PROCESS FOR PRODUCI NG PHENOL CROSS REFERENCE TO RELATED APPLI CATI ONS

[ 0001] This application clains the benefit of prior U S. Provisional
Application Serial No. 61/155,746 filed February 26, 2009. FIELD [0002] The
present invention relates to a process for produci ng phenol or a
substituted phenol and a co-product. BACKGROUND [0003] Phenol is an

i nportant product in the chem cal industry. For exanple phenol is useful
in the production of phenollc resins phen -caprol actam adipic
acid, al kyl phenols, and # QCESSEOR ERODLL -3— y, the npbst common
route for the production of phenol is the Fbck process. This is a

three-step process in which the first ste vol ves al kylation of benzene
W th prop§¥§#515525355§3é—gﬁ9¥M%Lléé—gkﬁ%ggﬂﬁﬁgt|c conpound i n the presence
of an aci qeipat atm§hpp1$me>nsaﬁﬂ@dhesseaeﬁﬂ & prive o Eatikionl Appeiagibaiskyalaer obi ¢
oxi dation_of cumnmene t he corresgondlng cunene hydroperoxide. The third

step is thE 6V5§V§aék€#%hwéyéénﬁw hydr operoxi de in the presence of

het er ogenggugpor honpgenous catal ysts into equi mol ar amounts of phenol and

acetone, a co-product. However, the world denmand for phenol is grow ng nore
rapi diy t AP hat Thegpresepieingenip FlateHOy iASFST for |PFPd4efag P’P%‘ﬁl Ol gubtifuted

devel opi ngh&lPsidad8prédacsuppl y, the cost of propylene is likely to

i ncrease. !OOOSIThus a process that avoids or reduces the use propyl ene as

a feed an hi gher ketones, such as nethyl ethyl ketone and/or
cycl Ohexa"pﬁm}@g r apifags] it Qx@ﬂn@?ﬁﬁt%&iuw tREchRRical inﬁ@s’%‘rk' ¥6r &lahBlNpdn¥List Out €
to the production of phenol. For exanple, nethyl et ket one 1s in demand
for use a#gsehul|ipdhgaiodegtign of 3’431“\?’éﬁtfesﬁﬁdb*ﬁﬁ}en‘de@va&?%@d%?f‘anbLﬂﬁ‘f’ﬁ“‘c atidrdils. In
addi tion, gg@kth§m§mg&gynng mar ket for cycl ohexanone, which is used as an
industriaF sol vent, as an activator in oxidation reactions and in the
product i of0H] adi Gireendsi e neojt Coshgmmtie foredr psodugijas ohaheanlbisethetiasi,

capr ol act 80Ty ls% hile- stnggrQ@JsL In WlﬁcMQﬁﬂt gtgﬁhvﬁtl% Q%laﬁ&goﬂmBMé with hy!

ket one can be co-p uce a variation of the Hock process in which

sec- but yl b@nzlelirﬁetq QrOdmedWeede,t@ albylatomatie compeupH big nthe meesped rd pir asidile and
the hydropgrox! dfiel e A8 SRBPOIRL ofifhrfoCprdRtbly oAb ARCBaRRCb TEREN 10ohbY !

ket one. The sec-b utyT benzene can roduced by al kyl ation of benzene with
| i near bu?@fﬁé@ondmewrrze@@lhyﬂ@pﬁfemée .or The witdesiap df the eleavase efhtemammepg
famly. Dﬁ§ de?ox‘;ge UG p@espl{cgcﬁslﬁzt&@é%n&%s o?%ﬁilo é?)oug Qz[tal ARG %qulmolar

I nternati onal Patent Publication No. V®2006/015 % 7 Simlarly, US.
Pat ent Noameung3qt Brgolgindciceiges at ¢paprodupt | éﬁéﬁ‘ﬁrb@ﬁz’éﬁ @awn%éorpmwa@cléd by
contacti ngr Q/ﬁ{gﬁ&% r\,%lmp tﬁaﬁ%&%P tnerac&taﬁe BEFPAREC Irpfadcﬁtl(px' fdhmot dRBBpingat al yst
conprising a ol ecular “si eve of famly and at |east one
hydrogenaﬂk@hgﬁﬁt%ngéhﬁgﬁbdﬁﬁﬂﬁﬁmﬁéﬂﬁawﬂ%ﬁ?m%ﬁthenlun1 ni ckel , cobalt and
m xt ures of

cyclohexy‘@@ﬁgenénggﬁ' %%%g? %?@% @hghggy$§§%gkﬂ?hzé g%%gﬁgk%gl e which
i s then deighrieions. tuoh aMetUﬁﬁhyélﬂetmemé’br asbhexpodrshekenthae astonpmed bet .
[0008] In A I HERD j;de from
t he OX|da%?%%ggogg&%%ﬂ¥l%@%K%gh?gﬁﬁég?g?ﬁvgbb#%g%er thﬁmm%%%ﬁﬁgﬁgﬁhsacuum
which is nemasdfer uieas hequdread agdvantart for dewaning ¢éllubfienting oils He additien ds
aSSOCI at eﬂe [%]ng{?g\QIQ% 'angk ?(P(Q' Ql%ﬁ&taﬁ&e h%g;‘éﬁ’@@ﬁs%é'ag%n 119c{u%¥lag)ﬁle9tf as an
concentrate oper oxi o poses safety concerns due to thé rapid and
hi ghl y ex@ttlh@tprmncomlgm eeaoﬁions lad rire ghetAreshictiqpuet avdric agifl geyviclohexaneneanumt s of
si de prOd&%L%a&B&kaﬁQaE 5&&£99&Lﬁ@ oc@ncentrated oxidation products. In
practi ce, e concentrat d cunene roperOX|de is often diluted with

sol vent s H066] as Iav@én@nethatrphgmcdend mcﬁhki@tlwéketmrragée thprodesad by omariiéian and to
control b r e..C f.c h

oxi dati ong Bkl pisPEEah ey LR LUC R (S HERA SRR RO RNe

hydr oper olmddf&)e@mdstasd Ehsrdlyﬁ@ptrheldvar@ccmrghedom the dgsnpd)phftmb#nd methyl ethyl

cycl ohexy. z i.n order
o r omover s SRCesr e kAT U AR AL by LRERRLEL e i B S s
hydr oper oxi de, which may | ead to undesired deconposition of

cycl ohexyl benzene hydroperoxide. [0010]]n addition, the production of
phenol using sec-butyl benzene and/ or cyclohexylbenzene as the al kyl benzene
precursor is acconpani ed by certain problens which either is not present or
is less severe with a cunmene-based process. For exanple, in conparison to
cunene, oxidation of sec-butyl benzene and cycl ohexyl benzene to the
correspondi ng hydroperoxide is very slowin the absence of a catal yst and
is very sensitive to the presence of inpurities. As a result, U S Patent
Nos. 6,720,462 and 6,852,893 have proposed the use of cyclic imdes, such
as N—hydroxyphthallnlde as catalysts to faC|I|tate the OX|dat|on of



[0011] All of these problens increase the conplexity and investnent involved
in the cleavage process and hence various alternatives have peen pr oposed.

[ 0012] The synthesis of phenol and cycl ohexanone in one pot wt
sel ectivities or 96%’dhd 91% respectively, at 25@6convé¥§ﬂ8ﬁmoﬁvﬂﬁeans of

aerobi c oxidation of cyclohexyl benzene in the presence of the

N- hydr oxypht hal i m de, followed by treatnent with sulfuric acid, as

di scl osed by Aoki et al. in Tetrahedron, Vol. 61 pages 5219-5222 (2005).
[ 00131Accor di ngvtraedlinebeproe s @ntecilarvent ofolr, MCYV-RdaminoWebde of sidungtodekyakn

cl eavage of hydfepey ﬂﬁog?m[ﬂé fnﬁ&Mana‘PH&ten%ub‘il&%m%b %6%‘)5 b@fssgactor may be

achi eved wi t hout t e Irst concentratin dr oper oxi des. The
un-r eact ed aIkjwmﬁbnz@ﬁéghaéﬁ;é@wﬁrmﬁéﬁﬁg5fb¢“ﬂhé @@ﬁdﬂpﬁé§hmwﬁpéwléan hel p

manage the heatpldaﬁceglb%y@gﬁng 6acdnk %haﬂelml%atlﬁ Qfc (GBIt QF aftANBbAP Batst heavy
by- products. Phenol . and products are th sele&t|V|t|es of

greater than orF°BYliXe ﬂﬁ)§%@5W§6 (34%6%@1Wﬁn%ﬁé“§%%§év O$AYION RFAL | on
di sclosed is asﬂamﬂuhmomﬂmmmmoe$5nmmnmmapdmmtmgx@hﬁﬁ@ﬂw&bfaTmﬂﬁslpm@ued

phenol and a C?isg) tha{ E'xg lgul(t) 10?%%&!2%6” ntb%1 x% ecpl.so e C(grr Og(gllBaCtl ng
ina first reac or a 1St stream ¢ SI an al K arona ound with

a second streaﬁwt@Wﬁ%ﬁsmﬁghaﬁﬂ@xy@%mm@@ﬁﬂaMW|ﬁ@ﬂgaémmha@mewbm@@eweewof a
first catal yst g@mpr|5|ng a cyclic imde under conditions to convert at
| east a portlon of said al kyl aromati c conpound to an al kyl aronmatic

hydr oper oxi de, WA ei'A %%FﬂmHP?§I%?%dﬁTF% EﬁﬁHBﬁdﬁmﬁﬁvbﬂﬁmﬁoﬁ@thﬁﬂh?ornula
(I'1): R CH H, GkiRioh frepiR ifiesh cdrbenarmekd R&rcﬂ&ﬁﬂlan sde pendentuy whep [seScﬁriErﬁ t@an

al kyl group haYllcncgcav og%a%to;r’ Ohﬁ a&?tgon 10 t@c chgqu QbS% ;{tc(i'ledlbﬁ rl&'and{mo conccntlatad may b e

joined to forn1a cyclrc group havi ing fro cyclic
group being opbﬂb%&@kye§@b@ﬁﬁﬁ@@@dﬂmﬁﬁuwﬂwwme©¢dSHNﬁESﬁVﬂﬁ@g@m(mgneh®r nmor e

al kyl groups hayjingdff@m dotimfle GRELAR tlﬁt1@5@0@rFuﬁhe@y&Jnﬁﬂ%yamogl{tQ'dp%1dé’\'here' n

said cyclic imde having a general formula ( & 0)k NY 1 7
products may also form from the concentrated oxidation productq In practice, thc
concentrated cumene hydroperoxide is often diluted with solvents such as acctone in order to
better manage the reaction heat and to control by-product formation.
[0009] In the case of cyclohexylbenzene oxidation, another disadvantage of concentrating
cyclohexylbenzene hydroperoxide exists.  Due to the very high boiling point of
cyclohexylbenzene, high vacuum and high temperature are required in order to remove
cyclohexylbenzene and concentrate cyclohexylbenzene hydroperoxide, which may lead to
undesired decomposition of cyclohexylbenzene hydroperoxide.
[0010] In addition, the production of phenol using sec-butylbenzene and/or
cyclohexylbenzene as the alkylbenzene precursor is accompanied by certain problems which
cither is not present or is less severe with a cumene-based process. For example, in
comparison to cumene, oxidation of sec-butylbenzene and cyclohexylbenzene to the
corresponding hydroperoxide is very slow in the absence of a catalyst and is very sensitive to
the presence of impurities. As a result, U.S Patent Nos. 6,720,462 and 6,852,893 have
proposed the use of cyclic imides, such as N-hydroxyphthalimide, as catalysts to facilitate the
oxidation of alkylbenzenes, such as sec-butylbenzene and cyclohexylbenzene.
[0011] All of these problems increase the complexity and investment involved in the
cleavage process and hence various alternatives have been proposed.
[0012] The synthesis of phenol and cyclohexanone in one pot with selectivities of 96%

and 91%, respectively, at 25% conversion, by means of aerobic oxidation of
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111 in which each of R4 and R5 is independently sel ected from hydrocar byl
and substituted hydrocarbyl radicals having 1 to 20 car bon atonms, or from
the groups S OQ; 89C]—I and NO2 or fromthe atons H, g Br, and I,
provi ded t hat K5 can be linked to one another vi a"Ca“&%Q}Q’P%‘ﬂP bond,
each of Q@ and @ is independently selected fromC, CH N, CR6, each of X
and Z is independently selected fromC, S. CH). N, P and el enents of G oup
4 of the Periodic Table of Elements, Yis O or OH kis O, 1, or 2, 1 is O,
1, or 2; in is ciclthexd@henzndinRE caemchef thany-hpdrotyhighadintdet fiobsved ibg tresimdnowitiR4, and
wherein said al [ f (r): RI
/' 1CO0OH\ (1) lql%l}f(d&_@ 8&@& &1&10\?\%&%%21;2? 1qg"et @Igdl \%a! %ﬁ%&%w ﬁ&%b(?ﬁr)led above:
(b) producing d?Plélff|ﬁ@ﬁtdlr§ttpééqu1@@ﬁbmivmﬂwg %Wdrw@fychn doyngj thrs clegyricgl of

al kyl aromatic wmbﬁaﬁr@m@uy angr ta@b)ddl,@a!uls.yleaa&mtylb@ 2£FRORRIbIMRE L& Sai d
ef fl uent stream has R/earomatlc hydr oper ox concentration of from 10

to 40 W % (V\BI ]I]]SLI C(@l/}fentlatﬁiét 1yd10per<(x es- o Wtuaéetaftﬁ(bdl‘(yﬁ bao[lz%]@%%:h'&s 18%11& Blrth%.t
| east a porti omerofidsavidchedai hehe nbnagt the arm Wi ddavage segionehddatialcysil foenaionver t

sai d al kyl ar omay he%ghyfﬂigca@tg% B B BLOE SLLEAT SORLLSL NG ANGAP! and

sai d co-product. n one e east part o aid cyc
imde is renmovedcdrléd®Phe ef fl uent by contacting said effl uent st ream
[ 0016] I n anot h@mymlzgh ment, the effluent streamis not substantially

concentrated prjor to said contacting (c). [0017]1n another enhodi nent, at
| east part of %dé’?‘éi cy @ OPEaPssh: %‘ﬁ‘%ﬂtﬁ“gﬂ’é‘%ﬁﬂ E?rC@B’L‘P&t‘f@%ﬁr}%ﬁﬁl‘H‘“‘é‘f&ﬂhﬁfé’ht
streamw th a sodjubstiaasdlpadabl anCo v enduenthk yrocesadothpssilgitig sepydfent conpri ses a

metal oxide, a met al, CaLRANL e, ANYONINOREN SAL0ANA S ) Chdk fRY/ O an

i on exchange resin. 001 veni ently, sai cyc Icl
gener al for nmul gongnowyd: with(a@yepnd stream comprising an oxygen-containing gas in the plesence ot a first

catalyst comprising a cyclic imide under conditions to convert at least a portion of said
alkylaromatic compound to an alkylaromatic hydroperoxide,

whercin said alkylaromatic compound having a general formula (1)

Rl

/

CH (D
R3 H,C—R*
in which R" and R* cach independently represents an alkyl group having trom 1 to 4 carbon
atoms, provided that R' and R* may be joined to form a cyclic group having from 4 to 10
carbon atoms, said cyclic group being optionally substituted, and R® represents hydrogen, one
or more alkyl groups having from 1 to 4 carbon atoms or a cyclohexyl group,

wherein said cyclic imide having a general formula (TH):

(O')k
RY X
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wherein each of R7, R8, RO, and Rl is independently selected from
hydr ocar byl and substituted hydrocarbyl radicals having | to 20 carbon
atons, or fromthe ar.oups SBH, NH2, OH, and NO7 or fromthe a F,

a, Br, and | VO4PA™S X and Z is i ndependent |y selected“?ﬂ@ﬂ”&@ngw cH2. N,
P and el enents of G oup 4 of the Periodic Table of Elenents, Yis 0 or OH,
k is O, 1, or 2, and 1 is O, 1, or 2. [0019]In one enbodinent, said cyclic
i mde conprises N hydroxyphthalimde. [0020] These cyclic imdes can be used
ei t her al one orin imhich hechprfetemd R’af indleffendetly sthicedlfromniytiioadryl aah dubsé@nede used
as 1 1qui d- phasgyhofg g.%mgamvﬁgmy@éaﬁoogatog@mrﬁsmmmgégﬁm&#y I

carrier to prov et érogengous cat a ﬁ%% cally r'oxy
substi t ut ed cy@Kb@lﬁﬁmdﬁfﬁ@n%HpTdyé@‘leawow thet RyanduRe prnre0DR tonds t 0 15

\tNt (())/0 55:;'%(3 hO/aS REE SR AQoOficht Whnd /@at:lpoﬁQV\End%z 19}11@%)(31\{3611‘[% ot Wom Y P, RS Wt %
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cyclohexylbenzéﬁeemwwf§ﬁ@j%Hﬁ%ﬁ?ﬁ%ﬁ?y“*ﬂ%§E?Ep|%(?%$H5a%5*ﬁp9§9f?@mhﬁded to
the oxidation nedcrdriotic SiepoflEyendits SOk VionQH] hisej I e, 1 khel, oyx| ohexyl benzene
feed or in the tion). . The catalyst is
advantageouslyn[{addec?l m”?%%”%égcfm%ﬁgwgghﬁ%t%ﬁgfgdthe tenperature is

al ready hi gh, aﬁ@cmh%¢ékﬂ%@ﬁ%wbﬂhﬁw@séﬁhwgéﬁﬁthHW@@éﬁ@x|de bot h of which
contribute to the inproved solubility of the solid catalyst. [0021]In one
enbodi nent, the phenol yield ig greater tﬁan or equal to about 0.90,
preferably greater than or eq QI to pbout—0-838u nore (preferably greater
than or equal to about 0.96, Mgt py eferdbly greater than or equal to about
0.98. [00221l n anot her enbodhﬁE‘ —%5ai d &&%yt&omatic conmpound is

sec- butyl benzene, said al kylaronatic hydroperoxide is sec-butyl benzcne

hydr oper oxi de &ithichsnct o B-. %r@&&%ﬁdPédW€%%VW3ethyl ketone. Conveniently, the
methyl ethyl ketongvyi elr6liutifg & @ﬁfﬁeﬂf stl‘éhﬁ&)lﬁblﬁ@bﬁﬂj cyElQ 1@1&2@%1d@1k9@10mdtlc
preferably greﬁter thgn or e

refera reate t han or
Bual 1o 5. 96 RHEBeoIRorS! Aty tgreded oot BEEard SIS sarops st n
anot her enbodlm&ﬁaqmﬁmhﬂh@&Myﬂ@m@@mﬂ&mn@hmmdﬂmeNS%ﬁy@@mhamylbenzene said
al kyl aromatic hydroper oxjde,l & LUGH@REEY! ab%&%gg&ﬂmﬁ‘ ﬁﬁ%%f%{tg@ea%ﬂﬂ Sa' d
co-product is cyclohexanone Conveni ent é@ cyc exanone yil e
greater than ofcCceyarlyié eyt sal. aylargsess HEPV“@%@éﬂ%%m@hﬁﬁﬂdwﬁéqw%d to
0h93 nor e p{epﬁﬁabgymgkgghg&Tthan OL equal to 0 96 nnsé preferably greater
t han or equa . 98. n_anot her sai ro t|c
conpound i s cy@ﬁgﬁexﬁTﬂgﬁféﬁ mﬂﬁd‘fwﬁpu“ﬁ %VT@?@T 8%ﬁ%1 Yene
godSO w9 ; dsahdma@&mgawmmﬁmmnmhydroperOX|de IS cyclohexylbenzene g .
ydr oper oxi de 1 Y| r sai
co-product is @gg?ohg&gﬁgﬁémgﬁ %ﬂ thgL&PQ%&chcﬁgggﬂ?g gﬁgéhﬁﬁﬁfg?
anot her enbodi 8#t congging (@k| yl aromati c conmpound is 1,2- or 1, 3-

met hyl cycl openfoyipenzenshesinddimbeys @as@fmtdfqmmmn@meqwegleveu%}c&mmgl 3-
nethylcyclopenté 1_ﬁgnzene\P rongg sai d £ ﬁﬁg ct is 2-

met hyl cycl opentErfEHE™ SEREFAY &QI“P OBFgm R DT Sﬁﬁfgﬁfﬁ WI?RFF@““ a el

[ 0026] Di scl oseckidesa metpcob@ss afidisr hpdroghu ciriigatphengl andr a isdhideudsed pheno
and a co- pro co N {n a first reactor
a first streanl:d&1t8 r?gﬁﬁ%mg%Egpgyﬁgﬁgﬁ%&%g&?%ﬁﬁggigﬁ Mﬂﬁva second stream
conpri sing an oxygen-containing gas in the presence of a first catal yst
conprising a cyclic imde under conditions to convert at |east a portion of
sai d al kyl aromatic conmpound to an al kyl aromati c hydroperoxide, (ii)
produci ng an effluent stream conprising said cyclic imde and said

al kyl aromati ¢ hydroperoxi de wherein said effluent stream has an

al kyl aromati ¢ hydroperoxi de concentration of from10 to 40 wt % (wei ght % ;
and (iii) contacting in a second reactor said effluent streamwith a second
catalyst to convert said al kyl aromatic hydroperoxide to a product stream
conpri sing phenol and said co-product. [0027] Preferably, the discl osed
process is continuous; however, batchw se processes are contenpl at ed.

[ 0028[ Sai d al kyl aromatic conpound has a general fornula (I1): RI CH H2C R2
in which Rt and R2 each i ndependently represents an al kyl group having from
1 to 4 carbon atons, provided that Rl and R2 nay be joined to forma cyclic
group having from4 to 10 carbon atons, said cyclic group being optionally
substituted, and R3 represents hydrogen, one or nore al kyl groups having
from1l to 4 carbon atonms or a cycl ohexyl group.




Said cyclic imde has a general formula (I1l1): ITI (0)1 in which each of
R4 and R5 is independently selected from hydrocarbyl and substituted

hydr ocar byl radical s haV|ng | to 20 carbon atons, or fron1the roups SO3H
NH2, oH, and R&'U™¥omthe atons H F, O, Br, and I, 6§WH@H”? at R4
and R5 can be linked to one another via a covalent bond each of QL and @
is independently selected fromC, CH N, CR6, each of X and Z is

i ndependently selected fromC, S, CRR N, P and elenents of Goup 4 of the
Periodic Table of Elenents, Y ig70 orco§H, k is O, 1, or 2, 1is 0, 1, or 2
mis Ito 3; and R6 can be any of the 3rtities listed for R4. Said

al kyl aromati c hydroperOX|de has| a gendral formula (1): RI COOH(I) R'H2CR2
in which each of 121, R2Rhqd R \\E 2 fined above in general formula
(rrr). [0029] Exanpl es of sulljabl el kyl anomati c conpound? whi ch are made
into their correspondi ng hy pxi des j¥rctTide cunene, '¥éc- but yl benzene,
p- et hyl - secbut yl benzene, ipkenyl cy€l ohexane, sec-pentyl benzene,

sec- hexyl benzene, cycl opeR Zycl ohexyl benzene and

cycl ooctyl benzene. Preferred alkylaro1Et|c hydr oper oxi des of general
formula (1) include cunene hydrpperoxilde, sec-butyl benzene hydroper oxi de
and cyclohexylbenzene hydr oper oxi de. [©030] For exanpl e, cycl ohexyl benzene

may be produced Fo I:%I atiop .of benzene in presence of
bi f unct i onal &P%i?‘ﬂ}sefc ﬁng 1 elfe&%ﬁ qX/ bﬂ’ﬂ%cﬁ‘?% y E’PW@I &Mt a
hydr ogenati on smbtalited Isdobarag radesichdvingd to 20 dakb&n athag, enftonNbe giloy®30; BB, | n

addition to cy%ﬁogﬁw Qfﬁ]ﬁgﬁl@ato!ﬁ?ﬂzﬁﬁ Bhyagﬁlj’ P@zlcf(}{%ﬁﬁdd%(}l %'d%q%ncﬁﬁt ds]u%enz enes:

by- products such’as c xane; net héw Eent ane;

and different {i88kef %ZFNn%FWIW@PGb iy f bleh o Bariediy Aettly En\@neaztszY isgprar 1, 3-
met hyl cycl openpyl beiuzebe, .fanvenigntly, 1,2- and 1, 3-

nmet hyl cycl open enzene be co ver ted to

met hyl cycl openioﬁhﬁ ZIB?“%“’HEX‘BW"&&?‘ o “é‘r’i‘ﬂdeccloﬁl&vs&‘g&g hé‘f%’ﬁghﬂéf'é@é% bed herein.
Production of Mokl artheeicydic iyidesopeboxicdesher 0@ Ilthe pabdncydfarfoaddioal

nyar oper oxi desfIRL fe b LG, REERANL. RIALESS.ANENLY Bl Akl Laduged oy

the catal yzed oxidation o romati ¢ conpou havi ng t ener al
formula (11): wREd C%P@lt@@"(ld@l-ﬁ@e%enevméﬁ@b’ﬁ Rypica ﬂ’&%hﬂ@thbém@f yakcani ngs

ascribed in thgh@bevendetd B &d ﬁl’ﬂodﬂf bAREAT ®doof %rmalta 161@1% subh&s between
al kyl aromati c @r ecur,sor conpou S in tur own ar oma

al kyl ation pro&&Ys¥g® oyt éx%%‘?’te/ fogppt éﬁ@ﬁ‘@%ﬁf&? f({t})’c?roéﬁ%r/ b%i e 4 §

conveniently peo. odused! b;% omhmt&tlbnlsaylbefnzdnlaelnsaeceﬂmthyﬂeinteuhzeymEac ipic@durelst is
resulting fro resence of
sul ti 9 n%d&igpto% e@]d@’&onqgﬁcﬁ on %g g ﬁi@%%lvb é dlt;' el hellntg?g CQH{ ?Bgn%‘sﬂegacla 0??

an MCM 22 famly cata ScCri rnattona te
Publ i cati on Nothe m@@m’e@i%zwml@wqﬂarﬂhvCatéx;*él*@ﬁ‘@w%eb@hz@ﬁ@l thyigrressémoxi de

i's convenient| yed, oawdhcbyemfa@% llpalrejdytlhal cyal o«h&ayth@@nze;n@sem Qsiict
resultlngfromthe %rg%\/é(ylacﬁjlon of Ef ene |n ch bi f uncti onal
cat al yst corrprli‘ygioﬁﬁo 331ch SARURIe R (e dpnraed %q 1&?*81 @Pdgenat i on
nmet al , such asjooagcr ibesk embddinbnt, Rat ghaiiol Nﬁ):lq ﬁ,g)&?e,rﬁliaa or Siqim! |t@ bk ooesses
can be used to BERHY ER bR Dl D DYSLORSS eIk dPhreiBhaS: GTRIOUSH TN Lhe

present proces
O 96 most preferably greater than or equal to about 0.98.

10022] In another embodiment, said alkylaromatic compound is sec-butylbenzene, said
alkylaromatic hydroperoxide is scc-butylbenzenc hydroperoxide and said co-product is
methyl ethyl ketone. Conveniently, the methyl cthyl ketone yield is greater than or cqual to
about 0.90, preferably greater than or equal to 0.93, more preferably greater than or equal to
0.96, most preferably greater than or equal to 0.98.

[0023] In another ecmbodiment, said alkylaromatic compound is cyclohexylbenzene, said

alkylaromatic hydroperoxide is cyclohexylbenzene hydroperoxide and said co-product is

-5-



100321The oxi dation process enployed in the production of the desired

hydr oper oxi de general | y invol ves reacting the al kylaromatic precursor wth
an oxygen-containi ng..ga in the presence of a first cat aI st Coﬁﬁ“ sing a
cyclic imde WRHHE™R™S general formula (111): (0)k X (¥ )iS?r‘”?’ 49111 (0) 1
wherein each of R4 and R5 is independently selected from hydrocarbyl and
substituted hydrocarbyl radicals having 1 to 20 carbon atons, or fromthe
groups SBH, NH?, OH, and N2 or fromthe atoms H F, d, Br, and I,

provi ded t hat Réklandndbp. Carveliently tikagcdolie@anomeyidnpharr thinar aqueloy edoett90bond;
each of Ql and e of X
and Z is |ndep(g(%rér?’?yl%/&(Eicse ]%191 cgﬁl%l)(o 7 %%%pqé%—ébq}mﬁ%tg%hc? uglr?grﬁ)?ga&%l G oup
4 of the Peri odfeter &tﬂl@teoﬂla@léwh@ﬁ()gY isOor OH kis 0, 1, or 2; 1is O,

1, or 2; mis ld@q3; mﬂmﬂ@ cmBANIRG, ANY amlaxbmamec@ﬁlb&in@% Ayu@ﬁe@plbén%ne% and
wherein said contacti n nduct ed under cond g{yf to .convert the
}’c?%‘f‘ ai

Al kyl ar omat i e domdburd el EHUTAEErTEe Ny d) 53 WBESFOSRERIER | y,
the cyclic im dﬁ:ldhéxylbh&uﬁd ygtop@atidel ys 1l 2hasl, -hehgeaepaty! bateaw lparokilidyand

(0) 1 wherein each of R, Rs ently selected from
hydr ocar byl ga bpsl?ﬁftdstcgalb%effarogec%qul%y(fl3 dhy%‘fqu%qg%%n 1 to 20 carbon
atons, or from[QU% grioupetheOaHbodiont. GRid alﬁﬂalWICorCOIflm@ndtlhelétomlﬂ F,

a, Br, and I, ngagl c@fpcr&&l@algmz | Qi n%ﬁﬁ&gﬁﬁt Imdl%gél%&cedmf rps0 Cor 8130H° N,
P and elerrents of of the Periodic Tab nts; Yis OH;

kis 0, 1, or élﬁé??ofgit% bepzeng pch’fld@Za“d[b@éS%]’rP?Pcblh% Oéﬁb‘Bﬁ]ilyt]Fé(ﬁ]f’pC“iaﬂ‘émcycl ic
i mde conprises N hydroxyphthalimde ("NHPI"). [0035]1n another emnbodinent,
t he oxi dation bﬁﬁmﬁ‘ﬁ%ﬁmﬁmﬁgﬁﬁﬂ ERIB%)%X/&!NTCS imde in the absence of

an additional utyronitrile (A BN).

[ 0036] Sui t abl el08¥ndi tRiestesed vra réressoRi praduciva pitnelpor nebgitecdapiceripat atcar e

bet ween about Zl@gﬁcaaﬁinpﬁgﬁ)é"ﬁle gt@@@f (i Bnbho@ iRROME QG £ @saRoM cokPBbng ANd @

pressure of about 0.5 to about 20 atnpspheres (50 to 2000 QGa). In one
embodi ment , t hakB¥Pmeese icomPorah i & secew %Wéﬂ?@‘h‘% VA COROP e nE $2aindby al ytic
distillation upmstcnccﬂﬂa fipe lcatflgs SoORME b $§ B irhific kx&lpxt colﬁﬁh@MltdSﬂ%crps[t&éaal‘aam y in

the range of 45-3500 nor referably in, n g tQm nimze
the formation B N AT Wk lBa %‘g%te“”“fi% DEG At G

reaction occur sfﬂvemt ﬁl e#m ﬁ@@pm%wb pycma peidcaind shid @leméw@l lydirpgyexideedisteinon

whi ch takes pl %ﬁ%fﬂt@nt@tr@a‘ﬁp&ﬂ% LIRAGL:Rtic hd¥6hefdkiiS LontSRGIRLF KR 1HS HNRyOT a
series of reactors or nore reactors in parallel. Additiopally, the

second react or YA Ak é‘bi (’b‘éC‘BH@mé i peeap fagorgpid F@ﬁ‘fﬁi greamsyth e ot cafiple
reactors in pafoabilvett said alkylaromatic hydroperoxide to a product stream comprising phenol and said

co-product.
[0027] Preferably, the disclosed process is continuous; however, batchwise processes are

contemplated.

[0028] Said alkylaromatic compound has a general formula (1I):
Rl
CH/ oy
R3 H,C—R?

in which R' and R? each independently represents an alkyl group having from 1 to 4 carbon
atoms, provided that R' and R? may be joined to form a cyclic group having from 4 to 10
carbon atoms, said cyclic group being optionally substituted, and R* represents hydrogen, one
or more alkyl groups having from ! to 4 carbon atoms or a cyclohexyl group.

Said cyclic imide has a general formula (II1):
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WO 2010/ 098916PCT/ US2010/ 021949 [ 0037] The oxi dati on step converts the

al kyl aromatic precursor conpound to its associated hydroperoxide. Fbmever
t he oxidation process also tends to generate water and organic acids (e
acetic or forWP28EMHI® as by-products, which can hydrol y2¢"tRE’ gﬁ?ﬁlyst and
al so l ead to deconposition of the hydroperoxi de species. Thus, in one
enbodi nent, the conditions enployed in the oxidation step, particularly t he
pressure and oxygen concentration, are controlled so as to maintain the
concentration of water and organic agbds in the reaction nmedi um bel ow 50
ppm Such conditions typically includé conducting the oxidation at
relatively |ow pressure, such as bel 300 kPa, for exanpl e between about
100 kPa and about 200 kPa. sepver, gl t houghy t he oxidation can be
conducted over a broad ox¥gen C eeﬁtré\jon range between 0.1 and 100% it
is preferred to operate gt relatyvely | gWwoxygen concent@ati on, such as no
nore than 21 volume % f exanpe_from about 0.1 to about 21 volunme %
generally fromabout 1 to 10 V2Eune % pxygen in the

oxygen-cont ai ni ng gas. In additton, i ntai ni the desired | ow | evel s of
water and organic acids is facilitated by passing a stripping gas through
the reaction nediumduring the oxidat®bn step I n one enbodi ment, the

stripping gas is as xygen- ¢ ai.n t her

R it e A e e T T B
and is inert t bydrdverbyleatidaisdaving diokth camhadn dthres, oyitém dtelgmunl@(bélt BHy $1H, aSUl tabl e
stripping gaseﬁo'BPEHQ%mzﬁ%%%{Qa%ﬁﬁm éthméﬁmQQL&@ﬂhﬁﬁﬂsé&QQﬁmthQ%ﬁlAn
addi ti onal advant age of aﬁgra i ng oxi dation process at w pressure and
| ow oxygen coné@ﬂtet HE R EAVEERtL B e@‘t‘t @fﬁbu%ﬂ@ Qrat 'é?eP%!Wé"BrS@léﬁ?dcﬁ%Fd§H From the

L egct ion meg' ;szf sach baﬁl(; ahd zg.tatndmédcreewe@mcd@n( ehsg CH,, &t yld eQPneﬁEIr)]fh}i bup 4 o
ydr oper oxi de t t n ydes
(e.g., acetal dé bdﬁT %%ﬁiﬁ”gﬁ Ofgg'k gb. V anOI(aj1e fzrng % cfrom

the reaction pR%dubtewaﬁmtheW@emedﬁmRned Thus Ilght hydroperOX|des are
hazardous and pose asﬁﬁfaﬁwmﬁlgmgﬁn értm&eh&uoeﬁementfaw on in the |iquid
product becones too high. R hydr oper oxi des, al cohol s, al dehydes
and ketones are precursors for ormatifn of organi c acids and water so
that renoving these species fr OX|dét|on medi um i nproves the

oxi dation reaction rate and s ty nd YHE stab?$|ty of the cyclic
imde catalyst. In fact, data t hat eonducti ng oxi dation of

sec- butyl benzene wi th NHPI att’100 psi g (?@ B nore than 99 nol % of

these |ight spwhﬁ-ﬁ eécn@fmakearndtzem %fﬁl&%b@lﬁﬁ%&ﬁl%mlumﬁf)eas at atnospheric
pressure, nore than 95 nol % of these species are renpved fromthe oxidation

reactor. | 0039!"?4?(13 proyERles of stfke GRYaERTEh PBEVRTSNICh ArudRds tHe s r ed
al kyl hydroper@m@en&nggehﬁmpemm& umme@ect etdneat kYJe&bﬁﬁlﬁétizﬁleCOﬁm&Uﬂdsec

PLgCg;zlor CaIn?n dpéyqben en? L m ?4 th Plclohéxane séc pergﬁl\énenzcne dblecs I%el)'gslg%czienge dOW

yst ang econp 05|t|
et hers) can ac%@ksmaﬁpmweowy@dutﬁ@MUmmnsdﬁﬁéﬂﬁW@&@@Wongwﬁgutnmw@bmmN
hydroper oxi de g/ %?é’@pg@es JYOLROM BN @) GMRhiE Cuhdit ct@dtoen%j [ Qchgr/xpensi ve,
making it desirable to renbve and/or recover and recycle the first

catal yst. Thushydfopergideandgicippsypezencdsdrpeayide to treat the ef fluent stream
fromthe oxi da[tmxum PIFOC eaSiplOcycRi®Ry Beiitbnel @&sbe patice® by tdmehﬁly@hdyeummtde of
E)Pe ¢ Ller ﬁ; d?g:’)gtl)’% Zene, i nrpll ﬁqgncg &l b%%*tc%r fal 839al%%codnpr1s1110 an El\/]sbr 1imly m(o)lecu?{x? slg\lzeeavage
renoved in a gepama@eamewsewwthamaﬁ§@ﬁ@%ﬁstHéhﬁﬂ@ﬁb@heﬂﬂﬂﬂ%thUWd@ankbn
reactor and UD@EIB%%&EG& h)%nz%t@eclgfﬁlq’al 18%)(@@@1;16&%@&%9 odlAEsuBY QQF}Q@;hernet he

oxi dation reactor nmy al so include phen Icyclohexanone as wel

phenyl cycl ohex8giBlicyelppenippse cI@SW&@@WF@%EW%r atd| eaditferpdrt HpmEhe  of

cycl ohexanone mayideoganwertednd@ighenytcyt hehekangeaidenadne| eastnigayt of

t he phenyl cycl ohexanol nay be converted to phenyl cycl ohexene. [0040]1In one
enbodi nent, treatnment of the oxidation effluent streamto renove at | east
part of the cyclic imdc conprises contacting the effluent streamw th an
aqueous solution of a base, particularly a weak base having a pKb val ue
greater than or equal to the pKa of the cyclic imde of the first catalyst,
whereby the imde is extracted into the aqueous phase, |eaving an organic
phase which conprises said oxidized hydrocarbon product and whi ch contains
a reduced level of cyclic imdc. Generally, the extraction is conducted so
as to reduce the level of the imde in the organic phase to |l ess than 100
ppm such as less than 50 ppm for exanple |less than 10 ppm by wei ght of

t he organi ¢ phase, while the al kylaromati ¢ hydroperoxi de of the treated
effluent streantls not substantlally concentrated [0041]The use of a meak

o Y Y o, .



[0047] Testing to determne the nolar ratio of chem sorption of CO2 per gram
of nmetal oxide to the chem soiption of NH3 per gramof netal oxide is
conduct ed usi ng a Mettler TGA SDTA 851 thernogravinetric analysis system at
ambi ent pressiPE" PR et al oxi de sanple is calcined in ‘t‘t%&?ﬁ‘tﬁ&“’dt? to
about 500C (except as noted in Table 1) for about three hours; at |east
until a constant sanple weight is obtained. The tenperature of the sanpl e
is then reduced in flowing air (heliumcould also be used) to the desired

t enper at ure of ichend sigr phétigicycibiexty|beizbie sayTpk econrtal toweohot endeQuiahd Br at e at
the desired te t i [ misorption of
carbon di oxi de%%y%%&g glttgéngngdy%%%%a%% a&&m%td@%gso tgitgs Pg%dg}g@ gmmnl ais
measured at 25@dugg 3 : KIS sanpl e is subjected to a nunber
of pul ses (abogm3ﬁ2 Sﬂ%ngﬁhﬂﬁqéﬁ%mﬁ&oﬂaﬁ%QMQy&mxh%ﬁﬂ%&Q@k@&@b@gﬂhﬁhyUn1and
ei ther carbon dioxid nia until a constant wei g tai ned. The
gas mixture comf°4r%d b?éHB‘iJfataiﬁeﬂl/\éi“dﬁ’tm 8 AR Y P B AT B’%ﬁ ‘“§r QESH a wi t h
t he remai nder fhesulagnhel ium After each pul se of the gas m xture being
tested, the netal oxide sanple is flushed w,th flow ng heliumfor about 3
m nut es. About 20 separate pul seg the g m xture is used in each test.
The increase in weight of the ms of ny/gnnetal oxide based on
the netal oxide sanple weight ajf I Ci ngtlon is used to determ ne the
nol es of CO, or NH3 adsorbed per of pmt-al-rdXi de. [0048] Mol ar ratios of
chem sorption of CO2 tqg the chem sorption of . NH3 per am of sorbate for
some represent a1F¢8 Rdt ard Rypaehs peeingsaseibed glﬁ}éfvﬂl?OYertieg‘%‘l“é’f generphigranla

Mat eri al Test ednEal ik niddyla@matie FREwE WoRpoukd GO T NHS plohesd 99 Tinbwm aMalasd Rati o

Tic2 700 0. 33 V%%atton roceqs%s 07F(|)'1a62x0a§1 lzoosecqbu§§t)etll‘zetltes 119 IOpSGQOQ(IdQ 1%200'ﬁ‘lvea93mly500
0.75 NdA1POx 500” P P Y

produced by oxidation of the sec-butylbenzene product resulting from the alkylation of
benzene with linear butenes in presence of an MCM-22 family catalyst, such as described in
International Patent Publication No. WO02006/015826.  Similarly, cyclohexylbenzene
hydroperoxide is conveniently produced by oxidation of thce cyclohexylbenzene product
resulting from the hydroalkylation of benzene in presence of bifunctional catalyst comprising
an MCM-22 family molecular sieve and a hydrogenation metal, such as described in U.S.
Patent No. 6,037,513. Similar processes can be used to produce the other hydroperoxides
that can be employed in the present process.

[0032] The oxidation process employed in the production of the desired hydroperoxide
gencrally involves reacting the alkylaromatic precursor with an oxygen-containing gas in the

presence of a first catalyst comprising a cyclic imide having a general formula (11I):

(O
R4 X
NN
i /N"'“ Y (11m)
R QA\‘Z‘
(0)

wherein each of R* and R’ is independently selected from hydrocarbyl and substituted

hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SO:H, NH», OH, and
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1.04 YA IP Ox 500 0.86 PrAlPOx 500 1.05 MgO 700 1 | .47 Y203 700 14.95
100491Met al oxi des suitable for use as solid sorbents in the cyclic inide
extraction step include oxi des and m xed oxi des of metal s _of C}oug

3, Group 4, LANAUNTGY Series, or Actinide Series of thé‘ﬁ@#?%&@%'%able of
El ements. I n one enbodi nent, the sorbent conprises two or nore neta

oxi des, preferably one (}oup 4 metal oxide and one or nore selected from
Goup 2, Goup 3, Lanthanide Series, and Actinide Series nmetal oxides. The
oxi des can be piGepalfred thsitogs H, WaﬁjﬁﬂymbﬁpMQMhbMSE{ahdhbughmgmh@ﬂmkMy are
prepared by coqmﬁmmfgmt ot G0A e Br SEUESOLaln RERCLRLLARL R, LHOR

sol ution and/ or clnation recursor |nc

as hal i des, suﬁﬁ%ﬂqﬁﬁ0f§ﬁ@ééh&%%§m¢ﬁéiﬁ @dﬁﬁpﬁr%ﬂé%blBﬁvbﬁm@ﬁ$d%@wup4
al kSXI dgsban? %ﬁ{ﬁ& AdiR8ic Tﬁlﬁko&@lclnﬂn@ﬁﬁm @rbb@fh R0t 1, of NEisOBL 3} 2; %1%??01 §]%dh
produced by firgt preparin uid sglution co isin sa e
metal in a sol Veft" cﬁf@geﬂé?%P“ﬁfﬂe r@?dﬂ?ﬁﬁtHEBWU%Q%“‘S%mTﬁ@§“§EbJected
to conditions sufdftiond te tdnvérothe@kideonpitie ainpbing ttd tbadesitedthipdromalxidd. oxi de
material, such assby f I t cally a
base such as sgggd éﬁﬁ%%%%%hggwgﬁﬁ%%?g#EQﬂ E£§§dﬂgﬂﬁ%gg%?%ﬂwﬁ¥@b utlon IS
general ly maintained at a tenpeRatureOat or bel ow 200C during the
precipitation, for exanple in the ran of from about OC to about 200C,
such as from about 20C t g, about| 100 he resulting gel is preferably then
- 13 - hydrothermally tres erature of at |east 80C, preferably
at least 100C, for up to 10 sUCh }g 5 days, &9{ exanple up to 3
days. The resulting materi al en re for exanple by filtration
or centrifugation, washed,~a Thpvresultlng particulate material is
typically then cal cined, giormalfly in oxi di zing atnosphere, at a
tenperature of at |east 400C, duch asf|/ffrom about 400C to about 800C, for up
to 48 hours, such as for about W5 hours to about 24 hours, for exanple for
about 1 hour to about 10 hours. [0051]O%hen two or nore netal oxi des are
used in the Cy@hér&n egahdgt ﬁXtI{Sa?{blﬁl@ s gp nndg&ﬁ&'enﬁa)(el&'tehhﬁ{m l?l drocarbyl and

co-precipitated or precipitated separately a nbi ned each other at
any |ater stag8byfuighiydessivhgdrschabae gy 2é2§aré931 %E‘Pﬁ*fe@l feo) tih%lm@%ns P dg1.
100521Sui t abl eoHOdMd BXG baR@Gehé &5hdS, K, Of, BUSK BSach bex 5Ql7 idind@lhRidy scloGtude

those resins from C, S, CH,, N, P and elements of Group 4 of the Periodic Table of Elements; Y is O or
OH:;kis0,1,or2;and1is 0, 1, or 2.
[0034] In one embodiment, the cyclic imide comprises N-hydroxyphthalimide ("NHPI™).

oup

such

[0035] In another embodiment, the oxidation reaction is conducted with a cyclic imide in
the absence of an additional radical initiator such as azobisisobutyronitrile (AIBN).

[0036] 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 0.5 to
about 20 atmospheres (50 to 2000 kPa). In one embodiment, the oxidation reaction is
conveniently conducted in a catalytic distillation unit. Thc per-pass conversion is kept below
50%, preferably in the range of 45-35%, and more preferably in the range 30-20%, to
minimize the formation of byproducts. In a preferred embodiment, the oxidation reaction
occurs in a first rcactor scparate from the cleavage rcaction which takes place in a second
reactor. The first reactor can be one or a series of reactors or two or more reactors in parallel.
Additionally, the second rcactor can also be onc or a series of reactors or two or more

reactors in parallel.



conventional ly enployed for renoving acidic or basic species, such as
Anmber | yst exchange resins. [0053] Suitable conditions for the cyclic imde
sorption with a solid sorbent include a tenperature of abgut 10C to about
130C, such as"280Wt"™8Yc t o about 80C, for a tine of abodtt™VSMHAE 't o about
30 m nutes, such as about 5 mnutes to about 10 m nutes. [0054] After
renoval by the solid sorbent, the cyclic imde can readily be recovered by
washi ng the sorbent with a polar solvent, for exanple with ethanol or

acet one. The r ¢®ad¥er ethei miidhgorc arp t heverthehe etkycloedtid pretiver ooomgatndor 8¢ ep,
with or withou r t he
presence of et hgﬁcgdf& hyﬁl%gé? ﬁ(ﬁle o %Qgélgs&ﬂiotén%%é%gg Iha t? gn%%&ﬂve&%%{\%atl on
activity or seloweti¢ %q“t*ye ef dqeffi‘emrfe'@%fceﬂ af PBf*Ert’d‘t@fdt‘alflil’stan hygrely espbe el

G eavage [OOSShMOH%qn@&%@M& &Iaeal\yatgger&tcenp&fegth@w R @&eéﬂ'ﬁaocﬂﬁtgﬁ%%s is
conducted by contactin | east a Elortl on of th@ ated or treated

ef fluent streaf" F8H ¢ 18106% dat oKy, StHibr FEF r13éf %rplfqé‘ffﬁvaé 8¥¢thhe
unreacted al ky bcanli:mtl’aﬁdnpat@ct‘oeﬁtul’e&m’as'ftt!)mmﬁlmﬁGf@tcﬁtﬁétﬁraﬁd’me)fa{hﬂmydnabtgﬁlﬂié acfdls in

hyr oper oxi des f sty.eam akoye 0 %, 80 w %
or 90 mt % andlthgpr%algg(na dikg af te lg\fv % ‘%)t regf“%ﬁncgofé?n t%‘flf%ye\r,:ptic{?d rcg%td\rlnét %tr educe
the level of cyefitien iltrwleteclty@w e@surp raeh 2 0doppi kRai fohexample bonerncheuall §fst

[0056] I't has beendnsxpest ks et mﬁltvugthhﬁb SiBANAGE bE@@ﬁl{Idt&irbv'cxsa PREE
efficient when the oxi dation effl uent r@s a concentration of 40 wit% or | ess

of al kyl ar onat PESHYPBFETHRT §a boimgeighb e b i R AT 4R OB UL LT BHCEIM uent
streamw | | hav;ezgancoad:chwtan Ot dsmo hiyals cmn:eanxwtm %Oﬁ)@@XhﬁprB:tﬁc@fﬂalﬁ)ﬁt draml to
40 wt% from 5 ¢t Yo, | 9 ° from 15
to 25 wob 1t ronc pinty LR el 10 Mol IOMAS 40og0h : B0
produce an oxi elatanang gef. fIh gédigonyingibipining He slesirgd leyllevels nﬁtvilter alw dicoperokide

concentration Eanges oy aidnd & sdighimdreef @fot@tind Radiod nedlmumltmxedtfdntt t not
be substantial|ly concentrated prior to introducing the oxidation e fl uent

into the cl eavAg¥®rEAUEML “fcrt“tﬁfﬂ‘éb BHOOUF RS th%Y%flﬁ%t%f‘Wt & another

hydr oper oxi de ésboditirenec kyiohigpes oxiifttent from anokher-carindg gaedid is hbreto the

al kyl aromatic 0Xi ut ben ] ln.still

anot her enbodi %C%f)g%‘gfmé rﬁﬁthf rcgcma ecaﬁ)}’dtr e%pié%%xbltrg)éqé gggy@ é&eyl Henzene

hydr oper oxi de. SUFIGGBIVI}WHndHétdfxelt embodi ments, the oxidation ef fI uent stream

may have a Iow@bssﬁll k Y e @iiBial ﬁivtxﬁfgl’énglge@%thgﬂleQQQQtﬁ)ﬂtphﬁgdxQﬂlo@fplébgtf?mr;'d w% 5
w% 10 wt % 1ﬁ wo% 15 w% 17.5 w% and wt %. and the up

al kyl aromati e Vdf"éfﬁféfr%’ﬁ‘featé‘me‘brft}‘eﬁt’ r%t’tPPIBn YRy % OZIG d\’/flt{“%fm?‘Sthf\/tr@/b““?? 5

wt% 30 wt 9% 3@edbunvvs Yhat Bt Wd¥GperBidd e\, Uhylaun ehethQl hythUparddida), ﬂl@lfﬂgetSnefs («Qdn any

| ower concentr an o) oncent rati.o b e/ | a 0058] I n

one enbodi men tx%ét{l(?eth\é(?(ﬁton% 1i I?tta?dléhy% I’% pdcretgliilelgge)lagd i ’%{ cﬁcop%)ls eghdr}opd

concentrat ed iwmpyed feofrf theewtcﬂ@t mebtnfp pt ithsy ateofoirprdr obhue iligly ltyﬁlepewdeuem

streamor at |@asiou@aRQld ORr8fcobdif @fhtlt Hﬁ@énu%oﬁ@@tm t@mt 8! RBHAI R0
reactor. "Not substant |£I }Ify concentrate ener al defined as

mai nt ai ni ng t &g ofient xdamelafldtbhawlkydét%tfgt prd kR 5 F‘otf%rpt?ﬁ‘f‘ e foh tehe

oxi dati on eff|fueftiosbf e@mlcf atlistaad thher 6 aay ageving aefcospeddst finn tha ck@%idhange of
t he ori gi nal K mat i.c I n i dat,i on
ef fl uent st regjrrn%% bR OVCQt th1e ldggate?lér?gsgggmc Pe%im% a'?‘iqttljlgtqra%[’try G e C?’Closes
only, if the alfl]@&ﬂtelmﬁt Incladtyddtagrersabat geencombietmizroatdition OéfeCtbhfelbmﬁltsfatlfhon

ef fluent streagmm@xt §dondic Cih@ 1%, Q@Feltﬂﬂ o0 GRPY, QF thiR 1128 PG at VR trBifain in
al kyaromati ¢ hydr operoxi de peroxide will be concentrated to no npre than 22

W% prior to i'ht redtfci gt a@f‘fSPﬁEﬁﬂ"eﬁ”f edifot @bt 048t T 4" PO rRF6h #5f t he
effluent streaﬁh@edﬁheﬂebeamag&wnaactor for the effluent streantto be
consi dered bst.ant | oncent r at enbodj nent ,
t he alkyaronat)[?(f@ﬁyd?%3 r§§léﬁgcom m?nr%?“mln$ %%ﬁ%gn HmbﬁmFle
ef fl uent stredpaepei ortht erdaeied aliuleiongtia hempofifid m@nltlsogt%éamlm igjtle [ceiagt a
portion of thegfeld Ugnkiists GRMLOLUNE 16! BAYAGRIAE RARL® and 1R T1cERRpEdA! | Y
concentrated" is generally defined as maintaining the concentration of the
al kyaromati c hydroperoxide in the oxidatipn effluent streamentering the
cl eavage reactor within a 5% range of the original alkyaromatic
hydr oper oxi de concentration in the oxidation effluent stream|eaving the
oxi dation reactor.For illustration purposes only, if the al kyaromatic
hydr oper oxi de concentration of the oxidation effluent streamis 20 w %

t hen the al kyaromati c hydroperoxi de peroxide will be concentrated to no
nore than 21 wt%prior to introducing the effluent streamin the cl eavage
reactor for the effluent streamto be considered "not nmaterially
concentrated.” [0060]In still another enbodi nent, the al kyaromatic
hydroperOX|de |s ~not essentlally concentrated |n the effluent streantprlor
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[ 0063] The process of any one of the preceding clains wherein none of said
al kyl aromatic conpound is renoved fromsaid effluent stream prior to sai d
contacti ng (czV h0064 The second catalyst is selected fromthe ﬁ’d

consi sting of ous catal yst, a heterogeneous catt&iT{5eYy 941‘1’1 Xt ur es
t hereof. The cat al yst enpl oyed in the cl eavage step can be a honopgeneous
catal yst or a heterogeneous catal yst. [0065] Suitabl e honbgeneous cl eavage
catal ysts include acidic catalytic conpounds such as sulfuric acid,
perchloric aci grodpitogpitiorid etags)dsan tnydﬁb@ hdomm' © a&eidwandarp- réa@dlanen@sulat oni c
acid. Ferric Crtlll é)gpledel’dc qea(ze?e M{)llegvey% c‘13’1 n%(llje tenlzi tocbI elgl%eaftq]a(ti( §"'{ desna le
trioxide are al$o CET vV honog erieous feava e ca he preterred
horogeneous cl étavag@ ae@ttlabcybsetr dn%re@tqlefﬂ@rfutt cydist, Thm tlthmbrnelﬁtéhy bﬁddesnable to

concentrations tﬂeeﬁ]tht: @ﬁuéll@-ﬂtgﬁll Qg)m Qte gylédJﬂQH [Qoé%svt\@ ré?nox;glﬁe;ﬁ{ ﬁﬁ‘é@@@cﬂbﬁﬁﬁﬁde@p can
be carried out in either a continuously stirred tank reactor (CSTR) or a

bat ch react or, RHHoBHYSripHe ptssege eidhestfug afcamdg e disvaee eohesbidirasiedds el ude
acet one, net hy o petehyd mkbethaae thdﬁcylellc()ﬂﬂﬂx RNA@NLed i€ Sdparit téskdl elat inddemareeh bane,

gﬂgng: ;(E:;Lleghéglg[fg@? ox1dat10n 1eac§(£1 ang upﬂ?eatmaotﬁt{neﬁ s%c 88 c}éiv(ig/% 1e?ct01 The Prodtgutl)ffﬂ&e ic

acid used can emi@tmelrlctp@l Ay @@nmém" pla:médclp%amn%wll ﬁmhmyéwclvhqxwvll Uttee f orm

(5 - 50%in a guiiabbior, 3PIHERr aumyaéh&tntt@&{%tttae@a)cmdqo%ﬁeﬁ@gfcmaéﬁéI on is
carried out in the tenpérature range ressure of anbi ent

to 200 psig. R@gtaa‘é?f&@”tof %pttstyltyclshcxaﬂsbn%bﬁ ognyerigy @fpé?WlﬁkathS’fC“% gh
conversion of oy opem O¥d d@oanﬂntgmdmstedfel&tdxwaﬁoyi cfotet&k&@Hﬂ@@cnﬂfvé)dtUl@Js When
sulfuric acid i S, U ‘ eneous. a | dfﬂcat[a tin &, Neut ralll zat% on step
normal Iy 1ol | ol ¥AE Sl STRARIERE B6k Snfilh Al B AR BUINAT

i nvol ves cont abise, mattlhulalytﬁawats b@@rﬂ@b\n@mpr sdehg la@e@l@dloumt@atotshmﬂtaeofdhe sodi um

phenyl ate, w tR gubsgeavent rRetidyNvRRL, HRGARE INkibQEd MRMY Bhuclus phase, |
sal t-enriched aqueous phase. Alternatively, neutralization can be realized

usi ng stoichi olfiting & %fﬁ%‘ti:nfthat?f W]b?hg%ﬂ‘ﬁpb‘%éﬁi”ﬁé%‘dg%’f‘?’ depcarbiofy prpghist andypliely t ut ed
anilines, dii samrae@yll radicgelcvd bf efchy infag. nebncﬁﬂﬁ; tht{ @Jﬂ%ﬂoﬁsm toablced so as to
heterogeneous c far .use.in the.cl eavag Kk

hy t hoper oxi de | g uce ltllygevgl n@é‘ e ugnde i tp)e 01gamc chhﬁ\e (SR tgchcllﬁb m, succbt n':l)el’bbl t]himOSrgll te
si | i ca- al um narmh, dy examplaes ¢ b@dpm rbylweght chalteemmlehd%d V80 (h2 2ikylagmipidi ¢

i on- exchange r%ldﬂg‘m)(l@e & 1he tmfﬁ%ﬁtsngaﬁ')u n&%s@ﬁtﬂf@ &Hégnﬁ'h&ior' de.
[ 0067] Sui t abl e hetem}_geneous catal ysts include a m xed netal oxide

catalyst. In s@ B tit 5 WeaknES qringiag cHetion odhegiideatahy Sist eyt iSses one
OL nor e OL an Q:)ﬁl:rdlﬁ_y (Q:fsnaafe stcdTR vadk tfat@m&ar tho&aabz&dea@ﬁboalau&ahe%ntm 14 of
the Periodic T ement s n mho er.ogeneous
catal ysts furtaf%e%r exm?ﬁﬁ)t‘ |11§%§]§n L(1)e>?}“d%h°mf ‘gt“m “{é‘%é‘t%‘ o%dée tﬁ%@ﬁ‘?b rg'ﬁb i ugs 8 to
11 of the Periadiochylalgkbrecafonithestetisllvemtadali swehcagwnanarbor dedrefen carpmatand/ or
copper. In stillyRLheinehadi ments, the m xed netal oxide catalyst includes
an oxide of at |least one nmetal from G oup 4 of the Periodic Table of the

El enents and al%ki ddhoromitiopprst gyl Wé‘{‘)cafmlf'er gHieo8uFrencst NPtk Perlodi c
Tablle of the Hoem®Ri sut geibradliy efcaidE edenq;gbmcti mﬁtts 10°bhe dm%g@tcnatcahsd%mde
catal yst conpris i rcopi.u e.and an ox e and/ o
tungsten, e. g.i,O &% é’ogt &ét ttjﬂrle%(lg? ShRATIOR Y& \7@‘5? r% ugg/nﬁm’ée? etc.).
[ 0068] I n one eqivt:auzjdiOn!emtlteq tshady a¥i sbed Srreltnates (btxaldﬁet (t(atfaltu;est Ths acomveritesst | y
prepared by conBifbdéh AcfekbrRbiod &t&}llsdno%%f&tJu%yemséécﬁ?o% ﬁ“lea%ﬂ%'@%h?mﬁ&' ution,
conprising a source of ions of at |east Oone metal from Goups 3 to 5 and
Groups 7 to 14%itihofbasde BHeE Fichat bitosmeles Bhese geandlc direticdeidanSestidbus

sol uti Olnl COWpthd [suttﬁaxaé@auﬂ g@in@ExtiaOG Ohaxahizé @@t b@!ﬁ@en@i@hﬁseél met aI I and
optionally wit thi,rd solutio risi 0 Least
ohe Group’s"t I8 ot St OB dREbEh Mhan B G Seud MBS’ Bt ons
sufficient to walgenaydepraditi pidvatd bnaddifyag rthmdeoomhdee frabenipl withsaceticsol i d
from the |iquigimedi i demn@l i Xﬁén%ep&hﬁ@n %@Mrtﬁ@acf?t@ouk QhRe, %r E)Qﬁtpl@%ryal (S)
from G oups 3t05an G oups 7 to 14, the source of ions of G oup 4
nmetal and optionally the source of |ons_9{_the Goup 8 to 11 mstals may be
conbined into a single solution. This solution may then be subjected to
conditions sufficient to cause co-precipitation of the solid m xed oxide
material, such as by the addition of a precipitating reagent to the
solution. Conveniently, the precipitation is conducted at a pH above 7. For
exanple, the precipitating agent may be a base such as sodi um hydroxi de or
anmoni um hydr oxi de. 100691The tenperature at which the liquid nediumis

mai nt ai ned during the precipitation is generally |ess than about 200C, such
as in the range of from about OC to about 200C. A particul ar range of
terrper atur es for pr eC| p| tat| on |s from about 20C to about 100C. The
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however, found that the cleavage activity of the catal yst can be restored
by periodically rejuvenating the catal yst by washing the catalyst with a
pol ar solvent, such as acetone. [0074] The hydroperoxi de cl eavage reaction
of the presentO AV %n i's highly effective. In the cl d&/AG&! @?”We

al kyl aromati ¢ hydroperoxi de, the phenol yield is greater than or equal to
about 0.90, preferably greater than or equal to about 0.93, nore preferably
greater than or equal to about 0.96, nost preferably greater than or equal
to about 0.98. flfatibn ¢respécgatitio the hecipieqirode aby, prdodiad ed recidid t€ihe pridduct
yield is greatgf than or equal to about 0.90, preferably greater than or
equal to about 0.93, nore preferably greater than or equal to about O0.96,
nmost pr ef er abl YWWtleat epndtlisaembodimegjuzktmey obhoerdagonglucit Goespvey ledsipartof a

part icular pr 0(ﬁié(‘ctyc]iCSm@@fcblﬂﬁgesae%n@&'iﬁg R e By RM eﬁ”@ctlpﬁf QﬁiiHQBleﬁ adugced,
di vided by the total r_anmount of corr ondj ng h dr oper oxi de consuned

during the reafrts.2 “f%thaféfQ‘é‘i‘?bT“éam “bh@ﬂb?IW%)%‘P@E hydp eb)ﬁélﬁdﬂ nof pypppntially

cycl ohexyl benzeneeduydd ﬂme;nmahlcdx&axﬁs@-dBHE’e)d dr Serb heeel m)d:yal'ic iU Alzainfthqxbpiel
produced di vi ded af ohex ne hydroper oxi de
Consumed 1 n-tng ebayaguPLE s AR gl T AR IR B PR MU R Bl une
that is oxidize@ Ri?@t;@}tcmsri@s then $Ghm, W@ﬁmp'@ﬂFSi tédflchﬁmemeoftmh@aa{: blewd- ar omat i ¢

hydr oper oxi de mo@ﬂucts&mrqme%lsmem@ HxdrRPRE axlid e @Rdicd heasdiganage
products conprise phenol and co-product acetone. |n this case, the acet one

yield is great éﬁfbct“htaha“&‘” Bytrgen ‘taﬂ"’a‘lﬁ‘éu‘t"hl@h 9, bcﬁt‘%‘?‘@FéZBId;Po'ﬁPbe%‘P@“ tH4n or
equal to 0.93, idekdapt ebies @l ngtads-art, @irtitdialy noted @gubdxide0 0. 96, nDSt
preferably gre t apal. . . r I \ra t|c
conpound conpr ?(}gﬁé,é sre]\gg%)luot\(i}jl gan'znéneﬂ@tcﬁam‘ 1%% Zg{rl%srrtg h|%cc tggﬁ?(%%g?ngm

product accor dixefe tnade dxgradtipy eert idonbecistepminasichy tlgemoltruttw tﬁ@hﬁzlemuhydt@@aer oxi de

and the cl eavagg Naf.QANGES. Hx@t@iﬂfxld@%a@hﬁ@%oaaﬁgul@gcupﬂ&géh% GRRE B Iba st dRvd
ketone. In this case, the net hg}/cl thyl ketone |eId is greater than or

equal to about PECEPY “ﬂfr B o5 i‘@r%“é“f‘e Cikeviish NSE- e bao isgitigisd toipigate
pref erably greatectidit hagno0the equail tvranﬁtaaﬁr,s détﬂﬁiincp]ieefcﬁililaalﬁioynt@f eamdbrptitran or

equal to 0.98. 1M)O?S ere.t Iar? t| Q onpr, se
as Surrace df(ed 0 th erldlh 0 stcm ican y Y cCte the metdl ox1de
cycl ohexyl benzéne, e al Iarona o €rox1 de product ‘according

this inventi onpremmpm eehodaylael teh@xmr%hfbehélehmwpepw itafed, andithe presserie efavage

product conpri ggish MPENANsoPAch i€ Rl O e pRY&GE A h&%@”@%@sw"o&d& Rigsriasen t he
cycl ohexanone yield is greater than or equal to about 0.90, preferably

greater than of¥®qlixinetdomelad Bting ehpistaionntlyCdr BSt &M toha{‘i‘Ptaéro‘@ad%tlthet o

0. 96, nost pr efenabbyongireat: @r drhanf Qttalegidalkrebter 0andBs, HiplBIRO¢rddae tiak 0de, phenol
and the crude cqg-produc cet tylagt hyl ketone,

cycl ohexanone) cd)wqu/é,le’d eI(t%dIlgl 0 w%%n tes?era as debcube(}/lbel ted to further
purification t§ogH odJ@ﬁémpmdcrqrreldc ]:hhenwlr rcem@f elemppmquf CQA psiugreralof wetal

purification pgeeEesshd Mehidsin SWH;ips: B9 o indat 86ad R coRluctShsiRS: Qbttler
distillation towers to separate t he henoI and co-product from ot her

speci es. Any o?G‘t/ﬁQTér%ﬁbé"eti’i“)gb*ut”tef‘icé‘adlk‘%? Seffteﬂat:tfgblelt Biessukarhyt getal oxide

cycl ohexanone, sahipy id daglkd inliRwaighjrecisec mmaieby;d raogeaah Tekle l)rforQalel& thréeO
ggﬂ;g; J([)gle;[,]ai ?O%ﬂﬁhﬁ?ra&%%ﬁoaf”c%hs@ t %lncfg we g(lt is o[jtat,neag‘ C@te?eat.t%glg ure1 of tl%%l“lsgm%lﬁ 1saS

pl ati num ni ckién @rlucvpélnt édwmgnan[(@ﬂ@@t] Tkl altweentlaed))ntomw Idewrtgdmtdn@elmreeof
particul arl y d&@&ttlp@q Wi thef, ert@%utvedttb%qtlmtt@\at 919 da@l@a ledfPetabuRDin

Exanpl es. le 1: Oxidation ofp Usi N- Hy pht hal'i m de (NHPI )
[ 0081] One hun qugner fepiyry aggh weigheds CBWIOF PB?ﬁ‘bPﬁldloAh‘éﬁ ‘B%?S‘ét?fha‘do‘ig INHPI
fromTC were avenighphni Tt Bondoniaic rmeaﬁaeﬁtamrzsmct t adelvw@tdg Weigedl, I’tl'l@l’sample l\

Lner moooupl e, Sl LG RLY 1 BusandenasL cOMALOLOg A Do
and sparged wiltchum ﬂltdredgenarmn éowdewmlamea whtil %@steembhmae obtgineds Tire past es.

The reactor, Waihg J¥RLAL BALH HBIRMHeRAMILHADEDi&PE’ BfonkBSitt MeRkrGated to
115C. When the reaction tenperature was reached, the gas was sw tched from
nitrogen to air and the reactor was sparged with air at 250 cc/minute for 4
hours. Sanples were taken hourly and anal yzed by gas chromat ography (GO).
After 4 hours, the gas was sw tched back to nitrogen and the heat was
turned of f. Exanple 2: Sulfuric Acid Catal yzed Cl eavage of Dilute Cunene
Hydr operoxi de (CHI ') [0082] Cumene oxidation products (including cunene

hyr oper oxi de, CHP) from Exanple 1 where NHPI was used as the first catalyst
was used (containing 19.8% CHP, 77.6% cunene, 1.1% acetophenone, and 0. 9%
cunyl al cohol). An amount of 5.0 mlliliters of such feed was charged into
a glass flask held at 54C. To this feed was added 0.5 mlliliters of 1.5
Wt . %sul fur| c aci d in ni trorret hane gl VI ng a sul fur| c aC| d concentratl on of

A SN -~ . . o o T 1



cc/mnute for 5 mnutes. The reactor, while maintained under a nitrogen
sparge, was then heated to 125C. When the reaction tenperature was reached
the gas was switched fromnitrogen to air and the reactor was spar W th
air at 250 ccl'RiZAWPE%%r 4 hours. Sanples were taken hodGHPSEHY 2R, Iyzed by
gas chromat ography. After 4 hours, the gas was sw tched back to nitrogen
and the heat was turned off. Exarrpl e 4. Sulfuric Acid Catalyzed O eavage of
Di | ute sec-Butyl Benzene Hydroperoxide (SBBHP) [0084] sec-Butyl benzene

oxi dati on produweihg hdliumc|Afdt Ehgh eﬁe:(bumeygaq benzengng faydl dpereaxX btés saBBBHP) from
Exampl e 3 where NH as .th i,r st cat S i ng
17. 2% SBBHP, 7 uhE ik °‘”%“;%ﬁ‘ebe“h§%nae°“t %wé@ac%%%%tﬁ% Rkt @q‘ég 39%3%3% hyl
ethyl benzyl algohreli)usediin cashoient Tlof ingeade i wdight pf the sampfe 18 treihs plemgls was!
charged into aoglh@-§a§edf b %%Kneﬁ@!)gdeaﬂﬁm}ﬁélgmg{mfté Ji&edonRsscadARA R nSnmimbld | i ters
of 1.5 wt.%sulfuric acid in nitronethane, giving a sulfuric acid
concentration 6f CaudHypdeel Reayaa’ PEACKEON occurred i nstant aneously as

i ndi cated by tﬂlﬂ)48]eaCMb1@1ﬁaﬁXth&ﬁﬁ‘@orpﬁﬁh aﬂ([?(ﬁbuﬁttheV@Sml'&c&iﬁ&)ﬂ o Nte perldanton and
sulfuric acid vas td‘feuqt ral i zedtay egal 10 W . % areqltdvrplc%%anat e solution. The
sanpl e was analyZed by "GP EEHPI et e ConvEersT ons P and net hyl et hyl
benzyl al cohol were achl eved and no heavy product was observed. Exanple 5:
Oxi dati on of Cycl ohexyl Benzene (CHB) Usi'aije N- Hydr oxypht hal i mi de [ 0085] One
hundred fifty grans of cyclohexyl henzene frogm TCl Anerica and 0.16 g NHPI
from TG were wei ghed | Mitcgaldepeh r | Falgiatior f i t|(QNis Chemisogrtioprler |

t her nocoupl e, gas i nl ¢t sanpling| HERRCrAEE "G Hni ng a Dean
Stark trap for water réival — Thel/Wactor contlddts were stiffled at 1000 rpm
and sparged with nitroded©at a f1od0% at e of :‘Qfg7cc/n1 aute—for 5 ninutes.
The reactor, while naifiined undef20; n.itroge.:é' gparge, was—then heated to
110C. Wen the reacti ()Q\Tp%eﬁper e %gg‘vﬂvas reack%@ the—gas—was—sw t ched from
nitrogen to air and t.’.ﬁQA?“ctor v"i spar-ged wii{a%—ai—ﬁt—z&e—ec/m nute for 4
hours. Sanples were t"'%ijp 1oury—# . anat-yzed ky—gas—chromatography. After
4 hours, the gas was :>¥,vr.AHy tetd—bac i i uugc‘m&d the—heat—was turned off.
-~ x| [l 4. o\ [
aryz ot Cro

Exanple 6: Sulfuric A¢ Méowu rzet freavage—of b hrexyl benzene

Hydr operoxid e Y105, 700 14.05
100861Cycl ohexyl benzeneoxidationprouucts(inctudi ngcyciotrexytbenzene

hydr oper oxi de, CHBHP) from Examgl e 5 where NHPI was used the first catal yst
was used. An aHB#fit d\fwe opidesispitablej forapse asgPlid tpstsnts detlie gl EHEr GEHIPhEY a

gl ass flask helndu@loxRi3s £ aiichddR@@NEe mb@as opddesk, &30 @i, GRuLE NAhhaiRBeRsd.

Toward this feed, was % sul furj cidin
T ot hane., g S SeGt 1ps Eatted LB dATIeaR; Oh B RO Eh S TR age
reaction occur cegrisnsvant ameousl ykids prafatibbabredshby 4 metalrcealetand)meex ofolrer m  An
al i quot was ta&% e@tec??rglngr%uQ) MO‘% Bt hfarHEl §LI‘1@SC|aIQ1 i idggg%g ﬂlelalzggdegs‘l"ﬂ:g 10

wt . % sodi um car onate sol utton. he sanp e was ana and
results are |i ety cwnbcrawpecdzusmau@ﬁaletynﬁeiem%hqﬁﬁ dtho BFP‘%SW‘O%@FG\%W and no

g{ gr oduct F)f O(r]I M@drﬁ{)h a@aRsmelals BfcWiReh: bﬁ%&mlaﬁongﬂon%ﬂﬁ&ﬂ&fdm %aggla%fﬂaﬁ%:kom CHB
i dation roducts Y. RO 0 er acu
contai ned in tHEERS! BWCEYa?l}/%I %Eoﬁ@b r]](q%é&b SulfﬁfﬁBl-W%?bpb\?a‘g %%S\/egraﬁis/’

washi ng wi th 18ysiodidsmnleaidonataectssl uti on. The organic | ayer was

concentrated byyspt any oGy AROLALOIARIST oda?MRUBLUNTANGBL OO RGf  The

concentration e concentr at solution i's 48% Table 2
Sul furic acid whtign sorwgsied eWaééle@fetaéﬂnl WBGIG-%BW‘%’%OE@H?WI’%%&PIWB&UN

Cycl ohexanone @efdbifot&ito BBamehs sQediBnt to cause precipitation of the solid oxide material, such

as by the addition of a precipitating reagent, typically a base such as sodium hydroxide or

ammonium hydroxide. The liquid solution is generally maintained at a temperature at or

below 200°C during the precipitation, for example in the range of from about 0°C to about

200°C, such as from about 20°C to about 100°C. The resulting gel is preferably then
-13 -



6. 15 Decane 8.20 8.20 Ph-cycl ohexenel 0.00 0.03 C121116 (MCPB) 0.41 0.42
Cycl ohexyl benzene 74.43 76. 39 Ph-cycl ohexene2 0.19 0. 77 4-Ph-cycl ohexanol

0.74 0.32 1-Ph-cycl ohexanol 1.33 0.00 Phcycl ohexanones 0.35 0.44 CHB
12. 75 WO 2010/098916 PCT/US2010/021949

hydrothermally treated at a temperature of at least 80°C, preferably at least 100°C, for up to
10 days, such as up to 5 days, for example up to 3 days. The resulting material is then
recovered, for example by filtration or centrifugation, washed, and dried. The resulting
particulate material is typically then calcined, normally in an oxidizing atmosphere, at a
temperature of at least 400°C, such as from about 400°C to about 800°C, for up to 48 hours,
such as for about 0.5 hours to about 24 hours, for example for about 1 hour to about 10 hours.
[0051] When two or more metal oxides are used in the cyclic imide extraction step, they
may cither be co-precipitated or precipitated separately and combined with each other at any
later stage of processing including as calcined solid patticles.

[0052] Suitable ion cxchange resins for usc as the solid sorbent include thosc resins
conventionally employed for removing acidic or basic species, such as Amberlyst exchange
resins.

[0053] Suitable conditions for the cyclic imide sorption with a solid sorbent include a
temperature of about 10°C to about 130°C, such as about 20°C to about 80°C, for a time of
about 1 minute to about 30 minutes, such as about 5 minutes to about 10 minutes.

[0054] After removal by the solid sorbent, the cyclic imide can readily be recovered by
washing the sorbent with a polar solvent, for example with ethanol or acetone. The recovered
imide can then be recycled to the oxidation step, with or without prior removal of the ethanol,
since it is found that the presence of ethanol with the imide does not adversely affect the
oxidation activity or selectivity of the recycled first catalyst.

Hydroperoxide Cleavage

[0055] The hydroperoxide cleavage step of the present process is conducted by contacting
at least a portion of the treated or untreated effluent stream from the oxidation step, normally
after removal of the unreacted alkylaromatic precursor to concentrate the alkylaromatic
hyroperoxides in the effluent stream above 50 wt%, 60 wt%, 70 wt%, 80 wt%, or 90 wt%,
and optionally after pretreating the effluent stream to reduce the level of cyclic imide to less
than 100 ppm, with a second catalyst.

[0056] It has been unexpectly found that the cleavage reaction is more efficient when the
oxidation effluent has a concentration of 40 wt% or less of alkylaromatic hyroperoxides. In
one embodiment, the oxidation effluent stream will have an alkylaromatic hydroperoxide
concentration of from 1 to 40 wt%; from 5 to 35 wt%; from 10 to 30 wt%, from 10 to 25 wt%;
and from 15 to 25 wt%. Tt is preferred that the oxidation reactor be operated to produce an
oxidation effluent within these alkylaromatic hydroperoxide concentration ranges, and it is

preferred that the oxidation effluent not be substantially concentrated prior to introducing the
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0. 13 Peroxidel 0.16 0.13 peroxide2 0.05 0.00 peroxide4 0.04 0.00 1
-Ph-1, 4-di hydroxyl CH 0.44 0.43 D peroxide 0.15 0.15 o-Di CyBz 0.03 0.03

m Di CyBz 0.05 0.05 p-Di CyBz 0.13 0.13 Hi -oxygenates3 0.21
WO 2010/098916 PCT/US2010/021949

oxidation effluent into the cleavage reactor. In one embodiment, the alkylaromatic
hydroperoxide is cumene hydroperoxide. In another embodiment, the alkylaromatic
hydroperoxide is sec-butyl benzene hydroperoxide. In still another embodiment, the
alkylaromatic hydroperoxide is cyclohexylbenzene hydroperoxide.

[0057] In other embodiments, the oxidation effluent stream may have a lower
alkylaromatic hydroperoxide concentration of from 1 wt%, 5 wt%, 10 wt%, 12.5 wt%, 15
wit%, 17.5 wi%, and 20 wt%; and the upper alkylaromatic hydroperoxide concentration may
be 22.5 wt%, 25 wt%, 27.5 wt%, 30 wt%, 32.5 wt%, 35 wt%, 37.5 wt%, and 40 wt% with

ranges from any lower concentration to any upper concentration being contemplated.

[0058] In one embodiment, the alkyaromatic hydroperoxide is not substantially
concentrated in the effluent stream prior to introducing the effluent stream or at least a
portion of the effluent stream to the cleavage reactor. “Not substantially concentrated™ is
generally defined as maintaining the concentration of the alkyaromatic hydroperoxide in the
oxidation effluent stream fed to the cleavage reactor within a 10% range of the original
alkyaromatic hydroperoxide concentration in the oxidation effluent stream exiting the
oxidation reactor. For illustration purposes only, if the alkyaromatic hydroperoxide
concentration of the oxidation effluent stream exiting the oxidation reactor is 20 wt%, then
the alkyaromatic hydroperoxide peroxide will be concentrated to no more than 22 wt% prior
to introducing the effluent stream or at least a portion of the effluent stream to the cleavage
reactor for the effluent stream to be considered “not substantially concentrated.”

[0059] In another embodiment, the alkyaromatic hydroperoxide is not materially
concentrated in the effluent stream prior to introducing the effluent stream or at least a
portion of the effluent stream to the cleavage reactor. “Not materially concentrated” is
generally defined as maintaining the concentration of the alkyaromatic hydroperoxide in the
oxidation effluent stream entering the cleavage reactor within a 5% range of the original
alkyaromatic hydroperoxide concentration in the oxidation effluent stream leaving the
oxidation reactor. For illustration purposes only, if the alkyaromatic hydroperoxide
concentration of the oxidation effluent stream is 20 wt%, then the alkyaromatic
hydroperoxide peroxide will be concentrated to no more than 21 wt% prior to introducing the
effluent stream in the cleavage reactor for the effluent stream to be considered “not materially
concentrated.”

[0060] In still another embodiment, the alkyaromatic hydroperoxide is not cssentially

concentrated in the cffluent stream prior to introducing the cffluent strcam or at Icast a
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[0061] In another embodiment, the alkyaromatic hydroperoxide concentration in the

effluent stream is “not concentrated” so that the alkyaromatic hydroperoxide concentration
being introduced into the cleavage reactor is within a 2 wt% range of the original
alkyaromatic hydroperoxide concentration in the effluent strcam cxiting the oxidation rcactor.
In still another embodiment, the alkylaromatic hydroperoxide concentration in the effluent
strcam may be diluted prior to introducing the efffuent stream into the cleavage reactor such
as by a recycle stream.

[0062] In another embodiment, no more than 10% of said alkylaromatic compound in the
effluent stream exiting the oxidation reactor is removed from said effluent stream prior to
introducing the effluent stream to the cleavage reactor. In still another embodiment, , no morc
than 2.5%, or no more than 5% or no more than 15% or no morc than 20% or no more than
25% of said alkylaromatic compound in the effluent stream exiting the oxidation reactor is
removed from said effluent stream prior to introducing the effluent stream to the cleavage
reactor

[0063] The process of any one of the preceding claims wherein none of said alkylaromatic
compound is removed from said effluent stream prior to said contacting (c).

[0064] The second catalyst is selected from the group consisting of @ homogenous catalyst,
a heterogeneous catalyst and mixtures thereof, The catalyst employed in the cleavage step can
be a homogeneous catalyst or a heterogeneous catalyst.

[0065] Suitable homogeneous cleavage catalysts include acidic catalytic compounds such
as sulfuric acid, perchloric acid, phosphoric acid, hydrochloric acid and p-toluenesulfonic
acid. Ferric chloride, boron trifluoride, sulfur dioxide and sulfur trioxide are also effective
homogeneous cleavage catalysts. The preferred homogeneous cleavage catalyst is sulfuric
acid, with preferred concentrations in the range of 0.05 to 0.5 wt%. The cleavage reaction
can be carried out in either a continuously stirred tank reactor (CSTR) or a batch reactor, with
or without a co-solvent. Suitable co-solvents include acetone, methyl ethyl ketone,
cyclohexanone, acetonitrile, nitromethane, and mixtures thereof. Also suitable as a co-
solvent is a phenol/cyclohexylbenzene mixture containing 1 — 10% of phenol. Sulfuric acid

used can either be in concentrated (96 — 98%) form or in dilute form (5 — 50% in a suitable
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solvent such as nitromethane). Cleavage reaction is carried out in the temperature range of
20 — 200°C and a pressure of ambient to 200 psig. Residence time of 0.5 — 30 min is
preferred for high conversion of hydroperoxide and good selectivity to cleavage products.
When sulfuric acid is used as a homogeneous acid catalyst, a neutralization step normally
follows the cleavage step. Such a neutralization step typically involves contact with a basic
component, such as sodium carbonate or sodium phenylate, with subsequent settling and
decanting for removal a salt-enriched aqucous phase. Alternatively, neutralization can be
realized using stoichiometric amount of organic amines such as anilinc, substituted anilines,
diisopropylamine, tricthylamine, ctc.

[0066] Suitable heterogeneous catalysts for use in the cleavage of alkylaromatic
hydroperoxide include smectite clays, such as an acidic montmorillonite silica-alumina clay,
as described in U.S. Patent No. 4,870,217, acidic ion-cxchange resins (e.g., Amberlyst 15),
and aluminum chloride.

10067} Suitable heterogencous catalysts include a mixed metal oxide catalyst. In some
embodiments, the mixed metal oxide catalyst comprises onc or more of an oxide of at a metal
from Groups 3 to 5 and Groups 7 to 14 of the Periodic Table of the Elements. In other
embodiments, the heterogencous catalysts further comprise an oxide of at least one metal
from Groups 8 to 11 of the Periodic Table of the Elements, such as an oxide of iron and/or
copper. In still other embodiments, the mixed metal oxide catalyst includes an oxide of at
least one metal from Group 4 of the Periodic Table of the Elements and an oxide of at least
one metal from Group 6 of the Periodic Table of the Elements. In preferred embodiments,
the mixed metal oxide catalyst comprises zirconium oxide and an oxide of molybdenum
and/or tungsten, e.g., acidic mixture of metal oxides (WO3/ZrO,, M0oQO+/Z10;, etc.).

[0068] In one embodiment, the mixed metal oxide catalyst is conveniently prepared by
combining a first liquid solution, such as an aqueous solution, comprising a source of ions of
at least one metal from Groups 3 to 5 and Groups 7 to 14 with a second liquid solution, again
such as an aqueous solution, comprising a source of ions of at least one Group 4 metal and
optionally with a third solution comprising a source of ions of at least one Group 8 to 11
metal. This combination can take place under conditions sufficient to cause co-precipitation
of a mixed oxide material as a solid from the liquid medium. Alternatively, the source of
ions of the metal(s) from Groups 3 to 5 and Groups 7 to 14, the source of ions of the Group 4
metal and optionally the source of ions of the Group 8 to [1 metals may be combined into a
single solution. This solution may then be subjected to conditions sufficient to cause co-

precipitation of the solid mixed oxide material, such as by the addition of a precipitating
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reagent to the solution. Conveniently, the precipitation is conducted at a pH above 7. For
example, the precipitating agent may be a base such as sodium hydroxide or ammonium
hydroxide.

[0069] The temperature at which the liquid medium is maintained during the precipitation
is generally less than about 200°C, such as in the range of from about 0°C to about 200°C. A
particular range of temperatures for precipitation is from about 20°C to about 100°C. The
resulting gel is preferably then hydrothermally treated at temperatures of at least 80°C,
preferably at Icast 100°C. The hydrothermal treatment typically takes place in a vessel at
atmospheric pressure. The gel, in onc cmbodiment, is hydrothermally trcated for up to 10
days, such as up to 5 days, for cxample up to 3 days.

[0070] The hydrated precursor to the mixed metal oxide is then recovered, for example
by filtration or centrifugation, and washed and dried. The resulting material can then be
calcined, such as in an oxidizing atmosphere, at a temperature of at least 400°C, such as at
least 500°C, for example from about 600°C to about 900°C, and particularly from about
650°C to about 800°C, to form the mixed metal oxide catalyst. The calcination time is
typically up to 48 hours, such as for about 0.5 to 24 hours, for example for about 1.0 to 10
hours. In one embodiment, calcination is carried out at about 700°C for about 1 to about 3
hours.

[0071] The cleavage reaction is conveniently affected by contacting the hydroperoxide
with the mixed metal oxide catalyst 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 2500 kPa, such as about
100 to about 1000 kPa and/or a liquid hourly space velocity (LHSV) based on the
hydroperoxide of about 0.1 to about 1000 hr!, preferably about 1 to about 50 hr'. The
cleavage reaction is conveniently conducted in a catalytic distillation unit.

[0072] The hydroperoxide is typically diluted in an organic solvent inert to the cleavage
reaction, such as methyl ethyl ketone, phenol, cyclohexylbenzene, cyclohexanone and sec-
butylbenzene, to assist in heat removal. More preferably, alkylaromatic hydroperoxide is
dissolved in a polar solvent, such as acetone, for the cleavage reaction since it is found that
the presence of the polar solvent can mitigate the poisoning of the mixed metal oxide catalyst
cleavage catalyst by cyclic imides remaining from the oxidation reaction.

[0073] [rrespective of the presence or absence of cyclic imide in the effluent stream fed to
the cleavage reaction it is found that the mixed metal oxide will tend to lose its activity over

time, resulting in a decrease in the degree of conversion of the hydroperoxide to phenol. It is,
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hydroperoxide (CHBHP) is the molar amount of phenol produced divided by the molar amount
of cyclohexylbenzene hydroperoxide consumed in the cleavage reaction.
[0076] Where the alkylaromatic compound that is oxidized according to the invention is
cumene, the alkylaromatic hydropcroxide product comprises cumenc hydroperoxide and the
cleavage products comprise phenol and co-product acetone. In this case, the acetone yield is
greater than or equal to about 0.90, preferably greater than or equal to 0.93, more preferably
greater than or equal to 0.96, most preferably greater than or equal to 0.98.
[0077] Where the alkylaromatic compound comprises sec-butylbenzene, the alkylaromatic
hydroperoxide product according to the invention comprises sec-butylbenzene hydroperoxide
and the cleavage products comprise phenol and co-product methyl ethyl ketone. In this case,
the methyl ethyl ketone yield is greater than or equal to about 0.90, preferably greater than or
equal to 0.93, more preferably greater than or equal to 0.96, most preferably greater than or
equal to 0.98.
[0078] Where the alkylaromatic compound comprises cyclohexylbenzene, the
alkylaromatic hydroperoxide product according to this invention comprises cyclohexylbenzene
hydroperoxide and the cleavage product comprises phenol and co-product cyclohexanone. In
this case, the cyclohexanone yield is greater than or equal to about 0.90, preferably greater than
or equal to 0.93, more preferably greater than or equal to 0.96, most preferably greater than or
equal to 0.98.
[0079] The crude phenol and the crude co-product, (e.g., acetone, methyl ethyl ketone,
cyclohexanone) from the cleavage step may be subjected to further purification to produce

purified phenol and co-product. A suitable purification process includes, but is not limited to, a
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series of distillation towers to separate the phenol and co-product from other species. Any of
the crude or purified co-products, for example cyclohexanone, may itself be subjected to
dehydrogenation in order to convert it to the corresponding alcohol, for example phenol. Such
dehydrogenation may be performed, for example, over a catalyst such as platinum, nickel or
palladium.

[0080] The invention will now be more particularly described with reference to the
following non-limiting Examples.

Example 1: Oxidation of Cumene Using N-Hydroxyphthalimide (NHPI)

[0081] Onc hundred fifty grams of cumene from TCI America and 0.16 g NHPI from
TCI were weighed into a Parr rcactor fitted with a stirrer, thermocouple, gas inlet, sampling
port and a condcnser containing a Dean Stark trap for water removal. The reactor contents
werce stirred at 1000 rpm and sparged with nitrogen at a flow rate of 250 cc/minute for 5
minutes. The reactor, while maintained under a nitrogen sparge, was then heated to 115°C.
When the reaction temperature was reached, the gas was switched from nitrogen to air and
the reactor was sparged with air at 250 cc/minute for 4 hours. Samples were taken hourly and
analyzed by gas chromatography (GC). After 4 hours, the gas was switched back to nitrogen
and the heat was turned off.

Example 2: Sulfuric Acid Catalyzed Cleavage of Dilute Cumene Hydreperoxide (CHP)
[0082] Cumene oxidation products (including cumeme hyroperoxide, CHP) from
Example 1 where NHPI was used as the first catalyst was used (containing 19.8% CHP,
77.6% cumene, 1.1% acetophenone, and 0.9% cumyl alcohol). An amount of 5.0 milliliters
of such feed was charged into a glass flask held at 54°C. To this feed was added 0.5
milliliters of 1.5 wt.% sulfuric acid in nitromethane, giving a sulfuric acid concentration of
1600 ppm. Cleavage reaction occurred instantancously as indicated by the reaction
exotherm. An aliquot was taken after 15 min and sulfuric acid was neutralized using 10 wt.%
sodium carbonate solution. The sample was analyzed by GC. Complete conversions for CHP
and cumyl alcohol were achieved and only a small amount (0.6 wt.%) of heavy product

cumyl phenol (alkylation products of a-methylstyrene with phenol) was observed.

Example 3: Oxidation of sec-Butyl benzene Using N-Hydroxyphthalimide (NHPI)

[0083] One hundred fifty grams of sec-butyl benzene (SBB) from TCI America and 0.16
g NHPI from TCI were weighed into a Parr reactor fitted with a stirrer, thermocouple, gas
inlet, sampling port and a condenser containing a Dean Stark trap for water removal. The

reactor contents were stirred at 1000 rpm and sparged with nitrogen at a flow rate of 250
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cc/minute for 5 minutes. The reactor, while maintained under a nitrogen sparge, was then
heated to 125°C. When the reaction temperature was reached, the gas was switched from
nitrogen to air and the reactor was sparged with air at 250 cc/minute for 4 hours. Samples
were taken hourly and analyzed by gas chromatography. After 4 hours, the gas was switched
back to nitrogen and the heat was turned off.

Example 4: Sulfuric Acid Catalyzed Cleavage of Dilute sec-Butyl Benzene
Hydroperoxide (SBBHP)

[0084] sec-Butyl benzene oxidation products (including sec-butyl benzene
hydroperoxide, SBBHP) from Example 3 where NHPI was used as the first catalyst was used
(containing 17.2% SBBHP, 79.1% sec-butyl benzene, 1.99% acetophenone, and 0.85%
methyl ethy! benzyl alcohol). An amount of 5.0 milliliters of such feed was charged into a
glass flask held at 54°C. This feed was added 0.5 milliliters of 1.5 wt.% sulfuric acid in
nitromethane, giving a sulfuric acid concentration of 1600 ppm. Cleavage reaction occurred
instantancously as indicated by the reaction cxotherm,  An aliquot was taken after 15 min
and sulfuric acid was neutralized using 10 wt.% sodium carbonatc solution. The sample was
analyzed by GC: complete conversions for SBBHP and methyl ethyl benzyl alcohol were
achieved and no heavy product was observed.

Example 5: Oxidation of Cyclohexyl Benzene (CHB) Using N-Hydroxyphthalimide
[0085] One hundred fifty grams of cyclohexyl benzene from TCI America and 0.16 ¢
NHPI from TCI were weighed into a Parr reactor fitted with a stirrer, thermocouple, gas inlet,
sampling port and a condenser containing a Dean Stark trap for water removal. The reactor
contents were stirred at 1000 rpm and sparged with nitrogen at a flow rate of 250 cc/minute
for 5 minutes. The reactor, while maintained under a nitrogen sparge, was then heated to
110°C. When the reaction temperature was reached, the gas was switched from nitrogen to
air and the reactor was sparged with air at 250 cc/minute for 4 hours. Samples were taken
hourly and analyzed by gas chromatography. After 4 hours, the gas was switched back to

nitrogen and the heat was turned off.

Example 6: Sulfuric Acid Catalyzed Cleavage of Dilute Cyclohexylbenzene
Hydroperoxide

[0086] Cyclohexylbenzene  oxidation  products  (including  cyclohexylbenzene
hydroperoxide, CHBHP) from Example 5 where NHPT was used the first catalyst was used.
An amount of 5.0 milliliters of such feed was charged into a glass flask held at 53 °C and

decane was added as an internal standard. Toward this feed was added 0.5 milliliters of 1.5
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wt% sulfuric acid in nitromethane, giving a sulfuric acid concentration of 1600 ppm.
Cleavage reaction occurred instantancously as indicated by the reaction exotherm. An
aliquot was taken after 10 min and sulfuric acid was neutralized using 10 wt.% sodium
carbonate solution. The sample was analyzed by GC and the results are listed in Table 2.
High conversion of CHBHP was observed and no by-product formation was observed.
Example 7: Concentrating CHBHP from CHB Oxidation Products by Rotary
Evaporation Under Vacuum

[0087] The NHPI contained in the CHB oxidation products (c.g., CHBHP) was removed
by washing with 1% sodium carbonate solution. The organic layer was concentrated by rotary
evaporation under 1-2 mm vacuum and at 90-92°C. The concentration of CHBHP in the

concentrated solution is about 48%.
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Table 2
Sulfuric acid catalyzed cleavage of dilute CHBHP

Component Feed Product
Cyclohexanone 0.04 6.22
Phenol 0.03 6.15
Decane 820 8.20
Ph-cyclohexenel 0.00 0.03
C121116 (MCPB) 0.41 0.42
Cyclohexylbenzene 74.43 76.39
Ph-cyclohexene? 0.19 0.77
4-Ph-cyclohexanol 0.74 032
I-Ph-cyclohexanol 1.33 0.00
Pheyclohexanones 0.35 0.44
CHBHP 1275 0.13
Peroxidel 0.16 0.13
peroxide2 0.05 0.00
peroxided 0.04 0.00
[-Ph-1,4-dihydroxylCH | 0.44 0.43
Diperoxide 0.15 0.15
0-DiCyBz 0.03 0.03
m-DiCyBz 0.05 0.05
p-DiCyBz 0.13 0.13
Hi-oxygenates3 0.21 0.00
Hi-oxygenates2 0.09 0.00
Hi-oxygenates | 0.09 0.00
Hi-oxygenates4 0.04 0.00
CHBHP conv. 98.99
Cyclohexanone yield 96.56
PhOH yield 99.47

Example 8: Sulfuric acid catalyzed cleavage of concentrated CHBHP

[0088] The concentrated CHBHP generated in Example 7 was used. An amount of 5.0
milliliters of such feed was charged into a glass flask held at 20°C. To this feed was addcd
13 milliliters of concentrated sulfuric acid (96.6%), giving a sulfuric acid concentration of
5000 ppm. Cleavage reaction occurred instantaneously as indicated by the reaction
exotherm. An aliquot was taken after 10 min and sulfuric acid was neutralized using 10 wt.%
sodium carbonate solution. The sample was analyzed by GC and the results are listed in
Table 3. High conversion of CHBHP was observed; but large amounts of light and heavy by-

products were observed and the yields to cyclohexanone and phenol are low.
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Table 3
Sulfuric acid catalyzed cleavage of concentrated CHBHP

Component Feed Product
Pentanal 0.00 0.12
Cyclohexanone 0.15 11.32
Cyclohexenones 0.00 0.64
Phenol 0.11 16.23
|-Hydroxyphenol 0.00 1.03
Cyclohexyl-1,2-diketone 0.00 0.20
Benzoic acid 0.41 0.22
Methyleyclopentylbenzene 0.08 0.08
CHB 36.17 40.23
Phenyleyclohexenes 0.65 10.55
4-Phenyleyclohexanol 2.83 4.94
{-Phenylcyclohexanol 5.02 0.22
Cyclohexanone aldol 0.14 0.86
Phenyleyelohexanone 0.51 1.24
CHBHP 47.84 0.58
Other peroxides 1.72 0.61
Phenyldihydroxylcyclohexane | 1.50 825
Diperoxides 0.55 0.82
Heavies 233 1.86
CHBHP Conversion 98.79
Phenol yield 70.16
Cyclohexanone yield 46.93

[0089] As demonstrated in Examples 7 and 8 CHBHP from CHB oxidation can be
concentrated by vacuum distillation at elevated temperatures. But the cleavage of the
concentrated CHBHP proceeds much less cleanly as compared to diluted CHBHP. Large
amounts of light and heavy by-products are formed and the yields to phenol and
cyclohexanone are low when the CHBHP is concentrated. Clean cleavage reactions are also
observed for diluted cumene hydroperoxide and sec-butylbenzene hydroperoxide. These
findings show an advantageous embodiment of cleaving dilute hydroperoxides without first
concentrating the hydroperoxides from the oxidation products.

Example 9: Sulfuric Acid Catalyzed Cleavage of Dilute Cyclohexylbenzene
Hydroperoxide |

[0090] Cyclohexylbenzene  oxidation  products  (including  cyclohexylbenzene
hydroperoxide, CHBHP) wusing NHPI as the first catalyst with varying CHBHP
concentrations are used (without first concentrating the hydroperoxide) in this example. An
amount of 5.0 milliliters of such feed was charged into a glass flask held at 58°C. Toward
this feed was added 5000 ppm of sulfuric acid diluted in acetone in a semi-batch modec.

Clcavage rcaction occurred instantancously as indicated by the reaction exotherm. An
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the present invention has been described and illustrated by reference to
particul ar enbodi nents, those of ordinary skill in the art will appreciate
t hat the inventli@it lvendBeni ifselid ntir0 andaguifartd @il wnoteutngeas sate 10ywith kesint at ed

herein. For t hicgr]b%n?l%ss Gt’iont h[‘%g ’sz_irnI;p?f Qgsedqgl%erﬁ] g)}(?) ﬁchan? %wnl%qﬁs 29 lli%!?&/ '%nt"loablte Ule

appended cl ai ns pur poses 0 eterm rue scope he préesent
i nventi on. High conversion of CHBHP and high yield to phenol and cyclohexanone were observed in all
cases.
Table 4

Sulfuric acid catalyzed cleavage of dilute CHBHP

Run # A B C
Component Feed Product Feed Product Feed Product
Cyclohexanone 0.03 9.27 0.04 12.28 0.03 7.76
Phenol 0.04 9.43 0.04 12.59 0.02 7.89
CI12H16 (MCPB) 428 434 3.80 3.85 4.70 4,72
Cyclohexylbenzene 70.19 7110 | 62.37 62.90 | 75.00 75.19
Ph-cyclohexene 0.11 1.10 0.14 2.31 0.09 0.80
4-Ph-cyclohexanel 0.19 0.18 0.37 0.36 0.16 0.12
1-Ph-cyclohexanol 0.62 0.12 1.37 0.09 0.38 0.01
Phcyclohexanones 1.25 0.62 1.37 1.07 1.03 0.45
CHBHP 19.56 0.17 25.44 0.34 15.49 0.15
Other peroxides 1.03 0.28 1.64 0.42 0.79 0.12
Diperoxide 0.37 0.05 0.05 0.05 0.05 0.05
0-DiCyBz 0.01 0.01 0.01 0.01 0.01 0.01
m-DiCyBz 0.01 0.01 0.01 0.01 0.01 0.01
p-DiCyBz 0.02 0.02 0.02 0.02 0.02 0,02
Other oxygenates 0.20 0.68 0.47 0.90 0.13 0.30
Other 2.08 2.64 2.86 2.80 2.10 2.40
CHBHP conv. 99.15 98.68 99.02
Cyclohexanone yield 92.42 95.04 98.90
PhOH yield 93.29 97.98 99.47

[0091] These examples clearly show that clean cleavage of cyclohexylbenzene
hydroperoxide can be achieved when the products from the oxidation step are not
concentrated. High yield to phenol and cyclohexanone is obtained. Preferred range of
hydroperoxide concentration is 10 to 25%.

[0092] 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
should be made solely to the appended claims for purposes of determining the true scope of

the present invention.
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PCT CLAIMS: 1. A continuous process for producing phenol or a substituted
phenol and a co-product, the process conprising the steps of: (a)contacting
inafirst reactor a first stream conprising an alkylaronatlc conmpound with
a second stredMBBAFPI%ing an oxygen-containing gas in tHe’ WB@@%E@ of a
first catalyst conprising a cyclic imde under conditions to convert at
| east a portion of said al kylaromatic conpound to an al kyl aromatic
hydr oper oxi de, wherein said al kyl aromati c conpound having a general formula
(rr)y: CH(1l) REIICLAMS:R2 in which R4 and R2 each independently represents
an al kyl group having from1l to 4 carbon atons, provided that R and R2 may
be joined to forma cyclic group having from4 to 10 carbon atons, said
cyclic group béi ng dptiioreat pryeseroist preduciagiphepml dr Rebptiyederhert snda/efriefiet, one
or nore al kyl gﬁgupég %hggyﬁggwggfto 4 carbon atons or a cycl ohexyl group,
wherein said cycl |c i m vin general formul a élll % CR5 111
(0)1 in which each ®f F&mﬁﬁ&éﬁB 1%“1H8§Béﬁd@ﬁEFVm§e wpiizee £ Gk iyeRETar by |
and substitut edodﬂyﬁrﬁm&lrabydond t&lddrﬁ&in@uhn@/dn%@ygﬂ:n t@taﬂlﬁlg@w’ ib @R pRtcdEssyf a @fst f r om
brovided ¢ hat e retns e AR TR, R BT K Sonl o EMona
each of 1Q andkﬂﬂomgwwwm®P@hdéh@h&ﬂ%@W@b@@dﬂ@@@n1C CH, N CR, each of X
and Z is i ndepwﬂg@ﬂLngcyau@@aLo%ﬁh@&mme&,no%omg-al?foum,xd gnand el ements of Goup
4 of the Periodic Table of Elenents, Y is is 0 1, or 2, 1is O,
1, or 2; inis 1to 3; and R6 ca Rthe entities listed for R4, and
i i i CﬁLV|ng a geaﬁral formula (1): C

R3

R? H,C—R?
in which R and R? each independently represents an alkyl group having from 1 to 4 carbon
atoms, provided that R' and R? may be joined to form a cyclic group having from 4 to 10
carbon atoms, said cyclic group being optionally substituted, and R’ represents hydrogen, one
or more alkyl groups having from 1 to 4 carbon atoms or a cyclohexyl group,

wherein said cyclic imide having a general formula (111):

( ‘Ol)k
R¢ X
o\
I /N_ Y (1)
s Q-\\\ﬁ
(O)

in which cach of R* and R’ is independently sclected from hydrocarbyl and substituted
hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SOz;H, NH,, OH, and
NO, or from 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 Q7 is independently sclected from C, CH, N,
CR®, cach of X and Z is independently sclected from C, S, CH, N, P and clements of Group 4
of the Periodic Table of Elements, Y is O or OH, kis 0,1, 0r2,11s0, 1, or 2;

mis 1 to 3; and R® can be any of the entities listed for R4, and

wherein said alkylaromatic hydroperoxide having a general formula (I):
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RlL C- O0H(l) H2 C R2 in which each of RI, R2 and R3 is
as defined above; (b) producing an effluent stream conprising said
cyclic imde, said al kylaromati c hydroperoxi de, and said al kyl aronatic
conmpound wherein said effluent stream has an al kyl aromati ¢ hydr oper oxi de
concentration of from10 to 40 wt% and (c) contacting in a second
reactor at |east a portion of efflu/gp streamw th a second catal yst

|

to convert said al kyl aromati per oxisde to a product stream conprising
phenol and said co-product. ess § |alﬂ1% wherein said
ef fl uent stream has an al ky hydr perOX|de concgntration of from 10

to 30 Wt % & H2C'—R2

in which each of R, R? and R® is as defined above;
(b) producing an effluent stream comprising said cyclic imide, said alkylaromatic
hydroperoxide, and said alkylaromatic compound wherein said effluent stream has an alkylaromatic

hydroperoxide concentration of from 10 to 40 wt%; and

(©) contacting in a second reactor at least a portion of said effluent stream with a
second catalyst to convert said alkylaromatic hydroperoxide to a product stream comprising

phenol and said co-product.

2. The process of claim 1, wherein said effluent stream has an alkyaromatic hydroperoxide

concentration of from 10 to 30 wt%.
3. The process of claim 1, wherein said effluent stream has an alkyaromatic hydroperoxide
concentration of from 10 to 25 wt%.
4. The process of any one of the preceding claims, wherein the alkyaromatic hydroperoxide

is not concentrated in the effluent stream prior to said contacting (c).

5. The process of any one of the preceding claims, wherein no more than 10% of said
alkylaromatic compound is removed from said effluent stream prior to said contacting (c).

6. The process of any one of the preceding claims, wherein none of said alkylaromatic
compound is removed from said effluent stream prior to said contacting (c).

7. The process of any one of the preceding claims, wherein the phenol yield is greater than

or equal to 0.96.

8. The process of any one of the preceding claims, wherein at least part of said cyclic imide

is removed from said effluent stream prior to said contacting (c).
9. The process of any one of the preceding claims, wherein said removing step (b)

comprises removing at least part of said cyclic imide by contacting said effluent stream with a

solid sorbent.

10. The process of claim 9, wherein said solid sorbent comprises a metal oxide, a metal

carbonate and/or hydrogen carbonate, a clay, and/or an ion exchange resin.

11. The process of any one of the preceding claims, wherein said cyclic imide having the

general formula (IV):
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3. The process of claim1, wherein said effluent stream has an al kyaromatic
hydr oper oxi de concentration of from10 to 25 ww% 4. The process of any
one of the preceding claims, wherein the al kyaronmati c hydroperoxi de i s not
concent rat ed WA 2R&%84F | yent streamprior to said contadFﬁﬁgﬂFﬁyp&”S. The
process of any one of the preceding clains, wherein no nore than 10% of
said al kylaromatic conpound is renoved fromsaid effluent streamprior to
said contacting (c). 6. The process of any one of the preceding clains,
wher ei n none of said al kyl aromagic compound is renoved fromsaid effluent
streamprior to said contacting (c). r. The process of any one of the
precedi ng clainms, wherein the phenol J eld is greater than or equal to

3 precedi ng clai ns, wherein at | east
part of said cyclic imde isfjrenovged from said effluent &rean1prior to
said contacting (c). 9. Th s of a e of the pﬁ &eding cl ai ns,
wherein said renoving step i ses”renoving at |east part of said
cyclic imde by contacti efflught streamwith a solid sorbent. 10.
The process of claim?9, erein said iEIid sorbent conprises a netal oxide,
a nmetal carbonate and/or hydroggn carlbonate, a clay, and/or an ion exchange
resin. 11. The process of any one of (he preceding clains, wherein said

cyclic imde having the general ,formua (1V): (1 (0)1 wherein each of
RY. RE, RO, andhRNjch A ge%d 1 P %Jéwédwgéenﬁﬁnahw%ﬂog%w gy firogy! and
substitut ed hydwweaedbiyldrocasii edlcsls haihgngo 40 dathoR Bowgbbibvin &t gBps SORH fNIBM t he
groups SG3H, N angd or f.r the Q| 3r . and each
of Xand Z is :E;%daénpgg\jnodeoﬁﬁ?nﬁ g%ﬁoréltq:{[’eﬁr@’ré’rﬁng’ e%ﬁ O%(-f’@ %\]b lﬁeéﬁﬁnﬁ Sélﬁn‘gt%‘%s of
G oup 4 of thefiParG §d¢id. Fabke! afmem eferys 4 ofthe Bergdig Talgyof BleentsQY 510 opr 2,
and 1 is 0, 1, o@rx20 1.322 ade Ppragess of any one of the preceding clains,
wherein said cyclic imde conprises N-hydroxyphthalimde. 13, The process
of any one of the pheE@esthef 28Y gierf hewrrardine launy §h e &t Cy(flé“t%“i?s"f’ml’"éses

sel ect ed from Nagd@k@upalmaasi sting of a honbgenous catal yst, a

het er ogeneous catalyst and m xtures hﬁrr e9f cladid: wh ginrgaigcsgéoﬁd%%a@t% m 13,

wher ei n sai d honpbgene us-ca 5?9%?‘?31% ‘acigi’c catalyst selecte romthe
group consi sti eripcsf froml thughe cwediding pes bémagedops eatdliat. 2 pfowptierts catalyit gnd

hydrochl ori c agj&,&ngJrt ol uenesul fonic acid and m xtures thereof.

14.  The process of claim 13, wherein said homogeneous catalyst is an acidic catalyst
selected from the group consisting of sulfuric acid, perchloric acid, phosphoric acid,
hydrochloric acid and p-toluenesulfonic acid and mixtures thereof.

15.  The process of claim 13, wherein said heterogeneous catalyst comprises an oxide of at
least one metal from Groups 3 to 5 and Groups 7 to 14 of the Periodic Table of the Elements
and an oxide of at least one metal from Group 6 of the Periodic Table of the Elements.

16.  The process of claim 13, wherein said heterogeneous catalyst comprises an oxide of at
least one metal from Group 4 of the Periodic Table of the Elements and an oxide of at least
onc metal from Group 6 of the Pcriodic Table of the Elements.

17. The process of any one of the preceding claims, wherein said alkylaromatic
compound is cumene, said alkylaromatic hydroperoxide is cumene hydroperoxide and said
co-product is acetone.

18.  The process of any one of the preceding claims, wherein said alkylaromatic
compound is sec-butylbenzene, said alkylaromatic hydroperoxide is sec-butylbenzenc

hydroperoxide and said co-product is methyl cthyl ketone.
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15. The process of claim 13, wherein said heterogeneous catal yst conprises
an oxide of at least one netal fromGoups 3 to 5 and Goups 7 to 14 of the
Periodic Table of the Elenents and an oxide of at |east one netal from
Goup 6 of the Periodic Table of the Elements. 16. The process of claim
13, wherein said heterogeneous catalyst conprises an oxide of at |east one
metal fromG oype ﬂrd@@sstdﬁﬁnyp 6id Gth€ prbadligy @hindsWhdebiaBiatadkydFematic &%ﬂlﬂﬁn@fs at
| east one nmetal from G oup 6 of the Periodic Table of the El enents.

The proces¥cloffexglgnzepe said alkdargmatie Hydrgpepsfions, cxmipdesl wné%rledhﬁrwr%ﬁw c
conpound romati ¢ hydroperoxide is cunene
hydroperoiéggggﬁgﬁgégﬁkgg@%ﬁﬁhﬁct is acetone. 18. The process of any one
of the préeedi ige ptoai:swf amheecdfrthe prieck dar gkafdinns omiparéio seid wpuataetihgi(g) occurs in the

sec- butylbﬁp%gn) C%Imhﬁglaronatlc hydr oper oxi de i s sec-butyl benzene
hydroperOX|3e an co- product is nethyl ethyl ketone. 19. The process

of any onel.of trhepme;@Mamgomal @tn@prewmfgedlmma\ivhhrahlsyiﬂakt;«lmbma:tid:mmumjisi s
cycl ohexyl benzene, id alkylaro dr oper.oxi de i s cycl ghexyl benzen
v oper o3 SETRRHYS &1iPeB0 b AT RGPk an g 5 1P Ra SRS 6ng  Tainy
one of thﬁlemyfb@@ldpmylsér@bmwh&mrs@a RIK &hﬁn&i@ﬂﬁ/a@bbtﬂgldéﬁ’@a&ﬁﬁpﬂuﬁd blﬁbs&ﬂﬂﬁom
absence of a radical initiator. @rocess of any one

pr ecedi ngcbf,clkéieﬁ?élbe%@r &Yﬁros?ﬁiodldﬁkl ]y:F a‘iné‘il?ﬁ V@O%ﬁﬁ?ﬁ?ﬁ@el é‘yﬁroéﬁfﬁi&@&ndméhééen
from cycl 91@%)6 %ngenzénez h%gw&ﬁa&l Qﬁe&ﬁ(}’ lc@%ﬂ&ﬁ@? 1sa'adcol‘m;§)und chosen from
met hyl cycl opénty nzene wherein said al kyl aromatic hydroperoxide is a
conmpound @Wb&@mmn@rﬁ rostbyleyrdopghioeencessl hipdihplorelopdnthaonet | 2

met hyl cyl gppen y e
hydroperogfde %M!@%éal coygﬁggﬁggﬁkgggm g%gé&ﬁgﬁﬁagégg(#&%ﬁ%cyé{gﬁgégagne,
2 met hyl cytaloggrent amone, and 3 nethylcyclopentanone 22. The process of any

f th di wh t i.
at mospher T a [ PBges o agionf BRI Brellle AT B, S st 378 oF ded 0
wher ei N s@inthceiyg btep i(4¥ il @niasnoacdet).0®m woms RS WdGo 5T eyeli dhideno anidaik®larimanic

0.001 wt %to 5 wt %of cyclic imde to said akylaromatic conpound. 24.
The proce€¥'¥"any one of the preceding clains, wherein said effluent

conpr i sesyphenyhL pedcefRespnagnend n@k éﬂe h 8&tling cRAh, | PRerbth 34 Gffluent comprises
phenyl cycl ohexanone is converted enyl cycl ohexene during said

cont act i npepylyyclolpsanonpeangr afc dagst efpca:hgm ohesaist phenylgyelobednpes dy apmyerted to
wherein s eqvﬁ%ﬁ&ﬁgﬂ%cﬁggggégg&nggﬁgxgcyclohexanol and at | east a portion

of said cycC exanol 1's conve d to phenyl cycl ohexene during said
cont acti mdp.(c)The process of any one of the preceding claims, wherein said effluent comprises

phenylcyclohexanol and at least a portion of said phenylcyclohexanol is converted to

phenylcyclohexene during said contacting (c).
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