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Abstract. The decrease in stocks of traditional fossil fuels contributes to the widespread
growth of interest in renewable sources of raw materials and energy. Bioethanol can become
a serious alternative to traditional types of fossil raw materials and fuels due to the possibility of its
widespread production from agricultural waste and wood processing. Bioethanol can be used
directly as a fuel, or after transformation into hydrocarbons. The transformation of bioethanol into
hydrocarbons is carried out using zeolites and zeotypes of various types, while the main problem
encountered for these systems is deactivation during the catalytic transformation. In this case, one
of the possible solutions to this problem is the regulation of the acidic and diffusion properties of
the catalytic surface of zeolites. Changing the acidic properties can contribute to a significant
increase in the stability and activity of zeolites. In this case, the variation of acidic properties is
possible by combining different types of zeolites. The article presents the results of a study of
a mixed zeolite of the MFI type and mordenite in the reaction of the transformation of ethanol into
hydrocarbons. Zeolite synthesis was carried out by a sequential method using zeolite seed grains for
the synthesis of MFI structures and n-butylamine for the synthesis of a mordenite layer.
The synthesized sample was tested on a flow-type setup with a tubular reactor. The effect of
temperature, specific ethanol feed rate, and total pressure in the system was investigated.
An increase in the reaction temperature from 35007 to 3700 contributed to an increase in the rate of
accumulation of liquid hydrocarbons from 0.52 to 0.64 g(HC)/(g(Cat)*h), while a further increase
in temperature to 43001 contributed to a decrease in the rate of formation of liquid hydrocarbons to
0.32 g(HC)/(g(Cat)*h). An increase in the specific feed rate of ethanol from 0.5 to 2
g(EtOH)/(g(Cat)*h) contributes to a decrease in the yield of liquid hydrocarbons. An increase in the
total pressure in the system from 1 atm to 15 atm promotes an increase in the rate of accumulation
of liquid hydrocarbons from 0.34 to 0.83 g(HC)/(g(Cat)*h).
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Annomayus. YMEHbBIIEHUE 3allacoB TPATUIMOHHOTO HCKOMAEMOro TOIUIMBA CIOCOOCTBYET
MTOBCEMECTHOMY POCTY MHTEpeca K BO30OHOBISIEMBIM MCTOUHHUKAM ChIPbSl U 3HEpruu. buosranon
MOXET CTaTh CEPbE3HOH aJbTEPHATHBON TPAJAULMOHHBIM BHUJAM HCKOMAEMOTO ChIPbs M TOIUIMBA B
CBSI3M C BO3MOXKHOCTBIO €ro IIMPOKOIO IIOJYYEHMsI M3 OTXOAOB CEJIbCKOIO XO3SAHCTBA U
nepeBonepepaboTKu. bruo3TaHol MOXET MCIOJIb30BaThCSl HEMOCPEICTBEHHO B KayeCTBE TOIUIMBA,
WIK T0ocie TpaHcpopMmaluu B yrieBomoponabl. Tpanchopmaius OHOSTaHONIA B YIVIEBOAOPOABI
MPOBOAMTCS C HCIOJIB30BAHUEM IICOJIMTOB U IEOTHIIOB PA3IMYHBIX BHUJOB, MPH 3TOM OCHOBHOMU
BCTpEUaroLIeiics MpoOmeMOl it  3THX CHUCTEM SBJSIeTCS Je3aKTUBallUsg B  IIpolecce
Katanutuyeckod Tpanchopmanuu. [Ipm 3TOM OAHMM M3 BO3MOXKHBIX PELICHUN STOW MpPoOIEeMbI
SBIISIETCS PETYAMPOBAHUE KUCIOTHBIX U JU(PGY3MOHHBIX CBONCTB KaTAIUTUYECKOW MOBEPXHOCTH
1e0IUTOB. VI3MEHEeHNnEe KUCIOTHBIX CBOMCTB MOXET CIIOCOOCTBOBATh CYIIECTBEHHOMY YBEITUYECHUIO
CTaOMJIBHOCTH W aKTHBHOCTH LIEOJTUTOB. [Ipy 3TOM BapbUpOBaHHME KHUCIOTHBIX CBOWCTB BO3MOXKHO
MyTeM COBMEILIEHUSI PA3IMYHBIX THUIIOB IeoauTa. B craThe mpuBOAATCS pe3yinbTaThl UCCIIEIOBAHUS
cmemeHHoro 1eonuta Ttuna MFI u Mopaenuta B peakuumu TpaHchopMmalMH 3TaHONA B
yriieBozioposibl. CHHTE3 1eoauTa MPOU3BOAMIICSA MOCIEI0BAaTEIbHBIM METOAOM C HMCIOJIb30BAHUEM
3aTpaBOYHBIX 3epeH Ieonuta Juisi cuHTe3a MFI cTpykTyp u H-OyTMinaMuHa JJIsi CHHTE3a CIIOS
MopaeHuTa. TecTupoBaHHE CHHTE3UPOBAHHOTO 00pa3lia MPOBOAMIOCH Ha YCTAHOBKE MPOTOYHOTO
TUMA ¢ TpyO4aTeiM peakTopoM. BbUIO MCCle0BaHO BIHMSHHE TEMIIEPaTyphl, YACIbHON CKOPOCTU
MOJIaYM STAHOJIA U OOIIETO JIaBJICHUS B CUCTEME. YBEIIMUYCHHUE TEMIIEPATypPhl MPOTEKAHHUS PEAKIIH C
350 [ mo 370 [J cmocoOCTBOBANO YBEIMYEHUIO CKOPOCTH HAKOIUICHHUS JKUJIKHX YIJICBOAOPOIOB C
0,52 no 0,64 r(YB)/(r(Kar)*u), mpu sTOM nanpHeiilee yBenuueHue Ttemmeparypbl g0 430 [
CHOCOOCTBOBAJIO CHIDKEHUIO CKOPOCTH 00Opa3oBaHMs JKMIKUX yrieBogopogoB 1o 0,32
r(YB)/(r(Kar)*u). YBenuuenue ynenpbHOU ckopocTa moxadn dtaHona ¢ 0,5 mo 2 r(3rOH)/(r(Kat)*u)
CIOCOOCTBYET YMEHBUICHHIO BBIXOJA JKUAKHX YIJIEBOAOPOIOB. YBEIWYCHHE OOIIETO IaBICHHS B
cucreme ¢ 1 atm 10 15 aT™M crocoOCTBYET POCTY CKOPOCTH HAKOIUICHHUS >KUJIKHX YITIEBOJOPOIOB C
0,34 no 0,83 r(YB)/(r(Kar)*u).
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Introduction

Decreasing of fossil fuel production and annual growth of energy demand needs to develop
sustainable methods of synthetic hydrocarbons production from renewable materials [1-4].
Bioethanol can be considered as sustainable material widely acceptable and easy producing through
biofermentation of agriculture and wood processing residuals [4-6]. However direct application of
bioethanol is problematic due to technical issues and in some countries because of social problems
of bioethanol applications for beverage production. Therefor bioethanol needs to be transferred do
some valuable product prior to its direct application. Catalytic bioethanol transformation is a
process of special interest due to it industrial value for synthetic hydrocarbons synthesis for energy
and transport demand. Bioethanol can be easily transferred to synthetic hydrocarbons applicable for
transport application [7-11].

Typically, different zeolites and zeotypes are used as catalysts for bioethanol transformation.
The main problem of zeolites application for bioethanol transformation is rapid deactivation of
synthesized zeolites due to active sites carbonization. One possible solution to solve this problem
can be application of mixed zeolite systems with mixed structure for better hydrocarbons diffusion
and catalytic transformation [12-14].
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MFI type zeolites are characterized by three-dimensional structure of straight channels
connected to one another via the sinusoidal channels with diameter 5.1-5.6 A. Mordenite is
characterized by two-dimensional channels structure with six ring pores opening acceptable for
molecules diffusion with following dimensional parameters a: 1.57 A, b: 2.95 A, c: 6.45 A. The
article is devoted to MFI-mordenite catalytic properties study.

Materials and Methods

For obtaining mixed structure material consecutive MFI-mordenite synthesis was provided.
For obtaining initial MFI zeolite chemical grade sodium hydroxide, sodium aluminate, silica gel
and MFTI zeolite seeds with purity not less than 99% were purchased from local supplier. Distillate
water was purified using DE-25 aqua distillation system. Prior to synthesis silica gel was crashed in
laboratory milling machine to obtained 10-100 pwm particles fraction. In initial zeolite synthesis 9.54
g of sodium hydroxide 0.6 g of sodium aluminate 21.8 g of silica powder were dissolved in 250 ml
of water in autoclave at 600 rpm and 70°C for one hour. Then temperature was set to 240°C for 72
hours. Reaction mixture was placed in IEC HN-SII centrifuge and initial zeolite was separated from
reaction solution. Zeolite was washed with distillate water three times and dried in laboratory drier
at 140°C. For mordenite synthesis ten grams of dried MFI zeolite samples were placed in autoclave
and treated with two hundred milliliters of 0.1M solution of sodium hydroxide for one hour at 507
for desoldering initial zeolite surface structure. Then suspension was placed on shell for
sedimentation for two hours and solution was decantated and twenty milliliters of n-butylamine was
added and stirred for three hours. Then mixture of reagents was added to gel consist of 1.6 g of
sodium hydroxide, 1 g of sodium aluminate and 9.1 g of silica dissolved in 150 ml of distillated
water. Then suspension was sealed in autoclave equipped with impeller and heated to 240°C for 72
hours. Then reaction mixture was placed in IEC HN-SII centrifuge and mixed zeolite was separated
from reaction solution. Zeolite was washed with distillate water three times and dried in laboratory
drier at 140°C. Synthesized MFI mordenite samples were designated according to synthesis
procedure MFI-MORD. Mixed MFI mordenite sample was tested in ethanol catalytic process in
tube reactor systems. Quantity of formed liquid hydrocarbons was calculated due to gravimetric
data.

Results and Discussions
Reaction temperature is of great importance for catalytic performance in ethanol to
hydrocarbons transformation process. Increasing of reaction temperature (Figure 1) from 350°C to
370°C results in appropriate increase of liquid hydrocarbons transformation rate from 0.52
g(HC)/(g(Cat)*h) up to 0.64 g(HC)/(g(Cat)*h), that can be explained by increase of hydrocarbons
formation reactions rate.
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Figure 1. Influence of reaction temperature on liquid hydrocarbons formation rate (reaction
temperature 350-430°C, ethanol liquid hourly space velocity 1 g(EtOH)/(g(Cat)*h))
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Further increase of reaction temperature up to 430°C results in decrease of liquid
hydrocarbons formation rate down to 0.32 g(HC)/(g(Cat)*h) that can be explained by increasing of
liquid hydrocarbons destruction rate to gaseous hydrocarbons.

Increase of ethanol weight hourly space velocity (Figure 2) from 0.5 g(EtOH)/(g(Cat)*h) to 2
g(EtOH)/(g(Cat)*h) results in in appropriate decrease of liquid ethanol formation rate that can be
explained by decreasing of hydrocarbons chain growth rate.
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Figure 2. Influence of ethanol weight hourly space velocity on liquid hydrocarbons formation rate
(reaction temperature 370°C, ethanol liquid hourly space velocity 0.5-2 g(EtOH)/(g(Cat)*h))

Pressure influence is of great importance on ethanol to hydrocarbons transformation rate
(Figure 3). Increasing of system pressure from 1 to 15 Bars results in appropriate increase of
hydrocarbons formation rate from 0.34 t00.83 g(HC)/(g(Cat)*h).
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Figure 3. Influence of system pressure on liquid hydrocarbons formation rate (reaction temperature
370°C, ethanol liquid hourly space velocity 1 g(EtOH)/(g(Cat)*h))

However, increase of system pressure results in shift of formed hydrocarbons to heavy
products due to enhanced hydrocarbons chain grows under high pressure.
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Conclusions

Ethanol to hydrocarbons transformation rate strongly influenced by process conditions.
Increasing of reaction temperature from 350°C to 370°C results in appropriate increase of liquid
hydrocarbons transformation rate from 0.52 g(HC)/(g(Cat)*h) up to 0.64 g(HC)/(g(Cat)*h), that can
be explained by increase of hydrocarbons formation reactions rate. Further increase of reaction
temperature up to 430°C results in decrease of liquid hydrocarbons formation rate down to 0.32
g(HC)/(g(Cat)*h) that can be explained by increasing of liquid hydrocarbons destruction rate to
gaseous hydrocarbons. Increase of ethanol weight hourly space velocity from 0.5
g(EtOH)/(g(Cat)*h) to 2 g(EtOH)/(g(Cat)*h) results in in appropriate decrease of liquid ethanol
formation rate that can be explained by decreasing of hydrocarbons chain growth rate. Increase of
system pressure from 1 to 15 Bars results in appropriate increase of hydrocarbons formation rate
from 0.34 to 0.83 g(HC)/(g(Cat)*h).
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