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The article conducts systematic research on the processing of the ether-aldehyde fraction of the
biochemical enterprises of the republic and the use of the purified ether-aldehyde fraction for the
production of ethyl acetate. A detailed critical analysis of scientific, technical and patent literature in
the field of production and use of esters and, in particular, ethyl acetate was carried out. Investigated
the chemical composition of the ether-aldehyde fraction - the waste of the distilleries of the Republic.
The optimal technological parameters for the purification of the ether-aldehyde fraction have been
determined.
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The esterification reactions can be carried out acid are placed in the column. During

in liquid or vapour phase. In the liquid phase, esterification in the vapour phase, vapours of

the esterification reaction is carried out in a
tray column, from the bottom of which it is
heated. The esterifying mixture and sulfuric
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acid and alcohol, heated to 280-300 °C, are
passed over a solid catalyst (ThO2, TiO2, etc.).
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The yield of ester in liquid and vapour phases
was 95% [1-4].

The optimal condition for the esterification
reaction is one of the components must be
taken in excess and the immediate removal of
the product from the reaction zone using an
acid or alkali [5-8]. Obtaining ethyl acetate by
this method has the following disadvantages:

e Low ethyl acetate yield (average 62%);

e Discontinuous process;

e Very aggressive substances are used that
contribute to the corrosion of the
installation (sulfuric and acetic acids) and
waste is generated in large quantities;

e High consumption of sulfuric acid (for 1 mol
of acetic acid, 0.46 mol of sulfuric acid);

e The process is carried out at high pressure
(77-3 atm) and temperature (150 °C) [17-24].

Esters are used in the paint and varnish
industry as a solvent. They are also good
plasticizers and are intermediates in organic
synthesis.

Ethyl acetate is found in essential oils of
Japanese mint, in many fruits and berries, and
has a strong essential-fruity odor. It is used in
large quantities in the confectionery industry
(to obtain food aromatic essences) [6-11]. Ethyl
acetate is an identical natural food flavour. It is
used as a solvent in the production of
varnishes, artificial leather, silk, is used to
dissolve fats, artificial resins, is used as an
extractant in the extraction of acetic acid from
solutions, in the photochemical industry, etc.
[12-14]. The maximum concentration limit for
ethyl acetate is 200 mg/m3 [14-19].
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Ethyl acetate is industrially obtained by heating
dried ethyl alcohol with acetic acid in the
presence of sulfuric acid (2-3% of acetic acid) at
a temperature of 110-115 °C for 2 hours [19-20].
Known methods for producing ethyl acetate by
heating the acetic-calcium salt and sulfuric acid
with ethyl alcohol, the action of acetaldehyde
on aluminium ethylate in the presence of
chlorides or a small amount of water
(Tishchenko's method) [15-16],
dehydrogenation of ethanol in the presence of
copper-zinc catalysts at a temperature of 200-
300 °C and a pressure of 0.1-2.0 MPa [16-21]. All
of the above methods for producing ethyl
acetate are time consuming and require
heating or high pressure. Known methods for
the synthesis of esters of carboxylic acids by
the reaction of direct esterification under
microwave irradiation [13-17].

The proposed method for producing ethyl
acetate reduces the reaction time by tens of
times, this saves the cost of electrical or
thermal energy and, accordingly, includes the
production of ethyl acetate in the field of
“green” chemistry. To obtain pure ethyl
acetate, it is necessary to use ethyl alcohol with
a basic substance content of at least 85%.
Therefore, further research was aimed at
purifying the ether-aldehyde fraction from
accompanying impurities and obtaining a
purified ether-aldehyde fraction. To purify the
ether-aldehyde fraction from easily and heavily
volatile impurities, two types of apparatus are
used. The first type of apparatus is batch-type
depuration columns. At the first stage, the
ether-aldehyde fraction is purified from easily
volatile impurities. At the second stage - from
heavily volatile impurities. The second type of
apparatus is continuous rectification columns.
On the epuration column, readily volatile
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impurities are emitted, and on the rectification
column, heavy volatile impurities. These
processes are carried out simultaneously and
continuously. To purify the ether-aldehyde
fraction, a laboratory unit was assembled (Fig.
1). A flat-bottomed flask with a volume of 500
ml (item 2) was installed on an electric hotplate
with a variable heating rate (item 1). A reflux
condenser with a thin section (item 3) and a
level gauge (item 4) is installed on the flask. A
thermometer (pos. 5) and two coolers (pos. 7)
combined through a tap (pos. 6) are installed
on the top of the reflux condenser with a thin
section. At the first stage, the aqueous solution
of the ether-aldehyde fraction was purified
from light boiling substances; at the second
stage, the main product was isolated from the
upper part of the column, heavy-boiling
impurities and water remained in the flask
(item 2).

The first method is time-consuming and
energy-intensive, therefore it is not
economically feasible. But the second method,
a continuous apparatus, is compact and time-
saving and energy-saving, and conducting
initial research with a small amount of raw
materials and  establishing the main
technological parameters of the processes
does not require special conditions and
reproduces the ongoing processes well.
Studies have shown that the head fraction - the
volatile components of methyl alcohol,
aldehydes, ketones are released from the
ether-aldehyde fraction at temperatures of 65-
74 °C. Starting from 75 °C to 85 °C, the main

fraction is released - ethyl alcohol.
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Figure 1. Apparatus for batch cleaning of the
ether-aldehyde fraction.

After 85 °C - heavy fraction - acids, fusel
alcohols, water. Therefore, for purification of
the ether-aldehyde fraction and the isolation of
ethyl alcohol, it is first of all necessary to
remove the head fraction of the ether-
aldehyde fraction and only then to isolate the
main fraction. The heavy boiling fraction
remains in the flask. Based on the data
obtained, an energy-resource-saving
technology for the production of ethyl acetate
based on the ether-aldehyde fraction and
acetic acid has been developed. The developed
technology consists of the following stages:
separation of volatile components in an elution
column, separation of ethyl alcohol in a
column,

rectification carrying out an

esterification reaction with acetic acid in the
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presence of a «catalyst - sulfuric acid,
neutralization of crude ethyl acetate and
bottoms with soda ash, washing with sodium
sulphite solution , drying with anhydrous
calcium chlorides, separation of the main
product - ethyl acetate (99%), azeotropic
distillation. The dryness of the ethyl acetate
production process using EAF is: washing with
purified EAF,
separation by azeotropic distillation.

neutralization, drying and

The advantages of the developed technology
for the production of ethyl acetate from EAF
are as follows:

e Waste from the ethyl alcohol production
industry is used as a raw material;
e The purity of the resulting ethyl acetate is

99-99.5%.

The teaching of pure ethyl acetate from the
EAF of the ethyl alcohol industry consists of the
following stages:

1. Cleaning the EAF;

2. Mixing of the main components and
catalyst;

3. Esterification of purified EAF and acetic
acid;
Formation of ethyl acetate;

5. Neutralization of the product and still
bottoms;

6. Washing with ethyl acetate;
Azeotropic distillation of the main
product.

The etheraldehyde fraction (EAF) is diluted
with water at room temperature to 35-40% of
the main product (1). With the help of a pump
(2), it is fed from an ethanol column (3) into a
container located at a height of 1 meter (4).
From the tank (4) through the rotometer (5) it
is fed into the heat exchanger (6), in the back
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side of which there is a thermometer with a
scale up to 100 °C. Where it is heated to 70-75 °C
and with the help of a container filled to half
with softened water (7) is sent to a disc-shaped
separation column (3). The temperature of the
vessel (7) fixed at the bottom of the separation
column is 82-85 °C. The temperature of the
water flowing through the reflux condenser
(10) is about 50 °C. The initial product fractions
are collected in a container (11) through a
condenser (9) and a reflux condenser (10)
using a refrigerator (8). The eluate collected in
a container (7), with a temperature of 82-85 °C,
through a special valve using a container half-
filled with water (13) 25% of the volume is sent
to a rectification plate heated to 82-85 °C (12).
Using a cylinder (16) equipped with a
refrigerator (14) and an alcohol meter, (90%) is
collected from the plates of the rectification
column into a container (17).

The temperature of the lowest part of the
distillation column is 100 °C (12), the
temperature of the container attached to it (13)
is 105 °. From the bottom of the ratification
column trays (12), water and concentrate are
collected through valves into a container (13).
The esterification process is carried out in the
presence of a sulfuric acid catalyst, at
atmospheric pressure and a temperature of 80-
100 °C. For this, EAF and purified acetic acid are
mixed in a ratio of 1.1: 1 mol and concentrated
sulfuric acid 3% of the amount of the mixture.
Next, the ethyl acetate raw material is washed
with a 5% sodium bisulfite solution, neutralized
with soda ash, dried with dry calcium chloride
or sodium sulfate, then the azeotropic mixture
is distilled. The result is ethyl acetate with a
purity of at least 99.6%, which corresponds to
GOST 8991-78. The production capacity is -258
tons. The technology for the production of
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ethyl acetate from EAF has been established at
JSC FARGONAAZOT on an industrial scale.

A detailed critical analysis of scientific,
technical and patent literature in the
field of production and use of esters
and, in particular, ethyl acetate, has
been carried out. Investigated the
chemical composition of the ether-
aldehyde fraction - the waste of the
distilleries of the Republic.

Systematic studies have been carried
out on the processing of the ether-
aldehyde fraction of the biochemical
plants of the Republic and the use of
the purified ether-aldehyde fraction for
the production of ethyl acetate. The
optimal technological parameters for
the purification of the ether-aldehyde
fraction have been determined.

An energy-resource-saving technology
for producing ethyl acetate based on
the ester of the aldehyde fraction and
acetic acid has been developed.

A technological scheme for processing
the ether-aldehyde fraction with the
production of ethyl acetate has been
developed, sketches and drawings of a
continuously operating installation
have been prepared, the necessary
equipment has been manufactured
and a pilot installation has been

installed.
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