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HYDROGENATI ON OF ALKYLARYL KETONES The present

WO pwengizon pertains to a process for the hydr BQERR1000050362
of al kylaryl ketones, and to catalysts suitable for
this purpose, as well as a nethod for their
preparation. 5 Background of the invention Processes
for hydrogenation of al kylaryl ketones to alkylaryl
al cohols are well known in the art. Such processes
conventional ly conprise hydrogenation of alkylaryl
ketones to the correspondi ng al kyl aryl al cohols 10 by
contacting the al kylaryl ketones w th hydrogen at
el evated pressure and tenperatures in the presence of
a heterogeneous catal yst containing one or nore
nmetals selected fromgroups IA 11B VI and VII11 of
the periodic gstenl as defined on page 1-11 of the
CRC HandbooR* T3 3O ERFPGENAREPY Py B KEBARY Y KFEONES
Edition, 1991. EP-A-0714877 for instance describes a
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system, as defined on page 1-11 of the CRC Handbook of

15 Chemistry and Physics, 72nd Edition, 1991.

EP-A-0714877 for instance describes a process for
producing a-phenyl ethyl alcochol by hydrogenation of
acetophenone, which uses a copper-based catalyst
containing at least one alkaline earth metal carbonate

20 and/or at least one alkaline earth metal compound, said
catalyst being reduced by hydrogen prior to use.
Generally, under the conditions applied in the
hydrogenation, part of the desired alkylaryl alcohols
formed is dehydrated to aryl alkene, which directly

25 reacts further with hydrogen to the corresponding
alkylated aryl compound. The dehydration becomes more
pronounced upon an increase in temperature. Conversely,
the catalysts usually employed become more active at

increased temperature. Operation at a higher temperature,
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2 a-iuuyu permtting a higher conversion of the
al kyl aryl ketones reduces the yield of desired aryl

At lower tenperatures, the activity of the catalysts
for 5 conversion of the alkylaryl ketones is linmted,
and thus the possible yields. Therefore, it would be
highly desirable to be able to operate the process
for the hydrogenation of alkylaryl ketones to aryl

al cohols at |ower tenperatures while still obtaining
high yields of 10 the desired products. It would be
equal ly desirable to provide for a catalyst with

i nproved activity even at |ower tenperatures, so that
operation at higher tenperatures with the resulting
loss in selectivit towards the desired product can
be avoi ded. 15" Stnmary %ot "tHE" i FvEREI B Stirpriyiagly,
a process*AAFSaTCAtS Tt vishy ef mow deeenyl foemdLsphinah
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| mient | onnéSiedgqgenatl on. Wil g Lhe, context of the
present application | S under st ood as The C
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process and a catalyst have now been

found which give improved yields of the desired aryl

alcohols at lower temperatures. The present invention

accordingly pertains to a process for the hydrogenation
20 of alkylaryl ketones, which process comprises contacting
a feed comprising the alkylaryl ketones and of from 0.5
to 30% by weight of phenolic compounds with hydrogen in
the presence of a heterogeneous hydrogenation catalyst.

Detailed description of the invention

25 Hydrogenation within the context of the present
application is understood as the chemical reaction of the
alkylaryl ketones with molecular hydrogen in the presence
of a suitable catalyst, as for instance described in
Ullmanns’ Encyclopedia of Industrial Chemistry,

30 Sth edition, Volume Al3, pages 407-410. Hydrogen is added
in this reaction to the carbon-oxygen double bond of the
alkylaryl ketones, which thereby are converted to the
corresponding alkylaryl alcohols. The term alkylaryl

thus the selectivity of the reBCTIER2004/050362



al kyl aryl ketones, which thereby are converted to the
correspondi ng al kyl aryl al cohols. The term al kyl aryl
woRREB085354 PCT/ EP2004/ 050362 3 al cohol deeTEPh®g/050362
a- and/or (3-aryl alkanol, and m xtures thereof.
Phenol i ¢ conpounds wi thin the context of the present
invention are aromatic conpgunds containing an
aromatic 5 nucleus to which is directly bonded at
| east one hydroxyl group. Preferred phenolic
conmpounds i ncl ude phenol and the honol ogues and
substitution products of phenol. The groups
substituting a hydrogen atomdirectly bonded to 10 the
aromati ¢ nucl eus include al kyls. The al kyl may be
strai ght or branched, preferably having 1 to 20 carbon
atons in the chain. Preferred al kyl groups have 1 to
12 car bonr "&t6Hs"FPH e “c RRI/AT PBRENcHE AR aNd tikatrenne
or nore P8&%eE- al kyl groups such as nethyl, ethyl or
propyl 15 ehencdatid¢ aclpeands0vidhinl ﬂ@%on@£M£f Qn@bpesent
M xt ur es l@ffeﬂ@b&fngl'el ErdmQIEROLLN n@?¥on§:a1n1 g . ax atg:%maq:%?d as
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corrpoundgir%p phenol . The phenolic conpounds may al so
be fornmed dEreiegrE0Orienyliofcomranst epsuaf pidiel present
process, horolrgyesh@dpabktitefiot heodied oS LRERTE e
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pr ef er ablPyomst i1l &bes thadn8Frerpravei ghtl grmbe prefierabl y at
| east 0. 9% dayboneii@ht ,inNMDE &hafW. €@ @Rk Ynedls FERSEne1,,0%
by wei ghﬁnorerr'@(gv%rp{l@;leﬁ%lsy s@dn ad ﬁ@éﬁtyl, eaq{sjlbé/r pro pgpt
noge pr ef ?&g %pila%hgg to eaf'lnear é]'l{qz?ychaln Mixtures of
phenolic compounds may suitably be used as well.
Preferably, the phenolic compound is phenol and/or
ethylphenol. Most preferably, the phenolic compound 1is
phencl. The phenolic compounds may also be formed during
20 any of the steps of the present process, or may be part
of the feed streams originating for instance from
steps (i) to (iv) as described below.
Preferably, the process employs at least 0.6% by
weight of phenolic compounds, more preferably at least
25 0.7% by weight, even more preferably at least 0.8% by
weight, more preferably at least 0.9% by weight, more
preferably at least 1.0% by weight, more preferably at
least 1.3% by weight, more preferably at least 1.4% by
weight, more preferably at least 1.5% by weight, and most
30 preferably at least 2.0% by weight of phenolic compounds.
The present process preferably employs at most 30% by
weight of phenolic compounds, more preferably at most 28%

by weight, more preferably at most 27% by weight, more



wei ght, nore preferably at |east 1.5% by weight, and
nost 30 preferably at |east 2.0% by wei ght of phenolic
woanpmssids. The present process preferably enpCogEe2@u/050362
nost 30% by wei ght of phenolic conpounds, nore
preferably at nost 28% by weight, nore preferably at
most 27% by wei ght, nore WO,2004/ 085354
PCT/ EP2004/ 050362 4 preferably at nost 25% by wei ght,
nore preferably at nost 24% by weight, nore
preferably at nost 23% by weight, nore preferably at
nost 22% by wei ght, nore preferably at nost 21% by
wei ght, nore preferably at nost 20% by 5 wei ght, nore
preferably at nost 15% by wei ght, nore preferably at
nost 10% by wei ght, and nost preferably at nost 5% by
wei ght of ghenol i ¢ conmpounds. Suitable hydrogenation
cat al yst £TACEIMTi Hy ™S 1¥HiePY prigblentotemrefdriably Amyost
contai n 4% et ioiy met alretoapeUndnost (23atny eashe,one
net al selmect edefekpiy tRenddt QUP sGORSERL 1 196 Qe s JLQ! pstl
A, 1B, n¥be andpyldelan@f Lhe periodic ﬁsn}/ogE em §UI abl e
catal yst S EQUPLLSE g\etfef %?St one of the et af £¥Yor
netal conmpounds sefected f FOMCGT dtpSY visiohgy 1merand | B,
such as g’ﬁ?fﬁﬁ?kﬁﬁh ACHFHECs by vrighini akiehost pakfadbiymand
15 pl ati mash SPrafweialsl gt pidnelikydnpgaaat i on cat al yst
conpri ses coppeblangirofenpabh adtumas.astal, o, fEet al
COﬁ'pOUﬂd,pr@s%nI_ ng%t%tl@yycc‘o&éailﬂsysal e|3t¥11 aér;:e eril_gt a toutdo
hydy ogenate the aromatic. ring system under 1 ffgteoun
condi ti ons typi cal I'VusEETat T Erepfsupsgnsisting of
Accor di n§F§Pethe PPedempd V2B Phventreoivdpr eferabl y
rel at es foltablr otedssts wharesa at heasthyrdr egenatbQis or
cat al yst me@NPicnS@8dE BPROEed@SrNBIrBhps0¥r, MRl .ngCQTPOUNd.
Most prefgdy gd cnyoqLQrgegg)?}gérgnzigg,t gl é{(g}ls cQnprise
copper a;la[@&g{ﬁ_ Qr etal conpaund,  as Uch™ Cat é‘ijs_t S
have shown a high catal yttc aterAtts: sHaLE ectivity
over a 257FOHY°pePP¥dabY Copelativerrs watdl as wopper i s
avai | abl gcmpound, as these catalysts usually are not apt to
hydrogenate the aromatic ring system under the conditions
typically used for this process. Accordingly, the present
20 invention preferably relates to a process, wherein the
hydrogenation catalyst comprises copper as metal or metal
compound. Most preferred hydrogenation catalysts comprise
copper as metal or metal compound, as such catalysts have
shown a high catalytic activity and selectivity over a
25 long period of operation, and as copper is available
easily and at low costs.
A commonly known process in which feeds comprising
alkylaryl ketones are produced is the preparation of
oxirane compounds, for instance in an integrated styrene
30 monomer/propylene oxide process. Preferably, such process

involves the steps of:



easily and at | ow costs. A commonly known process in
whi ch feeds conprising alkylaryl ketones are produced
WO20d4v85354 epar ati on of  oxirane conpounds, for PCN&EP2198650362
in an integrated styrene 30 nonomner/propyl ene oxide
process. Preferably, such process involves the steps
of : WD 2004/ 085354 PCT/ EP20Q4/ 050362 5 k- L) a feed
conprising al kylaryl conpounds w th oxygen to obtain
a feed conprising al kylaryl hydroperoxides and
al kyl aryl ketones, (ii) contacting the feed obtained
in step (i) with an 5 alkene in the presence of a
catalyst to obtain a reaction m xture conprising
al kyl ene oxide, alkylaryl alcohol and alkylaryl
ketones, and (iii) renoving at |east part of the
al kyl ene oxi decoggaq: al kyl aryl al cohols fromthe .
reaction ' xt Ui e obt™di hétrd Frr1pisg epivlhiv] ¢copabtai n
the feed "CHPIIsPIig @ikl arfyéd ketonasy a1fkenes
enpl oyed hvdrophiexples cessa18y@pyI kidondlave a straight or
o, Pretarron Al kinon Camserint Rty 1) EEOGE o
; ene _
carbon aleres Wore BERTEr e 4f KIS ACiviTe evtryivene,
propyl ené “HEBGCTATEHES ATEUPRRE AN dLlivloctlenEohagaid
more pr éterred Htkesesndre et hyl ene and propyl ene,
the nost (ijpnefrenavedy beilagtpsepyrene. a1Wpder Lhe ang
condi ti 0askykrSt gﬂagho(lg%fr%]? t,tgg Eé%\:lt%?l %iggfrengtggn%%eﬁls
[ Ve, . a [ vyl _
ﬂ;ﬁf%gfgg?ggz?o?on%% reart g%ege%omfﬁsf%a%F?@épondl ng
al kyl aryl"al'¢6hol and the correspondi ng al kylaryl
ket one. ThétHePey ewlptrs fretlk pbceisnedof nammstep (iii)
conpri sest@agghtabkytarcydd wappaunadscralkykaryl .algohol s
and ket on€%arbbR€tons. Preferred alkenes comprise of from 1 to
15 8 carbon atoms. More preferred alkenes include ethylene,
propylene, n-butylene, isoprene and l-octene, again more
preferred alkenes are ethylene and propylene, the most
preferred being propylene.
Under the conditions of steps (i) to (1ii) of the
20 process described above, a part of the alkylaryl
hydroperoxide formed rearranges to the corresponding
alkylaryl alcohol and the corresponding alkylaryl ketone.
Therefore, the feed obtained from step (iii) comprises as
alkylaryl compounds alkylaryl alcohols and ketones. The
25 feed obtained from step (iii) comprising the alkylaryl
alcohols and ketones may be submitted to a further
process step (iv) for the preparation of aryl alkenes. In
step (iv), the alkylaryl alcohols present in the feed are
dehydrated to aryl alkenes. The alkylaryl ketones however
30 do not react to aryl alkenes under dehydrating
conditions. Accordingly, step (iv) preferably involves
the steps of contacting the feed comprising the alkylaryl

alcohols and ketones at elevated temperature with a



25 feed obtained fromstep (iii) conprising the

al kylaryl al cohol s and ketones may be subnitted to a
wound4hves3s4 process step (iv) for the preparati oRCOEP20Y050362

al kenes. In step (iv), the alkylaryl alcohols present

in the feed are dehydrated to aryl al kenes. The

al kyl aryl ketones however 3@ do not react to aryl

al kenes under dehydrating conditions. Accordingly,

step (iv) preferably involves the steps of contacting

the feed conprising the al kylaryl alcohols and

ketones at el evated tenperature with a WO 2004/085354

PCT/ EP2004/ 050362 6 aenyorating agent, and renoving

at least part of the aryl alkene formed froma feed

conprising alkylaryl ketones. If the aryl alkene is a

desired product it is therefore of particular
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t he pr es%Bﬁalpraggﬁ%yl ggcggglgl ngly the present invention
preferably re Fenollc & Qun cgngs bvvher ein %t | east part
of 15 the hen I C conp 7% PRAFER £ thhdeteed
conpri si ﬁ@'E Pr{HRY tIhR)ﬂléifJ?FYlkEﬁttﬁ?%sm eorvverie onal 1y, it
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stream &h° ’%’&ﬁ%’éskefﬁ@soﬁé’i*véwﬁ%%lé@esé was believed

that these phenolic compounds have to be removed prior to
the hydrogenation treatment in order to suppress the
leaching out of metal components of the hydrogenation

20 catalysts. The removal of phenolic compounds leads to an
additional waste stream, and reduces the overall process
efficiency. Furthermore, the leaching out of metals from
the catalysts over elongated periods of time was
considered as to reduce catalyst stability and activity.

25 Surprisingly, it has now been found that the catalysts
according to the present invention are not prone to
leaching under the conditions of the present process. The
phenolic compounds may be added to the feeds at any stage
of the process, or to the feed prior to the process, if

30 required. It has however been found that it is
advantageous to build up a suitable concentration of
phenolic compounds already present as impurities in the

feed streams, and/or which are generated as side products



efficiency. Furthernore, the | eaching out of netals
from the catal ysts over elongated periods of tine was
woaneiodsssed as to reduce catal yst stability an#CT/EP2004/050362
activity. 25 Surprisingly, it has now been found that
the catalysts according to the present invention are
not prone to |eaching under the conditions of the
present process. The phenolic conpounds may be added
to the feeds at any stage of the process, or to the
feed prior to the process, if 30 required. It has
however been found that it is advantageous to build
up a suitable concentration of phenolic conpounds
already present as inpurities in the feed streans,
and/ or which are generated as side products WO
2004/ 085354 PCT/ EP2004/ 050362 7 in the process by
recycl i ng"at™® EEET5 S pr tecoflirhat preattuetrt o XbepeSiuct
obt ai ned "iHtUaRY cbiréngf irsb@psne0bt tshEsPELSRNEresPHOCESS.
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alkylarylgﬁéggﬁesf and of fromO0.5 to 30% by wei ght
of phenol'Ft “CYRHOEATS feofi hPtiythootienaimldte ptesence
of a het érdgérfeoud .S hydoogenat iianoL ahabyst cordpings
][ermvijn_gwawth hﬁ&zfﬁfp?{ t:heolﬁretsél%gl]&_ alkyl.aryl. al cohol

orned i RySlefa Aom.a product . m xture conprising
t hg phengj}i{ gfgqnplo%néglrp g’ngkf)( c?m opti %tnéiﬁsfi RAEEVE| iPRg
the product mxtures oA S TR (3t B (Amprasectst ep (b)
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mai Nt ai Nseeps )t ablespC mcantdal iQn; 0. +Phenal Gy
compounda.i HLlr @.SERRIA 8, A 1 o of,, perlor ¢
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enolic compounds without a separate addition of

phenolic compounds. If only part of the product mixture
obtained in step (a) is recycled, the desired fraction
may be separated off in any way suitable known to someone

20 skilled in the art. In step (b), at least part of the
alkylaryl alcohols preferably is removed from the feed
obtained from step (a). The removal may be effected by
any means of separation know as suitable to a person
skilled in the art. The removal may for instance be

25 effected by methods including distillation or any other
physical separation method, or by reacting at least part
of the alkylaryl alcohols, for instance to aryl alkenes
and by removing at least part of the products formed. The
removal therefore preferably comprises subjecting the

30 alkylaryl alcohols obtained from step (b) to conditions
of the step (iv) for the preparation of aryl alkenes as
described above, or by adding the stream obtained in

step (b) to the feed obtained from step (iii), and



may be separated off in any way suitable known to
someone 20 skilled in the art. In step (b), at |east
woand4/0853s6 he al kyl aryl al cohol s preferably i sPcempr®d 050362
fromthe feed obtained fromstep (a). The renoval may
be effected by any neans of separation know as
suitable to a person skilled in the art. The renpval
may for instance be 25 effected by nethods including
distillation or any other physical separation nethod,
or by reacting at least part of the al kylaryl
al cohols, for instance to aryl al kenes and by
renmoving at least part of the products forned. The
renmoval therefore preferably conprises subjecting the
30 al kyl aryl al cohols obtained fromstep (b) to
conditions of the step (iv) for the preparation of
aryl al kKERBYCHSY DesTrriped shtrsve toortebyiaddimg t he
st r eam obf#EilHed cprractgbephd bped cophesifigede abt,abngd from
step (iiia)gonandaiVe13Q04 085354.RCHEP2Q04/.0 Qf?’g?_ﬁ 8
subj ect | ngedhCurGORRIARH P LLEATE, 1.0, SLEP, [ V)., Thi s
i nvpl ves cont.acting, tehea feed conpri S| nge € rRey_ ary
al cohol s at el evated t sRP&r &t drd WK dewersdr at i ng
agent, and FBHBYNE Pt aFeasder pl braskse he saeopl (ial kene 5
formed friemh aref eBolaohprisiny . atikyinatnsl «deaNes the
Sui t abl e pseast rpgiesactied, €REaRYOGESSoouslCRR1 <(3}e%:1 19
(iv) areaabjularyd.comounds off LD Lhe eontext o
thg presgnt 1{;{ppl IbCa%tleon’ the a %/ ary ‘fﬁf)‘
enpl oyed are’ arkyfArsy Hénz spdt WP e TPkl
substi t ubft’d Freem1eostr aidghite errrbrrantine ckeadrey|and
subst i t uehtehelnr nsiengrefemmm 21ktioryl OctpsnonoatQps, and
the correspendivagiket apestands. ahcobals,: AADLS
pr eferr egorﬁ!a&ﬁllérs)é\lrergpm@%eg&ngaasl lghse a vggtagg t%l\é\?ﬁi:
a“%yl Sug§tk&ggﬂ}§WEQQ.glk egr%% compourn veoni ng
several SUbStituents has tHe FHVaAFTaRs: FAE eFt 115 can
contai n $&VetaP Hjdrbpétoxtareigeolpsis ovienred thin
there are no more than three substituents, more
preferably no more than two substituents. Although
mixtures of different alkylaryl compounds can be
20 employed, a single type of compound is preferred in order
to be able to optimise the process conditions for this
specific compound. Preferably, the alkylaryl compound is
ethylbenzene or cumene, with ethylbenzene being the most
preferred. When ethylbenzene is subjected to steps (i) to
25 (1ii), a mixture of products is formed comprising
acetophenone as alkylaryl ketone and l-phenyl ethanol as
alkylaryl alcohol. Therefore, the present invention
preferably relates to a process wherein the alkylaryl
ketone is acetophenone. Acetophenone is hydrogenated to
30 l-phenyl ethanol, which may in turn be converted to
styrene by dehydration. Therefore, the present process
preferably forms part of an integrated styrene monomer/

propylene oxide manufacturing process. Alternatively, the



view of potential side-reactions, it is preferred that
there are no nore than three substituents, nore
wonrefi@ssishy no nore than two substituents. Al t ROUEIR2004/050362
m xtures of different alkylaryl compounds can be 20
enpl oyed, a single type of conpound is preferred in
order to be able to optim ge the process conditions
for this specific conpound.” Preferably, the alkylaryl
compound is ethyl benzene or cunene, with ethyl benzene
bei ng the nost preferred. Wien ethyl benzene is
subj ected to steps (i) to 25 (iii), a mxture of
products is formed conprising acetophenone as
al kylaryl ketone and 1-phenyl ethanol as alkylaryl
al cohol . Therefore, the present invention preferably
relates to a process wherein the al kylaryl ketone is
acet opherfone. = AC8ISPRERGARP Y s hyihe ogeprat e otare@0
1- phenyl| REPFfERCICr thhirebrugmipniaf preppidbe ceonveldted to
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pr ef er abltyla"f QhdTHaR@h tgerJra@J(li J.rp I@egrc‘agotggrm§£ 6%cee§ss steps
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act1v1ty and selectivity catalyst remain above the
original activity for a prolonged period of time before
slowly dropping off to the original activity level.

20 Therefore, in a preferred embodiment, the present
invention also pertains to a process for the preparation
of a hydrogenation catalyst having an improved activity
and selectivity, which process comprises the steps of:
(al) preparing a hydrogenation catalyst that is

25 essentially insoluble in the reaction medium, and
(a2) contacting the hydrogenation catalyst obtained in
step (al) with a feed comprising of from 0.5 to 100% by
weight of phenolic compounds. Reaction medium within the
context of the present application means the medium

30 within which the hydrogenation catalyst is prepared and
the medium employed during the hydrogenation reaction.
Essentially insoluble has the meaning that the

hydrogenation catalyst hardly dissolves or dissociates so



activity and selectivity. However, if the
concentration of phenolic conpounds in the feed is
woedumssBsduri ng the 15 operation, for instancePOYEP2004/050362
addi ng a feed substantially free from phenolic
conmpounds to the catal yst, the activity and
sel ectivity catal yst remain,above the original
activity for a prolonged period of tinme before slowy
dropping off to the original activity level. 20
Therefore, in a preferred enbodi ment, the present
invention also pertains to a process for the
preparati on of a hydrogenation catal yst having an
i mproved activity and selectivity, which process
conprises the steps of: (al) preparing a
hydrogenatlon catal yst that is 25 essentially
i nsol ubl €7 *t HBY PEEREF GnPeredtisameuarrdt(la)s edntact i ng
t he hydr dyerratiadicrcattab yist) bt ahwet bik oSWeR GAlthe W th
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process Wharied, nciirheathy.drogemdatiésonilicates, and mixtures
thereof.
Usually, the hydrogenation catalyst is activated by
20 reduction, for instance by contacting the catalyst with
hydrogen. This may be effected during or prior to
step (a2). Preferably, the hydrogenation catalyst is
brought in contact with hydrogen prior to step (a2) of
above process. This can be achieved by gubjecting the
25 hydrogenation catalyst obtained from step (al) to
hydrogen, preferably under pressure. Such a treatment
results in a high catalyst activity during the start-up
phase of the hydrogenation reaction. The present
invention preferably also relates to the catalyst
30 obtainable by the preparation process as set out above.
A suitable hydrogenation treatment which can be used
comprises contacting the feed comprising alkylaryl

ketones with hydrogen at a temperature of from 50 to



10 catal yst conprises copper and/or palladium as netal
or netal conpound. Mst preferably, the hydrogenation
woab@logss4 conpri ses copper. The hydrogenati on earaPy®u/050362
may suitably be supported on a support that is
essentially insoluble in the reaction nmedium The
support may consist 15 of y carrier material known
to be suitable for this purpose. Suitable carrier
material include silicates, alumna, chromates, zinc
oxides silicates, and m xtures thereof. Usually, the
hydr ogenation catal yst is activated by 20 reduction,
for instance by contacting the catalyst with
hydrogen. This may be effected during or prior to step
(a2). Preferably, the hydrogenation catalyst is
brought in contact with hydrogen prior to step (a2) of
above prdces§: ™7 Bredarpbhbe chchre\sedob3rosifhj echimge t he
25 hydr oger@tign Catahyst tobtm@raednd nam Sleega68) het 0
hydrogenfr@{eé&EabbychQ@&.9&%§§%f&§f§MC@13ttreatnent

results i g talyst activity during the
start-up Ia(E)ha{s]des Igfng "Re) 'hS??fFoEQréﬁ%rtaF%’nﬁr éé‘tffthtﬁ The

present SPrweém NoW. pref erekaplal gormoeliates to the
catal yst 330, oft @ynmamrgcegy sttL}s% dQ’r epaLatlon pr. {%e3§ as

set out ove, sui t ogenat i on trea

whi ch ca% atalésdt "t the %“e%y ﬂ?‘ﬁ‘a’tlcﬁg 3 REIPRSG or
conpri si ﬁgflé}IlWF%P% H%’él’%‘me?s tigechpenyidr ppéerat fr

t enper at Ureseofcale dmausOrikd W 120044 08b3bdocess may be
PCTY EP20Q@4£050362 in klo250 wEse MRML: PEEfiCERR Mo@1,f 5,0m

60 to 22Q.%in ea1 e Jf.rom 70 to 180
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ref
pressure o(§ ; I% %C)qull feei(fﬁntalijd‘@ Wn’f(aﬁté‘flﬁs mf’ﬁbrbé
pref er ablpﬁss(‘ifl tF‘F?j]ﬁ]i‘ fhf G3tBYSP LRI FOFhAY s cAPgent from
pr ef er abltye gpafti@nedh® is0sBOtantiNDy N frdir oG@sstSt ep
(&)5 can bEeﬂéﬂd’Hl&,Gﬁh@H!}dr%JnEtion according to the present
invention is performed in a gas-ligquid co-current
downflow through at least one packed bed reactor (often
referred to as trickle bed reactor). The process of the
present invention may suitably be also applied to copper-—
20 containing catalysts already in use for the hydrogenation
of alkylaryl ketones. By addition to the feed or built-up
in the feed by recycling of a suitable concentration of
phenolic compounds the performance of such catalysts may
be improved, in particular the catalytic activity at
25 lower temperatures. The present invention also preferably
relates to a process for improving the activity of a
hydrogenation catalyst, which process comprises
contacting the catalyst with a feed comprising of from
0.5 to 100% by weight of phenolic compounds. In step (a)
30 of the present process, the catalysts are preferably used
at a temperature of from 50 to 250 °C, more preferably at
a temperature of from 60 to 220 °C, even more preferably

at a temperature of from 70 to 180 °C, and most



the catalyst in the formof a slurry, of a noving bed

or a fluidized bed. However, a fixed bed is preferred
wobano4/08535ge- scal e i ndustrial application. The PCOEE3®4/050362

may be 10 carried out in a batch-w se manner,

sem -conti nuously or continuously, the |atest being

the preferred operation nodus. The liquid feed

contai ning the reactants nmay be passed through the

catal yst bed so that the effluent from the reaction

zone is substantially free fromcatal yst. 15

Preferably, the hydrogenation according to the present

invention is performed in a gas-liquid co-current

downfl ow t hrough at | east one packed bed reactor

(often referred to as trickle bed reactor). The

process of the present invention may suitably be al so
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conpounds. I'n Step (&) 3076t ‘thE Presetrecirroewssstet he
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t emper at ur e of  ftom 80° o BBt FHEiCH &iosdfncess, the

phenol i c*EOHBEIMYS tat Ehipeetfetribbies meRkibor 7¢ et of

acti vat i GRS oHydrrogenaitt oh ceatial ysids . were thoroughly

mixed with 260 ml of 0.2 mm silicon carbide particles.

The extrudates had an average particle size of about

20 1.6 mm, a specific BET surface area of 14 m2/g and a pore

volume of 0.36 ml/g. The mixture was filled into the
reactor to provide a catalyst bed. The remaining empty
space above the catalyst bed was filled with 3 mm glass
balls to provide adequate fluid distribution. The reactor
25 was first purged with nitrogen at a pressure of
2.3 x 105 N/m2, then the reactor temperature was raised
to 130 °C. Hydrogen was introduced to a concentration of
1% volume, then the hydrogen concentration was gradually
increased to 100% volume at a rate such that the reactor
30 temperature did not exceed 170 °C. The temperature was
then raised to 175 °C, where it was maintained for
4 hours. In the following examples, the conversion is

expressed as the molar flow of acetophenone converted



The process according to the present inventionis 5
further illustrated by reference to the foll ow ng
wexenpsexss whi ch are provided for illustrativePOUmEpo®ess0362
and to which the invention is not limted.
Experi mental Part The foll owi ng experinments were
carried out in trickle 10 flow in a bench scale unit
conprising a reactor connected to a heat i ng/ cool i ng
system a high pressure feed punp, a high pressure
punp for recycling product to the feed, and two
vessels (for incom ng and outgoing feed streans), and
a gas inlet connected to sources of hydrogen and 15
nitrogen. 126 g (about 130 m) of silicon dioxide
extrudates in the shape of trilobes conprising 70 %
of copper oxide and 5 % of cal ci um oxi de were
t hor oughl %79 ¥ dthRi TH2REDeuPE ef=tOpRnpma Sidpl G@Nin the
car bi de paed itthees1ioos Fhetnexdpetitatesidkad an aver age
particl e shZeatifveaomhe20 1.6 Mm a specific BET
surface ar ea,, of ore volune of 0.36
g The nﬁ%?dﬁ%ﬁog% %”f%”aew Feti8? *Pector 2%
provi de &YeOal pEteshesdvasThrereasmmitai 25gx anptyn?.space
above t heigadafepsteshedimag théd koth Wehbiid SBPGhasSna
balls to cﬁﬁ&\éb&j%f adequatse afcleEUerrgln§t EIL Q,lll&, Iognl—p}-irfg'Sl
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then raised to 1 dined 1Py
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Example 1

Comparative Example 1 was repeated, however after

1900 hours of operation as described in Comparative

20 Example 1 the liquid feed was switched to a feed
comprising 57% w/w of acetophenone, 4% w/w of l-phenyl
ethanol, 20% w/w of 2-phenyl ethanol and additionally
containing 2% w/w of phenol, the remainder being other
aromatic compounds. After operation of about 20 hours,

25 the conversion of acetophenone was determined as to be
about 87%, and after about 250 hours conversion was
determined to be about 90%. After switching back to a
liquid feed as employed in Comparative Example 1 which
was essentially free from phenclic compounds, the

30 conversion very slowly decreased over a period of about
200 hours to the value of Comparative Example 1.

Comparison of the catalyst of Example 1 versus the

catalyst of Comparative Example 1 clearly shows that a



di vided by the nolar flow of acetophenone supplied in
the feed tines 100% at the specified tine.
wQanpasssive Exanpl e 1 The reactor tenperat ur e PGASEP2004/050362
reduced to 80 C, and 5 hydrogen pressure was
increased to 25 x 105 NNnm2. A liquid feed essentially
free from phenolic conpound , and conposed of 57% w w
of acetophenone, 4% w w of 1-phenyl ethanol, 20% w w
2- phenyl ethanol and 19% w/ w ot her aromatic conmpounds
was added at a feed rate of 75 ml/h to 10 the reactor.
A recycle of liquid product over the reactor was
applied at a recycle/feed ratio of 4:1, resulting in
a liquid hourly space velocity of about 3 1/1
catal yst/ hour. After stabilisation of systemfor
about 1900 hours, a sanple was taken to determne the
conver si GATYF¥" B RcBicapiiet 6.7 Theasc 6vrwet s lion hogh
acet ophenstie Litasof ouindit-gituberakodta76% vlXxanmphe 1
Conpar at iveisExaeplog thewas: wepeadeth HaWEVRE Atigr
1900 houns.af:.0peratd 9n a5, fescribed in Conparative
20 Exanple 1 the liquidfee was sw tched to a feed
conprising 57% w w of acetophenone, 4% w w of | -phenyl
et hanol , 20% w w of 2-phenyl ethanol and additionally
containing 2% w w of phenol, the remai nder being other
aromati ¢ conmpounds. After operation of about 20 hours,
25 the conversion of acetophenone was determ ned as to
be about 87% and after about 250 hours conversion
was determ ned to be about 90% After sw tching back
toa liquid feed as enployed in Conparative Exanple 1
which was essentially free from phenolic conpounds,
the 30 conversion very slowy decreased over a period
of about 200 hours to the value of Conparative
Exanple 1. Conparison of the catal yst of Exanple 1
versus the



catal yst of Conparative Exanple 1 clearly shows that a
WO 2004/ 085354 PCT/ EP2004/ 050362 14 catalyst with
wonowu@asysd activity was fornmed. The high st abPCTmEP20#/050362
this in-situ formed catal yst was further illustrated
by the sl ow degradation to the conversion level in
absence of phenolic conpoungs. WO 2004/ 085354
PCT/ EP2004/ 050362 15 CL A1 MS 1. A process for the
hydr ogenati on of al kyl aryl ketones, which process
conprises contacting a feed conprising the alkylaryl
ketones and of fromO0.5 to 30% by wei ght of phenolic
conmpounds with hydrogen in the presence of a 5
het er ogeneous hydrogenati on catal yst. 2. A process
according to claim1, wherein the hydrogenation
catal yst conprises copper as netal or netal conpound.
3. A process according to claiml or claim?2, wherein

10 the feed conprising thé hlX&kylMagyl ketones is
obt ai nable by a process involving the steps of: (i)

contacting a ;fzee&scmptrhbsﬂyegogéﬁéﬂrﬁw|a11%ﬁQRﬁuPeqonesW th

oxygen tQnQRt &P IHED ILSi,Ng a A
hydr oper 021(]{1%lg e I%EQ gsogip "REY % 2 %5,; ¥1|‘1 ing the

cont acti ng qﬁ@' fegcdlnegb%‘ i etForrP- §tt€p3‘(‘| Yy Wltght e
al kene i ﬁhet“ﬁél"pi“é‘@%‘ﬁéé vgfh Aydrageal ysthe preobiai oF a
react i onhetrrstenr@sclonpiesitng: atdeyy<ene oxide, al kylaryl
al cohol anda m@bkaskaropbraket 9@%§amaﬁdm(érw tﬁeenvw ng at

| eaSt paﬁ rg engt]l 1 a (@201} rlSeS CO I | ar
al cohol s %dr o%n th 2) reg%ltylgg% rﬁ tur epg%t 331 ﬁ“%%?ll Hm %tlaép

(ii) to g%nfpal n'the feed conprising al kylaryl ketones.

A process according to claim 1 or claim 2, wherein

10 the feed comprising the alkylaryl ketones is obtainable
by a process involving the steps of:

(1) contacting a feed comprising alkylaryl compounds
with oxygen to obtain a feed comprising alkylaryl
hydroperoxides and alkylaryl ketones,

15 (i) contacting the feed obtained in step (i) with an
alkene in the presence of a catalyst to obtain a reaction
mixture comprising alkylene oxide, alkylaryl alcohol and
alkylaryl ketones, and
(iii) removing at least part of the alkylene oxide and

20 alkylaryl alcohols from the reaction mixture obtained in
step (ii) to obtain the feed comprising alkylaryl
ketones.

4. A process according to anyone of claims 1 to 3,
wherein at least part of the phenolic compounds are added

25 to the feed comprising the alkylaryl ketones.

5. A process according to anyone of claims 1 to 4, which
process involves the steps of:
{a) contacting a feed comprising the alkylaryl ketones

and of from 0.5 to 30% by weight of phenolic compounds



4. A process according to anyone of clainms 1 to 3,
wherein at |east part of the phenolic conpounds are
weadoexhs2B4t 0 t he feed conprising the al kyl aryl PRERDD®I/050362
5. A process according to anyone of clains 1 to 4,
whi ch process involves the steps of: (a) contacting a
feed conprising the al kyl ar ketones and of fromO0.5
to 30% by wei ght of phenolic conmpounds WO 2004/ 085354
PCT/ EP2004/ 050362 16 with hydrogen in the presence of
a heterogeneous hydrogenation catalyst, and (b)
renovi ng at | east part of the al kylaryl al cohol
formed in step (a) froma stream conprising the
phenolic 5 conpounds. 6. A process according to
anyone of clainms 1 to 5, wherein the al kylaryl ketone
i s acet ophenone. 7. A process for the preparation of a
het er ogenegu hydrogenati on catal yst havi ng an
i mproved actiﬁk(ﬁr(t)%e,n %%fhpreiﬁlcﬁrogcae §"¢BYPrTSes t he
st eps of MYYRFaptBpEFiHgt-a®ydr ogenati on catal yst that
is essenbl attoyidanstolersk eraitn of e ragbir@nanesbium and
(a2) contaoking dthe (Bydr@genatdancmatalystnoptabned in
step (al rodphotdusa feed conprising of from0.5 to 100%
by 15 weight of phenolic conpounds. 8. A process
according’ t o“’éf’%‘?sgm N AheT g? ﬁnpffoﬁ% “I1§lartgeridt fron
cat al yst eGPt FRestwopFErieademst ateterrepeeal  conpound.
9. A cat al ystrroptsai feabhe royrarhtdoproocessteacpnedisng t o
20 cl ai "hydrogen8tiokkatdiget Qﬁvi}ﬁtj]%ﬂoimip_@ov@@ma@mgﬁ fornt he
acid vati grcefs Hgtel-0aepequs bydrogenation catal ysts.
(al) preparing a hydrogenation catalyst that is
essentially insoluble in the reaction medium, and
(a2) contacting the hydrogenation catalyst obtained in
step (al) with a feed comprising of from 0.5 to 100% by
15 weight of phenolic compounds.
8. A process according to claim 7, wherein the
hydrogenation catalyst comprises copper as metal or metal
compound.
9. A catalyst obtainable by the process according to
20 claim 7 or 8.
10. Use of phenolic compounds for the activation of

heterogeneous hydrogenation catalysts.



