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AS ORIGIJVALL.l,. FILED 

Hydrogenation of benzenepolycnrbo:sylic acids or dem·adves thereof 

using a cntalyst cont:lining macropores 

rne pre~t invention relates to a process for hydrogenating benzenepolyC3rboxylic 

acids or derivatives thereat: such as esters andior anhydrides. by bringing one or 

:: more benzenepolyc31"boxylic acids or one or more derivatives thereof into contaet 

\'vith a hydrogen-containing gas in the presenc~ of a catalyst containing macropores. 

F urthe:more. the present invention also relates to selected productS as obtained by 

the hydrogenation according to the invention J.S such. i.e. the corresponding 

:: cvciohexane comoounds. in oanicular of C\'clohexanedic:ll'boxvlic esters and . . .. . ... . 
cyclohexanetricarboxylic esters. in panicular the cyclohexanedicarboxylic esters and 

cyclohex:metric:u-boxylic esters. Furthermore. the invention also relates to the use of 

the obtained cyciohexanedicarbo:\.·ylic esters as plasticizers in plastics . 

.::In t:S .5~86.898 and t:S 5..}19.1:!9. dimethyl terephthaiate is hydrogenated at~ 140 

ac and a. pressure of from 50 to 170 bar o\·er supported Pd catalystS which are 

tre.:ned with :s'i. Pt andlor Ru to give the corresponding dimethyl 

hexahydroterephthalate. In DE-A 28 23 165. aromatic carboxylic esters are 

hydrogenated at from 70 to 250 =c and from 30 to 200 bar over supported Ni, Ru. 

:::: Rh andior Pd c:ualystS to give the corre3ponding cycloaliphatic carboxylic esters. 

l'S 3.0:7.398 describes the hydrogenation of dimethyl terephthalate over supported 

Ru catalystS at from 1 I 0 to 140 °C and from 3 5 to 105 bar. 

EP-A 0 603 8:l5 relates to a process for the preparation of 1.4--

3 : cycylohexanedic:lrboxylic acid b~' h~drogenating terephthaiic acid by using a 



·2· 

supported palladium c:ualyst. wherein as support alumina.. silic:t or active charcoal is 

used. The process described therein is particularly characterized in that the solution 

comprising an 1.-kyclohex.lnedicarboxylic acid as obtained in a first step is brought 

into contact with steam. thereby leading to an extraction of the impurities as 

: obtained in said solution. This process is, however. only applicable to acids, since 

when using it for derivatives. such as e.g. esters. anhydrides. etc. there exists the risk 

of hydrolysis. The use of a support comprising macropores is not mentioned in this 

application. 

C :: t:p to now. predominantly phthalic acid este:s. such :lS diburyL dioctyl or isononyl 

este:s of phthalic acid have been used as plasticizers in plastics. such as PVC. as 

may be ·aeduced from e.g. FR·A ~.397.131. Howeve::. since recently these 

compounds are regarded as being detrimental under health aspects and thus their use 

in plastics for producing e.g. tools for children is under :m incre:tSing criticism. in 

c 

:: some countries their use is even forbidden. 

Tne use of several cyclohex:me-I.:...jicarboxylic acid esters as plasticizer is known 

from the prior art. Described is the use of ~yclohexanedlc3lboxylic acid dimethyl or 

diethyl esters (DE·A :s "'"! 165). cyclohexane-1..:-dic::u-boxylic acid 

:: diiisononyl)ester (EP-A 07-011074) 3lld cydohex:me-1.2-dic.u-boxylic acid dil:~­

ethylhexyl2ester (DE·A 1~ 6: ~96) as plasticize:s in plastic. 

It is an object of the present invention to ?rovide a process for hydrogenating 

benzenepolycarboxylic acids or derivatives. in particular benzenedicarboxylic esters. 

:5 using specific catalysts. by means of which the corresponding ring·hydrogenated 

derivatives. in particular cycioheX3lledicarboxyiic esters. can be obtained with a very 

high selectivity and in a ve:y high space-time yield without significant second.ary 

re:1ctions. 

:; ·: A further objec: of the present invention lies in providing new prodUCts which :u-e 

., 



obtainable by the hydrogenation of benzenepolyQJ'boxylic acid (derivatives'! 

according to the invention. which should be preferably useable as plasticize:os in 

plastics. 

: The present invention accordingly provides a process for hydrogenating a 

benzenepolyc:u.-boxylic acid or a derivative thereof or a mixture of twO or more 

thereof by bringing the benzenepolycarboxylic acid or the derivative thereof or the 

mi."rnll'e of two or more thereof into contaCt with a hvdroszen--containuuz szas in the . .. --
presence of a catalyst which comprises as active metal at le3St one metal of 

C :: tranSition group v1II of the Periodic Table alone or together vvith at le:lSt one metal 

of tranSition group I or VIII of the periodic t:lble applied to a support which contains 

macropores \\oith the proviso that 
"' if dimethy! terephthalate is hydrogenated. the hydrogenation using a catalyst v.'hich 

comorises as active metal ruthenium either ::Uone or to2ether with at least one metal . -
:: of tr.msition group I. VII or Vill of the Periodic Table appiied to a suppon. where 

the support has a me:m pore diameter of at le:b'"t 50 run and a BET surface ares. of at 

most 30 m.:·g and the amount of the ac:ive metal is from 0.01 to 30% by weight. 

based on the total weight of the catalyst. :md the ratio of the swface areas of the 

active metal and the catalyst support is less thnn 0.05, 

::or 

C a catalyst ·which comprises as active metal ruthenium either alone or together vvith at 

least one metal oflr311Sition group I. Vll or vm of the Periodic Table in an amount . 
of from 0.01 to 30% by weight, based on the total weight of the catalyst, applied to a 

suppon. where from 10 to 50% of the pore volume of the support is formed by 

:: ma:ropores having a pore diameter in the range from 50 nm to 10,000 nm and from 

SO to 90% of the pore volume of the suppon is formed by mesopores having a pore 

diameter in the range from :! to 50 nm. · where the sum of the pore volumes adds up 

to 1 00%. is e.xcluded. 

3: In a prefe:red embodiment. the present invention provides a process for 
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hydrogenating a benzenepolycarboxylic acid or a derivative ~nereof or a mi.'\1\lre of 

two or more thereof. wherein the catalyst comprises as ar tive metal at lelSt one 

metal of tr.UlSirion szrouc VID of the Periodic Table either Jne or to2ethe: ,,;th at 
~ . -

least one metal of transition group I or vn of the Periodic T..ble applied to a support. 

: where the support has a me:m pore diameter of at least .50 mn and a BET surface 

area of at most 30 m::/g and the amount of the active metal is from 0.01 to 30~·'0 by 

weight. based on the total weight of the catalyst (catalyst 1 ). 

Furthermore. the present invention provides a process of this type in which the 

: : catalyst comprises as active metal at least one metal of tnmsition aroup vm of the 

Periodic Table either alone or together with at lew one metal of transition group I or 

Vll of the Periodic Tabie in :m amount of from 0.01 to 30% by weight. based on the 
"' 

total weight of the catalyst. applied to a support. where from 10 to SO'!·'O of the pore 

volume of the support is tbrmed by macropores having a pore diameter in the range 

:: from 50 mn to 10,000 nm and from 50 to 90% of the pore volume of the suppon is 

!brmed by mesopores ha,ing n pore diameter in the range from: to 50 nm. where 

the sum or" the pore volumes ndds up to IOO~·o (c31alyst :!). 

In a iunher pret'erred embodiment. the present invention provides a process as 

: ~ defined above in '"ilich the catalyst (catalyst 3) comprises as active metal at least 

one me-:aLof transition group vm of the Periodic Table either alone or together with 

at least one metal of tranSition group I or VII of the Periodic Table in :m amount of 

from 0.01 to 30% by weight. based on the total weight of the catalyst. applied to ~ 

support. where the support has a me3ll pore diameter of at least 0.1 !.m and a BET 

: ~ surface area of at moSt 15 m:/g. Suppons used can in principle be all SuPportS which 

contain macropores. i.e. supportS which contain only macropores as well as those 

which contain mesopores andior micropores in addition to macropores. · 

Active metals which can be used are in principle all metals of tranSition group vm 
:: c of the Periodic Table. Preference is given to using platinwn. rhodium. palladium. 
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cobalt, nickel or rutheniwn or a mi'Cttlre of two or more thereof as active meu.l: 

particular preference is given to using ruthenium as active metal .. A.mong the metals 

of tranSition group I or v1I or else transition groups I and Vll of the Periodic Table 

which :u-e like\\ise all usable in principle. preference is given to using copper andlor 

: rheniwn. 

For the purposes of the present invention. the terms "macropores" and "mesopores" 

are used as they are defined in Pure .4.ppl. Chem.. dJ. (1976), i9. namely as pores 

whose di~eter is above SO nm !_macropores) or whose diameter is from: nm and 

C ::50 nm tmesopores). 

Tne active mew content is 2eneral.lv from about 0.01 to about 30~·o bv wei2hL 
w • • -.. 

preferably .from about 0.01 to about S% by weight and in particular from about 0.1 

ro about 5% bv weiszht. in each elSe based on the total wei2ht of the c:n.alvst used: . - ... . 
:. : the contents preferably used in the preferred catalysts 1 to 3 described belo\v \\ill 

a2ain be soeci:fied individual}\· in the discussion of these catalvsts. - . . .. 

Tne te:m "ben=enepo(\·carbo:cylic acid or a derivative rhereof'' used for the purposes 

of the present invention encompasses all benzenepolyc:Jrboxylic: acids as such. e.g. 

: : phthalic acid. isophthalic acid. terephthalic acid. trimellitic acid. trimesic acid. 

C hemimellitic acid. and pyromellitic acid. and derivatives thereof. particularly 

monoesters. diesters and possibly triesters and tetra-eSters, in particular alk;;l esters . . 
and anhydrides. The compoWldS which are preferably used will be briefly described 

once more in the section "Method of c:mying out the process" below. 

The catalysts 1 to 3 which are preferably used vvill now be described in detail below. 

In the description. ruthenium is used as active metal by way of example~ but the 

statements made below are also applicable to the other active metals which can be 

used. as defined herein. 



c 

c 

·0· 

Catalyst 1 

Tne catalysts 1 used according to the present invention can be produced indusuially 

: by applying at least one metal of traD.Sition group vm of the Periodic Table and. if 

desired. at le3.St one metal of transition group I or VU of the Periodic Table to a 

suitable suppon. 

The metal(s) cm be applied by steeping the support in aqueous metal salt solutions 

:: such as aqueous ruthenium salt solutions. by spraying appropriate metal salt 

solutions onto the suppon or by other suit3ble methods. Suitable metal saltS of 

transition- group I. VII or VTII of the Periodic Table are the nitrates. nitrosyl nitrates. 

halides, ~arbonates. carbo-x"Ylates. acetylacetonates. chloro complexes. nitrito 

complexes or ammine complexes of the corresponding metals. \'tith preference 

:. : being given to the nitr:ues and nitrosyl nitrates. 

In the case of meta1s which have not only a metal of tranSition group vm of th~ 

Periodic Table but also funher metals applied as active metals to the suppon. the 

metal sa!ts or metal salt solutions can be applied simultlneously or in succession. 

The suppons which have been coated or impregnated v.ith the metal salt solution ::sre 

subsequently dried. preferably at from 100 to 150 °C. and. if desired. calcined at . 
from :oo- to 600 oc. preferably from 350 to 450 ac. In the case of separate 

impregnation. the catalyst is dried and. if desired. calcined as described above after 

:: each impregnation step. The order in which the suppon is impregnated with the 

active components is immateriaL 

The coated and dried and. if desired. calcined suppons are subsequently activated by 

treatment in a gas stream comprising free hydrogen at from about 30 to about 600 

;:: oc. preferably from about 150 to about 450 oc. The gas stream preferably consists 
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of from 50 tO 100% by volume ofH: and from 0 to 50% b~· volume ofN~. 

The metal salt solution or solutions are applied to the suppon or suppons in such an 

amount that the total active metal conten~ in e:u:h case based on the tOtal weight of 

: the catalyst, is from about 0.01 tO about 3~'0 by weight. preferably from about 0.01 

to about 5% by weight. more preferably from about 0.01 to about I% by weight and 

in particular from about 0.05 to about I% by weight. 

rne total metal surface area on the catalyst I is preferably from about 0.01 to about 

:: 10 m:ig~ more preferably from about 0.05 to about 5 m=ig and in panicular from 

about 0.05 tO about 3 m~.'g of the QISJyst The metal surface area is detennined by 

means of.the chemisorption method described by J. Lemaitre et al. in "Characreri:a­

rion of He~erogenous Cara(l·srs''. edited by Fr:mcis Delanney, Marcel Dekker, ~ew 

York 198-t pp. 310-3::!~. 

In the catalyst 1 used according to the present invention. the ratio of the surface areas 

of the acth·e metal; me:als and the camlyst support is preferably less than about 0.05. 

with the lower limit being about 0.0005. 

C : : The support materials which c:m be used for producing the catalystS used according 

to the present invention are those which are macroporous and have a m.e:m pore 

diameter of at least about 50 nm. prefe:ably at least about 100 nm. in particular at 
. ~ 

least about 500 nm. anq whose BET swface area is ax most about 30 m·/g, 

preferably at most about 15 m=/g, more preterably at most about .10 m-z/g, in 

:: particular at most about 5 m:/g and more p;eterably at most about 3 m=/g. The mean 

pore diameter of the support is preferably from about 100 nm to about 200 ira 

more preferably from about 500 nm to about 50 !.m. The surface area of the support 

is preterably from about 0.2 to about 15 m=tg. more preferably from about 0.5 to 

about 10 m"J.tg. in particular from about 0.5 to 3.bout 5 m'-tg and more preferably 

::.: from about 0.5 to about 3 m=!g. 

.. 
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The surface area of the support is determined by the BET method usmg ~: 

adsorption. in particular in accordance with DIN 66131. The me:m pore diameter 

and the pore size distribution are detmnined ~~· Hg porosimetry, in particular in 

: accordance Yiith DIS 66133. 

. " _ _, 

The pore size distribution of the support is preferably approximately bimodal. with 

the pore ~ameter distribution having ma.~ at about 600 nm and about :o !m in 
' . 

the bimodal distribution representing a specific embodiment of the invention. 

Fur..her preference is given to a support which has a surface area of 1. 75 m= .. ·g and 

this bimodal distribution of the pore diameter. Tne pore volume of this pre!erred 

support is preferably about 0..53 ml/g. 

:: )ilacroporous support materials which c:m be used are, for example. macropores 

containing activated carbon. silicon C3I'bici.e. aiuminum oxide. silicon dioxide. 

titanium dioxide. zirconium dioxide. magnesium oxide. zinc oxide or· mL-ctures of 

two or more thereor: ""ith preference being given to using aluminum oxide and 

zirconium dioxide. 

Further .. details regarding cam.lyst I or its production may be foWld m 

DE·A 196 24 484.6. \"ilose entire contents on this subject are incorporated by 

reference into the present application. 
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Catalyst 2 

The caralysu ~ used according to the present invention comprise one or more metals 

: of transition group vm of the Periodic Table as active component(s} on a support as 

defined herein. Preference is given to using ruthenium,. palladium and/or rhodium as 

active component(s). 

The catDlystS ~ used according to the present invention can be produced industrially 

:: by application of an active metal of transition group v1II of the Periodic Table. 

preferably ruthenium or palladiwn. and. if desired. at le3St one metal of transition 

group I-or vl! of the Periodic Table to 11 suitable support. The application c:m be 
achieved'. by steeping the support in aqueous metal salt solutions. for example 

ruthenium or palladiwn salt solutions. by spr:1ying appropriate metal salt solutions 

:: onto the support or by other suitable memods. Suitable metal salts for preparing the 

metal salt solutions 3Ie the nitrates. nitrosyl nitrotes. halides. carbonates. c:u-­

boxylates. acetylacetonates. chloro complexes. nitrito complexes · or ammine 

complexes of the corresponding memls. with preterence being given to the nitrates 

and nitrosyl nitrates. 

In the c:sse of catalysts which have 11 plur:lliry of active metals applied to the support. 

the meral saltS or metal sal( solutions c:m be applied simultaneously or in succession. 

Tne supports which have been coated or impregnated with the metal salt solution are 

:: subsequently dried. preferably at from 10.0 to 150 °C. If desired. these supports can 

be calcined at from :wo to 600 oc. preferably from 350 to 450 oc. The coated 

supports are subsequently activated by treatment in a gas stream comprising free 

hydrogen at from 30 to 600 °C. preterobly from 100 to 450 oc. and in particular 

from 1 00 to 300 oc. The gas stre:un preterably consists of from 50 to 1 00'% by 

;: volume ofHz :md from 0 to 50% bv volume ofN,. 
' . -
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If a plurality of active metals are applied to the suppon and rne application is carried 

out in succession. the support can be dried at from 100 tc :50 °C and. if desired. 

c3lcined at from ::!00 to 600 °C after each application or iir pregnation. The order in 

: which the metal salt solution is applied to the support or the support is impregnated 

with the metal salt solution is immaterial. 

The metal salt solution is applied to the suppon(s) in such an mnO\mt that the active 

metal content is from 0.01 to 30% by weight. preferably from 0.01 to 10% by 

C :: weight. more pret"e."ably from 0.01 to 5% by weight. and in particular from 0.3 to 1% 

bv wei2ht. based on the total weiszht of the catalvst. . - - - .. 

c 

... 
The totaf metal surface are:\ on the catalyst is preferably from 0.01 to 10 m·,.g. 

... ... 

particularly preferably from 0.05 to 5 m·,'g and more preferably from 0.05 to 3 m·ig 

:: of the c3t3Jyst. Tne metal surface .ll'ea is me:lSured by the chemisorption method as 

described in 1. Lemaitre et :11 •• "Characreri:arion of Heterogenous Cara(\'Sts". edited 

by Fr:.mcis Delanney. ::Vlarcel Dekker. ~ew York (1984)~ pp. 310-3:!4. 

In the cataiyst ::! used according to the present invention. the ratio of the sW'tbce :Lre:lS 

:: of the active me:al or mc:mls and the c3talyst support is less than about 0.3. 

preferabl~·.less than about 0.1 and in panicular about 0.05 or less. with the lower 

limit being about 0.0005. 

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

:: according to the present invention possess J!UlCropores and mesopores. 

The supportS which c:m be used according to the present invention have a pore 

distribution in v.'hich from about 5 to about 50%~ preterably from about 10 to about 

45%. more prefembly from about 10 to about 30 and in particular from about 15 to 

.: : about ~5%. of the pore volume is fom1ed by macropores having pore diameters in 

• 
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the range from about 50 am to about 10.000 nm and from about SO to about 95%. 

preferably from about 55 to about 90%. more preferably from about 70 to about 

90% and in panicular from about 75 to about 85%. of the pore volume is formed by 

mesopores having a pore diameter of from about:; to about 50 nm where in e:J.Ch 

: case the sum of the pore volumes adds up to 1 0~'0. 

The total pore volume of the supporTs used according to the present invention is 

from about 0.05 to l.S cm3/g~ preterably from 0.1 to 1.2 cm3/g and in particular from 

about 0.3 to 1.0 cm3:g. The me:m pore diameter of the suppons used aecording to • 

C : : the present inYention is from about 5 to 20 nm. preferably from about 8 to about 

15 run and in panicular from about 9 to about l:; run. 

c 

The surface area of the suppon is prefero.bly from about 50 to about 500 m:.'g~ more 

preferably from about :;oo to about 350m.: g and in panicular from about :;so to 

:~ about 300m: g of the support. 

The surface area of the support is determined by the BET method using ~: 

adsorption. in panicular in accordance \\ith DIN 66131. The mean pore diameter 

and the size distribution are determined b}' Hg porosimetry, in panicular in 

: : accordance with DIN 6613 3. 

Although all support materials k:no"'n in catal}·st production, i.e. th.ose which have 

the above-=<iefined pore size distribution. c:m be used in principle. preference is given 

to using macropores containing activated c:1rbon. silicon carbide, aluminum oxide. 

:: silicon dioxide. titanium dioxide. zirconium dioxide. ma2Ilesium oxide: zinc oxide . . . - . 

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

F unher details regarding c:ualyst 2 or its production may be found in 

DE·A 196 :24 -+85.4, whose entire contents on this subject are incorporated by 

:; : reference into the present application. 
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Catalyst 3 

: Tne catalysts 3 used according to the present invention can be produced industrially 

by application of an active metal of tranSition group v1Jl of the Periodic Table and. 

if desired, at le3St one metal of tranSition group I or vn of the Periodic Table to a 

suitable support. The application can be achieved by steeping the support in aqueous 
. . 

metal salt solutions such as ruthenium salt solutions. by spraying appropriate mew.l 

:: salt solutions onto the support or by other suitable methods. Salts which are suitable 

as ruthenium salts for preparing the ruthenium salt solutions and as metal salts of 

uansition . .g:roup I. vn or vm are the nitrates. nittesyl nitrates. halides. carbonates. 

carbox;.·Iaies. acetylacetonates. chloro complexes. nitrite complexes or :unmine 

complexes of the corresponding metals: preference is given to the nitnltes and 

:: nitrosyl nitrates. 

In the case of catalystS which comprise a piuro.lity of metals applied to the support. 

the metal salts or metal salt solutions c:m be acolied simultaneouslv or in succession. . . . 

:: The suppons coated or impregnated with the ruthenium salt or metal salt solution 

C are then dri~d. prefetablz.· at from 100 to 1 SO ;~C. and. if desired C3lcined at from 200 

to 600 °(. 

The coated supportS are subsequendy activated by treating the coated s.upportS in a 

:: gas stre:un comprising free hydrogen at frQm 30 to 600 °C. preferably from 150 to 

450 °C. The gas stream preferably consistS of from 50 to 100% by volume of H.: and 

from 0 to 50% bv volume of);-,. . -

If both the active metal of transition group VID of the Periodic Table and metals of 

; ~ trnnsition group 1 or Vll are npplied tO the SUpport and the application is cmried OUt 

• 
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in succession. the suppon can be dried at from 100 to 1 SO °C and. if desired. 

calcined at from 200 to 600 oc after each application or impregnation. Tne order in 

which the metal salt solutions are applied or the support is impregnated \\ith them is 

immaterial. 

The metal salt solution is applied to the support(s) in such an amowtt that from 0.01 

to 30% by weight. based on the total weight of the catalyst. of active metal nrc 

present oil the support. This amowtt is preferably from 0.:! to 15% by weight par­

ticularly preferably about 0.5% by weight. 

The total metal surface area on the catalyst 3 is preferably from 0.01 to 10m= ·g. 

panicularly preferably from 0.05 to 5 m=/g, in particular from O.OS to : m= per g of 
~ 

the catah'St. . . 

:. : The support materials \vhich c:m be used for producing the camlystS 3 used 

ac~ording to the present invention are prefer::~.bly ones which are macroporous and 

haYe a me:m pore diameter of at le::t.St 0.1 .:.m. preferably at least 0.5 .:.m. :md a 

surface are3 of at most 15 m:::/g, preferably 3t most 10 m=.~g. particulariy prerer:ilily at 

most 5 m::g, in particular at most 3 m=:g. Tne me:m pore diameter of the support is 

:: preferably in a range from 0.1 to :!00 .:.m. in particular from 0.5 to 50 .:.m. The 

surface~ of the ruppon is preferobly from 0.: to 15 m.:!ig, particularly preferably 
,. "' "' , 
trom 0.5 to 10 m-!g~ in particular from 0.5 to S m-/g, especially from 0.5 to 3 m-Ig 

of the support . 

.::: The sunace area of the support is detennined by the BET method using N:z 

adsorption. in particular in accordance with DIN 66131. The mean pore diameter 

and the pore size distribution nrc determined by Hg porosimetry, in particular in 

accordance with DIN 6613 3. The pore. size distribution of the. support is preferably 

approximately bimodal. with the pore diameter distrib~tion having ma"<ima at about 

::: 0.6 im and about 20 :..m in the bimodal distribution representing a specific 

., 
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embodiment of the invention. 

Panicular preference is given to a support ba\ing a surface 31'C3 of about 1. 75 m: g 

and ha\ing this bimodal dimibution of the pore diameter. The pore volume of this 

: preferred support is preferably about 0.53 m.l:g. 

Macroporous support materials which can be used are, for example, nlilCropores 

containing activated carbon. silicon carbide. aluminum oxide. silicon dioxide. 

titanium dioxide. zirconium dioxide. magnesium oxide. zinc oxide or mi.\*tW'eS 

C :: thereot~ Preference is given to aluminum oxide and zirconium dioxide. 

FUrther -details regarding c::nalyst 3 or its production may be found in 

DE-.-\ 196 04 791.9~ whose entire contents on this subject are incorporated by 

reference into the present appiic:uion. 

:\'lethod of carrying out the process 

In the process of the present invention. the hydrogenation is generully c:ttried out at 

:: from about 50 to :!SO oc. preferably from about 70 to ::o °C. The pressures used 

C here are generally above 10 bar. preferably from about ::!0 to about 300 bar . 

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

batch-wise. with preference be~g given to c::ur:ing out the process continuously. 

\\ben the process is c:uried out continuously, the amount of the 

benzenepolycarboxyiic acid or ester to be hydrogenated or of the mixture of two or 

more thereof is prefembly from about 0.05 to about 3 kg per liter of catalyst per 

hour. more preferably from about 0.1 to about 1 kg per .liter of catalyst per hour. 

• 
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As bydroaenation gases. it is possible to use any i3.SeS which comprise free 

hydrogen and do not contain harmful amounts of catalyst poisons such as CO. For 

example. v1:aste gases from a reformer can be used. Preference is given to using pure 

hydrogen as hydrogenation gas. 

The hydrogenation of the present invention c:m be c:uried out in the presence or 

absence of a solvent or diluent. i.e. it is not necessary to carry out the hydrogenation 

in solution. 

C :: Howe,•er. preference is given to using a soh·ent or diluent. Sol\'ents or diluents 

which can be used are any suitable solvent or diluent. The choice is not ctitic:U as 

lonsz as the solvent or diluent used is able to torm a homo2eneous solution \\ith the· - -

c 

... 
benzeneoolvclfboX"\'lic acid or ester to be hvdroszenated. For examnle. the solvents 

.. • .. # • - • 

or diluents em also comprise water. 

EXJmples of suitable solvents or diiuents include the follO\\oing: 

Straight-chain or cyclic ethers such as tetr.lhydrofur.m or dioxane. and a.lso a.liphatic 

alcohols in which the aJ.k··yl radical prefer.1bly has from 1 to 10 carbon atoms. in 

.: ·: particular from 3 to 6 carbon atoms. 

EX3mples of alcohols which are prefer.1bly used are i-propanol. n-butanol. i-but:mol 

:: YlixtUres of these or other solvents or diluents c:m likewise be used. 

The amount of solvent or diluent used is not restricted in any particular way and can 

be selected freely depending on requirements. However. preference is given to 

amounts which le:ld to a l Q-70% strength by weight solution of the 

; ::: benzenepolycarboxylic acid or ester to be hydrogenated. 
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In the process of the present inventio~ particular preferen e is give..'l to using the 

product formed in the hydrogenation. i.e. the comspondin! .:~:clohexane de:ivath·e. 

as solvent. if desired in lddition to other solvents or diluen~. In o.ny case. part of the 

: product formed in the process c:m be rni:'<ed -with the benzencpolycarboxylic acid 

still to be hydrogenated or the derivative thcreot: The amount of reaction product 

which is mixed in as solution or diluent is preferably from I to 30 times. particularh 

preferably from 5 to :o times. in particular from 5 to 1 0 times. the weight of the 

comp01m4 to be hydrogenated. 

As mentioned above, the tenn ,ben:enepoi:rcarboxylic acids or deri\·arit·es thereof' 

used for-the purposes of the present invention encompasses· both the respective ben· 
'-· 

zenepoiyc,arboxylic acids as such and derivatives thereot: particularly monoeSters. 

diesrers or possibly trieSters or tetraesters :md o.lso anhydrides of the benzenepoly-

:: c:lrboxylic 3.Cids. The ~Sie:s used are ::ill..·yi. cycloalk·yl o.nd o.lkoxyalk·yi esters. where 

the :ill,.·yl. cycloalkyl and :J.ikoxyalk;:l groups gene!'O.lly have from 1 to 30. preferably 

from : to :o and particul:lrly preferably from 3 to 18. c:ut>on atoms· :md c:m be 

branched or linear. 

:: Specific examples are: 

C all"yl terephthalates such as monomethyl terephthalate. dimethyl terephthalate. 

diethyl terephthalate. di-n-propyl terephtbalate. di-n-butyl terephtbalate. di-ten-butyl 

terephthalate. diisobutyl terephthalate. monoglyco[ esters of t.crephthalic acid. 

diglycoi eSters of terephthalic acid. di-n-octyl terephthalate. diisooczyl terephthalate. 

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

terephthalate. diisononyi terephthalate. di-n-decyl terephthalate, di-n-undecyl 

terephthalate. diisodecyi terepht.halate, diisododecyi terephthalate, di-n-octadecyi 

terephthalate. diisooctadecyl terephthalate. di-n-eicosyl terephthalate. 

monocyclohexyl terephthalate. dicyclohexyl terephthalate: 
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all..-yl phthalates such as monomethyl phthalate. dimethyl phthalate. diethyl 

phthalate. di-n-propyl phthalate. di-n-butyl phthalate, di-tert·butyl phthalate. 

diisobutyl phthalate, monoglycol esters of phthalic acid. diglycol esters of phthalic 

acid. di-n-cetyl phthalate. diisooctyl phthalate~ di-2..ethylhexyl phthalate. di-n-nonyl 

= phthalate. diisononyl phthalate. di-o-decyl phthalate. diisodecyl phthalate. 

di-n-undecyl phthalate~ diisododecyl phthalate. di-n-octadecyl phthalate. diiso­

octadecyl phthalate, di-n-eicosyl phthalate, monocyclohexyl phthalate, dicyclohe~:yi 

phthalate; 

C : : a.l.l;:l isophthalates such as monomethyt isophthalate, dimethyl isophthalale. diethyl 

isophthalate. di-n-propyl isophthalate. di-n-butyl isophthalate, eli-ten-butyl isophtba­

late. diisobutyl isophthalate. monoglycol eSters of isophthalic acid. diglycol esters of 
.. 

isophthalic acid. di-n--vc::·I isophtha13te. diisooctyl isophthalate, di-2<thylhexyl 

isophthal3le. di-n-nonyl isophthalate. diisononyl i.sophthalate. di-n-decyl isophtha­

:: late. diisodecyl isophth:llate. di-n-undecyl isophthalate. diisododecyl isophthalate. 

di-n-octadecyl isophthalate. diisooc-..adecyl isophthalate, di-n--eicosyl isophthalate. 

monocyclohe:-.·yl isophthalate. dicyciohe:-.·yl isophthalate: 

Alk'"Vl trimellimtes such as monomethvl trimellitate. dimethvl trimelliwe. dietbvl . . . . 
.: : uimellitate,. di-n-propyl trimellit.ate. di-n-butyl trimellitate. di-tert-bmyl trimelliwe. 

C diisobutyl trimellitate, the monoglycol ester of trimellitic aci~ diglycol esters of 

trimellitic acid. di-n-octyl trimellitate. diisooctyl nimellitate. di-2-ethylhexyl 

trimellitate. di-n-nonyl trimellitate. diisononyl trimellitate, di-n-decyl aimellitate. 

diisodecyl trimellitate. di-n-"Wldecyl trimellitate. diisododecyl trimellitate. di-n-

:: octadecyl trimellitate. diisooctadecyl . trimellitate, di-n--eicosyl trimellitate, 

monocvclohexvl trimellitate. ciicvclohe.xvl trimellitate and trimcthvl aimellitate, . . . .. .. 
triethyl trimellitate. tri-n-propyl trimellitate. tri-n-butyl nimellitate, tri-ten-bucyl 

trimellitate~ triisobutyl trimellitate. triglycol esters of trimellitic acid. tri-n-octyl tri­

mellitate. triisooctvl trimellimte. tri-2-ethvlhexvl trimellitate. tri-n-nonvl trimellitate. 
- • ¥ . • . 

.; : triisodociecyl trimellitate. tri-n-undecyl trimellitate. triisododecyl trimellitate. tri-n-

• 
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octadecyl nimellitate. triisooctadecyl aimellitate. ui·n..eicosyl trimelliwe. tricyclo­

hexyl trimellitate: 

alkyl trimesates such as monomethyl trimesate. dimethyl trimesate. diethyl 

: aimesate. di-n-propyl trimesate, di-n-butyl trimesaxe, di-tert-but:yl trimesate. 

diisobutyl trimesate. monoglycol esterS of trimesic acid. digtycol esters of trimesic 

acid. di-n.actyl trimesate. cliisooctyl trimesate, di-2--etbylhe.-<yl trimesate, cli-n-nonyl 

trimesate. diisononyl aimesate~ di-n-decyl trimesate. diisodecyl aimesa.te, di-n-

C undecyl trimesate, diisododecyl trimesate, di-n-octadecyl trimesate. cilisooctadecyl 

:: ttimesate. di-n-eicosyl trimesate. monocyclohexyl trimesate, dicyclohexyl trimesate. 

and also trimethyl trimesate. triethyl trimesate, tri-n-propyl trimesate. tri-n-butyl 

trimesate, ·1Ii-ten-butyl trimesate. uiisobutyl trimesate. triglycol esters of trimesic 
.•. 

acid, tri-n-ocryl trimesate. triisoocryl trimesate, tri-:::-ethyl-he:cyl trimesate. tri-n-

nonyl trimesate. triisododecyl trimesate. tri-n-undecyl trimesate. triisododecyl 

~= uimesate. tri-n-octadecyl trimes~te. triisooctadecyl trimesate. tri-n-eicosyl trimesate. 

tricyclohexyl trimesate: 

all-..·1 hemimellitates such as monomethvl hemimellim.te. dimethvl hemimellim.te. . . . 
diethyl hemime!litate. di-n-propyl hemimellimte. di-n-butyl hemimellitue. cli-ten­

C 2 ·: butyl hemimellitate. diisobutyl hemimellitate. monoglycol esters of hemimellitic 

acid. diglycol esters of hemimellitic acid. di-n-octyl hemimellitate. diisooctyl 

hemimellitate, di-2~ethylhexyl hemimellitate. di-n-nonyl hemimellitate. diisononyl . 
hemimellitate. di-n-decyl hemimelliwe, diisodecyl hemimellitate. di-n-undecyl 

hemimellirate. diisododecyl hemimellitate. di-n-octadecyl hemimellitate. 
. . 

:: diisooctadecyl hemimellitate. di-n-eicosyl hemimellitate, monocyclohexyl 

hemimeilitate. dicvclohexvl hemimellitate. nnd also uimethvl hemimellitate. triethvl ... . . .. 

hemimellitate. tri-n-propyl hemimellitate. tri-n-butyl hemimellitate, tri-tert-butyl 

hemimellitate. triisobucyl hemimellitate, triglycol esters of hemimellitic acid, tri-n­

occyl hemimellirate. triisooctyl hemimellitate. tri-2-ethylhe:cyl hemimellitate. tri-n-

::: nonyl hemimellimte. triisododecyl hemimellitate. tri-n-undecyl hemimellitate. 
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triisododecyl hemimellitate. ni-n-octadecyl he:nimellitate. aiisooctadecyl 

hemimellitate. ni·n-eicosyl hemimelliwe~ nicyclohexyl hemimellitate: 

all..·y I p~TOmellitates such as monometbyl pyromclliwe, dimethyl pyromellitate. 

: diethyl p~romellitate, di·n-propyl pyromellitate, di·n-butyl pyromellitate~ di-tcn­

butyl pyromellitate, diisobutyl pyromellitate~ monoglycol esters of pyromellitic acid. 

diglycol esters of pyromellitic acid. di-n-vctyl pyromelliwe, diisooctyl 

p~Tomellitate. di-2-ethylhexyl pyromellitate. di-n-nonyi pyromelliwe. diisononyl 

p~Tomelliwe, di-n-decyl pyromelliwe. diisodecyl p}TOmelliwe. di-n-undec~·f .. 

:: p~Tomellitate. diisododecyl pyromellimte~ di-n-octadecyl p~TOmellitate. 

diisooctadecyl pyromellitate. di-n-eicosyl p~Tomellitate, monocyclohcxyl 

p~romeHitate. nimethyl p~romelliwe, triethyl pyromellitate, tri-o-propyl 
··-

p)TOmell~tate, ni-n-buryl p~romellitate. ni-ten-butyl pyromellitate. triisobutyl 

p~Tomellitate, triglycol esters of ~Tomellitic acid. tri-n-octyl pyromellitate. 

:: triisooctyl p)'Tomellitate. tri-:-ethylhexyl p~Tomellitlte. tri-n-nonyl p)'Tomelliute. 

triisododecyl p~romellitate. tri-n-undecyl p~Tomellitate, triisododecyl pyromelliwe. 

tri-n-octadecyl pyromellitate. triisoocudecyl p;.romellitate. - ni-n-eicosyl 

p}Tomellitate, nicyclohexyl p)TOmellitate. and also tet:r:mlethyl pyromellitate. 

tetraethyl p~Tomellitate. tetra-n-propyl p~Tomellimte. tetra-n-butyl p:romellitate. 

:: tetra-ten-butyl pyromellitate. tetraisobutyl p)TOmellitate. terraglycol esters of 

p~Tomellitic acid. tetta-n-octyl p:TOmellitate. tetr:lisooctyl pyromellitate. tetra-~­

ethylhexyl p}Tomellitate. tetra-n-nonyl p)TOmellitate. tettaisododecyl pyromellitate, . 
tetra-n-wtdecyl p}Tomellimte, tetroisododecyl pyromelliwe. tetra·n-octadecyl 

p:-romellitate. ten:aisooctadecyl pyromellitate. tetra-n-eicosyl .pyromellitate. 

:: tetrocyclohe::\")·1 pyromellitate: 

:mhydrides of phthalic acid. nimellitic acid. hemimellitic acid and pyromellitic acid. 

Of course. it is also possible to use mixtures of two or more of these compounds. 
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The products as obtained according to the invention are the corresponding 

cyclohexanepolyc3I'boxylic acids or cyclohex:mepoycarboxylic acid deriv3tives. 

Furthermore. the present invention relates to the following new 

: cyclohexanepolycarboxylic acids or cyclohexanpolycarboxylic acid derivatives as 

such: 

cycloh~xme·1.2"\iicarboxylic acid di(isopentyl) ester, obtainable by hydrogenation 

of a di(isopenryl)phthalate having the Chemical Abstracts registry number (in the .. 

:: follo,\insz: c.~ No.) 84ii7-06..0: - . . . 
cyciohexme-1.~--dicarbo>.."ylic acid di(isohepryl) ester, obtainable by hydrogenating 

the didsoheptyl)phthaiate haYing the CAS No. i1888-89-6: 

cyclohex~e-1..2-dic:llboxylic acid di(isononyl) ester. ob~ble by hydrogenating 

the dit isononyl)phthalate having the CAS ~o. 6851.5-48-0: 

:: cyc!ohexme-1.: -dic3I'boxylic acid di(isononyl) ester. obtainable by hydrogenating 

the ditisononyl)phthalate having the CAS )io. :Z8553-1:!·0. which is based on n­

bute:le: 

cvciohex::me-1..2-dicarboxvlic acid dilisononvl) ester. obtainable bv hvdro2enatin2 .. . . . ' .. . - ... 
the di1.isononyl)pht.halate having the CAS ~o. :8553-1:!..0. which is based on 

: : isobutene; 

a 1.::::-di·Cq-ester. of cyclohex::medicarboxylic acid. obtainable by hydrogenating the 

ditnonyl)phthalate having the CAS No. 68515-46-8: . 
cycloheX311e- L2-dic3.I'boxyiic acid di(isodecyl) ester, obtainable by hydrogenating a 

di(isodecyl)phthalate having the CAS No. 6851.549-1; 

:: 1.:-di-Ci .. II-eSter of cyclohexa.nedicarbo>\Ylic acid. obm.inable by hydrOgenating the 

corresponding phthalic acid ester having the CAS ~o. 6851542-4; 

L.:-di-C;.n-ester of cvciohexanedicarboxvlic acid. obtainable bv hvdro2enarin2 the . . . . . ... -
di-C ~-tt·phthalates having the tbllowing CAS Nos.: 

111381-89-6. 

~: 111381-90-9. 



111381-91-0. 

68515...+-+-6, 

68515-45-i and 

3648-:0-i; 

... • "I • 

: a 1.:-di-C9-11-ester of cvclohexanedicarboxvlic acid. obtainable bv hvdroszenatin2 a " .. . . . - -
d.i-C~.u-phthalate having the C.~ No. 98515-43-5; 

a 1.:-di(isodecyl)cyclohexanedicarbox.ylic acid ester. obtainable by hydrogenating a 

dilisodecyl)phthalate. consisting essentially of di-{2-propylheptyl)phthalate: 

C I.:-di·C~-!!..cyclohexanedicarboxylic acid ester, obtainable by hydrogenating the 

c 

:: corresponding phthalic acid ester. which comprises branched and linelr c~-9-

alkylester groups: respective phthalic acid esters \a.ilich may be e.g. used as starting 

materials-have the follO\\ing C.-\5 Nos.: 

di-C 7.~alkylphthalate having the CAS >io. 111 381-89-6: 

di-C --all.:ylphthalate having the CAS No. 6851 5--+*-6: and 

:: di-C~Hlil.."}·lphthalate having the C..l.S ~o. 68515--1-5-i. 

Furthermore. the present invention also provides for the use of 

cyclohex:mepolyc3I'bo~·yiic esters. in panicubr the cyclohexanepolycarboxylic esters 

obtained using the process of the present invention. as plasticizers in plastics. Here. 

: : prer'erenc_e._ is generally given to diesrers and aieSters containing alkyl groups having 

from 3 to 18 carbon atoms and particular preference is given to the abovementioned. 

individually listed esterS having from 3 to 18 c::trbon atoms. 

:Ylore preferably, the above explicitly mentioned new Cs. C1·. C9-, C10-. .C;.11-. C9-11· 

:: and C ;-9-esters of 1.:-c~·clohexanedicarbox:ylic acids, as being obtainable by 

hydrogenating the corresponding phihalates and more preferably the hydrogenation 

products of the commercially available benzenepoly~boxylic acid esters with the 

trade names Jayt1ex D~'"P (CAS ~o. 68515-48-0), Jayflex DIDP (CAS No. 68515-

49-l). Palatinot 9-P, Vestinol 9 (CAS No. 28553-12-0), TOTM-I (CAS No. 3319· 

::~ 31-1), Linplasr 68-TM and Pnlatinol N (CA.S No. 28553-12-0) are used as 

1 7 JUN ZOD 
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plasticizers in plastics .. '\mona those is in tum preferred to ur! these compoWlds or 

mi"<tU!es thereof as plasticizers in mass plastics. such as e.r PVC and poiyolefins. 

such as polyethylene. polypropylene. polyisoprene and COJ ~iymers of ethylene or 

propylene and 1-butene. 1-hexene and 1-octene. 

Compared to the until now predominantly phthalates as used as plasticizers. the 

cyclohexanepolyc:U"boxylic acid (derivatives). as used according to the invention. 

exhibit a lower density and viscosity and le:ui to e.g. an improvement of the 

flexibility at low temperatures (K!ltefie.xibilit!it) of the plastic when compared ~ith 

C :: the usage of the corresponding phthalates as plasticizers. while properties such as 

shore A hardness and the mechanical properties of the resulting plastics are identical 

to those- as resulting from the usage of phthalates. Furthe:more. the 

cyclohex3l:epolyca.rboxyiic acid ( derivative)s according to the invention exhibit an 

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

c 

:: soeed. In the Plastisol orocessin2 b\· exhibit advanuuzes attributed to the lowe: . .. ... . -
viscosity when compared \\-ith conventional phthalates. 

The process of the present invention is illustruted below by means of some 

examples. 
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Examples 

Exaroples of catalvst oroductign 

:A mesoporoUS/macroporous aluminum oxide suppon which was in the fonn of 

4 mm e:arudates and had a BET surface are3 of :!38 m=/g and a pore volume of 

0.45 ml/g V.'3S impregnated v.ith an aqueous ruthenium(III) nitrate solution having a 

concentration of 0.8% by weight. 0.15 mlig (about 33% of the total vo_lume) of the 

pores of the suppon had a diameter in the range from 50 nm to 10.000 nm and 

:: 0.30 mJ!g (about 67% of the total pore volume) of the pores of the suppon had a 

pore diameter in the range from : to SO nm. The volume of solution taken up by the 

suppon ·during impregnation corresponded approximately to the pore volume of the 
~ 

suppon~ed. 

:: Tne suppon \vhich had been impregnated \\ith the nuhenium(DI) nitrote solution 

was subsequently dried at 1:0 °C and ::activated (reduced) at 200 °C in a stre::un or" 

hydrogen. Tne catalyst produced in this way contained 0.05% by weight of 

ruthenium. based on the weight of the catalyst. 

f;xample-1 

In a 300 ml pressure reactor. 10 g of the Ru catalyst as described in the example of 

catalyst production were placed in a catalyst basket insen and 197 g (0.5 mol) of 

:: diisooctyl phthalate were added. The hydrogenation was canied out using pure 

hydrogen at 80 :.c and a constant pressure of :00 bar. Hydrogenation was continued 

until no more hydrogen was taken up (4 h). The reactor was subsequently vented. 

Tne conversion of the diisooctyl phthalate was 100%. The yield of diisooctyl 

hexahydrophthalate was 99. 7%. based on the total amoWlt of diisooctyi phthalate 

:;:: used. 

• 
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Example: 

: In a 300 ml pressure reactor. 10 g of the Ru catalyst were placed in a catalyst basket 

insert and 194 g (0.46 mol) of diisononyl phthalate were added. The hydrogenation 

\Vas carried out using pure hydrogen at 80 oc and a constant pressure of 100 bar. 

Hydrogem:tion was continued until no more hydrogen was taken up _(1 0 h). The 

reactor was subsequently vented. The conversion of diisononyl phthalate was l 00%. 

:: The yield of diisononyl hexahydrophthalate \"'35 99.5%. based on the total amount of 

diisononyl phthalate used. 

Examole 3 

In a 300 ml pressure reactor. 10 g of the Ru catalyst as described in the example of 

catalyst production were placed in a catalyst basket insert and 195 g (0.39 mol) of 

diisodode::yl phthalate were added. The hydrogenation was carried out using pure 

hydrogen at 80 °( and a const:mt pressure of :oo bar. Hydrogenation was continued 

C ::; until no more hydrogen was taken up ( 4 h). The reactor was subsequently vented. 

The conversion of diisododecyl phthalate was 100%. The yield of diisododecyl 

hexahydrophthalate was 99 .S'%. based on the total amount of diisododecyl phthalate 

used. 

E;gmnle ~ 

In a 300 m1 pressure reactor. I 0 g of the Ru catalyst were placed in a catalyst basket 

insen and 38.4 g (0.2 mol) of dimethyl isophthalate. dissolved in l 00 g of THF, 

::; \: were added. The hydrogenation was ca.rried out using pure hydrogen at 80 °C and a 
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constant pressure of 200 bar. Hydrogenation was continued until no more hydrogen 

\\'as ~en up and the reactor was subsequently vented. The conversion of dimethyl 

isophthalate v.-as 95.3%. The yield of dimethyl hexahydroisophthalate was 95.3%. 

E;sample 5 

In a 300 rql pressure reactor, 10 g of the Ru catalySt were placed in a catalySt basket 

C insert and 25.2 g (0.1 mol) oftrimethyl nimesate. dissolved in 100 g ofTHF. were 

:: added. The hydrogenation was carried out using pure hydrogen at 120 "C and a 

cons..ant pressure of 200 bar. Hydrogenation was continued until no more hydrogen 

was taken up and the reactor v.as subsequently vented. The conversion of aimethyl .. , 
trimesate ~as 97%. The yield of trimethyl hexahydrotrimesate was 93%. 

Examoie 6 

In a 300 ml pressure reactor. 1 0 g of the Ru c:ualyst were placed in a catalySt basket 

insert and :!5.: 2 {0.1 mol) oftrimethvl nimellinue. dissolved in 100 2 ofTHF. were - ' . . -
C :: added. The hydrogenation '"-as cmried out using pure hydrogen nt 120 °C and a 

constant pressure of 200 bar. Hydrogenation was continued until no more hydrogen 

\\>"35 taken up and the reactor was subsequently vented. The conversion of aimethyl 

trimellitate was 35%. The yield ofnimethyl hexahydrotrimellitate was 33%. 

Examole 7 

In a 300 ml pressure reactor. 10 g of the Ru c::ualyst wm placed in a catalyst basket 

insert and 10.0 g (0.03 mol) ofteuounethyl pyromellitate. dissolved in 100 g ofTHF. 

2:: were added. The hydrogenation was carried out using pure hydrogen at 80 °C and a 

• 
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constant pressure of 100 bar. Hydrogenation was continued until no more hydrogen 

was taken up and the reactor was subsequently vented. Tne conversion of 

te:r.:unethyl p~TOmellitate was 4~%. The yield oftetrametbyl hexahydrop:TOmellitate 

was-14%. 

Examnle 8 

In a 1.: l presswe reactor. 53 g of the supported Ru catalyst were placed in a catalyst 

::basket insert and 800 g (1.9 mol) Jayflex DINP (CAS No. 68515-+8·0) were added. 

The hydrogenation was c3tried out using pure hydrogen at SO oc and a constzlllt 

pressure -bf :oo bar. Hydrogenation was continued until no more hydrogen V.-:l.S 
.,_, 

taken up (6 h) 3Ild the re3ctor was subsequently vented. The conversion of Jayflex 

D~"P was 100%. The vield of the corresnondine cvclohexo.nedic::u'bo11:vlic acid ester . . - .. . 
:: was 99..5~~. relative to the total amoWlt of the added Jay:flex Dli\l"P. 

Example9 

:: In a 0.3 1 pressure reactor. 10 g of the supported Ru camlyst were placed in a catalyst 

basket insert and 130 g {0.35 mol) Palatinol9-P were added. The hydrogenation was 

carried out using pure hydrogen at a temperature of 1::!0 oc and a constant pressure 

of :oo bar. Hydrogenation was continued until no more hydrogen was taken up (:! hl 

and the reactor was subsequ~tly vented. The conversion of Palatinol 9-P ( 1..:!-

:: ditnonyL linear and branched)benzenedic:u-boxylic acid ester) was 1000/o. The ~ieid 

of the corresponding cyclohexanedicarboxylic :J.cid ester was 99.4%~ relative to the 

total amount of the used Palatinol 9-P. 

:: : Example 1 0 
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In a 1.1 1 pressure reactor~ 53 g of the supported Ru catalyst were placed in a c:ualyst 

basket insert and 780 g (1.87 mol) Vestinol 9 {CAS No. 18553-1:-0) were added. 

The hydrogenation was carried out using pw-c hydrogen at a tcmpe:arure of l :o oc 
: and a constant pressure of :200 bar. Hydrogenation was continued until no more 

hydrogen was taken up ( 4 ·h) and the reactor was subsequently vented. The 

conversion of the corresponding cyclohexanedicarboxylic acid eSter Y:as 99.4%. 

relative to the total amowu ofrhe used Vestino19. 

Examcle II 

In a 1.1 1 pressw-e reactor. 53 g of the supported Ru catalyst were placed in a catalyst 

basket insert and 760 g (1.7 mol) Jaytlex DIDP (CAS ~o. 6851549-1) were added. 

:: Tne hydrogenation was c.:mied out using pure hydrogen at 80 °C and a constant 

pressure of :200 bar. Hydrogenation was continued until no more hydrogen was 

taken up (1 0 h) and the reactor was subsequently vented. The conversion of Jayflex 

DIDP \\'as 100%. The vield of the corresoondinsz C\'clohexanedicarbo,."Vlic acid ester . ... - . . 
was 99.5%. relative to the total amount of the used Jayflex DIDP. 

Exam-gle 1~ 

In a 1..: 1 pressure reactor. 53 g of the supported Ru catalyst were placed in a c:nalyst 

:: basket insert and 800 g · ( 1.56 mol) TOTM:-I ( 1.:2.4-tri(.:-

ethvlhexvl)benzenetricarboxvlic acid ester J were added. The hvdro2enation was "' .. . ' . -
carried out using pure hydrogen at 100 oc and a constant pressure of 200 bar. 

Hydrogenation was continued until no more hydrogen wns taken up C20 h) and the 

re!lctor was subsequently vented. The conve·rsion ofTOMT-I was 95%. The yield of ' 

3 c the corresponding cyclohexanedicarboxylic acid ester was 94%. relative to the total 
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amount of the used TOtviT -I. 

Examole.13 

In a 300 ml pressure reactor. 10 g of the supponed Ru catalyst were placed in a 

catalyst basket inscn and 150 g (0.32 mol) Linpiast 68-TM (l;.+ai(linear Co-a­

alkyl)benzolaicarboxylic acid eSter) were added. The hydrogenation was earned out 

using pure hydrogen at a temperature of 120 oc and a constant pressure of :!00 bar. • 

C :; Hydrogenation was continued tmtil no more hydrogen "'-"aS taken up ( 11 h) and the 

c 

reactor was subsequently vented. The conversion of Linplast 68 .. TM was 1 00%. The 

yield of the corresponding cyclohexanedicarbo~.'ylic acid ester was 99 .::!%. relative to 

the total amotmt of the used Line last 68-Thl. . . 

. 
Exarople 14 

A vertical high-pressure rube made of Steel ha\ing an inner diameter of 30 mm and a 

length of :!.::! m \\'as ruled \\ith 1.4 l of the supponed Ru catalyst. In the slurry 

.:~process, 0.4.5 kwh Palatinol ~ t.CAS No. 28553-12-0) were pumped together with 

pure h~gen frOm the bottom to the top through the reactor at an average 

temperatUre of 1::!5 °C and a pressure of 200 bar. After leaving the high-pressure . 
reactor. pan of the reaction product was reintroduced into the reactor together with 

new Palatinol N, while the residual reaction product was vented in a container. The 

:: hydrogenation \Vas c3Iried out with a 200/o excess of the theoretic:llly required 

hydrogen while controlling the spent gas. Gaschromatograpbic analysis of the 

reaction product showed that Palatinol N has been reacted to an eXtent of 99.5%. 

The corresponding cyclohexanedicarboxylic acid ester was obtained with a 

selectivity of 99.2%. In order to remove the remaining 0.5% Palatinol from the 

:; : reaction produet. the same was pumped through the reactor from the bonom to the 
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top in an amount of 1 kg/h. and the product was vented in a container. The addition 

of hydrogen was continued as described above. Subsequently. no Paiatino! ~ \\'tiS 

found in the produc:. The selectivity with respect to the corresponding 

cyclohe."<anedicarboxylic acid ester after the second hydrogenation was 99%. As side 

: components: about 1% low boiling components (components having a lower boiling 

point compared to cyclohexanedicarboxylic acid ester) were found. These 

components were reduced by means of a vapor distillation at 170 °C and a pressure 

of 50 .mbar. The product consiSted after this work·up ~f 99.7% 

cyclohexanedicarboxylic acid ester. 
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CLAIMS 

1. A process for hydrogenating a benzcnepolycarboxylic acid or a derivative 

thereof or a mixture of two or more thereof by bringing the benzenepoly­

carboxylic acid or the derivative thereof or the mixture of two or more 

thereof into contact with a hydrogen--containing gas in the presence of a 

catalyst which comprises as active metal at least one metal of transition 

group vm of the Periodic Table alone or together with at least one metal 

of transition group I or Vll of the periodic table applied to a support which .. 
cc;.ntains macropores having a pore diameter of greater than 50 nm ac-

cording to the definition in Pure Applied Chemistry 45, p. 79 (1976) with 

15 the proviso that 

20 

25 

if dimethyl tercphthalate is hydrogenated, the hydrogenation using a cata­

lyst which comprises as active metal ruthenium either alone or together 

with at least one metal of transition group I, VD or VID of the Periodic 

Table applied to a support, where the support has a mean pore diameter of 

at least 50 mn and a BET surface area of at most 30 m2/g and the amo1.mt 

of the active metal is from 0.01 to 300/o by weight, based on the total 

weight of the catalyst, and the ratio of the surface areas of the active metal 

and the catalyst support is less than 0.05, 

and/or 

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

gether with at least one metal of transition group I, vn or vm of the Peri-
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odic Table in an amount of from 0.01 to 30010 by weight, based on the total 

weight of the catalyst, applied to a support, where from 10 to SO% of the 

pore volume of the support is formed by macropores having a pore di­

ameter in the range from SO nm to 10,000 nrn and from SO to 90% of the 

s pore volume of the support is formed by mesopores having a pore diameter 

in the range from 2 to SO nm, where the sum of the pore volumes adds up 

to 100%, is excluded, and 

wherein aluminium oxide which contains a lithium aluminium spinel is 

10 excluded as a support. 

2. A process as claimed in claim 1, wherein the catalyst comprises as active 

metal at least one metal of transition group vm of the Periodic Table ei-

ther alone or together with at least one metal of transition group I or IV of 

15 ~e Periodic Table applied to a support, where the support has a mean pore 

diameter of at least SO nm and a BET surface area of at most 30 m2/g and 

the amount of the active metal is from 0.01 to 30% by weight, based on the 
. 
total weight of the catalyst. 

20 3. A process as claimed in claim 1, wherein the catalyst comprises as active 

metal at least one metal of transition group vm of the Periodic Table ei-

ther alone or together with at least one metal of transition group I or vn of 

the Periodic Table in an amount of from 0.01 to 300/o by weight, based on 

the total weight of the catalyst, applied to a support, where from 10 to 500.4 

25 of the pore volume of the support is formed by macropores having a pore 

diameter in the range from SO mn to 10,000 nm and from 50 .to 90010 of the 

pore volume of the support is fol'Jlled by mesopores having a j,ore diameter 

in the range from 2 to SO nm, where the sum of the pore volumes adds up 

to 100%. 

30 
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4. A process as·claimed in claim 1. wherein the catalyst comprises as active 

metal at least one metal of transition group VID of the Periodic Table ei­

ther alone or together with at least one metal of transition group I or vn of 

the Periodic Table in an amount of from 0.01 to 300/o by weight, based on 

s the total weight of the catalyst, applied to a support, where the support has 

a mean pore diameter of at least 0.1 J.ll'D and a BET surface area of at most 

15m3/g. 

5. 

10 

15 

6. 

20 

7. 

25 

8. 

A process as claimed in any of claims 1 to 4, wherein the benzenepolycar­

boxylic: acid or the derivative thereof is selected from the group consisting 

of monoalkyl and dialkyl esters of phthalic acid, terephthalic acid and 

isophthalic acid, monoalkyl, dialkyl and trialkyl esters of trime11itic acid, 

trimesic acid and hemimellitic acid, monoalkyl, dialkyl. trialkyl and 

tetraalkyl esters of p)TOmellitic acid, where the alkyl groups can be linear 

or. branched and each have from 3 to 18 carbon atoms,anhydrides of 

phthalic acid, trimellitic acid and hemimellitic acid, pyromellitic dianhy­

dride and mixtures of two or more thereof. 

A process as claimed in any of the preceding claims, wherein the support 

comprises activated carbon, silicon carbide, aluminum oxide, silicon di­

oxide, titanium dioxide, zirconium dioxide, magnesium oxide, zinc oxide 

or a mixture of two or more thereof. 

A process as claimed in any of the preceding claims, wherein the hyd.Jo.. 

genation is carried out in the presence of a solvent or diluent. 

A process as claimed in any of the preceding claims, wherein the hydro­

genation is carried out continuously. 
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9. Cyclohexan~1,2-dicarboxylic acid di(isopentyl) ester, obtainable by 

hydrogenation of a di(isopentyl)phthalate having the Chemical Abstracts 

registry nmnber (in the following: CAS No.) 84777-06-0; 

cyclohexane-l,2o.d.icarboxylic acid di(isoheptyl) ester, obtainable by 

s hydrogenating the di(isoheptyl)phtbalate having the CAS No. 71888-89-6; 

cyclobexane-1 ,2o.d.icarboxylic acid di{isononyl) ester, obtainable by 

hydrogenating the di(isononyl)phtbalate having the CAS No. 68515-48-0; 

cyclobexane-1,2-dicarboxylic acid di(isononyl) ester, obtainable by 

hydrogenating the di(isononyl)phtbalate having the CAS No. 28553-12-0, 

10 based on n-butene; 

cyclohexane-1,2-dicarboxylic acid di(isononyl) ester, obtainable by 

hydrogenating the di(isononyl)phtbalate having the CAS No. 28553-12-0, 

based on isobutene; 

a- 1,2-di~er of cyclohexanedicarboxylic acid, obtainable by 

15 li)rdrogenating the di(nonyl)phthalate having the CAS No. 68515-46-8; 

cyclohexane-1 ,2-dicarboxylic acid di(isodecyl) ester, obtainable by 

hydrogenating a di(isodecyl)phthalate having the CAS No. 68515-49-1; 

1,2-d.i-C?.tl-ester of cyclohexanedicarboxylic acid, obtainable by 

hydrogenating the corresponding phthalic acid ester having the CAS No. 

20 

25 

68515-42-4; 

1,2-di-C1.11-ester of cyclohexanedicarboxylic acid, obtainable by 

hydrogenating the di-C7.u-phtbalates having the following CAS Nos.: 

lJ 1381-89-6, 

111381-9()..9, 

111381-91-0, 

68515-44-6, 

68515-45-7 and 

3648-20-7; 

a 1,2-di-4-u-ester of cyclohexanedicarboxylic acid, obtainable by 

30 hydrogenating a di-~u-pbtbalate having the CAS No. 98515-43-5; 
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a 1 ,2-di(isOdecyl)cyclohexanedicarboxylic acid ester, obtainable by 

hydrogenating a di(isodecyJ)phthalate, consisting essentia11y of di-(2-

propylheptyl)phthalate; 

1,2-di-C7.reyclohexanedicarboxylic acid ester, obtainable by hydrogenating 

s the corresponding phthalic acid ester, which comprises branched and linear 

C7.,-alkylestcr groupst 

10 

wherein the hydrogenating is carried out according to a process as claimed in 

any of claims 1 to 8. 

10. Cyclohexanepolycarboxylic acid derivative selected from the group 

consisting of: 

cyclohexane-1,2-dicarboxylic acid di(isononyJ) ester, obtainable by 

hydrogenating the di(isononyl)phthalate having the CAS No. 28553-12-0, 
... 

IS b~ed on n-butene; 

cyclohexane-1,2-dicarboxylic acid di(isononyJ) ester, obtainable by 

hydrogenating the di(isononyl)phtbalate having the CAS No. 28553-12-0, 

based on isobutene, 

20 wherein the hydrogenating is carried out according to a process as claimed in 

any of claims 1 to 8. 

11. The use of a cyclohexanedicarboxylic ester according to claim 9 or 10 or a 

cyclohexanetrlcarboxylic ester or a mixtw'e of two or more thereof as . 
25 plasticizer in PVC. 

30 

12. The use of a cyclobexanedicarboxylic ester according to claim 9 or 10 or a 

cyclohexanetricarboxylic ester or a mixture of two or more thereof as 

plasticizer in PVB. 
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13. The use of a cyclohexaned.icarboxylic ester according to claim 10 or a cy­

clohexanetricarboxylic ester or a mixture of two or more thereof as plasti­

cizer in plastics. 

14. A plastic composition comprising a cyclohexanedicarboxylic ester ac-

cording to claim 9 or a cyclohcxanetricarboxylic ester or a mixture of two 

or more thereof, wherein the plastic is PVC. 

15. A plastic composition comprising a cyclohexanedicarboxylic ester ac-

c9rding to claim 10 or a cyclobexanetricarboxylic ester or a mixture of two 

or more thereof, wherein the plastic is PVC. 

16. A mixture of PVC and a plasticizer, wherein the plasticizer is a cyclohex-

aned.icarboxylic ester according to claim 9 or a cyclohexanetricarboxylic 
~ 

ester or a mixture of two or more thereof. 

17. A mixture of PVC and a plasticizer, wherein the plasticizer is a cyclohex-

aned.icarboxylic ester according to claim 10 or a cyclohexanetricarboxylic 

ester or a mixture of two or more thereof. 
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111111111 
ABSTRACT 

HYDROGENATION OF BENZENEPOLYCARBOXYLIC ACIDS OR 

DERIVATIVES THEREOF USING A CATALYST CONTAINING 

MACROPORES 

A process for hydrogenating a benzenepolyc:arboxylic acid or a derivative thereof or • 

:: a mixture ,of l:\\-"0 or more thereof by bringing the benzenepolyc:arboxylic acid or the 

derivative thereof or the mi'ULU'e of twO or more thereof into contact with a 

hydrogen-containing gas is carried out in the presence of a caralyst which comprises -
as active.metal at lesst one metal of transition group vni of the Periodic Table alone 

or together 'With at l=st one metal of tranSition group I or vn of the periodic table 

:; applied to a support which contains macropores with the proviso that 

if dime".hyl terephtbalate is hydrogenated. the hydrogenation using a catalyst which 

comprises as active metal ruthenium either alone or together with at least one metal 

of transition group I. vn or vm of the Periodic Table applied to a support. where 

the support has a mean pore diameter of at least 50 nm and a BET surface area of :lt 

.::moSt 30 m:/2 and the amotmt of the active metal is from 0.01 to 30% bv wei2ht. - . -
C based on the total weight of the catalyst. and the ratio of the surface areas of the 

active metal and the catalyst support is less than 0.05, 

and/or -

a catalyst which comprises as active metal ruthenium either alone or together with at 
.. 

:: least one metal of transition group I, VD or vm of the Periodic Table in an amount 

of from 0.01 to 300/o by weiibt. based on the total weight of the catalyst. applied to a 

support. where from 1 0 to 50% of the pore volume of the support is formed by 

macropores having a pore diameter in the range from 50 nm to 10.000 nm and from 

50 to 90% of the pore volume of the support is formed by mesopores having a pore 

::; o diameter in the range from ::! to 50 run, where the sum of the pore volumes adds up 

.. 
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tO 1 00%. is excluded. and novel hydrogenation products. obtainable by 

hydrogenating benzenepolycarboxylic acid (derivatives) as well as their use as 

plasticizers in plastics. 

... 




