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[0001] This application clains priority to and the benefit of U S

Provi si oD 28ppi3sg1at i on 5No. 61/ 382,776 filed on Sept enper/ub4911207808 whi ch
is hereby incorporated by reference in its entirety. FIELD [0002] The
present invention relates to a process for produci ng cycl ohexanone.
BACKGROUND 10[ 0003] Phenol is nobst comonly produced by the Hock process.
The Hock process involves al kyl ati on of benzene with propyl ene to produce
cunmene, oxidation of the cgyRniORXARONETRIPOREITIENYdr oper oxi de, and

cl eavage of the hydroperoxide tTo produce equinolar anounts of phenol and
acetone. [0004] The various steps involved in the production of phenol and
acetone froReRTEYCLABCan produce various contam nants that are difficult
to separate from1ihe desired phenol and acetone. These contam nants, if
left in thé0Q9hEnoThipeprigation qkips paoke tdiand thellendfd f iUnS HeawisanpleApplication
processiknNg .0 r : sing,
For exanp & P EREREICE, SaRM s BRaB TP Shich s ndRAaLL SEFRALRERRR

pol ycar bonantsty. Ther ef ore, techni ques have been proposed to renove those
cont am nantgpj gvol ving certain treatnents. 20 For exanple, U S. Patent No.
5, 064, 507 an oses obtaining high purity phenol from cl eavage of cunene
hydr oper oxi[@21 hr Bhegiresentenamtiomreiatand aprocese &brmpentuciag epdoheXdrenphenol m xt ure
i ncl udes a&£¥§§§§§§§3%“‘@6t0 no greater than 10 w % of al pha-net hyl styrene,
and furthe cetol, 2-phenyl-propional dehyde (2PPA),
ngéhyl4ben1mmﬂranH&MBF%Jﬁ&&&bﬁmkmgxbﬂemkﬁﬁ%‘ﬁBdﬁ&&ﬁﬁGﬁMifHhBUﬁkkEﬁ&m%ln

addi tion, U. S Patent 3,322,651 discloses a nethod. of 25 producing
phenol nmad& B e%lgjﬁﬂ%%‘s%@?‘bzﬁn“o‘fm&BWB?%‘B“%?@F%%?%%?%%.“*F‘ﬁ‘éonp?fé fofunege to
purified byheCotedhiling htihepaatbonyll chevpewnds Wdidpexiletts PERINCCOfRAsIAT.

[ 0005] Cycl ohexanone is typically produced by the oxidation of cycl ohexane,
or the hydﬁgﬁ%ﬁ%?mﬁﬁn%?n%ﬁﬁﬁﬁP. These net hods can al so generate various
cont am nantgoouhat TR @ardid §ibuhtort if eRAFrBLRLbK OMpii6 Hasiésst RERUmEne and
that can render the cycl ohexanone product 30 substandard or unusable to
downst rléamct Bredusse@rioysoronrupasfsethatiase drdculten serseateifremghe deyyed Pheohmidor

adi pi ¢ aci dee@fe. f YhidContBliftisd NP3& %ertﬁevgﬁén\s%rddncts hayPERQUCHRRAGQS one or
anot her type of nylon. Thus, certain treatnment neans have been described to
renove thoslewawisem mirorasiing, Py wnvaryed phraslamopable foo suchxdamphtecam precesidpg. dot  No.
Loaps 2i daihoshoul LAt ALakBd et bRoR ORGP AHARO! Therefore

cycl ohexenone in a cyc e-contain
techniques have been proposed to remove those contaminants involving certain treatments.

20  For example, U.S. Patent No. 5,064,507 discloses obtaining high purity phenol from cleavage
of cumene hydroperoxide through one or more amine treatment steps. The phenol mixture
includes at least 0.5 wt% to no greater than 10 wt% of alpha-methylstyrene, and further
includes acetol, 2-phenyl-propionaldehyde (2PPA), methyl-benzofuran (MBF), mesityl oxide
(MO) and carbonyl impurities. In addition, U.S. Patent No. 3,322,651 discloses a method of

25  producing phenol made by decomposition of cumene hydroperoxide. The phenol is purified
by contacting the carbonyl compounds with a nitrogen compound.

[0005] Cyclohexanone is typically produced by the oxidation of cyclohexane, or the
hydrogenation of phenol. These methods can also generate various contaminants that are
difficult to separate from the desired product, and that can render the cyclohexanone product

30  substandard or unusable to downstream processes, for example, in the manufacture of
caprolactam or adipic acid, or further using those derivatives in the production of one or
another type of nylon. Thus, certain treatment means have been described to remove those
contaminants from cyclohexanone. For example, U.S. Patent No. 7,199,271 discloses a

method for reducing the concentration of cyclohexenone in a cyclohexanone-containing
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WO 2012/ 036818PCT/ US2011/ 047828 organi ¢ m xture. The nethod i ncl udes
contacting an organic m xture conprising cycl ohexenone with an effective
anmount ofwat2oi2aasgisone of sul furous acid, a salt of sul PoTas30IAOITE2S an

al kali hydroxide, or a mxture of two or nore of these conpounds. [0006] The
production of phenol from cycl ohexyl benzene is an energing technol ogy, 5
interesting in that it co-produces cycl ohexanone rather than acetone.

Cycl ohexyl benzene can be produced, for exanple, by direct alkylation of

benzene W tfa6¥Chahgxenerhdmdasd '11§5PL'1C@§ efhntabtitd Sn Balagiot nNgureG msli_’r;]gS by
contacting benzene wth hydrogen in the presence of a catalyst.

cycl ohexy| sedgherenopgivith ha effpeivg emensted af pattioac eﬁwfémﬁ@ﬁn@saﬁyﬂﬁb@wwl de

and the penaylfech 1%?&1%91&%8%%% it s&%@amm AhplRY an aci di C
cl eavage cat al yst producti on and cycl ohexanone

f rom cycl oli@dogl beﬁlzeenl@d@qtlsm qfrnbdmdefsomamlohﬁgykl;)omneammahtemeltgm teghmelogy,
di ffi t
Ticukt t0.36# nﬂhﬁtd& %(ﬁg?ohﬁ'&s deSieehoRk RV €5 clfopegcg f?z‘eﬂé ‘Earrlf or ent

t hose contam nanfs an separations I nvo nare Sig
t han thosebﬁmvﬂhmﬂdﬁnﬁxamﬂhéwcmhewﬂgmuenmﬁbﬂabmHackcmﬂ@mess @Uﬁ(@hbﬂ@i and

acet one, oduc [ xanone. f Lom ¢ cl ohexane
or phenol . gﬂ?é§%W% e, 6¥§Zyd9ggw?n mm eﬁ%hz%’@ gﬁlluce r?l%ﬁf%fhant
anount s of catalyer Eei @plohe;é@lh&hl&lﬁalﬁl thianl bb (essimed aortigrdosrepbnding hydroperoxide

met hyl cycl o ane cIo clohexe 1d

Them ool SRR PS ke YRRy SRy B iRt BATEH ashis Yravasn Bsbne

tCI ypi Cagby ;p(lmgpce};hdo@mmxwtﬁm Spqﬁblﬁﬁdzﬁidl eybld}féxinh((ie Hﬁﬁﬂ)c@bl@ﬁ@@ﬂgenﬁdﬂe hal@s t he
esired cycl ohexy y CHBHP an

bypr oduct Wd‘il%eﬁeYa&?Pﬁjég“t%‘H%lﬁm%éh wﬁa@s&% 1q Sepasgse Sfouh e gewgrpa Pfax. de,

cycl ohexyl Howh&nihk-mumrd e HRPE conthERa@N dn€ YK @Pesidms| inRheddlydke 4ignificantly

hydroperOX|de FlnaIIy t he cleav%%e of these vari ous deroperOX|des

produces, A&Tat fhap foseinyaiyed ingrtheribe epmyendiond dlask araspisrienahand andaceiqns.
undesired Ry mQRIMhEoRE plobeetde o &R fr@m‘é‘%ré:i@he%ﬁ{e' Stpthe. F&@x;ﬁ{ﬁ{)l@ant

species are not produced by the chem stry and technol ogy of eithe he Hock
procesd’ ohydmakylyanoH bgagsae pirieras ﬁlémﬁ@ﬂnt PR of igter Bigefyaton oo sk lsves ses .

[0008] That 5gidlydeseri BEdWISERMANATRS MRLRABHO MRAGEILBBNGERE am ARt S

gener at ed when manufact uring phenol and cycl ohexano '

cycl ohexy! ipbenrtanelohaxiyksiicaby Slmrlwﬂmghmpgﬁatqmac»ﬂ qyglopérertiehzene tﬂy@lﬂmrm&@nme
conpositio d t uce
cycl ohexan %gx@gQ§§i§g¥%?&ﬁgﬁ?E§#¥ 1%&%%Veﬁb%g§%$9§ﬁ%&2§98$§§ P?g&ggt from
t hose typ|@@@byﬂmnwdaaéEHByzmdnn@ﬂmﬁ@mamndﬁnwwwwp@emg% mmhewkwcmh@wbtess)
the i nebant iRy et PSR ogal el RS T RIS B I ST A ERAALT 1 1 S
conver si on hpdropliretide. afidallyy greodeacs s, ofpbetsemmcmls lhy dpppaviidespradystreaoboth the

B NI RIS RN e IV TR
nmet hods. ThEHHﬂQQﬂh@maﬁaﬁﬁsoﬂamnhﬁnhﬁﬁ@aﬁﬁobbeﬂﬁhﬁ@h&ﬂiBﬂﬁ&hdﬁnﬁﬁ@caﬁsing,
S Lol SROEUSELSM ST or bccatioe of Lhetr Lover vol st il Ly, comar e Co
25  processes.
[0008] That said, described herein are methods to manage the contaminants generated
when manufacturing phenol and cyclohexanone from cyclohexylbenzene, thereby forming
high-quality phenol or cyclohexanone compositions.
[0009] Advantageously, the methods described herein produce cyclohexanone
30  compositions that are novel, useful and very different from those typically produced by
conventional methods (e.g., the Hock process). The chemistry associated with
cyclohexylbenzene as a starting material in the instant invention, and further the complete
absence of cumene and its conversion products and byproducts, potentially provides a phenol

composition with contaminants that are of a markedly different type and concentration than
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SUMMARY 5[ 0010] I n various enbodi ments, the invention relates to
conpositions conprising: (a) at |east 99 wt % cycl ohexanone; and (b) 0.1
wppm t o IWOQoBes1ef at | east one of cycl ohexanedi one amrdT/US2011/047828

hydr oxycycl ohexanone, wherein the w % and wppm are based upon the total

wei ght of the conposition. 10[0011]In other enbodi ments, the invention
relates to conpositions conprising: (a) at |east 99 wt % cycl ohexanone; (b)
0.1 wopmto 100 wppm of cycl ohexanol; and (c) 0.1 wpopmto 10 wppm of at

| east one @fc eyml-pEMANRIANE @ﬂ%eh&’&ﬁ%ﬂﬁl\@|1@J§ze’6@”1@sr&eprdMé%{aﬁb Mint Rt % and
wppm are based upon the total 15 weight of thé conposition, and wherein
the combi n@ECAWHENE-2of 1Oc G A#raatanyId/orchecresr exlatheti ower aplgtility compared to

hydr oxycycl.ghex@aRanGeRe&OWBS fad BE plent ﬁe}%er%gné%t{ﬁtf%sthe total amount of
contam nants present in the conposition. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0012] Fi guééMM:é&‘é sinplified flow diagr am of a process according to an
enbodi nent o} i anone from
cycl ohrergyl @ﬁg R?BBL%S :05%%3{52&?2{ Vglg[éb?l r&?t ??%%P%gv&éﬁglgélgm of a process
according to a anéa)rv@ﬂeas@@cyﬁi’/mtoh@mnwmeandnvent| on for produci ng phenol and
cycl ohexanone fro I ohexy b | HE

EMBODI MENTS 25[0 W4 g/a TTous sﬁg@ff“’%pn?en% eaSPE%\?%fers Cc?#éex%%e 10052 es of
the invention wll ridegcﬂhﬁexanbmﬁ whiereol uhelmm‘@j) goud efppinr @d bevel) agonrhattstaland
definitions that are ad@pﬁrﬁ1 erei.n for purposes of understanding the

cl ai ned invention. Wi'F S PBPYYICng det ai | ed description gives specific
preferned ¢oliepi nenttiser einbodiestk ithd i@cention td@esas tompdsltioapamaeismie t hat t hese
enbodi nents are egg hﬁ%ry only, ng that the invention can be practiced in
ot her ways. For n% HoS 4 P CQBTEPMni ng i nfringenent, the scope of the
invention will refgro.t appfyo Covewsim bDdyeloRéxahflear@ppended cl ai ns, i ncl udi ng
their equivalents, and elenents or limtations that are equivalent to those

that are recited. (@l r¥PRPefftelt oVRIE off pbelseitoAne nidy cydehsxanediops eansy
nore, but not necessgigidxycyRldhexadbnd RcieVAB tiANsd d@fphnad biydtubsn Heabis.

15 weight of the composition, and wherein the combined amount of
cyclohexanol, cyclohexanedione and hydroxycyclohexanone accounts for at
least 20 wt% of the total amount of contaminants present in the composition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]  Figure 1 is a simplified flow diagram of a process according to an embodiment of
20  the invention for producing phenol and cyclohexanone from cyclohexylbenzene.

[0013] Figure 2 is a simplified flow diagram of a process according to a another

embodiment of the invention for producing phenol and cyclohexanone from

cyclohexylbenzene.

DETAILED DESCRIPTION OF THE EMBODIMENTS

25 [0014]  Various specific embodiments, versions and examples of the invention will now be
described, including preferred embodiments and definitions that are adopted herein for
purposes of understanding the claimed invention. While the following detailed description
gives specific preferred embodiments, those skilled in the art will appreciate that these
embodiments are exemplary only, and that the invention can be practiced in other ways. For

30  purposes of determining infringement, the scope of the invention will refer to any one or
more of the appended claims, including their equivalents, and elements or limitations that are
equivalent to those that are recited. Any reference to the “invention” may refer to one or

more, but not necessarily all, of the inventions defined by the claims.
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WO 2012/ 036818PCT/ US2011/ 047828 [ 0015] The present invention is directed to
a process for produci ng phenol and cycl ohexanone from cycl ohexyl benzene
and, nor ewpantiediarly, to an integrated process for preduaisegipsael and
cycl ohexanone from benzene via cycl ohexyl benzene as an internediate. In the
process the cycl ohexyl benzene is initially oxidized to produce an 5

oxi dati on reaction product conprising cyclohexyl- 1 -phenyl-I|-hydroperoxide
and at |l east a portion of the oxidation reaction product is cleaved to
produce a qMﬁQVagﬁhJ%ﬁ%&hoﬂwghQHU%tdﬁ&ﬁ&ﬁh&'ﬁ?n&ﬁ@”@h1 FaiRh eraRANgng and
one or nore contam nants. O ten sone or all t he con anlnants in the

cl eavage r €x@ehicsnope datceyclohexydhonzqng gnd. meye parvisyliatle tp @pAitesralcd REser fand/ or
cycl ohexangmauax SHIRbIE Bt BRAUShexUED BSmdbsiidd alid OQclohBiFvenkdiet BE A esent
process, Ieas 10 a portion of the cleavage reaction product is

cont act ed witermediateacimithe praeese ithd Cmd@ﬁylb@ﬁdlilet isomdially eehizedrto producsaan one

of the gon Wl )
separab? ?%@%?%ﬁgaﬁﬁﬂﬁﬁ? ﬂéﬁﬁr%ﬁ$ E%mb¥36%g # 8gg§§gi§?g%%62ntion
is further pditivecf d¢ ¢xadetipa rqah@omwr%@trpﬁo@ﬁavad) trspiodiate o ¢leavegchigaction product
above-descr S cO ition in ) | east
3 w56 18 yer s RSNl R B ConsaIRTS BB R aRGobr LI wllordlee of
cycl ohex anedutanmalamdl thy dlemage;ea&tminqumome diffieiitad Sleﬁah& Mrﬁ/d}&nﬂiem pnd/ar e
based upon t t ot al tjon Prod ction

Oyol ohexyl GeHIsEont BT mehedy SeE g BalEPoTues 3 BF bistSudtechy WhEsb  and
CyCIOhaﬂan@nﬁnﬁ@D@beﬂZEmﬁgelﬂﬂmbﬁQH@ﬁﬁZQmEmﬁﬁmﬂnwhhamlMnmﬁnﬂﬁﬁmﬂdnh&
benzenc. ai CHNEYEH GhERBHE o Firas B B aHEAmIRTaT0 A6PE<EaY ATYQEI s BHchs

enzene w u

zeol i te bethrofcadly MpMIZfrb@nhd pheh®lae@ul Slobit@Méne. Or by oxidative coupling
of benzene tao make bi phenyl foll owed b%%ﬁégrogenatlon of the biphenyl

However , .rﬁﬂaﬁhctmf‘epre%eﬁbmawoan%ﬁm Bl 4 tpwar éﬁ@r%cwpwtwae@ée fpm
contacting tﬁeh@oob@aas@ﬂsed\f\?&&sbyfdmﬁ@lﬂplu NESHp RN AEQRDrHIgatd) 0N 16R8NdY titgns 1N
the presence of a hydr kyl ati on catal yst whereby the benzene undergoes

t he fo|lﬁowcw§0heé%&9pﬁ and(() tldﬂmlbmjwocw%ﬁ’éﬁweaﬁéﬁ%ﬁfecx@hsyane iong gk 8] For

?E exanpl e n9firoRXJEIBR kYRt i RRciRTthd&PZ GRE wWpPm! 248 bREE SFAE fie At WAEIRGE IS OF

composition.

Production of the Cyclohexylbenzene

[0017]  In the integrated process for producing phenol and cyclohexanone from benzene,
20  the benzene is initially converted to cyclohexybenzene by any conventional technique,
including alkylation of benzene with cyclohexene in the presence of an acid catalyst, such as
zeolite beta or an MCM-22 family molecular sieve, or by oxidative coupling of benzene to
make biphenyl followed by hydrogenation of the biphenyl. However, in practice, the
cyclohexylbenzene is generally produced by contacting the benzene with hydrogen under
25  hydroalkylation conditions in the presence of a hydroalkylation catalyst whereby the benzene

undergoes the following reaction (1) to produce cyclohexylbenzene (CHB):

’ O ' ZHZ - @

[0018] For an example of hydroalkylation of benzene in the presence of hydrogen for the
production of cyclohexylbenzene, see U.S. Patent Nos. 6,730,625 and 7,579,511 which are
30 incorporated by reference. Also, see International Applications W0O2009131769 or
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production of cycl ohexyl benzene, see U.S. Patent Nos. 6,730,625 and
7,579,511 which are 30i ncorporated by reference. Al so, see International
Appl i cat iwO201B608131769 or WD 2012/ 036818PCT/ US2011/ @E¢TAR201MO21309128984
directed to catalytic hydroal kyl ati on of benzene in the presence of
hydrogen for the production of cycl ohexyl benzene. [0019] Any comrercially
avai |l abl e benzene feed can be used in the hydroal kyl ati on reaction, but
preferably the benzene has a purity level of at least 99 wt% Simlarly,

al t hough Styigx@0 U84 Qfredididt AE! gué By (¥041ky34tichiof Bénzehd initife d;%‘s@ﬁd‘e%f'h){ﬁdr@@&i rabl e
that the hydrogen is at |east 99 w% pure. [0020] The hydroal kyl ati on

reaction ca¢ thepredistioe eleyclohexylbghesaer ange of reactor configurations

i ncl udi ng fﬁ(ﬁ@ﬂ bgdy C§llnH1ref(‘Yal Fyea%ﬁﬁﬂé el ¥edCRhAYideg ifi Rl 'hbhr%&lk?l@tl&lower S.
I n addition e hydroal kyl ation reaction can be conducted ih a single

reaction zowetiay bitrpreferably thy kenadne hys ppuritelegeli dbat lzeph 8% wtlion Swmilaghi, dthonghast
t he hyd
€ Nyd5ogelL oﬁrce 'a% ﬁ)&lg ﬁ(;lgbﬁoq’ chﬁj%b é?lg% dﬂeg‘%l UCI[%SI 7 %ﬁﬁ thegﬁidtréggl% & ;{tq&gtt%on

tenperatures are bet out et ween about
125C and abw%mugsoc whi l e suitable reaction pressures are between about

100 kPa. ang(?oggﬁut The %Og’roa!ﬁl%ﬂatlo%u ega?t?% ? gu ?elét 500 k earaar‘lngi oefb%aét >, 000

kPa. Suita al ues o of en to enzéne are etmeen
about 0. 15cdnfenchtiadsointludibg Fixed bedh ﬂmnbemmmenmiﬁabﬁmﬁwﬁ distillagomdtososut 1nd: 1

for exanpl et 4 an about 1] The catal yst .enpl oyed
o eyt 1 PR SRt BR0Pt SRPRGALR Aoards Jeet e R o

nol eculiar piveatiey offredctien %M- ﬂﬂwﬁla{mll@astammalrdyﬂlst@&id&&dd@@thB’eéaaﬂlon 1ﬂ' ktegdser m
"MCM 22 fami)ly material” (or "'material of or "nol ecul ar

th
si eve of t Rt e%lopé?ﬁlwfyres e bglegn ﬁ@%.lﬁmq M f@ae%“%@&alv 4} betivesfes
having t he oy § foammaasds %be%fagmmb(es%ho Fﬁrxsshle& arS bWt LSS 180 kpdhscussed

inthe "Atlas of Zeolite Franework Types' edition, 2001, the entire
cont ent ofamhndwookPmﬁm@wp@mameddmetﬂ@ﬂ@aemtéxmtSOmﬂdh Suitable values for the

molar ratio of hydrogen to benzene are between about 0.15:1 and about 15:1, such as between
15  about 0.4:1 and about 4:1 for example, between about 0.4 and about 0.9:1.
[0021] 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 molecular sieves having the MWW framework
20 topology. (Such crystal structures are discussed in the "Atlas of Zeolite Framework Types",
Fifth edition, 2001, the entire content of which is incorporated as reference.)
[0022] 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
25  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
30 in U.S. Patent No 6,077,498), ITQ-2 (described in International Patent Publication No.
W097/17290), MCM-36 (described in U.S. Patent No. 5,250,277), MCM-49 (described in
U.S. Patent No. 5,236,575), MCM-56 (described in U.S. Patent No. 5,362,697), UZM-8
(described in U.S. Patent No. 6,756,030), and mixtures thereof. Preferably, the molecular
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[ 0022] Mol ecul ar sieves of MCM 22 fam |y generally have an X-ray diffraction
pattern including d-spacing maxi ma at 12.40.25, 6.90.15, 3.570.07 and
3.420. 07 wogstv3ns18The X-ray diffraction data used to clrarast@niozzs28 he
material (b) are obtained by standard 25 techniques using the K-al pha
doubl et of copper as the incident radiation and a diffractonmeter equi pped
with a scintillation counter and associ ated conputer as the collection
system Ml ecul ar sieves of MCM 22 famly include MCM 22 (described in U S.
Pat ent No. s#v@R4cRER frofSah BcMasciy) Recvids; bhdc) Ps@%%@st ofNACME44 31 KRR
SSZ-25 (described in U'S. Patent No. 4,826, 667 (described in

Eur opean Papewth 8dTQ8293032), ITQ 1 (described 30 in U S. Patent No

6, 077, 498), 2

w0971 172000 " NEwk 267 Faaat BT R e OB R R e R LA ey
(descri bed ajthpugh suit talSN@Cluge p3Budims ruthpinms gickdegive.i e dingl rrobpls withat ent

i xtuf o8 1 Rarkipt S0P epSERCH ARttt lochBh G0 BB 1ot a2s

si eve i s seleot edthecarlyftay biEréMGou( BYS MCaBE abamd0 (Yo, Susbiay peweaf abDv 49
and MCMVb6, .such 0023 knovvn hydr ogenati on netal can be

enpl oyed i rqslt A’% roalskWtIJa f?[%eh a(t:ag Sél yst, although suitable netals include
pal | adi um [Oﬂmhenslumblerbmdeelmatematscmcmldm syrmlnmﬁc(rmbatma,llymdchlmng spbdtdnach asm

bei ng particyl ar| adva eou ner.al | the dro ena ion
metal bresdi o PHBRCRTGRISTT o SREVEEH st PouTBRtR, ShL e S0t o
such asobehmemyaiaautmg) Oﬂ.lrﬂ\ﬂl%falﬁhd ofllelutinods \Me%pﬁlﬁtei hﬁgﬂaﬁr&:ﬂmﬁlﬁ{g mlxtures of

[ 0024] Sui ta |l e Dbj ndei terjals | ncl ude slynt h tféc or natur al E‘é Occar{fir ng
subst ances SHE® @Y Mes X gHATE! wrarTag slasyehic §afb Gysedsis g RRderAciy

nmet al  oxi defose Shehel ASHALriMGYe RBd RbdIMEfamildld, WRER FahiliYs MERUE FHecN@blthtdnRed he
form of gel atl nQus,. preci pitates orcqgel s i ncl udi ng m xtures of silica and

met al oxi d@&d thedeeling epmealroMigs dueg<Maees. Carreke arfsiaridasclaysyr s

i nclude thesnRh thhenaiPRITER icbh@Richeisattok@s)] kddlihidididk RS naie C dhaRide] €s

i ncl ude the subbentonites and the kaol i ns commonly known as Di xi e, MNanee,
Geor gi 45 ardclFiclys gan dreayprsd i the Y SHtath amrkgnla{lhemﬁ%d Q1 i alba Puliesiesk 1 uent
is hall oyShalanatﬁxoLelm&amege 6K EileSrical At ARALK IRl oxikie bRHER lﬁélaalé can
be used in the raw state as originally mned or initially subjected t

cal ci nat i onilicaciwning gaeerentifangy sibeatmals, HHdHnhgnasit, cﬁﬂilcaSUFQfabeSélcﬁ‘ﬂtoalla oxi de
bi nders i ngih't!agge@fhy ﬁﬁca—%ﬂ@a@%el?é& ﬁ Ihé&s%hé'is cﬁ' As alwg—ﬂlorla,
silica-magnesi a, “silica-zirconia, “tho ra, sil |ca- eryllia,

silica-ti taﬁlpaalamlmlﬂcoms, Sﬂmﬁb‘mynaamamsa,taindméics -oehnea-zirconia.

ond o PcalB coflidhen? bl AT ABE "ERALE: R L HERRy kY R
reaction i sydiolqhylyer&emeecme vatfldcowvefraohs thtydiydfwbky]abenzrmaon trhaey (ebrithmemmef rom

t he hydroalk n _reaction cont nsorred d as wel |
ns unt ence A ERSERRIERG  RBGE A A bR B sl Rng MRS heeiSS, o
benzene W&ﬁ"hb&nf@ﬁt@@/%ﬁﬂn&)ynadl 84 rdcbadréd by aiinﬂﬂlatﬁmyeﬂceﬁbcmed e ttad Kiylationon
reactor. The bottqns from Eeﬁzene g sbﬁ]llatlo are %m her distilled to
separat e t F&#CW5 olsrioms Wltee onggre gpalatiop a Jiithen Aidiled 49 SHRAAT Bisnzene
and ot her heavéyebhebeRand Ngrodactt ﬂﬁ)nanwntd1®ﬁloﬂé)@%h@héxyﬂd)&m¥&nﬁeaﬁfﬁeﬁsent
inthe reaction effluent, it nmay be desirable to elther (a)..transal kyl ate
the di cycl QNBAFIMSeRABA MG | Q’Gml?}ieéﬁléFnZB%ﬁw&réfﬁét iBrthq rpetipd Likirn G denphe

di cycl ohexyth@praneith® @MpxdnddigRatt i MERMKCLIIBMZaf Wit adRsinaestnamRar!ky! at ed
speci es. 30[0026] Transal kyl ation wi th additional benzene is typically

ef fect ed i deaktiptaealiglobpivnteanta Brimesha ripdictipn e hhdeshpdimpaeakylastd on
reactor, OVfLid Suitable transalkylation catalyst, such as a nolecul ar

si eve of the MM 22 famly, zeolite beta, MCM 68 ﬂsee U S. Patent No.

6, 014, 398) [002éb| |T@nwlkym@n Vi @Qmonaalrmnmﬁ deniptcelly THestadr iarisarylicdlption

reaction ig.typ by HHeci Fo fi8ibn Haclofasier RALKALH rhis Il B RPN ARGyt

condi tions, eav\;\‘i B'd{sruixt r?'% H{g’ i aceora ur e i H%’ 1 b
‘such as a molecular 51eve of the MCM- 22 famlly, zeolite beta, MCM-68 (see U.S. Patent No.
6,014,018), zeolite Y, zeolite USY, and mordenite. The transalkylation reaction is typically

conducted under at least partial liquid phase conditions, which suitably include a temperature
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WD 2012/ 036818PCT/ US2011/ 047828 of about 100C to about 300C, a pressure of
about 800 kPa to about 3500 kPa, a weight hourly space velocity of about 1
hr-1 to awoup12136$18- 1 on total feed, and a benzene/ di cyeCorszyliloerszene

wei ght ratio about of 1:1 to about 5:1. [0027] After renoval of the
unreact ed benzene and the pol yal kyl ated benzenes and other 5 heavy

speci es, the cycl ohexyl benzene is fed to the oxidation reaction. Typically,
however, this cycl ohexyl benzene feed contains the foll ow ng contam nants
gener at ed 38 AP B6MC b Bt 3ObSC Sy Brte&‘ﬁﬁe' SF aboCE0BER & AHORMBOUPL Mot

bi cycl ohexane, or between 10 wppm and 8000 wppm bi cycl ohexane; ‘10 betmeen 1
wppm and 1 hewd% ippdrenglocitor ofbabowserd 16 wioprebewrid 18000 wpprivtel Fhehyind a
between 1 yp I bet ween 10 wppm and 1
mﬁ@bnethylc opeg¥%ﬁﬁ%ﬁggﬁénﬁégéﬁkﬁﬁgﬁﬁ%PP?i%€ﬂ§ﬁ§$ﬁi-nethyIcyclopentane,
1-pheny1-2{mﬁﬁlhyAﬁyUhmpeﬂwﬁﬂelmamdedbgh@myﬁwahmﬂﬂh#hdyalbpem&amaimamd

15l ess than_about .10 uc t han h I oleflns
or al kyﬁengleabvér??"écﬁeess%e C‘ﬁ@ﬁﬁgxﬁ"“nm © eflﬁg?? fhet?é‘hd%}o“ rebiel} ““dOl{yPRaﬁ Jgwefsn

[ 0028] As dMﬁ@q&ﬂﬂﬂxﬁb@Mﬁm1%@bxmmnsemsmﬂm&hgdm&mnmmdsgmnguaiwnsﬁsﬁm@wqmrtion
of a feed s o rising cycl ohexyl benzene to produce an oxi dation
conp03|t|oﬁ588ﬁ%$ﬁsing cycl ohexyl - 201- phenyl - 1- hydr oper oxi de. As used
herein, "oxidizi BgweffERRGpMAME I INGABICRNIRRITCOB BeBREh! 10MVEpth RC000 WpR29]
The feed conpr|S|ng cycIoRexbeenzene may be produced by any process known
to those i RIYHENKAR and in accordance with this invention may contain a

smal | ggount of gghLa i \Eé(ﬂ?ﬁ Qdyat w@}%rﬂ?ﬁ{%ﬁﬂt r WRRecR18 Whinh labdIgbod QppOVve

from cycl ohexyl benzene, di'scussed
biphenyl;
. between 1 wppm and 2 wt% methylcyclopentylbenzene, or between 10 wppm and 1

wt% methylcyclopentylbenzene as any isomer: 1-phenyl-1-methylcyclopentane, 1-phenyl-2-
methylcyclopentane, and 1-phenyl-3-methylcyclopentane; and

15 o less than about 1000 wppm, such as less than 100 wppm of phenol, olefins or
alkylene benzenes, such as cyclohexenyl benzene.

Oxidation Reaction

[0028]  As discussed above, the process includes oxidizing at least a portion of a feed
comprising cyclohexylbenzene to produce an oxidation composition comprising cyclohexyl-
20  I-phenyl-1-hydroperoxide. As used herein, “oxidizing” means causing an oxidation reaction
to occur.
[0029] The feed comprising cyclohexylbenzene may be produced by any process known
to those in the art, and in accordance with this invention may contain a small amount of
certain byproduct components that are difficult to remove from cyclohexylbenzene, discussed
25  later. The hydroalkylation process may generate byproduct dicyclohexylbenzene, and thus be
accompanied by and integrated with the transalkylation of byproduct dicyclohexylbenzene
with benzene to produce additional cyclohexylbenzene, and may further include various
separations to recover and recycle unreacted benzene, and remove heavy alkylates and other
unselective byproducts.  Another known method to manufacture a feed comprising
30  cyclohexylbenzene involves the catalytic alkylation of benzene with cyclohexene.
[0030]  Further, in an embodiment, a portion of the feed comprising cyclohexylbenzene
may be a recycle stream comprising cyclohexylbenzene produced by the processing of the

treated cleavage reaction mixture, discussed later. In this manner, all or a fraction of
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25 |l ater. The hydroal kyl ati on process nmay generate byproduct
di cycl ohexyl benzene, and thus be acconpanied by and integrated wth the
t ransal kywet2om3ef1sbypr oduct di cycl ohexyl benzene w t h benramseoitio4meoduce
addi ti onal cycl ohexyl benzene, and nmay further include various separations
to recover and recycle unreacted benzene, and renove heavy al kyl ates and
ot her unsel ective byproducts. Another known nethod to manufacture a feed
conprising 30cycl ohexyl benzene invol ves the catalytic alkylation of benzene
W th cycl oRexeRgyIbéRERCAhLUrd R FeactbdlindRe SARARDL T&REon RaP feb@RrQfanl Resdeeed
conprising cycl o%exyl benzene may be a recycle streamconprising
cycl ohexyl begreise adeitaud ebensl t he processing of the treated cl eavage
reaction émi | € %aﬁﬁé@%@%e‘ RURE or bBurt Al §1 FRRACEmbAliloRl, Akl BGhHAMLOT VO
2012/ 03681 USZ 1/ 047828 cycl ohexyl benzene that was unreacted in the
oxi dat i on rcedefckphenyane @étarré@bf;eﬁféwéd@l wit'eueten loagt ageweld artlo, atielileasiorbant
phenol . 5[ 0851} 2egaE L&D R 64 B SAUR SEsCloBON £83 o WIAELANSsGHBOY) gent s,
a feed Conprising cyc exyl benzene contai ns at |east a W% or at
I east aboutlcaGabati0§9 w%a¢y010é@zsftlbeamat In 5/aBQuswerBhodonengt if wag coio LanoBsr wt %
or at | east 7 bou I t, 99
wt % cycl ohexy? 5’%11tzeﬁ%r\,\é p%aﬁheofﬁ%CFg r?fm %‘?'C%ﬁe)%be%ze% Igaﬁ’t %O%ﬁ%}aﬁgf%é[lrl
conmponent . wppm aerampgrea,tertthm 1 eath bnquinhesann,gorcgtdbash&yvlpbmrvmdnﬁ gregyerabant ai n
at least 1 reater than . %lb cl ohexa or at | e stolo
wppm and ngw@fg’ﬁ”@r 1?}1%1 “g60 IWBBPhCBP@VcT ﬁagx nePPit # y § LEE AP LV %ast 1
wppm and Rcblpgé@a,tc&rat ﬂdﬁanlOlvr&;Mﬁnq/mﬂxﬁn(ng&b]teﬂﬂlhm 8000 &pprh ;embnylowmm@mind B8O
greater than 8000 en t ma on n ea m and no
oot et hato WEwR Rt g RIS int D Bty B Eagt « e U b
greater thap Lramdo mhhw Cyel OpRAl Y RRPE/MBerREncANY | HQMEEomet- PheRshdt-1-
nmet hyl cycl opent ane, 1-phenyl-2-nethy IX%I opent ane

and
1- pheny1- 3B Fepsse dmbp - 2R dcyrgpenanco vd r 1-ebimybiamily Gy Flanaine.
t hough desithaRl Mayobe lo@itr CONFERAK HréoR, tRAYh dBGrabllSofdlbRAERberduash, k8P O pm
or no greater than 100 wppm of phenol, ol efins, or alkylene benzenes such
as cyclléhexesaipr t%nmqew@%d?rvp%@éﬁaFe)“/ tbe}n 1Qp &’ﬂ??mc%frmlieﬁalt iodAins, Tpfealfdlenp
conpri si ng peyehQh&xy l.ReZeR& AR B@Hk&l@ 99&%%@11& r! 1ﬁ'ta59%ﬁl%ﬁlaﬁ&1 Cays Ge
oxi dation reaction nmay contai nm cycl ohexyl benzene any” other one conponent,
or any conspmprisiggncysioheryébeprdme to wab@ﬁmss jntreducad taeehupqan ¢radatipn practienons
for each or, ] 0 0 | ary
enbodi nment s a&gx%tgglt%gfépw l%e gglg%h%@?&ﬁedcg nt?ég%ngnoggﬁ(%:% hlgbﬁaéﬁﬁdn bt SHEP
oxygen- contcammmgtsgasnotgiﬁ@hhmommoraﬁd ea@lmromﬁleetembmamdma'eg nofed.ai r with the
feed c r I e ex e hat,has
been c%ggr (st?’ Zg andval?1 O]FS;%F %ﬁﬂ@oaﬁbeo%@%lds par | cu §"?D éasa@%nlléh%ﬁ%ﬂy fa éltbn n
conpr essed annglygeoob@aining ge nukdres @irandl varenm daivaat@ of aiprwid the fdeé’commsn@en

hed th |
T baon o SR BRR e (oG 8 e BORE QIR B deof o BResel g ARGy e
neans W t hirgmdviee ﬁﬁﬂi&ubfestdile tigak ihhd ®cknatdnhsaned bﬁloa&]léliha (‘)Oﬂdd&blamﬂ ramyvebe

conducted in the absence, or esence of a, cat Sui t abl e, oxi d
ool ers MRt TN be SUERAS Grimaprs B Frpis Shsderten PAvLTS

Pat ent 2Bl0. afp ,ﬂ?rzagm&zmbl\am EttichMehtNFARP O osRE REAridh il 6f etheGeank withhhl S
purpose. For exa N- 30 hydroxyphthalimde (NHPI),
4- ami no- N- Wd@B)‘?%ﬁtS]HHFq #HH8, * 3 - am no- Nnydr oxypht hal i i de,

t etrabrono Msbydr%@mah@h hﬁ};@@coﬂd%&té@ﬁﬂh@ﬁ&e%e@%fe@éﬁé@ bt @adtmgzatdsuuable
N-hydroxyhetlmde hydr oxyhi m m de, N-hydroxytrimellitim de

N- hydr oxyb@ﬁlﬂétﬁéllcaQIY@IStIqu‘&i’r%Xiirﬂﬁd@bS‘N‘l‘RId cxRlisymdsx Jesgypasnia -5 thagentiNeni de) |
N, N -di hyd%@éﬁﬁ@?%ﬁ&hﬁnfﬂ@@rﬁoéted%efem b tréﬁ&ﬁé@%ﬁhk Cpugiokén @8) example, N-
N-hydr oxynal ei m de, pyridi ne- 2, 3-di carboxi m de, -

30 hydroxyphthahmlde (NHPI) 4-amino-N- hydroxyphthahmide, 3-amino-N-
hydroxyphthalimide, tetrabromo-N-hydroxyphthalimide, tetrachloro-N-hydroxyphthalimide,
N-hydroxyhetimide, N-hydroxyhimimide, N-hydroxytrimellitimide, N-hydroxybenzene-
1,2,4-tricarboximide, N,N'-dihydroxy(pyromellitic diimide), N,N'-dihydroxy(benzophenone-

3,3'4 4'-tetracarboxylic diimide), N-hydroxymaleimide, pyridine-2,3-dicarboximide, N-
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hydr oxysucci ni m de, N-hydroxy(tartarici m de), N-hydroxy-5-norb ornene-2,3 -
di c arb owDren12d8esa80- N- hydr oxy- 7-oxab icyclo [2.2. 1] heprAs2601eners28 3 -di c
arb oxim de, N

hydr oxy- ci s-cycl ohexane- 1, 2- di car boxi m de, N- hydr oxy- ci s-4-cycl ohexene-1, 2
di car boxi m de, N- hydr oxynapht hal i m desodi unsal t, or N- hydr oxy- o-

5benzenedi sul phoni m de nay be used. Preferably, the catalyst is

N-hydr OXypmﬁ&@kysﬁécﬁiﬁmm%nOt hRthykxl@bHagic Cat ahn¥e, | S N-hydroxy-5-norbornene-2,3-
N, N, N"-t hi hydroxyi socyanuric ‘acid. [0034 These oxidation catal ysts can be

used eit hericabenElds | nexeoihydery-Grxatiievslon. 21 beptr aenecal-dicabeximidsy | aird

further cap @%x}’é@‘éy@léhe&élﬁuf S aRABSEmifroMOgeneousNGRliR)Y HsS1- afclcﬁfl@;{bngq 2
supported on solid carrier to provide a heter ogeneous cat al yst

Typi cal |y, dtCh@ONnh%r ox)-hytlpxguapdthebimided cyedive i nbadle oron he N- hydroxy-o-
NN, N'str 'b@i’z%@é%ﬁ%gpﬁf?&}ﬁ?rﬁuﬁfa? $RCksdd | s%@%%%%’t‘ﬁ& tbagalg{% 19@'11&?0%%‘1&@@%91@

0. 0001vvt%to 4 suc bet ween w% 0
cycl ohexyl Benthensiitaflo o888} 4t ms MY, Notishwhdxydiossners: aciche oxi dati on reaction

occurs und i dation ndlt ns oxi ond| ion n Iude a
terrperaturi(suggfweﬁ\es% )6@ lofloc‘élta? cf agout g%g o a%ggsuc Onéunctnout ?tB C&

about 130Cradiad irdtigoere sslifuethaf caabbeutsedBs k@ad{)hasmhdm&elkdaas calpas bccablulfﬁef ering
agent may be agd dtor

d t. f
et REREE O, b ap e Sitier b AEL bRt RO R o3 | ibeivna - Hdoy "
r 88; E}i _(il_ﬂ Caﬁ‘tisltlﬁlkfﬂ opbl&ﬁlﬁlldédbrahdﬂlfn‘? E:I”Qﬁhﬂlgd’j%ylsﬂmmflcf dC;IWs femphiyahin an amount
| Ca r uc e OoXl datl on O ee
o oh o) Blineln SO RECIUGH 19Tkl iy orpeBleboafol S dRmTaBe "5 heast s

wt% such aﬁlmexylaaﬁ:bnelo wt% for exanple at |east 15 wt% or at least 20
wt % cycl ohe phenyl - | -hydro&%rom de based upon the total wejght of
the oxidat il bon%b\safltwso%m ol pcgishe oxidaTigieisReiion GRAIS yiklsT eisladion caplitions.

conposi t i oRyuksHM @iﬂé“tmﬂ%oﬂdﬁ@k%elﬁ&@@te&%eyﬁu{e b@t(veékpatgalhﬁa@"@r afdnadushont % or
no greater than 40 wtO/ or Iﬁ%&’leat er than 30 wt % or 1Cpgreat er than 25

Wt % of 1éyc|seﬂ1?ewbout98 Fﬂ/*lholﬂt @o@ér%@(?wewﬁwté%ﬁaf% 0 IfealA Bsight  of

t he oxi dat i %Qﬁerﬁ%”%@ﬁ' hhPBe adi@ Mea@twl@lna&cﬁ@ms?spwdua@ amxmrwfohmrunﬁgmﬂ se
i mde catal yst and unreacted cycl ohexyl benzene. The invention mai/ I ncl ude
al

cycl ohexy!| benzteane I pdditie, xiqiigeusphassomydsiintiasiicddn Tha raaatbanraan dfke arace wast 50

w % or atlepst. 80 0@ Bl €St 65 W% or at least 70 wt% or at
| east 80 vvtlg} or at “‘?M‘ t 5%? n% based upon total weight of the oxidation

conposi t i oh0038D[ 00FJally, tmjpipduconf the bradaion dba feoth canprpogicyélorexnbgnzemni @i n one
or nor %()h)’%eool?(?d'a{%ﬂ c%%n%osition, contains at least 5 wt%, such as at least 10 wt%, for example at least

15 wt%, or at least 20 wt% cyclohexyl-1-phenyl-1-hydroperoxide based upon the total weight

of the oxidation composition. In other manifestations, the oxidation composition contains no

greater than 80 wt%, or no greater than 60 wt%, or no greater than 40 wt%, or no greater than

30 wt%, or no greater than 25 wt% of cyclohexyl-1-phenyl-1-hydroperoxide based upon the

25  total weight of the oxidation composition. The oxidation composition may further comprise
imide catalyst and wunreacted cyclohexylbenzene. The invention may include
cyclohexylbenzene in the oxidation composition in an amount of at least 50 wt%, or at least 60
wt%, or at least 65 wt%, or at least 70 wt%, or at least 80 wt%, or at least 90 wt%, based upon
total weight of the oxidation composition.

30  [0037] In addition, the oxidation composition may contain one or more hydroperoxides
other than cyclohexyl-1-phenyl-1-hydroperoxide generated as a byproduct of the oxidation
reaction of cyclohexylbenzene, or as the oxidation product of some oxidizable component other
than cyclohexylbenzene that may have been contained in the cyclohexylbenzene undergoing

oxidation.  Such oxidizable contaminants include methylcyclopentylbenzenes of various
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ot her than cycl ohexyl -1-phenyl-1-hydroperoxi de generated as a byproduct of
the oxidation reaction of cycl ohexyl benzene, or as the oxidation product of
sonme oxi dvoabix>3cgigponent ot her than cycl ohexyl benzene wPhatusoay/omee been
contained in the cycl ohexyl benzene under goi ng oxi dation. Such oxidi zabl e
contam nants include nethyl cycl opentyl benzenes of various WO

2012/ 036818PCT/ US2011/ 047828 i soners, and bi cycl ohexane. O her exenplary
hydr oper oxi de contam nants present in the oxidation conmposition include at

| east, basedneR, LAle bfc?@léﬂex%i gb&hepfexénh}ﬂﬁr?@%bér@ﬂd@ HMA Rkt Bres@t In W0 t O
no greater than 10 wt% or at least 0.5 W% to no greater than 5.0 wt% or

at least 1 owdegoarramaesindagiede o ieas brseth an e tosyveishbolghe argatiop spmpttiosn of :
cycl ohexyl p} wPhemyl g’rc%fer tian MY %‘%Porea'f Rt 048v1% to no greater than 5.0 wt%, or at least 1 .
cycl ohexyl -1 - pheny1-3-hydroper oxi de, cyc |ohexyl-1 -phenyl-4 - hzdro er oxi
de ; cycl opehtapd-mp-greatdiythand piernflang ohy g aipeeanbittgon ef cy¢lokrasit-{-phenyl-2-

-nmet hyl =3 . - hyd X1 G yl-1 - -1 2pyl -2
-hydropserg%@ﬂgg&%ggl op éﬁ?ﬁﬁ%@ﬁlﬁgﬁﬁfﬁgk?gﬁgﬁgi13 -hi%?%%%%¥%QP§§?Eand
cycl ohexyl hydppaenids; 1 c2cldpanipdil epahyds-phenyl-2-hydroperoxide,  cyclopentyl-1-methyl-3-
cycl ohexyl -| -pheny1- 1, 3-di hydr.oper oxi de, cycl.ohexyl -1 -phenyl-1,4- _ .
i hyar oper S RESMdpfefl SUEREL A CARIT L idtor ARREY' il
er oxi de, cyetlydp-phaty-B-hidroptroyidle;2- phemy/| - 2,c3clohakiyhy-gphaywei Axdilderoperoxide,

| tyl-1 -nethyl -2- |.-2, 4-. di hyd ' | tyl-1 -
et hy 12 pRRIYERD. BUGF RN BPBAE. | oo3ny s aheBF T el R ERRG
oxi dat iton efclepcatydhaexyhbentemna;1,l-didydropdiexidxi dadycpentgalcinethy]-2vplenbie2,any

type of reagctqor that allows f i ntrqducti qn xygen to

o T onexy! BERIEREO dracr T rib e eat e f ek ovidectiest g of
oxygen and neygl-oaxni-benarpnrofetox@fef ect the oxidation reaction. For exanple,
t he oxidation react rise a sinple, largely open vessel container

or may conp .

with a di stBBlt of R Wk of e coKydart CoreirHPrECSt Healht PRIV
various enmdivBRY Sipe b Radtd Aat 180 s TaastQuciTRYrRRYENTE eSoHeRyIBé B aw and
punp a portion of its contents through a suitable cooling device and return
the codPed Mygrtitsn ctfisagenesly areidgcontagipsioh exetsy 2nd ARy IbrecteecHert i ty
of the oxi daish@h £&AGh 0 cxinbR! MRk MiGlidh refQY! hA\Tcdn@irtss a RIHd, $rBdy bpdi T ect
cooling, say by cooling water, may be operated within the oxidation reactor
to renove theclgenemgr wdh helztributay iglethfer thewbpehinraentaming sieap i Heg. i brvariewct or

may conpri -l R, r i i : tJ : rtion
ot o oxi dapRuRebtIhy blalon s ERERSNS, D SPRITR SRR, FRIFIRL B8t PP
sel ect ed t eowertiatireughhe soixabtbatdabing rdgeict iandh reftnt the copld gertionnenthe geavtear si on
range cycl ohexy]| n X ) of. . I.h_ea oxi .0

react o(r% nm%l%f)%yo%%ﬁra g@ gél%l %Xog{eggéé%ﬁspghg n%x-lcglgélg ﬁe,ak%orn' c%ﬂ?rfl%ﬁglgscéol%g C?rlgsnner
wel | known ptayidif gelirsdti dobobuk, i say thigecoatitg wWabh3MhyAtbe | @astedawplon tthomxohtidnhe

oxi dati on conposition be subj ect to a ¢l eavage . reacti.on, ich ma
Phe e al PP SomSivenny et BrChiS of i RoiboRReaRe e Bite gty 5
Froduggd m%p@p@kaqﬂmemg@f?gw?m¥%sama&ﬁﬂide@&mgapoﬁ?ﬁmfﬂmaﬁgkﬁal??SMhIing
romaivertin one apount.. e OXI aall on. conposi t.1 on. as I rec
oroduced  t SPURBIREPerdiinggditterh Sonins SLCTEHESPEG® Segradilen reprted o e ar
| east as5popbitiasht @bnvieR®ona%h@adficOElole@NPOSAchd SibxYBM, BANE,li@aha e GRIMRASI t i oNn
as the oxidation conpositiaon. Further, all or sonme of the oxidation
conposi t i ofce89r iy detaPgrafs Ju GBI i AEEr Yorosirogt tryrmenegh WPl PO and
an appr opr igk&skillelQn the art.

[0039] At least a portion of the oxidation composition may be subjected to a cleavage

reaction, which may include all or some fraction of the oxidation composition as directly
30  produced without undergoing any separation (e.g., some fraction resulting from diverting some
amount of the oxidation composition as directly produced to another disposition, such as
temporary storage). Thus, the at least a portion of the oxidation composition may have the
same composition as the oxidation composition. Further, all or some of the oxidation

composition as directly produced may undergo one or more separations, and an appropriate
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WD 2012/ 036818PCT/ US2011/ 047828 product of that separation (or
separations), now nodified in conposition relative the oxidation

conposi t iwo 200/036818ct | y produced, nay provide the at | e&st/ts2@anyiseon of the
oxi dation conposition subjected to the cl eavage reaction. [0040] For

exanple, all or a fraction of the oxidation conposition as directly
produced may 5 be subjected to high vacuumdistillation, to generate a
product enriched in unreacted cycl ohexyl benzene relative to the oxidation
conposi ti ORrodBAGS R BhratiGASE scPa@ils), ABw HodiRe iPXIEIRLHON reFANP BRI dkidafords @
resi due concentrated in the desired cycl ohexyl-1-phenyl-1- hydroperoxide
that may béospdsjtiort dddirestly rEpdigedhgsay pevideoe abyledss e RYipe 9 dhe oxilation
essenti al | yo@,didoHSMjeddd tb e cRh8RYAGGiLeact i on and the neutralization
reaction, and further is not a good 10 solvent for nost acid catalysts,
parti cul ar [[§048Li f Eericgarapde.@ll oHaWeeton of thewridatdan apappyitinn as eareqthy pkodyeasianays
descri bed rdi [y QT P i | Nt Jipvent.d at
east a porti e (i AL Rk, I Rk o AR b2 age
reacti on beydéhekylbengenverckong bis ihei aadatién cyropasitionyirdethe @nhdeastsa phrtiomxi dizt i on
composi ti on A fSCLINRIIUECH o TOR el dd dbSORNERALEN phisL e at
| east a por%(l on of "the oxi dafion compaosi tion undergo ho concentPatron of

15 t he hydhgdrepaoiidbeths)mdydfeonigedtéictoacilavapgtradciat Cwldhatyiledumeds dseentisl]y

because the start.i | kyl benzene cycl oh | benzene ha ignificant]y

i gher nor Al BB Mo SR PAR AP e PP R oy B e are b B i s
found i10 t kevddd e npusOad Satal YN, barticvldrtyi snlfificeacst apevatr, Rendive Somtthd Hyant i on,
any practical separg%fo .attenpted ta ﬁgncentrate.thék on of

cycl ohexy! PIOFRERY DAL Canifgbis SPREPGR! 1BANCHREnt IRYFAHYpLRIGRT aidsast § Berion o

cycl ohexyl hgna@RagoPEdngfosition Bhf @Bt indered iR cldfalreRuags: SRREtantohipkalion
requires inconvenient very | ow vacuum pressure distillation equi pnent, and

. prment
even then Pf KEIGeREBRIFFEsSVRT PXiHtiA LBIRPRT AL tiFED PrdtcCoullyt Ealgsady: it 1s
danger ous, cuReRBh R iRt 1h8 Rl ¢ MRARILE InUdnPhsifidheunands P 85R¥AHESn of
[0041] Additionally or alternatively, all or a fraction of the oxidation
conposilfi offic Bydraparoxife(s oferetthorcid catpestviacinduard o |1 aedcae resitidngmy be
cooled to %&%&&ﬁ%@ﬂ&@@éﬁ% R 4 Rgnifdahy iSRS rdfndl oiGheOfdittatnliO he
catal yst, which can then be separated either by filtration or by scraping
from a heattaging hlksitherzenagunese thatie dound iethe Eoek prieecss r Whilawithindhd ssppe eiep
provi de an . i ] i 1O [t U ) free
From 1 i de PaxBEp FiieR 0 B Bl A G B B o,
[ 0042] As ahpdhparodsampl @her ahydrepercaides dodni aayclohextylbenzexé dator dn doepasithd on as
pr oduc b | E ; in n.p e fhrough an
sor baft | Clyiie o8t AR dedieel bl IRSIY 0 208 VARIRPBRSANE ditaus
adsor babl e eqoppaunad, cvantheptikaly cguaes \aty highstinparapoed thatrvoold chine doxgedak on
conposition w Ehl rdetg?ucefi wat er . Or iiﬂ'ie cont egt that may be subjected to a
cleavage r ACTTERY TR GEPYPOsL R o5 eV HOREPTISR  of the oxi dat i on
conposi ti onoozey uAdétigallpocdienaialy, ¥l ora fdtyisn cfathd yxidudisechngasidoptor alhor asuch
as passage .over ed of sodi.ym carhonate to o
2012/ 036818BEHFPUE2 iﬂ%‘&%é‘ﬁ“ﬁ"éﬁﬁf&“ We“lﬁh%aeco\égf‘ datPe Furdlisrben et by |
NHPI ) o5 otuhekctadEsad akidgicaodRORENYISch addthiph OV sdgarad aikhet ®asitraionosrtvyon of
t he oxi dation conposition reduced in oxidation catalyst or other adsorbable
conponent EFFRIBHIOT AAFA RGBT SUBFRETEL @th?Cfaihf‘cw%{%)%%01@»@3@:?4061;4? UpfdtRer
possi bl e s@pRfiRhio®hel AWML NTRALALLINGd A tre®frod ifld@Gkidbnatatyiethshaat i on
conposition as produced wwth a 5 liquid containing a base, such as an
aqueous solPBEybi§icdfo helcuPEAFICtARt al carbonate or hydrogen carbonate, to
form an aqyqep pﬂ@%t&?%‘%ﬂgﬁ, B ofa B&ltion OF thi RidhinAS il ds Qrodalaahst ,
and an organi ¢ phase reduced in imde oxidation catalyst provided as an at
| east @0pobe Fehiecst to Wetcoyrdngiaon thes mpisadet thiongh #eaadsorbgnt echsany] B moliceler a
cl eavage r?@% 't&Engrge%\{&%ﬁd acid &Bablel%n%%%?f%sfér%aﬂ%&&&éﬁ?g 18ROY Bortib"6¢

. S
process 1 nc udes eavl ng at east a portion
the oxidation composition with reduced water or imide content that may be subjected to a

cleavage reaction. Similarly, all or a fraction of the oxidation composition may undergo a

chemically or physically based adsorption, such as passage over a bed of sodium carbonate to
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oxi dation conposition in the presence of an acid catalyst to produce a

cl eavage reaction m xture conprising the acid catal yst, phenol and

cycl ohexaworre12/36818sed herein, "cleaving" means causi ngPaTalSe@uAgrs2s eacti on
to occur. In the cleavage reaction, at |east a portion of the desired

cycl ohexyl - 1- pheny1l- 1- hydr operoxi de wi Il deconpose in high selectivity to
15 cycl ohexanone and phenol, and further, any other hydroperoxi des present
wi || deconpose to various products, discussed below. [0044]1n various
enmbodi ment $emdvRencaiflidt G@fadby Shaljss (AL, Ng@IS br R tau@rbaB1e@hipBh@its! hdtgisvide

cl eavage reaction m xture, stable at a tenperature of at |east 185C and has
a | ower volata |lgasta ORItYRL the ordptidorempnegitiphirefuyed Mapxidafion sRBRY! PefPene. | n
various emediaBRi-Smpdlaf: @aleft th&Mnfaleallsdted © aaéle%@a%tre CBAS AR ;péésib}’e
soluble in the treated cl eavage reaction mxture. [0045] Acid catal ysts

i ncl ude, buaepaggtien wyelves aentaetingtal or Bifteeion of tha okidation| comipesitzan; ad prodyesdivaihi ac

aci ds, perghl-grjc -acid; nh i I 3 £ | -

aul foni & aghgs cofiufflf ol RERAGH GuREh S e b o R b SVURRE, | e,
boron tri f lcubeiate fo ®uhfurquboxildes @ndrisuk hyalt vf thoxnide oxiSulohyrialysaeidan s a
preferred acid c | yvst. .25 0046] | n.variqu irents, the cleavage
Peact: o moaeticat ot TR AudP LR FRRH T e FpEORTER anc
no gr eat er okidation306Posipppnthafmdyite salgededtataalopsdge ractiat | east 150 wppm to and
no greater g han 00 .wppm of the acid catalyst, or at |east 300 wppm and no
gr eat er thg%%z&%gﬁﬁof the acid catal yst, based upon total weight of the
cl eavage r ¢@rRIB] onAmdidctigsed aBOID Kl platessainciatds elobach aemdast of pdrtie pf elsent

i nvention, t}ae.cl eavage reacti on m xture i.afl udes c%/cl ohexgl benzene.in an
amount of XIPERSEONRGSPRAM Hjo RESPE at A ACifBIRIYST toaprofiesst CIgY gk $ACH at

l east 70 WhdktuRrcotpribif@eie a8l calalit, Phendl ardessloh&@niMcY0Ashasrktréipoulch ahal

wei ght of the cl eavage reaction mxture, = W) 2012/ 036818PCT/ US2011/ 047828

[ 0048] As a "EA&A2ESIRE 2 plEVaRE [CAFHOp th PRRyT- atbdlintleavase Eytioprd b iiaosaiertithe ¢ he

cl eavage 1 @aGiel 0BydIdek ML IphePNShHARSRRIxYdehivENe UedoRR0scC URBARKI RelbiRitiORK
process material undergoing a cleavage reaction, it may be convenient in

t he prdsenty§iohratitongand phenele anfofugtheieiny ethgr Ay Jroperprydestiresent wileleeqranosatie

reaction tRan,&yRideak ldschgld 6¥&H optimal in the Hock process, to at least 5
partially overcone the insolubility of the acid in the cleavage reaction

m xture. HOMEdEr , Inl pweous amdodimentst thecpdd carlisly &t atniepstbartadiyl jodebld m tire
present | nuRRldo0hacithy! PP RBLIh Gt 0na!cl ARVAGR) FEAGLAL: ki and
residence tinme~of the cleavage reactiion mxture in the cleavage reactor to
obt ai n hi glthiped mopedl dyilae omy s icyelohdx@bd®ichar Vmmvimars corbodidientnths, acidhe

cl eava r [Ne) C r.cl Ltions.. 1 yi.t abl e cl eavage
condi t%@ns%i%%%%tdgggoa&? %gt égg‘? ur @u@? Yngtg gfrgﬁgél%gggﬁ%%g%%%&é%t er than 200C,
or at | easti0MSC aAcidratalyste atcbrde thvaare hA0Epitaind, BropstebaidseLofis atidd, edgmicl psi g

ond 00 O TR 080 AL R R D0 S A RRLRR0
kPa, gauge chibddfelgreatiéir ttitdde, ¥ortio@hloRas, paugeXlusiidh silhatdidxdie alealfage
aﬁﬁlic'ﬁlbo?hrentrﬁxg e§éj&urgfg%ﬂi§%§¥%ergeﬁ agircle(:gtg{;r,lstpant ly in the liquid 15phase
25 [0046] In various embodiments, the cleavage reaction mixture contains at least 50 weight-
parts-per-million (wppm) and no greater than 3000 wppm of the acid catalyst, or at least 150
wppm to and no greater than 2000 wppm of the acid catalyst, or at least 300 wppm and no
greater than 1500 wppm of the acid catalyst, based upon total weight of the cleavage reaction
mixture.
30  [0047] In various embodiments of the present invention, the cleavage reaction mixture
includes cyclohexylbenzene in an amount of at least 50 wt%, or at least 60 wt%, or at least 65
wt%, or at least 70 wt%, or at least 80 wt%, or at least 90 wt%, based upon total weight of the

cleavage reaction mixture.
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[ 0050] Conversi on of any hydroperoxi de, such as

cycl ohexyl - 1- pheny1- 1- hydr oper oxi de, and conveni ently al

cycl ohexywo2ophsnsi1g- 1- hydr oper oxi de and ot her hydr oper opcuas20lio41gener al |y
very high in the cl eavage reaction, e.g., at least 90.0 % or at |east
95.0 wt% or at least 98.0 wt% or at least 99.0 wt% or at |least 99.5 m %
or at least 99.9 wt% or even 100 20 wt % the percentage conversion based
on the weight of a given specie of hydroperoxide, or of all _

cycl ohexyl 1dp4Bhenxd -alrind 6o PElA¥dIdenign dmotfie fof RYHLRRELOKLAE S RIceS8Rhed N t he
at least a portion of the oxidation conposition undergoing the cleavage
reaction. Teplon BixgEs icprsislcEblydighss hap symenpdp diseieskiparecssayaerial pedergoing a

cycl ohexy! iz Ple Rhdaoh: AMAEORELA¥INISH inPRE BRESH IneRhaTaRbre Aid BEakt RAVage
reaction mxture and freated cleavage reaction m xture, discussed 25 bel ow.
Hydr oper oxictiess theaeleryagmigedsion depnctiipingllyt hojicved eaptithel intho stogk pragess. wrad dest ol | ed
condi ti@ns I 1,00, : | Y, under
the condi t Panan ARa it FRUBFRY SO a0 ingh b B b e RS F

cl eavage r éaoriaowunt of yacidodagskysl may bepdpphsd inlthe hydegpevakpdevidr epppbengl  and
cycl ohexanqgne.. each of which general| I ut 40 30 wt.% t o _about 60
he et P B A R e b R R R i AT I K e
wt % based ohkatdge rasetogtotobeiin liipehwlrgaevadde cosacdioron m xt ure excl usi ve of

unr eact ed hexyl benzene and acid catal yst. [0052] The cl eavage,.reaction
it o e ey B IR P GRS e SBh G Ytisp ROTE ST sfFREASSHETRTs o

no greaber Suldbie aleouiie LondMiSs ahclpdee aémpeddturet of rAYe300PI0 s8d ab dr@dstthdn Wt %

WO 2012/ 036818PCT/ US2011/ 047828 or at least 3 wt% or at least 5 w% or at
| east 10 we2Of Shehdh leash A& &gandro; Feaisr b%%co%ndt%@ewr@a@&@&afrtéa@eg i o

m xture. F%Feta{é? than 13N@ pGik @AVBEE7 kOAGHd AN fFhedt AL 2 FBY KBRS LrP 1dieatser
than 30 wt% or no greater than 25 wt% or no greater than about 15 wt % of

cycl ohexand®he,andmoigreaifshadoligrisige(ahicaytd8tkPe. giigs avst nqerepishitan 3.4 %Paor  at
least 5 W %, sith th& AR cldlad fEN ThifIR*RROABIctRASE e Itk M3 in WRI Il OF
the cl eavage Teaction m xture. [0053] The cleavage reaction nm xture nay

f ur t herlScoumpase dering the elagMag@reactiond% and no greater than 10 w% or at |east
0.5 wmt % an gr .t h % at %8 q._ .than 5
w5 "or - at IR0 0" QBRERId s Hbbe Dol HERL I A1, BaRRh Rid:
conbi nat i orndfcorantcatly rdntydnhpxyddudiesylbHageld peorvxidaeandobtbr Wwedrgperoxadest fre

cl eavage reaction mxture, 10 #0054 As_used rei.p, a."co i pgant”. or a
cont am nant by B hhs et JaRbhm B QTR B oBu S SRV ahat eq

hydr ocar borcastgigontftorianlcad @9 Ol vetdiyy ag et leaadd.b ononbxdt deast Br9 wite, areutr &0 zed

cl eavage m xjure, or any portion of ejither: that is anything other than

phonol Doy At mits BREHLAE ey atrtasl i i orfyn JpR A PRdon s alidle

t hei r presancgclbingycapresyBl-dedopasade yidebtierafydebpsiokides pre@tuat thpherast aand
cause difficulfies in the

cycl ohexanone, fr 15 cycl ohexyl benzene, or the ! 4 ,
separ at | on PAREN bR PRAHIOB oSO ieh BN TEE A ERas oot i Brdedirble
cycl ohexyl beazaneny o depeexiadBiehathk 0y clonetyeafphénytantyaripBaride, BedohRs a
cl eavage reaction mxture or the neutralized cl eavage m xture or_ any
portion t hEPHHPINARIN HaFEaLREs Frapi et M A lpd slcayagh feagont s s disetited
i nvent ixgn, pElbwBMyNBYEoRER Tt RN RENRE dhBmishe Wi1RE dc6@ARES Lfldr uncontrolled
cycl ohexyl benzene under goi ng oxi dati on. For exanpl e, o
conditions outside the cleavage reaction, or if thermally decomposed under the conditions in
a distillation column
[0051] The major products of the cleavage reaction of cyclohexyl-1-phenyl-1-
hydroperoxide are phenol and cyclohexanone, each of which generally comprise about 40
30 wt% to about 60 wt%, or about 45 wt% to about 55 wt% of the cleavage reaction mixture,
such wt% based on the weight of the cleavage reaction mixture exclusive of unreacted
cyclohexylbenzene and acid catalyst.
[0052] The cleavage reaction mixture may comprise no greater than 30 wt%, or no greater

than 25 wt%, or no greater than about 15 wt% of phenol, or it may comprise at least 1 wt%,
-13 -



20 a contam nant nmay be present in the cleavage reaction mxture as a
result of one or nore of: (i) it was included with the cycl ohexyl benzene
(e.g., aswe:2bypsesisact of production using hydroal kyl ati eaTarS2@lioy1sag i on) ;
(ii) it was produced in oxidation of the feed conprising cycl ohexyl benzene,
and potentially the oxidation of an oxidizable conponent from (i); and/or
(iii1) it was produced in the cleavage reaction of at |east a portion of the
oxi dation conposition 25from (ii). [0055] Exanpl es of contami nants in the

cl eavage r@agticQAn3 M4t UF & 1cANS wWRRS S RlI&s@IPHRE Phdde beRf oni el Weeht of the
(wei ght -parts-per-m|lion (mgﬁg% and wt % are based upon total weight of the
: @

cl eavage r €KeY4Z8 fcaRiion Birdyre 1 the glegvage seactia@ixturo raysHPEIRA heFegeleat er
than 3.0 W, 33Qviod WEhY SreS@r RAN25 LR Jr'n'&%?é%té?}ﬂ%%&htll@ %%F&fﬁ%loﬂé}%bne,

cycl ohexyl benzene, such as bi cycl ohexane, cycl ohexenyl cycl ohéxane,
cycl ohexadioe Hyhayyesnphies anleast ¢ yibo e sielagst Berizeme at lggst Potex adivelagst B nkne,

and bi phen : : n 3.0 wt% each or
in totaP; ¥%%9§%%5T8§%§%§%%@?6%3%@??%%?ggg%eg%?%%g%%%ggnd unsat ur at ed

ket ones, sU@¥3hs Pentlameeessachwt mpkteecinayp érrthan comprischaxlaaofds wt% and no

1- phenyl hexan- 1-0ne.a 1 - h | hexan-.1 -o0n hen | ohexanones,
and phenylﬁ%?ﬁ§ﬁ%§§?8%%hgéﬁ%%§é%§g%é¥?yﬁf%Fggy?mig“ﬁ%bﬁ?%%%¥§8mﬁggﬁ.%% t han
4.0 wt % eacdateorhan A vttt at 3t 1&scly € W exy hdeeaef thin 3 eutY. of aay ohceasbmbdawgpm and

no greater than 1.0 W% in total: . less than_12 carbon nsat ur at ed

nyar ocar borbeoyE i Pty Bieen te SREbERG G A% A8 Rush O Bidi

cycl ohagengg0sd¢] g. As ated leasi, alCow@amimaaricr o “gfiraimnt bypaciudt’ Gnast Helugaady or in
total; cyclohexanol, e.g., at least . 1l m and no greater, than 1.0 wt %

10 yel onasEBHNE Syrogit oo Styser b AL Ry CaT e e e ek rgCtonay

| east 10 wppruAaNs thongi@Rtearcldabar mixQraMo¥anepsiflo®of tithet;Qhalis anything other

hydr oxycycl ohexanone(s), e.g., at least 10 wppm.and no greater than 2.0 wt %
in total: thegrsRgh ceclahexppone aue rysOhgvipeareac-acthey we ginwagied bsgasse theiiyppm

and no great@énct NAadcatesOa \WEHRasERGRIPOLF UBik@Rdducl phRbEM cr¥sheohexandh(s) ,
e. g., 1 -phenylcyc |ohexan-1 -ol, 2 -phenylcyc |ohexan-1 -ol, 3 -
phenyl dycl Hasiskvibanzers), og ey sapredifficalies ghheasspargiangind pirigicatiog of| Rbgaql. about

10 wppm angya&le%lﬁ)ﬂE & LhdRvatel Wc?/@heﬁ%:éﬁz&fe iR {Ple@kombination thereof. A
cyclohexylcyclohexanol(s?,suchasl-cyc | ohexyl cyc | ohexan-1 -ol, 2-
contaminant in the cleavage reaction mixture or the neutralized cleavage mixture or any

portion thereof may have been produced in any element of the present invention, or may have
been contained in the feed comprising cyclohexylbenzene undergoing oxidation. For example,
20  acontaminant may be present in the cleavage reaction mixture as a result of one or more of:
(1) it was included with the cyclohexylbenzene (e.g., as a byproduct of production using
hydroalkylation or alkylation); (ii) it was produced in oxidation of the feed comprising
cyclohexylbenzene, and potentially the oxidation of an oxidizable component from (i); and/or
(iii) it was produced in the cleavage reaction of at least a portion of the oxidation composition
25 from (ii).
[0055] Examples of contaminants in the cleavage reaction mixture, and possible amounts
thereof, include (weight-parts-per-million (wppm) and wt% are based upon total weight of
the cleavage reaction mixture):
e water, ¢.g., at least 100 wppm and no greater than 3.0 wt%;
30 e twelve carbon, two ringed hydrocarbons other than cyclohexylbenzene, such as
bicyclohexane, cyclohexenylcyclohexane, cyclohexadienylcyclohexane,
cyclohexenylbenzene, cyclohexadienylbenzene, and biphenyl, e.g., at least 10 wppm and no

greater than 3.0 wt%, cach or in total;
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cyc | ohexyl cycl ohexan-l-ol, 3 -cyc |ohexylcyc |ohexan-1-ol, and 4-cyc

| ohexyl cyc | ohexan-1-o0l, 20e.g., at |east 10 wopm and no greater than 1.0
wt % eachwonroir3sgiBal ; unsaturated al kyl oxygenated cyeColisz@n®sis2such as
cycl ohexenyl cycl ohexanol s and

cycl ohexenyl cycl ohexanones, andnet hyl cycl opent enyl cycl ohexanol sand

nmet hyl cycl opent enyl cycl ohexanones, e.g., at |east 10 wpopm and no greater
than 1.0 % each or in total; 25 al dehydes, especially pentanals,

hexanal s, QychLRBgy!andr uﬁﬁtﬁﬁé&yﬁét&ﬁgn%ﬂéh als k%EntQﬂoﬂ@shy%&ylc?élsﬁbntanones

5- cyclohexyl hexanal , and 6-hydoxy-5-'cycl ohexyl hexanal, '%f’ at least 10
wppm and n@e;ga,ngms,e]: phmﬁle}ianel -arogndeheyeldexylhexppd gine, phenylcyclo exanones, and

1- phenyl - a )

T e A A R

1- cycl ohexydtal6- hydroxyhexan- 1-one, e.g., at |least 10 wppm and no greater
than 1.Q0 w % Nnzoj. c te ast reater than
1.0 mﬂ@§ eachyggﬁVHR% eéﬁ g% tbaﬁqﬂyﬁpgﬁ% 8% amfwﬁﬁ?b %’un %acted

hydr oper OXI-dﬂ}ss e -10i mrﬁdnngm@mﬁrpd &?dﬂoﬂﬁb&ﬁecydhhearﬂeﬁdybl@cg &y@dnﬂhemyhs 1

- phenyl -1 -h dr?perOX|de and t he o her hydro er oxi des uch as

2012/ 03681 PIpplehesae. @ﬁ% styi0-YRRghakye. Feqigrd %slpb? 3%t d%ach or in

cycl ohexyl tdtaipheny1- 3- hydr oper oxi de, cycl ohexyl -1 phenyl- 4- hydroperOX|de;
cycl op entyl 1 -nmethyl-2 henyI-Z hydr oper oxi de, cyc Iopentyl - nmethyl-3
- phenyl - 'hyﬁ’fﬁ]@be’@ﬁ@x? @eat lwfc O wppretidym-ereatrs ey 1.0V heny | - 2

- hydr opgr oxi yila : ydr, rexi.de:

cycl Ohg§y| i‘I fjcg/ﬁloﬁ&%néfgé) gﬂ.ngg] 25 Op%ﬂ?%(%%% c}r 3 %%T%J(en%ne, di, P Raft 1%%%1 and
SCycIohexymogﬁpheﬁWHQD\@%dﬁm#©rupembX|de cyclohexyl-l-phenyl 1, 4- di hydr oper

oxi de; cyc I ent neth dro ide, cycC op
ont v 1 vet iR T B IBUAN G - B Ao et R B 5 o e E04Sial
- met hyl - 2- phetmﬂox?l;&acﬁhshy@w@ RALXd @Lﬁd @d) datClyst |10Q@i@h1yiurd1n0 greater than 1.0

met hyl- 2- phenyl- 2,5 -di hydroperoxide; e.g., at least 1 wppm and no greater
than 1.0 mﬁ@%%%ﬁhﬁrﬁﬁm?h total . 10[0056] The reactor used to effect the

cl eavage reacghlegn é}l'clcﬁwxanromg ®§awa;9ﬁn§1€3%%h9£al1 1”@1;/] ﬁﬁhe%?l)éyctlé(lfé%arpf ol €gct or

known to those s For e cl eavage reactor may be
a sinple, mhw&yylol@mwlvaé%w ph@méwiqhwgﬂnrlnolaeﬁe&f leagimabiopiu HU &/pam; 4ndeltp t ank

react or %ﬁme{aﬁs%RﬂR!@wh%Pﬁg gngth of pipe operating in a near-plug
fl ow react él { 0 |nents the cl eavage reactor conprises a

plurality ef ayelabtots |qyclshaxam§(s) eacskuch15 e;serf@fcmln@:xalcmohaxmnlot t he-

conver si on r8 ctlon n in d fferent
di fferent c%f {Yk %dgg eggg (%SPgn a dO “Ae c’eavéﬁ:cpggeﬁw8ﬁﬂ%angﬁg

perti nent egnmekanmmwmpmgﬁdné@eamahanbodwneamhotMQmmLeavage reactor is a

catal ytic dlstlllatlo n|t SS%LEVGI“O enbo |hmentf 1ecI aage
reactor is or}E‘F%{HF@ t rqi‘r"i% IS ‘?Xtaflﬁn as cyclohexenyl eyclohexanols

cyclohexenyl  cyclohexanones, and  methylcyclopentenyl  cyclohexanols  and
methylcyclopentenyl cyclohexanones, e.g., at least 10 wppm and no greater than 1.0 wt%,
cach or in total;

25 e aldehydes, especially pentanals, hexanals, cyclohexyl or methylcyclopentyl alkyl
aldehydes, such 5-cyclohexyl hexanal, and 6-hydoxy-5-cyclohexyl hexanal, e.g., at least 10
wppm and no greater than 1.0 wt%, each or in total;

e l-phenyl-6-hydroxyhexan-1-one (also called 6-hydroxyhexanophenone), e.g., at least 10
wppm and no greater than 4.0 wt%;

30 e l-cyclohexyl-6-hydroxyhexan-1-one, e.g., at least 10 wppm and no greater than 1.0 wt%;
s Dbenzoic esters, e.g., at least 10 wppm and no greater than 1.0 wt%, each or in total; and
e a hydroperoxide (e.g., an unreacted hydroperoxide). Non-limiting examples include: the

desired cyclohexyl-1-phenyl-1-hydroperoxide, and the other hydroperoxides such as
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the contents through a cooling device and return the cooled portion to the
cl eavage reactor, 20 thereby managing the exothermcity of the cleavage
reacti on.wolzbevasetiBvel y, the reactor nay be operated adipabatSea@aloh’s2s | n one
enbodi nent, cooling coils operating within the cl eavage reactor(s) renove
any heat generated. [0058] At | east a portion of the cleavage reaction

m xture may be subjected to a neutralization reaction, which may include
all or some fraction of the cleavage reaction mxture 25 as directly
produced Wl GkyUNBIRNLJIO)-REreiYo:3RP L ALARDL-{-Bhdhy1-3-BPdBpdr6:88d | QBIOR&SHI L I Ng
fromdiverting some anount” of the cl eavage reac%ll on mxture as directly

produced t dhepybthsdronsrepdsi tayelapensd HmetsyltZephsaylat-iy dsensraxils) . cyiepsnyhé at
least a pO%e‘ﬂ&'M%eﬁ)h@ l&hﬁ‘)@&%%e reacti Qiﬂcl@BeﬁFy‘PﬁefnJﬁ%M 1%\é§y1t2ﬁ?yd§d%%x1de

conposition as the cleavag reaction mixture. Furt or sone t he

cl eavage r e‘ﬁd@ne@tyl drinxetlipl-€ - rélgnbdﬁrléfdtqpyromd@d m@dhmylmhmfi @3 ddrvéqupﬁrompe
separ at 50n%3/clo 13%11(1;%?1 ﬁ?ﬂ{hﬁﬁfog%ﬁdé” oduct, f{Bhetx 2 pREDRE ﬂtcﬂ BRrdpBoxide.

separations i €d | nposi‘tion relati ge reaction
m xture as cmlommtyll Y- npﬁﬂudlﬂqréldnylﬂa%fdlbydwped@uddwe atvdoeasyl lamptbytt3-plrengf-2,8-he

cl eavage r d.to,.th ne | i zatjon re ion

5015) o9es 1 SRSHBRaTHE) Bl SuB Rkt b bR %iﬁ’écﬁ?per%({f ﬂ“ﬂs%éftlo o
above, t he nellgheahenyl-@dedihyainomrokider e.gray l@snpmippm @rencgreamr t:‘harrdr(l arfionant s.
I n various enbodi ts disclosed herein, the processes disclosed herein
further co ‘ihl§éntr§§aﬂtacti ng at least a portion of a contam nant with an

aci di c 10at ¢0058] t Ohbeanvarstd ateffeerdst claa\pgé tdactfongf.c.| fhe craviga idao@nt miyobea
converted cont am pant thereb?/h grﬁ(dlhjféi.n i fied 1reﬁ';lctll on m xture.
[0060] Sui t 3B BPSEf BRLOHORR ta fhopg a"i "Ytr B PP AT YOS A YR on
product i nekddBngR}, irgEP bPdSyeaskl, bberafiB i@ral rhSconfhieis Grraia@ii fe@dor Mbdénbnas
and al um nosi licates, especjally zeolites having a pore dianeter over 4
Angstrom @atmBl: QREhAHGE Pl SingsoPcEding i ot |n93r§51r% Sapcreaater modensin gifigh as

Rohm & Haagmbolgehtys thel BicaREONBIRE B6thsikes SUGrafy f AT MabtoAC i sagg! icgeraci d,
hydr ochl oric aC| d and sulfuric acid; sulfurous acid or salts thereof, such

as sodildm e @ BYHPLA ty aPBGEIP LRGP e operaiifeministiepitanades pit  and

aqueous aci,dqs@fHt édﬁﬁﬁmné {120 t@ @H@ﬂb%@toie&&% r@afé'tlgﬁ Gt t'ﬂ@tp%lhélt CHI?\%%I(;H
treat the cleavage reaction product conprises at |east part of the acid

cat al yst ugwet ) qmﬁ@mb@@mpmethé Clsaxpag ecaptenis ricelytiq 8p 0B Coihveni ent 1y, the
acidic ”at ‘?]e ﬁlsva?igl;\ eéx%dd}ﬁ‘?é Y w0k trEalc'thrXs e?]bhe 2 V\;A{BFt]' {?&{1!3{ 0@
poi nt abov phenol and/ or cl ohéexyl benze such that it end to
di still i nthchenisotsttonosgipz g@tdmg dﬁwccsmblsleqlmleme cholad ppvinate ta chpregatitashs, t hat
may be 260n%?éb§qnanaging 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.
[0058] At least a portion of the cleavage reaction mixture may be subjected to a
neutralization reaction, which may include all or some fraction of the cleavage reaction mixture
25  as directly produced without undergoing any separation (e.g., some fraction resulting from
diverting some amount of the cleavage reaction mixture as directly produced to another
disposition, such as temporary storage). Thus the at least a portion of the cleavage reaction
mixture may have the same composition as the cleavage reaction mixture. Further, all or some
of the cleavage reaction mixture as directly produced may undergo one or more separations,
30  and an appropriate product of that separation (or separations), now modified in composition
relative to the cleavage reaction mixture as directly produced, may provide the at least a portion

of the cleavage reaction mixture subjected to the neutralization reaction.
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[ 0062] The contam nant treatnent can be conducted directly on the cl eavage
reaction mxture, or after one or nore separations of the cleavage reaction
m xture. wWonroexasgiBe, the 20 cl eavage reaction m xturePomEyUsSb@19¢r32as at ed
(e.g., by distillation) into phenol-rich and cycl ohexanone-rich fractions
before or after the contam nants are subjected to contam nant treatnent.

[ 0063] Sui t abl e contam nant treatnent conditions vary with the acidic

mat eri al enpl oyed. Treatnent conditions include a tenperature of at |east
about 30C (@untatinhedSea@ayt 35C, or 25 at |east about 40C, or at |east
about 50C, "or at Teast about 60C, or at |east about 70C, or at |east about
80C, or at 19058kt Abdicusspicaboye. e dlegsage BHEQR MGVE MK YEPTIHULICHbBRITENT S,
the tenperabuiGinhss. e[ﬁsvafnha{' eﬁQ%&GI%?Ql%clo%d h&-&ﬁ tRap BN digFREd hefcir €SS
than about 190C, or |ess than about 180C, or [ess than about 170C, or |ess
than about fr§@Ceompriseesstagtigrtdprstit PLBOE, of dr cingasynanh avithaisoasidiq ABGrialr e

t enper atur f

[ 0064] The. 7 hek of B BohBRGE I cobiBiumhh BEBRI BT E i AIRRL S Biing 2 5450
kPa), or alumsitﬁeﬂmeapsq)rgmb@r@oo psig (70 kPa to 1380 kPa) such that the

| . - g ‘ . v i quid
phace dur i nvephe s Maledeltid e GEDIELR S BhuL B SR 3o 4B

vari ous emnodbmnrmussacicﬂihenqmerm Wneh asayedhiﬁesabkuuiinai(hnpgihgnimosim&s,ppgci@ll]y?O k Pa
to 1380 kP t t bou ch that
R O e R S s I e
enbodi ment sesing, bh ehR bie SaHaailmnsmty@trmaBronSteaaaoﬂ isathras 6o hdidl scotmteid) al

e o FoTRBSTn Rhu) RS S v PEABRE SR STRY: Bl bsetod0oRS 1©

about 250Cso&ua hlyuh)@t:n BR6ltOind {RIMh SREBGEIE AR aQilcols XtidrBlutiSnd. N1 bige
| i qui d phase, (510067 n various enbodi nents in which the acidic material is

a cation efBRatEENt bsppdicipaterial ugsd doept heplaavags repgtion ProducheQrapriss #oeshsi g

(70 kPa t0pl:380mkRa) cangs il tb BraRRiahb ERaIBY rd@ichOabout 30C to about 100C,
such that rmst of the cleavage reaction mxture is in the |liquid phase.
15 [0061] Conveniently, the acidic material has a relatively low volatility, with a normal

boiling point above phenol and/or cyclohexylbenzene, such that it will tend to distill in the
bottoms product in subsequent fractionation operations that may be conducted.
[0062] The contaminant treatment can be conducted directly on the cleavage reaction
mixture, or after one or more separations of the cleavage reaction mixture. For example, the
20  cleavage reaction mixture may be separated (e.g., by distillation) into phenol-rich and
cyclohexanone-rich fractions before or after the contaminants are subjected to contaminant
treatment.
[0063]  Suitable contaminant treatment conditions vary with the acidic material employed.
Treatment conditions include a temperature of at least about 30°C, or at least about 35°C, or
25  at least about 40°C, or at least about 50°C, or at least about 60°C, or at least about 70°C, or at
least about 80°C, or at least about 90°C, or at least about 100°C. In various embodiments, the
temperature is less than about 250°C, or less than about 225°C, or less than about 190°C, or
less than about 180°C, or less than about 170°C, or less than about 160°C, or less than about
150°C, or less than about 140°C. The temperature may be any range of the aforementioned
30  temperatures.
[0064] The pressure may be about 0.75 psig to about 500 psig (5 kPa to 3450 kPa), or
about 10 psig to 200 psig (70 kPa to 1380 kPa) such that the cleavage reaction mixture is

completely or predominantly in the liquid phase during the treatment.
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[0068] It will be understood that the contam nants in all or a portion of
the cl eavage reaction m xture may be contacted with an acidic naterial as
di scl osedwbepeiaiesiBor exanpl e, contami nants in a distil lpea/dSe@atises of the
entire cl eavage reaction m xture containing an 15 enriched or depleted
concentration of phenol and/or cycl ohexanone relative to the cl eavage
reaction mxture may be contacted with an acidic material as descri bed
herein. Wien a streamis described as being "enriched" in a specified

speci es, i0ge8] MeRNaribidamtolencis e brebfie: SRESd dboBC 0SRRGL 280 pdle LiNBkpsSty €am
is enriched relative to the feed streamprior to separation. en a stream
i s descri bdd®hkPHeingghe gapp@tusmay e 2bgy ¢ jte gbary d£9°E's sught thatsmesd Hhthe hat

the 20w % Qfoa 3 rSPES thixRe RREHE BJuiliPhispat streamis reduced relative to
the feed streamprior to separation. [0069] Additionally or alternatively, a

filtered fde¥o] onlngimbodigncatstin meich] thagaadje nageaiel is arvohd RuqiprRorgystorpteradl (Reed
anmount scof _fil.te . At b L di i al
Be descr i bar T umlis, SRIPBRTA G Ty BF S ATNAGHER, Mo R4 1 Paslitvey 1 O

t he cl eavaged tleaempontura seyibe ahag 10Aetrgdnet AF)°adswh phitaonoso pé that ¢leavagesuch

as a wat er_r&@gohﬂmg(gughistilp%tehglglt%%babl e conponents are reduced in

concentration prior Y6 'cont With an acidic material. [ 0071] Addi tional ly

or alt ernatf006&] y, Inavafip@cimbodinghtstin@hch elevagic me@dcdliioncation txuhendeassin, the

under gone an_adsorption ratio suc Lhg .over mol ecul ar si eve
Lo remove hrar up e roul B BRE it aiiicido P DR AP S P ResF B bR abl e
conponant s absue 30Edtecaddut 10080 aehthaainba f P déavhge @adtioaclixtotd i i@ thedjutli C

mat eri al . [pg072] The contam nant reactor may be any vessel that allows
cont acti ngPo¥°t he contanminant with an acidic material for a suitable

residence fo¢s8] FrrwigXamadesstodd GRAURNCHRNhinkRAGE @Il ofRYpdBoABf GRENcRtige
substantially . open vessel reactor or pipe. WO 2012/ 036818PCT/ US2011/ 047828
[0073] I n vEFRFBUSTERDHIHERCA ALY G as I fioPairER figishetbicrandt &y r8RExanone
conpri ses: chidmmh@AVh BAiRi1RY TRBAOL O] htiRtDcleavage reaction mixture containing an

cycl ohexyl - 1- phenyl- 1- hydr operoxi de in the )

15" enriched ot depleted concentration of phenol and/or cyclohexanone relative to the cleavage
reaction mixture may be contacted with an acidic material as described herein. When a
stream is described as being “enriched” in a specified species, it is meant that the wt% of the
specified species in that stream is enriched relative to the feed stream prior to separation.
When a stream is described as being “depleted” in a specified species, it is meant that the

20  wt% of the specified species in that stream is reduced relative to the feed stream prior to
separation.

[0069] Additionally or alternatively, a filtered fraction of the entire cleavage reaction
mixture with reduced amounts of filterable components may be contacted with an acidic
material as described herein.

25 [0070] Additionally or alternatively, a fraction of the cleavage reaction mixture has
undergone an adsorption operation, such as a water wash, such that absorbable components
are reduced in concentration prior to contact with an acidic material.

[0071]  Additionally or alternatively, a fraction of the cleavage reaction mixture has
undergone an adsorption operation, such as passing over a molecular sieve to remove water

30 (e.g., a 3A molecular sieve) with one or more adsorbable components are reduced in
concentration prior to contact with an acidic material.

[0072] The contaminant reactor may be any vessel that allows contacting of the
contaminant with an acidic material for a suitable residence time. For example, a

contaminant reactor may be an open or substantially open vessel reactor or pipe.
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presence of an acidic cleavage catal yst to produce a cl eavage reaction

m xture conprising phenol, cycl ohexanone, acidic cleavage catal yst, and one
or nore cwotarales8s; (ii) reacting 5 at |east a porti enTafS2athe4mses di c

cl eavage catalyst with a basic material to forma neutralized stream (iii)
separating the neutralized streaminto one or nore streans rich in

cycl ohexanone, phenol and/or cycl ohexyl benzene, relative to the neutralized
stream and (iv) contacting one or nore of the cyclohexanone-rich portion,
the phenol {gg78] PR L@k adsbdiRtSYs | RHRXY Ihe kN E)héhlal raaat fmhwahbn@n
acidic material to renove one or nore contam nants. I n various
enbodi ment SOMpIEs:c{ikaadRe BeWERN oI MPIIRINg rcefclphexybb@h%yéa hwﬁltoaeroy(lis iy ihe

over head \%;pi%gélﬁt‘: o Qﬁ‘tac1@1Qrméa!v§&scagaﬂ}%ﬂ@f)rohﬁ@rh BBRHLe Rlcthfixdlrc QbR  han
about 99 % of cycl ohexanone, based upon total weight of the overhead

pr oduct ; amben(oz)cyglolkmmqyﬁsacm&@dwg%mﬁtmnd@n©hlemotle canidgmnpats olie xeadiee i n
azeotropic t t may
R D R e R L
means aboutstr@s; wiidi SEEarmr% plee melitraized atoun 2Bo woilh 08 Smwted/osrgamiso sk amone

or about 72 c\% % Eno%n ph 2 Qn(ﬁgrocu%loﬁe \ﬁg (r){%e L}B{’l \(faext% ne’utrg)l?zeg ? ea%ora{ (Eﬁ

wei ght of th tream? ' vari o 0 or% ion or % At

cl eavage reamanmchtmtume:mayebgﬂd&whmmedkaMhomnhebbﬂmbhﬂEp@hbﬂOMﬂMhe

overal | phen uctio roces. Far he cl eava act

M xt ur e gy SebeRB B RO S TR g Oy Pt RS oduced
by t he 1bydnegyepat inovariofis plbsudmentAdbk tieanagt rdacton ﬂlh){tﬁ'é natépdetad, mtohcel)c:ineavage
reaction nixtﬁr% bg conbi.ned with a strgﬁn% ontain|Q%’ F gé Lol
produced by"{RIPEMHGTBYSRTPTIEH SHFAICE {Per Bk 3h 8. or &R BAAPYY) “dpv Lo, X

al t er nat i veldlohekftfong| RAMAGRN RQACHEGN okt dVeReiBYrobR:t; ce@m@)mesbtwuﬂs hréunet or
nore additives, .such as an antifoamor surfactant a ent 25[ 0075] 1 n_vari ous
embodi ment SOMpidiaphCAA e cyFoheERNONE HadoRFPIORIPRITESN: of homBULlics £98EWY Hact i on

m xture mayhdoeveRal drb@L: Wal Nindlld@ GlctliyfoytBp&iidndhe. FQY u@NaRmtig, “dBerspieavage
reaction mxture nmay be separated into one or nore streans rich in

cycl ohdR an@moﬂ@n’éﬁlsqtm&h@ﬁéé WPl dNER pherehaboutd | its e Wi'e cyrehepramgage

reaction myxpiy,e 7@%%%&1&'01%6%%%%@@ ambRd pidaNipdh t341 Wligh Rty i al .
The acidic material may be the same or different for each 30fracti on.

[0076] | n vatr¢asusneraviodi Arbedmens, gi oo eraibe icwfire steavdge r@ﬂCé@vagvéurueem boon
m xture may, Hndef Qﬁh E]PJ‘[ or S8 f}grﬁ t?eOWe?acﬂ 35 Q%De?}o%ﬂgﬁlo\#rptr&e%n P 193 feferial.

For exanple, a cyc exanone-r | racti Ive stil |dn f the
entire cIeahaggeneambnanmnuwumnebmwozmmzﬂ08@8h8ﬁﬁ%ﬁUS@ﬂmme4%8kﬁwmmwkf|rst

be conbget %god%ed eI fl?c{roe%%ﬁlltg) #Tg}lﬁ f al AgﬁlTlgﬁd(llgsb{‘l gl’f& ﬁa%v?%og)e cqga%a hen

separately expos C mater n exc
resin). [ O(ﬁe?ai‘t]lcﬁﬂomﬂdturmntayrb@ coxnhimpll @sthtasstiche cbetamingmhenctl hiztt icpmdaed by tlnen
converting

conver t ed dohaaseratt e SRR e BHEENE AP O DR TR bt ones
and al dehydésture slehyercambmad wethpaeialthyte afidiah &ohwihsds anadrtifbadt boOmyrfactant
especiallyag%tolefins and al cohols with phenols or al kyl atable aromati cs.
25 [0075] In various embodiments, contaminants in more than one portion of the cleavage
reaction mixture may be contacted with an acidic material. For example, the cleavage
reaction mixture may be separated into one or more streams rich in cyclohexanone, phenol
and/or cyclohexylbenzene, relative to the cleavage reaction mixture and each stream may be
contacted with an acidic material. The acidic material may be the same or different for each
30  fraction.
[0076] In various embodiments, a given fraction of the cleavage reaction mixture may
undergo more than one contacting steps with an acidic material. For example, a

cyclohexanone-rich fraction derived from distillation of the entire cleavage reaction mixture
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ol i goneri zation of ol efins; conbi nati ons of al kyl ation and
cyclization of the alkylation products; 1lOesterification, especially of

car boxyl iwoaei2dsesaad al cohol s; cracki ng, especi al pgTafS2@hloyis2and aryl
noi eti es; where the contam nant byproduct reacts with a phenol

nol ecul e; where the contam nant byproduct reacts with a cycl ohexanone
nol ecul e; where the contam nant byproduct reacts wth anot her
cont am nant byproduct of the 15same or different species; and any
conbi nat i oma9f ik @ReMRd Wil 8ldt DoNRY nPdSal QRROALARRY Soid)t e RANWBELRY
contam nants include: a property that makes them nore separable from
phenol andrsrosed/folasrerdaeidis naiiil (e arBet ¢XeBange S nant . " Separ abl e" can
mean di stild@h| e, NEn Umitinh SxPI4E NS Qe CRILBM NAAL cA0 HARS i WndcPtidp Ak
azeotrope w th phenol and/or cyclohexanone, whereas the starting

cont ami nantconyipmerts it theldesvagoicadtiop peadzagfite conyertegdpooramatont ifcdudg: |, in water or
t he aqueous aci di i , . ads l.e; ecul ar wei ght hi gher

t han thg s?artinﬁﬁggﬁ%§%¥%g%tég&gﬂﬁ6?%§§$g§n$gﬁgﬁ?&Fomer than the starting
cont am nants; 25adstgkaitibh,ickpeciatiyvef alédhai; t he starting contam nant, and

conveniently consjderably | ower_ than cycl ohexanone and/ or nol; . a

vol atility *hi ghe?fkma?fla€¥%01glﬂ>a?fiqlﬁﬁ S st isaioRaRth DBty rTBHETRE BOReiGer abl y

hi gher thag cycl ghexanmeifndrdlcahs;phenol ; al dol condensation products,

general |y al dehydes and ketones; 30water, generaIIY fromneutralization of
at

bases: . combinations of alkylation and cyclization of the alkylation products;
10 e esterification, especially of carboxylic acids and alcohols;
. cracking, especially of alkyl and aryl moieties;
. where the contaminant byproduct reacts with a phenol molecule;
. where the contaminant byproduct reacts with a cyclohexanone molecule;
. where the contaminant byproduct reacts with another contaminant byproduct of the

15  same or different species; and
o any combination of the above.
[0078] In various embodiments, the converted contaminants include:
. a property that makes them more separable from phenol and/or cyclohexanone than
the starting contaminant. “Separable” can mean distillable, e.g., the converted contaminant
20  does not form an azeotrope with phenol and/or cyclohexanone, whereas the starting
contaminant byproduct does; or filterable, or absorbable (e.g., in water or the aqueous acidic

material), or adsorbable;

. a molecular weight higher than the starting contaminant;
. a molecular weight lower than the starting contaminant;
25 e a volatility lower than the starting contaminant, and conveniently considerably lower

than cyclohexanone and/or phenol;
. a volatility higher than the starting contaminant, conveniently considerably higher

than cyclohexanone and/or phenol;

. aldol condensation products, generally aldehydes and ketones;
30 o water, generally from neutralization of bases;

. alcohols, from saponification of esters; and

. acid salts, from a neutralization or saponification reaction.
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al cohols, fromsaponification of esters; and acid salts, froma
neutralization or saponification reaction. WO 2012/036818PCT/ US2011/047828
[0079] | n warousessbodi ments, at | east about 20.0 % or pafg/use@sv4msbout 50. 0
% or at |east about 80.0 % or at |east about 90.0 % or at |east about
99.9 % or essentially all of any one contamnant is converted to a
converted contam nant, based on weight % [0080]1n various enbodi nents, at

| east about 20.0 wt% or at |east about 50.0 wt% or at 5 |east about 80.0

W% or at [4@apt RBAHbuSAMIR dMhcHis, ANt aloBBE0 AP OKAt 182 oWt 56.0%;, 8t 1Qkef i n
contam nants, 1ncluding furans and al cohols, are converted to a converted

cont anmi nantbout §&0vie.oprighlsetd abpits H00G-ar ahdepsy Hhows P9 Pe tereaially[aog #ny poe
various enmbodh AR S cAlet@ash caReMLd @Rtathidnt/ball oﬁ%e%ﬁf"%t about 50.0 wt %
or at | east about 80.0 wt% or at |east about 90.0 wt% or at |east
about 99. 9 [Mi89) ol vasgermnitadingents) bt lapbbouhed.¢ Bititoar ahnastebprtS Nt r the
stream gre GaGHL A LR A0 CRNUEL bl GPOLTL BAM cad BSOSO RASEGE 3ROt &l
wei ght of the stream Processing of treated cleavage reaction m xture
[ 0082] | n vavitoumagstiodidieq figansaht @fcobele a¢ conyeredciortt emiversadt nfamirtane the
cl eavage reagt| Lxture is, contacted with an acidic material, the
stream may“@%’bgge@éﬁpg?géa)iiwﬁfggt%ﬁ%eSgrretdl%bre 15streans rich in phenol,
cycl ohexan@s$1handinorarioyscdndiodiydnibe mzenneabonel(@l Ww’s, drait idag abeed 0Nt wanr aitThese
streans may_ be. s tantially or co tely free of amj nants. .[.0083]1n
vartous exikny bk RetiaRt el Bhudrnl B bk Yo MRS ST BTG e
cont aminantf theeahtedlinahts @atent it e atréant St coivegadmotd@hviried edith@inask, the wt%
cycl ohexangne or pheno %QOFth and a second streamthat is enriched in

i

|. or
converted CBWEAR? tQWPW lgﬁtaﬁf SUEHt he

Processing of treated cleavage reaction mixture

[0082] In various embodiments, after one or more contaminants in the cleavage reaction

mixture is contacted with an acidic material, the stream may be separated into one or more
15  streams rich in phenol, cyclohexanone and/or cyclohexylbenzene, relative to the feed stream.

These streams may be substantially or completely free of contaminants.

[0083] In various exemplary embodiments, the process further comprises separating the

contaminant-treated stream into a first stream that is enriched in cyclohexanone or phenol or

both and a second stream that is enriched in converted contaminant relative to the
20  contaminant-treated stream.

Heat Treatment

[0084] In various embodiments, some or all of the contaminants (e.g., in the cleavage
reaction mixture or some portion of the cleavage reaction mixture) are subjected to heat
treatment conditions upstream or downstream of the contaminant treatment.

25 [0085] For example, the temperature of all or a portion of the cleavage reaction mixture
may be raised to at least about 100°C, or about 150°C to about 185°C, or at least about 200°C
to produce a heat-treated cleavage reaction mixture. In various embodiments, the
temperature may be less than about 250°C, or less than about 225°C. The temperature may
be any range of the aforementioned temperatures. In various embodiments, the heat

30  treatment conditions include a residence time may be at least 1 min., 2 min., 3 min., 5 min.,
10 min., or 15 min. The residence time may be less than about 120 min., 60 min., or 30 min.
The residence time may be any logical range of the aforementioned times.

[0086] In one embodiment, during heat treatment at least about 1 wt%, or 10.0 wt%, or

20.0 wt%, or 50.0 wt%, or 80.0 wt%, or 90.0 wt%, or 99.0 wt%, or 99.9 wt% or all of any
221 -



20contam nant-treated stream Heat Treatnent [0084]1n various enbodi nents,
sone or all of the contam nants (e.g., in the cleavage reaction m xture or
sonme portworofo3ss18 cl eavage reaction m xture) are subj ecras2aio/onzsas
treatment conditions upstream or downstream of the contam nant treatnent.
25[ 0085] For exanple, the tenperature of all or a portion of the cleavage
reaction mxture may be raised to at |east about 100C, or about 150C to
about 185C, or at |east about 200C to produce a heat-treated cl eavage
reaction mexd béfamihaht (&L ﬁ%ﬁ SHRBIMNS - or ldRRr bEyRBNEL HEE amaﬁ@phk@&é t han
about 250C, or |ess than abou 25C. The tenperature be any range of
the af or en’éﬂt}’idtﬂ?ié]é?xt‘@ﬁbwa%&E@TOWWXVWPW@T@%(?’GPW%X PetH@nah dgptancg,
treat ment (Zq{}q}o&&%ﬁ)hbﬁﬁl)ﬂéd%h&ly[c?@lbg&'aﬁ(ﬁlet bl”ﬁnrgﬁ’}(ed r@&dés??ssct,on%'ermdnto’a

mn., 3 mn mn., The residence tinme nay be | ess
than’ aboutcmzwﬂwiﬁmmnemmnln or 30 nln The residence time may be any

| ogi cal 4 ﬂ&p% ?j@n , rlng
heat treat t h§%§%§éﬁ %R qé%¥§% m%9&ﬁ§§6gﬁagefﬁgagoq 3?ﬁ QP wt %
or 80.0 wt W%o pr 00 Otket 9% 10@0 W% 00 coutefpingrt h@@roquml%l@qanmel orcwlheanyykemmes

2012/ 03681% /SU% ]d]g ﬁgxg gno%e(:%ntboﬁiI e or&% gi 'to hay dgr?v)é}ég Cclogtagl)l(naagto ne,

or ot her oxy one ue exano enoné,” 6 grox Hexano

6- hydropermx&hamanophmnommh heﬁzomC(mﬁhdan@eab@malmon@ntanhne$ 124a9b—

conver tod 1o TP B R o ot BB e ho
gr eat eriot haéhca@ﬁutph&ml%dmﬁboxwycﬁﬂhe&nmﬁé% or 30.0 wt% or 20.0 w% or 10.0

wt % of coni&gi ant hydr ox c cIohexa one or ot her ﬁ%ketone . such as
6- hydr oxyhd%3A YGHEUS GRoofigieRSaihe %H@@F‘i WFINY ESRAE R G OBR CAMCant

i ncl udi ng atrdafsathVih bhe HiohbreaT codl6tokimoad hhex) Aed oNBicRIhYxylSdidhe d&lative to
1, 2, 4a, 9bt et r ahydr odi benzo[ b, d]furan that nmay result fromthe dehydration,

al kyl at i on BerieeyRafed 2 4eandn hepe trackiops By W%IH%H@F OB PRICHYEHIYEPBIRIGAEX anone .
[0088] I n vagisops embrai Mkt hiebdesHduétbEa £dinfld CRMIMRYiREWERRAAAIIRD | Nt O

one or nmore streans rich in one or nore of cycl ohexanone, phenol and/ or
cycl ohdRy! Isesrz@reye mepustpRaixing. tush ahbaflles preatiai rw?refamurbﬂlré% dovy Jetthdns nay

compr i se | ke Qlaufith FRAIVAL! AR GOR AN R eon A0 ANP DRk PLIRN. TRY

be conducted in a sinple’vessel or pipe, which may 5 open or have
means for mpaditgs amselactadsushifar the compenests distideddrg @rpowrto therteropassiures prshy,

Further, theealiddedldBMn tyrE%Ynt ngﬁcgm? PARE cilimf *rfléaﬁéa{ g&ﬁ’éd' %Hlpﬁﬁ’én'répﬂaé/

wherein fractionation opera tions are sel ected such '
conponentsbdma&dhﬁmdmanenERQOStht@auhmaMEngémnmume@(Hﬂﬁcmbbmdﬁmt@'$@mes

noted ap any, &’s‘nﬂﬁl ﬁ!odRcQ' ”t(?eneﬁl CR(': ”E'eani[é}{? po%@%rtst raF%a%F' 5881”136’1”‘?@ s fmay

be mﬁthgramn y poi nt rac i onation an over he ad,
bot t ons orcmﬁdemmﬁ@ocmmpa&ﬂkmn@nmmnﬂm@bﬂmihm@maMBymnehmdﬁwamKWEéﬁmanH
converts at st., sQ t he contam nants or converted contamnants to

ot her conp8ith gmﬁ%yggﬁgéé?(verennved from the phenol and/or cycl ohexanone.

[0090]  After contaminant treatment and/or heat treatment or combined contaminant and

heat treatment, the converted contaminants will generally have a property that makes them
25 more separable from phenol or cyclohexanone, or both, than the starting contaminant.

Separable can be distillable, e.g., the converted contaminant does not form an azeotrope with

phenol or cyclohexanone whereas the starting contaminant does, and/or filterable, and/or

absorbable. As a result, following contaminant and/or heat treatment, the stream can be

subjected to one or more separations ultimately resulting in streams that predominantly
30  comprise cyclohexanone, phenol, and converted contaminant.

Uses of Cyclohexanone and Phenol

[0091] 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

22



[ 0090] After contam nant treatnent and/or heat treatnent or conbi ned
contam nant and heat treatnent, the converted contam nants will generally
have a prwpentyo3tdiat makes them 25 nore separabl e fromppinarsed11oun7s2s

cycl ohexanone, or both, than the starting contam nant. Separable can be
distillable, e.g., the converted contam nant does not form an azeotrope

wi th phenol or cycl ohexanone whereas the starting contam nant does, and/or
filterable, and/or absorbable. As a result, follow ng contam nant and/or
heat treat pRAbetidaNEr &lifi€aNIC 3Pc1BRxSIHAE §6HRD cHQoRAAE JARKE BFRALAN ANS
ultimately resulting in streans that predom hantly 30conprise

cycl ohexandhens. sedpsnyloaf@né¢ byloepfed cont am nant. Uses of Cycl ohexanone and
Phenol - [ OGRBbITherfy GhaAbERRIANE Roadk BRAAILQUAR ARG RERERCH: dhat!igsed
herein may be used, tor exanple, as an industrial solvent, das an activator
i n oxi dati eremmacty orstugn ghenelie higsina\digdeny 086 $1@PCRCESR i@ 4782 gnd/or
product ion I.pi c acid, cycl ohexanone resins, cycl ohexanone oxine,
caprol actam and nyl ons, such as nylon 6 and nylon 6,6. [0092] The phenol
produced t I bxainpee Qompesiies di scl osed herein nmay be used, for

exanpl e, tgo@gdu £ BHSIOkS JRTh s AR Che A BrEP O AT, Al 20 ©

I%Bl ti

acid and/ o asticl zers. xanone ositions n vari ous
enbodi nent sompdrétionet thedsaref rittheini nydsitexkande&isol befdrrdiertei as ceyelthexanone
conposi tions tha}t re rich in cycl ohexanone (also referred to as

cycl ohexanSﬂlgp%?bf%gsi tions). 10[ 0094] Conveniently, the conpositions rich in
cycl ohagan@em®4 onPsnvasicaly, ieasimpdbitivdsnicyial gblekananne, coadpriad atl leasv5 38%m %

cycl ohexanone,, or at |east 99 wt % cygl ohexanone, or at |east 99.5 w %
ycl ohexangHaheamalt. 1 Eabesigl, S pEA IR RBAIET 25rv %t SeBHETmBE: 5 g o
cycl ohexangsas: 9as et upelohdxehdil, Weitdbist 99.9 WY SRIAGSINdADOr af BAP9D b wigy | ous
B0l TNt S 1S eranont Dasad upcitotal wéight of 1 Sompositon, | 1! COMPrise at least
[0095] In various embodiments, the compositions rich in phenol further comprise at least
15  one of cyclohexanedione and hydroxycyclohexanone.
[0096] Conveniently, the lower limit of the concentration of one or more of
cyclohexanedione and hydroxycyclohexanone in the composition may be 0.1 wppm, or 0.5
wppm, or 1 wppm, or 2 wppm or 5 wppm, based upon the total weight of the composition.
The wupper limit of the concentration of one or more of cyclohexanedione and
20 hydroxycyclohexanone in the composition may be 1000 wppm, or 100 wppm, or 10 wppm,
or 3 wppm or 1 wppm, based upon the total weight of the composition. The concentration of
cyclohexanedione and hydroxycyclohexanone in the composition may be any combination of
the upper and lower limits described above.
[0097] In one embodiment, the composition comprises at least 99 wt% cyclohexanone,
25 and at least 0.1 wppm to 1000 wppm of at least one of cyclohexanedione and
hydroxycyclohexanone.
[0098] In various embodiments, the composition may further comprise cyclohexanol.
Conveniently, the lower limit of the concentration of cyclohexanol in the composition may be
0.1 wppm, or 0.5 wppm, or 1 wppm, or 2 wppm or 5 wppm, based upon the total weight of
30  the composition. The upper limit of the concentration of cyclohexanol in the composition
may be 1000 wppm, or 100 wppm, or 10 wppm, or 3 wppm or 1 wppm, based upon the total
weight of the composition. The concentration of cyclohexanol in the composition may be

any combination of the upper and lower limits described above.
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150ne of cycl ohexanedi one and hydroxycycl ohexanone. [0096] Conveniently, the
lower limt of the concentration of one or nore of cycl ohexanedi one and
hydr oxycywbcehexassige i n t he conmposition may be 0.1 wppmpPCorUSR1F/0ufspsn or 1
wppm or 2 wppmor 5 wppm based upon the total weight of the conposition
The upper limt of the concentration of one or nore of cycl ohexanedi one and
20 hydr oxycycl ohexanone in the conposition nmay be 1000 wppm or 100 wppm

or 10 wopm or 3 wppmor 1 wppm based upon the total weight of the

conposi ti ongeodpe GONERH EAbbRRRL, BY chARBXARRINANScIBRKRY dERINEXHLABRXanone
in the conposition may be any conbination of the Upper and lower limts

descri bed apblxdroqyopddcranopnpreggith Bithepposting aecorid &1t lspst & oYitms Peddeast

lleast 99 Wi%6y ¢l GhRXRNONGYs, 6PANEhsBE0 LvBBSEr £ 1chs VPR, %r%@i%@st‘é@%ﬂfor%t
| east one of cycl ohexanedi one and hydroxycycl ohexanone. [0098]1n various

enbodi nent deast Wew o npthsiteteloamaenay of eantansnangsonphd @%nn,oylélp@héﬁ herein, “the

Conveni gnt fa) LGyl OYCEoddthbuOlint € Saneafbia atian qf glemgﬁeg%ok lggh, the
conposi tion nmay 1 wppm or 0 1 wppm o pn1orlt wppm
based upon comgosutmakclu@ngmclcdnﬁxaneme t he conposition. The upper linit of the

concent rat iideff Y ShaNEX Bkl "BCCRIROSIINEN TRKRS o IR0 ARMgh. 100

wppm or ased on 6¥’the
conpositionydmhﬁmmdmnentrademwmfbhq@h@hexangkkmﬂwhhe conhmﬁnﬂionamﬂm-be
any conbi nat i t he upper

2012/ 03681§l§ ?CU B?’ﬁ“ﬁﬂ‘g@?ée“[to‘ﬁgtgf |CPiCI\9{é al&ﬁi‘% Ceor’ﬁ?%‘ %%P%S “?t 8“’8%&%?99ed
anmount 10y chwgbaxanddes noy&dcedierodneshing e dascthda yeicok §C yohmh exditonet ¢cesieast i n

t he conposition accounts fordﬁt Ieast(% wt % or a% | east 59% wt % or | east

10 Wt % or AP 858pestpt\irercd JP P OG%BOW"%G V@™ 8a 4‘3?t\ﬁf‘@/%egolr
| east 50 m&&@gﬁ the total anmpunt of contam nants in the conposition. As
used herein [00101] In various embodiments, the composition may further comprise one or more of
cyclohexenone, hexanal and/or methylcyclopentanone in any combination. Conveniently,
15  the lower limit of the concentration of cyclohexenone, hexanal and/or methylcyclopentanone
in the composition may be 0.1 wppm, or 0.5 wppm, or 1 wppm, or 2 wppm or 5 wppm, based
upon the total weight of the composition. The upper limit of the concentration of
cyclohexenone, hexanal and/or methylcyclopentanone in the composition may be 1000
wppm, or 100 wppm, or 10 wppm, or 3 wppm or 1 wppm, based upon the total weight of the
20  composition. The concentration of cyclohexenone, hexanal and/or methylcyclopentanone in
the composition may be any combination of the upper and lower limits described above.
[00102] The concentration ranges of components in the compositions described herein may
be determined according to the gas chromatograph (GC) technique described in ASTM D
6142-08, tailored and calibrated for such components.
25 [00103] In various embodiments, the cyclohexanone compositions discussed herein may
additionally comprise at least 0.1 wppm to 1000 wppm water, or at least 0.1 wppm to 150
wppm water. Water may be measured, for example, by method DIN 51777 / Part 1.
[00104] Conveniently, any of the cyclohexanone compositions discussed herein may
further contain less than 100 wppm, or less than 10 wppm, or less than 1 wppm, or no
30  measurable concentration of at least one or any combination of certain contaminants that are
produced in the conventional Hock process, namely, methylcyclopentenone,
methylcyclopentenal, cyclohexenone, cyclohexenol, phenol, butylcyclohexylether,
pentylcyclohexane, cyclohexyl acetate, pentanal, valeric acid, and butyric acid. These

components arc particularly problematic in further processing of a cyclohexanone
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S5total anmpunt of contam nants in the conposition” neans all species present
in the conposition excluding cycl ohexanone. [00100] In various enbodi nents,
t he t ot alwoanmwaiegisanount of the cycl ohexanol, PCT/US2011/047828

cycl ohexanedi one, hydr oxycycl ohexanone, cycl ohexenone, hexanal and/ or

met hyl cycl opent anone present in the cycl ohexanone conposition does not
exceed 1000 10 wppm or does not exceed 100 wppm or does not exceed 50
wppm or does not exceed 25 wppm or does not exceed 10 wppm or does not
exceed 3 WREHposiondARSar Ofrtu8KE BidexdstéMP RMhe (LA dr tﬂerbrys%ﬁf Avstsbadiyignt s,

t he conposition may further conprise one or nore of cycl ohexenone, hexanal
and/ or net Rgicty choperiuehisrronsatratign” @t inEorenegsiante mcen thoquantity of e | ower
limt of t Iﬂ@m@d) %%toﬁé’hrﬁ QR @1fe E&&IL&H%G%O%%MMK@WW%Q/ @mit_ in the gas

met hyl cycl opent anone i n the conposition nma 1 wppm or 0.5 wopm or 1
wppm  or gvapmograpslcwmaﬁqrelba@ géerhpigen withe ayb@zvaxmilgrm spe¢ifipdlly tei gid i on.
The uppgr cMﬁ%&mP&rﬁQ&n%ﬂﬁBﬁQﬁrat'On of cycl ohexenone, hexanal and/ or

met hyl cycl opentanone 1 n e conposition nay be 1000 wopm or 100 wppm or
10 wopm or0@0fppim wariows men‘ﬂlrrbats,ednmpomamef thot efclobexaght, ayélobdxen@pne,
conposi ti Ot dTh}?c 818ll?exgn aé cpollqlexe];mlgey ﬁex%n;ﬁ %d/gnglbthhl% nal cnta nn%/ C%ese t ip the

met hyl cycl open anone in the ¢ y DI na of 'The upper
and | ower Icompdssmode)@aw gdneﬂteabmmm dlirﬁQ 1@&]ce§l§kfezr mﬂ«nwrohe;ianmer(aag@sre @bt
conponent s “% the co OSHtIOﬂ descri bed herein may be determ ned according
to the gas*d4fdiit ??f?ﬂﬁ t echni que described in ASTM D 6142- 08,

tail orad anebioey i Imr adriddls feﬁibo&l:ﬂéhlts CGIIi’éDO]ﬂﬁf(bteS of 2] &¢1dh3tanbl) cyalbh&xesedione,

enbodi nment t he cycl ohexano |t| ns  di sc her ei n

SaT 1 onal P EBRS SRS GERTe BB 074 GoD U R G BRone T e i st 0. 1
wopm t 0 15QompRiionalufhg oﬁﬁﬁamxaayh@gqﬁeﬁsured for exanple, by method DI N
51777 | Part 1. 00104 Cbnvenlently, any of the cycl ohexanone conpositions

di scussed herelﬂ N ety tatiag @EﬁFdPH“ﬁ@§§wfhﬁﬁwﬁﬁﬁﬁmﬁpnl or less than 10

wppm or |ess t{ifﬁ}%xld%ﬁ@@cl&'éxﬁﬁbnzéﬁ t@'ﬁ@ﬁh@e@?&l@h&?%@i&hé HgJEdr rd%fde%nd' east
one or any conbi nati on of certain contam nanis that are produced in the

conventlPonal HoG) Prasigsyclohexmbrizensistdrgpetaride sp Eximehgied and cyclohexanone.

met hyl cycl ?(Rﬁﬁ’?]e“@&nveﬁ%ﬁthphﬁiée&%ﬁmxa&x&é %%@Q%ns BRERGlG: herein may have
butyl cycl ohexyl et her, pentyl cycl ohexane, cyclohexyl acetate, pentanal,

val eri ¢ aciaeceptabld Ob@mﬁpn@naéauailty W%@Ig:t@n@dneﬁtsgfy at’aédaaérspemfwammy These

pr obl emat i

2012/ 036818%&# %}g%ﬁ?; %@%%‘I nigle, 3 ﬁlh&gg)g?ig?@?crop fh[r Ofﬁg\%aexil?“é?ent in
t he net hod ewdn asHewps és(éﬁtrmlmdefﬂrle@mnpmsbyu@%"ﬂvlmb rfree’ anniitlmaéalmabaogi of
concen at| n ipt 0 i " u f ned
comonats Ot A et e ACREXLBURD b AR CHBE) AR %8 pFo RS

chr omat ogr aphi. Q()zngfaah(dtetmnmed dohexagpee, Wy tDHiNaS 1CaT b Mezhoddo); arﬂmnﬂ;lpnmnl Ifangml |y

(a0 o0 an e el iy FAPSGuFTROARRISn RSB B v
hydroxycycbﬁm@%@mmﬂﬁnmﬁym%ﬂMQ%Hnaﬁec ﬁﬁmaﬁahm&ndloflnemhyﬂ@mﬂi@ﬁ@ahanone
e e pSaTRES ik QLTS SEDT 8L, L0, Sl 4 94tk 00,2 Riocess Lo
25  than 100 weight-parts-per-billion (wppb) Aluminum; less than 100 wppb Antimony; less than
100 wppb Arsenic, less than 100 wppb Boron, less than 100 wppb Calcium, less than 100
wppb Chromium, less than 100 wppb Copper, less than 100 wppb Gold, less than 100 wppb
Iron, less than 100 wppb Lead, less than 100 wppb Magnesium, less than 100 wppb
Manganese, less than 100 wppb Nickel, less than 100 wppb Potassium, less than 100 wppb
30  Sodium, less than 100 wppb Tin, less than 100 wppb Titanium, and/or less than 100 wppb
Zinc.

Description According to the Figures

[00108] The invention will now be more particularly described with reference to the
accompanying drawings.
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10[ 00106] In various enbodi nents, one or nore of the cycl ohexanol,

cycl ohexanedi one, hydroxycycl ohexanone, cycl ohexenone, hexanal and/or

nmet hyl cycwoperni@ssise present in the conposition during ecg/useouroums2of the
steps of: (i) hydroal kyl ati ng benzene to produce cycl ohexyl benzene; (ii)
oxi di zi ng cycl ohexyl benzene to produce cycl ohexyl benzene hydroper oxi de; and
15(ii1i) cleaving cycl ohexyl benzene hydroperoxide to form phenol and

cycl ohexanone. [00107] Conveniently, the cycl ohexanone conpositions

di scussed heU190|n REYMEVSFRECAPE BRL&s 200 B RIS Bhendlalict MoR&ERE iR t O
any industry standard specifications. These specifications may include, for
exanpl e, acptlelicrrbenzershascordim 1acg) filso pxammds 0P Sharavicwint iseshonaly wWhigh &s 5
(det er m negyeqfiQi %mhgcyaafhe%g Mza?qu)suppm@ey ﬁﬁé flaty aﬁ%x;‘d%aﬂ £adfii 9607 20
0.01 wt % maxi num (det er m ned or exanple, by A 13); a density at 20C
of 0.946 +A stwamo;@m@rlé:lng0§xﬂ@tl,eq0nvmtlymr 1S@iéammveded59 tl@l NiBgBRagtonElohod
D); a dksti n 1) pil&gﬁ

Distill g.tl (I)An11 in(g‘e 1;1%%%%?@% }Y‘l‘ lﬁﬁy alQ{F‘ghl?eg(g&ggd %‘8@@%’%&{%&% lg’n% th& ng
155. 65C; r éhy bﬁmwmpremstéﬁnmfthﬁred tmn@mbve partdd@®s, andiaihagdreyn towpreoeat ent  of
met al s, t han mPhs te,

| ess 25 t%ool@cﬁt@&%ﬁ&ng rem VGVW%GI’I' i S%F%I%ﬁ{a fla%%%enpﬁnnched mn ngg Vﬁglﬁ 100
wppb Anti rnnmtwal hm®<1mhta]y 2]10ﬁb1?/(ppla1r;ﬂtrsmhl membrmmblanerﬂ,ﬂﬁmgpmbs@oraom ol ess
than 100 wp Cal ci u | ess than 100 wppb Chromium |ess than 100 wppb
Copper , Ie?giefﬁﬁ)ﬁvnfﬁ%h Wppb Gol d, less than 100 wppb Iron, |ess than 100
wppb Laad, [(DOEISB] t@ﬁlﬂatilcﬁh&eﬂmblﬂmgd@e& wiy tybe o8 réabtaﬂaﬂxﬁﬁ'onl\@@blp[@l@ﬁm&, | ess
than 100 wp Ni ckel , | ess than. 100 b Pot as | ess than .100 b
5080di um RO (A st SEOBLE TS Vish B ORHIBRICE S SRR TSR G | ess
than 100 wmplnnalmm orDBB& iRt dndiite ALGO Icdhid@ink ot the Jkly@ir 881 cylcRBdB8Benddne.
invention wil| now be nore particularly described wmth reference to the

acconpanyi MF @R 10 my1ave Jesas BTT Y 14donrE» 8 IEtPI0Y] ISREIETS ng t o

Figure 1, anrBidCLtadRQobg RREWGH @&ulﬁhﬁ@@J)Ol&l"ﬁorﬁMP{oOtIH@f@a@%FQO(f I"tR&Rby
cyclohexylbenzene according to a first exanple of the invention is shomn in

whi ch d5f eatsreinkthe snrheranay of vhe oxpdelion rrastionn ehlicgnagygdpl Goakingsseilp pryidiee t o

an oxi dati gy k&aSioRhe, %99 b A&:o%ﬁﬁgf%egorﬂw bé'oB&a{é&Xﬁﬁ{h oQﬁQtY&“fe@&&ﬂ YoRtd , 1S
al so provided to the oxi atlon f eact or 51in line . The streamin

line 104 megmalesbe bencontes kpat.i Ve athery @nb@lﬂmentﬁ, @mdetxmaéor HPGr mgh gempiass deen
conpr ess ed 1t)f7 biL 1%@0{5&9 in' QribSIRY %o@&gﬁﬂg‘?ﬁ%&ﬁ&%f tﬁé gon%]{%n F!ﬂéuéﬂe&{lﬁnau

conpressed and cooled to condense an ve water, or a stream
been enri clpdating @)dy@@cnta:bmimortsrﬁelentad t aﬂhaa@pﬂlowﬁamm Kpaibn rap kb pentingint

t hr ough,ne cryogeni c separation or other known neans.
10[001?8] @ﬂg\%{% Olng%g eag% 106 may be any type of reactor and, for

exanpl e, coofidils eCmdstldmp I\xet;hni anidpeiby ropen 10€ssaluckc diat @ oadation tréaction takes
dIStI‘IbUtOI‘lll’ﬂet lg zl{en con{alﬁun gag}dn Iin(g 10§ Qr. .
ot her wi se &dStr &46 lagc% ETAGZOF thé™ 35(581%6 nt CEREF By | HRNSURULY
Oxi dati on kealificr alkO&lorY théawer theadtisnation Wf tyutishavylanshepylrphyalr@erdxidenvaf it s

contents th ough t abl e. cool.ing device, an rn the ooled ortion to
Che. react ofberaotAL B bHFromes s HGRHE U o e IEof [y R BPGHEH on

reacti on. Ahmbedimattl WehyroxgpihdlmgleC®HPS) Rrapoi idirsict e ds;ﬁaetuoﬁ@édctomgoﬁs@y by
cooling water, may be .operated w thin OXI dation reactor 106 to renove the

gener at ed SRS nof ﬁlOB‘th% I¥ffl & FRBARCS Selgstiviiatq ailoheadt et -hydipreiskidfi se a

plurali ty %Olﬂﬁlaci\é)ﬁh% b %i8h 'r@a’éﬂorﬁ@f‘o@ee‘aﬁ)%géﬂ ﬂgdeﬁlefé‘aralnu% (9<fy énh@epleted
conversion reaction, tional qygo perating at different condi t| ons sel ect ed

to enhance SH&HE Bkl”éFaH’ B CEaYe ﬂma&chtaﬁ@n peeetor A8t VBlraothe SHEAND ROPRIE i n
each. oxygen in line 104 is air, the oxygen depleted stream in line 108 is typically enriched in

30 nitrogen. When the oxidation reaction is conducted at or near atmospheric pressure, the
oxygen depleted stream in line 108 may also contain lower volatility byproducts of the
oxidation reaction, such as water, along with minor amounts of cyclohexylbenzene, among
other components that may be in the vapor phase under the conditions in oxidation reactor

106. In an operation not shown in Figure 1, the oxygen depleted stream in line 108 may be
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[00111] Conditions within oxidation reactor 106 are such that an oxidation
reaction takes place, converting cycl ohexyl benzene to the associ at ed

hydr oper owDe12/03e818eni ent |y conditi ons are sel ected to Pavars2eihe478es nati on
of cycl ohexyl - 1- phenyl- 1- hydr oper oxi de wel | above ot her hydroperoxi des and
di hydr oper oxi des di scussed herein. In one particular 25 enbodi nent,

N- hydr oxyphthalinmde (NHPI) is also introduced to oxidation reactor 106, by
means not shown in Figure 1, to enhance selectivity to

cycl ohexyl tdRPhpr¥dsdd ONEERBEMOXdehexBOLAR, rdovReat@XhidirsthQRist &b QN
proceeds, oxygen is depleted and an oxygen depleted streamin |ine 108 is
renoved fr hslebexuibenzens HieloE resycla 06 feethe AxidpEonsiercsenh08 ofsh akeriihas eirerars i n
line 104 i gydble fof BRerR¥%ILQisfRRI eted streamin line 108 is typically
enriched in 30 nitrogen. Wien the oxidation reaction is conducted at or
near at nospMHAdlc presudaton rdvetioxyjedicdaptledieg erclobarnlonzdne nbydro@rorade al so
containglo Ll t i i i

vater S onaralBh ek Y crREREHEDRerbL | SRS AR, b AGRER: My bud®
conponent s hydraperopgesiad idiytitopergsides; isphidsleawmiden okidetiaonditdril@nsia imeddDdat i on

reactor 106, 1ln p i.on not. shown .in Figure.l. the oxygen depleted
Stream i riseyBE! RRGEEh ORI oS B bptds BES ikl S8 B e R i e s e
to recover it e dYchayhiybiren2diR, renove water, and otherw se nake the
cyeLohexy RGFSoTL b BRLE! B EeL SSA S B SEARSB8 R0 2

oxi dat ilon w@plitd @ api@cet rehdicd UDH, Rghicy alk© hexvkbanaanst id ol eF@xaitelghe 5

conveniently rich in cycl ohexyl - 1- nyl- 1- hydroperoxide but potentially
el udi g SemueS Rirauh St aubirg BRSOk P HCCST &R P Bim
oxi dation nefackoOkuchOthaviaaclbivage tdBtion\bekee phcP!l cdusing Nthé gtleRayl DpRdlydat i on
reactor 106, the oxidation reaction product renmoved. in line 110 may al so
contai n NHPYIropooddundrtey Qs dytiopsropredtidt IIMEIRGEHG PEFENIALRSATENE Ehe
hydr oper oXip&ol, RyélbR&adoh® ah@ contiminsRDypBAudi® A fdaPANIER(16:EPOHRN iri]ell?d:ing\r”:m ch
al so receives a catalyst that will pronote the cl eavage reaction, such as
sul furilé aehenolisyclpkgrage) apgmiat bipspdicts HAPopwPlE pagiageclpaags gialyst ® ar e
such that &:ghaa%aeem (18R RRAkEs MAG6, causing the cycl ohexyl -1
- phenyl - 1- &%QroperOX|de and any ot her hydroperoxi des and di hydroper oxi de
present tol¥Hddnpekavage rgpenbld meykd gtyexemelrieacton dnewntoathpsgaktlchypthodiict s. A
cl eavage react] r L. Lnel . udiing C X e, .cont am nant
byproductsﬁgn%h%ggﬁi%ﬁ@ﬁhﬁgggggﬂﬂ&CP3%358E§2g%gﬁyéﬁhﬁgﬁmﬁgﬁgggmﬁ ?H%%:
cl eavage reasinopusitized ank joaetonméde, pOOsimEl, @icedngthefpeaopartinglid ameyr pheg any
typ_e Of20r e?‘l%gvorlé cl’fcg}oﬁ%}ie.t %léar\]fgseeregclférl ],llgqnalyrhaifg| g'ltegi{stto .\)Ji%rdra Xa%%lugl aclg)ow?cynl sing
a sinple, Iarge?y open vesser contai ner operating in a near ‘conti‘nuous
stirred tankthceaoteos thvodeh, a euitahlesionidgedevimpaind Iremgtthe ofolg@i petiapercdtavage i n a
near plug 20 fl reactor node. .Cl eavage. reactor 114 may have neans to
ol an aRget AT SEPY mRERe ¢ire SRIRPERE FHPh bR FheP e T i
devi ce andop&htad fin tuhedieledik dskhjpar tlname tembolliervage daeddt pronblidg thehaembye
managi ng the exothermcity of the cl eavage reactiaon, or it nay .be gperated
'n an adi aBRETE X HEGRITOYS e CERBSEITHERY 118 HB Such A1 PSHa e REPRG! the
cl eavags r ea@tdtQ Wity wiBottbs1aeu g riaaval eaviageollepeldinglddrebticos ied) s&y
circulating portion of the 25 contents, with or w thout cooling

¥

Al t er nat i vEY FOOIREATRFEGMBLP PRSIV IgHMgleaas Feaeter Hddp regpve dbfyeessraed bratng
wat er, nay 1pehePehed@denid, tchtlatage r@RUR 184 MRFlotridel4 phualite BPMEcthREn ganer at ed
heat. In other enbodi nents, cleavage reactor 114 may conprise a plurality
of react or §2GhFodiciing a periieh ot B GUREISINY 8acHeR-taPBNaYY Op¢TatingdA viEffessng modes
reaction, gpj iaPNAl¥ntORRERLhN Jelblledird feRRARE (HOAREY AR dreRltiofl 4tf @E §Rktinent
conditions selected to enhance the cl eavage reaction at the pertinent
30convéPsi epnvicrriaangs iegash. [ 00116] The cl eavage reaction product in line
116 is dir t I i > i:ng: i 3 I at.ai ns
an aci di o SRS} o PP BEell FplcRler i PhEFiS LSRG in Mo d mat UER BOR
such that deyper 118 phichaankmaen podictradesl.pllae egndgds atithinghs torgateg dévitche
cont am nant , bypr

purification reé%9?§%§6&%&%@?@5kg@ﬁ&%%ﬁ%ﬁ@%&%%@b@?ﬁ%@ggﬁﬁﬁgﬁ%35%8&58%:to

byproducts in the cleavage reaction product are converted to purification reaction products.
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An acid treated stream containing a reduced content of contam nant
byproducts relative to the cl eavage reaction product, is renoved from
cont act i yodewses1818 in | ine 120 and may be subj ect toPCunish@n/oprsegessi ng
by means not shown in Figure 1 to, for exanple, further purify phenol and
cycl ohexanone, separate phenol from cycl ohexanone, and the |ike. 5[00117]
The acid material contacting device 118 nmay be any device suitably
correlated to the acid material utilized therein. In the enbodi ment

depi ct ed | ApFicEH ek stROmasdnthitIRE 8rédbed Eon®end 8PS MRS nd 'B%%Ib%cpsr Rutidetd to

t he contacting device 118. Such an enbodi ment is representative of, for
exanpl e, a tallgayagsaPagtinhpiofnGs is sumayed omicantagtingrsyiee B indine 43¢ #hge beesi n
or a zeoli kg eclt'fb Rirtha@r raéegﬁlﬁgwm%%%o@mmgqﬁ&f t0, Tt‘&%ﬁrﬁ?l@'ﬁrtﬂ@tp‘ﬁﬁf}ﬂ' s
t he sane amd used as the catalyst for pronoting the cl eavage reaction,
and t he acnphewh%réquyalloh@@mr@c&epﬁgte@bm%&omrsclmarb@eand|t1nvd1ké | argel y open
vessel kea e e
noi d and ¢ RAA T R RAARTRBRRCPlc: 104 Bty Gahy TG, SHRAT bRk L)
[00118] | n tirretdresterebtlidichdrtgin. t]mehea@nltbdnmnedqrmcttedmﬁ ipme & rlojagidi nptergplidous
aci d and a%' geiparépa E rliéa ! rovqgedagot Itneg cgrﬁact g Vl%e% beSucthnuré}‘n[%&% %Ete?st wash
colum, or "a |qU| Id extraction co Oor countercurrent series of
liquid-1i qmepdesemm\&octf feg edztmpts, a sl;dhdma(dhmananﬁrmddamm exampleem mmtexdiamgm | n
Flgurelma epree carr frehll uda i nto.

the used | THING e Bomn EomiatoR B “BF bR Hael S e B hofebitgid s

[ 00119]10! nugedf asrthb eﬁtal@mf)KDd pmmnng ]33 dhﬁ@gﬁ%etﬁﬁ’npdmm thefdetd heferigiosvhacisy
unreact ed cl eavage Qqcatal nd that naterial |s ot the. de red acid
mat eri al ch‘FV“Fea??ﬁ MP3t° d%ﬁgi’ | PSR VS BAUPT OF AR BBt |P8’ﬁ‘i Wsifch a
ci rcumst angentinfied SxpRREY loﬁﬁle%ﬁﬂﬁldntﬁé cRENAWE réabtid Haaeet Torl tBe HEVIRY gesidRBce
unreacted catalyst fromthe cleavage product in line 116, or neutralize the
material af#render it essentiall y inert, and provide the resultant

cl eavage p émﬂmg]t InCar@d el e B bR thSQElH%ﬁétérf&g nﬂg\b'ecaehqm@aquleéhsta{&lcﬁaﬂ@d&ﬂﬁr
the desired acid material and acid materi al contacting device 118 can
i ndeperddentmaerighgonsistingleyige A% imayt et & copEerpyFant vagh FInmMpedict ilgniddifiuithe

cl eavage p’éQt‘E'alé%n cLlQQ%%Q]coB%I%ﬁ{réﬂ%geeﬂé% i lﬂiﬁ'iaeh(%nd %orgé&ﬁgscl%urgsoolﬁ Qich an
produci ng phenol and cycl ohexanone from cycl ohexyl benzene according to a
second exanrpbedigpnt hacsy neteshoworin iFsgushdwmay he whigsel carywadbe diskh dawgdrdcgl ng
cycl ohexyl henzeng:d a%d%%qgl:%ﬁcﬂj fé{cuifn n%%%t{;] cf’%ﬂnﬁé&{a@%dt&ﬂng §a5LQn206. 30 A
stream conprising 0Xx can ave the sanme conpositton as that in
line 104 i mOGIQur alfurth@ canbodinpnbihic gidvige ptdd@ctoﬁarthmmpmtams earceaed dGGagd a
line 2 121] T ryc i h I datjon. reactor
206 ar o n e e 48 Uk SRRERY ol 1 BHef B A A SRR bRk

wi t hdr awal rafti@n @neyqﬁra)ndephcélt :ecirczums@am isno brmﬁleZﬁ)@nand showoxi H'@uieohto
reacti on product i ncl udlgg % hex enzene h dro ge i n t| ne 10. WO
2012/ 036818PETFUBS AP0 8980 018x 8a°t"i383r1ger%r8 B‘F c} P EYEUADIT%ed by
line 210 t eazrial exdlagéerrie astmatally idkrt, whd ph)vaiesme mﬁlmnve&amgb fpl:b’duct @cdcdl t o

B oper at PPl “OHETES Bastg Ay dndrmasies A dova ol el FHEp S P B or

114 i n2Fi gubRacting idBGELILIS@N iR MMdERET AdaptidbllA facilieay tg Pufifaeibh acinoshuct
including 5 phenol Cg‘cl ohexanone, contam nant byproducts and unreacted

sul furic adicFleayegnpey Svage reactor 214 in line 216. The cleavage reaction

product i n[(b(]lﬂ@] 28 &ei® %F@Qre‘@ b Prodls 200 AR pERNBRY no%ﬂ‘é?&b@iﬁﬂo‘he@rom
rel atively hi q@ nol ecuﬁar wei ght amine, for exanple
Q

met hyl pent &#A0ExEbenzgna ?’F@Ordil% 10} heccon® emlréwﬁlt@xmwttwnaﬁ@h%mw whichet t he

sul furic agldsibek éoﬂff)rﬁﬁlgé‘y&&%x&lﬁél%ﬁeoiﬁ' s@PBePbPHHC 20220 BE WkfuddidizRshis 8V age
product in line The neutralize
30 A stream comprlslng oxygen, which can have the same composition as that in line 104 in

Figure 1, is also provided to the oxidation reactor 206 via line 204.
[00121] The construction and operation of the oxidation reactor 206 arc the same as that of
reactor 106 in Figure 1, including the withdrawal of an oxygen depleted stream in line 208

and an oxidation reaction product including cyclohexylbenzene hydroperoxide in line 210.
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10 cl eavage product in line 220 thus now conprises phenol, cycl ohexanone,
contam nant byproduct(s) and am ne-sulfuric acid salt(s). The

am ne- sulworor/aesid salts are conpl etely sol ubl e i n thePobaltsaecia/ oofs2s he
neutralized cl eavage product and further have a relatively low volatility
conpared to cycl ohexyl benzene. In one enbodi nent, an excess of an am ne
conpound is supplied in line 218 beyond the stoichionetric neutralization
of the sulfuric acid 15 in the cleavage product l|ine 216, to give the
neutral i zedngbeRYRBG RO Pdudths LipPBed?R01inM 210 18 a FREEa B ASIcRor 204, WikdSal@ci di C
character. [00123] The neutrallzeg cl eavage product in line 220 is provided
to first fF%tVPWEW@WIWRH%O@ﬂ@cl%?&@ﬁeﬁcg%l@eww@dmélbrow de a first
overhead prafygt +i donffichettatd\FeratiSn b @1@ d&ﬁg@%&@b@h%& Bheafhe Q0 Bfat of
volatility than cycl ohexanone, for exanple conprising 2

met hyl cycl opetet dhbiteFighatl, rmyudm the egthdraviahof y elemenge rr%@ICiltzlenrOémCéancéLgieng
product 5I n Lén%? c%glgh x@%ecf} Ya%ﬂhf@tbkgroﬁﬁ&st g}gi Iﬁ'@a%teﬂ s\ﬂ i %c(?cy\’ﬁ%f?lnélga'%
cyclohexan enol cyc exyl'benzene an fower vo at| Ity conponents.
First fr actr¢aot®at214)m o 216N mzldasag@peacabledmﬁ@ctpn bwé A6 & wiopd Btk @n faprist
bottons praoduct in lin 6 th i | o sxanon nd
volatlllty%go%%%’%enf)]lve wné’furéﬁanin c%xg%ﬁta At nan %y 9? & 2
difficult MEﬂ@ﬁmhmmsﬂﬁammmmeﬁnmmbay&hnhﬁmﬂﬂOWﬁhanmnphehmimeanmmnnmmbnlently
has a very | ow content. of material wth a higher vol.a

Cyol ohexandieaptrrstorindBrtis f el i S atediitin b 2l 2ot Rutegy
convenilent kicacat@odicngn aink 220, thuh @oantdsprded fphicrot; @clotemabie| &bnﬂamirfaﬁduced
to first fractionation colum 222 in eutrali ed cl.eavage product in
| e 290, POOTSIOTHE et TBEE Aok i0adar Ao 6T SR Srashiho

second di stolublatih g LaRhed1dr B2 Bcutdlizathdl@RadeSpro@et atefirther RKOYirdeialsp&ond
overhead product in line 232 that is rich in phenol and cycl ohexanone, and

further in¢PRERY CHPRLSH tHaFElOBSRYIRSBEREE s, [Nahs FrabqdERght; 8 ewfso%ﬁeuata@ﬁzene
and | ower v@hadunliid 3pSIRARLNENE R bedtill theABichiBmb SR ehiRMizRIbhiok iedlif@it dcRact i on
products Second distillation colum 228 is operated to provide a converse
second 1Bot tibihs clsrrreaProduet line?d 6 9 @iverhe n@grahzeéwlqaﬁam@@ﬁbb@wnséﬁQ@ﬁ@ aand

I ower vol atjidd abic. YPL3Ld{-QREELEPCT/ US2011/ 047828 conponents, and rich in
recycled purification reaction products, and conveniently is lean in phenol
and cycl ohd®HRAdInheThapeutiabized lea@en@dwtb@tltn@rﬁﬂpnsdm‘cdedu t fiishéraBoatian ri ch
in, conveni, [ t.

i nt r oduced ?@ﬁ%é%gﬁgﬂlrgc ?gﬁgg?g%wg%ﬁaﬁﬁﬁkggw?ﬁﬁ%ﬂ&hﬁ1 ﬂﬁ@?%éééhlgbduct
inline 22@wK5®D0w25]aTH&ﬂgecMddﬂnyemmeadydpbd@mmwlnﬁh|wemmﬂa psmmmmm&ted
to an |d i terial act evi ce
234 Cogtﬁal A ér? cl%][oedﬁ (1)1'8}19 ﬁ}a{ HQY ggnt %1% gl} tlégdﬁ-ghz\%?t Eeava%e é)?OéRlEt 1 el%,n@azg
contactlngadévcmeeﬁ&dbarﬁmhucﬁmshat‘ampuhmﬁlcaﬂﬂmnofeamﬂdmmmbakeaﬂmhﬂpe

and sonme of t nt am na S are conv f|c
feactton prosiEe RN, Pttt 2ufb et aPi el Rab bl LR o
cont am nantopebyqedi &rbro-tnae i ebraeisy Erst Dottdnatprddhcpinaine de6l that is hich hecyz@betadone
over head pr in ne 232, isr ved fron1aC|d mat eri al, contacting

Qv co 3k i ihiera Ol ocbobeyS S TOURGHAUCET S SRt EPR SR SR hE aci o
mat eri ab C%&t%hte“@orﬁ’%ﬁl@l@exaﬁﬂieainﬂ phbfols aec@sedifialy ok adeewy aew Icb8tehtofi gur e
1, including the wthdrawal of an acid treated streamin |ine 236, The acid

treated stmEgial wih @Hhighshalenlity dhanecygloberanens eirthst theofiish hetiomstprodust in

bypr oduct s iaoishé § rieh i, G&ﬁzgmbﬁ’[glwé)hiafrh i &nthpa@ﬂlu%mﬁhrﬁsa%mvsa t@% intr8ddcBR M
phenol and cyclohexanone is directe line 236 to a third fractionation

col uim 238; lrmﬁwnﬁf@ndﬁbmm@a1@@6@?@ﬁ1@®%eawmerm0%%mﬂ@aa broduct in line

242 that igogibgh Tt MLARALMEPIEH G RRSBROASviIEDD sb@onh%ﬁﬂllétfbn%@ﬁhﬁ\rﬂzﬂant
byproducts and purlflcatlon reaction products. Third distillation colum

238 i s 3Bperdidds prerprbivinievide T ek aerhepd pradissin 1eir¢523|6 rtlexd dfciiichi ip ph¢nebamid 0

that is ri %{)clbﬂ}xanone, and further includes contaminant byproducts, and is lean in

cyclohexylbenzene and lower volatility components, and lean in recycled purification
reaction products. Second distillation column 228 is operated to provide a converse second

bottoms product in line 230 that is rich in cyclohexylbenzene and lower volatility
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20 purification reaction products, and conveniently is |ean in phenol and
cycl ohexanone. I n one enbodinent, the third bottons product in |ine 240
cont ai ns wWOf2hi2gi3es18 phenol, or phenol and cycl ohexanonepcraSe@noy7sagthin it
sone of the contam nant byproducts that nmay not have undergone a
purification reaction in acid material contacting device 234. [00127] The
third bottons product in line 240 containing purification products and 25
optionally phenol and cycl ohexanone is recycled to the second fractionation

col um 228 cohPordelis SaddB{EREH recd¥d gﬁ%@{loﬁfﬁct%@r&iﬁ@% AN SaPts fefh the
third bottons product in |ine 24 be recovered in the second overhead

product i nPhinee apdzyclalirganche diwther dha respnd Bealtamsopropychduding 24015 ricBnBved in
the second hathRr®, ROREMG. it bi NGe Zﬁﬁ}me [519%%8]10141 nsaﬁ@? RORELITRDT sechlE

operation of flrst fracti onation colum 2, or second 30 fractionation
col um 228 fragironpigenrcolinn B28rin thetfegt biottoras medmém lméﬁﬁthat t he contami nant

bypr odugt s iib8y Nt GOLITE AL AT RX RO, BrkRIRGLALUE Bl AuliEsidence

tine, eat treating c tions causes at least a port of
t he cont amdn\atﬁt Zyymwuetegalt@num@awaZéecmnwmdi@a@iemﬂ melamndmnns and

convert 't hemh nn'}c?d %fat%ﬁ?clloc%g '&E)tliI cielv atllj&) ra{repsa%]? HICE lpr1r1hca¥\ﬁn rea t|1oar‘1t t'a!éel tha than

cyclohexanone FCBot A secon
purificati end sdﬁ@ (ﬁ“@ﬁ&do@&ﬁﬁﬂa&%ﬂrdmfﬁﬁ@ bild DAVERB t¢ eamﬁoenorbgeam'&amrddluetatAmg may

be enhanced an,additive for e uper st oi h|o tr| ad on of
S R TR B e i O A R Bl o AR
pr oductip dp&ﬁu&se@ﬂahewﬁmommbﬁﬁmms;ﬁ&ﬁmthnhﬁ@d&ze@lemot&mﬁﬁmammjﬁmaimbn

colum(s). The second ézglon products would then exit the
fracti onat COHALBE dRvie ﬂ%l? % irst bottoms product 5in line 226, or the

second bot §@TRePr PElUEInstrudtibn ARl &2batiodlof BRtAdid hAeId bntMink &letibe2Pr &8 et
i nventi on has been described and illustrated b reference to Fartlcular

enbodi ment §2m¢ Hol8d GregegHifanyiaks [ ingldipg e grithdigivel ofgnmcidtreaicd strepm it he

i nvention ligndSel t $8¢ faciiOuwdtdddl dbda@NSvIIH cHRERS 2aFddhdedi ddnkést RIBRaR@REI N.
For this reason, reference should be nade solely to the appended clains for

pur posds obyeretustianing ©hiched u PuBPetion piRduct ofspes@itily Alunthere] ampCT

CLAIMS 1. /éy&a{mms'mr&%%nﬁe 29 tc(eﬂnratfrakt%ﬁﬁao@&mﬁﬁ/efsv%eﬂ%g&% and
(b) 0.1 wopmto 1000 wppm l'east one of cycl ohexanedi one an

hydr oxycycltopexidneidrd @méxeed WOﬂlltvé innking 243 dhagppiahan ehenes el eyslohexahenct aidal
wei ght of the.g qm&%ﬁﬂah%ﬂ% v\%ﬁgﬁﬁégcaﬁl}@g&ﬁlﬂch@dﬁ Pefact?dna%ﬁh&c’ts V“’fﬁ?&'d’mﬁl@ﬁon

conposition conprises m of at t one
cycl ohex anedlumné3&nﬁdom§p©hdd&pwtdle@wemnblrd bamed puplont it hiee 244 tht weclyht  of

the CORROS :g){ullt?&tloé rela?oél p?gﬁ?lgfgl d%@n\%meﬁélf 15%2&1 i h&lloﬁér{@ cyclomgﬁoenlen Illi hfe

conpositio
embodlment the third bottoms product in line 240 contains sufficient phenol, or phenol and

cyclohexanone, to carry within it some of the contaminant byproducts that may not have
undergone a purification reaction in acid material contacting device 234.
[00127] The third bottoms product in line 240 containing purification products and
25  optionally phenol and cyclohexanone is recycled to the second fractionation column 228. In
this manner, any phenol and cyclohexanone present in the third bottoms product in line 240
will be recovered in the second overhead product in line 232, and the purification reaction
products will removed in the second bottoms product in line 230.
[00128] In one embodiment, the operation of first fractionation column 222, or of second
30 fractionation column 228, or both, is conducted in a manner such that the contaminant
byproducts within a column(s) are exposed to a temperature for a residence time, that is heat
treating conditions, that causes at least a portion of the contaminant byproducts to undergo a
second purification reaction, and convert them into a second purification product of lower

volatility than cyclohexanone, or of phenol, or of both. Optionally, this second purification
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to 10 wpopm of at | east one of cycl ohexanedi one and hydroxycycl ohexanone,
based upon the total weight of the conposition. 4.The conposition of any
one of theoppreoBasiag cl ai ns, wherein the conposition corpTitsesi1047B28Wppmto
1 wpopm of at | east one of cycl ohexanedi one and hydroxycycl ohexanone, based
upon the total weight of the conposition. 5.The conposition of any one of
the preceding clains, wherein the conposition conprises 0.1 wopmto 100
wppm of each one of cycl ohexanedi one and hydroxycycl ohexanone, based upon
the total WelGhH byfeat P&HFOMRPSE bARAccdDy EAQIGAIDIS dxh@PlcOf spB¥toRMBnRErid he
precedi ng cl ains, wherein the conposition conprises 1 wopmto 100 wppm of
at | east onédibgn el ypag anBaokEYaRTchidar syslehiesylbeieguenioriee clsaesdPigdest: t he
total wei ghyfsc@fcd BSWEONRRE! i1 R infrodik@d GOMRO SHabhi R AlinRNe A {B6nd
preceding clainms, wherein the conposition conprises 2 wopmto 100 wppm of
at | east omeriidatioy ploderixupdd ihenexiaig fhydmeigresadynpisexitnbn arst bejtoay at t he
total wei ot jiafaNg EOTPAR okl pBuddifh GRS bbAD of any one of the
precedi ng clains, wherern the conposition conprises 0.1 wopmto 1000 wppm
of cycl ohex@Hay], Wadedhapwsent e ehiaimahaswesicg hiescobed hed dbwipged by arferedceTive
conposition of .any 0 of th ding.clalns rein.the c osition
conpr ses. 6T UBpsn ERR s WS B B B el WICHEH Sl BRI Ces g
of the combmgs itsedito vhBatibine nctorpesartly diustodtedamyreion®oothist hesopy e eedhiceghonldai s,

wherein the conposition, conprises 0. mto m of . cycl ohexanql ,
baseq Upon CE HEEQPl e GAORGIE Fais b BEPIES a7 delgiming e SELRE 2R the
2012/ 03681 3Rea!t WiS2hkich/ 047828 11. The conposition of any one of the preceding

cl aims, wherein the conposition conprises 0.1 wopmto 10 wppm of
cycl ohexanol , based upon the total weight of the comnposition.
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12. The conposition of any one of the preceding clains, wherein the
conposition conprises at |east 99.5 w % cycl ohexanone, based upon the total
wei ght ofwohe12segesi ti on. 13. The conposition of any onecofustéra/oprsegedi ng
clainms, wherein the conposition conprises at |east 99.90 w % cycl ohexanone,
based upon the total weight of the conposition. 14. The conposition of any
one of the preceding clains, wherein the conposition conprises at |east

99. 99 W % cycl ohexanone, based upon the total weight of the conposition.
15. The comppgs¢iapyasof any one of the preceding clains, wherein the

conbi ned amount of cycl ohexanedi one and hydroxycycl ohexanone that is
present inlthe AoAPBSIEIReMRESBENts for at least 1 w % of the total anpunt
of contam nants prgsgitasdR b eRAIPARbA &  16. The conposition of any one
of the preceding clainms, wherein at |east 95% of the cycl ohexanedi one,

hydr oxycycl ohexande)- hnapriy clooH8Xaritpm heft ai deasr ewenof ichiclphpxaradignes iid on
was not added from 17 (! f the
precedi ng cl ai ns, wh ﬁg?kagﬁgkﬁég 6%@ﬁ%#%@?gﬁéﬁBﬁgﬁﬁ%i§g3?%%ﬁgggggﬁgagnd
cycl ohexanol that arecightestntcomposithe. conposi ti on were produced during one
or nore of: (i) roal kvl at. en 2 | ohexyl ne. (i)
oxi di zi ng gt Ie£§¥gg%%3r¥#5%C%%nﬁhgéggg %%é%%%%§%§%§%&¥§gb¢%dﬁﬁgg% foo

cycl ohexyl bgppmesfait hopstiranp ef oxdlaexamatidng and Hydedxgenclohgxambnd, dastl vpoptettoten of

t he cyclohexg#?qqﬁene h groperoxide to form phenol and cycl ohexanone.

18. The conmpd&it Pon® B8Ry %ne of the preceding clains, wherein the

conposi ti on. conphd S@Holitidn VPG Dorldif AP heieiathe o sitieh esmprired0.acgpmdi ng

to DIN 51777 Part .1, based on the total ight of the ¢ osition.

16, The confibld bR oA sty come B iobrarel et un B B fenedmar o ton e
conposi t i omutgIGRsht SEGe Qondpodpiom t o 100 wppm of at | east one of

cycl ohexenone, hexanal and net hyl cycl opent angne, based upon the total

wei ght of fhe coRpSLRPesyien %?%@nwﬁﬁg%ipﬁceﬁ%fclaé}ﬁ@/ whracips the (fempPYtidi ng
clai ms, whep@piset NO.1CONRRST td ON GRPRI | ste St OlchstWRRE 1P L{k1MMRRIAGbnAt addeast
one of cycl ohexenone, hexanal and net hyl cycl gpent anone, based upon the
total wei gﬁydr@q{yoyﬁgh%,sba@qddﬁ)pn the total weight of the composition.

5. The composition of any one of the preceding claims, wherein the composition

comprises 0.1 wppm to 100 wppm of each one of cyclohexanedione and
hydroxycyclohexanone, based upon the total weight of the composition.

6. The composition of any one of the preceding claims, wherein the composition
comprises 1 wppm to 100 wppm of at least one of cyclohexanedione and
hydroxycyclohexanone, based upon the total weight of the composition.

7. The composition of any one of the preceding claims, wherein the composition
comprises 2 wppm to 100 wppm of at least one of cyclohexanedione and
hydroxycyclohexanone, based upon the total weight of the composition.

8. The composition of any one of the preceding claims, wherein the composition
comprises 0.1 wppm to 1000 wppm of cyclohexanol, based upon the total weight of the
composition.

9. The composition of any one of the preceding claims, wherein the composition
comprises 0.1 wppm to 100 wppm of cyclohexanol, based upon the total weight of the
composition.

10. The composition of any one of the preceding claims, wherein the composition
comprises 0.1 wppm to 50 wppm of cyclohexanol, based upon the total weight of the

composition.
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WO 2012/ 036818PCT/ US2011/ 047828 21. The conposition of any one of the
preceding clainms, wherein at |east a portion of the conposition is used to
make adi pWo 2036818y cl ohexanone resin, cycl ohexanone oxPCE/USe@pgisatt am or
nylon. 22. The conposition of any one of the preceding clains, wherein the
conposition conprises less than 1 wppm of each of nethyl cycl opent enone,

net hyl cycl opent enal , cycl ohexenone, cycl ohexenol, phenol,

but yl cycl ohexyl et her, pentyl cycl ohexane, cycl ohexyl acetate, pentanal,
valeric aciid, amgk RUhYEsitfonast day oRS-of Khe prREARS IRy Pher&RYhONBmPbsitidie
precedi ng clains, wherein the conposition conprises no neasurable

concent r at CORPERS dalc Wopm teethyireyic Phpettheronb  bapss: mancipe | tefgk mcighiof the

cycl ohexengpgyosgin! ohexenol , phenol, butyl cycl ohexyl ether, _
pentyl cycl ohexane, cycl ohexyl acetate, pentanal, valeric acid, and butyric
acid. 24. 1The Ethrgospesiton of amhynomé thd prasedipg staams nghastiai the chawpsidgena

density at : +( 20 ik | 5ﬁgq" hbha: (a)
at | east 9§&a§¥§£?@F%ﬁ%&%ﬁ%ﬁg?gﬁﬁfg%ﬁ§ﬁﬁ%§§§?8ﬁi88“3%%%§gﬁﬂ%gc osgégnol;
and (c) 0. 13wppith¢ goposipprriotnyaioné edshe pnsedifig clarho hebaeie dho memapgition

hydr oxycycl ohexan en t W % a m.ar ase n. the t.otal
ot gt of CeRBFEaRa S M SRl el he Bkt IR B SRET R bR Kol

cycl ohexaneadi on®hardmpysitionxyft yigyt oheod b eraacdiogl ntasms, owhatin | thasbmpOsitdio of
the total acg;'ﬁgr?stes gtflea%P 5btga9m vvt'a/oa Q}c?oh%)r(aerl%r?er)%as?eg uf)or}lethg %?Jf%%{gth{ gtn[he composition.

15. The composition of any one of the preceding claims, wherein the combined amount of
cyclohexanedione and hydroxycyclohexanone that is present in the composition accounts for
at least 1 wt % of the total amount of contaminants present in the composition.
16. The composition of any one of the preceding claims, wherein at least 95% of the
cyclohexanedione, hydroxycyclohexanone and cyclohexanol that is present in the
composition was not added from an external source.
17. The composition of any one of the preceding claims, wherein any cyclohexanedione,
hydroxycyclohexanone and cyclohexanol that are present in the composition were produced
during one or more of:

(1) hydroalkylating benzene to produce cyclohexylbenzene;

(i) oxidizing at least a portion of the cyclohexylbenzene to produce

cyclohexylbenzene hydroperoxide; and
(iii) cleaving at least a portion of the cyclohexylbenzene hydroperoxide to form
phenol and cyclohexanone.

18. The composition of any one of the preceding claims, wherein the composition
comprises 0.1 wppm to 1000 wppm water as determined according to DIN 51777 / Part 1,
based upon the total weight of the composition.
19. The composition of any one of the preceding claims, wherein the composition
comprises 0.1 wppm to 100 wppm of at least one of cyclohexenone, hexanal and
methylcyclopentanone, based upon the total weight of the composition.
20. The composition of any one of the preceding claims, wherein the composition
comprises 0.1 wppm to 10 wppm of at least one of cyclohexenone, hexanal and

methylcyclopentanone, based upon the total weight of the composition.
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21. The composition of any one of the preceding claims, wherein at least a portion of the
composition is used to make adipic acid, cyclohexanone resin, cyclohexanone oxime,
caprolactam or nylon.
22. The composition of any one of the preceding claims, wherein the composition
comprises less than 1 wppm of each of methylcyclopentenone, methylcyclopentenal,
cyclohexenone, cyclohexenol, phenol, butylcyclohexylether, pentylcyclohexane, cyclohexyl
acetate, pentanal, valeric acid, and butyric acid.
23. The composition of any one of the preceding claims, wherein the composition
comprises no measurable concentration of each of methylcyclopentenone,
methylcyclopentenal,  cyclohexenone, cyclohexenol, phenol, butylcyclohexylether,
pentylcyclohexane, cyclohexyl acetate, pentanal, valeric acid, and butyric acid.
24, The composition of any one of the preceding claims having a density at 20°C of 0.946
+/-0.002 g/em’.
25. A composition comprising:
(a) at least 99 wt% cyclohexanone;
(b) 0.1 wppm to 100 wppm of cyclohexanol; and
(¢) 0.1 wppm to 10 wppm of at least one of cyclohexanedione and
hydroxycyclohexanone, wherein the wt% and wppm are based upon the total
weight of the composition, and wherein the combined amount of
cyclohexanol, cyclohexanedione and hydroxycyclohexanone accounts for at

least 20 wt% of the total amount of contaminants present in the composition.
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