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
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t enper at ur esdepgdgeshasiui i briumis always formed between the starti ng
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water). "In order to shift the equilibriumin favor of the ester, in many
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boils |l ower than.the ester
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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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Furthernore, whaterlés MNoR805 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 bypraducts 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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2 alcohol used in excess nust be separated off fromthe ester, which is
time and energy consum ng. Esterification reactions for the pgbagAyc200s
esters dioctyl phthalate (DOP) 5 and diisononyl phthalate (DINP) with
organotitaniumcatalysis are well studied reactions and are described, for
exanple, in GB 2 045 767, DE 197 21 347 or US 5 434 294. These processes
conprise the foRlcofPhdsestiamxcessimust beaeparatedodff bom tvolestu] whieh iPhkbal i ¢

anhydride with ane efelfdonBufng. al cohol to give the half ester (ester
carboxylic acid), autocatalytic - addition of titaniumcatalyst, for
exanple n-butyl titanate - reaction of one nolecule of half ester with one

nol eﬂjl e of al cEﬁ@;;ﬁCag_tﬁB)ig\ietamiMS fc?rntaeim?stﬂﬁzewaéﬁérsftt?llogywp%trfa@.;ﬂi(@bpljlal ate -
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- purification BE tHe2ipdihed W8 50422t by distillation, for exanple steam
distillation. These processes are batchwi se and are not yet optim zed with
respect to 25 ximumutilization of the reactors, that is to say
space-ti me yi el W'*SPHRECHHSEE COMBESE Hsrfeflowiagtstensipr ove the processes for the
bat chwi se 1ipreparation of esters in order to nmake hi gher space-tine yields
possi ble (short re i ' ' atch,.yield 30 It has been found -
that the space-ti rre%zlsdeﬂlgﬁ Ot(g:? HE%%F%L&%OEBF'@?P%?FWC@Qﬁ“Hﬁ“ ong gelesyls of which
the reaction water PEoPahigEie thp halfsisten (astieo namoxyic acd)eattoogielytioget her
wi th the al cohel useddiion extankinasstaly8e ibrasEiindh-oul) GRlagle i S T epl aced in
whol e or in part Ca%é&ﬁoﬁ%f%ﬁ%‘?ﬁﬁ 'fl t?ﬁl [fil i ng,_level ? 35 the reactor is
kept as constant as possi bl e by 8%%%& G ST AHBLRRe Brolequigyel dcakglar at ed
of f, that 13 to sayWwihebmbatianef watesto give thhdipbtimlaten part by al cohol . 19
MAY 2005 3 The prsigwitanédusenémovalt euf 0esetioh! #bR% by RstMifdC8RSal 0"
preparing alcoholfwater 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 distillation, for example steam
distillation.

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.




carboxylic esters by reacting dicarboxylic acids or polycarboxylic acids or
their anhydrides with al cohols, the reaction water being renovedvpy 2005
azeotropic distillation together with the al cohol, the anount of liquid 5
renmoved fromthe reaction by the azeotrgpic distillation being replaced in
whole or in part.wth the al cohol. The anmount of |iquid designated belowis
the vol ume of 1iT§6i BYSAFNEHNVentiane taerefore r miates etor mqﬁrbmeygrap%ﬁdrﬁgi c
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repl aced, for exarrplé H?@“ﬁ' =l 8‘-, but not the reaction water renoved,
but, in all cases, is replaced by nore than 90% preferably from95 to 98%
20 I't can al so T BRREHS af Yial; 3| re than the ampunt of |iquid
distilled off tg the,react '?’,ﬂtﬂ%ﬁé'fagé%%gﬁ,. YHme; Gnfigtid i iount . of
al cohol rempved?TPKEY BBy ity TRACHN iy ragsplienia, distithtionn aaddptifcipaliyf ur t her .
al cohol i sl8ddé&gnsists efriesctiombestenand alcbreim 110 to 100% preferably 105 -
100% of the amount of liquid renoved is replaced by al cohol. 25 The

i nventive pr oc%}gﬁ : thﬁggdvant a&e@rthat, conpared with known batchw se
processes, the 1EULELAHTPIAGERENS Of Higy amgunt. of disuid repsavied it lpecfesrelieThisi e can

be reduced, whiceh bgi achieed)igheananads lvBEcoHrRlIgd J}*‘&cg ﬁ’%i%g ![o_rocess
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aromatic. Aliphatic carboxylic acids have at |east 4 carbon atonms. 19 MAY
2005 4 Bxanpt @snis@ldePhatdss | c.acids and their anhydrides are
mal ei ¢ acid, fummric acid, rﬁa?@fgg@%%a@edgo%ﬁw e 2gauat o disichi ¢
anhydri de, istilled off to the reactor, that i$ to say, In addition fo 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 resuit 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.




adi pic acid, suberic acid, trinethyladipic acid, azelaic acid, decanedioic

aci d, dodecanedioic acid, brassylic acid. , Exanples of carboqealiAY 2005

conpounds are: hexahydropht hal i c anhydri de, hexahydrophthalic acid,

cycl ohexane- 1, 4-di carboxyl ic acid, cyclohex-4-ene-1,2-dicarboxylic acid,

cycl ohexene- 1, 2-di car boxyl i c anhydri de,” 4-net hyl cycl ohexane-

1, 2- di car boxyl i ©xaeples of -aliphaije eadionmix anids 1arRt thaimabbydrides arhydrdise,
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branched or un%r%nﬁhed al i.phat hc al co 1 nf@dtons are
used. The al coffgF'8 & hiHBRIBPIEC aRtidc SxclBbexd@nrdbrwiesrbawiicraasid, The

al cohol s used &uplobexagienhPealidaromyiar i ousardQides. Sm,h@m%@%@%%ﬁ?
materi al s are, 4fng; s adid@t tA cohol.s fromthe A fol process
20 or al cohol s jor %ig'%?glolr('err?(&?’urlyég%m%}o\?\?/g?(%ep?'?dﬂgirhoﬂa}chﬂhﬁﬁé%tion of
saturated or ufZREtViveaherdenedel-disabeatic @sichr 4-metylacihko4serghose

synt hesi s 1&cl Gdedicarboygicodrinayitiat Exximsibe pf ar‘&nﬁél{&%o‘-inpﬁgjn@gg ?JhH%ﬂg in ]the
i nventive procsgs; ; - hut an i sobut.anol . n-octano
(1), n-oct anol 5? %g el Bfin BR8P Bonfiane Rufl kPfung e dpeutismoi
tridecanols pr R npaparebitinyacidi eyrameliticl @inhydrided ensadpHinalans
subsequent hyddicgoaylicoacidsThe al cohol s can be used as pure conpound, as a
m xture of isomeric conpounds or as a m xture of conmpounds having a

di fferent nunber of carbon atons. 30 Preferred starting al cohols are

m xtures of i sEnkE Bveptveh Bracessorei@Rblyobranchiedectnobsanchie diphats bei ng
abl e to be prozlogteds fiaving he t6 013 aspoali A6ms bicengeq) 'fr%”%fcagolknaPea”iC“' ar -

ol i goners of qﬂgﬁ@m@ raof ornyl ati on and subsequent
hydr ogenati on.__The bhtegﬂg%%ﬂ%zsr%fgéd%g%ggﬂ"ﬁg‘pr epared, in principle, by

three processed™® BoPROIE dfserdyGaEy originptsofiemi vatidus rsourceswBuitablel stdrtiigr i al |y,
for t eﬁanﬁte., bz*eaib'rialesare{ fopleamprer, ifstty ai@bﬁofis,salﬁﬁﬁtﬂ% Fon® HPRI I Soro ;f\éefs t he
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di met hyl hexené8"{9iE09%) Yawtgptedaldebydes; inhparticuar MW¥e2al05hols 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
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Is also carried out worldw de is oligonerization using soluble N

conpl exes, known. as the DI MERSCL process (B. Cornils, WA HerorMAN, 2005
Appl i ed Honbgeneous Catal ysis with Organonetal |i ¢ Conpounds, pages

261- 263, Verlag Chem e 1996). In addition, oligonerization is practiced on
5 nickel fixed-bed catalysts, for exanple the OCTCL process (Hydrocarbon
oy oFer ol Sl boigRea B S TR e e el JoBBEC G
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prepared by ol i 9 LAY IEREPUm CAtaly s vithRrgapometadiicOBombetindts pages C12

ol efins by the 281-863pVertmpShemid togy bpestmin, of &ﬁ&%ﬂiwgﬁ%ﬂa%ﬁ ?ﬁ%gd

hydr ogenat i on. ﬂ?ﬁl@elif&\éalHédV@at&@gt@r}f,-ie(;(at i pn ca§ %ﬁ carried out th
autocatal ytic o 15 “cat al%t Lo eondl tranere e BbilOLcrioress didaesasben whi ch
can be used ar€ PEPS Nhdrdid19536)B6(Rs Bedt 1hpadss 81-38).ganonet al | i ¢

substances which do not necessarily need to act as acids. Preferred

esterificationy ViUt koxi des, carbonate salts or chelate
conpounds of ti\tﬁ%%?‘lﬁm or r@’ir?rg%eﬂ?ﬁprﬁ)iaglpﬂé"%fﬁf'%ﬁﬁi%thﬁ‘d’ﬂ‘@tﬂfw@ eterifigatidnl e to
contain one or J®rBLEHIEs  of aisemeric | morediofsat imintuags of absALRO i@ hols
orthot it anabe aviich efreabrepsitedon h@idoh%?&i}r% @:ﬁﬁranﬁﬁ?&i- r‘ijt:_ terification is
carried out ingggeaction-vess irbvvhlc L R T esett o )dtc B Goe

i ntensi vely m s an2adl v dt%orPor hee cPFlOl BEqcess, puvith. Sibseq@éntst arti ng
materials and PM@OECH["&/? N angrhyldeogematiged i nto the reactor simultaneously
or sequentially. If one starting material is solid at the charging ,

tenperature ity e to introduce the:liquid starting conponent
first. Solid st Q?tﬁggﬁﬂrr}% .g%ﬁegﬁgat@gn “Be l?%d:aggedp&ntjem,degmmda@ytic orystans
or melt. I+P orGRiAIMiG conditioas Esferifization datatpsts ivthidts carlbb SABHS L Q eghial t 30
the healing duaéidg arharaionsnt 3hes CGH BlosHonkRlid S bBERINGET, ! n PUTE form
or as sol uti Onnecférsgér?{/aﬁé‘%éhgg Ssgl ved |P n one O#l@ﬁ?g%pg?s[ ivﬁbc efPhl s, at
the start or oply alter FEa 8P it ehistrrerdi estenieativne ratalyatshark
Car boxy| : c aﬂZ@gqi%yéafm@m!twow@wiatevdolﬁpoalhd@bﬂhﬁnil.ﬁv Bf‘ﬁirconium di
aut ocat al yti cahbatdlysttmolcli® behdty aBRNC iNAgy i oger (o Pgndi ng
ester car I%Xyléjéﬂr'] a0StetARbE 6Py e%&gr. ; Or-IMexa”%f @'O%V‘Fmﬁ’i o e
reacts to. gi vd phiharic acrd oP¥bibbetinater ande tefrabutd erthatitarste i are
frequently not“*f8quired until after the first reaction step. 19 MAY 2005
6 The al cohol to be reacted, which serves as entrainer, can be used in a
' Esterification is carried out in a reaction vessel in which the reaction batch
- can _be intensively mixed using an agitator 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 heat{ng 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
anhydndes frequently react with alcohols, even autdcatélytically, that is to
say non-catalyzed, to give the lcorrespondi_ng 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. '




stoichionetric excess, preferably from5 to 50% particularly preferably
from10 to 30% of the stoichionetrically required anount. 5 Tigevadyt2005t
concentration depends on the type of catalyst. In the case of the titanium
conmpounds preferably used, this is from0.005 to 1.0% by mass, based on '
the reaction mxture, in particular from0.01 to 0.3% by nmass. 10 The
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I ncrease the reaction rates and favor side reactions, for 15 exanple
el i m nationsof TR eatafvsPRY ~-0r formation of colored byproducts. It
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vessel . In the gase of |ow boiling al cohol's, reactl
carried 20 out -at superatnospheric pressure, and in the case of
hi gher-boiling alcohols; at reduced préssure. For exanple, in the reaction

of phthal i t0 afhgdeadtormicmperatiired When fadi 1 anol s, 8 tenperature
range of - frongé@%atn% %?8,% ifht he .F‘{j‘réssalﬂirl@ﬁ;%%’és%ga Vﬁ?ﬂsﬁreo'é‘?m{eénlo nmbar
is enployed. he andlnt~-of "7 i WM Jehreipiege | dapend omdhe esartingn
according to tA@teraligeraaction quagresasamt the caglyst OforicBnNRIe Tﬂeyakglghol
whi ch i s produedilpybe WetdtmiHbdOfort e n278Ri s API G distillate. 117 s7al so
possi bl e to cajhy,out the wor k-wl% o .@ﬁ%c{%f C%P%Ebyp%‘?ﬁ”"%ﬁms-tﬁlgh@bl ace the
‘anount of |iquid renoved 1 S0 Feackipn; ratesa pnd faver eidh miactidred, . fof hat i s
to say al é&nole’f?@i'ma plireviptierd dfr waterafremew@aohé?scﬁeformlaﬂoﬁt&e;:o@pé)cpdi ment s
of the inventimprodigs.|ii BUuicteseRTr ALS fral ed .up to produce the
al cohol . 35 DuiidihLhs dfs‘?ﬁ%gfi 'Qcﬁé}?'an aﬁ%@%gftn%%&fﬁ%ﬂ'ﬂ?ga%& Westha | ed of f
fromthe reaction mxcime 4d ﬂglﬁ'ieé'ﬁté‘m RéLrGaplae desicetlempeeatuesast | on
vessel via a 1ap sesired femperatune eamge sarobe patky Bgs plesk@reSin tﬁé%%&%@ll y 1to
3, theor (fg_ | calvesgdlaieth: cagel oRich-BOMAG AREHols, 1 rEAABRNE MG elbil otien P2 21 &
oMAY% £ queratmospheric pressure, and in the case of higher-boiling
' alGOhO{S'. at reduced pressure. For example, in the reaction of phthalic
anhydnde 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 Efmount 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
- astorage 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




aqueous phase and an al coholic phase; this can nake cooling necessary. The
aqueous phase is separated off and can, if appropriate after WSrMAY02005%e
di scarded or used as stripping water in the aftertreatnent of the ester. 5
The al coholic phase which is produced after separating the azeotropic
distillate can be recirculated to the réaction vessel in part or in whole.
In practice, c&AHPRYS Bhageand éa@dchilnﬁbphase;eMeIcananEkeOd:dcﬂMQhﬂ:%egéé?xgd

itself for feedhagdueeuappad®} dtbdic Pl e the anount of
li.quid renoved P¥ oﬁéagr@g&gér%gsc:éﬁg st |°E?a?ﬁ§%ﬁr§6ﬁaﬁpg?ﬁerfa3%ﬁq Wopate. by
separating the [ quid separated ol fPRAg yateln e dirgirepingns ofithe astevat er
phase and recirculating the al cohol phase to the esterification reaction.
15 Optional |y, Thedcsidie eARHBR | . ohpl phase separated
off. There ar edi\églzitigus [ (I;r%’{ enti apﬁﬁ/g??ﬂ?@#@gég%&ngé%{gﬁ%q g’&?\(ﬂzef’@o@'ﬁe
esterification r&actton HFhECHCUSHS focthn actiandersset ir park amin ehos [hef | ux
to- the col umn.PrAatieheronfrobei thiel iskytiors by & RVEPcSMRIEH AL Brovdd itsae;l)ﬁo{oc’pri ate
after 20 heati W@edh@"tﬁeb%h?lqu' d reaction m xture. Separating off fhe

t

reacti on water decreases e reaction volune in the apparatus. In the
| deal case, during the reaction, as nuch al cohol is replenished as

cor r espondd 0t o ft [sepesdibiaso replacbehdizmtidunk aF SigsRPANE ( r and if
in E.higp'%r ct_ﬁolﬁ; g/héasé\%%o(%rro@%i ns

appropriate al i el e

constant. In t %im?%%;%n t% evg%l%gogﬁjspgﬁ;by f‘?pﬁf?é'f‘géé? ﬂ@”'ﬁ'tﬁ?%f@@%@ﬁ ivkcess,
the equil i bri ufCI!Phaze pd eaterphinseandirreircutatiny s tasahol Whes {he
reaction is cofpg esterifitdtienreastidnon nmi xture, which essentially consists of
full ester (target product) and excess al cohol, conprises, in 30 addition

to the cat ysg) gndlﬁ)yr its secondary products, small anobunts of ester
car boxyl i c-aci HPEPNAERD alfobateandbe addrsidpithe atoohdl pHEsewepkiraidy bifese cr ude
ester m xtures, the excess al cohol is renoved, the acidic conpounds are

neutralized, tf takyshed oyed and_th 5 resultant solid ,
bypr oducts are ﬁ%?;g%egg%?% dﬁ%ﬁt%j g’taﬁ y 1%+ ?Gﬁﬁfg"galtgﬁhéicqhgl diostthé| ed of f
at at nospheri ce%?éé iPB TACctioRe dhe plegfieberhe sdded: forfhanimstas fofiages of t he

| cohol betheexobwaiol, Adiadh ity i bibhhi &td | ticul
al cohol can erepa@usiiity iDib p‘&ﬁ:g’ih@b&gygﬁbf’f égg;ﬁc%ﬁeaqegzar i cul ar

in the temper r 3 225C. The al. {5 at ed
of f as the tiripirg ?'i‘%i%%i%g%?ﬁdﬁ'x ©.\RSPB Of the Teactiniwater

subst ances, st FECANBERIANIOD olinas in Bt appacatuboliythi ddeicdSe Ofluring f

appropriate, tthereaitioncas miughtaicohal & repkhishbl és%%sﬁd?ﬂ}s'}g tﬁé&%ﬁame
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. -




conpounds of .the alkali netals and al kaline earth netals. These are used 5
in the formof their carbonates, hydrogencarbonates or hydr oxii@aRAYTPG05
neutralizing agent can be used in solid form or preferably as solution, in
particul ar as aqueous sol ution. Here, sodium hydroxide solution is
frequently used in the concentration +agge from1l to 30% by wei ght,
preferably from20 to 30% by wei ght. The neutralizing agent Is used in an

10 anobunt whic t to ChIO trr aII uired anmount to

four tinmes the . torc |orretr|ca Ty re
st oi chi onet ri cdl |3PAeRfiAtPedhanBeft C@@l}atsm care tmmntwmatm;onmmg:a&ésyc

requir e_g arrﬁuruompamndebetrm argli Metdls Tahéteill%?sne\éyéﬁﬂ r{g | g@# gf{% Ca%gg' ysts
are used, e I nv INtOo SOl

Substances. 15 Rate i £ MR 480t R B fiogenca ﬁonﬁre@onrarquxu@ea Jheendi ng
the esterifi cé@“ﬁﬁ"#’%@gﬁf@hcaﬂ bafused ilisstid fornm ®r giréfetdigy aBiselitby, pf the

excess al-cohobartfyueireaen | 0] tr t w th sodi um
hydr oxi de sol bar trrme ?glf!éecgjsga%tﬁglrp hcollr]‘r%qée %)drlrﬁrgf h?ﬂ’é”"@?t éP'i“f?%a‘tsl on
reaction at 20 é AP yaf’ﬁ?%énat év@”fﬁﬂ@a tioth gangg &om rit ko G0%e dywivelght,he

al kal i ne sol ut ptﬁierabwr@mér@ foeB0th Byi weigik. The ricvgralizifg ayk ﬁthistdg@ ?'Jtlf% ghol . The

Cont 111001 no. o arer Lo ot i S olcflorfiifealk RePiod iarannt o
esterification OrUEaQ"P?ﬁnﬁ’ea 51!‘?' figmelicaliy nerastireglb eaobieht in crattibdaradbed dur i ng

wor k-up for i ngioishismetrically migired yinmmﬁtwt\ﬁre@\ﬂ’(e’ibtoﬂfhiorﬁé%h@él o H*P?& ances or

ot her byproduc an be carrire in one
vessel gf érﬁow&oa'g%té} g seg)ﬁen?ﬁ;d W%@ﬁ?}%ﬁf@ﬁ‘%&@‘? St arerped. f or
exanpl e, est 2‘!’? e(':’g[? '%HJQHG“WNQ%"@% it solid fltenabl $ubstantsvessel s. Wen

car boxyl i d3%anhydrides are used, there is the optron of carrying but the

reactions to g‘ﬂéiﬂréliﬁgt;cﬁ}iﬂ Ea,esbgr Gadgfq‘s& hgp fateiy ?é%rere ] reactors 35
ac

The esters t hys, %rfo E from po&y asi c_car oxy NG x Hifp
phthal i c acid, Sl O%cf?a‘:t'%ﬂé r diptilingrenfeitihe dagiarity ant the ceabeﬂss ar e
wi dely used i rﬁltrcé‘ﬂ nPeefatanogsis aivenobs tridutremzstiodl vami Bb&ruﬁﬂ“ Z ide
bre hfféﬁrsny@'%ﬁs“’ﬁ%ﬁgf%ﬂ FodPIEoh, oS BGrRidlna fecclien athe use of
the invenfi Vef‘?ﬁ%ﬁ%ﬁgﬁ@a ove 5 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 andlor 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. Tﬁus for example,
esterification and work-up can proceed in different vessels. When
carboxyirc anhydrides are used, there is the optlon 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

phthalic 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 diisononyl




esters for these purposes is also subject-matter of the invention. The
al cohol separated off during work-up can, if appropriate after9 MAY 300mr ge
of a portion, be used for the next batch. The exanpl es bel ow are intended
to describe the invention in nore detail wthout [imting the range of
protection as defined in the patent ctd nms. 10 Exanples The esterification

reactor used cqidhaltaesodnd diddtylr sisthbiatds. W D8 dfhRat jhg%éivgw's éﬁ%ﬁﬁ% ar

on and-

steam, a separaidQ e ,Leact.i gn ter/alc
areturn line for tﬁ%ﬁééiigggpgﬁg%ﬁoﬁlgo Weﬁa]a%ﬁ%{tqwq wvenionpur ged to be
oxygen-free wth nitrogen prior to charging. Esterification of phthalic

anhydri de wit h Themaidomob sfparSEHE6H Cdurisd NRSHRL 0 @i | i sononyl
pht hal ate (BN Scagtﬁ@ﬂ%gﬁ? (con%)a f’;\t@\?e ex%j%)l%ea{“' l@téé”ﬁrﬁé]rga?auaﬁ fties: 1
000 kg of phthalic ydrh ?‘I'?eqﬁecﬁ’gor SAEX RSB i sononanol 1 kg of butyl
titanate 25 As soon as 400 kg of isononanol had been charged into the
reactor, heat Thg es@mpids5diow arE L £ tAGLNLEE ] i .quid formand the
remai ni ng- am)‘g‘lfﬂﬁ2 @ll;l' %?:oﬂ&l ﬁggtgﬁtgﬁ(ﬂ%cﬁmreﬁp%gﬁ? hﬂlgl-' F’a’ﬁ'@fﬁjg}??!f After
the reaction M P UrSHIHCIRNEG ShiProtediop@sdatined #F theamtentictems) t ani um
catal yst was 30 added. At 170C the mixture began to boil. At this tine

poi nt the 1axi Ekgmplayel of 80% was al so established in the reactor. During

the esterification, water was released and distilled off as isononanol
azeotrope. The acid nunber of the reaction m xture. decreased from an

initial val ue Bie @6@fif*iug;:‘ltI'ONGld]{slgtotaﬂusédil@oﬁéié!tl’stof@c stfdd 1aAR HeQinkOa ﬂg?@ g after
150 m nutes, . 1M es andg, 0.5 Ki a 330

m nutes. The ﬂc&i%{@l b:a:r %@%h?'eég%e&% P%Pﬁ!t %&emifﬁéqlﬂ%irﬁ?&&a&sw§ﬁgﬂa@he%

Exanpl e 2 (acc&PaIFE™: 819 R retHUR DS dAy thesexpesglogbahntThe appark@isMaY 2005

10 1 0001kg d¢rurged ket oxymehyfdre with hitdogeh Blior ® ddlgikg. of 1 sononanol 110 kg
of isononanol (supplenent) 1 kg of butyl titanate
Esterification of phthalic anhydride with a mixture of isomeric
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: -



5 As soon as 400 kg of isononanol had been introduced into the reactor,
heating was started. Phthalic anhydride in liquid formand t heoray 2008
anount of al cohol (2 030 kg) were fed in sinultaneously. After the reaction
m xture had achi eved a tenperature of i 0C, the titanium catal yst was 10
added. At 170C the m xture began to boil. At this tinme point the maxi num

| evel - of 80%masowl@oﬁﬂitﬁélidéﬂ@@riﬂé(ﬁdw(}reactor. During the
esterificationg Méf&f i‘é‘@r‘?o;@lo ased and distilled off as isononanol

azeotrope. At alfev 0 ol n the reactor (approximately 2 h after the -
start of boil i Adf kotgtispnpagnoltiseppiementick to 80% with fresh i sononanol (not

present in thetgasftiueg tidhatsount) and this | evel was naintained by further
suppl ementati on of isononanol until the end of the reaction. Wen the

reaction was conpleted (AN = 0.5), the isononanol excess was 110 kg hi gher
than in the cOfp@oat#yd0@xgnyf isoronafioe haditbenuintretudd e theasddign N xture

20°of ot |1 g §o il e Ky el 4T Y B G g >
mi nutes and 0.%’“%“%%%’ ot &eﬁ’?*%@) wereded i simmiipeeeisy,. Aftee thesteariidn cat i on
E) i rredi s de%tr ﬁgf@a@rw%amepgjemm tempRrA10es 6f mo@ggéﬁtiﬁ@ﬁ_%&a@{_@;{g ]gYi eld
ased on pl dded@ il d f sterjfication o
pht hal i c an%ri %e @g 2-@Fﬂ'ﬁ,‘?‘ﬁ%@&ﬁé?&{{’%bé%@%@ﬁﬁ@m@{ “T&WH@S&R}PW
pht hal ate ( DOPFYEP! EXAhpPe s e¥abliangdiin dheseasisrePurisy the estgrifipationj ti es: 1
070 kg of pht heatowaahsidasatbatd tisuliet off s Iefhokitnof azbobliy X RI8 ol kg Of
utyl titanatege - - et exano een | ntroduce
into the reac?(?rl?% ﬂe%at?“?‘%brsﬁEf’l&Q‘%‘F’%%&.Z érﬂ%&?{'i"% Sgﬂ%‘h‘?)d'??'@%g)i Hhis MR¥i d form
and the remai frayeht P € %ayvillo igish (isorgB Nkl natepresérd dni thesstaringaneous! y .
After thelbeacticunt) ahdtthise idval weneiedlameli OPSLARI Susfiendiiod Ng ti tani um
catal yst was 4g50kS; 5 . . 17 t he. m xture began to
boi . At this &&%ngm oy Efee”r%‘;éﬁ B 9ERlion  Wrih 1o spakiion oS domalaiBl shad | n
t he reactor. #'i hg %ﬁe thatispenangl jeisess was 110kg higher than in the

conjparative 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, 1 mg 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 2-ethyl hexanol azeotrope. The acid
nunmber of the reaction m xture decreased froman initial val ud9dfiAY12008) 5 .
KOH g at the start of boiling to 10 ng KOH g after 165 minutes, 1 ngy KOH g

after 320 mnutes and 0.5 ng KOH g af_tg% 365 minutes. The level in the
reactor at this tine, point was still % Exanple 4 (according to the

i ti 10 aBdadt ANty JQatts rhixes: i tihal G i li qui d
i nventi on) adt Aty 09Qathel mixese bbgBr o keil At this tiéﬁ?é Ag&ggfg.gxfggs;,,ﬂ%( klg qg:c )

2 350 kg of 2- tyl titanate . S 4

2- et hyl hexanol E%%@gﬁgﬁ?ﬁﬁ i%@%ﬁg?%%’f 25&%&0&9””%@&@% figatont art ed.

Pht hal i ¢ anhyd e r afhas ilinéxagol axamtope oTh@hsigho!l (1 .

950 kg) vvereyf admber sf e st fidureNib§eatdie ot 'pte gug (
dodbaldtPrbfi Il vl dﬁéJq md; 170C

achi eved a genpgjigture,of 120C . the titani umcataly _
The mixture bordtTbatd, st _t_OtR?‘g”Qifﬂeﬁgwn OF¥a afiexi Ibrminotesevishg of - 80%
was al so est abROsHe @flen 30 éninetestand. 0.Bung IKDH/heafies 1366 hingRE The |M@Ler Was

rel eased and din&hélréﬁﬂouoétfth@%in?eBéiHWQ@éﬁlﬂ?é%azeOtr°pe- At a level —of 78%
h afrt

in the reactor (approximtely 2 er the start of boiling), this was

brought back to 80% with fresh 2-ethyl hexanol (not present in the starting

amount) and t hFxample 4éacsoadimetd the ifveritivay suppl enentation of 2 25

et hyl hexangl %thé%rﬁngs:of t he reaction. Wien the reaction was .
in

conpleted (AN =,.0.5), .t - et hy| hexanol excess was 120 kg hi gher than
conparati ve exhﬂg? :?fpﬁlﬁéﬁ%@ri‘wqﬁ@ﬁﬁb‘ﬂwﬁf the reaction mxture decreased

in this batch 2 3aWrkgnof 2wmthyilledxanel ue of 110 ng KOH/ g at the start of
boiling to 10 BB R 165 mnutes, 1 ng KOH g after 300 30 m nutes
and 0.5 ny KC]—V%Q afte? Sérgﬁén nutes. This pair of exanples shows that .the
esterification tinme is decreased by the inventive process by 40 m nutes or

i%% (yi Sl gSQr et 0Nt dead0®Ry BP2-cliasitskandl A Bedr MirdBE ndfihe rLQulBY 2?.05 -
csters by engl T LT e AR P uiT e Ghaves:
anhydr | des wi POt Bgﬂ&?@, (f Kb Fakwerefediacimuiswentsly ohfcratie byaatioRot r opi ¢
di stillation Midatehbadwichievetie tnymstaiure Whi1oh ComRY ftaGem SRLASI Resthe
amount of 1'i qbided. @RAYEC [heMikidfe bEFSH foWbiP Kt i€ 682 S WL C aimum
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). ' |




distillation in . whole'with the al cohol 10 2. The process as clainmed in
claim1l1, wherein the anount of liquid separated off by the azl@dﬂlAb’pﬂﬂI)S
distillation is supplenented in whole -by separati ng the liquid separated
off into a water phase and an al cohot 1p?hars@ and recircul ating the al cohol
‘phase to ‘the- p&leRt cidigati on reaction. 15 3. The process as claimed in
claim1, wherernthe amount of liquid separated off by azeotropic -
distillation is supplenented in whole. by separating the |iqui d separ at ed

of f into a waler phadatemevise P%moﬁomé‘ﬁ@f'@“égftﬁ%f&%ﬁé&;b& aI cohal

atIOI’l

h ddi t | d to 1
eact | on I4 I‘CI)'EZ pBéllca?rBo i )iﬁ-alpwg f@é&f%l Wﬁeﬂ’@i?rn Wdaﬂ%%mwltbf

reaction. (rﬂi‘? (TWiS
liquid renoved fr&&QN0Es.Bgdeasliony water abetb‘lgr opérnoviedst ity ahzedtrdsic

replaced in whol edlswlatlomkdygahephﬂh ihBlcshol, W}ﬁcw&@ﬁ@ﬁé eéTedib@hffe' "

claims | to 4, v\/nelg;l h Sl
pht halic acid or gﬁ%ﬁ IECSfanHﬁ@i %%XV%& f%'@ %‘ lonsby | thenazeatropic ai ns |
to 4, wherein the ISREPN Iy es\“"th?.thena'b(]lfl@i|noI _i sobut anol , ‘n-oct anoi
(1), . n- octanol (2), 2-ethyl hexanol, ‘nonanot's, decyl alcohols or

tri decanﬁjeg 2005 13 ABSTRACT PRCXZESS FOR PREPARI NG CARBOXYLI C

ESTERS The"in ent ° PEPCRSSsas Slaimpd d%éfé%mfbrwbel’@phihmgmanbof(yw@ esters

by reacting di car$epeyhted affb)ptbieymbt}opﬁsldlghugm,dg Rip @ﬁ%,ﬂe@ ﬁlﬁ; des with
di- st '

ogether with { hée?’?@%@'r%??"?h R & i Wbt her s om he.

reaction by the aﬁ'ﬁf sﬁthPaﬁlﬂ%@%éufﬁgn@émMol phaseite the in part
wi t-h t he al cohol.. ﬂmtlm@cﬂon . _
: 15
' ‘ 3. The process as claimed in claim 1, wherein the amount of liquid-

separated off by azeotropic distillation is. supplemented in whole.
by separatlng the liquid separated off into a water phase and’
an 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.






