PROCESS FOR PRODUCI NG CYCLOHEXYLBENZENE CROSS REFERENCE TO RELATED

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

provi si ormb 2applog™at i on Serial no. 61/155,733 fil ed Febroars206/0652009,
which is hereby incorporated by reference in its entirety. FIELD [0002] The
present invention relates to a process for produci ng cycl ohexyl benzene
under sel ected hydroal kyl ati on conditions, and optionally for converting

t he resul tant cycl ohexyl benzene into(?henol and cycl ohexanone. BACKGROUND
[ 0003] Phenol is an RROQEESHHORPRONY LLAOHBXYABENZENEry and is
useful in, for exanple, the production of phenolic resins, bisphenol A

e- caprolactan1 adeIC aci d, and plast|C|zers [ 0004] CUrrentIy, t he nost
comon r outGROY 2 ATEPREPRILIGATHONS Hock process. This is a

t hr ee- step es r t benzene
with propyl @I”l gf t Osfhlsrﬁgé\p éa? g'n élg‘ ﬁls t}lle bsefli:fﬁ o?grl%rp[y g\%%lg'lllalfx 10{1‘[ 3R S%Il:ll%le g)e to

t he corr%sp@hdfﬂ@sﬂWddemnpxéd@O%nﬂnﬂhehxdheamagnmndbyhﬁxhydmmp&mummde to
produce eqﬂﬁﬁE ar amounts of phenol and acetone. However, the world demand
for phenol =¥s=growing nore rapidly than that for acetone. In addition, the
cost of pr ¢gnpREene Tihs ptesése inyvetition rolatee aseprockse fdr@r@ludlageycimengbsheﬂehager of
propyl ene. Thus rocess that .uses hi gher. al kenes i nstead of propyl ene as
et and ¢ orduilicBuPGRRRD  SOBHEE. - Sih e ioR Aok: BB Ry e Gt
attracti ve cadlbiRkidéi-vie ih@phend] end Helopt:duet | on of phenols. [0005] For
exanpl e, oxidation of cyclohexyl benzene (anal ogous to cunene oxi dati on)

could oH*e tive route for phenol production wthout the problem
of acet one [gyeB[ 0dWPaEAPNs ad NinPordtnt EJABEL MEthE QUEMBicHOMBEAY UGHASis G¥&LPREXgNone,
whi ch has a growi ng market and is used as an industrial solvent, as an

activat or KIS da@ iPEluetioRcef Risgolicassing, nblml?én%rﬁodfue%pr%waéma wftippeidapndd,
cycl ohexangpgidigsd ns, cycl ohexanone oxime, caprol actam and nylon 6.
However, this alternative route requires the devel opnent of a

commer ci al [[§004] ablCargpthe dbes nfost el Eowigy ferhte dyyedushen 9f ivbenpe e thsr Beckr sor .

[ 0006] 1d§ f ?o%e%e%ﬁ(i@%"‘fﬂrefe‘%{ep ssyﬁ?% ﬁ&@tﬁré})é b%\%\)’és ‘?181‘? of Bh-B:

pr oduce enzene by the process o ydr oal kyl at1 on educt1 ve
al kyl at i onwithrprepylege prodiss curb@@z@ﬂewwkbmada@dn Wi thiy cmy@m@gélﬁ chmespéraling

Er esence th%@roﬁe%?} gﬁd Tl 'Eleitab%t difie B mﬁﬁ%ﬁ&?yﬁ&é‘ de %‘aﬁée R rr{nﬂﬁj mounts _of
ydr ogenatl (0] ce cyc exene 1 C en a ate e benzene
starting mphawl alhd acetone. However the world demand for phenol is growing more rapidly than

that for acetone. In addition, the cost of propylene is likely to increase, due to a developing

20 shortage of propylene. Thus, a process that uses higher alkenes instead of propylene as feed
and coproduces higher ketones, rather than acetone, may be an attractive alternative route to
the production of phenols.

[0005] For example, oxidation of cyclohexylbenzene (analogous to cumene oxidation)
could offer an alternative route for phenol production without the problem of acetone co-

25 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.

30 [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
heated 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. Patents 4,094,918 and 4,177,165 disclose hydroalkylation of aromatic

S1-



Thus U. S. Patents 4,094,918 and 4, 177, 165 di scl ose hydroal kyl ati on of
aromat i chydrocar bons over catal ysts which conprise nickel- and rare

eart h-tr expadizmgigt es and a pal | adi um pronoter. Sim | arCy/uskhoSoeisat ent s
4,122,125 and 4, 206, 082 di scl ose the use of ruthenium and ni ckel conpounds
supported on rare earth-treated zeolites as aromati c hydroal kyl ati on

catal ysts. The zeolites enployed in these prior art processes are zeolites
X and Y. In addition, U S. Patent 5,053,571 proposes the use of ruthenium
and ni ckel hdipprsbans bvencatepity wichegompaise niskela paiaare caliyteased ksplitesiad a
catal yst. 15391 r&rﬁb@ée Sﬁﬁ[alr Hy el ProRaga $2f s 4da€s M@Hs@%&@ﬁ}setth@ﬂ Obs
benzene suffter fr n1the probl ems that the sélectivity to cycloh exy?benzene
is low paruthenumrdng ezt:keéc@nmnmtﬁel juppaticabbre riyencasthereaishvasolico ras r arpmatic and

that |argey S n ted.by- 1] C e and
met hyl cycl og%@?g%laﬁ&aﬁa%ﬁygﬁo\gﬁdcgezgght%%gg?%b Zhers (g@gg;nljtﬁ%{%{%s%.s %g?a%egfr}ﬁ&(%n

6, 037, 518 hadé Wi sIoI alkdgwnt Ihla‘i Ea}fwlt cﬂ%ﬁ)ﬁ%emmmaa gel ect d)ﬁ/'mtlyenium ahé nickel
hydroalkylatlo roved .cont act.i nzene and
hydr ogen mf?%m ﬁﬁg g cata]naC]gg a#?%?ﬁncm%"egg?wmﬁ Qﬁsﬁfm“ ‘nat i on
netal and @rdﬁmaescﬂok dre hydemmylaﬁort h@beﬂ(ﬁa\ﬂe Arfférafiminh ;he pbtgerydiatahe Etﬁédtl@my roet al

i's preferabl& selﬁcted fﬁon1 ﬁﬂlug} ruth B} gﬁ B'Ckeld cobhal t and

m xtures t REFEETY BHECIHE Oc“& 3 EEPOPEHBOVEIE PRI CORVTRAD S T

from about 2@ tlﬁrg85Qﬂ§htlt1@s proessmmemed foyavd@lbeut pd@iculhty 7QH98okRane aa@enzene
to hydr(g qgr rati o of fron1about 0.01 to 100 and a WHSV of from about
0.01 to'%io@et COQ?@“ﬁdF%WP‘ﬁwgcloses that the resultant cycl ohexyl benzene

can then bgoowy| di 2eske tiecdnbig eosrBﬁmn@loms1I3yﬁlatsoa@a@@eude\ataeﬁbléﬂe@ymefz% de
deconposed to the desired Eﬂenol and cycl ghexanone. [0008] According to the
present i nvefttVER In the hydieal quée&elf?@awnth?aeprq’feq Preconyasting e pesaenoindof

benzene ovep@ed fumGt Ble{ﬁeﬁon@ﬁtee&l%@tcoﬁeﬂeﬁg at wst%eh@moéanaftleﬁnnhefalzaeeu t e
and a hydrogenation net al he sel ecti Vlécé to cycl ohéxyl'benzene, and

di al kyl at ednoksulst seyseafthe MO 21 Gimilyy iThe hydspgenation matghis gre@eqbememed érﬁmt he
conver s{n ke 0f nﬂﬁﬂﬁlﬁ{‘%&&?dé&‘aﬁ kandTH&tﬁ%é Qhlrbot hnd e Eéﬁﬁéc%gwé ?s”ze”e

is the mat hemat 1 cal quotlent of the hydroa | at1 on conversi on
benzene coﬁv@usﬁeeﬁtar@ﬁeemlemofﬁewzeb@t ﬁ@tq?rﬁ@°¢,|mreaswg Orféramtaémtlt)loﬁnweléh by

the cycl Ohﬁ‘a‘é{ ! bo%HZeﬁ@ﬁoel)YngfJggn mblar PAL bk fhabout! gtm § 16(9%4?1‘1:}1\?\12% m gbout

selectivity of cyclo enzene |s optimzed when atlon
conver si onOrfatte 108. e”é‘rr@eéllalphbpnu disdldves thanhdge @ﬁulﬁanmmcmbomlbeﬁ%nbaaabhmtbe75%

R B T X R T e
t he sel&rt lphertoyartdaydllohwh@ieexyl benzene ranges of from about 5% to about
40% SUMVAR)OOS] According to the present invention, it has now been found that in the
hydroalkylation of benzene over a bifunctional catalyst comprising an MCM-22 family
zeolite and a hydrogenation metal, the selectivity to cyclohexylbenzene, and it dialkylated
counterpart, dicyclohexylbenzene, is highly dependent on the conversion rate of benzene
25 feedstock. The selectivity of cyclohexylbenzene is the mathematical quotient of the
hydroalkylation conversion rate (i.c., benzene conversion rate when benzene is the limiting
reactant) divided by the cyclohexylbenzene yield. In particular, it is found that the selectivity
of cyclohexylbenzene is optimized when the hydroalkylation conversion rate is especially in
the range of from about15% to about 75%. In this range of hydroalkylation conversion, the
30 cyclohexylbenzene selectivity is optimized and ranges of from about 45% to about 85%,
while the selectivity to dicyclohexylbenzene ranges of from about 5% to about 40%.
SUMMARY
[0009] In one embodiment, the present invention is a process for producing

cyclohexylbenzene, the process comprising:



[0009] In one enbodinent, the present invention is a process for producing
cycl ohexyl benzene, the process conprising:(a) feeding benzene and hydrogen
to at | ea®0 20m098®ACt i on zone conprising a catal yst systemuss@vmezsat al yst
system conprising a MCM 22 fam |y nol ecul ar sieve and at |east one

hydr ogenati on netal, said MCM 22 fam |y nol ecul ar sieve having an X-ray
diffraction pattern including d-spacing nmaxi ma at 12.40. 25, 6.90.15,
3.570.07 and 3.420.07 Angstrom (b) selecting hydroal kyl ati on conditions
for said at | eat fesdmgrbshzens sl hyslesen ¢ prlerlione rgadipn zerg jopPasing 8 ce8hviler si on

in a range Sgsftenfl’rsgi@ ahaut ér%é%‘fnt Qnfprih aﬁ\ﬁ%/[-??l‘a%i@z%ﬂél@&ﬁaﬁ%ie% Eg(ﬂatcl%g%%ééo [12

i ncl ude a hydroal kyl at’i on tenperature wthin the range from about 1

about 175Chadrdganatyd mytl kypida M GYi-28r Beslyr molpguldri neviehkavingneye Xrrap difitsolian 125
psig (862 . L T i 2., kRag) ; (g)57C i i
benzene an g Etgeg]i)l d Lﬁ‘f/(g}r?% :::;gesr? %lglﬁg ggéxgmé élagcltzi'zlo&r(l) ?zg,o n6 ég%t@ ﬂé ’e%'sg alé)'g% gae e%;:]'tg %%ﬁd?d

hydr oal Kyl a&nggrongondi tions in said reaction zone wherein the ratio of the
total nunber of |l.es. of h en fed to the.at | east one reactiaon zone to
the totar nunbeforeBiy PR RbE: bE%iRk LEPRl BRSO BRAER S one
i s from abauty@odbylatonalkeonsterslon35n  #r mhgs addl yroms abouths?dr aalakylhtat7bWn said

conversion s in a.range.of fr abou % to about 70%. nore preferably,
sat o nydr odFRyr Ry R EGUBRs iisiRe sy PR SAPRaT A 5sBeo b
Gg% and mabsut pe&Ean abbut,1 75 dindal liytoatikly o€ prRWRFSY @I ke rhikedrdnaat@at ofs from
about 30% to 60%  [0010] . Adyant ageously, in the prevent
hydroal%&lQﬁgzﬁga&ﬁgﬁg§b%%g7%éﬂ%@¥$bk%%LﬁﬁgcycIohexylbenzene is in a range
of from about 4&Yach@adieWaidBb8kzed Ol kaiCORURBEL M ls¥id Saitidn SBheeh@d said

hydr oal kyl ati on condi ti ons o nperature is selected in the range of from

ns of tenperat , ,
about 13506clededaBylialidaive, cqndibipdy tostd RIERR 1Zpne Sdersins icetetippf the total

hydroal kyl atig8 FaRGES bORMRIren REEBSHE &t 185156k §64cBOh Lohel B3&hE B GruBibefl HOM
about 125 psig (862 kPag%éégﬁabout 175 psig (1227 kPa

. , ). [0013]
Conveni ent [mplessafj hgnzap df vadi esall el igeqtion zebnd from O‘ﬂtr&ﬁm?eata)u%ﬁéht
hour |y a cd - ISk 2 L E f ok, O
mbout” 1755 A0k AR SR dh 1| PR ERRIS T Fhm POR APRM ie kT |
sel ect ed fmome pieEeraio upiddodwrkylation ednvisivh A9 in PiHeS of BSH-aDBYt KBt abopT Q- | |

ther eof aia brot ears itk B3 Do bk W SR Pha R R T Buo o
nmore t her eeboutp@®1l5] Conveniently, said at | east one hydrogenation netal is
sel ected f r[&ﬁb]t)al lAad(\jficlﬁ%ggeously, in the prevent hydroalkylation process the selectivity to
20 cyclohexylbenzene is in a range of from about 45% to about 85%.
[0011] Conveniently, said selected hydroalkylation conditions of temperature is selected
in the range of from about 135°C to about 165°C.
[0012] Conveniently, said selected hydroalkylation conditions of pressure is selected in
the range of from about 125 psig (862 kPag) to about 175 psig (1227 kPag).
25 [0013] Conveniently, said selected hydroalkylation conditions include a weight hourly

space velocity of benzene is in the range of from about 0.26 to about 1.35 hr-1.

[0014] Conveniently, the MCM-22 family molecular sieve is selected from the group
consisting of MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-
56, UZM-8 and mixtures of any two or more thereof, and preferably MCM-22, MCM-49,

30 MCM-56, and combinations of two or more thereof.

[0015] Conveniently, said at least one hydrogenation metal is selected from palladium,
ruthenium, nickel, zinc, tin, and cobalt.

[0016] Preferably, said molecular sieve is MCM-49 and said at least one hydrogenation

metal is palladium.



rut henium nickel, zinc, tin, and cobalt. [0016] Preferably, said nol ecul ar
sieve is MCM49 and said at | east one hydrogenation netal is

pal | adi unwpQ0o/sion anot her enbodi ment, the process furPh&ruSeaapsicses t he
step of selecting a ratio of the total nunber of noles of hydrogen fed to
the at |east one reaction zone to the total nunber of noles of benzene fed
to the at | east one reaction zone in a range of fromabout 0.15 to about
15, to produce said hydroal kyl ati on conversion. [0018] In still another
enbodi nent [041fk | ﬁlilléli*ﬂﬂi%ﬁmb@gméésthi? ArogesriyrHst caraiseoiie 60 of micgng aditioand
cycl ohexangpgye (L€ nithbd? Q¢ n&‘o‘i’&p&f!lﬁbl{&ge. FAQYGhOG 1EXE b&{‘#‘e’é&‘tlolﬁ%ﬁ@{bethwotélny one
of the processes described herein, oOxi del zing the cycl ohexyl benzene to
produce cyahohexofimderzersniapd fahtertbx pdlsasdede cdaetzon Foge ithe range [od iresydbioenzene
hydr oper oxi . DESCRI PTI ON OF THE

DRAW NGS [86{?5} aﬂ%ggggoc@o%%gggrhz(?)}ﬁalg%ﬁgtknog%%\?\egﬁggnver sion as a function of
days- on-%i l[0G18F t e sty dn@hbdrlopibatinent, phomesgioofredideanmplaendthod 00 20proficang e 2
is a graph of cl] oh | henzene selectivity as a function of days-on-oil
for "t be- hydpour K5 SERBFEE Bl IR G bY oy el i BRI o
di cycl ohexyl bérzgnecessed eddéscnbetly hageim fouidtdrngonthef cetdyexydbenaée ftor prdiece

hydr oal kyl ati gn ocess, of Example 1. DETAI LED DES PTI 022] . cri bed
norern s SIS oGRS RO Y OIRSIRI AT B ORI

cycl ohexyl besizenghehisldad cyredheednesk. hydr oal kyl ati on conditions. The

cycl ohex Iﬁ&ﬁ1 produce converted to cycl ohexanone and phenol
in a t\/\)dys @i@yéﬁ)ﬁﬁﬁﬂl&@l&&% hydr oal kyl ati on step produces

di cycl ohexyddonzemayutd 1 agdi drighnoft Benbdie @esdi@tacy dluRhex vt BeRZAns for agtuct
t he process can include the further step of transal kylating the

di cycl ohexyHeHskdaionjressssfdixemplsdt benzene to produce additi onal

cycl ohexyl JENe ARG 18RI NG I Pene kOELVAY & PRGN REBARRA il THANS
nonocycl ohkeP@}I enzﬁegrllle. W(jgg%glok%igl Br ggesstl[Vg%ZS] The fi %{? stoép in one
embodi ment thsthydspalkpletemprocasy e ibampld lat i on process of this invention

conpri ses f i ng ; [ &

conpr | ofng B2EL 1o IR 0 Bt e R e A R ARl P R i
bel ow) conperiteedydepaagiaion ploaess b{/Examipdcll ar si eve and at | east one

hydr ogenat Iﬁﬁtﬁi Dgégﬁgﬁéldﬁ t he second step, hydroal kyl ati on conditions
are sel ect one

[0022] Described herein is a process for the hydroalkylation of benzene to produce

cyclohexylbenzene under selected hydroalkylation conditions. The cyclohexylbenzene so

20  produced may be converted to cyclohexanone and phenol in a two step process. Insofar as the
hydroalkylation step produces dicyclohexylbenzene in addition to the desired
cyclohexylbenzene product, the process can include the further step of transalkylating the
dicyclohexylbenzene with additional benzene to produce additional cyclohexylbenzene
product. As used herein, the "cyclohexylbenzene" means monocyclohexylbenzene.

25 Hydroalkylation Process

[0023] The first step in one embodiment of the present hydroalkylation process of this
invention comprises feeding benzene and hydrogen to at least one reaction zone comprising a
catalyst system. The catalyst system (described in more detail below) comprises a MCM-22
family molecular sieve and at least one hydrogenation metal.

30  [0024] In the second step, hydroalkylation conditions are selected for said at least one
reaction zone to produce a benzene conversion in a range of from about 15% to less than or
equal to about 75%, said hydroalkylation conditions comprising at least a temperature and a

pressure of said at least one reaction zone.



reacti on zone to produce a benzene conversion in a range of from about 15%
to less than or equal to about 75% said hydroal kyl ati on condi tions

conpri si nyoanims®s a tenperature and a pressure of sai #Catush@assseone
reaction zone.[0025] In the third step, benzene and hydrogen are contacted
under said sel ected hydroal kyl ation conditions in said reaction zone to
produce an effluent containing cycl ohexyl benzene. [0026] Preferably, said
hydr oal kyl ati on conversion is in a range of from about 20%to about 70%
more pref edldBpl, daithe Kt stepk Perrenorné diydeest ¢ icentagieds updpn giaidopelegiesim

about 25% g, ?I%Q QUL RO Yon ichs MRS taifl! REESAD e Y rQ&’chYL@téf@ﬁbn‘P%}{ﬁﬁéﬂgon I's

in a range of from about 30%to about 60% [ 002 has been di scovered
that the seyddwerdbingencoal kyl ation conditi ons to produce said

hydr oal kyl E(S(‘ 28 C@P‘ﬁ%ﬁﬁgo{a ngycﬁ&{l 1&on! c%ﬁ’\%trm & lhteahal%hé ag'f ﬁ&ﬂ%b?ut 20%

advant ageously i nc erature sel ecte I'n e of Trom ab
1000C t & abbuit 74600 pp@fefhbly;mldﬂwdmatkehpem ainyemios & le@trmgeloﬁﬁbmelbmarig% of

from about 1 50 ut 3750 .er abl eratur sel.ected in
the range &7 0ruo abo%[mi%&fgﬂr%ly’arﬁ%dr aﬂ?@%ﬁ‘t}‘o flo%lgt B FERE PL AP abgut

t enper atur 80%ab elstuedo’on the range of from about 1250C to about 1750C In
anot her dr oa t e ure is,selected in the
et T IR Lo e B LS BB Sy AR R G R bR Rt wtbe; 1 ¢

has al so baedoslkasvesdertibatintarl selaat ad h:ydroﬁaidﬁylaamrwgemrgdiiﬂchﬂaa in
said at | east one l’ﬁfctl an zone adéfa?t ageouslis ncl ude a %:essu% eI ect ed

in the Fand@RSFENYE GRlcsEoUR hoganssi of 88228085 dP0 o bt

kPag) ; prefi@ibityte s@lcdib®mSHE eangeloﬁ%ﬁ%bﬁt tmﬁcrtarag&nczhscfcr @mr@pfwérablﬁa psi g
(931 kPag) to about 165 psig tGgre era a pressure
?P

sel ect ed |r‘Pn’t‘I’r‘E@‘t‘Fﬁﬁ%}@?t‘?ﬁfmf“i“‘o‘i%’ﬂ%%‘tﬁfmm@“bslﬁ%C( @Jt@ﬁé&) a%mawmferi@s psi g

(1069 kPag),. tehf02R}e &enec@yaem%e dg% STRa! BRI S18FC kHGLAKCSSAE. Rh 0GEHS Of
this invention, said selected oal kyl ation conditions include a wei ght

hourly spa€®mbedimers sajd bqu\llyylﬁfonﬁgﬂm%@@rﬁ iy prdectirdnin dlrerapgedofi fong abait 485 feeast
one reagq i ggoﬁqglﬁclo'?aﬁ(ﬁh@@§{%qlbblﬂ kb range of fromabout 0.1 hr 1 to about

100 hr 1 ; preferably, selected in the range of fromabout 0.2 hr 1 to
about 50 hi0028] mitkaspiseftepmiisgoversd(tient thedsclepted hrdrodkydationfecofiditeons abeud 20. 3 hr

.1 to about ;24 % %cnon%ge Q&Rﬁ %ﬁgggrﬁﬁ}ﬂa p?esﬁl% §54cRS 1}{“{-111%\431946 O%QI%H{[ %b%u§ hr 1

I n anot her e nent our 'y space vel ocit
of from abd2f pOg3Bo2x bPagbmJabcmt 9%5 psig 1122761@@&); pfbfewoljmﬁ aﬂmmre ﬁlei&dhn thie, or

. about 0. 45 L9 ?BOUt out E35hps 93] ! aeé(?(% %bout ?{?%p (%?3§)E1§n) dr}losrg%}/e?ergoqy,t hat

the pr esent |§r ocess turt r| S
20 pressure selected in the range of from about 145 psig (1000 kPag) to about 155 psig (1069

kPag).
[0029] In one or more embodiments of the present process of this invention, said selected
hydroalkylation conditions include a weight hourly space velocity (WHSV) of hydrogen and
benzene fed to said at least one reaction zone is selected in the range of from about 0.1 hr to
25 about 100 hr''; preferably, selected in the range of from about 0.2 hr'' to about 50 hr''; more
preferably, sclected in the range of from about 0.3 hr' to about 25 hr''; and most preferably,
a selected WHSV of about 0.5 hr'. In another embodiment, said weight hourly space
velocity is in the range of from about 0.35 to about 0.95 hr™" , about 0.45 to about 0.75 hr™', or
.about 0.45 to about 0.55 hr™.
30 [0030] It has also been discovered that the present process further comprises the step of
advantageously selecting a ratio of the total number of moles of hydrogen fed to the at least
one reaction zone to the total number of moles of benzene fed to the at least one reaction zone

(hydrogen to benzene molar ratio) in a range of from about 0.15 to about 15, to produce said



advant ageously selecting a ratio of the total nunber of noles of hydrogen
fed to the at | east one reaction zone to the total nunber of noles of
benzene fwo2ww/wmwsat | east one reacti on zone (hydrogenPCo/usermanssonol ar
ratio) in a range of from about 0.15 to about 15, to produce

sai dhydr oal kyl ati on conversion in a range of from about 15%to about 75%
sai d hydroal kyl ati on conditions. [0031] Preferably, the hydrogen to benzene
nolar ratio is selected in the range of from about 0.20 to about 10; nore
pr ef er abl y hydmakHytimggayeriion Berpegsef fiomabontal 1% t¢ @poge] Bo tsaid hydroplkeatiamge of
from about .0,g%k0 about 5; and nost preferably, the hydrogen to benzene
nolar ratio Is selected in a range of from about 0.30 to about 1.40. In
anot her entt@ilhentrefeably, thy dydgem todeheeng arpdar meticals selactpdin e saigeof ém n t he

range of fr h u et 1. 35,
Lbout 0. a5 P SpRUb aggdo tpd hpARE s byl hu G Mloical, AGeBBAY 200
0. 65. [ 0D3He rAupearitiimgedost §25 iotabhatsS; bekmodipsddovidy alie hthogen hebaeteatolui ty to
cycl ohexyl henzene is,in a ra of . fro out 45% tpo about 85% when.the
v oat iyl A0S Seudei Brb PR bt AR P, B B0ML BB dliolid 750,
Pr ef er abl y hydrogenste beetha/bdigr tado dyselcotee iyihb eamze nfroms absut 8.26 aRb® abbutfIr3Bm
about 45%t g, apou 5% re.prefe I t electiyvity to

Cy ol ohexy! Bon2BH 0 b oG sbiboytO 77 i doattlieS SOt sht 00, nd ot

pr ef er abl y o.55heaisat @6$.i vity to cycl ohexyl benzene is in a range of from
about 55%t bout, 75% [0033] Advant ageoysl| it has been di scovered that
the sel til@]ﬁy t&ddﬁre%LW e%bﬂﬁﬂ@mﬁﬁ@ F@Hiﬂﬁy{hﬁéd?%waétoocrYC%Oﬁ@sﬁ%mﬁ %506 t 0
about 40% iyhesngt ve floydimal &3k ab bsvut @SNY @hsi 88 hiy8rohRyhite doaggordfs ih rigum
about 15%to about 75% Pr ef er abl/ﬁé the selectivity to dicyclohexylbenzene
is in the rasgel HemebR HhAUELORDY - oPIaEERY. Hswrleptity tp pyaielieagbgrzererjgin

selectivity tgodi 6y gtabeuLPenzeng ubodt NgiNe h&RIpreRably, OMeaRAM vy Yad O
about 30% nost preferably, the selectivity to di C%OCI ohexyl benzene i s about
20% [ 0034Fydlehexplbenzerosispt 2 pange @ romabert 1 Betp diont/e) o yad nenepighadlydes t he

f ol | owi I o : . eting reactions
g s@l@&'rvrg%bt %loﬂéﬁ%ﬁ&n@)’s% QEJ%XEPEM%% 55003 oulCP5R. g

i nclude the co satuaration of ttf enzene to produce cycl ohexane,

di al kyl ati d0038b prslaemescdisty atl hohbsopldiserneeaddha the seleashvataine digvdlohwkabiozbest i on
reactions to. produce d i ties, - B) .
At houghdi CyeTanaeryr ATBLALAL SR IR 455, R e R BRERONLACOEENS h 10T

cycl ohexyl gz ehfomprbaud % teabone o Rrafaaldy,.chofudecaniey oalryebbertydbehnws icof

val uabl e feed, where I mpuriti such. a PB_ar e rticularly undesirable
since the Goiths g EscRn ot tbets WelytErse ratcRERMSH e kel fbih ane
so that20 t dicgclulaxylbdidehé Guhtthd angepaitat @bMERBYH to ciow\3OPo mexy plotemabdnehe 1t 1S

ther of ore LRI b BlE8 BB AByCH on of MOPB Fmpurity in the

[0034] In the present process, described above, benzene undergoes the following reaction

to produce cyclohexylbenzene:

2 +2H, ———>

25 [0035] Competing reactions include the complete saturation of the benzene to produce
cyclohexane, dialkylation to produce dicyclohexylbenzene and reorganization/alkylation

reactions to produce impurities, such as methylcyclopentylbenzene (MCPB).  Although
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reaction. [0036] Any commrercially avail abl e benzene feed can be used in the
hydr oal kyl ati on step, but preferably the benzene has a purity |evel of at
| east 99 wo%108i9gioBar |y, although the source of hydrogemrcCiraSa@w/0636pt i cal ,
it is generally desirable that the hydrogen is at |east 99 w % pure. [0037]
Preferably, the total feed to the hydroal kyl ati on step contains | ess than
1000 ppm such as |ess than 500 ppm for exanple |ess than 100 ppm water.

Preferably, the total feed typically contains | ess than 100 ppm such as

| ess than 3I6Ygpaxybezerseafpicdrangadleylatqdate modueerpdditinplgyclopprafhspzene produdie
total feed CGIR/@I:S%Qé cgfc?ﬁl%xing%résgntpg@ ofsdﬁﬁllablg%ehe@ﬁeréagﬁﬂplﬁltlggm hfaQMC@’)Ba”pl e
|l ess than 0.1 ppm nitrogen. In a particularly preferred §|nen

| east two, a@ndarmvé&rkyr alrleyirablel singy g bilingh@oimb o MHERL is oyeey qblsefterth@tdoii evel s
for water, i&%ﬁe%lb&ggle@'o a?ﬁ?@v% i RGHE VG te[ﬁeﬁélﬁo}'{!‘ pﬁé!{y?o%hé%}{é af; §on
reaction can be conducted in a e range of reactor n urati

i ncl udi ny ﬂwmédebemonammrmymnﬁadm@mgmuanm/@TMKQEakmmncfdﬂ&mdﬂﬂa@kEMUMDmers.
In addltlon he hydroal kyl ation reaction can be conducted in a single
reaction zOH& Of in a plurality of reaction zones, in which at |east the
hydr ogen | $003ﬁ} r odungedmiherdidily aveidbie benzens fetl agelse usb@ﬁﬁﬁé hﬁdﬁ&lkmmhistep,
zone(s) ar erab | ocated in a singl act u |nclude
Znother T eRtt PERTLBn DRt fans DRy b of b BhukFor b slbkh yB beq.
| ocat ed | N seRpadalyGrogasis abt dnlfical it Kepyndasilyad oyt sexhd 1By dasy@dn Whit Clastyeywtaper at e
as a reﬂftlve guard bed (as described below). [0040] The catal yst system
used in''t h&"eactive guard bed may be different fromthe catal yst system

used in theogepct |P%fer§lﬂ5’ietheEU?&féé@tt@Hﬁéﬂl’fyd@&(ﬁc&ﬁﬁ&)ﬂlﬁﬁﬁcdnmﬂsh@ss rtmcm)ooy@prﬁuar d
bed may have multiple catal yst conpositions, ast one reaction zo

and nor mal FYyehesders theg S0P @amz%éxalmle fess Wﬁ%ﬂ%@?f{}m‘ﬂ’éﬁ”r doHeRbY othe t‘éﬁ‘lffé“é‘t i ve
to cause hydiQal kylahd RS Rin m%%ﬂeudhrasm@ﬂﬁﬁ 8§ Bﬁefo%xaaﬁwe Rydnasd Elyﬂqatl on

3,8&

catal yst systen and/ or transal %é ation of dicyclohexyl benzene in t

presence ofulfirt Prsfpsaiily thatqtd feeshectapest lessythpie i) ppopaudh asnlegsd@pt il gwny dor and
upst r eaq of xantl @leE)setﬂ%(') ‘P? O Seend IIPX ﬁhﬁef@ﬁ@&émﬁ’oﬁnﬁ&t Hﬂ%ﬁ%o', Y& guard
bed nmay nor mal | oca %d in a reac separate fromt

hydr oal kyl a;thfwbly el threrof tl&;@hwvgmantebnb@arefmlyd &ivslo f@e’vat@aﬁémr Pidt htrggen are
hydroalkylg% gg gortransal kyl ation catal yst systens, which may be the same
or differen omthe catal yst systemused in the other reaction zone(s).
Such guard[ME&]|sTMaHDMamﬁeuﬁ@roﬁmumd@mldmbhﬁﬂndabhmhtWbmsxmge(étK$MMIable

v ool oL o T XL ARG P S P PRRL ST e
entry 120 oaddition, the hydroalkylation reaction can be conducted in a smgle reaction zone or in a
plurality of reaction zones, in which at least the hydrogen is introduced to the reaction in stages.
[0039] The reaction zone(s) are preferably located in a single reactor vessel, but may
include another reaction zone having an alkylation or transalkylation catalyst bed, located in
separate vessel which may be a by-passable and which may operate as a reactive guard bed
25 (as described below).
[0040] The catalyst system used in the reactive guard bed may be different from the
catalyst system used in the reaction zone. The catalyst system used in the reactive guard bed
may have multiple catalyst compositions. At least one reaction zone, and normally each
reaction zone, is maintained under conditions effective to cause hydroalkylation of benzene in
30 the presence of the hydroalkylation catalyst system and/or transalkylation of
dicyclohexylbenzene in the presence of a transalkylation catalyst system.
[0041] In addition to, and upstream of, the reaction zones, a by-passable reactive or
unreactive guard bed may normally be located in a reactor zone separate from the

hydroalkylation reactor. Such guard bed may also be loaded with a hydroalkylation or
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reaction zone. These guard beds not only serve to affect the desired

hydr oal kyl ati on reaction, but is also used to renbve at | east a portion of
any reactwoeoiomsmsti es in the benzene feed, such as ni PCogsr0onmoLNds,
whi ch coul d ot herwi se poi son the renmai nder of the al kylation or

transal kyl ati on catal yst systens. The catal yst systemin the reactive or
unreactive guard bed is therefore subject to nore frequent regeneration
and/ or replacenent than the renmai nder of the hydroal kyl ati on or

transal kyl| &ensshkylegpafajayst §x%qr@whlcamyrbé eeesapR ot dififarent e thoscatalpst watemy
provi ded WLl & Y- RASSofhibf Ubhe®0 SRAH 2Ldne ol GY aabdithaf FioR ﬁ@%fiamm%xt be
fed directly to the series- connecte tron zones I n the roal kyl ati on
react or whicpmlitidne, gwasdtab@dlyﬁ@a&utatlm osmnﬁalklelatldnh@ndl@am Awéeas)tra pnfiemet i ve
guard bed er 0 upf I

Po0az) i 12 yageBER 1ALES (i alnE kel B i@l BOVEHG Bl SBRATE S0 ¢ oy
by cont rol Ir¢angortme H&dsmiakiybeds n@imnbmdletto efist gfc cteempiéwaltoaﬂkgl,atiqmlewmne t he
hydr ogen t ben ene C{'rplrarrn ra;gl o..and tl Il‘?ght tlhour er ellaoﬁ' E@yd
benzene and"h§dFSGEH CrEmBroHIER pﬂ 8roa 155 6n™ on\}3 I‘SI nelzr?? &°r ange
of from ab@utth aiﬁ%otg@n edmmmhndé5%1ch b«mld: ymbmhe@isbe feaa@aisddr e € the ik latibis or

optim et 2 A RECEPLID!S, Fhe FhOLENY] RenEen SoLEEL L SRS, o

hydr oal kyl aﬁdraﬁre@ﬁbjaemamn& ﬁ@u&}t@é@hﬁk@dnﬁﬁﬂ/l)ﬁf@laﬁﬂﬁerﬁhl&yiﬁlhdl’féﬂmmhbﬁdﬂlw’le
when hy ro | k t| on conversion was between 15-75% ovyer an 49/ P

hydr oal %ﬂ oy %transmgylafé%ﬁt%}&%t S$HPH aeétlﬁpgfsthea%@r%p% ot?/plcgly

sel ecti vi t Yrodvaged O¥thad Befask Rir@NEd thiahBRirbakRiticanBE@ AN M aRe@RY el on
isin the preferred range. The stabl e performance was highly unexpected

because t h&THRICANSFISH m%‘%ow 7O/ ke Pé%te%lkﬂﬁloarréacwﬂ%é&@%h%@ oghef

di cycl ohexylbgpzeng, R0 o?funi’é’@étﬁz@ %!ﬁl\ﬁeb&pfnb¥ g PElaRlSinVBLdurkRt §FRSs: of
2000C. Hydroal kyl ati on Catal yst System [0043] The catal yst enployed in the

hydr oal kyI Apveiow epgsatiosn is a bifunctional catal yst conprising a mol ecul ar

si eve ofs t eV 3gnif.amk %&ngeamadg £ 9A8ERN A%rTES Al hlThg EHN e hiR2

famly nol ecular sieve' sl eve e MCM 22 tamly '
used her ei the hyudrplauwélgomqeldmonmftemmraturmmee@m dre hyideogers torhedeent mdar aationmon

first degr %ﬁc}( pg@gggﬁg(sﬁ%ﬁ:’]\%%o@g)é P# Qecflgenlé%h& hfcﬁhéen Mr&ﬂlcggl &dl%gwlaﬂﬁls the

MAWV f r ame a spa arrangemnen
which if t |cble~dran1n i hircerengh ofdfsn alrvak ls%a@ebqilegﬁl thesyctlbi@o;yliwtzalhe glecuatyur e.
Such cryst al structures e " Atl Zeolite

Typos . Fi it AOLEEL B 50 uBslt RESERFRO LR snp R, Dl ATY e BT e
refer enma) ensuing Example, stable performance was obtained in hydroalkylatlon of benzene to
cyclohexylbenzene and dicyclohexylbenzene when hydroalkylation conversion was between
15-75% over an MCM-49/Pd hydroalkylation catalyst. No deactivation in catalyst activity or
selectivity was obtained in over two months of operations when conversion is in the preferred
range. The stable performance was highly unexpected because the main products from the
25 reaction are cyclohexylbenzene and dicyclohexylbenzene, both of which have boiling points
well in excess of 200°C.

Hydroalkylation Catalyst System

[0043] The catalyst employed in the hydroalkylation reaction is a bifunctional catalyst

comprising a molecular sieve of the MCM-22 family and a hydrogenation metal. The term

30 “MCM-22 family molecular sieve” (or “molecular sieve of the MCM-22 family”), as used
herein, includes one or more of:

e molecular sieves made from a common first degree crystalline building block unit

cell, which unit cell has the MWW framework topology. (A unit cell is a spatial

arrangement of atoms which if tiled in three-dimensional space describes the
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nol ecul ar sieves made froma common second degree building bl ock, being a
2- dinensional tiling of such MWW franmework topology unit cells, formng a
nonol ayerwof20mmes1esi t cel | thickness, preferably one c- moirtuse@vloéicht ckness;
nol ecul ar sieves nmade from common 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 made from stacking, packing, or

bi ndi ng at | east two nonol ayers of one unit cell thickness. The stacking of
such second degr e€nt5i PayciEe bPush syt itrpetusich age disqystedrin fthe Hdas, ofageolite

i rregular fashi onpg,&aRdofy f2ShE@R, c@lioRNYoFO ML Nali:ONedaRGr &t whitRd s

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

3-di mensi onal coniaertorated asfreforshec),cel | s havi ng the MAW framewor k t opol ogy.
[0044] Mol ecul af sieves of the 22 fam | eneral ly.have an X-ra

G { {1 ot ton patt e IoUAB DY g e SULet s mu or T el thyigE iR EHEY >
3.570. 075 and 3. 42@irMhsidngstilirgnof Tivd MW@y frdmbkodctopangydahia caie dfotming a

cnaracterl <o he, T8 ol USRS PR RS @ voino

diffractometer equiddkRerr Weddd nfds Glot dohdn@nl s06Lnd AUEEEhuiRinth AS&OWeaicathers
conputer as the collection sxst em Mol ecular sieves of the MCM 22 famly
i ncl ude MOM 22 (deEERS piedorerfhay ane ywif ceffthigkngsy whotpyn thpdgyen of magscihpheRf i n

U S. Patent 4,439,40%1 He€nl® i{ FeI6T B dtdcRink). PackRat @Pthithi2 8 REdt) twERB- |
(described in European Patent 0293032), ITQ 1 (described in U S. Patent

6, 077, 49B) , | TQ 2 mapelsrers wddorenunih et dliekngttal Theattackingpefb Fich atergml degree

Wm/ 17290), MM %@il&ig@@l@él@st&@ﬁlbé ih a%édar'?_?s%‘f‘dﬂ? arﬁn% angsﬁon, Mausa fa(sﬁféﬁcri bed
in US. Patent 5,236,575), MCM 56 (deéscribed in U’S. Patent 5,362, 697),

UZM 8 (descri bed ionany @mbpatientheigof788l 030), their isotypes, and mixtures of
any two or nore,thereof  .Preferabl e | ar si 1:S..sel. from
t he group consi st iplﬁoée%{ar Wﬁdg%ﬁﬁ%gﬂ%ﬁd ljl\%ﬁijoélgﬁ d?‘h%l\éfr%nihsoé?’ ydﬁlglg%S?ogﬁld

m xtures or conbi rambinasonaff vainyells\woviog thad & W Fremewdrk t¢pdB4s] Any known

hydr ogepat i t can be e ed, A h resent.. hydroal kyl atj.on catal yst
o thovgs sUftRaDT e Metfah YrE BN o an iy GRARHNHE R S et
and cobal t patesidl iectding akdpacisg trhadieofat M.440.25ald @i 1dm3tiei-aQ7 padt §.624007 y
advant ageouys. General |y, the. anpunt of drogenation netal present in the
ot alyer s S e TG BTN AEIte SO S oo B GBEreddut 0. 1
Wt % and abetihdded Weliqef sidies aah@thy K-alphdABRt 6NAYPEdrie MHe, indMraF frdiakien MV 22
famly nol ecul ar sieve is an alum nosilicate, the anmount of hydrogenation

metal  pres@nt! TSGR FHBPCY Hetnd | iiH1aHqo ComiY Hadat SR HE P AP Fe rditecul ar
si eve tm t Renddye QURRAT VORcHE! Mvel 5f fiE MTRODUfamily IndiRicaRONE 23 R ibEP

exanpl e f r%rg.ana?elfllF[ 4,79§4,325), PSH-3 (described in U.S. Patent 4,439,409), SSZ-25 (described in

U.S. Patent 4,826,667), ERB-1 (described in European Patent 0293032), ITQ-1 (described in

U.S. Patent 6,077,498), ITQ-2 (described in International Patent Publication W(097/17290),

MCM-36 (described in U.S. Patent 5,250,277), MCM-49 (described in U.S. Patent

25 5,236,575), MCM-56 (described in U.S. Patent 5,362,697), UZM-8 (described in U.S. Patent

6,756,030), their isotypes, and mixtures of any two or more thereof. Preferably, the

molecular sieve is selected from the group consisting of MCM-22, MCM-49 and MCM-56,
their isotypes, and mixtures or combinations of any two or more thereof.

[0045] Any known hydrogenation metal can be employed in the present hydroalkylation

30 catalyst although suitable metals include palladium, ruthenium, nickel, zinc, tin, and cobalt,

and combinations thereof, with palladium being particularly advantageous. Generally, the

amount of hydrogenation metal present in the catalyst is between about 0.05% and about

10 wt%, such as between about 0.1 wt% and about 5 wt%, of the catalyst. In one

embodiment, where the MCM-22 family molecular sieve is an aluminosilicate, the amount of
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to about 750, such as from about 100 to about 300. [0046] The hydrogenation
nmetal nmay be directly supported on the MCM 22 fam |y nol ecul ar sieve by,
for exanpwe,2oimmespPsent wet ness, inpregnation, ion exchamge/uszooowessL r usi on
techni ques. However, in a nore preferred enbodi nent, at |east 50m % for
exanpl e at |east 75w % and general |y substantially all of the hydrogenation
nmetal is supported on an inorganic oxide separate from but conposited with
t he nol ecul ar sieve. In particular, it is believed that by supporting the
hydr ogenat hadrosesein matat iesdnh ryahithet i elar raHe of dhej afumipuifingt mekeedpty st

and its selgel {o"thé Hyc{r&’geﬁé‘cf‘o‘n‘?ﬁlﬁﬁ% REAZBHR 115! aﬂ&Jt‘?@@(?‘i’orae'%arﬁ IRRAREHOH 41 an

equi val ent cat al yst whi ch the hydrogenation netal Is supported on the
mol ecul ar W@t75[00$)1417]ﬂ8 frore abens d YaieiabowxiBle enpl oyed in such a corrposi te

hydr oal kyl ak C I ' t r j i i and
i nert undeiédt“ﬁg c?rl\lgl%ﬁ}c%é&tl? f %ﬁhlg} 5’§| %HQFS‘%WB %tgda/tgg ﬁg% M |ta %mye
i norganit oxildekr isret Uge f@xeml&)fln@)@Mpwe@%m,immegratidn 1in ofxchdnge Rerbyodi c

Tabl e of El enents uch as;alum na and/or_ tit r 0 used
norer e t e nBeiee Ry her BV L W Pt A Bp AR L pl B & boed
in Chem calexande Engeaaedswiig dﬂév\ge,nelﬁﬂj a)lbstﬂlﬁalaﬂ%&)f. th‘é\hby‘dr(tgaﬁatmat ks s
system conprises a conposite o ecul ar v t he i norgani ¢ oxide
That 1 ai PrsPERt o FoorARe st atigr Br g SimasiiEull B monui R el
conveni ent |pyrt1blilﬁ$ﬁl’btbelhélvea e bg Mippbiihg eheihdioehati@ngerald: thdinb@adi0 o8ke, tikuch as
80: 20 t o 20: 80, r exanpl e 70:30 to 30: 70 or 60:40 to 40;60. [00 In the
above- nbht POREY Oﬁq@ﬁé?@ét&ng%aﬁ?%m fo Ctyﬁ]é?g‘ﬁ‘y[hewéﬁé“thHFFSﬁ%?Sa?Of‘%P&reéé%i@s| t ed
on the i nokLgadiicalX tAfyst GORHER HR Myl tibIREROR 8lppeRed BEhOMBIENE sicve.

met al - cont aj ni ng i norganic oxide is conposited with the nolecul ar sieve.

Typi cal Iy, QM2 catTap yarseatspylsiamplaved gﬂwheéamagﬁlteéYﬁBéfiﬂhé%tiOfaO@ialyﬁt ISRt whi ch

a mxture Qfrd§ RRARGHbAlcSH & QaMdnd Rert rﬁ%&é'tﬁ@@&rﬁitﬁhﬁgf th@qxé,gr%an&la% de
are formed into pellets at high pressure (generally about t o about

350, 000 kPayction: wjtakleinetgapigoiisas includapiidss o Wpumsrdy 4013 wiel el tee Bieriadicsi eve
and t he1§TEtT§!>1eC&rE1@m£Ht§‘%ubﬁ‘9§ QRiGa %/&%taﬁwah%ﬁ'ziré'onﬁaog%fs htgéd Welelh @he

separate binder, are forced through a necessary I'tional
hydr ogenat inmbereiga Schema @nbtbeqltﬁemﬂlkyTﬂée c@lpgm tieds othCt1¢$éd riesthareipal emt al yst

conposi te. Eﬂlgﬂgegingﬁékxﬁsa@ I,?%Q@%) PRGN hé"éa?al s't‘%‘}s’té feq L]J?{s]&eaté p%%literb%tﬂ‘llg ally

occurring su es as S 1’horgani c erla as ¢ I ca
and/ or net alolexiadesve aldehd mbigenic wayle l&at e dlﬁ@bntrfmuﬁﬁalrm@eootac bieYd, tigsotwad n t he

o oL OouEhbRES A FBL P STl B MEP o e
i ncl ude2a h@eeomzamfmmmﬂe 70:B0O i 10e70ed0idand 4hod.am | i es, which fam I i es

| ncl ude ¢ he, aPbent o Lesand, Lac kaolins, GEIRILY, KROYDaRReRith ShedfP omee,
deposited on the 1n0rganic oxide, conveniently by impregnation, before the metal-containing
inorganic oxide is composited with the molecular sieve. Typically, the catalyst composite is
produced by co-pelletization, in which a mixture of the molecular sieve and the metal-

25 containing inorganic oxide are formed into pellets at high pressure (generally about 350 to
about 350,000 kPa), or by co-extrusion, in which a slurry of the molecular sieve and the
metal-containing inorganic oxide, optionally together with a separate binder, are forced
through a die. If necessary, additional hydrogenation metal can subsequently be deposited on
the resultant catalyst composite.

30 [0049] Suitable binder materials include synthetic or naturally occurring substances as
well as inorganic materials such as clay, silica and/or metal oxides. The latter may be either
naturally occurring or in 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
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which the main mneral constituent is halloysite, kaolinite, dickite,
nacrite or anauxite. Such clays can be used in the raw state as originally
m ned or Woi20ioaloBwssubj ected to cal cination, acid treat memusesosobisnt cal
nodi fication. Suitable netal oxide binders include silica, alumna,
zirconia, titania, silica-alumna, silica-magnesia, silica-zirconia,
silica-thoria, silica-beryllia, silica-titania as well as ternary

conposi tions such as silica-alumna-thoria, silica-alum nazirconia,

si |i ca- al uhhthe fagfive spmmanisl kapwn aeDirieg Nediates iGeotsin and Foridasiayk gt efhérain

[ 0050] Al t Roughnd Hﬁlnm{H&Qﬁ%olﬁytkteén't %rhaﬁg)ﬁﬂe 'k%oli'HlQh{ig}fklﬁeehaﬁ?ﬁé Senh YR gﬁ h

cycl ohexyl benzene uent fromt hydr oal y ation reaction vm(f
normal |y cehyaéan bs ol idithel rRy Istateend opgivellicmined asingielly subsected teesdeivatioarasivat i ¢
feed and t I?l%atgl%ﬁﬂ & %1 dpqpﬁloléfﬁcgﬁ %d @Hﬁgfeetﬁetgleoﬂde EX&ér? Flﬁﬁ%lg %ﬂﬁge ﬁlInaThe
unreacted aromatic feed 1s normally recovered di's atron an recycl ed
to the & kyiratnmmltaneiae'thoa alufﬁm bibitd- magleﬁlapsrﬂlctalcmrct)mmmlm thiorst sllhlcab@r@lhla,ar e

further dishilled to sepa etrnea the CYGlahsxy! ben c%naurrt?ro oy g1{1c%mh?nr1‘1¥1a-
di cycl ohexyl BEAZER N avﬁ’ DEpe c§| NG on T RS ahBunt ot

di cycl ohexylrbmi eitiea- qﬂnmsﬁnhagnemtehﬂsrlﬁa@ﬁalg@maezfﬂfcbment it may be desirable

to transal kyl ate t he dicycl ohexyl benzene with additional benzene to
maxi m ze t ke i on of the desired nonoal kyl ated species (e.qg.

cycl ohlexyl tp;;ll]fsE]E‘HE)aMthbﬁ@ﬁ]h& hﬂ'drad‘lﬁ}a:lttiows&aﬁoi19H1gh\liytshleadi@itb\bﬁﬂ@é}}cbﬁﬂ}mzé@
typlca ecte n a tra atl on reac. arate rom:t
hydr oal & gHlupUatie gyt eolv FoaLleadP‘E dBICHOR V% smrwﬁgtqoatﬁmcaqr&q @ﬂmylaé%h as

a nol ecul ali)ro‘élh&yeasovaelt be uMeddtotarbAbiid Yocd 280/thd esEd MmonDAI1HB8d (SRR Ye. S
Patent 6,014,018), zeolite Y or nordenite. The transal kylatign_reaction is

typical ly ceelissy benzende T ha pnyeacied argmptiq fepd fy ltﬂﬁnaﬂwa%Vé‘«re@dwlﬁtilBH%n aiighi ch
suitably i nelude (& dcesRs R Uesotf @p@%u&aﬁoﬁ&ﬁ RO B:HZeROBQEHADR 2R fildther

pressure of about 800 to about 3500 kPa and/or a weight hourly space
vel oci ty oflisabeslto sgparae Hissuelohaxyhenzengprogust dtont wwdligyistohetylhgnzene and other

benzene{di guchQh @éé(r}a Zhnfre Mﬁdtﬂhf}f (Ilﬂﬁclo(ﬁe%@lgyﬂ&eng rebent r1I(r-)th@ l?é%‘:‘ltlorll‘sefﬂhnent it

Cycl ohexyl benzene tion [ 0052 order to convert the

cycl ohexyl baszendesinbls {ohtraesklkalatd ﬁlﬁc@l@}l’ﬂé@b@ﬂﬁh@zemh@ﬁhy%ﬂdﬁi@eadyb@émetve is
initially onplished
by intr Odu%?&'ﬁghlg(ﬁéﬂgé%dgﬁ%g%g{hgl%gﬁﬁﬁﬂ{goﬂgaﬂ?%'l%%(ﬁﬁa%&% % Cyc‘{?‘ %éb%z i'd phase
cont ai ni ng [403¢] cy dlirokdkylhipenegnedditidmial kaenvzowne typjcally rtfsqéremi a:trmSﬂlkyixm@atl on

o o1l oA LRPTE AR U FREDH ) AcEPLRL Tl Tt 0 DS
Sui t abl 2 catchl asst mofeoulat shevecqfcthe bﬁm{tneﬂamdm,ezeomed&ta, OMCHEESp(ser B. St metent
N-hydroxy 6,014,018), zeolite Y or mordenite. The transalkylation reaction is typically conducted under
at least partial liquid phase conditions, which suitably include a temperature of about 100 to
about 300°C 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' on total feed and/or a benzene/dicyclohexylbenzene

25 weight ratio about of 1:1 to about 5:1.

Cyclohexylbenzene Oxidation

[0052] In order to convert the cyclohexylbenzene into phenol and cyclohexanone, the
cyclohexylbenzene is initially oxidized to the corresponding hydroperoxide. This is
accomplished by introducing an oxygen-containing gas, such as air, into a liquid phase
30 containing the cyclohexylbenzene.  Unlike cumene, atmospheric air oxidation of
cyclohexylbenzene in the absence of a catalyst is very slow and hence the oxidation is
normally conducted in the presence of a catalyst.
[0053] Suitable catalysts for the cyclohexylbenzene oxidation step are the N-hydroxy
substituted cyclic imides described in U.S. Patent 6,720,462 and incorporated herein by
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substituted cyclic imdes described in U S. Patent 6,720,462 and
i ncor porated herein byreference, such as N-hydroxyphthalim de,
4- am no- N\WWbydromegRt hal | m de, 3-am no- Nhydr oxypht hal i m ®#€T/US2009/065692
t et r abr ono- N- hydr oxypht hal i m de, tetrachl oro- N hydroxypht hal i m de,
N- hydr oxyheti m de, N hydroxyhi m m de, N hydroxytrimellitimde,
N-hydr oxybenzene- 1,2, 4-tricarboximde, N N -dihydroxy(pyronellitic
diimde), N N -di hydroxy benzophenone- 3,3',4,4'-tetracarboxylic diimde),
N- hydr oxy médfesersedesuchyasi i-mslraxyghifialiaieley o #iamieieN- Py RRedimids. n}-amine;N-
N- hydr ox e e
y y( thzﬁrtogfﬂgﬁlahﬂcg )retrai)\l'oméq{l ﬂﬁarox@p@ﬁf’aﬁﬁfde lEE‘%raghlg.Pro I@h?(ﬂB%@ﬁhﬁl]ﬁrggr oxy-

exo- N- hydr oxy- xabi cycl o] ept™-5-ene- 2, 3-di car box ,
ci s-cycl ohé%bﬁeOﬂthanlld@arﬂbedrm@emmuﬂhydr byd]omtrsmalhmy@lpohléahedr@xybezzene—

di car boxi m, u t

b oy e R R 05 AT ARLL O apyymontenne

N hydr o)@pﬁﬂhalﬁl rtmraj:el:bogdm:t hlgm1®|)u tl\abj/cbouartaﬁnysite imgridine-2, 3 d1carb0x1m1de N-

N, N, N' -trlhhé(rdrox '1S1°C yanur g FI d(tar[ ) 054] &Hlei rdral S; can b g

ei ther al onsGFY e PRL presenc,y U ee al |n| ator "3 8r8 e used
as |iquid- rrira:aﬁ)exmhdrrmgeﬁedﬁr&ymak)aw)sﬂﬁcwro Tam hbgt- fsetmm)’j tledrbrmmaiesol nﬁir

carrier to ovi de a _ heterogeneous .catal yst. Typically,

substit ut e&%@‘)’&f PIECy Sy éa%’rlf H%ﬁaf O’lec#\el" trihydro ﬁ]ygbo&'é Lffyc?loé%’feé‘

enpl oyed i @icamorinmdnt batmaesxyRapBf@immel %sbduhd Wk sueh as\rinedrmea 0. 001
to 5 W% of thec Ioh beez [ 0055 |tablec ndi tions for

oxi dat i ‘E%Zﬁm?dﬂfé‘ ﬁﬁ%@ﬁ%ﬂl@ %té%éw B o %%bﬁﬁtsui%?

such as abeuﬁly&(}pﬁw@q“&ﬂl@ld{l'rox%?s@@@nu@uud)r a pressure of about 50 to 10, 000
kPa. Any oxvgen-containing gas, preferably air, canh be used as

th
oxi di zi ng fum Thew rﬂétae%lr &1 é%h‘s?dak@eblaé%e oF rin 5% EFSTEROf 3 fgeeoradlcal
cont i nuous ifili vy rreaéah %slsecﬁasbecﬁh& It fr%rﬂoggle@&e&ttalmop&na&%gp&ed lgact

with acidic Edy products that may Porm during the oxidation. In addition, an
aqueous phaelel eraer peprofide eéraf@@@enemi ctplyshnT ¥igadly dhe Ndlvdeoxy alistituidrayelisnds
such  as 504 iob AR il MAROR (‘i'ygffdrf%eacg £R4PES .l Qpéﬁlmemb&wgal 0b6RCt i ve
step in the conversion of the tycl'ohexyl benzene into phenol

cycl ohexanoré % nqvléw%swh@abegeendromnesw%r @ﬁé&wcmn@élrﬁelzwm oper oxi de,
which is c ie y. t

catal yst i ROCRD | bl EpEREE o e AR O Wil U RDAEAK, ffull' dofh

t enper at ur §04¥ ara;lbizbmlt ZIJOEIC such ababatt %Ombm¢m°@saralbnutpreb@l0€0f @bo&b@(Mto 1200C
and/or a Ph E,ﬁééjrk? abOUt e%oc tt(a%mmbo a{s eracﬂol a11‘ Q uas%d 329 OX%OI

about 1000 fie yycl %‘Oexylogenzén% hy rope e i'S prefera %I iM%t ed

i n an ol@amiediusol Tlentadtinecdn tke plhe mlberaha@etormccbnmramﬂmh mstorsewhydsuet hyl

ket one, cycl hexanone Een % or cycl o@ﬁx (hb nzene, to assist ip heat

renoval . THATETESGRPERE At oo SR ytnfelfit By prodite dhat Ty form ' duriny The
oxidation. In addition, an aqueous phase may be introduced, which can help dissolve basic
compounds, such as sodium carbonate.

Hydroperoxide Cleavage

25 [0056] The final reactive step in the conversion of the cyclohexylbenzene into phenol and
cyclohexanone involves cleavage of the cyclohexylbenzene hydroperoxide, which is
conveniently effected by contacting the hydroperoxide with a catalyst in the liquid phase.
This is conveniently carried out at a temperature of about 20°C to about 150°C, such as about
40°C to about 120°C and/or a pressure of about 50 to about 2,500 kPa, such as about 100 to

30 about 1000 kPa. The cyclohexylbenzene hydroperoxide is preferably diluted in an organic
solvent inert to the cleavage reaction, such as methyl ethyl ketone, cyclohexanone, phenol or
cyclohexylbenzene, to assist in heat removal. The cleavage reaction is conveniently

conducted in a catalytic distillation unit.
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conducted in a catalytic distillation unit.[0057] The catal yst enployed in
the cl eavage step can be a honbgeneous catal yst or a heterogeneous

cat al yst .wpQOBBjosBai t abl e honobgeneous cl eavage cat al yst #Cirnustadmcsat f uri c
acid, perchloric acid, phosphoric acid, hydrochloric acid and

p-tol uenesul fonic acid. Ferric chloride, boron trifluoride, sulfur dioxide
and sulfur trioxide are also effective honbgeneous cl eavage catal ysts. The
preferred honbgeneous cl eavage catalyst is sulfuric acid, with preferred
concentrat (4%l i n Tthh@atﬁlemtg@l}gweé.lmﬁ.het @eaya® sigmeanmsra orprEenean safakstadtiad
catal yst, %et@%%&ﬂe@hé@a@aﬁ}s?” step preferably follows the cleavage step. Such
a neutralization step typically involves contact wwth a basic conponent,

Wi th subsedB8t devdsd hgmedeneous allqaveasr datiiests agudosdiuphasel. pprolISYG a@d,
suitable h S t, for use. | g -

cycl ohexyl BLapBaE O HERLBNE. odiB ol ARkl SRYED T e phigeide borpn,

nmont nor i3 | amilvogidsi $ulfoa-dadxide el shléay, triasiddesc risb edfactiveUh@nogRat@nt cléava8zt0, 217,
the entire disclosyre o ibch is incqrporat erein by r.eferenc 060]
The crude. SEdShextlsorglent EPobdepRerRafe St el St ga6  FUE ighmid
subj ect ed toncentrdtiory ipulie fangatof NI @ Prsoduce Poir & fHoedgayohso hed anahet, and
phenol . A suitable purificati rocess includes,. . but is.not limted to, a
Series of AFETPIRERGR vHRrY TPUSEaRErRrEEt NEP o ih Huu R R SHERBI f rom
ot her specii@®lvef @QOMAdt wWhie af Bdslcovdniy@n bt amth esubseq@ént @RRcdndihg i df | A1 sdlt-@irich&l

pur poses. and does not limt the scope of the invention. Exanple 1 [0062] A
series AYW5APY PREMt s was conducted in which benzene and hydrogen was

cont act ed \1\611591 a oabdlayRtheRYSRMBUP CARBEERr BY BOhPelchwit 2F Bgcldhedy18énzane
Pd/ Al 2qg 3 catalyst with 6 g of a MCM 49/ Al, 203 catal yst.. The Pd

concent r at MBHORFO¥ifoinplyfioy Hregtite sty §rsh ahaddip mpptgriliphite silercaRNaAtlYnasof
MOM 49 of 4BeibdAD SAPAGR 4682l ¥ She %@%e BRA s OB hich B _hBdrSorgted A¥reint f}e

hydr oal kyl ati on conversion was varie etween 15% and 75% The reactor
t enper at ur &fofgacevari ed bet ween 1250C and 1750C. The pressure was vari ed

yclrogen ¢ &l eng wai, Lo et aR R P e R I Bl ances
wer e conpl evtaertest totfheher puahertiodto podetictiuofisd ofcladsgoone auBphepla- A spitadlp, 7
Cpace vei ol T PRGN T fircl RERCLT, ke Gaf dhulalth b Rl oY
t he hydr oaltheydyalbhaanpraodplsnollinegn bthazpaaes eed used in the study was
pretreated [0061] The following Example is given for illustrative purposes and does not limit the
20 scope of the invention.
Example 1
[0062] A series of experiments was conducted in which benzene and hydrogen was
contacted with a catalyst system prepared by co-pelletizing 2 g of a Pd/Al,Os catalyst with 6 g
of a MCM-49/A1,05 catalyst. The Pd concentration of the Pd/ALOs catalyst was 0.3wt%. The
25  concentration of MCM-49 of the MCM-49 Al,O; catalyst was 80%.
[0063] In this study, the hydroalkylation conversion was varied between 15% and 75%.
The reactor temperature was varied between 125°C and 175°C. The pressure was varied
between 963 kPa-a (125 psig) and 1308 kPa-a (175 psig). The molar ratio of hydrogen to
benzene was varied between 0.35 and 1.35. The material balances were completed at the
30 “standard” conditions of 150°C, 1135 kPa-a (164.7 psig), 0.64 hydrogen/benzene molar feed
ratio, and 0.5 hr'' weight hourly space velocity (WHSV) periodically in order to determine the
stability of the hydroalkylation process. The benzene feed used in the study was pretreated

with a series of guard beds comprised of 13X, 4A, clay, Selexsorb CD, and MCM-49/A1,0;
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with a series of guard beds conprised of 13X, 4A, clay, Selexsorb CD, and
MCM 49/ Al before the feed was introduced into the reactor. The results are
shown i n Woguoroews®st o 3. The materials. [0064] As can beCTamspoobnessvii gur es
1- 3, conversion ranged between 15-75% as a result of the process changes.
The selectivity to cycl ohexyl benzene ranged from45 to 85% while the

sel ectivity to dicycl ohexyl benzene ranged from5 to 40% The average
conversion of the run is 38% while the average sel ectivi

cycl ohexyl béﬁ@@éh@feswa@jirktfyé%%é}kqnhgéw@heTleﬁrr@S%%eéh@wqgn)glgmre%sbéﬁ i Vg y.
[0065] On daysiaR1l-22, 28-35, 42-45, and 72-75, the unit was operated at
1500C, 1135 kPaa (150 psig), and a hydrogen/ benzene nolar feed ratio of
0.64 and OIB6HF 1 AakBVbe wen finm Figuresniddredtvegsiendianged etwehie 1 av@e age rasdheler si on
IS 42% whi c y is
72% and o0 RECSCUPIEY The s RD R AR RRR A Rl IS TENLRRIEERE 15
cycl ohexyl béMHmsetoadMyCthﬂdem«sﬂhwrfméth hTIghlvyragmmzmmmeof thewaise t he
two mai n pr,gduct.s .of the reactjan ar boi | ints
- excess of B sadE R UMD R e thitet ity PERYer b B 2P R
unexpect ed mﬁsretp@amet}he conversion had been as hi gh as 75% vyet the

catal yst p ce cont e 0066 ile th resent
i nvention E@fgg{) nude@&?]i %ﬁgéggﬁﬁ&l% G%Cﬁ:zjf eB‘{/‘“&”@f 8?%%6\5:/% t lgo afpgé(g'f"ar
enbodi nent g, (1501@@@ afd Ohgirog@nfbesdchd molah fdeb @atar &f (‘%4 hnda@pmet Walsy.t Mathd he
invention lends itself to variations not, ggcess y.i.llust rghed her ei n.
For thi L r el cRwtition, diectamzs CANEHIA b hutiiicss Y8 Ve XpBERad
claims for amﬂ%gﬁa&x%e&@ﬂeefsmz% REd tm% Trésy&:usapper}féfstatunaeccmv&@i%ﬁtand high

i nventi on. CLAI VWhat is clained is: 1. process for producin

cycl ohexyl BefEieto eyloheylerssae e%%?x%hﬁgylbee@pe P Bichly ‘B@pr%tﬁ‘ég%?ﬁ‘éﬁeﬁ%ﬁ‘dr ogen

to at | easrtw@ﬁﬁmﬁﬁ@tﬁf&ﬂs %Fth%%h%tl&?ﬁprabtﬁ IVQIg Ra52hveth BSilinSYShEM o3&k df 6@@l yst
system conprising a nol ecll ar "si eve and at |east one

MO V- RIE I SR A UL SRRt e A T S
111813 01, g Lers, Lok HiARRLIE FRUITBY Rl 40, 25, 6.90. 15,

3.570. 07 and Angstro sel ecting droal kyl ati on conditions
for said at0066hst Vot thepetstmnnyantien thes pfre@crh:e@lbad lyd nlbatrktycll &y irefercoenteer si on
in a range 9 r d n
condi ti ons p?éllg‘ﬁlélgéeﬁllgo%%%l}%gﬂ& ?gt&f& g}}r%}yt %%é%%ua?eawﬁ%%cny%égﬂgggllé\%%*oq# rom
about 125Cldnds akadiuto ViriBi@namet aedesselnkyalllquﬂaa:ﬂllmrenpr Egrsthiseression hthen, trbferen@nge of

from about sﬁ'ou‘?d be mgde( s%?e%y ko t%g)appendead aH;[ns or pu sk cgf]dZ%Zmliﬁﬁl%Qﬁé ! scope of

20  the present invention.
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(c) contacting said benzene and said hydrogen in said reaction zone wherein
the ratio of the total nunber of noles of hydrogen fed to the at | east one
reacti on woneiomsmke total number of noles of benzene f@edTius2a0bmewy2 | east
one reaction zone is fromabout 0.35 to about 1.35. 2. The process of claim
1, wherein the selectivity to cycl ohexyl benzene is in a range of from about
45% t o about 85% 3. The process of any preceding claim wherein said

hydr oal kyl ati on conditions of tenperature is in the range of from about
1350C t o alkdAIMS50C. 4. The process of any preceding claim wherein said
hydr oal kyl atji.2n £90di i ons of pressure is in the range of from about 93 1
kPag to about 1138 kPa-a. 5. The process of any preceding claim wherein
sai d hydr odl ky| Atprensssdonepdicmgsyélolskylbenzenontsie groceshoemprisingpace vel ocity in
the range of fr t L e t ) 3 r...1 . e
process of c|aiﬁgkggﬁﬁéF%?ﬁg?Sf%&%%%P55%?%ﬁ?@%‘%%ﬁ%%ﬁ é}égﬁggégﬁég%gggcted
from t he gsptgm,cerdsiaglyisngyseh dori2idg aPSENVGE22 88ily2BolediRB-sleye hifdutlIgast Q- 2,
MCM 36, 9 56, UZ c i nations of any.two nor.g thereof.
7 the. pr obugeesst iy B Rl B BRI P s B e Ser SR &0 s
sel ect ed f patard heclgdiog pl-gacisg Shaxiga oft  PadH02d] WBL0r1dr BexTi-QOy amdcké?+0.07 nc,
tin, cobalt, %nd‘conbinations of any two or nore thereof. 8. The process of
any precediM§ i m wherein said nol ecul ar sieve is MOM 49 and said at

I Ieajst one hydr Ogﬂﬁabdtmglhmalkylbﬁorﬁ@ighiﬁdhdm Shid éﬁheaspdls@geﬁio@fzorarty pRideeedi ng
claim erein said at | east one rogenati on ne is present in an
amount 4 orh w@aﬂ@ygrl%m@%’om a i%t%m? iy @ﬁ ut g %al&i‘?zﬁ%“s‘f"hgﬁlé‘t @l 10
The pr ocessy@balRitidr @HebRinchaé MhyWRelkelafors RfeRBAZ GMBini tHe PASS @ flbhr ough
a reactive guard bed to renpve at least a portion of reactive inpurities,
sai d react iag@‘til%{)m%be%i erprrdt Aydra krlgidrpressiip ovithésthe 1ange phEORr Bedss of
any precedijngnGé plsipidIes flodt BaIHiRes171@RePhnd he hydrogenation netal is
supported on an Inorgani c oxide different fromthe nolecul ar sieve. 12. The
process of cl ai ff) Tentagifepaf Renzgneprndngid dudiogenon peé resefipprzosesheipingbd de of at

| east opg %ﬁr&}hﬂ{g 01 Ignﬁ)lép&% Igolles%f h%fﬁro%&gt;’eglfozﬁlfe &t E)ﬁ‘er ﬂe&@igﬁ ZJ&QB ﬁle%tal

El enent s. : process of claim , &%ereln sal d 1 norgani c oxide
i s sel ect edumbaraf mivdespf bereroied ite thie pgleadt oad tastiva, zond sdrvnaaboni 9.8t aboand
combi nati ons;sof two or nore thereof. 14. The process of any preceding
claim wheréin said effluent further conprises

2. The process of claim 1, wherein the selectivity to cyclohexylbenzene is in a range of

from about 45% to about 85%.

20 3. The process of any preceding claim, wherein said hydroalkylation conditions of
temperature is in the range of from about 135°C to about 165°C.

4. The process of any preceding claim, wherein said hydroalkylation conditions of
pressure is in the range of from about 931 kPag to about 1138 kPa-a.
5. The process of any preceding claim, wherein said hydroalkylation conditions include

25 a weight hourly space velocity in the range of from about 0.26 hr' to less than about
1.35 hr'.

6. The process of claim 1, wherein said MCM-22 family molecular sieve is selected
from the group consisting of MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36,
MCM-49, MCM-56, UZM-8 and combinations of any two or more thereof.

30 7. The process of claim 1, wherein said at least one hydrogenation metal is selected from
the group consisting of palladium, ruthenium, nickel, zinc, tin, cobalt, and combinations of
any two or more thereof.

8. The process of any preceding claim, wherein said molecular sieve is MCM-49 and

said at least one hydrogenation metal is palladium.
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di cycl ohexyl benzene and at |east part of the dicycl ohexyl benzene is
contacted with additional benzene under transal kylation conditions to
produce awtdi2nioomsmgcl ohexyl benzene. 15. The process of auoy/yse@omeieny cl ai m
wherein the benzene conversion is in the range of from about 30%to about
60% 16. The nethod of any preceding claim further conprising the step of
selecting a ratio of the total nunber of noles of hydrogen fed to the at

| east one reaction zone to the total nunber of noles of benzene fed to the
at |east ofe redlks pogesy ohanyiniccgdipgalgam.ofherainpaidpiderst onegiydregeraioumed! 55, to

produce Sa'r]oijesé}m{é}?nﬁaﬁh?%%r{?ky OYS?‘%%Q% 1% bg% JRELNRA A1y @B ECedi Ng

claim wherelin sal ation con it1on terrperaturelsmthe
range of frlBm abbuprotasod any albmsdnnglslsmc wheagid saiddbayatteylsapdseed bonghtd ons

of pressur ?eacﬁve ﬁa}d%d & nga 16559 %8}1”01“ 19e§ct1]Vﬁ élg@%M gf‘gl?qg} 1(161%th g 18'

The process 0 recedi ng c arm erelrn sai
si eve | S5 sebmptisag: r[1trogentchmp@,mdup consisting of MCM 22, PSH- 3, SSZ-25,
ERB- | ons any

b of mord ! net Boroednal a%inat e Bt et BhEalouf R AP € B ot o

fromt he gﬁmmmﬂs»nsﬁ ma@aﬁfc oﬁﬁlleld&fhramffromuhé‘lﬁﬁiequ sibvekel , zinc, tin,

cobal t, t t.h 19. Th f
e et g de e RN Se dhig T ey RO et S comfiaes an ol obd el °

reactor. 2Qne Aelﬁattbodrcﬁ@g 2 czpm eglurs dfahqieiddilc Tand o€ grhehexanone, the net hod

conprising the steps of u0|ng cycl ohexyl benzene by the process of any
precedi Hy é%a. nirh%R’ioé]?%OI%cj?"’t“Hel cYel % “béﬂgé%g*tn&f pHdu ey ghected from the

cycl ohexyl tgm&&@slsmﬂglbpmmwtdﬁn@rzdc&lhaeﬁl\alceﬁlbﬁlhﬁorﬁwpixw@wdrm@;e@ﬂe
hydr oper oxi d.e ' %heprp?gclégse OP ha%;] O]gl)re?ercllgngc)cllglrr? h\exl)ﬁgg1?1n§a1d effluent further comprises
dicyclohexylbenzene and at least part of the dicyclohexylbenzene is contacted with additional
benzene under transalkylation conditions to produce addition cyclohexylbenzene.
15 15, The process of any preceding claim, wherein the benzene conversion is in the range of
from about 30% to about 60%.
16. The method of any preceding claim, further comprising the step of selecting a ratio of
the total number of moles of hydrogen fed to the at least one reaction zone to the total number
of moles of benzene fed to the at least one reaction zone in a range of from about 0.55 to
20  about 0.75, to produce said hydroalkylation conversion.
17. The method of any preceding claim, wherein said hydroalkylation conditions of
temperature is in the range of from about 145°C to about 155°C, said hydroalkylation
conditions of pressure is in the range of from about 931 kPag to about 1138 kPag.
18. The process of any preceding claim, wherein said MCM-22 family molecular sieve is
25 selected from the group consisting of MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2,
MCM-36, MCM-49, MCM-56, UZM-8 and combinations of any two or more thereof, and
said at least one hydrogenation metal is selected from the group consisting of palladium,
ruthenium, nickel, zing, tin, cobalt, and combinations of any two or more thereof.
19. The process of any preceding claim wherein said at least one reaction zone is a fixed
30 bed reactor.
20. A method for coproducing phenol and cyclohexanone, the method comprising the
steps of 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.

- 16 -



