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N-HEXADECANE HYDROISOMERIZATION
IN THE PRESENCE OF AL-HMS - BASED
BIFUNCTIONAL CATALYST

Abstract. In this article the synthesis of a nickel-promoted composite based on a
mesoporous aluminosilicate of the Al-HMS type and activated bentonite from the Tagan
deposit is provided. The physical and chemical characteristics of the Ni/Al-HMS-bento-
nite composite and the action of temperature on the group hydrocarbon-type content of the
normal hexadecane hydroisomerization products in the presence of a synthesized alumino-
silicate - based composite were studied. Adsorption studies show that the synthesized ca-
talyst Ni/Al-HMS-bentonite with a silicon-to-aluminium ratio (Si/Al) = 20 is characteri-
zed by a higher specific surface area (570 m%g). It has been established that 300 °C is the
optimum temperature for carrying out the process of hydroisomerization of normal hexa-
decane. Under these conditions the main direction of its transformation is the isomeriza-
tion process. The total yield of isoparaffins was 45%.

Key words: Mesoporous aluminosilicate, hydroisomerization, dewaxing, diesel fuel
oil, higher n-paraffins, template.

The process of hydroisomerization of oils' diesel fractions on aluminosilicate
catalysts is the most promising low-tonnage production of low pour point diesel
fractions.

Diesel fractions obtained during the primary oil refining usually contain a
significant amount of normal paraffins and therefore are characterized by high
temperature properties and are unsuitable for use as fuel during the winter period
in cold regions without additional refining.

One of the most promising ways to improve the performance of diesel
fractions is the process of catalytic dewaxing of diesel fractions. The process of
catalytic dewaxing is based on the selective hydrocracking and hydroisomeri-
zation of higher n-paraffins of the diesel fraction on bifunctional catalysts [1-9].
The main feature of bifunctional catalysts is the ability of their active centers to
accelerate reactions proceeding via different mechanisms. Most often, bifunc-
tional catalysts are used, in which simultaneously exist: acidic active sites, which
accelerate the reactions of breaking and isomerization of the hydrocarbon chain,
and sites which are active in hydrogenation and dehydrogenation reactions.The
selectivity of bifunctional catalysts depends on the ratio of their acidic and hydro-
dehydrogenating functions. Mesoporous aluminosilicates with a specific surface
area of more than 500 m?/g are most often used as the acid base of catalysts.
Acidic activity is determined by the structural type of aluminosilicate and the
composition of its active centers, which, in turn, depends on the chemical compo-
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sition and aluminosilicate's modification conditions [10-18]. The hydro-dehydro-
genating function is determined by three main factors: the chemical nature of the
metal component of the catalyst, its specific surface area and process parameters —
temperature, hydrogen pressure.

The purpose of this work is the synthesis of effective and stable composites
based on mesoporous aluminosilicateand activated bentonite modified with nickel
for the process of hydroisomerization of n-hexadecane.

EXPERIMENTAL PART

In this work, nickel-containing composite was synthesized usingAl-HMS
type mesoporous aluminosilicate and bentonite from the Tagan deposit as the
acidic part. Synthesis of mesostructured aluminosilicate was carried out according
to the technique [19], based on the joint hydrolysis of Si(OC,Hs)4 and Al(Oi-Pr),
in an alkaline medium. Hexadecylamine was used as a template. In order to study
the activity of the synthesized catalyst, n-hexadecane was used as a model
compound,since it is a part of the diesel fraction.

The process of catalytic conversion of n-paraffin was carried out in a labo-
ratory setup with a fixed-bed catalyst under hydrogen in the temperature range
of 350-400 °C; feed rates were 1 h*, hydrogen/raw materials ratio equal to
1000 nm*/m?, hydrogen pressure in the reactor is of 3 MPa. Analysis of liquid
products was carried out on the "Crystal 5000" chromatograph with linear
programming of the temperature from 35 °C to 250 °C. "Crystal 5000" chro-
matograph is equipped with a DB-1 column 100 meters long, with a diameter of
0.25 mm, polymethylsiloxane is a liquid stationary phase. The carrier gas is
helium.

Adsorption studies were carried out on N, adsorption isotherms at 77 K,
which were measured on Micromeritics' (USA) ASAP-2400 installation after
training the samples in vacuum at 1500 °C. These isotherms were used to cal-
culate the total accesssible surface by the BET method, the total porosity >V pores
with effective sizes up to 100-200 nm (according to the value of adsorption at a
relative nitrogen pressure of ~ 0.99), the distribution of the volume of mesopores
by characteristic sizes (according to the desorption curve of the isotherm using the
BJHV, micropores volume Vpicropores @Nd mesopores surface Smesopores Femaining
after micropores filling.

RESULTS AND DISCUSSION
The results on the study of the porous structure and specific surface area of

Al-HMS mesoporous aluminosilicates with a Si/Al ratio of 20 are presented in
figure and table 1.
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Table 1 — Physico-chemical characteristics of Ni / Al-HMS-bentonite catalysts
with a Si/Al ratio = 20

Catalyst SSA, m’/g Dporess M Vpores, CM/g

Ni/Al-HMS(20)-bentonite 570 4,1 0,8

As follows from the data of Figure 1, the nitrogen adsorption/desorption
isotherm for the Ni/AI-HMS (20)-bentonite sample is characterized by a slightly
wide hysteresis loop. Nickel promotion of catalysts based on mesoporous
aluminosilicate leads to significant changes in the structural characteristics of the
catalyst compared to the nitrogen adsorption/desorption isotherm for the AI-HMS
(20) sample [20]. There are three peaks observed on the pore effective diameters
distribution curve: one of which corresponds to the mesoporous aluminosilicate,
the second - to bentonite and the third - to the promoting additive. The sample
under study is characterized by a high specific surface area, which is of 570 m?/g.

Hexadecane was used in order to establish the mechanism of heavy
petroleum residues hydroisomerization in the presence of a composite based on
the mesoporous aluminosilicate and bentonite, promoted by nickel.

Process of hexadecane transformation on the compositeon a basis of the
promoted mesoporous aluminosilicatewas studied in a temperature interval of
300-450 °C, at a feed rates — 1 h™, under hydrogen pressure and at a hydrogen/raw
materials ratio of 100 (vol.). The experimental data are provided in tables 2, 3.

Table 2 — The action of the temperature on the group hydrocarbon-type content
of the products of hexadecane transformation on the Ni/Al-HMS(20)-bentonite composite,
Wfeed rate = 1,0 h™, Py,= 3 MPa

Content by mass %

No Hydrocarbon-type content

300 °C 350 °C 450 °C
1 N-paraffins 31,98 36,39 43,02
2 Isoparaffins 45,23 39,76 12,41
3 Arenes 5,20 8,25 7,16
4 Naphthenes 8,66 8,41 15,83
5 Olefins 5,23 4,10 14,98
6 Dienes 0,70 0,80 5,30
7 Cycloolefins 2,25 2,04 0,67
8 Cyclodienes 0,75 0,25 -

From the experimantal data obtained (table 2) it is seen that isomerization
process is the main direction of hexadecane transformation under the conditions
of low-temperature alumiosilicate catalysis (300 °C). It also should be noted that
isometric structures of hexadecane are obtained due to isomerization process,
without cracking participation. As the temperature rises from 300 to 350 °C
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parallel with isomerization reactions, there are also decomposition, dehydroge-
nating and hydrogen disproportionation reactions. Marginally there are dehydro-
cyclization reactions with the formation of aromatic hydrocarbons, which mostly
presented by alkylaromatics (polysubstituted alkyl benzenes). Destruction of
hexadecane goes on to the n-decane.

The increase in the concentration of n-paraffinic hydrocarbons by 5% is
clearly due to a slight shift of equilibrium state paraffin < isoparaffin to pa-
raffins. However, a significant part of the isoparaffins under these conditions is
undergone a decomposition with the formation of olefinic and diene hydrocar-
bons. At the same time, the released hydrogen is participated in the hydrogenation
reactions of cycloolefine and cyclodiene hydrocarbons and partially of arenes
with the formation of naphthenes.

Table 3 — Hydrocarbon-type contentof gaseous phase, obtained during
n-hexadecane hydroisomerization on Ni/Al-HMS(20)-bentonite composite,
T =450 °C, Py, =3 MPa

Ne Content Amount by mass %
1 H, 37,30
2 CH, 23,70
3 C,Hy 2,00
4 C,Hg 2,80
5 C3Hg 2,70
6 CsHg 1,30
7 i-C4Hy 9,80
8 C4Hyo 8,00
9 C,Hgtrans 0,20
10 C,Hgcis 4,00
11 CsHyp 1,50
12 i-CsHyo 1,40
13 CsHjo 5,30

The deepening of the cracking of hexadecane during the process at 450 °C is
also indicated by the qualitative and quantitative composition of the gas-for-
mation products (table 3), the hydrocarbon composition of which is represented
mainly by C;-Cs fragments and hydrogen, but the main components of the
cracking products are methane and hydrogen, and content of C,;-Cs isocom-
poundsis of 12, 4 by mass %.

Thus, a nickel-promoted composite based on a mesoporous aluminosilicate
of the AI-HMS type and activated bentonite from the Tagan deposit was
synthesized for the process of hydroisomerization of n-hexadecane. On the basis
of experimental data, it may be said that the process of transformation of normal
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paraffinic hydrocarbons in the presence of a composite based on mesoporous
aluminosilicate and bentonite occurs as follows: paraffins — olefins —naph-
thenes — aromatic hydrocarbons. It has been established that the optimal tem-
perature of the process for the hydroisomerisation of n-hexadecane is of 300 °C.
The yield of the total amount of isoparaffins is of 45%.

JIUTEPATYPA

[1] Munaues X.M., Konnparses JI.A. CBoiicTBa U MPUMEHEHHE B KaTalW3€ ICOJUTOB THUIIA
nenracui // Yem. xumun. — 1983, — T. 52, Ne 12. C. 1921-1973.

[2] Kitaev L.E., Yushchenko V.V., Nesterenko N.S., Bukina Z.M. Structure and catalytic
properties of dealuminated zeolites // Petroleum Chemistry. — 2006. — VVol. 46, N 6. — P. 398-404.

[3] Kosasnp JI.M., Kopobuusiaa JI.JI., BocmepukoB A.B. CunTe3, QU3HKO-XUMHUYECKHE U Ka-
TATMTHYECKUE CBOMCTBA BBICOKOKPEMHE3eMHBIX 11e0nuToB. — Tomck: Towm. roc. yH-T, 2001. — 50 c.

[4] Seung-Woo Lee, Son-Kilhm. Hydroisomerization and hydrocracking over platinum loaded
ZSM-23 catalysts in the presence of sulfur and nitrogen compounds for the dewaxing of diesel fuel
/I Fuel. — 2014. — Vol. 134. - P. 237-243.

[5] Gagea B.C., Lorgouilloux Y., Altintas Y., Jacobs P.A., Martens J.A. Bifunctional con-
version of n-decane over HPW heteropoly acid incorporated into SBA-15 during synthesis // Journal
of Catalysis. — 2009. — Vol. 265. — P. 99-108.

[6] Pham T., Le T.H., Nam Huyena, Q. Vinh Tran, Martinez C., Parvulescu V.l. ZSM-5/SBA-
15 versus Al-SBA-15 as supports for the hydrocracking/hydroisomerization of alkanes // Catalysis
Today. — 2018. — Vol. 306. — P. 121-127.

[7] Jaroszewska K., Masalska A., Czycz D., Grzechowiak J. Activity of shaped Pt/AISBA-15
catalysts in n-hexadecane hydroisomerization // Fuel Processing Technology. 2017. Vol. 167. P. 1-10.

[8] Lee E., Yun S., Park Y.-K,, Jeong S.-Y., Han J., Jeon J.-K. Selective hydroisomerization
of n-dodecane over platinum supported on SAPO-11 // Journal of Industrial and Engineering
Chemistry. — 2014. — Vol. 20. - P. 775-780.

[9] Lee H.W., Jeon J.-K., Jeong K.-E., Kim C.-U., Jeong S.-Y., Han J., Parka Y .-K. Hydroiso-
merization of n-dodecane over Pt/Y zeolites with different acid characteristics // Chemical Engi-
neering Journal. — 2013. — Vol. 232. - P. 111-117.

[10] Benuukuna JL.M., Kopobuusna JIJI., BocmepukoB A.B., Pamomckas B.U. Cunres,
¢du3uKo-xumMuueckre U karanuruyeckue coiictBa CBK-rieomuros // JKOX. — 2007. — T. 81, Ne 10.
-C. 1814-1819.

[11] Korkuna O., Leboda R., Skubiszewska-Zieba J., Vrublevs’ka T., Gun’ko V.M., Rycz-
kowski J. Structural and physicochemical properties of natural zeolites: Clinoptilolite and mordenite
/I Microporous and Mesoporous Mater. — 2006. — Vol. 87. — P. 243-254.

[12] Kohler E.O. Catalytic dewaxing with zeolites for improved profitability of ULSD
production // Stud. Surf. Sci. Catal. — 2007. — P. 1292-1299.

[13] Belinskaya N.S., Frantsina E.V., Ivanchina E.D. Mathematical modelling of "reactor-
stabilizer column™ system in catalytic dewaxing of straight run and heavy gasoils // Chemical
Engineering Journal. — 2017. — Vol. 329. — P. 283-294.

[14] Mihalyi R.M., Lonyi F., Beyer H.K., Szegedi A., Kollar M., Pal-Borbely G., Valyon J.
N-Heptane hydroconversion over nickel-loaded aluminum- and/or boroncontaining BEA zeolites
prepared by recrystallization of magadiite varieties // J. Mol. Catal. A: Chem. — 2013. — Vol. 367. -
pP.77-88.

[15] Henry R., Tayakout-Fayolle M., Afanasiev P., Lorentz C., Lapisardi G., Pirngruber G.
Vacuum gas oil hydrocracking performance of bifunctional Mo/Y Zeolite catalysts in a semi-batch
reactor // Catal. Today. 2014. VVol. 220-222. P. 159-167.

[16] MuthuKumaran G., Garg S., Soni K., Kumar M., Gupta J.K., Sharma L.D., Rama
Rao K.S., MuraliDhar G. Synthesis and characterization of acidic properties of AI-SBA-15

176



ISSN 1813-1107 M 3 2019

materials with varying Si/Al ratios // Microporous and Mesoporous Materials. — 2008. — Vol. 114. —
P. 103-109.

[17] Vutolkinaa A.V., Glotova A.P., Zaninaa A.V., Makhmutova D.F., Maximovc A.L.,
Egazar’yantsa S.V., Karakhanova E.A. Mesoporous Al-HMS and Al-MCM-41 supported Ni-Mo
sulfide catalysts for HYD and HDS via in situ hydrogen generation through a WGSR // Catalysis
Today. — 2019. — Vol. 329. — P. 156-166.

[18] Abdi-Khanghah M., Adelizadeh M., Naserzadeh Z., Zhang Z. N-decane hydro-conver-
sion over bi- and tri-metallic AI-HMS catalyst in a mini-reactor // Chinese Journal of Chemical
Engineering. — 2018. — Vol. 26. — P. 1330-1339.

[19] Chiranjeevi T., MuthuKumaran G., Gupta J.K., MuraliDhar G. Synthesis and characte-
rization of acidic properties of Al-HMS materials of varying Si/Al ratios // ThermochimicaActa. —
2006. — Vol. 443. - P. 87-92.

[20] Vassilina G., Moisa R., Abildin T., Khaiyrgeldinova A., Umbetkalieva K. Synthesis of
Mesoporous Alumosilicates // 2016 International Conference on Computational Modeling, Simula-
tion and Mathematics. — Bangkok, Thailand, 2016. — P. 308-311.

REFERENCES

[1] Minachev H.M., Kondratev D.A. Properties and application in catalysis of zeolites of the
pentasil // Usp. him. 1983. Vol. 52, N 12. P. 1921-1973.

[2] Kitaev L.E., Yushchenko V.V., Nesterenko N.S., Bukina Z.M. Structure and catalytic pro-
perties of dealuminated modified zeolites // Petroleum Chemistry. 2006. VVol. 46, N 6. P. 398-404.

[3] Koval L.M., Korobitsyna L.L., Vosmerikov A.V. Synthesis, physicochemical and catalytic
properties of high-silica zeolites. Tomsk: Tom. state un-t, 2001. 50 p.

[4] Seung-Woo Lee, Son-Kilhm. Hydroisomerization and hydrocracking over platinum loaded
ZSM-23 catalysts in the presence of sulfur and nitrogen compounds for the dewaxing of diesel fuel
/I Fuel. 2014. Vol. 134. P. 237-243.

[5] Gagea B.C., Lorgouilloux Y., Altintas Y., Jacobs P.A., Martens J.A. Bifunctional
conversion of n-decane over HPW heteropoly acid incorporated into SBA-15 during synthesis //
Journal of Catalysis. 2009. Vol. 265. P. 99-108.

[6] Pham T., Le T.H. Nam Huyena, Q. Vinh Tran, Martinez C., Parvulescu V.I. ZSM-5/SBA-15
versus Al-SBA-15 as supports for the hydrocracking/hydroisomerization of alkanes // Catalysis
Today. — 2018. — Vol. 306. — P. 121-127.

[7] Jaroszewska K., Masalska A., Czycz D., Grzechowiak J. Activity of shaped Pt/AISBA-15
catalysts in n-hexadecane hydroisomerization // Fuel Processing Technology. 2017. Vol. 167.
P. 1-10.

[8] Lee E., Yun S., Park Y.-K,, Jeong S.-Y., Han J., Jeon J.-K. Selective hydroisomerization
of n-dodecane over platinum supported on SAPO-11 // Journal of Industrial and Engineering
Chemistry. 2014. Vol. 20. P. 775-780.

[9] Lee HW., Jeon J.-K., Jeong K.-E., Kim C.-U., Jeong S.-Y., Han J., Parka Y.-K. Hydro-
isomerization of n-dodecane over Pt/Y zeolites with different acid characteristics // Chemical
Engineering Journal. 2013. Vol. 232. P. 111-117.

[10] Velichkina L.M., Korobitsyna L.L., Vosmerikov A.V., Radomskaya V.I. Synthesis, phy-
sicochemical and catalytic properties of CBC zeolites // ZhFKh. 2007. Vol. 81, N 10. P. 1814-1819.

[11] Korkuna O., Leboda R., Skubiszewska-Zieba J., Vrublevs’ka T., Gun’ko V.M., Rycz-
kowski J. Structural and physicochemical properties of natural zeolites: Clinoptilolite and mordenite
/I Microporous and Mesoporous Mater. 2006. VVol. 87. P. 243-254.

[12] Kohler E.O. Catalytic dewaxing with zeolites for improved profitability of ULSD
production // Stud. Surf. Sci. Catal. 2007. P. 1292-1299.

177



XUMWYECKHH )KYPHAJI KA3AXCTAHA

[13] Belinskaya N.S., Frantsina E.V., lvanchina E.D. Mathematical modelling of "reactor-
stabilizer column™ system in catalytic dewaxing of straight run and heavy gasoils // Chemical Engi-
neering Journal. 2017. Vol. 329. P. 283-294.

[14] Mihalyi R.M., Lonyi F., Beyer H.K., Szegedi A., Kollar M., Pal-Borbely G., Valyon J.
N-Heptane hydroconversion over nickel-loaded aluminum- and/or boroncontaining BEA zeolites
prepared by recrystallization of magadiite varieties // J. Mol. Catal. A: Chem. 2013. Vol. 367. P. 77-88.

[15] Henry R., Tayakout-Fayolle M., Afanasiev P., Lorentz C., Lapisardi G., Pirngruber G.
Vacuum gas oil hydrocracking performance of bifunctional Mo/Y Zeolite catalysts in a semi-batch
reactor // Catal. Today. 2014. Vol. 220-222. P. 159-167.

[16] MuthuKumaran G., Garg S., Soni K., Kumar M., Gupta J.K., Sharma L.D., Rama
Rao K.S., MuraliDhar G. Synthesis and characterization of acidic properties of AI-SBA-15
materials with varying Si/Al ratios // Microporous and Mesoporous Materials. 2008. Vol. 114.
P. 103-109.

[17] Vutolkinaa A.V., Glotova A.P., Zaninaa A.V., Makhmutova D.F., Maximovc A.L.,
Egazar’yantsa S.V., Karakhanova E.A. Mesoporous Al-HMS and Al-MCM-41 supported Ni-Mo
sulfide catalysts for HYD and HDS via in situ hydrogen generation through a WGSR // Catalysis
Today. 2019. Vol. 329. P. 156-166.

[18] Abdi-Khanghah M., Adelizadeh M., Naserzadeh Z., Zhang Z. N-decane hydro-
conversion over bi- and tri-metallic AI-HMS catalyst in a mini-reactor // Chinese Journal of Chemi-
cal Engineering. 2018. Vol. 26. P. 1330-1339.

[19] Chiranjeevi T., MuthuKumaran G., Gupta J.K., MuraliDhar G. Synthesis and characte-
rization of acidic properties of Al-HMS materials of varying Si/Al ratios // ThermochimicaActa.
2006. Vol. 443. P. 87-92.

[20] Vassilina G., Moisa R., Abildin T., Khaiyrgeldinova A., Umbetkalieva K. Synthesis of
Mesoporous Alumosilicates // 2016 International Conference on Computational Modeling, Simula-
tion and Mathematics. Bangkok, Thailand, 2016. P. 308-311.

Pe3rome
P. M. Motica, I'. K. Bacununa, K. M. Ymbemxanuesa, T. C. Abunvoun

Al-HMS HETT3IHJIET'T BUDGYHKIIMOHAJIIBI KATAJIM3ATOP/IBIH
KATBICYBIMEH H-TEKCAJIEKAH/IbI TUIPOU3OMEPJIEY

Makanaga Al-HMS wme3okeyekTi aqroMocunukaTel MeH TaraH KEHOPHBIHBIH Oell-
CEHIIpUIreH OCHTOHUTI HETI3iHJeri HUKEIbMECH IMPOMOTOPJIAHFAH KOMIIO3UT CHHTE3/CH-
red. CHHTE3IEeNTeH KOMIIO3UTTIH KATBICHIHA H-TEKCaJCKaH bl TUAPOU30MEPIICY MPOLeCi
OHIMIIEPiHIH TONTHIK KOMIpCyTeTi KypaMblHa TeMItepaTypaHbi ocepi koHe Ni/Al-HMS-
OCHTOHUT KOMIIO3UTIHIH (PU3UKA-XUMISIIBIK CHIIATTAMATAPBl 3ePTTENai. AICOPOIHSITBIK,
seprreyiep Si/Alkarsinacsr 20-Fa Ten cuntesgenred karamuszatopsl (Ni/Al-HMS-6enTo-
HuT) yikenmeHmnikTi Gerimen (570 M2/r) cumaTTamaThIHBI KepceTTi. H-TexcaaeKaHIbl
THIPOU30MEPIICY MPOIECIH JKYPri3y YIIiH OHTaiael Temmeparypanblk pekum 300 °C
€KeHI aHBIKTAJIJIbl, OHBIH OCHI XKaF/aiija allHaybIHBIH HETIi3r1 OaFbITHl H30MepIiey Mpoleci
Ooutbin TadbUTaNBL. M30mapaduHaepAiH Kamsl WbIFys! 45% Kypasbl.

Tyiiin ce3mep: ME30KEYCeKTI alIOMOCHIHKAT, THApPOHU3OMEpIey, aAenapaduHaey,
JTU3eJTb OTBIHBI, KOFAPhI K-TIapauHep, TEMILIAT.
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Pe3iome
P. M. Moiica, I'. K. Bacunurna, K. M. Ymbemranuesa, T. C. Abunvoun

I'MAPOU3OMEPU3AINA H-TTEKCAJJEKAHA B ITIPUCYTCTBUUA
BUOYHKINOHAJIBHOI'O KATAJIM3ATOPA HA OCHOBE Al-HMS

B cratbe CHHTE3MPOBaH MPOMOTHPOBAHHBINA HHUKEJIEM KOMIIO3UT HA OCHOBE ME30I0-
pucroro amomocuinukara Al-HMS u akrusupoBanHoro GeHTOHHMTa TaraHCKOro MeCTO-
poxaenus. MccnenoBansl GU3MKO-XUMUYECKHE XapakrepucTuku kommosuta Ni/Al-HMS-
OCHTOHMT W BIIMSIHUE TEMIEPATyPhl HA IPYyNIOBOW yri€BOAOPOIHBIH cOCTAB MPOIYKTOB
npoIecca THAPOU3OMEPH3AIMN H-TeKCaJeKaHa B MPHUCYTCTBHH CHHTE3UPOBAHHOTO KOM-
MO3uTa. AICOPOLMOHHBIE HCCIEIOBAHHS MOKA3bIBAIOT, YTO CHHTE3MPOBAHHBIA Karta-
nuzatop Ni/Al-HMS-6enronut ¢ cootnomenuem Si/Al = 20 xapaktepusyercs OoJbliieit
ynensHo#t noBepxuocthio (570 MZ/F). Ycranoneno, uto 300 °C — onTUManbHEIN TeMITe-
paTypHBII peXUM sl MPOBEICHUS MpoLecca TMAPOM30MEPU3aLUH H-TeKCaaeKaHa, Oc-
HOBHBIM HAIPABJIEHHEM MPEBPAIIEHNUS KOTOPOrO B 3THUX YJIOBHUSIX SBISETCS MPOLECC
nm3omepm3anun. CyMMapHBIA BEIXO m30mapaduHOB cocTaBm 45%.

KaioueBble cii0Ba: ME30MOPUCTBIN aTFOMOCHIIMKAT, THIPOM30MEPH3ALHsl, ernapa-
(buHM3aIMS, TU3ebHOE TOIUIMBO, BBICIINE H-NapaduHbl, TEMIUIAT.
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