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ABSTRACT

The conversion of ethanol on low-percentage copper-containing catalysts at temperatures of 300 °C and 350 °C
was studied. y-Al,0;, Si0, and HZSM-5 were studied as the carrier of the active phase. It is shown that the main
direction of ethanol conversion on low-percentage copper-containing catalysts is its dehydrogenation and
subsequent conversion of the resulting products into 1,1-diethoxyethane. Among the studied catalysts (1 wt.%
Cu0/Al,03 1 wt.% Cu0/SiO, and 1 wt.% CuO/ HZSM-5 the most active in the production of 1,1-diethoxyethane
was 1 wt.% CuO/Al,0;, modification of it with cerium oxide led to an increase in its activity in the formation of
1,1-diethoxyethane, at the reaction temperature of 350 °C, the yield of the target product was 27 vol.%. The results
showed that the modification of CuO/Al,O; leads to an increase in the catalytic activity of the sample.
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1. Introduction

Due to the growing demand for energy and
concerns about climate change around the world,
it is very important to use renewable biomass and
its derivatives for the production of chemicals
and fuels, which today mainly depend on fossil
resources. One such example is bioethanol. It
is widely available due to the fermentation of
biomass and, in particular, cellulose residues [1,2],
and has become a universal raw material for the
synthesis of a wide range of chemicals with high
added value: acetaldehyde [3], ethyl acetate [4],
ethylene oxide [5], 1-butanol [6], isobutene [7] and
1,1-diethoxyethane [8-10].

1,1-Diethoxyethane (DEE), also called diethyl
acetal, is an important chemical intermediate.
It is used as a precursor in the synthesis of
pharmaceuticals and perfumes [11], as well as
polyacetal resins and alkylvinyl ethers[12]. It
can also be used as an oxygenated additive of
diesel fuel [13]. The possibility of synthesizing
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diethoxyethane based on renewable raw
materials-ethanol, which has wide resources,
determines the topical of this direction.

DEE is mainly formed by the interaction of
acetaldehyde with ethanol.Carboxylic acids are
used as catalysts [11, 14]. The disadvantages of
this method are associated with the direct use of
acetaldehyde, since it is toxic when stored for a
long time, and it easily turns into a paraldehyde.

In order to avoid the direct use of acetaldehyde
as a starting material and to increase the
efficiency of the DEE synthesis, recent efforts have
focused on the single-stage oxidation of ethanol
in DEE, including the oxidation dehydrogenation
of ethanol into acetaldehyde and its subsequent
acetalisation with ethanol.

This paper presents the results of direct
production of 1,1-diethoxyethane from ethanol
using low-percentage catalysts based on copper
oxide. The influence of the nature of the carrier on
the activity of the copper catalyst in the conversion
of ethanol is shown.
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2. Experimental part

Thermoconversion of ethanol was studied
in a laboratory installation of the flow type
(Fig. 1). Direct production of 1,1-dietoxyethane
(DEE) from ethanol was carried out by passing
a vapor-like ethanol through a reactor (2) with a
heterogeneous solid catalyst (3) based on copper.

Thermoregulator

Fig.1.Flow-through catalytic plant: 1 - ethanol dispenser,
2 - reactor, 3 - catalyst, 4 - reactor thermocouple,
5 - furnace, 6 - thermoregulator, 7 - rheometer;
8 - collection of liquid fractions.

The temperature of the reactor is regulated
by a thermostat (6). Ethanol was fed into the
reactor using a dispenser (1). Determination of
the concentration of the starting reagents and
analysis of the reaction products were carried out
on a chromatograph (GC-1000 LLC «Chromos»
Russia).

Catalysts based on copper oxide were prepared
by capillary impregnation of the carrier (y-Al,0s,
Si0,, HZSM-5) in terms of moisture capacity with
a solution of copper nitrate (Cu(NO;),-5H,0). The
catalysts were dried at 300 °C (2 h) and calcined
at 500 °C within three hours.

3. Results and discussion

The results of studying the effect of the process
temperature and the nature of the catalysts on
the degree of conversion of ethanol into liquid
and gaseous products are shown in Table. In
non-catalytic experiments, the degree of ethanol
conversion at temperatures of 300, 350 °C is no
more than 5%. In the presence of catalysts, the
degree of ethanol conversion increases sharply.

The highest ethanol conversion (32%) occurs
at a reaction temperature of 350 °C on a 1 wt.%
Cu0/Si0, catalyst. No significant influence of the
nature of the catalysts on the degree of conversion
was observed. However, the nature of the carrier
influences the concentration of the obtained
products of the reaction of thermal conversion of
ethanol.

The highest concentration of reaction products
is observed on a copper catalyst supported on
aluminum oxide. All studied catalysts contain
carbon oxides (CO, CO,), hydrogen, methane, and
ethylene present in the gaseous products of the
ethanol conversion reaction.

The highest concentration of hydrogen (39.3
vol.%) is observed atareaction temperature of 350
°C on a catalyst of 1 wt.% CuO/Al,0;. In the liquid
products of the reaction of thermal conversion of
ethanol on 1 wt.% CuO/ Al,O;u 1 wt.% CuO/Si0,
catalysts, 1,1-diethoxyethane, acetaldehyde and
n-butanol in small amounts were mainly detected.
On 1 wt.% CuO/HZSM-5 catalyst in liquid reaction
products, in addition to 1,1-diethoxyethane,
acetaldehyde, aromatic hydrocarbons (benzene,
toluene) are formed in trace amounts, which are
formed due to the oligomerization of ethylene
[15].

The obtained results show that the increase in
the degree of conversion of ethanol at 350 °C is
mainly due to the formation of 1,1 diethoxyethane,
acetaldehyde and hydrogen. The highest
concentration of the target DEE product (20.9
vol.%) is observed at a reaction temperature of
300 °C on a catalyst of 1 wt.% CuO/Al,0s.

In order to increase the activity of 1 wt.% CuO/
Al,0; of the catalyst in the production of DEE, the
influence of additives of lanthanum, nickel and
cerium oxides has been studied. Which are used
as modifying additives to increase the activity
and stability of copper catalysts [16]. The content
of additives was 0.5 wt.%. The modified catalysts
were also studied in the thermal conversion of
ethanol. The obtained results are presented in
Fig. 2.

It can be seen from the figure that the addition
of nickel and lanthanum oxides leads to a
decrease in the activity of the catalyst at reaction
temperatures of 300, 350 °C in comparison with
1 wt.% CuO/Al,0; but the activity of the catalyst
increases at 400 °C. Modification of 1 wt.% CuO/
Al,05; with cerium oxide leads to an increase in the
yield of the target product DEE, the highest yield
(27 vol.%) Is observed at a reaction temperature
of 350 °C.
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Table. Thermal conversion of ethanol in the presence of a copper catalyst deposited on various carriers

T,°C Samples, 1 wt.% CuO XEth,

Concentration of reaction products, vol.%

On SUppOrts % H, co o, CH, CH, AA  DEE n-Butanol
300 Without catalyst 0.5 - - traces - - - - -
HZSM-5 22.0 3.8 4.7 2.4 0.4 0.7 4.7 8.2 3.7
SiO, 28.7 13.0 3.0 0.4 0.6 3.0 1.5 1.0 0.8
Al,0; 26.0 30.0 2.0 1.5 2.5 24.0 14.6 20.9 -
350 Without catalyst 5.0 - - 2.0 - - - - -
HZSM-5 29.1 12.4 7.7 1.7 2.7 11.2 9.5 4.8 2.2
SiO, 32.0 8.9 2.8 2.4 0.8 37.1 5.2 1.7 2.6
Al,0; 31.3 39.3 2.7 0.7 0.1 0.5 15.4 18.6 4.5
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Fig. 2. Effect of the reaction temperature and the nature
of modifying additives on the activity of 1 wt.% CuO in
the thermal conversion of ethanol to DEE.

4. Conclusion

Thus, in thermal conversion of ethanol on
low-percentage copper catalysts at reaction
temperatures of 300, 350 °C, independent of the
nature of the carrier, the main reaction is the
dehydrogenation of ethanol to acetaldehyde and
hydrogen,aswellastheinteraction ofacetaldehyde
with ethanol to formation of 1,1-diethoxyethane.
The highest concentration of the target DEE
product (27 vol.%) is observed on a catalyst of 1
wt.% Cu0/Al,0; modified with cerium oxide at a
reaction temperature of 350 °C. It is expected that
the study of the effect of reaction parameters on
the activity of the developed catalysts in a wide
range of technological modes and screening
of catalysts in a complex of physico-chemical
methods will reveal effective technological modes
and the optimal composition of the catalyst for the
one-stage synthesis of 1,1-diethoxyethane from
ethanol.
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AHHOTauusa

HccnenoBaHo mpeBpallleHUe 3TaHOJA Ha HU3-
KOMPOLIEHTHBIX MebCOJEPXKAIIUX KaTaJu3aTo-
pax, npu Temneparypax 300 u 350 °C. B kauecTBe
HOCHUTEJISI aKTUBHOH a3kl uccaegoBaHbl: Y-Al,0;,
Si0, u HZSM-5. [Toka3zaHo, YTO OCHOBHBIM HaIpaB-
JIeHHheM KOHBEepCHUH 3TaHoJla Ha HU3KOMPOILEHT-
HbIX MeJibCOJlepKall[UX KaTaau3aTopax sBJISEeTCs
ero JleruJipupoBaHUe U Moc/efylollee MpeBpa-
1eHHs 06pa3youXcs NPoAyKTOB B 1,1-AU3TOK-
cuaTad. CpeAid M3y4YyeHHbIX KaTajaus3aTopoB (1
Mac.% CuO/Al,0; 1 mac.% CuO/ SiO, u 1 mac.%
CuO/HZSM-5) HanboJsiee aKTUBHBIM B IIOJIyYEHUH
1,1-ausTokcuaTaHa okaszasca 1 mac.% Cu0/Al,0;,
MoaAudUIIMPOBaHUE €ro OKCU/I0OM Liepusi MPUBEJIO
K MOBBIIIEHUID €r0 aKTUBHOCTHU B 06pa30BaHUU
1,1-pM3TOKCU3TaHa, IPU TeMIepaType peaKLUH
350 °C BbIXOJ, Lle/1IeBOTO MPOJYKTa COCTaBUI 27
00.%. Pe3ysibTaThl MOKasaJu, YTO MOJUDUILIHPO-
BaHue Cu/Al,0; NpUBOAUT K MOBBIIIEHUIO KaTa-
JIMTUYECKOW aKTUBHOCTHU 06pasia.

Knawuesvlie caosa: 1,1-qu3TOKCUI3TAH, 3TAHOJ, KaTalu-
3aTOpP, HOCUTEJIb, METO/ IPUTOTOBJIEHUA.
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AnjaaTna

JdtanonabiH 300 xeHe 350 °C TemmnepaTypasap-
Jla TeMeH MNaWbI3JbIK MbICKYpaM/bl KaTasax3a-
TOpJlapJarbl KOHBepcUsAchbl 3epTTenji. bescenpi
¢dasaHbIH TacbiMasaybliibl peTiHge y-Al,0;, SiO,
»koHe HZSM-5 3epTTesai. ITaHONABI KOHBEPCH-
slIay/iblH, Heri3ri 6aFbIThbl peTiHAe TOMeH Maubi3-
JbIK, MBICKYpaM/Ibl KaTaJu3aTopJap/a JleTu/pJey
>)KoHe Ty3ijeTiH eHiMJepfiH keWiHHeH 1,1-1u3-
TOKCH3TaHFa aliHa/lybl 60JIbIN TabblIATbIHbBI KOp-
ceTiJireH. 3epTTeJIreH KaTa/u3aTopJiap apacblH-
naa (1 mac.% Cu0/Al,0s, 1 mac.% CuO/SiO,xane 1
mac.% CuO/HZSM-5) 1,1-au3ToKCcHUaTaH anyja eH,
6escenzi 1 mac.% CuO/Al,0; 60/1b1, OHBIH IepUU
okcujiiMeH MoaudukauusaaHybl 1,1-AU3TOKCU3-
TaH TY3i/1yi 6apbIChIHAA 6eJICeHAIITiHIH KOFapbI-
JaybiHa akesfii, 350 °C peakiys TeMIiepaTypachbIH-
Jla MakKcaTThbl OHIMHIH, IIbIFYbl 27 Kes1.% KypaZbl.
AnpiaraH HaTwxesep CuO/Al,0; KaTaaus3aToOpbIH
MoaubUKauusiaayAa YIATIHIH  KaTaJlUTHUKaIbIK
GeJiceH/IiiriHiH apTaThIHABIFBIH KOPCETTI.

Kinm ce3dep: 1,1-fU3TOKCU3TAH, 9TaHOJI, KaTaJau3aToP,
TacbIMa/IJaFblll, JaWbIHZATY d/icCi.



