EP 0 323 192 Bl Description The present |nvent"ron relates to a

hydrogenati on catal yst Nore particularly, the present invention relates to
a catal yst suitable for use. ingpgus8qgessiby which a nonocyclic aromatic
hydr ocarbon is parti all y 5 reduced to produce a correspondi ng cycl ool efin,
in particular, cyclohexene in high selectivity and yield. Cycloolefins are
pr odudedcriptiopar t i al hydrogenation, which is one kind of hydrogenation
reaction, of aromatic hydrocarbon compounds. As is well known, it is
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Therefore, ruthenium lons -will theoretically be adsorbed on this specific type of hydrotalcite in an
50 amount of 11%.
The catalyst of the present invention may have ions of metals other than ruthenium supported, subject
to the condition that the objects of the invention will not be impaired.
The catalysts of the present invention is prepared by reducing the ruthenium ions adsorbed on a
hydrotaicite. Upon reduction, ruthenium fons are considered to be converted o metallic ruthenium. This
85 reduction treatment may be preceded by a heat {reatment as required. By this heat treatment, anions that
have been taken into the hydrotaicite together with ruthenium ions can be removed. The temperature for the
heat treatment is preferably in the range of 300 - 700 °C.
Ruthenium ions adsorbed on the hydrotaicite may be reduced by any of the methods. commonly
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reduction with hydrogen in vapor phase, as wel'l as a nmethod in which
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The hydrogenation catalyst thus obtained was transferred into a Ti autoclave (inner capacity, 500 mil),
which was subsequently charged with 160 g of a 1% aqueous solution of sodium hydroxide and 40 g of
benzene. After rep!aci_ng' the atmosphere in the autoclave with nitrogen, the temperature in the autoclave
was started to rise. When the autoclaving temperature reached 150°C, hydrogen was pumped in to
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phase- M th a centrifugal precipitatar. 40 The so obtai ned hydrogenation
catalyst was transferred into a Ti autoclave (inner capacity, 500 nl),
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m TiC&®ocl ave together with 50 m of ion- exchanged water. 10 Af ter
pressurr Zi the autoclave to 50 [err] with en a reduction treatnent
P%ﬁ*’ 35’6"”@ 3 B¥d’%2"ﬂ%‘ sta'y fhich CE'B th‘?'“Sf’“‘Pﬂlé‘"t 983,01 ifon
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nmeans of° 5""&?’[ ?ch'%eg ?"5'3'1 '?tator - The hydrogenation catal yst obtained
was tJa 2200 nl), which was
su se{]ugrsﬁntq%gsc%%adrraﬂeg&o\%}aﬂ %&g%%?ﬁ%&r@gﬁ% angeg“\[/’\%'tuer and 40 g of benzene.
After replacing the 15 atnosphere in the autoclave with nitrogen, the
tenperature in t2he aut ogl ave was started to r| se. Wen the autocl aving
t enper at ur e{r Mached [}errf {iydr epen \yz}s‘ pur(pgd in.t ? t %" reaction.
B-owi ng 50- nmid Tedctiok at a pressure of 50xf/ errfht e reac?ron m xture
wa® recovered and separated into an oil phase and an aqueous phase.
Anal ysis of the oil phase showed -that 43.5% of benzene had been converted,
produci wherey M2ofrex divelert metal patioh. gV f is BGrivalbint mictal Patone A'b st anvi-vajent arfgneand
hydr ogeRaP&h catal yst of the present invention has rutheni um supported on
a hydrotal cite and/or a conpound that can be converted to a hydrotal cite
stuck uf P PRPShPeRCEtNgoR. Claim t Mheeip dpesg {Aspsed 1, EamPRindncarIie ohcenvBieie8 dh@ on t he
suppor t "YAPTRPY RV HEEERY state and rutheni um which has been trapped in
crystal lattices in the support hydrotalcite interacts so strongly with the
constituent el enments of the hydrot aI tte that high performance is inparted
t ot he catal yst. One app{iMa |on of caf alays} is in the production of
cycl ool efins 25 from nonocyckic %ronmeXi c hydrocarbons and by using this
catal yst, cyclool efins can be produced in high selectivity and yield that
has beegndififeanpables: dré‘ast&'b%né&rnh Phmayt. Clainms 30 1. A process for
preparing a hydrogenation catal yst which conprises adsorbing rutheniumions
ONssa 4Ny UEDErAl GGlalydt RdPdfeRin fbcrBdhiad Witdlcampabbes mitheCatya: Btitord & adndiydyeiet al cite
st r uct uaembtc Hydtabon@da civlleeheen reduci ng sai d adsorbed rut heniumions. 2.
A process according to claim1 wherein there is used a hydrotal cite of
f or mResendications



35 [err] 40 wherein M2 is a divalent netal cation, [err] is a trivalent _
met al* cation, An- is an n-valent’ anion and [err] 45 3. A process according
to claim1 wherein there is usgplo%zfq gynd, capable of conversion to a
hydrotal cite by hydrati'on, of fornu g?err] wherein [err] and x are as
defined in claim2. 55 4. Use of a catal yst prepared in accordance with
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a hydr, cite and/or a conpound that can be converted to a hydrotalcite
Sstructure by hydration. In this catalyst, rutheniumions are present on the
Supgonx! Argbmﬁeég'@u’“br)!pa‘?lhg;;’S BEHy&regbnatioR tcataf&t yth d—ltéaﬁxﬁhédéna&é%hﬁﬁ Aifsnidre s bh apped in
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const i t uRilcing lsadBlbBedfuthbiién RMlr ot al cite that high perfor mance i s inparted
‘to the catalyst. One application of this catalyst is in the production of

cycl o@l eA prosss? bechididgtameird ¢ ywhbrbia trdredsiaded @ hinyralticearf oomsa and by using this
catal yst, cycloolefins can be produced in high selectivity and yield that
has been unattainable in the prior art Claims 30 1. A process for
preparing a ydrbgenatlan cat al 5' i€l conpgi.ses adsorbing rytheni umions
on a hydrota @n’p% dzc)apabI{aAof /:on\mrﬂl an ©o}a hydrotalcite
stdct ur e by hydratlon and t hen reduci.ng sai &/dlsor bed rutheniumions. 2.
A pfPocess accordi ng to cI al m 1 wherein there is used a hydrotalcite of
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45 3. A process according to claim 1 wherein there is used a compound, capable of conversion to a
hydrotalcite by hydration, of formula

- 2+ 3+ : .
5q . . {M 1- XM _xo 1ex/2 }

wherein M2, M and x are as defined in claim 2

s5 4. Use of a catalyst prepared in accordance with-claim 1, 2 or 3 in the catalytic reduction of a monocyclic
aromatic hydrocarbon 10 a cyclohexene.
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45 3.,A process according to claim1 wherein there is used a conpound,
capabl e of conversion to a hydrotalcite by hydration, of formula [err]
wherein [err] and x are as defi ppdy4ds @M 2. 55 4. Use of a catal yst
prepared in accordance with claiml, 2 or 3 in the catalytic reduction of a
nonocyclic aromati c hydrocarbon to a cycl ohexene. Revendi cati ons EP O
323 192 Bl 1. Procede de preparation d' un catal yseur d' hydrog6nation, qui
conpr entl [Pragéidéodepprémration d'om catalysbdralhydmgépation,uqué cdmprend tl'adsoliptian ddibdsoythénium
conpose ca&watleehydeotaiclie) \stipus ip gomppsé) papabler dec canvessitny er gneistiuctuee pygrotalcite par

hydr at at i d¥dratation.shenspiteda réguqtienyipsdits dans puthéeim §dsobAs r ut h6ni um adsor bes. 5 2.
Procéde selon |a revendication 1, dans |equel on util | se une hydrotalcite

de f or nfil &Erqegpé selon la revendicatiqp 1, dans lequel on utilise une (lycb)talq;qe d)a ert)e (A
*m H 2 0 ) dans laquelle M2 eat un cation de m~tal divalent, M est un
catl on de nbt al trlval ent, A" est un an| on de pbtal n-valent et yQ<xS0, 33.
3. Procede sg{ i Iame:(/en@@agl gn .5 dan@AI ﬁ(}]@l mnHuki |0s¢ un conpos4
paf)ol e de co&versll-on-xen uXe structure hydrotaKdi®a par hydratation, de
for mul a -20 3 /
(1A darf¥ laquiitmeS $§ RA c&tidR 8o h\@@HﬁJaIeﬁt B sy \Wca%n db oftdi trivéieht, (Aefe'st%tahletps
donnaes da@mestaPn-vaRnEAdkadizs on 2. Utilisation d un catal yseur prdpar6

sel og | " une des revendications 1, 2 ou 3, dans |a r~duction catal ytique .

d' un hysir aaedsUseRn ad ANBHdICEHSR 1(TBLM Ge4Gbli oil LIS Tun LLBmBASE |caasRs &1 &onversion en une

Pat ent ans pructuedig/didfhiclte pavaydratition mie aanuidler st el | ung ei nes

Hydri erungskat al ysators, unfassend das Adsorbl eren von Rut henium o- nen auf
ei nem Hydrotal cit .und/ oder einer. Verbi ndung, die durch Hydratisierung in
ei?lé?d—lydr otal citstruk- tur tj&gamnndelﬁt 3war den kann,, und anschli ef endes
Reduzi eren der adsor bi ertent Rit peni onen. 13% 22 Jerfahren nach Anspruch
1, wobei ein Hydrotal cit der Formal ( VK (0O H) )

A X X verwendet wird, in

der ei Ham%M% d"és °ﬁ\?b‘i"é|°? REfiniiens d°'f0€9§ déP%'aéer"E'?q'EéW| ges Metal | kation, An
Al d , r f
’\i/logel a%e u&)lél g@:rlpo gi%gveb xﬁg ?’H'“"& ?—:q 'ﬁ‘fe ﬁ'c b agr$5| 2? % SP%P%(%

Hydr ot al ci N V\erﬁgnatﬁanﬂonoaye “BST Hafre
(M1 PatentansLM:h 0 X )X in der M2, M3 und x wie in Anspruch 2
defigjert sind. 55 4. Verwendung ei nes Kat aI ysators, der hergestellt worden
I St nach) AEddhred Gl HorstefluEies Pydribhihgsk@iiftbidls! ﬁﬁk@éhd%g%ibﬁﬁn@bﬁﬁlﬁhemumlo-
nmonocycl i &R einér RpdrbiaIeIeha/oHE RineVeaskangs bie hre HidRatBibring M 6ind RgdrGtAcitstruk-

tur umgewandelt werden kann, und anschlieBendes Reduzieren der adsorbierten Rutheniumionen.

35 2. Verfahren nach Anspruch 1, wobei ein Hydrotalcit der Formel

. 2+ 3+ X+ n-. X -
. {m,_  M° _(O0OH) J)" -(Ax/nmn,o}

verwendet wird, in der M2" ein zweiwsrtiges Metallkation, M3* ein dreiwertiges Metallkation, A™ ein n-
wertiges Anion und 0<x<0,33 ist.
45 : _ :
8. Verfahren nach Anspruch 1, wobei eine Veérbindung verwendet wird, die durch Hydratisierung in sinen
Hydrotaleit umgewandelt werden kann, der Formel '

2+ 3¢ :
50 {M 1~ XM Xo lo:/.l }

in der M2, M3" und x wie in Anspruch 2 definiert sind.

55 4. Verwendung einés Katalysators, der hergestellt worden ist nach Anspruch 1, 2 oder 3, zur katalytischen
Reduktion eines monocyclischen aromatischen Kohlenwasserstoffes in ein Cyclohexen.
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