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Hydrogenation of benzenepolvearboxylic acids or derivatives thereof

using a catalyst containing macropores

The present invention reiares to a process for hydrogenating benzenepolycarboxylic

acids or derivatives thereof. such as esters and‘or anhvdrides. by bringing one or

- > more benzenepolvcarboxylic acids or one or more derivatves thereof into contact

with a hvdrogen-containing gas in the presence of a catalyst conraining macropores.

Furthermore. the present invemtion also relates to selected products as obtained by

the hydrogenation according to the invention as such. i.e. the corresponding
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cvciohexane compounds. in particular of cyclohexanedicarboxylic esters and

cyvclohexanetricarboxyvlic esters. in particular the cyclohexanedicarboxylic esters and

cvclohexanemicarboxyviic esters. Furthermore. the invention also relates to the use of

the obtained cyclohexanedicarboxylic esters as plasticizers in plastics.

22 InUS 5.286.898 and US 3.319.129. dimethyi terephthalate is hydrogenated at > 140

°C and a.pressure of from 30 to 170 bar over supported Pd catalysts which are
weated with Ni. Pt andior Ru to give the comesponding dimethyl
hexahvdroterephthalate. In DE-A 28 23 165, aromatc carboxyvlic esters are
hvdrogenated at from 70 to 250 °C and from 30 10 200 bar over supported Ni, Ru.

[}
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Rh and/or Pd catalysts 1o give the corresponding cvcloaliphatic carboxylic esters.

LS 3.027.598 describes the hydrogenation of dimethy! terephthalate over supported

Ru catalvsts ar from 110 10 140 °C and from 33 10 103 bar.

EP-A 0 603 825 relates tw a process for the preparation of 1.4-

3T cveviohexanedicarboxylic acid by hvdrogenating terephthalic acid by using a
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supported palladium catalysi. wherein as support alumina. silica or actve charcoal is
used. The process described therein is particularly characterized in thar the solution
comprising an 1.4-cvclohexanedicarboxvlic acid as obtained in a first step is brought

into contact with steam. therebv leading o an exwaction of the impurities as

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

when using it for derivatives. such as e.g. esters. anhvdrides. etc. there exists the risk
of hydrolysis. The use of a support comprising macropores is not mentioned in this

application.

=2 Up 10 now, predominantly pithalic acid esters. such as diburyl. diocty! or isononyl

esters of phthalic acid have been used as plasticizers in plastics. such as PVC. as
mav be deducsd from e.g. FR-A 2.397.131. However. since recently these
compounds are regarded as being dewimental under health aspects and thus their use

in plastics for producing e.g. tools for children is under an increasing criticism. in

~Z some counuies their use is even forvidden.

The use of several cyclonexane-].2-dicarboxylic acid esters as plasticizer is known
trom the prior art. Described is the use of cvelohexanedicarboxylic acid dimethvl or

diethvl esters (DE-A 28 23 163), cyclohexane-1.2-dicarboxylic acid

27 di{isononyvi)ester (EP-A 07-011074) and c¢yclohexane-1.2-dicarboxylic acid di(2-

ethvlhexyl)ester (DE-A 12 63 296) as plasticizers in plastic.

It is an object of the presemt invention to provide a process for hvdrogenating

benzenepolvcarboxylic acids or derivatives. in particular benzenedicarboxvlic esters.

3 using specific catalysts. by means of which the corresponding ring-hydrogenated

dervauives. in partcular cvciohexanedicarboxyvlic esters. can be obtained with a very
high selectivity and in a verv high space-time vield without significant secondary

reactions.

32 A further object of the present invention lies in providing new products which are
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obtainabie by the hvdrogenation of benzenepolvcarboxvlic acid (derivatives)
according to the invenuon. which should be preferably useable as plasticizers in
plastics.

The present invenuon accordingly provides a process for hvdrogenating a
benzenepolvcarboxylic acid or a derivative thereof or a mixture of two or more
thereof by bringing the benzenepolycérboxylic acid or the derivative thereof or the
mixture of two or more thereof into coutact with a hvdrogen-containing gas in the
presence of a catalyst which comprises as active metal at least one metal of
wansition group VIII of the Periodic Table alone or together with ar least one metal
of transition group [ or VIII of the periodic wabie applied to a support which contains
macropores with the proviso that ’
if dimcmﬁ terephthalate is hydrogenated. the hydrogenation using a catalvst which
comprises as active metal ruthenium ¢ither alone or together with at least one metal
of wansition group I. VII or VI of the Periodic Table applied to a support. where
the suppo}z has a mean pore diameter of at least 30 nm and a BET surface area of at
most 30 m™'g and the amount of the active metal is from 0.01 10 30% by weight.
based on the total weight of the catalyst. and the ratio of the surface areas of the
active metal and the caralyst support is less than 0.03,

or

a catalyst which comprises as active metal ruthenium either alone or together with at
least one metal of ransition group I. VI or VI of the Periodic Table in an amount
of from 0.01 to 30% by weight, based on the to1al weight of the catalyst, applied toa
support, where from 10 10 30% of the pore volume of the support is formed by
mazropores having a pore diameter in the range from 50 nm to 10,000 nm and from
30 10 90% of the pore volume of the support is formed by mesopores having a pore
diameter in the range from 2 to 50 nm. where the sum of the pore volumes adds up

to 100%. is excluded.

In a preferred embodimemt. the presemt invention provides a process for
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hvdrogenating a benzenepolvearboxylic acid or a derivative *nereof or a mixwre of
two or more thereof. wherein the catalyst comprises as ar tive metal at least one
metal of transition group VI of the Periodic Table either one or together with at
least one meral of ansition group I or VII of the Periodic T.ble appiied to a support.

= where the support has a mean pore diameter of at least 50 nm and a BET surface
area of at most 30 m*/g and the amount of the active metal is from 0.01 to 30% by
weight. based on the total weight of the catalyst (catalyst 1).

Furthermore. the present invention provides 2 process of this tvpe m which the
-- calyst cdmpriscs as active metal at least one metal of wansition group VIII of the
Periodic Table cither alone or together with at least one metal of transition group I or
VI of the Periodic Tabie in an amount of from 0.01 to 30% by weight. based on the
total wciéht of the cataivst. applied to a support. where from 10 10 50% of the pore
volume of the support is formed by macropores having a pore diameter in the range
from 0 nm 10 10,000 nm and from 30 10 90% of the pore volume of the support is

in

formec by mesopores having a pore diameter in the range from 2 to 50 nm. where

the sum of the pore volumes adds up to 100% (catalyst 2).

In a rurther preferred embodiment. the present invention provides a process as
2 defined above in which the catalvst (catalyst 3) comprises as active metal at least
one mezal of wansition group VIII of the Periodic Table either alone or together with
at least one metal of wansition group I or VI of the Periodic Table in an amoumt of
from 0.0f 10 30% by weight based on the towal weight of the caralyst, applied to a
supporL. where the support has a mean pore diameter of at least 0.1 Zm and a BET
== surface area of ar most 15 m™/g. Supports used can in principle be all suﬁpons which
contain macropores. i.e. supports which contin only macropores as well as those

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

Active metals which can be used are in principle all metals of wansition group VIII
:¢ of the Periodic Table. Preference is given to using platinum. rhodium. palladium.
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cobalt, nicke! or ruthenium or a mixture of two or more thereof as acive mewl:
panicular preference is given 10 using ruthenium as active metal. Among the metals
of wansition group I or VII or else wansitdon groups I and VII of the Periodic Table
which are likewise all usable in principle. preference is given 10 using copper and/or

rheniurn.

For the purposes of the present invention. the terms “macropores” and "mesopores”
are used as thev are defined in Pure Appl. Chem.. 45 (1976}, 79. namely as pores

whose diameter is above 30 nm (macropores) or whose diameter is from 2 nm and

: 50 nm (mesopores).

The active meral content is generally from about 0.01 to about 50% by weight
prcferabi}? from about 0.01 1o about 5% by weight and in particular from about 0.1
10 about 3% by weight. in each case based on the total weight of the catalyst used:
the contents preferably used in the preferred camivsts 1 1o > described below will

again be specified individually in the discussion of these catalvsts.

The term "benzenepoivearboxyvlic acid or a derivarive thereor™ used Tor the purposes

of the present invention encompasses all benzenepolycarboxvlic acids as such. e.g.

. phthalic acid. isophthalic acid. terephthalic acid. wimellitic acid. woimesic acid

hemimellitic acid and pvromellitic acid. and derivatives thereof. particularly
monoesters. diesters and possibly uiesters and tetra-esters. in particular alkyl esters.
and annydrides. The compounds which are preferably used will be briefly described

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

The catalysts 1 to 5 which are preferably used will now be described in detail below.
In the description. ruthenium is used as active meta] bv way of example, but the
statements made below are also applicable 1o the other active metals which can be

used. as defined herein.



Catalvst 1

The catalvsts 1 used according 1o the present invention can be producsd industrially
: by applving ar least one meal of wansition group VI of the Periodic Table and. if
desired. at least one metal of wansition group I or VII of the Periodic Tabie to a

suitable support.

The metal?_s) can be applied by steeping the support in aqueous metal salt solutions
:: such as aqueous ruthenium salt solutions. bv spraying appropriate metal salt
solutions onto the support or by other suitable methods. Suitable merwl salts of

wansition group 1. VII or VIII of the Periodic Table are the nitrates. nitrosy] nitrates.

C

halides, carbonates. carboxylates. acetvlacetonates. chloro complexes. nitrito
complexes or ammine complexes of the corresponding merals. with preference

~ being given to the nitrates and nitrosy| nitrates.

In the case of metals which have not only a metwal of wansition group VIII of the
Periodic Table but also further metals applied as active metals to the support. the

meral salts or metal salt solutions can be applied sirmultaneously or in succession.

C The supports which have been coated or impregnated with the metal salt solution are
subsequently dried. preferably at from 100 to 130 °C. and. if desired. caicined at
from 200 10 600 °C. preferably from 330 to 450 °C. In the case of separate
impregnation. the catalyst is dried and. if desired. caicined as described above atter
2% each impregnation step. The order in which the support is impregnated with the

acuve components is immaterial.

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

3¢ °C. preferably from about 150 1o about 450 °C. The gas stream preferably consists
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of from 50 to 100% by volume of H: and from 0 1o 50% by volume of N,

The metal salt solution or solutions are applied to the support or supports in such an
amount that the total active metal content, in each case based on the total weight of

: the catalyst, is from abour 0.01 to about 30% by weight. preferably from about 0.01

10 about 5% by weight. more preferably from about 0.01 to about 1% by weight and
in particular from abour 0.05 10 about 1% bv weight.

The total metal surface area on the caalyst 1 is preferably from about 0.01 10 about

-1 10 m"’g, more preferably from about 0.05 to about 3 m™g and in particular from

about 0.03 to about 3 m:."g of the catalvst. The metal surface area is determined bv
means of-the chemisorption method described by J. Lemaitre et al. in "Characreriza-
tion of H;{erogenaza Caralysts”, edited by Francis Delanney, Marcel Dekker, New

York 1984, pp. 310-324.

In the cata;lya 1 used according to the present invention. the ratio of the surface areas
of the active metal’ metals and the catalyst supporn is preferably less than abour 0.03.
with the lower limit being about 0.0003.

> The support materiais which can be used for producing the catalysts used according

1o the present inventdon are those which are macroporous and have a mean pore
diameter of at least about 50 nm. preferably at least about 100 nm. in particular at
least about 500 nm. and whose BET surface area is at most about 30 m:!g,
preferably at most about 15 m/g. more preferably at most about 10 m/g, in
particular at most about 3 m:.-‘g and more preterably at most about 3 m:./g'. The mean
pore diameter of the suppor: is preferably from about 100 nm to about 200 im.
more preferably from about 300 nm to about 30 Lm. The surface area of the support
is preferably from about 0.2 to about 13 m:.'g_. more preferably from about 0.5 10
about 10 m%g, in particular from about 0.5 to about 5 m*/g and more preferably

3 from about 0.5 10 about 3 m™g. .
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The surface area of the support is determined by the BET method using N\:
adsorpuon. in particular in accordance with DIN 66131. The mean pore diamerer
and the pore size distribution are determined by Hg porosimerry, in paricular in

accordance with DIN 66133,

The pore size distribution of the suppor is preferably approximately bimodal. with
the pore diameter disuibution having maxima at about 600 nm and about 20 Zm in

the bimodal dismibution representing a specific embodiment of the invention.

Further preference is given 10 a support which has a surface area of 1.73 m:.’g and
this bimodal distibution of the pore diameter. The pore volume of this preferred

support is preferably about 0.33 ml/g.

Macroporous support materials which can be used are, for example. macropores
conmimﬁg activated carbon. silicon carbide. aluminum oxide. silicon dioxide.
titanium dioxide. zirconium dioxide. magnesium oxide. zinc oxide or mixwres of
two or more thereof. with preference being given 1o using aluminum oxide and

zirconium dioxide.

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

reference into the present application.



Caralyst 2

The catalysts 2 used according to the present invention comprise one or more meuals
¢ of wansition grougﬁ VI of the Periodic Table as active component(s) on a support as
defined herein, Preference is given 10 using ruthenium, palladium and/or rhodium as
active component(s).
The catalysts 2 used according to the present invention can be produced industrially ~
c =2 by application of an active metal of transition group VIII of the Periodic Table.
preferably ruthenium or palladium. and. if desired. at least one metal of wansition
group [-or VI of the Periodic Table 1o a suitable support. The appfication can be
acbievediby steeping the support in aqueous metal salt solutions. for example
ruthenium or palladium salt solutions. by spraving appropriate metal salt solutions
»Z onto the support or by other suitable methods. Suitable meral salts for preparing the
memwl salt solutions are the nitrates. nitrosyl nitrates. halides. carbonates. car-
boxylates. acetylacetonares. chioro complexes. nimito complexes ‘or ammine
complexes of the corresponding metals. with preference being given to the nitrates

and nitrosyl nitrates.

-

C ~ Inthe case of caralysts which have a pluralin- of active metals applied 1o the support.
the metal salts or metal salt solutions can be appiied simultaneousiy or in succession.

The supponts which have been coated or impregnated with the metal salt solution are
2z subsequently dried. preferably at from 100 to 150 °C. If desired, these supports can
be calcined at from 200 to 600 °C. preferably from 350 to 430 °C. The coated
supports are subsequently activated by treatment in a gas stream comprising free
hvdrogen at from 30 to 600 °C, preferably from 100 10 450 °C. and in particular
from 100 to 300 °C. The gas sweam preierably consists of from 50 to 100% by

32 volume of Hz and from 0 to 50% by volume of N:.
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If a plurality of active metals are applied to the support and the appiication is carried
out in succession. the support can be dried at from 100 t« .50 °C and. if desired.
calcined at from 200 to 600 °C afier each application or irr sregnation. The order in
: which the metal salt solution is applied to the support or the support is impregnated

with the metal sait solution is immarerial.

The metal salt solution is applied 10 the support(s) in such an amount thar the active
metal con;ccnt is Tom 0.01 10 30% bv weight preferably from 0.01 0 10% by

- - weight. more preferably from 0.01 to 3% by weight. and in particular from 0.3 10 1%
by weight. based on the total weight of the catalyst.

The total metal surface area on the cawlystis preferably from 0.01 10 10 m"g,
particularly preferably rom 0.05 w0 5 rn:,’g and more preferably from 0.05 10 3 m:!g
>z of the camalyst. The meral surface area is measured by the chemisorption method as
described in J. Lemaitre et al.. "Characrerization or Heterogenous Catalvsts”. edited

by Francis Delanney. Marce! Dekker. New York (1984), pp. 310-324.

In the caraiyst 2 used according to the present invention. the ratio of the surface areas

=2 of the active metal or metals and the catalyst supporn is less than about 0.3.
preferablf_ less thart about 0.1 and in particular about 0.05 or less. with the lower
limit being abourt 0.0003.

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

> according 1o the presen: invention possess macropores and mesopores.

The supports which can be used according to the present invention have a pore
dismburion in which from about 5 10 about 50%, preferably from about 10 0 about
43%. more preferably from about 10 to abour 30 and in particular from about 15 10

3¢ abour 23%. of the pore volume is formed bv macropores having pore diameters in
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the range from about 30 nm to about 10.000 nm and from about 50 to about 95%.
preferably from about 335 1o about 90%. more preferably from about 70 10 abowt
90% and in particular from about 75 to about 85%. of the pore volume is formed by
mesopores having a pore diameter of from abour 2 to about 30 nm where in each

case the sum of the pore volumes adds up to 100%.

The towal pore volume of the supports used according to the present invention is
from about 0.05 to 1.5 em’’g, preferably from 0.1 to 1.2 em’/g and in particular from
about 0.3 to 1.0 cm’’g. The mean pore diameter of the supports used according to
the present invention is from about 3 to 20 nm. preferably from about 8 to about

13 nm and in particular from about 9 10 about 12 nm.

The surface area of the support is preterably from about 30 to about 500 m™g. more
preferably from about 200 10 about 350 m™¢ and in particular from about 250 10

about 500 m~ g of the support.

The surface area of the support is determined by the BET method using N:
adsorption. in particular in accordance with DIN 66131. The mean pore diameter
and the size distibution are determined bv Hg porosimetry, in particular in

accordance with DIN 66133,

Although all suppon materials known in catalyst production, i.e. those which have
the above-defined pore size diswribution. ¢can be used in principle, preference is given
to using macropores containing activated carbon. silicon carbide, aluminum oxide.
silicon dioxide. titanium dioxide. zirconium dioxide. magnesium oxide. zinc oxide

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

Further deuwils regarding catalyst? or its production may be found in
DE-A 196 24 485.4, whose entire contents on this subject are incorporated by

reference into the present application.
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Catalyst 3

2 The catalysts 3 used according to the present invention can be produced industrially

by application of an active meal of wansiton group VI of the Periodic Table and.
if desired, at least one metal of transition group I or VII of the Periodic Table 1o a
suitable support. The application can be achieved by steeping the support in agueous
meral salt solutions such as ruthenium salt solutions. by spraying appro;iriate meal

=2 salt solutions onto the supporn or by other suitable methods. Salts which are suitable

as ruthenium salts for preparing the ruthenium salt solutions and as metal salts of
transition.group L. VII or VIII are the nirrates. niwosyl nitrates. halides. carbonates.
carboxylates. acervlacetonates. chloro complexes. nitrito complexes or ammine

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

-2 nitrosvl nitrates.

In the case or cawalvsts which comprise a pjurality of metals applied to the support.

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

. The supports coated or impregnated with the ruthenium salt or metal salt solution

are then dried. preferably at from 100 to 130 2C. and. if desired calcined at from 200
10 600 °C,

The coated supports are subsequently activated by treating the coated supports in a

2t gas steam comprising free hvdrogen at from 30 to 600 °C. preferably from 130 to

450 °C. The gas stream preferably consists of from 30 10 100% by volume of H; and

from 0 10 50% bv volurne of Ns.

If both the active metal of transition group VIII of the Periodic Table and meals of

32 transition group [ or VII are applied to the support and the application is carried ow



in succession. the support can be dried at from 100 1o 150 °C and. if desired.
calcined at from 200 to 600 °C after each application or impregnation. The order in
which the meal salt solutions are applied or the support is impregnated with them is

The metal salt solution is applied to the suppori(s) in such an amount that from 0.01
10 30% by weight, based on the total weight of the cawalyst of active mezal are
present on the support. This amount is preferably from 0.2 10 15% by weight. par-
ticulariy pfeferabl}' abour 0.5% by weight. |

The total metal surface area on the camlyst 3 is preferably from 0.01 10 10m™g.
particularly preferably from 0.05 w 3 m:z’g,. in particular from 0.05 10 3 m per g of

the catalyst.

=z The support materials which can be used for producing the catalysts > used
ae:::t}x'c:ling;~ 1o the present invention are preferablv ones which are macroporous and
have a mean pore diameter of ar least 0.1 Zm. preferably at least 0.5 Zm. and a
surface area of ar most 15 m™g. preterably at most 10 m:!'g, particulariv prererabiy at
most § m:rg, in particular at most 3 m” ‘2. The mean pore diameter of the support is
27 preferably in a range from Q.1 1w 200 Zm. in partcular from 0.5 w 30 Zm. The
surface area of the support is preferably from 0.2 10 15 m*/g, particularly preferably
from 0.5 to 10 m'/g, in particular from 0.5 10 § m’/g. especially from 0.5 to 5 m’/g

of the support.

23 The surface area of the support is determined by the BET method using N2
adsorption. in particular in accordance with DIN 66131. The mean pore diameter
and the pore size distibution are determined by Hg porosimeny, in particular in
accordance with DIN 66133. The pore size distribution of the support is preferabiy
approximately bimodal. with the pore diameter distribution having maxima at about

:206im and abouwt 20 1m in the bikmodal distribution represeming a specific
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Particular preference is given 1w a support having a surface area of about 1.75m" g
and having this bimodai distribution of the pore diameter. The pore volume of this

: preferred support is preferably about 0.55 ml-g.
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Macroporous support materials which can be used are, for example, macropores
containing activated carbon. silicon carbide. aluminum oxide. silicon dioxide.
titanium dioxide. zirconium dioxide. magnesium oxide. zinc oxide or mixtures

thereof. Preference is given 1o aluminum oxide and zirconjum dioxide.

Further demnails regarding cawlyst? or its production may be found in
DE-A 196 04 791.9, whose entire contents on this subject are incorporated by

reference into the present application.

Method of carrving out the process

In the process of the present invention. the hvdrogenation is generally carried out at
from about 50 to 250 °C. preferably from about 70 10 220 °C. The pressures used

here are generally above 10 bar. preferably from about 20 1o about 300 bar.

The process of the present invention can be carried out either continuously or
batchwise, with preference being given to carrving out the process continuousiy.

When the process is camried out contnuously, the amount of the
benzenepolycarboxylic acid or ester to be hydrogenated or of the mixture of two or
more thereof is preferably from about 0.0 to about 3 kg per liter of catalyst per

hour. more preferably from about 0.1 to abour 1 kg per liter of catalyst per hour.
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As hyvdrogenarion gases. it is possible to use any gases which compnse free
hvdrogen and do not contain harmful amounts of catalvst poisons such as CO. For
example. waste gases from a reformer can be used. Preference is given to using pure

hyvdrogen as hvdrogenation gas.

Liv

The hyvdrogenation of the present invention can be carried out in the presence or

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

n solution,

- However, preference is given 1o using a solvent or diluent. Solvents or diluents
which can be used are anyv suitable solvent or diluent. The choice is not critcal as
long as the solvent or diluent used is able to form a homogeneous solution with the’
benz:nep?:_lycarboxyiic acid or ester to be hydrogenated. For example. the solvents

or diluents can also comprise water.

(R1)

Examples of suitable solvents or diiuents inciude the following:

straight-chain or cyelic ethers such as tetrahvdrofuran or dioxane. and aiso aliphatic
aicohols in which the alkyl radical preferably has from 1 to 10 carbon atoms. in

22 parucular from 3 10 6 carbon atoms.

E:camples“of alcohols which are preferably used are i-propanocl. n-butanol. i-butanol

and n-hexanol.
2= Mixwures of these or other solvents or diluents can 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
amounis which lead to a 10-70% strength by weight solution of the

:{ benzenepoivearboxylic acid or ester 10 be hydrogenated.
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In the process of the present invention. parucular preferen ¢ is given to using the
product formed in the hvdrogenation. i.e. the corresponding :»clohexane derivadve.
as solven if desired in addition 1o other solvents or diluent. In any case. part of the
product formed in the process can be mixed with the benzenepolvcarboxylic acid
stll 1o be hvdrogenated or the derivarive thereof. The amount of reaction product
which is mixed in as solution or diluent is preferably from 1 10 30 times. particulariy
preferably from 3 10 20 umes. in particular from 5 to 10 times. the weight of the

compound 10 be hydrogenated.

As mentioned above, the term "benzenepoivcarboxylic acids or derivarives rhereor”
used for-the purposes of the present invention encompasses both the respective ben-
zencpoiy‘iarboxylic acids as such and derivatives thereof. particularly monoesters.
diesters or possibly tiesters or retraesters and also anhydrides of the benzenepoly-
carboxvlic acids. The asters used are alkvl. cveloalkyl and alkoxyalkyi esters. where
the alkyl. cvcloalkyl and alkoxvalkyl groups generally have from 1 to 30. preferably
from 2 10 20 and particuiarly preferably Tom 3 tw 18. carbon atoms and can be

branched or linear.

Specific examples are:

alky] terephthalates such as monomethyl terephthalate. dimethyi terephthalate.
diethyl t&ephthalatc. di-n-propvl terephthalate. di-n-butyl terephthalare. di-teri-buryl
terephtha‘late. diisobutyl terephthalate. monogivcol esters of terephthalic acid.
digiveol esters of terephthalic acid. di-n-octyl terephthalate. diisoocty] terephthalate.
mono-Z-ethvihexyl terephthalate,  di-2-ethvlhexyl terephthalate. * di-n-nonyl
terephthaiate. diisononyl terephthalate. di-n-decvl terephthalate, di-n-undecyl
terephthalate. diisodecyl terephthalate, diisododecyl terephthalate, di-n-octadecyl
terephthalate.  diisooctadecyl  terephthalate.  di-n-eicosyl  terephthalate.

monocyclohexyl terepnthalate. dicyclohexyl terephthalate:
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alkyl phthalates such as monomethyl phthalate. dimethyl phthalate. diethyl
phthalate. di-n-propyvl phthalate. di-n-buryl phthalate, di-tert-butyl phthalate.
diisobury! phthalate, monoglvcol esters of phthalic acid. diglvcol esters of phthalic
acid. di-n-octyl phthalare. diisoocryl phthaiate, di-2-ethylbexyl phthalate. di-n-nonyl
phthalate, diisononyl phthalate. di-n-decvi phthalate, diisodecyl phthalate.
di-n-undecyl phthalate. diisododecyl phthalate. di-n-octadecyl phthalate. diiso-
octadecy! phthalare, di-n-eicosyl phthalate, monocyclohexyl phthalate, dicyclohexyl
phthalate;

> alkyi isophthalates such as monomethyvi isopnthalate, dimethyl isophthalate. diethv!

1

isophthalate, di-n-propvl isophthalate, di-n-butyl isophthalate, di-tert-butvl isophtha-
late. diisoburyi isophthalate. monoglycol esters of isophthalic acid. diglycol esters of
iso;:hthali'c‘:. acid. di-n-octyl isopnthalate. diisoocty! isophthalate, di-2-ethvlhexyl
isophthalate. di-n-nonvl isophthalate. diisononyl isophthalate. di-n-decyl isophtha-
late. diisodecyl isophthalate. di-n-undecvl isophthalate, diisododecyl isophthalate.
di-n-octadecyl isophthalate. diisoocwadecyl isophthalate, di-n-eicosyl isophthalate.

monocyclohexyl isophthalate. dicveiohexyl isophthalare:

Alkyl wimellitates such as monomethyvl wimellitate. dimethyl trimellitate. diethyl
wimellitate, di-n-propyl mimellitate. di-n-buryl wimellitate, di-tert-butyl trimellitate.
diisobutvl trimellitate, the monogivcol ester of trimellitic acid, diglycol esters of
trixnellitié“ acid. di-n-octvl wimellitate. diisooctyl wimellitate, di-2-ethylhexyl
wrimellitate. di-n-nonyl wimellitate. diisononyl wimellitate, di-n-decyvl trimellitate.
diisodecy] trimellitate. di-n-undecvl timellitate. diisododecyl wimellitate. di-n-
octadecy! uimellitate. diisooctadecyl .trimellitate, di-n-eicosyl ‘wimellitate,
monocyclohexyl mimellitate. dicvelohexyl wimellitate and trimethyl wimetlitate,
triethyl timellitate. twi-n-propyl wimellitate. wi-n-buryl wimellitate, ti-tert-butyl
mimellitate, miisoburyl mimellitate. wiglvcol esters of wimellitic acid. mi-n-octyl ti-
mellitate. tiisoocty! trimellitate. ti-2-ethylhexyl trimellitate, tri-n-nony! wimellizate,

:: misododecyl timellitate. mi-n-undecvl timellitate. wiisododecyl trimellitate. wi-n-
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octadecyl wrimellitate. miisooctadecyl mimellitate, mi-n-eicosyl trimellitate. micyelo-

hexvl wimellitate:

alkyl trimesates such as monomethyl timesate. dimethyl timesate, diethyl
gimesate. di-n-propyl wimesate, di-n-butyl wimesate, di-tert-buryl trimesate.
diisobutyi wimesate. monoglveol esters of trimesic acid. diglvcol esters of trimesic
acid. di-n-octvl wimesate, diisooctyl wimesate, di-2-ethylhexvl wimesate, di-n-nonyl
mimesate. diisononyl wimesate, di-n-decyl trimesare. diisodecyl wimesate, di-n-
undecvl mmesate, diisododecyl trimesate, di-n-octadecyl mimesate. diisbocmdccyl
imesate. di-n-eicosvl wimesate. monocyclohexyvl wimesate, dicvclohexyl gimesate.
and also wimethyl imesate. triethvl wimesate, tri-n-propyvl timesate, tri-n-buryl
rimesate, -tri-teri-bury! wimesate. tiisoburyl wimesate. wigiveol esters of trimesic
acid, tri~n:¢c:}~'i wimesate. miisoocty! trimesate, wri-2-ethvl-hexyl mimesate. wi-n-
nonyl wimesate. wiisododecy! trimesate. ti-n-undecyl trimesate. wmisododecyl
wimesate. ti-n-octadecy! wimesate, wiisooctadecyl wimesare. wi-n-eicosyl timesarte.

ticyelohexyl trimesate:

alkyl hemimellitates such as monomethyvl hemimellitate. dimethyl hemimellitate.
diethvl hemimellitate. di-n-propyl hemimellitate. di-n-buryl hemimellitate. di-tert-
pury! hemimellitate. diisoburyl hemimellitare. monoglycol esters of hemimellitic
acid. diglycol esters of hemimellitic acid. di-n-octyl hemimellitate, diisooctyl
hemimellitate, di-2-ethylhexy! hemimellitate. di-n-nonyl hemimeliitate. diisononyl
hemime!lit;,tc. di-n-decvl hemimellitate, diisodecvl hemimellitate. di-n-undecvi
hemimellitate.  diisododecy!  hemimellitate.  di-n-octadecyl  hemimellitate,
diisooctadecyl  hemimellitate.  di-n-eicosyl hemimellitare, rnondcyciohexyi
hemimellitate. dicyclohexyl hemimellitate. and also trimethyl hemimellitate. tnethyl
hemimellitate. wi-n-propyl hemimellitate. wi-n-butyl hemimellitate, ti-tert-butyl
hemimellitate, triisoburyl hemimellitate, triglveol esters of hemimellitic acid, ri-p-

octyl hemimellitate. miisooctyl hemimellitate. i-2-ethvlhexy! hemimellitare, tri-n-

:2 nonvl hemimellitate. twiisododecyl hemimellitate, tri-n-undecyl hemimellitate.



(31

.

L F1)

- a
-

{1
(31}

- -
- -

18-

miisododecyl  hemimellitate, wmi-n-octadecyl hemimellitate.  tiisoocradecy]

hemimellitate. tri-n-eicosvl hemimellitate, tricyclohexyl hemimellitate:

alkvl pvromellitates such as monomethyvl pyromellitate, dimethyl pvromellitate.
diethyl pyromellitate, di-n-propyvl pyromellitate, di-n-butyl pvromellitate, di-tert-
butyl pvromellitate, diisoburyl pvromellitate, monogivcol esters of pyromeilitic acid.
diglvcol esters of pyvromelliic acid, di-n-octyl pyromellitate, diisooctyl
pyromellitate. di-2-ethylhexyl pyromellitate. di-n-nonyl pvromellitate. diisononyvl
pvromellitate. di-n-decvl pvromellitate. diisodecyl pyromellitate. 'di-noundccyi
p}'romellitate. diisododecyl  pvromellitate,  di-n-octadecyl  pyromellitare.
diisooctadecyl  pvromellitate.  di-n-eicosyl pyromellitate, monocyclohexyl
pyrometlitate.  wimethyl pyromellitate, tiethyl pvromellitate, tri-n-propyl
pyromeliitate, wi-n-buryl pyromellitate. wi-ter-buryl pyromellitate. triisobutyl
pvromellitate. triglvcol esters of pyromelliic acid. ti-n-octyl pvromellitate.
wiisoocty] pyromellitate. wi-Z-ethvlhexyl pyromellitate. wi-n-nonyl pyromellitate.
triisodoéiecyi pyromellitate. wi-n-undecyvl pyromellitate, triisododecy! pyvromellitaze.
wi-n-octadecyl  pvromellitate.  twiisooctadecyl  pyromellitate. - wi-n-gicosyl
pvromellitate, wicyclohexyl pyromellitate. and also temamethy! pvromellitate.
tetraethyl pyromellitate. tetra-n-propyl pyvromellitate. tetra-n-butyl pyvromellitate.
tea-tert-butyl  pyromellitate. terraisobutyl pyromellitate. tewaglycol esters of
pyromellitic acid. tewa-n-octyl pyromellitate. tetraisooctvl pvromellitate. tetra-2-
ethvibexyl pvromellitate, tera-n-nonyl pyromellitate. teraisododecyl pyromellitate.
tetra-n-u}ldecyl pvromellitate, tetraisododecyl pyromellitate. tetra-n-octadecyl
pyromellitate, temaisooctadecyl pvromellitate. 1ewa-n-eicosvl .pyromellitate.

tetracyvclohexy! pvromellitate: )
anhydrides of phthalic acid. rimellitic acid. hemimellitic acid and pvromellitic acid.

Of course. it is also possible 10 use mixtures of wo or more of these compounds.

L]
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The products as obtained according to the invention are the corresponding

cvclohexanepolvearboxylic acids or cvclohexanepoycarboxylic acid denvatives.

Furthermore. the presemt invention relates to the following new

(3]

cveclonexanepolvecarboxylic acids or cyelohexanpolvcarboxylic acid derivatves as

such:

cyclohexane-1.2-dicarboxylic acid di(isopentyl) ester, obainable by hydrogenation
of 2 di(isopentyl)phthalate having the Chemical Abstracts regiswy number (in the
12 following: CAS No.) 84777-06-0;
cycionexane-1.2-dicarboxvlic acid di(isohepryl) ester, obtainable by hydrogenating
the cirisohepryl)phthaiate having the CAS No. 71888-89-6.
c_vciohcf;ne-l.2~dicarboxylic acid di(isononyi) ester. obtainable by hydrogenating
the di(isononvl)phthalate having the CAS No. 68515-48-0:
z cyclonexane-1.2-dicarboxyviic acid di(isononyl) ester. obtainable by hydrogenating
the dit iéonon}'l)phthalate having the CAS No. 283553-12-0. which is based on n-
butene:
cvcionexane-1.2-dicarboxylic acid difisononvl) ester, obtainabie bv hvdrogenating
the di(isononvi)phthalate having the CAS No. 28353-12-0. which is based on
22 isobutene;
a 1.2-di-Co-ester of cvclohexanedicarboxylic acid. obtainable by hvdrogenating the
ditnonyl)phthalate having the CAS No. 68513-46-3:
cycloheiane-l,.’dicarboxylic acid di(isodecyl) ester, obtainable by hvdrogenating a
ditisodecyl)phthalate having the CAS No. 68515-49-1:

23 1.2-di~Cs.qy-ester of cs'ciohe@edicmwlic acid. obtainable by hvdrogenating the
corresponding phthalic acid ester having the CAS No. 68515424;
1.2-3i~C+.i1-ester of cyclohexanedicarboxylic acid. obtainable by hydrogenating the
di-C-.;1-phthalates having the following CAS Nos.:
111381-89-6.

30 111381-90-9.
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111581-91-0,

68315416,

68315-43-7 and

3648-20-7;

a 1.2-di-Cs.11-ester of cyvclohexanedicarboxylic acid, obtainable by hydrogenating a
di-Cs.11-phthalate having the CAS No. 98513-45-3;

a 1.2-di(isodecyl)cvelohexanedicarboxvlic acid ester. obtainable by hvdrogenating a
di(isodccyi)phzhalate. consisting essentally of di-(2-propviheptyi)phthalate:
1.2-di-Cs.e-cvclohexanedicarboxylic acid ester, obtainable by hydrogénazing the
: comresponding phthalic acid ester. which comprises branched and linear Cis-

alkviester groups: respective phthalic acid esters which mayv be e.g. used as starting

(R 1]

-

materials-have the following CAS Nos.:

Gi-C s-alkylphthalate having the CAS No. 111 381-89-6:
di-C--alkylphthalate having the CAS No. 68315-44-6: and
di-Ce-atkyiphthalate having the CAS No. 68515-45-7.

i

Furthermore. the presemt invention also provides for the wuse of
cvelohexanepolycarboxylic esters. in particular the cvclohexanepolvcarboxylic esters
ootained using the process of the present invention, as plastcizers in plastics. Here.
%2 prererence is generally given to diesters and triesters containing alkyvl groups having
trom 3 to 18 carbon atoms and particular preference is given to the abovementioned.

individually listed esters having from 3 10 18 carbon atoms.

More preferably, the above explicitly mentioned new Cs. Cs-. Co-, Cio-. Crpt=, Cott-
2z and Cse-esters of 1.2-cyclohexanedicarboxvliic acids, as being obrainable by
hvdrogenating the corresponding phthalates and more preferably the hydrogenation
products of the commerciallv available benzenepolycarboxylic acid esters with the
trade names Jayflex DINP (CAS No. 68515-48-0), Jayflex DIDP (CAS No. 68515-
49-1). Palatinol 9-P. Vestinol 9 (CAS No. 28553-12-0), TOTM-I (CAS No. 3319-
3¢ 31-1). Linplast 68-TM and Palatunol N (CAS No. 28553-12-0) are used as
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plasticizers in plastics. Among those is in tumn preferred to ur> these compounds or
mixtures thereof as plasticizers in mass plastics, such as e.¢ PVC and poivolefins.
such as polvethvlene. polypropviene. polyisoprene and coj :ivmers of ethylene or

propviene and 1-butene. 1-hexene and 1-octene.

Compared to the until now predominantly phthalates as used as plasticizers. the
cvclohexanepolvearboxvlic acid (derivarives). as used according to the invention.
exhibit a lower density and viscosity and lead to e.g. an improvement of the
flexibility at low temperarures (Kalteflexibilitit) of the plastic when conipa:td with
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
o those as resuling from the usage of phthalates. Furthermore. the
C}'ciohexﬁf}epolycarboxyiic acid (derivative)s according to the invention exhibit an
improved process ability in the drv biend and as a result thereof a higher production
spesd. In the Plastisol processing by exhibit advantages arributed to the lower

viscosity when compared with conventional pathalates.

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

examples.
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Examples

Examples of catalvst production

' 3 A mesoporous/macroporous aluminum oxide support which was in the form of

4 mm extrudates and had a BET surface area of 238 m:!g and a pore volume of

0.45 ml/g was impregnated with an aqueous rutheniumn(1II) nitrate solution having a

concentrauon of 0.8% by weight. 0.15 ml/g (about 53% of the total volume) of the

pores of the support had 2 diameter in the range from 50 nm to 10.000 nm and

C 22 030 ml/g‘ (abour 67% of the total pore volume) of the pores of the support had a
pore diameter in the range from 2 10 50 nm. The volume of solution taken up by the

support ‘during impregnation corresponded approximately to the pore volume of the

support used.

.3 The support which had been impregnated with the ruthenium(Ill) nitrate solution
was subsequently dried ar 120 °C and activated (reduced) at 200 °C in a sweam or
hvdrogen. The catlyst produced in this way contained 0.03% by weight of

ruthenium. based on the weight of the catalvs:.

C xampie.]

In a 300 ml pressure reactor. 10 g of the Ru catalyst as described in the example of
catalyst production were placed in a catalvst basket insert and 197 g (0.5 mol) of
2% diisooctyl phthalate were added. The hvdrogenation was carried out using pure
hydrogen at 80 *C and a constant pressure of 200 bar. Hydrogenation was continued
until no more hydrogen was taken up {4 h). The reactor was subsequently vented.
The conversion of the diisooctyl phthalate was 100%. The yield of diisooctyl
hexahvdrophthalate was 99.7%. based on the total amount of diisooctyl phthalate

:: used.
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Example 2

2 In a 300 mli pressure reactor, 10 g of the Ru catalyst were placed in a catalyst baske:
insert and 194 g (0.46 mol) of diisononyl phthalate were added. The hvdrogenation
was carried out using pure hydrogen ar 80 °C and a constan: pressure of 100 bar.
Hydrogcngrion was continued until no more hvdrogen was taken up (10 h). The

C reactor was subsequently vented. The conversion of diisononyl phthaiaxe. was 100%.
> The vield of diisononyvl hexahvdrophthalate was 99.5%. based on the total amount of
diisonony! phthalate used.

Exampie 3

-

Ina300 ;ni pressure reactor. 10 g of the Ru catalyst as described in the exampie or
catalyst production were placed in a caralvst basket insert and 195 g (0.39 mol) of
diisododecy] phthalate were added. The hvdrogenation was carried out using pure
hvdrogen at 80 °C and a constant pressure of 200 bar. Hvdrogenarion was continued
C 22 untl no more hydrogen was tken up (4 h). The reactor was subsequently vented.
The conversion of diisododecyl phthalate was 100%. The vield of diisododecyl
hexahydrophthalate was 99.5%. based on the total amoumnt of diisododecyl phthaiate

used.

-~ -
=
- -

Exampie 4

In a 500 ml pressure reactor. 10 g of the Ru catalyst were placed in a catalvst baske:
insert and 38.4 g (0.2 mol) of dimethyl isophthalate. dissolved in 100 g of THF,

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



constant pressure of 200 bar. Hydrogenation was continued until no more hydrogen
was 1aken up and the reactor was subsequently vented. The conversion of dimethyl
isophthalate was 93.3%. The vield of dimethy] hexahvdroisophthalate was 93.3%.

P
=
-

Es le 3

In 2 300 ml pressure reactor, 10 g of the Ru catalyst were placed in a catalyst basket

C insert and :25..’3 g (0.1 mol) of rimethyi rimesate. dissolved in 100 g of THF. were
-- added. The hydrogenation was carried out using pure hydrogen at 120 °C and a

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

was taken up and the reactor was subsequently vented. The conversion of oimethyl

rimesate was 97%. The vield of trimethyl hexahvdrouimesate was 93%.

i

Exampie 6

In a 300 mi pressure reactor. 10 g of the Ru caralyst were placed in a catalvst basket
insert and 23.2 g (0.1 mol) of wimethyl wimellitare. dissolved in 100 g of THF. were
C Z: added. The hydrogenation was carried out using pure hydrogen at 120 °C and a
constant pressure of 200 bar. Hydrogenation was comntinued until no more hydrogen
was taken. up and the reactor was subsequenilv venred. The conversion of trimethyl

rimellitate was 35%. The vield of trimethyv! hexahvdrotrimellitate was 33%.

In a 300 m! pressure reactor. 10 g of the Ru catalyst were placed in a catalyst basket
insert and 10.0 g (0.03 mol) of tetramethyl pvromellitate. dissolved in 100 g of THF.
I were added. The hydrogenation was carried out using pure hvdrogen at 80 °C and a
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constant pressure of 200 bar. Hydrogenation was continued until no more hydrogen
was taken up and the reactor was subsequently venied. The conversion of
terramethy! pyromellitate was 43%. The vield of teramethy! hexahvdropyromellitate

was +4%%,

Example 8

Ina 1.2 1 pressure reactor. 53 g of the supported Ru caralyst were placed in a catalyst

= > basket insért and 800 g (1.9 mol) Javflex DINP (CAS No. 68513-48-0) were added.

The hvdrogenation was carried our using pure hvdrogen at 80 °C and a constamt
pressure ‘of 200 bar, Hyvdrogenation was conunued until no more hvdrogen was
taken up (6 h} and the reactor was subsequently vented. The conversion or Jayflex

DINP was 100%. The vield of the comresponding cyclohexanedicarboxylic acid ester

2% was 99.3%. rejative 10 the total amount of the added Jayflex DINP.

Example 9

22 Ina 0.3 | pressure reactor. 10 g of the supported Ru cartalyst were placed in a catalyst

basket insert and 150 g (0.35 mol) Palatinol 9-P were added. The hyvdrogenation was
carried out using pure hyvdrogen at a temperature of 120 °C and a constant pressure
of 200 bar. Hvdrogenarion was coutinued until no more hydrogen was taken up (2 h)

and the reactor was subsequently vented. The conversion of Palatinol 9-P (1.2-

2% ditnonyl. linear and branched)benzenedicarboxyvlic acid ester) was 100%. The vield

of the corresponding cvclohexanedicarboxvlic acid ester was 99.4%, relative 1o the

total amount of the used Palatinol 9-P.

22 Example 10
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In a 1.2 ] pressure reactor, 53 g of the supported Ru catalyst were placed in a catalyst
baske: insert and 780 g (1.87 mol) Vestno! 9 (CAS No. 28553-12-0) were added.
The hvdrogenation was carried out using pu:é hydrogen at a temperature of 120 °C
: 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 was 99.4%.

relative 1 the total amoumnt of the used Vestnol 9.

Example 11

Inal2 1 pressure reactor. 33 g of the supported Ru catalyst were placed in a catalyst
basket insert and 760 g (1.7 mol) Jayflex DIDP (CAS No. 685315-49-1) were added.
% The hydrogenation was carried out using pure hvdrogen at 80 °C and a constant
pressure of 200 bar. Hydrogenation was continued until no more hydrogen was
taken up (10 h) and the reactor was subsequendy vented. The conversion of Jayflex
DIDP was 100%. The vield of the corresponding cvclohexanedicarboxylic acid ester

was 99.3%, relative 1o the total amount of the used Javflex DIDP.

-~
o~

Examglg 12

In a 1.2 | pressure reactor. 33 g of the supported Ru catalyst were placed in a cataivst
:tbasket insen  and  800g - (1.56mol)  TOTMI  (1.24-m(-
ethvihexvl)benzenetricarboxylic acid ester) were added. The hydrogenation was
carried out using pure hydrogen at 100 °C and a constant pressure of 200 bar.
Hydrogenation was continued until no more hvdrogen was taken up (20 h) and the
reactor was subsequently vented. The conversion of TOMT-] was 95%. The vield of -

3¢ the corresponding cyclohexanedicarboxylic acid ester was 94%. relative to the total
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amount of the used TOMT-1.

Example 13

in

In a 500 ml pressure reactor. 10 g of the supported Ru catalyst were placed in a
catalyst basket insert and 150 g (0.32 mol) Linplast 68-TM (1.2.4-mi(linear Co.s-
alkyl)benzoltricarboxvlic acid ester) were added. The hvdrogenauon was carried out
using puré hvdrogen art a temperature of 120 °C and a constant pressure of 200 bar.
ne Hydrogenérion was continued untl no more hydrogen was taken up (11h) and the
reactor was subsequently vented. The conversion of Linplast 68-TM was 100%. The
vield of the corresponding cyvclohexanedicarboxylic acid ester was 99.2%. relative to

the toral amount of the used Linplast 68-TM.

on

Exg;glé 14

A vertical high-pressure tube made of stesl having an inner diameter of 30 mm and a
length of 2.2 m was filled with 1.4 | of the supported Ru catalyst. In the slurry
22 process, 0.45 kg'h Palatinol N (CAS No. 28553-12-0) were pumped together with
pure hvdrogen from the bottom to the top through the reactor at an average
temperature of 125 °C and a pressure of 200 bar. After leaving the high-pressure

»
>

reactor. pﬁn of the reaction product was reintroduced into the reactor rogether with
new Palatinol N, while the residual reaction product was vented in a container. The
25 hvdrogenation was carried out with a 20% excess of the theoreﬁc:il!y required
hvdrogen while contolling the spemt gas. Gaschromatographic analysis of the
reaction product showed that Palatinol N has been reacted 10 an extent of 99.5%.
The corresponding cvclohexanedicarboxylic acid ester was obtained with a

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

5

¢ reaction product, the same was pumped through the reactor from the bottom 10 the



top in an amount of | kg’h, and the product was vented in 2 container. The addition
of hydrogen was continued as described above. Subsequently. no Paiatino! N was
found in the product. The selectuviry with respect to the comresponding
cyclohexanedicarboxylic acid ester after the second hvdrogenation was 99%. As side
: components, about 1% low boiling components (components having a lower boiling
point compared 10 cyclohexanedicarboxylic acid ester) were found. These
components were reduced by means of a vapor distiliation at 170 °C and a pressure
of 50 mbar. The product consisted after this work-up of 99.7%

cyclohexanedicarboxylic acid ester.

C
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CLAIMS

A process for hydrogenating a benzenepolycarboxylic acid or a derivative
thereof or a mixture of two or more thereof by bringing the benzenepoly-
carboxylic acid or the derivative thereof or the mixture of two or more
thereof into contact with a hydrogen-containing gas in the presence of a
caialyst which comprises as active metal at least one metal of transition
group VII of the Periodic Table alone or together with at least one metal
of transition group I or V]I of the periodic table applied to a support which
t;(_)ntains macropores having 2 pore diameter of greater than 50 nm ac-
cording to the definition in Pure Applied Chemistry 45, p. 79 (1976) with
ghc proviso that

if dimethyl terephthalate is hydrogenated, the hydrogenation using a cata-
lyst which comprises as active metal ruthenium either alone or together
with at least one metal of transition group 1, VII or VIII 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 at most 30 m*g and the amount

of the active metal is from 0.01 to 30% by weight, based on the total
weight of the catalyst, 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 1, VII or VIII of the Peri-
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odic Table in an amount of from 0.01 to 30% by weight, based on the total
weight of the catalyst, applied to a support, where from 10 to 50% of the
pore volume of the support is forrned by macropores having a pore di-
ameter in the range from 50 om to 10,000 nm and from 50 to 90% of the
pore volume of the support is formed by mesopores having a pore diameter
in the range from 2 to 50 nm, where the sum of the pore volumes adds up
to 100%, is cxéluded, and

wherein aluminium oxide which contains a lithium aluminium spinel is

excluded as a support.

A process as claimed in claim 1, wherein the catalyst comprises as active
metal at least one metal of transition group VIII of the Periodic Table ei-
ther alone or together with at least one metal of transition group 1 or IV 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 at most 30 m%/g and
the amount of the active metal is from 0.01 to 30% by weight, based on the
total weight of the catalyst.

A process as claimed in claim 1, wherein the catalyst comprises as active
metal at least one metal of transition group VIII of the Periodic Table ei-
ther alone or together with at least one metal of transition group I or VII of
the Periodic Table in an amount of from 0.01 to 30% by weight, based on
the total weight of the catalyst, applied to a support, where from 10 10 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 diameter
in the range from 2 to 50 nm, where the sum of the pore volumes adds up
to 100%.
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A process as claimed in claim 1, wherein the catalyst comprises as active
metal at least one metal of transition group VIO of the Periodic Table ei-
ther alone or together with at least one metal of transition group I or VII of
the Periodic Table in an amount of from 0.01 to 30% by weight, based on
the total weight of the catalyst, applied to a support, where the support has
a mean pore diameter of at least 0.1 um and a BET surface area of at most
15m¥g.

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 monoalky! and dialkyl esters of phthalic acid, terephthalic acid and
isophthalic acid, monoalkyl, dialkyl and trialky] esters of trimellitic acid,
trimesic acid and hemimellitic acid, monoalkyl, dialkyl, trialkyl and
tetraalkyl esters of pyromellitic acid, where the alkyl groups can be linear
o}_ 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 hydro-
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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Cyclohexane-1,2-dicarboxylic acid di(isopentyl) ester, obtainable by
hydrogenation of a di(isopentyl)phthalate having the Chemical Abstracts
registry number (in the following: CAS No.) 84777-06-0;
cyclohexane-1,2-dicarboxylic acid di(isoheptyl) ester, obtainable by
hydrogenating the di(isohepty)phthalate having the CAS No. 71888-89-6;
cyclohexane-1,2-dicarboxylic acid di(isononyl) ester, obtainable by
hydrogenating the di(isononyl)phthalate having the CAS No. 68515-48-0;
cyclohexane-1,2-dicarboxylic acid di(isononyl) ester, obtainable by
hydrogenating the di(isononyl)phthalate having the CAS No. 28553-12-0,
based on n-butene; .
cjrclohexane-lﬂ-dicarboxylic acid di(isononyl) ester, obtainable by
hydrogenating the di(isononyl)phthalate having the CAS No. 28553-12-0,
based on isobutene;

& 1,2-di-Co-ester of cyclohexanedicarboxylic acid, obtainable by
hydrogenating the di(nonyl)phthalate having the CAS No. 68515-46-8;
cyclohexane-1,2-dicarboxylic acid di(isodecyl) ester, obtainable by
hydrogenating a di(isodecyl)phthalate having the CAS No. 68515-49-1;
1,2-di-Cy.y-ester  of cyclohexanedicarboxylic acid, obtainable by
hydrogenating the corresponding phthalic acid ester having the CAS No.
68515-424;

1,2-di-Cy.y-ester  of cyclohexanedicarboxylic acid, obtainable by
hydrogenating the di-Cy.1;-phthalates having the following CAS Nos.:
111381-89-6,

111381-90-9,

111381-91-0,

68515-44-6,

68515-45-7 and

3648-20-7,

a 1,2-di-Co-ester of cyclohexanedicarboxylic acid, obtainable by
hydrogenating a di-Cs.;;-phthalate having the CAS No. 98515-43-5;
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a 1,2-di(isodecyl)cyclohexanedicarboxylic acid ester, obtainable by
hydrogenating a di(isodecyl)phthalate, consisting essentially of di-(2-
propylheptyl)phthalate;

1,2-di-Cy.9-cyclohexanedicarboxylic acid ester, obtainable by hydrogenating
the corresponding phthalic acid ester, which comprises branched and linear
Cr.s-alkylester groups,

wherein the hydrogenating is carried out according to a process as claimed in
any of claims 1 to 8.

éyclohexanepolycaxboxylic acid derivative selected from the group
cdnsisting of:

cyclohexane-1,2-dicarboxylic acid di(isononyl) ester, obtainable by
hydrogenating the di(isononyl)phthalate having the CAS No. 28553-12-0,
l;ased on n-butene;

cyclohexane-1,2-dicarboxylic acid di(isononyl) ester, obtainable by
hydrogenating the di(isononyl)phthalate having the CAS No. 28553-12-0,

based on isobutene,

wherein the hydrogenating is carried out according to a process as claimed in
any of claims 1 to 8.

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

cyclohexanetricarboxylic ester or a mixture of two or more thereof as
piasticizcrinPVC.

The use of a cyclohexanedicarboxylic ester according to claim9or 10 ora
cyclohexanetricarboxylic ester or a mixture of two or more thereof as
plasticizer in PVB.
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The use of a cyclohexanedicarboxylic ester according to claim 10 or a cy-
clohexanetricarboxylic ester or a mixture of two or more thereof as plasti-

cizer in plastics.

A plastic composition comprising a cyclohexanedicarboxylic ester ac-
cording to claim 9 or a cyclohexanetricarboxylic ester or a mixture of two
or more thereof, wherein the plastic is PVC.

A plastic composition comprising a2 cyclohexanedicarboxylic ester ac-
cgrding to claim 10 or a cyclohexanetricarboxylic ester or a mixture of two
or more thereof, wherein the plastic is PVC.

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

ester or 2 mixture of two or more thereof.

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

ester or a mixture of two or more thereof.



.

O

n

- -
-

i

-~
-~

bRl
-~

' diameter in the range from 2 to 50 nm, where the sum of the pore volumes adds up

36- NN

*162162*

*G00002°
ABSTRACT

HYDROGENATION OF BENZENEPOLYCARBOXYLIC ACIDS OR
DERIVATIVES THEREOQOF USING A CATALYST CONTAINING
MACROPORES

A process for hydrogenating a benzenepoivcarboxylic acid or a derivative thereof or ,
a mixture of two or more thereof by bringing the benzenepolycarboxylic acid or the
derivative thersof or the mixmre of two or more thereof into contact with 2
hydrogeg—comaining gas is carried our in the presence of a catalyst which comprises
as activeynetal at least one metal of wansition group VIII of the Periodic Table alone
or together with at least one metal of wansiton group I or VII of the periodic table
applied to a support which contains macropores with the proviso that

if dimethy] terephthalate is hvdrogenated. the hydrogenation using a catalyst which
comprises as active metal ruthenium either alone or together with at least one metal
of transition group I. VII or VIII of the Periodic Table applied to a support. where
the support has a mean pore diameter of ar least 50 nm and a BET surface area of at
most 30 m:."g and the amount of the active metai is from 0.01 to 30% by weight
based on the total weight of the caralyst. and the ratio of the surface areas of the
active metal and the caralyst support is less than 0.03,

and/or -

a catalvst which comprises as active metal ruthenium either alone or together with at
least one metal of ransition group I, VII or VIII of the Periodic Table in an amount
of from 0.01 to 50% by weight. based on the total weight of the catalyst. applied 10 a
support. where from 10 10 50% of the pore volume of the suppont 'is formed bv
macropores having a pore diameter in the range from 50 nm to 10,000 nm and from
30 10 90% of the pore volume of the support is formed by mesopores having a pore
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o 100%. is excluded and novel hydrogenaton products. obrainable by
hvdrogenating benzenepolvearboxylic acid (derivadves) as well as their use as

plasticizers in plastics.





