; e3e6l gbbbc<edperf6gTliglt= - 1 Process for preparing alicyclic
pokycarboxylic esters frompartial esters of aromatic pol m n' cids
The invention relates to a process for preparing full 5 eﬂm@m MWMIMmmEycllc
pol ycar boxyl pcgackgdg,from partial esters of aromatic polycarbgyylic acids
(by hydrogenation followed by esterification). Cycloaliphatic

pol ycarboxylic esters, such as the 10 esters or

cycl Ohexane i-racébsarfwy pfaeﬂ.g aaflweﬂlés PO IRRESBRNL i bekekgating

oils and as @ VWO 0 ney are at su _used das
pl astici zer sf R df B il xVidc jackdsquent | y
made of esters of phthallc aci d, for exanpl e the dlbutyl di octyl, dinonyl,

or didecyl Si nce, t hese ht hal ates ar e |ncrea5| n regard d.as
nazar dous t o THEaITER Ti9% FEKBFGSL IR & HEFPCRSs (i rpl HetPRetaburt e

restrictesl. 28tGyel ast i amat:yelmal ygﬁcaur}hm%cb;wb‘:sé erae;tdsorm:@ﬁ phirtli]ahlave
been described . in the |jterature as pl ast cize pl asti.c d then
be avail abl e®55° F?pl ac@énent ?r"é‘t?et&ct hou@‘ﬁ Yﬁ%ff%oﬁgﬁf’&n&n&bel% of|

somewhat di f hgdepgenasiAn dpdlliceregoloyr astieryilfiicadsitcer)s may be obt ai ned by
esterifying the corresponding alicyclic polycarboxylic acids, or their
anhydri des, or partial esters. Few of these conpounds are avail able at |ow
cost, since FHeEyo3dipReEico ROWreR@ 1 nUPEESEEge SHfthes®s. FBE

e_xarrpl e,1¢yckahexanesd, %y@l%ﬁfe@c@ﬁé—'lc zeﬁl%faﬁ:kﬁﬁﬂrlb& _Obbs"tlanedax_\/é dused
Di el s- Al der reacti on of butadi ene.wi.th mal ei ¢ an%gl de, or w tttLE_qurrarates

or maleics, 35 PolTYMRPIRL hiAr GYRRAFREAREF S i #F c2PobBre B8R in the
cycl ohexane der trte&bllmrldlfngmlfmay adydHige usedisad piastacticbgsndberi al,
the synthesis ?L g |ncI udes an esterification. - 2 1n many cases,
alicyclic poPy gxyfll C esters are prepared by ring-hydrogenation of t he
correspondi ng aromati c pol ycarboxylic esters. 5 US 5 286 898 and US 5 319
129 descq{d begpro hy genat Eg#{g;t phth on
supporteI Pd %{Etft Sts trelg{tbed th 958 qu = or JEDSJ’ Iﬂgé@l gg @%@L@s

cor r espondi n@fdlﬁﬂégh?llﬁe 'rotf@rrepﬁt{ﬁﬁpé\?e e 1@13{%&'& giestyt 140C or

above and at @nph§asSurér otiltiteeguSCéét_cérl?Osbﬁee @Ete?s% Zﬁhtltﬁélsltégl @ges a
process for the h dro ;:'Lnatl on_of, aromati.c car I|c gglaon supported

Ni, Ru, Rh, 3RGFSPSPEYIt aF§9REety 3 vA&Fa d’r e§80n ycldal Mfhat i ¢
car boxyl i ¢ edtiéredy athdtr onhdbr 70se0 i25QC sridi s o3 t be2@@sharictes .3 027

cat al yat 2 ar HFORRTID T A0E NG T rERiAa t o 0L bdr . 0 e fo7 g 813 and
WD 99/ 32427 dieye dzeem éeeeégbeﬁorm héhﬁyd-rlé'@éﬁeﬁqr@’l % bdassacizers

pol ycar boxyl ige, et e 105 91 ¥Suiheceehr expondh Mhicye! 98l iphakicenrearrounds.
Here, use is made of supported catal ysts which conprise Ru on its_own or

t oget her wit IFVER | éiU%Bhe YRR dJfethernapcersPyPhise sihR t SRASHRSn group
of the peri odiif fleafedr®,. and have 50% of macropores.

25

Alicyclic polycarboxylic esters may be obtained by

esterifying the corresponding alicyclic polycarboxylic

acids, or their anhydrides, or partial esters. Few of

these compounds are available at low cost, since they
30 have to be prepared in multistage syntheses.

For example, cyclohexane-1,2-dicarboxylic esters can be
obtained via Diels-Alder reaction of butadiene with
maleic anhydride, or with fumarates or maleics,
35 followed by hydrogenation of the olefinic double bond
in the cyclohexane derivative. If maleic anhydride is
used as starting material, the synthesis also includes

an esterification.
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The aromatic carboxylic esters used for the ring hydrogenation process are
nostly - prepared by 30 esterifying the correspondi ng carboxylic acids or

t heir anhydrides, the corresponding partial esters being produced as an
intermediate in the reaction mxture. To reach full esterification here,
relatively long reaction tinmes and/or relatively drastic reaction 35

condi tions may be needed. The processes described in the abovenentioned
literature for the preparation of cycloaliphatic - 3 polycarboxylic
esters are therefore based on the foll owi ng sequence of reactions: 1.
Preparati on &h amaaronaebespol §&arPexyri cresyveprbaxglpsart PAFCESt epre

generalIy,bebaapgeeaedb§ir§§n§nﬂyaea badctiengi ¥e thgaef Ubbresbgbnding
Purification and mprk-ug of the resultant polycarboxylic ester to give the
pure product 23OMEGAFoBERACREROFY Like €SF6F&Li ¢ pol ycar boxylic ester 10 to

gi ve the correspondi ng cycl oal i phati c pol ycarboxylic ester 4. Optionally:
purification_an r K- of resylta cygl oal.i,phatic pol ycarboxylic
ester to givggt%b%gﬁ¥éﬂ§¥dﬂﬂiPsslg %ﬁgrgggr %ﬁ%ﬁf%ﬁnﬁ%ﬁﬁéﬁﬁ SvErsFons of
the process canwhyclragenatd i étnetluge estephtbahpdeogenatepbotiosdved, a _
di sadvant age g a&ggégymdzgecaeéé SwiEnlHAl 1BE aG Ml Vel e Jwgtk oggaation

catal yst is reduc deposit: deriving fromthe esterification
cat al yst, theorzegpbrngéingg a ¢Egethehent Nexahvidapi@nentdiha halie chafge and a

resul tanty f akbrbRre@at-egf O£t iIV@RESSor SR Latably s af ghesaster bki cation
reaction is 25 generally honbogeneous, .the crude prod of the

ct
esterificati 68°Fas®?otle %7%&6&%019%:%8&%956,5 bypFOUBELS, @nBTRFESRoI
pri olr to ifjs fb}tdrﬁ}gfﬁ@ﬁcﬂﬂﬁgerhalleiorhagft @ ridgawi ick eth i xyThi s M?tdir‘slpohs
co i cated, since.the co n use rocesses have two purification 30
stgges, and £HEP r&&%‘?ﬁé?&%ﬁTgR%e ?R§/9Fe% I9%£§;¥59§{g ?e%%v?stﬁﬁerefore
to provi de acsirmpglspondndonuye loedtipdfdtect i amrlprackiss ¢otetrthe prteparamti on of
al i cycl g, pobycarhoxybhGcesters. 38nSunpri ghndbyo bhriS BESsi Bbo bggobtain
cycl oal iphati ¢ pol'ycarboxylic esters in a si e and cost-effective nmanner
by hydrogenatiessrdbesn themiidroganatalonespér dymethyly terephthalate

on supported Ru catalysts at from 110 to 140°C and from
35 to 105 bar.

20 DE 197 56 913 and WO 99/32427 disclose a process for
the hydrogenation of benzene polycarboxylic esters to
give the corresponding cycloaliphatic compounds. Here,
use is made of supported catalysts which comprise Ru on
its own or together with at least one metal of the 1°5%,

25 7% or 8" transition group of the periodic table, and

have 50% of macropores.

The aromatic carboxylic esters used for the ring
hydrogenation process are mostly prepared by
30 esterifying the corresponding carboxylic acids or their
anhydrides, the corresponding partial esters being
produced as an intermediate in the reaction mixture. To
reach full esterification  There, relatively long
reaction times and/or relatively drastic reaction

35 conditions may be needed.

The processes described in the abovementioned
literature for the ©preparation of cycloaliphatic



an aromatic pol ycarboxylic acid or of a m xture which conprises one or nore
partial esters of one or nore aromatic pol ycarboxylic acids, followed by
esterification of the resultant cycloaliphatic 5 polycarboxylic partial
ester. The present invention therefore provides a process for the
preparation of cycloaliphatic polycarboxylic esters, 10 which conprises a)
hydr ogenating a partial ester of the correspondi ng aromati c pol ycarboxylic
acid or of t rr %ch,rjig iC |y G Red e id a 15 b)
reacting the%(raég(&latrg)nt c&c"{oa%tg at i caggrtictg’l es%éleljre Wit %?] aﬁ%ohg %o gi ve
the full estd&ollpwdnoulsesngss afayreastiionddy be purified by filtration,
steamdistillation, or stripping with 20 steam Starting materials which
may be used in the process of the inventiop are_pure substances, e.qg.
conmpounds whilch af&SPEFRAELCally HurdF Wk ¢ eEﬁ%XFaFBOFKilES?éFeﬁdg 25
chain, orsel se m Yatdslof essetrer §general hgeetemet uf@smed diiffsar eahdest er s,
both with respect to th hai n_| ength of, .the ester group and with respect
% i S

to the aromatic sfseta§ “ofe WA lche%ﬁ%ﬁ ures of isomers with
respect to tRe esttaridiidatcdle n amd pr edudedn s, offor é&hanpl eesddtiang t he

preparation of ph I %ﬁ,_te,gr- i i I g@i L,soner
m xture. It is al ?%algosagibb ] t% (ugsséde}om xtadt;ir eel o%mé allnez % Eéﬁal ate
partial 35 esters jogierdxt iiosorady | hern arematbe poRycanboxydpht kaltere

partial ggters. Paifial gegkers @he Pht R R thdf it 8,0BBAeILELES W th one
remai ni ng carboxylic¢c acid function. - 5 I'n one particul ar enbodi nent of
the process of th@IMFEFIBW LIS BE%S%l ester is first prepared from an

aromati ¢ pol ycar boptdiichaadiyt orptibefeeaeesponding Swarkydp deoaind tae

al cohol or al cohol_m XLure. Pr o;e\%;es fagr. este ifiggti og.gf Sé rb]_pxxloi C
acids or their anfyadri'dédtar SYRASAAIPEOEAS sRPTYSATReTFXerS 157 tHe
esterification of gioteydcdrebeuydad eraslwds; - and in particular of their
anhydrideg, partial esters are 10 first produced, i.e. the esterification

reaction does not proceed as far as the fully esterified polycarboxylic
ester. For eXd@¥e, arq ARECeMGTIVERIDONVEEREPTON O W hAFPECERhYr i de

wi th al cohol g;hitdie ebuesPPadi BguaBNeRHR i$ hiasbgbaated. 1acievdl,
el evat ed t enper at ur an au oc%t al yti c mechani sm Hovvevgrﬁ, i f the
y

correspondi n§ dEATERTEIHRPF eGP PTORRTRSTYebUsTRAC c5PPY G Ve second
esterificati @f sthge atdrwoderfterorn enpendyste aandireduwedh lagdidapasiafs a
catal yst.~20 Faqr. f. PYLROS of | nvent.i p jal t-ers are
conpound%ovvhid: Il,’lVBLe dggglgt qi%eeas?égﬁgfégﬁggi?hngﬁ%&l%é’sg{i%%ntrae%?lllat | east
one free carbmiyld @ aceduinavenbnfor fvemiande daprlyoh. changpeaadvant age

of the process Qfidhe dentiPNds: Ideted i Rotde st eps of the process it is
possible to exert influence on the cis/trans ratio of the alicyclic

pol ycarboxylic acid derivatives, so that products with different trans
contents can digrdt adelyd¥odusts the esterification reaction is

25 generally homogeneous, the c¢rude product of the
esterification has to be freed from catalysts, by-
products, and alcohol prior to its hydrogenation, i.e.
has to be worked up. This work-up is complicated, since
the commonly used processes have two purification

30 stages, and there can therefore be two yield losses.

An object 1is therefore to provide a simpler and more
cost-effective process for the preparation of alicyclic
polycarboxylic esters.

35
Surprisingly, it 1is possible to obtain cycloaliphatic
polycarboxylic esters in a simple and cost-effective

manner by hydrogenation of an aromatic partial ester of



30 obtained by the process of the invention can have a higher trans content
than those obtained in direct hydrogenation of the corresponding aromatic
pol ycarboxylic ester. C s and trans conpounds performdifferently. The use
of trans-rich products as 35 plasticizers for plastics is advisable if, for
exanpl e, the plasticizer is required to have relatively low volatility. -
6 A further advant age is that only one purification stage, which nay be

conmposed of oxﬁ@c{)fc Sﬁ?f%@Q%bok?zl e%%‘lé Qo Pl GRATS 95& htwﬂ'é

pol ycar boxyl i c es rocess-of the invention. e cat af‘ysf‘s used
in the procesonpirisies |<m@ntqronmcr>@e e tHiyadr ogeharBorpof onke ar ezl esters

are in nost ¢asestlihe sangop)f dhoseykpown fremgshe |itesptipeafor ghe
hydrogenation of aromatic full esters to give the 10 correspondin

cycl oal i phat EteFficstdon THeEe alt@ennstﬁ/s%lﬁﬁ‘jbt?tedc¥5t18?}§9§a%‘¥ﬁe

active ned al gpnegserboxy1ikemarry d1n gyddici pl e be any of the netals of the
8th group of the periodic table. The active 15 netals present in themare
preferably platinum rhodium palladium cobalt, nickel or ruthenium or a
m xt ure of t\Meorpmemofimﬂne:seioﬂ bhemoﬁbireepmtvd]cham beocetsgseibs of the

first or sevepth t @_g’?jla&la%q roup cof EP@}%E&E ¢ ;tabl gbl gtdr ?&g#gﬁ for -

copper, 20 r e umf aco |nat|on €se hé “su

the hydrogen&siterscat al ysts may be: activated carbon, alum num oxi de,

al umosi | { gat g i3 iccpdised de, titani um dioxide, 25 zi rconi um di oxi de,
magnesi um oxi de, zinc oxide, or a mxture of these. anples of a materi al
whi ch may be @lsed Wiirogensatdags @ @axthiea} noerer oﬂfaFEer GPRERSERPELRS num

oxi de catal ysts 3@remaltypes H34168aoboR¢168/ 10radiiddm DegussaAG the
Dussel dorf, Gernm

n The cat.al ysts used in_the pr of the i.nvention for
Che hydr ogenat | on S RETAINE | CEPTRALS | BSCLPBZREy YIS 35 SBPUEREaR by
applying at |east asde nmetal of the 8th transition group of the periodic
table tol§ S%htabg%é%gﬁ%gt'the 5resultant cycloaliphatic partial

ester with an alcohol to give the full ester.

The full esters may optionally be purified by
filtration, steam distillation, or stripping with

20 steam.

Starting materials which may be used in the process of
the invention are pure substances, e.g. compounds which
are isomerically pure with respect to the ester side
25 chain, or else mixtures of isomers, or indeed mixtures
of different esters, both with respect to the chain
length of the ester group and with respect to the

aromatic system.

30 One way in which mixtures of isomers with respect to
the ester side chain are produced is, for example,
during the preparation of phthalate esters of
isononanol, which is a Cy isomer mixture. It is also
possible to use a mixture of Cg and Cy phthalate partial

35 esters and/or an isomeric mixture of 1,2- and 1,4-
phthalate partial esters. Partial esters of phthalic
acid are its monoesters with one remaining carboxylic

acid function.



10 15 20 25 30 The application may be achieved by saturating the support in
aqueous. netal salt solutions, by spraying appropriate netal salt solutions
onto the support, or by other suitable nmethods. Suitable salts of netals of
the 8th transition group of the periodic table are the nitrates, nitrosyl
hitrates, halides, carbonates, carboxylates, acetylacetonates, chloro

conpl exes, nitrito conpl exes, or am ne conpl exes of the correspondi ng
nmetals. The supports coated or saturated with the netal salt solution are
then dried, preferably at tenperatures of from 100 to 150C, and calcined if
desired at ténpeyne umsrtafmﬁ@@tem@o@d;meptrtefefamlyefmﬂ@@t@f45Qh:e The

coated and dihgdnafdn,ifa dﬁ§k£§§l‘€§é&@eﬁssﬁ%¥¥65 AEBal-BaN B vahed by
treatment with a strean1o gas which conpri ses free hydr ogen, and, at

t enper at ur esFPBAF36 t ®BTErRFH Ecabl 39 onPT00 HHE 450 T SFROREIRAM of

gas is preef eaﬂbyar@aarpe&adaa{ &1 CdHdUr erohlmroqgmm&éutpﬁgeesség can be
advant ageous .t 0 |ncreas hefh dr n con ent durlng ae course f t he
T 48fr ofn SO °}

activation. FoF eiﬁﬁﬁ? SRYHAE t h § ni%urk ﬁﬁ§ be 10
o at the staanhpﬂrntiesacareraﬂdrmwmndoovehe9(@/]&311édhewmdceo:f t ie achévati on

process. heLe AppLoRLLaLE BFS asbivaLLAR.yRYcbe garhled odpaln the sare

r eact or _ arfial éester € activati on"of the
cat al yst nayp@pthgnéary bé uhbenrakenhyﬂr@ﬁeSpresenceabf astegai daphase

which trigkl esrguentds, &t al yst. e agpuski of chbeoAetalasaldn sqbuki on or
metal 35 sol utions applled to the support is such that the total content of

active netal PPbaseB*PRe8dch B8se 6AYt he2Bot afh ae|gﬁvlb¥ t hesearafiyed, is
fromO0.01 t0p8®9cbyboxylgc_ wekegher . pref gpabl y ék@ﬂﬁp@eol t 0ih% bYtMGI ght,

ticularl 0.05 to 20.b ight .. The . 5 50
nor . "The sUPPEELLArSRECRE cRERFLRL | G netHoR e S tde s ufFhn o
Franci s Delaaheyhowbncahq)caiﬁeSandiﬁgommﬁnasxﬁmuystimnsﬁrﬁnrmedo of

the ”Etais ' sgget% Qe@%t%?s”*:?ﬁﬂigézﬂr%e ptreqet 5@&8&9?&??9&'5

Cat al yst's w YO pport materra or the
catal ysts na?eﬁbaﬁaémopoﬂgugveﬁesdb%rdﬁ&* sorFesPepeiogs, daeshgve pdres,

various nunmbgges;gkgwhigh fal |ad'v'&‘h‘& }g@%ufshree r@@gﬁ; it | eped. sdbshy BET
surface area is fram5 to 15 The hydrogenation in theEgrocess of

the inventi oRSFErpEeraranfy Eé?g?edaBuﬁllﬁlﬁ 1 | GEMRepREYES TRBI/OT

hydr ogenat i onighyabéicabni ed autaeadyismuously or 20 batchw se on suspended
catalystfb(M' on particulate catalysts in a fixed bed. In the process of the
invention, preference is given to continuous hydrogenation on a fixed-bed
arrangenent Bbrcatheyspurpwres tdfe pheduprssenirt inyentieni al pphhselis

primarily 25gkRethe W dhnihaiss Wpdesn! heec9RdE! QNS Qfsd hen& eagtben.
function, also contain at least one free carboxylic
acid function or anhydride function.

25 One advantage of the process of the invention is that
in both steps of the process it is possible to exert
influence on the c¢is/trans ratio of the alicyclic
polycarboxylic acid derivatives, so that products with
different trans contents can be obtained. Products

30 obtained by the process of the invention can have a
higher trans content than those obtained i1in direct
hydrogenation of the corresponding aromatic
polycarboxylic ester. Cis and trans compounds perform
differently. The use of trans-rich products as

35 plasticizers for plastics is advisable if, for example,
the plasticizer 1is required to have relatively low

volatility.



Various versions of the process of the invention may be selected. It may be
carried out adiabatically or 30 practically isothernmally, i.e. with a
tenperature rise typically smaller than 10C, in one or nore stages. In the
| atter case, all of the reactors, advantageously tubular reactors, may be
operated adi abatically or practically isgtpernally, or else one or nore may
be 35 operated adiabatically and the others practically isothermally. It is
nor eover possi bl ydr t he _ar iC yesters_in.a.straight pass
or with prod%btfgg%ﬁfg. agggg%%%ﬁe gFoc§§§E0f°5§ i%&%ntpgglgé%%gﬁpged out
in the |iqui gtgae niwedlphagse be |daupabeshasé itwocaoourmene sobetieps,
three-phase LEAGRfg (0P JUEHAALNANE g 085 P1 DobBgy L 2bbkiyL gdebRthe
liquid starting material/product streamin a manher” known per se. In the

i nterests of bnither BUIACqsisd ofi e BavieRt1as¥- i nproved di ssipation of the
heat of rsaction, and of high space-tine yield, the reactors are preferably
10 operated w th hi | iquidf OW/rahes of 15 to 120, in particular from 25
to 80, nB peﬁ&ﬁ?‘%ﬁ Y R8T ol of BEhETENTSF Factdst pRYERbUP! P¥a
reactor is opéeatkegddwognatsonaiaht thasspatteal | qeiteerzouatky sipaceowel ocity
(LHSY) ‘over e gatalystopmy e dam Odob 1O Tnd S The, hydrgognati on
may be carried out in thée absence, or prereéra Py if he presence, of a

sol vent . Sol ¢éet swwdiiedenalidre afedramatdny Diliheskeygsi d® whicd tbem a

honogenoys S%b%&%%%dﬁdﬂﬁdﬂﬁidﬂﬁﬁwidﬂé€E§Q£g@ and,,Z0 product, have inert
an

[
behavi or under hydiogenat’ on condi i ons, are easy to renove fromthe
product. The solvent may al so be a m xture of two or nore substances and,

wher e approprinals® LHAPHbSELPWakappoZBeBX M0 ¥fs .SUlsd ansesvuhhehanay be
used as solvents are the fol omnngf Stralght-chgln or cyclic esterﬁ, such
) at Ry

as tetrahydr SFGER fortYi bR &Ee M ¥ nd ThI RO AT I Dhat PE AP0t sthRoREEar Ry |
radi cal has forfonthet 813 gaolon «ft orhe 3peFxadptestatblal caha sawhice may

prefera b are | opanol , .- but l, , D= ol ,
et hyl hesanol e aaRandrse SR DR, e 200 | SRRy | PARESLAN
i ndustrial de@@edumi xpalkadi@gs, | foRpdsholniakelsedr aguddlapamm,i toxan be

advant ageous figtus@ the aleohot gbral GEoLnakat upenehi cl WDy dre spsoduced
during saponification of the product (e 10 isononanol as sol vent

(e,..9. - )
in the hydrofé¥at PEn SFSRERMEF sGHonFhephfhBfht AT BRVEGSev EREESA Y OR
by- product f gmivrid O fvi aclid ansestedid i cedbDa, Apetheexpmplier r edppekvent is

the hydr?@en¥yé%qugﬁo%ﬂp%IJS%gfhaé%on of these.

The support materials for the hydrogenation catalysts
may be: activated carbon, aluminum oxide,
alumosilicate, silicon dioxide, titanium dioxide,
25 zirconium dioxide, magnesium oxide, zinc oxide, or a

mixture of these.

Examples of a material which may be used in the process
of the invention are ruthenium/aluminum oxide catalysts

30 of types H14163 or B4168/10x from Degussa AG,
Dusseldorf, Germany.

The catalysts used in the process of the invention for
the hydrogenation of the aromatic partial esters may be
35 prepared by applying at least one metal of the gth
transition group of the periodic table to a suitable

support.



By using a solvent it is possible to limt the concentration of aromatic
conpounds in the reactor feed, and the result can be better tenperature
control achieved in the reactor. This can nminimze side 10 reactions and
therefore increase the yield of product. The content of aromatic conpounds
fn the reactor feed is preferably from1,to 350, in particular from5 to
25% The desired concentration range can be adjusted via the circulation
rate (quanti % f..15 urned a n di I t tarting
material) i ntﬂtﬁl 2 ?g c%tggélct S{ag’t o%%r ataeél(1 %1 tblyo mode t%'cf‘%% %%dr%g%’natl on
in the pr oce%mﬂthelnn\mqw i @eéalrl%ﬂfouﬁollﬁttlﬁéspr dagusPreange from 5

to 300 bar, 'a%p%%p(i@ra@ﬂé%éﬁair%@l%5 d 2 bhar onzsrxtr@réu%%bﬁel Y ot 0m 50
to 200 bar. dro enatlontengeratures are from50 to

particul ar fmm%d“eilb Jebeab Hy dPEHBRIE or$udé'§é3§ev\/rﬁ4:]htﬁm9f bBeGesd é’rfe any

desired 2§ h)tdfeOQEE’h ct@ahallr&uw gAsoup Xéﬂr €hel rpemldald he1e1 &r 8rao0 the
detri nent al unt resen at aI 0i son h as carbon nonoxi de or

hydr ogen sulfni 2Anpl 8% PSV e i YYa 33 co ts SPEPRPAEESen and
nmet hane. |t |cslr|b|oedyéiaadﬁse to arsethak ogems bés a puchilyrgr eatempillezxies30 95%

in particular Qhrq_actoer R s The gro %]4 (}leool q%{)élé C ag ds . and,
t e

respectively, elr corre pon |ng anhydrl S pre ny used 1'n the process
of the i nventosresmansime ®Bt@1lsA car boxyl 35 functl ons. Exanpl es of
conpoundggof this type are phthalate acid and trinellitic acid. - 11 The
aromatic pol carbox | ic acids and, respectively, the correspondi ng

pol ycar boxy! i (?eanﬁ PHEE SOREDLPY SEIUZATAT ot &ht &5 meEdl béﬁ‘ﬂ-éne
rings or ot h@ol&ﬁﬁ&ld adesl taéncakaed&wﬁaﬁlﬁ Uustedt enpbeazanesr iofgs 5
are benzene st ens (?Ip eny IrnLaI en sys,l:tr ng ant rac ne
systems, and pi8hant® ms Pa?]il FS Fyi5ef er BEFEFEI ers of
t he aromati ¢ teaipecathored |ofac20d) ate t6t®@°m)no1_e:seéesab1y1 on,m 1330 d;ro 10

1, 4- pht h?gat%%cacd (or their anhydride), and the nonoor di-esters of

1,2, 3- or 1,3,5-trinellitic acid. It is preferable for a

nonoi sononyl phthal ate or a 15 nonooctyl phthalate or a nonodecyl phthal ate

to be reactedrHd) dda-dd aaessdPied NendiNvent 8881 kBAYI ¥81ERAcEO0ELRHRIRE NY
cycl ohexanedi car bog%nl C esters The Erocess of th |nvent| on cap use
a

partial esteldfSBE7t REAIALES Y aFSRECIE dcivHs: stream of gas
napht hal ene- Wyhd-odi camfprddes ficeel, hydphddnal eardla8ddieapberyiresadirdm

napht hal gpe C exyl i p. I 5 bo i
napht hal gﬁe %Ogd’?%a?ggx% i & %ae?:\é(f%blga {%&ﬁeggslla? (gf%oxif/ %c%é%l ggd
napht hal ene- B8- @ﬁs:amopyeﬁerabild cgmcv@leudc aftial, musbphehatfu qwsgiogen

terephthal i c g dml@@aé@ﬁe L2, é&ﬁ' G b&’éﬁ‘éh@a&ébgs to increase the
benzene-1, 2,4-tricarboxylic acid (trinellitic acid)

benzene- 1, 3, SYMARAAGTHoKGPFENEC I TANG nehd nFEUESEJ)Of the activation.
be_née?e 1,2, ﬁ&teﬁampaébomd chfiarageﬁ daﬁftzaeﬁf in2, tﬁédéaéra%&rthh&é%/l ic
aci pyronel liti.c p | e_t0.use. aci ds .produc rom
the aci dégmeﬁ[ﬁ r%%af(;)] ﬁ&hkgﬁbsst |atr??t (c)%rs] %l?e oRECbY hbYR R)dr 8Y&R ?tom; on
t he aromati c ati rgpebyeral lof |, they d ozl vt o rpaddkexsal kyl groups. It is also
35 possible to use pol ycarboxylic acids having an ant hracene skel et on,

phenant hrene skel eton, or di phenyl oxide skel eton.
Where approprla e, this activation may be carried out

in the same reactor in which the partial ester is
30 hydrogenated. The activation of the catalyst may

optionally be undertaken in the presence of a liquid

phase which trickles over the catalyst.

The amount of the metal salt solution or metal
35 solutions applied to the support is such that the total

content of active metal, based in each case on the

total weight of the catalyst, is from 0.01 to 30% by



- 12 The al cohol conponents of the partial and full esters may be branched
or- unbranched al kyl, cycloal kyl, or al koxyal kyl groups having from1l to 25,
in particular from3 to 15, very particularly from8 to 13, carbon 5 atons.
It is possible to use al cohol m xtures and, respectively, partial ester

m xtures with various alcohols. Mxturesgmay be either al cohols of

different 10 chain length or isoneric mxtures of al cohols of the sane

chain length ro t nt c akso e ‘)gyz,ch
conprise at nggﬁb?mﬁgg?f?%blggt E?ésgﬁ 60@1 gcgb 05%15ygtar“;gt| nllgr:]E material s of

this type maparéiaubariived am il th@ﬁ tl?lf pesidhitear boxyl i ¢ aci ds by
partial esterification. Mnoal kyl and dial kyl esters may be present
al ongsi de one_another in these ﬂl Xt ures. m Xt t least two

partial ester<d§ SYf &F Furdhgperti an EE‘?eF?F?EXF’FEnlﬁf gom L to
pol ycar bogyl is® afi/g.wThe amrdaeehared xdfirche Another ivadeirerwiined Myxt ur es

of partial Lers rodu S V|ar. agti.on of m xture of at
| east two poﬁ:ycar %%I} Qgré ?Ctﬁhoadn afeo 6F) & ]%Hcgrhol Mt T2, SSow cost
al cohol m xt wles mleaia@mnemayl@se@ff dfeimoaerfemmatahyshdum Bg. 30

Exanpl es of thesg.jare: @ag}lg%hol MEAPHAT esmepﬁgp?r egrdy Oy Linean out enes by

hydr of ormyl ati on foI | owed by ydrogenatl on: CS al cohol nixtures prepared
from but ene ®Bt BKlds 3dfich conprise linear butenes and isobutene, by 35
hydr of or oyl ati on fol |l owed by hydrogenation; C6 al cohol m xt ures prepared
froma pentene or froma m xture of two_or t{}e pent enes,

hydr of or nyl ath BYPRXEL bPHrPILGdEnat FON: e 1§at@71Ya§'iﬁ)h0‘T“a¥1 xBOr es
prepared f rormatdnce;ttdndxfme rdeitqu@.peneo:ormiw@parbesanerl harer poatesf,r om

sone ot her tur by r rny ion followed
hydr ogenat i on)gléog" et ﬁuﬁﬁgggnﬁ@ i s&re?%}/g prn%pare g t% al ol ranﬁﬁgsatl on
of n-butyral d@ﬂﬁd@ﬁeﬂlov@mem h?ﬂ’i‘ogénatfla@ﬁ eredl coiﬁ)l ﬁrwmurés oepar ed
from C4 ekefigryy e, %I merization, hydrofornylation and hydrogenati on. The 10
starting materials here may be |sobutene or a mxture

The hydrogenation in the process of the invention is
preferably carried out in the 1ligquid phase. The
hydrogenation may be carried out continuously or

20 Dbatchwise on suspended catalysts or on particulate
catalysts in a fixed bed. In the process of the
invention, preference is given to continuous
hydrogenation on a fixed-bed arrangement of catalysts
where the products/starting material phase is primarily

25 in the 1liquid state under the conditions of the
reaction.

Various versions of the process of the invention may be
selected. It may be carried out adiabatically or

30 practically isothermally, i.e. with a temperature rise
typically smaller than 10°C, in one or more stages. In
the latter case, all of the reactors, advantageously
tubular reactors, may be operated adiabatically or
practically isothermally, or else one or more may be

35 operated adiabatically and the others practically
isothermally. It is moreover possible to hydrogenate
the aromatic polyesters in a straight pass or with
product return.



of linear butenes, or mxtures with |inear butenes and isobutene. The 4
ol-efins. may be dinerized with the aid of various catalysts, such as
protoni c acids, zeolites, organonetallic nickel conmpounds, or solid nickel
15 contai ning catalysts. The C8 olefin m xtures nmay be hydroformnylated with
the aid of rhodiumcatalysts or cobalt_catalysts . There is therefore a

wi de variety of industrial C9 alcohol m Xxtures. Cl10 al cohol m xtures
prepared by tripropylene, by 20 hydrofornylation followed by hydrogenati on;
2- propyl heptanol (2 isoners prepared by al dol condensation of

val er al dehyd&Heo| Ps@egsby dﬁ@@enaﬂvgﬁtl@mo B$ comalr ieidkt arés e effdveed from
a mxture of 13 1%82%5%(3(:59%@@%3 lgguétid%hSQQdeﬂ?atc'o?:'&rfr%lnltov"ed by

hydr ogenati on; cohol m xtures ared from hexaet hyl ene
t et rapropyl eM®d%r ify | BUF@ﬁéphﬁﬁ'ehy’a?%? PRI atith fOdrsgsnahing gas

hydr ogenasi obei3y O heii sdighodedr Xt uies naynhbe obtapned by starting
hydr of or nyl at i qn f,ol I/ovv%d% bﬁ h drogenatl on from ol efl ns or olefin mxtures

whi ch are pr SEF&Ed2Y PANFIE W3 r PP AR h@88s, S¢n IR
dehydr ogenat itdre priotesseston bijdr acdfloons, liguisd at @kstsibeatdbhonsofin the
35 pol ygas pr%Ea%%%edordié‘s%%ﬂoh”%‘fﬁ%hé' R éfe%eactlo}f‘ dhal$

nor eover possible to use o In mxtures with ol efins of "varying C nunbers
for preparin@igcodacg-tidiees YiRlthe phecegsagttorive prgenbirederablyse any

of the paoti Yostelia Midn! REGH' ANGa 100 argrBL | 6Pl cgs boxy) | Gpaci ds
and the abovenentioned al cohol njxtures. According to the invention,

oref erence i PAFVENUF I s2Dr EPaPBd Fr oPr?EhFIha‘Pfcc’é@Fﬁ §EC5APRactc 10
anhydri debanctn‘er Oéﬂxﬁﬂya&(?a@.h:(tlor?rpéﬂ Xhohe . OLIﬂ S@”Efe‘a%t@xﬁohf@ %ﬁé&’élt@ﬁi from1
to 25 carbon_a riial est se i n the form.o

i sonerically dlﬁ?é aes“fg’?%g% t 0P85 g‘ﬁ“ﬁrgl Jlr%ol?r%lﬁ 18Pp&Pt |V§Il°§§'tté(rs or
of a mixture (@HSVAr icnes rdre iceomeEnist pant ke fosiner®, 1 oro pir@flerably of a
reactiongixture produced during preparation of partial esters, where

appropriate after catalyst renoval. 20 The partial esters used in the
process of t &9 MMHAINAELTHABIIRE sCBEE bA@ eQUbr iNnghst RPSENEXt BFes,

e.g. fromt h@xe&teerraﬁllfatmontheacgareaenééarméﬁs D ARReIHNds s&eaRls | N
m xtures of thi,s. .ty léemde the partia ter,, are for exanpl e, full
55(9{‘)?36 R I|

esters, pol y®aHfi 8 é%éfe | S EHbo eanthyBHide YrHcRaER™Bade from
0 to 15 nol dhdagschoars t e lparitdral wdstrer Jcheal ealaaltingat estearidflor atlde
esterifl ti Iyst AI’OTTB.'[IC ol CI’bOX|I i ds r thelr nhydri des
and 30 a @ohgiq: Q?I doho ¥ xt ulrneesﬁtpna¥ %8%’%8%& I y %e fe |nt getnﬁl% o

hydr ogenat i orFostcige- ane t handntegrededa st ite, sepavat dirpror thegetrieguctkor

exanpl e, pht hald cs@a%ﬂrtl dgagndaploohal (al foRel, @ XLHr &)y JRy,,be ffed-into
the outer | oop_of a hydrogenation reactor operated in |oop node. 35 Parti al

ester format iTTPTEARE A% pHSkS iaRPEPE I Ut RO watens

25 Examples of substances which may be used as solvents
are the following:
Straight-chain or cyclic esters, such as
tetrahydrofuran or dioxane, and also aliphatic alcohols

whose alkyl radical has from 1 to 13 carbon atoms.

30
Examples of alcohols which may preferably be used are
isopropanol, n-butanol, isobutanol, n-pentanol, 2-
ethylhexanol, nonanols, industrial nanonaol mixtures,
decanol, and industrial decanol mixtures.

35

If alcohol is used as solvent it can be advantageous to
use the alcohol or alcohol mixture which would be

produced during saponification of the product (e.g.



The partial esterification of the aromatic polycarboxylic acids may be
carried out by known processes wi thout catalysis or with catalysis by Lew s
or Bronstedt acids or nmetal conpounds. 5 Preparation of partial esters from
anhydrides of aromatic pol ycarboxylic acids generally needs no catal yst.

For exanpl e, phthalic anhydride reacts wsth alcohols in the tenperature
range from 110 to 160C 10 very quickly to give the corresponding parti al
esters. The r i f ag.anh i of ar ti :E@%I'- ci desmay be
carried out vl\ngt%&r?g%%eogcesgsof %%{6%2]: V%?y s‘%{lﬁjl glr)r,git%;lts otllfcou I ggt er may
be present i monedseacnvdl ritkalatrel ur £hisi npeevRBLRy iBge R PERARSE

di scharge is floRm@ll opASQ3 aeSkehhkk@eerlilfilcs tadwant aggeusrf Oprharamaunt of
excess al cohol _used i,n the partial ester preq%gatl,on to be already that

i nt ended for SCH¥FSESt &5 ATV OgeRGe: 1T AF T8I oL S hydr ogenati on. 20
Besides the alicyclic partial ester(s), the productdi scharges fromthe
hydrogenation may conprise full esters and alicyclic polycarboxylic acids,
al cohol , and%é’l s%“ssl(g’l erft s,sog]y‘{%}%du]ctfs,l%ndp%%/é]f’.ie%g?he &Mt t Ltll%gs are
preferably reaticettiratjiore tife fuomagdtcer sopomaidsodinknaive peraseorw t hOt_Jt
further purifdgafi %c’f s PBEEl@?EQB‘f ec%ét?@e{aé{ %Béﬁa%? ec18¥1t§-§1
autocatal ytic or ‘catal ytic mechanism for exanple 3 using Bronstedt or
Lewi s aci ds. aghiieyec r éspective waqtrer t ypEhd? caedl yBisiBeFect édderhe
result ispal wawsta i@t therdepeadentreddl idhd um e weenptbeustarting
materials (partial ester a?d, wher e appropri .carboxylic acid_an

at e,
al cohol ) and e {VHRREE sOf e OIS g™ ‘t“é(%? in) fhs defaEbeEniteeEY he
equi l'i brium iis feyefexdblne firohl lester 3585e imyphetiedeaef fardn abneo W th

the aid of i.gh the er. of . the reaction can be rempved frqom.th i xture.
Since the al ool sTigeqiara - C8abeRELaETofl katiad TERM R POVRR T | | ng
poi nts than the potlhear lsdxyhilatdond, wadei t d quanttidlatesteer srana i of ful |
esters, d | i SCI it e dde ; Bsedsas gaynai ner,
whi ch ca%glbeq;{egttug?ltﬁgjqltl%d%s%%gé%%é&ggg}qtgeg vvaLIt eré(?%frrg%/g?. q‘?heral C(%h0| or
al cohol ni xt die thiseFas® G MaAFEA IoR&tarehrid siaAR Be®usly serving as
entrainer is used in excess, this preferably being from5 to 500, in 10

particular from10 to 30%  of the ampunt needed to formthe full ester from
Phe. pol yoar baTiA | EYSEPEEARETRR| A b T BN BERLA Tt &5 witeh HAY=BE TR ed oar e
aci ds, such asmrslddirdut aioi dchergphenese f oangeatirdm 6r tpt 800ebesyl fiani c
acid, or tal r o] f thes 1 argg% &S it are
tin, ti t%ﬁ?u%aﬁfztﬁrcgg%{gm (\gf\{ﬁi gk‘? néabe;/ ggougggas i neﬁ%r%?gﬁg%%%?glog or
advant ageous|3P itp t he0fbam offhehdividraganatinn ofenperafides are dforhe

sol ubl e orgarjc (PSP dKE &I Ceakh dfo ddhe g®@i@l catal ysts are

hi gh-tenperature 20 catal ysts which achieve their full activity only at

t enper at ures above 180C. However, their use is preferred since the anount
of by- productsradigehdtion fesdsesf ahiexample béelises fawan dhe dleadheld used,
is small than with protic catalysis. .Exanples of .netal 25 catalysts are
tin povvd%, tl'\y r(qqe)n O e (%/?"3’ ES‘%’EFSF R} é’ﬁl'luucn%l e%]ié?%, AS0ch Cas

t et rai sopr opydetorintegttialananeunt st eressutty | obr dadtailysmtat po i apms al seich

zi rconi um est ]%E dabyt i di- 560RaLE1 £ 38 Theaheehal g +glcohol
m xture used a?ur%lang t er@(%tﬁ)?{ esteri ¥cat|50n o? t%eec clxoaP?p%atoi C p_aerti al

ester may be IR sHRS aSORRRLLWARER REE ®iFe gy Bethangr odicé® during

;saponi fi ca}gi Qﬂéfextr?gﬂdepatbi ﬂ?@sﬁwx@be&lh_eaar amabueipd! y(_f)‘:laéi)@é(ﬁ’l itcha?h_ci d. 35
n one p err enbodl nent of the I.nventl on, e partial ester 1s first
pr epar edf5 8e. g2 %s th RafE At 9593k [}r}?earbl%ée%

The aromatic polycarboxylic acids and, respectively,
their corresponding anhydrides preferably used in the
process of the invention contain 2,3 or 4 carboxyl
35 functions. Examples of compounds of this type are

phthalate acid and trimellitic acid.



- 17 The al cohol or alcohol mxture used in the full esterification in
step b). of the process of the invention may then be the sane as that which
was used 5 to prepare the partial ester. It is also possible for another
al cohol or another al cohol m xture to be used during the esterification in
step b) of the process of the invention,.For exanple, 10 it is possible to
hydr ogenate a partial ester having a C8 al cohol conponent and to react this

conmpound wt aql ive. the e t al yst
concentrati o% %epen%lgggggt h%gfg'?%%&é 9l%e %&l cat a §E§Fetct§g%te|§ ani um
conpounds whé¥e UEer¥SsprrdErg e@Oly cREbPKyHil. (OBY J.td@% By eherghivbased

on the reacticQptRixt UF@om N1PaLsi cill afudd@MEbledd G104y oiei gRhervery
particularly fromO 01 to 0.1q by weight. 20 V\hen tltankumcatal ysts are

used, their PERELL rﬁ?éarla"tq.}r%s Erag e 960t 182768, BR&EBRaBIYSFr om 180
to 250C. Fhe air@ea|bérﬁt€ﬁﬁ atsyeseiepersi piietyi® stgstemng, mhaphahalehee
progress of the reactio and t he 2 cat ala\4ﬁ it once tratl on. heré(S may

easi |y be det¥PhhEd By |ajle§let (?ry ase N RS

tenperatures increase the reaction rat es and favor si de- reactl ons, such as
el imnation f o] fror I f r oduct s.
For renoval qu’:\ Wﬁtc‘%%(?rr\/\gne@g?gpﬁéd a%t%?gnl |€§%%P€sg S‘}oﬁﬁeé g:&cohol
can be renove®lyicembory ica@dish ansthe Ib‘?/n@l?%'@ﬂf‘ﬁat?foﬂa 2The1dé5| P&Ed

tenperatype ar, sthe @RIiAted danmer el end BRI ARIr Pge ot aMaathgemgh@ssure in
the reaction vessel. In the case of Iowb0|llng al cg 8 ther fore, 35 the

reaction is OF rfedesherst per & ospherf c4preur and tEATERd 1EaSe of

hi gher-boi | i egia.cohols it is carried out at subatnospheric pressure. For
exanpl e, the operating tenperature range during the reaction of - 18
phthalic anhydride with a m xture of isomeric nonanoles is from170 to 250C
in the pressurte lianggréfemablbarfqm B0 mrhaisofodié |phyuhalabebeor eteur ned
to the react 'rt%dé?@ﬁ %@%ﬁ%@ o$ONE %ﬁ&&e%ne%tﬂlya@é 84000%@

which is obtaln of the azeotropi c, tilllate is also
possi bl e for rteﬁ’é?t\ﬂﬁi/klﬂp ttl't? beregepFePhuthst HTeRrErC} ufet WEandhor the
liquid renovedtrehnd e thatkthairddl da ot Sonaswxtent by fresh
al cohol, i.e. fromal cohol provided in a feed vessel. The crude ester
m xtures, which besides the full esters) conprise alcohol, very small
anount s of 1Fheargredesstef, that dnyshtdon tsardovsst peam pl odsckess afd,
wher e ap%opreh%t eféjlqt%“& % Gl Sua £ é/(\plrci?d up by nmethods known per se. This

wor k- up enconpasses OWI ng steps. renoval of the excess al cohol and,
wher e appr opmicathehd leamerdh ,I?e'rdblcét?ﬁtcimrﬂallq y iaelddi ngneehsbhedengi-Sti3H ati on,

neut gal I zati gspccgrfﬁésa,la% dﬁdqrafseataphc‘t%\t%{n%-gn 4ﬁfdltaalermﬁt I:x.st ddlio a

resi due capabl e of easy filtration, rempval o e so

appropri at e, ‘FRATE Lfg‘rf?erq?ﬂmf]ﬁé“se stehd- cann&lpgt'j’f‘:@t““z?L Zﬁ(ﬁ ng on

t he work-up mtdwiﬁ»q&ad: %Ezl\ﬁm kﬂa@}mﬂafl@iiﬁe—floﬁ—dllm}:ﬁs{ﬂndﬂ dairdes are

descri be wa a 1. 347, &2 The in t4 on
gPOVInc%%ttqhe nerm_l. ,98 tcﬁ F{"t?ﬁ?ﬁg{:‘ \é%r].d

further use of 1% po?ycat box? i'C ésters prepared
accordi ng t o isophthalic acid, terephthallc acid, Dbenzene-1,2,3-

tricarboxylic acid, benzene-1,2,4-tricarboxylic acid

(trimellitic acid), benzene-1,3,5-tricarboxylic acid
(trimesinic acid), benzene-1,2,3,4-tetracarboxylic
30 acid, benzene-1,2,4,5-tetracarboxylic acid
(pyromellitic acid). It is also possible to use acids

produced from the acids mentioned through substitution
of one or more hydrogen atoms on the aromatic ring by
alkyl, cycloalkyl, or alkoxyalkyl groups. It is also
35 possible to use polycarboxylic acids having an
anthracene skeleton, phenanthrene skeleton, or diphenyl

oxide skeleton.



30 the invention as plasticizers in plastics. Preferred plastics are PVC,
and ‘hono-: and copol yners based on et hyl ene, on propyl ene, on vinyl acetate,
on glycidyl acrylate, on glycidyl nethacrylate, on acrylates, or on

acryl ates havi ng branched or unbranched al kyl radicals 35 bonded to the
oxygen atom of the ester group and havipng fromone to ten carbon atons, or
on styrene or on acrylnitrile, and homo- or copolymers of Cyclic ol efins.

- 19 The fol st nt e pr. % t he
above groups: %md¥§§H atgé(gr’ﬁ §§¥%gg.ﬁ%nﬁﬁgg|9a?§35?f§ﬁ§ﬂ¥§ﬁ£ %ggg%gdrcals
havi ng from BRayo ecé?rwl'éﬁd)rr@r bendeancbedhea dsyhgen Ca'ti‘dmad-fkﬁftlhe est er

group, in pagplkewklankhavigibdde Rabuhyl frianhexyte rz»-soctavﬂ pAkt2-80 Yl hexyl
radi cal, pol ynethacrylate, polynethyl nethacrylate, nethyl acryl ate-butyl

acryl ate cop%F?W’er% g‘Prrst 1Ry | ‘C'L%rﬁfrePﬁéér’ﬁPétaélMut%HO%§ h&r vl 3t eCREBBRY ner s,
et hyl enevd nyktaeagt.at e copol yners, chlorinated polyethylene, nitrile rubber
acrylnitril e-butadi ene-styrene copol yners, ethyl ene-propyl ene copol yners,
et hyl ene- propyl ene-di ene copol yners, styrene-acrylnitrile copoly 15 mers,
acrylnitriIerutadBenepoa@bble sttys enexdrut adilendrod! astdnensesandandt hyl

met hacryl at e |y T Leycl i |y lic
esters of thg%%%e%%ﬁy%ﬁEa ﬁ%ﬁﬂﬁgggovggE%e u2§3§#b%% ‘? Eglagg?ggég

m xtures, foRrlerhepise @Héﬁﬁﬁﬁ&n@ﬁbfba @MQhﬂnﬁa%FQMQWSapboﬂyéﬁﬁaént

M xt ur es; gradenbh oM Phagtn Corantsder £ | mY &kLeeBOI yEaRhexybic ast ekgeof the
invention or the 25 po {carb xylic esters prepared according to the

i nvention ar €38Fs6 &€€t§y the present invention. Suitable plastics are
t he abovenenti oned conpounds M xtures of this type preferably conpri se at

| 50 b h ferably f
very parti culBF yPEPRRBPay ¥ 30°EBC30% by el DS oF4 nEAPREREL i c

polycarboxylwhleﬁtenmpﬁwaalauﬂieﬁﬂhaﬂwmnpqwzmalcestenspaEkampﬂas B¥C, and

conpri si{yg og%ag fatlerting 2ald ab @lic 35 esters of the

i nvention ma pr sent in the omnn pr cts, for exanple casi ngs
for electric 1X&@¥e@espr§ééﬁe§s ﬁr?@héﬁf Pesarkmiplia esdss Bdsi ngs
and conponentpgrefial - eBQerQBQBQGE.@ﬁhl Q*/I@ﬂ@laIEﬂ/EVlaﬁid)ndQ(&mWIenbst@ﬁfspl pi ng,
of apparat us, of cables re S athrn i nsul tap of wi ndow
prof i1 es, i niPRt A & SHETT ALCHTSY TR UG IE SRR © ur o
construction, 5 plastosols in floor coverrngs, medi cal products, packagi ng
for foo roqri I o] S 4148 ogr.aphi Lgks,

synt het |d2(:6)I eg’[ ﬁrgriéct con%tou rirr%raggf :)gra]% g%a%]ignlg,esa%%%i gé ?’g%gugrbﬁms,

cl ot hi ng, cosiurr-rglg mnfalbe¢stémfia@tr@s of0 aM e lyesrhedel ¢ oAarplast i c,

in particul ag;iRYCanand eomar kg ne or more of the alicyclic
pol ycarboxylic esters of the invention may noreover be used for producing

the foll owi ng products, for exanple:
Another way in which mixtures of partial esters can be

25 produced is via reaction of a mixture of at least two
polycarboxylic acids with an alecohol or alcohol
mixture. .

Low-cost alcohol mixtures are frequently wused for
esterification in industry.

30 Examples of these are:

Cs alcohol mixtures, prepared from linear butenes by
hydroformylation followed by hydrogenation;

Cs alcohol mixtures prepared from butene mixtures which
comprise linear butenes and isobutene, by

35 hydroformylation followed by hydrogenation;

Ce¢ alcohol mixtures prepared from a pentene or from a
mixture of two or more pentenes, by hydroformylation
followed by hydrogenation;



15 a casing for electrical devices, piping, apparatus, a cable, wre

sheat hing, a wi ndow profile, a floor covering, a nmedical product, a toy,
packagi ng for food or drink, a gasket, a film a conposite film a

phonogr aphi c di sk, synthetic |eather, a container for 20 packagi ng, an
adhesive-tape film clothing, a coatlng,3or a fiber for fabrics. Besides

t he abovenenti oned applications, the allcycllc pol ycar boxylic esters of the

i nvention may._be q%%%&%Sf%&&E&ngonﬁggpbgehub@fﬁﬁ'ngﬁﬁékhxﬁén?es ol ow

constituent of coolants, or as netal ing ul ds
are i nt ended dipriopapst ref efram anvisHanm wstnﬁ@m ot §x oy S@@es@@ﬂ?@rof

protection, asx3Gr& wan ﬂékatm@ HeskeFrHL i B9 APErbRerflabiE onEX3MG el
hydrogenatloEp’%W%%gsonon ht hal at e (vestlnol 9) (conparative exanple)
n

590 g of Ves jgenat ed using pure 35 hydrogen in the presence
of the rus hem-wﬁlﬂ@an-aﬂmomw& 10rissmer$P0 nl ppepassde rpgct onldola

pressure of 200 nd at a tenperature of 0C., Once rogen up ake has
ended, the realt Paﬁa§ﬁﬁépres ﬁrlzéﬁ_%ﬁﬁy¥%%&ghyd§1 SfT%g 0 pr&duct was

analyzed D ihyshamdnaititdmal at e conver5|on was then 99.9. The yield of

di (i osononyl )C cygly %g%gainemgﬁggé boxy. ggegas ’%‘%"g%%d glg%%%r aps, ratio

det er m ned by nmeans S ectr py was asurenen i ce:
Measur enent fdrlétﬁiafé#(%tloganphﬁdhéﬁérmSéﬁ‘Féﬁp AYAndw PRGIE0- INVR The

spectroneper Jfiomie forPaly1 Brukee 364, ME NBnsaepke dead, mawmEeDbCl3

degree of deuteration 99.80) Standard: Measurement tenperature: Nunber of
gcags of linear butengs or nmixtures with llnegP butenes and

isobutene. The C, olefins may be dimerized with the aid
of various catalysts, such as protonic acids, zeolites,
organometallic nickel compounds, or solid nickel-
15 containing catalysts. The Cg olefin mixtures may be
hydroformylated with the aid of rhodium catalysts or
cobalt catalysts. There is therefore a wide variety of
industrial Cg alcohol mixtures.
Cip alcohol mixtures prepared by tripropylene, by
20 hydroformylation followed by hydrogenation;

2-propylheptanol (2 isomers), prepared by aldol
condensation of valeraldehyde followed by
hydrogenation;

Ci0 alcohol mixtures prepared from a mixture of at least

25 two Cs; aldehydes by aldol condensation followed by
hydrogenation;

Cis alcohol mixtures prepared from hexaethylene,
tetrapropylene, or tributene, by  hydroformylation
followed by hydrogenation.

30 Other alcohol mixtures may be obtained by
hydroformylation followed by hydrogenation from olefins
or olefin mixtures which are produced, for example, in
Fischer-Tropsch syntheses, in dehydrogenation processes
on hydrocarbons, in metathesis reactions, in the

35 polygas process, or in other industrial processes.



Del ay: Acquisition time: Spectral w dth: Pul se angle: Pulse |ength:
Tetranethylsilane (TM5) 3 03 K32 1 s 4.4 s 7440.5 Hz 30 3.2 us. An exanple
of the method of recording the 1H NVMR spectra conprised di ssol ving about 20
ng of the sanple in about 0.6 m of CDC13 (with 1o weight of TMS). The
spectra were recorded under the conditiops_given above and referenced to
TM5 = 0 ppm In the 1H NVR spectra obtained, the nethyne signals for cis-
and trans-di alLkyl_h p ul e o4 stingui. i th: chem ca
shifts of abggt stg??é%rﬁ%g’;‘?% g.&(gg%o%fr)nférg:gopegf’?veﬁ/éﬂlxgewsl?%‘g%le@sh?%Ffejld
toward | oweroleélidscorfespordimg t@ tmhelsrs cdopoundepharger ppeavrkalue). To
quantify thegigpieks the integrals were determned from3.0 ppmto 2.8(2)
ppm and fron12.7?§) ppmto 2.5 ppm the two integrals being separated in
the m ddl e between the signals. The ratio of the two isonmeric structures

coul d be glet enBi pedcbsaMotrthe HantieRarth dratd 08 . udXaamy o .ty nphesi g1 of
nonoi sononyl ght al ate - 22 444-% oféphthalate anhydrige %g nng% and 432
g of isononafSFer3 MHEFUERT e RFRATT &Y nBIFOBF EhSr ePRSAEREPRIEMG in a
round- bott omedifikaskanfli chthad i abevamént henadnet etcahdlstimigtuaad. on

whi ch a refl enser b d. er_ faQrmti. started at
a terrperaturg‘é(%?rﬁg% aﬁ% V\t/éhlggdi]g%gerr%%fcrg’ vipal\éberape%;eﬁrkeed %ssegﬁ%gpengérature.
| medi at el y abterst heprepppeedt urferan sephthalsgpplacid heat wabthaleer upt ed.

After aboyt 1Qnspukes 4e FRghUlsg, %@E%ﬁg'ﬂﬁ%dxno%ﬁ’iiQuEéa%?diEE&SMEal

tenperature of about 150C, was cool ed. rogenati on proceed

quant i t at i vePycobad scRpgAREoGFEPhY HEr ot CEF LR SHIFSiti on to be deterni ned
at about 950 by wei ght of nonoester, 3% by 15 wei ght of diester, 0.5% by
wei ght of isgnonanol and 1.5% by weight of phthalic acid. Ex le 3;
Fwdrogenatioﬁgﬁf Re S €onorfyit hé?%?é 4@?99 f.6?qﬂﬂ§£?ﬁ fﬂgmnnﬁgester

m Xt ure prepasetericaqlexgnue 2swere mxedf vathowtukertdier imomkxriap, wth

240 D7 . i | j dt
10007 HoacPartifde SR R GEs B BN (PNPEud) nof LR EHRERET o7 °
wer e added amériyédogeptersn Wi hempdesgdd ywast caa r ir@gchdomat m2Boubsr 25

and 120C. m%@oﬁﬂ%eﬁi NGa AYAE 0GR Ut i t Be asoPBIAT Y| | Ghere
derivatives had ended, the reactor was dgg{essurlzed. Exanpl e 4:

Esterificati BRPEPPERE R Ad-RYFdCEGETESd T8 Wooest er to give the diester
The reactor discharge fromexanple 3 was transferred to a standard

esterificati apparatuys and _m xed with further 120.9g.{0.83 npn of
i sononan aﬁgea GGt ﬂo?%}%ﬁst%ﬁ%%nﬁﬂyﬁh?igﬁ%% - ?%Iﬁéﬁelﬁggngég as
entrai ner, 3bagndbet Pumusubistanieesr eact i ordustatiak wastafrfesct i eegi-n

keepi ng the estgrihjcald Q) taMmaraiirgS onssant s 23808 o fhegabahkti cation

proceeded wth reflux of the alcohol and tol uene_charge at atnnsgherlc
pressure an®resent in mixtures of this type, besides the par ial

ester, are, for example, full esters, polycarboxylic
25 acid/polycarboxylic anhydride (in each case from 0 to
15 mol%, based on the partial ester), alcohol, water,

and/or the esterification catalyst.

Aromatic polycarboxylic acids or their anhydrides and
30 alcohols (alcohol mixtures) may optionally be fed into
the hydrogenation stage in the intended ratio,
separately or together. For example, phthalic anhydride
and alcohol (alcohol mixture) may be fed into the outer
loop of a hydrogenation reactor operated in loop mode.
35 Partial ester formation occurs here primarily in the

outer loop.



- 23 the water produced was taken off at the water separator.
Esterification was carried out as far as an acid value of < 0.5 ng KOH g.
The al cohol was distilled off at a Claisen bridge at this tenperature until
the 5 final pressure of 10 nbar had been reached. The m xture was then
cooled to 80C and neutralized dropw se wi.th 100 strength aqueous sodi um
hydr oxi de sol uti on, and subsequently stirtred for approximately 30 further

m nutes. 10 e est then Cin 10 rv

Distilled or em neﬁgﬂ ze wat egg%?glggtiggon t%% i mx{ﬁﬁg V\%I%é#? of: crude
ester) was t mordvadddpxrlopni secials comay anpet eaperaedr eovka bive Kmoersi on
tube. Once the QMU Jﬁ?&@weéatawsbgatolrnguva@ S¥td£heds obl,. rlithe

product then’cooled in vacuo to 80C and was then filtered through a
suct i on- t ype 9 RENFaAtHeACAS R MY PARIUAR; filtration aid, to give
a clear fgltrate. 20 The ratio of cis- and
trans-cycl ohexane 1, 2d| carb xylic, di sterst was term ne{gl $¥ %
spect r oscopy H(-SEE Ao wBgrEieto £8 eé?anpfﬁo% ERtérfHEat i &# of the
{lhng hy(cjir otgedmtomhtz& gnpowttarbbﬂygn;ze tdwei @b estyenethé lgst eteddseat non of

e produc i_scharge m reac X S e t ina
manner sim | arsttgL esgtarrp é94 exg%‘ l ﬂﬁﬁghéflc?ol%ﬁ% (;%r\%/adsgaad%g%éé QJ %1
resulted in @alddwlisn the @SQertleﬂwtalt@lrreSOr@Q%er@m el 2t5®Cl,&fOt°é3r
wor k- up, 1 hnveshigaki o 0f the Rredugle %Hr&é}&&ap@gt QSEPRY QRVYRE .
Ci s/trans rati o of about 21/78 35 Exanpl es d 5 show that products with
different trdie PR 18f BRe AEYIBHSRRE 12D- ﬁFeQﬁﬁéﬁquaéfbé’é‘tYéflé: can be
prepared by \afiy nghyt Nee esd£fidd cabt oni€RNdht bRABss of 24 cohea .prneggss of
the invention results in hi ghE ﬁrffs contents than the h natlon of
Vestinol 9 ( afPeE ERanBle 1Y+ ustHSt h&a ehyﬁ%ﬁ%ﬂét%ﬁh
condi ti ons dlpraixrtg.at]he pdreagenaikonref t heimoaoesther ahd'drfogtelmtdjoes-t er.
What is 5 1.. A ptoce for ari toakiphatic
pol ycar boxyl iC es}}9 4 j:L\f?n ﬁkcorr%fstllsesc%g%ydr%%te%% |n€éa pglrtjfl al*“est er
of the corresefﬁ)mtrﬁy%ﬂ‘ttﬁmfbé shley andoxy| PE SEicessr dFcerel cBprPEspandi ng

aromati c pol waad bayyhd e ANhygride, pABFaration to be already that

intended for the esterification stage which follows the

hydrogenation.

20
Besides the alicyclic partial ester(s), the product-
discharges from the hydrogenation may comprise full
esters and alicyclic polycarboxylic acids, alcohol, and
also solvents, by-products, and water.

25

These mixtures are preferably reacted to give the full
esters by methods known per se, without further
purification. This post-esterification may take place
by an autocatalytic or catalytic mechanism, for example
30 using Brénstedt or Lewis acids. Quite irrespective of
the type of catalysis selected, the result is always a
temperature-dependent equilibrium between the starting
materials (partial ester and, where appropriate,
carboxylic acid and alcohol) and the products (esters
35 and water). In order to shift the equilibrium in favor
of the full ester, use may be made of entrainer with
the aid of which the water of the reaction can be

removed from the mixture. Since the alcohols used for



10 b) reacting the resultant cycloaliphatic partial ester with an al cohol
to give the full ester. 2. The process as clained in claiml1l, wherein 15

t he hydrogenation of the aromatic partial ester is carried out using a
catal yst conprising at | east one netal of the 8th transition group of the
periodic table. 3. The process as cl ai % in claiml 20 wherein the al cohol
or al cohol m xture use esterification of the cycloaliphatic the sane as

t hat which | d Lficati f arti.al._ester. 25 p carboxylic
acid. or 2, W(e)°:31!1e1‘ o%)g%%%]p?#%th%t ?%I\’%esi%r?elfsg%?ép e(fodlurftisnggia%nt htgle
aromatic 4. Tedyweodestylds chaifed dand chdsmdanri®l wiséegisn tdmdalidshol or
al cohol i xt s WSede Lok { Ned Ublre30hget ardilicanl 0B, 8f ol e oy Chpdldphati c
partial ester is other than that which would be proéuced duri ng

saponi ficati Gt ¥he p&eC S eSPEradherne Wigihut FeRp RS caEBBRYPHc t4ci d.
35 5. Thespr agrs prascsdAidmibr vty derid@n® 1 to 4, wherein -26 the
aromati ¢ pol ycarboxylic acids or the correspondi ng pol ycarboxylic
anhydrides contains 2, 3 or 4 carboxyl functions. 5 6. The process as
claimed in armheofattahol dbrt mEgohdier sintulte arsmdht to fanncathexyfluld aci ds

or the corresponding gol.yganbaxel cignhydrdes cantdlin.J4,0m 1410 3eq
condensed benzZene rings. . The process as° clainmea’inany o &% 1 to
6, wherein t e aksohsk, corpbemre fammtdnanbhédgor fxemr anched 2%yl in

cycl oal kyh, g/ Qe al 0k o 9&9]99@ ,h.agkn%h%ga%159%lnhgdéé ¢Rr R at ons.

8. The process as clainmed in any of clains , erein the reaction of

the cycl oal i pt iftidarastar dsiqat the P SRy kg 1aeider is carried out
with catal ysisstef i iddatd 8t a Ly s EONWBMEOMMOFNEe Diseeape0eRSHAS
claimed in any of clains to a wherein 25 the partial ester used of an
aromtic pol oy | BUREPE CorBrTdes T RRHOCSE LI O0 S beftrihe. P2- B1 3.
or 1, 4-di car brodyaresadi fthnikp. adhd, processads clri cedpoundsy odf tdlemiens 1 to
9, 30 Whfgeirhxamples of those suitable are tin, titanium,
zirconium, which may be used as finely divided metals
or advantageously in the form of their salts, or of the
oxides or, of the soluble organic compounds. Unlike
protic acids, the metal catalysts are high-temperature
20 catalysts which achieve their full activity only at
temperatures above 180°C. However, their wuse 1is
preferred since the amount of by-products which they
form, for example olefins from the alcohol used, is
smaller than with protic catalysis. Examples of metal
25 catalysts are tin powder, tin (II) oxide, tin (II)
oxalate, titanium esters, such as tetraisopropyl
orthotitanate or tetrabutyl orthotitanate, and also

zirconium esters, such as tetrabutyl zirconate.

300 The alcohol or alcohol mixture used during the full
esterification of the cycloaliphatic partial ester may
be the same as that which would be produced or is
produced during saponification of the partial ester of
the aromatic polycarboxylic acid.

35
In one preferred embodiment of the invention, the
partial ester is first prepared, e.g. as in the patent

literature cited.



the partial ester used of the aromatic pol ycarboxylic acid is a nono- or
diester. of 1, 2, 3-, 1, 2-4- or 1, 3, 5trinmellitic acid.
.A@A9(e. AL(R AL(y. AN. A9; . AL(. Ayy. AL; e. AL;, . AL(. A9;
e. AL(.AGN. A'y. A (y. AL(R AL(y. AL(y. A (e. A e. ALe. AL; . AN2. AL; | e. AaSt 9 nrx
Bxz} #) zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] a,] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
calca]ca]jca]jca Ucra Ucra U cra]cal caﬁJj cajcRa )
DC{{~% & I'1""2"3"""""##$Y&&E5' ' (((}xsni d_Z]c] ca] ca]ca] ca] ca]ca]ca]ca]calcalc
a]J ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]lca]ca]ca]lca]ca]ca]calcalcal (((((((
((*k+S-T-{- qTReL/ @luydhyod070601 1| B55N8tB89*mikxtkene d Zpeficalva] thecafwdllcal calc
al ca] cal cal koA el &l o3 calgal cabcapealeakeabeal eakeal cal c
A<H< =>> M WERNABED0EK |78 5] PB6Rg PENNGSOF8Re npg  Zhdltc Skt ayea) ¥8e€a) ca] ca
] ca] ca] caj calealralealc alleaaltaalic &l a) cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
I RRSSUUW/aVWKZ! \ (\\\ b e #c*c! dddgghj "jjykl A1} xsnid Z]c]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
Jca] call | | | * mtnmodppppkse uwiRsizyie8} For} ~arbgh¥?} xshichd] Ucxa] eaptakea] cal ca

colcol sl eabbomedapleal s enl Sl ael e cepac)anpenensstanygn o o
U] ca] ca] ca] c&tea] d ca]‘-c&}?@a]mlai]@%a?f:a}:@@] cdalwsrltcialca) Bar * geragR1e,
8PWA?SXaEKM 6} xsni ﬁﬂﬂ?@\ W cablklegkrakealL aLal £l calcal Cﬁ]ae%gahc al cajc

a) ca U]c"a] cal cal] ca] ca] ca] ca] cal] ca] cal] ca] ca]ca] cal cal] cat 9xVv4! ~91 10% h
h& ()-1"s! 108h&LCP myenprmt()am@ Ee%rﬁ&C(t) -nmﬁ@qferw%)msh a

@ 10WhVh& () A2&8hol* LéBohént) tbLEi+RYRAE El11928s1e%.

Y& ()-!799!110%h& ()-!99! 10%h& ()-!~ 9! 10%h& ()-nopqrx}oP! L*! 10%
6109& ()- 1033 1033 1033! 3!109%B83& ()-!~ "3110%h& ()-!t 3!'10%h& ()-x
wWU3P! 9F" "10%$$&q@bdmydﬁ:concentratlon depends on the nature of the

"100 0 0 0
USSR (4 M (T SO0 T BOIERS Qihis 10 80T
Bx#{Y:~_ @L" preferred it is from 0.005 to 1.0% by welght based on
the reaction mixture, in particular from 0.01 to 0.5%
by weight, wvery particularly from 0.01 to 0.1% by
weight.
20
When titanium catalysts are used, their reaction
temperatures are from 160 to 270°C, preferably from 180
to 250°C. The ideal temperatures depend on the starting
materials, the progress of the reaction, and the
25 catalyst concentration. They may easily be determined
by trials for each particular case. Higher temperatures
increase the reaction rates and favor side-reactions,
such as elimination of water from alcohols or the
formation of colored by-products. For removal of the
30 water of the reaction it is useful that the alcohol can
be removed from the reaction mixture by distillation.
The desired temperature or the desired temperature
range may be set via the pressure 1in the reaction
vessel. In the case of low-boiling alcohols, therefore,
35 the reaction 1s carried out at superatmospheric
pressure, and in the case of higher-boiling alcohols it
is carried out at subatmospheric pressure. For example,

the operating temperature range during the reaction of
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to 10 m bar.

The 1liquid to be returned to the reaction may be
composed to some extent or entirely of alcohol, which
is obtained by work-up of the azeotropic distillate. It
is also possible for the work-up to be carried out at a
later juncture and for the liquid removed to be
replaced entirely or to some extent by fresh alcohol,
i.e. from alcohol provided in a feed vessel.

The crude ester mixtures, which besides the full
ester(s) comprise alcohol, wvery small amounts of
partial ester, catalyst or its downstream products,
and, where appropriate, by-products, are worked up by
methods known per se. This work-up encompasses the
following steps: removal of the excess alcohol and,
where appropriate, low boilers, optionally including
steam distillation, neutralization of the acids
present, conversion of the catalyst into a residue
capable of easy filtration, removal of the solids, and,
where appropriate, drying. The sequence of these steps
can differ, depending on the work-up methods used.
Work-up methods for crude ester mixtures are described
by way of example in DE 197 21 347 C2.

The present invention further provides the use of the
alicyclic polycarboxylic esters prepared according to
the invention as plasticizers in plastics. Preferred
plastics are PVC, and homo- and copolymers based on
ethylene, on propylene, on vinyl acetate, on glycidyl
acrylate, on glycidyl methacrylate, on ac¢rylates, or on
acrylates having branched or unbranched alkyl radicals
bonded to the oxygen atom of the ester group and having
from one to ten carbon atoms, or on styrene or on
acrylnitrile, and homo- or <copolymers of cyclic

olefins.
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in partlcular having
the n-butyl, n-hexyl, n-octyl, or 2-ethylhexyl radical,
polymethacrylate, polymethyl methacrylate, methyl
acrylate-butyl acrylate copolymers, methyl
10 methacrylate-butyl methacrylate copolymers, ethylene-
vinyl acetate copolymers, chlorinated polyethylene,
nitrile rubber, acrylnitrile-butadiene-styrene copoly-
mers, ethylene-propylene copolymers, ethylene-pro-
pylene-diene copolymers, styrene-acrylnitrile copoly-
15 mers, acrylnitrile-butadiene rubber, styrene-butadiene
elastomers, and methyl methacrylate-styrene-butadiene

copolymers.

The alicyclic polycarboxylic esters of the invention
20 may moreover be used to modify plastics mixtures, for
example the mixture of a polyolefin with a polyamide.

Mixtures made from plastics and the alicyclic
polycarboxylic esters of the invention or the
25 polycarboxylic esters prepared according to the
invention are also provided by the present invention.
Suitable plastics are the abovementioned compounds.
Mixtures of this type preferably comprise at least 5%
by weight, particularly preferably from 20 to 80% by
30 weight, very particularly preferably from 30 to 70% by

weight, of the alicyclic polycarboxylic esters.

Mixtures made from plastics, in particular PVC, and

comprising one or more of the alicyclic polycarboxylic
35 esters of the invention may be present in the following

products, for example:

casings for electrical devices, such as kitchen

machines, computer cases, casings and components of
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5 plastosols, in floor <coverings, medical products,
packaging for food or drink, gaskets, films, composite
films, phonographic disks, synthetic leather, toys,
containers for packaging, adhesive-tape films,

clothing, coatings, and fibers for fabrics.

10
Mixtures made from plastic, 1in particular PVC, and
comprising one or more of the alicyclic polycarboxylic
esters of the invention may morecver be used for
producing the following products, for example:

15 a casing for electrical devices, piping, apparatus, a
cable, wire sheathing, a window profile, a floor
covering, a medical product, a toy, packaging for food
or drink, a gasket, a film, a composite film, a
phonographic disk, synthetic leather, a container for

20 packaging, an adhesive-tape film, clothing, a coating,

or a fiber for fabrics.

Besides the abovementioned applications, the alicyclic
polycarboxylic esters of the invention may be used as a
25 component in lubricating oil, as a constituent of

coolants, or as metal working liquids.

The examples below are intended to illustrate the
invention without limiting its scope of protection, as

30 given in the description and the claims.

Example 1: hydrogenation of diisononyl phthalate
(Vestinol 9) (comparative example) )
590 g of Vestinol 9 are hydrogenated using pure
35 hydrogen in the presence of the ruthenium catalyst
B4168/10r in a 600 ml pressure reactor at a pressure of
200 bar and at a temperature of 120°C. Once hydrogen

uptake has ended, the reactor was depressurized and the
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10e 10elL "10%e& (bhem 199.9%. The y1el of di 1osononyl cyclohexane—
1,2-dicarboxylate was 99.8%, and a cis/trans ratio

determined by means of 'H NMR spectroscopy was 97:3.

Measurement device: Avance DPX-360 NMR spectrometer

from the company Bruker

Measurement frequency: 360 MHz

Sample head: QNP sample head, 5 mm

Solvent: CDCl; (degree of deuteration
99.8%)

Standard: Tetramethylsilane (TMS)

Measurement temperature: 303 K

Number of scans: 32

Delay: 1l s

Acquisition time: 4.4 s

Spectral width: 7440.5 Hz

Pulse angle: 30¢°

Pulse length: 3.2 us.

An example of the method of recording the 'H NMR
spectra comprised dissolving about 20 mg of the sample
in about 0.6 ml of CDCl; (with 1% weight of TMS). The
10 spectra were recorded under the conditions given above
and referenced to T™MS = 0 ppm.
In the 'H NMR spectra obtained, the methyne signals for
cis- and trans-dialkyl hexahydrophthalates could be
distinguished with chemical shifts of about 2.8 ppm and
15 2.6 ppm, respectively. The signal shifted toward lower
field corresponding to the c¢is compound (larger ppm
value). To quantify the isomer, the integrals were
determined from 3.0 ppm to 2.8(2) ppm and from
2.7(2) ppm to 2.5 ppm, the two integrals Dbeing
20 separated in the middle between the signals. The ratio
of the two isomeric structures could be determined from

the intensity ratios.

Example 2: Synthesis of monoisononyl phthalate
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10%& () - 101%@*gﬂ n&%&ature ¢ 117°C and was discernible via a
marked rise in temperature. Immediately after the
temperature rise, the supply of heat was interrupted.
After about 10 minutes the mixture, which had now
10 reached its final temperature of about 150°C, was

cooled. The hydrogenation proceeds quantitatively.

Gas chromatography permitted a composition to Dbe
determined at about 95% by weight of monoester, 3% by

15 weight of diester, 0.5% by weight of isononanol and
1.5% by weight of phthalic acid.

Example 3: Hydrogenation of monoisononyl phthalate
487 g (1.67 mol) of the monoester mixture prepared in
20 example 2 were mixed, without further work-up, with
240 g (1.67 mol) of isononanol (precursor of Vestinol
9), and charged to a 1000 ml reactor under nitrogen.
74 g of the ruthenium catalyst B4168/10r were added and
hydrogenation with hydrogen was carried out at 200 bar
25 and 120°C. Once the ring-hydrogenation of the aromatic
carboxylic derivatives had ended, the reactor was

depressurized.

Example 4: Esterification of the ring-hydrogenated
30 monoester to give the diester
The reactor discharge from example 3 was transferred to
a standard esterification apparatus and mixed with a
further 120 g (0.83 mol) of isononanol and about 0.07 g
of tetrabutyl titanate. Toluene was used as entrainer,
35 and its amount in the reaction mixture was effective in
keeping the esterification temperature constant at
180°C. The esterification proceeded with reflux of the
alcohol and toluene charge at atmospheric pressure, and
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10% strength agueous sodium hydroxide solution, and
subsequently stirred for approximately 30 further
minutes.

The ester was then heated to 180°C in a 10 mbar vacuum.
Distilled or demineralized water (8%, based on the
initial weight of crude ester) was then added dropwise
at constant temperature via the immersion tube. Once
the work-up had ended, the heating was switched off.

The product then cooled in wvacuo to 80°C and was then
filtered through a suction-type filter funnel, wusing
filter paper and filtration aid, to give a clear
filtrate.

The ratio of cis- and trans-cyclohexane-1, 2~
dicarboxylic diesters was determined by 'H NMR

spectroscopy (see above). It was 51 to 49.

Example 5: Esterification of the ring-hydrogenated
monoester to give the diester

The esterification of the product discharged from the
reaction in example 3 was carried out in a manner
similar to example 4, except that no toluene was added.
This resulted 1in a 1rise 1in the esterification
temperature to 250°C.

After work-up, investigation of the product by 'H NMR

spectroscopy gave a cis/trans ratio of about 21/79.

Examples 4 and 5 show that products with different
trans contents for the c¢yclohexane-1,2-dicarboxylic
esters can be prepared by varying the esterification

conditions.
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(comparative example 1), wusing the same hydrogenation
5 conditions during the hydrogenation of the monoester

and of the diester.
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1. A process for preparing cycloaliphatic
polycarboxylic esters,
5 which comprises
a) hydrogenating a partial ester of the corresponding
aromatic polycarboxylic acid or of the
corresponding aromatic polycarboxylic anhydride,
and
10 Db) reacting the resultant cycloaliphatic partial

ester with an alcohol to give the full ester.

2. The process as claimed in claim 1,
wherein

15 the hydrogenation of the aromatic partial ester is
carried out using a catalyst comprising at least one

metal of the 8" transition group of the periodic table.

3. The process as c¢laimed in claim 1 or 2,
20 wherein
the alcohol or alcohol mixture used for the full
esterification of the cycloaliphatic partial ester is
the same as that which would be obtained during
saponification of the partial ester of the aromatic
25 polycarboxylic acid.

4, The process as claimed in claim 1 or 2,

wherein

the alcohol or alcohol mixture used for the full
30 esterification of the cycloaliphatic partial ester is

other than that which would be produced during

saponification of the partial ester of the aromatic

polycarboxylic acid.

35 5. The process as claimed in any of claims 1 to 4,

wherein
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functions.

5 6. The process as claimed in any of claims 1 to 5,
wherein
the aromatic polycarboxylic acids or the corresponding
polycarboxylic anhydrides contain from 1 to 5 condensed
benzene rings.

10

7. The process as claimed in any of claims 1 to 6,
wherein
the alcohol components are branched or unbranched
alkyl, cycloalkyl, and/or alkoxyalkyl groups having

15 from 1 to 15 carbon atoms.

8. The process as claimed in any of claims 1 to 7

wherein

the reaction of the cycloaliphatic partial ester to
20 give the full ester is carried out with catalysis by a

titanium or zirconium compound.

9. The process as claimed in any of claims 1 to §
wherein

25 the partial ester used of an aromatic polycarboxylic
acid comprises a monoester of benzene-1,2-, 1,3-, or
1l,4-dicarboxylic acid.

10. The process as claimed in any of claims 1 to 9,

30 wherein
the partial ester used of the aromatic polycarboxylic
acid is a mono- or diester of 1,2,3-, 1,2-4- or 1,3,5-

trimellitic acid.



