O Z. 6049 - 1 Fine-pored catalyst and process for hydrogenating aromatic
‘conpounds 5 The invention relates to the hydrogenation of aromatic '
conpounds, +in particular the preparation of alicyclic polycarboxylic acids
or their esters hy core hydrogena- tion of the corresponding aromatic
poLycarboxy@iE-aéﬁé@ or their esters, "and also to catalysts suitable 10
therefor. Alicyclic polycarboxylic esters, for exanple the esters of

cycl ohexane-1, 2-di carboxylic acid, are used as |ubricant conponents and as
assistants in netal 15 processing. They also find use as plasticizers for
pol yol ef i nspand-poirelVC cdtpil ywiitastand zi pgoBe¥€s edicer s bydpbgendtingcid are
used predonlnanELé, T or exgnple the dibutyl, dioctyl, 20 dinonyl or

di decyl est mas; OFR_Y of these phthalates has been di scussed with
i ncreasing contro- versy in recent tines, their use in plastics could be
restricted. i .G pQl Y rgg%yl' e : L£h r eady
been.deéirigﬁg gﬁﬁﬁ%&%ﬁﬁﬂéﬁ%s ort§5€%%a§ ig?%%?%ﬁi?%ﬁ%ﬁrg?ﬁggt?%ould
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economi cal %8%&%aﬁc%x 1¢pakicigs dd erdilC eﬁgﬂé@@r@fw&)f@ B§lieb§ehs-the core
hydr ogena 3

tion of the corresponding aromatic gggécaéboxglic eaters, for
exanpl e t hetaBsv&fe i raF SHFECAETES A ISHRE L Hrid RECGFY ehby2EXPEt for
this purposgr UgHzid86 &9%mnd Um& 349s329 tdescrathel psosessastablh 35
mhich'd%gethﬁl tgrephthalate may be hydrogenated over supported Pd
cat al yst& whPER®APE "doped with Ni, Pt~ and/or Ru at tenperatures greater
than or equal to O Z 6049 - 2 140C and a pressure between 50 and 170 bar

to give the%gg%ﬁieogﬁl%a@gg%h?% %%f@%dr Of &F epPiha] &t ene USsBe 037 398

di scl oses t rogenati-on t erepht halate over supported Ru
as

catal ysts abff r smmclighexane-1, 2-dicarboxylic acid, are used

lubricant components and as assistants in metal
15 processing. They also find use as plasticizers for

polyolefins and for PVC.

For blastiéizing 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 1s the core hydrogena-
30 tion of the corresponding aromatic polycarboxylic
esters, for example 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 Ni, Pt
and/or Ru at temperatures greater than or equal to



to 140C and from 35 to 105 bar. DE 28 23 165 di scl oses the hydrogenati on 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
from30 to 200 bar. A rmacroporous support having an average pore size of
70 nm and aCBET §0fPace area of approx.2 30 m2/g is used. 15 WD 99/ 32427
and WD 00/ 78704 di scl ose processes for hydrogenating benzenepol ycar boxylic

esters to the _,corresponding alicyclic co ounds. ufported catalﬁsts are
used whi ch &8RPFi §8% amBEaIS SIS PataiasTor bidith, L 7 AH3T dt9ndt b7 t0Get her

with at Iea@br@agp@ﬁaahgoﬁla@thryansekemdgb@umeph@ha%ﬂteof the Periodic
Tabl e and have macropores. A preferred netal of transition group WVIII
used is ruthenium To hydrogenate, three different catalyst types are used
- whi ch diferSsﬁbQEanBBSII@ibylosheiNﬂayema@eog@matdbwnebér dideBEFlsur f ace

ar eas. er t an.5 BET
surface "ar %E?EéﬁEphla@ Oﬁ%er pg‘fg?g%@g? ?{u averl:%et{%o?g %%r}rﬁet g?gf romb5
to 20 nnranﬁOBE¢OsGrﬁadef§p@a éré@tép5théﬁ 50 n2/g Catalyst Ill: average

pore di anet gr ggeager gEhag; 100,88% %@n%y%%g%wafﬁ% apga agéﬁatman 15
n2/g In addition to the pore dianeter, thé pore volune__forne gores of

a certain dFBREPEYILE SFEEHS eraverrhéupgeﬁﬁsﬂt Niat ef¥al &buRfi4 %’tﬁ
preparati oncgf:aggtsabyst;o%thé h@dﬁrésp@ﬁﬁlﬂgs'[élb@ﬁftbﬂcl ncahbehyiiem
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vol une by nmaopopeso@dlaﬂepporf)Zhaﬁﬂm@ -ar kmmnkappr@prez dz80 nfM) . The
aver age pore,djiane IS t 2 d T Vi and
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selectivity of ogenatron ca depénds n therr surface
properties v8e#d.as pore' size, BET surface area or surface concentration of
the active

15 WO 99/32427 and WO (00/78704 disclose 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

_ and BET surface area less than 30 m’/g
Catalyst II: average pore diameter from 5 to 20 nm
_ and BET surface area greater than 50 n@/g
Catalyst III: average pore diameter greater than 100 nm

30 and BET surface area less than 15 mz/g

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

approx. 90% of the pore volume by mesopores (diameter



nmetals. 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 | ong on-streamti ne.
In a continuously operated process, a catalyst is 15 exposed to

mechani cal , Qtfer fel?@nd cheni cal streSsés~which change the pore size and
the BET surface area and thus reduce the activity and selectivity of this

catalyst. 20_. In addition to nechanical abrasion, nany cat al )ésts al so
exhibit an eXpahsPBRIBE -t Re t|5’0r5@ Vo unedi el o afiet BPTeddd 26 t4&i d S

di gestion. Assipdes pobysar boxyhd cc@shers frequently contain small 25
anmounts of carboxylic acids, and traces of acid additionally formduring
the core hydrogenation of esters. Partial esters of polycarboxylic acids
or poly- carbioxydcciactdsanfienstbuvesvacg afi diycdrageaatimsequeradestaf their

structurg. THArgl el eoqacAXdLogenalian all usle 30 541 abl gokar A gont i nuous

process sho resistant = to aci ativel y hi'gh 't enper'at ures
under the BER cglenba¢onateadpri susfaThecsnrtateagiopertt égleofaqtﬁé’e

catal ysts angalso 35 responsible for their reactivity. The existing
catalysts are in need of inprovenent in this respect. O Z 6049 - 4 It has
now been found that, surprisingly, catalysts which conprise at |east one
metal of theral ghtdcaliyansi tioadgredp othkhecBeei odiveirbale tarth cyrsi st of
a suppgbt mat eritaJ havi ng ag.averaﬁe por e .di amet efa of 5 frggZ t.o 50 nm
and a naPr oW PBIE-Hff stPFBUFY ORChaTHHG &F i Hetpor8uSEar PROB & Al e

hydr ogenat e aarloinglt | ceacaiboxylaite acirdsy anglia@ratdear sestlédr prdaddtiom parti al
esters) in hj > € i vity ce-11 i e i significant side
reactions t??%f?off%%%%%ﬁ%%%g@a i%‘%@ai%ﬂ p%%gc\%&gg%?ic acids or their
esters. The present invention therefore provides a catalyst for

In a continucusly operated process, a catalyst is

15 exposed to mechanical, thermal and chemical stresses
7 which change the pore size and the BET surface area and
thus reduce the activity and selectivity 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 conditions.

The surface properties of the catalysts ‘are also
35 responsible for their reactivity. The existing catalysts

are in need of improvement in this respect.



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 Periodic Table on or in a support material, wherein the
support material has an average pore dianeter of from2 to 50 nmand that
over 91% of X4 tOHH pore vol ume of “ther support materials is accounted
for by pores having 20 a dianeter of |ess than 50 nm Catalysts of this
type may be used particularly for hydrogenating aromati ¢ conpaqunds. A

process for *cat'@Syt NeYl I8P dfoyBhat FRYT ar R & THpbindSadSing 55

hydr ogen- conftaidh Ngc@gasess®Vvest a taiat ysénahi pBtaConpii seheat diegsth one
metal of th eir%h.tth. transition %oug of éhenge%hodi c .Table.on or.in a
support materdE L VR TR Kt the SEhplrtCnatRl FaP fas AT iShvéfade pore
di anet er of fupgm: t ma%@rimlandaoves %% 3eolgehepbotal djpmmeteol wfe of the
Support gatenlg)s, 1§, ﬁ&%%wnéﬁﬁ goﬁ%9¥090%§?ehaxgggi u%&%%e%%%i%h;%¢55 Fhan
50 nmlikewi se forns part of the subject ter of "fhe "present. 7 nvention.
35 In princifgine-rdretat guysesennyseonprinse afjydeessnate t Baamaghch

transition gfa&%ﬂli@eaé’gagogin@/&bl&eﬂﬁees%%&isve(f@tpl érui%cit%raﬂ
preferably platinium, rhodium _ palladium cobalt, nickel, or rutheniumor a
m xture of GSESH49n Nigh \gelGctigid ¥ RéidedtPacsid Mf nEf i idkgeat i cul ar

is used as dikgiattdare: metsdde | nraddttibap totdhe ymd al SAldeePBhI®AL | Oned,
at Ieasi:O 5 ane netal of. the first, and/0 sevetq_ttlh. transition group of the
Per i odi t¥ Tabl'e Ty Hadi 1617 e Dr Cs]edﬁ 9 TR RTLEFYSts. Preference is

given to'using rhenium and/or copper. 10 The content of active netals,
i oo Sl LSl BheneysnLliopol e, ot e ddon, oo
metal cont edydriogenatigcreaapsabict mompiys toankhe i ewrpesnerstinche '
Periodi c Tablig 8adi id compounds, said catalyst comprising at least
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
greup 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 1is
accounted for by pores having a diameter of less than
50 nm likewise forms part of the subject matter of the
present invention.

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



15 the fifth or sixth period, e.g. palladium ruthenium calculated as the
hetal, is in the range from0.1 to 10% by nmass, in particular in the range
fromQ.8 to 5% by mass, very particularly between | and 3% by nass. 20 To
prepare the dé/@}@ according to the rEnyenti on, support materials having
an -aver age pore ameter which is in the range from2 to 50 nm are used.

(The average pore dianmeter is determned by Hg porosimetry, in particul ar

0Dt b SO3%do 28, Mndbe, GR35 Al | NESURRACAMERT Ll SoUsetly il s

possi bl e to 15t | ngul s vveen rhcropores pore €ss than 2 nm,
mesopor es (cherad oﬁsarilti't%ra@?lo‘rﬁ @etal 60 nm) and nmacropores (pore di aneter
greater than 30 50 nn). Wth regard to the pore type, support materials
having the followi ng pore conbinations can be used: a) only nesopores b)

. mcropores arfy #ddd b?’és toc)thesBBsRES ArdoREr dRIHeCmer d) af ettt es and
mesopor es artd-lémf@é@@pres t@l)a rf_l1@@%1&&/@ds@ﬁ§ﬁ@]@0teén@ﬂé10@10433:0uﬁ It is
deci sive for ?e: g % ﬁ%ﬂ g bihe cata ) aCﬁ)r ng to the_invention
that, irres b 1Dor&PsFz & s? ﬁEf?B‘F‘:, Yh@avBFS§E bord!

di aneter of tHehecampp.grsttsrrat ereferencbetiweryiZeandt50 wwind’r efteyraibhiny, 5 the

aver age por 'q;’@t is.from5 to 24 nm- nore preferably from10 to 19
nm The spe%q‘l o sucrecgpéicezr'area of the support (determ'ned by the BET
process by nitrogen adsorption, to DIN 66 131 10 is 1-350 n2/g, preferably

1- 200 r@bg zrﬂz.;rec@ﬁ@éﬁﬁawﬂ/ aéml@Q R/, ol N Jpaét'EHlearmé@aﬁ@ B%/ gy 50-80
n2/g o 1-40 n2/g. In a specifi nb0|rrent of the invention, the 15

cat al yst s arféLrpﬁ'tep%rP‘é/do{ls?ﬁﬁeléﬁbpé’ln@ P&t &I | HEHRFERIBVeFTONR Qi
particul ar e:\r@ 92%i odfict healb Dé ali Pogenevahuge fsomcaount ed fepsbypyi cro-

and nesopores eThe noble metal content, i.e. the metals of the
elghth 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, 1in 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
c) mesopores and macropores

35 d) micropores and mesopores and macropores

e) micropcres and macropores



pores having a dianeter of from2 to 50 nm 20 The total pore volune of the
‘tatal yst according to the inventionis fromO0.25 to 0.50 m/g, in

particul ar, fron1 0.28 to 0.43 m/g. The carriers used for the preparation
of the cataly c@pgaccording to the_igvention are solids whose average
por-e dlaneter and whose specific surface area are within the

abovenenti oned ranges. The carriers used may be, for exanple, the

fol l owi ng meter i 3l Sde@féi%‘@t %r Cé‘ﬁ@mbre%elﬂac&rbr?ab@ d@me a'dérﬂa t%x' de
silicon oxide, 30 alumnosilicate, titanium di oxide, zirconiumdioxid

magnesi um 0XASROEHENDr LA nedx AT CHE LPRei Fh 3k xt dFESSPRFtiNEdi BT ok e hese
support mat dxaé S Ry C@mm@@id@,l [ th@eta'ii}éﬂa@é k@ldree @aah8taet @fs and/ or

sul fur. startl teri for t pr t|o of th catal ysts
accor di ng td: %egli% S éf r}t at“éjﬁpﬁ:n tatitanic
acid). Mt at’arteanlao:reatajgde perebtcalam&xt@s aa | it @n medi abe 241 ITmDZ rorepar ati on
O Z. 6049 - %CTTC ﬂtn@rérﬁ’ %@et Lﬁssrlrﬁ:al sul fate process by digestion of

ilmenite w t%re acid mann's Encykl opadi e der techni schen
Chem e, 4th edition, wvol. 18 (1979), p. 574 ff). 5 The sulfuric

aci d- cont ai iy @Hi@%&r@&w affless tﬁ@béhggbﬁl a%%wm%fd e

sul furic acid and washi ng dem neral i zed al so partial
peptizing Wi BFEr I'Péf%@isdi kPlé BbRYEPERd ads XRG4 Uhi uFrPdR;)N $6 d3L the

anat asep bype by 16350i &g, atpﬁéﬁﬂa"&@]t@ 230Cm* 1§, Th@oﬁéﬂ fﬁﬂdf@r@@dl@ may be
renoved by Heﬁtoral iz él ng wth ia o éEalb rretal @x ? solutions -
and subsequer & rwashi &r Ar%lt E)8S bt {9 9c&thi on

i nvol ves wadhidiy t?g.sul furic acid 15 cont ai ni ng rretatl tanl c acid with

wat er -sol ubl e barium salts, for exanple bariumnitrate, bariumchloride or

barium carbonate, and-washing with water. In this case, titanium dioxide
i s obtai ned Iwhi cd compciidds bankegdiment 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 0.25 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 according 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 alumincsilicate, 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



salts and possibly small amounts of sulfuric acid and 20 sulfate. The
fmaterial obtained in this way is ground to the desired particle sizes and
si eved. The calcined Ti 02 powder and/or Ti 02 powder m xtures are

horogeni zed Wit h g he addition of water_and plasticizing assistant in a
m xi ng appardtus, for exanple in a kneader or stirrer, and shaped in a
shapi ng apparatus, for exanple in an extruder or a tabl eti ng machi ne, to

gi ve shaped Ies f i lets. 30
dubscauont EREAE 667 1900 S ST et ri B At bt eEOCh T aossTieR:
finished Ti®ZF supé@ﬁplﬁ@vu nglthe @@lﬁugw uctafriel acderfdi ngUldmena’ s

invention. EQf-hNQ AR ov&ggnt t@Eth%cH@ﬁha@k@r{lét abiihtycefi ttibe,Ti 02
support, it Is advant agggggus déscribed in 35 DE 44 19 974, to use a Ti Q2
tr

- powder i xt 0i°d -0l &at (4 H\/\owrﬂov?cfe’rs of different particle size

~distribugi on:m‘eor suﬂ_hjaridpp@d&idpé@ﬂﬂﬁﬂﬁiﬁ@ ettt 6040 ¢« &dinl,t hafease of the
titaniumdi_ox S res V\/mc been%]:%Ddlfled wi t h b&lrlu salts and

are used w 7 cEem?H% baGr uﬁpgorﬁ USIC pafdlertdd 0 VaTE 4 %% by
nmass. The cmﬁtelnt defihkredszedl f abeemayabe klko 5darfdaly pepts.izEnege

sul fate ref grgl osylidyc oal ol alsg, s gulfale of 8%&86‘&%85}&&%%% 6,

whi ch is not "presen ar'ium sul fate. Frée su ét'erm ned,
for exanpl éhebypnaitasest itotipeattvercaddidairivve tt riscsmedf0 gfo tfﬁ’eo €at al yst
materiapin aqueous solution, since barium10 sulfate as a very
substantially insoluble salt is not included in the determ natiaon. The
catal ysts a of et Lol ¢ heCiAvaRtd o ni§reEedo hivai MWt B3 2pphyi ﬁ’dté‘t | east

one netal ofinideiel ghdth 1321aansi theoraDr ougdebxtibe Pesd Dt Lodabl enand
| east one tal of the firs ransi - tion

optionally a and/ or sevenlh :
oFoup of 1 h&BEFRBRNE TaBTE Eo QA o BUBREPE. HAST S HrLe! podd ble 1o
pr epar e t hedaeaicivie fitetali®vnand nvidiegesupparsh ialg t hbesasa Lifung.c | ae:,ldjse an

unSUprﬂ§edconta1n1ng 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 4is obtained which comprises barium
salts and possibly small amounts of sulfuric acid and
20 sulfate.

The material obtained in this way 1s 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 deéired 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 Ti0;
support, it is advantageous, as described in
35 DE 44 19 274, to use a TiQ; powder mixture of at least
two powders of different particle size distribution for

the support preparation.



20 catalyst. The application may be achieved by saturating the support in
aqueous netal solutions, for exanple aqueous rutheniumsalt solutions, by
sprayi,ng appropriate netal 25 salt solutions onto the support or by other
suitable processes. Useful nmetal salts of the first, seventh or eighth
transition geotp P4Phe Periodic Table nclude the nitrates, nitrosyl
nitrates, halides, carbonates, carboxylates, acetylacetonates, chloro
conplexes 30 nitrito conplexes or am ne conpl exes of the appropriate
netals, and breteerizgeei 9fgithen tisanpamdioxtice swproFits sdyiichihades. In

the case of walal yadsi Migh.with agdidingn tai1the 238 netal @ieghe,@irghth
transition gro P@Of the Periodi¢c Table, conprise further applied netals as

active et PEIRRNFRL aFPgaPRgigm rFé?t%ﬂe%IJtS SeEtYEeRs Imlly € bl i ed at
the sane ti ey Omais,. sTEsessn@RntOdE 6@48er Fulh®atsdippait 5b§0at.6d -or

t t ta | t dri ed, f
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tures of fraos 2601fete0@E d>>n1cﬂda®1msstateséparv&t:e:h sasumatti reddres
catalyst is grigd.ahhel,9agh satyral 1.an ¢ Al e apdpgpticanabln ol ciged as
|c e ac

descri bed abov sequence in ve conponents dre applied
can be choserenplel ybyiGiopeitédeal 13ftahecnbinttee i brcotmens &dt ithe

conponents, -4 yiNge angh Gl Ni NG MByuReusl f 861 86i bR, 0n§1n8@er@éﬂﬂﬁn for.
exanpl e_by spr %lng an aqueous metal salt _solution .onto the support at

t enper at-fr es® t908€. a15"el'3ﬁ3é gubalpstdadé¥ortdisft WD ® heal hvdst ittt ar e

advant a- ' geoiusd M\ude@uipht theat @t @rmhapeiahl ch offers a low flow resistance
on hydrogenation, for exanple tablets,, cylinders, extrudates or rings.
The shaping may be 20 effected when desired at different points in the

The catalysts acceording to the invention may be

obtained by applying at least one metal of the eighth
15 transition group of the Periodic Table and optibnally

at least one metal of the first and/or seventh transi-

tion group of the Periodic Table to a suitable support.

It ié 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
suppert in aqueous metal solutions, for example agqueous
~ruthenium salt solutions, by spraying appropriate metal

25 salt solutions onto the support or by other suitable
processes. Useful metal salts of the first, seventh or
eighth transition group c¢f 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 1s 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 solutions may be

applied at the same time or in succession.



catal yst 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 batchw se over
suspended catal ysts or catalysts arranged in pieces in a fixed bed. In the
process accé-dndld’ the invention, pTegeTence is given to a continuous
hydrogenation over a catal yst arranged 30 in a fixed bed in which the
product/reactant phase is nainly in the liquid state under the reaction
conditions. Wen the hydrogenation i-s carried out continuously over 35 a

cat a: yst arrgngedsugpbdrtsd Xe@o@%@? i bri ﬁsad%aata@eoua_tho ﬁ\%ﬁ\é&rt dehe

catal yst into the active rm bef.ore the rogenat i on. iS_may

it ect od by TGN THE CORNarFaE o HHOUSh. SontaTREAG EHAE5: Ty a

. ‘tenperature f2céh 804%o LT ° Py ogndmoptHenaddiyctdainc imyd opti dradderade
carried put J he -pr C f | Ly d phase i trickl r. 1 he
catalysts Tﬁgﬂ¥?%u§g dﬁggg gggd1%%ybgg g'so ve%¥Qo%Q¥ﬁ% 8ﬁy§%§§éﬁ%¥%on
product. 5 RFetutstinmaceste aczbrlysy is dhéefineéheiroraci fSedramtiqer ocess
variants mayhg, Sﬁh_@th‘?ﬁtiéﬁaIs‘%%’h‘%ﬁl%%h"e@%@“ﬁes%@‘i%%f | §864¥. The |

pol ytropically or virtually i ermally, 1.e. with a tenperature rise of
typi cal |y | SEIREGE 100 108 Ch ntBpe2BE1YBr eCBPEREELS| ArehePPatitsr Bdse, al |
reactors, acheamgaaustdedpul ar reactors, may be operated adiabatically
or virtfﬁlly isothermally, or else one or nore may be operated

adi abatrcally and the others virtually isothermally. It is also possible

to 15 hydr ogeratonaliey ar ohet iappelonzduinds oA direai ghtipass:cmponsrttts,pr oduct
recycling. %fr%{i%{%e“&?d! éagb}fﬁﬁnpginégé@% > Pé‘étéé‘eiLﬁVGsti(‘%sgalp pcc%q{ ng to

the invention-inthe m Xe I qu ase or ase in
three_phaseﬁqgﬂgxﬁ@plm by spraying an aqueous metal salt solution

onto the support at temperatures over 200°C.
15
The catalysts according to the invention are advanta-
gecusly 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 cut 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
30 in a fixed bed in which the product/reactant phase 1is
mainly in the liquid state under the reaction

conditions.

When the hydrogenation is carried out continuously over
35 a catalyst arranged in a fixed bed, it is advantageous
to convert the catalyst into the active form before the
hydrogenation. This may be effected by reducing the

catalyst with hydrcgen-containing gases by a temperature



cocurrent, and to the hydrogenating gas . being distributed in the |iquid
reactant/product streamin a mnanner known per se. In the interest of
uniformliquid distribution, inproved renoval of heat of reaction and 25 a

hi gh space-téng y%glg, the reactors are @referably operated with high
i quid superfitia vBlocities of from4% To 120, in particular from25 to
80, nB per n2 of cross section of the enpty reactor and hour. Wen a

reactor is operated ip, straight.pass, the lLiquid hourly 30 space velocity
(LhSv) may BEGRESDal bBE BECHEbHBE  Tounartis HILY B Frstbrits off may. be
carried out thethecabsencefora lpreiiat aphyse nwhhehprtedehde sofowwsotivent .
Useful 35 so re vy, Liquid ich_faorm.a genequs. ., sol ut on with
t he reactanté%ﬁgig?gdugﬁg %gh§¥§‘§H§QF|gse§n &y ?%b i%ﬁ&@éﬂ%ﬂ?%htﬁe
condi ti ons anvddragebetéasipyoduehvved fromthe product. The sol vent nmay
also be & O Z 6049 - 11 mxture of several solvents and optionally
conprise water. For exanple, the foll ow ng substances nay be used as 5
sol vents: stFaFf ghtecREICDIS cPEFPEdERAer® e drypprdoret r&lf#{ER®E uran or

f“ oigne, gn%@%é@sgl i{gb@éﬁﬁﬁah§9\?ﬁbsﬁbﬂec‘ﬁ%ﬁQh Ittg(?na_%l hksé éefﬁxﬁf:?@i das froml

0 car bon ns, . cohol s ich can be use reference. are

i sopropanol ,2 %%kﬁE&ﬁﬁ%f§@d% %ﬁﬁﬁ?lQE%égu?ﬁuﬁ?rgﬂ%ﬁixIfsﬂ%&%ﬁmﬁfi%bnanols,

techni cal nohamol wiitht usestengeeaaoire tréckni chl twgdardllym essest lead

trideca%ls.1 5CV%$R q;coh Ls are q;gg @$_sgthﬂ}s,1£EF%gycg%e aqg 1t ageous
or’tha i Xt U woulrd be fTornmed o

to use fhat al coho al cohol re whic n
hydrol ysi s ofeatiecrpr odadvanthigsowsdlyd rivimilan byepebdust f oawmtilon by

transesterificationy AdidhercPref eded,sekygn i Siwehezﬂawgr ogepat i on
product itself. The use of a solvent allows the aromatic _concehfration in

the reactor $¥&¥ PBEhRT| MPLCeda PR hoRPFBW8IbaFigpatically and the
others wvirtually 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 liguid/gas

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

cocurrent, and to the hydrogenating gas = being

distributed in the liquid 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 velocities of

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

of cross sectiocon of the empty reactor and hour, When a

reactor is operated in straight pass, the liguid hourly

30 space velocity (LHSV) may assume values between 0.1 and
10 ht.

The hydrogenation may be carried out in the absence or
preferably in_ the presence o¢of a solvent. Useful
35 solvents are any 1liquids which form a homogeneous
sclution 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



tenperature control in the reactor. This may have the 25 consequence of

m nim zi ng secondary reactions and thus increasing the product yield. The
aromati.c content in the reactor feed is preferably between 1 and 35% in
particul ar b@:t%\eegoﬁgand 25% In the ¢ of reactors which are operated
by -a | oop nmet hod, "t he desired 30 concenttation range may be attained via
the circulation ratio (ratio of recycled hydrogenation effluent to

reactant). T e a i.ng i.nv ion.is i ed . 35 within
a pressure rrg%tg&%% fsor'Sf om%%q{eglagooggé&,ggfclﬁ p‘%?%li c(%f%lrorg%%enc%ralnsae 200
bar, very pafdt@utarly between 50 and 200 bar. The hydrogenati on

tenperatures O Z. 6049 - 12 are between 50 and 250C, in particular between

100 and 200C. The hydrogenati ng agse,s used nmay be any desired 5
hydr ogen- comt nFHGTHaSE  m Kiir €8 LhRMERId S HITEEHIR i HadnyPRIaHE§Eng|amount s

of catal gst smiwomss: for exanple carbon nonoxi de or hydrogen sulfide. The
use of inert ases _is optional, and preference Ls given to usin hydr ogen
in a purity of i%.esh‘?ﬁ%n c@%%cyicﬁlﬁgr Fit-gﬁFﬁr 1%)05re%}f%rppf%ar¥@%/%_ | nert
gas constit dgniso feyabeprf ailox@aypl @nd niaflsogerl igghatet daaé cohbeé si nidi vi dual
reactors ma edh w e r . r._ln order to mnimze
t he hydroge#%@tﬁ%ﬁ%%%%%%?‘#é }2‘%{%%2%? +g€éé\§is/§r%asﬁlf)?ﬁngg?rrn%m t he
-offgas, it is advantageous to use the offgas of one reactor as the

hydrogenati e asoid appibar 18aCt Obe  hQLgeXamplie, iaBeé‘egé%ess ap ch i's
carried out In two - reactors COI’lI’lECt_Ed In series, I1t°1s adavantageous to 20
feed fresh HYRRIGEF Mo TR SEINd RGN dnd 1P PaeNokhe il of the
second reacttwyxdrdlo, tiendndéss, teaBhOtall AohBhhs1Casstresdstaskmng '

hydr ogenati qn gas.  fJ ow in opposite sequence through the reactors. It is
advant ageougcetc'gmr%acfar{lt acij\énc%rho HYdt Dyer® g%&ée]sgjl REHEP LR 25 the

stoichionetric anmount required, below 30% in
15 When alcohols are wused as solvents, it may be
advantageous to use that alcohol or that alcchol
mixture which would be formed on hydrolysis of the
product. This 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 contrecl ‘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
ratic (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
petween 50 and 200 bar. The hydrogenation temperatures



particul ar bel ow 10% very particularly below 5% Wen octyl or nonyl
pht hal ates or their mxtures are converted to the 30 dicarboxylic esters,
out the hydrogenation corresponding I, 2-cycl ohexane- preference is given to
carrying in the m xed |iquid/gas or I|qU|d phase in two reactors reactor
is operated®if- 604Phe hydrogenati onm cbhriected in series. The first the

| oop nethod, i.e. a portion effluent of the first reactor 35 together with
fresh reactant is passed into the top of the first reactor. The other
portion of @he ketraent 56f angh@50i Fat imeewds qud agy dedgwrdt P4 ad r ai ght
pass in a sggeond reactor. Instead of one |large |oop reactor, it O Z 6049
- 13 is also possible to use a plurality of smaller |oop reactors which
are arranged in series or in parallel. 1t is |likew se possible, instead of
- a large ream&@r h%m@benatﬁhqme@ats}gsougjsem shapi ght pass, tdeopesdte a 5

pIuraI| reactors ich.are connecte ot her n or in
paralle ﬁB%%E%genp?g? ?gﬂ&gg,gag-Jghx %sﬁ%%gghfﬂgongkld%%ﬁ¢%§ctor and
only one reanyodamdgumg|ammmmtated|qauahxatﬂw0pagssrlﬁQﬂuﬁﬁﬁmmk%s

accor di ng tﬁ %ﬁ?e'%£%®£l 4 eh?&?é?@ﬁ”%hﬁ%&d& ofle/| usd0-JPOWherdecyl or

dodecyl pht s 1s prefera ried out under the follow ng
condi ti ons: QQﬁ%ScdﬁteﬁpﬁapﬁéﬁrofaQ%e§é€§ﬁFﬁ§ﬁ§te%saﬁﬁﬂﬁﬁleﬁPrdﬁ%%ngof t he

first reactl%df&(g@ﬁ L Ragt 9'[1):1":?7 bet ween thranthakd 93;@40 b Q@é l@wi_erabl y

bet ween-2 and 10% mass pr ef er abl betmeen
t he hy&pogé%%??B%reﬁﬁq@bn?sof ﬁﬁ@rﬁir%?s QeSS FuERE S dB%Ee Faﬁ of the
pht hal at es égahel@peniOrbgando20fetRAnby mass, in particul ar betmeen 1 and
10% by nmass. ‘
The individual reactors may be charged with fresh
hydrogen. However, in order to minimize the hydrogen
15 consumption and the effluent losses resulting 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 advantageéus to
20 feed fresh hydrogen into the second reactor and to pass
the offgas of the second reactor 1into the first
. reactor. In this case, feedstock and hydrogenation gas
flow in opposite sequence through the reactors. It is
advantagecus to maintain the hydreogen excess, based on
25 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  corresponding 1,2-cyclohexane-
30 dicarboxylic esters, preference is given to carrying
out the hydrogenation in the mixed liquid/gas or liquid
phase 1in two reactors connected in series. The first
reactor 1s operated in the loop method, i.e. a portion
of the hydrogenation 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



The liquid hourly' space velocity (LHSV, liters of fresh reactant per
[iter of catalyst per hour) in the loop reactor is from0.1 to 5 hl, in
particular. from0.5 to 25 3 h-1. The superficial velocity in the |oop
reactor is in the range from10 to 100 nB/n2/ h, preferably in the range
from20 to &0 ZB/GR4%h, nost preferablyli3n-the range from 30 40 to 60

nB8/ n2/ h. The average hydrogenatlon tenperatures in the |oop reactor are
from60 to 150C, in particular from70 to 120C. 35 The hydrogenation
pressure initshealsop pasitore | sof ruge 25 pld100i thar ofi rsipakig¢cullacrf rom 80

to 110 bar. Qchli%nidd o8 HheHddaient gbile SACODA Laashaey the

concentration of reactant is less_than 0.3%by mass, in p rticular |ess
than 0.1% by thadg, Ver§riis t PesSaPLe/| e%%s*%%‘ﬁ @ 08% HREFRsFEB LPRe | qui d

hourly spacen4elrocid yfl@wéﬂetﬁe@agﬁl rlaacsttqralgMﬂ tdss Of tooBpkrafthal ate per

it f t t t 2t
10 b’ 30" P B3 AR Ty B SqEO PRAGERAl EPe cREh S EEen 60
and 150C, idrpagdrias aor?ﬁ)napdﬂaﬂ(l@l Thowgidmgeped f @repeesser givent he
second reactyl hSipdS O 8Rol ARR0 haccbh Rard T ghar diemAa Lo, 110 bar.

The process dccor &F nventt oh-ar aroma MpouUnds “such as
aromatic poM@¢C§ndﬂ§r ﬁm@n@@@@oxvil@traagﬁ$ opasﬁelrIMeHﬂvatﬁw@@eSﬁn

particul ar afa%orrdqldfgylt@%rﬁe%tﬁq@enﬁpo@e EQQVEgEEQ?&Hawan%r g:%%fid' ng
alicyclic polycarboxylic acid conmpounds esters an ftia

esters hly PeHidr ogétraied. OA faiprieéréftler Rhthelatdpouhd | RraficdRdM  acid
groups are estrefiidd etht hdldd alheeHANDWANTRy GUMRDWIdShravi ng at | east one

free
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 hvdrogenation effluent of the first reactor, the
concentration of the phthalates is between 0.5 and 20%
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 from 0.1 to 5 h”, in particular from 0.5 to
25 3 nt.

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.



25 acid group (or optionally an anhydride group) and at |east one ester
group. Wien pol ycarboxylic esters are used in the process according to the
i nventi.on, ,these preferably contain 2, 30 3 or 4 ester functions. The
aromati ¢ conpound pol ycarboxylic esters used in the process according
to the inve 1%ﬁ1é§é§preferably poIYb&ﬁbdkylic aci ds of benzene, diphenyl,
napht hal ene. 35 and/or anthracene, their anhydrides and/or the

correspondi esters._The resulting alicyclic poly- _carboxylic acids or

Lhei r deri vath Vate (ohEh i ofooridiroeg e GEARIOTE thi GPRGeTiHga.on
optional ly ldfhkedagtana G<C beas ahanfuselk oby Thassgl cboholpacanpanent of the
carboxylic esters ed .5 preferably cansists_of.branched or unhranched

al kyl , cycl§§¥¥§lFH%P a?k%gyalkywaarbuﬁgﬂﬂ%vPﬁﬁ %Fgﬁﬁflyb g%ssc§¥5%h at ons.
- These may b .identhcatasF. different w thin one nolecule of a

pol ycarbgxylic ester, i.e. they may be identical or different isoners or
possess 10 an identical or different nunber of carbon atons. It wll be
appr eci at ed Tfat1i¢uid BpYyslpospiasice ed ey i Wonkhe RRERNAed@eEHE t he
substi tuti on ipatd:a noef Hdig,1 apREBLLELEY He@M i Dréhe Jror Bueh1gsai Hadpre, for
exanpl e a 'xtﬂre.of

ht hal i c_est d terephthalic ester. 15 I'n a
preferred ef5otdi/nent, fﬁ@mpﬂesgﬁt f@V@Etidﬁ“ éF&Hé§ﬁFHTa bPBcess Hor

hydr ogenati ng kehzene-1,2-, -1,3-, or' -1,4-dicarboxylic esters, and/or
benzenel ,2,3-, -1,2,4-, or -1,3,5-tricarboxylic esters, i.e. 20 the
i soners™ of cycl ohexane-1,2-, -1,3-, or -1,4- dicarboxylic esters, or of

cycl ohexane-Ih 2the sSEXRBL, regctol,2, 41y | eachowy | Ceogtearasaree dist ai ned.
Esters of t f j 4 i i cexanpl e, may be
R Rl P NG R MRS, %%Br%‘éplhﬁ%&eg@ fgrgcg e g

used in the process of the iInvention: car boxylic acid,
napht hal ene-1, 3-
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 alicyclic
polycarboxylic acid compounds. Both full esters and
partial esters may be hydrogenated. A full ester is a
compound 1in 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

least one ester group.

When polycarboxylic esters are used 1in the process
according to the invention, these preferably contain 2,

30 2 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 acid, naphthal ene-I, 4-dicarboxylic acid,
napht hal ene- 1, 5-di car boxyli ¢ aci d, naphthal ene-1, 6- dicarboxylic acid,
napht hal ene- 1, 7-di carboxylic acid, 30 naphthal ene-1, 8-di carboxylic acid,

phthal i c aci (b ne-1, 2-di carboxyli.cc acid), isophthalic acid
(benzene-l,égd%baggégylic acid), terepﬁﬁ%alic acid
(benzene- 1, 4-di carboxylic acid), benzene-1,2,3-tri- carboxylic acid,

benzene-1,2,4-5ricarb ic aci,d (tri, 35 . mellitic, acid) enzene- 1, 3,

5-tricar boxerO]]T;éé a(E‘ai dP%(%{(#’ 3 st’ll-(:o(ng(:lilé/) (l)rln' 892@%‘-’-‘ 1,2, 5-3 ﬁ%?’?‘gcé)rfboxyl iC
acid. It isfudesd possible to use acids which are produced from the acids
menti oned by substituting one or nore of the O Z 6049 - 16 hydrogen atons
bonded to the aromatic core with alkyl, cycloalkyl, or alkoxyal kyl groups.
It is possibiket@&lggdadl kgpmrepenbal &yl ther epsboxglarkoxyaekyl ussackrs, for

exanpl e, 50f gher abayEierlon@ied sach €S b AR d adi-calspeasbhéadepandent Iy
including from_ 1 iqﬁfS, in qﬁ%}lc llar from3 to 15, ver articularly
froms8 to 1EYPHRHE G ar Py ¢1kozm r%(.ylat%ﬁ%L.lpsl'hB@glngadci%&F slm&9 72 1 i near
or branched.cddben stattdmang Nhamd emizal has nienhtiadl ong estifeyieaitp, these
radi cals may. ke identical,or different. anples_of .conpounds whi ch may be
used in the %lrtg%:lenss%ngf {%ﬁégf:lrl\v%nt?%naaspgg%’ggggﬁgf{y ﬁcap%?ﬁ—a?}ft 5 €-

pol ycar boxyltfeachndyake titerldaw ay: didfererity| isereephbhalratssesdi met hyl
terepht gl ate, dughBybailelerhipababe, dhufisdlf 0Byl dangahtbabate. i butyl
terepht hal ate, diisobutyl terephthalate, di-tert-butyl terephthalate,
nonogl ycbl tErlephPRal 3R fiSEoFhag tik epiit il @ e POsSd&tly@  ter ajsiet hal at e,

dii sooctyl itsnephd hal ek ereghrad- ebhexylp 4 €f epht hial ?&@teﬁ'h‘ B RowRy!
t erepht hal ate dllsonOQ%l t er epht hal at e, gl-n-,decgl er epht hal at e,
di - n- undecy 12t BEpHt MY 2T 10 FiodeeyT Pér 8pRtkaPAEe, TaM STAGISy I
t er epht hal atrel,x 2 edidf iglehd 1 itcereeptd hadrad e e xkphiclofl bdeeytet er epht hal at e,
di i sooc{adecyl terephthal ate, di-n-eicosyl tereph-
' In a preferred embodiment, the present invention
relates to a process for hydrogenating 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.

Esters of the following aromatic carboxylic acids, for

- 25 ‘example, may be used in the process of the invention:
naphthalene-1, 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~1, 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



t hal ate, nonocycl ohexyl terephthal ate; nononethyl phthal ate, dinethyl

pht hal ate, di-n-propyl phthalate, di-n-butyl phthal ate, diisobutyl

pht hal.ate, -di-tert 30 butyl phthal ate, nonoglycol phthal ate, diglycol
phthal ate, dj-#- og@y{; pht hal ate, dii s_oogéy_l, pht hal ate, di-2-ethyl hexyl
pht hal ate, di=n-nonyl phthal ate, diiso nonyl phthal ate, di-n-decyl

pht hal at e, di - 2- propyl - heptyl phthal ate, diisodecyl phthal ate, di-n-undecyl
pht hal at e, dii y a e A I . .

Pt hal at o, di - RTARI SR sFRRATKERRE! (e (BT amengiic core with alkyl,

pht hal at e, dicyckoabsyl phehatdkexyehbey cyohery|

pht hal at e, di cycl ohexyl pht hal ate, nononethyl iso- O Z. 6049 - 17 phthal ate,
di met hyl i solpht hal at e, di methyl isophthal ate, diethyl isophthalate,

. di - n-propyl 1% sobht RESTELYi -FRbUHSE idbphthal@telodliksbbutgy else

i sopht hakat e 1lebhx¢£1ky bub¥keirsophidial @t@pr@nogtyeak s R ey

di gl ycol isophthal ate, di-n-octyl isopht E%I ate, diisqoctyl . isophthalate,

2 0t hy ! hexy S Lot RaFat BROGREHn6RTT RODERERSEEEEY drAHg Eron

i sopht hal at €], to-A5dedyl pasuphtiiamtfrondi 3sodetyl, viexgphtdrwtiahelarly

di - n-undecyl - j sophi hal at e, di| 0 kKsop te i -Nn-dedecyl

i sopht hal at ef,fo@??t Ir% dggyl %3I’ i E%gggggﬁégé§ d?f n-%%:?}g%@cﬁtc?%%bh?ﬁ?i Sa‘%/e,
diisoocta decydi¢asbphtial ate diinessi cosyl brsophetial ate, aore-axyioidhexyl

i sopht habat gyatlx-il{1e RESCRESAGERIMI ¥ tOs{ DL b?&ﬁgt,' QR CAN Ay d i pl e

al so be applied to benzoic acid and its esters” These inclu e benzoat es of
diols, for &&mite Hiselcali pendbbfereqyt et hyl ene gl ycol benzoate,
triethylene glycol dibenzoate and propyl ene glycol dibenzoate, and 20 al so

al kyl ' benzoates. .The alcohol conmponent  of th al kyl. benzoates may consi st
HIE R PRV, B one S ofis | AOTHRE

of from 1 td FBPIF%f3t abPYPOEP on s FRCTHYE AiTohol s may

be |inear arf brartohed. i2Behtios al 86 possible toofise minxt ursasomdtiowo or

nor € 15 polycarboxylic acid are the following: monomethyl
terephthalate, dimethyl terephthalate, diethyl

terephthalate, di-n-propyl terephthalate, dibutyl
terephthalate, diiscobutyl terephthalate, di-tert—butyl'
terephthalate, monoglycol terephthalate, diglycol
20 'terephthalate, n-octyl terephthalate, diisooctyl
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,
diisococtadecyl terephthalate, di-n-eicosyl tereph-
thalate, monocyclohexyl terephthalate; monomethyl
phthalate, dimethyl phthalate, di-n-propyl phthalate,
di-n-butyl phthalate, diisobutyl phthalate, di-tert-
30 butyl phthalate, moneglycol 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, monoccyclohexyl
phthalate, dicyclohexyl phthalate, monomethyl iso-



pol ycarboxylic esters. Exanples of such m xtures may be obtained in the
following ways: a) A polycarboxylic acid is partially esterified using an
al cohal. in 'such a way as to give both 30 full and partial esters. b) A

m xture of e&} éeabsthéwo pol ycar boxyl i c aici_ds is esterified using an

al cohol, producing & m xture of at leddt two full esters. c) A

pol ycarboxylic acid is treated with an al cohol 35 m xture, and the product

may be a m re.of full ester ) A pol ycarhoxylic acid is partially
esterified >I(“)td%hr'?‘”‘gl’Eﬁaicn(:"’aI coho l%ei{lﬁge. o) iycég-ﬂtgiai?al%e’ e) A F?ilgl?%glé'lof at
| east two carsvphtizlaud ds i siigqiantli al | jsephéhifliedd usi ngliam-giroplydl

”‘Xture;'f)i%q§H€HHf§é€,%ﬂ LA AP pO'¥§§ﬁQ§ﬁ¥%&EeaCid%ih%obﬁﬂgﬁia!'y.
esterified usi % an al cohol m xture:” Tnstead of the pblycaiboxyli¢ acids in
reacti ons apsaphthalatifei r dhhiert dustyhy apephbbaliged, Aromacilycedters are

frequentsy preparedistdust ri dilgnydoiom akeehek naivgtdres, 9l -pabiiqul ar the
full esters b &% route c).  Exanpl es of correspondi ng al cohol. . m Xtures
i ncl ude: C5 EOPHAR LA ur ed1pFBSFEY f riGiRRAHER2 tin enesehpylhexyl

hydrofornyla@o@hﬂhﬁﬂanﬁxlbyjhyﬁﬁﬁggﬁatiFﬂ$o§5tﬁé£@h@t nhﬁﬁuggﬁoﬁygpaged
from but ene . xt ure ich 15 conprise |inear butepe and j.sobutene, by
hydro- formyl& ﬁlt){r?afi(ﬁvﬁnedwed %Jy Ihycg%)%‘@énatf%%p?héai\?gghol ﬁil%tsﬁglgé:y repar ed
from a pent éseptrthfalgrhea dilxtwuedetytlwo isophihe lpért, endd i sbyodecyl

hydr of | gt f.ql.owed _hy ti 'P%pc oholg . mi r :
pr epar g%@?rgﬁog?ﬁt&aﬁﬁ%ﬁe o?¥ gi gégg‘gﬂg og%fo omhg17 %%(eg’ne fis?glﬁeﬁ?éggif rom
anot her ' i XE@PE LR lirdeene disamecs adey iy diePahimpedeiten f Giiiemegtaby
hydrogenat i gecy@8 alse@hehalitkyr egi-aueh asy2- etibyheranak«(2 mono-

cyclohexyl isophthalate.

15 The process according to the invention can in principle
also be applied to benzoic acid and its esters. These
include benzoates of diols, for example glycol
dibeﬁzoate; diethylene glycol benzoate, triethylene
glycol dibenzoate and propylene glycol 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 or 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 1is 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 polycarboxylic acids is

esterified using an alcohol, producing a mixture

of at least two full esters.

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

a) A polycarboxylic acid 1is partially esterified

using an alcohol mixture.



25 isoners), prepared by al dol condensation of n- butyral dehyde foll owed by
hydr ogenati on; C9 al cohol m xtures prepared from C4 ol efins by .
di meri.zati on, hydrofornylation, and hydrogenation. The starting materials

for prepari rr;(? %he é:g al cohol s may be 30 élsobutene or a mxture of I|inear
butenes or «€ur@¥%3f Iinear butenes &hd isobutene. The C4 ol efins may be

dinerized with the aid of various catalysts, for exanple protic acids,

zeol ites, orgﬁro tallic nick&i ﬁo ounds, or solbd ni ckel catalysts. The
C8 ol efin 355 xtOr 85 Hdlf De Oy dPbf of TRT Gt &0 CATPREYALE oRCHABMI i

catal ysts or cobapércatdlysésteFhéiedi ssiherefosecaholi dexvarkety of

i ndustri al y al cphgl _m.xiures. .O 6049 - 1 10, al cohal _m.x{ ures

pr epar ed frgﬁgtri%rggxpgﬁé ggséhyd%%?%an %tP%%Y%%FP8ﬁE lSyaﬁ Sod@%ation;

- 2- propyl hept anolPgPtigbherejiprepaeddubynal aol alcondkbnsastone. of

val er al dghyde fol | owed by hydrogena- 5 tion; Cl0 al cohol m xtures prepared
froma mxture of at | east two C5 al dehydes by al dol condensation foll owed
by hydrogenst§etRd c28 &heomsIlvifaansresl i eraket iR oRfREXABRRYIN&C 10
thefjrapropy_! efe, &ﬂ?\eififkm%dhl.eid@y'rhélﬁr&)igénh(éa@%@@, fgl Ibovveg 3y f Lati
‘hydr ogenati opn. er al cohol m xtures may, be obtai ned, by r of or ation
fol | owed by%?ﬁe‘ﬁaﬁs 5 o5l eFFﬁgueéFEESI 9P SE ur]é‘éi‘zﬁﬁ’%l@]alr se, for
exanpl e, in flforki stheteTropschrsynt haseartipudehydhegenatli enscadfs by

hydr ocag gons, i @)t athesis reactions, in the polygas process, or in other

i ndustrial processes. Oefin mxtures with olefins of differing carbon
nunber s may Etawirs wkdenr grrpatinal ebbohohimixteses 20n¢hudde process of

the Invert! ot anyofslermMtiise JNapal&d Ihom aieRBLLe halysal byl i
acids.and the  abovenentioned_al cohol" m xtures may be used. Accordi‘ng
hydroformylation followed by hydrogenation:
Cs alcohol mixtures prepared from butene mixtures which

15 comprise linear butene and iscbutene, by hydro-
formylation followed by hydrogenation;

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

20 C; alcohol mixtures prepared from triethylene or
dipropene or from a hexene isomer or from another
mixture of hexene isomers, by hydroformylation followed
by hydrogenation;

Cs alcohol mixtures, such as 2~ethylhexanol (2

25 isomers), prepared by aldel condensation of n-
butyraldehyde followed by hydrogenation;

Ce 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 isobutene. The C; olefins may be
dimerized with the aid of various catalysts; for
example protic acids, =zeoclites, organometallic nickel
compounds, or solid nickel catalysts. The Cs olefin

35 mixtures may be hydroformylated with the aid of rhodium
catalysts or cobalt catalysts. There is therefore a

wide variety of industrial Ce alcchol mixtures.



to the invention, preference is given to esters 25 prepared from phthalic
acid or phthalic anhydride and a m xture of isoneric alcohols having from
6 to 13 carbon " atoms. Exanples of industrial phthalates which can be used
in 30 the pg H0gesgnel the invention inc%gde products with the follomnng
trade nanes: VEstlno C (di-n-butyl phthalate) (CAS No. 84-74-2); \estinol
I B (diisobutyl phthalate) (CAS No. 84-69-5); Jayflex DI NP (CAS No.

(68515 45. 1) CTRbSt Rl o (AR S TS: o) P (AR5 10281 1)

Li npl ast 68-FXACPEPARYASE 18N CAS NJ.ovEZE53- lm 0) hydregkinat iDHR ( CAS- No.

68515- 50- 4 CAS 5No. i 54- 26, 3) ; . Jayf | ex UDP
(CAS No. O A i Qggg% Lo UPQ&C%?S 8 50951%55 w flaeg DIDP ( CAS

. 'No. 68515- 49°% enﬁ%{%?@x ?@PW%%N@G%Sf@QlWedJaW yEageEnat CAS No.
68515- 4355) ; tﬂcatyflex L11P (CAS No. 3648-20-2); 5 Wtanol 110 (CAS No.

P665- 6. ) | CUnPrOEroRe A, Prspats o 1, iRl S fof e koas o,
90193-92- 3)t;wdu i asltld:eazéﬁe(sCAsyNoalaa%seaﬁdémsatmpl asb1 63084 (IBAS No.

68515- 51:5) ; FP (CAS No. 68648-93 10 1); Linplast 812 HP (CAS
No. 70693- 30%‘?9‘9%%%&?%%[ AH (CAS No. 117-81-7): Palatinol 711 (CAS No.
68515- 42- 4) ; C13Pal 3t FRRPL 91 MAST ND.  H35P5T4Y- 5) from| atmwoaeuuyx@n@ No.

3648-201) . Ped AlpROby T EAS N 2676Dud0r): Bl atifiolo RLER L
84777- 06-0) Aé-VCAS 15 No, 71888-89-6):" Pal ati nol .
53306- 54- 0) ; fo%%"t"?%? CEAGCRBEL19R7- 81- 7) . It i s pointed out that the

core hydrogemgiéon okleatll i sanextwses i nmbhe case hyabQﬁF?@kion 5? t
Fo. ot er cor SEers T Yobias ToRBPbHuETs v oParTaen e Tt | ng
st er eoi sonerar t cceathnot e taepend viniclt heachsa) ysfousedxanglen t hien
hydrogenati of LOndit4O8Ssch  syntheses,  in dehydrogenations of
hydrocarbons, in metathesis reactions, in the polygas
process, or in other industrial processes.
Olefin mixtures with olefins of differing carboq
numbers may also be used to prepare zlcohol mixtures.
20
In the process of the invention, any ester mixture
prepared from aromatic polycarboxylic acids and the
abovementioned alcohol mixtures may be used. According
to the invention, preference is 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.



25 Al hydrogenation products having any desired ratio(s) of the

Stereoi soners to each other may be used wi thout separation. The invention
further. provides the use of the alicyclic 30 polycarboxylic esters

prepar ed ac§o %% o the invention as, plasticizers in plastics. Preferred
pl astics in ¥&  homp- and copol yfiérs based on et hyl ene, propyl ene,
but adi ene, V|nyI acetate, gl yci dyl acryIate glycidyl nethacrylate

a1 Conol o hag Ty rPdmiane T8 L P bonCaPonrs) Bomked 10 tnd 08y8n at om
of the esteDIYPOUTASSMNG. erﬂeiaﬂ7—09z—5)604:9ayf129:lx REPy | (mASrNbe, 68b1lhono- or
copol yners gz QXQHJ%¥§¥§§Iﬂ§P %éﬁgphgs epQ@§eﬂtatj ﬁfl@i Lgﬁlabove

groups incld oW N yacryl'at es havin e same or
different al(kps Nbamﬁﬁﬁkﬁﬂﬂﬁnﬁkjfﬁaﬁﬁkﬁxcﬁ$ﬁﬁaf%%% Heons86B8ndEd2t 6 t he

oxygen aj ok 1hie aSier (HLUR . Ie"Bsptaerischﬂ)ar uti@tfarﬁat i he roa@uwts n-hexyl,
n-octyl, 2-ethyl hex or 1sonon nethacrylate %nethyl

I |  rad
met hacr yl at 61076 Lkeilhy®hideala 689§I1§bry g 82¢8F06Py rer&t Bret h-
acryl at e- but EhsﬁwdlanW4@-€7)CppDixyﬁBa§t ebhy! exye- wzts/INoaceoaee eapolyrrer s,
chlotlnated oneHE%%1q$ ﬁ3#Er|E§§ bbe gzggt%bl h;rg#gggﬁ%%glgﬁgﬁst{gene
copol yners 0 p - e
copol yners, (SRgr &loe- &Eﬁﬂ&ﬁﬂﬂﬂﬁﬂ(éﬂﬂﬂﬂﬂ@ﬂﬁﬂ@ﬁ BRr yCAS Notr bBé4Bubadi ene

rubber ty&ﬁrnegﬁ hﬁ%be{egdﬂeaﬁ%ogﬁﬁ NGTPME93-30-0) ; Patatinol Ag

nethacr ate née c Ners and/or nitroce ose
FurthernDre(CﬁﬁeNﬂ|<%Aﬂ1&ijﬁﬂquﬁﬁlﬁﬁQan:1%&ek%ASpN@paﬁéalécéaréﬂng to the

i nvention mtéleel%qd Jof @Rdl Y .NGs b BSLE §- B Xt WaaSt k@1 exaNRLRst he
m xture of _a polyol efin mnt a polyam de., M Xxt tures of Elast|c§ snd t he

alicyclic p8Pycarddydlc2)2s epﬁlé‘r%"t?rlepa? ed{GeoriPng £8/PRe*Pavénti on

| i kewi se  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 peoly-
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 1n plastics. Preferred
plastics include PVC, homo- and copolymers based on
ethylene, propylene, butadiene, vinyl acetate, glycidyl
acrylate, glycidyl methacrylate, acrylates, acrylates
35 having alkyl radicals of Dbranched or unbranched
alcohols having from one to ten carbon atom(s) bonded

to the oxygen atom of the ester group, styrene or



formpart of the subject matter of the present invention. Suitable

pl astics are the conpounds already nentioned. Such m xtures preferably
conpri-se at | east 5% by weight, nore preferably 20-80% by wei ght, nost 30
préferably %9- Oqggigmeight, of the aligyclic poly- carboxylic esters.

M xtures of plastics; in particular PVC,~which conprise one or nore of the
alicyclic polycarboxylic esters 35 prepared according to the invention nmay,

for exanpl e, esent_in the follow ng_product.s or be used for.. their
preparatioma?§§§&%ﬁ%;i622 OTc adt YR fogreléggﬁ%ﬁﬂe%%uiﬁﬁenEYQ%ﬁcexanple
kit chen apgﬂhﬁﬁb@@1 conput er casings, casings and conponents of _

phonogr aphi éHbeé%eﬂfSf%?rﬁ?ﬁ%ﬁ%?@%gsp??fggeaQBBQQtg?FgP%aqﬂ%iu&@re

sheat hs insul ati'ng tapes ( ro 'nint decoration, in
~vehicl e and tharfRtlewireiztaiet¢dn, plastisols, floor coverings, nedical

product sp fqosh packamd s SBabSngf i kiR . s&@POSEt egl klra® enphonogsAPhi C
di sks, synthetjc |eather, to¥s, packagi ng cont ai ners,_ adhesive tape fil ns,
10 cIothingFQAkEQ%%Sh%ﬁHn%sf PBefs Hbrd G, 2tomadhrirsA £ e

s
abovenent i oned/gppl beahi @S, thbe esld:yghbappoliycaphprytitaestensiy epar ed

according t the Jjnvention nmay,al so be used as.a.lubricant .15 conponent,
or as a constl lﬁﬁﬁu%ﬁfto%P?%ﬁy}Iqﬂiagggxd gnﬁ?%V%&?ﬁV g o di%FE ey may
| i kewi se be wmbdals, a rodgpenbacriydadpes, palynmsthyhks medhaadhdsitnegs. The,
exanpl eggwhigh .0l | & d 1%Qg§d Lo, S the ntiqQn._ wthout
restricting its‘#%ee%%%g abg%lc ti%n &%%Eﬁ %gﬁ5§¥m§?§6e§ﬁ3§$ﬁrgkﬁ?he
descri pti on 2%t &R it eht Meraras Y IBkanFeral wBe s epgitanileneofviayl t ani um
di oxi de suppidtdtd @opdlghksls, acR0bdingLbq 1 yomapidan, Conmmriaial |y
obt ai nabl e netatitanic aC|9 SHéTLCB), an  agueous suspensi on which formally
cont ai ns 30% Sss acrylo itrile~butadiene-styrene 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 polyamide.

Mixtures of plastics and the alicyclic polycarboxylic

25 esters prepared according to the invention likewise
form part of the subject matter of the present
invention. Suitable plastics are the compounds already
mentioned. Such mixtures preferably comprise at least
5% by weight, 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:



of titanium di oxide 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 danp filter cake formally had a
content of 4]. E%ﬁ ¥aguss of titaniumdioxide and 5.3% by mass of sulfuric
acid. 35 85 g of bartumnitrate were added at roomterrperature to a
suspensi on of 3000 g of filter cake and 3500 of water in a 10 1 stirred

tank. The ad@égéi&g%mfot%aréf@tﬂéaft%q%?ﬁtﬂe%%d i fagéﬁpiﬁ r}terrflulngultlof

acid O Z 604 bei ng conver ariram’su
one hour atarmbmm@mera@mp@terheasmsgenscaﬂlms fainkt @tadbon'éhre:sfldﬂ er cake

bt al ned_vesHlbd Sk Andd Una 661 YA APYLS, AIRLADSN, GALE1 N o S20C T

hours. 5 Inthistinme, the content of "fr ‘at'e rm ‘of
sul fur triodRlSs fUitRer FRRANEY. FREUSBLIBT0btERRRE f 6FMalMinddnt ai ned

91. 5% bysmasgsrefilddt anigm dnesirder 5.%dParirss of ibar vumisukf atgand 10
3.1%by mass_of free sulfate. This solid was ground to give two powder

types and t e dbsTPER p%?ﬁ%lf%cgli% RS SRR SRVe Sowder
consi sted ofmegiardl cl gsrduanvatixg palfblod| e paab&gbhgf romdals, 30 ﬂ;mmsa,nd t he

ot her powder, of %ﬁffbré ckfmean?anﬁs |n 3 %% of 1 from€2iL e%goo][n The

two different
powder mi xt ufrCEYSr 13chd$ﬁg9@det¢@/¢fem3en@;($de (alé@IeﬁaWeV\BRtape, rfeinufsact ur er-

Uni on Capbi de Lot es atd f I o) gul'mnal MPHC 50,
manuf act ur er Aquaj}qg% He%%%%%gjd%lb{b%yg%ﬂ%fg f(j# %%rslél bers (8031,

manuf acturer Bayer AG, 70 g of ethylene glycol and 200 g of water were

added. The Tresuldding.on xﬂ:ur etM@.S é_}@é@gﬁé}hgﬁﬂné(ﬂl apender i e, tdhen shaped
wth the aid.aof _an extru B xt rudat mtheformofﬁg cglinder
having a ci Feti B dianB? lyc81r 5Y18 ?fasaplrgﬁ’ﬁﬁﬁdofa??‘a Ao % mm  The
extrudat es bhker e dnvedtatn80@afyor alv®e beur sisand tden aal diurad cint 450C

for fiveshoWdmonent, or as a constituent of cooling liquids and
' metalworking fluids. They may likewise be used as a

component in dyes, paints, inks and adhesives.

The 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

25 -Preparation of a titanium dioxide support for a catalyst

' according to the invention

Commercially obtainable metatitanic acid (H:TiO3), an
agueous 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
l 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



The physical paraneters of the support A for the 30 catal yst according to
the invention prepared according to exanple 1 were conpil ed in table 1. As
a conparison, the paraneters of a support B frequently used in industry,

from whi ch nQ gat 6{)X§t according to the, invention can be prepared, are
listed. N ~-21%" | w 4J4-) d 44cmPrTO  OaaCrCLn aW 44440i 0 ON W

-rl+"a 4JW arw OP4. 000 a44-)14co 00)toUd tr) 44 EEAV
being converted to barium sulfate. After stirring for
.one hour at room temperature, the suspension was
filtered. The filter cake obtained was dried at 110°C
for five hours and then calcined at 520°C for 3 hours.
5 In this time, the content of “free sulfate” in the form

"0of sulfur trioxide was further reduced.

The solid obtained formally contained 91.5% by mass of
titanium dioxide, 5.5% by mass of barium sulfate and
10 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
15 from 20 to 500 um. The two different powder types were
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 Aqualon-Hercules GmbH),
20 70 g of glass fibers (8031, manufacturer Bayer AG),
70 g of ethylene glycol and 200 g of water were added.
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
25 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 physical parameters of the support A for the
30 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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Onr-1 r4-1r-1 ZzH wLOrd4dNN ON o NHI Q@ ON~1 t- 0 E+
R, v OZ 6049 -- 25 Exanples 2 and 3 Preparation of the hydrogenation
catalysts A and B For the preparation of hydrogenation catal ysts based on
the supports detailed in table 1, the supports were 5 first dried at 80C
After dryi nd?-zt-hé%‘{ﬁ)ports wer e saturated or spray-dried with an aqueous
ruthenium(l11) nitrate solution which contained a ruthenium concentra-

Examples 2 and 3

Preparation of the hydrogenation catalysts A and B

For the preparation of hydrogenation catalysts based on

the supports detéiled. in table 1, the supports were
5 first dried at 80°C. After drying, the supports were

‘saturated or spray-dried with an aqueous ruthenium(III)

nitrate solution which contained a ruthenium concentra-

tion of 0.8% by weight.

10 For the saturation of the support, the Ru solution in
nitric acid was diluted with water to a volume corres-

ponding to the pore volume of the support.

The Ru solutibn 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/nitrcocgen mixture

(ratio 1 : 9) at 200°C for over 6 hours.

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

diiscnonyl phthalate (Vestinol @, OXENO Olefinchemie

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

was decompressed and the reacticn mixture was analyzed

by means of gas chromatography for its content of the



tion of 0.8% by weight.

solution in

to the .pore volunme of the support.

0l Blanas,

support mat
sprayi ng wh
ni trogen,
in a hydrog
N.B.: The c

10 For the saturation of the support,

the Ru

nitric acid was diluted with water to a vol une corres-

dropw se appl i
ng the support.
the support coated with ruthenium salt

4

DL P OBERTEE S o i e A0 o STy a8

pondi ng

The Ru solution was applied to the
ion or preferably by uniform
fter drying at 120C under
was activated (reduced)

urs. 20
| | owi ng

text by the $RECEnpi Thé tettersias of hBIKAreas slpppstsbomad?9Phésactive
25 Exanples 3

metal and i

- following g

ts

ehes

contents were reported in subsequent brackets.
6 The hydrogenation experiments were carried out _
al ay¥PEddrerd@.l7 geendiheopat alofst Weee ihvdiedenatckrir ged in

according to the

a 30 catsal ystamgsket angathé PHSEYsheHYCRErENcANA0P0am n paBSSUBE reactor in

a hydrogen stream according to the
g of liquid diisononyl

pht hal at e (Vesti nol

above net hod and then adm xed with 590

9, OXENO A efinchem e GrbH).

The DI'NP wasTaiylle 0 cnbIRE hydhoperigtiyar poRndroferbteonhgfangtasat i ng the
starting material,

was anal yze
6049 - 26

(DINCH). Th
condi tions
in table 2:
Hyr do- Cat al
barturetinme

t he reactor

was deconpressed and the reaction m xture

A—by—reans—of—gas—chronmat-ographyter—tsecontentof the Q Z

E:qrrge{ plcehaaistli | Beraayd | eyaisahe X aaekra? | HerAi b X Yoatent
copver si on of DI NP was al S abgve 99. 9%_The exge&ﬁﬁg t al
n? J.onh in x ) ‘l(:lj'l‘.'et . lme o .

0 € hydrogenation 5 exanples an hei  “Tesul t§ Wwere conpi | ed
skappies?2] DI NP hydrogenation / hydiomd€nat i dm rexasyliess
stReactant PressuteTenperaReactionContent—gemattamn

of DI NCH| &x@fpres] BINE n ho&P&in o%q 80 2.5 99.4

4 A (1% Ru) {DINP 200 100 11 99.3

5 A (1% Ru) |DINP 50 120 0.8 99.6

6 B (1% Ru) |DINP 200 80 20 99.4
Compara-

tive

example

10

15

It can thus be demonstrated that the type A catalyst

according to the invention exhibits a distinctly higher

hydrogenation activity than catalyst B.



3A (1% Ru) DI NP200802. 599. 4 4A (1% Ru) DI NP200100199. 3 5A (1%

Ru) DI NP501200. 899. 6 6B (1% Ru) DI NP200802099. 4 Conpara- tive exanple 10 It
can thus be.denponstrated that the type A catalyst according to the
.invention exhibits a distinctly higher hydrogenation activity than

catal yst B. K AoHB0N49 - 27 - VWat is clainmed is: 1. A catalyst for

hydr ogenating aromati c conpounds to- the-correspondi ng alicyclic conpounds,
said 5 catalyst conprising at |east one nmetal of the eighth transition
group of thewkaytd Gd IiE&RMeR Gx: Or in a support material, wherein the
support material has an average pore dianeter 10 of from2 to 50 nm and
‘the over 91% of the total .pore volune of the support materials is accounted
for by pore51haV|mgd@ﬂakygﬂegoﬁﬁhﬁdgggéﬂggggg)é@@mgtighgoﬁ§6€%a§ttgs

clainmed in clai m\ﬂé@ﬁ 15 wherein the specific surface area 0 e support

material is bet 1 §RET856°RPAG9 3. 2Fheveaisl yseompoendpmed $aidl aim 1
or 2, = 20 wherei nchltalygpporbmpBlieihgl gONsi&dst ofordd t saicaD dpexi gge havi ng

a content of from.}l. 0.,5.5%Mby. mass of free sulfate. 25 4. The catal yst
3 Qlfth FEFNS IR ATPHR Sfppdht ReEdPAAC dodiesten of

as clained in clail
titani um di oxi de ©or in a support material,

wherein
the support material has an average pore diameter
10 ~of from 2 to 50 nm and the over 91% of the total

pore volume of the support materials is accounted
for by pores having a diameter of less than 50 nm.

2. The catalyst as claimed in claim 1,
15 wherein
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,
20 wherein
the support material consists of titanium dioxide
having a content of from 1.0 to 5.5% by mass of
free sulfate.

25 4. The catalyst as claimed in claims 1 to 3,
wherein '
the éupport material consists of titanium dioxide
having_a content of from 1.0 to 4.0% by mass of

. barium.
30
5. The catalyst as claimed in claims 1 to 4,
wherein
the catalyst additionally comprises at least one
metal of the first transition group of the
35 Periodic Table.

6. The catalyst as claimed in claims 1 to 5,
wherein

;
i
[



i ntent of from1l.0 to 4.0%by mass of .barium 30 5. The
Egrgrgs? ;g claimed in claims 1 to 4, wherein the catalyst additionally
conprises at least one nmetal of the first transition group of the 35
Periodic Table. 6. The catalyst as claimed in claimse 1 to 5 wherein O Z.
6049 57. 10 15.8..68Q99. - 28 the catalyst additionally conprises at |east
one netal of the seventh transition grooup of the Periodic Table. A
process for catalytically hydrogenating aronaklch cogg?rgg: gflrgast e

rogen-containin r ich-co
Pr)é?al gof the ei ghtgﬁ ?%}% %%/gcn %?%lg 'Xﬁ‘u}é PEFPEAEESTADY e l6ASE0rONS a
support material, Wfgréi noft hehguppeventint erials hasomn EMRIRIE POrthe

i | une df
di aneter of from +9o89snirand the over 91%of the total pore vo
t he support mat erlg(lasi)?s gc%unt ed for by pores having a. dianeter of |ess

than 50 nm The process as claimed in claim7, wherein the specific
surface atea Df tl® pHPPOES ﬁBEebh%b1ythéa?§&“%§ﬁr%g%@%ﬁ¥ﬂ& Wl (gherein

compounds using 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, ' '
10 wherein ' 7

the support material has an average pore diameter
of from 2 to 50 nm and the over 91% of the total
pore volume of the support materials is accounted
for by pores having a diameter of less than 50 nm.

15
8. The process as claimed in claim 7,
' wherein
the specific surface area of the- support materlal.
is between 1 and 350 m%/g.
20
9. The process as claimed in claim 7 or 8,
wherein ‘
the support material consists of titanium dioxide
having a content of from 1.0 to 5.5% by mass of
25 free sulfate.
-10. The process as claimed in claims 7 to 9,
wherein
the support material consists of titanium dioxide
30 ‘having a content of from 1.0 to 4.0% by mass of
barium.
11.. The process as claimed in claims 7 to 10,
wherein '
35 the catalyst addltlonally comprises at least one
metal of the first transition group of the

Periodic Table.




The process as clained in claim7 or 8, the support material consists of
titani um di oxide having a content of from1.0 to 5.5% by mass of 25 free
sul fate. 10. The process as clained in clains 7 to 9, wherein the support
material consists of titaniumdioxide 30 having a content of from1.0 to
4.0% by nmass @fz. bapdam 11. The process as clainmed in clains 7 to 10,
wherein 35 the catal yst additionally &8prises at |east one netal of the
first transition group of the Periodic Table. O Z 6049 - 29 12. The

process as clgd edrkd 648885 Tad Ocldinedhel elfatfie fatalyst additionally

conprises at |least one  netal of the seventh tranSition group of the
‘Periodic Table. 13P§¥@iDrocess as claimed in any of claims 1 to 12,

wherein the aromattite CeaRaURE Ui 5 dhLRIPOXYhbE 1 aekd Hf l%%a??@%@pef

di phenyl , napht hal ene dig@eqﬁl oxi de or. anthracene, its an
the correspondi ng "&ster £F 1450 Hrsttds s g idiiamy igFQumi @13 thels

“wherein the aICoWﬂexﬁnﬁﬁﬁmﬂﬁh&@f the carboxylic esters are alkoxyal kyl
cycl oal kyl and/or al kyl groups having from1'to 25 carbon atons, branched

or unbranched, each the sane or different.
13. The process as claimed in any of claims 1 to 12,

wherein
_ the aromatic compound used is a carboxylic acid of
10 “benzene, diphenyl, naphthalene, diphenyl oxide or
anthracene, its ahhydride and/or the corresponding
esters.

14. The process as claimed in claim 13,
15 . wherein
the alcochol components of the carboxylic esters
- are alkoxyalkyl, cycloalkyi and/or .alkyl groups
having from 1 to 25 cérbon atoms, branched or
- unbranched, each the same or different.

and/ or




