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CONVERSION OF BIOETHANOL OVER OXIDE CATALYSTS
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The conversion of bioethanol over supported oxide catalysts (CuO, ZnO, Cr,0; CeO,)
Accepted: was studied, among which the most active in the production of hydrogen is 3% CuO/

28 March 2019 y-Al,0;. Modification of 3% Cu0O/y-Al,0; catalyst with Cr,0;, ZnO and CeO, promotes

the growth of hydrogen yield. The highest concentration of hydrogen at 300 °C and
a space velocity of 1 h' on Cu0-Zn0/y-Al,0; was 48% by volume. The acidity of
catalysts for adsorption-desorption of pyridine by infrared spectroscopy (ITI Matson
FTIR) was determined. When the content of CuO in the catalyst is increased from 1
to 3%, the amount of Lewis acidic centers (LAS) increases from 58 to 82 umol/ g,
Modification with chromium oxide of the copper catalyst increases the number of
LAS from 82 to 156 umol/ g.,. by adsorption of pyridine at 150 °C and from 79 to 120
umol/g .. with pyridine adsorption at 250 °C. It has been established that an increase
in the number of Lewis acid sites has a positive effect on the yield of hydrogen in
the conversion of bioethanol. According to electron microscopy, the modification
of catalysts leads to an increase in the dispersity of the catalyst and to a uniform
distribution of particles on the surface of the catalyst, which also contributes to its
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greater activity in the production of hydrogen.

Keywords: bioethanol, catalyst, modification.

Introduction

The steady rise in prices for oil feedstock and
reduction of stockpiles around the world leads to an
increasein pricesofbasicpetroleum products. Currently
under active search for new basic raw materials that
can replace oil as a fuel in the production and in the
chemical industry [1, 2]. Typically alternatively treated
natural gas or coal, but they, like oil, are non-renewable
energy sources. The most promising renewable raw
materials with virtually unlimited inventory that meets
the latest environmental standards for chemical raw
materials include bioethanol, from which is obtained a
wide range of intermediate and final products of large-
scale petrochemical and fine organic synthesis [3, 4].

The use of bioethanol in fuel purposes is largely
limited, mainly due to its high hygroscopicity
and possible freezing of dissolved water at low
temperatures in cold regions [5, 6]. Therefore, the
development of bioethanol conversion technology,
which provides a perspective replacement of oil in
the production of gasoline range hydrocarbons and
other valuable petrochemical products, determines the
relevance of the study.

*OmeemcmeeHHblll asmop
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Processing of bioethanol to valuable petrochemical
products is promising for Kazakhstan, as our country is
rich in agriculture from which you can get bioethanol
[7]. The development of the technology for the
conversion of bioethanol in our Republic is actual
today, as Kazakhstan is the ninth state in the world in
terms of the area of the territory that has huge land.
Therefore, interest in Kazakhstan is manifested not
only as an oil power, but as a country with rich land
resources, where it is possible to produce renewable
energy sources. In addition, there are bioethanol
production plants in the Republic of Kazakhstan,
such as LLP «BM», the capacity of the enterprise is 30
thousand tons of products per year (Zhambyl region);
«Biokhim» (Taiynshinsky district, North-Kazakhstan
region) should resume its work in the first half of 2018.
At the construction stage two more factories belonging
to LLP «BM» in Taraz and Uralsk. As the initial reagent
will be used bioethanol produced in our country, which
eliminates the shortage of raw materials.

In the development strategy on a global scale
several directions of the conversion of bioethanol to
high-value products dominate [8-10]: the synthesis of
aromatic hydrocarbons, the synthesis of ethylene, the
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Fig. 1. Raw materials for bioethanol production and its catalytic conversion to valuable products.

production of hydrogen, the synthesis of acetaldehyde,
synthesis-gas synthesis and divinyl synthesis by the
Lebedev-Ipatiev method (Fig. 1).

Hydrogen takes the first place among the energy
carriersbytheheatofcombustion. Hydrogenisalsoused
as araw material in organic chemistry, petrochemistry,
oil and gas processing. In the chemical industry
hydrogen is one of the main intermediates used in the
production of ammonia, methanol, synthetic fuels, deep
oil processing and the production of high-octane motor
fuel. Hydrogen is widely used in low-tonnage, science-
intensive industries: electronic, pharmaceutical, food,
metallurgy, the synthesis of chemically highly active
substances and other industries. Consumption of
hydrogen all over the world is steadily growing.

The special properties of hydrogen (the easiest,
having the greatest heat of combustion, etc.) open up a
tempting prospectofitsapplication forenvironmentally
friendly energy production. The «hydrogen problem»
is now attracting a lot of attention of scientists in the
field of science all over the world for many reasons:
hydrogen as fuel is economically effective. Industrial
interest lies in the fact that the technology of hydrogen
production from renewable raw materials of bioethanol
is ecologically impeccable. In addition H, allows to
accumulate large energy reserves, pumping hydrogen
to the place of incineration and obtaining energy is 10-
15 times cheaper than transporting electricity [8]. To
celebrate the «hydrogen idea»a large amount of H; is
needed. One of the possible ways of obtaining such an
amount of hydrogen is the conversion of renewable
bioethanol feedstock.

Hydrogen production by ethanol steam reforming
over oxide catalysts, including Cu containing catalysts,
is described in [11-13]. Different catalysts, including
metal oxides, mixed metal oxides, supported base

metals (Ni, Co, Cu), and supported noble metals (Pd, Pt,
Rh, Ry, Ir), have all been extensively studied for the SR,
POX, and OSR reactions [14].

In this article, we presented the results of the
conversion of bioethanol on oxide catalysts.

Experimental

Experiments on testing the efficiency of catalysts
during the catalytic conversion of bioethanol were
carried out on a flow-through catalytic unit (Fig. 2)
with the output of a programmed chromatographic
analysis of reaction products at atmospheric pressure
in a temperature range of 200-400 °C. The starting
materials and reaction products were identified on the
«CHROMOS GH-1000» instrument using the absolute
calibration method and thermal conductivity detectors.
Separation of the components was carried out on two
columns (length 2 m, internal diameter 3 mm) filled
with NaX zeolite and porapak-T, carrier gases - helium
and argon. Physical-chemical characteristics of the
catalysts were studied by scanning and transmission
electron microscopy and infrared spectroscopy. The
catalysts were prepared by the method of capillary
impregnation of the carrier by moisture absorption with
aqueous solutions of metal salts. After impregnation,
the catalyst was kept at room temperature for 12
hours, then dried at 140 °C and calcined at 300 °C.

Results and discussion

Table 1 shows the concentrations of gaseous and
liquid products of the ethanol conversion reaction
in the presence of 1% oxide catalysts on y-Al,0;. The
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Fig. 2. Flow catalytic setup.

investigated catalysts were 1% CuO/y-Al,0;, 1% ZnO/
v-Al,03, 1% Cr;05/y-Al,03, 1% Ce0,/y-Al,03. The best
results for hydrogen were obtained on a 1% CuO/y-
Al,O0; catalyst, where the hydrogen yield was 9%.
Further a catalyst containing 3% CuO was studied. As
follows from Tables 1 and 2, an increase in the content
of CuO in the catalyst from 1 to 3% positively affects
the concentration of hydrogen, which increases from
9 to 20%.

To increase the activity of the copper-containing
catalyst, the influence of modifying additives (Cr,0s3,
CeO, and Zn0) was studied. Modification of 3% CuO/
y-Al,O; with chromium and zinc oxides significantly
increases hydrogen yield from 20 to 46% with the
addition of 2% Cr,0; and from 20 to 48% in the case of
2% Zn0O. When modified with cerium oxide, the yield of
hydrogen decreases from 20 to 4%. Thus, the results

Table 1

Composition of ethanol conversion products on various catalysts
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showed that the highest hydrogen concentration - 48
vol.% is observed at 300 °C and a space velocity of 1 h*!
by 3% CuO + 2% Zn0/y-Al,0s. An increase in the yield
of hydrogen to 48% is possibly due to the formation of
new phases between the copper and zinc oxides, which
are active in the production of hydrogen from ethanol.
This change would require further, more detailed
study.

The catalysts were analyzed by various physical
chemical methods: BET, scanning (SEM) and
transmission (TEM) electron microscopy, and acidity
determination by adsorption-desorption of pyridine*.
The texture characteristics of the developed catalysts
were studied by the BET method (Table 3).

It is shown that the specific surface area and the
specificporevolume of the catalysts vary insignificantly.
The surface morphology of the catalysts was studied by
scanning electron microscopy (SEM) and transmission
electron microscopy (TEM). The results are shown in
Figs. 3-5.

As can be seen from Fig. 3, in the composition of
catalysts there presents dispersed particles of different
size and forms. When the copper catalysts are modified
with zinc and chromium oxides (Fig. 4), the dispersion
of the catalysts increases.

Modification of the CuO/Al,0; catalyst with
chromium oxide leads to an increase in the dispersion
of the catalyst. Nanoparticles with sizes of 2-5 nm are
observed in the composition of the catalyst (Fig. 5).

The determination of the acidity of the studied
catalysts on Bronsted and Lewis was measured by
infrared spectroscopy (IRS) using pyridine as the
probe molecule.

Catalysts (wt.%) on y-Al,03

Products of ethanol conversion, vol.%

H, (6{0) C,H, CH, CO, Acetaldehyde Toluene Xylene
1Cu0/Al,03 9 3 6 0.2 0.4 8 1.3 1.1
1Zn0/Al,0; 3 17 4 0.6 - 1 - 1
1Cr,05/Al,0; 4 3 34 - 0.4 2 - 1.4
1Ce0,/Al,04 0.5 2.7 3.8 - 0.2 5 - -
Table 2
Effect of modifiers on catalyst activity during bioethanol conversion at T, = 300 °C and GHSV =1 h!
Catalysts (wt.%) on y-Al,03 Xethano, Y0 Yield of products, %

H, C,H, Acetaldehyde Butanol
3Cu0 56 20 25 8 -
3Cu0+2Zn0 75 48 0.5 15 4
3Cu0+2Cr,0; 78 46 0.3 19 2
3Cu0+2CeO0, 22.5 4 4 12.5 1.8
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Table 3
Textural characteristics of copper-containing catalysts

Catalysts (wt.%) on y-Al,03

Specific surface area m?/g

Specific volume pore, cm?/g

3 CuO
3 CuO0+2 ZnO

1749
172.7
3 CuO+2 Cr,04 176.5

0.075
0.074
0.076

m 1m M

1wt% CuO/A1203

B M I

3 wt.% CUO/A1203

Fig. 3. SEM micrographs of catalysts.

3 wt.% CuO+2 wt.% Cr,05/Al,0;

3 wt.% Cu0+2 wt.% Zn0/Al,03

Fig. 4. SEM micrographs of catalysts.

It is shown that copper-containing catalysts contain
only Lewis acid sites (LAS). With an increase in the
CuO concentration from 1 to 3%, the amount of LAS
increases from 58 to 82 pmol/g... (Table 4).

Modification with chromium oxide, increases the
number of LAS for Cr,;0; from 82 to 156 pmol/g.. by
adsorption of pyridine at 150 °C and from 79 to 120
umol/g... by adsorption of pyridine at 250 °C. At 350 °C,
Lewis acid sites were not detected on all the catalysts
studied.

Thus, it has been established that an increase in the
number of Lewis acid sites has a positive effect on the
yield of hydrogen in the conversion of bioethanol.

Conclusion

The oxide catalysts CuO, ZnO, Cr,0; and CeO,
supported on y-Al,0; have been studied during the
conversion of bioethanol to hydrogen. The optimal
catalyst for the production of hydrogen is 3% CuO/y-
Al,0; (20% H;). Modification of 3% Cu0/y-Al,0; with
chromium oxide or zinc oxide helps increase the
hydrogen yield to 46-48 vol.% at 300° C and a space
velocity of 1 h'l. Based on the results of electron
microscopy, the presence of nanoparticles with
dimensions of 2-5 nm is observed on the investigated
catalysts. The modification of catalysts with ZnO or
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Table 4
IRS of pyridine
Catalysts (wt.%) on y-Al,0; 150°C 250°C
Lewis acid sites (umol/pyridine/g... )
1 CuO 58 19
3Cu0 82 79

3Cu0+2Zn0 84 74

3Cu0+2Cr,03 156 120
Cr,0; leads to an increase in the dispersion of the copper and copper chromite catalysts // Chemical
catalyst, which contributes to an increase in the Engineering Journal - 2012 - Vol.179. - P. 209-220.
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KoHBepcus 6M03TaHOJIa HA OKCHJHBIX KaTajau3a-
Topax

'.E. Eprasuenal, C. Talipa6ekoBa?, M. Mam6eToBa?,
C. Osran6aesa?®, C. CmarysioBa’*

MHCTUTYT Npo6JsieM ropenusi, Anmatsl, Kazaxcran
2AkameMusi rpaKJaHCKOW aBuauuu, AsMaTbl, Kazax-
CTaH

3KasaxCKuil HallMOHa/JbHBIA >KEHCKUH Iefarorude-
CKUM yHUBepcuTeT, AiMaThl, KazaxcTtan
*AJIMaTHUHCKUH KOJIJIE/K YIIPaBJEHUS U PbIHKA, AiMa-
Tbl, KazaxctaH

AHHOTALIUA

H3y4yeHa KOHBepcHs 6MO3TaHOJIAa HA HaHECEHHBIX
OKCUAHBIX KaTanusatopax (CuO, ZnO, Cr,03, CeO,) cpe-
[l KOTOPBIX HanboJiee aKTUBEH B MTOJIyYeHHUH BO/IOPO-
na 3% CuO/y-Al,0;. MogudunupoBanue 3% CuO/y-
Al,0; katanusaropa Cr;0;, ZnO u CeO, cnocobcTByeT
pPOCTYy BbIX0/Ia BOJOpPOJAa B NPOAYKTaxX peakuuu. Hau-
6oJiee BbICOKasA KOHLeHTpauusa Bojgopoja npu T,-300
°C u o6bemMHOU ckopoctu 1 u! Ha CuO-ZnO/y-Al,0;
coctaBuia 48 06.%. OnpejesieHa KUCJOTHOCTb KaTa-
JIN3aTOPOB M0 a[COPOLUUU — AeCOPOLUUN MUPUAUHA C
MoOMOIIbI0 MHPpaKpacHO! cnekTpockonuu. [Ipu yBe-
JudeHun cogepxkanusa CuO B kaTanusatope oT 1 fo

3% kosin4ecTBO JIBIOMCOBCKUX KHUCJOTHBIX LIEHTPOB
(JIKLL) yBenuuynBaeTcs oT 58 1o 82 MkMoJib/TKT. Mo-
AudUIMpoBaHUE OKCUJOM XpOMa Me/IHOTO KaTaJsu3a-
Topa noBbimaeT yucso JIKI] ot 82 o 156 MKMOJIb/TKT
npu 150 °C u ot 79 mo 120 mxmosb/rKT mpu 250 °C.
YcTaHOBJIEHO, YTO yBesJW4YeHHe 4ucsaa JIbIoMCOBCKUX
KHCJOTHBIX [JeHTPOB B COCTaBe KaTaJu3aTopa OKasbl-
BaeT IO0JIOXKUTeJbHOe BJIMSIHME Ha BBIXOJ, BOJOpOJA
IIpY KOHBepCUU 6Ho3TaHoJA. [Io JaHHBIM 3/1€KTPOH-
HOM MHUKPOCKONUM MOAMGUIMPOBAaHUE KaTalu3aTo-
pPOB MPUBOJAUT K NMOBBILIEHUIO JUCIIEPCHOCTH KaTaJlu-
3aTopa ¥ K paBHOMEpPHOMY paclpe/ieJIeHHI0 YacTHUI] Ha
IIOBEPXHOCTH KaTa/IM3aToOPa, UYTO TaKKe CIIOCOOCTBYET
ero 60JiblIel aKTUBHOCTH B MOJIy4eHUH BOZ0OPOa
Karouesvle cno06a: 6103TaHOJ, KaTaJausaTop, MoAudU-
[[MpOBaHHUE.

OKcuATI KaTa/iM3aTopJiap Heri3iHae 6U03TaHOJIAbI
KOHBepcusijiay

'.E. Eprasuesal, C. Taiipa6ekoBa?, M. Mam6GeToBa®,
C. Osran6aesa®, C.CmarysioBa®*

»Kany mnpo6JieMasiap UHCTUTYTThl, AsiMaThl, Kazax-
CTaH

2AsaMaTTBIK aBHalys akaJeMusicbl, AamaTbl, Kasax-
CTaH

3KaszaK YJITTBIK KbI3Jap IeJerorukajblK yHUBEPCH-
TeTi, AniMmaThl, KazaxctaH

*AnMaTbl 6acKapy KoHe HapbIK KoJuJIe ki, AJIMaThl,
Kazaxctan

AHHOTALIUA

TacbiManaFblllKa OTBIPFBI3bIIFAH OKCU/ATI Ka-
Tasusatopsap KarbicbiHga (CuO, ZnO, Cr,;0; CeO,)
6U03TaHOJI/IbIH KOHBepcusichl 3epTTenai, CuO/y-Al,0;
KaTaJMu3aToOpbl CyTeK ajayAa OeJICeHAITiK KepCeTTi.
3%Cu0/y-Al,0; kaTanusatopsbiH Cr,03, Zn0O xaHe Ce0,
okcuaTepiMeH MoauduuMpsaey eHiMzeri cyteri Mes-
nepiH apTThIpaTblHbl aHBIKTa//bl. CyTeriHiH eHiM-
JleTi eH »KoFapbl KOHLeHTpauusacel (48 kes. %) T,-300
°C »¢oHe KeJieMJiK XKblagaMablK lcar! Tel 6oJsiFa”ga
Cu0-ZnO/y-Al,0; kaTanu3aTopbl KaTbIChIHAA 6ail-
Kasaabl. KaTannsaTopAblH KbIMIKbLIbIFBI MHPPAKbI-
3blJ CHEKTPOCKONHUS KeMeriMeH NUPUAUHHIH aJico-
pOLUSACH] K9HE JecopOLUsAChl apKblIbl aHBIKTAJ/bI.
KaTtanuszaTtopaslH KypaMmbiHaarbl CuO mesuiepin 1%
AaH 3% »xofapsaTKaHza JIblOMC KbILKbIIJbIK OpTa-
JAbIKTapblHbIH, MeJepi (JIKO) 58 gen 82 mkmosb/
TKT apTaTbIHbI 6AaWKaJIIbl. XpOM OKCHJIMEH MoAuDH-
IUpJIEHTeH MBIC KypaMAabl KaTasusatopaa JIKO-HbIH
MeJmepi 150 °C —-ge 82 geH 156 MKMOJIb/TKT JAeHiH,
an 250 °C-me 79-gad 120 MKMOJIb/TKT JlediH apTaThI-
Hbl aHbIKTaAAbl. KaTasmuzaTop KypambiHaaFbl JIbIOUC
KbILUIKBIJIbIK, OPTa/bIKTapbIHbIH, MOJILIEPiHiH apTyhl
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6HO03TaHOJI KOHBEPCUSCHI HOTHUXKECIH/Ie IBIFAThIH Cy-
TeriHiH WBbIFBIMbIHA OHTAWJbl dcep eTefi. JJIEeKTPOH-
AbIK MHKDPOCKOIITBIK, 3epTTeyJiep/iH HOTHKeCiH/e
KaTa/Ju3aTopsaapAbl MOAUGUIMPJIEY OHBIH JUCIED-
CTiJIIriHIH, JKOFapJiayblHa >KoHe KaTasu3aTop GeTiHe
OeJieKTepIiH, OipKesKi OopHaJacyblHAa asiblll KeJsiemi,
OyJ1 e3repicTep KaTaJu3aTOP/AbIH CyTeri alyAarbl OeJ-
CeH/liyliriHe OHTalJIbI acep eTexi.

Tyliin ce3dep: 61M03TaHOJ, KaTaau3aTop, MoAUPUIUD-
ey



