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< (5-7) Abét_ract:"I‘he irrvent.ion r?lates toa metho.d for the coupled production of two esters by reacting a mixture of aliphatic alcohols
_ \t}v;h'an aliphatic carbo'xy‘hc a'1c1d.and then treating the resulting mixture by distillation. During the distillation process, a side flow
- is taken from the distillation column that is connected downstream of the esterification reactor is fed back into said esterification

i) react-or. 'I:he pure ester cotnpounds are obtained from the bottom of the distillation colomns that ‘are connected downstream of the
g esterification reactor. )
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Coupl ed production of two esters 5 The invention relates to the coupled
production of two esters by reacting a mxture of aliphatic ngomgkasmnth
an aliphatic carboxylic acid and then working up the m xt ur e

distillation ve the pure ester compounds. Esters of allphatlc al cohol s
and car boxyl %l 4lre of considerable 10 industrial RCPERKEAE34S

sol vents. Thus, for exanple, ethyl acet gte and n-butyl acetate are w dely
used as solvents in the paint and finish industry. . Esters of aliphatic

al cohol s and al i phatic carboxylic acids are also used in the production of
cel | ophane, celluloid, collodiumwol and synthetic resins. Acrylates,
such as, for exanple, butyl acrylate or 2-ethyl hexyl acrylate are 15

preferably used in the coat i%%]@]ﬂrﬂﬁﬁ§h\b¢§w8%'rt% and in the conversion
of paper and finishing of téxtiTes an hernore, acrylates are

inmportant nononers for the preparation of polyacrylates. The direct
esterifi 6atiTive diveation helagesiia mew@m bm‘dmsbﬁ%ﬂ PR by Réact ﬁ@

f undanent al t m str |.n order o steer t reaction
in the di recrﬁ?@%éo?f)%hgﬂ%é a?fgog'foi% %Ispp@aq%w 1§ AGId Anck there wat er
of reacti oWking wpithesmxtusuby dishlﬁatmm{mes tlees purd osteexampotindgzeot r opi c
distillation, heating the reaction m xture with passage of an inert gas,

carrying ou the r?actlon in vacuo or the presence of a drying agent. The.
25 azeot r opicot@iSsOf | fliphabiR alkehpls andr cabaxytic | acidsicarer f ecortsiddrabte added

wat er - i@m W@tﬁalem;ﬁcmdﬂdégaé%ﬁentkb“l’ﬁ\ﬁ@r for bxhmpi, Schgpﬁﬁ{thgr 4y acid

or al cohol ptéetyF exce rve an_entraini’'n
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pr teslent t i nbﬁswssof diphatie alestetls andcdiphatic @&ﬂﬁm@ﬂic%dd Ard B%oﬁﬁ%{?ﬁﬁ;ﬁ ?f
catal ysts yres an reactlon tines.
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cat al ysts. - Aendatgs: syeh asofaruexample, butytl acodafenorc2-etiydsexys wetyiae are

met hanefsil f priferasty dsedﬁh ﬁﬂal 4o 'Jr&l‘é&h%&béjs 88 BRI uiE Q R O e

pol yst yrenePEuI foni c , are cat a

al cohol conPbRE® mnﬁlh "?fﬁ@'nﬂo‘i’f '@éoa@‘:i!)é%ﬁthﬁb Famthersnarg, @Qwateambl cations -

constitute. immmMOnbamhecwwrlthe!pﬁépdraféﬁbf pelyagpgatesd ester 14 March 2005
2 compounds. In order to neet this quality requirenment, separate

purification
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.

Resid‘ua_l alcohol contents which may not exceed specific limits of many
applications constitute an important quality criterion for desired ester



of the ester conpounds by distillation is frequently required. According to

(B- 1,394,651, butyl acetate is obtained if a mxture of et ha%’h Ze&)d
butanol is esterified with acetic acid and the crude m xture |safcl‘rj|en wor ked

-up by distillation. According to the process disclosed in GB- 1,394, 651,

the esterification of a mxture consising of 66.7% by wei ght of et hanol
obt ai ned at

and 33.3% by _wei ght of butanol gives a crude m xture whichis obtai
- the top of Cﬁﬁ@%@'gér I P@ﬁfit%ﬁn%%ﬁbrﬁﬂwﬂymwemenm sepdrafte punifidatiorsi dues of
wat er of r ehtid estenodnpoteas byl digRitichns Frehubail ﬂé@}iﬂe'd[ ation colum and is
transferred via the bottomtake-off to a second diStillation colum, in

which pure ethyl acetate is obtained as top product and butyl acetate with
a purity 8£coBimyia GBobRSRR, duitylaidetaters obtadhed ¥ GNRA 6Caitahb; t he

i ol oend PABAAIORReloRfied Wt LRTBPAAG R e O BouE T han | ati on
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fractions %'thﬁbésﬁé’/éﬁﬁ gkiginaed ag bettpm piesiuct.ude esterification mixture is
added to a separation colum and is separated into eéhy! dacet ate a\?m_t OE
te as bottom prqoduct. A liquid side stream whic
E{)ﬁ?;?%sart?onrﬁﬁgﬁq g@, e#@? S@P&ﬁﬁt@epr?ﬁf[rﬁﬂ%‘i‘ & the estararaetwpuedsi the aken of f
from the coupladatirotudimnumiisciosbd sn dGBct3dacE51ARer di BmAler traaﬁﬁﬁcrgprgvgg
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conpounds S&ViNG&dn the capikal costseang inidhectteanocdrsumptioned with a pol yneri ¢
AVENDED S_HEET 14 March 2005
20  In spite of the advantages described, the distillation process to be carried
out according to the proposal of GB-1,394,651 leads to a butyl acetate
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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-~ the coupled production of two esters, in which tw ester conpoun

‘?3 resin-'v\,hich is |loaded, for exanple, with bisulfite ions in order to fix

al dehyde inpurities. It was therefore the object to provide ?491585%0% for
S are

obtained in excellent 5 purity and with |ow residual contents of starting
al cohol s. An aspect of the present invgntion provides a process for the

+ coupl ed - prauhiien Bl Icdad, Rf ebAApRIIN MbuREEUBRE T SRV 1o 3RELate and
i - propyl cehate.bé reacting a mxture of ethanol an utanol ror of
et hanol an@ldenY{e BPEYWHIESAi t h acetic acid and working up the crude ester

m xture byltdizt iHerefor@the bBjedhes Provias leprdcbss Ve Ble &lupl8dhrditas been
separ at ed @I}w t({]s,? crude ﬁsf]e{w m>t<ture | eaving the esterification reactor
is fed to P =P 17 1 VREN VR S1SII COMPRURHS ieackiaireds in exgelemt ai ni ng
t he hi Gherplydty landgwith ovhesidwaimondaritsicd stdrike aloohbidel ow the feed point of
the crude ester and is recycled to the esterification reactor, in which

the higher-boiling ester conpound is taken 15 off via the bottomand in
whi ch, af tRp A8k RhsthBe Bresab airwestionf provides eoprotedse-fof fthescoepledo a

second di st - c - ' e_low: bojli ester  coppound,is
taken of f éﬂoghgﬁ%ﬁb%gtggi@ﬁgiﬁﬁ%(?&# Sredrtesr b acslats a'ggg"é’fgﬁyéd of f,
the top takeetafel biysrezeting| @ dnixtuichef esthandll asdtiiRansleaetdirethdfol and i-
Sur pri si ngé{y, t he %]eSi red | owboiling or higher-boiling ester conpound
whi ch is tRIRBANGEWItY agetipackRANbwosing K the cewde estes conwre bydistillatipan
columyy nESHRGH | ' 2 i t | i.gn_cont ai ns
onl ym\)lgry gmal I G}rf?srm%g\{é t%@u'%t% gﬁgﬁﬁta ﬁg)(égp g‘;ﬁ ? g%%tggloc%ghﬂo{'ééﬁa%hegs Flare
obt ai ned” i RiXdUreqigavingythe gstediicationt ieactarss feg o iaclirst dissillatich celarire used
wi t hout f untvikich 2BideUstrdaArmaddaing ' S oL dl] the
invention tgﬁr m'cﬂtﬁ tpe ?ougl e& I&r;gduggm%oRﬂg%r%égﬁgraggﬁn%oéﬂhég%ﬁc’ﬁ are
synt hesi zed ¢ Sl BRIy ithp des Mosk e eruds estaravndds Teeyslad darthen at ons
an_ddan_ al i gserificatiahcreotorh iy iwhdcH tﬁ@hi@@lleﬁe@fohm@ é&eﬂ%@ﬁﬁmu}ﬁ!&eisct%kgﬁxy' i c
aci ds qdse t. . e .aliphatic .carboxylic esters are
satur;? edcbc];fr%%ntégﬁ) t%’ﬁgghgééﬁh@s’c%? &WFEaE\&e&Q,SW?teddggéﬁﬁit% on the
field of J3ke-sff isied taamsopndcdistitadion eglemingircahichxtykilowasdilisg esten al so be
used as a dopgsduiet isf @keh st §fd hG i %ﬁﬁ@l boxyl ic acids
as acid cq ogqeint :‘Sfor te he ¢ rbgieyﬁ?sgéﬁﬁtég?sm are ’p_é\f?ﬁrg&lg?gjiqsﬁg%%etic
acid, n- prS(réBIEl pd offe the top y‘?ff 18 reeyeledite dhr egtaridication reactor.
20 Sqrprisi_ngiy, the desired low-boiling or higher-boiling ester compound
which is taken off via the bottom of the first or second distiliation column,
~ respectively, in the process according to the invention contains only very
smalf 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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t -pentanoic acid, 2-nethylbutyric acid, 3-nethylbutyric acid,

2- met hyl pentanoi ¢ acid, 2-ethylbutyric acid, n-hexanoic acid 4@- hﬁ%%noi C
AVENDED SHEET 14 March 2005 3a acid and cycl ohexanecar boxyl i &% ¥aicQ:
suitabl e unsaturated aliphatic carboxylic acid is acrylic acid. The

al cohol s used as starting materials are industrially produced chem cals.
For exanple, acyclic saturated nonoal cohols, such as nethanol, ethanol,
n- propanol , isopropanol, n-butanol, isgbutanol, n-pentanol,

2- met hyl but anol, 3-net hyl butanol, n-hexanol, n-heptanol, 2-ethyl hexanol,
n- nonanol ,_ I sqononangl ,and n-decanol, are used. Exanples of saturated
cyclic m)r?gl'ﬁs @6\%’&%@5’!‘8*@9‘6‘%@8@%&0' nf SYHakblge uapRiurated caliphatiess
accor di ngcathadykic aniddatacopliciacigharti cul arly suitable for the coupled
production of carboxylic esters which are obtained by esterifying

al i phati ¢c_ponocar boxylic acids having 2 to 5 carbon atons with a m xture of
two al i phdfiec aleptinls coeds aseastarting whatshiatonaam ninddstrially pRIdRBAAt OTS.

The nonocahémicdid.C i )?h?\‘i’p he i ~C S..of . a coﬁol m_xture
shoul d bewtgﬂl}lgse , vﬁhq? espeI%t ?%M'ﬁe_%%ﬁq n@%ﬂgtf‘ﬁsohf?ls'wsf'ﬁhr@pect to
their 14 Ndgogthangle ofrigranal, xtiserropropki mybirtanche isoestanock of t he

wat er to heentamilpapatethytsuthhalt RARARRAOX KA jdh hi ghest
boi l'i ng pgﬁi 0 gyl L Bfe coﬁﬁpé)]hn sﬁé@ﬂghcﬁpgé%t%g?lce of the

the three startin
starting con@ﬁ%ﬂgﬂ}o@?npﬁdﬁoqq{@%g%ww&%i are wse danameples v r et ai ned
in the esoksathiated icydic maobalcohBlscarm eyiclpentindl wpdalyeikanshi ch is used
for the coupled production of two carboxylic esters can vary over wi de

ranges in_its conposition. In general, 10 the conposition of the al cohol

m xture i 5he rPropess angerdingo: theYinbentieri ghtparticulady :suaMdYogaht ,

pref erabl ¢y ' %, ' t " % b Lght and in
particul ar, q‘bd’?gﬁ(ﬂ%@f‘bgf ﬁé&’é’ﬁ‘?ﬁﬁ/ggﬁw%%aﬁé Oﬁﬂpaﬁﬁ?y 8%/‘9\3&5‘99 espective
al cohol s,"f‘i B NenagaEbestlig acidssBaviing 2rte Sacarbolatomiswithr & miktukeofis ed.

Al cohol  rtiwt sfgtaticimeRbaltohBR, %é%ﬁtéf%h@ngdrfﬁ%ﬁgszr o 73480 2SRLS! Y

conpl ene one anot.her wth respect to
al “hé monocarboxylic” acid andpt?le two components of the alcoho! mixture

should be chosen, with respect to their boiling point or with respect to their



requirenent are preferably enployed. In the case of the coupled production
of ethyl acetate and butyl acetate, particularly advantageo%% azﬁﬁ®%$pic
m xtures can be established with the 20 use of an al cohol m xt UPE ng an
et hanol content of 70% by wei ght and a butanol content of 30% by wei ght,
based on the total mass of the alcohol “nixture to be used. In the case of

the coupled production of efhyl acetate and isopropyl acetate, it is
advi sabl e tog{?é’gm&"%ﬁa’ftyreﬁghﬁlmbeh%p(%naﬁ Ofégﬁé’l‘@)tlef &hesiimipategnys by

wei ght and o itstpthepmoabcamokeis ackl BAYthy Hghae 1diling PafRGrAdng ke t ot al
mass of the tﬁté‘é)glﬁh@]é&ﬁbg ég be used, in order to utilize a particularly
advant ageous T ornati 0 H %lzeotropic m xture. The total anmount of

al cohols which is fed into the esterification reactor corresponds in

general o t [ ' rboxvylic acid
i oh ar & 1 S e CRBloe 1 R g C ek S ersERBS i M A SRR S om ¢ he
wat er of reZMRIRteMpIRBEHIN dbe esterifeatiomeeadtor. \Wien the esterification

- reaction is carried out continuously, it is therefore sufficient to use
nunber of equival ents of

t he amount al cqohol s, corresponding to th

car boxyl i c glfaedmﬁﬁ%ee?lftt.‘”%'@g‘?'ﬁm&éﬂ W3rd fardhg cognplegAietvetinn edweer and
35 t Eus ser vash@ayliaestersraamiay ca@elvﬁidéqang@@ﬁvitﬁgzohﬂﬁ)s‘ﬂﬁir@ﬂn @Enéﬁ.ﬁfhi on.
Further 4gro S ng. the water T ion .
passage B 1 BolBosARhoriATRIodHE) RS REin B8 hats £ §0 B by dreidh Nar ch
2005 5 The &{18r:i90%dnyi weight, praiesaisly lin thecanty: of 80 : 20e0bp meigist ta 20r-ocess
known from ' r | £4 &at ] QRoC . earliged. out, in the
absence of gbl?@gyatgggt@ e\‘/\rn'q ﬁh?ﬁe a vHaIr)lft de-' ?gé %ph‘gsgggité iﬁ' gb/%l bfyorei gn
subst ance | ¥V9@%P g’&e re$Pacive alephols i esachppdhgitotal mass ef thel alenkoius| y
acts als a r ekt JmttOS?éQﬁséd?eA@bﬁ@E%iﬁ@'ﬂés af \.t%hféﬁt ﬁd%&eoﬂtrﬁyﬁvﬁfxtuﬂets di S Ehen
gener a n [ maj.nt ai n_hi gher_reactiqn tenperatures i n order to
enabl e 1%& ?‘gg%ﬁtggﬁoyg‘y Fg@g‘iergp%%te é‘@@?‘?ri (‘,‘Y'@htrﬁg&r‘ﬁtgw theis, water - -
Fur t her nor efequiresmenisye\pretanabiyr@mploped. may | ead to danage to the ester and

a deepening of the color. 10 In general, however, conventional

esterificat 'h_gn catal ysts, such as, for exanple, sulfuric acid, phosphoric
acid, p-tol feHe6reemidhaccaypiad preduciiensel eyl ecatatel angrbutyksacdetate; or der

to avoid OrFanicblﬂﬂybédva?ﬂég&ﬂsoﬂzedlhﬁﬂ@mﬂﬁrreﬂhhq{lﬁéyﬂabﬁéﬂéﬂ @fthdng"
p-tol ueébesqué) of %naaﬁéghc')lsm&hﬁgg{a%md/ an ethanol content of 70% by weight and
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.



used. The concentration of the esterification catalyst is in general from
0.5 15 to 3% by weight, based on the total reaction m xture, Thr(=é :

esterification reaction is carried out in general at at rrpsphg—)?w'é‘ B?Q&ssure
or at pressures of 0.001 to 0.3 MPa and at tenperatures in the range of 60

to 180C. The reaction conditions to be &stablished in each case depend 20.
on

h t artq terials used and on the chosen process variant,
whet her -1 or B3 anerGeafirtof ERboRdle #Gds i dbols | A pracess umuboot
cat al yst or thbaapimr arte Theedstprifisstio _rﬁ_chﬁtb@Fdarﬁé’d Idi!ft ih'et?é\ég?%ﬁed}egﬁ%t er of
lon. 2 t terification reaction i t
(r:gﬁ'fit Inlcj)(r)]usl ?%?énl%atﬁrﬁg{s%{%?i | gﬁfﬁg%nﬂi%l @'ﬁnaaﬂ't'ﬁﬂi@ha{}ﬁée'gﬁt?t%%'fcet e col um
al so ref er r @yoidedadn this giasei theatarboxyic 4eid simeltaresuaty i@cte%]ccé Ir@ajbty,tqsfse! r]and
h r Sk i or_rectifying
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t he water o&@@@%jwh‘%'nfeagﬁ@“ rleBIneralEes o arden tovengblehthee saamtiohi toat i on
- reaction sinakd pheeuat ¥ swasBhEY High rrsfea'mmﬁrh%g?,ﬁ%ﬁn %ﬁ%éiﬁe%ﬁé&r@“ the

istillati boiler. The colu ressure, the col’ eratur nd the
Ellafs It:Jx ?alt ?qu(ﬁh@grlgﬁat%gawg%6ﬁ%f33t€irf?é‘%F'ﬁﬁﬁe'alégéﬁ@%ﬁolohe starting
conpounds to be used in each case. Usually,t'at m)Sphe”?' p)r(efz'ltjirg :';e cot
I e, enper. re and.r u _

ot hat 2ot Gene Bl AR ire oohBnilondi RENBbalicly S dieh; $toidine oot er
distilled oPKamgle,atswitgc s &eid,t iphosphofici ciciht mﬂﬂmneﬁuifbﬁ@céa@ﬂ 5;? |

I sch d. ' Vi tiap i ndensed and
géigegr ?ﬁt ommﬁaﬁ@gﬂgs&eﬁsgegf é':it? grd%ﬁ' e"r:‘ ?@fgr1&?g’é}:\{bﬁ)&oz’m8c®gibi}dc%r§o§'8?I ux into

t he ph . ( ‘ ycl
the 14 Mar cﬂhﬁmgﬁaeﬂeéi""??%ftm&waéﬂ aR-teluenssuifonie moiditie prefefabiyat er  of
reaction andsed.gkte conmﬂmeioaaﬁahateswiffcraﬂah%ﬁai@éi%hﬁ[%r@?m%39%0“ tg_e
choi ce.,%f t{bescysts r%' CO§'Z:]3 unﬂie gﬂe refl ux,ctan be supplenente y addi ng
organi c or aqlfec)ﬁ\g lgﬁgs%a rO HiE fokp!Faaction BYXldi?- azeot ropi ¢ nixture. The
resulting 5 organic crude ester mxture is then purified by distillation by

| i: : ] : rud st er, m.xture obtained
- vessel T perertionion podcion 18 6o Byt R iarr R i EPagiS bidveure
esterifi cat Poft REFBWeS AP0 hie 8/} Mitroard pi taraperatures in the range of 60

to 180°C. The reaction conditions to be established in each case depend

20 on the 'starting materials used and on the chosen process variant, on
whether, for example, the reaction is carried out in the presence of a
catalyst or whether reduced pressure is applied for removing the water of
reaction.

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



the mddle region of the colum, particularly preferably between théa5 15t h

and 25th tray, calculated fromthe bottom of the colum. A nat 3P 499t r eam
whi ch has a higher concentration of the al cohol conponent having the

hi gher boiling point is taken off bel o the feed point of the crude ester,
preferably in the 15 stripping section and particularly preferably between

the 2nd and esietfiqatigy colyan hasdhiean serarataskofovatemobfeadioncandiorganind i s

recycl ed to gte espaatihiCRbIPBNEEARbMHer. @{@H@ﬁ@% bRe | ¢itcE Sdithe

conpound, far anple buryl acetate, is taken ofT via the bottom of the
fi ?Et di st |51t%‘$?‘8nr{~p°6'6‘?‘2}fﬂ4{3¥ e |’%ﬁ“>i F2n b8 %ftnﬁ?%“eaﬁ?ﬁowéﬁﬁéingp@@@am @ant | y
conpri si ng tdyueoasghdse idrrtgeefstmfltiaﬂ cﬁomm@!zedtr?pi@nhmﬂtn@aﬂ?\% ré{étﬂtfhgs mal |
amounts gf t : L1 : 0 | dual .anppunts of water, "are
removed gi a C{Pﬁ%}"? \cl)}%gg‘% dtsE% &{"?‘g{b & gﬁq] Pkﬁﬁ%‘ﬂ%yc@f‘;@‘)ﬂwpnﬂ % RTeTRRSr at ur e,
col umm pr esgcerdingita ¥id ioxemtian.o in the first distillation colum depend
on the ester mxture to be separated in each case. 25 The | ow boiling

crude ester,_e.g. crude ethyl acetate, |eaving the top of the first
distillatiod r@ogw pster JRrlife cebtaingd B peeasel éﬁﬁh@ega!ﬂ?lwamcwst er the

Cara o ek o picheaot) bt i ComecAbt btlogS bRl e
30" o uddd pr Saliabl R A aRdR ip th Brat SFiMauas raams wreteshlso dbe miskleo r enove
further resiegieh afnhencsluntn, wedrticulary proferapyubdtoeeh fHze 15mvabai 25tA9

| cohol. Th I stil]]ati | ] referab to the
R e
to 20th trayighen eencandi@tipnaooh thhalbohael monuortemd ngnthe Aigaepboding

| boi | i e - e f via
Lhe bot § o Pt FE tKerCOTBIILN tnyF idba BUIE of o bbbl piefert@T e 1 e,
condens i ofiMRRING $eationAnd patticulatiyreiernbly hatwaen dhe rd anst 10K ap o t he

ST ek papten, rom e bt dorhe SHOTR, ARSI
oLt o " BREA P eadBF, PO S E0B0% ALY Bofbebil 40f Setmsbanne
obt ai ned af buyl peetate, i takest ofbwiadhettitont ohtherfirstidistifationosblging, ivhikn t he
esterificat Rvéaatie EbrABn At Mptdorhinadtly comprising the lower-boiling ester
20  compound, contaminated with small amounts of the low-boiling alcohol and
residual amounts of water, are removed via the top of the first distillation
column. Column temperature, column pressure and reflux ratio in the first
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



distillation colum and is freed fromthe organi cI cohrrplonents [ nrgd
downstream wat er stripping colum. The starting al cohols recove

t hereby are recycl ed !tog tﬁe esterification reactor. The coupl éﬁlaﬁpé’e%t i on
of two ester conpounds is a particularly econonical process since capital
costs can be reduced by omitting columy® in the esterification part and in
the working-up part. The reduced 10 operation of distillation colums
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wide |infPts, Pe&ﬁlﬂ%ofrﬂgﬁw%ﬁ'@bCplum@mwn&eqr@dycmnlvgensteam onsusPliohy wei ght
of the respdith Veadd @@hml addiﬁ@ﬁﬁﬂeﬁérgtggé‘%\gﬁéa gﬁéﬁnSFe R a‘s?g%l\fbéhm xture

t talned In
pur i 1y by PRPRE Eeb e B3R EIET PR Oca sinainPonitol. Bink, thecups af the
enbodi nent  @zeohepicrmbduresreads deazmd@ecbﬂmenpémndﬁt@hl of WaVs¥ithst

reference tg I n the figure. The invention
I S not |nten at@FEﬁ‘é@?é?{ercﬁPng&S‘Q ?g}@ﬂﬁ@e hereby 35 The known part of
t he prol:%ss has al ready been described further above, and therefore only

Lhe 1,ef ef eneanisiip! heafio B3t RfgshUIRsCeart b8 SRARH I SRRV bl - 2
and 3 respeﬁ 31 éﬁ&ﬂ%&l ¢ al,cohol s { rem X d
starting m § PR CHUIRSnYiB h@hBOE%'fnef&lﬁ @@Q |5tmi cahuvm uBeds
catal yst, 7witboet furheatpunificaitbnstepeoiat ahdutNpplichBbNS Thd PerhBealithem 8
phase pure products via the bottom is particularly advantageous because the
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 aleohols, 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



14 March 2005 8 separator, 9 supplenentation of azeotropic m xture,
material stream 10 conprising organic crude m xture taken off Lromthe
phase separator 8, material stream 22 conprising aqueous phé‘yg "1‘35&%% of f
fromthe phase separator 8. 5 According to the invention, the material
stream 10 is fed to the mddle region & the first distillation colum 11.
The pure ester conpound which has the higher boiling poi nt- of the two
ester conpoufRAABIA S sUPRIpMendatiary @f| areqbiopit enixture) snatakiainsibédmviia t he
bot t om of t hevrepadin |cﬁ?hﬁi& §|Q|H\énﬁ1i)3tﬂxre1@aI?éTﬁOYf' ﬁoﬁh%é@hﬁ%é@e&%&é&%@? 12.
Bel ow the feed, point of the crude ester, the nmaterial Strea nt ai ni ng
an anount ofmf“P?g'aI‘}iS Fam @%i FOMEraiNgoddequs pharedaken off om thelphaske- of f

in the strip@pagawedtion of the distillation colum 11 and is recycled
into the5bottomof the esterification colum 7. The top take-off is fed to
the phase separator 14 after condensation and rempval of 15 the anmount
required forAcaeedingfiouthe inventing, dhe trnhterial etreaoh UM isl lechnsl the miRmar at ed

[ ' : ) | hase terial
Stream 15, J1SupIbeER At ﬁ%ﬂ?ﬁ%é‘;@&ﬁngﬁtﬂ@ DUl EHrptpoiad whcR ol um
16, while t RSatigcbighephadiag peink el de dvpeaster composndslipseparegebly thene pur e
St eam 19 o LhocSUTRENON 18 fakehl ol W Ui Bokf SRR ARSR keI 11 et s
e Tea 0o’ and Vin i Rt cattsant o 2a Preliw T inachBeint ahiharerureasten tha ¢ he
anount r equimadribbstredia 18fdantainiig an z?'r’ﬁ@unfL 815 lt%ﬂigwttﬁrttgﬁtir}@gtr%?@bghsa:g eam
' ' epar at.or. . .
separ at ed of fattOl Via st BRERS RFPR AiBbingrestion st tae, Sbnllatkat comimsr + he
esteri fi catildnandiureeyrledringo whe dottotm ehtise 2ierlication cdOmbt7ai TRty t he

phase Separ &Rt fekfho MBbHRCADEIFIPLAS ALY, Chesd LA e

r esi dua{sco tents of alco ster conpounds Thn by

means of° a Rf @MatsieaupBrer dBe ueHluxTinto e slistillatior avienad! hrandr iscycl ed
to the estesépacaéd dnto BHOGREMIC mséohhﬁ%ﬁgacﬁféﬁmg hé%.L'ﬁﬁE@%g{]frc?C ‘in
?I;ascrl be thenREOChRReATCAHEANY 150 i &g 1SS Hdie region of the second J
distillation column 16, while the aqueous phase, material stream 17, is
discharged. The pure 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



35 Coupl ed production of ethyl acetate and butyl acetate 14 March 2005 9 In
the prem xer 4, ethanol 1, butanol 2 and acetic acid 3 are m.xegrcso that a
m xture having the follow ng percentage conposition is obtai el E‘_[Z?ﬂ;nol
24.6% by weight 5 Butanol 24.6% by wei ght Acetic acid 50.8% by wei ght and

said mxture is introduced as a materialM stream5 into the bottomof_the
of the esterification col.umm contains 10

esterification colum. The bottQq fice ) .
2. 0% by vei JRANSRLEBIes . BHEnal §aPtansd 2o aRelicacd 3 gre mixedsesbatani c
aci d as cat ahidurethaviigthesfollowfrigopéicentser! soMpdsitiGelis iamhed: th 45 trays, is
operated at atnospheric pressure and a top tenperature of 83C. The top
product is condensed, cooled and is passed through the phase separator 8

wi th renovalEtBanehe anount 346%cheweightrefl ux into the esterification

colum 15 7.gRapguct 9 is rgﬁg.g‘)l @)g“fewthe organi ¢ phase: to the top 9f3

the esterifjcation colum 1n_an -anol such that a reflux ratio of 2 L
is establi HEHC AR | e t he 5QB% Pyiweight fed, as material stream 10, having

the follow ng conposition 20 Ethanol Butanol Acetic acid Ethyl acetate
ight 0.0% by wei ght 53. 0%

0 i 0
oy e o IR e rShybEl e Sl S Bverhe e e { o
t he bottom ekterificatioh uroiymaf Thee Hotiosh ofditey idsterificafios WokinléonthiR
distillagion Gl Myehdnt HaRBE" & GHe %ta"i‘trggét?ohneHifture, of methanesulfonic
acid as catalyst 6. The esterification column 7, equipped with 45 trays, is
operated at atmospheric pressure and a top temperature of 83°C. The top
product is condensed, cooled and is passed through the phase separator 8
with removal of the amount recycled as reflux into the esterification column
15 7. Product 9 is recycled from the organic phase. to the top of the
esterification column in an amount such that a reflux ratic of 2 : 3 is
established, while the remainder is fed, as material stream 10, having the
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



pressure and at a top tenperature of 74C. Fromthe top take-off of the 30

distillation colum 11, the product, after condensation, is recycl ed5to t he
.top in an anount such that a reflux ratio of 1 : 2 is ensu?ﬂéM.gm'_Tﬂ%o
femai ni ng anmount of product obtained at_the top of the distillation colum

11 is separated in the phase separator1‘14 into the organi c phase 15 and
stream 15 renoved fromthe phase 35

th eou /. The nyteri.al :
Dar ato 13E|ﬁ§§§$%ét% ol | owi gﬁédﬁb\ﬁgﬂgmon Et hanol 1.8% by wei ght But anol

separ at or
0.8% by wei ghuityl dgsdaiec aci d 0.0%byyweighght 14 March 2005 10 Ethyl acetate

94.1 % by wapghd, Butyl aceta +0% I ight Water4.1 % by weight. SFrom
the 5th %/ray, cr:%)runt ed from tﬁ'go%g&‘%%gret he colum, of the distillation
colum 11, a side stream 13 having the foll ow ng conposition Ethanol 0.0%

by wei ghs Birrapping. Sthothay, Weleatdd @gﬁ@bg [Rftoin B e Qb ﬁ@@%ﬁﬁjﬂ%ﬂqﬁc?é ate

.8% b i ght Butyl acetate 96, 3% b /
(r)em)?/eé \Qﬁh%@mééécﬁéﬁq Birea® %h@‘ﬂﬁﬂdhegﬂl@wﬁgéﬂﬁfﬁ%ﬂnnon colum 7. Pure

" butyl acetate (material stream 12) having the follow ng conposition Ethanol
20 Butanol Aggbhg acid 0.0% by weight
Butanol 2.8% by weight
10  Acetic acid 0.0% by weight
Ethyl acetate 0.8% by weight
Butyl acetate 96.3% by weight
Water 0.1% by weight

15 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
20 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

25
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

30  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
35 Acetic acid 0.0% by weight
Ethyl acetate 99.9% by weight
Butyl acetate 0.0% by weight

Water | < 0.1% by weight



Et hyl acetate Butyl acetate Water 25 0.0% by weight 0.2% by weight 0.0%
by weight 0.0% by weight 99.8% by weight < 0.1 %by weight is obtained

via the bottomof the distillation colum 11. The material sff¥3%28%9 s fed
fo the mddle region (17th tray, counted from the bottom of the colum) of

the distillation colum 16, which is opUrat ed at 30 atnospheric pressure
| acetate (material stream 18).

and at a top_t eratur f 69C. _Pure eth
havi ng t he f'ﬁlq%g%ipﬁ@" ﬁ?ﬁg%(?f?%ﬁfﬁ?%%m Bt anol 35 Acetic acid Ethyl
acetate Butyl acetate Witer 0.1 % by weight 0.0% by weight 0.0% by

rch 2005 11

wei ght 99. 9% ' 0% ight. < 0.1 %Db ight 14

i sI gbt ai ned %ﬂ?éér gﬁgggﬁﬁtgbﬁr O%R%aﬁ@?c'gl {ﬁ%dfg. h e e\é\g &8Pt Hieoduct is

recycl ed fr dligtiliadion elirar dSdpithetop frean dimttinit Isath dmatcpteflux rafio bp3the top in

an anoung s r | : ' L. The remainin
5 SysBsidhithéd. frié F@i‘né@ir@alﬂfwﬁt ofhtégzjrbggcglz% ?%8%8‘?89‘“%3'%99 ani c 9

amount of top product i assed to the- p )
phase separ %Qér%f)f 1% f@@ﬁgaaicaahm éeparated 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



stream 21 having the follow ng conposition Ethanol 10 Butanol Acetic acid
Et hyl acetate Butyl acetate Water 15 3.3% by weight 0.0% by weight 0.0%
by wei ght 91.8% by weight 0.0% by wei ght 4.9% by wei ght i nt'd MaFRE 498% t om
of the esterification colum 7. The aqueous streans 22, 17 and 20 obtai ned
at the phase separators 8, 14 and 19 h3Re the fol |l owi ng conposition 20

Mat eri al str am 22 Et hanol Butanol 25 Acetic acid Ethyl acetate Butyl
acet ate Y e gremplesaaeprdiag giet theo inverdipnywdn giie cBugitaby

wei ght 0. B%Dtudu\oﬁoghif A3 ditePvormpofis, e\ irdPbs el bBAPbuhGs 7PaRlNanc!
But anol
18 can be obtained via the bottom of the two distillation columns 11 and 16

in a purity such that they can be used in most applications without further
5 purification steps.



wei ght 0.0% by weight 7.8% by weight 0.0% by wei ght 84.99@?& Mﬁ& t 14
March 2005 .12 As shown by the exanples according to the inven f'6h“"n the
coupl ed production of two ester conpounds, the desired ester conpounds 12
and 18 can be obtained via the bottomof the two distillation colums 11
and 16 in a purity such that they can be used in nost applications wthout
further 5 purification steps. 14 Mar ch'®005 13 Patent claims 1. A process
for the coupled production of ethyl acetﬁte and butyl acetate or ethyl
acetate and i-propyl acetate by re 1eAkC'aimg xt ure of ethanol and but anol
or of ethanol and i-propanol with acetic acid and working up the crude

ester mxture by distillation. whereipn after,. the ter qf reactjon has
been separatied o ,pr%’?lpéssc&‘Efdﬂ‘%&?é‘ﬁ#ﬂ%é‘écnolnegtli 'tﬂ@q@?[ @Pﬁf %’%ﬂ i on
reactor is fed tacatdterstetioylstcetatatarahi-ppyhacetate byvneadting & hmbetuss oeam
contai ning the hi R Te U Iy I gp@{he_ i A I t he
feed point of theeq IE%E%%W gs de}rgngin(gp&gétpégyic edpé"gi?aﬁ Réﬁ}é@?g?{'é P@gta}
reactor, in whi chvarkiegnip e cpile eatpravbiyreduyrgistiiation, svhereimatier thei a t he
bottom and in whividter 8t reActit fiks MferPeeParatePURIAE e dslih hBRulgAke: Of f
iIs fed to a second distill atl,Pn colum, " r} which the | ow boiling ester
conpound is takelfdfRg theestgulicationrgacierdsifad ipadirst diptitionaaymAaie been
separated of f, thittop sidkstredih dontainfy thessigher-bbiing alchbf t@mpbaentr eact or.

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



2. The process as claimed in claim1, wherein the side streamis rermved
fromthe first distillation colum, below the feed point of the crud

ester, i-n the stripping section, preferabl y at the 2nd to 101‘}1“”3?'}’5@95 and
i's recycled to the esterification reactor. 3. The process as clained in
claim1l or 2, wherein the crude ester qgxture is fed to the mddle region
of the first distillation colum, preferably to the 15th.to 25th tray of
the first diestil g Wocs&lslm clﬁumEhempr e8P c@ﬁrr%' 3l #Bd5, | WrYinOfhee! @i ms 1
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clainmed in any o unt of the respective

al cohol corrponent é ?%ebﬁe{(ﬁet&efg%dﬁﬁ)hgg y' weight, preferably 20-80%
by wei ght and parti cuI arI y pref erabl y 30-70% by wei ght, based on the
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in any of clains wher el n est fication readtlon I's car
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of fromO0.5 to 3¥%oktym 4&d aftbchdReerkinatdviisr. t ot al reaction mixture. 7. The
process as clainmed in any of clains 1 to 6, wherein the esterification
reactor is an esterification colum having a colum bottom and attached
colum tower. AMENDED SHEET
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