PROCESS FOR PRODUCI NG CYCLOHEXYLBENZENE CROSS REFERENCE TO RELATED

APPLI CATIONS [0001] This application clains the benefit of prior U S.

provi sional Application Serial no. 5 61/027,971 filed February 12, 2008,

whi ch is hereby incorporated by reference in its entirety. FIELD OF THE

| NVENTI ON wO0@2jobber present invention relates to a prceasss2009/03q8oduci ng
cycl ohexyl benzene and optionally converting the resultant cycl ohexyl benzene
i nto phenol and cycl ohexanone. BACKGROUND OF THE | NVENTI ON 10 [ 0003] Phenol
is an inportant product in the chem cal industry and is useful in, for
exanpl e, the production of phenolic resins, bisphenol A, c-caprolactam

adi pi ¢ acid, and pl aspROCESS FOR[KHIOHICING EVULOHEXELBESZERBON route for

t he production of phenol Is the Hock process. This is a three-step process
in which the first step involves al kylation of benzene 15 with propylene to

produce curreaﬁosg%ﬁﬁ@%@)ﬁﬁﬁfﬁﬁAﬁL@mgﬂgﬁne to the corresponding

hydr oper oxi dgog] c@@éﬁ% @ﬁ ﬁ&nﬁswv%na Jff)[l%ld&gerﬁﬂﬁﬂ ol ar
amount s of p enol e worl'd denan henol

gr owi ng nor e 11/9%3196“ 913@ F\"é’ﬁ‘afyhla?t 29"8!(""‘5@@? B‘H‘é’y "rqerpaamdtbv grferenien in its sutiretys

propyl ene i sFitlke DY THE INVEPERN due to a devel opi ng shortage of pr opyl ene.

20 [0005] Thu a process that use her kenes i nste r ne as

feed and cop[?)B ced PRy MYeRtign £da ates @kpr%c§ssc‘§’él’r8ﬂ‘§?§ﬁgﬂghe"}dg&’ﬁ%g %

acetone nmay dpsiomlly adnivéréing mVﬁzsﬂiaht&:fydﬂal’iekMBenlzmhlﬁo piendlled gebbexatdnen of

phenol s. Fonggﬁg'gog{Nﬁ QE@.{%MI‘%M ng market for cyclohexanone, which is

used as an i ctivator in oxidation reactions and

in the prlodu@8d3bn Ehemmt ispincingoriteht p@:(}dud;tahelxtad@meca} ety and yig esiid xanfone

oxinme, 25 ¢ Kk t No.
%gﬂ%ggpgg}e)%@gm Bhenbiic Lng k) é,usA PRI M kR ackR A

5,053,571 that ¢ enzene can uced by contacting bénzene with
hydr ogen in HHS@CIWSesence of a catal yst corrprl si ng rut henium and ni ckel

supported ongggp! i t%naﬁ?ath@nﬂost bethmb ®oufee o Ik AP aiki6] BhBXMbIDRNES PRcIEan be
processed in two steps to cycl ohexanone and_phenol. The h%/ldr oal kyl ati on

Peaction i s PX5eEariticse dire 4 REoqescif i e f"?t LPpAEwvre plieter EHREEH° 1 angi ng
from1 taqs51GQh ;ﬁop&&a&tblpﬁuau&rca&&w ﬁ115@éagiyrbgld£trdarasr&x@eum@e idlﬂé)cdﬁBs'}wncﬁr@ydl’ ogen
feed rate r grlgeg %omOZtg m)fjtgg({so @et f@ge%stgck 1 hOSUI’ and a
reactlonteﬁlﬁro ewide 9nd fhsinele pas ! 18 DY oPsBEEe 1o & | R tfn8Hn of s
Patent No. Dhdnbbafi2éctthes CiO&ea, thhatorlh @amadefocstiendlds groaing embreviabidlynielr ogen i n
: ge pr esenc%ha?i‘or %,g'el:tol?lgnIanE%qRi)c()IIl,%e c('af)rs]tdof%rOLI))%le:rlleai(s:I '1dz'erf§ & qgére?alsen Idﬂeqtoza (%lvclalgp?ngx or Y
shortage of propylene.
20 {0005} Thus, a process that uses higher alkenes instead of propylene as feed and
coproduces higher ketones, such as cyclohexanone, rather than acetone may be an attractive
alternative route to the production of phenols. For example, there is a growing market for
cyclohexanone, which is used as an industrial solvent, as an activator in oxidation reactions
and in the production of adipic acid, cyclohexanone resins, cyclohexanone oxime,
25 caprolactam and nylon 6.
[0006] It is known from U.S. Patent No. 5,053,571 that cyclohexylbenzene can be
produced by contacting benzene with hydrogen in the presence of a catalyst comprising
ruthenium and nickel supported on zeolite beta and that the resultant cyclohexylbenzene can
be processed in two steps to cyclohexanone and phenol. The hydroalkylation reaction is
30 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



WO 2009/ 102517PCT/ US2009/ 030787 produce cycl ohexyl benzene, which can then
be converted in high yield to phenol and cycl ohexanone by aut ooxi dation

wi th subsequent acid treatnent. The hydroal kyl ation reaction is carried out
at a liquid hourly space velocity (LHSV) of the benzene feed of about 1 to
about 100 h““&?mﬁ%y%?al reaction pressure of about 345 PEI/HB0/039787350 kPa,
a nolar ratio 5 of H2 to benzene of about 0.1:1 to about 10:1, a nolar
rati o of carbon nonoxide to H2 of about 0.01:1 to about 0.3:1, and a
tenperature of about 100 to about 250C. Preferred operating conditions are
said to include a LHSV of the benzene feed of about 5 to about 30 hr-1, a
total reacti ®FPdptceesionexylbenzgtro (thich @gothero balsenyvertell, ®3highk Picld & plnal ardat i o of

H2 to benzengy@ncahost b -adiodxidafo Rt subsequentt B! @datrhedf | Orn@fy @a atily Of
about 0.02:1 to_ about 0.1:1, 10 and a reaction te‘régerature 3/ about 140 to

about 200C. [@eipa)iLragicdmyt & adiand howlygpace yelocity (LHP ¥iefdhe hengene feed of about
CKCI ohexyl beﬂzemﬁ;ugmfo 1ot apbtaIdetRach ﬂ?iyssﬁ-‘r@ of &6kt 329 _t@ﬂ;aaﬂmfzsm& a - aRn 1N
t he presenge i functional cat st conprising at |east ane

hydr ogenatjlcoﬁp ﬁé%’a‘fenﬁsﬂﬁ Oéat’r?ﬂ'iai\lrglt%gb‘%/f LQ/@ ag‘BOl?rhré“ azpon mugnpxide toipcof
hydr ogenat i osbare0.8l:1its apoue08tialahd a 3ahmeeimed of aant ped toasbiottM250PCIt PegTértbd)

ni ckel , coba ; . mxtures, t.hereof e,_cont acti st IS nduct ed
at a tenper a%’éjfrr%ggf ghgglgﬁst ar%f)al(ftg '%cg'ﬁ%a,u%(r’fte@esﬁeﬁl %enS?eegﬁg u'l%% ai"%“‘%goo kPa,
a benzene t ohhydrtefglemaction aressuet ¢fobodt E3OUL 200D 4,830 kPQG: maklr aatiWHEWH,0b about

0.01 to 100. bt oPABuRA: PMunSll 5| PRER: iFhr A 1 STURAROD LUCRONGAY] benzene

can then be oxidized to the correspon mgéﬂg r oper oxl and the peroxide
deconposeld t #rdrferctiundprregptyp efrbputdf@toeheut 3¥B%anone. 20 [ 0009] However ,

al t hough benpessy hyls Omikdey Naitd, 629,515 didlosdd thaBGEloN&ybatbR &0be bidgudal ggluct i on
of cycl ohexyl benzene, h current processes the Selectivity to the desired

W t . .

cycl ohexyl beff2Bfige Bﬁﬁ%’(‘“t]équ{%é‘? Cd¥Rsensh 0% 8 biyipnal guslest SPmRFisings t han
gp% |Thﬁ ma{ lga‘,st iolﬁ@lhyﬂrb'g@StidﬁnmEth algr faflmslecuaarr _esiéiryﬁdfolheﬂ\iﬂﬂ-@:"l@amﬂy. The g

i cycl ohexyl henzene. ¢l ohexa ilds.up in.the recycle stream an
must be renovasy g%nﬂg i gci\é'fl{rf@ Y 3?%%% ﬁ%’iﬁ"it%gf,mlgﬁ%lﬁgﬁ‘gl’ t“ﬁ(ﬁ"nﬁ‘g” Fiks/c PR 2D benzene
by- produdf rmiytrrasdlerdof aundsiad doytacting stap isAbtductdd) b at teragesamirk yf Aoutd0 1©3550°C.,
di cycl ohexyl i uce ddi tianal cl qhe benzene
ot otuct .t he ERGRPGtoboPR RN Eed s BUERT, AN B R SRS 1P
therefore a mdedd WidSYHrdvibdet 8.0betnzEie Aper6t lpgtemt disrhospy deesse wistillani npr oved

sel ecti Vi 1Y dQotBABEKEOBR P 80 2R MMrcd LG ORO ebdreSpoddte Cilardiionide 4R

di scl oses a process for qy Iroal kyl ation ear aromatic
conmpounds, iRSTORINF Eeromposad ietherdetired Rkangland axflohefapenst portion of hydrogen are

reacted b gofodf St HoWARE ilﬁio%ogéﬁﬁ&e anyRirdaii Blibny i %" agiéﬁyé 3hd J%} lggam and,

after cooli ng, the partijall ydroal kyl ated stream and a second portion of
hydr ogen ar @T998gOpf pRlohexyloensing. Stthg@iriert Peeratse dhe selgetiviga ik feadasirgsr oduct .

| nt r oduci ng chdieheRyibinage Prodiit Bbohiveions MoRg 8B IsQPhEAS 165 thafl 0®%, eenOhajlienzene
conver si on, .and.t.hence t he ten&;&?ture rigice, ]1:?n gach sta?le. By WO

2009/ 102517 PERIHELHAE) Rofsere Tiehgend dleveleherdbenzepse Cyflghesaiefuildsa®es, nore
favor abl e priodhecCs selde tsirannt wels mastebes femdvddobip ere@bibii dreshrgind) OldlibleA @er di ng to
t he present i [ it h now been_fo t hat oling and recycling of
part of ? ediacp %@%;éﬁ?&?erngr%%ﬁéd Y SBRTK YT nﬁ%&)%m?l ‘eaéﬁ@%‘ﬁ“hz‘gﬂlé%}gw‘f’ﬁ r

wi thout 5 supdehendetingdne withberryubooines adifitionst ciicinpexylbenkebeprpéica tieroesicont r ol
such that tfge trQﬁégﬁ(ﬂgtko:ﬁyig Rt nglgﬂﬁ%?ﬁgh%ggls :?lgeaﬁ&@ &4 t@kyroQ/{dle NeRllpz0t her mal

conditions and the selectivity to monocycl ohexyl'benzene can be
maxi m zed. hydroalkylation process with improved selectivity to monocyclohexylbenzene.

[0010] U.S. Patent No. 3,784,617 discloses a process for the hydroalkylation of

30 mononuclear aromatic compounds, in which an aromatic charge and a first portion of
hydrogen are reacted in a first stage to produce a partially hydroalkylated stream and, after
cooling, the partially hydroalkylated stream and a second portion of hydrogen are reacted in 2
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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SUMMARY COF THE | NVENTI ON [0012]In one aspect, the invention resides in a
process for producing cycl ohexyl benzene, 10 the process conpri sing:

(a) introducing hydrogen and a liquid feed conprising benzene into a
reacti on zone; (b) contacting the benzene with the hydrogen in the
reaction zdﬁ@Zﬂﬁﬂﬁﬁﬂhydroalkylatlon conditions to prodd/US2009/030787

cycl ohexyl benzene; 15(c)renoving an effluent stream conpri sing

cycl ohexyl benzene and unreacted benzene from said reaction zone; (d)
dividing the effluent streaminto at |least first and second portions; (e)
cool'ing the effluent streamfirst portion; and (f) recycling the

- cool ed ef f | uswvidingtexesasive fempdratyre rincraases more Fryopkle prodent selestivitiesyge sofkiodien t he
ratio of the ymssg of the effluent streamfirst portion to the mass of the

ef fluent stream second portion is at least 2:1. [0013] Conveniently, the
rati o of thel0fds dfccendimgdp fthq,pigpent inverdions it has npwrhep foupd thap Coolingsandf t he

ef fluent streamiseeOpst SOt 'eﬁﬁeﬂtsfr(ﬂﬁ tﬂquyﬁltoa]ﬁylaﬂon%ﬁ:il@ﬁ akley with oP Qahbutd: 1.
[ 0014] Conveni ently he cqol ing reduces_ the tenperatu t he effl uent

e
stream fi PstSt %dp ftiopnoh y‘éﬁ?gqn Wﬂd“@é‘ﬁ?‘ee@m@m GcfPe ét‘g‘l dhat i the

degrees C, fmrdrcankgmﬁd@r@s‘esslcaa&t opdflted @gr aes isGiherADcbddifan uredihe Rildcyvityady

di f ference |§ genpd?ratur bet ween thﬁ?licmd feed i ntroduced into the
reaction zon8° %KY 'ﬂ%’o‘é’fc ey IhEnzeps RU Re PAHINARL ¢ om the reaction zone is

| ess than GOSM:@O@,TEEWNUQQI%S than 40 degrees C. 30

[ 0016] Conveny ly, r qg;jg t he
reaction zon@ﬁ{} tﬁle&beas er’]gl |H51V%‘§tog %ldg]ﬁlﬁ%@%cg{? %du%\%g)%%ai lbe I%15 1 and
about 15:10, theprowsseoppusifer om about 0.3:1 to about 1:1. [0017] Convenl ently,
the reaction Zon@)co%@ddﬂénfhﬁ%g@}l Yind  GIR thed! d%glpfﬁiné 6@3dne ARG a reaction

Zone;
(b)  contacting the benzene with the hydrogen in the reaction zone under

hydroalkylation conditions to produce cyclohexylbenzene;
15 {©) removing an effluent stream comprising cyclohexylbenzene and unreacted
benzene from said reaction zone;
(d)  dividing the effluent stream into at least first and second portions;
(e) cooling the effluent stream first portion; and
® recycling the cooled effluent stream first portion to the reaction zone;

20  wherein the ratio of the mass of the effluent stream first portion to the mass of the effluent
stream second portion is at least 2:1.

[0013] Conveniently, the ratio of the mass of the effluent stream first portion to the mass
of the effluent stream second portion is at least 3:1, preferably at least 4:1.
[0014] Conveniently, the cooling (e) reduces the temperature of the effluent stream first

25 portion by at least 10 degrees C, such as at least 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.

30 [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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nol ecul ar sieve and at | east one hydrogenation netal. In one enbodi nent,
said at | east one WD 2009/102517PCT/ US2009/ 030787 nol ecul ar sieve is
selected fromzeolite beta, nordenite, zeolite X, zeolite Y and a nol ecul ar
sieve of the MCM 22 famly. In another enbodi nent, said at | east one

hydr ogenat i WA 2A¥2183517T s sel ected from pal | adium r ut heni RER/USIPBNTST 2i nc,
tin, and cobalt. [0018]In one enbodi nent, the process further conprises
recovering cycl ohexyl benzene 5 fromthe ef f | uent stream second portion.
[0019] I n anot her enbodi nent, the effluent stream second portion is fed to
at | east one further reaction zone where unreacted benzene in the effl uent
st r eam secongojseylarsistie isselecsad foom zedlitabeth maudentie medijedX.rgelite Yrauds molecular
hydroal kyl at ;e GRAEMORSahy. P AHMES cfbEdind&H, saM Gl R XN ﬂ}ﬁ&% fon thitaSOME
enmbodi nents, the effluent stream second portion conprises 10 unreacted
hydr ogen andissplectesFosnpalladium,yatheian nickelians, U e# ©Bel of f | uent st ream second
portion to sgo@gjat heas bmbdHfndnt thd RbcckCfhdr QompRBErecEridg §clohix P8 &d

hydr ogen |s gﬂgqpa%gﬁ fronrthe ef fl uent stream second portion and then
recycled to nt SEARSPIRI BOSHRS: or fed to said at | east one further
reaction zona)msE}Rl Hi abbtfécRRnBddifmbnt Qe HlkenDRAMINGDNd portipDB X0 fol Gudast chei S a

di agram of trt er reac? I? bR has uIlr%arc engelrlén rrll%xe Qi%u fnreeneseggnglr %l kyiation
process of EQ f@ﬁzﬁ%??gure is a diagramo *n AGE ¥ eact or
for perform wgtatﬂaé woidn fether hydtogsal lhydblahycbwllp'ﬂaumewmbtﬁonExtanpb@ca fufiet Al LED
DESCRI PTI ON NT, r P for
the hydroal k gt%jglbé%beiﬁg%lﬁlg “fhb i g,ﬁju?gég%{;é}fqﬁgﬁ, rrrtgma{‘])glw%gn t he
conversi dff o‘Fn“taﬁféd W&%M@%W%m Stdt?gely’é Ifqgh’@ﬁldh%‘?f ueamremeqq@rd pottigs of ar as

the hydroal kylsadl 0 asitdaP AROCKHESS %ﬁy&l tﬁb%ydcreammegenl i s@dﬁrea IR 4@ the
desi red nonocycl ohexyl benzene product process can include the further

step of trandHyeRlfTemh sepopdportign apd Fl%ﬁﬂé@?y?l%ﬁi%grsweﬁwo%aﬂ}etqré?ﬁa’lo sBidi#zene to
produce f urtbgfomFurtienesyict aaexyl benzene product Benzene Hydroal kyl ati on

BRIEF DESCRIPTION OF THE DRAWINGS
15  [0020] Figure 1 is a diagram of a two-stage reactor for performing the benzene

hydroalkylation process of Example 1.
[0021] Figure 2 is a diagram of a three-stage reactor for performing the benzene
hydroalkylation process of Example 2.
DETAILED DESCRIPTION OF THE INVENTION
20 [0022] Described herein is a process for the hydroalkylation of benzene to produce

cyclohexylbenzene and then the conversion of the cyclohexylbenzene to cyclohexanone and

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

Benzene Hydroalkylation

[0023] The first step in the present process comprises contacting hydrogen and a liquid
feed comprising benzene with a hydroalkylation catalyst in at least one reaction zone under
hydroalkylation conditions whereby the benzene undergoes the following reaction to produce

30 cyclohexylbenzene (CHB):



[0023] The first step in the present process conprises contacting hydrogen
and a liquid feed conprising benzene with a hydroal kyl ati on catal yst in
at | east one reaction zone under hydroal kyl ati on conditi ons whereby the
benzene undergoes the follow ng reaction to produce 30 cycl ohexyl benzene
(CHB): WOwoes»1e2817PCT/ US2009/ 030787 [ 0024] ConpetRGTU26H8(78N S

i nclude the conplete saturation of the benzene to produce cycl ohexane,

di al kyl ati on to produce dicycl ohexyl benzene and reorgani zati on/al kylation 5
reactions to produce inpurities, such as nethyl cycl opentyl benzene ( MCPB)

Al t hough di cycl ohexyl benzene can be transal kyl ated to produce additi onal
CHB product, conversion to cycl ohexane represents | os0f val uabl e feed,
whereas inpurities such as mnethyl cycl opentyl benze ) are particularly
undesi rabl e since the boiling point of MCPB is ver e to that of CHB so
that it is very difficult gparate MCPB from CHE O is therefore
inportant to nmaxim ze thefjselectlivity to cycl ohexyl bghzenes in the

hydroal | cyl ati on reactiéhl éﬁhf fhe Tactors tlhat is inportant in
maxi m zing the selectivity gcl ohexyl benzenes i s _sgaction tenperature,
with | ower tenperatures generally favoring the pr of the desired
cycl ohexyl benzenes. However, the hydroal kyl ation ne is 15
exotherm c and hence it is inportant to limt the ature rise in the
hydr oal kyl ati on step. In the present process this is~&chi eved by dividing
the liquid effluent stream fromthe hydroal kyl ati on reaction zone into at

| east first and second portions and then cooling the effluent streamfirst
portion, con9&4 entdoppesipg Feactiqny drclutly thpetpmplele Riurgtipn P thgdieyzepy, togprodusast 20
degrees C, fQEiokxaeP dfandlatid 36 torotflced QAY@SRx fibendel dnb €RofgEXMGI/AMG1dibe cool ed
liquid effluent 20 stream first portion, but not hhe emﬁhyent shﬁean1second
portion, to FHEONSRRIPHIRC Jgprsitiess puehy ay, meglcyqiopentyligrzeng : (MEEED- + AhpEls of
the cool ed eafifytioRRyIb&ELERRMA bd kahballyGlicdit® protiee Madigmalt CHB product, conversion to

cyclohexane represents loss of wvaluable feed, whereas impurities such as

methylcyclopentylbenzene (MCPB) are particularly undesirable since the boiling point of
MCPB is very close to that of CHB so that it is very difficult to separate MCPB from CHB. It
10  is therefore important to maximize the selectivity to cyclohexylbenzenes in the hydroalkylation
reaction.
[0025] One of the factors that is important in maximizing the selectivity to
cyclohexylbenzenes is reaction temperature, with lower temperatures generally favoring the
production of the desired cyclohexylbenzenes. However, the hydroalkylation of benzene is
15 exothermic and hence it is important to limit the temperature rise in the hydroalkylation step.
In the present process this is achieved by dividing the liquid effluent stream from the
hydroalkylation reaction zone into at least first and second portions and then cooling the
effluent stream first portion, conveniently by at least 10 degrees C, preferably by at least 20
degrees C, for example at least 30 degrees C, and then recycling the cooled liquid effluent
20 stream first portion, but not the effluent stream second portion, to the reaction zone. By
ensuring that the ratio of the mass of the cooled effluent stream first portion recycled to
hydroalkylation reaction zone to the mass of the effluent stream second portion is at least 2:1,
such as at least 3:1, for example at least 4:1, the increase in temperature in the reaction zone
during the hydroalkylation reaction can preferably be maintained at less than 60 degrees C,
25 such as less than 40 degrees C. In this respect, the increase in temperature in the reaction

zone during the hydroalkylation reaction is defined as the difference between the temperature



hydr oal kyl ati on reaction zone to the mass of the effluent stream second
portion is at least 2:1, such as at least 3:1, for exanple at |east 4:1,
the increase in tenperature in the reaction zone during the hydroal kyl ati on
reaction can preferably be maintained at |ess than 60 degrees C, 25 such as
| ess than 4AYOGUYARBET C. In this respect, the increase iRCHERPVIO38Te in the
reaction zone during the hydroal kylation reaction is defined as the

di fference between the tenperature WD 2009/ 102517PCT/ US2009/ 030787 of the
benzene-containing liquid feed entering the reaction zone and the
tenperature of the liquid effluent streamrenoved fromthe reaction zone.

[ 00261Typi cabf tie berzencecbhithinmp tliquid fesd wnfcmgthé sedion ppeant gt teperame of the
addition to L&dgﬁ@n{ﬁg rﬁ}l&;oggﬁaﬁ%‘# 816 -ad the effluent stream second
portion is 5 to at least one further reaction zone where the unreacted
benzene is cttct ebypicellh theypfflpent stigpan enyemises inesactpd, benaerekiy | addifieom tactiadi t i ons

to produce fa@sﬁaﬁ@c@m&l@é}@mhﬁzﬁﬁgﬁﬁ&mmm&csxmepo%a% of the first-nmentioned
reacti on zon erature rise in the further reaction zone is

conveni ent yg’e &ﬁt?e@ftloéﬁmﬁg}eréquﬁﬁneﬁé‘}ﬁfe thy unrqagteqd beggang isceptpgiedhwitls fugher t he

1; urt her rC eaChydﬁfgeliﬁﬂEr E&dm&ﬂcyiaﬁ@sdo?)g&gorﬁ@(gﬁ@ﬂi?e @ﬁh@MVBﬁHx?IB&dzbheb}Als%i thlaeﬁSt 20
egr ees ast eqgr ees en recycling the

cogl ed |iqui ?fse ?fxtﬁggﬁtfm?%m‘feﬁéeafmzﬁg? SRR E‘ﬁfﬂg%’e[%ﬁ'}?’?ﬁaﬁt Q5 1

enmbodi nent s, cdnbameeiﬂ}f douteeiled b coobinp mﬁ@ﬁthd hpmd tfifloent fromplie fodsr teadtion edne dy

hydrogen andyhfig Y686 LoRUAERIRD ol Basf SHlaiNCt AP EHLUPRL 5§ hEam second

portion to sai one reac
hydr ogen 10s Gapdthan weyclingthe edobed diffil g@lnent S)tth@émh%mm ZpiEsy t on and t hen

recycled to pgrf fig %J;méTaﬂldeRﬁkﬁQ ﬁle%ﬁiuemtémgecgﬁd L&qo& gsaﬁea&éd | east

one further reaction zone. [0028] Any commerci al avail | enzene feed
can be used WHrOgHEY ﬂ@g’mﬂwwl@awg/feawﬂb Hleﬁﬁb@%geawongmem@n toopid at he
benzene has 1gaspuifd futhdr @¥tiorfondt or! tﬁaaﬁrea%%dwfy%)geﬁl ﬁlsbﬁfaltéa, fréth lQaodseiiint he
source of hydran?en is not crjtical ener al desirabl e that the

hydr ogen i s SHEAF 5y pgwiop padt W%CYCI%tOf@G%EF%@SWQ Sertipyzong Aefed Krsad ot eed to
t he hydr aal Kydsadnk @ithed reptiQOhai ns | ess than 1000 wei ght ppm such as | ess

t han 500 pp r exa IeIe The tatal feed
typically cg]r)l({zérns%%s On%'ﬁeé‘f*'na \?\1%1%011“"  fog c nage I'8¥% PhiF BG*Bbm for
exanpl e |es shydmakylﬁiompmcessgl lprrefeﬁbly ﬂlﬁ)b@dzexfedﬁd agarigriavel pf etoleisabnsthess t han
10 wei ght p%llaﬁycﬁﬂl&? ns%?oal}c@%? hédrgééﬁlls I\&rc ? ?qgisegglrl?erzﬁﬁrhéeglg‘agleotha]f ﬂpep m

n|trogen In pre erre e con
hydrogen is at least 99 wt% pure.

20 [0029] Conveniently, the total feed to the hydroalkylation step contains less than 1000
weight ppm, such as less than 500 ppm, for example less than 100 ppm, water. The total feed

typically contains less than 100 weight ppm, such as less than 30 ppm, for example Iess than 3
ppm sulfur. The total feed generally contains less than 10 weight ppm, such as less than 1 ppm,
for example less than 0.1 ppm, nitrogen. In preferred embodiments, the content of all three
25 impurities (water, sulfur, nitrogen) is restricted to within any combination of the ranges
specified above,
[0030] The hydroalkylation reaction can be conducted in a wide range of reactor
configurations including fixed bed, slurry reactors, and/or catalytic distillation towers. In
addition, the hydroalkylation reaction can be conducted in a single reaction zone or in a
30 plurality of reaction zones, in which at least the hydrogen is introduced to the reaction in stages.
Generally, the molar ratio of the hydrogen 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

-6-



25 inmpurities (water, sulfur, nitrogen) is restricted to wthin any

conbi nati on of the ranges specified above, [0030] The hydroal kyl ati on
reaction can be conducted in a wi de range of reactor configurations
including fixed bed, slurry reactors, and/or catalytic distillation towers.
In additi orWOtZWQ/IWUr oal kyl ation reaction can be conduct@@H9434shgl e
reaction zone or in a 30 plurality of reaction zones, in which at |east the
hydrogen is introduced to the reaction in stages. Generally, t he nol ar
ratio of the hydrogen 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 ab2i9fC,kbchlks bétween @anifl0eC frdahwwr BOUEC. nitdhld repatiomprosgeresiard betweesh as

bet ween abou&bo t 160 &nd: ou%?%kPQa ?ucgi é%ée@%oﬁbﬁg)gqp@%gﬁtwo@@kﬁagr the

hydr oal kyl at1on reaction are bé Ween about abou
2009/ 102517 PO 1IUS2 008/ 1980718 AatiE OGiction oy mplost fae expmplsot tbifimg onah sefalag out

200C. Suitab Q he = 000
cPas such oSTRARAEL ARk RRALARPs %‘%%%?‘W‘%S%bﬂ*é%f;ﬂ*gﬁ%%ﬁ ovefis

hydr oal ky/Sat selspted &ere £qobis bﬁ*ayn@ﬁwweqlm Xzl anda ppke ﬂ%%%flthecl\é‘t?%@r yst

conpri sing azZTRhﬂW'z%htS ibeid And sl sphtityid '2RQERAdst® h, ﬂ&'té?(hmplE’rEEePﬂQ{t)Nd he
nol ecul ar sieve i s sel ectedfromzeollteg%ta nor d te X

€0
zeolite Y antt3%8.088 %‘?f’é}feaﬁ is jnaiyally, pecprring MR f"d?rfd?%/ava I’P fyé’zhﬁg‘f Thd its
synt hesi s ar&cifbsTltasesle IYI’I(USfY()Fan&XEﬂﬁkhﬁlzedJYS(DeElaYp NLowaodidin 308s068.Y Zeol i t e

Y is a naturall occurr rial,but  i.s 0.ava Y tlc
forms, such Iagle%fafrséesvf’ %%% 48 IfZIJgallﬁmtnl ZO%dE%éM[% Fnr}iﬂ% 42%_ow sodi um
U trast abbe D’eamniimmdlﬁazeoi;teemeal (YUBMy be praarse by e dnethod lﬂ)\@d iPHtSe RatetidD,

3,293,192 ang 3 449,010, 130D bR 7955 g OkL Uk TR dABYs b, o cpared

by the nethod found 5.7 Zeolite UHP-Y
descri bed i mawyrdly opeurringtmatgsial bnt msowﬁlabw &b@ihe‘tl%for@s AYcy @s ﬁEﬁaIEQIi‘ilealt? y

occurring myie réy%eti&%or&e’ﬁﬂ@y%r@&réﬁ‘f@ﬂ ARdcBion fﬁlx‘ﬁif@&&i'ﬁﬁ'lklﬁg f, QEriGhylSMEdAIAS

TEA- nordenite (|. Ic nordenite prepared froma reaction m xture

conpri si ng aiﬂie@tng&é%n@ylﬁﬁn‘ﬁﬁﬁ?%ﬁﬂsd@l%ﬂ ‘ﬁdj %gPé‘F?P‘)NOWEZ\GWd‘éﬁ?iS%“ 10d.
di scl osedsi Nrubiesn « ﬁ@Mﬂ@i fammat&'la?%s Q&%ﬂ@lﬂﬁ*th% i\/ﬁﬁ%&i%ﬂyi&' “FRchlgse MCM 22
famly material" ‘materi a ?1 1‘:‘\@MZZfamly or "nol ecul ar sieve of
the MOM 22 foifhe hﬂ’zzéaémléis)e‘ﬁ “FFQ EPH, ISIBEE CRFEE MBI & 0r nore of :  nol ecul ar
si eves made f an]n@le&ﬂHm%s fadSfrorsl € BrRBorChirytHegrtd ¢r§b@111l31'd blithifadbldek aikcell)i t
cell, which unit ell1 I a]? mﬁ‘{ amewor klt opg gé 1 ?(A utnllt cell Js
spatial arr angenﬁf yite Wﬁg‘ mework tapplqey. (PR LSS $APRY! BFRRperIey ce
describes the cryfddbs vaiichuttiled @ thr&udimedasl psdca Hesatbestit unym! sanctureliSacussed in
the "Atl of Zeol i e Franewor k Types", FEi e tire
cont ent 26 whi ch®V¥ Sﬁ&%‘frffo?‘rgtdésausge@ Peq]%ré&aée‘}fegeo deoﬁnram ‘ge&\s/éslzef?rlade from
a comon second dﬂgmel@Oblthelenhrmg)nbhmfkvhmbmlmgrparaEd aadnem@,onal tiling of
such MAW f r amewor ol ogy unit cells QL] Aol F1c Aein@NE, Uni t
cell thickness, P kls‘fu?algﬁﬁ?’g IIc')aﬁle écomu'ﬁlc mmo ec%(?g?ﬁieg;@;lg £k, Hein 12
dlmensmnal t111ng of such MWW framework topology unit cells, forming a monolayer
of one unit cell thickness, preferably one c-unit cell thickness;
25 e 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, or any combination thereof; and
30 ¢ molecular sieves made by any regular or random 2-dimensional or 3-dimensional
combination of unit cells having the MWW 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, 6.9+0.15, 3.570.07 and 3.42+0.07 Angstrom. The
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25 nol ecul ar sieves made from conmmon second degree buil ding bl ocks, being

| ayers of one or nore than one unit cell thickness, wherein the |ayer of
nore than one unit cell thickness is nmade from stacki ng, packing, or

bi nding at | east two nonol ayers of one unit cell thickness. The stacking of
such secondV8efPa@5plii | di ng bl ocks can be in a regul ar RCGEYS201/03¢I87
irregular fashion, a random fashion, or any conbination thereof; and 30

nol ecul ar sieves nmade by any regul ar or random 2-di nensi onal or

3-di nensi onal conbination of unit cells having the MAW framework topol ogy.

[ 0032] Mol ecul ar sieves of the MCM 22 fam |y generally have an X-ray

di ffraction Faex diffractiorcdatedisnd) tadcharaeterian ghevmatérieh arqtobthiped by tBndag!, ©hnitbgs

3.570. 07 andggn 42 Qsifl! e ﬂﬁﬁaﬁhﬁaomum&h& coMQr 250918/.&91%%2&’% \é§%0 @9&@7 X-Tay
diffraction data used to characterize the material are obtained by standard
t echni ques s&BPPed Withi 4 seintiflatin %umaa%w%edwon@wprpé& thgscallpgion sgtaent

radi ation angfogcif ilév@mo@rmtﬂtzze%@pﬁauw Mevaos f(&e@érlbled 34 @8, paMptes, and

Fam 1y | nd uaioneeh BETo GSrbrbua S Foeml bADURD: R ob (tascobsd 8 55 Papty 3
ﬁges Sl r isggd 6|6 No.\4,836,660t ERE-1 Nascnﬂeéiliﬁ Butg@@h Pat&bXo 2203032)5 TIQ-b &ldscriBedin 8. S_I_Patle nt
(described i %a?t thgﬁﬁ @%ﬁﬁébgg 18 88%?@1 gatf“ggg%’rcftf%g]z %%@?P ?l onal

Pat ent Publ i M&M-3(ddiribedio T/. S.ZE@@IZ)NO MQISOB’H) (MeNEetd (descritien iJUS. PRadteit  No.

(dosor i betl i 0L pRALSE igdhublinct S, plith R sl SRR (e o,
Pat ent NJO 6ParBBENOIGH6.03h.chndimixtueetheredfe Preferablypthe iofegidhrysieve h@elnmdefmm ar
sieve is selgpiedi-dg] -Séﬁxg«é%ozﬁ&)ofM@M 2far@MLCNIGY, sh&PJsYF?§ of MCM 49

and MCM 56, such as known hydr og enat | on can be
enpl oyed in P&l p &%@OWWW?%@P@@&&? amlgstedalv the peryent sydreadiyiationet al s
anl ude pal |oaf‘iiybtlmlthd5dgh hﬁ&bléfﬂletdlld mkiede, paZHitdl'\ﬁn rﬁthéiuunﬁﬁhﬁk@loﬂﬁd tin, Mdtdabanal | adl1 gm
eing particular anta e neral ly, anmpunt o rogenat i on
metal present™ W’l B‘P%P%%‘ ‘FI%’ age TSRS a b( WYY %/Ytd Oﬁgmﬂfn % such
as bet wedf ab@a]t)re@enima]m:baab@lﬁ béiwwm aBout 0.05 aﬂaebmaua{wy%t such&&ﬂ&eﬁﬁ%ﬂdl nment ,
where t he I i ey Iu nosi

mU le anld a%?ut% v?t F e ca a, e cat"’é‘i emtioslment })er% {hg dn e(?g]ﬁr ?1?1\/5,[15 ?nn e ol ar

hydrogenati on neta resént Y
ratio of t helhmhnmhnucnthwntohﬂ oﬁwdargulaaon xsctd\peesetntnntthne:ah;yslrm@mm pohtaet al is

f rom about I U 0, such
as from abOlJJﬂ%e T%)l% 1'?%9 %‘%2@8‘%‘“ “&‘o% tﬁ{%@%’fﬁ' %u e‘%f?o é? |a%§1)n %‘gt '% f?%
directly suppotiédo apput K00t exemblgriron abowt 75 égabDWSW@MﬂQ@ fogmebbyt lﬂQJtoecuI ar
sieve bypof Qpa®¥@pl €, inpregnation or ion exchange. However, in a nore
preferred enbodi nent, at |east 50 wt% for exanple at | east 75wt% and

general |y s UMSHant iThg hygirogenatioprmeta] anap pel disgln sppesied A hgmalesulat sisyercgdhe on an

i norgani ¢ oXICH-23 %ﬂl’y@ﬁ&ecﬁlﬁ@'@v@éy tdHex Qﬁirégﬂﬁiloﬂﬂoi 0n tRBan¥P| BGMVA! inSi eve.
In particular, it is d.t hat bu%% t he h%’aro eonatlon netal on
t he morgaan“?S%P’E?ge“e ﬁ‘@ upang; iaf (AP 1‘3 “}P?tat “osEdegts3ity to

cycl ohexyl bemﬁmauﬁmdouhcymr@hmw inamzem@p@ree oh BE RRBAE ofile epirRafesd W th an
equi val e ta ogenat i .on orted on the
nol ecul a?g s?gtve 6@3%’]“% ?11801” aéﬁ%‘ée oXi AE Rt 1@2‘3‘“? rtihagg%ﬁ DROUBHSsi t e
hydr oal kyl aﬁy@geu@rm‘a Imgtt on ’Ehe m@tganic oxide, the activity of the catalyst and its selectivity to

cyclohexylbenzene and dicyclohexylbenzene are increased as compared with an equivalent

catalyst in which the hydrogenation metal is supported on the molecular sieve.

[0035] The inorganic oxide employed in such a composite hydroalkylation catalyst is not
30 narrowly defined provided it is stable and inert under the conditions of the hydroalkylation

reaction. Suitable inorganic oxides include oxides of Groups 2, 4, 13 and 14 of the Periodic

Table of Elements, such as alumina, titania, 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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30 narrowWy defined provided it is stable and inert under the conditions of
t he hydroal kyl ati on reaction. Suitable inorganic oxides include oxides of
G oups 2, 4, 13 and 14 of the Periodic Table of Elenents, such as alum na,
titania, and/or zirconia. As used herein, the nunbering schene for the

Peri odi c TaMP@00geAsHs is as disclosed in Chenical and BEMgV/HREP0I8News,
63(5), 27 (1985). WD 2009/102517PCT/ US2009/ 030787 [00361The hydrogenati on
netal is deposited on the inorganic oxide, conveniently by inpregnation,
before the nmetal -containing inorganic oxide is conposited with said

nol ecul ar sieve. Typically, the catal yst conposite is produced by

co- pel | et i zaf0036], iThev%yiergeratiom mttelr e dgpositddeomthic dnarpanic eiidey conyerdentii dy

met al - cont ai ot f. ressure
(general ly a}%Q%mégg to a %8%hg§8agﬁ%1%£%§Q(%?%%Vﬂg%hﬁﬁfrﬂiF%%gﬁFﬁﬂﬁhlch a
slurry of  t heevepTepicallstheiataiist comelositnis Pradacsr by sorpalictratie. IWtigiarnixumatde,

optionally tmg%iolrbeﬁawlévg aﬁ’d ﬁ@ﬁﬁ{aﬁéo%mmh@%rgan@r&m% Qfecﬁﬂn&lhﬁt@ ab.-tsaat digg. | f
necessary, additional hyd rogenatlon nmetal can subsequent]y deposited on

the resul tSanPrewye PTlyabap a9 toerboyt G6%904ER) SHPYeCoFFRERA Wt 2 &yidic| ude
synthetic ormg aﬁdlé’cﬁlbli MerCzﬁxki rthé R@tabetatindigCAGeatic Wwald, opfioraky mgemgamma
mat erials such as §I|IC

and/ r
ei t her nat ur %P§e 83’8?5’( $p fgyceg thro @ ﬁ?ﬁcﬁa%gg(gﬁ?nﬁ lﬁy(émﬁ?né‘{é?[bﬁnf C@E or
gel s incl udi @gseqtemﬂmea&pdafted&nIthecaulmncbafsezma:bmposndes Nat urally occurring

| whi h b t
and” Kaol i n RN o< Rk et i dlerloR e drBnpheckinf (BRI WepT! £ ©
kaol i ns d@m@mhgrg@mmﬂtew Eanlae clabw:md/oee@ragloadﬁna'hﬂ&ﬁpﬂ way bt aifker or

others in Waﬂ?al&%@cu R $§hJ%H§5@ée1aﬁ&ﬂ§£ﬂeélﬂﬁféE ot &lsh@éldd%%l;{tﬁpes kagichnite,

di ckite, nacri or anauxit can be used in the raw state as

originally mnﬁ@rz;tab@xuieﬁn Namﬂwcmgé&ywh%caéép il a1 3 Bipder elnde theseafthent or

chem cal nodi§duGatioRies an&q&ctnﬁ@alnﬁh&%ﬁ&h Qh1Ee inBlunoes @bba@dnu&@n& tHe ikG@ins
al um na, 2|rcon|a tltanla S|I|ca al um na S

il
si i ca- zi r comanonkyiknovnase.McNages. Gegrefajapd Rio d"’acg el eéssmtwé‘l‘cﬁé}fe)fnam
conposi t i1@NsmigetEltodGitusit lid KaBoyditd) Raoliaitel Hickide Anaciite bil dauxith. UBiich alasl da Bawisad

silica-alumn nesia and.silica- Si irconia. 1 1AItho gh

t he hydr oal Hﬁ}aﬁéﬁt Tagrfwég?—fpo’?gé“a ghieg oz d ltéagﬂgsvgectt%v@ lgmatf& %%P%algﬁeé'n? ene, the
ef fl uent fr aivrhicg nivdificanhk glhiable aretal exidd bindersvindhide Rdicaralulmynac zircdida, nitapare

di al kyl ated gro unreact ed ired
monoal kyl at dleepUeIE R RSy ATt RERE G AR den BE \iRBRb S 49 2
cooled r ecycals eensty emuposityns lvechtas ediceedurhioa-thbtia sitica Hemidesirowd spicoduming. 25
Thus the,yn ?a%ﬁésﬁq&@{ﬂ‘?c'ﬁﬁ eshSEney be recovered by distillation and

recycl ed atiofi reactor. The bottoms fromthe benzene
distillati odﬁmy béltlengh therhydroalkylatiop gtep & highbavelpcdvertpwardintyslelexybenesigl benzene

product fromaduchi forfhORRMIKDERASORIANAN AbhiRlly QaRM Be dRRPEBRENDLQN t he
anount of dicycl ohexyl benzene present in the reaction effluent, it may be

desirabl e t ¢s Welthsramrepspedzarematip foodiand ghe dstitsd {oprefi Bisd sREFiEh %Bﬁ]tl?%ﬁ%““benzene
to maxi m ze R ndQniPlogsiiss itie@Bolf redyiR sEl@si mdgthe froAab Kbthia iR deskBEFbASts.

[ 0039] Tr ansal ll%l ation with additional, benzen Lcally ef %@Ct ed in a

t ransal ky? atith thecueseesrd 2wppts fed may fip feﬁ%’eﬁgd’%‘ﬂ?@%‘)&t e io /M over a
sui t abl e t r ans®fidayteadtdro nrmaioabm fromSth€ berasneadistillhtivg uh@r bes fusthe ddtilleche MCM 22
famly, zeolite

l Y
nordeni te. THESE Q‘%ﬁg%o%q\/g?xyl(lg%m?negﬁd}m&rf]mp én{]ala%%hﬁylbgcon Ga%g%)thg% Qi ';e or

Depending on the amount of dicyclohexylbenzene present in the reaction effluent, it may be

L'S

desirable to transalkylate the dicyclohexylbenzene with additional benzene to maximize the
30 production of the desired monoalkylated species.
[0039] Transalkylation with additional benzene is typically effected in a transalkylation
reactor, separate from the hydroalkylation reactor, over a suitable transalkylation catalyst, such
as a 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
-9_



WO 2009/ 102517PCT/ US2009/ 030787 | east partial l|iquid phase conditions,
whi ch suitably include a tenperature of about 100 to about 300C and/or a
pressure of about 800 to about 3500 kPa and/or a weight hourly space
velocity of about 1 to about 10 hr-1 on total feedand/or a
benzene/ di VeP¥RAIY1benzene wei ght ratio of about 1:1 tRETASSMNO/0878T 5

Cycl ohexyl benzene Oxi dation [0040]In order to convert the cycl ohexyl benzene
i nto phenol and cycl ohexanone, the cycl ohexyl benzene is initially oxidized
to the correspondi ng hydroperoxi de. This nay be acconplished by introducing
an oxygen-containing gas, such as air, into a liquid phase containing the
cycl ohexyl belsgse pastial) qm«@atqmm@ns,athwbspnblmn@lum # teprérajure jobaboutf 100 @ about

cycl ohexyl be f t e the

y Y! besFRAGnd/d? aly Fegsuﬁebogon SREL8 R0 s Mlanlir & lidhe BbRAY gﬂ&gvﬁ&f}?

oxi dation is preferabl ucted in the presence o

[ 0041] Sui tabegﬁb@‘éﬂé‘P goous 16 T op trdal depdandlon ngrap/disyRiohewiltatehoneightagioade t he
N- hydr oxy sulhditiub eshyedel i ¢ i mdes described in U S. Patent No. 6,720,462
and |ncorporat ed herein by reference, such as N hydroxyphthalim de,

4- am no- NPhySY<dshspilhenzine tiom3_ ani no- N- 15 hydr oxypht hal i ni de,

t et r abr ono- I\[ohw]ir omy pRdeh @ bonivele thet @blbl@eﬁhb&k&e htB \pHERK YN Eyafohéxah 38, the

N- hydr oxyhet i N- hy.dr.axyhi m trinmellit
N- hydr oxyben?'&l?i exylbenzgne”iy ﬁ‘%%‘?’tﬁ’éﬂzﬁ‘?éoethelﬁﬂﬁ; ‘H’;‘%ﬁ&‘% ?We ’ﬂ]‘sc P8y 8F i i de),
N, Ns- di hydr oacyc(nimmopiyemmmnelﬁg 3h , otyden-cotetinn@ay lbahydsi 4ir, diitb i tigid phase

N-hydr oxymnal ¢ yrid -di c 0Xx sucm im de
N- hydroxy(ta‘r% ari g tm 3%“)Oheﬁuﬁhzrn%xya%gnor%lmegé aNE’%? dicar oo ﬁ%’oa °f
exo- N- hy dPoxgyclghesxlbdrizany oh ghe atBertp of pt caBlysh - Rn3sldv cad blomenhdezudaﬁon is
N- hydr oxy- ci e%%%%%ﬁ?gkﬁ&ro?Q%sge N- hydr oxy-ci s- 4-cycl ohexene-1, 2

di car boxi m dr oxyna hal i m de sodium salt or

N- hydr oxy- o- [B@ﬂlzenéﬂli‘aé’lfl s P Bereyelehenyibepzeng (ogidation agtgpsare jthe Nehydroxy

hydr oxypht hadbsiiu@ .cyddd Ghnlied dsdtvb@ Rl © Scﬁe&éﬁk ¥816,7%9,462 and 1ncorporated herein by
N, N, N*-t hi hydr OX%I socyanuric acid. [0042] These materials can be used either

al one or i n'EiRENSSy SURhAE O YSrof‘ﬁ‘p@@‘a]f"é}ﬂ‘? céhaminﬁll‘{ hdrxyrthslingide SamimeNysed as
| i qui d- phas elydlh@mgamﬂwsmwr@hwwmxypmﬂmb@ StepfeBlbioaNl hetoxgpiaiiniecar ri er

to provide en i call t he sub |tuted
ycli o1 m dov B eHEARIeN P PPN Bir Yoo e e o

anmount of frtmarb@mﬁﬂajN,mﬂm%r@@(pjzﬁ)nmnme/dun&dn)rNNSdlﬁydmnzaBe&G;meﬁ@eB 3wt,4'% of

t he cycl ohe le ¢ tlons xi. dation.step

i ncl ude a t)é%{rllpa%r?% re be%gégf 'hl%?“)’?’é*&e “nd Pab %g'ﬁifgomm erabout
90C t o abouthydg0Sanidingde, &N- lpyrdws(ﬁﬁrtencoﬁmé@,omhym&anmn@@m Bﬂwarb@xmynde

oxygen- cot Adigadas,. B;Faafgéﬁcf[%ﬁgmeﬁ's-ene@ ichBoITE Ny tRERY kg Med Um

The reaction can at'ch reactors or continuous flow reactors.
A basi ¢ buf flérdigsporigidet Ndgdropecinttelstphexsna- b dicarbgximide &N-lehidroximeplghadichidst s t hat

may form dukédign t iR &X'Bd%tdk&% Ueﬁke@éagﬁlfiﬁcﬁﬂmde VOpreferably, the catalyst is N-
2009/ 102517PCT/ US2009/ 030787 an aquequs. phase may be i ntroduced, which can

hel p di ssol Verahthaliside, Anethrr suigble pialyst is Sel dinthilidpsyisacyanuric acid.

[0042] These materials can be used either alone or in the presence of a free radical initiator

25 and can be used as liquid-phase, homogeneous catalysts or can be supported on a solid carrier
to provide a heterogeneous catalyst. Typically, the N-hydroxy substituted cyclic imide or the
N,N',N"-trihydroxyisocyanuric acid is employed in an amount of from 0.0001 mol % to 15 wt
%, such as from 0.001 to 5 wt %, of the cyclohexylbenzene.

[0043] Suitable conditions for the oxidation step include a temperature between about 70°C

30 and about 200°C, such as about 90°C to about 130°Cand/or a pressure of about 50 to 10,000
kPa. Any oxygen-containing gas, preferably air, can be used as the oxidizing medium. The
reaction can take place in batch reactors or continuous flow reactors. A basic buffering agent

may be added to react with acidic by-products that may form during the oxidation. In addition,
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Hydr oper ndde Cl eavage [ 0044] The final reactive step in the conversion of

t he cycl ohexyl benzene i nto phenol and 5 cycl ohexanone invol ves cl eavage of
t he cycl ohexyl benzene hydroperoxi de, which is conveniently effected by
contacting the hydroperoxide with a catalyst in the liquid phase. The

cl eavage neWORMIAIBECt ed, for exanple, at a tenperat ur PEVURHIESO7EDC t o
about 150C, such as about 40C to about 120C and/or a pressure of about 50
to about 2,500 kPa, such as about 100 to about 1000 kPa. The

cycl ohexyl benzene hydroperoxide is preferably diluted in an organic 10
solvent inert to the cleavage reaction, such as nethyl ethyl ketone,

cycl ohexanoney apkangihasermayylsl nhetoyddp whick gey help dasdieshasic rompands; ewbval . The
cl eavage rea%ﬁhgnmhg gonveniently conducted in a catalytic distillation
unit. [0045] catal yst enpl oyed in the cleavage step can be a honpbgeneous
cat al yst or Hyérepepxdetlemage cat al yst. 15 [ 0046] Sui t abl e honogeneous

cl eavage CatﬂhMﬁtS'h@?hMQQwﬁHkEH%iﬁe@&ﬁéﬁw@@ﬁ&ﬁ&ﬁﬁﬁ&wﬁ melﬂbﬂﬁﬁﬁg&hc aci d,
hydrochloric acid and p-tol uenesul fonic acid. chl oride, boron

trifluori de, cyslohearong BYalre elpyagsypf (fhe tca/%‘a?rﬁd'éené%ne %deereaﬂfi%cw% is

honmogeneous  gh@akagLcifedkdby Sdnfictinkike mﬁ,bamwwifmmwemuﬁe Eduﬁﬁ;)h@@ﬂ‘h@ at al yst
is sulfuric acid, MAthigﬁeferred concentrations in_the range of 05 to 0.5

W% For a hosmeeemay e eflcted f%‘é*f‘%’l‘%f““%fn??&'j'tr?aﬁﬁbi‘é@? "Grfo &by lﬁﬁr%ﬁ%qhém y 20

fol | ows the HhaATAYL abdu€ P0°Shifaldr 8 pRAUebRAHEES0ItOFbosH2EI00 kD kieh bd sbohinB@| Ves
contact with a basic conponent, wth subsgguent decantln%ﬁof a

sal t - enri cheld 3Byt AQdPy h Aheeyclplsaulbanzene by dransroxidg iy Repierglly, dibtied ip a6 qT89%¢ £ or
use in the cdoazama@er toihecz:}eawghexcyiobenae&senethyhytﬂyloceeﬁ@@meian@leuﬂeﬁol @r
snectite cqu cp.as an aCIdhC nnntgp%é onite silica-alu fla as
descri bed i ¥t Xy Qo RgSISt 1R hepytymovah Thegleayage Fepdiop Loy °8'F chis
|ncorporatednhemﬂwhd&ﬁmmynmﬁﬁerence [ 0048] The crude cycl ohexanone and
crude phenol aya e t. t t

purificati on[ éﬂ)pr 3@%8%31 url 1%91& gﬁ%ﬁm aﬁedggﬂgor%o{w%s Ogh 0t Aot e
pur|f|catlodwpnecegecmdmﬁudes but IS not limted to, a series of
disti!| abisOnodaier Sulfle SRR tcﬁlagva%é,{%lltglpﬁg( HRABE sitfiflc BAGNGHhoridORLAL her
speci es. The crude or puri exanone nay Ftself e subjected to
dehydr ogenatphesphgrig @ﬂl(bielwdtoehl@f(?nm tand tp-tolgensidfawif . acdy c Fewie nshtridey ebien on nmay

be per for rredmﬂaoaae GRAPRbGde agmﬂﬁl@msﬁ&eadré@go ePHGRe ﬁ&nd@bﬁbasmemag@éa@rﬁls or
pal I adi um 049}The invention will now be nore particularly described with

ref erence t dbf BICTeHRA PRNOgeNSoYsiclepYaRmeptalsbis pHLAEC agid “t“ﬁé’reé‘if@S RYISFRAFRERYS 8 awi ngs.
\F/\lyod 200|9{( 1 325&}8@ lok 58900 8/5Q3407 Bdr aRaBRIneoud acid ¥auyst agaitrtBeRIRANRR) preferably
roal kyl at

lf())ws the cleavage step. Such a neutralization step typically involves contact with a basic
component, with subsequent decanting of a salt-enriched aqueous phase.
[0047] A suitable heterogeneous catalyst for use in the cleavage of cyclohexylbenzene
hydroperoxide includes a smectite clay, such as an acidic montmorillonite silica-alumina clay,
as described in U.S. Patent No. 4,870,217, the entire disclosure of which is incorporated herein
25 by reference.
[0048] The crude cyclohexanone and crude phenol from the cleavage step may be
subjected to further purification to produce purified cyclohexanone and phenol. A suitable
purification process includes, but is not limited to, a series of distillation towers to separate the
cyclohexanone and phenol from other species. The crude or purified cyclohexanone may itself
30 Dbe subjected to dehydrogenation 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.

-11 -



[ 00501Referring to Figure 1, a two-stage reactor systemsuitable for
conducting the present hydroal kyl ati on process includes a reaction vessel

~ 11 conprising first and second fixed catal yst beds 12(a), 12(b)
respectively connected in series. Al the fresh benzene used 5 in the
process i s WOBMOI18§1T 0 the first catal yst bed 12(a) as RCWUSMM9®3Q7RT ough
inlet 13, whereas the hydrogen feedstream 14 is divided into two parts and
supplied equally to the first and second catal yst beds 12(a), 12(b) through
i nes 15(a), 15(b) respectively. Sone or all of the hydrogen supplied
through line 15(a) reacts with part of the benzene in the first catal yst
bed 12(a) t oEkample tytivolsogeBazendHlnoadipilaiony al kyl at es eit her benzene or

cycl ohexyl be e, . ) it her, G : I .

i Gyel ohexy! ROSHIC: Rl B Pl f ACheo it HERY RRAZ SO T copdueting e | ¢ e
way to cycl opreseankydropflatiornpropastiingludesarr waqtion vessrldlil demprsinnfisshing seedl . Thus
a first |iquighaebiblyuards ﬁzkef),e@mg)?ééhic?vélyh@oﬁﬁécfeﬁtin GAkel AiSthe fﬁ%gl befkedd ufe@MPOSEd

mai nly of unreacted benzené toget with | esser ampunts o
cycl ohexyPoeliZzocess i yephedeie yieusi rapystdad 1 4o gigwid foughanlptddowherere fir st
|1I7?EI) d ?;] fl ??th(ﬁbgeﬁfﬁdh&aﬁﬂhi it divﬂib? it VBl parth Shd @?gieﬂ%ﬁ@ﬂ@)to BRrAk:ang é7g a),
: e (first ent .streamfirst ti a) is recirculated by a
punp 18 thr oﬁ&%’%§2’tﬁ§%{tbe‘gs><@k?&ﬁtg7g§ %T‘é‘fgh\}\}ﬁfsclﬁ?aﬁ’&\ﬁ@’? 5P Eeeﬂyerﬁ?g}eé’f ﬁﬁ@lﬁ '3? stream
17(a), to thediogbretuppid tiwineshding M&(a) redcsit wiphopatti of fhe béfzade in ShenfirtegtaMbttad t he
fresh benzen d ntering. the first.catal yst bed 12 . The
(first) effl fl?gﬁ'? gg%e‘%’%gg%ggehg bcg rotg?c}él?{ af?’katt) eiltgercgn ?en%rdcyﬂoﬁﬁg'@fge%eydr ogen
in 20 1id@ 1fsmihg eithdr ¢ysthexylbetrenserotivydioteayhtnzete. bd rebidfrulpr ofithy kydaigen east
part of the i i i fi . o
&Weﬁ@%&rﬁgneba@lntﬂﬁgrgy :togc“gfégﬂééﬁﬁé eﬁ'a%%?rgﬁ%% drd 9&%2n51c#$reél in thi

cycl ohexyl benzene, dicycl| on nzene an ane, IC X1t the
second cat al®adel pdys & fipspliquid effuenpsiream ckifshe Brsiepralystchet 13@) eomppsetimeinkecond

liquid ef flugntunfdabtB@Mbbzesdd! tdgeth&t OwithO 1dsfedr I SimoBRtd $2C Wb nRPbd-ORS 22(a),
22(b). The %ﬁcecoqué effluent streamfirst portion 22(a) is recirculated by
a punp 23 arfirveghpglgensgnegndievgohodney changer 24 before being conbined with
the (firgs) [edsi] uemhe fitst Raid SaGANSeMand dpininfo /(o X fiddkd sétend) parege @5 ( b)

entering th cand t alyst bed _12(b).. The .(second), effl ue t ream second
portion 22( g‘y&ﬁs?ﬂ% eech#/ef}i Stﬁﬁ%rﬁg\rlsg’?fz‘%‘f lﬁﬁég Efé‘é‘i“ﬂ‘ q bé)?cﬂul}ﬁgtxgﬁr[} Fene
product. [ 00b&ckehanger 1% iwhichdéveds b ampe@uef oftsheanpt e o ttheoinlen 3, where the

cycl ohexyl b L ng. t he apparat.us ,of Figure.l, 3, -nol es/ hy . of
benzene and %%7! ?gl%ﬁlty)lsrjé@/g]ﬁ rn%ﬁ?id‘?l gl g%% tfrgsﬁlebef‘ B ?%J ]fyk‘lireog%“benr eergg {ﬁ?léo HSt\fé{ag'@tl 11,

wi th hal f ofbed Ha)h e GyehefBeinhsgires pgsbidampriion 17¢his fcbmbinedowithethy Btdrdgeinl 2( a)

and hal f ypei; i t t e T ne is
suppl i ed?(?o h?%é%?limsdt Egzﬁ’ %ey%?on%?&&%%(%)@ %@i@(ﬁ% %r%gt(bed)ﬁ grt?gﬁgﬁ%%e%t hat the
mass ratio 8fnZelite it eeanyaried ainti pdditiprad t sycloheaylberrenest diexpipheivibenzepor andon 17( a)
to the (firsgydonefahb it cit e SPoREGRNE: 1RE13bPR a 1ol liduit BiubnEeadh MR t he
(first) effluent streamfirst portion 17{,}% is cooled to 120C I n the heat
exchanger 18cond lignid efflygnt strsery /s wphits miopeve, (Tsbodoemndawriony 2() 24b). cBeal yst

bed 12(a) i esoni)dficittrean BRI patina2ad) isGedomatd E}Oi\%\mﬂi?@hd béoldd® ateiyper at ur e

of the (fdrst) effl]uept stream.,econd ti 17 is 150C. The cqnversion
of hydr otfon StoRERH e Rt iy camp B D B, et Gl 8siporie Aakine
conver si on @it hygéwgamnks(h)seneetiog)the 568dnd [cQISs3 [bBY 126Nt Thd (sédagd)t difuerScahat i 0 of

th i i f t first ti 2 toth
(second) of FEndiBrioh 2EBNFLead 50 B oF BT Eron bR RS g ¢ e
(second) ef {0084nt Igtmeasimilateds exanpiet b the 27 ¢duytianoof] QtlotRylbenzereeusivgathe
exchanger 2okl oSRERD T L0k Alolthr Bflnkel Ba 1A r?(gl@sﬁmrﬂ?ﬁnja%eﬂ'a%aféd fe!

t hat e of the (seto ef I uent

adi abatic conditions, that s t tenperature n
st r eam s¥colsertion Fespebhl, aathiplf pEtha el gembringsupnlied ti thmfirstcatalystbed) &2(a)iand t he

second cat aﬁa}l’fsﬁeir%esqpﬁlﬁ%& ) th SRR BtalP KA NEb) Nehe GRANA! RisBibied (PRPFRRE 1S
about 18% Wth 10 two reaction stages, the final product, the %second)

ef fl uent st &M B3k abb0tG 8 byz prgnsing dhist Hieesortio o fhogesroulating (first)

%cl ohexy: Fﬁﬂieﬂﬂ@r,eat_ﬁ fifkt %r%ﬂgwe"' tﬁé"@?ﬁ? m&lﬂ@anﬁwon%i-p@rﬁ‘éﬁ %/trl(g/j‘ is 8% Gh@h te?< anle-

e overall ,conversi 0 ogen. a enzene is 92 an respectively.
Exanpl e 2: tﬁﬁ@ﬁ@ﬁgﬁ’eﬁéﬁﬁ%‘hémwgpéﬁl @513 éi?‘?? 0 [I%bgli‘]‘ T*—"Fgﬁﬁ‘ gxopangpn st rates” a
t hree-stage reactor system suitable fofp.conducting the present 15
hydr oal kyl ati on process and enploys like nunerals to indicate |like
conponents to the systemof Figure 1. In particular, the systemof Figure 2
i ncludes a reaction vessel 11 conprising first, second and third fixed
catal yst beds 12(a), 12(b) 12(c) respectively connected in series. As in
Exanple 1, all the fresh benzene used in the process is supplied to the
first catalyst bed 12(a) as a liquid through inlet 13. However, the

- o,




20 three parts and supplied equally to the catal yst beds 12(a), 12(b),
12(c) through lines 15(a), 15(b), 15(c) respectively. [0055] The first and
second catal yst beds 12(a) and 12(b) of the system of Figure 2 also include
provision for recirculating and cooling portions 17(a) and 22(a) of their
respecti ve wogenodozsit | uents t hrough respectively punps AE/E8200903078and heat
exchangers 19 and 24. 25 However, the (second) effluent stream second
portion 22(b) is nowis conbined with the hydrogen in line 15(c) and fed to
the third catalyst bed 12(c) where at |east part of the unreacted benzene
is converted into additional cycl ohexyl benzene, dicycl ohexyl benzene and
cycl ohexane, thefirst Batgyst bedt 126) Batsimadnedabddr ydisbatie cbndi#ipis) thaiSs the teipedtukd €fui d

ef fl uent strea he third |iquid eff nt.stkLe |ssI|t|ntot (first
and second) pSﬁﬁs%ﬁ@“%f%am Sﬁ% %??rg%l’ Wb%dsnles%&o gf(;)nr ORI by drggep Al the

reci r cul at edfisncitatysthed d2(a)yis abopti2fe, #Beregs dhelvomtersenci hengeane iRdpold b%r e be| ng

conbi ned w t e . | L . t he
hydr ogen 15(@)gﬁnt (eéfg&ﬁglk%ge{h& %g%?tg ys[peﬁ'%gl%}%(@%‘)ﬁdllhe otﬁﬁ%emgg?%tl on 25
(b) of thé tpartieh 3% |t®@nt(sesqnﬂb@ﬁivqnsstfemweld pastion 2¢\ee 3y apd by prolingier ed
cycl ohexyl bepzgnpg a@ﬁ&%am ﬁ}é\qo&%% 2512719@6/1&%@9&/&&917&?2& %@@Jo‘n@ one

si mul ated exanpl e of the production o ){)c ohexyl benzene usi ng
appar at us of caalygtiped 13(b) 13 afyo graipisfngd paler aabptic Loudi “éﬁb?tftﬁel‘eﬁﬁefr@/eﬁfmﬁydr ogen
are }‘ed tg g @ﬁboﬁ@%ﬂlﬂeﬁkrlhtry&s%&ndjpbmoimﬂ(bpﬁﬂ@@qﬁﬁhﬂx‘é SRR lon &8 hjd@odeh @ fhb r f,t
cat al yst be a) at t hat e mas t he
recircul ati n§® %@@tb@??&%ﬁ@bdpg ‘ﬁhgg? Fore ng’len‘:‘[e’flféﬁ %P'ﬂfa]é/‘t h@lﬂffl rst)
ef f | uent 19t reancf6610 BEgepOthé ifindl pkoduby) theYsedorkl) affthefithsbart hecofd porddn 226X | uent
streamfir St Bt% I&g?z‘(naé 0} cyc?%}I er?z%net gg‘/c dhcnclglg%(lge%g‘ene R f]%n %hat t .he

first catalys alned con |t|on i's
t he t enper atayrlehaxhnet Ade Qvferaﬂlsm)vesfchlotlbfdtogsu and benzeeead Pland Gl Yoi mweqtﬁ’/(elb) is

150C. The c h fau; t catal yst bed 12(a) is about
94% whereagﬂ%é czgmﬂe}%eégl?og%ﬂgﬁgeh?engﬁ? ' out 11% 10 [0057] The second
cat al yst bed0Q52‘Q b) Figires) Hustigs mthgerstage @mﬁyséﬁm tehle for eandwuiting the preprpt

control 11159 HyiRalRgfon pRlck afd erhgi6ys RS hunfebib iditkate HRE QMhon&iks\th HRRYstéhf I €am
first porti oﬂr%' 231%’521 np@(%che aI( seecﬂgﬁ’gl) ef fl uent st ?eam secorrlld Sﬁortl%sn 22(b) at

3:1 and by dﬁ@!&“ﬁ‘g? t Weparticulan the)syesm pf Bigtre Lripludss p reestionyigisel Hreopwpisye t o

12 ? I7C It nbt gﬁsltgs%@dndfax&{mmﬁtﬁédsogg}1ystﬂda@st CRHVENIHI10@) Qﬁpebtmry%%ctb@mts@ﬁ’egs efoggo/

catal ys e i.s_ahou 6 an onver sj on ne is u 0

15 [obas] T It FRIEPIC bl e peeto pes ) G BOGSS hatRie Rl T GErv L BRhbat | o

condi tions hyp@yed liquid ﬂmggli ARt mﬂ-ﬁmfeﬁéu the Wfdrdghefeed@d@banc 14 i@ howi gividedinedd)

ef fluent ,streamf] rs 0 t.he. ( e fI gent . sire second

or t 1 on 38 fieherl id slaalos SRS b bl e P Bl PG Bl dnE DS

portion 25(d)5(b0d5(b3@sxﬁﬁtma]y t he heat exchanger 27. The conver5| on of

hydr ogen in yersion

of benzene |[My§loout(:i Réi%f ﬁh%&é%(ﬁ%&ﬁ éﬁ% Eﬁ@}h§g29@gg@? ?séﬁ’rs]fé@?o 5%%% reczoﬂe final

product, t henofudhipratjsionffpy mewplasmg adrecglingmediopo t Hoand 28(ab pf thelomsmcme 25.6
W % of cycl %Hﬁéyéfm@%%su hre %e&@véﬁrcﬂuﬁx}ﬁg h@hax b bﬁfazm@exc%gerp 19 246 %

cycl ohexane. The over al converS| on drogen and benzene is 92 and 31%

respect i 92| yloweripthe Kwnﬂh@ﬂ@m StEcamy sgcopl tpﬁrt{oﬁ 33@) df nop igrpombingd with thgi | | pe

seen that | mgd6asiAdink h?ﬁcﬁbmpﬁﬂ t@fthes&lad;eaalyga bwezqe)gwx@aat ey, Iog%él az Ih on
e eauce e

step can i ncrease the selectivity .25 ¢ nze
sel ecti vi t y "PEa éwe%lémvs’éwz@ﬂé a'c@f/ ]PJFJ‘]’%@%%%“%@‘ gogwﬁ%m{%@m Wi | e
t he present cymeiunb Gvhidhasit RaBcotl@ sadlyspbell Extd ab b Iﬂﬂﬁltquaxtieﬁlubm sfrefne remce to
particul ar hose f.ordinar Kill |nthe reciate
that the in n‘ﬁq il Rt strAPoR st o &&R?‘ras{?@ﬁ?" oigRc e, Zfﬁwi) VTER: ¢ at od
her ei n. For pbrkios2 (D dsiag recirdubaned andéooied bg @ pump 26 and heat exchanger 27 before being

combined with the (second) effluent stream second portion 22(b) and the hydrogen 15(c)

entering the third catalyst bed 12(c). The other portion 25 (b) of the third effluent stream is

removed for recovery of the desired cyclohexylbenzene product.
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30 should be nmade solely to the appended clains for purposes of determ ning
the true scope of the present invention. CLAIMS 1.A process for producing
cycl ohexyl benzene, the process conpri sing: (a) introducing hydrogen
and a liquid feed conprising benzene into a reaction zone; (b)
cont acti ng WRayamsethe with the hydrogen in the reacti OPCT/G820090PT8T
hydr oal kyl ati on conditions to produce cycl ohexyl benzene; (c)
renovi ng an effluent stream conprising cycl ohexyl benzene and unreact ed
benzene from said reaction zone; (d) dividing the effluent stream
into at least first and second portions; (e) cooling the effluent
stream first [(986]t i Oin; oransjm(d@teéceymplmgf tieeprodotied o tfddiexytbesine asing iest
ortion tot ffluent
p afafiRGE Fiflle 006 ARRAE bl elie L 1 P1 %km%ggﬁg& A il gl T L

stream first ‘portion uent stream se
| east 2: 1. 2rewtionyessddds Toé b@lzgnem qupplddee gherfirst lgatalysibpd1264) af h@°€n§s¢bsof t he

ef fluent streamphi 'Eh'§¥ thQ Qfagé ﬁﬂo bOme Reird®sine Q{rst} Qﬁué’ﬁf §lebh® Hrst PhriSAP BEGONd

portion |s at least 3:1 process of cla wherein t he ratlo i s at

| east 4: 1.5 4thgpfarst) piffue §m°afn S&?P}‘d pPaer 41k ﬂa’t’fﬂﬁfham% Efé%thefﬂvrét gsemifing (e)
reduces the paigeIad)us eo&éd {ohm&f [ tli@'héatfekélﬁi’gé} fw rthid ﬁﬂDEeItdlﬁsﬂ by 174 b b keast 10
degrees C. 5. The, g 0cess ;ﬁ claim4 WQ? he qﬁera ﬁs reduced by

at | east 20 taigipinad upder adispgtic conditiguse that 1s 4 mﬂ?@@@ﬁ &he gpﬁ#‘ﬁﬁ%¥@?ﬂ any

di fference i srecdsrﬂrppﬂibﬁuub)els hst@e ame t:dslﬁeﬂsxbﬁ] of i) dfogedinithd firstdba@B st e i Za) ihe

reaction zon o ef f.l uent str Jon1sa|d reaction zone is
| ess t han 60‘51%3%@‘(;1/o 4 %ﬁas?lefﬂnvegwncggesnz% O‘EII 6 wherein the tenperature

di fferencd i @0$7éss Tt aerodd) caldgt ded 1200) B.amh@apnau@ésmd@fadrabaym pomiiteds hy cl ai m
wherein the &mrtﬁlringrtﬁé }ngssqgtiot ctﬁh41§égfc9gﬁ& (S&ohcﬁ%fﬂuent stream first portion 22(a) to

the (second) effluent stream second portion 22(b) at 3:1 and by cooling the (second) effluent
stream first portion 22(a) to 129.7°C in the heat exchanger 24. The conversion of hydrogen

in the second catalyst bed 12(b) is about 89% and the conversion of benzene is about 12%.

15 [0058] The third catalyst bed 12(c) is also maintained under adiabatic conditions by
controlling the mass ratio of the recirculating (third) effluent stream first portion 25(a) to the
(third) effluent stream second portion 25(b) at 3:1 and by cooling the (third) effluent stream
first portion 25(a) to 132.5°C in the heat exchanger 27. The conversion of hydrogen in the
second catalyst bed 12(b) is about 80% and the conversion of benzene is about 12%.

20 [0059] With three reaction stages, the final product, the (third) effluent stream second
portion 25(b), contains 25.6 wt% of cyclohexylbenzene, 4.9 wi% dicyclohexylbenzene, and
0.9 wt% cyclohexane. The overall conversion of hydrogen and benzene is 92 and 31%,
respectively. Comparing these results with those of Example 1, it will be seen that increasing
the number of stages in the benzene hydroalkylation step can increase the selectivity to

25 cyclohexylbenzene and reduce the selectivity to dicyclohexylbenzene and cyclohexane
byproducts.

[0060] While the present invention has been described and illustrated by reference to
particular embodiments, 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

30 should be made solely to the appended claims for purposes of determining the true scope of

the present invention.
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benzene introduced into to the reaction zone is fromO0.15:1 to 15:1. 9. The
process of claim8 wherein the ratiois from0.3:1 to 1:1. 10. The process
of any preceding claim wherein the reaction zone contains a catal yst
conprising at | east one nolecul ar sieve and at | east one hydrogenation
metal . 11.dihgwe ocess of claim 10, wherein said at | east one nol ecul ar
sieve is selected fromzeolite beta, nordenite, zeolite X, zeolite Y and a
nol ecul ar sieve of the MCM 22 famly selected from MCM 22, PSH 3, SSZ-25,

ERB-1, 1TQ@ 1, IATSoeess MPbRRing MMbiRiibdYEdMB e JrbdsBomBhigingnl Xt ures thereof .

12. The process of claim 10 or 11, wherein said at |east one nol ecul ar sieve
has an X-ray di®f r adttiodreipgabxdssesn apd p highid et BwEring beresieniitoat reagtionp, 25,
6. 910. 15, ;8,570. 07 and 3.420.07 Angstrom WO 2009/ 102517PCl YUS2009/ 030787

13. The process of claim 10, wherein said at |east one nolecular sieve is
sel ected from K 2z0ntmgpg Fhe depzens withpthiehydrogep qin thy aegetionzpg gndwOM 49,

MCM 56,  UZAMirBalkyditfhn Rbadititng & R6dudd¥clonky®enAR: e t her eof . 14. The process
of any one of clains 10 to 13, wherein said at |east one hydrogenation 5

. 3 d
metal is sel ec{@d f rapAvEEl MaelilueAt Strerth sAmpRRingnexclobexylbsiaspe and pirgastedcobal t .

15. The phagesStdd sadiadbessdi ng claim wherein the hydroal kyl ation
conditions include a tenperature of 100 to 400C and/or a pressure of from

100 to 7000 kP&R.  diyidingfhe gfflpenb stecaggrintg gl ledst Geseand iepoBd BITHYYSNd f ur t her

conprising recqyeri pepliny e shet BREpdiiidde ef fluent stream second
portion. 10 17.The process of any precedi rp claim wherein at |east part of
the ef fluent st eanrSedBaiheserled gfHusns strean iy paftiop Exths regsiien £ her reacti on

zone wher @htbm thaeast BEmRRBE BB e ffiubnitsheanefifd piRiin 16 tHeaN sEgMRed: BREHI On s
contacted with further hydrogen under hydroal kyl ati on conditions to produce
further cyEPHRIYIHEHI@E: - 18. The process of claim 17, wherein said at

| east parp. of thepetdsk WeBlhinstl QAFHERO Mo of the mass of the effluent stream first
portion to the mass of the effluent stream second portion is at least 3:1.
3. The process of claim 2, wherein the ratio is at least 4:1.
4. The process of any preceding claim, wherein the cooling (e) reduces the temperature
of the effluent stream first portion by at least 10 degrees C.
5. The process of claim 4 wherein the temperature is reduced by at least 20 degrees C.
6. The process of any preceding claim, wherein any difference in temperature between
the liquid feed introduced into the reaction zone and the effluent stream removed from said
reaction zone is less than 60 degrees C.
7. The process of claim 6 wherein the temperature difference is less than 40 degrees C.
8. The process of any preceding claim, wherein the molar ratio of the hydrogen to the
benzene introduced into to the reaction zone is from 0.15:1 to 15:1.
9. The process of claim 8 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
selected from MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-
56, UZM-8, and mixtures thereof.
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
3.42+0.07 Angstrom.
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15 portion is cooled before being fed to said at | east one further reaction

zone. 19. The process of claim 13 or

14, wherein the effluent stream

second portion conprises unreacted hydrogen and the unreacted hydrogen is

fed to said at | east one further reaction zone. 20. r of
rY NSRS FRE

claim 13 or WPAOMBIEi n the ef fluent stream second port

unreact ed hydrogen and the unreacted hydrogen is separated fromthe

ef fl uent stream second portion and then recycled to the first

or fed to said at | east one further reaction zone. 21. A nethod for

coproduci ng phenol. and cycl ohexangne, the nethod c risin oduci ng
cycl ohexyl bed2enellsyprecs o el dd V@Freﬁhi?ldpaﬁé‘i?gcﬂnﬁ&“’&n@ %ﬁ{%‘iﬁg{

?I'rﬁlCVB

es 20

reacti on zone

°Phe 25

cycl ohexyl benzeviez} psips,osbzcs, ERBHOIMEXY) 1Tenz, aneMiBgOMopeIgNd-s8nTZM-gavi ng

t he cycl ohexyl pbenzene_hydr oper oxide t o produce phenol and cycl ohexanone.

22. A net hod FOPXRFSELEYIYC BHENO®Phe met hod conpri sing produci ng

cycl ohexyl benzeneTheyrichs of piycasf ofainanip tofl3,chigrairssail 4tdeaRone bxdrogenativg t he

cycl ohexyl
cycl ohexyl

CNERIE sﬁ%&ﬁr p%”p%ﬁad? ,'tngﬂegm 91%9&,%81%, tE]YaQI(i) gt o1 de, cl eaving tgﬁ g

enzene operoxi ae roduce en

dehydr ogenat ilfig tThe peopess ofany arroering olpimpy wttrirethe hydroadieylagipregeaflitions include a
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temperature of 100 to 400°C and/or a pressure of from 100 to 7000 kPaa.

16. The process of any preceding claim and further comprising recovering
cyclohexylbenzene from the effluent stream second portion.

17.  The process of any preceding claim, wherein at least part of the effluent stream
second portion is fed to at least one further reaction zone where the unreacted benzene in the
effluent stream second portion is contacted with further hydrogen under hydroalkylation
conditions to produce further cyclohexylbenzene.

18.  The process of claim 17, wherein said at least part of the effluent stream second
portion is cooled before being fed to said at least one further reaction zone.

19.  The process of claim 13 or 14, wherein the effluent stream second portion 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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