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Serial Nos. 61/489,401 filed May 24, 2011 and 61/382,776 filed September 14, 2010, both of

which are incorporated herein by reference in their entirety.

CROSS REFERENCE TO RELATED APPLICATIONS

[0002] This application is related to U.S. App. Nos. 12/678,419 (Atty. Docket
No0.2007EM307); and U.S Prov. Nos. 61/424,229 (Atty. Docket No.2010EM325); and
61/468,290 (Atty. Docket No. 201 1EM08&4).

FIELD

[0003] The present invention relates to a process for oxidizing cyclohexylbenzene and, in
particular, to a process for oxidizing cyclohexylbenzene and then cleaving the resultant
cyclohexylbenzene hydroperoxide to produce phenol and cyclohexanone.

BACKGROUND

[0004] Phenol is an important product in the chemical industry and is useful in, for
example, the production of phenolic resins, bisphenol A, e-caprolactam, adipic acid, and
plasticizers.

[0005] Currently, the most common route for the production of phenol is the Hock
process via cumene. This is a three-step process involving alkylation of benzene with
propylene to produce cumene, followed by oxidation of the cumene to the corresponding
hydroperoxide, and then cleavage of the hydroperoxide to produce equimolar amounts of
phenol and acetone.

[0006] Another process involves the catalytic hydroalkylation of benzene to produce
cyclohexylbenzene, followed by the oxidation of the cyclohexylbenzene (analogous to
cumene oxidation) to cyclohexylbenzene hydroperoxide, which is then cleaved to produce
phenol and cyclohexanone in substantially equimolar amounts. Such a process is described
in, for example, U.S. Patent No. 6,037,513, in which the hydroalkylation catalyst is a
bifunctional catalyst comprising at least one hydrogenation metal and a molecular sieve of
the MCM-22 family.

[0007] However, one problem in producing phenol via cyclohexylbenzene is that the
oxidation of cyclohexylbenzene is considerably more difficult than that of cumene. Thus,

whereas cumene oxidation is normally conducted in the absence of a catalyst,
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[ 0005] Currently, the nost common route for the production of phenol is the
Hock process via cunene. This is a three-step process involving al kylation
of benzernwownidn3ps26pyl ene to produce cunene, followed bycoaisdatioors4df t he

cunene to the correspondi ng hydroperoxide, and then cl eavage of the

hydr oper oxi de to produce equi nol ar anmounts of phenol and acetone.

[ 0006] Anot heriempgassr | nvol ves the catal ytic hydroal kyl ati on of benzene to
produce cycl ohexyl benzene, followed by the oxidation of the

cycl ohexyl benzene (anal ogous to cunene oxi dation) to cycl ohexyl benzene
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oxidizing an alkylaromat1c compound, such as sec-butylbenzene and cyclohexylbenzene, to

the corresponding alkylaromatic hydroperoxide by contacting the alkylaromatic compound
with oxygen in the presence of a cyclic amide catalyst, such as N-hydroxyphthalimide, which
is substantially free of alkali metal compounds. According to this publication, if the oxidation
is conducted at a temperature of about 90°C to about 150°C with the cyclic imide being
present in an amount between about 0.05 wt% and about 5 wt% of the alkylaromatic in the
feed, conversion rates of at least 4 wt%/hour can be achieved with a selectivity to the
hydroperoxide of at least 90%.

SUMMARY

[0011] In one aspect, the invention resides in a process for oxidizing a feed comprising

cyclohexylbenzene, the process comprising contacting the feed with oxygen in the presence of

0.



oxi di zing an al kyl aromati c conpound, such as sec-butyl benzene and
cycl ohexyl benzene, to the correspondi ng al kyl aromati ¢ hydroper oxi de by
cont act i nyotzbhe/mbsegl ar omat i ¢ conmpound with oxygen in thecprss@noersed a
cyclic am de catal yst, such as N hydroxyphthalimde, which is substantially
free of alkali netal conpounds. According to this publication, if the
oxi dati on bgigonduycgted at a tenperature of about 90C to about 150C with the
cyclic imde being present in an anount between about 0.05 w % and about 5
wt % of the al kylaromatic in the feed, conversion rates of at |east 4

wt % hour cap d%?daﬂ%'c@t‘ég/gt W L pigrags! %Péa&l&nﬁ&n@s teBshcPXERRBRAX vl (Rl
Ieast 90% SUMVARY 11] I n ‘one aspect, the invention residés in a process
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at least t 0 I of, Zo d
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feed to cym@mm@uqmbenzamedhydmnpemuxoﬂe@aahdeam1heammnmneamfﬁﬁhenm&aﬁi|on
zones has a reactio O?dltl P Q%> L3 dlfferept frop1 noth P t he.
plurality oF “4resc ?n(gﬁnralonas. novar’ous ent o ST "t e i f Fer e OmFleactl on
condi tion MRmbuaes one or nore of: (a) a decrease |n tenperature and (b) an
i ncrease | al yst con on as the feed flo from one reaction zone
to the nextVfighet KBRVSGRES: e MHsrCeiruion cpufio) RS BREFy VP HE G Hor ont
rgacti on cafictdn@s bemdeﬂd%aﬁican r}emgbe&shesebﬂ/atdees&en%el Nth bﬁéﬂéﬁlﬁ@dlﬂﬂéﬁt hiet ween
adj acent reaction zones, of at |ea n.one enmbadj ment, the tenperature
" the 1 r SMeBREE DR TBHAC OB BB i%t:l%géaamutig%é Hiddhe rEPERHiRFat ur e
in the finale iRARLIHN z&RANE absut APQUD aB@E9¢@. about 90C. [ 0013] Conveni ently,
fresh oxidation catalyst is supplied to each reaction zone such that the

di fferent A¥Heti ofrorusHENY offiesh pEidaidpascasphyst worprlicd tp packdeagtign gonesHelethet at i on

as the feeed higdend FREIA@NEREH tdRRic QR Gndr&asé h@ cREXlt doRaGth@h &0 fbdy the
series. [0014] Conveniently, the oxidation catal yst conprises an imde group
havi ng t he flowp figmgpne reaction zone to the next reaction zone in the series.

[0014] Conveniently, the oxidation catalyst comprises an imide group having the

formula:

wherein X represents an oxygen atom, a hydroxyl group, or an acyloxy group.

[0015] In one embodiment, the oxidation catalyst comprises N-hydroxyphthalimide.
[0016] In a further aspect, the invention resides in a process for producing phenol and
cyclohexanone, the process comprising:

(1) hydroalkylating benzene with hydrogen in the presence of a hydroalkylation
catalyst under conditions effective to produce cyclohexylbenzene;

(i1) contacting a feed comprising at least a portion of the cyclohexylbenzene with
oxygen in the presence of a cyclic imide catalyst in a plurality of reaction zones connected in
series, wherein the contacting in each reaction zone is conducted under conditions effective to
oxidize a portion of the cyclohexylbenzene in the feed to cyclohexylbenzene hydroperoxide,

and the reaction zones have at least one different condition, and the different condition is at



i\ /N=X 11 wherein X represents an oxygen atom a hydroxyl group, or an
acyl oxy group. [0015]1n one enbodi nent, the oxidation catalyst conprises
N- hydr oxywbt2heddses2de. [ 0016] I n a further aspect, the invemttsoninesissles in a
process for produci ng phenol and cycl ohexanone, the process conprising:

(1) hydroal kyl ati ng benzene with hydrogen in the presence of a

hydr oal kyl ati v eat@iyst under conditions effective to produce

cycl ohexyl benzene; (ii) contacting a feed conprising at | east a
portion of the cycl ohexyl benzene with oxygen in the presence of a cyclic

i mde cat aliystonkdr f) Rl deERhsk iy 1cfpefaRRE A OB) 20PERaGAR @ﬁﬁl{y?&oh&n§§cfdnea§ the
wherein the contacting in each reaction zone is conducfed under conditions
ef fective teddhivdifom ape pesctiororpnpto thpaexd yeertiie)s Behewres;ppd t he feed to

cycl ohexyl benze hy, r.oxi.de, »apn ' one
Gt orent condi fbn &R RER Kty palch e LRTL ABENER (RUR-RL p&REk
2012/ 03682 5P@Ttdis2duce phtip8agl cyclohexanone.

DESCRIPTION

[0017] Described herein is a process for producing cyclohexylbenzene hydroperoxide, in
which cyclohexylbenzene is contacted with oxygen (e.g., an oxygen-containing gas) in the
presence of an oxidation catalyst (e.g., a cyclic imide catalyst) in a plurality of series-
connected oxidation reaction zones. By controlling the conditions in the reaction zones so
that there is a decrease in temperature and/or an increase in catalyst concentration as the feed
flows from one reaction zone to the next reaction zone in the series, it is found that a unique
and advantageous combination of high oxidation conversion and high selectivity to the
desired hydroperoxide can be achieved.

[0018] In one preferred embodiment, the present oxidation process forms part of an
integrated process for producing phenol and cyclohexanone from benzene, in which the
benzene is converted to cyclohexylbenzene, the cyclohexylbenzene is then oxidized to
cyclohexylbenzene hydroperoxide, and the cyclohexylbenzene hydroperoxide is cleaved to
produce phenol and cyclohexanone. The present process will therefore be described in
relation to this preferred embodiment, although it is to be appreciated that the
cyclohexylbenzene hydroperoxide product of the present process can also be used as an
oxidant in, for example, the oxidation of hydrocarbons, or as an initiator, in, for example,
olefin polymerization.

Production of the Cyclohexvlbenzene

[0019] The initial step in the present integrated process involves the production of
cyclohexylbenzene by reacting benzene with cyclohexene in the presence of a catalyst having

an alkylation function and under conditions to promote the following reaction:

QO*@

[0020] The cyclohexene can be supplied to the reaction zone as a separate feed from the

benzene, but normally is produced in situ by selective hydrogenation of the benzene in the
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2011EML15- PCT | east one of (a) a decrease in tenperature and (b) an
increase in catal yst concentration as the feed flows fromone reaction zone
to the newD 2022036826n zone in the series; and (iii)cleaviPog/uskoliparsys3 a
portion of the cycl ohexyl benzene hydroperoxi de produced in (ii) to produce
phenol and cycl ohexanone. DESCRI PTION [0017] Descri bed herein is a process
for produchpgmyclsolexyl benzene hydr operoxi de, in which cycl ohexyl benzene
is contacted with oxygen (e.g., an oxygen-containing gas) in the presence
of an oxidation catalyst (e.g., a cyclic imde catalyst) in a plurality of

series- CO”‘B%&&Q daxd Q%Ibgéﬁaﬁ&ﬁ€$ﬂlﬁdﬁeﬁtoﬂl%§lde@36nCtg@tc%ﬁlylsf HQwﬁ@%e%’lEﬁhﬁdrP”s in
the reaction zones so that there is a decrease in tenperature and/or an

i ncrease i Aunskem| yide @Bﬁ@wlr gatrlyv iastherpiore exferred] wberein oin %)ﬂ?édrp@l&tlﬁﬁl@h zone
to the next,dSacthPNoiolie hd 8% rohlichS pf@URA LhAAUM AP,
advantageou% %onb?na?%%n o? hlgﬁmggg dati on Eonger§$%n aﬁ@ ﬁwgh S ct|V|ty
to the desicydehehylerapey@©XiBle can be achi eved. [0018]1n one preferred

enbodi nent, the present oxidation process forng part of an integrated
process for produci ng phenol and cycl ohexang rom benzene, in which the

benzene is converted to cycl ohexXykbenzene, cycl ohexyl benzene is then
oxi di zed to cycl ohexyl benzene* OPET oxi de,

and t he cycl ohexyl benzene

hydr operoxi de is cleaved to prodice phenol 3 ycl ohexanone. The present
process will therefore be described in relatigg/ to this preferred

enbodi nment, although it is to be appreciated that the cycl ohexyl benzene
hydroperoxumnlproduamommwkaWQwﬁﬁbhﬂmpnmeﬁﬁécadmn&b&bnhehuseﬂbﬂakmmwpxidant

exampl e, oPbt PREBBTo DR 3R iRt o ol R Slalgbbefbdi o 1"

[ 0019] The isqirtd caﬂhyaltog@l is Aot didic4lf i@ Beyaheralit @gﬁaﬂﬂ@tﬁlatph@h:ﬁﬁ@en Va0 [ @D G twa s
production of cycl ohexyl benzene by reacting benzene with cycl ohexene in the
presence of"§ catal yst having an al kyl ati on function and under conditions

to pronot e [§¢22] f oldoavéniatly ERE tdt@Nfeed to the hydroalkylation step contains less than 1000
ppm, such as, less than 500 ppm, for example, less than 100 ppm, water. In addition, the total
feed typically contains less than 100 ppm, such as, less than 30 ppm, for example, less than 3
ppm, sulfur and less than 10 ppm, such as, less than 1 ppm, for example, less than 0.1 ppm,
nitrogen.

[0023] Hydrogen can be supplied to the hydroalkylation step over a wide range of values,
but typically is arranged such that the molar ratio of hydrogen to benzene in the
hydroalkylation feed is between about 0.15:1 and about 15:1, such as between about 0.4:1
and about 4:1, for example between about 0.4 and about 0.9:1.

[0024] In addition to the benzene and hydrogen, a diluent, which is substantially inert
under hydroalkylation conditions, may be supplied to the hydroalkylation reaction. Typically
the diluent is a hydrocarbon, in which the desired cycloalkylaromatic product, in this case
cyclohexylbenzene, is soluble, such as a straight chain paraffinic hydrocarbon, a branched
chain paraffinic hydrocarbon, and/or a cyclic paraffinic hydrocarbon. Examples of suitable
diluents are decane and cyclohexane. Cyclohexane is a particularly attractive diluent since it
is an unwanted by-product of the hydroalkylation reaction.

[0025] Although the amount of diluent is not narrowly defined, generally the diluent is
added in an amount such that the weight ratio of the diluent to the aromatic compound is at
least 1:100; for example, at least 1:10, but no more than 10:1, typically no more than 4:1.
[0026] The hydroalkylation reaction can be conducted in a wide range of reactor

configurations including fixed bed, slurry reactors, and/or catalytic distillation towers. In
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[ 0020] The cycl ohexene can be supplied to the reaction zone as a separate
feed fromthe benzene, but normally is produced in situ by selective

hydr ogenawoani2ai36828e benzene in the WD 2012/ 036825PCT/ BEZAK1410478B43
2011EML15- PCT presence of a hydrogenati on conponent provided on the

catal yst having the al kylation function. The bifunctional catalyst is
therefore nefeved-ter herein as a hydroal kyl ati on catal yst and overall the
hydr oal kyl ati on reacti on proceeds as follows to produce cycl ohexyl benzene
(CHB) : [ 0021] Any conmerci al ly avail abl e benzene feed can be used in the

hydr oal kyl aadl%h %ﬁ@ﬁydr@d&ylﬁfoﬁfr%ﬁ&igh Yah € BERZRAGH NASn e PULESY 2dRVE! inof at
least 99 wt% Simlarly, "althou t he source of hydrogen is not critical,

it is genepBiliyy gésdeptit| @H@Sham %Ilfé Fhyepsothe yiligen 15| iatieducgbtonthggrengtien in
[ 0022] Conv nt t ns
| ess than %%g% §%?b%g hPé%ESS2QGB§§BQyQ&8?#%¥b§§g%B®EAﬁpéggﬁ?ﬁ%h 100
ppm materbmhmmﬁdﬂmﬁﬂhﬁC2mbem®maa®%1@ﬂﬂeEMﬁm&akkmoﬁ@ﬂﬁﬁnﬂSHéBSS@mhﬁmuﬂOO

PP S 3 ERSIRRAED BOIL (S ETR AR oSSR R P, Suliur and

nitrogen. [0027] The catalyst employed in the hydroalkylation reaction is a bifunctional catalyst
comprising a molecular sieve of the MCM-22 family and a hydrogenation metal. The term
“MCM-22 family material” (or “material of the MCM-22 family” or “molecular sieve of the
MCM-22 family™), as used herein, includes one or more of:

e molecular sieves made from a common first degree crystalline building block unit
cell, which unit cell has the MWW framework topology. (A unit cell is a spatial
arrangement of atoms which if tiled in three-dimensional space describes the crystal
structure. Such crystal structures are discussed in the "Atlas of Zeolite Framework
Types", Fifth edition, 2001, the entire content of which is incorporated as reference);

e molecular sieves made from a common second degree building block, being a 2-
dimensional tiling of such MWW framework topology unit cells, forming a
monolayer of one unit cell thickness, preferably one c-unit cell thickness;

¢ molecular sieves made from common second degree building blocks, being layers of
one or more than one unit cell thickness, wherein the layer of more than one unit cell
thickness is made from stacking, packing, or binding at least two monolayers of one
unit cell thickness. The stacking of such second degree building blocks can be in a
regular fashion, an irregular fashion, a random fashion, or any combination thereof;
and

s molecular sieves made by any regular or random 2-dimensional or 3-dimensional
combination of unit cells having the MWW framework topology.

[0028] Molecular sieves of MCM-22 family generally have an X-ray diffraction pattern
including d-spacing maxima at 12.4+0.25, 6.940.15, 3.57+0.07 and 3.424+0.07 Angstrom.
The X-ray diffraction data used to characterize the material (b) are obtained by standard
techniques using the K-alpha doublet of copper as the incident radiation and a diffractometer
equipped with a scintillation counter and associated computer as the collection system.
Molecular sieves of MCM-22 family include MCM-22 (described in U.S. Patent No.
4,954,325), PSH-3 (described in U.S. Patent No. 4,439,409), SSZ-25 (described in U.S.
Patent No. 4,826,667), ERB-1 (described in European Patent No. 0293032), ITQ-1 (described
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[ 0023] Hydr ogen can be supplied to the hydroal kyl ati on step over a w de
range of values, but typically is arranged such that the nolar ratio of

hydr ogen wo 2bexiBes?e i n t he hydroal kyl ati on feed i s bet weemiasbaun4B4315: 1 and
about 15:1, such as between about 0.4:1 and about 4:1, for exanple between
about 0.4 and about 0.9:1. [0024]1n addition to the benzene and hydrogen, a
di l uent, whpchensissrdost antially inert under hydroal kyl ati on conditions, may
be supplied to the hydroal kyl ation reaction. Typically the diluent is a
hydr ocarbon, in which the desired cycl oal kyl aromatic product, in this case

cycl ohexyl Benzeneated: NS @labliss), iﬂ@hz@ﬁmﬁb@&ﬁ@ﬁﬂ@ﬁmﬁ&ﬁl@a@ﬁ%ﬁ&ﬁkﬁk&iNo
hydrocarbon, a branched chai n ‘paraffinic hydrocarbon, and/or a cyclic

paraf fi ni c WO b@é@béﬁCME%a@pﬁcé@e%fn g P atlgllltel\l@hﬁ WD), M@W@c@ﬁ@r@% n
cycl ohexan @ﬁén@l}w 557}51 Kd/H()C e&lrlb¥d 3 W .SChrife 1. '5“3%'2%]94 Ig Is
ct e hydroal ky t

an unmante y pr odu ation reaction. [0025 ugh t he
anmount of dddseréed 1 &J. &dtatqmaNooW% &) sneldmixgeerethatlebty Pieterabilyl, Wenmolesulaidded

compound 1S4 MrastPR ol WY, LM WEcTiolBRof PO MERNT |
10: 1, typlééhmwldeﬁBEe than 4:1. [0026] The hydroalkylatlon reacti on can be
CondUCt ed | (?)O?E\M G K09 hocirP%/etn %nor etcloclg{l g? altol SR tlllequdroalké(%ilf \ ﬁi%sqggir

slurry reaé an /or owers. ’I'n
addi tion, hhmn@ydnmaﬁkykahlmamde@mknﬁmlQammhempﬁmdﬂptmd<mnzadsmhgiewm1

reacti on zo or uralit ac in east. the
oo ogon © 9t hiled gl bdveRed it KR Gpho 06 anagyly AE hElp@hatdiotel

t enper at ur @geséit én hetcueB it igbetikenl MGt @0S wakaud RO C) wsUCHicASs batvaaeiboabout
125C and agout 250C, while su%table reacti on B ﬁssure are b%%yg%glabout

100 and abdutV#° aebatesh> i AT %S cpabiedR a5 STPOEHO aNhers MM

[0027] The eafi@ukslicRMPhOYRMinRiiENE thydhamt kiilyaldgemtios ekl PRsdn® isduch that
bi functional catalyst conmprising a nol ecul ar sieve of the MCM 22 fam |y and

a hydr ogen#ts @ﬂlamﬂawf thedumpisppy i Nfvglecylagieyp thdhehydapgengtion mefgltie fiogy ~ of

the MCM 22 Jf & lsyio aB6ut 1980, ?&Lgx%pk% 'fl%ﬁﬁa‘t%{lt 1@ G286, sfu@lmlé Konh ab&R 166 &
herein, includes one or nore of mol ecul ar si eves made from a common first

degree crygb@altPPhe buil ding block unit cell, which unit cell has the MW
f ramewor k o] I ch if
ﬂm@j I¥he (}@ l’%‘eﬁatlgﬁn’ dleté mQy e 2&;116?1?9’6% hae %‘ﬁnthe %Cl@it %nW@Jh '

tiled in three-di nensi space escrlb ' ystal structure
crystal st medtculeesicae dydifgcaggptt, iimpiebeatioptdraion gikclpegd. i tRovwRvamenagr Ry pes” ,

Fifth edit bpe@ene%ogrﬁbodﬁrﬁ&tegtt Idaft 56 %%,]tfop fexX}ﬁM% r11‘[ l‘gas't %O(VP’}D r %c? %ef’f‘e%ally

reference),
substantlally all of the hydrogenation metal is supported on an inorganic oxide separate from

but composited with the molecular sieve. In particular, it is found that by supporting the
hydrogenation metal on the inorganic oxide, the activity of the catalyst and its selectivity to
cyclohexylbenzene and dicyclohexylbenzene are increased as compared with an equivalent
catalyst in which the hydrogenation metal is supported on the molecular sieve.

[0031] The inorganic oxide employed in such a composite hydroalkylation catalyst is not
narrowly defined provided it is stable and inert under the conditions of the hydroalkylation
reaction. Suitable inorganic oxides include oxides of Groups 2, 4, 13, and 14 of the Periodic
Table of Elements, such as alumina, titania, and/or zirconia. As used herein, the numbering
scheme for the Periodic Table Groups is as disclosed in Chemical and Engineering News,
63(5), 27 (1985).

[0032] The hydrogenation metal is deposited on the inorganic oxide, conveniently by
impregnation, before the metal-containing inorganic oxide is composited with the molecular
sieve. Typically, the catalyst composite is produced by co-pelletization, in which a mixture

of the molecular sieve and the metal-containing inorganic oxide are formed into pellets at
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nol ecul ar sieves made froma common second degree building bl ock, being a
2- dinensional tiling of such MWW franmework topology unit cells, formng a
nonol ayerwof2ommsesesi t cel | thickness, preferably one c- eoirtuse@lilos4tshs ckness;
nol ecul ar sieves nmade from common second degree buil ding bl ocks, being

| ayers of one or nore than one unit cell thickness, wherein the |ayer of
nore than opeawiits-reet | thickness is made from stacking, packing, or

bi nding at | east two nonol ayers of one unit cell thickness. The stacking of
such second degree building blocks can be in a regular fashion, an
irregular Qe eh@r@ﬂ%%ﬂoﬁ@% mto Wouf B0 (‘)‘d@rI@"aﬁ%P bPEL- E;Hf%"sr%ﬁfm v a

nol ecul ar sieves nade by ‘any ular or random 2-di nensi onal or

3-di mensi osk&lTy cé iy materdar mvemﬁgtth%@makcmmn@ inorganiolNider apanelk tagethen ogy .

[ 0028] Mol e I f o MENE ?ﬂ%% ction
pattern i n% [ n]gPJ ﬁé!g%g% ng rraidfﬂrlrgo%gﬂwlf 40 @SM% ASSM%HQ%&O %M%gl %%gla
3.420. 07 Angsswmenﬁhé)eﬂepoayedﬁnftm wetlianhcatihtsecaneitt 0 char act eri ze t he

mat eri al ( e ues doubl et
o copper M0 Ul o U B R
scintill atiwel ascmsmgaerc raatchmsmh amlesd sdoaputier masl biidesc ©hd latterlrmry l&'yestﬂletm

Mol ecul ar g ev of rgng Qr m J[chieqlor o!f %latUdo% NCeM' %gtﬁs(()gre é?ll’l b gl m1 s %P‘gt ent
No. 4,954, é‘%ﬁ yF9§f-]|1§ %aescrl bed" ’nsUrS U bRIER . 5 ng‘f
(descri bedysilina bhSmeRabeidts. I\Natulfhllg%ﬁctﬁﬁﬂg clayRBhith (cadede msdmead d lmnEzuriﬁ@e@n

6077, 405) NFRe) Behanmon B RS KtlEr TS naCRaae PEBRS et B RS

¥g97/ 17§98)and ﬁ@lﬂasalﬁls(odﬁﬁfbﬁﬂytlﬁﬂwlnrzhg 6@1}86, ak eide, Ngor(gg, R@Flgﬁga) cla}l’sﬁ[ﬁ\/'l-so‘ﬂf&rs
escribed.in U Pat ent . 5,. ,.575 , 56 . cribed. in U Pat ent
No. 5,362, G¥jrichhqmauy @g@ENa? CHRGHTUER i) 10}@5%1% glsk% 6agrEp)Or anpite.

m xt ur es t fsaae@fa Prc@ﬁ %alk%k:& in tthe rﬁW's%&'a@-ror%lrﬁﬁﬁ ﬂnﬁeds ok Qfﬁh@l@z fsﬁtgé&e(da)o

MCM 49; E c) isotype MCMB6,  such as | TQ 2.

[ 0029] Any Rﬂé%ﬁ“%‘yél‘%l%&éﬁﬁlemo Ar ﬂ@%@al &yﬁlfwéﬂwtﬂ%‘a mgiel (opisle sl anKydeat i on
catal yst, @ih%@%‘ﬂ%n@ Wik, %tdﬁ?at @1'11@21 hlﬂﬁﬁﬂédﬁh&allnh diibl r@lhdh%h@&f‘d Wihica Morike! -
ZInC t|n an cobal t, WAt pa adi um elng par cu ar | y a vantageous

Gener al | y, stigebersiansiliesttitayial ra yeallads tsrameeeinpesitioseAtchi a5 tikice- %la"tna%}@m S
bet ween ab fi'ltca?l 91%1 éa)lﬁ cgﬂﬁ:gglﬁtmn:lao %.‘%é%laziﬂﬁ th@é e\éﬁeZnI'C@IQQUt 0. wt % and

cata yst n one

about 5 wt %
nol ecul ar e am)unt of hydrogenati on netal

present is &4 - f . S|eve
to the hydiSadhat P\é*%o%% ?Pw%a#l%’é‘%ﬁogs%u cioqRu AUEND Bub ST SEULAL

from about highlyt scl@beatowdsd, cxlbbxydisenfenemtlebloqitid tOBettofrarb it hsmt@alkﬂ@ﬁmﬂ] The
%?ggglegf‘t gc?%lgtl&e B]"H 1nfev1¥ab§/econ%a]1n 51gn1¥10'c1n"tl & tLttles op unrea()cﬁedeg)?nﬁene an(? C%%\% \t/) rin
a nore pr eprJ’dUﬁd ire adirbﬁbrrrte)nfhe dashreﬂe:&slbhéi@lbﬁm%e.f Ome @Xahminejoabprmms Z& wt %
and general | 1)§ hjogét)aﬂtl al | ﬁdal |, of t1 e hydro naé\’: 1gn nmetal is.su ed on
an i nor ganiP&Y6% apner ddis prhinisytlohes 8%21e dw AYRIGHEY SBIREL Oeve.

I n particulwags, of thelcs)nm;uad ptdaatts. byrisep ety dyicRgedyieniyndd agenat ¢cmmermat mto on

t he inorga oxi de activity of the catalyst and its selectivity to
cycl ohexyl B@‘ﬁ?@ﬁéusﬁﬁﬁc rylpresieisene are increased as conpared with an

equi val ent (gspl y$br bﬁn@Fﬁm Gpatdien BY eqQ@BRAIHIRRN lﬂﬁ{z@ﬁes|1§c&b&91ﬂ@1{tly%hféﬂed he
nol ecul ar sieve. [0031] The |nor%an|c oxi de e Y in such a conposite
hydr oal kyl By isepp! E&% a 159%5& PSRBT gy Heashioy pa%drupmt@dl %4069?961@8 dpyics, élo@t"f’élﬁl % and
inert undefatflfat@NeiliheNS s@f;ar&t@‘%hé"%é&t%' &M&&E '1196‘ a[ %&?ttd %Fbt frablidrPhé in

i norgani ¢ oxi des include oxides of Goups 2, 3, 4 of the Periodic
Tabl e of Erepehsxglbensgrehanlsa aecgpd daction; @@ninaPOIIéPH@Ile?XYEPW@B% aln alditipaetp
herein, theyay @ﬁ%esregﬁguaﬁb%@%ffwad kg IPQJ iRdighed@ e?su@%hmf 16 kP o3 osed
in Chem cal and Engi neering News, 27 (1985). [0032] The hyo?r ogenat i on
metal is dé%@a)@dd@hrdmelvdwg%mecatmm deleag onv Enitehit hydrgsarbon in the vapor

phase is supplied separately to the fractionation device, normally at or adjacent the base of

ment , ere the NCM22fame

the fractionation column. Although any C, to C¢ hydrocarbon vapor can be used, benzene



i npregnation, before the netal -containing inorganic oxide is conposited
with the nol ecul ar sieve. Typically, the catal yst conposite is produced by
co- pel | etwpani2omses2sn whi ch a m xture of the nol ecul ar sipevassand/oytse3

met al - cont ai ni ng i norganic oxide are forned into pellets at 2011EML15- PCT
hi gh pressure (generally about 350 kPa to about 350,000 kPa), or by
co-extrusi opi AN M a slurry of the nol ecul ar sieve and the

nmet al - cont ai ni ng i norgani c oxide, optionally together with a separate

bi nder, are forced through a die. If necessary, additional hydrogenation
met al can subseouentlyyRRALRRS! f8dxMpid MR KRB ARbn CAERY SISO PRRgAL €.

[ 0033] Sui tabl e binder materials include syntheti¢ or naturally occurring
subst ances sisifigatiquanitipn(érniceHy 8p falev el of usigadiedbenedngy, silica, and/ or
metal oxid The i&her C i i form
of gelati ngﬁﬂg 6]pr egog%%lg{ngga%l? t%‘e s(t:6| ﬁ%qr%}t}%a\la %{rt grsglglglgelfd ntgitﬁ‘lg élgaégrlll 0r?\s\t al
oxi des. Natdavied #tya emperptuiagf abbuty WOWhite kboawaBOIE. UIded pagicalaly.ndeare steash irde

t hose of t n rikl.oni oki ilie i el i.nckude
the_subbent Fen b ant AR AP BOCE R BB, WG BT B (0
Geor gi a, amhgdbtabdndepot supplial toothh drastianatiavhdofret ih detwaim almun dPRIC awlnaboit uent
is halloysite, olinit i ckite, .nacr.i.t or, anauxite. Such clays can be
used i n 1 heF S il aBe log it OREE s SRV S e dr B o

cal ci nat i offiactiudmiatbrt deet metht weight chiar@ationnmddvet apligino tiBurdceibhagionmdtdte oxi de
bi nders include silica,, alumna zirconia, titania, siljca-alumna

oi 11 ca. mgiedys 20w oL Sipgureh sia £ Gout ey 037 & aoDtl: Gl pistale doout
silica-tit@gmia as well as ternary conpositions such as
silica-alunna-thoria, silica-alumna-zirconia, silica-alum na-magnesia,
and si | i calfghesi- 91% OO mORt et i PRI HEOese | mféxwpa@ﬂe%ngogr&%ct

[ 0034] Al't h%‘&ﬁalk?@tidﬁyﬁﬁ&i@h leyihahi, @ d;scﬂﬁe%lbﬁ&ytb%mgesaﬁe MM 2with BBAANe &ROl 1te

catal yst is high sel ective towards cycl ohexyl benzene, the |iquid effluent
Bl

fromthe hyans datpirspduce additiong! wonplycloberReprspe c obftapisystighist eisHity

quanti ti es Afcdihadaeh&HkyRE0E 8R60ARbERS f&th hdRFRRYEESH Feactdd Bl driaQRitdo® t he
desired cyclohex%!benzene. One of the mgjor by-groducts are

pol ycycl ohénydabalsriemsatalysh suchngs & rpelgaias ovg | Bethe el -220finsly, zogite APty

conprise U[‘M@M_(%O W %).§fPa¥elﬂ N%.O@,\'S?A{ﬁf ,nzez%rif%d‘i",cat :m&la@ﬁ . The_ transalkylation
% d u ?

pol ycycl ohexyl benzenes may be convert into additional useful '
cycl ohexy! xsatzenie tyriedly condyc®0 3B{iFEqt leaxtanpiab liqed phrsatconhitian, whigh suitably
pol ycycl ohexyl henzenes is .conveni I i.eved hy suppl.yi east. a
por 11 o of e adanR =y SRTON S oAb B Rl W Bha |G
fracti onat 3600 kitl, umeight bowskpai@telocine of @aat | bin' Prabeludd hi-hbwtoad fécdpmid 2

first fraction ri.ch in cl ohexyl benzene apd second fraction rich in
poncycIohé?VFH@hE@Hgﬁxﬁ%ﬂmgﬁdW¥$ﬁH?mﬁbyﬁﬁpﬂﬁgﬂhe separation to be effected
at or near [@38PpSpPher iagotdre SEbodinicabout R0 KBant opabasl 0erkiba) o@ndheat

relatively | ow tenperatures, at |east one C4 to C6 hydrocarbon in the vapor
phase is sBpEFYEIcedprencsty a@%ﬂ?fﬁ mopaeloBraticarrna dy eiertednby Aealiatiop. or

adj acent t hRalRgmBorPTort HEcHifAGE | Qibatt}&&ll%kﬂﬂé&bd AN thoshr aParet HOmCehe

hydr ocar bon vapor can be used, benzene WD 2012/ 036825PCT/ US2011/ 047843

2011EML15- prdroalkylation reactor, such as a reactive distillation unit, at a temperature of about 150°C to
about 500°C and a pressure of 15 psig to 500 psig (200 kPa to 3550 kPa) over an acid catalyst
such as an aluminosilicate, an aluminophosphate, a silicoaluminphosphate, amorphous silica-
alumina, an acidic clay, a mixed metal oxide, such as WO,/ZrO,, phosphoric acid, sulfated
zirconia, and mixtures thereof.  Generally, the acid catalyst includes at least one
aluminosilicate, aluminophosphate or silicoaluminphosphate of the FAU, AEL, AFI, and
MWW family. Unlike transalkylation, dealkylation can be conducted in the absence of added
benzene, although it may be desirable to add benzene to the dealkylation reaction to reduce

coke formation. In this case, the weight ratio of benzene to poly-alkylated aromatic

compounds in the feed to the dealkylation reaction is typically from O to about 0.9, such as
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vapor is particularly useful since, for exanple, the hydroal kyl ation
reaction effluent contains significant quantities (typically up to 60 w%
of unreacveadotransaene. [ 0036] Conveniently, the C4 to C6 krguruseanloers4yapor i s
supplied to the fractionation device at a tenperature of about 190C to
about 300C. More particularly, where steamis used to heat and vaporize the
4 to C6 hydrooariargT t he tenperature of the &4 to C6 hydrocarbon vapor
supplied to the fractionation device is between about 190C and about 241C.
Generally, the ratio of the weight of the C4 to C6 hydrocarbon vapor

suppl i ed t gotdolit 6T loABBEH0% SIRYILGE aftRoud ?ﬁ%e"ﬁ%hlﬂw&m&l{ reﬁafon L&AGd écﬁl@uo%cdeCt
supplied to the fractionation device is fromabout 0.05:1 to about 2:

such as fr éhthebadaence of addadchysinsat. hydioges éy sangepthp | letrosivendt in®, the Iiealkﬂ@@dﬂ] I n
one enbodi hOGGAsI PhhQrd SRR e mol

hydr oal kyl g%@%ﬁ raesglgﬁn%n e%?\gct}%nt S e %}é %ycﬁ&ﬁgxya eﬁgzgeu(r%es ‘are n?r?ired

Wi t h benzemsioarichytirogers &l pojy-alkeldtet @rqma@dlsrc@pamdun ithentatal feed to the dealkylation
nonocycl ohegf% Opgr}gogp?mut'l'(;@p%%lb fhgtion is typically effected in a

transal kyl ation reac Separate fromthe hydroal kyl ati on reactor, over a
sui tabl e t 1@038hI kwnatheomgmﬁbait;bsfmrochmt hf de lydnwllotatibarestia é osfcldhhwnwmw 22
famly, see. U, t ent 018 eol |

and mor dent WEOfnE CErigh S POTFEIS S RiCiont Bppied! Py el ettt dRoer
| east part ir@hoved doindthp hﬁﬁ@albﬂﬂdjntrba]:lﬁﬁn efffnbit by slikitilladdny owingltolde sémil@ngpar at ur e

of about 1 about ressure of about. 800 kPa t out .3500 kPa,
o waight ndt by RaEb s BHSREhS 1RO T ris apietie AR BTG o
1E 8838] and @eﬂiﬁiﬁ@nﬁﬁl@g@ﬁﬂlﬂ@? y{dﬁemar,emm&: iaQ) RF thie @iridh trdant Enah @éﬁfycl&i'i] {15

| n anot her i ment of t resent process, copversion of the
pol ycycl oh&éyt a%ﬁ&ﬁaagn <4 RS o oe%rﬁ?fotﬁ%%nzs@%%ﬁéuti odrrelted by
deal kyl at i @nuenaaddtivh&tdpete.or cracking is also typically effected in a
react or separate fromthe hydroal kyl ati on reactor, such as a reactive

di stillati d¥40hit n gomg CﬁS@ﬁplérllameedeévab&%wuppaoemeoofa@s&6 TRh O AR ofo
pressure Ofde};ly%rdééheﬂloh Goanfilth A8k, QVI{e?eOth b? ﬁcﬁ Qreﬁﬁ_ﬁgcéﬁl?@)ed%ﬁlra (fbﬂy(ﬁ@%éﬁaﬁ@ht al yst
such as an al'umnosilicate, an al um nop g hate, a silicoal um nphosphat e,
amor phous  Sitelygtauaden ndehadrogenaties Gp@dl‘tk@faysu cigitx éd creea abieade pa@u@% ﬂ?ﬁs

Wx/ Zr 02, ?ﬁoﬁ%@?ﬁ{e tﬁ@bd ric 's"!ré Eﬂﬂ&ﬁ kEB z@ne %ﬂ:h ﬁl%aﬁ%etr I%tho the
General ly, e aC| cat af st | nc es at | east one um nosi I I'cat e,

al umi nophoélpdra(tléyletnonsmqtlcmaﬁmmpﬁogqnhmn@atafwt merFlALﬁonmEEes (ARTSuppeTt (AW

famly. Unlil 1 i had -

absence of aggregér%gﬁlgg%%l%% On gﬁ%%x ' aﬂdg(g) ge5| Fbt‘?%‘&%rdg: Bg%“t%%ﬁ% to

t he deal kyltlat support @adssieiﬁuteﬂd‘rotrredla@owodoasiﬁtmgrrﬁtsilim a slhcattehlas abaseysilichte,

wei ght ratio of benzene to k aromat i G. 0 inthe feed to
the deal ky i Fbagprn o Rty e B ARETRY GiG0rSaHE i fgtlifoh
2011EML15- B&i&dfdg@liﬁtﬂb@bﬁlp(ﬁleﬁ)& (Hi)@:oﬁ]bﬂw at Qcakt. onSinfetdl Mlé@ed fedrh b}mlmh&tcheo of

dealkylat| C ond C inth bsence of adde dro en
yar ogen | edenBiy e BREe A G g B B RS Ry e o OGS ot i
coke reductilicadf. $ypfeﬂt31 &ehﬁdf@ﬁﬁoadéhﬁdr@endt@heSmaﬁrensuquesei&ah alh hun ored ar
rati o of hdro erLi’0 E aIkIat§ tlc congoun in the total feed to
the deal kyi peie 7 ad 157 O oh R aBita DINOTEIBS FTORMITTHE
signifi Cam'corhyns@g adualt @b rhdig RY@hpohidyihslebOttldcRACk IR TGrbgy ¢WE R exRIR

Al t hough a rich stream conprising cycl ohexane and unreacted benzene can
be readily Tﬁ@ﬁ@@@&fﬁ?@fl@nﬁ%és hpelRBEITkgIBraueh Ferety offc erarqidrit Pyent in an

di stillati QfhouWeRGeh Abdun®. 1SV bl Aokt 5 th‘%rlﬁ tl*il@éaltdlﬁg EﬁﬁkdBleSdeﬁirergéﬁé@&ﬁ and
cycl ohexane, the C6-rich streamis difficul further separate by sinple

distillati @ﬁndlm%»@\evevde g dampantueg| pf afpout ﬂéo@i@ |abwtsi(}0e(énﬂ dugsswe afeddpel ed to
the hydr Oa'a%%sgﬁérﬂe@o 5153)%9 s¥gﬁt1m faya!tgesﬂpﬁpa%we[ %ﬁ% Bf sphdi& RRAF SR e ed

but al so part t he ts ment i oned above I'n "sone cases, It may
be desi r ablog hrotesiipl ylné@r]mdlbgentthéaydlecaﬂp@l‘fe@tmelalmatl@ow @elhyldﬂﬁgenatl on
reaction z wh oA ation
catal yar e Goper SIESHEELGD L FRCM Be FAPhAGHERn ko R Sl EERRENT,
part of théBCHE hrmtéxawdlyﬂqyclbh@tmmrmﬁmﬂmammwhmm Hecaube pizba eimilahityc h
again can ti)ne theiC 0111r(1a d tfrjltst g?e ?Pf i ! de | g‘rta{ Oﬁ %thfesued cycFohexy e%%eogebnatl on
catal yst general C%Rp 5¢e a su (6

hydr ogenat i on- dehydr ogenat i on corrponent and (c) an inorganic pronoter.
Conveni ently, the support (a) is sel ecté‘bl fromthe group consisting of
silica, a silicate, an alumnosilicate, zirconia, and carbon nanotubes, and
preferably conprises silica. Suitable hydrogenation-dehydrogenation
conponents (b) conprise at |east one netal selected from Goups 6 to 10 of
the Per| od| C TabI e of E errent S, such as pl ati num paI I ad| um and corrpounds

S " Y — . o o o, o o "



(BCH) and the nethyl cycl opentyl benzene (MCPB) isoners which, because of the
simlarity in their boiling points, are difficult to separate fromthe
desired cwyol2otrasys2zbenzene by WO 2012/ 036825PCT/ US2011/ @¢T8%A3012041BEML15- PCT
distillation.Mreover, although 1, 2-nethylcycl opentyl benzene (2- MCPB), and
1, 3- nethyl cycl opentyl benzene (3-MCPB) are readily converted in the
subsequent >oxirlatisardcl eavage steps to the phenol and

met hyl cycl opent anones, which are val uabl e products,

1, 1- et hyl cycl opentyl benzene (1-MCPB) is substantially inert to the

oxi dati on gf@faRRd snorelo@ernoguhs@giiowezdmeeﬁwcycmhly@oeﬁﬁnb noterBl2 84 T eam

Slnllarly bIC cIohex (BCH) can ad to separation problens downstream
Thus, Pewlbftnﬁ@lehy@rMé?IPWI &g oﬁeaﬂé)actcmwrtm? oducttherayulisequepieat ed

with a Cat %&M%o NAG4 GCQLQI%I 131'/ ﬁe(ﬁolr Qﬁqz\ﬁ?eﬂﬁrtl fykﬁ)ﬁ‘&?tftaﬁl%nés which are_vyaluable

met hyl cycl openty benzene an |cyc ohexy e product. The catal yst
i s gener al ipyodaets.dci- nllethalcmlmtylts:uzﬁne as MVdiPBa liuyvbstargially owttdo the oikideteqn Step

iall t t
coout . 100CehS W iohd Fulffte O EIH TR &5 S60RF ShinB Rl BERTIBLH, full
about 0.1 ﬁeadadnmparaﬁompwblemssinwhstasmaﬁ&m a@lehsttpartaiﬁaimhyﬂrdwui@on Tdaetion

catal ytic trﬁat rmnt S t?ea eI eve Lo alt Osrtmlgr{ . copdition I ve at least 1,1-
1,1- nethylgy I'e pen M8 P g e d;P % & 58PS ’

1, 2- nethyl@yﬁhmpempghheﬂﬁamen@ﬂrMGRBﬂwmam®HMh8pmﬂaﬁhyheynﬂg@enkyhmenmene
(3 MCPB) . bi cycl ohex bel ieved to reac enzene presen in the
byt oal kyl A0HSHEPEECEHORY P GRIECN G Hst0Ec Pt BERNE SRR o
desired cyebfiexylabenasneatascdradondodT thebochios o) n@h ra@ @bt AR 0°Otolabot

[ 0042] The ;g@ﬁ} tlc treat ment can be Cﬁnducted o&) éldlrect product. of the

hydr oal kyl Fallps ohakaut Jelttarabgitst PeYrHisPghao Y aPIRIKRAvEY | B

reaction pragyes tljeﬁné@tpﬁrb%h@veﬁ he 15@@1(3?1@@&@"1 i Hﬁt}ﬂﬁﬁ&lbﬁe‘ilt)flﬁei%rﬂeqa thd B8A3] The
cycl ohexyl benzene-rich stream separated f romthe dr oal g ation reactlon

product sty to PHEZP dat |.érinsteaeiclopmtybeErived "OMGRRE detsl | bbfow
methylcyclopentylbenzene (3-MCPB). The bicyclohexyl is believed to react with benzene

present in the hydroalkylation reaction product to produce cyclohexane and more of the

desired cyclohexylbenzene according to the following reaction:

OO-O-00 0

[0042] The catalytic treatment can be conducted on the direct product of the
hydroalkylation reaction or after distillation of the hydroalkylation reaction product to
separate the Cg and/or the heavies fraction.

[0043] The cyclohexylbenzene-rich stream separated from the hydroalkylation reaction
product is fed to the oxidation reaction described in more detail below.

Cvyclohexvlbenzene Oxidation

[0044] In order to convert the cyclohexylbenzene into phenol and cyclohexanone, the
cyclohexylbenzene is initially oxidized to the corresponding hydroperoxide. This is
accomplished by contacting the cyclohexylbenzene with an oxygen-containing gas, such as

air.
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Cycl ohexvi benzene Oxidation [0044]1n order to convert the

cycl ohexyl benzene i nto phenol and cycl ohexanone, the cycl ohexyl benzene is
initiall ywoxntwesst o t he correspondi ng hydroperoxi de. Phirases 1a¢msaespl i shed
by contacting the cycl ohexyl benzene with an oxygen-contai ning gas, such as
air. 2011EML15-PCT [0045] The oxidation is conducted in the presence of a
catal yst andigapesimtty an N- hydroxy substituted cyclic imde catal yst as
described in U S. Patent No. 6,720,462, incorporated herein by reference.
Sui tabl e catal ysts conprise an imde group having the following forrmula I:
Wem e\ odad) / The WRREREMD i BRIGS BNhS RARRXYTEN cAlIAMand Y0¥ ¥h 1gr oup,

or an acyl oxy group. [0046] Cenerally, the cyclic imde catagyst ob%ys t he
general f ompdiosy [spbstituted cyclic imide catalyst as described in U.S. Patent No. 6,720,462,

incorporated herein by reference. Suitable catalysts comprise an imide group having the

X

wherein X represents an oxygen atom, a hydroxyl group, or an acyloxy group.

following formula I:

o]

NF===X O

O=O\ /O

[0046] Generally, the cyclic imide catalyst obeys the general formula IT:

R! |

wherein X represents an oxygen atom, a hydroxyl group, or an acyloxy group and R' and R?
are the same or different and each represents a hydrogen atom, a halogen atom, an alkyl
group, an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy group, a carboxyl
group, an alkoxycarbonyl group, or an acyl group, provided that R' and R? may bonded
together to form a double bond or an aromatic- or non-aromatic ring.

[0047] More specifically, the cyclic imide employed as the oxidation catalyst typically
obeys the following general formula (IIT):

R3 o
R? Ll
—
\N:X (1
4

y C|
RS
wherein X represents an oxygen atom, a hydroxyl group and each of R’, R* R’ and R® is
independently selected from H, aliphatic or aromatic alkoxy radical, carboxyl radical, alkoxy-
carbonyl radical or hydrocarbon radical, each of which has 1 to 20 carbon atoms, SOsH, NH,,
OH, F, Cl, Br, I, and/or NO,.

[0048] In one practical embodiment, the cyclic imide catalyst comprises N-
hydroxyphthalimide or N,N',N"-trihydroxyisocyanuric acid.

[0049] The cyclic imide oxidation catalyst can be used either alone or in conjunction with

a free radical initiator, and further can be used as a liquid-phase, homogenecous catalyst or can
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O RLIl i RR Il O wherein X represents an oxygen atom a hydroxyl group, or

an acyl oxy group and RL and R2 are the sane or different and each

repr esentwoaotydsszgen atom a hal ogen atom an al kyl gr @apjusaciasigh3 gr oup,

a cycl oal kyl group, a hydroxyl group, an al koxy group, a carboxyl group, an
al koxycar bonyl group, or an acyl group, provided that Rl and R2 may bonded

t oget her toofmvm@-oubl e bond or an aromatic- or non-aromatic ring.

[ 0047] More specifically, the cyclic imde enployed as the oxidation

catal yst typically obeys the followi ng general forrmula (I11): wherein X

representspan, Ytg@ Bn 3L QM BrrfdY A Pro¥de gﬁ%‘t@?o&ﬂ@ou@%ﬁﬂly@tf icd¢; the_yci@nd R6
I s i ndependent sel ected fromH, allgaatlc or aromatic al'koxy radical,

car boxyl r&@ﬂééwﬂyaﬂkﬁmy@aﬂbéhﬁﬂMﬁ@mi W@@YOQWHr%@hﬂbthﬁédWé ps betwedn of

whi ch has 3} g9 i 63 L@ 1oh N2, OH4, F, d, Br, I, and/or NQ2.
[0048] I n one pract?cal gﬁ%ht the cyclic |n1de catalyst conprises N

hydroxyphtmuﬁﬂh1déhngWNWHmwdmmuﬁvmﬂvai@GmymnhWN&ramhdnZ®@®4@¥¢ﬁgiUycl|c
i m de oxi d%%rke?%‘f}?&t%&é?&v %ﬂP?Fea RRdoflst %ﬁ&ucﬁh%ggoﬁon oPth%%gld‘iﬂ&lt 18 th a

free radical initiator urt er can be use
honobgeneoudhe ataatignstoner meyabe part of a single reactor or two or more of the reaction zones may

be located in different reactors. One or more oxidation conditions are arranged to be different
in each reaction zone. In one embodiment, the reaction conditions are controlled such that
there is a decrease in temperature, generally by at least 5°C, or at least 7°C, or at least 10°C,
such as from about 5°C to about 25°C, as the feed flows from one reaction zone to the next
reaction zone in the series. Since, the oxidation reaction is exothermic, such a gradual
decrease in reaction temperature generally requires cooling of the oxidation effluent between
adjacent reaction zones. Typically, the temperature in the first reaction zone is arranged to be
about 100°C to about 120°C, while the temperature in the final reaction zone is about 70°C to
about 90°C. The temperature reduction may be achieved by any conventional method. For
example, parallel or counter-flow heat exchangers may be used.

[0051] In various embodiments, the conditions in each reaction zone are effective to
oxidize at least 1% of the cyclohexylbenzene present.

[0052] In another embodiment, different reaction conditions in each reaction zone are
achieved by supplying fresh cyclic imide catalyst to each reaction zone so that there is a
increase or maintenance (due to NHPI decomposition) of catalyst concentration as the
cyclohexylbenzene feed flows from one reaction zone to the next reaction zone in the series.
Preferably, the rate of catalyst addition is controlled so that the amount of fresh cyclic imide
catalyst supplied to each downstream reaction zone is enough to improve the CHBHP
selectivity taking in consideration the limited solubility of the NHPI in CHB/CHBHP
mixture. In various embodiments, at least 100 ppmw of fresh cyclic imide catalyst is
supplied to the first reaction zone, based upon the weight of the feed entering the reaction
zone. Additionally or alternatively, at least S00 ppmw of fresh cyclic imide catalyst may be
supplied to the final reaction zone, based upon the weight of the feed entering the reaction
zone.

[0053] In a further embodiment, the different reaction conditions in each reaction zone
include both a decrease in temperature and an increase in catalyst concentration as the feed

flows from one reaction zone to the next reaction zone in the series.
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2011EML15- PCT be supported on a solid carrier to provide a heterogeneous
catalyst. Typically, the cyclic imde catalyst is enployed in an anount

bet ween OWOQO2/0s68%5t 0 15 Wt % such as between 0. 001 w %@Pro/US20v1847895 t he
cycl ohexyl benzene. [0050] The oxidation reaction is conducted in a plurality
of reaction zones connected in series, with at |least two of the reaction
zones condugtipm @-|erti on of the oxidation reaction. The reaction zones
may be part of a single reactor or two or nore of the reaction zones may be
| ocated in different reactors. One or nore oxidation conditions are

arr an_QEd t %@Q{ F“ il @RS ehﬂoﬁﬁ‘féﬂt, bRAGE MO ARABon tActOR %réam?ﬁgdté@iﬂtparatllgle
reaction conditions are controlled such that there is a decrease in

t enper at ur &Vithgibp oxiptign wycters thitzse comected imronngeted iy Sricyr Gpnvenaepsly, thirC,
such as fr Qg aAkbn Bord ResABAMnBCon Bc bP ok SIANE b QVRr L ABLPORERARRION
zone to thé next reaction zone in the series. Si nce, the oxidation reaction
i s exot her hiemroassse Anddorgtlavisthe cetelystdabercjuyenaaianidonragergpdedat ure general |y
requires cOlimigidf ortthe€oUsL L POy f ! uent between adj acent reaction zones.
Typi cal |y, ~t1 rst reaction zone is arranged to be
about 100C[@055hbo UlypitdQCthewhidug of e dydnipayhtnuee: éxidatibrerchétivalcomtaacitilast zone
is about 7QC t,0 about 90C. The te rat ure reduction y be achi gved, by any
convent i ongl W¥rr}\é?’t %cg_ S8k %él%aﬂglwet,%’r’r%grr e e 3?%38{”% e‘ly{-%l %rwa%geg%][ gdxléﬂé’nger S
may be usedycl{fe@AbdnzmeVRydr@usxelrbiadédrapdis thet toeal codightt dfoths dxidagac heace@ct i on
zone are effective to oxidize at |east 1% of the cycl ohexyl benzene present.
(005271 n b CrsGHR bRt saRn S souHTs H oA ) BEeno act | on
zone are aghheyeapabYloswpp! vt N fofash @UCI30CwWiN] de wAalgadaiestthid 26a6ivsr e@ct i on

zone so that there is a increase or i ntenance (due to NHPl deconposition)
of cat al ystYLYKEEherat brirpsraxkis W%{T?}m%eb@ etrelt et | Bkatien GeActiie

reacti on zQfiReht0 trhe oR@¥ton RA&Hoh 0T IEAN SurtiRr HBPSRE iRl dRtaBfseaAbhMicadibie rat e
of catalyst addition is controlled so that the amount of fresh cyclic imde
cat al yst  s@ppphesybengeneac Ford stiuts dhimoridaiian actios ndilyet anguiRlvio Unispislhe t he
CHBHP sel egldifickVbdrdci@ar snGANSH A RAALD QL Bt lohdob R, SRlabiBhs 63 ¥ogforbhe

NHPI in CHB/ CHBHP m xture. In various enbodi nents, at |east 100 ppnw of
fresh cycl ileesti 79 wi&o, eantdpaps0 weo.suipplepst 40 tr’ot based pnogttotploright of the orslatitias ed
upon the wg%ag@(;neqﬁ dhe feed entering the reaction zone. Additionally or
alternatively, at lTeast 500 ppnw of fresh cyclic imde catal yst may be
suppl i ed t d0GShE f iGeadraltye ¢ titaoh 2 2pr@n Wathe dxuftion tdretionepiginent of stbhjectddeted
entering the. i 1ak0023 a.fu i , f ent
Foact i on couiERghi AR e Qancll b Bide ST nBTROH RN DR LRk

t enper at ur defaredpasage ne teadenvage gat allypitallyo ald en tar fdction ofi shet hredafier deatfiaws
fromone reagti.on.z cti LN the series.

2012/ 036825 t&ﬂﬁ%?frﬁ%n%g%&%&@%ﬁt@&r% _c&&x%r]evze? Oftht cyclic Tmidé 'in the effluent to,

for example, less than 100 ppmw, such as less than 20 ppmw. This is conveniently effected by

contacting all or a fraction of the oxidation effluent with a liquid containing a base, such as an
aqueous solution of an alkali metal carbonate or hydrogen carbonate, to form an aqueous
phase comprising a salt of the imide oxidation catalyst, and an organic phase reduced in
imide oxidation catalyst. Another possible separation involves passage of all or a fraction of
the oxidation effluent over a bed of solid sorbent. Suitable solid sorbents include alkali metal
carbonates, alkali metal bicarbonates, alkali metal hydroxides, alkali metal hydroxide-
carbonate complexes, alkaline earth metal carbonates, alkaline earth metal bicarbonates,
alkaline earth metal hydroxides, and alkaline earth metal hydroxide-carbonate complexes.
An example of separation of cyclic imide by basic material treatment is disclosed in
International Patent Publication No. WO 2009/025939.

[0057] After treatment to remove the cyclic imide catalyst, the oxidation effluent is

maintained under conditions such that crystals of cyclohexylbenzene hydroperoxide form and
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[ 0054] I n anot her enbodi nent, one or nore oxidation reactors are connected
in parallel with the oxidation reactors that are connected in connected in
series. Guoverwmnt2sy, this configuration pronotes maint @0anise010043AE Or
nore of the reactors w thout shutting down the process, and/or allows the
catal yst to be rejuvenated and/or regenerated. Purification of the

Oxi dati on Bpoduetis-#@®055] Typi cal |y, the product of the cycl ohexyl benzene
oxi dation reaction contains at least 5 wt% such as at |least 10 wt% for
exanple at least 15 W% or at |east 20 wt % cycl ohexyl benzene hydroper oxi de

based upon  {feid @bl thWeic8Rl rQktidBro@etdt datHion Jo‘ﬁ@&ﬁén@l? a@lfngvéde&l coo@ﬁg‘@ﬁ@l ly,
the oxidation reaction effluent contains no greater % or

great er t h&gatddroggtogn perdugido gtapneeature h@twegoahfw% Cond ﬂ@l@ﬂ%&i md aﬂlh@[mg% W %
of cycl Ohe% s%afs“t%ef& h%ﬂfeﬁ%ﬁﬁﬂ gﬂ%k&aﬁsﬂ RN Gt &t foPéN?*/(ﬂ H{;urg’f Whé

oxi dati on action [ uent oxl dation reaction e uent further
conpri ses |Cmsuélzatmnalls ysmphtedthe ey delerpliicizged bitexyerddezandals For besanyial t he

oxi dati on C I Yool . Joan
amount o Ser e SREHGh ML PR RFRENER THEORIABRIEERS 0" ¢

| east 70 V\/tp%formed atnel east 018©a1wtt% repeatat sbeadt ti@es wh %npbnzsetlie upold bDttlal

wei ght of th atlo r.eact i on fluent 0

por ¢ on_of L SkPRRIN FREA S, Th el et o OB RERERE dlons TR REIGn ¢
renove at hﬁﬁ@llyharetapm‘rlt}tdif@ 85|%,qbeefﬁaﬂilal>399%.and the unr eact ed
cyclohexylgggzene bgfﬁ[e Eassage to the cl eavage step. Typically, all or a
fraction o SN S eaction effluent initially undergoes treatnent
to reduce f#058| evdihe Ghallrbtity Gty i@ thadodersion biae e}fdidﬂéﬁﬁbentz@le iht@ phencdam e,

| ess than 100 pmw, suc | ess than 20 p : i s _conveniently.

ef f ect ed bwd Kanope H@(OQF% thg acig Cf‘tflgfé?q é?f‘%fengﬁlﬁ%e SHERUSDISREEF PRSI h

liquid con&@baﬁagﬁ@nmﬁggumﬁgpﬁwg@n@ﬁh@@ueous solution of an alkali neta
carbonate or idrogen car bgnat e, form an agueous phase conprising a salt

of the ini d®58ki ddt io8n cehpdmyat theaa’-feri sHalgHtgHRd ¢ Jrvadervpedreelien i 4t dfade

oxi dation (13§1tt1§1|13Y§61uble°‘H1QBQ@IEavlag§1%‘aa of IHISRAL @stgt% étrﬂtvt% &auﬁao?%ags‘st@f;so@ | or
a fraction of the oxidation effluent over a bed sorbent. Suitable

sol i d sor bend Basimnlevadeoletilica highee permat beibempniet thaa|ck@phexpf@plg|enq3| Eeniesdriat es,
al kal'i met @ﬂe %chjéa?ﬁi ?ssal% thkl@'is{ p'ﬂ:ﬁ%? | nqié fﬁxﬂlggfeg\aagpf bI i &th EXreable

al kal i ne eart car bonat es e earth ne bonat es,
al kal i ne ea¢itl lvatabystal intlydiy dxi de ot dnakeditd A rionsgedeamdsh Lawisadcids, sulfonic acids,

hydr oxi de- t n S i I de by
basi o mat ePPSIOnE cairanp g el TR, Bia® FRALAL Ritulle SHELMERIAT 0
No. WO 20091‘1102&93&un"{ @ﬁlﬁﬂ‘]tMm@ fetrrleahlnﬂdm bbonrteflparalet fudfuc giokide, andi sdbur
catal yst, §1mﬂ€}|d |on ff uent s main talned under conditions such that
crystals o cycrohex 1 55€n2 &Re % gro &F8XPde formand 2011EML15- PCT

separ at e fi[@®0f he Ih r\eab@demmmemsn qhe adkacige mhctioni mixawnveniagnt dtylead ioeved

by cooling th reat ed rea ti o r.oduct to eratu bet wee bout 2C
and about BETERHCII GG (b REn Yo gt GG AL (i Ars R RBa f ; om
about 2 houdast 100 \qﬁﬁuandlﬁd)gﬂaaw than YE0ONw Sy, Sir at leagatso @xrpptrSarﬂcmspgre&t@ thde

cycl ohexyl ggnzene g&lao per ox de cr¥stal s can be recovered m t he

oxi dati on &P9q WeRp o agl&ﬁﬁﬁﬂétd% e O ey oy ppterhan @P@gtpamfﬂ%ﬁ. on

step can beacipesthigstBEePiRnkdtiByPsht 6BMe BRavBPRALERSMA rHiRM@s al tines to inprove
the yield of the cycl ohexyl benzene hydroperoxi de. The recovered

cycl ohexyl B¥82Ene Ihyanesesdiod eengsy yfsetﬁPagagﬁymt@mlg}ama@/ée%lteph%t 1ol % 859

pref erably zznR0% 1 ¢ORES R%lidEardd £ MAEKite.[ 0058] The final reactive step in
the conversion of the cycl ohexyl benzene into phenol and
[0062] In one embodiment, the cleavage reaction mixture contains a polar solvent, such

as an alcohol containing less than 6 carbons, such as methanol, ethanol, iso-propanol, and/or
cthylene glycol; a nitrile, such as acetonitrile and/or propionitrile; nitromethane; and a ketone
containing 6 carbons or less, such as acetone, methylethyl ketone, 2- or 3-pentanone,
cyclohexanone, and methylcyclopentanone. The preferred polar solvent is acctone.

Generally, the polar solvent is added to the cleavage reaction mixture such that the weight
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cycl ohexanone invol ves the aci d-catal yzed cl eavage of the cycl ohexyl benzene
hydr oper oxi de recovered fromthe oxidation reaction effluent. [0059]1n one
enbodi menwQ 20te3e825d cat al yst used in the cl eavage reactrrcomsee1atsheast
partially soluble in the cleavage reaction mxture, is stable at a
tenperature of at |east 185C and has a |l ower volatility (higher normal
boi I i ng pobot)EMhapEycl ohexyl benzene. Typically, the acid catalyst is also
at least partially soluble in the cleavage reaction product. Suitable acid
catalysts include, but are not limted to, Bronsted acids, Lew s acids,

sul foni ¢ agidSor (REHERF Wit @cp{hg,cypllaf?é@h)@ﬁieﬁe ﬁ?&r@per&é{&g Qlctlﬂla ik reAR Iifl the
p-tol uene sulfonic acid, alum numchlorid eum sulfur trioxide, ferric

chl ori de, W@@@@f@bﬂﬂlhbxﬁ@éﬂWBUl@h¥fﬁﬂbﬁ$d@ﬂ“dﬁﬁ)%MﬂPHWlQiA@%N@@ﬂnS@ﬁfurlc

acid is a [LQO6 £aho t

cl eavage r Eg@{)]?%%%?no@? Bﬂxé@@%ﬁ%%ﬁléo 5‘? A %]ailg Cgasﬂeg%h%ﬁt - paq%dsirg%g?{ldr% Ihﬁl on

(wppm andambngre&memObhawvammﬂﬂwp@mpbwﬂyh@naanﬂr@at®$y@0fmnwmamnkéa@q 100
m and nQ t 0..ar er

Wpp V\%c%}% 1%%1}%319: dgp g(}’éﬁ@ Qﬂhe%[eaga e r I%gllggléwcpml%%g RO LG

t han 2000 e a n1an no greater
than 1500 wpim ocﬁnvbﬂwnatoudlendt faddycsstc ohbamenb up‘dtﬂlomgiﬂt e mmhgmtsmaﬁ rtohéully

cl eavage rea on od eava
catalyer maposeSh i bl HROBE bR KPRy RT R TR S s0qIReG SRR

and/ or nor @¢é met@clob@@ﬁﬁ]ﬂeﬂe hp@opntadh wenidesitel @ralueavadeasrteaniopdmond xﬁdur e
contains a r splvent, such as an al cohol containing |less than 6
carbons, si ﬂW§>C tTA%hol , ethanol, iso-propanol, and/or ethylene glycol; a
nitrile, sy@is3ps @arivdNElbdviagEcoabdiony infli@Ps RAipthatireof dildaituet hangs gRack a

ket one COﬂt&IﬂIQ%jG carbons or |ess, such as acetone, nethy Iet%yﬁyketone

2- or 3-pefArRSAE. ok dlrehaSrvde s Dy AR pEFE IO gkt leph &y ed
pol ar sol vepl dafr AERBANSic @?I&@s”t@lk@{ and H@gl@ﬂ&ﬁt%lans%gyﬁ% %&E%Tgleﬂ 1da 1uhe

cl eavage reaction m xture such that the wei ratio of the
pol ar sol vere ang npgacagay élllaclj\h]ébﬁyﬂstge@t kag 199 dtﬂ’@ ped oxigerater than DO kBay gagks i n

the range of.,aRQuke %w&&% @&Ofﬁ%%l}rg(?s tr%ﬁé{glg &%regllaﬁl%%n&% %pﬁl% QiqRAgHasel O 1,

and the m xture conpris Bout ut 4
cyclohexylbBMQEmeChydg@paMGMIde. The addition of the polar solvent is found

not only t?O 6er Ca3E réa Gr gs%g oegffe% tthggf&{ﬁaéﬁ e%nno%f hl% acfl%(fy Q)?’? ct%?

hydr oper oxi n the ¢r eavage reac g Tnc e sg%ec ivity
of the conwemgmnmﬂkd1mMenmi %n@xmm@bdhexbmmgenmﬁbtm@ﬂghthmﬂmﬁmgaﬂnpml|s
not fully understo ? % q ? r saol ven% red @@1

free radi caf>fndid %mc%ﬂ%rc%“ %Ho‘bsf“{rﬁ% aélyéf’ac?hé%yﬁ fetiZene? y%‘%‘%p%“ x?de to
undesi red pqmdpahﬁm§mahwasmhgﬂaw@@h&mﬁmﬂeahdnphen&b@yehghﬁxaaahgenmmor

0063] Sui t abl e.cl eava condi tions includ enper at ure of | east 20C
Lo b or a0BPEh daPiaane Sh bS] B Al G B BRPERY (4T RE £o5ER g

pressure Ofreadtion, @pGbnally P§peitiag) dn NIFFGER ahedes tana Nat ?dZﬁerBﬁil én(lidiond easdted’ tkPa
and no greater than 2, 550 kPa, gau ge), or at least 14.5 psig and no greater
than 145 pSPipnegihe)degagecigertivps &WOP%‘HIGQY GV BIFIOR afgeq Ieomembo stigd)® such

that the cl-RavAgab@AREIcRRAIVL YistllRiohsngonpl etely or predom nantly in the
i quid phase durlng t he cl eavage reaction. [0064] The reactor used to effect

t he cl eavad®ofbacth s#iqysgmbedigpsss.ithqdeaypes wageo OR§eipto transport a portion of

the contents through a cooling device and return the cooled portion to the cleavage reactor,
thereby managing the exothermicity of the cleavage reaction. Alternatively, the reactor may
be operated adiabatically. In one embodiment, cooling coils operating within the cleavage
reactor(s) remove any heat generated.

[0066] The major products of the cleavage reaction are phenol and cyclohexanone, each
of which generally comprises about 40 wt% to about 60 wt%, or about 45 wt% to about 55
wt% of the cleavage reaction product, such wt% based on the weight of the cleavage reaction

product exclusive of unreacted cyclohexylbenzene and acid catalyst.
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to those skilled in the art. For exanple, the cleavage reactor may be a

sinple, largely open vessel operating in a near-continuous stirred tank

react or nwoepi2oB6essi npl e, open | ength of pipe operatingCrrusaoinears4pl ug

fl ow reactor node. In other enbodi ments, the cleavage reactor conprises a

plurality of reactors in series, each performng a portion of the

conver si onopeaaiemceptionally operating in different nodes and at

different conditions selected to enhance the cl eavage reaction at the

pertinent conversion range. In one enbodi ment, the cleavage reactor is a

catal ytic qagel] | | athb @QRattdk treacliGPFrRlA n¥AT doRidsh GIRRAUNBAL GralfsPEnLh&RY 8O

reactor is operable to transport a portion of the contents ‘through a

cool i ng deWdagter peitorn ef e glepvrge censtieupiediat i bedentvdized with adwsic aptariph to

t her eby wa%%%¢¥5}&5k§%gkp Qﬁ5&5L<m9&KﬁP§ cl eavage reaction. Alternatively,

t he reactor be operate adi abat | . I n one enbodi nent, cooling coils

operating \[\Nﬁﬁl n tShigabdd bavcageteridaatchd¢ 9)kah enatal dhydropidarand gadesr alkald carth

[ 0066] The 1 C h I i a

Gyl ohexandne nyBeRRiChE Kb e LCRAAE AR B BRRT Pensiom 60

wt % or ab@u@oﬂﬂeme@MKmyﬂmmuw 6Bmmm%&mk dndéagiredydigeide. eaativnoanppa@dsicm such
wt % based %'Qrbt 0 cs I %tl.'so be use:[d 0 10n'§lfjl QAR I& %t I S oduct exclusive of

unreacted cyc?ahexbeenzene Al acﬁalcata S EML15- PCT [ 0067] The

cl eavage r@MmB]onImwmdn@wnmamne@@tmbMwunnﬁ&@hbqumm&(QQUahmstoandahance at

| east a portion of .the clﬁavag) g?ctlon groduct é» n utra“% with a
basi ¢ mat erFAPITTR ke BT BHEEN BerH By @M L A MOR! YEgut Pase

[ 0068] Sui t ab[yﬁs&ﬁsdsqnﬂ@tcﬁiél ablsmiteiChatghesie| kedidliterednd! olfvydde @Klddﬁﬁate’tlnehr@@ﬂ des,
al kali earth netal Z droxj des and oxi des, such as sod|§n1hydrg§|de )

pot assi um RYHPORIPHEN R Aetlated sTRgH g A aic Xahaties Frshy eHeB s daverkly| bebtifoxi de,

and bariu memlﬂﬁ;%&%ﬂﬁf ha\s@gia wgrcandiviat B&&bwé%&)@ﬁé?%&bﬁﬁe ARYanainSife RActbned,
\%

optionally at I'n various enbodi nents, the

ated eratures.

basi ¢ nat esiregturg é‘?\‘ffﬁ‘?ds%%mg%é Clp2 bRl BIT*N%Z ShestR B cchoelrsner pralky greury. |

sul fonic 'Q&nﬁﬁ&EQQSQOEﬁﬁ&ﬂ%mn@@HQ&hﬁ;BB@@&HR@&M&kﬁMﬁ&Q&hﬁ%ﬂwﬁmQﬁéh&eC|ay,
such as |linestone, dolomte, nmagnesite, 'sepiolite, and olivine;
activated GBPHOACRALY materlnlrﬁr@@dwe@cm@ﬁovmreﬁe@a@rb@hmetalrpwmﬁl% ogaéhange
benzene. polyiEr FoSbOGE Al i Ao ERADags HER R Rk Aotk dp R O
-N(CH3) 2, sgdﬁmnmotassmm rupdams desiig, ealdiywr bg@m ofrotivma |akg [radguraugn ot eff ni ng
1to 20 CarGtil ﬁf SFBhe ﬁé}loﬁ{p 'Eﬁ)ltp 8% %%e'tnlegéatPeedt L\?]?ﬁ h%&gll &?egtew f{’&'n 11th1um
et hyl enedi amne; an organic basic materia ra on n croporous or
nesoporouspnekmhn@ﬁ&dmsnmmmmmnmdngmnmunmpgamdwrs@khmkﬂl&Mdhmaaﬂhemwlbes

exchanged wit sel ect e dium .
pot as si um %Boraetarﬁﬁc a ma nﬁsnl]um ng cate L%ﬁler%F &rIVG(P frgm tfu? mltq rrﬁlcmg‘rh 8P a} glagrbers?l]uman

oxi de of Gsdupnd Isblub]fe ilh@ltdbe?l’ isdd ImthTszsioehgaffrolEhle reacit as tsbdiameﬁhewitet, hsodiumet al

o sol ta aPieaophad R BhERR: Dt P bl e, BB

silicate geswhddry yordeftiamedlifhatdmaiiies ioftagsradic in@f eqt., rmgne§lrum§1ahﬁnna,nd
soluble silicate;. a Saltﬁ%ﬁth bgflc hydr ol ysi.s such as di um tate,

sodi um bi c AFBERYTIS 2R TR phaHE Hldg&a.mwﬁr%%ﬁaﬁﬁ@? aming, Eﬁ 9 |

such as a RfdnWAE manﬁ@ééomadwano@ﬁnﬁe@r th pérvic@drl Phided & BEHERSoOheiR EMIBYitHC
am nes, e.g., anilines, n-butyl am ne, heterocyclic am nes, such as
pyri di nes, Wspl@ierRip AgdS may B@P%th neenvepiente g hasis maserial 514 Gkatecugh 22t omat i ¢

di am nes, %%y%ek@ﬁ@!h?éﬂeﬁﬁﬁnﬂenoﬂ?e&ﬁrh&ﬂi/l@ﬁedlaﬂﬁﬁéq%@mdhnaré Q@mﬁﬁfc‘i@ll?favﬁllm'lé'
salts mnth weak organic acids may be used. Conveni ent | the basic materi al

is a di am fem Byisk 28 rh-Corparjinpederatie fiage Aeginaigny  GFEK™ A and DYTEK™
hexanet hyl efaggdi am ne, which are comercially available fromlInvista S. r.|.
Cor poration under the trade designations DYTEKTm A and DYTEKTm H\VD.
[ 0070] Sui t 4#178] solSudabhasilid basit erataials inghedeyblasic etal exideefanmilicoxdlichdi dnramithi es;
atkali on ekl JfiHeSirn Ak ANGEAT bl P d EhRncbhfl S0 KahdiiANetar
al kal i ne-earth zeol it es ransition ne?als,

rare earth and hlgher valency oxides; hydrotalcites, calcined hydrotalcites, and spinels,
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rare earth and hi gher val ency oxides; hydrotal cites, cal cined

hydrotal cites, and spinels, W 2012/ 036825PCT/ US2011/ 047843 2011EML15- PCT
speci fi cavbyotydssesal cites treated with an al kali net al pegluseaied4fsadm
lithium potassium sodium rubidium cesium and conbinations thereof;
perovskites; and beta-alum nas [0071] I n one enbodi nent, the basic materi al
is one or pnoreNefistier hi ndered am nes described in U S, Patent No.

6,201, 157. It will be understood that the basic material may be added in
t he anhydrous state or may be an aqueous solution of any of the foregoing

basi c mat ersbéélfﬁal AL LoWiB! k¥atb D &vifiEhR 1Y dhaXi %&teﬁ”ﬁorﬁalhthﬁmwﬁo&sﬁﬁ’rﬁ' c
hydrol ysis. 072]) Conveniently, a liquid basic material enployed a

neutral i zat$ Wnrl'é it fesiym. ape cospkisasions tharpef prremskiteyy et besa-alAmingi.ne or
di am ne as (hfﬁ] beqﬁ] oqé %&H§Cﬁﬁlgl’lt Iﬂﬁs crrﬁét dl\{§ e opwoﬁé)bfaf lﬂntlc)éred\’\ﬁlﬁlgesa

nor mal boi I I ng point tenperatuie above that o cyc exyl benzene, such that
it will tedesctibed iarihb nPatant Naed, Bl t39ndt wibatumdenistiood t,has@lqlbem mitegelt maynket i on
oper ati ons t. t e t A d

o cavage r SLNB i TR wR AR R0 HUE il b P ERR PPk Y gl S iBEBLE

[ 0073] The owouwliatsi Immuairlymhﬁ métaltﬁydrorx&iﬂss aal sia]zmvltbhasrodazdtqlﬂm is effected vary
with the a at st an Jrateri t.abl e netrallzatlon
conditi onsﬁ‘?(ﬂcfud?%v nigh] %’r a? e o?lc Htlat?rgéglt%{ﬁ%?a neutrathz?tlon TAgE™

| east 50C, paxecratindcemst sﬁﬂh@,s adrandic bedistiné @€ haObecatdidcaasd, BOE relativehit lok»east

90C. O her suj.table neutrali atlon condltlo n erature of no
oreater thaRBEBe T St bpof R P roe e S bR Eiheh TR TBOE r o
great er tEarrmM%% to@EmAIN i1gthe Bb®Smd @amlclgg%bsdqﬁeﬂﬁ@a@[@aﬁ@roﬁehﬁanshg%%layor no
greater than 14 or reater than 1 or no great an 1 or no
greater t h cqniyeted gp thﬁd@%} BRPTEPD Pﬂ% el Aes, g wa§r%15fﬁfdg?tmt@nfatnhe
neutrali zatshccmlqgmr&glt;hg@m] ncl ude a terrperature that is reduced from

cl eavage reactl on conditions, for exa the tenperature may. be 1C, or
5C, or 10C[0&Bl 15&he gpndsigens abwh@b@eWraley@ﬂ%%?tmh%ﬁff%é ‘ta@frﬁé]f‘ el of

the cl eavagﬁalry@aﬁﬁd Odasm[ PREALISKn bf% b NShikdbRY Iné@twh%oﬁoe@hdtiﬂoqaglsmeiaare igncl ude
a pressure of "about to about 500 psig (5 kPa to 3450 kPa, gauge), or

about 10 pdingperarooh ab asg%@%b ok Phleps 4B 0T iePiastgiigedr a lRekt 403Gt ortdhdeast eat ed
cl eavage regel Py f&s)ftSH‘r(? or §t RTBL&E &l Yind' 95&9?&%@%1'0){ cbrﬂht{dﬁ? indngidi 0

phase during the neutralization reaction. After neutralization, the
neutral i zedenmraﬂurp|06le|glteafclahhalbéOménm\l@cgr%’f@nh%mh]é’mC or no greater than 180°C, or

no greater than 170°C, or no greater than 160°C, or no greater than 150°C, or no greater than
140°C, or no greater than 130°C, or no greater than 120°C, or no greater than 110°C, or no
greater than 100°C. In various embodiments, the neutralization conditions include a
temperature that is reduced from cleavage reaction conditions, for example, the temperature
may be 1°C, or 5°C, or 10°C, or 15°C, or 20°C, or 30°C, or 40°C lower than the temperature of
the cleavage reaction.

[0074] Suitable neutralization conditions may include a pressure of about 1 psig to about
500 psig (5 kPa to 3450 kPa, gauge), or about 10 psig to 200 psig (70 kPa to 1380 kPa,
gauge) such that the treated cleavage reaction mixture is completely or predominantly in the
liquid phase during the neutralization reaction.

[0075] After ncutralization, the neutralized acid product can be removed from the
cleavage product leaving a crude mixture of phenol and cyclohexanone which can be purified
and separated by methods well known in the art.

Uses of Cyclohexanone and Phenol

[0076] The cyclohexanone produced through the processes disclosed herein may be used,

for example, as an industrial solvent, as an activator in oxidation reactions, and in the
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cl eavage product |eaving a crude m xture of phenol and cycl ohexanone which
can be purified and separated by nethods well known in the art. Uses of

Cycl ohexawmonei2aies2Phenol [ 0076] The cycl ohexanone produeeu/ushoiowgtsss he
processes discl osed herein nay be used, for exanple, as an industri al
solvent, as an activator in oxidation reactions, and in the WO

2012/ 036825pCGENUIS204YY 047843 2011EML15- PCT production of adipic acid,

cycl ohexanone resins, cycl ohexanone oxinme, caprolactam and nylons, such as
nylon 6 and nylon 6,6. [0077] The phenol produced through the processes

di scl osed g?&dﬁétfbn”@fYa&ﬁﬂc 4R cydiHex AR Rshs, gﬂld?lre%'dﬁ@_oﬁ!ﬁi%f“ellﬂrgla&ﬁﬁj B\Rb
bi sphenol A, e-caprolactam adipic acid, and/or plasticizers. [0078] Wile

t he presentylonyéwhiapnylhas apéeroresdcri bed and illustrated by reference to
parti cul ar di f ' kol sl t il reci at e
rgﬁﬁbf %Pép%e d ri')?octﬁfr‘egﬂ ‘%hgcru h R ?ro%é%'sés dlécrllosE@%el%fn Ilnl\é\%/ bilill,\@&i? &C

that the invention S itse ariations not necessar ustrated
herei n. Forexdnple toeamdnce phenglic rrefiesy; eénsphemthodyl d-chrrolaetda, sdipad ycitlo andier
appended c% B%gﬁ%yr pur poses of determning the true scope of the present

i nvention. F’ Additionally or alternately, the invention can be

descri bed p@078he fVidhileothe mgesertbiodintremthas beeh. deferiped @ed silifsoated oy difeienge & f eed

conpri si ng ngigﬂlgrhgn%(yoldPger}l%s? Wse top 8rd?r{a9yc Sa1 if %rgpal}ti \%{llna%preciate 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.
[0079] Additionally or alternately, the invention can be described by the following
embodiments:
1. A process for oxidizing a feed comprising cyclohexylbenzene, the process comprising:

contacting the feed with oxygen and an oxidation catalyst in a plurality of reaction

zones connected in series, wherein the contacting in at least two of the plurality of reaction
zones is conducted under conditions effective to oxidize a portion of the cyclohexylbenzene
to cyclohexylbenzene hydroperoxide, and at least one of the plurality of reaction zones has a
different reaction condition than another of the plurality of reaction zones.
2. The process of embodiment 1, wherein the plurality of reaction zones consists of three
reaction zones.
3. The process of embodiment 1, wherein the different reaction condition includes a
temperature decrease from at least one of the plurality of reaction zones to the next of the
plurality of reaction zones in the series.
4, The process of embodiment 1, wherein the different reaction condition includes a
temperature decrease of at least 5°C from at least one of the plurality of reaction zones to the
next of the plurality of reaction zones in the series.
5. The process of embodiment 1, wherein the temperature in the first of the plurality of
reaction zones in the series is about 100°C to about 120°C and the temperature in the last of
the plurality of reaction zones in the series is about 70°C to about 90°C.
6. The process of embodiment 1, wherein the different reaction condition includes an
increase in oxidation catalyst concentration in the feed from at least one of the plurality of

reaction zones to the next of the plurality of reaction zones in the series.
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contacting the feed with oxygen and an oxidation catalyst in a plurality of
reacti on zones connected in series, wherein the contacting in at |east two
of the plwopabizoges2f reacti on zones is conducted under cendiuscan®4msisective
to oxidize a portion of the cycl ohexyl benzene to cycl ohexyl benzene
hydr oper oxi de, and at |east one of the plurality of reaction zones has a

di fferent ngagimpon-mondi ti on than another of the plurality of reaction
zones. 2. The process of enbodinent 1, wherein the plurality of reaction
zones consists of three reaction zones. 3. The process of enbodi nent 1,
wherein the dif{gs Ex%%esﬁ QA HbONmMEANDi 1R hRChiHEeS RadBIREAGLM RicHBGT §ASe
fromat |east one of the plurality of reaction zones to the next of the
plural ity éfcrqaenit podatioprratalyshin fe fsed peat leay 10§mpnpy Heomsat lotst eppoditheent 1,
wher ei n thglu?élft)ff Gfl%&lnoﬁ ekt tfe g&@gfﬁlh frdli W&H%ﬁo@z&n@ﬂﬁ%e%%ge decrease of
at least 5 rom at | east one of the p ural ity of reaction zones to the
next of thé. pl uifkd progesof graladiment 1 zohreein phleash d0@ pprivewf thepxidihen gatdyess of
enbodi ment r L9 '

reacti on 2 el S i Bt Bial BRRERANERDRbiE s b ShicE batst taBh il el &

t enper at ur ¢hei foed dneering dte redetidtheonpl ural ity of reactlon zones in the series is
about 70C t90 ab? é[ r%(c)e% 0 gmbogprr?e Pl OCften aJ: leasmgﬁ)(gI I nr‘r:i\rx} of %He %c%{mn cat 1 %15
different reacti On’'Candlt i on i Nl udes an i (e 8askPTh “oxi I'on cdfﬁ
concent r at isggplieditct the lafstefﬁ‘dhe‘ plorigtof lre@sdn omes dfthd feiep |bHS’ea|upblyt0ﬁﬂ wreeﬁcbﬂ‘ on
zones to the next of the plurality of reaction zones in the series. WO
2012/ osaszgﬁé%%é%‘ﬂﬁﬁﬁ%ﬂgn HPT1EML15- PCT 7. The process of embodi ment 1,
wher ei n t heodi f TRY @Otess emﬁuoann@omdwﬁdr@mtherwhdid@@ iaat e E@ASES thdpldpalidat i on

catalyst in the feed of | east ] | eas;y one of the
plurality Of PEREEPHH aﬁeo%fégﬂ\tedo Pﬂémﬁé&lﬁa%i A)t eﬁwf}P%ﬂXV@ﬁﬁ nzsRe Pressdt i on zones

in the seril@s. The process of embodiment 1, wherein at least one of the plurality of reaction zones
comprises a continuous stirred-tank reactor (CSTR).
12. The process of embodiment 1, wherein fresh oxidation catalyst is supplied to at least
some of the plurality of reaction zones.
13.  The process of embodiment 1, wherein the oxidation catalyst comprises a cyclic
imide.

14. The process of embodiment 1, wherein the oxidation catalyst comprises an imide

X

wherein X represents an oxygen atom, a hydroxyl group, or an acyloxy group.

group having the formula:

N X

O=O\ /O=O

15. The process of embodiment 1, wherein the oxidation catalyst comprises N-
hydroxyphthalimide.
16. A process for producing phenol and cyclohexanone, the process comprising:

(i) hydroalkylating benzene with hydrogen in the presence of a hydroalkylation
catalyst under conditions effective to produce cyclohexylbenzene;

(i) contacting a feed comprising at least a portion of the cyclohexylbenzene with
oxygen in the presence of a cyclic imide catalyst in a plurality of reaction zones connected in
series, wherein the contacting in at least some of the plurality of reaction zones is conducted

under conditions effective to oxidize a portion of the cyclohexylbenzene to
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8. The process of enbodinment 1, wherein at |east 100 ppnw of the oxidation
catalyst is supplied to the first of the plurality of reaction zones in the
series, baeeadisesest ot al wei ght of the feed entering thecrasetilonsabne. 9.
The process of enbodinent 1, wherein at | east 500 ppnw of the oxidation

catalyst is supplied to the last of the plurality of reaction zones in the
series, basgdrwpon-total weight of the feed entering the reaction zone.

10. The process of enbodinment 1, wherein the conditions in at |east sone of
the plurality of reaction zones are effective to oxidize at |east 1% of the

cycl ohexyl RengiRREILRIERERIdroperbkide,] REd Bf R&ERe f e HRH IR teadtionIBEEHR At
| east one of the plurality of reaction zones conprises a continuous

sti rred-t adkforeneaption @gdiRpn thap anotipreof fhaplamdtyodt reseion zonsmitand thahéersnt
fresh oxidat, ' i t - ' of
reacti on zoncah QRN o Tud BRI AEA b Bk 1R imRaiRe dhd (P aP i Y

cat al yst cenplybtsegceatrayal dsghd feedi@ows figm ofleacystiot ews toftheerdsbrbiaetiontzong in
wherein th‘?heosé}iéjsa&{don catal yst conprises an imde group having the fornula:
wherein X represénts an oxygen atom a hydroxyl group, or an acyl oxy group.
15. The process(iof cleabgglatrieast a portinhef terrytlhkexglbenanée bydroatr@lidesirodonpm ses

Nhydr oxypht.hal i m.de. . 16. cess for produci ng phenol and cycl ohexanone,
t he procesilrll)gto)H{)Ord}lcselprlllﬁr:loq an(f\c)%EO%f’ﬁnoﬁeydroal kyl ati ng benzene with hydrogen in
t he presende. of Th pryelsoaf daybodinhann 1 € dtudilcy sémpprirtier sepamitigtat tias agfoktemt dfie: t o

produce cycl oh | henzene; (ii1) contacting a feed conprising at
| east a poP ‘?Iﬁﬁ%%?’%f%é’cgg‘@ﬁaﬁ‘ﬂ’é’xyl benzene with oxygen in the presence of a

cyclic imde carkd pidtess bf @npddihalt ilbywldreini @8Rt @pordnas tioshHeaatiecorvert&er i es,
M TR A S A B TR
cycl ohexyl henzemge p@cess of embodiment 16, wherein at least a portion of the cyclohexanone is

converted into at least one of adipic acid, a cyclohexanone resin, a cyclohexanone oxime,

caprolactam, or nylon.

20. The process of embodiment 16, wherein there is at least one reaction zone connected

in parallel with one or more of the plurality of reactors connected in series.

21. The process of embodiment 16, wherein the different reaction condition includes at

least one of the plurality of reaction zones having a temperature of at least 5°C higher than

the next of the plurality of reaction zones in the series.

22. The process of embodiment 16, wherein the temperature in the first reaction zone is

about 100°C to about 120°C and the temperature in the final reaction zone is about 70°C to

about 90°C.

23. The process of embodiment 16, wherein the different reaction condition includes an

increase in oxidation catalyst concentration in the feed from at least one of the plurality of

reaction zones to the next of the plurality of reaction zones in the series.

24, The process of embodiment 16, wherein the cyclic imide catalyst comprises N-
hydroxyphthalimide.
25.  The process of embodiment 16, wherein the hydroalkylation catalyst comprises a

hydrogenation metal and a zeolite selected from zeolite beta, zeolite X, zeolite Y, mordenite,

and a molecular sieve of the MCM-22 family.
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WO 2012/ 036825PCT/ US2011/ 047843 2011EML15- PCT cycl ohexyl benzene

hydr oper oxi de, and at |east one of the plurality of reaction zones has a
di f f er entwpeartdsesescondi ti on t han anot her of the pl ural iPCy/ustomneamsus on
zones, and the different reaction condition is at |east one of (a) a
decrease in tenperature and (b) an increase in catalyst concentration as

t he feed fbhowsMrigpe@ne reaction zone to the next reaction zone in the
series; and (iii) cleaving at |east a portion of the

cycl ohexyl benzene hydroperoxi de produced in (ii) to produce phenol and
cycl ohexangge: cr.LAfmsThe process of enbodi ment 16, further conprising
separating at Teast a portion of the phenol fromthe cycl ohexanone. 18.
The process- of Amsesgisferexidigng pfrs epmpraing @alohexylhsoreng.dite IpcesTONMPHEAS] i s
converted to at f I ctam
an adi pic acid, Cd&?ﬁgﬁgp@gg%@c\r?le?g%gg ab&a g)%lfg%oéleésagﬁ}tc}? V}Ph@&éalﬁ%%ﬁp&g&

wher ei n at zbl@@@tanracqg@m panies, of hetdne theyeohte¢tmgan ehksait swe oh thermlwrdlity f ocagtion east
one of adi

capr ol act an s budeF kP ORIRIADEERR o b QG BB Sy Pberrne o
at | east omcecyckdnex)llbmzmdgdmpﬂnade edd anlepaped dfehe plutahityosfecagtionmpomes bds & he
plurality %1f & Ctaotrosn c%r?#]pon tthe another oft & lurahg of r ac?o TRRESS of embodi ment
16, wherei A the d:f%eren react i oncondf Pi'on ™ AFGdEs“ At> | east one of the
plurality of reaction zones having a tenperature of at |east SC hi gher than

t he next of, the uralit ian BS in the series. process
of Cembodi nént | 1B Wiseich S Fonsura i aRTH o MePE Eieheofbin 2 o

about 100Créagti@buts. 120C and the tenperature in the final reaction zone is
about 70C to about 90C. 23. The process of enbodi nent 16, wherein the
different reaction condition includes an increase in oxidation catalyst

concentrat i3on i Mhd RBcdseBrkidinoNdddlaileB stheRALhO tifteR@t Rattodl dohditi®f inE@agtd on
zones to the next of the plurality of reaction zones in the series. 24.

The proces éenaferaé%éla@rﬁséﬁtfm%at st pes pf hR@IE3JRY O reapioezongt Wl P et ofhe ses

Nhydroxyphbngghybg@mxmggmwgnghpggﬁgss of enbodi ment 16, wherein the
hydr oal kyl ati on catal yst conpri ses a hydrogenation netal and a zeolite

selected fromzeolite beta, zeolite X, zeolite Y, nordenite, and a

mol ecul ar gl everpf ,EgsMMs2of A0t v pMRdnR1 L ARG SdRRET dSERRn P F48dch

condition includes a temperature decrease of at least 5°C from at least one of the plurality of

reaction zones to the next of the plurality of reaction zones in the series.

5. The process of any one of the preceding claims, wherein the temperature in the first of
the plurality of reaction zones in the series is about 100°C to about 120°C and the

temperature in the last of the plurality of reaction zones in the series is about 70°C to about
90°C.

6. The process of any one of the preceding claims, wherein the different reaction
condition includes an increase in oxidation catalyst concentration in the feed from at least one

of the plurality of reaction zones to the next of the plurality of reaction zones in the series.

7. The process of any one of the preceding claims, wherein the different reaction
condition includes an increase in oxidation catalyst in the feed of at least 100 ppmw from at
least one of the plurality of reaction zones to the next of the plurality of reaction zones in the

series.
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2011EML15- PCT PCT CLAIMS 1. A process for oxidizing a feed conprising
cycl ohexyl benzene, the process conpri sing: contacting the feed with
oxygen amsoani2sbstati on catalyst in a plurality of reactconszanmsgrsebnnect ed
in series, wherein the contacting in at |east two of the plurality of
reaction zones is conducted under conditions effective to oxidize a portion
of the cychohgmyl Barzene to cycl ohexyl benzene hydr operoxi de, and at | east
one of the plurality of reaction zones has a different reaction condition

t han anot her of the plurality of reaction zones. 2. The process of claim

1, whereingthe phupabdst br Ay bRAGE thOPrL NS caRNS WHERinCft ILRI E® ? tdf@l{b
zones. 3. The process of claim1l or claim?2, wherein the differen

reaction cendrtidnatalystis strnlicd tq tafistt af thewlurality efteactfonganestin Flé‘eﬁgtmd:r@éedof t he
plurality ¢ mf%ﬁ@%%% (ﬁ%ﬂﬁ§af8mﬁggﬂﬂﬁ%&m8ﬁz&ﬁe plurality of reaction zones
in the seri rocess of "any one of the preceding clains, wherein
the different reaction condltlon i ncl udes a tenperature decrease of at

| east 5C from a t I i the,next
of the pl uPal 1 ¢ S oRCCEsar FponeaPeRht ks, WRARY RTLAPRRE R 7Y
one of theopmammdmmgwchammﬂwdmhéﬁéwnoﬁmepmamaemhtumbnkmwshemﬁwm3$ lpked he
plurality Ofmr%??tloﬁu%%?q§ui%t%neﬂ§%&k1%1“%eabOUt 100C to about 120C and

t he tenperaPure in I'ast of the pltral y of reaction zones in the
series is about 70C to about 90C. 6 The process of any one of the

precedi ng ai mherel the different reaction condition |ncIu

i ncrease | XFE%& Pr(%esé& &My 8te 8%?%’8@6‘?*%%8 “P% WHEET B OPFiEHTSal Z%i‘étt one
of the pl ugahé tof mé plealkfyl 6N réaen@s zbikest e dRxstiveoto toRRlidel W Blaktt y%OBf tigact i on
zones in the seri 7. The process of any one of the preceding clainms,
wher ei n théyﬁWFF@'@ﬁ?mﬂgﬁﬁFﬁon condition includes an increase in oxidation
catalyst in the feed of at |east 100 ppnw from at Ieast one of the

plurality of reaction zones to the next of the plurali reaction zones
in the serilés. Thonrpew ebampone of themyeceding clednes, dfheléﬁlfyatd??ét 6‘?6 iHee prEtbdi ng

cl ai ns, \Ah%fﬁelaaloatzohe%%ﬁl AQ0 2 REMNGs stifEd- aﬁk%&bp@m hal yst i's supplied to
t he flrst of the plural |Fy of reaction zones int seri es based upon total

wei ght of the feed entering the reaction zone. 9. The process of any one

of the pr qud' n@?&%}%bé@ of ﬁ@e{)fé 3 tﬁ p}e@@tﬁ%% 5199} p%@ﬁ’e frésﬁ%xfaﬁlcqpéa'tﬂyrkt 18

catal yst is su tot ast of ‘the plurality o reaction zones in the
seri es, basawhab@nﬂk@vabmmef@hpmuﬂm%ﬁbmﬁQQMZ%mier|ng the reaction zone.

13.  The process of any one of the preceding claims, wherein the oxidation catalyst

comprises a cyclic imide.

14, The process of any one of the preceding claims, wherein the oxidation catalyst

comprises an imide group having the formula:

s

wherein X represents an oxygen atom, a hydroxyl group, or an acyloxy group.

o

N X

O\ /O

O

15. The process of any one of the preceding claims, wherein the oxidation catalyst

comprises N-hydroxyphthalimide.

16. A process for producing phenol and cyclohexanone, the process comprising:
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10. The process of any one of the preceding clains, wherein the conditions
in at |east sone of the plurality of reaction zones are effective to

oxi di ze awol2emsi368% of t he cycl ohexyl benzene present. PLT/USb@1psBeess of
any one of the preceding clains, wherein at |east one of the plurality of
reaction zones conprises a continuous stirred-tank reactor (CSTR). 12. The
process of rameneng-fT t he preceding cl ains, wherein fresh oxidation
catalyst is supplied to at |east sonme of the plurality of reaction zones.
13. The process of any one of the preceding clains, wherein the oxidation

catal yst conpri é)?%y@roﬂléﬂhﬂn%lbéﬂz% with4hydd¥€n Bh QR DResQice A1Ya AYEroRiky hitsh
preceding clains, Wherein the oxidation catalyst conprises an imde group
havi ng t he cttalysunger conditigns clraivx ta rpduss evitleheanbenegepen at om a hydr oxyl
group, or an ac T oup : r s, f: ng
cl ai s, wherei né‘ﬂt)%éﬁ%%ggt feg%%?g?r%éﬁ s?[ %%%r?@%%@%wgd 8@9%’#?%3 | ?n‘iﬁgf 16. A
process f ooxygeoduthi mespivendbh crolid imide lcghlyxtan e pbiralithef j9actiongenes gommettsd mg: WO

2012/ 03682?581-,/ \H%%gﬂ' Meoc%zﬂéétﬁlgzlg JAH;M]f %érhg) S%rthe plurality of reaction zones is conducted
under conditions effective to oxidize a portion of the cyclohexylbenzene to
cyclohexylbenzene hydroperoxide, and at least one of the plurality of reaction zones has a
different reaction condition than another of the plurality of reaction zones, and the different
reaction condition is at least one of (a) a decrease in temperature and (b) an increase in
catalyst concentration as the feed flows from one reaction zone to the next reaction zone in
the series; and

(iii) cleaving at least a portion of the cyclohexylbenzene hydroperoxide produced in

(ii) to produce phenol and cyclohexanone.

17. The process of claim 16, further comprising separating at least a portion of the phenol

from the cyclohexanone.

18. The process of claim 16 or claim 17, wherein at least a portion of the phenol is
converted to at least one of a phenolic resin, bisphenol A, g-caprolactam, an adipic acid, or a

plasticizer.

19. The process of any one of claims 16-18, wherein at least a portion of the
cyclohexanone is converted into at least one of adipic acid, a cyclohexanone resin, a

cyclohexanone oxime, caprolactam, or nylon.

20. The process of any one of claims 16-19, wherein there is at least one reaction zone

connected in parallel with one or more of the plurality of reactors connected in series.
21. The process of any one of claims 16-20, wherein the different reaction condition

includes at least one of the plurality of reaction zones having a temperature of at least 5°C

higher than the next of the plurality of reaction zones in the series.
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(1) hydroal kyl ati ng benzene with hydrogen in the presence of a

hydr oal kyl ati on catal yst under conditions effective to produce

cycl ohexyWbenra3es2s (ii) contacting a feed conpri gcmgsadiiloemss a
portion of the cycl ohexyl benzene with oxygen in the presence of a cyclic
imde catalyst in a plurality of reaction zones connected in series,
wherei n thegcamiastpag i n at | east sone of the plurality of reaction zones
i s conducted under conditions effective to oxidize a portion of the

cycl ohexyl benzene to cycl ohexyl benzene hydroperoxi de, and at |east one of
the plural bby ofnd 536kl Ok AR P 6 f LRCRM the RAGEARe GOMLiRkH Achidan
another of the plurality of reaction zones, and the different reaction
condi ti on izencait abaidP0Ente abput( )°@ apkthedemeeritiretie theehingl taaeticarrdng i) abant

i ncrease i Rogat,abyslgps@ncentration as the feed flows fromone reaction zone
to the next reaction zone in the series; and (1i1) cleaving at | east
a portion of the cycl ohexyl benzene hydroperoxi de produced in (ii) to
produce phegol apd el 00*%%2%%@9& clajr%s 15h8 R’E‘l%l‘%l%sﬁe %Eﬁf&%tﬁ'r@c?iﬁn bl fer
conpri sing separéipng at l'east "a portion of € pheno romithe

cycl ohexandméudes 48incichee jpraxclsen cdtalgdt@bmedaton ic e feedl #omwvdn drasti mealf theeast a
portion of the.phenol.is converte at least one of a. phenalic resin,

b sphenol A PdPRiich Pafi? AL BT of B RhyayBPgrreQhGh SbpfulhERR 1o T
process of any one of clains 16-18, wherein at |east a portion of the
cycl ohexangne is converted into_.at.le one of adipic agcid, - a .

oyl ohexanade r BT FOCE e A GRS A Bt oapis U o iahGl SPPrissn. The
process of Namyir&Ipht@hligildai ms 16-19, wherein there is at |east one reaction
zone connected in parallel with one or nore of the plurality of reactors
connected in series. 21. The process of any one of clains 16-20, wherein
the differest rerefb@Rs SQMGIohE OMLIdiMEh §LldeSyiRkeih BRSLdBNRyBfontdaRIRE Ural ity of
reaction zones having a tenperature of at |east 5C higher than the next of
t he pl ur al CPRPEES p ByEPEapiondned apda gepditssicrisd fromugeliteRate.zeplity X, aopliteThe
process of ¥enfR&n@h nfl RLEBsid&-of the MORILE) Anfihe tenperature in the first
reaction zone is about 100C to about 120C and the tenperature in the final
reaction zone is about 70C to about 90C. 23. The process of any one of
clainms 16-22, wherein the different reaction condition includes an increase
in oxidation catal yst concentration in the feed fromat |east one of the
plurality of reaction zones to the next of the plurality of reaction zones
in the series. 24. The process of any one of clainms 16-23, wherein the
cyclic imde catal yst conprises N hydroxyphthalimde. 25. The process of
any one of clainms 16-24, wherein the hydroal kyl ati on catal yst conprises a
hydr ogenation nmetal and a zeolite selected fromzeolite beta, zeolite X
zeolite Y, nordenite, and a nol ecul ar sieve of the MCM 22 fam ly.
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