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ABSTRACT

The conversion of ethanol on low-percentage copper-containing catalysts at temperatures of 300 oC and 350 oC
was studied. γ-Al2O3, SiO2 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.% 
CuO/Al2O3, 1 wt.% CuO/SiO2 and 1 wt.% CuO/ HZSM-5 the most active in the production of 1,1-diethoxyethane 
was 1 wt.% CuO/Al2O3, 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 oС, the yield of the target product was 27 vol.%. The results 
showed that the modification of CuO/Al2O3 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 

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.

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 (γ-Al2O3, 
SiO2, HZSM-5) in terms of moisture capacity with 
a solution of copper nitrate (Cu(NO3)2·5H2O). 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.% 
CuO/SiO2 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, CO2), hydrogen, methane, and 
ethylene present in the gaseous products of the 
ethanol conversion reaction.

The highest concentration of hydrogen (39.3 
vol.%) is observed at a reaction temperature of 350 
°C on a catalyst of 1 wt.% CuO/Al2O3. In the liquid 
products of the reaction of thermal conversion of 
ethanol on 1 wt.% CuO/ Al2O3 и 1 wt.% CuO/SiO2 

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/Al2O3.

In order to increase the activity of 1 wt.% CuO/
Al2O3 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 oС in comparison with 
1 wt.% CuO/Al2O3 but the activity of the catalyst 
increases at 400 oC. Modification of 1 wt.% CuO/
Al2O3 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 oС.
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Table. Thermal conversion of ethanol in the presence of a copper catalyst deposited on various carriers

Т, оС Samples, 1 wt.% CuO 
on supports

ХEth, 
%

Concentration of reaction products, vol.%
Н2 СО СО2 СН4 С2Н4 АА 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

SiO2 28.7 13.0 3.0 0.4 0.6  3.0 1.5 1.0 0.8
Al2O3 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

SiO2 32.0  8.9 2.8 2.4 0.8 37.1 5.2 1.7 2.6
Al2O3 31.3 39.3 2.7 0.7 0.1 0.5 15.4 18.6 4.5

4. Сonclusion

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, as well as the interaction of acetaldehyde 
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.% CuO/Al2O3 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.

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.
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Аннотация

Исследовано превращение этанола на низ-
копроцентных медьсодержащих катализато-
рах, при температурах 300 и 350 оС. В качестве 
носителя активной фазы исследованы: γ-Al2O3, 
SiO2 и HZSM-5. Показано, что основным направ-
лением конверсии этанола на низкопроцент-
ных медьсодержащих катализаторах является 
его дегидрирование и последующее превра-
щения образующихся продуктов в 1,1-диэток-
сиэтан. Среди изученных катализаторов (1 
мас.% CuO/Al2O3, 1 мас.% CuO/ SiO2 и 1 мас.% 
CuO/HZSM-5) наиболее активным в получении 
1,1-диэтоксиэтана оказался 1 мас.% CuO/Al2O3, 
модифицирование его оксидом церия привело 
к повышению его активности в образовании 
1,1-диэтоксиэтана, при температуре реакции 
350 оС выход целевого продукта составил 27 
об.%. Результаты показали, что модифициро-
вание Cu/Al2O3 приводит к повышению ката-
литической активности образца.
Ключевые слова: 1,1-диэтоксиэтан, этанол, катали-
затор, носитель, метод приготовления.
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Аңдатпа

Этанолдың 300 және 350 оС температуралар-
да төмен пайыздық мысқұрамды катализа-
торлардағы конверсиясы  зерттелді. Белсенді 
фазаның тасымалдауышы ретінде γ-Al2O3, SiO2 

және HZSM-5 зерттелді. Этанолды конверси-
ялаудың негізгі бағыты ретінде төмен пайыз-
дық мысқұрамды катализаторларда дегидрлеу 
және түзілетін өнімдердің кейіннен 1,1-диэ-
токсиэтанға айналуы болып табылатыны көр-
сетілген. Зерттелген катализаторлар арасын-
да (1 мас.% CuO/Al2O3, 1 мас.% CuO/SiO2 және 1 
мас.% CuO/HZSM-5) 1,1-диэтоксиэтан алуда ең 
белсенді 1 мас.% CuO/Al2O3 болды, оның церий 
оксидімен модификациялануы 1,1-диэтоксиэ-
тан түзілуі барысында белсенділігінің жоғары-
лауына әкелді, 350 оС реакция температурасын-
да мақсатты өнімнің шығуы 27 көл.% құрады. 
Алынған нәтижелер CuO/Al2O3 катализаторын 
модификациялауда үлгінің каталитикалық 
белсенділігінің артатындығын көрсетті.
Кілт сөздер: 1,1-диэтоксиэтан, этанол, катализатор, 
тасымалдағыш, дайындалу әдісі.


