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Ethyi acetate is prepared by reaction of ethyl alcohol and acetic acid, which reaction produces
apart from ethyl acetate also water. Alternatively, ethyl acetate can be prepared by reaction of
acetic anhydride with ethyl alcohol, during which reaction apart from ethyl acetate also acetic
acid is produced, which acetic acid is further esterified by another portion of ethyl alcohol. The
esterification is an equilibrium reaction and it is accelerated by presence of acid catalysts. For

+ this purpose, predominantly mineral acids are used, preferably sulfur acid or as an advancement
the solid acidic catalysts. Such acidic catalysts are mainly the acidic ion exchangers, or
eventually zeolites, or the so called solid superacids, and so on.

According to prior art methods, the reaction is usually carried out so that nearly equilibrium
composition of reaction mixture is obtained in a reactor, which composition depends on the
starting molar ratio of reacting components. The so obtained mixture is rectified in a column
distilling out a mixture having composition close to the ternary heterogenic azeotrope containing
ethyl alcohol, ethyl acetate and water. Because the amount of water produced by this reaction is
greater then the amount of water distilled in form of the azeotrope, the superfluous water is
withdrawn from the column boiler together with the unreacted acetic acid. The so obtained acetic
acid has to be regenerated by another distillation. The following distillation separation of the
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homogenous catalyst feed brings about the above mentioned corrosion problems and

environmental disadvantages. The distillation column packed with free particles of acidic

catalyst is inapplicable in an industrial process because of high hydrodynamic resistance and
poor separation efficiency.

Accordingly, it is an object of the present invention to eliminate the drawbacks of the prior art
methods.

Summary of the Invention

A method of producing ethyl acetate by reaction of ethyl alcohol with acetic acid and/or acetic
anhydride according to the present invention consists in that in presence of a solid acidic catalyst
and during simultaneous distillatory separation of reaction components, acetic acid or acetic
anhydride or their mixture and ethyl alcohol are introduced separately in molar ratio 2:1 to
1:2.5 and in a quantity expressed as total flow rate 0.1 to 10 h™? of the introduced components,
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can be used, for example a sulfonated styrene-divinylbenzene copolymer containing 1 to 25 %
by weight of divinylbenzene with acidity 1 to 10 meq(H')/g. However, any other acidic ion
exchanging resins, or for example acidic zeolites and other known acidic catalysts can also be
used.

A preferable embodiment of this method is operated maintaining the following characteristics:
molar ratio of acetic acid to ethyl alcohol 1: 1 to 1: 0.45, or that of acetic anhydride to ethyl
alcohol 1: 2 to 1: 1.5; feed flow rate of input components, based on catalyst unit vofume, 0.5 to
5 h; ratio of the input components fed into the reaction to the organic phase reflux flow is 1 : 1
to 1: 20. Instead of pure acetic acid or acetic anhydride feed or of their mixture partially reacted
mixture of acetic acid or acetic anhydride and ethyl alcohol can be used so that the feed stream
containing acetic acid can also contain ethyl acetate and/or water and/or unreacted ethyl alcohol.

The method according to the present invention is carried out using an equipment comprising a
column consisting of three zones, whereby the reaction zone, piaced in the middle part of the

column contains solid acidic catalyst fixed on distillation trays or, in a preferable embodiment,
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i . e. of the starting components to ethyl acetate and water possible. Especially, if ethyl alcohol is
supplied with slight stoichiometric deficit into the system, ethyl alcohol is converted to ethyl
acetate nearly completely, which ethyl acetate is then obtained in form of easily separable
mixture with water. The separation zones fulfil the function of separating reaction products, i.e.
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ethyl acetate and water, from the starting components, i.e. acetic acid and ethyl alcohol and
returning of said starting components back into the reaction zone, whereby ethyl acetate is
separated together with water as distillate continually, and after separation from the organic
phase of this distillate, the water phase containing mainly ethyl acetate is separated from the

syster and the organic part of the distillate is partially returned to the column as back flow and
partially drawn off.

The input components, i.e. acetic acid or acetic anhydride and ethyl alcoho! can be fed into the
reaction zone either in stoichiometric ratio or with molar excess of acetic acid and/or acetic
anhydride to convert nearly all ethyl alcohol. If the method according to the present invention is
carried out at atmospheric pressure, the temperature mode of the column is stabilized so that
temperature in the column head reaches 70 to 74 °C. Feed of the starting components into the
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Brief Description of the Drawings

The attached Figure 1 shows a schematic drawing of an equipment for carrying out the method

according to the present invention.

Detailed Description of the Invention

The equipment according to Fig. 1 comprises a columnn 1 consisting of three zones, whereby, the
reaction zone 2 placed in the middle part of the column 1 contains solid catalyst, the bottom
separation zone 3 and the upper separation zone 4 contain oriented packings, inert poured
packings or distillation built in parts. The acetic acid and/or acetic anhydride feed pipeline 5 is
situated in the upper part of the reaction zone 2 or above this zone, the ethyl alcohol feed

pipeline 6 is brought into the bottom part of the reaction zone 2 or under this zone. The bottom
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condenser 12 and they are then transferred further from this condenser 12 in form of condensed
distillate into the separator 14 where the distillate water phase is separated from the distillate
organic components. The organic components are then returned from the separator 14 back into

the column 1.

Examples of Invention Embodiment
Example ]

Fig. 1 shows a schematic drawing of an equipment according to the present invention. An
atmospheric continually operated catalytic distiilation column 1 was divided into three zones.
The middie part of the column 1 forms the reaction zone 2. Under the reaction zone 2, a bottom
separation zone 3 is provided and above the reaction zone 2 an upper separation zone 4 is
provided. A boiler 8 is connected to the column bottom 7. A condenser 12 is connected to the

column head 10. A separator 14 is connected to the condenser 12.
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boiler 8 so that a constant level was maintained in this boiler 8. Reaction conversion in this
configuration was 92 %.

Example 2
Ethyl acetate synthesis was carried out using identical conditions as in Example 1 with the
exception that the starting component was acetic anhydride instead of the acetic acid, which
. acetic anhydride reacted in the pre-reactor in equimolar ratio with ethyl alcohol producing acetic
acid and ethyl acetate. The reaction mixture was then fed to the column 1 instead of acetic acid.
The selected total molar ratio of ethyl alcohol to acetic anhydride was 1.52. Using reflux ratio
1: 6, the output of the apparatus was 0.46 moVh of raw ethyl acetate with purity 91.4 % by
weight. Apart from ethyl acetate the product contained only 5.2 % by weight of water and 3.4 %

by weight of ethyl alcohol. Output flow rate of the separated water phase in the separator 14 was
3.9mlh

Example 3

Ethyl alcohol esterification by acetic acid was carried out using an apparatus comprising a boiler

8 having volume 50 litres, a column 1 provided with a condenser 12 and with a separator 14. The
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was dPyweisht of waterom t he separator 14 by the pi pel ine 5 the organic phase
was refluxed by the pipeline 16 into the colum 1 a part of the organic
phase (0.86 kg/h) was drawn off as raw ethyl acetate through the pipeline
17. BExashmpleigng of f the unreacted acetic acid thouh the pipeline 9 constant
retention in the boiler 8 was maintai ned. Apart fromethyl acetate the
product obtained 0.003 % by wei ght of acetic acid, 1.4 % by weight of ethyl

al cohglyBRdntatPmehol vl € h%hstam%fas\egh%mple 3 with the difference that the feed stream 5
contained 66.6 % by weight of acetic acid, 0.8 % by weight of ethyl alcohol, 25.4 % by weight
of ethyl acetate and 7.2 % by weight of water. The feeding rate was 0.843 kg/h. The feed of this
composition was obtained by previous partial reacting of acetic acid and ethyl alcohol mixture
by passage through a reactor of conventional design, filled with acid ion exchanger. Ethyl
acetate was then drawn off from the separator 14 with flow rate being 0.84 kg/h. The ethyl
acetate of purity 96.1 % by weight contained 2.6 % by weight of water and 0.5 % by weight of

ethyl alcohol. No presence of acetic acid in the product was found by the gas chromatography
method.

Industrial Use

The present invention will find use in chemical industry. The product obtained is suitabie mainly

as a solvent in production and use of coating materials and as extraction agent in pharmacy and
biotechnology.
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distillation separation are carrie I'n three zones, whereby, in the
reacti on zbetegemianciippies separatiad zgnd enditachweb ceparetiomzongpibe reagiomatindn zone

and a | ower, separatjon, zone,. the, reaction runs _sinul.taneo L th the
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separation zones, whereby water produced as a by-product of the reaction
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conpl et el yaz%ﬂm-ggirct l"n%ltlln\é \fw{tﬁ ngﬂtlyqeacctate, and distills completely or partially from the

system; the distillate is thereafter cooled to 5 to 70°C; water is then separated from the

ethyl acetate and other organic components of the distillate and is withdrawn from the
system, the organic components of the distillate containing predominantly raw ethyl
acetate, being partially returned back as reflux flow and partially withdrawn, whereby
the ethyl alcohol feed and the acetic acid or acetic anhydride feed or that of their
mixture are introduced into the system so that the acetic acid feed and/or the acetic
anhydride feed and/or that of their mixture are introduced into the reaction zone or
above this zone into a place situated above the place of introduction of the ethyl alcohol
feed, and the ethyl alcohol feed is introduced into the reaction zone or under this zone,
whereby the ratio between the feed of the starting components into the column and the
organic phase reflux is 1:1 to 1:20, and the unreacted acetic acid is separated as the

higher boiling bottom component,

2. A method according to Claim 1 characterized in that said starting acetic acid or
said acetic anhydride or their mixture contain also ethyl acetate and/or water and/or
ethyl alcohol.
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to said ethyl_ alcohol. 4. A nethod according to Claiml characterized in

t hat t he Rhgb@back)ipty the reactien isdibto 1:20.r oduced starting conponents based on a
unit volunme of catalyst is 0.5 to 5 h". 5. A nmethod according to Cdaim1l
characterized in that the ratio between feed of said introduced starting
conponent& i ntA méthod eamirdiap tallaime! Icharaétexizedoih that the gaidaunireactqdhacstic back

into the reaction s 1:1 to 1:20. G. hod according to Claim1l

char act erqci‘gael?"ﬁatf"il'mipmc S¥steg aaﬁhega&@éggé@sgp@mé@mog%p%qw P& m t he
syst em aseftthewhicd BRiIdub&d by enfiefir&figR™PoNent, contains a part of the
wat er produced by chem cdl reaction. 7. An equi pnment for carrying out the

met hod according to clains 1 to 6, characterized in that it conprises a

col um 7 1 8nCCuuipihen?d f8f dtfifig Z06FSthe method according to claims 1 to 6,
characterized in that it comprises a column (1) consisting of three zones,
whereby the reaction zone (2), placed in the middle part of the column (1), contains solid
acidic catalyst, the bottom separation zone (3) and the top separation zone (4) comprise
inert poured packing, oriented packing or distillation built-in parts, the acetic acid or
acetic anhydride feed pipeline (5) is placed in the upper part of the reaction zone (2) or
above this zone, the ethyl alcohol feed pipeline (6) is introduced into the bottom part of
the reaction zone (2) or under this zone, the bottom part of said column (1) is terminated
by a column bottom (7), the column bottom (7) is provided with a boiler (8), the
unreacted acetic acid withdrawal pipeline (9) is led out from said boiler (8) or said
column bottom (7) and the upper part of said column (1) is terminated by a head (10),
said head (10) is provided with a distillate vapour withdrawal pipeline (11) leading into a
condenser (12), whereby, said condenser (12) is connected by a condensed distillate
withdrawal pipeline (13) with a separator (14), said separator (14) is provided with an
distillate water phase withdrawal pipeline (15) in the bottom part and by a reflux flow
pipeline (16) and by an ethyl acetate withdrawal pipeline (17) in the upper part.

8. An equipment according to claim 7, characterized in that said solid
acidic catalyst is firmly fixed on distillation trays in said reaction zone (2)
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this zone, the ethyl alcohol feed piﬁéljné'(G) is introduced into the
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into a condetwesn liguit) andnepoabphase in counterflowsmovemiat ofsaidgphasest ed by a
condensed distillate wthdrawal pipeline (13) with a separator (14), said
separator (14) is provided with an distillate water phase w thdrawal
pipeline (15) in the bottompart and by a reflux flow pipeline (16) and by
an ethyl acetate withdrawal pipeline (17) in the upper part. 8. An

equi pnent according to claim?7, characterized in that said solid acidic
catalyst is firmy fixed on distillation trays in said reaction zone (2) 3
-JAb1. 2QCh i WD 01/27065 - 11 - PCT/ CZ00/ 00075 9. An equi pnent accordi ng
toclaim7, char acteri zedi nthat said solid acidic catalyst
is fixed in said reaction zone (2) by systens known as such in a structure
provi di ng contact between the liquid phase and catal yst particles and al so
contact between |iquid and vapour phase in counterflow novenent of said
phases.



