ester 22.167 214 1.35
40 1-Acetoxynonadecane 22.295 326 0.55
41 1-Hexacosene 22.431 364 0.38
42 Oxirane, tridecyl- 22.796 226 0.50
43 Octacosanol 22.932 410 9.59
44 | Carbonic acid, eicosyl prop-1-en-2-yl ester 23.051 382 0.77
45 | Tetracosanoic acid, methyl ester 23.161 382 2.29
46 Hexadecanoic acid, ethyl ester 23.629 284 1.04
47 Squalene 23.866 410 8.12
48 | Adenosine, 2-methyl- 23.985 281 0.90
49 2-[2-(Tert.butyl-dimethyl-siloxyl-methyl)-pyrrolidin- 24.164 402 0.45
1-ylmethyl]-5-methyl-4-phenyl-thiazol
50 1-Hexacosene 24.342 364 0.36
51 Tridecane, 7-hexyl- 24.444 268 3.40
52 | Hexacosanoic acid, methyl ester 24.546 410 0.54
53 Cyclopropanecarboxaldehyde, 2-methyl-2-(4- 24.673 166 0.58
methyl-3-pentenyl)-, trans-(.+-.)-
54 Stigmastan-6,22-dien, 3,5-dedihydro- 25.574 394 0.89
55 | Cyclohexane, (1-butylhexadecyl)- 25.769 364 1.80
56 | 6-Methoxy-2,7,8-trimethyl-2-(4,8,12- 25.863 430 0.58
trimethyltridecyl)chroman
57 | .gamma.-Sitosterol 27.528 414 3.71
58 Stigmastanol 27.638 416 2.14
59 1.alpha.,2.alpha.-Epoxy-1.beta.-methylcholesta-4,6- 27.808 410 1.65
dien-3-one
60 | 30-Norlupan-28-oic acid, 3-hydroxy-21-methoxy-20- 27.978 502 0.59
oxo-, methyl ester, (3.beta.)-
61 | Lupeol 28.233 426 2.98
62 | S.alpha.-Ergost-8(14)-ene 28.836 384 0.59
63 Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl-8- 30.416 204 1.51
methylene-
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Conclusion. Liposoluble components were extracted with hexane from the aerial part of
S. hypericifolia L., which were analyzed by GC-MS method. More than sixty-three compounds were
isolated from hexane extract. Their relative contents were determined by normalizing the peak areas. For
the first time, the active substances of hexane extract of a medicinal plant (S. hypericifolia L.) collected in
the Almaty region of Kazakhstan were determined. Of the hexane extract, the dominant compounds are
octacosanol (9.59%), docosene-1 (8.57%), squalene (8.12%), and n-hexadecanoic acid (7.50%). These
compounds have high biological activites, namely anti-inflammatory, antimicrobial, antitumor,
antibacterial [15-19]. This shows the need for further research of toxicological aspects for the
development of safe herbal medicines.
Acknowledgements. This work was supported by the Central Asia Center of Drug Discovery and
Development of Chinese Academy of Sciences (No. CAM202002), the International Partnership Program
of Chinese Academy of Sciences (No. 153631KYSB20160004).

A.A. Kynaiitepren', A.K. Hypasigexosa',
ML.A. Tiocebaesa!, F0.®3ur?, K. Kenic!

! On-Mapabu aTeingarsl Kazak YITTHIK YHUBEPCUTETIHIH
«Jlapistik eciMIiKTepi FBUIBIMU 3€pTTEY OPTANBIFb, AJMaThl, Kazakcras;
2TI'pudut popinik ecimaikrepi 3eprrey MHCTUTYTHI, I'puddut yHusepcureri, bpucben, AscTpanus

SPIRAEA HYPERICIFOLIA L. MAIJJA EPUTIH CBIFBIH/IBIHBIH
XUMUSLTBIK KOMIIOHEHTTEPI

Annoranus. Jlopimik QrmopaHbl urepy >koHe (apMaKOJIOTHIIBIK JCEpiHIH KeH CIeKTpi 0ap OHMOJIOTHSIBIK
Oerncen i 3aTTapIbIH jkaHa OacTay Ke3iH KapKbIHIHI i37ey (papmaneBTHKa 6HEPKICIOIH TaMBITyIa ©3€KTi CaHAIaIbI.
OciMiK MMKi3aTHIHBIH IIEPCIIEKTUBANEI OacTay Ke3iHiH KaTapsiHa Spiraea L. (Rosaceae Juss.) KaTagpl.

Spiraea L., spirea Typi Rosaceae Juss XamblpakTel OyTa TYKBIMIAChIHA XoHE OSpiraeoideae Focke
TYKBIMJIACbIHAa JKaTaJbl. Rosaceae Juss TETiHIH Typiepi XalblK MEIULMHACBIHAA KOJJIAHBUIATHIH JKOHE YIIKEH
PECYpPCTHIK d7eyeTi 0ap eciMIiKTep peTiHAe aUTapibIKTal KBI3BIFYIIBUIBIK TYABIpanbl. CONTYCTIK JKapThl IIapAaFsl
KOHBIp)Kail >koHe CyOTpomuKaiblK aiiMakra KeH Tapamran 100-meH actam Typi Oap. Spiraea-na OMOMOTHSIIBIK
OenceHniiri xorapsl (peHOIABI KOCBUIBIC peTiHae (raBoHON, (GraBoH, (aaBaH, (heHOIKApOOH KBIIIKEUIEI CAHAIAIB.
Rosaceae Juss Textec eCiMIIKTEpaiH TYp:i OeiriHae camoHHH, 3QUp Maiibl, CTEPOUITH TIUKO3UATED AHBIKTAJIIBL.
KpITait MequIMHACHIHIA aHATBIETHKAIBIK, BICTHIKTHI TYCIPETiH KoHE KaObIHYyFa Kapchl KacHeTi 0ap JOpUTiK eciMaik
perinme KonmaHbuiaapl. Kaszipri 3amaHfBl  3epTTeyiepAe  (eHONKapOOH KBIMIKBUIBIHBIH —aHTHMUKPOOTHIK,
(PUTOTOKCHKANBIK TYBIHABUIAPBIMEH OalIaHBICTH Rosaceae Juss TeKTec OCIMIIK TYpIEpiHIH OHOIOTHSIIBIK
OenceHiIiri eTe X)akchl 3eprrenreH. OaaBaHIapABIH iCIKKe KapChl OCICEHAUTIT] aHBIKTAIIBI.

Spiraea hypericifolia L. eypa3usnbIk aiiMakTa KeH TapajfaH >KOHE TeHETHKAHBIH JaMBIFaH OKUIiHIH Oipi 00k
ca”Hanmanbl. S. hypericifolia L. xanplparblHAa M-THOPOKCHOEH30MH, KodewH, (epyrna, XJIOpOreH KHIIIKBUIIAPHI,
amnureHuH (IaBOHIAPBL, JIOTEONHH oHE (IaBOHOJIIAPIBIH M30KBEPLUTPUH MEH aBUKYJIMHHIH S-TJIIOKO3UATEpI
aHBIKTANIBL. Spiraea TEKTeC OCIMIIKTEp TYpJIi cHIATTarbl Oac aypysl, coHmai-ak OybIH, acKa3aH-iIeK aypysl,
TeJIBMUHTO3 JKOHE THHEKOJOTHSIIBIK aypyJapIarbl PEeBMaTHKAIBIK aypyAbl KeTipyre apHaJFaH Kypal peTiHue
Konmanputanel. Kymri anTnOakTepuaimbl KoHE aHTUBUPYCTHIK acep OP3, Tymay, reprec kesiHae KongaHyra ceOen
OoJamsl.

AranraH 3epTTeyIiH MaKcaThl — OTaHABIK (HUTONpemapaTrTapasl aly OapbhICHIHAA HETi3Ti KOMIIOHEHTTEpiH
oneyerTi Ke3i — AnMaThl OOJBICHI TOOBUIFBICHIHBIH Mala €pUTIH KOMIIOHEHTTEPiHIH CaHABIK KYpPaMBIH 3epTTEy
OOJIBIN CaHaIaIbl.

Byn 3eprreynme amramr per Spiraea hypericifolia L. Maiima epuTIH CBIFBIHABICHIHBIH XUMISIIBIK KypaMbI
aHBIKTANIBL. Spiraea hypericifolia L. mopinmik eciMIITiHIH jXepycTi OejiriHaeri Maiga epuTIH CHIFBIHIBICBIHAH
Gexiaren kommoneHTTep ' X-MC omici apkpuTsl Tangasasl. ['ekcaH OeltiriHeH OapIbIFI ajIIbIC YII KOCBUTBIC OOITiHIl
JKOHE OJIapJBIH CAIBICTBIPMAbl KYpambl I[IBIH ayJaHbIH KaJBIIKA KEJNTIpY JKOJBIMEH aHBIKTAABL, Heriri
KOMIIOHEHTTEp OKTako3aHoIx (9,59%), nokozen-1 (8,57%), ckBanen (8,12%) >xoHe H-rexcanekaH KbIIKbUTEL (7,50%)
OoxpIn caHanmaabl. bysr KockuTeICTap OHOMOTHSUIBIK OEICEHALNITT )KOFaphl OOJBIN Kelledi, aTal aiTKaHAa, KaObIHyFa,
MHUKpPOOKa, iCiKKe, OaKTepHsra KapChl.

Tyiiin ce3nep: Spiraea hypericifolia L., TekcaH CBIFBIHIBICHL, Maiiaa eputiH KommoneHTrep, [ X-MC.




News of the Academy of sciences of the Republic of Kazakhstan

A.A. Kynaii6epren!, A.K. HypabiGexosal,
M.A. Tiocedaenal, FO. ®3ur?, K. Kenuc!

! «<HayuHo-MCCen0oBaTe-CKUI IEHTP MEKAPCTBEHHBIX pacTenuiy Kasaxckoro Harponansnoro YuusepcureTa
umenu anb-Oapabu, Anmarsl, Kazaxcran;
2Uucturyt I'puddura no uccnepopanuo nekapcts, Yuusepcurer [ puddura, Bpucoen, Ascrpanus

XUMHUYECKHUE KOMIIOHEHTBI ZKUPOPACTBOPUMOTI'O OKCTPAKTA
SPIRAEA HYPERICIFOLIA L.

AnHoTtanusi. OcBOeHHE JICKapCTBEHHOHM (JIOPHI M MHTCHCHBHBIA MOMCK HOBBIX HCTOYHHKOB OHMOJIOTMYECKH
aKTHBHBIX BEIIECTB C INUPOKHM CIEKTPOM (PApMaKOJIOIMYECKOro IEHCTBHS BECbMa aKTyallbHbI IS Pa3BUTHUS
(hapManeBTHUECKOH MPOMBINUICHHOCTH. K 4HCIly NMEepCHeKTHBHBIX HMCTOYHMKOB PACTUTEIBHOTO CBIPbS OTHOCSTCS
npeacraButenu poaa Spiraea L. (Rosaceae Juss.).

Pon Spiraea L., spirea mnpencraeuser co0oil JMCTONaaHbIE KYCTapHUKHM cemeiictBa Rosaceae Juss.,
MoJICEMEUCTBO Spiraeoideae Focke. Bunmel ponma Rosaceae Juss TPEACTABISIOT 3HAYUTEIBHBI HHTEPEC Kak
pacTeHus, UCIOJb3yeMble B HApOIHON MeIUIMHE W uMerouue OoJbLION pecypcHbl moreHuuan. Pon mmpoko
pacipocTpaHeH B YMEPEHHOH M CyOTpOITMUECKO 30HE CEeBepHOTo Houymapus, HacuuTeiBas Oosee 100 Bumos. B
Spiraea oOHapy>xeHbI (EHOJILHbIE COCTMHEHHS C BBICOKOW OMOJIOTMUECKOH aKTHBHOCTHIO: ()JIaBOHOJBI, (pJIaBOHBI,
(maBaHbI, (heHOTKAPOOHOBBIE KHUCIOTHL. B pa3nWYHBIX YacTsAX BHIOB pacTeHHi pona Rosaceae Juss HaWICHBI
CaroHMHBI, 3()UPHOE MACIIO, CTEPOHUIHBIE TIMKO3HUIBI. B KHuTalickol MeIUIMHE NMPUMEHSAIOTCS KaK JIEKAPCTBECHHBIC
pacTeHus! C aHAJIBIeTHYECKUMH, KaPOTIOHIKAIOIINMH W MPOTHBOBOCHIAIUTEIBHBIME CBOWCTBaMHU. B coBpeMeHHbIX
UCCIIEJOBAaHMAX JOCTATOYHO XOPOIIO M3ydeHa OMoJornueckas akTMBHOCTb BHJIIOB pacTeHHWH poma Rosaceae Juss,
CBSI3aHHAs C HaJM4YMeM IPOU3BOAHBIX (DEHONKAPOOHOBBIX KHCIOT - aHTUMHUKPOOHAs, (QUTOTOKCHYECKas.
OO6HapyKeHa IPOTUBOOIYX0JIE€Bas aKTUBHOCTH (pIIaBaHOB.

S. hypericifolia L. umeer nauboniee oOmmpHBIA EBpasuiickuii apeanm M cyMTacTcs OJHHUM U3 HauboJjee
SBOJIIOLIMOHHO Pa3BUTHIX IpeAcTaBuTeNnei poaa. B muctesx S. hypericifolia L. oOHapy»eHbl N-rUJpoKcuOeH301Has,
KoeliHas, (epysoBas, XJIOPOreHOBasi KHUCIOTHI, ()IaBOHBI AIMI'CHWH, JIOTEOJIMH M S-TIIIOKO3M[IbI (hIIAaBOHOJIOB
N30KBEPUUTPUH U aBHUKyJapuH. PacteHns pona Spiraea NpUMEHSIOTCS KaK CPEJCTBO VISl CHATHS T'OJIOBHBIX Oojeil
Pa3IMYHOTO XapakTepa, a TaKKe pPeBMaTHUecKHx Oojell B cycTaBax, NPH JKEIyIO0YHO-KMIIEYHBIX 3a00JeBaHUAX,
TelIbMUHTO3aX, THHEKOJOIMYeCKMX 3a0oyieBaHMAX. MOIHOE aHTHOAKTepHabHOE W AaHTHUBHPYCHOE JelCTBHE
oOycnaBnuBaeT npumeHerue npu OP3, rpumme, reprece.

Llenplo [aHHOTO HCCHENOBAaHMSA SBIACTCS HW3YyYEHHE KOJIMYECTBEHHOTO COJEPKAHHS JKHPOPACTBOPUMBIX
KOMITOHEHTOB TaBOJTH AJIMATHMHCKONW OOJacTH — MNOTEHIMAIBHOTO HCTOYHHWKA KITIOYEBBIX KOMIIOHEHTOB IIS
HOJTy4EeHHS OTEYEeCTBEHHBIX (DUTONPEIapaToB.

B 53TOoM wmccrnenoBaHMM BHIEpBBIE OBIIM ONpENENEHBI XMMHUYECKHE COCTABILIIONINE >KHPOPACTBOPHMOIO
aKcTpakra Spiraea hypericifolia L. KoMIOHEHTBI, BbIACICHHBIE U3 JKUPOPACTBOPUMOIO 3KCTPAKTA HAJA3EMHOMN 4acTu
JIeKapCTBEHHOTo pactenus S. hypericifolia L ., 6pun nipoananu3upoBansl MeTojioM [ X-MC. Bcero u3 rekcanoBoi
4acTH OBbUIO BBIAEIEHO LIECTHIECAT TPH COCTMHEHHS W UX OTHOCUTEIBHOE COJEp)KaHWe OBUIO ONPENENIeHO ITyTeM
HOpMaJIM3alM1 TUIOLIa I IMKOB, B KOTOPOM OCHOBHBIMH KOMIIOHEHTaMH SIBIISIIOTCS OKTako3aHo (9,59%), nokoseH-
1 (8,57%), ckBaneH (8,12%) u H-rexcamekanoBas kuciora (7,50%) oTaenpHO. DTH COSAMHEHHS 00JIATAal0T BRICOKOM
OMOJIOTMYECKOH AaKTUBHOCTBIO, @ MMEHHO HPOTHBOBOCHAIUTENHEHON, MPOTHBOMHKPOOHOW, MPOTHBOOITYXOJIEBOMH,
aHTHOAKTepUAIEHOM.

KuroueBslie ciioBa: S. hypericifolia L., TekCaHOBBIH IKCTPAKT, KUPOpPAcTBOpUMBIE KoMImoHEHTHI, [ X-MC.
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UNIQUE PROPERTIES OF GRAPHENE

Abstract. The article is devoted to the unique material graphene (carbon modification), discovered in 2004 by
immigrants from Russia Andrei Geim (Andre K. Geim) and Konstantin Novoselov (Konstantin Novoselov), who
won the Nobel Prize in physics for this discovery in 2010. Graphene a two-dimensional monoatomic thick carbon
block allotrope building, has attracted enormous attention due to its remarkable physical properties and chemical
functionalization capabilities. Graphene is a potential nanofiller that can significantly improve the performance of
polymer-based composites at extremely low loading. The article is an excursion through the publications of foreign
and domestic authors, revealing the unique properties and prospects of using graphene, in particular, in
nanotechnology and nanocomposites. Also, this review presents various mechanical, thermal and electrical, as well
as other important properties of graphene, which were also discussed along with their potential applications.

A graphene-based technical breakthrough is possible because this is the finest substance in the world and can
simultaneously possess several very important and unique electronic, electrical properties. Firstly, this substance can
be an excellent conductor, since it consists of chains of carbon hexagons, through which electric current is very
easily transmitted. Secondly, with some modification, graphene can be an effective insulator. You can make a
microcircuit, which consists of conductors, semiconductors and insulators. Each of these characteristics of a
substance can be achieved based on graphene.

Key words: graphene, electronic properties, mechanical properties, thermal properties, chemical properties.

Introduction. Graphene is another manifestation of the unique chemical properties of carbon.
Graphene is one of the most promising materials for the 21st century. Graphene, a single-layer form of
graphite, is a planar sheet one atom thick of carbon atoms bound by sp?, which are located in the
hexagonal lattice [1]. Graphene can be described as a monatomic layer of graphite. This is the main
structural element of other allotropes, including graphite, charcoal, carbon nanotubes, and fullerenes. It
can also be considered as an indefinitely large aromatic molecule, the limiting case of a family of flat
polycyclic aromatic hydrocarbons.

Research on graphene has expanded rapidly since the substance was first isolated in 2004. The studies
were based on theoretical descriptions of the composition, structure, and properties of graphene, which
were calculated decades earlier. High-quality graphene has also proven to be surprisingly easy to isolate,
which makes further research possible.

Andre Geim and Konstantin Novoselov received the Nobel Prize in Physics in 2010 "for pioneering
experiments with two-dimensional matter graphene" [2].

Figure 1- Idealized structure of a single graphene sheet
— 80 ——
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The remarkable properties of graphene are unique mechanical, thermal, electrical and optical
properties. The conductivity, mechanical strength and chemical stability of graphene determine the
prospects for its application in various fields (Fig. 2) [4]. That is, due to the aforementioned properties,
graphene is widely used as conductive nanoelements for high frequency transistors, solar cells, sensors,
supercapacitors, and various composite materials [3-5].

Among the remarkable properties of graphene are unique mechanical, thermal, electrical and optical
properties. Most of these features are ideal, intact graphene sheets.
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Figure 2 - Properties and applications of graphene

Optical Properties. The ability of graphene to absorb quite large 2.3% of white light is also a unique
and interesting property (Fig.3), especially considering that its thickness is only 1 atom [6]. This is due to
the aforementioned electronic properties; Electrons act as massless charge carriers with very high
mobility. It was proved several years ago [7, 8] that the amount of absorbed white light is based on a
constant fine structure, and does not depend on the characteristics of the material. Adding another layer of
graphene increases the amount of white light absorbed by about the same amount (2.3%). The graphene
opacity ma = 2.3% corresponds to the universal value of the dynamic conductivity G =¢e2 / 4h (£ 2-3%) in
the visible frequency range. Because of these impressive characteristics, it was noted [9] that as soon as
the optical intensity reaches a certain threshold (known as saturation fluence), saturable absorption takes
place (very high-intensity light causes a decrease in absorption).

%o

dual layer

transmission ,

distance, pm

Figure 3 - Light transmission by mechanically exfoliated graphene
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This is an important feature with regard to fiber laser mode locking. Due to the graphene properties of
the wavelength-insensitive ultrafast saturable absorption, full-band mode locking is achieved using an
erbium-doped dissipative soliton fiber laser capable of tuning a wavelength of up to 30 nm [10].

Electronics Properties. One of the most useful properties of graphene is that it is a semimetal with
zero overlap (with holes and electrons as charge carriers) with a very high electrical conductivity [11-13].
In graphene, each atom is bonded to 3 other carbon atoms in a two-dimensional plane, leaving 1 electron
freely available in the third dimension for electron conductivity. These very mobile electrons are called pi
(m) electrons and are located above and below the graphene sheet. These pi-orbitals overlap and help
increase carbon-carbon bonds in graphene [14]. Fundamentally, collaborative studies over the past
50 years have proved [15-19] that at the Dirac point in graphene, electrons and holes have zero effective
mass. This is because the ratio of energy and motion (excitation spectrum) is linear for low energies near
6 separate angles of the Brillouin zone [20]. These electrons and holes are known as Dirac fermions or
decanters, and the 6 angles of the Brillouin zone are known as Dirac points. Due to the zero density of
states at the Dirac points, the electronic conductivity is actually quite low. However, the Fermi level can
be changed by doping (with electrons or holes) to create a material that potentially conducts electricity
better than, for example, copper at room temperature [21]. Graphene has a lower resistivity than any other
known material at room temperature, including silver [22].

Tests have shown that the electronic mobility of graphene is very high, with previously reported
results exceeding 15,000 cm” » V - 1 » s - 1, and theoretically potential limits of 200,000 cm? ¢ V -1 ¢5s- 1
(acoustic photons limited by scattering of graphene) [ 23-25]. Graphene electrons are said to be very
similar to photons in their mobility due to lack of mass. These charge carriers can travel distances less
than a micrometer without scattering; a phenomenon known as ballistic transport. However, the quality of
graphene and the substrate used will be a limiting factor [26]. For example, when using silicon dioxide as
a substrate, mobility can be limited to 40,000 cm” » V -1 « s -1 [27]. Although all this makes graphene the
fastest and most efficient conductor, it cannot be easily used for the manufacture of transistors, since it
does not have a forbidden zone [28]. There are several ways to open the forbidden zone that exist, and
some are under development [29-32].

Mechanical Properties

Graphene is one of the thinnest materials in the world - its thickness is only one carbon atom (about
0.34 nm). It is also recognized as the most durable two-dimensional material - much harder than steel or
diamond with the same dimensions [33]. Graphene has a tensile strength (the maximum stress that a
material can withstand when stretched or stretched to fracture or fracture) in excess of 1 TPa. There is
only one material that can be stronger than graphene — carbine [34], which is a chain of carbon atoms,
mainly a graphene ribbon, one atom wide. Carbin is very difficult to synthesize.

Since this is a single 2D sheet, it has the highest surface area of all materials. When left to their own
devices, graphene sheets will fold and form graphite, which is the most stable three-dimensional carbon
form under normal conditions [35]. Graphene sheets are flexible, and in fact graphene is the most
extensible crystal — you can stretch it to 20% of its original size [36-39] without breaking it. Finally, ideal
graphene is also very impenetrable, and even helium atoms cannot pass through it [40]. Because of the
bond strength of 0.142 Nm carbon bonds, graphene is the most durable material ever discovered, with a
tensile strength of 130,000,000,000 Pascals (or 130 gigapascals) compared to 400,000,000 for A36
structural steel or 375,700,000 for Aramida (Kevlar) [41-43]. Graphene is not only unusually strong, but
also very light - 0.77 milligrams per square meter (for comparison, 1 square meter of paper is about
1000 times heavier). It is often said that one sheet of graphene (only 1 atom thick), sufficient in size and
sufficient to cover the entire football field, will weigh less than 1 gram [44].

What makes this especially special is that graphene also has elastic properties that can retain their
original size after deformation. In 2007, atomic force microscopes (AFM) were carried out on graphene
sheets that were suspended above silicon dioxide cavities [45—49]. These tests showed that graphene
sheets (with a thickness of 2 to 8 Nm) had constant springs in the region of 1-5 N / m and Young's
modulus (different from three-dimensional graphite) of 0.5 TPa. Again [50], these excellent figures are
based on theoretical perspectives using flawless graphene, which does not contain any flaws and is
currently very expensive and difficult to reproduce artificially, although production methods are
constantly being improved, ultimately reducing costs and complexity.
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Thermal management

The stable operation of electronic devices is highly dependent on temperature. There is a constant
search for materials capable of dissipating the heat released during the operation of instruments and
devices. Graphene is an ideal heat conductor - it has a record thermal conductivity. Graphene conducts
heat in all directions - it is an isotropic conductor [51-53]. When measuring the thermal conductivity of
suspended graphene, the thermal conductivity at room temperature was 5000 W / m ¢ K (obtained from the
measurement of the Raman spectra), i.e. 2.5 times more than that of diamond, whose thermal conductivity
was considered the largest of the materials known today. Such a value could solve the problem of heat
removal in nanoelectronics [54].

It is believed that the high thermal conductivity of graphenes is due to the structural perfection of
those small samples on which it was measured. Unfortunately, this value decreases with increasing size;
Thus, the thermal conductivity of graphenes with a length of 1 to 5 pm decreases in the range from
5000 to 3000 W / m « K; Such a dependence is usually associated with the phonon mechanism of thermal
conductivity. However, in other experiments, single-layer graphene is usually fixed on substrates, usually
dielectric, which leads to scattering by the phonons of the substrate and impurities. So, the graphene layer
on the SiO2 surface had a thermal conductivity of only 600 W / m ¢ K [55], which, however, is still
greater than that of copper; its thermal conductivity is 400 W / m ¢ K at room temperature, but really thin
films are used, whose thermal conductivity is lower (less than 250 W / m * K). For thermal conductivity in
the direction perpendicular to the graphene plane, see [56].

Biosensors

It is known that graphene as a two-dimensional material has a unique set of electrophysical properties:
high mobility of charge carriers in combination with their low concentration; the maximum possible ratio
of area to volume; low noise [57]. The combination of these properties leads to the fact that the adsorption
of a minimum amount of impurities on the surface of graphene can significantly change its overall
conductivity. Thus, graphene is a very promising material for the manufacture of various types of sensors

(figure 4).
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Figure 4 - Graphene based biosensors

In [58], it was shown that graphene is capable of sensing the adsorption of even one molecule. The
attached gas molecules, depending on their charge and type of conductivity of the graphene film, behave
as donors or acceptors, i.e., they change the concentration of mobile charge carriers. As a result,
depending on the type of adsorbed molecule, a decrease or increase in the film resistance was observed
[59-60]. It should be noted that one of the serious drawbacks of the graphene gas sensor is the lack of
selectivity. Indeed, by a change in conductivity it cannot be said which molecule was adsorbed onto the
surface of graphene. Moreover, some molecules contribute the opposite sign; thus, the total change in
resistance can be close to zero. The problem of selectivity of the graphene-based sensor can be solved by
using the antigen — antibody reaction. The components of this pair can only interact with each other and
with no other proteins. t is known that at certain stages of many human diseases in the blood, antigen
markers appear that are specific for one or for a group of diseases. These antigens can interact with
specific antibodies previously applied to the surface of the graphene sensor. The reaction, as in the case of
a gas sensor, leads to a change in the resistance of the graphene film. The use of an antigen — antibody pair
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allows one to solve the biosensor selectivity problem and opens up very wide possibilities for the use of
graphene-based sensors in medicine and biology. This approach can lead to the creation of portable
biosensors capable of detecting diagnostically significant disease markers in biological fluids that are
currently detected only using a laborious and lengthy enzyme-linked immunosorbent assay [61].

Chemical Properties. Despite the fact that all graphene atoms are exposed to the environment, it is an
inert material that does not react with other atoms. However, graphene can “absorb” various atoms and
molecules. This can lead to changes in electronic properties, and can also be used for the manufacture of
sensors or other applications [62].

Graphene can also be functionalized by various chemical groups [63-64], which can lead to various
materials, such as graphene oxide (functionalized by oxygen and helium) [65, 66] or fluorinated graphene
(functionalized by fluorine) [67]. Great interest in studying the functional properties of graphene, due to
the fact that it is a promising material for many industries, has a high commercial potential [68].

Findings. In this review, we have described some of the distinguishing properties of graphene,
such as mechanical, thermal, electrical, and optical properties. Because of these unique properties,
graphene is widely used as conducting nanoelements for high-frequency transistors, solar cells, sensors,
supercapacitors, and various composite materials. The electrical conductivity, mechanical strength, and
chemical stability of graphene determine the prospects for its use in various fields.
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T'PA®EHHIH BIPETE KACUETTEPI

Annoranusi. ['paden — rpaduTTin GipKaOaTThl Kyili, anTeIOYpBINTHI TOpAa OpHANACKAH Sp° OailaHbICKaH
KOMIPTEK aTOMJAPBIHBIH KaJbIHJBIFGI Olp aTOMHAaH TYpaThlH Ka3blK Mapak. ['padeH KeMIpTeK aTOMAapbIHbIH
OaiinaHbICKaH KYPBUIBIMBIHBIH €peKllie KOMOUHAIMACBIHBIH, COHJal-aK CaHChI3 )KoHe Kyplesi (U3MKaJbIK KacHeTi
OosFaHABIKTaH MaTepualTaHy, O3JCKTPOHMKA >KOHE HAHOTEXHOJIOTHS OoJallarblHAa aWTapibIKTail ocep eTyre
KabinerTi. Epekie KypbuUIbIMBI MEH MHHUMAJIBI TUaMeTpiHe OalIaHbICTBI OHBI CEHCOPJIBIK KYPBUIFBI, )KapThlIal
OTKI3Trill HeMece HHTerpalgsl CXeMa KOMIIOHEHTTEpl peTiHxe mnaiinananyra Oonaasl. MyHpmall KeMIpTEKTiH
eKienmeM i (OpPMAaCHIHBIH KaCHETTEPi MEH KOJIIAaHBICHI OONalIaK, KypbUIFBI MEH JKyHere JKaHa MYMKIHIIKTED alllThL.

I'padennin y3mik KacHueTTepi OHBIH PETSATHBUCTIK OONIIEKTEp TOPI3Ai OPEKET eTETiH 3aps TachIMaJIayIIbIChI
OOJIFaHIBIKTAH MHaxa Ooabl.

I'padenHiH 3apsa TachIMaNaylIbUIBIK CUIIATBIHA OallaHBICTBI Tarbl Oip 3ddexr — crmpans GoNFaHIBIKTaH
XMpaJIapl CHMMETPHUS makja Oomamsl. BipkaOaTThl koHE eKiKa0barThl rpadeHmeri 3JIEKTPOHIbI KYHIIH XHPaabl
TaOWFaThl AIIEKTPOHHBIH NMOTEHIUAI/IBI KEAEPTi apKbUIbI 6TY1 0apbIChIHAA MaHBI3IbI POJI aTKApabl.

I'paden eHmipyaiH TypJii oiici 6ap, MbICalibl, «TOTHIFY - KAOBIPIIIAKTaHY - TOTBHIKCHI3IAHY» YIEpICi Ke3iHjae
rpadut TpaduUT OKCHUIIHE aiHaNbI, TpauTTIH Oa3aiblK Ka3bIKTHIFBI KOBAJICHTTI OailJTaHBICKAH OTTEKTI
(hyHKIIMOHAIABI TOOBIMEH ka0blIanbl. byt skarmaiina TOTRIKKAaH rpaduT THAPOGMIBII (BUFANl CYHTINT) KeJeIi )KoHe
YIIBTPaBIOBIC SCEpiHEH CyJIbl epiTiHAine oHail rpadeH KabarrapbslHa KaObIpiiakTaHaabl. MyHnald rpadeH Kakchl
MEXaHHKaJBIK XoHE ONTUKAIIBIK CHITaTTaMara nue, 0ipaKk «CKOTY 9JIiCi» apKbUIbI aJIbIHFAaH rpad)eHMEH CaJIbICThIpFaH/Ia
ANIEKTP OTKI3TIMITIri Hamap.

OyHIaMeHTAIIBI 3epTTEYIIep YIIiH canajibl rpadeH KadaTTapblH, COHIal-aK IEKTPOHIBl MHKPOCXeMa KYpyFa
OarpITTaFaH TpadeH ecipymiH SIUTAKCHAIABI OfIici apKbpUIBI allyFa MYMKIHAIK OepeTiH CKOTY HeTi3iHae
MEXaHHUKaJbIK KaOBIPIIBIKTAHABIPYMEH KaTap, XUMHUKTEp rpadeHi epiTiHAiJeH aly >KOJJapblH KapacTeipyna. by
omic Korapsl OHIMII 9pi ap3aH KeJeTiHAIKTeH, rpadeH KabaTTapblH TYpJi MaTepHaIMeH OIpIKTIpiln, HAHOKOMITO3UT
KYpyFa >KoHE oapbl TYPJIi HAHOKYPBIIBIMAAPFA CHI13yTe MyMKIH/IK Oepesi.

I'pacdeHHiH qucnepCHsIIBUIBIFBIMEH IIGKTENIETIH epeKlie Kacuerrepi O0ap, acipece ruapodoOThl TaOuraThiHA
0alnaHbICTBl TOJISIPJIBIK IOJMMEpP MaTpHLANapbIMEH apajackaH Ke3lle epekiie Kacuerke ue Oosaabel. ['paden
KOIITereH, MbICAJIbl, JJIEKTPOHUKA KOHE (DYHKIMOHAIIBl HAHOKOMIIO3UTTEP CHSKTHI KOITEreH 0acka KOChIMINIAJAa
YJIKEH [TOTEHIMAIMEH KaMTaMachl3 €Te ajla/Ibl.

I'padeHHiH >xOFapbl IEKTPOHABI KO3FAIFBILTHIFE, Olp aTOMHBIH MUHHMAJ/bl KAJIBIHIBIFEl, TOMEH MEHIIKTI
KEZEpricl CHSAKTHl KAacHUETTepl TYpii OMOJNOTHSUIBIK >KOHE XMMISUIBIK CEHCOpJIapAbl KYPYIbIH IEpCHEeKTHBAIAPHIH
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alapl, COHBIMEH KaTap KYH SHEPIUSACHIH TYPJICHIIpyre apHaIFaH (POTORIEKTPIIK KYpPbUIFbIIApAa HEMeCe CeHCOPJIbI
9KpaHAapa KONJAaHyFa OOJNAThIH JKyKa IUICHKAJIapFa TYPJl HYCKanapabl YChIHAMIBL.

I'pachen Herizinme sxorapsl ce3iMTan (OTOIIEHKa acalybl MyMKiH. ['padenzaeri mia3MaiblK TOJKBIHAAP
Teparepl Juana3oH KaObULIAFbIIIBIH KYPY/ABIH MEPCIEKTUBACHIH aliaabl. [ padeH CIHMHIHIH epeKile opeKeTi )KaHa
COUHTPOH/BI KYPBUIFbLIAp Maiina 00Jybl MYMKIH, aJl )KbUTY ©TKI3Till KaCHUeTi )KOFapbl OOJIFaH/IBIKTaH rpadeH Ka3ipri
3aMaHfbl HHTETpaJIIbl CXeMaJlap/ia JKbUTy KaOBULAAFbINI PETIH/IE KbI3MET €Te ajajbl.

I'paden konmanyapH O0acka OarbITTAPHI J1a MEPCIIEKTUBANEI 00JbIT Kopineai. CoHbIMEH, Tpad)eH ImiacTMaccaaan
JKacaJFaH KOCIaJia KOFaphbl TeMIepaTypara Te3iM/li KOMITO3ULMSUIBIK OTKI3TiI MaTepHaigap/bl kacayFa MYMKIHJIIK
Oepeni men OoimkaHamel. ['padeHHIH OepikTiri yiabTpa KyKa, *KEHLT JKOHE MKEMJi jKaHa MEXaHHWKAIBIK TYPaKThI
MaTepHalgapAbl KacayFa MYMKiHAIK Oepenmi. bomamakta rpadeH HeTi3iHOETI KOMITO3UIMSIBIK MaTepHhaiaapIaH
aBTOMOOWIIb, YINAK NEH CIYTHHUK jkacayra OoJyialibl. DHEPrusHbl CaKTay KYpbUIFBUIAPBIHIA — aKKyMYJSTOP XKOHE
CylepKalakaTop, COHIai-aK OTTeri MeH CYTEeKTiH apajacyblHaH »9JIeKTP OHEPIusAChIH OHIIPETiH OTHIH
YILIBIKTapbIHAa TpadeHal KONJaHy JKOCTIapiIaHy a.

Erep rpacden 3eprrey >KYMBICTaphl A97 OCBHIHAANH KapKBIHMEH IAMHTBHIH Oosica, OoHAa 013 OCBHI FaCHIpAAFbI
FBUIBIMU-TEXHUKAIBIK TPOTPECTIH JKaHa Ke3CeHIHE Kyo Oomambi3, an rpadeHai MPaKTUKAJIBIK KOJIaHyFa
KbI3BIFYIIBUIBIK TAHBITATHIH MEMJIEKET KETEKIII TEXHUKAIIBIK KYLIKe aifHaIaIbl.

Tyiiin ce3mep: rpadeH, 3JIEKTPOHIBIK KacHETTep, MEXaHMKAIBIK KACHUETTEP, JKbUIY OTKI3Till, XUMHUSUIIBIK
KacHeTTep.
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YHUKAJIbHBIE CBOMCTBA TPA®EHA

Annotanus. ['paden, ogHocnoiHas Gopma rpadura, mpeacTaBiseT co00i IIaHapHbINA JIUCT TOIIMHONW B OWH
aToM M3 aTOMOB YIJIEPOJA, CBA3AHHBIX SP°, KOTOPBIE PACIOJIOXKEHBI B TekcaroHanbHoi pemerke [2]. Tpaden c
YHHUKaJIbHBIM COYETaHHEM CTPYKTYp CBSI3aHHBIX aTOMOB YIJIepoja C €ro OecYHMCIEHHBIMU W CIIOKHBIMH (pusndec-
KAMH CBOICTBaMM CIIOCOOEH OKa3aTh 3HAUYMTENbHOE BIMSHHME Ha OyIyliee MaTepHasIOBEICHUS, DJIEKTPOHHKH U
HaHOTEXHOJIorui. biaronapsi cBoed crneuuaau3upoOBaHHON CTPYKTYpe W MHUHHMAIBHOMY AMAMETPY, €r0 MOXHO
UCTIONIb30BaTh B KAYECTBE CEHCOPHOT'O yCTPOWCTBA, IOJIYIPOBOAHUKA WM AJSI KOMIIOHEHTOB MHTETPAIbHBIX CXEM.
Coo01aemMble CBOHCTBA M NMPUMEHEHMs 3TOH OBYMEpHOH (OpMBI yriepoga OTKpbUIAa HOBBIE BO3MOXKHOCTH MJIA
OymyIuX yCTPOICTB U CHCTEM.

Bce ot yauBHTENnbHBIE CBOMCTBA rpad)eHa BOZHHMKAIOT M3-32 YHHUKAIBHON MPUPOJBI €ro HOCHTENeH 3apsja,
KOTOpBIE BEAYT ce0sl T0100HO PENSTUBUCTCKUM YaCTHLAM.

Emé oaun 3ddekr, oOYyCIOBICHHBIA XapaKTepoM HOCHTENICH 3apsga B TpadeHe, CBSI3aH C HaIUMYHEM
CHMPAJIBHOCTH, YTO NPHBOAUT K CYIIECTBOBAHHIO TaK Ha3bIBaeMOW KHpaJbHOM cuMMerpuu. KupaipHas mpupona
SJIEKTPOHHBIX COCTOSIHUH B OJHOCIOWHOM M JABYXCIOWHOM Tpad)eHe WUrpaeT BaXKHYIO pPOJIb B IPOXOXKIECHHU
3JIEKTPOHA Yepe3 MOTEHINATBHBIN 0apbep.

CymecTBYIOT pa3iH4yHbIe METOAMKH MOJy4YeHHUs rpadeHa: Hampumep, npeoOpa3oBaHHe Tpadura B OKCHI
rpaduTa, KOrja IPOMCXOAWT IPOIECC «OKCHAWPOBAHHE - PACCIOCHHWE -BOCCTAHOBICHHE», B XOJE KOTOPOTO
6a3ucHBIE TUIOCKOCTH rpadyTa MOKPHIBAIOTCA KOBAJICHTHO CBA3aHHBIMU (DYHKIMOHAIBHBIMH TPYNIIAMH KHCJIOPOA.
IIpn >TOM OKHCIEHHBIH TIpaduT CTAaHOBUTCS THUAPOPWIBHBIM (BJIAroIOOMBBIM) W JIETKO pacclanBaeTcs Ha
OTIeTbHbIE Tpa)eHOBBIE JIUCTHI MOJ JEHCTBHEM YIJIbTpa3ByKa, HAaXOIICh B BOJISHOM pacTBope. Takoil rpaden
o0lagaeT XOpOIIMMH MEXaHHYECKHMMH M ONTHYECKMMH XapaKTepPUCTHKAMH, HO Xy[IIeH 3IeKTpU4ecKon
MPOBOANMOCTBIO TI0 CPABHEHHUIO C TpadeHOM, MOJTYUYEHHBIM C TIOMOLIBIO «CKOTY-METO/IaY.

B nomosiHeHHMEe K MeXaHMYECKOMY OTCIIOCHHIO C MOMOIIBIO CKOTYA, MO3BOJIIOIIEMY IIOJIyYUTh TpadeHOBbIE
CJIOM BBICOKOT'O KadeCTBa JIA (l)yHJIaMeHTaJ'H)HI)IX HCCﬂeﬂOBaHHﬁ, 1 JIHUTAKCUAJIbBHOMY CHOCO6y BbIpalliluBaHUA
rpadeHa, HaIPaBIEHHOMY Ha CO3/1aHHE JJIEKTPOHHBIX MUKPOCXEM, XMMHUKH paboTaloT Haj MoJlydyeHneM rpadeHa u3
pactBopa. IloMMMO BBICOKOH NPOW3BOIUTENIBHOCTH M HHU3KOW CeOECTOMMOCTH, 3TOT METOJ II03BOJIMII OBl
MHTErPUPOBaTh IpadeHOBBIC CIION C Pa3IMYHBIMU MaTE€pUAJIAMH JUISl CO31aHKsI HAHOKOMIIO3UTOB M BHEAPSITH UX B
pas3ingHbIE HAHOCTPYKTYPHI.

I'paden obOmamaeT yHUKAIBHBIMH CBOMCTBaMH, KOTOPBIE MOTYT OBITH OIPaHHYEHBI €r0 ANCIEPTUPYEMOCTHIO,
0COOEHHO B CMECH C TOJSIPHBIMHU TIOJMMEPHBIMH MaTPHIIAMH, U3-3a ero THApopoOHOCTH B Tpuponae. I'paden moxer
obecrieunTh OONBIION MOTEHLIHAT BO MHOTHX IPHUIOKEHHAX, TAaKMX KaK OJIEKTPOHHKA M (YHKIMOHAIbHBIE
HAHOKOMIIO3UTBHI, CPEIN MHOTHX JPYTHX.
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Takue cBoiicTBa rpadeHa, Kak BBICOKas MOABM)KHOCTb 3JIEKTPOHOB, MUHMMAaJIbHAs TOJIIMHA B OJUH aTOM,
HHU3KOE YJIEIbHOE CONMPOTHBICHUE OTKPBIBAIOT IIEPCHEKTHUBBI Ul CO3JAHUS PA3IMYHBIX OHOJOTMYECKUX U
XUMHUYECKUX OAaTYUKOB, a TAKKE pa3IMUHbIX BAPHUAHTOB TOHKHUX H.HéHOK, KOTOpbIC MOT'YT HalTH MNpUMEHCHUC B
(hOTOANEKTPUUECKHX YCTPOICTBAX JUIsl IPe0OPa30BaHuUs COTHEYHOM IHEPIHU UM B CEHCOPHBIX DKpaHaXx.

Ha ocHoBe rpadeHa MOryT OBITH CO37aHBI BBICOKOYYBCTBHUTEIbHBIC (OTOMIEHKH. [lIa3MeHHBIC BOJHBI B
rpad)eHe OTKpPHIBAIOT MNEPCIEKTHBBI CO3/1aHMs HCTOYHMKOB M IPHUEMHHMKOB TepareplroBoro auamazona. Ocoboe
MIOBE/ICHHE CIIMHA B rpad)eHe MOXET IIPUBECTH K CO3/IaHHIO HOBBIX MPUOOPOB CITMHTPOHUKH, a O1aromaps cBOMCTBY
BBICOKOH TEIUIONPOBOAMMOCTH I'pa)eH MOXKET CIY)KUTh TEIIOOTBOJIOM B COBPEMEHHBIX MHTETPAIBHBIX CXEMax, B
KOTOPBIX PAa30TPEB SIBIIETCS CEPHbEIHOH MPOOIEMOi.

MHoroo6eImaromuMy IPeICTaBISIOTCS U ApYTHe HalpaBiIeHUs HCIONb30BaHus rpadena. Tak, npeanonaraercs,
YTO B CMECH C IIIACTMAaccaMH rpadeH AacT BO3MOXKHOCTH CO3/1aBaTbh KOMIIO3HUTHBIC MPOBOASIINE MaTEpPHAIbI,
yCTOWYMBBIE K JAEHCTBUIO BBICOKHX Temmeparyp. IIpodHocTs rpadeHa MO3BOIAET KOHCTPYHPOBATH HOBBIC
MEXaHMYECKH YCTOMYMBBIE MaTepHaibl, CBEPXTOHKHE, JITKHE M JJIacTH4Hble. B OyaymeMm H3 KOMIIO3HUTHBIX
MaTepHaloB Ha OCHOBE Ipad)eHa BO3MOXKHO OyleT aesiaTh aBTOMOOWIHM, CaMOJISThl M CIIyTHHKH. YiKe ceidac
NpeAroaraeTcsi UCIoNb30BaTh TpadeH B yCTpOMCTBaX Juisdl XpaHEHUS OHEPrUM — aKKyMyJIiaTopax |
CYNEPKOHACHCATOPAX, a TaKKXC TOIUIMBHBIX JJICMCHTAX, BblpaGaT])IBa}OLLII/IX QJICKTPOIHCPIUIO OT COCAMHCHUA
KHCJIOPOZA C BOJOPOIOM.

Ecnu rpadeHoBast peBosronysi MOWAET TAKMMH K€ CTPEMHUTENLHBIMH TEMIITaMH, TO MBI SIBUMCSI CBUJETEISIMU
HOBOTO BHUTKAa HAy4YHO-TEXHMUYECKOIO MpoOrpecca yx e B ITOM BEKe, a CTpaHa, KOTOpas MpPOSIBUT HHTEpPEC K
MPaKTHIECKOMY IPUMEHEHHUIO TpadeHa, CTaHeT BeAyIIeH TEXHHYECKON TepyKaBOM.

KuaroueBble ciaoBa: rpadeH, DIEKTPOHHBIE CBONCTBA, MEXaHHYECKHE CBOWCTBA, TCPMHUYECKHE CBOWCTBA,
XUMHUYECKUE CBOMCTBA.
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DETERMINATION OF THE GLASS TRANSITION
TEMPERATURE OF METHACRYLATE COPOLYMERS

Abstract. We have obtained a new synthetic copolymers based on methyl methacrylate (MMA) and butyl
methacrylate (BMA), with use of the dinitrile as an initiator of Azobisisobutyronitrile acid (AIBN). Hence, the
obtained results show the important role of the structure of the polymer melt at a specific temperature or heat
resistance intensive degradation of polymeric materials and other characteristics of the TGA. Heat resistance, as well
as a certain temperature loss of the samples depends on the chemical structure of polymers, expressed in terms of the
glass transition temperature, the compactness of the macromolecular coil in the copolymer, which is also determined
by the structure of the coil. The role of the latter in determining the thermal resistance decreases as the glass
transition temperature of the copolymer. It was found that the thermal degradation of butyl methacrylate copolymers
studied by the mechanism of copolymerization and decomposition side butyl substituent.

Keywords:_methyl methacrylate, butyl methacrylate, copolymers, differential scanning calorimetry (DSC),
thermo gravimetric analysis (TGA).

Introduction. Self-curing PMMA are materials formulated by the mixing of two-component, one
solid (powder) based on PMMA spherical beads and another liquid includes monomer and an initiator to
enable the polymerization reaction to occur at room temperature and a high level of heat being generated
during the exothermic reaction. In self-curing, the polymerization reaction of methacrylate monomers is
initiated by the activation reaction of BPO, with an amine accelerator at room temperature, which gives
free radicals for addition to monomer molecules [3]. A high level of heat being generated during the
exothermic reaction [1]. Authors [2] prepared copolymer latexes based on methyl methacrylate (MMA)
and butyl methacrylate (BMA) using macroradical initiator technique. Different ratios of acrylic
monomers were designed to investigate the effect of monomer compositions on physico-mechanical
properties of acrylic films for paint application. The results showed that, physico-mechanical properties
increased with increasing the ratio of MMA in the copolymer. The work was further extended to include
the application of the obtained copolymer latexes to make acrylic syrups containing varying content of
MMA-monomer to be self curing and modify physico-mechanical properties of paint solvent free.

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.

Synthesis and Characterization of Copolymer. The preparation of copolymer and the methods of
analysis (FT-IR and SEM) have been previously described [3]. DSC was carried out using a Perkin Elmer
Differential Scanning Calorimeter DSC. The samples were tested under N, atmosphere at a scanning rate
+ 20°C min"'. The thermal gravimetric analysis (TGA) was conducted on a TGA/SDTA 851e under
nitrogen flow.

Structure of Copolymers. The structure of the copolymer latexes based on methyl methacrylate
(MMA) and butyl methacrylate (BMA) is shown in figure 1.
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Figure 1 - General reaction for the synthesis of MMA/BMA copolymer [3]

The copolymer latexes were synthesized with different ratios (M1=10/90, M2=50/50 and M3=90/10
respectively) using azobisisobutyronitrile (AIBN) as free radical initiator. The properties of the prepared
copolymer latexes have been previously reported by authors [3]. The results showed that physico-
mechanical properties of the copolymer were increased by increasing the ratio of MMA in the copolymer
latexes.

Differential scanning calorimetry (DSC). This assumption confirmed by the results of differential
scanning calorimetry. DSC curves obtained are shown in figure 1 and in table 1.

Table 1 - Differential Scanning Calorimetry copolymer of MMA:BMA

[MMA-BMA] T, °C T, °C Temperature range, Lost mass % Residual PDTmax, °C
mol. % (a) (©) °C(c) (c) mass % (c) (c)
10-90 43.30 34.15 25-280 1,7 98,3 435
280-500 98,3 0
50-50 63.10 57.12 24-277 1,4 93,5 426
277-500 93,5 0
90-10 98.40 94.34 25-274 10 90 420
274-500 90 0
Note — a — Values from DSC Analysis
6 — Values determined by the Fox equation
¢ — Values derived from thermogravimetric analysis

Figure 2 shows a differential scanning calorimetry (DSC) of the studied samples. Seen from the
curves that the samples undergo transformations, there is no monotony and regularity of change DSK -
signal with increasing temperature. Therefore, we can assume that the melting copolymers requires
energy, which is reflected by a sharp decrease in the DSC signal. From the DSC data it follows that the
curve of the copolymer of MMA:BMA has an endothermic peak at 98°C, which corresponds to the glass
transition temperature. Then, from 100 to 200°C in all systems, probably no chemical reaction occurs, and
DSC - signal changes due to the removal of volatile impurities. The results obtained are in good agreement
with the known views on the mechanism of thermal transformations of methacrylates [4], DSC and TGA
data are in good agreement. Based on TGA and DSC data expansion process systems investigated under
the temperature can be divided into three areas:

I-10 to 250°C - an area resistant to aging;

II - from 325 to 425°C - region of rapid aging of the destruction of the copolymer;

111 - above 450°C - the area of destruction.

Decomposition MMA:BMA is mainly on the mechanism of copolymerization, and accompanied by
the destruction of lateral substituents of the methacrylate units in the copolymer can be expanded through
the destruction of the lateral ester groups.

Destructive flow starts at 250°C. In which the endothermic peak at 325°C indicates the gap of
methacrylate linkages and an exothermic peak area at 450°C — resulted by oxidation. Thus, copolymers
based on MMA: BMA possess high thermal stability and are more resistant to thermal degradation.
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Figure 2 - DSC curves for polymers MMA: BMA 10:90 (1), 50:50 (2), 90:10 (3)

Thermo gravimetric analysis (TGA). To study the thermo physical properties of the synthesized
copolymers and the starting reagents, studying these thermal properties by thermo gravimetric analysis
(TGA) [8, 9]. TGA results are presented in table 1 and figure 3.

In a first step (20...280°C) going destruction of oxygen-containing groups: the carbonyl and ether,
which is accompanied by mass loss of the sample 12, 5...13, 6 % (table 1). Intensive thermal destruction
corresponds to the interval 280-400°C, the loss of mass is 67, 5...68, 4 %.

Figure 3 shows the TGA - curves copolymer MMA: BMA, weight loss of the copolymer observed at
250°C, this is due to the loss and removal of volatile impurities. A loss of mass 10% observed at 225°C.
The rate of thermal-oxidative decomposition of the copolymer increases markedly with temperature
425°C. The endothermic effect at 325°C, in which 450°C becomes exothermic peak showing the thermal
oxidative degradation of the polymer [5, 6]. Over 450°C mass is removed and the remaining 20% of solid
residue (see figure 2). The total drop weight is 80%.

The glass transition temperature of copolymers obtained by radical copolymerization in the presence
of a dinitrile, Azobisisobutyronitrile acid, is higher than for the homopolymers, which indicates the
formation of block copolymers. To analyze the properties of the copolymers are selected in the two
monomers, which were used in the copolymerization reactions of methyl methacrylate (MMA), butyl
methacrylate (BMA).
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Figure 3 - The mass loss versus the temperature of copolymer.
Composition MMA: BMA 10:90 (1), 50:50 (2), 90:10 (3)

Copolymers based on these compounds are completely amorphous high molecular weight substances
which are easily formed in the block and suitable for thermal characteristics of study [7, 8].

The glass transition temperature of copolymers Tc calculated by the following equations.
1 W W, W

-1, 2.3

Tg Tg

where Tc — The glass transition temperature of the copolymer, Tg: and Tg, — two glass transition
temperatures of homopolymers and W, u W» - weight of the two repeat units in the copolymer.

In general, there is good agreement between the calculated and experimental values of Tc. When
using the experimental values of T¢ for homo polymers and substituting them into the equation in most
cases corresponds to the calculation experiment is somewhat improved. The calculated values of the
characteristics defined for the ideal polymer system.

Conclusion. Polyampholytic properties of cross linked copolymers of MMA: BMA, 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. Ionization 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.

MMA:BMA decomposition proceeds predominantly by the copolymerization mechanism, and is also
accompanied by the destruction of side substituents; some of the methacrylic units in the copolymer

decompose through the destruction of side ether groups.

1 T Tg
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METAKPUJIAT COIOJIMMEPJIEPIHIH
IIBIHBIJIAHY TEMIIEPATYPACBIH AHBIKTAY

Annoranus. JKympIc MakcaThl peTiHIe KaHBIKIIaFaH TYPJi METaKpri MOHOMEpI HeTi3iHAe jKaHa COIOINMED
CHHTE3IeIIIT anbIHAbL. JKaHa Typii KaTeiHacTarsl conomumepiep MMA-BMA cunTtesnenai sxoHe (HU3nKa-XUMHUSITBIK
KachueTTepi 3epTTei.

Herisri HoTmkenep:

— anram petr MMA-BMA Herisinae comonuMmepiep 0acTanksl KOCIagarbl MOHOMEPIIH TYpJIi KaThIHACTarbl
Maccana 00c paguKaIgbl CONOIMMEPIICHY 9/1iCi apKbUIBI CHHTE3EI];

— anpiaran conoiumep TI'T sxone JICK omici HeriziHie TepMHSJIBIK KacHeTTep KapacThIpbuiabl. Ochl
MOJIIMETTEp HeTi3iH/e IIbIHBUIaHY TeMIIEPaTyPachl aHBIKTAJIbI.

UIpabutany Temneparypachl (Tw) — monmuMepiepiiH MaHbI3bl MapaMeTpiHiH Oipi, MOJMMeEpJIepliH >KbUTy
CBIMBIMIIBIIBIK OJIIIEMI peTiHAe KEeHIPeK KOJAaHbuIaabl. byn omic yirinepai Oenrimi >KbUIIAMIBIKIICH KbI3IBIPY
OapbIchiHIa OONIHTEH JKbUIYy arbIHBIH ejueyre HerizgenreH. Ochbl XKbUTy arblHBl An(depeHIranibl CKaHepieyi
KOJIOPUMETPIIIK KOHIBIPFBIA Ka3buTagsl. COMONMMMEpIiH MIBIHBUIAHY TeMIepaTypachl OCBI MOHOMEpJEep HeETi3iHIe
aNbIHFAH JKeKeJereH romoronumep T, MOHIHIH apacklHAa Ooyaabl >KOHE COIMONMMEp KypaMblHOa Oenrimi Oip
MOHOMep OYBIHBIHBIH MeIIIepi Ken OoiyblHAa OailIaHBICTHI MOHI JKBUDKBIN OTHIpAAbl. [loMMMeTHIMETaKpHIATTHIH
(TIMMA) msiHBUIaHy TemmepaTypacsl 105-120°C, an momOy THIMETaKPUIATTHIH IIBIHBUIaHY TemrepaTypacsl 20°C
kepcerei. 3eprrenred MMA-BMA cononuMepiHiH HIBIHBIIAHY TEMIIEPaTypachl 0aCTarkpl MOHOMED KypaMbIH/IaFbl
MMA memmepi 90% (M3) Gomranma 98°C, an 50% (M2) kepcetkenne 63°C xome 10% (M1) Gomranma 43°C ten
exeHi aHpIKTaAnel. Cononumep KypambiHza MMA  MoHOMepiHiH Mediuepi ken OoOJFaH CalblH IIBIHBUIAHY
temrneparypacsl [IMMA nibIHBIIaHY TeMIlepaTypachlHa JKakbIHIai TyceTiHi Oalkanaabl. DOKC TeHaeyi apKbUIbI
aHBIKTAIFaH MOHI TOXIpUOETiK MOHMEH YKCACTHIFBIH aHFApyFa 00JIapbl.

Byn tepmorpasumerpusiblk Tangay (TI'T) — anddepennmanasl ckaHepreynl KalOpUMETPHSUIBIK Tajaay
CUSIKTBI KEHIHCH KOJIIAHBUIATBIH oMic Ooubin caHamaabl. OChI OMICIIEH YT MacCACBIHBIH HE MAacCCalbIK YIIECIHIH
TeMIIepaTypara HeMece YaKbITKa TOyell e3repicin emmenai. byn tangay TypakTel atMocepalblk KbIChIMIA JKOHE
25-5000C temmeparypaisik auana3oHsiHAa 1000 C / MUH KBUIIAMIBIKTAFBl Ta3 TOPI3Aec a30TTHI KOMAAHY apKbUIBI
skacanpl. JKyMbICTa 3epTTENTeH COMOIIMMEPIIEPAIH IECTPYKIMAFa YIIbIpay >KaFAailbl KOPCeTIIreH.

IMomumepaeri MOHOMepIEPIiH TYpIi KaThIHACHIHA OalTaHBICTHI IIBIHELIAY TeMiepaTypackl (Tw) yHeMI e3repim
otelpagsl. Ocbl monmMMepiep KaTThUIBIFBIH Ty, INBIHBUIAY TEMIIEPATYpachIMEH aHBIKTaWIbl, ofaH DOKCTBIH
SMIIMPHKAIBIK TEHACYIH KOJIaHy apKbUIbl TOMEHACTIACH ecenTey xKyprizingi.

OchIHzall TePMOKATTBUIAHFAH MONUMEpIIep YIUiH eCenTelNreH bHbuIay Temneparypacsl (T.) ynaipIiH COHFBI
Tw MoOHI emec, eHTKeHI MoJUMep Ti30eKTepl TIrUITeH cabiH OHBIH Ty TeMIlepaTypachl JKOFapIaWTBIHBIH €CKEpPY
KaXerT.

Cunrezgenred MMA-BMA  CBI3BIKTBI COIOJIMMEPIHIH TEPMOMEXAHHUKAIBIK KacHETTepl 3epTTeNii KoHe
Oacrankel peareHTTIH TepMHSUIBIK Kacuerrepidn TI'T apKpUIBI aHBIKTAay VIIH MOJIMETTep KOMaHbULabl. MMA
Oybiabl 10% (M1) Gonranga 25-280°C apalbIFbIHAA CONOIMMEP O0acTalKbl CalMarbIHBIH 1,7% »xoranrca, amr MMA
Gybibl 90% (M3) Gonranma 25-274°C temneparypa apansiFbinga 10% MaccachlH sKoFanTausl. bacrankel catbina
YJITT KYpaMbIHAAFbl JBIMKBUI, Cy, €PITKIII KOCTAJAPbIHBIH TEMIIEPAaTypachlH XOFapbhlIaTKaHAA, OJap JKbUIAaM
pibIpaiiael. An 280-500°C TeMnepaTypaniblk ayMakTa €KiHII PeT MaccachlH >KOFANTaAbl. AIIFAIKb] YATIEp KaJIbl
MaccanblH 98% MaccachlHaH aWbIPbIICA, COHFBI YIT1 Jkammbl MaccaHblH 90% xoranrtamel. ComonuMmepi
MakCHMalbl bigsIpay Temneparypackl aa (PDT) 435°C, 426°C, 420°C Ttemnepatypansl kepcetin, MMA OybIHEI
10%-man 90%-ra apTKaH caiiblH TOMEHACHTIHIH aHFapyra Oosazpl. MaKCHMaNIbIK BIABIPAY TEMIIEPATyPaChI
MOJMMEP KYPBUIBIMBIHA OalJIaHBICTHL. AJIBIHFAH HOTHIXKENEp JKYMbICTa KEJTIPUIreH METaKpHJIATTBIH ©3repiCiHiH
KBUTY MEXaHU3MJIEpiHe COMKec Kele.

Anpiaran momimertep Herizinme TIT »xone JICK OoifbiHIIA BIIbIpay YACpICIHIETT 3EpTTEIrCH JKyiHere
TeMmepaTypa acepi 3 aiiMakka kelecineii OeiHeTiHI aHBIKTAIIBI.

I — 10-man 250° C neiiin — To3yra kexepri aiimarsr; 11 — 325-ten 425° C neiiin — comomumep AeCTPyKIUACHIHBIH
Te3 103y aiimarsr; I11 — 450° C sxoraphl — NECTPYKIHS aliMarbl.

Tyidin ce3gep: METHIMETaKpiaT, OyTHIMETaKpHiaT, CONOJIHMEpIep, TUu(QepeHIHaNIsl CKaHepiey
kanopumetpusicsl (JJCK), repmorpasumerpusisik Tanaay (TTA).
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ONPEJEJEHUE TEMIIEPATYPBI CTEKJIOBAHUA
METAKPUJIATHBIX COITIOJIMMEPOB

AnHorauus. g 3Toi menn ObUT CHHTE3MPOBAH HOBBIM COMOJMMEP Ha OCHOBE PA3UYHBIX HEHACHIIICHHBIX
METaKpUIOBBIX MOHOMEpOB. CHHTE3MpOBAHEI HOBBIE COMOJIMMEPHI Pa3HBIX cooTHOIeHnii MMA-BMA 1 u3y4yeHsl
nX (U3UKO-XVMMHYECKHE CBOICTBA.

OCHOBHBIE PE3yJIbTATHI:

- Bmepeeie Ha ocHoBe MMA-BMA comoiauMeps!l ObLIH CHHTE3MPOBAaHBI METOAOM CBOOOIHO pPaaMKaIbHON
COIOJIMMEPHU3ANU MOHOMEpPA B HCXOJHOI CMECH B Pa3HBIX Maccax.

- TepMudeckue CBOWCTBA MOTYyUSHHOTO comoumepa O0butn u3ydensl metogoM TI'T u JICK. Ha ocHoBaHuM 3THX
JITaHHBIX ObUIA OIpe/esieHa TeMIIepaTypa CTeKJIOBaHUS.

Temmnepartypa crexnoBanus (Tc) sBIseTCS OJHUM M3 BaXXKHEHIINX MapaMeTpoB HOJIMMEPOB, KOTOPBIE LIMPOKO
UCIIOJIB3YIOTCSI B KaueCTBE KPUTEPHUS TEIUIOEMKOCTH IIOJIMMEPOB. JTOT METOJ OCHOBaH Ha M3MEPEHHH TEIUIOBBIX
MIOTOKOB, BBIJCISIEMBIX IIPW HarpeBaHUM oOOpA3LOB C OINPEIENICHHONH CKOPOCTbIO. JTOT TEIJIOBOW IIOTOK
peructpupyercst Ha Iu(QepeHIUanbHOM CKaHepe KoJopuMmerpa. TemmepaTypa TJIa3HpOBAaHUS COMOJIMMEpa
HaXOJUTCS MEXIY 3HAYCHUSIMUA MHANBUAYaJIbHOTO ToMornonumepa Tsh, moay4eHHOro Ha OCHOBE 3THX MOHOMEPOB, U
3Ta BETMYNHA BapbUPYETCS U3-32 OOJBIIOr0 KOJIMIECTBA KOHKPETHBIX MOHOMEPHBIX 3BEHBEB B COTIOJINMEPE.

BB110 06HAPYKEHO, YTO TEMIIEPATYPHI CTEKIIOBAHHUS HCCIENYeMOro conommepa MMA-BMA cocrasmsror 98°C
mpu 90% (M3), 63°C npu 50% (M2) u 43°C mpu 10% (M1). 3aMedeHO, YTO YeM BBIIE COAEPKAHUE MOHOMEPA
MMA B comomumepe, TeM Ommke Temmeparypa crexinoBanus kK [IMMA. BumHo, 9yTo 3Ha4eHUs, omperiessieMble
YpaBHCHHUEM CDOKC&, AHAJIOTMYHBI SKCIICPUMCHTAJIbHBIM 3HAYCHUAM.

Ortor TepmorpaBumerpuueckuii aHanu3 (TI'T) sBisiercs MIMPOKO HCIONB3YE€MBIM METOJOM, TaKUM Kak
mddepeHManbHblil CKAHUPYIOIUA KIOPUMETPUUECKHH aHallM3. JTOT METOJ M3MepsieT M3MEHEHHE MAacChl WM
MaccoBOil oau oOpa3na B 3aBHCHMMOCTH OT TEMIepaTypbl WJIM BpPEMEHH. OTOT aHaln3 ObUI BBINOJHEH C
UCII0JIb30BaHMEM T'a3000pa3HOrO a30Ta MPH IMOCTOSHHOM aTMOC(EPHOM JaBJICHUH U TEMIIEpaTypHOM HHTepBaie 25-
500°C co ckopoctbio 100° C / Mun. PaGoTa MOKa3sIBa€ET, 4TO U3YUEHHBIE COMIOJIUMEDPHI Pa3PyIIEHBL.

Temneparypa crexinoBanus (Tc) MOCTOSHHO MEHSIETCS W3-32 PA3IMYHBIX COOTHOLICHHWH MOHOMEPOB B
momuMepe. TBEpAOCTh ITHX MOIMMEPOB OIPENeNIeTCs TEeMIepaTypoil cTekinoBaHus Tc, 10 KOTOpOH OBLIH
BBITTOJTHEHBI CIEIYIOIINE PACUYETHI C UCIIOIb30BAaHUEM SMIIMPUIECKOT0 ypaBHeHUsI Pokca.

Paccunrannas temnepartypa creknoBanus (Tc) Ims TaKMX TEPMHUYECKHX INOJIMMEPOB HE SBISAETCS KOHEYHOU
BeNM4nHON TcC MieHKH, Tak Kak cleoyeT yYHTbhIBaTh, YTO MpPU CIIMBAHHM MOJIMMEPHBIX Ienel ee Temmeparypa Tc
YBEIMYUBACTCA.

TepMomexaHWuecKHe CBOWCTBA CHHTE3UPOBAHHOTO JIMHEWHOro cononmumepa MMA-BMA Obutd H3yudeHbl U
JaHHBIC 6I)IJ'II/I HCIIOJIB30BaHbl JJId ONMPEACIICHUSA TCPMUUYCCKUX CBOICTB HUCXOJHOro pe€arcHra ¢ HCIOJIb30BAHUEM
TI'T. Cononumep Tepsier 1,7% cBoelt HauanbHO Macchl B uHTEpBaie 25-2800°C B mapax MMA npu 10% (M1) u
tepsier 10% cBoell mMaccel B uHTepBaie Temmeparyp 25-2740°C B mapax MMA npu 90% (M3). Ha nauanbHOM
CTaJuH, KOTJa COJAEpXKaHWE Biarn B oOpasle, TeMIepaTypa cMeceld BOABI M PAacTBOPUTENS IOBBIIAIOTCS, OHU
ObICTpO pasmararorcs. A B TemmeparypHoM unTepBane 280-500°C Tepser Bec Bo BTOpoii pas. B To Bpems kak
mepBeie 00pa3ipl TepsoT 98% ot o0mmel Macchl, mocieaane oopasubl TepstoT 90% oT obmieit Maccel. MOXHO
BUJIETh, YTO MaKCHMallbHas TeMmeparypa pasnoxkeHus: comonauMepa (PDT) Takke ymeHbIIAeTcst ¢ yBEIWYEHHEM
Temmepatypsl oT 10% 1o 90%, uTo ykaseiaeT Ha Temueparypy 435°C, 426°C, 420°C. MakcumanbsHas TEMIEpaTypa
Pa3IOKEHUs 3aBUCUT OT CTPYKTYpbI moiauMmepa. [lomydeHHbIe pe3yabTaThl COOTBETCTBYIOT TEIJIOBBIM MEXaHHU3MaM
W3MEHEHHS METaKpuiIaTa, IPUBEACHHBIM B padorTe.

Ha ocnosanun nanaeix TI'A u JICK nporiece pa3noskeHus HcciaeyeMbIX CUCTEM MO IeHCTBUEM TeMIIepaTyphl
MOYKHO Pa3JIeNuTh Ha 3 o0yacTu:

I—or 10 10 250° C — 06nacTh, ycToiunBas K CTApEHHIO;

II - ot 325 10 425° C — 06m1acTh GBICTPOro CTapeH s C AECTPYKIMEN COIOIIMEPA;

I1I - Berme 450° C — 061acTh JECTPYKLIHH.

Pasnoxxenne MMA:BMA ujger mnpeuMyIIeCTBEHHO IO MEXaHU3MYy CONOJIMMEpH3allid, a TaKke
COIIPOBOXKIAETCS pa3pylICHNEM OOKOBBIX 3aMECTHTEINCH, YaCTh METAKPHUIIOBBIX 3BEHBEB B COIIOJIMMEPE Pa3siaracTcst
gepes pa3pyuieHne OOKOBBIX d(PUPHBIX TPYIIIL.

KiroueBble cj10Ba: METHIMETaKpwiIaT, OyTHIMETAaKpHIIaT, COMOJHMMEPHI, Kpacka, IUIEHKa, MPOYHOCTh Ha
pacTsbKeHHe, OTHOCUTENNBHOE YAJIMHEHNE TIPH Pa3pbiBe, TBepAoCcTb o Illopy.
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CARBOXYLATION OF HYDROXYARENES
WITH POTASSIUM ETHYL CARBONATE

Abstract. The influence of the conditions for carrying out the carboxylation reaction of phenol and its
derivatives (petrochemical products) with alkaline salts of alkylcarbonic acids (potassium ethyl carbonate), easily
synthesized from carbon dioxide, alcohols and alkaline metal hydroxides, was studied in order to develop new,
effective methods for producing practically valuable p-hydroxybenzoic acid and other hydroxybenzoic acids (a class
of compounds having a wide range of biologically active properties and other beneficial properties) is relevant and
timely. A new simple and convenient method for the synthesis of p-hydroxybenzoic acid by the reaction of phenol
carboxylation with potassium ethyl carbonate has been developed, which allows one to obtain the target product
without impurity of o-hydroxybenzoic acid. For the first time, optimal conditions were found for the regioselective p-
carboxylation of phenol (pressure of carbon dioxide, temperature and duration of the process) under which the yield
of p-hydroxybenzoic acid is 71,0%, and the effect of various substituents in the aromatic ring on the yield of the
target products of the carboxylation of phenol derivatives is determined sodium and potassium carbonates. The
influence of the nature of the alkyl groups of potassium alkyl carbonates on the carboxylation activity of the latter in
the phenol carboxylation reaction was determined. We have studied that temperature has a strong influence on the
direction of phenol carboxylation. When carrying out the reaction below 200°C, carboxylation proceeds to the o- and
p-positions with the formation of o-hydroxybenzoic and p- hydroxybenzoic acids; the o-isomer predominates (44,9-
66,7%). When carrying out the reaction above 200°C, only p-hydroxybenzoic acid is formed without an impurity of
o-hydroxybenzoic acid.

Key words: carboxylation, hydroxyarenes, hydroxybenzoic acid, carbon dioxide, potassium ethyl carbonate, p-
hydroxybenzoic acid.

Introduction. Carbon dioxide in the future may become one of the most important sources of carbon
raw materials for chemical synthesis [1,3]. Oil and coal reserves are gradually being depleted. After oil
and coal natural gas reserves will also run out. Carbon dioxide reserves are almost inexhaustible. The most
promising sources of CO,, as carbon raw materials can be waste gases of chemical industry enterprises
and power plants, as well as natural gas deposits, in some of the which the CO; content reaches 30%.
Carbon dioxide recovery in chemical synthesis is also of great environmental significance, since it is one
of the ways to reduce CO, emissions, the main component greenhouse gases into the atmosphere [2].

Use of carbon dioxide as a carbon source in organic synthesis is an urgent problem of modern organic
chemistry. The huge interest in this problem is evidenced by the ever-accelerating growth of scientific
publications on this subject. Analysis of the available data shows that carbon dioxide, contrary to popular
beliefs, is able to enter into various reactions. At the same time, a small number of CO, based reactions
have been implemented on an industrial scale, which is primarily due to the insufficient development of
carbon dioxide chemistry at the moment [4-6].

In the Republic of Kazakhstan, the development of petrochemistry is very acute. All three oil
refineries existing in the republic do not have the so-called petrochemical wing-petrochemical plants
based on petroleum hydrocarbons and carbon oxides. The country also has an acute issue of developing
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industrial fine organic synthesis to meet the needs of the population and the national economy in such
useful organic products as medicines, food preservatives, detergents, etc.

Oxybenzoic acids are widely used o-hydroxybenzoic acid (salicylic acid) and its derivatives exhibit
biological activity and are used as pharmaceuticals (aspirin, p-aminosalicylic acid, etc.) [8,9].
0-Oxybenzoic acid is used to obtain polymeric materials and liquid crystal polyesters with high heat
resistance [10,11].

The most common industrial method for the synthesis of hydroxybenzoic acids is carboxylation of
phenol with carbon dioxide under pressure (Kolbe — Schmidt reaction) [7,12,13]. One of the big
disadvantages of this method is the need for preliminary synthesis of dry sodium (potassium) phenolates,
which is associated with great experimental difficulties: distillation of water in a vacuum and the extreme
hygroscopicity of dry alkali metal phenolates [14-16]. In connection with the foregoing, it is of interest to
synthesize oxybenzoic acids that exclude the use of alkali metal phenolates. One of these methods is the
carboxylation of phenol with alkaline salts of alkyl carbonic acids.

It is known that in the Kolbe — Schmidt reaction, the use of potassium phenolate promotes the
formation of p-hydroxybenzoic acid [17-18]. In order to verify the effect of the nature of the alkaline
metal in the starting salts of carbonic esters on the direction of carboxylation, the phenol carboxylation
reaction with potassium ethyl carbonate was studied [19-20].

Experimental part. The reagents used were dry sodium and potassium carbonates, reactive phenol
by Sigma Aldrich. The experiments were carried out without the use of solvents in gaseous carbon
dioxide. The individuality of the synthesized products was determined by physicochemical constants (mp),
the study of mixed samples (absence of melting temperature depression) with pure reactive samples of the
reaction products, as well as according to IR and PMR spectroscopy. IR spectra were recorded on a
Nicolet 5700 single-beam infrared spectrometer of Thermo Electron Corporation (USA) in the region of
400-4000 cm "', NMR1H spectra were recorded on a Brucker DPX 400 instrument, operating frequency
300 MHz. Tetramethylsilane was used as the standard. The chemical used were dry potassium ethyl
carbonate, synthesized by reacting carbon dioxide with potassium ethyl carbonate as described in [20], and
phenol. The experiments were conducted in the solvent free mode in a medium of gaseous CO,. The IR
spectra were recorded on a Mattson SatelliteFTIR Fouriertransform IR spec trometer in the frequency
range of 4000-400 cm—1 and the NMR spectra were recorded on a Bruker DPX 400 instrument operating
at a frequency of 300 MHz.

Synthesis of salicylic acid. A glass reactor placed into a steel autoclave and equipped with a stirrer,
electric heating, and carbon dioxide gas inlet (outlet) fittings, was loaded with 2,3 g (0,025 mol) of phenol
and 3,46 g (0,027 mol) of potassium ethyl carbonate (reactants ratios was [phenol] : [potassium ethyl
carbonate] = 1 : 1,1); the autoclave was pressurized; purged twice with CO, to remove air and filled with
CO; to a pressure of 10 atm; after which stirring and heating were switched on. The reaction mixture was
heated to 215°C over 6 h (at a heating rate of 40°C/h) and held at this temperature and a CO; pressure of
10 atm for 5 h. After that, stirring and heating were stopped and the autoclave was cooled down to room
temperature. The reaction mixture was treated with water. The obtained aqueous solution was extracted
with ether to separate unreacted phenol. Unreacted phenol was recovered from the ether phase. The
product (p-hydroxybenzoic acid) was isolated by acidifying the aqueous phase with hydrochloric acid to
afford 2,46 g (71,0%) of p-hydroxybenzoic acid; melting temperature 203-205°C ; after recrystallization
(water) at melting point 214-216°C.

Synthesis of salicylic acid 7.05 g (0.075 mol) of phenol and 2.8 g (0.025 mol) of sodium ethyl
carbonate are charged into a glass liner placed in a steel autoclave equipped with a stirrer, electric heating
and the inlet (outlet) of carbon dioxide gas. The autoclave is sealed, flushed twice with carbon dioxide to
remove air, and then filled with carbon dioxide to a pressure of 10 atm, include stirring and heating. The
temperature of the reaction mixture is raised to 160 ° C over 4 hours, and at this temperature and a carbon
dioxide pressure of 10 atm, it is held for 1 hour. After this, stirring and heating are stopped, the autoclave
is cooled to room temperature. The reaction mixture is treated with water. The aqueous phase is extracted
with toluene to separate unreacted phenol. The reaction product (salicylic acid) is isolated by acidification
of the aqueous phase with hydrochloric acid. 3 g (86.0%) of salicylic acid are obtained; so pl. 154-155°C.

It should be noted that at present the properties of alkaline salts of alkyl carbonic acids have been
studied very little. They are difficult to clean white crystalline substances, extremely poorly soluble in
many organic solvents (ether, ethanol, acetone, benzene, etc.); they do not have a clear melting point:
when heated to 380-400° C, they slowly decompose without melting with the release of gaseous products.
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We also use potassium ethyl carbonate (as a carboxylating agent), synthesized by bubbling carbon
dioxide through a solution of potassium hydroxide in ethanol, for the fixation and storage / disposal of
carbon dioxide from industrial waste gases. The method for the synthesis of potassium alkyl carbonates
from potassium metal is quite convenient for their synthesis in laboratory conditions, it is not suitable for
industrial production due to the explosiveness of the mixture of hydrogen released at the stage of
production of alcoholates with air. In [21], a method was described for producing potassium ethylate by
the interaction of potassium hydroxide with ethanol in simple equipment that almost completely transfers
potassium hydroxide to potassium ethylate when using quicklime as a water-removing agent. Based on the
improvement of the method for producing potassium ethylate described in [21], we developed a simple
and convenient method for the synthesis of potassium and sodium ethylates from ethanol and the
corresponding sodium and potassium hydroxides (reaction 2) [22]. This reaction proceeds with the release
of water; therefore, quicklime was used as a dewatering agent to shift the equilibrium to the right.

MOH + C,HsOH —/—> C,H;OM + H,0 (2)

M = Na, K

Potassium ethylate is synthesized in two vessels interconnected with two tubes (flasks A and B), and
potassium ethylate is obtained from caustic potassium and ethanol in vessel A, and alcohol with quicklime
is drained in vessel B (Fig. 1). Both vessels are heated to a boil of ethanol. Vapors of alcohol and water
liberated during the reaction (azeotropic mixture) from vessel A flows into the refrigerator, condensate
from which flows through the alcohol gate to the second vessel B, where the wet alcohol is dried with
quicklime, after which the alcohol vapor flows through the other tube into vessel A, continuously bubbling
through an alcoholic solution of potassium hydroxide and potassium ethylate. The process is carried out
for 3-7 hours at a ratio of reagents [KOH]: [C,HsOH] = 1: 8.

The developed simple, industrially applicable method for the production of potassium and sodium
ethylates was used by us for the synthesis of potassium ethyl carbonate and sodium ethyl carbonate. The
latter are used as carboxylating reagents of hydroxyarenes for the synthesis of hydroxyaromatic acids.

Figure 1 - Installation for the synthesis of sodium ethoxide

A and B - reaction vessels (flasks) 1 - tube for distillation of the azeotropic mixture, 2 - refrigerator,
3 - calcium chloride tube, 4 - alcohol shutter, 5 - tube for distillation of dried alcohol, 6 - anti-expansion

Results and discussion. The effect of phenol carboxylation with potassium ethyl carbonate on the
course of the reaction and the yield of products was studied. The pressure of the gaseous medium (carbon
dioxide) of the reaction (T = 215°C, 1 = 7 h (6 h rise to 215°C + 1 h exposure at this temperature);
[phenol]: [potassium ethyl carbonate] = 1: 1,1) has a significant effect the output of p-hydroxybenzoic
acid; the optimal pressure of the gaseous medium is 25 atm. Under the same conditions, the influence of
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temperature (from 130 to 220°C) on the course of the phenol carboxylation reaction with potassium ethyl
carbonate at a CO» pressure of 25 atm was studied.

OH oK ] OH
+HCl
+ EtOC(0)OK ————> =T
25 atm, 4h
| Cook _| COOH
92 %
OH~ OH
0
v
RO” TONa “ONa
ROH

Figure 2 - The mechanism of the phenol carboxylation reaction with sodium and potassium ethylcarbonates

The following mechanism of the phenol carboxylation reaction with sodium and potassium ethyl
carbonates can be suggested (Scheme 1). Apparently, the reaction proceeds through the initial association
of metal alkyl carbonates through the oxygen of the carbonyl group with phenolic hydroxyl. Then, the
metal-alkyl carbonate molecule activated in this way electrophilically attacks the o-position of the starting
phenol with stabilization of the transition state by the formation of a six-membered ring. At lower
temperatures (<200° C), carboxylation to the o-position takes place both in the case of sodium alkyl
carbonate and potassium ethyl carbonate. At high temperatures (> 200° C) in the case of potassium ethyl
carbonate, due to the larger volume of potassium ion, stabilization due to the formation of an intermediate
six-membered state becomes impossible and carboxylation proceeds to a less spatially shielded p-position
with the formation of p-hydroxybenzoic acid.

OH

_0

“ONa
ROH

Scheme 1

Carboxylation at temperatures below 200°C occurs with the formation of salicylic acid. The highest
yield (78%) of salicylic acid is observed at 180°C. With a further increase in temperature to 195°C, the
yield of salicylic acid decreases to 45%, while the yield of p-hydroxybenzoic acid gradually increases to
20%. A subsequent increase in temperature leads to the formation of only p-hydroxybenzoic acid, the
maximum yield of which (92%) is observed at a temperature of 215°C; a further increase in temperature
decreases the yield of p-hydroxybenzoic acid, apparently due to a possible decarboxylation reaction.

Thus, a simple and convenient method for the synthesis of p-hydroxybenzoic acid by the reaction of
phenol carboxylation with potassium ethyl carbonate has been developed, which allows one to obtain the
target product without impurity of o-hydroxybenzoic acid. The optimal process conditions were found:
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Peo,=2.5MPa, T = 210°C, t = 7 hours, at which the yield of p-hydroxybenzoic acid is 71.0%. It should
be noted that all previously known methods for the synthesis of p-hydroxybenzoic acid are based on the
reaction of carboxylation of potassium phenolate with carbon dioxide (Kolbe-Schmidt synthesis), in which
a mixture of o- and p-isomers is always formed; in this case, as a rule, the main reaction product is o-
hydroxybenzoic acid.

The possibility of using alkaline salts of alkyl carbonic acids as a carboxylating reagent in the
carboxylation of hydroxyarenes became known after the appearance of I. Jones in 1958 about the
carboxylation of sodium phenol and potassium ethyl carbonate [26]. After that, starting in 1969, a number
of works by Japanese researchers [23—25] appeared on the use of alkaline salts of alkyl carbon acids for
the carboxylation of phenol and its derivatives.

The observed temperature dependence of the yield of phenol carboxylation reaction products with
potassium ethyl carbonate differs from that of phenol carboxylation reaction with sodium ethyl carbonate.
We believe that such a strong difference can be caused not only by the previously described [27, 28]
thermal rearrangement of the initially formed alkaline salt of salicylic acid to the salt of p-hydroxybenzoic
acid at high temperature. Apparently, here a certain role is played by both the nature of the alkali metal
(Na, K) in the initial salts of ethyl carbonic acid, and the mechanism of this reaction.

Conclusion. In summary, it has been shown that potassium ethyl carbonate can be used as a
carboxylating agent in the carboxylation reaction of phenol. It has been found that the carboxylation of
proceeds regioselectively with the formation of acid p-hydroxybenzoic acid. Optimum conditions for con
ducting this reaction have been found. The developed simple and convenient methods for the synthesis of
p-hydroxybenzoic acids can be used for their industrial manufacturing. Carboxylation of hydroxyarenes
(phenols and its derivatives) with alkali salts of alkyl carbon acids (metal alkyl carbonates) is a convenient
method for the synthesis of hydroxy aromatic acids. Since the appearance of the first report in this field in
1957 (I. Jones) to date, there have been relatively few publications on the carboxylation of organic
compounds with metal alkyl carbonates. The analysis of the known published data on the use of alkali
salts of alkylcarboxylic acids for carboxylation of hydroxyarenes shows the undoubted promise of the
method for the synthesis of hydroxyaromatic acids, which are widely used, by the carboxylation of
hydroxyarenes with metal alkyl carbonates.

®.M. Kananuena, H.7K. Kynaiioeprenos, M. Typcoinxankbi3bl, A.A. KypmaiieB
On-Qapabu areinarsl Kasak ynTTeIK yHEBEpcuTeTi, AnMaTsl, Kasakctan
KAJINI STUJIKAPBOHATHIMEH I'MJIPOKCHAPEHJIEP/II KAPBOKCUJIJEY

AnHoTtanusi. KeMipKpIIIKbUT ra3blHaH, CIIUPTTEH JKOHE CUITUIIK METaI THAPOKCUITEPIHEH OHAall CHHTE3/IENTeH
NKWIKapOOH KBIIIKBUIBIHBIH ~CUITLI  Ty3bIMEH (Kalui 3TWi1 KapOOHaTbl) (EHOT MeH TYbIHIBUIAPBIHBIH
KapOOKCHIIZICHY PEaKIMSICHIH KYPri3y JKaFJalbIHBIH ocepi 3epTreni. [I-ruapokcnOeH301 KBIIIKBLUIBIH JKOHE OacKa 1a
THUIPOKCUOCH30H KBIIKBUIIAPEIH (OMOIOTHSIIBIK OeJICeH Tl KacueTi MeH 0acka J1a maiaansl KACHETiHIH KeH CIIEKTpiHe
e KOCBUIBIC KJIACHI) OHIIPYNiH THIMII OmiCTepi ©3eKTi >KOHE MaHBI3AbI OOJNBIN caHamanbl. [ MIpOKCHOEH30i
KBIIIKBUTBIH CHHTE3CYIIH KEeTUIPUITeH o/ici KONTereH mapaMmeTpiiepai (KbICHIM, TEMIIepaTypa, PEakius yaKbITHI,
PEaKTHBTI 3aTTap KOMIIOHEHTTEPiHIH KaTBHIHACHI) OHTAMJIaHABIPYFa MYMKIHAIK Oepeni, Te3ipeK, jKeHUI JKoHe ap3aH
KOHE OHIM IIBIFBIMBIH KebOeWTemi. DeHoNAbl Kaauid 3TN KapOOHAaThIMEH KapOOKCHIIAEY PEeaKIHACHIMEH II-
THIPOKCHIIOCH30!M KBIIIKBUIBIH CHHTE3ACYIIH jKaHa KapanaibIM jKOHE BIHFAMIIBI 9JIiCi )Kacayapl, OJ MaKCaTThl OHIMI1
O-THAPOKCUIIOCH301 KBIIIKBIIBIH KOCHAChI3 allyFa MYMKIHIIK Oepeni. MakcaTka jKeTy YIIIH JKOHE ajFa KOWFaH
MIHJIETTEpAl LIeUly VIIIH KeJieCi TalchlpMajiap OpPBIHAANIbI THAPOKCHAPEH MEH OHBIH TYBIHIBUIAPBIH METaJll
ANKWIAI KapOOHATTAPMEH KapOOKCWIIZICHY pPEaKIUACHIHBIH OHTAMJIbI MapaMmerpiiepiH TalOy; Typii KbICBIMJA,
TeMIepaTypaja, peakius Y3aKThIFBIHAA XKOHE PEaKTUBTEP/IH TYpJi apaKkaThIHACHIHIA THAPOKCHAPCHICPIIH CUITLI
MKW KBIIIKBUT TY3BIMEH KapOOKCHIZCHY PEaKIUACHIHBIH HapaMeTpiIepiH 3epTTey. TeXHOIOTHSUIBIK YISPICTIH
OHTAMJIBI MapaMeTpiepiHe KOJI )KETKi3TeH/Ie MaKCaTThl ©HIM, THAPOKCHAPOMATHUKAIBIK KHIIIKBULIAPIBIH IIBIFEIMBI
apTazpl 1en OOJDKaHIbL.

Anramr  per (QCHONIOBIH PErHOCENEeKTHBTI  M-KapOOKCWIICHYIHIH OHTAaWIbl JKaFJaibl  aHBIKTAJIbIH
(KOMIpKBIIIKBIT Ta3bIHBIH KBICBIMBI, TEMIIEpaTypa »OHE YIEepiCTiH Y3aKTBIFRI), OyJl Ke3le N-THIAPOKCHOEH30i
KBIIKBUIBIHBIH MBIFBIMBL 71,0% Kypaiel, COHBIMEH Katap (peHONAB! TYBIHABUIAPIBIH KapOOKCHIIEHY MaKCaTThI
OHIMIepl IIBIFBIMBIHAA XOIIMICTI CAKWHAAAFBI TYPJIi aJMACTBIPFBINI 9CEepi HATPUM KOHE KaIMid KapOOoHATTaphI
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HeTi3iH/e aHBIKTanagsl. OeHon KapOOKCHIIeY peaKMACIHIAFbl KAIUH aNKIIAl KapOOHATTAPBIHBIH AJIKIJI TOTITaph
COHFBICHIHBIH, KapOOKCHIIZIeHY OeJiCeHTiriHe ocepi aHbIKTanbl. bi3 Temmeparypa (eHonablH KapOOKCHIIEHY
OarbIThIHA KATThI 9CEp €TETIHITH 3epTTenik. Peakuusuer 200 °C-TaH TOMEH KYpri3reHie KapOOKCHIACHY O- jKOHE
M-TIO3UIUSIIApa O-THIPOKCUOCH30# KOHE M-THAPOKCHOCH30M KBINIKBUIIAPBIHBIH TY3UTyl HETI3iHAC KYpe/i;
o-uzomep OackiMm  (44,9-66,7%). Peakmumsuer 200 °C-TaH KOFapbl TeMIleparypaaa KYpPrisreHae TeK
M-TUAPOKCHOCH30M KBIIIKBLIBI O-TUAPOKCHOCH30M KBIIIKBLUIBIH KOCIIACHI3 TY3€/I1.

KanmuitatuikapOoHar xoHE HATPHUATIIIKApOOHAT THAPOKCHAPCHICPHiH ((eHONIap MCH OHBIH TYBIHABLIAPEI)
THIMII  KapOOKCHIIIEYIIl peareHTTepi eKeHIIrl aHbBIKTanabl. [ uapokcnOeH3ol JkoHE ruApokcuHadTon
KBIIKBUTIAPBIH CHHTE3ICYIIH HET13T1 OHePKACINTIK TOCLIi OipKaTap KeMIIUTiTi 6ap KeMipTeri JHOKCUI KBICBIMBIMEH
(Koms6e-1IMunT peaknusichl) CUITLT METaAapAbIH THICTI (hEHOTATTApPEl MEH HA(TOMATTaPBIH KapOOKCHUIIIEY OOBITT
caHalabl.

T'unpoxcuapenaepain KapOOKCWIIEY PEeaKUUsACBIMEH THAPOKCHAPOMATHUKANBIK KBIIIKBIIIAPABl KOHE OHBIH
TYBIH/IBUIAPBIHBIH aJIKHJI KOMIP KbIIIKbUIBIHBIH CUITLIIK TY3bl apKbUIbI Iy IbIH 3€PTXaHAIBIK PErIaMeHT] d3ipJieH/l,
ol «MyHaWXUMUSUTBIK CHHTE3IEP» KYPCHI asiChIH/IA 3ePTXaHAJIBIK KOHE TOKIPHUOETIK )KYMBICTap/Abl JKYy3ere acsIpyaa,
conpaii-ak on-Papadbu areiHparel Kaz¥VY xumus  QakynbreTiHiH «OpraHukanblK —3aTTapblH  XUMHSIIBIK
TEXHOJIOTHSICH KOHE « MYHAMXUMUs» MaMaHIbIFbI OOMBIHINA TUTUIOM/IBIK KOHE MArHCTPIIIK jK00amapabl OpbIHIAY
Ke3iHJie OKy OaFqapiaMachiHia KOJIJaHyFa 00iabl.

Tyiiin ce3mep: kapOOKCHIIEy, THIPOKCHAPEHACP, THIPOKCHOCH30H KBIIIKBUIBI, KOMIPKBIIIKBUT Ta3bl, Kaaui
STHII KapOOHATHI, M-TUAPOKCHOCH30 KBIIIKBLTEL.

®.M. Kananuena, H.7K. Kynaiioeprenos, M. Typcoinxankbi3bl, A.A. Kypmaiies

®DaxyIpTET XUMHUH U XUMHUUECKOH TeXHOJOrHH, Kazaxckuil HAlMOHATBHBI YHHBEPCHTET
M. anb-Papabu, Anmatsel, Kazaxcran

KAPBOKCUJIMPOBAHUE I'HIPOKCUAPEHOB 3TUJIKAPBOHATOM KAJIUA

AnHOTanusi. V3ydeHo BIMSIHUME YCIIOBUH TpOBENEHMS peaklMu KapOOKCWIMpOBaHMS (eHoda U ero
MIPOM3BOJHBIX (IIPOJYKTOB HE()TEXMMHUH) LIETOYHBIMHU COJISIMH QJIKMIIKAPOOHOBBIX KUCIIOT (KajlMi STHIKapOOHAT),
JIETKO CHHTE3MPYEMbIX M3 JMOKCHAA YIJIEpOAad, CIUPTOB M THUAPOKCHJIOB ILNEIOYHBIX MeTauioB. DddeKkTHBHbIE
CHOCOOBI TIOJTyYEeHUS IPAKTHIECKN LIEHHON M-THIPOKCHOEH30HHON KHUCIIOTHI U JPYTHX THAPOKCUOCH30MHBIX KHUCIIOT
(xmacc coenuHEHHH, 00MaNAOIUX MIMPOKMM CIEKTPOM OHMOJIOTMYECKH aKTHBHBIX CBOMCTB M APYIUX IOJIE3HBIX
CBOWCTB) aKTyalbHBL. Pa3paboTaHHBIN crmoco® CHHTE3a THIPOKCHOCH30MHBIX KHCIOT IIO3BOJISET 3HAYUTEIHHO
ObIcTpee, MpoILE U JCIIEBIe ONTUMHU3HPOBATh OOJIBIIMHCTBO MAapaMETPOB (IABICHUE, TEMIIEpATypa, MPOIOIDKUTEIb-
HOCTb PEAKLUH, COOTHOLIEHHE KOMIIOHEHTOB pEarupyrooliux BELIECTB) M MAaKCHUMAaJIbHO YBEIWYHUTh BBIXOJ
npoaykToB. Pa3zpaboTaH HOBBIH MpocTOl M yAOOHBII METOA CHUHTE3a M-TUAPOKCHOCH30HOM KHCIIOTHI IO PeaKIuu
KapOOKCHIMpOBaHUS (DEHONA C ITHIKApOOHATOM KalHs, KOTOPBIH MO3BOJISAET IOJYYHUTh LEJIeBOH MPOIYKT Oe3
MPUMECH O-THIPOKCHOCH30MHON KHCIOTHL. J[Jisi MaKCHMaabHOIO MOCTHXKEHHUS LEIM M PACKPBITUSA MPoOJieM ObLIH
BBITIOJIHEHBI CJICAYIOMIME 3adavdd: HAXOXKIACHUC OINTUMAJIbHBIX MapaMETPOB IMPOBEACHUSA PCAKIINU Kap601<cy1m/1po—
BaHMs THAPOKCHAPEHOB M X NPOU3BOIHBIX METaJUIAJIKWIKapOoHaTtamu. VccienoBaHue mapameTpoB IPOBEICHUS
peakuuy KapOOKCHIMPOBAHUS THAPOKCHAPEHOB MIEJIOYHBIMH COJIIMH aJKHIIYTOJIBHBIX KHCJIOT IIPU Pa3IMYHbBIX
JIaBJICHUH, TEMIIEPATypPbl, MPOJODKUTENEHOCTH PEaKIM W IPH pa3HbIX COOTHOLIEHHsX peareHToB. Ilpm mocrtu-
JKEHUH ONTHUMAJBHBIX I1apaMETPOB IMpollecca OXMAACTCS MOBBIIIEHHE BBIXOAA LENEBBIX HPOJYKTOB — THIPOK-
CHAapOMaTHYECKHX KHCIIOT.

BriepBbie ObUTH HalileHBl ONTHMMAaJbHBIE YCIOBHS [UIS PErHOCENIEKTHBHOIO I-KapOOKCHIMpOBaHUS (eHoma
(maByeHHe IUOKCHIA YTJIEpoJa, TEMIIEPATypa W MPOAOJLKUTEIBHOCTD MPOLEcca), P KOTOPOM BBIXOA M-THAPOK-
cubeH30iHO# KucIoThl coctaBisieT 71,0%, a Taxke BIMAHUE PA3IHIHBIX 3aMECTHUTENICH B apOMaTHYECKOM KOJIBIE
10 BEIXOJY LIEJICBBIX NPOAYKTOB KapOOKCHIMPOBAaHUS (PEHOIBHBIX IPOM3BOIHBIX ONpelessieTcs KapOOHaThl HaTPHs
M Kajus. YCTAHOBJICHO BJIMSHUAE HPUPOIBI AJKUWIBHBIX TPYII AJKHIKAPOOHATOB Kalksl Ha KapOOKCHIIMPYIOIIYIO
AKTUBHOCTD IOCJICAHUX B pCaKUU Kap601<cy1m/1p03aﬂml (beHona. Mpl HU3Yy4YUJIM, YTO TEMIICpATypa CUJIIbHO BJIMACT Ha
HarpapieHue kapOokcuiupoBanust (enona. [lpu npoBexenun peakimun Hmwke 200 °C xapOOKCHIMpPOBaHHE
NPOTEKaeT B O- M P-TIOJIOKEHUSAX C OOpa3oBaHUEM O-TUAPOKCHOCH30MHOW W I-TUAPOKCHOCH30MHONW KHCIIOT;
npeobnanaer o-uzomep (44,9-66,7%). Ilpu mpoBeneHun peakiwm npu temmeparype Beime 200 °C obOpa3syercs
TOJIBKO TI-THAPOKCUOEH30MHAsl KUCI0Ta 0€3 IPUMECH O-THAPOKCUOEH30HHOM KHUCIIOTHI.

YCTaHOBIIEHO, YTO KANMHITHIKAPOOHAT M HATPHUIATHIKAPOOHAT SBISIOTCS 3(PGEKTUBHBIME KapOOKCHIMPYFO-
OIMMHA peareHTaMHu THAPOKCHApeHOB (()€HOJIOB M HMX NPOM3BOAHBIX). OCHOBHBIM IPOMBIIUIEHHBEIM CIIOCOO0OM
CHHTE3a THUAPOKCHOCH30MHBIX M THAPOKCHHAMTONHBIX KUCIOT SBIAETCS KapOOKCHJIMPOBAHUE COOTBETCTBYIOIIMX
(heHONIATOB ¥ HAPTOJIATOB ILENOYHBIX METAJUIOB IOJ] JaBJIEHHEM TUOKcHaa yriepoaa (peakuus Konwoe-IlImuara),
MMEIOIINH PSIZl CEPbE3HBIX HEIOCTATKOB.
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PazpaboTanu 1a60paTOpHBIN PETIAMEHT MOIYYEHHs THAPOKCHAPOMATHUECKUX KUCIOT peakiueld KapOoKCHiIn-
pPOBaHUS THUAPOKCHAPEHOB M HX IPOU3BOAHBIX ILENOYHBIMU COJSMM AIKHIYTOJBHBIX KHCJIOT, KOTOPBIA MOXKET
UCIIONIb30BaThCsl B YUEOHOW Iporpamme MpH peajn3aiuy JabopaTOpPHBIX M MPAKTUYEeCKUX padoT B paMKax Kypca
«Hedrexumuueckre CUHTE3BD, @ TAK)KE MPU BBINOJHEHHH JUIUIOMHBIX U MAarMCTEPCKHX MPOEKTOB IO CIIEIHab-
HOCTH «XWMHYECKasi TEXHOJIOTHsl opraHudeckux BemectB» u «Hedrexumus» xumunueckoro gaxynprera KasHY
uMm. anp-Papadu.

KiroueBble cjioBa: KapOOKCHIMPOBAaHHUE, THIPOKCHAPEHBI, THIPOKCHOEH301HasI KHCIIOTa, TUOKCH]L YIiepoaa,
STHIKapOOHAT Kalus, N-THAPOKCUOEH301Hast KUCIIOTA.
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EFFECTIVE CATALYSTS FOR THE SELECTIVE
RESTORATION OF AROMATIC MONO- AND DINITRO COMPOUNDS

Abstract. This article discusses the issues of catalytic reduction of aromatic nitro compounds to obtain valuable
intermediate and final products-aromatic amines. The most important method for producing amines from nitro
compounds is catalytic reduction with hydrogen on catalysts. The article describes in detail the choice of catalysts for
hydrogenation of nitro compounds at atmospheric and high hydrogen pressure. Studies of hydrogenation reactions of
aromatic nitro compounds on nickel, copper and iron catalysts are discussed. Hydrogenation of aromatic nitro
compounds on catalysts based on palladium, platinum, and rhodium deposited on various carriers, including
nanodiamonds, is considered. Catalysts based on supported palladium catalysts with copper additives showed high
selectivity in the hydrogenation of nitro groups in nitro compounds with functional groups; and with the addition of
platinum and rhodium, during the reduction of both nitro groups and the aromatic ring in nitrobenzene. In the works
on the use of nanodiamonds, it was found that catalysts based on platinum and palladium nanoparticles of 4-5 nm in
size, fixed on nanodiamonds, were highly active in liquid-phase hydrogenation reactions of nitro compounds under
mild conditions. The data described by the authors on theoretical issues and practical problems of catalytic
hydrogenation of aromatic nitro compounds are very relevant. The article is based on the analysis of domestic and
foreign literature and may be useful to specialists in the field of catalysis.

Keywords: aromatic nitro compounds, catalytic reduction, aromatic amines, selective catalysis, liquid-phase
hydrogenation.

Introduction. Nitro compounds are derivatives of hydrocarbons of the general formula R-NO;
having in their composition a nitro group directly linked to an aliphatic or aromatic radical. Depending on
the nature of the hydrocarbon radical “R”, nitro compounds are divided into aliphatic and aromatic. The
simplest representative of nitro compounds of the aliphatic series is nitromethane, chemical compound
with the formula CH3;-NO,. Aliphatic nitro compounds are divided into primary, secondary and tertiary.
Compounds containing several nitro groups, when heated or detonation decompose with an explosion,
therefore many of them found application as explosives. Nitro groups (especially in symmetric trinitro
compounds) greatly increase the ability of a carbon atom located in the ortho position to nitro groups to
oxidize. The most important property of the nitro group is its ability to be reduced to an amino group.
Amines find wide application in the production of various dyes, drugs, corrosion inhibitors, stabilizers,
polyurethanes, antiknock additives for gasolines and motor fuels and others [1-4]. Amines are organic
compounds that are derivatives of ammonia, in the molecule of which one, two or three hydrogen atoms
are replaced by hydrocarbon radicals. A typical representative of a number of aromatic amines is aniline.

In the last 30-40 years, the processes of catalytic reduction of aromatic nitro compounds by hydrogen
to amines have practically superseded all other methods for the production of aromatic amines in large-
tonnage plants.
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Catalysts for nitro compounds hydrogenation. One of the topical areas is the development and
investigation of highly efficient and selective catalysts for the hydrogenation of aromatic nitro compounds
to the corresponding amines, since amines find wide application in the production of various dyes, drugs,
corrosion inhibitors, stabilizers, polyurethanes, antiknock additives for gasolines and motor fuels and
others. The reduction of nitro compounds can be carried out in the presence of both homogeneous and
heterogeneous catalysts. Solid phase heterogeneous catalysts are widely used in industry. This is due to
the difficulty in isolating and regenerating a homogeneous catalyst. Heterogeneous hydrogenation
catalysts for aromatic nitro compounds [5] can be divided into the following groups: 1) catalysts
containing nickel, copper and noble metals, including blacks; 2) heterogeneous catalysts on a fiberglass
woven matrix; 3) heterogeneous catalysts on a metal-polymeric matrix. An important role as a part of the
catalyst is played by the carrier. Carriers for catalysts use various carbon carriers: activated carbon, carbon
fiber, nanodiamond, fullerene black, as well as various oxides such as Al,Os, SiO,, CaCOs; polymeric,
fiberglass and other matrices. Recently, carbon nanomaterials have been used as a catalyst carrier:
fullerenes and fullerene black, carbon nanotubes and nanofibres, nanodiamonds and graphene materials.
Particular interest is given to nanodiamonds (ND) and graphene-like materials. ND have unique
properties: high strength, high specific surface with different functional groups located on it, which can be
easily modified.

The hydrogenation of nitrobenzene is one of the model reactions for studying the activity of samples
of potential catalysts. Most studies of the reduction of nitro compounds, as shown by the analysis of
patents and literature data, are carried out using nickel catalysts [6]. The most common catalyst for the
reduction of various objects, including nitro compounds, is currently Raney nickel. Skeletal nickel catalyst
was developed by M. Raney in 1924-1925. Raney Nickel, obtained from alloys of Ni with Mg or Zn, has a
much lower catalytic activity in most reactions. The skeletal nickel catalyst has a structure of metallic
nickel with crystal sizes of 4-8 nm. It varies little with prolonged storage under a 1% solution of NaOH.
The magnitude of nickel crystals depends on the leaching temperature, increasing with the growth of the
latter. This is very important, since for each hydrogenated compound there is an optimal crystal size,
which, for example, for the reduction of NB is 5.9 nm, for phenol hydrogenation - 3.0 nm. The reactivity
of nickel is heavily influenced by leaching conditions, in particular temperature, which determine both the
activity of the surface and the strength of hydrogen retention.

The supported catalysts are widely used in processes with both a mobile and a stationary catalyst bed.
A very important role in their performance (running time, longevity, activity, mechanical strength, etc.) is
played by the nature of the carrier. The most common among the latter are silicon and aluminum oxides.
As in the production of Raney nickel, the production of supported nickel catalysts is determined by the
conditions of metal deposition, the reduction temperature of the catalyst, and the degree of saturation with
hydrogen. In the work [7], bimetallic Fe-Cu/SiO, systems were proposed for the process of liquid-phase
hydrogenation of p-dinitrobenzene to p-phenylenediamine.

Palladium is of particular interest for theoretical chemistry due to its position in the periodic table: it
is the only element with the electronic configuration d'’sp’, which can vary depending on the type of
chemical binding and determines the specific behavior of this metal. It was shown that catalysts based on
deposited palladium catalysts with copper additives have shown high selectivity in hydrogenation of
nitrogroups in nitro compounds with functional groups. Thus a catalyst with composition
Pd-Cu(9:1)/sibunit, Pd-Cu(8:2)/sibunit was active in a case of selective obtaining 4,4’-diaminostilbene-
2,2’-disulfonic acid (DAS) by hydrogenation of 4,4’-dinitrostilbene-2,2’-disulfonic acid (trans-DNS) in
water. DAS can be used to produce phosphorescent whiteners for fibers and paper. Catalysts based on
supported palladium catalysts with the addition of platinum and rhodium showed high selectivity during
hydrogenation during the reduction of both nitro groups and the aromatic ring in nitrobenzene using iso-
propanol and ethanol as solvents [2, 3, 8]. The role of palladium in catalytic reactions is largely
determined by the different structure of active sites on its surface. As is known, the first stage of catalytic
hydrogenation is the adsorption of hydrogen and substrates on the surface of the catalyst [9-12]. Regarding
the forms and methods of activating hydrogen on the active centers of hydrogenation catalysts in the
literature there are different viewpoints. The relative inertness of hydrogen is due to the high dissociation
energy of its molecule (432.9 kJxmol™"). The bond between the H, atoms can be weakened by donor-
acceptor coordination with a metal in which hydrogen can act as both a donor and an electron acceptor to
form charged particles of H,®" and H,*, whose dissociation energies (259.6 and 77.9 kJxmol”,
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respectively) is much lower than the dissociation energy of the H, molecule. On the metal surface there
are at least four hydrogen forms having different reactivity in liquid-phase hydrogenation processes:
weakly bound molecular H,**, as well as tightly atomic hydrogen: ionized H,*", H,* and unionized H
between which is set the adsorption equilibrium [13].

The values of adsorption, charges, binding energies and the ratio of different forms of hydrogen
depend both on the nature and dispersity of the catalyst, and on the nature of the solvent. In addition to
these forms, dissolved hydrogen is present in the volume of the metal, which penetrates into the crystal
lattice of palladium through sites adsorbing weakly bound molecular forms (adsorption heat of
7 kJxg-atom™). Calculation of the thermal effects of all stages of hydrogen sorption based on the results of
the microbalance experiment showed that the dissolution of hydrogen in palladium is energetically more
favorable (activation energy 15 kJxg-atom™) than its migration along the surface to centers with a higher
heat of adsorption (activation energy 55 kJxg-atom™). During dissolution, a multicenter bonding of
hydrogen to palladium can take place, in particular, in the case of the Pd/Al,Os catalyst, up to 5 hydrogen
atoms can be adsorbed on one Pd atom.

The behavior of palladium in catalytic processes is associated with different geometric structures of
the active centers of its surface. According to D.V. Sokolsky [5, 6, 13], hydrogen on the surface of metals
exists in a “predissociative form”, in which the H-metal bond is stronger than the H-H bond. The results of
quantum chemical calculations, which were carried out later, are consistent with this statement. The
choice of the optimum catalysis in the case of catalytic hydrogenation can be solved with its preliminary
electrochemical characteristics. The measurement of the potential of the catalyst immediately gives an
answer to the question of the type of reaction. Thanks to the application of electrochemical methods,
developed by the catalytic school of D.V. Sokolsky, it became possible to determine the concentrations of
reactants on the surface of catalysts during the reaction, of particular importance in the practice of
catalytic hydrogenation has been the application of these methods to powder catalysts. The method of
liquid hydrogenation is now one of the most developed methods in the theoretical and practical relation. In
contrast, the gas-phase reduction of aromatic nitro compounds requires the use of high temperatures to
ensure the evaporation of the nitro compounds. Solvent can influence both for the rate, and the reaction
mechanism. Rate of diffusion depends on viscosity of solvent. Rates of the chemical reactions can
sufficiently change depending on the solvent nature. A high degree of chemo-, regio-, stereoselectivity of
catalysts in the reactions of hydrogenation is very important. Catalysts based on metals of the platinum
group: metal black and supported catalysts have found wide application for the production of amines.
Catalytic systems based on platinum group metals deposited on various sorbents reveal higher activity and
stability than nickel catalysts. In the earliest works (50-70 years of XX century) the catalyst, regardless of
its composition, was used in amounts equal to or exceeding several times the amount of hydrogenated
nitro compound. It should be noted that the black metal due to their properties, did not find practical
application in the production of amines. At the same time, platinum metals deposited on various carriers,
even at low contents, show high activity and selectivity of action during the reduction of aromatic nitro
compounds.

Despite the high cost, the catalysts based on platinum group metals are widely used in the
hydrogenation of organic compounds, in particular, for the production of aromatic amines from the
corresponding nitro compounds. A special role in this is played by the catalysts of the platinum group
deposited on various carriers [8, 14]. The reduction of 3,4-dichloronitrobenzene in the presence of iridium
and platinum catalysts was studied and it was established that the limiting stage of the process is the step
of converting the corresponding arylhydroxylamine into an amino compound. The orders of the reaction
along the substrate and hydrogen are calculated, and the optimum process conditions are determined.

Platinum and palladium catalysts deposited on coal showed high activity and stability in the reduction
of nitrobenzene, nitroanilines, p- and o-nitrophenols and other nitro compounds with various substituents.
Palladium-containing catalysts differ significantly in properties from catalytic systems based on other
metals of the platinum group, as well as Ni or Cu. Pd-based catalysts are one of the most effective
catalytic systems for the hydrogenation of double (also conjugated) and triple bonds. In cases where it is
necessary to hydrogenate only nitro groups in aromatic nitro compounds, without affecting the double
bonds of the aromatic ring, it is necessary to use Pd-systems.

To improve the processes of organic and inorganic synthesis, catalysts based on rare-earth elements
are increasingly being used. Rare-earth elements are used as an active phase, promoting additives, and
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their oxides are used as a carrier. In some works [14, 15] it is pointed out that one of the directions of use
of rare and platinum metals is associated with the development of catalysts for various purposes. For
example, deep oil processing involves a variety of catalytic processes using Re, Pt, Pd-containing
catalysts. Hydrogenation in the liquid phase of nitrobenzene, o-nitroanisole, p-nitrotoluene, p-nitrophenol,
chloronitrobenzene, 1,3,5-trinitrobenzene in Pd and Pt catalysts with rare earth metal oxide additives was
studied. The highest process speed was detected using catalysts with additives Gd,Os, Tb,O3, Dy>0s. It
was found that the activity of 1% Pt/Gd,O; catalyst exceeds the activity of the catalyst 1% Pt/Al,O3 by
3.5 times, and the activity of 1% Pt/Sm,0Os catalyst is higher than the activity of 1% Pt/Al,O; by 3.2 times.
Authors found that the activity of platinum-based catalysts containing Eu,Os; and SmyO; in the
hydrogenation of nitrobenzene by a potentiometric method was studied. Analysis of the products of the
hydrogenation reaction of nitrobenzene on 1% Pt catalysts containing oxides of Eu,Os3, Sm>O3 and Al,O3
as carriers by gas-liquid chromatography showed the presence of only one product, aniline, which
indicates a high selectivity of hydrogenation. Metal-containing graphene materials proved to be
catalytically active, stable and selective in hydrogenation reactions. It is of interest to obtain Pd-containing
catalysts based on nanodiamonds and amine-functionalized graphite oxide and to study their catalytic
properties in model hydrogenation reactions of compounds with different chemical bonds (nitro group,
> C = C <and > C = N- bonds) and also to compare the obtained characteristics with the catalyst on
activated carbon prepared by a similar procedure. The Pt/TiO2/RGO catalyst in the hydrogenation of
nitrobenzene without a solvent showed high selectivity and activity (TOF = 59,000 h™') as compared to
Pt/TiO, and Pt/RGO in 2.6 and 1.7 times, respectively. In addition, the catalyst can be reused for six times
without loss of activity. The authors conclude that the catalyst structure is stable. In comparison, Pt/TiO;
catalytic activity decreases by about 40% already in the second cycle, but Pt/RGO retains good catalytic
activity after three cycles of use in hydrogenation. A study of the catalytic properties of Pt/NB and Pd/ND
(ND-nanodiamonds) in the hydrogenation of NB showed that the catalysts have high activity and stability,
as well as selectivity: aniline is the only reaction product (no by-products formed, which was confirmed
analysis of reaction mixtures by gas chromatography) [16-19] (fig.1). Physicochemical analyzes of
carriers (ND, activated carbon of M200 grade) and catalysts based on them (1 wt% Pd/Nd, 1 wt% Pd/C)
by SEM, energy dispersive X-ray spectroscopy (EDX) were carried out, as well as the XPS. The structure
of the used carriers was used by the SEM method: M20 activated carbon (fig.2a) and ND (fig.2b). In fig.
2b it is visible that the structure of ND represents fractal system with various size of separate grains
whereas the structure of activated carbon (fig.2a) consists of separate graphite flakes of various forms and
the sizes.
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Figure 1 - Velocity of hydrogenation reaction of nitrobenzene

Comparing the results of the analysis of catalysts, it can be stated that palladium fixed to ND does
not wash off during the reaction from the carrier, whereas, in the case of Pd/C, metal losses amounted to
almost 50% of the initial content. This may be the result of the participation of nitrogen-containing groups
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of ND (amino or amide) in the process of palladium fixation. Indeed, in the XPS spectra before and after
the reaction in the presence of Pd/ND the presence of nitrogen is fixed, while the Pd/C is not. In Pd/C part
of the metal (7-9%) is in places inaccessible to the reductant and therefore remains inactive. After the
reaction in both catalysts, the main peaks shift both Pdsds, and Pdsds, towards higher binding energies,
apparently due to partial oxidation of the metal centers by formation of surface complexes with charge
transfer from palladium to nitrobenzene. In addition, the nature of the carrier affects the binding energy of
the palladium electrons. In the case of ND, this value at Pdsds, level is 335.0 eV, whereas for coal it is
3353 eV.

Figure 2 - SEM image of activated carbon M200 (a) and ND (b)

Properties of 1 wt. % Pd/ND and 1 wt. % Pd/C were studied in the hydrogenation reactions of
nitrobenzene and its para-substituted analogues (p-nitroaniline, p-nitrophenol, p-nitrobenzoic acid), as
well as cyclohexene, hexene-1, allyl alcohol, acrylic, methacrylic, crotonic and cinnamic acids (fig.3). The
proposed substrates differ in the nature and location of the groups being reduced, which makes it possible
under comparable conditions to trace the influence of the nature of the catalyst on the kinetic parameters
of hydrogenation, and also to study the effect of the substituent in nitroarenes on the rate of reduction of
the NO, group. In the hydrogenation of nitrobenzene and its para-substituted analogs (p-nitroaniline,
p-nitrophenol, p-nitrobenzoic acid), 1 wt. % Pd/ND is more active than 1 wt. % Pd/C. Apparently, the
NO»-group is sterically more accessible for contact centers of the catalyst of 1 wt. % Pd/ND and worse for
catalyst 1 wt. % Pd/C, which can be explained by the strictly ordered nanoscale structure of ND in
comparison with activated carbon, in the structure of which there are pores of various diameters [20],
where, apparently, a part of palladium is fixed, thereby becoming inaccessible to the substrate molecules.
However, judging by the XPS data, the proportion of palladium that is not reduced does not exceed 7-9%.
The hydrogenation of nitrobenzene is most easily carried out for each of the catalysts.

RIONOQ—' _—I_I:(")'RI—ONHQ; R, =-H, -NH,, -OH, -COOF
- =0

H2 catalyst
CHQ:CH 'RQ . > CH3"‘CH2"’R2; R2 = -Cng. -CHQOH.. -COOH
CHj:(l‘."'COOH—— — CH3"(FH —COOH
CHy CHy
R3_CH=CH -COOH—— I R3_CH2_‘CH2“'COOH; R3 = -CH3_ -C6H5

Figure 3 - Scheme of substrate transformation in model hydrogenation reactions
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Conclusion. This article provides a brief overview of the studies of the catalytic reduction of aromatic
nitro compounds to the corresponding amines. Increasing attention of chemists is attracted by the
possibility of using nitro derivatives for the needs of industry and agriculture, both directly and as a
relatively cheap chemical material in the synthesis of various products with high applied value. A special
place among the chemical transformations of nitro compounds is occupied by the reduction reaction.
There is no need to dwell on the enormous industrial significance of this reaction in the aromatic series.
Studies of hydrogenation reactions of aromatic nitro compounds on nickel, copper and iron catalysts are
described. Hydrogenation of aromatic nitro compounds on catalysts based on palladium, platinum, and
rhodium deposited on various carriers, including nanodiamonds, is considered. Data interpretation was
carried out using materials published in domestic and foreign sources.
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APOMATTBI MOHO KOHE JUHUTPOKOCBIJIBICTAPAbI CEJIEKTUBTI
TOTBIKCBI3JJAHABIPY IbIH TUIMII KATAJIN3ATOPJIAPBI

AnHoTanusi. Makanazna apoMaTTbl HUTPO KOCBUIBICTAP/bl KaTAIU3MIK TOTHIKCHI3AAHABIPY apKbUIBI MaHBI3JIbI
apasblK JKOHE COHFBl OHIM — apaMOTaTThl aMUHJIEPAl ally KapacThIPbLIFaH. OPTYPIi alyaH CHUHTETHKAJIBIK OOSFBIII
(cyper, 0o0sily 6HEpKoCiOi, TaOWFM JKOHE CHUHTCTUKAJBIK TANIIBIKTApAsl 00syna), (HOTOXMMHUKAT, OTBIH
TYpaKTaH/BIPFBILI NI€H KOCIIa, jKaFapMaid, eCIMIIKTI XUMHSUIBIK KOPFay Kypajibl, CHHTETHKAJIBIK TaJIIBIK, COPOCHT,
JIOPLTIK 3aTTap/Ibl )KOHE T.0. ally OHIIPICIHIC KOFAphl PEAKIMUIBIK KaOlIeTiHe ColikeC apoMaTThl MOHO-, JIU - )KOHE
NOJMaMHUHAEP KeHIHEH KOJIaHbUIabl. AMMHI ajyAblH MaHbI3/bI )KOJIBIHBIH 0ipl — HUTPOKOCBUTBICTAP/Ib CYyTEKIICH
KaTaJM3aTop KaThICBIHA TOTHIKCHI3NaHAbIPpY. HUTpOKOCKUIBICTAp bl KaTaM3aiK TOThIKChI3nanabipyna KCPO, TM/]
ennepi, Peceit xone KazakcTan ranbiMuapbl yikeH yiiec KocTbl. Kasipri yakeitra kehibip enmepae TMJI-HbI Koca
aJFaH/a, HUTPOKOCHUIBICTAP/IbI EPITKIII KAaThICBIH/IA TOTHIKCHI3IaHIBIPY apKbUIbI aMHH aJly — HETI3r1 aficTep iy Oipi.
EpiTkimTepni KonmaHy HOTIKeciHAe Yaepic Oy ojiCiMEH Tuapiieyre KaparaHaa d>KeHUI jKaFaaiaa Kypenui.
HurtpokocsuibicTapapl  CYHWBIK  (ha3aga KaTadM3[OiK TOTBIKCHI3JAHIBIPFaHAA IIPOLECC TOMEH TeMIleparypana
KYPETIHIIKTEH SHEPrHsl )KYMCaITybl MEH XYHEHIH KONapbUIFBILITHIK Kayilci3airi ToMeHneii. AMUHIII OChI 9MliCTIeH
CHHTE3/Iey MaKcaTThl OHIMHIH SKOJIOTHSJIBIK Ta3a J>KOHE IIBIFBIMBI JKOFapel Oonaigsl. Makanaga CyTeKTiH
aTMocdepabIK JKoHE KOFapbl KbIChIMIIa HUTPOKOCBUIBICTAp/Ibl THAPJIEY YIIIH KaTalu3aTopIbl TaHAAYIbIH OapibIK
Moceesepl TONBIK Ka3bUlFaH. OpTYpJli TachIMalJarbluTapra (OHBIH INIHAE HaHoaiuMmasga 0ap) KOHABIPBUIFaH
najulaini, IUIaTHHA, POJAMH HETi3iHJAeri Karauu3aTrop/ia apoMaTThl HUTPOKOCHUIBICTAPIbl THAPIIEY Maceieci
KapacThIppUIFaH. MBIC KOCBUIFAaH KOHABIPBUIFAH TNaUIaJii  KaTajlu3aTopbl HETI3IHJAEri KaTajau3aTopiap
(DyHKUMOHAJABI TOI — HUTPOTONTHI THIpJEreHAe, all IUIATUHA JKOHE POIUM KOCHIHIBUIAPH — HUTPOOEH30JIIaFbl
HUTPOTONTHI JKOHE apoMaTThl CaKMHAHBI TOTHIKCBHI3AAHABIPYIA >KOFapbl CeNeKTHBTUIIK KkepceTti. JKywmbicTa
HaHOAJIMa3Fa KOHJBIPBUIFAH eJIeMi 4-5 HM TUIaTHHA JKOHE MaUIaAnid HAaHOOeJIIIEKTepl HeTi3iH/eri KaTaau3aropiap
KYMCaK Karaaia HUTPOKOCBUIBICTAPBI CYHBIK (Da3ana TUAPICY PEeakKIUsICHIHAA JKOFaphl OCICEHAUTIK KOPCEeTKEHI
aHBIKTaJIbl. MaKasa TaKkbIpbIObl FHUIBIMU KOHE KOJIAHOAIbl TYPFBIZAH 0Te KbI3BIKTHL. TeopHsUIIbIK Cypak OoWbIHINA
aJicopOIKsi, MOJIEKYJIaHBbIH PEaKUMUIBIK KaOlleTiH KBAaHTTBIK-XMMMSUIBIK TYPFBIAAH CHUIATTAy, TOTHIKCHI3aHy
MEXaHM3Mi, MEeTaIJJap/AblH JIEKTPOHIBIK KYii, apOMaTThl HUTPOKOCBUIBICTAPABIH ©3repy MPOLECiHIH XUMHU3MI KoHE
apoMaTThl HUTPOKOCBUIBICTAp/bl KaTAIM3IIK MAPJICYIiH HMPaKTHKaIbIK Macelenepi Typajibl aBTOPJIApAbIH jKa3FaH
MoalliMeTTepl eTe e3ekTi. Makana OTaHIbIK JKOHE INEeTeNIK 91eOHeTTepi Tangay Heri3iHze >Kas3blIFaH, COHBIMEH
Oipre XMMHSJIBIK KOHE XUMHSUIBIK-TEXHOJIOTHIIBIK MaMaH/BIFbIHIA OKUTBIH CTYJCHTTEpre, MarucTpaHTTapra,
JIOKTOpaHTTapFa, KaTalnu3 cajlaChIHAAFbl MaMaHAapFa naiansl 00Tyl MyMKIH.

Tyiiin ce3aep: apoMaTTbl HUTPOKOCBUIBICTAP, KAaTAIU3IIK TOTHIKCHI3IAHABIPY, apOMAaTThl aMUHJIEP, CEJICKTUBTI
KaTaus, CYHbIK (azana ruapiey.
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IOPDOEKTUBHBIE KATAJIN3ATOPBI
JJIs1 CEJIEKTUBHOI'O BOCCTAHOBJIEHUSI APOMATHYECKHX
MOHO- U JMUHUTPOCOEJUHEHUU

AHHoTanmsl. B 1aHHOM cTaThe paccMaTPHUBAIOTCS BOIPOCH! KATATUTHYECKOTO BOCCTAHOBIICHUS aPOMAaTHYECKUX
HUTPOCOSIUHEHU Ul MOJIydeHHs LICHHBIX IPOMEXKYTOYHBIX W KOHEYHBIX IPOLYKTOB — apOMaTHYECKUX AMHUHOB.
Apomarnueckue MOHO-, IU- W TOJMAaMHHBIL, OJarojaps WX BBICOKOW pEaKIMOHHOW CIIOCOOHOCTH, HIMPOKO
HCIOJIB3YIOTCA B IMPOU3BOJACTBE PA3JIMYHBIX COGJII/IHCHPIFII CHHTCTHYCCKUX KpaCI/ITeﬂeﬂ Ppa3JIMYHbIX OTTCHKOB (JIJ'IH
doTorpaduii, B JAKOKPACOYHON MPOMBIII-ICHHOCTH, JJIsI OKpPAIIUBAHKUS HATYPAIbHBIX U CUHTCTUYCCKUX BOJIOKOH),
(hOTOXMMHUKATOB, CTAOMJIM-3aTOPOB TOIUIMBA W IIOJYYEHUs IPUCAJIOK, CMA30YHBIX Macell, XMMHUYECKHX CPEICTB
3aIIUTHl PACTEHHH, CHHTETHYECKUX BOJIOKOH, COpPOEHTOB, JIEKAPCTBEHHBIX CpeACTB M T.A. Hamboiee BakHBIM
CII0cO0OM MOJTYYeHUs] aMHHOB M3 HUTPOCOCIAMHEHHH SBISETCS KaTAIUTHYECKOE BOCCTAHOBICHHE BOJOPOIOM Ha
KaTanu3aropax. boJpioil BKIag B M3yYeHHE KaTaJIUTHYECKOTO BOCCTAHOBIICHUSI HUTPOCOCIMHEHUI BHECIIH YYEHbIC
n3 CCCP, crpan CHI, Poccun n Ka3zaxcrana. B Hacrosimee BpeMsi B HEKOTOPBIX cTpaHax, Bkirouas CHI', metoxm
BOCCTAHOBJICHHSI HUTPOCOEANHEHUII B PACTBOPHUTENAX SBISECTCS OJHUM M3 OCHOBHBIX CIIOCOOOB IOTYyYEHHS aMHHOB.
brarogapst mpUMEHEHUIO PacTBOpHUTENEH, mpouecc MPOBOJUTCS B 0ojiee MATKUX YCIOBHSX, YeM HPH IapOBOM
Meroze TuapupoBaHus. Hcnonb3oBaHue >KHAKO(DA3HOTO KATaJIMTHYECKOI'O BOCCTAHOBIECHHS HHUTPOCOSIUHEHHUIT
IMO3BOJIACT IMPOBOAUTL MPOLCCC IMpPU AJOCTATOYHO HHU3KUX TEMIICpATypax, 4YTO IMPUBOJUT K 3HAYUTCIBHOMY
CHIDKEHUIO DHEpPro3aTpaT U B3PHIBOOMACHOCTH CHCTEMBI. OJTOT cHoco0 CHHTe3a aMUHOB sBIseTca Oonee
9KOJIOTUYECKN YUCTBIM, LEJICBLIC MPOAYKThI PEAKIINU, aMUHBI 06pa3y}OTC)I C A0CTAaTOYHO BBICOKHMMH BBIXOJJaMH. B
CTaThe MOJAPOOHO ONHMCAHBI BOIPOCHI BHIOOpPA KaTaIM3aTOPOB JUIl THIPHUPOBAHUS HUTPOCOSAWHEHUH NpHU
aTMoc()epHOM ¥ TOBBIIMICHHOM JaBJI€HHH BoJOponaa. ONMCHIBAIOTCS HCCIENOBaHMS pEaKIWH THAPHPOBAHUS
apOMaTHYEeCKUX HUTPOCOEAMHEHUH Ha HHKEJEBBIX, MEAHBIX M IKEJE3HbIX KaTranuzaTopax. PaccMoTrpeHo
THIPUPOBAHNE apOMAaTHYECKUX HHUTPOCOCAWHEHHMH Ha KaTalu3aTopax Ha OCHOBE NaJUIafus, IUIATHHBI, DPOJIHMS,
HAaHECEHHBIX Ha Pa3jIMYHble HOCHTEIH, BKIIIOYasi HaHOaiIMa3bl. KaTaim3aTopbl HA OCHOBE HAaHECEHHBIX MaUIaleBbIX
KaTalInu3aTopoB C J00aBKaMH MeIW II0OKAa3ald BBICOKYIO CEJICKTUBHOCTh IIPH THIPHUPOBAHHM HUTPOTPYII B
HUTPOCOEAUHEHUAX C (QDYHKIMOHAJIBHBIMH TPYNIIAMH, a ¢ 100aBKaMM IUIATHHBI M POJIUS — IPU BOCCTAHOBJICHUH U
HUTPOTPYNII, U apOMAaTHYECKOro Kojibla B HUTpoOeH3oie. B paboTax MO NPHMEHEHHIO HaHOAIMa3oB ObLIO
YCTaHOBJIEHO, YTO KaTAIW3aTOPbl HA OCHOBE HAHOYACTHII IUIATHHBI M NAJUIaUA pasMepoM 4-5 HM, 3aKpeIIeHHbIe Ha
HaHOa/IMa3ax, UMCJIN BBICOKYIO aKTUBHOCTDH B PCAKIHAX )KI/ILlKO(l)aSHOFO TUAPpUPOBAHUA HI/lTpOCOCLll/IHeHl/Iﬁ B MAT'KHX
YCI0BUAX. Tema crathu HUHTEpECHA U C Haquoﬂ, u npumauﬂoﬁ TOYCK 3pCHMUH. OmnucaHHble ABTOpaMU NAaHHBIC 110
TEOpPETHYECKUM BoIpocaM (aacopOuusi, KBaHTOBO-XUMHYECKOE OIMCAaHHE PEaKIMOHHOW CIIOCOOHOCTH MOJIEKY,
MEXaHHM3Mbl BOCCTAHOBJICHHS, 3JIEKTPOHHOE COCTOSIHIE METAJUIOB, XMMUSI IIPOIIECCOB MPEBPALIEHHs] apOMaTHIYECKUX
HUTPOCOEIMHEHHNH) M MPAaKTHUYECKUM NpoOJieMaM KaTaJMTHYECKOTO THIPHUPOBAHUS apOMaTHYECKHX HUTPOCOEIH-
HEHUH SIBIISFOTCS BeCbMa akTyalbHBIMH. CTaThsi COCTaBIE€HAa Ha OCHOBE aHaIM3a OTEYSCTBEHHOH W 3apyOeKHOI
JIMTEPATYPBI H MOXKET OBITh MOJIE3HA CIICHUATIMCTaM B 00JIACTH KaTalu3a M CTyJCHTaM, JOKTOPaHTaM, 00y4atomuMest
10 CHEIUATEHOCTSM XUMUYECKOTO ¥ XUMUKO-TEXHOJIOTHYECKOTO TPOQHIIA.

KnroueBble c10Ba: apoMaTHYeCKHe HHUTPOCOSIMHEHHUS, KAaTAIUTHYECKOE BOCCTAHOBJIIEHHE, apOMAaTHYECKHE
AMHUHBI, CEIEKTUBHBIA KaTalIu3, )KUIKO(Da3HOE THAPUPOBAHUE.
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BIMETALLIC Co-Pd CATALYSTS FOR DRY
AND BIREFORMING OF METHANE

Abstract. Carbon dioxide reforming of methane represents a promising method to effectively convert both
greenhouse gases — CH4 and CO; into valuable energy resources via syngas. Adding steam to a feed allow to adjust
syngas composition that is important for its following application. This work considers the bimetallic Co-based
catalyst modified with additive of noble metal — Pd and supported on alumina tested in the dry (DRM) and combined
steam-dry (CSDR) reforming so-called bireforming of methane (BRM) to produce synthesis gas with a controllable
ratio of Ho/CO. The addition of small amount of noble metal (2-5% from total metal mass) to the Co-based catalyst
caused an increase in efficiency of the catalyst in the both processes. The bimetallic 5%Co-Pd/AlLO; catalyst
revealed the high stable activity and selectivity during its long-term continuous testing. Thus, in BRM the extent of
conversion of CH4 and CO; are 93 and 84% respectively at t = 700°C, CH4:CO2:H,O = 1:1:0.5 under atmospheric
pressure. No losses of activity and selectivity of the 5%Co-Pd(4.9:0.1)/A,O3 catalyst were observed during for
100 hours of its continuous operation. The catalysts were characterized by BET, SEM, TEM, and TPR methods. The
catalysts studied can be considered as a prospective base to develop the effective catalysts for methane conversion
into valuable syngas with controllable ratio.

Key words: Dry Reforming of Methane, Bireforming of Methane, Syngas, Bimetallic Co-Pd supported
catalysts.

1. Introduction. It is known that the reserves of dominantly used fossil fuel (crude oil) are depleting.
On the other hand, natural gas, which is primarily composed of methane, is expected to last longer than oil
reserves. Current industrial processes utilize methane as a main feedstock for converting it to the valuable
synthesis gas (syngas, a mixture of CO and H») which is further used in diverse downstream processes,
such as production of oxygenated compounds, methanol synthesis, Fischer-Tropsch (FT) synthesis for
production of liquid hydrocarbons and numerous other carbonylation and hydrogenation or reduction
processes [1-2].

The most common methane reforming processes for hydrogen production are known as: “steam
reforming (SRM)”, “partial oxidation (POM)”, “dry reforming (DRM)” or combination of the exothermic
POM process with endothermic ones — SRM or DRM “autothermal reforming (ATR)” and are still
developed [2-9]. All processes represent itself oxidative reactions that collectively named in the literature
as oxyforming processes [10].

In various reforming processes, biogas can be used as a methane source, which directly depends on its
composition. In general, syngas and H, from syngas can be produced by methane or biogas reforming in a
wide temperature range of 600-1000°C (endothermic and reversible reactions), involving predominantly
catalytic processes that are often combined. Both reforming processes can be performed under low
pressure (in most cases under atmospheric pressure) in tubular fixed-bed or fluidized reactors [11-13].
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In DRM and SRM, methane, the most abundant hydrocarbon, is reformed through the reactions (1)-
(4) to Hz, CO and CO,. These reactions take place catalytically at temperatures as high as 800 °C for
satisfactory methane conversion [1, 14-15].

CH, + CO, <> 2CO + 2H, AH® 0= 247.3 kJ mol ™! (Eq. 1)
CH, + H,0 <> CO + 3H, AH®05 = 206.1 kJ/mol (Eq. 2)
CO + H,0 «> CO, + Hy AH®05 = -41.17 kJ/mol (Eq. 3)
CH, + 2H,0 < CO, + 4H, AH®05 = 165.0 kJ/mol (Eq. 4)

Although SRM producing CO and H, (Eq. 2) has great energy expenditure, this is the most
widespread industrial route to obtain H». The Ho/CO ratio produced in SRM is equal to three, therefore
this way is the most appropriate one from the H, generation point of view [11]. The Water-Gas Shift
Reaction, commonly known as “Shift Reaction” (Eq. 3), occurring in DRM and SRM processes enables to
produce an additional amount of H,. Equation 4 shows the reaction of methane SR associated with the
Shift Reaction [2, 11, 16-17].

Currently, a combination of SR with DR of methane has attracted much attention. The H,/CO product
ratio can be controlled by changing the H,O/CO, ratio in the reaction feed [18-19], thus it is feasible to
produce synthesis gas with the H,/CO ratio of about 2, which is suitable for the methanol and Fisher—
Tropsch syntheses [1-2]. Addition of steam to the feed has some practical benefits over CH4 reforming
with CO; alone: (i) the carbon formation is reduced because of the oxidation of carbonaceous species, and
(i) syngas with a broader range of H»/CO ratios can be produced by alteration of the relative
concentrations of steam and CO; in feed stream based on the final FT products [1-2, 18-19].

Transition metals such as Ni, Pt, Rh or Pd possess the catalytic activity in SRM, among them the Ni
catalysts have the advantage of having lower costs. On the other hand, Ni has greater deactivation
susceptibility by the coke formation due to the high temperatures used, which makes the Pt and Pd
catalysts interesting with regards to stability. The most active catalysts for DRM, reported in literature, are
those that use the transition metals of the group 8 of the Periodic Table, particularly Pt, Rh, and Ru. These
metals have been used as catalysts for the DRM because of their excellent catalytic reactivity and anti-
coking property [7-8]. However, these metals are expensive and less abundant and are therefore not
suitable for commercial applications. More affordable transition metals such as Ni and Co have been
studied as alternative catalysts for the DRM because of their low cost and good catalytic performance [20-
21]. Addition of noble metals in small amount can be used to enhance the catalyst stability.

Earlier we have studied the 5%Co-Pd system supported on alumina demonstrated activity in dry
conversion of methane with producing syngas and oxygenates under elevated pressure and relatively low
temperature [22]. Interaction in a bimetallic Co-Pd system supported on a solid support material can play
an important role in determining the catalytic performance to achieve high effective catalysts for syngas
production either by dry or combined dry-steam reforming of methane. In this paper we report the
experimental results on testing the bimetallic Co-based alumina supported catalyst modified with a low
amount of noble metal — Pd (2-5% from total metal content) in DRM and BRM.

2. Experimental. The bimetallic 5%Co-Pd/Al,Os catalysts were synthesized by co-impregnation
method and tested in dry and combined dry-steam reforming of methane. The total content of Co and Pd
metals was equal to 5% of the catalyst mass. Ratio of Co:Pd is varied from 98:2 to 95:5 that corresponds
to 4.75+4.9/0.1+0.25 mas.%. The processes were carried out in a tubing quartz reactor equipped with a
heating furnace, a syringe pump, and mass flow controllers. Prior to the reaction, the catalyst sample in the
amount of 6 ml was loaded into the reactor and pretreated by H» at 300°C for 1 h.

Testing the catalysts in DRM, CSDRM and SRM have been carried out using a feed —
CH4:CO,:H,0=1/0+1/0.5+1, varying temperature within 300-800°C, Pam and gas hourly space velocity
(GHSV) varying within 1000-2000 h™'. “Pure” feed without diluting by inert gas have been used. The
duration of each test under the certain conditions (temperature, feed ratio, and GHSV) was 10-12 hours.
With an aim to determine the catalyst stability, the continuous long-term test of the catalyst 100 hours was
carried out in bireforming of methane, because of it has high level conversion of methane.

Initial and final gas products were analyzed using on-line the GCs with a TCD (Chromatek-Krystall-
5000 and Chromatek-Gazochrom-2000 using columns: Hayesep N, NaX, CaX and activated carbon;
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carrier gases are Ar and air). The CHs and CO; conversion and H»/CO ratio were calculated using the
following formulas (1-3):

CHulin—|CH4lou
X(CH,) = % x 100 (1)
_ [Coz]in_[coz]out 1 2
X(C0y) = 12Tl x 100 )
H2 — [Hz]out
/co = [COlout 3)

where X(CHy) is conversion of methane (%), X(CO,) is conversion of carbon dioxide (%).

The conversion of water was not calculated because of the difficulties in differentiating unreacted
water and water formed by the secondary reaction. The yields of the reaction products, hydrogen (Y(H.))
and carbon oxide (Y(CO)), expressed in micromoles formed by 1 gram of the catalyst per second
(umol/g/s) were calculated, and thus selectivity and productivity of the catalyst were assessed and
compared.

To understand the effects of the reaction feed and process conditions on the catalyst characteristics,
the physico-chemical properties of the catalysts were characterized by BET, SEM, TEM, and TPR
methods before and after reaction.

3. Results and discussion

3.1 Catalyst characterization

XRD analysis of fresh and spent samples of 5%Co-Pd/Al>O; catalysts did not reveal phases except
v-alumina characterized by reflexes of 1.39, 1.98 and 2.42 (ASTM 10-425). This can be caused by a high
dispersion of the metal phase and/or their X-Ray amorphous state. The TEM analysis confirmed the high
dispersion of metallic particles: their sizes were less than 3 nm. No sintering of the particles was observed
after the catalyst operation.

The BET surface area of the 5%Co-Pd(4.9:1)/Al,0; catalyst was markedly decreased from 159.1 to
89.3 m%/g after its long-term operation in both DRM and BRM processes. One of the possible reasons for
this may be the presence of the residual reaction products adsorbed on the catalyst surface, which was not
treated after testing and prior BET study.

The addition of a noble metal, Pd, has a significant effect on the reducibility of cobalt oxides. This has
been demonstrated by means of TPR-study. Figure 1 shows the effect of Pd additive on Co reduction.
There is a two-step reduction via Co3;04—CoO—Co° as it was proposed earlier for a similar Co-based
catalyst [23]. It is clear from Figure 1 that the reduction temperatures of the Co oxides are significantly
shifted to lower values. The shift is enhanced with increase in Pd amount. Thus, the first and second peaks
corresponding to the reduction of Co304 and CoO respectively are shifted in the following sequence of
230 — 210 — 190°C and 410 — 380 — 328°C, respectively, while the Pd content is increased from 0.25
to 1.5 mas.% (figure 1).

=

3

Hydrogen consumption

Temperature, °C

Figure 1 — H2-TPR profiles of the 5%Co-Pd/A120; catalysts with varying content of Pd:
1= Co-Pd(3.5:1.5); 2 — Co-Pd (4.5:0.5); 3 — Co-Pd(4.75:0.25)
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3.2 Catalyst test

The Co-containing alumina supported bimetallic catalysts — 5%Co-Pd/Al,O3 were examined in dry
(DRM) and bireforming (BRM) of methane. Due to the highly endothermic nature of reforming reactions
(Egs.1-2), the temperature has the most significant effect on methane reforming. Conversion CH4 and CO;
as well as yields of H, and CO in DRM and BRM as a function of temperature are exhibited in figures
2 and 3, respectively. In DRM, the yields of hydrogen and carbon oxide are grown with increase in
temperature and are almost the same over the entire temperature range studied. Their values reach 15.03
and 15.3 umol/g-s respectively at 700°C (figure 2). Whereas in BRM under the same conditions: t=700°C
and ratio C/O=1 in a feed the yield of hydrogen is slightly higher — 15.5 and Y(CO) decreases to 11.1
umol/g-s (figure 3). These results may be explained by lower content of C and higher H in a feed:
CH4:CO2=1:1 (DRM) and CH4:CO,:H,0=1:0.5:0.5 (BRM). Accordingly, the ratio of H,/CO is higher in
BRM - 1.4 in contrast to DRM — 1.0. Extents of methane and carbon dioxide conversion are 82.7 and
85.6% and 91.1 and 78.3% in DRM and BRM, respectively. Enhanced conversion of CO; is caused by its
twice lower content in the BRM feed.

100 1 —m=X(CH4) - 40

0 | —e=X(CO2) F 35
—de—Y (H2) 30 2
s 60 - -2 2
X —e—X(CO) I
< 40 - s B
20 - - 10 >

-5

O T T T O

350 450 550 650 750 850
t, °C

Figure 2 — Effect of the temperature on the DRM over 5%Co-Pd(4.9:0.1)/Al203 under P=1 atm,
CH4:CO2=1:1, GHSV=1000 h!
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= —e—Y(CO) - 202
<40 - =]
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Figure 3 — Effect of the temperature on the BRM over 5%Co-Pd(4.9:0.1)/Al203 under P=1 atm,
CH4:C0O2:H20=1:0.5:0.5, GHSV=1000 h"!

The 5%Co0-Pd(4.9:0.1)/Al,03 has been long-term tested in BRM in order to determine the catalyst
stability. During 100 hours of testing, the catalyst retained its activity: X(CH4)=93 and X(CO;) =~84% on
average and produced syngas with the same yield and consequently selectivity: Y(H») =18.5 and
Y(CO)=15.4 pmol/g*s under the following conditions: CH4:CO,:H,0=1:1:0.5, P=0.1 MPa, T=700°C,
GHSV=1250 h™' (Fig.4). The ratio of Hy/CO=1.2.
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Figure 4 — Effect of time on stream on BRM over the 5%Co-Pd(4.9:0.1)/Al203 catalyst under P=1 atm,
CH4:CO2:H20=1:1:0.5, GHSV=1250 h"!, t=700°C

In table 1, the comparison of DRM and BRM is presented at varying ratios of reagents (CHs, COs,
H,0) in a feed. In terms of high methane conversion and hydrogen yield, the content of both O and H in a
reagent mix should be higher. Both CO, and H»O facilitate carbon removal from the catalyst surface.

Table 1 — Effect of feed composition on methane conversion and yield
of products over 5%Co-Pd(4.9:0.1)/Al205 catalyst under P=1 atm and t=700°C

Process Feed: ratio, vol. Conversion, % Yield, pmol/g*s Ratio of
H»/CO
reagents C/O/H o/C H/C CH4 CO2 H CcO
DRM CH4:CO2=1:1 2/2/4 1 2 82.7 85.6 15.03 15.3 ~1
BRM CH4:C0O2:H20=1:0.5:0.5 1.5/1.5/5 1 33 78.3 91.1 15.5 11.1 1.4
BRM CH4:CO2:H20=1:1:0.5 2/2.5/5 1.25 2.5 93 84 18.5 15.4 1.2

The synthesized Co-Pd/Al,O; catalysts have showed the high activity and stability in methane
reforming. The high activity of the bimetallic catalysts is the result of the Co-Pd interaction demonstrated
by H,-TPR. Addition of Pd facilitates Co reproducibility. As well as metal-metal and metal-support
interaction can prevent the sintering of small metal species into big particles and the coke formation. No
visible coke formation was observed after long-term testing of the catalyst. No coke and metal sintering
were revealed by TEM-study too.

Conclusions. The bimetallic 5%Co-Pd/Al,O; catalysts with small amount of Pd — 0.1-0.25 mas.%
have performed the high stable activity and selectivity in reforming of methane under atmospheric
pressure and elevated temperatures producing syngas with H,/CO ratio varied depending on the feed
composition. Conversion of CHs and CO, is varied within 78-93% at 700°C. No loss of activity and
selectivity of the 5%Co-Pd(4.9:0.1)/Al,0; catalyst was observed during for 100 hours of its continuous
operation.

The addition of Pd to the Co-based catalyst is accompanied with formation of the high dispersed state
of metals as well as increasing in Co reducibility due to the Co-Pd interaction. In summary, the Co-Pd
systems studied can be considered as a prospective base to develop the effective catalysts for methane
conversion into valuable syngas with controllable ratio by regulating steam content in an initial feed
CH43C023H20.

Acknowledgement: This research was supported by the Ministry of Education and Science of the
Republic of Kazakhstan, the Program # BR05236739 MES RK.
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METAHHBIH CYCbI3 )KOHE BUPE®@OPMUHI'THE APHAJIFAH
BUMETAJLABI Co-Pd KATAJIU3ATOPJIAP

AHHOTaUMA. MeTaHHBIH KOMIipKBIIIKBUIIBI KOHBepiieHyi KocmapHukTi ras3nael (CHs sxone CO;) cuHTE3-ra3
apKBUIBI OaFralibl SHEPTHS pecypcTapblHa afHABIPATHIH OOIamarsl 30p THIMAI o tic 00bI caHanaasl. [1lukizaTka cy
OyBIHBIH KOCBUTYBI CHHTE3-T'a3/Ibl AJIIaFbl YaKbITTa KOJIJAaHYa MaHbI3/Ibl KYPaMbIHBIH PETTeNyiHe MYMKIHAIK Oepei,
COHBIMEH KaTap KOKC Ty3uriciH Temenaeremi. by symbic Pd aceur metamn yieci Herizinme moauduiupiacares Co
KypaMpl OMMeTal[bl KaTaln3aToPAbl METaHHBIH KOMIPKBIIIKbUIAB! (Cych3 pudopmunri) xoHe Ho/CO KaThIHACHI-
HBIH pETTellyi HeTi3iH/e CHHTE3-Ta3 ajlyFa MYMKIHAIK TYJbIPAThIH OyJbl KOMIPKBIIKbULAEL (MeTaH OupudOpMHHTi)
KOHBepJIeHyiHe 3epTTeyre Herizaenred. Karamuszarop kacuerrepi BOT, CEM, XKXOM sxone TBT omicrepi apKbLibl
CHUIIaTTaJIbI.

5%Co-Pd/Al,03 GumeTanpl Katanu3aropiiapbl OIpiKKEH CIiHIpY 9JiCi HETi3iHAe CHUHTE3/AENl JKOHEe METaHHbBIH
KOMIPKBIIIKBUIIBl JKOHE OYIIbI KOMIipKBIIKbUIAE pudopMuHrinae cbiHanmbl. Co jxoHe Pd MeTanbIHBIH KajIibl
MeJIIepi KaTamu3aTop mMaccachiHbH 5%-biH Kypaiasl. Co:Pd xatemacer 98:2-meH 95:5-ke neifiH aybITKUABL, SIFHU
4,75+4,9/0,1+0,25 (%) MaccanblK KypamblHa CoMiKec Kenexdi. YAepic KbI3IbIpy Melli, IINPHIl COPFBICHI JKOHE Tra3
IIBIFBIHBIH OaKbUIAFBIIITAPMEH JKa0IBIKTATFaH KYOBIPIIBI KBApIl PEaKTOPBIHA KYPTi3UIIi.

5%Co-Pd/Al,O3 xaTamu3aTopiapbIHbIH OacTanKel KOJAaHBUIFaH ChIHAMaaapeiHbiH POA Tammamacse! 1,39, 1,98
xoue 2,42 (ASTM 10-425) peduexcTepi apKpUIbl CHIIATTaIFaH Y-aJlOMHHHH TOTHIFBIHAH Oacka (aszamapmapl
kepcerneni. bynm meramn ¢asachlHBIH KOFaphl TUCIEPCTLIINIHE HEMece OJIAPIAbIH PeHreHai aMOp(THIK KYyHiHE
OaiinanbIcThl 00nybl MyMKiH. JKOM Tangamachl MeTalAbIK ycaK OeIIeKTepiH >KOFapbl AMCIEPCTI Kyiae eKeHiH
Jonenaeiai: emmemi 3 HM-AeH Kimni Oonbin kepinai. KartanuzaTop >kyMbIChIHaH KeHiH ycak OenmektepliH Oipiry
yaepici Gaiikanmanbl. Co Kypam[sl Karanuzaropra a3 menmiepae Pd (Meramn maccachiHbIH 2-5%-bI) KOCBUIFaH-
JIBIKTaH, MeTaap KOoFaphl JUCHEepCTi Kyire keni, consiMeH Karap Co-Pd e3apa kareiHac HoTmxkeciHne Co TOTHIK-
cei3nanybIHbIH apTysl JKBT 3eprTeyi Herizinae pactanbl.

Co KypaMbl KaTalan3aTopra a3 MeJIIep/eri acbll MeTAJIIBIH KOCBUTYBI €Ki yaepic Ke3iHe KaTalu3aTop acepiH
ywrraitTeL. 5%Co-Pd/Al,O3 karanm3aTopiaapsl METaHHBIH KOMipPKBIITKBUIIEI )KOHE OYIIhl KOMIpPKBIIIKBUIIIEI KOHBEpIIE-
HyiH/e chiHaabl. KOHBepIiey peakiUsIapblHbIH KOFAPFbl dHAOTCPMUSUIBIK CHUIAThIHA OAalIaHBICTBI TEMIIEPATYp-
aHbIH METaH KOHBEpJICHYiHE alTapibIKTall eTe KOorapbhl acepi Oap. PeareHTTepiaiH KOHBEpIICHY Iopekeci jKoHe
enimMaepaid 1biFbiMbl 400-ner 800°C-re meiiiH TeMIepaTypaHbIH JKOFapbuiay OoiibiMeH aprambl. CyTteri MeH
KOMIpTEeK MOHOTOTBIFBIHBIH HIbIFbIMbI MKKK-1e 3eprrenren TeMiepaTypaHblH OapiiblK ayMarblHIa OipKeKi 00JIbIn
keneni xoHe cobikecinme 800°C-me 15,03 mxmonb/r-c-ke TeH. MBKKK-nme cyreriHiH MBIFBIMBI 15,5-ke neiiin
aprazgpl, an CO mbireiMbl 11,1 Mrmonb/r-c-ke aeiiin Temenneai (CH4:CO,:H,0=1:0,5:0,5). Coiikecinme, H,/CO
kareiHackl MBKKK ynepicinne MKKK-ine — 1,0 kaparanaa xorapsl — 1,4-ke TeH. MeTaHHBIH JKOHE KOMIPTEK KOC
TOTHIFBIHBIH KOHBepiieHy aopexxkeci MKKK xarmaiieiama 82,7 xoHe 85,6%-mb1 Kypansl, coiikecinme, MBKKK
skarnaiibiaaa 91,1 xone 78,3%-ra TeH.

5%Co-Pd/Al,0; Oumeranabl Karanu3aTop Y3aKMep3iMIi Y3IIKCi3 ChIHAYy Ke3iHIe JKOFapbhl TYPAaKThI
OCJICEHIUTIKTI JkKoHE TanFaMaeliabl  kepcerTi. 5%Co-Pd(4,9:0,1)/A1,0; kaTaim3atopiablH —OEICEHITIrT MeH
TanFamMbIHBIH TeMeHneyi 100 carar TypakThl KyMbIC aTKapradjga OafikanMansl. Opta ecenmeH X(CH4)~92 sxoHe
X(CO,)=84% ten, an xeneci yaepic (CH4:CO,2:H,0=1:1:0,5, P=0,1 MIla, T=700°C, GHSV=1250 u™!) xarnaiisinga
cuHTres-ra3 Oipkenki tarammer Y (Hz) =18,5 xone Y(CO)~15,4 mxmois/T-c ansiHaabl. Hy/CO katbiHacer 1,2-re TeH.
¥3akMep3iMi ChIHAKTaH KeHiH KOPIHETIH KOKC Ty3LIyci OaiikaiMabl.

Conpgpikran 5%Co-Pd/Al,O; Oumeranapl Katanuzarop aTMocepanblk KbICHIM Ke3iHIE JKOHE IKOFaphbl
TeMIepaTypaja IIMKi3aT KypaMbiHa OainaHbICThl ©3repin oThipaThid Hy/CO KaThIHACKI TOH CHHTE3-ra3 Ty3iTiciMeH
KYPETIH METaHHBIH KOHBEpJIEHY YIEpICIHAE JKOFapbl JKOHE TYPAaKThl OEJNCeHAUTIKTI KepceTTi. 3eTTeNreH
katamuzaropinapaa MKKK  sxeme MBKKK  yzaepiciHiH — canbICTBIpBULY  JKaFiailbl METaHHBIH —KOHBEpJICHY
TEMIIepaTypachIHbIH TeMeH eyl TyproicbiHaa Kaparanna MBKKK tuimai exennuiri kepinai. Co-Pd xapacteipsuiran
JKYHenepiH MeTaH/Ibl OaKbUIaHATHIH KaThlHacKa Me (OepileTiH MmuKizaTKa Cy OybIHBIHBIH OepislyiH peTTey apKblibl)
CHHTE3-Ta3Fa KOHBEpJIEyTe apHaJIFaH THIM/I KaTaln3aTopliap jkacay YIIiH KeJemeri Oap Heri3 peTiHae KapacThlpyFa
OoJamsl.

Tyi#iin ce3mep: MeTaHHBIH CyChI3 PHQOPMHHTI, MeTaH OumpudopmuHri, cuHTe3-ra3, Co-Pd Ommeramms
OpHATBUIFAH KaTajau3aTopiap.
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BUMETAJVIMYECKHUE Co-Pd KATAJIM3ATOPBI
JJIAA CYXOI'O PUOOPMUHI'A U BUPU®OPMUHI'A METAHA

AHHOTAUMA. YTIICKHCIOTHAasS KOHBEPCHUS METaHa SBIIACTCS MHOTOOOEMIAIOINM CIocoO0oM 3(h(HEKTHBHOTO
npeobpa3oBanus 000uX MapHUKOBBIX Ta30B — CHy m CO; B IIeHHBIC dHEPreTHYECKUE PECYPCHI Yepe3 CHHTE3-Ta3.
Jlo6aBieHne mapoB BOABI B MCXOAHYIO CMECh I03BOJISIET PETYIMPOBATh COCTAB CHHTE3-Ta3a, YTO BAKHO JUIA €TO
JaJbHEHIero MCHOJIB30BaHUs, a TaKkKe CHU3UTh KOKCooOpaszoBaHue. JlaHHas padoTa IOCBSIIEHa HCCIIEIOBaHUIO
OMMEeTaNIMYEeCKOro  KOOaJbTCOASPIKAILIET0 KaTanu3aropa MOAU(UIMPOBAHHOTO go0aBieHHeM OJ1aropomHOro
Mmetaiia — Pd, HaHecE€HHOrO Ha OKCHZ alIOMHUHHMS, B mporeccax yriaekucnotHod (YKM) u mapoyriekucioTHOH
(ITYKM) xoHBepcun MeTaHa JJisl NOJyYeHHsl CHHTE3-Ta3za ¢ KOHTposimpyembiM cootHoureHneM H,/CO. CaoiictBa
Karanu3zaropa ObLIM oXapakrepuzoBanbl Merogamu bOT, COM, IITOM u TIIB.

Bumerammueckne 5%Co-Pd/Al,O3 karamuzaropsl ObLIM CHHTE3WPOBAHBI METOJOM COBMECTHOW INPONHTKH W
IIPOTECTUPOBAHBI B MpoOLEccaX YIIEKUCIOTHONW W IMapOyIJIEeKUCIOTHON KOoHBepcuu Merana. OOriee cojepikaHue
metamuioB Co u Pd paBnsmock 5% ot macch karanmzatopa. CootHornenue Co:Pd BapeupoBanocsk ot 98:2 no 95:5,
YTO COOTBETCTBYET WX MaccoBoMmy cozaepxanuio 4.75+4.9/0.1+0.25 (%). Ilpomeccsl MpOBOAMINCH B MPOTOYHOM
KBapILIEBOM PEaKTOpE, OCHAMIEHHOM HarpeBaTeseM, IIMPHULIEBBIM HACOCOM U PETYIISATOPAMH MACCOBBIX TIOTOKOB.

P®A anamu3 MCXOAHOTO W HCIOJIBb30BAaHHOTO 00pasioB karanu3aropoB 5%Co-Pd/Al,O; He BbISBUMI HAIUYUS
Kakux-1u00 (a3, KpoMe y-OKCHIa allOMUHMS, XapaKTepusyromerocss Hadopom pediekcos: 1,39, 1,98 and 2,42
(ASTM 10-425). D10 MOXKeT OBITH CBSI3aHO C BBICOKOH TUCIIEPCHOCTBIO METAUTMYECKOi (a3bl w/mimm eé
peHTreHoaMopGHBIM cocTosiHMeM. HccnenoBanue MeromoM I[IOM  NOATBEPAMIO BBICOKYIO JIUCIIEPCHOCTB
METAUTMYECKUX YacTHI[! UX pa3Mep cocraBui MeHee 3 HM. CIieKaHHWsI 4acTHIl OCI]E MPOBEJECHHUS MPOLIECCOB HE
HaOmonanoce. Jlo6asienue Hebonbinux konuuectB Pd (2-5% ot oOrueit Macchl METaIOB) K KOOAIBTCOIEpIKAIIEMY
KaTallM3aTopy CONPOBOXKIAJIOCH 00pa30BaHUEM BBICOKOIMCIIEPCHOTO COCTOSIHUSI METAJUIOB, a TAK)KE yBEINYEHHEM
BoccraHaBimBaeMocTH Co B pesynbrate B3ammojeiictBuss Co-Pd, uro moareBepkmaercs nanHbiMu TIIB-
HCCIIEJOBAHMSI.

Jo6asreHne HEOONBIIMX KOMHYECTB OJIAropoHOTO MeTauia B KOOaIbTCOIEpIKaIleM KaTaln3aTope MPUBEIO K
yBenMUeHHIo ero 3¢ ¢exTuBHOCTH B 00omx mporeccax. Karammzatopel — 5%Co-Pd/Al,O; Obmm ucnbITaHbl B
Iponeccax YIJIEKHCIOTHOW W MapoyTJIEKUCIOTHON KOHBEPCHMHM MeTaHa. B CBs3M C BBICOKO 3HAOTEPMHUYECKHM
XapaKkTepoM peakIuii KOHBEPCHM TEeMIepaTypa MMeeT HauOojee 3HAYMTEIbHOE BIMSHHE Ha KOHBEPCHUIO METaHa.
CreneHrn KOHBEPCHH PEAareHTOB W BHIXOABI MPOAYKTOB pacTyT ¢ pocToM Temmeparypbl oT 400 mo 800°C. Berxoasr
BOZIOPOJIa W MOHOOKCHIA yrJiepoja TNpakThuecku oamHakoBel B mporecce YKM (CH4:CO=1:1) Bo BcéMm
HCCIIEJOBAaHHOM TEMIEepaTypHOM HHTepBaie W paBHbI 15.3 mxmoins/r-c pu 700°C. B npouecce ITYKM npu takux
xe temriepatype u cootHomennn C/O=1 B ucxoxnoit cmecu (CH4:CO,:H,0=1:0,5:0.5) BbIX01 BOAOpOIa HECKOIBKO
Beimie — 15.5, torma kak Y(CO) monmxkaercss 11.1 mMxmons/r-c. CoorBercTBeHHO cootHomeHne Ho/CO Bbime B
nponecce [TYKM — 1,4 no cpasaenuto ¢ YKM — 1.0. Crenenu koHBepcHH MeTaHa U JUOKCUAA YTIEPOJa COCTABUIN
82.7 1 85.6% B cityuae YKM u 78.3 u 91.1% B cnydae ITYKM, cooTBeTCTBEHHO.

Bumerammueckuii katanmuzatop 5%Co-Pd/Al,O3 mposBriI BEICOKYIO CTaOMIBHYIO aKTHBHOCTB M CEJICKTHBHOCTD
B TCUECHHUE IPOJODKUTEIBHBIX HETIPEPHIBHBIX MCHBITAHNA. CHIKEHHUSI aKTHBHOCTH M CEJIEKTUBHOCTH KaTaJn3aTropa
5%Co0-Pd(4.9:0.1)/A1,03 ne Habmronanock B Tedenue 100 wacoB ero mocrosiHHO# padoTel. X(CH4)<92 u X(CO»)
~84% B cpemHeM, CHHTE3-Ta3 oOpasyercs ¢ oguHaKoBBIM BbxonoM: Y(Hz) =18.5 u Y(CO)=15.4 mxmomns/T-c ipu
cnenyromux ycnopusax: CHs:CO2:H,0=1:1:0.5, P=0.1 MPa, T=700°C, GHSV=1250 h''. CootHomenne H,/CO=1,2.
Buanmoro o0pazoBaHus KOKca MOCIE JUIMTENbHBIX UCTIBITAHUN HE HAa0II0/1aJ10Ch.

Takum o6pazom, bumeraiuindeckuit  kataiauzatop 5%Co-Pd/Al,Os mnposiBisieT BBICOKYI0 M CTaOHIIbHYIO
AKTUBHOCTb B IIPOIECCAX KOHBEPCHUU ME€TaHa IIpU aTMOC(l)epHOM JaBJICHUU W TIOBBIIICHHBIX TEMIIEpaTypax ¢
oOpazoBanueM cuHTe3-Taza ¢ cooTHomenneM Ho/CO, MeHsIOmuUMes B 3aBUCMOCTH OT cocTaBa Chipbsi. CpaBHEHHE
npoueccoB YKM u ITYKM Ha nccnenoBaHHBIX KaTalu3aTopax rnokassiBaet, yro [IYKM 6Gouee a¢ddexTruBen ¢ Toukn
3pEHUs] CHIDKEHHUSI TEMIIepaTypbl KoHBepcun MeraHa. llpuBenenHsle cucrembl Co-Pd MoxHO paccmarpuBarh Kak
MEPCIIEKTUBHYIO OCHOBY IJIsl pa3paboTKH 3((EKTUBHBIX KaTaJM3aTOPOB IJIsi KOHBEPCHHM METaHa B CHHTE3-Ta3 C
KOHTPOJIUPYEMBIM COOTHOIIEHHEM ITOCPEICTBOM PETyJIHPOBAHMS COAEPXKAHUS MapOB BOJBI B MOAABAEMOM CHIPHE —
CH4ZC022H20.

KiroueBble cjioBa: cyxoil pu)OpMHUHT MeTaHa, OMpu(OPMUHT METaHa, CHMHTE3-Ta3, oumerammmdeckue Co-Pd
HAHECEHHBIE KaTaJIN3aTOPBI.
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INTERACTION OF THE Fe/y-Al,O; CATALYTIC SYSTEM
WITH PROBE MOLECULES
IV. STUDY OF THE INTERACTION OF HYDROGEN WITH 7-AL O3
OXIDE AND THE Fe/y-Al, O3 SYSTEM

Abstract. The work is devoted to the study of the interaction of heterogeneous catalytic systems with adsorbed
molecules. The results of the interaction with a hydrogen of y-Al,O; oxide and the Fe/y-Al,O3; system using IR
spectroscopy, methods of temperature programmed desorption and temperature programmed reduction by hydrogen
are presented. An ability of the system to adsorb and activate the initial H, probe molecule was defined and an
assessment of the active (adsorption) centers was made.

Various adsorption centers were detected during their interaction with hydrogen in the temperature range
293-773K on the surface of both y-Al,O3; oxide and the Fe/y-Al,O; system using IR spectroscopy. The relative
intensity of the absorption bands corresponding to these centers depends on the temperature of interaction with
hydrogen.

The adsorbed hydrogen is desorbed in the form of two peaks on the temperature scale from the y-Al,O; surface
and in the form of three peaks from the surface of the Fe/y-Al,Os system. The appearance of additional desorption
peaks for the Fe/y-Al,Os system is associated with iron deposited on alumina. It was concluded that on the surface of
7-Al,O3 oxide and the Fe/y-Al,O3 system, there are adsorption centers that differ in energy characteristics (binding
energy). Moreover, these characteristics may also depend on the percentage of the iron-containing component on the
surface of aluminum oxide.

Two adsorption peaks are observed on the temperature scale for y-Al,O; oxide and in the case of the Fe/y-Al,O3
system, in addition to two adsorption peaks, a desorption peak is also observed using the TPR method of hydrogen.
v-ALLO; oxide and the Fe/y-Al,O3 system contain different states of metal oxide forms, since several maxima are
clearly distinguishable on the TPR curves of hydrogen which indicates the reduction of particles of various
compositions.

Key words: heterogeneous catalysis, physicochemical research methods, adsorbed molecules.

Introduction. One of the most common and highly effective methods for studying adsorption centers
on the surface of supports and heterogeneous catalysts are infrared spectroscopy [1-5], temperature
programmed desorption (TPD) and temperature programmed reduction (TPR) [6-10]. The use of IR
spectroscopy to study the donor-acceptor surface properties is based on the spectral probe method. The
properties of adsorption centers are judged by the absorption spectra of the adsorbed molecules, as well as
by the change in the position of the absorption bands observed during adsorption.

The strength of active sites is judged by the position of the peaks on the temperature scale in the TPR
and TPD methods and the activation energy of the probe molecule, and its area can serve as a measure of
the quantity of centers of various types.

This work is a continuation of studies on the interaction of a heterogeneous catalytic system with
adsorbed molecules [11-13].

Experimental. Fe/y-Al,Os3 system with an iron content of 3; 13 wt.% was prepared by impregnating
[10-13] the initial y-Al,Os oxide with an aqueous solution of iron acetate, followed by drying and
calcination in air.
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IR spectroscopy

Sample preparation and obtaining IR spectra took place in several stages. At the first stage, the
sample (a tablet with KBr filler) was placed in a sealed quartz cell and heated to 523K with simultaneous
evacuation for 2 hours. Then, the temperature dropped to 293K. Then, the temperature decreased to 293K.
Next, hydrogen purging began at the required temperature (from a given temperature range of 293-773K)
for 150 minutes. After that, a temperature of 293K was established then the cell was purged with an inert
gas for 30 minutes and after that the IR spectrum was taken.

Equipment - Nicolet iS5 IR spectrometer, Thermo Scientific, USA. Operation mode: resolution 1 cm’
!, number of scans - 200.

Temperature programmed desorption (TPD-H>)

A chromatographic version of temperature programmed desorption was used. The sample with the
molecules of the probe substance preliminarily adsorbed on it was subjected to heating at a certain
constant speed in the flow of the carrier gas. During desorption, the substance in the gas phase passed
through the cell of the thermal conductivity detector (TCD), and the resulting signal was recorded.

Conditions for preparing samples for hydrogen adsorption:

- vacuum treatment 30 minutes;

- sample dehydration in a stream of dry argon (3-5 ml/min) at a temperature of 623K for 120 minutes.

Hydrogen adsorption:

- hydrogen feed rate 5 ml/min;

- adsorption duration one hour; temperature range 293-773K.

Programmed desorption of hydrogen:

- temperature variation range from 293 to 773K;

- speed - 12K/min;

- carrier gas velocity (argon) - 75 ml/min;

- detector sensitivity 1:8.

Desorbed ammonia was detected by chromatograph's TCD and was recorded as a TPD spectrum. At
certain temperatures, the TPD spectrum had maxima that characterized the adsorption sites of the sample.
The amount of hydrogen desorbed in the corresponding temperature range was determined by peak areas,
having previously established how much hydrogen corresponds to the area unit.

Equipment - "CETARAM" thermo analyzer, France.

Hydrogen temperature programmed reduction (H>-TPR)

Conditions for preparing samples for hydrogen reduction:

- vacuum treatment 30 minutes;

- sample dehydration in a stream of dry argon (5 ml/min) at a temperature of 623K for 120 minutes.

Hydrogen reduction:

- temperature variation range from 293 to 773K;

- speed - 12K/min;

- carrier gas velocity (argon) - 75 ml/min;

- hydrogen concentration 5%;

- detector sensitivity 1:8.

Equipment - "CETARAM" thermo analyzer, France.

Results and discussion. /nvestigation of the Fe/y-Al:O3 system using FTIR spectroscopy during
hydrogen adsorption.

The interaction of y-Al,O3 oxide and the Fe/y-Al>Os system with H, was studied in the "In Situ” mode
in the temperature range 293-773K. The data obtained for y-Al,O; are necessary as reference points for
comparison when studying the Fe/y-Al,O3 system.

Figures 1-14 show the IR spectra of y-Al,Os oxide and the Fe/y-Al,O3 system when interacting with
hydrogen at different temperatures and table 3 shows the results of their interpretation.

In the initial y-Al,O3 oxide (Figs. 1-7, Table 1), as well as in its interaction with hydrogen, the IR
spectra contain absorption bands corresponding to -OH groups bound on the surface by hydrogen bonds,
absorption bands from Al-O bonds, and also vibrations of CH bonds in the -CH, -CH», -CH3 groups (in
trace amounts). A small amount of hydrocarbons, apparently, remained in the y-Al,Os oxide after
synthesis.
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There is also an absorption band related to -OH bridging groups bound to aluminum ions in
octahedral and (or) tetrahedral coordination. However, upon interaction with hydrogen, this absorption

band disappears.

Absorption bands appear associated with the Lewis acid sites upon interaction with hydrogen. As
temperature increases the relative intensity of the absorption bands corresponding to the Lewis centers
decreases noticeably and the band shifts to the long-wavelength region (figures 2-7, table 1).
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Figure 13 - IR spectrum of the 13%Fe/y-Al2O3 system after hydrogen adsorption at 673K
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Figure 14 - IR spectrum of the 13%Fe/y-Al2O3 system after hydrogen adsorption upon interaction with Hz in the range 773K
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Table 1 - Interpretation of the data of the IR spectra of y-Al2O3 and y-Al2O3 upon interaction with Hz in the range 293-773K

Absorption bands, cm’!

T,K Sample Assignment of absorption bands
y-ALO3 Fe/y-AlLO3
1 2 3 4
Initial states
3699 3702 Stretching vibrations of bridging -OH groups bound to aluminum ions in
octahedral and (or) tetrahedral coordination
3453, 3250 3452, 3212 Stretching vibrations of -OH groups bound on the surface by hydrogen bonds
293 Stretching vibrations of -OH groups bound on the surface of alumina by
3404, 3301,
hydrogen bonds
1633, 1571, | 1632, 1584, | Bending vibrations of -OH groups bonded on the surface by hydrogen bonds
1524, 645 1526, 623
1457, 1391 1468, 1400, 1358 | Bending vibrations of C-H bonds in -CH, -CHa, -CH3; groups (traces)
1088, 1048 1068 Stretching vibrations in -Al-O- groups in tetrahedral and (or) octahedral
coordination
318,753 804. 728 Bendipg 'Vibrations in -Al-Q- groups in tetrahed.ral and (or) octahedral
i i coordination, as well as, possibly, in Al-O-Fe groups in the Fe/y-Al2O3 system
565 550 Stretching vibrations of M-O bonds (M = Al; Fe)

Interaction with hydrogen

Stretching vibrations of -OH groups bound on the surface by hydrogen bonds,

3493, 3220 3582, 3253 including those on the surface of hydroxides (3582 cm-1)
Stretching vibrations of -OH groups formed upon dissociative adsorption of
3389 3394,
hydrogen on the surface
1631, 1588, 623 | 1637, 1576, 606 | Bending vibrations of -OH groups bonded on the surface by hydrogen bonds
1462, 1406, | 1463, 1420, | Bending vibrations related to -OH groups (against the background of bending
1353 1382, 1352 vibrations of CH bonds in -CH, -CHa, -CH3 groups)
203 1264, 1154, 912 Bending vibrations related to -OH groups of different coordination
1738, 1699 Stretching vibrations related to -AIH™ groups (Lewis acid sites)
1106, 1024, 878 | 1086, 1019 Stretching vibrations in -Al-O- groups in tetrahedral and (or) octahedral
coordination
The wide unresolved absorption band (820-700 cm™) probably refers to
bending vibrations in the -Al-O- groups in tetrahedral and (or) octahedral
820-700 region | 842 coordination. In this region, bending vibrations belonging to the -AlH" groups
(Lewis acid sites) can also be located. The band at 842 cm™! (for the Fe/y-
AlOs system), possibly, refers to bonds in the Al-O-Fe groups.
Stretching vibrations of -OH groups bound on the surface by hydrogen bonds
3492, 3220 3483, 3252
Stretching vibrations of -OH groups formed upon dissociative adsorption of
3385 hydrogen on the surface
Bending vibrations of -OH groups bonded on the surface by hydrogen bonds
1631, 1586, 597 | 1629, 1584, 616
1466, 1428, 1462. 1403. 1341 Bending vibrations related to -OH groups (against the background of bending
1402, 1348 ’ ’ vibrations of CH bonds in -CH, -CHa, -CH3 groups)
1265, 1156 1167 Bending vibrations related to -OH groups of different coordination
373 1743, 1697 1742 Stretching vibrations related to -AlH groups (Lewis acid sites)
Stretching vibrations in -Al-O- groups in tetrahedral and (or) octahedral
1020 1019 .S
coordination
The wide unresolved absorption band (820-700 cm™) probably refers to
bending vibrations in the -Al-O- groups in tetrahedral and (or) octahedral
coordination. In this region, bending vibrations belonging to the -AlH" groups
820-700 region | 874 (Lewis acid sites) can also be located. The band at 874 cm! (for the Fe/y-
AlLO3 system), possibly, refers to bonds in the Al-O-Fe groups.
3489, 3218 3472, 3241 Stretching vibrations of -OH groups bound on the surface by hydrogen bonds
473

1631, 1586, 602

1628, 1588, 621

Bending vibrations of -OH groups bonded on the surface by hydrogen bonds
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Continuation of table 1

1 2 3 4
1462, 1403, 1387, | 1462, 1403, B.endi.ng vibrations relat;d to -OH groups (against the background of bending
1350 1327 vibrations of CH bonds in -CH, -CHz, -CH3s groups)

1264. 1153 1153 Bending vibrations related to -OH groups of different coordination
1740 1741 Stretching vibrations related to -AlH- groups (Lewis acid sites)
Stretching vibrations in -Al-O- groups in tetrahedral and (or) octahedral
1110, 1021, 875 1125 coordination.
Stretching vibrations of -OH groups bound on the surface by hydrogen bonds
3489, 3226 3471, 3240
Bending vibrations of -OH groups bonded on the surface by hydrogen bonds
1630, 1574, 627 1626, 1574, 614
Bending vibrations related to -OH groups (against the background of bending
1465,1430,1405, 1462, 1432, vibrations of CH bonds in -CH, -CHz, -CH3 groups)
1339 1409
s 1269, 1152 1228 Bending vibrations related to -OH groups of different coordination
Stretching vibrations related to the groups -AlH™ and -FeH™ (Lewis acid sites)
1735 1673
1107, 1020, 847 1085, 1023 Stretchlng vibrations in -Al-O- groups in tetrahedral and (or) octahedral
coordination.
The wide unresolved absorption band (820-700 cm’') probably refers to
bending vibrations in the -Al-O- groups in tetrahedral and (or) octahedral
820-700 region 811 coordination. In this region, bending vibrations belonging to the -AIH™ groups
(Lewis acid sites) can also be located. The band at 811 cm™ (for the Fe/y-
AlLOj system), possibly, refers to bonds in the AI-O-Fe groups.
3684 Stretching vibrations of terminal -OH groups bonded with aluminum ions
3493, 3230 3453, 3240 Stretching vibrations of -OH groups bound on the surface by hydrogen bonds
1635, 1576, 603 1630, 1573, 591 | Bending vibrations of -OH groups bonded on the surface by hydrogen bonds
Bending vibrations related to -OH groups (against the background of bending
1499, 1465, 1410 | 1467 vibrations of CH bonds in -CH, -CHz, -CH3 groups)
1283, 1182, 1152 1248 Bending vibrations related to -OH groups of different coordination
673 1696 Stretching vibrations related to -AlH" groups (Lewis acid sites)
1080, 1021, 882 1087, 1022 Stretchlng vibrations in -Al-O- groups in tetrahedral and (or) octahedral
coordination.
The wide unresolved absorption band (820-700 cm') probably refers to
bending vibrations in the -Al-O- groups in tetrahedral and (or) octahedral
820-700 region 832 coordination. In this region, bending vibrations belonging to the -AlH™ groups
(Lewis acid sites) can also be located. The band at 832 cm™ (for the Fe/y-
AlLOj system), possibly, refers to bonds in the Al-O-Fe groups.
3685 Stretching vibrations of terminal -OH groups bonded with aluminum ions
3480. 3248 3453 Stretching vibrations of -OH groups bound on the surface by hydrogen bonds

773 ’

1638, 1506, 603 1620 Bending vibrations of -OH groups bonded on the surface by hydrogen bonds

1461. 1308 1460 Bending vibrations of -OH groups (against the background of bending

i vibrations of CH bonds in -CH, -CHa, -CH3s groups)

1162, 1154, 925 1182 Bending vibrations related to -OH groups of different coordination

1688 Stretching vibrations related to -AlH- groups (Lewis acid sites)

1083, 1021, 878 1082, 1029, 940 Stretchlng vibrations in -Al-O- groups in tetrahedral and (or) octahedral
coordination.

306 The wide unresolved absorption band (820-700 cm') probably refers to

. bending vibrations in the -Al-O- groups in tetrahedral and (or) octahedral

(in 820-700 Lo hi . . S longi he -AIH-

region) coord.lnatl.on. .In this region, bending vibrations belonging to the -AIH" groups
(Lewis acid sites) can also be located.

In the initial Fe/y-Al,O3 system (figure 8, table 1), as well as in the initial y-Al,O; oxide there are
absorption bands related to -OH bridging groups associated with aluminum ions in the octahedral and (or)
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tetrahedral coordination, absorption bands related to -OH groups bound on the surface by hydrogen bonds,
absorption bands related to Al-O bonds. In addition, an absorption band related to Fe-O bonds is observed
in the initial Fe/y-Al,O3 system. This absorption band disappears while interacting with hydrogen. The
absorption band associated with the -OH bridging groups also disappears while interacting with hydrogen,
similar to what happened in the case of y-Al,O3 oxide.

It should be noted that in the Fe/y-Al,O; system (initial state) there are absorption bands belonging to
the -OH groups on the surface of aluminum hydroxides. This is in good agreement with the data presented
in our works [11, 12]. There were noted that during the synthesis of the Fe/y-Al,Os; system by
impregnation partial hydrolysis of aluminum oxide can occur resulting in the formation of a certain
amount of aluminum hydroxide.

Upon interaction with the hydrogen of the Fe/y-Al,O3; system, as in the case of alumina, absorption
bands appear associated with the Lewis acid sites. The relative intensity of the absorption bands
corresponding to Lewis centers also decreases as temperature increases similarly to what was observed for
'Y-A1203 oxide.

At the same time there are noticeable differences (figures 8-14, table 1), in particular, the absorption
bands in the 1283-912 cm™ region corresponding to the bending vibrations of the -OH groups appear only
starting from 373K and this is only one band. The decrease in the number of absorption bands is possibly
associated with a partial coating of the hydroxyl surface of the support with an iron-containing component.
In addition, in the long-wavelength region of the IR spectra there are absorption bands that can be
attributed to bonds in the Al-O-Fe groups.

Absorption bands related to stretching vibrations associated with Lewis centers are present only in a
limited 373-573K temperature range. In addition, at 573 K, a significant (more substantial than in the case
of y-ALl,O3) band shift to the long-wavelength region occurs. Perhaps this is due to the fact that at 573K
Lewis centers can be associated with iron. It should be noted that the absorption bands corresponding to
the Lewis centers are not recorded at temperatures above 573K, which is in good agreement with the onset
of iron reduction in the Fe/y-Al,Os3 system [29]. It follows that the -Fe-H™ fragments are unstable at higher
temperatures. Therefore, we can conclude that the reduction of Fe*" to the Fe’" state occurs upon
dissociative adsorption of hydrogen (by a peculiar hydride mechanism) with the formation of hydride
states of iron and their subsequent decomposition with the release of hydroxyl groups (water vapor).

3 Study of the Fe/y-Al,Os system using temperature programmed desorption during hydrogen
adsorption in 293-773K temperature range

The surface properties of y-Al,O; oxide (as a reference point) and the Fe/y-Al,O; system with
different iron contents (3% Fe/y-Al,O3; 13%Fe/y-Al,0O3) were studied. The results of TPD-H; for y-Al,Os3
oxide are shown in Figure 15 (1) and Table 2.

Adsorbed hydrogen is desorbed from the y-Al,Os3 surface on a temperature scale in the form of two
peaks (table 2). Over the entire temperature range of adsorption the low-temperature desorption peak A is
in 463-443K range. The amount of desorbed gas for peak A is extreme with a maximum position at an
adsorption temperature of 373K.

The high-temperature peak B in quantitative terms is much inferior to the lower-temperature peak A.
As the adsorption temperature goes up its intensity increases slightly, and the position shifts to the high-
temperature region, moreover, peak B appears only at adsorption temperatures above 373K.

It should be noted that the dependence of the total amount of desorbed gas on the adsorption
temperature passes through a maximum at 373K.

As follows from Figure 15 (2, 3) and Table 3, in the case of the 3% Fe/y-Al,Os system at adsorption
temperatures above 473K, the third desorption peak C’ appears, and the amount of desorbed gas
corresponding to this peak slightly increases with increasing temperature. For the 13%Fe/y-Al,O3 system,
the third desorption peak C” exists only at an adsorption temperature of 293K. At the same time, the
temperature ranges for the existence of peaks A, A’, and A" for y-Al,O3 oxide and Fe/y-Al,O; systems are
almost identical.

As for the amount of desorbed gas corresponding to these peaks, here the picture is not so clear. As
noted above, for y-Al,O3 oxide, the amount of desorbed gas for peak A passes through a maximum at an
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adsorption temperature of 373K. The amount of desorbed gas for the A" peak (3%Fe/y-Al,O3 system)
passes through a minimum at an adsorption temperature in the range 473-573K. A similar picture is

observed for the A” peak (13%Fe/y-AlO3 system).
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Figure 15 - TPD-H: profiles of y-Al203 oxide, 3%Fe/y-Al2Os and 13%Fe/y-Al2Os systems
Table 2 - TPD-Ha study results for y-Al2O3 oxide
Adsorption The maxima temperature The amount_ :)f desorbed The total amount of
Adsorbent of adsorption peaks, K gas, 10 mol/g W)
temperature Ha, K desorbed gas, 10 mol/g
A B A B
293 458 - 1.96 - 1.96
373 463 - 3.66 - 3.66
423 458 648 2.63 0.27 2.90
y-AlO3 473 453 658 243 0.43 2.86
573 458 663 2.35 0.55 2.90
673 453 663 2.13 0.55 2.68
773 443 673 1.94 0.55 2.50

The results of TPD-H, for the Fe/y-Al,O3 system are shown in figure 15 (2, 3) and are shown in
table 3.
The amount of desorbed gas corresponding to the B” peak (13%Fe/y-Al,O3 system) increases slightly
with adsorption temperature, as was observed for y-Al,O3 oxide (B peak). In the case of the 3%Fe/y-Al,O3
system (B’ peak), the amount of desorbed gas passes through a maximum at 373K with an increase in the
adsorption temperature.
The dependence of the total amount of desorbed gas for 3%Fe/y-Al,O; and 13%Fe/y-ALLO3 systems
on the adsorption temperature, unlike y-Al,O3 oxide, passes through a minimum (table 3).
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Table 3 - Results of TPD-Hz studies for Fe/y-Al2O3 system

The maxima temperature | The amount of desorbed
Adsorption of adsorption peaks, K gas, 10 mol/g The total amount
Adsorbent temperature Ho, of desorbed gas,
K A B’ c A | B c 10 mol/g
293 463 653 - 298 | 0.90 - 3.88
373 463 663 - 3.03 1.03 - 4.06
423 458 663 - 3.14 | 097 - 4.11
3%Fe/y-ALO3 473 463 663 - 1.84 | 0.68 - 2.52
573 468 - 698 1.87 - 0.66 2.53
673 463 - 693 2.62 - 0.73 3.35
773 453 - 703 2.61 - 0.76 3.37
A" B” (64 A" B” (04

293 463 - 753 3.07 0.81 3.88
373 453 673 - 2.46 0.66 - 3.12
423 448 673 - 238 | 0.70 - 3.08
13%Fely-ALOs 473 448 | 673 - |217] 082 - 2.99
573 453 673 - 224 | 084 - 3.08
673 448 673 - 2.52 0.83 - 3.35
773 448 673 - 250 | 0.86 - 3.36

The appearance of the third additional desorption peak of C', C" for the 3%Fe/y-Al,Os, 13%Fe/y-
AlOs systems, respectively, in comparison with y-Al,Os3 oxide is associated with the presence of an iron-
containing component on the surface of aluminum oxide. The differences between the 3%Fe/y-Al,O; and
13%Fe/y-Al,O; systems (temperature ranges for the existence of the B’, B” and C', C"” peaks) can be
explained by the fact that for the 13%Fe/y-Al,O; system coating the surface of alumina with an iron-
containing component is multilayer [11, 12].

Summarizing this section, we can conclude that on the surface of y-Al,O; oxide and the Fe/y-AlLO;
system there are adsorption centers that differ in energy characteristics (binding energies). Moreover,
these characteristics may also depend on the percentage of the iron-containing component on the surface
of aluminum oxide.

4 Study of the Fe/y-Al,O; system using temperature programmed hydrogen reduction in 293 - 773K
temperature range

The surface properties of y-Al,O; oxide (as a reference point) and the Fe/y-Al,O; system with
different iron contents (3%Fe/y-Al,Os; 13%Fe/y-Al,O3) were studied.

Figure 16 shows the TPR-H, curves for y-Al,O3 oxide and the Fe/y-Al,O3 system. The results are
shown in table 4.

The TPR-H; profiles for y-Al,O; oxide (figure 16 (1), table 4) in the adsorption region (a) contain two
peaks at temperatures of 458 and 673K, and the second peak is noticeably lower in intensity. In a given
temperature range no desorption peaks are observed, which probably indicates the strength of hydrogen
bonding with the surface of y-Al>O; oxide.

The TPR-H; profiles for the 3%Fe/y-Al,O3 and 13%Fe/y-Al,O; systems in the adsorption region (a)
also contain two peaks, but at 478 and 583 K (figure 16 (2), (3), table 4). A higher temperature peak is
also noticeably lower in intensity.
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Figure 16 - TPR-H2 profiles for y-Al203 oxide
and the Fe/y-Al203 system in the temperature range 293-773K
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Table 4 - The results of the study using TPR-H: for y-Al>Os oxide
and the 3%Fe/y-Al2O3 system in 293-773K temperature range

The maxima The maxima
Adsorbent temperature of temperature of Was, ZWabs, Woes,
P P 10* mol/ 10* mol/ 10 mol/
adsorption peaks, K adsorption peaks, K & g &
A B C A B A+B C
y-Al03 458 673 - 0.94 0.22 1.16 -
3%Fely-Al20Os3 478 583 703 0.92 0.33 1.25 0.84
13% Fe/y-Al2Os 478 583 703 0.35 0.90 1.25 0.70
Waps - amount of adsorbed substance; YW aps - total amount of adsorbed substance; Wpes - amount of desorbed substance.

Noteworthy is the temperature shift of the adsorption peaks for the Fe/y-Al,O3 system, regardless of
the iron content, in comparison with y-Al,O3; oxide. This may be due to the fact that in the case of the
Fe/y-Al,O3 system with 3 and 13% of iron content and is almost completely coated with an iron-
containing component, as was shown using scanning electron microscopy in [11, 12 ] and therefore,
adsorption should take place on it.

In addition, (figure 16, table 4), on the TPR-H, profile for the Fe/y-Al,O3 system, regardless of the
iron content, there is a desorption region (b) with a peak maximum at 703K. It should be noted that the
desorption (from 56 to 67%) of the reagent adsorbed at lower temperatures occurs in the range of ~630-
773K. This interval is well superimposed [29] on the temperature interval of the reduction of Fe’* states to
Fe®" states.

Since several adsorption peaks are clearly distinguishable on the TPR-H, profiles, it can be assumed
that y-ALOs oxide and 3%Fe/y-AlLOs, 13%Fe/y-Al,O3 systems contain different states of metal oxide
forms. The presence of a desorption region in the range of 630-773K for 3%Fe/y-Al,Os, 13%Fe/y-AlO3
systems is apparently associated with the reduction of the Fe’* state to Fe*" upon dissociative hydrogen
adsorption, for example, by the mechanism:

Fe,Os + H+ H" — FeO + OH +H — FeO + H,OT

Conclusion. Studies of the Fe/y-Al,O; system in the temperature range 273-773K showed that its
surface is heterogeneous and represents a set of adsorption centers with different energy characteristics.

Lewis acid centers were detected using IR spectroscopy on the surface of both y-AlO; oxide
(support) and the Fe/y-Al>Os system, during their interaction with hydrogen in the temperature range 293-
773K. The relative intensity of the absorption bands corresponding to these centers depends on the
temperature of interaction with hydrogen and decreases with its growth both for y-Al,O; and for the Fe/y-
Al O3 system.

For the Fe/y-ALO; system the —OH groups’ absorption bands in the region of 1283-912 cm™ appear
only starting from 373 K and this is only one band. The decrease in the number of absorption bands is
apparently associated with a partial coating of the hydroxyl surface of the support with an iron-containing
component. In addition, in the long-wavelength region of the IR spectra there are absorption bands that
can be attributed to bonds in the Al-O-Fe groups.

It was shown that on the surface of y-Al,O3 oxide and the Fe/y-Al,O; system, there are adsorption
centers that differ in their energy characteristics (binding energies) by TPD-H, method. Moreover, these
characteristics may also depend on the percentage of the iron-containing component on the surface of
aluminum oxide.

Using the TPR-H, method, it was found that y-AlL,O; oxide and 3%Fe/y-AlLOs, 13%Fe/y-Al,O3
systems contain different states of metal oxide forms, since several extrema are clearly distinguishable on
the TPR-H; profiles.

This work was financially supported by the State Institution “Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan” under the grant AP05130654.
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«/1.B. Cokonbckuil aTIHAFR] XKaHApMai, KaTaiau3 KoHe MeKTpoxuMust HHCTUTYTe AK, Anmartsl, Kazakcran

Fe/y-AL2 O3 KATAJIMTUKAJIBIK )KYHEHIH 30HITHI MOJEKYJIATAPMEH ©3APA OPEKETI
IV. y-ALO3 OKCHJII )KOHE Fe/y-AL O3 ’KYUECIHIH, CYTEI'IMEH ©3APA OPEKETIH 3EPTTEY

Annotanusi. JKyMmbIC reTeporeHzi KaTaJUTHKAIBIK O>KYHelnepaiH aacopOTaiFraH MoOJeKylalapMeH e3apa
opekeTiH 3eprreyre apHaimraH. MyHna Oacranmkel V-Al,Os oxcun cyrericimer koHe WK-cmekrpockomnus,
TepMoOariapIaMallaHFal JlecopOuus, CyTeriMeH TepMoOariapiaMallanFaH TYPAETrl TOTHIKCBI3AAHABIPY oficTepi
apKBUTBI aJIBIHFAaH TeMipaiH Typii KypaMmasl Fe/y-Al,O3 xylienepiia e3apa opeKeTTecy HOTHKENEepi KeATipiireH.

Amromuanit okenni y-AlbOs xone Fe/y-Al,Osz xyifeciHe KaTBICTHI XXYPTi3UIT€H 3epTTeyiep TeMip KypambIHa
Kapamacrat 273 - 773K temnepaTypaiblK HHTEpBaJIbIHIa OeTi OIpKeJIKi eMec JKoHE 63 aJJIbIHA TYPJIl SHEPTeTHKAIBIK
cumarTamachl 0ap aJacopOUUSIIBIK OPTAIBIKTAD KUBIHTHIFBI EKEHIITH KOPCETTI.

UK-cnextpockonusi apkbuibl v-Al,O3 okcuai (TaceiMangaymibl) cexingi Fe/y-Al,Os kyiiecinne ne onapiabiH
cyTeriMeH e3apa opekerrecyi ke3inae 293-773K temneparypanslk nHTepBaga JIBIOUCTIH KBIIIKBUIIB OPTAIBIKTAPEI
aHbIKTaAel. OCBl OpTaNbIKTapFa skayaln OepeTiH KYThUTYy >KOJIAKTAPbIHBIH CalbICTBIPMANIbl KAapKbIHBI CYTETIMEH
e3apa opeKeTTecy TeMIlepaTypachiHa OalaHbICThI XKoHE 011 skorapbularanna y-AlOs cusiktel Fe/y-AlLOs xyienepi
YIIIiH 1€ TOMEHACHII.

Fe/y-Al,O3 xyiieci ymrin xyTeuTy skomakTapsl 1283 — 912 cm! atimareimma, OH-tonrap ymin tex kama 373K
Oacran maima Oosazpl jxkoHE Oyl Tek Oip FaHa jxonak. JKYThUTy JKOJAaKTapbl CAHBIHBIH a3ai0bl TEMipKypamac
KOMITOHEHTTEp TaChIMaJIJayIlIbICBIHBIH I'MPOKCUIIB1 OETiHIH jKapThulail xKaObuTybIHa OaiiIaHbICTBI 0Oyl MYMKIH.
bynan Oacka MK-cnektpiiepaiH y3bIH TOJKbIHIBI aiimarbigaa Al-O-Fe tonrapeinmarbl OailaHbICKAa KaTKbI3yFa
00JIaTBIH KYTBUTY JKOJIAKTaphl 0ap.

Fe/y-AlLO; xytiecinne Oacrankel kyine Fe-O OaiimaHpIChIHA KaTaThIH JKYTHUTY JKOJIAFBI OaifKalaibl, anaina
CYTEeTIMEH e3apa 9pEeKeTTeCKEH Ke3/le Oy KyTbuly >Koiarbl skoranansl. Fe/y-Al,Os xyiieciHiH cyTeriMeH e3apa
opekerrecyi kesinme OH-kemipiik TomTapeiMeH OalIaHBICTHI JKYTBUTY JKONAFbl na »oramanmbl, y-AlOs; okcumi
JKarqanbeIHIa 1a coai 0oragsl.

TIIJ-H> amici kepcerkenzei, y-Al,O3; okcuariy Oeringe xoHe Fe/y-Al,O3 xylienepinae o3iHiH SHEPreTHKAIBIK
cumnatTamManapbl OolbiHINIA (OaiylaHbIC DHEPTrHACHI) EpEKIIENIeHETIH aICoOpOIMsUIBIK OpTalbIKTap Oap. by
cumaTTamManap aJIIOMHHHA OKCHIIHIH OeTiHAe Temip Kypamabl KOMIIOHEHTTEPAIH MaWbI3IbIK MeJIIEpiHe
GaiaHBICTHI OOTYBI MYMKIH.

TIIB-H, omici apkbuibl y-Al,Os okcuai xoHe 3% Fe/y-ALOs, 13% Fe/y-Al,Os sxyiienepi MeTayur OKCHII
KaJIbINTapbIHbIH, TYpal KyHi mnaiina Oonaxabl, eiitkeHi TIIB-H, kuceirbiHoa OipHelie SKCTpeMyMIap aHbIK
AXKbIpaTblIaJbl.

Kypambiana temip OosranabiFbiHa KapamactaH 3% Fe/y-AlOs, 13% Fe/y-AlLOs; xyiteci ymin 630-773K
Temrepatypaiblk nHTepBanga 703K kesinme mMakcuMyM jkarnaiiel O6ap mecopOums avimarel Oabikanmansl. 3% Fe/y-
Al O3, 13% Fe/y-Al,Os xyiieci yuriH aecopOunust aiMarbIHBIH O0ITybl TeMipKYpaMaac KOMIIOHEHTTEPAiH, HaKThIpaK
alTKaHAa, CyTeri MWCCONMATHBTI ancopOUMaACH Kesimme kai-kKyiimin Fe’'-tem Fe?' nmeiiin kanmeHa Kelyine
0alJIaHBICTHI, MBICAJIBI, MEXAHU3M OOMBIHIIIA:

Fe;03 + H'+ H' — FeO + OH +H" — FeO + H,0T

Tyiiin ce3mep: rereporen i Kataius, GU3NKa-XUMUSUIBIK 3€pPTTeY dJicTepi, aAcopOLHsIaHFaH MOJIeKyJIanap.

A.P. Bpoackuii, B.IL. I'puropsesa, JI.B. Komamko, E.E. HypmakaHos,
N.C. Yanbimena, A.A. lllanoBanos, U.A. lllnbiruna, B.U. SfIckeBuu

AO «MHCTUTYT TOINIMBA, KaTanu3a u snekTpoxumun um. J1.B.Cokonbckoro», Anmatsl, Kazaxcran

B3ANUMO/JENCTBUE KATAJIMTHYECKOM CUCTEMBI Fe/y-ALOs
C MOJIEKYJIAMHU-30HJAMM. IV. UCCJIEJOBAHUE B3AUMOJIENCTBUS BOJIOPOJA
C OKCHJIOM y-AL,O; U CUCTEMOM Fe/y-AlOs

AnHoTanus. PaGoTta mocBsleHa UCCIICNOBAaHUIO B3aUMOACHCTBHS IETEPOr¢HHBIX KATAMTHYECKUX CHCTEM C
aicopOMpPOBaHHBIMH MOJIEKYJIaMH. B Heil peicTaBiIeHbl pe3yIbTaThl 10 B3aUMOACHCTBUIO C BOJOPOJOM HCXOIAHOTO
okcuga v-AbO; um cucrem Fe/y-Al,O3, ¢ pa3nuuHbBIM - COZEp)KAHHEM JKele3a, IOJNYYEeHHBIE C IOMOIIBIO
NK-CeKTpOCKOIIMHY, METOAOB TEPMONPOrPaMMHPOBAHHOW AECOPOLMH M TEPMOIIPOIPAMMHPOBAHHOTO BOCCTaHOB-
JIEHUS BOZOPOIOM.
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[TpoBenénuble uccnenoBanus okcuaa amomunus y-Al,O; u cucrem Fe/y-Al,Os, He3aBUCHMO OT copepKaHUs
xKernesa, B TemreparypHoM uHTepBaie 273 - 773K mokazanu, 9To MX IMOBEPXHOCTH HEOTHOPOIHA W IMPEICTABISAET
c000i1 Habop aJCOPOLIMOHHBIX LIEHTPOB C PA3IMYHBIMU SHEPTETHIECKUMH XapaKTePHUCTHKAMHU.

C nomornpto MK-criekrpockonuu Ha moBepxHOCTH Kak okcuaa y-Al,Os (Hocutens), Tak u cucreM Fe/y-Al,O3
IPU MX B3aUMOJIEHCTBHM C BOJOPOJOM B TemIiiepaTypHoM HHTepBasie 293 — 773K Obuth 0OHapy’>KeHbI KHCIOTHBIE
HCHTPBI JIpronca. OtHOCHTENbHAS MHTEHCHUBHOCTE II0JIOC MOTJIONICHHNA, OTBCUAOIIUX 3THM ILEHTpaM, 3aBUCUT OT
TEMIIEpaTypbl B3aUMO/ICHCTBUSI C BOAOPOJIOM M C e€ pocToM nanaer kak juis y-AlOs, tak u aist cucrem Fe/y-AlOs.

Jnst cucrem Fe/y-AlO3 nonock! moromtenus B obnactu 1283 — 912 e, rpynn — OH nosBIsAFOTCS TOJIBKO
HaumHas ¢ 373K, ¥ 3TO TONBKO OxHA 1MOJIOca. YMEHBIIEHHE KOJIMYECTBA MOJIOC IOTIOMICHHUS, BUIMMO, CBA3aHO C
YaCTHYHBIM MOKPBITHEM THIPOKCHIBHONW MOBEPXHOCTH HOCUTEINS XKeJle30coaepkanieid komrnoneHntold. Kpome toro, B
JUTHHHOBOHOBOH 00nactu K-CeKTpoB MPHUCYTCTBYIOT MOJIOCH MTOTIIOMIEHHS, KOTOPBIE MOKHO OTHECTH K CBSI35M B
rpynmax Al-O-Fe.

B cucreme Fe/y-Al,O3 B MCXOIHOM COCTOSIHUM HaOJIOMACTCS IMOJOCA MOTJIOMICHHMS, OTHOCSIIASACSA K CBA3SIM
Fe-O, ognako mpu B3aMOAEWCTBUM C BOJOPOJOM 3Ta IOJIOCA IMOTJIOMIEHUS TponaaaeT. [Ipu B3amMoaecTBum ¢
BosopoaoM cuctembl Fe/y-Al,O3 ncuesaer M mojioca MOTIIOLICHUS, CBsI3aHHAsI ¢ MOCTHKOBBbIMH Trpymamu -OH, To
e caMoe MPOUCXONT U B cirydae okcuaa y-AlLOs.

Metonom TIIJ-H, mokaszano, uro Ha moBepxHocTH okcuaa Y-AlLOs; m cucrem Fe/y-Al,O; mpucyTcTBYROT
a/ICOPOIIIOHHBIE LICHTPBI, Pa3JINYaIOIINECs [0 CBOUM SHEPreTHYECKUM XapaKTePUCTHKaM (IHEPruH cBsi3u). [Ipuuém,
3TH XapaKTePUCTHKH MOTYT 3aBUCETh M OT IPOLEHTHOTO COJEP)KaHMs JKEIe30ColepiKalleii KOMIIOHEHThl Ha
TMOBEPXHOCTU OKCHU A AJIIOMUHUS.

Metogom TIIB-H, ycranoBneno, uro okcupn y-Al,Os u cuctemsr 3%Fe/y-AlL,Os, 13%Fe/y-Al,Os conepxar
pas3iIMuHble COCTOSHMS OKCHIHBIX (OpPM MeTayula, MOCKOJbKY Ha KpuBbIX TIIB-H, yeTko pa3nuuuMbl HECKOJIBKO
9KCTPEMYMOB.

B Ttemneparypuom wunTepBane 630 —773K mns cucrem 3%Fe/y-AlOs, 13%Fe/y-Al,Os HesaBucuMo oT
coJIeprKaHMs JKenesa, HabiroaeTcsi objacTh JiecopOuuu ¢ nonoxxenneM Makcumyma npu 703K. Hanmmune oGnactn
necopbrmm st cucteM 3%Fe/y-AlLOs, 13%Fe/y-AlLOs, BUIUMO, CBSI3aHO ¢ BOCCTAHOBJICHUEM JKEJIE30COAeprKaIIei
KOMIIOHEHTBI, & UMEHHO cocTosHus Fe’* no Fe?* mpu amcconmatuBHOW ancopbuuu BOJOPOJA, HANPUMED, IO
MeXaHU3MY:

Fe;0; + H + H" — FeO + OH" +H" — FeO + H,0T

KaroueBble ciioBa: reTeporeHHmix’I KaTalins, (1)I/I3I/IKO-XI/IMI/I‘16CKI/IC METOAbI UCCJICAOBAHMA, aJICOp6l/IpOBaHHI)IC
MOJICKYJIbI.
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[Namsmu y4yeHo20

IHamaru
EmenbsanoBoir Bagentunbl CTenanoBHOM

31 mas 2020 roga Ha 76 roay KU3HU Tocie OOJIe3HN CKOHYAlIach M3BECTHBIN YUCHBIH, BETepaH Tpyaa
CCCP EmenssiHoBa Banentuna CrenaHoBHa.

Banentnna CrenmaHoBHA MpOXXKuiia HMOTHBIX 75 meT. M3 Hux 60 5T mpuxoIuiIoch HA OCO3HAHHYIO
paboTy HaJ cBOMM cTaHOBJIeHHEM Kak Yenoseka u JInunoctu. YcnemHo nony4yuB 6a3oBoe oOpa3oBaHue,
Banentuna CtenaHoBHA BCIO XHM3Hb MOCBATHIIA ceMbe U paboTe. CemeliHble 3a00Thl MOHATHBI BceM. Ho
BBIPACTUTh JOCTOMHBIMU JIOJBMH YETBEpPBHIX IETEHl M OJHOBPEMEHHO CEPhE3HO 3aHUMATHCS HAyIHBIM
TPYJOM — TaKUX MPUMEPOB HEMHOT0. MaJio KTO KEHIIMH OTBaXXKUTCS Ha Takoe. Ho 3To MuuHas )KU3HB.

Jpyrast cropoHa >KM3HHM JIOOOTO YEJIOBEKa — 3TO TPyNOBas AEATENbHOCTh Ha OJaro rocynapcrsa,
oOmecTBa U ceMbU. B 3TOM oTHOmEHNK Banentuna CrenaHoBHA — HACTOAIIMN TPYXKEHUK M TBOpUYECKas
JIMYHOCTb.

Ona yBieknach xumued Oyayuw emé ydeHuuei cpemneil mkombl Ne35 r. Anma-ATel, momyduia
OTIMYHOE 00pa3oBaHME B JIHENPONETPOBCKOM XHUMHKO-TEXHOJIOTHYECKOM MHCTHTYTE W IIPOAOIDKAja
COBEpILECHCTBOBATh CBOM NPOQECcCHOHANBHBIE MMO3HAHUS B MHCTUTYTE OpPraHMYecKOro Karanmia |
anexktpoxumun Akanemun Hayk Kazaxckoit CCP, mnonorBopHo npopaboraB B UHcTuTyTe Gonee 20 neT.
3nmeck mepBpIMU €€ YUHUTENSIMA ¥ HacTaBHUKaMU ObLTH akajgemuk mutpuii Bnagnmuposud COKOIBCKUH,
3aBeAyromuil J1aboparopueil TOMOTeHHOro Karammsza SkoB AoOpamoBnd Jlopdman, a momorma ¢
TPYJIOYCTpOWCTBOM U omekana mnepBoe Bpemss Anma [acueBna CapmypsuHa, Apyxk0a ¢ KOTOpO#
MIPOJIOJIKATIACh BCIO UX JKU3Hb. Y CIIEHIHO 3alUTUIIA KAHIUAATCKYIO0 AuccepTanuio B 1974 r.

Bonpmryto pons B ku3am Bamentnabl CtemanoBHBI chirpan akagemMuk HAH PK XXy6anos Kawmp
AxmeroBud, koTopsiid B 1992 r. Ha 6a3e Kazaxckoro rocyaapcTBeHHOIO YHUBEpPCUTETa co3nan Haydawo-
WCCIICZIOBATENbCKUIM WHCTUTYT HOBBIX XHMHMUYECKHMX TEXHOJIOrMd u MaTtepuanoB. EmenssnoBa B.C.
nocBatuiaa 3tomy Muctutyty 20 ner, npopa®oraB B HEM B IOJDKHOCTH 3aM - AMPEKTOPA, 3aHUMASCh
TUTaHUPOBAaHUEM, OpraHM3alueil W oOecreyeHneM Hay4HBIX HCCIE[OBaHHUM, coneiicTBueM Kadeapam
XMMHYECKOTO (PaKynbTeTa B MOATOTOBKE BBICOKOKBATH()UIMPOBAHHBIX HAYYHBIX KaJPOB, MPOCKTHPOBA-
HHEM, pa3pabOTKOH M BHEAPEHUEM Pe3yJbTaTOB HCCICAOBAHUM M ONBITHO-KOHCTPYKTOPCKUX paldoT B
COOTBETCTBYIOIIME OTPAciy MPOU3BOACTBA U y4UeOHBIN MPOLECC XMMUYECKOro (axysabTeTa, HAalpaBICH-
HBIX HA IMOOBEM M cTabuim3anuo >KoHoMuku PK.

Tpynosas nearensHOCcTh EMmenbsHoBo# B.C. BKItouana Takke OTBETCTBEHHYIO PabOTy — ydu&€HOro
cekperapss OtneneHHUs XUMHKO-TEXHOJIOTHUECKMX Hayk HannonanpHOW akanemun Hayk PecmyOmuxu
KazaxcTtan u 3amecTuTens IeKkaHa 10 HayKe Ha XUMHUeckoM (akynprere Kazaxckoro rocyaapcTBeHHOTO
YHHUBEPCUTETA.

[TogpiTOXKMBAsA, HAO OTMETHUTH, YTO BCA KU3Hb BanenTrHbl CTEMaHOBHBI A0 MOCIEIHEro AHS Oblia
MIOCBSIIIEHAa XUMUYECKOH HayKe, Ha 3TOM IIONPHIIE OHA JOCTHUIJIA HeMalbIX ycrexoB. Hago otmeruts, 4To
He Kapbepa Obuia e€ uenbto. [nmaBHBIN mHTepec s BameHTnHbl CTenaHOBHBI TPOSABISUICS B CaMOM
TBOPYECKOM MPOIIECCe HAyYHBIX HCCIEJOBAHHM.

Ero pa3pa®oranbl W HCOBITAHBI B IPOMBIIUIEHHBIX YCIOBHUSAX METAJJIOKOMILIEKCHBIE H
UMMOOMIIM30BaHHBIC HA TMOJUMEPHYIO MAaTpHIy KaTalu3aTopbl, KOTOPHIE COYETAIOT JyYIllMe CBOWCTBA
TOMOTEHHBIX M TETEpOTreHHBIX KaTainu3aTtopoB. KaTammzaTopsl H3ydeHbI B Ipolieccax HHU3KOTEMIIEpa-
TypHOTO: OKHCcieHUuss SO, BoccraHOBIcHHS SO, OKCHIOM yIiIepona, CyJIb()OOKUCICHHUS aIKCHOB H
apeHOB, OKHUCIHUTEIHHOTO JEXJIOPUPOBAHUA N-TUXJIOPOEH301a, aHa3pOOHOTO0 Me30(MIBHOTO IpeBparle-
HUs yriaeBogoB. B mocnennee Bpems EmenbsnoBoii B.C. Obuin BoBieueHB! B cepy AEATEIBHOCTH
AIMIOMOCHJIMKATHBIE MHUKpoc(ephl 30JIbI yHOCA, sBISIOIMecs TexHoreHHbIMH otxomamu TOC. Ero
pa3pabaThIBaINCh TEXHUKA M TEXHOJIOTUS (DPaKIMOHHOIO paslesieHus MHKpocdep ¢ BbIAEICHUEM
(eppoMarHeTMKOB, HayYHbIE OCHOBBI IPUTOTOBJICHUS W HWCIOJNB30BAaHHS MArHHTHBIX KOMITO3HIMH B
Pas3InYHBIX MpOLieccaX ¢ MAarHUTHBIM I0JIeM U 0e3 Hero.
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ITon e€ pyKkoBOACTBOM 3alIMIEHO 9 KaHAMOATCKUX AuccepTanuil. B mporecce HaydHOU
JesiTenbHOCTH nomyunna 25 aBropckux cBuaerensct8 CCCP u 5 matentoB PK, 6bu10 monaHo 5 3asiBok Ha
npennatrentel PK. B coaBropctBe m3mano 10 MoHorpadmii Ha pycCKOM W aHTJIMACKOM SI3BIKAaX,
onyoukoBano O6omee 400 TpymoB B kypHanax PecmyOmukm Kazaxcran u 3a pyOexoMm, B TOM YHCIIC B
JKypHaiax, WHAEKCUpyeMbIx Oazamu naHHbIX Web of Science mmm Scopus. Bamentnna CrenaHoBHa
Bxoaujia B cocTaB 3kcneproB l'ocymapctBenHoit skcneptu3dbl PK u ®onpa nayku PK. bBeuia
PYKOBOIMTENEM & MPOEKTOB M MporpaMm: «Pa3paboTka TEXHOJOrMM MOJydyeHHs Ouorasa METOAOM
KaTaIUTHYECKONH Me30(MIbHOW TIepepaboTKH  CENbCKOXO3SHCTBEHHBIX OTXOAOB C IENBI0  €ro
UCIIOJIb30BaHMSL IS OTOIUICHHST M TOJIYYEHHUS OJIIeKTpodHeprum» U «Pa3paboTka TexHOIOTHI
aJCOPOLIMOHHON KaTalIUTHYECKH-XEMOAJCOPOLMOHHON OYHMCTKH Ta30BbIX BBIOPOCOB OT CEPHHUCTHIX
COCIMHEHHUH C OJHOBPEMECHHBIM OTJENCHHEM CYIb(QOKUCIOT M CYJIH(OKCHIOB B KA4eCTBE MPOIYKTOB
peakuuii»; copykoBoauTenem mporpamMMm  «PaszpaboTka TexHomormm TIyOOKOH — mepepaboTKH
OpPraHMYECKOT0 M MHHEPAJIbHOTO CHIPbS M TONYyYEHHsS HAHOCTPYKTYPHPOBAHHOH KOMIIO3MLIMOHHOM
IPOAYKIMH Pa3InYHOrO Ha3HA4YeHUs», «Teopus M NpakTHKa YTHIN3AIMU TYMHUHOBBIX BEILECTB —
BO300HOBJIIEMBIX HCTOYHHKOB XHMMHYECKOTO CBIpBs», «Pa3paboTaTh HaydHble OCHOBBI MepepaboTKH
TOPIOYMX HCKOIAeMbIX M TOJyYeHHs HOBBIX MarepuanoB», «[lomydenue QyHmamMeHTaNbHBIX 3HAHUH B
nporeccax IOJY4YeHUS U HCIOJIb30BAaHMS HOBBIX HAHOPA3MEPHBIX MAarHUTHBIX KOMIIO3UTOBY, IIPOEKTA
«Pa3paboTKka TEXHOJOTHM TOJYYEeHUS W HUCIOJIb30BAHWA MarHUTOAKTHUBHBIX HAHOPAa3MEPHBIX KOMIIO3H-
IUOHHBIX MaTepualioB Ha 0a3e yIJIeBOJAOPOJHOTO M TEXHOTGHHOTO CHIphsl Ka3axcTaHa», «Pa3paboTka
TEXHOJIOTMH TIONYyYEHHsI HOBBIX NONH(YHKUHOHANBHBIX IOPUCTBIX MAarHUTOYNPABISIEMBIX HaHOPA3-
MEpHBIX MaTepHajJoB Ha OCHOBE IieHOc(ep 3011 yHOca Uil MMMOOUIM3ALUH, OTBEPXKICHUS U HEHTpau-
3allUU paJuallMOHHBIX OTXOI0BY.

Nwmena rocynapcreennyto Harpany — «Betepan tpyna CCCPy, eft OpU10 IPUCBOCHO BOMHCKOE 3BaHUE
(JIEUTEHAHT BOMCK XMMHUUYECKOM 3aIUTBD.

Bce 3TH mocTwKeHHsS SABISIOTCS CIEACTBUEM OYEHb Ba)XKHOM dYepThl XapakTepa BaieHTHHBI
CrenaHOBHBI — YyBCTBa JOJTa U OTBETCTBEHHOCTH B JIFOOOM Jiele.

BaxHO OTMETHTh M TO, YTO B OTHOLICHMAX C OKPYKAIOIIMMHU €€ IO >KU3HHU JIOJbMH OHa Oblia
4eCTHBIM, 70OpbIM 1 0T3bIBUMBEIM UEJIOBEKOM!

Konnexmue AO «MUncmumym monnusa, kamanusa u snexmpoxumuu um. /.B. Coxonbckozon
svipascaem 21yooKoe cob01e3H08AHUE POOHBIM U OIUZKUM.
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MamsaTu
I'osiopoBa BajienTuHa AstekcanapoBuya

12 uronss 2020 roma Ha 84 roay XU3HU TOCJIE MPOJOIKUTEILHON
00JIe3HN CKOHYAJICS W3BECTHBIM YYEHBIH B O0JIACTH KaTaln3a U (PU3MUECKOH
XUMHH JTOKTOpP XHMHYECKUX HAyK, Mpodeccop, MacTep MapalrroTHOTO CIIopTa
CCCP Banentun Anekcanaposuy I'01010B.

B.A..T'ononoB pomwics 15 wostOps 1935 roma ( Anma-Ata). OxkoHYHT
xumudeckuii (akynprer Kazaxckoro rocynapcTBEHHOTO YHHBEPCHTETa UM.
C. M. Kupoga (1960) 1o creraibHOCTH «KaTallu3y.

Pabotan tam xe: 1960-1969 — unxeHep, MIAALIINNA, CTAPLIINNA HAYYHBIH
COTPYIHUK IpoOieMHo# adoparopun. B 1968—1978 — yuéHsIii cexperapsb, ¢
1978 3aB. mabopaTopuell KOOPAWHAIMOHHOTO KaTanu3a, ¢ 1987 — 3ammupex-
Topa MHCTUTYTa OpraHUYEeCKOro Karanusa u anekTpoxumun Axagemun Hayk KazCCP.

Hayunbie wnccienoBaHus TMOCBSIIEHBI pa3pabOTKe TOMOTEHHBIX KaTalIW3aTOPOB ISl TPOIECCOB C
y4acTHeM OKCHJa yTriepola W JUOKCHIA Cepbl, SBICHWAM CHHEPTrU3Ma B KaTalln3e, HEKOTOpHIe
pa3paboTKH BHEIPEHBI B TPOMU3BOACTRO.

WM ony6mukoBano Gomee 200 HayuHBIX crarteld B kypHanmax Kaszaxcrama, CCCP u 3a pybexom,
nosrydeHo 35 aBropckux cBunereabcTB CCCP (HbIHE MaTeHTOB) HA H300pETCHMUS.

Uwnran Ha xumudeckoM ¢akynbrere Kazl'V kypchl JeKIuil 1Mo Karajau3y, BBICTyNal C HayYHBIMU
JIOKJIaJIaMH Ha PECIYOJIMKAHCKHUX, BCECOIO3HBIX M MEXKTYHAPOIHBIX KOH(EPECHIUAX U KOHTPEeccax, B TOM
YHCIie B YHUBEPCUTETaX U HccienoBaTebckux nHCTUTYTax ['epmanuu, CIIA, Anonuun, Utanuu u Uaauu.

B.A. Tl'ononos Harpaxaén menansmu BJIHX CCCP, naypear xonkypca ¢onma Copoca, Mo €ro
PYKOBOACTBOM 3amuiieHo 10 KaHAUAATCKUX AUCCEpTalui, B TeUEHHE pAaa JeT ObUT YJICHOM SKCIEPTHOTO
coBeta BAK KazaxcTtaHa 1o mpucy>XI€HHUIO YUEHBIX CTeTIEHEH U TPUCBOSHUIO HAyYHBIX 3BAaHUM.

IIpomén 10-mMecsiaHyI0 HAyYHYIO CTaKHPOBKY B BBICIIEH TEXHHYECKOW IKOJIE B JIabopaTopwuu
naypeara HoOenesckoii npemuu D. O. @uriepa (r. Mionxen, ®PI, 1986), pe3ynbraToM KOTOpO#l Oblia
COBMECTHas IMyOJIMKaLKs B COBETCKOM JKypHalie, aBTopckoe cBuneTenbctBo CCCP (mateHT) u nepeBoa Ha
pycckuii 1361k MoHOTpaduu «IIu-koMimiekcsl MeTautoy (M.: Mup, 1975, — 40 m.o.).

Mactep mapamrntotaoro cropta CCCP (525 mpblXKOB), aBTOp 4 MHUPOBBIX M COIO3HBIX PEKOPAOB B
TPYNIOBBIX TPBDKKAaX (AHEM M HOYBIO) HA TOYHOCTh MPHU3EMIICHHS, YYACTHHK PECIyOJUKAHCKUX U
BCECOIO3HBIX COPEBHOBAHUIA.

Konnexmus AO «Hncmumym monauea, kamanuza u snekmpoxumuu um. /.B. Cokonvckozo»
svipaoicaem 2y6okoe cobo1e3H08aANUE POOHBIM U OIUZKUM.
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MamsaTu
Myxamenxanosoit Cadbupsl 'agypoBHBI

19 mapta 2020 roga Ha 64 roxy XU3HH 1ocie 0OJIe3HU CKOHYAIach
VUCHBIA-XMUMUK, KaHauaaT xuMmudecknx Hayk Caodupa I'adypoBHa
MyxamenxaHoBa.

C.I'. MyxamemxaHoBa poausack B 1956 rony B KeizputopauHckon
obmactu. Oxonumia B 1978 romy xumudeckuii hakynsTeT Kazaxckoro
rocygapctBeHHoro ynusepcuteta uM. C.M.Kupoga.

C 1983 roma pabGortama B HMHCTUTYTE TOIUIMBA, KaTalu3a U
anekrpoxumuu uM. J[.B Cokomsckoro. B 1995 romy ero Oplna 3amm-
IIeHa KaHIuAaTcKas aucceprauust Ha TeMy «CHHTE3 M KaTalUTH-
YecKHe CBOMCTBAa IMOIMMEPMETAUINYECKUX KOMILJIEKCOB Ha OCHOBE
METaJUIOB IUIATHHOBON TPYIIIBI ¢ IOTUBUHIIINPUANHAMI.

MyxamemxkanoBa C.I'. sBmsutace KBanu(UIMPOBAHHBIM CIELUA-
JUCTOM B 00JacTH KaTajiu3a METAJUIONONMMEPHBIMU KoMIUlekcamHu. Elo paspaboTraHsl HOBBIE

[ -

HAHOMCIIEPCHBIE KATAIM3aTOPhI C TOJMMEPHBIMH JINTAaHIaMH, paOOTAIOIIMMHY IO TPUHIUTY (DEePMEHTOB B
MSATKHUX YCJIOBHUSIX, JUIS CHHTE3a MPOMBINUIGHHO BaKHBIX OpPraHWMYECKHUX BemecTB. Ee Tpyasl
ONMyOJIMKOBaHbl B 3apyOCKHBIX BBICOKOPCHTHHTOBBIX W3JaHUsX. Pe3ynbTaThl ee UCCleoBaHUMN
JTOKJTAJBIBAIIFICh HA MEXKIYHAPOIHBIX HAYYHBIX KOH(EPEHINAX ¥ CHMITO3MyMax.

Ha pabore Cabupy ['adypoBHy mLeHMIN 3a yM M BHHMAaTelbHOCTb. Ham Oyzmer He xBaTath ee
JIOOPOTHI, TOHKOT'O FOMOpPA M OCJICTUTENBHON yapiOku. OHa HaBCcerJa OCTaeTCs B HAIIUX CEPAIIaX BEPHBIM
JIPYTOM M MyAPBIM COBETYHMKOM, BCETIa TOTOBBIM OKa3aTh IIOMOIIb B JTIFO00# CIIOKUBIICHCS CUTYAIHH.

Konnexmue AO «MUncmumym monnusa, kamanusa u snexmpoxumuu um. /.B. Coxonbckozon
svipaoicaem 2y6oKoe coO01e3H08ANHUE POOHBIM U OIUZKUM.
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YBaxxaemble aBTOpPbI HAYYHbIX KypHaaoB HAH PK!

IIpesummymom HAH PK npussTo pemenue, B LENsIX IMOBBILICHUS
MEXAYHAPOJHOIO0 PEUTHUHIA aKaJeMUYECKUX H3AaHUH, OObEAMHHUTH CIEAYIOIIHNE
3 xypHaina, HaunHas ¢ Ne 5 (ceHTI0pb-0KTs0ph), 2020 T., C BHICOKOPEUTUHT OBBIMH
xypHaiamu HAH PK, Bxogsuiumu B MexayHapoiHbie 6a3bl Scopus, WoS u np.:

1. «M3BecTusi HAH PK. Cepusi OM0/I0rn4ecKux M1 MeIUUUHCKUX HAYK)
00BeauHUTH ¢ )xypHaIoM «Jlokmaast HAH PKy;

2. «"3Bectust HAH PK. Cepus arpapubix Hayk» — «/{oknanst HAH PK»;

3. «A3BecTust HAH PK. Cepusi 0011eCTBEHHBIX 1 TYMAHUTAPHBIX HAYK» —
¢ xypHanom «Bectnuk HAH PK».

Cratbu, KoTOpble myoOsnkoBasinch B xxypHanax «M3sectus HAH PK. Cepus
ounonornyeckux u meauuuHckux Hayk» U «M3ectuss HAH PK. Cepus arpapHbix
HayK», BIpeab 0ynyT nmyonukoBathes B xkypHaie «/dokaaast HAH PK», a cratsy,
nyonukyemble B kypHane «M3Bectus HAH PK. Cepuss oOuiecTBeHHBIX H
I'YMaHUTapHbIX HAYK», — B )KypHaie «Becthuk HAH PK».

[Ipu nogaude crateil MpocUM yKa3blBaTh HAa3BaHUE KypHAJla U OTPACib HAYKH,
COTJIaCHO MPEACTABICHHOTO MEepeyHs (CM. HIKE) B JaHHOM >KypHaJie:

I. Hayunsni xypnan «Bectnuk HAH PK» mnocsiueH uccnenoBaHusiM (QyHIAMEHTAIbHOW HayKH
(rymMaHHMTapHbBIE U €CTECTBEHHBIE):

PC,HaKL[I/IOHHaH KOJUIETHUA IPUHUMACT CTAThU 110 CICAYIOIUM OTPAC/ISIM HAyKH:

1. I'ymanutapHbie (3KOHOMHKA, IOPUCIIPYACHIINS, HCTOPHS U apXEOJIOTHsl, OJUTONOTUSI ¥ COLUOJIOTHUS,
¢bunocodusi, Ghunosorus, neraroruka U NCUXoJI0Tus, JIUTepaTypoBe/IeHHE, NCKYCCTBOBEICHHUE)

2. EcrectBeHHbIe (aCTpOHOMHUS, (HU3UKA, XUMHSI, OHOJIOTHS, reorpadusi ¥ TeXHHIeCKUe HayKu). [Tpumepbl
TEXHHYECKHX HayK: KOCMOHABTHKA, KOpalOJjecTpoeHHe, MAlIMHOCTPOSHHE, CHCTEMOTEXHHKA, JJIEKTPOTEXHHKA,
AIIEKTPOCBS3b, PaOdJICKTPOHHKA, SepHast SJHEPreTHKA U T.JI.

Anpec cainta «BectHuk HAH PK» — http://www.bulletin-science.kz/index.php/en/arhive

II. Hayunwni xypHan «Jdokaagbi HAH PK» mocBsmieH wuccieqoBaHusM B 0O0JACTH  TMONTYYCHHS
HaHOMaTEePHAaJIOB, OMOTEXHOIOTUN H SKOJIOTHH.

Pe,[[aKI_[I/IOHHaH KOJUIETHUS IPUHUMACT CTAThU I10 CICAYIOUIUM OTPAC/IIM HAyKH:

1. [TonyyeHre HAHOMATEPUAIOB B 00JIACTH €CTECTBCHHBIX HAYK, MEIUIIMHBI U CEJIBCKOTO XO035HCTBA.
2. broTexHoNOTHs B 3eMIICICIIHU, PACTCHUEBOJICTBE U 300TCXHHUKE.

3. O6mas Onostorus ¥ OMOTEXHOJIOTUS B MEAULIVHE.

4. DKoaoTHs.

Appec canta «doknagbl HAH PK» — http://reports-science.kz/index.php/en/archive

Kpome Ttoro, B xypHamax «M3ectuss HAH PK. Cepus ¢wusuxo-
maremaruueckas», «M3Bectus HAH PK. Cepusa xumunm U TEXHOJIOTMN» U
«3Bectuss HAH PK. Cepus reosnorun M TEXHUYECKMX HAYK» TaKKE YKa3aHbI
OoTpaciid HayKd, IO KOTOpbIM OyAyT TPUHUMATHCS HAy4YHbIE CTATbU JJIS
AKCHEPTU3bI U JATBHEHIIEr0 OMyOJIMKOBAHUS:

III. Hayunsrit xxypHan «A3Bectusi HAH PK. Cepust puznko-MaTeMaTH4ecKas» IOCBSIIEH UCCICIOBAHUIM
B 00JTaCTH MaTeMaTHUKH, PU3UKH U HHYOPMAITIOHHON TEXHOIOTHH.



Pe,[[aKI_[I/IOHHaH KOJUIETHUS IPUHUMACT CTAThU I10 CIEAYIOIIUM OTPAC/IIM HAyKH:

. Marematuxka.

. Uudopmaruxa.

. aTemiekTyanbHbIi aHAIN3 JaHHBIX M Paclio3HaBaHUE 00pPa3oB.
. MaTteMaTHYeCKoe MOJICTUPOBAHKE COITHAILHBIX K IKOHOMUYECKHUX MPOIECCOB.
. Mexanuka.

. MexaHuKa MalivH ¥ pOOOTOB.

. Teopus ynpaBiieHHsI 1 KOCMAYECKHE UCCIICIOBAHUS.

. ®uzuka.

. SlnepHas pusmka.

10. Teopetnueckas puzmka.

11. ActpoHomusl.

12. Monocdepa.

O 01N LN W~

Appec canta «UN3BecTna HAH PK. Cepus cpmusamko-maTtemaTnyeckasa» —
http://physics-mathematics.kz/index.php/en/archive

IV. Hayunsiii xxypHan «3Bectusi HAH PK. Cepusi XuMuM ¥ TeXHOJOTMil» MOCBSILIEH UCCIEIOBAHUSAM B
00J1aCcTH XUMHH U TEXHOJIOTHUI HOBBIX MATEPHAIIOB.

PeﬂaKHI/IOHHaﬂ KOJUJICTU IPUHUMACT CTATBbU IO CJICAYIOIINUM OTPACISIM HAyKU:

. Opranmyeckas XUMHS.

. Heopranuueckas xumusi.

. BeicokOMOneKysIpHBIE COEANHEHUSI.

. ®usnueckas XuMus (KaTaau3, JIEKTPOXUMHUS).
. TexHomorus HOBBIX MaTepUAIIOB.

. TexHOIOTr sl OpraHN4YeCKHUX BEIIECTB.

. TexXHOJIOTrusI HEOPTaHMUECKUX BEIIECTB.

. TexHonoruss XMuMHYECKUX YAOOPECHUI.

. TexHONOrMs MOJTUMEPHBIX U CTPOUTENBHBIX MAaTEPUATIOB U CUIIUKATHL.
10. TexHoIOrUs MUIIEBBIX IPOTYKTOB.

11. ®apmaneBTHUECKass XUMUSL.
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Appec caiita «U3Bectus HAH PK. Cepusi xXumuu n TexHonormm» —

http://chemistry-technology.kz/index.php/en/arhiv

V. Hayunsiii xypHan «HW3Bectus HAH PK. Cepus reonorum M TeXHHYECKHX HAYK» TIOCBSIICH
UCCIIEJOBAaHMAM B 00JIACTH T'€OJIOTUH U TEXHMUYECKUX HAyK:

Pe}IaKLII/IOHHaﬂ KOJIJIETUs IMPUHUMACT CTATbH IO CJICAYIOIINUM OTPAC/IsIM HAyKU:

. 'eonorus.

. PernonanbHas reosorus.

. [lerponorus.

. l'eomorus vedtH 1 raza.

. 'eonorus u rese3uc pyaHbIX MECTOPOXKIEHUI.
. 'maporeosnorus.

. T'opHoe neo 1 reoMexaHuKa.

. @yHIaMeHTaIbHBIE TPOOIEMBI 00OTAICHUS MUHEPAIEHOTO CHIPHS.
. mxeHepHast reosiorusi.

10. T'eousuka u cericMoIorHsl.

11. Teorpadust.
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Appec cainta «M3Bectnsa HAH PK. Cepus reonormm n TexHM4eCKMX HayK» —
http://www.geolog-technical.kz/index.php/en/archive



