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BACKGROUND

15 [0004] Phenol is most commonly produced by the Hock process. The Hock process
involves alkylation of benzene with propylene to produce cumene, oxidation of the cumene to
the corresponding hydroperoxide, and cleavage of the hydroperoxide to produce equimolar
amounts of phenol and acetone.

[0005] The various steps involved in the production of phenol and acetone from cumene

20  can produce various contaminants that are difficult to separate from the desired phenol and
acetone. These contaminants, if left in the phenol product, may cause difficulties in
downstream processing, or render the phenol unusable for such downstream processing, for
example in the subsequent production of bis-phenols and polycarbonates. Therefore,
techniques have been proposed to remove those contaminants involving certain treatments.

25  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

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

[0006] 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
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product of the undesired hydroperoxides and the undesired byproducts of the desired
CHBHP, a wide variety of contaminant species are not produced by the chemistry and
technology of either the Hock process, or the cyclohexane oxidation or phenol hydrogenation
30  processes.

[0009] Methods are needed to manage the contaminants generated when manufacturing
phenol and cyclohexanone from cyclohexylbenzene, and enable the manufacture of high
quality phenol or cyclohexanone products.
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[0010] I n various enbodi nents, the invention relates to a process for
produci ng phenol, the process conprising: (a) oxidizing at |east a portion
of a feedwoanywi3ss2ag cycl ohexyl benzene to produce an oxiPdatise1.oeTspHSI ti on
conprising cycl ohexyl -1 -phenyl -1- hydroperoxide; (b) cleaving at |least a
portion of the oxidation conposition to produce a 5 cleavage reaction

m xture conprising phenol, cyclohexanone and at |east one contam nant; and
(c) contacti at least a portion of the cleavage reaction m xture with a
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to a process for produci ng phenol and cycl ohexanone from cycl ohexyl benzene
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rposes of da '!ermlnmg 1nPr1ngement, t?le 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.

25  [0014] The present invention is directed to a process for producing phenol and
cyclohexanone from cyclohexylbenzene and, more particularly, to an integrated process for
producing phenol and cyclohexanone from benzene via cyclohexylbenzene as an
intermediate. In the process the cyclohexylbenzene is initially oxidized to produce an
oxidation reaction product comprising cyclohexyl-1-phenyl-1-hydroperoxide and at least a

30  portion of the oxidation reaction product is cleaved to produce a cleavage reaction product
comprising phenol, cyclohexanone, and one or more contaminants. Often some or all of the
contaminants in the cleavage reaction product are difficult to separate from the phenol and/or
cyclohexanone by simple methods, such as distillation. Thus, in the present process, at least

a portion of the cleavage reaction product is contacted with a basic material under conditions
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WO 2012/ 036826PCT/ US2011/ 047845 to convert at |east one of the contam nants
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and/ or cywbahexmograe. Production of the Cycl ohexyl benzemreT/(se@1m}1sast he

i ntegrated process for produci ng phenol and cycl ohexanone from benzene, 5

t he benzene is initially converted to cycl ohexybenzene by any conventi onal
techni que, including al kylati on of benzene wth cycl ohexene in the presence
of an acid catalyst, such as zeolite beta or an MCM 22 fam |y nol ecul ar
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purity |ev 0 t.least. 99 % Simlarly, t houg e sourc rogen
is not ' ?‘7@81‘1%‘3?1??015 Qon Sﬁ@rlﬁIﬂ}ez}’r%lsé’é‘ierozﬁIhédﬁo%la‘t‘%caf'?ﬁz’ﬁf WBEHbyl @e E?HZF st g99
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range of reactor configurations including fixed bed, slurry reactors,
and/or catalytic distillation towers. addi tion, the hydroal kyl ation
reaction can be conducted in a single i zone or in a plurality of
reaction zones, in which at |east the is introduced to the
reaction in stages_Suitable reaction perdt ures are between about 100C

and about 40( as bet ween
2 +2H, (1)

[0016] For an example of hydroalkylation of benzene in the presence of hydrogen for the
15  production of cyclohexylbenzene, see U.S. Pat. Nos. 6,730,625 and 7,579,511 which are
incorporated by reference. Also, see International Applications W0O2009131769 or
W02009128984 directed to catalytic hydroalkylation of benzene in the presence of hydrogen
for the production of cyclohexylbenzene.
[0017] Any commercially available benzene feed can be used in the hydroalkylation
20  reaction, but preferably the benzene has a purity level of at least 99 wt%. Similarly, although
the source of hydrogen is not critical, it is generally desirable that the hydrogen is at least 99
wt% pure.
[0018] The hydroalkylation reaction can be conducted in a wide range of reactor
configurations including fixed bed, slurry reactors, and/or catalytic distillation towers. In
25  addition, the hydroalkylation reaction can be conducted in a single reaction zone or in a
plurality of reaction zones, in which at least the hydrogen is introduced to the reaction in stages.

Suitable reaction temperatures are between about 100°C and about 400°C, such as between
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WD 2012/ 036826PCT/ US2011/ 047845 about 125C and about 250C, while suitable
reacti on pressures are between about 100 and about 7,000 kPa, such as

bet ween awoun1253682and about 5,000 kPa. Suitabl e val ues Pom/ush@i/owisas rati o
of hydrogen to benzene are between about 0.15:1 and about 15:1, such as

bet ween about 0.4:1 and about 4:1 for exanple between about 0.4 and about
0.9:1. 5[0019] The catalyst enployed in the hydroal kylation reaction is a

bi functional catal yst conprising a nol ecular sieve of the MCM 22 fam |y and
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the MCM 22, Id()O %’la§ %Qtlv%én oﬁ‘y g()OO%indt 'ﬂ)% OZI%Paf a§ﬂ1 agle)v’alu folﬁl?e
es

her ein, in¢ ecu ar sIeves havi ng ramewor K t opol ogy. (Such
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No. 4, 439 4 SS7-25 (described in U S, Patent No. 4, 826, 667) ERB- 1
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No 6,077, 4 TRIA B8 Sl ésBRFMEM-IN LS R HhOR hfv%t %nx Hubeadd Sheho. 20
W97/ 17290?6&!\}0%36 (described in US. iiche g rfm o b

(descri bed lichdingsd-spgingnmanga a5 12360.8759. 9imw35i7i@@ésa@ﬁ|3b@é010ﬁ Angstrompat ent
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Ol ays whi ol -Sepest Nis ot Re 75 BIHest [45ei AL 1 fbSe 67 He. SURGTGH (UAGH o
and kaol i ndagidel 88 U Siagdnt Rans |75@§30) nﬁidthﬁ&tdr@sethél‘ébpe%%bﬂ}eihe MBlecular

2012/ 036826PCT/ US2011/ 047845 and t kaol i ns cormonly known as Dixi e,

McNamee, G8§rgisaclasier from(PMCM- ‘!a%/éb)d\fICMr:Fﬁe%@ (EisQtrnce Hf Medirfiapd MG &
constit uentydhsisrehloysite, kaolinite, dickite, nacrite or anauxite. Such
clays can be used in the raw state as originally mined or initially

subj ect2éd 124k cifmatknewn hadrpgenaticnamerglven 6¢ cipplensdcia thaydrdalkyttipy patalsiii t abl e
metal oxi d%m*?du@fi%ﬁﬁab'lé"ﬁle{é%emahhé ﬁéuadﬁw MufiBnium nfek&1C ORE Bin, ta'na b&k, with
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silica- magnesi a- zi rconi
and about 5 wt %, of the catalyst.

30 [0022] Suitable binder materials include synthetic or naturally occurring substances as
well as inorganic materials such as clay, silica and/or metal oxides. The latter may be either
naturally occurring or in the form of gelatinous precipitates or gels including mixtures of
silica and metal oxides. Naturally occurring clays which can be used as a binder include

those of the montmorillonite and kaolin families, which families include the subbentonites
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[ 0023] Al t hough t he hydroal kyl ation reaction is highly selective towards
cycl ohexyl benzene, the effluent fromthe hydroal kylation reaction w ||

nor mal | y wortbe/a368280 sone di al kyl ated products, as wel | pag/usarieaetsesl
benzene and the desired nonoal kyl at ed speci es. The unreacted benzene is
normal Iy recovered by distillation and recycled to the al kyl ation reactor.
The bottons fromthe benzene distillation are further distilled to separate
t he nmonocycl ohexyl benzene product fron1a cycl ohexyl benzene and ot her
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reaction |3u@ym1s&bdMumﬂmdmmmedamﬂdﬂmaamghmasﬁmpﬂaiiaI liquid phase

di t h Suit abl de a t ature. of 00 to about
s00c, o pr sl o b Yooy EadutsSEteoba o5 W@NGn: ot y SR

velocity Ofcycacﬁm:uylbénzéﬁb ahmufﬂuéﬂ fMSm]lh@rhyﬂmﬁlaillaﬁﬁedﬁact&)dmdwﬁl normally contain
benzene/dlcgcloh Xyl benzene 25wei rati o, about of %ﬁl to about 5:1.
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and ot her Bﬁs%ié}! SIMRGinRSHcted MENANE ksoneMMIPeREeAal by dfs@latiod dnbleed¥icdad it@n
reaction. ﬁglcally, however, this cycl ohexyl benzene feed contains the

fol | owi ng @bswteHnt FFafes B@rmfta%&t)@sthwrﬁ?@ et latiqyy arp furthgy diptiledjte sepgigte

between 1 wWRPHAGRIcbhdyeRiHY Cﬂr@chfe%( f%ﬂ)@n afly cﬁ%kl’éﬁ@ﬂrltﬂe@zé’f@ PMdab@eBHOR i apPPmM
bi cycl ohexane; between 1 wppm and % b1 phenyl, "or between 10 wppm and

8000 wppm Bepengkg on theymmogt pf é%@qf@wmﬁ@mweeumahﬂsrea%@mﬁ@wnn itipPncand 2
Wt % mi‘tlﬁy' 91¥591‘a91@%“e}f1'14?5{552%§alkﬁ£te*?1?4 W%h%%ﬁ%%ﬂe%% A HEOMPR zene or (b)

nethylcyc opent yl benzene as any i soner I - 1- met hyl cycl opent ane, 1-
pheny1- 2- needkplety &eaiwnkohwlbeame fo @W@m}zrﬂs:me@uwbltyﬁth@é@ﬁ@fhmenoaélfyéﬁted
| ess than @QQR% 1000 wppm such as | ess than 100 wppm of phenol, ol efins or
5al kyl ene benzenes, such as cycl ohexenyl benzene.

[0024] Transalkylation with additional benzene is typically effected in a transalkylation

reactor, separate from the hydroalkylation reactor, over a suitable transalkylation catalyst,
20 such as a molecular sieve of the MCM-22 family, 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
of about 100 to about 300°C, a pressure of about 800 to about 3500 kPa, a weight hourly
space velocity of about 1 to about 10 hr' on total feed, and a benzene/dicyclohexylbenzene
25  weight ratio about of 1:1 to about 5:1.
[0025] After removal of the unreacted benzene and the polyalkylated benzenes and other
heavy species, the cyclohexylbenzene is fed to the oxidation reaction. Typically, however,
this cyclohexylbenzene feed contains the following contaminants generated as by-products of
its synthesis:
30 e between 1 wppm and 1 wt% bicyclohexane, or between 10 wppm and 8000 wppm
bicyclohexane;
. between 1 wppm and 1 wt% biphenyl, or between 10 wppm and 8000 wppm
biphenyl;



Oxi dation Reaction [0026] As di scussed above, the process includes
oxidizing at least a portion of a feed conpri sing cycl ohexyl benzene to
produce awoaxi2gt$26n conposition conpri sing PCT/US2011/047845

cycl ohexyl 1- pheny1- 1- hydr oper oxi de. As used herein, "oxidizing" neans
causi ng an oxidation reaction 10to occur. [0027] The feed conpri sing

cycl ohexyl benzene may be produced by any process known to those in the art,
and while desirably pure, may contain a small anpbunt of certain byproduct
conponents'that betweeli T vppmland 2 ovttoanasipdeyickoommtyperizoime ey bddveeradfevprdi andussed

| ater. The e

dlcyclohexyF gLé%hgﬁggﬁﬁﬁéﬁﬁgé&TS aé%ﬁggg%%ehB%y§gﬁgﬁ?%¥zg?%?gﬁeM}th t he
transalkyI@hﬂvhlmmﬂb%prbdmﬁmwdmﬁyeﬁmhﬁxymb@mbﬂﬂ@mmhnmaménzene to produce
addi ti onal cycloz Ibenzen and %1 urH H ﬁtude va%l us sq»€rat|ons
to recover ‘and r a@‘ﬁﬂ? 00 PR TER S %ﬁd %% gpﬁgébﬁ)g?ky?g "and

ot her uﬂseh&@knwambmms@dﬂﬁﬁ&wdémﬁkMﬂbmﬁﬁmmn met hod to nmanufacture a feed

conpri si ng cl oh Ibenzene i nvol ves the catalytic al kylation of benzene
with cyclo”ﬂl“){d@.’i@“%géX 1910028] Further, in an enbodi nent, a portion of the

feed conprijg2ep cyel ahexyl hehzear ﬂfacés@ﬁlcmdése@mkﬁg&& RN BORPH IS b Mged
cycl ohexyl benzene produced by t he processing of the treated. cl eavage

reaction nicXPRENE Qicloaredgzingieprodyss gxidapam AURPOSKioN CapprsiRg SEIPEH of

cycl ohexyl hemggna -tydpevaRlc URY 826 hefdin, RodifiSin@X ndaisi @ikl LACli @AMt
recovered and reused to generate addi ti onal phenol . 25[0029] Regar dl ess of

t he sodPcet®ecc8burces, in various enmbodi ments, a feed conpr|5|ng

cycl ohexyl bgpzpne 160 @éeﬁ'c@ﬁpﬁ&n% %%he%h@éﬁtzeté%ééﬁb@pr%uc@& by Wﬁro@e@@k’ﬁow@ﬁ wt %
or at |east about 50 % or at | east about W% or at |'east about 75

Wt % or at ¢ @asstindisout aig5whiteodesigablyanpure. ey tcorbiusndY a9yt brtrelpresiaz ene.
In various S&Hﬁ&%hﬂémt 1tSarc! qﬁ%ﬁfﬁﬁ’ t&%&é&enfr%oé ?Jhe Q&Qn%rs 9 BXanprg, the
feed conprising cyc ohexy enzene nay cont at 50 wppm and no
great er t hapdroally196dsi pyelessh exaneenasste abyplr@hlstt digyclappvitenzinpo agd etiuerbe han
8000 m . r than
w6 Brpnarst PSR KPRy bR RIS i b ABEDE IR B BRERNE T
It may Conl\xaﬁhnbeatedeetasproducmnmtlamil @do@m@ﬂkﬂen@ hand Baymf@ther include various

et hyl cycl ngara 1 nsbteoI}eZceongf anarrec%tcle unreactec} genvzvgr% ancrl remove heavy alkylates and other

s d

unselective byproducts.  Another known method to manufacture a feed comprising
cyclohexylbenzene involves the catalytic alkylation of benzene with cyclohexene.

20  [0028] 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
cyclohexylbenzene that was unreacted in the oxidation reaction may be recovered and reused
to generate additional phenol.

25 [0029] Regardless of the source or sources, in various embodiments, a feed comprising
cyclohexylbenzene contains at least about 10 wt%, or at least about 25 wt%, or at least about
50 wt%, or at least about 65 wt%, or at least about 75 wt%, or at least about 95 wt%, or at
least about 99 wt% cyclohexylbenzene. In various embodiments, it may contain another
component. For example, the feed comprising cyclohexylbenzene may contain at least 1

30 wppm and no greater than 1 wt% bicyclohexane, or at least 10 wppm and no greater than
8000 wppm bicyclohexane. It may contain at least 1 wppm and no greater than 1 wt%
biphenyl, or at least 10 wppm and no greater than 8000 wppm biphenyl. It may contain at
least 1 wppm and no greater than 2 wt% methylcyclopentylbenzene, or at least 10 wppm and

no greater than 1 w% wppm methylcyclopentylbenzene as any isomer: 1-phenyl-1-

-7-



no greater than 1 w% wppm net hyl cycl opentyl benzene as any i soner:

1- phenyl -1- WD 2012/ 036826PCT/ US2011/ 047845 et hyl cycl opent ane,

1- phenyl-wonetangbszgcl opent ane, and 1- phenyl- 3- net hyl cyclPpopasc@n®47s¥her e nmay
be ot her conponents present, though desirably of |ow concentration, say, no
greater than 1000 wppm or no greater than 100 wppm of phenol, ol efins or

al kyl ene benzenes such as cycl ohexenyl benzene, individually or in any
conbi nati on. For exanple, in 5 various enbodi nents, all or portion of

the feed maethicysiapgnianeed-nhenad-2Hyeihdguskopentans raadct-phenyt &Wwﬂcagl@n@weat
lleast a poFhLQNLQSf pORhePLoMPsRNE fpribf, %ﬁ@l@'demﬁbl?f6f“l%waé’5%8ﬁraﬁ'$r}<3éhf%

benzenes. The feed conprising cycl ohexyl bénzene gi%gen IS
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any ouher 806RQTRANRMe1oPkeATS LRI RLLAT B 6 cOhBREIAOTRPOERLR, LI

noted in the proporti or ‘eac of I'n I nation just not 30]In
var|ous5exemphaﬁym@dbmmbnahusafgxhdawfdm &a@rma'@t@dmwkﬂghedhbyogmmmactlng

Gxygen. & Qeasgblh, RHIRIEONIALTLIA A0 SUCR, B9, ALF (AVhAB! LRHR, angio
derivatives air t onpri Si ng cyc Coheéxyl belzend or exanpl e,
one may usealkalene bhratndvaghbéed cooppsies Sﬁﬂbhﬂmdbénzérteetb e)dnﬂooxygﬁ’msedtroduced

parti cul at S air t &% hastbeen [of0) re55ﬁ£ ﬂﬁ % t o . condense anq
renove wat 1 520t MR Y HAREY IBaeVe“r‘P HFPYEREE %%?y@lé YHONE PRl

appr oxi mat et yn32 tomBih&fionnofathe othar ooigpondriiiid meted rin itk ppbrtiohs firreactc blyﬁgenl c
separation of air ar oth means within the ken of the skilled artisan.
[0031] THe 8%?@8?F3Hwﬁ893%e conducted in the absence or presence of a

catal yst 30RD! @n various @;zenq;aﬁ emMb&Ehak Y, DkRlatisiChadis d&&ﬁgrsﬁmfbﬁé&mulﬂgu ed
cyclic |m§Ml described in U.S, Patent No. 206,720, 462, which

i ncor por at Q8Y$58r 28 n (3O SFFORRIENG &35 S 3Ty 498 SRTIOE e g PEaerW“h a

hydr oxypht @é%h'cmnﬁﬁmﬁ%\ﬁp o)nexﬁoeﬁﬁ@nBOFN' Al EXM{%%MSE Hir @8t had been compressed
- am no- Nhydrox%v t ha t et r abr ono- N- hydr oxypht hal i m de,

t et r achl or odikigred @X%%Yeﬁé)?mﬁiﬂé@s aNpthay ARshegh é@@ﬁf?&ﬂ@d and gegladl éxepmilerserine,
N-hydr q):ﬁyt éﬂ?@del\be&ér%ldﬁr tﬂﬁlf Hé’sdé’egff %&%@r}?gﬂ( aB(WeCtﬁé Hﬁﬁﬂamlq}?@mmately 21

N, N - di hydroxy(pyronellitic diim de), hy roxy(benzophenone-
253, 3', 4, 4md%tin a@&rrb@hynmbrmq emrldlgylent Nf hy@mmﬁ@amlﬂeof air or other means

pyri di ne-2 i
hydroxysucgﬁngﬂﬁgé ﬂﬁ%%%?g%hartar|0|nlde) N- hydr oxy- 5- nor bor nene- 2, 3-

dlcarbOX|nﬂﬁElbxoTNehmdﬂumyn%ﬂwxabmmyﬂhmﬂ®2h®nﬁnﬁmﬁpmu5ofenaﬂ2$38uudﬂe
- di car boxi i

oxi mi de, N- 3 §</1 Stion c_a?a?(yss{s 4nécil)1/%,l O‘E\g&%x A L%thté@ d c%c]hlg 1m.1cgs gescrltt))ed in U.S. Patent No.
N—hydrdﬁynéﬁhﬂhélnmmd9usmdmpmn&AHmnmﬂbyhh&dmoxﬁxahqunﬁnedmbubpnmﬂedﬂde
hydroxyphthalimide (NHPT), 4-amino-N-hydroxyphthalimide, 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-
25 3,34 4-tetracarboxylic diimide), N-hydroxymaleimide, pyridine-2,3-dicarboximide, N-
hydroxysuccinimide, N-hydroxy(tartaric imide), N-hydroxy-5-norbornene-2,3-
dicarboximide, exo-N-hydroxy-7-oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboximide, N-
hydroxy-cis-cyclohexane-1,2-dicarboximide, N-hydroxy-cis-4-cyclohexene-1,2
dicarboximide, N-hydroxynaphthalimide sodium salt or N-hydroxy-o-benzenedisulphonimide
30  may be used. Preferably, the catalyst is N-hydroxyphthalimide. Another suitable catalyst is
N,N',N"-thihydroxyisocyanuric acid.
[0032] These oxidation catalysts can be used either alone or in conjunction with a free

radical initiator, and further can be used as liquid-phase, homogeneous catalysts or can be

supported on a solid carrier to provide a heterogeneous catalyst. Typically, the N-hydroxy

-8-



30may be used. Preferably, the catalyst is N hydroxyphthalimde. Another
suitable catalyst is N NMN'-thi hydroxyi socyanuric acid. [0032] These

oxi dat i orwoabeloges2s can be used either alone or in conjeaoEttseorwishs a free
radical initiator, and further can be used as |iquid-phase, honbgeneous
catal ysts or can be supported on a solid carrier to provide a heterogeneous
catalyst. Typically, the N hydroxy WO 2012/ 036826PCT/ US2011/ 047845
substituted cyclic imde or the N,N ,N'-trihydroxyi socyanuric acid is

enpl oyed i KubsHviadsyplic iBudawsahe N.NOGArikydugxyisoqBnygoacidsiy S Py chist AREIPUBL 001
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oxi dation reaction occurs under oxidation conditions. 5 Suitabl'e oxidation
condi t i ons cygleicydleenzencenper at ur e bet ween about 70C and about 200C, such as
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reaction can tak bat.c continuo

107 0034 Ty s o8t AEE foouBur PEFC, fle CRRAR Sh Rkl L 3A0E s & by

cycl ohexyl lbeffermgea,gent ®ay bt taédadxuodatat @mthcwirpo$ytp|r®ucts Cthmtmaynﬁ)rratduhﬁgslﬁe 5
wt % such as. at 10 wt% for_ exa | east 20
wt % cycl ohé?W'r‘“On (ﬁwdéth%t‘r 4 ‘?‘r\?‘&ﬂs@&%ﬁ Yd’élaiésdg‘ae% ;L%ﬁ r"taﬁtéOI‘t“&Pé*tkeWeaf%Wta of

t he oxi dat ibatgh cosoaasidus Aow fishiodl her mani f est at | ons t he oxi dation

conposi tal reater than 80 w % _or, [ eat r t han 60 wt% or
no greatb T‘t‘ﬁg cﬂ%@fy PW&“@P@@F@F ttlt)&ﬁfai@‘&dg Qﬁ%‘b’ i 01??6Y FE& %ttt han
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conponent ot her t n cyclo exyl ben ene at may have been contained in the

cycl ohexyl bpridergbaacterig dicrngidad® coxipdatianon an $molllnt okatdéazaifl vet”¢ ondtdersn@nt s
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O her exe ary yaro er ox\’ m nan resent O A oxi dat |
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iti oL th 10 wt % t
o enter tranesl o gt SRR s SRR ot gPin Pl TR WRpont Sy
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- hydrop eroxjde, cycl op 1-1- nmethyl-1-phenyl-3 -hydrop eroxide; and
cycl Oh@§y| 0f<1dbtrpé1nylstic 20)&;11535}%(} 6%@6‘??@% 1nclude met ylcyclopentylbenzenes of various

isomers, and bicyclohexane. Other exemplary hydroperoxide contaminants present in the
oxidation composition include at least, based on the total weight of the oxidation composition,
0.1 wt% to no greater than 10 wt%, or at least 0.5 wt% to no greater than 5.0 wt%, or at least 1
wt% and no greater than 4 wt% of any one or any combination of: cyclohexyl-1-phenyl-2-
30  hydroperoxide, cyclohexyl-1-phenyl-3-hydroperoxide, cyclohexyl-1-phenyl-4-
hydroperoxide; cyclopentyl-1-methyl-2-phenyl-2-hydroperoxide, cyclopentyl-1-methyl-3-
phenyl-3-hydroperoxide, cyclopentyl-1-methyl-1-phenyl-2-hydroperoxide, cyclopentyl-1-
methyl-1-phenyl-3-hydroperoxide; and cyclohexyl-1-phenyl-1,2-dihydroperoxide,
cyclohexyl-1-phenyl-1,3-dihydroperoxide, cyclohexyl-1-phenyl-1,4-dihydroperoxide;



cycl ohexyl - | - phenyl- 1, 3-di hydr oper oxi de, cycl ohexyl -1 -phenyl -1, 4-

di hydr operoxi de ; WO 2012/ 036826PCT/ US2011/ 047845 cyc | op entyl-1-nethyl -2
- phenyl - IW0-2di2dngas26p er oxi de, cyc | op entyl- 1-net hyl- 2- plRemyuS2®,1847845

di hydr oper oxi de, cycl opentyl -1 -nethyl -2-phenyl -2, 4-di hydrop eroxi de, and
cyc lopentyl-1 - nethyl-2-phenyl-2,5-di hydrop eroxi de. [0036] The reactor
used for the oxidation of cyclohexyl benzene, i.e., the oxidation reactor,
5 may be any type of reactor that allows for introduction of oxygen to
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Hock pr ocessclobgkylbenzeviet ielative e ths coplatiof corhposipiorsant thi v daasti D portiamypf the
practical separation at. ted .0 concentrat e 0 - 1-phenyl-1-
10 hycr aperSorsd SRMEhAF R, SrisBoIEEMALT ot e BN R L RISE 5
ef fecti ng thhdopdreakats mayaetsulgocttd toal gear @gueacesn. | Owbrhweibeanine wedsyentialy
vacuum presspre distillation ui nt d even then likely .requires, very
bt enperalidh dicsiied b Hoan oB8 PR lretor et w14 SahFHE Pl S
deconposition of the hydroperoxides. [0039] Additionally or alternatively,
all or a fraction of the oxidation conpbsition, or all or



15 a fraction of the vacuumdistillation residue may be cooled to cause
crystallization of the unreacted i m de oxidation catal yst, which can then
be separ avedoeia3bss by filtration or by scrapi ng from aPhgaS2etolmager
surface used to effect the crystallization, and provide an at |east a
portion of the oxidation conposition reduced or free fromimde oxidation
catal yst that may be subjected to a cl eavage reaction. 20[0040] As anot her
exanple, all or a fraction of the oxidation conmposition as produced may be

subj ect ed tvevafEMarhatid eriplesid ParHamarlyayHuiteacid by e disterdize Bertthe Hodh as a
3A nol ecul %focéés %&rlbécpeaﬁ%l)ar{ fé‘tcgn\)é’ﬁfeﬁ‘trm% r&teﬁ'tq{’weﬁqmg@tpé &t 192@@8&1391% of and
provide an at |east a portion of the oxidation conposition wth reduced

wat er or i miedeidetien eqmposifien theyillomdengpjtheclearage geagtion baefabesameaapmiposition
Simlarly, t . 0 o] rge. a 25
chenlcallyogr%% f?ﬁ%%%?ﬁ2%g@%ngﬁggf%??aﬁ&hgﬂgﬁgggﬁgg%gaggﬁgéé#ngHg% of
sod|un1éarb@nan@mﬂmuﬂ@mmkammhaﬂkmwﬁéwGWMdamu@nmoam@iw@mgQeongBMkﬁwgObr

ot her adsortht%a cFro ero@&?i&ae%dre atﬂe a%r Ovalltqest alrS] 1ar‘1iro<’uecg‘ tto a1t r:c[uis(e)n 8 fst trtrfe

oxi dati on conp% ion uced i1 n OXIa atron ca ySt or’o Ferc adsor
conponent @&nmemmndhﬁﬂﬂﬁﬂﬂb@@m&UbﬁGEE%ﬂﬂtmn@ mgMﬁVﬁgmﬂﬂﬁﬂﬁglpmm‘%ﬂ@Mher

bl ti i | th dat
P oms oot 11 osbaug SRt ourtene TR Ating Hogh bt 1 HA¢ BlaR me e ¥, "
aqueous SO|ptl=Isd:rﬁ) ﬁlV@ﬂtloﬁ,l’an§1|pkaaﬁ¢a1 sephialiorcakhpra tecontenbiyd RgElokay bDPRiG]-11 0

forma se co alt of th de oxi dation._cat al

g an 167 OTTEERALS F atRely TR bt B Bstans st opr b e adion at

| east a porc:mwge Ofcadtid® BRAIEatdBRs clam«)@méﬂtovery hdly REdube pelfire Cli®llafich @

cl eavage reaction. An exanple of WO 2012/036826PCT/U82011/047845

separ at i on *BYPBE; @dr?a%ﬂlp%ilketw Eqiientery digh feapersuss haf condermrgidppgeaus,

Appl i Cat' Oﬁlnwﬂtrom RARA( &%&%ﬁo%itlogloeﬁl\é@l?@roﬁﬁaﬁaéson [0041] As di scussed
above, &rocess i ncl udes cl eavin | east a portion of the 5 oxidation
conposi t i orﬁ BRI t herdditiesdives abffrnaélﬁelacqﬂopr@étaaﬂlwf thegoxpdabeueanngsigipie 1 alher
reacti 98 mxfdificy 60HRMShidd dhIfuRh EhiGRU A 6 collRPROLuANGyRLABRRRRNE. AS
used herein, "cleaving" means causing a cl'eavage reaction"to occur. |In the
cl eavage r enstdteshimide okidation catahiot. twideh efn thae beeeparasell cither by filtration or by

cycl ohexyl i to
cyclohexano%@ﬁﬁﬁg&ﬁﬁéﬁg¥g&8 %§$ﬁ%? g%h dﬂ%ﬁﬂﬂ&?&ﬁhéggggggIﬁgggﬁﬁ?g%%%

wi |l deconpessionef tvaidatescompositiot edudadil st frssian hsldowxidh@d42ialyst thairmaus
errbodlrrent%é %n%wﬁ%>al&w%%n¥(§1's at |east partially soluble in the

cl eavage realtro Xtur e 'st%ble at a tenperature of at |east 185C and has
a IomeQOvonMD]|twm@hmghERMmmemﬂbrb@mummgﬁnmmmwmmnhanmoyGMDm@myhbﬁhname I'n
vari ous enbodi nent S aI artially saoluble
Tl T S g e e S R O R ()

i ncl ude, buievanesdperatel watdrtadd othor adS610i8E esh@ahdks and @oii8e Achtdeast §pdtionbl

aci ds, perchlor(iiii aci d, Bhos %QFIC cid, hydrochloric aci -tol%ﬁne
sul foni c adiecxidaipRF RS ifhepgducgsl S °f &H“‘FE ORIt SNAL iy Bee SERIRCUNPGr i de,

boron trif Iclé@xralgéleeacﬁdﬂ fSﬁEmldﬂjDXdlld& ARectRY | Jf Wie bxidAsh d8mpsdutich UhdyCurdieigd 4 S a
preferred aci d catal [ 0044] I n various enbodi nents, the cleavage

reacti @i nmichmRiFEY BR ﬁﬂ%&y hgsed é%sgltpﬂ% Soeh ARPYRES AT § Bedyedrsodinmy qa@ﬁn%twpn)

and no gr eadfdve amiRARRMOPER st Ee@a NP op@thélaﬁﬁrbabfércoﬂ{mﬁe%%sind &iyppm t o
and no greater than 2000 wppm of the acid catalyst, or at |east 300 wppm

and no gre#t & leapam PPEOD Pnosidatignecerpogition redupe | In peidasign 59kyst Bt athernei ght
of the clegyagapk %@ﬁh&ﬂ%ﬂt it mdy QAT o BT A4S LTORAMTOI S P hodlbfe
present invention e cl eavage reaction m xture I ncl udes

cycl ohexyl senaredipe invelvesreontaesingtallof 2 &rction 8 the Bgidefioy composation) as asduey withos or

at | easp 6% Mﬁi%%ntﬁﬁm?tavt\%sl%gﬁfch Z{"a V\%%l{%o(];? Golfion! 735 i m\Ma?/%arQ(gna?etorlﬁgl%ée

w % based pon tota eavage reaction m xt
carbonate, to form an aqueous phase comprising a salt of the imide 0x1dat10n catalyst and an

organic phase reduced in imide oxidation catalyst provided as an at least a portion of the

oxidation composition that may be subjected to a cleavage reaction. An example of
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[ 0046] As a result of potentially high amounts of cycl ohexyl benzene in the
cl eavage reaction m xture, considerably higher than cunene in the Hock
process maDeni2al3ésrader going a 30 cl eavage reaction, it peayush@1oemeeni ent
in the present invention to use nore acid catalyst to effect the cl eavage
reaction than typically believed optimal in the Hock process, to at | east
partially overcone the insolubility of the acid in the cleavage reaction
m xture. However, |ower anmounts of acid catalyst nmay be applied in the
present i nvensatien bywhasls mppndgriemat indsdord) i JeBreher wgygﬁmmwo
addi tional »ghp@wegse reactor volume and residence tine of the cleavage
reaction mxture in the cleavage reactor to obtain high hydroperoxide
conver si on Cl¢ayage7Reactiomr i ous enbodi ments, the cl eavage reacti on occurs
under clea congdi ki I

t enper at uriﬁgi ! at %e%é@g%aca% g a@%epégggsﬁg@glt%ﬁscQﬁg{gh‘%%ggedsprg neaotgtthe40C
and no §r eak@ntiathampb20e) iatle prepnessiiae aoﬂ @talylsemsproducamjclmya'er eat@m t han
370 psig (at | east 7..an r r th kPa auge At l.east
14.5 and nd grEarer tHan efﬁ*g%a%%SFPhﬁno 8 s a9 “ngPe% rdh. fan 4, 000
kPa, gaugemesucdautingas clehageteeaioage ocoracki tbmclaavxgureectnoﬁ o buaptl agtoetion @ fthe

domi tly in the |iquid e d |
o[ 0048] Cobed sietar P Ryl GhergT e ol SEEREDR ghefh Wecivioy o

1- pheny1- 1clyiche@penexhdighenaln ehdCi@nasndthet halidop&ayii@hresght-will decompose to
1- phenyl-1-h dro er oxi de an ther hydr oper oxi des, is generally very high
in the lél edtager Oéiél‘&tfldﬂ)sﬁuss‘égl@e W-at least 90.0 wt% or at least 95.0 w% or

at | east 9%p(A2M %in Gharidls érﬁ'@o‘éﬂim&@s GhovaBl @falydt id @B SdastOfarBalt J61utdé idlthd east
99.9 W% or even 100 wt% the percentage conversjon based on the weight of

a given spélf?\éagéfeaﬁ%‘r%‘é&%ﬂaﬁ]@ at g fengperature obt)least [§Soh and/has a lower volatility

1- pheny1- 1(&%1%%ﬁﬁﬁ%oﬂﬁlgaﬁbﬂltmﬂaﬁrcyElMH’Jx?@)@ﬁiéﬁé des VRS etibolifhchRetRtacleast a
portion of e oxi dation cogﬁom tion undergoi ng the cleavage reaction. This

i s desi r ablcaalygdalseatgayt neytinly pelpigintbe treajedcleayageayrction Byefre.
1- phenyjk- 13604@ 0p@Ic%éa@a?ysts%&ﬁ’&éeﬁut%r&%h&%&‘t%nfsrdnﬁke& E@dsct%‘é%&@s L@RMmEd On

m xture and treated cl eavage reacti on m xture, discussed bel ow.
Hydr oper oxiaelds perhioac agidadiospddrie hfemls/ﬂmyhlmh@hm@evc@hm@%dfoumeud dnaowty ol | ed

20condi t i O@ﬁloﬁﬁ’é %'le(iilﬁl ts{ﬁ?urcc %H@gﬁr& %ﬁﬁ)hhg Nordi Otrrl[ﬂg% hcge] %ﬂﬁ}?ldli&ic%eﬁﬁr%ﬂﬁe d

under the conditions in a drstillation colum e maj or products of
t he cl eavagm)m@a(smfmp@‘idlsycprﬁdfreadwmdcatalypﬂwenyl 1- hydroperoxi de are phenol

oS, 1! ORARTe S350 kO ORIl BIRE BB 6, 0.0,
bas ed 2Bon v&te@t -paisghet-noflion h@pmh)ealda@egreaeaahémmmi wipur ef ﬁmcabldmamgzsofor at
unreact ed (fé/ I%Bexp%lmbt% Ql%l rr}g graeg‘%r 90 a\;[vgp|n¥ 8} 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.
[0045] In various embodiments of the present invention, the cleavage reaction mixture
25  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.
[0046] As a result of potentially high amounts of cyclohexylbenzene in the cleavage
reaction mixture, considerably higher than cumene in the Hock process material undergoing a
30  cleavage reaction, it may be convenient in the present invention to use more acid catalyst to
effect the cleavage reaction than typically believed optimal in the Hock process, to at least

partially overcome the insolubility of the acid in the cleavage reaction mixture. However,

lower amounts of acid catalyst may be applied in the present invention, with appropriate
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[ 0050] The cl eavage reaction m xture may conprise no greater than 30 w% or
no greater than 25 wt% or no greater than about 15 wt % of phenol, or it
may conprweeomfodbeeast 1 w% or at least 3 w% or at | @aFtuszomygs4dr at

| east 10 wt % phenol, based on total weight of 30 the cleavage reaction

m xture. Further, the cleavage reaction m xture nmay conprise no greater
than 30 wt% or no greater than 25 wt% or no greater than about 15 wt % of
cycl ohexanone, or it may conprise at least 1 wt% or at least 3 wt% or at

| east 5 wt 3gldiggnahelegvagaicactor Wlwpcapd reidepehitine of the sledyagnrepgtoaminargRthof ¢ he
cl eavage r @Rg{dof RealloXloWbfin hiiPh Zlidat BRR]26FREHIIS2011/ 047845 [ 0051] The

cl eavage reaction m xture may further conprise at least 0.1 and no greater
than 10 wt 99043t atln veriss cobsdimaets.rthe gleaae reagtivanocgurpugger gleagage lcerditions. and
no greater v : | : 0 % af., any one
or conbi natsﬁlgﬁ)@eo? le%é% é"%dﬁg&nnts lgg}géeoéﬁ%@?%%@eﬁg%ﬁ@%ﬁgog% ﬁ%greéﬁ? ﬂé t he
cl eavagé r €aed, onatrieaxt 40° € .and hO B2 Athau $208 Chardei presseare'of etltaiil aahibd grodtea

"cont am nant r aduct " i ncl ude an nt ed hydrocar or oxygenat ed
nydr ocar bon B BB 5 T DGR LT s ECBY T ReT LD F 2eq
cl eavage mithehUr4g, psiy (a8 MdstPI@Ot dndoofreért Mg ;1,000&Pa,i Saugd)ydublh figt eHeh@eavhdran
phenol, cycl ohexanone .and Céclohex¥genzen .. They. are unwant.ed because their
presence i AACLYY BYXWCdS CPRAKEY 9T BlcdoBRayes|T lﬂutﬁdal@@gﬁﬂ%rhea ghvage

cycl ohexaneggetidyr om 10 cycl ohexyl benzene, or they cause difficulties in the
separation and purification of phenol, cycl ohexanone or unconverted

cycl ohdQyl B¥HBENne Copyerdemel synydippeiosidet el aveycohesnt! aiemdrthyidiepereside,

cl eavage I gaftchRRnlthit) l&ﬁlecﬁ'loh(aﬂﬁ-laﬁl'éﬁﬁs?l!-ﬂy%i%f)ef‘o&{%l@VﬁﬂeoﬂﬁE%h rBpPExi@RY is
portion thereof may have been produced in any el enment of the present
i nvent i on, geferafyeiavgh dkaclerypgedicsrign.icre. tahieast Q8@ vabmpt #tdeapig)S.0 wid, or at

cycl ohexyl @&WW@%‘%Q%Q%.@W%?H HNeash 96 5 SAATH! £ lcastld AWERNGRAMNAR  MBY

be present in the cl'eavage reaction mixture as a result of one or nore of:
(i) it was wthethagedenigerpontessigyibahoxtyt eighierie ghen gpeciead hadiopgpxdde ot olof

pr oduct,ion i Y /| at i . i o 1 ) in
i dat 1o o P RE LT ORAK B Bia il B Shopeidals bR, BEIFHEST

oxi dat i on obrtian obxhadbpzdislos @owponentindergomg ihy ;cleanadearaction.i )Thist iswiesirgbtcoduced
in the cleavage reagyiron roiidgtele%aﬁt a pertion of 1_tI[]]e oxi. dat,i oge conposi tion
20f rom (ii )t 508%] EXSIBTEs Yot CEhnlSnt S AT T E e TP R EGE e 820 MSh

m Xt ure, awrontpomsinthih the@tsaulgt scatther eture amictadte cleweigg hdaetarhistupe distaskdd on

(wppm and % ar,e, based, upon total. i ght of the cl eavage reaction
mxture): Phater HYAORTONAS e it EHERISIR VIS (STl PR VACHRke 25
t wel ve 20ar komlitidnwoutside grdldayshcaeRtibQAs: i0thbahalll hidcongyvsd dolidxythb estd@ivas insuch
as bicycl ohexane, cycl ohexenyl cycl ohexane, and cycl ohexadi enyl cycl ohexane,
cycl ohexenﬂldﬁgﬁit&’?é?lu&?cl ohexadi enyl benzene and bi phenyl, e.g., at |east 10

wppm and ngO(EDPat Ghe t BRJbr 3pRJIW0 ofeakh Mavidt tedcBbn ofS &L HbRIxGH] BRGhyl-1-
unsat urated ketones, such as pentanones, nethyl cycl opentanones, 30
hexanones, hydippREpRifGhER RRcnp! iy clohgranonce gach |of Mdieh asastally- qomgige about 40 to

phenyl cycl ah&x 808 soraB6utRiB @ JTES MW log YEIhe BRINBORAGRN ixfire, s@h wi®AREedl0
wppm and no greater than 4.0 wt% each or in total;
25  on the weight of the cleavage reaction mixture exclusive of unreacted cyclohexylbenzene and

acid catalyst.

[0050] 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%, or at least 3 wt%, or at least 5 wt%, or at least 10 wt% phenol, based on total weight of
30  the cleavage reaction mixture. Further, 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

cyclohexanone, or it may comprise at least 1 wt%, or at least 3 wt%, or at least 5 wt%, or at

least 10 wt% cyclohexanone, based on total weight of the cleavage reaction mixture.
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cycl ohexyl di one(s), e.g., at least 10 wopm and no greater than 1.0 w% i n
total; WD 2012/ 036826PCT/US2011/047845 |ess than 12 carbon, unsaturated
hydr ocar bwo=2012086826c and acyclic, or conbi nati ons there®CT/tsaeth/0ars45

cycl ohexene, e.g., at least 10 wopm and no greater than 1.0 w% each or in
total; cycl ohexanol, e.g., at |east 10 wppm and no greater than 1.0 wt% 5
cycl ohexenone(s), e.g., 2-cyclohexenone or 3-cyclohexenone, e.g., at |east
10 wppm and no greater "than 2.0 wt % each or in total;

hydr oxycycll@¥ékandhe ciepyage repctiopmixtergspay] Yripgpiammide Alolegit Ot @1 Rh&RA 0 wt %

in total; (GarRaxyl | 'o‘P afaﬁ:hg% 5 SHCR g’?}%atgﬁtﬂépv ‘%vtf%c 'oP'at 1€as91 ’an@tnol RARE (b swPpm

and no greater than 1.0 wt % each In total g’ cycl ohexanol (s),
e. g., 1 -pHenypt @tyleaSIt éﬁe@@éﬁmlgremr thazl 3 prongfl a@yc,onb @he& njtioy| of c@ntaminant
phenyl cycl e.g., at |east about
10 wppm an o&%}Seb;ats eed(r)dnttﬁ@gtagwggﬁp qtﬁ;%cg%: I }1101}3%%16{ e

cycl ohegyl ¢9115l2bhe>éamsbc( h@rp‘lsua: ﬁam!l_a-lmmnﬂ @Tﬁekgphtaymlalnbbmedmcti’ mayl influde gy

| ohexyl cyc I oh c | | ohexan- | d .
1oy o bSO E R drahonSpr 6k SRPXY IS RN B inc eevace roagtion |

1.0 wt % eadkwuerorithe hat@lized dlﬂas@eumatu&d oahk}ybommgﬁﬁﬂieedhalys:htgflﬁﬁ'@nm& such

as cycl ohexen clo anol s d .

oyl ohexon Ty R1eGHc ST RN A SiyIobgEPEIaRE oY 1oeyKF SRS esHge their

mrs]t hyl cycl @méﬁcenydlcatgsci abe¥RRDRRE] of dgsired Frodu@pliendOanppytl@bhnote Gloaat er

than 1. %, ea in total ehyd eci al | penta al s,

hexanallg &Y lﬁﬁé‘g?}}ze‘& OFré]%ePMaE%Fcﬁ? gf?@ﬁ‘?@lm ﬁqekxypar%}o&emdég l?ErP pheriol,

5- cycl ohexycibixaivat , oraifkovdhed 0¥t che S)Edne&R X Yor éwiéae@hbmﬁmﬂ thedtdof.| east 10
wppm and nowgreater than 1.0 wt %. each or in tot

1- pheny! - HPBHRYHExAR Clegvagh éea(cap% nixtyre @qthe qwfaarl@%d/ REX280 FHEMENE) 2. g. |
at | east 130MBR MRcRld nfdQ hWe%Er?ﬁroHﬁb%@ iffar SMn¥%ht of the present invention, or may have

been contained in the feed comprising cyclohexylbenzene undergoing oxidation. For example,

15 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
(ii1) it was produced in the cleavage reaction of at least a portion of the oxidation composition

20 from (ii).

[0053] 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%;

25 e twelve carbon, two ringed hydrocarbons other than cyclohexylbenzene, such as
bicyclohexane, cyclohexenylcyclohexane, and cyclohexadienylcyclohexane,
cyclohexenylbenzene, cyclohexadienylbenzene and biphenyl, e.g., at least 10 wppm and no
greater than 3.0 wt%, each or in total;

e saturated and unsaturated ketones, such as pentanones, methylcyclopentanones,

30  hexanones, 1-phenylhexan-1-one and l-cyclohexylhexan-1-one, phenylcyclohexanones and
phenylmethylcyclopentanones, e.g., at least 10 wppm and no greater than 4.0 wt%, each or in
total;

s cyclohexyldione(s), e.g., at least 10 wppm and no greater than 1.0 wt% in total;
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25 1-cycl ohexyl- 6- hydroxyhexan- 1-one, e.g., at |least 10 wppm and no
greater than 1.0 wt% benzoic esters, e.g., at least 10 wppm and no
greater twerol/@68% each or in total; and a hydroper ®xiras2¢ie/0g7845 an
unreact ed hydroperoxide). Non-limting exanples include: the desired

cycl ohexyl - 1 -phenyl -1 -hydroperoxi de, and the other hydroperoxi des such as
cycl ohexyl -1 - pheny1- 2- hydr oper oxi de, cycl ohexyl -1-phenyl-3-hydroper oxi de,
cyc | ohexyl -1- 30 phenyl-4-hydroperoxide; cycl op entyl-1

- met hyl - 2- phdespl than Hydeadpar arsatuteted dydiopgseensy tyclic and acyclic, or combinations

met hyl- 3-p - 3= ' == 0 :
ohony! - 2 BRR B DU BRALANL 15 S Reor1® Atk iR Lo i epch or in
er oxi de; cywtlohexyl -1 - phenyl- 1, 2-di hydr oper oxi de,

cycl ohexyl -1 -ph 1- 1, 3-di hydraoper oxi de, cycl ohexyl - | - phenyl-1, 4- di hydr opero
Y Ges VD 2013R DR L R e S DR R et oy 2
- phenyl 51, 2- dyByEERRoR(s9)d.6162-6yCohke @ ofNby Loyl diek dhpile, 2-o0 e tykt-18, Wppm gidnydr op

eroxide, cyc lo ntyl-1-nethyl -2 -phenyl -2, 4-di hydroperoxi de, cycl op
entyl -1 -n@?ﬁ??gigﬁ%%yfw%?%FBPHVGP@Beroxide; e.g., at least 1 wppm and no

greater thgan plafxWyoh€aabndY), d.8, 8@l 10 wipBPRAIn et 8k 0% WB Sk @) ef f ect
the cl eavage reaction (i.e., the cleavage reactor) may be any type of

react or knewrathoxyliosradss kich|ag dbenzpia prad, o ¢, atHogst éf avppimeandt ive gichtenthayd .0
reactor may.be.a;slnLE. | argely open vessel operating in a near-continuous
stirred tank feactor node, or a sinple, open length of pipe operating in a

near - pliag fol qwreny@acioboheramdis), lap. otlhgendofetudicxaant-sl, 2-plenglkedoiagan-t-ebcs-or

conprises a, pluraljt f reactors .in series, each, (10 perform ng a portion
of the conPhruiHopestindioband Je BRI DCHErd: £y o it TP KL PRBRY Bha at
di fferent cgonadtthaon vaed exhedidtotagnhance the cl eavage reaction at the

perti nent conversion ran&g. I n one enbodi nent, the cl eavage reactor is a
catal ytic @& sOFhad] on RPkexapdebs] | Hehari Bus repelahsrsliydohepsl O eavéige

reactor i s coReRPLFcIsRxdn ABE BAyEIoRxRREEbRRafl-of, N LR RIRES 1dyBIoAMER- 1801,
cooling device and return the cooled portion to the cleavage reactor, 15
t her eba5 nmafdgithi§at he verBrAG poRiErteythyt LD Mé ocsashorigdotrleact i on. Al ternati vel y,

the react o MkuheARanA! 60 adla0aLiaakIK: (hah NG AIFRO) MERIonSARK Ay ol TS

operating withint e react renove any gener at
[ 0056] At | emddoheacnybr t icpelolkatdnes, c| ead agenatisdaiclopenteriykt ucecloteyaipds sumjdect ed

to a neutr aldgal i B GAF LA Bh&Ne. 02 6! 1695l knPho SRUR: (HACHY QB,OT the

cl eavage reac
cach or in total;

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

25 e 1-cyclohexyl-6-hydroxyhexan-1-one, e.g., at least 10 wppm and no greater than 1.0 wt%;
s benzoic 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
cyclohexyl-1-phenyl-2-hydroperoxide, cyclohexyl-1-phenyl-3-hydroperoxide, cyclohexyl-1-

30  phenyl-4-hydroperoxide; cyclopentyl-1-methyl-2-phenyl-2-hydroperoxide, cyclopentyl-1-
methyl-3-phenyl-3-hydroperoxide, cyclopentyl-1-methyl-1-phenyl-2-hydroperoxide,
cyclopentyl-1-methyl-1-phenyl-3-hydroperoxide; cyclohexyl-1-phenyl-1,2-dihydroperoxide,
cyclohexyl-1-phenyl-1,3-dihydroperoxide, cyclohexyl-1-phenyl-1,4-dihydroperoxide;
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20 as directly produced w thout undergoing any separation (e.g., sone
fraction resulting fromdiverting some anount of the cleavage reaction

m xture awodnr2aB642¢ produced to anot her disposition, sSuCRTAS201@OPAASY
storage). Thus, the at |east a portion of the cleavage reaction m xture may
have the sane conposition as the cleavage reaction m xture. Further, all or
sone of the cleavage reaction m xture as directly produced may undergo one
or nore separations, 25 and an apgropri ate product of that separation (or

separ at i onsy<lonsswl-haeatnil@chieryldehiesdrencseridce| atGygleremd-lcmeylagBhangbd?i on

m xture as g HRGLbLYidPQAYSEH - 1TR%HA0 egﬁ—zt,étlgih?&m#&@ﬁ&e, By AW ehiy@-rdhyi he

cl eavage reaction m xture subjected to the neutralization reaction.

Cont am nang-pheedt2fedhy drp@osddcas.ediatkoas d exbpabandeno grppserdhanal/@ge’or eagh oF on

m xture may,gonprise one or nore 30 contam nants. In various embodi ments
di scl osed herein, the processes disclosed herein further conprise

cont act Bng [t54] eadihe acapor tised o effecathe oheeage meaationnfi.ththa clrawige rematoermal bet o
Chor oby pr SHLBPRST SRRl MLy TER RE o fefnie UELLRERRATEA"
2012/ 03682 6P&FinyE2 Cik o1 4B 4/%s s DépoBi}ife) int e cdagisi@is vairer thisld iwadtorahatideorad kal i
and al kali earth metlal tgy%; oxi desaa?nd OXi des such as sg)di u hydf' ox}. de,

pot assi um R SXTRIE, CAEGnYs Pl FRPGHBRi Be? TATRIPE N PB4 dBod% a1 8 Bffoxi de
and bar i umehyodigshtele theSoavige skt t@sSistiM L pridaitat &S radexyrsakms Qele, waed,
opti onalgl y at. el evated tepperat ures. ac55#.0059 An_various enpadi nents, t(ge
basi ¢ it ePFEYERHPITERS b COYCRig cRtion. PPEGRALlY joRCTRY MR g ReTP dpqfley andy
sul foni c i endigrhen@gitioes idictiedad cahdnad theMRladdgeacrtiat & thaPe@dhéalcbn@idnh

nmet al acetate, an alkali. netal carbonate, an alkalj earth netal carbonate,
an al kal i F#esl Ingine spBeHEeR, thy fleayags reactank piraialtiaHisilladiap ghat e, ammoni a or
ammoni um hyghseKi de; varidgembodimdts, SHCHeASgd IcARSTIOBFerailOt Pk Sort MPAAESHE €,
sepiolite and olivine; an activated carbon and/or 10 inpregnated activated
car bon; antherfosisnt theegiah geolingieyvice andcigtuas thy opelag portigade tiejchsvasedprstitie
resin hayi %r&y%ﬁéﬁ%@ﬂgﬂfé'e)ébtﬂé’ﬂrni&%z%%cl%’a%@i%&cti%ﬁc If%l?t‘éﬂl‘éti@e’f'ﬂ i e Hray
functional stracture selected from-N(CH3)2, -NRH or -NR2,” where RIS a
hydr ogen oibe gnerafe wiliaatisalty. clonengi ombedintent, godlmecilp operatingnithin theagivayege

pol ysi | oxag&{oﬂg%&ggﬁnk%gg W bhe.gt hyl enedi ani ne; an organic basic materi al
grafted on m croporous or ngsopor ous netal oxides; other organo- 15

i norgani ¢ $&l56Hs, Aguleiwt as peitioh | dfethe etehagrgedctnnt mixurorehal bs efubjetted! td room t he

group of Iithi . sodi.um pptassi u rubi di u cesi al ci.um.. bar.i

ot ront P um BRI BRHAER, Mt HEb oYt o B et Wikt
El emrent2d t nediredlywirdducal withalt upddrgadngednyf sapanatiornt (vigingonpofrassn wspltisg diotm
rubi di um ar&d Igesi um a SUﬁﬁfl’teq or sol |td al kal i, a({.ykgii ne-ear tth metilal or
or ganormet al'lFENE FOMEARENLH 419 FERPe GeREPalm gt i Vst PO A P8 act i on
of a magneslispoRiticd0suBRlat teipdrashtotab®. Slihls, Gl &;leadt 8 pbikiomof the k&G ape Myudticl ysi s
such as sodi.um acetate, sodi um bi.car bo\[;[%te, sodi um henatlg rg}réd odi um

car bonat e; THHCARAYHRYSHe SURRSPMPOsIton s thgeIcavagedeasHan pyxturg, Fyrgey. l oy some

al i phatic aftHegeaPigedtRUBE hfxt@ial efectl -Iﬁoducdinlinlc?i WRRrgonb Wk YWor@Epiations,

het er ocycl i ¢c_am nes,  such_ as ridines, piperidines, piperazines, tri-ethyl
am ne, Zal i SR epRspPrigiegpiadyct Oﬁ%atn%e%gﬂoa I 3PRIFHAS A oW erBOdifigl Befompetifiofy |

am nes in thgivk HePi@lagd R@ktionsRixfuse M diBetlydrodB@K may E@Oid@ tRGt Bt APrtiBeotised.
Conveniently, the basic nmaterial is a diam ne, such as 2-

met hy| pent Aivelddyaes e ien miEtusr suisstadriorth et EREeH Tectionhi ch are commercial |y
avai |l abl e fd.QMuiAYSHRathent - | - Corporation under the trade designations
DYTEKTm A and | m . [ 0060] The basic material may al so be a solid.

Sui t abl e sd®05d] badiscdispassed iaapwe, ithectleayage reagridpamixturenstag| copyiriske ofiant moess ;

al kal! 3gn qgﬁt%liingﬁ(t%.qe[ﬁ;va?iloﬁsale Q&Iil%@ﬁtg misg{%séﬁehgrl:inp)ﬁ{ed ces k(ﬁécll s@&l%ere'n

al kaline-earth zeolites; transition netals, rare earth an |g?1er val ency
oxi des; hydurtcalceinpes, congktigetdichyy dr pirabr iof escoarachisai methsy beye oiafarighatd y
hydrotal ci t r R I i | sel ed f.r i.thi .

ot assi um CEhataERbF el of e ot BplneTh X R SEPFLAD AR Mhiciirak ¢ s
and bet a- amudified seaddd2@ikArO36826PCT/ US2011/ 047845 [ 0061] I n one enbodi nent,
the basic material is one or nore of the hindered am nes described in U S
Pat ent No. 6,201, 157. It will be understood that the basic naterial nay be
added in the anhydrous state or may be an aqueous sol ution of any of the
foregoi ng basic materials, particularlyl®he metal hydroxides and salts with
basi ¢ hydrol ysis.




5[ 0062] Conveniently, the basic material has a relatively low volatility,
with a normal boiling point above phenol and/or cycl ohexyl benzene, such
that it wDI20t2¢0368260 distill in the bottons product in PabasSqueny7845
fractionation operations that nmay be conducted. [0063] The contam nant
treatnment can be conducted directly on the cleavage reaction m xture, or
after one or nore separations of the cleavage reaction m xture. For
exanple, the 10 cl eavage reaction m xture may be separated (e.g

di stillati ¢#58] nt SupHen Gpsi¢ inekerighidinglide @Hféke?ﬁér‘?ékathl edithf mglat ﬁlbqlf@Xlé@f @rrde or
after the contanApal So@hf RURKER! EG‘ta&Rm?‘ﬂ?&%ﬁh@%&gnfe&ﬁﬁtm%xme calcium

[ 0064] Sui t abl e cont am nant treat ment conditions vary W th the basic
mat eri al emplroyidel calthanexdanand baneh hy daside. ndddinte azd passspemappiboratef mayt aljceast

about 30C, t 15 at | east about 40C, or at | east
about 50C, bgpsegt 4“@2@ a@glgt%ted%g%pergtﬁmgt | east about 70C, or at | east about

80C, or Sat [Otléalst almmouscemboelimeats the &stic abatzubl dd@@sesl nevamaesf:entosiarent s,

t he t enper at SS n.about 250C,  or. | es tha L 22 | ess
t han about 93’6 ¢ r&?m &8s SP B R - Jout Lkt Aotk At % asi‘g%‘ i ass
t han about rribﬁﬂ)@petﬂte dre glkali imwtal &larbahata,%calkajr edr&smetahamba’mm,ltanlazﬂl&ﬁ ma'thle

t enperat ure. e any r.an t.he af orenentioned 20te tures

[6085] he' BibburE A tE iteloreubgles BEOh 808 Ao re KBRS Sh8t pay
or about 1@1ay@u<2ﬁ@ hfﬂ&lstgneﬁ Helotrﬁ)te Lﬁﬁgﬁeéliﬁas)ep&uﬁmnflbatzmg ha r';l@ﬁ%él&@ﬂ)Oﬁﬁﬁ(ﬁbﬂ on
m xture is.co e omnant in the liquid phase .the
treat meft . nmrgg@]t %‘é('f‘%tf&r b 8Yi s excﬁlﬁ@ep‘ieé‘gs G e frad ‘B%aﬂ[i’bg CiP to
200 psig (tdhah@ réﬁﬁ@a\aﬁsg K Rien@fyidylh BerdzERNRN dhdHacKBYC AR Mdvhe RMGidnel about
160C, such that nbst of the cleav?\%ﬂireactlon mxture is in the |liquid

phase. [006749° &apided BeRr N CHInNEH! pheVbagiheredhtser paroges Oaars%}kylogroup

M Cr opor oug,AEhRLi1ab 26 BarBon atoms; %ﬁ@hﬁﬁe%%lysﬁé;&dﬁé RastionsliZd Withlchf 1RE@SRMES MY
be about 10 to 200 psig (70 to 1380 kPa) and the tenperature may be about

100C to absurreesigbasie materiphgieftadpaimigfoppioas e Bepppefauy Befek ¢xdes 0P8 ofgshe- i s in
the i q'S” d 1@?&%@ SO[I@SOgﬁ‘lllag zé’(ﬁftés%%aﬁmﬂtﬂ@%?&l E@ec‘f@a'f?d?n %ﬂ%%r%%f%ﬂ]ﬁher i al

is an anion exchange'resin (e. guaternary ammoni um such as those
commrer ci al sydigmaiolasiie, whdéym.t desiumy & elupma heriuyspiseiontyun M fadomRehewide elas

Conpany), erOLﬁ)an’"& DT p&lo\ﬁﬁ:‘ 'i"aﬁ?f@@? Eie%ﬁ{sitp&?eldi\;fﬁg a%étm selected from lithium,

potassium, sodium, rubidium and cesium; a supported or solid alkali, alkaline-earth metal or
organometallic; a magnesium silicate generally derived from the interaction of a magnesium
20  salt and soluble silicate; a salt with basic hydrolysis such as sodium acetate, sodium
bicarbonate, sodium phenate and sodium carbonate; and amine(s), such as a primary,
secondary, or tertiary aliphatic amines or aromatic amines, e.g., anilines, n-butyl amine,
heterocyclic amines, such as pyridines, piperidines, piperazines, tri-ethyl amine, aliphatic or
aromatic diamines and alkanolamines. In particular, amines in the form of their salts with
25  weak organic acids may be used. Conveniently, the basic material is a diamine, such as 2-
methylpentamethyenediamine or hexamethylenediamine, which are commercially available
from Invista S.a r.l. Corporation under the trade designations DYTEK™ A and DYTEK™
HMD.
[0060] The basic material may also be a solid. Suitable solid basic materials include:
30  basic metal oxide families; alkali on metal oxides; alkaline-earth on metal oxides; alkali and
alkaline-earth zeolites; transition metals, rare earth and higher valency oxides; hydrotalcites,
calcined hydrotalcites and spinels, specifically hydrotalcites treated with an alkali metal
selected from lithium, potassium, sodium, rubidium, cesium, and combinations thereof;

perovskites; and beta-aluminas.
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et hyl enedi am ne, the pressure may be about 10 to 200 psig (70 to 1380 kPa)
and the WD 2012/ 036826PCT/ US2011/ 047845 tenperature nay be about 30C to
about 1004 201p013682hat nost of the cl eavage reacti on m xPOTAIS2EL1i0m7sEhe

i quid phase. [0069]1n various enbodi nents in which the basic material is
an am ne, the pressure may be about 1 to 200 psig (5 to about 1380 kPa)
and the tenperature may be about 30C to about 5250C, such that nost of the
cl eavage reaction mxture is in the |liquid phase. [0070}In one enbodi nent,
the basic h¥t6d}i alnjoge ampedimarty thenbasie, maipiiad is wagy ob&rapt fheutinderyl asiaesul to

renmove Comd@s%hﬂéﬂhsu § otk RioNGo@, Kt ADGi1OEAHRersDA Bt W Ibhsi ﬁi%ﬁ:haltrﬁayf B man

imne. [0071]1t w !l be understood that the contam nants in al
portion of added igltecagrdigdrous Gateeomandydhe a1 squaeus sehiobef eonolde é@regﬁlmgnbwcbam c

material a ‘E’e,'hﬁfé el% c%a*?@rtﬁé Hetaf R R KRNI Eeal CHM amcnﬁmysi 1 a distilled

fraction o tire Cleavage 'reaction mxture contai'ning an enriched or
depl et ed cd#vdht ré?tonmmemﬂy,pﬁermmc amﬂefrml h@y@lrdhm%nmvoleiﬂaw weh taondrinel

cl eavage r atlon XLur ed with a.basi eri
descri bed %81? 1 I1,?_01n ove gﬁe %?éré(fr?norlc C rlbeBze&e SUC gllaﬁ % w1¥1q2nrg|l d,astﬂl 1 the

"enri ched" bbttonas mp«hmt fm sebheqmcfrﬁsipnation|opertmmsthat hay bet tvm dudtEa. of 15 t he
specified es nthat streaml enriched relative to t feed stream
oo to sdlithe: ah® o CERTT oEh GeORisk AEohdhe EpRET sty o
speci fi ed speicess aﬂet onSorR@B kepfahidibng ffahatiBavage tehaiod pekiufd, etbr smml@shd n

that streamis reduced relative to the feed stream prior. to separatio
[ 0072] Addi € e&Yi’éFlrﬁaCé‘Pn APRBY G Atay B 9"4’35“% etge’rgﬁ dﬁlﬁlg gy P‘teﬁgl éﬁ%t

cl eavage r @a@blicRihodErih Xathdds Wefohe Seiee et @R tsOdre fﬂ!lﬂ]éc‘&fdatb'c@nt@@lﬁﬁﬁtnent S
may be contacted with a basic material as described herein.

[ 0073] Addi f*YH&Mt y or alternatively, a fraction of the cleavage reaction

m xture hagogéaper 3ans1A eI AR ARSAALIRNarySWER 1R Dadc Wl dBsitedsuCh
t hat absorbabl e conmponents are reduced in concentration prior to contact

wi th a basilécafagné eprlitions Hichiy 4] tameAratiisd et lpash rbayt 881G at ptieasy abogt $3°qe el on of
the cl qgvageicr&acdu @dibc”b%&t WSt BB JARE & GORK BBLLREFRT Bl dt %st%@ﬁt%b@ br ats uch

as passli ng over a nol ecu ar sieve to renove water ( . 0. ecu ar
sieve) wit H\eaéir?éomﬁo%roeatd@?@b&bpaitﬂ@MﬁpbWém@t H}ECy émmrms pmb@bm@@httheau on

prior to copha ttur‘é"'lst satth"E‘doﬁt SRPET dralss 1l B3 IS @%Pie%‘lh’élﬁ‘% ut § EOBr may
be any V(?,‘Ssé;l‘fl at a OWS cont act n F a& g% ont am nant t?‘l @(ﬁ
mat eri al f dass &ms @bt hRECy elsllev;eth@eauoutnﬁo"@mr lex draplabqut a6((7,"dnt>1almsrthm about
150°C, or less than about 140°C. The temperature may be any range of the aforementioned
20  temperatures.
[0065] The pressure may be about 0.75 to about 500 psig (5 kPa to 3450 kPa), or about
10 to 200 psig (70 to 1380 kPa) such that the cleavage reaction mixture is completely or
predominantly in the liquid phase during the treatment.
[0066] In various embodiments, the pressure may be about 10 to 200 psig (170 to 1380
25  kPa) and the temperature may be about 60°C to about 160°C, such that most of the cleavage
reaction mixture is in the liquid phase.
[0067] In embodiments in which the basic material is a solid microporous material (e.g.,
zeolites, aluminas, etc.), the pressure may be about 10 to 200 psig (70 to 1380 kPa) and the
temperature may be about 100°C to about 250°C, such that most of the cleavage reaction
30  mixture is in the liquid phase.
[0068] In various embodiments in which the basic material is an anion exchange resin
(e.g., a quaternary ammonium, such as those commercially available under the trade name
Amberlyst™ from Rohm & Haas Company), or an amine polysiloxane functionalized with

ethylenediamine, the pressure may be about 10 to 200 psig (70 to 1380 kPa) and the
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reactor may be an open or substantially open vessel reactor or pipe.
[0076] I n various enbodi nents, a process for nmaki ng phenol and cycl ohexanone
conpri seswo(20)2/3b®2avi ng a stream conpri si ng cycl ohexyl - PCT/US2011/047845

- phenyl -1 - hydroperoxi de in the presence of an acidic cleavage catal yst to
produce a cl eavage reaction m xture conprising WO

2012/ 036826PCT/ US2011/ 047845 phenol, cycl ohexanone, aci dic cl eavage

catal yst, and one or nore contam nants; (ii) reacting at |east a portion of
the aci di c teMmsaEdganayabariest 3NG to ghont 1Y Chauch cthataneyt jo4|the glegygegnregction
neutral i zed,igtfqaMnd fiddid pp€Par ating the neutralized streaminto one or
nore streans rich in cycl ohexanone, phenol and/or cycl ohexyl benzene,
relative t d0G0AE néyvermup pmbodmends iy wiielthe besic Beerizlaten sgingrike presspsrmayof t he
cycl ohexan i {0, =1 i 0

cvcl oheyl Boguh €% RRIKLES 0 Wi, PRRIEA Ak RRELHAR mAk 4PR0°C 10U e
or nor eScorb@ nwhtiwt The of ihcstearnd reecondixbasisan thetlignidphssenray be t he sane
or differe 0077]1n vari.Qus. e di.ent s.. .t he cl.eavage.reaction nmxture
s separ at A70he oft (o5 fy0P R Wb EaliBryhate SORRN dRug e,
about 98 wpbfticderlguedilap rtthave @boutindd8 wngnind a k6tooy gtonphexhinbrell reased upon
t ot al meig@t of .the overhead product and (2) a bottons product conprising
phenol and ‘&Yct"dR&%anone in azeotropic proportion. The inpurities contained
in the ovenéogap prodicbe maderdtoel taketherbhgihiad dpallt@nop@tiofsf tgededegei n
"azeotrﬁpic pr.oportion” ans abﬁut 65- 75 wt % phenol gﬂ@vabo 23- 35 wm %
cycl ohdRanSHEIOTLRIXNE (Y PS SREGsTEHENBI2 NG BETH 2285dpws Ao hEX £HBHR!S: based

upon total cyRhgibnt®fin bhBstBled GARon Bf then¥iaAr LIeHSgE FAOEinNBMSe contR@ingi 4N Or
the entire cleavage reaction mxture my be conilned Wi t h, anot her stream

fromthe ofiched opAENId proseniRtiob Al pheselend/or pyglohsxanops éelativgdo dicedipyage

reaction megktdem@¥e By 60 BiRed Wil NbRiShAiEMN¢ 0READQI REIE YFhaheXRane
produced by the hydrogenation of phenol. Additionally or alternatively, the

h
cl eavage r esrron i Satng sichay dsecrishesl riea seacified spasics dhimmeapitthat thaiyt”pplenol
that igsprogdusednbys bie dehy dhQgeRahidRd paRAGY HeSRRXARAR Brio A AL taraRal | v or
alternatively, the cleavage reaction mxture may be conbined with one or
nmor e addi t iWhkes, a igem igdesgnbethas egrenidspletsd? frae sragtficd gpesics, [t G0M8INt rhay dld ous
enbodi nent S,,.0,C ] LR, more t Lo/, O I action
mxtur o mey He bt ber o Shi R el A R AL ARl A8 B e
reacti on misgpfatatien.nmay be separated into one or nore streans rich in

cycl ohexan phenal.. and/ or .. 25 .cvcl ohexyl henzene, .relative to the.
ol cavage.r 2] on ML e ERRYE, £ ETREISAEN St e ceRbL Gk i
mat eri &D. Thgulzawith rodiced ambun®\f Hdtetdble sannonts dayf sr enrttactalr wahchbasic
fraction. %%?79Lln va%igﬁs.enbodinents, a given fraction of the cl eavage
reaction miqirEsigyFibed herein.

[0073] Additionally or alternatively, a fraction of the cleavage reaction mixture has
undergone an absorbtion operation, such as a water wash, such that absorbable components
are reduced in concentration prior to contact with a basic material.
25  [0074] Additionally or alternatively, a fraction of the cleavage reaction mixture has
undergone an absorption operation, such as passing over a molecular sieve to remove water
(e.g., 2 3A molecular sieve) with one or more adsorpable components are reduced in
concentration prior to contact with a basic material.
[0075] The contaminant reactor may be any vessel that allows contacting of the
30  contaminant with a basic material for a suitable residence time. For example, a contaminant
reactor may be an open or substantially open vessel reactor or pipe.
[0076] In various embodiments, a process for making phenol and cyclohexanone
comprises: (i) cleaving a stream comprising cyclohexyl-1-phenyl-1-hydroperoxide in the

presence of an acidic cleavage catalyst to produce a cleavage reaction mixture comprising
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undergo nore than one contacting steps with a basic material.For exanpl e,

30 cycl ohexanone-rich fraction derived fromdistillation of the entire
cl eavage woeaotZ/mns2ai xture may first be contacted w th aPCirrstolmgises

mat eri al
mat eri al

(e.g.,

[ 0080] Non-limting exanpl es of contam nant conversion reactions due to

contacting with a basic material include: W) 2012/ 036826PCT/ US2011/ 047845
al dol condehagl icspiohesapsei agldig clervageeaies 24A@naPUBRPFEBEMINGAIS N F5aers on,
especi al l'y apflea§t55 %roﬁionn@qh@gch?@ CI%Q\Latge %Qlyfs{ %@thnag_ﬁtrs}@eoagik CRROkal to form a

neutralization of ‘acids, making the Salt and freeing the water, including

a diam ne) and then separately exposed to a second basic
(e.g., an aqueous solution of sodium hydroxide).

a

conpl exat i opytrafiged wscamplis) saphragegithgrnchiydizok pakemameh pivepionoestgiRerighiter and

sodi um phenghSexaldlb MHieff hhflor EIRAGLALhYn0! RIS HARINLS A0fh: ES ADPS:

for exanple:

e contam nant reacts wth a p

wher e t he comtamg maaor meacesthpicydolexanpot-ohle pamioneherphaolifig) portion, andiler e t he
cont am nant q rolguct reacts_wth..anot her %ont am.nant bly%r oduct of the
%? CX nzene-ric 1, cmo

10sane or 8?’

ortion with™ a” second .basic . matert

makes t hem separ abl e from phenol . and/ or cl ohexanone than t
Ctarting. oA naRRh Regnth SeBb "B o i Fene BT pRAER A" S it Botver t ea
cont am nantbvdbead @esiutiahatfcomptian ghaeothan pieoundt Wiphanedatea fidh abowt Ye hWahigxanone,

whereas .the starting contam nant hyproduct does; aor filteraple, or
absor baBl e“'@‘?}&?‘?ﬂoﬂlg RRedatpog fote ‘éméﬁ&gg]ﬁso g?ﬁfip??atl%rafl%@, aa@‘rﬂoaﬁ%?%lafbl e;
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comprising phenol and cyclohexanone in azeotropic proportion. The impurities contained in
the overhead product may include methylcyclopentanone. As used herein, “azeotropic
proportion” means about 65-75 wt% phenol and about 23-35 wt% cyclohexanone, or about
72 wt% phenol and about 28 wt% cyclohexanone, based upon total weight of the stream. In
various embodiments, a portion or the entire cleavage reaction mixture may be combined
with another stream from the overall phenol production process. For example, the cleavage
reaction mixture may be combined with a stream containing cyclohexanone produced by the
hydrogenation of phenol. Additionally or alternatively, the cleavage reaction mixture may
be combined with a stream containing phenol that is produced by the dehydrogenation of
cyclohexanone. Additionally or alternatively, the cleavage reaction mixture may be
combined with one or more additives, such as an antifoam or surfactant agent.

[0078] In various embodiments, contaminants in more than one portion of the cleavage
reaction mixture may be contacted with a basic 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 a basic material. The basic material may be the same or different for each
fraction.

[0079] In various embodiments, a given fraction of the cleavage reaction mixture may
undergo more than one contacting steps with a basic material. For example, a
cyclohexanone-rich fraction derived from distillation of the entire cleavage reaction mixture
may first be contacted with a first basic material (e.g., a diamine) and then separately exposed
to a second basic material (e.g., an aqueous solution of sodium hydroxide).

[0080] Non-limiting examples of contaminant conversion reactions due to contacting

with a basic material include:
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a nol ecul ar wei ght higher than the starting contam nant; a nol ecul ar
wei ght |lower than the starting contam nant; 20a volatility |Iower than the
starti ng wonoei3seat, and conveni ently consi derably | oweCTIUS2011/047845

cycl ohexanone and/ or phenol; a volatility higher than the starting
contam nant, conveniently considerably higher than cycl ohexanone and/ or
phenol ; al dol condensation products, generally al dehydes and ket ones;

25water, generally fromneutralization of acids; alcohols, from
saponi fi cati on dflolesndansation.gspagiadialof ketorfes aird Adahgdast al i zati on or

saponi fi cagi on {ﬁé‘&h EQdn, e%@%ballg%gs% 3 n%%%rtﬁ‘é aﬁigg{&gﬁé 1‘3{9}?0 nes and

ket ones. [0082] vari ous I eas at | east
about 50. 0% oOficuntliza€ias bf a’ﬂ:ﬁl&hﬁﬂtm@ﬂie @al%ndd?eefmg theeasttr, &bﬁdhg%@m@le%ﬁoﬁl at

| east about. 99.9 % or .essenti I || of one cont. is converted
to a conve&?reeéa%lﬁft%fﬁ?%%?yd% ‘g @Yd&%e%?%ﬁlf‘ap%/)”ater  Sodiiim ph e“a%

2012/ 036826GPCT/ 145204dhOABEAEI FQBHIch Miakidick OMBKTROTbNRBSIe: at | east about
20.0 % or at | east about 50.0 % or at |east about 80.0 5, or at | east

about 90.0 or at st aboutRl 9.9 %of any ol efin contam nants,
including f ans an al’cohoy's, verted to a converted contam nant,
based on weight % [0084] I miz(yaﬁ ous enbodi nents, at |east about 20.0 % or
at | east about 50.0 % or at least 5 about 80.0% or at |east about 90.0%
or at |east abowherg@egowm@wnfe@%wﬂmpl}enallmolgfuleal| of the contam nants

present in,the giLEq0 ?Etﬁg@%ﬂt‘é%& ex%ﬁ&’dgélo%{h‘ﬁ‘éﬁetlﬁgle&? tam nant, based on

wei ght % ProcesSsi ng o 1 avage reactlon mx
. where the contaminant byproduct reacts with another contamlnant byproduct of the

10 same or different species; and
o any combination of the above.
[0081] 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
15 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 basic

material), or adsorbable;

. a molecular weight higher than the starting contaminant;
. a molecular weight lower than the starting contaminant;
20 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;
25 e water, generally from neutralization of acids;

. alcohols, from saponification of esters;

. acid salts, from a neutralization or saponification reaction; and

. imines, generally of amines/diamines and ketones.

[0082] In various embodiments, at least about 20.0 %, or at least about 50.0 %, or at least
30  about 80.0 %, or at least about 90.0 %, or at least about 99.9 %, or essentially all of any one

contaminant is converted to a converted contaminant, based on weight %.
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[ 0085] I n various enbodi nents, after one or nore contam nants in the

cl eavage reaction 10 mxture is contacted with a basic material, the

st ream nmawyohe12sspe2sat ed i nto one or nore streans rich i RCphESR@I/047845

cycl ohexanone and/ or cycl ohexyl benzene, relative to the feed stream These
streans may be substantially or conpletely free of contam nants. [0086]1n
various exenpl ary enbodi nents, the process further conprises separating the
contam nant-treated streaminto a first streamthat is enriched in

cycl ohexand83br phesius embadsperth ahleast abae 2R do. o pidaast theat 50.Q e ar #tdesed i n
conver t ed GOk ATONARE of EARLDNE 000 oh11% £ RALABLAIG 1 G icth BRTminRR!

Treatnment [0087]1n various enbodi nents, sone or all t he contam nants

(e.g., in tiséudaigdanpagyend alcoholg acednsertedity  genyeied @@Wﬁn@m bhssA opfveighe%.

cl eavage r { on e 0 i ns

pstr oam oftiahna s ett o Rfifiadiial 6k Sk 80020 or ek BEMERM e BARETS,

t enper adtur ebait 38.01%,ar atlego rliquof0.0 o, thet ledseaboay®.¢ %faot ¢ss¢nt1alily<alhofeﬂlrr§yhebe

rai sed to at .| east about .100C . or about C to about . 185C. . or t l,east

about 200C VS BIBYY P hEATe et 8T c?nevglg%gteo 7 SSmpersg, chmtatninaly. Based S o us

enbodlnent&wgﬁh%)tenperature may be | ess than about 250C, or |ess than

about 225C., The.tenper / range of the aforenentioned

t enper at ur € ocepsing oftreg AR ARh T fheat treatnent conditions include

ar eSI denceodssne rIiiiyariIEls atnbb(ﬁﬁlsﬁts ]aftia’i One, orZndre BontarBinAits in, th clebvhge rckOtidh N.

or ql . The re5|dengf hne may be H4%s t han abqut 120 %1 60 m n. or

30 m n.0Th @K Enracted with fabPsliemdrtely BgisEea™ MRy ds SePArtRG M9 SPRAEALONned

times. [008@4ahd rRA8n §lﬁﬂﬂ@ﬂbf&cﬂfexm@ﬁé hfiortabhdxly BRAABA relatvel t @Rt fe@@YAm1 Wt %

or 10.0 mﬁ@’ or 30 20.0 % or 50.0 % or 80.0 wt% or 90.0 wt% or 99.0

W % or eRISt NS MaY] tre S&}'PSt%imﬂsbmcmeeé;hfr?ﬁaﬁtcowém@ams

hydr oxycycl[m@r aN@RQariAK cREMRiry PSEMRARS the PedteASTuRRX ROAPAKE QY frating the

6- hydr oxyhexanophenone, 6-hydr oper oxyhexanophenone, benzoic acid, pentanal,

pent anone, C@W}?@?‘@%Sﬁé&?é EeREX FOh ETSt Fremythehe PrsieBschemelohexanengros ghensHor

per oxi 4es) ph GRNYCEL e KRedn GRAVET LERNGP S QIhN2RE - coninant relative to the

2012/036826PCT/U82011/047845 [0090] I'n various enbodi nents, no greater than

about 80. O contaningpt-tB@ted siga®. or 30.0

Heat Treatment

[0087] 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
20  treatment conditions upstream or downstream of the contaminant treatment.
[0088] 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
25 Dbe any range of the aforementioned temperatures. In various embodiments, the heat
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.
[0089] In one embodiment, during heat treatment at least about 1 wt%, or 10.0 wt%, or
30 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
one contaminant (e.g., hydroxycyclohexanone, or other oxyketones such as hexanophenone,
6-hydroxyhexanophenone, 6-hydroperoxyhexanophenone, benzoic acid, pentanal, pentanone,
2-hydroxycyclohexanone, phenylcyclohexanone, or unreacted peroxides) is converted to a

converted contaminant.
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w% or 20.0 wt% or 10.0 wt % of contam nant hydroxycycl ohexanone or ot her
oxyket ones such as 6-hydroxyhexanophenone, or both are converted to a
convert edwoant2zansbsrant i ncl uding a furan with both an ol eCirusand/ogmsygen

noi ety, such as 1, 2, 4a, 9b- 5tetrahydrodi benzo[ b, d]furan that may result
fromthe dehydration, alkylation and cyclization reaction of phenol and
hydr oxycycl ohexanone. [0091]In various enbodi nents, the heat-treated stream
may be separated into one or nore streans rich in one or nore of

cycl ohexand®®9] phdngrricin gnmbedigigets obfe gighteie el glout 8ROy {4 o1 t58.0f o, or 30.0

heat - t reat qgbs by 8pmyNGSE.d 10 o C6ifarRin GOIRKI S Blohdahbife RlonflP oEARNEES ed 10
contam nant s [0092] The heat treatnent may be conducted in a sinple vessel
or pipe, whiiah amﬁyhylﬂeoxab@cﬁnmhemw oprgwiis afcocomiertechdo & Gemvered afipimggnior a
static mxaioldi L1 Bh oWl bt BUAIET ank NEAER! nbIEAL ORAL LYo LEKE. P ace
in a fractlonatlon co wher ei n fract i‘onat 1°6h oper |ng condi'tions are
sel ect ed smfttﬂahydxadlbetnhdb;ﬂdﬁumﬁwmydawﬂu frdne the aleky deatpos@llyleteont dné cydirpémat ur es
and 15 re%g Ono Elen otdreq( at . &ny., r?é nt or points in the colum. The
heat treate nen maY B TR awn from any point in the

fractionat |[01]911:0I t]imnvaruas emrrbodm&antse&d hdaeﬁémﬂsstmamanatebe@epamédt incmoqnar oduct .
Cenerally, the {gﬁat treat nent converts east sone the am nants or
converted CURT ARFHEATL [ OBt RE/M%SD ﬂgléex%ofl& Pl WL%% 8"Y tFGBFﬁ“Fhe
phenol andhigitiveyo! tah ésanened s&@e[rﬁ)09131]35&f fregtioO Mfafrdonrite littRadrnntomaaédor

heat treatnent,. the converted contam nants wll generally have a property
that mdRes CPHERIAN o separabl e from phenol or cycl ohexanone, or both, than

the startingyogpnt amt MaditircaRRRBMAPILE cERIUCRE Tl SIrpIE 3BKE, or§ife, Whtchenacy%verted
contam nant does not form an azeotrope wi th phenol or cycl ohexanone whereas

the starti RBcgirEniMpamtiogdEae sichroPaflF ¢ret %ﬁ}Cémxarnfey Blfbué%% gpBabreheras

resul t, folglophNGeatdent $RPEAX PRGN @ﬁqétﬁfnaﬂftﬁlaéolﬂnﬁ@%h@ﬁm fradiiBRatdh lop@dmfAn be
subj ected to one or more separations ultimately resulting in streams that

pr edoni nantPRditepspicisslected gic H@kﬁlﬁéﬁ@POIﬁh@ distilledvdc exesasite s teraprrepichalik .
Neut r aljkzat o, Reasrdingid a{ ng%%lﬂt Qr I‘I&Hitk QiR @619199' Tﬁé‘ﬁe%u trd R o%‘ﬁ&?e%%s‘%ﬁay

di scl osed herein may include neutralizing 30 at least a portion of th
cl eavage r éactithdrwni faneey ppinhinathp dgiteonapanesdlenn, tas ah ovanhead; b@éﬁf@ﬂdorcﬂl@av age

reaction m, éﬁlﬁ sﬂlonﬁ‘?ro‘dﬁ&d r'@erngllaﬂy, %l‘ﬁeﬂgeft airéa%r}‘-&g cdma%s L AURE NGB of the

neutralization reaction to occur- e neutralizing step nay occur upstream

downstr eamcotrtalsmamis paceeersidyconfatmimaniseo othemmmpoumhytnamt nadily teneacdEon tlend/ or

heat treat nE land%% cyclohexanone.

20  [0093] After contaminant trcatment and/or heat treatment, the converted contaminants
will generally have a property that makes them 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

25  contaminant and/or heat treatment, the stream can be subjected to one or more separations
ultimately resulting in streams that predominantly comprise cyclohexanone, phenol and

converted contaminant.

Neutralization Reaction

[0094] In various embodiments, the processes disclosed herein may include neutralizing
30  at least a portion of the cleavage reaction mixture with a basic material to form a treated
cleavage reaction mixture. As used herein, “neutralizing” means causing a neutralization
reaction to occur. The neutralizing step may occur upstream, downstream or simultaneously

with one or more contaminant treatment and/or heat treatment steps.

-03 -



WO 2012/ 036826PCT/ US2011/ 047845 [ 0095] The conditions at which the
neutralization reaction is effected, or neutralization conditions, vary

wi t h t he woi2dizosssebyst and basic material enployed. Sui Pablus20e0818ai zat i on
conditions include a tenperature of at |east 30C, or at |east 40C, or at

| east 50C, or at |least 60C, or at |least 70C, or at |east 80C, or at |east
90C. O her suitable neutralization 5 conditions include a tenperature of no
greater than 200C, or no greater than 190C, or no greater than 180C, or no
great er t h&d#9%l0C Theconitiqis e pvdipcht the Reutb@tiop reagiony seadfested .t ¢raiwutrgoaionor no

greater thap,dANC va wiR oy £KaF @a"tal;%sli‘ afu ﬂa%ﬁgnat&rial R Wy R ShitabRalluftARbio0r  NO

greater than 110C, or no greater than 100C. Further, the neutralization
condi tion tcerdyemnsinetude gagmippaating o ayleashAYE, of atddast KFGros pilaest HP&d or at least

Lemper at ur gpc. 1 ¥ Ak OHPCIORIPRALIBIE Sor g ot al baat LannG il ans,

include a tenperature t 1s reduced Tromcl eavage reaction conditions,
for exafpl epnditives timhpleraatwperaeyoth® driSterghaibZ)0°Gr orli@Greger th&Cl9WBE, @O, or
30C, or 40C | rt t he tenper.at urg,0f the cleavage.teactiaon,
[0be] Sui t S5 gt PR $5ge oFRE MBS o R IR Rt on o
500 psig (95¢RPaot no 8450r thka l4@augenq goiteathon 30, psiggreaer2@é pAI°Q, ¢rid kPa

to 1380 kPa auge h that 15the tr d cleavage reaction mxture is
compi ot el y S5rbr AT RGNl 8 &RERD TG IEC phalt Wi T e HEaBu FATHES | on
reaction. [d@RvAnrEemty art @d ag) e@auggef racdfoemeniontdrtempaytuicfC| Welevarious

cycl ohexyl benzene in_an anount. of aj .least 50 wt % or at |east, 60 % or
21 1 eadd” o8 REGiCEp HE HOHEITYY SR T AS eSS UPEhERTY0

W % based cpaie t@fdn YWRidBidhs, @br dxBfplel BRt@Hp ARG BECHI OT, b} Xdoar e 20
[0098] The treated cl eavage reaction mxture may further conprise at |east
0.1 and no !gile &t #FCt HaR G OT fR64lowsr than thelgmpergtus’ ofibe dervagastdPnt han 7 wt %

or at | eastoghepnd sNRaHK BaMBTizakiDRBomIitHMnYmagin@ldel #B&L 1 si® tARBuNOFRALET
than 3 wt % of any one or conbi nati on of contam nant byproducts based on the

total wei ghPa sr345A&Pe) sergeagy abeddPipig trPd e (70Bbanpl £0ddist savppianeh that
byprodygt s gandeddielibavRS fabid AMRHOLS chilplblE &lf FRIGHnE] G AE 1iﬁ|§iﬁcﬁh!a§é“

m xture 25 are the sane as discussed I n detall above for the cleavage
reacti on midsting the n¢utraleation glacticq. cont ami nant byproduct in the cl eavage

reaction m e W r.go.-si ani f.l i i 3
et al 1 zattonl ¥ b treRef I GOAEPRiSL AR FRPInckADKEIFL AR ak i apoun
neut r al i zatbf glecaseBortPonr atdsetl Osvitba ot dideast 65 witoppmatitersy 10 oft%oaoralrpit 8% at’%e.on

product . syeh 188 @6 b PR oIR8 8t lhed TR AR Eriihen 305Ul Furic
20 [0098] The treated cleavage reaction mixture may further comprise at least 0.1 and no
greater than 10 wt%, or at least 0.5 and no greater than 7 wt%, or at least 1 and no greater
than 5 wt%, or at least 1.5 and no greater than 3 wt% of any one or combination of
contaminant byproducts based on the total weight of the cleavage reaction mixture. Example
contaminant byproducts and their possible amounts in the treated cleavage reaction mixture
25  are the same as discussed in detail above for the cleavage reaction mixture. In general, a
contaminant byproduct in the cleavage reaction mixture will not undergo significant
conversion in the neutralization reaction.
[0099] In various exemplary embodiments, the neutralization reaction results in the
formation of a complexation product, such as an acid-basic material salt. For example, when
30  sulfuric acid is the acid catalyst:
s using sodium hydroxide as the basic material, water, and a salt of sodium sulfate, Na,SOy,

is formed that is not soluble in the treated cleavage reaction mixture;
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usi ng sodi um hydroxi de as the basic material, water, and a salt of sodium
sul fate, Na2504, is forned that is not soluble in the treated cl eavage
react i on woxp1ss826 VWO 2012/ 036826 PCT/ US2011/ 047845 usi mGTraseéngloarsihe as
the basic material, a conplex of (CH3NH2)2H2SO4 is forned, anong ot her
possi bl e conpl exes, that may be soluble in the treated cl eavage reaction
m xture; and usinghexanet hyl enedi am neast hebasi crat eri al , conpl exesof

5( H2N( CH2) 6NH2) 2H2S0O4, anobng ot her possi bl e conpl exes, are forned that are
sol ubl e i n*t emgrpethdgmine s vihig davie awtarieh angomnkexeof (TONID)2Eowuanifemictdy, t he
conpl exat i t | I i cle r.e I 1.Xt ure
anc w11 EgnE SHLF polsTp Seltblofes T Iy bERLRHICC O REIAG ARG ALEh Y

| east a pomtiktore; @fd t he treated cl eavage reaction mxture, thus elinminating

the need for additi,onal arations 10to.remgve the conpl exati on product
fromthe at I'BH& 4 SUPETIRGRTIR  Foar B8 clAdGagd ISRt | GHTRREr 0o
[ 00101] 5ConManCenisNm,),dH8OE i€ Xodtek POsslOBbifletasara fbried (Rt akd $dldye inM t Ih a

normal boiling point above phenol or cycl ohexyl benzene, such that it wl
tend to di $heitfoptef glepyage FIsHBHBIXPFdduct of subsequent fracti onation

oper ati ons [§¢i@h) ”%n%i&ﬁ?ﬁH@&ﬁﬁbl%ti&hﬁroéﬁct is@@fblelin theRRalel @Ra®ioe (BB eat ed
cl eavage reaction m xture containing the conplexation product. [00102]

Conveni ent myixtuterpad sahptae b thie battgpopradecthefsubschiqh distidatinny ofst &9t 4 nojtieind
does not di ] i, Se: e -at. hi it .0ci at ed
W h subseqnant S S R oG T I S S BR6R

par ti cdPar ity raneei the apinplexatpaghodust dionl dasdt ledsdat pBIOCYT the tatatddedetvaghout
275C, or a% lgﬁﬁBRﬁHQUt 250C, or at |east about 225C, or at |east 20 about
200C. [001 %T e conpl exati on product nay be substantially inert to the
ot her conpddatls iGontdnently.etikeechnglleatiayeradectchdsom low xtolati@ityorwidt emorsblr eans

derived thgreftam, such a5 66! ohexanane, . RNER! Y SHANGKY LOGRER I e
bottoms product of subsequent fractionation operations that may be conducted on the at least
15  aportion of the treated cleavage reaction mixture containing the complexation product.
[00102] Conveniently, the complexation product has a high thermal stability and does not
dissociate or otherwise decompose at high temperatures associated with subsequent
processing of the neutralized cleavage product, particularly distillation, such as at least about
300°C, or at least about 275°C, or at least about 250°C, or at least about 225°C, or at least
20  about 200°C.
[00103] The complexation product may be substantially inert to the other components in
the treated cleavage reaction mixture or other streams derived therefrom, such as
cyclohexanone, phenol, cyclohexylbenzene, contaminants and/or mixtures thereof.
[00104] When basic material is introduced to the the at least a portion of the cleavage
25  reaction mixture and the neutralization reaction occurs, some or all of acid catalyst and basic
material are transformed to complexation product. Introducing basic material at a point prior
to perfect stoichiometric complexation or reaction (i.e., acid catalyst is still the excess
reactant), the treated cleavage reaction mixture will have a reduced content of acid catalyst
relative to the at least a portion of the cleavage reaction mixture undergoing the neutralization
30  reaction, and is depleted of basic material, potentially none. Introducing basic material at just
the point of perfect stoichiometric complexation or reaction, the treated cleavage reaction
mixture will be depleted of acid catalyst relative to the at least a portion of the cleavage
reaction product, potentially none, and also is depleted of basic material relative to the at least

a portion of the cleavage reaction product, potentially none. Introducing basic material past
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[ 00104] When basic material is introduced to the the at |east a portion of
the cleavage 25 reaction mxture and the neutralization reaction occurs,
some or awb 20f2/m@682d cat al yst and basic material are tramsfarsa®d/ oy45

conpl exati on product. Introducing basic material at a point prior to
perfect stoichionetric conplexation or reaction (i.e., acid catalyst is
still the excess reactant), the treat ed cl eavage reaction mxture will have
a reduced content of acid catalyst relative to the at |east a portion of

t he cl eavadltt rascfipsHegristeidhifamatirdednadeation PlercAdionr(ag-i bastci Bteriados peucéhd on,
and is_depl.glet:alyRRshe nbRLaOlRhee RAURALRRIY WIPRE. 4 RUGQEUGHAR HARILC
material at just the point of per%ect stoichionetric conplexation or
reaction, tcﬁélwtrrelaitl\@do ticatirage podmotof By clriyagareacipn produst, geishieallydiond, buci d
catal yst r %Jﬂ‘?hﬁ\)é%\ (fo(ﬁtehh(?f ‘tﬁglc ?e‘?tal Rl £19%r&303I0|ﬁq0 gleeaﬂl G O a%piﬁ
product, potentially none, 'so s asic materia ative
to the At liestoed. p‘?gsrmpt@heaﬁlert h@ombbaazevga)rqvcblat:tﬂn@gh poedidly, copprieing icadh y
none. | nt rOd CI ng/S I %SIE:T?"IE ?ena?s [+ aSt ncu a%zec? an 366%621'9 CII;I/GHS%JI’I]'I}I’{C(O)47 6)4(.65d t he
poi nt of per &&¢ tt0|C|oms rlcpon’pllsexalon or eac¥ bas]
mat eri al i Spae@nort Unecaetcd essicrie detcastiof a rmdmedéﬁrﬁateeehcnbresmhgesddﬁmchycmxmm xture
wi |l have a. fﬁ}i@d ced content. .of _acid catal ativ ast. a

i oa. or NSRS REE Gaine Pritkishiel ctbrbty o Brioa i i ave
cont ent of ah@shdesif@l efurebr, iithie @&t that Both riePayid taflystant hie l@amuﬁitemaﬂ ahaaSI c

mat er i 5 introduced. noted earlier, a complexation product, gh
pot ent ﬁgl | Vreéﬁﬁﬁ‘i‘?@i H@at%@‘ﬁwé%‘? EPagtnaidre.Yan YLy eyt p Oéher é‘bé’é‘ieéS Oﬁu
neutral i zedoantbn@anedd toy ihpfeefeét. mAMURCOHNMPkEREdntSREARe thie UNtRagEREzSpeci e
in the case of a nore definitive reaction such as sodi um hydroxide wth

sul furic aéfegtiot s capabl e of undergoing or catal yzing various types of

chem stry, A5 €t AL RABSHiIRRAL, FadictRRErial id inkSAROS & Bk &t i@t R bhe
acid catal yst and the basic material are 10 present in the treated

cl eavage r dictlfayasmicrgtionanixeneely e rstedoricayige ishaven miktugxbaiseongins no

st oi chijgmettyer tR IB@wJpF}Heorffﬂ?eCachﬁéaﬁlﬁg dr o %Feaie?ﬁfdﬁflb@kx@gﬁq bER) Q@aﬂ&e{h&d me of
t he cl eavage reaction I n various enbodi nents, basic material is

i nt r oduced 50 oviirhe oamo |gecatr thanpkir wpm @fnot greater té@n/ah@;evpp@a@t hogregiexthane t o
forma tre r t han
150" wppm of P e de UREGHAIAR A AT bl G ARR R el B RUGE ¢ or

t han 50 \Np@td}dltmnallryooguleataawely hlmchlﬁatvqu:}rm nurodn@dgnoehe et letahampm@onvppmhe or no
greater tha e ase t he
Preated of SRolstrBEL R mbfife Agbln SRR sRER R o B DulehRsoBhPD) et ¢

nat eri &b i shannitsp odhpoedt tho bhdie natliuhe as ho rqaer tthamnlOOfwrtph’te omlneagvagae thia@a®X i on
mxture to forma treate c ava e reactlogl?ﬂwléture t hat cont

Tatter 50 e ofut oAb Rt > R S el B TG oF B e k2 188 uppm
or no gr eabethetbBan mbOiuippared @ponﬁ@tagwaghtejftHdTBdﬁteﬂ%M@ﬁHﬂLo@J’er Bat@itestbeth t han

10 wppm or .no greater than 2 of th asi ¢ nmedi um. based u tot aI
wei ght of f‘ﬁg %%‘!%’é‘[ @H{ Pasig; Ppigria ng\%‘? trE%}F] 8@?‘?2‘%81*6366?‘}1“%1’8}“8 aé%ltd&‘ip";?

basi ¢ mat ekitidr dofstinit@t twikahed Livesy agetidRast theietitedt dcRhaagotesid gthnSL as
either constituent will cause adverse reactions. of the desired

cycl ohéxandHEUethé HPasyrnt somrgsiop di¢ Purificaliar pReEiven s palea # orrigh el the

purificati @RaOPEEALEORECHSR nGuAL pdr@&ﬁa{rlyﬂn BRIfdRR cOlimhhie treated cl eavage
reaction m xture, particularly in distillation colums. [00106] The amount

of basic mi@MPFlal Thaemeuricsbatiomefsealintrpdused togthp at lepsoa POFoNHE tha deayagse
reaction mré‘JcH&nemB@urQl?é 8btRind GldeRvdl %‘f%&d%taf%ﬂ & tﬁé’iE %a){éfal B thPAshtulinBRe eri al
in the neutralized cl eavage reaction product hi ghl'y dependent on and
vari es w delegvage treacbon ipraduet wchighlgoleaenaenisen aliiﬂj verigs sy cwithtbethi tie acid

sel ect g t, of ' gast a
porti ongof t %‘gSt%gg@%gﬁ}meag%ﬁ %nﬁ&{r%ﬁk%ngfoe P%&%@%f%éﬁﬁt E&I& pﬁﬁgg?n tertlllk ques

f or measur entemt a prtivhef therolemagofeaaminuxet eri al or acid catalyst in a

| argely or usiv r S ion
mxtar o ar 052 Efbet B IEMELTR ke diitaP fe WRERLRS LR RURARLIGEE ¢

mat eri al sehtelyttan a lagdy bhexchaively @rganic matrix such as a treated cleavage reaction mlxture

are also quite specific to both the acid catalyst and the basic material selected, and the nature

- 26 -



WO 2012/ 036826PCT/ US2011/ 047845 of the organic matri x. The typical nethod
for such neasurenent in agueous systens is the determ nation of a pH val ue
usi ng varwousi1wvmtszeds, as the classical definition of pRCraSceliasmsdst o
hydrogen ion activity in a highly aqueous matri x. Conventional nethods of
and instrunments used in the determ nation of pH are based on a highly
aqueous matrix, and the 5 pH value they provide on hydrogen ion activity
is directly rel ated and converted to acid or base concentration in the
aqueous matf fhe orgamigemafix. Wi twic prthed fresel BraiuropIantst ddBeRs!s AYriensnis theument s
may Pr ovi decRbhih&RAIRIBHAlus Alin VAR SrofRUL b ihe Sl BATHRADIGAND R LR
readily related or converted to acid or base concentration as they are in
an aqueous teratydiogen [[@0208Jity T ovidgldp resuecis smirinh| enmehtiotaé metulsr dnemt  of
the amount 11%{ru8@1ﬁ§ Gised8h ?l{e' @ekerfﬁ%nah&g 0 qrec 5 ?(r?g hgﬂgﬁadg@&g%&ﬁuﬁ) Fand the
exclusively organic matrix suc reate eavag action mxture, one
may enpboy phihaduci the}hmomdn oh éwd@eeralohcaaﬂmtyr latdgelctkymeh@d ahd Aomi’tedaroaztcaﬂomt hod

is a conve%tl onal H. e h[Rd further correl ale ea | 9 t hat
S€ ncen %10&1 i} COus mat 1X er WIS such conven ona .
convent i onaf1 rumen rra pr ovide to ' Ven ano acid

cat al yst orancbastramem;{ any q:lroxccdlznplé rwadnngs d@r ar g@mmc mmtur |suc}bwaé1dga)canhbtebe

speci fic acid. |a and e 15matri x of interest.

[ 00100] *Tog R AUTEOT SPRREH BAEHEE AP oA AL ey TRV eY te Sy od

met hods f onooaoganito dvaﬁcbme €éfis pableth @nhCaisernemndlthddhdmt bfadsic anderial or

i nstrunents, andlthus rmne the acid.catal yst and basic materi al
concent'Pat PGA PRV éﬁ‘?ycorn%i‘tcP‘iSBYeléﬂPé%‘“é‘smamt"r ach By2 Orasd S5V are SeFidh

m xture. Thexdie sie Ihﬁf)/&hp'l&yswﬂht'lyﬁér@iﬁ t@hedn “adlibidt m@hod N\ eNBARIICHERST | X 1N
a large 20 quantl ty of a hi r%l h%_ﬁr ogen bonded conpgsition, generally

i ncl udi ng Wat €VeHioaH Pl metief furder fyelPedHgcoBRaRphercadipg thAcopEEdeaAl RFenent
of phenol f,REMSE infirdaif %Qeﬂrbﬂ@é’wosa %‘vetnhﬁncmnpghﬁﬁﬂcc@{al}lsﬂﬁjﬁﬁsﬁd/ magérial
reported net hod includes m Xing t he organic Ease W th m of

met hanol aRentas ipjan gFgapgtatrix W@ﬁ Oﬁélaesmeislﬁg a@lﬁéaﬁbﬁb ati pashel and s e.

The pHgeagursEhlfier eby obtai ned has been correlated to sonme property of
the undiluted phenol 25 matrix, such as the ability of the phenol to have
DNA to par 04109 iTivcofundemante sanbioachsh ervokadlablhas edevathp salitsates sicredel fon t he
bi ochemi cal, aﬂﬂ‘fﬁtﬁ %&se{i’%h @9m%ﬂt10n§f;¢1lg'nfétho ?Whgm&%ﬂ&gﬂld%ﬁﬁsdde?en&lﬂle%ﬁ@t
case does n ave assi ¢ nmeaning as e|n Ic’1n a conventional
aqueous systid mta[yél(}llld O}sidTmetesgdoneknfratnadanen D@amapputr@amhh hoa tearal dgvage

gﬁldl IbIr_]g‘: rGS rreglﬁ{mn 1|rnlsxtur£ %g%?st 1nv09ven%11£t1 %esf 'cﬁle goto(?r}" tgeg gr\{ggrglﬁ en?agr?‘x Hl %H larrrget hods
st andard hyldzmlgeof alngblyrlmd@geralbcsnie«cmmsmsn,agehgbu}pmohuémg wéhtqﬂdr pn calaehol

measures the liq th tenti al he sa i nterest and
The- ol ot r dakob EpEeibiale, hor B rRme R T PEFEH bhas® SRR Sheriinf 17 he
doubl e-j un(btdch)eﬁmbzﬂfil&l’ueﬂﬂﬁ@ réjoeed rethes ir&hﬁleﬁin&ﬁhg@hlﬂ okih©Wiganit phdse wathts. ml

Typi cal el ect s enployed with the refer

2012/ 036828§> %Bé%lo%li‘/ B3 vealir hep insaengtBe g‘tv}gﬁﬁelﬁwl@h?wﬂ%e%ﬁﬁot her
organi c or mcaQi@ai hefdl loBtainkd heOKRéE BbirQMad topédnfasqirdsmds} oRi¢ unaBitdpRAbS, the
mat ri x _bei ng neasured and. the reference solution are agueous; however, when

the matPi x "HEImaUsheadh & oF Jleghrpd fo b PR de @%@0%6%@? FEapis. pljcaglic

organic, typiscaltis Rfaviehsn i M bAchdBbATh@lsky as telig A gaRic JRtdll hoddd
conprising an appropriate 5 organic salt, and optionally a m nor anount of

wat er . AgaifidictiRethgtoras decsveatheve Mt clagsic mpgmingr g beigg agigicsinch canvemigpebbe i n
an organi ¢ ,gRl\[d HWnt h an organic reference solution cannot be generally
and directly transl ated to hydrogen activity and acid and base

concent r at i[@H18ls The gpeoad furdameagk aptiredsh da Cé&]@l@b@scaﬁbna‘feﬂﬂnetmﬁ for grgearc has

been 5%6(:' ftﬂaﬁﬁéeg Xas(éﬁ oﬁ %Brﬁfteﬁtqontap | o 0?5 lecﬂng JR nts 1|§'ec1 cf?lregt%éagu Elgtlsc{f él?ef

i nter est, e concentra an acl cat al ys or a
mat eri al . voltage generated by a standard hydrogen electrode, also known as a “pH probe.” A pH

probe measures the liquid junction potential between the sample of interest and the
clectrode's electrolyte laden filling reference solution, and double-junction reference

electrodes are also well known in the art. Typical electrolytes employed with the reference
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[00111] There are permutations and conbi nati ons of these fundanental
approaches, for exanple, using a pH probe on a diluted aliquot of organic
sanpl e. [WOR2AaRJo3bse6any approach to devel opi hg a cal i br aret/useeihodsidr
determ ning of the anpbunt of basic material or acid catalyst in an organic
matri x, the reading or neasurenent value only 15 has neani ng when the

i nstrunment and net hod enpl oyed has been specifically correlated to the
property of interest. For exanple, with regard to a pH probe, one mm
consul t~ U. Solupey incingde pasasoigm, chiumide wabp@pTPraaniq erriparisrc wlis-v B qogyergional p

doubl e- | UnGidipl, S BURMRECIE G AdSiR nPLORE o 1 eUekARADIRRAGR Rfledddi Ng
known anounts of acid and base to an organic matrix of phenol, acetone and
cumene; t hélowe\feervelweéhemawmme reQafped Seorgand, ﬂheabfeeenm grawtion isvalse OsEaBE,
phenol , n

tetraaryl a ﬁ %?ﬁﬁngnﬁ'ﬁwﬁ??gt %o%gcogéa\?lg Fﬁs% eve ng)ofs 57’ r e%%Jr%pr%ge t he
vol tageSgenaamcedlt tapd topeorpHy priober anouvaoﬁ mtsr c@gtmenher mliagmalmef thacwdl nd
base, genet aolvllc%d% sﬁe[hart A .t Qn 3L DIF A ﬂﬁ?tr{ I rXarqu ?%erence fuplgrﬁ caar‘lrrllgt
assi gni ng Phe'Vol age n%aé’uredn EReutT f A Aat &5 wpri 3 ng

virtual ly ﬂ:oe gumraelaehedumtlytmanm@ temdrogaea:unen}oindamcbhndaaalcy>ﬁ¢enmat1dnas m
mat eri al . entaC|d |shadded in ﬁ % ﬁl H to the ﬁutra1 q£genic
matrix and *FRE NG RYE" ABAGPEEY M dRd PEUEHY Bt HGRSPUNALD FPLTEPLE 1 e

di screte, propeitsef thonenicraittions imddred@iuch asSihe Romehiraige f aRycidichalysadrid y be
assi gneg a. |l owner H val ue, though again, this is not pHin the classic

defi ntil8n Pﬁ“%@@@ s systens. Then base is added to the acidic organic

mat ri x (theooan ganiThedBidré b¥rnivsatiohd bt &Mibindliohd 61 BRBRMuS daGhta REprvhtader
recorded, and such voltages are correlated to discrete, precise 30

concent r at |66%’§’1%F451§%P6H\/Hr‘?bﬁ mafhlatef aligrof AEOTEIES 138 y obt ai ned vol t ages
until the \[mhtm]genpa@s&p@raam w&k}elbm Rebiirabd REIDY forBeRAnihmgliran Afdad
beyond t he neutral point and the vol %age recorded and such vol tages and
corr el at ed of Basisi Bl ar agit eatdlysd I BIEG BeTigntge prdipg semesyemeyoriuggay my
arbit rasi | yobpearsl SRGANS iiaREH Al A HEmARRY AR ARACAARaTly cbilifed o NOT
pH in the classic defintion in agueous systerrs.
2012/03682@ﬁﬂﬂ¢MEm0irﬁ@¢$8E5rP@O@k@ﬁﬂhﬁﬁﬂhbwwnﬁﬁaﬁbﬁﬂnvemwﬂmnﬁmdj§aPﬂbrated
met hod of qet enpd 3G KLRR AMRHAS cfle f%? Ezhédféoﬁlfﬁfereﬁé‘éél&tﬂgﬁé g?dbe kn the
treated cl eavage reaction mxture nay I nvol ve elther

f undanent aldemhme(bamd oo adcbnglbmvramnbunmstf racndend banlte;emelgenic hetred of, phoin@dr ei n a
titration Gt a!nﬁ C(ljle\él’l WE referencg solu’[e o a‘st Spris su1 a'tbfe rganic matef\gc (R'H Val ue
(for exarrple usi ﬂ g paper on " di T uted Al i gus ?gorganlcs ?e’)

vol t ageo rreaeanasren'cmdtcu(ﬁems aeﬁarrpdketrulytmgf @ tqpdall kg 1- oinen mnaaayﬂamnmmuut adt. sampl e of

organi c matrl ci f.i.c ampunt .of Cld cat al yst . or c material in
SR T SOttt R A T R S
devel oped wbiddnt@dtiony gutiE adBbdse, Xgeaaaly bp mﬁgmgyﬂ{mhemghrbenmﬁeﬁeep&emmbr and
cycl ohexanon Ln oneﬁ s‘fppem fic enbodi pent, the startin ganl C trix for

devel opi ng Phes¥gingaieoliagh ety 40 KUEd | Brhite ORRY SHpHiEe B0 wt %

cycl ohexyl haRrgaaeor diRombahgaet oaadd toaWkrausik GRexaN0Maen SUEh Adsd ar ting
organlc matrix, if used as a reference solution in a double-j unctlonagH
r

probe, 2Amy MHeipeREy toctBenppytiad oxganis; pafpx @ndithec Yqlaes fesorded;cand sucth veynagy 9

0. 03 W % ofcomelhtBd "t@-@hs@éte p?é’ms'é eoh&htr YRR 4418 S8héh vSIMGRs @Ry arbitrarily be

t et raphenyl ammoni um ch | oride or tetramethyl amroni um brom de; and optionally
a mnor andtrEncdR lowerart] valug though ogaipHbises nqtepipéy e stesge defiuion dn aguchus
respect to %Q&nsovﬂ{eﬂlﬂaser%)%H&gdeto(tﬂé1§01(ﬁé GRAhiE RS e Q%Eﬁg%aﬁggmfdtﬁ%éﬁ?ﬁl
shoul d mai ntain the aforenentioned proportions though their absolute val ue
may be redisednentsnangdnthe voljagetrecosdddt awst suchevoliggos raye ccﬁf@dﬂtqdqo dipescte.aptcdiseat ed
method 167 chRkedbA: 4P4GH TP kAR ATANEcObuRE bbiafiBh biaks QhPAS R er i al
in the treateg eavage reaction m xture may be enpl oye PN t I'S I nvention
on a 20 ccpﬂﬂscsrtheoluglbdlsir@utratl haint.  Base dehﬂlrawldwblntypm thedéwal pyintomd sheredfagear
freauency. (LR nd YoM Sk TEARULEMES S| NG R IR ARES L P LONKRH ont
for such continual ermmatton, an PHi 3? P edf

cont i nuousvyltdgos piap \aibdelrmnbamsaigngi shighal pH’)fzalwa;) Itltoagle ondelcmgmueﬂh;s islhbtytte ch
approachestof jvari ﬁﬁ i{ff) wll| also suffice to allow continual

det er ni nat it6rFIEHC eLigp WF%‘E&%% Y I n one enbodi ment, the continually
determ ned anount of the acid catalyst and 25 basic rrat erial in the
treated cl eavage reaction mxture can cdhtinually be conpared to a target
anmount, and a difference between the determ ned and target anmount simlarly
conti nual | y determ ned The introduction of basic material to the cl eavage
reaction m xture can then be adjusted appropriately based on this

contl nual I y det erm ned d| fference to reduce the d| fference and nor e cI osel y

- b . e



i ncreases the introduction of basic material by an anmount proportional to
the difference via increasing the opening of a control valve in a |line that
i nt roducesolasimseseat eri al . [ 00115] In various enbodi mrenPsT/usentiagisithg t he
basic material and the at |east a portion of the cleavage reaction m xture
is conducted in a reactor, the neutralization reactor. The 5
neutralization reactor may be any vessel that allows contacting of the acid
catalyst with a basic material for a suitable residence tinme. For exanple,
the neutr all‘?ﬂzlé%lu on fhegiBstant Inptione ageelibigted reqthedyefsdesgiminang the gpennt efsagid
reactor or c&hl@?t or bBGc REKEEBh] 'tl?cattréa% c'ie%@&gt% r%ﬂb@m@?ﬁﬂ% %&rﬂe%loﬂéﬁt Tﬂ%rh%yal Iy

t he anobunt of "acid catal yst and basic ertal reacting is small relative
to the ovenaolvegitherdundementpleapprdclcloansthegie apé astrioenthilisqussed herging whetgin 2
managemnent 0 I c r
R e S TR T T L 2

| east aSpomepeoienafdiluted abijenvhgeanieastplon onvoltage erchvurdnivat (feutxaaiplezatnigon
reactor oceurs (ol & St APLEIES dBNGe LR 9 ERAR & SHOLCRI QTR & O
near st oi cRi'dime ?rlc conversion TRE AL a?al9 tnd "pasi ¢ nater &

speci es, atbeds dhargal inea peaeadactld:ava@ ch@ivh aailk tukd. n?éypmzetlyo:ﬁe t1’rm1oaodudvec‘aﬂlal$eyst
and baS|c 15 mat er. ecies.at the neutrali ation itio | oyed in
the prosentiTTBRTIGAn oSG ai coriris B sy e e bt i s

| east 0. 01 Laoet specific eab&limehathc S@rtifk PHiaRS, madtix & dbehglingdth Btrattva dnﬁzegmeat er

than 20 mnutes, Qr a east.l d o] at t han

| east alopoﬁtqaﬁﬁrat?ﬁ f{‘ﬁﬁ J[ F%%Hréas g\ @%ﬁﬁ’@’&g@%ﬂle lgtvﬁ/ éﬁ&?f 5%10 2‘911 é°ct ed
to a processdlbdxantib.C BudiBy sthifig l@d@ni@lmatﬁi 1B Q4% of hastican: Qﬂuttohentard@atsl@d

cl eavage reaction mxture as O direct]y produced w thout undehﬁﬁlng any

separ at i onJynstion PH gioke May-fuithes Qomppidg|aspiip!d dlestioltiss syahian§- 04 gre A RBEM " of t he
treated cl @avagRrahRACtiORuIHYdhG iR @itr 86dH ¥s RECHUERhRoRRt Bfdride or

di sposition, such as tenporarg storage). Thus, the at |east a portion of
the treat edet@rr@ﬁwbg@lqnmbm@h Friand epteonﬁlébyamw JpaIns efnwatelo sPo s MitToo e t he
treat eqSCl %@1’6@19%65 %@ﬁ% '\x@tﬂ rggp&t% fhe d%f@lrah hﬁ%mr@dtﬁe &%aﬁ@%tr&fpe}ﬁﬁtaéé ﬁ@lr@sd

cl eavage reaction mxture as directly produced nay undergo 25 one or nore
separ at i onshouihuaiatpimibp pépeentienqdr pyeeetions thauih thegepbsnlete ivelne (ngy be reduced
separatlon§&nmggmﬁyglS&{&q é@aéﬁnposition relative the treated cl eavage
reaction mxture as |rectP produced, may provide the at |east a portion
of the tredddddic| éavagératahmbtﬂlochomhmtoa n@dSQrbji@cﬁledlanltDﬁa:idlemlyaloir baid on
reacft I on. era 1 !he trea rl 0 e%vaenbr(e)d mantl)%‘mr tnqg bg\ér%nfo ecpln 1NVe t1 1 on( 2)
oxidizing a TEast 'a por ot afeed ¢ nprlsP 6 cyc ohexﬁﬁBenzene to
producéOancmmmddﬂm&a‘mmmpo$ﬁ$ﬁmmdqnn@huﬁwngwnyghhhﬁmyknqd Direct (undiluted)

- phenyl - | dr oper X|de cl eavi n ortion.o the X|dat|on
coposi 11 omerurarpi s eEe s aferSdidt o Shee SRR PiBlon, s iard

cycl ohexaneta Bnempgibyddeaatim@ndy ao pt@idenaninalognibnal pf esagac Hongva! dihgast a
portion of thﬂﬁﬁlea ge reacti P m Xt 2012/03qdé6PCT/U82011/047845
with a basifeP” %Ya ous BRy &t 2le Sﬁlfg&%fo 106 FYtgHE SRt AR P AR to a

converted GR{icABY.NBNéNe élﬁl%ﬂﬁﬁbm F@lﬁ@@hﬁﬁhﬂm Qci¥Bdinkd 8dour® A€ tHeQdidNdatalydt 8nd
[00119] It will be understood one sklrled in the art that the oxidation

conposi?fi oﬁa%ylaa?ﬁlabrng@ed%?éteerc Wrg@ TSRAUPD FRIXHER GidesPntiayely e qamPatedde 2l t er

the cormosaatr%& namcﬁfaf 2P frereRQN Bet@Eed L dE BN &l LEATH AN &int rs@ﬁﬂé—‘rlﬁ
streanms may be added to the oxidation conposition. Addl?lonal

al ternati véplg}muiﬂh/edeéqmwéa thihg intrpdyction of batiematcapldp dire Jereagy remwe ‘ixture

separ ati ongafidh BE Bl AHRIHORE UK HEHRYAGIRAIQBNHNG MK EREHOPduce
conposi tion. Is 'ntended that such altered conpositions be included
withint hetl@efiufﬂqremeonnd)frndrmloa%ly|a@m0@@nﬁ@siatgebﬁmbur[t0®‘1mf} c@pkyptl aidl Yasia he

cl eava r n ti ) ) and
(o) tnap arfptef i Sl Bcif R and A AcPHfy BE chfllRich (OB KSRl
conposi t i orstotveteil wortud exhtan, twhereitt heongmitdriti) trécoivent sitedl dawegenlibatltmahod
mxture. instrument that it correlates to an amount of acid and base in the treated cleavage reaction
mixture, (ii) calculates the difference based on a manually input target amount, and (iii) for

example, should the difference value indicates there is more acid than the target amount,
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Uses of Cycl ohexanone and Phenol [00121] The cycl ohexanone produced

t hrough the processes disclosed herein may be used, for exanple, as an

i ndustri avo=012v36826 as an activator in oxidation reacti @03/tsaalion7sahe
15production of adipic acid, cyclohexanone resins, cyclohexanone oxine,
caprol actam and nyl ons, such as nylon 6 and nylon 6,6. [00122] The phenol
produced through the processes disclosed herein may be used, for exanple,

to produce phenolic resins, bisphenol A, e-caprolactam adeIC acid and/ or
pl asti ci zergreasqy thy eilystivn AT hesicomaicniy byont amove pgpegondl oothe aliffepngarve 1

11 ustr at esARsifx fIRbafiNe AaES IR if £finAhAdHEIAL BASH BhicARd

cycl ohexanone. shown, i ne conprising cycl ohexyl benzene is provi ded
to oxidati cwﬂlr‘lélactlwarmsemb@dn@ermmommgﬁlsq bagic avayayiehandethgyat leagt ¢ porfign aﬂ so
provi ded t g 0 a 0 i

xygen s o iae MachERAbdheatndiclf (A8, EnEGRRAOR Rty THRs

oxi dati 6n melamﬂlmtlom(i@acmrandm bfearr.m&ssel thageldordemtesting Dhtheaimdmi;alﬁkwmblaar y
enbOdi ment Sl(|: ! nFeI'lllof% V\l S%s?idence {ll’%as agX%Ut elﬁl.? 6‘131/ zatloaﬂtre afsntla aé)OUt 25
w % or at ? ut ® é‘(‘j % of at eaSt about 75 \/\ﬁrq’1 or &t ast “about
95 wt % or amtopleeasrt smbtamiallggopmh%assﬁel aymlt@hexxplpbenzrhameubﬂ&etﬁbmmnndmﬁsal

oyl ohexy! SFOTE, P HFHTG AR BFILY e SO0 GV, Hoh Dre HEae 6 130

cl eavage r edathverto iikdoveAl saiubt fateateyl Sleate GeactiSilixgiirt Cand deal) mardig@h&0 is
provided to cleavage reactor 114 via line 112. Conditions in cleavage

r eact or V11 A0 RATILGY, CWWQPf@“@?@ﬂWﬁj@“P%ﬁ%@an t akes place, causing the

cycl ohexyl {do1pble Ny vaiday ehBREMENE, ¢6ntadithe AYbadic heftery SHIORE K 1Q¥ds B8 Borafdlof
dlhydroperOX|de present to deconpose t.o phenol, cyclohexanone and

cont am nanth cle&vegedgaetgbmixdue i B nﬁﬁtsa{%ﬂﬁen FREIONENCHE fRRerigble ygeydence time
2012/ 036826PCAMUSIOEALAAHRAR £MF LBRENARANEconRELBh Lf theavadsabat Mldy 8dsi@nd
one or nore contam nants, is withdrawn from cl eavage reactor 114 in line
116. [00125teThbsRerisavaseedingdbg PisHaimachemical frinefiereof1the apid qafahist precibases
Conta”H@a”hmhﬁﬁPE§£w}%QthM@&ﬁﬁh%RBhQbﬂ&n&mbéﬁﬁﬁy&ﬁﬁﬁﬁkthkﬁtEwmu%ﬁ‘”ﬁl or a
di am ne, such | pent anet hyl enedi amne) provided via |ine 118.
Cont anmi nantvariess cmoedimes, rthglreblée@nylrr&ewtd@ass@ﬂt aisl no greaterdhan ¥aminotes, lve abasi ¢
material - ufdyld Zed HRELRILRY thi 26 B G IERY aﬂﬁﬂgg}e‘i@r b SLEMEKQ. 1. basic
material is not prOV|§e3 B a separate line contani nant feactor 120.
Such an enff@dilfentAtilsast epomasm nf alteltm@ted)fcl,eawfage r@xtmmphe;turcarrem Ibe dulijedddcto a
material. |lpn this instance, th the solid
" & rannerebiiiic 02! PR ot BrishRgheliing Rlrditd dakds et phlR B0t o
di mensi2bns daewly quraditced ymtfmbutsmhdecgoug syc kephulaidn i(d.g. psme destidnh eeswl8sd tﬁeth
contacting idence ti iven conditions. r|o jrent s,
Che. cont ami HERPS STHES bamEe (b it ionmaeSGRfer BT m il wlitia® Frpfoh

cont am nantdisp@aihouch 20 tenggothry kerage)l | Thudahe at readt arpoadionn@Eythd ecdiciecledvagd | it
| oses effectiveness and then re | aced. H%00126 I n anther enbodi nent not
shown in FiIrGEHE PIXtyr gy haveg ﬂi‘Fa agye; SOmPRHTOHE Hhe | fegigh §lesvees JErsE Mygrc

material, frafheXlinRlséme a0HE BtSedSv AN by a6 ONIIEe aNdlreeMNhRdIR@ Ray he@edOr 120
may be a countercurrent wash colum, or a liquid-Iiquid extractlon col um

or courfer OF PeRPTesSParationy fand jag @pRIOPARIPRILh ﬁf et ?eﬁ@rammm SCPRIRLGRSG HORN

enbodi ment ddifie8 Sn RShpR R el cFhd %ﬁedlcl@@vﬁgep?ea&foﬁ SERburcC A (ﬁﬁ/écﬂﬁ pPoG@ceﬁ resh
liquid basic nmaterial into, and the used liquid basic material out of

cont ani nantmay gaetidsy the 20 leasi o pEIETY bF digrted plepyape septianemixane ssbigeisdde jhe
process 20Q.fiRhiRLRAIGIRA9 phenol and

[00118] In various embodiments, the invention relates to: (a) oxidizing at least a portion of

30 a feed comprising cyclohexylbenzene to produce an oxidation composition comprising
cyclohexyl-1-phenyl-1-hydroperoxide; (b) cleaving at least a portion of the oxidation
composition to produce a cleavage reaction mixture comprising phenol, cyclohexanone and at

least one contaminant; and (c) contacting at least a portion of the cleavage reaction mixture
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cycl ohexanone. Process 200 conprises supplying cycl ohexyl benzene

hydr operoxi de by line 210 to cl eavage reactor 214, which also receives an
aci di ¢ clwavapa3lebal yst via l[ine 212. Conditions in cl eaTageomaastdr 214
are such that a cleavage reaction takes place, causing the

cycl ohexyl benzene hydroperoxi de and any ot her hydroperoxi des and

di hydr operoxi des to 25 deconpose to phenol, cyclohexanone and cont am nants.
A cl eavage reaction m xture including phenol cycl ohexanone, acidic

cl eavage cafithl yPasiarivpterihttarfonit gt lqas HiNOHNa ther eovaglinany dg e Pemetst 214
as a cl eaV%&ﬁaﬁlﬁ%ﬁtﬂh%b holistif: 4 odifillProfckBn nliAQA28] Line 216 is m xed with
a basic materi al pentane-1,5-diam ne), supplied via |line 218
to conpl ex (419 aﬁﬁwglémmlétrbtzaed by enailitidgn &e@atvtégtéh@améatgogtcommse@mm@ a 30
neutralize t anone,
one. or mor SEERPHE RO E AR benhOh PO AT SRR R ARSI
neutral bz atOh@m) motigde¢cdastrearcoandan ir@mtlk yireols uwhﬂyebel alddttd'ie tlradxadatien odimmdmlon

substantlalkﬁ frali } amand.furth hav elatlvelg
1t10na é/ T.a terna Ve a/ S CP]%IBOSI‘[IOH may, e heate n I, ONI€ O, MOT separatlons
volatility conp cycloheXx nzene. “I'n one e od ment, excess of

t he basic rmd/exrmmtﬁcatmns map be 9dformedi bméheDkBlati@yamepobikien. Skt ¢ mi@ndmiahartlscch
neutralizat on, of th 12/.036826P US2011/ 047845 aci |c”cleavage
catalyst ift ‘TrFq'l‘éo%él%P%Sb@ qzeﬂézv@ﬂ'og? g??nilté @f gﬂ’roglci)l?%%f "$foduct in line
220 a nor e [(ES0)C Shailast alic cledhkd Hfadtion emikBfde idayp udderglednd @r fidist ackiemar at or
222 fractionati col umn whi ch vides a first overhead roduct in
l'i ne zég t I’?&‘f’vef’%(bg ﬁs tﬂ gypngptt ‘gvﬁdbméenﬂ?dgﬁ]i‘étrsuc% QU ENSRT ‘y‘o"t‘shan
cycl ohexan@pec(Re@withif@iduekigiich opeMaanRRektibehakiye to at |east a portion
of the neutralized -roduct streamin line 220, and is depleted in

cycl ohexanddses of Siyglohexanone audhBhenobonzene and other [ower volatility
conponent Séﬁ(ﬁhiﬁ]t ' ‘OI%e E&bl@&exiﬂ%ﬁ@ roud®@fitirb@h R pobR s AEToRd RS REPHYGIdSt ream
inline 22 First separator 222 also provides a first bottoms product in

| i ne 226 t Mt cxagnk, @h anningysdichelvarfode aarrstivage Qufaton| jeagiiops aivb ik ies

rel ati vg t 9r0d%19[10tnh@f 5@;%1% ra@id‘ %?gol{é&%‘ﬂgtres?ﬁsr %?Hbﬂe@aﬂdn@%xgg@’caﬁﬂagctfaﬁlr Srﬁf‘ r

i ncludes contam nants that are difficult to ctionate from cycl ohexanone
and phenol nylend sebp eyled 66fd mdoefbal with a higher volatility than

cycl ohexan rel n ral d r

Pt hor  RERE <18 pffh BrodiCe BRI RLCBSRMEIoRY HERAM by ok AT ey
cont ai ns alekamxﬂc;, toherordocmlphem)ﬂlc omnsipy, oelspdienél nAr eehapethciant, oadlip1¢ stcids epdiorat or
222 in |lineg, 220, 15[00130] The first bottons product in line 226 is

provi ded tghgg%ﬁ%d separator 228 (e.g., a distillation colum), which is
oper at ed tdmgyggkﬂehmoggggﬂdhevgnhsad product in line 232 that is rich in

cycl ohexan elative to,a east a rtion of e first bott p
AT Ll PTGt T ot o S b ot Sl ey
cy::l ohexyl laﬁcﬂdh%ﬂﬁlonb OWe khosal, divé |1?2 %ﬁﬁ@?ﬁ@@ﬂbﬁexy&ﬁﬁkeﬁ@ﬂ\{ﬁdﬂlﬁﬂ t@@mdatlmnnant S,
relative to at t. a,portion of the firs ot.to roduct in line
226. Secon&e%@b?ﬁé pe P HE PR (¢ &f é%aﬁii)rl?fwld%‘ﬂg g@&%%fe%?ftl(?ﬁs

product i n AsitA€ od&tidnh@ictios cotehied, dxexal i0ENYkbant enoxaRd depwRl swednatd | ity
conmponents relative to at least a portion of |ine 226, and conveniently

conpri s FHeNS %0@9@106%%9{0% Yi, lige AB%-r &b pecopfangorih gATOUS FXEMBIRIY { he

second bOt%HB§mHkﬁ§Hﬁklbﬂc&m&%egﬁgmhﬁdthh)WRé(QQPEQRQQRRvaQQﬁB@MQ&@Q al |
of , the conE%antlon product introduced to second 255eparator 228 in the

first bott Pt dP sefiecer 4t iastiahent 75 avt ovat drpt abhet SSerdnar gleashidbant Produet i n
line 232 '%% bﬂeﬁ%%eﬁe‘)b&@@hﬁdﬂt%melgﬁ%ﬁh%rsu@% Cont am nant reactor 234

contains a basic nmateri al conditions are such that at |east a portion
of a cont affHadt iGyclobesyécnestc hrﬂrep%@ﬂdﬁe(ﬁige@}’@dwalﬁi -plpny1-1-hy drepep@dde) is

cont ai ng, e t nt i W th
The. ceabnd P AGHUEEMATID LI o LIRSS L8] 8RS L€, IRk REAYLIRS

r eact or 23@NWF@01@Q$w@emnaMwnahtVmémcﬂbl 28ddineny ibeleavige vasoel 14k tsadh v
correl at ed t S ri a ut|I| t herei.n, i
reduced ang%gf %%é%%g’ %%?% h'e %%&?5%@8&¥leph%ﬁ f%y?ﬁgﬁ&g@gﬁ ess
volatile than mya1dhéX@aomﬂ% H&ddﬁﬂ@dm@dokﬂetbkkﬁtS&p&h&hﬂﬂmQSﬁ)]ﬁbﬁdh IS

operated to provide a third overheaq product in.line chin
P cygohexanone (P contamlnants g pcleavage reaction mlx%ure 1nc?ud1ng phenq
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WO 2012/ 036826PCT/ US2011/ 047845 cycl ohexanone, and is depl eted of

contam nants and converted contam nants relative to the product contained
in |line 286.203ss6separator 238 is al so provides a thi pdThistalong7sps oduct
inline 240 that is rich in converted contam nants, and is depl eted of

cycl ohexanone relative to the product contained |line 236. In one

enbodi nent, the third bottons product in line 240 5 contains sufficient
cyclohexanone to carry within it sone of the contam nants that may not have
under gone SYFIPHCKEWNE.GiIfidi clevinea mtpxEtitand @ae pbmopaeontqnpuAng3is THedrawR figm
bot t oms pr afliGloe kddclot PRI id4e $RNT @i ni ng converted contam nants and
optional ly cyclohexanone is also provided to second separator 228. In this
manner, any0ly8l oHdg slearage prag@nmixiyre urhlenet Hiorigl dpesteddasoppoiget reaator| i2fe 240
will be r eGRYR! Ehntahst NE. P%SQ SGGRRAG 0 ﬁﬂl nBr 0guct afnfidd1€ sgde 4 @ndl the
converted contam nants w be reane e 'second bottons product in

i ne 236. meﬂwﬂmatam@éb@enemins)hnvmdddmfllgfulkS 2ontadmgngniy rgadtoh b20 mmsbeparoduct
in line 249 contahnlng-Ga0y &1 e Gontamnants: AadnPas tlnofichigkagone is
not provide ed' o "S8CON se arator 228:bt % directe rnative
proce55|ng;nE@ﬁﬁlfbmndmw%mesnduﬁ@@d@mgzaﬁﬁ@ﬁ@ﬂﬁéhomkmhmﬁmanBEmmﬁﬂeﬂence
to Figure t he f|r arator d/ or of sec separ.at 28.may be
oper ated t Uk gt BRI PSR i N o D Brger It P e ey o (e

tinme (i.e. Jnsfhﬁied, chiite@ina®inicact@NIA0tfilRO SYith the selaner fnalaier keamtiva tgfking ale Of
the co s into a second rlflcatl pr.oduyc wer volatility

t han cabl oﬁ Sevessst ar&ﬁﬁwcwrg#‘ MEFS I HH AR q‘tﬁBPiycﬂlﬁl IWS S‘Ecﬁi‘ ar’iété{ro‘t“ﬁeéé]%errent

may be enhasged d@ﬁtaamgaféﬁnéﬂcvelmes BCheagved codlitiDhS iR iveRbRNBATJdinaedithd on of
an amine with volatility |ower than cyclohexyl benzene. The second

puri fi cati GPNHPHEE MY H% Affigsd todhg jpdid spsdBymgndgpmels iy ernsantipam reasfar F30; aid

bottoms pr gduetid b:ﬁm’ Ihzfl@rlaa%ﬁy b lsddRBtiSie RO BANANE aRf BEChlabd. | i ne 230, or
bot h. [00135 be understood by those skilled in the art, the

met hods of [Q(héﬂpr é%éli*ﬁthqr sbpdimept nohghae iniFXBr Lribe bl meerish meptbe gruvishi t
operati;gn %h%ﬁ%a%lc%terﬁm %x’al‘ﬂ}ofeh ueglé sgéhgl'ﬂrh?ﬁro(}?fde ‘Qh&@dﬁ%ﬁl’ﬁgaﬂt Reab3Ri 30

description, including but not ed heat exchangers through which
streans rraynamé?s@ Cpmt@rém@asveslmolurm 08 aéteulﬂﬂlamd cxtpRion geluma or peungrcurisnbei ng

i ntroduced sérﬂ:g %{ ﬁg\.@ ﬁld %Blﬁﬁlﬂ%‘gnﬁ% %gtllch%ﬁ e&'ﬂ%ﬁle@tngneg %psrhggﬁ% Fi 1% 1

provi de notive or strea m xers, 1 nstrumentation and con

val ves. [ 00k386F presed dautymg]t;he &mﬂimmgﬁoa&hendﬁr@ljmes and thestaddigeiddent mawuals
processes, t[athcconp enga% reac 8 12%0 (e.g., with intermttent introduction and
renoval of °8 %£ m-Datch operations (e.g., with sone streans are
i nt er m20t e@A1R7]i ntPhgthchdllwraltesr e e eohpaargl BoOM®s sZ(]Oe:ﬁcms paxlecicg nthemlowasl y
renoved) are

or csent | nISHRIeCR R "o bSaPphga~BRG o o LPF S traPeraHE oy B
parti cul ar 2eereodicinapt seactohas4 vaficlosldd RREes ki hdldlb tldabize atatalyai i lmpIeci at e
that the | %\égclilltillor% 1n cleavage reactor 214 are such that a cleavage reaction takes place, causing the
cyclohexylbenzene hydroperoxide and any other hydroperoxides and dihydroperoxides to
25  decompose to phenol, cyclohexanone and contaminants. A cleavage reaction mixture
including phenol, cyclohexanone, acidic cleavage catalyst and contaminants, is withdrawn
from cleavage reactor 214 as a cleavage reaction mixture in line 216.
[00128] Line 216 is mixed with a basic material (e.g., 2-methylpentane-1,5-diamine),
supplied via line 218 to complex with and neutralize the acidic cleavage catalyst, creating a
30  neutralized product stream 220, which also comprises phenol, cyclohexanone, one or more
contaminants and complexation products (i.e., formed during neutralization) that are
conveniently soluble in the balance of the substantially neutralized stream and further have a

relatively low volatility compared to cyclohexylbenzene. In one embodiment, an excess of

the basic material is supplied in line 218 beyond the stoichiometric neutralization of the
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WO 2012/ 036826PCT/ US2011/ 047845 |l ends itself to variations not necessarily
illustrated herein. For this reason, then, reference should be nade solely
to the apwended3es2ai ns for purposes of determ ning the Pcuassciope’sed t he
present invention. [00138] Additionally or alternately, the invention
can be described by the foll ow ng 5enbodi nents: 1. A process for producing
phenol conprising: (a) oxidizing at |east a portion of a feed conprising
cycl ohexyl benzene to produce an oxi dation conposition conpr|5|n9 cyc

| ohexyl -1 2pEmdvage cAplypopdine 21 @it give the subsiaptigdlyagyirgligediprofucs &t I %@é&ratu on
of the oxi datd QRicRMQsi tion to produce a cleavage reaction 10 m xture
conprising phenol, cycl ohexanone and at | east one contam nant; and (c)
cont act i ng [@f129]e adtinca2Hoist providest ta est céneraia g2 2r @aet frastiomation woimw) twhieh basi ¢

materi al ‘[B Cv?cﬁé/%r rs@&ve&%@& ro%u&%tlgfeszﬂ Jhét*l? S ) %Pbtnaf Razx%ﬁié)ﬂ}é‘rﬂé} ed

cont am nan ereby pr ng a nodified reaction m xtur
of 1, wﬁererplta,tlltltheham@mlalmxam (¢-8, mnteybyclwmmn@@ mﬂatlacm:d,tﬂ@stad noptcant af¢he 15

hexanal . 2leREELd GO RALLE ReERNIE, ofy Y ChAREXEIP S fdlonTiui Yl one,
a hydroxycyc &Xahone, Benzoi'C aci en20| ester ofext
cycl ohex anoy&ﬁoheaylbﬁtzbl}d anylaaltl&pémﬁee nylauhtyccbmbe)eatme\leuve to at least a portlon of the

1- pheny1l-6-h 0 - one clohex 0X he one, and a
b el e R R G e s 2 P ebaEr 2L SNV MRS o A OB B o
mat eri al i prodoe 1ﬁ)ﬂ1ném2(eth91f is &igh &id k}&ldhemb@d andaawﬂyﬂ)ﬂmlﬁtyd@)mp@ﬂerﬁd ﬂé&]tlk/e e)ar t h
net al dr oxi de, ali. net al a | kali  earth netal acet

al kal i rwret e I@H‘F%ﬁ P@d“%ﬁ“%ﬁk‘& ’ine Zg‘ff‘ﬂg Br\é.@ﬁr ingluds SRprainany thaf %ald}af I?H%‘t aI

bi carbonat & fabtichktealrbmedictoReBbiR! akli BRMBN Nt edepRETADHH ﬁ}ateﬁalbaf&hod Gledyr an
ani oni ¢ exchange resin, an activated carbon, and an am ne 4. The §rocess of

1, wher ei n veRelyancypigheanope. felatiye forthemquralized padyshsyear it Wia328r fusbarne

255. The pr gesis ®hitdms whenel i tike 2Bt GichBhehhdlcohdnRnl) dBAEGs aft- of IR
process of 1, wherein the contacting (c) is conducted at a tenperature of

about 30C @@nals%ﬂﬁlpnQB@@tamwdacqslrle@éwéenafatcw?fé%nn Ije2d0about 3450 kPa. 7.
The prqgesgy@kof. T%%Es‘%'b@tt&&ﬂsepr%gwt ﬁPﬂﬁe“&ﬁ(lgG%)ro'vﬁie&%’Q@&ﬁcﬁs@pﬁtoﬁzés@%raﬁ%re

of about 6 C to about 160C and ressure of about 170 to about 1
308. The pr dsaBgiopfcotummyyeriel i 0p¢reteé tmpravida anecopd ofeshaed dradiyeti in gine A2 that

oxi di zi ng (1 ch 1n%%clgl§£b§?rw’n9i%§t§\/_?qg atll’eas\fvgg)"oquoﬁ L{n{% Vﬁ\ﬁge{%?tﬁﬁl?ﬁ%huéﬁn flf?é ﬁ?()d

during the cleavi roce
cycl ohexyl laechimier |1mhpdemtume1dmbyt5,cmdt acddptetedbeinglemel, wiytlhhdxy heogan lowert he
presence of oﬁtlfi)tlyfc%rrlll%&ile%{% nd® caotnger}/e% contaminants, relative to at least a portion of the first
20  bottoms product in line 226. Second separator 228 is operated to also provide a second
bottoms product in line 230 that is rich in cyclohexylbenzene and lower volatility
components relative to at least a portion of line 226, and conveniently comprises phenol and
cyclohexanone in azeotropic proportion. Further, the second bottoms product in line 230 is
rich in, conveniently containing all of, the complexation product introduced to second
25  separator 228 in the first bottoms product in line 226.
[00131] The second overhead product in line 232 is directed to contaminant reactor 234.
Contaminant reactor 234 contains a basic material, and conditions are such that at least a
portion of a contaminant is converted to a converted contaminant. Line 236 containing a
reduced amount of contaminants relative to that provided with the second overhead product
30  inline 232 is removed from contaminant reactor 234.
[00132] Contaminant reactor 234 may be any vessel suitably correlated to the basic
material utilized therein. Line 236 containing a reduced amount of the contaminant and

enriched in products that are less volatile than cyclohexanone, is directed to third separator

238, which is operated to provide a third overhead product in line 242 that is rich in
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WD 2012/ 036826PCT/ US2011/ 047845 11. The process of 10, wherein the

bi functional catalyst is a zeolite of the MCM 22 famly containing at | east
one net alweebea3estéf r om pal | adi um rut heni um ni ckel, ziPa®/USROM/0aT8dS cobalt.
12. The process of 10, wherein the contam nant is fornmed in the production
of the 5cycl ohexyl benzene and is provided with the feed conpri sing

cycl ohexyl benzene in (a). 13. The process of 1, further conprising:
heating at |east a portion of the at | east one contam nant upstream of the
cont act i ng cf@yher@ogc.taspe depleipdoiofontmirasisand OOGTied cpptamiverts sclsbatto theat ed

cl eavage r eaghQBndindd #1286 PThiRd Rfarhfof 28 is hl%é‘ﬁiov{?i@@a ﬁl%tb%{i&rﬂ@ﬂ%duclﬁll‘l The

process of 1, further conprising: separating at |east a portion of the
modi fied r éla@ﬂ%*rhams cmhelt conyerdedacopfamnantst pslaimdenletad pheygtohpxeagne @hléw@fo

cycl ohexan% rg‘clﬂfé 44 lliﬂ%l 23%' 3)9 eHBSleHBﬁit' Eﬂee[fhrﬁﬁ B@L%Iﬁs OMCE%IHﬁe 2

second strea rlc |n t e converted contam nant ative modi
reacti of pEGMMo$mﬂﬂmﬁmcﬁhbh@mmMESScah/wﬂhmurahmwakmﬁpmﬁ@hmgnsﬂﬁggpamat|ng
at | east ap ortlon of t?e cl eavage L ea ctlon xture upstream of the

. untdergoneopurl cation 1m ¢ 1’1 minan reactor :{Eh . ..
contactlng 3 vi dé a cycl ohexanoné-rich fraction containing at |east
a portion ¢0188je C[thntthnrd baming produdorioVindi240 ctohmrﬁ:rcgma]rviammlnctcmtdnrina:nlmeand

cyclohexanone rji,ch fraction.to the contacti ste The rocess of
Y or t hor SRGTRBIY SrgRSncRg ap Bk tFgRl BResdd ShEBet i Y i anelhabine

reaction nk%ﬂ@ﬁﬂmkﬁe@ﬁ@Mﬁdﬁt&iﬂhﬁﬁ&ﬁmamgﬂ@mm{nfhmhz&@hﬂ@@bn&mva@mUQHMing at
| east %P ortio am nants in the

of t e cont.a roviding the c
phenol HGCPP@\B‘(‘%Y%% PBOdPﬁén?B?\?g%FP%%%P ‘f?“&‘fiiom na%‘éﬁ@?‘* BPEYICB Dy t he
process of s@uh@dbimit prdducl B 1ife)230 0 NGRS, POOGIGAAN PisutdTe (RS BEE HSttHhs
enbodi nent 1. 19. At | east one of a phenolic resin, bhisphenol

A,
e- capr ol aCtpéﬂﬁi]UCtalﬁ lgel%péog_t@}n&lgoqonéerted contaminants and possibly cyclohexanone is not
provided to second separator 228, but instead directed to alternative processing, used for fuel,

or discarded.

15 [00134] With further reference to Figure 2, the first separator 222, and/or of second
separator 228 may be operated to expose contaminants therein to a temperature for a
residence time (i.e., heat treatment conditions), to convert at least a portion of the
contaminants into a second purification product of lower volatility than cyclohexanone, of
phenol, or of both. Optionally, the heat treatment may be enhanced by an additive, such as a

20  substoichiometric addition of an amine with volatility lower than cyclohexylbenzene. The
second purification product then exits the separation columns with the first bottoms product
in line 226, or the second bottoms product in line 230, or both.

[00135] As will be understood by those skilled in the art, the methods of the present
invention may utilize numerous equipment and unit operation elements not shown in the

25  Figures or discussed in their description, including but not limited to, heat exchangers
through which streams may pass to decrease or increase their temperatures prior to being
introduced into another element, as well as pumps and compressors to provide motive force
for streams, mixers, instrumentation and control valves.

[00136] In addition, although the Figures illustrate continuous processes, batch operations

30 (e.g., with intermittent introduction and removal of streams), or semi-batch operations (e.g.,
with some streams are intermittently introduced and removed and some streams are
continuously removed) are within the scope of the present invention.

[00137] While the present invention has been described and illustrated by reference to

particular embodiments, those of ordinary skill in the art will appreciate that the invention
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25pl astici zer produced fromthe phenol of enbodinent 17. 20. At |east one
of adi pic acid, a cycl ohexanone resin, a cycl ohexanone oxi ne, caprol actam
or nyl on woadasas2br om t he cycl ohexanone of enbodi ment P8T/US2011/0478p% ocess
for producing phenol conprising: (a) contacting oxygen and a feed
conprising cycl ohexyl benzene to cause an oxi dation 30reaction to occur and
produce an oxi dati on conposition conprising cyclohexyl- 1 -phenyl-1-
hydr oper oxi de; (b) contacting an acid catal yst and at |east a portion of
t he oxi dat ileyds ét@ﬁﬁﬁ)@s‘i'aﬂ?wst“@t Beagsrarily ilpsiigied derdie aEen Bis e obciEe refaigace

produce a ¢} &Ry AR IEEL Wihbhsielic GAMRTLSIRSNFrmibuephgxangpeand at
| east one contam nant; and WO 2012/ 036826PCT/'US2011/ 047845 (c)contacting a

basi ¢ mat ethegiresgptdnentipreast a portion of the cleavage reaction mxture to

convert at t j f ont.am na t 0 ik nant,
t her eby prégﬁg?%gégmﬁgﬁ?g?gga?%ﬁ%??bﬂknﬁkgﬁ@éfkgfgﬁa%g%%%sggﬁ%?ﬂgggh ci ng
phenol &onmpmbsdimgnts:’5( a) oxi di zi ng cycl ohexyl benzene to produce an oxi dation
conposition conprising.cve.lohexyl -1 -phenyl-1-hydroperoxi de; (b)cleaving
at | east aqporggéﬁm3$g?ﬁéog§gﬁ %é%§F9£Hn¥§%enyl-I-hydroperoxide to produce
a cl eavage (9)eacoridiningiax ieastea patipi iof i rfgedodramoising ey clobdxglamene tapdate dreast
one contanln% rtion, of the contam nant

with a basPél%%Pé%%%Pég Cé%ﬁ%%ﬁgEuggpgg§¢&%%%%¢Pﬁgﬂm8¥ﬂFhe contam nant to a
converted ¢@nt aseaany at daherbyonputactusidagodcdimdsition e freaet hoRavdgs tdatton 23. A
Dy oeee ! O 0 PHene] CORLLeL 1 LSk FLEBYAA, ST oam compri s ne
(c) contacting at least a portion of the cleavage reaction mixture with a basic material to
convert at least a portion of the contaminant to a converted contaminant, thereby producing a
modified reaction mixture.
2. The process of 1, wherein the contaminant is one or more of an acyclic aliphatic
15 hexanal, an acyclic aliphatic hexanone, a cyclohexenone, a cyclohexyldione, a
hydroxycyclohexanone, benzoic acid, a benzoic ester, a cyclohexenyl cyclohexanone, a
methylcyclopentenyl cyclohexanone, 1-phenyl-6-hydroxyhexan-1-one, 1-cyclohexyl-6-
hydroxyhexan-1-one, and a bicyclic twelve carbon hydroperoxide.
3. The process of 1, wherein the basic material is one or more of an alkali metal
20  hydroxide, an alkali earth metal hydroxide, alkali metal acetate, an alkali earth metal acetate,
an alkali metal carbonate, an alkali carth metal carbonate, an alkali metal bicarbonate, an
alkali earth metal bicarbonate, ammonia, a basic clay, an anionic exchange resin, an activated

carbon, and an amine.

4. The process of 1, wherein the basic material is a primary, secondary or tertiary amine.
25 5. The process of 1, wherein the basic material is a diamine.
6. The process of 1, wherein the contacting (c) is conducted at a temperature of about

30°C to about 250°C and a pressure of about 5 to about 3450 kPa.
7. The process of 6, wherein the contacting (c) is conducted at a temperature of about
60°C to about 160°C and a pressure of about 170 to about 1380 kPa.
30 8. The process of 1, wherein the contaminant is formed during the oxidizing (a).
9. The process of 1, wherein the contaminant is formed during the cleaving (b).
10.  The process of 1, wherein the cyclohexylbenzene is produced by contacting benzene

with hydrogen in the presence of a bifunctional catalyst.
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15an aci dic cl eavage catal yst to produce a cl eavage reaction m xture
conpri sing phenol, cycl ohexanone, acidic cleavage catal yst and one or nore
cont am nawoO2p12/03826neutral i zing at | east a portion of tReTaASRAILO4BURAVage
catalyst with a first basic material to forma second stream (c)
separating the second streamin a first separator to provide: (i) a first
overhead product 20that is rich in material with a higher volatility than
cycl ohexanone; and (ii) a first bottonms product that is rich in

cycl ohexandhe; Thaiprosepeatakdi ndexcethei hifinctinsek exidlyriv duesplite rpfahe SEOMP2
separat or {0, ipr Q¥tiifing 4ii1dasPorR R LIOUES READIMAIN Ghtnb @, hiSkel, A, fifand

cycl ohexanone "and the one or nore contamnants; and (11) a second bottons
product thaebattonpri ses phenol and cycl ohexanone; 25(e)contacting at |east a

por ti on of 1bhe 9ne plee T0fi) ¢ ANATH AN Skl SEERNCiONET SRR QYR Wit

a second basic material to convert at l'east a portion to one or nor

convert éd cpdtlerylhenzese adds proedebyitipthe deed eompnsil dyickdexydmotdnem (@).oduct ;
(Oseparatigg th@hqu&%g&ﬁ>%%§£téonrg&oduct in athird separator to provide:
(i) a third™ over head pro uct “UHET™Fs rich in cycl ohexanone and is

depl et ed ohedting aoteestarpontixmeofIRc aritAtromracvh;ymiandugsitiedm af thei codtakroigt(0)® a

pr oduct thgt i S ricF Hn £g§$¢ne or. jrore con gninants and is degleted of
cycl ohexanSA¥ NG °t §)'re AGPRH UGS 56%’ RO SFCEAEMERYT GO BREY s
product totichelagoancomsapaimt or. 24. The process of 23, wherein one or nore

gI ngﬂgliiéiﬁgﬁ g@%%%é?fgﬁo?grgflgﬁgépr and third separator are operated

separating at least a portion of the modified reaction product into a first stream rich in at least
one of cyclohexanone and phenol relative to the modified reaction product, and a second
stream rich in the converted contaminant relative to the modified reaction product.

15. The process of 1, further comprising:

15  separating at least a portion of the cleavage reaction mixture upstream of the contacting (c) to
provide a cyclohexanone-rich fraction containing at least a portion of the contaminants and
providing the contaminants in the cyclohexanone-rich fraction to the contacting step (c).

16. The process of 1, further comprising:
separating at least a portion of the cleavage reaction mixture to provide at least a phenol-rich

20  fraction containing at least a portion of the contaminants, and providing the contaminants in

the phenol-rich fraction to the contacting step (c).

17. Phenol produced by the process of embodiment 1.

18. Cyclohexanone produced by the process of embodiment 1.

19. At least one of a phenolic resin, bisphenol A, e-caprolactam, an adipic acid or a

25  plasticizer produced from the phenol of embodiment 17.

20. At least one of adipic acid, a cyclohexanone resin, a cyclohexanone oxime,
caprolactam or nylon produced from the cyclohexanone of embodiment 18.

21. A process for producing phenol comprising:

(a) contacting oxygen and a feed comprising cyclohexylbenzene to cause an oxidation

30  reaction to occur and produce an oxidation composition comprising cyclohexyl-1-phenyl-1-
hydroperoxide;

(b) contacting an acid catalyst and at least a portion of the oxidation composition to cause
a cleavage reaction to occur, and produce a cleavage reaction mixture comprising phenol,

cyclohexanone and at least one contaminant; and
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WD 2012/ 036826PCT/ US2011/ 047845 25. The process of 23, wherein an additive
is added to one or nore of the first separator, second separator and third
separ at orwoO 28R/03d82¢ process of 23, wherein the additivePC3/sr01a0UTeS havi ng
a lower volatility than cycl ohexyl benzene. 527. The process of any one of
23, wherein the first basic material and the second basic material are the
sane. 28. The process of any one of 23, wherein the first basic materi al
and the second basic material are different, and the second basic materi al
is an aromé®)i c pri nefoPtagifigne bapo magerist ged gl lopyra pergeuef f plawiet reaction

conpr i si ngiy; il RYfIAak kukdt fdigoPENEE BShtddnit: AH E6nRkted SRS Bhorcby

cycl ohexyl benzene; (b) oxidizing at [east a portion of
cycl ohexyl bexdreinga modibicd thgeteonanixpusast sone cyc

| ohexyl -1 - gheny 1 1- q ; ). ¢l eaving at |east a portion of
t he cycl ohg?(yl - %—%rﬁgéréggo???Oﬁ%lrl%@gepglxﬁogléﬁ%lggpr oduce a cl eavage reaction
m xt ur eScofPr i soridizipgeaoslohexylodnatrex &n gneduan cenaoxidetast compositomt aomprantg

15and (d) c%ﬁeaclt_f’_gl%n?ft_l_he&%r%i@orti on of the at |east one contam nant
ri r

with a basit na 0 con at | east a portion to a converted

cont am nantb)] 00dI88jingNtiltat & pertipn @f @nrt cyclolient-i phetyhs -ydeperdeade td preducard
illustrated b%/ r ef e{jencetto ﬁar t'i'le?r gan i ments, (Lhtolse of orgli nary. skill
in the art “fFT48° ApISPAEILIUC CHRPTTHE PTG G I a6° PRHASCTY Qa7 Forpgninant;

vari ati onsandt necessarily illustrated herein. For this reason, then,

referenge should be .nade solely.to e appended clainms for purposes of
det er mqﬁ' nzc)t heC‘{nPﬁBn%&to‘ﬁ%StSfpo%/ﬁ‘Pél ‘btlrtggé tg?“ﬁ‘é}‘étn‘t”iﬂbﬁ.baSIQ/@ate“glutopconVe“ at

2012/ 03682686 MpRL1LIT 10 dSiamiffat + b SddVirte dloofai G E Serd @ priffueihd Gi hgHifdie ol
compri s r]g:reaction mixture.

23. A process for producing phenol comprising:

(a) cleaving a stream comprising cyclohexyl-1-phenyl-1-hydroperoxide in the presence of

15 an acidic cleavage catalyst to produce a cleavage reaction mixture comprising phenol,
cyclohexanone, acidic cleavage catalyst and one or more contaminants;

(b) neutralizing at least a portion of the acidic cleavage catalyst with a first basic material
to form a second stream;
(c) separating the second stream in a first separator to provide: (i) a first overhead product

20  that is rich in material with a higher volatility than cyclohexanone; and (ii) a first bottoms
product that is rich in cyclohexanone;

(d) separating the first bottoms product in a second separator to provide: (i) a second
overhead product that is rich in cyclohexanone and the one or more contaminants; and (ii) a
second bottoms product that comprises phenol and cyclohexanone;

25 (e) contacting at least a portion of the one or more contaminants in the second overhead
product with a second basic material to convert at least a portion to one or more converted
contaminants and thereby produce a modified reaction product;

(f) separating the modified reaction product in a third separator to provide: (i) a third
overhead product that is rich in cyclohexanone and is depleted of the one or more

30  contaminants; and (ii) a third bottoms product that is rich in the one or more contaminants
and is depleted of cyclohexanone; and
(2) recycling at least a portion of the third bottoms product to the second separator.

24.  The process of 23, wherein one or more of the first separator, second separator and

third separator are operated at heat treatment conditions.
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(a)oxidizing at least a portion of a feed conprising cycl ohexyl benzene to
produce an oxi dation conposition conprising cyclohexyl-1 -phenyl-1

- hydr operw®i2de2/036826) cl eavi ng at | east a portion of the @®Xiradstéion47845
conposition to produce a cleavage reaction m xture conprising phenol,

cycl ohexanone and at | east one contam nant; and (c)contacting at |east a
portion of the cleavage reaction mxture with a basic material to convert
at least a portion of the contami nant to a converted contam nant, thereby
produci ng &3 nodirhg @gcpeatil. sheipinanadditive gpadpd togyng s s0roef tBe Srstieparaigier ei n
the contamnang sd,araRenPhirlORrfy. @an acyclic aliphatic hexanal, an acyclic
al i phati c hexanone, a cycl ohexenone, a cycl ohexyl di one, a

hydr oxycycR6hexahopweceshoh26i whaeindhe addierszipiag agnncehaving ¢ {osteo ebetily | than

cycl ohexan cycl opent enyl cycl ohexanone,
1-pheny1-6?ﬁ§Q¥%§€ﬁ%§%%-1 -one, 1-cycl ohexyl-6- hydroxyhexan- 1 -one and a
bi cycli ¢ twel veTkapions kY dnoper @d3dehertBi3thT Hiest proc everief andl the mctndbasR,
wherein the(lgﬁlﬁ,ﬁﬁ%eréal is one or nore of an alkali netal hydroxide, an
alkali earth netar ydroxi de, an alkali metal acetate, an alkali earth
net al acet @asge, dAe plokak of amt ade efad3bomhated, thafiralbkad maeaint indnid¢ adcondbdonat e,
an al kal i nega] bigﬁfbo atﬁ an aigali §ar h netal bicarbonate, anmmonia, a
basi ¢ cl ay,"4HehHF SRICENE LA TR e OPLEFIE ML AR PEPBEF ™M ARd an ami ne
204. The pr asessAgho@myfoopedaingphenreagdiingg cl ai ms, wherein the basic
materiagl is a pripary, secondary or tertiary am ne 5. The process of any
one of 101 attie ThlCuilHBE FORE Hattehaer Qe Sy e 6. The
process of @ny 608z dtheasprepatbndfchaiciBohethBERlnt (NOrded acldafgsdnt) 1S
conducted at a tenperature of about 30C to about 250C and a pressure of

about 5 t o CxUohsrylobrhesyl- kydropepoxidehe process of claim 6, wherein the
contacting )C) EsasNAUELES paltioR OEi %E%B&Jyﬁé%ﬁggﬁb—@%dl@ggfoki@e aPlucteOC and
. e

a pressure of about 170 to about 1380 kPa. process of any one of
t he precediclsgvagr dsagdon pidweicAmpAEng phmahicrephexpnong ghdrallegi ops gortdipinant;
oxi di zijRg @Ry - 30 9. The process of any one of the preceding clains, wherein

the contamnant is formed during the cleaving (b).
(d) contacting at least a portion of the at least one contaminant with a basic material to

convert at least a portion to a converted contaminant.

[00139] While the present invention has been described and illustrated by reference to

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

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

the present invention.
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10. The process of any one of the preceding clains, wherein the

cycl ohexyl benzene i s produced by contacting benzene with hydrogen in the
presence Wb 2a12036826¢ct | onal catal yst. WO 2012/ 036826PCT/ BEZAB104FB45 11.
The process of claim 10, wherein the bifunctional catalyst is a zeolite of
the MCM 22 famly containing at | east one netal selected from pall adi um
rut henium nickel, zinc, tin and cobalt. 12. The process of claim 10 or
claim1l, wherein the contamnant is fornmed in the 5production of the

cycl ohexyl RRELAAIMY] s provided with the feed conprising

cycl ohexyl henzeRre, .\ ds((8) produkdig phBfo1 REAGESS:: Of any one of the preceding
clainms, further conprising: ' heating at |east a portion of the at

| east one ¢ont apiidiame agesst eaention of hdeawbenmaesinggyclohexythberzene tperoduceran of at
| east 100C (o} - -t ea R .00 m xture 10conpri sing
t he at Ieas?%“{a(a:l)ngél ng{ré? Sé?nmpncgﬁ#.r 1E1B§g§c‘?%$g§lp1?%%g 1s1r g’?&%dﬁg&édr?é of the preceding
cl ai ns, 5f ufther cleomyy dt ddastg: portion of theapadetion egnakitive asjroducpectermge ofactidme

modi 11 ed T gactlon M ULROALOI ALl ot RAMNL Sl At Jygast one of

cycl ohexanone and Bﬁen%P re]I’ T V&8 T HE odi et react v on product, and a
second stréam rcamcting dtHeasco pyieibh eflthe eiehedye nawtionr mixaire wéthtatbakienawethi fo ed
reaction product,, 1515, The process of clains 1-13, further conprising:
Separ at | ng N ehleE A DRBRE B IRGE oot e B nu L d e Re ERa et e of
t he cont actiodifie( @dactien @rxawe.de a cycl ohexanone-rich fraction containing at

| east 2 portion_of the contam nants End raovi di ng the contam nants in the
cycl ohéfandne- r T EHPPFeSEoh Mo WRREINIRREREAMTIRART §8p O B9Te 05 81 BeyehiedI phyifess of
any one of hth@alpr @cediydic CAlphilo AthiddSl £OARIJhSIMAGie, a cyclSIRRFIRLENG at

| east a portion of the cleavage reaction mxture to provide at |east a
phenol - ri chHY{iPRcyrlobexarmeabeizAly 2id | e 8sizol 't ROTYCBRCRY SEHISHANANMNS, and

provi di ng H{en&QBbadidddNt SydidhckiBn®henplenyi Gy b amtian -2, t heyeien@Lss Ng
step (c). 17. gﬁ@no@%duc}édﬁy‘tﬁe prg%:eegs g¥ rc)ﬁgli m 1. 2518. Cycl ohexanone
produced bywimehskacksae afl adicychg tvelve parbombydrenesexidene of a phenolic resin,

?Ihz pgﬁgﬁb %6 f eéfgﬁﬁaﬁg"@%m ARG RinErefiCind bRic taRkASE oht 3EMoRT GAMCALhH F oM
metal hydroxide, an alkali earth metal hydroxide, an alkali metal acetate, an alkali earth metal
acctate, an alkali metal carbonate, an alkali earth metal carbonate, an alkali metal bicarbonate,
an alkali earth metal bicarbonate, ammonia, a basic clay, an anionic exchange resin, an
activated carbon, and an amine.

20 4. The process of any one of the preceding claims, wherein the basic material is a
primary, secondary or tertiary amine.
5. The process of any one of claims 1-3, wherein the basic material is a diamine.
6. The process of any one of the preceding claims, wherein the contacting (c) is
conducted at a temperature of about 30°C to about 250°C and a pressure of about 5 to about
25 3450 kPa.
7. The process of claim 6, wherein the contacting (c) is conducted at a temperature of
about 60°C to about 160°C and a pressure of about 170 to about 1380 kPa.
8. The process of any one of the preceding claims, wherein the contaminant is formed

during the oxidizing (a).

30 9. The process of any one of the preceding claims, wherein the contaminant is formed
during the cleaving (b).
10. The process of any one of the preceding claims, wherein the cyclohexylbenzene is

produced by contacting benzene with hydrogen in the presence of a bifunctional catalyst.
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20. At |east one of adipic acid, a cycl ohexanone resin, a cycl ohexanone
oxi me, caprolactamor nylon produced fromthe cycl ohexanone of claim 18.
3021. A prwoesr/d3aes26pr oduci ng phenol conprising: (a)cont &CTiusgoioxygeh and a
feed conprising cycl ohexyl benzene to cause an oxidation reaction to occur
and produce an oxidation conposition conprising cyclohexyl- 1 -phenyl-1-
hydr oper oxi de; WD 2012/ 036826PCT/ US2011/ 047845 (b) contacting an acid
catalyst with at |least a portion of the oxidation conposition to cause a

cl eavage rdact i &be pracestelslaimalfdwpereiatebifinetienalestdyst saciePlin ofthetMichd-22
conpr i si Ng pARENAntaifi¥EhADSYAHMNG1 A8 frbfPEhadANE GABHAM AR, ZiRNEh add)

contacting a basic nmaterial with at Teast a portion of the cleavage
reaction mcskalire to Sconvert at least a portion of the contaminant to a

converted ggnt agi;ljé‘?%tcesst&e&@ﬁﬁly1(?ropg}éﬁh ng, ?Véa)@}%ﬂf' g‘jee&)n{aﬁ%tni 9%1&1}1'%% fhe 22. A

process for producing phenol conprising: oxl di zi ng cycl ohexyl'benzene to
pr oduceSan poxudani of tenpydbhdxpihcionprindi ng wycidébheitly| the 1 feegheoyprisitlg
-hydroperoxhag%%g%g&g)cl ving at |east a portion of the cyclohexyl- 1

-phenyl-l-ﬁ§ rop rOX|d€nta'produce a cl eavage reaction m xture conprising

phenol , cydBoheXanenesaoithnabond ekt pocdingeidiasnifoart corridingc) cont act i ng at
east & por O Ghl 1S SOTAEAT: 1140 B Boah LGl S SN
produci ng & mro@mpératirel of @addaitor00AT Xb Usreduce a heat-treated cleavage reaction mixture
10 comprising the at least one contaminant.
14. The process of any one of the preceding claims, further comprising:
separating at least a portion of the modified reaction mixture into a first stream rich in
at least one of cyclohexanone and phenol relative to the modified reaction product, and a
second stream rich in the converted contaminant relative to the modified reaction product.
15 15.  The process of claims 1-13, further comprising:
separating at least a portion of the cleavage reaction mixture upstream of the
contacting (c) to provide a cyclohexanone-rich fraction containing at least a portion of the
contaminants and providing the contaminants in the cyclohexanone-rich fraction to the
contacting step ().
20 16.  The process of any one of the preceding claims, further comprising:
separating at least a portion of the cleavage reaction mixture to provide at least a
phenol-rich fraction containing at least a portion of the contaminants, and providing the
contaminants in the phenol-rich fraction to the contacting step (c).
17. Phenol produced by the process of claim 1.
25 18. Cyclohexanone produced by the process of claim 1.
19. At least one of a phenolic resin, bisphenol A, e-caprolactam, an adipic acid or a
plasticizer produced from the phenol of claim 17.
20. At least one of adipic acid, a cyclohexanone resin, a cyclohexanone oxime,
caprolactam or nylon produced from the cyclohexanone of claim 18.
30 21. A process for producing phenol comprising:
(a) contacting oxygen and a feed comprising cyclohexylbenzene to cause an oxidation
reaction to occur and produce an oxidation composition comprising cyclohexyl-1-phenyl-1-

hydroperoxide;
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(b) contacting an acid catalyst with at least a portion of the oxidation composition to
cause a cleavage reaction to occur, and produce a cleavage reaction mixture comprising
phenol, cyclohexanone and at least one contaminant; and

(c) contacting a basic material with at least a portion of the cleavage reaction mixture to
convert at least a portion of the contaminant to a converted contaminant, thereby producing a
modified reaction mixture.

22. A process for producing phenol comprising:

(a) oxidizing cyclohexylbenzene to produce an oxidation composition comprising
cyclohexyl-1-phenyl-1-hydroperoxide;

(b) cleaving at least a portion of the cyclohexyl-1-phenyl-1-hydroperoxide to produce a
cleavage reaction mixture comprising phenol, cyclohexanone and at least one contaminant;
and

(c) contacting at least a portion of the contaminant with a basic material to convert at
least a portion of the contaminant to a converted contaminant, thereby producing a modified

reaction mixture.
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