20 Septenber 2006 o0.z. 6049 - 1 Fine-pored catalyst and pr Qg%ﬁ;ﬁ{berzgos

hydr ogenating aronmatic conpounds 5 The invention relates to the

hydr ogenati on of aromatic conpounds, in particular the preparation of

alicyclic polycarboxylic acids or their esters by core hydrogena- tion of

t he correspondi ng aromati c pol ycarboxylic acids.- or their esters, ‘and al so

to catal ysts éLﬂtE%H 10 therefor. Aliscyclic polycarboxylic esters, for,

exanpl e the esters of cycl ohexane-1, 2-di carboxylic acid, are used as

| ubri cant conponents and as assistants in nmetal 15 processing. They al so

find use as plasticizers for polyolefins and for PVC. For plasticizing

i but yi . i octiS POy ARNHLIE GRBdeyPrateet o par s aioddBBl | 12

pht hal at es hasr aﬂggggsgedsmnth i ncreasing contro- versy in recent

times, their use in plastics could be restricted. Alicyclic pol ycar boxylic

esters, sone of which have ilread¥ ﬁ acrlbed as pl éSthl%grs for 25

plastics ih tThe|1reHtiore *l66PE FRef e NEVEPIERTE UL O it

substitutes. ¢mnpm31dscasnars pdhieicuist edenqmiers ratdene dforaprayrdidicng

alicyclic po gg( 8538{% 'o%tﬂfeﬁore%texgregeeareSQYaf@angt the
aromat1 c 0

correspondin carboxy|ic esters,

abovenentlonéﬁ“ﬁhﬁﬁéﬁéﬁb§”r§8ﬁﬁon 155é§§€?téprQQEVCE§$§¥Y#%ﬁ 3H% pur pose:
US 5 286 898 aund tisefr 31»tk3S, desadi belppocessesaniinst35 swiitelvlei et hyl
.terephthq% ﬁ%%/gg% hydrogenat ed over supported Pd catalysts which are
doped w t and/or Ru at tenperatures greater than or equal to 20
Sept enber 2006 O Z 6049 - 2 140C and a pressure between 50 and 170 bar
to give the xhiewsdpengiolgedribetiyic restangdr oer ephnbb¢ atles esters

of cyclohexane-1,2-dicarboxylic ac1d,‘ are used as
" lubricant components and as assistants in metal
15 processing. They also find use as plasticizers for

polyolefins and for PVC.

For élastiéizing PVC, esters of phthalic acid are used
predominantly, for example the dibutyl, dioctyl,

20 dinonyl or didecyl esters. Since the use of these
phthalates has been discussed with increasing contro-
versy in recent times, their use in plastics could be
restricted, Alicyclic polycarboxylic esters, some of
~which have already been described as plasticizers for

25 plastics in the literature, could then be available as
suitable substitutes. '

In most cases, the most economical route for preparing
alicyclic pdlycarboxylic esters is the core hydrogena-

30 tion of the corresponding aromatic polycarboxylic
esters, for exémple the abovementioned phthalates. Some
processes already exist for this purpose:

US 5 286 898 and US 5 319 129 describe processes with

35 which dimethyl terephthalate may be hydrogenated over
- supported Pd catalysts which are doped with WNi, Pt
and/or Ru at temperatures greater than or equal to



US 3 027 398 discl oses the hydrogenation of dinethyl 5 ter emmtgab@t,ﬁb@,vga@gﬁ
supported Ru catalysts at from 110 to 140C and from 35 to 105 bar.

23 165 di scl oses the hydrogenation of aromatic carboxylic esters over
supported Ni, Ru, Rh and/or Pd catalysts to the corresponding alicyclic
carboxylic 10 esters at from 70 to 250C and from 30 to 200 bar. A

macr opor ous sblpiooré nzgaaw ng an average_pore size of 70 nmand a BET surface
area of approx. /g is wused. 15 99/ 32427 and WD 00/ 78704 di scl ose

processes for hydrogenating benzenepol ycarboxylic esters to the

correspondi ng1 & t€yLld G @Q@B@ueé%e&wrﬂoeqnaaqabyﬁaﬁ t@r%w&dxe\é\hi ChI
er wt at east

conprise a netal of tr S|t|on VI | e .or toget

one netal of %mf‘?saﬁ?ﬂ @‘P‘%%Yf%g%xa%wr% W@“ﬁear]]ag i‘c Table and have
macropores. A preferred rretal of transition group VIII used is ruthenium
To hydr ogenat@s 3 hyee ﬁlsff@{mose@,at ghySth axesén@eforus% V\Amr{féhﬁlflffer

substantially ee‘%/ ei.r avera or e- g a ter g BET s grf reas. 25
Catal yst I* aV dﬁ(}r‘% d:iva? tSPPGFEET et ﬁﬁlﬁa ¥Shin 2 rI§ET rface area
| ess than 30 &®/3H0 (CataaxldyﬁtomISSamer]@@ebpme di ameter from5 to 20 nm and

BET surface a;ﬁﬁagggrzgatlgg thadt RSP/ ghe C%Eréwﬁéné&ion a\.ggr aega.eor&%.% di anet er
greater than ru 30 and BET surface aﬁg %?1 /g 1n addition
dNby %Br’e of?

to the pore d‘f i IFE 556 Fe VEFufePPPEF C&r 4 n
di aneter is speEuliyisdd The thapportespbediad s aJs@d'ciLmCt heayvepdriat i on of

catal yst 135 ldshaue @tpf’f&n dy§t £bbgEhen LAGWRLGR BHOMARRIOkar? RO  approx.
50% of the pore vol une macr o di aneter fromapprox, 50 nmto 10

0
000 nm) and f‘i‘%"rﬁoé’ﬁ’ﬁrofiﬁ SI‘EPR%E EiB?’b 9 S, BYSTHE p&PEey of bR mesopor es
(di amet er 20 Bepmenbed 200BET Oszrf6049 are® ¢f ompapprox.3@ rfhg5asnn) . The
aver age pore gdiameter is between approx. 5 and 20 nm

15 WO 99/32427 and WO 00/78704 disclbse processes for
hydrogenating benzenepolycarboxylic esters to the
corresponding alicyclic compounds. Supported catalysts
are used which comprise a metal of transition group,
VIII alone or together with at least one metal of

20 transition group I or VII of the Periodic Table and
have macropores. A preferred metal of transition group
VIII used is ruthenium. To hydrogenate, three different
catalyst types are used which differ substantially by
their average pore diameter and BET surface areas.

25 Catalyst I: average pore diameter greater than 50 nm

A and BET surface area less than 30 m?/g
Catalyst ITI: average pore diameter from 35 to 20 nm
A and BET surface area greater than 50 m?/g
Catalyst IIT: average pore diameter greater than 100 nm

30 . : and BET surface area less than 15 m%/g

In addition to the pore diameter, the pore ﬁolume
formed by pores of a certain diameter is specified. The
support materials used in the preparation of catalyst
35 II have a pore distribution in which from approx. 5 to
approx. 50% of the pore volume by macropcres (diameter
from approx. 50 nm to 10 000 nm) and from approx. 70 to
approx. 90% of the pore wvolume by mesopores (diameter




The activity and selectivity of hydrogenation catalysts 5 deopegsstetibd2006
surface properties such as pore 'size, BET surface area or surface
concentration of the active netals. The catal ysts used for the core
hydrogenation of 10 aromatic carboxylic acids or their esters should allow
a high reaction rate, only generate a small proportion of by-products and
have a long ony streaggytime. In a continyously operated process, a catalyst
is 15-exposed to nechanical, thermal and chem cal stresses which change

t he pore size and the BET surface area and thus reduce the activity and

sel ectivity ofesoli Sppeakal ¥Sto 80 hifl) Add i O gempehanieaheby asion, nany .
catal ysts als texhlgit an expan ig@ of the pore volunmes and dianeter due
to acid diges o< S Ar R ?%‘poﬁf a oQ@tic esters frequently contain snal
25 anounts of carboxylic acids, and traces of acid additionally form
during the compehydtogenat bad &f1eRSKRES. oPahtddbgandaicn htROLyear boxylic
acids or pply-, car OXélighaCidS t hensel ves are aC|dbc as_a _cansequence of
their sfruttufSPeTHEr 8PoFBS A AV TG rilirsh tegfarysSh 38 BAFEaBFeSfor a
conti nuous pr 8E&ssushant daben rasisstrdate toneeitraviem atf tékakcvevry hi gh
tenper atures yadghist he hydrogenation conditions. The surface properties of
the catal ysts are also 35 responsible for their reactivity. The existing
catalysts are in need of inprovenent in this respect. 20 Septenber 2006
O.Z. 6049 - 4Thet hasahvsidbeersdouddrt hibe scowpr i divglogeneaiahyse® which

-conprise ap | @ashaede ABRESxPfid N iRIsOR thklhiansistbed ghedPaof1ide Periodic
Tabl e and ponS|§F gf a ﬁuggort mat erj al having an agﬁra e pore. di aneter of
5 from2.to 58 AMTHNdEChAYY of? bor Ui % 19T EHAEn 2halPrnd EFOPPREIYor ed '

“surface strucptfireyhyuedysrataedahewat & clorgardsosykeematims. and/ or their:
esters (full or partial.

In & continuously operated process, a catalyst is

15 exposed to mechanical, thermal and chemical stresses

- which change the pore size and the BET surface area and

thus reduce the activity and seleétivity of this
cataiyst. ' '

20 In addition to mechanical abrasion, many catalysts also
exhibit an expansion of the pore volumes and diameter
due to acid digestion.

~Aromatic polycarboxylic esters frequently contain small

25 amounts of «carboxylic acids, and traces of acid

additionally form during the core hydrogenation of

esters. Partial esters of polycarboxylic acids or poly-

carboxylic acids themselves are acidic as a consequence

of their structure. Therefore, a hydrogenation catalyst

30 suitable for a continuous process should be resistant

to acid even at relatively high temperatures under the
hydrogenation bonditions. |

The surface properties of the catalysts are also
35 responsible for their reactivity. The existing catalysts
are in need of improvement in this respect.




reactions to the corresponding 10 alicyclic polycarboxylic acids or elr
esters. The present invention therefore provides a catalyst for .

hydr ogenati ng aromati ¢ conpounds to the corresponding alicyclic conpounds,
said catal yst conprising at |east 15 one netal of the eighth transition
group of the oPerigdyg Table on or in_a,support naterial, wherein the
support material has an average pore dianeter of from2 to 50 nmand that
over 91% of the total pore volune of the support materials is accounted
for by pores havimgs 20wa sHeamet&in®f thees thap-50:iAgLy Catakysyseof this
type nmay be u%%dcﬁargg%ulﬁgly ftorl h¥grogenat|n ar o t&% congou ds. A
process for catarytreart Vo hydrrogefatng®a¥ okt i céﬁ%o §s GSPRY" 25

hydr ogen- cont &ranaAgtyer esraeofa tbat Eeysedwhi Tablae @ampt icossiat bEast one
netal of the %L@bett mteiribON haaiiodd & therBesi odire Table @y ofrin a
support terial, ,wherein t hat, t he suggort nqéer|al Qgs ag aver age pore
di anetef of frEM22t 5°50° Mt &0F v EPTETY, BB Of 1 He HRErp8rEIN%I fime of t he
support mat er fahe-poredcceuntede f ostbycperes hadirngenate anetremabic| ess t han
50 nm | ikew seatBpEF1PAr hePiis t Ha AMb] B6d 1B EE £ (FREL QfeEQE‘E_iai.”Vent' on.
35 In principle thF cat.al ysts na¥.cp rise an% nefal of . the elghth
transition grgapoot’ tHe B GaFECTHAY 2P SPACET VM hefials HiLhowt e
preferably pl aignidficatiodi ehfle paldagdions cdial t fhai ckelrrespeodheni um or a
m xture ofg 20535epy,81Derpo18RBBhoxy X & a B or Fheli WO QFefDr e thereof, and
rutheniumjn particular is used as the active netal. In addition to the-
netal s al ready nentioned, at least 5 one netal of the first and/or seventh
‘transition gréhp poeseme Porengdico Thotefomy mddiitdesnal loptbdypresent in the
catal ysts. Prgler6s6€at i ¥ihdtd Ustdibden we and/ UoreQRPShding : '

alicyclic compounds, said catalyst comprising at least

esters) in high selectivity and space-tine yield wthout si Qﬂiééﬁémbé‘ms
t hei

15 one metal of the eighth transition group of the
Periodic Table on or in a support material, wherein the
support material has an average pore diameter of from 2
to 50 nm and that over 91% of the total pore volume of
the  support materials 'is accounted for by pores having

20 a diameter of less than 50 nm.

Catalysts of this type may be used particularly for
hydrogenating aromatic compounds. A process for
~catalytically hydrogenating aromatic compounds using

25 hydrogen—containing gases over a catalyst which
comprises at least one metal of the eighth transition
group of the Periodic Table on or in a support
material, wherein that the support material has an
average pore diameter of from 2 to 50 nm and over 91%

30 of the total pore volume of the support materials is
accounted for by pores having a diameter of less than
50 nm likewise forms part of the subject matter of the
present inventicn.

35 In principle, the catalysts may comprise any metal of
~ the eighth transition group of the Periodic Table. The
active metals used are preferably platinum, rhodium,
palladium, cobalt, nickel or ruthenium or a mixture of




10 The content of active netals, i.e. the nmetals of the f”%ﬂ@éﬂeﬂﬁber%ﬂ% )
seventh and/or eighth transition group of the Periodic Table 1s general

fromO0.1 to 30% by nmass. The noble netal content, i.e. the nmetals of the
eighth transition group of the Periodic Table and of 15 the fifth or sixth
period, e.g. palladium ruthenium calculated as the netal, is in the

range fromO. b.tza 68@% by nmass, .in partiscular in the range fromO0.8 to 5%
by mass, very particularly between 1 and 3% by mass. 20 To prepare the
catal ysts according to the invention, support nmaterials having an average
pore di aneter b chr meren thegepdngernd amthendub0 itm paetisethr (Ihe aver age

pore di aneter ysgadgbernt ngd- Ay HRerosinetry, in particular to DIN
66133.) 25 In the case of the support materials used, it is possible to

di stingui sh between m cropores (pore dianeter |ess than 2 nn), nesopores
(pore di anet eldnf ragifiitiono t50 tiwy) meErich lsaalapadgsnépoliendd anetedegseat er t han

30 50 nm).sW tfher %@g@ be the @%gttxggxoé%ﬁr&hwaér%wsalﬁogha\ewgot he

fol | owi ng pore co nbi nati ons can be use mesoqpor es por es
and nesopor es °%c) %s%%‘r@é-%n%ﬁ%r%‘br%@ B‘Sl%alﬁﬂycrl?ﬁ)ol?é%s%}hﬁ #esopor es
and macropor eshee)calalyeer. e Pt mmes0pis e§i26n Sept eabitg 2@86nithZ. 6049 -
6 It is deci ghuestogoihie. preparation of the catalysts according to the
invention that, irrespective of the pore size distribution, the average
pore di aneter of the support material is between 2 and 50 nm Preferably,
5 the avet@geTper ecditantt @f itfivemnetiads24 ink. rmhee mg=aferabl ynérom 10 to

é?OQZ“ssTBE ﬁf’jﬁ‘éﬁ%ﬁa@&?ﬁﬁ?ﬁ‘%ﬁ% R el i e ) 6€(rae1l‘35—rrabl y

200 n2/ g, = ¢¥Hagpé5|yr Ye 1is generally from 0. to 30%
o mass. The noble metal content, i.e. the metals of the

eighth transition group of the Periodic Table and of

15 the fifth or sixth period, e.g. palladium, ruthenium,
calculated as the metal, is in the range from 0.1 to
10% by mass, in particular in the range from 0.8 to 5%
by mass, very particularly between 1 and 3% by mass.

20 To prepare the catalysts according to the invention,
support materials having an average pore diameter which
is in the range from 2 to 50 nm are used. (The average
pore diameter is determined by Hg porosimetry, .in
particular to DIN 66133.)

25
In the case of the support materials used, it is
possible to distinguish between micropores {pore
diameter less than 2 nm), mesopores {pore diameter from
2 to 50 nm} and macropores (pore diameter greater than

30 50 nm). With regard to the pore type, support materials

~ having the following pore combinations can be used
a) only mesopores
b) micropores and mesopores
¢) mesopores and macropores

35 d) micropores and mesopores and macropores
e) micropores and macropores




1-100 n2/g, in particular 10-90 n2/g or 50-80 n2/g or 1-40 ®R/¢h tbfpb”enzooe
speci fic enbodi mrent of the invention, the 15 catalysts are prepaee using
support materials in which over 95% in particular over 97% of the total
pore volunme is accounted for by mcro- and nmesopores, i.e. pores having a
di aneter of from2 to 50 nm 20 The total pore volune of the catal yst
according to tthe&. igddéntion is from0-28 to 0.50 m /g, in particular from
0.28 to 0.43 nl/g. The carriers used for the preparation of the catalysts
25 according to the invention are solids whose average pore dianeter and
whose speci fi &tsut$ agecapéiearfer \ihehi prenreadioneneht tbaedatadyets The

carriers used amprdifg fty exanpheendiis foddOW DHrdBt LIt BleS oACEhYat ed
carbon, silicq r%aré:)i'zdee, dglsumbr{l%m oxiqde, silicon oxide, .30 ail.um' ngsi l'i cate,
titani um di oxiPa8. Z1 Fooni tinT dioxi 8’ greST iAo P Y afttP Bt nRt oxi de or
t hei r mi xt ur edhel guppadr tnaferiefhede beppeomt 2mandr bl smeBrefempbise al kal i .
netal s, al kal ivhe eavdingeet pbse andbpersyl fidr.£: 33 The 3t apliing npbesi al used
for the,prepar atei onagéﬁrtpe >cg]abt gl yﬁrés according to the invention is
preferably a Pertafrany nylbieo(ft % tanic acid). Metatitanic acid is
obtained as an internmediate in Ti02 preparation ..20..Septenber2006_ . -
O Z. 6049 - 7Thacepedindct outfrClaassi 68 ta4! SAhSo OGRTS A ndigestion  of
ilnmenite with iul flﬁJ’,Ij c.acid (cf. Ulmnn's  Encykl opadi e _der %eﬁﬂﬂ schen
Chemie, 4th edPEi GET RAHCoSPp B JRGFOGGn SAFoFPTLon: ThE DU 6P -
-aci d-cont &9 ni A§ ret30 minve acederabler 1-280bst/ant | mbre epredbrably he - -
sul furic aci diandowashy,ngin WpkRdemifer ablaedn¥at e aBd-ahsee Rarss al
peptizing w 'k_14§i tsjc acid, is converted to a titaniumdioxide o t he
anat ase type by-cafl i%i ng at from490 to 530C. 10 The sulfuric acid may be
renoved by neutralizing wth :

In a specific embodiment of the invention, the

15 catalysts are prepared using support materials in which

- over 95%, 1in particular over 97%, of the total .pore

volume 1is accounted for by micro- and mesopores, i.e.
pores having a diameter of from 2 to 50 nm.

20 ~ The total pore volume of the catalyst according to the
invention is from (.25 to 0.50 ml/g, in particular from
0.28 to 0.43 ml/g.

The carriers used for the preparation of the catalysts

25 Aaccording to the invention are solids whose average

pore diameter and whose specific surface area are

~ within the abovementioned ranges. The carriers used may

be, for example, the following materials: activated

carbon, silicon carbide, aluminum oxide, silicon oxide,

30 aluminosilicate, titanium dioxide, zirconium dioxide,

magnesium oxide and/or zinc oxide or their mixtures. In

addition, these support materials may comprise alkali
metals, alkaline earth metals and/or sulfur.

35 The starting material used for the preparation of the
catalysts according to the invention is preferably a
titanium hydroxide (metatitanic acid). Metatitanic acid
is obtained as an intermediate in TiO; preparation




ammoni a or al kali netal hydroxide solutions and subsequent wat€d 6
Anot her possibility of deacidification involves washing the suI fUI’I c acl (?
15 containing netatitanic acid with water-sol uble barium salts, for

exanpl e bariumnitrate, bariumchloride or barium carbonate, and washi ng
with water. In this case, titaniumdioxide is obtained which conprises
barium saltspand pessi bly small anountg of sulfuric acid and 20 sulfate.
The material obtained in this way is ground to the desired particle sizes
and sieved. The calcined Ti02 powder and/or Ti 02 powder m xtures are
honogeni zed watho8ithetaddid idmssficaat enl fatk plagteisei byndigestsdmant in a

mi Xi ng apparabys, {Qfed@XRMP i) askheades Ohcshirreds. 2apdisb FH?E% In a

shapi ng apparatus, for exanple in an ext ruder or a tab| eting i ne,
gi ve shaped bBRFEEKLORFILE ¢ rredt%‘fﬁ‘déCh@E}chCQ@me?«ruﬂl’é}t‘esegit{'%b'l ets. 30
Subsequent drybhg B8 8B7ER0Cpand7é¢affining at 450- 550C provides the

fini shed Té02auPRAItrSAY NGd8 ol ﬁlﬁﬁr‘frfett‘értthEEQrCHdlgit {fce -

i nvention. For the I npr ovenent. o e nechani cal stab
support, it |§u%89%*iﬂab]eoﬁ%m°‘é?sl de§cithBefulfugscpecis 1@@7ﬂas%nqjse a Tioe

powder m xtureich aterlieesklited power sawd dllfsberpamttmtpepelsim
di stri b““ on %%Eh ﬁb@rﬁ?%‘kﬁé Rre%h%is%h Set&tt%%%ﬁ mﬁ%Q%f%
e case o i C ave been

6049 - Int etitani um di oxi esuE
nodi f i ed wi t hER&r#RAhass ttyPenlYaral et dviath fxpret &7 eiiffbe53°c fe barium
content iX0between 1.0 and 4.0% by nmass. The content of "free" sulfate may

o Tate of onthe)piBedrict E8id g Bel CobIed Ond iblibra kBl A B8

sul fate of oxidation st I's_not pres
‘sulfate may b&"BRPER i fEd, 3111’51"‘11 exBRpre, Byd %‘P‘H‘%ﬁl oﬁC’]d*tEJé?nSox&fé{%l ve
treatment of sthleseqadrel ystatwat er vathing aqueostshesol updosmibisiinge baf i um 10

sulfate as a éf[@écylcﬂ‘ﬂ%a%qtchal L.vaﬂ?é)al' U%%hi?}&t I?en%tulfurlc acid-
15 containing metatitanic acid with water-soluble barium
salts, for example barium nitrate, barium chloride or
barium carbonate, and -washing with water. In this case,
titanium dioxide is obtained which comprises barium
salts and possibly small amounts of sulfuric acid and
20 sulfate.

The material obtained in this way is ground to the
desired particle sizes and sieved. The calcined TiO;
powder and/or TiO; powder mixtures are homogenized with

25 the addition of water and plasticizing assistant in a
mixing apparatus, for example in a kneader or stirrer,
and shaped in a shaping apparatus, for example in an
extruder or a tableting machine, to give shaped bodies‘
of a desired shape, -such as extrudates or tablets.

30 Subsequent drying at 80-120°C and calcining at 450-
550°C provides the finished TiO, support having the
pore structure according to the invention. For the
improvement of the mechanical stability of the TiO,
support, it is advantageous, as described in

35 ©DE 44 19 974, to use a TiO; powder mixture of at least
two powders of different particle size distribution for
the support preparation. |




included in the determ nation. The catalysts according to th
be obtained by applying at |east one netal of the eighth ?0 zﬁglmtl oniﬁ?ﬁ‘3
group of the Periodic Table and optionally at |east one netal of the first
and/ or seventh transi- tion group of the Periodic Table to a suitable
support. is also possible to prepare the active nmetals and the support

at the sarre ti 02 use an unsupport%d 20 catal yst. The application may
be achi eved b)ﬁn;zau?—r ei ng the support i'n aqueous netal solutions, for

exanpl e aqueous rutheniumsalt solutions, by spraying appropriate netal 25

salt sol utions oth% m%esu@peﬁé !t V0 @geﬁ§&étﬁg¢§org %ﬁ%ﬁeﬁgvysef ul

netal salts of the first sevent or el ght Ion grou
Peri odi ¢ Tabl ®9efc| BASIT19R MithatRRLium ¢ PasYP M afEe, ¥0Ad g@éth
car bonat es, Qﬁfelf@xyhaéesthac%yimect@ﬁadrﬁs,1scfnieczmeﬁor1pbe&aa 430%nitrito

conpl exes or quy Ng, £OMPL éegoggelt,@e @pprfggél,atsﬁ gﬁgalmggeeg%j preference is

given to the nrtrates an trosyl nitratées e ca catal ysts
whi ch, in addi%i5%én ¥omeRE- §5@‘?re?%1lfa&'f9 FRECES ghe sk EHGi t93drudrbep of the
Peri od| c Tablae, sadfrdeseff wiileriappkikedenel akvhian ast inve piekahs, the

retal salts ofJTeLak Al solull ene. By Re o 300) hed Al g same Ll e or i

successi on. er-2 orfs coated or
saturated wit RXREPAR: BNt LisEREIPOM B tdieniadived trﬁ%ﬁéfl‘ébP? ELE
tenperatures ehtafilyem Ghierik30G n andueptis onadihit ieal, ci fistkat vhempera 5

‘tures of §pomg %antcg @@09 Jé}g}ahs%b%aaa%t%@gp%%fub eatgéﬁ' o0, JsJee

catalyst 1§ dr each turation optionalTy ¢al'erned as
descri bed abov8clrfgd é’éq%(?@tleﬁm\?\ﬁﬁ’éhmfhe active conponents are applied
~can be chosen freely. 10 Optionally, the application of the active

Conponehts, The catalysts according to the invention may be
obtained by applying at least one metal of the eighth
15 transition group of the Periodic Table and optionally
at least one metal of the first.and/or seventh transi-
tion_group of the Periodic Table to a suiﬁable support.
It is also possible to prepare the active metals and
the support at the same time, i.e. use an unsupported
20  catalyst.

The application may be achieved by saturating the
support in aqueous metal scolutions, for example aqueous
- ruthenium salt soluticns, by spraying appropriate metal

23 salt solutions onto the support oxr by other suitable
processes. Uséful metal salts of the first, seventh or
eighth transition group of the Periodic Table include
the nitrates, nitrosyl nitrates, halides, carbonates,
carboxylates} acetylacetonates, chloro complexes,

30 nitrito complexes or amine complexes of the appropriate
metals, and preference 'is given to¢ the nitrates and
nitrosyl nitrates. |

In the case of catalysts which, in addition to the
35 metal of the eighth transition group of the Periodic
' Table, comprise further applied metals as active
metals, the metal salts or metal salt soclutions may be
applied at the same time or in succession.




drying and cal cining may be effected in one operation, for @ye lﬁﬁhrZOOﬁw
sprayi ng an aqueous netal salt solution onto the support at tenpera

over 200C. 15 The catal ysts according to the invention are advanta- geously
brought into 'a shape which offers a low flow resistance on hydrogenati on,
for exanple tablets, cylinders, extrudates or rings. The shaping nmay be 20
ef fected whencg Si at different p0|n5s in the catalyst preparation. In

t he process according™to the invention, "the hydrogenation is carried out

in the liquid phase or in 25 the gas phase. The hydrogenati on may be
carried out continuously or batchw se over suspended catal ysts or

catal ysts arr an ed in |eces i fixed bed. In the _process according to
t he invention, %reFBPE Eeslsc%ﬁkf “fo §2 Eﬁﬁ???ﬂunﬂ%qﬁydfﬁ éiatFﬁﬁ over
catal yst arraﬁ@édt3©n|nra thgeddbeeharpmﬁﬁaﬁabﬂmea¢radmpEEEEaceanbfphase IS

mai nly in the driguisd se@tﬁontderaﬁdweo;rﬁ%%u@p csee%éaoaﬁ chgar-ihe

hydr ogenatLon i s carr Sgntlngﬁ§sly Qver a catalyst arranged in a
fixed bed, it u§e§d§’nt§ﬁﬁ% us ef't Fﬁe?ﬁﬁeﬁi&ﬁ Pht 3SPRE25Rt i ve form
bef ore the hwdtogehawmcnmhéﬂuataiyﬁtbeseﬂfeedemﬂhy:medﬂcmaguthelonatalyst

wi th hydrogensgapt aidd Ngogases 1Ry @altcel@iear %yreeg&éﬁe@ eqste 2080, O Z.
6049 . - 10 program The rﬂﬁfctlon y optionally be carrled out in the

presence of aSF BRES phasE (ﬁ?etFFGRVESCEWERHQQR? argt &PPatedTRaM | i qui d
phase used mapebehasswnl fmedlyr the hydrogenation product. 5 For the
process aggording to the invention, different process variants may be

sel ect ed. ga¥ rried out adlabatlcaII¥ olytroplcally or V|rtually'
_i sot her mal I y, OPFL@na WY h ERE o ARBRELERE P i ¥k GPet PHEA¥PI FOMBSESRRSN 10 10C
in one or nnrérsiagesndlnal¢mnimgtmay(hauﬁfﬁﬂdtedreacboesppadaambmgeously

t ubul ar - react@5§ e¥BY¥pPE by spraying an aqueous metal salt solution

onto the support at temperatures over 200°C,.

135 _
The catalysts according to the invention are advanta-
geously brought into '‘a shape which offers a low flow
resistance on hydrogenation, for example tablets, .
cylinders, extrudates or rings. The -shaping may be

20 effected when desired at different points in the
catalyst preparation.

In the ©process according to the invention, the
hydrogenation is carried out in the liquid phase or in
25 the gas phase. The hydrogenation may be carried out
continuously or batchwise over suspended catalysts or
catalysts arranged in pieces in a fixed bed. In the
process according to the invention, preference is given
to a continuous hydrogenation over a catalyst arranged
3¢ in a fixed bed in which the product/reactant phase is
mainly in the liquid state under the reaction
cenditions. |

When the hydrogenation is carried out continuously over
35 a catalyst arranged in a fixed bed, it is advantageous
to convert the catalyst ihto the active form befqre the
hydrogenation. This may be effected by reducing the
catalyst with hydrogen-containing gases by a temperature




operated adi abatically or virtually isothermally, or else o [
be operated adiabatically and the others virtually isother rrgﬁ %ptmﬁ' eg‘%ﬁﬁ """

al so possible to 15 hydrogenate the aromati c conpounds in straight pass or
wi th product recycling. Preference is given to carrying out the process
according to-the invention in the m xed |iquid/gas 20 phase or the liquid
phase in three;phasgq4oeactors in cocurregnt, and to the hydrogenating gas
being distributed in the liquid reactant/product streamin a manner known
per se. In the interest of uniformliquid distribution, inproved renoval

of heat of reafcﬁdgmnandfh85radﬁ1¢igibrspfaa@entpltﬂsnﬂ dbetdﬂﬁ:ﬁ%%pfo%slﬁre :
preferably Op¢ erga th f(]}l lg 8 ngrflcu’%jc V&|?{§Itles of hfrom15to
120, in parti c S5Th55%E0 @ p8 I ESt PYRTof M he enpty
react or - and hcﬁﬁrt_al\mén Eheréh@‘»uﬁ H@S@p@ﬁaﬂemaynb@ta asgivengass, thhe |iquid

hourly 30 spaggdt®dgeaibtyot LHDAudmy assune val ues between 0.1 and 10 h-1.
The hydrogfe)nati on may be carried out in the absence or preferably in the

presence of a solvent. Useful 35 solvents are any |iquids which forma
honogeneous sdlant i G WwEdradte aemordding &vd Preodimtentiemay eliififerehy  under

the hydr ogenath%e@@n%usms andy GRN eceasil Vit rrﬁi@‘&?@ ddTelyhg,Pr oduct .
The sol vent ept enber 11 _m xture of

several sol verite % glcajff%’néﬂ 58%??1312‘/ Qﬁatvﬁguﬁﬁ}yek%?ﬁf}eématlﬁg'fol | owi ng
subst ances may--i§e U$Je1€ila3 terpekrebnre: riepaiaht typigallyr tyss$i chethers, for

exanpl e t epr a-1ohy:dr affir e br dxh@i‘@”@tat%é’@ airﬁotﬁé' @Bé’céf ghgohokgyin which
the al kyl radical cohol's Which can be

has frog1 é_lar l]]]lEI'
used with prefr&agﬁge are? v@%ﬁ% SatvorY H:ur? &fol reiagﬁﬁﬁ?anoi“ayn-]ﬁ%nt anol ,
" 2-et hyl - hexaspleragedarmsigbatachhlalomonanuhalxt dseshe decldnol ,
o else one or more may be operated adiabatically and the

others virtually isothermally. It is also possible to
15  hydrogenate the aromatic compounds in straight pass or
with product recycling.

Preference 1is -given to carrying out the process

according to the invention in the mixed ligquid/gas

20 phase or the liquid phase in three-phase reactors in

cocurrent, and to the hydrogenating gas = being

distributed in the ligquid reactant/product stream in a

manner known per se. In the interest of uniform liquid

~distribution, improved removal of heat of reaction and

25 a high space-time yield, the reactors are preferably

operated with high liquid superficial wvelocities of

from 15 to 120, in particular from 25 to 80, m® per m?

of cross section of the empty reactor and hour. When a

reactor is dperated in straight pass, the liquid hourly

30 space velocity (LHSV) may assume values between 0.1 and
10 h™t.

The hydrogenation may be carried out in the absence or
preferably in the presence of a solvent. Useful

35 solvents are any ligquids which form a homogeneous
~ solution with the reactant and product, behave inertly
under the hydrogenation conditions and can be easily
removed from the product. The solvent may also be a




techni cal decanol m xtures and tridecanols. 15 Wien al cohol s ,ar a
solvents, it may be advantageous to use that al cohol or thagﬁé$%éﬁﬁﬁhe£booe“'

m xture whi ch would be fornmed on hydrolysis of the product. This would
rul e out by-product formation by transesterification. A further preferred
solvent is the 20 hydrogenation product itself.. The use of a sol vent
allows the araynsd. @oagncentration in-tie reactor feed to be limted, which
allows better tenperature control in the reactor. This may have the 25
consequence of mnimzing secondary reactions and thus increasing the
product vyi el d.mifterrar ondit isevesnientoliventishean@acpatiochaetyi scoupefiesabl y
between 1 and 33%-.in particular between 5 and 25% In the case of
reactors which are operated by a | oop nethod, the desired 30 concentration
range .may be attained via the circulation ratio (ratio of recycled

hydr ogenat i on Bsfrf | ereamipliep  tleacfallgwinbhesysaaesssacess ddgusedt he
invention kS GRklkgdsout 35 within a pressure range of from3 to 300 bar,
in particular_between 15 and 200 bar, very particularly between 50 and
200 bar. The &F&mﬁﬁa‘FP%Wt Sfpef¥Eiir@s eshetept ditfer 2BTWOLD, £etEaa9 - 12
are between S@yﬂmdfﬁﬁam omndﬁaxbneulandbeﬂmee@ll@ﬁaamé a2B88ko1dhen

oo SpBasRS LS LAY R0y flEg Hidh © b dhodelae N EIE 19, 920
a

m xtures which do not contain any d anounts o© a1 ‘poi sons,
for exanple carbon nonoxide or hydrogen sulflde The use of inert gases
‘i's optionaf, aﬂdOboééereh¢ehi5cghvebetOuaaangw1hydr@g@mekgn@epugféy of -

greater than géo@rbﬂarﬁ?ﬂ[t e ihREnd Y, g:[%%h.lgc r\%}rlf] 982840 o't gqainfnSt I tuents

may be, for I'trogen or Tvidual red rs may be
"charged with ﬁ?égHOf ?ﬁﬂéﬁ Fcainnﬁﬁ%ﬁﬁltW%XﬁQﬁeﬁuzétheohydrogen
15 consunpt i otieehdithl dfddnednmikeosses amswWriidegahpos the

. 15 When alcohols are used as solvents, it may be

' advantageous to use that - alcochol or that alcohol

mixture which would be formed on hydrolysis of the

product. rThis would rule out by-product formation by

, transesterification. A further preferred solvent is the
'20"hydrogenation product itself.

The use of a solvent allows  the aromatic concentration

in the reactor feed to be limited, which allows better

.temperature contrel -in the reactor. This may have the

- 25 consequence of minimizing secondary reactions and thus

increasing the product yield. The aromatic content in

the reactor feed is preferably between 1 and 35%, in

particular between 5 and 25%. In the case of‘reactors

which are operated by a loop method, the desired

30 concentration range may be attained via the circulation

ratio ({ratio of recycled hydrogenation effluent to
reactant). -

The process according to the invention is carried out

35 within a pressure range of from 3 to 300 bar, in
- particular between 15 and 200 bar, very particularly
between 50 and 200 bar. The hydrogenation temperatures




offgas, it is advantageous to use the offgas of one reactor
hydrogenati on gas in another reactor. For exanple, in a proggs%é%mer%oos

carried out in two reactors connected in series, it is advantageous to 20
feed fresh hydrogen into the second reactor and to pass the offgas of the
second reactor into the first reactor. In this case, feedstock and

hydr ogenat i o 60f OW i n opposite sequence through the reactors. It is
advant ageous o e Nitai n t he hydr ogen excess, based on 25 the
stoichionetric anount required, below 30% in particular below 10% very

particul arly hel %é«é’en%@”aﬁﬁt i’%o%‘ NN Ya RAENRL AL SSE e NRID ARt Ures are

converted to the, correspondlng 1, 2-cycl ohexane- 30 di carboxylic esters,
pr ef erence i 29 Ven to carrying out' the hydrogenation in the m xed
liquid/gas or liquid phase in tw reactors connected in series. The first

reactor is opgfat %drrbgtelﬁ%t%HBD gE&@Qd’uéecﬁ fayPOMdd Oy Of

red
hydrogenation effl uent "of t reactor 35 °together "Wt resh react ant
is passed i ntYHIIEGHOBEIRHRI f PRSt MEEERYRT . VHHE! ofReMOPBordAER1Bf t he
ef fl uent of ‘drhe damsfirnceanti®mtss dfy deagayatebdizont; aifgpht pasplien a

second react Oéarﬂd}ﬁt x‘lfdeo%"r '@&%gsﬁogu&?%éormtygg §%pt1%'é"i}%r 2006 -

O Z. 6049 - 'S SO possibleto uralit
reactors whi cf-’r?%?rse %a? r &ﬁ@éar’-% séPP‘eé”%?rfeirﬁnﬁgr aisi eGFWe’} t t?s "’ISTJ-R’GWI se _
possi bl e, i ngiyehdgeh dnl ar geriencd Orgrastiechthanf PBWedin hyaxtighrularst rai ght

pass, tol%perfzte%t%é 4 aé#fﬂ%)’ %?_]%t‘?agégr éo}’)‘@ £l QG Cﬁ?%eﬁ&ed tb@ each

other in series or Eara pre erence is given to using
~only one Iooﬁ”?@&@@@rné HO%%Wyﬂbﬁ@tPéaétor which is operated in straight
pass. In the process according to the invention, the hydrogenation of

octyl, 10 ”O"Ji)ﬂ %‘&X’vlg{iaﬂo %oE}Qt hal &t % 1 Snlk %&rav!?i% Galkhed out

under the follow ng conditions: The concentration t hese pht Ral at es at
the entrance PYSROORE - f HMEVESactidy PTHD FRaPEBINIFS BBEWEWITPISRd 15 30%
by mass, 1pr efemasbhpthbehweed 2handfiDfedly Iessss mestulting from the

offgas, it is advantageous to use the offgas of one
reactor as the hydrogenation gas in another reactor.
For example, in a process which is carried out in two |
reactors connected in series, it is advantagebus to
20 feed fresh hydrogen into the second reactor and to pass
the offgas of the second reactor inte the first
 reactor. In this case, feedstock and hydrogenation gas
flow in opposite seqﬁence through the reactors. It is
advantagecus to maintain the hydreogen excess, based on
253 the stoichiometric amount required, below 30%, in
particular below 10%, very particularly below 5%.

When octyl or nonyl phthalates or their mixtures are
converted to the 'correspénding 1,2-cyclohexane-
30 dicarbexylic esters, preference is given to carrying
out the hydrogenation in the mixed liquid/gas or liguid
phase in two reactors connected in series. The first
reactor is operated in the loop method, i.e. a portion
of the hydrcgenation effluent of the first reactor
35 together with fresh reactant is passed into the top of
the first reactor. The other portion of the effluent of
the first reactor is hydrogenated in straight pass in a
second reactor. Instead of one large loop reactor, it




preferably between 3 and 8% by mass. In the hydrogenation eff f, . 1h -
first reactor, the concentration of the phthalates is betmgglggéteg?ﬁer%%gs

20 by mass, in particular between 1 and 10% by mass. The liquid hourly
space velocity (LHSV, liters of fresh reactant per liter of catalyst per
hour) in the loop reactor is fromO0.1to 5 h-"", in particular fromO0.5 to

25 3 h-1. The_s pelrgéi ial velocity in the loop reactor is in the range.
fromio to 100 A8/ B! , preferably in the range from 20 to 80 nB/n/h,

nost preferably in the range from 30 40 to 60 nB/nR2/ h. The average

hydr ogenat i on ji.enpesat d t p r}mﬁt I ar r 0 C in
particul ar frém 70 to Igﬁsg%lg ré351pt";‘r'hlégﬁy§1r genggilgﬁ Sc}%sgrg‘]:rlgp?én %%ggl oop
reactor is froRRCESTFoWBHBN bAFS PREPATRY cht afeFidin 8D &8 Paoabdel- 20

Sept enber - 2006t Q<. 160dRise lgossiblde efftamnt oof a heaspeondateaect or, the
concentration,,9knr €actapt.d s ]f@&[t n Q.39 . icular less
than 0. 1% by Hass, very Q‘g‘?%i%% ar hx.%essg:rt%#gﬁié g.ggg% E§ ﬁﬁéé&é‘% he liquid
hourly spate PéPBeltyYiof t1pecdessnihiehcarr cqmacdes 6P maal| opbghal ate per

liter of cataliyskepees bBoULh psrdIDs .l HawedRrh- breifBrpacdéi csll givddom 2 to

10 h-1. 10 Ingth ongd -r.eact or ; e e_tenperature is__between 60
and 150C, in Bg[ t%tscs':tﬁll a%@’eaﬁrgé)léfi@ ‘F%é%@%r%&gnﬁ%l n Opnrees]s:%?%t?rn t he
second react oFPish 15 fPRRF PG olR0GWALINEN RS- cThartHe oRF80esD 110 bar.
The process aecosdings e Hhee inveanibA) ald MEdgeMatien 60npetyids such as
aromati ¢ ol Yaoafl/ O q0mOCaTPOXYLd L.y 130T IR0 L BST T s der LYaELYSS: 1N
particul ar, therr- al ky

carried out under the following conditions:

The concentration of these phthalates at the entrance
of the first reactor (loop reactor) is between 1 and

15 30% by mass, preferably between 2 and 10% by mass; most
preferably between 3 and 8% by mass.

In the hydrogenation effluent of the first reactor, the
rconcentration of the phthalates is between 0.5 and 20%
20 by mass, in particular between 1 and 10% by mass.

The liguid hourly space velocity (LHSV, liters of fresh

reactant per liter of catalyst per hour} in the locop

~reactor is from 0.1 to 5 h7, in particular from 0.5 to
25 3 hnt.

The superficial velocity in the loop reactor is in the .

range from 10 to 100 m*/m?/h, preferably in the range

from 20 to 80 m’/m®/h, most preferably in the range from
30 40 to 60 m*/m?/h.

The average hydrogenation temperatures in the loop
reactor- are from 60 to 150°C, in particular from 70 to
120°C. '

35 ‘
The hydrogenation pressure in the loop reactor is from
25 to 200 bar, in particular from 80 to 110 bar.




20 esters, to be converted to the corresponding alicyclic %b arhbo §¥”?hg B
acid conmpounds. Both full esters and partial esters may be /4
full ester is a conmpound in which all acid groups are esterrfred Parti al
esters are conpounds having at |east one free 25 acid group (or optionally
an anhydride group) and at |east one ester group. Wen pol ycarboxylic
esters are useflz nghlig process accordipyg.to the invention, these
preferably contain 2, 30 3 or 4 ester Tunctions. The aromatic conpounds or
pol ycarboxylic esters used in the process according to the invention are

preferably pahytaébexyim@ﬁ@Qﬁﬂih@fs@@&ﬁ?ﬂﬁmc@b?heﬂWé,mﬂﬁﬁﬂkEékf&ﬁ 35

and/ or anthra%%ner ct%%lnrt gn| :gersrsde andﬁ/] . the correspond mg ters. The
resul ting alicycli® Loarbosdy | FREhCY a8 oY t BRPP” défi ARS8 % nsi st of
one or 20 Septléﬁﬁertf@@OGO I%ZbYG(Mi@Sv 1\5%rynnp@rt(§8:ulra¢gsr s ohbdhy | i nked
via a G C bond.oss bysessoHn. The al cohol conponent of the carboxylic esters
used 5 prsferably consi sts of branched or unbranched al kyl, cycl oal kyl,

‘or al koxyal'kyl groups having from1l to 25 carbon atons. These may be
i dentical or &beféianid haprhy nseace wellcsddlve iof thepslegondborgtter est er,

i.e. they mi}(lbeetéieaffl GRInyar ;ditfﬁaqee@t ;Je%omrt%roroﬂ%eé@é ds.]@hﬁé'r' dent i cal
te t hat is

or different ar bo 0 wi || e appr eci

al so possrblegPo ﬁs |§8ﬁ%r3'3f?ﬂgp %ardlfb PRECETHS t GFPBNn paE?ern of
the aromaticl8yBi'emin the formof a mixture, for exanple a nmixture of ‘
phthalic ester and terephthalic ester. 15 In a preferred enbodi nent, the

pr esent inven;ron relates to_a $roces% for % enatin benzene |, 2-
01,3-, or -1,2%di €% b&IORE eSTRrsOtandfSr BERLAMR- “Frpelaturg oty or
-1,3,5- trrcarbeky$¢@ @%ﬁ%ﬁ%l5p 8 2@‘min;uqméneréooanéytﬂﬁﬂﬂaxane |2,

-1,3-, or -1,4-
The hydrogenation pressure in the second reactor is
15 from 25 to 200 bar, in particular from 80 to 110 bar.

The process according to the invention allows aromatic

compounds such as aromatic poly- and/or monocarboxylic

acids or their derivatives, in particular their alkyl

20 esters, to be converted to the corresponding alicyelic

polycarboxylic acid compounds., Both full esters and

partial esters may be hydrogenated. A full ester is a

compound in which all acid groups are esterified.

Partial esters are compounds having at least one free

25 acid group ({or optionally an anhydride group) and at
1east one ester group.

When polycarboxylic esters are used in the process
according to the invention, these preferably contain 2,
30 3 or 4 ester functions.

The aromatic compounds or polycarboxylic esters used in

the process according to the . invention are preferably
polycarboxylic acids of benzene, diphenyl, naphthalene

35 and/or anthracene, their anhydrides and/or the
corresponding esters. The resulting alicyclic poly-
carboxylic acids or their derivatives consist of one or




di carboxylic esters, or of cyclohexane-1,2,3-, -1,3,5-, or _
-1,2,4-tricarboxylic esters are obtained. Esters of the fol I&%%@%W?@s

carboxylic acids, for 25 exanple, may be used in the process of the

i nvention: naphthal ene-1, 2-di carboxylic acid, naphthal ene-1, 3-

di car boxylic.acid, naphthal ene-1, 4- dlcarboxyllc acid,

napht hal ene- | ,®-#li Garalgoxyl i c aC|d naphisal ene-1, 6- dlcarboxyllc aci d,
napht hal ene-1, 7-di car boxylic acid, 30 napht hal ene-1, 8-di car boxylic aC|d
phthalic acid (benzene-1, 2-dicarboxylic acid), |sophthaI|c acid
(benzene- 1, 3- dicgaEr bOxykiiogaci dpribeakpht hahkedaciid a C¢-C bond or
(benzene-|, 4- dhgarpexyl i c acid), benzene-1,2,3-tri- carboxylic acid,
benzene-1, 2,4-tricarboxylic acid (tri. 35 nellitic acid), benzene- 1, 3,
5-tricarboxylic acid (tri- nesic-acid) or benzene-1, 2, 3,4-tetracarboxylic
acid. It is dhso pbssidl ecoopusantacods th charb@cyirieduestef¢ onseihe aci ds

mentioned By %ii%%e'r%ﬁi&ng:o‘ﬁ%?sgg G € 0n My 20 S%RE)%HR%%? Zggggyo Z. 6049

- 16 hydroge e aronatic cor tl oal kyl ,
or al koxyal kylcy§t&86‘ﬁ§ylft°Fsa|55§§17%]r]é\’1t og%@%lh@wmgcy@qyawyto 2% else 5
al koxyal kyl estebsp fatomﬂannmeseofm&%elﬁbouﬁﬁﬁﬁitanedn:a@h@&eréﬂﬁse

radi cal s. eachj;pdependent ﬁ%lé&‘f‘lge“db?gé gg}ﬁ%ﬁ?mrgﬁ a?r%lo(r:]u' ar from3

to 15, very pa tlcularh¥ rom St ons.
These radi caltte¥ayPae 18 nElgntdrapr siciiddEerpnh éﬁam?rﬁgoiopﬁﬁ§@$$al has

'nor e t hanl®ne aestisfergricap, drhesief feadincalmmbary .ofbecites | gedndr different.
Exanpl es of cggﬁgqu§ Xﬁbféh g&gdb %Fq”ln Eh%lgro%ﬁs§?lﬁf the invention ‘as
0

esters of ‘an aromatic carbox ic acrd are t omnn S‘?mnonethyl
terephthalatelSBWﬁﬁﬁhVFt?eF%&ﬂﬁqmﬂ%u¥?ecﬁQQQﬁHtUtﬂ@PeBﬁth%F%l@f EWEn pr opyl

terephthalategrdmbuiqlsyamneﬁhthabaEermdmf&omwXﬂmﬂﬁrQ@htQﬁhﬂpﬁe

di-tert-butyl 3 3 a di gl ycol 20
t'ereSL ; har?%/em %@gg?gé@f;!ekfégpl ggééy agllc} g;%oc@ﬂ%ﬁs‘i Lesigly

In a preferred embodiment, the present invention
_relates to a process for hydrdgenating"benzene~1,2—,
-1,3-, or -1,4-dicarboxylic esters, and/or benzene-
1,2,3-, -1,2,4-, or -1,3,5~tricarboxylic esters, i.e.

20 the isomers of cyclohexane-1,2-, -1,3-, or -1,4-
dicarboxylic esters, or of cyclohexane-1,2,3-, -1,3,5-,
or -1,2,4-tricarboxylic esters are obtained.

lEsters of the following aromatic carboxylic acids, for
25 example, may be used in the process of the invention:
' naphthalene—l;2—dicarboxylic acid, naphthalene-1, 3-
dicarboxylic acid, naphthalene-1, 4-dicarboxylic acid,
naphthalene-1, 5~dicarboxylic acid, naphthalene-1, 6-
dicarboxylic acid, naphthalene-1,7~dicarboxylic acid,

30 naphthalene-1,8-dicarboxylic acid, phthalic acid
(benzene-1, 2-dicarboxylic acid), isophthalic acid
(benzene—l,3—dicarboxylic acid), terephthalic acid
{(benzene-1, 4~-dicarboxylic acid), benzene-1,2,3-tri-
carboxylic acid, benzene-1,2, 4-tricarboxylic acid (tri-

35 mellitic acid); benzene-1, 3, 5~tricarboxylic acid (tri-
- mesic acid) or benzene—l,2,3,4—tetracafboxylic acid. It
is also possible to use acids which are produced from

the acids mentioned by substituting one or more of the




terepht hal ate, di-2-ethyl hexyl terephthal ate, di-n- nonyl ter % hta ,

di i sononyl terephthalate, di-n- decyl terephthalate, di-n-un em r-20-06-'------
terepht hal ate, diisodecyl terephthal ate, diisododecyl terephthalate, 25
ditridecyl terephthal ate, di-n-octadecyl terephthalate, diisooctadecyl
terepht hal ate, di-n-eicosyl tereph- thalate, nonocycl ohexyl terephthal ate;
nmonoret hyl  pht Jml ato,s di met hyl pht halage, - di - n- propyl pht hal at e,

.di -n-butyl phthal ate, diisobutyl phthalate, di-tert 30 butyl phthalate,
nonogl ycol pht hal at e, diglycol phthalate, di-n-octyl phthalate, diisooctyl
pht hal at e, ihBQiImgﬁrynl léxyls phnbaetflate, the - aromatyilc pladealvaittd, adikiydp- nonyl

pht hal at e, deeMlikyRht Bal 81 o flidnPEeRYLs . heptyl phthal ate, diisodecyl
pht hal at e, d| dﬁfundecgfl 35 pht haxbgg% dlEj?solli)mdecyl pht hal ate, ditridecyl .

pht hal at e, di - n-oct adecyl pht hal at e, diisooctadecyl phthalate,
di.- n- ei cosyl pht hdlsat ppssibnbeydoohesygl alhihal eyeloatkgyc! Qﬁexygllsght hal at e,

nmononet hyl si s 140 x98RkeIPEL 6 Zg aELhYI
i sopht hal ate, d| ma?g f i sotggﬁa g% | ef]aeyl I sop}%‘h 5‘?}! &' n- propyl
i sopht hal ate, ﬁF’eu § h?%fr ARach dirdeBpngstl Ysﬂd}ﬂ#mngt &rom
di -tert-butyl ]4 stapraﬂaalm @,antunaghycﬁi:orﬁ 3swh1$1,alwaé@; ;ﬁh:gﬂlm(lbrly

i sopht hal at e, Homn- get 3SO \ L,sopht hal a
2- et hyl hexyl i sgﬂﬁhiha?dat éL3 pﬁipﬁlo(ﬁ{/]]%ﬂg Cﬁ%ﬂy d%:%onontfﬁese
i sopht hal at e, *§FH248cyaY s ﬁht%ﬁﬂl%ﬁ% odi |1§%‘€65ﬂ - i $6pha h&itawéing

di - n-undegyl ime¢phihal hte, mdréstbadecys dftdrsaphidigl atesediragidadscyl

i sopht hal at e, mg:yt bbdﬁéé!ﬁtléaslowll Ralsgle.ndi - n-oct adecyl isophthal ate,
di i sooct a- decyl isophthalate, di-n-eicosyl i sopht hal ate, nono- cycl ohexyl

i sophthal ate. 15 The process according to the invention can in principle
al so be appl i égampléenedi compithdmnditiitch estyeb®. ublkdsen ihel pdecheszoat es of

diols, for examplecgbycolnvdlibenzoate, digthyl eng, gl ygal begnzgate.
tr|ethyle?§ polycarboxylic acid are the following: monomethyl
terephthalate, dimethyl terephthalate, diethyl
terephthalate, di~-n-propyl terephthalate, dibutyl.
terephthalate, diiscbutyl terephthalate, di-tert-butyl
:terephthalate, monoglycol terephthalate, diglycoll
20 - terephthalate, n-eoctyl terephthalate, diiscoctyl
terephthalate, di~2-ethylhexyl terephthalate, di-n-
nonyl terephthalate, diisononyl terephthalate, di-n-
decyl terephthalate, di-n-undecyl terephthalate,
diisodecyl terephthalate, diisododecyl terephthalate,
25 ditridecyl terephthalate, di-n-octadecyl terephthalate,
diisooctadecyl terephthalate, di—h—eicosyl tereph-
thalate, monccyclohexyl terephthalate; monomethyl
- phthalate, dimethyl phthalate, di-n-propyl phthalate,
.di-n-butyl phthalate, diisobutyl phthalate, di-tert-
30 butyl phthalate, monoglycol phthalate, diglycol
phthalate, di-n-octyl phthalate, diisooctyl phthalate,
di-2-ethylhexyl phthalate, di-n-nonyl phthalate, diiso~-
nonyl phthalate, di-n-decyl phthalate, di-2-propyl-
heptyl phthalate, diisodecyl phthalate, di-n~undecyl
35 phthalate, diisoundecyl phthalate, ditridecyl
phthalate, di-n-octadecyl phthalate, diisooctadecyl
phthalate, di-n~eicosyl phthalate, monocyclohexyl
phthalate, 'dicyclohexyl phthalate, monomethyl iso-




~glycol dibenzoate and propyl ene glycol dibenzoate, and 20 al
benzoates. The al cohol conponent of the al kyl .benzoates nayigéﬁgﬁépmﬁr2006

from1l to 25, preferably from8 to 13, carbon aton(s) The al cohol's may be
| inear or branched. 25 It is also possible to use m xtures of two or nore
pol ycarboxylic esters. Exanples of such mxtures may be obtained in the
fol | ow ng way$:, za) géapol ycarboxylic aciyh Ls partially esterified using an
al cohol in such a way as to give both 30 full and partial esters. b)

m xture of at |east two polycarboxylic acids is esterified using an

al cohol, prodpbihglate) xt ur edimétiatl | eastidophthallbhtest ers. dﬁn)'le’@hyl

pol ycar boxyl i ‘iséﬁh?h% ﬁé eat eﬂ:.}é'{:ﬂ an glg gggh mxt 'gg_lg Igp‘gpa# e productl

may be a mxture o Apo carp oxylc aci |aII

esterified u%?ﬂ@h'élﬁaja?%hol qma Y120 Spridhsdrt2e06- dipsobutypag - 18
e) A mxture dxtaophth&:aesttet\/\mlc-arelmxyhtp}_ acigtsprithalpakt i ambyogsiesi fi ed

usi ng an coligj3 % f) élg% re of: sﬁfahjfﬁgfétés,m QELYS%Q I | c acids

is partially, es erl ‘usi ng’ cohol"
pol ycar boxyl | &SQEPH*%&}%‘:?'eaC@er‘?%O%)Ylt 0 1Whtﬁ1ﬁéﬁﬁeanh§dﬁﬂibééh¢@yl aI so be
used. Ar omatl ctselsmemmtree fr efju@rhbyypr epas@shtinadusier, i al by iséhedyial cohol

m Xt ures, he fyll s b c). .Exanpl es of
correspondi ngﬁ?g fgn%%(t uredéi i ngi%gi éth;l"f?q'l%k% xt u%%so e‘ﬂglr ed from

| i near buteneé%@ tll*f"i‘/]cﬁ"tﬁfor A rATHRR Y] | éﬁeahblyawfogéﬁaﬁp@ﬁdem al cohol
‘m xt ures po epasephtnaradsyt endi--dodeesiwhiighphthatat®y i saitkn@ssybut ene and

I sobut ene’ ' by:.Qé’ﬁ't‘i@nané’JeW' 85.' /0 ét?icle%%.d P¥o£‘;¥8{£&%%at 1'90: soocta-
decyl isophthalate, di-n-eicosyl isophthalate, mono-
cyclohexyl isophthalate. ‘

. 15 The process according to the invention can in principle

l also be applied to benzoic acid and its esters. These

include benzoates of diols, for example glycol

dibenzoate, diethylene glycol benzoate, triethylene

glyceol dibenzoate and propylene glvcol dibenzoate, and

20 also alkyl benzoates. The alcohol component of the

alkyl benzoates may consist of from 1 to 25, preferably

from 8 to 13, carbon atom{s). The alcohols may be
linear oxr branched.

25 It is also possible to use mixtures of two or more
.polycarboxylic esters. Examples of such mixtures may be

" obtained in the following ways: ‘
a) A  polycarboxylic acid is partially esterified
using an alcohol in such a way as to give both

30 full and partial esters.
b) A mixture of at least two polycarboxyllc acids is
esterified using an alcohol, producing a mixture.
of at least two full esters.

c) A polycarboxylic acid is treated with an alcchol
35 mixture, and the product may be a mixture of full
' esters. '

d) A polycarboxylic acid 1s partially esterified
using an alcohol mixture.



. C6 al cohol mxtures prepared froma pentene or froma m xtur, f .t or

more pentenes, by. hydroformylation followed by hydrogenati &ﬁ;g%e er--2006~----—
al cohol m xtures prepared fromtriethylene or dipropene or froma hexene

i somer or from another mxture of hexene isomers, by hydrofornylation
followed by hydrogenation; C8 al cohol m xtures, such as 2-ethyl hexanol (2
25 isoners), poepargddoy al dol condensaggon of n- butyral dehyde fol |l owed by
hydr ogenati on; C9 al cohol m xtures prepared from C4 ol efins by

di merization, hydrofornylation, and hydrogenati on. The starting materials
for preparing ¢he @ mixohod soffayathe138st St eneridxya il Xd& & Ofi sl i near

but enes or m xt ur eg,206;1 | pear huitanes ,a0d, | spitens, The. (A ol efins may be
dinmerized with_the'aid o arious catalys % or ~exanple pr%’tic aci ds,
zeolites, organomefaMiPEUEEcREl atcdApEENELS Prlywirkpxildkelcddsaligsts. The

C8 ol efin 35 mi xt upestimylpeednadrighiennykahgdamidlitohbe Al gde@fer hodi um

catal ysts @r cobalt. catalysts. There is therefore a wde variety of

i ndustrial C9 alcohol mxtures. 20 Septenber 2006 O Z. 6049 - 19 CI0

al cohol mi xt ur@StSAepafedher BRLYFRBPORNA Ishaadiyls Hpdreketaphat Bbntbol | oned
by hydrogenatifon; tReipr apyydepicanalay( 2156 as@n&edRr epar ed by .al dol

condensati on. xQf .ar de |1 d_by-hydrogena- 5 tjon; .Cl0 al cohol

m xt ures p-repé‘%gg\égégmaéa&ene:%t-u#egoff%\éﬁu Iéé‘?f ptr\?gaf%dalld]éiﬁV&é'éaigyal dol
condensat i on fEPMoReEoBYL Riftrwgsnatiropartigubdedisl fvibit estsrpripared from

hexaet hyl e, rolflet ef rapropyl ene, or tributene, by hydrofornylation 7
e or sy ot ESSAPERR L2 M RLRIRl o108 MBMTRY BECBAG) 120 P, e
"which arise, Férqéggﬁﬁpeyq§$ures prepared from linear butenes by .
' hydroformylation followed by hydrogenation;
Cs alcohol mixtures prepared from butene mixtures which
15 comprise linear butene and isobutene, by hydro-
formylation followed by hydrogenation:
Cs alcohol mixtures prepared from a pentene or from a
mixture of two or nmre‘pentenes, by . hydroformylation
followed by hydrogenation;
20 ~ C; alcoheol mixtures prepared from triethylene or
-dipropene or from a- hexene isomer or from another
- mixture of hexene iscmers, by hydroformylation followed
by hydrogenation; '
Cg alcohol mixtures, such as 2-~ethylhexanol (2.
25 isomers}, prepared Dby aldol condensation of n-
butyraldehyde followed by hydrogenation;
Cs alcohol mixtures prepared from C, olefins by
dimerization, hydroformylation, and hydrogenation. The
starting materials for preparing the Cy alcohols may be
30 isobutene or a mixture of linear butenes or mixtures of
linear butenes and iscbutene. The C; olefins may be
dimerized with the aid of various catalysts; for
example protic acids, zeolites, organometallic nickel .
compounds, o©r solid nickel catalysts. The Cg olefin
35 mixtures may be hydroformylated with the aid of rhodium
catalysts or cobalt catalysts. There is .therefore a
wide variety_of industrial Cg alcohol mixtures.




15 Fischer-Tropsch syntheses, in dehydrogenations of hydroc
net at hesi s reactions, in the polygas process, or in other 2@% stlemberZOOG
processes. Oefin mxtures with olefins of differing carbon_ nunbers may

al so be used to prepare alcohol mxtures. 20 In the process of the
invention, any ester mxture prepared fromaromatic polycarboxylic acids
and the above@remzieiﬂml al cohol ‘m xturesomay be used. According to the

i nvention, preference is given to esters 25 prepared from phthalic acid or
pht halic anhydrlde and a mxture of isomeric al cohols having from®6 to 13
carbon at ons.CExafpreRebf Mixdusesi abrepiteal atfesmwhichpcapybmauseg in 30

t he process 0fh}td}ﬁ)ﬂd}‘{[@'ﬂbt@6n| nclfgggoﬁécpducg W & Pyt digen tQllhow ng_t r ade
No.” 84-74-2 Vestlnol | B

names: Vesti nohé O%y(%l n- % thal at e%

(dii sobutyl pHUHANALEP fER g4 68085 ) Jay T BEIONP (EAS N

68515- 48-0) ; Jfayfdeéwalpllm (@Svasemld@&ms 881 1ywedPabgt Ihmﬁ:lrcﬁjéna-
(68515-45-8), Mest;inol 9 (CAS No 28553 12-0); TOTM (CAS No.. 3319-31-1);

Li npl ast 68-T at.i nol . 28553-12-0); . Jayflex DHP (CAS No.
68515- 50- 4) ; géég’/f?aje r}oﬁ‘lf‘ §eﬁ|opr%a’§‘éﬂptféﬁﬁleﬁ pHEbuLe (917 atgdegst 20

27554- 26- 3); JaiEf | 6x UDReh@ASSNOoy 68515614 7Te@denkatiioax £&L15dCABYNo.
85507-79-5); Jafdog%nB¥BBn{ CAS No. 68515- 47-9); Jayflex LOP (CAS NO

68515- 45- 7 fI L911P . 68515-43-5 flex L11P (CAS No.
3648- 20- 2)) J‘\aﬁ/ 7 %i% 5&§tﬁl595685§’f§p§{e§) )ﬁwﬁhgﬁg@ha&egm C8-
C10- al kyl 1fht W@ltataéyopmm PL664ridupnelni iyl | BRirdfAmyNa+ri8h- 68-7) ;

Li npl ast 1012 fBE_‘L()Gé& 132iod); Linplast 13XP (CAS No. 27253-26-5);
Li npl ast 610P Li npl ast 68 FP (CAS No.. 68648-93 10

5-
"1): Linplast §F ﬁp (é&§°ﬁ|8} 7oé‘é§)°§636) PaYati B8l ARPteEasiNo. bY17-81-7):
Pal ati nol 711 hydAstNony b85S @MpyedPayahydnbgaﬁtz(oﬁiAsﬂ&m o88%1hs43-5);

Palatinol 11 G@ASolefin mixtures which arise, for example, in

15 Fischer-Tropsch syntheses, in dehydrogenations of
hydrocarbons, in metathesis reactions, in the polygas
process, or in other industrial processes. -
Olefin mixtures with olefins of differing carbon
‘numbers may also be used to prepare alcohol mixtures. .

20
In the process of the invention, any ester mixture
prepared from aromatic polycarboxylicr acids and the
abovementioned alcohol mixtures may be used. According
to the invention, preference 1is given to esters

25 prepared from phthalic acid or phthalic anhydride and a
mixture of isomeric alcohols having from 6 to 13 carbon
atoms.

Examples of industrial phthalates which can be used in
30 the process of the invention include products with the
following trade names:
Vestinol C (di-n-butyl phthalate) (CAS No. 84-74-2);
Vestinol IB (diisobutyl phthalate) (CAS No. 84-69-5):
Jayflex DINP (CAS No. 68515-48-0); Jayflex DIDP (CAS
35 ©No. 68515-49-1); Palatinol 9P (68515-45-7), Vestinol 9
(CAS No. 28553-12-0); TOTM (CAS No. 3319-31-1);
Linplast 68-TM, Palatinol N (CAS No. 28553-12-0);
Jayflex DHP (CAS No. 68515-50-4); Jayflex. DIOP (CAS No.




No. 3648-20-2); Palatinol Z (CAS No. 26761-40-0); Pal ati nol P
84777-06-0); Jayflex 77 (CAS 15 No. 71888-89-6); Pal ati nol 885?@%%2095

53306-54-0); Vestinol AH (CAS No. 117-81-7). it is pointed out that the
core hydrogenation of each isonmer used in the core hydrogenation of
aromatic poly- 20 carboxylic acids or their esters may result in at |east
two stereoi sogegi Cghyglr ogenati on produglys. The ratios of the resulting
stereoi sonmers to each other depend on the catalyst used and on the

hydr ogenati on conditions. 25 Al hydrogenati on products having any desired
ratio(s) of 12tns5sfc%eni ;S QnBr A etvo UbaC hcashemk . rr&,yeme—usegl) W faptitex

separation. TRe bnyesdion fdks ?HeﬁgpéPV'faefflet% %hﬁoa' 5y, ]I%Jasu o zers |

pol ycar boxyli ¢ est prepared accordin ion”as

in plastics. Plefki ré@lyf%?ﬁsltﬁ%s(qﬁr%l%e 68w S - Hérﬁél aﬁa.véb??bl% B based on
et hﬁl enei prowmrn% beg sudi-aze 5) yi Ua’iffﬁ&e_tml@, @nsc gy | 36|@84’-'¥(¥€@)‘3" glhygi dyl
met hacry t ’ te haying radical g. 0 anched or
unbr anche %}{(%f ﬁfow S?rlmzém grslg?? %[ ﬂ @éﬁnoé‘t g%@ a agd to the

oxygen at om oFl@’n%l ePhQPQ)]Lﬁd:e)stSFrpéné\T@-r 211Q@2@e§3‘t9érfbé-i’f21@@6-l GB. 6049 -
21 acryl oni trcA®, NOr Berms-r; qapehyser 3009 Byclicas ﬂbef bose3-Eanpl es of

representatives, o o] r n t oI I I CS:

pol yacryl at esgﬁav?’ﬁ}dgﬁl%@sg%égow%éfP%F e%’?ggf’k ? g n%%a\%s]nd from 4 to
8 carbon at omsChPrided @ 1T 1-6Xy gehnpkarh & tﬂ‘i’e (@ﬁﬁemgr 68p48iIBparti cul ar
having- tie niputyinprediexyls He oging NoZ- %@'3%5%) preasonaml ag adical

polynethacty g 96! MIELINL 0ot beggul e ol amthip seprlelgp byl
et hyl ene- vi ny?al%@é‘tcdt e%ﬂopb‘?%eﬂ% 6 Sy ihated p‘i‘ﬂ%ﬁé?tlmlleriel AT il e
No. 3648-20-2); Palatinel Z (CAS No. 26761-40-0);
Palatinol DIPP (CAS No. 84777-06-0); Jayflex 77 (CAS
15 WNo. 71888-89-6); Palatinol 10 P (CAS No. 53306-54-0);

Vestinol AH {(CAS No. 117-81-7).

It is pointed out that the core hydrogenation of each
isomer used in the core hydrogenation of aromatic poly-
20 ' carboxylic acids or their esters may result in at least
two stereoisomeric hydrogenation products. The ratios
of the resulting stereoisomers to each other depend on
the catalyst used and on the hydrogenation conditions.

25 All hydrogenation products having any desired ratio(s)
of the stereoisomers to each other may be used without
separation.

The invention further provides the use of the alicyclic
30 polycarboxylic esters prepared according to the
invention as ©plasticizers in plastics. Preferred
plastics include PVC, homeo- and copolymers based on.
ethylene, propylene, butadiene, vinyl acetate, glycidyl
acrylate, glycidyl methacrylate, acrylates, acrylates
35 having alkyl radicals of branched or unbranched
alcohols having from one to ten carbon atom(s) bonded
to the oxygen atom of the ester group, styrene or




rubber, acrylonitrile-butadi ene-styrene copolyners, ethylene.popylene
copol yners, ethyl ene-propyl ene-di ene 15 copol yners, st yrenei'gg%ﬁ%ﬁmﬁ?‘?q“@oa
copol ynmers, acrylo- nitrile-butadi ene rubber, styrene-butadi ene el astoners,
met hyl met hacryl at e- st yr ene- but adi ene copol yners and/or nitrocellul ose. 20 .
Furthernore, the alicyclic polycarboxylic esters prepared according to the
i nvention may de . usedof or nodifying plapgtic mxtures, for exanple the

m xture of a polyolefin with a polyam de. M xtures of plastics and the
alicyclic polycarboxylic. 25 esters prepared according to the invention

| i kewi se for mpanndtrihe, subpechomatt ebrof dopelpnesent ofi ngitLien.

Sui tabl e pl astdies;@ke the conpounds already nentioned. Such m xtures
preferably conprise at |least 5% by weight, nore preferably 20-80% by

wei ght, nost %%‘P&Pér 85| yerrrsRIvA vRei ght thefakoie grups iiacpury-

car boxyl i c esttdwres foMlgwimespbistdlcastics, in particular PVC, which conprise
one or nore of,.t C iC ar ylic esters ,. pr.epar ed. accor di ng
to the i nvgnt ipg%?%:??i%%% ex%%ﬁ%{g? bée)rp%reésagnr?t io%rt k?el%%glrfggvm na'duﬁ?lgducts or
be used for 'WF%%B%V&WO%?OIQO‘I Sept erpmbopoedomg) ongedoto RRe casings
for_ el ectri caloxgqehprmmm, dﬂ)rtlee(afapt@r kiﬁ-@ﬂpph_iap@,big@mglﬁarcggwhgr_ _
casi ngs, casi n one 0 graphi.c an el evi,si on_equi pnent,
pi pes, appar a?glg,,?‘ gg ?gg,H%%léhéléé%%gg?hs%p%ﬁ%%etxg es?rora‘s\ﬁ’ﬁnﬁagg/ 5
profiles, in ifRU&FROr dECSVREFBRCEYIRbRehi crelyamedhylur matieerydnaser uction,

pl astisol $0 feohytoueryhgss-bumdi aalrypsoduessol inead, packagingetseal s,
films, conpogi, SELl ph i¢ disks . synthetjic leather t oys,
_packagi ng cont alkgé?g{e ad elsil\gg%pg Tﬁ:I?nB?oPd mélrgf hietg’,yl&r)‘gt Vg%t and as
fibers for faBFfPE&te| ForgdiPren, t SilrEinpesdnbailveherlens | catkdhs; the

alicyclic pol yobbboxyl i acegl@iisfilepdhedd dead¥iyi@nk0 copolymers,

ethylene—propylene copolymers, ethylene-propylene-diene

15 copolymers, styrene-acrylonitrile copolymeré, acrylo-

nitrile-butadiene rubber, styrene-butadiene elastomers,

methyl methacrylate-styrene-butadiene copolymers and/or
nitrocellulose.

20 "Furthermore, the alicyclic polycarboxylic esters
prepared according to the invention may be used for
modifying plastic mixtures, for example the mixture of
a polyolefin with a pelyamide.

Miztures of plastics and the alicyclic polycarboxylic.

25 esters prepared according to the invention likewise
fqrm part of the subject matter of the present
invention. Suitable plastics are the compounds already
mentioned. Such mixtures preferably comprise at least
5% by wéight, more preferably 20-80% by weight, most

30 preferably 30-70% by weight, of the alicyclic poly-
carboxylic esters.

Mixtures of plastics, in particular PVC, which comprise
one or more of the alicyclic polycarboxylic esters

35 prepared according to the invention may, for example,
be present in the following products or be used for
their preparation: |




the invention may also be used as a lubricant 15 conponent,
constituent of -cooling liquids and netalworking fluids. The%o tlep‘kl%%%oé)s

be used as a conponent in dyes, paints, inks and adhesives. The exanpl es
which follow are intended to illustrate 20 the invention, wthout
restricting its field of application which can be discerned fromthe

description and.the4qeatent clains. Exapple 1 25 Preparation of a titanium
di oxi de support for a catalyst according to the invention Comrercially

obtai nable netatitanic acid (H2Ti 03), an aqueous suspension which formally
contai ns 30% b;ﬂsriﬁls}@ fofr t¢legiinimadi edudenand, 1f%rbyam®&eofk1&uhfauri c acid -

30 was filter thckBe ab L P o,
suspensi on use P\M‘lhecf terﬂp@ielaw%sgl&lgsheg%%n%{ %('.)% éaJII%}O]‘H:!EI.J&?'e The danp
filter cake fdi |g§aﬁ F‘ftlsb‘f’n4°iq“3%rwtrra§ép%$r tFRRATEGNE di oxi de

and 5.3% by maddest suﬂlfmrl CSI‘@@ItﬂS 35.n8b1gtiig batkpas ni brat erinwaee added at
' 00M tenpesal yroribesy suapeaston of 300.0.a611 I her Gake a0d 3500 o of

water in a 10 stlrredtan The addit]o Arium nitrate restlted in a
portion of thd“SBHEHFEC SMUBDETECPr enEASHFIES, O Flospagaveringpei ng -
converted to edigmlsulgatdmctaft erfsid r r pagkdping,0nesbgLs, at fLoQs)

tenperature, thepsdspensi d Kk i.ned was
dried at 110C fgr flse hgﬂsr\nglnongglrl Eﬁggl %f%—gd a%}%g%% eieggh tfs. 5 1n
this time, th&¥8nt eMPERIPFee CORERARRTS N BABSFHYSN bRPSUI kM i OXi de

'was furthéf redotbingTheosolrigh ebtlabneflifarsrddry fapptasned 91. 5% by mass of
titani um di oxide, 5.5% by mass of bariumsulfate and 10 3.1% by mass of

free sulfate. _This (i]glld was %ﬁlund to give two powder types and the
desired parti&Pe T4 abPi ditagPeyetrREinned crepbin#iconsensthe ed of
particles havﬁhgcmliq:cpelscaelsomlﬁcr osstled0 SfegaBedNdccording to .

the invention may also be wused as a lubricant

15 .component, or as a constituent of cooling liquids and

 metalworking fluids. They may likewise be used as a
component in dyes, paints, inks and adhesives.

Thg_examples which follow are intended to illustrate

20 - the invention, without restricting its field of
application which can be discerned from the description
and the patent claims.

Example 1

25v'Preparation of a titanium dioxide suppoxt for a catalyst
according to the invention
Commercially obtainable metatitanic acid {(H.Ti03), an
aqueous suspension which formally contains 30% by mass
of titanium dioxide and 11% by mass of sulfuric acid

30 was filtered with the aid of a filter press. For every
1 kg of suspension used, the filter cake was washed
with 5000 g of water. The damp filter cake formally had
a content of 41.5% by mass of titanium dioxide and 5.3%
by mass of sulfuric acid.

35 85 g of barium nitrate were added at room temperature

~ to a suspension of 3000 g of filter cake and 3500 g of

water in a 10 1 stirred tank. The addition of barium
nitrate resulted in a portion of the sulfuric acid




t he ot her powder of particles having particle sizes of 15 fr 500
pm The two different powder types were mixed in a 1/1 rat|2Wé%PQﬂﬂﬁF]?QQf

of powder m xture, 13 g of polyethyl ene oxide (Polyox WSR 301,

manuf act ur er

Uni on Carbi de Corporation), 13 g of nethylcellul ose.

(Cul mi nal MPHC 50, nanufacturer Aqual on-Hercules GrbH), 20 70 g of

fibers (8031,

aenufeaatour er Bayer AG, - 79 g of ethyl ene egcoI and

water were added. The resulting m xture was honpbgeni zed in a knea
then shaped with the aid of an extruder into extrudates in the fo
cyl i nder havi fepisgci s@utearted anetterr igin %&1Iaiennm&mdrash&&@ﬁhgoﬁotr0n14 to

6 mMm The ext rdhcgat eureiLe dij ager&%
at 450C for five hours. The physica ar anmef er s of

30 catalyst a

invention can

Qaft%et nregeh %Lﬁ]szpe%‘l 'inhe%‘é

Ol’t

gl ass
200 g of
der and
rmof a

al ci ned
for the

JEERG t&rhﬁheflulﬁ@énﬁﬁésﬁ GPEpared Hagodaing atto 1dRafpl e 1
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15

The solid obtained formally contained 91.5% by mass of
titanium dioxide, 5.5% by mass of barium sulfate and
3.1% by mass of free sulfate. This solid was ground to
give two powder types and the desired particle size
fraction was sieved out. One powder consisted of
particles having particle sizes of from 1 to 30 pm, and
the other powder of particles having particle sizes of
from 20 to 500 pm. The two different powder types were

t he
as $4 0
OO0 4-4 >

m

mixed in a 1/1 ratio. To each 1 kg of powder mixture,

13 g of polyethylene oxide (Polyox WSR 301, manufacturer

Union Carbide Corporation), 13 g of methylcellulose

'(Culminal MPHC 50, manufacturer Agqualon-Hercules GmbH),

20

70 g of glass fibers (8031, manufacturer Bayer AG),

- 70 g of ethylene glycol and 200 g of water were added.

25

30

The resulting mixture was homogenized in a kneader and
then shaped with the aid of an extruder into extrudates
in the form of a cylinder having a circular diameter of
1.5 mm and a length of from 4 to 6 mm. The extrudates
were dried at 80°C for three hours and then calcined at
450°C for five hours.

The phyéical parameters of the support A for the
catalyst according to the invention prepared according
to example 1 were compiled in table 1. As a comparison,
the parameters of a support B frequently used .in

industry, from which ‘no catalyst according to the:

invention can be prepared, are listed.
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Exanpl es 2 and 3 Preparation of the hydrogenation catal ysts R%gﬁﬂﬂgmﬁﬁf?ﬁﬂﬁ

preparation of hydrogenation catal ysts based on the supports detailed in
table 1, the supports were 5 first dried at 80C. After drying, the
supports were saturated or spray-dried with an aqueous rutheniun(l11)
nitrate sol utipn Wahgh contained a rut i_um concentra- tion of 0.8% by
wei ght. 10 For 't he saturatlon of the support, the Ru solution in nitric
acid was diluted with water to a volune corres- ponding to the pore vol une
of the suppor ExatpeeRu2Sahdit3 on was applied to the support material by 15
dropwi se application pr fera uni form a e circulating
t he support. ﬁFFBFratl?%g‘gﬁﬁfﬁgﬁﬁro FFCI 8 35@ X%ﬁga ?ﬂﬁ) §tt coated with
rut heni um sal Forwibeaprepatatiqy exﬁjéi@droganathr@g@ranst baged on xt ure,
(ratio 1 : 9) tab Zél%aﬁrs ONEFa ULS. t2B1B. B, tHke %ﬁ!ﬂb%t Sy@fepared in
this way we refgréﬁP to.in in§ Lg%lomﬁq%ftext same ca i tal
letters as fé euPor§ For ik %JSEHEPFE% Thtents
wer e reportedSﬁhusab@@q@enﬁptﬂxnﬂcaEQ w25h Banpiesowd rughEhéuhydEDigenat i on

experi nents \A@&%rgaérssﬂu@wn WBAECRr GoRgaifed Ne FAIHAWLRY BRRER A, TEL hOd:
90.7 g of the catal¥ yere |n|th Iy charged in a 30 catal yst basket,
cautiously redugBd°t n® &€ 1380 "o gressure reactor in a hydrogen stream

according to the above nmethod and then adm xed with 590 g of Iiquid
di i sononyipphtbal ahe EYeakhBbn 9or OENO:GhSE+NChEM €ry solution in

nitric acid was diluted with water to a volume corres-—
ponding to the pore volume of the support.

The Ru solution was applied to the support material by

15 dropwise application or preferably by uniform spraying
while circulating the support. After drying at 120°C
under nitrogen, the support coated with ruthenium salt
was activated (reduced) in a hydrogen/nitrogen mlxture‘
i(ratio 1 : 9) at 200°C for over 6 hours.

20
N.B.: The catalysts prepared in this way were referred
to in the following text by the same capital letters as
the parent supports, and the active metal and its
contents were reported in subsequent brackets.

25

Examples 3 - 6

The hydrogenation experiments were carried out

according to the following general method:

'90.7 g of the catalyst were initially charged in a
30 catalyst basket, cautiously reduced in a 1000 ml

pressure reactor in a hydrogen stream according to the

above method and then admixed with 590 g of liquid

diisononyl phthalate (Vestinol 9, OXENO Olefinchemie

GmbH) . The DINP was hydrogenated with pure hydrogen.
35 After hydrogenating the starting material, the reactor

was decompressed and the reaction mixture was analyzed

by means of gas chromatography for its content of the




GrbH) . - The DI NP was hydrogenated with pure hydrogen. 35 After drogenatjn
the starting material, the reactor was deconpressed and the‘?tﬂe%%? eglhber (96
m xture was anal yzed by nmeans of gas chronmatography for its content of the
20 Septenber 2006 O Z. 6049 - 26 target product diisononyl

cycl ohexane- 1, 2-di carboxyl ate (DINCH). The conversion of DI NP was al ways
above 99.9% dJhe. eequer i nental conditiopg of the hydrogenation 5 exanples
and their results were conpiled in table 2: Table 2: DI NP hydrogenation /
hydr ogenati on exanpl es Byrdo- Catal yst Reactant Pressure Tenpera- Reaction
Content genatiaorgatn deaducor ditsorondl DENObhesxsanpl £8-d NedxrHdk @ut@s in %3
A (1% Ru) DI NP Q&80 % ol o5 A (1%
Ru) DI NP 50 120 0 2500 88@%%%%%%?@@2‘%&830&%% s8dg%e 2 npara tive
exanple 10 It can'thus be denonstrated that the type A catal yst according
to the inventilre exéxietisnemtdilst iqueidiyibhghens hytdf@g&lfg&lﬂd}j@r@(ﬁlioﬁi ty than
catalyst Bs 1 gl € 0] 4 :
EP0306002 5V\h§1_:f IS ggafghgnpﬁénz%@ l?:'g g%if%t%}n&)rq f/idrqgggﬁg |ng arorratl C

pol ycar boxyl i c and/ or nonocarboxylic acids or 5 derivatives thereof to the

correspondi ng Takiley @l:i DINBNppidenatibd £alipdyRiena@iphi &kagpbés | east one

metal of the eighth transition group of the Periodic Table on or in a
support mat erfrat;—wherein
Hyrdo- Catalyst |Reactant | Pressure |Tempera- |Reaction | Content
genation in bar ture time of DINCH
examples in °c in hours |in %
3 A (1% Ru) |DINP 200 80 2.5 99.4
4 A (1% Ru) |DINP 200 100 |t 99.3
5 A (1% Ru) |DINP 50 120 0.8 99.6
6 B {1% Ru) |DINP 200 BO 20 99.4
Compara-
- tive
example

10 It can thus be demonstrated that the type A catalyst
according to the invention exhibits a distinctly higher
hydrogenation activity than catalyst B,

15




.10 the support material consists of titanium dioxide which
additionally conprise alkali netals, alkaline earth netals %%Pte&#ﬁﬁ‘m

and has an average pore dianmeter of from2 to 50 nmand over 95% of the
total pore volune of the support 15. materials is accounted for by pores
having a di arret‘er of | ess than 50 nm 2. The catalyst as clained in claim
1, wherein 20 CIfIC surface area of the support material is
between 1 and 43 The catal yst as claimed in claiml or 2,
wherein 25 the s r?’é’terl al consists of titani um di oxiRE306a02Nng a
content of froml 0 to 5.5% by mass of free sulfate. 4. The catal yst as
clained in cl afpgt 1is ¢1gime@0issherein the support material consists of
ti-tani um di oxide having a,content of from1.0 to 4.0% by nmass of barium
35. 5. The catfl yst as clained in clains 1 to 4, wherein AVENDED SHEET 20
Sept enber 2006%: O%. 60#FANSE 28 fpRe cahufyeyenafiing onallrpmabipri ses at

| east one netal ofpctJJ}eafcbosylntd an&ndﬂdln Gt atbokheic PepLogic Jable. 5 6.
The catal ysg as cl wherei n the catal yst
%éf%@aw},gé a‘%l{mr ° t PSofOFhes %%‘Vgﬂ‘tgh atllléﬁﬁ%‘i’ on group

additionally conprises at
of the Periodic T&®ouURds7 saigy @éé@%ﬁbr compal giricc adt yldysi ogemat i ng

aromatic pol ycar baeghilc aﬂd/ﬁﬂelﬂﬁﬂ@ﬁ%hb0%¥hh§1€56ﬁj group of the

Periodic Table on or in a support material,
~ wherein

10 - the suppédrt material consists of titanium dioxide
which may additionally comprise alkali metals,
alkaline earth metals and/or sulfur, and has an
average pore diameter of from 2 to 50 nm and over
95% of the total pore volume of the support

15; - materials is ~accounted for by pores hav1ng a
diameter of less than 50 nm.

2. The catalyst as claimed in claih 1,

wherein
20 . the specific surface area of the support material

is between 1 and 350 m%/g.

3. The catalyst as claimed in claim 1 or 2,
wherein
25 the support material consists of titanium dioxide

having a content of from 1.0 to 5.5% by mass of
free sulfate. '

4, The catalyst as claimed in clalms 1 to 3,
30 wherein
the support material consists of titanium dioxide
having a content of from 1.0 to 4.0% by mass of

barium.

35 5, The catalyst as claimed in claims 1 to 4,
wherein

AMENDED SHEET




- conpounds to the corresponding alicyclic conmpounds wusing
hydr ogen- cont ai ni ng gases over a catalyst 15 which conprises Z:Qts?@t‘f&b%fh%ooe”'

netal of the eighth transition group of the Periodic Table on or in a
support material,. wherein the support material consists of titanium
di oxide 20 which may additionally conprise alkali nmetals, alkaline earth
netal s and/ or $ul#-uPP4dnidhas an aversge pore diameter of from2 to 50 nm
and over. 95% of the total pore volune of the support materials is
accounted for by pores having a 25 dianeter of |less than 50 nm 8. The
process as claimed FRecICAtMLYst aHdieionaly speeifisessud arear egnof the
support material 3fletsl bebfeephd ant-350 p Th roces cl ai med
inclaim7 or 8, V\pgjf:fgf&é hl%b upport nat eﬂrii%{aglg%ﬁgi sﬁzs:g%? tT% anf di oxi de
0 ) free sul fate. AVENDED

35 having a content rom to 5.5% by mass of

SHEET 20 Septenber2006 O Z. 6049-WD 29 10. The process as clained in
clains 7 t059, 6.wheTleé neddig veuPRYr L1 JBLE] 153 asi, st s, of_ titani um di oxi de
havi ng a content of oml1l.0to 4.0% by mgls nggﬁg %atf‘? Uth 11. The process

as claimed in clai rr‘%ﬁ %'6' 10, wherein the catal yst additionally conprises

at |east one. 10 nmeth® eftalwstf iadditticansilyi @Rm@redpsOhtt heasPerd dic
Tabl e. 12. The prOGﬁiﬁaﬂaSoQ|atH@d-séG%n%ha'E@aggféﬁé%;igroup of the
Periodic Table. __—

10
7. . A process for catalytically hydrogenating aromatic
polycarboxylic and/or monocarboxylic = acid
compounds. to the corresponding alicyclic compounds
using hydrogen~containing gases over a catalyst
15 - which comprises at least one metal of the eighth
transition group of the Periodic Table on or in a
support material,. ' .
wherein .
the support material consists of titanium dicxide
20 . which may additionally comprise alkali metals,
alkaline earth metals and/or sulfur, and has an
average pore diameter of from 2 to 50 nm and over
95% of the total Pore volume of the support
materials is accounted for by pores having a
.25 diameter of less than 50 nm.
8. The process as claimed in claim 7,
wherein
- the specific surface area of the support material
30 is between 1 and 350 m?/qg.
S, The process as claimed in claim 7 or 8,
wherein
the support material consists of titanium diéxide
35 having a content of from 1.0 to 5.5% by mass of

free sulfate,

AMENDED SHEET




wherein 15 the catalyst additionally conprises at |east one égpggﬁbérZOOG“

h transition group of the Periodic Table. 13.. The pr
i?gfgéd i n any of c?aing 1to 12, 2Q wherein the aromatic conpound used is

[ [ [ di phenyl oxi de or
a carboxylic acid of benzene, diphenyl, naphthal ene,
anthrace%e, Its anhydri de and/or the corresponding esters. 25 14..TEe
process as claiored kgs6lgsm 13, wherein the al cohol conmponents of t 8
carboxylic esters are al koxyal kyl, eyzd cal kyl and/or al kyl groups 3 r
having from 1l to 25 carbon atons, branched or unbranched each thg sane o.

di fferent. AVERDED. BhEHJrocess. as claimed in eclaims 7 to 9,
wherein
the suppb rt material consists of titanium dioxide
having a content of from 1.0 to 4.0% by mass of
5 - barium.

i1, The'process as claimed in claims 7 to 10,

wherein ,
the catalyst additionally comprises at least one
10 -metal of the fixst transition group of the

" Periodic Table.

12. The process as claimed in claims 7 to 11,
wherein
15 - the catalyst additionally comprises at least one
metal of the seventh transition group of the
. Periodic Table. '

) 13. The process as claimed in any of claims 1 to 12,

20 wherein
the aromatic compound used is a carboxylic acid of
benzene, diphenyl, naphthalene, diphenyl oxide or
anthracene, its anhydride and/or the corresponding

esters.
25
14. The process as claimed in claim 13,
wherein ‘ ' .
the alcohol components of the carboxylié esters
are alkoxyalkyl, cycloalkyl and/or alkyl groups
30 -having from 1 to 25 carbon atoms, branched or

unbranched, each the same or‘different.

AMENDED SHEET




