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PROCESS FOR PRODUCI NG CYCLOHEXYLBENZENE CROSS
REFERENCE TO RELATED PATENT APPLI CATI ONS [ 0001] This
wa@ppbitzsasd on clains priority from USSN 61/ 044, BGBUS2009/034976
filed April 14, 2008, the disclosure of which is fully
i ncorporated herein by reference. FIELD OF THE
I NVENTI ON [ 0002] The present invention relates to a
process for ng cycl ohex Ibenzene and o.t|onally
for Conv B '.'-'ﬂ,-‘_ ) HEXKEBEN Hn)
phenol and cyclohexanone. BACKGROUND [ 0003] Phenol 'S
an i nportant product in the chemcal industry and is
CRO$$ REFERENGE TORELATED ®ATENTARRIDICATHDNRO! i C
resi ns, bi sphenol e- caprol act a I pj c acid, and
[0t i Zhlfépghca[ﬂe@e@}mwwrgm fram Ul @2@‘?4 s Al > 2008, the
disbRGurtd¢ WA Gl PR cHhoRRENRY<ih By kiterchock process. This
lﬁs % t hr ee- stepygrggggs I n W% % thgﬁgfrst step
FIERDOOVRHE IRNMENTHOMNof benzene with propyl ene to
r.odu cunene, fol.lo oxi dat i an of .the cu
08 o oS e g Ofles fach O MRS B Sugah g Tbenzene and
opﬁds}ﬁuwslxr &Q%%F% k@ulﬁh@é%k&‘&]eﬁﬂl ERERh & ntG PR §nd)$yclohexanone
phenol and acefone. However e world demand f
rowing nore rapidly than that for acetone
[Oddgl:addl-l’helngpis 'E:lhell’ncg etmtof ﬁ)uc?plxlt Ier?ncla (iu)ét d is useful in, for
Inerease, die™ o oplng s age of prgﬁfpene
exaipls, the ROOCERA Mhpﬁenuﬁe&edﬂlsg hﬁiph@h(kleﬂeé chpdtaeah, ofdipic acid, and
propyl ene as feed and coproduces hi gher ketones,
plashgigdp. t han acet one, may be an attractive alternative
te [ 0
[Odéﬂ)%g é&TéoIRXLS, Qﬁélj %#16%{0 fc81%nf:blfnoﬁ)tﬁ?@ ?(%i%hzeeﬁggl%%lﬁgl %f henol 1s the Hock
prozase nﬁhlsxs dahnee-rsbepqﬂuwzds of f)\ﬁlchanhe Eﬂr};teslte]ﬁhwubfes alktytatfbo rof benzene

henol production wth th f acet one
BPotefa p GHOduPh e umES i eavae G @n@ %‘81?8%%0 the corresponding
hy&%ﬁ&t%gaﬁ% ahAN@en Vg‘f@a@ﬁ%é" 85 it BYARVHEGxiHRM S ?TO RirHS8d amounts of

as an i ndustrial solvent, as an activat I'n OX|dat|on
pherd @hd anstfomn d Homwevére ther waud dewand forautiepolcisarowing more rapidly than

e 57 RSESR 88 St dbe oo oL DETD BPRa GV o MeE by fad developing
shdrlfh%e GEPERIPIRAMBNITHAS, PprediiBiA ugds! Hghdr allleBePQCes 6f f)l‘i’)ﬁ)ylene as feed

Erodu0|ng t he cyclohex | benzene precursor. [0006]
anch geproeeqss kihan kﬁ@lﬂ@Sn@ﬁﬁgeryl@m acetogt mey &F ohexkydchEn zléfrreatlve route to

from benzene by the process of
ﬂ“ﬂﬁ8¢%ﬁ y?g f%%;or reductive alkylation. In this

[0qospCceskor danpii)@xidution of cyclohexylbenzene (analogous to cumene oxidation)

could offer an alternative route for phenol production without the problem of acetone co-
production. This alternative route co-produces cyclohexanone, which has a growing market
and is used as an industrial solvent, as an activator in oxidation reactions and in the
production of adipic acid, cyclohexanone resins, cyclohexanone oxime, caprolactam and
nylon 6. However, this alternative route requires the development of a commercially viable
process for producing the cyclohexylbenzene precursor.

[0006] It has been known for many years that cyclohexylbenzene can be produced from
benzene by the process of hydroalkylation or reductive alkylation. In this process, benzene is
reacted with hydrogen in the presence of a catalyst such that the benzene undergoes partial
hydrogenation to produce cyclohexene which then alkylates the benzene starting material.

Thus U.S. Patent Nos. 4,094,918 and 4,177,165 disclose hydroalkylation of aromatic
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reacted with hydrogen in the presence of a catalyst
such that the benzene undergoes partial hydrogenation
wao ooopnzsdsce cycl ohexene which then al kyl at es tP@I/US2009/034976
arting material. Thus U S. Patent Nos.
20@5%@2@%E§%and 4,177, 165 di scl ose hydroal kyl ati on of
aromat i c2008EMLO2- PCT hydr ocar bons over catal ysts
whi ch conprise nickel- and rare earth-treated zeolites,
hydrqearhosapyddiataty Yoy ovhbehe compise pigkely and) rare @gthetigatodogeolites and a
4. 1082, di f A
palfid ko B S A P ALANA"E 12232430 3200 I ML the use of

ruti@olint eisd asckat aoaipoandsy dugmldcy| @t irare eatlatrystd .zedlites as aromatic
ed in these prior .art processes are

hy(irgg]:k%{ag@n ;g‘ggl,yg%/ss{_ Therzeq E?@tepmlp’ye@_lg_thqsgtpélﬁf agprocesses are zeolites X
an® YOO Fn 24ditiBh.OBES St dnh NI SL0 A 5 71%1'3?5@6%' Mhenek Bf ¢&Rlnium and nickel

supported on zeolite beta as the aronatic
sufippatcd ainkacobite bata eatla yromatibidwdnoetkyladtive satadyst.| ilBrwever, these earlier

oS F e b S PSP B, B T SBRnR e setetiviy 10
cyam@éx?t&ﬁyénl@ QO EAN attfoul @1 atRRGAIrRAIRS | MbRIbASRAThG@bibY rates, and
vi abl'e benzene conversion rates, and that |arge

thagy lpaga quanggesod! unwaateddy-rgdyntodiapraduged produced.
07]\More rece V..U, P .. 6, 037 3. ha
0040E 0T QR RrSR b Rk HeBRRESLE R Bl e PRonexytbenzene

selbatifitgch khd @tdrenkdhtideszEMeeatinie imFesv@des doitacting the benzene and
contacting the benzene and hydrogen with a )
hygyogem stithom difupgtionel setalyshrpempiivieg at lqastagne fpdrogenation metal and a

fHO9EPELY D AR, A0S TR B B STl s e rom

paléeliwnt edhémiom pathchdicolmlt rand henituey therekfland cthbatdntanehg step is
] Xtures thereof and the_contacting step i s conducted

conguc 3&&%@%)@{%@6&? 48620 805 (3giopressuze af gl 00p 7000 kPa, a

be@RAN o HRPoded M{O90rKER ¢ aBo R ®MARHE 05 AndY WRISDHEABL@0.01 to 100. The
rat1 o of about 0.01 to 100 and a WHSV of about 0.01 to

‘51B0Pateffthdistlodsd fhat ¢t relulattosdohchplbendvac raesuthtmrite oxidized to the
cycl ohexyl benzene,can . then be .oxidized tq th .
cordsp SR MR 0 388 BF o HAR (dreBEpe5d; fo e desired phenol and
cyéleaanaied to the desired phenol and cycl ohexanone.
0008] However, despite recent advances, the
[0({%]]“ odileytveri despoe roesny edeances, pthe dudeoalkylation of benzene to produce

| | h il . ial.i ) .
o GAEDSISIYLRAE 830 S 580, BT ER e chmis

invioyddoal kit atyidesnlkygaidn @eactidn gidi {ieit€ woplplicatcédarandends to produce
tends to produce cycl ohexane, nethyl cycl opent ane,
cyql@l@qa@p@yd %@ﬁ{cyplggi;@%’ methylcyclopentylbenzene,  methylcyclopentyl-

ey PSR EHEHIPER S CIARIROLAE RGN the dovired cyelohexylbenzene

Widiec dadyebohitbdbereaes Vi be damsylklybhelx plithebzrerees toaprobece additional
tranSﬁJk | ated with benzene to produce.additional C

CYLORIFIPERLANG e AP AeCORIGFICK omﬁkcp&cw {fi ipNereyape & gninimize the

prdductich BEERRSANLY ihBulftidyl (hZ&eldiBensive to remove and/or process. Of these
impurities, methylcyclopentane and methylcyclopentylbenzene are particularly undesirable
since their close boiling points (relative to cyclohexane/benzene and cyclohexylbenzene,
respectively) make them very difficult to separate from cyclohexylbenzene. Moreover,
although cyclohexane can be converted back to benzene by dehydrogenation, this represents a

costly and circuitous path to feed retrieval.
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production of lowvalue inpurities that are expensive
to renove and/or process. O these inpurities,
woreaobgksogL| opent ane and net hyl cycl opent yl benz ePeT/a8m09/034976
(X |y undesirable since their close boiling
20%%#@%?3 ative to cycl ohexane/ benzene and
cycl ohexyl benzene, respectively) make them very

difficult to separate from cycl ohexyl benzene.

(00081 e oviaiven shasp sognlcaifies ohesedite beatha sienifvefucstonat fo whether the

prc}d%ctk? Zo?n@éi%l dehydnogen ﬂ%&lrgglk?lfaﬂgr? fo® wﬁéﬁe%lﬁ)eﬁlzene could be an
costly and circurtous path to fee

ecaneiticatlyalial2 0BEMI02-t0 e (008 lont rvete tihieweene. However, as a result of

conplexities, there has_been a signjficant question as
CXICRSIYih ERSFRIFN t h EOTBPIBART P oAty SIS PN AN 9 et Parameters has now

d ti t cko e L4 b : :

be?éo%%?nmgg%cﬁyﬂ\%@aboﬁfgwal % e%%%nee%?%ﬁlg}q%gﬁlve to?gkﬁaIWIth @ high

cydlohetxglbehzene ymead eoupHalweite a lowa pralucesud ff urclesiesbl engiuvigies.

SUNISE h, a conbi nation of catalyst conposition and

—3&@, par anet ers has now been established that

[00A0f er Sindnesgenend Rkt R ProRe8Tor Wolllkify BjWhexylbenzene,
cycl ohexyl benzene yield coupled with a | ow production .

thepproggsd eompeibing conysating penzensSundvRIOpeD toder] frydgerdkylation conditions

.aspect . the invention res a process for.
wifl Beabet el Rk SEMReE o 2688 Mirohiews apd o least one

hy &:@péraeibh ngctble vaehdn aalll bydigsncomite hydhiadtine et hsdut 140°C to
conditions with a catal yst ‘s%/Ost em conpri si n? a MCM 22
abgud 7PV Conb Pestiraef abeifd 3amsigato ahonsd 7o meigHydt sfanakl3drkPa to 1207

e
ho@ﬁa g)aEQVélQ&W ofleRz BRI ¥ ab8R D F8%bodiOBEs KPR to 1207

1308 KPa), a hydrogen to benzene nolar ratio of
[0HBbut CorBenicotlabwid condBomnebnzprivei zykempeoawicyofsgmoe 150°C to about

B AR L B B E0HD0 BT kras o
a Hy@Fopen & BEch ndeUhtid 6P et 0.4800 Uihod:6HBLardEY Qkveht hourly space
pressure of about 145 psig to about 155 psig (1000

veloBlagof ent@&DlkBag)0. A rddout @ 6hydr ogen to benzene nol ar

ratio of about 0.45 t ut 0.64 and/ or.a weight : :
030, JCapaEEny big tl‘ﬁlgyﬁsgegﬁ%ﬁiem(%%c%b (1°Ve. s 14 Fpige diffraction
pat@enl@ fﬂEIlﬁlding h%@&&]ﬁ%%%ﬁﬁ' et bV 331 %WSZ,ZSB"?‘:%&Y and 3.42+0.07

nol ecul ar 'sieve has an X-ray diffraction pattern
Anigptedrad imgnaerspadbinangg, fexXVIed-22 fagilyod&ulag s@c isbselected from MCM-

24BN Y57ty R bl 2Tve WMo B QUPR ol : UZn-8. and
migtdres S, twoodr Aore ERBedf, edpbally thddMCMEM BGM-49, MCM-56 and
MCM 49, MCM 56, UZM 8, and m xtures of any two or nore

comphwebfs of @gpéwd ar mpre therepMCM 22, MCM 49, MCM 56 and

[0013] Conveniently, said at least one hydrogenation metal is selected from palladium,
ruthenium, nickel, zinc, tin and cobalt, and preferably is palladium. Generally, said at least
one hydrogenation metal is present in an amount between about 0.05 and about 10 %, such as
between about 0.1 and about 5 %, by weight of the catalyst system.

[0014] In one embodiment, at least 50 wt%, such as at least 75 wt%, and preferably
substantially all such as greater than 95, 98 or 99 wt% of said hydrogenation metal is
supported on an inorganic oxide that is different from said molecular sieve. Conveniently,
the inorganic oxide comprises an oxide of at least one element selected from Groups 2, 4, 13

and 14 of the Periodic Table of Elements, such as alumina and/or titania and/or zirconia.

-3-
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conbi nations of any two or nore thereof. [0013]
Conveniently, said at | east one hydrogenation netal is
w@edoeazssss from pal | adi um rut heni um ni ckel, zZP@IUS10091034976

2O@§ﬂg?§?§Fg, and preferably is palladium Generally,
i ast one hydrogenation netal is present in an
anount between about 0.05 and about 10 % such as

bet ween about 0.1 and about 5 %eﬁg wei ht of the
Ba

[0HA] al ylgta %ly@%@ﬁpeftothqunﬁoe fiesi iethed fogtcopegyeing phenol and
cy%lg?xtag(ﬁfep a@?yﬂ{et 0%23% Wgo/ %ot%lg?m r g%&%l%%dégnzene gléy the process
desotibedf hs@ind loxidiiogenaiid onyd]mmylbmszeﬁupp@r tpastiuotr  @Rclohexylbenzene

I norgani ¢ oxi de that ifferent from said nol ecyl ar
hy‘%‘PE%mgWGeﬁ?aéfﬁtg e ﬁfféoq] e alRe ha_f%ioa@roe Whpli Rr@ducgy phenol and

cy&&ﬁ&ﬁn&{e afy gl%%érre‘ar@nﬁdd%ﬁgrﬁt th%%@tﬁ& P %%ﬁ%sde%ydrogenatlng
and 14 of the Periodic Table El emrent such
theacarch)ﬂlaxannao arndlog furthtapheaokhnd/ or

Blﬁ'ﬂﬁ%gglﬁgﬁo l%ﬁﬁﬂﬂggm a further aspect, the

e FESTees———d r coproducing phenol

[0ABf CYEiLEREXAAPNES, %“5 hge nahhed p itBd NGreBl @HUBL NBrocess variables
cycl ohexyl benzene by the proces escri bed herein,

tengperatine pegssuie ngﬁhéajolem@m enrar r@tlp rapd lyteeght hourly space velocity of
cIohe | be dro erox;de Vi the
bt SHaRY IRIRS Ry al-oRah SRR B hRGle (Gl seoctvie
(Fl?ﬁl%l nbpx anasiesxylbenanpreH®) rertcevieo GF iggiat 1(c)) h éndreichelehexylbenzene
urther conprises dehydrogenating the cycl ohexane to
(DEH&) Q@éthVﬂitb’t(ﬁt&urepHéNol BRI EF DESCRI PTI ON OF THE

tt:\ﬁgm[eg gif (tglﬁloeﬁé % & pr%fbt&@ \;dgé; I“Jea ta%@sthe process variables

term&mam]reaptesmre fryelssieh o bbyzbno gerlart atibend @vfeeghmﬂoafly spddeovelocity of
and wei ght hourly space velocity of benzene on

beRgeng N 9RE RS ex%ﬁeerrg%ﬁlee F?téarr dhary abz @%x gigure 2(2)),

me%%cﬁ)?kﬁﬁﬁé \Mop)( Fd1a4isy! ff?%l%rg, f(g??la %&ﬁyllcpﬁgﬁe%ﬂ@benzene (MCPB)

el ect|V|ty (Figure
seldétoytyl (dﬂr@»rgIZ@D]z@]dem@tlh@td@lop@ityelectycm}myylbﬁizgnw EeMUPOHB) selectivity
F% éé%l Figures 2(a) to (d) are graphs plotting the
(Fi ))of the process vari abl es tenperature, pressure,

DEWATIYNS 'DESCREFERNR O THE EMBODINENES ght  hour |y

space vel OCIt%{; ol benzene on total sel ect|V|ty to
elic

[0qlﬁbur i Desesbast hetein ran @Ecesn dfoDahiB hyRraglikydatippadf) benzene to produce
cycqglieﬁ(ﬂbcyc g %gﬁ{ yn %egf%crgged %@E{’nent {D% &k{eang% [ 2 be) grdélversmn of the

cydéligxlyIbeanshemat hy lseysmldopept 1 -cgylohetmiid bﬁlﬁz 95@101 Insofar as the
%I\E/CPCHB) selectivity (Figure 2(d)). DETAILED
hygspajipiptan ORIOOESSTHEO oDAMENphexylbenzene  in  addition to the desired

monocyclohexylbenzene product, the process can include the further step of transalkylating the

dicyclohexylbenzene with additional benzene to produce additional monocyclohexylbenzene

product.
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[0018] Described herein is a process for the

hydr oal kyl ati on of benzene to produce
w@y®botsesy| benzene and, in a preferred enbodi meet/Us$009/034976

[ i on, the conversion of the cycl ohexyl benzene

2O¢ﬂﬁgh§%§§ﬁd step to cycl ohexanone and phenol . Insofar

as the hydroal kyl ati on process produces

di cycl ohexyl benzene in addition to the desired
Bepgs Hxdrepkkylatiornzene product, the process can include

f ' : :
OGP, IS5 BLA0R0 SRS AR A sep p e ghmgmenions
predigietidt ¢rabedimomh eomplisdsecontdotng daezepe edthchy Z2OSBEMRR hPdibalkylation
co%cﬁﬂ%tgsﬂilelé ?rg%%%ggyoltf%teﬁ 2 r?a[g]?ﬁ%t?%bééhglygt[\g%?% &rﬁ Z)%I?zse?le undergoes the
IEASHE TR B B SRS R PR e (1
conditions in the presence of a hydroal kyl 2

partial hydrogenation/al kyl ati on reactiop to prqduce
cycl ohexyl benzepex(CHB): [ 0020] Conpeti ng_r eactjons
i ncl ude the ch pl ety saturation of the benzep€ to
produce cycboexane 1 CI—D+21q!J al kyati-om- to pr
di cycl ohexyl bgnzene (DCHB) and
reorgani zati on’™Ng| kg#t"ati on reactions to progdd
impurities, such as nethyl cycl opentane (NMCP
met hyl cycl opentyl benzene (MCPB), and ‘
nmet hyl cycl opent yl - cycl ohexyl benzene ( MCPQ ALt hough
di cycl ohexyl benzene can be transal kyl at ed ™Zpf oduce

addi ti onal CHB product, conversion to cycl ohexane
[0028hr eserimretingsigagsiony dnaligds! Befcospletonsatueiion|afplie ihenesge to produce

yl tape ( ang
Cyc;iret y cygFj ope n:a %ﬁ%ﬁ%@ne@l\/&@cgr egllﬁ%crl?lfeémbgﬁe?e (DCHB)  and
reougethezmtio@blkelatiom cactidisito ppaluet Ngpydicst sichre megiyfcyelopsetane (MCP),
el RPN RAG (VB P Oy HoPPay i e benzene (MCPCHB).
Alﬂl\l}g%iy AN Ioh&yMBdibdHeZEant BE tRMOAIALEL® N0 ProdBrid dMdRaARUB product,

3 inpurities in the hydroal Kyl ation reaction, so
coveasiont fie cyolobenne atposmitofoss usthvataatee ifedds wheredseimpuritics such as

roal kyl at i oduct m xtur | so ter r.ei n .
e RS Py (Y Phn 387 £ prruisesy ek BBt s MediDaLy particulary
und @Bl ¥iaks thelr AL pOaROLEIVIE, dI8sctth R bECEIH sd MNERIs Ry difficult to
there is provided an ogthn1zed benzene hydroal kyl ation
i

sepgrase dMKSP oil M REs fremr @d B e istthere oy snportsahtoanmime the production of
I | “HB). wi t:h high,sel iVt :
DS LSR5l WA D S Ao
of I suchr @fagsrRly Yinl €@&S Hybdealkgtatieguatoduot Iniatibie Ofaldohacin@ddalherein the
hydr oal kyl ati on effluent and/or the production of MCP,
hydjoplisy laHan RAEEDCHB arskepb iacsartrbly [9% Igyielst er abl y 1 ess t han

[0(&&] equ@l‘co‘fcﬁn? to the present invention, there is provided an optimized benzene

hydroalkylation process which is effective to convert benzene to cyclohexylbenzene (CHB)
with high selectivity and at high yield, and in which the production of cyclohexane is
preferably less than or equal to 3 wt% of the total hydroalkylation effluent and/or the
production of MCP, MCPB and MCPCHB in combination is preferably less than or equal to 5
wt% of the total hydroalkylation effluent. Typically, the production of dicyclohexylbenzene
(DCHB) is less than 15 wt% of the total hydroalkylation effluent.
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wt % of the total hydroal kyl ation effluent. Typically,

the production of dicycl ohexyl benzene (DCHB) is | ess
wao b@n/1298mt % of the total hydroal kyl ati on PCT/US2009/034976

I O008EMLO2- PCT [ 0022] Any commercially

2O§@§wr§%Fg%benzene feed can be used in the present

hydr oal kyl ati on process, but preferably the benzene

has a purity level of at least 99 % Simlarly,
[00221 hougy t pRENBEigHdly &I’Valllﬁbé? @f‘ewemes fised eanj thecaysed j in jtge present

AN GBS B R N N IRG L fufl TR oo 09 woo

Sirhifattyg alltkyhght thersoatoe mfch;mlt@gensS Ines sritikwnit IO@Onpgin dsvivable that the
&é | ess &aan 500 ppm for exanple | ess than 100 ppm by
hy g@hﬁal fé%‘%h@PW@ | ess than 100 ppm such as |ess

[062'313” &Eﬁienﬁffth@%@tgpk&d'te%ﬁe h{ﬂe’%al% faﬂml% gv\ﬁ)'ngahﬁs less than 1000

ess than ppm ~ such t han
pplppmchfas Hessxlzampi 4 pres.sfot breamyie lesp pjmld)(/)O\wngbu weight, water and/or less

ni ogen. 4 The oal | ati pn reacgti on can.
the g DB L sud s d i R T8r Stils B oGRS gt of Reigh sulfur andor
lesk AfahUdippeh, kited 188dharS] pprhYfok 8RGhME Soss eHad/00r Iﬁrﬁuﬁweﬁg}ﬁ nitrogen.
distillation towers. In addi tion, the hydroa | ati on

[00R2dhct i Bre élaehmblétyha@nmw@@@@nu parg bsi p@d@cheéamt aow1<teoﬁfélg©r of reactor
cor%f?%lrar‘%%l g rll?'clll!l({l qfxe AG 1 Isl(l)ln ZI%EI;,] and/or ceﬁarﬂyé ic dls:?l"ﬁatlon towers. In

rO en | Uce reactron”irn
addlflélﬁstﬁe(liykimll@iatl‘éh%MOnt &1@1 lb’tyddSIQ@let&dl ia 4 @ﬂlgteordaﬂ@n zone or in a
reaction Contl nUOUSly or in sta | t i1s. i mpor t ant

plurg{Hy of rsactiontzopeoin Vhish apleagt t g}ge@fs ipgpdused o the reaction in stages.
B e
imPoréimt that shuctutiasoflibt veelnmualieu tof Gnelés df Bydttogdmofiet! 0 .thiedrehetion to the

particul a as W]l be cone apparent fr
gup @%&ﬁﬁb@nm& ﬁjﬁi 3P 1thAgeraten Hy hebyesn 4 gbﬁeﬁ%ﬁ@ 1, such as
bet%'eﬁ‘rab&?tt(') 95 43l dholiD %A 1.1 W g%n@ﬁl’éf MsZ&dl bheomi ggat‘éflt from the
cycl ohexyl' benzene wi t hout 'sig Ificantly increasin
enspiiregd dExamphi, o;y)otro]imgyﬂhbeln'bm«)@n fo0025jenT heolpatrafi syithin these limits

enpl oyed in.th roal | ation rea ctionis a . )
mag R onad O HEFLERUBRRE FRgoSe oy Tapraping he vield of
dk&&@h chzedfcam |y and a hydrogenatlon metal. The term
2 famly material” (or "material of the MCM 22

[0(]‘2§}n | yTheoeatalmil @eplpyad B &Wehwoaﬂnéatml\ﬁezgwﬁlam 4 pifynctiggal catalyst
COI%?I‘?& grrl"?oc}eclyflar S év%doefsthg rﬁcg/f and 2y % a]‘r’[llon metal. The term
conmon r ee C ne

“MaMLxD faghilgl ragkrialni l(dsr &ﬁdtbr,lal\ﬂﬁltlﬁdWMﬂMQ%fEhﬁth a8 “tnbRcMd¥Micve of the
framework topology. (A unit cell is a spatia
MGMr &hizerint: aéflseéit ‘ﬁﬁ%mwmcleﬁeﬁ Grnetqr e ph

thrge- rgblre(glﬂ ﬁ 3 yafsat%gfo ?r 8 O%Sﬁttspc?eég%y Cﬁ'&ﬁlﬂhne bulldlng block unit

structure. ctures ar
the ' Ateﬂlaﬁfh(lﬂl weotdllt leas the MWW framework topology. (A unit cell is a spatial

arrangement of atoms which if tiled in three-dimensional space describes the
crystal structure. Such crystal structures are discussed in the "Atlas of Zeolite
Framework Types", Fifth edition, 2001, the entire content of which is
incorporated as reference);

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

monolayer of one unit cell thickness, preferably one c-unit cell thickness;
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Framewor k Types", Fifth edition, 2001, the entire

content of which is incorporated as reference);
wOorpi0eaedIsy si eves made froma comon second deRECEES2009/034976

i i | ock, being a 2- dinensional tiling of such

20%%%%?¢%§gabrk topol ogy unit cells, form ng a nonol ayer

of one unit cell thickness, preferably one c-unit cel

t hi ckness; 2008EMLO2- PCT mol ecul ar si eves made from

connorrn@,l@e@ﬁrdm@@g measle ign d<prnglonlsgm® degtﬁel’ogﬂﬂ@géql@k@fbemg layers

logse?r s nﬁo or m?ﬁ%ana% Heen Illjlrf,l]lt tcgll tli11[g f]ezesnslmee {&/ < 0% rn%re than one

from sirac kel ghicR@skiid omady fﬂ@hﬂdta@@m@l pheldsg, InV\@lndlng at least two
nonolayers of one unit, cell thickness. The stacking of
such sBeaycaegf enchunit dicHgthigkaesss Thenstaeking of mauffe&iand degree

fashi orﬂ]b Bl&ék%g:ﬁlé ?é 0¢ Q?‘%u%? 'fasﬁ 5\?9{?@ Bﬁl? Iﬁelsﬁﬂ)'n 9 fank()iBO/m fashion,

any co lon t &Sieves made

any ragwhgmombnm&a@dn&&ﬁdnmmns|onal or 3- dlnenS|ona

conbi natjon of unit cells having the MAW franmewor

t op8I dg9lecylppgieyes adsdy ay repwdedr f@fld%l@‘r@zlefl%lﬁi@l)m 3-dimensional

gener di ng
0 spacip RN Al di G hERNRN (R BOGhRbRYT
[00261120. XIdlclnigs bicoen of TME N2 dymdy fdenaratly davel at - msfe:ﬁfﬁantlon pattern
racteri.ze the mater.i ) t t andard
incfRi S et 8 a2l & He GEH bha-Gbn e Eopgar Anestrom
ThaSXkdie difﬂﬁétﬂﬁn&atﬁ dbAtd eRarBReriR Bl hhRAAOMBIRE obtained by standard
equi pped wwth a scintillation counter and associ at ed

techboiqper suchass ukiag dbé Ikeeiphardospkst evin copbéreau ther insidsne saddtion and a

o 2T PSS AR GEP ) R R LERL coceion
sy 3NAL ar sRSEs aﬁMm&;QQ rfhiig indudd MCMP2L @idsciieod in U.S. Patent No.
4,826, 667 ERB-1 (described in European Patent No.

4 %2@2@132138 Brdescrpgdser ViSeParmt OV, 4.£9.400). R§Z-25 (described in U.S.

P 405 PG RSB R LR PR RA B Gsriv
in RaSePatehid Nb 6260 498)Z)ITQVEMdé§br1¢)d@ d{n rlln&eﬁhtﬂoﬁalUPﬁent Publication No.
Pat ent m&w 5, 236 (descri bed |
WeA/EMO0 C%*’Iééz(defw od BZM% ]Z?E%@ﬁ‘? bodo0-#7 ¥CMa‘{9e€ﬂeSCﬂbed in
7 ) i1
U.foy Gy7TRB, 830730 MEMLH BB AP RTREE 536397 LM
(dfscrobnd( &) UWRMP4ARNt (NQ 61256,880 )arud ( m)xtinest ofpesy dfvoMiMmd@e thereof.

Pl Botitat i ot EancoBIdgt )daCH D) MEYeR and (0 isotypes

of Iaviog dyinvativeRe GrkRbY BEtQ-2l t hough suitable nmetal s
i ncl ude pal l'adi um rutheni um nickel, zinc, tin and
[023bal tAny known hydrogenation metal can be ernployed in the present hydroalkylation

catalyst although suitable metals include palladium, ruthenium, nickel, zinc, tin and cobalt,
with palladium being particularly advantageous. Generally, the amount of hydrogenation
metal present in the catalyst is preferred to be between about 0.05 and about 10 wt %, such as
between about 0.1 and about 5 wt %, of the catalyst system. In one embodiment, where the
MCM-22 family molecular sieve is an aluminosilicate, the amount of hydrogenation metal
present is such that the molar ratio of the aluminum in the molecular sieve to the
hydrogenation metal is from about 1.5 to about 1500, for example from about 75 to about
750, such as from about 100 to about 300.

[0028] The hydrogenation metal may be directly supported on the MCM-22 family

molecular sieve by, for example, impregnation or ion exchange. However, in a more
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wi t h pal | adi um being particul arly advant ageous.
Ceneral ly, the anpunt of hydrogenation netal present
WO poobhzsogat al yst is preferred to be bet ween abpCit/uS200%034976
20@3@}/,?@?_5ng0 W % such as between about 0.1 and about
3 Of the catalyst system |n one enbodi nent,
where the MCM 22 fam |y nol ecul ar sieve is an
aluminosilicate, the amount of hydrogenati on net al

Pfﬁ‘é@réf‘éieﬁm pdingb hatt H‘é’ét éﬂe%l g e oft lemé BV, nang particularly
préff&aw JUbSE ﬁtiéfg/aﬁll out Ea%gg)g 9?%0?%2\&%} gp p} gﬁcﬁé%énﬁtlon metal is

supported @bentindip8nicSexille aspdratonti.abdifferdfp fiom &nowbmPpolited with the
0028] . The hydr ogenati o tal may be dire
Oﬁ X8 dh PERETIENE ofopathihal brshienouting the i@é@%ﬁ@ﬁﬂowetal on the
F Ride! HHRM | FUhQ' cak kA €&ycl
D g I A0 )81 SR s
diogclwhexydbenesmnpiceinatcatedast catbpred vathdapaquivelghtacatylyst in which the

r ef er.abl ubst ant i II aII at |least 95, 98 or
hy%ﬁgwa&}oﬁf%ltaﬁlés WBP’G@‘@ lﬁ%@%mq v§: supported on an
[0029PF gam&ln@?gafﬁ@ oxgfead; rﬂ#l@ye(d' inSucldhfcbaipedte h}de(SHPkﬁéﬂon catalyst is not
conposited wth the nol ecular sieve. In particular, it
narr@wltyodﬁf@ed reavidsd i uppleblei amg ingré ungedrtbg eneditions ofethal hydrpalkylation
reac 1{a% enllng i ! do?ddets Ii]I‘le At dxf etsyo I‘O{lhe Cﬁ? tl%' a\,ﬁ%tm ontd the Periodic
s se i VP E 0 VRIS exyqxbenzene a

Taﬂﬂe%f@l@h@ﬁylslaem ae Ell@nﬁﬂi?f; titd1G4, @a8/Rd zASori maxaru@@bl Werkih, 812 numbering
equi val ent cat al in which the hydr ogenati on net al

schegnestop g Pedodn tahl@ Gionee i ay displeyes inf Qlgngicalmgnd Engineering News,
oxi de enpl oyed in such a conposite

63‘;159’%{78(2?%@[ ation catalyst is not narrowy defined

[0030pvi dBleb hydrbgematiabnectainid depesitedumddre tdoeganandkitie,ocmmveniently by
. of the h%%tfoa kyl ation reaction. Sw(tiabl e i narganjc

impgegpgion; help ¢ Gistadwenigming @G&an? oxjde B-£oRpgsiic with $34d molecular

E@r ORIy Rl Bat®lfstRloBFRRHS is UG é 1Rfzatfoh! A&MRich t

sie g?wm}?-com % fys %gﬁ hgr% n, © gaéoulge erfang sch errlg a mixture
of ﬂwr lemeull@e sicgdliand Tlmoh@tadacontpmln§1msganlcs<z}klds etk fommed into pellets at

ey ShBRat O AP Obdkpat or S bitmusion. in which a

sluhﬁodfgtﬁe infol@otil£e5icveOhiet @Rdth1YcomvaihiAP iRapalit @&hdebﬁﬁtﬂﬁﬁlly together
e net al - cont ai ni ng [ I’]Of?1 nic oxide is conposli ted

witly & separatecbipdiredra |f@rpectthé<v@ ?fl'@dm J:fch?ssaltyh eddiengl udrogenation metal
can ?u%?gfue}lt? b% %éé)oglqt% ecu hg)fesu?[al’ﬂ (ﬁ”n Site. in which a

ar si eve
[0038] al -waosthat DisEghratd GhEHamiic OQi@edle u@écﬁwﬁt(hrtﬁedndléﬁtﬂhr sieve or not, the
pel | ets at hlgh pressure ener al I about 350 to about
catslsfet peigmapay adgronlyhs-cortbingg Hldmo(:fhmataéff 1 pe 1gfthe process

of {ht%.q%géﬁltlgﬁ Uélﬁfab{%' tﬁﬂ@er%q re1€inl %‘F}i@lsyrﬁﬂ&kadrq{a al'}?ggéc’gﬁgﬂlggsubstances

oXl t1ona y t oget er w a’ separate

as fw@ﬁlcasdmbi‘ganwgima‘arldlsesuch fas ndye sdan yandad dnétalomates. The latter may be
: heydr 0ge Pat i on. et al

either naturally occurring or 1n the form of gelatinous precipitates or gels including mixtures
of silica and metal oxides. Naturally occurring clays which can be used as a binder include
those of the montmorillonite and kaolin families, which families include the subbentonites
and the kaolins commonly known as Dixie, McNamee, Georgia and Florida clays or others in
which the main mineral constituent is halloysite, kaolinite, dickite, nacrite or anauxite. Such
clays can be used in the raw state as originally mined or initially subjected to calcination, acid

treatment or chemical modification. Suitable metal oxide binders include silica, alumina,

zirconia, titania, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia
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can subsequently be deposited on the resultant
catal yst conposite. [0031] Wiether a separate
WO p@pg28L oxide is used with the nol ecul ar siBUEUS2009/034976
, atal yst system may additionally be conbi ned
20@ﬁ%ﬂlgﬂgcﬁder to facilitate its use in the process of
the invention. Suitable binder materials include
synthetic or naturally occurring substances as well as
ang rhalqgaiamia ngdt é‘ferllaﬁ% teialy §empesyonss puGhc as SHiRIuRBeghoria, silica-
alu(rﬁ(rh&j 9&%%1];{1?11 cBlal 1n5r?1¥ lgpgmg hﬁ({ﬁflca{)%gﬁe@ ol Y BhGUr T ing
or nro gel at®i nous preci pitates or géels
[003!2]:| udT'reg cdtiditians esndyesli ini tha ednnptoabssoxt deportant in achieving the

Nat ural |y occurring clays ch can be used a
desyicd drtect H @aerc{q%lseébwe%@dﬁ@ﬁ{%ﬁ EPRRREe 4 aﬁr&go‘r‘@rﬁ to about

% Elltl%ﬁlarl ba mn;gf@ It(t< %l?)ovl\}lrt] n gd% dt%led )ﬁrgs%u%buﬁgaﬁ)g{lp §it &afadl 207 kPag

(I%I’l}dslgltco abala 196 gysiy) opartdiatysabont WHOC kPidh e M%Pﬁg IOBLIfSabmg to about
constitue |l oysite, kao nrte qglckrte nacrit

153 Psigh 280 %genee%n%ﬂnaygo layEptig @Qe%r 0 {habqug Q.69 a%réwulaﬂy about
0. 4@%P Qb |a1‘:{d t Abul nﬁ(ac@%%ci%“@f L&tk $fObout 0.26 to about 1.05

cl nati on, r eat or ch enrc nodi fi cati on.

hr$qhﬁ@@ﬂﬁhﬂﬁb§{09¥¢Q@n@0%dﬁﬂs i nclude silica, alumna,

zirconia, titania, silica-alumna, silica-nmagnesia

[0033] | caUsing spe @pndgqqnp and amdFGCH-22 farmly zeolite, the present hydroalkylatlon
Sili 02-P i.tani N
Progcess, ﬁaef%%?té\?enar Cglﬁg)g%zetne (Sr%cl{heg g%d%lct rn(fx sﬁown H 282 1 below (% by
wegghb). ca- alunrna thoria, silicaalumna- zirconia,
silica-al um na- magnesi a and_sil i ca- magnesi a- zi rconi a.
[0032] The conditions enplo?éhmﬂn the present process

cyclohexylbenzene and i nclude a g np-rature 0
140Bechocnalftterdidh OC, parti cuB@rb§%about 150080t 60 %
about 1 a pressure of abgut 931 kPag to 1207 kPag
(135} dege about 175 psig), 8 ﬁ$°cularly abo¥¥r331600
kPagytmgg §969kPag (145 psig to‘§@§?g 155 psig), ¢ 9,
hydrogen to benzene nolar ratio of about 0.30 to about
0. 6£yCMcxancl)ﬁaldl y about 0.43.Q@02.aBout 0.64, adel.a%

E gﬁr%4velocity of benzene of about 0.26
rticulpelyogbout 0.3 tp %E%r

mg [ ] @é:ﬁ% t hese con itions and an 22

fam lte, the present hydroal kyl ati on process is

effecg/IQPeYthd convert benzene &Q#-.8&0 product Mi0Shbin
in Ta ow (% by wei ght Taple 1 Prefer N
R vaR Al 689 %5505

Range referred Range Benzerie”‘Conver si on
40 - MrPLABYMEe! d 25 - 40% @8-135%% 0.6-1.4 %

Dicyclohexylbenzene Transalkylation

[0034] Although the hydroalkylation step is highly selective towards cyclohexylbenzene,
it will be seen from Table 1 that the effluent from the hydroalkylation reaction will normally
contain some dialkylated products, as well as unreacted aromatic feed and the desired
monoalkylated species. The unreacted aromatic feed is normally recovered by distillation
and recycled to the alkylation reactor. The bottoms from the benzene distillation are further
distilled to separate the monocyclohexylbenzene product from any dicyclohexylbenzene and

other heavies. Depending on the amount of dicyclohexylbenzene present in the reaction
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DCHB Yield 5-13 % 6-9 % Cycl ohexane Yield 1.0 - 2.5 %
1.5-2.0 % Ot her Byproducts Yield (including MCP, MCPB,
WA 2®9428980% 1.8 - 2.5% MCP-CHB) MCP Yi el d 0. 04rOT/BS209/034976
~ % MCPB Yield 0.7-1.2 %0.8-1 % MCP-CHB Yield
20@3@\%@421)6}?0. 6-1.4 % Di cycl ohexyl benzene
Transal kyl ati on [ 0034] Al though the hydroal kyl ati on

stef is highly selective towards cYcIohexbeenzene
effigien 1%335%¢P5frﬁ‘®1ﬁ1t¢35m5@1k1’1%t%ﬁlle digyslaberylbesiveng Wﬁhwatiﬁl@onal benzene

to ﬁlxglﬁ‘lﬁ% glié ggc;dugﬁo &AL 4% +nogﬁgyﬁ%d C? jptain some

products, as well as”unreacted aromatic
[003&8¢d aihdniaﬂiqlai&ﬁﬂ wizhl adoinionad] kychadreds quﬁcaIEISeffe'EtEel in a transalkylation
unr eact ed o |c feed is normally recove
reagioge MPPEHS k@athrbrqaﬁf@naw@wawﬂalé erfé@éﬁ%ﬂaﬂon catalyst,

suéﬁha% abﬁfpfeeﬂﬁr §1é\%”8fttﬁ@lvf@ﬂz&nﬁnﬂl é[dhltéaf)été) Mehe ek WekN®S. Patent No.

distil to separate the nmonocycl ohexyl’benzene
6,00 Hd B zedlito™ emyordicoye | Bivetxarishisplat e rantoroishigpically conducted under

at G%@;P@F% g)%}{gi&g% g %Bt}otéggwﬁngﬁﬁ{tﬂgr include a temperature of about 100 to
ab& R IDDP@ na2P1Q§s%|}@-912 abdal 8@6 ftd) ld%ﬁt 350D KPaYa RRidRSblAP |sﬁacteovelocny of

transal kylt ate the di cycl ohexyl benzene with additiohal
abdpet izte nbottol Ontexxli on eal tibesl, pndd benzcoel dofy clohexydlesmizeredweight ratio about

nnoal kyl_at ed speci es. [0035] Transal kyl ation wth
Ofggg {’%‘ﬁgalt benzene is typically effected in a

Cytcroﬁ@;‘éﬁbmbaé ORMIat@act or, separate fromthe
hydr oal kyl ati on reactor, over a suitable

[0036hns alnieyirafcited codpdinpest, thaeskohasylherrshe praduecddivethe pesicess of that

1nv,53foe %%erf quﬂn]flﬁ %é@%lsl 1t8§9f %ert t%\fogye m@} ‘Se}’ﬁ?q%gxyl%%zene into phenol
and f@@’ﬁo@bkaﬂoaél S rc?@l@hép@mbdnieﬁey@s aaltlaily coxidized ed urdebrresponding

| east partial [iquid phase conditions, which
hy@rap@ramdp i THdY checomplishsd LatiniredusinZaBooky LEBTORGINihES, such as air,

1nt8’ Q0 (ﬂﬁ?ld SC%H{a?mﬁé tﬁ‘&rb %gl ltof;g%flﬁeggégo U}Jn:flig %1%??16 18trnospherlc air

space~ve out out
oxi'alﬁt-ldn ofi c@dbhéxyﬂl&adeneanﬂtm dnozenef di@atysohexyhpelozeamsl hence the

OX&%‘P%’H é&%gghgogﬁg&éi Flbléte l%’%glﬁ%g% gica'falli’ Sh preferred

TR Sl 1O AR R BEC M e N
subshtusedeyclic omeden desdribetien ¢S Retent \Nido /206 2i amtionqzﬂmmted herein by
reference, such as N-hydroxyphthalimide, 4-amino-N-hydroxyphthalimide, 3-amino-N-
hydroxyphthalimide, tetrabromo-N-hydroxyphthalimide, tetrachloro-N-hydroxyphthalimide,
N-hydroxyhetimide, N-hydroxyhimimide, WN-hydroxytrimellitimide, N-hydroxybenzene-
1,2,4-tricarboximide, N,N'-dihydroxy(pyromellitic diimide), N,N'-dihydroxy(benzophenone-
3,3",4,4'-tetracarboxylic diimide), N-hydroxymaleimide, pyridine-2,3-dicarboximide, N-
hydroxysuccinimide, N-hydroxy(tartaric imide), N-hydroxy-5-norbornene-2,3-
dicarboximide, ex0-N-hydroxy-7-oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboximide, N-
hydroxy-cis-cyclohexane-1,2-dicarboximide, N-hydroxy-cis-4-cyclohexene-1,2
dicarboximide, = N-hydroxynaphthalimide sodium salt or N-hydroxy-o-benzene-
disulphonimide. Preferably, the catalyst is N-hydroxyphthalimide. Another suitable catalyst
is N,N',N"-trihydroxyisocyanuric acid.

[0038] These catalytic materials can be used either alone or in the presence of a free

radical initiator and can be used as liquid-phase, homogeneous catalysts or can be supported
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and cycl ohexanone, the cycl ohexyl benzene is initially
oxi di zed to the correspondi ng hydroperoxide. This is
wa@ecwonidsshed by i ntroduci ng an oxygen-cont ai NnPCyUSHE9/034976

ikr, into a liquid phase containing the
20@§%?6@%§§Fbenzene. Unl i ke cunmene, atnospheric air
oxi dati on of cycl ohexyl benzene in the absence of a

catal yst is very slow and hence the oxidation is )
on goolie | cRiricE do arRviden heferogenqous satabyst. of yrical b dro/Nthydroxy substituted

037 [ : : MCH enzen
ey it b AR YRS b an bl sCcr PR Frount of from
0.0001 cle%; tddSorti %edich as Bo. 0.60 et with, 06thé29clébek yélseazene.
i_ncorpor.ated herein by reference, such as
[00Fhy r%&l&ﬁélﬁ’t FRACIANG 0T HicapIAGION. H5Hy inplyfont FrampaFRtys, between about
70 amd ﬁ@éﬂmbﬁf%ﬁﬁtﬁ%b S®C to about 130°C, and a pressure of about 50 to
t et r abr ono- N- hydr oxypht alln1é%,
101060 rideh| dyy- dkygedrooriaphng adas,mpetésratly haidr oy betused de, the oxidizing

me&q%gfrgé%lgﬁ?}tgﬁ%&a&%gﬁg 51}9 F)%é‘l{ %t:olﬁ% %Flecrgnggﬁous flow reactors. A basic
buffedhy didhy FRBXYE RUAQITR] tdabi Gitdi dcidi€l®)-products that may form during the
N, N - di hydr oxy(benzophenone- 3,3',4,4' -tetracarboxylic
oxidiiion. db) additiony @anaxyemusaihesadmay be introduced, which can help dissolve basic
ridine-2, 3-di.carbaximde, Nhydroxysuccini m de,
Cmﬁfﬂ%%?ﬁ%@ %?‘%?Pgaﬁﬁ?%é), N- hydr oxy- 5- nor bor nene- 2, 3-
Hydir6pérogideildevagexo- N- hydr oxy- 7- oxabi cycl of 2. 2.
1] hept - 5- ene- 2, 3- di car boxi m de,  Nhydroxy- )
[0Q60% - ¢ yEfrcofient sgastiva stop H t@gp%xsgrsrw@@g the cyclohexylbenzene into phenol and
Y- is-4- e ng- i Lmi . . .
AR R ISR bR i, whion
coNchictitlpxffected b zemectirguthp hpdioperdeide Prigf € calllyyt, in tthxeliquid phase at a

catal yst is N-Bgdrox phthal i m de. Another suitable
terpperafpipsef $ROUNZRFC e abpathladr bx yiddosyshawt i(10°G@dp gboplobBf. and/or a
prew&g At ¥b! & Qifo%‘?rifﬁios KPENSRE HSHhue! el A %‘E‘elo@g kPa. The
I'n the presénce of a free rddical initiator and can be
cydlsleskyienkdng Uydh@ivasdde o prganieloudilcat &l yst@gatic calveteinert to the
support ed2008EML02- PCT on a solid carrier to provi a
Clo B FEAS RSN ExAiHyL PV GRS Ea PY oI ARO TG, HiFP &vycfjo%exylbenzene,

to 98¢ tih tHehefbntnal | ank r@léid%a%é' rdaBfon is conveniently conducted in a catalytic
N, N, N'-tri hydroxyi socyanuric acid Is enployed 1n an
disatetiontumof. from 0. 0001 WMt % to 15 w % such as from
0.001 1o 5 % of the cl ohexyl benzepe. [ 0039
08P a6l Cutlindruflevadih Gl SRR TR Pep mshouy catalyst or a
heteRIFRRIAS WhBlyRet ween about 700C and about 2000C, such
as about 900C to about 1300C, and a pressure of about

[0053] t 0 Jwotabohxmegenppis dnamgen-cevhists wichige galuric acid, perchloric acid,
ph«%&i);ﬁgr?cr aa?id?,’ ol?ﬁd%ch?ann Qgidl'lgn(:“(fj p?tf]él teggsgﬁ%hl%l gclficril.g %gilcu rcrlllloride, boron

rea can take pI ace reactors o

triftitide N UoIfs Hloawer @ad tsalfsr tAoas iage ROl effédtigc agmidgaiByus cleavage
be added to react with acidic by-products that naé )
catplysin dlib¢ mgcfered domegencons cleavagrdcatplypt isapnlfeisetid. with preferred

coR ARG JTRYinPfhe! &'ﬁg@ dtcels ¥ho.shapan Pel R %Iﬁg‘é%lng&lsbgﬁh Ceatalyst, a

neutralization step preferably follows the cleavage step. Such a neutralization step typically
involves contact with a basic component, with subsequent decanting of a salt-enriched
aqueous phase.

[0043] A suitable heterogeneous catalyst for use in the cleavage of cyclohexylbenzene

hydroperoxide includes a smectite clay, such as an acidic montmorillonite silica-alumina
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conmpounds, such as sodi um carbonate. Hydroperoxi de
Cl eavage [0040] The final reactive step in the
weovgaesson of the cycl ohexyl benzene into phenpdT/E82909/034976

I one invol ves cl eavage of the
20@%%%2@% g&benzene hydr oper oxi de, which is conveniently

effected by contacting the hydroperoxide with a
catalyst in the |liquid phase at a tenperature of about
clagopcleseribeddn. &dia@@t Ney, 13788 1 &i8e entirg dectasutgisd (iehich is incorporated
q&ﬁ? or a pressure of about 50 to about 2,500
hm% 5&% &5 about 100 to about 1000 kPa. The
[0(1431]:I ohEheybhﬁezmeahhyaifo@eenﬂxcmde|Iﬂlepdslefrefxﬁbﬁey cidhVageestep may be

organlc sol vent t to cl eavage reaction,
Suh}l?ﬁf?fp s %\@hwﬂ@%w R arese PEV%&P‘g ¥ %%ﬁ%on%ﬂ@rmenelr A suitable
uﬁﬂ&ltﬁﬁjﬁ&e@@ NehliRs, {ARSH l%ltédqtoh %asErlgseS‘P&ﬁ@ﬂlllatl-Bﬂecowers to separate

cl eavage reaction’is conveniently conducted in a
thecatchlhgsinondiasd phérmd iftom omhmt spep@sm The Thide oapuatifyst cyclohexanone may

its%ﬁ?%f Sieied o g R ub SYBTE s TP Ry R0 ahopT st adhydrozenation

R VIDIEBRRS fft |e§ﬁﬂ1§!9 eox%f-‘lﬁ @Jtt?ﬂ%ﬁt%u&lﬂ@s' plﬂ{;hu%il Infdkell & paBadum.
perchlorlc aci d, phosphoric acid, drochloric acid
[0048H p-Thot fedlewing Esernples eredgivere fori lélu@trﬂtwpumosmmh do not limit the
sa}%B%h%ﬂf%Q lonsulfur di oxi de and sul fur trioxide are
R0 M RO e honogeneous cl eavage catal ysts. The

Eﬁ@ﬁﬂﬂ@fﬂ&dah@npg@aﬁﬁuﬁ cl eavage catalyst is sulfuric
wth preferred concentrations in the ran

of
[0Q46b5 t2 cetalafsmm@ prpered Worroplstising aald eatélaﬁtawgta MEM-49 catalyst.
t f
Thg?’léi Ja@agls% @Ja's %Pe Sc‘&e p?ypfngir Iﬁlah% 5 FéeruanW? ]F{;lalqr%vo\ﬁ?/g@th a palladium
nltmtﬁﬂmon/\aﬁdﬁtMn lmak:lmng:drfp]&hﬁnprpgmtédwalﬁnmmc for 3 hours in air.
decanting of a salt-enric uequs S [0043] A

The fid iadmBnen dho garmiBhsyas 5] 3 %}e' f bhe %)E@M 5 chalys bal' prepared by

cr&hﬁ%‘éﬁ%tr@cﬁat& %ic‘ﬁhﬁﬁ%b kenz @\@@MW@' LAPEH QX %jﬁuhf?&a! 4™ 2%m (1/60")
tite clay, such as an acidic nontnorillonite
or §inéi mratidbunT lm&aEdY&&gM 02alpSTwed thyn naseddegh thdheushed MCM -49/A1,03
Patent No. 4,870,217, the entire disclosure of whic
in the ratie 6f partat weighbaned thebgbeH@fZéd dpiEe 2 f[@qussméerc}wag (20,000
0 he
pm%% g&gﬁf;ﬁ% %’c &%ﬂge‘:@f ;‘ ?I% ’f‘lgéu F%t@l?r \évgseth%k s?‘)’eﬂgtg rﬁés%popemngs of
ﬁnpumQﬁ@ﬁﬁhﬂy@ﬂ@h&m&ﬂoneoanﬂhpmen@hngA\SU|tabIe
purlflcatlon orocess i ncludes, but is not limted to,
AMPIE 4. e SalLk gl t owers to separate the
| ohg; r

[O(EIylf our éﬁ'{; fgl)s/ ?thexanon g?e{}g&f@dqﬁ IE%Bmﬁfé%bv@? cha-Jr—Q&i oMU Snless steel
ﬁxed bed micro-reactor. The reactor had a 1 .27 cm (1/2 inch) inside diameter with a 0.32cm

(1/8 inch) thermowell in the center throughout the catalyst bed. The catalyst was pretreated
with 100 cc/min of hydrogen for 2 hours at 300°C and 1 atm. After cooling to 155°C in
hydrogen, benzene was fed into the reactor through a syringe pump at 60 cc/hour for 1 hr
while the reactor pressure was increased to 1034kPag (150 psig). The benzene feed rate was
then reduced to 0.52 WHSV and the hydrogen/benzene molar ratio was adjusted to 1.28.
Liquid products were collected in a cold product trap and analyzed off-line. Various test
conditions were used to evaluate catalyst performance by varying four process variables.
Table 2 shows these process variables and their ranges. A total of 36 test conditions were

used to study CHB production.
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itself be subjected to dehydrogenation in order to

convert it to phenol. Such dehydrogenati on nay be
w@eoohborsyed, for exanple, over a catal yst such BGI/US2009/034976

(| ni ckel or palladium [0045] The follow ng

20@&%#%@%§bgre given for illustrative purposes and do

not limt the scope of the invention. Exanple 1:

Catal yst Preparation [0046] A catal yst was prepared by

co-pelletizing a Pd catalyst with a MCM 49 catal yst.

The Pd catal yst was prepareq~§yAinpregnat|ng 5 grans

of_ganmma alumna wth a palla lUmnitrate solution and

then cal cining thelded i npregnated al unina at 3500C fSat.

3 Whﬂablei n air. JhelitRchs! oRdhin@gn®n Mdxeémamum Maanvas dvidtion

Mot ?atﬁ@\ﬁ’élg catygl yst vva§25)r epar el%by Crll1!§58 ng a3 40
ext[r g‘[ c? ha) 6380 \f/vt % I V\47§ual um na
1/ 60" ),.0or fine artlc
cat gﬁ%@ t hen r%16xed vvlt'inghe cr us ed N%@? é/ Al 5@3‘55
o of 1: y weig and t pelletized
usﬂﬂ@béﬁﬁﬁ%d ress%@nde g ag (23%300 ps %g to fgﬁ%

thﬁqnﬁe%w zed 38t al yqt 03¢ cat Al%qt wa@.%hen

sized to nmesh openings of from 0. 250 mmto 0.149mm
[00480D- 10Resols Y datrlydt qﬁrﬁongand.éxam‘pﬂhew& in Beblzerdeto 6, in which CHB

|k | at 004 h t al
reegpa: et e bise. PO Yotrasin dicgeigh s aiy e, represents
m&nfxgrétd@%ﬂt [Beﬁﬁ&lera%@%@P cﬁﬁ@e_%@@%t%eﬂﬁ%yaoge@ -&Mohexylbenzene,

|nch i nsi de di aneter w
Tabllqérslmwe Itetst reﬁultt&@t@eﬁi eider Fasbeayiddion m@onémany@t arfgebables 4, 5 and

6 1y SSLTNED SRl LB LGP et AT R Thy 2B 0,38 20 1o 36,

reshéctitely. OC i n hydrogen, benzene was fed into the
reactor through a syringe punp at 60 cc/hour for 1 hr
while the reactor pressure was increased to 1034kPag
(150 psig). The benzene feed rate was then reduced to
0.52 WHSV and the hydrogen/ benzene nol ar rati o was
adjusted to 1.28. Liquid products were collected in a
cold product trap and anal yzed off-1line. Various test
conditions were used to eval uate catal yst perfornmance
by varying four process variables. Table 2 shows these
process variables and their ranges. A total of 36 test
conditions were used to study CHB
producti on. 2008EMLO2- PCT Table 2 Total Std. Variable
Condi ti ons M ni mum Maxi nrum Mean devi ation
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waemasIsi/ Benzene Ml ar

Tenperature, 0C 36 125 175 148.28 13.40 Pressure, kPag
36 862 4137 1796 1141 Pressure, psig 36 125 600 260. 56

Ratio 36 0.32 1.28 0.FEGr/0S889/034976

~008EM BENEERE WHSV 36 0.26 1.05 0.60 0.24 [0048] Results of

Table 3

cat al yst performance are shown in Tables 3 to
whi ch CHB represents cycl ohexyl benzene, DCHB

represents dicycl ohexyl benzene, MCPB represent
met hyl cycl opent yl benzene and MCP- CHB represent

6, Iin

S
S

met hyl cycl opentyl - cycl ohexyl benzene, Table 3 shows

test results obtained under test condition 1t
condit o 10; @and Jabl es: 4, «<bopnd~6 shqwrt gsth
obta?hﬁdfuﬁgeﬁgteéﬁ condiﬁiﬁh@ﬁgﬂgto 197 26 &
29 to 36, respectively.K) OO0 O Table 3 m Test
Conditisan N, A 2.3 4 50780010 OK ), Teer
6C 1505150 250212% 125 5@ T50] 50 150 438 <53
kPag 1034 1034 1034 1207 1207 862 862 1207 120
Pressuge,, RSi ¢,15Q,150 15Q 175 175 125 125 175
M2/ Bgngerﬁe Iolar G¢45 ofﬁl@ &. 8p=0-46 0.5% (- 45
0.45 0763 0.63 Rafio Benzene WHSV 0.52 0.52 0.
0.52 0.52 %25320.?5 0.52 %55; Beﬂéene Cogg,*g
43. 1342.8 28. (124D 36. 7 I652BB. Y 49.5732% 2
Sel eTt Vit y© W% Cycl oh&kane EF% 2.5 4 BT B
3.7 5.45.15.4CHB79.0 72.5 63.8 82.4 81.5 7
78.0_71. 8 78. %.DCHB 13.2 E‘w8w5[\fé-w°=! 8.3 6.5 13

8 D = S o0 e

£3.1712.9 12.82 ¢ FEod®

o N en

Sy o0l o) v ) N o)
nw a9l © n o s = o e
A i ~ 2o g — S ==
— e o o I\ %) - o0 A '\
- NelN o - < o~ oo oo
< 4ol §F n NN x <
[g\] <t ~ A b —~ () — DN
- o o A oo =) — A
~ S ol Ne} oo en — < © O
] ] o] — &2 (<2
@ S N |
o ) ) ) o~ en <t o) S — —
22— 4 < < T oA Tl o NA —
<
L Y T A S q—NOOq-'|<:'—‘ =g
— = =) =) <t O~ — =N on o
<
o vl v o O N g N n © o O
o <t [Va) ‘| . ) 8 > 8
— v (Yo ) o~ N on <N N <
—2—- S o = R SR RN — A en
St
: s
o N o
Z Pwws Z S Se m oy 28
o ﬂ;f'iz T - T J = am
=) L = P M £ ol ¥ 0
Q S M S0 o J m = @) O m
= o2 = o 3 = o Lo T
A= s 5 O Ble T =fia) T LA
o S L2980 'ﬁOQDSS >-‘OQD+
E 58Z22Z2:5®g 2 Zos“YRdnl govYaom
o 25 o e Ol o Q| O
O Qw%m N O Q| > as] =1 )
ggegsd o N ZO T 3O O
- S o
@ O A O Q (@) =
S B T A m ©»n A~

0
results
28 and

at ur e,

ressur e,
7 1034
175 150
0. 63

52 0.52
37.5

.6 4.8
7.7 73.0
8 18.2
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3 5.8 2.9 Sum 100 100

4.5 11 5J
DCHB 5.0 8.0 11.6 2.0 1.6 5.1 6.6 5.1 8.6 4.2 CHB+DCHB
34.6 39.2 41.9 21.8 21.9 33.6 33.0 35.4 AAA 29.9K) OOO

O Table 4 m Test Condition No. 11 12 13 14 15 16 17 18

19 OK ) Days on Stream 2.7 5.7 8.7 12.2 15.7 23.7 27.7

CHB 29.6 31.2 30.4 19.8 20.3 28.5 26.4 30.3 35.5 25.7
28.7 31.2 S Tenperature,

100 100 100 100 100 100 100 100 CHB + DCHB 92.2 91.0
wW@00y19084 88.0 91.5 91.2 91.1 89.1 91.7 ProdurCT/¥smbel034976

Q hers 3.8 4.5 11 LI
2008EM Pooy¥etrohexane 1.5 1.9 2.3 1.8 1.9 1.8 1.3 2.1 2.5 1.8

0C 150 150 150 150 150 150

TSr 6T 9ty Sy L1y 6€F 0T ¥ 0¥ gaaHDd+9HD
$'6 6Cl '8 S'L €€l 68 S€l Tl gaHDd
L'EE  00¢ $SE  OLE  ¥8T 0SS 98T  T6T gD
I's 6T 61 v 0T 6T ST 0°¢ 81 aUBXAYO[IK)
m PP wu% Q 2o o
me_ow m@so.@%.z P68 €16 9S8 006 T98 88 08 GHO + €HS
%@20.%%7.0@%2 001 001 001 001 001 001 uns
S0 S (9L N ¥ 70 ¢ 90 0¢C ! SIYO
o33 % VHOO QO .10 . . . . . QUZUIQIAXIYO[0KD
© . nU o w n N ._u N w ﬁ @ m N N ﬁ m ﬁ m |~%HGOQO~O%O~%QHOE
m@m O W.mﬁs ~ m@@ r 991 SSI €Lz TSI 9LT SHT gaHDd
SANDBI] . G®m > . . . . . oUZUdq
m Gl m %mnm > m B M m e e e 0T ¢l sC -1KuadoroKorAyioN
SBL D TG o S92 S 8L §GL 86 §IL 98  6¢€9 gD
B%F o %% m&.%m 0S b 09 I's 19 0t QUBXaYOIA)
SIsE - RH® S .x% S €10 600 970 600  0£0  Ov0  ourjuodoppAoiAyon
25083 ° 55022 oI ATTATIO00S
LN tanoD Dot 2N
<cHE © L =908 m L6 898 086 70€ 0SL 98P % ‘AUO0D) UIZ0IPAH
HFECIRSEPH =61y  9¢¢ $'89 '8¢ $'89 LSy % ‘AUOD) SUIZUOY
ShoquYeRowve
mﬂ.m S %@m < mw ™S Mo@m.o S0 970 SO'1 S0 TS0o ASHM OEMMMM
&m@ Y %Mom = el M 90 190 8T'1 8T'1 8T'1 8T'1 1B[OJ QU7 L]
Q6093 — DOY o > Q5P © OS] 0ST $91 00€ 00€ $91 disd “aanssaig
—LEI 3 GUOTT m 280b 0w FE0T PEOT  SEIT 6907 690T  8EII Bedy ‘oanssoig
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DCHB 24.5 27.6 18.2 27.3 15.5 16.6 26.4 19.4 17.2
Met hyl cycl opentyl- 3.1 3.1 2.2 3.6 1.8 2.4 3.3 2.2 2.3
w@yebotsssy| benzene O hers 1.4 2.0 0.6 2.1 0.4 PCHUS2089/034976

2008EM Q2/p@T5 Sum 100 100 100 100 100 100 100 100 100 CHB +

DCHB sel, 88.4 86.2 90.0 85.6 91.3 89.4 88.0 88.6 84.7

% Product Yield, % Cyclohexane 1.8 3.0 2.5 2.9 2.0 2.4

1.9 2.9 5.1 CHB 29.2 28.6 35.0 28.4 37.0 35.5 30.0

33.7 32.9 DCHB 11.2 13.5 8.9 13.3 7.5 8.1 12.9 9.5 8.4

CHB+DCHB 40.4 42.0 43.9 41.7 44.5 43.6 42.9 43.2

41. 3Table 5 Test Condition No. 20 2 1 22 23 24 25 26
27 28[\O<<)\Dason q_Stream34.70%6.7ﬁ39.6 41.4 43.7
56. 6 G728562. % 64. 74nH Tenpératitre, 206 &58 F50 1265 1757
150 1507125"125°150¢Pfessure,"kPdy 40342069 1034”1034~
1034 2069 4137 4137 2069 Pressure, psig 150 300 150
150 150 3Q0_60Q0.,600_3Q0 H2/Benzgne Molar 0.§4 0.32o
864 9. 8420361 0. 320,164 1. 26128 Benzgr® YHSV (252l o
6!52 1.0570°52 T.52"17°05 1.T5 0.52 0.52 Benzene CDhv,
% 37.6 28.1 29.5 53.5 41.8 28.6 19.6 37.1 64.4
Hydr ogep ©onvy % 67.8-96. 6 53,996.8 64.9.95.3 33. % _ ¢
R. 2 PHRI0FS@I BT viTys wt % Jeehgl TyRI SpBrBape 0. £ 5 g
0.09 0.52 0.74 0.13 0.07 0.04 0.04 0.16 Cycl ohexane
4.5 6.5 3.74.23.45.310.312.9 7.9 CHB 73.0 79.5
[08 §6oZ2T2H 204792 TR MBS 5= oGl
(@] WV — N en o — ol N SV AN — — O — N o on N <t
s =232%9 23 C2s%elses8l ool
(@] T ——— O O < \© SN~ — 0 O — N — N o0 <
pi Yoo ©0x ¥ N~ o <. 0 _©
— |en — I~ YWY cn O AN NS S
ﬁ e\l T — —— OO n N SO T O < — NS — 0 AN e O\ <F
o
o 223238 22 9nZaw2-9¢2T8  «%af
(@] N — = O [a\ILY e SN~ <Ft —n O — 0 — N OO <t
L %2Es99 2% 284fuweeo8s  aSed
(@] N — N OO ol N SO~ N — O — 0 NN <t <+
o 5%5%5% N N =083 N T
(q\] N ——— OO on <t AN =N — N [e\Iea N> I g
S R
. E C g <
@] o © —_
2 v, Tz T: o9 S
£ Esf¥.E2 ES FE. = PR
T &HE2E&gz Oz H3S 8§ m Q g T
= S oo No o8 =5 T A & =
[} gss-‘s-‘ﬁg o o0 Zv—',;:: @ + Bl .o -
O 233239205 o 9 Sl > AR T 2 (e 8+
s 2 S22MN NE YJSEmeETegem SESmIm@
z2 25838585 52 B erloSsHEx gY2RTorI
—~ AFAATMAM AT w=2duo=2Aa=0nu Ao
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MCPB 2.1 2.5 4.3 4.9 2.32.01.11.02.0DCHB 17.4 9.6
16.9 19.2 18.3 11.7 8.3 12.7 25.1 MCP-CHB 2.2 1.6 3.1
WR2@9228984. 3 0.8 1.3 3.3 O hers 0.5 0.0 0.6 0.BCODUS2009/@34976

2008EMQpLT2 1.6 Sum 100 100 100 100 100 100 100 100 100

CHB + DCHB sel, %90.4 89.1 87.7 85.4 91.1 91.1 87.5

84.5 84.8 Product Yield, % Cyclohexane 2.2 3.2 1.8 2.0

1.6 2.6 5.0 6.3 3.9 CHB 35.6 38.7 34.5 32.3 35.5 38.7

38.6 35.0 29.1 DCHB 8.5 4.7 8.2 9.3 8.95.74.16.2

12.2 CHB+DCHB 44.1 43.4 42.7 41.6 44.4 44.4 42.6 41.2

41.3K) OO0 O Table 6 Test Condition No. 29 30 3 1 32

333432%]368arrpleID7176798386879197HDays
aneSt g QRTATY. 7T T 71T R Q0 AT 89 B o
Bt BssureR kPag 134 441?7231;%3@‘ ARBF BF4 2065 2089
Tenperature, 0C 150 150 150 175 175 150 125 125
Pr essur e, pSi ](.\?O ]&35(\)(__) 600 600 600 150 300 300 -
£BengegeiNBI@ra Ratd ¢ 1. 282076 . HA LB H. 64 & a7
0. 64 0732 BALRMR WASY 0. 2670, 26 0.52 £, 0571.05 0.%2° ~
0.52 0.52 Benzene Conv, % 72.9 53.9 47.8 82.7 49.6
31.0 24.5 20.9 Kydrogen Conv, %79.2 98.5 97.9 93.8
O8L2 5.5 Ba06577. 6. Selecti MEyE MHTZ 2SS ooy
Met hyl €ycl opentane 0734 0.2 0.1 0.'30.20.T0.0 0.7
Cycl ohexane 5.6 5.1 13.0 12.6 9.6 4.2 5.8 13.3 CHB
53 0 6%} B7okr49. 08¢ 3 73.8.79.8 26, 5. MRB 2.5 227
£7 3218 3.BEL193209 0.865 5 20 Ao n < Ong
Ao o ~ o© Nl R o leN o O O N
@R g2tgd2 do  Sdgnndase  dgdn
b O~
2 | ~ = s 00 O e A o o~ ™
Z "% ©3283% 55 ScgafiSsy edfls
T oo W0 N —_ o ™~ O
RE d822329 px Swpdgd-Sg  ddeg
~ = 0 \O o o\ < ) ) — o o \O
AF g8%ZAd dg  Z2dpddiEy  Sgdg
.2
2 z e 5 I
@) o > ST 2 m S
s Ew .5 & (&g T g8 &2
= oS¢z o 58 S 3 = S B S
s GEEegs O HEd = SIS 5 =
= 'R N o o O == = (O + >-"£=
QS o QQHQQQ o an >>~‘O mm';_‘ | "o m +
458 ;{‘mam@g EPU O %I o Hjm -U%EUE
Z2E 2088885 55 g=2do=Aa=2dunu oo A0C
Fnn AAFRATMA MIT ©n A
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10

15

DCHB 32.0 21.7 15.4 27.9 15.8 16.9 12.4 8.1 MCP-CHB
3.4 2.51.84.22.91.91.2 0.8 Ghers 3.1 1.00.4 2.7
W®2902880. 2 0.1 Sum 100 100 100 100 100 100 1PCOr/©S2089/034976
sel, %85.0 88.8 82.5 76.9 83.2 90.8 91.4
2088 BTl 2oV d, % Cyclohexane 2.7 2.5 6.4 6.2 4.7
2.1 2.8 6.5 CHB 25.8 32.7 32.7 23. 9 32.8 36.0 38.5
37.3 DCHB 15.6 10.6 7.5 13.6 7.7 8.2 6.1 4.0 CHB+DCHB
[0049] 4 Adsing Al testdats inFablesa o a4ths ecffpcegf)e@swowm@lﬁs on catalyst
pet[fg%zl'a%]ce W r%gialtugédt efsr'bcé%gtvgnhlﬂes-r @l?éhe t%n{p%ra%t%re (Q@orewated as temp),
ct of process varrables on catalyst ‘perfornmanc
proasasec éxdirerdited as Prace $B/wartreb(Bzs nsalatrats, zhﬁlmpmnzateuwsv were all
(abbrevi ated as tenp), pressure (abbreviated as
shpre gshaverRfipaifizeref{cBzIn nhlyst patormancend Figne érsbowkHE\¢ir effect on
were all shown to h W ni f.i cant C n .
bR S Gt TR B eesc g refiie fbfrCuP g, DGR,  Figure 2
sh@@d"ﬁl@ﬁ%ﬂé@ﬂ"&ﬁﬂé' fBFat RN YT DyBrdduvis tsh@Bad RICP (methylcyclopentane),
cl ohexane (CH), CHB and DCHB. Figure 2 shows their
$ect(ﬁﬁﬂvﬁwck@ﬁWWtb@We@ﬂ ot hand by pMR&HEB sucimgthyleyclopentyl-

cy&l(Y&?etx&ﬁ% )L;%% tgigs%)e rﬁseLLYE'P Vs I@&gﬂll&_léo show that using an MCM-22

farﬁllI@EtchMl}@y Qh@ﬂﬁ@bi)‘ﬂrcﬁl}k@ sheofy pivessz esupitionas eybl@m:xplbeﬁ&ne could be
results, it was £035|ble to show .t hat usmg%1
Prqdé}ﬁ?dr i high iq)d pné mathaveey oW produgtiepf grdesir @é@purltles (particularly

QQ%hﬁ REP, gﬁﬁp XVciRE e could be produced in

Cyﬂlg y%elg an %‘vgrsﬁﬁ a/production of undesirable

[Oﬂﬁﬂbur i Wihés th@@rﬁemmaeﬂtyonclyacsl lofee xnebeCRd MiRBitahdy reference to
ent. i nvention has

050], Wi |
prisulet PRIty e of S Har%ySkelEfIbﬂ]@r?éE il aB%rFPﬁa@u‘imétr the invention

len@EBRAE WBRESatidnl %9 nBfes QI M sWaflliteteih.n FtolfJ %1§ lrbas¥h,) then, reference
appreciate that the invention |l ends itsel

shmdﬂl batmadn solebt tontbe eppanded ylaiths fratpuapasds h%d@ﬁrmmlﬁg rthe true scope of
the &: lﬁ then, reference should be nade solely to

t e} ﬁ%ﬁ ¥%- claims for purposes of deternining the

true scope of the present invention.2008EMLO2- PCT PCT

CLAIMS 1. A process for producing cycl ohexyl benzene,

the process conprising contacting benzene and hydrogen

under hydroal kyl ation conditions with a catal yst

system conprising a
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10

15

20

25

30

MCM 22 fam |y nol ecul ar sieve and at | east one

hydr ogenation netal, wherein the conditions conprise a
wao eovpaesasure of from 1400C to 175 0C, a pressupPEr/ug2009/034976

Pag to 1207 kPag (135 psig to 175 psig) , a

20(%%@%%C§0 benzene nolar ratio of fromO0.30 to 0.65

and a wei ght hourly space velocity of benzene of from

0.26 to 1.05 hr~l . 2. The process of claim1l, wherein
PERLIAMSt j ons conprise a tenperature of from 1500C to

1600C and/or a pressure of from 1000 kPag to 1069 kPag

(145 psig to 155 psig) and/or a hydrogen to benzene
1. nol & pradeso fof droduniny 4Hclblexitedzand/tior paocssd @btnprising contacting

hourly space vel OCIt of @enzene of from0.3 to 0.6

bereng afd Bidregea &é& fign ﬁ?lldl%?nslet% Shiahit pyEem comprising a
Mmg%aﬁlﬁ de@ﬁﬂa? \%r aﬁdl ex elegﬁs ofi! %ﬂ?&geﬁiétfofnr ‘ﬂfettdlor'lwherem the

pattern | in -spaci ng maxi ma at
corﬁil@@lslc@m}ﬁlssﬁaemﬁeranme 8f &an, D¢D°@rtg§f76?ﬁna pressﬁreof from 931 kPag to

f an n alm erein
120 RF S el o Tk F a5 Bk o s RS Sl 30 to 0.65
- _ ) ; 56,
S5 oot IRy LI A R0 BP0 5,
2. pr oqas prezbsscdfaildindl, VWH&ﬁEﬁﬁi the doh&mw@\/b&ﬁplﬁ@rﬁl tJeMperature of from 150°C
mol ecul ar sieve is selected f
to MNVCsmdQ Rss ek froms! 099 kgﬁ% t‘i’ \1\9;690@%@1@5 tpﬁ@rteolfSS pgig) and/or a

hy{{r]agetpfooﬁé:ﬁ Lhno AR YatRy @Fﬁ&h?ﬂ?fp 20.8% JSF '\%l%ﬁ'hguﬁgr space velocity

st one drogenatl on ne I's selected fr

ofBéHzle@éjd)%mfobMa% wAl nickel, zinc, tin, and cobalt.
7. The process of claim®6 wherein the hydr ogenat i on

3. mét dlhe poregsd eledaipul loadi whered th?fH\éCM -82 éxygilpmodgoplar sieve has an X-
al in said
ra§P d@ﬁ’aglé)ng[%a%tgm m %;ﬁ? Bacm axlmrl]a gﬁ SI% #%Q 2? gf9i9 lg,m'S 57£0.07 and
3. 4Qi@57tpﬁlgl@oﬁfo by weight of t he catal yst system 9. The
process of claim8 wherein the hydrogenation netal is
4. pr eddaprocsssaefl Ayoriaccdare ¢lpigmvehercip éh%%CtM Refiaghly melecular sicve is
y T n e )
soibis FBREMCHL22Y BEATS, 557100 BRER o L IQ B Ml W40, Mo
56,ntéZM 8 asd muppes bé dnyorweer moerthanefc oxi de that is

di ff rent fromthe mol ecul ar The process of
5. ¢l ailBf PEOCCHHRA MR %twl}eéf‘a%fhwﬁ@ozgffamﬁé SHEXEilpyslected from
MAEBLES NIEVELP FMCME% QRd Vﬁ(ﬂhﬁnhﬁkﬁ{s%?gh§tv%(i)ldﬁore]ﬂ?reregpehe

procéss of claim 11, erein substantially all
6. hy diTbg@natssort awtmbceldmgsuhappo mthetkimpaid at tastrome dydiogenation metal is

selgc):gtle((fl gor%op% e 1urn rut enium, nickel, zinc, tin, and cobalt.

7. The process of claim 6 wherein the hydrogenation metal comprises palladium.

8. The process of any preceding claim, wherein said at least one hydrogenation metal is
present in an amount of from 0.05 to 10 % by weight of the catalyst system.

9. The process of claim 8 wherein the hydrogenation metal is present in an amount of
from 0.1 to 5% by weight of the catalyst system.

10. The process of any preceding claim, wherein at least 50 wt% of the hydrogenation
metal is supported on an inorganic oxide that is different from the molecular sieve.

11. The process of claim 10, wherein at least 75wt% of the hydrogenation metal is
supported on said inorganic oxide.

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

supported on said inorganic oxide.
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13. The process of claim10, 11 or 12, wherein said

i norganic oxide is conposited with the nol ecul ar
wae@yazsdand t he hydrogenati on netal is appliedP€DUS1V69/034976

h Dar [ xi de before the inorganic oxide is
2O@§ﬁ%g§$?§aothe nol ecul ar sieve. 14. The process of any

one of clains 10 to 13, wherein the inorganic oxide

conprises an oxi de of at |east one el enent of G oups ) )
132, Zhe proggpvofigaist 10nb! pel?.obheacmaBidingfeapicettadn &, copmosited with
thJEleB&lQFSé& , gfld ﬁleq{ﬂcég%natm%gﬂapistaﬁ@iécpf?)rtgé‘ﬂ{o"fga‘?ﬁ(& q:gde before the

conpri ses alum na dnd/?or titania and/ or zifconra. .
inofggnipoxide sscoafposinyd the enddiutag sieh@ai m which results in

an effluent conprising the cyclohexyl benzene product i
144 hat! hgpEeseeoit s rs g ! gg‘ﬁ GFiE tan noagan egfic comprises an
oxRRIOF aPikad BFe SlcmbRi WFQE% §9Qni $4 5PHcARLBFicWabI: of Elements.

benzene under transal kyl ati on conditions to produce
15f ur fTherprogass atiectyinbdfz ehercirl The filvegproosss afmpmgs alumina and/or
tféﬁeceZigg?cLain1mherein t he hydroal kyl ati on conditions
itaRiaandiqreXeayat o produce a total hydroal kyl ati on

16ef f TuePro&R9todi aﬂzn&eé&iﬂ% cRihhani AWM £ 48! FNEMARNB®mprising the
and/ or no nore than 5 W% of nethyl cycl opent ane,
cyqtehdry |beyasne peedugt Hleat 2dspeceniains dicyclohexylbenzene and at least part of the

dicgglton%\cly%/e?l%&féentc%lnfagt%gilv(v)'l‘ale }(,XAZ%I? 050G tlrarl]lgglg nite%ﬁion L b ons to produce
. nmet no or coproduci ng pnenol an C%C ohexanone,

furtthe cyapstRaglibeens.i si ng produci ng cycl ohexyl benzene by
theTgrocess of any preceding claim oxidizing the .
17y ciThp esagrtsert 2By afeceding slaie &heipe hpaxdoplkyiatipreconditions are selected

to Eg LOPET Bl glgdlt%g %I(tjlgﬂve'f@%ﬁ{ '38?&%16 &oﬂc‘?ﬁ{%g Q4EB61% of cyclohexane

roper oxi uce eno Ccy exanone. 9.
andbe method afianc|5i wi% 8 ofvhinethylcyclbfretane o npethglegclopentylbenzene and
ehydr ogen tinqltqg cycl ohexanone to produce further

m écry@[o_penty -cyclohexylbenzene in combination.

18. 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.

19. The method of claim 18 which further comprises dehydrogenating the cyclohexanone

to produce further phenol.
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