; e3e#4"* b"6" T#Hel 7 JUN 2002 AS ORIG NALLY Y FILED Hydrogenati on1 (szUN 2002
benzenel ol ycarboxylic acids or derivatives thereof _ using aﬁgatalyst
.cont ai ni ng macropores The present invention relates to a procéSs for

hydr ogenati ng benzenepol ycarboxvlic adds or deriyanves thereof. such as
esters and/ or anhydrides, by bringing one or nore benzenepol vcarboxvlic

acids or one or nore derivatives thereof into contact

wth a
hydr ogen-contai ning gas in the presence gf a catal yst conmmmmmm“mm“m
macropores. Furthernore the present invention also rel atel d
products as obtai ned by the h~-hydrogenati on according to thesésmweenti on as

such, i.e. the corresponding _~ cyci oherane conpounds. in particular of
cvclohelanedlcarbomdlc esters and cvcl ohevanetri carboxvlic esters.

Cvcl onexanet r P DN R TRER, 7 or ™ Che i nvent RN .,

the use of the obtained cvcl ohexanedi carbowic esters as pl ast k@bd®rs in
pl asti cs. cInL" S~ "_" 86.898 and L' S~ .~19.1" ' 9. dinethvl
terephthal ate is hydrogenated at > ~0 C and a pressure of from~0 to 170

bar over supportegd Pd catal ysts whic treat d/ or Ru to
give the correspoﬁtﬁhﬁ’ eRAIAL ¢f\nenzgnen Eﬂr &léchrﬁ"SFar eé“aflﬁesljgte’ﬁo? '3
165 . aromatic carboxylic egtigbs cafﬂ\shy&{@gﬂmﬁﬁgr@orésrom 70 to =~0 C and
from 30 to 200 bar over supporfed N’ and/or Pd catalysts to

gi ve the correspondi ne cvcl oal i phatic car boxyl i c esters. L: S$3.0_" ; .398
descri bes the hydrogenati on of dinethyl terephthal ate over supported Ru

catal ysts at om110.to 1 ~0, C and from cth_ 10~ b% EP-A O 6031 .
relates to a BRORESE anqq{bre&xﬁﬁglaggp%ﬁs hi ooenanno enzenepolvcarboxvlic

cvcvl ohexnri e%@sa&b&’éﬁdahe?esanﬁbr@oibhé?ﬁﬁg 89&93ahi/Be aﬁtﬁfdﬁﬁ@g ha! brinoBy Shebdr usi ng
a 1 7 JUN ZzOZ supported pal | adi um catal yst.” wherein as support

al um na. sili mrmbemmapvbca:hmmldssor weedr nidre dpmmness thte( ninth edntatrer ei n
is particularly, characterized in that the sol on rrsrn

17 P evcl ohexalbif CPBERVTITER A1 LA AR 1A PO erE SO Sught
into contact with steam thereby leading to an extraction of the inpurines
as obtained in said solution. This process is, however. only applicable to
aci ds. since E\m'msnenglerptresmrxnd@mouattso\/re@t6>§ueﬂe@tsd eroducresxs @bwined by
anhydri des. there exists the ri Z‘k of dr ol use of support

conpri sins na%‘?olpgf%%@n?%onnfﬁco ?ﬁtrtem 3 ’lnhe'tt s aﬁbﬁ*t caetr Comip% 5‘ *t o now,

predom nanti=—cvcpihtki GorAfdAdes e fncalie hota&\dbmw&dlc:ﬁlﬂ)dl@m‘ &fiers Sp@onvl
esters of phthalrc ‘aci d have been used as plastrcrzers in plastics. such as

PVC, as may beclobetpgewigambpgricesiers. pRpartculartheagcloheymedicpypmstisresicss ade
recently thes cFo‘PtQJDa%H&‘lﬁmémtc ?Q?sr BEtheAs F%eth@gmde% ibh HEQE %ueé‘{%qﬁ% uQded th
aspects and tT1 therr usem pel astics ef producing e. ~. chil dren
i's under an |uhebeaﬁierhg_\cctashet\mterda:mbom1c_esrer§:rsrmasaauéttsr‘m plastideei r use is even

f or bi dden.

2> InUS 3.286.898 and US £.319.129. dimethy! terephthalate is hvdrogenated at > 140
°C and a pressure of from 50 to 170 bar over supported Pd catalysts which are
reated with Ni. Pt and/or Ru to give the corresponding dimethyl
hexahydroterephthalate. In DE-A 28 23 163, aromatic carboxylic esters are
hydrogenated at from 70 to 250 °C and from 30 to 200 bar over supported Ni, Ru.

2z Rh and/or Pd caralvsts to give the corresponding cvcloaliphatic carboxvlic esters.
US 5.027.398 describes the hydrogenation of dimethyl terephthalate over supported

Ru catalysts at from 110 to 140 °C and from 35 to 103 bar.

EP-A 0 603 825 relates 10 a process for the preparation of [.4-

:C cveyviohexanedicarboxylic acid by h¥drogenating terephthalic acid by using a



'The use of several c~-~clohevane-1.=-dicarbov.~iic acid esters as 17 JUN 2002
pl asticrzer is hnon fromthe pnor an. Descnbed is the use of

<~~cl oheYanedi carboYVlic acid dinmethvl or diethyl ester s ( DE- a ~ 8 "'’
3 16 ~ ~~. cyc | ohexane-1.=-dicarboxvlic acid _ ~ di( isononvl)ester (EP-:~
0--~) 110 ~ -11 and cvc |l oherane-1." '-dicarboxvlic acid di("_'

et hvl hexyl )ester (DE-a 1' ' 63 ' _'961 as plasticizers in plastic. It is an

obj ect of the present invention to provigle a process for hydrogenating
benzenepol vcarboxylic acids or derivatives. in particular

benzenedi carboxylic esters. _ ~ using specific catalysts. b~ neans of

whi ch the correspondi ng ring-hvdroeenated derivatives, in particular

cvci ohexanedi carbox; lic esters. can be obtained with a very high

sel ectivitt~ sapgbried palladiing clalyst. sheretrdsisoppoyi dhutlinal $ilieidr Rtignéiareants
secondary reactions. ? ¢ :~ further, gobject of the present invention lies in

provi di ng newsgst ddig drecegdeseritedgherein iy parpicilarpoeharactgrized ab Hig HigioBIIBE t he
D ooy | _ NG . Y T toth
rvent on. | whoRRSRERE (R kAR AT Al L BhIRL if E s BEG Y Blolfhy D, L 1°

The present iingesdnaen vade sreinngheyeyr Rudide So sarp exesion f ¢ff ey thimgeleatasng a
benzenepol vcarboxvlic acid ox a derivative thereof or a m.Yture of two or
nor e t her eof ABIAISE IR SRIAFOREENH EMS BRSPS S-CRAMSYRY Ionl aRpligakle 19 padseiictat i ve
t hereof or t%eﬂ?&ﬁn‘g‘ﬁﬁo?&e védl sM'é?e.E.Q%ﬁe?sQfmﬁ\}aHPesqgﬁagﬁ;ehé%isttpth@hsk

hydr ogen- contai ninggas 1n the presencgé of a cdatalyst I ch conprises as
active netal odthydrebsis. Direusestfal support commsisirigonacopgresvisinok mehtidded iRelis odi ¢
Tabl e al one or together with at | east one netal of transition group | or
Vi1l of the pBPHBHPR table applied to a support which contains nMacr opor es
with the proviso that if dinmethvl terephthalate is h~~dro~enated, the

hvdr oeenation using a catal yst which conprises as active netal ruthenium
ei t her al one Lgr tot moye tphedomindnily phthaba sdid estersnatcalas dibwfl. tivarys ot isonorst oup | .

VII or VIIl of the P:ri.odic Table applied ta a support. where support
has & mean pOPESATAHEL 50 S PESLToel B RTSHES 4f BFISuPaeE BV badd ot
most ~ 0 m : yfdvapd ddaGeMant Of FRE\ aCEIVE IMBlighedes. SR Relikivt ehe30% by
wei ght. based on the total weight of the catalyst. and the ratio of the
surface ar easompouride arecegardedmstbaing alauimenen! cadealbyaith aspppoand thys thegsise han
0.0~. _ ~ or a_catalyst i.ch conprises .as active nmetal rutheni um either

i one Bt oodt REFGIFRPaREn e £ BRI REFHeT S e Y ireig At SR oy

VI of the:RehbeslirgreialdieudeNs &Rn&m@idatn. of from0.01 to 30.' o by wei ght.
based on the total 'weight of the catalyst. applied to a support, where from
10 to ~0,'0 of the pore volume of the support is formed by _ ~ nmacropores
having a pore.diameter _in t range. from ~0 nmtg 10,000 nm and, fromJO to
50, 0of ¢ he TBore oturel B RSP e ot oS O e By e Cobree MbPhy o
por e di anet effroldtht Reof &ndestritedis the us® of- O clviflexarbicerbbldicsdtns @inettieopor e

vol unes adds up to 100% is excluded. N ) ) )
diethyl esters (DE-A 28 23 163). cyclohexane-1.2-dicarboxvlic acid

22 di(isononvl)ester (EP-A 07-011074) and cyclohexane-1.2-dicarboxylic acid di(2-

-

ethvlhexylester (DE-A 12 65 296) as plasticizers in plastic.

It is an object of the present invention to provide a process for hvdrogenating
benzenepolvcarboxylic acids or derivatives. in particular benzenedicarboxvlic esters.
23 using specific catalysts. by means of which the corresponding ring-hvdrogenated
derivatives. in particular cvclohexanedicarboxylic esters. can be obtained with a very
high selectivity and in a verv high space-time yield without significant secondary

reactions.

3¢ A further object of the present invention lies in providing new products which are



In a preferred enbodi nent. the present invention provides a process’fLﬂUN 2002
7 JINN Z00Z -4 hydrogenati ng a benzenepol ycarboxylic acid or a derivative
-~nereof or a mxture of two or nore thereof. wherein the catal yst conprises
as a~ five netal at |east one netal of transition Goup VIIlI of the
Periodic Table either one or together ~~ith at |east one netal of
transition soup | or VII of the Periodic T~ble applied to a support, where
t he support has a nmean pore dianeter of -at |east ~0O nmand a BET surface
, area of at nost 30 m;'a and the anmount of the active netal is fromO. Ol
to ~ 0 by weight, based on the total weight of the catalyst (catalyst 1 ).
Furthernore, the present invention prow ides a process of this t<~pe in

whi ch the catal yst conpnses as active netal at |east one netal of
transition sowwingbig byf thendverogpragion Thleazesepdesarbaxyhe anidt Gigavaideswi th at

amount of 11 onia0s anad ey gkl onSls B prrbliCusegtisr S dpgftiely e

catal yst. appllasges.to a support. where from10 to ~0' of the pore volume of
the support is formed by macropores haying a pore dianeter in the range _ =
nom~0 nmto 10.000 nmand from= 0 to 90" of the pore volune of the

is f. d b=~ hayi di ' h f
R0 07 nri A dF e B b CENAS &V s PRIGE 1 (5 1B B URedt ol yot

'27. In a f urdehadneulRheiokelic QsiAOsH drdetivarivl ehddéof SR miiRvMebE eWo Wrambes a
process as defined above 1n which the catal yst ~catal vst ~ conprises as
active netal thireofdwshringing the banzeaepalYarPorY G idPhing derivau st thergef peiieodi ¢

Tabl ith : . | - I 1 it G
o of ReSERf bl GOkttt Il RN BB ool ERR [ ) 7 0u
wei ght . basedréendshef todatdlyseenigbli cofnphises snbaivesinetabpipl legsd dre mesdlipport .

where the support has a_nean pore dianeter of at |least. 0.1 =mand a BET
surface aréa unsigen grogp Villof ghe Beriodifyhahile alopgserdogether; witlhas lsast one megala 11

supports whi cf iﬁogfs_c_!}ﬂg@fi&omg@% ' erfodicHPEY lad%ia%n%ﬁo%aicﬂ SRtdhs

macr opores as we ose ntain Mesopores anci | or mcropores in
addi tion to mMeefspofssedth tAEpiovondral s whi ch can be used are in principle
all netals of _transition group VIII c g% the Periodic Table. Preference is

gi ven to usi ngipIeAtT FRETARIRIEH ISUMATqEaPa ety drogenauon Ningp sataly st whishl ¢ .
nickel of T utBERhUDOhedeThath HutheRfunt WheP LloRDE0EARIARNN SRS bhy fef! Al

particul ar preference is given to using rutheniumas active netal. Anong

t he net al s _efof trassisdnt gronp &rvlipr [VIBrof\vhd Perodad $abl¢ pppizidttb ansugpompshdre and VI |

f the Periodjc_ Table which i kew || .ysabl e i inciple. .
pr ef er ence | SUGIVERT £t LSFHGPUEAIFEIARIAFT REARE 7| CHESPUFFORE of t he

present i nventdspng nt ReaddehEBmolBCS OReEve RBE ISTRSRRATER 3@WeSoWseghas they
are defined in Pure Appl. Che -~ ~ Q9; 6), ~ 9. nanely as ‘porées whose

di aneter is @bwdeon-Be riera) wai@hg]pf)rlae@ata@rst.més dilarostthe swsacerageas’ of tham and

active metal and the catalyst support is less than 0.05.

Zcor
a catalyst which comprises as active metal ruthenium either alone or together with at
least one metal of transition group I. VII or VIII of the Periodic Table in an amount
of from 0.01 to 30% by weight. based on the total weight of the catalyst. applied to a
support. where from 10 to 50% of the pore volume of the support is formed by

22 macropores having a pore diameter in the range from 50 nm to 10.000 nm and from
50 to 90% of the pore volume of the support is formed by mesopores having a pore
diameter in the range from 2 10 30 nm. where the sum of the pore volumes adds up

to 100%. 1s excluded.

3¢ In a preferred embodiment. the present invention provides a process for
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~0 tun (nesopores). The active nmetal content is generally fromabout 0.01

to about ~0,'o b~~ weight. preferably fromabout 0.0l to about ~,'o b~~
-eight and in particular fromabout 0.1 to about ~% b~~ weight. in each case
based on the total weieht of the catal yst used: = the contents preferably

used in the pre~erred catalysts | to = described below wi |l again be
specified individually in the discussion of these catalysts. The te.~n
"be~z_enepoh~carbon;iic acid or a derrl~arit~e thereof" used for the

pur poses of the present invention enconpasses all benzenepol ycarboYvlic
acids as such. e.g. phthalic acid. isophthalic acid. terephrhalic acid.
trimellitic acid. trinmesic acid. hemnellitic acid and pvronellitic acid.
and derivatives thereof. particularly nonoesters. diesters and possibly
ttiesters andhydrogenaudng @benzenapolygarbprdicaacichpica derivasive frerecd ol 2ambpue ples.

h ds_whi ch f bl a ' . '
nthe Secti oft PLulh St Safknd SHRu sompledcds™ s RFRA 188 BAF T TC" S

to 3 which argepi of gimilon g&adVIl bl thePeribaicdRSt éitRel ioRe detoaethebetwt | n
t he description. rutheniumis used as acnve netal by way of exanple, but
t he stat enent &asreie mswl ofiransisionlcsaird s Vilkafihe Perodit -kle Replied de p ePPRBL al s
whi ch can be_used. . as defined herej s~ o~ = =~ - ~t ah=st_ 1. The
ontalyere 1 SBELmd Seltbh gt S PRSP diame TS50 iR B8 SRR

i ndustri al | ~~afy ofpthydr B0 nitte driadit apEnEtBE acfvethenisistiion 0N aupoM By of
the Periodic Table and, if desired, at |east one nmetal of transition soup |
or VIl of theWrehi Sased orshs tatal weighqfithagatd v (¢A%8YE -The netals j can be
applied by steeping the support in aqueous netal salt solutions _ ~ such as
aqueous ruthenium salt solutions. by spraying appropriate netal salt .,

sol uti ons ont Butteemereppmer preszht wentidie prasides ab becesst dfodiss nvpaiih ablhieh tiet al
salts of transition- group I. VII or VIII of the Periodic Table _are the
nitrates. nitPBRINSICOMPRICsEEACUVEANT YA leashPRORAIE ST URaN RAEaRR & 1T of the

aceyl acet onat gg,, 'J‘i‘a%ﬁeoetiguﬁrg%ﬁcﬁo%e?ﬂe% GO RARIE e 5?&&?&%&&0@5;?&1 Exes

of the correspondi ng e eference _ ~ being anen to t nitrates

and nnros~1 nWMIrAtlesPerbdictTneledaar amounsifaten 00l et 30%Ve’ weikhiobdsgd an et al  of
transition group V.41l of the Periodic Table byt also further tal s
applied as actord bt gi @et%‘a‘t-"ﬁ‘ea@%’ﬁgé‘P £ SUPPREL (PEEER ot }0sto iUk BF PRYS) ¢t

sol utions can, ' ﬁ*py~ ' 'HﬁQﬁﬁﬁ' ts

whi ch have beéﬁ&ggg?gﬂg%g? im&%@%g?ggﬁ%rﬁoréshmeﬁﬁta ggﬁneg%ﬁ%ﬁé I(C)}E[Qéraere
subsequent | y: tomed.nnproefledifbiny aad fromoi ©OW°t of the-w@reCyolamd .of itfe shppért &d.
cal ci ned at fnon1?ﬁ0 to 600 C.. Breferg%k§ from 3~0 t% -1-0 C In the case
of separate i IFPeEhRRMEIPOTTEHIBYVIOR RS LIP3 WREE TP 9&r T 88 “O5Fci ned
as described abewR ofifre@bre votur@Gdd HPteval ianlst 8. The order in which the
support is inpregnated with the active conponents is immterial. The coated

and dned and. if desired. calcined supports are subsequently activated by
In a further preferred embodiment. the present invention provides a process as

2> defined above in which the catalyst (catalyst 5) comprises as active meral at least
one metal of transition group VIII of the Periodic Table either alone or together with
at least one meral of transition group I or VII of the Periodic Table in an amount of
from 0.0f to 30% by weight. based on the total weight of the catalyst. applied to a
support. where the support has a mean pore diameter of at least 0.1 Zm and a BET
22 surface area of at most 13 mz."g. Supports used can in principle be all supports which
contain macropores. i.e. supports which contain only macropores as well as those

which contain mesopores and/or micropores in addition to macropores. -

Active metals which can be used are in principle all metals of transition group VIII

¢ of the Periodic Table. Preference is given to using platinum. rhodium. palladium.



treatnment in a gas streamconprising free hydrogen at from about 30 td JUN 2002
about 600 C. preferably fromabout 1 ~0 to about 450 C. The gas stream
preferably consists 1 7 JAN 2002 of from~0 to 100% by vol unme of H- and
fromO to ~0' by volune of N~. The netal salt solution or solutions are
applied to the support or supports in such an anount that the total active
nmetal content. in each case based on the total weight of the catalyst. is
from about 0.01 to about 30,' by weight.-Spreferably fromabout 0.01 to
about ~ % by weight. nore preferably $om about 0.01 to about 1 % by wei ght
and in particular fromabout 0.05 to about 1 % by weight. The total netal
surface area on the catalyst 1 is preferably fromabout 0.01 to about 10 m
g, nore preferably fromabout 0.0~ to about ~ m/g and in particular from
about 0.0~ t ocabsbumicke! ar rathefiumher & mixtuyes pf tWhor mpare (theseeff ascactisg azetdls

determ ned by_neans of-the chem sorptio 0 Cli J jtre et
T Char SEPERLE PG S AN RS Ll AR ERhLAF Aing e IEERR, |

Del anney. W agtednsiiek kedup [WreWll ¥pelke #2Bitlon @PupsT did-VH 'of thelPeriobict Tuble

catal yst 1 used accordin_to the present invention. the ratio of the
surface ar easWhicharpdikgpise\ad ysahle IN-PHRSIRIE-PrAfRIFNEGS LYandP UsiBg CPRSHAREOT s
preferably |less than about 0.0~. wtth the lower Iimt beins about 0.000 = ~
The support naterials which can be used for producing the catal ysts used
according to the present invention are those which are macroporous and have
a nean pore dianeter of at |east about ~0O nm preferable at |east about 100
nm in particifrdhe parPPsEa st the PERSENIADCETHAT. R IR ORECBRT e RIh CReSBRYEES | s at
nost about 30 i 0. 4.prefe . a ;718834 = Le Rr rably
¢ ot about L ge Byl ek o bR LR, 1 TR 79, R SRR 0
p~ef erabl v atwh&stdighaeris 3bswe/ I nil hatreporeposrevichsa midnedteraf fiohel amppart i s
preferably fromabout 100 nmto about '"00 im nore preferably from about
Q0 nm to abolt MEMESPPOrERle surface area of the support is preferably from
about 0.? to about 1 ~ m%, nore preferably from about 0.~ to about 10
m/g, in particular fromabout 0. ~ to about 5 m/g and nore preferably c
from about 0. Fhe actizbatidrai3comeya is gdnetalBURoR0fEdUE 8.0The shouf 40% by eaight. t he
support is determ ped by th i

e BET nmethod using '~= adsorotian, in particular
i.n accor dancepr\?\iefqh? orem a@%‘fﬂ(ﬁ *Ph’g;% arf lﬁo\‘%‘gﬁ‘i aéﬁie‘_f‘é’rm§ﬁ _ f1Re ?ﬂ?l’"ggél ze
di stribution gr@8ogefehilvelas BYakid ROHASRY the 16tal WEgRAS the Yhidkst Bed:

.z the contemts preferably used in the preferred catalysts 1 1o 3 described below will

again be specified individually in the discussion ot these catalvsts.

The term "benzenepolvcarboxviic acid or a dervanve thereof” used for the purposes
of the present invention encompasses all benzenepolvcarboxvlic acids as such. e.g.
- phthalic acid. isophthalic acid. terephthalic acid. timellitic acid. wimesic acid.
hemimellitic acid and pvromellitic acid. and derivatives thereof. particularly
monoesters. diesters and possibly triesters and tetra-esters. in particular alkyl esters.
and anh_vd;rides. The compounds which are preterably used will be briefly described

once more in the section "Method of carrving out the process” below.

The catalysts 1 1o 3 which are preferably used will now be described in detail below.
In the descripuon. ruthenium is used as acuve metal by way of example. but the
statements made below are also applicable to the other active metals which can be

used. as defined herein.

-~
-~



accordance wth DL'~i 66133. The pore size distribution of the suppofh7ilyN 2002
preferably approximately binodal, with the pore dianmeter distribution
havi ng maxi ma at about 600 nm and about ' O ~min the binodal distribution
representing a specific enbodinent of the invention. Further preference is
given to a support which has a surface area of 1.7~ m.'g and this binoda
distribution of the pore dianeter. The pore volune of this preferred
support is preferably about 0.~.: nm/a. -6-~ Viacroporous support mater ials
whi ch can be used are. for etanple. nmacropores contairunQ activated carbon.
silicon carbide. alum num oxide. silicon dioxide, titanium dioxide,

zi rconi um di oxi de, nagnesi um oxi de. zinc oxide or mxtures of t<vo or nore
thereof. with preference being Gven to using al um num oxi de and zirconi um
di oxi de. Further details regarding catalyst 1 or its production may be
found in DE':Caéﬁgnﬁ—':1'18'l'6' ~.vhose entire contents on this subject
are incorporate y reference into the present application. 1 1 JUN 2002
4 CatalVSt 2 The catalysts ' ' used according to the present invention
conprise one or nore netals of transjition souQ VII1 of the Periodic Table

as active conpBhendyss bysed acqerding:to e HFERhiByCTHANSR be proqussemdrswiadly| j ven
to using ruthgni : i / gYalell i &mgp—p ¢ The
catal ysts ' G}(Jée 'lgg?oﬂf%?ﬁg%@ﬁg&gégé@%n%%}lﬁyéﬁﬁfoﬂn@gan e %Irp%)éi‘ﬁ%lefd

i ndustri al | ~~ddsyredipplléasabneomeed ofimransitiony growptladr VI dfrthm Petiodin Tgbleup avl | | of
the Periodic Table. preferably rutheniumor palladium and, if desired, at
| east one met H2BE SEYRASi ti on soup |-or VI1 of the Periodic Table to a

sui tabl e support. The application can be achi eved by steeping the support
in aqueous netal salt solutions. for exanple rutheniumor palladiumsalt
sol utions. b~Theineriyi g beppplgp’ bastesping e seprort igciquedus mestal-salonolotiense
support or b~~ other suitable nethqds., Suitable netal salts for prepartna
Uhe metal sal PeBoFuRIBRY APBSRHG it SalBans. Y Sgeving greromietss ol lfes,
carbonat es. CgiRR¥s ondt) BR 5@5&& <rlRCehenatifsie HBIHOAY SAPlen@E) sdMstdri t o
conpl exes or amm ne conpl exes of the corresponding netals. ~ith preference
bei ng gi ven twanshonrgreupat &8 arddinftthoBariodin Tabdg &s thd muatse eyl wiraeat al yst s
whi ch have a lFall@r al =~ of active metals Fggl i ed totgt he support, the netal
salts or metataidsyt CUBPRS NS ROXNIANE ASHY IRSUOM Rl U0 FEMISSFS | Ao

successi on.  TagnfHeNeh Urt SmiHeC sy s heihe CreSsbnding! Mefa@ONAtE Grefdrédtet he
nmetal salt solution are .. ~ subsequently dried. preferably at from 109 to

150 C. |f desbairgverhedke mypdrrdueasy! peratesl ci ned at from' ' 00 to 600 C,
preferably from 350 to @0 C. The coated supports are subsequently
activated by treatnent in a gas stream cor~nprising free hydrogen at from

30 to 600 C, Ipriaé ensplbdieméielom 0 hive notTdvCa neandl dfnranpsitivh Qudupr VIIF ofmh200 to
300 C. The gas stream preferably consists of from50 to 100% by vol une of
H~ and fi om oPgrgdsplable Byt ales) g.wéerb;nqq,ls applied as active metals to the support. the

metal salts or metal salt solutions can be applied simultaneously or in succession.

—-

The supports which have been coated or impregnated with the metal salt solution are
subsequently dried. preferably at from 100 to 130 °C. and. if desired. calcined at
from 200 to 600 °C. preferably from 350 to 430 °C. In the case of separate
impregnation. the catalyst is dried and. if desired. calcined as described above atter
22 each impregnation step. The order in which the support is impregnated with the

active components is immaterial.

The coated and dried and. if desired. caicined supports are subsequently activated by
reatment in a gas stream comprising free hydrogen at from about 30 to about 600

z¢ °C. preferably from about 150 to about 450 °C. The gas stream preferably consists



1 7 JIJEd 2002 If a plurality of acnve netals are applied to the suhb&riUN 2002
and one application is carved out in succession. the support can be dried
at from100 tc . ~0 Cand, if desired. calcined at from' _'00 to 600 C
after each application or irr aregllation. The order in which the netal

salt solution is applied to the support or the support is inpregnated J-
with the netal sait solution is immterial. The netal salt solution is
applied to the support( s) in such an arbunt that the active netal content
is fromO0.01 to 30,% by weight. preferably fromO0.01 to 10% by wei ght. nore
preferably fromO0.0l to ~% by weight, and in particular fromO0.3 to 1% by
wei ght. based on the total weisht of the catalyst. The total  netal surface
area on the catal ~~st is referabl¥ from0.01 to 10 m; Q partlcularly
preferably froffiog -totl90% b valumae Hmﬂ@@@réﬂéeaﬁ‘r@bvf\romeow to~m'a _ .=
of the catalyst. Tile nmetal surface area is nmeasured by the chem sorption

nmet hod as descr ibed in J. Lemanre et al.. '~Chal'aCre)' 1=ari Ol 01
Het enogenous TGamadiMshis solutieslbi @lutlims aferappli¢dstoled apper or bippoaein drhlaner . \ew
York ( 198-1). pp. 310-="?~. In the catal~~st ' ' used accordr ng to the

present i nverd#mMogRt thahide ieialj a5tiye mefd caripalBieash eg based ogrthe pial yxqigieof net al
or netals an t.al r & b v | ess
t han about quet gslqnlgr%ﬁi ?}%S:O& B%lg (I%?J thﬁ Bﬁ‘je\r%]?ﬁs%& rzﬁutly:’froﬁ{ezﬂ{og\f/\g?'ll imt
bei ng about Qo Q@:Qrt 5¥hiey aeigho hlordrpietratay Sonhbbot C@NtokEbousEd Hvoreighitaddci ng
the catalysts ' ' used according to the resent invention possess

nacr opor es andPFESHHOTFYE abqyd. %BGB‘P‘%‘é Y Weighth be used according to the
present invention have a pore distribution in which fromabout ~ to about
~0% preferably fromabout 10 to about .16% nore preferably from about 10
to about 30 dmd vl meml sweincanreh ronrrhead:nmlvst 1 is-peferablafromt ab3&H.0dfo b por e

volunme is fornmed by nacro s_havin re dijanmetess i UN 2002 "
t he range f—rdﬁre %JFOTQ@T?%HE?S’ g%lﬁbogbggédoﬁ %w&nf’géﬁﬂdﬁcﬁwm"‘g}“ Bbout

950 O preferglion iy uuBBoYm ol ERAv: b BhulRirkePbith St abkinbeepy about
Oto about A)andrn particudl ar tom about 7~ to ab 85,", of e pore
vol ume i s fommads ofthe neenupapesn mavod gesaripat & Jdi_amnneret aif inf ’r@mmm 'to

about ~0 nm vvher N each case the sumof the re voI
100, 5% The. 1 0819’ BERESSHOPUBGh P e i B C BB N R E O e”bresent

i nvention |SYfO|ﬂQ|iT@@bP Hi319. 63 to 1.~ cm % ~. preferably fromO 1to 1.7
cm/g and in particufar fromabout 0.~ to 1.0 cm,'a. The nean pore
di aneter of:the supports used according to

In the catalyst | used according to the present invention. the ratio of the surface areas
of the active metal: merals and the catalyst support is preferably less than about 0.03.

with the lower limit being about 0.0003

2> The support materials which can be used for producing the catalysts used according
to the present invention are those which are macroporous and have a mean pore
diameter of at least about 50 nm. preferably at least about 100 nm. in particular at
least about 500 nm. and whose BET surface area is at most about 30 m:/g.
preferably at most about 13 rnz/g. more preferablv at most about 10 m:/g, in
2 particular at most about 3 m:."g and more preterably at most about 3 m:/g. The mean
pore diameter of the support is preferably from about 100 nm to about 200 im.
more preferably from about 500 nm to about 30 Zm. The surface area of the support
is preferably from about 0.2 to about 13 m:f'g. more preferably from about 0.5 to
about 10 rnz/g, in particular from about 0.5 to about 5 mz/g and more preferably

3¢ from about 0.5 to about 3 m™/g. .



~ the present invention is fromabout ~to '?0 nm preferably from1a?deN 2002
8 to about 1 ~ nmand in particular fromabout 9 to about 1 _' rtm The
surface area of the support is preferably- fromabout ~0 to about Q00 ni;

a. nore preferably tiom about Q0 to about =~0 mi g and in particular from

about ' _'~0 to _ = about ~ 00 m Q of the support. The surface area of the
support is determ ned by the BET net hod ustnQ ~= adsorption. in particular
in accordance wnh DN 661 ~ 1. The nean pdte dianeter and the size
distribution are determ ned by He porosimetn~. in particular tn .:
accordance with Dhi 661 ~ ~ . :~lthouah all support materials known tn
catal yst production, i.e. those which have the above=defined pore size

distribution. can be used in principle. preference is given to using
nmacropores contatnina activated carbon. silicon carbide. alum num oxide.

silicon dioxidge Gifadi 919 etrf%mﬁ' sCQné | 8¥ife. BERant®sk LUHrQXNde
ereo

zinc oxide or mxtures t re preferably al um num oxi de and
zi rconi um di oxidsheptideu it Ipmmcnle:t a] bcsordagar with NG BY.sTheé meanmpord diaprewduct i on

may be found in DE-~ 196 ose ggtl e contents .on tth subj ect
are i ncor por at3d Wy pye Sézfee‘ihétHE‘énqnn‘FS Irompied Sy e AOFISIBE- §h parucylag iny U~J

2002 _, z_ Catalylande witg MRigsysts 3 used according to the present
i nvention can be produced industrially by application of an active netal of

transition group VIIl of the Periodic Table and. if desired, at |east one

metal of transition l or VIl of the Per.i pta
support. The Iy Eea ‘#E[Bhﬁuodlem ‘hﬁ?‘&?&& ‘BV%?‘E@&"‘R@’O‘H%&‘%’V&HB? a‘ll"?ﬁll%'?iqueous
metal salt sohpd W@&aﬁi&éﬂ desSritiudbh ARViHI niRirha #Olbdli 60TSnm RYd 9B6@YI0Ndn in
appropriate net : salt solutions onto the support or by other suitable

met hods. Sal t shedfimoHalaliseritsuion adpresemiéngrapheific embsedimest ¢fghe mveptiani ng t he
rut henium salt solutions and as netal salts of transition_ soup |I. VII or
VIIl are the’nitrates. nitrosvl nitrates. halides, carbonates.

car boY~~l at es FuRR@!tefeR6E RNM@SIO aCibPsr® W%Um{ag"acs%?facé?hﬁeﬁ ok 0. 75084 @xEs or
amm ne conpl etes of the corresponding netals: prererence is liven to the

nitrates and this hireeds distributipmicéshe paye wipmases dhe Porcardims tof tikira¢feneshpri se
a pluraliy of ?tl1?p1%gegib1\eg&oﬁ1f%w%v%u‘)port the netal salts or netal salt

sol utions can® app NeoustTy or in succession. The supports
coated or inpregnated Wth the rutheniumsalt or netal salt solution
2 Macroporous support materials which can be used are. for example. macropores
contaimpg activated carbon. silicon carbide. aiuminum oxide. silicon dioxide.
titanrum dioxide. zirconiwm dioxide. magnesium oxide. zinc oxide or mixtures of
two or more thereot. with preterence being given to using aluminum oxide and

zircoruum dioxide.

-~

Further details regarding catalystl or its production may be found in
DE-A 196 24 484.6. whose entire contents on this subject are incorporated by

reference into the present application.



are then dried. preferably at from100 to 1 ~0 C, and. if desired cLﬂc#HMdZNH
at from?00 to 600 C. The coated supports are subsequently activated by
-treating the coated supports in a _. Qas stream conpnsi n~ free hydrogen at
from~0 to 600 C, preferably from1l ~0 to -1~0 C. The gas stream preferably
consists of from~0 to 100% by volunme of Ha and fromO to ~0% by vol une of
Vii?. If both the active netal of transition soup VIII of the Periodic
Table and netals of transition croup | of-VIl are applied to the support
and the application is carried out 1 7 JUN 200Z -13 in succession. the
support can be dried at from100 to 1 ~0 C and. if desired. cal cined at
from200 to 600 C after each application or inprecation. The order in which
the netal salt solutions are applied or the support is inprecated with them
is immterial. The nmetal salt solution is applied to the supports) in such
an amount thag fram0.0l to 30% by weight. based on the total weisht of the
catal yst. of active netal are present on the support. This anmount is
preferably from0.? to 1 ~% by weight. particularly preferably about 0.~%

by weight. The total tal, surface area on.the.catalyst .i is preferabl

DY o020 o T v T R e ag 1o, Bh Paea YRS C s onk o it egals |
ticular f 050 bAus afiict : -

particular T4 @L’Flﬁ'agsﬂo%gfb& E}gﬂo@ﬁ{e I‘Qng&c,ﬂglecc@ta@ﬂl\)éséolfnponenf(rs)!&ﬁ asa‘dgﬁégg %:sordi g

mat eri al s whi can for producing the c3tal~~sts .i use

to the presendefinag bereinoPrefarencp isdizeratol usingmethemhine haliadiummand/opdodusn and have
a nean pore di anmeter of least 0.1 . m preferably at least 0. ~. m and
a surface are%lcnéf?c%{’f‘p%g‘?si ~m, g, preferably at nost 10 m' Q
particularly preferably at nost ~ M Q mparticular at nost 3 m a. The
mean pore dianeter of the support is = = preferably in a range fromO_1 to
' '00 =m in Plecaadystsal ufed aneddding 1@ the-phesemn inYEngion gar he progivesd influsmhallysuppor t

is preferably, from0O.~to 1 ~ m-/_ rticul arl eferghly fro .6 to 10
m~g, in part l?ycaqapgfrcatfqno%og} acyvg metgl Bﬁg@s&oﬁegﬁoﬁmﬁf?{)ﬁ\eol?{e@dfcomr gban ,'g of
the support. ﬁeferaﬂ}en&éﬁ@?;@r palediet. dnBeifdepRQY it leastdffeanBianetrbkitdpe HET |
met hod usi ng adsorption. in particular in accordance with DIN 661 _~ 1.

The nean por ezdimber &l ende Pegogiorlabki e #igbleisypparb nlherapptiettnmandy by Hg

porosinetry, in.particular in accor ore si
di stribution %&e?ﬁ%tb ’t

cul 1.8 1_gance w th [%Ial\l 61?13 . Thef 1y ze
| e¥Hk PY FME 1 SIPRTLrATY AP pPER| BT SPI BRI RIARPER ¢ he
pore di anet erruehesiufd HupdlaBiuhayalMGLARNE | BiBspalyvirdbaiprortiath Meial RulBBSuaRigut 30
min the binodal distribution representing a specific
-z onto the support or by other suitabie methocs. Suntable metal salts for preparing the
metal salt solutions are the murates. nurosyl nitrates. halides. carbonates. car-
boxvlates. acetvlacetonates. chloro compiexes. nitrito complexes or ammine
complexes of the corresponding metals. with preference being given to the nitrates

and nitrosyl nitrates.

~n

Z

In the case of catalysts which have a pluralirv of active metals applied to the support.

the mezal salts or metal salt solutions can be applied simultaneously or in succession.

The supports which have been coated or impregnated with the metal salt solution are
2z subsequently dried. preferably at from 100 1o 130 °C. If desired. these supports can
be calcined at from 200 1o 600 °C. preferably from 350 to 450 °C. The coated
supports are subsequently activated by treatment in a gas stream comprising free
hydrogen at from 30 to 600 °C. preferably trom 100 to 450 °C. and in particular
from 100 to 300 °C. The gas sweam preferably consists of from 50 to 100% by

3¢ volume of Hz and from 0 to 50% by volume of N2



1 1 JUG 2002 -14 enbodinent of the invention. Particular preference T & JUN 2002
given to a support having a surface area of about 1.','"~ m a and having

.this binodal distribution of the pore dianmeter. The pore volune of this
preferred support is preferably about 0.~3 nlL~. Macroporous support

material s which can be used are. for exanple. macropores containing

activated carbon, silicon carbide, alum num oxide. silicon dioxide.

titatuum di oxi de, zirconium di oxi de. mag¥esi um oxi de. zinc oxide or

m xtures _ ; thereof. Preference is given to al um num oxi de and zirconium
di oxi de. Further details regarding catal ~~st ~ or its production may be
found in DE-:~ 196 04 '91.9, whose entire contents on this subiect are

i ncorporated by reference into the present application. Method of carn~ing
out the process In the process of the present invention. the hvdrogenatton

i's generall y far ﬁ’h}u-%% %PEF%@E metald &0 ﬁl’fé‘&% theosugﬁortand' Qle%p RERHRPRkYed rom

about i0 to e pressure used heré are gene IIy above 10 bar.
pref erabl y noowdahautcessionD dteosuabmutarﬁ@@dhai at from [lokes¥ I avhef gesrsént
i nvention can 3Renc rri ed out er con mugus]g or. _bat chw S&h Wi th,

pref erence bef 3 &t o ctﬁ cﬁfieri’?? ADPHCANOR OF I PTSSRHATH | ROREST Fhe

process is capy¥Rf dithegORAl:l sBMﬁb&?leappilé}?to&HPEﬁBpo&fortr_H@sﬁ{;ﬁa@i’t%ﬁﬂﬁ%é‘rﬁ?&dboxw ic
acid or ester to be hydrogenated or of the mxture of two or nore thereof

i s pref erabl ywith dmmadsdstit fpl@iontipinamangtiald kg per liter of catal yst per hour,
nore preferably fromabout 0.1 to about 1 kg per liter of catal yst per
hour . 1 7 Ju@ 2002 -15 As hydrogenation oases. it is possible to use any

oases whi ch compmb@PsalisBRibY Arpe8Y BNke dppbAls) GOsichial Ayl thr @ERMRES Of
cat al yst poi sons such as CO For exanple. 'waste gases froma reformer can be

used. Preferemecel rcmtehmemorroo@érmgoq%rtef weight ~eferablsh frdmo éhaoi Ko gas. The
hydr ogenation of, the present inv o an be carried out i.n the sence
or absence of VHZHMY IEISTagtﬁl ﬁ{dtl Y YeIgl ?ﬂf{ ﬁég}%‘%’ﬁ (g Ec’pfr‘? out

t he hydrogenagy Weighr. based on the total weight oI rhe cartalyst.

The total meral surface area on the catalvstis preferably from 0.01 w0 10 m:.fg.
particula.rl;v preferably from 0.05 10 3 m ¢ and more preferably from 0.05 to 3 m:.-"g

-z of the catalyst. The metal surface area is measured by the chemisorption method as
described in J. Lemantre et al.. "Characrerizarion or Heterogenous Caralysts”. edited
by Francis Delanney. Marce! Dekker. New York (1984). pp. 310-324.

In the cartalyst 2 used according to the present invention. the ratio of the surtace areas
27 of the active meral or metals and the cartalvst support is less than about 0.3.
preferably less than about 0.1 and in particular about 0.05 or less. with the lower

limit being about 0.0005.

The support materials which can be used for producing the catalysts 2 used

2= according to the present invention possess macropores and mesopores.

The supports which can be used according to the present invention have a pore
distribution in which from about 3 to about 50%. preferably from abour 10 to about
45%. more preferably from about 10 to about 30 and in particular from about 15 to

2C about 25%. of the pore volume is formed bv macropores having pore diameters in



in solution. _ ~ However. preference is Gven to using a solvent or1 7 JUN 2002
di luent. Solvents or diluents which can be used are any suitable solvent or
.diluent. The choice is not critical as long as the solvent or diluent used

is able to forma honpbeeneous solution with the benzenepol vcarbowic acid

or ester to be h~~drogenated. For exanple. the solvents or diluents can

al so conprise water. Exanples of suitable solvents or diluents include the
fol | owi na~ straight-chain or cyclic ethet's such as tetrah~ droiuran or

di o~cane. and also aliphatic alcohols in which the all.-~~l radical

preferable has from1l to 10 carbon atons. in ~~ particular from~ to 6

carbon atons. E:canples of alcohols which are preferably used are

i -propanol. n;butanal, i-but.anol and p- nol . . -~ ~li~ctures of. these or
ot her sol vent?eé?ng&i(ﬂ'oﬁéﬁ}?%“egm f%@?ﬁ“gé&ﬁg‘?ﬁ@e%@*ﬁ“ﬂé’%a%ﬁ{o %ﬁou§81°’\7€nt or
di l uent used pjrefedly S 406t €6l b RbARYIOPA! thbeUpreferabdy fraff abai erosHloget ed

freely dependi ng on requirenents. However, &reference is given to anounts

whi ch | ead t 09 and rosarsautas fromhalippt ik tosatous 83°%at 9fghe poretvpdume is formed by
benzenepol ycar boxgl ié acid or gster tg be h$/dro, enat ed. 1 g JUN 2002 ., s.
In the proces@eBPOERE2HFRERre TRPEHT (0 FOMh YR cuPAORT 27 BPeRRST i i en t o
using the progidCine 5@ e thel gard NBuRyiddgapad iG0%. i - €. the cotrespondi n~

~: ~cl ohexane derivative. as solvent. if desired in addition to other
solvents or diluent~. In any case. part of the product fornmed in the

hyar osenat ed oI ChS Paif 1ube 0 ERRERS ALAENN fo Y Seibt sivehfabie,

whi ch is m xeforhAb&s 098wt isamn’as. pebifdritsin frois0.pret eroablyarddriapadichar &6mt | nes.
particularh preferably fram~ to ' 'O tines. in particular from~ to 10
limes, the weabght 0610 i Hecm chpldgriaednondse disnstes 9é ik BPPOrs- gsefbRfcPsiRgIOabove.
the term"hen,enenol v \t5198x‘{“i§ ofCAbolie 3 96 2@%9}%&1%%@ EBg' a0l ts."zé%‘ﬂo&ror -the
pur poses of"the presen rnventi on enconpasses (0} he respecti ve

benzenepol ycarsagvhd & pagicdir &smsdboli Quachbder i2vahi ves thereof. particularly
nonoesters. diesters or possibly triesters or tetraesters and al so
anhydri des of the benzenepolv _ ~ carboxylic acids. The esters used are

all "W . cvcl | Wy : -5 |28 mEs~GLaal k~~I
and ai koxval | e SRRl 0 KBl o GRIES, B S Plout s mE g HpRS
to ~' 0 and panrtfembhvaitéy gpowf Hlalol abofir 870 m™ t@anddn paaidntan fedmnbo@ntiOcan be
branched or linear. = ~ Specific exanples are: all.~~l terephthal ates such
as nonomet hv afo?te’rogﬁ‘ﬁt?n%rllg‘i &PPAi'et hvl terephthal ate. diethv 1

terephthal ate. di-n-propyl terephthalate. di-n-bun-1 terephthal ate.
di-tert-butr~l terephthalate. diisobut~~l terephthal ate. nonoal ~~col esters
of terephthalThe swfads agiaabi/dld seppour s dftemmenesphy hiak i BEGcindthodi usmgo Sy
terephthal ate., dii.sooctyl. terephthal ate. . .5 Q-==ethvl hewl .

ter epht hal at dOSEPUSE 3¢ RATSUEE, i (GsPBafts it 2N G - B R o HIATEISS o

di i sononvl t engpint hatadtirifiion - 46 Clderin@ic@P By Nad aiRosiflen- UNGAANUIar n
terepht hal ate. diisodecvl terephthalate. diisododecvl terephthal ate.

di - n- oct adécyaccardanepmithadP Bt ad13di i sooct adecvl terephthal ate, di-n-eicosyl

t erepht hal at e. nonocvcl ohexyl terephthal ate, dicyclohexyl terephthalate: ,"
Although all support materials known 1n catalyst production, i.e. those which have
the above-defined pore size distribution. can be used in principle. preference is given
10 using macropores containing activated carbon. silicon carbide. aluminum oxide.

2 silicon dioxide. ttanium dioxide. zirconium dioxide. magnesium oxide. zinc oxide

or mixtures thereof. more preferably aluminum oxide and zirconium dioxide.

Further derails regarding catalyst2 or us production may be found in
DE-A 196 24 485.4. whose entire contents on this subject are incorporated by

¢ reference into the present application.



11 J~"~d zOQz _,; al kyl phthal ates such as nononet hyl phthal ate. 17 JUN 2002
di met hvl phthal ate, diethyl phthal ate. di-n-propyl phthalate, di-n-but<l
pht hal ate, di-ten-but<~1 phthal ate. diisobutyl phthal ate, nonoglvcol esters
of phthalic acid, diglycol esters of phthalic acid. di-n-octyl phthalate,
dii sooctyl phthal ate. di-2-ethyl he~cyl phthalate. di-n-nonvl phthal ate,

di i sononvl phthalate. di-n-decvl phthalate. diisodecvl phthalate.

di - n-undecyl phthal ate. diisododecyl phtthal ate, di-n-octadecyl phthal ate.

di i sooct adecvl phthal ate. di-n-eicosyl phthalate. nonocycl ohexyl phthal ate,
di cycl ohe~l phthal at e: ~ al ~~~I i sopht hal ates such as nononet hvl

i sophthal ate, dinmethyl isophthalate, diethyl isophthalate. di-n-propel

i sopht hal ate, di-n-butyl isophthalate. di-tert-butyl isophthalate.

dii sobutl ~l isophthal ate. nono~l ~~col esters of isophthalic acid. dislvcol
esters of isophthalic acid. di-n-ocn~l isophthalate. diisoocn~l

i sopht hal ate. di-2-ethvl hexvl isophthal ate. di-n-nonyl isophthal ate.

di i sononvl i <yppdlystad ate. di -n-decyl isophtha_= late. diisodecvl

i sopht hal ate. di-n-undec~ 1 isophthal ate. diisododecvl isophthal ate.

di - n-oct adecvl isophthal ate, diisooctadecvl isophthalate. di-n-eicosvl

I sopht hal at e ,gRReEYs hoREM bR AL ﬁk@emt %\@nn&i %%%w@ﬁ&@%ﬂ@&hﬂt e:

o~ k~~I trlnellltates such as nononet tnmellitate. dlne
trimellitate by dpgidayidn of amashilve treetad of dansmkiqr grpy;b Vil iofrehel PetrBDldB; Tzhle andoun—~|

trinellitate. utyl trinmellitat.e. d|| tri lI|t t he
nonogl vcol éft‘gers B‘f a %aﬂéﬁnﬁr?‘?‘ %ﬁaasma? éTc\VB L@%{@f ?‘?tﬁ? it%acid,
di -n-octvl t @ﬁ'i?ible' duBbét. 'I‘I'xb 'aﬁﬂ%ﬁé(ﬂ c&rﬂe%hﬂebé@ﬁ@steéﬁm@m@Tsiibﬂo?ﬂ?(‘é&ueous
trinellitate. -n-nonvl trinellitate, diisononvl trinellitate, di-n-decvl
trimellitat eme@hl |ssloamwmstsu¢hm mmfteaxual sa sqhnmm&etvvsprwmmwnmmrmt@meml

di i sododecvl trinell

d | d |
oo PeSY L shif tdilons bk The fephafr BY SRS Sihs elods. SEb o pith aRRfiie

di cvcl ohexvl a§ ARdrkich 348 @ngretpahﬁwme\&hﬂieﬁiuﬁﬂdm $cirfons MR e Iméll g3k bE t at e,
tri-n-propyl trinmellitate, tri- n-butyl trinmellitate, tri-tent-butyl

trimellitat erapsgitiqnsgbumk Vi nhEIUII jareathe nitrgiest m\’lergtr@lﬁ% hetides: carbpndtesi ¢ aci d.
tri-n-octvl tr%nell4tate trii ooc tri-?- eth | he:. qyl

trimellitate ?“lates aﬁen % TIP 3} ic %%6 % tcrolmrr?e‘{{e il xgao%oe%%lle\ets m%inlm Pat e.

tri-n-undecykompiexa! bf thet @rrebpondsRAeERRY Ipréttieh®d b9 BES. 10t the -irated atd ~~~
Zooz -18 octadecvl trimellitate, triisooctadecyl trinellitate,

tri-n-ei cosVMUOY!MErdgst ate, tricvclohew trimellitate: allcvl trinesates
such as nnnonethvl“trinesate, dimethvl trinesate. diethyl trinesate.

di -n-propyl trinesate, di-n-but~~l trinesate, di-ten-bun~l trinesate,
di i sobutvl tid thesadecof comheslwiad casrises mralini sfeasalsappilkd withe vapponest er s
of trinesic acid, dl n-oct<~l trimesate, diisooct<~1 ttztnesate.

di - 2- et hyl he8FIme4lisaieoreetal gplt solpgansican s prRlisd SmiapeQUS I RFIN FYCRSOAt e

di -n-decyl trinmesate, diisodecvl trinesate, di-nundecvl trinesate.

di i sododecvl trinesate. di-n-octadecvl trinesate. diisooctadecvl trinmesate,
di - n- ei cosv! The suppens epatgrpanaNrEplawdowvith thei miwaiug) sali ewmemhebdv&olumrmasat e.
and al so trinmethvl trine trie I te,, tri sat e,
tri-n-but <- laﬁeﬂ%gepreéﬁ%ﬁtaéﬁoﬁhhwmt nprege?‘@ dreﬁﬁridoﬁff C’% imrre at e.

trialvcol eS&ﬁﬁ@on trimesic acid. tn-n-oct<~1 tnmesate. triisoocz<~I

trimesate. tn-' _'"-ethyl-he~vl trinmesate, tri-nnonvl trinmesate.

triisododecvl trimesate, tri-n- undecvl trinesate triisododecvl o~
trimesate, &b n- ctadec~~ nesa q octa ecy trlnesaterT

tn-n-ei cosvl tFr %ugporfsrqr% Su F ALy a ma A B m% Woaﬁeéirﬁuﬁg? 3 Pt es such

as nononet hvbasrb@ﬁmbhiphﬁhe fredlinf@roBat athedm elib isbatee, peif@bily lfrdrensorel | i tate,
di -n-propel hemnellitate. di-n- but* ~1 hemimellitate. di-tenbupn~

hemi mel | i t at @30 i iTd613a¢ Weamaneimblyi cosias ohpBave dP0%dveraduras ohldniddel | i ti ¢
acid. dislvcgl ep %b§6?jwﬂgﬂggpklltlc acid. di-n-octvl hemnellitate.
fe gy . . .

dii sooctvl hemnellit thvl he~ c~~| hem nellitate. di-n-nonvl
henlnellltate d||sononvl henlnellltate -n-decvl hemnellitate.

di i sodecvl Illtate. - n-undecvl %ﬂbﬁE||l£ %IISOd decyl .

hemi nel | i tat ﬁaEfb‘fea[H?-f 1 URBRHAR BTOUP of the- dé‘b allg gae getals ot

hemi nel |ita @msmonrhr&quq;}\'\m Qﬁfﬂg Séd foltfd Sup poBRAR ggnlfé n@bﬁc&wn i0efmEE Ll tate,

di cvcl ohewl hem nelditate, and o trinet Itate, triethvl
hemnellitate, tri-n-propyl hemnellitate, tri-n-butyl hemnellitate,
tri-tert-butyl hemnellitate, triisobutvl hemnellitate, trislvcol esters
of hemnellitic acid. tri-noctyl hemnellitate, triisooctyl hemnellitate,
tri-2-ethyl heYyl hemnellitate. tri-nnonvl hemnellitate, triisododecvl
hem nellitate. tri-n-undecvl hemnellitate.
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hem nellitate, triisooctadecyl heminellitate. tri-n-€icosvl hemnellitate,
tricvclohecyl heminellitate: alkyl pyronellitates such as nononet hyl

pvronel litate. dinmethyl pvronellitate. diethyl pvronellitate. cii-n-propyl
pvronel litate. di-n-butyl pvronellitate, di-tertbutyl pvronellitate.

di i sobutyl pvronellitate, nonoal ycol esters of pvronellitic acid. dialycol
esters of pvronellitic acid. di-n-octyl-Pvroneilitate, diisoocn~ 1

p~TOnrellitate. di-'_'-ethyl heYyl pvronellitate. di-n-nonyl pvronellitate,
di i sononvl p~zonellitate. di-n-decvl pyronellitate. diisodecvl
p~TOnellitate, di-n-undecvl _ ~ p~TOrellitate, diisododecvl pyronellitate.

di -n-octadecyl p~TOnellitate. diisooctadecvl pvronellitate, di-n-eicosvl
pyromel | it at eln SweerRsHg®| BhSWPPSy cambe jdriedt &, fremi HAdt v Shykorpst 11 desired.

triethyl pyronellitate I - NRLEP ] Al -n-buy I
ps~ronel i t at% ,Cufeldia?%rgﬂi-%@n@l%ogvgo%{gf P%ﬁ%gﬂ% él’&%u‘r%lh:%gggé}ﬁgqaﬁ}&gn&? PSR,
trialvcol estghish e ntalGaREdILGidNS adCagblied bf the-safior is @NxF&gﬁi&tbd tvixh @her is=

tni sooct~~l p~TOrellitate. tri---ethvlhe~c~~l p~~ronellitate. tri-n-nonvl

p~~ronel | i t atigmaigral.sododecvl p~~ronellitate, tri-n-undecvl pyzonellitate.
triisododecvl pvronellitate. tn-n-octadecyl pvronellitate. tnisooctadecvl
p~~ronellitate, tri-n-eicosvl p~~ronellitate. nctvcl ohe~c~~l p~~ronellitate.
and al so t et reahéyll sap solutiorelslappiddero thesuppehisy in qugh afaimouhetha, from 0.01
tetra-n-propel pyronellitate. tetra-n-pun~l p=~ronellitate. .= ~

t esa- t en- but yP IHHEIYaighit Based on the JYBLGIZIpPE MRS FA1aINTe O REHVEIGFBLYE esters

of pyonelliti i - t<~1 bl j g bet rayspo .
pvronel litat ep(i estﬁ’;"}'feﬂt &am{e%h@hrgﬁﬁ%@l&ugglsr msHb:l{ g%@. 0't' g‘% rlg-/o n@ngﬁﬁ\%“' par .
pyronel | it at eiculaelvpeiferablodbeu 0. P+ by oright.i t ate. tetra-n-undecvl

pvronel litate. tetraisododecvl pvronellitate. tetra-n-octadecyl

p~~ronel lit-ate, tetraisooctadecvl pvronellitate. tetra-n-eicosvl
pvromneilitatef = 0, [ L5 : h d halic
acid. trinel meﬁgtaé%%gl%ﬁ}g%en%ﬁ %itgélgglgggtlgn%a%%gﬁl F-Ig{}li @gggﬁd.@%’cour se.
it is al so pgmsicolagytpeeferalvifront Q10630 6fmt wvin partivoliae frofm @.62s@ > comeognds. 1

| J~~d 2002 -ZO Ter products as obtai ned according to the invention are the
cor r espondi nd*ct#'5frexanepol vcar boxvl i ¢ acids or cvcl ohexanepoycarboxvlic
acid derivatives. Furthernore. the present invention relates to the

foll ow ng new cvcl ohexanepol vcarboxvlic acids or cvcl ohexanpol vcarboxvlic

aci d deri vatiMessuppos unherigly civivhiexanebd . used -fdf paodveing] ths ewilgstsls (issdpent yl )
ester, obtainabl g Q¥ dr o%enat,i on of a di gélsl_o(f{)lent ié?g'h)%ht hal at e having the
Chemi cal abstd =182 1 HIEhIES R MSBFUOR e Prieradly gugy G 8 TECIBOoRys Y0y 377
7-06-0: have a mean pore diameter of at least 0.1 m. preferably at least 0.3 im. and a

surface area of at most 13 m™ g. preterably at most 10 m™’g, particularly preferably at

-

most 5 m™/g. In particular at most 3 m" 'g. The mean pore diameter of the support is
27 preterably in a range from 0.1 to 200 i1m. in particular from 0.5 10 50 Zm. The
surtace area of the suppor is preferably from 0.2 to 15 ml/g, particularly preferably
from 0.5 10 10 m:/g, in particular from 0.5 10 3 m:."g. especially from 0.5 to 3 mz/g

of the supi:ort.

[
tsy

The surface area of the support is determined bv the BET method using N:
adsorption. in particular in accordance with DIN 66131. The mean pore diameter
and the pore size distributuon are determined by Hg porosimetry. in particular in
accordance with DIN 66133. The pore size distribution of the support is preferably
approximately bimodal. with the pore diameter distribution having maxima at about

3¢ 0.6im and about 20 im in the bumodal distribution representing a specific



1,7 JUN 2002

cvci oheYane-|.' '-dicarboxvlic acid di~isohepyi) ester. obtainable

hvdr ogenanng the d|~|sohepn | ) pht hal at e havi ng the CAS No. 71888-89-6:

-cvcl ohe~cane-1."' _'-dicarboYMic acid di(isononvll ester. obtainable by

hydr ogenati ng the di ~i sononvl | phthal ate having the C AS ~i o. 68 ~ 1
~--18-0: _ c~~cl oheYane- 1. =-di carboY~~lic acid di (i sononvl> ester.

obt ai nabl e by hvdrosenating the di ~i sononvl)phthal ate having the C ~S ~o.
~8~~~-1" '-0. which is based on nbutenei4cvcl ohexane-1.' '-dicarbowitc
acrd div isononvl) ester. obtainable by hvdroUenating the
dilisononvllphthalate having the CAS ~o. ' _'8~~3-1'"_'-0. which is based on
i sobutene; a l.'_'-di-Cs-ester of cvclohe~canedi carboxvlic acid. obtainable

by hydrogenati ng “the dj (nonvl)phthal ate having the CAS No. 68~1~--t6-8:
cvcl ohexane- $mbodimeny¢alg in¥erdiond di (i sodecvl ) ester. obtai nabl e by

hydrogenatlng a dilisodecvl)phthal ate having the CAS No. 685 ~--19-1: =
1.~'-di-C;-~ i-ester of cvclohexanedi carboxylic acid. obtainable by
hydr ogenat [ ngm&lb@lmcmfeeamelrmmgu P sigpbr hacing aessitfece drew bhgbduh e TEAS Rio. 68~

1 ~--~ --1: 1.=-di-C,.il-ester of cvcl ohexapedi carboxvlic acid

obt ai nabl e b@%wﬂr&g@ﬁalwmsa&dmamwo fibe Rerg Aliapeer. 1A% PAG Yaheme of Méwi ng C
AS Nos. 1118l Qufhordd beckecBlo 9050 53 g JL=d 2002 2, 7111381-91-0. 68~ 1

- ~-6. 68~ 1PEITEL ["~-d1-C9_~ 1-ester of

cvcl ohexanedi carboxylic acid. obtainable by hydr ogenating a

di-C~ i,-phthal ate having the CAS No.,K 9851r-~3-

1.0 -di(i soar@ewywasmwﬁpeﬁr%@m 5 e 8t dpr RS- -RBrePBs

hydr ogenat i ngo,gat%% %agﬁga'&a%h%hﬁbg c£RBST StinMire SSEdY | Rlidoy @bxide.

- (?-propyl ate: C, _9- cvcl ohexanedi carboxylic agid
est er. obt ai nabiuen dioxided zogamearhi dlgxxtlb.emagmasemp@mdiengxrphcb\hé& ioc mixiwesest er .
whi ch corrprlajes branched .and Ilng ar, G.9 g Iester (? a respective
phthal i ¢ aci HE8} &F e’iﬁﬂ‘f‘c‘ﬁ"ﬁﬁ?“’o uginup oYjdepidareopinm di ﬂg‘ frat e: ~al s have the
followtna CAS ?~ios.: di-C,,o0-allw phthal ate having the CAS No. 111
381-89-b. di-C-all. -~~Iphthalate having the CAS No. 68.1 ~--~-1-6: and

~ di - Ca- al | Furdiephtitrailat medrdingngatahet TAS Nes @84116110& Thas- 7he Rautdhemnor e.

‘t he present blgvg %é 84 Sq 3 Ow}?x{)gev Iegt(lerg c]:co%eq%sh 8n uxsns sub1ect are incorporated by

reference into the present application.

Method of carrying out the process

In the process of the present invention. the hydrogenation is generally carried out at
27 from about 50 to 250 °C. preferably from about 70 to 220 °C. The pressures used

here are generally above 10 bar. preferably from about 20 to about 300 bar.

The process of the present invention can be carried out either continuously or

batchwise, with preference being given to carrving out the process continuously

When the process is carmed out continuously. the amoumt of the
benzenepolycarboxyvlic acid or ester to be hvdrogenated or of the mixture of two or
more thereof is preferably from abour 0.05 to about 3 kg per liter of catalvst per

hour. more preferably from about 0.1 to about 1 kg per liter of catalyst per hour.
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cvcl ohexanepol vcarbo~cvl i c esters obtained using the process of the present
.invention. as plasticizers in plastics. Here. pre~erence is generally given
to diesters and triesters containing all.-vl groups having from3 to 18
carbon atons and particular preference is given to the abovenenti oned.
individually listed esters having from3 to 18 carbon atons. Mre
preferably. the above eaplicitlv nentiongd new C,. C~-. C-. C-~0-. C ;.1
i-. C9-i iand G .9-esters of | .' '-cvcl ohexanedi carboxvlic acids, as beins
obt ai nabl e by hydrogenating the correspondi ng phthal ates and nore
preferably the hydrogenation products of the comercially avail abl e
benzenepol ycarboxylic acid esters with the trade names Jaytlex DI NP (CAS
No. 6851 ~- - |8s (ivdragandtion xgaBtsDit (CASsShkle 1985E amggase)s,wluaﬁ/ Fompoise grep.

Vestinol 9 ( No. 28y3-12-0).. TOT 9. = 1) AdNpl ast

68- TM and Pal(:@[%f%f’ aﬂﬁﬁ&,&%‘ Wﬁ&?‘%ga‘é%? QIP Eastggg‘ é"S%“{;“fIthJ}éb gpd‘é - 22

pl astici zers ampleasiabie SaseAMIBMG fehRBRr E4h BeruskdirPre et eisopednti® usifig purehese
conpounds or m xtures thereof as plastictzers in mass plastics. such as e.~
PVC and pol vorvefoges as Bysseeeaatiqpdaget hyl ene. pol ypropyl ene, pol yi soprene and
col ~ivtners of ethylene or propylene and 1-butene. 1-hexene and 1-octene.
Conpared tothe until now predom nantly phthal ates as used as plasticizers.
t he cvcl ohexaneppdrerninvii Ge dedsent(ifdeerinoat dar ) cantedl ol the preseticedrt o t he
invention. exhibit a lower density and viscosity and lead to e.g. an

i mprovenent oAbsense of R EXVEILIOF gijusat. 1eoilit RATPEFAESATY EXCHTKAYE Hie hydiogenationt ) of
the plastic w@&gmﬁggpared with the usage of the correspondi ng phthal ates as
pl asti ci zers. i'Te properties such as shore A hardness and the nmechani cal
properties of the resulting plastics are identical to those- as resulting
fromthe usage of phthal ates. Furthernore. the cvgl oheYanepol vcarboYw ic
acrd (deri vVatfiQuisTelSrarh g ei8eh e USIRG entqluint Sk igFRt ARIVERRDBVBIYEHS ocess
abilinw the digey @&FHQ&H%@?&&&&EB&% Siefifuef, ThORRS: ;-pfsqga‘r'%hh@.ifl: aspeed.
I'n the Plastisol processi ng by exhibit advantages attributed to the | ower

vi scosm when longrathe dolwert lor diimane nsddas able pbtidral ahesogehheuspobries svitfthé he
present invention i- iIIustratgd bel ow by neans %£é§one eﬁamglqsu 17
J~~0d ~~~~ - 2SNESPSRYVEELORYUNATIL ST SR By BYEFOg5RYer: oF Giample. the solvents
MESOPOr OUSi NMBGIARAHOLS Ao WBInAHER @xkde support which was in the formof 4 mm
extrudates and had a BET surface area of 238 mi!g and a pore volune of 0.(®
m/~ was irnpregnated with an aqueous rutheniunm(l11) nitrate sol ution having
a concentration of "0..8'.0 by weight.. 0.1 .~ nl'g (about 33% of the total

vol ume) of tt%“ﬁi?ﬁeégé‘f”af’ﬁéogﬁﬁ%fﬁ Hilyeag 13015%%%@@&\‘111}3 the range from ~0 run
to 10. 000 nm and

straight-chain or cyclic ethers such as terrahvdrofuran or dioxane. and also aliphatic
alcohols in which the alkyl radical preferably has from 1 to 10 carbon atoms. in

2 particular from 5 to 6 carbon atoms.

Exampies of alcohols which are preferably used are i-propanol. n-butanol. i-butanol

and n-hexanol.
22 Mixtures of these or other solvents or diluents can likewise be used.

The amount of soivent or diluent used is not restnicted in any particular way and can
be selected freelv depending on requirements. However, preference is given to
amounts which lead to a 10-70% strength by weight solution of the

20 benzenepolycarboxylic acid or ester to be hydrogenated.
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support had a pore dianeter tn the range from' ' to ~0 run. 'The vol une of
.sol ution taken up by the support-during inprecation corresponded
approximately to the pore volunme of the support used. _ ~ The support which
had been inpregnated with the ruthenium(Ill) nitrate solution was
subsequently dried at 1=0 C and acu~~ated (reducedl at ?00 Cin a stream of
hydrogen. The catal yst produced in this-wav contained 0.0~ 'o by weight of
rut henium based on the weisht of the catalyst. Exanple 1 In a ~ 00 m
pressure reactor. 10 a of the Ru catalyst as described in the exanple of
catal yst production were placed in a catal yst basket insert and 197 g (0.~
nol) of _ ~ diisooctyl phthal ate were added. The hydrogenati on was carried
out using pure hydrogen at 80 C and a constant pressure of ' _'00 bar.

Hvdr oeenati on s continued until. no nore hydrogen was.taken up (~ h). The
oy o & BR o OB i iR B Sl ERRE i BNED s Bohe s hal nt e
was 100% Thep)igtdobeddh nfOREtopendtRRaY dRORMHIH AR WaBHhE%né deriviiased on

the total anmpount of diisooctyl phthalate c used. 11 J~~J 202 -24 Exanple

In a 300 M peesdiens if deacedin addifiog tobthehsel Ratsca daherss. Inenecyst.guedfile a

cat al yst basket .insert and, 194 g (Q.46 nol) of [d)*ili’i sononyl, pht hal at e. were
added. "The: v BPEHERETRSHAGEE PEorPr 9 Bt Ry Bl B P B 8% Bna o
constant pressir® & hidoehakd oFyit @gRAEYd HRredBSTHeOhd &F reddtibh pRRAIUBDT €
hydrogen was taken up ( 1 O hl. The reactor was subsequent|~~ vented. The

conver si on of WHichgomasegiin phiokaioatos dilsest isqueferably fome 1yip 80 dimess. pAriedarbny|

i

nexel 0P g s 1930 s ARG A7 2181 AR ol g

catal t~st as egrgsounbeshd ivdtdengték@npl e of catal yst production were plaéed in
a catal ~~st basket insert and 19~ a (0.39 noll of diisododec~~l phthal ate

wer e added.-The h~ drogenati on was carried out using pure hydrogen at 80 C

and a constan r.e. of f 1at 1 on nnnued = ~ yntil no
nore hydr ogen‘tA‘\S/ §{§ ‘ﬁﬁ% eéi‘re\abg‘pe' %g-%%e'%?. beijfl:l%?% %g%{;géﬁ &%g g\@g Sg garg‘ eavhzt? symff/reelgr?ed. The

conver si on of ug@difsrate gepydes phibearate inesidh @fcompassey bethdthetesgédisotdeadecy!
hexahvdr opht hal ate -was 99. ', based on the total anount of diisododecvl
pht hal at e use#NeEXyaFoEVIIC aqids g5 S5 a9 JsFisdbish ehareafc PEFiculady magpesigie Ru

cat al yst wereg: Laiak. lyst ' 8 ) of
di met hyl isop ltg %ﬁ%ﬁg’g g?gﬁsgge}s%é%&n%e?%%%gst ag*dn@%' %ml%ag\/\%%emg%ggé& e%:g)‘?'\
hydr ogenat i oncaneesxviandide dhe utterd sisgdgarp uliegl. hydodige mnablkB8yvdadrdiess. where
the alkyl. cvcloalkyl and aikoxvalkyl groups generally have from 1 to 30. preterably
from 2 w0 20 and particularly preferably from 2 to (8. carbon atoms and can be

branched or linear.

22 Specific examples are:
alkvl terephthalates such as monomethy| terephthalate. dimethyl terephthalate.
diethyl terephthalate. di-n-propvl terephthalate. di-n-butyl terephthalate. di-tert-buryi
terephtha.late. diisoburyl terephthalate. monoglyvcol esters of terephthalic acid.
diglvcol esters of terephthalic acid. di-n-octyi terephthalate. diisooctyl terephthalate.

: mono-2-cthvlhexyl terephthalate.  di-2-ethylhexyl terephthalate.  di-n-nonyl

|

terephthalate. diisononyl terephthalate. di-n-decvl terephthalate. di-n-undecyl
terephthalate. diisodecy! terephthalate. diisododecv] terephthalate, di-n-octadecyl
terephthalate. diisooctadecyl terephthalate. di-n-eicosyl terephthalate.

monocyclohexyl terephthalate. dicyclohexyl terephthalate:



17 JUN 2002

17 J~;d 2002 -25 constant pressure of 200 bar. Hydrogenati on was continued
until no nore hvarogen was taken up and the reactor was subsequently
.vented. The conversion of dinethvl isophthalate was 9~.3% The yield of
di met hyl hexahvdroi sopht hal ate was 9S.3'. Exanple ~ In a 300 ml pressure
reactor. 10 a of the Ru catalyst were placed in a catal yst basket insert
and ' 'S.2 Q (0.1 nol) of trinethyl trinmesate, dissolved in 100 Q of THF.
were ~ added. The hydrogenation was car-nied out using pure hydrogen at 1Z0
C and a constant pressure of 200 bar. Hydrogenation was continued until no
nore hydrogen was taken up and the reactor was subsequently vented. The
conversion of trinethyl trnesate was 97,'. The yield of trinethvl
hexahvdrotri nesate was 93% Exanple 6 In a = 00 ml pressure reactor. 10 ~
of the Ru cataiifyysphthwdates pluait edb imonemetitval piwhaliyes kdimeihyb ephthadard. 'diethvl, ' ' g

0.1 nol) of trimethvl tripellitate,, di,ssalv in 1Q0 of THE re = ~
gdded. ThZa hyaH8 s a Pl et g o) HB%F% HVE?%%H Athalate.q ¢ ang
a constant progssoueyg phthalde nimbglykdl HsRECHRSHMNC MR, QiNdol esersUdtt fhthalie nor e
hydrogen was taken up and the reactor was subsee%;enﬂg vented. The

ep

conver si on ofacidr dinep¢fyl phthalare diispeard phehglage- di-2-etndhaxyeplthalptet di-maem |

hexahvdrotri litate.was 33, "' mj.e 71N m .pressure . reactor, 10
g of the Ru- gjg{hg'lay%t %\l/{éorngn\%l apchékbﬂ@lli % acil ¢ aczeﬁ%/lys@] L@%%ﬁ'_et dﬁ?gg?y ffrqg‘ "0 g
(0.03 nol) ofdj-hehndesvet fhtald " eigkdbddealt @hrhdiafs odiuedcthdeckD Ghthatde. Thiiso- wer e
added. The hydrogenation was carried out using pure hydrogen at 80 C and a
octadecyl phthalate. di-n-eicosyl phthalate. monocyclohexyl phthalate, dicyclohexyl

phthalate:

- - alkvl isophthalates such as monomethyl isophthalate, dimethyl isophthalate. diethyl
isophthalate. di-n-propyvl isophthalate. di-n-butyl 1sophthalate. di-tert-buty! isophtha-
late. diisoburyl isophthalate. monoglyvcol esters of isophthalic acid. diglycol esters of
isophthalif: acid. di-n-octyl isophthalate. diisooctyl isophthalate. di-2-ethvihexyl
isophthalate. di-n-nony! isophthalate. diisonony! isophthalate. di-n-decyl isophtha-

=z late. diisodecy! isophthalate. di-n-undecy! 1sophthalate. diisododecy! isophthalare.
di-n-ocraciec_vl isophthalate. diisooctadecy! 1sophthalate. di-n-eicosvl isophthalate.

monocyclohexyl isophthalate. dicyclohexyl isophthalate:

Alkyl trimellitates such as monomethyl rimellitate. dimethy! trimellitate. diethvl
22 wimellitate. di-n-propy! trimellitate. di-n-butyl trimellitate. di-tert-butvl trimellitate.
diisobutyl trimellitate. the monoglvcol ester of trimellitic acid, diglycol esters of
mmellitic acid. di-n-octyl trimellitate. diisooctyl trimellitate. di-2-ethylhexvi
wrimellitate. di-n-nonyl mimellitate, diisonony! timellitate, di-n-decyl trimellitate.
diisodecyl trimellitate. di-n-undecyl trimellitate. diisododecyl trimellitate. di-n-
2t octadecyl trimellitate. diisooctadecyl .trimellitate. di-n-eicosyl wimellitate.
monocyclohexyl tnmellitate. dicvclohexyl trimellitate and trimethyl trimellitate.
tnethyl trimellitate. tri-n-propyvl trimellitate. tri-n-butyl trimellitate, tri-tert-buryl
mmellitate. triisobutyl trimellitate. triglveol esters of trimellitic acid. tri-n-octyl tri-
mellitate. miisooctyl trimellitate. tri-2-ethythexyl trimellitate, tri-n-nonyl trimellitate.

¢ triisododecyl trimellitate. tri-n-undecyl trimellitate. triisododecyl trimellitate. tri-n-
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1 1 JUJ 2002 -ZS. constant pressure of ?00 bar. Hydrogenation was [

continued until no nore hydrogen was taken up and the reactor was
.subsequently vented. The conversion of tetranethvl pyonellitate was =~~, %
The yield of tetramethyl heYahvdropyonellitate was ~,'0. Exanple 8 In a
1."? 1 pressure reactor. ~3 a of the supported Ru catal yst were placed in a
cat al yst basket insert and 800 Q ( 1.9 nol) Javflex DINP (C 3S No. 68 ~ 1
~--18-0) were added. The hydrogenati on-was carried out using pure hydrogen
at 80 C and a constant pressure -of .00 bar. Hydrogenation was continued
until no nore hydrogen was taken up (6 h) and the reactor was subseauentlv
vented. The conversion of Ja~~lex DINP was 100ro. The yield of the
correspondi ng cvcl ohexanedi carboxvlic acid ester . was 99.i o, relative to
t he total arrmme0‘drmmhﬁltaiddadOGfa&delCElvaldﬂPateEmmw@S\g timeditge~rityglo-essur e
reactor. ™ o @}supported Ru catal yst were placed in a catal yst basket
i nsert and 1 ﬁ@ %? nol d Pal atinol 9-P were added. The hydrogenati on
was carried out u5|ng pure hvdroQen at a tenperature of 1?0 C and a
constant pressure of'_'00 bar. Hydroeenati on was continued until no nore
hydr ogen wasalkgk gimespieg ~such) aarmommethjéamms%sdméqmsw vaiethed. The

conversion 0 tig r

br anched) ben‘];z'uedr:: ?c dr'gwllcu-lar%?]%teés 1-;{1 mf mﬁfgﬁg Cﬁl‘?%(e‘b%%i d (I)r%es?tﬁ‘e

cor r espondi ngfisemaliohiaxedie thegbeot esrérs @f &ﬁndsuﬁsdlerdl;m@sd?&eky@ﬁ @it i ve to
the total anmpunt of the used Pal aunol 9-P. Example 10 . 11 J~'~J 202 .z~
In a 1.~ 1 pribdimocybaineate. dipoocusk rimesats fpotthulben waesey di-nwerd pl aced
|nacataly e 8Q ~ I S:No.
?8~~~-1" "' #n}\%ga?éé Eelal %R’Ii ﬁ%@%tgdr%g%%é%? %ﬁm\]\ggistg C%I?Sr%hée%? W egag\ ndll\Pur e

hydrogen at dt@mmsmeadat. @iiefdoled] Gibdhie di-anstaaBtyl RMRSIM. edx@boc'am{écxbar
Hydr ogenati on was conti nued until no nore hydrogen was taken up (4 h) and

the react or ma@sawgéw@ﬁxhww dpnotyrohexiih Emssya. deyclohexddnmesdndi ng
cycl Ohexa”ed@e g?éhééﬁ gla {i@t W%&%mé'm [{géogh' MmdsQre! REnlRig!  amount

of the used ssureé reactor. ~~ Q of

t he supportadrrﬁsam:ahaéxyﬁhnhmmesateamxdobumlamcra:tsabysi_htaaskﬂerslmsremesmnd 760 g
(1.7 nol) Jg%tcingx Dl DP ( CAS No. 1~"19?P§%1 wer e added . . The

hydr ogenat i g- ”C%ﬁ“rll%ldleé‘i}? %?%ﬁ“bd‘?"é‘e gerhyrh &y EmERE Hdhst ant

pressure of Qllgﬁrﬁesa@’% 8B@COrim¥ase. C&PH'uﬂH@c@ Ut?ﬁde'sat@%ﬁ??&f}oﬁgé@qr ogen

was taken up and t e reactor was subsequently vent

conver si orn: ahnﬁaafeﬁﬂle-ocfalda?l waseda@Oiriisobogdeeyi aimesafe. triie-ctosylasmesak. ng

cycl ohexanedi. ca oxvlic acid zster was 99.i% relauve to the total anpunt
of the used ‘5‘%“9 XIBPBAEyant~le 1' ' Ina 1.~ 1 pressure reactor. ~.i g
of the supported Ru catal yst vvere pI aced in a catal yst basket insert and
800 g- ( 1.~ 6 nmol) TOTM I trléZ et hyl hexvl ) benzenetri carboxylic
acid ester) algi éxemdbtatem@cwdrmqmm rhepameldisaie.i dthetiyl hamimeylipis: e

hydr ogen at . g}% const ant essur 00 ba enat i on was
conti nued un Rﬁ'\ F@t ?}aﬁd‘g%rﬂpﬁ/a}%ewg’ﬁgﬁm (IEBU“{h%fH% lﬁ[gte ga&eftc')r was
subsequentz-ybung Hegtimelfitee. CRRYRITA! dniadel AT monvaiscd Ssers BE hehehelligé ¢ the
cor respondi ng. cycl ohexanedi car boxylic acid ester was 94% relative to the
t ot al acid. “diglycol esters of hemimellitic acid. di-n-octyl hemimellitate. diisooctyl
hemimellitate. di-2-ethylhexyl hemimellitate. di-n-nonyl hemimellitate. diisononyi
hemimellitate. di-n-decyl hemimellitate. diisodecy! hemimellitate. di-n-undecyl
hemimellitate.  diisododecyl  hemimellitate.  di-n-octadecyl = hemimellitate.

22 diisooctadecyl  hemimellitate.  di-n-eicasyl  hemimellitate.  monocyclohexyl
hemimellitate. dicvclohexyl hemimellitate. and also trimethy! hemimellitate. triethyl
hemimellitate. ti-n-propy! hemimellitate. tri-n-butyl hemimellitate, tri-tert-butyl
hemimellitate. triisobutyl hemimellitate. triglycol esters of hemimellitic acid. tri-n-

octyl hemimellitate. triisooctyl hemimellitate, tri-2-ethylhexyl hemimellitate. tri-n-

3¢ nonyl hemimellitate. wiisododecyl hemimellitate. tri-n-undecyl hemimeilitate.



"1 7 JU-J 2002 -28 anount of the used TO~fT-1. Exantile 13 In a 300 fi] JUN 2002
pressure reactor. 10 g of the supported Ru catalyst were placed in a
.catal yst basket insert and 1 ~0 g (0.32 nol) Linplast 68-Ti VIl (

1. .=~-tri(linear Csal kyl)benzoltricarboxvlic acid ester) were added. The
hydr ogenati on was carried out using pure hydrogen at a tenperature of 120 C
and a constant pressure of ' _'00 bar. ' _ ;, Hydrogenation was conti nued
until no nore hydrogen was taken up ( 1%1%) and the reactor was
subsequent| ~~ vented. The conversion of Linplast 68-TVI was 100,'0. The
yield of ~e correspondi ng cvcl ohexanedi carboxvlic acid ester was 99.' ', %

relative to the total anount of the used Linplast 68-TVI. E~canole 1=1 :~
vertical high-pressure tube made of steel havi ng an inner dianeter of 30 mMm
and a | engt h ofiscrodeqyl wakemimellisafe~~itnhoctadeqyl] Semimpallisigopofriiaapcrgecyl

cataivst. In the. slum process, .0 4~ ka~'h P W 1T No.

" 853-12-0) oy ’%‘%“‘E‘S‘é%‘ﬂngﬁ?ﬁ‘gﬁu?‘é?ﬂ{’/%%ggﬂéemeg% fhe bottomto the
top through the reactor at an average tenperature of 1 ~"6 C and a pressure
of '_"00 bar. after |eaving the high-pressure reactor, part of the reaction
product was r ikt premeliatensuch Be menpmeshy! tRyFRneibate, dimerwly posamaeliigis N,
whil e the resi;dya t: ac din o] j The. ...

hydr ogenat i ohdl\f\"/gls‘ l éfo ?X?eeu&g%m%ﬁ gm%ﬁévév@g%g( gg{ggeésdl %fﬁﬂﬁle%ﬁ{er%g{et [F'cg F’i'/t
required hydr pgenpvtbintléiae dlissHutyil Dgrobdediinap efbnaghrol €ass bf pyraimeitiapbidc

anal ysis of the reaction product showed that, Palatinol N has been reacted
to an extent 6ehYol jegeryhef c FEBbii Agdc~dict-efrslyaREEMEditaSx y AHIF005ET d
ester vas obt glhagditLnae. S8\ BB mBlia: dun-norl RSALILIR. GBS Ne
remai ni ng 0. ~% Pal’ati nol” Tromthe teaction product. ‘the sane was punped

t hrough the r gaoinellithie.oni-hhieciiopiimellathediisodecyl Jpyram@lta. - ABniuagedyh an
amount of 1 ka~h. and the product was ve f,ed m g cont 8i n?r. The addition of
hydr ogen was® BYRTRMAY adigededered Péb%@‘?ral.m@ubs HEORLBASEY! no PEAMRASH ~i
was found in Lk t. Ct jjvi bsze M t t . ,
correspondi ngalﬁgﬁgﬁegggn 3;‘[ @?@%&?\?I i gl gglligls%mst Q\F Bg? ltq)%?t&'t hgnésr%?%ﬁghex}l

hvdr osenat i onpweameRiede. : wonshde poomeltient.s. wrbhylut pirorhellimwe. boiri-n-pppyl
conponent s (conponﬁ.nts havi.ng .a | ower . boilin %oi nt co dto

.cvcl ohexanedi BPEHEX §

—

{i15.c. TS s PTOMALRE: | SR DUt o BEOmeIliate.  thisobur

pvromellitate. triglvcol esters of pvromellitic acid. tri-n-octyl pvromellitate.
-z tisooctyl pvromellitate. tri-2-ethvlhexyvl pyromellitate. tri-n-nonyl pvromellitate.
triisodo&ec_vl pvromellitate. wi-n-undecyl pyvromellitate. triisododecyl pvromellitate.
m-n-octadecvl  pvromellitate.  wisooctadecyl  pvromellitate.  tri-n-eicosyl
pyromellitate. tmicvclohexyl pvromellitate. and also tetramethyl pvromellitate.
tetraethyl pyromellitate. tetra-n-propvl pvromellitate. tetra-n-butyl pvromellitate.
2 tetra-tert-butyl pyvromellitate. tetraisobutyl pyromellitate. tewaglycol esters of
pvromellitic acid. tetra-n-octyl pvromellitate. tetraisooctyl pvromellitate. tetra-2-
ethylhexyl pyromellitate. tetra-n-nonvl pvromellitate. tetraisododecyl pvromellitate.
tetra—n-u.ndecyl pvromellitate. tetraisododecvl pvromellitate, tetra-n-octadecyl
pvromellitate.  tetraisooctadecyl pvromellitate. tetra-n-eicosyl pyvromellitate.

-z tetracvclohexyl pvromellitate:
anhydrnides of phthalic acid. trimellitic acid. hemimellitic acid and pyromellitic acid.

Of course. it is also possible to use mixtures of two or more of these compounds.

PRV) L]



conponents were reduced by neans of a vapor distillation at 170 C ard] aUN 2002
pressure of ~0 nmbar. The product consisted after this work-up of 99.7%

.cvcl ohexanedi carboxvlic acid ester. 11 JudIluWJ -30 CLCAIMS5 1. A

process for hydrogenating a benzenepol ycarboxylic acid or a derivative

thereof or a mxture of two or nore thereof by bringing the benzenepoly
carboxylic acid or the derivative thereof or the mxture of two or nore
thereof into contact with a hydrogen-cont8i ning gas in the presence of a o
catal yst which conprises as active netal at |east one netal of transition
group VII1 of the Periodic Table alone or together with at | east one netal

of transition group | or VIl of the periodic table applied to a support

whi ch cont ai ns_nacropores havi ng a pore dianeter of greater than 5% nm ac
cording to thelh§ePioAe s Phramgd cacapisinge do CeninyeRUipnAgre ghe £QITESPORGNE wi t h

15 the provi S%v&lgﬁgxaﬁépogic%%fa%})sf{c L PRI eRERpb feabbAL ROEAR LG b 1E

hydr ogenation using a-ca ‘conprises  as attive netal ruthenium
either alone or together with at |east one netal of transition group I, VII
or VIIl of the Periodic 20 Table applied to support, where the support
has a mean porfd"@FTHIRR er s BEESIEasiVERIm 4Fiaes BT & f Jedovinga BFWat

most 30 n2/ g.apd idiendBRMAboxvlic acids or cyclohexanpolycarboxylic acid derivatives as

such:

cyclohexane-1.2-dicarboxylic acid di(isopentyl) ester, obtainable by hvdrogenation

of a di(isopentyl)phthalate having the Chemical Abstracts registry number (in the '
= following: CAS No.) 84777-06-0:

cvciohexane-1.2-dicarboxvlic acid di(isoheptyl) ester. obtainable by hydrogenating

the di(iseheptyvl)phthalate having the CAS No. 71888-89-6:

)

c_vciohe:{qne-I.Z-dicarboxylic acid di(isononyl) ester. obtanable by hydrogenating
the di(isononyl)phthaiate having the CAS No. 68313-48-0:

-z cvclohexane-1.2-dicarboxylic acid di(isononyl) ester. obtainable by hydrogenating
the di(is;onon_vl)phthalate having the CAS No. 28535-12-0. which is based on n-
butene:
cvclohexane-1.2-dicarboxyviic acid ditisononyl) ester. obtainable by hvdrogenating
the di(isononvi)phthalate having the CAS No. 28533-12-0. which 1s based on

27 isobutene;

a 1.2-di-Co-ester of cvclohexanedicarboxylic acid. obtainable bv hvdrogenating the
di(nonyl)phthalate having the CAS No. 68513-46-8:

cyclohex-ane-1.2-dicarbox_vlic acid di(isodecvl]) ester. obtainable by hydrogenating a
di(isodecyl)phthalate having the CAS No. 68515-49-1:

2z 1.2-di-Cs.q1-ester of cvclohexanedicarboxylic acid. obtainabie by hydrogenating the
corresponding phthalic acid ester having the CAS No. 68513-42-4:
1.2-di-Cr.11-ester of cyclohexanedicarboxylic acid. obtainable by hydrogenating the
di-C+.| -phthalates having the following CAS Nos.:

111381-89-6.

3¢ 111381-90-9,



. !
of the active netal is fromO0.01 to 30% by wei ght, based on the tota‘ T JUN 2002
wei ght of the catalyst, and the ratio of the surface areas of the active
.metal and the catal yst support is less than 0.05, 25 and/or a catal yst

whi ch conprises as active netal rutheniumeither alone or to gether with at
| east one netal of transition group I, VII or VIII of the Peri 173~
2002 -31 odic Table in an anobunt of from0.01 to 30% by wei ght, based on
the total weight of the catalyst, appli€d-to a support, where from10 to
50% of the pore volume of the support is formed by macropores having a pore
dianeter in the range from50 nmto 10,000 nmand from50 to 90% of the 5
pore vol unme of the support is formed by nesopores having a pore dianeter in
the range from2 to 50 nm where the sum of the pore volunmes adds up to
100% is exclUdédl-%f@d wherein al umi ni um oxi de which contains a |ithium

al um ni um spiék%l <l _610 excluded as a support. 2. A process as clained in
claim1, wherei r%'t e catal yst conprises as active netal at |east one netal
of transitionsg@neup-dnil of the Periodic Table ei they al one or together
with at | east one netal of transition group | or N of 15 the Periodic Table
applied to a ¥4pp8rk, where the support has a nmean pore diameter of at

et S0 TP BT S g APl BT 206 p Bk of e
t he cat al yst .di-Cs.;;-phthalate having the CAS No. 98515-43-3:

a 1.2-di(isodecvl)cvciohexanedicarboxylic acid ester. obtainable by hydrogenating a
di(isodecvl)phthalate. consisting essentially of di~(2-propviheptvl)phthalate:
1.2-di-Cs.9-cvclohexanedicarboxylic acid ester. obtainable by hvdrogenating the
corresponding phthalic acid ester. which comprises branched and linear Cr.o-
alkvlester groups: respective phthalic acid esters which may be e.g. used as starting

materials-have the following CAS Nos.:

di-C; g-alkviphthalate having the CAS No. 111 381-89-6.
di-C--alkyvlphthalate having the CAS No. 68513-44-6: and
di-Ce-alkylphthalate having the CAS No. 68313-43-7.

on

Furthermore. the present imvenuon also provides for the wuse of
cvclohexanepolvearboxylic esters. in particular the cvclohexanepolycarboxylic esters
obtained using the process of the present invention. as plasticizers in plastics. Here.
2> preterence 1s generally given to diesters and triesters containing alkvl groups having
from 3 to 18 carbon atoms and particular preference is given to the abovementioned.

individually listed esters having from 3 to 18 carbon atoms.

More preferably. the above explicitly mentioned new Cs. C7-. Co-. Cio-. C7.11-. Co.11-

19]

n

and C-.g-esters of 1.2-cvclohexanedicarboxylic acids. as being obtainable bv
hvdrogenating the corresponding phthalates and more preferably the hydrogenation
products of the commercially available benzenepolycarboxylic acid esters with the
trade names Jayflex DINP (CAS No. 68515-48-0). Jayflex DIDP (CAS No. 68515-
49-1), Palatinol 9-P. Vestinol 9 (CAS No. 28553-12-0), TOTM-I (CAS No. 3319-
3¢ 31-1). Linplast 68-TM and Palatinol N (CAS No. 28553-12-0) are used as



. "
20 3. A process as clained in claim1l, wherein the catalyst conpri se1s7a-g""'! 2002

active netal at |east one netal of transition group VIII of the Periodic
.Table ei ther alone or together with at |east one netal of transition group
| or VII of the Periodic Table in an anount of from0.01 to 30% by wei ght,
based on the total weight of the catalyst, applied to a support, where from
10 to 50% 25 of the pore volune of the support is fornmed by nacropores
having a pore dianmeter in the range frof250 nmto 10,000 nmand from50 to
90% of the pore volune of the support is formed by nesopores having a pore
diameter in the range from2 to 50 nm where the sum of the pore vol unes
adds up to 100% 30 11 JL~d 2002 -32 4. A process as clainmed in claim1,
wherein the catal yst conprises as actjve netal at |east one netal of
transition grdaspcizars in plasticheAperg Basecis Tamire pegfererbio uiE dhase spmpoyls9er with

at | east one nefal of ansj t.] V] | th 1 0d] le in an
anount of fr%‘@ﬁlﬁirsé%&j%bb@\%f 3418‘ Légsoélgge%gf S'ognucg%% & ? gcgf%ﬁg(li’lg%gﬁ%f t he
catal yst, apphitess pslvehdedRpoblvprophien® foMdscprdhecdrd dbasivenei®an eolege At anet er
of at least 0.1 umand a BET surface area of at nost 15 nR/g. 5. A process
as clai ned i Prepyienefnd]-gpwse. 1-hegeng angHe?®ns. t he benzenepol ycar 1 o boxylic
acid or the_derivative thereof is selected fromthe group consisting of
nonoal kyl ahd di al kyl esters of phthalic acid, terephthalic acid and

i sopht hal i ¢ @ointparedDo0Bt kisttil nék rédominadivt pHdedisyd aesbey &s plastidizen®Ithd ti C
aci d, cvclohexanepolycarboxylic acid (derivatives). as used according to the invention.
exhibit a lower density and viscosity and lead to e.g2. an improvement of the
flexibility at low temperatures (Kilteflexibilitdt) of the plastic when compared with
=2 the usage of the corresponding phthalates as plasticizers. while properties such as
shore A hardness and the mechanical properties of the resulting plastics are identical
10 those as resulting from the usage of phthalates. Furthermore. the
cvclohexanepolycarboxyiic acid (derivative)s according to the invention exhibit an

improved process ability in the drv blend and as a result thereof a higher production

on

speed. In the Plastisol processing by exhibit advantages attributed to the lower

viscosity when compared with conventional phthalates.

The process of the present inventon is illustrated below bv means of some

examples.



trimesic acid and heminellitic acid, nonoal kyl, dialkyl, trialkyl add JUN 2002
tetraal kyl esters of pyronellitic acid, where the al kyl groups can be
.l'inear 15 or branched and each have from 3 to 18 carbon atons, anhydri des of
phthalic acid, trinellitic acid and hemnellitic acid, pyronellitic dianhy
dride and m xtures of two or nore thereof. 6. A process as clained in any
of the preceding clains, wherein the support 20 conprises activated carbon,
silicon carbide, alum num oxide, silicon2gi oxide, titanium dioxide,

zi rconi um di oxi de, magnesi um oxi de, zinc oxide or a mxture of two or nore
thereof. 7. A process as clained in any of the preceding clains, wherein
the hydro25 genation is carried out in the presence of a solvent or
diluent. 8. A process as clained in any of the preceding clainms, wherein

t he hydro gendxampléss carried out continuously. 11 J~~J 2002 -33 9.

Cycl ohexane-1, 2-di carboxylic acid di(isopentyl) ester, obtainable by

hydr ogenation of a di(isopentyl)phthal ate having the Chem cal Abstracts

registry numbet,obRs bhedigh bRWuAE CAS No.) 84777-06-0;
cycl ohexane- 1, Z-drcarboxyTic acid di (i soheptyl) ester,

obt ai nabl eby5hydr ogenati ng the di (i soheptyl ~ht hal ate havi ng t he CAS No.

71888- 89- 6; cygl oh -1, 2-di car boxyl i id di(i | ter, \
oDt ai nabl oby ot PBORR P RE i  SEIRRy PFEhHERET SRRl e Eiee G

68515- 48- 0; cyalghexanends 2edhafs B birfacaGhd oF 138388 k)a B6leSolume of
obt ai nabl ebyhydr ogenating the di (i sononyl)phthal ate having the CAS No.

28553- 12- 0, obagiéanlimwas impiregnated wothodneaquaeus rutheninn gl aiyate golygomihaving a

di (i | t bt ai byh ti he,, di | ) pht t
navi ng tne CaBogneasBRied 086 5F AR GRERTE bl 35 4 b B NRBLL YT ©
cycl ohexanedi galed@x Yhd %p%@h%ad@ﬁ@}[\lﬂg&b|i§l@?1e1%)éé|rsf§lﬂx€6@trinﬁlgotl'@ﬁ)OOnm and

di (nonyl ) pht hal at e havi ng t he CAS . 68515-46-8;
cycl ohexane:1 030 gilégatabowyd 17 oA shediothl Ppeoddisye)) ofethe @pres of the support had a

obt ai nabl ebyhydr ogenat i ng a _di (i sodecyl~ht hal ate hawi ng the CAS No

GaSi5 a0 1. 1. BotoEnettrof thetebd GRG0 At de S GaRiA Db faenio Y e

obt ai nabl ebyhygh-egenshé REprebmuien chespONdngpPRinkatly Go a6 sbre sbRneN@heig t he
CAS No. 2068515-42-4;1,2-di -C~_> >-ester of cycl ohexanedi carboxylic acid,

obt ai nabl ebyh§¥Pegésst i ng the di -C~_ 1 ~-phthal ates having the fol |l owi ng CAS
Nos.:111381-89-6,111381-90-9, 25111381-91-0, 68515- 44- 6, 68515-45-7
and3648-20-7;a 1,2-di-C9_> >-ester of cycl ohexanedi carboxylic acid,

obt ai nabl eby30hy duppgenahichdad bder CBpregrandiit wah ahe rihbediwg (I euttAS sdlation

98515- 43- 5; 11 JL'~J 2002 -34 a 1,2-di (isodecyl)cycl ohexanedi carboxylic
aci d ester, oBeapypseAusIBY ARSHRIOIGETAL IHgRcH Hrd (rediredln 108t Halhd ETea8dAL| sti ng
essentially Ofly'agbg'e('@p[rh@p&{tﬂ,gﬁt éﬁjo)imﬁhfﬁl ﬁﬁéa;way contained 0.05% by weight of

ruthenium. based on the weight of the catalvst.

Example |

In a 300 .ml pressure reactor. 10 g of the Ru cartalyst as described in the example of
catalyst production were placed in a catalvst basket insert and 197 g (0.5 mol) of
-z diisooctyl phthalate were added. The hydrogenation was carried out using pure
hvdrogen at 80 °C and a constant pressure of 200 bar. Hydrogenation was continued
until no more hvdrogen was taken up (4 h). The reactor was subsequently vented.
The conversion of the diisooctyl phthalate was 100%. The yield of diisooctyl
hexahydrophthalate was 99.7%, based on the total amount of diisooctyl phthalate

3¢ used.



1, 2-di - C~_9-cycl ohexanedi carboxylic acid ester, obtainable by hydrogén&tﬂﬁb 2092
5 the correspondi ng phthalic acid ester, which conprises branched and
.linear C~_9-al kyl ester groups, wherein the hydrogenating is carried out
according to a process as clainmed in any of clains 1 to 8. 10 10.

Cycl ohexanepol ycar boxylic acid derivative selected fromthe group
consi sting of: cycl ohexane-1, 2-di carboxylic acid di (isononyl) ester,
obt ai nabl e by hydrogenating the di (i sonaayl)phthal ate having the CAS No.

28553-12-0, t 5 based on n-butene; cycl ohexane-1, 2-di carboxylic acid
di (i sononyl) ester, obtainable by hydrogenating the di(isononyl)phthal ate
havi ng the CAS No. 28553-12-0, based on isobutene, 20 wherein the
hydrogenating is carried out according to a process as clained in any of
claims 1 to 8. 11. The use of a cycl ohexanedi carboxylic ester according to
claim9 or 10 or a cycl ohexanetricarboxylic ester or a mxture of two or
nore thereof as 25 plasticizer in PVC. 12. The use of a

cycl ohexanedi;&;m%)_wl ic ester according to claim9 or 10 or a
cycl ohexanetricarboxylic ester or a m xture of two or nore thereof as
pl asticizer in PVB. 30 11 Jt~~d ZQ-J2 -35 13. The use of a

cycl ohexane@qﬁgh%ﬁ e%s&g t& Etofacl%or&‘tﬂg%lh%a&l\?{ yere x%%l:?cred‘?n a c%tﬁ.lvsx b kets

cycI ohexanefri céfr I C es or Ta m X nore er eo

plasti cizer msanm!nasga €%0.46 mbf). ofAlibilyl phibigiafeOsere Iaﬁﬂed:dmiﬁrhvaidéana%on
cycl ohexanedi carboxylic ester according to claim9 o
cycl ohexanet r¥as £aBd AU asing pate hydregeniak 80,°6 ¥ q.\%ns@qm r?é?séuf?ﬁérl@gfbaf wher ei n

the plastic 'I—f\/dP \égnanon was continued until no more hvdrogen was taken up (10 h). The
reactor was subsequently vented. The conversion of diisononyl phthalate was 100%.
-2 The vield of diisononyv! hexahvdrophthalate was 99.5%. based on the total amount of

diisononyl phthalate used.

Exampile 5

Ina 300 ﬁul pressure reactor. 10 g of the Ru caralyst as described in the example of
catalyst production were placed in a catalyst basket insert and 193 g (0.39 mol) of
diisododecyl phthalate were added. The hydrogenation was carried out using pure
hvdrogen at 80 °C and a constant pressure of 200 bar. Hydrogenation was conunued
25 until no more hydrogen was taken up (<4 h). The reactor was subsequently vented.
The conversion of diisododecyl phthalate was 100%. The vield of diisododecyl
hexahvdrophthalate was 99.5%. based on the total amount of diisododecyl phthalate

used.

In a 300 ml pressure reactor, 10 g of the Ru catalyst were placed in a catalyst basket
insert and 38.4 g (0.2 mol) of dimethyl isophthalate. dissolved in 100 g of THF.

¢ were added. The hydrogenation was carried out using pure hvdrogen at 80 °C and a



. s
15. A plastic conposition conprising a cyclohexanedi carboxylic est er1 7acu-"‘t) 2002
carding to claim 10 or a cycl ohexanetricarboxylic ester or a mxture of two

-or nore thereof, wherein the plastic is PVC. 16. A mxture of PVC and a
pl asticizes, wherein the plasticizes is a cycl ohex anedi carboxylic ester
according to claim9 or a cycl ohexanetricarboxylic 15 ester or a m xture of
two or nore thereof. 17. A mxture of PVC and a plasticizes, wherein the
pl asticizes is a cycl ohex anedi carboxylig.ester according to claim10 or a
cycl ohexanetri carboxylic ester or a mxture of two or nore thereof.

CAY. AL AR ACA A% A Ay. Al Ay% AL. Al . AL AF9. AH. A9. AYN. AC. AL. AL. A. Al . A5. A A& Al .
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Example 7

In a 300 ml pressure reactor. 10 g of the Ru catalyst were placed in a catalyst basket
insert and 10.0 g (0.03 mol) of tetramethyl pyromellitate. dissolved in 100 g of THF,

3¢ were added. The hydrogenation was carried out using pure hydrogen at 80 °C and a
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Example 8

Ina 1.2 | pressure reactor. 53 g of the supported Ru catalyst were placed in a catalyst
> 2 basket insert and 800 g (1.9 mol) Jayflex DINP (CAS No. 68513-48-0) were added.
The hydrogenatuon was carried out using pure hydrogen at 80 °C and a constant
pressure ‘0f 200 bar. Hvdrogenation was continued until no more hvdrogen was
taken up i6 h) and the reactor was subsequently vented. The conversion or Javilex

DINP was 100%. The vield of the corresponding cyvclohexanedicarboxvlic acid ester

=z was 99.5%. relative to the total amount of the added Jayflex DINP.

Exampie 9

2¢ Ina 0.3 ] pressure reactor. 10 g of the supported Ru catalyst were placed in a catalvst
basket insert and 150 g (0.35 mol) Palatinol 9-P were added. The hvdrogenation was
carried out using pure hydrogen at a temperature of 120 °C and a constant pressure
of 200 bar. Hvdrogenation was continued until no more hvdrogen was taken up (2 h)
and the reactor was subsequentlv vented. The conversion of Palatinol 9-P (1.2-
22 di(nonyl. linear and branched)benzenedicarboxyvlic acid ester) was 100%. The vield
of the corresponding cvclohexanedicarboxyvlic acid ester was 99.4%. relative to the

total amount of the used Palatinol 9-P.

z¢ Example 10
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Ina 1.2 | pressure reactor. 53 g of the supported Ru catalyst were placed in a catalyst
basket insert and 780 g (1.87 mol) Vestinol 9 (CAS No. 28553-12-0) were added.
The hydrogenation was carried out using pure hydrogen at a temperature of 120 °C
z and a constant pressure of 200 bar. Hydrogenation was continued until no more
hvdrogen was taken up (4 h) and the reactor was subsequently vented. The
conversion of the corresponding cyclohexanedicarboxylic acid ester was 99.4%.

relative to the total amount of the used Vestinol 9.

Example 11

Inall 1‘ pressure reactor. 33 g of the supported Ru catalyst were placed in a catalyst
basket insert and 760 g (1.7 mol) Jaytlex DIDP (CAS No. 68515-49-1) were added.
-2 The hydrogenation was carried out using pure hydrogen at 80 °C and a constant
pressure of 200 bar. Hvdrogenation was continued until no more hvdrogen was
taken up (10 h) and the reactor was subsequently vented. The conversion of Jayflex
DIDP was 100%. The vield of the corresponding cyclohexanedicarboxylic acid ester

was 99.53%. relauve to the total amount of the used Jayvflex DIDP.

~r
-~

Exampie 12

Ina 1.2 ] pressure reactor. 35 g of the supported Ru catalyst were placed in a catalyst
2¢ basket insert and 800g - (1.36 mol) TOTM-I (1.2.4-tr1(2-
ethylhexyl)benzenerricarboxylic acid ester) were added. The hydrogenation was
carried out using pure hydrogen at 100 °C and a constant pressure of 200 bar.
Hydrogenation was continued until no more hvdrogen was taken up (20 h) and the
reactor was subsequently vented. The conversion of TOMT-I was 95%. The vield of

3¢ the corresponding cyclohexanedicarboxylic acid ester was 94%. relative to the total
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In a 300 ml pressure reactor. 10 g of the supported Ru catalyst were placed in a
catalyst basket insert and 150 g (0.32 mol) Linplast 68-TM (1.2.4-tri(linear Co-s-
alkyl)benzoltricarboxylic acid ester) were added. The hydrogenation was carried out
using pure hydrogen at a temperature of 120 °C and a constant pressure of 200 bar.
¢ Hydrogenation was continued until no more hvdrogen was taken up (11h) and the
reactor was subsequently vented. The conversion of Linplast 68-TV was 100%. The
vield of the corresponding cvclohexanedicarboxylic acid ester was 99.2%. relative 1o

the total amount of the used Linplast 68-TM.

Examole~ 14

A vertical lugh-pressure tube made of steel having an inner diameter of 30 mm and a
length of 2.2 m was filled with 1.4 | of the supported Ru catalvst. In the sturrv
2 process. 0.45 kg’h Palaunol N (CAS No. 28553-12-0) were pumped together with
pure hvdrogen from the bottom to the top through the reactor at an average
temperature of 125 °C and a pressure of 200 bar. After leaving the high-pressure
reactor. part of the reacuon product was reintroduced into the reactor together with
new Palatinol N. while the residual reaction product was vented in a container. The
2z hydrogenation was carried our with a 20% excess of the theoretically required
hydrogen while controlling the spent gas. Gaschromatographic analysis of the
reaction product showed that Palatinol N has been reacted to an extent of 99.5%.
The corresponding cvciohexanedicarboxylic acid ester was obtained with a
selectivity of 99.2%. In order to remove the remaining 0.5% Palatinol from the

3¢ reaction product. the same was pumped through the reactor from the bottom to the
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top in an amount of | kg/h. and the product was vented 1n a contamer. The addinon
of hydrogen was continued as described above. Subsequently, no Palatinol N was
found in the product. The selectivity with respect to the corresponding

cvclohexanedicarboxyvlic acid ester after the second hydrogenation was 99%. As side

(91

components. about 1% low boiling components (components having a lower boiling
point compared to cyvclohexanedicarboxylic acid ester) were found. These
components were reduced by means of a vapor distillation at 170 °C and a pressure
of 50 mbar. The product consisted after this work-up of 99.7%

cvclohexanedicarboxylic acid ester.
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CLAIMS

1. A process for hydrogenating a benzenepolycarboxylic acid or a derivative
thereof or a mixture of two or more thereof by bringing the benzenepoly-
carboxylic acid or the derivative thereof or the mixture of two or more
thereof into contact with a hydrogen-containing gas in the presence of a

10 catalyst which comprises as active metal at least one metal of transition
group VIII of the Periodic Table alone or together with at least one metal
of transition group I or VII of the periodic table applied to a support which
contains macropores having a pore diameter of greater than 50 nm ac-
cording to the definition in Pure Applied Chemistry 45, p. 79 (1976) with

15 the proviso that

if dimethyl terephthalate is hydrogenated, the hydrogenation using a cata-
lyst which comprises as active metal ruthenium either alone or together
with at least one metal of transition group I, VII or VIII of the Periodic

20 Table applied to a support, where the support has a mean pore diameter of
at least 50 nm and a BET surface area of at most 30 m?/g and the amount
of the active metal is from 0.01 to 30% by weight, based on the total
v;/eight of the catalyst, and the ratio of the surface areas of the active metal
and the catalyst support is less than 0.05,

25

and/or

a catalyst which comprises as active metal ruthenium either alone or to-

gether with at least one metal of transition group I, VII or VIII of the Peri-
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ameter in the range from 50 nm to 10,000 nm and from 50 to 90% of the

5 pore volume of the support is formed by mesopores having a pore diameter
in the range from 2 to 50 nm, where the sum of the pore volumes adds up
to 100%, is excluded, and

wherein aluminium oxide which contains a lithium aluminium spinel is

10 excluded as a support.

2. A process as claimed in claim 1, wherein the catalyst comprises as active
metal at least one metal of transition group VIII of the Periodic Table ei-
ther alone or together with at least one metal of transition group I or IV of

15 the Periodic Table applied to a support, where the support has a mean pore
diameter of at least 50 nm and a BET surface area of at most 30 m?/g and
the amount of the active metal is from 0.01 to 30% by weight, based on the
total weight of the catalyst.

20 3. A process as claimed in claim 1, wherein the catalyst comprises as active
metal at least one metal of transition group VIII of the Periodic Table ei-
ther alone or together with at least one metal of transition group I or VII of
the Periodic Table in an amount of from 0.01 to 30% by weight, based on
the total weight of the catalyst, applied to a support, where from 10 to 50%

25 of the pore volume of the support is formed by macropores having a pore
diameter in the range from 50 nm to 10,000 nm and from 50 to 90% of the
pore volume of the support is formed by mesopores having a pore diameter
in the range from 2 to 50 nm, where the sum of the pore volumes adds up
to 100%.

30
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the Periodic Table in an amount of from 0.01 to 30% by weight, based on

5 the total weight of the catalyst, applied to a support, where the support has
a mean pore diameter of at least 0.1 pm and a BET surface area of at most
15 m%g.
5. A process as claimed in any of claims 1 to 4, wherein the benzenepolycar-
10 boxylic acid or the derivative thereof is selected from the group consisting

of monoalkyl and dialky! esters of phthalic acid, terephthalic acid and
isophthalic acid, monoalkyl, dialkyl and trialkyl esters of trimellitic acid,
trimesic acid and hemimellitic acid, monoalkyl, dialkyl, trialkyl and
tetraalkyl esters of pyromellitic acid, where the alkyl groups can be linear
15 or branched and each have from 3 to 18 carbon atoms,anhydrides of
phthalic acid, trimellitic acid and hemimellitic acid, pyromellitic dianhy-

dride and mixtures of two or more thereof.

6. A process as claimed in any of the preceding claims, wherein the support
20 comprises activated carbon, silicon carbide, aluminum oxide, silicon di-
oxide, titanium dioxide, zirconium dioxide, magnesium oxide, zinc oxide

or a mixture of two or more thereof.

7. A process as claimed in any of the preceding claims, wherein the hydro-
25 génation is carried out in the presence of a solvent or diluent.
8. A process as claimed in any of the preceding claims, wherein the hydro-

genation is carried out continuously.
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cyclohexane—l 2-dicarboxylic acid di(isononyl) ester, obtainable by
hydrogenating the di(isononyl)phthalate having the CAS No. 68515-48-0;
cyclohexane-1,2-dicarboxylic acid di(isononyl) ester, obtainable by
hydrogenating the di(isononyl)phthalate having the CAS No. 28553-12-0,

10 based on n-butene;

cyclohexane-1,2-dicarboxylic acid di(isononyl) ester, obtainable by
hydrogenating the di(isononyl)phthalate having the CAS No. 28553-12-0,
based on i1sobutene;
a 1,2-di-Ce-ester of cyclohexanedicarboxylic acid, obtainable by
15 hydrogenating the di(nonyl)phthalate having the CAS No. 68515-46-8;
cyclohexane-1,2-dicarboxylic acid di(isodecyl) ester, obtainable by
hydrogenating a di(isodecyl)phthalate having the CAS No. 68515-49-1;
f,2-di-C7.11-ester of cyclohexanedicarboxylic acid, obtainable by
hydrogenating the corresponding phthalic acid ester having the CAS No.
20 68515-42-4;
1,2-di-C7.jy-ester  of cyclohexanedicarboxylic acid, obtainable by
hydrogenating the di-C-.;;-phthalates having the following CAS Nos.:
111381-89-6,
111381-90-9,
25 111381-91-0,
68515-44-6,
68515-45-7 and
3648-20-7,
a 1,2-di-Cypj-ester of cyclohexanedicarboxylic acid, obtainable by
30 hydrogenating a di-Cs.;;-phthalate having the CAS No. 98515-43-5;
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wherein the hydrogenating is carried out according to a process as claimed in

any of claims 1 to 8.

11.  The use of a cyclohexanedicarboxylic ester according to claim 9 or 10 or a
cyclohexanetricarboxylic ester or a mixture of two or more thereof as

25 piasticizer inPVC.

12.  The use of a cyclohexanedicarboxylic ester according to claim 9 or 10 or a
cyclohexanetricarboxylic ester or a mixture of two or more thereof as
plasticizer in PVB.

30
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The use of a cyclohexanedicarboxylic ester according to claim 10 or a cy-
clohexanetricarboxylic ester or a mixture of two or more thereof as plasti-

cizer in plastics.

A plastic composition comprising a cyclohexanedicarboxylic ester ac-
cording to claim 9 or a cyclohexanetricarboxylic ester or a mixture of two

or more thereof, wherein the plastic is PVC.

A plastic composition comprising a cyclohexanedicarboxylic ester ac-
cording to claim 10 or a cyclohexanetricarboxylic ester or a mixture of two

or more thereof, wherein the plastic is PVC.

A mixture of PVC and a plasticizer, wherein the plasticizer is a cyclohex-
anedicarboxylic ester according to claim 9 or a cyclohexanetricarboxylic

ester or a mixture of two or more thereof.

A mixture of PVC and a plasticizer, wherein the plasticizer is a cyclohex-
anedicarboxylic ester according to claim 10 or a cyclohexanetricarboxylic

ester or a mixture of two or more thereof.



