PROCESS FOR PRODUCI NG CYCLOHEXYLBENZENE CROSS
REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
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provi sional Application Serial no. 61/027,971 filed
February 12, 2008, which is hereby incorporated by
reference in its entirety. FIELD OF THE | NVENTI ON
[0002] The present invention relates to a process for
frhgd?ggﬂgmﬁéﬂ@i%h i ﬁ@%}ﬁ@cf’@hm{@ki{mﬁﬂﬁ%@' ng
cycl ohexanone. BACKGRCUND OF THE | NVENTI ON [ 0003]
Ph%nol_|s aannpognanEAorPd%Ptlln th chemi ca

it pES Al LR theagroductlon
W00 henbhis apnlisaioneclaimg tebendtt offprics LS

‘b‘flsd%ﬁ ﬁﬂPpla»‘ﬁ'[l(ﬁ} gerial no.
@90?7 97@@@6&# e%ﬁfaf}q? SHoR: Wh@g%ere@ﬂ rnfc%ﬂio&a\(ed ﬂy%fef%@é n 1ts entirety.

common route for the production of phenol i's the
JEBB&H?THWINVENEHJNree step process in which the

0'06 Sﬁ"ﬁeo He SR ﬁ@rﬁloﬁlljél\é c8td 91550(?%]‘688%95%&? i((\% L lohexylbefnzene and

ro y ene O produce cunene,
oondlyrenecrting thheeseltnt e@]@dmmlbegzemy dﬁ@p@nomnd@ydnlmhxmwn

%%§%¥§g§g§&%§gﬁg ﬂﬁggﬁq@gng to produce equi nol ar

However, the world
[0663ind Plamobhkesoimpastangtr pradlury ilmbllteecltearpa:adillydusihﬂand hsatiseful in, for
for acetone,. n, the.co f 1 e e IS . .
ety SheoP R B 2R PhigelR s il §EFRinsp o SRSIERG afpic acid. and
paapigkene. [ 0005] Thus, a process that uses higher

n |nstea r | ene as_.fe a copr ces
Rolificr  cupoiEe heoheR QBaeruRelhbnar iAo Bl is the Hock
AOESONThREY a blﬁe@ﬁte;ﬁbiob@@ tih Wliclthefirabtey ervoRed glkylatidmef benzene
production of phenols npl e, eﬁe IS a

th
Yrih Reopylers t Ogmu%%ﬁaﬁ%l? )%é'l’?x dati @d SUMEHE o 0o corregpondmg

hytdpetdxidR! andOthME Bleava@s o MheARfdrdRIRidel 1 ﬁzsaué@tdg@lﬁqolar amounts of
reactions and in the ﬁroductlon of adi pic aci

Riparloeeseionfe Hewepwss, the yerld Heraroie p%%znoh@ IR Gnose fagifly than

ARCEOPYdRINe 6 1n hARX th'etcoét%f kRPWMRnd fsq{lfbly t 1ncPc%§@ rclﬁe Noa developing
5,053,571 that cycl ohexyl benzene can be produced

ﬁ@ﬁ@%ﬁﬁpﬁ@Ybé%zene wi th hydrogen in the presence of a
109 Of]' Y St 0 rgpgﬂog‘ésg GndtUge 'Hléﬂ'& %ﬁgn&' %t%gd %T' Qﬂ%ﬁ&g £Nfeed and

ite beta hat the resultant cycl ohe enzene
wmdbeGSdngheek@e@s,l yuch wocystabpsanpere, catledr leﬁea)@aﬁgnﬁemam be an attractive

BQFIB? L}Eeotgr Iooallé%haotflpﬂgho eaﬁ%ﬁ%@yf)l@ Hak 1§ & ro%ﬂgiﬁl arket for

space vel ocCi rangi ng
}&loh@;&,nom Maxhtls osn:dpus @8 smduetrlalaﬂmgwen‘g af p1o mtmattbr tnooxXi@@On reactions

hydr d rate .rangi omQ..2 to nol e .
abnedr in atP %‘P(‘ﬁg %ras% a?(lplﬁelamﬁou cl&%xa 0fc rreesalg% i %c?ohexanone oxime,

teprietan adenyt@ngi ng from 100 t o SOOOC [0007] In

@@ﬂ@telngﬂc I8 S\é/np ?Lg &I\%ﬂeﬁt 5%%3 59 Calt oc? hgxlglﬁ)tenzene 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.

[0007] In addition, U.S. Patent No. 5,146,024 discloses that benzene can be reacted with

hydrogen in the presence of carbon monoxide and a palladium-containing zeolite X or Y to
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hydrogen in the presence of carbon nonoxide and a
pal | adi um contai ning zeolite X or Y toproduce

w@ywbobesxyl benzene, which can then be convert eRCT/ISI00Y680787

yield to phenol and cycl ohexanone by aut ooxi dati on
wi th subsequent acid treatnent. The hydroal kyl ati on
reaction is carried out at a liquid hourly space
velocity (LHSV) of the benzene feed of about 1 to

t ' r
FROUE GO Ry B RhEh, GRAL 3P, RRETRIE, By TR ko ot and
a&@blhtxamoae by t oitelislation Grith, subsernbir aqidattiegtrr@flt caTlmhydroalkylatlon

SRIGHCER L8Py Qi SNy R P08 s oo
bprezta)ui HY lodreiotal omstiar eesaricdf koot A4 wdaémat masv I«Bﬁ 4 melar ratio
r o=bN fo eenfzeen%dof aBou%lQ)O]lfJ} a5 %tE)J %t fl:& 3’86 n{o?ar T t10 ?f %rtggom?(r}gmde to Hy of

pressure o
aoua .ot atnowboﬁt 012: 1t andenzmpwatofe @babotit ﬂ)(ﬂtolattomt ab@wat Preferred

1:1,. a nol.ar rati o, of. to

AsHRe 6.0‘14.“10,“ éfFoSIa&i ﬁoé‘é‘gﬁe&wﬁ%ﬁﬁé et Péen8ffee§b% &E’O“iz?do about 30

grd alkmtut reaag)(ﬁcpres[sﬂlféQﬁ] abUlutgl J&ate ElBouNGb836 l@aga Ddodar rat10 of H, to
i scl oses that ohex nzene can he uced

baamsof pbryt Bene ﬁﬁ%l i iﬂfé O] %ﬁﬁ% Qe lotP aout 0.1:1,

Qidfaue&tub@&a{peﬁaﬁ@bﬁ/a%utqqm appuinmoat. Ieast one
% drogenation netal and a nol ecul ar sieve of the

122 PaniPpignt Yped, Weﬁrlé@éﬁ%mSothatrﬁéﬁlahewkbewé? é%nalbq produced by
&%lta%ﬁﬁgegerfzé&mvﬁl@llﬂuﬁggéﬁmh th& bREMH Y 2 Wifek@lonalCQRA)st ¢ ising at
m xtures thereof and the contacting ste P i s conducte
kest gonee ypogengfioa Brtahiadta selecylagsape of ghep %Cé\étzﬁefaéﬂly The

A thQal’ BBy @ Lt AT R@ERUADhRkel, cobal
?gg#%no% ab%% Qggd% ggféﬁgégn aPWHgg%glga%@ﬂt R 01 CObatand
m@@ureﬂ"lﬂ‘nereomg thratoatactingi el ivserslucthdet 4 hmperesid Qfalhout 50 to 350°C.,

1% s%tl:e&y g&ﬁ% BE760Rkph hae n9&1e3&< hﬂdrg%q ntlcﬁali&gﬁo of about 0.01 to 100
rrespon I'ng ydroperOX| e and the peroxide
debanﬁ@ﬁéd(ﬁodtme(UHsMrdﬂophéhol5ahdmcmtkmhbmandetM:r%uhmn
9]. ;However t hou be hydr oal t|on I S.
%/t P% itlt?e\r/%enreocaine%feopb % %)éldb FO(ZJI € oc\ré %pongl){g ydroper0x1de Mind the
p@t@hdﬂmwpxmdmhe deMréd‘lplfemSlraﬁdlbycﬂwheﬁ:&ﬁ)ﬁes t he

t desi r ed b du
101Gy bisho HBeE T3t < YEHIVEL) Fobt THEH S dppte for the
ﬂlb@udﬁﬁn f ¢Wéxﬂbeﬁﬁenb N whthecuypread PeiceREe thRy cll@fieXane the desired

cl ohexy| benzene. cl ohexane bui | d .
3%“66%% fh 28 ANVARTIONS BROVE Pr%}%aenﬁvﬂtf i@%ﬁ%ﬂ?" he major
Mﬂh&gm tNNROARS afchcldhGNfd BlueKWRBBZSNAzANE - RIyeMH&Ene builds up

requi res transal kyl ati on. AIthoggh transal kyl ati on of
i By ctoRexgr veRrRriBdwnets Rsereryed By otiersBant i ditrgiggalvhereas the
G¥ I RLNYLRENRZ B80SO WG ired %nsfag@tau@ﬁ t mﬁ&@ghkwaﬁstawmuon of
is not Tnsignificant. There is thérefore a need t
ﬂiﬁwméylber%@m@ﬁébwmedﬁpWPSa@ddﬁwnﬁeré@h@ywetlwne product the cost
bf"{?&{%m aff i %Cﬁatvlhg %mh@an‘cm PARKC OMEXYLENFLA o &9&1&% benzene
ent . di scl oses a process f t
his;dmadiadlawnatqcmﬁ voifh 1mnm¢d1®lle@awt>atpmp¢>@locb@mbbﬁnm in
iqh a r [ irs t4 f .

0 gan S5r B o C P ABLP Mool B2hroPREHOPT® dydrolkytarion of
mandriuallezhryarhmdtricoabﬂnpcbtmﬂednswhlelarmaarrdmatfan‘ tlergec @l janfjst portion of
frl;/odre Qgel eral ra%eI al Ité(d dﬁ%déng sé[arl el t%t edc{u%et: E%Qr'{l‘aﬁ‘y” gyc?roaﬁl%ﬁate(g stream and, after
cooling, the partlally hydroalkylated stream and a second portion of hydrogen are reacted in a

second stage to produce a hydroalkylate product. Introducing the hydrogen in multiple stages
reduces the degree of benzene conversion, and hence the temperature rise, in each stage. By
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second stage to produce a hydroal kyl ate product.
I ntroduci ng the hydrogen in nultiple stages reduces

wo b@dexsiee of benzene conversion, and hence tPEI/US2009/030787

tenperature rise, in each stage. Byavoi di ng excessive
tenperature increases, nore favorable product
selectivities are said to be obtained. [0011]
According to the present invention, it has now been

5'{1'1§jg VAR B GEESY ok Gy Hb1P B ek dtob
eft entg%}on1t ydréggﬁy ation reagfﬂgnsgoneHQ%%ﬁfm 0o
ehtaingd hout staged addition of hydrogen, allows
L()“gfljove c{o?(im%rt@tﬂlfg gregé?l@tlﬁ\%h él{'lclh hggqﬂswtlpe@n found that cooling and

ydroal kyl'at1on proCess can e operated at or ne

iesylling rofrgplart o rbl Bffblnlst faord théh by@eélb}datlwm feyctivn zohe Wlth or without

%%ﬁs\/kl/l&ﬁ%l @n%%ly %?, hex | %%nfsggr%%r]%gf? | temp era)létgree CC{)r(ljtrQ(I such that the

hylveatityilaion pesed esn bmomrqwdcm esaf mothcmmﬁmdn@ns and the selectivity to
| ohexyl ben the cess.conprising: (a)
¥ gt ORGSR Ao s Ze P P L eed compri si ng

SENDMARYI OF THE INMENTDONZONE; (b) cont actl ng the
erne with the hydrogen in the reacnt one undﬁ
oaI ngasReRL, glgdlaﬁep %@51 & 1{5@6)&??8%9 or producing cyclohexylbenzene,

fY proefie yythpanzene; (c) renmoving an effluent stream
conpr|S|ng cycl.ohexyl benzene and unreacted benzene

from@Xid Hrt@éetl%hy oefd; andep ligyid iferdneprinpisingfiepgsagmnto a reaction
sineeaminto at least first and second portions; (e)
cooling the effluent streamfirst portion; and (f)
r ecydPl ng comectivsothe dbaspeneymith er budiogenr 9t thsorarigtn gene under
hRBoISARToh O ARRE to WIRIELTISRBABALLR, Of the mass of

he effluent streamfirst” portion to the nmass of the
ef flUueht semeany secdiebnpereanpgomprigng Crgeexgbenzeneogui3jnreacted
&99&%@%@ﬂ%h%emﬁﬁ§z5ﬁg'o of the mass of the effluent
streamTirst portion to the mass of the effluent
st redd secloming)mﬁ effintisgean inteadeasSirdt, ang sesbed pdrtiynsat
Ieast the cooling (e)
reduc S tﬁghyg%é%#ﬁqﬁ¥§“% q%ﬂ%mﬂgytﬂgnt stream first
por ti(on byecatllrigehcsmo]leﬂ eﬁhgnmsarﬁ:ﬁrs pattion s tat rdagamtzod)

BTy iy sy a0F s S e DOBEr AR 8 TBerihian e cfuent

{themlsbapuil gofiee d 4t Rbhstaduced i nto the reaction zone and

effluent. s n1re ed fron1t reacti on zone i s
0@?& thgﬁnV%le’ajeVgF datiQ %? 8%%0561? BYE strqampfirgipportion to the mass

[SE1TY @fﬂae@stre{aﬁpstédnd?ﬁmns Andakd3:1 tpb&em&anemnuo of the
B)édrogen introduced into the reaction zone to the

HleneCrivepigatly. ithiigoglinged 19dycydhnsameaBEu et e pHlugnizgygam firs
ARAM byl 1dhst foleoREATRuEN d5ra@WBast 20 degrees C, for example at least 30 degrees

C.

[0015] Conveniently, any difference in temperature between the liquid feed introduced
into the reaction zone and the effluent stream removed from the reaction zone is less than 60
degrees C, preferably less than 40 degrees C.

[0016] Conveniently, the molar ratio of the hydrogen introduced into the reaction zone to
the benzene in the liquid feed is between about 0.15:1 and about 15:1, for example from
about 0.3:1 to about 1:1.

[0017] Conveniently, the reaction zone contains a catalyst comprising at least one
molecular sieve and at least one hydrogenation metal. In one embodiment, said at least one
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about 0.3:1 to about 1:1. [0017] Conveniently, the
reacti on zone contains a catal yst conprising at | east

woee@Iredsetul ar sieve and at | east one hydr ogene€T/o82009/030787

netal. I n one enbodi nent, said at | east onenol ecul ar

sieve is selected fromzeolite beta, nordenite,

zeolite X, zeolite Y and a nol ecul ar sieve of the

MCM 22 fam ly. In another enbodi nent, said at | east
ﬁ’i@féﬁlhyl_dsﬁ&fg %Iéc@@ fl%?n_t Z’%Ioliﬂe %et%,ellngl‘%ﬁg—:, EJOQ{Q )@,agebl?tg NUWHA a molecular
ruthenium nickel, zinc, tin, and cobalt. [T0018] In

e o iisoMCiveA2 famihe Iprocthaenfbudiniet sadapledss ese hydrogenation metal

' J t uent stream
égglgérﬁ%f %%}?P ?lgaﬁ!uQF %%Wﬁ&%ﬁl(ﬁ%g:nnéﬂﬁo%?% nt, the
BP018luenin gteredvdsmoonk: pocdss Gmthescdngdistoreatvelivasyclaeylbenzene
furgher reaction zone where unreacted benzene in the
T he effluenit Stream secon Oé'uon. . . )
PP TSNt St T 6am secon portion is contacted with

fo0t9]her Inhyidtheg embeticlent, thy dffoehtksplearhisetond endioh ii0fed th at least one

roduce further cycl ohe enzene. .l n so ..
B R AonE s PRGN BERESTTL ateneROE, sprpagp second portion is
CRteld S®&h URIFtREC hadtodeyid e nhyandiky ot ndoadicib®d to produce further

hydrogen is fed wth the effluent_ stream secon . .
s%%é‘?’glﬁb%neaﬁa |t eé’ﬁ?gmt?ﬁ@’ ﬁl?r FHET SBSOY NG BRRION (pmprises
fult€actéld hO@6 E@Chnk YK Q@6 el Sy & Raria tedvifl @etflent @k dabhii@Bdnd portion
stream second portion and then recycled to the first

foetch #dpRst BRfefUsther ACHOB 2085, ¢ dtc MBERsteddwdroggh fshigparated from the
ERRRGE k@RnZ Q06hd FRIFERandERGRIBIAAN o @he FHE rddb MY NGS or fed to said at
{eOOZO] Figure 1 is a diagramof a two-stage reactor
Bit opefurtBeriPasor #¥chenzene hydroal kyl ation process of
BRATP e SERIPPHINIOIFT I SRAWINGS di agram of a
TNree-stage reactor tor performng the benzene
W920]oal Kigheet | on Pprdtesesss off a Byarspiice 1Ract@EfAI poEforming the benzene
| | ON [ 0022] Described herein
Bg&gﬂ r%lggglgoggsg;gﬁtgﬁdenwgy:—oal kyl ati on of benzene to
0dduceFigyel dhexyldbhenrené aatdecdten tchagor dorveariromgothe benzene
]%lh glohex | benzene L9 cycl ohexanone and phenol .
ydro ation ozéess of Example 2. )
‘f<yl ation step produces

NSO ar-as tne hydro
DETWILBDDESCRIPAION OF THEIINVENTIONt he desired

Wgﬂ ? ﬁ ﬂ)gsgﬁf)(%l{ E%legfe ig te 3 ﬁi%)ggﬁlél &{9}” él%eih ﬁﬁ(ﬁ{)aﬁ%ﬁaﬁlson Coé}‘n beinggnle ut"g(:"produce

dicoyietytheexyit head #en ehartdnhiersiddl of therngtlohspibenend ®© @Eichtt@tone and

further nocycl ohe henzene product. Benzene . ..

IPJP)?B?IO g[P%%é‘F it ;a“?*’h &tep prodpees tLAbPRSClP]P?XY ‘é‘lzﬁ‘i‘ee’élear‘ifimon to the

WS RER SEonS SRS Aen£&ABt A6LuchIthY ﬁfo@@@ Nca@NthcRidé | @811 flrther step of
y

feed conpri si ndg benzene with a dr oal kyl ati on
cappakylating pheytdigyslobexylgprene avith opfditional (hserspe to produce further

yslicoablex|Btdzem frandi ti ons whereby the benzene

under goes the followi ng reaction to produce
Byerehdxdnopliailaipe (CHB) : [ 0024] Conpeting reactions
[OP%C]UdeTﬂé"ﬁrsP ABPLEIE PREH AR otprit & oREAZENE dEdBen and a liquid

oduce
eed comprising benzene with a hydroalkylation catalyst in at least one reaction zone under

hydroalkylation conditions whereby the benzene undergoes the following reaction to produce

cyclohexylbenzene (CHB):



cycl ohexane, dial kyl ation to produce
di cycl ohexyl benzene and reorgani zati on/ al kyl ati on

WO e@ettdzsms t o produce inpurities, such as PCT/US2009/030787
met hyl cycl opent yl benzene (MCPB). Al though
di cycl ohexyl benzene can be transal kyl ated to produce
addi tional CHB product, conversion to cycl ohexane
represents | oss of valuable feed, whereas inpurities
such as nethyl cycl opentyl benzene (MCPB) are
particul arly undesirable since the boil
MCPB is very close to that of CHB so th
difficult to sepg .te MCPB from CHB.

[ 0025] One o
maxi m zi ng the z
reaction tenperature,
general ly favoring the production of th
cycl ohexyl benzenes. However, the hydroal
benzene is exothernic and hence it is i npo to

limt the tenperature rise in the hydroal kyl ati on

step. In the present process this is achieved by

[!)D?A]di ngompesing i repgtiohseihélhdeetie ogtrpémamr@mnt diethe benzene to produce

|, ky! c z '

QRS Y VB Ao R bkl SOBRMB Bl P FRL e g tcion
feratohs porgrodmng impmiteri achl as bythakydlq&a@lbt&ed@@h@ﬁ)C Although
referably by at,|east C,.for I t .
RELFe ety Bl o PR APRE TP B e M e SRR BT omversion o

J:}ictq)lhé)dtnef fréprevahts St log@amof | valuater tibaln, wlekeapotinptnéties such  as

| uent streams portion 0 the actio 0]
BohRE Ry o LR LR s s idlSrb e "B R0 point of
ﬁﬁdghug:airy l%loﬁeﬁtal”ﬂhaft bf SHBROKitak B ‘fee}fl&ﬁﬂic@ﬂ té Q:parate MCPB from CHB. Tt
roal Ky at1 on reactl n zone to the nu
@fﬂfqrqf@ﬁ MR RRLH X Y A %ﬁ SHeBiY ﬁOéfY%{Pth@B%l%zelzes n 5@ hygjoalkylation
Racth, | east 3:1, for exanple at least 4:1, the
i ncrease in terrperat ure in the reactl on zone durin

g
A1 hy dPBal Ky (thg | faeor e diet | i6n IBRAHRY 6P eakimjzipe the selectivity to
é%lo‘ﬂ&ir'lﬂéﬁgan@st 1s|r@a§§0ﬁ tflﬁ‘lﬂ)eﬁtglrg %El?%%veptenﬁ)@&hlr&sgénﬁﬁﬁ’y favoring the

t"han degrees C. hi's respect, i ncrease in
predysépmpfithe deﬁrqdrﬁé/Cbb@dthemn%o nléo‘m}’ﬁli, rﬂ@ byglgoalkylation of benzene is

%%ﬂ{eﬁﬁ‘ik lﬁ}ﬁ#‘ ﬁéﬂc@ i i rrﬂal‘?[n[? 'hﬁhtdtﬁ%'t graﬁr?‘e EQQn thl lﬁﬂFoeaﬁ&ﬁltlon step.

tween the tenpe ureo ene cont ai ni
hnQEnﬂﬁﬁmemoeﬁsemsngadh@wddacdwmhnzﬂnehmm@eﬁhem:Mmmn from the

@@%ﬁ! ioh ‘?eagflont 90% 18%)2%qea?>t fhy %F@ ;éctogg Phlofis R theh"@Bing the

|on Zon ent
aﬂnamBM@mnﬁmtp@ﬁmunom@nmmuMMEnj@neH]mgaﬂdtlumﬂanwymhetwwnzo

esir X ene_an ef f1 uent am . .
g egﬁg/d Ft;o xam 1% 8 efa%tga%t CELeeS ﬁe th8 ec%/fejl tﬁ eaclclﬂuéc},]efﬂuent
gae ﬁvhtepcetubrhemu mStetaeteﬁﬁlebtemeemeseumdqﬁmﬂicamcedaemide zone. By

further h dro nder hydr oal I ion conditions.t
ot e H T O I Berdd 1 i G R s Je o recycled to
hyieoaf ylagibn FREHING0BEE ol BEMbIs O tieQfiucnt iRaihQ BIRAN POIGIOR is at least 2:1,
ri se |n t he fyrther reacti on zone i s conveni ent|

(§)

sk et 8 lpash3 by for samnlgetdenst 4:bethe Hiropscon iigmrsratyg élhﬁiefr?aamn zone

bl Bﬁﬁ&aﬂfyﬂ%@i@h rQRLEOHR R¥fe@blyl RagdintRed 80k&eRarl60 degrees C,
conveniently éé at | east 20 degrees C, for exanple at
§

push @p eg@th@@glp rogs Cardey thif &580g¢ d&y@ }nlcwesetlﬁéerg%qt@@ in the reaction
Ydn9UiGn EhE hEBGQioh Rechid & RBfindded el BferéRRBetween the temperature



10

15

20

25

30

[0027] In sone enbodi nents, the effluent stream second
portion conprises unreacted hydrogen and the unreacted

whyweooepsn7 i s fed wwth the effluent stream secoP@I/US2009/030787

portion to said at |east one further reaction zone, or
the unreacted hydrogen is separated fromthe effl uent
stream second portion and then recycled to said
first-nentioned reaction zone or fed to said at |east
S foéﬂz%ﬁlze% n'Ea%ﬁffé h?lﬂd %&ﬁeente[rlgg 1?1@ reﬁ@%n G Cth@kelrﬂf)erature of the
aval | abl' e benzene feed can be used i n the present
hyrd¢ o8y begainompr atfews theleactipr her abl y the benzene

a | ave
09381, L LBl Yl by R Wi BLAL] o g 0
g}eehafadcloize@é:@nzeabhrel thhaiﬂutrhetrwmeag@rportsmai I east 99

029] . Conveni en the to f eed

ﬁ't d > & ff’ckf ?Jaegl r(%)hne]rg actlonczgﬁ alh?% ’tl}f: euélgea(f‘tﬁ(i Qenf‘atﬁ:ds con ach with further
hmim;geﬁ umcﬂbralsdﬂoelkglaﬁdflﬁconﬂﬁlﬁnmrprodwe ﬁmham:ycbhb;q@lientdnan As in the

faﬁ%ﬂp % 1r%é1ileaﬁ?negﬁ?ﬁc 1(21{1%1%6 t@e (’?eéng%/: a{hﬁ%hls%bl E%&Hr{ IFeaceﬁon zone is
ﬁ?ﬁﬂﬁﬁémﬁy keg®lithiancodlippparsoll thaliquid bgluémidin the @glther reaction zone by

%jner f(hg%./grefs E:p?énqﬁglagﬂﬁ oyt h ‘glsﬁlo iﬁ\?%fe%%lh %r fxaﬂaﬁ.%: Qt lgg’st 30 degrees

0l dnﬂmnecybmg%@é@lédadlumg@nmnh@funhé}%&ﬁm ;;ecmlte of all
thr ee impurities (water, sulfur, nitrogen)

(0827, i C{neﬂ)n}eoerm)qdﬁpqﬁltsaﬁlgﬁ e shee ﬁe@pd tgqglqnaqﬁ)élgglses unreacted
BRBSIh 'aﬁdjth@ ReNEoted IBRARREN Khed AnA BRI AltcRR sE@RAE Hb®n to said at

can e conducted in a W de range of reactor
teahfang fhraer Genstiom aonge ioh ghef Ieagicl dhy drogpmyiy §eppigted tionms the effluent
Qfégﬂl%écoﬁaﬁﬁalltlxﬁ hid tﬂbtﬂe’c%léﬁttb Qfld tﬁ?s\f\%{eﬁtloﬂeﬁ r@agﬁi(l)nt io‘fl@ or feH'  said at
hydr oal k tion reaction can be conducted in a single
leesh ond rthoraepstionr zdnp. a plurality of reaction zones, in
2 h akn%r e@(ﬁﬁmér&@ll)hyg;aﬁﬂ){ Beﬁzénﬁt lfe%gugaﬁld te0 u%&fe 1n the present
eaction 1n stages.” Gener lar ratio of
Iyddvadybtion pracesd ubw dorefatablyt the bctrzemaha's 7 pady ilorl 20 nieleasm 99 wt%.
glgnﬁlgltf e,ga tgelf%/vee% tsog erceI I Q%ra?%gfel_nelel? ngto rhllgel ?_[rsls ef%r(l:e;r]aﬂ;ye(?e%}ra{b?enthat the
hydmgehaaﬂe@smab/@mmuﬁ 3:1to about 1 1, such as between
t 0.4:1 to,abo enperatures .fo
PRSI, ar SRt MRl 5 s R b B AT S s g than 1000

aaghtqipﬁuts&ﬁ&@q:éss St BOtBsHnD e‘@maﬁplahmythaﬂ 200pna ehtadb Q¢ total feed

2000 Su1t g@)ctl on ress f‘ {1 getwe n about less than 3
ypigel n%ontéﬁlé ap &) W p gluﬁlﬁ § legathate Spnop Jor exay e ess than
ﬁﬁﬁis@ﬂ@ Wh&o@ﬂ@e@ﬁ&allﬂ Efa ks légb@lallﬂl/(ﬂﬁv@i@ht@hlaﬁdcﬁ Bs less than 1 ppm,

reaction nma | oy for exanple_ a bifunctional
@éle)é?r%‘f leéso pélgpal éntﬁ)gprécm ]%{Pfeg?cbglgb%lfaenés the content of all three

Fegendldr OBt AlrogdRt &f efafled th@itlPla8¢ WoRbinSli®Y 8f R ranges
sel ected fromzeolite beta, nordenite, zeolite X,

shegifipd ®ove.and a nol ecul ar si eve of the MOM 22 family.
%@@d]' teTfPeEthgd@QlehﬁO% ?e)égﬁolﬂe&{ns b@rc%n&jdcﬁ:gl legdwid@ raBQer of reactor

t ent . 08, . Zeolite IS
mﬁgmramqny ipdeding firgl h@lc éhmal remrs,u @d/@r §@talavca|dlsamt@n|tnwers In

f"ﬁ%ﬂﬁl 2’f dg)r @%@?ﬁgﬁ %Igf/\]/gego%{a@t t r aspabll%gcq\(n zone or in a
ptmtabtywlf anctgingrgees ( iWSHchiag leake erhiy thogen in infoBicedPar thatcadios in stages.
éener'ﬁl 1%6 maorl]'g rat’104 6119 the %ydrogen introduced into the or each reaction zone to the
benzene in the liquid feed to the or each reaction zone is between about 0.15:1 to about 15:1,
for example from about 0.3:1 to about 1:1, such as between about 0.4:1 to about 0.9:1.

Suitable temperatures for the hydroalkylation reaction are between about 100°C and about
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Deal um ni zed Y zeolite (Deal Y) may be prepared by the
nmet hod found in U S. Patent No. 3,442,795. Zeolite

WORMIN0ISE7 described in U S. Patent No. 4, 401, 5BGI/US2009/030787

Mordenite is also a naturally occurring material but

is also available in synthetic fornms, such as
TEA-nordenite (i.e., synthetic nordenite prepared from
a reaction mxture conprising a tetraethylammoni um

G R RA don Ar CRA PR 016 SN PRSPy R g5 borveen
it 109 andbleni 3000 KPo, Sﬁcmm betwad:n advbuﬁﬂ@@ al\lt}NAOﬁ‘IZS @Q@thhay
@éﬂémr)]l ?ﬁeUIh (Eraaaigqatlon reactlr(%D may F:mplo ua[rﬁéjle a. bl%lunctlonal catalyst

et one or
coageising anmelea@damyizne aind sﬂaydiegarneteom:mytslt aPﬂefe%lybﬂlB Ind:ileroglar sieve is

b it

CUFEH SU oS b DT e GoliedhaeqIal T AT ARYLATUAL OF of he MCM-
20 eamsilywhzedlitd beth iah@dtsi sgnfhbyieereddiveiinsd anabr sp@agpe, U.S. Patent No.
ggscrlbes the cr stal structure.

ch crystal ) )
08,8 Z&slitg Y a.ngfet?élgéacqrﬁﬁn& lﬁ%ter‘aig}"dé a%%/ *236‘?1? {nsynthetic forms,

ﬁfcﬂrﬁﬁ\mt’rkstéﬁl/@ﬁsﬁ?sﬁl dntl DRintihiogy YZ@&L Yh. h%evnidd[u@n Ultrastable Y
content of isS incor orate as referenc

meleadn alevei G ﬁaé@cmbeémra Eambsisns vnd- %?éé?%eand 3,449,070.

Ebﬂlﬁﬂ?ﬂinﬁ’gd Iyl %me (b%mn@) ﬁa)zbe Qﬂeﬁﬁg@ bP AR méthdd RUn®In @lsc Patent No.
MAWV f ranewor k t opol ogy unit cells,” form ng a nonol ayer

HH4BHE. uffolitecldiP-Y i dekqitbed in HrSefPeﬁea%Ns}/ HH 386y M@rd@@ﬂelw also a

ﬁ'ﬂﬁrgllﬁng ﬁrrl g'}%{téﬁy b@ris §fs€¥t$ﬁlaﬂi@% S)ttﬁlfé CQRINDA R GCPBA mordenite
degr ee i ng bl ocks el ng layers one’ or nore

tika ﬁyrtﬂnf@c umrdentt@pﬂeparm ramegeactighwiing colherlsllrtg;ﬁeﬁetr@ﬁﬂhylammonlum

0 upi el | i ckn i f
gﬁ?ergﬁﬁé ?%?t).pg?é—ﬁa}’de%?e id%sgflo?%i R eliaée%ﬁ?gi% { %r?bq% and 3,894,104,
Bliic tome “MOM-2Zfnily thhatecikli ¢S mafhel o t@dMCMgzbihmslya’tdyr “molecular sieve
S uj | di bl oc can be |n regul ar
et e L o e AT
any aasTRduA kic @R nﬁdae fieef 4 coathibn fmorl dogml: alrystsllhﬁwelﬁldmdﬁodkmmt cell,

any regul ar o ra do dlnen 3-.di mensi on
e onbi TG B B b MO e i @pq it el el arrangoment

t opol @@bms[WAHAHAK tilva i@ thiddcalim&is S pale deﬂﬁb&é@% &%stﬁl@%&tﬁre Such
general%% have an X-ray diffraction pattern includ

d- spEYSHY SHESH R 258t dliczls&?é ipgthe gAges. 95 Zedite Fpneepogh cTypeS" Fifth
3. 42Qxibn A0 5 L Okirc R RWhEh i ih@fhdraty fatRrcHagd to
characterize the material are obtained by standard '
t eehnhejeradar sisyes mgda Siomga chmmkn skgsiid ddengb Ibailding biaskpleqing a 2-
as t Ie§ r
caut png it o BNTRAY Rl Gl orelodE MAELR, tomipg g monolayer
conpulfene @t aeh thidobds guteehlysyst-ent clshicloghsar si eves of

MCM 22 fa 22 escribed in U.S.  Paten
o Zoelecissty b Bada o GRG0 KGR e pRje] B RR tayers of
4, 430nd 09 morcShir ik (nitestt thikledssi Whdeis.thdPaye@f nfdee than one unit cell
4, 826 667) ER% descri bed. in E ropean Pat ent No.
0293 ljnessl L] e(ﬁa) g?q zfclliln@, & biggling, af le:ﬁbtwo monolayers of one
6, 07 2unft W31 . thibikixs2 Thél eGeuihdBMsuch sbddh@ldp@td BiRlingRAb&Rtcan be in a
Publ i cati ogn. No. W097/17290), MCM 36 (described .in U.S.
Pat erf24s fashion gy inegpiar fagkin. agandqmdashiqgees any cqiplnation thereof: and
Pane%ol&&lar %16%@56111'%365)3}/ a%g'\pé%@ér a‘el%ﬁ(ﬁdHPQddllannSMngi or 3-dimensional

Pat ent . 697) described i n
comblnatlon of un1t cells havmg the M W framework topology

[0032] Molecular sieves of the MCM-22 family generally have an X-ray diffraction pattern
including d-spacing maxima at 12.4+0.25, 6.920.15, 3.5740.07 and 3.42+0.07 Angstrom. The
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Patent No. 6, 756,030), and m xtures thereof.
Preferably, the nolecular sieve is selected from (a)

wWOo/BNbA®RS1T b) MCM 56 and (c) isotypes of MCM 49PGrUS2009/030787

MCM 56, such as I TQ 2. [0033] Any known hydrogenati on
netal can be enployed in the present hydroal kyl ati on
catal yst al though suitable netals include palladi um
ruthenium nickel, zinc, tin, and cobalt, wth

R"’}L)L BHAHELP %MQ glsﬁia'{) ot dhﬁﬂdkt@ﬁéeyth@ q}é?e?i‘élaﬂg %Ut%me@%? %Eaﬁha{r&’ techniques

anount of enat1 on net al pr esent 1n ]
wah ab psing ity Kéﬂphe ek?uldtio@ft copp@5s dhad inglglonft radigtiont ardhy a difiiggetometer
: n
%gltl@%/ \éﬁﬁl ?ﬂslgglﬂfelatféﬁb% gﬂtg% %{?&) Uk og’la‘e% ch?npﬁtfeT teap(? ea rcoléectelone system.
Molecawlara bigvds nos MG aPe fantilye lrahldm rMCM 2hydesogedaini 0. Patent No.
TELRL, DRBEN LG ERLALNSKAT 4 REBE LRH RYENINR, 1. paten
No. 4,398,66Y) EBBeln@tdcabednie Fatopean HaltaDnNaUmQBOMZ) EBTQCI (aésotllbed in U.S.

ol RS b8 ab e opant PR Thg e VB 7200,

NENB 6 M@crived i Itmtpla;ensuppmioeﬂm MCNE491meﬁE1ﬁéchn U.S. Patent No.

e 2 fa no| ecu by
23 MehoSe Mt en oD s Shange SHEWEeRs depriped in U
lm&r@ N@)r Gﬁ% (')3%)‘}I AIRALURE MercoBt PleRBdly, M ME186ulak Qfeve is selected from
%gﬁ | east 75m % and gwnerally substantlaILy
@P MG3{-4p r{@ M{-oganide) SRR CMVE4S U8 E Meth> sichan [TQ-2.
[0093192NA Gy RXIAELRRARLAOE rhdtBub Yl eﬁ;@ﬁ?&ﬁinttﬁg 1‘%&1’9 h&d?@alkylatlon
nol ecul ar” sieve.” In particular, it 1s found F

tplpd pithangh swisblsyaetely archde alladea| m@ﬁmﬁlﬁemﬂ?%r% ﬁle, and cobalt,

@ﬁh %@lladﬁdﬂ? b@iﬁé p\!LIltIEMaI‘N a@lxﬂﬁta&@)‘ﬁ?l X?e‘hel%p? tht Smount of hydrogenation
selectivity to cyclohexyl benzene and

dileyrsheryhamatebehi baW@elil pleone @82 andaaboriolfpat ‘e asugh esbegireen about
2 I
I@g %181% gﬂbogﬂs é@ }O ,ﬁ&f%ﬁé ca{ta{le\é\’g Elf gx}e éhl‘?oeo@e nfqg%gef {hgh%eo”&hﬂk sieve is an
zitlmm'mga'hq’:ate thel agi@uaing Ih@grtegema‘morsrucihl mescnﬁnpd@cﬁt@lyst is selected such that
ng %lerlégol a% {h% nal (%nalt ale rz E[]h rln%lgcrt{lar NALL ?W} ehygro I% dlaﬁon metal is from
zﬂfout hé t(hyld]uOM(]Oy fcmtem:mple é&anitabout. 753{] labaun [780, Isﬁkﬁlraga‘mm:about 100 to
xng@ i ncl ude oxi des of Goups 2, 4, 13 and 14 of the
ic Table of Elenents, such as alumna, titania,
sk or zhdmmganatléﬁ ¢ thal @6 dirdtly tsigporedrbre the mgpl&ahaesieve, eg the
Per i Tabl e oups i s as di.scl osed in
@Z{é\ﬂq&g S’ ‘%%‘r‘r‘ FNEET Ph P %@le - gBpisgnation o iply S’SC)haftgGo?@]” ever, in
J Iﬂﬁ)rdn Wéfeﬂg@ réalbbamleﬂemaieasn S0 dapH Fort &Em El& dth@si TWYARKE generally
e, conveniently by inpregnation efore the

Wé?f%}}“al% Al &f He hydioRenafiemmetaloi sprported e BeTgaRig ofide jeparate from

Sl AmPBiRE Wil thé 'n?o\le%ulafr yipicak Fartl&pﬁ gal abuidthat by supportlng the
conposite is produced by co-pelletization, in ch

Iy drqggnadiop metgh on ey WEIERBIE 0§qd§vtge acliyity |96 the catalyst and its select1v1ty to

Eg%toﬂéxy%ﬂieﬁé Rh gl@&@ﬁ&?ﬂbﬂ‘zeﬁ@( hd Qna'éa%ecf o Ardd Qith an equivalent
let's at hig pressurekégenera bout 350 to about

@@@ysmo’vm@at)le h}dirogggatl@@n@ msgsppered @mthv\mot@hul@r sgverry of

§5,ol :
ST S5 0 S0P TP SOOLA RARABEIRRNE b o
ﬁamm&é}d d¢fhmed Lpgivlchddn B, stabfe addegt amqer thedwpnditiomsadf the hydroalkylation
1{% qlong%nﬁ% O]?lorggliléa |0)(1(51 1nc u(lPe Qi es "y |G¥0ups 2d$ pl%SI tdelq ot'he Periodic

e resu
Table of Elements, such as alumlna t1tan1a and/or zirconia. As used herein, the numbering

scheme for the Periodic Table Groups is as disclosed in Chemical and Engineering News,
63(5), 27 (1985).
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[0037] Suitable binder materials include synthetic or
naturally occurring substances as well as inorganic

woraioendzhs such as clay, silica and/or netal oRCTES2009/030787

The latter may be either naturally occurring or in the
formof gelatinous precipitates or gels including
m xtures of silica and netal oxides. Naturally
occurring clays which can be used as a bi nder include
e Ofd REHRALIR! ibh ORI §BodRd Js2@k iifbrb A LGS -conveniently b
[Oh%h farf% ?dégé%l ncl ude t h e@ %ﬂgenton{itlegfgan lﬁ ' Confementy Y
kmﬁgnw@ncmfwﬁﬁhwmktnbwmaasngjnﬂﬁgemc mlﬂanﬁe@mp@tyd giith safddmolecular
r| th : .

SRE T Fol e B BlcanbBye & YOLED b A BATL LS Bhich a e of
the nanhmuler tieve Sdche mleaysowng)mowwd quietameforravd Bitcapadlets at high
@r%isgrre:,g Inire]léa%)lng/ Xbout g?(? 10 athIrlf[:eEr?tb Ogé h(iéﬁ ggcot e%gram?n %Vihl(():lﬁ a slurry of
Bui haltduéar mmtvalandnh@lmeknmdemmng nn:drgxdm}c skill¢, captiogdllyntopaher with a
zir cQ c mna, sili.ca-
Epiei@ e b Rt Bl 2ied, I Beltions? s ] PGSEhbion metal can
Subbdq@éntll ibt aepositedn e rbsudsnt CRAIRAICYMPRIPOSi t i ons such as

ilica-alumna-thoria, sili | um na-zi rconi a,
Eﬂohlca glﬂlt?ﬁieﬁaﬁiﬁrglﬁ@%ﬂaés laﬁladf‘s%ym%etg reghEdly geprigsHpsgpnces as well
$:003%hniAl hheiaghsdch ens AL @Ak uh@bi @fRta$ toRfded. STHI 18l Ymay be either
sel ective towards cycl ohexyl benzene, the effluent from

paqwaliy RACEENK T Bl R ST BRUNRTEGIPIRES RREYl nclyding pyixtures of silica

ﬁﬂr@etg'o@id@’ | I@&tﬁg C?pdic@ﬁiﬂr'lﬁé SlaysAShi¥Bdan bR sk 8 ddeCinclude those of the
aromati c desired nonoal kyl at ed speci es.

mﬁ@m@ﬂﬂq’fu‘é r@tld b%ﬂhplf%mlh?fh athighfamibies Wl e quibsntopiges and the kaolins
&ﬁﬁg{]&gy kRSN Disik rl@@ﬁ&rﬂ&l}‘_ Gp(gglta REFRA Ela)%tgr irstif %vhlch the main
desired products. Thus unreacted aromatic feed may
pmcrabeawyapend isdiallelsge.ikaplinite ohckitachagiste p ksgixitco Supleclays can be used
I kyl. e e

Y SPRoR"REM S REVAGE SibRT REeAEREBECi presment o
¢h@nmxa§1mb¢1|ﬁeat1phb§nz®ﬂﬁempmb@um biﬁ(tegsni]ndn@e silica, alumina, zirconia, titania,
%1‘n ‘a un%zﬁi( l b%géneers?% gacgas(zcl)rt ngaﬁ1 Elzln e‘}florla SSléerI Bergﬁil{l K ic?tania as well
aisetamhnyoummbmmxs n;hqh ast sﬂmnyahbﬁndélsnx aﬁice—atumma -zirconia, silica-alumina-
transal k t he. di Cﬁd ohexyl benzene wi th additi onal

ey Ena Séhcrafd%gﬂ?siaezni d@%pr oduction of the desired
[mmqal ky&ltbdugﬂ tl‘iepl@@tcﬁﬂcylab@@&@ﬂ isThigilg aélkc}tﬂv&&dv@lﬂds%yt:bhexylbenzene

t?? r? 33318}#&' tgoglgvlia tngn; lgtﬁsgtﬂg some dialkylated products,
m%lmluhﬁéh@éd QOmERFEIIQIN tHR\IBYired nfbAIRNAEI species. The effluent portion
transal kyl ati on catal yst, such as a nol ecul ar si eve of

s MEorpioy s the cooled geaytle StpeamamaoNresisd (Selainjthg desired products,
Paket NevacBd Aldtndid Bed #RQ! B RcYveRld BPUEEMNAHR - anlinRe cled to the

transal kyl ati on reaction is typically conducted un
adkylationt reﬁféqrt i Bhe pq)ta)msdfr?m 48% bengaed fiqs@l}%lon VoRAY clpe further dlstllled to

%géulat@ %eﬁn(‘)ﬂ’(‘)gycll%%xﬁb dhedR ‘f)fcﬁlhé{ rfﬁ)mo'cfng @%th&gfgeﬁzgn@ﬁg l&her heavies.

00C and/or” a pressure of ab t o about
Beghding an wes gmunh@ﬁjdw}gﬁl@p?aé@nmp oedseny ipfhegpastion ifﬂnl@nt lt may be

@egﬁ)&gle iloo Q{saﬂ%{laﬁ P {1%}01&% géng 1ﬁ1 additional ben%ene to f%ailmlze the

nzene! d I cycC exyl benzerie wei g rati o of out
prodwbowof the dﬁSlrWwahkxlytebmeme ()(l dati on [0040] | n

rt rt th Xyl henz enol .
N N
Eudtal Bparatedronhtae hpdrbﬂlspnmdlrmtohwdelmmﬂe dﬁlsallfj’iam)nrmyﬂlyst, such
g)sea molecular sieve of the MCM-22 family, zeolite beta, MCM-68 (see U.S. Patent No.

6,014,018), zeolite Y or mordenite. The transalkylation reaction is typically conducted under at
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acconpl i shed by introduci ng an oxygen-contai ni ng gas,
such as air, into a liquid phase containing the

w@ywbobesxy| benzene. Unli ke cunene, atnospheri cPEi/DS2009/030787

oxi dati on of cycl ohexyl benzene in the absence of a
catalyst is very slow and hence the oxidation is

preferably conducted in the presence of a catalyst.
[0041] Suitable catalysts for the cyclohexyl benzene

Qﬁt géﬂﬁél%ﬂulﬁ fifde gSﬁhﬁJﬂ? Wik &ysqftﬁ?f}y 1n§lﬂ@(§§ fehlggrgﬂrecéf Ghdut 100 to about

desc Pat ent
30@8@ rpdoradt Iadsstme o€ plrpub§00r te faboug AE), kP@uloW oms weight hourly space velocity

(%k dtr ogéﬁﬁ C}r@ pﬁ]tlﬁ z}lﬂ"?ﬁ% I3 aNo-eQ Yent cygorﬁegyz?lioénrznén%e\height ratio of
ﬂ@mrabﬁnmnquhydroxyphthaI|n1de
rachl oro oxypht hal i m de, N hydroxyheti m de,
k@ﬁ 2& ﬁ$hf%%£'$+hydroxytrlnEII|t|n1de
Nolny]dr omybﬁ&ze)namvart ZAcyclohboacRoxt Mhtdephenol and cyclohexanone, the

dlhydrox pyromel |itic
wcghe 6@ 5%43 dria-t 8 sorre&p&vdmgt Istdropeter ey yi i may be

&Bcbﬂ’ﬂ)ldsﬁéd biV-iRyetuexy el & rijébntammg gas, such as air, into a liquid phase
pyri di ne- 2, 3- dlcar%OX|nggb Nhydroxysucci ni m de,

an?y@pg)x@%t ayqloélﬂqébqnﬁqn@e) Unliké' cumene, atmospheric air oxidation of
&cﬂﬁﬁ@(y@éﬂzeﬁe NRIROLNGAR- &5 3 cgﬂag@tr ROoXd-Msf%s and hence the oxidation is

exo- N-hydr oxy- 7- oxabi cycl| o[ 2
PRfeeably-mndusted 7 e gicenehohe aatalyst

Np!@]dr 0§1}ﬁfaﬁfe CaGdY);\SkSoﬂ)?xtﬂ@ %ycl&regylgéngé{ebgﬁda%g Eteep are the N-hydroxy

roxy Cl s-4- cyc ohexene- | di carboxim )
Nbﬁy@tpd)g)thgpmtdhaﬂq:smlbj:g in d4P.UtatenaNo. 61720,462 and incorporated herein by

DL e SRRSO, T L. 2mino

nﬁMGwymhdnmd$lkmaMMHmﬂNhyﬂwoth@mmﬁanMﬂmdﬂaoﬂﬁhwﬁmeﬁmﬁdhmde

qugareo%{éﬁa ¥1m]1cle ryé 0x¥h1811m1§? P/{lrmé)ftrolrlnelgﬂ dg:alﬁ }B/groxgbeazene 1,2,4-
ﬁSarbd))qmldé, mmsﬁydmgr@gemahumd1mﬂal Y slilgdrog@berzephenone-3,3',4,4'-

S rted on I|d rrier rovi de
RERBRGsIRooud B § oP B dSimeleind Y | B giggoosimide, N
B}tﬂb@dyisdcblﬁlﬁﬂﬁé; Wehi@rokyTiad@icoimitid)e N- }aydroxy -5- nolrborneéle -2,3-dicarboximide,
N'-tr] [ OXY nuric is. e oyed in.an
Uity re¥Y-f- P%ﬂ%f%cle%ﬁﬁ%ﬂ Soed, écamoxu)sln@% depaeypejsfyplohexane-
DQ-QerbeinﬁdeV\N l%drdigf clshﬁcﬁ:}bﬁb)géﬁ@)ﬂ)ﬂ RQRHRMEde, ﬁ@ﬁﬁﬁ&xynaphthahmﬂe
Suitabl e conditions for the oxidation step. i ncl ude

wdiperatiupe Naydesno-aeuatcdiroptonimidc abotieeBbo che Sebst is N
gﬁir@@@%alﬁg@& A&t@pﬁfﬁﬁblé SRR 10K R-BH ARMY SocPhnuRB Q4Y.

0 to 10, 000 kPa. gen cont ai ni ng gas,
[0&dler aE]l%ﬁe Hiferialg ggn bg@sg{g@@eragoqewé inghe gqegqnp@ofrﬁéqeg@ﬁlcal initiator
mecafl %@%e‘d%? Ihg@va Ipha%% enoBlo@&faeo%srbag%ﬁ rE)r FW 591 pc‘or@ﬁ on a solid carrier

conti nuous eactors buffering agent may
eraddredhetaroganaws colilykt. dopdhlly, the-Nhpdioxst sibstieted exelic imide or the

&%?e%d%gﬁ&ﬁ?%l %glg dsoglnv\% )géﬁeﬁg 9111 Llh&]ﬂl’t %fr@??ﬁ)@gﬁ 01 A) to 15 wt
%onpbumdsnﬂbmuhoasn%@dfmntﬁmﬁbQMMmamekydroperOX|de

vag The flnal active o
e e or O RIS o iy FREN A e ko sbou o°c
ayicbolteX0at@ech amwhbmem%c Itceahoag E30®®aridhje a pressure of about 50 to 10,000

B D K SBREOI, i s e ARG B, e

eadtdh ¥t takphdrein lbaghl rddcohas €onthaod fﬁﬁﬂﬁ@c&or@ay& Baeic buffering agent

1?1%}]; lgeg%ﬁgd tf%%b%ﬁ]i%ﬁc by %}odl?ctg %g‘;pn?a{ya oHh urlng tl?e oxi atigrg OI% addition,

- 10 -



about 400C to about 1200C and/or a pressure of about
50 to about 2,500 kPa, such as about 100 to about 1000

W R9/1T35¢7 cycl ohexyl benzene hydr operoxi de i s pPEr/Es2009/¢430787

10

15

20

25

30

diluted in an organic solvent inert to the cl eavage
reacti on, such as nethyl ethyl ketone, cycl ohexanone,
phenol or cycl ohexyl benzene, to assist in heat
rennval The cl eavage reaction is conveniently
Sﬁselsinak@ rn%y tlﬁtré/cfubé:d h%hI éalnaﬁe'llp Ris$HNet bas[cog)zﬁ%u €such as

cat yst enployed in th eavage step can
fedmopenmods. cat al yst or a heterogeneous catalyst
hg@%@hm§wbk§ g.Jiomogeneous cl eavage catal ysts include
sulfaric acl %erchlorlc aci d, phosphoric acid,
HW@ﬂochThﬂﬁmﬂammuwaﬁﬂ1@ﬂm@bm@nesuﬁﬁbﬂ%@kmcuﬁmnﬂmehﬁ@phmmlmﬂ

1% de. boron trllfluorlfdﬁl sulﬁyrlg OXId%»@nd su furh.h .
(t‘yc o) exa OeﬂearlréVO VeS C eafvla%ec tOI VeehO 10 e)r(P’ engengl gVI'O eéOXI €, whiC 1S

mtzahemslt/ $ffec'fd5debypdfcefaemrgat¢ie hpdm@ammwsn}c b e:awlasg én detlghidgthase. The

IS sulfurijc Wt h preferred con r

FIEHGE 51 b5 B T BByt TR HERGGRRUOU. oot 15D L such as
ARLAdY8 ko aRuNBALE Bld/FAlr QRS beMoR Bfte Rkl ys(t(ptﬁaowéh bd¥Bout 100
cleavage step. Such a neutralization step ty ca

PraborD80 KBt st cyaioberyibonzess bydmmm@nt SRy ditodn an organic
SUBSEGUSTY ISRANLARRD, BufALLiRE LD AUSRUE ARAS Spheno o

0047 suita et er bogeneous ata yst o use
tebhelydmuage tofsstyio heitexydab nbwmicabaed repeomox n@iefemenﬂy conducted

h@p%ﬁ§%§ﬂﬁﬁ@ﬂ?§£&te clay, such as an acidic

e si'lica-alumna clay, as described in
LOD&] Paﬂsent:atengzm cthpBy Q] dlihe ctehengenteproan the sichonsigereond catalyst or a
tporated herein by reference. [0048] The
%?ﬁ@%mg§%F%ﬁe&anone and crude phenol fromthe cl eavage
H044] rTaSm’(aBleSlt.thijc%eﬁeeﬁh tloaviage tchxelystp tiidlide catfingn a¢i®, perchloric acid,

r odu i.ed cycl ohexanone and phenol.. A_su | e
BRAPRE BRLRBLELE RHCrahes B REnard: | hipsgdfigfe. boron
ﬁlﬂ&@rﬁdeeﬁlﬁif digtigd arldl sﬁlﬁir@ﬁo;ii&b\/ﬁé’ 8lsd ﬁfeﬁﬁ@&foﬁfo@e&&% cleavage catalysts.

e and phenol from ot her species

n crude . .
afgtrr @W%ﬁ‘&q%ﬁ@%ﬁ%ﬁf@tww S‘c“E‘E cracie Wiy Breéeetegamtcsmraﬂons in
ﬂi@hﬂ\ﬁ & BORIRh IO WA 1 Q%megbngﬁﬁ \éﬁﬂfcathlglstt Ondabigidation s%ib‘-ﬂi'eferably
dehy rogenatlon may ornmed, for exanple, over

Hpwy {hstclagyiegs st évcata ﬁft}rtﬁahwrlem &FD BPiGeHy rra@lveﬁwm{t@owtl a basic

Jdihﬁ)ohéh\{ SR AhscHhidnt JRWNB Bt mrteenﬂareh 'a?&éb@sr ph¥sedescri bed
reference to foll oW ng non-I Exanpl es and

tﬂﬁéﬂac cOnpErBle Meteryeenapusgentabeh iyl u_se in ﬂta/\@lewe@ ef Beatohexdbenzene
Wd%pgﬁ)lxhixln?ctlddgya Lrg%%] Cl%eglfcilrak B a& %{&Hﬁcglll%mteaslhca -alumina clay,

t'wo-st age reactor system suitab or conducting t
prisseied imld B ditday Nat 4, B, %Fﬂbegslrer dl&det"d@S)f afhrceaa:mcctmorated herein
%ﬁﬁi % 1 conprising first and second fixed catalyst
15 12(b) respectively connected in series.

048]t heT]ﬁer eakde byolpkexenans edhdi crudd hgob dess thes clsayppd isegd may be
t 0. f|r t cat st, bed, 12 s aliquidt

el 15 Rl PR R RSB E b o o Bt A RERE A suitaie
pﬂriﬂcd&ﬁl plrdiv‘eﬁ; 1hMmie§aiut 8 nanithhisadpp)| d sedesed ldl&hllatloh @ovtdieto separate the
first and s at al yst hed

oiclBbRar T DABoL TP B sGa b cadhir Bl e iRl may itelt
be subjected to dehydrogenatlon in order to convert it to phenol. Such dehydrogenation may be
performed, for example, over a catalyst such as platinum, nickel or palladium.

[0049] The invention will now be more particularly described with reference to following

non-limiting Examples and the accompanying drawings.
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hydr ogen supplied through Iine 15 (a) reacts with part
of the benzene in the first catalyst bed 12(a) to form

w@eywbabtestene, which quickly al kyl ates either bRCRESODH30787

cycl ohexyl benzene, form ng either cycl ohexyl benzene or

di cycl ohexyl benzene. The remai nder of the hydrogen

converts benzene all the way to cycl ohexane. Trace

byproducts are not considered in this nodel. Thus a

Ehdritbich] GWodeBlenetle iNAEAREIM S the first catalyst

bed e( a) ¢ ﬁ%séﬁ naﬁﬁﬁl og}unreacted benzene '

1005t heReﬁwrrtng toelggere larmtm dagsf reegpen HheRry beblz efae conducting the
j C 5 he fd

e AP ARRAERE A GUCS BHAL B ot 1 Sha sccond

Bexlond)ysplads i1dfs 1270 aQSpecilﬂlb)conn'Ehted (it $e|risst ) ABfilid fishtbenzene used

1?_12} et‘e ﬁr@cgsls E]ssstup 26%1:‘['0 eQC rg[gca écllysiBerde %a)caﬁl’” 1Ccll tglyO{.lgh Hllljeq.q3 whereas

the ﬂipéﬂogémfeedsﬁ‘barﬁtmeamvldk@ahtp tt;vo pahie and khpplidB3gqualte rethe first and

st ByaRs Jel e B TRy r Bafo somear ot of e

H.)aj(r(é'bﬁen supptied erdSLE‘gg)hneflEdaDJ ﬁfatts svﬁﬂhepamﬁ ﬁié(llfédzeﬁis firt thg Mirst catalyst bed
7 s conbj ned wiith t nline 15
% ?ééi? M@fﬂﬁ éygbl&%‘ﬁ‘be Sqrich g 136 ég‘yl% 6 15t %@Péﬁnﬁtor F@%lgleexylbenzene
Pamning Qlithérh§ cldndxgachRHe be Hlé?d‘l&lekﬂb@lﬁ&yeerﬂﬁ:drefnﬁﬁl@er of the hydrogen
addltlonal %Clohex yl benzene, dicycl ohexyl benzene and

a

eapEpriHRsRATe, AlviAT 1Y dx FYclehtEanse clopce RyRFodugrs froped conxidsyed in this

ASdA TREONAs! ligd derRbdtlsHem el Bamst gy 86&P MHa) do%éb'o%d mainly
effluent streamis split into two (first and secon
plor tpgred 2 bazeng 2 tepetherhaviths e destrd)  ERgUNtfenof stcwéahﬁxylbenzene

ﬁlbﬁc‘}he%gﬁénz% 248 CPloHeSade€CI T cul ated by a punp 23 and
cool ed heat exchanger 24 before being conbi ned

[0sH t h‘é%/e( fuist Bquid efffupnietreans iy whrndetoendirp end sesand) pepions 17(a),

t
R L e
&a( bp§charger Ehovtedh oerersriee ewpenptuof oft shueamjelg(ab gd the 1nlet 13 where the
& Pétc Lpon Jf7 nzn%r)](gd grltgqfljec%resh[b%gge% Qj? 5 esnI éntjerm %ﬁie ﬁrst catalyst

exa ction of cycC nzene
bdalel 2&ppa ha(ﬂrst) eﬁﬂant gtreamn decoidl ﬁbr@emﬁl(le)sé hasmlmflecb\elﬂz ﬁa éydrogen in

GRSsEp’ vt 1 SR arr Ve E0ERR RYGHUBEN BeitgetCR pEecroscrc
bdmeerfﬁl st ccmaéﬁddyshtobeddlﬂlanaﬂ a}cyoamﬁxﬁmnfze@g. digySolepylbedene  and
e se

ca st be The ben
Freat "f t{a‘? jeEndes EM fkﬁ*%@a A DA™ ]fq“idsﬁg’é?%ﬁ%eam The
Mondalﬁ gﬂﬂn@uts’ﬁadm SN lNMRSS WAl 208 séobﬁd)rﬁﬁﬁdng lzb@t; i2¢h). The
éflrst ef fluent streamfirst portion 17(a) t

pondi §fflaant pticap firsnoginm 2260 Shigeipaialaddyy amen) 23 %ndgoaled by a heat
%ﬁ’aﬂg@@% Befase ()élh% Sdobifdd W emt (ﬁ%ﬂl}] Qe Atl str8dm E’&Bﬁd 10n 17(b) and

is cool ed 1200C i n the heat exchan

fhPr 1)§1r0é%n éiﬁ(i?);?ntbf@w the (sggonil catglysnbeti kel uhbie seg@ﬁbeﬁluie@ stream
&95‘{91 ﬂo'rt%?lSM(ﬂ) hafembed fGIereE@\W(gﬁﬂMe%r&f cykﬁﬁe;é/iﬂeﬁz%l% product.

| uent stream second porti'on 17(b) 1S

w@m er sinoanadintwaiedo geampla of Hee Dradyetion agfayetihedopnacne aysing the
r

R R 0L R PN A TR L 0 0 0

reegioncudselt I lnqltb sdt oﬁtrh? hxetfrbgemé)nmgstlppéladnq‘ the §tst pavalyst bc\d 12(a) and

%a%% %%mgd§up§[1ﬁ_d g)g %e;cdcccl) gf ffHutetEeﬁ ﬁﬁbr 22@83%%9%% i (s)urrﬁphgd’] to the first
Sitarlﬁalhfed l‘lI(sI atplcim@ oml B)Z(aa)angmlg ha thd Ghas ratib eof hi@atecirculating (first)

uen eam 12 rst portlon I%?a% ?0 916 (first) effluent stream second portion 17(b) is 3:1 and
that the (first) effluent stream first portion 17(a) is cooled to 120°C in the heat exchanger 19,
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catal yst bed 12(b) is al so naintai ned under adiabatic
conditions, that is the tenperature of the (second)

W@RGovneast7 st r eam second portion 22(b) is 1500CPCTH82009/030787

conversion of hydrogen in the second catal yst bed
12(b) is about 85% and the conversion of benzene is
about 18% Wth two reaction stages, the fina
product, the (second) effluent stream second portion

t%g H)Qt cat&l%{tb@% 'i‘?(a)zé n%1ﬁMn{8dQInd9ryeﬁl a‘BQt?cX%InF’lo D&LSiHat is Qheotel)ﬁ‘foeﬁture of

cl ohéx enzene and hexane.
tbvé 181 Ieffb@ntvséne@n oerood pmndm é@(@hlﬁﬁl% eﬁlzeequerrsmg of bmljogen in the

| 0
B EBEELS A TR R OR BB
lﬂlﬁﬁﬂe sB&gentrOélmgt the nwstaelm uh¢ adwireulftprg @cnmddl):tﬁﬂnglttstream first
t rocess d e s |, ke
uner g%(s) t¥ gf flﬂ tetr%agl SeCor nQOI’tl?rIr'P i%i eat S?ayls'ilnd by %oohng the
seqgud ecfiluent Btreptar ﬁtst:pld)ram 22(h|)etosl}2$ “eiothe Fegtaxehadger 24, the second

skt R T SRR P AR Pssadi GRS ﬁa%b%trféths)@n‘?p"erature ofthe

(’s@c&lﬁ&ﬁéﬂlt{éﬂt ytr@ﬁnmaﬂde@rmdn B i€350°AS THe doxasifibreoflhydadden in the

the fre e ed in the process |

teRend ‘?"‘@f” E%‘{fﬂ E@H 8?% T"g)thgéoné{ers‘ioa& Bel}zg‘?eo‘ﬁﬁﬁout 18%. With
v Rhctibd. stddeviaye lﬁnalt RBdly, th® gRBorld F%ﬁﬁieﬁteﬁfﬁaﬂa“sebéhd ion 22(b),
di vided into three parts and suwﬁ)led equally to t

eontaasy $Y-2 Beds o4 Qﬁ(%f)heXﬂlze(n@ne §9( vy tiyeloharybeirsee ang é)O wt% of
AR (dA}xand ST oVeRARS NG FhyOaPInd HRgzché 1s9b Al g5 a6 ively.
cat al yst beds 12(%)# and 128, of the system of Figure
Bxample 29 AbresadagsiBeonreiediydreplkylation cul ati ng and cool i ng

m@gi]' On?lg&l%(fﬁlus%'a%s 2289 sthe rEeQ?dr lSydt&r %&Bfe‘f@r doh&’d@tlgg the present

effl'uents through respectively punps 3,
hﬁ@maﬂé&%m@gﬁ@p@ and erapldylike qowealete mctlchiée ml@@@mdl)ents to the system

t st 0
n‘%ﬁlrﬁ 2 f \%ﬂ’aﬁﬁmg}g qﬁé; %}gtgﬁleér;]ft]%' I%ﬁlégﬁ%é(ssa)lga%ﬁgh %esgel 11 comprising
ﬁlhe s¢dond dnd:&trélﬁysd catadpht ]zQC(scl)2(aAhle?l(le) 12(c) Irespsttivplgconpted in series.

)%En)%?e] l:j élﬂ %heeﬁfgesﬁ ?r%:zlerg &S(ﬁ)e\)iye/ ! erﬁogcllésgtésosga@gédttlo ﬁle%{rst catalyst bed
tg(m)l ashd»qamlethrova@h ot X Hotwhﬁ:r She bynltogea tfaldytshmbields 1@ lljvided into

R gt e b, foufho o B TR 1Y e Bhid o i ines 150

pEIb Y, il 0 prediCidrely. 25(b) with one portl on 25(a) being

BEHngoR 57 Sirsr e’ tahRr Aot T e pesRGH e 2 ko

REfulid pRlvisthr BARCEaLAN Palchboiay pbidnk 130 ahl dea?; ar ﬂﬁﬁr}espectlve
15(c) .entering the third catalyst bed 12

[rovd icEhents t](‘IB)‘glbfeSP??élV?llﬁlpﬂlalpéfl | e nd3, apd %h ?@harnéﬁrév@dand 24.

HOWe VB Ry gJe?z’orfaﬁ e?ﬂﬁnﬂﬁ&h&%e%?&ﬁ&%ﬂ(@ﬁﬁ%&els combined with the
roduct . [ 056% n one sinul ated exanple of the

Btip die Jp (o yafl gk say thsethiFé gatalyss I?Rji tHe whparalast et of the
Eﬂrgééfeﬁ RnzeRe % &)n@{eg %tg' [ad(ﬁflorg%%%@xﬁﬁgz&re1d13|3ﬁ6@46§§16&&6ne and

y rogen are fed to the reaction vessel
distphexpac, whiguppl the decpad ediaystbed 12(bhesad thatl liquid cffhycay stegpm. The

ﬁlﬁg(i)&ulﬁré?ﬂlgxt st%?ﬁlqp%h?g]fl P)@ot J‘E%n&r?e%& %BHBnQES(tH? g%(b), with one

reci rcul atin t stream Irst

fot(ien) 230 behg réq‘inculste;i ad ¢doledrbly agtumpaithagé beat dth@mger dhbefore being
O|H§bsl%ed \§1t3‘th]é ?I.C?FGP) eaflhléen(t: gg%aferrla rsefscto)ldlef h l 1S € Zatn{l]glgetn}lydrogen 15(c)

mte:rhlgrth]eeﬁnrﬂl Qatalyhtéaeﬂllﬂ@ tht aﬂhytsﬁorthmd%l@) OBdheitlgird effluent stream is

removed for recovery of the desired cyclohexylbenzene product.
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mai nt ai ned under adi abatic conditions, that is the
tenperature of the (first) effluent stream second

w@rwiees117(b) is 1500C. The conversion of hydrP@rES2009030787

the first catal yst bed 12(a) is about 94% whereas the
conversion of benzene is about 11% [0057] The second
catal yst bed 12(b) is also nmaintai ned under adi abatic
conditions by controlling the mass ratio of the
fr cufa f
U984 VLGRSO il L4480 LA EAT AR i
APelalus af _F&ulpi ?aﬁd) g}wo@@@r phbenzens qnddeldnuiyleghf hydeagen are fed to the
[ o
BERITLLT B, PRSI SLELI IR AT s
ganging shat thedmdsa (rixjo cvﬂsthalmutulﬁﬁl%(ﬁm@ dfﬂl@flt: stmamr&nsmor@dn 17(2) to
?lg ?%S‘ESIG £l tasor%%}‘lrrfral sc%]' 20(;{%1 Helgl nd d%)} eS E h ﬁll {é %E: ffﬁlent s[t)ream first
paotivr o7(k) ra;gcdoled tmalQQOCE‘ at the laht éﬂ@harrgenﬂ@ ctad éilrst mgtalyst bed 12(a) is
effl t str n1f| r ortion 25(

1%1?19} a&n&b uélfl?rl iltl 1908, él&ag ﬁs(j&ﬁ tFl{qi)esﬁuvza%lee g‘flrstg eﬁluent stream
&06h dporecol A(gs UﬁIL"C( t'ﬂhlercdl)vei?s{:(fﬂ dﬁ[ﬂﬂﬂrogérf ﬁam fitst sdtalyst tt;ed 12(a) is
ortion to 132.5Cin the heat exchanger 27. The
@’8 %&@I‘éﬁ e&% e GAPSHET 9f henzaee ‘§é‘&%‘ﬁﬂi%at al yst bed
basn) | shakeuid &M@@rwd t1b@) Gonve ﬁﬁin@ﬁndafmﬁ@mz&mm Sonditions by
about. 12% [0059] Wth three reaction sta&{

sangalling fs st ratioed the Freireplatigef(pegant) céiyeat eg@cfaﬁopomon 22(a) to
e égeb&@) gﬁ'ﬁl@ﬁtastrgﬁﬁlﬁtﬁbﬁ@p&ﬁolﬁ2%f/ﬁt@f1 ﬁﬁdodoy%gl’fﬁg e NZERR) effluent

di cycl ohexyl benzene, cl ohexane.

SlfWémch HRItion3(w ée $2%H Colp thﬁﬂéﬂab @?@hﬁrgﬁﬁﬂb e vergion of hydrogen
ANek 4364 &%ﬁ@%ﬁ' 1‘2&1’) Ys abgﬁ’t'g@‘%r dd9hd REP&sibE §1%e‘i1§en@”15t ddout 12%.

t hose of Exanple 1, be seen that increasing
Wﬁé&nurﬁﬁhﬁr theyfd @@aé@éé)ed ri2(0h as lalsp Zegietaingd noddr kadiahtticoponditions by

g’&}lgguc Ien%‘t%i%% %F Eﬂ%@e&‘%hﬁﬁﬁ%&h tﬁho ﬁé’ SQIIGFIEenZ é;%ﬁfb%%g f) to the

e selectivity t exy
Mub@ﬂhwwn@ebypmwdd@DSmnPO@B@H3W%ndbythﬂmgnbs@mnbeﬂhwntﬁwmn

vent.i o descri bed and iy trated
rs} Orré%% 25 h)gtsoplg)?t%:g%u glre hé:al};[bexahan ! t S e SOnVers 10r¥ otahydrorgsc/en in the
skorld cataltyst heel 1a€H) isvblohit %)%pzmelcthatcmvérhan of e@zédni vedbbiitolr2%.

to variation essari ' strated
h’@?& n. Wﬁt rtL{eﬁ r%“?%%éf&%es ﬁ‘ﬁgo al P@B‘?{eﬁ‘éé{%rﬂéﬁ%f@‘e% stream second
paten 35?(b}3|cy5ntt1ﬁs the vﬁﬁ@&ﬂd&d)h?lyﬂjﬁ[ﬁené ,04.9 pu¥opdise®hedylbenzene, and
termning the true scope of. t resent invention.1l.
0 S bt iR RR UL o) PR eind THETs 8 d2gid 31%
fé@pmﬁmw r@bmﬂaaﬂlg kRt d 1Rl i@ thase bPBIMAO Y igw il tEuksh th@8ktreasing
onpri sing benzene into a reaction zone;

@6@5@?4 A stesrs iphe bawens hrdroieylpiindr %@)essm( W)"lteh% the selectivity to

ERBAELYMRnZAR Cand NEAGcch I Qaddivir@tih O RIMEtyIB @RSt #hd cyclohexane
gﬂ;duce cycl ohexyl benzene; (c) renoving an effl uent

@l conpri si ng cycl ohexyl benzene and unreact ed

RBBFE W0 TheS Blethnk %%Eﬁ&nha%%@m d@s@}lbéﬂ RS llﬂ&ratt&leby reference to
effl'uent streaminto at |east first and second
pﬁyﬁiqqla@r@glbodlments those of ordinary skill in the art will appreciate that the invention

lends itself to variations not necessarily illustrated herein. For this reason, then, reference
should be made solely to the appended claims for purposes of determining the true scope of

the present invention.
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(e) cooling the effluent streamfirst portion; and (f)
recycling the cooled effluent streamfirst portion to

WO b@onexstt i on zone; wherein the rati o of the neCEUS$009/030787

the effluent streamfirst portion to the nass of
ef fl uent stream second portion is at least 2:1. 2. The
process of claim1, wherein the ratio of the nmass of
the effluent streamfirst portion to the nass of the
pETlceivgt ream second portion is at least 3:1. 3. The
ﬁTﬁt@§§_ﬁ$ claim?2, wherein the ratio is at |least 4:1.
4. The process of any preceding claim wherein the

ool i f f | uent
b e 88 (B ERe LS L SRR sl APk g™
procesgks ofinteidading dydvhgmednd & heuid dequleccatpursmgitenzead iged reaction
by at |east 20 degrees C. 6. The process of any
Z . . . . .

préceding claim wherein any difference in tenperature

bet wabn t kenthdtigyi the f smdenenivitbdthe eblydrogeo inhéher eactianomone under

one.and. the effluent stre r ved from said
ol ioh 8ot FERbe BRSBTS ™ The

procegss Ofrerfidvaigna® effiehe sficainh @opigigs aldistexdbdnl@lkesdeunreacted
is |less thgp 40, d%%%ees C. 8. The process of any

DEwEdionys e ISP Gt ei n the nolar ratio of the

hydr qgen Weaidikethbefkemeartdh ndslatcad: firdtdk&@ohdortions;
reaction zone 1s from0.15:1 to 15:1. 9. The process

of cl® m goolingrths H{lamestream fygstipertiopotado. 3 1 to 1: 1.

10. The prQGEsS (R cRMY PREEHAE ficdt Bbion WIRE ERtibNSne;
reacti on zone contains a catal yst conprising at |east

wheciphedetie afthe maspeof e fitent digam Ty @oripn tode maps Wigffluent stream

NRb@ portoh-is d1&sPF.pcess of claim 10, wherein said at
| east one nol ecular sieve is selected from zeolite

bet a, Theorrekesi pleclaime bl wheselx the easioj af ghey maprdofatherp piélaent sfream first
L BYe th Ly 6 RLeERES.10f claim

s Frofhe g oMicftfet Gfbank ook polih BAPERESAOT B 5L

has drhexracay aficlafm actlconn gatraterinat lnst 4di ng d- spaci ng

e N T I

biahs ¢ffloeme stnabhefind prtici bgee leas 18 dbgedseéd from MCM 22,

S SR B b o e 1 S B B
6.her exife. prdedss affmaﬁymfﬁleﬁﬁg ckafm,aml%]érfgﬂﬂ anyolliffeteatanid t&lﬁ]loetrﬁlure between
3,. Wherein said at | east one hydrogenation netal is .
ot Psifists) Pt FRah i T Y2t Srygmop i from sid
RAEtion 0B it lesdMan dhgegidccess of any preceding claim

wherei n the hydroal kyl ati on conditigns include

d
t-enpehstrincessei clein O phersabeteamarpie diffsieacedy fess fa?n 0 dpgrees C.

400 t1he1HORsKHaRy pt&edifd @1aRh,0FESSn A AOMr RFi6 ©8 e drogen to the
cl aimand further conprising recovering

apegsheizadnesdripte e the rgtiereone istiiamepd S t¢ i second
port '3 process of claim § wherein the ratio is from 0.3:1 to 1:1.
10. The process of any preceding claim, wherein the reaction zone contains a catalyst
comprising at least one molecular sieve and at least one hydrogenation metal.
11.  The process of claim 10, wherein said at least one molecular sieve is selected from
zeolite beta, mordenite, zeolite X, zeolite Y and a molecular sieve of the MCM-22 family.
12. The process of claim 10 or 11, wherein said at least one molecular sieve has an X-ray
diffraction pattern including d-spacing maxima at 12.4+0.25, 6.9+0.15, 3.57+0.07 and
3.4240.07 Angstrom.
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17. The process of any preceding claim wherein at
| east part of the effluent stream second portion is

wo eabotieesat | east one further reacti on zone whePET/URZH09/030787

10

15

20

25

30

unreacted benzene in the effluent stream second
portion is contacted with further hydrogen under
hydr oal kyl ati on conditions to produce further
cycl ohexyl benzene. 18. The process of claim 17,

vherefin st &t cihiff), widkein %fid Lihgaebhd g@%tu&t gi&_@gg selected from

second portion 1S cool ed before belng to sa
MeAéL2 0N 1B ubbnadr, Fiiddt gl z kg2, ¥EM-FheMpMbdRsCHE-56, UZM-E,

%MQE§hﬁ%c@%%%%@(%gﬁkﬁ%&e%ﬁe ef fl uent stream second

portion conprises unreacted hydrogen and the unreacted

My dr dgerproess efthny wns af dlaats 1E@st3, emercfusidarleaseant ysinogenation
A ségctedt@oem NRGTRD 8}%1f1en%{n%'nﬁ‘@k%13zi%&.ti%“and whefel n the
erfluent Stream second porti’on conprises unreacted

b5y dr chepraes dflaey preeibic ddmhyberogeir hklradgatiat echditiomminclude a

he effl st{.eam second port.i.on n.recycl ed
teBeRbre g P AEE PAASOREBR oF LR B0&L i RPAs st Sone
fart hee reeetd off z@ne predddind sRinhoahd ofurtB@Prdipeiking recovering
hgpol and c§plo e ﬁnone, t he qﬁthod conpri si ng
g@ Gereitrgeeey EP e %?H%%%gﬁgsﬁﬁ) RSP ocess of any
pr. ec eticngods @loManP pt@bdihd Glatrh wBdEih O aXét BE02e N E@luent stream
produce  cycl ohexyl benzene hydroperoxi de and cl eavi ng

TRRNIET BHE K th 8hiFet anhPEh§TEERN aer it BeuREaHdifgrene in the
ANGerkt KGLAN RXRN R rtich2is AnBLD Al RFhE M%H%nﬁaeﬂﬁmalkylation

t he net hod coquiS|n roduci ng cycl ohexyl benzene by
eqditioppiedsadues tugher cyelolgxalbarzenc.t o 20, oxi di zi ng t he
g cl Oﬁféxﬁfb&%p $E0RInk 9_7,p5vﬁggiﬁesaﬁiy &l lggb?)f))ﬁlt RENEEBRIuent stream second

hydr operoxi de, cleaving the cycl ohexyl benzene
portieroiy epdsd leidore beipg Sdue saigh piderst ongritirthey edegtivavzanone, and

Egﬁ 2% gTh%%%@gsi (ﬁg:latirgq 30¥ 9 Lt,oxpl?gféﬂ MEhRenP 5t%Qchs%ccfnldrptonﬁoql comprises
unreacted hydrogen and the unreacted hydrogen is fed to said at least one further reaction
zone.

20.  The process of claim 13 or 14, wherein the effluent stream second portion comprises
unreacted hydrogen and the unreacted hydrogen is separated from the effluent stream second
portion and then recycled to the first reaction zone or fed to said at least one further reaction
zone.

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. A method for producing phenol, the method comprising producing cyclohexylbenzene
by the process of any of claims 1 to 20, oxidizing the cyclohexylbenzene to produce
cyclohexylbenzene hydroperoxide, cleaving the cyclohexylbenzene hydroperoxide to produce
phenol and cyclohexanone, and dehydrogenating the cyclohexanone to produce further

phenol.
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