19 MAY 2005 - 1 Process for preparing carboxylic esters The invention
relates to a batchw se process for preparing carboxylic esteng MXYrZ05ti ng
di basi ¢ or pol ybasic carboxylic-acids or their anhydrides 5 with al cohols.
Esters of polybasic carboxylic acids,_ fjor. exanple phthalic acid, adipic
aci d, sebaci'cslgm d, maleic acid, and al cohols are widely used in surface
coating resin °&§S§(§ﬂ'é?fefn?éwg§a§b0pﬂlmestemd in particular, as
plasticizers for 10 plastics. It is knomm to prepare carboxylic esters by
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reacting carbo h ,al c This reaction can be carried out
aut ocat al yti cai(IIBHEI gqr\%ﬁ ? I WHt%SaI oA QB‘PV'%%(Qﬁ%eéS B¢ B eRayingd caboxylewi s

acids. Quite i ®§ é@déﬁ@tptwgoilbm ohdeﬁbaaglqneambxﬂ&taild@dJrSthbﬁ PRyGdRd, a

t enper at ur esdepgdgeshasiui i briumis always formed between the starti ng
materials (carboxylic acid and al cohol) and the products (ester and
water). "In order to shift the equilibriumin favor of the ester, in many

est eri fi cati onEstats ehpelgbasic carbongiztadids, f@mmpﬂélphthéﬁ@géluo%@@ £rq fromthe
pat . 1150, 680400 a8, 4 3o U ) e i o

b0|Is | ower than.the ester
a starting mat &1 4 r?OB%t'tH%'ga %fsp@ﬁisr andein padicafareas plasticizérs foemved,

can be reci® cuplastics.back to the batch. In the esterification of dibasic or
pol ybasi ¢ acids, generallly the alcohol used is the entrainer. For many

applications tlhe Ester t hus prepared nmust have a 25 | ow acid nunber, that
is to say the P Q,prqme CaFseyle peterscbyl reantiol ctarlpmgtie edidgi witrual | y
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has the di sadvagt A
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t enperature at gl?
low for an i n§fidb¢ies pirbﬁ@é‘t' estefifisatiens ao Qtlﬁ@meer!amtsedhbsre&fofvécthe t he

reaction canresslioanaated fronf tharisston, B RS 4F tho Wiy W Paibbelier
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gap with water, a starting material can be used as entrainer and after
water is removed, can be recirculated back to the batch. ‘In the
esterification of dibasic or polybasic acids, generally the alcohol used is
the entrainer. For many applications the ester thus prepared must have a
25 low acid number, that is to say the reaction of the carboxylic acid should
proceed virtually quantitatively. Otherwise the yield is decreased and the
acid must be removed, for example by neutralization. This s complex and
can lead to byproducts which must be disposed of. In order to obtain as
high as possible a conversion of the cérboxylic acid, esterifications are
30  generally carried out with an alcohol excess. However, an alcohol excess
has the disadvantage that in the case of low-boiling alcohols, the reaction
temperature at atmospheric pressure is so low that the reaction rate is too
low for an industrial process. In order to counteract this effect, the reaction
can be carried out under pressure, which leads to higher apparatus costs.
35 A further disadvantage is that, with mcreasmg alcohol excess, the
maximum possible concentration of the target product in the reaction
vessel decreases and thus the batch yield. decreases. Furthermore, the
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maxi mum possi bl e concentration of the target product in the reaction
vessel decreases and thus the batch yield. decreases. FurtherA9rMAYt 20059

MAY 2005 2 alcohol used in excess nust be separated off fromthe ester,
which is time and energy consuming. Esierification reactions for the

pl asticizer esters dioctyl phthalate ( ) 5 and diisononyl phthal ate
(DINP) with orgélfehpt usRdimexaess ywstbasepavatdd ofsfrani thd aserclhieRss fmd ar e
described, ‘for exampbgyy dons@Ring 045 767, DE 197 21 347 or US 5 434 294.
These processes conprise the following steps: 10 - reaction of one

nol ecul e of phthalic anhydride with one nolecule of alcohol to give the

hal f ester (estEptegicationyteactians @), thauplastiiz) ystars-diselgli phitaied (bbbani um
catalyst, fog e i ] S i on.of one . .nolecule of half
est er'yvvi th one ﬁ?&ﬁ?@@#@hﬂﬂ%l m&@)v‘\ﬁwﬁ%@én&ﬁ%ﬁa Y8 celveia e el gi ve
t he di pht hal at e ?Fwﬂ?ftcﬁﬂ%@q B vepsibedhdor examplm WatGh 2Bd5d63t i | 1 i ng

off an al cohol PieltS&r21a34v00mdP& 4340284, r uct i on of the catal yst by addition
of base. - distilling off the excess-alcohol 20 - filtering off the

catal yst resid - purification of the phthalic diester by distillation,
for exanpl e st eHfiSCAETISPRLPBRIISTHIESBlloWipesienss are bat chwi se and are not
yet optim 46d with respect to 25 maxinmumutilization of the reactors, that

b ocesses for the begaioh$toniide s br ARBARSEREIEICE il oek molsentacet i gher
space-tine yiel ds p8&snslte givastherhalfrastert(ester canbosylichaad), batbchtalytie! ds) . 30
It has been wL puﬂdt'ﬁl hauitibhefﬁtpambéta@swwéi(aﬁgm%n Eﬁ{ﬂy%n?@et esterification
process in whic i's.reqov i’stillation as an
azeot r ope toget her \;F\?E[Cﬁa'tq%EBQ??@ﬂ%m%%@aﬁe{%{d@ﬁ%o%moﬂwiq akarehalt

al cohol i s1Pepl acedWitR elifisadion of watesde givedhe biphithatateased i f the filling
| evel of 7 - simultaneous removal of the reaction water by distilling off an
alcoholiwater azeotrope
- destruction of the catalyst by addition of base
- distilling off the excess alcohol
20 - filtering off the catalyst residue |
- purification of the phthalic diester by distitlation, for example steam
distiflation.

These processes are batchwise and are not yet optimized with respect to
25 maximum utilization of the reactors, that is to say space-time yield.

The object was therefore to improve the processes for the batchwise
preparation of esters in order to make higher space-time yields possible
(short reaction times, high batch yields).
30
" It has been found that the space-time yield of a batchwise esterification
process in ‘which the reaction water is removed by distillation as an
- azeotrope together with the alcohol used in excéss and the resultant
alcohol is replaced in whole or in part can be increased if the filling level of
35 the reactor is kept as constant as possible by replacing the amount of
liquid separated off, that is to say alcohol and watér, in whole or in part by
alcohol.




35 the reactor is kept as constant as possible by replacing the anount of

| iquid separated off, that is to say al cohol and water, in whqlggyaly 2¢parart
by alcohol. 19 MAY 2005 3 The present invention therefore relates to a
process for preparing carboxylic esters by reacting dicarboxylic acids or
pol ycar boxylic ﬁi ds or their anhydrides with al cohols, the reaction water
bei ng renoved 'b3 © aPESEbphkertiast itherefdre nralatget foera virbdesisheorak, ing, t he
amount of |i qui dafboxglivossters bwraddiag ' i S disti’llation
peing replaced iy ARl &idls iﬁhpa(tgvﬁﬁ?’ﬁgclaé% 'é%%ﬁ’%%&’m%ﬁﬁdﬁfm i qui d
desi gnat ed bel ow i's “thb Vorute ofSPlefi duwiPRFIans watesnboiea famowedhby
reaction by aze8f9siic dligillationmttogethandvifhr itheigdadHoy, tHEO seRRmit Sdfsl]jfﬁqid
reacti on wat®er @nthv@daadialthe FO4BNLAL t, he, amount of i quid
e per o e AP, GEAGEOpELs i P

| evel -control | ed B&q P v P 45908t he reactor. For. technical reasons,
conpl ete repl acenent of the anpbunt of 15 liquid renoved may not be

achi evabl e and TRy agunt BE aGHi | ié{ic |ty. In these cases, the
amount of i qui g re v&d iﬁ“aglﬁl ?ﬁ@ﬁ?%ﬁg’w ﬂ‘e_ Cal @Hf,"gf?frﬁ%m@ énly the
al cohol , but ndPTPREY r EQR: i TRAEEAN rymszeatropipudistiliationl landapeiscipalsy -
repl aced by Onorcensistenofgeesticunester ahd yicbheim 95 to 98% 20 It can al so be
necessary to recirculate nore than the amount of liquid distilled off to

t he reactor, \tNgft i!s'to ay, in addition to the amount of al cohol renoved,
the reaction watSplete r,egfgchg@&,t oh e, amauntaeiliquishreniavetihis iprefetre@hwhisi S

added. |n thi scenbedicresied, faromahidle tisy @Q%orﬂbﬁé&'fé#téff J86hat i&t\‘?/)(}?{% of the
e Irve
eg
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has the adv?nt F{gue t hat, &onc}j)are )
reaction rate: éﬁ;m@mae dayngolabe @shievablneandymig orfy be ashivvaple @ayiced,

whi ch gives a Hiffighlly. bptteset casesytie) modht oh8qlil BRIV i ﬂgﬁﬁ% ! ﬁ -
applicable in RGP rificatiqgns, jn which h l3’8'3I'on wat er
i s separated of‘yfp‘ %?Hﬂffte?(ﬁwgle! %’ﬁﬁ Ehgeg%’?mq?’ t?/bf(%tnﬁ't ’é'ﬁ regeligsater ramaved,

i nvent i ve procRdsiTalheases; ig replapesh Bymore thini 90%, mrafebably fom $o'@ 98%

20 It can also be necessary to recirculate more than the amount of liquid
distilled off to the reactor, that is to say, in addition to the amount of
alqohol removed, the reaction water is replaced, and, in addition, further |
alcohol is added. in this embodiment, from 110 to 100%, preferably 105 -

7 100%, of the amount of liquid removed is replaced by alcohol, |

25
The inventive process has the advantage that, compared with known
batchwise processes, the reaction rate is increased. As a reéult the cycle
time can be reduced, which gives a higher space-time yield.

30 The inventive process is applicable in principle to all esterifications in
which the reaction water is separated off by distillation together with an
alcohol. |

in the inventive process, the acid component used is dicarboxylic and
35 potycarboxylic acids and their anhydrides. In the case of poiybésic
carboxylic acids, partial anhydrides can also be used. It is also possible to
use mixtures of carboxylic acids and anhydrides. The acids can be
aliphatic, carbocyclic, heterocyclic, saturated or unsaturated, and also
aromatic. Aliphatic carboxylic acids have at least 4 carbon atoms.
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35 pol ycarboxylic acids and their anhydrides. In the case of pol ybasic
car boxyl ip acids, parti al anhydri Qes can al so bga used. It i; algsANozo0 | e
to use mxtures of carboxylic acids and anhydri des. The acids can be
aliphatic, carbocyclic, heterocyclic, saturated or unsaturated, and also
aromatic. Aliphatic carboxylic acids hdve at |east 4 carbon atons. 19 MAY
2005 4 ExanplRemles|of piahatic earsele acidacants theid abhgdridesningdiagies ar e
mal eic acid, faowhruneicl shid THIcRiS dMRDUAMd, ABucchiie Gl SuBbhfl afiiffln ©
anhydri de, adipj; .d, suberic acid, trine adi pic aci d, "azeldic acid,
decanedi oi ¢ ac%yéﬁ] C?oé&gc%urs?g.ﬁf“’oﬁcéd'Z‘E'mfthlﬂ?%@?y@‘%@v %%*ﬁ%!.c aciexgensinedions
carbocyclic 5 @tﬂﬁbolﬁi@dgcéne@iwihenaiyydbm!shylhaleioa'xj.arﬂmdfp'lei;e', ofh@sanegepRpht hal i c
261 d. oyel ohowopbopngs QresTieRed GoRhnfe, AR n e b il caad ' ©
1. 2- i car boxyl FXORRPAe IR PERE oReide saclahoc areotityanic

, 2-di car boxyl i et st eRy FoRedasiciohex-diengrh grieoertitiyatid de,

411- rzrefj_hyl c%cl OPQXClg;Q@rme_iké-cﬁtghkayl i C ambiydride}- met hyhe kgy&%-eg}%,ﬁ_el 10

, 2-di car boxyl ho_ : anpk € C unds “ar ithalic
acid, phthalic 9nht¥.dfﬁiégie(, |aOph?ﬂ§%?’8}P‘é’8f°ré‘%%éri€ﬁ$ﬁ%gPéy ﬁcigﬁfﬁy fddrel 1 tic
acid, trinesi &TaMlcydohentanedt.2-digaroxyliyr @eisl, | i4-methyltygtdhexid-rve-
Dranched or UNBEANBA ALk ke i aoor <! IS i iRSte eRIERELTY Y, o
used. The alco oll 'sﬁar eh rr'gr%ﬁ'ygf 1588@?}% éggﬁldb%reép&gla%@aﬁ ' r&Fimﬁpiﬂﬁé‘P% The

al cohol s used WURPSIE i85ichapdomeliticagiflo wyranaellitice anhgiriden tor enagtaindlbng
mat eri al s ar e, diterbogyliogudigs. fatty al cohols, alcohols fromthe Al fol process
20 or al cohols or al cohol m xtures which were produced by hydrogenati on of

saturated or ups&}?urat ed al dehydes, in E/articul ar those al cohol's whose
synt hesi s ihcl f1dB€ BVRDES PERGFSS.apiaderablye oramghedhot sinbienchediragiphiagsl i n t he

i nventive procasshals ehavirgy 4exanps ecaribon 2iolyt &ROlysed S gRut %ﬁpholsnépem anol
(1), n-octanolmésanhvddc s ' onanal s decyl al cohol's or
tridecanol s prgduc é‘ glyhﬁi%lﬂg%géré%?%%}yg’ p{)’F"E“Qf'dol condensati on and
subsequent hydHy8iPabeigrHsedhean pegiRates freanvarsugstircass Quitablecstappiand, as a
m xture of isonaeiialscoepiarstampre, &sthAakbisly! Scefols HOPHYAfINANLAY 2
di fferent 28unMRraQdhofPb PR HBtures which were produced by hydrogenation of

' saturated or unsaturated aldehydes, in particular those alcohols whose

synthesis includes a hydroformylation step. ' '

~ Alcohols which are used in the inventive process are, for example, n-
25 butanol, isobutanol, n-octanol (1), n-octanol {2), 2-ethylhexanol, nonanols
decyl alcohols or tridecanols produced by 'hydroforrnylation or aldo;
condensation and subsequent hydrogenation. The alcohols 'can be used
as pure compound, as a mixture of isomeric compounds or as a mixture of
compounds having a different number of carbon atoms.
30
" Preferred starting alcohols are mixtures of isomeric octanois, nonanols or
tridecanols, the latter being able to be produced from the corresponding
: butene oligomers, in particular oligomers of unbranched butenes, by
. hydroformylation and subsequent hydrogenation. The butene oligomers
35 can be prepared, in principle, by three processes. Acid-catalyzed
oligomerization, in which, industrially, for example, zeolites or phosphoric
acid is used on supports, gives the most highly branched oligomers. When
unbranched butenes are used, for example, a Cs fraction is formed which
essentially consists of dimethylhexenes (WO 92/1 3818). A process which




30 Preferred starting al cohols are m xtures of isoneric octanols, nonanols
or tridecanols, the latter being able to be produced fromthgg MAY 2005
correspondi ng butene oligoners, in particular oligonmers of unbranched
but enes, by hydrofornylati on and subsequent hydrogenation. The butene
oligonmers 35 can be prepared, in prinmciple, by three processes.
Aci d- cat al yzed 'Sl 3lg@neaririedt iogh, worldwitic I bIRRNTSrizb e yusilﬁé”s&?ﬁ@@pll\g
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o Ve 15 Wbl R e B s s
Or ganonet al | i ¢ '?fi?ﬁﬁ%%n@g,'f% ) 6562. S6¢, 1Veabes 3GE8N e 1996). In addition,
ol igonerization is practiced on.5 nickel fixed-bed catalysts, for exanple

t he OCTCL proc Prqocess., Int. Ed. (1986) 65 (2. Sect. 1),
pages 31-33). Ver%gagﬂ{u?%ﬁ[%gf%r ?S;sg?i'f’ﬂéﬁa@f'@?tﬂ?rn@er'r'ﬁ‘(%ﬁlvalegteﬁﬁcaﬁdlre |

i nventive esterdfiEaYEH Ofaisemerigtnonenotst of soinkres ol ASGAONS thdedBiblur €S of
DUt enes €0 01 Vool o) e i o S Wb ech B BEforEisoth Glve oo 1
subsequent hy?#eﬁagr my dla?ié Bn Og?ffwshﬂyr oé’@na@?‘@h. PrASEss, nwétht | subsequent
esterificati on¥aoiEvationiand hydrogemeionaut ocat al ytic or 15 catal ytic
conditions. Esterification catalysts which can be used are Lewis acids or.

Bronstedt acid re. onetal.li.c substances :which do not necessarily need
to act as aci d‘s:r!18 r g 'gt?yr%eggtggbréﬁqc‘f’i £aR | s cagied wut dindee autddatatytibe or

car bonat e ¥l t S2ghtic kenditiens dryetifimitionf catalystaiwhictobar be GRBE W | dWie
catal yst nol ecadids heri BgsSRd® £8dS BH BidurBRR {ic Bgtarrgtsal at 0{33. I'n 20
parti cul ar, teﬁéc@ﬁ&ﬁﬂ?oﬁ’é’é Ert hpt i-tanate_and tetra _uPyT b BRbte are
used. Esterificationnls a9 850 85t aqids. aPialareed sstepiisalion catalysischrd he
reaction bat crAlk@ddescarhanates salts g chietatd arsipogings of GishRin®br Sircdriffh ! cul ation
punp. The 25 theastalng maeedibBeind Bl Ccdrdbif! ot orcl%grebl%e al Btoms. llr;nt 0 the
reactor ¢ particular, tetraisopropyl orthotitanate ar - .

. g Py nate and tetrabutyl orthotitanate are

used. ‘

Esterification is carried out in a reaction vessel in which the reaction batch

- can be intensively mixed using an égitator or recirculation pump. The
25 starting materials and the catalyst can be charged into the reactor
simultaneously or sequentially. If one starting materiai is solid at the
charging temperature it is expedient to introduce the liquid starting
component first. Solid starting materials can be fed as powder, granules
crystals or meit. In order to shorten the batch time, it is advisable to start’

30. the heatfng during charging. The catalyst can be introduced in pure form
or as solution, preferably dissolved in one of the starting materials, at the

start or only after the reaction temperature has been reached. Carboxylic
anhydrides frequently react with alcohols, even autdcatélytically, that is to

say non-catalyzed, to give the corresponding ester carboxylic acids (half

35 esters), for example phthalic anhydride reacts to give phthalic acid

monoester. Therefore, a catalyst is frequently not required until after the
first reaction step. '




si mul taneously or sequentially. If one starting material is solid at the
charging tenperature it is expedient to introduce the |iquid Y9aWAYEZ005
conmponent first. Solid starting materials can be fed as powder, granul es,

In order to shorten the batch tine, it is advisable to

crystals or nelt. 1 the
start 30 the heati ngi during chargi ng. 'Fhe catal yst can be introduced in

pure form or adhaleahab o ber metaabiwhich segby e ertrad, @hn e S af Lt Lng
L e e il e

reached. . Car box C rides frequently ‘reac
?F{)/[ln %@W }51 4f dhe stoichirmetsissliv reaeided amogitve t he correspondi ng

aut ocat al yti cal
ester carboxylic acids (half 35 esters), for exanple phthalic anhydride

reacts to gisve i Bad j er. Therefore, a catalyst is

frequently not tﬁec} ia{lﬁ'e’%t Eﬁ'{‘%ﬁféﬁ?@?@%ﬁ@s ?'?ﬁkettYP@é?éPﬁﬁWSét'@éhe tgsdBl 2005
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concentration depends on the type of catalyst. In the case of the titanium

conpounds preferably used, this is from0.005 to 1.0% by nass, based on
the reacti df nmTheueactiomtepiidraepdaivhb Qs 3% by,  Bss. 10 The
oy ﬁ?ig%r@gﬁjcala?ys?s g'e/%”g%a'ﬁe'i’%@@ﬁn 160C

S are u

reaction tenpe bed 122Nl um cat

and 270C. The ga{)*:{fw%nd;"’gﬁggam? é%owﬂléﬁéﬁﬁﬂﬁwatmes slependnen thetstarting s,
reaction progr TEY faRstiem trrbyrsss cant ¢ind roatal@s . coHRebir SEh, -ﬁ%&gbg be
determ ned f or rezaiiip bendicter@itdld fRS ii ﬁrﬂﬁli ., Higher terperatures

i ncrease the r@&g}ér&@, ésa?ﬂezi and fa‘%]oérw_lsnl9 e ralegggéhs?xﬁ%'rm%&e%mﬁre
‘elimnation of ter T ormhFEsh 81 reagtiop gatas: aad favorc sider redctidngpriegduct s. It

i s necessary, Prnlaecelimipationmfewale fromchiohopats forinB@ibn tde copl&phol can
distill off frioyprodets deRticRBsBrt W Edearl | tepperature or " the
sl in darger ljaﬁ'eﬁl]%§é Eﬁed regction water, that theon

vessel. |1 Une el BEREBIIE i aeblynrboiiontne destactmesrati o o1
e oo macemiohalacmat i e eSS PO B g on
o "o Dl SV B bt b o RE AT TG EEer o ur
Cange of | . and in the case of higher-boiling
- aleohals; at reduced pressure. For example, in the reaction of phthalic
anhydride with a mixture of isomeric nonanols, a temperature range of
from 170°C to 250°C in the pressure range of from 1 bar to 10 mbar is
employed. '
25
_The amount of liquid to be recycled to the reaction according to the
invention can consist in part or in whole of alcohol which is produced by
work-up of the azeotropic distillate, It is also possible to carry out the work-
up at a later time point and to replace the amount of !icjuid removed in
30' whole or in part by fresh alcohol, that is to say alcohol being provided from

a storage vessel.

In other embodiments of the invention, the liquid separated off is worked
up to produce the alcohol. ‘

35
Durin.g the reaction, an alcohol-water mixture is distilled off from the
regct:on mixture as azeotrope. The vapors leave the reaction vessel via a
_shgrt column (internals or packing, 1 to 5, preferably 1 to 3, theoretica
plates) and are condensed. The condensate can be separated into an




from170C to 250C in the pressure range of from1l bar to 10 nbar is
enpl oyed. 25 The anount of liquid to be recycled to the react M18MAYC2008 ng

to the invention can consist in part or in whole of alcohol which is
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reaction m xture as azeotrope. The vapors |eave the reaction vessel via a
short col ums (i TherdedipliepHaeKLA—H i r@%l 1 to 3, theoretical
plates) and aregg Eaggnseﬂ; The conge!%s%rtggé%eggggéereg %(%5'?%&"? REEOHAPIEY MAY
2005 7 aqueous g’ S Eriravialitblo hegrastion vessel mapartakin avold.ng
necessary. ThePraglies wonprhbekthiesrenetian by edicQéfl catdiIEARas !p?o@?}ipﬁs%?fr jpte

the

after work-up, feb8ingitssalcdfd; or used as stripping water in
aftertreatnent of the ester. 5 The al coholic phase which is produced after

separating the azeotropic distillate can be recirculated to the reaction
vessel in Bt lbis possiiolto replaconhecinaiey A aRkPlerRlich S, IZAEIAGRLY 3

| evel controll @istﬂﬁﬁoﬁ%@%ﬁ%@&%ﬁe'ﬂ £9% feeedi.ng hh? al cohol™. I‘“:ip' S
possible to replace the afoun of " PRIV FePErinE dhe Javidsepaeaied ofi ipto
distillation c&MsIeRhal phase ard gayatenghasemmdaetinglafing the giidathos pRageaiged of f
into an al cohdhe pétediicatiod raastiiner phase and recircul ati ng the al cohol
phase to the esterification reaction. 15 Optionally, fresh al cohol can be

added to t £ abcghol IL}Phase separated off. There are various potential ways
for feedi ng’ t h&PHPEBHolTeER alaghol east ke pedarkivitom alvehot prase sBparabgafiol can be

added, for exanple, as reflux to the colum. Another possibility is to
to the liquid reaction

the al cohpherd f j 20 |k !
punp the al cohpherel aré?%rﬁcﬁeﬁér g@?@%&e\%ﬂ%r o?a}ée%g 'the alcohol to the

m xture. Separ at,i ng (?.f . )
- esterification reaction. The alcohol can be added, for example, as reflux to -

the column. Another possibi!ity is to pump the alcohal, if appropriate after

20  heating, into the liquid reaction mixture. Separating off the reaction water

- decreases the reaction volume in the apparatus. in the ideal case, during

the; reaction, as much alcohol is replenished as corresponds to the volume

of the distillate separated off (water and if appropriate alcohol), so that the

level in the reaction vessel remains constant. in the inventive process by

25 - increasing the alcohol excess, the equilibrium is shifted in the favor of’the
full esters. '

When the reaction is complete, the reaction mixture, which essentially

consists of full ester (target product) and excess alcohol, comprises, in
30. addition to the catalyst and/or its secondary products, small émountsl of

ester carboxylic acid(s) andfor unreacted carboxylic acid. '

To work up these crude ester mixtures, the excess alcohol is removed, the
acidic compounds are neutralized, the catalyst is destroyed and the

35 resultant solid byproducts are separated off. The majority of the aicohol is
distilled off at atmospheric pressure or under reduced pressure. The last
traces of the alcohol can be removed, for example, by steam distifiation, in
particular in the temperature range from 120 to 225°C. The alcohol can be
separated off as the first or last WOrk-up step. -




decreases the reaction volune in the apparatus. In the ideal case, during
the reaction, as nuch al cohol is replenished as corresponds tagayElos™e
of the distillate separated off (water and if appropriate alcohol), so that
the level in the reaction vessel remains constant. .In the inventive
process, by 25 increasing the al cohol-egcess, the equilibriumis shifted in
the favor of the full esters. Wien the reaction is conplete, the reaction:
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hydr ogencar bongipishiametrigallyoeiqdiesd aftoeint tlﬁurtrib@|the¥b!w:rﬁ<9ﬁéIFic§I§r”r firgged in
solid form orapbehtehs T oY rticular as aqueous sol ution.
Here, sodium h%,drox d %ﬁrﬁﬁ%ﬁﬁﬂsﬁ rne.q\ﬁté%rtﬁ)&‘e h%@ﬁ‘"i"ﬁg]lah’éﬂsc%”ﬁdWr ation
range from1 t eét?%kfﬁﬁz%f?‘gﬁ'ﬂtconﬁ?@ Kiespligtorsobdfiterabls @¥amgewei ght . The
neutralizildy agent is used in an 10 anount which corresponds to the

stoi chi onetri i r appu - r.1i he stoichjonetricall :
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mperatures above 1 C. The water introduced with the alkaline solution
can then be distilled off together with the alcohol.

The solids present in the neutralized crude ester can be separated off by
centrifuging, or preferably by filtration. - '

25 -
Optionally, after the esterification reaction, a filter aid 'andlor absorbent
can be added during work-up for improved filterability and/or removal of
‘colored substances or other byproducts. ' '

30. The process described here can be carried out in one vessel or in a
plurality of sequentially-connected vessels. Thus, for example,
esterification and work-up can proceed in different vessels. When
carboxyiic anhydrides are used, there is the option of carrying out the
reactions to give the half ester and the diester in different reactors.

35 '

The esters thus produced from polybasic carboxylic acids, for example

phthaiip acid, adipic acid, sebacic acid, maleic acid, and alcohols are

widely used in resin coatings, as constituents of paints and, in particular
as plasticizers. for plastics. Suitable plasticizers for PVC are diisondny;




esterification reaction or after distilling off the maority of the excess
al cohol . Preference is given to neutralization wth sodi um hydgoMiAYe2005
solution imrediately after conpletion of the esterification reaction at 20
t enper at ures above 150C. The water introduced with the al kaline solution
can then be distilled off together witH the al cohol. The solids present in

the neutral i zephthaldieseatd dictyl BrensieRal atrRdudd for ke iﬁ?éﬁt{vief ug}en ro
ferably by fdg [y, .atter the est VabiarsBact i on,
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filterability and/or renmoval of colored substances or other byproducts. 30

The process dedtei abhberspapdtedeoff al; U QRe ¥e [_in.a
plurality of smﬁg%allglay-&_@nn cted v s@l@k#s@ﬁf ol*r/ az%géﬁ)rfaée after
esterification an FR-UpOC Ry 5t URRAar e id PafcBnt  vessel's. When
carboxylic anhydrides are used, there is the option of carrying but the
reacti ons to girve exampidl hel®®iPE i L esten | i.fferent reactors. 35
The esters thuﬁritﬁ{;oﬂugﬁd romagglu{;/t g%%dgfocgér%@%ltw%mé’gm%n It PPreedaiafi e

pht hal i ¢ aci d, "adrpi CVH W reBEs of erokestign asgledingd ivthe patent ctdimehol s ar e

wi dely used in resin coatings, as constituents of paints and, in

particul ar,o agx g cizers for plastics. Suitable plasticizers for PVC
are diisononyl 19 Y 2005 9 phthal ates and di octyl phthal ates. The use of
the inventi vel%/mapr epared esters for these purposes.is also subject-matter
of the inventic : eSlediicatoohrehcoe paediconsighfordUstirRgy tgﬂ?m'aﬂf?ﬁcé‘ﬂea{iﬁ% ' h
appropri ate afdggr [ g riion e used for tRe nex at ch.
The exanpl es béﬁowcg?ég %ﬁ?@%gdﬁf lp g?aé@g‘c%fsge tfﬁé t#%\f%ﬁ‘ftloﬁnwﬁwﬂﬁiﬁc’@ohet ai l
wi thout [ mitiTeg2qHon, aid@ betup fineder de sxcelst rlsetiol MThehapparagnt ic| ai ns.

10 Exanpl és Thuirged teripd oxgendred @itle hiddogef HoERGHapgifgof a stirred tank
having a heating coil (40 bar steam, a separation Ssystemfor the reaction

wat er / al cohol 2 separation an return line for the excess al cohol. The
apparatus is _%e'gﬁ? ok t%faﬁ’z‘tgi%eﬂﬂmm@%mﬂ‘l n t mifone pof dsomerichar gi ng.
o Isononanols to give diisononyl phthalate (DINP)

20  Example 1 (comparative example)
- Starting quanitities:
1 000 kg of phthalic anhydride (liquid)
. 2430 kg of isononanol
1 kg of buty! titanate
25
As soon as 400 kg of isononanol had been charged into .the reactor
heating was started. Phthalic anhydride in liquid form and the remaining;
amount of alcohol (2 030 kg) were fed in simultaneously. After the reaction
~ mixture had achieved a temperature of 120°C, the titanium catalyst Was
30 | added. At 170°C the mixture began to bail. At this time point the maximum
level of 80% was also established in the reactor. During the esteriﬁcation,r
water was released and distilled off as isononanol azeotrope. The acid
‘number of the reaction mixture decreased from an initiai value of 100 mg
KOH/g at the start of boiling to 10 m'g KOH/g after 150 minutes, 1 mg/g
- 35 KOH after 290 minutes and 0.5 mg KOH/g after 330 minutes. The level in
the reactor at this time point was still 76%.

Example 2 (according to the invention)
Starting quantities: -



Esterification of phthalic anhydride with a m xture of isoneric
I sononanol s to give diisononyl phthalate (DI NP) 20 Exanple | (19aupar 2005/ €

exanple) Starting quantities: 1 000 kg of phthalic anhydride (liquid) 2
430 kg of isononanol 1 kg of butyl ti_tg ate 25 As soon as 400 kg of

i sononanol had been charged into the reactor, heating was started.

Pht hal i ¢ anhydrli @3 kgof prabéisk érﬂfyﬁ!hg@g;c{.ﬁtﬁ remai ning anount of al cohol (2
030 kg) were f%dd‘l{ﬁ?bfﬂ%ﬁ% ‘Jsly. fter the reaction mxture had
achieved a tenperatutée o , the titanium catal yst was 30 added. At 170C
the mixture bedaf ka®fissinonang! (suppiemen point the maxi num |evel of 80% was

al so est abl i shedkgidf titsagd or. During the esterification, water was
rel eased and distilled off as isononanol azeotrope. The acid nunber of the

reaction mXxture decreased froman initial value of 100 ng  KOH g at the
start of boiliA§ 0on18s HEO KGHfgisantremol Had heent BfoddcatDints ¥5% Kddiaf ter 290
m nutes and 0. Redfhgekk f oy - | | ] the reactor at
this tinme point was st i %Ité{etﬁpﬁﬁ;ﬁ @gﬁ?%é%tgﬁ%lgﬁféﬁf' (?nlrahtgeirﬁ(?@m_"?%n)
Starting quant fTPEE fécqmazz%kg)l‘@efefe'é@’OS!R‘@I”@WWWd’lfhectfwﬂeyidmrde
E) | |t q:,li ?_)t 2 ?%(Et;gsediad adnemjnel tefpRratgreodt ﬁﬁ@’ﬂl@ﬂﬁé‘ﬁﬁaﬁﬁ@ﬁ%‘t{?ﬁgﬁs dl_ k? of
utyl titana n . had beep introduced into
the reactor, e?]e%%ygga g’t%’??%%‘??%h? {:‘ggcﬁ)pg’I'gﬂﬂb@m%l??'ﬁpﬁedﬂ?’ﬂmﬂﬁ‘rm and
ey bvag asshestablishgddn thy remstas. Pudng thesesterificationus| y .

t he remai ni ng
After the reaovatenwasireltaser had dRGNGEYE GsasdrRRBAGIAAELR RS, At?&gve{&e
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titani um cat al ; NeMpd Ure, b to AL this
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During the est pLg Otﬁ180ﬂ: with fresh isononanol (not present in the starting
15 amount) and this level was maintained by further supplementation of
isononanol until the end of the reaction. When the reaction was completed
(AN = 0.5), the isononanol excess was 110 kg higher than in the
comparative example 1. The acid number of the reaction mixture
decreased in this batch from an initial value of 100 mg KOH/g at the start
20 of boiling to 10 mg KOH/g after 150 minutes, 1mg KOH/g after 270

- minutes and 0.5 mg KOH/g after 300 minutes.

Therefore, the esterification time is decreased by the inventive process by
. 30 minutes or by 9%. (Yield based on phthalic anhydride greater than
25  99.8%)

Esterification of phthalic anhydride with 2-ethylhexanol to give bis (2-
ethylhexyl) phthalate (DOP)

30 Example 3 (comparative example)
~ Starting quantities:
1070 kg of phthalic anhydride (liquid)
2 350 kg of 2-ethylhexanol
1 kg of butyl titanate '

35
As soon as 400 kg of 2-ethylhexanol had been introduced into the reactor,
heating was started. Phthalic anhydride in liguid form and the remaining
amount of alcohol (1 950 kg) were fed in simultaneously. After the reaction
mixture had reached a temperature of 120°C, the titanium catalyst was




wat er was rel eased and distilled off as isononanol azeotrope. At a |evel of
78% in the reactor (approximately 2 h after the start of boil M19dNAYt 2005 Was
brought back to 80% w th fresh i sononanol (not present in the starting 15

amount) and this |evel was naintained gx further supplenentation of
I sononanol until the end of the reaction. Wen the reaction was conpl eted

(AN = 0.5), theddednent#iC, theanbaura@ghdfo kil MahRtintd8ni RethiSimy
ur e gél eased

conparative ex o1\ ' r,of ,the reaction mxture d
P o bat ch 1ot foves %ﬁb%gﬁﬁgﬁ?d Thfieiga @U%ﬂg eesierifiogtion of
boiling to 10 MRKMpgresgased apsldistliegtasas 2-atyitdidhg! adetotriop87Phe Btigut es and

0.5 my KOH g ahtimbeBOPtHs ridkesn mTﬂQf@H@ér@aséd‘ﬁ'oﬁsérgEﬂit[)aii Q/gﬁzl;eot%\‘Y‘f‘f%gl S

d d by the,l i b put based
ohthars o anhyakDIB FCkp fafl &-B55e3%e HopORObS henidemibrieshriimg i -
anhydri de wi t hK@Hg afen8ramihutes agidv@ Sbng KOH/gedrtey |366xmnltcehrhalialg ( DOP)

30 Exanpl e 3 (@oRpaeadtbVe (BN 63i . quantities: 1 070 kg of
phthalic anhydride (liquid) 2 3§d”k§5§?ﬁ'£?§°?hy| hexanol 1 kg of butyl
titanate 35 As soon as 400 kg of 2-ethyl hexanol had been introduced into

the reactor, heampleyd (ocowding teetthe ibgritish) ¢ anhydride in liquid form and
t he remai nighg Sﬁﬁmﬁumm@:cohol (1 950 kg) were fed in sinultaneously.

After the reacjjn) xture had reached a tenperature of 120C, the titanium
catal yst was 4*éggm@fg%gﬁcanrmmdgdu%w At 170C, the mixture began to

boi | . At this 238nkpof Biethyeexamsi num | evel of 80% was al so established in

the reactor. DQukd BEblthgitssdigrification, water was rel eased and distilled
of f as 2-ethyl hegiI(anoLF palzeotrope. The acid nunber of the reaction mxture

decreased froman initial value of 110 ng 5 KOHI g at the start of boiling
to 10 ny KGH disafaoeraslé®) kg ofiz-ethylHeaBol i beermint@tudPintd Ht@sc@pd 0.5 Ny

KOH g after 3GpafihgWRSstarldl® ﬁ’r‘ﬂﬁgili_c anhydride in liquid form and the remaining
amount of alcohol (1 950 kg) were fed in simultaneously. After the reaction
mixture had achieved a temperature of 120°C, the titanium catalyst was
added. At-170°C, the mixture began to boil. At this time point the maximum

20  level of B0% was also established in the reactor. During the esterification
water was released and distilled off as 2-ethylhexanol azeotrope. At a level
of 78% in the reactor (approximately 2 h after the start of boiling), this was
brought back to 80% with fresh 2-ethylhexano! (not present in the starting

. amount) and this was maintained by further supplementation of 2-

25 ethylhexanol until the end of the reaction. When the reaction was
completed (AN = 0.5), the 2-ethylhexanol excess was 1 20 kg higher than
jn comparative exampie 3. The acid number of the reaction mixture
decreased in this batch from an initial vajue of 110 mg KOH!g at the start

. of boiling to 10 mg KOH/g after 165 minutes, 1 mg KOH/g after 300
30 | minutes and 0.5 mg KOH/g after 325 minutes.

This pair of examples shows that the esterification time is decreased by
the inventive process by 40 minutes or 11% (yield greater than 99.8%
based on phthalic anhydride). ' |




in the. reactor at thls tlrre point was still 76% Exanple 4 (according to
the invention) 10 Starting quantities: 1 070 kg of phthalic A8HAYi2005
(liquid) 2 350 kg of 2-ethylhexanol 1-kg of butyl .titanate 15 As soon.as
400 kg of 2-ethyl hexanol had been intridduced®into the reactor, heating was

‘started. Phthapiendpinifis:de in liquid formand the remaining anmount of
al cohol (1 950°kKg) wWere ted in sinultaneously. After the reaction mxture
had achi eved a tenperature of 120C, the titani um cat aI yst was. added. At

égg)/c theI m x{4 u;ebltkdpmhch wid®iproces foh'pfre%ﬂ'@ EQ} | fg}% @J[qa& | evt9| of

owas al so esta e ri es erl a Ynater -
was rel eased and dld é&ﬂpﬁxﬁ 4} go@%tqochw"ﬁeﬁgagl oéz@(?ﬁrr (ﬁﬂ@ydﬁdea withel of

78%in the reactor hﬁﬂ'ﬁép D Walet ebeinge sermovedf Hym hzedthepichi s was
brought back to 80%3hilah0lh rt@géthérﬁtth!lh@@f&@ﬂ@l wWHEH c&'hg O:#’]aéﬂg ﬁé arting
o) 4 vt B o (o

conpl eted (AN = O. g ?ﬁ%"m\é’ halgwitkhevalceleless . was 120 kg hi'gher than in
conpar ative exanple 3 The aci d nunber of the reacti on mxture decreased

inthis ﬁéchzfro ninitial value of 110 ng KOH g at the start of
boi Iing t0° 10°ny KEF HraFess: a3 cimed dn ebaim11,nyhereir @%Emunﬂﬁﬂhq(ﬁa m nut es

and 0. ? my KOH g aﬁ&paratgﬁ&;ﬁrbylﬂmcﬁb%& dpallatien .segs@mneecméa; v% pat the
“esteri |cat|ont|m5 n@i@ ve pEocess hy. m nutes or
"11% (yi el d greater: S%rl? g%f gqlggigds%o F tﬁﬁﬁﬁ‘np%’ H‘%&‘?frﬁ’ '19. MAY 2005 -
12 - o0 0 Patent claoﬂ Rhash W%@CNF@@BBQ fh@ra!mpahasmt@ahéoxyl ic
est-ers by react.i. ngpstmf'mtlbnqumﬂonor pol ycarboxylic acids or their
anhydridgg with al cohol s, the reaction water bei.ng renoved by azeotropic

distillati on oge th t he al cohol; which conprises replacing the
anount of q:{.'ll dr BQ&GF?&%?IH’@’%%F'PW} Tpywherein dhe amayit of Jdjukd-i | | ati on

in whol e' vv| t h t he sepamwiter off by azeotropic distillation is. supplemented in whole.
: by separatlng the liquid separated off into a water phase and
ooan alcohol phase and recirculating the alcohol phase, additionally
20 admixe_d with fresh aicohol, to the esterification reaction.

4. The process as cialmed in claim 1, wherein the amount of hqund
removed from the reactron by the azeotropic d!StI”athl’l is replaced "

_ in whole by fresh alcohol
25

5..  The process as claimed in claims 1 fo 4, wherein the dicarboxfflic or
carboxylic acid used is phthalic acid or phthalic anhydride.
6. The process as claimed in claims 1 to 4, wherein the alcohol uséd is
30 n-butanol, isobutanol, n-octanol (1), n-octanol (2), 2-ethylhexanol

nonanols decyl alcohols or tridecanols.




»

10 2. The process as clainmed in claim1, wherein the anount of liquid
separated off by the azeotropic distillation is suppl enented 19 MAY 2005y
separating the liquid separated off into a water phase and an al cohol phase
and recircul ating the al cohol phase to the esterification reaction. 15 3.
The process as clained in claim1l, wherein the amount of liquid separated
of f by azeotropic distillation is supplignented in whole. by separating the
liquid separated off into a water phase and an al cohol phase and

recircul ating. the al cohol phase, ad®StTRacxl |y 20 adm xed with fresh

al cohol, to the esterification reaction. 4. The process as clained in claim
1, wherein the anount PBPCESSUFRR RREMARING rCARBONY IMRAGSTERSDY t he -
azeotropic distillation is replaced in whole. by fresh alcohol. 25 5.. The
process as cl ai ne iimveskian mslates do 4 prbesssi fort frepaiisdeporyiic e%ierﬁ by
carboxylic acid rgg | S i I hal.i Nﬁ dride. Q. The process
as claimed in cl i@ﬁhdl %l%?%m%g?ﬁpg@f: %@Ogﬂ E:Co%(%fldgu '2 M‘?’E a‘%@dﬂg%‘ht%ﬂbl .

i sobut anol, R-o0 %02‘@1'3:( , reaclige: Walsr being remaviag| he xemeotropicndiséiatich, decy!
al cohol s or. tri degathet sith1HeMAoROI0BNd ItRe ARSURAS lighBQeherel FomRFRAR NG
CARBOXYLI C ESTE'?@Q%B?. EWW&%&% r% ?{?ﬁﬁ to A .Br ocess tQr preparing
carboxylic esters: Peatt ing ariarsgigianog gﬁgpéﬁ?ﬂ%, Ofs; OB d dartor

t hei r anhydr.i de¥1{ithg aloghal cohol s, the reaction water being renmoved by
azeotropic distillation together with the al cohol and the amount of liquid
renoved fromthe reaction by the azeotropic distillation being replaced in
whol e or in par tFIGHRE, RO¥E al cohol . FI GURE NONE




