HYDROGENATI ON PROCESSES FI ELD OF I NVENTION 5 [001] The present invention
relates to a process for the hydrogenation of organic conpounds and to a
process for the manufacture of a hydrogenation catalyst and in particul ar
to a hydrogenati on process that utilizes a hydrogenation catal yst prepared
via the formati on and deconposition of an organic conplex on a catal yst
support. 10 BACKGROUND OF THE INVENTICN [002] FNdrogenatlon is an

est abl i shed process both i : . p refining industries.
Hydrogenation is conventionally carrled out in the presence of a catalyst,
whi ch usually conprises a netal hydrogenati on conponent deposited on a 15
porous support material. The ng@ELIOYF NERKRTION conponent is often one or
nore mnetals for exanple nickel pratirnum paltadi um rhodium ruthenium or
m xtures thereof. [003] Many organic conpounds have one or nore groups or

functio Ii t is 20 susceptible to hydro at.ion under_ appropriate
condi t i ons. (Bl ThePrissst g oGRS o PiRAER 108 i HIOFRER AR G GRATIC One
partlcular atfPER [ 0N is

t hose that &H talngone oﬂﬂﬂgéehgﬁg%@éﬁg? ﬁggﬁlghﬁﬁ&ﬂfﬁﬁ%%%%ﬁﬁﬁﬁff such as
for exanpl epammita'rrte adiydrogentnion| prodesnithat wtilizes a hlydropemtion c2talysOtépared

Hydr ogenat ed Ci?%tl vat | ves of benzenepo]l ycar boxylic aci ds or derivatives

t hereof , sudfthedfopngtignand geepPasigrieh dncagame GRImplaxR pn gsa@lystfunpart i cul ar
interest is their use as plasticisers for polyneric materials. In this
context the dial kyl hexahydropht hal ates are an exanpl e of one class of these

conpounid@s that are of paBAICKGROUNDOESHE INVENTHONri als may be produced
by hydrogenation of the 30 correspondi ng phthalic acid ester in the presence

of hydrogen and an active netal hydrogenation catal yst deposited on a

3?%? L;I ter@ggf Ya}? éjenéngﬁ)gst Ele 11%6%8%‘?2&1%8? %@%} %Igﬁs)%er“g)leo f rlcz)% 50

to 170 bar &ﬁﬁfngﬁhﬂl@&[dseﬂyﬁdgerﬁﬁbﬁhs\’(ﬁﬁﬁenﬂ@ﬂhﬂﬁca’iﬁ@d bﬁﬁa&mpmanbe bFa Pt
and/or Ru to ql ve the corresponding
catalyst, which usually comprises a metal hydrogenation component deposited on a

15  porous support material. The metal hydrogenation component is often one or more
metals for example nickel, platinum, palladium, rhodium, ruthenium or mixtures

thereof.

[003] Many organic compounds have one or more groups or functionality that is
20  susceptible to hydrogenation under appropriate conditions with the use of a suitable

metal containing catalyst. One particular group of compounds that are susceptible to

hydrogenation is those that contain one or more unsaturated groups or functionality

such as for example carbon-carbon double bonds or triple bonds.

25 [004] Hydrogenated derivatives of benzenepolycarboxylic acids or derivatives
thereof, such as esters and/or anhydrides, have many uses. Of particular interest is
their use as plasticisers for polymeric materials. In this context the
dialkylhexahydrophthalates are an example of one class of these compounds that are
of particular interest. These materials may be produced by hydrogenation of the

30 corresponding phthalic acid ester in the presence of hydrogen and an active metal

hydrogenation catalyst deposited on a support.



5 di net hyl hexahydr ot er epht hal ate. The supports used are al um na of
crystalline phase alpha or theta or delta or gamma or beta or m xtures
thereof. [006J In EP-A-0 005 737, aromatic carboxylic esters are
hydrogenated at from70 to 250 C and from 30 to 200 bar over supported N,
Ru, Rh and/or Pd catalysts to give 10 the correspondi ng cycloaliphatic
carboxylic esters. The support used is an al um nium oxi de of which at | east
20% has been converted into lithiumal um' nium spinel. [0071 U S. Pat. No.

Supor ted RIS St B8 6 E ARERR Ll B BHcNE B4 a0 ey BistomhaRTre

i s depomt@@lﬁm &{a@erdceaammc%h@agkag{neofhgﬁ%btﬁﬁvﬁb %sﬁ@%ﬁ tes to a

process for the preparaftion o cycyl ohexa i carboxyl |
hydr ogenat i catalysts, mmhmb treatad mdthiyi, BeamigoraR 1P gmqo;bmrcbﬂelsmaﬂingdl um cat al yst,

Pat. No> 3, Gelylnex Bk PisphPaloiol THecHRGUISPEL BB OREORFIMBGUAR: i o of
S'h?'oﬁy't L7 SR B o i Rl %@%@%ﬁ?ydgiﬁr "bes & process for

t he hydrogenation of an aromatic conpound. The catal yst used contains
rut heni um as active netal alone or, optionally with one or nore other G oup

1B, VIIB orl00) |18 ERAa0 Q0HR3% arm%#tw;f@fhs’aglueeﬁt@rawdrysirogm@e%bﬁr@papd@;s

support ex BET
cubTace ar et Cariid 309300l AFELAG A1, K RyGRR /ol calsRRgeR™] o o),
descri bigs ahpeoe@psnding cydadiphage Sirgeilic e@teﬂpontmp ortigedcighnl yst used
contains rutheniumas active netal alone or opti onaFI y with one or nore

ot her G ouprlwBininm jogidsrof\yhigtpatdeashP@¥das heesunopyerted imedithingpalumingy be a 5
mat eri al haV| g macropores (50 to 10000 run pore dianeter) and nesopores (2
to 50 nm p(ﬂ% ‘dianeter). In the support 10 -50% of the pores are macropores
and 50 to 90% of the pores are nesopores. Alum na of surface area (BET) 238
n2/g is
[007] U.S. Pat. No. 3,027,398 describes the hydrogenation of dimethylterephthalate
15  over supported Ru catalysts at from 110 to 140° C and from 35 to 105 bar. The Ru is

deposited on charcoal or kieselguhr,

[008] EP-A 0603 825 relates to a process for the preparation of 1,4-
cycylohexanedicarboxylic acid by hydrogenating terephthalic acid by using a
20  supported palladium catalyst, wherein as support alumina, silica or active charcoal is

used.

[009] U.S.Pat. No. 3,334,149 describes a multistage process for the hydrogenation
of dialkylterephthalate using a Pd catalyst followed by use of a copper chromite
25  catalyst.

[010] U.S. Pat. No. 5,936,126 describes a process for the hydrogenation of an

aromatic compound. The catalyst used contains ruthenium as active metal alone or

optionally with one or more other Group IB, VIIB or VIIIB metals on a macroporous
30  support. The macroporous support exhibits an average pore diameter of at least 50

nm and a BET surface area of not more than about 30 m”/g.



specifically exenplified. 10 [012] Published International Application No.
PCT/ EP98/ 08346 (WD 99/ 32427) describes a process for the hydrogenation of
benzene pol ycarboxylic acids or derivatives thereof. The catal yst used
conprises rutheniumas an active netal which is deposited al one or together
with at | east one other netal of subgroups I, VII or VIII of the periodic
table on a support. One of three separate types of support nay be 15 used.
The first support is nmacroporous having a nmean pore dianmeter of at |east

about 50 n T, surf rea .of at nost, 30n2/g. The second ,support is
S rateral R BRO N bt 9o RGrBes Shuehe doppradoati: SETRPRD: &

di aneter), PRccatdlysthiscdconrnOiiRhivnh & M&@&e?dl%ld%%&%@f?&rﬁaﬂy with 42 01> % of the
pores are nmesopores and the surface area of the support i§ preferably from
50 to aboutmb@®tingt/Grouf i, VHBod VllIBenaéls 20 asuppot.t Thessuppommeayitela, which is

macr oporoous and has.a nean pore di er of af, least 50 nmang a surface
area of Jat Wpalt Naqreposps @gt ?QE po%§ i“é“?:tF"ésaé‘Q “E"éf’%‘?rﬁ%g%tofszr

converting , . i ! a carrier
W ih & substARPRATHHCRE. LEHERUAR IO SO LORERBIS A mbclPhof ORI SEE &, ol Lim
The met al s 968y obtheipoprsagnaiesshonest A lurhina ofsurfae ateai(BETA038 mifigie al cohol
solution, follgowed by activation at 520C for 4 hours. [014] US-A-2 889 287
di sl coses apesifisplexemplifieds yseful for hydrogenation, which catalyst may
be prepared using an amno acid solution to inpregnate a catalytic nmetal 30
onto a support as a chelate. The chelate is then deconposed by calcining. 3
[ 015] Jidur n@il2jof PuBtieheChkeriainabA policaton NG PCEEPISIOZGY6 (W@ 9RI242Tynber 8,
August 1979, pages 480-486 (Aboul -Gheit Ahnmed Kadry) teaches that additives
may be usedESETDAs@HPTOGRss g hyskogsnatinmeefi henzsng molycatberric s oral uri na

catal ysts. . t ld ] { h e o -e am ne as
an additi ve&egl(‘:’ ﬁﬁgé\?ed%&gér’fgh 55:?{?&5??%%%%{}%’#%%&&?%% easaéns%crlpgllﬁe?ag%g%d

di sposi ti onis@kpditad bldHE Lt RREtheRGith at leBabAg baRNMethl 3f albdrohps [VE of ¥§e t hat
plati num and ruthenium nmetal precursors are applied as aqueous solutions to
t he al um nacfshepperiadic ablgetnresuppprth Oge ob theemseparatedipesfol saplefirt m@e be Par agr aph

2.4t eal(‘SheSus%d.rr%BQ %ldst (sjl];pp%?taig lljr{alcpo%o%s %lavi(rjllg %tngéag%%}eo&a%gt%g of at least about

50 nm and a BET surface area of at most 30m?/g. The second support is a material,

which has both macropores and mesopores (2 to 50 nm pore diameter), and in which

5-50% of the pores are macropores, 50 to 95% of the pores are mesopores and the

surface area of the support is preferably from 50 to about 500 m*/g. The third type of
20  support is a material, which is macroporous and has a mean pore diameter of at least

50 nm and a surface area of at most 15m2/g.

[013] US-A-3 761 428 discloses catalysts for converting hydrocarbons, such as by
hydrogenation, that comprise a carrier with a substantially homogeneous distribution
25  of platinum and iridium. The metals may be impregnated onto the carrier using an

amino alcohol solution, followed by activation at 520°C for 4 hours.

[014] US-A-2 889 287 dislcoses a catalyst that is useful for hydrogenation, which
catalyst may be prepared using an amino acid solution to impregnate a catalytic metal

30  onto a support as a chelate. The chelate is then decomposed by calcining.



I nvol ves drying the treated support at 383K (110 C) for 1 hour. Paragraph
2.5 10 teaches a nethod of determning the fraction of netal exposed on the
support that involves heating a calcinated catalyst in a chem sorption
furnace at 773 K (500 C) for 3 hours in hydrogen. Paragraph 2.6 discloses
finishing and activity tests for the catalysts, and that the thus-finished
catal yst may be used for benzene hydrogenation. 15 [016] US-A-4 431 574

di scl oses tﬁﬂﬁl Gyl \of] Chewiidag Teshaglogwead yBiotechualey| vdlo9, hymbargnat i on,

may be manufact ur b i naf | cat t..carrier wih a solution
of a G oup %Pﬁsgﬁgﬂ%’@%ﬁéﬁéo'%@%ogééﬁgﬁ eflﬁi%%')c}%c;ﬁ? ﬁ]ag%\(ﬁf‘{—}téw M&hd (b)
heating thebd WRdesNdE Sehpinhti® of PladifuMXMC itiniRS RINCA] 8mjrddy eHif g DORS ,

al cohol s, ketones and hal ogenat ed hydrocarbons are nentioned as organic

sol vent. 20pdroauar uds slagdabat e Tseiof maneesthanolaminods ef alditive gelnavdsran

benzenepol ygarboxylic acids wth hydrogen,using..a catalyst caonprising a

t ransi ft%gn . B UPRPOXPDERt g, tﬁé cﬁﬂﬁﬁ‘gtﬂ 2Ad 1&%’%{‘%311@% rﬂi%t}%r n@,tmf) tionally
al so with nbghaRpRes 250l 28 ARIGRMNESplatillif andtthéafun Bkt SHrBhRRAS 8- DY

i mpregnating a transition netal salt 1nto the support 25 tollowed by drying
and opt i onadpipjied ab equtions seltti@GOo8BOalgminr sipportbgetBEOVMlH0 cAncentritdorsell t s nay

be eg nitrates, nitrosylnitrates, halides mri ne .conpl exes of the netal.
[018] OF pa?‘fq?tt‘:‘{ﬂ' alEE*r"‘l "r%‘iﬂht gﬁcéﬁaf’}ﬁsaﬁ’ | 83&1%&5}16%% ﬂ??fﬁégk“gg’ui“gntth@ degree
of 30 conve{si : ' [ I I v nver si on
Tnt ot he demy P Gpihg!Ihe WL MpRR! Sl IR AN b To TR e 230

sel ecti M t ytesttesladmbthod ofdegimaring thepfracionl of. métal exahiséd on thd suppotti thitl vy

desirable to devegop_ hydr Qgenat i on processes, that proceed at %cc%pt abl e
reaction rat¥elves baasing T, ealenpted satalystyin  sheapisprption furgngs; & FatK hyfF dgenat i on

processes fgy if ﬁb“t‘u?%ﬂ"ﬂﬁfr&’%ﬁﬂ?}%&g%a&f 2.%r<ﬂ§’c2$s%s ‘ﬁﬂﬁﬁglg”aﬁ@ra%ﬂ%%s&aﬁ} eul ar for

t he hydrogenation o uns conpounds suc exa e aromatic
conmpounds t eatilipsts, aad thiae shpathids-figishé grtdlyd hogdraised foddehieat ihyéogenskibah
processes are highly selective and proceed at good reaction rates. It is
therefore an object of the present invention

15 [016) US-A-4 431 574 discloses that Group VIII noble metal catalysts, useful for
hydrogenation, may be manufactured by (a) impregnating a catalyst carrier with a
solution of a Group VIII noble metal acetylacetonate in an organic solvent, and (b)
heating the impregnated carrier in an oxygen atmosphere. Hydrocarbons, alcohols,
ketones and halogenated hydrocarbons are mentioned as organic solvent.

20
[017] US-A-6 284 917 discloses a method of hydrogenating benzenepolycarboxylic
acids with hydrogen using a catalyst comprising a transition metal catalyst on a
support that contains macropores, optionally also with micropores and/or mesopores.
The catalyst may be prepared by impregnating a transition metal salt into the support

25  followed by drying and optionally calcining at 200-600° C, preferably 350-450° C.
The salts may be eg nitrates, nitrosylnitrates, halides, ammine complexes of the

metal.

[018] Of particular importance in all hydrogenation processes is the degree of
30  conversion of the starting materials and the selectivity of conversion into the desired

hydrogenated products. The degree of conversion and selectivity should be as high as



to provide a process for hydrogenating organi c conmpounds to hydrogenation
products 10 with high | evels of conversion, selectivity and wth good rates
of reaction, and to provide a hydrogenation catalyst for use in such a
hydr ogenati on process and to a process for the nmanufacture of such a

hydr ogenati on catal yst. SUMMARY COF THE | NVENTI ON 15 [020] The present

i nvention accordingly provides a process for hydrogenating an organic
conpound, wibsskblpr bcasidétiandhisrhighly desitahlyi tn devdlep bydragination pppoessds fhat o
contact, under hcg ro ena})éi on conditions, with a source of hydrogen in the
presence of PrECEhItACH YRS RAFI¥ ¥ Sone or nore catalytically active netal
sites located on a catal yst 20 support and recovering the hydrogenation
products, wherein at |east one of the catalytically active netal sites has
been obt ai n¢M9}i Theieas pactd therefae donpdEeientdrydmgendton pogeesestforthean or gani ¢

conplex of the netal and a nitrogen-containing o ni c . conpound, sel ected
from (i )9an§1ﬁ§’°&?}'fﬁ&§na Brgepﬁc)cofwgﬁ%qfr?ﬂg IR B glﬁ-fﬁ?g%ﬁ)li r%ﬁ?%%ﬂ o group and
an al cohol gy teB b a{rﬁpﬁ, ' Myle Il out 25 such that
new vi bration ﬁgﬁgs apgggr}(gi%% t he :r%liférhgblge spgc?t%&@%ﬁ@#“tbﬁ% conpl ex at

bet ween 2100e2&p0nding ring{hfdiblgehatedddrivatites; whkhertcesdes ape leghlytseleatinent i on al so

provi des a process for hydrogenating one or nore benzenepol ycarboxylic
aci ds or onén‘gproﬁﬁ)‘?deatcgéi?"il {eactigreratesg dt s theredpre angpbiget pf Q‘FLW%SGB%HWO& nor e

benzenepol y Xl ' | ' i
bri ngi ng, uﬁ@é@%ﬁé&%&%ﬁ%ﬁ g\ﬁﬂ%%ﬁ%?@ﬁ%ﬁ%ﬁ%%g% gh %g{r?z neoétgpés:ogﬁ)rg%ﬁ c acid
or the deri wathhigh lehek @btomierdidis seleetivityend with godtraes ofeaftiondand to

hydr ogen- cont ai ni nl%fgas in the presence of a catalyst, the catalyst
conpri si ng BFYides hydspgenatemeajalystdor ysedr suaher hydrogenatianaproress apdid on a

cat al yst sugpo%gs,foy\ﬁ%r -n'ﬁfz?ckurk%??%clh aﬁ@@gc’%%g%tﬁ?ﬁ c%r?]atl ytically active netal

sites has been obtairned via par on the support of an
organi ¢ conplex of the netal as specified above. [022] The invention enpl oys

a hydrogenation catal yst manufact ured b\4 a i)r ocess which conpri ses;
SUMMARY OF THE INVENTION

15
[020] The present invention accordingly provides a process for hydrogenating an
organic compound, which process comprises bringing the organic compound into
contact, under hydrogenation conditions, with a source of hydrogen in the presence of
a catalyst comprising one or more catalytically active metal sites located on a catalyst

20  support and recovering the hydrogenation products, wherein at least one of the
catalytically active metal sites has been obtained via the partial decomposition on the
support of an organic complex of the metal and a nitrogen-containing organic
compound selected from (i) amino acids and (ii) compounds containing both an
amino group and an alcohol group, partial decomposition having been carried out

25  such that new vibration bands appear in the infra red spectrum of the complex at

between 2100-2200 cm”™.

[021] In a further aspect the present invention also provides a process for
hydrogenating one or more benzenepolycarboxylic acids or one or more derivatives
30  thereof, or a mixture of one or more benzenepolycarboxylic acids with one or more

derivatives thereof by bringing, under hydrogenation conditions, the



10 a) preparing a support having one or nore of the specified organic

conpl exes of one or nore catalytically active netals |ocated thereon; and
b) partially deconposing one or nore of the organic nmetal conplexes | ocated
on the support. 15 [023] Preferably the hydrogenation catal yst conprises one
or nore catalytically active netals and one or nore support materials
wherein the total nmetal dispersionis 45%or nore and the netal dispersion
rel ating t obenzerapshigrsposlinacidphibg devyasivadhareofr thenmixteredntorpentart Witk per si on

coml ex_on-t REuSker: &g ess Iy FEBRGARAEE athellst W5 LB ARALRE oBE 27 ©

deconposi t i enmofe datiytivalp aétiverTRétal site®Rhred ofaYtahidyst Slgporeahdyin dtne@at ment of
the partially deconposed organic conplex on the support with a source of

hydr ogen. 30neofithy eatalptiediz oty oetat siwsphaphygy datgngdvig partiab dgnogmesitionnvent i on
will be better understood by .reference.to the Detall Description of the
vent oh wREIe IREE b gerainic SpRERRE ot P lisf Mon e "Wher el n [027]
Fig. 1 shows a plot of DINP conversion vs reaction tine for 0.5 wt%

Ru/ MCM 41 catal yst in which the active netal has been deposited from an
aqueous sol[032] ohhe mventian §ropleys Fhydrogengtioveatalygsinganudfctudedby 8 provesssi on vs
reaction tirrgj&ilor 0.5 wt% Ru/MCM 41 catalyst in which the active netal has
been deposi MR PRI xt ure of an aqueous sol ution of netal wth
triethanolam ne. 15 [029] Fig.3 shows a quadrapol e mass spectrum of the

product of Exanple 7 heated
10 a} preparing a support having one or more of the specified organic complexes

of one or more catalytically active metals located thereon; and

b) partially decomposing one or more of the organic metal complexes located
on the support.
15
[023} Preferably the hydrogenation catalyst comprises one or more catalytically
active metals and one or more support materials wherein the total metal dispersion is
45% or more and the metal dispersion relating to a strongly chemisorbed component
of the total metal dispersion is 20% or greater.
20
[024] In accordance with the invention the organic complex on the support is

partially decomposed.

25 [025] The partial decomposition of the organic metal complex may be followed by
treatment of the partially decomposed organic complex on the support with a source

of hydrogen.

30



inair at 4 deg/mn, [030] Fig. 4 shows the transm ssion infra-red spectra
of silica and Exanples 7, 9 and 14, 20 [031] Fig. 5 shows an air treatnent
TGA plot for a supported nmetal catalyst (0.5 w % Ru/Si Q2) prepared using

i npregnation of the netal with triethanolamne and drying at 100 C, 25
[032] Fig. 6 shows an air treatnent TGA plot for a supported netal catalyst
(0.5 W% Ru/Si ) prepared using inpregnation of the netal wth

tri et hanol am ne and 5 AP BRI . R NP 7 shows a hydrogen
treatment TGA plot for a supported nmet al catal yst 30 (0 5 wm % Ru/ Si O2)
prepared using inpregnation of the nmetal with triethanolam ne and

cal ci nat i onfo2) 308 freschi REALERIDBESERPEhaRLER: B Rt tMENT DDA 11 the
process of the present invention organic conpounds especially unsaturated
or gani ¢ conBessnigtiompbthiayhivestien athen taken tgsther vitbribeattichéd drevirgs and a 5

hydr oge:})ati OH catal yst that has been prepared in a specific way. The

hydr ogerrat i SA*™®at al yst is prepared via the formation of one or nore organic
nmet al conpl exes, as the source of catalytically active netal. After
deposition and/or formation of one or nore organic netal conplexes in or on
t he suppor t[028] eFigal shdves £plopbERESP asreversioit vsakhgtiondewofogp@ssedt% Thi s met hod of
preparation_r i n hydrogena ion_catal sts that have 10 good catal ytic
activity m%rﬁ\i@%%r grfalyy lﬁy@r{}g@lﬁa@rw@ s \peersdenostied fiem pdiaqgeoutor e
conventi onal, hgtﬁ;nag%ét preparation nmethods. We have found that when at | east
one of the activeé ydrogenation netals is deposited in this way the
resultarmt catalyst 1is h| ghI y active in hydrogenation processes. In a
further enbodi ment the %r* partially deconposed or%anl c conplex is
treated in W2BLFige? sl@t%“g%p phDENE gomversist vs reactiopdiagytos 1 The process

of the presgpMEMENtARYstiR vt ARG ivethe M BIGNALPo0Te PHYm Y HARIE of

an aqueous solution of metal with triethanolamine.

15 [029] Fig.3 shows a quadrapole mass spectrum of the product of Example 7 heated

in air at 4 deg/min,

[030] Fig. 4 shows the transmission infra-red spectra of silica and Examples 7, 9
and 14,

20
[031] Fig. 5 shows an air treatment TGA plot for a supported metal catalyst (0.5
wt% Ru/Si0,) prepared using impregnation of the metal with triethanolamine and
drying at 100° C,

25 [032] Fig. 6 shows an air treatment TGA plot for a supported metal catalyst (0.5
wt% Ru/8i0,) prepared using impregnation of the metal with triethanolamine and

calcination at 300° C, and

[033] Fig. 7 shows a hydrogen treatment TGA plot for a supported metal catalyst
30 (0.5 wt% Ruw/Si0,) prepared using impregnation of the metal with triethanolamine

and calecination at 300° C.



conmpound that is susceptible to hydrogenation. Organic conpounds that are
particularly suitable are organi c conpounds that conprise one or nore groups
or 20 functionality with unsaturated bonds; these conpounds are herein
described as "unsaturated organi c conpounds”. The term "unsaturated organic
compound” as used wthin the present invention conprises all organic
conpounds including |low nolecular weight (nononeric) and pol yneric organic

conpounds whi ch may bLBETAILID DESSIRIPTHON OFITHEANMENTEONar t hose which

exhi bit groups which are treatable with 25 hydrogen, such as carbon-carbon
doubl e or carbon-carbon triple bonds. This term conprises |ow nol ecul ar

wei ght or gafjzg C : i, wei ght organic
(¥39] CRITRE RidSssbT tHE Ile%éﬁngﬁghm@@amc L‘ﬁﬁ(ﬂp%l%ﬁs% cBilly

conmpounds” e conmpounds havi n cu wel g 00. The term
"pol yner" i ensdefateddrgasicrecelnpbimty arohydrbgamatedsn Hevpregnee ofitpldespehand wei ght  of

one or iy cHEROUTRTAGRAIN: i N8t PR 2oty W0, 1GeVIRETRIOBN L ho-
o oo oA i O 0 o BRI Aot s
(1) -C=C gdukge ofkBta(jitichlly activeetfll Witer #8positicaNniidr forfddtion Gf Oht iMhpre 20 O

organic metal complexes in or on the support material the complexes are partially

decomposed. This method of preparation results in hydrogenation catalysts that have

10 good catalytic activity when compared to hydrogenation catalysts prepared using

more conventional catalyst preparation methods. We have found that when at least

one of the active hydrogenation metals is deposited in this way the resultant catalyst

is highly active in hydrogenation processes. In a further embodiment the fully or

partially decomposed organic complex is treated in a further stage with a source of

15 hydrogen.

[035] The process of the present invention is suitable for hydrogenating any organic
compound that is susceptible to hydrogenation. Organic compounds that are
particularly suitable are organic compounds that comprise one or more groups or

20  functionality with unsaturated bonds; these compounds are herein described as
“unsaturated organic compounds”. The term "unsaturated organic compound" as used
within the present invention comprises all organic compounds including low
molecular weight (monomeric) and polymeric organic compounds which may be
catalytically reacted, in particular those which exhibit groups which are treatable with

25  hydrogen, such as carbon-carbon double or carbon-carbon triple bonds. This term
comprises low molecular weight organic compounds as well as polymers. "Low
molecular weight organic compounds" are compounds having a molecular weight of
below 500. The term "polymer" is defined as relating to molecules having a
molecular weight of higher than about 500.

30



-H (Vi) 11 RZC=S (VII1) 25 -NO2 (IX) [0371 The process of the invention
is particularly suitable for hydrogenating an unsaturated organic conpound
which is selected fromthe group consisting of an aromatic conmpound in

whi ch at | east one hydroxyl group is bonded to an aromatic 9 ring, an
aromatic conmpound in which at | east one am no group is bonded to an
aromatic ring, an aromatic conpound in which at |east one carboxylic acid
group or d@gﬁhdnipﬂéimllﬁér@mnih sompeuield having anepomate of the fdlovanget one, an

al dehyde, a, carboxylic cid or derjvative.t her.eof , .pol ynmer_caonpri sing
at | east onsémc‘fét’fagéﬁltﬁg’raﬁ ﬁua%cgﬂpgmgﬁﬁh%ﬁr,eseéﬁwe lsé’(?ﬁﬂ%‘@%{ﬁcb(’%‘mfteast one
car bonyl gr&h’rﬂaouﬁdﬂ%ﬁ/&ﬁ%hmae%hﬂ&u?ﬂ untLASIroQRAhaY dré biksBe@idHR, and a

m xture of two or nore thereof. Aliphatic unsaturated organic conpounds
conpri si ng siddegepateongr oups as the only unsaturated group are not preferred.
Al i phat i5c unsat urated organi ¢ conpounds conprising al dehyde groups and

al cohol “groups especially polyols such as D-glucose are not preferred. 10
[0381 Wthin the process of the inven@i___oe’unsaturatﬁp or gani ¢ conpounds
conprising units of different structures,~as defined above, may be

hydr ogenat ed, such as unsaturated organi c conpounds, which exhibit
carbon-carbon nultiple bonds and carbonyl groups, since the catal yst used
within the process of the invention are 15 capable to first selectively
hydr ogenat e one of the two groups, i.eC=@—achieve ﬁl hydr ogenati on of these
groups from about 90 to 100% while at first the ot gr groups are reacted,
preferd® y hydrogenated, to an extent of |less than 25% and in general O to
about 7% Generally, first the carbon-carbon nultiple bond and subsequently
the nitrite group are reacted, e.g.#fydrqgenated, respectively. 20 [0391
The term "aromati c conpound in whic glast one hydroxyl group is bonded

(I10)
-C=N- av)
15 —C=N V)
T VI
~dom VD
20
(I:l) VIl
—C—H (VD
R,C=S (VI
25 NO, (IX)

[037] The process of the invention is particularly suitable for hydrogenating an
unsaturated organic compound which is selected from the group consisting of an

aromatic compound in which at least one hydroxy! group is bonded to an aromatic



to an aromatic ring" or "aromatic conpound in which at |east one am no group
is bonded to an aromatic ring" or "aromatic conpound in which at | east one
carboxylic acid group or derivative thereof is bonded to an aromatic ring"
means all conpounds 25 which have a unit of the structure (1): (1) 10
wherein Ris a hydroxyl group or an ami no group or carboxylic acid group or
derivative thereof. In structure (1) there may be two or nore substituent R
groups in tide anammedticconmpognd b Whidbt lefist oneatmre groog asdwndéd tomm pr esent

i nvention, use iis nade of aronmatic ﬁorrp unds, i n which at Ie(?st one hydr oxyl
group and TSRt P AMArQRRNG GBI t“ht"’glfhéﬁt le@ﬁft?é’@icﬁﬁ’f’é)aﬂhc A EEIP T g kyl

radi cal  andf o afive thirkf isHoMA&Y to" @Hr&Rhtid ﬁr&%g%ﬁﬁe}ﬁ]%&@ﬁ&@%ﬁ%xﬁ'ﬁgg’ the
resulting isoner ratio of ci's to trans products can be varied wthin a w de
range, 10 dejkodi dgivativé theraofaciolpmercontirisingras lastaomeaationr@rbanalovblet ) .
Furthernore, the conpounds obtained can be_ processed further wthout

furt her Spurbomdeapplymes cIpRIIsiag Mdeast pReCarbenyh 8i0yR, HPOIXMRY CHRRHIRMEY | s

virtually ¢ i i -d I 4 unds in
whi oh-at”1 SR 0Bk Bl BHBLORRY 2 slihte bf B s diosE HRHTC ARG R TGN
aromatic cOcsfg@ﬁad@mi)@mbic@ﬁpﬂhingaaﬁhy@rgeo@ﬁa@%mmyansdt@aﬁa@ﬁﬁ@ &r® an
aromatic ring can al so_be hydrogenated by the process of the present

i nvention totgreferradeAliphatie sipsatariated ceganicorampsiiads eoreprigyesididehyide groups gh
selectivity, . Fo he am nes addi.ti.onall upstituted by.a ¢ -C 0 -alkyl

r adi cal an(ﬁnt.filr"“lC(efhoi PyP2 es&F?ﬁ@X/p?lﬁ%llsé'éﬁ}f%\ﬁ'gi)mﬂ%?sarﬁg%p%gﬁﬁgabove regar di ng
the ratjgo of the cis and trans 20 isoners also applies. [042] In particular,
t his enbodi ment substantially avoids the formati on of deam nation products
such as cycli38kxWithén the ppeness efl thy invguticyesatusdedionganic zampoundspr oduct s such

SR 0 T BT LR CERELERETET ST . N LR
whi ch at | eaghssitdddEay bolpQuRls aRkicR EaisH @b¥n-carbon multiple bonds and
carbonyl groups, since the catalyst used within the process of the invention are
15  capable to first selectively hydrogenate one of the two groups, i.e. to achieve a
hydrogenation of these groups from about 90 to 100%, while at first the other groups
are reacted, preferably hydrogenated, to an extent of less than 25% and in general 0 to
about 7%. Generally, first the carbon-carbon multiple bond and subsequently the
nitrile group are reacted, e.g. hydrogenated, respectively.
20
[039] The term "aromatic compound in which at least one hydroxyl group is bonded
to an aromatic ring" or "aromatic compound in which at least one amino group is
bonded to an aromatic ring" or “aromatic compound in which at least one carboxylic
acid group or derivative thereof is bonded to an aromatic ring” means all compounds

25  which have a unit of the structure (I):

M

10



al so at | east one unsubstituted or substituted C, -C 0 -al kyl radical and/or
al koxy radical is bonded to an aromatic ring can be hydrogenated by neans
of the process of 30 the present invention to give the correspondi ng

cycl oal i phatic conmpounds, with it also being possible to use m xtures of
two or nore of these conmpounds. The aromatic 11 conpounds used can be
nonocyclic or polycyclic aromatic conpounds. The aromatic conpounds contain
at | east one hydroxyl group bonded to an aromatic ring; the sinplest

conmpound of Lhi,s foup is Eﬁenol The .aromati ¢ conpounds preferably have
one hydroxy‘i" Gre yda9 Fqup qr.aﬁgmmgreapnOb@réwélﬁaﬂak%urbwthe aromatic

ring or a&%ﬁtl@é’thgﬁéf Ofn sfﬂi% ﬁr@{ltﬁllere% & V\% (%ﬁ'orﬁé{re sﬁgértg@t%ﬁ Rc,é}g)l%gsq{'labl y C,

-Coalkyl |ca |cu pre o- al kyl
radi cal s, ithe protidticungl rret hyI et hyI pr opyl i sopropyl, butyl, |sobutyl
and tert-butyl radi cal s; anong the al koxy radi cals, preference is given to
a-Cs -al koxy radicals such as the nmethoxy, ethoxy, propoxy, isopropoxy,

and a0 ¢ neal by Rk Sples B Bk 0055 BAREPF bbb ot Bafiee! 1 e

by hal oge rnna;tzmctsat ledst bAg hycﬁu*ﬁr rdupU@Eiafko aBleaffone Unsilistittitedot suBflteteli ner t
substituents. 1CLO : Preferably, the conpounds whi ch can be hydrogenat ed
-a

accordi ng t@t 1sardierl andipe R On -Hkoxy radicklia bondaddo apraecfreatwb'aqg from one
to four, in Eart cul.ar on di ca preferably

| ocnt ey on R Rsulg i @mettfio 5 gin s Brdlusiceh B Sk Hibe witsBEEET L0t L e
conpounds adeépehdTRE B ﬂ{d‘ﬁé&dﬂ?ﬁ%hémo%&érﬁ?érﬁﬁre 3blkdt). TRthedhoreale be i n the o,

mor p position relative to the dr ox roup Partlcular preference is
given to trcams}oahﬂwl;ihmnd)bm bealbmgeskfnbﬁnthaswnhcalt iyrtheh pnofieationtstape, siee  al ky|

radi cal er.abl m1l to. 10 carbon ms and is, in particular, a
tert 20 but‘&/‘F f(f'rgl#lle’é& 'E‘V@’F’é?eé‘ﬁ%’é virguagk \F@ﬁ’pf%élﬁa’t’%‘ $d-but yI phenol . Pol ycycl i ¢
aromati c conpounds, which can be used according to the present invention
are, for exanple, (3-naphthol and a-naphthol. [045] The aromatic conpounds
in which at[0MtpskLikette dbpse-describgd compamds pr whighableyst adb hgdlmwaeyladrobeast one
unsubstjtuted or substituyted C, -d ¢-al kyl radical and/or al koxy radical is
bonded o afPndediran %,rom@ﬂ@ riggArginats FpmReuAdhIn Vach Al legst one aMING gOWR ngs

is bonded to an aromatic ring can also be hydrogenated by the process of the present
invention to give the corresponding cycloaliphatic compounds with high selectivity.
For the amines additionally substituted by a C, -C¢ -alkyl radical and/or C, -Cyg -
alkoxy radical, what has been said above regarding the ratio of the cis and trans

20  isomers also applies.

[042] In particular, this embodiment substantially avoids the formation of
deamination products such as cyclohexanes or partially hydrogenated dimerization
products such as phenylcyclohexylamines. In detail, the following compounds may

25  be hydrogenated with the process of the invention.

[043] Aromatic compounds in which at least one hydroxyl group and preferably

also at least one unsubstituted or substituted C, -Cyq -alkyl radical and/or alkoxy

radical is bonded to an aromatic ring can be hydrogenated by means of the process of
30  the present invention to give the corresponding cycloaliphatic compounds, with it

also being possible to use mixtures of two or more of these compounds. The aromatic

11



which are linked via an al kyl ene radical, preferably a nethylene group. The
al kyl ene group, preferably nethylene group, which fornms the |inkage can
have one or nore al kyl substituents which can be Cl-C20 -al kyl radicals and
are preferably C-C O alkyl 30 radicals, particularly preferably methyl,
ethyl, propyl, isopropyl, butyl or tert-butyl. 12 [046] In these conpounds,
each of the aromatic rings can bear at |east one bonded hydroxyl group.
Exanpl es of cmpﬂmndbuch wanlbe aropotyclip loe polysyclinhiamatzren ponkds The atdnetic4

t [ k d | f bl t hyl di 5 1047] 1
Pre bt ooeesctomrouRds Yargag af st o8 my BRI Yol B aGRaRE BRESRE on Lo’

i Cl- C6
reacting a g&gl&@d Wﬂﬁk’% bmﬁfﬁﬂeﬁp% lgﬂenq %@H&ﬂau&% eimdsﬁzr @fg%gms

-al kyl radi cal re the radi c be unsu stlt u%stltuted
by an ar onadgdecydroxgl gmup perarmnntlcmaganﬂca:nvhr smbstitoted onfthd m:aratlcungounds. In a

f h f d nbodi b |
S e RSP lraE Be L MBS
hyd t t bl
e R ae e S R D2

aromati c riahyll propd, hypropgk batyk dsdbatyl ghd erittheylaadicss;ponshipgnie alkokpal | phati c
conmpounds, with mxtures of two or nmore of 15 these conpounds al so being

abl e to be Tadigals, praference igiven @d@np@uﬁ@@x&éﬁhﬁﬂs Sueh 6 Scmethoy, ﬁtﬂxycycl ic
o oup  vini AHBP2BE Bopbtk Gy, SobABRPUE SIS RuBlly, 1RAmBNTAL 10

preferay c&rrﬁfgﬁfah@ al@mtmeﬁkﬁrand la B el i @i &3 Be ti@sussthateutows@&umedﬂge
aromatic H@g@ rings or on the amno group by one or nore al kyl and/or
gea|

al koxy 20 r a@mtpn@petlawayﬂmlr@z@omwkmher Sidtablel igert pybspitentiscul ar et hyl |
ethyl, propyl, isopropyl, butyl, isobutyl and tert-butyl radicals. Anong
t he al koxy radi cal s, preference is given to O -C8 -al koxy radicals such as

net hoxy, e%[{?ﬂl])’ , PrRfe@i the corRSRindP Whioh &H%@de?éﬁ%ﬂ&%&rd AipckoleRe t - but oxy
radi cal s. e aromatic ring or rings and also the alk and al koxy radicals

can be unsuprssent inveuticrhayalat hastwme,oprbtgeraba{ Bomreng %o ﬁw,rm Jpaiticupaone,dut ar
o BB B IS A e O T 7O €
hydroxyl group or groups. Preferred compounds are (mono)alkylphenols, where the
alkyl radical can be in the o, m or p position relative to the hydroxyl group. Particular
preference is given to trans-alkylphenols, also known as 4-alkylphenols, where the
alkyl radical preferably has from 1 to 10 carbon atoms and is, in particular, a tert-
20  butyl radical. Preference is given to 4-tert-butylphenol. Polycyclic aromatic
compounds, which can be used according to the present invention are, for example,

B-naphthol and a-naphthol.

[045] The aromatic compounds in which at least one hydroxyl group and preferably
25  also at least one unsubstituted or substituted C;-C,¢-alkyl radical and/or alkoxy
radical is bonded to an aromatic ring can also have a plurality of aromatic rings
which are linked via an alkylene radical, preferably a methylene group. The alkylene
group, preferably methylene group, which forms the linkage can have one or more
alkyl substituents which can be C,-Cy -alkyl radicals and are preferably C,-Cy-alkyl
30 radicals, particularly preferably methyl, ethyl, propyl, isopropyl, butyl or tert-butyl.

12



aromatic ring can also have a plurality of aromatic rings which are |inked
via an al kylene group, preferably a nethylene group. The al kyl ene group,
preferably 30 nethylene group, which forns the |inkage can bear one or nore
al kyl substituents which can be Cl-C20 -al kyl radicals and are preferably
Cl-Cto-al kyl radicals, 13 particularly preferably nmethyl, ethyl, propyl,

i sopropyl, butyl, sec-butyl or tert-butyl. The am no group bonded to the
aromati c ri fig6jrain thesensnpzshds, eheldofcthe swohmtic ringechrbyear atleasvoné bendefl t he

above-descrjbed al kyl radicals. Particularly preferred, conmpounds . are
ani | i ne, naBYRERSY 2t EXamRlss A6 ehsompeund dn Prishegolie bichaiel ket n ghe
am nophenyl ggf, (P g ] .t hi.p: Lhe process of the
i nvention i 'Eﬁ)i gﬁgﬁg% ag?é%f%#??%%é%@%@%%%g%}rl}%i%%%laglrcalfo hydr ogenat e,
conpounds conprising carbonyl groups, i.e. in particular aldehydes,

ket ones, carboxylic acids and their derivatives, such as carboxylic acid
esters, 10 [O47holythe processolihe present inkention. mastirna Prsiergnse i @enddd m xt ur es

ft : - ' i cul
o) dehydes andcith apldt! QRKRRIRN | Chee, ARANAMEH preklialy CLERIN ° 1 2 o
f or mal dehydeadicat, ettt atie] radki @b map dk aakybdttutdd-drstivdtahtde By d arobfatic

val er al dehyde, capr oal dehyde, hept al dehyﬁde, phenyl acet al dehyde, acr ol ei n,
cr ot onal dehiadical. |96 ErsiugRsHfdwo op morgypf thpsercompahadsh e furthgr prefarted al dehyde,

ani sal dehyde, ,vanil]in,.zinnamc al.d cet on th et hyl ketone, 2-
pent anone, ?B%%F’gﬁlo?@,hlsﬂrﬂgf%ﬂétﬁgf @ﬁ@%&h%ﬁgﬁ’ﬂ%@@r%&ﬁhone, yi sophor one,
met hyl igobufnydihjigictige oFE iikiite B¥lcdEis h?&@g@mone, pr opi ophenone,

a

benzophenone, 20 benzal acet one, di benzal acetone, benzal acet ophenone, gl ycol
al dehyde, gl yoxal, 2,3- butandi one, 2, 4-pentandione, 2,5-hexandi one,

(oo el i, Al ucralSeicey O s LG R et one.
oo, N o PR\ g s o SORRRER L i cn
t her eof , pr givetlbéorrespmslingeyelqatjphatic compounds, with mixtures of two or more of
15 these compounds also being able to be used. The aromatic compounds can be
monocyclic or polycyclic aromatic compounds. The aromatic compounds contain at
least one amino group, which is bonded to an aromatic ring. The aromatic
compounds are preferably aromatic amines or diamines and can be substituted on the
aromatic ring or rings or on the amino group by one or more alkyl and/or alkoxy
20  radicals, preferably C,-Cyg -alkyl radicals, in particular methyl, ethyl, propyl,
isopropyl, butyl, isobutyl and tert-butyl radicals. Among the alkoxy radicals,
preference is given to C;-Cy -alkoxy radicals such as methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy and tert-butoxy radicals. The aromatic ring or rings
and also the alkyl and alkoxy radicals can be unsubstituted or substituted by halogen

25  atoms, in particular fluorine atoms, or other suitable inert substituents.

[049] The aromatic compound in which at least one amino group is bonded to an
aromatic ring can also have a plurality of aromatic rings which are linked via an
alkylene group, preferably a methylene group. The alkylene group, preferably

30  methylene group, which forms the linkage can bear one or more alkyl substituents

which can be C;-Cyy -alkyl radicals and are preferably C,-Cjp-alkyl radicals,

13



1 to 20 Catons may be reacted. In particular, the following are to be

ment i oned: 30 Carboxylic acids, such as formc acid, acetic acid, propanoic
acid, butanoic acid, iso- butanoic acid, n-valeric acid, pivalic acid,
caproi c acid, heptanoic acid, octanoic acid, 14 decanoic acid, lauric acid,
nyristic acid, palmtic acid, stearic acid, acrylic acid, nethacrylic acid,
oleic acid, elaidic acid, linoleic acid, linolenic acid, cyclohexane

car boxylic mlmlarbemfﬂrablhmed}ylmﬂadymamdi isgprapylgbutypl, sembl;tylmrttcm-tbytyi c acid,
0-, p- chlorobenzoic a ni t robenzoi c, aci d I i, C

o~ hyeir oxy behroraing erept eonigd i R e i s beubuiion o st ¢ aci o
mal oni ¢ aci ghe Gt4aBioRtHe a%%b@-descﬁ'bb'd ﬁl'kylcraéi‘éhl@ P&?ﬁ'étﬂhr?y &%fe‘i‘red%%bhﬁ‘dsac' d,
suberic acid, azelaic acid, sebacic acid, maleic dcid, fumaric acid,

pht halic acir amlmo,phtphﬁlbdammc|dmb,rnmeb@pbrIdsad1amnmmld¢nds andrbl- pitic acid,
trinmesic acid, B%ahltlc acid, E Ilitic acid and m xtures of two or
mor e tﬁere@ﬁ'm e ERXINTNEP hal i des, such as the chlorides and
brom des of the above- menti oned carboxylic aci ds, in particular
acetylchloride or -bromde, stearic acid chloride or -brom de and benzoic
aci d chl ori [@&0)or Withirothie geocerdofthe atventisiein & adgepatiele tokeachk,Ah particalabaxyl i ¢

acid esters, such as the C to C o-al kyl esters of, the above- nentioned

car boxylic W%&anﬁa‘ﬂnﬂﬁﬁ]@ﬂ? FYMpRAIRE, $ar Py ERONPS. d ety Rartigulyy aldghxdes, put anoi ¢
acid butyl : i hyl

(met h) acr yllge?g(;arférs %aﬂkdﬁp %%%fﬁgg%%agff%%g%% Irbc?‘g’!:lgrg off’/ ¢ acid esters,
such aslgpol yalegxylit aclamdha& mlcufmktala@mmwﬁd@s:mdi 18Biteks ofitveb @Qﬁ@dewﬁ‘er s and

pol yesters thereof, such as poly(nmethyl(meth)acrylates); these esters are
in particul e abgvermgaticred gompowndst he  esters are reacted to the
correspondi ng acids and al cohols. [0561 Carboxylic anhydrides, such as
anhydri des of the above-mentioned carboxylic 25 acids, in particular acetic

aCIh ddangydrm@t} mrpa&m%calc%yahs%bmfohé@pré@aaslfyltﬁose%dmgartbwra gemnd nmal eic
anhydri de

such as formaldehyde, acetaldehyde, propionaldehyde, n-butyraldehyde,

15  wvaleraldehyde, caproaldehyde, heptaldehyde, phenylacetaldehyde, acrolein,
crotonaldehyde, benzaldehyde, o-, m-, p-tolualdehyde, salicylic aldehyde,
anisaldehyde, vanillin, zinnamic aldehyde, acetone, methyl ethyl ketone, 2-
pentanone, 3-pentanone, 2-hexanone, 3-hexanone, cyclohexanone, isophorone,
methyl isobutyl ketone, mesityl oxide, acetophenone, propiophenone, benzophenone,

20  benzalacetone, dibenzalacetone, benzalacetophenone, glycol aldehyde, glyoxal, 2,3-
butandione, 2,4-pentandione, 2,5-hexandione, terephthalaldehyde, glutaraldehyde,
diethylketone, methyl vinyl ketone, acetylacetone, 2-ethylhexanal, or mixtures of two

or more thereof, may be used.

25  [052] Furthermore, also polyketones, such as copolymers of ethylene and CO are

used.

[053] Furthermore, carboxylic acids and derivatives thereof, preferably those having
1 to 20 C-atoms may be reacted. In particular, the following are to be mentioned:
30  Carboxylic acids, such as formic acid, acetic acid, propanoic acid, butanoic acid, iso-

butanoic acid, n-valeric acid, pivalic acid, caproic acid, heptanoic acid, octanoic acid,

14



[057] Carboxylic acid am des, such as am des of the above-nentioned
carboxylic acids, such as formam de, acetam de, propionic am de, stearam de
and 30 terephthalam de. 15 [058] In addition thereto, also hydroxy
carboxylic acids, such as lactic, malic acid, tartaric acid or citric acid,
or am no acids, such as glycine, alanine, proline and arginine may be
reacted. 5 [0591 Furthernore, also nitriles, preferably aliphatic or

‘aromati c anoic déidj fanfi¢ ecid, myiistic aail, paletibnadid, stearic peidpaaplit adid,e,
butyronitrile, steari.c acid nitrile, .isocrotonic.acid nitrile,

3~ but yl ni t rPFBacsiga, cleieard. Heidq eid. Tpslelcnid. dimolamic 9. cyplehexaney ene- 1, 6-
dinitrile, catianbdai i 5 @-thl | ' ci,d nitrile,
phenol acet(gdrfl'l:)?{y‘iﬁl EFIQ’ %énghilcgaf gér%%ﬁ????f?&? ’GIEIdipgtk(l)lhlt%;r?i gtggﬁ’zg-ﬁ trile,

i sopht hal oné¢llenocbenzopaacid, oul mnitypbeinzophaid, calicylia hpidap-hgdegpbatizoictacid, es, such
as succinonitrile, glutarqnitrile, adiponitrile . pinelicnitrile and suberic
nitrile “or %{ﬁ}i“ﬁﬁlﬁ'iclagﬁdl’ BAMIRORERZQlE aﬁlﬁa‘i’f‘P 6 26ith ‘élﬁ{S’i“tLP %E&“C%’P‘F Pfide,

5- am nopent [ | fhiBictabid SimdicHd ohexRiHC i: Htd :

am nohept an%‘imc%lgélla1 ’%Ih r iaIHed’ gﬁrldé 1€§:aaglr(rfl:I noocgEl ggilgl’ %&gdégecli&gﬁ s{e‘r)%'ﬁe?%?&%’gn TIBIEQ)O]

Fur t her nor eacidyiftunaric adid, gitlediessidy sophttialivgadid) téraphthaliveaid, arimellitie atidl | owi ng
reactions may be carried out: The hydrogenation of aronatic conmpounds, such
as benzenelrmssicasitk @yrompaligncacid, hepmallifig agid and nyxpees el dve@r :0r¢ vat i ves

t her eof Ieﬁglieg? to the corresponding alicylic conpounds; the hydrogenation
of al kenes or al'kynes, such as ethylene, propylene, 1-, 2-butene, 1-, 2-,

3- and ¥ octene, butadiene, and 20 hexatriene |leading to the corresponding
al kanes; the h dr;)l_genati on_of nitroal kanes, = such as nitroethane,

ni t r omet han®34hi Eabprisaasid balides. sugh asthe chlogdesdromides althegboyes

correspondi ng_am ' hydr ogenat ion of i mnes. such, a | none i m nes,
ketim nes, rl?g tgorﬁlgglg%bﬂ;ég%oar&gsr F’g??éﬁ%“éa‘i a%txgilmrf;c'lgg ﬁ.lgg%#eo%ﬁe%g%cﬁ , hexane
imne; the cliehd Q9BRMILO AndberRbiiaRidCcliRUNBIDMME, GhidPatal n hal ogen at ons,
particularly of 25 aromati c hal ogen-contai ni ng conpounds, such as chl oro-
and br onob logendedbno- and chl orot ol uenes and chl oro- and brono xyl ol s,

al so i ngl udi ng conpounds with nore than one hal ogen atons substituted, my
be used;” t he am nating hydrogenati on

[055] Carboxylic acid esters, such as the C,- to Cy¢-alkyl esters of the above-

mentioned carboxylic acids, particularly methyl formate, acetic acid ester, butanoic
acid butyl ester, dimethyl terephthalate, dimethyl adipate, methyl (meth)acrylate,
butyrolactone, caprolactone and polycarboxylic acid esters, such as polyacrylic and
20  polymethacrylic acid esters and copolymers and polyesters thereof, such as
poly(methyl(meth)acrylates); these esters are in particular hydrogenated, i.e. the

esters are reacted to the corresponding acids and alcohols.

[056] Carboxylic anhydrides, such as anhydrides of the above-mentioned carboxylic
25  acids, in particular acetic acid anhydride, propanoic acid anhydride, benzoic acid
anhydride and maleic anhydride.

[057] Carboxylic acid amides, such as amides of the above-mentioned carboxylic

acids, such as formamide, acetamide, propionic amide, stearamide and

30  terephthalamide.
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of i.e. alcohols, such as vinyl alcohol. Furthernore, wthin the process of
the invention also oxines may be hydrogenated. 30 16 [061] The process
according to the invention nay be also used for the hydrogenation of |arge
nol ecul es, preferably of polymers. Accordingly, the present invention also
relates to a process for hydrogenating a polynmer conprising at |east one
catalytically reactable group in the presence of the above identified

cat al yst, 5[0AREr Ini additiom theritop glsn Aydrory oairquqﬂi;cme'rds awhps lastiognaardeahy|

groups, such as I ers of dlcar I|c aci ds, nsatur t ed

nmonocar boxyﬁaftemaﬁﬁpgg}/ %ﬂﬁ:ﬂ”@é’r aB’d?‘i/? 35‘3‘5’53 agIves IR @iﬂ%pol ymers or
pol yket onesar @y&&@genat I on of poI ynmers conprising nitrile groups,
such as copo yners o? styrene and but adi ene, copolyners of acrylonitrile

and the am nating hydrogenol ysis of ponV|nyIaIcohoIs 10 and polyketones in

t he presenc f the above-nenti oned yst are preferred. [062
parti cular, ﬁ)tsﬁla % pre, AR Bitrilss. I?réi% Eéaltlf{?atéc pY yewauc frkﬂnotoﬁémf*ﬂ? Sogenat i on

of a polyne n r r nprising
R e o SR A
one cat al ytniedlk) 3rbutyheitridd 263-butadiprie nitréle A2, %eﬁt@dﬁhé niﬁ@lleysﬂhlfeﬁer@qn&rl sing such
groups, in partjicular to polyners conprising. units having the structures

(1) to (VI |qh)utrllfscldelfapﬁealtral@owhwewﬁtqnég}se@ptw acigd ﬁetrllmh@%meéom@%ounds or
a hal ogen a3 Qﬂgorﬂégﬁﬁhﬁﬁ 18 disc%}/orélbet%%atﬁlpng S}gop%hearl"onefglle &; 1cu a?@aipﬁeﬁnp“ se the

respective uni eas once an one or WO or

nore of j(sai glphd, oiekaHdagrBy sith Rsa6RRdnitrile, tghﬁarbﬁitmréeadlp@ﬂﬁﬁ@d according to
the invention. [064] The average nol ecul ar wei ght of the polynmers to be

react ed wi t pimeliepigrile 3ng pahesic itet e@mmﬂm@ﬂcs,@wh@‘b@nmodwa,nom 500 to

about 500000 ferably about., 1000 to ut 1000 and .nmore preferably
about 1000 ]E”E) ’b%ﬁ'{m%’@ OIF?Cld§l]T ompo exﬁ%%lg gémln gl’so react polyners

having a hi ghRbhéphRidhad nwaicHtd 80dminBoditndIe i@ hitrile.

15 [060] Furthermore, within the process according to the invention, the following
reactions may be carried out: The hydrogenation of aromatic compounds, such as
benzene, toluenes, xylols, naphthalines and substituted derivatives thereof, leading to
the corresponding alicylic compounds; the hydrogenation of alkenes or alkynes, such
as ethylene, propylene, 1-, 2-butene, 1-, 2-, 3- and 4-octene, butadiene, and

20  hexatriene leading to the corresponding alkanes; the hydrogenation of nitroalkanes,
such as nitroethane, nitromethane, nitropropane and 1,1-dinitroethane leading to the
corresponding amines; the hydrogenation of imines, such as quinone imines,
ketimines, ketene imines or aliphatic imines, such as propicamine, hexane imine; the
dehalogenation or organic compounds which contain halogen atoms, particularly of

25  aromatic halogen-containing compounds, such as chloro- and bromobenzene, bromo-
and chlorotoluenes and chloro- and bromo xylols, also including compounds with
more than one halogen atoms substituted, may be used; the aminating hydrogenation
of i.e. alcohols, such as vinyl alcohol. Furthermore, within the process of the
invention also oximes may be hydrogenated.

30
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several mllions. If polyners conprising at |east one carbon-carbon nmultiple
bond, i.e. polyners conprising repeating units of the above defined
structures (I) and (I1) 30 are reacted, these generally exhibit a wei ght
average nol ecul ar wei ght of from about 17 5000 to about 1000000, preferably
from about 50000 to about 500000 and nore preferably from about 150000 to
about 500000. [0651 It is preferred to use polyners containing olefinic
doubl e bondW61hnthé process acéardingde theris¥aatior thay bewdse ysed forghes cont ai ni ng di ene

units and coppl yners cantai ni.n vi nyl aromatic units and diene units. Wthin
this reacti l&?ﬁi?‘[‘%gfl%oﬁﬁ’@eé’é‘flﬁ‘a&;%sk pre\éqg%ﬂy gEP‘P\léij{ﬁ ﬁéﬁ‘?ra’rﬂgg’s ‘alerfgeséét ive

L o) O S BB e SR TELR) T b

used. Common di ene units include a t nonomer s
cont ai ni ng dmeonatdlyticaly raactablel greu arthe preatrea®wf tHetadbade rlentifi@d datalysy, pr ef err ed.

Copol yners to be r ogenat.ed contain recurring units in random bl ock,
or taperked ‘Hﬁ%rf"wi tgég}"g%ge’?@%?PIHA‘%/IME’ESW@“WB‘E’&&(SP@PH rewsnﬁ‘iﬁht?é present in
the pol ymer s, é%ré%of@}!%ﬁgﬁﬁ{%ga%&ﬂ ﬁ&aﬁ?ﬁefﬁ%ﬁ@&%%{j& R&ak yapsd on, include

nonovi nyl -s trtute pol yvi nyl - stitu aromat1 ¢ conmpounds, the

pref erred npolpimeatis)atrglang, slefin€l@®-copdlphners e pblyketohgs; embthe hgdnogenstioniof e,
nmet hacrylonitrile, and divinyl benzene. Furthernpre, m xtures_of
vi nyl ar omat PAIYBAE/COMPISHE Mt SRoHPENC assaPolymars of strensand dutagiang,

conventi ona .0 r GRML ' . be
hydr ogenat e%:?.p 8@?8%%%8@5?%71 es o?a%{m% h%‘g ?\’f Erglé¥ @gfaﬁcf h‘?lgge nat ed
W th t hE) pragigstyleiorehé the py@bhdeT thddbolvelnditiongl Gitdlydtardysrefdaietl] oned:
pol ymers havi ng carbon-carbon double bonds, e.g. pol ybutadi enes, such as

pol y(2, 3-di net hyl but adi ene), pol yi soprene, pol yacetyl enes and
pol ycyl openi.as, and. - hexadjene; pol IS Vi arbon-carbon 25 t.riple
Ponds, suenitg2) g, e feeeRomiTTion s O GRS TRl R Aot D o
pol yst yr eneof 4 pilpaktydMfristlp ATt Yl dafidn§l group aelh ﬁ@lﬁnﬂf‘@orﬁﬁﬁﬁﬁ@@t,le@f‘d
copol ymers of = styrene ‘and acrylonitrile; polyners having carbon-nitrogen
tripl e bondene mirdé grop.
15
[063] The term "polymer comprising at least one catalytically reactable group"
relates to all polymers comprising such groups, in particular to polymers comprising
units having the structures (I) to (VIII), as defined above with respect to the
monomeric compounds, or a halogen atom. Needless to say that the referenced
20  polymers comprise the respective unit at least once and that also one or more units of

two or more of said structures may be present in the polymer reacted according to the

invention.

[064] The average molecular weight of the polymers to be reacted within the

25  process of the invention is generally about 500 to about 500000, preferably about
1000 to about 100000 and more preferably about 1000 to about 50000. It is, however,
possible to also react polymers having a higher molecular weight of up to one or
several millions. If polymers comprising at least one carbon-carbon multiple bond,
i.e. polymers comprising repeating units of the above defined structures (I) and (II)

30  are reacted, these generally exhibit a weight average molecular weight of from about
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pol yacrylonitrile, polyacrylonitrile-copolynmers with e.g. vinyl chloride,
vinylidene chloride, vinyl acetate or (nmeth)acrylic acid esters or m xtures
of two or nore thereof 30 as conmpbnoners; pol yners havi ng carbon-oxygen
doubl e bonds, such as polyesters, polyacrylam des, poly(acrylic acids),

pol yurea and pol yketones; polynmers having 18 carbon-sul fur doubl e bonds,
such as pol§fulfones and &glyethersulfones; hal ogen- cont ai ni ng pol yners,

such as pol 3§08 taypbowtHi0ePPEk preferablydtant ebawy 500 he abhio¥10889 andimgre pol yner s

ol yol of i nsPbyraReH sl i o AT 80, CoC: Tone. 57 063) “Exarm es for

pol ynmers being preferably used within the present invention include
pol yi soprene, pol ybutadi ene, ethylene/ CO copol ymers, propyl ene/ CO
copol yner s, [068] yit neprefdrnedde bicaprlyhers epntajningolefinip dohblk dbeds, pod itadi pat e,

styrene-_ but adi ene-copol yners, acrylonitri.l e-but adi,ene-copol yners,
2Tyl oni % ri MENE BEGREN o BRoRU P s Uniagi9g SR WU e abLV PR EPGTIES ock
copol yners, yigl Mfgicliti@dhe aﬁngm >Rithih &ﬁi?}éaeﬁorfe&pdex W?er@dtﬂﬁq
I ally, a conplete

st yrene- but adi ene-styrene-starbl ock copolyners. [0691 Cener
reacti on of canmgrising rutidnosu as iepotividmetal alsohhevatayst chimpeiviag pallitdumeaact i on,

preferably hydrogenatjon, may also be carried oyt in such a 15 way that by
sui tabl e ch@F@étl‘@fmF@Lﬁ‘é}’QF Yped: Cﬂ@m%ég@tﬁnétséﬁ‘fg}“%ﬁaq‘-@nyﬁ?ﬂﬁﬁ% only one of

the 1YPe. Of i GHASrAUPRERON IS oh s HOAARRL LO Ry el RS Mot © N

other kind o roups suscept rogenation are not appreciably

hydr ogertat ebeing pfefdtedTOepglymenss behydrogeriatedaniy contais r@ardingouligrihy suitabl e
for hydrogenating 20 polynmers caonprising units of different structure, as
defi ned abofpBdoms, block, op ipgreg distabylinmg. si ng car bon- carbon mul tipl e bonds and
carbonyl groups and/or nitrile groups, since the catalyst of the present
invention is capable to first selectively react the carbon-carbon nultiple

bond, e.g. [086RCAr®@N&icAmbYSHiGEeMEEh Bidy Ok ptdieman SHeOptilpmérs to BHout 90 to 100%
while at the same tine the carbonyl groups and/or nitrile groups 25 are
react ed, e.ydregenptsddmtheagogess ahthe inveption fingledesmengsinylsubgitated andjeneral 0 to

about 175%

polyvinyl-substituted aromatic compounds, the preferred monomers being styrene,
alpha-methyl styrene, acrylonitrile, methacrylonitrile, and diviny! benzene.
Furthermore, mixtures of vinylaromatic and/or diolefin monomers, optionally
together with conventional olefinic monomers, can be present in the polymers to be
hydrogenated.
20
[067] As examples for polymers which may be hydrogenated with the process of the
invention the following are to be mentioned: polymers having carbon-carbon double
bonds, e.g. polybutadienes, such as poly(2,3-dimethylbutadiene), polyisoprene,
polyacetylenes and polycylopenta- and -hexadiene; polymers having carbon-carbon
25  triple bonds, such as polydiacetylenes; polymers having aromatic groups, such as
polystyrene, terpolymers of acrylonitrile, butadiene and styrene, and copolymers of
styrene and acrylonitrile; polymers having carbon-nitrogen triple bonds, such as
polyacrylonitrile, polyacrylonitrile-copolymers with e.g. vinyl chloride, vinylidene
chloride, vinyl acetate or (meth)acrylic acid esters or mixtures of two or more thereof

30  as comonomers; polymers having carbon-oxygen double bonds, such as polyesters,

polyacrylamides, poly(acrylic acids), polyurea and polyketones; polymers having
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[071] Furthernore, the process of the invention is particularly suitable for
the hydrogenation of polyners of high nolecular weight and containing both
carbon 30 carbon multiple bonds and aromati c groups, since the catal ysts
used in the process of the invention are capabl e of achieving hydrogenation
of the carbon-carbon nultiple 19 bonds, e.g. ethylenically unsaturated
regions, to an extent of from90 to 100% whilst the aronatic regions are
hydr ogenat eerrben-suifue doable bohds, such asipalys@lifsscannd pelyethatsilfones; halpgeaxt ent  of
fromO0%to 7% .5 [0721 After, finishing this.reactjon ef er ahl

hydr ogenat i ‘Eﬂ?t%'_f'mé ng'gher%ﬁﬁg}b%ﬁ@mvm%gfl{l?rb 63 aB@HB%’?"IHlP{eEe 8]%10’6'8%/” & possibl e
to nearly gbtﬂﬁhhrts%ht\éﬁiiﬂ{g hitdGroudd! RhRh#ybe JNARQOS RtrGtiod Be g1 her

unsat urated groups being present in the polyner, e."g. carbony groups by
further i ntpadyelefimobyhmearsgd polynies apalogesseagtionhe i nvention may be used for
al ready(s'nsol ated and living polymers. 10 [0731 The process of the present
i nventi is of particular benefit in the hydrogenation of

benzenepol y i j i i r . i 3 nost
preferred o@ggﬁf)%ﬂéﬁo@%%ﬁdﬁ§°%@%§§{‘%E§?\é§¥@%ﬁ£@nﬁt e t%@%& ?Eﬁ%&% erm

" benzenepol includb palyisopreae, pblybutalicher ¢thigiene/€Otdvpobaders, peeeylémefCOhe pur poses
of the 15 pressg; i nvegti %n enconpasses al | begzenepol ycarboxylic acids as
such, e.g. §PohaSTs Poldmathyl(@msEnadigiated nodterephtbalatshpeiadipate.stenerri nel | iti c

acid, tri ' ptdco, aci d. an BT ST ool | nd
derivati vggﬁl%t %?Igéo ,po ar trggiﬁwé%@lerrgﬁ{ggg? é;rg%‘?a‘%lﬁée%t Aeclrr)}slbﬁlgﬁlg S@o‘%‘%i bly
triestels asupolydidraasiralesisoprongtyicnettitioclatdpplynst ahgencabhdladiadiysiyiefes such
as phthalic_anhydride and trinmellitic anhydride or their esters. The esters
used are al ¥iplockzopelymetssandystyrenrdbuiadiensysyiys-siatteskscopplyaress.t he al kyl |

cycl oal kyl and al koxyal kyl groups generally have from1l to 30, preferably
from2 to 20 and particularly preferably from 3 to 18, carbon atons and can

be branchedigan] | Gaga4lly, hQéfplddabticSst tRd intrelhedal RnPRUAGI TS RERiYEAl boxyl i c
acids or a derivatives thereof are 25 the alkyl terephthal ates such as

mononet hyl Heweysn: thareaction,direfetably hydeogspitiduaimay elso bdicatriegdiout arsghehal at e,
di - n-prppyl wgif fhab Q)F AaRlSnote o ie%ﬁ&alltulte?hg 9];}':[3sr}s%%ea:}n%/or%{-%r%%ﬁtbo%tl}y bne
of the type of groups susceptible to hydrogenation may be reacted, while the other

kind of groups susceptible to hydrogenation are not appreciably hydrogenated.

[070] The process of the invention is particularly suitable for hydrogenating
20  polymers comprising units of different structure, as defined above, e.g. a polymer
comprising carbon-carbon multiple bonds and carbonyl groups and/or nitrile groups,
since the catalyst of the present invention is capable to first selectively react the
carbon-carbon multiple bond, e.g. to achieve a hydrogenation of these groups of
about 90 to 100%, while at the same time the carbonyl groups and/or nitrile groups
25  are reacted, e.g. hydrogenated to an extent of less than 25% and in general 0 to about

7%.

[071] Furthermore, the process of the invention is particularly suitable for the
hydrogenation of polymers of high molecular weight and containing both carbon-
30  carbon multiple bonds and aromatic groups, since the catalysts used in the process of

the invention are capable of achieving hydrogenation of the carbon-carbon multiple
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terepht hal ate, diisobutyl terephthal ate, nonoglycol esters of terephthalic
acid, diglycol esters of terephthalic acid, di-n-octyl terephthalate,

di i sooutyl terephthal ate, nono-2-ethyl hexyl terephthal ate, di-2-ethyl hexyl
terepht hal ate, di-n-nonyl 30 terephthal ate, diisononyl terephthalate,

di -n-decyl terephthal ate, di-n-undecyl terephthalate, diisodecyl

terepht hal ate, diisoundecyl terephthal ate, diisododecyl 20 terephthalate,

di - n- oct adelsndseg. @ﬁmlm%élb’emsmatﬁddeglad%é@/an extendpiititom 90 &g 100%, mwhilst osy|

t er epht hal e, ditridec e ridec phth at e,
nonocycl ohe IarOI?ag]rcé'Wﬁ%\?rS?%&% ag‘?‘ﬁ&agfé e8§%£<§/‘f’s tﬁ%&éﬁﬁ’ Igﬁ’tleera Woso
sui t abl e ar g dasdt\vatem 0% twhegh the al kyl groups of the ester groups are
different al kyl groups. M xtures of one or 5 nore al kyl terephthal ates may

be used [075] Anot her suitabl e class are the al kyI pht hal at es such as
hthal ate, . diet al at e,

oo PENhRbmshe R el BRE sStbhoch A B G S 1
pht hal at e, mange YGRk, PRGCBuAL pBINRN feads qgal?tﬂﬁt?e%f%g%%ﬁr hgy s )

phthalic acid, di-n-octyl pht ate - 2 et hyl hexyl
pht hal at e, hijidwgemuayihepmehahmnﬁatedig'rmabamg ppdsbﬂtahaheepolyknen;efgewborpm hal at e,
di i sodecyl pht , undec pht al ate, di-isoundecyl phthal ate,

di i sododecy#°pPt k&I’i’a g mHP ‘Hng)t‘)f‘é ?)H‘ioﬁ%?sé‘g the igyentiggaeayReyped Bt hal at e,

di -n-ei cosyéﬁegpgggla@g d %ﬁmggxyl pht hal at e, di cycl ohexyl phthal at e;

al kyl i sopht tes suc nononet hyl i sophthal ate, dinethyl

i sopht hHl ate, diethyl i sopht hal ate, di-n-propyl isophthalate, di-n-butyl

i sopht hal ate, _di -tert but i sopht hal ate, diisqbutyl isophthalate,

rmnogl ycol @3 8k Thepropess s ﬂwa?r?&snh@r/am%1@9%36{10@%1’['@@%*!1 theopht halic acid,

n-0ctyl {0phLiR Al A 9&&%8@%}%{; RN Aol bt WM,

i sopht hal at nony I sonony 1 SOp

i sopht hal at gostdiréfeRe@eianid@ohponid hrhad@gerthition iniidgrydess. Tpdrhal at e,
di -i soundecyl isophthal ate, dllsododecyl i sopht hal at e, di-n-octadecyl

i sopht hal at évenaﬁnes@mwbwély|acidw@rflenaata~teéhera¢> nlsred fo5 e purpessphf thal at e,

ronoey o e RMAP A s USRS S S0
ggkﬁlsedgr ouRsd, idMphitalie acidf tefphtalic BBIH Srialdilitic 2N, M@nasieacial hdnsigRRNitkal at es may
acid and pyromellitic acid, and derivatives thereof, particularly monoesters, diesters
and possibly triesters and tetraesters, in particular alkyl esters, and anhydrides such as
phthalic anhydride and trimellitic anhydride or their esters. The esters used are alkyl,
20  cycloalkyl and alkoxyalkyl esters, where the alkyl, cycloalkyl and alkoxyalkyl groups
generally have from 1 to 30, preferably from 2 to 20 and particularly preferably from

3 to 18, carbon atoms and can be branched or linear.

[074] One class of suitable benzenepolycarboxylic acids or a derivatives thereof are

25  the alkyl terephthalates such as monomethyl terephthalate, dimethyl terephthalate,
diethyl terephthalate, di-n-propyl terephthalate, di-n-butyl terephthalate, di-tert-butyl
terephthalate, diisobutyl terephthalate, monoglycol esters of terephthalic acid,
diglycol esters of terephthalic acid, di-n-octyl terephthalate, diisooctyl terephthalate,
mono-2-ethylhexyl terephthalate, di-2-ethylhexyl terephthalate, di-n-nony!

30 terephthalate, diisononyl terephthalate, di-n-decyl terephthalate, di-n-undecyl
terephthalate, diisodecyl terephthalate, diisoundecyl terephthalate, diisododecyl

20



25 [076] A further suitable class are the alkyl trinellitates such as
nmononmet hyl trinellitate, dinmethyl trinellitate, diethyl trinellitate,

di -n-propyl trinellitate, di-n- butyl trinellitate, di-tert-butyl
trimellitate, diisobutyl trinellitate, the nonoglycol ester of trinellitic
acid, diglycol esters of trinmellitic acid, di-n-octyl trinellitate, 30
d||sooctyl trinmellitate, di-2-ethylhexyl trinellitate, di-n-nonyl
trinellitat @rephthabnmdn»;n’roctatdcc)rmrbphthalete diisopctadasyl tetﬁphﬂelaltﬂ,tdane;lcwyll sodecyl

trinellitatg e a dec | Litate,

di i sododecyﬁefetp?1 hﬁgalt ' Q?gcyl Lereﬂqﬁﬁ?&?t&d}é‘é%nd??yl g@??‘ﬁﬁaj{& ‘iygfé’ge decyl
trinmellitat@re tpﬂtharat@armxam)rcldh@ﬁwte& tﬁalaﬁoﬁ%kﬁitﬁm@ébé' dehw@?id whidhe,

di cycl ohexyl trinellitate and trinmethyl trinellitate, triethyl trinmellitate,

tri-n-propythe alkyl gasups obithe ester gronpsare differentatiyt groaps, Mixturesef tnbat v
trinelligate trinellitate, 5 triglycol esters of trinmellitic
aci d, tr5|t Bﬁ%ylﬁ?rfﬁgﬁ?lﬁeﬁfl@ B¢ S o0ctyl trinellitate, tri-2- ethyl hexyl
trimel | |tate tri-n-nonyl trinellitate, tri-isononyl trinellitate,

tri-n-decyl trimellitate, triisododecyl trinellitate, tri-n-undecyl
trimellitat@®75} rAn@t:theblylclass mienhd: hlky]a;ﬂmhalatesi swehde denypmethyl pkathhlhﬁcat e,

_Hi'mng!' f’ii 2 B! phiPelpis, 8Fue) phivsliro -] PIPaltes o n-uPa Phvalesodtor | var es
Mxtur os. of Canton P ERPE YR RHEEIL RO b AR Tl Ul Y e

are thel(al kgsters of mhaﬂtmnds ldt—ln—cﬂ:syl hthalmed, kiylkodcryil rfhﬂlatae:, dil2wetylhelxyl tri mesat e,
di et hyl trlrresate - trimesate, n- but trimesate,

di -t or t - but Pthalats, G pBIAle, dh Buop! Rakte - dersl Py e Cissdesd of

i i soocty PrraedF Sl SRy e SSTRRL S B BB pREDAREEE P,

di i sononyl fdbotiaeest phthﬁlhte[ldﬁkiﬁyﬂadédyl pRAake, didh-eRosid piithatatd, esat e, di -
n-undecyl trinesate, di-isoundecyl trinmesate, diisododecyl trinesate,

di - n- oct aﬂe@?DOCYFIOhﬂ’QEl #hthalag, |d§dé@b%é@b1halafq r’?é@dtl@Phﬂialﬁﬁﬂséluélbéill trinesate,
t 0 t hyl
ronoe S hep RS GH5) RO Ok 7

tri mesa
trinesate, isbﬂ)hthéﬂét% dmﬁ-whtyt fsb;ﬁlﬁﬁﬂh@i dlttembﬁgmwo)ﬁhthhraterraﬁmtylt rigl ycol

esters of trinesic aCId, tri-n-oct trinmesate, triisooct trinesate,
tri-2-ethyl Lsp@)@alate monoglycol esters of 1sophthalic acid, dlglycol esters o 1sophthal1c
acid, di-n-octyl isophthalate, diisooctyl isophthalate, di-2-ethylhexyl isophthalate, di-
n-nonyl isophthalate, diisononyl isophthalate, di-n-decyl isophthalate, diisodecyl
20  isophthalate, di-n-undecyl isophthalate, di-isoundecyl isophthalate, diisododecyl
isophthalate, di-n-octadecyl isophthalate, diisooctadecyl isophthalate, di-n-eicosyl
isophthalate, monocyclohexyl isophthalate and or dicyclohexyl isophthalate. Also
suitable are derivates in which the alkyl groups of the ester groups are different alkyl
groups. Mixtures of one or more alkyl phthalates or isophthalates may be used.
25
[076] A further suitable class are the alkyl trimellitates such as monomethyl
trimellitate, dimethyl trimellitate, diethyl trimellitate, di-n-propyl trimellitate, di-n-
butyl trimellitate, di-tert-butyl trimellitate, diisobutyl trimellitate, the monoglycol
ester of trimellitic acid, diglycol esters of trimellitic acid, di-n-octyl trimellitate,

30  diisooctyl trimellitate, di-2-ethylhexyl trimellitate, di-n-nonyl trimellitate, diisononyl

trimellitate, di-n-decyl trimellitate, diisodecyl trimellitate, di-n-undecyl trimellitate,
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trimesate, tri-n-nonyl trinesate, tri-isononyl trinesate, tri-n-decyl
trimesate, triisododecyl trinesate, tri-n-undecyl trinmesate, tri-isoundecyl
trimesate, 25 triisododecyl trinmesate, tri-n-octadecyl trimnesate,
triisooctadecyl trinmesate, tri-n- eicosyl trinesate and tricycl ohexyl
trinmesate. Al so suitable are derivates in which the alkyl groups of the
ester groups are different al kyl groups. M xtures of one or nore al kyl
trimesat es (hﬂ§01tmde¢)§@nmelikl@t'f,@ﬁlsqdodetx]rtltllhIeIrlltaimlCh-aabfmadcbﬂstsmﬂéatehe al kyl

hem nel | it at.es litate th mallltate,
Gt ot iyl hesdingpetpdeny EfingRRte 1 icons Tietitass e L1 ripheifefe

hem mel |it 8ycl I d P jat e,
nonogl ycol %Stce%xglftilhee%&{%% anlﬁﬁﬂg @Elg | ﬂ(ﬁﬁ@j?ateyﬁieﬂﬁgg%%lgt%f?ﬁﬁ Ijr?‘gfl itic
acid, di-n- tmx‘(eyllitaﬂeem mblutyl tranel]itadé, its-oert-byiyl trmnelhtatd mlad)lnl,tyldrlmZLleath,yl hexyl
hem rrel litate

| i |
i - decy Behel oot oL meR At ayteHaHmeD R sooce] imelisie -2

hemmallltagt _1};53&] itate,
di - n- oct adecfy;?flh‘%z m rre f&?%%ﬁlel g | gg%%?%%é%@#%%ﬁ 1%{%% gﬁm E&kl ei cosyl
hem nel | i tahmellimtreptrﬁsﬁdoﬂeoyytnmdﬂhmdmhhl-urﬂéwl trdnelicdte haxydundesyil nel | i t at e,
and alsotrlrrEE emnellitate, trieth hemnellitate, tri-n iﬂoropl

heni el | i t dfige lft?-ﬁe Humépgl?cymmlﬁbtarq,ﬁrérpé)ctqdﬁwltt@mﬁﬂwﬁ yriisoagsadrsit el | i tat e,

triisobutyl EERE ri-
octyl hem %‘Frfémtg%t% e, b r%lcﬁg%g{:l@glmﬁemn% El%h@é[ I tr |lﬁ§lt t‘dﬂkf bfeard

hem nel 10 t adegivates in whlcmhwdllkhlegfbml dfithedseer ghduips iafeodiffayent Jﬂkm greuhﬂsi tate,
tri-n-decyl hemnellitate, triisodecyl hemmellitate, tri-n-undecyl

hemi nel | it aViixtugep PfP%f'o‘E}'er@@ﬂl Hénmpkbifatesaebe used i sododecyl henminellitate,
tri-n-octadecyl hemnellitate, tiisooctadecyl 15 hemnellitate,
tri-n-eicosyl hemnellitate and ticycl ohexyl hemnellitate. Also suitable

are derivat@g7)] nARbisaitabld greahkikylafigieRdesfuch BE nRALMEHYT RlRSaR] dindityl er ent
al kyl groups. M xtures of one or nore alkyl heminellitates may be used.

[ 0791 Anot haimesate: diethyl wnm@eadlél-pﬂ@eylamwsatp,ﬂim@tyh trignesate sdidert-Rutyhononet hyl
RIS TER I STIRL A e e
di i sobutyl trimesic acid, di-n-octyl trimesate, diisooctyl trimesate, di-2-ethylhexy! trimesate, di-
n-nonyl trimesate, diisononyl trimesate, di-n-decyl trimesate, diisodecyl trimesate, di-
n-undecyl trimesate, di-isoundecyl trimesate, diisododecyl trimesate, di-n-octadecyl
trimesate, diisooctadecyl trimesate, di-n-eicosyl trimesate, monocyclohexyl trimesate,
20  dicyclohexyl trimesate, and also trimethyl trimesate, triethyl trimesate, tri-n-propyl
trimesate, tri-n-butyl trimesate, tri-tert-butyl trimesate, triisobutyl trimesate, triglycol
esters of trimesic acid, tri-n-octyl trimesate, triisooctyl trimesate, tri-2-ethyl-hexyl
trimesate, tri-n-nonyl trimesate, tri-isononyl trimesate, tri-n-decyl trimesate,
triisododecyl trimesate, tri-n-undecyl trimesate, tri-isoundecyl trimesate,
25  triisododecyl trimesate, tri-n-octadecyl trimesate, triisooctadecyl trimesate, tri-n-
eicosyl trimesate and tricyclohexyl trimesate. Also suitable are derivates in which the
alkyl groups of the ester groups are different alky! groups. Mixtures of one or more

alkyl trimesates may be used.

30 [078] A further suitable class are the alkyl hemimellitates such as monomethyl
hemimellitate, dimethyl hemimellitate, diethy! hemimellitate, di-n-propyl
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pyronel | itate, nonoglycol esters of pyronellitic acid, diglycol esters of
pyronellitic acid, di-n-octyl pyronellitate, diisooctyl pyronellitate,

di - 2- et hyl hexyl pyronellitate, di-n-nonyl pyronellitate, diisononyl
pyronellitate, di-n-decyl pyronellitate, 25 diisodecyl pyronellitate,

di - n-undecyl pyronellitate, di-isoundecyl pyronellitate, diisododecyl
pyronellitate, di-n-octadecyl pyronellitate, diisooctadecyl pyronellitate,
di -n-ei cosyhemiwediiteﬂel ditrzrbatyl hemmwlittateh ditett-tpyyl deelime Bigte, disoburglt hy |

Y1 “ne butyi Dbl onbly e Eretssl beimglip i B o iendslioy
pyronel l'itaj&q cﬁwwq@mﬁéwté ?&Qyml%ﬁl%ahkaté . zax?hﬂhe)fﬂ' n-oct yl

pyronel litate, trilsooctyl pyromellitate, tri-2-eth exy pyronel litate,
t ri - n- nonyl hqmyineiiighte] dilam-agn)tlmleﬂmmdﬂlmggIdupgrronyﬁhdrmltrmﬂlﬁatet dirn-degécyl 23

pyromel ljtate, - n- decy ropel |itate, tri unde | pyronel|itate,
tri-iso dzléfﬂl eﬁ)‘i’i’@ﬂ&l‘ﬁofi?‘éﬁéemim?l’@%éb‘Bd‘?fie yb f{’t"‘ﬁc d- 'SPP‘P leg¥loct : adecyl
pyromel | it S | k:t pyronel litate,
tricycl ohe%elqmgif?lg?re&l @%atagé%wﬁerﬁ eﬁggﬂ e’[ (lgtr?gﬁ%ctl%%sﬂ ﬁéh@g?re ftate, tetraethyl

pyronel | it adispottedacyt lmrmmmﬁythte5d1p1y-emn§;ll hem&hellltalteetrﬂcmonydlmhe;&bzl pyronellitate,
tetra-tert-butyl pyronellitate, tetrai sobuta\é yronel litate, tetraglycol
Al

esters of pW‘E)‘ﬁEIHFtP‘tet @lcléfdi)}éPxﬂ hamimelitater 3nd %‘ﬁtqﬂllﬁlthﬁlnémelhfaé%ﬁa?t@ﬂoct yl
DYrOel | 143 ook A £ RLBH AR R L Bl S At

pyromel litate rai so rone ate, r - UR

t et r ai spdodiggdimepiitaeiiddbugil Bemireéllitatd) tadyad e.&yﬂs offe@ireéllitit atia, tri-n-
tetrai sooctadecyl 10 pyronellitate, tetra-n- ei cosyl pyronellitate,

t et r acycl ohestyllhepymghigate, trlwp@ctylohlegmmeéluatpatm%eﬁw&emhwmr@Hltatn, tiHi-ch t he

one or *ror ok R EuTnE: rPSHET REGiulEL B Gubhhom BOUAR, siblefic®

anhydri des Rimipt¥litade] Gi-fuhdec 1hé:ﬂﬁhéllnﬁtectrafsbdndebﬁlrﬂem}ﬂeuttm 15 acid and
pyronellitic acid. L0811 Al so suitable are alkyl terephthal ates, alKkyl

pht hal at es, tridgadgdiecysbgmimedlitatee tri- n-wtadbwhemrmql ifagg, kjisoqetddeeyll i t at es, di al kyl
or tri I tr. sate r e |Iat a dlaIkI

D1 ol kdS o e ot B e e e wr us SRRE b B0 Al e Bl ky
groups cont ﬁht’ﬁbfé’ar@dé?fva?es(i@m% 1A QIKF1 dr8ugsh ofah&estd: gr%s%e §iffeAdnk XlkyDr Oups)

groups. Mixtures of one or more alkyl hemimellitates may be used.

[079] Another suitable class are the alkyl pyromellitates such as monomethyl

20  pyromellitate, dimethyl pyromellitate, diethyl pyromellitate, di-n-propyl
pyromellitate, di-n-butyl pyromellitate, di-tert-butyl pyromellitate, diisobutyl
pyromellitate, monoglycol esters of pyromellitic acid, diglycol esters of pyromellitic
acid, di-n-octyl pyromellitate, diisooctyl pyromellitate, di-2-ethylhexyl pyromellitate,
di-n-nonyl pyromellitate, diisononyl pyromellitate, di-n-decyl pyromellitate,

25  diisodecyl pyromellitate, di-n-undecyl pyromellitate, di-isoundecyl pyromellitate,
diisododecyl pyromellitate, di-n-octadecyl pyromellitate, diisooctadecyl
pyromellitate, di-n-eicosyl pyromellitate, monocyclohexyl pyromellitate, trimethyl
pyromellitate, triethyl pyromellitate, tri-n-propyl pyromellitate, tri-n-butyl
pyromellitate, tri-tert-butyl pyromellitate, triisobutyl pyromellitate, triglycol esters of

30  pyromellitic acid, tri-n-octyl pyromellitate, triisooctyl pyromellitate, tri-2-ethylhexyl

pyromellitate, tri-n-nonyl pyromellitate, tri-isononyl pyromellitate, triisodecyl
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such al kyl groups include; n-pentyl, 1-nethylbutyl terephthalate,
2-met hyl butyl, 3- nethyl butyl, 2,2-dinethylpropyl, 1,1-dinethylpropyl,

n- hexyl, 1-nethylpentyl, 2- methyl pentyl, 3-nethylpentyl, 4-nethyl pentyl,

1, 1-di met hyl butyl, 2,2-dinethyl butyl, 3,3-dinethylbutyl, 1,2-dinethylbutyl,
1, 3-di met hyl butyl, 2,3-dinethylbutyl, 1 25 nethyl -2-ethyl propyl,

1-et hyl - 2-met hyl propyl , 1l-ethylbutyl, 2-ethylbutyl, n-heptyl, 1-

met hyl hexyl| pyromeiitate,| thexgecy! pynomeHitathaixiyi-undecyigpymginblbitate, triSsovatdegyl hexy! |,

1,1- dinethyl pentyl, .2, 2-djnet hyl |, .3, 3-dj net hyl tyl,

47 4 di ot hyPEBREJRAE 1HisaedaeRkaoelinte ripr riAegTL PR B e HiAbent y 1

1,1, 2-tri mefrfisdobidbedyl pyrofclithiel #1EARYL Itate, #icyEloRBHL B Rl itat
2,2,3-trinet kllylobut yly, p%ILT,OS,CS-t rinet hyl %?ﬁo:mez’ %, 3- ;{c?ri met F%C?S%%t yl, TS0

1, 2, 3- t ri medriydlsmuteiramethybpyhrgine Ritatettetydethyl pyrontellgateytetr3-napohyll but yl |

2-ethyl -3- nethy] butyl and 1-nethyl-2-ethyl butyl. A so envisaged as suitable
are co np% uned Olin\ﬁ/hltaéﬁz t%ﬁreﬂ’#)ﬁ é?y%ﬂr‘{%;]l“a@r E’ﬂ%@%’ﬁ’étyh BYromsUaiecisiraisobutylas f or
exanpl e in Hutybmig Luogggﬁf 3k itORIE 1R y#:ggr groups is
repl aced byﬁg %‘enzy?’%gra 038%%1 as%@gfr% [hexarrp(ﬁé&{&n g%‘?t 8%%?‘%’

t er epht hal atetraiséddesyd pyrorhelhtate, totm-2rethylheed pyfomeibtace, tamarenomtlky |

t er epht hal at es, ?I kyl phthal ates, al kyl isophthal ates, dialkyl or trialkyl 5
trimellitat@gomgiigigetrygsododecyl pyromellitatgsigtrag-undesylpyromegliitage, o) ky|

hem el | i t af.gs: i AT : ) i n whi ch
one or mor dapsiectlroRittald Wl kbo@lcc B ke RUEAIREUEI °T 052 "I

t he pr onesspy@bmthgatprieenieidosylgiyiromellitate, taraald chgx@bpyrbinellitaie UsSkEo m xt ur es of
10 one or nore of the benzenepol écar boxylic acid or a derivative thereof
described twtableqre derisiates i whigh the alkykgroupseofahe ester gronpsrdifeenialiybe

derived thré’rtﬂﬁﬁs-Lﬁ&t&fesgf?Iée"%frﬁére'@{gﬁgﬁr'gﬁﬁﬂﬁﬁs%'1%3%9@839 ure or in sequence

to esterify sane sanp yca Xyl'Tc acid derivative or a
m xture of two or nore benzenepol ycarboxylic acids or a derivatives.

Al ternatively the alcohols may be used 15 to form in separate syntheses,
two differ e80kshbspisnitehde awranhydrides of phihalitacid yrimabiticiaeid, hemimeltigyyet her to
forma g xtur oi two or. nore esterified derivatives. In either approach
the m x ureacrlrigln %B’Flfglélca?cﬁ'xture of esters derived from branched or

| i near al cohols, for exanple the m xture may conprise ester derivatives

pr epar ed
[081] Also suitable are alkyl terephthalates, alkyl phthalates, alkyl isophthalates,

dialkyl or trialkyl trimellitates, dialkyl or trialkyl trimesates, dialky! or trialkyl
hemimellitates and dialkyl, trialkyl or tetraalkyl pyromellitates in which one or more

20  of'the alkyl groups contain 5, 6 or 7 carbon atoms (e.g. are Cs, Cg or Cy alkyl groups)
such alkyl groups include; n-pentyl, 1-methylbutyl terephthalate, 2-methylbutyl, 3-
methylbutyl, 2,2-dimethylpropyl, 1,1-dimethylpropyl, n-hexyl, 1-methylpentyl, 2-
methylpentyl, 3-methylpentyl, 4-methylpentyl, 1,1-dimethylbutyl, 2,2-dimethylbutyl,
3,3-dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 2,3-dimethylbutyl, 1-

25  methyl-2-ethylpropyl, 1-ethyl-2-methylpropyl, 1-ethylbutyl, 2-ethylbutyl, n-heptyl, 1-
methylhexyl, 2-methylhexyl, 3-methylhexyl, 4-methylhexyl, S-methylhexyl, 1,1-
dimethylpentyl, 2,2-dimethylpentyl, 3,3-dimethylpentyl, 4,4-dimethylpentyl, 1-
ethylpentyl, 2-ethylpentyl, 3-ethylpentyl, 1,1,2-trimethylbutyl, 1,1,3-trimethylbutyl,
1,2,2-trimethylbutyl, 2,2,3-trimethylbutyl, 1,3,3-trimethylbutyl, 2,3,3-trimethylbutyl,

30 1,2,3-trimethylbutyl, 1-ethyl-2-methylbutyl, 1-ethyl-3-methylbutyl, 2-ethyl-3-
methylbutyl and 1-methyl-2-ethylbutyl. Also envisaged as suitable are compounds in
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fromcC7, C9, C8, Cl0 and dI linear or branched al cohols, preferably |inear
al cohols, 20 with the al cohols being used in the sane synthesis of a m xture
of derivatives or in separate syntheses of the derivative where the
resultant derivative products in each synthesis are conbined to forma

m xed derivative. [083] In the process of the present invention the
preferred products are those 25 derived from phthal ates and in particul ar

t he fol | ow whichdhealbylestaves-ars Rotddentichlosugh ag forgsamplgiig bsojeopyll ) ester,

bt ai nabl d ‘ f.a di(i | hal havi h
Cnen cal - AbSPRERY SR 9of of ol BRERC S opinGil e Seskal 80 A7 6. 0
cycl ohexanefo} eaple 34 B%wegﬁ{llﬁ&icgatﬂélﬁﬂie.s %@é\ﬁﬁ%le%ﬁ ﬁﬁx&l‘é}%%ﬁ@&l 1Rofdy

hydr ogenati ng the di (i sOheptyl) phthal ate having the No. 71888-89-6; 30
cycl ohexanealkylXextpbthnlatesydlkyl phttiadateli, alksbisophthilates tdealkyl @i tmdlkybl e by

e B PR A SR A SR A

whi ch 1 5. bas o el (r AR LRl Bt D e s P onony )

ester, obtacomdhé, byr fiyaibogatomis. ng the di (i sononyl ) phthal ate having the CAS
No. 28553-12-0, which is based on 5 isobutene; a 1,2-di-C9 -ester of
cycl ohexanedi car boxylic acid, obtainable by hydrogenating the

di ) ph i -46-8: a
157Gl et bolthe] ChianORHdRR i1 frestel el i Mls podStR BTRE RiIres of, g
di (i soderyl pphédiadretof tibbnaghepbBc&sBoxYiiR. achiBirbdedi@atlve theidoldestdAbedest er of

cycl ohexanedi car boxyl i c aci d, obtainable by hydrogenating the correspondi ng
10 pht hal i cheeingWhshdhe dagivatyestare extas thonixggs 1wy e derived threpghape pia- est er of

cycl ohexaneg]j car Yk (o tai nabl e [ LN h s C7_11
Ot ool at ae Bl AR hoRTh RamPhR REP (bee 1 FYBIRNRE Wi Satiulote 7
111381- 91- OberfBfchotybdrbokyliGaid Berfhtife BRI ¥R FQwéior noke 2- di - C9. 11 -ester
of cycl ohexanedi carboxyli1c acid, obtainable by hydrogenating a di- C9.11

-phthal ate hwpn@o{m@rb@miq\midsggal@wm@,s. Altgrgatively the alcohols may be used
1, 2-di ( Lssodf?c lg?-lc'ﬁd ohetxanegi cartbox%{fi C tac't?d,llfeagjer.V obt aji nabl e g?/ b
nydr ogeliat i IefoR HhEPURA LN A At trent SSleciied v SER e iy hen be
di - (2- pr opy ety kRt #brat £midture Hitwo or more esterified derivatives. In either
approach the mixture may comprise a mixture of esters derived from branched or
linear alcohols, for example the mixture may comprise ester derivatives prepared
from C7, C9, C8, C10 andC11 linear or branched alcohols, preferably linear alcohols,
20  with the alcohols being used in the same synthesis of a mixture of derivatives or in
separate syntheses of the derivative where the resultant derivative products in each

synthesis are combined to form a mixed derivative.

[083] In the process of the present invention the preferred products are those

25  derived from phthalates and in particular the following: 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(isoheptyl) phthalate having the CAS No. 71888-89-6;

30  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-
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C7_9 -cycl ohexanedi carboxylic acid ester, obtainable by hydrogenating the
correspondi ng phthalic acid ester, which conprises branched and |inear C7_9
- al kyl ester groups; respective phthalic acid esters which may be e.g. used
as starting 20 materials have the following CAS Nos.: di- C7_9

-al kyl pht hal ate having the CAS No. 111 381-89-6; di- C7 -al kyl phthal ate
havi ng the CAS No. 68515-44-6; and di- C9 - al kyl pht hal ate having the CAS
No. 68515- 4dicatbogyi4iciduiificommmgl)estahloptainabie bigdeogenatingtht| y nenti oned C5. 7,

aci ds a e pTORACBIIPARCSRETRRLASNS. s uici R RERT R bieper) €
avai |l abl e b L \; Fad it : Jayfl ex(r
DD (ons T EERERLY SAMQRUIC A SRL B Pestlr SpRble b BOGoRaERe 12 x|
Dl UP ( CAS Nbe ditso0anylphiialatd harihgesherQADNOP2§ 549 N0, wiigh isthadad o®) |

Pal at i ) 911P, i nol S No., 28553-12-0), TOTM CAS No.
3310 30 (1f 259‘?‘“@}%5?{??2%1'(8; ‘%{8% ﬂ?}fygs%eﬁé}eé’ccﬁ%@l’((% a%i?%(k%ﬂ% ll’Ir(2£3)55g, 12-0)

whi ch are 1113%] : EC] | BS. 0 E | es of
comer ci al | a(\)%lﬁfltg% %ﬁ%@(ﬁ%ﬁ@gﬂa}%gbﬁ% [ é: %gl 'gﬁtséﬁgﬁ{oggﬁég? or use
I n the preskRidicanedylic acididiidoddeyl pdstdradtaiesbls bg hydregerdahgti nol (r) AH

(D -(2-ethyl hexyl) phthalate; Palatinol(r) AHL (D -(2-ethyl hexyl

pht hal at e) ; digseslecyhpiibalate haying Eﬁl%%ﬁ%%ﬁ%bﬁ-é?-é) 5a2r%1(-1ar¢sltﬁs|%cfr) ?/c)

Di i sobut yl . l. af i: : i j 0 ) - Pal at i I
D1 sodecoT R EhboRBhALB At bf I ARRRRN R bt Rhhe, POl B S
Pal ati nid ( r phtHalicRc{d-espdrHaving ey CABIN G @861 B)12-4Paadit o Cester 0811 ( Nonyl undecyl

pht hal ate); Pal atinaol (r) 11P-E (D undecyl phthal atez; Pal atinol (r) M
(Di net hyl  peicibezansylicambexyki mqi,(qb;amabéf[fllehmogeantl% hgdi 7. paphihalates (r) A 10

(R) (D et iy 3V 68 Bl 30 8666, 1 Bt goby phigbake)

Furt her exanpl®s commerci a ¢ "adi'pates”sut

Pl ast onol | (668500460 and2364810y7;hexyd)- @i Ratep bf aytdbHek asddaiirdxilio adiiiA
(Dii sononyl adipate). Further exangl es of suitable comercially avail able

mat eri al s aekiaivelle byidydiogeratinpamy- Cove sphthalptempving thq GABRYo. HNeby-AAdl ¢r) AH
(DEHP) , 1§N t ﬁapdi((isrgdegy:b%yélg gxg}lecﬂggrbowxﬁ%%{d(ers?er,lojb%il(l&%g E))f hydr%gSenating a

di(isodecyl)phthalate, consisting essentially of di-(2-propylheptyl)phthalate; 1,2-di-

C1.9 -cyclohexanedicarboxylic acid ester, obtainable by hydrogenating the
corresponding phthalic acid ester, which comprises branched and linear C79 -
alkylester groups; respective phthalic acid esters which may be e.g. used as starting

20  materials have the following CAS Nos.: di- Cq.g -alkylphthalate having the CAS No.
111 381-89-6; di- C; -alkylphthalate having the CAS No. 68515-44-6; and di- Cy -
alkylphthalate having the CAS No. 68515-45-7.

[084] More preferably, the above explicitly mentioned Cs.7, Co, Cio, C7.11, Co.11 and
25  Chgesters of 1,2-cyclohexanedicarboxylic acids are preferably the hydrogenation
products of the commercially available benzenepolycarboxylic acid esters with the
trade names Jayﬂex® DINP (CAS No. 68515-48-0), Jayflex® DIDP (CAS No. 68515-
49-1), Jayflex® DIUP (CAS No. 85507-79-5), Jayflex® DTDP (CAS No. 68515-47-
9), Palatinol® 911P, Vestinol® 9 (CAS No. 28553-12-0), TOTM-I® (CAS No. 3319-
30 31-1), Linplast® 68-TM and Palatinol® N (CAS No. 28553-12-0) which are used as

plasticizers in plastics.
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[086] For the purposes of the present invention, the terns "macropores" and
"mesopores” are used as they are defined in Pure Appl. Chem, 45 (1976), 79,
nanely as pores whose dianeter is above 50 nm (nacropores) or whose
dianeter is from2 nmand 50 nm (nesopores). 20 10871 The catal yst may be
prepared using a wde variety of porous and non-porous support materials
that are well known in the art. These include but are not limted to
alumna, silica, Ti®, ZrQ2, activated carbon, silicon carbide, nagnesium

oxi de, zinc nd Si Iar i nor or m xtures of or nore
R er e 2 T o8 P R o Ples AE Pl YA ALlS BergPRHOMEORF AL T Xt o o
thereof, \M bfleds @ﬁltm@éfor%@ﬁ%e f!esengqﬁ ntiéh u{eﬁidaq)hﬁiahat@sasucﬁap%ua%bb@

anorphous silica. In the roce present = I nvention the support is
pr ef er abl y akbmle(aset]sadb@qﬂ)tphthaiate,riéala&nbhﬂ AR bt(Di2-ethyfheeyl) phihalapnef erably a

Subtantd ai PyeRRE CLBIGFAHRa B L s IC D RO ey AEB RSO Wit the 30

SUppOr L 1 ADIKbIBHEalk 0P RS (G Bhudld $ARL0NG 1B @il Lhat 1S

substanti al y co por ous erre erl Se as
supports i nPrcﬁlheb@l)mmlsﬂaé) iPalaendli@ T la’r(elepmwmquqnhﬂmm); Bhlatisal€h as
alumna and silica wt nmost preferred support being anorphous silica.

A furt her cPh]s@@fyllm@fl|P3F1§ilf’ct¢‘)a?al?fﬁ@01®b'épu§Qal‘laﬁe%’bpwbﬂltﬂ@sl Fplatinel®r esent
| nvention apg Gl yghal i @gﬁéﬁaﬁﬁﬁﬂnﬁ)l@ a/f Ltﬂ]et%h %@abalaﬂgol ecul ar sieve

materi al s and nor e INTne Si éeve materi al s that

are nmesppor RI(Dih mﬁﬂfeﬂﬁtephﬁ@Pamﬁna@Ier(Dﬂ:iu@lgﬂsraél phelale). Bakhaxr €  or der ed
nmesopor ous nateria [088] Ordered nmesoporous nolecul ar sieve materials,

whi ch may bexagaples %rs thesftﬂ@p@@ltc@llb/ravmlvbl sup g Mlastmoll® HQAEBE(Grat eri al s

that may be th K di rect ng agents.
Eearl on of TyikerLrEpitel B as B RBINR D o STREPIEE FEndiehahle ],
Exanpl es of opgmabRYokinter6ialp aviiisleah feridll 81 Wsanbided (DBPYY V&stihol @XM cal
Revi ews, 68(1), 1968. Qther” suitable ordered nesoporous nmaterials of this

type are al s¥estinel® AH (IRBKP W itim &) Eks@ 1 0P) and Witamol® 118 (810P).
15

[086] For the purposes of the present invention, the terms "macropores" and
"mesopores” are used as they are defined in Pure Appl. Chem., 45 (1976), 79, namely
as pores whose diameter is above 50 nm (macropores) or whose diameter is from 2
nm and 50 nm (mesopores).

20
[087] The catalyst may be prepared using a wide variety of porous and non-porous
support materials that are well known in the art. These include but are not limited to
alumina, silica, TiO,, ZrO,, activated carbon, silicon carbide, magnesium oxide, zinc
oxide and similar inorganic oxides or mixtures of two or more thereof. The preferred

25  support materials are alumina, silica or mixtures thereof, with the most preferred
material being silica, especially amorphous silica. In the process of the present
invention the support is preferably a porous support. In one embodiment the support
is preferably a support that comprises mesopores and most preferably as support that
is substantially completely mesoporous or has as a major component, when the

30  support is a mixture of two or more materials, at least one material that is

substantially completely mesoporous. The preferred materials for use as supports in
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Mesoporous Materials", U Cesla and F. Schuth, M croporous and Mesopor ous
15 Materials, 27, (1999), 131-49. Such materials include but are not limted
to materials designated as SBA (Santa Barbara) such as SBA-2, SBA-15 and
SBA- 16, materials designated as FSM (Fol di ng Sheet Mechani sn) such as

FSM 16 and KSW2, materials designated as MSU (M chigan State) such as
MSU-S and MBU-X, naterials designated as TMs or Transition Metal Sieves,
mat eri al s dihsipgesantddvasiof @rd-dviiphous matetizle saihi aedumina ahdiyitics wath theesopor ous
supports and materials designated as APM or Acjd Prepared Mesostructure.
Particul arl Toﬁr%?fréfr?‘éa“ﬁﬂo&é?e amIB NS SHifs- ﬁfxﬁl'éﬂ“qrél@sﬂ wateriglsdhatimayt e or

VO 14, VPSR B s TERRARE Ay SR A Ty iRl BRALRE, e MECD Suen B
mesopor ous ampitellinabfolevudar deve hidnaihld anddrdipreféablyreristSlindmbotidtilaNsieve

5,102, 643. A &a_rti cularly suitable sub-class of this famly of materials
for use d n MAKriglsdhatgre MERAPRIQUSHA dpidhar klasyabmplsrialsdha maydedise et gnat ed as

MCM 41 and i.s..particularly preferred and has a hexagonal
MM eAncsE 0

ar r angenent y Sized imesopores. MCM 41 nol ecul ar sieve materials
are described in detail in US5 098 684. The MCM 41 nol ecul ar si eves
generally have a 30 Si 2/ Al 233 nol ar ratio when alumna is present and it is
preferred tW38] t Qedergbmeiopprons mydequldr sieve matesiajo whitheney bavsediaal s i s greater

t han 100, preferabl reater than 200, and . preferabl.y .greater than
300, [ 080) " TRPRE e BEs A vy o e e BRE PR Thnr G SRLHTHT B har  on
process|(p U hiFHiﬁc@oﬁl@b@ﬁdé%%_dW@étﬁ{g 4pehB! ESA8pRs bY slicAgeAaddI®frel unction in
the formof at least one active netal site on a supgort mat eri al conprising

one or nor edescrbadaid U.feBapuhbus 2582821 dixemples lof amphiphilis compovndsraze and por e
eonetry as descriped | ow. . These mat eri inprgani r ous,
go n- | aygr ediRPEY i‘%ﬁén %‘Fﬁ(\fl{vz CP?P“("H@?“%‘?H’ bthdfdﬁgo :Lﬂgerg?ﬁ!f‘@? Pﬁ{éﬁedl;(_ ray

di 1 1 aCt i ONBRYoRSA rthhelabs hRAThe RRRIsBARAcrbed fn RARAGLROrgiERt er 10 { han

about 18 Angstrom Units (A). y al so have a benzene adsorption capacity of

gr eat er t haNesépogowmidatefialsdizdlieslpend EOSchytha Micwipotdue andhMasodroast 50 torn
and 25 15 ot Mbis 5255658, (5108, 8115, SUBRIC T Tk e Aok EER T EIERY Y 2
designated as SBA (Santa Barbara) such as SBA-2, SBA-15 and SBA-16, materials
designated as FSM (Folding Sheet Mechanism) such as FSM-16 and KSW-2,
materials designated as MSU (Michigan State) such as MSU-S and MSU-X,

materials designated as TMS or Transition Metal Sieves, materials designated as

20  FMMS or functionalized monolayers on mesoporous supports and materials
designated as APM or Acid Prepared Mesostructure. Particularly preferred ordered
mesoporous materials are the silicate or aluminosilicate ordered mesoporous
materials designated as M418S such as MCM-14, MCM-22, MCM-41, MCM-48,
MCM-49, and MCM-50. These ordered mesoporous materials are described in detail

25 in U.S. Patent No. 5,102,643. A particularly suitable sub-class of this family of
materials for use in the present invention are the mesoporous silicas designated as
MCM-41 and MCM-48. MCM-41 is particularly preferred and has a hexagonal
arrangement of uniformly sized mesopores. MCM-41 molecular sieve materials are
described in detail in US 5 098 684. The MCM-41 molecular sieves generally have a

30 Si0y/AlO; molar ratio when alumina is present and it is preferred that the
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hexagonal honeyconb m crostructure with uniform pores having a cell diameter
greater than 2 rimand typically in the range of 2 to 50 nm nore preferably
5to 20 15 nm and nost preferably from3 to 20 run. Most prom nent anong
these materials is a material identified as MCM 41, which is usually
synthesi zed as a netallosilicate wwth Broensted acid sites by incorporating
a tetrahedrally coordinated trivalent elenent such as Al, Ga, B, or Fe
within the SﬁinMa@entblm{maimfokthe‘fhmam'ﬁfsds geedtef trand 00f prefeeady greateethanl s ar e
the al um nosi|icates aI h oth 6a||osi|icates may al so be 20
utilized. » A9 OSTRE 5%?23?"?@5%@ m crostructure with a uniform
hexagonal arrangenent of pores with dianeters of at |east about 2 run:
after calcination it exhibits an X-ray diffraction pattern with at |east
one d- spaci [0§9pr bairerentbodimer @i thelBeseAt immentmnhthe dydregknaioaqroass di f fracti on

pattern i hat  can be ndexed with a dj 00 val ue _of greater th bout 18 A
whi ch coﬁﬁ r e‘é‘b‘&?ﬁﬂé cai ytShwﬁﬁgga%rlﬁzj ﬂgwdfcrgéna@&kﬁmﬁlwet éﬁ lga¥t r act i on

pattern. S. Pat. No.
5008, 034 oy TRUEMoRl she of ES6ipdRESa BT MRRHe bl Blcke bitelta | e

mat eri al s nrygsdperaus ysdteridls with atundqueistruttad ang poud féobretritas desadibed belopr ovi de a
diffraction_pattern such as, for exanple, by X-ray, electron_ or _neutron

diffracti on! qsgma(gwaflfgargarpq;gﬁa(@,,ngppusmpqrhlawreql é’é‘éec“alfn whigh.dR thephealengdesopor ous
30 materi al ﬁ)ﬂ'ﬁ%xljﬁ&t%ﬁ% ?cﬁfﬁa%ﬁgn V\g%'tfewwl ablda Le %ak g c?g%a{c%}fgj eégaef%g [091]

extrenmely larg sor FF5h cap

O der edlmesma@ abmﬁ IMI%Fstrath[hﬁﬁs (A3 efmeyrmgohfav@&%smhe adteptidn0dapsdiy dre
di stingui shed from other porous I no;rganl c solids by the regul ari ty of their
| arge open grs@ﬁlé&lan\mgg?énqo@frl@nsweae Qfégrﬁ@ﬁﬂm@r@e@ﬁﬂl@éoﬁmaﬂ@% “&#vor phous

| | |
of Siro (porc ek B R e fiPon Mol i Gl d pPh BRI ) o "

+/-25% us Uﬁé)dagoﬁ‘a/l ho en% rhi8fostradturelvith SMBIrAGRHr&ENR i Z&Idiah i@ phase)
resenble nore those o cKstal line franework materials such as zeolites.

The term " hgixaigothan 2 nns andypisdbylin the eango wp 246 Shom, orory prefasaldy iS40 20t hat
O e LTl kRl SRR o BRSBTS ©
devi ati ons material identified as MCM-41, which is usually synthesized as a metallosilicate with
Broensted acid sites by incorporating a tetrahedrally coordinated trivalent element
such as Al, Ga, B, or Fe within the silicate framework. The preferred forms of these
materials are the aluminosilicates although other metallosilicates may also be
20  utilized. MCM-41 is characterized by a microstructure with a uniform, hexagonal
arrangement of pores with diameters of at least about 2 nm: after calcination it
exhibits an X-ray diffraction pattern with at least one d-spacing greater than about 18
Aanda hexagonal electron diffraction pattern that can be indexed with a dygg value
of greater than about 18 A, which corresponds to the d-spacing of the peak in the X-
25  ray diffraction pattern. This material is described below and in detail in U.S. Pat. No.
5,098,684 and U.S. Patent No. 5,102,643.
[090] The ordered mesoporous materials may be crystalline, that is having sufficient
order to provide a diffraction pattern such as, for example, by X-ray, electron or
neutron diffraction, following calcination, with at least one peak. These mesoporous
30  materials may be characterized by their structure, which includes extremely large

pore windows as well as high sorption capacities.
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fromthat ideal state. A working definition as applied to the mcrostructure
woul d be that nost channels in the material would be surrounded by six

near est nei ghbor channels at roughly the sane distance. Defects and
inperfections will cause significant nunbers of channels to violate this
criterion to varying degrees, 15 depending on the quality of the material's
preparation. Sanples which exhibit as much as +/- 25% random devi ati on from
the average repeat distance between adjacent channels still clearly give

recogni zabl ina WH{ t he order ed ro mat er.i al s 092] The
ordered mes E)p% % BFFpoLousInafer ‘Fso Seﬁl‘%@'ﬁrpéqsf:%nﬁ?mlpﬁéza’& £ al yst

support pre d Ch) 25
wherein Wi gﬁgﬁég{l%/hgagﬁr??l Eé{%r &u,lﬂ% ﬁ%gg@%?’f/ﬂé‘?g?ﬁ%w Qf{h\rég-v{?i? sr}Zt ion
netal, e.g.pormsvgenepere scehnbdie neady fesembleatha! aﬁanmghmmmrparan}efaﬁn&bl y

cobalt is aftrivalent elenent, such as alum niym boron, iron and/or
gal |i um?> pr Bakrials) butyhnse FeeWar arangement and yng{pamaty }léﬂzémﬁ SiZtich as silicon

and/ or ger"&ﬁrmlom&lﬁ{émgemgé éucéxénzplg +/%%I&%\§ﬁél%f/-%%r@%s’s opuch aSp

phosphor us I'S one or i'ons Tor exa amonium &

I A, |1 A andth¥lakétag®pere sizedithay physd) rgenble sadit tivsaoiléstallink famiet@rk ons; n is
the charge of the conposition _excluding Mexpressed as oxides; q 30 is the
wei ght ed nomateriplsgheh agzeolitas e Regtegn ' anaw i iptarded frsaeompasiaPtanlvr nol e

12U, on 0l K e ol 351080 Sl S ML o

enmbodi gt @feﬁp@ﬂm@bﬁvmeaﬁlﬁ'é&ﬁérm But ABo MRdse Witk sigrfifivdie Bbiewdmfcdevmoﬁg eat er

than d, and h=2. A further enbodinment 5 is when a and d=0, and h=2. In the
as- synt hesi fea thgjriggal sﬁte ﬁe@@lrkmgﬁﬁflmmneqsuaaphﬁh@ theymdesagspisture muldobf: an

anhydr ous bgs 123 fo Xb Yc Zd Oh)
10 wherein % }glbﬁhé qg? g}éh egpnﬂgqao\ﬁ’}gls%%e&r?sﬂnﬁ(\’g oan ion, and

r is the CMelghﬁﬁhFﬁlgrth&ame (ﬁstaﬁ&emmeahd%p&%&@npwn@mef raction of R
The Mand R _conponents are associated with the material as a result of
their pres eﬁgglﬁdmurmglbcrs of channels to violate this criterion to varying degrees,

15 depending on the quality of the material's preparation. Samples which exhibit as
much as +/- 25% random deviation from the average repeat distance between
adjacent channels still clearly give recognizable images of the ordered mesoporous

materials.

20  [092] The ordered mesoporous materials as used for preparation of the catalyst

support preferably have the following composition:
M g (Wa X Ye Zg On)

25  wherein W is a divalent element, such as a divalent first row transition metal, e.g.
manganese, cobalt and iron, and/or magnestum, preferably cobalt; X is a trivalent
element, such as aluminium, boron, iron and/or gallium, preferably aluminium; Y is a
tetravalent element such as silicon and/or germanium, preferably silicon; Z is a
pentavalent element, such as phosphorus; M is one or more ions, such as, for

30  example, ammonium, Group IA, IIA and VIIB ions, usually hydrogen, sodium and/or

fluoride ions; n is the charge of the composition excluding M expressed as oxides; q
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crystallisation, and are easily renoved or, in the case of M replaced by
post- crystallisation nethods hereinafter nore particularly described. 15
[093] To the extent desired, the original M e.g. ammonium sodium or
chloride, 1ions of the as-synthesised material can be replaced in accordance
with techniques well known in the art, at least in part, by ion exchange
with other ions. Preferred replacing ions include netal ions, hydrogen

i ons, hydr dgthe weighted smiar leavgragz alknooofi Mon/qiie e mmtbenok motesorniode eof . Ot her

Mions include rare earth tals and. netal oups_I A (e..Q. . [1A

Cer o Cay - Betan BERA S b SR Rml o Of W: e Tgand Iy ESHePHTIB 15 o)
I11B (e.9. 4 Mmbdr¥Bfiom P10 §9%%n@%gbwﬂd%1(§-pﬂcfeﬁéd ehbbigeRBs# B LGove Tabl e of
the El ements (Sargent-Wlch ; t. NO. 5-18806, 1979) and m xtures

t her eof . 25ry9élihe Material sfverend et pogreatéothamd candrh=2h A fiortheremtbadimmemt i on i s

a silica support. T preferred ordered pesqporous materials for use in the
processasof i ebﬁélggﬁfo Trothe a5-vmthes'ss &%&hwgws%w%?rﬁl B, The

nost prefer e Sl 1 ignated as M4l S,
W th The st o R S o e R e B s of
mesoporous materials that nmay be used in the process of the present
i nvention are the nmesoporous silicas as _described in and prepared according
to United States Patent No. 5, 9%5MegtWaXe ¥araOwef er ence mesoporous silica
is prepared by converting a silica precursor in a water and pol yner
di spersion 5 containing reaction nmedium The preferred polynmer dispersionis
a cati ami ¢ Whr¥iRNR is thd QR4 bridingdhmaetibhes itl@Rd TR S ROI0WS, aldiik i@ sol i ds may
be used in preparing the catalyst suPports for use in the process of the

¢,

present i nwostficint fer Rt enthgihumber gEmoleg pemolicliantonoi & dbeM aed Bol i ds may be
d ding to the.meth described 10 in, U S Patent. No.
R R e e Ee L Y o

or mat eri al gystallisation, and are easily removed or, in the case of M, replaced by post-

crystallisation methods hereinafter more particularly described.

15
[093] To the extent desired, the original M, e.g. ammonium, sodium or chloride,
ions of the as-synthesised material can be replaced in accordance with techniques
well known in the art, at least in part, by ion exchange with other ions. Preferred
replacing ions include metal ions, hydrogen ions, hydrogen precursor, e.g.

20  ammonium, ions and mixtures thereof. Other M ions include rare earth metals and
metals of Groups IA (e.g. K), IIA (e.g. Ca), VIIA (e.g. Mn), VIIIA (e.g. Ni),IB (e.g.
Cu), IIB (e.g. Zn), IIIB (e.g. In), IVB {e.g. Sn), and VIIB (e.g. F) of the Periodic
Table of the Elements (Sargent-Welch Co. Cat. No. S-18806, 1979) and mixtures
thereof.

25
[094] The preferred support for use in the present invention is a silica support. The
preferred ordered mesoporous materials for use in the process of the present
invention are the ordered mesoporous silicas. The most preferred ordered
mesoporous silicas are those designated as M418S, with the most preferred being

30 MCM-4I.
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that are both macroporous and nesoporous, such as those described in U S.
Patent Nos. 5,936,126, 6,248,924 and 6, 284,917. [0981 Such macroporous
materials have a nmean pore dianeter of at |east about 50 15 nm preferably
at | east about 100 mm, in particular at |east about 500 nm Preferably

t hese macroporous materials have a BET surface area that is at nost about 30
n2/g, preferably at nost about 15 nR/g, nore preferably at nost about 10
n2/ g in parl0P8ullurthenexamples affromesaporis gnaterthlntbatempy bé wsedbih yhegirocasst about 3

n2/ g. Th . di t f th t | f bl
T om about e sk imisBliEn 5 Bomsommes s oo abt Preprsh bbout 200°
nm to about,eQQAthg\BIURRE SiRss Patasteﬁ@ r5af31 Y9620 thg fe?eré&@%%&ﬂhoﬂgﬁ*?sﬁbﬁ face

area of these nacroporous materials is preferably fromabout 0.2 to about
15 n2/ g, noserepaektldyaiohyerfing msdise ptecOrsbr mcn\aammnd pcdym@ djspeirsiopar t i cul ar

from ab%ut 0.5.t.0 about 5 Hﬁu{q_g nd nge refer fram about q 5 to about

3 ne/g. 2l n YRR ABIHREE @Eﬁ@’e iod palyater 58 IS10R 157 SEHRIOBOIHRER opor ous
material is preferably approximately binodal, with the pore dianeter

di stribution having one maxi rum at about 600 nm Further preference is given
to a macr o6l udighsurfadecdrea msapordizahanian sdlidsen®y eeused id préparidy he and t hi s

bi rodal distribution of the %ere di angter. The pore volune of the preferred
macr opor ousCataheyt synperts ifer %Fé‘? BPSESROIhE Prssery 1%°P§°”si§9‘°@b‘£[*‘(§9§f°"l n a

further embodf pe gtpcfma o S8 dUhES bbrindla HlobinP Rl B8 HethdRelRipged 11

addition to a si a su nor e erl a aV| ng Mesopor es.

These 1fat ahI[aBSP‘ﬂéntrNo(@ﬂSQZMSI ty may possess nesopores in addl tion to
their macropores. Exanples of such material are described in U S Patent
No. 6, 248,897 dnene en@@dlmfslt GeEuppert may de amsTpormateiéalne BREERS of i xed

porosity di st ihution in us t out 50%

b et or abl y PO Eod BRIGPRR A hBhout Sl esPore b s V0 T
about 30% angs. |5r93gqr25|@g.119924m@lgmgtnlS to about 25% of the pore vol une
is formed by macropores havi ng pore dianeters in the range from about 50 nm

to about 100980 Swehamatrépasousabatatials baveon mbanupore Séameteraffat kbstyabbuicith

15 nm, preferably at least about 100 nm, in particular at least about 500 nm. Preferably
these macroporous materials have a BET surface area that is at most about 30 m%/g,
preferably at most about 15 mzlg, more preferably at most about 10 m%/ g in particular
at most about 5 m*/g and more preferably at most about 3 m*/g. The mean pore
diameter of theses macroporous materials is preferably from about 100 nm to about

20 20000 nm, and more preferably from about 500 nm to about 5000 nm, and most
preferably 500 nm to 1000 nm. The surface area of these macroporous materials is
preferably from about 0.2 to about 15 m?/g, more preferably from about 0.5 to about
10 m?/g, in particular from about 0.5 to about 5 m*/g and more preferably from about
0.5 to about 3 m*/g. In this embodiment the pore size distribution of the

25  macroporous material is preferably approximately bimodal, with the pore diameter
distribution having one maximum at about 600 nm. Further preference is givento a
macroporous material, which has a surface area of 1.75 m%/g and this bimodal
distribution of the pore diameter. The pore volume of the preferred macroporous
material is preferably about 0.53 ml/g.

30
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10 about 55 to about 90% nore preferably from about 70 to about 90% and in
particular from about 75 to about 85% of the pore volune is fornmed by
nmesopores having a pore dianmeter of fromabout 2 to about 50 nmwhere in
each case the sumof the pore volumes adds up to 100% 15 [0100] In this
enbodi mrent the total pore volune of the m xed porosity material is from
about 0.05 to 1.5 cnB/g, preferably fromO0.1 to 1.2 cnB/g and in particular
from about[0998 Inm furtbecerBbadimThteconemamauo matetiabmfinaixed porokity miax belugdr osi ty

material is. ref erably. fromabout 5 to 20 nm preferably fromahout 8 to
about 15 r ol A0S a,sHica iSRRG ATKYey,As 06 oromeisTals devingMesapomsy [698] The

surface are : ] i i LS: VA t 50 to
Sbout 600 T ralsbf nilked oraalRiy follBisHhesBbor b SinbIBl AR el mapBREN | D

particul ar Efangpltesdiouth Btaferiab ambtestritg@in b3 Patit Noed S14802dtand 5284)102] The

surface are he croporous materials and m xed porosity materials may
be dot or' n@ﬁv gk the Bl X BRI BAY bave apa?rt%idesm%twnn

accordance ek G&kég-%tc;r%u@@%, ﬁ%fe?aﬂir%ﬁlt ogt’"f@totztb%uﬂl 3, bRt ribution

may be determ ned by orosinmetry, 1 n particular 1n accordahce with DI N
66133. 30 [ prefe3dblyl fremnabond pdtocabeutdi’e nhd ispaticulin fxad apoutdsi tb ybom2ét4,al s t hat
may be used _are, for exantpl e, macropore containing activated carbon,

0

silicon car®ithepor vemme s fomnedly Racropees banngipere diraneters in e sangsi i de,

her oof - v P00br CF SARG 0P g SbRpoIE sy oth Srfbly 48, "0 i e,

5 [0104]0 | nabvnes S aduieot, Sbrd fefcRbBs RO dbBNETY foQbolit¥% ahdnysdrtidi@ytr consi st
solely of one or nobre active hydrogenation netals deposited on the surfaces

of one or np@ abguipfiootaboul fxe..0f thenparp Melymeds foragd by megsgperesihavirddor ous
b nder - TheTa RER TR G i rf et bk b SR e PP SRR Ay e
shaped i nt ov@uwegjgddga,ﬁitgtmo%t particle 10 sizes. Cenerally speaking, the
particles can be in the formof a powlder, a granule, or a
15 [0100] in this embodiment the total pore volume of the mixed porosity material is
from about 0.05 to 1.5 cm®/g, preferably from 0.1 to 1.2 cm®/g and in particular from
about 0.3 to 1.0 cm®/g. The mean pore diameter of the mixed porosity material is
preferably from about 5 to 20 nm, preferably from about 8 to about 15 nm and in
particular from about 9 to about 12 nm.
20
[010] The surface area of the mixed porosity material is preferably from about 50 to
about 600 m*/g, more preferably from about 200 to about 600 m?/g and in particular
from about 250 to about 600 m?/g of the support.

25  [0102] The surface area of the macroporous materials and mixed porosity materials
may be determined by the BET method using N, adsorption, in particular in
accordance with DIN 66131. The mean pore diameter and the size distribution may

be determined by Hg porosimetry, in particular in accordance with DIN 66133.

30  [0103] The macroporous materials and mixed porosity materials that may be used

are, for example, macropore containing activated carbon, silicon carbide, aluminum
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nol ded product, such as an extrudate having particle size sufficient to pass
through a 12.7 mm[2 mesh (Tyler)] screen and be retained on a 40m [400
mesh (Tyler)] screen. In cases where the catalyst is nolded, such as by
extrusion, the crystals can be extruded before drying or partially dried
and then extruded. 15 101051 In a further enbodi nent the support material
may be fornmed into conposites wth nmatrix materials resistant to the

t enper at ur esxidm dilisoh dioxide tianiwn dicxiqs, siyauhiim dldxlrdz hyignﬁgan akidenzipe ocess.

Such materlala i ncl ude aftlve and bn %é ﬁ erl and synthetic or
natural |y ot PG PEdPT MR OMEN o s M ﬁli‘ff‘%e ?%3‘1"8’1‘ WRh as clays 20

and/ or oxi dﬁgcrgkwfg cBitafMlidbA0/inSi | i ca or silica-alumna. The latter may be
either naturally occurring or in the formof gelatinous precipitates or

gel s including mxtures of sili ca and netal oxides. Use of a material in
conj unct the zeol,te, conbi ned therewith or present during
its synt esﬁ‘ffh5 % embogimerit of H’&tpé?%‘r‘f“i ipyggntipn tﬁf‘c@a}ta}@stw@ﬁ it Inef

conver si on o7 MeTy I may be

i ncorporated | nt oor?lg%tﬁ‘%ta}pﬁ%%ggt&ﬁlgﬁmgﬁegé%éa8?3&%2&%‘%@ oF lTc%;?(aol in,

i mprove t hesuppoishisuehag agiofphobss siliea onbrdbed mesopteburmarenie) & thiper at i ng
conditions and  function as binders or matrices for the catalyst. The

cat al yst sufipbndimestthe eatalysfis fe¢ pbeddgd inpreandc binden xThegpporaWith 9T anpunt s from

From 9001 P el Sei deBbehaltby il BT uRehel b d it Wi REBaBEE P 2 Y
support10 ndidsi Gereril®y spebkink) thé pmbley car be mss@l fortnhef agstihrdet, aNahmil® toi- b X

material is kept to a mninumtypically less than 50 wt % of the 34
conbi ned memgklpd produst, avehsas agexpudate havingparticle sivgtsaficagnt t9 pasathrpughe s t han

40 wt % b h ref abl 20 % nore
preferably Fiess%li%mﬁekiér}éﬁ &Sc%ﬁgtan{%%?g?g% %mtlﬁg(#] %htfyjl/e Hnd I n a nost
preferred eqhad IRAkes WIRES tHetaflyat i/ytr%ld&prsﬁa{am &hrubidg, HeBRkId dagbenBY be
achi eved by conventional 5 neans i ncl udi n mul li'ng the mat eri al s t oget her

fol | oned byexssudedibéfore dryingeir ipattially dgjed amd hen betrefisdi red fini shed catal yst
particles. ldeally the additional matrix material is macroporous or is a
mat eri al” of m xed porosity i.e. both nacroporous and

[0105] In a further embodiment the support material may be formed into composites

with matrix materials resistant to the temperatures and other conditions employed in
the hydrogenation process. Such materials include active and inactive materials and
synthetic or naturally occurring zeolites as well as inorganic materials such as clays

20  and/or oxides such as alumina, silica or silica-alumina. The latter may be either
naturally occurring or in the form of gelatinous precipitates or gels including
mixtures of silica and metal oxides. Use of a material in conjunction with the zeolite,
i.e., combined therewith or present during its synthesis, which itself is catalytically
active may change the conversion and/or selectivity of the catalyst. These materials

25  may be incorporated into naturally occurring clays, e.g., bentonite and kaolin, to
improve the crush strength of the catalyst under commercial operating conditions and
function as binders or matrices for the catalyst. The catalyst support may be
composited with the matrix material in amounts from 99:01 to 05:95 by weight,
preferably from 99:01 to 10:90, more preferably from 99:01 to 20:80, and most

30  preferably from 99:01 to 50:50 catalyst support : matrix material. Preferably, if used

the additional matrix material is kept to a minimum typically less than 50 wt % of the
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mesoporous. The materials of m xed porosity nmay have a pore distribution in
which fromabout 5 to about 50% preferably fromabout 10 to about 45%
nore preferably 10 from about 10 to about 30 and in particular fromabout 15
to about 25% of the pore volune is fornmed by macropores having pore
dianeters in the range fromabout 50 nmto about 10,000 nm and from about
50 to about 95% preferably fromabout 55 to about 90% nore preferably
from about comtinedabeight S@Madystisuppopand nwdriixamaferiahiddabiyiess Mant4d widput 85% of

th I is, f by, i di t f f
A R T
up to 100%ph 019G VHRE preRehbly 126s thah 2D wWROY FidR bk Wikt eifeféri:t‘ﬁ dR BRI 0Si ty
material is from about 0.05 to 1.5 cnB/g, preferably fromO0.1 to 1.2 cnB/g

and in par tlessthar 5 fwt%m Foomation @0the c8mpasitiorOmeyrB¢ gehidiled bysanventiosaldi amet er  of
Fr om abaut BearS iaajdine e b6 afchefeioss en GOMRO By cxipistan & ReUaBEL 12 nm

The surfac : - i i b H¢: : m about 50
(o about -saBnB dlrekiTmidhel Eita R okiite AR B pde B ELERR a8 200

parti cul ar thacopabalidr 12 2OndteriA b niix@0idrodityd.eoboth meacsappaustand25 101071 The

surface area of the macropqorous materials and m xed porosity materials my
be det er mi rf@esopgroupel hopratarals g mixgdRprodty Mmaydraye rawpre digribytien wuvhich i n

accordance g b, i ter b i LSt ribution
may be dett\epé?&rlﬁggggubtg Q‘hg&tpsé)r%‘é%r%fag 9{1@ ‘Igrﬁ ag%‘?ﬁ? (:t g Iagéﬂglr? /‘gg%ao? ﬁgert;%gﬁl ith DIN

66133. 130 3fporh QBOR]10TbabsBS0GRA I partioBlaefroal sboaNid wiabedk 159 afithe/porat eri al s
that may be used, are, for exanple, nmacropore containing activated carbon,
silicon carwlaae isdformedhbimmagroperes haying pens digrastergdn thei rangs faem abeti de,

zi rconi um di oxi de Si.um.gxi [ XI or_m x{ures of or nore
Eher oo « i s as FEROE BRI Ghoits0 o el S8 aeelissbY R tcut AP 6
al umi nai [ 04381 9Ph emER REREDbIHEEH dbbutl TR REERESITY, AV aktdiul 4 FRHN his@s one or
nore active
75 to about 85%, of the pore volume is formed by mesopores having a pore diameter
15  of from about 2 to about 50 nm where in each case the sum of the pore volumes adds

up to 100%.

[0106] When used, the total pore volume of the mixed porosity material is from
about 0.05 to 1.5 cm®/g, preferably from 0.1 to 1.2 em*/g and in particular from about

20 0.3 to 1.0 cm’/g. The mean pore diameter of the mixed porosity material is preferably
from about 5 to 20 nm, preferably from about 8 to about 15 nm and in particular from
about 9 to about 12 nm. The surface area of the mixed porosity material is preferably
from about 50 to about 500 m*/g, more preferably from about 200 to about 350 m*/g
and in particular from about 250 to about 300 m?/g of the support.

25
[0107] The surface area of the macroporous materials and mixed porosity materials
may be determined by the BET method using N, adsorption, in particular in
accordance with DIN 66131. The mean pore diameter and the size distribution may
be determined by Hg porosimetry, in particular in accordance with DIN 66133.

30
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hydr ogenati on netal s deposited on one or nore support materials. The

hydr ogenati on conponent is provided by a netal or conbination of netals.
Active 10 netals that may be used are preferably one or nore netals of
transition group VIIl of the Periodic Table. Preference is given to using
pl ati num rhodium palladium cobalt, nickel or rutheniumor a m xture of
two or nore thereof as active netal. A particular preference is given to
usi ng r ut helfil08h The maéropenoupmatesidlsiamd migddkporosity matetisls dlsat ofaytbesed nor e

thereof. A parjicularly preferred .active nefal is rutheniu 5 or nickel,
nmost pref erfgfrlg?r FAAR oRqre Roflaipme et yiedeprbon. silicgn F@bﬁgc't]ﬂ“{nﬂ’&{m besi des
one or ﬁvreoﬁa’é,ailﬁoﬁhio&gc%ptﬁ Anh A dRk i zi}‘@orlx%gngﬁfoﬁkcﬁz, gﬁéshﬂ%ﬂidé /IRy used be

used in conbination w e group VIII S suc S Goup IB, VIIB, or
VI |1 B net al axide ¢r0tikdjreTbetweostieot thdredfhwithpraferenanmomegivvemid dsingar y accor di ng
toits (‘Satal tic 20 ac_tlvitﬁlh_Thus, the highly active noble netals may be
used i nsndPPEPPYURSORERINGANMINA e | ess active base netals. For exanpl e,
about 1 wt. percent or less or ruthenium palladiumor platinumwll be
effective. The netal conponent may exceed about 30 percent in a nonol ayer.

25 [0111] Tio20%cThevertaiwrit abedcianhepilesdns irgentidraddnypriseo ohabombreticlite t 0 about 30%
by weight, preferably fromabhout 0.01 to about 5% by weight and in
parti cul ar Widsmgenatin metalsdepesiied enrons o mpreipgakt mateiadacAbease based on the

otal, vt Sl B IS A SLRL AN IR

active 1get ahstaBttha nidt il used ateqitt fefibly @fSortnad mald 46 ansieinghbuInet i ve
nmetal and preferably at a total content of |ess than 2% by weight of active

netal . Pr eftle Bptigdie fableofretasencefis givemtoriising platifunyrhedivm: pdladium,o 36 2%
nore preferably 0..1.to 1% by weight of the total ,catalyst. W t he support
s Cubeq | rRaane PERSEIm AT RATERE ARG Ar Rt HRRT Y BB 1R e
catal yti cal pavti@gdr pr&fereitd ﬁ'giﬁnfftS%sﬁg@uﬁl%iﬁﬁgq_ﬁﬂnﬁlhgpﬁﬁaﬁﬁ{ hick@fpre it is
conbi ned with the matrix nmaterial. [0112] The hydrogenation catalyst is
manuf act ur edixtgrengf tvoerosers shéreofwiA partieulady prsfartediastipe metadl sdruthientumone or

nore catal ytically active t sites, fthrough the yse of ecific
sequends of kel Sadi pisfatly e bty Tuhasd B8 Roked Tu iigissbeet Bub Pieted wi e n
one or more metals of transition group VIII metals other metals may used be used in

combination with the group VIII metals such as Group IB, VIIB, or VIIIB metals.

[0110] The content of the metal component will vary according to its catalytic

20  activity. Thus, the highly active noble metals may be used in smaller amounts than
the less active base metals. For example, about 1 wt. percent or less or ruthenium,
palladium or platinum will be effective. The metal component may exceed about 30

percent in a monolayer.

25  [0111] The active metal content is generally from about 0.01 to about 30% by
weight, preferably from about 0.01 to about 5% by weight and in particular from
about 0.1 to about 5% by weight, in each case based on the total weight of the
catalyst used. A preferred catalyst is one that comprises ruthenium alone or in
combination with one or more additional active metals at a total content of less than

30 5% by weight of active metal and preferably at a total content of less than 2% by

weight of active metal. Preferably the content of ruthenium is from about 0.01 to
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one or nore organic conpl exes of one or nore catalytically active nmetals in
a second step the organic conplex is partially deconposed. 10 [0113] In one
enbodi ment a conpound, or salt, of one or nore catalytically active netals
i's conbined with one or nore of the specified nitrogen-containing organic
conpounds to forma m xture which is then contacted with a support to
deposit the organic conplex. In this enbodi nent the conplex may be forned
on formati odveohorePprefierabin Qi de &0y weightuf thototed datalyse Wiharthasupparttin t he

support and after r.enpval of any. solvent.or solvents us dur.i ng. formati on
of "Ehe. m xtre fom SRRy A AR BTN i et A Sy Bk A ed i ¢ h a
conmpound, %etﬁ?diies alf foRN&l 8K tHE‘%[lﬁpd‘f%é%bﬁé,tit ﬁ%h%irﬁ:ﬁt\ki’ﬂ?the @%tﬁk ﬁxaié?ial.ov"ed by
treatment with one or nore of the specified nitrogen-containing organic

conpounds to formthe organic conplex on the support. In an alternative 20

enbodi nent th ort is first contacted with one or nore of the specified
ni tr ogen- @hf@?ﬁfeﬁgd&g@amw @&%%eﬁfagnwefmtwamnw nrocest HewRichat h a

conpound, %Rgﬁjé {sbpr%idec?%h%e Fﬁpﬁﬁﬁ@?ﬁzg%%agﬁ %é{ﬁ'%/e REfal Y¥fsTbaEPHEAsd Or M the

conpl ex on t upport. In a furthe one or nore-organic
conmpounds asfa specifiopenuetce cfi preadst stepd. Ianke fist stepthe sappart istpredliéd/wakt i ve
netals are contacted sinultaneously with the support to 25 formthe_ organic
conpl ex. | rPOg&Y MOIE QFRARICORPMIES REPRE I merecalhydicalyative matalp ek sespnd ¢ he

desi red net . S i sed.. ' to the support via solution of
the conpl e%qtﬁgér%g}ct%ﬁﬂggéfgléagtﬁ?i}?%e?g@hg&gbnpl ex. [0114] The one or nore
catal ytliocal |y active netals may be exchanged onto the 30 support material,
i mpregnated into it or physically admi xed with it. The application of the

i ndi vi dual [86Wdnene smbpdimept a cempeunds aptnlie af enarrymere cai@hitiselbradiiye st eepi ng
37 the suppart.i.n an .agueous netal s solution. or a solution in a

st tabi o Sorbele e ERESoNE Biors Rbe SRsticuGferp i uRiipith sinicr,

deposi ti on dhpolfdeeIToy adhikire WhitBiif then SBfitadted &itra s%Piﬁox@Ed"@épo@iﬁH&Od-
Suitable netal salts for preparing the netal salt solutions are for exanple
nitrates, rirgaegomplexs i dhis erhbddinient the corpplexmay be Someadixiprmatéan of

acetyl al(‘set hé Enel)%t’urecct}'l n%yobecg)%!eg éﬁcsr’coﬂ%.ag \ImttI? tHe X Il)c()al%( and gﬁer?%&a? of any

solvent or solvents used during formation of the mixture. In another embodiment the
support is first contacted with a compound, or salt, of one or more catalytically active
metals followed by treatment with one or more of the specified nitrogen-containing
organic compounds to form the organic complex on the support. In an alternative

20  embodiment the support is first contacted with one or more of the specified nitrogen-
containing organic compounds followed by treatment with a compound, or salt, of
one or more catalytically active metals to form the complex on the support. In a
further embodiment one or more organic compounds and a compound, or salt, of one
or more catalytically active metals are contacted simultaneously with the support to

25  form the organic complex. In yet a further embodiment a suitable organic complex of
the desired metal may be synthesised and applied to the support via solution of the

complex in a suitable solvent for the complex.
[0114] The one or more catalytically active metals may be exchanged onto the

30  support material, impregnated into it or physically admixed with it. The application

of the individual components or mixture of components may be achieved by steeping
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conpl exes of the corresponding netals, with preference being given to the
nitrates and nitrosyl nitrates and nost preferably the nitrosyl nitrates.
When Pt is the active netal it is preferred that it is not conplexed with
the organic conmpound as its nitrate salt, preferably it is conplexed as a
chl oride or hydroxide salt. 10 [0115] In the case of catal ysts which have a
plurality of active netals applied to the support, the netal salts or netal
sal t sol ut i thasupportietaalaqoans meata sslmlsmluiimn:mr asolutibx irug astabiysobenapfd | ed

si mul t aneousl| successi on In the manufacture of the

cat al yst en‘iﬂ“{ii? dioﬁ thepactyl, grindhe B‘FX E% @%@ﬁ’cﬂonl“i*ﬂ)’ebﬂch‘ﬁv?ﬁ@y or gani ¢
conpounds tdlg;& I $Pr 12! o?r?o‘?ﬂ@tl?odOfSufthﬁ_l@ﬂwal%Fﬂ gy %HHﬂtﬁe)iﬁ alM th the
one or nore cat I ytic y active netals ypli cal é) organic

conpounds tdalttsobutionsap dbd exaofpld nitmienitosybhitoaes, lhdimlt:s ,aanrboahtafl e under the

condi tigns tt‘? re nor IIy used for de 05|t|ngqcatalyt|cally active
metal s. 7| de&3f % %‘}?9’ Helgies SORBIExss, BIEE) URRIgKes T JRRINGe et al

organi c co sgesbbafe R p&lhﬂgllﬁetm@d@ p&%ersla)&qjemﬁoegwem&ﬁyhﬁ% Qused for

dryi ng catal yst supports atter npreg na on Wth nor e ca aIytlcaIIy

active net admd.nittesyt ﬁMa&szhd&stCprefHDmpuﬁdﬁtr@dyﬁnmtds KviganPtiifitHehaetivg t  Of
transition metal chem stry and include such organi c conpounds_as_organic
chel ating aBeatigis Rﬂe@aﬁdéhartrﬂn&;a@trﬁoatréexeémmap@aawomupéaszt!%ﬁlttratee | i gands

comont ¥ usgfl hAgthsy RERAALLANAL AR GRIRLGN | coordinat i on

conpl exes X€esS on ornore |igands being
coval ertpl y bonded nol ecul es and/or ions may be present in the conpl ex.
[0117] In the catalysts used in the process of the present invention the

organi c 30 [@bhﬁidﬂﬁb@cw @f easalysia mdwcht e apbielity of etéveanetalsapplaed tadhgr oups
o oupe. 30 THR T iR i A TPRHOR e o RE OO Bl i phat i
ami nes, ar ahkyires ﬁ;@y 'B@ﬁ ﬁlﬂa‘é s%h{ih(zlrﬁbﬂshy 8FinN@Secsdifgse may be primary,
secondar y and tertiary am nes. is preferred that the nitrogen-containing
conpound is one or nore primary, 5 secondary or tertiary am nes, preferably
one or ere Gﬂé]pl}rl eI: thany .acr:]t(lalrse 0 tﬁ&ia Qa(%al())fsq%mployed in the process of the present
invention the organic compounds that are used are capable of forming organic
complexes with the one or more catalytically active metals. Typically these will be
organic compounds that are capable of forming complexes that are stable under the
conditions that are normally used for depositing catalytically active metals. Ideally,
20  the organic compounds are selected to provide metal organic complexes that are
stable under the conditions normally used for drying catalyst supports after
impregnation with one or more catalytically active metals. Suitable organic
compounds are well known in the art of transition metal chemistry and include such
organic compounds as organic chelating agents, organic monodentate, bidentate and
25  polydentate ligands commonly used in the preparation of transition metal

coordination complexes. In a number of such complexes one or more ligands being

covalently bonded molecules and/or ions may be present in the complex.
[0117] In the catalysts used in the process of the present invention the organic

30  compounds are compounds that contain one or more amino groups that are amino

acids or organic compounds containing amino and alcohol groups.
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nore hydroxyl groups such as for exanple hydroxyal kyl am nes. [0119] In one
enbodi nent, the nitrogen-containing conpound used to make the catal yst

enpl oyed in the process according to the present invention has the follow ng
10 general forrmula: NR R2ZR3 (1) wherein (subject to the conpound bei ng

sel ected from conmpounds containing both an 15 am no group and an al cohol
group) R, R2 and R3 independently are one or nore of the follow ng groups:
C, -C50 -alkyl, C3 -C50 -cycloal kyl, aromatic, alkyl substituted aronmatic,
such as Cl - -al kyl substituted. aromatjc, aromatic substituted aliphatic
noi eti es sd@ﬁfﬁs&@ compgu SI%?"I%]PFeﬂPPg‘?E‘E prates, pyelopliphatig aggings @ﬁ@ygr nor e

i

aronatic . j - r I 1.10- - stituted
0" arESHESspdAonan A PHAE ol be RS s Ao ariER A A AL
di al kyl am riosl|gegferradithiat de niBogetS@dntainlh@tdypamdrio ahkyl morl geichany noal kyl such

as C2 -C50 -al kyl am noal kyl, heterocyclic, aromati,c heterocyclic, alKkyl
substit gt ecFePF?!ldéFYd?NEq"iaE’ Hpimes Prsferablyee or mosgraliphghin amanes haviBE GBS 6T i ¢, such

Compounds, a8 BV DRD b Lel AR RN AN TRRIR 25 Lok B G

- C50-al kyl ene 25 noieties substituted with one or nore aromatic groups. In
addition, Rl and R2 may _independently be hydrogen. |In another enbodi nent,
R and R2 r{ﬁiflﬂldn@pem%ndmt, the nitregemcentapingsoniperadvseddo make theng

1L 007! S PR e s io i B M ERPAIBE NS ERL '

i ncl udgp nedehwlal foefbdsh , n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,2 39

di met hyl propyl, n-hexyl, isohexyl, sec-hexyl, n-heptyl, isoheptyl, n-octyl,
i sooctyl, 2- ethyl hexyl, n-decyl, 2-ps qgwl-nlgeptyl, n-tridecyl,
2-n-butyl -n-nonyl and 3-n-butyl - n-ngmgé, partf ularly preferably ethyl,

i sopropyl, 2-ethyl hexyl, n-decyl, 2-n-propyl-n- heptyl, n-tridecyl,
2-n-butyl -n-nonyl and 3-n-butyl-n-nonyl, and C40 -C200 -al kyl such 5 as

pol ybutyl , whdrgingsihjrcey ko the cbmpoum/beingsslscisidpen pympamuispohiagting both The nost

ybutyl, yoliing ybaingsilgotet .
P eupe 13" %amiBO roup aAda SleoRb Sl IS R Snd Il IHaZpena¥ndifard 85 ST more of 2 V!

the following groups: C; —Csg -alkyl, C; —Csp -cycloalkyl, aromatic, alkyl substituted
aromatic, such as C; —Csg —alkyl substituted aromatic, aromatic substituted aliphatic
moieties such as Cy -Csg—alkylene moieties substituted with one or more aromatic
groups, C; -Csg -hydroxyalkyl, amino- and/or hydroxyl-substituted C; -Csq -alkyl,

20  alkoxyalkyl such as C, -Cs -alkoxyalkyl, dialkylaminoalkyl such as C; -Csg -
dialkylaminoalkyl, alkylaminoalkyl such as C; -Csp -alkylaminoalkyl, heterocyclic,
aromatic heterocyclic, alkyl substituted heterocyclic and alkyl substituted aromatic
heterocyclic, such as Cy -Csp -alkyl substituted heterocyclic and aromatic heterocyclic
compounds, and heterocyclic substituted aliphatic moieties such as C, -Cs -alkylene

25  moieties substituted with one or more aromatic groups. In addition, R' and R? may
independently be hydrogen. In another embodiment, R' and R? may form, with the
nitrogen atom, a nitrogen-containing heterocycle, aromatic heterocycle, alkyl

substituted heterocycle or alkyl substituted aromatic heterocycle.

30 [0120] Examples of alkyl groups include; methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl, 1,2-
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having 1 to 20 carbon atons and nore preferably 2 to 14 carbon atons. [01211

Exanpl es of cycl oal kyl groups include C3 -Cl12 -cycloal kyl, preferably C3 -C8

10 -cycl oal kyl such as cycl opropyl, cyclobutyl, cyclopentyl, cycl ohexyl,

cycl oheptyl and cyclooctyl. [0122] Exanples of aromatic groups include;

phenyl, 1-naphthyl, 2-naphthyl, 1- anthryl, 2-anthryl and 9-anthryl,

1-phenant hryl, 2-phenanthryl, 3-phenanthryl, 4- 15 phenanthryl and

9- phenant hrdinethyipto]l, iEkexpb) iesheaf!, sdckdydxyk mﬁmpt}ﬂns@tﬂ:pad,mmd:tybisgoaybé i ncl ude

C7 -C50 al kyl .aromatic rou refe abI al k enyl such as

2- nonyl pher%li‘ylﬁ?i‘y Hg‘ﬁ‘%l‘i?ﬁhgﬂ/'l’%l’ﬁl RIIFBPIW[ b‘Ff n&&@’%ﬁﬁ%ﬁﬁ? dn%n 1 phenyl ,

4- decyl pheryh p%n‘i’d BREMYY ethdh, fhopd r@%ghmgnwd 1, 9: ny! phenyl,
onyk BNr jllﬁeﬁill ,oaz,pg-’ di decy ec? nﬂfoB?l

3, 4- di nonyl phény i nonyl hen
di decyl phedwptylm—ﬁtdedyldbmybmﬁemybnyl 3ndl3-ne|ﬁndﬁeny—hpth§dmdd (édadCBQOSalkyl such

3 df}ég'h o1y Boh Ao Ay Dropeh Bt ReeRtg Py %iypﬁf‘é%yha@aeﬁm@?yf‘%ﬁﬂ??y'
2,6

23, 4etrl L@‘h@ﬁﬁﬁ’e‘f‘ hatc Qufth R M AR Nnines havifly BRG GYmBREM L grous oyt
2, 4, 6- t ri metalvidgpherdll carbbnedtbnik pikmypte preferabiny kphecarbon dtemishy| phenyl |

2- n- propyl phenyl, 3-n-propyl phenyl and 4-n- propyl phenyl. 101241 Exanples of
aromatic substituted al i phatic noieties include C7 -C50 al kyl ene

noi eties s t ti ably C7
-Qu - phen;ip iﬂ! ]f:ﬁaﬁﬂ)é# (;fh:y gﬁ% g%ﬁﬁ Selﬁglﬁllg?%/ élzzyﬁlz&alﬁ ’fé}fﬁr%ﬁéﬁfl il propyl ,
2 40 phe)nyl-ﬁmwlkyl sﬁcfpﬁ&ﬁ@&lc@i@ﬁ&’byclbb Eayd1bpeny, c)%idhbﬁﬂyd:ﬁwmbtyl and

3- phenyl butyl and 4- phenyl butyl, par?:?cur bﬁ/ pref erably benzyl,

1- phenet hylcyglegctyl phenet hyl . [0125] Exanpl es of hydroxyal kyl groups i ncl ude
C, -C50 -hydroxyal kyl, preferably 5 C, -Cg -hydroxyal kyl, particularly
preferably C, -C4 - hydroxyal kyl such as hydroxynethyl, 1-hydroxyethyl,

2- hydr oxyetjpy22] Exdiwiésoa%&nm Blips laclhaéirmﬂylnt-ngpmﬁw 2-n@phthyld{-0Xy- n- pr opyl
and 1-hydroxy-nethyl-ethyl. Particul arl referre hydox al kyf group
cont ai ni ng anthmbgmtlwqumd&a@mhnyhdl-ptwaam lr?onlccnﬂn&ljryl -ah@hanﬁlryl 4-

15  phenanthryl and 9-phenanthryl.

[0123] Examples of alkyl substituted aromatic groups include C; -Csy alkyl aromatic
groups, preferably C; -Cyg -alkylphenyl such as 2-nonylphenyl, 3-nonlyphenyl, 4-
nonylphenyl, 2-decylphenyl, 3-decylphenyl, 4-decylphenyl, 2,3-dinonylphenyl, 2,4-

20  dinonylphenyl, 2,5- dinonylphenyl, 3,4- dinonylphenyl, 3,5-dinonylphenyl, 2,3-
didecylphenyl, 2,4- didecylphenyl, 2,5- didecylphenyl, 3,4- didecylphenyl and 3,5-
didecylphenyl, more preferably C; — Cy; alkylphenyl such as 2-methylphenyl, 3-
methylphenyl, 4-methylphenyl, 2,4-dimethylphenyl, 2,5-dimethylphenyl, 2,6~
dimethylphenyl, 3,4-dimethylphenyl, 3,5-dimethylphenyl, 2,3,4-trimethyiphenyl,

25  2,3,5-trimethylphenyl, 2,3,6-trimethylphenyl, 2,4,6-trimethylphenyl, 2-ethylphenyl,
3-ethylphenyl, 4-ethylphenyl, 2-n-propylphenyl, 3-n-propylphenyl and 4-n-
propylphenyl.

[0124] Examples of aromatic substituted aliphatic moieties include C; -Csq alkylene
30 moieties substituted with one or more aromatic substituents, preferably C; -Cy; -

phenylalkyl such as benzyl, 1-phenethyl, 2-phenethyl, 1-phenylpropyl, 2-
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substituted aliphatic hydroxyal kyl am nes such as net hanol am ne,

di - mret hanol am ne, 10 tri-net hanol am ne, ethanol am ne, di-ethanol am ne,
tri-ethanol am ne, butanol am ne, di-butanol am ne, tri-butanol am ne,

propanol am ne, di-propanol am ne, and tri- propanol am ne. [01261 Exanpl es of
am no- and hydroxyal kyl groups include Cl1 -C50 -al kyl, 15 preferably am no-
and/ or hydroxyl -substituted C, -C8 -alkyl, particularly preferably am no
and/ or hydrpixpylpepyk Siphenplprapyl,-leghenglbkiyl, 2sphenybstyl-3-bharylbuyd ehg By ani noet hyl

Y

preferably C2 -C8 -al koxyal kyl such as net hoxynethyl, ethoxynethyl,
n- propoxynet hyl , i sopropoxynet hyl, n-but oxymethyl, isobutoxynethyl,
sec- but oxy rig126)| Examgi¢s- dfitydropyetikilygrougs-ineuboKy e 4 yhydaomyalkyl, ipe¢ fmaklyet hyl |

particul_arl ef er abl -CA -al ko kyl such, as t hoxynet hyl ,

B hoxyrmt hyt U s T O ety Py S IR Sy ey | 25

i sobut oxy U [~ - X Ay 23 hyl and 2-
ot hoxyet KRSt AR, 2l Gl volth VTR hprd T BRINELRL

- di al kyl am progglk3+hydropy-afeopyilayid Chydfikq-methgll-dtlyylaPartioalhy prefg@sadt i cul arly
preferably C3 -C o. 30 dial kyl am noal kyl such, as di methyl am nongt hyl ,

di met hy | ani dexykyl eropponiaining Rikogsy comppunds Fchide themener Byt andia-,

di i sopropyl am . 1.NG:a s include
2 -C50 - alﬁ@g%tggnt%ﬁgg*’}&%cfhjyd%%%%l&@%a?@ﬁeﬁgﬁé’?% %"?%F‘E‘b?%%*é‘?t icularly
preferaddgl y tdnetb@nolahiny| @nndahiny) di-sShigblagfineleitiRHaaolanmne biysholamine,
met hyl am noet hyl , et hyl am nonet hyl, ethylam noethyl 5 and )
i so- pr opy! ahibwéselamine, [tgduitAnoBrng | psepagplagitsei-propaeelamaney ardti-i ncl ude
2- pyridi nyl ¢ ;?ang{aﬁﬁlﬁé nyl, 4- pyridinyl, pyrazinyl, 3-pyrrolyl, 2-imdazolyl,
2-furanyl nar g uranyl . Exanples of alkyl substituted aromatic
het er ocycl es include C4 -C50 -nono-hetaryl al kyl, such as 10 2-pyridyl net hyl,
2- furanyl - nmet hg/l , 3-pyrrolylnmethyl and 2-im dazol yl nethyl, and C4

[0126] Examples of amino- and hydroxyalkyl groups include C; -Cs, -alkyl,

15  preferably amino- and/or hydroxyl-substituted C, -Cjs -alkyl, particularly preferably
amino and/or hydroxyl-substituted C, -C4 -alkyl such as N-(hydroxyethyl)aminoethyl

and N-(aminoethyl)aminoethyl.

[0127] Examples of alkoxyalkyl groups include C; -Csg -alkoxyalkyl, preferably C; -

20 Cyg -alkoxyalkyl, particularly preferably C, -Cg -alkoxyalkyl such as methoxymethyl,
ethoxymethyl, n-propoxymethyl, isopropoxymethyl, n-butoxymethyl,
isobutoxymethyl, sec-butoxymethyl, tert-butoxymethyl, 1-methoxyethyl and 2-
methoxyethyl, particularly preferably C, -C4 -alkoxyalkyl such as methoxymethyl,
ethoxymethyl, n-propoxymethyl, isopropoxymethyl, n-butoxymethyl,

25  isobutoxymethyl, sec-butoxymethyl, tert-butoxymethyl, 1-methoxyethyl and 2-
methoxyethyl.

[0128] Examples of dialkylamino groups include C; -Csg -dialkylaminoalkyl,
preferably C; —Cyq -dialkylaminoalkyl, particularly preferably Cs -Cyy -

30  dialkylaminoalkyl such as dimethylaminomethyl, dimethylaminoethyl,
diethylaminoethyl, di-n-propylaminoethyl and diisopropylaminoethyl.
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-C50 -al kyl hetaryl such as 2-nethyl -3-pyridinyl, 4,5-dinethyl-2-imdazolyl,
3-net hyl - 2-furanyl and 5-nethyl-2-pyrazinyl. [0131] Exanpl es of

al kyl am noal kyl groups include C2 -C50 -al kyl am noal kyl, 15 preferably C2
-Cl6 -al kyl am noal kyl such as net hyl am nonet hyl, met hyl am noet hyl ,

et hyl am nonet hyl , et hyl am noet hyl and i sopropyl am noet hyl. [0132] Exanpl es
of di al kyl am noal kyl groups include C3 -C50 -dial kylam noal kyl, preferably
C3 -Cl16 -dial kyl am noal kyl such as di et hyl am nonet hyl, 20

i i sopt opyl DR dmaes SR BRRleR wousintbe Po X e B BiiatRls. i nc ude
pyridine, pyefepib®s C1ICHIARYBmindNEE PaRiculdya#SHeRiblyPy] ﬁ?gghg(glaﬁﬁﬂ%wl i ne,

pyrrolidine, pyri'mdine, and substituted exanpl €s o ese het'erocyclic
conpounds. sErlaaphethylinioemeathgh intethyianminoetppl ettiglaimiodoetbylacthylaonndethyl e, al kyl
nitriles such.as for, exanple nethyl nitrile, and ethyl nitrile. [01341
Suitabl & arft dSOéE'iOHXIW%' natural and synthetic ami no acids. The natural
30 amino acids include all isoners of the follow ng: al ani ne, arginine,
asparagi nes, aspartic acid, cysteine, cystine, 3, 5-dibronotyrosine, 3,5,
di i odot yr og0h30] Epanipdes of ad@matic Kktergtwelagrinciede Ppydding, 34pysitingl, de,

hydr oxyl ysi ne, droxypral i ne, isal eucine, i si_ne, nethioni ne,

h I I
phenyl al ani%ﬁilyimwyléew%ﬂ, {lﬁm&%m&,Z-Wﬁgér?qi%ﬁugvxly&whmﬁ tyrosi ne
and vali ”e1all§rl REbdingikd %ﬁti%@feﬁc&:&&gs 31’515,{38 gﬁﬁbg“u_:r’?%rkﬂ_'@&%% suth hQ135] The

speci fied organic conp use inrelation to
the amd@nt Dpyrsdiimetbyl, QaofoRyhaietiyl, Bhgredilmeityl afd 2-ymRlakolyknétBflpdnd ¢ deal |y it
is used at an approprjiate nole ratio to convert all _ of the salt or conpound
of the cat afCyeiabihofarylsuch ge2magthyl-3-pyrishaylof. S1ddmethsl-Famidazelyhgtastbyl- Thi s
may be a [ | f r_:higher depending on the capacity of the
metal to gg%prgﬁﬁaffﬁg?%%ﬂ§?§§%F8ﬂ1o conpound, the capacity of the organic
conpound to conplex with the netal and the presence of other conpl exing

| i gands such as nonodentate |igands. However it is possible to use |evels

of organi c 083 dinaanplés oftalkadaminasllsk groupsrinclude €oriph eadkylaminaalikyl,
15  preferably C; -Cy¢ -alkylaminoalkyl such as methylaminomethyl, methylaminoethyl,
ethylaminomethyl, ethylaminoethyl and isopropylaminoethyl.

[0132] Examples of dialkylaminoalkyl groups include Cs; -Csp -dialkylaminoalkyl,
preferably C; -C6 -dialkylaminoalkyl such as dimethylaminomethyl,

20  dimethylaminoethyl, diethylaminoethyl, di-n-propylaminoethyl and
diisopropylaminocthyl.

[0133] Examples of heterocyclic compounds, include pyridine, pyrrole, imidazole,

oxazole, thiazole, pyrazole, 3-pyrroline, pyrrolidine, pyrimidine, and substituted
25  examples of these heterocyclic compounds. Examples of organonitrile compounds

include acrylonitrile, alkyl nitriles such as for example methyl nitrile, and ethyl

nitrile.
[0134] Suitable amino acids include natural and synthetic amino acids. The natural

30 amino acids include all isomers of the following: alanine, arginine, asparagines,

aspartic acid, cysteine, cystine, 3, 5-dibromotyrosine, 3,5, diiodotyrosine, glutamic
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of the catalytically active netal; in these circunstances not all of the
nmetal is converted to organic conplex and the resulting catal yst nmay
contain catalytically 15 active netal sites that have been derived from
conpl exed and non-conpl exed netal intermediates. lIdeally, the nole ratio of
organi c conpound to catalytically active metal is within the range of 0.1
1 to 40 :1, preferably, 0.1 :1 to 30:1, nore preferably 0.2 :1 to 25:1,
even nore o, ghrdohinepglpéine, histilink) hdroxyl@sise, hydwxgprolipe,imdencegf er ably 0. 25

1 to 5:1,, and nost preferably 0.5:1 to 5.1. 20 136]. en t.he complex is
formed i A< Grae BBHEn BorRhSRi aFink RIS 56 (Hsntne, ABRRERG 1< Usual | v
and pref er afptoftahd®eokine %@bﬁlﬂﬁE?B&ti\%ﬁaﬂ% redQreteMino WG . RYinine wWat er or

an organi c solvent or a m xture of water sol vent. The anount of sol vent
used may vary within wide ranges but is typically sufficient to ensure that
the 25 'xtﬂrﬁﬂ%e, ffectively contacted with the support .so as to wet

t he suppor tl0% Reifind orgapisompound, may be usest afjapy shifbieleredin satim ¢ he

he suppor By b _
mor o cat al PR TS Fel 6 Rffichna O e Rl ok e RE el TAERERICAR (D) are

used i n aniahappopdite defle radiong cofvertwi f thé salnoradobpyuhidh 6f the Gutalyeidallyol e
ratios indicated above to be achieved in the mxture. 30 The renai nder of
the mi xt ur eclyeimetal sorer erepsganiGenmplexes. Whiscpaybg2 pelasraticefi1:1 pn an

00 43 wi - ousgrerBpehlle R Bk bR BE Ml b bR UE MG ) %5 0 b weon

of the 1gei gidmpdlind,tthecdpatigy offihy biagic @vfidun®iceddisieehvidltie Hetal andheWt % of
the weight of the total mxture and nost preferably 10 to 65 w % of the

wei ght of tmiesenes ef oth¢ncompdexing ligmdy puchrasanorfodentateiligands  Hewewsrgbisi ¢ conpl ex

th 1. t d I ' | t t of
The sol venibatileds ot RErs of BAnE SmeBHE hER AR SrTsieRt IR Raa Wi B i g
nmay be achigvrdcatlgedalidmBiienea® Nt thesOfiScuttitdhcsnot hfUTHhENRRAI At Ure or this

may be achi eved at” el evated tenperatures, preferably drying is at a
t enper at ur ecohvertadto @rgamiclGondex Mrdethe resplting chtalyst map conteincatadytiwelly t i on of t he

10 or gani e canpl ex ocours during. e drving phase and drying merely results
intermediates. Ideally, the mole ratio of organic compound to catalytically active
metal is within the range of 0.1 :1 to 40 :1, preferably, 0.1 :1 to 30:1, more preferably
0.2 :1 to 25:1, even more preferably 0.25 :1 to 10:1 or 0.5:1 to 10:1, more preferably
0.25: 1 to 5:1, and most preferably 0.5:1 to 5:1.

20
[0136] When the complex is formed in a mixture before contact with the support the
mixture is usually and preferably formed in combination with a solvent, which may
be water or an organic solvent or a mixture of water and solvent. The amount of
solvent used may vary within wide ranges but is typically sufficient to ensure that the

25  mixture may be effectively contacted with the support so as to wet the support and
when the support is porous to allow penetration of the mixture into the porous
support. Typically the salt or compound of one or more catalytically active metals
and the specified organic compound(s) are used in amounts which depending on their
form allow the required mole ratios indicated above to be achieved in the mixture.

30  The remainder of the mixture comprises one or more solvents which may be present

in an amount from 1 to 99 wt % of the weight of the total mixture, preferably 5 to 90
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removal of non-conpl exed volatile materials. [0138] The second step for the
manuf acture of a hydrogenation catal yst used in the process of the present
invention is the partial deconposition of the organic conplex 15 on the
support Al though not wi shing to be bound by any theory it is believed that
this deconposition results in the formation in-situ of one or nore
precursors to the catalytically active netal sites. It is believed that it
i's, in partwt¥Yie thowaight ofthototaﬁmis@re,pneltcmrsferabl)aﬁub 8hei% of theaveighttofwi t h

hyd t that the f i bit h f
Catalyeic AlE GG b g araraeuy 048 7St gp Stite i BeowT it ot he
catal yst. Thebédhe At ﬁeyermﬁ Y5e8l65 Wt 3, SLht RRE h‘ib? %ﬁaﬁ{?lﬁﬁfet' al

deconposition or the parti al deconp05|t|on may e un erta en in the presence
of hydrogen under pyrolysis conditions. An inportant parameter in the

activit t cal |, ive netals,.is the formof the netal onthe
suppor t yandlﬂtlﬁ@ f?@éreﬁorra?ﬂgwaéb% PEZABYS COMPISHO e SYPROR (0, SURPGH Bt andThe
process of raﬁﬁf&ﬁ?fed't@\l&%\}eqﬂosq ?ﬁfé%‘aﬁ/e‘?rlBa cﬁr\z&ﬂé‘r’}ﬁéé H{‘ﬁia |al ysts that

conprise catalytically active netal particles that are ely small and

hi ghl y di spiematibn dfithedeinpliern Drfiag Irrm\yeie aoliedkdsyaries ar@biehScondititink yedhyas St abl e.
[0139] Chem sorption neasurenents are comonly used to estimate the size of
30 suppor t e@OREERPeRLIa Py SEsMANbe ﬁetleiedewlﬁ‘a%d tempsratyie pifaably draghod f or

TSASTING 15 Blen ULl ARS A 980 Y | SFRTERRLAN Ol 3y A ELIMER ) gy el L e

et al., erirza t erogenou St's by Franci s

Del annem I\(&g@:ﬁb corﬁplék%ﬁ:curhlﬂmtn‘@fﬂé dﬁﬁlﬁ§ﬁhaseﬂﬁd d]%/lﬁk merfkly lebeltd iatid et al
surface area on the catal referably from0.01 to 10 n®/qg,

[
par ti cul ar | sgmevalemeptopns PXWUOUB q@awrigis/ g and nore preferably from 0. 05
to 3 n2/g of the catalyst. Fromchem sorption 5 neasurenents, the %
di spersion (% of netal atons that popul ate the surface of the net al

particles) pass] bphee.«fercbmteﬁf&ltﬁ@ﬁaﬁlm&temfflamyahgéﬁdh&nl dafaB3t ustH then the
chem sorption rreasurerrents adsorbs only on nétal” atons popul ating the

surface.  Qumessgoéthelpyesenigheenttindpthegiavial dedongwsitiodio dhecorgamsit bamplear ti cl es
\rMe:[aE t irrg of h\%}lmgprt glthoug not %Oﬁ?ﬁgat%'b%%o%‘f b)sr grrl; t %gry 1{: grbe 1eve¥1 tﬁa}/t t{l Qgenation
decomposmon results in the formation in-situ of one or more precursors to the
catalytically active metal sites. It is believed that it is, in part, the formation of these
precursors and their treatment with hydrogen that ensures that the final catalyst
exhibits a high degree of catalytic activity and has high levels of metal dispersion
20  within the catalyst. The hydrogen may be used in a further step after partial
decomposition or the partial decomposition may be undertaken in the presence of
hydrogen under pyrolysis conditions. An important parameter in the activity of
catalytically active metals is the form of the metal on the support and the level of
dispersion of the metal on the support. The process of the present invention produces
25  hydrogenation catalysts that comprise catalytically active metal particles that are
relatively small and highly dispersed. In addition the level of dispersion is relatively

stable.
[0139] Chemisorption measurements are commonly used to estimate the size of

30  supported metal catalysts and metal surface area. The general method for measuring

metal surface area by chemisorption is described in J. Lemaitre et al.,
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10 correlates with dispersion. The preferred nethod for determ ning netal

di spersion is by using hydrogen as the chem sorption probe nol ecul e under
hi gh vacuum static conditions as follows. The sanple is held at a
tenperature of 40C and an 8-point isotherm(with pressures between 10.6 and
53.3 kPa [80 and 400 torn]) is obtained wusing H2 as the chem sorption probe
mol ecul e. The linear portion of this isothermis 15 extrapolated to zero
pressure to'@wrasietizatien elolleteroganousiGajalysts"hedited b FratménDelantydMareehi s i s t he

nbi ned di hon. T le j ted at 40C t
weakl Y. adsoP RIS 5BR SRR PR R RS AR SR e e bR A R et s
referred tojg pae‘fm%@kﬁ@ﬂwmbile@nﬁf%ﬁggﬁﬁhrﬁlyweﬂab@%m RUS oML ahdi S Weak

adsorption isothermis extrapola to zero pressure to obtain the quantity
of weakly chereiprolietsbly fignirlodfets. 3 @0z ShithercatalysenFioim ¢heasisorption val ues f or

conbi ned. di spersion and weak dispersion yields the strongly hel

cheni sorbed™GAPAFFmREs; H‘Fh{&sd?stpﬁfséorﬁé{‘ ﬂf)’a‘e ¥6t\9p’(§é]%at\PQP’ﬂ}éE° tg%?m%(%é Ofﬂiﬁt al netal
di spersi on, je rSi ) and

di spersi on ‘35‘2@%@?5&%% e%ﬁg?ﬁegglr %ﬁb???g}?gg%%?ﬁ?ﬁg“%%wgr the strongly

cheni sor bedcheydsooptem measarenamtuadzdrbs ionlyi ovahietahatoms popuhtiel hpeusacen. | n nany

prior 25 art references the netal dispersion figures provided are based on
the total éw&mwluiﬁm gﬁeeralﬁa valugs pgicatspimallel pargcles pathgners @f Weak

conponent s. ] i i I 1al . -hydr ogenati on
catal ysts urggtgl %{Q@é%ﬁ@g@‘?gﬁ}%ﬁ va eugs%r Hragy g?%gérﬁgl%g?%g?ésé%[ﬁ;gc hem sor bed
conponelt i dorekaassitiolispé¥onnTe peRhed abithod br daseeiamgahetdbdismndomizst
preferably in excess of 30% In addition total dispersion 30 values in

excess of  4Bopsnehneiressnyasithe headspspian mobg melscrlepinderchighvycqum atiess of
>5% and MOmdRlRl 81 AtoYs! TheBEHASisHel PR BhBeRfill SYARC AlShal gy 40% of

nore of 451 neta ersion re e strongly chem sor bed

conponent , gBtherm EwitH preaduras BEbwIEN0N0. 6B PR RPABM andra@lesap iy os@ie®r nore.
[0140] In the second step of the process for preparing the hydrogenation
cat al yst uswing B, anthe ghemiganptign pratieanolpeude e Bke liear hertionwéHiis sathermmés or gani ¢

ComP o1 3 SRS BTl b R ShBEePERRRRLT 0
conpl ex i's @ik & cobdbifedB¥peBort UBhd Andble is then evacuated at 40°C to remove any
weakly adsorbed hydrogen and the titration repeated to determine what is referred to
as weak adsorption isotherm. The linear portion of this weak adsorption isotherm is
extrapolated to zero pressure to obtain the quantity of weakly chemisorbed hydrogen.
20  Subtraction of these two values for combined dispersion and weak dispersion yields
the strongly held chemisorbed quantity. Thus this method provides values for the
total metal dispersion, the dispersion due to weakly chemisorbed hydrogen and
dispersion due to strongly chemisorbed hydrogen. The value for the strongly
chemisorbed hydrogen is an accurate indication of metal dispersion. In many prior
25  art references the metal dispersion figures provided are based on the total
chemisorbed probe and are not split into strong and weak components. In the present
invention it is preferred that the hydrogenation catalysts used have dispersion values
relating to the strongly chemisorbed component in excess of 20% more preferably in
excess of 25% and most preferably in excess of 30%. In addition total dispersion
30 values in excess of 45% preferably in excess of 50%, more preferably in excess of

55%, and most preferably in excess of 60% are achieved. Preferably 40% or more of
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change in the structure of the organic conplex or may be due to the chem cal
destruction of part of or a conponent of the conplex. The nethod of
destruction is 10 selected to ensure that the renoval of non-netal chem cal
speci es associated with the conplex is inconplete. Wen the destruction is
conplete the only significant elenent of the conplex remaining would be the
one or nore catalytically active netals as oxides when destruction is

carri ed outthedarmegi dispersign mdatel toithtstramglyt ¢hemisorbkdoeunpreesl, mohen t he

destruction_i rri out in.the presenc f hydrogen. There 15 nmay al so be
resi dues su®h eéag’?ycéér g‘b‘?ﬂf’%‘?ia&ﬂé%osf Bﬁﬂﬁféé’q}’sgfﬁ%é%‘%}'ﬁposi tion of the organic
conpl ex. The partial deconposition is due to variations in structure and/or
conposition that do not nornmally occur under the drying conditions typically
used in ca0dd8jsin the spandstepnf thetpnoxtss fof pepatianthe hydfogshationtcatabysamador

conposi tion under the _conditio aof the second stage nmay be detected and
moni tor &d USithghyAEPgeaaLonprogess) thednyentigpsihe STRRSICRUPISH 8 AFENTDIRGn i n t he

art such aé)aﬁ-ﬁﬁllfy?}ﬂ e _cﬁﬁﬁﬁ%f‘r%rg%gxgé‘em Aﬂ@ﬁﬁcg?ﬂﬁ?ﬁaﬁ ‘&%&Qﬁyosiﬁdﬁteg:ﬁ% f’hﬁi metric

anal ysis, das o Iquid c raphy an spectroscopy vari ety
of met hods theyhdmicalsethpositiondilide qraarti¢c edmples isweietdpthisahay bedwrtgani ¢ 25
conpl ex. These inc]ude chem _cal nethods such as _chemcally induced

hydr ol ysi s GrneadBaHBire of the s ganig ciyplex er may ke FFB%EOWFK“&’@% or base or

partial dechnsamcp iRt R bt Bolll B 2 Bmplt' She RELIRELT el dBF 10,

cal ci natli orseldedho ehsusbibabtharembite of hed-alet dherRhlNpdsicMhdsbeipRd iitithér
preference being given to calcination. A further nethod is 30 treatnent with
steam | n owmpebedngasnleten Vhapthe gestrmciienisisemplete the@nbigignificaie 46

presence of _hydrogen; in:this enbodi t any subseque treatnment with

hydr ogen n%?)x%ét ogﬁ.}ctc[ogaa.le)f @mlnwgﬁﬁzbaeltﬁf ﬁ%ﬁ PR rc_a%{lﬂpbcﬁ %P‘[SYF‘GGS used as
the met hod hethlsR@bkideb whes abRRRtibh Rtarrd®ut ihder OkBRUILE cORITIb R orile exact
conditions used will depend on the nature of the conplex and especially its

t her mal st aloilwdedynesaldvhbagbergessiuctiomispanied|oat inrflie preserweaf dyidrogempbieat ure. By
using tl e nr‘r)lg); a\s,/(i) gg}rersi uesnsel}c %g%ar I’(:rn Test uo:-:sS o%%tea?%%loggcoﬁp%léi%gnvgf %hrg:
organic complex. The partial decomposition is due to variations in structure and/or
composition that do not normally occur under the drying conditions typically used in
catalyst preparation methods. The changes of structure and/or composition under the
conditions of the second stage may be detected and monitored using various
20  analytical techniques that are well known in the art such as infra-red spectroscopy,
mass spectroscopy, thermogravimetric analysis, gas or liquid chromatography and

spectroscopy.

[0141] A variety of methods may be used to induce partial destruction of the organic
25  complex. These include chemical methods such as chemically induced hydrolysis or
decomposition such as by the treatment with acid or base or ozone or similar
chemical active materials. Other methods for inducing partial decomposition include
thermal methods such as pyrolysis and/or calcination, both of which are the preferred
methods with particular preference being given to calcination. A further method is

30 treatment with steam. In one embodiment the pyrolysis may be carried out in the
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controlled thermal deconposition of the organic conplex it is possible to
determ ne at what tenperature either under calcination conditions or
pyrolysis conditions initial 10 deconposition and total deconposition of the
organi ¢ conpl ex occurs. This indicates the tenperature range at which this
partial deconposition stage should be wundertaken. Alternatively when

anal ysed by infra-red transm ssion spectroscopy it nay be determ ned at
what poi nt presengreot hydaagennin thisearbodinment any subsequenttreatmpentswigh hydrogenr enoved
fromor fornmed in h{]ﬁ organi ¢ conpl ex; the tenperature at which this 15
occurs if HBPORS YRE<fot al deconposition tenperature may be sel ected as the
tenperature for the partial deconposition. The tenperature bel ow which
significant quantities of nitrogen oxides are produced may be sel ected as
t he t enper 0142 Woen calcipatioreor pyrolysis dused pathe inadthatbfoo paeial décompositioh he case
of the amn cont ai nin hydr oxyl groups of t am, no acids, | oyed as
the organi coefilamsawa SpBlex e xastcanalams e wﬂpﬁ?fé\ﬁpdxpwma&ﬁesgﬂ@s t hat
appear int i . P z atively
2551 gnabl e oS ERGBESRR el SHEHIEER occbHifoRAn phi indBSIeyAED

i soni tril eselnpematurgr Bg asihg ithertnbgrapmidtiiainethode oonpsssepdctessgapy nkedwithex .

Anot her nethod that nay be used.is where TGA anal ysis shows total weight

| oss of t HfONBpUehthermd decmpositionfithg orgaaic semplixiibis possile dp detemrise ray be
| ect ed f ' .cinati-on. :Ls. dt
barciary ol idiberaid? HAGUMERLALRonidhidiiboy Wit O0LE LORIOR sl C°0 0

are typiocal degompdsiiioh adibtotat deednifoskidd df theldi@dhi€compleioet bl Thid indiva2p0 to 600
C. The exact tenperature used will depend on the 30 nature of the organic

conpl ex. Fdbe gmperatuie rargpe a pvhich thismartipd degasengsitionstageshpidd e ure of the

[ I I ] h h | . i
compound. wi e, RlskBin S SudeingB U rorrlf B i Heposcfy .87 ©

count er - i oNmgy BS@RErmiheNattwitat PBinfin the trestieAeldl 6@ thin funkhiéndl gi‘dﬁﬁ(li eithepal t .
Preferably the support with the organic conplex deposited thereon is

cal ci ned atremoveshivemanrdemnadiaithe ¢rganie sempleanthe em pasatprer aitwhich thés det er ni ned
By TGN BN 3 5P B SEAEL 5 G o oceur

temperature for the partial decomposition, The temperature below which significant

quantities of nitrogen oxides are produced may be selected as the temperature for

treatment to induce partial decomposition. In the case of the amines containing

hydroxyl groups or the amino acids, employed as the organic compound it is the

20  formation of new vibration bands that appear in the infra-red spectra at between

2100-2200 cm™’ and tentatively assignable to complex carbon nitrogen species such

as nitriles and isonitriles being present in the partially decomposed organic complex.

Another method that may be used is where TGA analysis shows total weight loss of

the organic complex; temperatures below total weight loss may be selected for partial

25  decomposition.

[0143] When calcination is used to partially decompose the organic complex the

calcination temperatures used are typically within the range of 200 to 1000° C,

preferably from 250 to 600° C. The exact temperature used will depend on the
30  nature of the organic complex. Factors that may affect the decomposition

temperature of the organic metal complex include the nature of the metal and/or
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at which total weight |oss of the organic conplex occurs Under calcination
condi ti ons oxygen is present either as a conponent of an otherw se inert
diluent or as a consequence of calcination being undertaken in air. Wen
pyrolysis is used the pyrolysis may be undertaken in an inert atnosphere
free of oxygen or in a hydrogen 10 atnosphere that may be and preferably is
free of oxygen. WWen pyrolysis is used the organic conplexes may deconpose
at hi gher t@gpue sempeund wWishintheoemnplexs eAvetlienfacter may bt thematire0f theondi t i ons.

As with calcination the t rature, .ynder rolysis . copditions, for

parti al deccé’%%g"ﬂ?nl %fﬁsﬁ%‘y”%g}é)ﬁ&é{‘%i’ﬁf h@f?(aﬁgffcﬁé t&e&m ! "gtaysagf IPFFé-?r _Eléféfle of which
TGA i s prefQpp&dwifirtRé SrgaRic X oMpRk RPbiitcd!thIEGPRRARIrel APa kdinpepstieltRd under 15
pyrolysis conditions in-an inert atnosphere or under hydrogen, the support
with the dsdesaihandherspreratepas deteuninbdbedOA 1 gy abihisbdotahweight loex t

at nosph gen at a te ure t s l.ess than the

der, hyd J h
t enper aSL?eOOéEéJQf@E{%‘F W%‘@EF%WCWP rqferaglgﬁ{ ‘g Frvesh r?@é phénd thy tempaeiurey dr ogen,
t which t - Wel ' f bly it i
et meen 200t @ idtEfofl el foud br WeSor Yoo inle f QR Y REE U dpaddiC €LB0 Y TE 1S

organi ¢ conginditions oxygeninpesernd ¢ithdrias b Tompohknt bOas othervate ineardiluettoraspher e or

under hydrogen. Preferably the supports with the organic conplex deposited
t her eon ar el §apseslugBesiofi Galaimatiop bemedinderjaken depir.aVhen puebsisds used th | ess t han

1000 C. Th Lsing: ' | | Gj | ysed
2t the parPRgpaglay B8 TRILRUA A0 ARG SRS RN R 0a e h AfRaBRa Y] o' Vo
suf fi cil@ent dt@osplert Baay beambprefeadblf RABRNIDKYEDN Wher PRoBsBaANEEdeRPI ex

occurs. Typically this wll be for a_ period of at |east 20 m nutes,
pref er abl y @ganiesempRRes may deqomposs atidlighea temnezatures thagithese ohaefvetbender

preferably for 1. hour or nore. .Typi,call h eriod of .tine,is 48 hours or
| ess, pref e‘i’ag% %loﬂﬁc‘mfﬁ?(glsoﬁﬁ V@glgg%m&atl’ﬂv?s eg“iﬂg?“'é?t}i‘& 9“% pﬁ%)LlPFsés or less. 30
[01441 Aft edontiiRnRaof patialdReONPOSHidA My BE détBEniIAEDATHE a $BHRY 8K mehRdS UPPOT t
conprising the partially deconposed conplex may be treated with a source of
48 hydr ogenof Whicks T@yispeeforred. t Bre farahdyn whiie partiak desbmgesitom ssiequicad under

undert in th . f hyd . f d enbodi t thi
Creat et BORHS POUMERTSE A drort Himarpica e v Bk owts B oRRRIT Y0 for t e

activation gbahyg5RPRR ALY HeddorSt Pyrolysed in an inert atmosphere or under

hydrogen at a temperature that is less than the temperature as determined by TGA in
an inert atmosphere or under hydrogen, at which total weight loss of the organic
complex occurs. Preferably it is between 200 °C and the temperature at which total

20 weight loss of the organic complex occurs under pyrolysis conditions in an inert
atmosphere or under hydrogen. Preferably the supports with the organic complex
deposited thereon are pyrolysed in nitrogen or hydrogen at a temperature of less than
1000° C. The support comprising organic complex may be calcined or pyrolysed at
the partial decomposition temperature for a period of time that is sufficient to ensure

25  the partial decomposition of the organic complex occurs. Typically this will be for a
period of at least 20 minutes, preferably at least 30, more preferably at least 45 mins
and most preferably for 1 hour or more. Typically the period of time is 48 hours or

less, preferably 24 hours or less and most preferably 12 hours or less.

30  [0144] After the partial decomposition of the organic complex the support

comprising the partially decomposed complex may be treated with a source of
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These conditions and nethods are selected to ensure that catal ytically
active netal is 5 converted to the catalytically active form In one

enbodi mrent the treatnment with hydrogen is carried out by contacting the
support conprising partially deconposed conplex with a gas stream
conprising free hydrogen at from30 to 600 C, preferably from 100 to 550 C
even nore preferably from 200 to 500 C, and nost preferably from 200 to 450
C. The gas hydreggm ghisfreayabd gmitedsihengheoimitial deecBpasisiond9uadeytakén ingheime of H2

d f 0 to 50% | f N2. The tgeatne. i ed d
cont | nuous TRSHF Tlifesto §Rirdrred SO HERH dh B GlRnL s Sereer b o
condi ti ons @ndRioRY ahErhethods abineilyiRed Ror HhchRbtondalyaidRhMtich datR bar, nore

preferably 1 to 20 bar. The actrvation nay be undertaken for a ‘period of up
t 0 48 hour sThespeafdaticisland methadsare federicgido kosurs thabcatalyficalyeactiod metag®s t han 24

hours, and nost preferably from30 mns to 12 hours. In a preferred
enmbodi rrgnt ‘i"l‘?@e%"%’f}ﬁcﬁ#‘i cat@éﬁ'r‘ﬁ??ﬁﬁ’@f:“‘ée %&'F‘PII%P?%/‘”H %‘stgﬂtréﬁfﬁ’ﬁpgwtf‘s exposed
t o hydroge ] ' : ' a rate
Sl over  harr g nite SRHEL b by o REAE R dlebfifodly 2.t

pref erabl y iniplex witharga sttzam comprising freskydrogentae frohr #atond0df Ct prefieatdy ur e
wher e hydrofggndtoéeat mesné I's continued f a further 1 to 10 20 hours,
iy &

preferably o2 - SN EN M9ES PISEE: grﬁ]”yz%) tp 308" Gomdmosppesferably or gani ¢
conpl ex ha {ogth | 9‘?@? SRR f time are
selrrgct )éd ts%ag%gg?%ﬁ%q]gi% T?Jhﬁ%gg y r@‘ggéﬁg'ﬁf ge);lt%?rsttesn(% any s?tet&sjlilg%%l palrt lally

deconpaged wiganbLH, eadfrbe) 10550% b veldme UTAN,eThe gedthentwidy bgedritd eat nent
tenperature is generally_ higher than the deconposition tenperature of the
or gani ¢ conyldexa gelinupes Beyof hydrogerpwmden atnjpsplqrg| NrossHEs MpeeTetatisr gani ¢

conpl ex. [0145]. lural it f_act} net.al s .ar be applied to the
cupbort andptions s Rai el g 35 100 B BreRirit ] 3o 08 08, rRBR BTGP
process st apes20ar! e R4iQSESH may BY 8fder@RerRY a Perib € BEGS RAUY libueg,der to deposi t
each netal in sequence. 30 49 [0146] The total netal surface area on the

catal yst i sprpfetgbdy admprd thanm36 hourst monepreferayly leprethan 24 hauisyandrmadssr abl y from

0.051 9 55 n&égra%%g from 30 rglrn%ftg 13 %erf e} pr%fe%dte%lb%dgrrgérg the support
comprising partially decomposed complex is exposed to hydrogen at atmospheric
pressure and the temperature raised at a rate slower than 5° C min™', more preferably
slower than 5° C min™ and most preferably slower than 2° C min™ or less to the
treatment temperature where hydrogen treatment is continued for a further 1 to 10

20  hours, preferably 2 to 8 hours and most preferably 3 to 6 hours. When the organic

complex has been partially decomposed the exact temperature and time are selected
to ensure that under hydrogen treatment any residual partially decomposed organic
complex is removed. Therefore the hydrogen treatment temperature is generally
higher than the decomposition temperature of the organic complex and the especially

25  the partially decomposed organic complex.

[0145] If a plurality of active metals are to be applied to the support and the
application is carried out in succession, the various process stages of the present
invention may be repeated in order to deposit each metal in sequence.

30
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of the catalyst. The netal surface area may be neasured by the chem sorption
nmethod as herein described. 5 [0147] In the hydrogenation process of the
present invention the hydrogenation conditions are selected taking into
account the nature of the organic conpound to be hydrogenated. Generally

t he hydrogenation process is carried out at fromabout 50 to 250 C
preferably fromabout 70 to 220 C, nost preferably 75 to 200 C, and nore 10
pref er abl y [814@rBuettetal retah s@facg.archiom thosatalpstds prefardbly drope P &t vo ¢0 néfege i s

f 80 t 200 Th |l 10,b
br of er abl y REFGHAEE Ty EEdh o Sy Eaa riorh areebsy srbe BO3HF ) B /eat er ¢ han
50, preferafipe (thﬁgs(t) t€Thd Rl gtéfac@@fea?!ﬂ@ YERh&asiiel ?rtﬁ@éﬁén{ﬁd}ﬁﬁépm%@mazo bar,

especially 75 to 2 bar. 15 [0148] The process of the present invention may
be carri ed aslere@ ddseribabnt i nuously or batchwi se, with preference being

gi ven t% carrying out the process continuously. [0149] Wen the process is
carried-out continuously and the organic conpound to be hydrogenated is a

benzenepol | i | 20 the
benzenepol ﬂcar‘ﬁg% é cé%agén %%?%Ségﬂ%}% g{lggémi&ngeﬁimgé&genat ed or of
the mxt urcmnchfnohmeaelemd mmmnﬁﬂiccb&ntpheﬁaﬁmlﬂfyhe‘crrgmlab@mpoﬁ:d(}s beo about 3

kg per liter of <cataly ? hour, nore preferably fromabout 0.1 to about
2 kg per | ihydrosgnatedyt @FW%I y {he hydrogenatiop procsssas eataise put atcffﬁn@ abowt §010 kg per

er Of sl ¥obecRRlnD Ui o O R5H0oS (N RRSNAL 9%, 8FFE apl indhs POSS! DI e

to use any ‘gas€s rise do n 3PS har nf u

amount g0of referiblsit gpeita e §09ah Ths ndst pledtsed t@@eraidze&aag@hsaﬁﬂm 86 to For
exanpl e, waste gases froma refornmer can be used. Preference is given to

usi ng pur e WpaCoddn pa@sméuafgsdd%@@m@wﬂl)gﬁ@ve 30 bpo peferatiydrany gb@tenat i on of

t he present nt| out pre bsepce of a
sol vent or 3(? ! Eﬂ\u ai"? n?°$s ng e %ggegg Jl?iéocﬁﬁe??%&grﬁakeé%aﬂ%r ogenation
in soluti orba;r&nd%&Zﬂreféwmyﬁbm U R 20ME speRially 7810 DO Bad. Ng a sol vent or

di luent. Solvents or diluents, which can be used, are any suitabl e solvent

or diluent. The choice is not

15  [0148] The process of the present invention may be carried out either continuously or

batchwise, with preference being given to carrying out the process continuously.

[0149] When the process is carried out continuously and the organic compound to be
hydrogenated is a benzenepolycarboxylic acid or derivative thereof, the amount of

20  the benzenepolycarboxylic acid or derivative thereof to be hydrogenated or of the
mixture of two or more thereof is preferably from about 0.05 to about 3 kg per liter of
catalyst per hour, more preferably from about 0.1 to about 2 kg per liter of catalyst
per hour, most preferably from 0.2 to 1 kg per liter of catalyst per hour.

25  [0150] As hydrogenation gases, it is possible to use any gases which comprise free
hydrogen and do not contain harmful amounts of catalyst poisons such as CO, CO»,
COS, H;S and amines. For example, waste gases from a reformer can be used.

Preference is given to using pure hydrogen as the hydrogenation gas.
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critical as long as the solvent or diluent used is able to forma
honogeneous solution wth the benzenepol ycarboxylic acid or ester to be
hydr ogenat ed. For exanple, the solvents or diluents can also conprise

wat er. Exanpl es of suitable solvents or 10 diluents include the foll ow ng:
straight-chain or cyclic ethers such as tetrahydrofuran or dioxane, and

al so aliphatic alcohols in which the alkyl radical preferably has from 1 to
10 car bon a0ddH, Therhydargenatidraof the preséhit ivebticacdnoe @tersout ix thepiressnad

al cohol s, which arf greferaglé used, .are i-%{sganol, n- but anol , i -but anol
and n- hexarJ12bsenge of g selvengor diffient, 15 itd§ RRYNCCESFE P SABY OWitheent s can | i kewi se

be used. 130K RatidihI3lutibhe amount of sol vent or diluent used is not
restricted I'n any particular way and can be selected freely dependi ng on

requirenents. However, preference is given to amunts which |ead to a

10-70% stre wei ght _sol utiqn of the 20 benzenepol ycarboxylic acid or
ester to be{&.ﬂéﬁr]gééﬁ‘é{gﬁ?&[@fglﬂl gIyen @H@“’!Sraoi%‘é%t é‘fdl W%Qtér”g@éﬁﬁi Invent; on it
|5 Al 50 pOSRiRhE icH3n B Geddl ofIBG suifibid AR o GiRERAHICRGIY FALROXY! | ©
acids in the UﬂpUFI?Ie state’ fhat 18 1n the presence of one or nore

starting nedritichledsdofig@iis thBeolvemmur dilaeritwsedl 8able t8gormDs hemapgieoussoldionohol in
the case of ester derivatives. Al so present nmay be traces of npnoester

deri vat i vesViththerbspeanspolyearaosiiccilorshientat hechyseeggnatsg dionsxsmplecide er
derivati Vessoi’»Qﬂts &%ﬂhgﬁ% S8 4iSo Ofmbii@ \Qzﬁtér‘?'%xadaﬁleg ot &it%ﬁi%es%[vem%r.
ydrogena

benzenecar boxyli1'c aci erivatrve'is ed priror to purification and

af ter hydr ofRiRAfsiigudeStht m@llbvﬁﬁﬁ:tstﬂafghﬂﬁﬂdiﬁﬁﬁcycﬂih Rt ftgh hotet@hydrpfirdg, dryi ng
and polishing filtration. In this aspect the 30 benzenecarboxylic acid

deri vati ve ¢raljoxsae.cndialioalipheficaleotiolseia vwhieh Berilyd radieph prederably hapfrom| cohol in
the case of, gster derivati.ves.. There e present t0.30% excess 51
Al conol t hah I RELA R Reict i B Sy raub e B8, Pttt Sh e obheaci d.
I'n one enmbgricABRprEfREILE, HRY, 418 i-fopaRbleh Hatindl ¢-blige] £RNM-RéahsY 8 to 10 wt %
i sononyl al cohol 'in di-isononyl phthafate. 5 [0155] In the process of the
present i nvidmttinss of thesalesithedoprod e dfuentecapnikenisertirused.
15
20.69
[0153] The amount of solvent or diluent used is not restricted in any particular way
and can be selected freely depending on requirements. However, preference is given

to amounts which lead to a 10-70% strength by weight solution of the

20  benzenepolycarboxylic acid or ester to be hydrogenated.

[0154] In the process of the present invention it is also possible to use one or more
derivates of benzenepolycarboxylic acids in the unpurified state that is in the
presence of one or more starting materials for their manufacture such as for example

25  alcohol in the case of ester derivatives. Also present may be traces of monoester
derivatives, un-reacted acid such as phthalic acid, sodium monoester derivatives and
sodium salts of the acids. In this aspect the benzenecarboxylic acid derivative is
hydrogenated prior to purification and after hydrogenation is then sent to process
finishing for stripping, drying and polishing filtration. In this aspect the

30  benzenecarboxylic acid derivative may be an intermediate feed containing high levels

of alcohol in the case of ester derivatives. There may be present 5 to 30% excess
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cycl ohexyl materials derived fromthe hydrogenati on of the correspondi ng
benzenepol ycarboxylic acid or derivatives thereof. ldeally the

benzenepol ycarboxylic acid or derivatives thereof are converted to the
desired product with a high degree of selectivity and with the maxi num
conversion possible 10 of the benzenepol ycarboxylic acid or derivatives

t hereof. Hydrogenations of this type often result in undesirable

by- pr oduct saleshol thanthat e¢quined v adhiieewonplaeegdrificatidn bbthe abul In org poi nt; t hese

by-products are.refeyred tq as."lights".. I.Ln the.copte of .the present
Cnvent i on s entheS eyt inetieia For SoNARINGS 46 hyadeRed r eact i on
product t haficiMoeirfdiUlGdnyeihfathe obj ect cycl ohexyl materials when the as
15 hydrogenated reaction” product is analyzed by Gas Liquid Chromatography.

Details for one suitable nethod for determning the "lights" content of a

product _obtal b t he pr.ocess of. the present invention is provided in the
speci fi ¢ ex@h%ﬁg‘é‘.t G Proress Of thy preseat E‘P’E‘g&‘éﬁ‘b esingd PRRAuSIS e PRAAHEOSN it s

possi bl e t G0kl e G SlerhRAToRP Ak H9MEGERIBA oPthe RfreSidalignd Material (one
B i

or nore ben!gnep I'ycar boxylic acid or rivatives theredf), whilst at he
sanme tinme penekmepolycdrbssylichail dr.derivatbves Weirglft Iddalgedd on t he total wei ght of
reaction product of "|lights", In the process of the present invention the

product obtbsPaBEPelyFEBeXY)icracklRrdeE vaes Hirasrdarespnvested todhe fesiisfl v cont ai ns

th bj ect .. i i . . .97
areater - notaois? DA LN, b Rty o RO Rt iy CHRELER dSuRe. ",
gr eat erl0nol g¥he’bereemepolyzhiboxylidicid o ddritaails)thé8o 0 rH gl &shetionywif el gpaver si on,

and nost preferably 99.9 or greater nole % conversion. In the process of
t he pr esentofienvestiapndesirablgycpreducspetaeletivelylow smalgeuiar d&’ﬂlghﬁ@nﬁﬁm’ ogenati on

reaction i l. | ntal 1.3%0r | r ef.enabl 0% or. less, nore
pr ef er abl yq%wiafg tgtl’ El}e@%@’f'p{ao\%iélﬁt%r‘?’tr)erlg?e%?égf@?gt)lf%ﬁs O?fgﬁ?’o%)rn Pelx(t-zggt,%eand in the
nost pref erprbdeat @vBREINTRIRhts! QfsSdelfind aPmateHalilin R BMydgeRASERka&ibnt he tot al

wei ght of the reaction product of "lights". Wen as hydrogenated products
of this | evspdust thatintetejuted beforst the pbiget ayclohgxyd sgsesiads when the agse t hese

e, JRAtieh ikl LR R L RO A
plastics prigygd srtable method for determining the “lights” content of a product obtained by
the process of the present invention is provided in the specific examples. When using
the process of the present invention it is possible to obtain greater than 95%
conversion of the starting material (one or more benzenepolycarboxylic acid or
20  derivatives thereof), whilst at he same time producing less than 1.5 % by weight
based on the total weight of reaction product of “lights”. In the process of the present
invention the product obtained directly from the hydrogenation reaction ideally
contains the object cyclohexyl derivative(s) in an amount that equates to 97 or greater
mole % conversion of the starting material, preferably 98.5 or greater mole%
25  conversion, more preferably 99 or greater mole% conversion, and most preferably
99.9 or greater mole % conversion. In the process of the present invention the
product obtained directly from the hydrogenation reaction ideally contains 1.3% or
less, preferably 1.0% or less, more preferably 0.75 % or less, even more preferably
0.5 % or less, and in the most preferable embodiment less than 0.3 % by weight
30  based on the total weight of the reaction product of “lights”. When as hydrogenated

products of this level of purity are obtained it may be possible to use these materials
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[ 0156] The process of the present invention is further illustrated by neans
of the 5 follow ng exanples. EXAMPLES Exanple 1 - Preparation of MCM 41

[ Support[ 10 [0157] A sanple of MCM 41 (40A) was prepared in accordance
with the nethod described below, which corresponds to Exanple 21 of US
Patent No. 5,837,639.The followng mxture (parts by weight - pbw) was
charged to an autoclave: 15 83.7 pbw cetyltrinethyl anmoni um (CTMA) hydr oxi de
prepar ed bydircotly fcedrtain applitationts withoht e Need for fimthey putifitetioadd thd @mnmoni um
chloride sqlution with a h oxi de- .for_ha]ide exchange resin, 1.7 pbw

sodi um al uﬁlyﬁﬁﬂgé?at\é\fqPTdﬂﬁtv%% 83 P3RS @frﬁ%?ﬁ‘ﬁrﬂrg Yeicat e (10% aqueous
solution), and 10.5 pbw precipitated hydrated silica (H Sil) 20 [0158] The
m xture was crystallized at 100C for 20 hours with stirring under

aut ogeneouq0psadsEherprocebh of the pudsentrigventiod ucfurthesillusteasdbe thebiys dfithd r at i on and
dried ir% ?{ af anbient tenperature. The product was then cal cined at 540C
for one>hodPlPWINgEXEMBlean  fol | owed by six hours in air. The cal cined
product had a surface area of 25 1120 n2/g and the followi ng equilibrium
adsorption capacities in gram 100 granms: H20 10.8 Cycl ohexane >50 n-Hexane
>50 30 Benzene 67 53 [01591 The prEXAMPLBS identified as MCM 41 with an
X-ray diffraction pattern that included a very strong relative intensity
line at 38.4 +/- 2.0 A, and weak lines at 22.6 +/- 1.0, 20.0 +/- 1.0, and

15. 2+/ - A | - Prengral f 41 | Supportl 10160] A sanple of
MOMH 41 (404X 2 -PreBaralon BN 181 the fol | owi ng

10
[0157] A sample of MCM-41 (40A) was prepared in accordance with the method
described below, which corresponds to Example 21 of US Patent No. 5,837,639.The

following mixture (parts by weight - pbw) was charged to an autoclave:

15 83.7 pbw cetyltrimethylammonium (CTMA) hydroxide prepared by contacting a 29
wt. % N,N,N- trimethyl-1-hexadecylammonium chloride solution with a hydroxide-
for halide exchange resin, 1.7 pbw sodium aluminate, 41.1 pbw
tetramethylammonium silicate (10% aqueous solution), and 10.5 pbw precipitated
hydrated silica (HiSil)

20
[0158] The mixture was crystallized at 100°C for 20 hours with stirring under
autogeneous pressure. The resulting product was recovered by filtration and dried in
air at ambient temperature. The product was then calcined at 540°C for one hour in
nitrogen, followed by six hours in air. The calcined product had a surface area of

25 1120 m%g and the following equilibrium adsorption capacities in gram/100 grams:

H,O 10.8

Cyclohexane >50

n-Hexane >50
30 Benzene 67
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met hod: 10 [01611 The followi ng m xture (parts by weight - pbw) was charged
to an autoclave: 26.8 pbwdistilled water, 3.5 pbw cetyltrinethyl amoni um
(CTMA) chloride (29 wt. % aqueous solution), 4.55 pbw precipitated hydrated
silica (Utrasil PM, 1 pbw tetranethylamoni um hydroxi de (25 wt. % aqueous)
15 [01621 The m xture was crystallized at 150C for 20 hours with stirring
under aut ogeneous pressure. The resulting product was recovered by
filtration [@h39]dFliegnoduct wais ideatifiadrs MﬁMtéIdmpid’rauKme dilfﬁacqimthmtnblms t hen
cal ci ned at. for one hour.in _ nitrogen, fol Si hour in air.

The pr oduct‘“aﬁga%l%‘?{?is??%re ivRiEnsity | *F%é‘@%)“é*é’l % G@:‘{‘esr?é 28 surface
area of 903.mRpgr@pd/a. godrng 15ize fdeterm ned by nltrogen adsorption) of 3.8
nm The anal yses are as lows: Silica 96.8 wt.% Alunina 0.1018 wt. % 25
Sodi um 0. 0300 wt. %Carbon 0.11 wt. % Sorptlon capacities were as foll ows:
30 O 5.9 wt. % Q/cl ohexane 53.9 W % 54 n- Hexane 44.1 wt. % Exanpl e 2a

[ conpar i’s orfXalipk ARoY S BROZRt al yst - 5 Rut heni um and

MCM 41 - TEA/ Agueous I\/Et hod. [0163] A soI ution was prepared by conbining
with stirring 16.6 grans of ruthenium (I1l) nitrosyl nitrate agueous

sol ution wi[0h6(5A Sargplerss MEM-41 104 vads P pacedandedipdahce Withthe afllodisg i | | ed

wat er. This solution was added slowy to 25 grans of MCM 41 of 10 Exanple Ib
and dried dﬂ@h?ﬁlght at 100C. The catal yst was then calcined to 400C for
three hours in flowing air. The rutheniumcontent was a nom nal 0.5%

Exanpl e 2b [conparison] - Preparation of Hydrogenation Catal yst -

10 [0161] The following mixture (parts by weight - pbw) was charged to an autoclave:

26.8 pbw distilled water, 3.5 pbw cetyltrimethylammonium (CTMA) chloride (29 wt.
% aqueous solution), 4.55 pbw precipitated hydrated silica (Ultrasil PM), 1 pbw
tetramethylammonium hydroxide (25 wt.% aqueous)
15
[0162] The mixture was crystallized at 150°C for 20 hours with stirring under
autogenecous pressure. The resulting product was recovered by filtration and dried in
air at ambient temperature. The product was then calcined at 540°C for one hour in
nitrogen, followed by six hours in air. The product was identified as MCM-41. The
20  calcined product has a surface area of 903 m?/g and a pore size (determined by

nitrogen adsorption) of 3.8 nm. The analyses are as follows:

Silica 96.8 wt.%

Alumina 0.1018 wt. %
25 Sodium 0.0300 wt. %

Carbon 0.11 wit.%

Sorption capacities were as follows:

30 H,O 5.9wt. %
Cyclohexane 53.9 wt.%
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Rut heni um and MCM 41 Aqueous Method. 15 [0164] A solution was prepared by
conbining with stirring 16.6 grans of ruthenium (I1l) nitrosyl nitrate
aqueous solution with 51.4 grans of distilled water. This solution was
added slowy to 25 grans of MCM 41 of Exanple 1 b and dried overnight at
100C. The catal yst was then calcined to 400C for three hours in 20 flow ng
air. The rutheniumcontent was a nomnal 0.5% Exanple 3 - Reduction of

Met al Conponent of HywHegameati on Catdd.ystSoof conparison Exanpl es 2a and
2b. 25 [0165] The catal ysts prepared in Exanples 2a and 2b were activated
under two sets of conditions a) and b) as follows: Catalyst particles [size
2 mm 0.841 mm (10/20 mesh)] were |oaded into a stainless-steel catalyst
basket then installed in a 300 an aut ocl ave. I\/Et al reductl on was conducted
under a corExamiyple if ef ] 3 ' 30 200
C for 18 haqurs. ! . i Ies[5|ze2rm10 841 rrm(10/20 mesh)] were
| oaded ’nt RYLACHILM ANEG 2y sous Method.

aut ocl ave. Met al reductl on was conduct ed under a static hydrogen pressure
of 1250 psig (approx 86 bar) at 200 C for 14 hours. 5 Exanple 4 -

Hydr ogenat i [@n63]f A Bohutism nas prephid byl catmbirihy With stiftifg6]6. d\gﬁaﬁfs diyatherg em
activation the autoc|lave, containing activated catalyst, was cooled to room
t enper at ur lBHeitrosy} nigrate aqygous splutipmgith 237 grampph trigthanelaming abdNb. 710 (Jayf | ex

1P €8S M SPARo i ek Pag Uit JOERaHI SRS, ISBLBEA PO,

hydr ogenat i erature of ssur ydrogen to
ei ther 1@ prmmelbﬁncﬁéﬁecp@v WHOW@STMalaIth&@@ﬁbnﬂﬁlcﬁhe(d&@ﬂUmC 207 bar).
Hydr ogenati on was carried out up to 7 hours. During édrogenatl on

sanpl es werler thregdavrsin flawiog gir. |Trh@éuth9mgmtc‘@n@nhwwz@n@mmab AVer si on of DI NP

and assess the | evel of

Example 2b [comparison] — Preparation of Hydrogenation Catalyst —
Ruthenium and MCM-41 Aqueous Method.

15
[0164] A solution was prepared by combining with stirring 16.6 grams of ruthenium
(IIT) nitrosyl nitrate aqueous solution with 51.4 grams of distilled water. This
solution was added slowly to 25 grams of MCM-41 of Example 1b and dried
overnight at 100°C. The catalyst was then calcined to 400°C for three hours in

20 flowing air. The ruthenium content was a nominal 0.5%.

Example 3 - Reduction of Metal Component of Hydrogenation Catalysts of
comparison Examples 2a and 2b.

25  [0165] The catalysts prepared in Examples 2a and 2b were activated under two sets
of conditions a) and b) as follows:
Catalyst particles [size 2 mm/0.841 mm (10/20 mesh)] were loaded into a
stainless-steel catalyst basket then installed in a 300 cm® autoclave. Metal reduction
was conducted under a continuous atmospheric hydrogen flow of ~ 100 cm® min™ at

30 200°C for 18 hours.
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15 lights formation. Conversion of DI NP was cal cul ated directly based on the
peak areas of residual aromatic proton resonance in 1 H NVR spectra. The

| ights content of the sanple was determ ned by Gas Liquid Chromatography
using a DB-1 colum (60mx 0.25mm x 0.25 n), operated at 40-275 C at a ranp
rate of 10 C mn and holding at 275 C for 35 mnutes. The lights were
determ ned as being all peaks which eluted 20 before 24.5 m nutes.
Conponent s el ut@alysteagidesdsiza@memdbivdi Idmr(éﬂ/Zan@ivlh:]IWeicaldediimaaboxyl at es

e R A e T

catal ysts prandheget¥d andefRIsBE0RYHRBen prositid 5 @ﬂ)rﬁsfg{ (*3?;51‘6& FEHAEY AYYGOUS
rutheniumm xture are nore active hydrogenation al ysts cornpared with

t hose prepdd éat Milwuagueous rut heni um i npregnation without the use of
triethanol am ne. The data also indicate that the catalysts prepared via
inpregnation with a tri et hanol am ne/ aqueous rut heni um m xture produce | ower
|l evel s of Igg £HIN 56 [0168] A

conpari son @ 0 F Z 2 he catal yst prepared
according to the pr ocess of Exanple 2a (TEA/ Aqueous nethod) is significantly
nore active. as hydr ogenat i on, cat al yst conpared to .the catal yst prepared

via the cdﬂ%ﬂt%ﬁé}ydmse&&%vqt@eﬁ@ f(l@@éwp eonggining prtivaedeasalystovap) NP

conuer S1 on, 4RIeR G SAh 1@ IR AR Qo d he. PURE Ay aRRIBten Lo ove
10 [ 0169 T(Oa)ffhk@m@t(@ASwslost&Ism—O)an;isyadded aThé atociaHvad doblcdeticatedsed. At

<90 DI NP conversion and under constant on pressure, DINP conversion is
zer o- or der tO\W@WgP%ﬁQQG%mPQIﬂfDW\Ff &ord@h Catndpressiracd with iydioeen te val ues f or

Exampl es 4 t 3 /[litre.h. Thus
t he cat al ys‘{'ﬁ%rggaF’ Lo é@ﬂgﬁﬁ% IOXW SH jb% ﬁlgtrt?%) fox éogg%ﬁ nore active
than a cat d{y&bgﬁhﬁ@ﬁhﬁﬂcéﬁé@ﬂﬂﬁoﬂ-ﬁp T ROWS. Dlﬁm{gel%fa@égeﬂﬂt-lon samples were

taken at regular intervals to analyze the conversion of DINP and assess the level of

15  lights formation. Conversion of DINP was calculated directly based on the peak areas
of residual aromatic proton resonance in 1H NMR spectra. The lights content of the
sample was determined by Gas Liquid Chromatography using a DB-1 column (60m x
0.25mm x 0.25 um), operated at 40-275 °C at a ramp rate of 10 °C/min and holding
at 275 °C for 35 minutes. The lights were determined as being all peaks which eluted

20  before 24.5 minutes. Components eluted thereafter were considered as
Cyclohexanedicarboxylates products. The conversions and selectivities for the

various hydrogenations are provided in Table 1.

[0167] The data in this table indicate that the catalysts prepared via impregnation

25  with a tricthanolamine/aqueous ruthenium mixture are more active hydrogenation
catalysts compared with those prepared via aqueous ruthenium impregnation without
the use of triethanolamine. The data also indicate that the catalysts prepared via
impregnation with a triethanolamine/aqueous ruthenium mixture produce lower
levels of lights at higher hydrogenation pressures.

30
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Exanpl e 5. Hydrogen treatnent and Measurenent of H chem sorption values for
supported Ru hydrogenation catal ysts of Exanples 6 to 14 20 [0170] (A
Activation. Approxinmately 0.3 to 0.5 grans of catal yst was | oaded in the
chem sorption cell, reduced in flow ng hydrogen at 101 kPa (one atnosphere)
total pressure at the tenperature indicated in Tables 2 to 6. The sanpl es
were heated to the final reduction tenperature at 20 mn and held at this

t enper at ur ef06¥] Alkompatisonref Figuse d eand Frguse 2 ilomtratenthat the C@mﬂ)&t pepareds

t ted d f 25 171 B) Th
oct V2L Ao LSS P RN us R0 Rl e (9 T
condi 1 0ns. achlié 8¢ a hitRofHANGHERLEARTRRM MM pRRYUFRAURAIGES then purped

of f under dynam ¢ vaclum f or 30 mnutes at t reduction tenperature
i ndi cat ed igonvddivinekaqeows ButeTHsampleb).alThese pluas of DI eazhvtecs:dlf)@ and an

8- poi nt _i sotherm 30 bet ween 1 53. 3 nd 400
tor]) wes orﬁ?‘%ﬂoﬁéé"%g‘p}?&teﬂgatég tﬁﬁﬁﬁ h?fﬁ‘@ﬁ’i’r?&%?‘?lgwsgg g@ﬁ 18’00 he |inear
portion of gihiigsi sotherm was extrapolated 57 to zero pressure to obtain the
total quantity of hydrogen chem sorbed. This is showmn in Tables 2 to 6 in
the col umm | abel ed % di spersi on (conbi ned). The sanple was evacuated at 40C
to renove any weakly adsgrbe g titration repeated to
determ ne the weak adsor ﬂ?o%@ﬁﬁ]ﬁg #\[%%HE]*HQ A& i on of this isotherm
was 5 extrapolated to zero pressure to obtain the quantity of weakly

chem sorbed hydrogen. This is shown in Tables 2 to 6 as the colum | abel ed
% di spelfsi 0j0169jEBk ¢alcul e biid laeilueondf ddthadtd <900 DEVRegre/iseidathe strongly

hel d chem sorbed quantity and is shown in acconpanying tables below in the
col um | abdPB¥ %Imesswfmddw exs¢angtag Ha pmﬁsurm&ﬂhl@scoawsmg%@r@wr%@rw Rusr f ace

ratio of 1. A 0. 5% Ru
on Si Q2 usﬂﬁéﬁ J;ﬁ,‘@cWA EoFﬁﬁ%ﬁﬁ:‘;t?répdr gghna |1C§¥1 SO :ﬁgsrr?%k géafﬁwg (@Id;g}l%of silica
support (S. )Mmmofé/ﬁlwﬁﬁﬂdm 3WNagolb/MNaE ﬁgrlalhedlevmtamyst jb&pslfeula&ingn prepar ed
by m xing 5.01g of rutheniumnitrosyl nitrate (1.5%Ru) gr

TEA/aqueous impregnation is 32% more active than a catalyst prepared through

15 aqueous impregnation.

Example 5. Hydrogen treatment and Measurement of H chemisorption values

for supported Ru hydrogenation catalysts of Examples 6 to 14

20 [0170) (A) Activation. Approximately 0.3 to 0.5 grams of catalyst was loaded in the
chemisorption cell, reduced in flowing hydrogen at 101 kPa (one atmosphere) total
pressure at the temperature indicated in Tables 2 to 6. The samples were heated to the
final reduction temperature at 2°C/min and held at this temperature for three hours.
After this treatment the catalyst was activated and ready for use as a hydrogenation

25  catalyst.

[0171] (B) The chemisorption measurements were obtained under static high vacuum
conditions. After the hydrogen treatment under (A) hydrogen was then pumped off
under dynamic vacuum for 15-30 minutes at the reduction temperature indicated in
Tables 2 to 6. The temperature was lowered to 40°C and an 8-point isotherm (with

30  pressures between 10.6 and 53.3 kPa [80 and 400 torr]) was obtained using H; as the

chemisorption probe molecule. The linear portion of this isotherm was extrapolated
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triethanolamne and 1.77g water and dried at 100C for four hours. Exanple 7.
Cal cination of catalyst of Exanple 6 to 300C 20 [0173] A portion of sanple
from Exanple 6 was calcined in flowing air as the tenperature was ranped
1C m nute to 300C and held for one hour at that tenperature. A

chem sorpti on neasurenent was made on this sanple after hydrogen treatnent.
25 Exanple 8 [conparison]. Calcination of catal yst of Exanple 6 to 400C
[01741 A pdeeeorpressuredmobtain thgiotekauaptity & hydrogew chamisorbed.ciThisds showai r at a

heat i t Clnmn to,400 Jheld at that. .t t f 3 h . A
Chen sor pt 1B eBles 446 et Rpike® iR sh sferEou b el FHR RIS ¢ oot ment
30 58 [ 017%vadimkldat J0ROIPRMRYe bhe wakldP alrid HyaATeh A% MeStitifioklr&lRa@I Sor pti on

of the catalysts of Exanples 7 and 8. This conparison shows that the
hi ghest di dpdesitoms thawealotstsaiptiod isothenmt Fhe HRuearTBortion of ithis isstheanatagst i s

| ci t 300 i ch tiall d : h | ex. t 400C
cal ci natt orP PR feto BRRIBL® F R IPaRTAAS Hestily B DeBrLh et dgen
treat ment affs istsho@A iPFaBIEED td Had iHeRBIFIERHAOS P4 diSPer¥ih weak)ar € _
substantially | ower and are unstable as they decrease as thé reduction

t enper at ur eSubtractioncrfahese dwalvelnes iSRIS théThmnhlydiedd chealismbed quankity #ddspl e 7

catal yst repmin,stable duri reduction at 4Q0C. 10 anpl e, 9. Preparation

of 0.5% Ru 8 ﬂwgilwwmgwa&it%g%ﬂbégwn B, cé‘a]i“ﬁ'&r éb%%ff ‘V%ﬁgl%egﬁeﬁ (s§ALn176]

25.00g of sif .\rﬁlﬂassngIB%etd_o(nSc‘rI@ﬁg%ﬂ?cgfzftﬁ’of'i D. =15nm) was inpregnated with
.37g°0

sol ution prepare y m Xi ng rutheniumnitrosyl nitrate (1.5%u),

3.71g 105 triethanol am ne and 18.00g water and dried at 100C for four hours.
Exanpl e 10. Cal ci nati on of catalyst of Exanple 9 to 275C [0177] A portion of
sanpl e frofX30ANE 6o Prenaxation pEorganic complex,comprising 05 % Ru on SiQpusipgt yr e was

ranmped 1 C(rm:i'ﬂ%f%ofl&’liﬂﬁgr%gtﬂﬁlighﬁ{oﬁ hat tenperature for one hour. A
chem sorpti his sanple after hydrogen

[0172] 15.00g of silica support (S.A= 85m*/g, P.D.=50nm) was impregnated with

15  solution prepared by mixing 5.01g of ruthenium nitrosyl nitrate (1.5%Ru), 2.23g

triethanolamine and 1.77g water and dried at 100°C for four hours.

Example 7. Calcination of catalyst of Example 6 to 300°C

20 [0173] A portion of sample from Example 6 was calcined in flowing air as the
temperature was ramped 1°C/minute to 300°C and held for one hour at that
temperature. A chemisorption measurement was made on this sample after hydrogen

treatment.

25  Example 8 [comparison]. Calcination of catalyst of Example 6 to 400°C

[0174] A portion of sample from Example 6 was further calcined in air at a heating
rate of 1 °C/min to 400°C and held at that temperature for 3 hours. A chemisorption
measurement was made on this sample after hydrogen treatment.

30
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treatnment. Exanple 11. Pyrolyzing catal yst of Exanple 9 in oxygen-free
environnment 25 [0178] A portion of the sanples from Exanple 9 was heated in
flowng nitrogen as the tenperature was ranped 2C/ mnute to 400C and held
at that tenperature for one hour. A chem sorption nmeasurenent was nade on
this sanple after hydrogen treatnent. 30 59 [0179] Table 3 conpares the

di spersion neasurenents by H chem sorption of the catalysts of Exanples 10
and 11. Bot[ﬂl’ffr]é&bﬂmm@ngmeﬂatdésmrsicmmamweofentsrw B chemisnrption of the

Ru-triethanol ani n arlson sho t . the artial
deconposi t i GHY FF&‘??E%@HE’& %'Eﬂé 'ﬁﬁ WHRAFISQILSHO E‘gﬁ\ﬁh H‘EféPnF nert
pyr ol YS' S CRAEbthinedSvhen Ql?ebl%ﬁ’m Qﬁ sﬂl&v Qeﬁ:il}sttl@caflahéﬂ ét%o%' wiity £Ft19113Pr ecursor

that gives high dispersion as wel when produced vi a oxi dati on.
Exanpl e 12. de@mp@eathmnqﬂcmlﬁa’temﬂom’@@ﬂ%unajwn?nhé oxganiticomphax i tggally ¢ addl tive

Wt sa udeskos st By BpEe b tq%%%éﬁ“‘z’b%maﬁmﬁﬁ AhlpseptionvEe &
(1. 5%u) angle ¢,13Rde daleoWer Qﬁﬂjﬁl ru'n?thl@tas %ﬁ%?(ae&@ sefl 3\ RAH RN t@mﬁa’ﬁﬂ‘réor ption

measur enent was nade ‘on s sanple after ogen treat ne Exanpl e
13. Conpar as inceeasamﬁwedﬁo‘tm S5Pheuhigher Sialues m ﬂwﬂxampleo?gmiysl raddintsiable and

cal ci nation 20 [0 81] 15 of silica support (S.A= 85n2/g, P.D.=50nn was
i npr egnat edi%ngﬁe ushpm s 49 %r epared by m xing 5.00g of ruthenium nitrosyl
nitrate (1.5%wu) and 4.008 water and dried at 100C for four hours. The
sanple was then calcined in air as the tenperature was ranped PC/mnute to
300C and heixhniplet 9at Piauipatiod UGE 6.9% ORe  dioBi0, A wsii@ fininphicoholndAS Ur enent
was made on this sanple after hydrogen 25 treatnment. [0182] Table 4 conpares
t he di sper dnpwegnation selations by H cheni sorption of the

[0176] 25.00g of silica support (S.A= 250m?/g, P.D.=15nm) was impregnated with
solution prepared by mixing 8.37g of ruthenium nitrosyl nitrate (1.5%Ru), 3.71g

15  triethanolamine and 18.00g water and dried at 100°C for four hours.

Example 10. Calcination of catalyst of Example 9 to 275°C

[0177] A portion of sample from Example 9 was calcined in flowing air as the
20  temperature was ramped 1°C/minute to 275°C and held at that temperature for one
hour. A chemisorption measurement was made on this sample after hydrogen

treatment.

Exampie 11. Pyrolyzing catalyst of Example 9 in oxygen-free environment

25
[0178] A portion of the samples from Example 9 was heated in flowing nitrogen as
the temperature was ramped 2°C/minute to 400°C and held at that temperature for
one hour. A chemisorption measurement was made on this sample after hydrogen
treatment.

30
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catal ysts of Exanples 7, 12 and 13. Only the catal yst prepared according to
Exanple 7 in the Table is an object of this invention and has the remant
of the starting Ru 30 triethanol am ne conpl ex. This conparison shows that a
high initial dispersion can be obtained on a catalyst that is sinply

i npregnated with an aqueous solution of the 60 rutheniumsalt and then
dried at Iom/teqﬁfrature if it is reduced at tenperatures as |ow as 150C

On reduct i dA1E Fabihd eomparpetherdigpessianaeasheepwnts i shemiseptigacf 8rse

dramati cal | Ste ). 0babl esult of sintering. This-does not happen
win the CHELPRIERREE 2 800 BBt kR S SoBR SRR o0

t enper at ur eBu-tridthdnbRinfin@EeBHE. il Eoripdrisbh Rovd thitkht pakial Géddgfobitibet to 300C
t he di spersion nunbers are very |ow (Exanple 13). Exanple 14. Preparation

of 0.5% Ru o#y 18i hiaysi aghigh¢riempératures Wheprunderings pyrolGiswinditionn [ 0183]
10.00g @f silica s ort . A= .85/ P. D, =50nm) ,was i opregnated with

sol utYon preBPELORIRI o bi30h ol AT G 3t ADy PG SRR % SomRu)
0.70g L- anglinidQherfptddagRausdloMasitin.to forma total 10cc sol ution vol une.
The sanple was 15 dried at 100C for four hours and the tenperature was then
ranped 1 Cmnute to 250C and held at that tenperature for one hour. A
chem sorption neasurenent was nade on this sanple after hydrogen treatnent.
[0184] Table 5 conpares the di spersion nmeasurenents by H chem sorption of
the 20 catal ysts of Exanples 7 and 14. Both cal ci ned sanples | eave a remant
of the starting Ru-am no conplexes. This conparison shows that high

di sper dilonExaneple 12aComparativersaunile of &.6%4Ru oa Silicaa ith mol rgamic additbvaci ds i n
the inpregnation solution. [0185] The data in Table 6 show the chem sorption
data for Exanples 9 and 10. This 25 conparison shows that the dried

catal yst w 1 3Q.: a e, 9 L i 5] on val ue
if directl b?%‘g[}%e@gdrﬂﬁf/cggg n ﬁ?gt @?Ln fgﬂip;'égi%@&tl)o‘@%sﬁe s%?r%%g%l ere the
conpl ex i s sobnipheieayedibyi Mixdegs 00g bLrmaidn aiteepplieste (ES%Rl)and490g Tabl e
2). However, the dispersion is not asogood as that obtained if the organic

conpl ex i s vatetvad dsigdtar 400°F fox faiir hedrsof chymisoypdion nEsaIepIcAEWADmAgRIoN 1) |
15  this sample after hydrogen treatment.

Example 13. Comparative sample of 0.5%Ru on Silica with no organic additive

and calcination

20  [0181] 15.00g of silica support (S.A= 85m2/g, P.D.=50nm) was impregnated with
solution prepared by mixing 5.00g of ruthenium nitrosyl nitrate (1.5%Ru) and 4.00g
water and dried at 100°C for four hours. The sample was then calcined in air as the
temperature was ramped 1°C/minute to 300°C and held at that temperature for one
hour. A chemisorption measurement was made on this sampie after hydrogen

25  treatment.

[0182] Table 4 compares the dispersion measurements by H chemisorption of the

catalysts of Examples 7, 12 and 13. Only the catalyst prepared according to Example

7 in the Table is an object of this invention and has the remnant of the starting Ru-
30 triethanolamine complex. This comparison shows that a high initial dispersion can

be obtained on a catalyst that is simply impregnated with an aqueous solution of the
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30 61 Exanple 16. Measurenent of Deconposition Products of Catalyst
Precursor formed by partial oxidation of Ru-Triethanol am ne conpl ex. [0186]
A portion of the catalyst from Exanple 7 was heated in air at 4 deg/mn and
5 the product gas was anal yzed by a quadrapol e nass spectroneter. The data
are shown in Figure 3. Figure 3 shows that a water peak is rel eased
slightly bel ow 200C and then there is formation of CO2, NO2 and H20 as the
or gani ¢ corptheriumssaliaadphen dnigd ajtow fementratargrif it s B3Y0@d 4T kdrapesatones as hat t he

| t ai H _Th i ght, be 0 Il b t tell
From this experings QuiRuerdh aiptE shalingts ik SeHiin aibherd BedRiFt i ons.
Exanpl e 17.draxﬂ&ﬂi@ﬂij%,qelog@ﬁ@ﬁalbgs&wsdlpét&?ﬂteﬁ%umwegaoﬂ%b&il QitAgnartial ly

deconposed organi c_conpl'ex derived from 15 Ru-triethanol am ne and
Ru- ar gi ni necatdyseobExampladl whish remping stablerat #@H Capdustion deopsraturcap ff thgi mat el y

organt 5 drgrunest aniten ahRRE Bicited stha 1 epessioR Soacis SE bR at ol y

formed intgok3ERAmMpRIIBEt s and | oaded into an IR spectrometer operating in
transm ssion node. The  sanples were heated in vacuumto 150C before the
spectra were obtained. 20 [0188] The data are shown in Fig. 4. The data show
the plot of transmttance vs. wave nunber of the IR radiation. The
transmttance decreases where the catal yst absorbs infrared radiation due
to a char agtgisik e, Pipaketibggr @5 /ARIINGY, HinpRifindacid ifl HRpPERSToRSt Ween
1500 and 2000 cmt_are prrmariiy 2 g g oanas.  Tne presence of
absor ptlion sobdiomr es around 2100- 2200 cm, present on sanples from Exanples
7 and 14 are reported to be features of conpl exed carbon nitrogen species
such as nitriles and isonitriles (see: Infrared and Raman Spectra of

publ Paner s 10533 T IRy sl ED oSBT it Bl 11
peaks are abhgioh ppdhatdicbyshidifg 5943 0f Sithentuin airos@ll ditréxs (DOYIRNG, GA0PLe pr epar ed

by aqueous inpregnation of the ruthenium ,
arginine, and enough water to form a total 10cc solution volume. The sample was

15  dried at 100°C for four hours and the temperature was then ramped 1°C/minute to
250°C and held at that temperature for one hour. A chemisorption measurement was

made on this sample after hydrogen treatment.

[0184] Table 5 compares the dispersion measurements by H chemisorption of the
20  catalysts of Examples 7 and 14. Both calcined samples leave a remnant of the starting
Ru-amino complexes. This comparison shows that high dispersions are obtained

when using either aminoalcohols or aminoacids in the impregnation solution.

[0185] The data in Table 6 show the chemisorption data for Examples 9 and 10. This
25  comparison shows that the dried catalyst with the amino complex (Example 9) gives
a good dispersion value if directly reduced in hydrogen that is superior to the sample
where the complex is completely oxidized to remove the complex (Example 8 see
Table 2). However, the dispersion is not as good as that obtained if the organic
complex is either partially oxidized or pyrolysed (Examples 10 and 11).
30
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conplex with no am no al cohol or am no acids present. Consequently these
peaks 62 are an indication of the remmant of the starting

Ru-tri et hanol am ne and Ru-arginine conplexes present after parti al
deconposition of the organic conpl ex. Exanple 18. Thernoeravinetric Analysis
(TG 5 10189] Figure 5 shows the air treatnment TGA plot for a catalyst
sanple (0.5 % Ru on Si2), which had been prepared with triethanol am ne
as t he or gdinamplehoMedsurznitnt nf Bdeah pdsifon Prvduets ¢fcCatabisy Brecursbire TGA pl ot
shows wei gh o) at tenpe atur b Iow 30 C due toQ Ioss of water and
partial oxida LA . Rud rigthanolaminecomplexi ne. | n addition there
Is a further wei ght Ioss at apprOX| mately 325 C, Wmch Is believed to be
due to the conplete oxidation of the organic conplex. 101901 Figure 6 shows
the air trd@186m péfidnpifatie fatalysa foinEkanple Jtvads)iehtet on hinat 4 ds@thin amdl Fi gure 1
(0.5 wt% Ru_on Si Q2), which had previ ously been cal ci ned at 300 C. 15

d ear | y 3t hdhepiodugtigas yas gnalyzednta quedepeleiraass spratiemetrno Tae datiage i s due to

removed bel oA e FttPlee ABLOS eRLRBAY BRuCR Sl Oy Witk o8 e

maj ority ofanihkenvBi@hs fdrmaﬁom Bf COheNoaaR B, &s ﬂié%ré&?ud &Iﬁnﬂé\f fdally
deconposed organi c conpl ex, which is oxidized at approximately 325 C. This

results shcﬂﬂﬁlpﬂﬁ?V om‘hzedmatwr%iﬂi @ngblélsbww thet the cd fained ,ﬂ%mﬂsrature
Fgure. 7 oot By B DBl Butd R SR Fm RS pemel St S amied 0.5 we o6

Ru on Sn@)outmdégxnﬁgngaﬁydlgﬁl y been calcined at 300 C. This TGA anal ysis
25 shows that the partially oxidised organic conplex is fully deconposed

under the hydrogen treatnent conditions at a higher tenperature (-400 C

t han under _ cal ci ngtjaqn ﬁo ditions. Exanple 19 [conparison]. Preparation of
2090 /Alzo&zam,!aﬁd ﬁsa;ﬁaékﬁﬂé%&ﬂai on 63

[0187] The samples containing partially decomposed organic complex derived from

15  Ru-triethanolamine and Ru-arginine were also analyzed using infrared spectroscopy.
Approximately 25mg of the materials of Example 7, (TEA, cale 300°C), Example 12 (no
organic, dry 100°C) and Example 14 (L-arginine, calc 250C) were separately formed into 13mm
pellets and loaded into an IR spectrometer operating in transmission mode. The
samples were heated in vacuum to 150°C before the spectra were obtained.

20
[0188] The data are shown in Fig. 4. The data show the plot of transmittance vs.
wave number of the IR radiation. The transmittance decreases where the catalyst
absorbs infrared radiation due to a characteristic stretching of a molecular species.
The peaks between 1500 and 2000 cm™ are primarily silica stretching bands. The

25  presence of absorption features around 2100-2200 cm’’, present on samples from
Examples 7 and 14 are reported to be features of complexed carbon nitrogen species
such as nitriles and isonitriles (see: Infrared and Raman Spectra of Inorganic and
Coordination Compounds, by K. Nakamoto, John Wiley publishers, 3rd edition,
1978; ISBN: 0-471-62979-0 pages 267-269). The peaks are absent on the starting

30  silica as well as on the sample prepared by aqueous impregnation of the ruthenium

complex with no amino alcohol or amino acids present. Consequently these peaks
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[0192] 20 grans of reform ng grade ganma A1203 with a surface area of 190 m
2 /g, was inpregnated by incipient wetness with 12cc of an aqueous

i npregnation solution containing 24.8 g of nickel nitrate hexahydrate.
After being dried at 120 C, the sanple was calcined at 350 C for four
hours. 5 Exanple 20 [conparison]. Preparation of 20%N\ /A 203 with DVEA
post-treat 10 on dried inpregnate [0193] 20 granms of reform ng grade gama
A1203 wi t h age suindicatiompEthe sémn®0 ofitle stagting Ragri¢cthmrodgnme add Rpe-drgininei ent
wetness with 12 cc of an_.aquequs. inpregnati sol ution containing 24.8 g of
ni ckel nit rCQF‘é’%‘?ﬁ?(BWﬂ%gﬁSr. p%"’lﬂé#c%gp “H’r?éﬁc FgaRS§OMPleXs ( he sanpl e was
re-inpregnated to incipient wetness with a 10.6 cc of an aqueous solution
containing 7.6 grans of N, N-di nethyl et hanol am ne. The sanple was then dried

at 120 C oVixamplefl8aTihernepracimetiio dchadysisQAWEAf or 4 hours. Under these
conditigns the organic conplex was fully deconposed 20 [0194] The

di spersifons of Ni in the catalysts of Exanples 19 and 20 was determ ned via

a hydrogen ' i ' I rOVvi i Do dahl e 7.
Those oo UPPETIABREY A0L ORI Btfimad MOATRGe: BB BRARD f IARY © ¢
deposi ted usi$ig,), hictagddeus piykdd wattheidthatelbingne/as Sadpiganit compoimd Hydr ogen
chem sorption HN in % N/Al1203 aaquPIe 19 No post-treat nor additions to

8.3 i npregnddrish as PG priprer angyes- 2Bhel G mlotrbiowy veigtddeis ahi ne post - treat
11.6 dri eqeﬁlﬁ%ﬁ:%%%v? ’566“ ¢ ﬂue2 B lgs4s of water and partial oxidation of the complex

10 with triethanolamine. In addition there is a further weight loss at approximately 325°

C, which is believed to be due to the complete oxidation of the organic complex.

[0190] Figure 6 shows the air treatment TGA plot for a similar catalyst to that used
in Figure 1 (0.5 wt% Ru on Si0;), which had previously been calcined at 300° C.

15  Clearly there is an insignificant weight loss below 300° C; this is due to the fact that
any material on the supported catalyst that would have been removed below this
temperature has been removed by the calcination. The majority of the weight loss in
the sample is due to the partially decomposed organic complex, which is oxidized at
approximately 325° C. This results shows that that calcination below the

20  decomposition temperature is necessary to form the partially decomposed organic

complex.

[0191] Figure 7 shows the hydrogen treatment TGA for the catalyst sample (0.5 wt%
Ru on Si0;), which had previously been calcined at 300° C. This TGA analysis

25  shows that the partially oxidised organic complex is fully decomposed under the
hydrogen treatment conditions at a higher temperature (~400° C) than under

calcination conditions.

Example 19 [comparison]. Preparation of 20%Ni/AL,O;3 conventional
30 preparation

63



i'"La~N\DN mCMMCN aO0OOOOyy0O L~01\0OQ N Ow

Er M
N 41 b"0OCCOO0O0 000OcOO O0O0OO0O'"IT {~~. NQ NCNVu
UUu FUOOOOOO bbD>cooa aOo Ud I 3 MMQ
c ..

(0]

It NV V1 Vi

vdiONaNaN<NaN Oco0O0-0-0 MMMMM

10

15

20

25

[0192] 20 grams of reforming grade gamma Al;O; with a surface area of 190 m 2 /g,
was impregnated by incipient wetness with 12cc of an aqueous impregnation solution
containing 24.8 g of nickel nitrate hexahydrate. After being dried at 120° C, the

sample was calcined at 350° C for four hours.

Example 20 [comparison]. Preparation of 20%Ni/Al,O3; with DMEA post-treat
on dried impregnate

[0193] 20 grams of reforming grade gamma Al;O3 with a surface area of 190 m 2 /g,
was impregnated by incipient wetness with 12 cc of an aqueous impregnation
solution containing 24.8 g of nickel nitrate hexahydrate. After being dried at 120° C,
the sample was re-impregnated to incipient wetness with a 10.6 cc of an aqueous
solution containing 7.6 grams of N,N-dimethylethanolamine. The sample was then
dried at 120° C overnight and then calcined at 350°C for 4 hours. Under these

conditions the organic complex was fully decomposed

[0194] The dispersions of Ni in the catalysts of Examples 19 and 20 was determined
via a hydrogen chemisorption technique. The results are provided in Table 7. These
results show a dramatic increase in Ni dispersion when the Ni is deposited using the

aqueous DMEA method.

Table 7
Sample Treatment Hydrogen
chemisorption
H/Ni in %
Ni/ALO;
Example 19 No post-treat nor additions to 8.3
impregnation solution
Example 20 | N, N dimethylethanolamine post-treat 1.6
dried impregnate/oxidize
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hydr ogenati ng an organi ¢ conpound, which process conprises bringing the
organi ¢ conpound into contact, under 5 hydrogenation conditions, with a
source of hydrogen in the presence of a catalyst conprising one or nore
catalytically active netal sites |ocated on a catalyst support and
recovering the hydrogenation products, wherein at |east one of the
catalytically active netal sites has been obtained via the parti al
deconposition on the support of a 10 conplex of the netal and a

ni t rogen-contai ning organi ¢ conpound selected from (i) amno acids and (ii)
conmpounds contai ning both an
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am no group and an al cohol group, partial deconposition having been carried
out such that new vibration bands appear in the infra red spectrum of the
conpl ex at between 2100-2200 cmi. 15 2. The process as clainmed in claim1l
wherein the organic conpound that is hydrogenated conprises one or nore
unsaturated organic conpounds. 20 3. The process as clainmed in claim 2
wherein the unsaturated organic conpounds conpri se one or nore
benzenepol ycar boxylic acids or one or nore derivatives thereof, or a

m xture of one or nore benzenepol ycarboxylic acids with one or nore
derivatives thereof. 25 4. The grocess as claimed in claim3 wherein the
benzenepol ycar boxylic aci ected fromthe group consisting of
phthalic acid, terephthalic acid, isophthalic acid, trinellitic acid,
trimesic acid, hemnellitic acid and pyronellitic acid and m xtures of two

or nore thereof.130 5A prbeesp fadp@sogrBatirigintrganio compound wiliel proBedshe

benzenepol ycarboxylic acid derivatives are selected fromthe group
consi sting of nonoal kyPmprigesdriagmgsh grgaaiscempound gre Ramtpet, vrded

terephthaligc acid and,isophthalic ,acid. .monoalkyl ial kyl ;and trial kyl
esters of ttimelliti ch)éfi'f’g",‘mppp ﬁggq@onsaévilt aasﬁgrﬁ?eor%}\@ﬂ%c{‘h_mﬁcﬂrﬁmﬁ% al kyl ,
dial kyl, trial kyl andalgfalyseddixprisi®béed 6t dreRitaBARkILY hétbveafibd] sitéger e the

al kyl groups can be linear or branched and each have from3 to 18 carbon

atoms, anhydri des of lqsatedaniaccatalysd supporiand reeavring ity hyvdbogesatiorel | i tic acid,
pyronel litic dianhydri and, mi xtyres, of t or re,.thereof. .6. The
process as claimed i np%%\ctgn\ghg]em[a#éeaﬁ} %‘F’eﬁ%"ﬁ’&ﬁﬁ@yﬂ? Ve Peial sites hag
process is carried oUpedH ottaiRe® FRUhE patialRcbPpsffioRdh the/supphR ofhOCESS as
claimed in claim6 wherein the process is carried out at "a pressure of 50
to 220 barl0 complex of the metal and a nitrogen-containing organic compound

selected from (i) amino acids and (ii) compounds containing both an

amino group and an alcohol group, partial decomposition having been

carried out such that new vibration bands appear in the infra red

spectrum of the complex at between 2100-2200 cm™.

15
2. The process as claimed in claim 1 wherein the organic compound that

is hydrogenated comprises one or more unsaturated organic

compounds.

20 3. The process as claimed in claim 2 wherein the unsaturated organic
compounds comprise one or more benzenepolycarboxylic acids or one
or more derivatives thereof, or a mixture of one or more

benzenepolycarboxylic acids with one or more derivatives thereof.

25 4. The process as claimed in claim 3 wherein the benzenepolycarboxylic
acid is selected from the group consisting of phthalic acid, terephthalic
acid, isophthalic acid, trimellitic acid, trimesic acid, hemimellitic acid

and pyromellitic acid and mixtures of two or more thereof.

30 5. The process as claimed in claim 3 wherein the benzenepolycarboxylic

acid derivatives are selected from the group consisting of monoalkyl
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15 8. The process as clainmed in any one of the preceding clains wherein the
partial deconposition is undertaken under hydrogen. 9. The process as
claimed in any one of claims 1 to 7 wherein after partial deconposition the
partially deconposed organic netal conplex is 20 treated with a source of
hydrogen. 10. The process as clained in any one of the preceding clains
wherein the nitrogen-containing organic conpound is an aliphatic am ne
containing one or nore hydroxyl groups. 25 11. The process as clained in
claim 10 wherein the am ne conprises an hydroxyal kyl group. 12. The process
as claimed in claim 1l wherein the hydroxyal kyl group is 30 Cl-C50

- hydroxyal kyl . 72 13. aﬂdwenapdybestas ofiphthhlic #6id] terephthalidnci@ and ophthalidie
hydroxyal kyl group is - - hydroxyal kyl . 14. The process as clainmed in
claim 13 wherein the Wdf@??%lw{ dl@%ﬁ@q trialkyl gsters @ﬁWBF‘@ﬁ‘;‘ﬁJ Kignesic15. The

process as clainmed in LIt p‘xg; | ect ed
from hydroxynethyl, i& %%)é(r?/he ﬁ:ga@d ljﬂ To% @%@%{ﬁ lﬁ?&?‘@%’fﬁaﬁl@?opyl ,
2- hydr oxy- n- propyl , 3e§l¥ﬂ§b@?§){roﬂldl)ﬁmdld aﬂdarelthkan&wgfdmpycmwuheaebhyl- 16.
The process as clal med in claim15 wherein the nitrogen-containin organic

conpound cofpri ses a hanehed anid caclyhave from Siip d Bicathoa@iams, gpbydrigdes o
hydroxyal kyl am ne. co 15 difmiid chd%ﬁl%ﬁﬁfc a%?d 54(?1’1:: ﬂ'.nﬁlﬂn Gl %ﬂb@n&?ﬁﬁre' n the

hydr oxyal kyl am ne MPee s Gne of anol am

di - met hanol ani ne, tri maaﬁydjﬁmhaﬁmﬁueseéﬂt%@rmreﬁueréﬂf: et hanol am ne,
tri-ethanol am ne,

{ 6. The process as claimed in any one of the preceding claims wherein the
10 process is carried out at a pressure of 25 to 300 bar.
7. The process as claimed in claim 6 wherein the process is carried out at
a pressure of 50 to 220 bar.
15 8. The process as claimed in any one of the preceding claims wherein the

partial decomposition is undertaken under hydrogen.

9. The process as claimed in any one of claims 1 to 7 wherein after partial
decomposition the partially decomposed organic metal complex is

- 20 treated with a source of hydrogen.

10.  The process as claimed in any one of the preceding claims wherein the
nitrogen-containing organic compound is an aliphatic amine containing

ong or more hydroxyl groups.

25
11.  The process as claimed in claim 10 wherein the amine comprises an
hydroxyalkyl group.
12.  The process as claimed in claim 11 wherein the hydroxyalky! group is
30 C, -Csp -hydroxyalkyl.
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but anol am ne, di-butanol am ne, tri-butanol am ne, propanol am ne, di 20
propanol am ne, and tri-propanol am ne. 18. The process according to any one
of clains 1 to 9 wherein the amno acid is L-arginine. 25 19. The process
as claimed in any one of clainms 1 to 9 wherein the amno acid is selected
fromall isomers of the follow ng: alanine, arginine, asparagines, aspartic
acid, cysteine, cystine, 3, 5-dibronotyrosine, 3, 5, diiodotyrosine,
glutam c acid, glutam ne, glycine, histidinc, hydroxylysine,

hydr oxyprol i ne, isol eucine, |eucine, |ysine, nethionine, 30 phenyl al ani ne,
proline, serine, threonine, thyroxine, tryptophane, 73 tyrosine and valine.
20. The process @5 cl Fhép@cess agbMimedindlaiin 2 wWheremcthe BydroRyaieyl\ghaipds n t he
partial deconposition is undertaken via calcination or pyrolysis. 5 21. The
process as clai ned i nCetGs hydoxy#lylei n the cal cination tenperature is |ess
than the tenperature, as determined by TGA in air, at which total weight

| oss of the organic conplex occurs; or the pyrolysis tenperature is |ess

than the tenperatare, TRSpReéRaBtnafedin cli 13whéteihGhe Rpdrbx pllln gRPre Of

hydr ogen, at which total weight |oss of the organic conplex occurs. 22. The
process as ¥l ai ned i nCeHai Bydroxyglsylei n the cal cination or pyrolysis
tenperature i s between 200C and the tenperature at which total 15 wei ght

| oss of the organic conplex occurs. 23. The process as clainmed in any one of
the preceding cl as.ns Thepricesstabelaihed @l claint K whersinahe hedroRfalityd @roup is

hydr ogenati on catal yst is 45% or nore and he nmetal dispersion relating to
a strongly cheni sor beselegetBomnhydsexymethyl, k-hydroxyetivds Zhydmoxyrthdi bn is 20% or

greater. 24. The pfOCﬁ;?&fﬁ%@Mﬁ%ih&d}of}-ﬁip%&% ?’%&lﬁn-tppcﬁ)ﬂ AP . netal

di spersion
10 hydroxy-methyl-ethyl.

16.  The process as claimed in claim 15 wherein the nitrogen-containing
organic compound comprises a mono-, di-, or tri- substituted aliphatic
hydroxyalkylamine.

15

17.  The process as claimed in claim 16 wherein the hydroxyalkylamine
comprises one or more of: methanolamine, di-methanolamine, tri-
methanolamine, ethanolamine, di-ethanolamine, tri-ethanolamine,
butanolamine, di-butanolamine, tri-butanclamine, propanolamine, di-

20 propanolamine, and tri-propanclamine.

18.  The process according to any one of claims 1 to 9 wherein the amino

acid is L-arginine.

25 19.  The process as claimed in any one of claims 1 to 9 wherein the amino
acid is selected from all isomers of the following: alanine, arginine,
asparagines, aspartic acid, cysteine, cystine, 3, 5-dibromotyrosine, 3, 5,
ditodotyrosine, glutamic acid, glutamine, glycine, histidine,
hydroxylysine, hydroxyproline, isoleucine, leucine, lysine, methionine,

30 phenylalanine, proline, serine, threonine, thyroxine, tryptophane,
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is 50%or nore. 25 25. The process as clainmed in claim24 wherein the netal
di spersion relating to a strongly chem sorbed conponent of the total netal
di spersion is 30%or greater. 26. The process as clained in any one of the
preceding clains wherein the 30 catalyst support conprises silica. 74 27.
The process as clainmed in claim26 wherein the silica is anorphous. 28. The
process as clainmed in any one of the preceding clains wherein the support
conprises an ordered nesoporous material and/or a nacroporous material. 5
29. The process as clainmed in any one of the preceding clains wherein the
support is a material that may be synthesized using an anphiphilic conpound
as directing agent. 1d&yregne viliecess as clainmed in claim28 wherein the
ordered nesoporous material is selected fromthe group consisting of
materials designated as SBA (Santa Barbara) such as SBA-2, SBA-15 and

SBA-16, mat eri ahp. deghgpadcRss AP (i ahHombfhepiccddify BRI Whetesthes
FSM 16 and KSW2, materials designated as MSU (M chi gan St ateg 15 such as
MBU- S and MSU- X, nat eipatiabderogipgaisivads wdertnienovia calcimation py | Sieves,
materi al s dgsi gnated as FMVB or Functionalised Mnol ayers on Mesoporous
Supports or“materials designated as APM or Acid Prepared Mesostructure or

ordered mesoporQys MEYRHrdless sStdifRALEENaRS 20 vherin AR Albinatidd tBpEaRTe aS
claimed in claim30 wherein ordered mesoporous nmaterial designated as MA1S
is selected fromthe gslssspthewthsi tempergtuné, as Kighermimed MiZWIGYS imeid, aVBMd0. |
total weight loss of the organic complex occurs; or the pyrolysis
( temperature is less than the temperature, as determined by TGA in an
10 inert atmosphere or hydrogen, at which total weight loss of the organic

complex occurs.

22,  The process as claimed in claim 21 wherein the calcination or pyrolysis
temperature is between 200°C and the temperature at which total

15 weight loss of the organic complex occurs.

23.  The process as claimed in any one of the preceding claims wherein the
total metal dispersion of the hydrogenation catalyst is 45% or more and
the metal dispersion relating to a strongly chemisorbed component of

20 the total metal dispersion is 20% or greater.

24.  The process as claimed in claim 23 wherein the total metal dispersion

is 50% or more.
25 25,  The process as claimed in claim 24 wherein the metal dispersion
relating to a strongly chemisorbed component of the total metal

dispersion is 30% or greater.

26.  The process as claimed in any one of the preceding claims wherein the

30 catalyst support comprises silica.
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25 32. The process as clainmed in claim31 wherein the ordered nmesoporous
material is MCM41l. 33. The process as clainmed in any one of the preceding
clainms wherein the catalyst support conprises one or nore mxed porosity
materials. 30 75 34. The process as clained in claim33 wherein the m xed
porosity material contains nesopores and macropores. 35. The process as
clainmed in any one of the preceding clains wherein the 5 one or nore
catalytically active netals are selected fromtransition group VIII of the
Periodic Table. 36. The process as claimed in claim35 wherein the one or
nore catalytically active netals includes platinum_ rhodium palladium 10
cobal t, nickel oR7rut AdgPIReesTasLiaimed in elagp 26 Whegmin thersili¢ais a@erphogy. The

Do L a6 i e . o
Plthent um or i crg 7 hdeeshs el fh biiFofeirihd bleSaling cAfh WferTRe ' ©
precedi ng cl ai ms wher gippddé@mpised'@i 6rdefedihésopaiions Miate il biyd/aci i ve netal s

conprises one or nore netals of transition group Ib or VIIb or group VIlIIb
of the Periodic Tabl e maggporous material.

5
29.  The process as claimed in any one of the preceding claims wherein the
support is a material that may be synthesized using an amphiphilic
compound as directing agent.
{
10 30.  The process as claimed in claim 28 wherein the ordered mesoporous

material is selected from the group consisting of materials designated
as SBA (Santa Barbara) such as SBA-2, SBA-15 and SBA-16,
materials designated as FSM (Folding Sheet Mechanism) such as
FSM-16 and KSW-2, materials designated as MSU (Michigan State)
15 such as MSU-S and MSU-X, materials designated as TMS or
Transition Metal Sieves, materials designated as FMMS or
Functionalised Monolayers on Mesoporous Supports or materials
designated as APM or Acid Prepared Mesostructure or ordered
mesoporous materials designated as M418S.
20
31.  The process as claimed in claim 30 wherein ordered mesoporous
material designated as M418S is selected from the group consisting of
MCM-41, MCM-48 and MCM-50. .

25 32.  The process as claimed in claim 31 wherein the ordered mesoporous

material is MCM-41.

33.  The process as claimed in any one of the preceding claims wherein the
catalyst support comprises one or more mixed porosity materials.
30
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10

15

34

35.

36.

37.

38.

The process as claimed in claim 33 wherein the mixed porosity

material contains mesopores and macropores.

The process as claimed in any one of the preceding claims wherein the
one or more catalytically active metals are selected from transition
group VII of the Periodic Table.

The process as claimed in claim 35 wherein the one or more
catalytically active metals includes platinum, rhodium, palladium,

cobalt, nickel or ruthenium or a2 mixture of two or more thereof.

The process as claimed in claim 36 wherein the catalytically active

metal is ruthenium or nickel.
The process as claimed in any one of the preceding claims wherein one

or more of the catalytically active metals comprises one or more metals

of transition group Ib or VIIb or group VIIIb of the Periodic Table.
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