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PROCESS FOR PRODUCI NG CYCLOHEXYLBENZENE CROSS
REFERENCE TO RELATED APPLI CATI ONS [ 0001] This

wa@ppbiiaatié on clains the benefit of prior U S PCT/US2009/034823
provi sional application Serial no. 61/049,530 filed
May 1, 2008, which is hereby incorporated by reference
inits entirety. The
present i RQDUCINS : \ cAvl:
cyclohexylbenzene optlonally and for convertrng t he
resul tant cycl ohexyl benzene i nto phenol and

CROSS REHERENECE BORERATHD APHK)NS i S an
[04 j)g&? th'F'liuﬁa él%ggéti%lh%nsttﬂg P%Ee 1?% ﬂgm%&atmn Serial no.
6 l/r0ﬂ§ 1586 £l WD ¢ n@dOSAVh%hQ@Eér@ﬂ)}aﬁfc@ﬂﬁbr@é‘H B f’ef@%&i&lam @8 @ntlrety

D aStICI zers. ] rrently t he nbst™ commbn route

ELJMQEH&!HEdﬂBﬁﬂEEHlﬁf phenol is the Hock process. This

ree-ste

[0 0| V'E% QFc‘ﬁy‘t VSIﬁtIO& r%l%tﬁ%\gﬁ e Vgroches% rt181r )})'r%(ﬁtgn{%o cyclohexylbenzene
opRéRAYC angunene corfvelt cbyrequttaaiat ¢ (ifllbh@f(ylbﬁﬁeﬁel maie tpBenol and

t he correspondi ng hydroperoxi de and then cl eavage of
CY@h@ﬂﬁvdEOperOX|de to produce equi nol ar anounts of

oBRp acetone. However, the world demand for
row ng nore rapidly than that for acetone.

[0003] add[i’lteinOh is tulne'mpﬁtsztntqfrodudﬁﬁylthﬂ&hbmidal kiedugtry aind is useful in, for

i ncre ue . to dev Ioplng sh ge of pr | ene
ex%ttg@lg;sj GTWQ ctlgnpoﬁ p ﬁgstmqjsbéga ‘gh‘ér EXPRIQ élrn adipic acid, and
pkkpatggd of propylene as feed and coproduces hi gher

et ones, such as cycl ohexanone, rather than acetone

[000ety beCmtemltyt itlac most cantremnatutes €orr et protlactioneof phenol is the Hock

roduct.i on henol s. For ex I there is a grown
el gt 3 QPSP OB ARSI WaH-QoF STty GaoRet aMbRHoR e benzene
wirhrﬁty@tléﬂe&b p%du\és BlimeRS fAbWH VA Qftioh B el @dfen®fo the corresponding
reactions and in the production of adipic acid,
hY@YyDQHQh@ﬁ amdnidcn @é&arvrsge el dicohedraprpddo o rreodlwamqotrmlﬂemnounts of
Pat ent

ph @] 4 w3 dofs, . HORGRRr, e buE RSMRd K Prsas i G0R Iy e rapidly than

tha€ G6Ht ddetonBg b eAHESE the Lkt bY Brapytie Imllkéls% tP RSRIE, Qiu@fto a developing
catag¥st conpri sing ruthenium and ni ckel supported on
shorgagp iof propeleacand that the resul tant cycl ohexyl benzene
berpl.0ce e I
[o(g)%gnol .lm:'sh(e:d ﬁ?o%gss ot WRe S HERR LN 18&83%9%?”&8@%6 2 feed and

ydroa yIatlo reaction 1s carrie

colﬁotitil@d ihighieo Wetoyess padheasvgiclbicxanoaé, HBNMEr thangicetgné mambk an attractive

to a reactio
alternatlve route to t %e prO(Hwtlon of phenols. For example, there is a growing market for

@

cyclohexanone, which is used as an industrial solvent, as an activator in oxidation reactions
and in the production of adipic acid, cyclohexanone resins, cyclohexanone oxime,
caprolactam and nylon 6.

[0006] It is known from U.S. Patent No. 5,053,571 that cyclohexylbenzene can be
produced by contacting benzene with hydrogen in the presence of a catalyst comprising
ruthenium and nickel supported on zeolite beta and that the resultant cyclohexylbenzene can
be processed in two steps to cyclohexanone and phenol. The hydroalkylation reaction is
carried out at a liquid hourly space velocity (LHSV) ranging from 1 to 100, a reaction
pressure ranging from 100 to 1000 kPa, a hydrogen feed rate ranging from 0.2 to 6 mole per

mole of feedstock per hour, and a reaction temperature ranging from 100 to 300°C.
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pressure ranging from 100 to 1000 kPa, a hydrogen feed

rate ranging from0.2 to 6 nole per nole of feedstock
w@enondilg and a reaction tenperature rangi ng PCDOSD0U034823

to 3000C.[0007] In addition, U S. Patent No. 5,146,024

di scl oses that benzene can be reacted wi th hydrogen in

the pre ce of carbon_nonaoxi nd a )
[00&31 | adnoeatRL Hishibatpng Doy P86 52% Aisclopes thatpngene can be reacted with

hy&r}’) 1911191?% 6}? ng‘en@ﬁ ca%Bncllﬁoﬁ@)Hdé heda %@H&Rﬁ%ecrohﬁﬂnhgg 185X or Y to

cycl ohexanone aut ooxi dat 1 on
pr(miuceh csulbh@qwme@cndhwh egath nben beTmmvhptdd oanl lkigh gti¢ldnto phenol and

Cyﬁg‘i?%téil‘?l?? %’% F%\aéorxlé“faqpﬁg%vbt n%@)ﬁ%quggtlegc@f fr %%ﬁ{lp acflbe hydroalkylation
rea@ROM s c%@r@ecf‘(ﬁut Jat a@l hQIt Rurlyepsdd RlodHyaE $HYVe dth@baibnSfted of about

t o about 1? a molar ratio’of Hto benzene of
1 talbeut 10011, 3 tptdkr@mtlom@rqssura argbeut 34attp @bert B)a?ri@old’a a molar ratio

de to H of u 119 about 0.
of ?Pn[ i a%enie qol %Ogaouil léb Ou t %‘bff& (i‘)fo% Il rnonox1de to H, of
abdidI0td1€Er to dﬂoﬁt 0. B’at @r[ti a fepefat@dd 6f 2dchit d06 & s 25dvat
(B%cloheﬁ%;benzene can be produced by contactlng
[0Q98h 2 e nfeurihict: hUny dP8ginNen 6:03d. 3B ediselegcs othag cyclohexylbenzene can be

' l.ar ~sj
ey SR bR A R Sl P b B e Y ifcRopal catalys
comphﬁﬁg edncf)lba[hnpﬁb‘lfeadf t]anCM-ﬁé famity and ek édast Gmsbhjrdromdtlon metal
ereof. The cat st may S0 con
SGIB‘?tFFL Bomamk] a&ruwfhe;awghdn? t%@almaﬁﬂlé@reh Creaf. aﬂ}%tcatalyst may
als Scd?ﬁé?ﬁi%%%d%y a'n%'i SRkl R &0 tﬁé(tlfﬁé%tl@% ﬂlfe the FL\](CM gl?oduced by
am 'y nol ecul ar sieve and an al um na bi nder MAy
impgeedug sobxitidete of the NAIM-23f fathly mylicdgesiavé @md rmtadullmlna binder

Asing 1 ncl pi nes e tion.. The
witfy ) hgp s DiolBonn Gt il bR AaoeEiobnBsyl BoiBelsgibiont wetness
1m§@gnahf@noxmé z8d et flﬂ‘soc@l%élS&@Qﬁﬁl A8 rsgﬁ%ﬁdoe}rcmﬁeséﬂb@f%ne can be
er oxi de deconposed to the desired phenol and
OX@}E@Iddhether@eﬁeSpopéloeg]ydrqpemdec@iflqoéqumd)e dpeareprsed to the desired
h%g@ atl gxgﬁ{lal No. 60/964874, filed August 15,
p % torneynﬁocket 2007EML40), we have descri bed a

[0q@9PCesls Juelcoendiug iR Patal APsixatibe IS2ameNo t dlEoPIsggesisd August 15,
cong{|3|ng contactln% benzene and hy dro%en with a
20Q%¢

tipgpeyy aeikehyHl0gEMAOAt ivin hegndiiescahed to pPersscéor producing
cyc?%he%&fblefb%ﬂé tho %I’&'egy &%pg%ﬁllg%ﬁf%]u{?ﬁ B&ERfe altl(h ﬁy(ﬁf@é&l w)(/ﬁh a catalyst

I'sin ar sieve,
undar dtyglamllq:lattmndemmtfo‘ne rte producoransaildemmloatitiag cgélelaxylbenzene, the
nd at | east one hydrg%g¥? n netal , . wherein

t | east )
catgys P BOIHWP%@ 6?}1 HeYSC P18 “506%?;5‘69 %}3 ﬁFﬁ‘é from said

mdlRAFANE S Fe1calY ol ﬁyaﬁg&%@h th&@8 ty i dd&in "R 1854t 130 th% of said
t he hydrogenation netal “on"the | norgani c oxi de support

hydragération maataltih euppokted ohdhe sioegaaic dxtidé. sBf puenddinpat Idaktethe majority
ct.i Vi of the st _and its selectiyvit

t
of Ct}y(()i 0&9%‘9&1@8@ O%ﬂﬁylaﬁ)réﬁlac cﬂzféc%ﬁusg léeréﬁgl e molecular sieve, it

is ifo\gideamedhe [OBHR] ofntht h@tﬁ{%”@lde itgli S%Iécﬁﬁ%d tb Ncyld@hexylbenzene and
Pat ent Application Seri al 60/ 964874
dicyclohexylbenzene are increased.

[0010] In the Example disclosed in US Patent Application Serial No. 60/964874
(Attorney Docket 2007EM140), the inorganic oxide employed as the support for the
hydrogenation metal was CATALOX SBa alumina, which has an average particle size of
about 45 um (microns). According to the present invention, it has now been found that the
benzene hydroalkylation activity of a bifunctional catalyst, in which some or all of the
hydrogenation metal is supported on an inorganic oxide separate from the molecular sieve,
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(Attorney Docket 2007EML40), the inorganic oxide

enpl oyed as the support for the hydrogenation netal
WOREITHNFA OX SBa al um na, which has an aver agePQEDU$1009/¢34823

size of about 45 mm (mcrons). According to the

present invention it has nom1been found that the

benzene Qroalkylatlon acti of a E}functlonal ) )
carp ?glll 96 it Aheosganicopdde 1S s§ qctegfsotaﬁéo %%Yf‘é@geopﬁrtlcle size less

or n
R R e
in thel shdedtisitg elf b edtagxst as cyclolliayﬂ)eﬁibnamﬁa@eyqba{ekyﬂ)leﬁzene, which is

| ess tha m crons). Moreogver the |g§{ea

O .o, .
dogiigblsc eings taYi icglohTH nmeh GtR bsi geily clapsaliylaied Fith additional
bedZdfe ?%I%H’l]ﬁéevfh}t}f Q:gcltoﬁgx eﬁéro&&t cycl ohexyl benzene

I cyc

and ohexy nzen I's desirable since any
UM MARYhexyl benzene can be readlly transal kyl ated with

T g S —
thcASREEss  ESBpridhy, {nédn%nhgs ibe82né Nakd PhPEBSS TRIth a catalyst under
produci ng cyclo exyl benzene, the process conpri sing
hy droalksitatipn goidinersnie mn@omﬂ@recf@eemt wonthingngepciihgxylbenzdeg, the catalyst
cornérlr ? nr#ar%tglosolp oﬂexylnbOIOCne rl]resw [ gagngge aa{]mefoxuﬁep Qlffﬁir%nt from said
molectiMASict erdoht BaBDbRC Ul @ogSilave, meal, IWr&ﬁrutCleé@tlﬂ)ewt% of said
different fromsaid nolecular sieve and at |east one
hyqifyawgeﬁ arrwtélnwnexpaprtedme rtB¢ Anqiganie pxtdesgmdathy, wpragaicgoxide has an
U B0 RT TRl AL BYRRGES 0 on the | nor gani ¢

e 1 norga C oXl ‘has an aver age partl cle

[0AREe |Eesschialy, %mfg&w&a&é had 803Zdadeofiy¥aE 81k 1¥s than 20 pm,
sal d i norgani ¢ oxi de has an average particle size |less

sud:hrmries&()thmnﬂ 0 smc rfoa&ahq:és lasé dran OumForf cxampkanm evdregspamcle size

han 5 mm For. exanple, the average particle size
of fh@én@rae%l@ aride 1ol tae rgngeof fope0-Ph iRy80 Bm. oF Hamd-B4 to lsssst@an 20 pm,

su('tﬂ‘g fporth %?efgl?hahqo tcﬁlrfﬁrlo1 (%0‘% mSuch as from0.05

0 l'ess ron1 rmn [0013] As

[00uSEd h&g gicd, hetdig, the toin 'aveﬁg@ arflaletsiZel encahg the ri@an®lume diameter
t he nean vol une di aneter of the inorganic oxide
of ﬁ@rlwremeg oxidgararticdes, thqtelsw@aﬁn@maim@ﬁ (1 povheyf thef valprae distribution

h
of Ykhe peﬂ%ﬁf§ olfcgurfe%\%?en ys l]t;e ?eﬁl %rawt% P\P'hhec Bﬁﬁq iSR! Rtn instrument

usdfiiisfor ﬁﬁ@ﬁirm'gﬁﬂlfs dberb@¢ pareald Yize g thinsreanRIoxgR dasldyde if accordance
size of the |norgﬁn|c oxi de enpl oyed. i n accordance
withi the vention énei Hcioyag SWloisal Patishpeizings apalyzer available from

MFREELChE 3 O SRRLYTSTLENOL LORLE (ST PR qpi o

thad nadugeepareaiplszys teoffdoniae eplidiatl diesloreas apdnichalres, shezgsticle size as
to e{fectlve spherlcal di aneters, and neasures, the

megh vpiuRled MY, iagtehean vol ume (I\N) di anet er. [0014]

[O(EQPVG%&RIehﬁém& hge | '11&9%&@@ b&id@ e ABriSQTR bSigS o8Bt R8stdhe clement of
of at | east one el ene

Groups 2, 4, 13 and 14 of the Periodic Table of Elements, such as alumina and/or titania
and/or zirconia.
[0015] Conveniently, at least 75wt%, such as substantially all (eg at least 95 wt% or
98 wt% or 99 wt%), or even 100 wt% of said hydrogenation metal is supported on the
inorganic oxide.
[0016] Conveniently, the at least one hydrogenation metal is applied to the inorganic

oxide before the inorganic oxide is composited with the molecular sieve. In one embodiment,
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G oups 2, 4, 13 and 14 of the Periodic Table of

El ements, such as alum na and/or titania and/or
waepoeosdsae [ 0015] Conveniently, at |east 75wt %®CHUSINOHE34823

substantially all (eg at least 95 wt% or 98 wm % or 99

w %, or even 100 wt % of said hydrogenation metal is
upqorted on the i norganic oxjd 9 6] Conveni ent |

S e. ]
they gaéalyyt iy Brodicesiny Asnestige ihs rolsa 5| woggnationdpctal,on g inorganic
oxidB A2 fhicf éﬂ\?ﬂﬂeﬂ@tlﬂﬁ%o@f ﬁuitﬁf‘e b HIRRLE- cQﬁ(thﬁitﬁlg thorganic oxide and the
conposite th the nol ecular sieve. In on
moderiobdisrent 1o Iaeothalt ahhstimest, greozited e 1$)pr0deqzﬁdsb}t dmg)sttllng the at least

on%hyc{iggej{qagg ﬁlg 88 gll?lglt@l@glgloge eglln n { he | n%ﬂ%ea mixture of the metal-
coftBlnfg- iROIRhA Rk Y 4B WIRABIcCulRXdige. and t he nol ecul ar

sieve. I n another enbodi nent, the catal yst is produced
[003§] depowivenisgtly.Hbe anol¢calos sicyp dahgel poygegrapero rSlZFrEth al lagsf 7 x 10°m

(7 %Aﬂ%st%nt%;qg@q%lga lr% Seleadcli %rgrﬁnlnzce%glg(eﬁox [ Udc}{t?%(a z% P uplaor(]iemte and a
nuﬁﬂﬁk@swb@@ﬂ%kh@QNMEDﬁﬁﬂmyy t he nol ecul ar sieve has an
average pore size of at least 7 x 10 10m (7

ro
[068H ¢ yipervanicytly.dhe glodecubia sieve i sedhminosjiseis, anﬁlgbfr mogr ratio of the

almgﬁ I{eem?l’emﬁ? %%\3\] th ?%@59(1 éﬁg*l&? Hte f 1ssfrﬁ§¥c b ?tcétr lty % about 1 500,

such a8\feor sban 160 wtvasb00.cat e and the nDIar rati o of the

mn ular sie to the hydrogenat,
wﬁafm é@VFP@PﬁI&b@EtM oast ppe éltsét%e%@e mglilcls Sectsdoffpm palladium,

rutﬁp[ﬁﬁ'ﬁl 01! ﬁn@@fﬂ%d%ggalt L%&%ll?ggﬂé’ nhently, t he at

| east  one hydrogenation ne sel ected from
[0028] | adCenmenicatihehe bironikylegion cenditipny inaludnd temberature of about 100

o R Ay Inh B of gl FHEL SPhdbeet i cpegmoodiment, e

moddiQhtio $O08 &k &:cahe utenz%ﬁ@ﬁfsaedl@u@arcnﬁ ﬁ)sre&ﬁlabeutqtlsabwtbout 15:1.
100 to about 7000 kPaa. In one enbodi nent, the nolar

[00241 i o lofankihgr egpset, thy baentvnachidessil @n@&mda@ icapfoidycing phenol and
firom about 0. 15::1 to about 15: uC]L10021 nother

cyclohexa{lonet httlelel Hlveehnotdl 8Hmlp1e‘1%1|n%egr0| teing ohé:xy enizene by the process

de@ﬁbécodueﬂeﬁlg PREGhe arit cyydl&t@eylaamaﬁe thre pl’fﬁfub@d cyclohexylbenzene
conpri sing produci ng cyclohexylbenzene by the proces
hydreperpxide dinf efleaving 8 erOiqlﬁgy perzepy @Wé‘l‘?@i‘(rylx’é‘é ntz)ePF@dtl‘%? phenol and
c I y n lea

o T e B Rt (R rogenated o
praainde fiythkeoplenahone. 1 n a further enbodi nent, the

C dehy ogﬁﬁghagmégéproduce further
D_Eg@ ﬁw’]ﬁﬁﬁ&%ﬁ a:EdéM ODI NENTS [ 0022]

A LI = = — = = — 4 — aa

[0028pCr 'Ib@s@n@&f %bl%lﬂ $s @ Ploe&SSHr fiRE HydRY MRl &Y balARd to produce

of "benzene to produce
cyclohexylbenzene and, in a preferred embodiment of the invention, the conversion of the

cyclohexylbenzene in a second step to cyclohexanone and phenol. Insofar as the
hydroalkylation process produces dicyclohexylbenzene in addition to the desired
monocyclohexylbenzene product, the process can include the further step of transalkylating the
dicyclohexylbenzene with additional benzene to produce additional monocyclohexylbenzene
product.

Benzene Hydroalkylation

[0023] The present process (which comprises the first process step in the above-mentioned

preferred embodiment) involves contacting benzene with hydrogen under hydroalkylation
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cycl ohexyl benzene and, in a preferred enbodi nent of
the invention, the conversion of the cycl ohexyl benzene
w0 poogv13seo©Nnd step to cycl ohexanone and phenol . PCTESf089/034823
as the hydroal kyl ati on process produces
di cycl ohexyl benzene in addition to the desired

R AR R R R B AR p—
I gggg% M th additional benzene to produce
un%k%%%ﬁgagpxnonocggﬁbhexyIbenzene product. Benzene

Hydr oal kyl ati on [0023] The present proces 9
conprises the first process step in the
above-nentioned preferred enbodi nent) in

contacti ng benzeag W th hydrogen under
hydr oal kyl ati ¢ yions and in the presemsg”of a
novel hydrogl catglyst —wherebiy the b

under goes the jng reaction: [0024] Co
reacti ons i nclbde#tie conpl ete saturati on of
benzene to produce cycl ohexane, di al kyl at
produce di cycl ohexyl benzene and

reorgani zation/ al kyl ati on reactions to p
impurities, such as nethyl cycl opentyl benzemhe
di cycl ohexyl benzene can be transalkylated toﬁgroduce

[0024bi t | eorapctingsesiony iestydens Zortl§e satyeation i rihe lbgngsme to produce
| . .

o iRSHEL BNANGR SEERNS UERSRABATE il SSpmionitsaion

reaCtifizi3B) toar proriacreti aupaiticy, undasi ﬁsabhﬁtlgfildyckepbﬂtﬁleNMehé.ng Although

poi MCPB i s ver se to that of . .
dlcasﬂeﬁ%wﬁw%@n%n bet &@ﬁ@ﬁf&d HEnedie pddigena), mprocyelphgxylbenzene
prddQctS ERREALR ¢ olflerxgﬁ'é QF%SGM@IO@@& wllBg M&s 'wrh%{%as 1%ur1tles such as
product from't oal kyl'ation reaction. [0 y
medmhwyekotpmab'lbynmal (IlVKEiH’%) bl@nzzafnwlar@e andesirable suuscedthne nbailyeg point of

@e/}?r oal ke{:/lg%el n S% eféggﬁﬁqj‘gﬁ% a Sdcﬁf%)a?‘nldy er}]‘zme‘gf égggesry difficult to

sepabfe Mﬁoﬁfcm G RIGR T ths d&vabd produttdRim tHethyU&alkylatlon reaction.
[m&gnerally desirabl e that the hydrogen is af | east

Yo pu/?ﬂ@y cqrongelaligsvedsilehenzpnc ford C@Ibbs'ausqdeé dtha l@vdtr%kylatlon step,
I Y, [ t cont.ai\ns, | es h
but étdelf e@bsl tthg 1;t) Bé h%E Qur}rty el§(\fael 0 ea% lléeassf;‘ B han 1%8{%1211%1 whereas the
sowved gy droyaines n@”ﬁmﬂ{n@ﬁl ites geﬂehﬁl? dtQPatidihat the @bdﬂ@eﬂl (23535 least 99 wt%
than 30 ppm for exanple | ess than 3 ppm by wei ght,
Puyl fur and/or |ess than 10 ppm such as less than 1
f exanm
0BT, o EYRTRY 355, H08Ta Oyt pORLRY N B coms s 100
ppmomdih(}isédssltlmrﬁi(]ﬂ 1ghen rfan geangfle teaadtaar1 00 gipfri by waighg wsater and/or less

| udi n f|x d bed, slurry reac and/ or cat al
thaaq@{).npma bt SRR AT eXaERie o bihar ABaY B WF £ sSifur and/or

les§[ﬁnh@tﬁﬁ§? @uﬁ%qgss]fﬁ)&ppp%ggﬁogggé&%plé QO Gan UCHADy weight, nitrogen.

bet ween about 125C and a C. Suitable reaction
[0037E s s uFles hadwalkglatier ncaddoot car)Beaoehdablodt in7 a0@dlck Range of reactor

configurations including fixed bed, slurry reactors, and/or catalytic distillation towers. Suitable

reaction temperatures are between about 100°C and about 400°C, such as between about 125°C
and about 250°C. Suitable reaction pressures are between about 100 and about 7,000 kPaa,
such as between about 500 and about 5,000 kPaa. Suitable values for the molar ratio of
hydrogen to benzene are between about 0.15:1 and about 15:1, such as between about 0.4:1

and about 4:1.
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such as between about 500 and about 5,000 kPaa.

Suitable values for the nolar ratio of hydrogen to
whem2assiar e bet ween about 0. 15:1 and about 15PdT/US200$1034823

as between about 0.4:1 and about 4:1.[0028] The novel

catal yst enployed in hydroal kyl ation reaction is a

conposi te of ecul ar siev an_ i nqgrgani ¢ oxi de
10038}  or Bt nPYS n%af%t oM da gv%@kalﬁama TBACHPB g rfacPgRosite of a
moTRLAE sm'v@ ﬁlaﬁlkfg%icaamdet Bigretdnp rﬁ%ﬁ{‘ b, l%le@aaf §1eﬁ L& b 89 drogenation

SO as have an average particle size |ess an 40
memh Iy patremdhﬂ yhel isezanihanid20s migctalishasas haesan ahawgellﬁhrticle size less

for exanple |l ess_than 5 nm Prefe{abl y.the averag

thaﬁa“rﬂt Krgy gengtally ey thaneQ Wy gk 4 leseithan | GHy qrﬁéamawg}ess than 5 pm.

Pre%rafﬂ?ocﬂ'% Qv&;%ég arddle Wl oF rthé fn‘o?%a%cogxﬁé’ls i8R 3P of From 0.01 to 30
mO.05 to less than 10 or 5 mm

uniyior éowed.(2 ad lckethah 26 Qltnwts%loﬁs frova (h§drodgertain dhoneual. Morcover, at

is orted on the inorgani c oxi de rather than on fhe
leaptn) Oe‘t‘:({)fg 8f theihygrogengtiop ngtaldy pupporteg on theripergenie Axide pafher than on the

motdRRP Ll %m hﬁﬁlclﬂyag dlpg ?&ﬂ*ed thit b?%{l@%/ 1‘9% ﬁ\hﬁgy@o 1f31y é%l hfelta? on a small

Si ze inorgani c OXi act e’ ca
paitinler @zs adrgesiccanpartbe avitity aﬁtleq&atakyeﬂt e tinccesed ystcompared with an
whi ch the hydrogegatl n_rmet al supported on a Iar
eql(@ala@i SRl Papt YRR thg @dmﬁ@}a&aﬁ.reet@xwo@pp%e a3t azﬁ?r > 40 pm)

parl‘u(: |§ZJ g*o\%%t Lh&hdé h'Iﬁ HR{OQVEF@ %uﬂ({] tlﬁ?tﬂlﬂy' rdv%me%lty in activity is

|eve out signi |cant loss in the selectivi
acmévddhwnh(mt&hgmﬁcmlo lessendbs iselectiyptyooluthesgatalyst to the desired products,

clo Iben ne d di cycl ohexyl benzene [0029]
Cyéé%%WEFP ne@ﬁ @Bﬁpg?néPEVe empl oyed in the present
[00291 Oad ket 8" M BIORCERS sRRe AlpIRNAriaGte RPEenShykRodlkyl@ton process

least 7 x 1 Om (7 Angstron) and conveniently is
hags afh gmregie pqm@mlzee@ﬁ it lsathét 7, 107 gm(7tf§n9§tromé@jndtc9nwemently is selected

e, and C si eye.of the |y
froD it bEtar 2colfl o Sty ad  ertiRiant A IRET S o the MOM-22
farBXANPE&Iitd.bSta Biad @Rt syNehesi3, $@8diB88scd] ROIB} ckhmple f[HIS. Patent No.
"MCM 22 fan1|y material” (or "material of the 22

3,308@0Py" or "npl ecul ar sieve of the MCM 22 fan1|y ), as
[Odéiﬁgd hﬁ{ee%:e f“MéM’ES Sfar%ﬁg r%[t?@r’ of f‘mateHQll glf glleal{/ICM -22 family” or

ves nma roma como egree cCrys
“mbléclildi sigvddfank MONE2TRkily”ak Okbdlherdm Qﬁd:lhddfsaﬁletolﬂ enolvd\bY:
f ramewor k topology (Aunit cell is a spati
ar r angesiseiel alpficyss ahasefrne A cpRman) fagt degree crystalhne building block unit

three-dy rnglill ce?lpl?a%e[hg B s W cf‘cg%%ﬁ gA dlnlt cell is a spatial

structuré cry st al ruc ures are
the ' Atrf&geméntZﬁ"ohﬂotm ﬁhah&wﬁnﬂb’d Ty plest-dirkéfsidnabdpddeodsscribes the

2001, the entlre content of which is incorporated, :
r ef er HWEEYL; SUUGBITRCRY A Clyptal, SlEUGhaEE 2 8}%%8@% Rilas of Zeolite

secondggg; F8HBR WI ngif Oé:iilftlonb eb ath% eﬁhfée rl%hf%ﬁ@' of which is

tiling of such framework topology unit cel
f or m ngcaporated as reference);

¢ molecular sieves made from a common second degree building block, being a 2-
dimensional tiling of such MWW framework topology unit cells, forming a

monolayer of one unit cell thickness, preferably one c-unit cell thickness;

¢ molecular sieves made from common second degree building blocks, being layers
of one or more than one unit cell thickness, wherein the layer of more than one

unit cell thickness is made from stacking, packing, or binding at least two
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nonol ayer of one unit cell thickness, preferably one
c-unit cell thickness; nolecular sieves made from

we ennsessecond degree buil di ng bl ocks, bei ng | BBEDS2009/034823
one or nore than one unit cell thickness, wherein the
| ayer of nore than one unit ceII thickness I's made

from stacki ng, packing, d|n Ie st
t wono 8P EYES %Weu{’}ﬁlcte c H?Wr eslacking ofssughigeqgnd degree

of su Cﬁhlﬁlﬁ%g&gclg%gﬁ &€ iy la'? gasﬁ 09105@ Q1aP & hf(‘)n a random fashion,
regul ar fa an irreg fashi on, rang
fashian@nymommywuomﬁwnaﬁumd thereof, and nmol ecul ar

si eves nade by any regular or random 2-di nensi onal or

3- dlnenS|o conbi nat.i on of n|t cells h vin

f r afeviBPIccY %%P%?ayna%duﬁay TRH B0 RROQT dtegfio ‘R?Q:M wmensmal
fam | yeogaiedtdhloy uﬁﬁ\é@lls’ﬂﬁhv?&gr Y MWW Faedciverk #3blogy N

|nclud|ng d- spaci ng maxi ma at 12.40.25, 6.90. 15,

570. 07 and 3.420.07 Angstrom The X-ray diffraction
[0(641 a udelpculer silugsaedt MGMa2t fhmilecaeialy hayean Brwiyrdiffrasyion pattern

1nc§1%(9 12% ar %aélgé h?%] Sk Satsl % agﬁls%ﬂi i 105:,1 h3§5n ’EEOS(HJ h@d %‘O&Qb ?Y Angstrom.

[S) InCI

Thdi XfrﬁﬁQilfﬁ‘%flGﬂi daqu Iu@eﬂiédo WwhifacRris€ ithé iﬂlitatﬁélOﬂeC&btﬁlﬁled by standard
and associ ated conputer as the collection syste

tecwq@% Pugh &y aviag tBe Kvelaho douglet jof qOﬁmrueﬁetmaczizmt radiation and a

gcéglrre%eg @%u :pﬂsdt}m? glﬁlgg{ltldl\}lgcouﬁteg %gd %gglateggg-hg%ter as the collection

systetes ddlémdarisieves & MPM-@@tfaiNdy ink | BREYIEBF-P? (&RBribed in U.S. Patent No.

498a2e 150431 HeaTeel Bt TR 7 7 9500 8723 (described in UL,
Pa&ﬂ@ﬁﬁ”l @@61667) ERBer nRbdrealin Batpbin PMQ{t'N@bQ%DSW ITQ-1 (described
17290), 'MCM 36 (described in U S

in 8. S5@a@ﬁt7Wo [6@%74198 dd€x? i (destribed Lm.gn:[epmﬂ@md RI@ent Publication No.

BN, BT ST $EELET M s

U.$, PabntORB) 5,2308785), MANES6 QllefiYed WO 108, PRicht Naersex®.697), UZM-8
Preferab%%, the mol ecul ar sieve is selected fron1(a)

(dasempedoin ((bP. MatmsNane786P30)s cing pesxtiies Mtivea taagor more thereof.
mg{y Stﬂgllgflﬂgr %J\% an{?Qgg ﬁoonl(jaié\{le%g? bg WW% and (c) isotypes

of NETVIO anddaCivned, @mbusﬂﬂ@@tt is stable and inert under
t he conditions. of the hydroal kylation reaction.

[0033] ¢ aplhe iossagitnPEidexararieysdney thsehysiipaldatign eptalypisispnot narrowly
deﬁnedlﬁroéfagd Fisatatid nPaekoghder Tl ﬁfonglo?qg@h§dro§lkgﬁtlon reaction.

umna, titania, or zilrconi a. oxi des’ ma
Suitishéel inongaadnoxdasriecluds oxidedohGraips 2, ﬂh 633 lanlalTﬂ)é roif rtlkye Perlodlc Table of
scheme for the.Periodic Table Goups S
EIGTRenEn STt 41 4 AU & GO N I B S Q\ﬁ Gy Gdmixture. As

uS&O,O[%gﬂl tﬁb Hhﬁl%tllﬁ/g sc‘B@ﬂ[le SO PEYSHIO m%tGr@ﬁpsnf@ ha HlSGl%Qecpl% Chemical
| oyed in the catal yst conposite al t hough suitab

andrEn@lhseﬂngd?ﬂ@m%@l),lH 11883). r ut heni um ni ckel , zinc, t| n
[O(ﬁgfj Coé)lrmlaﬂy, any known hydrogenation metal can be employed in the catalyst

composite although suitable metals include palladium, ruthenium, nickel, zine, tin and cobalt,
with palladium being particularly advantageous. Generally, the amount of hydrogenation
metal present in the catalyst composite is preferred to be between about 0.05 and about
10 wt%, such as between about 0.1 and about 5 wt%, of the catalyst composite. In one
embodiment, where the molecular sieve is an aluminosilicate, the amount of hydrogenation

metal present is such that the molar ratio of the aluminum in the molecular sieve to the
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wi t h pal | adi um being particul arly advant ageous.
Ceneral ly, the anpunt of hydrogenation netal present

WO poobhatseat al yst conposite is preferred to be PEL/VE®NI/034823
about 0.05 and about 10 W% such as between about 0.1
and about 5 wt% of the catal yst conposite. In one

mbodi ment, where the nolecular sieve is a
hydpogeratienimgtelas drom ROy ke a%?uth&?érpo@ér%@maw figpbout 75 to about

7SPIGEPIN frorh BHEN0DBLLARDD! ar ratio of the al uri num

I'n the nol ecular sieve to thehydrogenation netal is
[0083dbm aBwultydtogenttgoratnotal is1HO@Nt frothe exmppsice fataiyst abduthat at least 50

J%%?ﬂxggqﬁt?t jsogéé\’.\%t%-agﬁ p%rg? k}’l&)%%ﬁe%@%@mu%sﬁn?ﬂb gipgeg at least 95,

98 QR MIOF{% Lo &l Wt wBM T thh ﬁ&dt@%eﬂa@i@ﬁtmeﬁg 10ts? ?pd‘r% on the inorganic
exanple at least 75w % and particularly preferably

0X1$1§b§|ihaihtsl @hff@m@mly gobipvad by elapesidmy atdgash rpa199>f \Ahf%lyctmgenatlon metal
on %1\1/6 %I}Qrga}nﬁ% P%g%rbg o1 Itlg%me%% ol tafn?n(rjgomn%}égn? 1ecn?>i1 5 [i)sD %oné%o(g c}ed with the
rndlk)buﬂi@ BRsEL ﬂﬂlgacadsaﬂyﬁ adgditipall hydogthaeioh yebtagen aﬁbs@@ueﬁﬁﬁ?y ale deposited
on the inorganic oxide before the netal -contai ning
onjthey reahn ealyé compesithodiypisally the catalyshepapenitgris produced by co-
pel?ét&Xt‘?orb lltl V\Hl?&le? ﬁﬁ% re ijgl' tth&l ahalh%{%; 02&1%%{5 i d}gé}ﬁé %gude arc formed
can subsequent e dep03|te e resultan
inte @bﬁéty at high I]jnccssmrbe(gen'léyaﬂlycaiioluy%(l teeatwat 35,600 kPayposby eo-cxtrusion,
. 1S, uced el]etjzati in which m xt ure of
in phisTror @%0&@{% molgsulgh arcyhand %lﬁaﬁaewm%e opienaly thgeher with a
seﬂaPatthi%H @Fesfofged'?ﬁrgﬂglpé gesure (generally about 350 to
about kPa) , by co-extrusion, in which a
[0G85Lir r yF Q]ffthweeembd)ct:muhtarthal euglogridbinter, |snmt@@bmcieoma¢m1,als include
tional l et her wit par.at e. bi nder ed
syitRi s e e SR e oo i agteb ae Eils S R elay. silica
an@BPhNI Bxidb ARk, |atfd ink B0 Lo ifhic P ARraMBloREkrAhE ok MEIHEdSErm of gelatinous
synthetic or naturally occurring substances as well as
prachuietsarer gclyanepdia snistiets efssilidagand metel @ad%sn dNeprafhgtageurring clays
Whl(?fll gaensP Thed Iasa Lt Shadl® 1¥1 luge %Iotsre]eorf tﬂat WS q oMlIOT eurrgd R%lin families,
heF oot "gél at i nous preci pitat es of gel's

Whlldhc Iraidlilisg intlNdaIrtes sobbemkdnited aﬁhﬂdtHéEkzﬁjhn@Xwihﬁﬁonly known as Dixie,
Natural ly occurring clays which can be used as
MadNamRsr GoResiadad tHoR& 5RYY RE OHERt FoMNITORI @a@n@m@a@ qopstituent is

halfl(ﬂmt%( I%I hnf\f@'dﬁ:&qtfeafgclnk 3r ét{bﬁ!xfﬂ% Sﬁmclﬁg{gﬁn%nﬁee?ﬂ Hgtﬁ éll?é;fiw state as

I NS comMmon nown as
origindll{honddda initialiy suthj catdercaldimtion] aiid trbe@mint or oiemerabmodification.

stityent . is haIIo te, kaolinite, dickite, nacrite.
Suts?bq iqxade Rindeys enﬂ %B?f‘ BLURERIfGentan Htgnidy sdjcazaumina, silica-

ma@fcs, | GhinRlitdonll RAfaQhotid)i Gii@l ll)éf}rqlﬁla' belnﬁcgt;lﬁga linia as well as ternary
calci'nation, acid treatnent or chemical nodification.

corSpomfacmsesunbtaalsﬂx@madenmamlmt&ms siligefalvdengizire@ag, saliaardlmaina-magnesia
titania, silica-alumna, silicamgnesia,

coni a
and SRRl ERR Tl enhar o o1 ea barat e and

[0036| | CaakhduRitRe BpdrvBlkl1aBEn §8p NARiBhIGUIREEVd toMASdsSHEIbhaRylbenzene,
silica-alum na-thoria, silica-alum na-zirconia,

thes iefflusat droui tha-hyderedlsilationn scastion wllnagmeatyaconthigopmae dialkylated

products, as well as unreacted aromatic feed and the desired monoalkylated species. The
unreacted aromatic feed is normally recovered by distillation and recycled to the alkylation
reactor. The bottoms from the benzene distillation are further distilled to separate the
monocyclohexylbenzene product from any dicyclohexylbenzene and other heavies.

Depending on the amount of dicyclohexylbenzene present in the reaction effluent, it may be
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[0036] Al though the hydroal kyl ation step is highly

sel ective towards cycl ohexyl benzene, the effluent from
wao b@ohgdioal kyl ati on reaction will normally coPCEUS2009/034823

sonme di al kyl ated products, as well as unreacted

aromatic feed and the desired nDnoaIkyIated speci es.

The unreacted aronmatic fee |s nor recovered by
degragle; o) ta%mS%JﬁylaWdt%P Qeyel Oélax Benzgee W@ﬁdétqoaﬁl l?eélé%‘teo‘io maximize the
stillation are further
pnﬁﬁal (Pnﬁgﬁg&gg%gbgggQEhegﬁgﬂg%ycIohexylbenzene
[0Q3f7bduc"fraf1$adimlam]1 witle ytddililhaa&yjebmein ¢yracadlyotfhieeted in a transalkylation

heavi es. endi n.the.anou
readogy PGSRBS NS BB ED TP e 1o dot gyt catalyst
sudhfasTBYoREeEAESi &R BhE RIENIaSRhY! Aditd B&a, MCM-68 (see U.S. Patent No.
di cycl ohexyl benzene with addi tional benzene to
6,004l R, zeolith & @rm@l@@nmfo nl lesf trftﬂselkwégpm G@Ch@htsé}’lklyflﬂb’( @uaducted under
at I;QS% aﬁlal 11%81?1 ypgllla e-al; {: P l ky bosl 1ta\1’%éy tmc‘rilnsaa[ Ln}pg{aturﬁ of about 100 to

e ne I n
abSIRBODAT,, a PREAKSLE aﬂ‘)dd@ VSI)O h@ abyerzab kaph ah vRibht @86EPLpace velocity of
over a SU|tabIe transal kyl ati on catalyst such as a
abtmsllet@ wbavt 4} ey eonoiotal fieedhim Qbelfzamr/ﬂwclzb@ydhe@zm\aelght ratio about
ﬁlﬁ§ep U S. Patent No. 6,014,018), zeolite Y or
7 The transal kyl ation reaction is typically

(3@mnégﬂb@ﬁeu@dﬁnh@knleast partial |iquid phase
condi tions, which suitably include a tenperature of

[0038but moorrefsris smboduot, thecyslehssybenssne apsticedbip thegrocess of the
1nv%E&&{ 153%?%61];%(21’&6@%(}8@[%&@ 11n§%8%1j %aﬁ%ﬂgérg &ee(é% djhtggfyl%nzene into phenol

and eayzhjhekmony,c tleh exylbbeniiemecweighhitinly | exidizodit toothel :cdrresponding
about 5: Cycl ohexyl benzene Oxi dation [0038] In a
hy‘éa‘ro@?réf“rdéd Té%@cﬁCﬁ%lﬁphsh@ﬁ nggﬂé@ HIE A RS ACOBRBIHRE 83: such as air,
1nt9ya qlaﬁdpﬁ@a%gsc%n%flmﬁ%Qhé 0 @leﬁéygf%éﬁetfeur t[J?l%‘ke CORYGE! &6hospheric air
in order to c nver t he “cycl ohexyl benzene into
ox;dhmm lof apdobyoillmmesrmnontic dtisenccycl eheseyysbenzeneslow and hence the

o Rl S eb 5P aAR e o oper ox de.

[0(9)9}/96%@@6&%&%19&5 g@ﬁthesm@% Bbfizenk RMxRafioh Ity ke the N-hydroxy
phase containing the cyclohexy Y benzene. Unli ke cunene,

sutatlmﬁ@bhseghp emaieﬁ d@&qrdpad mN S;fPaéG;m INsh éxmokféﬁza@denwmm@d herein by
re I‘I%ISlCe nCguc a8 K@ % hjth%h &4 a?n\% aﬁ]dh WG haﬁ ide, 3-amino-N-
oxi gat PO i3 nor conduct ed pre n OF

hy &k aphsdlimide), O&th@md—lﬁtﬂyﬂr&%ﬁﬂhyﬁﬁl&ief QétrdchE)rO-N hydroxyphthalimide,
cycl ohexyl benzene oxi dation step are the N-h dro

N- éxﬂssgwheumé@ c%hy@rowh@@@ld@esélrlilxs*éwtﬁm@ﬂlgml yfgxybenzene-
1 264 ?rﬁgthb%gf%@@d (ﬁﬁ%&é@(ﬁ%og{%ﬁﬁ%c ?\lﬁildgfggg\gﬁ?ﬁdré{%ﬁ%nzophenone-

3 334amenacdim¢ﬂloxylphndmaj | Nilgdroxymaleimide, pyridine-2,3-dicarboximide, N-
et r abr.ono- N- hyd oxypht allnlde

hyqraxysicHPBRideNn: hy REPG de Imidhy dr NIy tyBOorbomene-2,3-
dlc%lfﬂ&gﬁﬁé,y hi ng, gingl ﬁydﬂ&c?ﬁ%&ﬁ%&&l’om Il]hteléfnj QBe-2,3-dicarboximide,  N-
ydr oxybenzene- tricarboximd

hystoNy-cd;rd'yythhex@(eplyi-dmaﬂjop(tmn:ie,d| i m de), N-hydroxy-cis-4-cyclohexene-1,2
dlC&f‘bOXll’nlded ' %yhg%?oggggpqﬁha%mlde sodium salt or N-hydroxy-o-
benzenedisulphonimide. Preferably, the catalyst is N-hydroxyphthalimide. Another suitable
catalyst is N,N',N"-trihydroxyisocyanuric acid.

[0040] These catalytic materials can be used either alone or in the presence of a free
radical initiator and can be used as liquid-phase, homogeneous catalysts or can be supported

on a solid carrier to provide a heterogeneous catalyst. Typically, the N-hydroxy substituted
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3,3 ,4,4" -tetracarboxylic diimde),
N- hydr oxymal ei m de, pyridi ne-2, 3-di car boxi m de,
wobgpdnassycucci ni m de, N-hydroxy(tartaric im depCT/US2009/034823
N- hydr oxy- 5- nor bor nene- 2, 3- di car boxi m de,
exo N-hydr oxy- 7- oxabi cycl o[ 2. 2.
hept - 5- ene 3-di car boxj m de, Nhydr oxy-

cycglicslngg% 8 ﬁléexglpz% N trihy drox X ISBepanHyie) @md is émployed in an amount of from
() C

O'dlt\il-oay r1 o/g(xglbnfgplﬁltoﬂ‘g)r %(L%Inh%g %;6218?8% i gog? ﬁio@% k6@)c(ﬁereygf(‘)hexylbenzene

[0 hy drSitpbsbemzemadifeu Hmh@ndmoaheste]gpnmﬂleireab tgmpdritere between about

7055580 Yt PRl AR LR IO A1t JARkT RhoBEh §R3pGp agpbout 50 o

10,006 &P aC ataalyy bk fociBbffaiifhS @aNpRErIFShiLl ddebe AN Qs C’che oxidizing
In the presence of a free radical initiator and can be

medyenl dBe retaqtnmdcqshtak@plah@ m@%ﬂem&stowa@raﬂoy@n@owrﬂocwﬁab@rs A basic

por t ed (Lanrier, tao.
buﬁuljti) eneo B‘e aﬁ%ei 9 T Bt A e Y Wéoﬂcﬁs Hiebmpy form during the

oxidlahat. i Itﬂh(ﬁﬂt@(}mbh@qhéﬁﬁ@h@ﬁe g be 1ntroduced Wthh can help dissolve basic
N, N, N'-trihydroxyi socyanuric acid is errpl oyed in an

compes. BEh ay Ao GabEN#HS! % to 15 nol % such as from

H TQ]? ?xﬁle"_Cl@P\L % of the cyclohexyl benzene. [0041]
ul & ‘condi 5 ons for the oxidation step include a

[0G4eiper Hiairenl beictieestc@boiit caDtiandf thb (Dyktlo]?@@ﬂﬁnzesmahto phenol and

s, about 900 bout 1 and/ or a pressure o
cydehsieness tevoltssosts, in\% YU BROER) ﬁ@dr@a%mmde which is
colcRicBfiaR¥cBd by c6RARE tﬁé ﬁng% etbRfle %’[hdé Edtﬁ?str[ﬁ W fuid phase at a
The reaction can take place ih batch reactofrs or
tenemdtinreueiusbdut @0° € eacbouts 1508Chasdlc abubder409g ageout ABY°C and/or a

be ad to react with acidic by- products t hat may
pr%}%%ﬁ%% Pnte %auaa?vé%h’%nsva cfist ROt 190 tRqeRay 1000 kPa.  The

c &mgl%ﬁifenlg%jd%ﬂe%i&i&@% Car@gcﬁﬁnwlup aﬁ@'ocr%r i %ol%&t' fnert to the

conp unds as sodi U nat e I'Op oxi d
clea}@\ra@mo{l,@ﬁm}i]as iethyt cthal katese tyql@hesample; phanhkor cyclohexylbenzene

to ggﬂgq d?] gﬁgﬁfg)vita 6[%Cg&ggﬁ%#ggtgozlg?sef%&teglegﬁ] conducpe((ji in a catalytic
disGystichaxy! benzene hydroperoxi de, which is conveniently
ef fected by contacting the hydroperoxide wth a
(00431 al yERe ¢atalysieenilopnddinphe steasageastere ppebarhomagenenys watalyst or a
200C t o _abo i 15Q0C, such as about 400C to about 12Q0C
hetgrotgfneougcatafé’ Sure of about 50 to about 2,500 kPa, such

(002 abCﬂﬁlta&Q:Ohdrﬁo@ﬂ%ﬁs dI08R gk Ratalykheinehdt thﬁiﬁi& laeidz @BRhloric acid,
hydr operoxide is preferably diluted in an organic )
phesphgahtacidadivtdredhlarie agidegih getobusaesuifgpic agidh HerrigeeMgride, boron
c liQr
i SO Siox KA Sl S0 a1 offctivp hoppopencous cleavage
catalys@avafke rpe@feltrednmonmgexmwemilmhgey catalystu st @dfurie acid, with preferred
catalytic distillatio [Oq43] The cat al yst

n
CORGTAITHREY nthenEangs é’év@@g 985 WhA bEOR aneFBYEREs 2cid catalyst, a
nefPlBhGH step pﬁ:f&@f)l?rfggg&}? %@cl@%@é ¥®b: Such a neutralization step typically

involves contact with a basic component, with subsequent decanting of a salt-enriched
aqueous phase.

[0045] A suitable heterogeneous catalyst for use in the cleavage of cyclohexylbenzene
hydroperoxide includes a smectite clay, such as an acidic montmorillonite silica-alumina
clay, as described in U.S. Patent No. 4,870,217, the entire disclosure of which is incorporated

herein by reference.
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[ 0044] Suitabl e honbgeneous cl eavage catal ysts include
sul furic acid, perchloric acid, phosphoric acid,
whyapostsiori c aci d and p-tol uenesul foni c aci d. PEEDS1009/034823
chl oride, boron trifluoride, sulfur dioxide and sulfur
trioxide are also effective honbgeneous cl eavage
catal ysts. The pr erred honogenequs cl eavage cataly
[0048] 5 Fhe erudgcgyglo %wnﬁr%ﬁewﬂl@a H%leiffpfnat%?eoﬁkeamet Hep may be

su‘té@&&?tdjfur@lepﬁuﬁﬁ’cagoﬁ tM\'trpI/BduEQ uBfiBP EPASINEQNSh A enol A suitable
atal yst, a

eutralization s ep preterably foIIo
putfiedvageosse piclies Hut insoft limited @i, acarist eﬁJdlwlfmtmalthers to separate

th G B SRR A Bhenth a3 iR SR aAIUisd cyplghgranone may
1tse£poé]f Abjt&iot RALGoPaTBbR UCHRRH B Calath YiSth pheRolUSEh dthydrogenation

the cl eavage of cycl ohexyl benzene hydroperoxi de
maypelpgtfesned, serezpinpls, @qu catalicsh sueh agplagimun, aickel or palladium.

t ilLonite sili al um S escrl
7" "plec S BT T B pUEPG P g not timit he
sa%ﬁkﬁhxhﬁvamgﬁrporated herei n by reference.[0046] The

crude cycl ohexanone and crude phenol fromthe cl eavage
Exgpple npy be subjected to further purification to

[Odggfd UCE, kit e i g%ghg&g %?g%g&mg@? 51998&%!3 p%otf‘tuf'o} ﬁltggl?drogenation

ification process 1nclu hot T t ed
moéal sme btresnohydtodkylhtiat beck-tocvaek gxpmmtxawatee:ohdhﬂ:ted on two catalysts,

ohex ne and phenol from other species
de%%‘ Rrng I e KERUHEY RGN feiethe pa@%w?%e? ts 4 %h&mna support.

Boggﬁéfﬂgﬁg BoRhihed 2! %g%% Pd %ﬁ@%ﬁ{ ? 0'nt anfind Qﬁﬁﬁllla cosﬁéﬂbtlzed with

ogenat i on e perfor or exanp e, over a
4. &catadl M@M -49 claidas algkb'htlom watalysi. c Ke¢ npain pda‘lférachemntw{:dnom’ta]lyst A and

cat%-lggtpl%m a%g %gg]é:g l&%ufm% (Iii\éfi‘ ﬁésgiclot; Tﬁ(ﬁgg&l which has an average

paﬂh@l‘ées%' 35 (R ¢RIrGhs, W&as -EQtabJs{ Esvl}a{s%hﬁpdr{é@ onPRIL@I&SN) average
of the particle size of the support for th

pattigkgrsogahaing fromedid Aesarbenzene hydroalkylatlon

back ex ment s. wer e ucted.on
0B8E 5 | B e B RSt b o BT B P Bl sy measured on a
Mi€&aPs-F000 152 %Efe' s‘i’ilﬁ»‘g %ﬁﬁze@guﬂd)ﬂ@d %Mcﬁﬁra@ URROHH E argo, Florida,
Bot h catal ysts contalned 2 % Pd support ed

USdn Haneras auspangigng aefpsiel émm@d senpls 4vgegusstl, MBMsugensions being

ult%g(lergl\%agencﬁ Ca%'[ﬂelat Ia? et 6111t1 galr Sttgl bre% HP; a%g?e{%;{ese r%ncelcal ms;‘ample amount,

autwﬁﬁtlédlﬂ@p @ététﬁdn&fl b§AﬁQ-an@‘§xIékL @)ﬁs SBu200 h:n@ aFharinstrument employed
average particle size of 45 %%g1crons wher eas

so%\gqr§|t%tre®%§ll g@ﬁ]ﬁ&ﬁstt@ sfisetive IQcml grag}ﬁer%\p@dd@@sured the particle
B340 A ! FOL 0 BB e oy
”Esplﬁmnbn sf Dat Rupasted bjdl\/fjcroaracwlmtrﬁxhbﬁs” Spd0atonsasee SL-AN-16 Rev B
rltttolé(gglé}lg % Zelglir:]l 1algs’n 21!1(}/ %Slgulatlgtgl éheogvnbzl Mpggts tﬂ’)}? %’hil{pn]%; Plantz, PhD,
available from Microtrac, Inc. prior to April 2008. A discussion of mean volume diameter is
contained in that document.
[0050] Each catalyst was prepared by first depositing palladium onto the alumina. The Pd-
containing alumina was then added to MCM-49 to form a mixture and the mixture was then
pelletized using a hand press under 136,000 kPaa for 60 seconds. The pellet was then sized to
mesh openings of from 0.841 mm to 0.250 mm (20/60 mesh particles) before it was tested for
its benzene hydroalkylation performance. With each catalyst, all the palladium was on the

inorganic oxide.
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15

USA. Agqueous suspensions of the alum na sanples were

used, the suspensions being ultrasonicated in the
wW@p@bgz4si6 i n order to break up aggregates. A tBRQI/US1009/034823

sanpl e anount, automatically determ ned by the

anal yzer, was about 200 ng. The instrunent enpl oyed

software that reduced all particles to effectiv

[005hher i Beth cafielyiistvers evae\wedww@u peginales igeatiegl @P’édlgﬁ)%eofaléooc 1034

kP%@EQ%&g}' gfﬁd dé m g&?gtg@tdﬁ& Bheﬁ?gutlég gfe s%g&gxfl a@g t1t gAes can be seen from

Tablatia tidegeformandayofMatatyat Bacad aptricmn®enhs’ of/éaﬁlysCAt | DHesconversion of
te SL-AN- 1 r m nol og abbreviations a

6 v B Te
catglypicvat ﬁlswécgrﬁgvmgh% YRy P VB )% P PisionE, Meregnet | fhe selectivity to
cydiotdxay abd altfysf r gM Crd?l'{s“[eﬁ’lgml% r?gc}gwpr LOr). B‘% APTHe  selectivity to
2008. A di scussion of nean vol I amet er
metlyhtyalopetanan(MEO&) ofl oatalysnB . app@@S @) b&Eaa e d@lahtyhﬁ%wbst most of the

nidB R e BT o RS RN gt e e TR Gl dgetivity of catalyst B

walVeMefiOntt & o 9F SNrRarl X9 cenidod. he m xture was then
pel I etized using a hand press under 136,000 kPaa for

60 seconds. The pellet was then sized to nesh openi ngs
of fromO0.841 nmto 0.250 n:?%lz / 60 mesh particles)
before it was tested for it zene hydroal kyl ati on
perEatapmace. Wth each catal yst, alll thespal I afi um pas

on %ﬁiﬁuw%ggﬁ M&ggeqa{rg&?gjduﬁ%ﬁ catalgssts were 3

ev nom-na enti'call conditions| of

15 34 kPag (150 psig) and 0.7 hr 1 V\HSV and t he

r T —TT |u.u! C 1 /\r‘ \z(.l.ll IJ\, oncn I UIII

Tab&%‘“’fmqnh(‘—?’tgérfor mance of catalyst B 433 superi oP?fo

t hiag %rt Aoy ST A~ The conversion|of catalyst| B was
gnifica

Si tI y higher (59 versus 46 |wt % convers|on).
Mof eoverCydldlexsed ect i vi ty to cycl ohexand.ﬁof catal ys2.6B

wais it ctandr nal v | Ay RO/ I I-V-S VIR R VAR 2.
VCy T— oCT CCI VvIi ¢

rref’h;r::;/gY‘g‘a@ﬁY%ﬁ%zeP?@;Bbf cat al y<>t B Z%)éears to B&7

t o be nllg Uipegd) of the hig Selecti {phy
to MCP is ue tg éRZ&hI( her )conversl on. pg‘ﬁe veral |
sel ecti vCHI oDCEE al yst B was excel{l ent 91.&t 91% at 91.1

nanrl v BEQ04A canvarcl an Tnhl e 1 rnn: ’)1 \I\Vn ! et h

pr esent VRUSKOFIGACHAS been descri béd and3 11 ust rat &

by Tefer f embodi ment s, tyiose pf

or|di nar yﬁg@? Cb’&loﬁ@rttﬂg&{aﬁlrelt%w || appreci atlégnt hat | t he >
invention lends itself to variations not necessarily
i I lustrated herein.. For this reas refere

1005b i’ MBU gresitteinycitiont bas %ﬁﬁBé%a%T&P Q| lidndlaptgied by reference to

paﬂﬁ%ﬁlﬁf@ﬁ%o&’ﬁneﬂ%t S JTL f ﬁlﬁ‘? ﬂ(ﬂl"ﬁl #HeORE Wil abﬁ%cﬁfeetﬁgﬂ"{he invention
i nvention.1l. A’ process produci ng

lendy gtiselh etxyhmmme met nedressqnﬂyo désgacdriprdis.i rl“@r tclomtreeson,nien, reference

benzene and en w t un "
Shi P AT FaiEo Do aBeIebh PGS R A ul ftpmiaiae the true scope of
thecp}ggeﬁtﬁk,&gl&,ycl ohexyl benzene, the catal yst conprising
a conposite of a nol ecul ar sieve, an
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i norganic oxide different fromthe nol ecul ar sieve and

at | east one hydrogenation netal, wherein at |east 50
wowewosssihe hydrogenation netal is supported oPCT/082009/034823

i norgani ¢ oxide and the inorgani c oxide has an average

particle size less than 40 mm (mcrons). 2. The

rocess of claiml1l, wherein the inorganic oxide has an
Marticle size of from0.01 to 30 mm 3. The

process of claim1l or 2, wherein the inorganic oxide

has an average particle size |less than 20 nm 4. The
1. pr odegsowhs dny wodcedj wyclohaiythenxiner ¢han prévess wompaising contacting

ben?zl);%liég %}J;@}%gégeg?&/@}ré 9%P&%ﬁdﬁ%ﬁyﬁéﬁ%lgﬁgﬁ&gﬁp@g éom]g;rr]odgc'e an effluent
coﬂt%[@@cfbh@}glg&lzgmﬁé SRy AtoMpridRg of chpdsBADF aQflecular sieve, an
el enment” of oups 2, 4, 1);’ and 14 of the Periodic

inoTgilie oside EiEfprsnt fonTHE Polscelss sisfe @hdianlGsivear diydroghration metal,
Whlze?e?% %tﬁllggsg ngdfgifﬁgf; %gglréll §oe Sé%%a[%oeli:lnmrg}re]tgﬂr igésétg?oﬂr%e%&%;‘ﬁhﬁqinorganic oxide and

theWiSe@hid oRldel g eh avRagd Par@dle tiR€ 1RY HaR A NN (aRrdBy.al s
supported on the mo;&gnl c oxide. 7. The process of

2. any The eceatbnol elbmn h whihesirethe inprganic dxédeshasoameaverage particle size of

h enation netal is applied to the inorganic oxide
froHﬁ?.gfgo ?(ﬁlémi' norgani ¢ oxide is conposited with the

3, ol %Utp?dce% SV&ainB1 of DEwWRERHEHS irefli@bRNd8 ha¥E b &irkle particle size
the catalyst is produced by dep05|§| ng the at | east

lespttenPPdmagenati on netal on the inorgani c oxi de and

4 the&aco- el letizing a mxture of the mnetal contai.ni

- i nor 48 Areceskioh &y Al csad e, Slpm, Vasrew: g\?el.nogg.amfh%xigé rl]lgs an average

ME%?%SI fingl alyp 8, wherein the catalyst is produced
pab)s epoglgti ng the at | east one hydrogenation netal on

5. t he Thapragass af awigeceding dlinen vderex thaudbregna axidd comeproks an oxide

t he net al cont ai ni i norgani ¢, oxide and the.npl ar
of gf BT 08 CTTHE IOBERES Gf anl? BRLAdab mihec PEHORC bl ph Elements
Tht BRoc8 R Yt § WhiBRIthé HokhRSo-8dDédER ses dlimidd) itania or zirconia.
process of any preceding claim wherein the nol ecul ar

6. si eVbe paeccanohemy agecog elaginz whofeimant leasists W% ofGhd Gpdrogenation
.Angstrom . 12. The pr.qcess of any preceding claim
me\%@iéﬁ%&ﬁ%?‘f&%&%g%{ﬁc Eﬁ“@%‘e is selected fromzeolite
7. bet ghe peddeld 6f 2y FOQdidgclyim, WHGERIthE alIREkt dnEBN gk @ition metal is
sieve of the MCM22 famly. 13. The process of an

appliedcte the ghosgaaiiqrpxidh detirg thehmorasniscenids 1Ss¢0@%@sﬁ%$%¥véth the molecular
Sieg,%ray diffraction pattern includi ng d-spacing nmaxi ma

at” 12.40. 25, 6.90.15, 3.570.07 and 3.420.07 Angstrom
8. The process of claim 8§, wherein the catalyst is produced by depositing the at least one

hydrogenation metal on the inorganic oxide and then co-pelletizing a mixture of the metal-
containing inorganic oxide and the molecular sieve.

9. The process of claim 8§, wherein the catalyst is produced by depositing the at least one
hydrogenation metal on the inorganic oxide and then co-extruding a mixture of the metal-
containing inorganic oxide and the molecular sieve.

10. The process of any preceding claim, wherein the catalyst further includes a binder.

11. The process of any preceding claim, wherein the molecular sieve has an average pore
size of at least 7 x 107°m (7 Angstrom).

12.  The process of any preceding claim, wherein the molecular sieve is selected from

zeolite beta, zeolite X, zeolite Y, mordenite and a molecular sieve of the MCM-22 family.
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14. The process of any preceding claim wherein the

nol ecul ar sieve is selected from MCM 22, PSH 3,
WESIAMSIERB-1, I TQ I, ITQ 2, MM 36, MCM 49, ROVESHNI/034823

UZM 8, and conbi nati ons of any two or nore thereof.

15. The process of any preceding claim wherein the

nDIe ular sieve is an alumnosilicate and the no) ar

13y at if§e grrogase of) 4y, H{?ﬁ? g MY RsEGHn e splgenlpin Sickg has an X-ray
dlfﬁm{dﬁgga@&h%dﬁa . ﬁaélﬁ?rﬁléxlélat & 159902366 otheIS, 3.57+0.07 and

rocess of claim erefn the nolar ratio i's from
342@000du8£@0m17 The process of any preceding claim

Ligel dBE QuPTROAT AAY PRFE THThGHIEH AT SRBCLIa; i i slected from
MERdL a8, sdB8.25ThRBOY, Oqutg pfQanWeKesE ditd1-abaMuM-56, UZM-8,
wherein the nolar ratio @gdrogen to benzene in the

an@mmla@@mmgqunyﬁvthemp@ﬁg@re from0.15:1 to 15 1. 19.

The ThHE ocesgc, of an g)¥ REGRES a|1 Bth oFfe iar eve 1s an.aluminosilicate
hydroSPE a9 SRy FEESHE™ TWC? e gt ﬁﬂ‘ §¥V? o A
and (12 rhé1aQ00 Of et @hin@mPh esStbR colhr 46 foahd Rffogdiadion metal is from
20. The process of any preceding claim wherein the
1.5pflP0@nt al so contains di cycl ohexyl benzene and at

6.{M E?ﬁﬁlggﬁ{c%ssod‘fci éerﬁl VQH&&IBQ@&%%B?%&)Q? & FRbAGhed

nzene un transal ati on conditions to
17prOdMe@nﬁmmi@@Mnﬁgﬁ&&h@%@hh@nﬂﬁmﬁntRﬂatwamﬁmb®g¢EQMmﬁmlnmmlE

duci pheno] and cycl ohexanone he net hod
Seleﬁﬁérof m@g?%w& ﬁaurey%lp%%%m BEn3shobaY- the process
180f "’PHE{ %:nz &E@édﬁl ﬁéhg'vgﬂepflg tﬂlikernolalr ratio of hydrogen to benzene

cycl oh xyI e to produce cycl ohexyl benzene
hlﬁw@pmpanqwsdeﬂamdnpkéiumn@lﬁﬂeodﬁdlohexylbenzene

19T [Fﬁgl%?ﬂ%)élssdq a@pl r 311{1%%112131?1? g/glpregb%ﬁwgﬁolq&yfa 1ro]8rclzgnd1t210ns include a
tengﬁg?qtg{eQQQO@tté BEN T dor Gl REBURNEIN B0 k760w Rab ur t her

20. The process of any preceding claim, wherein the effluent also contains
dicyclohexylbenzene and at least part of the dicyclohexylbenzene is contacted with benzene
under transalkylation conditions to produce further cyclohexylbenzene.

21. A method for coproducing phenol and cyclohexanone, the method comprising
producing cyclohexylbenzene by the process of any preceding claim, oxidizing the
cyclohexylbenzene to produce cyclohexylbenzene hydroperoxide and cleaving the
cyclohexylbenzene hydroperoxide to produce phenol and cyclohexanone.

22. The method of claim 21, further comprising dehydrogenating the cyclohexanone to
form further phenol.
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