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Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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SYNTHESIS AND PHYSICOCHEMICAL CHARACTERISTICS
OF MESOPOROUS ALUMINOSILICATES

Abstract. In the article, the synthesis of mesoporous aluminosilicates was carried out according to the
developed methods, in which tetraethylorthosilicate Si(OC,Hs), was used as a source of silicon, secondary aluminum
butoxide (sec-BuO);Al and aluminum triisopropoxide Al(i-OPr); were used as aluminum's sources. The synthesis of
mesostructured aluminosilicate is based on the method of copolycondensation of silicon and aluminum sources in the
presence of alcohol. Hexadecylamine (HDA, C,¢H3;NH,) was used as a template for the formation of a porous
structure. The physicochemical characteristics of the synthesized structured mesoporous aluminosilicates have been
studied. It was found that the synthesized materials MAS-1 and MAS-2 possess high specific surface area from 511
to 1170.0 m*/g. The presence of a mesoporous and ordered structure in the synthesized aluminosilicates is confirmed
by the data of low-temperature nitrogen adsorption/desorption, X-ray diffraction and FT-IR. To determine the
relative strength of Brensted and Lewis acid sites on the surface of mesoporous aluminosilicates, diffuse reflectance
infrared Fourier transform spectroscopy (DRIFT) of adsorbed pyridine samples was carried out. DRIFT analysis data
demonstrated a majority of Lewis acid sites on the surface of the synthesized materials. We are currently studying
the possibility of applying these materials as acidic components of bifunctional catalysts for petrochemical processes.

Key words: Mesoporous aluminosilicates, template, bifunctional catalysts, porosity, Lewis and Brensted acid
sites.

Introduction. More than 20 years ago, the synthesis of catalytically effective ordered mesoporous
materials was reported for the first time [1-5]. Ordered mesoporous materials with adjustable pore sizes in
the range of 2-50 nm have attracted much attention due to their unique structure with ordered porosity,
large surface area and volume of pores, as well as potential applications, mainly in the field of catalysis,
adsorption, separation, sensors and fuel cells [6]. Mesoporous aluminosilicates are one of the mesoporous
materials that are of great interest for study, since they have become widely used as catalysts for the
conversion process of n-alkanes into their branched isomers. Mesoporous aluminosilicates contribute to
the high selectivity of the isomerization process (> 90%) at medium degrees of conversion (60-75 %), and
also through the use of various methods of their synthesis, it becomes possible to regulate the size of their
pores and, as a consequence, to obtain the size of molecules larger than in zeolites and other catalysts
[7-10].

Mesoporous aluminosilicates can be synthesized using various "bottom-up" and "top-down"
technologies such as co-precipitation, graft copolymerization, and precipitation using a silicon source and
an aluminum source [11].
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Mesoporous aluminosilicates form three different phases: a hexagonal phase, a cubic phase, and an
unstable lamellar phase. Among them, mesoporous aluminosilicates with a cubic phase are widespread,
while the other two are of limited use in catalysis [12, 13]. The synthesis of mesoporous aluminosilicates
is based on the use of templates and their further removal by calcining at 450-600 °C. The use of nonionic
surfactants as templates is of greatest interest for petrochemistry and oil refining. Materials synthesized on
the basis of hexadecylamine possess the highest specific surface area (up to 1030 m*/g) compared with
other widely used templates, for example, triblock copolymers of polyethylene and polypropylene oxide
(only up to 750 m*/g) [14]. Another important issue in the synthesis of mesostructured aluminosilicates is
the silicon to aluminum ratio (Si/Al). Karakhanov et al. [15] found that the most optimal ratio Si/Al = 10.
Thus, mesoporous aluminosilicates with a high aluminum content possess higher specific surface area of
1030 m?/g in comparison with samples with a Si/Al ratio = 20, 40 (673, 963 m*/g, respectively), and also
provide higher selectivity of n-dodecane hydroisomerization.

In this work, we present the results of a study of the effect of the mesoporous aluminosilicates'
synthesis method on their physicochemical characteristics.

Experimental part. Samples of mesoporous aluminosilicates for the synthesis of which
hexadecylamine was used as a structure-forming template were prepared by the authors. The synthesis of
mesostructured aluminosilicate was based on the method of copolycondensation of tetraethylorthosilicate
Si(OC,Hs)4 and secondary aluminum butoxide (sec-BuO);Al/aluminum triisopropoxide Al(i-OPr); in the
presence of alcohol. For this, the sources of aluminum were dissolved in alcohol. Then a solution of
tetraethylorthosilicate was added dropwise to them under intensive stirring. In parallel, while heating a
solution of hexadecylamine with alcohol was prepared. After complete dissolution of the template,
distilled water was added to the solution. A solution of silicon and aluminum compounds mixture was
added portionwise to the resulting viscous homogeneous mass containing the template solution. Further,
after adding water dropwise and with stirring for 10 minutes, the resulting mixture was stirred for 6 hours
at room temperature. Then it was kept without stirring at room temperature for a day. Next, the precipitate
was filtered on a Buchner funnel, dried at room temperature for 24 hours, and then slowly heated in an
oven to 110 °C during 3 hours. The resulting solid-phase substance was placed in a tubular furnace and
heated to 600 °C at a heating rate of 1 °C/min, after which the sample was calcined at this temperature for
6 hours in an oxygen flow.

The porous structure of the synthesized samples and the values of the BET surface area were studied
using the standard nitrogen adsorption/desorption method on a Quanta Chrome Autosorb-6 sorptometer.

The ordering of the porous structure of the synthesized materials was analyzed using the method of
small-angle X-ray scattering. X-ray diffraction patterns were recorded on a Rigaku D/MAX 2200
diffractometer with a Cu K radiation source.

Determination of Lewis/Bronsted acid sites in the synthesized catalysts was carried out using
experiments of diffuse reflectance infrared Fourier transform spectroscopy (DRIFT) of adsorbed pyridine
using a PerkinElmer Spectrum One FTIR-spectrometer. Before these tests, the samples were pretreated at
110 °C to remove water adsorbed on acid sites. After adsorption of pyridine, the samples were dried at
40 °C before DRIFT analysis. The background spectrum was recorded using KBr. The spectra obtained
after pyridine desorption were subtracted from those measured before pyridine adsorption (fresh samples)
in order to determine the bands relative to the Lewis and Brensted acid sites.

The IR spectrum of the samples was obtained on a Thermo Nicolet 8700 FT-IR spectrometer with a
spectral resolution of 4 cm™.

Results and discussion. The nitrogen adsorption/desorption isotherms in both studied samples belong
to type IV according to the classification of Brunauer, Emmett and Teller; the presence of a hysteresis
loop in them is correlated with capillary condensation occurring in the mesopores. However, they differ in
the type of hysteresis loop (figure 1). If on the isotherm of the MAS-1 sample the hysteresis loop belongs
to the H1 type, indicating a narrow pore size distribution and ordered structure, then on the isotherm of the
MAS-2 sample - to H4 type and indicates narrow slit-shaped pores [16]. The synthesized materials also
sharply differ in specific surface area (MAS-1 — 511 m?*/g, MAS-2 — 1170.0 m%/g), the average pore
diameter and pore volume vary from 3.82 nm to 2.19 nm andl.47 cm’/g to 0.875 cm’/g (table 1).
According to the data shown in figure 2, for both samples the maximum on the pore size distribution curve
is observed at 3.5-4.2 nm. The average pore size for all three samples is due to the presence of a small
minority of macropores.
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Figure 1 — Nitrogen adsorption/desorption isotherms on MAS-1 and MAS-2 samples
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Figure 2 — Pore size distribution for MAS-1 and MAS-2 samples
Table 1 — Physical properties of samples
. 2 3 Average pore diameter,
Sample Specific surface area, m”/g Volume of pores, cm’/g am
MAS-1 511.0 1.469 3.82
MAS-2 1170.0 0.875 2.188

To confirm the mesoporosity and orderliness of the porous structure of the synthesized materials, the
X-ray scattering method was used.
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Figure 3 — Small-angle X-ray diffraction pattern of mesoporous aluminosilicate MAS-1

Figure 3 shows an X-ray diffraction pattern of small-angle scattering of a mesoporous sample MAS-1,
according to which the presence of a pronounced peak in the 2.1° 20 angular range indicates the presence
of a mesoporous structure. For the MAS-1 sample, the intensity peak is in the 2.1 ° range, which at the
wavelength of the radiation used corresponds to an interplanar distance of 4.2 nm.

DRIFT spectroscopy of adsorbed pyridine samples was performed in order to determine the relative
strength of Brensted and Lewis acid sites on the surface of mesoporous aluminosilicates (figure 4).

Transmittance, a.u.

Wavenumber. cm:

Figure 4 — Diffuse reflectance infrared Fourier transform (DRIFT) spectra of mesoporous aluminosilicates

The studied samples show absorption bands at 1445, 1490 and 1595 cm™. The observed bands at 1445
and 1595 cm™ in the spectra are explained by the presence of hydrogen-bonded pyridine adsorbed on the
centers of Lewis acids [17, 18]. The band observed at about 1490 cm™ is due to the adsorption of pyridine,
both at the Lewis centers and at the Brensted acid sites. It should be noted that the appearance of an
absorption band at 1640 cm™ in the spectrum of the MAS-2 sample indicates the presence of Bronsted
acid sites.

FT-IR spectroscopy was used to study the retention of crystalline ordering in the synthesized
mesoporous aluminosilicates. FT-IR spectra of synthesized samples in the range of 400-4000 cm™ are
shown in figure 5. Fourier transform infrared spectroscopy (FTIR) complements X-ray diffraction in the
search for modifications in crystallinity by comparing peak intensities in the range from 400 to 1300 cm™
[19]. These bands are grouped into two types of vibrations of TO, tetrahedral units (where T = Al or Si):
vibrations associated with connections between TO, tetrahedra, which are therefore sensitive to structural
modifications, and vibrations of TO, tetrahedra, insensitive to structural modifications..
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Figure 5 — FT-IR-spectra of synthesized samples

According to the data in Figure 5, the appearance of the 1059 cm™ band can be attributed to
asymmetric stretching vibrations of Si-O and Al-O, while the 800 cm™ band in the spectra of the studied
materials indicates crystalline ordering [20], i.e., apparently, this is due to the internal vibration of TO4
tetrahedra containing Al and Si. The absorption band at 450 cm™ corresponds to the deformation
vibrations of SiOs.

Thus, the ordered mesoporous aluminosilicates MAS-1 and MAS-2 were synthesized using various
sources of aluminum. The synthesized samples were examined using various physicochemical methods of
analysis. The presence of a mesoporous and ordered structure in the synthesized aluminosilicates is
confirmed by the data of low-temperature nitrogen adsorption/desorption, X-ray diffraction and FT-IR.
According to the DRIFT analysis data, it was shown that the surface of the synthesized materials mainly
contains Lewis acid sites. We are currently studying the possibility of using these materials as acidic
components of bifunctional catalysts for petrochemical processes.

The source of research funding: The work was financed by a grant for young scientists for the
implementation of scientific research on scientific and technical projects: No. AP08052032 "Development
of technology for the production of new catalysts based on mesoporous aluminosilicates for the production
of diesel fuel with improved low-temperature properties".
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ME3OKEYEKTI AIIOMOCHUJIMKATTAP CUHTE3I MEH
OU3NKA-XUMUSIBIK CUITATTAMACBI

AHHOTanMsi. Makanana Me30KeyeKTi aTFOMUHOCHINKATTAP/bI CHHTE3ICY 9ICiHIH (DU3NKA-XUMHUSIIBIK CUITATTa-
MachlHa 9CEPiH 3ePTTeY HOTMXKENepi YChIHbUIFaH. Me30KeyeKTi allFOMOCHINKATTAp JaibIHAATIbIN, CHHTE3IHE TeKCcae-
[MJIaMHH KYPBUIBIMJBIK TEMIUIAT PETiHIe HaifanaHbuiibl. Me30KYphUIBIMIIB! ATFOMOCHIMKAT CHHTE31 CIIUPT KOCHI-
nateiH TerpasTmopTocumukaTr Si(OC,Hs), koHe exiHmimik amoMuHNi OyTokcnn (ekiHmiik-BuO);Al/amo-muanit
tpum3onponmiatAl(i-OPr); comommkonaencanus oaicine HerizgenreH. O YIIiH alFOMUHAN KO31 CIHPTTE epITLTIIL,
KapKBIHIBI apajiacThIpy OaphICHIHA TETPA3TIIIOPTOCIITUKAT ePITIHAICI TaMINBUTATHUIRI KOChUIabl. COHBIMEH KaTap,
KbI3/IIPY apKbLIbl TE€KCACHMIAMUHHIH CIMPTIICH epITiHAICI AalbiHIAAbI. TeMIuaT epiTiHici KOChUIbI albIHFaH
KO0, OIpTeKTi Maccara Oenme TemIepaTypackiHOa 6 caraT OOMBI apanxacThIpy apKbUIBI KPEMHHU KOHE aTFOMHHUI
KOCBUIBICTAPhl KOCIACBHIHBIH EPITIHAICI O6NIKTeN KOCBUIBIN, | KYH KenTipuimi. AJbIHFAH KaTThl (hasaibl Kocma
KYOBIpibl Temike canbiHbi, 1°C/MUH KbI3AbIpy XburgaMabirbiMeH 600°C neifiH KbI3ZABIPBUIBIN, KEHiH VI OChI
TemIiepaTypazaa 6 carat OOMbI OTTET] aFbIHBIHAA KYHIIPLIII.
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TeMeH TeMmepaTypajsl a30T aJCOPOIHSACHY/ IEeCOPOIISICH 9IICIHE ColKec, 3ePTTENTeH eKi YITiIeTi n3oTepManap
Bpynaysp, Ommer xone Temrep wimaccuduranuscel OoiiblHIIA [V THIIKE >XKaTagbsl, OHAAFBl THCTEPE3UC TY3aFbl
ME30KEyEKTe KE3/1eCETiH KalmULIPIbIK KOHACHCAMsIMEH OaiaHbIcThl. ANaiia oap THCTEPE3NC Ty3arbl TYpiMEH
epexmeneneni. Erep MAS-1 ynriciHiH u30oTepMaceiHaa ructepesnc Ty3arsl H1 tumine sxatateH 6osca, Oy keyek
eJIIIIEMi MEH PETTENTeH KYPbUIBIMBI OOMBIHINIA a3 TapaJIFaHbIH KepceTei, at MAS-2 — H4 ynriciHiH H30TepMachl Tap
caHpUIayNBl KeyekTi kepcereni. CoHpmaii-ak, CHHTE3ZENTreH MaTepualjap MEHIIIKTI OeT aymaHsl OoibIHIIA 1a
epexmeneneni (MAS-1 — 511 m%/r, MAS-2 — 1170,0 M%/T), KeyeKTiH opTama auameTpi MeH Keiemi 3,82 HM-IeH
2,19 um-re geitin xomne 1,47 oM>/r-nan 0,875 cM>/r-ra nedtinri apaJIbIKThl KAMTHIBI. BapiiblK yIII yirifgeri KeyeKTiH
opTallla ejeMi MAaKpOKEeyEeKTEeP/IiH a3 MeJepine OaiIaHbICTHI.

CuHTe3/IereH MaTeprualIap bl KeyeKTi KYpbUIBIMBIHBIH ME30KEYEKTUIIrT MeH PeTTLIIrH AaJIes/Iey YIiH peHT-
TeHIIK INAIbIpaTy ofici KomgaHeiiel. MAS-1 Me30KeyekTi yiriciHiH a3 OyphIITHl HIANIbIpay PEeHTTeHOrpaM-
MacblHa calikec, 20 OyphIITApPBIHBIH MOHAEPI aliMarbiHAa 2,1° aliKbIH IIBIHHBIH 00Jybl ME30KEYEKTI KYPBUIBIMHBIH
OonateiHBIH KepceTeni. ConpiMeH Katap MAS-1 ynrici ymiH KapKbIHIBI IIBHEI 2,1° aliMareiHoa OalKamamsl, OX
nalJaaHblIFaH COYJICJICHYAIH TOJIKBIH Y3bIHABIFBIHAA 4,2 HM apajibIK KalIbIKTHIKKA COHKeC KeJlei.

MesoxkeyekTi amoMocwiuKar OeriHgeri bpeHcTten jkoHe JIBIOMC KBIMIKBUT OpPTANBIFBIHBIH CAJIBICTBIPMAIBI
OepiKTIiriH aHBIKTay YIIiH aAcOpONMsATIaHFaH MHUPHAWH YATUIepiHiH auddy3asl marsuiblcelH Dypbe TYpIeHIIpyi
apksuibl (DRIFT) MK crieKTpocKONMsAChIHA Taljay Jkacaluisl. 3epTTenreH yirinepae 1445, 1490 xone 1595 cm™
Ke3iHjge KyThUTy Konakrapsl Oaiikanmawl. Crexrtprepaeri 1445 xone 1595 cm™' Gaiikanartsin xonakrap JIbrouc
KBIIIKBUI OPTAIBIKTAPbIHJA JKYThUIFAH CyTeriMeH OaiiylaHbICKaH NMUPWAWHHE KaTbIcThl TyciHgipinexai. Illamamen
1490 cm' Gaiikanran xkomak JIBIOMC OpTAIbIKTAPBIHAA 13, BPEHCTeN KBIIIKBUIB OpTaNbIKTAPHIHAA Ja MHPUIHH
azicopbLuschIMer GaitnanbicTsl. MAS-2 yiricinin cnektpinge 1640 cM' aliMarblHa XKyThUTy XKOJNAFBIHBIH Naiifa
60urybl BpeHCTenTiH KBIIKBLUT OpTaIbIKTaAPBIHBIH O0JIATHIHBIH KOPCETe .

CuHTe3/IelreH ME30KEeYEKTi aTIOMOCWIMKATTApAarbl KPUCTAIIBl PETTUIKTIH CakTaldyblH 3eprrey yiin 400-
4000 e’ nuanazoHsIHIA FT-UK cnexrpockomus axici konmmaneuiasl. Criekrpiepaeri 1059 oM JKONaFBIHBIN Mmaiina
60mysr Si—O xoHe Al-O CO3BUTYBIHBIH aCHMMETPHSIIBIK ayBITKYbIHA KATKBI3BUTYbl MYMKIiH, aJl 3¢pTTEeITEH MaTeprai
ciektpinze 800 cM’' aiiMarbIHIAFbl JKONAK KPUCTAIIBI PETTiNiKTI Kepcerenmi, seuu Oyn1 Al xome Si Gap TO,
TeTpaspiIepiHiy imKi ipinine GaitnanbicTsl. 450 cM KyThITy XKo0marbl SiO4 TehOpMALMANBIK TepemicTepine Coli-
KEC KeJeml.

OcpUraiiima Typiii TEMIDIATTap MEH allOMHHHN Ke3AepiH KoimaHy apkKeuibl MAS-1 xone MAS-2 Me30KeyeKTi
ATFOMOCHIIUKATTAP CHUHTE3MCNIN, TYpJi (U3MKa-XUMUSJIBIK Talfay omicTepi Herizinme 3eprrenmi. CuHTe3nenreH
AIIOMOCHIIMKATTapAaFbl ME30KEyeK IMEeH PETTENreH KYPbUIBIM TOMEH TeMIleparypajibl a30T ancopOuusichl/aecopo-
uusicel skoHe FT-IR nepexrepimen pacrtanran. DRIFT TanmamaceiHa coiikec cuHTe3IeNreH marepuangap OeriHue
Heri3iHeH JIbIOMCTIH KBILIKBIT OpPTAJbIKTaphl Oap exenairi kepceriinred. Kasipri yakpitta Oy Marepuaniapsl
MYHali-XUMHs IpoLeCTepiHe apHaIFaH OW(YHKIMOHAIIBl KaTaJH3aTOPIBIH KBIIIKBUI KOMIIOHEHTTEpI peTiHzIe
naianany MYMKIHIITIH 3epTTeN KaTbIPMBI3.

Tyiiin ce31ep: ME30KEyEKTi aTFOMOCHINKAT, TEMIUIAT, ON(YHKIIMOHAIIBI KaTau3aTop, KeyeKTiliK, JIplouc mexn
BpeHcTenTIH KBIIKBIT OPTaIbIKTAPHI.

K.M. YMGeTKanneBa"z, I'.K. Bacnmma"z, A.K. Aﬁupacnnona', A.P. Xaﬁuprenbunﬂonaz,
T.K. Bacuinna™, ’K.E. 3aKI/IPOBl, M.X.TaaueBa’, A.K. Kanpi6aeBa®

'Kasaxckuii HAMOHAIbHBIN yHHBepcHUTET uM. anb-Papadu, Anmatel, Kazaxcran;
’HUY HOBBIX XUMUYECKHUX TEXHOJIOTUH H MarepuanoB, Anmatsl, Kazaxcran;
*Kasaxckuil HALMOHAIBHBII arpapHslil yauepcutet, AnMathl, Kasaxcran

CHUHTE3 1 ®PU3UKO-XUMHNYECKHNE XAPAKTEPUCTHUKHU
ME3OIIOPUCTBIX ATIOMOCHUJIMKATOB

AHHoTanus. B naHHOW paboTe mpencTaBieHbl pe3ysIbTaThl HCCIECAOBAHMS BIMAHMA METOAA CHHTE3a ME3O0IO-
PHCTBIX aJIOMOCHJIMKATOB Ha HMX (PU3UKO-XMMHYECKHE XapaKTEPUCTHKH. ABTOpaMH OBLIM HPHUTOTOBIECHBI CEPUU
ME30IOPHUCTHIX aATIOMOCHIMKATOB, JUIL CHHTE3a KOTOPBIX B KadeCTBE CTPYKTYpOOOpasyromlero TeMIuiaTa ObLl
UCIIOJNIb30BaH rekcagenwiaMu. CHHTE3 ME30CTPYKTYPUPOBAHHOTO aJIOMOCHIIMKATa ObUI OCHOBaH Ha MeETOje
conoyinkoHaeHcanuu  Terpadtwioprocwinkara Si(OC,Hs); u  BTopuyHOro OyTOKCHIa atOMUHHS — (BTOp-
BuO);Al/rpunzonponunar amomunust Al(i-OPr); B npucytcTBuu criupra. J{Jst 5TOro MCTOYHUKHU aJIOMUHHS ObUIA
pacTBOpeHbl B crupTe. Jlanee, mpu MHTEHCHMBHOM IIE€pEMEUIMBAaHMM K HEMY IO KalulsiM J00aBisuICS PacTBOP
TeTpasTHIIOpTOCHIIMKaTa. [lapajuielbHO TOTOBWIICS PacTBOp TIeKcaJelMIaMHHa CO CIUPTOM NpH HarpeBanuu. K
MOJY4YEHHOW TyCTOH OJHOPOIHON Macce, CoZepiKallled pacTBOp TEMILIaTa, MOPLHUSIMHU T00aBISIIM PacTBOp CMeCH
COCIMHEHUI KPEMHUS M aJIOMHHUS TIPH [IepeMeIIBaHUI B TeUeHHE 6 4acoB NPH KOMHATHOW TeMIiepaType. 3atem
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oHa OblTa BBICYIIEHA B Te4eHHE CyToK. [lomydeHHOE TBepmodasHOE BEUIECTBO MOMECTHIM B TPyO4aTyro Hedb U
Harpenu 10 600°C co ckopoctero HarpeBa 1°C/MuH, mMocie 4ero mpoKaluBaiu oOpasel] Ipu ITOH TeMIeparype B
TedeHne 6 4acoB B OTOKE KHCIOPOIa.

Ilo mamHBIM MeTOAa HHU3KOTEMIEPATYPHOH amacopOmmu/mecopOIyMu a30Ta, W30TEPMBI Ha OOOWX H3yUEHHBIX
obpasmax ortHocaTcs K IV tunmy mo kimaccuduxanmu bpyHayspa, Ommera m Teurepa, Hamuune B HUX MNETIH
THCTEpE3NCca CBSI3aHO C KaMWLIIPHON KOHAEHCAIMEH, MpOUCXoMimei B Me3onopax. OfHAKO OHM OTIMYAIOTCS TI0
TUIy NeTIu rucrepesuca. Ecim Ha um3orepme oOpasua MAS-1 merst rucrepesuca otHocutcs kK HI1 o Tumy,
CBUJIETEJIBCTBYIOIIAS 00 Y3KOM pacrpelesieHuH Mop MO pa3MepaM U YHOPSJO4YEeHHOH CTPYKType, TO Ha H30TepMe
obpasua MAS-2 — H4, cBunerenscTBytomas 00 y3KHX IIEIEBHIHBIX Nopax. Takke CHHTE3MPOBAaHHBIE MaTepUalIbl
PE3KO OTIMYAKOTCS U O ye/IbHOi moBepxHocT (MAS-1— 511 M*/r, MAS-2—1170,0 M°/r), cpemnuii aumamerp
1op 1 06beM mop Kosebmores ¢ 3,82 uM 10 2,19 um u ¢ 1,47 em’/r 10 0,875¢M’/r. 1151 060X 06Pa3LOB MAKCHMYM
Ha KpUBOH paclipeiieJieHusl 1mop 1o pasMmepam HaOmonaercs npu 3,5-4,2 uMm. Cpenanuii pasmep mop i BcexX Tpex
00pa3roB 00yCIIOBICH IPUCYTCTBHEM B HEOOIBIIOM KOIMIECTBE MAKPOTIOP.

Jns  TOATBEpXKICHHS ME30MOPUCTOCTH W YNOPSAOYCHHOCTH TIOPUCTOM CTPYKTYpBl CHHTE3MPOBAHHBIX
MaTepHuaioB OBIT HCIIOIB30BAH METOJ PEHTTEHOBCKOro paccessHusa. COrIacHO PEHTITEHOTpaMME MaJIOyIJIOBOTO
paccesHusT Me3onopuctoro obpasma MAS-1, mpucyTcTBHE BBIpaXEHHOTO MHKa B 00JacTH 3HaueHWH yrioB 20 2,1°
CBUJICTENBCTBYET O HATMYMH ME30MOPUCTO CTPyKTYypsl. s obpasma MAS-1 muk MHTEHCHMBHOCTH HAXOIJUTCS B
obacta 2,1°, 9T0 Mpu JUTHHE BOJHBI HCIOJIB3YEMOT0 H3TyYeHHSI COOTBETCTBYET MEKIIOCKOCTHOMY PAacCTOSHUIO 4,2 HM.

st onpeneneHuss OTHOCUTENBHOM IPOYHOCTH KUCIIOTHBIX LEHTpOB bpencrena u Jlpronca Ha mOBEpXHOCTU
ME30TOPUCTHIX ~ATFOMOCWIMKATOB ObUT mpoBeAeH aHamu3 MK-cnekrpockommu ¢ Dypee-npeobpazoBaHueM
muddysnoro orpakenns (DRIFT) ancopOupoBaHHbIX 00pa3ioB nupuarHa. Ha n3ydeHHbIXx 00pasnax GUKCHPYIOTCS
T0JI0CH! Tornomenus npu 1445, 1490 u 1595 cm™'. HaGmonaembie monockl mpu 1445 u 1595 cM' B crmekrpax
OOBSCHSIOTCS HAJIWYMEM CBS3aHHOTO BOAOPOJOM IHMPHIMHA, aAcOpOMpOBAHHOIO Ha IEHTpax Kucior Jlpouca.
Iosoca, HabmonaeMas mpuMepHo Ha 1490 cM™', oGycrioBieHa ancopOumel MIPHIMHA KaK Ha HeHTpax JIbonca, Tak
W Ha IeHTpax KUcIoTe bpercrena. CrieayeT OTMETHTD, YTO MOSBICHHE TIOJIOCH TOTJIOMICHUS B obmactu 1640 om’!
Ha criekTpe o0pasna MAS-2 cBUAeTeNnbCTBYeT O HATMYUH KUCIOTHBIX IEeHTpoB bpercrexa.

Jns uccnenoBaHWs COXPAHEHMS KPUCTAIMYECKOTO YIOPSJOYECHUS B CHHTE3MPOBAHHBIX ME30MOPUCTHIX
AMIOMOCHIIMKATaX 6bina ncrosb3oBana FT-MK-crniekrpockomnus B auamasore 400-4000 cm™ . TTosiBieHre Ha CIIEKTpax
nostocsl 1059 cM™' MOKeT GbITh OTHECEHO K aCHMMETPHYHBIM KolebanmsM pactsmkenns Si-O u Al-O, B To Bpems
Kak nojoca B o6macti 800 cM™' B CIIEKTpax M3ydeHHBIX MATEPHATIOB YKa3bIBACT HA KPUCTAINUECKOE YIIOPSI0UCHHE,
T.e., TO-BUIMMOMY, OOYCIIOBJIEHA 3TO BHyTpeHHeW BuOpauuenn terpadapoB TO, coxepxkamux Al u Si. Ilonoca
nornomenus mpu 450 cM™' oTBedaeT nehopMaroHHbIM KoteGaHmsIM SiO,.

Takum 06pa3oM, ObUTH CHHTE3MPOBAHBI YIIOPSAOUYSHHBIE ME30IOpHCThIe amoMocmkarsl MAS-1 1 MAS-2 ¢
UCIIOJIb30BAaHMEM PA3IMYHBIX TEMIUIATOB M HCTOYHHUKOB amtoMHuHUs. CHHTE3MpOBaHHBIE 00paslbl ObLIM HCcie-
JIOBaHBI C TOMOIIBIO PA3IMYHBIX (DPU3UKO-XMMHYECKMX METOZOB aHanu3a. Hamnume mesomnopucToil m ymopsimo-
YEHHOH CTPYKTYpPHl B CHHTE3MPOBAHHBIX QJIIOMOCHIIMKATaX ITOATBEPKACHBI JAaHHBIMH HHU3KOTEMIIEpaTypHON
ancopommm/necopormu  azora u FT-IR. Ilo mamaeim DRIFT ananmm3a mokazaHo, 9TO Ha TOBEPXHOCTH
CHHTE3MPOBAaHHBIX MAaTEPHAJIOB B OCHOBHOM HPHCYTCTBYIOT KHCJIOTHBIE IIEHTPHI JIptonca. B HacTosmiee BpemMs Mbl
M3y4aeM BO3MOXKHOCTb HCIIOJIB30BAaHMS 3THX MAaTEpPHAIIOB B KAayeCTBE KUCIOTHBIX KOMIIOHEHTOB OH(yHKIMO-
HaJIbHBIX KaTalM3aTOPOB HE(YTEXUMUISCKUX IIPOLIECCOB.

KaioueBble ciioBa: Me30I0PUCTHIE aITIOMOCHIIMKATHI, TEMIUIAT, OM(YHKIMOHAJIbHBIE KaTaJIU3aTOPbI, MOPHC-
TOCTb, KUCIIOTHBIE LIEHTpPHI JIbtouca u bpeHcrena.
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