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PROCESS FOR PRODUCI NG PHENOL AND/ OR CYCLOHEXANONE
CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] This

wa@ppbizerse on cl ai ns the benefit of prior U S PCT/US2009/037223

provi sional application Serial no. 61/047,821 filed
April 25, 2008, U.S. provisional application Seri al
no. 61/104,296 filed October 10, 2008, and European
appllcatlon no. 08158576 2 flled June 19 2008 aII of
whi c PROEERS FOR PRODYUG PHENG NDHORAY (0)
entirety. FIELD [0002] The present |nvent|on relates
to a process Eg{ produ0|ng phenol and/or

‘ | 8l is an
Lﬂrﬁpﬁr t aﬂns Q}?Iﬂghlt%n él?ﬁ]l'ng lﬂ% b%ﬂeq{po(f gla%ljt I?gﬁﬁljg¥1¥10ﬁ{lq8ﬁ)l§catlon Serial no.
6H@47n%s21 iﬁiﬁ@ pipeih @b, 2008elb&mrowaonaémppladtlm Selaad imb, 6HMAOK,296 filed
[ s.. [0004 nt |
@cto hlg %(?)gd%ngt]i? ror][oell ap 18%0 nX O%IE%@S@G& ?ugrqggg S%[)&élj, aff of which
mshaebhme@pshenbprﬂaems1mnsmnm@h t he flrst step
}ﬁf ves al kyl ati on of benzene with propylene to
tice cunmene, followed by oxidation of the cunmene to
[doez1c or Tks pR&dnth gnvkytilimo pelaex i tde a apdcdshefor chreawage phiénol and/or
gﬁsgdrﬁgerOX|de to produce equi nol ar anounts of
AMgMd acet one. However, world demand for pheno

Bgcgﬂgmonmuﬁnre rapidly than that for acetone. In
1 t1on, ost of propylene is likely to increase

H’Q@Slt o Bh edl@b@ %bfm@rsﬁfowp%é “bfthepPltPﬁi}‘Faéﬁ’éd“S%lﬁ‘gd i useful in, for

ﬁffbfe%het PRludiss o iheRsit I@fldfse'%%%héﬂaﬁ%e%dcaﬁfolal@{aﬁp)éhi%[beamd and
d coproduces hi gher ketones, rather than

@é%ﬁ@ﬁ@ may be an attractive alternative route to the

REAUCT ERRer? Bﬁeﬁeétscon{n%oﬁﬂute':ﬁﬁ tﬁé%?ﬂ?ih@uono& HRLLIOR the Hock

of cycl ohexyl benzene (anal ogous to cunene OXI dat 1 on)

procdsel dhiay aalrrrefaﬁtmepwatss vie whighttee fitst stpihérvelvep rlseladen @fnbenzene

{1 DR LGPLAMAL LTS SORENIT Al ciponin

by dgorowixndy andr thest CQMgc of mlzeehb'cht@eamden@ugbducaleqsmio\lroerﬂmounts of

@%5 élt% %et&gef oﬁow@ve oql% dd’eglgn& ?0 Ier?orl] O\rq]ienigirhﬁér? ?apidly than that

(el e Xan O n
foy ababrex ahmoaubhtmm; the costaqifr prbpmér&nm dikdlyntglioeredSe, due to a developing

fl,\(lr%{t%% Voce;t{{)v%}y%/eéla ngsaggpo%es% %g]e% rl]l%,lher alEenrese %stea(}/ of propylene as feed
and coproduces higher ketones, rather than acetone, may be an attractive alternative route to
the production of phenols.

[0005] For example, oxidation of cyclohexylbenzene (analogous to cumene oxidation)
could offer an alternative route for phenol production without the problem of acetone co-
production. This alternative route co-produces cyclohexanone, which has a growing market
and is used as an industrial solvent, as an activator in oxidation reactions and in the
production of adipic acid, cyclohexanone resins, cyclohexanone oxime, caprolactam and
nylon 6. Moreover, cyclohexanone and phenol are readily interconverted by
dehydrogenation and hydrogenation, respectively, so that the cyclohexylbenzene route offers
the potential not only for producing a mixture of phenol and cyclohexanone but also for
maximizing the production of phenol or cyclohexanone according to market demand.

[0006] It is well known cyclohexylbenzene can be produced from benzene by the process

of hydroalkylation or reductive alkylation. In this process, benzene is heated with hydrogen
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dehydr ogenati on and hydrogenation, respectively, so
that the cycl ohexyl benzene route offers the potentia

woei00si7y9 f or produci ng a m xture of phenol anBPCT/US2009/037223

cycl ohexanone but al so for maxi m zing the production

of phenol or cycl ohexanone according to market demand.
[0006] It is well known cycl ohexyl benzene can be

produced from benzene by the process of

iyl raterea ofteicatalystsuelethacthe benzeniekyprlereps martiphhydpgegnation to produce

BlRhEase WEAZ GRE aﬂl@lﬁ&%@%eﬂeﬁ@ sINH0088HA. t R example of such a

presence of a catal’yst such that the€ benzene undergoes
pasesh mldespyiiedigdnatiaomt No. 3 Jedflée cycl ohexene whi ch

al 18 - n
@)@gﬂ‘pl eﬁg#v@\gegaegﬂgt% 61? gglélgtgﬁ Ia(z\;a @ écsf %é@&tﬁ&b% péoégs for manufacture
Mlopheol0Bid/05 tgclofed@®TRE vidothe \hgdroalifelstpirnt ef bangensoindrihd aiudatlon and
qgaxggeit oL th d/regl:fl?aélgo ’ Cgﬁ%l%gr{eic;ﬁa%sy%hgeeﬂ c{r\%i e@clt ;I{loengqfle Problems
themeah@ t&mddﬁeh;ed oxd cdmtm@malqin@bessl aemhagedatoifelytlh\e conversion rate in the

&ﬁ%u' ¢ ?aijinltgng %plol(a)lhcﬁ)éx? Hg{&%ﬁc&i&orh@s lgye é%g?yzglgggt\ée%engrage significant

QTS Gif dly - REdACR SSich rae cidl@lekﬁieatThéqir%ehtOﬁ‘wmﬂﬂ Qkekh (fmprowde an
n the h droalk on ste and t he tﬁpden

‘f"ﬁ%‘e‘i’fy?n"rdoﬁ“loﬁ igfh o¥rlqhexygRearate eé‘l BRFEH qlﬁfﬁa‘%/‘i“{"il & phenol

afd/RYcyproRekasdite, fr&ﬁ%n@&le CHCIWaRBXBO@robli® Mh&SANTG the commercial
i nyention seeks to prOV|de an efficient and econom ca

pliriioa Ry ths arpren etadlevatetr ocess for the production of

pURN@hRrend/ or cycl ohexanone from benzene, in which the

problens inherent in the comercial application of the
BHessimpie ajpeey thet @uentigunmRY 1P GODBFCSH olopedgcdtgepltenol and/or

éﬂﬁ)hhmlsﬁbt {h%rcrcs‘s%'cgﬁﬁnélﬁg a process for producing

phenol and/or cycl ohexanone, the process conpri sing: '
(a) deht acbitryingdamasne arthbydigatn ogéna first Isatalyst wngler hydroalkylation

?o?ipgi'to}{sﬁoﬁ‘ﬂ%‘éé a RYALARLAYL A 9511%%@% c&&lﬁ@ﬁog AR BUGShefane, and

uent stream conpri Si enzene,
ayedcgh bxmmes; and unreact ed benzene (b) supplying said

f](bff f Is ? rrl%%alc? ?E}‘. %fflu nt s #reas 13§ B E;?sjj[ %é)apatloﬁ ¥yst[e%mto Qvide said

firs

di vi dé’ sai’'d’ uen ream

ipcéftthenx yﬂrdamn@ruecyc]ohhyﬂmnzeamwlnﬂream@ﬁd P CO puciictstreapacomprising
cog§r|3|qgu) cl ohexane and benzene; (c) contacting at

&Lt Patt 57“8%i d 06 product streamwith a second

cat al(yst uodadting@higskt pgeBBald06 poaait ir@nswitha @ﬂj@ﬂ@ tdtalyst under

| east art of the ¢ cIohe ane to nzen
E%QFGE@&H GRS IR B Ko P s A RS i benzene and

Aoauda ¥ dE@@e Bffluent stream comprising benzene and hydrogen;

(d) recycling at least part of the second effluent stream to said contacting (a);

(e) contacting at least part of said cyclohexylbenzene-rich stream with an oxygen-
containing gas in the presence of a third catalyst under oxidation conditions to oxidize the
cyclohexylbenzene in said cyclohexylbenzene-rich stream to produce cyclohexylbenzene
hydroperoxide; and

() converting cyclohexylbenzene hydroperoxide from (e) to produce phenol and
cyclohexanone.

[0009] Conveniently, the process alternatively comprises
() dividing said C6 product stream in said supplying (b) into a cyclohexane-rich

stream, and a benzene-rich stream;
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(d) recycling at least part of the second effl uent
streamto said contacting (a); (e) contacting at | east

w@200v/18f765ai d cycl ohexyl benzene-rich stream w PET/ES2009/037223

oxygencontai ning gas in the presence of a third
catal yst under oxidation conditions to oxidize the
cycl ohexyl benzene in said cycl ohexyl benzene-rich

streamto produce cycl ohexyl benzene hydr oper oxi de; and
(f) dbhverrqowﬂglgd%be@ﬁwwcbéﬁ%@h@ splgpRpEmgxPaends r om

(e) t pr Qgﬁ{&c%ng hgp oéyc?o'ﬂgxa‘ﬁx GlRh&xanonan 4 OSQQ&l-ld catalyst in said

Cbnvenlently e process alternatively conprises (Q)
mmﬂmm@)sald C6 product streamin said supplying (b)

@ %@Jeﬁfé "ﬁ%sl{b e&t ﬁ@[@h S éﬁoé%?@&%&%srlbs% hh%’l 5 ppm by

I|n ene-ri streamto
ngghtasglfum tpsy @yn 1 apd by |v&)elgh©m[tlag¢ni ang l¢shénan 500 ppm by weight water. In

GV, Xan h_stream nd ¢ t al in said
SHCRATRRE R S AT b i ARONBp RIS, L
[sm)pnl | edoﬁx@nteintﬁsy IﬁlﬁﬂCIEﬂiﬁogBﬁ) sﬂi@ihad;tol thsprotéwnorﬁaippmman 5 ppm by

Ve et Ro g ram Braar R el i BaT ReRp by weish

farlemmberident ding eﬁibpcﬂihieﬁtd fréd hyatoder is @ﬁﬁphs@mmtdo@tﬁctmg (d).

[T GrbeBEtiGghh Grreal PR & MOAFY B AR i b drogenarion

hydr ogeme %ﬂllbt)dndﬁm H@&ﬁolédﬁ&ﬁ sibvPMRaklyfindEda@ist Ri selcOg@ Iﬂrom zeolite
and Iess t han wei ght carbon nonoxide. In _on
SheRyerohE

léeﬁ%&a(? H‘éﬁ(t zeqllrtee ﬁln}llg @Q}%}ﬂqré@V@ an% g]uaures thereof and the

%’éﬁattioﬂgneftaq Jof sdi@ BkLLatpNVERIRRE IBom fdM8diliin! &%henium, nickel, zinc,
catal yst conprises a nol ecul ar sieve and a

Wy ap ‘%ﬁéﬁpﬁﬁmﬁﬂﬁﬁwf I n one enbodi nent, the nol ecul ar
Eﬂgt ae oboﬁ%hfénty a%tleagtaﬁ(ﬁmtof' s§1d3®dﬁ%%§ﬂlofl rn%ﬁl%?‘ghﬂﬂoﬁed on an

zeolite zeolite Y, yrmecu ar
iprgpric anide different &om Jaisk @olﬁcwroﬁlech @mh g@let?gljé m‘atnp@ﬁngr@t atide of at

l%]:lst ﬁﬁ‘é Gerhid: 5 G[io%?@b 3&553 hif ﬁedf%tf%ﬂPﬁiE g d)Q abeat ﬁl%gl

enirum ni tin, coba m xtur es
HﬁéﬂeofCm@@@m@bc®mdmemwehykyml@ndhsasﬁwﬁﬂeaﬁ@&@ﬁmsakdabmu50

@%ﬂg&%ﬁ% esgr% at abodt ﬁ%ou? Jo@kea, | {V&gﬁt%” 1y yé’a’éé &ocity of

P! ecur aroSi eve” and
doopd.Ds nmgjooam l(a(xhrd‘eandfa laemzéneasﬂlydmgeneﬂnelaemno of atuwdEd to about
4, 13 and 14 of the Periodic Table of El enents.
014] Conveniently, said hydroal kyl ati on conditions

joocsjudelm 011163 B@B(b’c&lhéﬂt e thef pradxeu furlir b@m@b@u dividI09 Gaidafirst effluent

ressure out 100 to about 7 kP el

S8y 19‘[053[5 ré‘[ %ﬂ‘fjl steﬁorgfport?ons coo?mg the tarst portlon gth said first effluent
stream; and recychng said cooled first effluent stream portion to said contacting (a).
[0016] Conveniently, said first separation  system  further separates a
dicyclohexylbenzene-rich stream from said first effluent stream and the process further
comprises contacting said dicyclohexylbenzene-rich stream with further benzene in the
presence of a transalkylation catalyst to convert said dicyclohexylbenzene to additional
cyclohexylbenzene.
[0017] Typically, second catalyst comprises a metal or compound thercof of Group 8 of
the Periodic Table on a porous, non-acidic support and said dehydrogenation conditions
comprise a temperature between about 330°C and about 500°C and a pressure between about

100 and about 1000 kPa.
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about 0.01 to about 100 hr 1 and a benzene to hydrogen
nmol ar ratio of about 0.01 to about 100. [0015] In one

werodsiment , the process further conprises di vPdI/Og009/037223

said first effluent streaminto at |least first and
second portions; cooling the first portion of said
first effluent stream and recycling said cooled first
ef fl uent stream portion to said contacting (a). [0016]
Conveniently, said first separation systemfurther
separates a di cycl ohexyl benzene-rich stream from sai d
first effluent stream and the process further
WORHr i sesnvsoientic tstid ghibéathlybit eympreshex gy disnmedgeof thecgeneral formula
ﬁirean1mﬁth further benzene in the presence of a
ransal kyl ati on catal yst to convert said
di cycl ohexyl benzene to additi onal cycl ohexyl benzene.
[0017] Typically, second gatal yst conprises a netal or
compound t hereof of G oup||8 of the Periodic Table on a
por ous, non-aci dj upport{ and saifd dehydrogenati on
conditions c a tenpdat ure petween about 330C
and about 5Q00C and @ pressu urg—hst ween about 0 and
about 1000 KPa. [001832 Conved ently| said thir
catal yst co cyski £ imde pf the genera
formula (I): ereinjeach of Rl and R2 is
i ndependent |y sel ecfed frin1hydrodanbyl and
substi tuted hydrocar byl di cal s having 1 to 20 carbon
atons, or fromthe group#oéceH, NH2, OH, and hEQ or
onmthe a , JF. O, Br nd_ | ovid
Whe o AE it Red figeesiiinfioraisieal G RgPEn e substuted
Iaiectarbsbedicalk h@ﬁn@? do Q@ ciarﬁoﬂ ndep, &gdﬁiﬂﬁ thy g$iﬁip§ St)l@Id, lfiIHgd; MH, and
; each o n s in G sel ecte
ﬁpéﬁf dromghe @fgmspit, b én%r ear“éﬂeﬁ‘toé“ds %u @f)&of"a‘% ﬁ%tlmked to one
Bﬁ)fﬂeﬁdﬂa(écwdliér@bon\é | s Oor OH kis 0, 1, or 2; Hs O,
2, [0019] In one enbodi ment, the

%VEPf@ WﬁﬂaéSH@W$Wﬂ§%@S??% R{phthaRiini de and is

each of X and Z is independently selected from C, S, CH, N, P and elements of Group 4 of
the Periodic Table;

Y is O or OH;

kis O, 1, or 2;

lis0, 1, or 2;

mis 1to 3.

[0019] In one embodiment, the cyclic imide comprises N-hydroxyphthalimide and is
dissolved in said at least part of said cyclohexylbenzene-rich stream prior to said contacting
(®.

[0020] In one embodiment, said converting (g) is effected in at least two stages
comprising a first stage conducted at a temperature of less than 50°C and a second stage
conducted at a temperature greater than the first stage temperature but less than 150°C.
Conveniently, said converting (g) further comprises a third stage conducted at a temperature
of about 120°C to about 150°C.

[0021] Conveniently, said converting (g) comprises contacting said cyclohexylbenzene

hydroperoxide with a fourth catalyst, such as sulfuric acid.
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di ssolved in said at |east part of said
cycl ohexyl benzene-rich streamprior to said contacting

w@ £009/1p0620] I n one enbodi ment, said converti nBCT/Y$2009037223

effected in at |east two stages conprising a first
stage conducted at a tenperature of |ess than 500C and
a second stage conducted at a tenperature greater than
the flrst stage te erature but | ess than 1500C.

212 RIVTIQNQF FHE, I INGYy) further conprises a
tﬂhkf}d SFI%GI% lcﬁrb% ﬁg ﬁhl & the€PRGERLUb& B SABMLs 48P process
o about "1500C. [0021 f Conveniently, said converting
qog?rdmﬁwlil%@empbmﬁ‘ﬁ@tmwgtlml d cycl ohexyl benzene

2] e B SRaB Pt B PR Ress G BB LR b proces

acsmaimglt@wdjowxampbfofthaem@ymrohexyI benzene synt he3| s

ﬁ) nt i 5 Igul%[ 818%3’? i C%arlm 0 e cyclo]?efxg E}écgo ]{0xt1c}$ cleavage and
Eypdico hexydrpaaze ‘ﬂle@x‘bddﬁt acCu dmg epsaafore Ieearmfle ofths invention.

gﬁ;&iﬂ@iﬁeﬁﬁ&! Q&nﬁEWﬁh&gﬁmgﬁanventlon [ 0024]

a1 oW of agt afir o1t e _Cyct Ohexyl benzene
fopeis|opeDextid&l Eéraﬁ\dﬁgﬁpr@iéd; for ebdating ot ayd/sit @pHhedanone from

t A plraf?%ﬁ; rf%%il?r %ﬁg 2 [SD‘%Iﬁ%@%% %%@%ﬁg&%&%droalkylanon

B;Q@éﬁ%h desagd BROph@i®irBcoveryaaR! Re@aSed fd M@kt M2 manner that
phenol and/or cycl ohexanone from benzene and hydr

maxigres phe palizatipp dﬁsthgtféeglgtoelfs ik thﬁr W@]élsgf the désired %roducts and

ﬁ)lﬁﬁlgﬂzgyﬂ,}aﬁlloyuday(gﬁlg@(gl}(yl ation, oxidation, cleavage and
roduct recovery, are perfor med and i nt egrated in a

Eﬁdd’iL?ﬂiﬂle_tmtr Xi mizes the utilization of the

fO@@ﬂSt oﬁh§ c@ﬂﬁelrcﬁﬁy ﬁbaﬁfagle ‘%ngeﬁg algielﬂ}dfd%gn REAGMGE SaPhused in the

mnimzes y pr oduct formation. Feed et r eat nent
pogacprogysy  Howensr.di Aydryalkylatidnalsiseddseshtefee therfdedsipdiksoigdn as pure

{jgﬁcgﬂ')fgc k’?hec P em‘ﬂ]%ﬁaiv:gtoe% Qﬁrb%ﬁ%»? ggcldp %/gls % er 1m ur1t1es in the

Ver, 1n droa esira
b@e@i@tfem(@dﬂwdbgem@ep umay lwerepmscsi lbu edsofphien gsihg dlBX 4A Selexsorb

81{%3”? AN tau%{ Rr § ar@[ﬁ& e%?k (zlgor Qﬁ! Orpd éngFe]{red aulfur level in the

enzene dr og
bmzererfendad tHeyhy didgly loti o rocatalyssi mgesi S)Q(ppmAgenSeillg Xsothon (DD;ppm The
ot.her effectjve adsorbent

sBeq Shier iyt B0 Hen Y GRUDR o Bt DRt CBRORY i than 250
hylﬁiﬁoafhé(yﬂe&trﬂed) Iﬁ1tfb§érﬁleyatm thi‘ Hefffie fecMIB3s th@NEWBPY Similarly, the

a
preférreé H c{gogenmﬁl@ge levg in the hydrogen feed is less than 5 wppm, generally less than
1 wppm. The preferred CO level in the hydrogen feed is also less than 5 wppm, generally
less than 1 wppm. The preferred nitrogen level in the hydrogen feed is less than 1 wppm.

Production of Cvyclohexvlbenzene

[0027] In the present process, cyclohexylbenzene is produced by contacting benzene with
hydrogen under hydroalkylation conditions in the presence of a hydroalkylation catalyst
whereby the benzene undergoes the following reaction (1) to produce cyclohexylbenzene

(CHB):
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preferred water |level in the benzene feed is | ess than
500 wopm generally |l ess than 250 wopm The preferred

woRapodem | evel in the benzene feed is | ess theelr/S2009/037223

wppm Simlarly, the preferred hydrogen sul fide |evel
in the hydrogen feed is I ess than 5 wppm generally
|l ess than 1 wopm The preferred CO level in the
hydrogen feed is also I ess than 5 wpp generally |l ess
than 1 wppm The preferred nitrogen in the
hydrogen feed is | ess than 1wppm PFroductifon of
Cvcl ohexyl benzene [0027] In the present prfocess,

2T S

with hydr{

gen under héQroalkylatlon coyditions in the
presencé

f a hyroﬁ | afTon catal yst vvhereby t heD

range of reactor configurations inc g Jf i xed bed,

slurry reactors, and/or catalytic di L ation towers.

| n_addition, t he hydroal kyl ati on reaction can be

WA uct Eep |hndraalkylwwne repefpnt Pavn by owedustedi i & widarwhge pf reactor

r

%P%ﬁg&u T egﬁ]cthgc@ﬁ gix?deg%d%'\’:gio . %&cécirggazlg/ot‘ EQMPME 1RARRioh Sowers. n

wdgoni tw tydroplyhtiar exctamecap etenemducdsout 2 50QE lamcdloabzonltt or in a
: 0

é\lﬁ]igﬁtg 0%‘ 3e|l5§thq61%§nérgeg\é\rtﬁ1?cgll ﬁ?ggsgghgu 99}3&%&5‘ %r%?ﬁ)clé(ﬁ toztgeblg%tlon in stages.

Siabla ndacabio tmplraf Ok zkrE’ab;atv&Hm: hbas 5bat weE abaab d0d°CSe@chadstbetween

about 5,000 kPa. Sujtable values for the nolar ratio
Fouh {0 gah abeyit BER S ndile suitaBlst iaetipn BEEFes Grophetygry about 100 and

aRavy 0d®Rpa, 'EQ@heaspI?é‘[\Lée%thb@ﬁtl 0 Qﬁ& WE&SR 5a00Utpa0-shrable @ﬂges for the
about’ 15: 1, such as between about 0.4:1 and about 4:1

melar eafig v hedrbean e épnzatore bewaemsheua® Bl endpabgut 100THere particularly
p&%wgg&rh%ow ght aIJanB&!ltMS Slpﬁfcﬁ 2V Bt Qént a‘t')]oﬁt% 4P ﬁmt)loi{t ét [, Q8 example

ut 01 to about The cataly
batpanyabduti (4 andalhppd ﬂaall k?healtqnmnerveeaglﬁ ihowrly spage Velocny is normally

§&£Qﬂ&ﬁb%@%£l§ﬁ{ﬂkMﬁt conprising a nol ecul ar sieve

h™an "acid function and a hydrogenation netal.
®022]abl Eharodtdet | camplayed we shei Inalkaatkglanen Ireattaanbstaablfunctional catalyst

zeolite X nd nol ecul ar S|ev
CERSIDE 2y moﬁ:cﬁﬁrh%e\{ee\?llm .awd %n?tlon a}nd ¥droge '(ftlpn metal Suitable
fhﬂhtﬂirls&hesﬂﬁclﬁdﬁ:&ecbl’%/beﬂa? zéa@id X yZeolite Y" aﬂiﬂln&ﬂmhlaf smmeﬁtvfeth@MCM 22

e o e Sl 2> Pavel e el ainn MRt ity or

degeatar Sicysbahd Mu-bRidnliyTy abliwa Iheﬂdﬁh Inch:lﬂés| one whmafe of
unit cell has the MAW franmework topol 1
's a splpicatlanyahpadeliom afw@p@ﬁg’lrwpg:rﬁe ?rf/stelllpeelaukdﬁlg block unit

i GBicH AR B8] PRIk MWQM@%@N BES0N€A @hY $LBs a spatial arrangement
structure. Such crystal

of atoms which if tiled in threée-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;

. molecular sieves made from common second degree building blocks, being layers

of one or more than one unit cell thickness, wherein the layer of more than one unit cell

-6 -
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structures are discussed in the "Atlas of Zeolite
Framewor k Types", Fifth edition, 2001, the entire

weenwbasit7edf which is incorporated as referencelCT/US2009/037223

nol ecul ar sieves nmade from a conmon second degree

bui | di ng bl ock, being a 2- dinmensional tiling of such

MAWV f ramewor kK t opol ogy unit cells, form ng a nonol ayer

of one unit cell thickness, preferably one c-unit cel
thirkegen issigade frpmn alaqkings Packigedr tinties FIM O lyeE ohane unit cell

ﬁﬁﬂﬁ&? ”ﬁllé's{aglhﬁg opéugﬁ ge%on(?@ég?& ﬂuﬁ)ﬁﬂé $102ks QRBe X a [‘E%ﬁﬁr fashion, an

than one unit cell thickness, wheréin the | ayer of
nsgelan fagwono p eandeintfasbon| ertang R@relstgatiog thﬁemé dndom

stacki nglbleglﬁgrkﬁllff%% wgﬁq(t?ygnd' nng or ra ?é ﬁéolgrloak 3Y §lifnensional

of one uni e sta
cadametionl efjurgeceBuhdviligribe M%ka‘mnmmrlbe)polngﬁ regul ar

i on n I rr.e ara
(RS0, omtoRSe RS o ) Gy BpA RO IME AR 8 tiBfcrigp patemn
mamdmgguépacm@;maxaﬁnd@mﬁtﬂ) :{]sem@iontalh 3Gl7i(3(-)7fjhﬁEElSH2ﬁEa1 Angstrom.
0 Il natlon o e avi n e rane I
TS AR B ac el do Rpar i db® G SHmsd by standard
ganﬁm@b byindhéne & -@phaXdduBlét 6 dobparat tHRNndddnt RIdMtibM EAd kIl iP@actometer
paci ng maxj ma at 12.40.25, 6.90.15, 3.570.07 and
%ﬁlume 0 tham GSF ron T9ounter and, agroeiptod CompRicE aF 4hgsellpction system.
clacast elli&eot MovBberingly (RiudarnacoRbaingeriy st andapsent No.

techni ques usi ng the K-alpha doubl et of cogger as the

#.Het. themt PYEdi @escobedaig UsS- aPafernF A0t gifeP P9 qur piedessriped in U.S.
Par§E INYL 4 RbAEEONEIRRYNE&EIRAG BHBAGH %ﬁﬁit I@& '699@0@ Q) %ﬁ? 4 Rescribed

col | ection 'system NMblecular sieves of
inn By dateCifo2 0.07 téXar Ied (descibs, 1rpétgt@‘mt10p@i Patent Publication No.

L T T

4,8 28{c66Rp, SERBSTS)( WS¢ S0 b@ekciibedEuwr Upﬁed%ate@aN@nﬁ 3NBO97), UZM-8

2 sl G '
Qe B0 by P G EEE PR o PSR e molecuar
Renelis scddcredrfrdno(a) WORM /49 7@9)CM KBNh 38 &) (sdepey ofdAM-40 dhdICM-56,

Paﬁen . 5,250,277), MCM49 (described in U S.
. 5,236,575), MCM56 (described in U S

fasEnt Moy kﬁgvaﬁayde@muoumaa chiBs enplogd ih thdhySroaRaladini catalyst

756, 030 es th eof Preferably h
% léfghﬁ%ﬁab@ 18%}%15 jlac ‘éfg] I@alﬁéamf Flg S 4NC, (tl’g) anJ co%alt with

£ 12161 @gggslﬁlﬁﬁ%ﬁgi a)dpﬁﬁagﬁfmasl\mbrfbﬂal@nﬂle M@Mulﬁﬁof hwedge@e&lon metal
nown rogenatlon ng;a can
@ﬁiﬂnbv@ge F'ﬁalt/ﬁés WP%‘FW%/ QP37 8w ehoph Q) ¥t7eatuch st aﬁween about 0.1

Sidi R0 & W, QJfSthé eﬁklgﬁe maddeaéﬁh%mm&autm HO mBle&HS! sieve is an
zinc, tin, and cobal h pal | adi um bei ng

Famimoglieass. e @wah@fdgé@agnatl% Aetehpresent tsrséchathﬁubﬁ mglpr ratio of the
OYARGERREd ARefBr&leve 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.

[0032] The hydrogenation metal may be directly supported on the molecular sieve by, for
example, impregnation or ion exchange. However, in a more preferred embodiment, at least
50 wt%, for example at least 75 wt%, and generally substantially all of the hydrogenation
metal is supported on an inorganic oxide separate from but composited with the molecular
sieve. In particular, it is found that by supporting the hydrogenation metal on the inorganic

oxide, the activity of the catalyst and its selectivity to cyclohexylbenzene and
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present in the catalyst is between about 0.05 and
about 10 wt % such as between about 0.1 and about 5

woweep/181f764 he catal yst. I n one enbodi nent, wherBCT/082009/037223

nol ecul ar sieve is an alum nosilicate, the anount of

hydr ogenati on netal present is such that the nol ar

ratio of the alumnumin the nol ecular sieve to the

hydr ogenati on netal is fromabout 1.5 to about 1500,
figyclehenyiprnacicr s igensed 75 cerapagsbyith ABRquivaleRt ggalyst ghnwhich the

%naﬂtﬁ)g nhefal ?S%HIBOI‘%Q Qn t}[quo?lgc]ulaIEH%VéW drogenation netal

e directly supported on the nolecul ar sieve by,
f0@$3]ex aiyl @orgamp peiga ampbﬂedom shigina exterteaityley dredoragion catplyst is not

arto n’F;F d&{n%& %Hvﬁféd sgg\%ﬁgalobq an éﬁ ulllcf:éf"lﬁf e aibié off L hlcilroalkylanon

e at least general I'y substanti
@hdtioof Sniwé)leru}wlgarg@ paté¢sonclmdetaxlides of Suppo s 4€d3omd aﬂ of the Periodic

IR0 SRR LRI (ROROS G Ny o
shppeo fdri thg Ptielih yario g}edi'@t lioas divdleded Gm CﬂlhﬁlCBMﬂ@t@lm‘ermg News,

EITERT (D95 "T0 cycl onexyl bengene’

08K Cythwhﬁxygdﬁmemaaﬁfseddpﬂﬁfe&a)&‘ietde asorgmitpani€s cohteniently by
an e uLvab%pt ﬁatalﬁ ..n which thedhydro enat|0% lecul
Eregnation B‘iﬁ& ¢ Bgte ?PW%“%P@&WF 98 e P! Oflt?éa“f%] Sgjfgmolecular
{iBRIE RIIGCaKE Eialpipbay&de.i TyHetl, e 64 %bﬂh site is produced by co-
Ej¥droalkylat|on catalyst is not narro i hed

lstradery ipvhid 3 magie of Ay malseylar yys ran@ﬁ@ RefAlgionfagHRe inorganic
&fiad he f&)ﬁ@ﬁ ‘Hﬁd) ki e%ta't Alzh fp@@ﬁré @g’énergﬂbl' skt £50 0 @5&3'35@?00 kPa), or

oxi des i ncl ude oxi des of G oups 2, 13 and 14 of

Peeq-gdiusionap whigkfa guanahthe momehr %IQVE‘@HHQ rhetak-ganggifiing inorganic
?;ggé, ?)?‘u@daﬁ? QMcfher '%?thuas ?ﬁ%@ﬁﬁr Gihdbr, 4B Efo&HdT’ﬁ%dg'ﬂga 3N Gecessary,

e Periodic Tab oups is as disclosed in
Thlginglahy dipgen @iy met@} icaiy smeswen% (b8) deposited 1@8Hip, resultant catalyst
&Qgﬁgi The hydrogenation netal is deposited on the
rgani c oxi de, conveniently by inpregnation, before
10835 et &mltabbmladmlntmgerlahomgladﬂ gyntheiid er ingtupdippesirtiagl substances as

weﬁ Qs ﬁlg{ggmg%la?e%%ls%r chsé (i‘laé,’ t51(1)1 {10 l%cn?et}lll'b%a%? tl%!exg’[{er may be either
ca S I'S
mtmrdlll[sc ed:ubylgcmpﬁlth@formatbf mtinmms pVﬁclplltata o gelsumeludifhg toigtures of
| ec Iar Si eye the netal - ont |nor ani g .

SRt P ooy T perrbne AP AT HPoCErg e o binder include
thgener tat monalailionidd ﬁhc?] kaodib leath1l13§ @vlﬂﬂﬁfakﬁ&l)s ,1anl|ﬁdethe subbentonites
co-extrusion, in whic sl ur e o r sieve
ST e et R DR FOVERHRE: GRIaE QBT Gy others in
WRGR tahaivndifera cSpiascat i€ hilgyeies, ka@@e fdakee thatite @ ghhuRite. Such
die. If necessary, additional hydrog enation, netal can

dppsayherer o e ey it SRS HBed b e ieetphioysgfeination, acid
GMRER | dr @hethRA3RbdiRLHIbLARDI R 1O GRkal TRIGEMHiRleR nBIGldIGBCa, alumina,

synthetic or naturally occurring substances as

zirconia, titania, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia,
silica-titania as well as ternary compositions such as silica-alumina-thoria, silica-alumina-
zirconia, silica-alumina-magnesia and silica-magnesia-zirconia.

[0036] The hydroalkylation reaction is exothermic, and so the reaction system must take
heat management into account. A preferred method is to recycle a portion of the effluent from
the hydroalkylation reactor through a cooling heat exchanger, and mix the cooled recycle

stream with the feed. It can also be advantageous to have more than one hydroalkylation bed or

reactor, and add hydrogen in stages.
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well as inorganic materials such as clay, silica
and/ or netal oxides. The latter may be either

woaa0anad7by occurring or in the form of gel ati NPCEUS2009/037223

precipitates or gels including mxtures of silica and
metal oxides. Naturally occurring clays which can be
used as a binder include those of the nontnorillonite
and kaolln fan1I|es which fam lies include the

1c1a7% yelghe; remekaol i ns comonly known as Dixi e,

(%@ﬁ”eeAltﬁ%%ﬁ %ﬁlﬁﬁglk?la@%ﬁ d&p fsl lﬁ%ﬁ}/ Qélec@’ltfgmrds%?/%h&plbenzene

he mai n m neral “consfituent OySI te, kaolinit

i edditioa, tonthe rdepiecdomongrdlondtede smsw&:,hth@ | cdffeene dion eheybysgoalkylation
0 i i |

f'egﬁ%n flla‘ﬁ’ rﬁ{aﬂgl ccoﬁﬁlglt ::S%I%é lagacl:l%%atéﬂr gﬁ“{j r?g{r?{ hgér“;y’cﬁ} chts as well as

WUQHCfGIdCballZeOﬂ fee@ui Theamdeoa_iﬂefdaion efflugat ib nhw@vrs f¢d1tolawd1®ratlon system

r%rI Ial?:y Congtl)rysmgn%eas;t:tr ICC asl:[igal’tt}ofr:llotfo,]v%egrls a{c’n ﬁrs%?},sf haHlon tower, unreacted

Benlzeneafebxe nsyfelcd)\&redsfrbmcthe tefﬂualm mdaﬁcwhddl toathe tl@dlm)alkylanon reactor.

bt t
SREREG) Bnreasrpedied o TrBadd] BRRAS idhesypd lgpe win the
Sicldheamemgnesicaembsdianita.a yoRBEkndHen hydmoalrkyvati 6m the first

reaction is.exotherm and so . the reacti S )
Wﬁ@ atipn, fowan d “f Pﬁ‘ﬁ‘ﬁ%t %tgn"eh‘fnZFl?ﬁ %Cha%%‘i‘}n?[ S/Eé?l %{’S‘P ppodiment, the

&RIIASEhnE Scah Qoer @lﬂamh@u@ pphbicanieh thbaceidht llgrn&dcﬁﬂg)ﬁh additional
t he hydroal kyl ati on reactor through a coollng heat

WRERUGNHGD. Thie qubsiaptivlsepacaion @ficyciby¥ang fiopy Reapngicpbe dpge but this

fieefiivd hppréidh #hS0DR RENAAY RAFANS ¢ liBpdAANE HAKE cith@Rtances. The
one hydroal kyl ati on bed or reactor, and add hydrogen

battogr afes. depdirat digHlagen dgerio ﬁ&quﬁ@h z&rtdleq o@s 7qcover a purified
ctolﬂ n%ﬁ% 1%:]} &HC@%'H‘%’MJI at Ma{%rﬁlts elR:a{fl%r maghé}bélo‘ﬁ%g%kéﬁ@ may be
tomar cyclo | benzene, 1n addition to the desired
mm@@d k1y¢ awise sgg@tu Eptionaly, af thisueamt afpobietkyle stream, comprising at
e 0
dE@cQﬁg 115691 erde ﬁg};r Bﬁ%geyewdrfglg%g?gé % dn c&e?zlllan té&gﬁylanon step.
the@ac& su:ameln zse.Hu erelh@®d at “ﬂhe sthly dndaligyd éltorrmhe @frddeue nthis heavies
%fgéﬁ%hlg ng ! Z%lfpgtgeaﬁrk f thsée]goqua?g laﬁg tst?%a%{ 't g‘ V\Iga f B@t}ley ]ieﬁldue from the
purifebtioh ifi & | @tlyadkyldtowercamuoreac t@nbilxgon e ‘tfoﬁed I(bnerally, the

SR e TS AR INCERE ST R A ——
ewbadi ment, the unreacted benzene is recovered al ong
[nonreMmmnmus a

FMACBE r ecovered fromthe first

moss]l I I Bbpeﬁmmg Q)W&lie étrﬁéiﬁi@@ﬂ&@iﬁlol@fcyl@e&@r[bzﬁé@nﬂ inGhe hydroalkylation
stream In sti|l another enbodi ment, the cycl ohexane

HEHedt Beplg %ﬁ%wb&? foyraggaliaiat By dfcb’%‘ﬁliletxﬁ@elﬁéﬁez\éfﬁlé agjtional benzene

t%thﬂan'énth@%dubt@Jhabf BRPASAd AdnSAIBMatedl RcRY DS AR 'kglla‘uon with
separation of g@lohexane from benzene can be done

additiongl) benzenst isv iy calsrichay pEapplshilabet ireastoy, separate from the
ﬁ%‘?@iﬂ%}'léﬁ%n Q%%ﬂcgvglga QRtabIB %aﬁéafl&}ﬁ%ﬁ aNnxGs; sulR8s a molecular sieve of

the MCM-22 family, zeolite beta, MCM-68 (see U.S. Patent No. 6,014,018), zeolite Y and

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, a
pressure of about 800 to about 3500 kPa, a weight hourly space velocity of about 1 to about
10 hr'' on total feed, and a benzene/dicyclohexylbenzene weight ratio about of 1:1 to about

5:1.
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bottons fromthe first distillation tower are further
distilled to recover a purified cycl ohexyl benzene

w@e@dust’est ream Material s heavier than PCT/US2009/037223

cycl ohexyl benzene nmay be renpbved in a purge stream

Optionally, in this step, a polyal kylate stream

conprising at |east di-cyclohexyl benzene, may be

recovered for feeding to an optional transal kyl ation
ergtioBam i s still renoved at this step

@ﬁﬁb]pur et didAnt RETRAOKEH She Iméalpﬁgt}/dnel%aé&r \%ﬁln?l(gﬁﬂélly contain

slipstream of the polyal kylate stream or
tipafigant jaghgents 0f ey elplrexpngr ShEe atdoometars erogﬁaﬂi yaltheyll @lkylatlon of
0

R e b G R

prdwp cydetakdng atasolingto thenfoldiveng feheiton 6h: t ower s.

Transal kyl ation of Di cycl ohexyl benzene KQ038]

Dependi ng ke anount of di cycl ohexyl behgene present
in the hydroal ky atlgﬂieffluent it jmay be |desirable
to transallkyl at e t he Fcyclohexylben ene wjth

addi ti ona e€ne to nmaxim ze the proquetion of the

desired nono3 kyl at ed species. Transal kyl ation with
addi ti onal benzene is typically effected in a
fw 22: E% Z\{z Ifhgl?}glflqlg g%%cg&e h)bcgga?ky gugﬁlfy){oggsees such as that described above,
it isaamalok Y Aihd levelCatontyBdxancsSitbiecdS v a0 W18 1n$1hea‘é@t1©f1 product
he MCM 22 fam ly, zeolite beta, MCM 68 (see gf
ERg umnvweéfﬁnef@) SinesdienFaac GomyGEriaRy rna@ﬁhty oaklation step arc

typRESALKY | Btdoos) @@ﬁtt h 9Brt1|oﬁ JrMR ealpkoausionsbust esdtymde}r recycled.
at | east artlal q@ %ﬁpase condi tions, which
1

saveanley Clph‘éqaﬂfd‘éanaot sepasatest frempdgpzenpby distilggiggtdue to their
d0Q tgah [B'In%s Bt & Qe eﬂﬁb@&‘i}neﬁp ctl&leﬁagfélétan Bo 0 akRa, frd:i‘n benzene to

wei ght hourly space velocity of about t o about
somgrextent ey pylne cyglobicxpnpainl erramdi @y me@wwb SYh eonvemently as

%’glh)gsgltearﬁ Eﬁtolnpth@lﬁps?‘g Tu%n o, %Pél’&iﬁ) stredm %ﬂdqgﬁéﬁ%} rRulled from

ydrogenation I'n addition the ef
thhdirgiydavtidatidoytomet mmwélamtbﬁwwlthe frod maint ynd tatoaethead stream. In

§th§r”érﬁﬂo‘aﬁ9 n%sagycg §an%f<i€1(ﬁ}f>%l 18&%’%%?&%@1'1 ngeZD Jt%teﬁofmttﬁen& product

rocess ar o4l ylation o roduce
sigealhlolb)e myﬂoummmme allditi@lal/ eecld;ﬂeearredwmzteee acmadtion a;teipomtooﬂle overall
]?r8fes%wﬂ1 re%ﬂ éhg& erg% I(l%t)%s, %f/o‘lffdﬁ]) s%rreg‘r%cl%o {Hod[ﬁh\g%d nto a cyclohexane—
sei mﬁm\aﬂd bmdemm&ydnaﬁmo Wit the es&@BOISUKIhe afbs{tahlm separation of the
degﬁrlbe abqve, IS C IeveI

nmon .

GHBRAE DebiRaisn S FPRRETZ0° IR oK e ey gnd to build
104] ﬁdﬂi@ tCs (rb@RRI dtidgn UR ERNURICh&F 1HRERAE BEthes B sipe wheRZE88 displace
S S8 tehd o et U b byprodas >t €P @r e
[0041] Regardless of how the cyclohexane is recovered from the separation system, there
are at least three approaches to the dehydrogenation of cyclohexane. First, the undivided Cs
product stream comprising benzene and cyclohexane can be fed to the dehydrogenation
system. Second, a cyclohexane-rich stream recovered from the separation system as a slip
stream can be fed to the dehydrogenation system. Third, a substantially pure cyclohexane
stream recovered through subsequent distillation of the C6 product stream can be fed to the
dehydrogenation system, however, this third approach may be unduly expensive because of

the close boiling points of benzene and cyclohexane.

- 10 -
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typically only 40-60% at |east a portion of the Ce
product fraction is typically recycled. However,

w@ywbobiwsane cannot be readily separated from PENES2969/037223

by distillation due to their close boiling points. But
i n one enbodi ment, cycl ohexane can be separated from
benzene to sone extent by pulling a cycl ohexane-rich
stream fromthe separation system conveniently as a
K04y st Mwrpptenn tshlesaribpdses keing richain 2otpeeifogpeciphdt is meant that
§bk 's;tﬂacﬁ'feﬁ @Meﬁ“ﬂwhgt &¥gh ‘fsaénm(heka%l%e t§ gthH Ql@cutnpﬁl tflé §a§ﬁe system on
distillation tower sonmewhere between the feed poilnt
amdighheerepntagh baseh. Jtor diwiration pytpiesss calybedbetelrpxane-rich stream leaving
fh Sia ANy RenfiR" LAt abd L

SRS e RN AL PRt e o o
Wmm:‘mwgv l&@rizeamesehatrm an tet eyplahptydbanhencaichrsatbdm. A “Ce”
BEPESRRrh Rbhiohy Het®l e BhR0% FE s ite FORRLc o
E)ﬂéB]benIZlElhe prasah p$dideﬂathe phstilém tolﬁ eyduteepte @ndwefiot fkeminimized by

BISERE & SR o A% Gl Ra B Ry e ReSeie toop of the
h}lbq@d)ad:l@flldltiy)ﬁt em}‘ihgt On b)llib | dﬂllhd)ﬂllf]mdﬁt tvhﬁreﬁa ﬁlbey@izaleShﬁceayﬁld)Héxane are
t he C ClO Yy nzene syn esl| s
’E?F%Vﬁf s aoiﬁz@ﬂ Ch Ageaat é%tlefaéta%i PP’GIOP Lﬂft ﬁgl%r lpﬁ%f{é'g‘i @t%pne(typwally

Qynpiiak Glose t0500} Re@aE dh@3&s Aharn80v,t dye106%EhONRXRN&! from the
is recovered fromthe separatjon system there are at

pelbexyiispeac apdrdaends {9 te ﬁé‘e@&’i‘;&?iﬂ%}@éﬁ%r% ivhgte the cyclohexane
EXShQREX AN BenzEild $ith sua@waml %ﬁéa‘ije? dhdaCo0%, ‘%%l? bs Slch®@iMan 96%, for

conprisi ng benzene and cycl ohexane can be fed to the
ere R eniat Aan 9 Ve gesprding todiediaowiag W@tmr{é)( ane-rich
stream recovexked fromthe separatieg _systemas a slip
stream ca >) to the dehydrggenat™pn system
Third, a gubstantial by—pure=-cycliphexang strggm (3)
i g on of the C6

product stre tan be fed to the dep¥drogenation
system however, this third approach may be unduly

bapether rebodiseeats s @rFlohprncrigisreynintay g fprbiort dehydrogenation reactor

Qﬁﬂﬁ&ﬂ@cy@l&@'bé‘c‘k% ﬁ@%%@ﬂﬁk}lg%%ﬂepwen a streamis

descri bed as being "rich" in a specified species, it

[0844te anReachert (3 I*ﬁeOfS?Qefé@ fhic diey cesp ©F Feaefion 2k HEus sy licesapdagtion (2) is

it

%E&JS& V\g?%lﬁ?[lo‘agePfé@ﬁ%lﬁ%ﬁi&iﬁép@&é'@%{ﬁ}d ‘I%a ;{l@ss?fi@,gtﬁ E¥Stedfon (3) in

tharfpogukdisatign, therpgdyinamess dpmands dowertpresaure laedion Inghar hemperatures.
t .

fﬁgﬁﬁ@%ﬁ&h&%ﬁ d%ﬂ} dé%%ttbt%h Zepzlég atﬁpgﬁﬁglﬁ%%o@?{]ngactoﬁl'imsmg a

teapzene: picator gian 8404 Cosuch hae bemlemhbmylmehﬂemﬁ abbwh430° C, and a

strea

EhrEaTh e B SRS A PR P

possgent TRY ORHSxant NRhRIrO&I 100k geyahmhemae@ﬁ@dh&pﬂewﬂce of a
is mnimzed by integrating dehydr ogenati on step fo
N PN BB LS MRS Bie) &b 819 YGPHTB Aoy eV 11T metals o porous

non-acidic support.  Suitable Group VIII metals include palladium, platinum, nickel,

rhodium, ruthenium and combinations thereof. Conveniently, the dehydrogenation metal is
combined with one or more other clements, such as potassium, sodium, tin and/or
phosphorus, for acid site neutralization and for improving catalyst stability and selectivity.
Suitable supports for the dehydrogenation catalyst include aluminum oxide, silicon oxide,

titanium oxide, zirconium oxide, activated carbon and combinations thercof. The support
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hydr oal kyl ati on. Thus, in one enbodi nent wherein the
benzene and cycl ohexane are recovered as a C6 product

wa@reeas7eat | east a portion of the Ce product BCT/ES2009/037223

(typically containing nore than 50% benzene and | ess
t han 50% cycl ohexane) renoved fromthe
cycl ohexyl benzene product may be fed to a

dehydrogenati on reactor where,the cycl ohexane is

woIebr basch yusfagsetivmplamoii than & 81 @ctuchias bent 3P alequt SHuA /e The
%%efﬁﬂg E‘orﬁ‘érs%q%ﬁircalw?&t&qyﬁn SfO% s@ﬁaamoﬁl ﬂBﬁ%% about 99%.
tthan 99% according to l'ow'ng reaction (3):

HAdilher Acasb oetifavd e thetdebydrggenaivaxiagréorms adt rsqmr@é,rhmm@yﬁr@gen gas

Lo 8oy SR LR 5B A O SESHSL g o

fesd offiio cx)luﬂt\‘zﬁntaheutl()rﬁzb pigkabofit ¥:&abt ﬁactnln(@)e embpdisient, the fresh make-
LR 7 Rl hpled, VRRE p AP B0y s
Tieacxcen (n’mb dorprodeed olrywtargen disr elmetnl Gmmptelmd manky n@cgotesl to  the
gﬁ%ﬁﬂﬁﬁ tEressure and/ or hi gher tenperatures.
‘¥'Y*@°8 ¢f'Shexane dehydrogenation step is typically
mgm]undgny o@n\dn Eeaafts bdbﬁﬁ@frﬁtﬁaing@nabet efpleyal tor efé‘@r @lad eyclohexane
an , Such. as_bet n about 330 C and .abqut 430
éﬁhygrﬁle‘ﬁ“?ﬂ’ eelyflige | g pe nMPY8® ¥E8a2nd G&tﬁg% dtligie reactors.
B3l er B0 raabebnaaR UE cSdbctkPa. a Ha@B45) cIhRus)kGraexane
dehydro enation is generally conducted in the presence
51—§E§$8§E$§$Q§Qﬁﬂﬁg an active netal function, such as
@O8]0T  PbReiFoOMRv te ERIAES 1Rz e H&B%n(ﬁ Qid %F}blghé%anone the
support. Suitable Goup VIII "netals include palladi um
pickipailbanzene cleeinitiaflyoenidiagd ttthe woummparding dwdioneroxigas This is
5&891551%fhed g?ﬂﬂ@&ﬁu@fﬂtgl M oiylé@n g&wﬁiﬁ? 9&{ alkiP s @?rt ?ﬂto laSliquid phase
conbi ned with one 6r noré€ other efements, such
puotessg ue smmmlbmzwean dU@hkep hasisher @gnosphﬁma@lrd oxidation of
d \V; Cy . .
é) Obe%l%&& a[fl%: gtgsteﬁ% ?f Qe UI A a& {é&g S%g\{)?lilcg ﬁ%nc? t%l(i‘h 8x1dat10n is
Mthﬂwcgémauimmmuaﬁahqsﬁﬁwmabwde al um num oxi de,
@h{‘él]\(;gtn% él'bf% atatl saﬁf@ Ho rﬁgfleﬁg%x’ylob%gzeﬁg %%uldg};o%x#% are cyclic imides of
magg&nﬂmymmmabty has a surface area of nore than 3
n2/ g, such as about 20 tog.about 500 nR/g. The
cycl ohexane conversion i %yplcally greater than 50%
such as from about 70 to &bout 99% [0046] A gas
co-feed to the dehydrogengti on reactor i s not
requi red, but d og B co-fepd is preferred to
suppress cat Syplcall so that the
H2/ hydr ocar qon nol r.feed r ajNo—1¥s| bet ween about 0.5:1
ne enbpdi nent, the fresh
r t*\‘ﬂyerall pfocess i s supplied
to the cycl ohexane ldehydr ggenati onl step. The excess
and co- produced hydrogen ifls then coftpressed and
recycled to the (O),

wherein each of R' and R” is independently selected from hydrocarbyl and substituted
hydrocarbyl radicals having 1 to 20 carbon atoms, or the groups SOsH, NH,, OH and NO,, or
the atoms H, F, CI, Br and I provided that R! and R? can be linked to one another via a
covalent bond; each of Q' and Q? is independently selected from C, CH, CR?; cach of X and
Z is independently selected from C, S, CH,, N, P and elements of Group 4 of the Periodic
Table; Y is O or OH; kis 0, 1, or 2; 1is 0, 1, or 2; mis 1 to 3 such as 1, 2 or 3, and R can be
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hydr oal kyl ati on reactor. [0047] Any known reactor
configuration can be enployed to effect the

weymbossane dehydrogenation, including fixed Pedys2009/037223

novi ng bed and catalytic distillation reactors.
Mor eover, the reaction can be conducted as a batch or
a conti nuous process. Cycl ohexyl benzene Oxi dati on
[0046% In order to convert the cyclohexyl benzene into
¢ fitiescyadicelhesrarisner aterhy lisipd rf@rl?exﬁéa@nzeéﬂé dagh of R' and R®
is nfnhé&héle)ﬁtl? Xéefé'ct%@ dfr&Q 'cfliﬂﬁatféo Elfcgﬁp Qp da'r&ﬂatfaygifcg;gle Eéﬁ)ﬁc'age ‘carboxyl

Thi s 'is acctonpl i shed by 1 ntroduci ng

pliggerslicumtcatbniny gadjesds, anglydrogarben radlcahx encly of whigh dadicals has 1 to
Ahassnciai ning the cycl ohexyl benzene. Unlike cunene,
at nospheri ¢ air oxidation of cycl ohexyl benzene in the
ﬂ)ﬂéﬂjnceGgﬁerzgﬂyc thealyylst iniide eraplyyed| aswheaerdddtion catalykteobeys the general
Or uagh nis normally conducted in the presence of a

?’ [0049] Suitable catalysts for the
cyclohexylbenzene @¥i dati(on, step are cyclic imdes of
the general formul @ (I) )i wherein each of Rl and
R2 is independentl seIecJ d from hydrocarbyl and
subst i t ut edRhydr ocarbyl reXlicals having 1 to 20 carbon
atons, or the -'oup\\xotH, , OH and NO2, or the
atoms H, F, 4, ||Br and | proviged—+that RlL and ® can
be |inked to ong anq/;er V|§/é coval ent bond; each of
QL and Q@ i s A ndepgrden |l ected fromC, CH, CRS;
each of X am? Z is|indeperfdently selected fromC, S,
CH2, N, P and el emgnts of oup 4 of the Periodic
Table; Yis Oor OR9k islID, 1, or 2; 1lis 0O, 1, or 2;
mis 1 to 3 such as 1, 2 o«DB, and R3 can beany of the

tities (rad;cqgs gr §,. Qr listed
RGBTt fyR B HC otk 2 “F@P?%de?‘a?’dé @%@eﬁrpmhy%ocarbyl and
éil%lstﬁﬁt"e@ﬂydrB&%y@lrddﬁﬂaﬁtHaGmg'lK@&U cRboREORELdr ¢heddrb@¥)S0sH, NH,, OH
radi cal s, carboxyl radicals, alkoxy-carbonyl radicals

MNPy QF e armsrLriadildi aad Ledreh obK aph Zan mdsesndently splaged from C,

§ QZI%ONCP“&H&&eﬁ&R{@f Glo928} th@@@l%c@é Jreible e LI i 01 @r 2, and
enpl oyed as the oxidation gatgﬁ¥§t ob %%S t he gener al

Forndl ar 2 |<§onvvm@ﬁleu pacBd R oR amg R m@mqndfml)y pgected from
g@g%&eﬁ% aJﬂér 1@91 &{ ];ardg:g‘ Ec%aﬁﬁfogglalraﬁwéls aa'ﬂg)x farbon . Badlcals and

stit ocar aving 1 to
bbtdmmrboo radudaé epcbupwhigosidicaNHas | ©H0zatboN@Rmsor t he

ﬁ’nggg en dlenC{nI y P& prac La1 20 b¢d1mgrﬁc n®f c%h@n‘#m%e' Ratalyst comprises N-

ecte
hydroxyphthalimide.

[0052] These cyclic imide 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 on a
solid carrier to provide a heterogeneous catalyst. Typically, the N-hydroxy substituted cyclic
imide is employed in an amount between 0.0001 wt% to 15 wt%, such as between 0.001 to
5 wt%, of the cyclohexylbenzene. In one embodiment, the cyclic imide catalyst is added to
the oxidation reaction step by dissolving in either the cyclohexylbenzene feed or in the
reaction media (or a combination). The catalyst is advantageously added to the reaction
media, where the temperature is already high, and where there is present some
hydroperoxide, both of which contribute to the improved solubility of the solid catalyst.

[0053] Suitable conditions for the oxidation step include a temperature between about

70° C and about 200° C, such as about 90° C to about 130° C, and a pressure of about 50 to
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S, CH2, N, P and elenents of Goup 4 of the Periodic
Table; Yis Oor OH, kis 0, 1, or 2, and 1 is 0, 1,

wo@e00213CZonveni ently, each of R7, R8, RO, and RIOI/1US2009/037223

i ndependent|y selected from aliphatic al koxy or

aromati c al koxy radi cals, carboxyl radicals,

al koxy-carbonyl radicals and hydrocarbon radicals,

each of which radicals has 1 to 20 carbon atons.

[GY15Pa. n doweopizatEordning o APTRERDY plecaiy by juged Ay dhe oxidizing
El@‘&léllny SIthe 9&@@5& &ﬁstaﬂé“b\l'ﬁ[e %Mﬁ%ﬁ J%Qétbl’énog gontlﬁlﬁ)&{é %10 ﬂ%&%@rs A basic

CyCICIm de can be used either al one or ]
birftesiap @gendfmay Ba adsled deliresal withiacidaet by- pl@d@r:t&: ﬁlﬁt b@y (et during the

@ﬁdalnoﬂu'hg me an F@%B%:éh%?éétﬁlaf it ﬁlt%ﬁﬁ%d,o\ghigl?ganbﬁelp dissolve basic

supported on a’so r rovi
hnmwum@eﬂebaSMﬁamauy@mawTypicaIIy t he N-hydroxy

P een b oBYER oot b SRS R e Dot Tl dMhe pginine
@’C\]lliﬂl%yllﬁdhzetnh éyd:rxbpérohée(mdbmrmaa@cycllqhegn@enemadd Hﬂné gas composed

ic] t fided ¢
pl@ggft Oﬁil}’g‘i‘tnle%lp%ge Ca 2%{ ﬁl&ﬁﬁxx 8$§eﬂ%ﬁy4‘?P§r0X1‘ie may be concentrated
by alighiexyf beloaen poﬂhee df 0t uhRadidiecycRaSyiltRnzdNe i ehe(d@node vacuum

opbl nat i on vant a usly.added to
ﬁ‘ﬁgp d}sé@%ttqnc? Pﬁeg‘eﬁra ecyflﬂﬁexty Biﬂ?‘épeff %IF B%Ic??ncemrated
Mok, uaadinvier @l &6:@n i£S5r @Heesaﬁtaq@@trnalebhydgéoa@@f OXTH#e unconverted
both of which contribute to the inproved solubility of

Blreheallia-@aiaiystireamod sePvae ¢ elohart 1sHe Pt i gyeled to
o ogahdRAResiogp 1 nclude a tenperature between about 70
C and about 200 C, such as about 90 C to about 130 C
WAl prlessBuy &s of coplduendsy leasopaber Ktk vamey products are condensed

&Hély&ﬁﬁat%&’ Hod Hbﬂ‘gongén%ablp o6 e YLIR! 4n a&s@fﬂ)ef&ebédsédg %? activated

t he oxi |Z|ng nmedi um The reacti on can take p ace
¢ralpanis ueeslde eceven furtherirganisrcnemppinsiy/iiomgha duesgas. A basi c

ff S bl AIERL LY be added to react with acidic
may formduring the oxidation. In

Hlﬂﬁlti]t [ oiﬁhe il agcrecusp pinthis @omraysidneofithn cryokd)h@@tbeane otto phenol and

C cp hgﬁag ne urvc?g\%\é]e cl%%%g grogggig ?cgcﬁj%%e@agenze ¥c?r o%erm%lde which is
a]neeraerit]lyw;lfﬂedecblﬁ)f taneeting o hadmpargridy eltioh eactylbrkrem zhenelmd phase at a

dr oper oxi de unr eact C cIo exy| ben a o
e G O b 304 ol A5t 10" Sy Eh S ABREL LG Bl SboppA20° C. for
&%ﬁbﬁhﬁﬁ%ﬂ%e@%@@@mﬁyﬁﬁqp%h@éﬁﬁ%ﬂﬂ@&ﬁ@@mQ@ﬁg%&ﬁﬁQB@@kﬂymwhas
ng off at |east a portion of the unreacted

St %M%@h@ﬁ&pﬁobﬁ@n@}e epel Waeabayt 200 kPa. Typical residence
{%}%ﬁs%e'f%l{lé J)deé‘t (l)fofnﬁosi(?ﬁﬁnutg r ef r@mo}{e tywéﬁzene h%/droPer%mde may be

benzene hydroperoxi de I's not concen
dihded wituge drgammsob/el@tl ihert ® thorckea¥age redators wheegjumethyl cthyl ketone,

PRFRYEIE Ry S UIRIEERE: G REIYERAEEEY, on.

HAa7]i s Thcyledvage teactionas ooiveatntyncemdattddoin. a least two stages. The first
reaction stage is operated at relatively mild conditions; lower temperature (less than 50° C)
and lower acid concentrations, so that phenylcyclohexanols in the feed do not get dehydrated
to olefins. Because of the mild conditions, the first reaction stage can operate with a higher
level of cyclohexylbenzene hydroperoxide with a residence time preferably around 5-10

minutes. The first reaction stage is conveniently conducted in a fixed bed or continuous

stirred reactor.
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[ 0055] The flue gas is cooled, and at |east a portion
of the vapor products are condensed and separated from

woorwasrteensabl e gas. Preferably, an adsor bent P@ETUS2009/037223

(e.g. of activated carbon) is used to recover further

organi ¢ conpounds fromthe flue gas. Hydroperoxide

C eavage [0056] The final reactive step in the

conversion of the cycl ohexyl benzene into phenol and

E088loheliafotreondirsclias siepe Hiragecldrexylprnzene hydroperoxide content is

RAGd-ahexylhonzene, {B)ﬁ%rf%ﬁ FQ%bARith ‘M@f&@bly Sctb&R @\ées@é &Rldedce time.

effected by contacting the hydroperoxid

it agagior cymsimhly bq ypicek pims@uhtedanne@nmmgmlee oﬂn a ot reaction
u t b

Bt R0 oo pyEaRont. £, € b AR v

thregh anehahicaboltipSoith pre&mbibt abRpEWGek Raidesg dimeawithgiugiflow, and

% Berkﬂ}g&qo%to?lgc:'cg PqPIIéSE}?S fl?[éh es?v%ﬁpls’sete ?ggngvt rt%l ﬁ]o %heg)g%%g%thezéanols to

p}mnmeymmmres THhon yesidehextythbésez @negihy tie ppetytytldeexmy time to

an organi ¢ solvent. inert, to the .
Srasnda Sl e P RomGRRR L Bus G nrfGhea a4 formason.
[IlijQ]OheXEd’léuﬁzﬂyst Rheetd ar the yihedpe xyplan benchonfo@e@dsd &dtalyst or a
%n heat reanaI [ 0057] The cl eavage reaction is
SHOEHFARECPYYEonducted in a | east two stages. The

foos@t I S@fbicOMbniledBud SleRGE ahel st@tindl@lcadul M@ Mcilli pdichloric acid,
conditions; |ower tenperature (less than 50 © and

phosetorig cacil. dyidrashiorigraciand ggotugngsulfanis, osidy ¢ Fere xsidg. boron

irifubi@, fepek dRxRetandeluidlehysnat ed L% %kf@étiv@shon%@ﬁ%§§ cleavage
of the mlId conditions, the first reaction stage can

eyt e T toreferras wgep@wdwa&@ma&ﬁéw F‘H@erfmd with preferred
Mgé&ﬁﬁé&xindﬁe%ﬁé% 8f 0S| RS Suibi, ”BFoq’raetl%é‘é%lnyoﬂréeWgai}alyst a

- m nut es. first reaction st age 1s convenl ent |
mﬁdmtl@u stepy n@rnfaﬂlx dolldyesdho eleppat piamoguchse neytraization step typically

fn@&%s on{aPtb%lﬁl a bfticceo 89&1‘# sﬁ@r@gstsloglﬂ :ﬁh%f?ylatg h%t subsdaq%lent settling

cycl ohexyl benzene hy operoxi de cont IS Tre
atiglgtan@ing $oriremavald sadf- eﬁltldwdraemumhaw th preferably

@B@Qt 3§u1§a%13e ﬁe?ébgol'e {0 ca%fn’gts P I %[%tc%av%%%nofSJ:yIEPoIhgxylbenzene

of uni nt er conne
h)hirmmtrdxehonolmie spicefite ctalye sn@astancieidia xontmerilleniguileklajumina clay,

T d n1xt re flows ro
g)rea pt @é@ P}s"r%“bﬁﬁe QZW%?% 8 P ARG %Su‘im@d%eémﬁﬂw 1),
dicﬁiﬁd: aenae of merl widdd (M rOb, OnO-A11D, | ekc. ), BRNalGiding kil cHloride.
ool ed. is la hi gh severity step converts the
ent phenyl cycl ohexenes. The short

[oesi]denme Eif10%ht GRS thE QlcaBig¥ @cdchién @damméscm{éhawewe@hexanone in
ime to react/condense with other conpaonents,

?‘@%talllttaxuﬁ G Hole e e Hisethel Wlelavnrﬁaare&ﬁ/?lelwxywe@s@q ﬁ*}?éfﬂuent is
Gale By StbieaRd @(y%% I hbR EheaNGD8ep! &P 168N tdferRove the unreacted
honngeneous catal yst or a

cyclohexylbenzene for recycle to the oxidation step, and normally to recover the phenol and
cyclohexanone as separate products. Since cyclohexanone and phenol produce an azeotropic
mixture composed of 28 wt% cyclohexanone and 72 wt% phenol, the latter separation
normally involves vacuum or extractive distillation.

[0063] Depending on the market demand for phenol, some or all of the cyclohexanone in

the cleavage effluent, with or without prior removal of the phenol, can be dehydrogenated to

produce additional phenol according to the reaction (4):
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het er ogeneous catal yst. [0060] Suitabl e honbgeneous
cl eavage catal ysts include sulfuric acid, perchloric

wa@eiod/13pbosphori c acid, hydrochloric acid and PCT/US2009/037223

p-tol uenesul fonic acid. Ferric chloride, boron
trifluoride, sulfur dioxide and sulfur trioxide are
al so effective honbgeneous cl eavage catal ysts. The
preferred honmobgeneous cl eavage catalyst is sulfuric
acid, with preferred concentratPBns in the range of
0.05 to Oyj5 wt % For a honobgeneojus acid catalyst, a
neutralizgtion step normally fol| ows the cl eavage

a neutralization stepypically involves
a basi c conponeny §h as, sogi um
h sulssecuert @ and dggfénti ng 51
-enri ched aqueovs—pHase. [ 0061] Suitable
het er ogemetus catal ysts for use™n the cleavage of
@PG&]OheA}ﬂ/ g%%@&ehgﬁlﬁg&gﬁgno%%taﬁ%} :CFﬁf loé" gl?eélsﬁ{el‘é&ét%ﬁ (4), such as, for

ays, such as an I C nontr Tl oni '
giaplea thel preinpad glicky] caalystie deseiiltpd dini W SUP8entPae.eht1 7MG6.  Suitable

4. 8: , Ldi:c | on- . I.esj yst
L L A A P St
JZr@QaR] a @tessurg ofatgbua D Giatarte ebduw2Ddem (Trk@attor@fd0 kifa), such as a
Cl eavage FEffl t 0062 e effluent fr th

e ERYARCo rba T, BB Gk P e BT aum g agoout 3w
(100 kPbst3@akPal | y equi nol ar anmounts, together with

lficcr Shetiafio sye REREmEE juiteh det Ehs o el Goftenct i

the NEYE agd e FURIE agitle chr CyRhah eprior beRedleof @lie LeAYIGkendn®, can be
rmally to recover the

t he oxidation step,..and n henol .
Broseirir b I0aratHsH é‘Q‘QEO‘?g ﬁéﬁ?‘ﬁ’t"éanﬁiﬂ%a‘i?&fdé?g it verst of Teaction (4),
BN s GIBIARARGANN RAARA! chl RAUEE iRNhidZe&RtisORLG B, FrU&Rmple, a
conmposed of 28 w % cycl ohexanone and 72 wt % phenol

plpeura et oplladgpncaeiven RpiEl| o idureeton gendingrarc not closely
&nbibAGE dn\‘i@yﬁi’é;ﬁ? g{}ﬁlﬁﬁ]ée%%mlgcggﬁé]of EREDEH (f‘gat éh%guttﬁ@" C, a pressure of

mar ket denman enol, sonme or all of

epel BHekBniorboninl G408 e anvag bydpganyermhenalimdiargptio of about L1 to
1 pr . 0 €, wn

B3PS e ot FeRA P deadlf YIS ap KD, ity et st

¢capfigiretions aintluding (ﬂ;ged[ b)@lﬁz]s]urygmyeagtmst abtl/er catalytic distillation towers.
i e e in.r ' 4) ,

B85350 SRR Ak h P LA DarFASHL Al B o

d,eisadnpiapelmb may bd BrthdPatdantd thloycldheéanb,l.om. Sui t a_bl e

PR L2058 b INEHRIFSPLL BTSSR BOIRY 47 R i,

poégsion eof dfisphb@liA, OviRicaatdyrivhexah@idt andOméadtire{ ofl ck@ahcxenone and

20 kPa), sugch_.as a.t erat ure of_. abou 00, C t

Gt nayre i iRt SRR Sh e S g 5

07| One example of a process according to the present invention will now be described

with reference to the accompanying drawings.

[0068] Referring to Figure 1, which is a flow diagram of the cyclohexylbenzene synthesis
step of a preferred embodiment of the present process, benzene and hydrogen are supplied to
a hydroalkylation reactor 11, where they react to produce cyclohexylbenzene, together with
some cyclohexane and dicyclohexylbenzene. The effluent 12 from the hydroalkylation
reactor 11 is fed to a first distillation unit 13, which also receives fresh make-up benzene 14.

A first benzene-rich overhead stream 15 is removed from the first distillation unit 13 and

- 16 -



10

15

20

25

30

(100 kPa to 300 kPa). [0065] Alternatively, if
cycl ohexanone is in higher demand, sone or all of the

w@hb®nos17en t he cl eavage effluent, with or w t hpCIt/UR2009037223

removal of the cycl ohexanone, can be hydrogenated to
produce additional cycl ohexanone according to the
inverse of reaction (4). Any suitable hydrogenation
catal yst can be used in this reaction, such as,

74 &, the pydsealieilationrregraor] bdi vbrec atafapdt ovedicad |sa¢4ng/ 16 (ie. a
Eﬂ%h@%ﬂé LRk @1?15 bt%mg onfliif Eﬁ'ﬂﬁleﬁ‘a{n% RSP BEMYthe first distillation unit

controlled and typically conprise a tenperature of
bbandtfe@® Glahgdrgpanationsat G, Thesyeskaxpre ipfthedgend overheddrgream 16

oﬂp tgf OveQQegi ‘%Eié‘ hgﬁﬂ)%eﬁf’l nh ﬁg@%@%%&aﬁ&? [ﬂﬁllt lmjaln%r the resultant

ra e} OP abou ydrogenat 1 on
¢f§a¢nt|swwnc ah ibecpdediocthe dydnoalky Mjiahercraog €l . oHydmgot, ench as fresh

nf| ur.ations incl d|n f.ixed be s| ctors,
SRR PHARIER IS o B SR DR drocthllh U PROT 0TS,
ﬁmﬁﬂltlam&nmnpnhmedlﬂ%cManmgdhegemaﬂk@domngﬁemﬁneaQﬁmmfwhh

cl.ohexanone e red dt
S iR morten e s e B g BF b sifigh FREEEhd Ben passed
for eseohd glsolteds wan hevhdiete ichcloficaylben@mpisereniokhi@ as an overhead
roductj on of bisphenol -A whe eas clogex one and
%%??n%ggr Wsa&/lﬂtﬁg%& FHonaetiog S | j%“%?s@fr%ﬂ stream 23
sendstacks fa tHehs@ccﬂfdQﬂéﬂﬂlhﬂuﬁﬂurﬂtf 21nyd>géﬂle£5waﬁ dn r@ph&m olyalkylate
ﬁF%@é%?O67] One exanpl e of a process according

Wi Frep it pome SESET Thadodit h Rerds g unit 23

%getﬁa%lﬁpﬁa@t’m@w&éﬂ%n@frﬁwOQ%ead[sQ@eﬁg’]l5 R%El%rtﬁé #i9ydiéhexylbenzene in
Firgure 1, which is a ram of

@9érrm£§rllb€ﬁ1@émla®ﬁp rpé%duge g dpong¥ csalqil@@flbww The effluent 26
ﬁ&t‘lqgé %ﬂ&lkﬁgtlénhﬁntpﬁeﬁ ?Qstsecpfoot'ﬁg First dRﬁ%ﬁ)H &nfN9 for recoiffry of any

hydrogen are sup a hydroal kyl ation reactor
viieacted hheagng arslon ae@uqmlm dﬁﬂ:le cygyaicutibsoyztitven pai ef stream 22.

996 NeRe Y g%@%}% h %ﬁi&e Aoy d; the cyclohexyl
g)l cycl oﬁ%xyfn ennzene uent 12 T70m the'c YT benzene
dwidhtion | skepl @it @ prefereacendrodindenit ©f ftke ptesena pfacesst the cyclohexylbenzene

gieéltni i2| %éév%%duinéna 2&‘9633 c%lmi cﬁ{lll@eg'n uhif Fi a%sedrtggglher with unreacted

make- up enzen nzene-ri C
sictohaplienzins 27emoyckd ffand oW ierefim ipsdceshi S¢pis[tb atioailation teactor 23.

éllﬁﬁ Taegcqélreégy %il%or]e%c%\?@:%hcgdggxg {Eﬁ%@gﬁ@é{%g}nl %ﬁ é'lgres (e:agn(l) r31 1\%hlch oxidizes the
W%@hﬁb@?ﬁ@e fih ﬁﬁe IfbéeﬂceS%ﬂtE@tﬁitalllySt eh o prddy@d Dhigxapsdu& stream 32
renove rom.t irst distillatiqQn unit 13 an e
%PIIH’QHWPE&]%RSPYCEW%HE‘THZT‘? Y?WB“%@? 6?#;%‘??&6?‘ ﬁy‘gﬂﬁxﬁbe‘mne and
5 86006 sQRT feahpdliddasdhil G f bsygen ddtéedr.t 0 benzene and
F%drogen in the dehy drogenatlon unit 17 and the

SUI t ahbe By gagatigans it B et GoadensenAd where e pgprity of the organic

AEF Akt dtdaBiB ¥ @REERE ankilsepdiid rﬁ%ﬁlet'ﬁe nSt6dhdaKidi¢é 8&hn the knock-
make- up hydrogen, is optionall plied to the

%W éé@ Aaf |11gdeﬁ£ﬂqen‘1$tream 35. ¥he remalnlng non-condensible gas exits the

condenser as a vent gas stream 36 and is conveniently passed through an adsorbent bed (not
shown), for example, activated carbon, for removal of additional organic materials before
being vented from the system.

[0072] The liquid product stream 32 and the liquid effluent stream 35 are combined and
may undergo an optional treatment step 37 and an optional concentration step 38 before being
passed as stream 39 to the cleavage and product recovery section shown in Figure 3. In the

optional treatment step 37 the combined streams 32, 35 are treated to remove acids, such as
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[0069] A bottons fraction 19 containing the desired
cycl ohexyl benzene together with sone

waelr@yasobexyl benzene is al so recovered from t heCT/USED9/037223

distillation unit 13 and then passed to a second
distillation unit 21, where the cycl ohexyl benzene is
renoved as an overhead stream 22 for passage to the

oxi dation section shown in Figure 2. A heavies purge
QerEaATigappducal spbynsedivedn thegmidarien saetohdf didsithiengligtachy present
fzﬁzr}hé %ﬁohei)qg&ltza%rreé’ycferbtr@ﬁnqut anHié‘bIt)tR)gglyc%h@ﬁ'trQﬁcﬁl s%p; 32&3@% least a

n r'ecovered,” the polyal kylate stream?24 is

patien tof athe alnkspctas | evsloberyibepsene o esthpredwplf hinpang opf mergevacuum
- C ver . .

AR LR S RS cBhc R} i BISYElBeonc, ydpopergeidy in the

tantpradditreanadiidbi dhaluneyaédiysiopthebrneme 27 Tae theh ok wenytled to the

%8d§%8¥5£%? %ransalkylation unit 25 is passed to the

AR d?s&l%‘ation unit 13 for recovery of any

[M7Hact Refehmp zenetoafigusub selgue it bypreferrédrembodiment of the cleavage

cycl ohexyl benzene as .part of stream 22. [,0070 .
R R R o e S Ry Of kB e gy s nroscted
Hikheytheabas \id Ransgstier exihdatulfric atieRaafysed Iptoef eedvage reactor 42,

nbodi ment _of the present. process, the. .
g%ﬁ“d‘ﬁ éiﬁ‘?‘%r{%ﬂ’é P ‘{Vﬂ%grw igha Flé%‘i‘%% éﬂﬁfnﬁ&ﬁt?fﬂe Thg coftpe system
Eingristd Afunguadhith drclilaks tRAREREts Lo gRtERIor W tHRough a heat exchanger
unreact ed cycl ohexyl benzene 27 recycl ed from

Hovrstirbdhs Poled si8acdere fANES ARX oRith atdo dilpte albE orycljexylbenzene

HBoPcRATA (1RE1Rh 89 HEGRI HE SN dRtkR@MhLCAtA Y 8T, BOh@Rdctor 42,
an air stream 31, which oxidizes the cycl ohexyl benzene

tha cyelehasylbgrzapehwsironerrxideds apyisttedy rhenglrand syeobexpregaiand so, as
{%E QiGibn SréREAM It EQRPRSAGN %@'ﬁﬂlkﬁ/orl] Ohd f&g@ﬂo%&%ﬁéﬂeb%mg@% in the

lydr oper oxi de and unreacted cycl ohexyl benzene an

¢ifoylating seagioy ectans’3 Retrod dlweidagteri aahignts freghsrglore eraphwsugly removed
ir. 7 I '

R Ty A8 0r P ALY el 1ol B0l ovary.

[Pa74r i aFgthicn trtdtmcgtaf dlanel@Bagordaorseilaand 46 eparoptienally gmolve one

@ﬂﬁorﬁ g&l{h%?pg%ggé Q{, s g&%ﬂfy‘ ugﬂﬁeer KROEK QU AENT RA MR8 ud in the
iqurd e uent” stteam 35. e renmai ning
ractorc4h d Ons istidhesegaslagxiltaagcheagandesheen and7 & Vente Yagdditional

trea and i s convepjently passed through.an .
GrrB oh e vaeh o2t ST 4P RERESs bR fuppsic componen.
Qah ko Bedifird phérsmamy, adb nftrafigkd theiaoidadatadfsgpiRbedt tadhe reiffdleft. One such
bef or e .bei ng.vented fromthe system [0Q72] The |iquid
Bgatiretion bt éfr‘ﬁ%?‘ﬁn ah é§ t‘q:tlg}l‘ieq’ini %’qun{i@a <8t F@a‘?ﬁ“%ﬁ secondary
AEL ORI ERY 4AREH SRR nAING@FUGatRA sRPls) MNAhy bd @atUIRALN series.
step 37 and an optijonal concentration step 38 before

W87y padsietc gptidat Beptngy stps fhane réaihaglawsa rprs gtituent 46 is

Fe8GOVEHNIRAEE k@fens NONIEh NsHoWd UscBeriall) Bt UO@uPRhicANAbuld normally
treatment step 37 the conbined streans 32, 35 are

mvelae ede PhMeENBVECt digilladet Hnilts Bihgrarhe PRt d diggled into
%%:Ingl)s’ Qg?g&sﬁgli’]ot%eia'ﬂoﬁ@ &rOdticHakile Qs rAaGHET 528 aNRdiRAENA | Grreacted
cyclohexylbenzene stream 53 and a heavies stream 54. The unreacted cyclohexylbenzene
stream 53 is recycled to the oxidation reactor.

[0076] While the present invention has been described and illustrated by reference to
particular embodiments, those of ordinary skill in the art will appreciate that the invention

lends itself to variations not necessarily illustrated herein. For this reason, then, reference
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in the cycl ohexyl benzene recycle strean(s). In the
optional concentration step 38, at |east a portion of
wa b@nswreact ed cycl ohexyl benzene is stripped oPET/US2009€37223
or nore vacuum flash/distillation steps so as to
concentrate the cycl ohexyl benzene hydroperoxide in the
conbi ned streans 32, 35. The unreacted
cycl ohexyl benzene 27 can then be recycled to the
wnld i e pelglyt te theogperfdod PRmMREOr @rippisy oh etenipg igrtaie scope of
e pYUE thvbRicd, Preferred enmbodi ment of the cleavage
process, the stream 39 conposed mainly of
cycl ohexyl benzene hydroperoxi de and unreact ed
cycl ohexyl benzene is fed together with a sulfuric acid
catalyst 4 1 to a cleavage reactor 42, shown as a
tubul ar reactor provided with a circulating cooling
system The cooling system conprises a punp 44 which
circulates the contents of the reactor 42 through a
heat exchanger 45 so that the cool ed reactor contents
mx wth and dilute the cycl ohexyl benzene
hydr operoxi de in the stream 39 before the stream
contacts the catalyst 41. In the reactor 42, the
cycl ohexyl benzene hydroperoxide is converted to pheno
and cycl ohexanone and so, as the reaction proceeds,
the concentration of phenol and cycl ohexanone buil ds
up in the circulating reactor contents. Part of the
reactor contents are therefore continuously renoved as
an effluent stream 46 for optional further treatnent
and for product recovery. [0074] Further treatnent of
t he cl eavage reactor effluent 46 may optionally
i nvol ve one or nore further cleavage stages generally
under nore severe conditions that those used in the
reactor 42. One such secondary cl eavage reactor is
shown at 47 in Figure 3. Additional treatnent of the
cl eavage reactor effluent 46 may invol ve treatnent
Wi th a basic conponent, such as sodi um phenylate, to
neutralize the acid catalyst present in the effluent.
One such neutralization step is shown at 48 in Figure
3. In one enbodi nent, the optional secondary cl eavage
reactor(s) 47 and optional neutralization step(s) 48
may be conbined in series. [0075] After the optiona
treatnment steps 47 and 48, the cl eavage reactor
effluent 46 is fed to a distillation system which is
shown generically at 49 but which would normally
i nvol ve one or nore extractive distillation units,
where the effluent streamis divided into phenol and
cycl ohexanone product streans 5 1 and 52 respectively,
an unreacted cycl ohexyl benzene stream 53 and a heavi es
stream 54. The unreacted cycl ohexyl benzene
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stream 53 is recycled to the oxidation reactor. [0076]
Wil e the present invention has been described and

w0 kdonasred ed by reference to particul ar enbodi PERNUS2009/037223

those of ordinary skill in the art will appreciate
that the invention lends itself to variations not
necessarily illustrated herein. For this reason, then,

ref erenceshoul d be made solely to the appended cl ai ns
d s of determning the true scope of the
present invention.1l. A process for produci ng pheno
and/ or cycl ohexanone, the process conprising: (a)
tont ak piogess ﬁ@mz@n@nan@nhlya@d/@g@wlqhmanoae, fliepsacess gpmpyang:
under dr.og 0
of f | U%J;%/ S T ea %tehéggel: gl?&ngﬂr&rl))/%ﬁs\wrth @ sg %gt%ﬁstaurfdelr ﬁ};droalkylatlon

@ylditmhﬁwmucamﬂrsuﬁﬂemswnb@ummg Cjctbqhesﬂp@izynmgycmhexane and

&g&g&d@%&%ngf said first effluent streamto a first
separation systemto divide said first effluent stream

part (bnt o sepptyind atlessy pvevizeniefnt diiuat steam toa T8 separation system

B b g B AT b R PP Bt e 9 procuct

Wiehiih campaaane) clatany sid bengale; dehydr ogenat i on

conditjons to convert at a art of the. cycl ohex
Fo. bek ongUATBAL iR 80t oL RELHAPEHI GEFR Sif bashond cutvstunder

EOIMoL&IaNeh RenERME taNdniydaO8RR; pddhf FIRCYEIJIhBENAtto benzene and
| east part of_ the second effluent streamto said

Rettcacrrigd CHPCN BRI BRI BRGNS PRHYEr98Ekt of sai d

cycl qhexy RSOz 1chit phrt ST e EToMA {Mud s OB REIARERhdHNP ta);
gas in the presence of a third catal yst under

oxi ddEl on cetding pblgast pyt ebaatlh elohsrylbeprsne ek siraanyighan oxygen-
édﬁta‘ﬁﬁhg ggsy iald ﬁl’éyénp@ O & tfird éa‘%}ys@ 'ilﬁ(fe? '&fdgncﬂlr &ﬂHfﬁ%ns to oxidize the

cycl ohexyl benzene hydr operoxi de; and (f) converti

n
w&h@néb@amenlzemﬂ Rydiehspelbacpigeridhr greameto p@dmeo@@bgexylbenzene

gﬁﬁggkm %yclohexanone 2. The process of claim1
rnatively comprising: (g) dividing said C8 product

st redm i ncemicdingupplolixmipefdshe hydropeaoxadecirarh €xXan @radueshphenol and

%mﬂ%%&ho nd a benzene-rich stream (h) recycling the
enzene-rich streamto said contacting (a); and (i)

contactlng the cycl ohexane-rich streamw th a second

at al i n ﬁﬁﬂ&ﬁ #act{n% %&%”.Sa The process of any
%rece eﬁﬁ“@ﬁ AIEPHVERSOPPPEPE cat al yst conpri ses
a nol(gyrul dtviding said C6 product stream in said supplying (b) into a cyclohexane-rich
stream, and a benzene-rich stream;
(h) recycling the benzene-rich stream to said contacting (a); and
(1) contacting the cyclohexane-rich stream with a second catalyst in said

contacting (c).

3. The process of any preceding claim, wherein the first catalyst comprises a molecular

sieve and a hydrogenation metal.
4. The process of claim 3, wherein the molecular sieve of said first catalyst is selected

from zeolite beta, zeolite X, zeolite Y, a MCM-22 family molecular sieve and mixtures

thereof.
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si eve and a hydrogenation netal. 4. The process of
claim 3, wherein the nolecular sieve of said first

we@2m0al1ys69 i s sel ected from zeolite beta, zeol iPE&I/KS2009/037223

zeolite Y, a MCM 22 fam |y nol ecul ar sieve and
m xtures thereof.5. The process of claim3 or claimi4,
wherei n the hydrogenation netal of said first catalyst

is selected frompalladium ruthenium nickel, zinc,
$i n, Tsbapeesanl Clﬁ1nXt3u?re‘§alﬁhér@b¢reln6he Wogﬂné%lsgle@* of said first
@a%fys@ ﬁ%el@éte&fr%%llé’dﬂrﬁ rétheﬁ’f@fﬁ rrﬁék’%l %nc tﬁﬁ%&baﬁgn(\,f\'fn&tﬁlfes thereof.
sal'd hydrogenation netal s supported on an inorganic
oxide different fromsaid nol ecular sieve. 7. The

roc e [ C,i0 e 0
Fonpr o Blogfh Uyl HOSFXUIERS o DOPRATh uOAES0 3006 of suid
2y dregendt®namethl isuporteh en Pe moggdnie oXalb ldéfeodnt Ebmmmldtn@lecalar sieve.
The process of any preceding claim wherein said
hydr oal kyl ati on conditions include a tenperature of 50
1.0 40Dﬁ(far0®ssp<lsfe;ﬂzﬂ'mr @ vdferclDfhid morf00 dkRRacomarivesiaghikide of at least

OB e LB A P d o o 81 o 4T §%0eR, or ocess

of any preceding clai m and further conprl Si ng di vi di ng
aid first effl]uent st mlnoat ast

and
econd oY Eiond]Y e66f 1‘i‘fv’gC CFe8Y IPXdFQfﬁky iog gonglitions include

4 tehpbragird bUsN 4809CC aFtes@neof BOME 700V BA| O |h6ﬁ1rl)f {pasd velocity
effluent streamportion to said contactin 10.
sai d

THE tpr Gl s bagnple dydaemgmelrairy olihr f@qﬁ

dehydrogenati on conditions conprise a tenperature

bet ween 330C and 5000C and a pressure between 100 and

9:000 Rpgrocess of FRe Pisesiingsdaiprangd Ay thst eredisiig divigingrpaid first effluent

é’ifé%ﬁhf& a?tqéagt ﬁ@P%dseE&Hd%dh%nsC&HBBﬁg #feSti dﬁ@ﬁ@ﬂ ofdaid first effluent
onpound t hereof of Goup 8 of the Periodic le on a

ﬁ@ﬂmumd rpyislingiagh ewoked st etfluentatreaph porppiivesgisl cofitagting (a).

preceding claim wherein said third catalyst conprises

a cyclic imde of the general formula (I):wherein each

lﬁ RITh&nproR2s i & arryd@pswtj@tclajans@lhemiredaiﬂrdﬁlnydrogenation conditions

drocarb nd ocar b cal
R e BB naV RS bt e S PR Bty Daapg 000 ke
NH2 H, and NO or fromthe atoms H F, C, Br, and I,
OVI %g\;éﬂ%gstnq%%%ge%egz% glglg]? be lrelétﬂ léael cpgc? Qa?al?sq %tonqgrlses a metal
bﬂl@ﬁ@@lﬁtﬂﬁﬁérbd‘f sehaptest the IQJ?”O@IC Teble oeBPoroadaln-aid Sg{ﬂﬁ)

Z is independently selected fromC, S, CH2 N, P an
el ements of G oup 4 of the Periodic Table; Y is O or

2 The process of any preceding claim, wherein said third catalyst comprises a cyclic

imide of the general formula (T):

((‘)‘)k
R4 X
o N\
| , /N_Y (I)
. Q ~—
| .
(O))
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kis O 1, or 2; Hs 0, 1, or 2; mis 1 to 3. 13. The
process of any preceding claim wherein said

weoweaestremg (f) is effected in at | east two stBOEES2009/037223

conprising a first stage conducted at a tenperature of
| ess than 50 C and a second stage conducted at a
tenperature greater than the first stage tenperature

but I ess than 150 €. 14. The process of any preceding
whetpith coghel of nandaRdl it SISPRAPNSY. HOELOR PO At drsBY | sk supstituted

ﬁdhiréc‘Qrb% AARAE ARAHE G &Y 26 LarBort SORE rcﬁ'tﬂbrn?thgfgrc;u%g 6, ONFR®H, and

he process of any precedi ng claim wherein
Neb dr Somvide riovg K55, Comprindds proviied dhat g 28@iRd can be linked to one

hydr operoxide with a fourth
%ﬁlefglgi%wﬁ%g&%bly sul furic acid. 16. The process of
ankroﬁ(@b@em glndblmndenalmdeléqjedifn@n CcOHpERSi ng converting
%aglﬁ eg;%tsa}nﬁl 1(s fnjcfe{)er}d?r?t I)p %eger@{%g ﬁf:% ﬁg?(,génh 1812 andel elements of Group 4 of
meX’mercbcnfbleeycl ohexanone and cycl ohexanol . 17. The

g @ pﬁgf any preceding claimand further conprising
g at |east part of the cycl ohexanone produced

ki saja2converting (f) to further phenol.
1is0, 1, or 2;

mis 1to 3.

13. The process of any preceding claim, wherein said converting (f) is effected in at least
two stages comprising a first stage conducted at a temperature of less than 50° C and a
second stage conducted at a temperature greater than the first stage temperature but less than

150° C.

14. The process of any preceding claim, wherein said converting (f) further comprises a

third stage conducted at a temperature of 120° C to 150° C.

15.  The process of any preceding claim, wherein said converting (f) comprises contacting

said cyclohexylbenzene hydroperoxide with a fourth catalyst, preferably sulfuric acid.
16. The process of any preceding claim and further comprising converting at least part of
the phenol produced in said converting (f) to further cyclohexanone or to a mixture of

cyclohexanone and cyclohexanol.

17. The process of any preceding claim and further comprising converting at least part of

the cyclohexanone produced in said converting (f) to further phenol.
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