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AHHOTauusA. B paHHO/ pab6oTe nNpoBefeH CHMHTE3 CUAMKATHOTO HOCUTENA C MepapXuMueckoli nopucToi
CTPYKTYPOA Ha ocHoBe auaTomuTa U MCM-41. Ocob6eHHOCTbHIO CMHTE3a siBnseTcs To, 4To MCM-41
06pasyeTCs HerocpeACTBEHHO Ha MOBEPXHOCTUW AMaTOMWTA M M3 Camoro gvaTomuiTa, 6e3 UCrosb3oBaHWUA
[ONOMHNTE/bHLIX MPEALLIECTBEHHWMKOB OKCMAa KpeMHus ViccrnefoBaHve MOpUCTON CTPYKTYpPbl MOAYHeHHOro
HOCVUTeNs MPOBOAWIM METOLOM HU3KOTeMMepaTypHOR agcopoumm asoTa (-196 C), gnsa msydeHnst CTPYKTYpbI
MOBEPXHOCTU MaTepuana OblUl MCMOMb30BaH METO[ CKaHWPYIOLLEW 3M1eKTPOHHON Mukpockonun (C3OM).
MokazaHo, YTO paspaboTaHHbIA MOAXOL MO3BO/SET MOMyYaTb HOCUTENM HA OCHOBE aviaToMmTa u MCM-41,

XapaK TepuU3yHLLIECS UePapPXMYECKO CTPYKTYPOIA 1 BBICOKMIM 3HAYEHWSIMM YENbHOV NOBEPXHOCTW.

Introduction. The catalytic non-oxidative propane dehydrogenation (PDH) is a valuable technique to
propylene synthesis, and its value is elevating all over the globe. Propylene is the second place after ethylene in
chemical industry by production value. Many significant organic compounds, namely polypropylene,
polyacrylonitrile, acrolein, propylene oxide, acryl acid, glycerin etc, are products of reactions with propylene [1].
Alumina-chromia (CrO¥AIZ23 and platinum-tin (Pt-SnOXAIZ203 catalysts provide the major commercial
catalysts for C3Cb5alkanes dehydrogenation. Hexavalent chromium is present in (CrOXAIZ203 catalyst and this
is the main disadvantage of former due to toxicity of Cr (VI), which poses a risk while catalyst exploitation [2].
The abovementioned facts demonstrate that designing of catalysts for propane dehydrogenation is actual issue.

Design of dehydrogenation catalysts based on silica support is a relevant investigating area. Silica
support, namely MCM-41 and SBA-15, has a high specific surface area and an ordered mesoporous (3-8 nm)
structure [3]. However, dehydrogenation processes is realized at temperatures of 550-600 °C and characterized
by the diffusion limitation. This requires a specific catalyst structure that ensures efficient transport of reagents
to the active centers of the catalyst and removal of products from the reaction zone. The materials with a
hierarchical porous structure are promising to solve this problem due to combining a wide pore transport system

(mainly more than 50 nm) and mesopores, providing high values of the specific surface area of the catalyst.
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The aim of this study is to develop a silicate support with a hierarchical structure based on diatomite and
MCM-41, and to design of Pt-Ga catalysts based on this support for the dehydrogenation of propane to
propylene. A specialty of the approach that is MCM-41 synthesized on the surface of diatomite and diatomite
itself without the use of additional nitric oxide precursors [4]. The resulting composite support MCM-
41/diatomite is characterized by a biporous structure: a system of transported pores of natural diatomite, as well
as a system of ordered reflected pores of 3-4 nm of the material MCM-41, formed onto the surface of diatomite.

Research methods. The synthesis of MCM-41 was carried out from sodium silicate in an alkaline
medium (pH = 12) using CTAB (cetyltrimethylammonium bromide) as a template [5]. The diatomite treated
with a hydrochloric acid (OOO "Kvant", Russia) was used preliminarily solution for the preparation of.
composite supports MCM-41/diatomite. The calculated amount of CTAB was dissolved in a NaOH solution, a
weighed portion of diatomite was added to the resulting solution with constant stirring, and then underwent to
hydrothermal treatment. After that, the obtained precipitate was filtered, washed and calcined at 600 °C for 10
hours. The NaOH/diatomite ratio varied from 0.12 to 0.45. The obtained composite supports were used for the
preparation of Pt-Ga catalysts. The porous structure of the supports was studied by the low-temperature nitrogen
adsorption (-196 °C) and scanning electron microscopy (SEM).

Results. According to the method of low-temperature nitrogen adsorption, the specific surface area of
1080 m2g and a pore volume of 0.92 cm3g are characteristics of the MCM-41 sample obtained from sodium
silicate. The isotherm of nitrogen adsorption-desorption for sample MCM-41 (Fig. 1a) is characterized by a
sharp bend in the range of relative pressures of 0.3-0.35, indicating the formation of an ordered structure of
mesopores with a diameter of 3-4 nm (Fig. 1b). The nitrogen adsorption-desorption isotherm for the original
diatomite sample is characterized by a hysteresis loop within relative pressures of 0.9-1.0, which indicates the
presence of wide mesopores and macropores in the sample. The specific surface area of diatomite is of 46 m2g

and a pore volume (measured by nitrogen adsorption) of 0.09 cm3g.

Table 1
Textural characteristics ofthe studied samples according to nitrogen adsorption data
Sample SeeT5Me/g Vpore, cMs/g Dpore, NM Wirzn, nm

Diatomite 46 0,09 7,94 -
NaOH/diatomite = 0.12 282 0,28 4,02 0,73
NaOH/diatomite = 0.18 357 0,33 3,73 0,51
NaOH/diatomite = 0.27 457 0,41 3,65 0,45
NaOH/diatomite = 0.36 482 0,45 3,78 0,44
NaOH/diatomite = 0.45 632 0,54 3,65 0,42

MCM-41 1080 0,92 3,39 0,31

The MCM-41/diatomite composites samples are characterized by a regular increase in the specific surface
area from 282 m2g to 632 m2g with an increase in the NaOH/diatomite ratio (Table 1). On the isotherms of
composite supports, a sharp increase in the adsorption value in the relative pressure range of 0.3-0.38 is
observed, which indicates the presence of the MCM-41 structure in the material, and a hysteresis loop from the
pressure range of 0.95-1.0 is also indicated to preserve the macroporous structure of diatomite in the material.
It can be observed from Fig.1b that, for MCM 41/diatomite samples, narrow pores with a diameter of 3-4 nm are
typical, as for MCM 41.
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Fig. 1 Nitrogen adsorption-desorption isotherms (a) and BJHpore diameter distribution

(b) ofthe obtained samples

Conclusion. Finally, the developed approach is demonstrated ability to obtain supports based on
diatomite and MCM-41 that characterized by a hierarchical structure. The series of Pt-Ga catalysts was obtained
on the basis of the supports, their structure, state, distribution of Pt and Ga, the catalytic properties of the propane
dehydrogenation will be studied.
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