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Objectives

This work Is focused on the catalytic transformation of bioethanol into industrially significant

alkenes. Catalytic transformation of ethanol was studied using catalysts based mainly
on nanostructured materials as hydrotalcites, sepiolites and zeolites doped with Cu, K, Sr, Zn
and Mn. The catalytic tests were carried out in a plug-flow reactor at a temperature range
of 350-550 °C. The impact of the preparation method of hydrotalcites on their structure and
catalytic activity is reported.

Hydrotalcites

Hydrotalcites, also known as layered double hydroxides or Feitknecht compounds with the
general formula: M2+, M3* (OH),(A™),,, - mMH,O, where M?*and M3* are divalent (e.g., Mg, Ni,
Zn, Cu, Mn) and trivalent (e.g., Al, Fe, Cr) metal ions, A™ is an anion (most commonly (CO),;%,
but also (SO),%, (NO)*, CI, OH"), and the value of x is 0.1 - 0.5.

Hydrotalcites have also received increasing attention due to their cheap and easy synthesis.
Their acid-base properties depend on their chemical composition and methods of preparation.
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Coprecipitation method
In this method inorganic Mg and Al salts are supersatured in an alkaline media either
at increasing pH or at constant pH.

Urea hydrolysis
Another precipitating agent can be urea. Urea hydrolyzes slowly at elevated temperature,
releasing ammonia and carbonate anion, which leads to a slow supersaturation.

Sol-gel method
Sol-gel method is reported to lead to hydrotalcites of high phase purity. Hydrolysis
of metal-organic compound occurs in organic solvents at elevated or room temperature.

Combustion Synthesis

During combustion synthesis an explosive decomposition of organometallic precursors take
pDlace, leading to a formation of mixed metal oxides. Hydrotalcites have a peculiar feature
Known as a memory effect. This allows a (re)generation of layered structure from mixed oxides
eading to (re)gain a hydretalcite structure.

Microwave treatment ' 'S ;
Using owave treatment in the above-mentioned synthesis methods not only reduces the
synthesis time but also decreases the cryst: 1ze.
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The effect of the preparation method

The difference bethecipitation methods Is that upon

precipitation with Na,CO, a precipitate is formed almost immediately.
On the other hand, in the urea precipitation method, urea slowly
hydrolyses to form NH; which gradually precipitates hydrotalcite. This
IS also reflected in the morphology of the precipitate formed. Upon
precipitation with urea a regular lamellar structure typical of
hydrotalcite was formed, however upon precipitation with Na,CO; an
Irregular morphology was formed (Fig. 3).
Upon calcination at 450 °C the XRD structure of hydrotalcites gets
lost, resulting in Al — Mg mixed oxides. However, exposing to humidity
and CO,, a reorganization of the original structure of the hydrotalcite
takes place (Fig. 4).
A correlation was found between the method of preparation and the
catalytic activity of these hydrotalcites. In the one hand, one can see
~ that at a reaction temperature of 500 °C and above, the yields of
utadiene were significantly reduced. Hence, it can be concluded that

1e hydrotalcite structure is not beneficial fol ON  Fig. 3. SEM images of
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Introduction
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Catalyst preparation

We doped several catalysts with Cu, Zn, Mn by wet impregnation method using a 3% solution of
metal nitrates in amount as to the metal content of the resulting material was 5%. The catalyst
samples were calcined in static air at 500/°C
Faujasite Y (module: 2.5), SDUSY (module: 30), mesostructured MCM-22 (module: 30) (Zeolyst)
were used as supports for the zeolite-based catalysts. To prepare sepiolite-based catalysts
commercial sepiolite (Sigma) was Impregnated with metal nitrate solutions following
the above-mentioned prochure.
To prepare hydrotalcite-based catalysts tsing a precipitation method, 0.1 M solutions of Mg(NO,),
and AI(NO,); were used:. The pH of the mixture was adjusted to 10 + 0.1 during the precipitation
adding appropriate amounts of a 0.2 NaOH solution. To prepare hydrotalcie-based catalysts
using the urea meth@d, urea was added to the solution of Al and Mg nitrates in a molar ratio of
urea : (Mg + Al) = The mixture was refluxed for 24 h, filtered, washed and dried at 110 °C
overnight.

were prepared by the precipitation method with addition
with n-octane.

Catalysts testing

Bioethanol as a reactant was injected at the flow
rate of 5 ml.h-1 by a syringe pump. A fixed bed
INox reactor and nitrogen as a carrier gas was
used. The catalytic tests were carried out in the
temperature range of 350 °C to 550 °C. Liquid
products were collected in a refrigerated flask.
Liquid products were analysed using a Shimadzu
QP-2010 Ultra GC/MS. Gaseous products were
analysed by GC connected on-line via a 6-way
valve (Fig. 2).

Ig. 2. Scheme of the apparatus for catalytic tests: 1 syringe
np; 2 PID controller; 3 solenoid valve; 4 nitrogen cylinder; 5
d chamber; 6 six-way valves; 7 reactor; 8 catalyst in t
9 temperature controller; 10 condenser; 11 lig
ollector; 12 pot with ice; 13 computer;, 14

h; 15 off-gas. '
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Results and discussion
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Table 1: Yields of the main reaction products over selected zeolytic
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Catalyst / yields % ethylene propylene butadiene acetaldehyde r"' en'
MCM-22 31.5 4.2 1.6 8.8 o
SDUSY 35.3 2.5 0.8 5.2 e
Y13 47.2 3.5 1.8 1.4 - impre
Y13 - 5Mg 14.3 2.6 2.3 9.7 ‘,{"
Y13 -5Cu 38.8 4.8 4.0 22.7 :
Y13 -5Mg—5Zn 12.7 8.2 12.6 6.7
Y13 —-5Cu—5Zn 35.5 7.2

18.5 7.4
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