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2007EMR51PCT PROCESS FOR PRODUCI NG CYCLCHEXYLBENZENE

CROSS REFERENCE TO RELATED APPLI CATI ON [ 0001] This
wapm@iosssb? on clainms priority to U S Provisi oneCT/Ba10e81072839
>oPRbéeeti on No. 60/974,304 filed Septenber 21, 2007,

(ﬁﬁe J?sclosures of which are incorporated herein by

reference in its entirety. FIELD [0002] The present

cyel onexdIGESST AR pRABPTIRG (RIcPOR Renznng

CATTU UP UTTv o
resul tant cycl ohexyl benzene i nto phenol and
cycl ohexanone. BACKGROUND [ 0003] Phenol is an
: R P 0 ED AMRIJLIATIONSt ry and is

CROHH R 6 d :
ful i.n, for exanple, the. pro ion of lic S

10GAES s Thi3; agsfn B RIeEs alFis A s Bl BlooBLERGin Gapplication No.
6097230k il SeptemBO04], 20071 et diYcloduh® GDShichoFERcoifutht@d herein by

for the production of phenol is the Hock process. This
refprenge MHEseCAliE(Bp process in which the first step

i nvol ves al kyl ati on of benzene with propylene to

produce cunene, foll owed by oxidation of the cunene to
FIEL® correspondi ng hydroperoxi de and then cl eavage of

t he hydroperoxide to produce equi nol ar apounts of
(00022 nol ThfBresb ipyrationgHale o amaceid [T TadwR Sygphexylbenzene and

e | . ;
opfﬁ%?aglg J?I:Z (%él%?l@l}p/g% ﬂ@?ﬁl%nF @3@1&1&(?/1'139&2%11& hﬁ{( Igfé yol t@l‘g@&ﬁ'ﬁﬁrexanone.

e cost of propylene Is
i ncrease, due to a devel opi ng shortage of propyl ene.
Mcess that uses hi gher al kenes instead of
s feed and coproduces hi gher ketones,

[0008] her PRABN A& L tiRRErtal B ot 3R 184S tdhdGiday SndRistr@ranat ks MiBeful in, for
route to the production of phenols. [0005] For

examplapths, prodidmni enploby akoneXysrhendlee c{capmiastpousadipic acid, and
kfﬁq%ge oxi dation) could offer an alternative route for
p 6 %noF‘production wi t hout the problem of acetone

[000apr 0dUEH¢mKy, tHdinfostlchbvat totte fauite FRdREtRAUSEPhenol is the Hock
cycl ohexanone, which has_ a romﬁng“narket and i s used
proggssanThis dy dtthicaistepgiroesss in 3dichinthg dirptvigroinvplyey »lkykatiop pf benzene
: 11QNS ' t i pi ' :
ARSI S5 O b RSP AL 1 s qponaine
hyduogeroyidonand. thiclowebaaetge dhitlsee Aydreperatidy eo rppodieer@@imaeles amounts of

t he devel opnment of a co rcially viable process for )
h &Hgiaﬁﬁog%eH@V@V?}h ey 18 Mieﬁlén% foatliag) 5 growing more rapidly than

that for acetone. In addition, the cost of propylene is likely to increase, due to a developing
shortage of propylene. Thus, a process that uses higher alkenes instead of propylene as feed
and coproduces higher ketones, rather than acetone, may be an attractive alternative route to
the production of phenols.

[0005] For example, oxidation of cyclohexylbenzene (analogous to cumene oxidation)
could offer an alternative route for phenol production without the problem of acetone co-
production. This alternative route co-produces cyclohexanone, which has a growing market
and 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. However, this alternative route requires the development of a commercially viable
process for producing the cyclohexylbenzene precursor.

[0006] It has been known for many years that cyclohexylbenzene can be produced from

benzene by the process of hydroalkylation or reductive alkylation. In this process, benzene is
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[0006] It has been known for many years that
cycl ohexyl benzene can be produced from benzene by the
wEe@omsssInf hydroal kyl ati on or reductive al kyl BET/082008/672839
thgg§ﬁ@épcess benzene i s2007EM251PCT heated with
rogen in the presence of a catal yst such that the
benzene under goes parti al hydrogenatlon to produce

heéﬁ%cf lg/?iih gl%(y%?;ge\é@h&g%&)pe%%%cgrﬂ Y, at ?fﬂtt he enéﬁ%ﬁglszteger tu{l(rile%goes partial
hydroddfatibR 0 %r%c@&%cﬁlﬂgie‘h@'%Mhﬁﬁh&lnalﬁirlaﬁﬁ QR®bbzene starting material.
hydr ocar bons over "catal ysts which conprise nickel - an

Thpgirle. Sesﬂ“attdnltN@fat @@%étﬁ |atnés4éﬁalé5 pasqleﬁstl bydrpalsyigtien .of aromatic

hy%ogarllt) Xi/e{ecagag l} ﬁoerﬁprlsf% 12%61125 arnl% 4n‘p0tr?1 38(12 zeolites and a
pal$dddin rptr(&doteﬂ Sﬁ@ﬂerlyeaﬂ Bhritceatied 4200/ 106 @ad a208/080Ridctose the use of
hydr oal kyl at i on cata@&:ts The zeolites enployed in

ruthppaga prd grickst tcogmouBdss supneried zeib| rpice sarsh-agfedy zeplites as aromatic
hy%ggfrkgtaﬁgn cyca@stspaﬁ?e %(eoplfés o a%dgz ilﬁ&é @r &t ptt;gfes%§ Gre zeolites X

eni um’and nic orte |te
and he amn ad&ﬂtlbﬁ by’ rieadnk \WNaat4, (erB ¥t pﬂops:tes tl-rb\uea/ ef ruthtrés@ and nickel
earlier osals for the h droa k | ati on of qinzene

SURRRFied Oy K8 biee B G BREIAER Y0BIATY-y Heghever, these carier
prc@iiégall]Q RPHE RENBEME akiSn 0P WenRAL tSl!lf?éf' t?(;rh)fh %rogfe%q{ﬁtctﬁé k¥ectivity to

e benzene conversion rates, I"ar ge
cydulmlyi‘ttenweoﬁ lom\mrmce@hrbyatmcmmbjmlcslly plabtm @ukcarel opnversion rates, and

o SSRGS DN PRSP S.BESTUES sane o

nmﬂﬁg@kgﬁggmhga&e@%gh@mexylbenzene select|V|ty in the
hydroal kyl ati on of benzene can be I nproved

[O(Iﬂﬂht aCMprﬁgrqcm_tlybéhSeB@te@thoh@Qﬁaéé?n hog ﬂmc]gsec%/ that cyclohexylbenzene

Ifunction rising at t
selﬁctazltg in rt]% Iﬁ}édﬁoaﬁnf@a o of] eél S @0 e 1mp§(lavee§ébyocfon%aﬁtlng the benzene and

h &@@‘étﬂ%}lﬂﬁmﬂlﬂmcﬁd&ﬁl bytdfy@g eqapiicng AElalt bse Pyélogémibioy metal and a
selected fromp aIIadllg%yruthenlun1 ni ckel , cobalt and

makgoriassieye phdeddt Vrdd farpidy . c bit hxdrogrgatdenemetal isguplgtadetplected from
pal du?f"mt T%glglgﬁggg&l%lagw and ki3l Otﬁe gf galhﬁsﬁllér 8OIR£ct1ng step is

out’ a, a benzene to r ogen nol
comdaicted afa ehgutatire @Y dboutl OO t@ B0 \AV-ﬁVsmfre af)abﬂiutOLOOJIotmOO kPa, a

belel%%gﬁ &%@?@éﬁ&@ﬁ%ﬁgéﬁ%% %fvﬁstehsﬁta%ia%@ B0t 0.01 0 100. The

‘5 BORERRPANREAILSG e rtﬁ’ep%s%hﬁ%%e&?l%e&feh@@aﬁethen be oxidized to the
deconposed to the desired phenol and cycl ohexanone.

coffr@po8Jindclguirahicnexid® anfhethpresentle i deeemposed, toi thehdssiredwphenol and
Qein found that the yield of nobnocycl ohexyl benzene in
YEREHRYM0al kyl ati on of benzene over a bifunctional

[0008} al yﬁéco@&ﬁ@rtb&hqur@g&n{\/@weaaoﬁ afilay #PPIbkt® faidl ehat the yield of
hydrogenati on netal is hl%tr(]ﬁlé ependent on the
a tig

Moy yibenzean cinr thei hydso edshapeine over a bifunctional catalyst
conipis. ﬁé’ %1'1 (RJP@I@/&? Farm eomeeelm% | I’?y(frogen Slnﬁ‘i 1scl%ghly dependent on the

hydrogen/benzene ratio of the feedstock. Monocyclohexylbenzene yield is the mathematical
product of the hydroalkylation conversion rate and the monocyclohexylbenzene selectivity
and in particular, it is found that the yield of monocyclohexylbenzene is optimized when the
hydrogen/benzene molar ratio is between 0.4 and 0.9, especially between 0.5 and 0.8. In
contrast, it is found that when the hydrogen/benzene molar ratio is below 0.4, the
hydroalkylation conversation rate is too low to achieve a high yield of

monocyclohexylbenzene, whereas at hydrogen/benzene molar ratios above 0.9, the major
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product of the hydroal kyl ati on conversion rate and the
nmonocycl ohexyl benzene selectivity and in particul ar,
WO oowe3dspund that the yield of nonocycl ohexyl bReR/Esz08/672839
>0@Bib4TpEed When the hydrogen/benzene nolar ratio is
between 0.4 and 0.9, especially between 0.5 and 0. 8.
In contrast, it is found that when the

o SER PETenSSRbBr BB . DENBEB, dstrvemene cn be

trafGliy®M&d abdtkdho Y nfndcRiloHROMeNLhehaky | bapzen etraﬂg'aﬁay%én is not
at hydrogen/ benzene nbl ar ratios above 0.9,

inspejiia¢aRO07EMRS51PCT product tends to be
di cycl ohexyl benzene. Al t hough di cycl ohexyl benzene can
be transal kyl ated back to nonocycl ohexyl benzene, the
SUMMARY transal kylation is not insignificant. SUNNARY

0009] In one aspect, the invention resides in
;{r?_ﬂbces@ FISraspAcH dle TGN ESPCICEHRS DRieg s dor mrﬁéu%mga gxcdehexylbenzene,
théﬁ@@%é&h@& 1%9) feedi ng benzene and hydrogen to at
|'east one re

tion zone; (b) contacting the benzene
and (9)ydr égeing iensaicdnd hydegst tocn éease@etreamionaoge;under
hydrgﬂlkylatlon ondi ti ons h a Catalys ystem
i si ﬁantact],p& tég @p%zreng @Jé@gly gg?l‘hgl % %9 t’one reaction zone under

e

rayatliffreet®n et jyotusigen d{spmmgrmaa[ma et pRddice, é@iO 15, 3.57+0.07 and

3 b 03 hesfRE B el e VP Lomdiag Sy Al af Sfyent containing

cySohtyBencBaSVhQBiR the Aol SMhZ ARE duthbleh 8f MUNRQIT h9liroTBh €K to said at
of benzene fed to said at |east one reaction zone is

leaplepngersact®nizang o oh@numb¢rogoplecoh berviceated/to saie ar lgpstene reaction

r of noles of hydrogen fed to said
Zon%m&mgw?nggtmggggﬁlon zone to the total nunber of

[00T0] es ©énveaiRABNEhE @atid Of SRl W@talinuh®as bf altdest &agfidréfen fed to said at
zone is between 0.5 and 0.8. [Q011] Conveniently, the
leagipPRs: fagHORs ZaRcetq dhestoral arugber pérﬁlwwewsafgd X6 said at loast one

reauﬁéﬂ gén Eﬁv&}een b-Eth 0 é T2, MM 36, MCM 49, MCM 56,

m xtures of ‘any two or nore thereof, and
[00ddpeci @bdvenivhilg, 2Re MvilMEAS, siMEMISEelacteld ifot M@M -22, PSH-3, SSZ-25,

EREY e D al 0 M6 arCal-edi M ognb e Raand ctures of any two or
eré“éH%?é@)'f WA e@%ééh‘a@l MEMLS2, MICM-48NEiChRL %@'atnd iSOPRRS 'tlfé'rédof

pal | adi um I'n one enbodi nent, at |east 50 w %
[0013} e p@@f\@mabﬂly said dtelastt ong hW%geaatd)nnmsnal is selected from palladium,
ruthenium, nickel, zinc, tin, and cobalt, especially palladium.
[0013] In one embodiment, at least 50 wt%, more preferably at least 75 wt%, and most
preferably substantially all (even 100 wt%), of said at least one hydrogenation metal is
supported on an inorganic oxide different from said molecular sieve, such as an oxide of one
of Groups 2, 4, 13 and 14 of the Periodic Table of Elements. Such oxide preferably
comprises alumina and/or titania and/or zirconia.
[0014] Conveniently, the hydroalkylation conditions include a temperature in the range of
about 100 to 400°C. Conveniently the hydroalkylation pressure is in the range of about 100
to 7000 kPaa.

[0015] In a further aspect, the invention resides in a method for coproducing phenol and

cyclohexanone, the method comprising producing cyclohexylbenzene by the process
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preferably substantially all (even 100 wt%, of said
at | east one hydrogenation netal is supported on an
WO papgasshe oxide different from said nol ecul arPET/ESm08/072839
2o Hfhs ey an oxi de of one of Goups 2, 4, 13 and 14 of
tEe Periodic Table of Elenents. Such oxide preferably
conprises alum na and/or titania and/or zirconia.

0014] . Conveni ent.ly, the hydroal kyl ati on congdi ti on

AeTeRBI G4BT orpEVRDr 4 mer R agoBt  dhodtodt cgcionexylbenzene
hydBp&aExidComentfmtd yhet Bﬁl&ﬁéQ%l‘Bé‘ﬁz‘éMé %&H@gelﬂ&ﬁl@%r Frod&ce Phenol and

t he range of about 100 to 7000 kPaa. [0015] In a
cy¢lohaxaeencaspect, the invention resides in a nmethod for

coproduci ng phenol and cycl ohexanone, the nethod

conpri sing produci ng cycl ohexyl benzene by the
DESCRESBION GAMEHEPORAWINGSbed herein, oxidizing the

cycl ohexyl benzene to produce cycl ohexyl benzene o
[0HPlr opdewRi dis wawPk 08 £0NYRESIeh 82Nt hyHivRe! e hoeare molar ratio in the

' ol and cycl ohexanone.
bm%é%%%ﬁﬁé@%kﬁﬁgﬁﬁ$@§%§£§?ﬁﬁg§P0016] Figure 1 is a graph
[00d7] conkigursi Dis agadphsdf dyygtbhogeberzend@HEBN eclemivity apaihstohydrogen to
in the benzene dr oal kyl at.i on. process of EX le 1.
benzspa P laErgiora ﬂ?rg%z%eéw%)ﬁhﬁ?at‘@%’lf%ﬂ?é& hé (CHB)

ectyr; agal 1tQ 1l
[0638] Flg'ﬂnteﬁ %3‘?2@% ﬁ%f&gﬂbé&eﬁ@ﬁéﬁn&aﬁgﬂnﬂdgﬁﬁ t8 behkene molar

t he benZene tion process of "Ex
ratjo00 18] baRrgnerhy d®alkyladiog mapdesodf sacipdhéxyl benzene vyi el d

i nst. hydr.ogen to benzene lar ratio in the benzen

095 oatiegeatis oy L8 BPSelas Bl b MRngEREShRydrogen o
benRn@m@laphiodh titH khsdR S udaRENARAPrédd I B Ea@iBEti Vi ty

agai nst hydrogen to benzene nolar ratio in the benzene
[09231:” odiiyieatih e araphof dissclohoxgienpine vield pooBOhydEbgrte bgnzene molar
ratlodin Al API gl UL ORGXYIDERAENG il §1 d agal st

hyarogen 5 BenZene mollar Fati o it he benzene
DRWATICED DESCRDPTIONCess of Exanple 1. DETAILED

DESCRI PTI ON [ 0021] Descri bed herein is_a process for
[0Q24E nylessHbed, hgicithis 3f PI9EsHs eie they hydialkydation of benzene to produce

cyagﬁe{xgﬁ%@e}ng Ghd Bk tl?enéjonRI R)ntol? Ni1eY Yo%re%lllg%hzgfle {Ipa@two step process to

cyc exyl benzene in a two step process to

cydyledxahexamdpheasid [pdodarals.thd ygisdak ylatsont dtep produces dicyclohexylbenzene

. hydroal kyl ati.on step produces di cycl ohexyl benzene in

in 4giBan Brine GovRe TRABSFY heREeTEr BIRERSH DerEee pRdatige the further

ste% Re tRhQA8IRingaRe HRGHBE&y AR dE W iteLddBidRRI nzene to produce additional
ransal kyl ating the dicycl ohexyl benzene wth

maaddicdldhsrgberzenzpedudto pr oduce addi ti onal
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nonocycl ohexyl benzene product.2007EM251PCT Benzene

Hydr oal kyl ati on [0022] The first step in the present
W@r@eA3ssITOoNpPri ses contacting benzene w th hydpones2008/072839
>o4P gﬁPPXdroalkylation conditions in the presence of a

hydr oal kyl ati on catal yst whereby the benzene undergoes

the followi ng reaction to produce cycl ohexyl benzene

CHB).: [0023] Conpeting reactions include the conplete
Be&é‘?‘\ﬁvlﬁ&(‘}ﬂﬁ%bt‘f’ﬂe benzene to produce cycl ohexane,

[0022fl Kytrat HiR0step iR HRAMERNH brokeds deprseaA@RBn@ BEnzene with hydrogen
reorgani zation/al kyl'ati on reactions to produce
underpydiaalledationeondiionsin Mg prgsdnep of eyhydesrtleneionvarRyst whereby the
b D e e BRI R B IE el e AL BRG] ©
cycl ohexane represents |oss of valuable fe wher eas
impurities such as methyl cycl opentyl benzghe (MCRB) are
particul arly undesirable since the boiling point| of
MCPB is very claosg to that of CHB so that_it isJvery
difficult to separae MCPB from CHB. It | efefore

i mport ant tg inimze theyproduction Qf MCPBl i npurity
allk

in the hydr ylati ¢n reaction. [0024] Any
conmercially awai Labl e benzene feed can be _us in the
hydr oal kyl ati on step, but preferably the (s 3 has a
purity level of at least 99 wt% Sim |l arl ough
the source of hydrogen is not critical, i

generally desirable that the hydrogen is & st 99

wt % pure. [0025] Preferably, the total feed to the
[01BHr oaChypaingoractiosp indudeathescongdete tshimmtiv00d thprbensmetto produce

ex oS PSRN, B el 26, SEPTRS PSSR SOR B Alson e
redcB8&Ss 11 PRodHRO iRRNYitiSH CducR Sas! ﬁ}%ﬁ]y‘lég@l%%)&gy]@&mené Q1MCPB).| Although
re

exanpl e less than 3 ppm sul fur. erably, the tota

dicyelebexydrenaingscan ds Sranatkylatod pp podyerc#dditeonabE IR prgduct, conversion to
for ex e |ess an_0..1 pp nitr n. .ln a.
e Rl ATETRG I8 oo Cnmalhiben ) MIBREE, gihufes such oo

meftiyédyelopbhtylbahzent NMEPBY atchpartibiiey madésirable dsipdeefher bailing point of
| evels for water, sulfur and nitrogen ar

MGRIp i\ CloootPehiptf 6EB po dpbit irkay H}Qfépﬁémﬁw%ﬁeéﬂcm from CHB. It
is {h%fae?&b Qng?ﬁ'ﬂlt hé n‘ﬁﬁ{hﬂg& 'ﬂ?ed]?ﬂo Hucgmﬁ”eog q\/lgﬁﬁgﬁl}}ﬁ%@; e Hydroalkylation

configurations inc ing Tixe urr ctors,
rcaatiod.or catal ytic distillation towers. In addition, the

roal kyl ati on.reacti an be_cqnducted ji.n a single. .
lﬂ‘%gct on seneeBial brvalghly g%ﬁe{l?fe&g o it Broghin SismRelroH 1 ylation step,
butpictBa@y theBshzchb ®ah¥ANREE Neved of At 1QGUOL A0 Shfilarly, although the

reaction 1 n stages.

source of hydrogen is not critical, it is generally desirable that the hydrogen is at least 99 wt%
pure.

[0025] Preferably, the total feed to the hydroalkylation step contains less than 1000 ppm,
such as less than 500 ppm, for example less than 100 ppm, water. Preferably, the total feed
typically contains less than 100 ppm, such as less than 30 ppm, for example less than 3 ppm,
sulfur. Preferably, the total feed contains less than 10 ppm, such as less than 1 ppm, for
example less than 0.1 ppm, nitrogen. In a particularly preferred embodiment at least two, and

preferably all three of the above mentioned preferred levels for water, sulfur and nitrogen are

achieved.
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Irrespective of whether the hydrogen is fed to the
reaction continuously or in stages, it is inportant
wo bav/osdseo rati o of the total nunber of nol es oPCT/US2008/072839
>o¥Ehogep fed to the reaction to the number of noles of
benzene fed to the reaction is between 0.4 and 0.9:1,
such as between about 0.5 and about 0.8:1, for exanple

[0@%' Wee’Eh ag‘gaftog&gflgﬂ? reﬁc}k%l%giht {:que %gng d?f&%%x%w%’%{e range of reactor
cosfkAtRhk lifdudiRe fedrRdetiutd ReASRNEnd® edtalyBE Idtihlidd wers. In

these limts maxi m zes the'yield of cycl ohexyl benzene
adw@motm: lefudgqaﬂfydaé@ntﬂeyctionccraea@ ngndun@dymea dingfe reaction zone or in a
C Ibenzene { table.t.e S
plué%ln 01” ca ng Zﬁgesnlnd\?]% g{n ’9 ll%a Itlben IdIéO%{l I1501n uce%%l # reac{lon In stages.

Irr@@@dﬁve ]&QgﬁétﬂdidhaQQdﬁogé@ﬁw%d BUGH r@zfctlbﬁtdéﬁﬁﬂﬂlo@bl@%r in stages, it is
125C and about 25Q00C. Sui t abl e reaction(fressures are
I

impertans gt dsotatiodoha tfalapsker f oogek phhydragi@nfeg do the reaction to the
0 he
nu}glg%%\@e&o%@ Q)lftbeﬁgegle iy t(ﬁ ulte(ajr 021] 13 qég)?e%o nd %) gﬁ%h 902 such as between

st enpl oye
abdait fous amd aimmlt Ocsat by s;tanqﬂmbemen gbautrﬁ)ds andihbout . 2Ve Imbartlcular, as
netal. The te

he MCM 22 fa and a. h natlo
will Popps apa%fﬂiﬁ?f o Frafing (o mPla SR T fin e ygragepy@ benzenc molar
ratfannlh}ﬁ tHeke 1ﬂ?ﬁ{seﬁlld&ﬁhzés' ﬁl\éeylelfd 194 @yé@%xé%eﬂ%el%ltﬂout AFgnificantly

used herein, includes one or nore of I"'ecul ar
m%a:asmgshmdhi dfrdmmch)he@ythmzeﬁe: rst degree cr ystal line

[O@HL L\%ﬁﬁggt S%g}pggv}res? 20 ﬁ(?liléﬁgtérfg gfjhr El&(? hg‘?n tr!ga%tig/rkl/wvare between
ab&t 1B LERNMboRf 408bORicHAE G8wkén oL e € and about 250°C.Suitable reaction
t hree- di nensi onal space describes the crysta

pressurecara betweSuebout 18 ad about cl00ridsiaasueh db detwesedbout 500 and about
5(@331 ‘Atlas of Zeolite Franework Types", Fifth edition,
f the entire content of which is |ncorporated as

[0028f er engeitalyS0df IIQH&&F inS HRVRRIrsedBatf dnORa@idnO NP Bifunctional catalyst
second degree bui 1l di ng bl ock, being a 2- dinensiona

comptisingya gholeerdsr AN ofr thadioMc22 cﬁfpmﬂb gyd ariydrogendtion metal. The term
I\/I&/Irﬂfi%g}ll)y rna?t naﬁyg C%Iflatgrrl]éf olfmhe fh I Clplnessmplecular sieve of the

preféra e ness

MGMeYERNTRAR afsmmme@mncleemnﬁ odengreef.bw | di ng bl ocks,
being | ayers of one or nore than one unit cel

t hi eknaskculpnhsigess madedranay spmofonnisedagneacrysiellion btuldmg block unit
cell 't hlllerﬂ]?c% untlts %erfplga% tIle W%akle%k RS Colfqlgrglgé nit cell is a spatial

bi ndi ng at’ nonol ayers of one

t hi cknesmgenhtie 6ft akisnghich Fuiled seabRe-diagistab lspicﬁl &@cribes the
bl ocks can be in a regular fashion, an irregula

f ashi o(‘ﬁ'ystgl SEICHB 8 $@h?@ﬁtab9@ty@ﬂ?@§ fmqhscusse n the "Atlas of Zeolite
Framework Types", Fifth edition, 2001, the entire content of which is

incorporated 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
monolayers of one unit cell thickness. The stacking of such second degree
building blocks can be in a regular fashion, an irregular fashion, a random fashion,
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or any conbination thereof; and nolecul ar sieves made
by any regul ar or random 2-di nensi onal or
wW@2@o088839 onal conbi nation of unit cells havi nBCT/H8200N72839

JEasEves k topol ogy. [0029] Mol ecul ar sieves of the
ZOIZ/EMZ%am l'y generally have an X-ray diffraction

pattern including d-spaci ng maxi ma at 12.40. 25,

6. 90. 15, 3. 5@3. OZ ag% 420Q0. 07 Angstrom The X-ray

di f f r BHSTOUIE S 196 4ar act eri ze the material are

obt 3i N&GIcbYaStidNdan et ':Hﬁ/'lg Sr SUGRASR MikREsibRE or 3-dimensional

K- al pha doubl et of copper “as the i ncident radiation
and a @birrﬂﬁnaaiotn@rffun'e iceléschurivpyeettic \MWPW drapeivotk topalkoigpn

nd associ a the cql l.ection
0@ oREHaE SRR S dbediCR e T S5 15 fExgiy difraction
paﬂt@M 12181116 S QLdpREfg | Madim2. aPabeny MN0.6 P, 33510.0PShHd33.42+0.07
described in U. S Patent No. 4,439, 409), SSz-25

n(gélfé@@r | Eléde reyUlifiractian edite Nead 1, glpsaceTie thERBaﬂerlal are obtained by

sta{m%aerég“ 1qyes sucﬁ%r%%glggtnléeﬁ taﬁé}la(sc!\olgﬂ?]fg gg‘i é].sdlh-r%mdent radiation and

a {idesasmbed dqbiphed eviftatad eciatilldhe séuntitbhnd a&saamé&o computer as the
W97/ 17290), MM 36 (descrl bed in U S. Pate
colieepigy 825791)1 Meiruor figess @fitheMGH-13 @mlb’aliﬂé]h‘fie MCM -22 (described in

r t )
0§ BEEED 4 I, (Semeetlr S, ke ou 09, 5523
(deﬁcﬂl&ﬁ Q30).S. dracknmi X6. u4&6,@57)§nERBV\b (Gescribece it NEurepdan Patent No.
f er abl ﬁ;dthe nmol ecul ar sieve is selected from

02WMQTQc epgmitedgn dha- Patent Neoyds498). W@#&@esalﬁlaf?(d l)n International
PSSy Do REM AL KOOI S 250277,

MCHI-49 (/@Tscr&ieﬁhﬁllgﬁ Batbﬁtalbbes mﬂa?sa M@Mm(d@airibaahuums Patent No.
ruthenium nickel, zinc, tin, and cobalt, with

5, 30160 AHi Wbk (drycbad: inc Ui SarRaiens dNea e BGe30% . andamistues ¢f any two or
tal
0, R SOOI S REER T 1D S ) i

andi&c) hmtme of Mo t490ant] M@M-ébmmth bs Q2 of the
I n one. enbodi nent, re the

cat al yst
106331 e LR} ke Bydrozgatign @Fﬁtﬂocép e@gfpéqudﬁe té%@ﬁ?nt pdroalkylation
cat?%gtlr ﬁ%ﬂgﬁ 's&%bq@hé{alsofn%ﬁﬁ@t all§d1§1'ﬂclﬂltﬁaﬁﬁmt Jﬁ%kéf%ﬁ& t1n and cobalt,

the alumnumin the nolecular sieve to
withlyphlkagenmfoamg peeti@ilarlys advantagabout Gendgally thb cautouns Of) hydrogenation

for e m abput 75 to t 750 ch,, a ro
meRE0n e e 0 eT B P OTHbd Al JRFe S S Paveen about
0.1MBYd BBoi 3 Q&I of WRPEAthISS. O bhe e%%g&tfﬁfﬁbﬂeyﬂle MCM-22 family
nol ecul ar sieve by, for exanple, inpr egnatl on or ion

mOésc@lﬁarsg@e IHwelyainosiligatg, ?h@ra@qynbﬁ%hydé@ge@mmn@hpresmt is such that
the 1%%?21‘% r%?o % tﬁ fh?rgnn%)r(naﬂp {h% r%(t)lecuﬁg §1eve to tﬁ% hygpogenatlon metal is from

about 1 5 to about 1500, for example from about 75 to about 750, such as from about 100 to
about 300.

[0031] The hydrogenation metal may be directly supported on the (MCM-22 family)
molecular sieve by, for example, impregnation or ion exchange. However, in a more
preferred embodiment, at least 50 wt%, for example at least 75wt%, and generally
substantially all of the hydrogenation metal is supported on an inorganic oxide separate from
but composited with the molecular sieve. In particular, it is found that by supporting the

hydrogenation metal on the inorganic oxide, the activity of the catalyst and its selectivity to
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substantially all of the hydrogenation netal is

supported on an inorgani c oxide separate from but
w@ormpo3ssped with the nol ecul ar sieve. |n partiPRCi/ag2008/072839
thﬁMﬁgygp that by supporting the hydrogenation netal on

the 1 norganic oxide, the activity of the catal yst and

its selectivity to2007EM251PCT cycl ohexyl benzene and

i cycl.ohexyl benzene .are_ increased as c ared with an .
ey QR B R A Ao NS ARG o T Gl G B i an cauivalent
cata§ysSHRARER 8¢ h9BrdoBRatiFRlSaM! ig5uppof¥& on HRABSLculhiSsicve.

I norgani c oxi de enpl oyed in such a conposite ' '
[003¢hr oaTheyinatgianie axadeatnysipyddsinrroeh aaompnkite Ieikeaiedation catalyst is not
w0 A ot ) S REh MEEs PRORRBCAL R rostyion
rea@fdrd eSuitadld MeganiidBtaks dhclideiidesbf Grougs32 a0 d 31#hdof4 e Periodic

Peri odi ¢ Tabl e of El enents, such as alum_ na and/ or

Taplet efnEtementn ohclyjap @brnina and/oydianipengd{os zikcasianufpaisehdierein, the
nufBOGIE fimd 16 B PedticT AR MRS ik isdlogl 3 hemical and

EnYhecringEcesat@(3)s27 A8 e nMhonid aedya sgaemesmpesafa ¢ongposite of the
(ﬁnl cul ar si eve and Ihe.'qgrganl oxi de t#at is .

malfoufE SERE 9hd 01 ARSI SR BT8RO IR AN (glccular sieve, these two

co&ﬁ&&%&eﬁ%%oﬁ{'z&ié}ﬂgvﬁ&eﬁf‘iﬂ ¥ wRigR ¢itio 1@ r%%e%ﬁ:l(‘i & 16:90, such as
ih the range 90:10 to 10:90, such as 80:20 to 20: 80,

80£20rto éf&fipfoe c¥0onH0 7080303000 0r 66804946:6040: 60. [ 0033]

t he above: nenti oned ,pref.erred odi ment, .t he . .
1003hr ogendd GROVEPSR 6 GBEOST e A BHIGHEL, s Giffogenation metal s
defSosite® on ERMABFHaRR d YA Yoh VERIRE D B/ iRpreRBAGH, Befdd®the metal-containing
~netal -containing inorganic oxide is conposited with o
inarganigrexide if eompnisiee witiyihe weldoylar sigee.c Aypicglst, thoegydgittcemposite is

o Re Bl 5755 PR T AR bl 1 BRRML 45 e o
coxXinfey Mbezahr srede bt formed id ehdts At BIxhpIreSsty @enerally about 350 to
égenerally about 350 to about 350,000 kPa), or by )
abi-390:000 sk Rsny, 01f by wRTeHusoR| i Whichfa slHey rhs| the mrolecudaresiere and the
_ i tai i ) . e, )
R T e L T
thrdugh a die. nEoessary addiddndl ihgdmigetuyidn agedahn cubsegtally banleposited on

subsequent |y be deposited on the resultant catal yst
tm%%ﬁ%@ﬂ??@ﬂy%@9§W?$%Uitable bi nder materials include

[0BUNt hedliGbRY biadUindeliXls GREHAL isﬁﬁh&iéb@ﬂ ﬁﬁﬁl%ﬂyaocccﬁ‘ﬁin fBstances as
inorganic materials such as clay, silica and/or netal

webhdsdeergarib endteridlesucheny divy, silichend/namgtahlokides cldgr lnitergmay be either

or .in the.formo | atinous. preci pitates or,qgel ) }
na et e S U e BB PeBini Rl st Pefbaing mivtares of
silid@tadl hdtyl SGE I NRGiralydy&GukigCHlagARWhRA dinet @edaas a binder include
bi nder include those of the nontnorillonite and kaolin

thoseyeif Ithe sronigheréltenitarand keelin demilige. whish SabBitinelide theawgbentonites
an& ﬁ% lé?ﬁrlls' cg)%nr%?n' 10 ?(?1'0 n%? %%e,alélcgaﬁ(lleg,ﬁe'\é%\i‘% RE Flo%ed%rcge{yg or others in
an orida Clays Or others iIn
which the main mineral constituent is halloysite, kaolinite, dickite, nacrite or anauxite. Such
clays can be used in the raw state as originally mined or initially subjected to calcination, acid
treatment or chemical modification. Suitable metal oxide binders include silica, alumina,
zirconia, titania, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia,
silica-titania as well as ternary compositions such as silica-alumina-thoria, silica-alumina-

zirconia, silica-alumina-magnesia and silica-magnesia-zirconia.
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which the main mneral constituent is halloysite,
kaounite, dickite, nacrite or anauxite. Such clays can
wbhe00wssss99 n the raw state as originally m ned PET/US2008/072839
2mhﬁh5%@b y subjected to calcination, acid treatnent or
chem cal nodification. Suitable netal oxide binders
include silica, alumna, zirconia, titania,

i.lica:alumna,,silica- nesi.a,. silica-ziyconia,
(08| | coA Rt aRe bydrpuBRBERS Fep i highl obiifs okl Sy clgbepytbenzene,
the@SfhRhN 3o GREMBIASALIGNSicHUGdhcASH Sl GerrINTLHRatNh@. dialkylated
silica-alum nazirconi'a, silica-alum na-magnesi a and '
progiuciscas ml ressimacaciadcgnmatio GecrEnrb thrGRsfrod 88poakylatpdgipecies.  The
umie?a}etle@%go)r{@aﬁlcg lgcg j Iegor}{lﬁlieﬁ g?l %argequ?o@:c %igt%lm‘lealttlﬁg}telln\(/iel’eéy% € rt%s’the alkylation

readdyodll OThK Woatbmo Nnfréreaht | enzoMel Hishiddtizal iy fehtaidistiled®o scparate the
di al kyl ated products, as well as unreacted aromatic )
momeevFlehedybrezcae s PFeiycholionl ey adigclopesileanzergheand  other heavies.

DSHPLFF DEATR o SEFS S0B  P PR e, iy b

ation and rec
destiadlchiot traasslk§lantht kigcybkhzeylbertiesd inithaddd dionalr enzend foemaximize the
he, nonocycl ohexyl benzene

dj still t.0.separ at
pr sm}b?fe s g W%O&@f&f%ﬂ%%@ﬁ?lﬁ%nzene and ot her
[Odgj%flv' eﬁran@ﬁ%ﬁzﬁ% NGitR AdHifBnARU AN Ak typically effectefdI in a transalkylation

i cycl ohexyl’benzene present i1 n the reacti'on effluent,
reactorjrsppatte Gesi thablhyalroalkylataors edakipk,adeer tahguitable transalkylation catalyst,

i cycl ohexyl ben i ddi t.j onal. b
sudtR S B St B MM BhdlvaaaieBthaoMH-B (g i Patent No.
6,08RDARE SeoltOF38] mdrdenisal Kud @idseiytibh raddbd isQ?ﬁbally conducted under
benzene is typically effected in a transal kylation

at leegiqraotal ligeidaphase cendiinnshehieh drdal ik yncedeontempgater of about 100 to

itable t kyl at.i t h :
abih 00 24/af BuersiE R AbariPh 3 a5 0¥ o aRifEr p Heidht hourty space
vel¥eM 68 absere1 Wo Sbolat @' Naw tofal Ofkdd QA&Mr a?@éﬂzéﬁe?dig?rdllghexylbenzene

nordenite. The transal kylation reaction is typica
wegghn tiiiot adguiefdet taaboubadt partial 1iquid phase

condi tions ich. suitably include a tenperature of
Cyﬁg’g'ﬁ%ylhwe{'%w%b%ﬁOHBOOOC and/or a pressure of about

[0039D t onak@uit to3 56K ckRfe aydlobExyabstebginth @UEAY EaGRlohexanone, the
vel ocity of about 1 to about 10 hr 1 on total feed . o
cyeplpxatberzamen ise ittt et BEsl o HBpzemecshRidire hydeaperoxide.  This is

- : ohexyl b i-dat | .
acEORENE bF hubBBRPHA Oodon B ADE UL SIERE o8 B QRhuid phase
cophianty @adcgyciolixanone, Unékeycumbexyhienpene idr oxidation of
ey e s A b oot P o o Bt snidacion s

noRN GEInERAERINthE BreddRe o?H‘éQtaQét.ai r, into a liquid

phase contal ning the cycl ohexyl benzene. Unlike cunene,
[0038hos pherbl aitalysgxifdatheoanyadhesylbbmivex yaxidatipe rseep aret the N-hydroxy

sutgﬂ)%?ugcgcf ?gﬁi%iigli(‘fe%tdaelséfﬁ)tediig Iyg.ryatécﬁt%. a6‘:‘%0{14%3(:a%dtilqgorporated herein by
reference, such as N-hydroxyphthalimide, 4-amino-N-hydroxyphthalimide, 3-amino-N-
hydroxyphthalimide, tetrabromo-N-hydroxyphthalimide, tetrachloro-N-hydroxyphthalimide,
N-hydroxyhetimide, N-hydroxyhimimide, WN-hydroxytrimellitimide, N-hydroxybenzene-
1,2 ,4-tricarboximide, N,N'-dihydroxy(pyromellitic diimide), N,N'-dihydroxy(benzophenone-
3,3",4,4'-tetracarboxylic diimide), N-hydroxymaleimide, pyridine-2,3-dicarboximide, N-
hydroxysuccinimide, N-hydroxy(tartaric imide), N-hydroxy-5-norbornene-2,3-
dicarboximide, ex0-N-hydroxy-7-oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboximide, N-

9
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normal Iy conducted in the presence of a catalyst.

[0038] Suitable catalysts for the cycl ohexyl benzene
wo@iodasisen step are the N-hydroxy substituted PYTUSM08/072839
sod7PslEpcfescribed in U S. Patent No. 6,720,462 and

I ncorporated herein by reference, such as

N—hydroxyphthallnlde 4- am no- N- hydr oxypht hal i m de,

dr oxypht.hal.i m d .
hy r@f‘}’ gb“r%’k@(lﬁf_‘ gmm%} %Fn' de, N-hydroxy-cis-4-cyclohexene-1,2

didafjokaRiakor o- N:H}Ad x%ﬁé(lﬁhﬁalﬁlnti@‘ de god¥ufiy dr ogaythet i gp de, N-hydroxy-o-
N-hydroxyh|n1n1de ydroxytrimel ['itim de,

benchgdiswrlydnemiden é’-ref@ra@ly; .th_ler ¢a;§:dy$jos(ani13d3éoxyphthahmlde Another suitable

Y rone t|c i mde),
Catﬁ#yﬁmﬁuﬂ@r %)1( 88%“911 1%3 3',4,4' -tetracarboxylic

[0039] M dEﬁase hhﬁyﬂﬂdl@&yﬂ&ieemm%ther alone or in the presence of a free radical
“&mrldlne 2, 3-di car boxi m de, Nhydroxysucci ni m de,
mi

RY awbsw( baused a&:hﬂlmiwéyse kompeensRYs Satakysls X rraR e sugported on a

sol% ga%rl pgér)]xgﬁ a gétg Ag‘ gl)r( I%ﬁér f. O@%&;}é’\}é@ f%&%droxy substituted cyclic

imidy Ctrrcthé;/ NGNSN'G yrdiydhewmbeyanilrié -ad1dC1a rehq»k(byaddﬁ ,an amount between 0.0001
cIoh X rboxim

nnorl\I_)j z)/)d 50\9&// ;@glﬁlﬁﬁhﬁé ‘W(qﬁ:g%sqp eta I%vgta( toé e Ccyc ohaxgﬁ)bnzene.

ydr di e I
o St ARANE SENRIBRIE LRI RLE i oo s

70?1%1aadl ylsdut 26097, NughNds abquhg)@"r@twabmt ya@f@r lapd/ac  grespi@03gpbout 50 to

material s can er, .a
10@5@‘2’@ e A B Feeta OB s Pl ShdcBoht pistdi@sdhe oxidizing
me@sunh.l QHE eealhes Ban RREPHLOHAPYACIE AdaloySEiScoinGAR RV reactors. A basic
supported on a solid carrier to provide a

bufferieg egw aays be aﬂdﬁd]@q rearrg/mtbaacu ¢ bytwodwaty thabsmpy form during the

upst i cycl
ox% ﬁP Ni c?(fj %y% ragxaﬁl%ooug )Pa ra%er 1|rn(ay g)(ezﬂl(ljtr?dsm%(}fp‘fhwh §en lﬁelgndlssolve basic

comPOuHs, @ehwmlﬂnemnml %to 15 wt % such as
bet ween 0.001 to 5 wt % of the cycl ohexyl benzene.
HydgoperpxigeiGlasyagecondi ti ons for the oxidation step

O] SO EBELEL e VR Ao g 0GR o vl

cygolesanoee dfivadbsutclealadeo oL 0{Ha00ydbleexyryizene  hydroperoxide, which is

cop ey 'grhyegqnﬂqﬁtmgﬁé PGPl okt Ity skt thefauid phase.
Tth} ?g'n\_feﬁ%‘ﬁ{lg 2Rl oGP tglggyrgmfré 8%30%@%@% abAutb?ﬁ)' €, such as about

ering agent may to react wt acid

400y tpas e 26 hlai/oﬂmyreﬁmmﬂwdun 80 tdrebcax 205001 kaa, sdcn as about 100 to
addi ti on, an aqueous Bhase may be introduced, which

abeuirl 088 1P adi EheapyplohgadbenzeperBrdianaroxisly d pecderablyi dikwed in an organic
solggﬂtQR&ﬂ the g r#%?&ioqesu%%m@rfl[ gﬁrﬂzhogg ecyfc o'ﬂ@%anone phenol or

reactive step he cohversion
cyd&l@éx@hﬁmyénbﬁ na eerselst it chepheambvaAnd Thyctlolaxganen&ion is conveniently
vol ves cI age of. the cycl ohexyl benzene
CO‘H{;’G fegpe A seibidic Glation nit

[0042] The catalyst employed in the cleavage step can be a homogeneous catalyst or a
heterogeneous catalyst.

[0043] Suitable homogeneous cleavage catalysts include sulfuric acid, perchloric acid,
phosphoric acid, hydrochloric acid and p-toluenesulfonic acid. Ferric chloride, boron
trifluoride, sulfur dioxide and sulfur trioxide are also effective homogencous cleavage
catalysts. The preferred homogencous cleavage catalyst is sulfuric acid, with preferred

concentrations in the range of 0.05 to 0.5 wt%. For a homogenecous acid catalyst, a
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conveniently effected by contacting the hydroperoxide
wWth a catalyst in the Iiquid phase. This is
w@omgmsssent |y carried out at a tenperature of PODUS2008/072839
2m%9@§5§9Tabout 15Q0C, such as about 400C to about 12Q0C
or a pressure of about 50 to about 2,500 kPa, such
as about 100 to about 1000 kPa. The cyclohexylbenzene

oper oxi de . s, pr era |y diluted n nic. .
neWlGR (b P BB EVE g S onutCy, SHRL 2fhian o typically
inv@IVR¥! conBlcPREith GYBdsRNeSAPONS:, RIENQIbsQfuent decantl '[%1 of a salt-enriched

cycl ohexyl benzene, to assist in heat renoval

aqedogaphage. reaction i s conveniently conducted in a
[()(f:4‘2|l,ﬁ)I al YA dsultgbl%: Il}lgl: | a%e'g\e?gu uc%'tt%st [fo 042 in Qle hcg ava%ngé C\éclohexylbenzene

hy@r@bédo)(ﬁi% méluaedwetsare@g&na@qummaal Mﬁhcld{co&éﬁﬂm&ulohabIsﬁlca-alumina
honogeneous cl eavage catal ysts include sul furic acid,
clapje%Sc%S@rmeé 1B&]-8, Pass HYon 4878, 24 &4 the ohfjrgdisehseici of whuehyis incorporated
he® rQbyenesul fonic acid. Ferric chloride, boron
tr uorrde, sulfur dioxide and sul fur trioxide are
[00:55 0 éfﬁeectddeee;lm@mgmemdc blelavqgﬁnclafmhysltes cledhge step may be
is sulfuric

Su@eqt%f t L?q#%%f?‘és?ﬁ?a?éﬁﬁe %:@&V%? ?pafl lsfigy ﬂthﬁ%m}ﬁaﬁ*giephfpol A suitable

pulfi@Rioh Srleezs MckideEHut 3 RAMARAERYS LA sdof:@%@llléfﬁ)h towers to separate
a2007EM251PCT neutralization step prefera

thet dyelobkeawagendplepol Bomivtizerspediesal i zation step

i cally.invol ves contact w iCc co t .
odgbf), Sl muiine BReBREI A gt BP iRRBk pERERSdplctqs not limit the
scdfeagehe ihPQAwdh. A sui tabl e heterogeneous catal yst for

use in the cleavage of cycl ohexyl benzene hydroper oxi de

ExampleHes a snmectite clay, such as an acidic

[0(@9@‘ rmFé 135 selrlosn ! 'feexﬁ!cr%?ﬁl&}%%lafltslr% nauc‘::[e(f X W%Schd %Sl(l:zrelngJ eagld fhydrogen were

e entire ISC osure

contidtedwith akﬁﬁ@&p@@&hﬁﬁeﬁ@écﬁbﬁ chyellctizRperte of MIMSP (Jiliea to alumina
crude cycl ohexanone and crude phenol fromthe cleavag .
m%%réatlwél Yavitdyhp ok e Ed onglyming ﬁ@droswﬂpn saelysirropining 0.30 wt% Pd.

In ﬁﬁsog{fﬂ&ﬁ tMehétbFQm@Xr%hﬂ@ Qﬁ@g%%reﬁ&}?re%ﬁ{‘%ns aﬁtma?;i'sgﬁf’ L& 1034 kPag

urrtiécation process 1nc i's” not
(1 fd) S80I ﬁSp@flde,Sth:rb&Bt tho rhyﬂmgar/heﬂzenesmphlr adt®d Wh&systematlcally varied

C ohe heno oth peci es.
from@Oorldf ‘@w‘*&%ﬁ%&mﬁ L e{é 0Tt ol hs [Pty %r%lfl}%l g1 in Figures 110 5,
[00A8] POSgs @Rd bgoﬁr‘e%nn%rﬂ ret he SRERSIORT ist Re strong function of the

i nvention. Exanple 1 [0047] A series of experinents
hydvagerdommderst mtlo.i Conmérsion beerzasné ramdly whindhe hydvegen/benzene ratio was

increased from 0 to 0.4. Increase in conversion was at a slower pace when the feed
hydrogen/benzene ratio of the feed was above 0.4.

[0049] As can be seen from Figure 2, CHB sclectivity dropped off linearly with
hydrogen/benzene molar ratio. When CHB yield was plotted against hydrogen/benzene ratio in
Figure 3, CHB yield was found to increase rapidly as the hydrogen/benzene ratio was increased
from 0.0-0.4. It was discovered unexpectedly that CHB yield is nearly constant at 30wt% when
the hydrogen/benzene ratio was between 0.4-0.9. Cyclohexylbenzene yield actually declined
slightly when the hydrogen/benzene ratio was further increased.

[0050] DCHB selectivity and yield are plotted again hydrogen/benzene ratio in Figures 4
and 5, respectively. As can be seen from these two Figures, both DCHB selectivity and yield
increased linearly with hydrogen/benzene ratio. DCHB yield was 12wt% when the

11



contacted with a catal yst system prepared by
co-pelletizing 4.8 g of MCM49 (silica to alum na
wodoa3ssae i o of 18) with 2 g of a Pd on al um nBCT/US2008/072839
2mﬁ¥ﬂ5 gepation catalyst containing 0.30 w%Pd. In this
study, the reactor tenperature and pressure were kept
constant at 1500C and 1034 kPag (150 psig),

hyé@gg@ct [ Vel%é]ﬁe\g"{’]ass;le@}}lééﬂ A %@gﬁn/a?enz negy I ary at iege, was the
pre@ibﬁllﬁﬁl'ht Qroéu&"wh%n %Jﬁgdﬂogemsnieﬁé%ﬁtfbswa@rﬁ SR n

Figures 1 to can be seen fromFigure 1
[005d hv er Wihda thg paesgmtr mﬁgltmn]@qs| agngdeserhed and illustrated by reference to
ro P BRI Sn B o Bur BP0 PREPRIELaCAR, e ivenion
lenld® i@cl4 to lvﬁlﬁzitﬁﬁls &0t RcEQsiridy SilBRaivdsheddina ok @GNV freddaf then, reference

when the feed hydrogen/benzene ratio of the feed was

shayphé be ngpdg solehptegthe Applad slaime & FurRAseFPHdternpiningite true scope of
dropped off linearly with hydrogen/benzene
theﬁ%k%ﬁ {rn\{l%ﬁtyo When CHB yield was plotted agai nst

hydr ogen/ benzene ratio in Figure 3, CHB yield was

found to increase rapidly as the hydrogen/benzene

ratio was increased fromO0.0-0.4. It was discovered

unexpectedly that CHB yield is nearly constant at

30w % when t he hydrogen/ benzene rati o was between

0.4-0.9. Cycl ohexyl benzene yield actually declined

slightly when the hydrogen/ benzene ratio was further

i ncreased. [0050] DCHB selectivity and yield are

pl otted agai n hydrogen/ benzene ratio in Figures 4 and

5, respectively. As can be seen fromthese two

Fi gures, both DCHB selectivity and yield increased

linearly with hydrogen/ benzene ratio. DCHB yield was

12wt % when t he2007EMR51PCT hydr ogen/ benzene rati o was

1.0 and in fact DCHB, rather than cycl ohexyl benzene,

was the predom nant product when the hydrogen/benzene

ratio was 0.9 or above. [0051] Wile the present

i nventi on has been described and illustrated by

reference to particul ar enbodi nents, those of ordinary

skill in the art will appreciate that the invention

| ends itself to variations not necessarily illustrated

herein. For this reason, then, reference should be

made solely to the appended cl ains for purposes of

determining the true scope of the present

i nvention. 2007EM251PCT CLAIMS What is clained is: 1. A

process for produci ng cycl ohexyl benzene, the process

conprising: (a) feeding benzene and hydrogen to at

| east one reaction zone;
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(b) contacting the benzene and hydrogen in the at

| east one reaction zone under hydroal kyl ati on
wa@omndiosssens wi th a catal yst system conpri si ng BCT/US2008/072839
»ofBLSGYLar sieve having an Xray diffraction pattern

|nc?ud?ng d- spaci ng maxi ma at 12.40.25, 6.90. 15,

3.570.07 and 3.420.07 Angstrom and at |east one

Ch rogenation netal to produce an effluent containing
hexyl benzene, wherein the ratio of the total

W nP&LinRY igrol es of hydrogen fed to the at | east one
reacti on zone to the nunber of noles of benzene fed to

1. t he Aaproresager papdicmgaayeliobexytiomnacricsthig @tm&smompmsmgd

2. The Rrocess , n.the ratlo of
t he (%])ot al i ePZ%“F 4h ﬁg%mé?n {5 %‘ 1% eonnefrg%ct]ton “Ph%
| eaglh) oneorite@iigl B8 beoABe taad thlyarotg@ﬁ ah theusddesst @he ﬁ@dcﬁ@n zone under
of benzene fed to the at | east one reaction zone is

hygreplitaton candifiensgvigh a gatalpresysicat eyBpravingt glokgeplagicys having an X-

N o T
3.49EM03 BAngdsiMnB anchatd caso bhe hpdriogarmtioh nasmyl td weodare aweffluent containing
thereof. 4. The cess of claim

cy¢lphesy hengeng, w eii%;tg% E3OQ eﬁqt@]rﬁmm e tfh l@ldrogen fed to the at
leawesﬁa@t% Ecﬁf%btb Nat IIIQ%GIOBf %Yestd’fooeﬁ%ﬁ]ﬂ@fre& 1 Mg §t°l astdne reaction

he process of any preceding claim erein the at
zomﬁmitWGnBOHMdeg%matlon netal is selected from

pa ni ni ckel , zin tin, and copal
2 6% FhE e84 yiies fisany AF tirelofi) aBBeRAr sl of hydrogen
feom@ttaé afl ISadPahd ﬁdbﬂtﬁﬁ zohe td (R tBIaPR@HBerf ndYs FIRAEMCTE to the at least
claim wherein the at |east one hydrogenation netal is

ongreagieQrt zang inbetaroud apéOleen 0. 05 and 10 %by wei ght

of e catal yst,_syste el
V\hetrIl(ie]le lg) ?c‘ﬁss ?Y]f ¢ eru(r)ﬁ/g zna{EI Bv?le% 31 mo 601% %r sel%\{e IS sefncted from MCM-22,

Psalngusszkmt VERB-10. Ir@nd 15Q4) b)M@M g@t MEME 4 MIIMI-%SJUZM 8, and
stem 9. The process of any preceding claim wherein
Cmﬁ H@B@%ﬂﬂQBYﬁW@@meﬁH@mﬁ9ﬁrogenat|on metal is

4, S“pﬁ%tp"rgce% o@%lél%@g%ef:en?)%héj%mqécf a%rﬁate gs c‘t&le from MCM-22,

| ecular si focess of claim re n at
M(EMa@ MGEMab&ad canhiandyoohs 0@ emtwm meteahertaf. support ed

e inorgapi c oxide. qﬁ% ess of c

5. pherlE R EABee R %rﬁwh%a iy léﬁ%ﬂnsﬁlﬁégsmﬂon metal is
sclk e BRI Behu ) r&tﬂanmﬁ%g@al zqn@>ﬁ1nd§nd2&%EW51PCT 12,

he process of claim9; 11 Wwherein the at |east
6. one Thy gravgsstclaom Smsrha‘mm the hydrogenatlon metal is palladium.
7. The process of any preceding claim, wherein the at least one hydrogenation metal is
present in an amount between 0.05 and 10 % by weight of the catalyst system.
8. The process of claim 7 wherein the hydrogenation metal is present in an amount
between 0.1 and 5 % by weight of the catalyst system.
9. The process of any preceding claim, wherein at least 50 wt% of the hydrogenation
metal is supported on an inorganic oxide different from the molecular sieve.
10.  The process of claim 9 wherein at least 75 wt% of the hydrogenation metal is
supported on the inorganic oxide.

11. The process of claim 10 wherein substantially all of the hydrogenation metal is

supported on the inorganic oxide.
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applied to the inorgani c oxide before the inorganic

oxide is conposited with the nol ecul ar sieve. 13. The
wWee@oessIof any of claims 9 to 12, wherein thePCT/US2008/072839
2od7PRb P8Rt ¢ oxide conprises an oxide of at |east one

eFenent of Groups 2, 4, 13 and 14 of the Periodic

Tabl e of Elenents. 14. The process of claim 13 wherein

125nabF Bifiesof Slerae TR bf GRudt ghe 3ngrask Bise i digeertiion metl i
apPlic ) th¥iIrBinic bRide M@ Kb Alah RGN N ¢dnsitbNGitdBe molecular

~a tenperature of from100 to 00C and/ or a pressure
sicg¢. from 100 to 7000 kPaa. 16. The process of any

precedi ng _cl ai reig.the effluent.also.contains . .
138 cyar e el sbBRARHO 10 TFoThre e i iRicSbE prises an ovid

of gl 1634¢ bahelxmkesTaaoepd B 4¢ 0nbad 1| £0f te Pribéio ZabR dfMli&hents.
transal kyl ati on conditions to produce further ) o
14cyciThpesseetietizdaia 131 wherpingBe Hgagsnds 0xep poapidseh glughan and/or titania

an@@piﬁﬁﬁhphexanone, the met hod conpri sing producing
cycfo exyl benzene by the process of any preceding

15¢c| ailie peodicsh ofi ang pirdved myg alloine ik leénthe e dtoal kytadidu cenditions include a
cycl ohexyl benzene roper oxi de and_cl egvin
tefﬂ{ﬁe%ﬁe@? TR ﬁé%we‘“%g PBIEF BRIGEHE egj BP@d@@éo %ﬂé‘ﬂ&aaand
cyc e cofl T €53, egedi ai :
L er o Ry R T e B | g 24 contains
didyylghogdrentzed dand 4tHeasapart @dshe dinpcloleagibenreng oneorttact¢chwith benzene

e DTSR SRS Bl TR b2t | oo

17. 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.

18. The process of any preceding claim, wherein the ratio of the total number of moles of
hydrogen fed to the at least one reaction zone to the total number of moles of benzene fed to

the at least one reaction zone is between 0.6 and 0.7.

14



