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g Esters of aliphatic alcohols and carboxylic acids are of considerable

10 industrial importance as solvents. Thus, for example, ethyl acetate and
n-buty! acetate are widely used as solvents in the paint and finish industry.
Esters of aliphatic alcohols and aliphatic carboxylic acids are also used in
the production of cellophane, celluloid, collodium wool and synthetic resins.

.Acrylates, such as, for example, butyl acrylate or 2-ethylhexyl acrylate are

15 preferably used in the coatings and adhesives sector and in the conversion

of paper and finishing of textiles and leather. Furthermore, acrylates are
important monomers for the preparation of polyacrylates.

The direct esterification of alcohols with carboxylic acids is one of the
20  fundamental operations of organic chemistry. In order to steer the reaction
in the direction of the desired ester, it is expedient to remove the water of
reaction continuously. Suitable measures are, for example, azeotropic
distiliation, heating the reaction mixture with passage of an inert gas,
carrying out the reaction in vacuo or the presence of a drying agent. The
25  azeotropic distillation can be carried out in the presence of an added water-
-immiscible entraining agent. However, it is also possible for acid or alcohol
present in excess to serve as an entraining agent. The component which

has the fower bbiling point is expediently chosen to be present in excess.

30 The reaction can be carried out in the absence of catalysts but then
requires higher temperatures and longer reaction times. Both reaction
conditions can be made milder with the use of acidic catalysts. In addition
to suifuric acid, organic acids, such as meéthanesulfonic acid,
p-toluenesulfonic acid and cation exchangers of the polystyrene sulfonic

35 acid type, are the preferred catalysts.

Residual alcohol contents which may not exceed specific limits of many
applications constitute an important quality criterion for desired ester
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having considerable residual contenis of n-butanol, since the residual

amounts of n-butanol leaving the esterification column via the top all enter

the pure butyl acetate fraction. For many applications, however, it is

25 '_necessary_ to provide a butyl acetate having as low a residual n-butanol
content as possible.

. A further process for the coupled production of ethyl acetate and butyi

- acetate is disclosed in WO 98/42652. There, after the volatile fractions

30 ' have been separated off, the crude esterification mixture is added to a
separation column and is separated into ethyl acetate as top product and

butyl acetate as bottom product. A liquid side stream which contains
impurities, for example, butanol or crotonaldehyde, is taken off from the
separation column and is discarded. According to the teaching of WO

35 98/42652, impurities which contain the carboxyl group can be removed by
treatment with a polymeric resin, it being possible for the starting
compounds or the finished ester products to be treated with a polymeric
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20 Surprisingly, the desired low-boiling or higher-boiling ester compound
which is taken off via the bottom of the first or second distillation column,
~ respectively, in the process according to the invention contains only very
small residual amounts of the starting alcohols. They are obtained in a
- quality sufficient for most applications and can be used without further -
25  purification steps. |

The process according to the invention permits the coupled production of
ester compounds which are synthesized from an aliphatic carboxylic acid
having 1 to 6 carbon atoms and an aliphatic alcohol having 1 to 10 carbon
30 atoms. The carboxylic acids used for the preparation of the aliphatic
carboxylic esters are saturated or unsaturated acyclic carboxylic acids, but,
depending on the field of use of the carboxylic ester, cyclic carboxylic acids
can also be used as a reactant for the ester synthesis. Examples of
_ carboxylic acids as acid component for the carboxylic esters are formic
35 acid, acetic acid, n-propionic acid, n-butyric acid, isobutyric acid,
n-pentanoic  acid, 2-methylbutyric  acid, 3-methylbutyric  acid,
2-methylpentanoic acid, 2-ethylbutyric acid, n-hexanoic aéid, n-hepténoic
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An aspect of the present invention provides a process for the coupl ed
production of ethyl acetate and butyl acetate or ethyl acetaﬁiﬁ nd ropyl
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chem cals. For exanple, acyclic saturated nonoal cohols, such as nethanol,
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total mass of the alcohol mxture to be used. In the case of the coupled
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a starting M Harasapiithy eavpled peemictiopnefeathybRcele andvisityhacatate, an
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a butanol content of 30% by weight, based on the total mass of the alcohol
mixture to be used. In the case of the coupled production of ethyl acetate
and isopropy! acetate, it is advisable to use a starting mixture having an
ethanol content of 80% by weight and an isopropanol content of 20% by

25 weight, based on the total mass of the alcohol mixture to be used, in order

to utilize a particularly advantageous formation of the azeotropic mixture.

The total amount of alcohols which is fed into the esterification reactor
corresponds in general to the number of equivalents of the respective
30 carboxylic acid which are fed in, since unconverted alcohol is generally
stripped from the water of reaction and recycled to the reaction. When the
esterification reaction is carried out continuously, it is therefore sufficient to
use the amount of aicohols corresponding to the number of equivalents of
- carboxylic acid present. The alcohol also acts as an azeotrope former and

35 thus serves as an entraining agent for removing the water of reaction.

Further process variants comprise removing the water of reaction with
passage of an inert gas or with application of reduced pressure.
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catalyst or whether reduced pressure is applied for removing the water of
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25 Preferably, the esterification reaction is carried out cohtinuousiy in an
esterification column in which the bottom of the column also referred to as
a distillation boiler, serves as a reaction vessel and the attached column
tower serves as a distillation column for rectifying and removing the ester
compounds already formed, the unreacted alcohol and the water of
30  reaction, the rectification following the esterification reaction simultaneously
completely retaining the carboxylic acid in the distillation boiler. The column
pressure, the column temperature and the reflux ratio to be set at the top of
the column depend on the starting compounds to be used in each case.
Usually, atmospheric pressure is employed. Column temperature, top
35 temperature and reflux ratio are set so that no carboxylic acid passes via
the top of the column into the ester distilled off but at the same time
_ sufficient water of reaction is discharged.
The mixture leaving the top of the column is condensed and passes into
the phase separator after the fraction recycled as reflux into the



tower serves as a distillation colum for rectifying ﬁnd renovi pg the ester
conpounds al ready forned, the unreacted al cohol and the water

reggt ion, the re%:/t ification following the esterification rea&fﬁaﬁﬁgoo‘;’

si mul t aneously conpletely retaining the carboxylic acid in the
distillation boiler. The colum pressube, the colum tenperature and the
reflux ratio to be set at the top of the colum depend on-the sta[ti ng
conpounds t ESirificaigniceluna hasdgen separatad off avates oh eeactioprarys arganics

enpl oyed. CgiHase sep@atiagUirém o APoHHIIP Tt rtﬁé'éﬁbié@tt%fotrfs{]e set
so that no cgrboxylic am% asses Vvia theRtP?é) of the colum 1 nto e ester
distilled ofs?a'giﬂg CAMRGHNGS, He relix can,oe; YyRAlkMRRtes: by pddingceigania er

di schar ged. affueonsxyihase fozahengrmation af arf a][zbetr?@bmtm.lcmfmm nd o
asses iRto fracti.on recyc as reflux i

Ito he 14 rcr?ré%ggq%aégt%ﬁ'?@ﬁfeoig &%rhhqﬁh% %He(gﬁm@‘ﬁgr by Zlae HPCeSfat er of
reacti on and@ceptiing to thehaventimpar ati ng from one anot her. Dependi ng on the

choice of the starting conpounds, the reflux can be suppl enmented by addi ng

organi c or ueous phase for the formation of an azeotropic m xture. The
resul ting 5%8%@@ eslgh dnixirerobfpinag i psvasseh afier iaf batchiwjselipsodddsat i on by

the process vafgaRbsdbrBeiaply ean BERHficARon EBFEm?ﬁ dfter §e$do$ﬂf eriQE{ﬁg :;5[58%%@ ai ned
oSt or 1 1100t VBHASLS IR aRte 16 thb At diesiislon Gobw, teipsmblie the milda added
to the firsregiostafl ihat colaneg! particularg freefdhylyt Setveenminddl sth kaai smhof the 4
rom the’ botedrcaeuke o A oortR) BERE ¢dlEmne el Sk difi gog; ° = ©
concent r at i @rhigher eencndisiion afdhpaieshol ampanert diavinghive highbr bgiingoi nt i s
eken ot DB kot ;BB Ingledbors oreh sl oBEFT eI s, O

trippi I d. ti1cul ar ra Oth
Cray | 13 CSiNping $ociionand BaFcylRryPrefRrabl hawsea iae Padrassy é0idra t he

esterificat caloulatedt fpom Rhs ebbiigherofb@id | eslugst eén@@ﬁp(?égffbl?tﬂ ?f"af‘“%ﬂp' e
| St |

col urm. wh Peerifad i Eafiol ELf siBhoboRR Gstem ATPUamIoT PATRIRC
| ower - boi | i ytybseetateads takepcafhuia thertcdtonmaf tha, firet diktiltatiainl calomanisilef t he
of the 11 1oy e Rte, Alfipohéits) Hedd iRl Bt el RN o6l s ”and

of the first distillation ] ure, colum re and

ref | ux 44t i °ROURG gantaminaied with smalh amauinisrat thegewdbailing lcobel and ni xt ur e
to be separmgsidlial mnt@efis of water, are removed via the top of the first distillation
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distillation column depend on the ester mixture to be separated in each
case.

25 _ _
The low-boiling crude ester, e.g. crude ethyl acetate, leaving the top of the
first distillation column is condensed and is fed to a phase separator after
the amount required for the reflux into the first distillation column has been
separated off, residual amounts of water being separated off. The organic

30 crude product is then purified in a second distillation column to remove
further residual amounts of water and the amounts of the low-boiling
alcohol. The feed to the second distillation column is preferably to the
middle region of the second distillation column, particularly to the 10th to

. 20th tray, calculated from the bottom of the column. The pure low-boiling

35 ester compound, e.g. pure ethyl acetate, is taken off via the bottom, while
the top product is first fed to a phase separator after condensation and
removal of the amount required for the reflux into the second distillation
column. The organic phase is recycled to the esterification reactor. The
aqueous phase saturated with alcohol compounds and ester compounds is
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distillation colum has been separated off, residual amunts of water
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20 - main product need not be completely vaporized again and the reflux ratio
and the amount of steam used in the distillation columns can be varied over
wide ranges without the quality of the ester compounds taken off via the

bottom being impaired.

25  Even if the composition of the alcohol mixture varies within wide limits,
. which méy range from 90 : 10% by weight to 10 : 90% by weight of the

respective alcohols, based on the total mass of the alcohol mixture to be
used, the desired ester compounds can be obtained in excellent purity by
the process according to the invention.

30
An exemplary embodiment of the invention is described in more detail
below with reference to the process flow diagram shown in the figure. The
invention is not intended to be restricted in any way thereby.

35  The known part of the process has already been described further ahove,

‘ and therefore only the reference numerals are mentioned here: 1 aliphatic
carboxylic acid, 2 and 3 respective aliphatic alCohoIs, 4 premixer, material
stream 5, starting mixture fed to the bottom of the esterification column 7,6
catalyst, 7 esterification column containing catalysts in the bottom, 8 phase
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an aqueous giaaRsrgeleTINE G5IHeC low-boiling ester compound is obtained via the

20 bottom take-off, material stream 18 of the second distillation column, while

the volatile components are fed to the phase separator 19 after

condensation and removal of the amount required for the reflux ratio. The

residual water, material stream 20, is discharged via the phase separator

19, while the organic phase separated off is recycled as material stream 21

25 to the bottom of the esterification column 7. |

The water streams 22, 17 and 20 obtained at the phase separators 8, 14
and 19 can be combined and then freed from the residual contents of
alcohols and ester compounds in a known manner by means of a water
30 stripping column. The alcohols recovered are recycled to the esterification:
process. | |

The following example is intended to describe the process according to the

invention, but without restricting it.
35

Coupled production of ethyl acetate and butyl acetate



phase, material stream 15, is fed to the mddle region of the second
distillation colum 16, while the aqueous phase, material stream 17 is

di scharged. The pure | ow boiling ester conpound is obtained VF Mareh 2005,
bottom take-of f, material stream 18 of the second distillation colum,
while the volatile conponents are fed o the phase separator 19 after
condensatiorl z%nd renpval, of the apount required for the reflux ratio. The
residual wat'8rN€ REempeL A, §f|l3é§112 utangl g iedcid 3 are aniped e thalor at or
19, while thmixturgdwvingtiesiellswry péredntide cdnpesiien Rbaidet eri al stream 21
25 to the bottomof the esterification colum 7. The water streans 22, 17
and 20 obtained at the phase separators 8, 14 and 19 can be conbi ned and
then freed fEtbANGhe resi duf4.6¥nbemeighdf al cohol s and ester conpounds in a
known nmegnergynphEans of a & f%eﬁﬁti ppi ng colum. The al cohol s
recovered are recycled to the es?eri. cation process. The follow ng

exanpl e is iAREIERSI t o des@0-B% bhweighicess according to the invention,
but without restricting it. 35 Coupl ed production of ethyl acetate and
butyl acet ated14 .g/ar.c 2005,9 In the prem xer 4, ethanol 1, butanol 2 and
acetic aci dB9Hald Mixtuge s intreduced ag; & materiaf slieag birtortbe hetiony opthecent age
conposi t i on eisterificationebium@nhalie BAAoBRO &y thee iegterificBtiG telamn2do Ry Wei ght
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of the ut|5 C. ct?j.as ref%léx i nto,the esterification collunn 7.
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foll ow ng conpos )
following composition

20 Ethanol 1.0% by weight
Butanol 0.6% by weight
Acetic acid 0.0% by weight

Ethy! acetate 53.0% by weight
Butyl acetate 43.1% by weight
25 Water 2.3% by weight,

to the 20th tray (counted from the bottom of the column) of the first
distillation cofumn 11. The distillation column 11 is operated at atmospheric
pressure and at a top temperature of 74°C. From the top take-off of the
30  distiliation column 11, the product, after condensation, is recycled to the top
in an amount such that a reflux ratio of 1 : 2 is ensured. The remaining
amount of product obtained at the top of the distiliation column 11 is
separated in the phase separator 14 into the organic phase 15 and the
aqueous phase 17. The material stream 15 removed from the phase
35 separator 14 has the following composition

Ethanol _ 1.8% by weight
Butanol 0.0% by weight
Acetic acid 0.0% by weight



wei ght

colum) of the first
operated at atnospheric

20 Ethanol Butanol Acetic acid Ethyl acetate Butyl acetate 25 Water
1.0% by weight 0.6% by weight 0.0% by weight 53.0% by wei ght . 43, 1% by
2.3% by weight, to the 20th tray (counted fromthe bt ¥8rd 6999 he
distillation colum 11. The distillation colum 11 is
pressure and at0a top tenperature of 74C. Fromthe

top take-off O distiJlation colum 11, the products--after
EfyLAQ

condensati on,

into the organi ¢ phase 15 an
renoved fromthe phase 35 separator 14 has the follow ng conposition

Et hanol 5. 8%rbih Wi SthtirayBebaRRld o
14 March 2005, 10 I%
wei ght Vat eC#1Ume,
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35

Y W
Butanol 2.8% by weight
Acetic acid 0.0% by weight
Ethyl acetate 0.8% by weight
Butyl acetate 96.3% by weight
Water 0.1% by weight

| is removed and is recycled to the bottom of the esterification column 7.

Pure butyl acetate (material stream 12) having the following composition

Ethanol 0.0% by weight
Butanol ~ 0.2% by weight
Acetic acid 0.0% by weight
Ethyl acetate 0.0% by weight
Butyl acetate 99.8% by weight
Water < 0.1% by weight

is obtained via the bottom of the distillation column 11.

The material stream 15 is fed to the middle region (17th tray, counted from
the bottom of the column) of the distillation column 186, which is operated at
atmospheric pressure and at a top temperature of 69°C. Pure ethyl acetate
(material stream 18) having the following composition

Ethanol 0.1% by weight
Butano! 0.0% by weight
Acetic acid 0.0% by weight
Ethyl acetate 99.9% by weight
Butyl acetate 0.0% by weight

Water | < 0.1% by weight

cled t %W OUWEOM n an anount such that a refl ux
ratio of 1 :Batylacetateured. TBeD%eyaveighg anount of product obtained at the

top of the djgjd,l | ati on colu | .S.. separated in the phase separator
Jer gﬁt?llﬁtjaw"ga'gggus phase 17. The material stream 15

04 ' j ' . 0% by wei ght
thgl .acetate 94.1 %%Q%bd@en?gmhﬁﬁwn%a?ﬁ% glsgl.%‘fgﬁoy
By v%c?egﬁttr‘?a@ﬁ%ﬁﬂ‘t"ﬁat foitovang compesiient r om t he bot t om of
of the distillation colum 11, a side stream 13 having the



Acetic acid 0.0% by weight 10Ethyl acetate 0.8% by weight Butyl acetate
96. 3% by weight Water0.1 % by weight 15 is renoved and is re%cled tc? t he
bottom of the esterification colum 7. Pure butyl acetate ( _M@F"f‘_gp %tream
12) having the follow ng conposition Ethanol 20 Butanol Acetic acid Ethyl

acetate Butyl acetate Water 25 0.0% by! wei ght 0.2% b% wei ghL Q.OOdA) by
ight 0.0%by,weight 99.8%0b ight < 0.1 %by weight is obtained via
\tAﬁlegbottom 0'0? oﬁ%n%&g{q ﬁ?\eatqueﬁhﬁﬁdﬂmn e material stream15 is fed to
the mddle region (17th tray, counted from the bottom of thhe_ col um) of
I sti ' : | I ted at 30 atnospherjc pressure
and at a top idycBuptaty, B 3 RETHEN Yol P8 Mnebecd e 10)
havi ng t he fadistiliglipAgoburndsitoitbe t@g fraawo BMcBuntt snch ﬂ?ﬁ Aafluxaatic iofl3 65 Byl
acet ate sBuliy bsRMEAGE. THE I&thaiin 2hBYnt6 BB prolud PhsiEd Wiihe Shadd bY

wei ght separator 19. The organic phase separated off is recycled as material

stream 21 having the following composition
Ethanol 3.3% by weight

10 - Butanol 0.0% by weight
-Acetic acid 0.0% by weight
Ethyl acetate 91.8% by weight
Butyl acetate 0.0% by weight
Water 4.9% by weight

15
into the bottom of the esterification column 7.
The aqueous streams 22, 17 and 20 obtained at the phase separators 8,
14 and 19 have the following composition

- 20

Material stream 22
Ethanol 2.7% by weight
Butanol 0.2% by weight

25  Acetic acid 0.0% by weight
Ethyl acetate 3.4% by weight
Butyl acetate 0.3% by weight
Water 93.4% by weight

30  Material streams 17, 20
Ethano! 7.3% by weight
Butanol 0.0% by weight
Acetic acid 0.0% by weight

35 Ethyl acetate 7.8% by weight

Butyl acetate 0.0% by weight

Water  84.9% by weight



99. 9% by weight 0.0%by weight < 0.1 % by weight 14 March 2005 11 is

obt ai ned via the bottomof the colum 16. After condensati on, product is
recycled fromthe top take-off of the distillation colum 144 M?‘?‘i?@oﬁop in
an anount such that a reflux ratio of 3 : 1 5 is established. The renaining
anount of top product is passed to the- 13hase separator 19. The organic
phase separaéed off is recycl ed as material stream 21 having the foll ow ng
conposi ti on BESHRYN bib e iexeaples cqcerdiog dto thehyhventionatie thBut:gﬂhpfedet ate

Water 15 3. Bﬁ/DdQMcm@n@iﬂttwooeﬁ% bdmpﬁh% the- 36iRY grébn'ﬁfo fﬁ %%ﬁhgcol um

0.0% by wei g 490/ h t he ottomof e es
7. T%e aqueoﬂé cgf'rb@ao d‘%ﬁ'&?}g "'b?ft Eﬁﬁw @ﬁt'lﬁﬁ@nmnﬁéﬂaﬂm ¥6s 8,
14 and 19 hainea plidtyf sticloihaighepcpasid ugéd%nh@ét%(ppﬂibaﬁéﬁéa?ﬂhggt ol

But anol 2H A&%ﬂcgnaﬁlsgepézt hyl acetate Butyl acetate Water 2.7% by wei ght



wei ght 30 Material streans 17, 20 Ethanol Butanol Acetic a%%ﬂ %E g&pyl
acetate Butyl acetate Water 7.3% by weight 0.0% by wei ght Mg B wei ght
7.8% by weight 0.0% by wei ght 84.9% by wei ght 14 March 2005 .12 As shown
by the exanples according to the invention, in the coupled production of
two ester conpounds, the desired ester conpounds 12 and 18 can be obtai ned
via the bottomof the two distillation blums 11 and 16 in a purity such
that they can be used in nost applications without further . 5 purification
steps. 14 March 2005 13 Patent cl aifateat claims ocess for the coupl ed
production of ethyl acetate and butyl acetate or ethyl acetate and

et hanol and - pr bRBRG 101 i Bobblie arepitiatt PRist actin endohudl o
m xture by disti ldcatateror etivwdrasietatefdret i-plopyl acdtate by resuting omittase been
T Ted to a 11 rstryndRehEho Bt iRanb R ko PRl b U AL g
t he hi gher - boi | i mprkingokdthe erysisneater mixturgidasn distiflatian, oviersin altedthsoi nt of
the crude ester apfdet of r€4tfIreHas been separated off, the crude ester mixture
leaving the esterification reactor is fed to a first distillation column, in
which a side stream containing the higher-boiling alcohol component
is taken off below the feed point of the crude ester and is recycled to
the esterification reactor, in which the higher-boiling ester compound
is taken off via the bottom and in which, after water has been
separated off, the top take-off is fed to a second distillation column,
in which the low-boiling ester compound is taken off via the bottom
and in which, after water has been separated off, the top take-off is
recycled to the esterification reactor.

2. The process as claimed in claim 1, wherein the side stream is

‘ removed from the first distillation column, below the feed point of the
crude ester, in the stripping section, preferably at the 2nd to 10th
tray, and is recycled to the esterification reactor.

3. The process as claimed in claim 1 or 2, wherein the crude ester
mixture is fed to the middle region of the first distillation column,
preferably to the 15th to 25th tray of the first distillation column.

4, The process as claimed in any of claims 1 to 3, wherein the top take-
off from the first distiilation column is fed to the middle region of the
second distillation column, preferably to the 10th to 20th tray of the

- second distillation column. |

5. The process as claimed in any of claims 1 to 4, wherein the amount
of the respective alcohol component is in the range from 10-90% by
weight, preferably 20-80% by weight and particularly preferably
30-70% by weight, based on the alcohol mixture. '

'AMENDED SHEET



the esterification reactor, in which the higher-boiling ester conpound is
taken off via the bottomand in which, after water has been  separated off
the top take-off is fed to a second distillation colum, i n1wgr€'h2qqqe
 owboiling ester compound is taken off via the bottom and in which, after
wat er has been separated off, the top tpke-off is recycled to the
esterification reactor. 2. The process as clained in claim11, wherein the
'side streamd.s rEED\REcdgOEst BRihbHESIn dngt bf |cMikRn 1ceb WwmwHesbipWMHd e feed
point of the cr ud? ﬁstgr in the stri pl.%I}? sect.i 03 preferably at the 2nd
to 10th tray, antP§dicplnl:reactan (ife cBLiQF | Uk dpi dhe r PRRsSNIce 2 AR
process as cl ai nestérificatian roatalgst Bavingea eonceiteationude frest @5 tisgbuse is fed
to the mddle regj 0 i Lstild at] olumm, preferably to the
15th to 25th tra&llég@"tt heelg?&robtth%itt%@? ﬁdéjthpgnrh%&rgm. 4. The process as
claimed in any of clains 1 to 3, wherein the top take- off fromthe first
distillatior col i 1 ddll eg ; h e digtillation
col um, pre?érabmﬁét _?é}%%ltggh&{aﬁn%tﬁ t%rng Sfo_%"ﬁes tlsg%oaf’i_dw(i}lgg?lﬁl ation

col um. 5. The pESKIEICalaN dLaCIREdS| AN Asfedficationi prlumnt bavingwaes@lumnt he
anount of the r¢dpenst ang athehbd@ok@ipvest is in the range from 10-90% by
wei ght, preferably 20-80% by wei ght and particularly preferably 30-70% by
wei ght, based on the al cohol m xture. AVENDED SHEET 14 March 2005 14 6. The
process as clainmed in any of clains 1 to 5 wherein the esterification
reaction is carried out in the presence of an esterification catalyst

havi ng a concentration of fromO0.5 to 3% by weight, based on the total
reaction mxture. 7. The process as clained in any of clains 1 to 6,
wherein the esterification reactor is an esterification colum having a
colum bottom and attached col umm tower. AVENDED SHEET '

' AMENDED SHEET





