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Procéss and apparatus for the production of butylacetate and

i sobutyl acetate 10 Technical Field The invention relates to a process for
t he synt heswe sohisggit yl acetate by esterification of aceti cperiEdowaissda but anol
by distillation acconpani ed by chem cal reaction utilizing a colum in

whi ch separation of the reaction products takes place together with the
esterification in a catalytically active 15 separation equi pnment. The’
invention also relates to a process for the synthesis of isobutylacetate by
esterification of acetic acid with isobutyl alcohol by the catalytic
distillation nmethod using a colum in which separation of the reaction
products takes place together with the esterification in a catalytically
active separation equi pnent The invention also relates to 20 apparatuses
for perform ng said process. WD 99/ 48855

PCTI EP99/ 01583 -2 - Background Art Butylacetate is prepared by the reaction
of butanol with acetic acid by which water is produced besides

butyl acetate. The reaction is reversible and acidic catalysts are utilized
to accelerate it. Mneral acids, especially sulfuric acid, or, 5 nore
recently, 8on exchange resins (EP 066059, DE 3636754), or zeolites and so
called solid superacids are utilized for this purpose. According to the
state-of-the-art processes (Petrochem a 1985, 25, 99), alnost equilibrium
conposition is achieved in a reactor, the resulting mxture is then
distilled by neans of a distillation colum to separate a m xture, the 10
conposition of which is close to the conposition of the

but anol - butyl acetate- water ternary azeotrope. The anount of the reaction
water is not sufficient to

Process and apparatus for the production of butylacetate and isobutylacetate

10 Technical Field

The invention relates to a process for the synthesis of butylacetate by
esterification of acetic acid with butanol by distillation accompanied by
chemical reaction utilizing a column in which separation of the reaction
products takes place together with the esterification in a catalytically active

15 separation equipment. The invention also relates to a process for the
synthesis of isobutylacetate by esterification of acetic acid with isobutyl
alcohol by the catalytic distillation method using a column in which separation
of the reaction producis takes place together with the esterificationin a
catalytically active separation equipment The invention also relates to

20 apparatuses for performing said process.



distill all butylacetate in the nentioned form therefore additiona] water
must be added. The volune of the waste water to be subsequently treated is
t hus i ncreased, which is one of the main di sadvantages of the processes
known in 15 wbhesssks . The said steps are very often conbi nes/Epeyessit he
synthesis takes place directly in the d_ift_i | lati on colum reboiler.
Separation of the organic phase fromthe water phase of the heterogeneous
azeotrope prepares conditions for subsequent separation of butylacetate
from butanol Rackigpéind Akd on of the organic phase in another distillation
colum fromwhich a m xture containing 20 butanol, traces of dilute water
and a small ampunt of butylacetate is withdrawn as distillate. This

over head pr od8¢tylacetatedy erapgrashby hetseadiipa etbutaro! ithmgetie aciddywhighup to 98
‘l’)ﬁ){mssi }S wi Wau@r?wr@cmoad!b@krd@srbwgd?@te. Fﬁaee@e@rsab};mm abid) BEIRIRS edI »
ut ano rom cetate |s. ver [ u X r ideality
of the m xtur gg% S g#ﬁ é}ﬁsa?g:n%qc?élegﬂ%% @E’g&%?gﬁn%%&,gﬂf E'ﬁ'@r}% ‘EE‘:I?@Q? 'e a
ternary az8ot msse regarmlynioniexchangsiresing (ERP$R0S8UDEABI67 ik anatolites and

butyl acetate gg canbd saifd Siperatids AvelUbiliMRISH this RAdGsedi Nary azeotropes. The
wat er phase separated fromthe first colum distillate is further distilled

by use of another distillation colum, dissolved butanol and butyl acetate
bei ng separ at égcarding tot the Istate-of-therast priogesses (Patrachémiac1285% &5t 89 he process.
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partial condebeaddedathel volume of the waste water to be subsequently treated is thus
increased, which is one of the main disadvantages of the processes known in
16 the art. The said steps are very often combined, i.e. the synthesis takes place
directiy in the distillation column reboiler. Separation of the organic phase
from the water phase of the heterogeneous azeotrope prepares conditions for
subsequent separation of butylacetate from butanol by distiltation of the
organic phase in another distillation column from which a mixture containing
20 butanol, traces of dilute water and a small amount of butylacetate is
withdrawn as distillate. This overhead product is recycled while butyiacetate of
purity usually up to 98 % mass. is withdrawn as a bottom product, The
separation of unreacted butanol from butylacetate is very difficult because of
strong nonideality of the mixture. Not only butanol, butylacetate and water
25 create a ternary azeotrope with minimum boiling point but also butanol with
butylacetate as well as butanc! with water create binary azeotropes. The
water phase separated from the first column distillate is further distilled by use
of another distillation column, dissolved butanol and butylacetate being
separated as distillate, this mixture being recycled to the process. Complex
30 separation of the esterification reaction mixture components is the main
disadvantage of the state-of-the-art processes. There are also serious
corrosion problems as an additional disadvantage in those processes which
utilize mineral acids as catalysts.



colum head, The vapours are partly condensed in the condenser, the 5
distillate being refluxed to the upper reaction zone w thout be| ng split
into water and organi c phases. This has bad i npact on the reaction

equi li bri umwao/es/¢88ss s a consi der abl e di sadvant age of sai d EyErRisihe
vapours, non- condensed in the partial c¢pndenser, built in the colum head,
condense in an external condenser, the condensate being refluxed into the
colum feed after 10 separation of the water fromthe organic phases, ‘so
t he probl em oAnathetvariant obihediutylanstdie isymthesis takes iat passibility (dwerfirRAthepar t of
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nentioned form therefore additional water nust be added to the mi xture.

The volune of the waste water to be subsequently treated is thus increased,
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separat e especially s lfurlc acnd or, more recently, solid acidic catalysts are utlllzed for

this purpose as can be seen e.g. from CZ 191357 and CZ 279562. These

catalysts can be ion exchange resins, zeolites, so called solid superacids and

20 thelike.

According to the state-of-the-art processes relating to isobutylacetate
preparation, almost equilibrium compasition is achieved in a reactor, the
composition being dependent on the starting molar ratio of the reaction
components. The resulting mixture is then distilled by means of a distillation
25 column to separate a mixture, the composition of which is close to the
composition of the isobutyl alcohol-isobutylacetate-water ternary azsotrope.
The amount of reaction water is not sufficient to distill all isobutylacetate in the
mentioned form, therefore additional water must be added to the mixture. The
volume of the waste water to be subsequently treated is thus increased, which -
30 is one of the main disadvantages of the processes known in the art. Said
steps are very often combined, i.e. the synthesis takes place directly in the
distiltation column reboiler. After separating the organic phase from the water
phase of the heterogeneous ‘azeotrope it is possible to separate
isobutylacetate from isobutyl alcohol by subsequent distillation of the organic



i sobutyl acetate fromisobutyl alcohol by subsequent distillation of the
organic WO 99148855 .
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I sobutyl al cohol, 1sobutylacetate and a, certain part of water. |sobutyl

al cohol, the-rest of water and small p‘a‘f‘t of isobutylacetate are separated
from sai d organic phase by subsequent 5 distillation. The overhead
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as an additional disadvantage in those processes which utilize mineral acids

as catalysts.

Disclosure of the Invention
20 Process for the production of butylacetate;

The process for the production of butylacetate by esterification of acetic acid
with butanol in the presence of a solid acidic catalyst consists according to
this invention in introducing acetic acid and butanol in a molar ratio 1:1 to
- 1:10, the overall amount of the feed per voiume unit of catalyst being 0.1 to
25 10h", into the system of three zones in which the reaction and distillation take
place, the reaction running simultaneously with distiliatory separation of the
compounds of different boiling points in the reaction zone, while only
separation of components by distillation takes place in the upper and lower
separation zones, namely of components forming a minimum boiling point
30 ternary azeotrope in the upper separation zone, the volatile mixture of these
compounds being split into water and organic phases after being cooled at 5
to 80 °C, the organic phase being refluxed to the upper separation zone, the



pl ace, the reaction running sinultaneously with distillatory separation of
the conpounds of different boiling points in the reaction zone, while only
separation of conponents by distillation takes place in the upper and | ower
separati on Xme¥ssssanel y of conponents form ng, a m ni numPes7/EPPIM}SE30i nt 30
ternary azeotrope in the upper separatiog_zone, the volatile m xture of

"t hese conpounds being split into water and organi ¢ phases after being
cooled at 5 to 80 [err]C, the organi c phase being refluxed to the upper
separ ati on zoratio dftiee feedAO tH8 refi@&d organic phase being 1:1 to 1:20, the reflux
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bott ons product. Accor ding to this process, acetlc acid and butanol can be
I ntroduced in zone.
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fl ow per the seﬁaihbeiy mttDihelTeadiUntzoheloﬂmt@trﬁ IbWedsdpaFationtZdPelattie® of the
feed flowto ¢ ﬂr“é ?emngtol?and 90 to 99 % of

the entire separ at organ phas Plme bei ng refluxed. The acetic acid
or the m xture of acetic acid and
In a preferred embodiment, the process is performed at a molar ratio of acetic

15 acid vs. butanol in the range of 1:1 to 1:1.3, the feed flow per the catalyst
volume unit being 0.5 to 5 !, the ratio of the feed flow to the organic phase
reflux being 1:2 to 1:7 and 20 to 99 % of the entire separated organic phase
volume being refluxed. The acetic acid or the mixture of acetic acid and
butanol fed into the system can contain also butyiacetate and/or water. It is

20 thus possible to feed e.g. a product of partial conversion of butanol - acetic
acid mixture which contains at maximum the equilibrium concentration of
butylacetate and water besides unreacted butanol and acetic acid.

The process according to this invention can be performed advantageously in
an apparatus comprised of a column consisting of three zones, wherein the
25 reaction zone placed in the middle part of the column contains a solid acidic
catalyst immobilized in the reaction zone on distillation trays or by other
systems known per se which ensure good contact between the liquid phase
and the catalyst particles as well as between the liquid and the vapour phases
in the countercurrent flow of these phases, e.g. the catalyst can be embedded
30 in a structural packing with internal channel structure by fixing it between two
layers of an inert porous material forming the structure of the packing; the
lower and upper separation zones contain inert structural packings, common
tower packings or distillation trays, the butanol feed pipe is connected through



butanol fed into the systemcan contain also butylacetate and/or water. It
Is 20 thus possible to feed e.g. a product of partial conversion of

but anol - acetic acid m xture which contains at maxi nrumthe equilibrium
concentr at i o 9fsggasit yl acet at e and wat er besi des unreact ed petrpstalissand
acetic acid. The process according to thjs invention can be perforned
advant ageously in an apparatus conprised of a colum consisting of three
zones, wherein the 25 reaction zone placed in the mddle part of the -
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branch i siocongiesirfsttddtd the I6varidriost 1R SépaphtoRel oW this zone being al so
equi pped with a closing valve, 'a reboiler is connected to the colum

bottom the butylacetate 5 wthdrawal |ine being conducted fromthe
reboi l er or timengpossible amangeoiamtihé batanokfeediclosidg anteontpplesalvesist of t he
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t he separat Orcontrol valves are open.

Besides feeding butanoi and acetic acid independently into different points of
the apparatus, the feed pipes configuration described above makes it possible
to feed butanol or at least part of it in a mixture with acetic acid to one point in
the reaction zone or in the upper separation zone, additional butanol being

20 possibly fed by an independent feed line to the paint in the reaction zone or in
the lower separation zone placed below the butanol-acetic acid mixture feed
point. The same effect can be achieved by preparing the butanol-acetic acid
mixture separately, by means of some commonly known mixing device,
feeding the mixture to the reaction zone or to the upper separation zone,

25 additional butanol being fed into the reaction zone or into the lower separation
Zzone without connecting both feed tines.

As can be seen from the description, the invention is based on discovery that
butylacetate of sufficient quality can be prepared with advantage by the
catalytic distillation mathod utilizing a distillation column consisting of a
30 reaction zone which contains a solid acidic catalyst of common type, whilst
there are inert separation zones placed both above and below the reaction
'zone. These separation zones contribute to establishing optimum
concentration profiles of both starting compounds and products along the



I n one possible arrangenent, the butanol feed closing and control valve is
cl osed, the pipe connection closing and control val ve being open, in

anot her arrangenent, the butanol feed closing and control valve is open,

t he pi pe com94Bash cl osi ng and control val ve bei ng cl osedeCIARINISH bot h
closing and 15 control valves are open.,Besides feeding butanol and acetic
acid independently into different points of the apparatus, the feed pipes
configuration described above makes it possible to feed butanol or at |east
part of it i rdistillatiohcokimm.tAs acesitcmagirmiint cormeetrptiomof reactide reaction zone
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addi ti onal bufeRRBEr PRV Y% MBBS-t he reaction zone or into the Iovver
separation zone WlthOUt connecting both feed lines. As can be seen fromthe
description, the invention is based on discovery that butyl acetate of
sufficient quality can be prepared with advantage by the catalytic
distillation nmethod utilizing a distillation colum consisting of a 30

reacti on zonepidtiesd forané productios of isdbaglatetatecat al yst of common type, whil st
there are inert separation zones placed both above and bel ow the reaction
zone. These separatlon zones contribute to establishing optinum
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WO 99/ 488%% the productlon of isobutylacetate according to this invention, WhitH-EQHis8 pB3 - 7 -
oLt on gﬁsamn igRug Sbbsc 43 LAY IBLE0REABA A Aol SR o
1110 1: 10 and in an amount expressed as overall feed based on a volurne
unit of the catalyst, of 0.1 to 10 h™*, in the presence of a solid acidic catalyst
with simuitaneous removing by distillation of the components, into a systeam
15  where the reaction and the separation by distillation take place in three zones,
wherein in the reaction zone the reaction runs simultaneously with the
separation by distillation of the components with different boiling points and in
the two separation zones only separation of the components by distillation
takes place, water, formed as a by-product of the reaction, distilling out of the
20 system in the form of a low-boiling azeotropic mixture, whereafter, the
distillate being cooled down to 5 to 80 °C, said water is separated from the
organic portion of the distillate and withdrawn from the system, while the
organic components of the distiliate are refluxed back, the feeds of acetic acid
and isobutyl alcohol being introduced into the system in such a manner that
25 the acetic acid feed is introduced into inside the reaction zone or above this
zone, namely into a point located higher than the isobutyl alcohol input, and
the isobutyl alcohoi feed is introduced into the reaction zone or below it, the
ratio between the feed amount of the entering reactants and the refluxed
organic phase being from 1:1 to 1:20 and the reflux representing from 50 to
30 100 per cent of the overall amount of the separated organic phase and
isobutylacetate being separated as a higher-boiling bottoms product. lon
exchange resin, e.g. sulfonated styrene-divinylbenzene copolymer (1 to 25 %
of divinylbenzene) of acidity in the range from 1 to 10 meq H+/g, can be used



productivity of the equipnent, optimumutilization of the catalyst as well
as high product quality are achi eved. Under the optinmum conditions °
according to 5 this invention, the purity of dry butylacetate, which is

wi t hdrawn f redvdidagssr eboi ler, is above 99 % nmass. Process fgfpidagems0duct i on
of i1sobutylacetate: Said drawbacks of ths wel | known processes are overcone
by the process for 10 the production of®isobutyl acetate according to this
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is introduced into inside the reaction zone or above this zone, nanely into
a poi nt | ocat ¢fe BisHaRE 2B RinaNS thi al | ae_i sobut yl
al cohol feed is ?n roducedeit_,r?%g t] gwéé%gc'}'?gﬁ%z}g%\%éd;drgwlfeﬁr%\?vﬂ?@?ﬁ?he ratio

bet ween t he f ERRPTAMSANTRIE umn ¢Rsisting pHikree zones: the reastianed or gani c
phase bei ng f zome, blaceddin thedMiddhelpar of the cbiumn; egnitaininta sglid aadic50 to 30 100

er cent of t tabl : ' nd
Psobut yl afgt a??r:gé? r:,'gbééﬁgﬁlégtg ag a!’a;lﬁgﬁ%gﬁ%%ﬂp iwnegq@g?’pggé&;?ﬁduct . lon
exchange 1®si RrUCU@! PaGIRgWih inferoal chappeistiuctiyle Befidagtheeiaysther (1 to 25 %
of di vi nyl benketwepndwo dayeds ofam inettperousmatefialdonniing theléiruotsreldftle can be
used packing; the lower and upper separation zones containing inert structural
packings, common tower packings or distillation trays, the acetic acid feed
pipe being introduced into the upper part of the reaction zone or above this
20  zone while the isobutyl alcohol feed pipe is connected to the lower part of the
reaction zone or below this zone, the column bottom being equipped with a
reboiler, the isobutylacestate withdrawing line being conducted either from the
reboiler or from the column bottom, the upper part of the column being
furnished with 2 head equipped with a vapour pipe for introducing the distiilate
25 vapours into a condenser, from which a condensate line leads to the
separator, to the lower part of which a water phase pipe is connected and to
the upper part thereof a reflux line and a pipe for withdrawal of the non-
refluxed organic portion of the distiliate are connected.

It is apparent from the basic features of the invention described above, that it
30 is possible to reach higher than equilibrium, practically up to 100 %,
conversion of starting compounds to isobutylacetate according to this
invention. It is the main function of the separation zones to separate reaction
products i.e. isobutylacetate and water from the starting components i.e.
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as the catalyst. Different types of ion exchangers, zeolites or other
comonly known acidic catalysts can be used as well. In a preferred

enbodi ment woosgssssess is performed at a nolar ratio of acerippsmmssd vs.

i sobutyl alcohol in the range of 1:1 to,1:1.5, the feed flow per the 5
catal yst volume unit being 0.5 to 5 [erf] the ratio of the feed flowto the
organi ¢ phase refluxed being 1:2 to 1:7 and 80 to 99 % of the entire

separated or Q@Qﬂ'@atﬂb ahd istbutyBIchies Rad retulmivigthe starfifg coMbbiiesebaRk e d

t f t
2o the- acet | 118 e%aﬁé%%?ié%@‘f%éﬁ*a%%%@%ln%ﬁﬁnﬁaﬁm SPatdled 83800 0l acetat e
and/ or wat er bawag@pttamwro gaq wates is seperalad ag distitlatedo the formcfieol . The
process accongiati tefhdry heterdyensbioazdotropd vempagtarsiry froer thelsye@dm n an

t t t
Zone. bl aded et PAto 3end A t*ﬁ%"&?hﬁ‘Eeﬂ?se"Bf th RAR Rl BRE Sl G
catal yst, i nmaipydsanut alcohelandisehutylasatae Fbe@rgaw%maseklﬁcﬁmrelypés of 15
structural pmmyn@ﬂmém Th lafiount ratib ah BHirg donfloneatstid to tﬁeﬂ@‘gbhfb cat al yst

packi ng: 1 e PRERE eied€ fi8r-do, Bt i B Stenihe SR O0 o O BA G LS Cr
packi ngs, cor@amaunt Qf/\kﬁpqﬁdéﬂlof@ﬂ@h%pstl | lation trays, the acetic acid feed
pi pe being introduced into the upper part of the reaction zone or above

| ower - par® oAb SelBpnb 8 D8, deesf =B B 1ot Bichfol GartBLREMERE T om bei ng
equi pped wi t lequimelaciatior or some excens of isekitylaleohal canbaapplipd torenyettng
conduct ed ei tén@ceﬁéaautiﬂﬁadﬁa@ééseécc@fdﬁgtermweﬁ%mmuh%em t he upper

For i ntroduci aﬁg P s ROl senPardfiR sftie Bitartishea L RROL ch 27
condensat e |i128 °Cdadhe tabqlereand 87 to 104 °C in the head of the column The
16 process according to the invention can also be performed under reduced
pressure. Isobuty! alcohol is introduced below the acetic acid input. Most
commonly, isobutyl alcohol is introduced below the reaction zone or into its
lower part, while acetic acid is introduced above said zone or into its upper
part.

20 The vapours carried out of the column head condense yielding a mixture
which is separated into water and organic phases after being cooled at 80 to 5
°C. Whole amount, or the major part of the organic phase is refiuxad to the
column head. The water phase containing dissolved isobuty! alcohol and
isobutylacetate is taken off. The alcohol and ester dissolved can be stripped

25 from the water phase and returned to the process. The desired reaction
product - dry isobutylacetate is withdrawn from the reboiler at the temperature
of 110 to 120 °C. The product purity depends both on the molar ratio and the
amount of starting components introduced to the system and on the catalyst
to starting components amount ratio as well as on the catalyst activity. The

30 product obtained is of commercial quality or it is easy to improve its quality to
that level by non demanding consequent distiliation.



separator, to the |ower part of which a water phase pipe is connected and
to the upper part thereof a reflux line and a pipe for wthdrawal of the
non- refluxed organic portion of the distillate are connected. It is
apparent frowblobssgeasi c features of the invention descri bedrakeyassst hat it
30 is possible to reach higher than equilibrium practically up to 100 %
conversion of starting conpounds to |sdt419t'yl acetate according to this
invention. It is the main function of the separation zones to separate-

reaction prodggfes Des@riptisAfitie Brskitige and water fromthe starting
conponents i.e. 5 9/ 48855

PCTI EP99101583 - 9- acetlc acid and isobutyl alcohol and returning the
starting conpfigiitreptesertstan apmrateafm'|perfomu)n@thev¢rod:e35|fsrdbetpyd>d1mﬁbnt eis
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accor di ng P r? S fene e gutapslRe "&9 l’%%@'lme editpa
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fol | owi ng t enpeparate Butpnalfingut 8 whiehtisdiso flmishedwith ielobig 4rer ¢dnoi N t he
reboil er and QZNEQleémP%tfdd@cé&‘g@@gh@?&uoﬁfzowg o BeidWinis }?s 15 process

according to jnven C&d pressure.

| sobutyl al co ﬂ%'mrhﬁg%g@c}h% Pmmt-ﬁéfﬁl?e?@lém&cﬁ»émymétael\/bst comonl vy,
i sobutyl al colithdiasval fine 02 iscamhdbeted frottyeboierdtiop botteme 0pthe dblimh t S

16 head 13 is connected with condenser 15 by vapour flow line 14, the
condenser 15 being connected with phase separator 17 by the condensate
flow line 16, water phase flow line 18 is connected to the lower part, while
reflux flow pipe 19 and organic phase flow line 20 are attached to the upper
part of the separator 17.

20 The process according to this invention is performed by means of the above
described apparatus as follows: acetic acid feed 5 and butanol feed 6 are
either mixed together to be introduced into the reaction zone 2 by joint feed
line 7 or they can be introduced into the column 1 individuaily. Therefore,
butanol input line 6 is either introduced into acetic acid feed pipe Soritis

25 directly introduced through feed point 8 into the reaction zone 2, or, possibly,
below this zone both routes being in this case separated by valve 21.
Butylacstate is withdrawn via line 12 from reboiler 11, alternatively from
column bottom 10. Distiliing vapours, containing water, part of butylacetate
and unreacted butanol are passed from column head 13 to condenser 15 and,

30 finally, to separator 17 . The water phase is taken off by iine 18, the organic
phase is completely or partially refluxed to column 1 above the upper
separation zone 4 by line 19. A portion of the organic components can be
withdrawn, -



| ower part, while acetic acid is introduced above said zone or into its
upper part. 20 The vapours carried out of the colum head condense
yielding a m xture which is separated into water and organi c phases after
bei ng cool esvad9/4885t 0 5 [err] C. Whol e anount, or the naj oPCP&EP/08883t he
organi ¢ phase is refluxed to the colum gead. The wat er phase contai ni ng
di ssol ved i sobutyl al cohol and isobutyl'é etate is taken off. The al cohol
and ester dissolved can be stripped 25 fromthe water phase and returned
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99/ 48855 packings, common tower packings or distillation trays, agelie agiideed pped - 10-
perform ng. t b SoRnEttelE thE GHheh Bartof e o e B B B e o 10 ¢ he
I nventi on. ThBipgyg%dfipﬁ%é){oothgﬁ%‘&? p@ﬁ °§"Eeo’|eaﬁ‘i?“f°¥'8 ﬁPﬁf"ﬁ‘gb?%f? zones, the
reaction zoneeadsumths loweg partobrolumod teyhattom27cbeing linkad toebeiler 88dd| e part

of t het c ol g MiglwMidh ligobuRad AR wWiTERAAG I8 Renected, WBlummBedd'gia/pper
separation zo

4 ked h st t ural Kk s
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but anol feed pdlpmncheaad 2110 amdtocconderser 22 mMhichiis pennegtediwith sepssatey and
or ‘above t ho. FegCySondetsas few fns 213 e ERE M IR0 P13 ¢ Safiecl 80 e ted to
a separate bu@m’ef Hﬁﬁtwré,e rﬁﬂﬂ%wﬁ@eﬁg@np@p%yq ﬁﬁ‘dﬁa"g‘?’ﬁa@"#‘aﬁ ng and

control 15 withdrawing flow line 217 are connected to the upper part of separator 214.

The process according to this invention is performed by means of the above
described apparatus as follows; acetic acid feed 5 is introduced into the lower
part of the upper separation zone 4 or into the upper part of the reaction zone
2, while isobuty! alcohol feed 26 is introduced into the upper part of the lower

20 separation zone 3 or into the lower part of the reaction zone 2, iscbutylacetate
formed by the reaction is withdrawn by line 29 from reboiler 28 or,
alternatively, from column bottom 27, distilling vapours, containing water, part
of isobutylacetate and unreacted isobutyl alcohol are passed from column
head 210 to condenser 212 and, finally, to separator 214 where water is

25 separated from organic compounds, the organic phase being completely or
partly refluxed to coiumn 1. Certain portion of the organic phase can be taken
off.



val ve 22, being introduced into the reaction zone 2 or below this zone.
Reboiler 11 is linked to the bottom 10 of the colum 1, butyl acetate
withdrawal line 12 is conducted fromreboiler 11 or bottom 1 0, the colum
15 head 13 weonasmected wi th condenser 15 by vapour fl owpkirgBeskdssst he
condenser 15 being connected with phase separator 17 by the condensate fl ow
line 16 water phase flowline 18 is conffetted to the | ower part, while
reflux flow pipe 19 and organic phase flow line 20 are attached to the

upper part ofmddes RFEHrAiAG Out-the thvehi®nPr ocess according to this invention
Is perfornmed by neans of” the above descri bed apparatus as follows: acetic

acid feed 5 and butanol feed 6 are either m xed together to be introduced
into the readxampledne 2 by joint feed line 7 or they can be introduced
into the colum 1 individually. Therefore, butanol input Iine 6 is either

i ntroduced into acetic acid feed pipe 5 or it is 25 directly introduced

t hrough feed [6i3RPagatus ptilizeddorn 18 the process agcording &9 theyinvastipais t hi s
zpnﬁdbot h r oschemhatically presdntadsindigare & gpdistilation bylumal yepéﬁtin@uﬁddracgt ate is
W t hdr awn gvi : : ottom
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unr eact ed butRde 1A part Of the calHeR L AhA |oves geparation gBhe & vasplacedand, 30
finally, to sefow,athile the upféresepatation pbas 4 abovd theasactioh 2yneld. Rebdifer t he
organi ¢ phasq i vaditilegled! 8 bRltoRAD bqhdahstefd WASLoAcRl 1 lhidmARENF t he
upper separation zone by Il ne : porfiTn o he organi ¢ conmpohents can
be vm'thdravm.igan%sggﬁr 5.

PCT/ EP99101583 Fig. 2 presents an apparatus for perform ng the process for

the prod [ | I r i ' | e apparat us

const sts 0 nedpati ik e koA M Abvs Bablifo LOHERES 807,

cont ai ni ng a aSklig ignexchzngs resia. BPtidhe lawer seraratingizene 3 apd he ¥pRercol umm 1

whi | e the | owepamsating zahé diwere packed with common tower packing - Berl saddies of
characteristic dimension 4 mm. The lengths of the separation zones 3 and 4

was 0.5 m,
16 The process was performed as follows:

Acetic acid feed 7 was introduced above while butano! feed 8 was introduced
. below reaction zone 2. Both these starting components were fed at a rate of

0,3 mole per hour. Vapours 14 passed from column head 13 to condenser 15.
Condensed liquid was carried via 16 from condenser 15 to phase separator

20 17. Reaction water was withdrawn in the amount of 5 g/h from phase
separator 17 as the water phase 18, while the organic phase of the distilled
azeotrope was refluxed via 19 to column 1. Crude butylacetate was taken off
via 12 from reboiler 11 at a velocity ensuring constant holdup in reboiler 11.
Conversion was 82 %, the product taken off via line 12 contained 90.9 %

25 mass. of butylacetate in this regime. '



5 zone 3 as well as the upper separation zone 4 are packed with structural
packi ngs, common tower packings or distillation trays, acetic acid feed
pipe 5 is connected to the upper part of the reaction zone 2, isobutyl

al cohol feed®PIU8886 is |linked to the |ower part of the repClEPoomssne 2,
colum bottom 27 ends up the |ower part, 9f colum 1, the bottom 27 being
linked to reboiler 28, 10 to which isobutylacetate withdrawng line 29 is
connected, colum head 210 ends up the upper part of the colum, vapour
flow line 21Example@nected to colum head 210 and to condenser 212 which
I's connected with separator 214 by condensate flow.line 213, water phase

flow line 215 is conrect_ed to the |lower part while reflux flow line 216 and
the unref | ux& YRR MRyl aseticacid# E&?W‘-’r’%ﬁﬂﬂ?ﬁéd?ﬂ\%rm efonnected to

t he upper pad0.Df/hdptothatapparaiut debedbad ince@&mpls ¢ 02 &igag of ButbhbiswdrBvention is

performed by; fis ' r fal L. . acetic acid
feed 5 is mt“ﬂsé‘ggta:gg It{\%t_@l'ﬁ_go %&o&%ﬁ%ﬁ‘%ﬁ%ﬁéﬁﬁ%ﬁg@s%5*?'@?"@&?’?one 4 or
into the Gpp¥fthAmwn BY lipg,g0,3%e/hics the predugt coptaimiag 94Sbktpassefcohol feed 26
i s i ntroducetutytdcetatoavarp pdthdrewrt frorh rétbsiler ger 20 separation zone 3 or.
into the lower part of the reaction zone 2, isobutylacetate formed by the
reaction is wwthdrawn by line 29 fromreboiler 28 or, alternatively, from
colum bottom 27, distilling vapours, containing water, part of

I sobutyl acet ate and unreacted i sobutyl alcohol are passed from colum head
210 to conde@ghﬁ;% and, finally, to separator 214 where water is 25
separated from organi c conpounds, the organic phase being conpletely or
partly refluxed to colum 1. Certain portion of the organic phase can be

taken of f.  EsWAfiB&UarB6Sutanol with acetic acid was performed by means of an
PCT/ EP99481583parktis MMifited 8f rebBiidrt'1 e Mfumie G WIS WAL 88 dretid © 1
distillation column 1 equipped with condenser 15 and phase separator 17.
The reaction distillation column 1 consisted of the reaction zone 2 packed with
KATAPAK® S structural packing containing 710 g of an acidic ion exchange
resin in H* form, both the lower 3 and upper 4 separation zones were packed
16 with CY® structural packing, the each zone efficiency equivalent to 20
theorstical stages. 1.21 kg per hour of a mixture containing 43.3 % mass. of
acetic acid and 56.6 % mass. of butanol was injected at the boundary
between the reaction zone 2 and the upper separation zone 4 through feed
line 7. Vapours 14 condensed in condenser 15, the condensate 1_€§ the
20 temperature of which was 35 °C, was divided into water and organic phases in
separator 17. The water phase was taken off via 18, whole volume of the
organic phase was refluxed to the head of the column 13 via 14. Butylacetate
of 86.01 mass. % purity was withdrawn via 12 from reboiler 11 at the rate of
1.05 kg per hour.

25
Example 4
Both the apparatus and the process were the same as described in example

3. The feed stream 7 contained 14.16 mass. % of acetic acid, 20.74 mass. %
of butanol, 57.32 mass. % of butylacetate and 7.8 mass. % of water. The feed



The apparatus utilized for perform ng the process according to the
invention is schematically presented in figure 1. A distillation coflum 1’
operating under 5 atnospheric pressure consisted of three zones. There was
the reacti oRygogesss in the mddle part of the colum 1, thg-}eNelorsss
separation zone 3 was placed bel ow, while the upper separation zone 4 above
the reaction zone 2. Reboiler 11 was coMhected to bottom 10, condenser 15
was connected to colum head 13 and to separator 17. 10 The reaction zone

2 was packed | ' i AN . Of | di c.ion exchange
resin. Both trﬁieé‘%}g\gi\lgrﬁg@p%eﬁa@?ﬁé‘ H%%P\%R@é g’n@*ﬁ%ﬁ%ﬁ&'@?‘ ?@;ﬁ%ﬂ ?tﬁémfgne 4
were packed Vv Preliminaspadiaksonyersianf an agetlic aciddutans! prixtyrinateactast i ¢
_(Ii_ihm%nSi on 4 reficomimon §eipasked withan aeidRy i@? b%aﬁ@@@?siﬁ. &%l?la@ewé?ﬁ-g m d15

e process 0 . . | ; i g | ee nt r oduce :
above whil e \ll)%s‘%ﬁﬁsfsf @Mﬁ%ﬁé@'éﬁ#@ggﬁ sbéf %\f\??-’ﬂﬁcﬁ‘ﬁ?%ﬁné\@?e% P85%ot h t hese
starting Gonpéributangbwas withdrgwnavia A2 frogyrepoiterid| &t ayete ofoliPl kgpesurs 14
passed from dwugrm head 13 to condenser 15. Condensed liquid was carried
via 16 from condenser 15 to phase separator 20 17. Reaction water was
withdrawn in the anobunt of 5 g/h from phase separator 17 as the water phase
18, while the organic phase of the distilled azeotrope was refluxed via 19
to colum 1. Crude butylacetate was taken off via 12 fromreboiler 11 at a
velocity ens%%#ﬁp&ogstant hol dup in reboiler 11. Conversion was 92 % the

product taken Via line 12 contained 90.9 %25 nmass. of butylacetate in
this regine. WO 99/ 48855

PCr TEP99/ 0158892 kg per RS@BHzmixtue cBAIINIAY 5.1 Miask Wifofceis akigc 1691 d and
but anol P T HESE E/E %f gﬁtami%é%h?naosfs. % of butylacetate and 9.9 mass. % of water
was injected by feed line 7 into the column described in example 3. 0.0418
kg/h of organic phase from the distillate were taken off by line 20. 1.62 kg per
hour of butylacetate of 99.5 mass. % purity were withdrawn from reboiler 11,
No acetic acid was detected by the gas chromatography method in this
15 product.

Example 6

The apparatus was identical as in examples 3-5. 2.80 kg/h of a mixture
containing 13.16 mass. % of acetic acid, 21.58 mass. % of butanol, 56.52

20 mass. % of butylacetate and 8.72 mass. % of water was injected by feed line
7. 0.0642 kg/h of organic phase from the distillate were taken off by fine 20.
2.39 kg per hour of butylacetate of 99.2 mass. % purity were withdrawn from
reboiler 11. No acetic acid was detected by the gas chromatography method
in this product.

25



40.3 g/h into the apparatus described in exanmple 1. 2.2 g/h of butanol were
injected by line 8 below the reaction zone 2. 5.5 g/h of organic distillate
were 5 wthdrawn by line 20. 32 g/h of the product containing 94.5 % nass
of butyl acetV® &/48885¢e wi t hdrawn fromreboiler 11. Exanpl e 3rEpEerwicissgati on
of butanol with acetic acid was perforngg by nmeans of an 10 apparatus
consisted of reboiler 11 the vol une of ich was 50 [err] and distillation
colum 1 equi pped with condenser 15 and phase separator 17. The reaction
distillation Exampte 1 consisted of the reaction zone 2 packed with
KATAPAK[ err] S structural packing containing 710 g of an acidic ion
exchange resin in Ferr ,f'prrq both the |ower 3 and upper 4 separation zones
were packed 18 Migy %%\’F'@F}Q] % Pess af bandi 15 % massafiecetimacidi fi ci ency
equi val ent t 0528 % hessef batlacetaigead 914 RImégs dfavatBonas m’jec?emtféﬁcf ‘
cont ai ni ng 433 ¥4 b fhedGint 0 was

I nj ected aé t‘h%%g??gﬁéﬁéﬁgﬁﬁ he re‘gd(gftg frgﬁi?g’o#ea%%g%gfrhgy%ﬁé\gfa

separ at i or® zon@ e Efﬁdg ¢ing -85 kaih. At the pane §meL26 gfeatiutanel waradenser

3_5, _ fj hg condeinjzater Kbline § be@@enttrersictibnizene? and tivdlowes sﬁﬁar[aﬁbﬁ]zgm?] was .
Ivided Into %ﬂ” t . ter phase was
taken of f vi aﬁ‘:’i‘fé@ O'}gn@%?ﬁ%&gp@ﬁgég?@gﬁggatgh%aogéad}égh%?|o d to the head
of the col unmdigtlale was withdrawn altae sate 068‘096(90'&'33!7@[!95@-%«%*9%% wi t hdr awn
via 12 from rpleduttesonatiniag 90/8%mass sffbulyldtetdte ®S™% s of 2eefixasal e 4 Both
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but anol, 57.32 mass. % of butylacetate and 7.8 mass. % of water. The feed
WD 99/ 48853 ' PCr | EP991 01583

Example 8

The apparatus utilized for psrforming the process of the production of

isobutylacetate according to the invention is schematically presented in figure
15 2. A catalytic distiliation column 1, operating continually under atmospheric

pressure, was divided into three zones. There was the reaction zone 2 in the

middle part of the column 1, the lower separation zone 3 was placed beiow, -

while the upper separation zone 4 above the reaction zone 2. Reboiler 28 was

connected to bottom 27, condenser 212 was connected to column head 210
20 andto separator 214.

The reaction zone 2 was packed with an active packing containing 33 g of an

acidic ion exchange resin. Both the lower separating zone 3 and the upper

separating zone 4 were packed with common tower packing. Berl saddles of

characteristic dimension 4 mm. The lengths of the separation zones 3 and 4
25 were 0.5 mm.

The process was performed as follows:
Isobuty! alcohol was fed via 26 to the lower separation zone 3, while acetic

acid was introduced into the upper separation zone 4 via 5. Both said starting
components were introduced at a rate 0.3 moles per hour. The vapours were



-14 - rate was 2.20 kg per hour. The m xture of this conposition had been
obtai ned by prelimnary partial conversion of an acetic acid-butanol
m xture in a reactor of commopn type packed with an acidic ion exchange

resin. Butyhesei@sss of 99.4 mass. % purity, containing 0. Q3§ sss Of
acetic acid and 0.25 mass. 5 %of butangl was withdrawn via 12 from

reboiler 11 at a rate of 1.91 kg per hd 6- Exanple 5 1.92 kg per hour of a
m xture containing 15.1 nass. % of acetic acid, 19.2 10 nmss. % of .

but anol , 55. %S!EBS?ron%&imﬁ%'d%@tt?%n@éggergzrﬁo@%%i% . t@(é;%opr}(é%kgéte""as

injected by feed line_7 into th um ( 0. 0418 kg/h
of organic ph‘ﬁ%%c?rf‘gﬁlfmcﬂ?%%\ﬁﬂ@a?%@éﬁVlﬁgﬂoﬂhPiWﬁeQﬁfﬂ‘ﬁﬁ 62 kg per
hour of but ylbkytheaeactisn Wes teken off at oraterdl )9 gle fromvéepadatar@14 aothe eboi | er

11 No acet! cwael phasotsaithe Wiokindiff o (GSHIB PRELCELLRIIAGH | 1 Lhi s 15

roduct e 6 The apparatus was.jdent]c .
of @ mi xfﬁ 2%8@?3?&?%%3@*@*&%@2 Bt the eqlurmn o33 @ pep moumofigmade o of
but anol , 56. SolR@ylanetats waseokithrewh fromtrabeilen 8l tréoddgh isabatyldtetite WS er was
i nj ected by fﬁf‘tddv@?sic?n Wgsgﬁgﬁzi“ﬁﬂé Qm(%ﬁmeg@ni c phase fromthe distillate
' 2 4n .

were taken ofT by |ine 20. per hour of butylacetate of 99.2 mass. %
purity were withdrawn fromreboiler 11. No acetic acid was detected by the
gas chromat ography nethod in this product. 25 WO 99/ 48855

PCT/ EP99/ O1S3 -15 - Exanple 7

Example 9

10  The esterification of isobutyl alcohol with acetic acid was performed by means
of an apparatus consisting out of a reboiler 28 the volume of which was 50
dm® and a catalytic distillation column 1 equipped with a condenser 212 and a
phase separator 214. The reaction distillation column 1 consisted of the
reaction zone 2 packed with KATAPAK® S structural packing containing 710 g

15 of an acidic ion exchange resin in H* form, both the lower 3 and upper 4
separation zones were packed with structural packing, the efficiency of each
zone responding to 10 theorstical stages. Acatic acid was fed via 5 in the
amount of 0.55 kg/h into the reaction zone 2 while 0,75 kg/h of isobutyt
alcohol was injected via 26 to the top edge of the lower separation zone 3 The

20  water formed by the reaction was taken off via 215 from separator 214, the
organic phase was refiuxed via 216 to column 1, a part of the organic phase
(37 g/n) was withdrawn as distillate 217. A constant holdup was maintained in
reboiler 28 by taking off the crude isobutyiacetate via 29. This product
contained 0.1 mass % of acetic acid and 4.8 mass % of isobutyl alcohol.

25
Example 10

Both the apparatus and the process were the same as described in example

2. Both the lower separation zone 3 and the upper separation zone 4 were

packed with structural packing of the efficiency equal to 20 theoretical stages.
30 Acstic acid was injected into the system in the amount of 0,65 kg/h, the



A mxture containing 17.9 % nmass of butanol, 14.5 % mass of acetic acid,
58.4 % mass of butylacetate and 9.4 % nass of water was injected by feed
line 7 into the apparatus of the sane construction as described in exanpl es
35 - 6, thofd8sssrate being 1.85 kg/h. At the sane tinep2dEygpisssof
butanol were injected by Iine 8 betweensthe reaction zone 2 and the | ower
separation zone 3. The colum head pressure was 600 nbar. The organi c phase
of the distillate was withdrawn at- the rate of .0.02 kg/h by line 20. 1.56
kg/ h of the isobaytalcololdehamgurtbedig’h, 02 kg/hoThdampliatarf weter, pitase % mass of
acetic acid % Lt fadr reboi | er
WiingrRA bk sEbaRRRSH 221 WAL/ AORIR e BRIERICKHE REa bR

]
1 1. Exanple e apparatus ufllTize erfo e process of the
product i :)nr:: o?eﬁaéﬁmgs-géff?étrﬁﬁ@‘egdﬁﬁrcﬂwlﬂ 4210 ‘ftr?vr@?ﬁ ?Qrml?@ wWhilenat i cal | y

present ed i n0MBdgteoflthis phasa waré alithtiawndiis 217, lsdbutyiacetdte of 89 magsekat i ng
continualty t‘;m.gj?- } g, VAl I three zones. There
was the r%ac?‘i‘qﬁﬁglvza%ne‘ %ﬁﬁ?@ﬁqﬁgﬁﬂgsgﬁ%oﬂﬂgﬁgg{r u h 1, the | ower

separation zone 3 was placed bel ow, while the upper separation zone 4 above
the reaction zone 2. Reboiler 28 was connected to bottom 27, condenser .212
was connected to colum head 210 20 and to separator 214. The reaction
zone 2 was packed with an active packing containing 33 g of an acidic ion
exchange resEXampig At he | over separating zone 3 and the upper separating
zone 4 were packed with common tower packing. Berl saddl es of

X re packe _ _ : 3 and 4
S5 nere 0 5he CoffEftPselp balhe daifle oF BELdibedin bRMAEES'PY M THE"CE © o1 T
fed via 26 t @iffeFRICeYVRS thabihesliqisicy 26 lawes sepgiation zane was a@yal 1948 i ntr oduced

i nt o t he1Qipptheosatizal stagesnwhilethat ofippeb sefiphtionsfong Swas RE tigearetigabnent s wer e
introduced ak act A GhUtaHifg bsmpdHuntds \Wefe fed iHo ¥PGein YEHE same

velocity like in example 10. Isobutylacetate of 98.9 mass % purity was

withdrawn from reboiler 28 in the amount of 1.072 kg/h .

15 Industrial Applicability

The invention can be utilized in chemical industry. The product is utilizable as
a solvent mainly in paints and coatings manufacture as well as an extraction
solvent in pharmaceutical industry, biotechnology and other branches of
industry.

20
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passed from colum head 210 to condenser 212 via 211. The condensate was’
carried fromcondenser 212 to separator 214 via 213. The water formed by
the reacti ofygRasisaken of f at a rate of 4.9 g/h from sepap@i/prosdisds as t he
wat er phase 215, while the whol e anount, of organic phase separated fromb5
the azeotrope was refluxed via 216 i ntd&he col um. 33 g per hour of crude
i sobutyl acetate were withdrawn fromreboiler 28 through isobutylacetate
line 29. Conversion was 92%in this enbodi nent. Exanple 9 10 The

esterification of isobutyl alcohol Wtthormd by neans
of an apparatus consisting out of a reboiler 28 the Vv of which was 50
[err] and a catalytic distillation col urm”wm)m STaenary a condenser 212
and a phase separator 214. The reaction dii8 wmmlmn#lﬂh“ 1 consi sted of
the reaction zone 2 packed with KATAPAK[err] °S strtictur packi ng
containing 710 g 15 of an acidic ion exchange resin in Herr] form both
the |l ower 3 and upper 4 separation zones were packed with structural

packi ng, the Qléifrisci ency of each zone responding to 10 theoretical stages.
Acetic acid was fed via 5 in the anount of 0.55 kg/h into the reaction zone

2 while 0,75 ,kg/ | L QL ect ML A 26 he . Lop edge
of the | o&er 1$ep§{ g%?sgﬁg'kz}g%ﬁl'@?ﬁ@%& d{ﬁg?ééér}bﬁ gre%émgélct%hoefta%gg%??gn was
taken of f via 21%ithrwtanc ithe Peasepes of @ gelidacidia ratalysh ecomranied PYixed vi a
316 t IoI col um 1, tife @istillatioh séparatisrosfithe compssertsSinvaived, cIﬂSamfemzlwrthm ai
istillate 217. ; |+ | et L L gt y taking

off the crude i s%%‘?§§%8@59¢§"%&% @%Eér @gu{:t&'g{)ﬁ?g? ‘h'g‘(?’ gél mass % of
acetic acid and #nbrenameuntohihe feemperyolume ypibef the satalystaewa (bl H1¢ t he
appar at ugoand t he'prrs asgstemria whivh the reactisn as espdraton by distiligtion téke Bot h t he
| ower separation HYTREEt al i e packed with
structural packi ﬁgﬁéﬁnﬁ{gggﬁé}gf enc?étleo(?iﬁrgﬁﬁlﬁgls%l%ﬁgg?ée} ,iwg(gl St a’qes.
separation by distillation of the compounds of diiferent boiling points 1
the reaction zone, while the separation of components by distillation
takes place in the upper and lower separation zones, namely a volatile
15 fraction is separated in the upper separation zone, which, after being

cooled at 5 to 80 °C, is split into water and organic phases the organic

phase being refluxed to the reaction, the ratio of the feed to the refluxsd

organic phase being 1:1 to 1:20, the refiux representing 60 to 100 % of

the whole amount of the separated organic phase and butylacetate’
20 being withdrawn as a high boiling bottoms product.

2. The process accofding to claim 1 characterized by introducing acetic
acid and butanol into the system as a mixture.

3.  The process according to claim 1 characterized by introducing acetic
“acid and butanol into the system separately, acetic acid being introduced
25 into the reaction zone or into the upper separation zone, butanol being
introduced into the reaction zone or into the lower separation zone of the
system.

4, The process according to claim 1 characterized by introducing of 1 to 99
. % of butanol into the reaction zone or into the upper separation zone as



30 Acetic acid was injected into the, systemln unt of 0,65 kg/h, the
WD 99/ 48855 (u“ | BﬁLMPCrtEP%/OlS% - 17 -
i sobutyl al cohol feed anount being 1, nt of water phase

wi t hdrawn f r¥@9%é888% at or 214 was 0. 172 ’kg/h ‘the organic pPEREPIYRISSH at ed i n

separator 214 was refluxed into colum d 210 at a rate 9.0 kg/h, while
0.43 kg/h of this phase were w t hdrawn via 217. | sobut yl acetate of 99 nass
%5 purity was withdrawn fromreboiler 28 in the amount of 1.07 kg/h

Exanpl e 11 The cofdmntusewith agslic atid, whileBSte 1% of siabting butamotdsipl es 9 and 10.

The difference waptiodated SeparhtelyGhRnRY rélciibe e SRR’ equal
to 15 10 theoretlga%aﬁhggg? |Ie t hat of uppeer sepéﬁ%’!%brzsggﬁrg@?ms 25
t heoreti cal stage% n g\let corrponents were fed into the system at

the sane velocity like in exanple 10. |sobutylacetate of 98.9 mass % purity

was W t hdr awnsf r omhé pRsties€a 7 | ndustri al
Aol cabi | £ty The nc%cgdi té'&i&lrﬁ@?‘éﬂ& 2‘8?3%&&1#9&(&0%8 The

product i s utili zé‘gmé&gtglg cgt&% f"n%}’{?ﬂ?' e tB%F %mért‘lﬁ f%‘z!aﬁfaﬁaé'1 to

manuf acture as wef1l.3s an extraction solvent in pharmaceutical industry,
bi ot echnol ogy and other branches of industry. 20 WD 99148855
PCT/ EP99/ 0158%. ) ‘}ge bro%leg's ggcording to claims 1 to 5 characterized by the entire feed

rate of starting compounds per a volume unit of catalyst being in the

range of 0.5to 5 h™'.

10 7. The process according to claims 1 to 6 characterized in that the ratio of
feed amount to the organic phase reflux amount is in the range 1:2 to
1.7.

8. The process according to claims 1 to 7 characterized by the reflux
amount representing 90 to 89 % of the entire amount of the organic
16 phase separated from the distillate.

9. The process according to claims 1 to 8 characterized that acetic acid or
the mixture of acetic acid with butanol introduced into the system
contains also butylacetate and/or water.

10. An apparatus for performing the process according to claims 1 to 9

20 characterized in that it consists of a column (1) containing three zones,
wherein the reaction zone (2) placed in the middle part of the column (1)
contains a solid catalyst, the lower separation zone (3) and the upper
separation zone (4) contain inert structural packings, common tower
packings or distillation trays, the butanol feed pipe (6) is connected to

25 the acetic acid feed pipe (5), by means of the pipe connection (9),
provided with the closing and control valve of the pipe connection (21), a
feed line (7) is entered into the reaction zone (2) or over this zone, while
the butanol feed line (6) is provided with a separate input (8) with the |
closing and control valve of the butanol input (22), the lower part of the

30 column (1) ends with a bottom (10), furnished with a reboiler (11), the



5 1. Process for the production ofMterlflcatlon of

acetic acid with butanol in the presence Q cidic catalyst,
acconpani ed by the distillation separ m %‘ h)onent s invol ved,

char act eri zggh &yssdsdt r oduci ng acetic a aﬂol* in thermbafisdkatio 111
to 1:10, the entire amount of the feed” er vol une unit of the cata yst
being 0.1 to 10 10 [err] into a s¥4temin which the reaction and
separation by distillation take. place in three zones, the reaction running

i f1er ont bor 1 ndMsSETl Rt i pia) ey ciiafued USPIBURMIEE 7, o

conmponents by di s°£r| the Beitom (1Qkbe ‘-'19'% ¢3¢ (1R:whigh epds the wrpasPasigfar at i on
zones, nanely a \tbé ebiuhm (1pis connected adthittecartieAserq N S 1B0a va )T@Lmq:eyaper
t o0

separ ati on zone, b thatie)ia) a@qmgﬁmécsﬂdgﬁsérggs Gihg SPLIL into

wat er and érganl c B % QE anl ase
the ratio df the SEEAFER! °F"b P dower %%“t%eﬂh@@eﬂﬂe t'®is 20, the
refl ux represent iconpdéétet and(ﬁ@n%mﬁ.:ppbepaﬁmﬂ whnenauaﬂumrpé M?Q)S@'n:ﬁé ated

or gani ¢ phase anq,,; ; oiling
bot t ons product.q‘gM%@ggr‘%é@g ééhceo'Pé‘ﬁ%g”’{bgd@@ %P%ara er| é’g by

I ntroduci ng acetic acid and butanol into the systemas a mxture. 3. The
process accorti.ndhecappasatos acadrdingtd elainy ¢0l charactatizeainthaighe detdrol aCl d and

butanol into the cﬁgﬁ.&?egﬁ oEmedi %&(@%22&%8&&1 ﬁfe’;ﬁ g@érﬂ% Brtt cggkf’{gi%\&bel ng

into the yeaction zo e\@g @HS er sépar I on zo
i ntroducet? i nto tRBUPLYRYS P%FHSC’BP into the | ower separ ation zone of the
system 4. The process accordl ng to claim1 characterized by introducing

of 110 99 %qf 04 ol 8??:% biPTo ZAREctBhzdd hiniiRe WRREHo SePar at Fon
22

zone as WO 99/ 4 . . .
IS open, the pipe connecting closing and

/ P99
closmg an control va
control valve (21) being closed.

13. The apparatus according to claim 10 characterized in that the butanol
15 closing an control valve (22) is open, the pipe connecting closing and
- control valve (21) being also open.

14. The apparatus according to claims 10 to 13 characterized by fixing the
solid acidic catalyst in the reaction zone (2) on distillation trays.

15. The apparatus according to claims 10 to 13 characterized by fixing the
20 catalyst in the reaction zone (2) by means of structures known per se,
ensuring good contact between the liquid phase and catalyst particles as
well as the contact between the liquid and gaseous phases in
countecurrent flow.

18. A process for the production of isobutylacetate by esterification of acetic
25 acid and isobutyl alcohol in the presence of a solid acidic catalyst and
simuitaneous separation of the components by distillation characterized
by individually introducing acetic acid and isobutyi alcohol in a molar
ratio of from 1:1 to 1:10 and in an amount, expressed as overall feed
based on a volume unit of the catalyst, of 0.1 to 10 h™, into a system in
30 which the reaction and the separation by distillation take place in three



- 19 - a mxture with acetic acid, while 99 to 1T % of starting butanol is
I ntroduced separately into the reactio G ' e | ower separation
zone at the sane tinme. 5. The process”'&@fmﬂﬁ“ﬂﬂﬂﬂgi ns 1 and 2 or 3 or
4 char act ewopeMdsssy 5 i ntroduci ng a 2 s b RGIAR99/P3583 t he
systemin a nolar ratio 1:1 to 1:1 .3_,6.. The process according to clains
1 to 5 characterized by the entire feea rate of starting conpounds per a

volume unit of catalyst being in the range of 0.5 to 5 [err] 10 7. The
process accor di renés, wﬂaéimsthéréarcnenmamﬁammslyimthmmtsdmtrcﬁi&yo of feed

anmount to the o [ :7. 8.
The process accgg’giln éﬁorfgﬁﬁﬁcsﬁ%bqénéwr%ara %llfﬂ??(?i ﬁg‘:i#e %a&:ﬁ amount
representing 9029839’9 doyeperating of e SERansts: yOQISt{ igtion f3jasiRlacssin the phase
separat ed from the sépatatibh abses, Yater] fempd esassideproaudi oitheeesttion's 1 to 8

char act et zed ¢ ik b & BGIAIRD S88OBE itk GrelifRBbLE) AEbHottdd DUl ano)

I ntroduced into e sys em co 10. An
apparatus for pdiqtsityiasriatendsiiing edtof é'&%ﬁﬁﬁ?rﬁgw'f‘geéﬁﬁr the distifate 20
characteri zed i meidptodiéd dows ts5 $o 80 °@, saM watter (sL3epapatedifromthd hr ee zones,

e A (1}

contains a soli e upper

separation zone ¥@3nig §ﬂ'f"§PﬂefPtﬁé’f ’ches‘{'$tl)é&ﬁr§|'e$-a‘€ﬁ ibagk, the dasdmok ower
packi ngstoor di stacktieatidrandrisotfutyl aheehblLbeing Intrb&ecbdanﬂneth(e@ystan frosuptict ed to

25 the a%frhbﬁﬂ ﬁt&@%@eﬁé%&d@éd:s%rdﬂ%@é‘&: &w(} tl?a'e% gRgyect i on

(9), provided w P onnection
(21), a feed Ii ﬁ@”?ﬂrapg"% IBENE PANG H'H@"I'E%IEUPS‘?FeQ e?ilﬁarb Sver this

zone, whil e the isebuyliaicdhekidpli, and (s isolsutplralcohdbftediis intaduepdirdd thé nput  (8)
‘Maﬁ th gpet cl 0Si NGe BTN d? lbalW i Gn8 tatld BethEb R rebdBHine éritering N | Over
P g] reactants and the refluxed organic phase being from 1:1 to 1:20 and the

reflux representing from 50 to 100 per cent of the overall amount of the

separated organic phase and isobutylacetate being separated as a

higher-boiling bottoms product.

17. The process according to claim 16 characterized by introducing acetic
20 acid and isobuty! alcohol in a molar ratio 1:1 to 1:1.5.

18. The process according to claim 16 or 17 characterized by the entire feed
rate of starting compounds per a volume unit of catalyst being in the
range of 0.5to 5 h™.

19. The process according to claims 16 to 18 characterized that the ratio of
25 feed amount to the organic phase reflux amount is in the range 1:2 to
1.7.

20. The process according to claims 16 to 19 characterized by the reflux
amount representing 80 to 99 % of the entire amount of the organic
phase separated from the distillate,



30 colum (1) ends with a bottom{——}e)-,——‘f'crrm‘éﬁ'émh a reboiler
(11), the WD 99/ 48855 -_\EP99/01583 - 20-

butyl acetate withdrawal |ine (12) bei n%m‘lﬂ !“Mﬂ;@i he reboiler (11) or
the bottom (¢ col um head (13) iR pper he
colum (1) isg)ggﬁgr?g%t ed with the condenser (c15) by a vapouregé%%g%?ié), t he

condensate line (16) leads fromthe cond@ser (15) to the 5 separ at or
(17) fromthe |l ower part of which the water phase pipe (1 8) is conducted

(20) 1or the Ton et Pokets sty b ikt B A7 alpt el ety o b
according to cl aiiﬂﬂr‘i@‘?ﬂ‘i‘alwgéﬁ%ﬂ'%@@ qqq?qiplsd?lswﬁg H@ﬁafﬁtﬁte endior M’@?é){n control
val ve (22) is cl esellorisphutpialeehelonnecti on cl osing and 10 contr ol

val ve (21) being open. 12. The apparatus according to claim 10 :

characterized,jn fhat th tanol closing an control valve .S open,
Che i pe. conribt AT SRPYSRIRIOLAGTTIRS Bie Hafihs Seaaradb Hetoedah 2135 P The
appar at us Sccor dichgracterized imtha itctensists ofrd caddmn 1) ¢entaining threeaooks,15
closing an contr ghe YghetRn(zédk (25coMsifingdRiig IcBiIy3P 13 Haded A the Atdde and
control valve ( qurge\go‘p’g a‘ SO ﬁ enrH 1@ IThe aggar.at us acgcordi q? tg clains
10 to 13 charact B O™ 8 Wiile 168 19wer seParatiop 2098 {B@s Welf A Meeact i on
zone (2) on di st iUpperisepanatiay goned @) ath packedavitit steichralpagkings; coromanns 10 to
éB characteri tzed ttB%ef bédl:(lﬂﬁgé Sredistlation trays; Mehoetic dgm febe pr@@ Eely zotnﬁ (2)
y nmeans structure uri_ng. goo n n the
T quid phie and cegps?g%st%}ﬂ% fter gn d HigleacboPote QIR hovalBISE0. | ne
liquid and gaseoubepsnbitd alapheliand ne (26 is linkeddp thedowsr pardetthe for the
production of i sqeHbldrRESI2S oblelow!tBisizbhs ahe @Bluftin Bt @7) ends up the
lower part of the column (1), the bottom (27) being linked to a reboiler
(28), the isobutylacetate withdrawing line (29) is connected either to the
15 reboiler (28) or to the bottom (27), the column head (210) ends up the
upper part of the column, the vapour flow line (211) is connected to the
column head (210) and to a.condenser (212) which is connected with a
separator {214) by the condensate flow line (213), the water phase flow
line (218) is connected to the lower part while the reflux flow line (216)
20 and the unrefluxed organic phase withdrawing flow line (217) are
connected to the upper part of the separator (214).

23. The apparatus according to claim 22 characterized by fixing the solid
acidic catalyst in the reaction zone (2) on distillation trays.

24, The apparatus according to claim 22 characterized by fixing the solid
25 acidic catalyst in the reaction zone (2) by systems known per se in a
structure ensuring contact between the liquid phase and the catalyst
particles as well as between the liquid and vapour phases in
countercurrent movement of these phases.



25 acid and isobutyl alcohol in the presence of a solid acidic

catal yst and sinultaneous separation of the conponents by distillation
characterized by individually introducing acetic acid and isobutyl al cohol
in a nolar eddwsess from1l:1 to 1:10 and in an anount, exRGI¥ERILI01SS3 over al |
feed based on a volune unit of the Qﬂ&alyst, of 0.1 to 10 [err] into a
systemin 30 whi ch the reaction and the separation by distillation
take place in three WO 99/ 48855 PCT/ MP99/ 01583
-21 - zones, wherein the reaction runs simltaneously with the separation
by “distillation of the conmponents with differing boiling points in the
reacti on zone and separation of the conponents by distillation takes pl ace
in the two separation zones, water, formed as a side product of the
reaction 5 and formng a |l owboiling azeotropic m xture with isobutyl
al cohol and isobutylacetate, distilling out of the system whereafter, the
distillate being cooled down to 5 to 80 [err]C, said water is separated
fromthe organic portion of the distillate and withdrawn fromthe system
whil e the organic conmponents of the distillatej,are refluxed back, the feeds

of 10 acetic acid and isobutyl alcohol g introduced into t he
systemin such a manner that th ic acid eed is introgipced into inside
the reaction zone or above this z > D a point cat ed hi gher

t han the isobutyl al cohol input, he i sobut feed is
introduced into the reacti e bel oy en the feed
of the entering 15 reattants gnd th ani ¢ phase bei ng
from1:1 to 1:20 and the reflux repfesdft|{ng fro $7per cent of the

overall amount of the separated orglani c phase and i sobutyl acetate being

separated as a higher-boiling bott iugi. 17?—Ihg:ﬁt?eess according to
claim 16 characterized by ijtrodudi acetic
(ke 19 18

.,
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20 acid and isobutyl alcohol in a nmolar ratio 1:1 to 1:1.5. 18. The
process according to claim16 or 17 characterized by the entire feed rate
of starting conpounds per a volune unit of catalyst being in the range of
0.5to5 [e .The process according to clains 16 to r erized
that the ra{“?%”o Pl feed anobunt to the organic phag’g’”rﬁggfogéégarmunt
isinthe range 1:2 to 1:7. 20. The [@&/8cess according to clains 16 to 19
characterized by the reflux anmount representing 80 to 99 % of the entire
anount of the organic phase separated fromthe distillate. WO 99M4885
PCT/ EP99MLI 83 - 22 - 21. The process ‘according to clains 16 to 20
characterized that acetic acid introduced into the systemcontains al so

i sobutyl acet ate and/ or water and/or isobutylal cohol. 22. An apparatus for

perform ng the proecess according to clai to 21 5 characterized
inthat it consists of a colum (1) contai g three zones, the reaction
zone (2) containing a solid c t is pfaced in the 7dl e part of the
colum (1), while the | ower se as the upper
separation zone (4) are packe structural common t ower
packi ngs or distillation trayg, tthe acegtevacid fe } (5) is 10
connected to the upper part 269 t clionzone ) or above this zone,

the isobutyl al cohol feedline (26) 1s |} nked tg 21&r part of the

reaction zone (2) or below this 4one, tke colurm bottdom (27) ends up the

| ower part of the colum (1), t 27) Dbet +-ded to a reboiler

(28), the isobutylacetatf! 1 ng line\(29) is sgnnected either to the
t he

15 reboiler (28) or b ton1(27),]5he colgmg head (210) ends up
t he )
\ l’
/5
26 1

/

27—

28



uppePpart of the colum, the vapour flow line (211) is connected to the
colum head (210) and to a condehgevo @ Q)’-Q/Tﬁ ch is connect ege
separator (214) by the condensate iEJﬁgvtAaLpe (213), the wat e @i

line (215) is Mect ed towdammmpmbmdn&mmﬁw ef | ux NG
20 and the unrefl uxed organi c™FHPERER™ hdr awi ng f1 ow | i ne (217) are
connect e INFERNARIONAIpAPPLICATION PUBRISHEDR GHEPATENT COQPERAKION TBEATY (FCT)
accor s Guck@eioah 2hten 2ﬁmsdamact erized by éiemmtambxﬁ%{ SmdG! d1 C GRbAdoyidssh

t he rlaciy 08 Y Sghfyl atijaq [trays. 24. The apparatus accord| ng {o
: 6
cl aim Zzwrgct g?)l(lz')eB y t 0 xblgg t he g@B] !dtetﬁewmll’ubﬂcama&; C 30cSegttembey 909 (Ba99.0% £

reactfon zone (Z) by Systens Known per s$e .ructure ensurl g) COﬂ[d
bet we p@Y fritenatidng) pelicatireNpebernd  t RETERYFSY 4 %74’6525;& ggﬁ
t ese ases.
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(54) Titlee PROCESS AND APPARATUS FOR THE PRODUCTION OF BUTYLACETATE AND ISOBUTYLACETATE '
(57) Abstract

The invention relates to a process of butylacetate production 16
by esterification of acetic acid with butanol in the presence of a solid 290
acidic catalyst in which distillatory separation of components runs
simultaneously with esterification. Thus, acetic acid and butanol are 1
introduced in defined amounts and in the molar ratio 1:1to 1:10nto a 5
system, in which the reaction and the distillatory separation proceeds 1 17
in three zones. The reaction together with distillatory separation
of the components with different boiling points run in the reaction —T
zone, while only distillation takes place in lower and upper separation 13— 19 18
zones. A volatile mixture is separated in the upper separation zone,
from which, after being cooled at 5 to 80 °C water and arganic phases
are separated, the latest being refluxcd into the system. The ratio of Y
the feed amount to the organic phase reflux amount is 1:1 to 1:20, the
reflux amount representing 60 to 100 % of the whole amount of the 5 7
organic phase. Butylacetate is separated as a high boiling botioms / /

product. The invention relates also to a process of isobutylacetate \
production by esterification of acetic acid with isobutyl alcohol in the 94— 21 2
presence of a solid acidic catalyst in which separation of components 5 ;;/ 8
by distillation mins simultaneously with esterification, / / ~1
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