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i nvention r nmet hod of ethyl acetate synthesis ei'ification
of acetic acid with ethyl alcohol or by reaction of acetic anhydride with
ethyl al cohol which nethod uses the catalytic distillation in a colum
during which catalytic distillation a reaction on a catalytically active
filling a rectification separation of reaction products takes pl ace

simul taneously. The present invention relates also to an equi pnent for
carrying out this method. Background of the Invention Ethyl acetate is

prepared by_r, Lon_of ethyl alcohol and acetic i which reaction
produces Baﬁéfﬁ%#oﬂ’i‘:etmn NGt ETHYE o ALETATE A@g’gr %3{ i%WM@%ﬁyfogcet ate
can be pregRRYINGOUTIEREIS MRTRDD aceti c anhydride with ethyl al cohol, during
whi ch reaction apart fromethyl acetate also acetic acid is produced,

whi ch acetic acid is further esterified by another portion of ethyl

al cohol . ﬂ%oﬁ'ﬁé?ﬁéﬁtﬁdncat ion is an equilibriumreaction and it is

accel erated by presSence of acid catalysts. For this purpose, predom nantly
m neral acids are used, preferably sulfur acid or as an advancenent the
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Because the anmpbunt of water produced by this reactionis greater then the
anount of ter distilled in formof the azeotrope, the superfluous water

i s, Wthma%@%%Jm boi |l er together with the unreacted acetic
acid. The so obtained acetic acid has to be regenerated by anot her
distillation. The following distillation separation_of the W) 01/27065
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i.e. Tir parPiromlcthyl 3GRAE @k HateP ARV, SRS Gebtate 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 estetified 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 olar 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. Becanse 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



ethyl alcohol fromethyl acetate is, of course, very denmandi ng considering
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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 ™' of the introduced components,
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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 volume, 0.5 to
5 b™*; 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, placed in the middle part of the
column contains solid acidic catalyst fixed on distillation trays or, in a preferable embodiment,



The net hod according to the present invention is carried out using an

equi pnentw@omyoéssi ng a colunm consi sting of three zonegr/cebgiessy t he
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acidic catalyst fixed on distillation trays or, in a preferable enbodi nent,
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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 cofnponents 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
system 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 ethy! alcohol 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 accdrding 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 tljle 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 column 1 consisting of three zones, whereby, the
reaction zone 2 placed in the middie part of the column 1 contains solid catalyst, the bottom
separation zone 3 and the upper separation zonme 4 contain oriented packings, inert poured
packings or distillation built in parts. The acetic acid and/or acetic anhydride feed pipeline S 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



according to the present invention. Detailed Description of the Invention
The equi pveon27e6scordi ng to Fig. | conprises a columm | pcomzbgdop’sg of three
zones, whereby, the reaction zone Z placed in the mddle part of the
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the column 1.
Examples of Invention Embodiment

Example 1

Fig. 1 shows a schematic drawing of an equipment according to the present invention. An
atmospheric continually operated catalytic distillation column 1 was divided into three zones.
The middle 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.



Exanpl es of Invention Enbodiment Exanple | Fig. 1 shows a schematic
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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 ethy] acetate. The reaction mixture was then fed to the column 1 instead of acetic acid.
The selected total molar ratio of ethy! alcohol to acetic anhydride was 1.52. Using reflux ratio
1: 6, the output of the apparatus was 0.46 molVh 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. Qutput flow rate of the separated water phase in the separator 14 was
3.9 ml/h.

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



acetic anhydride reacted in the pre-reactor in equinolar ratio with ethyl
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Acetic acid was in quantity O thr Into the
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produce this reacton wa al ne separ t he

pi pel i rsodct ohtained (X003 bly aecightmfacetic adidydeti%thy Wehghtrmf pihiyl aleohdlGnd 1146 % he

col um \?ﬂ@ﬁ f b, the organic phase (0.86 kg/h) was drawn off as raw

et hyl e ough the pipeline 17. By drawing off the unreacted acetic
aci d thouh the pipeline 9 constant retention in the boiler 8 was

mai nt ai%;&g?g,toart fromethyl acetate the product obtained 0.003 % by

wei ght ic acid, 1.4 %by weight of ethyl alcohol and 1.43 % by

wei ght of vvater Exanpl e 4 Equi pnent and rret hod were the sane as in Exanple

3vvith re t hat, the fee str aine 6 % wei ght of
acetic {)’"@ fqﬁ‘? 1528 2% theé' gﬁ“&@?"&ﬂ Z*’H? Sethyl
]acetj at ?;onnaniecve% By byveieight ofticeticioid, 0. STMﬁﬁﬁQhWeﬂ@I dlcokidg 2|e48,43y logbight fThe
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acetic 58&‘85%'&‘ %ﬂ?iz "{S&&‘Rﬂ?"ﬂf&'ﬁﬁ?gﬂ fobal ing ratc was 0.843 kg/h. The food 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 suitable mainly
as a solvent in production and use of coating materials and as extraction agent in pharmacy and
biotechnology. '
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anhydri de raw ethyl acetate predominantly are partiafly returned back as reflux flow and partially

are 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 the ethyl alcohol

-4-)

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 flow back into the reaction place 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.

3. A method according to Claim } and 2characterized in that said acetic acid
or said acetic anhydride or their mixture are introduced into the system in molar ratio
1:1tol: 0.45 to said ethyl alcohol.



feed or that of their mxture are introduced into the systemso that the
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pl ace situated above the place of the ethyl alcohol feed and the ethyl

al cohol feed is introduced into the reaction zone or under this zone,
whereby, the ratio between the feed of the starting conponents into the
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starting corfponents based on vol U untrt of catalyst is. 0.5 to 5 1If'. 5.
A nmethod accor di ngtodamlor 2or.30or 4characteriz

edinthat the,ratio ..be en feed of said_input conponent.s intq the
reaction §hd&m03m9§£ﬁv6§'§fL%?@'é%?’ég%ﬂ&Q  TRLHE GRS t'ﬁetﬂé‘écﬁeon is 1
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chemi cal reaction. 7. An equipnent for carrying out the nethod according to
clainms 1 to 6, characterized.in that it conprises_a colum (1in_ consi sting

of three Zorf¥h equpmentfor; gammying, -outo the, smethod) accardings foi laime i I & part

of the colughdfdctEAEAd NEn SPhAE it I6Mpises aofimtSt1) chiddsting of AFSsmag, at i on
zone (3) and the top separation zone &f) conprise “inert Jl)gured packi ng,
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oriented pa y She 1gactipn pone:(2) Rlagest inthe middlerpag of thecolma (1), camtpips 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 upperpart 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 sepérator (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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acetic anhydride feed pipeline (5 is placed in the upper part of the
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pi peline (16) and by an ethyl acetate w thdrawal pipeline (17) in the upper
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solid acidic catalyst is firmy fixed on distillation trays in said
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