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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 tetracthylorthosilicate Si(OC,Hs), was used as a source of silicon, secondary aluminum
butoxide (sec-BuQ);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,¢H33NH,) 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 Bronsted 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 tetracthylorthosilicate
Si(OC,Hs)4 and secondary aluminum butoxide (sec-BuQO);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
tetracthylorthosilicate 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 Bronsted 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 arca (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 and1.47 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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TeMeH TeMIICpaTypaTbl a30T aACOPOLHACHY/ ICCOPOIUACH OICIHE COMKEC, 3CPTTEATCH CKi YITiNCTi H30TepMAaIap
Bpynayap, Ommer sxoHe Tennmep kmaccumpuranusicel OofibiHma IV THIIKE >Karambl, OHJAFbl THCTCPE3HC TY3aFbl
ME30KEYEKTE KE3/ICCETIH KAMMULIPIBIK KOHACHCAIMAMEH OAiIaHbICTBL. AJaliia oap THCTEPE3HC TY3arbl TYPIMEH
epekmreneHeni. Erep MAS-1 yuriciHiz n3oTepMachiHAa THCTEpe3nc Ty3arsl H1 THmiHe »karaTtbiH 00Jica, Oy KEyek
OIIIICMi MCH PECTTCIITCH KYPBUIBIMBI OOWBIHINIA a3 TapaFaHBIH KepceTedi, am MAS-2 — H4 yariciHiH H30TepMack Tap
CaHpLIAyJIBl KCYCKTi Kepcereni. CoHmal-aK, CHHTC3ACITCH MATCPHANIAP MCHINIKTI OCT aymaHel OOWBIHIIA 1A
epekmeeHemi (MAS-1 — 511 M/, MAS-2 — 1170,0 M7/r), KCYCKTiH Oprama auaMeTpi MeH keyeMi 3,82 HM-IcH
2.19 HM-re aeitin sxone 1,47 cM’/r-man 0,875 cM’/r-Fa AeifiHri apambIKThl KAMTHIBL BapibIK yII yiarigeri KeyekTin
opTama eImeMi MaKPOKCYCKTCPAIH a3 MOIICPIHC OaiTaHBICTHL.

CHuHTE31eITeH MaTEPHANTAPABIH KEYEKTI KYPhLUIBIMBIHBIH ME30KEY CKTLIITT MCH PETTLNINIH AJJIETACY YVIIIH PCHT-
TCHIOIK MMANIBIPATy oAici KOommaHsiabl. MAS-1 ME30KEYyCKTI YITICiHIH a3 OyphIITHl MAIMBIPAY PCHTICHOTPAM-
MachlHa colikec, 20 OYpHIITAPBIHBIH MOHACPI aliMarbiHAA 2,1° aWKBIH IIBIHHBIH OOJIYBI ME30KEYCKTI KYPHIIBIMHBIH
OonareiHbH KepceTeai. CorpiMeH Katap MAS-1 yarici ymiH KapKeIHAbI mBHBL 2,1° altMareiHAa OaWKamagbl, O
TIAWJATIAHBIIFAH CIY JICJICHY TiH TOJIKBIH Y3bIHABIFBIHA 4,2 HM apajbIK KAIIBIKTHIKKA COMKEC Keel.

MesokeyekTi amomocuaukar OeriHmeri bpeHcten koHe JIBIOMC KBIIKBIT OPTAJIBIFBIHBIH CAIBICTHIPMAIIBI
OCpIKTIriH aHBIKTAY YIIIH aACOPOLMSUIAHFAH TMUPUAWH YArUtepiHiH aud@ys3apl marsuiblcklH Oyphe TYPIACHAIPYi
apkstsl (DRIFT) MK CEKTPOCKOMHACHHA TATIAY JKACAIIBL 3epTTeiren yirinepae 1445, 1490 xome 1595 v’
Ke3iHIe JKYTHUTy >KONAKTapsl Oaikammsl Crekrprepaeri 1445 sxome 1595 cm Gaifkamatein sxonakrap JIbromc
KbIIIKBLT OPTANBIKTAPBIHIA JKYTHUIFAH CYTETiMEH OaiIaHBICKAH MHUPHUIWHHE KaTbIcThl TYciHAipimeni. Illamamen
1490 cm’! Gaitkamran xomak JIbKOKC OpTaJbIKTApbIHAA 13, BpeHCTea KBIIKbUIBI OPTAJBIKTAPBIHAA Ja MHPHIUH
aacopOmsachMeH OaitnansicTe. MAS-2 yariciHig cnekrpinme 1640 oM aifmarbiEga SKYTBLTY KOJIAFbIHBIH Maiga
601y B! BpeHCTEATIH KBINIKBLUT OPTAIBIKTAPBIHBIH OO0TATHIHBIH KOPCETE 1.

CHHTE31EeITeH ME30KEYCKTI ATIOMOCHIIMKATTAPAAFbl KPHUCTANAbBI PETTUMKTIH CAKTANYBIH 3eprrey yimiH 400-
4000 cm™ muamasomsinaa FT-UK cniekrpockomus oici kommausiigsl. Crekrpaepaeri 1059 oM™ skomarsHbIH maiia
60xys1 Si—O >xoHe Al-O CO3BITY BIHBIH ACHMMETPHSUIBIK aYBITKYBIHA JKATKBI3BIIY B MYMKIH, Al 36PTTEIICH MaTepHal
cniektpirme 800 cM’ aMAFBIHIAFHI JKOMAK KPHCTANIBI PETTLMKTI kepceredi, sruu Oym Al sxome Si Gap TO,
TeTPadAPIEpiHiK imKi mipinine GaimanbicTs. 450 cM sKyTHITY Komarsl SiO, Ae(POPMATHANEIK TepOeTicTepiHe CoM-
KEC KeNel.

Ocpurafima Typii TEMIIATTap MEH aTFOMUHHH Ke3AcpiH KonmaHy apKeLibl MAS-1 xoHe MAS-2 mMe30keyekTi
AMIOMOCHIIMKATTAP CHHTE3ICIIN, TYPii (M3MKA-XUMIDIIBIK TalAay o4icTepi HeridiHzme 3eprrendi. CHHTE3mEITeH
ATFOMOCHITHKATTAPAAFBI MC30KCYCK TICH PCTTCITCH KYPBUIBIM TOMCH TCMIICPATYPAIBl a30T aACOpPOIMACH/Iecopo-
musicel sxkoHe FT-IR nmepekrepimen pacramran. DRIFT TanmamaceiHa colikeCc CHHTE3JACITCH Marepuanaap OeTiHze
HeTi3iHeH JIBIOMCTIH KBIMIKBII OPTAJBIKTaphl Oap ekeHairi kepceriareH. Kasipri yakeitra Oy marepuanmapabl
MYHAH-XHMHS TPOLECTEPiHE apHATFaH OW(YHKIMOHANIBI KATATU3ATOPABIH KBIIKBLIT KOMIIOHCHTTEPI PETiHIC
maiijanany MYMKIHZITIH 3ePTTEH >KaThIPMBI3.

Tyiiin ce3ep: ME30KEYEKTI AFOMOCHIIMKAT, TEMIUIAT, On()y HKIHOHAIIBI KATATH3aTOP, KEYEKTUIK, JIBFoHC 1eH
BpeHcTeATiH KBIIIKBUT OPTAIBIKTAPHI.
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CUHTE3 1 ®PU3UKO-XUMHUYECKHUE XAPAKTEPUCTHKH
ME3OIIOPUCTBIX ATIOMOCHJIUKATOB

AnnHoTtanust. B naHHOHM padoTe MpeACTaBICHBI PE3yAbTaThl HCCICAOBAHMS BIMSHHS METOJA CHHTE3a ME30IO-
PHUCTHIX ATFOMOCHIMKATOB HA WX (PH3HKO-XMMHYCCKHUE XAaPAKTECPUCTUKU. ABTOPAMH OBLIH IPUTOTOBJICHBI CEPHA
ME30MOPHUCTHIX AMFOMOCHJIMKATOB, JJSI CHHTE3d KOTOPBIX B KA4UECTBE CTPYKTYPOOOPA3yIOMIEro TeMIniaTa ObLl
HCTOJIb30BAaH TekcagenmnaMuH. CHHTE3 ME30CTPYKTYPHPOBAHHOTO AMFOMOCHIIMKATa OBUT OCHOBAH HA METOC
comomkoHACHCaunH —Terpasruoprocwmkara  Si(OC,Hs),; w  BropwyHOoro OyTOKCHAAQ AQMFOMHHHA (BTOP-
BuO);Al/rpumsonponmnar amomuauS Al(i-OPr); B mpucyTcTBHE crmpTa. [ 3TOr0 UCTOYHHKH ATFOMHHHUS OBLTH
pacTBOpeHBl B cmupTe. Jlamee, NpH WHTCHCHBHOM IICPCMCIIMBAHHH K HEMY MO KAIIIM J00ABISICA PACTBOP
TETPA3THIOPTOCHIMKATA. [lapauiebHO TOTOBHIICS PACTBOP TEKCAACHMIAMHHA CO CIHPTOM IpH HarpeBanmu. K
TMOJTYYCHHOM TYCTOH OJHOPOJHOM MAacCe, COACPAMmCH PacTBOP TCMIUIATA, MOPLHAMH TOO0ABJILIH PACTBOP CMCCH
COCAMHCHUH KPEMHHS M AMFOMHHUS NPH MEPEMEIIMBAHUN B TCUCHHE 6 YacOB IPH KOMHATHOM TeMIeparype. 3aTeM










