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WD 2004/ 046076 PCT/ EP2003/ 012885 HYDROGENATI ON
PROCESSES FI ELD OF I NVENTI ON 5 [001] The present

WO nooafotdoom rel ates to a process for the hydr ogPCHEPIIN3/012885

of organic conpounds and to a process for the

manuf acture of a hydrogenation catalyst and in
particular to a xﬂﬁg eINAPIORFIE6 e utilizes a
hydr ogenat i on cdEﬁ+ys$L1n1ﬂ2H1§i“vra—€¥gﬁiornation and
deconposition of an organic conplex on a catal yst
support. = 10 BACKGROUND OF THE | NVENTI ON [ 002]

Hydr ogenation is an A s both in the
chem cal and petroleum refining industries.

Hydr ogenation is conventionally carried out in the
008} eMhepeberd invealion dtites tolaipebeoss folthe/h htidSoforganic
metal hydrogenati on conponent deposited on a 15 porous.
eQippnds ard ©rg priocesyifier the manufagtarerfartaidressnatinmrstadyst andin
oft.en_one .or, nore. netals..for...ex e nickel,

BrliEate mar iR Beb st o R R AR R G Shioglptarepared
{heheRimati®Pald &&Bﬂlp@ﬁﬁ&ﬂbf‘mﬁd}gﬁﬁé’ BélEpIRR G aQRMIRE sUPRLA.
groups or functionality that is 20 susceptible to

hydr ogenati on under appropriate conditions with the
parti cul ar - or oUACKCRANGAR LN AIGR, ., T
particular gro eptible to
hydrogenation is those that contain one or nore

unsat urated groups or functionality such as for

H0ahpHydrgention dnabentebdishsl prodsssnbisthan therdbgméecab erdigetroddim

04] .Hydr oge ed derivatives. of . .
R B a P RO P on s trovgrtichelly garied aut inthprggnce of a
8815t 2N hRE i AlyaRdepRise YA hilR8zenhBYE caBEbheE&Dosifdd on a
particular intérest is their use as plasticisers for
pobyseipportmetenalalhe mietal hidrogaptive gempérent is often one or more

Gl EX BN Gtk PR a3 Gt BB BB B RS
#Rpse materials may be produced by hydrogenation of

the 30 correspondi ng phthalic acid ester in the
presence of hydrogen and an active netal

R R
%sgéﬁi'bgbgt% }@ﬁﬂ) glehé‘fionﬁfﬁlﬁer %rop’isia%]c%n&gﬁns with the use of a suitable
di met hyl t erepht hal at e

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.

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

hydrogenation catalyst deposited on a support.
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I's hydrogenated at X40 C and a pressure of from50 to
170 bar over supported Pd catalysts, which are

wo e@aned7evi th Ni, Pt and/or Ru to give the PCT/EP2003/012885

correspondi ng 5 di net hyl hexahydr ot er epht hal ate. The
supports used are alum na of crystalline phase al pha

or theta or delta or gamma or beta or m xtures

thereof. [006] In EP-A-0 005 737, aromatic carboxylic
§605¢r $n BILS: Pay (N G2381898 aad ULS.arax. Nb t5§8192152© &Enaaﬂgdtﬁafepmhalate

30 to 200 bar over supported N, and/ or
@ah}ﬁirg&ep%te at 3148 C ang atmwqufé@@@ ﬁ@l tcnl;ﬂ (e ovel aupmtqchd

Y, n_al um ni um
SRRV R Flfeq TN DDA KRS B e
|dirhé1hjdhb@!h§‘dﬂofﬁr@tmthaﬁﬁb N¥he supPOrf udddare Hainind\6¥ crystalline phase
3,027,398 describes the hydrogenation of

alpha onihetacarlshe hagamaa or Betagemixusg dhareaf. Ru cat al yst s
at from2110 to 140 C and from 35 to 105 bar. The Ru is
deposited on charcoal or kieselguhr. [008] EP-A 0 603

§0U0s] r &4 BPOS-010D5F73p) A6@akc ERbodyie eReRNRAE BYdr8Fen@fed bt from 70 to
Iohexanedlcarboxyllc aci d by hydrogenati ng
fZé@"y

ep A EPinc3 CHoi2@0byar onesdr rag)mrtﬁ@ N U dtit zul/qratd Gathilysts to give
al wher ej S ..support. al ymn silica or.active
P Sronal S Elofli g SRbGicslas. " Rpe Suppeiissdish
dﬁﬁﬁﬁﬂuﬁﬁ&u@e v hich bRREstROICIRR DebPEordvRRe S H@lﬁﬁﬁtah&ﬂmum
of dial kylterephthalate using a Pd catal yst foll owed

Byinelse of a copper chronmite 25 catalyst. [010] U.S.
Pat. No. 5,936,126 descri bes a process for the
hydrogenati on of an aronmatic conmpound. The cat al yst

ey CO9 ik No. BWITSIYS Wk @ be e Y ard¥Bhflondf ‘aﬁﬁetﬁ%lter?phthalate
optionally with one or nore othér oup | B,

Vy¢risBppasted|Ru eatalgstsraicirap i ¢ tes1480 Csagipioorh 35T @05 bar. The Ru is
g%g:oéﬁgcrr S SU?gﬁﬁ X |.b| ts an average pore di anet er

BET surface area of not nore
t han about 30 nR2/g. 2 WO 2004/ 046076 PCT/ EP2003/ 012885
[011] U. S. Pat. No. 6,248,924 describes a process for
(08¢ t EBgA Or69ard26 reletep umpiecess Torghe p\te@hlgaﬁbn afed-

con ns r.ut heni um a actjve netal ional ly
iihsRenegicertigy B B by B e oG SGi b Gal &
Qﬁbp%rté&' pRtum ThglySURRetn ﬁ%ﬁp}.p&t Blumina, 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
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
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.
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5 material having nmacropores (50 to 10000 urn pore
di aneter) and nesopores (2 to 50 nm pore dianeter).

WO poottlogso3apport 10 -50% of the pores are macr OPCI/EBR20831012885

50 to 90% of the pores are nesopores. Al um na of
surface area (BET) 238 n2/g is specifically
exenplified. 10 [012] Published International
Application No. PCT/EP98/ 08346 (WD 99/32427)

@ 31 UlSe PaNe! @9@59211 @éschibes AyeEad EnakidtingVrgPRNd@founds.
polycarboxyllc acids or derivatives thereof The

"E,laa cetalyst useskapntadmspuiheaiim ag desine oreiad slomn Oagpﬁlwllmlﬁll one or

d aln t he th at
B Do o B Ve b SafP Sucts bR U5 e ePhogt Spe 2
el it g3k Ao e 5BUDRONGO nr%SreQﬁaﬂthEﬂ%na RABFEs (2 to 50

types of support may be 15 used. The first support iIs
n eoopdametst) hbvthe gupporteldn-3066 of e anxss ere roficraporbeask S0 to

50 urn and a BE rface f t )
SRS the PPrS e BsRpOLtoRUHbInn oF Gt arep APET) FRE i ariss
%@Ellﬁcg[gp ,&Hg,q glgdand nmesopores (2 to 50 urn pore
n

I anet er) in which 5-50% of the pores are
macropores, 50 to 95% of the pores are nmesopores and

g1 BihisBobimgmngiors vaiisaer KRt BN Sasiic 9455

Ex‘?ﬂés%‘ o‘%!eé fol?tﬁéh Qt%péisoeg% E‘)%E/cérb'gﬁ A RAsSor

anete | ea t urn an rface area of at
dma;htnlé&rtﬁérgof ['IQ)]:&]&ttaﬂst peed tcompliags ruthpmutrmsczm dchivatretal which

hydrogenati on processes is the degree onver

i5rcparied plope Phge %W}tﬁlag leasi @me A %E@F%‘gf’f %H%W 7 \ior vin
t {

I e

iied h Tas fipsd ssppoktas maoropdchiuk having b niegn Ipoghdigmeies of @li¢ast about

t o devel op hydrogenati.on processes that _proceed at
AewpndgiRET sutee BWaPéﬁTe@OSt[?’@EMT Theseond Slavpﬁétéaamatenal

%E@ﬁ%@%ﬁ(ﬁl}}&?{) iéscé'nﬁ %eg@%d}%é;%qg %b'nﬁp He Aehrct ’i n in which

nation o conp unds an
Pedoth ofithaporfes retrhacrbyae §o nap b wBrof dhie paressat uread@des and the

conpounds such as for ex | e aromatic_co unds to
TRECS TR 5 SRRt §roserePizun 30 ¢ 50%3}9@5"%@&%%'?6 of
Rl P e A Al gt st
50nm&nﬂheuﬁi@rweamfanh1cﬁt:15mﬁ‘/gthe pr esent invention to

provi de a process for hydrogenati ng organi c conpounds
to hydrogenati on products

[013] Of particular importance in all hydrogenation processes is the degree of
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
possible. In addition it is highly desirable to develop hydrogenation processes that

proceed at acceptable reaction rates.

[014] There is a need therefore for efficient hydrogenation processes for the
hydrogenation of organic compounds and in particular for the hydrogenation of

unsaturated compounds such as for example aromatic compounds to the
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with high | evels of conversion, selectivity and with
good rates of reaction, and to 5 provide a

whyanogenat i on catal yst for use in such a hydrPQERP1003012885

process and to a process for the manufacture of such
a hydrogenati on catal yst. SUMMARY OF THE | NVENTI ON 10

T ent | Nt i.on.acc ' rovi.d A, .
Lol RS oL 00 AR ol 1 B8 St
anhpotstdsit gvbd fhctiinNeRSs S ItdOhefdfere IndbidedbNte bitBe i cAfion
nmore _ organi c conpound into contact, under )
IRIPBge A R9EHS oo htdroEenating aigepicLosppads totydiegenatiga products

| Atk ce of.a catal vst comprising o or. nor
o 1 BT PECSe By SR b BB 4B Pl etioR e o
sl RleysStydsd eRfidn GAflyst @SQME i Heh Mg dieRARANMASde8and to a
products, 15 wherein at |east one of the catalytically
procespdortbe manyfacae piasich e dpidogeration gatalyst.t he
deconposition on the support of an organic conpl ex of
the nmetal. [016] In a further aspect the present
invention al so psUVMMARYVON PAESNVENTIONI 0genat i ng
one or nore benzZenepolycar bOXylTC aclids of one or nore
derivatives 20 thereof, or a mxture of one or nore

I b [ i.d i th, one or r .
BRF LR St irbiettion Sy ORtinsly Piaiyited fpascent B Gybnarmating one
. . . .
SRR1clorBfife cArtifo AR RGP GRS TBRE resbr A (BE ol more
bigenio gempowmt iat¢antpcgyamdenhyditeepatessmoaditiohs, avithed sduystof
he cat.alyst co r%si ng one ar. nore catal yti cal w ;

P47 THSRTePERg! ¢ Gy B GOBRTISng 20S Py BOradRbHRaLl active

WRRI Sited 18¢atddeits] caAalyQ @E]g}%frt atﬂalere&ﬁlteﬁh% gﬁﬁpqgg}&geﬁﬁfohx)%t)%ugts,

nmetal sites has beeh obtained via de 1thon o

wheprat lakt ene ditiacritdytiaiiplhetveohethhsitesbbsbeen [obtided via the

further..aspegt the present i.nventjon al so ovi des a

(K BIPGEiPR P (i UPRRHh A ALTTGREC Gomalow p BBRaL | on

cat al yst which process conprises; 30 4 WO 2004/ 046076

PCT/ EP2003/ 012885 a) preparing a support having one

[ 6honen farthanaspeat dingopreseas ingentiomealsar provides a process for

ﬁ@fgal tjcal Iey actiye nmetal s | ocated .thereon; and _b) .
LR NP DRRACBCRAY BRI YT ARl O RIC AT M stexatiyes

11818, @ a MxbulSof SheERRRE benzenepolycarboxylic acids with one or more

derivatives thereof by bringing, under hydrogenation conditions, the

benzenepolycarboxylic acid or the derivative thereof or the mixture into contact with
a hydrogen-containing gas in the presence of a catalyst, the catalyst comprising one

or more catalytically active metal sites located on a catalyst support, wherein at least
one of the catalytically active metal sites has been obtained via decomposition on the

support of an organic complex of the metal.

[017] In a further aspect the present invention also provides a process for the

manufacture of a hydrogenation catalyst which process comprises;
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[018] In a further aspect the present invention also
provi des for a hydrogenation catalyst conprising one

woeeomni@7c€at al ytically active nmetals and one OPCTBP®03/012885

support materials wherein the total netal dispersion
Is 45% or nore and the netal dispersion 10 relating to

G sper Pkt Sy BoR ey B TR RbR rebin obp e flone or more
enbodicamitically £2i¢b nasqetated tHeh@npaasent invention the

organic conplex on the support is partially
deconposed. 15 [020] In a further enbodi nent of each

on e n) Sl SR i R Sabtt 3R oiores Bl o the

enbodisugpeit, of each aspect of the present invention
full 20 deconposition may be achi eved by exposing the
organi c conplex on the support to pyrolysis

TR} Boisiesnde B6 PO BBt o ravidss Sreltosenation
bﬁmﬁtdoﬁﬁ)ﬂsﬁ% on@%? %H?@@dtél&f@&ll?facﬁ%eﬁgaaﬁlﬁ%ln%f flore support

complex i's followed by treatnent of
ﬁaltetﬂalaﬂ wber@aamnm abtd disprisonde #pYeeor more ahé t}&umwlrmspersmn

drogen. \Wen the hydrogen treatnent
eéatBtga{g 5%41?}11%%8@8 Qupenest WF&O%HH%F%%@&SW%@ 20% or

gﬂﬁﬁ@rt the hydrogen treatment preferably fully
econposes the partially deconposed organic conpl ex.
30 5 WD 2004/ 046076 PCT/ EP2003/ 012885 BRI EF

PT 023]. Th t
TSI Al Prbefsb s ra g Iy opaPaisedhe ersanic
thepiBebAhES D Q%walrﬁgﬂgﬁaégd&gpgggg | nventi on when taken

together mnt the ‘atta aw ngs 5 wherein: [024]
Fig. 1 shows a plot of DI NP converS| on vs reaction

r.0.5 w% . Ru/ 1catal in which the
Lﬁ@ﬂf vﬁ‘ Hivrther emiodiment méswea of I&ﬁrswnhweﬁw the organic
SGhptbx 8R theRPport is fully decomposed.

[021] In a further embodiment of each aspect of the present invention full
decomposition may be achieved by exposing the organic complex on the support to

pyrolysis conditions in the presence of hydrogen.

[022] In a further embodiment of each aspect of the present invention the
decomposition of the organic metal complex is followed by treatment of the fully or
partially decomposed organic complex on the support with a source of hydrogen.
When the hydrogen treatment is of a partially decomposed organic complex on the
support the hydrogen treatment preferably fully decomposes the partially

decomposed organic complex.
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10 [025] Fig. 2 shows a plot of DINP conversion vs
reaction tinme for 0.5 wt% Ru/MCM 41 catal yst in which

w0 bsaetorese net al has been deposited from a n RETVER2003/012885

an aqueous solution of netal with triethanolam ne. 15
[026] Fig.3 shows a quadrapol e mass spectrum of the
product of i in,

[027] Fig. Eﬁg@?\?lﬁgﬁﬁgﬁﬁiﬁﬁgwﬁwwspectra
of silica and Exanples 7, 9 and 14, 20 [028] Fig. 5
shows an air treatnment TGA plot for a supported netal
$0234) e pragem invantipmuilsbe byttes vaderstoad b reference to the Detailed

DI A8 e 0 et 1 e bk B0 G i
iwhegimrent TGA plot for a supported netal catalyst (0.5

wt % Ru/ Si 02) prepared using inpregnation of the netal
with triethanol am ne and calcination at 300 C, and

]wFi 9., 7 sho Mro en.treatnent TGA.plat for a
LI § v BT EPINE coior Eishatm ey B S wit
Rugaened] UathRet in Wi SOM8bE®R Rétal IR HEBE 8poltdd)rom an aqueous
triethanol arnine and cal cination at 300 C. 6 WO
selodgpasd76 PCT/ EP2003/ 012885 DETAI LED DESCRI PTI ON OF
THE I NVENTI ON [031] In the process of the present
i nvention organi c conpounds especially unsaturated

BANER. SQARKUAFRL B BINY 5RYRNGH \‘?sdrea{ﬁohfiﬁmﬁfo%%%@/ of
ydrogen and a ~ 5 hydrogenation catal yst that has Bbeen
BrépeMed] catakystspadiidh the wetjve riittel iy deendepatitahiantahixatre of

S prepared.via.t farnmation of one or nore organic
%?%eoﬁ%ﬁﬁgpegm%gl Wﬁbtne%‘ﬂ? % catalytically

active netal. After deposition and/or formation of one
or nore organic netal conplexes in or on the support
K26k Figl3 showvsaomplimpels naase spratrtinadfithe modudtwif Example 7 heated
deconpo gzi.. This nmethod of preparation results in
W%rgﬁe% T8¥n catalysts that 10 have good catal ytic
activity when conpared to hydrogenation catal ysts

pr epar ed
[027] Fig. 4 shows the transmission infra-red spectra of silica and Examples 7, 9

and 14,

[028] 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,

[029] Fig. 6 shows an air treatment TGA plot for a supported metal catalyst (0.5
wi% Ru/Si0,) prepared using impregnation of the metal with triethanolamine and

calcination at 300° C, and

[030] Fig. 7 shows a hydrogen treatment TGA plot for a supported metal catalyst
(0.5 wt% Ru/Si0O,) prepared using impregnation of the metal with triethanolamine

and calcination at 300° C.
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usi ng nore conventional catalyst preparation nethods.
We have found that when at |east one of the active

whyanogenat i on nmetals is deposited in this wayPCTEP2003/012885

resultant catalyst is highly active in hydrogenation
processes. In a further enbodinent the fully or
partially decomaseq QfSafd-Gr SRk 8% od.in a
further stage- .gb:n,_g_;j__ e S G '-”

further stage may be omtted when a hydrogen source is
used in a first stage to fully deconpose the organic
(3| & the[roazks afibe presend duvention hrgapicesmpoundswespecially i s

e P A B B e BB
hid@og@iBion CatRRE( thettHad bboh Srepdredlta §66ifRVEAN The hydrogenation

conpounds that conprise one or nore groups or
caalyst is pedpated wa thia formsation o brelotboorgdniesetat oompleress as the

3o S Ay SoRE s o PR Rt i dostisB i gne gmore
BERic MethiddhlBks i &S(lﬁmhe is{ﬂplrlrbgf I 9RA50P Férﬁﬁgxéy Aﬁ? partially or

organi ¢ conpounds i ncludinglow nolecular welg
futhndacempodeda Tthigrotthod pf prepargtion wswtnp hyddgendtion eatalypts that

25 t Li | ted, jn rticular those which
R B capisecRrntRh e reieed GablrageRshonahoianpared
%Mﬁ% e Eﬁ{vkéﬁﬁ‘drféﬂeﬁﬁl?st?)?i&hﬁoﬂrm&ﬁtfcﬂp R € ﬁéxﬁé%m%d i ®hen at
bonds. i ses | ow no I t

This term cofp ecul ar weig
tmagtamieof tlorgetive Hpdragenagbh metalpisldgpasited ir' thisvwaynhk essultait

wei ght. or gani ¢. conpounds” ,are conpouynds, havi ng a
figrRds %g%%cgﬁ? hydregenaiprsergcesisie 1 a fiwhes smgﬁ@menr the
. . . ol _ .
Ay e (A TR BRGSO, B e it
RAT¢EFAQOBIRh 2 88 fufthl3tagk maydetonttibdwhemws adrogen source is
cormpounds havi n ne or nore of the fo{lovvi ng
BT‘%EBEF‘ prsfy staggite &I%C%p%éh? OIZARIG SOFRIEhe present
invention is not limted to organic conpounds that

only have these structural units as groups that are
§132¢ efihe pioectsof thivyemgeimatntinm. is SuitableGor hildrogdiating byt grganic

10 . . . .
compound that is susceptible to hydrogenation. Organic compounds that are

particularly suitable are organic compounds that comprise one or more groups or
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
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.
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(I11) -C=N (1V) 15 -C==N (V) 0 GOH (V) 200
-GH (M) RC=S (MI1) 25 -N®2 (I1X) [034] The

w@r@ens®7of the invention is particularly suitedl/E8P1005/012885

hydr ogenati ng an unsaturated organic conpound which
is selected fromthe group consisting of an aromatic

E%ﬁﬁo n d%%lgﬂvgpg%@fcg&%gﬁ% %n i q%lrg g)é\éé)rqufo tﬂg f(i)lfowing
Rl EERRAR/ AR5 8 Red, ra'ltﬁ@uglﬁ'ﬁe %fé%@iﬁﬁh&enﬁ@ﬂmwﬂ BrdiftdW bfdinic
at | east one "‘am no group 1s onded to an aromati c

gompoungs theat onfythiave hesgpdmetiralrmith ag proaps thebat sesseptible to
&po§éblc acid group or derivative thereof is bonded
B84 0t i c ring, a ketone, an al dehyde, a
carboxyllc acid or a derivative thereof, a pol yner
conprising at |east one carbon-carbon double 5 bond, a
pol ymer conprising at Ieaéﬁk@ﬁb car bonyl (dyr oup, a
pol ynmer conprising at |east one nitrile group, and a
m xture of two or nore thereof. Aliphatic unsaturated
organi ¢ conpounds conprising al dehyde groups as the
only unsaturated group are _not preferred. Aliphatic
unsat urat ed organi ¢ conmpounf&=eonpri si ng(IBl dehyde
groups and al cohol groups especially polyols such as
D-gl ucose are not preferred. 10 [035] Wthin the
process of the invention ungaturated organi c conpounds
conprising units of diffefe ructures, as defined
above, may be hydrogenat ed as unsatur at ed
organi ¢ conpounds, which ‘& car bon-car bon
nmul ti pl e bonds and carbonyl®groups, sin@H)the
catal yst used within the process of the invention are

-C=N- (Iv)

—C=N V)
i

—C—0OH V)
i

Ay (VI
R,C=S 4%11))
-NO; (IX)

[034] 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 hydroxyl group is bonded to an aromatic
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15 capable to first selectively hydrogenate one of the
two groups, i.e. to achieve a hydrogenation of these
wW@e@d/0%$6076 om about 90 to 100% while at first POEEP100®012885
groups are reacted, preferably hydrogenated, to an
extent of |less than 25% and in general 0 to about 7%
Ceneral ly,. first the garnban-c on oyl tinl:
S Sbaamte s Remd P LA rEEGRE A g € pBad 35
ANHERGSNA bR droni AR R ATpbIE] 3. wikiGh bORBSS ofidearbexylic acid group or
“aromatic conpound in which at |east one hydroxyl _
dgrivatjvei therbofid bdndaddo an aspmentistring,  kKetgne, g aldghyig icarboxylic

conmpound. in ich.at |east one .am r '

6 Sy Beieph g pobBi cpBRErRE oL Saf il Berb G gBBR Byote
dopasd %&%eﬁcﬁfnﬂﬁﬁﬂg 4 leaBChrit @FMP] gousierpotahéntniphieingai
I's bonded to an aromatic ring" means all conpounds 25
leasnbiechitriia geoug, amd a maftuternd two orotong Gefeey. Alinhptic gnspgyrated

2004/ 046076 _PCT/ EP200 12885 wh i N, R h
SR RIS TP b e EEPBO s o b i P g e
b befétddY qﬁg??ﬁfi@ Rhsatlrfked bddGicWoipolnds dﬂ)@fﬁﬁisﬁ@/al@yﬂa\groups

or nore su Ituent R groups in 'the aromatic ring.
dndATdohbF groiys dshecigltyomdpds sfchtah ®-glueessrire nehpeefeirteth, use
is made of aromatic conpounds in which at |east one
hydr oxyl group and al so at | east one unsubstituted or

tt < : 3 F=Yal! d 9
UM s syt anlesgls vl
domspHstigngits 96 differen siroctardes, cis sefined abams, prydehinidsogsasedesuch

Sy e TSR o o
. . 1 . d
{%@Rg%? ﬁlntcg' ﬁnfeuc‘rét&['l;%@ﬂ%‘as&vlﬁﬁﬁ BlR6cLaBr 8 iB/ARES &R

out r puritication steps, since the
dapubtats st eflectivilyl Hydropenes onsofithe twia Btopps, asplogichieye a

avoi ded, [038] Like the above-described. c ds.,in
L S e s e 015 B 25 TR o
A5 QR Cole Fdh fﬂ;(ﬁﬁg%ﬂafé 9@%‘%’7&%@ of Rsd¥his P5Atanti 88 8éneral 0 to
oRe am ho grou% I s”bonded to an aromatic ring can
#Hon07%e Goyetalbyg dnstiedcdrlyort-teebqr mobipde pfndtand spbsegeently the

i nvention to give the corresponding cycloaliphatic
RS GIINRETGICRF cthih PYGIOBRIASSE Feppectively!

D

[036] 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

. which have a unit of the structure (I):
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SR8 iR e E&Eésisockﬁlr
d al so

For the am nes additionally substituted by a C1 -C10
-al kyl radical and/or Cl1 -Cl10 - al koxy radical, what

wha®4bedne sai d above regarding the rati o of theCUDEB20a5¢i12885

trans 20 isoners also applies. [039] In particular,

thi s enbodi nent substantially avoids the formation of

deam nation products such as cycl ohexanes or partially

hydr ogenat ed di meri zation products such as

piherein RYS b aydrsyy1abies: anl diflé gfdub.or bbl@ofqﬁid R4 HQup or

conmpounds ma 25 be hydrogenated with the process of

dpavative diergadn In $towoire )(5% dhrese ey be Ao orvers subsifitiedt Ragroups in
ne.hydroxyl group and preferably also at |east

gﬁ%‘%‘ﬁ% rsl,@{t uted or substituted Cl -Cl0 -al kyl

radi cal and/or al koxy radical is bonded to an

aromatic ring can be hydrogenated by means of the

0351 e $s ingthe B cedsefifhepresent invertin, ose is onagiewé atdmeatic compounds

di | i phati ds, ith i | )
HoVRERRE e e By oD it dne al® BRerbane s hestioued of Fbguted
CPDDQUAINSE radibs ALY, I-€;, -4V AR YBRALPro0 an aromatic ring,

PCT/ EP2003/ 012885 conpounds used can be nonocyclic or
felrpsnliang isomeroatio Ecis torpransrpieducthendevaried withimoawidendsee,
ontagin at, | east one hydroxyl group bpon 0 an
R e e AU B T A
BABP&Unds $b@inRH ARbE FrocQRDPHRESr Q{tﬁ&g "Fiphef pRAYEati A Meps, since
hydroxyl group per aromatic ring and can tge
thelfermationed atkylbehzenas srattiadlyrdonplaiely avoidedys by one or
nmore al kyl and/or al koxy radicals, preferably Cl
-C o-al kyl and/or al koxy radicals, particularly

381 eLaRlie HbvEdaes@ky bonpGifid S whi | il i
Ermet yl, eef hylv, pSropy?,O@E%%fraglgfv,mcg&?ya%t@gg‘ggﬂoff?d%ﬂ%pls
bended bty kromatle ciak saromatiacprprend kowlyich aaldhst ahs amino group
{gref rence i s given torﬂ?l-C8 - al koxy radicals such as

thon: tﬁ&gﬁoné Idre can Wdrqgg%@%bbw’prwq)gv’he present

i10 or rings and a t %X%CF(%@ Pﬁ%%cépoa%%%\?gﬁﬁig& S;eie%lty'
Fenythe amires bdditionalydubstitstatd by ktQt-E) -blkyl fadicabanl/@t@ne;, -

[ artijcular fluyorine atons, or, other suitable inert
b aglisahpde: 125 pgqn w@%&vgﬁﬁgﬁrdlﬂa thegatip elithg sisamddrms

g@ﬁegealggyaggg&enat ed according to the present
i nvention have at |east one, preferably fromone to

four, in particular one, Cl- 15 d o-al kyl radical

ich is preferably | ocated on the sanme _aromatic ring
ﬁgbf hi W&l@iwsmna?mgpmmﬂwwéﬁ the dorratien @i ds
AafnihATRAPHGIEK! DR ROLR1HMREIES of Pitially hydro genated dimerization

products such as phenylcyclohexylamines. In detail, the following compounds may

be hydrogenated with the process of the invention.

[040] 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
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
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al kyl radical can be in the o, mor p position
relative to the hydroxyl group. Particular preference

WO 200gi0w@me t 0 trans-al kyl phenol s, al so known asPCT/EP2003/012885

4- al kyl phenol s, where the alkyl radical preferably

has from1l to 10 carbon atons and is, in particular, a
tert 2% butyl radical. 1PrefeFen e is gi.ven to .
ORI G5 3 bR RO iy P PO S oo Jthe aromatic
vhthpburkdad BoReinUs @éas@&féqlryafdskgl EBup BEndRELS &R brdnih¥ie Mo O?le

are, for exanple, (3-naphthol and a-naphthol . [052
Fineplest oompoundediips groaip i$ phaxiel. dihe atorha wstompoandsyptefexablly have

dhepuP ehl 5 S Fnsaad St ber GRSl on e progpati ring or
. . ot { ; .
ARG B orit! drPire aﬂ%? hl?(g%)rl %@o@?ﬁ@@ﬂﬁaﬁ?@ﬁfﬁbﬂf @mlb\]%}]@;] Eﬁgir/%r

cah dl so have a aromati c ri'ngs
hiknkethdidals, partieulisty prederatayliCs &0 p-afkybfadicaly] in gartiatdiryeheahyd,
oup. The al k ne . group, preferaply. nethylene
gfﬁiésﬂ Efomoﬂ 1$OR™q ﬁ by isouy] »@3@ erhwyhatisalsranens e alkoxy
' ~Ch C by -.al i,C
Fedfoels, B LldeE iven WICRDy S tabhalk shhir & i ncliRRl, By,
pmpbky; lild;?rdpé)xwlﬁft@r}a hiobumgy brycll teﬂ@f{m&vygagigglg% lze;ggrgatic ring
sQpro t or tert-butyl. g .
éﬁrgﬁpﬂ%@@mﬁegé@ mﬁ@i‘%ﬁ?ﬁ%ﬂ%@@y b HpBbsatedos spbshifuted by
EQS & Q@E,'iﬁ Eﬁf@@r ﬁﬂ%&eﬁ mg,torlo%§ gui%?e lﬂglq gl%jstituents.
yd%oxy gron. anpl'es of such conmpounds are

bi sphenols, which are linked in the 4 position via an
| ene radical, preferably a nethylene radical. 5

| K
f‘lﬂﬂ] Prefereily. the sempunds v gandedidroganaient scsarding to the

B LS IS B i G5 g, .-
Clo~ddkyl-radikyl lwhictaidipeeferabiyeced drethalskyk afoaghtiealngmthde

g}g}dsubst ituted or substituted by an aronmatic radical,
TR ETRURLOT GFOUPRoP TS Feried camppunds ase(naiopliavienolsy where the

t he g i this \ .
IR B o ST R DLy 5t aoup Pariculr
piiefi@tiivy ingivaanaras-atkyphehols Lalédieiomaf as 4Salkyphegas) adtreb the

The process of the iresent i nvention al so

45] _ :
[élgalﬁ%a@@ala%r%ﬁ%@b%haé&%&ﬁm 0 pagbomypiorys and is, ppartigHer, a tert-

0] . .
PNRIEACPRAERITHEn | R BUOREAG, PUPACP et
campoamts] svhivh ¢dn be vstd b@srdihg tonbe preséMligvedtion ake, fdr@8ample,
conmpounds al so being able to be used. The aromatic

elord ogpaméhalonocycl i ¢ or pol yeyclic aronatic
conmpounds. The aronmati c conmpounds contain at

[042] The aromatic compounds in which at least one hydroxyl group and preferably
also at least one unsubstituted or substituted C;-Cip-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;-Cyg -alkyl radicals and are preferably C;-Cjo-alkyl
radicals, particularly preferably methyl, ethyl, propyl, isopropyl, butyl or tert-butyl.
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| east one ami no group, which is bonded to an aromatic
ring. The aromatic conpounds are preferably aromatic

W@Ri0nes6006 di am nes and can be substituted on PECEBEP2003/012885

aromatic ring or rings or on the am no group by one or
nore al kyl and/or al koxy 20 radicals, preferably
' ' - thyl .. et hyl

o R B AONE Tath of he ALY cBFbal pt g e boncea
hgidros al gouphixagplds of aldhawoynpoanidscat Sisphdfoly, MheihCRe liSked in the

iven to,. Cl- -al koxy, radi cal s such as net hoxy,

gtﬁ%’i‘?? v ad‘p%X}?ne radispl Brsistgbly Bumeshylend redisal oxy and
tert-butoxy radicals. The aromatic ring or rings and

al so the al kyl and al koxy radi cal s can be

81ib &t ihibpreedsOot thelpebér thvegtidn, paalcane BraGeAted Biveh b

articular fluorine atons, or other suitable inért

£i414 3 plsyeksubstimgsd byreCaforslkylaadioripprefrdatily Opdlsc hiksit
' [ i s.bonded.tp .an aronmatjc ring .
R, ARF BTG oD o] p BPOB R shiGohhY eharaati
Fadidab dr iiRtubdd of @l ¥t RIdE: EItREHR coRfpBlfisai é/ﬁﬁ’tthﬁﬁtjaf’eh%ﬂe

group. The_ al kyl ene group, preferably 30 ne ene
@%wgmemféhlsmms, pHiertibuhieigeok bis(tbatroxyphenyl) nor e

[ £ uent i ch..can. be Cl-C20 -al kyl
@WJA@%%%%%%’”@WS&E% 115 hydrogepdied; kyl radicals, 12
WD 2004/ 046076 PCT/ EP2003/ 012885 particularly
&éeferably met hyl, ethyl, propyl, isopropyl, butyl,

el blis/proggss oé He-tiveseyt inverifios a2soi eneblgs aromatio nokegotds in

g BT TR PR e S e
fia¢ the@olBE oy ey EbAIRTha O BRANAERLS, \Qﬁl?nﬁﬂh*e's W two or more of

napht hyl am ne, di am nobenzenes, di am notol uenes an
thpserosiparndropsncheph gt torlee wed iThet atomstid dvemguhds E4rbe

ﬁéélgi&b'glllcé (I;]rtepoc!%?co gﬁ?s ?roﬁqlf;}titﬁ g?eqlll)% gtr fg%glr(l)liﬁ?f:g? ng%?spgmég, contain at
leaﬁﬂbﬁ@ﬁﬂmocgﬁ?igjé i dHis GBARRANY bin AFRNRR i )% ®he éuraméltic

particul ar a hydes, ketones, carboxylic acids and
QOREIOENGFed P Praferelly arauatle aasnesaoriibonyinecambiag bestibstisuted On the
ah ?8(1¥r|1i S acid halti des. and carboxylic anhydrides, and
Xt ur 65 of 10" GF IFﬁﬁnémafgm“ﬂ’ NS SY 81978 Al bd(pr alkoxy
18di018)\FRefrably0d 8L, | BikpRFliical! ﬁgoaﬁk&%mﬁylﬁgg}gﬁﬁlggﬁ?s !

preferably those having 1 to 20 C atons,
isopromyil.duryldisobuivlend tetehytybradivalbpAanak diehglklexy radicals,

- al dehyd 5 val eral dehyde, caproal dehyde,
i3 p‘%&?g Sty qa o S]ﬁ?é?ﬁ/?%i?& ifatsyleh aspehpyy, wthoxy, 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

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

[046] 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
methylene group, which forms the linkage can bear one or more alkyl substituents

which can be C;-Cy -alkyl radicals and are preferably C;-Cyo-alkyl radicals,
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crot onal dehyde, benzal dehyde, o-, m, p-tolual dehyde,
salicylic al dehyde, anisal dehyde, vanillin, zinnamc

w@baehyweq acet one, nethyl ethyl ketone, 2- pePCEHRP2963/012885

3- pent anone, 2-hexanone, 3-hexanone, cycl ohexanone,
i sophorone, nethyl isobutyl ket one, nesityl oxide,

T R

Jihg ealinadap }Sdﬁded@tb Yigx@bmatic Ang RiAl 38 HnQiMtituted or substituted by
2, 4- pent andi one, 5- hexandi one, terepht hal al dehyde,

@pe PRV afthy @bove—dﬁsmbvwaﬂd@d mdecalm@aﬁgculavlymfem@i @mmounds

ce 2: et hexanal m xt ures of two
m)r e ]lt“ﬁeé e@?ﬁﬂﬁ‘gi}l% Xﬁl CQenZ5aes, 8@‘}1“%8 AT gL P- ol so
pAliydpRtAYIRSthahs 6Pmdauwes BRtesTer s of ethyl ene and CO are
used. [050] Furthernore, carboxylic acids and

derivatives thereof, preferably those having 1 to 20

be react.ed. articul ar, .the follow ng
O PRk Sagt i midhoBs }a}ﬁ F“éo BessiRle Tiqet igartioutar to
&19&16;;@11@& 'chpéﬁﬁis'cGn@ﬁblﬁg c% saicé gnpclt)rﬂtnﬁﬁzodl&ehydes

acid, iso- butanoic acid, n- erl acl prvali
éf@iiodes capoxylic aa:txlSdtnd iﬁant@mwaimveacsudh ap carboxylic aai ddters, 13

WO, 20Q4/ 04 O EP200 /0 decanoi ¢ aci d,
CPrACE Al igs P GEDRa A BT R F6S JUKares o B4 pemore of

ﬂiélacﬂ)ovélﬁ{e)[lhbﬁeda&ﬁxﬂ)oun&@t hacrylic acid, oleic acid,
elaidic acid, linoleic acid, i nol eni ¢ aci d,

cycl ohexane carboxylic acid, benzoic acid,
N i,d, .0-, t ol uyl d
LT Ry AN PNl R -
dhths fOmMEKIRUY, RERE Ry R }llngploﬁalggﬂ AL 'bhié&alﬁ'éhyge,
al el onl @ aci ,

p- am nobenzorc ‘acid, oX c” acl
Sd@mﬂdﬁmdemaptpaldgﬂydbdmptald&ahydb pgeh}{badgtai?dﬁhgide Iai(:jmlﬁlﬂ IC
aci d, azel ai c CI sebaci c_ aci nmal ei ¢
S aldRl e alehya v 1o ae e oaRrlina D, o

I [ [ d,
8 il Ahnchic BB o) oo et I EEn8 DO
pmame,rﬁ}paltandmr 2béxandfie, Bakhndel brtoHekenoae) iSophorone,

ch as the chlorides and brom des of the
BstbE ot felniamesit OXifie; Rockopherone; Fropigphenoge.dienzophenone,

B&BhMEGBAS HitRz Al cerddeOBEndR -
-brom de and benzcgl c eg%% ¢ ﬁﬁ%ﬁ@g ég@cglracl)?n&g% g\%&X&hz 3
butendione, 2,4-pentandione, 2 5-hexand10ne, terephthalaldehyde, glutaraldehyde,
diethylketone, methyl vinyl ketone, acetylacetone, 2-ethylhexanal, or mixtures of two

or more thereof, may be used.

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

used.

[050] 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:
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,
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dehal ogenated. 15 [052] Carboxylic acid esters, such
as the Cl- to Cl10-al kyl esters of the above- nentioned

W@ 200B0x0pé ¢ aci ds, particularly nethyl fornatePCHEPI003012885

acid ester, butanoic acid butyl ester, dinethyl
terephthalate dinethyl adi pate, nethyl

acr ate act one, . .caprol act one  and
g? ar%oxﬁuiné: aﬁ’é{) §'il°e?‘°§ P&E’E 1dn eI ReYR acido
mdth'dw}lia%fd[ biefc RSd, %1&@1& aela Ritslei6 QBia) HABESC 80, cyclohexane
pol yesters thereof, such

sabpxyiestaeid, @nmdn) awd mhansésgetlc atidse-, o5t ptadudicacidy o-, p-

I d d d
RRlorar el pl g i il disri € Pip@ipbSioleia,
GAThPAXIY] Actd, PAMBbbEBSIC U Bxﬁﬁ: A y&ﬁaﬂﬁ@ §c19fsut:aﬁﬂc acid,

above- ment i oned carboxyli ¢ acrds, I n part
gbwariccacid |ad1pm1$w<ﬂm11uehc mid) pabmw(acat lagelain layidy seﬂ’baclc ac1d maleic

be Z e %glc%cpﬁtﬂg%dr ; g 1so§388ﬁpalgglgztpg:gg%a 1(|: gq%@, tnmelhtlc acid,
@Jﬁayﬁc ABAyPaRa 68 LOR Y d\ﬁlellﬁﬁs' AR arflff ds gﬂwwnﬁi&

acet am de, “propi oni ¢ am stearam
ﬂﬂr@ﬁhthalanlde 14 WD 2004/ 046076 PCT/EP2003/012885
[055] In addition thereto, also hydroxy carboxylic
acids, such as lactic, malic acid, tartaric acid or
%51 ' @a‘f"rfb‘xghc R4id ATEALS, Atk Q%the%ﬂﬁ%d%aﬂg%ﬁ 5@%3 oA HHBGe-
pro ine an ar gi ni ne’ may reacted
mentibadmartexyht sads)iit partiedar geesichil@ideyorabioplidd, isatd acid
tic_ nono or glnltrlles such as acetonitrile,
35185 A bremide apd benzons acid ‘Eféorl‘iﬁt FaPronide, vehigh #5ei | e,
H&Q&g% Qajc acid nitrile, 3-butylnitrile,
tadiene nitrile, 2,4-pentadiene nitrile,
3-hexene-1,6- dinitrile, chlorbcetonitrile,

ichloracetonitrile, lactic acid nitrile, phenol
L@éﬂ ol@?{howléc aci® R oTBR AL B8iGir 1 Gro-alkyl esters of fie above-

glaerﬁ’%l?l‘éegllma f;{' %cgﬁgéﬁ)ﬁﬁlc%lgfl%ﬁgﬁ ?@r taéét .eat’czld eister butanoic
scid bubys esterg diniitﬁ]myl ti¢repiehal g Udimiethyl hdlp iite,, m&ﬁylr(ﬁﬁ:ltﬁ)ﬁérklﬁte

imelicnitrile and suberic nitrile or amnonitril es,
bifatolacdone. sarelacipne Moy adom inad stets, such as polyacrylic and

-an d
BB S0 s BRI LSy ALABATEAGS.
Belamethyl@hethpiceyl@ed)pthedet dsiekLare in particular hydrogenated, i.e. the

esters are reacted to the corresponding acids and alcohols.

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

[054] Carboxylic acid amides, such as amides of the above-mentioned carboxylic
acids, such as formamide, acetamide, propionic amide, stearamide and

terephthalamide.
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15 [057] Furthernore, wthin the process according to
the invention, the following reactions may be carried

w@i04/04does hydr ogenat i on of aromati c conpounds, PGU/EP2083/012885

benzene, toluenes, xylols, naphthalines and
substituted derivatives thereof, leading to the

espongi. ng.al icyli onpounds:;.. t he hydrogenati on. of .
FRieL  BERBA i inBist i SR BBV et e i e ol i
frfatlt @8ig or ditric dcid, o andisladd Q) ShANR IR ADIARR,; pralife 2
hexatriene | eading to the correspondi ng al kanes; the
pigtmagy@anbe osacsfl. ni t roal kanes, such as nitroet hane,
nitronet hane, nitropropane and 1, 1-di nitroet hane
| eading to the corresponding anmnes; the
Lﬂ%] OpgRRdrieR, afso h_iﬁﬂé@,s‘preﬁi’%'iy ApHAHE BPASalt Hodo or dinitriles,

etimnes, ketene Iimnes or aliphatic i mnes, SUCh as
sichsis eestbmitrile pempingitiilej ingyrohitele, stedrid aeibimaile dsocdstonic acid

! | whi.ch contajn hal at
B AL 0 SR L Sk O8r s e 1.

GRTRRY PESracehitriRStrich %c@fonﬁﬂgz, Pafcgéfgaﬁ DRARS h%ﬁro? Tonitrile,
8 ch an Po S, al so

and chl orot ol uenes an or o- rono Xy
2-eblovstinagnitrde)érdithlondtidnzonitrile, isdphithabuietriie lpagienlagt atiphatic

S R R T Y, ©
SISyl TR L RIT

HEIEFRPIOORPONEBRAS acifl 08H]e, Phaminsticxbhydit acidadeitg]i7ng t o
the jnvention npy be al so used for .the.  hydrogenation
PFOPLFRIRNGinREE pitRle and BeAnaipaentynais agid nifrer s,
Accordingly, the present invention also relates to a
process for hydrogenating a polynmer conprising at
1083} t Furtireemont aviittin thaptogessemedraligao tedtivention) the following
‘t%r esence of the above identified catalyst, 5 wherein

R R derraticd o ub Thsdrdragprationns arasmaily compaviis, such as
SRS toh§é'h§9, nx@?ols RALMARE Snd Eué)q{iﬁl%db%)@(/laﬂi&es %lge'rgosﬂ leading to
unsat ur at e nocarboxyl 1 c acids, such as
the kyifrespbhdiag ali¢ydicesmpoluiisi the G mepRitvARI Slkefies or alkynes, such

ol yket ones, and t he hydrogenation of polyners
%&ﬁ%&?@ RPiiens 1I‘@'B‘|"‘6‘%Fp§:a%&@§§'%‘éﬁ9@l Yedigney pnd

j I Lonitr |

RS e MR o hond SR PR s R b Bpes.
shioh asditpethyhe hithesethane} hieropropasarl Qi-didi€oethane leading to the
above-nentioned catal yst are preferred. [059] In
ORECERQIIng- amifips ﬂpﬁlygmaenawatjﬂm@wsfsyplaa%gum@wanpnm ess

etimih Qe Al RAEAA BPhatic imines, such as propioamine, hexane imine; the

dehalogenation or organic compounds which contain halogen atoms, particularly of

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.
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of a polynmer conprising at | east one carbonyl group or
a polynmer conprising at least one nitrile group. 15

WO 0®dp46Dne t erm "pol ymer conprising at | east OPEI/EP2003/012885

catalytically reactable group” relates to al
pol ynmers conprising such groups, in particular to

PSS Wity 2R adocPias s v iR B ale el fnde
HPd10 & ati6n 6PHRAUAGRCu1SY, pRefabl9Be PoBIRM. ABGHIRSS fedresent

say that the referenced 20 polymers conprise the
Hweplee dlseralaes toatproeess for byidrogemading lagiolyahes compsgsiog at least

RIS R e S A A 0
WRERR ihe ‘Pl{y(ér[ogéﬂa]tioﬁ B@p@mﬁ%@sﬁ&%ammgfgggsﬁgs, glcththage

pol yners e reacted"wthin the™25 pr SS 0
pelyestiers ofidicsrbgeyler &idsywsbtumated fOnd carbbgylit a&A0HG0EH as

T T e R
- | . 1 1 .
?rgl R &ﬂﬁsﬁ%‘?ﬂﬂ?é‘éﬁp@ Qﬁmr&PQ@M{e&goﬁl’[ﬁ%&rbﬁh butadleinfe,

ecul ar 'wei ght of “up to one of “severa ons.
pefojymeers of acrplongiilegnd thd avisbtingieydeagenolysie af palyvinylalcohols
nul tipl e bond i.e. pal rs conprising repeating
i’fﬁ* R‘gﬁfﬁ?m%eﬁ an s gueseresral, ﬁ%%gbw?%ft%lp@%d %a%aly%ﬁff refesredo
are reacted, these generally exhibit a weight average
mol ecul ar wei ght of fromabout 16 WD 2004/ 046076
S| ER2H0604:2 818 presbitGfvdntion belutes I0DPOEss fortae BydrbEshation
from about 50000 to about 500000 and nore preferably
?f HRR BT EOMBHHEAL derstons Rersrbergup pospelymer gagnprising at least

bredigtit 0 use polynmers containing olefinic double
béﬁgs, gﬁ)blt is 5 further preferred to use pol yners

containing diene units and copol yners cont ai ni ng
[\ﬁi nIv:I agomat i,c units and diene units. Wthin this .
0L + Tintcras Pelomer spanpring 3fdeast erpwstaluticaly resctable mionn's

- \ | i Si .
SRR MBI om0 8 SRR L5 B g
chisievingithssthwalred@) ol (VIEY ay ésfiiedndbve With ydspeataitat ed
nononers containing fromthree to twel ve carbon atons,

BOTAEFEHeOIRPUBES0F 2 Brloget fem. Nesglets/asistheihp geferenced
é}?ﬁg@g& %Bﬁltpﬁge {fl%)f%ﬁ)g&}v%llﬂgra? féAE{ i atiftrhPatbdlond oarr}rqgr@units of

or “tapere I'stribution
two or more of said structures may be present in the polymer reacted according to the

invention.

[061] The average molecular weight of the polymers to be reacted within the
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 (IT)

are reacted, these generally exhibit a weight average molecular weight of from about
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[063] Aromatic nononers, which may be present in the
polyners to be hydrogenated in the process of the

WO poogi#doos, | ncl ude nonovi nyl - substituted and PABEP2003/012885

pol yvi nyl -substituted aromati c conpounds, the
preferred nononers being styrene, al pha-nethyl

rs t L di vi vl
UGS o Ry SRR RBG 1  olBpch ve
phsttrablydiah ebdud 1500008 LBoutcRbbemal |y together with

conventional olefinic nononmers, can be present in the
polyners to be hydrogenated. 20 [064] As exanples for

TR e PP SRS ok e B 5
PO HOT BfeFerRRMb fiSe 5@9&@&-&@9@5 HOUfits %3;&%5?1 ofk containing

pol ybut adi enes, such as poly(2, 3-di net
podrempiicmdts ang dispa ety | Veitkia this deqaﬁbybgdidrg alnd @_tallﬁsnd
- hexadi ene. pol rs havi ng, carbon-carbon 25 triple.
BYHRESIg H&J]erglgn ég‘ﬁv cgg%{rg;?aé ;th?, EAta et compEising gpalladium as
HORBVE el 14D De uSHC Coftino @EﬂéﬁlﬁfSQHﬁud ;gf gcgv}éﬁﬁd’nsal of
acrylonitrile; butadiene and styrene, and copolyners
pblyussagratiné mandmaxsrophtaitiing fibmy thivelty tedlse Sabom@oms, butadiene

ar bon-nit en trinpl onds, such as . o
E%‘P% RESfSF \’61:1 ?33?‘?1 FfSﬁeﬁﬁ fPRERRted NRLCRNAB rmrsgl WS n

Vi ' A i dene chloride, viny

g%g?%kQR%$”%E%?ﬁ?§§??F@@M£cid esters or nixtures of

two or nore thereof 30 as conononers; polynmers having

c on- oxygen doubl e honds, such as pol yesters,
ng‘ija é I&%‘%“,‘“%&IW% gy ibg PESpRidR theelymers to bad

: i . 76.
B ERARAE oBRuRRbEmp B, Honl R A Reyed g
palyyisyl-substitsted mtbmaticyeinipouads, tHeesferrb@h@@6ers being styrene,

ont ai ni ol yners, such as poly(vinyl chloride) and
R BB e o

' 0 [ [ ration
Bt OL iy PR A AN S P bo Rl ntty
togetber witls corfvehidifa) olefiaitphesorias, cpe by pRként i€t olymers to be

referably used within the present invention include
%%E%F?@ﬁ ene, pol ybut adi ene, et hyl ene/ CO copol yners,
propyl ene/ CO- copol yners, pol y(nethyl (nmeth)acryl ate),
pol yt er epht hal at e, pol yadi pate, styrene-
[064] 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
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
as comonomers; polymers having carbon-oxygen double bonds, such as polyesters,

polyacrylamides, poly(acrylic acids), polyurea and polyketones; polymers having
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but adi ene- copol yners,
acrylonitrile-butadi ene-copol yners,

wa@eooghenré ril e-styrene 10 copol yners, PCT/EP2003/012885

styrene-i soprene-styrene-tribl ock copol yners,
styrene- but adi ene-styrene- triblock copol yners and
]| ' e- | oc ners. [DG6
ol o S A 3 B e BB B Pfoken-
conpinitipdlyrheraatie yepoly(vilgeneride) i@ poBeinlidene chloride); and
preferably hydrogenation, may also be carried out in
Lygess ¢ Inifg pitEcngreupsy whighttasy e etiginedbyhitration of e.g.

£0

re and/ or H2 -anmount only one
gg %ﬁ?ﬂw @eggﬁﬁ@%@%&%@é%‘ﬁ LRI hydr ogenati on may
be reacted, while the other kind of groups

susceptible to hydrogenation are not appreciably
e o%éﬁﬁtf’]@éi for p[0¥mqrs Peing praferelly uséd witkinithe presénd mviestion

TR R v,
abvIfners; ly(FheBH (TBRE)a&r THRY) ﬁdlﬁgrepﬁiﬁﬁlla%[‘p@l%c?ﬁaﬁlle,estyrene-

mul tiple bonds and carbonyl” groups and/or ni
brtedigae-cepiohaaers fasryleozitribpstadmhe-cheol pnes eatryloniidlietstyoene-

iis capable to first selecti.vely react the )

SRR S BETP-SRRIRR TS ERE Sriblock cqpoliers, fyregsbufadiene-styrenc-
Rywds alyhefs £fd SHHESRELGhALRS 88QHI1030: By HR00
mhil%pf? ?E% sane%?ine"the caﬁg%ﬁyl gr%upé%aﬁé%%{

nitrile groups are reacted, e.g. 25 hydrogenated to an

f th 25% d.jn. | Ot bout. .7%
ST e O, A AD BRI eyl
PRGel &R EattisH i prélt-81yf l%fdr(;é%ﬁati(ﬁl%’ ﬂ%g %ﬁg HeicQieAlout glostuﬁh a

pol ynmers of high nol ecul"ar "wei g ont al ni ng
way Behby suitablyrchoidetof pinepdsains Ha Aatesstcenaaidios Hyr-ampsnt only one

e D
king of Qf&:?ggﬁs@é&ﬁ% 3yt dpeRatioR AR ot g?p]%ﬁ%%ﬁlg\%)df(?eii%%%%

unsat ur a regi ons, ‘to an extent
whi |l st 18 WD 2004/ 046076 PCT/ EP2003/012885 the

iCc regio are hydrogenated to an_extent of |ess
(621" Shspraricrs LAy anon i PEHEAETRIBIE by diosprsting pobwgers
¢ i s off bt S ad &AMES pL &f isi
hydr osglyngrmt isc())n of t hgﬁggpteg%{ car E%%%Vg’ %fgl %e#;%%g%%oﬁn gisme
¢arbarscagborcmultiple tmosls aid earbanyh gauby amfliantitrilagiougk,ysince the

regct, .preferahl hydrogenate, the ot her unsaturated
Eﬂ?agw of ﬁ)&pﬁegsegrl é«aﬁp}éil%c% | eio iﬁgp‘tré?l?ctg_eb{ reac iipgapon-carbon
r : 0
SOt 104 0L Ao S0 TR NS 1
Whaké atghesanyentems the carbonyl groups and/or nitrile groups are reacted, e.g.

hydrogenated to an extent of less than 25% and in general 0 to about 7%.

[068] Furthermore, the process of the invention is particularly suitable for the
hydrogenation of polymers of high molecular weight and containing both carbon-
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

bonds, e.g. ethylenically unsaturated regions, to an extent of from 90 to 100%, whilst
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10 [070] The process of the present invention is of
particul ar benefit in the hydrogenation of

wheaenepol ycar boxylic acid or a derivative theCEBP2003/012885

which are the nost preferred organi c conpound for
hydrogenation in the process. The term

l’rj;lée:agélgqn C ar box ggéclég%ggteil ﬂo an ?}&%‘g é’ﬁ es§ ﬁwﬁét’ﬁg de generally to

Qﬁ@@ﬁ@aggaﬁn@bdup@@zenepolycarboxyl|c aci ds as such,
e.g. phthalic 15 acid, isophthalic acid, terephthalic

acid, trinellitic acid, trinesic acid, hem'mellitic

o %?Fea?%vﬁwga%%&%%p‘é‘ﬁ'p%@eﬁﬁv A SatRbiasESthe ghubon-carbon
Tn{dlﬁﬁlé Bbads2nds Bf?éch?s%%lo%ﬁle th Hea‘%@h}daﬁﬁ‘t'aﬁ(rel? ké%% pRIbEhS

and anhydrides such as phthali¢ anhydride an
tyilnogénas, ithe Qihebryntsatdmtezdr grotyesi beiregiresest infhepelytrer, . gl sationyl

cl.oal k d k ,  Wh
St P nt e SR ML s
gﬁ@ﬁyéigdme@aydeh\f,&g?b% 2%30 preferably from2 to 20

and particularly pre ly from 3 to 18, carbon
atons and can be branched or linear. [071] One cl ass

TN b8 Disesiad B ool i RGO L ) PO R PSR! B8 such
"ﬁ dﬁg&féﬁg by bed: et%eglcat e%/lg: acl 8BS ff{vali®e ﬁl@%%ﬁ?}'lg{:}gare the

dlethy terep -n- propyl terepht

dloshpl’ﬂfdn}eﬂ ot@mamml}mluﬁﬂ éor Iidrdgendtiolui YHe process. The term
t.erephth di i sobutyl  terephthal at e nonogl ycol

SEePergpos Pylieatil v vatwe PIgPY dispd &gl Rurgpses of the
gfers&ﬁl?ﬁ\%ﬁklbﬁ el : ES%F all bRfShE ﬁ%%?kpfh ?s such, e.g. phthalic

I1sooctyl terep at e,

aeidsipmlh}aellmtael,d threp’hﬂ&ihb)abidetryhelhm ﬁﬂdlltti‘iﬁieab acid, hemimellitic
n- nonyl repht hal ate,. dii sononyl terephthal ate

agzldﬁn@ g}g%me@ltg}%eﬁgp Aad g@révatlaps_ theigafy @)élgqcu@gyrr)nonoesters diesters

t er fb%lr%gt@rs aglli :ticgaggtg ﬁ?@@%%mgﬁerfs delrfdsaﬁ’lﬂy(ﬂﬁféX such as

;ihthah@mﬂﬂdﬂdlg/dmd tﬁl’r&ﬂﬂﬂd}ﬁihgd@de @ilthﬁﬁéméradﬁmydsters used are alkyl,
tere thal ate, di-n-eico 9 WD 2004/ 046076
@9@?@}9@ 1 efté’fSeWHF’ﬁéh%%lléyl enciqaligd agq alkoxyalkyl groups

@’%%‘é{}”?@% 183 BorbE Htork 21ERT LA A G sy prsferably from
Beo é&idaﬁmhatmns #AMdsandeibraihel arléneder i vates in whi ch

the al kyl groups of the ester groups are different
al kyl groups. M xtures of one or nore alkyl

s s A T
filetdiiafl adréphthalates 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-nonyl
terephthalate, diisononyl terephthalate, di-n-decyl terephthalate, di-n-undecyl
terephthalate, diisodecyl terephthalate, diisoundecyl terephthalate, diisododecyl
terephthalate, di-n-octadecyl terephthalate, diisooctadecyl terephthalate, di-n-eicosyl
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di met hyl phthal ate, diethyl phthal ate, di-n-propyl
pht hal ate, di-n-butyl phthalate, di- tert-butyl

w@biohak@re, diisobutyl phthal ate, nonogl ycol eBCEBER2003/012885

phthallc acid, diglycol esters of phthalic acid,
-n-octyl phthal ate, diisooctyl phthalate,

h t
d.f?@?ﬁ%nyn' B ot BRI BIE B3 Rinbgn
pdrtpiatheadite andlor diciuiciexyl tepphihalagd. AlsdduitabR RS @G Hates in which

phthalate di i sododecyl phthal ate, di- n-octadecyl
Heralial grouips of thegster getpy Areshiferant-aliey] seoups. Mistyessl of one or

Btk 2 Eren BRRSH AR s auch as. mononet hyl
|sophthalate dlnethyl i sopht hal ate, di et hyl

i sopht hal ate, di-n-propyl 15 isophthal ate, di-n-butyl
M@E hmathst auitale alass eresbe pikyl hshélaten suches nmbnosmtimi phthalate

g T A T

tsophy i fe, disbBRPIGSHthalits, QHJSHCJ@%LCQI Ssterflbf ﬁl‘étg%l%z{cF@ )8Yélycol

i sopht hal ate, di- n-nonyl isophthalate,
Peerplef hbthahceam@hdlm- ehedyhthabon Idnmdcaﬂ@htmua.te; ddé{eyﬂylhexyl

PRSRAEL B S orb SRSHRL el AASHAE ey

Aecdiatlasddcyi S8R Smdedyi ﬁfa?cdﬁ d hth -
P o acncy ARk L 88 B i, o

m@dwl phféal,ate dswhtaﬂaiyépmhala@ d]anhcoy}d Iphtheese,

whi ch
BBRPRRY PR i iR 5p it iR Pusi et =
ﬁllohaﬁlethgr 186HEhal e XdieRS1 RbpiRRQate! dlg@lgﬁlg@fﬂgﬂélftg,?(g-n-%opyl

pht hal ates or i sopht hal’at es may be u
ﬁgphthzdates@lrn-hwb'blseplahdata; di-tetrdbunll iey)phﬁha]ame Hiisobatyes

EpaRer BPSOE oL erigh of Fomuhri i difyeql byersapisophibati
Adidl, Tl dde@ti®phHatde, dlﬁkﬁd(:'tyl tlsrobﬁﬁl(ﬂa%etaafe Q-'et}ﬁ)lhe?rggf k6 &f%te di-

trimellitate, diisobutyl trimell]
eapeyl lmhthalarﬁ% IthQnomylalsmdl,thaﬂatgl drandecgbiseplshaiite, d11sodecyl

B difrsiderin Sl Ayisounial pebalsieciilsh oy
fséﬂ)lﬂl?ilétbtcﬁhﬁ@ctﬁ’déc?ﬂ@&ﬂﬁtﬂalﬁ@ (fu"sﬁ@ del:§rle}§ t}ﬁ'laté] éﬁi?lce?féosyl

trinellitate, diiSodecyl trime
isephikalatetraorocyclhesys wphihalyte mdlonﬁiclyclbhéygf;l 1sophthalate Also

PR FVates st st0uRY 50 b ss Gpe gegtfierent ally
?P?}%‘é ?x@fxﬁgﬁiw c;rﬂg::] dg(?ls(%:rle lgfkgg( th:g?tleg oﬁ Sﬁ'g%ﬁel?tes may be used.

di cycl ohexyl trinellitate and trlnethyl trinellitate,
trimellitate

D3 T i 37 BBs  Emoni .
fifdelfUdinlettiyl iRttt Ufthyl 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,
diisooctyl trimellitate, di-2-ethylhexyl trimellitate, di-n-nonyl trimellitate, diisononyl
trimellitate, di-n-decyl trimellitate, diisodecyl trimellitate, di-n-undecyl trimellitate,

di-isoundecyl trimellitate, diisododecyl trimellitate, di-n-octadecyl trimellitate,
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triglycol esters of trinellitic acid, tri-n-octyl
trinellitate, triisooctyl trinellitate, tri-2 5

weedwlohezy! trimellitate, tri-n-nonyl trimelliPEL/EBP2003/012885

tri-isononyl trinellitate, tri-n-decyl trinellitate,
triisododecyl trinellitate, tri-n-undecyl

:dplécffig:o gb%gﬁrp ]tlﬁalt%ecﬁ %ue? gp/ljnfneﬁlﬁthfge Epgécglt((’:&hexyl trimellitate,

dicyciehé:iyl a‘ﬁrﬁelhtdté hEDERAANe G¥thellitate, MBEthi 1L fihRlitate, tri-n-propyl
tri-n-eicosyl trimellitate and tricycl ohexyl

{rimekitate, tEmabuty @meéluwea%lrféﬂdwéyl t@mﬁllwac,etglsphut\mrmmlhtate,

i b OF RHRBRE b ER DG SRR i sSteh) S tate, ri2-
tethlymakyn ttiflet Ratepyi-Daonkd @dmellitfd ln%&ﬁnWtht@teaﬁpn bb&1

al kyl trinmesates such as nononethyl trinesate,

a-urn@w trlltS@qlqd@gﬂtt@meHit@t@,Hy’rn-mdenﬁléaw;lhtame m—;sommpbyl

%r{ﬂa 11$‘a‘rfl gmsgﬂi dégﬁﬁ?%llitfgtia %gtc ad%httgg{ ta‘fe 'égsto(gp@dngyl
trimé[ﬁﬁalt& @G- dlcosi SinyetRatctnll @idycRhedy thifdeTRate CARS istitable are
di - n- octyl trimesate, diisooctyl trlnmesate,

é@ﬂ‘@i@tlh Wmn%b(ﬁ}ﬂb alkeyl gnoups ef thel ﬁsten’gmmmdre iffones atks] groups..

n dec tri nesate, diisodecyl
M essa é’ne 8f moﬁe %%@é‘é‘%en{t?t P‘éus -i soundecy!
trimesate, diisododecyl trinesate, di-n-octadecyl
trimesate, diisooctadecyl trinesate, di-n-eicosyl
{(ire ddsoesuitabln owythe elkekgrimetsatemswmae ,morxdmbj/hyll aimespte, dimethyl

b B Ea it Piindaly S prosyl Himsselsptan biy] tmaggiegi-tert-buty!

trivhéSR&adiBsoblifyl tﬂrﬁéstafebﬁlto}ﬂ)gl%dl @ﬁé@to?mﬂléélb sqf U&lgfycol esters of
trinesat e, trlg yCOl esters of trimesic acl

tmnesrpm ylu-ntqqtyi@sme@,te wrisacstyd timesate, dﬁ@&ﬂiydihexyl trimesate, di-

b B o PSR! S ) PO g s, -
hruha&%ﬁﬁﬁ&sxie

B IsPBRRREA tritabdard) dﬂﬂgﬁg){%gll Hﬂl%@ﬁf“n—octadecyl

tri-isoundecyl trinesate, triiso trimesate
trnmesﬁteo‘lhtwdetawcyt frinnasatat @-n-emosyi; tmnd:satbenyohod:ycidiﬁsﬁttﬁmesate

(ST TR, aid A Brelnd Mrueasa o et i epropy!
&irﬂfééhte%%ﬁty@ﬁlﬂl&%teeﬁ{—% lgftﬁliﬂﬁleée{tg tﬂist) F@lﬁ@@&tgyﬂ’lglycol

groups. M xtures of one or nobre sat es
esters) o BtimgsB7id, Ari-fnuodty] drimssaite, ahlb@ooﬁ:jllaﬁmesat@ tti+2eethylkhekyl
hem nmel Jitates such as.nono []itate,

) t hl)lljﬁ 30 .hem
SOy IR TIe e Ai-1spnaRyl TImEsats teiim-dqcy} simesate,
fHisodoBcH P Q@mﬁmJuhaé tate,

|ls- t gr tcgb utnf)lles hem nel T a{tf'lgf1 ég%tlel sglb%%% e@%’%ﬁ%&dté,
Qﬂ@dbdﬂt@bﬁ'@d@ﬁ'ﬁl EP200@4a}PeRtesateptriisoekiaidé@l &jmesate, tri-n-
«gg(%g tﬁ@ﬂ{] ﬁrréqsyich{hp)&ﬁ rtrrl]llngseatteI I&léocsu?t%lcel aredclle%‘lv)e/lteg I1n which the
alkyl groups of the ester groups are different alkyl groups. Mixtures of one or more

alkyl trimesates may be used.
[075] A further suitable class are the alkyl hemimellitates such as monomethyl

hemimellitate, dimethyl hemimellitate, diethyl hemimellitate, di-n-propyl
hemimellitate, di-n-butyl hemimellitate, di-tert-butyl hemimellitate, diisobutyl
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acid, di-n-octyl hemnellitate, diisooctyl
hemnellitate, di-2-ethylhexyl hemnellitate,

waleeonsomony! hem nellitate, diisononyl hen nel | PEHER2003/012885

di -n-decyl hemnellitate, dllsodecyl hem nel litate,

di - n-undecyl hem nellitate, -isoundecyl 5
&{Hlﬁ% éﬂtagetd g}féﬁpg é%%%ﬁ%{mlﬁ&?ﬂﬂ?@%lgé@lgé’g%&ﬁsters of hemimellitic

hatdj diwel- d;otylatemmﬁlhtdite Adizosotyl H&ﬁ{ﬁnﬁﬂitété tcﬁlzeeth lhexyl
Eonoc ¢l ohexyl herninellitate, dicycl ohex ?I
1fate; ar@rnoaﬂdleml@élhﬁt@,r%@mqnyh mmllutamdlen-decyl

ﬁé&ﬁﬁ&%ﬂa%e P?%or&' &ﬁy #&rﬁélﬁtatet tr(ﬁ-n-rlpg gﬁl}q qh{nf:e d{ }soﬁr?decyl

. hﬁhiﬁhdﬂiﬂa’td, tadododddyl h@@llmalmhteh&nﬁ-aalahéctyﬁﬁﬁmn{éllhtgiey col
ctyl

esters of hemnellitic acid, tri-n 10
tiésonrtagedyl hemimellitate; élo@@lcyasyl hengimellitaite, altcel,ocyclohexyl

hylh
T o T R S —
H@ﬁmfeﬂhfatet f-8-prépyil heaHRINlate, REAIHIR Ihbﬁlﬁh@lhtate tri-tert-butyl

tri-n- undecyl hem nellitate, tri-i'soundecyl

hesnimedliteie; ttisobutyl heiniraelbdtes ngmﬁﬁ‘aiSIOIf hemanellitic acid, tri-n-

S C
oyt HehRhgtte, REMHoABAY htdtBellifkes %%Qie%&'l' Heﬁﬁln%llﬁﬁt@ triisodecyl

derivates in which the al kyl groups of the ester
]@qrmmﬂ},htaﬁeetrdneﬁmécpoghhemin@lhtategtreupsndewbheunmsllmite one or

[0761 h
hlefafied! b Rs. bl Shag Bmidtions: fsockdeias
RepaeRtt! tri —ﬁl-)é{c@@ﬁ|hbhﬁxﬁ&lﬁtatéjﬁﬂ%@%‘élel&&&?ﬁ@h‘rﬂeﬁlﬂﬁ@ : Also
di et hyl pyronellltate n- propyl 20 pyronellitate,

itablelarg @@nV@w omwhichtthe dkykgrempsrqf tloartsyer goyups e diffe@healkyl
it I f
Syt fires BLBREST s Ao perB B S magedivgd 1 ¢

acid, di-n-octyl pyronellitate, diisooctyl
yronellltate di - 2- et hyl hexyl pyronellitate,

| @76}1 Aoothér uitallmelaks aratthe, alkiyhpsimnmmlatqsyndrml mmtcmncﬁhyl

proRe i eyl Brems Bl dlcol Syeatsubiey i mpronst ©
;gh‘élﬁgl‘ﬁltdté t(ﬁ-&leoutylﬁrdi'ﬁélﬁﬁﬁo deevlnu J)g’g@h dhfa@e{ Biisobutyl

n-octadecyl pyfonellitate, dii's
W@mdﬁld’iﬂ: trmr@glytdol- gstees cﬁmydmpijmo maﬂJ dllg}gftei, esters of pyromellitic

m%P g‘héﬂc hex @Wtﬁ@?ﬁ%ﬁ ﬁﬁ Fhifate, éi\{-erthlhexaﬂ Bypellitate,
t)%ﬁfeﬁltat% r dnsenw Filrorrﬁylft%e(lh-ﬂ Hé”’!,lpryromelhtate,

tr| tert-butyl pyromellitate, triisoout

dpy»odﬁwl pywmél,tate,rdlgll-mbyl @ytoanelitafe, dwombyllgyrcﬁnaﬁmtb,
dpasigrinfbel R o-ppbiint prarelfid afbndagen ©

ﬂi&‘érﬁﬂﬁla‘té dRh&icdsyl p}}roci‘gélﬁfﬂé n%ﬁ%ﬁ}%e%qglﬁ%@oméﬂﬂa%? g{%ﬁgtjhyl

pyronel [ 'tate, tri pyro
pyromeilitabeg elmqthylgyrmnmhﬂatd; a't-ﬁ-prdspyl pyaitiiteryiri-n-butyl

pyromellitate, tri-tert-butyl pyromellitate, triisobutyl pyromellitate, triglycol esters of

pyromellitic acid, tri-n-octyl pyromellitate, triisooctyl pyromellitate, tri-2-ethylhexyl
pyromellitate, tri-n-nonyl pyromellitate, tri-isononyl pyromellitate, triisodecyl

pyromellitate, tri-n-decyl pyromellitate, tri-n-undecyl pyromellitate, tri-isoundecyl
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22 WD 2004/ 046076 PCT/ EP2003/012885 pyronellitate,
triisododecyl pyronellitate, tri-n-octadecyl

w@eoansoré t ate, triisooctadecyl pyronellitatePCI/EP2003/012885

tri-n-eicosyl pyronellitate, tricycl ohexyl
pyronmellitate, and also tetranethyl pyronellitate,
tetra-n

kT ulisBiE b bENE B mpametiate,

t@bcﬁ@td&&ﬂﬁ%ﬂéﬂlﬁw aBleidob At rorh&ltifadd, Wfo‘lﬁ%xﬁ pyromelhtate
pyronel litate, tetraglycol esters of pyronel

a@d @IlSO t%marreethyl optopiellpgie datshdathyl aaymmelhteteg mhsaepnopyl

O}Ié t ﬁoﬁéﬂa-n- & I'{l?q{.lg%/ | ? th%yugy e tate tetraisobutyl
ByrogBRlithict &Eﬁgly&&teﬁt%rs'@)‘f?&?ﬁ%@ﬂhhd’%ﬁ@ Ekd-h ! to@??gyropelhtate

tetrai sododecy pyronellitate, tetra-n-oct
teimasaettyl pavmellitae tetrsdotyivaghyroypeltired, Itettaam-ﬁonyl

[ t et | .ohexyl
BPBRLR?E, &Rattosfteey arautal et ehrmueteey QRS tenn ch
Eéﬁ%lsahgd’écygﬁﬁb&ﬂélh%e hdif- ﬁ%&l@&ec@[ ?ﬁgﬁleﬁftﬁfz qbtlfrglgd’o%&tdecyl

gr oups. M xt ures of one
ynomeﬂﬁlaﬂe; tetrb-mseicmmyl fyeomeliithte, [tE@7at)cloheyl ﬁyrbtnahitﬁe akBo

RO Fetre s e it the B0 biraPs o the stererows aodigforent alky]
@40% smlmi:és%feﬁ ot allﬁff P%%ﬁ%gﬁzb@ .

pht alates alky I sopht or trialkyl
trlnellltates dlalkyl or trialkyl trinmesates, dialkyl
&& |? hem ates_and di al kyl trlalkyl or
7} 2 Wﬁﬂ eé§f phhafis said.drmelliticpside hergimalliic
|n 5, 6 or 7 carbon atons (e.g. are
%ggxé%g%?ﬁgﬁ“gﬁﬁ§? groups) 20 such al kyl groups
i nclude; n-pentyl, 1-nethyl butyl terephthal ate,
, 2,2-dinmethyl pro

ﬁﬁ%’ft %b%)ﬁ/lbla égf‘ﬁllgﬁ :tﬁt]r?@gl;aflate% afieA nlythplates,yalkyl ;gs%)}/)hthalates
?Egl_&g{) it Llé}ll B’lrﬁelfﬂﬂ% ycgﬁ)lg?fne ttﬁa]#gf@h%\é&t&e %a\fﬁﬂ or trialkyl

BerBinuhil litatel yhdb diaj/l&yl tialRyldr Imf:iaﬂdybpwh}elhtates in which one or more
1 -dikmgthyl butyl,, 2, 3-dinethyl butyl,
ﬂfe‘gﬁﬁ %@Pﬂwﬂt%;ﬂ 6 o 7 earhgi atzm«?ét: Byarﬁ Fopg?d or C; alkyl groups)
gr?é:tﬁtﬁh?ﬂ}fl] g'wu?ﬁg mé:gld%t lﬁ-élalﬂglkﬂmetgylgﬁt?L%k h&lafag’e 2-methylbutyl, 3-
ﬂ;eﬂwlﬁmﬁlhhx-)dlmetfxyllpﬁd}iyy I t‘iedyﬂe.th)ilprbpyld h—ﬂi@iﬁ}’i Betyentyl, 2-

en
mefiwgaeﬁaﬁ r%ms@mmyl fimahHpPasal g1 ety Ardmethylbuty,

%ﬁ%ﬂh&ﬁﬂ me}){h )7%_ r%etﬁylﬁﬁ@ﬂ?ff&%&%{%l%lﬁ%% lelethylbutyl 1-
ﬁeﬂ\yBZIeth}mmbbyﬂ blethyl 2-mdetiBylFropyl, MRAH UL Z-Iethylbutyl n-heptyl, 1-
r%et%yl%e;yll gPrfleQI\{ylheny 3-methylhexyl, 4-methylhexyl, 5- -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,
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

which the alkyl groups are not identical such as for example in butylpropyl
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1,2,3-trinethyl butyl, 1-ethyl-2-nethylbutyl,
1-ethyl-3-nethyl butyl, 2-ethyl-3 30 nethyl butyl and

waz2evenkopre 2- et hyl butyl . Al so envi saged as sui t BOI/EPANE012885

conpounds in which the al kyl groups are not identical
such as for exanple in butyl propyl 23 WO 2004/ 046076

R A gﬁd where one of the
aelq:%/lﬁ?g r géég%%g%r%g P F g{?g by & %%) gsnrz {/’]Iacedft@'uapgesnﬁgﬁgrggp Such as

forexematyihdutyibepuylttioptitaylhte! eVlepitifaBleak®miu® of one or more
glgytabl are m xtures of one or nore alk

|
SrPRthalatess alkyl nbihalaien H]éfb’biS@BhthdaﬂWIdialgﬂ@htrﬁﬁdhdt es,

[ - Of; 1L ; ' It , . di. | or t.rialkyl
P Riahiy &) ¥t Bt (R o i Pl
diatldyk yttialldT drabiaalkyd pyrogieliaaek st wRiXh OHE bt b &Fhd Mkyl groups
whi ch one or nore of the al kyl groups contain 5, % or
PR A oA SAPONRIYAT, | n the process of the present
invention it "is also possible to use m xtures of one
or nore of the benzenepol ycarboxylic acid or a
[079] VEi ihe @rddesy &Qhe SHeSRE inveakidDit REAI FbssiPAB ukdfixtures of
derivatives are esters the mxture nay be deri ved
o1 yuBere ps ghedsengenepolycasboxydicacill arahlsrisative thetadikdeaserébedr

i . i fy th Le of
B WABH e APHERRiote usraiadRgare P U v traieh v ofa

tworahoféil@holRaR aGABMAL Y B RGUMldeGo BGEAS 1RS
derivatives. Alternatively gt%ﬁe al c%holI(g,lﬁlnlaysagﬂeze Sﬁgn&lje ofa

- banzemspaiychibosdiseacid dervptivhersemjxtusmf dwo bemerd

rified.derivatjves, which then be 15 m xed
P Bialy S OF e R 7 oo et by B ABoRaS miagpe used
@ebin ghisy@gate sPhtBdstd) @ko dﬁ%}é&%@%ﬁh@@déﬁ%&i%s? ay then be
conprise a mxture of esters derived from branc ed o
mixed o gedhar vt &irm, a miiture i pd er oee esterifier eerivativen ip eitse

e S e S B BRG it Sy Tt o PRnshisdor

ieapiebifols, Pt dxantpltaha b oAl Had @&rﬁ?riéésfﬁgzr héh\ta;ige%ared

synthesis of a m xture of derivatives or In
Eepdra(®, SPnt HeawiC1dflinetreordeariched leeholk erefetably linear alcohols,

[ | t ant rivatiye products jin. each . synthesjs are |
el el Hetpeisi o Bl TG BRI & igBbp of derbEves or in
RPAGRSINOEss BE H REGAvel IEEOHFBsull 9 i
p?odu.cts are those derived from pht %F—lgt%?}gﬁ(éuﬁtsnmea(:h
gyathesis aresnonthiedrto forowk mixedadecivetiexane- 1, 2- di car boxyl i ¢
25 acid di(isopentyl) ester, obtainable by

hydr ogenation of a di(isopentyl) phthal ate having the

[%m |\I%.Qi)le @‘gg%s% _@P R ph&ehiShishtio TREprefenRd bRRIER akLHHLAI:
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;
cyclohexane-1,2-dicarboxylic acid di(isononyl) ester, obtainable by hydrogenating
the di(isononyl)phthalate having the CAS No. 68515-48-0; cyclohexane-1,2-
dicarboxylic acid di(isononyl) ester, obtainable by hydrogenating the
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06- 0; cycl ohexane-1, 2-di carboxylic acid di(isoheptyl)
ester, obtainable by hydrogenating the di(isoheptyl)

w@biohal@re having the CAS No. 71888-89-6; PCT/EP2003/012885

cycl ohexane-1, 2-di carboxylic acid di(isononyl) ester,
obtalnable by hydrogenatlng 30 t he

‘Eii({o x Ne- ?ﬂéﬂgﬁar boxy c a géﬁ? (‘Ysolhlgn d4°é]sll -Rptene;

owahmbé-e Zb&iciib@f}fb@%ﬁﬁtdlﬁgnbhfl) géeﬁ/\@otaﬂﬁﬂl’e%aﬁ)genatmg
PCT/ EP2003/ 012885 di (i sonon pht hal at e having the
ifggpnonghpighalste (l)laVl\ﬂﬁ |ﬂt§hCA§ 2885 h2-f, whickigbased on

L E i G 3L A o e BT IR Y o
h§dtiopehating t}@%ﬁ(nUﬁyl)@ﬁﬁﬁ&e 113v19g t}Y@'KDAQ N 6R§B%86-8cyclohexane-

i sobut ene; a -ester of

é;?«:qh@wbmd@cﬁc@emﬁmw& eier qbtambblaubwdnwﬂ@gmat@g a

N gaS0B g8 I sk s, ot Ll
SRSt SN A0k R Oy

]l! B72ciq estershawingghe Cé\ﬁcN 0!@% ahddid érZaah)@-} i1 cestaziod],

I nabl dro orres

PRI AR U ARSI, h QA GRERE s apnthtas
maﬁngthe@&wl Eﬁ&@%@ﬁﬂ@s%ﬂ@hﬁ?@%@ﬁ}b @qfl*?%ﬂbl-@) 68515-44-
aci d, obtainable by hydrogenating the d

6,001 4144t Land Hui Hg7;tahls210b) Cooi-ester @ASyclohexanedlcarboxyhc acid,

1-89-6,. 11138 9
RO RisuBIE Y AP Raing 6% Gou 7phiLalEis S EnChs NagRal-gh-5: a
¢ pcdighsie Bé : i
B ahaor ey S flcheld SRR BY oggpgine
Mlsowglj)ghth@a@, caasisting essentially of di- (2-propylheptyl)phthalate 1,2-di-

Bf% a(gllﬁ sod e@%ﬂ%g}%’y 1.0 h asﬂfg dcg)(t:%gga e gy h}gdrg geln(ejltlr?g %h%r
Qd)rfésgélﬁﬁﬂg’ patRAtchRt daés?er WRidR 'c§1tnkl)ﬂges%§z§tﬁﬂéd Ad et c, -

propyl hept yl ) pht hal at e;
al&iyl@stehmawe déspentive )pjnthahc adil @stesstvelrich olay Ak nabliwedhy starting

IR el ek o8 A 7 oot Tiviagtae € Mo

grpsmsw 69&519@‘-}tleﬁplﬂH&lQﬁ'Ha@m%QhéjCﬁa 168, 58904-90. 6By &€ -

.g. used as starting nmaterrals ve the Tolldw ng
@Kﬂphﬂl@late livingQize @ASAN&\A80hsHAI7at e havi ng t he CAS No.
20 111 381-89-6; di- C7 -al kyl phthal ate having the CAS
No. 68515-44-6; and di- C9 - al kyl pht hal ate havi ng the
e abo
) or oA e B S PR ORISR € 6 G G and
Cr.9 esters of 1 ,2-cyclohexanedicarboxylic ac1ds 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-
31-1), Linplast® 68-TM and Palatinol® N (CAS No. 28553-12-0) which are used as

plasticizers in plastics.
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C7_9 esters of 1,2-cycl ohexanedi carboxylic acids are
preferably the hydrogenation 25 products of the

w@eermesoral | y avai |l abl e benzenepol ycar boxyl i ¢ BCI/8P2003/012885

esters with the trade nanes Jayflex DI NP (CAS No.
68515-48-0), Jayflex(r) D DP (CAS No. 68515- 49-1),

A i B S B T
OsteiCAGitalide foR BSSB-th pfikent TFEMtibA fnclddeABtNRItesH3dRas: I{’glatmol@

68-TM d Pal at I
MLEh e %Sﬁ)éaﬁ@.laée AL ASOLIPRA-Hbybie ) philate)

P R R B BT BB

tiamnﬁmwmmté)pwhﬂnfol@cz Q)usﬁ)&é@ll Ehtﬁhlllaieéi Phl%nﬁél@ HRP (DL(2-

i?% {)resent i nvention include al ates such
P

heHM)(Hh}halm Poptinal®ct 11| R‘S}’llyldm)ﬂ hhibalats); Palat1nol®

5 S e A R S 1 o

Mmmﬁm yhth@lhtebl;&fa?ﬁtﬁlb@ B@'(Eidtﬁ}ﬁl’ bhthhiald) SpAAdosenony !
E%)It hal ate); Pal atinol ( FFéDl i'sodecyl “pht hal at e

(Pcl¢thﬂ|p(11f1)a alQ); mctlmlat(rz:@ Gpipntydglyaal phibatated] Batréher

i P T

t
SRS ST, O s

phtuablg caipmersaglhit avadalile ymaperialy) ar¢ Miestitto}® (HHDBRY, Mestinol® 1B

FOPET A alhaRL AL etz Rhlainatoiig it i o Pap bl s om).
such as: Plastonoll(r) DOA (D -(2- ethyl héexyl)

adi pate) and Pl astonol | (r) DNA (Diisononyl adipate).
f A1 Hear thspurppsss of tie pSQﬂenTale@ltmmhe ltmml"hl}acmpereb'am&

t| nol
TR oA e Pt o S e
@drodi¥e dametek waﬁcﬁ'@ GB)hnm (& % rcl;pQﬁ of: %o§et}ﬁalﬂyﬂ'¢9f§
of the present invention, e ternms’ "macropor es
mpead pOBsmeseroreRed as they are defined in Pure Appl
Chem, 45 (1976), 79, namely as pores whose di ameter
IS above 50 nm (nmacropores) or whose dianeter is from

[@84]n le‘lﬁJUita?Qt Ay bEBEPRRIS g 24Pidk Q?ééty PGorofs %ﬁ&’ﬁ&n F¥us

be prepared using a wide variety o poro S an
sipparpmatsuisls thay ppbwcll keeven ireths atthEhesa irelwielbut kieaiwnliited to

O NERdE T C——
&m&und%lmﬁﬁgﬁlﬁghﬁab%béi& mBtiEs of two or more thereof, The preferred

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
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

the present invention are amorphous materials such as alumina and silica with the
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oxi de and simlar inorganic oxides or mxtures of two
or nore thereof. The preferred support naterials are

w@kaoaiona@76 si lica or m xtures thereof, w th theP@CDEP2003/012885

preferred 25 material being silica, especially
anor phous silica. In the process of the present

t f :
PSEAG R SR R ARy 8 B 2R P 3t B Bkt may
bbasedas @@% posSn t@q@éséheﬁvaﬁfbn@é EryRaRihe nddrialPdich as
support IS substantlally conpl etel y nesoporous

enrystatine @SOI%UMJ stgve mﬁﬁmﬂ lhblyslymbdhne molegular sieve
| t
R LS A g e

RRARGh&YPerotdRartgfser red materials for use as
supports in the present invention are amorphous

rraterials such as al um na and silica with the 26 WO

4/ 04 PCT/ EP200 2885 npst ferred support
e R Y N T T AR D S o o
EJ@BrtErﬁi/the ??eséiﬁqgveﬁﬁoﬁ L’:{P@ﬁ{ogé laftribRGh A rﬁaﬁﬁ{éﬁ] gh@l\éﬁ%d Wing

are crystalline materials suc as crysta
ambkiphiliarcomipevelsmadecctalgagantd. Bramples ef @rchimhaterials are

A Bl BULS. Bt ar25D1 R cthe Phisl sonteproloist Rirersby

%g@fa@e(ﬁb PlfeERe 'E‘?( R5 3 amPHy ﬁfh]c%l)ﬁl\}xﬁ{l&%%}n% %ggfo%?ded in

orous nol ecul ar eve ma
M@asabra@hermuqdntavi@vs, 68(tlbl,e1 %Beﬁ)ehﬂr siiibdndridered nacsepérbas e

B e RN P Wi
Nﬁ?&fa’lsal @' fe?la]agd HeS Gt g\?lc\%\ﬂ) Hﬂé -anBME %er g%ljélﬁs MR, 27,

2, ol e contents are
(119(99) 961-6199 Suﬁymateﬁe]sem:lmde it arguhod ﬁmfedaﬁnfaiteﬁfaﬂd designated as

%g&p 4 nd ' eg))asluglg%ﬁé)& %Algﬂ? fug)g]ggg],ﬁd g}ag;gld]emals designated as

[
PEONBOIAHESI RS Gtht b o PUA RS o .2 InlE A0 WBithaced
& MSIUa(Muobighn Stitd) stidh as\MISTe® andMSTaX) nidesajsdesighated as TMS

eri.al s, 27,15 (1999), 131-49. Such materials
yﬁ?@ﬁa{m@%bﬁe al Sieves,materials deigngt %@MMS@MI@%&Z@@ as

P ar S R BRI RRRLuPRTY R R AR
Buwphred Mds@ttibtira I’RitrtKﬁWrB/ profetred balegeddessogo@ue chaterialsModthe

dﬂgnﬂaw muSamrmuXImwrl
égl aﬂ%ﬁ wyingsilieRig Or%ar d?ﬁ“ﬁ?%’i"f‘?“é mateiaky desisagisd as M413 such as

l\ﬁrl'4?i\/ﬁ31\q%', Wﬂl , %ﬁ% M@l\/f#@%ﬁ WM—§& dThese ordered
mesoporous materials are described in detail in U.S. Patent No. 5,102,643, the whole
contents of which are hereby incorporated by reference. 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 whole contents of which
are hereby incorporated by reference. The MCM-41 molecular sieves generally have

a Si0»/A1,0; molar ratio when alumina is present and it is preferred that the
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20 nonol ayers on nmesoporous supports and materials
desi gnated as APM or Acid Prepared Mesostructure.

weaootioeorar |y preferred ordered nesoporous mat BCT/BPR03/012885

are the silicate or alumnosilicate ordered
mesoporous materials designated as Mi1 S such as

At HiehsGasq Bt mal s preset i o o ekt ipfer than

Q@G,&hdinio@t;&ieﬁraﬂi’%g@atermn360.1_02, 643, the whole 25
contents of which are hereby incorporated by

reference. A particularly suitable sub- class of this
iy of terials  for use in the present invention

LB ¢ sl o L et it e 0 eksion Prosace
MilMed 8 catdi, 4hidtScrised M hdrbYerfi6h &fcB6n Aile fiASofht least
hexagonal "arrangenent of uniformy sized nesopores.
MEMclive metad sité an a sspmviematetigrdoalpsishugeond s ororbedered
detail in US. Ogg 684, the whol e contents of whi ,%h go
BPEOIEPIS AL MO A ey U BFeEIGMOES Sepmetivigdgseribed below.
0 R M Gore Pl TSR TN qaleined
fdmms 2¥hiv¥iDag 00 &yOU B¢ GolPpitcEPROD 2t BARRBS pedi AW AbROMg greater

I ratio for these erials is greater thap 100, .
%%9%3%%@%&5%@5%%@%0 © ﬁ%glezea? aforpfignyeapacity of

¢ j : o
B O PR et o PP B ACalQt s Mfr and 257 .
It 4 priefeersd dormattiad support nivtatal cooipracteeizedibny cubsgartially o form
unct i in the formof at | eas one active netal
E?X@ o ﬂan%glag F’iﬂ‘“i?é‘tr\é‘?t?‘%lw@b%%qf%}i ROgesIH¥ g2 Grbydaameter
o] . ni

D R B R BE 8 g st et Ry i 20
ameandmog andferablydr@n §,to A0 nxd. st prbniiade airwing tvdse afaterials is a

ek ool M BGAT. B Banellt vattaiaphis 1ol oalire wit

PRrbIatsalot na0ogiar ko) c TR U

n
gichhe Ald6e Ber Fi 0Gthgr thesilrhtetftameavedrier Thad praferrbd fdrois of these
and 25 C.. Ip a preferr for t he support materi al
fatepply are the ﬁﬂ%@ag%&waaes Vberdt e merallositenmayaliodisnal

C M 1C : ' ' I.es.: [
R A s Rt b LA B PO tp o
areamgemexit of pores Sdthndinmeterseofjat Eherabbhty2 fimt afte2@altmation it
and .nost_preferably from3 to 20 rim Mst prom nent
%z%%a MNHEEY HHcHPa Paitera wath ablraghqng d-srgeigisrsaiad thag about 18
Mne%t halﬁltﬂ‘lg)é%g&?glglatlée&rvc\)nﬂ?iﬁﬁlakﬁfmf’ﬁﬂtteﬁﬁﬁhtzceaﬂ RIndbxed with a dyoo value
of greater than about 18 A, which corresponds to the d-spacing of the peak in the X-

ray diffraction pattern. This material is described below and in detail in Ser. No.
07/625,245, now U.S. Pat. No. 5,098,684 (Kresge et al) and U.S. Patent No.
5,102,643 to Kresge et al., both of which are incorporated herein in their entirety.

[087] 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
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Broensted acid sites by incorporating a tetrahedrally
coordi nated trivalent elenent such as Al, Ga, B, or

wo-20mfosdorer t he silicate framework. The pref er rBdI/EP200%012885

of these materials are the alumnosilicates although
other netallosilicates may also be 20 utilized. MCM 41

[ lzed. b m.crostructur,e with a unifo
BB R 6L e eV Dl i P Pt cee
lpeRSYindbosihs Well B3 highs6fptioalcgiadnics.on it  exhibits an
X-ray diffraction pattern with at | east one d-spacing

greater than about 18 A and a hexagonal el ectron

kT o] attern that can be.ipndexed with a d10

A T e S O Y AL e Ak g

dstihBEsHEdSRAR bfdr PorobifMioPele dolldd By ink rggrhlﬁlﬁ_ of gle'r large open
I's de ed befl Gw

diffraction pattern. This materi al scrib
antgs, whage paid sizemSemeatip resedFles A6t 8Admonphons brPardeastalline

i 5 T i S e
dRGHuABH Hifsh HEhElcbhatk Mﬂfdlr lex&iple! -E135% llsgglﬂ +1 §‘{ohoar Jess of

ordered nesoporots materials may be crystalline,
ite dvaragegorssiei ofitleat ph2R) oaseiebletnoorp thwse dé crystdilint faatehwork

attern such as, f exanpl e, by X-ray, electron or
R PTTo8H 5 FRiaso e RHII BoieHep Al s dniaidadn cusarappsarot only
hB8sHalsan REMKe mARERG RS BROLA kaet iR/ (AR £ Jimits

PCT/ EP2003/ 012885 materfals may I'ze
pheiperigientat neasrenadritchut iatso thude svitdigréfiedny obsigdle d@iions

R WA A ot
prRY&ER ‘iﬂ\&ﬁti&@'{ﬂ'oglg bb% HhiShod gg’élﬁlgﬁ Gy {He QM 'Q%m{i’@ bOMErounded

I norgani c sol i y the regularity of their large open
by sisnearabtosighpor ehanhele anmughly daer dayherdisandel Bsfettsahd of

am)rf)hous or paracrystallin mat eri al s, but whose
FRRFECE O Y ﬁ&é%ﬂ@xgﬁ@t OWPPes R ehanaels &9 yiolatptiiscriipten to
I [ ' .
S UL Sl RS o0 F o P 3ot R o BRI s
which eghibithatmyshas ¢)- 2586 emidbr deviation filogethe averaysiepbdt idiveance

ranmewor.k 10 materials, such as zeolites. The term
I’fﬁ&i% sfent hemnls sillelsar HSYAESABAHED I BRagsh oy the present

BRERN nHsSpdBA mateihRI t mat hematical 'y perfect
hexagonal symmetry within the limits of experinental

measur enent, but also those with significant
ﬁ@?ﬁr bl e davi ations fromthat ideal state. A
i ﬁ@e Adptel pgspporqus watsripls @s pepdifpepgpaptien efibe grtalyssf
' td .1 hat nost channels in
R Bigasl BB bt

M n/q (Wa Xb Yc Zd Oh)

[090] wherein W is a divalent element, such as a divalent first row transition metal,
€.g. manganese, cobalt and iron, and/or magnesium, 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
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15 by six nearest neighbor channels at roughly the
sane di stance. Defects and inperfections will cause

W@ e@aioidocant nunbers of channels to viol ate t hPGI/EP2003/012885

criterion to varying degrees, dependi ng on the
quality of the material's preparation. Sanples mhich

exhi. bt 9 deV| from
e SR T T
shubtide pneat Isyth@thteod GRIBEEIAFI o SXBEE oAV etxbfés&'d% BRides; q
20 ordered nmesoporous materials. [089] The ordered

reths prghicd malas d jaseragavelense @f Msn/gisdhanamberrofafioleser mole

f h
SRERLL s 0Bk PSRRI YEN B, RhASH. Rty s
aSumbet yBfr@nAtl t6 Izefrreﬁa (a+DuERd)as. Aapleféf@h%ﬂ{boﬁhﬁé& of ¥ above
transition netal . J. manganese, cobalt and 1 ron,

awavaﬂrnermfgﬁ@ashlwhelpf &0)db gyeat@o Bantd, and h=<2. furihenérebadiment

A afE Py R APt oty e Blebiutorasapateil has

Qb@ﬂi@ﬂéltl@ﬁl‘iﬁ a%sanﬁydrbﬁ%sﬁn@(ﬁéss&%rﬂﬁﬂch'l aspﬂ‘oﬁfjﬁﬁ ably
silicon; Z is a pentaval ent el enent, suc

phosphorus Mis one or nore ions, such as for 29 WO

é?gﬁpoldrg,m?l chﬁgp\z/??%ﬁﬁo@ﬁy%ﬂsgaZW%yd?ggﬂl usnodl um

and/or fluoride ions; nis the charge of the
conposi tion excluding Mexpressed as oxides; q is the
nE hwégretroRas the tetakorgemc nmtembeotaﬁclwequ\/has at ko, and r is

i L e 001l

RO Sdso8htefl WRIR the In%te%aﬁas ARl 8¢ tkﬂé"? ;f)fie)seﬂce%unng

pre erred enbodi nrent of the above crystalline
prystelisation, sndwsreagibemoyed er, grthatase df M,rrepllac@my posR. A

T T R R

conposi tion, on an anhydrous basi s, expressed
enpirically as follows: 10 rRMn/g (W Xb Ye Zd Oh)
[(BQIL] Touther exitent Redised; the otiginal Mo e gaammoniung sbdilminartchloride,

105 bt B SRy e s%laﬁscr S oe g et
Ve Rovmn 1&@1%9(”9(%&1%’{ # ﬁ ﬁﬁl‘ ﬁ\éﬁv‘t’f@ 5th& i0RL. Btddlea

as a result of their pre$ url

eplssinglibhsiatiudemetah wrmrlwdmn lignsy bydwm précurson, d.fe
gn%r?l%nﬁl%l I\gns n?ig:(t%?esbt%m%gf? E)_ther 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), IlIB (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.

[093] 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
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crystallisation nethods hereinafter nore particularly
described. [092] To the extent desired, the original

wWOR00@/0gr07@MONI uMm sodi um or chloride, ions OPCT/AR2003/012885

as-synthesi sed material can be replaced in accordance
mrth t echni ques 20 well known in the art, at least in

por@ﬁ/s él]%lls S C Sl\%‘lét d ?§ p/ﬁlrlsl wﬂ§ g}egrag%%ﬁ%e 1ied being

replaci ng i OnS I ons;
Mciviogien precursor, e.g. ammoni um i ons and M xt ur es
thereof. Other Mions include rare earth netals and
nmetals of Goups IA (e.g. K), IA(e.g. Ca), VIIA

. VI . 0. N | B 1B {(e.g.
D Flfben ipbiep o HeopboblsndiBigts tafihypp i fle ppocss
of the fp@es@@tflhﬁﬁitién 2pe the Me&')\%froﬁshs@hcﬁls QBECHbed in and prepared
(Sarcﬂent Wl ch Ca S-18806, 1979) and

ngtp Unitest etefe's PRigo Y0 THYS 15962 d‘rerctmtlcsummfrwmﬂms use

t il
botrdFa B G an o8 el dn ot PorbiensFRrOoPERS slid tpromecd by
BéReR Ty apsflhéi}]ﬁ'e&fr&fr%ﬂh watkrlal¥ BOk/hRP dRp @rsf‘oﬁ%oﬂt%gﬁ{ actlon

Mesopor ous i cas. The nost preferred or der ed

aE0mhe 4Blgs7pre foOTA BPROGBABDA8HE is aeatoymiv walgmet. | i cas are
those designated as M41 S, with the nost preferred
being MM 41. [094] Further exanples of a nesoporous

(05" HRdiSsurPRt AR YnddSpdidRh1iinaREL A ﬂ&f Sused if Eretpgﬁng the

present invention are the nmesoporous si |cas

catalysti prpbrtsrfoamﬂ: iptlep@vesds oﬁtheq»reﬁtemgnwmltin; smelj h@muefsce
Pat ent 5,951, 96 t he, di scl osure o

PR G SRR BN R S IRY B BRDRPRAJEor A e Medods deesabed

S X0 PLRHENS! 4,2 587015 tli%r&%s‘ﬁfe &xvrggrg%\égé&%&gtea heteld fats

precursor in a watef and pol ymer n containing
emaetyi on nmedi um The preferred pol yner dispersionis
a cationic polymer. 10 [095] High surface area
mesoporous al um na solids may be used in preparing the

FR6R! HSdneShRRSAtrhent iy suﬁﬁﬁrt S'rgrﬁly ?? %ﬁ?&u% dtedidl or materials

present invention; suc area nesoporous
tolatiame |batlsrnh¢rdpomwarhlem¢nopmusg duelc anthdsendgstribeidlir U.S. Patent

i [ U.S. Patent No. 238,701, the
%gg?%}ﬁ%? gkhgﬁg‘& and ® 2182(%7El&ggﬁféaS%%srcérwhlrlhmﬁﬂ@comrated
RAL iR teir entirety.

[097] Such macroporous materials have a mean pore diameter of at least about 50
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 m*/g, 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
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
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[096] In one enbodi nent the support may be macroporous
materials or materials that are both macroporous and

wore®@epaoas, such as those described in U S, PetERP2003/012885

Nos. 5,936, 126, 6,248,924 and 6, 284,917 the
di scl osures of which are incorporated 20 herein in

I, irety. ch Cropor o terial.s have
OB S BTY Tn fengEn TBE RORYR BB g e
ptaefopbadils natéridl eastfeddDLippt&fmatly bithddal, kigtthépordidiameter
| east about 500 nm Preferably these nacroporous

igndaying ene MBEMarapaetd (Qmea Runther prefesancerissgiven to a

25, . f b . N2/ q,
BR8Hborths Tl B B Sl Men 73 R b i
distrifasion AP el pore HidmBted MhePAr@vAILRE DT AR preRiredRREBBRAME

3 n2/g. The nmean pore dianmeter of theses nacroporous
atesiel )l pyeferabpy abiopt @638 wlfgr om about 100 nm to about
20000 run, and nore preferably fromabout 500 rimto
about 5000 nm and nost preferably 500 nmto 1000 nm

098] S W 4 AftheRERBo@mehi RS BndBH el prd
gr e1].er ably from about O. g to ag%(&?&%algngg{ﬁ%é&ﬁy%ybe

peediin pdditipn to @ siliadsuppon abd/opombaunoreifiateddlghaviimg mesopores.
ﬁrtic | ar. f{on1§bout.0.5 to about 5 n2/ gpd nore .

EPer apalBi)s Pl BiedpOtasity BRYRS-S50MPtRgLs &1 addtiton to ther

REd/opBRAOBLAIAGSES subh RatcRaPhe H_Esg:ﬁb&?ﬁﬁﬂ.ﬁ'. ?ﬁtlgfﬂﬂ No. 6, 248,924

embodi ment the pore size distribution o
A6, A8y DUk theadisnlosatesiof whidf are atvoypoagipd herkineh éejr entirety. In

BHESE e e s aBom ke berarireR birdrsn dit o i

FhiaTd LORAT ' ' A
SRR aBout SH6 ARG TSR prEstogbiyHom W0 Ry 8! B6F

piséergdy &odi zhomt &0 to aboet 136 end ol partcudér frde apsafiéns ebbut 25%,
088 PO Siie e EoirBities HHenSmae Sfamptsrein e Finge from
ARJue 50 ahrSto@botil PERTHORRE 2 £¥m MY RS0 t‘d%ﬁtgut' %"/qg)g%f&lagﬁgﬁ&n

a silica support and/or one or nore nmateria avi

ahogib pd taeshout 96 Tmereeprafetably fibin abbutriiOwe dAbmwtrodss ind imyirticular
0SSess sopores jn_addition to .their pmacropores. .

BRREPEL P DaK Bk eoraraugsdt farmied) by mesproreshavisg a

Me dBme2dDrI%tn 82 Go alﬁ)%{lﬁo %1]117whérﬁ & SHchi %%&S[H% §¥in BF the pore

whi ch are incorporated herein in their entirety. I'n

vdlimeeadisdipted00%he materials of mixed porosity may

have a pore distribution in which fromabout 5 to

about 50% preferably fromabout 10 to about 45% nore

[099] 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.
[0100] 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.
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15 preferably fromabout 10 to about 30% and in
particular fromabout 15 to about 25% of the pore

wo odowissore formed by nmacropores having pore di BATEEPR2083/012885

in the range from about 50 rimto about 10,000 rim
and from about 50 to about 95% preferably from about
55 to about 90% nore preferably fromabout 70 to
about 90% and in particular fromabout 75 to about

fE%1] The blt€ace Qb of BhdiBerbBorbGd MBRrial A8 HERAT gﬁoﬁw&h%ﬁm
a 20 pore dianeter _of from about 2 to about 50 rim

Wrbé deteramed by ueBER anathnd wing Neadsornsionyis| partissilandinl s

WBictfte N Gk Pl BT R e eh e <ot EBtRn may
Qe Q&tetRindd By EIEHotosiREEY, §f pRtiYulhs i‘ﬁ"ﬂc@er@aﬁc@ WitPDRB6 183,
and in particular from 25 about 0.3 to 1.0 cnB/g. The

nmean pore dianeter of the m xed por05|ty rraterlal i's

bly f b [ f b f
B195F 158 mboraoies Rtieiah dndannd Piyabey Ea AR bR sed
frel Rorakatple 11%a&8%>or[3 Q&%m@‘&ﬂ%’t&fl 84802 Bt of albile, QTuﬁﬁﬁjmn

por05| ty material is preferably from about 50 to’
abidatsilgoo dieyide, titaiem dicedds, aind:qnuﬁmdmmdb&) magﬁﬁaﬁmh«)mde zine

ut 600 n2/g and in parti ron1 hout. 250 to
S0t E Bire Ph ot ovmeriibok pitiascinisnab banb e B usag
RadiopbQ3td gﬁgggﬁmngaoml] The surface area of the
macr opor ous erial's dnd mxed porosity materials
may be detern1ned by the BET net hod using N2

t|on articular in accordance with DI N
gﬁ?g{l ggrog piesepbinveripnithgcatalyst may consist solely of
{

i ﬂéﬁ#&@?%@%%%?%@%ﬁ%‘% P RREPE 3y o
sn;xplortp sudahies anmldmua kidicandondered dnqsoparehd matesitler athss

e used exanp cropore
%@ﬁ?{'ﬁge salphvotis Gge e%%cg%ﬁ mﬂggml%élﬁ arlficsuppott with stim
) [
e R 0
sines. Generallespehkingahe pamut:les patrelﬁeameh@ forivedfragpogudes ra granule ora

us cro re cont ai ni ng .al um na. [ 0103] In one
Sl S o mbints DRvioBHITIER Sidsau Satent jrupasntyough a

3 ﬁﬁﬁh éig E&Eéﬁ d be irfél oﬁ%%of%ﬁés;l\(?% IRYALREE rlﬁtcﬁ%g where

met al s deposite e surfaces o e or
ﬂlﬂpp’tablsslssmxd&ecbsucﬂlms lbghmtrasmm,lth@a'ystals @anlbé estruded before

sSopor ou er|a . In this
gr‘;l gp rpart1sa1 ied an t%en extruded.

[0104] 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
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
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enbodi nent the catalyst is free of added inorganic
bi nder. The support with or wthout active netal

walepenidoedd t hereon may be shaped into a w de VvECT/EP2009612885

particle sizes. CGenerally speaking, the particles can
be in the formof a povvder a granule or a nolded

{e Vi arti e.slze .
?‘% ﬂﬁ%}é%}?aﬂggthgzg r ot g‘ﬂgr SeiG ?lﬁl%ggiﬁl ¢ 2Fyﬁ’gi’ ;'?\gscerrg%tﬁnals
ams} Hedndogp@hied thto RarAYdcoRSg Clyh &) 9., FeRf@RI and RadIAs &5
where the catal yst is nol ded, such as by extrusion,

{tHeroye sy cinsh signeth of dheraatdyst upder spwmerigli apgraging conditions and

Kb 8P oles FR R T SR syl b "'
cOmpesiet @th B8 mmﬁ)hmﬁﬁhm P4 afRfuslfs| fAdrd 99@% 't§ b9 @S b?%él@ﬁ

tenperatures and other conditions enplo
Rederalfe deom B%Oth)Ubg@, m@g phefrmablbyrfrah §9:Oﬂ1 d:cb aagomd mest

het t
Rl gy o P 1CE0 30 SRt Bt ot Boepilc Pl gpoed
&fe daliiohal A Mhateid] feIs W@nﬁﬁnﬁ@%féﬁﬂy R iHaA SO\t % of the
silica-alum na. The latter nmay be ei'ther” naturally

peobined wgight of wtalm stiponh apid nystia materisd, 1¢¢aélgr|lpﬂsttmre¢0 W%,
xture nd metal o

B LSp s B0 a ot Rirarly oo U bR etaby less

thafi 15 vﬁ%%&@ﬂrefé?ﬁfl? YES§ haf rlo%%ﬁﬂf m%’lﬁbs@ gréféﬁed embodiment
synthesis, which itself is catalytically

E@@Mé@ﬁ‘% Famatee 00be coapestiomuty be aci‘ayverdlmn@ﬁvérh&nal

R P Bhera 8 1th St logdioPoORaS by Y3 Sehpeliigne
e deSir&lh ﬁmgféﬁtc%l}lsﬁpﬁﬂgel‘ aﬂkélg}ﬂ tht QdditiFRd1 Y- a?ﬁut( Bfaterial is

crush strength of tHe catal yst urider conmercia
Baeropoiony orsradghatemal ©f ariged parnsityi icn bath rxcnepereusamd

Th t t ort .ma
SERROE: By R B3 Forse b G B B D GEOR Totich

9
i i R o,

Powfaboabl Q/‘fofalbom 399mnd in pextisOtab Gomatbaliy s tosatbpgnfjﬁi%, of the pore

[ t Pr ef hl f d a i on
et FRnES ba mapiobRien bV ot e ey Hiec anss, g gout 50
HRa8 abdlit W, 0%0 dbn dddSrork BRIt '39% \éﬁ%‘? :9;5/‘%1 Ere@&ﬁlﬂkﬁ%&b aboug /55 to

support and matrix materi al ss t
d@upPefematy yrefeably frimrabat quabmrtr%%)amf iarpattionldrdssn about

20 bl than 15 Wt % nost
73 Brabas 7 of I8 BorR Sk S9rmmed by oy b poi@ diameter
SR IPBRY tola6St Sbriﬁﬁ‘wﬁef@tlg%%yod'a@{he%ﬂmq;f tlflé"f?ore volumes adds

CO[TpOSI tion may be achi eve conventl ona
up to 100%.

[0105] 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 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. The surface area of the mixed porosity material is preferably

34



10

15

20

25

30

means including mulling the materials together
foll owed by extrusion of pelletizing into the desired

WO 2ovis®®de cat al yst particles. Ideally the addi PCDRP1003/012885

matrix material is 15, macroporous or is a material of
m xed porosity i.e. both macroporous and nesoporous.

EPS PR Bt s e, Bosiareiiagnl o ab Sy 208 % gagut 350 mvg
R EinQfagitduYar fFRMERP 80 &labolt ARPME/g e SUBp&L.Pr ef erably

fromabout 10 to about 30 and in particular from about
15 to about 25% of the pore volune is forned by

r res_havin ore diameters i.n the range from .
60 Tt Sisgicr arve o hetBasronerotsgmatarials ARY RIGH PRSRRIEY Tgerials
hfdy B0 Qbiermimed bP T PRl evhdd" RiReA0 4sopioh On paf %
rm%’e prefer ablg from about 70 g?gz abc(;%t 09’O%pan{gfulfaﬁ%p
paotdaocd with DINM6ABbUFhe rZéantporatianicte8 384 thefsidehiistyibutéon may
vol.une .is formed by nmesopores having por e dianeter
B SRS HE BOTas bt BT HIcE 01 IR 851 e
sum of the pore volunes adds up to 100% 25 [0105]
When used, the total pore volune of the m xed porosity
[0108} The masropoons natesidls d@mixedpdrostyciniBlegjals phia helydeluged
from0.1 to 1.2 cnB/g and in particular, fromabout
regtor gxample.dpagroporg pNtABEE asHydedicarhen sHicgn cahidepplyminum

L r . r X . .
L e L S Lt
pxitie bomlixaorel bOIWSEr radeuherSofl withpoeferend buihg diven folushgce
area of the, mxed porosity material is preferably 34
TEFo00%/c0860YES BEMIEP2003/ 012885 from about 50 to
about 500 n2/g, nore preferably from about 200 to
about 350 ma/g and in particular fromabout 250 to
[l 08] TROEatatPst wsaf intthepisdaid tivientidr0ddristh ensor thageacavea
of the macr ogoor ous materials and m xed porosi %
hedregenation metalsgdpppsted onongionEWwrsuppRd neeriaket B8 usi ng

oy i1 e ul ' C i IN..
R RR A bonbid BB G e el ARERIGRRER ottdclu2ldbive

aictls thitihayoe WY ardiRe@eibey s ndry nkddal P 6f ®&istRin gtoup VI of
&grthular i n_accordance with DIN 66133, [0107] The
&eapdie dablenBickrenge ds given i yeing Hatimen.uhodiumepiliadim,

&ﬁ%%t, HEvel 18? r&ft?e%qnf[ gr Qlirﬁx%l Sbe ta%%q%o%e tﬂ@%orfgg Uifre metal. A
contarning activated carbon, silicon carbrde, al"umnum
partticldar fgefeteRodisdiven td @singirfitshitin, flading Spalaifu@OhickéNor

di oxi de, magnesi um oxi de, zinc ) ) )
mixtures of two or more thereof. A particularly preferred active metal is ruthenium
or nickel, most preferably ruthenium. It has to be noted in this respect that besides
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.

[0109] The content of the metal component will vary according to its catalytic
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.
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oxi de or m xtures of two or nore thereof, wth
pref erence being given to using nacropore containing

w@bkwmion@7d5 [ 0108] The catal yst used in the prBSERP2003/012885

i nvention conprises one or nore active hydrogenation
netal s deposited on one or nore support materials. The
hydr ogenati on conponent is provided by a netal or

conmbi nation of metals. Active netals that may be used

{014 0p T actakll iictan@nhnt FcterdRY b dout 0.8N & 4HRN3GH,BYP
VIIl of the Periodic Table. Preference is given to

Weighy nsefaxabhiivem ahewtio M tophpntsdh bimweddht eabi partievlarkfeim

' i f f
Bt S BAUR 09 sBchRacH e Pafl el Bk S pfifhe
USthIgt dsed. e pieffiedtatlysPisBne Risdt Lcéﬂgﬂﬁ'@s HihkSunlone or in

m xtures of two or nore thereof. particularly
perabiaptiuwih phe er mereddditional ackizeimetals @ra tnfat kedtentwd $dss than

f .heni b d.in, thi
P R NPt ind iralefbrt 8 alSiol Bt 16 kw2t b
Yelppotickive HREA! Predtsly tRESHcht BRMithkifith REFSH 880t #5t0

conbi nation with the group VIl metals such as G oup
%, mors prefesablyilits 1febuivsight prho gital Hatlyso Whert the Sugioet is

e O
B0 sitdy 28 FIrBd oA ARUNIpSort BaDre it Reohfbifedafi fﬁ% RAAE material.

netals. For exanple, about 1 wt. percent or less or
ruthenium 30 palladiumor platinumw Il be effective.
onponent .exceed abqut, 30 percent jn a
ﬁﬂﬁﬁé@ﬁcﬁ%@@@%@éﬁ%&@w egrﬂé@@@m%wwfdmm the
1R8er@ eviedGor BlvAkicle  BlyRIdkt ik Breaan i i
go abouf 3096by]cmei§ﬁ?,lp?gferagﬁy{%%%%?g%%ggﬂgﬁgﬁgﬁguve
astalisits hrioyglnthiegist ofmsbecificaqtdnce béprotess siepabhithe Brst step
@3% about. 5% bX vveiig?ht , 1 n each case hased on the total
SHFOTHP PEHadasd YUl ans Amers QBsanie (HHERcs Of CBRPHIYt | s
OfAyhEHAY 26MNEERSN b i i@lor 0P Al
Wi t_%ﬁ ongaor rmr% a%d?%%bgﬁgwé@‘%l gm?fg?%lplsexg?gg{e?gélg{j&
pvhalbdecofmpbseds t han 5% by wei ght of active netal and
preferably at a total content of I[ess than 2% by
wei ght of active netal. Preferably the content of
04 DYeR oA chibobiinR ik 8 5 i
A o A DOoth br i pPlle THb B RAGHELAR deive
wetafsas tombingdwithede ionmoondigmait icompuirids t@ forat 4 inkkture which is

terial jt.js preferred that the catalytically active
then contacted Wldl a support to depostlt tge organic comple);c. In this %mbodiment

the complex may be formed on formation of the mixture or may be formed after
contact with the support and after removal 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 organic compounds to form the organic complex on the support.

In an alternative embodiment the support is first contacted with one or more organic
compounds followed by treatment with a compound, or salt, or 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, or one or
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nmetal sites are fornmed on the support before it is
conbined with the matrix material. [0111] The

whyanogenat i on catal yst i s manufactured usi ng BCPEPIEY612885

according to the present invention in which a support

is provided with one or nore catalytically active 15,
., .S 1 t.hr.ough, the us f.a specific s ence of

o2 B Pl i el e PRfiadra BiRiCoun SR AR bt o

F6:@y i @goanid doniiflex. Bh yoIY RrthEIMbodihaihl saiasle 8fgaitofplex of
nor e cata%%tlcally active nmetals in a second step the

dhadasired metebmex be syrthesiese and pppliedrto theesuppert via Solutign of the
g 1121 | nbodi ment ,
S5FBIRET & Sl oL orsPaRIREE Ty fcti ve “rerals fs

conbined with one or nore organic conmpounds to forma
m xture which is then contacted with a support to

4133 iThe phe omgeendatalptinafly estivelmetals insaydretzadhangad ontb tise
conmpl.ex may, be forned on formation of. the.m.xture or .
PR e g e ol e SRaced et it T gopliation
O A LR

shemuppart insanf dquseusooetabeaitesdluivh ora sobbivpon adyitable sdvdnt of a

of one .or re catal yticall ctive.netals followed b
BRI TP oo the g TG AP B BL RS o Y m

} ) | V.
gt S5 RO, e SYBH el Byt R AT
salt solwiaga aiecfor exame ndsitdsphitrosyd dittagest haladespntbonhtely, a

d It 30. tal yti Iy
SRPPUMalfs acstdareionalen AR <Camles Tt RUBlsspTEmmiHe o
bethplagss ofSRDQHHIBSdi GieQls, Whth ‘f,r%@ﬂv% geélgglgig%g%e Ates

a conmpound; or salt, or one or

PEIMiEPS) OB Bds2@8 5nostprederalally dhomiirosl hitradest iWkemBtiati® active
are.cantacte imul taneously with the syupport to form
a lbtrla,ali?? e@dﬁ%ﬂ@i noj ?P%F%eéi Wit theorsamitesrpasie agits nitrate
84, pAFLIEb1911G8 RbmpRQBPAEX b ydfsidedmet al may be
synt hesi sgél and 1gppl I ed %Igg??]ée&gluppor(%ees\%ha sol uti on of
the conplex in a suitable solvent for the conplex. 5

YA b i o oG PR e 4 Py o Bt sty mmanied o the
5uppBrt! the HetA RYIN ?}a%ét){l s%ﬁ%fﬁﬁgné%ﬁrﬁet%lf compbind R GRALJrON

of "t he 1 ndivi dua onponents or m xture “of conponents
mextutze ey thic @ppliedsimaitaespiislyg or in succession.

[0115] In the process of the present invention any organic compounds that are
capable of forming organic complexes with the one or more catalytically active
metals may be used. 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, 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
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the support in an aqueous netal salt solution, or a
solution in a suitable solvent of a 10 conpound of the

wOoreaal46006 in the mxture. The deposition nay PEI/EP2003/012885

achi eved by dipping, spraying or any other method.
Suitable nmetal salts for preparing the netal salt

ol Uk i a r_ex le ni.trates, nitrosyl. pitrates,
A BB 0 S mEB ARy Boenniobt 50 i i piiitron of
ehgitich ReAPLEEBatict Ednhblexds0 Tih BX@Berf sBBEdBplexes one or
conpl.exes of the corresponding netals, wth preference
pirh bgands being sovHenthi hondedmolegulgs andipt ioos yilay he presemwsn the
and st preferably the nitrosyl nitrates. Wen Pt is
F%p%gtive nmetal it is preferred that it is not

conpl exed with the organic conpound as its nitrate

salt, preferably it is conplexed as a chloride or

[idbblki the psedess offthd prthernt mvteh@orcparticwfrly sttimblesirganisvhi ch

have a gluralit $f active netals appl.ied to th 20,
SOIBRYILS atefe s thaf Gontag) ORRATNOTE AHTING ZHoyps ek 4 amines or
e R BRI el colp b R RS oo
gfouphie present invention any organi c conmpounds that
are capable of form ng organic conplexes with the one
or nore catalytically active 25 netals may be used.
[T b Yophiiaies Pininhf 47 Bich SATRALOAR Pl Blffaic
tinénes,arydiobliplratic rhaesaarelkybamimbs yndidlevlafyd aminde pDhse intky be
catalytically active netals., ldeally, the organic .
B uFﬁTQn%ﬂ% a%@teéfaréalmr&?& Themayealinhequagipay agumonium

. . r . - |- .
B Sl o iR NP B b e o Fommpound is one
pnpoEgabarg sevbrdaryooraeiarynaniaes; piadtgblyeak loy ned alitthae
nmet al s. Suitag%ebfrganic conmpounds are well known in
fiREncs ARd BEStRrgiREably QiF FrERoLP AEIRS HREINE P AR gERKY] groups

SHeN, y rgani ¢ chel ating agents,
orgaﬁ?%Qﬁg$@5%§§8%§?%§%%§%%PCT/EP2003/012885

nonodent at e, bi dentate and pol ydentate |i gands

Q nly used in the preparation of transition netal
[P i o FHodBRF e Jtrogan-goRipREE cOBTPoY N Hsed G pRTdgdo the

@ EnvaRE | ' .y bonded nol ecul es

@%%?bflioﬁ@l%%3E€g§%9§§£%?£?%ﬁ%ﬁ@&iconplex. 5 [0116]

In the process of the present invention particularly

sui tabl e organi c
g NR'R*R? 0

[0119] wherein R, R? and R® independently are one or more of the following groups:
C1 —Csp -alkyl, C3 —Cso -cycloalkyl, aromatic, alkyl substituted aromatic, such as C; —
Cso —alkyl substituted aromatic, aromatic substituted aliphatic moieties such as C; -
Cso—alkylene moieties substituted with one or more aromatic groups, C; -Csg -
hydroxyalkyl, amino- and/or hydroxyl-substituted C; -Cs -alkyl, alkoxyalkyl such as
C; -Csp -alkoxyalkyl, dialkylaminoalkyl such as C; -Csg -dialkylaminoalkyl,
alkylaminoalkyl such as C; -Cs -alkylaminoalkyl, heterocyclic, aromatic

heterocyclic, alkyl substituted heterocyclic and alkyl substituted aromatic
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conmpounds are conpounds that contain one or nore am no
groups such as am nes or am no acids and nost

w@e@hes@bné y or gani ¢ compounds cont ai ni ng am noPE@MEP2003/012885

al cohol groups. 10 [0117] The conpounds cont ai ni ng
one or nore amno groups may be aliphatic annes,

RS A AR R s

ds Tdﬂametmcyahé lebﬁtuﬁﬁd@ll ?hﬁtﬂfﬁﬁoi&ﬁ@@wcﬁ g% CSatySalkylene

a counter ion. is preferred that the 5
m%qt@g sbstibriechvith nge ebmpmnai@matsc gupst SIn@ddmon,eR and R” may
BBty e RaRREch. 3 @hérsRipea BB R B e Bt B he
AlfoBer@bRES eﬁg;oﬁfaﬁn hetEbEyd, Afatlc lﬁféi’bﬂiréle siugih
as for exanple hydroxyal kyl amnes. [0118] |n~one

syhsbiaiedeieterocyede ori allnyd gebrstitiberd aromiatig hctonpmlnd used
according to the 20 present invention has the
foll owi ng general fornmula: NRLR2R3 (1) [0119] wherein

@hlzoﬁxﬁﬁﬂe&f élﬁﬁ%@@%&lhdfe M) fkf%hﬁfn B}Hgg%%p}d}ﬁl n-butyl,

|'ow ng groups -al’ky
isolutlylp s¢cklyityl, tarobmtyi, n—,peaﬂyky:*.opsnﬂylsisect-pdzmyl agopemtyl, d,2-
substi t ut ed ronatlc

uc O al aro
IR P e P B h b b TSR0 [ GoRPOL. T8V Hoobtyl, 2-
O o R A b e ylﬁa‘%ﬁ[‘ﬁtﬁa% Ay Fand 2op oot
hypdnylxydrtisulady ptetﬁstrddy €ﬂ1y} Gb@ropgrl IQyéthylhbeyd&c&y Iz-mpxblpyl-n-

s C2 - a aIk |aI mno yl such as
Bsee) n‘éﬁl‘fﬁ%ﬂ’ b S RPN 238 321 | R CiotChooagibsuch

k I :

het erb@c 2‘ FM&IQE?” ?&?ﬁ gﬂh Iearngc?&i}% Iﬂg? ahg ?kyl
pu@ffsltedtahphzdlcammnm are alifBiti\EmE Hatihg Oh6 or more alkyl groups
ﬁ’ / 012885 he‘%ero clic, such as - C50

D2yjRgy % AP, FIaRPs AB ferablyddo At B%FBPIP gtomms.

het erocyclic conpounds, and heterocyclic substituted
al i phatic noieties such as Cl1 -C50 -al kyl ene noieties

HaRt} EXamIEleIs of d¢yoloatky] grouppinelude GaCi,ccglaulipd, preferably C; -Cg
ad it pendent |y be hydrogen. In
% %lﬁgéa F}ﬁiceﬁropsﬂalcyawau °M%¥9P?f’6¥1n?y°\]/9h@hylt gloheptyl and

%kkkﬁg&n atom a nitrogen-containing heterocycle,
romati c heterocycle, alkyl

[0122] Examples of aromatic groups include; phenyl, 1-naphthyl, 2-naphthyl, 1-
anthryl, 2-anthryl and 9-anthryl, 1-phenanthryl, 2-phenanthryl, 3-phenanthryl, 4-
phenanthryl and 9-phenanthryl.

[0123] Examples of alkyl substituted aromatic groups include C; -Csq alkyl aromatic
groups, preferably C; -Cyp -alkylphenyl such as 2-nonylphenyl, 3-nonlyphenyl, 4-
nonylphenyl, 2-decylphenyl, 3-decylphenyl, 4-decylphenyl, 2,3-dinonylphenyl, 2,4-
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-
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substituted heterocycle or al kyl substituted aromatic
het erocycle. [0120] Exanpl es of al kyl groups incl ude;

woreiohpkeo7€t hyl , n-propyl, isopropyl, n-butyl, PCT/EP2003/012885

i sobutyl, sec-butyl, tert-butyl, n-pentyl, |sopentyl,
sec- pentyl, neopentyl 1,2 10 dinethylpropyl n hexyl

R8BS 38R - PSRl S B o

dﬂﬁe‘thy.ipheﬂyl 324-Bimith yiphenyh) emdlmcyl@xeaylbgtsyd-mrﬁemﬁpyényl

gartlcularlﬁ preferably ethyl, isoprop

3e%ﬁw?¢bxly en%%éymme&ymhmﬁp&ﬂﬁﬁnmﬁmmenyl 2-ethylphenyl,

F Bt 2B BB Btk 0t 1

pﬂby@hagml pol yi sopropyl and pol yethyl. The nobst 15
preferred aI i phatic am nes are aliphatic am nes having

one or m)re aI kyl groups having 1 to 20 car bon at ons

B4 RAEBE L hpbiate 5o Grdth SRHRET ultEB ekt T titene

nﬁ)YéHeQ Slbevitute ¥ h @he bt Mofedroftic subkGlulfts bR ECAT, -
cycl opropyl, cyclobutyl, cyclopentyl, cycl ohexyl,

o lﬂﬂeétswh mnzﬂol-ob!@leﬂn’ttzﬂhen[swﬁ Aphengipmwipel 20f

aﬁ%”&m% P& mone] FPhoS ety pheniigi h%?hmlbutyl and 4-
Bndlynant ftrdidulardy gﬂgmw benels, 135mRh& %B@é(henét

phenanthryl and henant hryl'. “25 [ anp es of
al kyl substltuted aromati c groups |nclude C7 -C50

RS, PErBRG oEimeioReR51 eBigs rBHsT: Grbrity prabiagipretacably
aonyy -BPW&/alkﬁ gﬁ'ﬁwlw&ékﬂaﬁy ge C(‘ijﬂlg@fb\cljbralk%l su<|cz)lr1 2yl

4- decyl phenyl di nonyl phenyl,
chﬁoxmqtbyiyl-ﬂlhém(y@thﬁ, Zhydtorypetlyylphépdroxy-n-propyl, 2-hydroxy-n-

30, di d h , 2, 4-
BB LRI PiapL i ey arari oG i bty P
ﬁfﬂi{) ?alﬁyl gi{b&i?&}ﬂtﬁﬂﬁgﬁtroggﬂ E@m 51ﬁfd§ rn?é?tlld’e tgg WBnS:-]; @li-, and tri-,
al kyl phenyl "such as 2-net hyl phenyl - 3
ﬂﬁ@ﬂﬁl@ﬂwﬁ)ﬁatﬁﬂwd@%wlaﬁﬂlﬁ@%ch Bsamh‘ghlapdﬂemme di-methanolamine,

aﬁ@?ﬁ;’?‘% ﬁ@ﬂ’g;‘?lgmgllee I-Ea’ﬁq{lgr %ﬁﬁg,ﬂt}panolamme butanolamine,

- | o i ne, and tri-
RN s —

ProBar®laminget hyl phenyl , 2, 4, 6- trlnethylphenyl
2- et hyl phenyl 3-ethy|pheny|, 4-ethy|pheny|,
2-n- propyl phenyl, 3-n-propyl phenyl and 4-n

[0126] Examples of amino- and hydroxyalkyl groups include C; -Cs, -alkyl,
preferably amino- and/or hydroxyl-substituted C; -Cs -alkyl, particularly preferably
amino and/or hydroxyl-substituted C; -C, -alkyl such as N-(hydroxyethyl)aminoethyl
and N-(aminoethyl)aminoethyl.

[0127] Examples of alkoxyalkyl groups include C, -Cs, -alkoxyalkyl, preferably C, —
Cy -alkoxyalkyl, particularly preferably C, -Cs -alkoxyalkyl such as methoxymethyl,
ethoxymethyl, n-propoxymethyl, isopropoxymethyl, n-butoxymethyl,
isobutoxymethyl, sec-butoxymethyl, tert-butoxymethyl, 1-methoxyethyl and 2-
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5 propyl phenyl. [0124] Exanples of aromatic
substituted aliphatic noieties include C7 -C50

w@bdoyhenes noieties substituted with one or nOPEI/EP2003/012885

aromati c substituents, preferably C7 -Cl2 -
phenyl al kyl such as benzyl, 1-phenethyl, 2- phenethyl

AU NN IS R )

the -
SO 5 Tt 5RO S

Wbu@xymbﬂhyl, sgm«bﬂp&ymﬁibylu@et lmloxyﬁﬁdl}dmmdmmthyll and 2-
g% Cl -C8 -hydroxyal kyl, particularly

g} (3W8 7 ClL -C4 -hydroxyal kyl such as 15

hydr oxynet hyl, 1-hydroxyethyl, 2-hydroxyethyl,

1- hydr oxy-n-propyl, 2-hydroxy-n- propyl,

P13 E&mpbs of draiklylaamido grdmpsi roinder@t-Byd -dﬂﬂ]k}gl:iminoalkyl,

o S L o SRR
BShichib ity PR B oA RN Y nﬁ@%‘h B ne.

met Ranol am% I -met h am ne tri-

dicHpitaohianethyl, den-pedpylndhecthyl end diisopespydamninacthyle,
but anol am ne, 20 di - but anol am ne, tri-butanol am ne,
pr opanol am ne, - propanol am ne, and tri -

. i Ne- _

L e L

preédreblatl,y Cagralkylansincdiyl, partedxyy prefepsily Oﬁt@@a@@lmﬁﬁoalkyl
rticularly preferably 25 amino and/o

- al kyl
ﬁ%aémtgg%g{op}eﬁhyédnﬁylawoemyk);th;l‘atg@ﬁoggthyl ethylammoethyl

m noet hyl and
%I—hc{%%‘nq%%x%ﬁ‘%wﬁ?noet hyl . Y [0127] Exanpl es of

al koxyal kyl groups include C2 -C50 -al koxyal kyl
qufer ably C2 - C2Q -al koxyal kyl, Eartl cularly.

bﬁébmpleﬁzgf arpmatie hgtgsogyil Ra/mc%lé% -pasidivat, BangidisiA-

ﬁ%m 0k %EE %/‘l%’éprﬂo%t O%ﬁ%%%wﬁ g néﬁ%“?oxy rreﬂylhﬁ?a]mples of

bl subsiitatedredrhatic, helero®iclee Xt}tﬂ?ﬁdeﬂ4 -ﬂnﬁ-ﬁond-ﬁetﬂi@lalkyl such as
2004/ 046076 PCT/ EP2003/012885 = net hox
SRTHBHIA?. B DL TR 65 atmylazsiybneta, and Cy

th
TELSEMEGA b SIS Bl RSBBRHSR S My, m
Sé’arahwtamnwniﬁbﬁhyl-z-pyﬁzmybut oxymet hyl , 1-net hoxyet hyl
and 2- nmet hoxyet hyl .

[0131] Examples of alkylaminoalkyl groups include C; -Csg -alkylaminoalkyl,
preferably C; -Ci¢ -alkylaminoalkyl such as methylaminomethyl, methylaminoethyl,
ethylaminomethyl, ethylaminoethyl and isopropylaminoethyl.

[0132] Examples of dialkylaminoalkyl groups include C; -Cs, -dialkylaminoalkyl,
preferably Cs -Cy¢ -dialkylaminoalkyl such as dimethylaminomethyl,
dimethylaminoethyl, diethylaminoethyl, di-n-propylaminoethyl and
diisopropylaminoethyl.
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5 [0128] Exanpl es of dial kyl am no groups include C3
-C50 -dial kyl am noal kyl, preferably C3 -C20

WO ehoalokepr@m noal kyl , particul arly preferably O3CFERD03/012885

di al kyl am noal kyl such as di net hyl am nonet hyl ,
di met hyl am noet hyl, di et hyl am noet hyl

e N S e
okle, ﬂhkzdl@@yﬁ@@lb}(y-byrrolﬁﬂe@f)?ﬁ@lhhﬂe @nm@ﬁe and substituted
- al kyl am noal kyl articularly preferably C2 -C8

W?%ﬁ theseibe ocyghﬁcwra@owéﬁ HiMamplesofergappnitrile compounds

h
TRAEERADIEN Y SA) AT A Sl B B
ﬁftﬂnéatl c heterocycl es include 2-pyridinyl,

3-pyridinyl, 4- pyridinyl, pyrazinyl, 3-pyrro|y|,
2-imdazolyl, 2-furanyl and 3-furanyl. Exanples of

) S ST S A 8,

gmfdér a%ﬂié'mcﬂﬁd&ﬁﬂ ISOI%EIQWTHQ’J ﬁbllB@I hlaﬁiﬂg ar%mme asparagmeﬁ
2-im dazol yl net hyl, and - -al kyThet aryl

a@agwr?@tdayyst@n@ywtmen%l 5- dlbrcﬁnatyxwmhy?o 5 Aiiodbgagsiey plutamic

%lgfer&%?%?“bef gg( qﬁm‘ﬁ%%%ox&&g\%ﬁ,%ﬂl cg0131]

teatity) 196he) Ql@étiﬁ}éhme ;ﬂfeﬁ%lﬁfaﬁﬁie}’gr@l?me Gdine, t@‘%g?ﬂ ﬁé%l’%?@}hhé/ !

such as met hyl am nonet hyl am noé
Gypigphanertyrastieyhd velirey hamtmohrlhptefamﬂ amino acid is L-arginine.
i sopropyl am noet hyl. [0132] Exanpl es of

di al kyl am noal kyl groups include C3 -C50

8] ki¢ iFhime dbipbund Iﬁﬁf"ﬂ@ﬁﬁala‘( vithi8 level i hn Jielation to the

- di a‘ kyl am noal kyl such” as di net hyl am nonet
@mnmtwﬁrsdmm@amoynd offfhe chiplysindlhyometiiny metal. Ideally it is used at an

R ST BHITS BrooPions B of hesalver SRS LM OGNy

:ﬁ@f‘v@ RN %6 be SATBR WS hic éd?ﬁ;lglls’)ge% Al IH%l}p@E %H%[a&%’cfb of 1:1 or
i m dazol e, oxazole, thiazo pyrazol-e pyrro
lpghfrroiep@ndmg Orp’ghﬁ icapagtity of themuetsliib somplek endth e anginis of
these af tﬁa? F:fl?p% ﬁ%ﬂ%&}g ﬁggg&:nc%%lpounc? to comple)lc with the metal and the

presence of other complexing ligands such as monodentate ligands. However it is

possible to use levels of organic compound which are insufficient to complex with all
of the catalytically active metal; in these circumstances not all of the metal is
converted to organic complex and the resulting catalyst may contain catalytically
active metal sites that have been derived from complexed and non-complexed metal
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.

[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
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include acrylonitrile, alkyl nitriles such as for
exanple nethyl nitrile, and ethyl 5 nitrile. [0134]

w@ioakdogs am no aci ds i nclude natural and syntPEL/EP2003/012885

am no acids. The natural am no acids include al
isomers of the follow ng: alanine, arginine,

[ S | C aci cy.stei ne StLi 3,

B AT SresnR BN & Ay e st 3B eiogmt of
a6lvent W@bd iR VAS, withid SHiEranBésSthit & Hicaly SiFRKYAMNS IcAfure that the
hydroxyprol i ne, isoleucine, |eucine, |ysine,
AEKRIrORiay be cewivglyaoaticted with bk iswpportsieras e wet supportiané when

xine t aphane,. tyrosi.ne and vali.ne, a
SRR By B P B Retith SR R P Te Mo fiones support
[19pi2aily HeQaR bfedthsound HPQHE Br A8 &%1%&611;/ adtiv@M¥etals and the
suitable level inrelation to the 15 anbunt of salt or
ewsapethnoind(Rbare ased iptanwaintsywlzich depending ah. thdivfenl ajloit the

il s BRI P (BB BuFRF. Tispginder of
B Blxthr cORiBrifds OB Le nRFIN Gt QIR S8 De p?&ieﬁthig% Afoudt from

nolar ratio of 1:1 or higher depending on t
d dpagivityo of thelvesighs béthettotat mamgiuex preifdrably hido 680 gadh of the weight
C und, .the capaci f_the organic conmpound to_ .
SRR R, RERB b ol Fu 8 VB TRMA pg mre,
SRS EE R8fetabBRATIPR) 7 oDt tHEPRE ﬁmﬁﬁéeto:[dl FARATe and most
However it is”™ possible to use Nevels of organic
oaigrebitid Oum ot wt &6 ef thaswdighit off thettotabmidnmel ex with al |
of the catalytically active netal; in these
circunstances not all of the netal is converted to

197" 1AGtef RUH
B o iFRaon S¥he Bl g o (R skl PRy Ih &) fha
desféreledyl i drogd to oepbd eeamdsta thenoibvenbapl/ exvederpreseht diring

EEAUTRA B Bap ks bR e S e
FanSeaflnltof i fudbe phighogt el Loty il o

.42 8 teriperatufcOirdm d00 Bo 55@ Q. Préferably, litleor po ebesmdsition of the
erably 0.5:1 to 5: 1.

0.25.: 1 to 5:1, .and s pre .30
PHEEBICOMRET Qe SBTRS e e BL%FEansi Hrangnexedy sy iprte
FRRUVAL S Wk ddnt &gﬁ%%ﬁéﬂg&&ﬁalsm xture is usually and

preferably fornmed in conbination with a sol vent, which
may 42 WD 2004/ 046076 PCT/ EP2003/ 012885 be water or

nic sqlvent or a mxture of water and sol vent.
ﬁﬁégﬁ ﬁ?cocsla stepdn therrogrse a% the prepeptynygntipn forgheymanutacture

SLNBFREo LAt brSca Pt otk VeSS dshloB Y teCorEARUESmp A on e

support, which may be partial or full decomposition at this stage. Although not

wishing to be bound by any theory it is believed that this decomposition 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 within the catalyst. The hydrogen may be
used in a further step after full or partial decomposition or the full or partial

decomposition may be undertaken in the presence of hydrogen under pyrolysis
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m xture may be effectively contacted with the support
so as to wet support and when the support is porous

W@ 200al0ke? penetration of the m xture into the POr/BPE03/012885

support. 5 Typically the salt or conpound of one or
nore catalytically active netals and the organic

?ﬁ%@ﬁ&;ﬁg &:’%nq ia o%tv%ﬁf ﬁagatg‘lgtela iy galr}’o io%@at?ﬁlagﬁpyi eg;lgiggfrljg&ls is the

require e ratros I’n

diray ef the nizeal ag hhe3Port And HiR 183k bBdieperdiba of H¥ahétbItdn 0E
the m xture conprises one or nore solvents which may

sernerte SASrogesHf therprasentfimysntion progduess hydrogepdtiontvetalysts that

' total m 5 ef er abl t0 .90 wt. 9%
5B otk B8 Qe orkt e PRRCHL RO aBr S ity
Gispers&l) mtaddfiontthelevel Fldispersidnligrdlathaly spieure, even
nore preferably 10 to 70 wt % of the weight of the

total mi xture and nost preferably 10 to 65 wt % of

Lbght of.the total pm xt . [,0137]. Aft. .
18f3ob EdilsotonateisfenP thsaou ALt Hee of
SutpReed i callsts had el 8hditleYardaS el RHrhCmEGTR Y& DS bring

of 'the sol vent "and/or water present during formation
otetal serfacsraptadyy. chemysompfiarey deserihedhingy Edmaitideat abrbi ent

CCRfateiteR of Boonmo B iuriantay sd=ndrancih Pyliator fgpree
DRKRYr, Rel OrRR 5@8\45,91)pf. 503100t Qct)]t&ﬁgetgl suffa8t Gfed Q}lél}(e catalyst

little or no deconposjtion of the organic conp
squefesbluiromd.q e 10myt/apapivadalygmefetibyy figmeedeloys m?/g and
results i he emoyal of non-conpl exed vol atile
PRl Foma)s Wil e SR ArunEhnsewast of
hikesRERSRE thd AVER k6 foR'of hizal %ﬁiéftﬁgt;p?é?ﬁlateotil? §1t1rlt;aé:e of the

hydrogenati on catalyst is the deconpo Ion O
oretpd patticleshgeinde estimated sinselp pooperly whoseh tibmyt used pathti al

r f.ull .deconposition a{'}}ﬁth s st a% .. Al'though not 25
RO i S BTUFS BPoths PubrRsRgT ioms PEaY Rene e shigice.
CbhseqRaARMRERE Hisparsioasildes iﬂdﬁbaEJ@nalfePP%HeQ Q&iifhr}ﬁoc‘ﬂe.toT the

of one orf nbre precursors to the catalytically active
metad htowistpepulating ihe sutfadd. doe dhanphydriogenation ireactiams, activitgy

RGO Peia, FBePEl e coiagd bl amamppoiaLtimraian is
By ﬁéilﬁl@hﬁﬁgge%eas l‘%ﬁe SRhabbiidn @f%tﬂoﬁééﬁle%qe@glé P%l&lqlﬁqestatic

l'evel s 'of metal dispersion In the cata
bondiettge as flowse TBOsangdelisi heldatfatempemntusd ef4ECtand ah 8Hpoint

IS T NN
%ié_%lééggtg% : O?g gfsagé'cﬁiey 13 linfat pARIAPHLR48MEm is extrapolated to
zero pressure to obtain the total quantity of hydrogen chemisorbed; this is the
combined dispersion. The sample 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.
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
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conditions. An inportant paraneter in the activity of
catalytically active netals is the formof the netal

worootheosupport and the | evel of dispersion of P€TIEP2003/012885

nmetal on the support. The process of the present
i nvention produces hydrogenation catal ysts that

i | yticall td { ticl t hat
G3PRpiol 315 R e St By SeslBh s Sup Qb SR entn
tihenik@ved hidroginSpan séqfate fdicatioh b eleds] 8ispés®n. [PH3R/ prior
Cheni sorption neasurenents are commonly used to

ai refpmgness thremesial dispérsion figpres peayidagtae basgd gyt wtadnd

tal surface area. The. general t hod for neasufi
thspaiporBed wQe and 8t gy shli4 AP Stsg Aok COBROPF e (HE prosent
LReRidH iisSreRtred tl*ﬂa@tﬁle(ﬂgﬂfc%@ﬁeﬁfoh%ﬁﬁah@ﬁ REd AT GREAM Palues
Catal ysts"™, edited by Francis Del anney, Marcel
Dddtingto thesivonglyichem&ebed compoBend irB@dtessTHfe2 0o mmie prefeadbly in

BTt S Bty s s pEAF o7 Bl E0p bl Gisgersion
G208 i8R%cesBE £5RpRERrBRI M kERELLs 3, ﬁlgre%r%%%bpfn dxP&s of

catal yst. From chem sorption neasurenents, € %
85 % pardshost p(éferablyre eatesab DO treatchjpypdl Biteferttly 46 Ur draware of
f .th 15 et al rticles) can he estjnpted since a
Brdpaimsrtaigesion Firiento GS by o Sarpeno o
BRASUIGUSHE 8r AUROHIOR plerGRbIyBYG] odhGies popul ati ng
he surface. Consequently higher dispersion val ues
i ndicate smaller particles with nore of the netal

t popul ating t surface. For .many hydrogepati on

Pl poRE seega ?\%PP? theupeast Lk QLCPATH L S EICETION Crigeyst the
ar ¢ o . . .
e TP op S ER IR D AR, T3bRY 1REREEL R dicontext
ofithe preisent inmabation [gartislateoempeditidns ¢ meanmitiat the oheraisal
follows. The sanple is held at a tenperature of 40C
%W%Hl%-%g?%?r_g 1S Gemelery Vrisd: Bissmatbedipieradenses the
R aft09r Rk dant Scoigi1dk ﬁ}?‘ﬁé H'L% tU%?@(ghetnhgal destruction Pf part of
nol ecul e. The

chem sorption prob I near portion o
o1 eompsmtitariithe coneplex.ajdiea tleddestructivario patiebthe hesthaa of

btain the total quantjty of hydrogen chem sorbed; .

wirtction s leged PO%EWé%atah%rﬁgwgﬁ Tnoprgetalghsmical specicen
. » n

Py GTasd A the oI j¢ RN N AEROH Rmplcte he
oy sighdicasicel¢roerd of iradompleksrempinignwosldtbeeheroneldranore

| inear portion of this weak adsorption isaothermis . .
%%t{&?f%%ﬁa%‘@ pgfalss oXiier WaEh destryciymt igicariedougnger pxidizing

- ‘ 1 .of

MRy bl LePENIST e A RARR o T, ERAEA Bt Rl B8 of
yydedgta. JDetchraysilsobgtegidned dick hecdrbar feeidueg fonied fromThus

(tlhi s net.hod %r ovi des val ues _for the L
ecomposition of the 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 analytical techniques that are well known in the
art such as infra-red spectroscopy, mass spectroscopy, thermogravimetric analysis,

gas or liquid chromatography and spectroscopy.
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total netal dispersion, the dispersion due to weakly
chem sor bed hydrogen and 44 WD 2004/ 046076

WOEQDABRDOO3/ 012885 di spersi on due to strongl yPCT/EP2003/012885

chem sor bed hydrogen. The value for the strongly
chem sor bed hydrogen is an accurate indication of

nmetal dispersion. In many prior art references the
net al di spersion figures provided are based on the

foaua] A vafiey STonfiRstisRh8 e @ed tednduddparsdlldr tfull AdPrushidPhghe
and weak conponents. In the present 5 invention it is
prgenis cpeglexh dtheserimcivdel clagprinalimethodsasugh gsehemisally ihdwoed

i Si I . l.at i to th t I
BERFER pEder Rutstinasicy4s Bk BetRoBhiR G prssrascampepr
kifhilaP Sl6@SiSal At v RRHIs MOt her PRAA&Ts 38} MdbdinE RALSSpPfial
30% In addition total dispersion values in excess of

dgumposition atsllydei thereat swthods s&hds pymlpsiparsl @rcalsination, both of
f % ., an t . preferabl in ce of 60%

SR S e pedered BPEedE My FSieDlet Rt ol O RER B¢

BRtiahticH. SO elriicP theftRdal BSathdnt V&1 slhang) éﬁe“e@?@?ﬁ%@%ﬁ%

conponent, nore preferably 45 % or nore an

pyrelysis aldyybex@etiask outniny the piéded@]ofhydtogen;de tis embodiment any

the process for preparing the hydrqgenati on catal yst

£ éecfuﬁptg%‘?ﬁ € %@?@@?@ﬁ%ﬁbﬁ%@é‘&gat | east partially

or fully deconposed. In the context 15 of the present

i nvention "partial deconpositions” neans that the

[(H42] Bélencokpation bopyrolysis ieused ga tlieanethog foaxtull sr patialed;
Structure _of the

his may. be_due to.,a change in the
@?@%&Xl% ﬁﬁﬁ@ﬂrsﬂmm}nﬁ@ theexes Conditieaed il depend on the

Aa8 I ehd £ ially’%

(e IR i B SpSlianndhe o TRRBRRL nl /<D oS AEh fiofie
tiakr elgedted tenperaelee yadintgthensigraihbi@ic nidikodsenrmvas  of
non-net al .chem cal species 20 associated with the

BRsHEpseRPy Unkedowithrontollediermelicoerapesition pidhe prganic complex it
i R
poblysis corditibiss thst initiatléscondperitide ahd totdlidecoriysositéonr ofekk organic
out under oxj di.zi hg ondi tions or the reduced netal

FATRRCY Aeeue dfs jedicgiss the temperatute rapge dvhish iy RAEMce of
@éﬁgfnggﬁﬂo? g@%%@% ?n gggenrogﬁﬁéjﬂﬁﬁm Hﬁg{lﬁéraﬁﬁé BRPshould

resi dues econposition o e organic
bosgideted of Thid dpamtpoaitiod écmapivad. t Abernativetku@héroanalysed by infra-
variations in structuyre and/or c_o%siti on, that do not
Wamafmwlse SRRCUQRBY 14 HaY bydsferrunedaiqihat pojat mthe frgatment

1588 cdrRif AlntlidRl oRuf P&ttt A VRl 2R or RG-S RARG SRallc

complex; the temperature at which this occurs if below the total decomposition
temperature may be selected as the temperature for the partial decomposition or if
above the total decomposition temperature may be selected as the temperature for full
decomposition. In the case where amines are used as the organic compound the
temperature below which significant quantities of nitrogen oxides are produced may
be selected as the temperature for treatment to induce partial decomposition. For
other organic compounds it may be the temperature at which CO or CO, are removed

from the complex. In the case of amines and especially amines containing hydroxyl
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structure and/ or conposition under the conditions of
the second stage nay be detected and nonitored using

wo 200uou®7@nal yti cal techni ques that are wel |l KpPOUBRP1003/012885

the 30 art such as infra-red spectroscopy, ness
spectroscopy, thernogravinetric analysis, gas or

Liqui.d ch hy and .45 VO .
st B o i e BSOS SARERHGR R b Joatipn g new
AREARADABY tHAEappe&dinttle inhEYEEspRRfh bfbet@bed 2100-2200 cm™ and

destruction of ‘the organic conplex. These include
tomtaivelyl assigndbdelty comphexaearbmaritregdn specinsisichds nitriles and
hydr i.s or deconposition such as by the treatnent
RPE e BePe Prosaan g Al YeForapat ordp il a nother
afettiodehatBh A beAlsed <JRGE TR Bodsid Sows @&Hﬁkxﬁg f198d of e
partial déconposition include therml net s such as
piganicyeeinglex tinaperaates belawitota] whighhlosf mawht stectedfor ipartial

referred nethods with particul ar preferepnce hein
FPuIpOPGon AE8 STRREFFIBNRS AbOHARPYHIUE 'FHERHBHIS O e rsighidoss
Wial e S61888Y fdr'Tul? AScdRRRMIAENt the pyrolysis may be
carried out in the presence of hydrogen; in this
enbodi nent any 10 subsequent treatnent wi th hydrogen
' : 142] Wh | cj [ lysi

[@ylaﬁ oegé:ta edti g)q,]l&?a;l f%paw@fxaorgﬁlﬂgtg{zgq?@%rse ﬁl)éro?ga%% gomplex
R A i P A oo T e B30 o 10000 .
pefiphtdy fend2 #spadi0aC! hetsad kenpedtustiabd Will geppnd on whether

ofile, 15 under elevated tenperature

deco sitian pr €.

B&nq}g}%ﬁ g" ?%ﬁhff?@?r&p?mq 9fdheRigABIG S OB o¥eig desired and will depend

g&ﬁﬁtﬂaﬁﬁg 8Phelor otk CoRd:Olia ﬁjlagr Qﬁ@&ﬁl&e decompopsition
econposi tion of the organic conplex’i i's possPBTe

teopeterttae wif fie apanidiadetal eompler incheleahd hattrelofdles metal and/or

cal cination conditions or pyrolysis conditions that

PrgrRic sPmperhBiinthe soraex + shefhelaeiorpryibethsnage ohthe
y RS ¢
FRes i R AR i MU Qb BERARS it % sat. Preferably
whenpgrtisi decompsditigeissbgiided thesuppoie ktithkiae opanic kémplex
m nioum tenperatuyre that should be sel ected of ftul
SHFISFIEPB IS GACTRG) rieaperalitedhaid 1oe than dhrelsmppebiye ay
- 4r h
ekt PR S RISRABHIORSRA Pl cceus.

Befdrably itfisi beticom 200 T enPthe Serepdrin@re dtavmte@td] KRIBL®Toss of the
formed in_ the org{gni c__conplex; the tenperature at
NsrRR complex geewrsPreferably when il deserposdiéervispeniinel dre sppport

%g@l%é cﬁ‘g el(g g n‘péls?lg t%fe%oﬁskt%? {hl%geogsl’s ct:al'llc?lné(f a aet%r%%grg uré lat 1Is re‘t?or
above the temperature, as determined by TGA, at which total weight loss of the

organic complex occurs. Preferably it is between the temperature at which total
weight loss of the organic complex occurs and 1000°C. Under calcination conditions
oxygen is present either as a component of an otherwise inert diluent or as a
consequence of calcination being undertaken in air. When pyrolysis is used the
pyrolysis may be undertaken in an inert atmosphere free of oxygen or in a hydrogen
atmosphere that may be and preferably is free of oxygen. When pyrolysis is used the

organic complexes may decompose at higher temperatures than those observed under

47



10

15

20

25

30

above the total deconposition tenperature may be
sel ected as the tenperature for full deconposition.

w0 poothesocase where amines are used as the or gaPCT/EP2003/012885

conmpound the tenperature bel ow which significant
quantities of nitrogen oxides are produced may be

. he t f { { t tq ind
i R R A A S
condiBohshPoriphtial eMREr@tsHhsosionihE be S @MinSdWsi® £variety of
renoved fromthe conplex. In the case of am nes an

axthads af Whichi G ds prefergiln Predemablaridien partipg deomposition is

004/ 046076 PCT/. EP2Q03/ 012885 i id
felo e Uk Do iR dRee T SRR beng o ap B v P Efa e
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0- 2200 cm 4

at between 21 and tentati'vely assignable
tlonasphgrP ox ueder bydrogén stegemperpeirs thet sueds tizen the tempeemure as

B AR Bty
RRs HBEE ok Santh\ &1 cﬁ&?'ﬁf@&ﬁb@’}?%e"t&%@: 2009 hoSS

of the organic conplex; tenperatures ow tot al
taipghituleas syhivhytotabwsightloteaf the orgaaictdoaiplexdrcaspadértpydslysis
and.tenperatures at or above the tenperature for total

findiians|ip a8 nerAImgsphers s under ygrogep Frefrsabdvpben fullon.
a

2 . -0r-
HRrPhaBbn e 6 SRR i Y uh BFAAIISRl e
tremyerlpded ae s tenspethtareehdt ypatoalabyvenht bintperdigre] & dpterifined by
i&g\et 0 éi{%goo C . ﬁr eferably from250 to 600 C. The

£t VBiepdotat Weight letspiihg Preamip eprplsr ogpies Mader pyrolysit
s 5 AR T RGO PR
emperiterecnnist pyrolysRconditionsiatan imert athfoeplieré Bieunder hydrogen, at

deconposition 15 tenperature of the organic netal
whiehtetal veightiges efithe prganic somplexipscyrserd 180 CoPreferably the

i G it hi . lex. An f
0,980 G B R GASe WobleR dSREIER MR s RS i hbemes
hiradeni &8 aitethperstutest 1653 thidhel 0007 0) Dhe uppakt comPrishe baahit

when partial deconposition is required the support
camepiex may be galsingd eppyprbsed ddbopartialdlesprapesstion tsmperature for a

[ [ at 1s.less than t .
i 158 Mhaths SSTRED Mo ik el g1 By prgpic
¢omhipslex veiug) Tybieally s Wilkbefofa Beio oMM st Tkitfues, preferably
Preferably it is between 200 C and the tenperature at

FiHeash39.a0ere praeighly af lpast 45ming end grogkreforablingsir dshour or more.
’?ﬁg&%@f 6}6%) f)%ﬁoecf’cﬁ*%Jﬂe W08 %ol o 1%&%%%%%&} 2PRourS of lg&ue{nrd%cllost

preferably 12 hours or less. When full decomposition is required the support

comprising organic complex may be calcined or pyrolysed at the full decomposition
temperature for a period of time that is sufficient to ensure the full decomposition of

the organic complex.
[0144] After the partial or full decomposition of the organic complex the support

comprising the partially or fully decomposed complex may be treated with a source

of hydrogen. This may be omitted when the initial decomposition is undertaken in
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with the organic conpl ex deposited thereon is cal cined
at a tenperature that is at or above the tenperature,

wa@sgoodesareri ned by TGA, at which total wei ght |PSEEPR{003/012885

the 25 ° organic conplex occurs. Preferably it is
between the tenperature at which total weight |oss of

' e an 000C., .Under i
PPy T BB RS oHm g s e R mepispndertafen
OSiNp eoditiof and in@hdRMAEllY i tfolckhk HERIatiBh ofBydRogenation
consequence of cal cination being undertaken i'n air.

vefalystsy Flasisg sonditions and anathass apsseldcieslite ensuye thet catalytically

rtak in | hert nosphere f.ree of oxygen. or in
LRGSR oo BRI Bk BVERED e SR 15 pP S¥Epdistap: g
tregenenf witk ﬁg&ﬂgeﬁ% QBrriddIoRt M% b&ta&mgsﬁéﬂs@iasn c&hﬁﬁﬁh% fully or
conpl exes may deconpose at hi gher Tenperatures tha
PritigHy depoappsel eomdex wifll 2\48s 90 GutBRiGng free hydrogen at from

S T e T
CYBAH foSipYefcfBly feth08ko #50°fctIthe : .ﬁ %&%@éﬂ%’[ﬁ osf

determined using a variety of ne
posf ¥ tod@0%Frefanmb lof Haand fipar @ tced0% by oninosi dfiNpyn The
equi red under .pyrolysis conditions in an inert .
brpsltnenhareBe FamiRde voar seRmmpyay olyipaenindr atmespheric
dait 6r GRIPLISKC ' ' Q! b
B s e PR Resi 1 MO B8, bbbty 1o
PO bar, mord preferatiinh to P@ bareifhe nettvatien amy bd ahdsrtakae tbriayperiod of

AL S e
Riehest3Rt térably frsm BOLYRER 12?9%115:3 afd, aﬁr@faerre& gﬁipgﬁiﬂ{eﬂf feat

whi ch total weight |oss of the organic conplex occurs

snppert cpypobing ifellyl® mediadiytdecoraposed aomplerris explos@bphsimdgen at
or under hydrogen. Preferably when full deconpositiagn

ptmasphancprepswicand thsdemperalyre Fised @t a Fajeplowerbhap g min,

' vhnol ysed. at ~a .t,enper at ur e. t-hat .
ARy DEAE0n 3¢ 0 0 OB B TRRRAAH)S bt o
Bts tofthe tredtoiend teinperg@hifre ve® 1tirdbe troataRA 18 c6MMI8or a further
occurs under %rol sis conditions in an inert

hinbi hetas @referabhideto Sy pepdhmostmasferahiy 3/toi 6 hauss. (Wiken the

f e, under rol.ysis condifions
RRESEbloR e bR TREIAS A SomiBP e iy a o SRR e
Sebdodd taRhginé tHaDB:5de hydrbgerDii bt 26§ TaRidRMI PAEMBIRBEhposed
1000C. Preferably the supports wth the organic _
UBAYF xmplsp dsiepsyed-hEhasferathe hydrogen treatmient temperatyenisor
SAUER0%LBL 1 HEVTRELAA By PlenlpB0%urt BR e b90RicComPlEk and the
especially 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.

[0146] The total metal surface area on the catalyst is preferably from 0.01 to 10 m%/g,
particularly preferably from 0.05 to 5 m*/g and more preferably from 0.05 to 3 m%/g
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conpl ex may be cal cined or pyrolysed at the partia
deconposition tenperature for a 20 period of tine that

WO g00giddorei ent to ensure the partial deconposiPCDRPIIN3/012885

the organic conplex occurs. Typically this will be
for a period of at least 20 mnutes, preferably at

I t b t least 45 mns and. nost
o EEicottey e e Rh bt Bing b B L) 2 cRRisfiRign method
af héreimedes@ibé8. hours or | ess, preferably 24 hours or

| ess and nost preferably 12 hours or |ess. \Wen ful
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carried our under a continuous flow O
tha denzeaeprbwptionylic aqid esderivatios theradto isd Intdregeanted ot bOMS
at el eyated pressures. up to 100 bar, preferably 1 to
5,01 i PBie e abis proferebly ftpmp ahout 9IS taeboufzd ket liter of
Rl e I i f t, 4
R R o E T PRtaply BB hl 0 to il Dl Per 1B ety
nehhou2 thosiorefrablyaframrtoz to pKefper kel yf datalyet por aurs to 12

hours. In a preferred enbodi nent the 15 support
conprising fully or partially deconposed conplex is

[0¥50)S&nY Ro MM QBERRt 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.
[0151] The hydrogenation of the present invention can be carried out in the presence

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

hydrogenation in solution.
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at nospheric pressure and the tenperature raised at a
rate slower than 5 C mn-, nore preferably sl ower

W b@a/0%0@ min -1 and nost preferably sl ower the@I/BP1003/012885

mn-1 or less to the treatnent tenperature where
hydrogen treatnent is continued for a further 1 to 10

RS2 ot e if Suchuitoies By xcisd!. Solpnts o
Aidlidnts2 whichd Q6 DEROSE arel G sBAL sSIGEMBF afiitne THREhbicE®s not

are selected to ensure that under hydrogen treatnent
etitycat essiodgab theasolvient drydildettospd sedhle torfgam bomoggicens saution

S B B el B b o TR e
E0RRS M diienRicat o e&aﬁﬁéecw&eﬁ@ngﬁgpeg ?fEth%blees%R%ﬁ{g] rll fv

the partially deconposed organic conplex. 25 [014
dtill;flntﬂ'itabliuth ﬂ?{]foﬂmﬁiingales_t]m@mlchai_a foe cydic_kﬁd(ljemxmch asl tettahydrefuran
support an .,application js carr] Qut i

S EBEs; Sl i iR S Brukith Bl el picTerablydus fom
| Y PEArB6h s PR paRABE Bnl PER4 g'@ha

rretg?] alirn sé&gﬁlg’nc . 30 | 01406 tdl)'ﬁgﬁg)g{l gﬁogﬁnep?%ﬁ%gr aé%OhOIS’
whieh aonprefeeabdptisedy st iipsopanel, astabing], fisbatan6l 4l rt-hexhfol.

/q, rticularly preferably fromO0.05 to 5 nR/g and
%%“g“ﬁ p@ﬁmm Qﬁ%?frseiﬁeetﬁ@s dylgerts gy lkewise beysodoa/ 046076
PCT/ EP2003/ 012885 of the catalyst. The netal surface
area may be neasured by the chem sorption nethod as

[0458] Thelmaouit b€ dolvérd bd diludn ubdikeis hytiesigierdin amy pHroQdsSvay
present. i nvention the hydrogenation 5

of th .
%‘&F@Pﬁie@ﬁ@cﬁﬂ &regly|depending kicABITTReIHS. ARG Praferenes is given
f [ ui3el, neral |y

B B B Rl R e ol
hzemepoRbabCxyljr eefdesradstey td beohydabgenbtedO0 t o 220 C, nost
preferably 75 to 200 C, and nore preferably at
greater than 80 C. The nost preferred tenperature

i . T ressur er
(03391 e bfPO 88 heprafSHpinenelipy BIBRISFRISHS Bk OF Ggnore
dRiviates abbetizeddd lyeatbox Aichoidsih tiy @fparifibl ytagriatiem thban
50, preferably greater than 75 bar and nore
peesss abpie aribere sorting matgrigs for theipmenufastyrermch as forgxample

&hol Elpl}léglise-rcn%st@{ %&'ﬁaﬁv&f Algc? 1%%51% %{]belg a%%téf‘%ﬂo&%&g
e carried out elther contlnuoPszor At CHW e W th
urshivanes réaeied @cidisveinad ghtkalicra¢id) goditih hdiRefteOd@Batives and

conti nuouslﬁl. . ] o R
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
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
alcohol than that required to achieve complete esterification of the acid. In one
embodiment there may be an intermediate feed containing 8 to 10 wt% isononyl

alcohol in di-isononyl phthalate.
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15 [0149] When the process is carried out continuously
and the organic conpound to be hydrogenated is a

wheoaenepol ycar boxylic acid or derivative therpof/EP10h&012885

anmount of the benzenepol ycarboxylic acid or
derivative thereof to be hydrogenated or of the

Ty 5115t e PirSey Hiiehin 18, RHFeGisB it iy ape peaore
lRPs1bhexYPiateHRR fdeﬁa&i Ko tREhAROsnafonloft the BOPkhoRdikY PET

I1ter of catal per hour,, nDst preferablyfrom02
benzenegplynarboky eaclébr demaarlygsthp@pf Hdeally the150] As

R SRR Rs FaT or i Buhihdit o6 chmiT e R e
gﬁfdﬁ&%n@%&gﬁt&g@e of @él@étw%tﬁr an8 'W?i@ﬂﬁe ¢ nda c&@rer%g%s]sible

H2S "andani nes exanpl e, waste gases
af thefb@nmrepqimaﬂhmcyhs edid oPdefitizactheiest. gHydm gtmations ofthis type

R gt e G0t REP BB RE O BH D11 e e et amddow
BHﬂmg %ofﬂ?ﬁh&%%&&cts"éﬁre SLOLR a@f“h%ré’ ol yapd c&{te)ﬁ of fhe

luent, i.e IS not necessary to carry out
;aSemglwwtmmr‘lhghns”gmé defimed. as HirteNILMAKE SIG[TEsenated reaction
PCT/ EP2003/ 15 ver preference IS given

({l}g‘i ﬁ@t aaeg‘ e@&rfor%% cﬂ?bméﬁr clohgxyl rapfedialy whepthe asnt s,

16 Berfafd 1P (Y ' | . Detai
E}?‘? CRTARR PR Bl et PR S CHBnapanpy, Details
$aylone wpitable wisthod fidr deserthining el ‘@ights” f:mtmtaaf hpralyeneistuised by

ol ution th the benzenepol ycarboxyli¢c_acid or ester

fs myecess of fg'a Bresednvepen Sarpyiided m the seeciin qrampdesoWhen using
Bl 6 S o £RE p? TQTR iRERbA §Ss ﬁ@s‘sﬁ’) & torob &fe%te?@hai@ﬁ’/abl e

sol vents or ents 1nclu e foI
sonvarsipit ofcthastarting neateridl §oret dranare %Hmienqmlycarboxyhc acid or

hydr of di ,_and_a | i phat
LIPSO DB o SR e AEKLME oof et Jo megeisht

b4 on Ihd Btal Q/egr P{%a&fdgl'fﬁ'a i ﬁgﬁ Sg’th'ts@" \.Aﬁ?gl}qefﬂg&égsg of fBe gresent

car bon at ons
prvehtsonathe prualaetobbtaanﬁi dirqeely fimnoihe hpdiogtmtioh redctibhl idealy
M xtures of these or other solvents

and .n- hex n ol
Bfrnt%wr ﬁl@ E%ilq?rers@vqeegatb\e(ﬁ) dpan apoym shat-preates e ftor greater
4 st 0

B! curar“l%%bﬂ’ﬁ%ﬁﬁﬁ%mﬁﬁeﬂgfé KR P8 af rdud Blotet,

convessipm, nenepreferatiip 08 ve preater gilok%e b@evetstory aN@most }ﬁeferably
unts whi ch | ead to a 10- 70%strength by wei ght

gg? SF Si5Atepmofe,% conversion. In the process of the presént 1nvent10n 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

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

directly in certain applications without the need for further purification of the as

hydrogenated product such as plasticisers for plastics products.
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15 benzenepol ycarboxylic acid or ester to be
hydr ogenated. [0154] In the process of the present

WO pwerntdood it is al so possible to use one or nRCEEP2003/012885

deri vates of benzenepol ycarboxylic acids in the
unpurified state that is in the presence of one or

rtin erials.for .theiy manufacture such
181 TR bl b e imvpign e fuhep A usBes o5 resins of the
delidwin exRgpledN SO present may be traces of nonoester
derivatives, un-reacted acid such as phthalic acid,
sodi um nonoest er derivatives and sodiumsalts of the
acids. In this aspect thiggggéiéﬁfarboxylic acid
derivative is hydrogena f6£2 to purification and
after hydrogenation is then sent to process finishing
for stripping, drying and polishing filtration. In
fxampishe Preparation oDMCMadtk ar boxyl i ¢ aci d derivative
may be an intermedi ate feed containing high |evels of
al cohol in the case of ester derivatives. There may be
t 20vas r
OO 1308 Rafiofired PRcbthed Wil s iechcn
dedsutiedhipaiowi Which comysdpendstoi Bxtaarpie2ii o 16S Pakdt Nons, 83 7)63%WThe
0.10 wt % i sononyl . al cohal in_di-isononyl
lloRara Pl PaT Wvoishur BR0ES heRToaode6Es
[0155] In the process of the present invention the
desired products are one or nore cyclohexyl materials

g&ﬁ ipbwo[?eftlylmrnetgglahmbl : rﬁngﬂmgTM)dlqﬁ_rdndix&; prepa&&ﬁb@ﬁ@i%tﬁlﬂing a29
car ylic_ acjid or deriyvatives thereof. _
Pﬁ%ﬁ:&ﬁ{f m%i-ﬁ&%a@w@&mwi@%? golgHop arithadidyedde-
rq : | red uct with a
g e b R bl B R
tetmarethylaomm@usmisiioate (20% fygehanobmnien) ayd 20,56y precipiited
r.deriyati .%S t hereof. Hydrogenations of this type
@%ﬁdﬁlﬁﬁ i5ily undesirabl e by-products of relatively
| ow nmol ecul ar wei ght and low boiling point; these
by-products are referred to as "lights". In the
(0458 ¥he mixthieavasprysatized a0 00rd fon 20 hogRtvwith @lrngefdered
as materials in_the as. hydrogenated reaction 10

PHRgmEeusIEs gy d hereruliingrapdice wantscarred by é;ttqti@ngns} ried in
ELERAALS AHESRE T pro e R S ERG! SAR PGty in

niregsy ifdkiwed byasbhhshir§ or aifl athe calctiicd grdduet hdd Ldrice area of

ontent of a product obtained b
fl 2% mi)g an({ the fcl?llowing equilibrium adsor%)/tion capacities in gram/100 grams:

H,O 10.8
Cyclohexane >50
n-Hexane >50
Benzene 67

[0159] The product was 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.
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the process of the present invention is provided in
the specific exanples. Wien using the process of the

wEe@seno7é nvention it is possible to obtain greaEr/EP2003/012885

than 95% 15 conversion of the starting material (one
or nore benzenepol ycarboxylic acid or derivatives
thereof), whilst at he sanme tine producing | ess than
1.5 % by weight based on the total weight of reaction

Exadipld 119f Prepaiation of MICM41 pr ocess of the present
I nvention the product obtained directly fromthe

hydr ogenation reaction ideally contains the object

GHSF AR St ial Reo) Wi e REI SsportReeectifs i ghoving
grtedt al , preferably 98.5 or greater nol e% conversion

nore preferably 99 or greater nol e% conversion, and
nost preferably 99.9 or greater nole % conversion. In

I-QC of the present invention the  product

AP A5 Taor ey RhPo e Ly MR g 1enoiBiektp an autoclave:
ideally contains 1.3%or less, preferably 1.0% or
| ess, nore preferably 0.75 % or |ess, even nore
po.8fpbwahistilledsvaier53 Fopbw Cetghrimathgilaimmdriiem@TMA) chloride (29

referabl e enpodi t less than 0.3 % hy i ght, based
Bt % IS0 s9lR koo gbwiiieripigiet ateA Blige (Ulgrsil PMD, 1 pbw
bt Hhd ey amMbR e By dERIIRIENAL EhauebRgluct S of thi s | evel
of purity are obtained it may possi bl e to use these
materials directly in certain applications w thout

g g Ed for further gur'fi cation of the as |

) D S6cim e el et 4S8 Papueiuth simipe ssdarcs
P o2 N TR TR Bl SR ang e
air husnbientaempgratwen Eheofrotineg waf tHeh@alcigd ex 8499 r one hour in

EXAMPL 5 anple 1 - Preparation of. MCM 41 [0157] A
QLORPT, %"Wé@’ﬂ?@%}n st hsmEgsBicbwas idepidiet %M@Mwﬂ}l tThe
O L E B art s R 380 F B fmia by
fitdogenvadsgrphion} off £8 omalhs amlyseeghis follgwasy) was char ged
to an autoclave: 83.7 pbw Cetyltrimnmethyl anmoni um
(CTMA) hydroxi de prepared by contacting a 29

Silica 96.8 wt.%
Alumina 0.1018 wt. %
Sodium 0.0300 wt. %
Carbon 0.11 wt.%

Sorption capacities were as follows:

Hzo 5.9 wt. %
Cyclohexane 53.9 wt.%
n-Hexane 44.1 wt.%
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w. %N NN trinmethyl-1-hexadecyl anmoni um chl ori de
solution with a hydroxide- for halide exchange resin,

wa2004pv’eodi um al um nate, 41.1 pbw 15 PCT/EP2003/012885

tetranet hyl ammoni um silicate (10% aqueous sol ution),
and 10.5 pbw precipitated hydrated silica (H Sil)

. -o oC for %O CM-

aesutmé[&mqglmth ecoved by iltati on ahd
dried In arr at anbient tenperature. The product
was then cal cined at 540C for one hour in nitrogen,
I d si x hours.in air.. The.calcin produc ad,
L P e s b s inf R F e of ruthenium
nltidayl MFLRAFRERE sONtGRRAR DG ' :
A bthdBy] HFREUSRERS SO GRRA f%meogf&m&gﬂnﬂﬁémﬁv

3 25 Cycl ohexane >50 n-Hexane >50 Benzene
poNBgif digtidlep matkrc Thiseslutide mas hildall dowlyiIvV4 bramhd 6F MAM-41 of

ExiBMs I Pt PPt i (of e palatyianas Herpciusied tago-c

Y& alret hO@S iRFloknir. Th i ; 9 2+ -
ek hOGS iSHogingtair, e rhtidgiBlodbie wab a%%ﬂrrpmﬁg']sl B

Preparati on of MCM 41 [0160] A sanple of MCM 41 (40A)
pas prepared in gccordance w 1g,h t he fotl lowing 5

KX am) a on of Hydreger enjnmand MCM-
41 Q_%dﬁ;eoW@Mé‘t gjoed to an autoclave: 26.8 pbw
TStI , 3.5 pbw Cetyltrinmethyl amoni urn

(CTMA) chloride (29 10 wt. % aqueous solution), 4.55
recipjtated hydrated silica (Utrasil PM, 1 pbw.

R’gﬁlﬂﬁﬁﬁh&%ﬁ%rﬂf%ﬂﬁ roRbiing yath gtirgp s Hé stees gioatbepium
. _ e . i h

GhF ool MGy L £0 S51 G SRk Dt

srlaidhcw asnakled slosatetocs?d gryms of MG Ainofaidinghld Blanddriels

air at amnbient tenperature. The product was then _
e‘éqf’&lﬁf\feaa r{gf"’e@dﬁ% %%IY% s Fh?&ircalcﬁ%ﬁli to ABQ¥nior thyre bowrg iy

RbwiBOH STHeulchium Qfhedatt QUYE hotfff 3SRt 1 fied as

Example 3 - Reduction of Metal Component of Hydrogenation Catalysts of

Examples 2a and 2b.

[0165] The catalysts prepared in Examples 2 and 3 were activated under two sets of
conditions a) and b) as follows:

a)  Catalyst particles (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 200° C for 18 hours.
b)  Catalyst particles (10/20 mesh) were loaded into a stainless-steel catalyst basket

then installed in a 300 cm® autoclave. Metal reduction was conducted under a static

hydrogen pressure of 1250 psig (approx 86 bar) at 200° C for 14 hours.
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cal ci ned product has a surface area of 903 n2/g and a
pore size (determ ned by nitrogen adsorption) of 3.8

wo040h®7@nal yses are as follows: 20 Silica 96PGI/HP2096/012885

Alum na 0.1018 wt. % Sodi um 0.0300 wt. % Carbon 0.11

Prepr ation of Hydrogenation Catal yst - Rutheni um and
MCM 41 - TEA/ Agueous Method. [0163] A solution was
16k Adir bydrogerbaativationdhe hutetlare,icogtairbndadgivated cathlyst, was

PURT B9 g iod LERAE 105 2308858 B5men SF g T
Waghéd DﬁdPNg/{\;Sirll‘Jo.;gﬁ'S%-QQJO?!;Tﬁ’J‘aM@ﬁa@ed\Q%gseﬁfe&vﬂe\éte Qo 2 t5

ranms of 0 Exanp ' b and dried overnight a
gmenﬁtien teanpiratete of@8 o h2m °C adndi presduti e dAOBIChy drogen to either a
three h i.n flow ir. e rut henium content was .
e REP o sghop bl & 3900 BoierapPach b ket iarogenation

. . S
(areaseaght oty o £yt Dy i S
wighher sittenveisrig adAy £ the eorversionr affIDRNH atrd as§dsh the 1avdl bOEts

[ ion with 51.4 granms of distilled

itrate ueous sol
fmafion’ phyerpion.g) oWescuiebdirestlyhpsedian thepepkeiens of
el Ghatl pIkRR oo A A Sy O Sl Rnachf e
sampl wasidegrmined by iEas LiguidChromatedrishyt usiviesa BBRDEGIIaAhD (60m x
~2% | e 3 - Reduction of Metal Conponent of )
Pip Ry N2 ) GRrraicg S 40875 Gt ExEMpIEEODR K@iy holding
at 275 °C for 35 minutes. The lights were determined as being all peaks, which eluted
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 indicates that the catalysts prepared via impregnation
with a triethanolamine/aqueous ruthenium mixture are more active hydrogenation
catalysts compared with those prepared via aqueous ruthenium impregnation without
the use of triethanolamine. The data also indicates that the catalysts prepared via
impregnation with a triethanolamine/aqueous ruthenium mixture produce lower

levels of lights at higher hydrogenation pressures.

[0168] A comparison of Figure 1 and Figure 2 illustrates that the catalyst prepared
according to the process of the present invention is significantly more active as a
hydrogenation catalyst compared to the catalyst prepared via the conventional
aqueous route. These plots of DINP conversion vs reaction time indicate that the

DINP hydrogenation follows Langmuir-Hinshelwood kinetics
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[0165] The catalysts prepared in Exanples 2 and 3 were
activated under two sets of conditions a) and b) as

wo eioove76 a) Catal yst particles (10/20 mesh) WeCEEP2003/012885

| oaded into a stainless-steel catal yst basket 25 then
installed in a 300 cnB8 autocl ave. Metal reduction was

Flow of - 100 ek HPARGV P RRETRR G bsblC °0) "

Catal yst particles (10/20 nmesh) were | oaded into a

stai nl ess-steel catalyst basket then installed in a
BUOOL e calenlsid the & valust enly datarith s¥0%BINEonmsused dAtm%{bDINP

B el SRR DR SSRGS
P@ﬁé&?@@@ﬁ? QarRRatideX AR c,%lcﬁlatecfwﬂﬁ&%%k&iﬁple;, 4(d)and 4 (e)

Di -i sononyl phthalate (DINP) [0166] After hydroge
axcst (- dlamoblitréle andi0.8 ¢ mmlelitre.bn Thimthegatatyist mapadd according to

aled .to.r erature an
G840t ppiE prest il i< M picit RanaI RS 2 Gty prapased
Brbih deiSotNamppéadfort8- 0) . The autocl ave was seal ed,
heated to hydrogenatl on tenperature of 80 or 120 C,
and pressurized with hydrogen to either a pressure of
.oonox 58tbar OSIg r ox 207

tion values

X21ple
h_ﬁ”sjgl@pogéfl'Mh%ﬁ&%%tda%gﬁﬁqptﬁﬁm%% ibaen at
regular rntervals of DI NP
and assess the level of lights 10 formati on.
ﬁﬁ 5 n.of. DI P was calcglated di rectly based

FOF LR A oo D SRty Do R SEmpp LAY oG8 ered in the
ERendikh edif Qé(fu@cd l-ﬁr}ﬁ)\’éllh% Bgc‘fr(o:ﬁé}mt%ﬂg aﬂlﬁo ggre t&tglgﬂ)rgﬁure at

was determ néd by Gas romat ogr ap us
bB-tdmpearhunainfBated xn T@ol%ﬁm & TheZampes wapehatteitoake final

- d hol di
AL o et L GUin g helGH 4 YT dPFioRss. Altr
B RehtRkht (R é‘.'he?lg J%%@tl@iftég S L2 gbl%i 8§eeaé glgxdgeﬂzﬂ dntatalyst.

Conponents el ut ereafter were consi
Cycl ohexanedl car boxyl at es products. The conversions

g fég |t|es for the wvarious hydrogenations are
ﬁﬁ ¥ ?@Eﬁoaﬂ?n I{l@i@r??lelméwa%@latamﬁd fipdes stagisjhigh vacuum

%&Oﬂ\%&ﬁéﬁ e%flepﬁie dft gl‘éam 0t hﬁnﬁfe?ngi‘)r @%ﬁé&ﬂ walRie %l%geﬁ%ff

atriet aqueou rum m X
ander dynaeniavhiunen foy d6-3geniatites at the asduclion tengprrapae ¢alivitédin
se gqﬁled via aqueous ruthenjum inpregnation

F e temperature was lowered to 40°C and an 8-point isotherm (with
pressures between 80 and 400 torr) was obtained using H; as the chemisorption probe
molecule. The linear portion of this isotherm was extrapolated to zero pressure to
obtain the total quantity of hydrogen chemisorbed. This is shown in Tables 2 to 6 in
the column labeled % dispersion (combined). The sample was evacuated at 40°C to
remove any weakly adsorbed hydrogen and the titration repeated to determine the
weak adsorption isotherm. The linear portion of this isotherm was extrapolated to
zero pressure to obtain the quantity of weakly chemisorbed hydrogen. This is shown

in Tables 2 to 6 as the column labeled % dispersion (weak). Subtraction of these two

values yields the strongly held chemisorbed quantity and is shown in accompanying
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the use of triethanolam ne. The data al so indicates
that the catal ysts prepared via inpregnation with a

wa eooap@ne©l am ne/ aqueous rut heni um m Xt ure pr ORCIEP2003/012885

|l ower levels of lights at higher hydrogenation
pressures. 25 [0168] A conparison of Figure 1 and

h QLU |l .he_ cat St, pr. red
LBt I BB IR SIRE Pt AE DR e opega ona
/R, f.L.Ga0 bf1.nOre active as a hydrogenation catal yst
conpared to the catal yst prepared via the conventiona
aqueous route. These plots of DI NP conversion vs
Xt ”gvgé‘.ggg' Mg 3t : )y 400 R4 00 810, using
20¥dAESHAT tn ithpleERATI I ot Rate= K[ DINP]/ { |+k'
[DINP] +k™ [ Ho- To cal cul ate the k val ue,
only data with <90% DI NP was used. At <90 DI NP

ian _and under stant ressure, DI NP )
BFE] $hBRoF ShoAsibin GEAS M P 855BeR) v Brapenated with
SARESbrepirb® By mHiRg § B 5 W ltRchi i 53/10l)e
(d) and g (e)ymar egO. 4% nol elléﬁ?\r{@r a?}lfgg%.(%? ) §.2§g
trizttehblamiee ind THTpswatheamidriddys il 0@ frafad haesor di ng to
the process of the present invention is 32% nore
active than a catal yst prepared through aqueous

ESRHBANA! Cfinat{dn oY SARIRe of ELNADRIALH ddof@! ment and

r supported
Ru hydrogenation catal ysts of Exanples 6 to 14 [0170]

A tivation. proximately 0.3 to 0.5 grans of

ﬁ’&% %ﬁ TiiRrsof sgapisdrom Bxawplegwas ealeiped mrf?%’@ng air as the
[ | t~Qn tL,nospher e t I

S S S S R G A
femperaturbe ASehepliRsptiRIeReRhRdt Was e b i sahﬁﬁ@&ﬁér%?drogen
tenperature at 2C/ mn and held at this tenperature for

fi@ethours. After this treatnent the catal yst was
activated and ready for use as a hydrogenation

catalyst. [0171] (B) The chem sorption neasurenents

Breafiple!8. oC slethationl Of cahBit 6f DiAhpNFieWyoR® condi tions.
After the hydrogen treatnent under (A) hydrogen was

t hen punped off under dynam c vacuum for 15-30

L ooy’ Sl t PR BITRED G ol a6 oo rine

1ate o 10°Q/fiin toSAVOPE i KM bhthat temperature for 3 hours. A chemisorption

measurement was made on this sample after hydrogen treatment.

[0175] Table 2 compares the dispersion measurements by H chemisorption of the
catalysts of Examples 7 and 8. This comparison shows that the highest dispersions
are obtained when the Ru-TEA on silica catalyst is calcined at 300°C, which partially
decomposes the complex. After 400°C calcination the organic complex is totally
destroyed before hydrogen treatment and it can be seen that the chemisorption values
are substantially lower and are unstable as they decrease as the reduction temperature
is increased above 250°C. The higher values in the Example 7 catalyst remain stable

during reduction at 400°C.
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pressures between 80 and 400 torr) was obtai ned using
H2 as the chem sorption probe nolecule. The |inear

w@oooien7of this i sothermwas extrapol ated t o RET/BP2003/012885

pressure to 25 obtain the total quantity of hydrogen
chem sorbed. This is shown in Tables 2 to 6 in the
columm | abel ed- % di spersion (conbi ned). The sanple
was evacuated at 40C to renove any weakly adsorbed

e i€ N.2NEkep ieatioh! ot 0, 98E2bRdSI@, ddifE Mhindal&hol in
ak adsorptron 1sotherm € Iine Ttio I O ] —
imprégmationgelutienr apol ated to zero pressure to obtain
the quantity of weakly cheni sorbed hydrogen. This is
shown 30 in Tables 2 to 6 as the columm | abeled %

| r . .
S o Sl B R S o T W MLl wity
sblotion prepared bypering 183 7T rifed 004 RdG DA brate (1.5%Ru), 3.71g
PCTAEPZOO_B/ 012885 tabl es bel ow i n t he columm | abel ed
spdhaneimung Ang 3.0 wyater a9d drigd| at dQ0%; for fagd@uisn a
H RUsurface ratio of 1. Exanple 6. Preparation of
organi c conplex conprising 0.5% Ru on SiQ2 using 5

Exanpdd OO Cilcinationdf €gaRsi SIEc@hplk 9a6 279L72] 15. 00g of
silica support (S.A= 85n2/g, P.D.=50n was
i npregnated with solution prepared by m xing 5.01g of

[ N L. Al t 1o 5%, 2,239 . .
[OSAF AL B b i RO s fresdhe Ml heinbt Bifloying st
fediferdt@iérvdas rﬂaﬁgé:d( B enule toGH5eCRAE helY 40 thab RixfleYablre Fbr one
Exanple 6 to 300C [0173] A portion of sanple from

B! chemispepsionahenswsthentiwhd wadeen this sagple &fter hydrogen
%e%%rﬁture was ranmped 1C/ minute to 300C and held for
K& %8ur at that 15 tenperature. A chem sorption
nmeasur enent was made on this sanple after hydrogen
treatment. Exanple 8. Calcination of catalyst of
Example-116_Pyrohaing agalystiof Fxampie? iin oxygen-freerei virdomomt
Exanple 6 was further calcined in air at a heating

rate of 1 Cmn to 400C and held at that tenperature
3178 Als¥ticn o

B T L S o2 pIRfeEn Jome
teopsrates was eamdpsiPCemomtaea0r @ ardheald lay thikk temperature for one

ﬁhem'srtion.of t he )
our. A chetnisorption measurement was made on this sample after hydrogen

treatment.

[0179] Table 3 compares the dispersion measurements by H chemisorption of the
catalysts of Examples 10 and 11. Both treatments generate a remnant of the starting
Ru-triethanolamine complex. This comparison shows that the partial decomposition
may be achieved at higher temperatures when under inert pyrolysis conditions
(absence of oxygen) to form the Ru- organic precursor that gives high dispersion as

well as when produced via oxidation.
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25 catalysts of Exanples 7 and 8. This conparison
shows that the highest dispersions are obtained when

WO b@4RI0TEA on silica catalyst is calcined at BODEP2003/012885

whi ch partially deconposes the conplex. After 400C
caIC|nat|on the organlc conplex is totally destroyed

be s en that t he
i _,4_-,[' itive

unst abl e as they decrease as the reduct| on tenperature
30 is increased above 250C. The higher values in the
E)Jéﬁbﬂéo@g ebsiltasippes (BiAT $nale, @D aapimy westuwegmatedavith

OC 58 004/ 04 ERP2003/ 0128

LR HEPYSH B TR BE 0B S e BRI R LR A SUNGP 37 4002
WaRE ADAGALR 199 FdrdBurhdufs! lp&heﬁﬁsd\%g&lpﬁleacshfe‘lﬁ%t yas made on
support (S. A= 250n2/g, P.D. =1 S I npregnated wt
thod semipda afperdydrogen bryatmiext. ng 8. 37g of ruthenium
nitrosyl nitrate (1.5%wu), 3.71g triethanolam ne and
18.00g water and dried at 100C for four hours Exanple

b

X VWA
amdthkﬂmanqnalr as the tenperature was ranped 1
C/ mnute to 275C and held at that tenperature for one
hour A chem sorption neasurenent was nmade on this

pl .

98] 55005 S SR 000 WSk 0P bl wit

mtumcnqmpmd by Mixi8g 5408 @t‘tutmmmﬁ nHecxpl gitrbleqMsExRNRhE 4D0g
was heated in flow ng mtrogren as the tenperature was

Vateparl drigdnt 4 00€ oy fawrdouesn dihespapkewasihen taécnpect imtaifras the

20 hour chem s { S
(el o sriab a1 E R QoloR' AR PHE R ol Epstfite Mhicae
Boud OARAERKoFpidn HARGEMER WIBASIY GTBRLSmPYe dfter hydrogen
chem sorption of the catalysts of Exanples 10 ané
Beatmentr eat nents generate a remant of the starting 25
Ru-tri et hanol am ne conpl ex. This conparison shows t hat
the partial deconposition

[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-
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
Ruthenium salt and then dried at low temperature if it is reduced at temperatures as
low as 150°C. On reduction at higher temperatures the dispersion numbers decrease
dramatically, most probably as a result of sintering. This does not happen with the
catalyst of Example 7, which remains stable at 400°C reduction temperatures. If the
aqueous salt solution of Ru is calcined first to 300°C the dispersion numbers are very

low (Example 13).
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may be achi eved at hi gher tenperatures when under
inert pyrolysis conditions (absence of oxygen) to

WO eooaiosdoas Ru- or gani ¢ precursor that gives hi ghCT/EP2003/012885

di spersion as well as when produced via oxidation. 30
59 WO 2004/ 046076 PCT/ EP2003/ 012885 Exanple 12,
S6kiitiog, P. D. 50nn) mas |npregnated mnth solution
prepared by m xing 5.00g of rutheniumnitrosyl nitrate
(1.5%u) and 4.00g 5 water and dried at 100C for four

ISP A Y Bl K2R e P R AT i impregnited with
colonen plchied s MRkRg Ol 343 0% @Heﬁﬁm%hirbs?@niﬂaté"(l@ﬁ {JP B0E L-
additive and calcination 10 [0181 5.00

@xg@pm,tan(l snoshasaten tg fortn Dtoiﬂ()lmw swlﬂ‘son miumgn ghe damplb fvas
Aifted b i an i %%8%@55 theh BrpeAd Gimiate t
95’0@% l‘feﬂ{ :i}]tfécﬁﬂtrterﬁ 9&5@{ fgl? 8ng‘ ﬁ‘&H R ﬁ%ﬁ{f&)@ﬂ)nﬁﬁ?agurteglem was

In alr as per ure was

ﬁﬁﬂéloﬁtlﬂskt&lhpieafteﬁﬁjﬂtogeﬁmﬂa@tﬁrwhﬂre for one 15 hour. A
chem sorption nmeasurenment was made on this sanple
after hydr ogen treatnent. [0182] Table 4 conpares the

H ch
Fh18aF T2 PHBRIE SRRt MARFERARTRY L Peisoigton agine
p:ttelpan eﬂEﬂﬁﬁ}ﬂéﬂV agd {4 BotRBEkRed SandpledlehRtea fealtlafit d)fsth@_@tamng

object of this invention and has the remant of
Ruzpming gomplexesy T hisieamppeasanbows ﬂwlt bigh diypersians raptambtsmcd

2&’%812@86% Qlfhe? t'ilIPll IE)I& COﬂOfS O? n%lgrlipsé @B gﬁ ﬁl@%g&ﬁ {eO[]ilOSbhl%lo

aqueous soI ution of the Rut heni um salt and then dried
at low tenperature if it is reduced at tenperatures as

[M&5h $he dageTaldg 6rsbqwe themhemnsomtgmiatat fonpaamples 8snd h@. This

| |
335 B0, S S05 B O S S B e
happkdispirdibn Vdlae ifGRdeally fdudd iFrgdmekeh that Mh}ﬁé'hoﬁ' &Rk R8mple

stabl e at 400C reduction tenperatures.
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.

Example 16. Measurement of Decomposition Products of Catalyst Precursor

formed by partial oxidation of Ru-Triethanolamine complex.

[0186] A portion of the catalyst from Example 7 was heated in air at 4 deg/min and
the product gas was analyzed by a quadrapole mass spectrometer. The data is shown
in Figure 3. Figure 3 shows that a water peak is released slightly below 200°C and
then there is formation of CO,, NO, and H,O as the organic complex is completely

oxidized near to 350°C. This shows that the complex contained C, N and H. There
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aqueous salt solution of Ru is calcined first to 300C
t he di spersion nunbers are very |ow (Exanple 13). 30

W@ 00W6dA04/ 046076 PCT/ EP2003/ 012885 Exanpl e BAT/EP2003/012885

Preparation of 0.5% Ru On Si 02 using amnoacid in
i npregnation solution [0183] 10.00g of silica support

= D.=50n s iLnapregnated wwth 5
el 1 e gl s 8 SERPRIGE ks fpried out under
PixidiAsY borditisret e (1.5%u), 0.70g L- arginine, and
enough water to forma total 10cc sol ution volune. The
sanple was dried at 100C for four hours and the

_t hen rarBDed 1C mnute to 250C and
S A At e Rp e R Yor  one hour. A chemi sorption
measurenent was made on this sanple after hydrogen
treatnent. 10 [0184] Table 5 conpares the dispersion
I Thersamplep gortthivingrpagllytdecompdsed heganicabalpledt derived from

%?Fﬁgﬁ?‘ﬁ%};ﬁ%%“éﬁ{&k%%h’gnec%%i&ﬂ%%ﬁ@%@p@i‘@%\%{asgemosmpy.
a1y th Hatda @b A ARRIST, 015, AleSor R BARAHe 12 o

when using either am noal cohol s or "am noaci
prpicaigrn et ¢)and Exhmpledtd. (L-aginh ) &B3jocT vered@paratbhbfoeméd into 13mm

ws the enj sorption data for Exanples 9 and 10.
%’E’?%S “Eﬂ‘%‘ge?‘u il th%?teft%_raalpgélang@%ﬁ%& mgfe.The
SRRSO HoRIER P Yadul BN B  OboBHMAS spRnl Qfk GHiaRELS! O
val'ue if directly reduced in hydrogen that 1S Superior
to the sanple where the conplex is conpletely

DRGSR, KR
G oh s 1 GRRE O g LS B ot

BeodrpoSared caliRiondive s a oharGiattradtie strefchidgf 2 @noleduddripekies.
Tri et hanol am ne conpl ex. 25

" : , F R .
Rha B ket 1 ) o 2000 Bt s pomaRRCH B T b, The
ﬁl‘%@én%g of Ebs%iﬂtioﬁtfee&ul‘ég Glothd 28682200 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
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
are an indication of the remmant of the starting Ru-triethanolamine and Ru-arginine

complexes present after partial decomposition of the organic complex.

Example 18. Thermogravimetric Analysis

[0189] Figure 5 shows the air treatment TGA plot for a catalyst sample (0.5 wt% Ru
on Si0,), which had been prepared with triethanolamine as the organic compound

and dried at 100° C prior to analysis. The TGA plot shows weight loss at
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the product gas was anal yzed by a quadrapol e nass
spectroneter. The data is shown in Figure 3. Figure 3

wGehavwe4donat a water peak is rel eased slightly Per/BR003/012885

200C and then there is formation of C02, NO2 and H20
as the organic conplex is conpletely 30 oxidized near

' 9 | £X nt aj ned N
el B0 05 O et AT B iG55 a6 Somplex
with Ificthanolarame Wl Additidn teredan Agthel Ylelght [REhL dppfoximately 325°
éxperlnent.as it is carried out under oxidiZzing

ovBichiipplieves: i duety the qompdetReyideier of the orgayic dmplex.
[0187] The sanpl es containing partially deconposed
organi c conpl ex derived from Ru-triethanol am ne and

8196y Bighid ®shitRfsah@his GeaRRhY ZE6A 5p1§ﬂ' 138 sl Clyst to that nsed
S Approxi mately 25ng of the rmtelyl al s o%l
u

t .
i@%ggg;gs(%gp \{rtﬂER qnaSi@zBWb@ﬁ,ha&mwpd)@l)&liee(malcimdgmw C.
ok B0 S TP s Bt O
arfyirRataialloR t69 aﬁ;pbﬁg&t:ﬁm%ﬁ Rt ?du‘lkgh{i‘)% Heéﬁfb?ﬁﬂ@g %@{(}w this

node. The sanpl és were heated in vacuumto 1 efore
temperapue hanbsgoremoixddiyrtbelcalfipdida] Theemajatity afitke whightloss in

AN T MR e
dppedisiielyP8I0R (deri eASEIR: MRS Bnd BEt CALANGE behgr\? ghsor bs

infrared radiation due to a characteristic s chi ng
dscompositiet temperatpre ds exessTiydo femk thelpattiutigrieddifosad drganic
2008 cm-1 are primarily silica stretching bands. The
cﬁ’P’é’ Bhce of absor ption features around 2100-2200 cm 1,
present on sanples from Exanples 7 and 14 are
reported to be features of conpl exed carbon nitrogen
[§p¥di K gureSirhhwa sherliyidrogden sreatnebni G for ieasital e sample (0.5 wt%
1%ng rgr@i{ a}ra}d %&g{; Spectra of I nor %BLC and 20 )

O g1 et WiIRR Vieyely begn qeloingdatra®0DC- Tis TGAk preafysis

[ {1 - ' . Q-471-62979- 0

Bt R al ibiled Wi tibig By fechfboSgbiep e
hyidtdgem trastment Cormlétions at Hkighanphpeiied 400 Oy thad uses
irggﬁgnatign of the ruthenium conplex with no am no
C&iC P copdiliRsno aci ds present. Consequently these

peaks are an indication of the remant of the
starting Ru-triethanol anmi ne and Ru-argi nine 25

Examyple 19 sPiepassivn ¢ff2086NPALD abndanmmapidpapaticd t he

or gani c conpl ex.

[0192] 20 grams of reforming grade gamma Al,03 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.
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Exanpl e 18. Thernogravi nmetric Analysis [0189] Figure 5
shows the air treatnent TGA plot for a catal yst sanple

W@ 2003/04¢09% Ru 30 on Si 02), which had been prepeCEEP2403/012885

tri et hanol am ne as the organic conpound and dried at
100 C prior to analysis. The TGA pl ot shows wei ght

58028 B, 40008, 0L SRR A e s

papidgnhteoxi dation of the conplex wth
triethanolamne. In addition there is a further weight
| oss at approxi mately 325 C, which is believed to be

193] 30 P e a e har s K e ar#%afe%”%ﬁ%z/g,

- @ab irﬁpﬂegﬁaté‘(ﬁbﬁ\in)éﬁﬁelﬁ Qetledd with 89 cc bPark) h(ﬁ’ré()ﬁ I np(r@ ti

Ru on Si02), which had previously been’ca
lutiqn @Qtntalylngﬂér&eg pBnigkel inrsatgmixiahydrate. \Aﬂ’ceg bemg dasd at 120° C,
Iow 00 G .this is due to the fact
g“i i lﬁlé’ff‘s%%}ﬁfﬁsg EIPLSH Biefness Wi 1a cnofwa@eueous

B@lﬁﬁbﬂ SRR e 78 SMnRIEN, Nkﬁﬂ%?ﬁ%ﬁ%ﬁla%?e hee ﬁmﬁﬁ@%@%en
by the cal ci natl on. The maj ori the weight Toss in
dded #td 2080 pivernightdué theo celomepat 35030 fyr 4 bowsPOsdd these

ni c .conpl ex, ch i S XI di zed at approxi mately
%?%Iatﬁ’ 'F}E‘? Q‘J%F'élgﬁf”i”? XRdURdRCoOmpRsed: al ci nat i on bel ow
the deconposition tenperature is necessary to form
the partially deconposed organic conplex. 15 [0191]
EQIQ(!I} ¢hg disparsons hﬁNh’ghd catghysts tof Eatmiplet 13 @Ad RO Kvat Betermined via

St .sa % on Si 02), .which had
S Rufpbiots Ramiciedmio The mopiscre PmVédeﬂ@ATahlﬁﬂy@hgse
&Qmsshbw drhfGti® fHckdadd
fully decon‘poseld ucn er &N%é;ﬁ:k%@g\évg%@ reatlgag‘n&&%dus&}ngthe
pronehs il tregpretentinkemioar t enperature (400 C) than under
cal cination conditions. 20 Exanple 19. Preparation of
IAL203 conventional preparation [0192] 20 grans

reform ng grade gamma Ai?bk’l/vlth a surface area of

P u\’\’\’\

Was i mpr I Uy I 1CH |.JI et SS
\]/1/1 g%@c an aqueouis;%l ﬁB gnatl on so| uti ovrj'1 drggen
ont ai ni ng 44. 8 g of nickel nitrate hexahde]é‘t"é‘s‘"}ﬂqOBr

C
Hei iedlat 120 C_the sanple was calcined/MiiB% C
f IIE@eﬁ!zozho rs
Example 19 No post-treat nor additions to 8.3
impregnation solution
Example 20 | N, N dimethylethanolamine post-treat 11.6
dried impregnate/oxidize
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Preparation of 20%\i / A1203 with DVEA post-treat on
wa@ledoed4coréepr egnat e [ 0193] 20 grans of ref or m NECYER2HE3/012885

ganma Al1203 with a surface area of 190 in 2 /g, 5 was

I mpregnat ed by ipcipient wetness with 12 cc of an
aqueous im:r}:egnatm'on $bl utian coatai njgg 24.8 g of
ni ckel njitrlg e hexahydrate. |After|<bei ng=dri gd at 120
C, the [san@ e was red|i npregnated to incipi gnt wetness
with a 0. 6—ccof an gqueous —sohut+onreonrtdining 7.6
grans of| N,|I§ di net hyl ¢t hanol am ng. The| sanplle was t hen
dried at| 12& Cooperni gkd angnt hencal cimed gt 350C for
4 hours.| Unger<ti@se ]& conghtiong the|®rgani c conpl ex
was fullly deconppsed [[|[0194] | The di spersions |of N the
cat al yst|s o Exahpl es |19 and 20 Was detfermned via a
hydr ogen chem sorptioff techhi que.| The fesult|s are
provided inglakl g 7. These |resulits shpw a dramatic
i ncreasg i n=Ni—dj spergi on when the NI |ts deposited
using the |[15 prlocess|of the pregent ipventijon. Table
7 Sanpl g Tregat ment Hydrogen| cherfisorption |[H/N in %
Ni / Al 203 Ex&nphe J9 post tireat| _nor a}glditions to 8.3
i mpregndti 0 sgl|@ion||Banp|@ 208 N|§
di met hyllet h&no aim ne post-treat 11.6 dri ed
i mpr egngdt e/loxi dize 64||WDO 2004/ 046076 PCT/ EP2003/ 012885
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hydr ogenati ng one or nore organi c conpounds, which
process conprises bringing the one or nore organic
conmpound into 5 contact, under hydrogenation
conditions, wth a source of hydrogen in the presence
of a catalyst conprising one or nore catalytically
active netal sites located on a catal yst support and
recovering the hydrogenation products, wherein at
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| east one[of the catayticatty gpeti+ye—+etaly sites has
been obt aj ned via the| deconpositipn|on the support of
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10 conplex of the netal. 2. A process according to
claim1l wherein the organi c conpounds conprises one

w@eooai@7ansat ur at ed organi ¢ conpounds. 15 3. PCPEPDe¥612885

as claimed in claim2 wherein the unsaturated organic
conpounds conprise one or nore benzenepol ycar boxylic
gﬁ¥§@£§r one or nore derivatives thereof, or a

of one or nore benzenepol ycarboxylic acids
with one or nore derivatives thereof. 20 4. A process
as clainmed in claim3 wherein the
benkzenepb pyasassiox irydrogeneting onesorgndre orgahid capmpouings, grhaatp
consi sting of hthal%c aci terepht halic. aci d, .
i Sopht hdlPeESREgEPTiies PROERE Heons o fore Prapai ompppe into
hem el | dohis6t, aGh& RAfbgeRI{oR¥BhAitibAS vAl FsRRL omhzaé&g&?in the
of two or nore thereog. 25 5. A process as claifed™in
cl ai m 3 putrenes of & ¢rtalpxt compepog yoaotoryd datalycaldy active metal
derivatives are selected fromth roup consisting.
monoal kyFieslpgaigH SeyAialEEHEPaN 6Rd P Reeihe By dogemition
t er epht ' j | j i :
i a1 Ryl P <7 PPN @ JLBOB Qe Faly iy RRQBEHL sites has
tri mesi deer bbitazned viestie deddmpositioa®ndhe sopportlof wh prganic
dialkyl, trialk and tetraal kyl esters of 30
pyronelF?PH%@ %%%?nﬁﬁ%re the al kyl groups can be
i near or branched and each have from 3 to 18 carbon
atons, anhydrides of phthalic acid, 71 WO 2004/ 046076
PCTR. EP2 00 8fdg238Bordingi toelalirh tli wheaein dheaordatie compoirids icomprises
acid, pyronellitic dianhydride and i xtures of two or
nor e t h&MEQF Moge unsaifirfed REganic CMPPWYS- i n any one of
the preceding clainms wherein the 5 process is carried
out at a pressure of 25 to 300 bar. 7. A process as
cl &.ned A prockssi anchimbe iredlaint hehpreacihs sinsaurated forgghico ut
at a pressure of 50 to 220 bar. 10 S. A process, as
cl ai med CPHPRRYISHOERSISC PRROITRICRTNAGBPLYFAROXMEREIIR OF one of
t ot al l 1@ ' 2 i on cat al yst
IS 4596gghﬁg$gb§§§£?ﬁg%ﬂggﬁg%ﬁgFéggggﬁgﬁh?glating to a
st r ongl Yentmmepaigedrbak yiio apidseith ont ot hwrd ddrilatives thereof.

4. A 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.

5. A process as claimed in claim 3 wherein the benzenepolycarboxylic acid
derivatives are selected from the group consisting monoalkyl and dialkyl
esters of phthalic acid, terephthalic acid and isophthalic acid, monoalkyl,
dialkyl and trialkyl esters of trimellitic acid, trimesic acid and
hemimellitic acid, monoalkyl, dialkyl, trialky! and tetraalkyl esters of
pyromellitic acid, where the alkyl groups can be linear or branched and

each have from 3 to 18 carbon atoms, anhydrides of phthalic acid,
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nmetal dispersion is 20% or greater 15 9. A process for
t he manuf acture of a hydrogenation catal yst which

WEr@ems®76 conNpri ses; a) preparing a support harCTBPINE012885

or nore organi c conpl exes of one or nore
catalytically active netals |ocated thereon; and 20 b)

ol ox LA Cac Sy HonBHie ool duB B o Rl ang
i n any ong&teks bhkvdsresadiigedsy ai s wherein the 25

organi c conplex is partially deconposed. 11. A process
as clained in any one of clains 1 to 9 wherein the

or gani c lex s fully deconposed. 30 12. A.process
as Gl ai AN gt e SN Forging s WiERE i
the de awwktd&aed&uu@g&&%&%@@o%ﬂr ogen. 72 WO
2004/ 046076 PCT/ EP2003/ 012885 13. A process as

claimed in any one of clainms 1 to 11 wherein after

decpnposjtion the.partially or fully deconposed.

or ghn o BBt eiRed ilsialh Gipkiein beireeso iyt syt
5 14. A REREGRST 5830 2b@bsed in any one of the preceding
claims wherein the organic conplex is derived from
one or nore organic nitrogen containing conpounds and

one, or re catalytically acti metal.s. 1Q 15. A,
pr ggc ess ‘a8 EFH T “inﬁglﬁ %/ﬂyrﬂnf ﬁ’¥ﬁf?é’r an&c}ﬂﬂs &hsFeim thedotal
nitroge rinetﬁlocﬁg;_féh'ﬁbﬁ‘ 8f ke W&Hg«%ﬁti@ﬁ EatRLI1S ﬁf%]cﬁ'mcﬁ‘e and ¥hG

process according to claim wherein at [east one o
t he ami megial &spensiomtdlatingtto e stonghe chebfisdrbed dorppaeasst ths total

g: Ialpggg ir%é{alcciisaﬂerrgigi? isv.\’}.%%oerI g?reaatgr least one of the

9. A process for the manufacture of a hydrogenation catalyst which process

comprises;

a) preparing a support having one or more organic complexes of one or

more catalytically active metals located thereon; and

b) decomposing the one or more of the organic metal complexes located

thereon.

10. A process as claimed in any one of the preceding claims wherein the

organic complex is partially decomposed.

11. A process as claimed in any one of claims 1 to 9 wherein the organic

complex is fully decomposed.

12. A process as claimed in any one of the preceding claims wherein the

decomposition is undertaken under hydrogen.
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am ne contains one or nore hydroxyl groups. 18. A
process as clained in claim 17 wherein the am ne

w@erpni®es one or 20 nore am nes havi ng hydr oRGEHER2003/012885

groups. 19. A process as clained in claim 18 wherein
t he hydroxyal kyl groups are C1 -C50 -hydroxyal kyl,
preferably ClL -C8 -hydroxyal kyl, particularly
preferably Cl1 -C4 -hydroxyal kyl groups. 25 20. A

Progess A r&.le@ A¥RhitnBd & ﬂiy'Bnlz%f‘Mhﬁ’ﬁE!l Ro § DRherein after
hydr oxyal groups are selected fromone or nore of

t he fol Ictmpmgosgh@u@s patiially ox fitiyt degdmpdsed loyginmaopatiis is
2- hyd 1- hydro ropyl
2- hzdw%ﬁ%ﬁ%‘?{%w@%c?%gﬂ&? ﬁypr opyl and

1- hydr oxy- net hyl -ethyl . 30 73 WD 2004/ 046076

PCT/ EP2003/ 012885 21. A process as clainmed in claim
19 Mher eh prdadess zts;pbhmy@iﬂ@iy qpeof pheqnnctedmg cmgms |wheosgna the
conmpound conprises on re nono

Subst | t (RTERSFIBRIE fepyes @%@Wr%ﬁrﬁ Gesais 9go8eR containing
process Flﬂ@ﬁl

hydr oxya@f%ﬁﬁﬂdggﬁg?ﬁggﬁﬁ% e o?'edrhrg‘éﬁgt t e

foll owi ng am nes; nethanol am ne, di- methanol am ne,

tr| t hanol am ne, .et hanal am et hanol ani ne, tri -
aﬁﬁf@eswt%ﬁw%m ¢laim %&ﬂna RBIQRS Prganic nitrogen-

tr| - but %ﬂ{aﬂﬂh cﬁfnﬁ?% Hé@e di - propanol am ne,
and tri -propan ne 10 . A process according to
claim 14 wherein the or gani c ni trogen-contai ni ng
corrpound is one or nore glm no acids. 24. A process as

ol altmed A RIQGe aeordingia oL LdEhesth Ableastione pAME amines is an

L- ar gi ni fj tc]a'?]P% A process as clained in any one of
the prece |har11§ 1a?rrs wherein the deconposition is

undert aken via cal ci nati on.

17. A process as claimed in claim 16 wherein at least one of the aliphatic

amine contains one or more hydroxyl groups.

18. A process as claimed in claim 17 wherein the amine comprises one or

more amines having hydroxyalkyl groups.

19. A process as claimed in claim 18 wherein the hydroxyalkyl groups are C;
-Csp -hydroxyalkyl, preferably C; -Cg -hydroxyalkyl, particularly
preferably C,; -C4 —hydroxyalkyl groups.

20. A process as claimed in claim 19 wherein the hydroxyalkyl groups are
selected from one or more of the following groups: hydroxymethyl, 1-
hydroxyethyl, 2-hydroxyethyl, 1-hydroxy-n-propyl, 2-hydroxy-n-propyl,
3-hydroxy-n-propyl and 1-hydroxy-methyl-ethyl.
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26. A process as clained in claim25 wherein the
organic conplex is partially 20 deconposed and the

W@ 2008i0m@vé on tenperature is | ess than the tenpRCHEP2083/012885

as determined by TGA in air, at which total weight

| oss of the organic conplex occurs. 27. A process as
clajped in claim26 erejn e .cal.cination

te?répfejfat Jﬁrpéo‘fegs WL W migg “@e‘afi’!‘aﬂ’teﬁ’é@?’@ﬁﬂ%’ll giype

at whi chedn@lifihg WRtd3Bh cbBpSuff cd 'seso&f%ad}'n?og b€X4i-. and tri-
occurs. 28. A process as clained in c ai m 2 erein ’
t he or gaswbstitvtsdpliphaticsyfludxlyglkyldedossposed and t he
calcination tenperature is at or above the 30
tenperature, as determned by TGA, at which tota

wei Bt | 89Fodals dsaimBl SR ke -

20047 0460 PR REaeS Ao e P Wt ﬁ%?@@@%‘%;lg%lmm

cl ai ned dompuised one28 mdre pEite bliewnglagiinat methanolamine, di-
temmmuw§%ﬁkmealhetamaauneatwmchtMal_
wei ght 1'BERanilamige, t&rlgsfﬁi@aol%m ehanclupine «digwnebooes, tri-

5 30. A #hReESSndS e, 8 of . ¢l aj 1 to

24 wherein the ndegga!r?gioagﬁ'??’gﬂ bla{sa}{%l%glgnref a élﬁt%{ﬁ%mne,

pyr ol ysimopdidlanAngridpespanalamided bl i-popsidiiing0

wherein the organic conplex is partially 10

deconposed and the pyrolysis tenperature is |ess than

t heyst enp, : ' in.an.inert ..
o SRS R 5 SRS R FEO i i A
t he or gawimpoumhisionk oo o smindAcidd process as cl ai med

in claim31 wherein the pyrolysis tenperature is 15
bet ween 200 C and the tenperature at which total

b ogss SR anshim Al i SOTRLER BEEHD s rwsinine

conplex is fully deconposed and the pyrolysis
teggerature is at_or above the tenperature; 20 as
de

r mi feBrosSss pealaimedR anyone ohihepsesding chims whierein the
hydr ogenec@hpdMtichls undertaken via calcination.

26. A process as claimed in claim 25 wherein the organic complex is partially
decomposed and the calcination temperature is less than the temperature,
as determined by TGA in air, at which total weight loss of the organic

complex occurs.

27.  Aprocess as claimed in claim 26 wherein the calcination temperature is
between 200 °C and the temperature at which total weight loss of the

organic complex occurs.

28. A process as claimed in claim 25 wherein the organic complex is fully
decomposed and the calcination temperature is at or above the

temperature, as determined by TGA, at which total weight loss of the

organic complex occurs.
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total weight |oss of the organic conplex occurs. 34. A
process as clained in claim 31 wherein the pyrolysis

w0 eopes@rare is between the tenperature at WhPCHEPWDE012885

wei ght | oss of the organic conplex 25 occurs and

1000C. 35. A hydrogenation catalyst conprising one or
nore catalytically active netals and one or nore

support materials wherein the total netal dispersion

IS ZR% OA pidYess & Waihied i ' ' | ;
strongly gg&{:hem S%I?%géﬂgltgﬁn%%gﬁ?ﬁ?t}?&gfcﬁgfﬁgw&n@eg?&e '8
di sper si katween thetenapergnreat shich 1361 WEighOD44 02458 Boganic complex
PCT/ EP2003/ 012531% 36. A hydrogenation catalyst as

cl ai med 9908 Gherein the total netal

di spersion is 50% or nore. 37. A hydrogenation

catalyst as clained in claim 36 wherein the netal 5

di sier si Aprocebsadsi dhajmicd imast srerglclainh ¢ Mo 39 wheekin the
conponen& of the total netal dispersion is 30% or

gr eat er . 998@MPASsIHenisawdertaken yianyyalysias cl ai med in any

one of the preceding clains wherein the catalyst

support conprises silica. 10 39. A process as cl ai ned

i n 3. ai nA Bfocebreseidimed én Slaink 8@ wheredMbe PG cobblexts partially
process or catalyst as clainmed in any one of clains 1

to 39 whisFenposed and heyrelids temperpiurs iplsss thanrshedempérsture, as
is one : £ o) s, 15 terials. . 4]1.

pr ocoss Wi Red RS B RRAMRNDnerbrR LR A i ofe
to 40 whesightrostof the@ghnio B6mplex obeursupport material s

is one or nore materials that nmay be synthesized

usi ng anphi philic conpounds as directing agents. 20

42. pr st..as,clainmed.in claim4l .
ez h QBRSNS N B e B B femperature i
mat er i altstvéenBbectHd the t@ﬂ%&ﬁﬂn BOWRICE W1 Bk of the
materi al s designated as SBA (Santa Barbara) Such as

SBA- 2, SBgRnic|epmpiek occurs.

33. A process as claimed in claim 30 wherein the organic complex is fully
decomposed and the pyrolysis temperature is at or above the temperature;
as determined by TGA in an inert atmosphere or under hydrogen, at which

total weight loss of the organic complex occurs.

34. A process as claimed in claim 31 wherein the pyrolysis temperature is
between the temperature at which total weight loss of the organic complex

occurs and 1000°C.

35. A hydrogenation catalyst comprising 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.
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SBA- 16, materials designated as FSM (Fol di ng Sheet
Mechani sm) such 25 as FSM 16 and KSW?2, materials

waele®ispmared as MSU (M chigan State) such as M3UF/BPEN012885

MBU- X, materials designated as TM5 or Transition
Metal Sieves, materials designated as FMVB or

Fu i ongl i Monol ayers on SOpor o upports o

ot Sh1 o1 5 PALER PR G Gl T AP S Rl the okl meta
Mesost r ulitpergois S04 6F Rerdresopor ous materi al s

desi ghat e 30 as MA1 S. 76 WD 2004/ 046076

PCT/ EP2003/ 012885 43. A process as clainmed in claim

42 erej he one or e or.dered nesgporous

et o o BidEa TP Gl an R B QBRR 20 Birchube e
group  Chgeiséd Rkl theMrddaly MidhiidS b A&ﬁﬁ

A pr ocess_ﬁ?s clainmed in cl&?agl}r,n 43 1\/\,11e§(pe|90r1 gﬁg?fgg?ﬁbgalmetal
mesopor clispersian ig30%4 o1 gredidM 41. 45. A process or

catal yst as clainmed in any one of the preceding clains
wherein the catal yst support conprises one or nore

MBCIZOP O D Yrceskbr ¥atal)st ?s]f c‘ia%iﬁl‘eéﬁ in ﬁl('}g%f%;og?}?ﬁ %eﬁééﬁﬁ%&%s.

as clained in any onfie o pre erein

t he cat avhestin shepqatalyst sapmort ®epricessilica. nor e ni xed
porosity materials. 15 47. A process or catalyst as
clainmed in claim46 wherein the m xed porosity

mater i alp fRIBLRIAS %laﬁﬁé@ﬂlg(flﬁﬁi AR RO QLS is a%r?cﬁg}fbus

process or catalyst as almed 1 n any one of

precedi ng clains 20 wherein the one or nore

catal ytically activ net?Ls are one or. nore netals
fosF SHaDe

sel®Uct ed PRSHSOF 5721V 35ilaimed jr v aneof clajes pée P aiherein at
Tabl e. 48t cﬁae@ﬁﬁ@f@iprgét n‘l‘%rf’ajlé’ i%tongﬁre o Rl '?negglyorglrfse

of the preceding c erern one or nor
cat al yt meadriajs.active netals includes a netal 25
sel ected fromthe group consisting of platinum
rhodi um pal | adi um

41. A process or catalyst as claimed in any one of claims 1 to 40 wherein at
least one of the support materials is one or more materials that may be

synthesized using amphiphilic compounds as directing agents.

42. A process or catalyst as claimed in claim 41 wherein one or more of the
ordered mesoporous materials 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)
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.
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cobalt, nickel or rutheniumor a m xture of two or

nore thereof. 50. A process or catalyst as clained in
W@ b@itiacd% wherein the one or nore catal yti cal PQI/EP1003/€12885

netals are selected fromthe group consisting of 30

plati num palladium ruthenium /ni ck8I76or a mxture of

two,.pr re thereof. 77 WO 2004/ 046

PCT?%on ﬂ%ﬁ%é%ﬁalwd IIAC‘BFBég egin theroneyps mogg ordered

cl ai med j ' [ [ (o

el s eoa i REA 8l Bl s 3 HE LR 6B b Froup

cl ai med canswtipg oNBIGNI-41hM(ivietSeaid N CM-8015 wher ei n one

or nore of the catalytically active nmetals conprises

one or nore netals of transition group Ib or Vilb or

grogp VI RhyrQdest Ac18G el 3 b Gind 88 Whereth? inbSrdered mesoporous
material is MCM-41.

45. A process or catalyst as claimed in any one of the preceding claims
wherein the catalyst support comprises one or more macroporous

materials.

46. A process or catalyst as claimed in any one of the preceding claims
wherein the catalyst support comprises one or more mixed porosity

materials.

47. A process or catalyst as claimed in claim 46 wherein the mixed porosity

material contains mesopores and macropores.

48. A process or catalyst as claimed in any one of the preceding claims
wherein the one or more catalytically active metals are one or more metals

selected from transition group VIII of the Periodic Table.

49. A process or catalyst as claimed in any one of the preceding claims
wherein the one or more catalytically active metals includes a metal
selected from the group consisting of platinum, rhodium, palladium,

cobalt, nickel or ruthenium or a mixture of two or more thereof.

50. A process or catalyst as claimed in claim 49 wherein the one or more
catalytically active metals are selected from the group consisting of
platinum, palladium, ruthenium, nickel or a mixture of two or more

thereof.
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51. A process or catalyst as claimed in claim 50 wherein the catalytically

active metal is ruthenium or nickel.

5 52. A 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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