
;e3e#4^* b"6"T#e1 7 JUN 2002   AS ORIGINALLY Y FILED  Hydrogenation of
benzenelolycarboxylic acids or derivatives thereof _ using a catalyst
containing macropores The present invention relates to a process for
hydrogenating benzenepolycarboxvlic adds or deriyanves thereof. such as
esters and/or anhydrides, by bringing one or more benzenepolvcarboxvlic
acids or one or more derivatives thereof into contact with a
hydrogen-containing gas in the presence of a catalyst containing
macropores. Furthermore the present invention also relates to selected
products as obtained by the h~-hydrogenation according to the invention as
such, i.e. the corresponding _~ cycioherane compounds. in particular of
cvclohelanedicarbowlic esters and cvclohevanetricarboxvlic esters. in
particular the c~-clohexanedicarbo~cvlic esters and
cvclohexanetricarboKylic esters. Furthermore. the invention also relates to
the use of the obtained cvclohexanedicarbowlic esters as plasticizers in
plastics. _ : In L' S ~.'_' 86.898 and L' S ~ .~ 19.1'_' 9. dimethvl
terephthalate is hydrogenated at >_ 1 ~0 C and a pressure of from ~0 to 170
bar over supported Pd catalysts which are treated with iii. Pt and/or Ru to
give the corresponding dimethvl hexahvdroterephthalate. In DE-A '_' 8 '_' 3
165 . aromatic carboxylic esters are hydrogenated at from 70 to =~0 C and
from 30 to ?00 bar over supported Ni, Ru. _ ~ Rh and/or Pd catalysts to
give the correspondine cvcloaliphatic carboxylic esters. L: S 3.0'_' ; .398
describes the hydrogenation of dimethyl terephthalate over supported Ru
catalysts at from 110 to 1 ~0 C and from 3 ~ to 10~ bar. EP-A 0 603 8'_'~
relates to a process for the preparation of 1.-~~;.
cvcvlohexnriedicarboxvlic acid by h4drogenating terephthalic acid by using
a   1 7 JUN ZOOZ _Z_ supported palladium catalyst. wherein as support
alumina. silica or active charcoal ~s used. The process described therein
is particularly characterized in that the solution comprising an
1.~-cvclohexanedicarboxvlic acid as obtained in a first step is brought
into contact with steam. thereby leading to an extraction of the impurines
as obtained in said solution. This process is, however. only applicable to
acids. since when using it for derivatives. such as e.~. esters.
anhydrides. ete. there exists the risk of hydrolysis. The use of a support
comprisins macropores is not mentioned in this application. - ~ L p to now,
predominantl~~ phthalic acid esters. such as dibutyl. diocyl or isononvl
esters of phthalic acid have been used as plasticizers in plastics. such as
PVC, as may be -deduced from e.~. FR-.~ '_'.39','.131. However. since
recently these compounds are regarded as being detrimental under health
aspects and thus their use m plastics for producing e.~. tools for children
is under an increasing criticism. in _ ~ some countries their use is even
forbidden. 



The use of several c~~clohevane-1.=-dicarbov.~iic acid esters as
plasticrzer is hnon from the pnor an. Descnbed is the use of
c~~cloheYanedicarboYVlic acid dimethvl or diethyl ester s ( D E- a ~' 8 '_'
3 16 ~ ~~. cyc lohexane-1.=-dicarboxvlic acid _ ~ di( isononvl)ester (EP-:~
0--~) 110 ~ -11 and cvc loherane-1.'_'-dicarboxvlic acid di('_'
ethvlhexyl)ester (DE-a 1'_' 63 '_'961 as plasticizers in plastic. It is an
object of the present invention to provide a process for hydrogenating
benzenepolvcarboxylic acids or derivatives. in particular
benzenedicarboxylic esters. _ ~ using specific catalysts. b~- means of
which the corresponding ring-hvdroeenated derivatives, in particular
cvciohexanedicarbox; lic esters. can be obtained with a very high
selectivitt~ and in a very high space-time yield without significant
secondary reactions. ? c :~ further object of the present invention Iies in
providing new products which are   1 7 Jt~N 2002 . y . obtainable by the
hvdro~enation of benzenepolvcarboxylic acid (derivatives) according to the
invention. which should be preferably useable as plasticizers in plastics.
The present invention accordingly provides a process for hydrogenating a
benzenepolvcarboxvlic acid ox a derivative thereof or a mi.Yture of two or
more thereof by bringing the benzenepolvcarboxvlic 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 soup V III of the Periodic
Table alone or together with at least one metal of transition group I or
VIII of the periodic table applied to a support which contains macropores
with the proviso that if dimethvl terephthalate is h~~dro~enated, the
hvdroeenation 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 P:riodic Table applied to a support. where the support
has a mean pore diameter of at least ~ 0 nm and a BET surface area of at
most ~ 0 m':~Q 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 or the active metal and the catalyst support is less than
0.0~. _ ~ or a catalyst which comprises as active metal ruthenium either
alone or together with at least one metal of transition Group I. VII or
VIII of the Periodic Table in an amount of from 0.01 to 30.'o by weight.
based on the total weight of the catalyst. applied to a support, where from
10 to ~0,'0 of the pore volume of the support is formed by _ ~ macropores
having a pore diameter in the range from ~0 nm to 10.000 nm and from JO to
90,'0 of the pore volume of the support is formed by mesopores having a
pore diameter in the range from '_' to ~0 nm, where the sum of the pore
volumes adds up to l00%. is excluded. 



In a preferred embodiment. the present invention provides a process for   1
7 JINN Z00Z -4 hydrogenating a benzenepolycarboxylic acid or a derivative
~nereof or a mixture of two or more thereof. wherein the catalyst comprises
as a~ five metal at least one metal of transition Group VIII of the
Periodic Table either one or together ~~ith at least one metal of
transition soup I or VII of the Periodic T~ble applied to a support, where
the support has a mean pore diameter of at least ~0 nm and a BET surface __
, area of at most 30 m ;'a and the amount of the active metal is from 0.0l
to ~ 0' by weight, based on the total weight of the catalyst (catalyst 1 ).
Furthermore, the present invention prow ides a process of this t<~pe in
which the catalyst compnses as active metal at least one metal of
transition soup VIII of the Periodic Table either alone or together with at
least one metal of transition Group I or VII of the Periodic Table in an
amount of from 0.01 to 30,' by weight. based on the total weight of the
catalyst. applied to a support. where from 10 to ~0' of the pore volume of
the support is formed by macropores haying a pore diameter in the range _ =
nom ~0 nm to 10.000 nm and from = 0 to 90' of the pore volume of the
support is formed b~~ mesopores haying a pore diameter in thz range from
'_' to ~0 nm. where the sum of the pore volumes adds up to l00'0 (catalyst
'?7. In a further preferred embodiment. the present invention provides a
process as defined above in which the catalyst ~catalvst ~ ) comprises as
active metal at least one metal of transition Group VIII of the Periodic
Table either 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.'o 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 =m and a BET
surface area of at most 1 ~ m 'a. Supports used can in principle be a11
supports which contain macropores. i.e. supports which contain only
macropores as well as those which contain mesopores anciior micropores in
addition to macropores. active metals which can be used are in principle
a11 metals of transition group VIII c of the Periodic Table. Preference is
given to using platinum, rhodium. palladium.   1 1 JUN 2002 -s. cobalt.
nickel or ruthenium or a mixture of two or more thereof as active metal:
particular preference is given to using ruthenium as active metal. Among
the metals of transition croup I or VII or else transition groups I and VII
of the Periodic Table which are likewise all usable in principle.
preference is given to using copper and/or rhenium. For the purposes of the
present invention, the terms "macropores" and "mesopores" are used as they
are defined in Pure Appl. Chem.. -~ ~ Q19; 6), ~ 9. namely as pores whose
diameter is above ~0 nm (macropores~ or whose diameter is from '_' nm and 



~0 tun (mesopores). The active metal content is generally from about 0.01
to about ~0,'o b~~ weight. preferably from about 0.0l to about ~,'o b~~
eight and in particular from about 0.I to about ~% b~~ weight. in each case
based on the total weieht of the catalyst used: _ = the contents preferably
used in the pre~erred catalysts I to = described below will again be
specified individually in the discussion of these catalysts. The te.~n
"be~z_enepoh~carbon;iic acid or a derrl~arit~e thereof" used for the
purposes of the present invention encompasses all benzenepolycarboYvlic
acids as such. e.g. phthalic acid. isophthalic acid. terephrhalic acid.
trimellitic acid. trimesic acid. hemimellitic acid and pvromellitic acid.
and derivatives thereof. particularly monoesters. diesters and possibly
ttiesters and tetra-esters, in particular alk~~l esters. and anhydrides.
The compounds which are preferably used will be briefly described once more
in the section "l~fethod of cam~ina out the process" below. The catalysts 1
to 3 which are preferably used will now be described in detail below. In
the description. ruthenium is used as acnve 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.   ~ ~ ~uN ~ooz -6 c~tal~st i The
catalysts 1 used according to the present invention can be produced
industriall~~ by applying at least one metal of transition group VIII of
the Periodic Table and, if desired, at least one metal of transition soup I
or VII of the Periodic Table to a suitable support. The metals j can 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 support or by other suitable methods. Suitable metal
salts of transition- group I. VII or VIII of the Periodic Table are the
nitrates. nitros~~l nitrates. halides. carbonates. carbowlates.
aceylacetonates. chloro completes. nitrito comple:ces or ammine complexes
of the corresponding metals. with preference _ ~ being amen to the nitrates
and nnros~1 nitrates. In the case of metals ~hich have not only a metal of
transition group V III of the Periodic Table but also further metals
applied as active metals to the support. the metal salts or metal salt
solutions can be applied simultaneously or in succession. The supports
which have been coated or impregnated with the metal salt solution are
subsequently dried. preferably at from 100 to 1 ~0 C, and. if desired.
calcined at from ?00 to 600 C. preferably from 3~0 to -1~0 C. 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
support is impregnated with the active components is immaterial. The coated
and dned and. if desired. calcined supports are subsequently activated by 



treatment in a gas stream comprising free hydrogen at from about 30 to
about 600 C. preferably from about 1 ~0 to about 450 C. The gas stream
preferably consists   1 7 JAN 2002 of from ~0 to 100% by volume of H~ and
from 0 to ~0' 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 about 0.01 to about 30,' by weight. preferably from about 0.01 to
about ~ % by weight. more preferably $om about 0.01 to about 1 % by weight
and in particular from about 0.05 to about 1 % by weight. The total metal
surface area on the catalyst 1 is preferably from about 0.01 to about 10 m
g, more preferably from about 0.0~ to about ~ m-/g and in particular from
about 0.0~ to about 3 m''a of the catalyst. The metal surface area is
determined by means of-the chemisorption method described by J. Lemaitre et
al. in "Characters=arion of Hererogenous Catalysts", edited by Francis
Delanney. Vlarcel Dekker. view York 198-1, pp. ~ 10- ~'_'-1. In the
catalyst 1 used accordin_ to the present invention. the ratio of the
surface areas of the active metaL~ metals and the catal~~st support is
preferably less than about 0.0~. wtth the lower limit beins about 0.000 = ~
The support materials which can be used for producing the catalysts used
according to the present invention are those which are macroporous and have
a mean pore diameter of at least about ~0 nm. preferable at least about 100
nm. in particular at least about Q00 nm, and whose BET surface area is at
most about 30 m ,gig. preferably at most about 1 ~ m`/ ~, more preferably
at most about 10 mc/g, in _ __ particular at most about ~ m-- Q and more
p~eferablv at most about 3 m-/g. The mean pore diameter of the support is
preferably from about 100 nm to about ''00 im. more preferably from about
Q00 nm to about ~0 .m. The surface area of the support is preferably from
about 0.? to about 1 ~ m-%a, more preferably from about 0.~ to about 10
m-/g, in particular from about 0. ~ to about 5 m`/g and more preferably c
from about 0.~ to about 3 m~%a   1 1 JUN 2002 -8 The surface area of the
support is determined by the BET method using '~= adsorotion, in particular
in accordance with DIhi 66131. The mean pore diameter and the pore size
distribution are deternlined by Hg porosimetr~-~, in particular in 



accordance with DL'~i 66133. The pore size distribution of the support is
preferably approximately bimodal, with the pore diameter distribution
having maxima at about 600 nm and about '_0 ~m in the bimodal distribution
representing a specific embodiment of the invention. Further preference is
given to a support which has a surface area of 1.7~ m-.'g and this bimodal
distribution of the pore diameter. The pore volume of this preferred
support is preferably about 0.~.: ml/a. _ ~ Viacroporous support mater ials
which can be used are. for etample. macropores contairunQ activated carbon.
silicon carbide. aluminum oxide. silicon dioxide, titanium dioxide,
zirconium dioxide, magnesium oxide. zinc oxide or mixtures of t<vo or more
thereof. with preference being Given to using aluminum oxide and zirconium
dioxide. Further details regarding catalyst 1 or its production may be
found in DE-:~ 196 '_'=1-18-1.6. ~.vhose entire contents on this subject
are incorporated by reference into the present application.   1 1 JUN 2002
_4_ CatalVSt 2 The catalysts '_' used according to the present invention
comprise one or more metals of transition soup VIII of the Periodic Table
as active components) on a support as defined herein. Preference is liven
to using ruthenium, palladium and/or rhodium as active component(s). The
catalysts '_' used according to the present invention can be produced
industriall~~ 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 transition soup I-or VII of the Periodic Table to a
suitable support. The application can be achieved by steeping the support
in aqueous metal salt solutions. for example ruthenium or palladium salt
solutions. b~~ st;raving appropriate metal salt solutions _= onto the
support or b~~ other suitable methods. Suitable metal salts for prepartna
the metal salt solutions are the nitrates. nitros~~l nitrates, halides,
carbonates. carboY~~lates, acet<-lacetonates. chloro complexes, nitrito
complexes or ammine complexes of the corresponding metals. ~ith preference
being given to the nitrates and nitrosvl nitrates. In the case of catalysts
which have a pluralit<~ of active metals applied to the support, the metal
salts or metal salt solutions can be applied simultaneously or in
succession. The supports which have been coated or impregnated with the
metal salt solution are .. ~ subsequently dried. preferably at from 109 to
150 C. If desired. these supports can be calcined at from '_'00 to 600 C,
preferably from 350 to Q50 C. The coated supports are subsequently
activated by treatment in a gas stream cor~nprising free hydrogen at from
30 to 600 C, preferable tiom 100 to -150 C. and in particular from 100 to
300 C. The gas stream preferably consists of from 50 to 100% by volume of
H~ and fiom 0 to 50,'o by volume of N,   



1 7 JIJEd 2002 If a plurality of acnve metals are applied to the support
and one application is carved out in succession. the support can be dried
at from 100 tc . ~0 C and, if desired. calcined at from '_'00 to 600 C
after each application or irr aregllation. The order in which the metal
salt solution is applied to the support or the support is impregnated J-
with the metal sait solution is immaterial. The metal salt solution is
applied to the support( s) in such an amount that the active metal content
is from 0.01 to 30,% by weight. preferably from 0.01 to 10% by weight. more
preferably from 0.0l to ~% by weight, and in particular from 0.3 to 1% by
weight. based on the total weisht of the catalyst. The total` metal surface
area on the catal~~st is preferably from 0.01 to 10 m-; Q. particularly
preferably from 0.0~ to ~ m- a and more preferably from 0.0~ to ~ m''a _ .=
of the catalyst. Tile metal surface area is measured by the chemisorption
method as descr ibed in J. Lemanre et al.. '~Chal'aCre)'1=ariOfl 01
Hetenogenous Caralvsts ", edited b~~ Francis Delannev. Llarcel Dell:er. \ew
York ( 198-1). pp. 310-='?~. In the catai~~st '_' used according to the
present invention. the ratio of the surface areas = ~ of the active metal
or metals and the catalyst support is less than about 0.3. preferabiv less
than about 0.1 and in particular about 0.05 or less, with the lower limit
being about 0.000. The support materials which can be used for producing
the catalysts '_' used according to the present invention possess
macropores and mesopores. The supports whim can be used according to the
present invention have a pore distribution in which from about ~ to about
~0%, preferably from about 10 to about .16%, more preferably from about 10
to about 30 and in particular from about 1 ~ to c about ?5%, of the pore
volume is formed by macropores having pore diameters in   1 7 JUN 2002 _"_
the range from about ~0 nm to about 10.000 nm and from about ~0 to about
9~,'0. preferably from about `~ to about 90,%. more preferably from about
'0 to about 90% and in particular tom about 7~ to about 85,', of the pore
volume is formed b~~ mesopores having a pore diameter of from about '_' to
about ~0 nm where in each case the sum of the pore volumes adds up to
100,%. The total pore volume of the supports used according to the present
invention is from about 0.0~ to 1.~ cm'% ~. preferably from 0.1 to 1.?
cm'/g and in particular from about 0.~ to 1.0 cm','a. The mean pore
diameter of the supports used according to 



_ ~ the present invention is from about ~ to '?0 nm. preferably from about
8 to about 1 ~ nm and in particular from about 9 to about 1 _' rtm. The
surface area of the support is preferably- from about ~0 to about Q00 m';
a. more preferably tiom about Q00 to about =~0 m' g and in particular from
about '_'~0 to _ = about ~ 00 m- Q of the support. The surface area of the
support is determined by the BET method ustnQ ~= adsorption. in particular
in accordance wnh DN 66l ~ 1. The mean pore diameter and the size
distribution are determined by He porosimetn~. in particular tn .:
accordance with Dhi 661 ~ ~ . :~lthouah all support materials known tn
catalyst production, i.e. those which have the above=defined pore size
distribution. can be used in principle. preference is given to using
macropores contatnina activated carbon. silicon carbide. aluminum oxide.
silicon dioxide, titanium dioxide. zirconium dioxide. maartesium oxide,
zinc oxide or mixtures thereof. more preferably aluminum oxide and
zirconium dioxide. Further details regarding catalyst '_' or its production
may be found in DE-~ 196 ?4 .~85.-1. whose entire contents on this subject
are incorporated by c reference into the present application.   1 7 JU~J
2002 _,z_ Catalyst 3 The catalysts 3 used according to the present
invention can be produced industrially by application of an active metal of
transition group VIII of the Periodic Table and. if desired, at least one
metal of transition group I or VII 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 metal = : 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 transition_ soup I. VII or
VIII are the nitrates. nitrosvl nitrates. halides, carbonates.
carboY~~lates, acet<-lacetonates. chloro comple~ces. nitrito complexes or
ammine completes of the corresponding metals: prererence is liven to the
nitrates and _: nitrosvl nitrates. In the case of catalysts which comprise
a pluraliy 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 W th the ruthenium salt or metal salt solution 



are then dried. preferably at from 100 to 1 ~0 C, and. if desired calcined
at from ?00 to 600 C. The coated supports are subsequently activated by
treating the coated supports in a _. Qas stream compnsin~ free hydrogen at
from ~0 to 600 C, preferably from 1 ~0 to -1~0 C. The gas stream preferably
consists of from ~0 to 100% by volume of Ha and from 0 to ~0% by volume of
Vii?.  If both the active metal of transition soup VIII of the Periodic
Table and metals of transition croup I or VII are applied to the support
and the application is carried out   1 7 JUN 200Z -13 in succession. the
support can be dried at from 100 to 1 ~0 C and. if desired. calcined at
from 200 to 600 C after each application or imprecation. The order in which
the metal salt solutions are applied or the support is imprecated with them
is immaterial. The metal salt solution is applied to the supports) in such
an amount that from 0.0l to 30% by weight. based on the total weisht of the
catalyst. of active metal are present on the support. This amount is
preferably from 0.? to 1 ~% by weight. particularly preferably about 0.~%
by weight. The total metal surface area on the catalyst .i is preferably
from 0.0I to 10 m':'a, particularly preferably from 0.0~ to ~ m-,'g, in
particular from 0.0~ to ~ m- per Q of the catalyst. _ ~ T'ne support
materials which can be used for producing the c3tal~~sts .i used according
to the present invention are prefzrably ones which are macroporous and have
a mean pore diameter of at least 0.1 . m. preferably at least 0. ~ . m, and
a surface area of at most 1 ~ m-, g, preferably at most 10 m-'Q,
particularly preferably at most ~ m'Q. m particular at most 3 m- a. The
mean pore diameter of the support is = = preferably in a range from 0.1 to
'_'00 =m. in particular from 0. ~ to ~0 =m. The surface area of the support
is preferably from 0.~ to 1 ~ m~/`, particularly preferably from 0.6 to 10
m-~g, in particular from 0.~ to ~ m-- a. especially from 0. ~ to ~ m','g of
the support. _ . The surface area of the support is determined by the HET
method using N adsorption. in particular in accordance with DIN 661 ~ 1.
The mean pore diameter and the pore size distribution are determined by Hg
porosimetry, in particular in accordance with DIN 66133. The pore size
distribution of the support is preferably approximately bimodal. with the
pore diameter distribution having ma~cima at about c 0.6 ; m and about 30 '
m in the bimodal distribution representing a specific   



1 1 JUG! 2002 -14 embodiment of the invention. Particular preference is
given to a support having a surface area of about 1.','~ m- a and having
this bimodal distribution of the pore diameter. The pore volume of this
preferred support is preferably about 0.~3 mL~. Macroporous support
materials which can be used are. for example. macropores containing
activated carbon, silicon carbide, aluminum oxide. silicon dioxide.
titatuum dioxide, zirconium dioxide. magnesium oxide. zinc oxide or
mixtures _ ; thereof. Preference is given to aluminum oxide and zirconium
dioxide. Further details regarding catal~~st ~ or its production may be
found in DE-:~ 196 04 '91.9, whose entire contents on this subiect are
incorporated by reference into the present application. Method of carn~ing
out the process In the process of the present invention. the hvdrogenatton
is generally carried out at =~ from about ~0 to '_'~0 C, preferably from
about i0 to '_''_'0 C. The pressures used here are generally above 10 bar.
preferably nom about '_'0 to about 300 bar. The process of the present
invention can be carried out either continuously or batchwise, with
preference being given to camnna out the process conttnuouslv When the
process is carved out continuously. the amount of the benzenepolycarboxviic
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 about 1 kg per liter of catalyst per
hour.   1 7 JUG! 2002 -15 As hydrogenation oases. it is possible to use any
oases which comprise tree hydrogen and do not contain harmful amounts of
catalyst poisons such as CO For example. waste gases from a reformer can be
used. Preference is Jiven to using pure hvdro~en as hvdro~enation gas. The
hydrogenation of the present invention can be carried out in the presence
or absence of a solvent or diluent, i.e. it is not necessary to cam' out
the hydrogenation 



in solution. _ ~ However. preference is Given to using a solvent or
diluent. Solvents or diluents which can be used are any suitable solvent or
diluent. The choice is not critical as long as the solvent or diluent used
is able to form a homoeeneous solution with the benzenepolvcarbowlic acid
or ester to be h~~drogenated. For example. the solvents or diluents can
also comprise water. Examples of suitable solvents or diluents include the
followina~ straight-chain or cyclic ethers such as tetrah~ droiuran or
dio~cane. and also aliphatic alcohols in which the all.-~~l radical
preferable has from 1 to 10 carbon atoms. in ~~ particular from ~ to 6
carbon atoms. E:camples of alcohols which are preferably used are
i-propanol. n-butanol, i-butanol and n-heYanol. _ ~ ~li~ctures of these or
other solvents or diluents can likewise be used. T'he 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 lead to a 10-70% strensth by weisht solution of the
benzenepolycarboxylic acid or ester to be hydrogenated.   1 7 JUN 2002 .,s.
In the process of the present invention. particular preferen a is liven to
using the product formed in the hydrogenation. i.e. the cotrespondin~
~:~clohexane derivative. as solvent. if desired in addition to other
solvents or diluent~. In any case. part of the product formed in the
process can be mixed with the benzenepolvcarboxvlic acid still to be
hydrosenated or the derivative thereof. The amount of reaction product
which is mixed in as solution or diluent is preferably from 1 to 30 times.
particularh preferably from ~ to '_'0 times. in particular from ~ to 10
limes, the weight of the compound to be hydrogenated. :~s mentioned above.
the term "ben_enepoivcarbowlic acrcis or dern~atrves thereof" used for-the
purposes of the present invention encompasses both the respective
benzenepolycarboxvlic acids as such and derivatives thereof. particularly
monoesters. diesters or possibly triesters or tetraesters and also
anhydrides of the benzenepolv _ ~ carboxylic acids. The esters used are
all`wl. cvcloallwl and alkoxvallwl esters. where the all.~~l. c~~cloalk~~l
and aikoxvall.~~l Groups ~enerall~~ have from 1 to ~0. preferably from '_'
to ~'0 and particularly preferably from : to 18. carbon atoms and can be
branched or linear. = ~ Specific examples are: all.~~l terephthalates such
as monomethv 1 terephthalate. dimethvl terephthalate. diethv 1
terephthalate. di-n-propyl terephthalate. di-n-bun-1 terephthalate.
di-tert-butr~l terephthalate. diisobut~~l terephthalate. monoal~~col esters
of terephthalic acid. dialvcol esters of terephthalic acid. di-n-ocyi
terephthalate. diisooctyl terephthalate. _ = mono-=-ethvlhewl
terephthalate, di-=-ethylhexvl terephthalate. di-n-nonvl terephthalate.
diisononvl terephthalate, di-n-decvl terephthalate. di-n-undecyl
terephthalate. diisodecvl terephthalate. diisododecvl terephthalate.
di-n-octadecyl terephthalate, diisooctadecvl terephthalate, di-n-eicosyl
terephthalate. monocvclohexyl terephthalate, dicyclohexyl terephthalate: ,"



1 l J~'~d ZOOZ _,; _ alkyl phthalates such as monomethyl phthalate.
dimethvl phthalate, diethyl phthalate. di-n-propyl phthalate, di-n-but<1
phthalate, di-ten-but<~1 phthalate. diisobutyl phthalate, monoglvcol esters
of phthalic acid, diglycol esters of phthalic acid. di-n-octyl phthalate,
diisooctyl phthalate. di-2-ethylhe~cyl phthalate. di-n-nonvl phthalate,
diisononvl phthalate. di-n-decvl phthalate. diisodecvl phthalate.
di-n-undecyl phthalate. diisododecyl phthalate, di-n-octadecyl phthalate.
diisooctadecvl phthalate. di-n-eicosyl phthalate. monocyclohexyl phthalate,
dicyclohe~l phthalate: _ ~ al~~~l isophthalates such as monomethvl
isophthalate, dimethyl isophthalate, diethyl isophthalate. di-n-propel
isophthalate, di-n-butyl isophthalate. di-tert-butyl isophthalate.
diisobutl~l isophthalate. mono~l~~col esters of isophthalic acid. dislvcol
esters of isophthalic acid. di-n-ocn~l isophthalate. diisoocn~l
isophthalate. di-2-ethvlhexvl isophthalate. di-n-nonyl isophthalate.
diisononvl isophthalate. di-n-decyl isophtha_= late. diisodecvl
isophthalate. di-n-undec~ 1 isophthalate. diisododecvl isophthalate.
di-n-octadecvl isophthalate, diisooctadecvl isophthalate. di-n-eicosvl
isophthalate, monocvclohewl isophthalate. dic~-cloheY~~l isophthalate:
.~lk~~l trimellitates such as monomethvl tnmellitate. dimethvl
trimellitate, diethyl trimellitate, di-n-propyl trimellitate. di-n-bun~l
trimellitate. di-ten-butyl trimellitate. diisobutyl trimellitate. the
monoglvcol ester of trimellitic acid, diglvcol esters of tnmellitic acid,
di-n-octvl tnmellitate. diisooctvl trimellitate. di-2-ethvlheYV1
trimellitate. di-n-nonvl trimellitate, diisononvl trimellitate, di-n-decvl
trimellitate. diisodecvl trimellitate. di-n-undecvl trimellitate,
diisododecvl trimellitate, di-n_= octadecvl trimellitate. diisooctadecvl
.tnmellitate, di-n-eicosvl trimellitate. monocvclohe:cvl tnmellitate.
dicvclohexvl tnmellitate and trimethvl trimeilitate. methyl trimellitate,
tri-n-propyl trimellitate, tri-n-butyl trimellitate, tri-tent-butyl
trimellitate. ttiisobun~l tnmellitate. tnelvcol esters of trimellitic acid.
tri-n-octvl trimellitate. triisooctyl trimellitate, tri-?-ethylhe:cyl
trimellitate, tri-n-nonyl trimellitate. _ ~ triisododecyl trimellitate.
tri-n-undecyl trimellitate, triisododecyl trimellitate. tri-n   t t ~~~
Zooz -18 octadecvl trimellitate, triisooctadecyl trimellitate,
tri-n-eicosvl trimellitate, tricvclohewl trimellitate: allcvl trimesates
such as monomethvl trimesate, dimethvl trimesate. diethyl trimesate.
di-n-propyl trimesate, di-n-but~~l trimesate, di-ten-bun~l trimesate,
diisobutvl trimesate. monoelvcol esters of trimesic acid. dislvcol esters
of trimesic acid, di-n-oct<~l trimesate. diisooct<~1 ttztnesate.
di-2-ethylheavl ttimesate, di-n-nonyl trimesate. diisononyl trimesate.
di-n-decyl trimesate, diisodecvl trimesate, di-nundecvl trimesate.
diisododecvl trimesate. di-n-octadecvl trimesate. diisooctadecvl trimesate,
di-n-eicosvl trimesate, monocvclohe~cvl trimesate, dicvcloheYV1 trimesate.
and also trimethvl trimesate. triethyl trimesate, tri-n-propyl trimesate,
tri-n-but<-1 trimesate,-tri-ten-bun~l tnmesate. triisobut<~l trimesate.
trialvcol esters of trimesic acid. tn-n-oct<~1 tnmesate. triisoocz<~l
trimesate. tn-'_'-ethyl-he~vl trimesate, tri-nnonvl trimesate.
triisododecvl trimesate, tri-n-undecvl trimesate. triisododecvl _ ~
trimesate, tri-n-octadec~~l tnmesate. triisooctadecvl trimesate.
tn-n-eicosvl trimesate. tric~~clohe~~~l tnmesate: allwi hemimellitates such
as monomethvl hemimellitate. dimethvl hemimellitate. diethyl hemimellitate,
di-n-propel hemimellitate. di-n-but`~1 hemimellitate. di-tenbun~l
hemimellitate, diisobutvl hemimellitate, monoalvcol esters of hemimellitic
acid. dislvcol esters of hemimellitic acid. di-n-octvl hemimellitate.
diisooctvl hemimellitate. di-2-ethvlhe~c~~l hemimellitate. di-n-nonvl
hemimellitate. diisononvl hemimellitate. di-n-decvl hemimellitate.
diisodecvl hemimellitate. di-n-undecvl hemimellitate, diisododecvl
hemimellitate. di-n-octadecvl hemimellitate. _ = diisooctadecvl
hemimellitate, di-n-eicosvl hemimellitate. monocvclohe~cvl hemimellitate,
dicvclohewl hemimellitate, and also trimethvl hemimellitate, triethvl
hemimellitate, tri-n-propyl hemimellitate, tri-n-butyl hemimellitate,
tri-tert-butyl hemimellitate, triisobutvl hemimellitate, trislvcol esters
of hemimellitic acid. tri-noctyl hemimellitate, triisooctyl hemimellitate,
tri-2-ethylheYyl hemimellitate. tri-nnonvl hemimellitate, triisododecvl
hemimellitate. tri-n-undecvl hemimellitate. 



1 7 JUEJ 2002 .,s_ triisododecyl hemimellitate. tri-n-octadecyl
hemimellitate, triisooctadecyl hemimellitate. tri-n-eicosvl hemimellitate,
tricvclohecyl hemimellitate: alkyl pyromellitates such as monomethyl
pvromellitate. dimethyl pvromellitate. diethyl pvromellitate. cii-n-propyl
pvromellitate. di-n-butyl pvromellitate, di-tertbutyl pvromellitate.
diisobutyl pvromellitate, monoalycol esters of pvromellitic acid. dialycol
esters of pvromellitic acid. di-n-octyl pvromeilitate, diisoocn~ 1
p~TOmellitate. di-'_'-ethylheYyl pvromellitate. di-n-nonyl pvromellitate,
diisononvl p~zomellitate. di-n-decvl pyromellitate. diisodecvl
p~TOmellitate, di-n-undecvl _ ~ p~TOmellitate, diisododecvl pyromellitate.
di-n-octadecyl p~TOmellitate. diisooctadecvl pvromellitate, di-n-eicosvl
pyromellitate. monocyclohewl pyromeiiitate, trimethvl pyromellitate.
triethyl pyromellitate, tri-n-propyl pyomellitate, tri-n-buyl
ps~romellitate, tri-ten-bun~l pvromellitate. triisobuyl pyomellitate.
trialvcol esters of pyromellitic acid. tri-n-octyl pvromellitate. _ =
tnisooct~~l p~TOmellitate. tri---ethvlhe~c~~l p~~romellitate. tri-n-nonvl
p~~romellitate. triisododecvl p~~romellitate, tri-n-undecvl pyzomellitate.
triisododecvl pvromellitate. tn-n-octadecyl pvromellitate. tnisooctadecvl
p~~romellitate, tri-n-eicosvl p~~romellitate. mcvclohe~c~~l p~~romellitate.
and also tetramethyl p~~romellitate. tetraethyl pyromellitate,
tetra-n-propel pyromellitate. tetra-n-bun~l p~~romellitate. .= ~
tesa-ten-butyl pyomellitate. tetraisobutyl pyomellitate. tetraglycol esters
of pyomellitic acid, tetra-n-oct<~1 p~TOmellitate. tetraisooctyl
pvromellitate. tetra-'_'ethvlheYyl p~~romellitate. tetra-n-nonvl
pyromellitate. tetraisododecvl p~~romellitate. tetra-n-undecvl
pvromellitate. tetraisododecvl pvromellitate. tetra-n-octadecyl
p~~romellitate, tetraisooctadecvl pvromellitate. tetra-n-eicosvl
pvromeilitate. _ ~ tetracvclohelyl pyromellitate: anhydndes of phthalic
acid. trimellitic acid. hemimellitic acid and pvromellitic acid. Of course.
it is also possible to use mixtures of two or more of these compounds.   1
l J~~d 2002 -ZO The products as obtained according to the invention are the
corresponding cvclohexanepolvcarboxvlic acids or cvclohexanepoycarboxvlic
acid derivatives. Furthermore. the present invention relates to the
following new cvclohexanepolvcarboxvlic acids or cvclohexanpolvcarboxvlic
acid derivatives as such: cvclohexane-1.'_'-dicarboxvlie acid di(isopentyl)
ester, obtainable by hydrogenation of a di(isopentS~l)phthalate having the
Chemical abstracts regism~ number (in the _ ~ followine: C aS No.) 8-Q77
7-06-0: 



cvcioheYane-l.'_'-dicarboxvlic acid di~isohepyi) ester. obtainable by
hvdrogenanng the di~isohepn~l)phthalate having the CAS No. 71888-89-6:
cvclohe~cane-l.'_'-dicarboYVlic acid di(isononvll ester. obtainable by
hydrogenating the di~isononvllphthalate having the C AS ~i o. 68 ~ 1
~--18-0: _ _ c~~cloheYane-1.=-dicarboY~~lic acid di(isononvl> ester.
obtainable by hvdrosenating the di~isononvl)phthalate having the C.~S ~o.
~8~~~-1'_'-0. which is based on nbutene: cvclohexane-1.'_'-dicarbow itc
acrd div isononvl) ester. obtainable by hvdroUenating the
dilisononvllphthalate having the CAS ~o. '_'8~~3-1'_'-0. which is based on
isobutene; a l.'_'-di-Cs-ester of cvclohe~canedicarboxvlic acid. obtainable
by hydrogenating the di(nonvl)phthalate having the CAS No. 68~1~--t6-8:
cvclohexane-1.?-dicarbowlic acid di(isodecvl) ester. obtainable by
hydrogenating a dilisodecvl)phthalate having the CAS No. 685l ~--19-1: _ =
1.~'-di-C ;-~ i-ester of cvclohexanedicarboxylic acid. obtainable by
hydrogenating the corresponding phthalic acid ester having the CAS Rio. 68~
1 ~--~'_'--l: 1.=-di-C;.il-ester of cvclohexanedicarboxvlic acid,
obtainable by hydrogenating the di-C-_"-phthalates having the following C
AS Nos.: 111.:81-89-6, 111.i 81-90-9,   i 7 JL~d 2002 2, 111381-9I-0. 68~ 1
--~-6. 68~ 1 ~--~~-7 and 368-?0-7: a l.~-di-C9_~ 1-ester of
cvclohexanedicarboxylic acid. obtainable by hydrogenating a
di-C~.i,-phthalate having the CAS No. 9851r-~3-~: a
1.'_'-di(isodecvl)cyclohexanedicarboxylic acid ester. obtainable by
hydrogenating a di(isodecvl)phthalate. consisting essentially of
di-(?-propylheptyl)phthalate: 1.'_'-di-C;_9-cvclohexanedicarboxylic acid
ester. obtainable by hydrogenating the corresponding phthalic acid ester.
which comprises branched and linear C-.9 alkylester soups: respective
phthalic acid esters which may be e. a. used as starting mate:~als have the
followtna C AS ?~ios.: di-C;,o-allwlphthalate having the CAS No. 111
381-89-b. di-C--all.-~~lphthalate having the C AS N o. 68.1 ~--~-I-6: and
_~ di-Ca-all.~~lphthalate having the CAS No. 68~ 1 ~--l~-7. Furthermore.
the present invention also provides for the use of 



cvclohe~canepolvcarbox~~lic esters. in particular the
cvclohexanepolvcarbo~cvlic esters obtained using the process of the present
invention. as plasticizers in plastics. Here. pre~erence is generally given
to diesters and triesters containing all.-vl groups having from 3 to 18
carbon atoms and particular preference is given to the abovementioned.
individually listed esters having from 3 to 18 carbon atoms. More
preferably. the above eaplicitlv mentioned new C;. C~-. C9-. C ~o-. C ;.1
i-. C9-i iand C-.9-esters of I .'_'-cvclohexanedicarboxvlic acids, as beins
obtainable by hydrogenating the corresponding phthalates and more
preferably the hydrogenation products of the commercially available
benzenepolycarboxylic acid esters with the trade names Jaytlex DINP (CAS
No. 6851 ~--I8-0). Jayflex DIDP (CAS No. 6851 ~49-1 ), Palatinol 9-P.
Vestinol 9 (CAS No. 28y3-12-0), TOTM-I (CAS No. 3319 ~c 31-I). Linplast
68-TM and Palatinol N (CAS No. 28y3-I2-0) are used as   1 7 JU~d 202 -22
plasticizers in plastics. Among those is in turn preferred to ur ~ these
compounds or mixtures thereof as plastictzers in mass plastics. such as e.~
PVC and polvolefins. such as polyethylene. polypropylene, polyisoprene and
col ~ivtners of ethylene or propylene and 1-butene. 1-hexene and 1-octene.
Compared to the until now predominantly phthalates as used as plasticizers.
the cvclohexanepolvcarboxvlic acid (derivatives). as used according to the
invention. exhibit a lower density and viscosity and lead to e.g. an
improvement of the flexibility at low temperatures (Kalteflexibilitat) of
the plastic when compared 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 to those- as resulting
from the usage of phthalates. Furthermore. the cvcloheYanepolvcarboYwiic
acrd (derivativels according to the invention exhibit an improved process
abilinw the dr~~ blend and as a result thereof a higher production speed.
In the Plastisol processing by exhibit advantages attributed to the lower
viscosm when compared with conventional phthalates. The process of the
present invention is illustrated below by means of some examples.   1 7
J~~od ~~~~ -23 Examples Examples of catalyst production A
mesoporousimacroporous 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.Q5
ml/~ was impregnated with an aqueous ruthenium(III) nitrate solution having
a concentration of 0.8'o by weight. 0.1 ~ mL'g (about 33% of the total
volume) of the pores of the support had a diameter in the range from ~0 run
to 10.000 nm and 



_ ~ 0.30 ml,~Q (about 67% of the total pore volume) of the pores of the
support had a pore diameter tn the range from '_' to ~0 run. 'The volume of
solution taken up by the support-during imprecation corresponded
approximately to the pore volume of the support used. _ ~ The support which
had been impregnated with the ruthenium(III) nitrate solution was
subsequently dried at 1=0 C and acu~~ated (reducedl at ?00 C in a stream of
hydrogen. The catalyst produced in this vyav contained 0.0~,'o by weight of
ruthenium. based on the weisht of the catalyst. Example 1 In a ~ 00 ml
pressure reactor. 10 a of the Ru catalyst as described in the example of
catalyst production were placed in a catalyst basket insert and 197 g (0.~
mol) of _ ~ diisooctyl phthalate were added. The hydrogenation was carried
out using pure hydrogen at 80 C and a constant pressure of '_'00 bar.
Hvdroeenation was continued until no more hydrogen was taken up (~ h). The
reactor was subsequently vented. The conversion of the diisooctyl phthalate
was 100%. The yield of diisooctyl hexahydrophthalate was 99.7,', based on
the total amount of diisooctyl phthalate c used.   1 1 J~~J 202 -24 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 hvdrogenatton was carried out using pure hydrogen at 80 C and a
constant pressure of l00 bar. Hydrogenation was continued until no more
hydrogen was taken up ( I 0 hl. The reactor was subsequentl~~ vented. The
conversion of diisononyl phthalate was 100%. =~ The yield of diisononvl
hexahvdrophthalate ~L~as 99. ~,%. based on the total amount of diisononyl
phthalate used. Example In a 300 ml pressure reactor. 10 a of the Ru
catalt~st as described in the example of catalyst production were placed in
a catal~~st basket insert and 19~ a (0.39 moll of diisododec~~l phthalate
were added. The h~ drogenation was carried out using pure hydrogen at 80 C
and a constant pressure of Q00 bar. Hydrogenation was connnued = ~ until no
more hydrogen vas taken up (-1 h). The reactor was subsequently vented. The
conversion of diisododecvl phthalate was 100%. The yield of diisododecyl
hexahvdrophthalate was 99.  ', based on the total amount of diisododecvl
phthalate used. Example .1 In a 300 ml pressure reactor, 10 ~ of the Ru
catalyst were placed in a catalyst basket insert and 38.4 g (0.2 mol) of
dimethyl isophthalate, dissolved m 100 g of THF, c were added. The
hydrogenation was carried out using pure hydrogen at 80 C and a 



1 7 J~;d 2002 -25 constant pressure of 200 bar. Hydrogenation was continued
until no more hvarogen was taken up and the reactor was subsequently
vented. The conversion of dimethvl isophthalate was 9~.3%. The yield of
dimethyl hexahvdroisophthalate was 9S.3'. Example ~ In a 300 ml pressure
reactor. 10 a of the Ru catalyst were placed in a catalyst basket insert
and '_'S.2 Q (0.1 mol) of trimethyl trimesate, dissolved in 100 Q of THF.
were ~ added. The hydrogenation was carried out using pure hydrogen at 1Z0
C and a constant pressure of 200 bar. Hydrogenation was continued until no
more hydrogen was taken up and the reactor was subsequently vented. The
conversion of trimethyl trmesate was 97,'. The yield of trimethvl
hexahvdrotrimesate was 93%. Example 6 In a = 00 ml pressure reactor. 10 ~
of the Ru catalyst were placed in a catalyst basket insert and '_'~ .'_' g
( 0.1 mol) of trimethvl trimellitate, dissolved in 100 g of THF, were = ~
added. The hydrogenation was carried out using pure hydrogen at 1'_'0 C and
a constant pressure of Z00 bar. Hydrogenation was continued until no more
hydrogen was taken up and the reactor was subsequently vented. The
conversion of trimethyl trimellitate was 3~,'. The yield of trimethvl
hexahvdrotrimellitate was 33,'. Example 7 In a 300 ml pressure reactor, 10
g of the Ru catalyst were placed in a catalyst basket insert and 10.0 g
(0.03 mol) of tetramethyl pvromellitate. dissolved in 100 g of THF. were
added. The hydrogenation was carried out using pure hydrogen at 80 C and a



1 1 JU~J 2002 -ZS. constant pressure of ?00 bar. Hydrogenation was
continued until no more hydrogen was taken up and the reactor was
subsequently vented. The conversion of tetramethvl pyomellitate was =~~,%.
The yield of tetramethyl heYahvdropyomellitate was ~,'o. Example 8 In a
1.'? 1 pressure reactor. ~3 a of the supported Ru catalyst were placed in a
catalyst basket insert and 800 Q ( 1.9 mol) Javflex DINP (C 3S No. 68 ~ 1
~--18-0) were added. The hydrogenation was carried out using pure hydrogen
at 80 C and a constant pressure -of .00 bar. Hydrogenation was continued
until no more hydrogen was taken up (6 h) and the reactor was subseauentlv
vented. The conversion of Ja~~lex DINP was I00ro. The yield of the
corresponding cvclohexanedicarboxvlic acid ester _. was 99.i o, relative to
the total amount or the added Jav~lev DINP. Example 9 In a 0.~ 1 pressure
reactor. 10 ~ of the supported Ru catalyst were placed in a catalyst basket
insert and 1 ~0 a (O.J ~ mold Palatinol 9-P were added. The hydrogenation
was carried out using pure hvdroQen at a temperature of 1?0 C and a
constant pressure of'_'00 bar. Hydroeenation was continued until no more
hydrogen was taken up (~' h) and the reactor was subsequently vented. The
conversion of Palatirtol 9-P ~ 1.=dii nonvl. linear and
branched)benzenedic~rboYVlic acid ester) was 100,'0. The geld of the
corresponding cvclohexanedicarbo~:~~lic acid ester was 99.i~0. relative to
the total amount of the used Palaunol 9-P. Example 10   1 l J~'~J 202 .z~
In a 1.~ 1 pressure reactor. ~3 ~ of the supported Ru catalyst were placed
in a catalyst basket insert and 780 ~ (1.87 mol) Vestinol 9 (CAS No.
?8~~~-1'_'-0) were added. The hydrogenation was carried out using pure
hydrogen at a temperature of 1~0 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.-1i, relative to the total amount
of the used Vestinol 9. Example 11 In a 1.'_' 1 pressure reactor. ~~ Q of
the supported Ru catalyst were placed in a catalyst basket insert and 760 g
(1.7 mol) Jaytlex DIDP (CAS No. 68~1~--19-1) were added. _ . The
hydrogenation was carried out using pure hydrogen at 80 C and a constant
pressure of 200 bar. Hydrogenation .vas continued until no more hydrogen
was taken up ( 10 h) and the reactor was subsequently vented. The
conversion of Ja~~fle~ DIDP was l00i. The ~~ield of the corresponding
cyclohexanedicarboxvlic acid zster was 99.i%. relauve to the total amount
of the used Ja~~lex DIDP. Examt~le 1'_' In a 1.~' 1 pressure reactor. ~.i g
of the supported Ru catalyst were placed in a catalyst basket insert and
800 g - ( 1.~ 6 mol) TOTM-I ( 1 ?.4-tri(2'ethylhexvl)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 hydrogen was taken up (20 hj and the reactor was
subsequently vented. The conversion of TOMT-I was 95%. The yield of c the
corresponding cyclohexanedicarboxylic acid ester was 94%, relative to the
total 



1 7 JU~J 2002 -28 amount of the used TOI~fT-I. Examtile 13 In a 300 ml
pressure reactor. 10 g of the supported Ru catalyst were placed in a
catalyst basket insert and 1 ~0 g (0.32 mol) Linplast 68-TiVI (
1.'_.=~-tri(linear C-salkyl)benzoltricarboxvlic acid ester) were added. The
hydrogenation was carried out using pure hydrogen at a temperature of l20 C
and a constant pressure of '_'00 bar. ' _ ;, Hydrogenation was continued
until no more hydrogen was taken up ( 11 h) and the reactor was
subsequentl~~ vented. The conversion of Linplast 68-TVI was 100,'0. The
yield of ~e corresponding cvclohexanedicarboxvlic acid ester was 99.'_',%.
relative to the total amount of the used Linplast 68-TVI. E~camole 1=1 :~
vertical high-pressure tube made of steel having an inner diameter of 30 mm
and a length of ?.= m was tilled ~~~ith 1.-1 1 of the supported Ru
cataivst. In the slum' process. 0.4~ kg~'h Palaunol :~ ( CAS No.
'_'853-1?-0) were pumped together with pure hydrogen from the bottom to the
top through the reactor at an average temperature of 1 ~'6 C and a pressure
of '_'00 bar. after leaving the high-pressure reactor. part 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 was carried out with a 20% excess of the theoretically
required hydrogen while controlling the spent gas. Gaschromatographic
analysis of the reaction product showed that Palatinol N has been reacted
to an extent of 99.i%. The corresponding c~~cloheYanedicarboxylic acid
ester was obtained with a selectivity of 99.2,'. In order to remove the
remaining 0.~% Palatinol from the reaction product. the same was pumped
through the reactor from the bottom to the   1 l J~~d 2002 -29 top in an
amount of 1 ka~h. and the product was vented m a container. The addition of
hydrogen was continued as described above. Subsequently, no Palatinol ~i
was found in the product. The selectivit<~ with respect to the
corresponding cvclohexanedicarboxvlic acid ester after the second
hvdrosenation was 99%. :~s side components. about 1 ,' low boiling
components (components having a lower boiling point compared to
cvclohexanedicarboxylic acid ester) were found. These 



components were reduced by means of a vapor distillation at l70 C and a
pressure of ~0 mbar. The product consisted after this work-up of 99.7%
cvclohexanedicarboxvlic acid ester.   1 l JU~d IUUI -30 CLAIMS 5 1. A
process for hydrogenating a benzenepolycarboxylic acid or a derivative
thereof or a mixture of two or more thereof by bringing the benzenepoly
carboxylic acid or the derivative thereof or the mixture of two or more
thereof into contact with a hydrogen-containing gas in the presence of a o
catalyst which comprises as active metal at least one metal of transition
group VIII of the Periodic Table alone or together with at least one metal
of transition group I or VII of the periodic table applied to a support
which contains macropores having a pore diameter of greater than 50 nm ac
cording to the definition in Pure Applied Chemistry 45, p. 79 (1976) with
15 the proviso that if dimethyl terephthalate is hydrogenated, the
hydrogenation using a cata lyst which comprises as active metal ruthenium
either alone or together with at least one metal of transition group I, VII
or VIII of the Periodic 2o 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 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, and the ratio of the surface areas of the active
metal and the catalyst support is less than 0.05, 25 and/or a catalyst
which comprises as active metal ruthenium either alone or to gether with at
least one metal of transition group I, VII or VIII of the Peri   1 7 J~;J
2002 -31  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 formed by macropores having a pore
diameter in the range from 50 nm to 10,000 nm and from 50 to 90% of the 5
pore volume of the support is formed by mesopores having a pore diameter in
the range from 2 to 50 nm, where the sum of the pore volumes adds up to
100%, is excluded, and wherein aluminium oxide which contains a lithium
aluminium spinel is 1o excluded as a support. 2. A process as claimed in
claim 1, wherein the catalyst comprises as active metal at least one metal
of transition group VIII of the Periodic Table ei they alone or together
with at least one metal of transition group I or N of 15 the Periodic Table
applied to a support, where the support has a mean pore diameter of at
least 50 nm and a BET surface area of at most 30 mZ/g and the amount of the
active metal is from 0.01 to 30% by weight, based on the total weight of
the catalyst. 



20 3. A process as claimed in claim 1, wherein the catalyst comprises as
active metal at least one metal of transition group VIII of the Periodic
Table ei ther alone or together with at least one metal of transition group
I or VII of the Periodic Table in an amount of from 0.01 to 30% by weight,
based on the total weight of the catalyst, applied to a support, where from
10 to 50% 25 of the pore volume of the support is formed by macropores
having a pore diameter in the range from 50 nm to 10,000 nm and from 50 to
90% of the pore volume of the support is formed by mesopores having a pore
diameter in the range from 2 to 50 nm, where the sum of the pore volumes
adds up to 100%. 30   1 1 JL~d 2002 -32 4. 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 5 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 15 m2/g. 5. A process
as claimed in any of claims 1 to 4, wherein the benzenepolycar 1 o 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 trimellitic
acid, 



trimesic acid and hemimellitic acid, monoalkyl, dialkyl, trialkyl and
tetraalkyl esters of pyromellitic acid, where the alkyl groups can be
linear 15 or branched and each have from 3 to 18 carbon atoms,anhydrides of
phthalic acid, trimellitic acid and hemimellitic acid, pyromellitic dianhy
dride and mixtures of two or more thereof. 6. A process as claimed in any
of the preceding claims, wherein the support 2o comprises activated carbon,
silicon carbide, aluminum oxide, silicon di oxide, titanium dioxide,
zirconium dioxide, magnesium oxide, zinc oxide or a mixture of two or more
thereof. 7. A process as claimed in any of the preceding claims, wherein
the hydro25 genation is carried out in the presence of a solvent or
diluent. 8. A process as claimed in any of the preceding claims, wherein
the hydro genation is carried out continuously.   1 l J~~J 2002 -33 9.
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,
obtainableby5hydrogenating the di(isoheptyl~hthalate having the CAS No.
71888-89-6;cyclohexane-1,2-dicarboxylic acid di(isononyl) ester,
obtainablebyhydrogenating the di(isononyl)phthalate having the CAS No.
68515-48-0;cyclohexane-1,2-dicarboxylic acid di(isononyl) ester,
obtainablebyhydrogenating the di(isononyl)phthalate having the CAS No.
28553-12-0,obased on n-butene;cyclohexane-1,2-dicarboxylic acid
di(isononyl) ester, obtainablebyhydrogenating the di(isononyl)phthalate
having the CAS No. 28553-12-0,based on isobutene;$ 1,2-di-C9-ester of
cyclohexanedicarboxylic acid, obtainableby15hydrogenating the
di(nonyl)phthalate having the CAS No. 68515-46-8;
cyclohexane-1,2-dicarboxylic acid di(isodecyl) ester,
obtainablebyhydrogenating a di(isodecyl~hthalate having the CAS No.
68S15-49-1;1,2-di-C~_-ester of cyclohexanedicarboxylic acid,
obtainablebyhydrogenating the corresponding phthalic acid ester having the
CAS No.2068515-42-4;1,2-di-C~_> >-ester of cyclohexanedicarboxylic acid,
obtainablebyhydrogenating the di-C~_1 ~-phthalates having the following CAS
Nos.:111381-89-6,111381-90-9,25111381-91-0,68515-44-6,68515-45-7
and3648-20-7;a 1,2-di-C9_> >-ester of cyclohexanedicarboxylic acid,
obtainableby3ohydrogenating a di-C9_~,-phthalate having the CAS No.
98515-43-5;   1 1 JL'~J 2Q02 -34 a 1,2-di(isodecyl)cyclohexanedicarboxylic
acid ester, obtainable by hydrogenating a di(isodecyl)phthalate, consisting
essentially of di-(2propylheptyl)phthalate; 



1,2-di-C~_9-cyclohexanedicarboxylic acid ester, obtainable by hydrogenating
5 the corresponding phthalic acid ester, which comprises branched and
linear C~_9-alkylester groups, wherein the hydrogenating is carried out
according to a process as claimed in any of claims 1 to 8. 10 10.
Cyclohexanepolycarboxylic acid derivative selected from the group
consisting of: cyclohexane-1,2-dicarboxylic acid di(isononyl) ester,
obtainable by hydrogenating the di(isononyl)phthalate having the CAS No.
28553-12-0, t 5 based on n-butene; cyclohexane-1,2-dicarboxylic acid
di(isononyl) ester, obtainable by hydrogenating the di(isononyl)phthalate
having the CAS No. 28553-12-0, based on isobutene, 2o wherein the
hydrogenating is carried out according to a process as claimed in any of
claims 1 to 8. 11. The use of a cyclohexanedicarboxylic ester according to
claim 9 or 10 or a cyclohexanetricarboxylic ester or a mixture of two or
more thereof as 25 plasticizer in PVC. 12. The use of a
cyclohexanedicarboxylic ester according to claim 9 or 10 or a
cyclohexanetricarboxylic ester or a mixture of two or more thereof as
plasticizer in PVB. 30   1 l Jt~~d ZQ~J2 -35 13. The use of a
cyclohexanedicarboxylic ester according to claim 10 or a
cyclohexanetricarhoxylic ester or a mixture of two or more thereof as
plasti cizer in plastics. 5 14. A plastic composition comprising a
cyclohexanedicarboxylic ester according to claim 9 or a
cyclohexanetricarboxylic ester or a mixture of two or more thereof, wherein
the plastic is PVC. 



15. A plastic composition comprising a cyclohexanedicarboxylic ester act o
carding to claim 10 or a cyclohexanetricarboxylic ester or a mixture of two
or more thereof, wherein the plastic is PVC. 16. A mixture of PVC and a
plasticizes, wherein the plasticizes is a cyclohex anedicarboxylic ester
according to claim 9 or a cyclohexanetricarboxylic 15 ester or a mixture of
two or more thereof. 17. A mixture of PVC and a plasticizes, wherein the
plasticizes is a cyclohex anedicarboxylic ester according to claim 10 or a
cyclohexanetricarboxylic ester or a mixture of two or more thereof.
.AY.A.A+.A.A.A%.A.Ay.A[.Ay%.AL.Al.A.AF9.AH.A9.AYN.AC.AL.AL.A.Al.A5.A.A&.Al.
A .Al5.A'.AHl.A5.A.AL.Ar.A% %&DM  "y{p+}~ytoje_ZU]ca]caU]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]c^a]ca]c^a]ca]ca]caU]c:aV]ca]cTa]ca]ca!}u6!S!@""""$9$F$J$V$v$$$%%
&&&&zupkfa\V]V]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]caV]ca]ca]ca]c a]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca!&(****.+++-P---L.//0`0011\123&4U44555$6k778{vpkfa\W]
V]ca]ca]ca]ca]ca]c^a]ca]caV]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]c a]c.a]c.a]ca]ca!888899:;
;=====>BCZCCD)E8EFFGHHIGINIIIIJ{vpkfa[V]]ca]c^a]ca]ca]caV]ca]ca]ca]ca]ca]ca
]ca]c a]ca]ca]ca]ca]ca]ca]caU]caU]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]c"a]ca!JKEKKK9LLLLNOOhOOPQUQvQQS[SSSSSSfWWXeXXXY;
Z|wrmhc^Y]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]c a]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]c a]c a]ca]ca]ca]ca]ca]ca!;
ZZZZ[\R\\]-^,_._B`)b7b<bYb3cfdd$eGeeeDfffgh*h/h{h=ii{vqlgb]X]]]ca]ca]ca]ca]
c"a]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca!iiCkhkkVl~ll.mmPn]nbnpp%q>s@sYsu(v.v=vCvxxy&{|,}-}~GT{vqlfa\W]]]c,a]ca
]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]caV]ca]ca]ca]c a]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!TYi
DRW/.1x(`Ezupkfa\W]]]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]c"a]c
"a]ca]ca]ca]c^a]ca]c^a]ca]ca]c"a]c"a]ca]ca]ca]ca]ca!4BE|G?{U=h(sSv)}xrmhb]X
]]]]ca]ca]c^a]ca]ca]c^a]ca]ca]c a]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c"a]ca]ca!){KITQ_dWaHRZOY}xsnic^Ymhb]
X]]]]]ca]ca]c^a]ca]ca]ca]ca]ca]c^a]ca]ca]c^a]ca]ca]ca]ca]c
a]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]c^a]ca]c a]ca]ca]ca
Zhmeo_)47EJbm}wrmhb]Xmhb]X]]]]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]c
a]ca]ca]ca]ca]c^a]ca]ca]c^a]ca]ca]c"a]ca]c^a]ca]c^a]ca]ca]c^a]ca]ca]c"a]ca
;uGnw|gG$8c@lov|wrmhc^Y]]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]c"a]ca]ca]ca]ca!v%C5O5
hH+{}xsnid_Z]]]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c"a]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca!lH&Q1V/Xfk.F2F|wrmhc^Y]]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c"aU
]c"a]ca]ca]ca]ca]c"a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Y^Pe.F2F|wrm
hc^Y]]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c"aU]c"a]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]c"a]ca]ca]ca]ca %&fD!Y10%&'()-"10%&'()-& 10%&'()-
&10%@@&'()-#10%&'()-m0`'10%&'()-XDwU3!39 10%&'()-z!3*- 10%&'()-`!3*-
10%&'()-`!$3@ 10%&'()-s!303@ 10%&'()-s!$y9!10%&'()-MuV7!l10%m&'()--
10%m&'()-!,10%&'()-sl 10%m&'()-0'10%m&'()- 10 10 10  "ydEuV7!lf)10%m&'()-'
10%m&'()-,&10%m&'()-"10%m&'()-L! 10%m&'()- 



10%m&'()-{cp}^SH=! 10m 10m 10m; 10%m&'()-!$@/- 10%&'()-`!.`@/-
10%&'()-`,10%m&'()-*- 10%m&'()-+}dBSH=! 10!s3"10%&'()-910%m&'()-
410%m&'()-410%m&'()-03 10%m&'()-`'10%m&'()-uu}[9SH=!!).S 10%&'()-m !..S
10%&'()-m y, 10%m&'()-*10%m&'()-! "@
10%&'()-m!s3"10%&'()-6uV4!!0sF%10%HH&'()-&F10%H&'()-&3 10%H&'()-'10%H&'()-3
10 10 10!):@ 10%&'()-!S!z[9uV4!!!)*@ 10%)H)H&'()-9,)10%H&'()-! 9!10% q
q&'()-f!$09!10%$Y$Y&'()-f&10%H&'()-!&sF%10%&H&H&'()-!@"""""""$b@!!!)!S10%||
&'()-Z 10%4|&'()-`'10%4|&'()- 10H 10H 10H: 10%H&'()-`910%H&'()-$V$$%%
&&a?b@!!!)!)"- 10%]|]|&'()-! 10%4|&'()- 10%4|&'()-!$S10%X|X|&'()-@@
10%4&'()-310%4|&'()-&())*****~_@!!!)!&F 10%4|&'()- 10%4|&'()-Y(10%4|&'()-
104W 104W 104Wl4#10%4W&'()-!'- 10%O|O|&'()-
*.++-P---}^?~_@!!!)L'10%4|&'()-%10%4|&'()-@@ 10%4&'()-!)@@ 10%]|]|&'()-s-
10%4&'()-
!f10%||&'()--L.//0`00dE~_@!!!)910%4|&'()-l710%4|&'()-F410%4|&'()-2
10%4|&'()-,10%4|&'()-(10%4|&'()-011111\123uS1!3!10%&'()-m!10%11&'()-'10%&'(
)- 



0'10%&'()- 10g|g| 10g|g| 10g|g|!3: 10%g|g|&'()-3455$67k7}[<uS1!3-@
10%&'()-!.-@ 10%&'()-S, 10%&'()-*- 10%&'()-!)@@ 10%&'()- !)@ 10%&'()-
k778888888~_@!3L 10%/&'()- (10%/&'()- 10# 10# 10#:10%#&'()-*!)6@
10%&'()-F410%&'()- 899:;;=a?~_@!3! l"@ 10%//&'()-4L  10%/&'()-9 10%/&'()-LL
10%-&'()-Z!,10%//&'()-L3  10%/&'()-3========>b@!3!!S10%&'()-Y 10%G&'()-
10%G&'()-0'10%G&'()- 10/ 10/ 10/&,, 10%/&'()- >@TBBCZCCz[<b@!32@ 10%G&'()-1
10%G&'()--
10%G&'()-!$@:!10%kk&'()-!):!10%pp&'()-!3:!10%zzzz&'()-CD&E'E(E)E8EFFuS4!:10
%:&'()-!SF 10%&'()-`Y(10%:&'()- 



10pp 10pp 10pp!):Z10%pp&'()-F4 10%G&'()-FGHHNIIFJa?uS4!!.(
10%::&'()-%10%:&'()-&$10%:&'()-" 10%:&'()-&
10%:&'()-!$9!10%^^&'()-FJJKEKKK9L}^?uS4!910%:&'()-l710%:&'()-510%:&'()-!821
0%rr&'()-110%:&'()-!)(
10%cc&'()-9LLLLLLLNO_=!!@Sy!10%&'()-!Sy!10%&'()-10%G&'()-0'10%G&'()- 10:
10: 10:: 10%:&'()-OhOOpPPQUQ}^?_=!!( 10%G&'()-9' 10%G&'()-!)@9T
10%pp&'()-S!39T 10%GG&'()-SF10%G&'()-@S 10%G&'()-UQvQQS[SSSS}^?4=!
10G:10%G&'()-9 10%G&'()-c710%G&'()-!)@/S 10%pp&'()-!3@s*@ 10%zz&'()-3s*@
10%GB &'()-3SSSSSSUfWjK=! 10G9!10%
&'()-!39!10%&'()-10%&'()-y10%&'()-`'10%&'()- 10G 10GfWWXeXXXpYa?K=! 10G!.l
1@ 10%&'()--10%&'()-@,10%&'()-!3l*@ 10%&'()-`'10%&'()-%10%&'()-pYY;
ZZZZZZZrS4!10%Z&'()-'10%Z&'()-l 10 10 10!$l:- 10%&'()-&9 10%&'()-!.l 1@
10%&'()-Z[\R\\]-^dBrS4!!$" 10%~~&'()-310%Z&'()-m,S 10%Z&'()-
10%Z&'()-10%Z&'()-410%Z&'()--^,_B`a&b'b(b)b7b}rg\=!'10%&'()- 10Z 10Z 10Z2
10%Z&'()-!)2 10%&'()-!)*-
10%&'()-%10%Z&'()-37b<bYb3cdfdd}^?g\=!10%&'()-l`!10%u&'()-!$l`!10%CC&'()-!1
0%uu&'()- 10%&'()-f10%&'()-d$eGeeDfff}^?g\=!y 110%&'()-y,/10%&'()-G!<F)-
10%&'()-3!<F)- 10%&'()-3y% 



10%&'()-y  10%&'()-fghhhh*h/h{hbC!10%Z&'()-10%Z&'()-'10%Z&'()-l 10 10
10y&910%&'()-yF410%&'()-3{h=iiiCkhkkaBbC!9$-10%Z&'()-!  10%Z&'()-! y@
10%zz&'()-@ 10%Z&'()- 10%Z&'()-Y 10%Z&'()-GkVl~ll.mmMnNndB4C! 10!)7
10%&'()-
610%Z&'()-210%Z&'()--10%Z&'()-f*-10%Z&'()-s'10%Z&'()-NnOnPn]nbnp!r>sa?C!
10!)3@ 10%PoPo&'()-!)3@ 10%PoPo&'()-!>l g&10%e{e{&'()-`
10%'o&'()-(10%'o&'()- 10 10>sYstu(v+v,v-v.v}^SH=! 10 10'o 10'o
10'o:10%'o&'()->910%'o&'()-!)*$10%PP&'()- !.*$10%UU&'()- *$10%'&'()-
.v=vCvxxyz^<SH=! 



10!3!@ 10%&'()-! S 10%&'()-@10%&'()-!10%bb&'()-
10%&'()-(10%&'()-3z&{|}~DEFGwXMB7! 1 10 10 10Y31@ 10%&'()- !.Y31@ 10%&'()-
!8Y31@ 10%&'()- !$l)T 10%&'()-m!$!@ 10%&'()-GTYi^<MB7! 1 10!8'@
10%&'()-S!`'10%``&'()-z!`'10%++&'()-zy 10%G&'()-@310%G&'()-'10%G&'()-F
uV4!!A&!10%aa&'()-#&F10% h&'()- 10% h&'()-`'10% h&'()- 10zz 10zz 10zz!3'@
10%zz&'()-S"ABCD}^SH=!!A 10 h 10 h 10 h9910% h&'()-610% h&'()-&!10%
1&'()-#!8&!10%XIXI&'()-#!<&!10%\;\;&'()-#DRW/dESH=!!A 10
10%B&'()-`10%B&'()-`F @10%B&'()-` 10%B&'()-&10%B&'()-'10%B&'()-
/Vx(z[<SH=!!AL&$10%B&'()-S" 10%B&'()-! ,!10%EE&'()- !.,!10%22&'()-
`10%B&'()-!&10%BB&'()-(`EzX6SH=!!!)F4 10%#B#B&'()-3!)F4 10%##&'()-32
10%B&'()-!)`' 10%#B#B&'()- 



!)`' 10%#B#B&'()- !)`' 10%#B#B&'()- 1234BE|z[9!!!!,L!10%11&'()-10%m&'()-
10%mE&'()-'10%m&'()-106e6106e6106e6 <F4 10%6e6&'()-3G?{}^?z[9!!!!%
10%m&'()-"10%m&'()- '!10%m&'()- '!10%m&'()-!.y-
10%&'()-!,L!10%--&'()-U=}rg\=!!!!'10%&'()- 10m 10m 10m31- 10%m&'()- !331-
10%&'()- -10%m&'()-!)'- 10%&'()-h(a?g\=!!!!!3l@ 10%&'()-Z!.@s!10%""&'()-
10%&'()-l  10%&'()-G310%&'()-y 10%&'()-(s}~bC!!!!!L10% h&'()-F10%
h&'()-'10% h&'()-  10 10 10)10%&'()-'10%&'()-HSvz[<bC!!!!/F10% h&'()-,10%
h&'()-!"S 10%;h;h&'()-!$!10%D,D,&'()-!.!10%NN&'()-9L10%
h&'()-){xmbC!!!!0Y(10%&'()- 10 h 10 h 10 h;10% h&'()-4f#10% &'()-3S 10%
h&'()-Y1F10% h&'()-K^?mbC!!!!L$310%&'()-!)3 10%&'()-3L:!10%&'()-'!
L:!10%&'()-'&10%&'()- 10%&'()-KITNOPQ}^SH=!!!! 10 10 107, 10%&'()-3!$7,
10%&'()-3l410%&'()--10%&'()-S!.*, 10%&'()-Q_dWadESH=!!!! 



1010%m&'()-910%m&'()-
10%m&'()-410%m&'()-F10%m&'()-'10%m&'()-aHRZ}^?SH=!!!! *@ 10%m&'()-@)
10%m&'()-' 10%m&'()-s$10%m&'()-!]f:!10%&'()-!$f:!10%&'()-ZOYWXdB4=! 10! ;-
10%&'()-`910%m&'()-7 10%m&'()-410%m&'()- . 10%m&'()-, 10%m&'()-XYZhmeo_gE=!
10!! M!10%&'()-910%&'()-310%&'()-310%&'()-9'10%&'()- 10 10_)4567E}oaS4!'
10%Z&'()- 10 10 10!.l:z10%&'()-!.l*$10%&'()-'10%&'()-"10%&'()-
EJbm}[<aS4!3.m10%Z&'()-!3- 10%uu&'()-!$03- 10%~~&'()-Ym10%Z&'()-!S 10%&'()-
Y10%Z&'()-}rg\=!`'10%&'()- 10Z 10Z 10Z7S 10%Z&'()- !.7S 10%&'()-
9610%Z&'()-!3l1@ 10%&'()- a?g\=!! M!10%&'()-m!.M!10%&'()-m
10%&'()-310%&'()- 10%&'()-10%&'()-;u}^?g\=!710%&'()-Y410%&'()-z!8l1-
10%&'()-@,10%&'()-3!3`', 10%&'()-3&$10%&'()-uuV4!!`10%BB&'()-
10%B&'()-fl10%B&'()-0L'10%B&'()- 



10 10 10!.l: 10%&'()-Gklmn|bC!!`110%-u&'()-LS10%-u&'()-'10%-u&'()- 10B 10B
10B310%B&'()-10%B&'()-gdEbC!!`1`!10%-u&'()-m10%-u&'()-yZ10%-u&'()-Z10%-u&'(
)-, 10%-u&'()-3`10%-u&'()-G$8dEbC!!`1'Z10%-u&'()-%Z10%-u&'()-"
10%-u&'()-4&!Z10%-u&'()-m10%-u&'()-FG10%-u&'()-c@lodEbC!!`1310%-u&'()-F1M10
%-u&'()--Z10%-u&'()-f,Z10%-u&'()-*s!10%-u&'()-,)Z10%-u&'()-ov%bC!!`1LS10%@&
'()-0'10%@&'()- 10-u 10-u 10-uL9G10%-u&'()-
7G10%-u&'()-4z10%-u&'()-%C5OdEbC!!`1@F
10%@&'()-Z10%@&'()-`10%@&'()-Z10%@&'()-  &!10%@&'()-10%@&'()-O5aBbC!!`&$3
10%@&'()-"m10%@&'()- m10%@&'()-!s!10%@@&'()- Z10%@&'()-yG10%@&'()-5
haBbC!!`1m10%@&'()-!-s!10%@@&'()-,,m10%@&'()-*10%@&'()-)Z10%@&'()-`'s!10%@&
'()-HbC!!`F Z10%g&'()- 10%g&'()-9@10%g&'()-'10%g&'()-3 10@ 10@
10@710%@&'()-+{dEbC!!` 10%g&'()-s10%g&'()-Z10%g&'()-& 10%g&'()-
Z10%g&'()-10%g&'()-lH&aBbC!!`!Z10%g&'()-!`!10%gg&'()-
Z10%g&'()-Z10%g&'()-Z10%g&'()-@:!10%g&'()-&Q1VdBbC!!`!6-M!10%gg&'()-*
10%g&'()-)m10%g&'()-`'M!10%g&'()-%310%g&'()-"10%g&'()-m/UVWXfkb@!!`!?.10%&'
()-&,10%T&'()-3(10%T&'()-F 



10g 10g 10gY4 10%g&'()-2 10%g&'()-4567yhFb@!!`!!!10%&'()-,!10%&'()-,'\
!1!10%&'()-,!!10%&'()-,!10%&'()-,y|}dF)!10%&'()-,'\
!!10%&'()-,!!10%&'()-,1!10%&'()-,'\ !!!10%&'()-,
VW_B)!10%&'(!10%&'()-,!!10%&'()-,!10%&'()-,'\
!!!10%&'()-,!!10%&'()-,WXYcF)!10%&'(!10%&'()-,'\
!!!10%&'()-,!!10%&'()-,!10%&'()-,'\
!_B)!10%&'(!10%&'()-,!!10%&'()-,!10%&'()-,'\
!!!10%&'()-,!!10%&'()-,ADEFcF)!10%&'(!10%&'()-,'\
!!!10%&'()-,!!10%&'()-,!10%&'()-,'\
!F_B)!10%&'(!10%&'()-,!!10%&'()-,!10%&'()-,'\
!!!10%&'()-,!!10%&'()-,cF)!10%&'(!10%&'()-,'\
!!!10%&'()-,!!10%&'()-,!10%&'()-,'\
!0123twdB)!10%&'(!!10%&'()-,!!10%&'()-,!10%&'()-,'\
!!10%&'()-,!!10%&'()-,wxyhK)!!10%&'()-,!10%&'()-,'\
!!10%&'()-,!!10%&'()-,!10%&'()-,'\ !JKLdF)!!10%&'('\
!!10%&'()-,!!10%&'()-,!10%&'()-,'\
!!!10%&'()-,LO[\]^dB)!!10%!!10%&'()-,!10%&'()-,'\
!!10%&'()-,!!10%&'()-,!!10%&'()-,dF)!10%&'()-,'\
!!10%&'()-,!!10%&'()-,!10%&'()-,'\ !!!10%&'()-, dG)'\
!!10%&'()-,!!10%&'()-,!10%&'()-,'\ !!10%&'()-,!!10%&'()-,*dB)'\
!!!10%&'()-,!10%&'()-,'\
!!10%&'()-,!!10%&'()-,!!10%&'()-,*+,-<=>?hJ-!10%&'()-,'\
!!10%&'()-,!!10%&'()-,!10%&'()-,'\
!!10%&'()-,?JKLMdB-!10%!!10%&'()-,!!10%&'()-,!10%&'()-,'\
!)!10%&'()-,!!10%&'()-,hL>0 10 10!10%&'()-,'\
!!10%&'()-,!!10%&'()-,!10%&'()-,'\ !.FmL+0 ,10%&&'()- 9!10%&&'()-
m10%&&'()- m10%&&'()- ,10%&&'()-0 '10%&&'()-F 10F2F|[:+0 ,1 9$310%&&'()-
3`!10%&&'()-Y 3`!10%&&'()-Y mC 10%&&'()- f10%&&'()-
m10%&&'()-FY|[NA410&10&10& 710%&&'()- mC2 10%&&'()-3 -`!10%&&'()- @,
10%&&'()- s'`!10%'&'&'()-^|[:NA410 y10%&&'()- MmL!10%&&'()- 10%&&'()- ZR
10%&&'()- S10%&&'()- &'10%&&'()-F#Pe|[:NA410 L$m10%&&'()-T " 10%&&'()-
M!10%&&'()-g F 10%&&'()- M!10%&'()-  @M!10%&&'()-  Normal" "Heading 13]c"
"Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Font'.5:(BIPW(_eOk-sF|C3PY6mW  "$&(*,.02}&8J;
ZiT)v!$&*-03k78=>CFFJ9LOUQSfWpYZ-^7bdf{hkNn>s.vzGD/((KQaZX_Euo%O5&yWFwL*?FF
6Times New RomanArialCourier New"h Root EntryWordDocument#
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~  




