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

Provi si orsib 24pzpisss2at i on 5No. 61/ 382,776 filed on Sept enpemr/ub491120884 whi ch
is hereby incorporated by reference in its entirety. FIELD [0002] The
present invention relates to conpositions that contain phenol. BACKGROUND
10[ 0003] Phenol is an inportant product in the chemcal industry and is
useful in, for exanple, the production of phenolic resins, bisphenol A
e-caprol actam adipic acid, and plasticizers. [0004] Currently, the nost
common route for the productioppggindheepOSIElgpNdgiock process. This is a
three-step process in which thefirst step 1nvolves al kyl ati on of benzene
15 with propylene to produce cunene, followed by oxidation of the cunene to
t he corresgﬁﬂgﬁggYQ%g&ﬂ@erOX|de and then cl eavage of the hydroperoxide to
produce eq s of phenol and acetone. [0005] However, the various
st eps invoHWMﬂ]inTMhemmkadmcﬂmmmpUbH@Hemndﬂaﬁmndheﬁéh%PﬂW@MH@hﬁﬂﬁwmman
produce co f d.. phenol
nd 205200 Rl ErEE A Spfael L 2D whRa SRR Reckh R 00 R HE
hydr oxyacetotrety. mesi tyl oxi de, 2-nethyl benzofuran, acetophenone,
alpha-nethﬁi Lﬁrene cunene, and 2- phenyl propanal. [0006] These

cont anm nan f left in the phenol product, nmay cause difficulties in
downst r eam[@0QF eSThdgeseat inveariciereldidieo pligpueitiobntistabh@infpbendduch downst r eam

processing,, f9f -roUND

10 [0003] Phenol is an important product in the chemical industry and is useful in, for

example, the production of phenolic resins, bisphenol A, e-caprolactam, adipic acid, and
plasticizers.
[0004] Currently, the most common route for the production of phenol is the Hock
process. This is a three-step process in which the first step involves alkylation of benzene
15 with propylene to produce cumene, followed by oxidation of the cumene to the corresponding
hydroperoxide and then cleavage of the hydroperoxide to produce equimolar amounts of
phenol and acetone.
[0005] However, the various steps involved in the production of phenol and acetone from
cumene can produce contaminants that are difficult to separate from the desired phenol and
20  acetone products. Examples of these contaminants may include hydroxyacetone, mesityl
oxide, 2-methylbenzofuran, acetophenone, alpha-methylstyrene, cumene, and 2-
phenylpropanal.
[0006] These contaminants, if left in the phenol product, may cause difficulties in
downstream processing, or render the phenol unusable for such downstream processing, for
25  example, in the subsequent production of bis-phenols and polycarbonates. Therefore,
techniques have been proposed to remove those contaminants involving certain treatments.
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
30  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
producing phenol made by decomposition of cumene hydroperoxide. The phenol is purified

by contacting the carbonyl compounds with a nitrogen compound.
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25 exanple, in the subsequent production of bis-phenols and pol ycarbonat es.
Therefore, techni ques have been proposed to renove those contam nants

i nvol vi ngvoent2ai3es2tir eat ments. For exanple, U S. Patent ROT/UB2Q644537

di scl oses obtai ning high purity phenol from cleavage of cunene

hydr oper oxi de through one or nore am ne treatnent steps. The phenol m xture
includes at least 0.5 w% to no greater than 10 wt % of al pha-net hyl styrene,
and further 30 includes acetol, 2-phenyl-propional dehyde (2PPA),

met hyl - benzof uran (MBF), nesityl oxide (M) and carbonyl inpurities. In
addi tion, Yhoe7] PatRNprolietion: d 4hefR Liréth %9&1@§é%§lb@nz'éﬁé %Ogn eheRfiRdueidagmphenol
made by deconp05|t|on of cumene hydroperoxi de. The phenol is purifiéd by
cont act i ng terestingibBatit cepreguash declelickdnoae rither dga ﬁ%@ﬁp@dﬁl@hex\v&nzene can
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cycl ohexyl benzene is an energi ng technol ogy, interesting in that it
co- pr oducesn &y%lliﬁlfﬁ@ké}@oﬁéw Alhdy ehtnting bergens. witly diy dreestyinbiéa pedsence ad e

produce X I e, or
D i sor os ity TR SpisRkaibef et o th 8 yRMboh RRZEAR MhH: SELTARIES

hydr ogen i and the pposde nlcevedfto aheﬁolamdlcycsld)hexme ugmg romxm @mmta@an t hen be
oxi di zed t correspon ro oxi de X|de cleaved to
phenol and?c@?zfo h%(ea ocﬁl)&é)lcum ng ghenop%rd) "t Cé'ldeogval lben%:eéll af ISO st f%ﬁ%)@]arllﬂus

pr oduct i on codtapineito thaf 4ro mfﬁylﬂi mhepaydtb&nmeh@d@imcbprpdmw de@;vewarr tleumture of

contam nants that are difficult to. separ g te fromt esired products.
Conewer st ADbr BB s B bR RaRe SV Ehals MereEyah i il RISy ar e
si gni fi1oanﬁﬂvy>1\xéd fifi @iteditthé hamvehthﬁﬁeHoalOptdamlfbseghdnm end h@fonb h@c@mmﬁpﬂbi onal
Hock proceg Ig gheno& and acetone. r exa dro tion of

%re%l vl

h
benzene pr Pk PEEFRS RIRDISAY §1g8 icanjt méqu Yte& lflo eyl

| esser anDuRts oammﬁshyloeyclln@dﬂflaym@maﬁycl oheheRee, Phasylisyehahexengd and
phenyl cycl ohexyl di ene. . Sim | i)f p he oxi dation of cycl ohexyl benzene

typical ly phowirreshsraldiseedeSiapadi dbe gridaion o erloheydientsng dydelly guedices t he
desired CY%&%Q@S%E@@S ali%ﬁet'aYﬂhe JHOCESPrBye@lJ oRef axitgle dés@'é@"d?élohe@{?ﬁl BH&%U ed

bypr oduct dr oper oxi des such as cyclo hexyl - 1pheny1- 2- hydr opér oxi d
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process. at sai ereln are net 10 manage
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[0010] vant ouslf){heﬁociseocrgspst hods produce high-quality phenol

tec 0 6] .
corrp05| i ons agiy , useful and very different fromthose typically
pr oduced b)[Oﬂﬂehvehmﬂt emnaj dessemﬂsedds:rc(m age. methdds tohmaidge khpravesisgnts gherated

chem stry associ at wth c ohex enzene as a starting material in the
i nst ant |n0wziﬁ?fllgﬂute‘gwglgf%??cﬁ rpniﬁé%hgw&eg%eé‘eabsence of cumene and its

conver si on [@10HucAgvaandediypT deah&hodd pi@itd Bikh-Yupitpplhcdescomppkiengthat are
compost 1 on i nCPIVATLARRLS b iar oL epkerl A lersnL Lype ana

probl emt i hd HockpedcBal. PHQhes&Ngssoatdd with ydSIRRAbEE KBS iaRirting material in

the instant invention, and further the complete absence of cumene and its conversion products

and byproducts, potentially provides a phenol composition with contaminants that are of a

markedly different type and concentration than the conventional methods.  These

contaminants may be less problematic in further processing, e.g., to phenolic resins.

30  Moreover, the contaminants produced in the processes described herein have lower volatility

compared to contaminants produced by conventional methods, and therefore may be present

in lower concentrations.



30 Moreover, the contam nants produced in the processes described herein
have | ower volatility conpared to contam nants produced by conventi onal
met hods, wodotdsssfiiore may be present in | ower concentr &CIrarsg011/0¥834

2012/ 036821PCT/ US2011/ 047834 SUMVARY [0011]In various enbodi nents, the
invention relates to a conposition conprising: (a) at |east 99 w % phenol ;
and (b) 0.1 wopmto 1000 wpopm of at |east one of the foll ow ng conponents:
5 bi cycl ohexane, cycl ohexyl benzene, nethyl cycl opentyl benzene,

hydr oxycycl ohexanone, cycl ohexenone, cycl ohexanol, cycl ohexanone,

cycl ohexanggiMm@.ryenzoi ¢ acid, hexanal and nethycycl opentanone, wherein
the wt % and wppm are based upon the total weight of the conposition.

[0012] I n veﬁ‘?qléﬂs s eisrastpodimentyethy Hiyertondgelaterlogt @EPPHN CIIHSSLT | on
conprising: 10(a) (%tatlleggt%v%@ - pheiiZahenol ;. (b) at least 0.1 wopmto 10
wppm of at |east one of bicyclohexane, cycl ohexyl benzene and

met hyl cycl opent yl lﬁ@r&bn@prramfd 1000 vapmi ehgt 1@stl onpethe f@Flogsramcompenentseast
one of RQydroxycyclo cyclo | ohex ne,
cycl ohesanedl one, bgﬁé%mﬂ% aci dr}‘;ﬁg%gﬂﬁfenz%%d met ﬂﬂg&lélcyaéént anoneg
wherein the w % and lvy;dmxyambhdzemgmem nedlohccordi ngrytlohgx8Td DEydRhad8nand ar e
gﬁf)g& :’JT'[péﬁ?St h?hteolt ﬂ'l/é/\l\f}l%(ﬁnercg net enz?lc n@%shéxlaga atn[io lel’(l;]C CI:]OII) a{anone Fhfrelnt

| east 99.990 wt % phethobvt%aMwalﬁlﬁbﬁe Masell upp@ﬂﬁett@lal]v@ngl@pfﬂh@f:orﬁmhloﬂf t he

foll ow ng nents:. bi cycl ohexane cl ohex benzee

et hyl cyol SOBACy 1 B eRa IRy GOy B LG ERAEAS o Ty EPoNseasramesine:

cycl ohaganol , cycl®haxanoe,wieysieabiexanedi one, benzoic acid, hexanal and
met hycyclopent anone, erein the wt % and wppm are based upgn th t ot al

wei ght of the comrg sﬂmﬁﬁﬁ S8 1 h CWFFB]? %faahnlﬁ%?ﬁtOWSB? %ﬁ‘ﬁ%ﬂents
listed in (b) accoundycloRéxy®encaasid R&YEIO@entyibencnE;ahd amount of

cont am nants present 1In t he conposl tion.
(c) at least 0.1 wppm to 3 wppm of at least one of hydroxycyclohexanone,

cyclohexenone, cyclohexanol, cyclohexanone, cyclohexanedione, benzoic

15 acid, hexanal, and methycyclopentanone, wherein the wt% and wppm are
determined according to ASTM D6142-08 and are based upon the total weight
of the composition.

[0013]  In various embodiments, the invention relates to a composition comprising:
(a) atleast 99.990 wt% phenol; and

20 (b) 0.1 wppm to 10 wppm of each of the following components: bicyclohexane,
cyclohexylbenzene,  methylcyclopentylbenzene,  hydroxycyclohexanone,
cyclohexenone, cyclohexanol, cyclohexanone, cyclohexanedione, benzoic
acid, hexanal and methycyclopentanone, wherein the wt% and wppm are
based upon the total weight of the composition, wherein the combined amount

25 of the components listed in (b) account for at least 50 wt% of the total amount
of contaminants present in the composition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 is a simplified flow diagram of a process according to an embodiment of
the invention for producing phenol and cyclohexanone from cyclohexylbenzene.

30  [0015] Figure 2 is a simplified flow diagram of a process according to a another
embodiment of the invention for producing phenol and cyclohexanone from

cyclohexylbenzene.



BRI EF DESCRI PTI ON OF THE DRAWNGS [0014]Figure 1 is a sinplified flow

di agram of a process according to an enbodi nent of the invention for

pr oduci ngwphrereaizeégemd cycl ohexanone from cycl ohexyl benzeRreT/US3@1[00335H]
Figure 2 is a sinplified fl ow di agram of a process according to a anot her
enbodi nent of the invention for produci ng phenol and cycl ohexanone from
cycl ohexyl benzene. WD 2012/ 036821PCT/ US2011/ 047834 DETAI LED DESCRI PTI ON OF
THE EMBCODI MENTS [ 0016] Vari ous specific enbodi ments, versions and exanpl es
of the invention will now be described, including preferred enbodi nents and
definiti on@ﬂmqugEgngpfﬁ)mgﬁﬁEfmgwlm of understanding the

clai med i nventron. ol Tow ng detal description 5 gives
specific pﬂ@mé}reﬁméﬂﬁéﬂﬁﬁ@ﬁﬁ&md@ﬁ@§eW§%@$Wé@eﬂﬁqﬂ%éfﬁﬁﬂmﬁmvwlﬁ W%te
that these qeERB MhHidin® b XA BHAIGR Ynd ABhEARL mb1re! MHRYT AR
practiced in othér ways: pur poses of determ ning iInfringenent,

scope of t h?erppmeqﬁtuﬁ@tst@ndlng the fekaime b inyeytiopn ¥/hale thmf@élowfngtmﬂa@ndewde@bn

cl ai ns, [ n are
e vai dnt B PRIt ek RT LB, oRRC SUETED af B it AebRELADRSE e 2 2,
refer to ormbodimi@rereexciplarynaty, raed:éesélﬁum@enmri Gandk ptdwacadriveﬂm vaw. Hef i ned
by the cl al g, 9 'Jermm pl’ & 1enné[:mel:nrtwt%er:] tséoog IfS[ edﬁnl;fe(:tlo?ldwililoreﬁer [ O%E 3% grOI’
produci ng ngno hexa one from % enzene “and, “nore

parti cul ar Impore bbhaﬁppemdeagﬂa@lhgdncﬂudmgemar é@nvapnmduai digngisesrdimiarions that are

cycl ohexanone fr enz via.cy cl phexyl benze e.as an i,nter dlate In the
oY ocens £ neTEyRTBb ArE BRE sttt iEH (PR IPEOf B efrs P EB o

oxi dat i1on meas biidt PERG a(lpdf&l@e ihedngibfiedtfihed ®sthé bleingxi dat i on conposi ti on)

conpri sing | oh | -1-phen hydr o OXIde and st. a portion of

t he oxi dat |[@ﬁ9 f@/@ﬁesﬁf %‘t“olnslsc g 1 ¢ Prodvic Orapfﬂﬂlé%l% P a@id on
product COI&Wlb}ﬁakﬂﬁ)n@ rﬂ@ﬁpéy,clow@l&h@eﬁ@ Red, emor@ rpdrt@ﬁnarlp lto AR liRe &MY PFOCERITHS -
Oten sonme or all of the contaminants in the cleavage reaction product are

di fficult PEUepsricack Bt eyrehskeres e/ B?HZede%e%waﬁ@ DppzeR npt ean

net hods, SualnRiate20 iRt hlob@b 1R cyclbidylbéddedd | Mtf‘aﬁ?rﬁxuﬁiéact%sﬁrod@e deast a
portion of the cleavage reaction product is contacted with an acidic

mat eri dP uRddrticBoFRAFEATO AR ANG @bAVEsETedt to] dadhe oXdatih eHRPOSHIARARPHRITRE t o a
converted conbiayna mh, o Tl £d L RA¢ ﬁﬁ)ﬂ%rf@tﬁ'o%cf{ LaRnRRGRY!

and/ or cyclQ(Eexggr,\ongﬁe’n % T¢1e0 pr esent | nv I’?tl on is ftljrat1 rodi rngjtgt ed

t oward phemlea(ygdrpqg(pctup@mglemg@reacrt@mproduct 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
20  distillation. Thus, in the present process, at least a portion of the cleavage reaction product is
contacted with an acidic material under conditions to convert at least one of the contaminants
to a converted contaminant, which is more readily separable from the phenol and/or
cyclohexanone.
[0018] The present invention is further directed toward phenol compositions made from
25  the above-described process. For example, compositions comprising: (a) at least 99 wt%
phenol; and (b) 0.1 wppm to 1000 wppm of at least one of the following components:
bicyclohexane, cyclohexylbenzene, methylcyclopentylbenzene, hydroxycyclohexanone,
cyclohexenone, cyclohexanol, cyclohexanone, cyclohexanedione, benzoic acid, hexanal and
methycyclopentanone, wherein the wt% and wppm are based upon the total weight of the
30  composition.

Production of the Cyclohexylbenzene

[0019]  In the integrated process for producing phenol and cyclohexanone from benzene,

the benzene is initially converted to cyclohexylbenzene by any conventional technique,
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25 the above-descri bed process. For exanple, conpositions conprising: (a)
at |l east 99 wt % phenol; and (b) 0.1 wopmto 1000 wopm of at | east one of

t he fol | owDng12066820nent s: bi cycl ohexane, cycl ohexyl benz@a®/US2011/047834

met hyl cycl opent yl benzene, hydroxycycl ohexanone, cycl ohexenone,

cycl ohexanol , cycl ohexanone, cycl ohexanedi one, benzoic acid, hexanal and
nmet hycycl opent anone, wherein the wt % and wppm are based upon the total

wei ght of the 30conposition. Production of the Cycl ohexyl benzene [0019]1n
the integrated process for producing phenol and cycl ohexanone from benzene,

the benzengd oty ¥t 6QRURIRLRNEXGS ANEX PERGRZ B8N% Rid 8ty QMLR | onal
techni que, WO fOl / 036821PCT/ US2011/ 047834 i ncl udi ng al kyl ati on of benzene

wi th cycl ofestisnhkety ar ph MPYiad dhmidy grolsplanspw. eabalyidetivesgumingof bewient & pet a
or an MCM 4| i . Y, J: pve i .he ne to
make biphe%%%é?@?%%GgghﬁgnggH%ggﬁgﬁpga(gﬂhgﬁgﬁ%%%he%%ﬁgﬁ%baggg%?gi2&§
practice, cpdohsydbaaencyis eenarelive pioduggd wr edntagtipg dtusagenbywido hydiegannepdethe
benzene  w . yleat it i ce of
o hydr odl T SOHEHBRRT ARG, i KR e OB B3 VR PP PR
reacti on ( hdargoepthodeolbevicychatexy)thenderey(ICkBYbenzend @BUD] For an exanpl e of
hydr oal kyl ati on of benzene in the presence~Qof hydrogen for the production
of cycl ohexyl benzene, see U. S. Patent No$ 730, 625 and 7,579,511, which
are 10 incorporated by referguce. Al so, nt er nati onal Applications
W2009131769 or W)2009128i rected—0 catal yti cohydroal kyl ati on of
benzene in the presence of~yAlrogen for t“3 pr oduct i on of

cycl ohexyl benzene. [0021] Any commerci al | ai | abl e benzene feed can be
used in the hydroal kyl ati on reaction, hy¥ preferably the benzene has a
purity level of at |east 99 wt% SinilarI%, al t hough 15t he source of
hydrogen i $0R8t cFertaneapmplp of hydrepdigdation|of benzsng phepreseace efty drpgar Sydlhe i s at

I east 99 pr%dﬁ&[o%- of cyclohexylbenzene, see U.S. Patent Nos. 6,730,625 and 7,579,511, which are
10  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.
[0021] Any commercially available benzene feed can be used in the hydroalkylation
reaction, but preferably the benzene has a purity level of at least 99 wt%. Similarly, although
15  the source of hydrogen is not critical, it is generally desirable that the hydrogen is at least 99
wt% pure.
[0022] The hydroalkylation reaction can be conducted in a wide range of reactor
configurations including fixed bed, slurry reactors, and/or catalytic distillation towers. In
addition, the hydroalkylation reaction can be conducted in a single reaction zone or in a
20  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
about 125°C and about 250°C, while suitable reaction pressures are between about 100 kPa and
about 7,000 kPa, such as between about 500 kPa and about 5,000 kPa. Suitable values for the
molar ratio of hydrogen to benzene are between about 0.15:1 and about 15:1, such as between
25  about 0.4:1 and about 4:1, for example, between about 0.4 and about 0.9:1.
[0023] The catalyst employed in the hydroalkylation reaction is a bifunctional catalyst
comprising a molecular sieve of the MCM-22 family and a hydrogenation metal. The term
“MCM-22 family material” (or “material of the MCM-22 family” or “molecular sieve of the

MCM-22 family”), as used herein, includes molecular sieves having the MWW framework
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[ 0022] The hydroal kyl ation reaction can be conducted in a w de range of
reactor configurations including fixed bed, slurry reactors, and/or

cat al yti cwoietzd3bstti on towers. In addition, the hydroal kgratsean/osmsact i on
can be conducted in a single reaction zone or in a 20 plurality of reaction
zones, in which at |east the hydrogen is introduced to the reaction in
stages. Suitable reaction tenperatures are between about 100C and about
400C, such as between about 125C and about 250C, while suitable reaction
pressures are between about 100 kPa and about 7,000 kPa, such as between
about 500 k& 1@9%@@9&%@1 B90ukPare (ﬁé&‘ugs‘@@llr?th\éaAﬂﬁssotf BholifcGa Bl &k Tptdr0 Of
hydr ogen to benzene are between about 0.15:1 and about 15:1, such’as

bet ween 25&H8ukditons 20014 g catysgentant pf whish isiregrpreicd peelResac)about 0. 4 and
about 0. S: o200 Haa CLR ¥ EPLONRHY 8k BXELAAL K] @t ORud BAEH On |1

a bifunctional catal yst conprising a nolecul ar “si eve of famly
and a hydr otpdudatg d)ﬁpaﬁ?eﬂlgarlnamfnheittléﬂm)?mﬂ?li érﬁwoﬁmmérﬁﬂiﬂoﬁo%ngsmerl al

f th MMTﬁ "l d
ﬁer ei ﬁ, inc u&éeiaag’](il ecu arﬁglug%/ags gf/aic%}éfe WW% Ofb })Starﬁﬁrd}se

2012/ 03682 14T S261 ¢ HEAZ-8 A2 tioghddt 0@ yoppéISucI}ne mcrylsntaadlatonuod a rde‘ﬁaaoreeter
di scussed in.th mewor d|t|on 2001
the entire e%m?ﬁe% ‘P’ﬁ(l)fa \ 11ﬁ"zlns C?urlllg%ranor Sreg asé{o?m ueerreaﬁce COF (51%] b &cul ar

si eves of MR fsaavied wf@e@Mm |f§lmﬂl3a\1[mhai’¢ XeaNay22 didederiaed iiorU.paPhtetitnNo.

sty om) GdRAgh BSIBX | 3 41 Bt el AR 40 Nk o (SO R &Y

(b) ar aoobtraiciedo. bys 26168 RE- It @6edrib&Lie FutpeargP4dhe NK- Gloptie),doQbl @tscéibedcopper

as the incident radiatio a |ffr t.er_ equi. wth a .
scintillat i“bﬁjéoﬁﬁ‘f‘ﬁ%%r%mzqg@cil @6%{%”&? I&? @'Pﬁcdﬁaie%tc%) F@ﬁat%‘s%q@m

Mol ecul ar swewm%) MaWZ4 (dadetibad innGISUdgedihé. 25225()@63}:M@1qd49 cddribed At ent
No. 4, 954, 325) H 3 (descrl bed in U S.  Patent No. 439 40(%)37] SSZ- 25

(descri bed Y- lt?t%‘t Noy o Pardnt MeM-2f, gherded)n LekaPate d‘&cﬁ@ H&4rfopean
Patent No. (@28#3% U.$ Trcht Nde8G56,.089. add Mx&respﬁteleaﬁ PRBR Tt B8 )ecuthr! Q 2
(descri bed in International Patent Publ i cation No. W97/ 17290 MCM 36
(descr ilBed sicre 18, sglectm fremt (aNYICM-495() MGY-5onmm 9 isotreecefi MEN -4 and MCNpat ent
No. 5, 236, @g@whg\@\/g@ (described in U S Patent No. 5,362,6697), UZM 8
(described in U S. Patent No. 6,756,030), and m xtures t her eof Preferably,
t he nol ecull®25h5 énsekleownsh@ec}gemted nfetad i by ervdivkedan thiely dvieay Bgon gatelyytc)

i sotypes of; MQ%B 0 A ation
metal can b %ﬁgg}e I'n thglC %elaalﬁﬁl# gﬁh(g)lﬁu%agéﬁ%}st%c kﬂphougﬁgagﬁ%&b

met al s i ncipalthdiynabtiag ipantculant hféwahuagqouml Slerdrallyz ithecamaeunn of Aydiogrobtalint metal t h

20  present in the catalyst is between about 0.05 wt% and about 10 wt%, such as between about

0.1 wt% and about 5 wt%, of the catalyst.
[0026]  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
25  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
and the kaolins commonly known as Dixie, McNamee, Georgia, and Florida clays or others
in which the main mineral constituent is halloysite, kaolinite, dickite, nacrite or anauxite.
Such clays can be used in the raw state as originally mined or initially subjected to
30 calcination, acid treatment or chemical modification. Suitable metal oxide binders include
silica, alumina, zirconia, titania, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria,
silica-beryllia, silica-titania, as well as ternary compositions such as silica-alumina-thoria,

silica-alumina-zirconia, silica-alumina-magnesia, and silica-magnesia-zirconia.
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pal | adi um bei ng particul arly advant ageous. Cenerally, the amount of

hydr ogenation netal 20 present in the catalyst is between about 0.05 wt%
and aboutw0QowtB¢s2such as between about 0.1 wt % and abo®rCTAIS2A1%)047384 t he
catal yst. [0026] Suitabl e binder materials include synthetic or naturally
occurring substances as well as inorganic materials such as clay, silica,
and/ or netal oxides. The latter may be either naturally occurring or in the
form of gelatinous precipitates or gels including m xtures of 25 silica
and netal oxides. Naturally occurring clays which can be used as a bi nder

include thoge Ef AhgougRnt @pr i hlirnikaiend Kaebhn §anibhies. seiigh f@mrdd es
i nclude the subbentonites and 't he kaolins conmonly known as Di xi e, MNanee,

Georgi a, astcldicaylbenzers. s cHlucwt fiem sthe hydierlklationeTasglion wilhapmnally sostein uent
is halloysigg, dmgflldtw fés du(qé Ca%'\rv a@ﬁﬁfeh&&i Bn-BRAR e de§'r’éﬂhm%£@axk%rla(féﬁ be

used in the raw state orlglna y mned or initrally subjected to
cal ci nat i onpecegei dlherumatanted berzene emdrmally msdidréd by ﬁtshllat@matnébb@cwéttaltheom de

bi nder s si ngjy gﬁﬁoﬂea+t81a T&'B&ﬂ‘o&?ﬁo&'tﬁ{ﬁ&&&e didef Pare Firin ﬁist"ﬁ} ﬁ% (&arate

silica- nagne Ica-Zzirconi a Ica-thoria, silica-
silica-tit &mwi aﬂ,onacs'cmhd:ﬁyltaszemermadlyct d‘mp@sytdlmlsoh@uébtna@e and other heavies.

I I th '
2nd st oaDsaguhl B pRbm SR MO AR Bt BT ATAA AR
[ 0027] Al t hdergﬂablb he chiyal r(m)aﬂrdnydlhﬁlate fher maﬁﬂd}mmylb@zdsnegwnlﬂy adidticmalt benecricawab)ds
| ohexyl th t f t.h d | k t
ormal |y cORB e Lt reabarrifaan Eraite e i oxbe frrelteatalistne
and t haodespdced nonoal kyl at ed speC|es The unreacted benzene is nornally

recover ed istillation and rec to the | ati on reac The
bot t ons fri‘?{ﬂlghe h?{ tigh ity ard& 108 %en?dr*rfyll?@? F §Gqd| i F@S@Eﬂa?% e the

nonocycl oheé@yiobesragme fﬂfnﬁ@ﬂécﬁydfdaﬂma@iﬁﬁ( r@ﬂcfoy chveh awitm Zr@rih@lk?lﬁﬂorpt:ahﬁﬂ/st
heavi es. Dependi ng on the anmpunt of dicycl ohexyl benzene present in

reaction effahsatiolequlansicvanef eGP danily. ggolitrdhetsy MCH10]Heeq ey Rafeat Nﬁe

di cycl ohexyldhgnzengomet N RF6k tUNahd BRAEBAE Phe fribkalfRabdaVikatiSn i pically
dlcyclohexyibenzene to maxi mze the production of the desired nonoal Kyl at ed

10specilés. cpoyos] Trdenghleasy patipldiquiginhaseagaditipnsnahich aytablydn¢lade a temperpiuge

ef fected ingg,hk366¢ tEyalbg‘&t'% ée{‘g Qre é[ea{%%ﬁta%%(ﬁ ﬁﬁaqwa%ﬁﬁ i&kﬂé’&?@'%%k@hﬂ on
reactor, over a suitable transal ["at1 on cat , suc as a nol ecu
sieve of theuOMpa® fahicity, ofz ebbitt ¢ et ato wbmaso(hee dd. SotalPab@ht ado.a

6,014, 018), zeo ite e transal kyl ati on
reaction i S’b zene/clllgyfcllonexyzlgenzene we1§l’1¥tat10 agouq%g‘ fl‘? to about ;I' Iil

[0029]  After removal of the unreacted benzene and the polyalkylated benzenes and other

20  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:
. between 1 wppm and 1 wt% bicyclohexane, or between 10 wppm and 8000 wppm
bicyclohexane;

25 o between 1 wppm and 1 wt% biphenyl, or between 10 wppm and 8000 wppm
biphenyl;
. between 1 wppm and 2 wt% methylcyclopentylbenzene, or between 10 wppm and 1
wt% methylcyclopentylbenzene as any isomer: 1-phenyl-1-methylcyclopentane, 1-phenyl-2-
methylcyclopentane, and 1-phenyl-3-methylcyclopentane; and

30 e less than about 1000 wppm, such as less than 100 wppm of phenol, olefins or

alkylene benzenes, such as cyclohexenylbenzene.



15 conducted under at |east partial liquid phase conditions, which suitably
i nclude a tenperature of about 100C to about 300C, a pressure of about 800
kPa to abwot2o®33682kPa, a wei ght hourly space velocity ofPCahsat11041884 1 t o
about 10 hr-1 on total feed, and a benzene/di cycl ohexyl benzene wei ght ratio
about of 1:1 to about 5:1. [0029] After renoval of the unreacted benzene and
t he pol yal kyl at ed benzenes and ot her 20 heavy species, the

cycl ohexyl benzene is fed to the oxidation reaction. Typically, however,
this cycl ohexyl benzene feed contains the foll ow ng contam nants generated
as by- pr odyptidatioh Reh&ioaynt hesi s: between 1 wppm and 1 w % bi cycl ohexane,

or between I0 wppm and 8000 wppm bi cycl ohexane; 25 between 1 wppm and 1 wt %
bi phenyl , d9038kt wAedise@segpplinvantiic PoTesswpelrddi pidizye at lepgtanaaron ohpdesdand 2
wt % et hyl

et hyT oy el SUERy bencang  arpe Ak EIHERD o h RO AT et Ko s pevibee

1- pheny 1- 2-oxigatidnybasyion brodwit apraprisirgicytlopéreyhy phenyid thygtopgrokidp ekt uspdhereind 30

| ess {han abgiink IR0 NRAMNSHERiATo] R3Gioh IARcAO0 wppm of phenol, ol efins or
al kyl ene benzeneS, such as Tcycl ohexeny Benzene. wo

2012/ 03682 1R3T] USRIt 4834 i@dydahéxytbeReac tiagrbe pr@D8@] Wsai moeess kbvabove,
the process, yncl igs Xl 71 NGoAt,d-COR nd ROLLANSS c@ifie&%man SOTRY bF1 N
cycl ohexyl benzene %blso referre 0 as Fhe cyc ohef&ﬁbenzene %eed§ t 9
produce an cexidBipratuct @apbhanms thatadudifficabmprehev@ffom cyclohexylbenzene, discussed

cycl ohexyl - 1- phenyl- 1- hydr oper oxi de. As used herein 5 roxidizi ng" nmeans

e ey i I F R B B aspSre BE et s eraneRvingies e, By s o8

cycl ohanryl henapadcdrby, e ipe@aidd dthpthe anysaflytions o1 kngvduct dicthaweylbthzbie art,

and in accordance with this inyeqéiog?gg§ contain a snall nt of. certain
i

ano
bypr oduct ¢ &iestotIHaguos AddigpRgl BerehovEds PRMEIICT Jifay 1 BERYene,

di scussed kgjafitionsTagedty el alrkaptRtunRACRd BERESR, BRYreBRNEhAN P alky REQUNE bther
di cycl ohexyl benzene, and thus be 10 acconpani ed by, and integrated wth,

t he transaR$FlestYoRYBIMRpr oGlieherdkegrt ARk fe npaléchrg 1t Hesdz eprarisne

produce adddibiRRAber¥id iRRGVS IREAEBAR 1S H oY b ink RBth hBIGhdteRe, var i ous
separations to recover and recycl e unreacted benzene, and renove heavy

al kyl atlés &H82bt heyrthgh deae enbedinisph e owiticansof the dicH comprgng crdelissribengene

manuf act ur ¢,,3 HeafRle GBI daf QS fEink QENLDBEZRRE iY@ St PRSI e

al kyl ation of genzgﬁg mﬁfh cyéﬁohgxgne.XQIS [oogéﬁ Fu&?her? n ag‘

enbodi ment treaiepsleriagn rofctivherddued dissnped diterg by dhid mesaydrb el zane figetyonbel a
recycle str I.Si . produce i of
he tr oat e A sy aak A (X h IR IR AR OB AE Ry be (IR RARERALD L)
or a fract itogenefatecylditiohed pirdobnzene that was unreacted in the oxidation
reacti 03§f M REQV I’se%f "t’hr}:dsoruleclél So?csloﬁr(c)esg ?nn\ga{’rl%hse er%gg -irtnien 0 3 feg %Qrgl risin

20[ 003 Rgg%r esS I The source or “Sources, 1in various enbodi mems, = feed
conpr i si ng cesiaticaplbanzbizarnaing ackadt abns 1Qwtlopast lakabbut PG witd/por arleaat aboeast

SHOUL 25 it B o PGS MR s KPS RS 8 1
cycl ohexyl banzgneat 99 mtkadyiclisxythetb MERtGrioust eriyliriny, & Mmapeodthi@ranother
gf rngggP t icgnqgon%ﬁténpéreéxaglg €, t[heee‘r%edc &% Igrlls?r{gncgyci:o%g)!y?bré%%(%le bn?arglzgorr]lteainngy logst nlt arn
25  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 wt% methylcyclopentylbenzene as any isomer: 1-phenyl-1-
30  methylcyclopentane, 1-phenyl-2-methylcyclopentane, and 1-phenyl-3-methylcyclopentane.
There may be other components present, though desirably of low concentration, say, no
greater than 1000 wppm, or no greater than 100 wppm of phenol, olefins or alkylene

benzenes such as cyclohexenyl benzene, individually or in any combination. The feed
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25 wppm and no greater than 1 wt % bicycl ohexane, or at |east 10 wppm and no
greater than 8000 wppm bi cycl ohexane. It may contain at |east 1 wppm and no
great er twearroR/0884 bi phenyl, or at |east 10 wppm and noPgrast@n/ogtsan 8000
wppm bi phenyl . It may contain at |east 1 wppm and no greater than 2 wt%
met hyl cycl opentyl benzene, or at |east 10 wopm and no greater than 1 wt%
nmet hyl cycl opentyl benzene as any isoner: 1-phenyl-1- 30 nethyl cycl opentane,
1- phenyl- 2- net hyl cycl opent ane, and 1-phenyl- 3-net hyl cycl opentane. There nmay
be ot her conponents present, though desirably of |ow concentration, say, no
greater thapmdQ00 WRRMbxyWenAic % RBIRLxIRaNs HABaRRM &fusémﬁ&é?élaztloﬁ’lré%f:ﬂld?ls or
al kyl ene benzenes such as cycl ohexenyl benzene, individually or in any
conbi nat i omay FREEMCEloPDYIEIZN0 368 2APCTAUSPIPISBATERY CoBhivria ofghe other

cyc! ohexy! ReRgaf hid HILCR RHIRHiGS thithEPAUE ElhniifuRATREndly, OXI dat i on
reaction may contain cycl ohexyl'benzene, any other one conponent, or any
conbi nat i od0BH t him \@tlh@rexcmnbm@nh@rp@@c oxidateog may hem@cqmpipberdtbymtaﬁmg each
or in cqnbi 034 rY: 1€

oxi dat | g g R b T B g Syl S Bl PG B S RO e
such as ai lcydoid:xylhenzem Hmewamle,\ws mﬂfylae pir tlwtihhs la:eﬁeeldpltcssmblanchﬁhged to

cycl ohexyl benzv%gl]e artlcl(}fat S, almgha? en C l'}gs% | coo con gnesg a(r:l I ressed
and filtered to ré (?partlcu ates any f‘% enco ressed and
cooled to mﬂ:d,&ﬂ&ﬁ th:litdlas bomvearivkadden oxgagenabbvetﬂhahathas aﬂipe@nmeuaryi haol% rn

oxygen above he hnatu al I§>EC OXI % 21 nol %IE f;] throg%h menbr.

enri chnent *Bft réﬂl% mé’:?’@‘c's‘a%ﬁ R OB PAUBIOHPINEF O A A ln10t he
ken of 1t)het1&k14eh|oemealhtlbcsa&fisan[ 0035] The oxi dation may be conducted in the
absence or se of a catalyst. Suitable oxidation catal ysts |ncI de

N- hydr oxy %‘8’3& ﬁleee%%ev ey b%?%‘@é‘“ﬁ%?c f BRsgngerpr Qreéen"%%%ﬁ talygs. B“&P%o, 462,
which is |@§ﬁﬁmr@¥a%tshﬁdlﬁdemiﬁydrbﬁ}f QIb@tﬁtﬁ@df: ictifi®s BecRBRISn U OrPatkarpl e, N
hydr oxypht hal i m de( 4- am no- N- hydr ox thal i m de, 3-ami no-N- 15

hydr oxypht RelPPs ﬂ‘?%le“’hl?}éﬂsr QB?IB%teFthrW Bxy feﬁ%ﬂ fouithig putpose.  For example, N-

t etrachl or gydokyfitakyRit hal ikhee, N hydngowaldokddfihalimiedr oxyhhaigmide,
N- hydroxytr| mellitimde, N-hy drox%benzenel 2,4-tri1carboxi mde,

N N - dllﬁydIhMQWfWF}@h@lqe! tqt@bigmoriyl é(}roxyphthahmlde tetrachloro-N-hydroxyphthalimide,
N, N - di hyd m@%@&%ﬁ@”%ﬁ;drgxyh%%ldé etl\fﬁ’ﬁ@cﬁ %%lltcfmﬁ'e' L éhvoxybenzene—

N- hydr oxyma el r'i di ne- 2 di carboxi'm d dr ox’ suc I ni'm de,
N- hydr oxy ( tles4- mcﬂrbomml@e}\l N‘Mﬂirbsﬂdtmwr@mﬂdmdnm@we NZN'sdlhydroxy(ben20phen0ne-

20di b _ . -5 .- -2.
iyt LQ?LOQ,X%%E@%%L Jgggr Piide pryﬁxg@&@dg, T HIRRY P fBSadicd, -
oxi m de, N- ﬂlydfpmysyccmllgud¢- CyCNdW@F@@M@M&lIIQ di daidepxi mN}hydroxy 5- norbornene—2 3-

N- hydr gxyn hall de s sal oni i, de may
be use%6 P?igc fera lcrln,’ theeog\éﬁg%lm)& OXﬁﬁi Ej/ @p%fl rbzéaglcar Cl;er rsjﬂllutable
catal yst i &iyddoRy- c1Ncy¢lbhelaméFm<yhcsnboylmmrl c aci d. Bla{yﬁﬂﬁﬁ]ciﬁhﬁe@elahxxmiamzon
catal ysts can.be used ejther alo i n unction with a free radical
initiator, Cd%fﬁ‘iﬁ’ 1;13}1? MH%E%Y{&%’@E‘ g@d‘el qu %d‘ﬁﬂase q‘horm%rene&\ﬁjg YESPaPy st s
or can be &ur&pmfdﬁsa@hollﬁnﬂdesmby eC@ed.i arrefeabRt G cRalgst hetrehogengathalivrkal yst .
Typical ly, rox yted cyclic imde or the
N, N, N' -trl‘A’r‘i‘;‘? @‘68337 b@&a@ l?@réﬁ’ﬁPW&Fl‘i #'@n anount bet ween 0. 0001
Wt %t 0 235 (3o SU'Pllibs@-SXllﬂ@ﬁdhe&EhlﬁtSO&ﬁ Batfed eittr Wcke offin b&§undlon with a free
cyclohexylbenzene [ 0037] 1 n various enbodinents, the oxidation reaction

occurs und&diggk inguatoroand £% Gag e used as liquid- phase, homogencous catalysts or can be
supported on a solid carrier to provide a heterogeneous catalyst. Typically, the N-hydroxy

substituted cyclic imide or the N,N',N"-trihydroxyisocyanuric acid is employed in an amount

between 0.0001 wt% to 15 wt%, such as between 0.001 wt% to 5 wt%, of the
30  cyclohexylbenzene.

[0037] In various embodiments, the oxidation reaction occurs under oxidation conditions.

Suitable oxidation conditions include a temperature between about 70°C and about 200°C,

such as about 90°C to about 130°C, and a pressure of about 50 kPa to 10,000 kPa. A basic
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Sui t abl e oxidation conditions include a tenperature between about 70C and
about 200C, such as about 90C to about 130C, and a pressure of about 50 kPa
to 10, 000WRkRa12/08682asi ¢ WO 2012/ 036821PCT/ US2011/ 047834 Ipafrfuseéing4mgent nmay
be added to react with acidic byproducts that may formduring the
oxidation. In addition, an aqueous phase may be introduced. The reaction
can take place in a batch or continuous flow fashion. [0038] Typically, the
product of the oxidation of a feed conprising cycl ohexyl benzene (also 5
referred to as the oxidation reaction product or oxidation conposition),
contains at,ffgasta f@nt‘Mﬂ{? be Ul PR ﬁtactlx%ﬁ?tama-g B@%r@uét?ﬁha@%ﬁypﬂoﬁn%nh gast 15

wt% or at |east cycl ohexyl - 1 -phenyl droperOX|de based upon
the total weidgtnn. dn addigongs %‘F@l@mhﬂséa%%’h@nmmd@@ﬁﬁ‘e e rggciinap take place in a

nanlfestat%Qgﬁor&gﬁmﬁmgﬁg&mggmheact|on product contains no greater than 80
wt% or no greater than w% or no greater than 40 wt% or no greater

than 30 wt 90038 nbynitelattes prodrshof2Be awidafion of wfccdspaipsiies gyclohexylbenzene (also
) phenyl - Ii] e(a%‘\ﬁ % gﬁdgg)a?&c*f(ﬁloﬂ}oa&ﬁor 09&@110 V&h%&n&? Htﬁmgéﬂ lgﬁ{ﬁ Q;'f% .

reactlon pr odu oxl dation reaction pro er conprise imde
cat al yst am@hwﬂmdawtEHW@@&@GhsmybMéﬂmeﬁem9$hEMHWMéWUW%nwn@ymwhbmhdwlL

cycl ohexyl benzene .in OXI t ti pr ih.an a nt

east 50" wisbioproalepAEBEL IR LR SER (el PORBNG] e u nPOREL LI o6

or at | eastma8esvitidps, ﬂre cﬁidah@ﬁ&ﬁctﬁﬁ pMd%:t doamiae nul [gﬁ:latet (HaﬁlSO watg bt n@fresthe

oxi dati on rea ro ct [ 9] I n addltlon e oxidatio ctjon
or oduct e SR ORGSO B SR AEN SR DR et T
- phenyhol - Iaydycm@emmpﬁen}gen@ﬂmbadmasbaed)y;wnaﬂ@mal erlghh@f tax bdladtiod Meat@@Ct i ON

of cycl ohex Ibenz or. as the oxjdatio roduct. of sone oxidizabl e
conponent %/ rPXWE‘PIbWé%VPH’éWJf%@W ern%ammlawmﬁaeﬁalw ARAUABE S t he

cycl ohexyl '@ﬁcﬂe’ﬂﬁﬂﬁbéﬂﬁ@lﬁr OicNBvendéh %y dtide RyclSeeNbasbid @am @m@mﬁ agcR@nt s
i ncl ude net hyl cycl opentyl benzenes of varijous isomers bi cycl ohexane.

Ot her exenpl9Est ik gy pBpE gkitdestdhyapion dhlest pY edantr ifa%t r@é Y% ara%t gt 70

reaction p&Q%“&%uWﬁﬂh%dﬁ%@brhﬂéﬁim)®@§QﬁxﬂﬂlB@ﬁmﬂ%&ﬁﬁtM@&QB&dQ%n&&@Um1
oxi dation reaction product, 0.1 w%to no greater than 10 wt% or at | east

0.5 wt %t oPFdUgreater than 5.0 wt% or at least 1 w% and no greater than 4

Wt % of - any |G Of 1aYii6 LMY HaddioN reBftion GYGhORAYChnthin ond dr mare hydroperoxid
phenyl 2- hf@ﬂo er3X|dg’ ﬁéi 1 re{non en 1h%%hy3rgﬁgro§|8m yroperoxides

cycl ohexyl othep ﬁ@mpyclnhexmyhphqwk bkydn@er@ybl gepented las B bypeadugt of2thp eaishptionp

- hyd X |
nrop, o1l VG OREL e b EHLAR BT ACRRISRL i

met hy1- 1- phiany;blelahdxykbmapm mxu ey, hamdeen contained in the cyclohexylbenzene undergoing
cycl oheyyl henylg1l, 2- d|h r Qper ox

cycl ohgﬁyl orngthon Slic’h 0)8 %(iir Ognga}r%gr(l?nge’lrbclug[e Iﬁet%fychopen%lbenanei oi various
di hydr oper GEomdﬂ and deydylcexhrmp Oriiey ]:xehapmy Hydfoﬁere;ph@ nyﬂtarﬂméhts @ichynt rio phe
er oxi de cye

, 1- g&h 0 g
cvel opent y POt RRERUY BT S BAE Rt v ol PR BT Ky ensumion .1 -
met hy1- 2- pheyayd:; Qlﬁw%d¢hy@kﬁﬂwﬁmﬂk]ﬂ€@(HVK%&OQZ&Q&G8Z&E@Ektﬁ&ﬂimhﬁ%i&34
[ 0040] The re ctor g;ed for the OX|dag|qp of cy cloheﬁglbenzene [ t he
oxi dati on Pk and no greater than 4 wt% of any one ‘or any combination of: cyclohexyl 1-

25 phenyl—2 —hydroper0x1de, 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;

30  cyclopentyl-1-methyl-2-phenyl-1,2-dihydroperoxide, cyclopentyl-1-methyl-2-phenyl-2,3-
dihydroperoxide, cyclopentyl-1-methyl-2-phenyl-2,4-dihydroperoxide, and cyclopentyl-1-
methyl-2-phenyl-2,5-dihydroperoxide.
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may be any type of reactor that allows for introduction of oxygen to
cycl ohexyl benzene, and may further efficaciously provide contacting of
oxygen amdocycdmsbexyl benzene to effect the oxidation re&cmiuseo11/ers3€xanpl e,
the oxidation reactor may conprise a sinple, largely open 5 vessel
container with a distributor inlet for the oxygen-containing streamin
line. In various enbodi nents, the oxidation reactor may have neans to
wi t hdraw and punp a portion of its contents through a suitable cooling
device and return the cooled portion to the reactor, thereby managi ng the
exot her m cigosopf TheeRxrdald BP ik SRREARNLT cyﬁéls}f‘e&ﬂ@&ﬂz&@ Ye., ROBkiADNGRIck?
providi ng |nd|rect cooling, say by cooling water, may be operated within
t he oxi dat ims be pay peacf Bectopthpicateys erh@tr@@ﬁé}na:tf@ayma@ cyqlghegylpenzene, and
embodi ment gq, tdiencPXFHlalib QA pRARL BontfERNe CPORIUS EnPoRIERlIbdnserdlio LABR YRS S T
seri es, each- con ucting a ‘portion of e oxidat | on reaction, optionally
oper at i ng axideidnfrezcting. €onekiamplenthe valdaidernertadter avhenmnsise heingi¢, desgélpapen
reactiong a ) e e gen,
or bot h@ | }Slfestesgi oHt%[Pfﬁ} &gfj('% élg;allib‘élﬁ&ﬁfélg@of) i @%%QJB. C%Xﬁlnﬂ%[ Q&ém‘?ﬁ'ﬁ&g In%n%y
sem - bat ch embodiment,i the oxidatfongwachs mmgrhave meaﬂsrto\mthﬂmwlﬁtdrmw %kortldnedf it t he
2‘[':)] eggggl%cont%‘ntse ?hrou & g %lrnttab encooofhn;[g h esn(&%_(llag(’fl trltorr}l { ea%to eff lpoptgo%gt(léﬁt%le ][]r?%% r1 on of
t he oxi dat nlwneblyeﬁmagmg tlp:r mbthetmlarIy af t}eowcﬁqnnm mzicmrmd Altdrivoivtlyuoasdingooitiy any
separation ction resul.ting from vertfg ﬁone anD%?t of the
14 Bh

oxi dation P Oé(bﬂgfi‘%ﬁldﬂ%o‘iﬁ? g, a0y 0 19g EGuaY °¢ °PSRG hig;tae &8
such ago 2@ac@rperanyesthorcagedted htuds, Int diker aimboghtsa tHRos:tid«0ion atactdiemay

oxi dati on reaction_product have the sa nposj ti as. the oxidation
reacti on progRiee. a@ﬁ?‘t‘%@? rea‘étP%/S ”E)Feréeérr%db‘fo"gﬁémé%lpaﬁiofl8 q’Pé%@FP%”b‘%“&Huct as
directly propasnare op@ytingnd @reteen® 06hd@ioniREIEct&ERNBdcO A, oxddoR FeadRPr HPd at e
product of that separation (or separations), now dlfled i n _conposition

rel ative t ﬁ%ﬂlﬁ%t&a@\ieﬁwnrré%tq f sviclphesuibenzenss Oy geth Py bGSh.GR Geld ThARIBHNY i de

the at | eastacRr RRYeWUpeicding Bﬁ&'hd%m%tcg%le&‘)ﬁﬁh&ﬂs RERAHEh S WRI RESAHLd O the
cl eavage reaction. [0042] For exanple, all or a fraction of the oxidation

reacti df pﬂ%ﬁ%ﬁ@ﬂ%bnﬁmﬂéCtly produced may be subjected to high vacuum
distillatiQgygfo gp atl topnrti%nl%ﬁ‘%%ﬁdaﬁ&{ lesaed gkd&lu&%eﬁz%tsﬁgje&é!&{ooi‘ﬁéa%&enze”e

relative to the oxi reacti on product, | east a portion of
t he oxi dat ir@etigneadich areypndeiecl! asome rfr@gtloeiﬁ tleooradation eppetthni produiieasgtséttye d

cyel ohexy! phap el 0N SRRERK! S, LR il REUSHOLECLEU e

cl eavage reaction ne 1 senti
cl eavage r emotlritmﬁtla:milctahel reac;ttona;ircvdzlatt dsahrectabiwnd toamthbudlsmmonsudoas a

ngd. S%bvent pfo(r)r ratg?)[g‘% 1eXs§ brtle 8%}'{1 10% resalélifnl'lrr'o&uc%51 Gl dhaV Wever
di stincti ve PI pr OCGSS SCI’I ear I? li) conveni ent in
t he presentamcveniosminn hbhate dxiatien rdaetamtpredqoor Furﬂm 01111 or\ine of the oxidation
2012/036821PCT/US%919/047 F
reaction product as directly produced may undergo one or more separations, and an appropriate
product of that separation (or separations), now modified in composition relative the oxidation
reaction product as directly produced, may provide the at least a portion of the oxidation
25  reaction product subjected to the cleavage reaction.
[0042] For example, all or a fraction of the oxidation reaction product as directly produced
may be subjected to high vacuum distillation, to generate a product enriched in unreacted
cyclohexylbenzene relative to the oxidation reaction product, and the at least a portion of the
oxidation reaction product as a residue concentrated in the desired cyclohexyl-1-phenyl-1-
30  hydroperoxide that may be subjected to a cleavage reaction. Cyclohexylbenzene is essentially
a diluent in the cleavage reaction and the neutralization reaction, and further is not a good

solvent for most acid catalysts, particularly sulfuric acid. However, distinctive from the Hock

process described earlier, it is convenient in the present invention that the at least a portion of

S11 -



the oxidation reaction product that will undergo the cl eavage reaction be
of the sanme conposition of cycl ohexyl benzene as the oxidation reaction
product dwoeetdogegmoduced. That is to say, it is conveniPemusSkia41she at

| east a portion of the oxidation reaction product undergo no concentration
of the hydroperoxide(s) before the acid catalyst is introduced to it,
because the 5 starting al kyl benzene cycl ohexyl benzene has a significantly
hi gher normal boiling point than the starting al kyl benzene cunene that is
found in the Hock process. Wile within the scope of the present invention,
any practi gl oSgRRh QBN FbRRPHRA Wil GRBGE MhE AlGvidiercedtoh ey lire dame
phenyl - | - hydr oper oxi de or ot her hydroperoxides from cycl ohexyl benzene pri or
to ef fecti sgmedséiosloéexcihexyileneanr anthe okidptipnrengtion rrgdycheisnsthe piodured v Ehas iy ow
vacuum pr e Ui & shidre ifitne A RILRTER b B BAIEIReANGNplol® acreHy T es
very high tenperatures that coul d cause dangerous, uncontro t her mal
deconp03|tp@nﬁmﬂﬂmmefﬁwdw@peﬁgxdﬁ@§wﬁ¥@0@3@ﬂdﬁ%b@bmaMKvwwﬂt@MtbﬁW@$ﬂMely
all or fr f - qAgtion
ot the vacoirimgalloeplce oRXUEEN A0 3CH AR oRLRNFer Brnfl bofls Aifd R | 07
of the unrdactathg aﬂtydisnzma dlamrmmhatastfamdsn the\MﬂCklpracem Wiele VDémstbpsaoa@ ed

ei t her by fl l tl'resaétn l’lV 101’1 %1’.1 ractlcafa aragon 3,86 QGi]?atCOH%Xn ra en erC. P? Used
to effect f epcrysf af11°2af ok “'dnd 6 vidé 4 ¥ ortyon 3? he

oxi dat i on peagt-i-dmdippadkidd or etﬂflucl@drc@moﬁcrdeefrbmouyc]om;drﬁ)eoz@nd@hmotm affettlgy st

that may be subjected to eavage.reacti o 044] As anot her | e,

or " 1 act 5ot aEn S Bt FORES ateon pieBhved a8 Hebutant iy Mg

subj ectied b@ulp\iﬁérﬂ,ran\dl&sm hgn ﬁl&ﬂy tdaeiespasshige tdnfpeugh an addeahehngesdch as a
3A 20 nol ecul ar_ sj g&; ar atgh\l\%ﬁgr and ot her adsorbabl e conpounds,
and provi déngptrgiiedt %YE‘PI CB‘BP SjtoR obthedropPYdes on reaction product with

reduced wafu3 r Amld@laﬁpalt SEnaliVedl, allBYa BL:iSn Bf BE bAGatioR rchdngRYREGE or all
reaction. Sim or a_fraction of the oxidation reactjion product

may under g8’ & f@ﬁ% %fa{hfr yacavmﬂwgm% PydusaBR atreb ge e conehizaonpidiage
over a bedgfagQdinR %%Hgﬁ)ﬂaéa?al)tsp WIGOPYA thee bk rﬁbﬂa‘?at&f( bRt | 'b9 rhitgatod! &Sty

(e.g., NHPI) or other adsorbabl'e 25 conponents, and provi de an at Ieast a
por ti orlSof sermeng ke atewsxehanger susfﬂcws(@él tmqffeﬁféhﬁ@“éﬁalllwtlgse|aa@pli0@1ﬁe emttdeayst or

ot her ~adsor, %@Rioﬁ 0?3{52@‘?%%“ a8 o&u@@ﬁedﬁ\%{ oPfeSHBh %id%%xfd%cﬁl GlBRY g

reaction. ot her |'e separation involves contacting all or "a fraction
of the oxi dayiborbicstedte oelcprguuetioas produced with a liquid containing a

base, such [@% f‘” RAUFEML? oA LPll'é pﬁ%r Qlfra@ibn Al 6x1&£‘ﬁ51?|rea&go§1%9§%Etteaﬁng?%X%fe ogen

car bonat e, orm an aqueous 'phase conprising a sa

oxi dati on mvd:ieysslbj,ectachdb aflateomgalrnmg: aiphtise prsagecdobugin an midghebenk isdelt asom 3A
S?ESLZ?E) t Ea Yecﬁil%r %eve ogsega{r%tle gvaa e'% and &ﬁcérta'fl@sgo@% reectgzeo()% sda?‘%(rjonw eeaf'%lca leagt a
2012/ 036821)51&3511 ldSﬂ&ld}ilM@'BMct@remdl@e thaeducem wa{eﬂ@ﬂﬁinés coitat Uss ethyalzove,
the process .i.n des, cl eavin ast ortion the aoxidation r actl
brodbet i n e RESIE bl s R afgBf B Shrclu it ARG EEREL | on
product comfmyuﬁakiago tahehemidally ©ApAYsyatly bpfeendborgina, sychl shexagooesr Asedised

her ei n, Oigw n 5 neans causing a cl eava aﬁy‘ggfacu %n to occur. In the

cl eavage ré rbougte Qs Kempove they piflg, RXigaption @ NHPI) or other adsorbable

cycl ohexyl cdmphiiry landi- iy diORLEOKAEQ pitidn HeBOBRASRNI Badib® Brodgdt@sducyd fy to
cycl ohexanone and @henol and further, any other hydroperoxi des present

wi |l deconmpddaiangatplyst o5 pithes adierhable companepiseoaigntibiptgipy be subjected to a Cleavage

reaction. Another possible separation involves contacting all or a fraction of the oxidation
reaction product as produced with a liquid containing a base, such as an aqueous solution of an
alkali metal carbonate or hydrogen carbonate, to form an aqueous phase comprising a salt of
30 the imide oxidation catalyst, and an organic phase reduced in imide oxidation catalyst
provided as an at least a portion of the oxidation reaction product that may be subjected to a

cleavage reaction.
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[ 0046] I n various enbodi nents, the acid catalyst is at |least partially
soluble in the 10cl eavage reaction product, stable at a tenperature of at

| east 185@oantk/d3e1a | ower volatility (higher normal boiPCirrus2@aionts4 t han
cycl ohexyl benzene. In various enbodi nents, the acid catalyst is also at

| east partially soluble in the treated cl eavage reacti on product.

[0047] Acid catal ysts include, but are not limted to, Bronsted acids, Lew s
acids, sulfonic acids, perchloric acid, phosphoric acid, hydrochloric acid,
p-tol uene sul fonic acid, alum num 15chloride, oleum sulfur trioxide,

ferric chl @niA9ee RIAPntri fluoride, sulfur dioxide and sul fur trioxide.
Sulfuric aCtd 1S a preferred acid catal yst. [0048]In various enbodi nents,

the cl eavad®pbacts shscpisedigbevee dhr /rasessatciugess eleminggprgast a apetiono ofytleeat er
than 3000 Mﬁ%dﬁfre&éﬁ%n gfdd ctqﬁltﬂ%l [}fec'stenceocff aﬁtacﬂd%@t%fystjﬂnggjrm%rh tcf%a@a%g QP& eater

t han 2000 wppm of cataly or at |east wppm and 0 greater
t han 1500 \mmﬂmt@fommm@tha@md ce'atyaﬂ, plgqnol pegadolgrenoncotialusedheygtin, ‘cfcating’

cl eavagg r%&ﬁé é&P %le‘éa% e leQQ‘%%]t& Qc ?ranHécligﬂ;g ATAES t‘PJasttaga%nPJneo%?ﬁét

i nventi on age reaction I nc s cyc exyl enzene in an
anount of aitsmeéasjzclﬂﬁxym%heoyl lahydrq&sixw&o wvtl%ieammpme li@abigh65clodtBgty oto at

| east 70 wt %, ,or e based 1uRen tot

weght of " ¢reo Rl sEr Pl s Bt S uBar MR TG BRI R ot 1
hi gh anmountvsriaik ﬁﬁﬁﬂghﬁxyﬁbfhﬁ@me in the cleavage reaction product

cloavage r | O vineRR, AT RBAb AlcoRed bR pF LA PR ik 10 e

mor e aqod @&hﬁigyséacﬂi@ [ﬁ‘f)dtﬁf;fstabllé%t @ke@@éﬁa@ﬁe beadéas Orgsthamnd hasrmlsabﬂ %ldﬁﬂi{}d eved
optimal in the Hock ocess,, partially overc

i nsol ubi | i (§1SksF “PH’éalg’@EIH‘gl H?“%t aBI"@Q@%@%lt’P‘é@B‘h %xﬁﬂ%‘dfﬁ%n&%v&e acidzy

| ower anpurktsly@fis agdaléa@tt@hmﬂ]t/ séradle hﬂh@ﬂ@ité@aedvagetre@u@ﬁ g, i nvention,

W th approprlate ad eavage reactor volune and resjidence time of

the cl eavad®4’bactfidialaainctudePu i net baijalje. Prearebicidolapt asis Rilimic
hydr oper oxiaggs ‘f)@l%lﬂ%ﬁ@ b8 pho¥RoRO 424 036RRHUBET é&@%&%ﬂe@ém&c [A5d]hMuMAr | ous

enbodi nents, t e cl eavage reacti on occurs under | eavage condi tl ons.
Sui t abllé cicblatidgeleandil urdﬁgmii%é‘@r@a@hb?rlﬂ@rb@é-‘rna&ﬂélrl@rlf&% fur|dicxede dculid no

greater th@hhyide Sulfuric acidis a preferred acid catalyst.
[0048] In various embodiments, the cleavage reaction product contains at least S0 wppm
and no greater than 3000 wppm of the acid catalyst, or at least 150 wppm to and no greater
than 2000 wppm of the acid catalyst, or at least 300 wppm and no greater than 1500 wppm of

20  the acid catalyst, based upon total weight of the cleavage reaction product.

[0049] In various embodiments of the present invention, the cleavage reaction product
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 product.

25 [0050] As a result of potentially high amounts of cyclohexylbenzene in the cleavage
reaction product, considerably higher than cumene in the Hock process material undergoing a
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 product. However,

30 lower amounts of acid catalyst may be applied in the present invention, with appropriate
additional cleavage reactor volume and residence time of the cleavage reaction product in the

cleavage reactor to obtain high hydroperoxide conversion.
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200C, or at |least 40C and no greater than 120C, and a pressure of at | east
1 psig and no greater than 370 psig (at |least 7 kPa, gauge and no greater
t han 2, 5580kPr/03g2uge), or at least 5 14.5 psig and noPgramsbte@n/ostsan 145
psig (at |east 100 kPa, gauge and no greater than 1,000 kPa, gauge) such
that the cl eavage reaction product is conpletely or predomnantly in the
| i qui d phase during the cleavage reaction. [0052] Conversion of any
hydr oper oxi de, such as cycl ohexyl - 1- phenyl- 1- hydr oper oxi de, and
conveni ently all cycl ohexyl -1-phenyl-1-hydroperoxi de and ot her
hydr oper oxijgia3} |/ vaki@uganssdahdts Y@Meﬁh@“reh@mﬁ hRcr! ﬁﬁd@g%a\'f'a%@‘%ﬁcﬁtrbnse g.,
at least 90.0 W% or at |least 95.0 wt% or at |east ) or at |east
99.0 wto oritghe Fleagee gonditigsopclade atempespregd. @ 19&8%20& a’éd‘/éﬁ AGET VY t he
per cent age , f i S f
hydr oper oxi gée%vgg §ﬂo? Py ﬁg%lgﬁ%h% ?r"t’tié@péon%an?_%gsggr&o?gﬂe iy S ot her
hydr oper oxigder prae§é(hps1g fut {dagt 7altPa] ga;ge aigl lpngl’eatcmha:n‘z ﬁf’r()ekRaxg&ilge) onatd@aict i on
product .un 0i.ng t he cIe |on S is de irabl e use any
hvar opes oxiige s Y BefeCBIERE HRAGURL I nle BEENERYE mibd ARG
contan1nangmun)mhﬁtmhemwagﬁagea@ﬁmﬁmnnmddﬂebmgh&btmqa&ﬁﬂnmmﬁ@magelkmabt|on
pr oduct, sed Belom/ dro eroxi des cause undesired chem stry when
decorrposedp P“%H5 HETERY nditions outside the cl eavage reaction, or
12 1(‘) : B ggg ]r?lhl[oﬁsdpc OO@%gianU”fdﬁy htylsn@perleﬂdé tsu€nss d':}i%lo’rheiﬂIS]T:ﬂhleh}aili-lﬁﬂrdplefouadE,-

e maj or ucts egvage reactjon of c exyl- 1.
- phenyl - 1- & w%\ﬁ%@aﬁ Zr} eyl %WPBWés@an%sﬂeoth@éﬁﬁﬁgﬁergweéh is

generahby GONRIIlySRS @gomtthéﬁemgé&&uab@g B Raobn vars, 9PAUSasts 0P8, top a@bout
55 wt % of the cleavage reaction product, 'such wt % based on the wei ght of

the cl eavad@srBdbi’ort gt lsani OP-0axcd. & phieash P9 it ea et B deashy ) DHERyA sy Mife and

aci d catal yad;. népbeoR echnO%é%e@JmQQ{V@i%ﬂttc§1a g@Jeﬁ@ff&%fv\?%f)érgﬂd@'bPQf"Ct
conprises no greater t % or no greater than Yo or no greater

t han about aiZy¢lplexgk 1 ph@wbl hy@fppqr@XI%yndc@hﬁrhyéé)p@md@amesem Wt Orp apjeagita | east
3 wt% or ggrnoﬁ%ﬂhe%x%‘%n 1%5 Pkﬁg&tunégﬁ%{%}g}ga o rPREGH s fQk@lapyel ght

of the cl eavage reacti on pro ae reacti on pro uct
may conpri decangs gnedtydroperhside, 36vent ts @clohexydl editied- lthyéwp%xr\d@ Ybeaomena

greater t h%?nt?\gglg tiéﬁlevgl %Qfaérgg a9{1?n rgéﬁggﬁﬂq&g{éﬁ cled age E‘ea&?&ﬁlpg&\[,ﬁgﬁ, 'd%gus%d | east

1 w% or a or a
cycl ohexanobeley. bHs@dpemwmastcahsevwdghtedaﬂlemhey oﬂfleamgcanpoeabmd@n upcanttuli¢d.

[ 0055] The cIe rod t m urt her | east.. 0.1 wt %
bnd > or o SRR Sy s SR BE A hn TR BT e GRIRRY GoSape FThaGRs b e o¢
or at Ieastadistﬂ/lﬁt%nalhhmmo WO 2012/ 036821PCT/ U82011/ 047834 greater than 5

w % or .5 w.% and, n reater than 3 w. % of any
coni na0 ol BT ol By ERodhc e SHethRoREHE ¢tk HURBRGHEPbI e
cl eavage r eagop@oxifs a«éqﬁbnol [aQ@Eﬁ]ld}@xMﬁ)ﬁéi e 8f Whick g @dlyadbinipainds abotit 40
"cont am nant _bypr odu de any unwant %/dofﬁlec carbon ar oxygenated

hydr ocar bor‘i"té’otﬁﬂaﬂ‘gr?ﬁ Wirfes toﬁé{"?,ult davddetor®getico cavage reaction product,

such wt% based on the weight of the cleavage reaction product exclusive of unreacted
cyclohexylbenzene and acid catalyst.

25 [0054] In various embodiments, cleavage reaction product comprises 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 the cleavage reaction product. Further, the cleavage reaction product may
comprise no greater than 30 wt%, or no greater than 25 wt%, or no greater than about 15 wt%

30  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 product.

[0055] The cleavage reaction product may further comprise at least 0.1 wt% and no

greater than 10 wt%, or at least 0.5 wt% and no greater than 7 wt%, or at least 1 wt% and no
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5 product or the treated cl eavage reaction product, or any portion of
either; that is anything other than phenol, cycl ohexanone and

cycl ohexyworaeses2They are unwant ed because their presemrce/uspailoatsas a
decreased yield of desired product phenol and cycl ohexanone from

cycl ohexyl benzene, or they cause difficulties in the separation and
purification of phenol, cycl ohexanone or unconverted cycl ohexyl benzene, or
sonme conbi nation thereof A 10 contami nant in the cleavage reaction product
or the treated cl eavage reaction product or any portion thereof may have
been produGggict haRBYwi®) 6FRMasOf 5 W% 2Rl §S §Rbtct MULBLIHANT aRY 0B ORYMafAGEN
contained in the feed conprising cycl ohexyl benzene undergoi ng oxi dati on.

For exanpl ef coptasypand hynvedictsipasedive thertebweightpf theecleavangyepgbion Radtdt-on product
as a resul t[O(B%] ONgs QledMREdm, Oaf “coﬁfa)hlﬂaht”\’@sa ‘chfﬁJafﬁﬂﬁgt %Hu&th%ay 1nclude any

cycl ohexyl benzene (e.g., as a byproduct of prod uctloﬁ usi ng

hydr oal kyl ativemed hydibkaybat ponxygepited hvdroml;o,onpp@mmﬂem 1nnthex¢ldaazageomeagtﬁ0nt he
feed co Y, ent d n

oxi i o) ¢ g (e QpRKLRRAEE GBI AR TP otich 8 (AL Bl AL e
reaction obﬂatﬂheahmmBdeDMM@nmehndhﬁﬂdxmﬂanumm ﬂeacmﬁmnwwn@ﬂmmmBEMGml(l|)

[ 0057] Exanpl es_of. cont am.nant s h act
lcf aF (lesme uct ehenoer nd Qxcﬁ)o%exanPne rf"r nin

possi bl e a DUt S 2 a?%e%g8¥mmai “Uaé

wt % ar e basgdohepplhertzoiealor welyglatiseodiffichiec hre&masgmrate;acdndqmn}ﬁmdmodf)phenmt er
r than 3.0 wt% twelve arb?n,Atwo

e.g., at least 100 wppm and no greate

i Baed” hydrSIdIEERES Dl pc K SRR R, whetomi, gphligaton Titred
bi cycl qbexaa&mmeﬁmhme&mlwge%mﬂaexgﬂﬁuaruﬂeheotk@&ek&dv&eyéacy@ﬂ pleuxcnLany
25cycl ohexenyl benz clohexa&,E nbeen ene %pg hen 3 | east
10 wppm and® é%?? B2y ?‘%ér?e%“ prodiessl eapy %Iienf %rerg ent m}é/%ﬂ“ﬁP aPtg‘ Sy b

unsat ur at e@eéﬁ%ﬁ‘tﬁﬁéd 1n&h'@ﬂe&§onﬂﬁi§ﬁ1§@?ﬂ&&xylﬁ@&&%'tﬁ&&k&ﬂ%&l@dﬁ@ﬂ €Bor R@XBIBONES,
1- phenyl hexan-1 -one and é@t ohexyl hexan-1| - one | cycl ohexanagnes

and pheny!| FEPRPIERY BHEDR RHAGAEE, thee @avagf‘alteaqteaﬂo dygf Wﬁﬁ% i OA% OlgMaigtaly than

4.0 wt % @?ht Qb 2108 Midd! the cGHEAR NE( &) a b9p@duct ¥F pr&RStonl&i
and no greater than 1.0 wt% in tota MD 2 /0368 1PCT/US 011/04783 Iess

t han 123campéralkylptéar o alkeldtiend Elaclarvff@ rI§0dL@9f1: i exigpfipngel, thiej fged gpmprising
combi nat i O@?cl&ﬁ%@&lﬁgizenez gﬁﬂpcﬁeﬁltllﬁﬁff!hg B%Qtﬁb% ofgn gxuhz%le kﬁﬁﬁc}neﬂt%o\{‘ﬂ)@ @d?gr no

greater than 1 t ot al cycl ohexanol g., ast 10
wppm and n@ﬂgﬂeaﬁeﬁ0¢hahnnm@Ck@%&e5ﬁ@y@1@h@%eﬁbmeéﬁmnCéﬂ§>mﬂ@“@&é&@h@%enone
or 3-cyc|o% 389ﬂﬁ1 i§: 9 at | east 10 wppm and no greater than 2.0 wt %
each or in‘tota %ydroxycyclohexanone(s) e.g., at least 10 wppm and no
gr eat er t haensz] 0 kamplay of @Dlahmmantanrbthxyleamga@d:adéqn pudict,asd ipesyidé emamitd,

b ! %1‘%%01‘ 11901\/\@60 {\Qe"ia‘g%tj—p rr%%‘ 1i5h (;[V{)]f;a‘mn) arido W}% Oé?e t?a%‘gcp ulgjorn tiogll %V%ltgﬁ!
the cleavage reaction product):
e water, ¢.g., at least 100 wppm and no greater than 3.0 wt%;
e twelve carbon, two ringed hydrocarbons other than cyclohexylbenzene, such as
bicyclohexane, cyclohexenylcyclohexane, and cyclohexadienylcyclohexane,
25  cyclohexenylbenzene, cyclohexadienylbenzene and biphenyl, e.g., at least 10 wppm and no
greater than 3.0 wt%, cach or in total;
e saturated and unsaturated ketones, such as pentanones, methylcyclopentanones,
hexanones, 1-phenylhexan-1-one and 1-cyclohexylhexan-1-one, phenylcyclohexanones and
phenylmethylcyclopentanones, e.g., at least 10 wppm and no greater than 4.0 wt%, each or in
30 total;

s cyclohexyldione(s), ¢.g., at least 10 wppm and no greater than 1.0 wt% in total;
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10 phenyl cycl ohexanol (s), e. g., 1 -phenylcyc |ohexan-1 -ol, 2 -phenylcyc
| ohexan-1 -ol, 3 - phenyl cycl ohexan-1 -ol and 4-phenyl cycl ohexan-1-ol,

e.g., at weast2/abgrut 10 wppm and no greater than 5.0 wt ¥CTaseh104783H total ;
cycl ohexyl cycl ohexanol (s), suchasl-cyc | ohexyl cyc | ohexan-1 -ol,2- cyc

| ohexyl cyc | ohexan-I-ol, 3 -cyc |ohexylcyc |ohexan-1l-ol, and

4- cycl ohexyl cycl ohexan-1-ol, 15e.g., at least 10 wopm and no greater than
1.0 wt% each or in total; wunsaturated al kyl oxygenated cycl ohexanes, such
as cycl ohexenyl cycl ohexanol s and cycl ohexenyl cyclohexanones

met hyl cycl Qpel@stseﬂﬂé(ﬁ 18YGHAREX AR rHred %S}@ro%f)&w %3}’& 081%”5&@15(4 SYGhfhgxsnones,

e.g., at least 10 wppm and no greater than 1. mﬂ %9 eaCh or in tota
al dehydes thosqpd siuell #sycyclobercan £l s, at Frﬁ@s@alﬁavwm @ylcn%gre@tgrl thagy 1.9ttty ¢ash ofF @ mpe ntyl
al kyl 20al gehydes, such 5-cycl ohexyl hexanal, and 6-hydoxy-5-cycl ohexyl

2

hexanal , e.g., at |least 10 wppm and no greater than 1.0 wt% each or in
total; 1-phenykhﬁwn@ﬁbgxyh&m@MWWﬂxnmmbm@mh&mﬂmaﬂMmm%b

6- hyd h st 1 t th
OSBRI 9 B ERE oS Pl ETR 5, 0 FRLSP S0l

no greaternb@aﬂmﬂﬂﬁnmm%m%z&wh@ﬂmabglesters e. g , at least 10 mppn1and no
greater than 1.0 w% each or in total; and hydr oper oxi de (e.

an
unreacted Ry d%f?ém@?oaaanowéﬁ q-§-nitlgapg Omwmr@glqgﬁ’@rea gen 2t0h‘§t%j@§i>t|"ﬂed
cycl ohexyl <l - phgnyic a]c ygfcﬂpa%rb%ﬁioﬁi@am@ t!&elea%th }Hj&{%lpﬁcr htgleﬁlaf%li(iﬁ as

cycl ohexyl -1 - pheny 1- é dr oper oxi de, ohexyl enyl- 3- droperOX|de
cyclohexylMth@ﬁbmrwiﬁy roper oxi de; cyclopentyl

nethyl phe roper.axi de, c 1.0

ety 18- pReri e PSRRI e o enERER -Olnef Pyepylpyclohexan-1-ol, 3-
- phfnﬁl 2I Iplydwu:pelbh)emnig oé@yd: ng]pnﬁqtc;o(]jne;aanrﬂedslhyg bt ankteabpht- B wippolrayderooxi de;
cycl ohexyl - i hydr oper oxi de
cycl ohexyl £ a%ﬁ&ﬁ@%o““§’8¥ﬁ§ﬁPb§8'OX|de
cycl ohexyl vl d@b@ﬂe@il %y@ilbﬁakdﬁ&@?f oxsuéﬁ, MO 2%%1@18@&?1%;8@5&%2@11/ 047834
cyc lop entyl-1-neth - phenyl - gdrop er oxi de, c¥
ent y1- 1- ne€ksal ezylﬁxﬁréﬂwanzl -gl, 3- C@rplﬁw&%ﬂé Fen-deol. aag -4l @wﬂwb&e}%ﬂrﬁh

- phenylys2, 4-diahpgli @@%ﬁﬁﬁ'aﬂ@no Extkr @fh E04Nds; dach or in total
- net hyl 2- pheny1- 2, 5- di hydroperoxi de; e.g., at |east Fnland no greater

than 1.0 we%unsaiehitcd rallmla axygaated 5{Y9](95@<]afl'¢$e suqhaes @ycml@&ily ey@fleaeolst pul
cl eavage r %%BHe%hyﬁ Eyc‘l?ohexa}n%ﬁes?hl%@lyﬂgaoﬂeﬁ%ﬁgﬂ%}loﬁ&ﬁn&g and methylcyclopentenyl

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

e aldehydes, especially, pentanals, hexanals, cyclohexyl or methylcyclopentyl alkyl
20  aldehydes, such 5-cyclohexyl hexanal, and 6-hydoxy-5-cyclohexyl hexanal, e.g., at least 10

wppm and no greater than 1.0 wt%, each or in total;

e l-phenyl-6-hydroxyhexan-1-one (also called 6-hydroxyhexanophenone), e.g., at least 10

wppm and no greater than 4.0 wt%;

e l-cyclohexyl-6-hydroxyhexan-1-one, e.g., at least 10 wppm and no greater than 1.0 wt%;
25 e 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-

phenyl-4-hydroperoxide; cyclopentyl-1-methyl-2-phenyl-2-hydroperoxide, cyclopentyl-1-
30  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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any type of reactor known to those skilled in the art. For exanple, the

cl eavage reactor may be a sinple, largely open vessel operating in a

near - contwouol#3sf2ir red tank reactor node, or a sinple, popas20angishs of pi pe
operating in a near-plug flow reactor node. In other enbodinents, the

cl eavage reactor conprises a plurality of reactors in series, each 10
performng a portion of the conversion reaction, optionally operating in
different nodes and at different conditions selected to enhance the

cl eavage reaction at the pertinent conversion range. In one enbodi nent, the
cl eavage reaqtRhtyl-3-metSALYNAIA, Zjéhﬁ&drbﬁe%;h&n undyblopéAo2hbiy VARRAYS? 3-
enbodi ments, the cleavage reactor I's operable to transport a portion of the

contents t Hlodiheraxidesye ﬁ@en%\}rreehﬁdﬂdpheeylcﬁr hdihpdopaetidy cpdencniyh L teethytre

cl eavage re¢ 122 n t t [ e ge
reacti on. Aﬁ%%@hafi%grﬁg&% é% c?g%ggl‘“ﬁﬁpégE?hr%%&é%¥%§gFﬁgahﬁbsﬁ¥ﬁ one
enbodi nent totdool i ng coils operatlng within the cl eavage reactor(s) renove
any hea g te e ¢l i

pr oduct 5 eﬁs uﬁlj1 ec%cg%ql e ta0 eﬁ%ﬁ%t}lg 18%%% %%Ct?oeac i t(l)lg Cﬁeﬁaﬁgﬁea&%s%wwe
all or somansf tyac vl gactof kiohe te t@ae/ﬂql@drledmtamrFOpBM¢ th2@easgadicamatrhay

From ai ver U1 Ao LAt SO Yo RRRE BBt Bulis PR O i BRA ,
pr oduced t@mqmnthmh ﬁngho@?pmennmemm@ mSah&mpmngnynehemﬁgemomihmﬁ viher at

| east a porthqh " q@ %eava e reaction ﬁrod ‘ﬁ a%e the sa h
conposi t i oMLY &Veag? ST ROPREEUE PUEIY Ry readPrs By S%% BF" the
cl eavage r @aﬂfd}rh@ﬁg zpp@dblﬁlbf @8 coliveadnl ryadﬂb@wpﬁafhllmjberuﬂfgelﬁlgﬂffﬁ&& niJdedTeide
separations % an agzroprlate F ?6 t of that se arat.ion 8 :
separ at i ond) ifiGEH ?HS‘EW‘PP% ¢ 16 F ' PEIKLFAFEOR ﬁte B PR SOMEREN on

product as rﬁigéeﬁltdn)é eﬁlb@dlﬂléﬁtdthe@ﬁyvagé utdeis bReaBtic iR@tioaupier ti on of the
cleavage reaction product subjected to the neutralization reaction.

Cont am nant%0fPkat Wevstiouy ef]jintsy thelravess raaséids ORFROICIOLERRE & RUERT B

product ”HMngﬁﬁhh%ﬁo%Q?a@&ﬂ%@%@wc@gupﬁﬂﬁ@ﬁkﬂﬁﬂk§ oﬁ@n%ﬁﬁkQﬂﬁw%ﬁQ&QhﬂE”ts
di scl osed herein, the processes disclosed herein further conprise
cont actPng thercby anappging HsrexpBermigityaofdemeleavpgrisectiont W lamativalyitee ieterrma t o
convert at p| N oBRE AN, Of Sl RRERAL RAfine! 8 oFGNKE it GRAG@MLRAN
t her eby produ a nodifi'ed reaction mxture
2012/Q3682$ﬂ@$ﬂ&8@@@%ﬁ@m?@@4&®@@@2]SU|table aC|d|c material for use in
treating thgeg| €aXag&s a@rﬁ&“ oPrRAUEh, | dJ 'alﬁ r8éi1f% %a Uge aGhiddiCi to
material s, 'such as zeo al um nas, OSI tes, éspeC|a21y
zeolites hawnngﬂmOQGmemmlwhehemyumbﬂeﬂlAngm@ﬁ@qnmcﬁﬂwwhmemchamgmlnehmhs
e A T R W MR B R A iy
aci d; sul f divetmgaoind amousabf shet biwvegaf xeasmhpméucsmdldmmteubffoat@d t8 ceshiothan
hydrogen bisulfite a i um net abi and a d solutions. In
one. enbod BREopruRR s SRRy SPTEr i Pk POHE® EF LR Sleguts stebton
product coppduGesayaiavd ﬁasquowh{poﬁﬁoﬂ Behadeaagatatiys protiﬁcﬁ.dFlﬁrﬁlep fab rasescenet he
cl eavage re ti?n. 0063] Co venlegthx t he acidic terial has a relatively
| ow vol ati I° fClV,c GRV3SR TSACHO Rigruct as dire 1y produced may undergo one or more separations,

25  and an appropriate product of that separation (or separations), now modified in composition

relative the cleavage reaction product as directly produced, may provide the at least a portion of
the cleavage reaction product subjected to the neutralization reaction.

Contaminant Treatment

[0061] As discussed above, the cleavage reaction product may comprise one or more
30  contaminants. In various embodiments disclosed herein, the processes disclosed herein
further comprise contacting at least a portion of a contaminant with an acidic material to
convert at least a portion of the contaminant to a converted contaminant, thereby producing a

modified reaction mixture.
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10boi I i ng poi nt above phenol and/or cycl ohexyl benzene, such that it wll
tend to distill in the bottons product in subsequent fractionation

oper at i onsotzheto3ney be conducted. [0064] The cont am nant PCrAstowa/os783en be
conducted directly on the cleavage reaction product, or after one or nore
separations of the cleavage reaction product. For exanple, the cleavage
reacti on product may be separated (e.g., by distillation) into phenol-rich
and 15cycl ohexanone-rich fractions before or after the contam nants are
subj ected to contam nant treatnment. [0065] Suitable contam nant treatnent

condi ti ons [yRRY “&&kahﬁuﬁﬁhﬁkﬁdm%Pﬁ&iﬁhnﬁﬂ&iﬂ%Qﬂmv%kQ€&ﬁ@anﬁ9&Qh&h&ﬁ5
i ncl ude a tenperature of at |east about 30C,~ or at |east about 35C,  or at

| east aboutMigoErowy acidic |neagerialsa Suat asszrolitesyr alyminep 2o AdpvinesibRES. eweeitlly east
about 70C, zQJht&thaV@lg a g%%ﬁ%mﬁé?&%eﬁ@ g’ntﬁézﬁronptcat O%G&Ehaﬁgé)fgsm? %gibecfaﬂy @ﬁlfcjnﬁaSt

about 100C. In vari odi nent's e ténperature’is | ess than about
250C, or | eesst fualnaaRolm &HES, Amperlyeisls; Br@ﬁteéb@d&, s9ad0e, forgric hadd scetinagidabout

180G, 0? ! leéro%lﬂ PYhd ﬂg%c %é Is@ﬁﬁo&s %fa (ﬁtégllt%t thgl%%:‘suc%ras sGFam! s?ﬁ‘g'tﬁ about

150C, o an abdut enperature nay be’any range o
af orenent i @orbdntledwgembuuléise a@ded@ﬁlﬁhiEMISplfﬁssmdelqnws beid abbitibn). Hbopsi g to

about 500 pS ﬁdl{ngntkf) a01810 %erlah( e}i’to at ﬁle cﬁjeava er aSC{lgl tr%du? IHSI'ingS a(tze%stkpa to
tHe 3 ﬁ éfy or

1380 kPa) Sug eavag e T eacti on
predonlnanmmyofmea&échﬂgumﬁﬁphaﬁemdumen@wmgemhaﬁatnent [0067]In vari ous

enbodi ment e pressur be about 10 psig.t 00 psig (170 kPa to
o0 kpa " onsa[ h LOBRRENG: TR el e ik PabR ERO PRI Bech R ainsTonby
nost  ofiot heoididg peav agec phawl badlofdyodtiedyliczang, duble that quvill fdas elistiflGRGIR | n
enbodlnent in mhlgh the acidi¢c material is a solid mecr % ous mat eri al

(e.g., zeol P‘ﬁ%’%s pr Hnrfﬁgseq‘éetn&g?cm{"‘ﬁ@nBP%%Q?Fglaﬁ’é‘?y Becordadtd- 10 psig to 200

psig (70 kifgeup 1B@Ocdita)in M 1RQdadh 0 368 B REIdubiod QilibéiBAE8 Mt abslabdh eeaction
tenperature may be about 100C to about 2500 such that nost of the cl|eavage

reaction plpfﬂﬂlﬂgt oy after gne ¢yanQre ﬁ‘iﬂa&tlﬁ?ﬁa%féhe cleavage reaction product. For example, the

cleavage reaction product may be separated (e.g., by distillation) into phenol-rich and

15  cyclohexanone-rich fractions before or after the contaminants are subjected to contaminant
treatment.

[0065]  Suitable contaminant treatment conditions vary with the acidic material employed.
Treatment conditions include a temperature of at least about 30°C, or at least about 35°C, or
at least about 40°C, or at least about 50°C, or at least about 60°C, or at least about 70°C, or at

20  least about 80°C, or at least about 90°C, or at least about 100°C. In various embodiments, the
temperature is less than about 250°C, or less than about 225°C, or less than about 190°C, or
less than about 180°C, or less than about 170°C, or less than about 160°C, or less than about
150°C, or less than about 140°C. The temperature may be any range of the aforementioned
temperatures.

25 [0066] The pressure may be about 0.75 psig to about 500 psig (5 kPa to 3450 kPa), or
about 10 psig to 200 psig (70 kPa to 1380 kPa) such that the cleavage reaction product is
completely or predominantly in the liquid phase during the treatment.

[0067] In various embodiments, the pressure may be about 10 psig to 200 psig (170 kPa to
1380 kPa) and the temperature may be about 60°C to about 160°C, such that most of the

30  cleavage reaction product is in the liquid phase.

[0068] In embodiments in which the acidic material is a solid microporous material (e.g.,

zeolites, aluminas, etc.), the pressure may be about 10 psig to 200 psig (70 kPa to 1380 kPa)
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[0069] I n various enbodi nents in which the acidic material is a cation
exchange resin, the pressure nmay be about 10 psig to 200 psig (70 kPa to
1380 kPa)wearndizdseszienperature nmay be 5about 30C t o abourCTOB)114uTshd4 t hat
nost of the cleavage reaction product is in the liquid phase. [0070]1t w Il
be understood that the contamnants in all or a portion of the cleavage
reacti on product may be contacted with an acidic material as discl osed
herein. For exanple, contamnants in a distilled fraction of the entire

cl eavage reaction product containing an 10 enriched or depleted

concent r at i, 4Rf cRP&BRAle ARIHETbGH ClopheXARRE 25®EALICH &hdtAndshor ClcCAVRIE
reaction product may be contacted with an acidic material as described

herei n. Whécionsrpdighisiisthgdigeidiphesd as being "rich in" or "enriched" in a
specified $RRo| €S \Jaho dssen{s%afﬁ&en{shﬁtvhkh?he%@@&awﬁ iSPEfh bEHaRREGECHETHd N

that streamis enriched relative to the feed stream prior to separatl on.
Wien a st r emwirgmdebe phdyedd pug ellfgpsicdép kBa todl38P iPa) and dled tPinpefatypendyely, it

|5, meant 150RbokDE i Rl NP BRELOLEE (BRABES: b RL Ry iupruced

relative t ream’prior to separation |t|on
alternativehase a filtered fractlon of the entire cleavage reactlon product

with reduc unts.,af filt 0 nent e cont.act
bt di o e SRR R Gl Ildeh BB GOTRAREIAN, T RF CRMACLETI A |
a fraction r@f:tldid'l;ﬁodllcemdﬁge coretdd voith mmtu«stnateasl ad nigke fog@ine rein Edn&aaﬂnpllepn

operati on, ch. as t bsorbab e conponent s

D Suaed T ntmwRRy b FaS el TRl B0 e it ARR ke b or QR EpfiGinean

[ 0073] Addi tehigenad by deletéd &@bﬂmtatlmeb&pheaolf dnd @k |cgacnom<aﬂolﬁe radttezawag& dl@asgd on
product has . undgwgone an absorptjon operation, su E@SSIH over a

mol ecul ar  £5%6UQ POV B ePHEIHICISS \(’léh g", ac‘ép%ﬂatﬁﬂ‘l‘leaé eé‘f“ §f‘ "dhe or

nor e adsor hadineis GeERBAPAtLRInar Eick Bt WE ethrichedC ONE §ikTTRY kdieRrit @imcamk thAMRACT
with an acidic material. [0074] The contam nant reactor nay be any vessel

t hat al | owd't éoqfttg%ﬁpeﬁﬁiegﬁpqcpf‘é i that stream 1s enriched relative to the féed stream “prior to
separation. When a stream is described as being “depleted” in a specified species, it is meant

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

[0071]  Additionally or alternatively, a filtered fraction of the entire cleavage reaction
product with reduced amounts of filterable components may be contacted with an acidic
material as described herein.

20 [0072] Additionally or alternatively, a fraction of the cleavage reaction product has
undergone an absorbtion operation, such as a water wash, such that absorbable components
are reduced in concentration prior to contact with an acidic material.

[0073] Additionally or alternatively, a fraction of the cleavage reaction product has
undergone an absorption operation, such as passing over a molecular sieve to remove water

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

[0074] The contaminant reactor may be any vessel that allows contacting of the
contaminant with an acidic material for a suitable residence time. For example, a
contaminant reactor may be an open or substantially open vessel reactor or pipe.

30 [0075] 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 product comprising

phenol, cyclohexanone, acidic cleavage catalyst, and one or more contaminants; (ii) reacting
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contamnant wth an acidic material for a suitable residence tinme. For
exanpl e, a contam nant reactor nmay be an open or substantially open vessel
react or owophp#368230 [ 0075] In various enbodi nents, a pPoTAs01fion7saBki Ng
phenol and cycl ohexanone conprises: (i) cleaving a stream conprising

cycl ohexyl - 1- pheny1l- 1- hydr operoxi de in the presence of an acidic cleavage
catal yst to produce a cl eavage reaction product conprising phenol,

cycl ohexanone, acidic cl eavage catal yst, and one or nore contam nants; (ii)
reacting WO 2012/ 036821PCT/ US2011/ 047834 at | east a portion of the acidic
cl eavage caf Rhytpoidnlorand@asie clBIRE ichlybowitPh Bhdc REKtiLEL f8@Ha Sbie&AR (111)
separating the neutralized streaminto one or nore streans rich in

cycl ohexaneétieam; pEhoiepanfénSorthe yepisHiEsd | HiepRe HBO s F | Peret otredms misht Mal | zed
stream an ' t ' i ion,
R e T S i
aci di ¢ nat epitadting one enpwee ohntée gyclohsxanopenichpbitiant the pha@oath pertigmrand dle
enbodi nent t: I: [ : -

overhead priitiney BrERaRs JARn A0 Ec A RV EhRrythGcodebl B, o
about 99 wi®876pbf by cirohexahahesnthabedlcapgn réaotial prdugghs sepratddeintow €hHhaad

product; and (2), a bottans product. c ris henol and cycl xapone in
Dot ropi ¢ uragb P b TBnPRRS LRI IR POl UesP RSBl R M
may i ncl udeydteickylony Haogapbanasieveidsa ofl secvigiesl prodicazad (2 opbatopts gpatuti on”

neans about 65.wt %,-7 % enol and about 23 w.% -35 wt %.cycl ohexanone,
o bontSsofipiia prihol i T Erond MBS els ietict iR b FRAmEE )
vvlei ght 10f &Hbeoﬁdrlﬁ@arpr%duat Vel | iatiade meadi 'dyglnp@taﬁan@orﬁg Q@domeréih,e;aee&t'rdpﬁ

Cl eavage reactl,on,, roauct e (0] I1ned. Wt anaot r troeam romthe
overal | phQﬁgpﬂﬁPogﬁ%FFgﬂ“g?§€g§§§wggpﬂg?5ﬂﬁV@9“ é“%BSSW@éﬁﬁﬂﬁmﬁ@%@Fion
product nmayr BigyuE 9P NtAEsheWbItAd Absit 1BaRPE Byl GhieRdnd e, By Eldapex anaNngeigitetuiced by

t he hydrogenati on of phenol. Additionally or alternatively, the cl eavage
reaction pfEeRitt IEaFioBt cRPRANMAKEY ARAHPIaOHF SBIHE CAY 3 PO RABT aYake | s

produced byhbiged®hY LS RAtdnP RoRfth et AN PRRIucRRABrbde@nNat ok ¥xMiple, the
alternatively, the cleava%f reacti on product nmay be conmbined with one or

more addi t iclpawige siqrdtionspradichredyf barroabingdr Wil taafreag sgiwping[ @UIPPFIaRONcar i ous
enbodi ment 3, (GAIL BTRAR dod VAl &F 1_%_81.0“%d&i@ibﬁa}@“emue&&%&ﬁﬁl\éfcg&va ction

product may be contacted wth an acidic material” For exanp e cl eavage
reacti on predien pmdyct bry degambined withtagstigare contaimmgephsnal dzates prioduscd hy the

cycl ohexan n oh / e ive .t age
raacti on prour@eihth AcRheatels R REIRCRE Ry o, Aokl FaERK

mat eri al . Pheluetcingy be wambnedvithegne e mdére additreesoruatli dsf ar enifoainppr eatlatant
fractiqp. QQZS]In various enbodi nents, a given fraction of the cleavage
reaction pr%éﬁct may undergo nore than one contacting steps with an acidic
mat eri al . F077pxaplagipuacoyalindey anoaeinants in hiroac thaopne poitive af flreotieavage

distillation of the entire cleavage.reacti.on product_30may first be
cont act ed VAR aPRIPE A PhiceT ARG Al T & Rt ol el i ase
separ at el y reaction product may be separated into one or more streams rich in cyclohexanone, phenol
and/or cyclohexylbenzene, relative to the cleavage reaction product and each stream may be
25  contacted with an acidic material. The acidic material may be the same or different for each
fraction.
[0078] In various embodiments, a given fraction of the cleavage reaction product may
undergo more than one contacting steps with an acidic material. For example, a
cyclohexanone-rich fraction derived from distillation of the entire cleavage reaction product
30 may first be contacted with a first acidic material (e.g., sulfuric acid) and then separately
exposed to a second acidic material (e.g., a cation exchange resin).
[0079] Non-limiting examples to the reactions that can occur in converting the

contaminants in the cleavage reaction product to converted contaminants include:
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exposed to a second acidic material (e.g., a cation exchange resin).

[0079] Non-limting exanples to the reactions that can occur in converting

t he cont awDnaretses2m t he cl eavage reacti on product to comgentSed10a1884M nant s
i nclude: WD 2012/ 036821PCT/ US2011/ 047834 al dol condensation, especially
of ketones and al dehydes; dehydration, especially of alcohols;

al kyl ation, especially of olefins and al cohols with phenols or alkyl atabl e
aromatics; oligonerization of olefins; 5conbinations of alkylation and
cyclization of the al kylation products; esterification, especially of

car boxyl i ¢ ;aci ds A AlGRRhSispet iRV kBohes 83PAEIRLLY Of alkyl and aryl

1
noi eties; where the contam nant byproduct reacts wth a phenol nol ecul e;
wher e the eont anideladtatiby,psedialy of deahiols; wi t h a cycl ohexanone nol ecul e; 10

wh h ' . b d i.th ' b d
of the samd or - ar P BpehTERaLy wd RS Bt SR B P e RO

[ 0080] I n var i ous orgddadi-iMmtes olcfile converted contam nants include: a
property that nmakes them nore separable fron1PhenoI,and/or cycl ohexanone
than 13 tMfe st afPmbigetioahekaindation and ecliztiopobthe aligylatipnprodicdti | | abl e, e. g.,

the converted coplamdAn 4R8I ehBLMATRZRAIEMRR, Wi th phenol and/or

cycl ohexanone, whereas the starting contam nant byproduct does; or
filterabl es or abedribalstmciely of glkil andvaylemoietiest he aqueous acidic material),
or adsor balgl € where the contaminant byproduct reacts with a phenol molecule;
. where the contaminant byproduct reacts with a cyclohexanone molecule;
10 o where the contaminant byproduct reacts with another contaminant byproduct of the
same or different species; and
o any combination of the above.
[0080] In various embodiments, the converted contaminants include:
. a property that makes them more separable from phenol and/or cyclohexanone than
15  the starting contaminant. “Separable” can mean distillable, e.g., the converted contaminant
does not form an azeotrope with phenol and/or cyclohexanone, whereas the starting

contaminant byproduct does; or filterable, or absorbable (e.g., in water or the aqueous acidic

material), or adsorbable;

. a molecular weight higher than the starting contaminant;
20 e a molecular weight lower than the starting contaminant;
. 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;

25 e aldol condensation products, generally aldehydes and ketones;
. water, generally from neutralization of bases;
. alcohols, from saponification of esters; and
. acid salts, from a neutralization or saponification reaction.

[0081] 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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a nol ecul ar wei ght higher than the starting contam nant; 20a nol ecul ar
wei ght |lower than the starting contamnant; a volatility |lower than the
starti ng wonoexi3semt , and conveni ently consi derably | oweCTIiUS2011/047834

cycl ohexanone and/ or phenol; a volatility higher than the starting
contam nant, conveniently considerably higher than cycl ohexanone and/ or
phenol ; 25al dol condensati on products, generally al dehydes and ket ones;
wat er, generally fromneutralization of bases; alcohols, from

saponi fication of esters; and acid salts, froma neutralization or

saponi fi catggdn) r eRGlation: erﬁ&ﬁﬁﬂdn{snatwedst 263t B0 QB FoastBbohiS8DwBH Kt 20. 0
% or at |east about 50.0 % or at |east 30about 80.0 % or at |east about

90.0 % or lest abeutst0.Gpdat 01929 lepstgbogt 9RQ s&t Prf lyasaﬁb0%199 vt opfeany olefini nant
i's convert egyd 8ind € ARMRIA A HRRNL, arDBSRErt QN hMEL ALt colBminant, th

bo151 oace Tl ARIEihE Ry 0082] In oo B RE AL s, at |east about
20.0 wt % @ﬁ%élande@thO&éththtere@m or at |east about 80.0 wt% or at

| east ahkou r t o Qf f
contani?anﬁ(%glnc¥%vqmﬁé?ﬁ%g%§%§hgq§ﬁg%ﬁ§?%§b§$e géﬁggéfggﬁég%émg%ﬁﬁgﬁted
cont am nantgasttabeuti0% voids ed aujm;nattoot %(] 0 wt% gmat lefist bt 89.P edifh o5fsG08d]Y 4l

vari ous enb t at st _about. 50.0,

or at Teastt bouralBt RSt i ARt Yttt 6 BBl R B o
99.9 Wt % bmwé&p@ﬂmmangmaHMuﬁmBMhe contanlnants present in the stream are
converted 52, A SONVE Leq. ont am ant he. w % based upon total weight of

t he stream—PESRLSY G GF a8 AR “1@é&§%%E$@actlon Product 10[0084]In
vari ou30empm1$|4nen1ns;zarmne c@ibolidicAtsC OR¢ DN MEBt @niamitane Bl elava@erageea@t:m@n
product is contacted with an acj. terial to forma treated va e
reaction pPEWUCt' gaiackd athen asylic ‘Batﬁ‘gqéo ESRreatatrdicaysse deastos pre 'é‘?tr'?

cont ai ni ng r@e@&ﬂ%%@h%dnt@ﬁﬁlhﬂtmda%ﬁtstrem%ﬁimrﬁfgda sahetreaesanantnt, pheol seat ed
cl eavage reaction product pbe separated into one or nore streams rich in

phenol , cyEYSsxaitshe TAR ar/e%t?a/ glpayagh é@@fﬂl%’ePF?@‘ﬂfé may diegepajated intp ae peagre

stream streams rich in phenol, cyclohexanone and/or cyclohexylbenzene, relative to the feed stream.

15  These streams may be substantially or completely free of contaminants.
[0085] In various exemplary embodiments, the process further comprises separating the
contaminant-treated stream into a first stream that is enriched in cyclohexanone or phenol or
both and a second stream that is enriched in converted contaminant relative to the
contaminant-treated stream.

20  Heat Treatment

[0086] In various embodiments, some or all of the contaminants (e.g., in the cleavage
reaction product or some portion of the cleavage reaction product) are subjected to heat
treatment conditions upstream or downstream of the contaminant treatment.
[0087] For example, the temperature of all or a portion of the cleavage reaction product
25  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 product. In various embodiments, the temperature
may be less than about 250°C, or less than about 225°C. The temperature may be any range
of the aforementioned temperatures. In various embodiments, the heat treatment conditions
include a residence time may be at least 1 min., 2 min., 3 min., 5 min., 10 min., or 15 min.
30  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.
[0088] In one embodiment, during heat treatment at least about 1 wt%, or 10.0 wt%, or

20.0 wt%, or 50.0 wt%, or 80.0 wt%, or 90.0 wt%, or 99.0 wt%, or 99.9 wt% or all of any
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15These streans may be substantially or conpletely free of contam nants.
[0085] I n various exenplary enbodi nents, the process further conprises

separ at i nyot2he/3e8W am nant-treated streaminto a first SCTABROMI0KIS34 S
enriched in cycl ohexanone or phenol or both and a second streamthat is
enriched in converted contam nant relative to the contam nant-treated
stream 20 Heat Treatnent [0086]1n various enbodi nents, sone or all of the
contam nants (e.g., in the cleavage reaction product or sone portion of the
cl eavage reaction product) are subjected to heat treatnent conditions

upstream OronQQc\Mﬂﬁﬁﬁﬁﬁ% of h}d?&cﬁ?&élﬁ%ﬂ%ﬂ@tortdﬂ%@bﬂﬁ@tonei Q0B Y RQGnsprefmke, the

tenperature of all or portion of the cl eavage reaction product 25 may be
raised to éthyﬂ@axhexmb@nome(ﬁ@ydmpe%mhﬁxalmb@me bapin aci@ pentangt. pgptanigst

about 200Cztlf}d&&g?éi)t!ﬁ)ﬁe;?an&?eagh%{g;@%lgﬂ?x h&év%gﬁnréﬁ%tﬁe?&l&esj)ﬁu%verteﬁ ttéaar I ous

enbodi nent s, "t he” t'enper at ur ess t han about™ 250C, l ess than
about 225CcorFgeed eomfsarieantr e nay be any range of the aforenentloned

temper aLur gusol 1 AT BHS (ABRAHLI® TSk Dy hElout SEBLIENY: 2B, Od%gso'd‘c' ude

a reS|denc
or 15 m n. W3%The2G. @sat"deomk@ Q wt% Oﬁaqntmnhreélsdmhmyclab@qanormm othien oxyké®nen n.

or 30 mn. The r enc |caI nge
such a% Ie6sh Eejcgléﬁr{)[%enonx 0r are ?nvera c{ QO ga convert]ec? CcO taml ant

af or enent i oned n one e uri ng heat at
| east aboutincludiigdga Cfl‘,lraihO v@thwtb%h Gih Mﬁi Wnﬁ/o O}QTgGISOHﬁIGWL Ysuchr a801,0,4wl9% or

90.0 Wm % 9 W % | of WO ) .
2012/ 03682 T b bk BrdhsRuaron e ER0R yirsipapdesiitone,
or ot hap oxykﬁmpmeﬁmﬁmmhu@enhe&&nmeheﬁmﬁe 6- hydroxyhexanophenone,

pent ano,

6- hydr oper hex heno benzoi c acid, pentanal

2- hydr oxyc$ ]nex 8H%“S eﬁ%@ﬂwe&?cﬁh%?ﬁgﬁ%}ﬁ‘gsu B, Wr@é&@"‘éﬂe Poo%e&ég‘frq s
converted Ts@eaﬁls(}féﬁ\lﬂ?bﬁ@& 1B681RBYydMRkanord, PAER), land MAE} RIbSxBHdASEHNRISe toNO
greater than about 80.0 wt% or 50.0 % or 30.0 wt% or 20.0 wt% or 10.0

W % of contlé?rhehtatfﬂatq@lyataé& yT:‘}Pé‘f BreURBTEREC IS Nk 06&%/?%‘?’@??@@%’%”%@

6 hydr oxyheg@inpphenona tr@a[tm@ﬁtrﬂa}aﬁ@c&faﬁé’t@d iedl sml@v&%\e%rp%dwﬁeﬁt@dp mant
including a furan with both an ol efin and oxygen noi ety, such

1, 2, 4a,19bt eperadiyar oEicHE folonixing fush ah befles orrpasfaticasigpr fo wdqﬂlqnhﬂoweﬁyﬁh%t i on,
al kyl at i on t&%a&}‘&&mé@&ﬂag? @akje%larc@%tiarr‘a&loﬁtau&h&ﬂﬂﬁn %greﬂyﬂétc%b{aﬁ%ﬁ' g&%?gnone

[ 0090] I n various enbodi nents he heat-treated stream may be separated into
one or nor eonditions are selected such that the components distilled are exposed to the temperatures and

residence times noted at any point or points in the column. The heat treated components may
be withdrawn from any point in the fractionation column, as an overhead, bottoms or side
20  composition product.  Generally, the heat treatment converts at least some of the
contaminants or converted contaminants to other compounds more readily removed from the
phenol and/or cyclohexanone.
[0092]  After contaminant treatment and/or heat treatment or combined contaminant and
heat treatment, the converted contaminants will generally have a property that makes them
25 more separable from phenol or cyclohexanone, or both, than the starting contaminant.
Separable can be distillable, e.g., the converted contaminant does not form an azeotrope with
phenol or cyclohexanone whereas the starting contaminant does, and/or filterable, and/or
absorbable. As a result, following contaminant and/or heat treatment, the stream can be
subjected to one or more separations ultimately resulting in streams that predominantly
30  comprise cyclohexanone, phenol and converted contaminant.

Uses of Cyclohexanone and Phenol

[0093] The cyclohexanone produced through the processes disclosed herein may be used,

for example, as an industrial solvent, as an activator in oxidation reactions and in the
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streans rich in one or nore of cycl ohexanone, phenol, and/or

cycl ohexyl benzene, relative to the heat-treated stream These fractions my
conpri se Wpt20126036821no0 converted contam nants. [0091] ThePhgaiS2emm@at8aent nay
be conducted in a sinple vessel or pipe, which may be 15 open or have
means for m xing, such as baffles or a static m xer for turbulent flow.
Further, the heat treatnent may take place in a fractionation col um,
wherein fractionation operating conditions are selected such that the
conponents distilled are exposed to the tenperatures and residence tines
noted at amy,dp@idAt of04diRO1aBlS cydlotcRMoROMIR; cydihelBBhe bLiBRL 4hrGRARANEQL S May
be withdrawn fromany point in the fractionation colum, as an over head,
bot t omrs or hglode such@s apeposhd pden HPoduct . General |y, the heat treatnent
converts a st f o]
other comieal e AP B B B ok P Sahone.

[ 0092] Af t erexami@,am nepducet phenohe rresiesndyisphetndad, Erceprplaetam, @dipeorbiilnend/or

cont am gan Qﬁat treatment, the converted contami nants will generally
have a pro erty that makes them 25 nore separable from phenol or
cyclphexathgu&QEghmﬁh&gghan the starting contaninant. Separable can be

d! stillabl ?009%] 9.y rlous(? o %51t %Qtscﬁl”t aﬁmhgc?s %elsnvgn 10 Ecerg‘ arze?n0

wi t h phenol cyc exanone ereas St ar I'ng cont anihan §oes, and/or

fiIterablepompﬁhmms&hsnehdbmqmemﬁ(amne&ubimz&@h&mMungxsmnmanlnant and/or
e stre n. be subjected to one.or ratlons

heat treat t

et ory TBEL ¢ iy R TR b b oRH AP bR iR g s g S B g phenbi

CKM olhe&anaﬂ&]ast@baeﬂ% Ilalaaﬁdl comviesst ed Se%rmnamﬁnafm ﬁealsﬁ%SS Qﬂ%@lﬁhd),hgmﬂfh@te gnd
Pheno one t hr.ou t he ocesses 1.SCl 0Se
herein may(&gé ‘?ﬁ o aéiéﬁ%%%?@ eﬁgp Fhol. baerdup %Tomééﬂe&éh?“ SOMPISERR- vat or
in oxidati cp(m9r/paCInl RASuLAEbIdIndnfe the\MRe ) L PR Gtbad RistheiSodibkiké A 4834t one

production of adipi.c acid, cyclohexanone resins, cyclohexanone oxine,
capr ol act aff haﬁ%ilqw%%npogﬁ% bigyclqlexape- 6y Aehexyihsraanes msthy[cpgoperitkengmenol

produced t @Gy El'@ﬁ‘exﬂﬁ&l@ e$p@shediat, 0§ﬁ%h|3%n%l YieRBos Q‘S’/cloflé%'énedlone
exanple to roduce g enolic resi ns, bisphenol e- caprol act am adIPIC
¢

aci d, dAd/ @?nzem agdi apantls anth“eﬁbycyé@n@@slp@q onEhesg @egls?neﬁwvarm elisctively

enbodi ment $,¢.t 06, TeiHROHES b kivention described herein form
corrpositioneset(%le[0 are rlg CIH&EEnoI (also referred to as pheno

conpositioﬂ@PS][Oﬁ@ﬁ?mbm%edh@dDWQ)C@@@Hmph@ﬂuhﬂdﬂwwﬁsptﬂmns(ﬁh9WCEhp@ise at
| east 95 VwC%%%Qﬁ’Jﬁ?sl i € phenol composition may be 0.1 wppm, or 0.5 wppm, or 1 wppm, or 2
wppm or 5 wppm, based upon the total weight of the composition. The upper limit of the
20  concentration of one or more of the Eleven Components in the composition rich in phenol
may be 1000 wppm, or 100 wppm, or 10 wppm, or 3 wppm or 1 wppm, based upon the total
weight of the composition. The concentration of one or more of the Eleven Components in
the composition may be any combination of the upper and lower limits described above.
[0099] The compositions rich in phenol may comprise the above-described concentrations
25  of any number of the Eleven Components in any combination. For example, the composition
may comprise at least 99 wt% phenol and at least 0.1 wppm and no greater than 1000 wppm
of hydroxycyclohexanone, and none of the other Eleven Components. As another example,
the phenol composition may comprise at least 99 wt% phenol, at least 0.1 wppm and no
greater than 1000 wppm of bicyclohexane, at least 0.1 wppm and no greater than 1000 wppm
30  of cyclohexylbenzene, and at least 0.1 wppm and no greater than 1000 wppm of
cyclohexanone, and none of the other Eleven Components. As another example, the
composition may comprise at least 99.900 wt% phenol, and at least 0.1 wppm and no greater

than 1000 wppm of each one of the Eleven Components in the group. This illustration
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10at | east 98 wt % phenol, or at |east 99 w % phenol, or at least 99.5 w %
phenol, or at |least 99.9 wt% phenol, or at |east 99.99 wt % phenol, based
upon t ot avoweixgists20f t he conposition. [0097]1n various echaseomenims34t he
phenol conpositions further conprise of at |east one of the follow ng
conmponent s: bi cycl ohexane, cycl ohexyl benzene, nethyl cycl opentyl benzene,
hydr oxycycl ohexanone, cycl ohexenone, cycl ohexanol, cycl ohexanone,

cycl ohexanedi one, 15benzoic acid, hexanal, and nethycycl opentanone. These
conponents are collectively referred to as the "El even Conponents.™

[ 0098] ConvephiRny | abplith & RURI LRPESHSHsahdvlE bihd? alplsxs,fr QﬂeloQJer rmﬁ@s Qf thhe

El even Conponents in the phenol conposition may be 0.1 wppm or 0.5 wppm
or 1 wppm coiceptrafigpieidhe Elevgadramnoagd upon the tot aI wei ght of the

conposi ti ofggr e Hﬂﬂﬁgn$b£hkmp&cE&ﬁm%gmﬁggﬁﬁqk ation of one or nore of the
El even Conponents in the conposition rich inh phenol may be 1000 Wppm  or
100 wppm or 10 wipmtlaast 99 wipsprhcnel; @depm based upon the tot aI wei ght of
the congosition. f nent s
i n-t he Sonpost i ont sy BEThss Tobe Rk BFR: HacTRAE ol ARIHEY Sl ERRTS
descri bed above. [Odﬁgkkmemmgnp05|mvdﬂ@mymcmwnm phenokﬂmhwdomm@MM$am®he

above-descri bed CO”Q?QR&at%RQE Zgnof acxm@wggwr 1 dd%xmml CFQ qpents in
any conbi nation. For exaﬁﬂ’ 1he"conposition ﬁayy eas?lﬁg wt %

phenol and at | east @clbhmpesmcmadbmmgraeﬂl Eﬁxaﬁdﬁ,aamd]rﬁ)@@cwﬂppnnﬂlhone wherein
hydroxycyclohexanone %%g ne of the othe | even onents.. As anot her
examl o the phanol 5 REGEN MO A IESABPT L8 BIE 1HTD! BeCupaRbittnol | at

| east Q01 \qEO1janGh \rmo@r@ﬁdoarmetnksaﬂlew%mw@mmﬁ obilfé}ﬂé@h%am@nen@stprkﬁﬁist 0.1
wppm and no greater .than 1000 g clohex | henzene, at | east

07 o AR COTPESBrCERRA T2 BO DN r S PO IR orE & Fit SHONE OF St e

ot her El evens(Goraonenitdeastil) xﬁt@pbhanea@xwmmofthmmaﬁﬂmiot't@lfarﬂﬁﬁamg:mwi se
at | east 99.900 mﬂ@bphenol at least 0.1 wppm and no greater_than 1000

wppm of eaEHmpREiofs Atsh‘éefthfg?‘én ﬂ@iﬁ?ﬁ%ﬁ@ﬁw of ﬁomﬁ@m@mwbthe ?ﬂ‘inBOSi‘thInuéfteF‘%?t i on
WO 2012/ 03@@3&&’@%&&%@%@6&%@1@k»@rghyexaﬁaing%ﬁeﬁo@ phenol conpositions

havi ng ot her & and lower 1Timts of the concentrati ons of the El even
COnponéﬁt s [0010211 0] varigup prabedimerds. rieg total taembaefsawint ¢fnthe dgyen S@gponas at

| east 99 m%l/éhﬁﬂqg%e pl?e'ﬁgl St osBior AR QcdA0R0IRMPR T orafocd BBSIxcOREIRS the

foll owi ng conponents:
wppm, or does not exceed 50 wppm, or does not exceed 25 wppm, or does not exceed 10

wppm, or does not exceed 3 wppm, or does not exceed 1 wppm.
[00103] In various embodiments, the concentration ranges of components in the
20  compositions described herein may be determined according to the gas chromatograph (GC)
technique described in ASTM D 6142-08, tailored and calibrated for such components.
[00104] In various embodiments, one or more of the Eleven Components present in the
composition were generated in situ during a process for making phenol (i.c., were not added
from an external source).
25 [00105] In various embodiments, one or more of the Eleven Components were produced
during at least one of the steps of:
(1) hydroalkylating benzene to produce cyclohexylbenzene;
(i1) oxidizing cyclohexylbenzene to produce cyclohexylbenzene hydroperoxide; and
(iii) cleaving cyclohexylbenzene hydroperoxide to form phenol and cyclohexanone.
30 [00106] In various embodiments, the concentration of oxygenate components that are likely
to cause problems in further processing are relatively low compared to the concentration of
hydrocarbon components which are relatively benign in further processing.

[00107] In one embodiment, the composition may comprise:
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bi cycl ohexane, cycl ohexyl benzene, net hyl cycl opent yl benzene,

hydr oxycycl ohexanone, cycl ohexenone, cycl ohexanol, cycl ohexanone,

cycl ohexawmednmses2benzoi ¢ aci d, hexanal, and net hycycl opemtiseanas7sdher ei n
the wt % and wppm are based upon the total weight of the composition. 10

[ 00101] In various enbodi nents, the conbined anount of the El even
Conponents present in the conposition accounts for at least 5 wt% or at

|l east 10 wt% or at least 20 W% or at least 30 w% or at |east 40 wm %
or at |least 50 wt% of the total anmount of contam nants in the conposition.
As used herein, 3)bhRad 99 8h@PARY; of contam nants in the conposition” nmeans
all species present in the conposition by wei ght excl uding Phenol.

15[ 00102] | n vaft) sulsas fdodpnreardno gigeter hanl0 vopdidhetlcatwon et Beyddexameeven

Conponent s prese”%&l&m&%e&@ﬁé&ﬁleth‘&ﬁ 95ty dResnot exceed 1000 wppm  or

does not exceed 100 wppm or does not exceed 50 wppm or does not exceed 25
wppm or does n@d abxlessed0. 1 Owppip npndyrnod gesstenothaexE ewppi8 wpptn leant desetfnot

exceed wppm [O rious e i , t ntrat] es of
conpone%ts in the%%%%%g a8¥??#%%§ de‘grﬁggg&ﬁeregﬁkﬁgg&g% dg%g§%¥%§%g
accordi ng to the gadolchaedmhodeampic (c@ hexapdhnd qatydespenthedei n ASTM D
6142-08, taj ed,_and.cal ibrate or, such conponents. [Q010 ar.j ous
ervodi ment SOEHE RO SR chEhuT RS BBRRRN I Rt b o ¥ e
conposi t i ophaei,eangendeat 6d wpprsitd modgredtergthan prwoges of foae omakire gy idoedriodn

(i.e., were not adde om external source). 25[00105] In various
Crbod: rmont SNBSSkl WSRO NEDE BUBHe B Gk SRR PEOBY Suleb ua Ry at
| east apne ebmpdiensteps of: (i) hydroal kyl ati ng benzene to produce

cycl ohexyl nehﬁ§ii) oxi di zi ng cycl ohexyl benzene to produce
cyclohexyl&@ﬁﬁ@neI @?SﬁﬁéﬁgFﬁ@P%Eﬁ%HPP??$x€W@Q§ﬁng cycl ohexyl benzene
hydr operoxi de to R@nnmgﬂ®©®boamﬁg@MﬁQO@xanone. 30 [00106] In various
enbodi ments, the concentration of oxygenate conponents that are likely to

cause probl ens in®tt REPmPP JOeeIhel ek of Aiedellenang comipnepivpbifetPherrnehe

concentration of hydieeaE nﬁﬁ&poQﬁﬁ&ﬁg&ﬂb&ﬁy@&ﬁm&ﬁ'a%&&@h&yaﬂ%ﬂﬂ%&ﬂ1
further processing. [00107] In one enbodi nent, the conposition my

conpri dé: WD 2012/ 03B8RhPCYSeoherard3 syclahcraronce syelobmancdign, beedeis :  ( b)
at least 0.1 wppm arﬁéid}%e%n%lataﬁf n{eﬂgte%c;?pg%{?(mepfwh@}eiﬂ %S&n‘%@rﬁ‘ﬁdé\{/ppm are

bi cycl ohexane, cycl ohexyl benzene, n ycl opentyl benzene; an
based upon the total weight of the composition, wherein the combined amount

of the components listed in (b) account for at least 50 wt% of the total amount
of contaminants present in the composition.
20 [00110] Any of the phenol compositions discussed herein may additionally comprise at
least 0.1 wppm to 1000 wppm water, or even at least 0.1 wppm to 150 wppm water. ASTM
D 1631 may be used to measure water content.
[00111] In various embodiments, the phenol compositions discussed herein may further
contain less than 100 wppm, or less than 10 wppm, or less than 1 wppm, or no measurable
25  concentration of at least one or any combination of certain contaminants that are produced in
the conventional Hock process, namely, of components selected from hydroxyacetone,
mesityl oxide, 2-methylbenzofuran, acetophenone, alpha-methylstyrene, cumene and 2-
phenylpropanal. These components are particularly problematic in further processing of a
phenol composition, and are virtually non-existent in the method of the present invention. As
30  used herein, “no measurable concentration” and “virtually nonexistent” mean the quantity of
the named components in the composition is below the detectable limit in the gas
chromatographic measurement technique described in ASTM D 6142-08, specifically tailored

and calibrated for these components.
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(c) at least 0.1 wopm and no greater than 3 wppm of at | east one of:

5hydr oxycycl ohexanone, cycl ohexenone, cycl ohexanol , cycl ohexanone,

cycl ohexawmednmses2benzoi ¢ aci d, hexanal and net hycycl op@nTarseea/047880108] I n
anot her enbodi nent, the phenol conposition nmay conprise at |east 99.9 w %
phenol, and at least 0.1 wopmto no greater than 3 wppm of one or nore

hydr ocar bon conponents and at |least 0.1 wopmto no greater than 1 wppm of
one or nore oxygenate 10 conponents. [00109] In another enbodi nent, the
conposition conprises: (a) at |east 99.990 wt % phenol; and (b) 0.1 wppmto
10 wppm of [@A§H Ofn JdiBud BhnbQMMAHS qm%@péoﬁnpol‘s’itl‘éﬂ§hﬁ??%t%? contain less than
cyclohexylbenzene met hyl cycl opent’'yl benzene, hydr oxycycl ohexanone, 15

cycl ohexendf@ woeye Polsesianbil0 wope) Bhisscaihané Whpye bbhe Reasdbineoncesmte ef aci d,
hexanal and.met By Gy ROARERBQ oo AR Hi B meRBI GRS hdipon

t he total M%Igh@id¥ Hﬁe conpogﬁ?Fﬁh ° e?e?hot elco rIllne anount ognthe
conponent s Oniesvueld prages bijcladas dhatstepoof 40 adlledating 3@nzgnoovoth bifenct tot Brmasgount  of
cont am gan f

compos ¢ ool HEARTk, ByaoRe RTRASRzerklh 10 Ol bR RO RIRE I,

to 1000 mppmmmh&engﬂmﬂwduemoaﬂeh@asmuﬁaﬂwupﬁm1ﬂmnm60ﬁwmpmﬂwmdewﬂwAﬁmM D
1631 may b use nmeasure nt e riQus enhodi nents,

t he phenol%conpg%hﬁ?%nsﬁﬁn@ﬂﬁéééd grgoawxs]ngu&tﬁgigm%%lgFﬁaﬁ%sgrfﬁan 100
wppm or Ieﬁsumhanelo wppm or less than 1 wopm or no neasurable 25

concentrati eas one 0O i nati n of..certai,n contan nants
O S o R R R T APl oL A
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acet opnenone a- net Yy ene ne an na These
conponent s “&f° CEJ TRt H‘F‘“@ ptlr'obﬂaé"i‘é‘f r@“f‘lﬁ’ ‘Ffﬂ 6111 %c&gg eé?m@e’p??enol
conposi ti oraeteﬁlﬁlﬂe@wyeAsthD@idsy fﬂ:@ﬂng?fﬁdnﬁtt(ﬂ‘@f lehg 40. bfea mm@do 0iC {rhexphpisent

i nvention. As 30 used here | e concentration" and ' ‘virtually

nonexi st enf® dsferannady W%tqlf‘93)o1?0191}1‘8 thfdﬁ%l&fnée%ﬁp rérpaimpms ¢id OdeanyBEnt i on

is bel ow t hes dakral@blsiclctiinkd b ABMET 18R 6CI URLQTIIPERIRASWIR TR lid
technlgue described in ASTM D 6142-08, specifically tailored and cali brated

for thdde ddrpdiscirdocafonsendRolsee MpapiUsba MaigrSgde (Platinum-Cobalt Scale;

Sulfuric Acid Discoloration (SAD)) of 95% transmission or better (determined according to

the color test procedure described in U.S. Patent No. 4,480,134, Col. 5 Ins 49-61); total

organic impurities of no greater than 4000 wpppm, such as no greater than 30 wppm (for

example, as determined by ASTM D6142-08); and/or a cresol content of no greater than 10
20  wppm (for example, as determined by ASTM D6142-08).

Description According to the Figures

[00114] The invention will now be more particularly described with reference to the
accompanying drawings.
[00115] Referring to Figure 1, a process 100 for producing phenol and cyclohexanone from
25  cyclohexylbenzene according to a first example of the invention is shown in which a
feedstock comprising cyclohexylbenzene is supplied by line 102 to an oxidation reactor 106.
A stream comprising oxygen, conveniently air, is also provided to the oxidation reactor 106
in line 104. The stream in line 104 may also be one derived from air, for example, air that
has been compressed and filtered to remove particulates, air that has been compressed and
30  cooled to condense and remove water, or a stream that has been enriched in oxygen above the
natural approximately 21 mol% in air through membrane enrichment, cryogenic separation or

other known means.
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[00112] In various enbodi nents, the phenol conpositions may further contain
| ess than 100 wopm or less than 10 wopm or |ess than 1 wppm or no

measur ablwocoraset2iat i on of certain products produced eecirosemeloy7sshr ough
ot her conventional nethods of maki ng phenol. One such process includes the
steps of (i) alkylating benzene with butene to formsec- 5 butyl benzene
(i1) oxidizing the sec-butyl benzene to the correspondi ng hydroperoxi de; and
(iii) cleaving the hydroperoxide to produce equi nol ar anmounts of phenol and
met hyl ethyl ketone (MEK). Exanples of such products include

tert-butyl beyizgneoasAr refQGO6YhRERZ e ypt 00 1chdhr HANUSNERRDIY codftyscaf the
phenol conpositions discussed herein may ﬁave‘ 10 accept abl e or exceptional
qual ity acé&uHds. frgeel oy essaleatamer with A dikrdutys ddstiprcthe poigen-corriag stream
specificati ' i Q4T (for
xanl o, ot 5% v Hogh R IR SRR RepPEaT, b Rpch: Aotiobe SXE o
such as 40 ®@afipwreagionifh anayakavd ane@nsitn adthipwASTINUDI 8 Pprtiaodiolts Fentenitse

nolten gsta . I LK . i i rqm by
ASTM Droso 167 ARG il (e 3 TRLTLR sinto @B DA« ERbE LSS
Hydr ocar bomsnagink Releattkatmidaty exf itleel axidation trectivinl tAdtenBtintle, qoPlieg domls proColiey t
Scale; Sul fupl6 AGhf, Ru3¢9! QLald %@teg SAR) he QherdRdOb AN S TRy &l gﬁs‘ tger
(deternine&laccorglﬁﬁ £5 Y he cot of Tes proge ure 'described ihd. S Patent
No. 4, 480, 18dqve@bd gerrrdtaiishedO- Gil ptheit @hladdiroenga ok clafionprendtdi B¥6 @by nampiseat er

t han 4000 m such as na greater than 30. (for exanple, as.

det er mi ned PBUATRSTAR F 5 G C4h Gpispediich Bege A b oy euPT A iPe P ihan 10
20 wppmo( f eperetkangl dfferas cdedigsy soRckedYo AfhiMcDEd 421dBBYn. rebdDE rak el f2Mtinent
According to the Figures [00114] The invention will now be nore

particul ar I"?/nvﬁﬁé‘%‘rr?’??@dnﬁcf‘h reference to the acconmpanying draw ngs. [00115]

Referring 6017 0ucendliond withQC8a8atid Vet 106 RUGEN haPhiesaliatRAdeL)6d @R@xanone
from 25 cycl ohexyl benzene according to a first exanple of the invention is
n

shown in whileEh sOTeRagt Brloheaipinrarnly dicIweRiplbBIZENId. suppreBy |ine
102 to an QidEk@nk AR JRRRHAS fakBF theAodiati6RBE G}‘Zﬂml’ekﬁll%eﬁ?q}’lgﬁ}mro RRYR@nt |y
air, is also provided to the oxidation reactor 106 in 1ine 104. The stream
i n | i nd5104abewgyothers By dsepcserédeg eqnidy &y drersieradas | disqypsed xiprgin-e, Ingpie phdiculpas
been conpr e55esBMAN iyt & BthdItndeSTRME) RBAL it liliatiol 3tachS

conpr essed%aﬁgﬂ%lg égglggdc%?glqconddgnse ang rsteorrlovlé(ﬁl\tc/\g(t?teor@l%arntoa %satcgearona't at has
been enri cdns nvt shoygan Figiesvie ta ¢nbanegiseleetivita ppeysloherat-étppeiyi- 1 hydsepenexigder

015/ 03665 LU0 1) 04583n TEEIET &eFaRFha, Enfla gk SAPWDATRATE: o
of react or saendy irf bre &8 plemovabirpmi s@dagos irgaploe 106.anVgeinytho peerny egispiising

cont ai r wth a distributor.inlet for e.oxvgen-c al ning.,stre in |line
104, - orbot Ao dn 8 bk ARt Bl G IO 3P Ng 300 Byt "R L
cycl ohexyl hérzene Wiiki tlatokdationeseatton i1 @6nduated have nowansodphend pieskueyy tieend

punp a portion of j ont ent.s t hrough a suitabl e coolin evi ce and
Fetirn ¢ e oton iR TS o8 TelbPeRet 8 £ott kERLSy i g ner &

exot her m ciokiatidn ftehgionxdudiaté onater, ebigi voith mMok @moaits e tyeloheodbdnaghe Brinbis:
provi ding indirect cooling, say cooling water, may be operated wthin
oxi dati on P@S&E‘B?POPG‘%S gt 8@%&’\9 “%e”@%rn@ra et‘éfditehglﬁtc.on iHonst R OX9BHYLER SNt s,
oxi dat i26n Nn@ECtOin JRAutBRYoCAIWH i BighrePll, teadxlybdh @bletc@aetan $n lik FBIhHShe €ach
conducting a portion of the conversion reaction, optionall 10 operating
at di f f er eM{™IEBAYFEIBNG Serveche @Yo ERReHEr: FHROVGXT WL MYnCPEAEE IR A t he
pertinent GEAMRKSILADKARORT kdty886H fecl A0 bLidhti f0Rstidr 108Sandf thiMeNotRofi sHadrhOn
reactor 106 are such that an oxidation reaction takes place, converting
cycl ohexy! Betplerfer etertunes oadispesthat ed hydr oper oxi de. Conveni ent |y condi tions
are sel ect esh149) f AYOLxililiRnl UalBRI HPoREt %f&h(ﬂ?xé%ro%é)&%ﬂ%]ﬁ1h§ﬁf9§e?@§(ﬁeox! de
wel | 15 above ot her hydroperoxi des and di hydroperoxi'des di scussed herein.
| n one 3Par cowvghigntlye nblodi wreiohexX- hplingk i-bidrbedroxidie bitNMpntially izdlwing ptheioduced

t idati . . . i i 0L t
el ot vi t DY SFACK M A0Sy opliER0R, RumhRAlbd ol Bt g SRR 0.
oxi dati on Mézet NOIRI priotakds] toaxydam rectdeloethedxahtdorarcadiopperdudepet ad

(S:E):rgfims: Rglirll ne, 1319%1@%15%%%\36%%1&1{19”" oxi dation reactor 106. When the stream
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20 oxygen in line 104 is air, the oxygen depleted streamin line 108 is
typically enriched in nitrogen. Wien the oxidation reaction is conducted at
or near avouspfsss2e pressure, the oxygen depl eted streamrCirUskine4Be8 nay

al so contain lower volatility byproducts of the oxidation reaction, such as
water, along with mnor anounts of cycl ohexyl benzene, anong ot her
conponents that may be in the vapor phase under the conditions in oxidation
reactor 25 106. In an operation not shown in Figure 1, the oxygen depleted
streamin line 108 may be further processed to recover the
CyC|0heXy|@ﬁﬂéﬂ”eTmJ&H&ﬂ@n%@kﬁ&nn@ﬂ@ng%ﬁﬂ&%&ﬁ@mﬁ&%ﬂnhﬂﬁmﬁﬁﬁkQH@%¥hb@ﬂ?ene
fit for recycle as feed to oxidation reactor 106, and nmake ot her streans
suitabl e f6PRehée aydesyags reatem bl whighoalsa gqoeings 8xdethtst 1t Mekheroneic phoduct

i ncl udi ng %hé&v %@?@%ﬂmﬁ#ﬁ&cﬁ% sty Qagﬁf B¥ivdG of e ‘EPZW(C}SHd‘?t%E Yn bb&R elhl%actor

cycl ohexyl -1-phenyl-1 droper oxi de but potentially i1ncluding %
hydroperoxﬂ@ésnﬁmdmdﬂhy@rdg@@@xwﬁﬁsmlﬂ%wMﬂwﬁdrgmmmgﬂbﬁﬁwwpmawlbnhmwhbtor

106 viagli t the
oxi dat n et Bl B BolohbRUHCER SRR HebBR6 honkilhy
2012/ 03682 pR@IDI, ws@onexﬁmm 88d c@r@mm@}t bThledmts dAtCile@nagp reagtien piodedt uuthhrdylg
cycl ohexyl benz hydr oper oxi de

eactor A1RTph g O REE b0 TS bl P GBI R el el AR By age
reaction, sumbma@iﬁmiﬂuwagnammﬂllbynw&wléf line 112. Condltlons in cleavage

Cyol onexyl T2 Fatfirabe Rseihy BEREPRG iR el T el GBI B atane

di hydr aper éxi ebeanple S@nipritiag de cpaSRrdety pb@n@bsselcy@hmlf@xmmag ainda near
cont am nant byeroducﬁf Qﬁ cl eavage react rod . i ncl udi.ng phenol
cycl ohexanSAEMURGHTIERT RARTCAHYLINE Rt S5 RRE %‘?HSFSP GHF SRTTELE 1B|aé‘§%fé’é‘$

catal yst i glow fedtéranmicl 1QfvEdcO@NAGE14 e@@tme ﬂréénsltﬂ withdRwlah@. pubQlpbtion
Cl eavage reactor 114 may be ang type reactor known to those skilled in
the art, 10 flﬁrcoéﬁ‘?éﬁsrﬁlllr@“ghc%ﬁ‘ﬁ ki %@hréé elﬁvrﬁma@d retainge odyperies Wetleavasht ai ner

operating ifcRr N84r theRBY 'n{hlﬂﬁ)giﬁg sitd é;(o@t@rﬁlf’éﬁiﬂ JraRELRAvAPIEcti, & BinkH! & open
| ength of pipe operating in near plug flow reactor node. eavage reactor
114 maySha@eerpted is an édlabaﬁlﬁdﬂséiwnaﬂﬂ qareprbadigsnt ithsreaglyst peomoypg dist deavagough a
sui tabl e cooliiflgndeWe 1‘ﬁtr§rﬂf3e& &} erQva%@?ea%?'ﬁ&' 1{?%&1 Qrbulcﬁ’laﬁﬁge?e/ € of gRct or
114, thereby managing the exothermcity of the cl eavage reac or It may
be 15 oper aowents, withror adihawapoling adieimstively.wooling ogdbmmmgtlndlteh@oohmm%t
pronoting e cti t 114
P such a o eodl B RaGmbPRC bR TP OCALE RIHGEA 4@ ShaR ROR L ERENEE

Al ternati véh ythecclolbddﬁrgerrts:iCIequ@eovacthr Ad4 inmdl qoemtlsec@plulrai@' oS eycthry i ooiasng

wat er, y ted w.thip.cleavage act or Q_Ienpv ener at ed
neat ' P oeRGSBREIAE felib g sSRSANA LSRRG Spudiu Pl Y SRS GRS 11§
of reactorsndnusbﬁMem aﬁﬂnm&nhdanaﬂmmmnm@catmomknﬁmemkmnMe a othw grestiment
reaction, o tional%y 0 erﬁting in different nodes and at different

condi t i ons “SEITBLP Y " Efhance the cl eavage reaction at the pertinent
conver si on [(l(Hng]e Tie @achge kafid2 Blodidien ttheBN6ag dirdot@ab ko e hadiial confacliigne 116
is directe mat eri al contacting, device 118 i ch cant |ns an
aci di ¢ mat FYI%H ?&TWéIC SHBRLs aﬁgc%ctrmt?fwe hdhe sopdzians W&h{fl‘v“@? E@t%‘n% 8'dr e
such that aipufe futk alat @purifasivh @tuctidk Bkedplacee an®deat sbB@ st the WIBtafinahihe
cont am nant byproducts in the cleavage reaction product are converted to

puri ficati GWPTPeucEt ndhe plroae feactionprafichare canyesigd & PuHisptiatbisactionineiusts.
reduced confneftd Rfat&OieA] ORARiniRY PrQRBSE Sonteal 8t &dﬁ@arﬁlﬁ’antt 'ngr@h&@svlwﬁvé gAction
product, is renpved fromcontacting device 118 in |ine may be

subj ect t o therleanege rpacieB O ibienahEonseniaetgscyige H&judiac 129 gnd mpayibe
exanpl e, fQ&&Qﬁ%aRH%&HMoéQnB?&PQ&m@QStQMQBQH%ﬁﬁRPPRyﬂﬁ%&%ﬁ@%%ﬁﬂﬂ%@ﬂhf rom
cycl ohexanoné, and the |1ke The acid material contacting device
118 mayp0be phenpl @rélvqycleh@qanqrabﬂeparetsmh@%frem cygohdxencae agd theetlikei al utili zed
therein. | emho epi {.0: Fi r a
separate | m&ealﬁs gf?eo%;l de8{erléa c%h%&?%n({eg&g ilgg hgﬁéfgﬂyf%&d%mﬂ? Cbl%larlwt%(g%ﬂ ment
is WO 2012086824ET MUS20 1kt G 7B3Ue erepmdesen tietidtedindfiguré brmoexanpdtejal a sol i d
aci d materi alse 24 eh 1iRe 'is f Povi&se Ite %Qntilc MNe € e(%fllqc%n% re§ucﬂ ol e%bO(?anlehtt & Ina
variation 6f QUckK dn enﬁ)dlnen %%e aci drc materi al t fe STRRE 5SS & used
as the catalyst for pronoting the cl eava ge reaction, and the acid materi al
contacting device 118 may be a sinple, -Pargely open vessel reactor, or

| argel y open pi pe all ow ng



5conti nued exposure of the acid and the cl eavage reacti on product for the
desired residence tine. [00124] In another enbodinent, the acid nateri al
may be a woOquixh3espueous acid and acid material contacti RGTAS216A47838 may be
a countercurrent wash colum, or a liquid-liquid extraction colum or
countercurrent series of liquid-liquid contacting druns. In such an
10enbodi nent, lines not shown in Figure 1 nay be present carrying the fresh
liquid acid material into and the used liquid acid nmaterial out of acid
material contacting device 118. [00125] In a further enbodi ment the

cl eavage proguehtadrdes caRtal NSl HcRPAEEHaIGhEAYRIS GamBleYalion @R¢chahfiat
material is not the desired acid material for facilitating the purification
reacti on. G811 gpricelitej h g yakntign of yuch 48 erhedmpry, the agidisynaieiaisghe samstackhown
in Figure LediOs tho hEFAVRr bREHAE SRCLIES 26 RTALYGL ahd D dDPmElRAVAGRARAC T ON
product in f%%e C, r né%tra |%e t% n%ter%a and renggnlft esseﬁtﬂjﬁg’ﬁ1 ly
Inert, and dpvlcﬁ/ilbl’eHtahéoeresmpﬂearl@rg@lb'emmqessyglr sdetet or darady dopamtpanci dlowing

cont act i g i.al acid
matori ol QSnPLLEf el of dletel) SRRECIaldl? (BN SRR L AR el e
the purifi ¢ati on reacti on on the cl eavage reaction product 20[00126]
Referring gu es 0Q .far dUCIn henol and ohexanone
fron1cyc|oh@&ghbegfgﬁgméggg%dmﬂg’%8agd§%%%ﬁg e ae%ﬂRmKPm?ﬁ%mﬁﬁbendfhﬁfls
shown in Whmﬁhwhc&ﬁﬁﬂﬁgQbkwﬁampmhsﬂngaCymhﬂhﬁkmtbﬁﬂzeﬁemHSOSmpﬂhmddmhy l'ine

202 to an oxjdatio reacto 206. A stre n n ch, can have
the same cONBBAPE COAPELr ey aEi ol DARERGT so5eH G, "l SOGRR (5"
t he oxiidat |emnod1maﬁ;ﬂ; (llheSZﬁ)cﬁ shban lih egu2®4. m23,'5[b9q&éé¥ﬂt hR®ingONS tifeute k@ ==fud

operation of the oxidation rea 206 are the sane as that of ctor 106
E‘iﬂ nﬂé‘et‘ﬁ%d (}ﬁ‘k‘fﬁ%ﬁ‘ Wﬁ‘le“%}foubﬁtl %%ﬂlaé&%taéflﬁ%ld%ﬁ“}ee‘i

in Figure imatgig inline
208 and an [gMbsiat iIn0NfuFBSCIMHRBi nRin Othd Cleal 436 [pksliubdfuANG | coh@xy LR E&N@cavage
hydroperOX|de in line 210. The oxjdation reaction product is supplied by

line 210 t 62falyg and, gk matssiak 5rnos the desied ﬁ01é|%erraéé%v {peiditading fthey P‘Elf%‘il‘al to

promot e t he..eliGAVOREoftRAGhH s@h :pb'lrdﬁﬁﬁétaﬁée L1t08roe k- mARL AOLA8In Theigure 1 to
construction and operation of the cleavage reactor 214 are the sanme as that

of readfor rameyejthe mrgagted catalyshEPHdhe gletvage vgaetdr rgduct o ling bl%avagérahéeact i on
product i ngludicng BH&fé%er 1Féé§én991%><ﬁ&%‘ﬁd FRAAR Pc%n{antbé{% ARhcid

%%B&uc
unreacted sulfuric acid fromcledvage reactor 214 1n |l1ne The cl eavage
reacti on pmwthuiet cantactingydevaceol 18s Inithde champarhthe desaneil peid \WBterial and acid material

2012/ 036821 PCL HFAAAL %@ﬁ%@g&%ﬁg@@g@ﬁg{}; ROARC e fRhALLYRLuchl,

nol ecul ar wei ght "am ne, for ex enta famne, 1n
218 to conplicetcavadeheagtioh preduat.al i ze the sul furic aC| d |n the cl eavage

reacti od trgals eava eactlon | ine 220. The
1 eat edbct /B NES e L FRbEG, £pREKRIR RF5H. 00 BAARHEY oot adngin,
cyclohexanomﬁdwxﬁbaamMammnﬁmﬁ;hy@B@ﬂm@bgamﬂamﬂﬂ&nmneﬁ&uhiuhmmlanmﬁmhalt(s)

The ani | f d salts b f th
{reatod o SHUAHE PaREETE AT BalkrERa POFERLP Ravlorl cstRud G |
vol atili tymafmmr@ﬁlp&@ngmygﬂﬂewicbeaﬂam& tht RarBd) €orepi3nidh e Mliat i@ linexeeLas of

on amne QRO L SUERL S S A AR GRE, S eTrometrie
216, tosgi y@ithe treahacicabearageraienst thebxidation reactor 206 are the same as that of
reactor 106 in Figure 1, including the withdrawal of an oxygen depleted stream in line 208
and an oxidation reaction product including cyclohexylbenzene hydroperoxide in line 210.
The oxidation reaction product is supplied by line 210 to a cleavage reactor 214, which also
receives sulfuric acid to promote the cleavage reaction by way of line 212.
30 [00128] The construction and operation of the cleavage reactor 214 are the same as that of
reactor 114 in Figure 1, including the withdrawal of a cleavage reaction product including
phenol, cyclohexanone, contaminant byproducts and unreacted sulfuric acid from cleavage

reactor 214 in line 216. The cleavage reaction product in line 216 is mixed with an amine
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10product in line 220 with a nore basic, or |less acidic character. [00129]
The treated cl eavage reaction product in line 220 is provided to first
fracti onavoani2obszam 222, which is operated to provi de &Cfriusse110¥mshead
product in line 224 that is rich in material with a higher volatility than
cycl ohexanone, for exanple conprising nethyl cycl opentanone that may be
present in the treated cl eavage reaction product in line 15 220, and
conveniently further has a very | ow content of cycl ohexanone, phenol,

cycl ohexyl benzene and | ower volatility conponents. First fractionation

col um 222 i85, Qp8r abflnicRPraoViide o8 AV sfok@ufal NodigROLHAES G ediglic,i o | i ne
226 that is rich in cyclohexanone and 1 ower volatl%lty conponents, 'and
further i nétetnsniened ardiaraing. 1byine 348 ca soreples wililand pentralizg the shErE Foidin

cycl Ohexa“%‘f‘ch%'a&igelﬂ}%%ﬂ&l and??&?u%@g\&@eﬂédaaéalv Yo d 1sttiBn ¥REYct nPMYleCﬁ'ﬂt ?Hitr%ed 20
material with a higher vol t han cyc%ohexan ne. Further, Tirst
bott ons pr elacage i readtione pREact g rhne h220h thusomoenicemprisys qdandi rv:[vﬁgheaiamon@f t he
am ne- syl f I f 22 in
fhetr oat cdvkFnBElChyPAULGR) s RARENGRMC Rid WIR), ) Phe bl ARt AT LT

bot t ons pr@dmwwaWombhenZmﬁuﬂaw@obmﬁdedmidc@@gnwdx®n$MMMHamddmﬂmohuwm,228,
whi ch i s Op ra\‘fteFdl fﬁs)mw | g8 are% C%ncqohex l%hrlez%‘d noodnlc'%ct In IIP% %XCZGSSFQ tis
rich in phenof an 9’?0 exanon fAd rurther $Hc u8es cont aninan
byproductsanamdwu$nmemmimmuQMQHommxgnh9b@©néﬂ&ndnuﬁmﬁmnvmbammhubyofﬂw

conponents, nd | e n_.rec urific eact on cts. Second
DT ot T sHRRE AR e PSR B e AR SR e R SR e s
prOdUCUOInpkwﬂa1£Bﬂalﬁﬁ&ﬂi§mb?¢ﬁmtNHQ?@&QH@&MMQ&%ZGHG and | ower volgt|||ty
conmponent s r cled purificat.i ucts, .an
conveni ent ﬂ(;p%gg] IEléFntr‘?aFPd %Xiﬁ‘?éﬁ%? 101, R E‘i’le gﬁ%é%{]n‘éﬁ’éov“i—eﬁ fraftf'Pé‘a‘é‘Blcond

bott ons pr egufmh 220, WhibleisZperated th pEViden firGORNARAEPotYCct GORRA2 M AG iakith Bf , t he
ami ne-sul furic. acid salt(s) introduced to second fractionation columm 228

in the fir&teigt e Wik Brdughet volatilithe thene cyclplsxopanss ol s s1anty USPBAMYA 7834
[00131] ThenaBaQBMpQYSLREafdt RlaP B Gresbit hltﬂ@traégd él@avg%é' RGERA JrodRD i d

mat eri al contactlng device 234. Acid material contac devi ce 234
cont ai 18 ar2@cired ccomutnequily| furerd hepndi Yo nlgwnwicoHeH aEHWCH%W@F@@IIﬂ@Wﬂactlng
devi ce 234&&&&@9% bn® IRHE IR QBB ERAL! OFird AkEoPAiBF GonRd2EORE Of

t he cont am hant ucts are converted to a purification reaction
product . A@per&e@im movld@a@@rwem figsahytteownreduai nding 22 @thatie dick ontysivhexsnone

cont am nan r ' head
oroduct 1 nef eV gy’ @b, e il B0 b e
i ne 236. ﬁ@@l@Z& ﬁMEcwdnbﬁmmnmumdIﬁmmﬂppukanwgnmnbfmmela@ydowamewnabf

cont act,j,ng _d 3 ret hat of i C u

el udihg PREVF FHEA NS pREiS 10 AR-bihaRe, FREE T Ao bl Bt

acid treat élde sz« e aiah mgx/aorn/hmembrt@nmmnag dlleduthe ammentiknic afd srabm mnrbdead to

byproduct s i.s_enr rification uct | ess |Ie t han
ohonol - and Y creiaERsAaTh 123 F Meceubt By S PerBRokE 8T N 24 ¢ ot onat i on
col um 238 [OOIIIBO]C thlleSﬁI@tﬂﬁ)lttalﬁleﬁroﬂﬁctﬁl{DNdm 1ap1bh1|décdtocsmmbeadllaroﬁdumtnnlzzs,l i ne

242 that is. rich in enol nd c and is_lean iin .co nant
bypr oduct s "4l lbmqf?t?@mr% eraeaeegl?dlo §%f8 oftiet ke T2 gbad iy tighdp p ﬂloina

col umm 2238 c{@oteR@loat,ethnldo A dBclades ONdéRfamenahhi bEbr&RictsOMenddr RAUGAn | [h I i ne
240 that is rich in purification reaction products, and convenientl

lean in phEKIPhERECHEGRY SREAANBNELIHY oioETPentsui ardnlean (ip greygled dpyiice

product in pdacfigh Fr8GcEONRbMSdiSH afibiE EQhn RBE R peraly tBPEARle A8verse second

cycl ohexanone, to carry within it sone of the contam nant byproducts that
may not ha@@“%ﬁﬁ@ﬁﬁ@ﬁeﬂhlﬁ@r3$]é%ﬁl@nﬂﬂb&%ﬂW6hh@%“ﬁ@WaeﬁﬁﬂeKW@r‘@@Wﬁé@tlng
devi ce 234001%9([11%%%3231](1 r-EBQn Q:;yElgd Bﬁ’ﬁﬁc@ff&l féﬁ&g)ﬂ%odu@tsl éﬂaecogé&l&gygsafeﬁﬂ 1Y
purification products and ronal 'y phenol and cycl ohexanone is recycl ed
t o t he 38ecohehot raad:tcw:lma@me c dlugther, 2ix8secpyd bottasnsnpmadent in dig 238 epaichand

cycl ohexan het b r.0 4

recover ed ?ﬁﬁFﬁw égQ%whﬁn§ aheg% %?o J%?gﬁﬂg |%§8 g@) mg&?ﬁé96§1f?lcatlon
reacti on prfizduntgonolumir 2280w éd first bbtenswoduetindoke 28 product in |ine 230.
25[00134] In one enbodi nent, the operation of first fractionation colum
222, or of second fractionation colum 228, or both, is conducted in a
manner such that the contam nant byproducts within a colum(s) are exposed
to a tenperature for a residence tine,-that is heat treating conditions,
that causes at |east a portion of the contam nant byproducts to undergo a
second purification reaction, and convert theminto a second purification
product of | ower



30 volatility than cycl ohexanone, or of phenol, or of both. Optionally,
this second purification reaction by heat treating may be enhanced by an
addi ti ve,wbapn12¢03682pl e, a superstoi chionetric addition ofPCaniSaonilog7sd4t h
volatility lower than cycl ohexyl benzene to the cl eavage product, discussed
above, which is then introduced to the fractionation colum(s). The second
WO 2012/ 036821PCT/ US2011/ 047834 purification products would then exit the
fractionation colums with the first bottonms product in line 226, or the
second bottons product in line 230, or both. [00135] In one enbodi nent, the

invention f ﬁjl( ai zSTﬁe‘)SeccPIﬁr(ﬁigfh@Mbréducﬁllpl'i&%Q 3s difdctcR QI i chaRRENQntacting

conprising: 5(a)oxidizing at |east a portion of a feed conprising
cycl ohexyl ¥evi Arigh pgittisleconticiyng deaice 34 perains amcphiomagatle ashgondisionng

cycl Ohexyl \lefhﬂhfcw hla!erlgly&i)'flfagt‘ﬁ{éodgvg:@ 1234 are ucﬁ IBat ﬁlpﬁﬁﬂéa'ﬁgn %acﬂlcﬁlat%fces laQQr tion

of the oxidation reaction product to produce a cl eavage reaction product
conpri si ngapheamed of thaeontsivaneanbynsodua aget coneatetl tompurefitpatiemicaciion praginet. An

10(c) cogt agL ’i!:l%at@& &R tcoﬁalﬂfﬂ%t II%EL{CQ& c&ﬁ&n Ok @&Y?&ﬁﬁﬂt%gg}ohl?&s Féﬁa?%‘?ot th\é‘f th an

acidic material to convert at a portion o t am nant

converted oorvidedi widnthe ﬁhembbyﬂmmddm@mmgnahmvdBZ|@demeamtﬁmnzwuknuwam

Par agraph 2; The rocaiﬁ iflin 6agraph 1, wherein the contam nant is one or
atic

contactllng evl . . . .
nore of an acyclrc exanal, an acyclic aliphatic hexanone, a

cycl ohexendgitda32Ja th&mhﬁmdemﬂh@mxmmﬁoﬁﬂhdeQnmamﬂkoﬂaxagmhapeb@hzaMm acid,
a benzoic ester

ycl.oh l.0 e an ne h clo n
o oroxanSbS sy EXCHEOPET i 6y £ RATERE GRS Gl e it FRE NG00 o
hydr oxyihexaine 286- oMBe abtid @caddC ytedainG wm&i véntgiad bo&dhbédr@m%hom dentaminant
Par agraph 3: The process ac ordln par a wherein the acidic
material cOWPIEs aaf | eﬁ%?ﬁﬁ “BPﬁﬁ@?o%@ﬁgﬁskatﬂ@ZWﬁiéP?aﬁmmaﬂcQF%on
exchange r @?dléhex@aoﬁé Q@&ﬁ&@bd%@dﬁb Q36 Nlthird Iﬁfautﬁ@uﬁora&mdmpnsawh@hsad)ﬁerated
Paragraph 4: The praocess according to any one of paragraphs 1-3, wherein

the aci di ct%artoad?aﬂhlrdsovaﬂ%ﬂl prgduge inahr&,ea%&ﬂ%ﬂs righip RBFneh pdsey clphexapense sk

accor di ng §01@R0Yin WBtaRinaRALAFERRRASank- Aurithgsreldacddae @@ﬁc@k‘ C TNRY &fidi@btidsS 2
sul furous acid or sulfurous acid salt. 25Paragraph % grocess accordi ng

t o any léne cotmp 238 i apstpeed o Brovm@ﬂ@nwr&eﬁblrd:mﬂoa@wmﬁ(@)lme Atvadaeckd at a

;ggﬁter gzg(r)%Elgifgc.aﬁgﬁ)l’étact?bgcér&fﬁc@;bﬂlﬂtcogéggn@}pg 1840k FRS&YI ﬁldcbfyclgp&'dﬁoﬁé. kfand O

embodiment, the third bottoms product in line 240 contains sufficient phenol, or phenol and
cyclohexanone, to carry within it some of the contaminant byproducts that may not have
undergone a purification reaction in acid material contacting device 234.

20 [00133] The third bottoms product in line 240 containing purification products and
optionally phenol and cyclohexanone is recycled to the second fractionation column 228. In
this manner, any phenol and cyclohexanone present in the third bottoms product in line 240
will be recovered in the second overhead product in line 232, and the purification reaction
products will removed in the second bottoms product in line 230.

25 [00134] 1In one embodiment, the operation of first fractionation column 222, or of second
fractionation column 228, or both, is conducted in a manner such that the contaminant
byproducts within a column(s) are exposed to a temperature for a residence time, that is heat
treating conditions, that causes at least a portion of the contaminant byproducts to undergo a
second purification reaction, and convert them into a second purification product of lower

30  volatility than cyclohexanone, or of phenol, or of both. Optionally, this second purification
reaction by heat treating may be enhanced by an additive, for example, a superstoichiometric
addition of an amine with volatility lower than cyclohexylbenzene to the cleavage product,

discussed above, which is then introduced to the fractionation column(s). The second
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Paragraph 7: The process according to any one of paragraphs 1-6, wherein
the contacting (c) is conducted at a tenperature of about 60C to about 160C
and a pressune/mihs2about 170 kPa 30t o about 1380 kPa. Paragrspél18178Fhe
process according to any one of paragraphs 1-7, wherein the contam nant is
formed during the oxidizing (a). WD 2012/036821PCT/US2011/ 047834 Par agr aph
9: The process according to any one of paragraphs 1-8, wherein the

contam nant is formed during the cleaving (b). Par agraph 10: The process
according to any one of paragraphs 1-9, wherein the cycl ohexyl benzene is

produced by, c@atiae Fﬂoﬂﬁbt@@&ﬂ@ BRn Wit the IAEEQEESH dolurhRiSvil B8 BREBot@insProduct
5bi functional catalyst. Paragraph 11: The process accordi ng to paragraph

10, wher ei i k228 gribroreranddiottens aroguat i line239 sbpthe of the MCM 22 family

cont ai ni ng @msgpaﬁﬁmgggm&@ﬁ@ﬁ:@ghﬁ@&ﬁgrg&ggbpalIadlun1 rutheni um nicke
zinc, tin, and cob Par agr aph e process according to paragraph

10 or 11, @bﬁ%ﬁ@hLIhQﬂ@@%ﬁammhmﬂmgphﬂ@b@@ﬂﬁ@@%ln the production of the

cycl Ohe§y| b enZeQdZ ancg( d1?n£ Qde{jaeg r}’:ﬁ)r%(gf tf?@ﬁd J gisﬁ:l g%fl&h%k?genzene to produce

cycl ohexyl benze ar agr oce s’ acco to any one of
par agr aphs ai olcmatubrureach@n pmnlnpccvrsprrsgxg cyclohexyhbahmygldwdﬂowsmd@ por tion of

the at | east on contanlna pstreamo t he ntacti.n

t enper at ure of Q)t) | eas avmfoagde%s appr odouncg gleh%"é & nenaatcg%‘ggfoggc\"/tatgo P%“é‘%u on
product 15ckapiet stacdort predat chbepsdin®plencionydslicranhe aRbaw@lgiasaphe ddhitandinant;
process acc 4ding to any one of paragraphs 1-13, further conprising:
separating Mt least a portion of the nodified reaction mxture into a first

streamipi ch in @ | e’stacOipeatdtascy pbabexdnndeaag paaal pro®icatvit entidihe

nodi fi ed react;gn(groduct and a sgﬁgnd streamrich in éhe converﬁ qy

cont am nantaeEaLE; BVERLIES haTen {0 ARGS9 B GOBETCRHPHY *"9Y:  The
process aC@ng@ﬁgah@da@yngaﬁngﬁmﬁ@éagraphs 1-14, further conprising:
separating at |east a portion of the cleavage reaction product upstream of

the cont actrigrapky: The preseiscRe REragiRPh o SWSHOHh e FRRITRAELS OF YoMk ¢fi Hy at
| east a poptjAp apghaﬁ@ﬁex@mtargcyafataﬁpaﬁ@ ha@¥ihedh B?cl&ﬂ&erféﬁ@fa%%lﬂl@é}&ﬁhdn@ the

cycl ohexanone-rich fraction to the contacti ng

15  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.

Paragraph 3: The process according to paragraph 1 or 2, wherein the acidic material
comprises at least one of a microporous acid material, a cation exchange resin, a Bronsted

20  acid, and sulfurous acid or acid salt.

Paragraph 4: The process according to any one of paragraphs 1-3, wherein the acidic material
is a solid acid catalyst.

Paragraph 5: The process according to any one of paragraphs 1-4, wherein the acidic material
is a sulfurous acid or sulfurous acid salt.

25  Paragraph 6: The process according to any one of paragraphs 1-5, wherein the contacting (c)
is conducted at a temperature of about 30°C to about 250°C and a pressure of about 5 kPa to
about 3450 kPa.

Paragraph 7: The process according to any one of paragraphs 1-6, wherein the contacting (¢)
is conducted at a temperature of about 60°C to about 160°C and a pressure of about 170 kPa

30  toabout 1380 kPa.

Paragraph 8: The process according to any one of paragraphs 1-7, wherein the contaminant is

formed during the oxidizing (a).
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25Par agr aph 16: The process according to any one of paragraphs 1-15,
further conprising: separating at |east a portion of the cleavage
reacti on woadiases2o provi de at | east a phenol -rich fracPCcoruSeantoaissd ng at

| east a portion of the contam nants, and providing the contam nants in the
phenol -rich fraction to the contacting (c). Paragraph 17: Phenol produced
by the process of any one of paragraphs 1-16. 30 Paragraph 18:

Cycl ohexanone produced by the process of any one of paragraphs 1-17.
Paragraph 19: At |east one of a phenolic resin, bisphenol A e-caprolactam

an adi pi ¢ agj 93T R! RSl ClcE&HinR ¥ OSHCRE of pARANR 1PNGNCkihe PRHiAGRARR 17.
90 2015/ oo batsEfl o SR RS CLARTnRRS v

a cycl ohex&ewe dpigng the clgaviyebbhexanone oxi me, caprol actam or nyl on produced

from the cyglohxanpnenofyRLeaEantind & ERY agtaph PRlbit a0t OfErein the

enbodi nent , e invention relates to a process uci ng pheno

conpri si ngcy@¢hexylhenzoehusi peduosdy he gontectiag oeegne snthriiydiogen oy the aessydedrizene
to cause ag;xi:dahi.gn keaction to occur and produce an oxidation reaction
product “conpri sing cyg | ohexyl -1 - pheny1- 1- hydr operoxi de ; (b)

i nt roduci ndampraple il Betrabgest accordang th @arsgraph p@rwheoain dfe Hifuectonildatalyshis a
reaction product .t a.cl.eavage .reaction to occur d. prodyce a
Cleavage éagty h B SHRE BRRFPENEE 3R T ohE yRftes BB A HHER P s
one cont amruthériym,aiikkel, zinc, tin, fic))cobait.r oduci ng an acidic naterial to at | east

a portion qof the eavage reaction product convert at least a.portion of
e tont amtamiroh d 2o THOAGSHS 36t driite T PatkEtoh dnaR o NiebtL iR BE i o
reacti ao mifoided én the produRahagtiandycRBexylbinane bieis pesvhdadiwitinhe fdell @ompriaiat i on

relates to a process faor producing phenol 15conpri sing: (a)
oxi di zi ng 6%3&5ﬁ@§??@5ﬁ2&§e to produce an oxidation reaction product

conpri si ng paMelaph €X Yiihe procBR@B0rdidg tod bRPofEYaXta@Bs 1-12, further comprising:
heating at least a portion of the at least one contaminant upstream of the contacting (c)
to a temperature of at least 100°C to produce a heat-treated cleavage reaction product
15  comprising the at least one contaminant.
Paragraph 14: The process according to any one of paragraphs 1-13, 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.
20  Paragraph 15: The process according to any one of paragraphs 1-14, further comprising:
separating at least a portion of the cleavage reaction product 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 (c).
25  Paragraph 16: The process according to any one of paragraphs 1-15, further comprising:
separating at least a portion of the cleavage reaction product 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 (c).
Paragraph 17: Phenol produced by the process of any one of paragraphs 1-16.
30  Paragraph 18: Cyclohexanone produced by the process of any one of paragraphs 1-17.
Paragraph 19: At least one of a phenolic resin, bisphenol A, g-caprolactam, an adipic acid or a
plasticizer produced from the phenol of paragraph 17.
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(b) cleaving at |least a portion of the cyclohexyl- 1

- phenyl -1 - hydr operoxi de to produce a cl eavage reacti on product conpri sing
phenol , cyol2otéseszone, and at | east one 20 cont am nant; Pa@mAIS2011/047834 C)
contacting at least a portion of the contamnant with an acidic material to
convert at least a portion of the contam nant to a converted contam nant,

t hereby producing a nodified reaction m xture. [00136] While the present

i nvention has been described and illustrated by reference to 25 particular
enbodi ments, those of ordinary skill in the art will appreciate that the

i nvention |P§ﬁ§1%p_h beehf 1chQ Malor alibRNRidAlcyPRREIRH i bdn,i d LyeRintahest Barei n.

For this reason, then, reference shoul d be nade sol el g to the appended
claims for cpuelsgzer bflorpioduasi! Aomghe pxslahexpaorcefiperastapk & present i nventi on.

PCT CLAI MSp,], EQFHQ%h&h&%m%Q&YB%htS{hQ%veﬁ@c)n 1@1rate ?(?aslsroge%s m‘o{ Y RERRengNd (D)

0.1 wopmto wppm of at | east one of the fo | ow ng conponents:
blcyclohexaﬂ@p@vmiohexylbenzene,nethylcyclopentylbenzene

hydr oxysyol ohexanonay, SKehgNEXBAPILy MUEBRRHANE Ly SR\ RBRKANGNSuuse oy

cycl ohexanedi one; benzoic exana pent anone, where
t he mﬁ@bandxm@mmmaﬁeu@aSedmwponmﬂh@oﬂmmahnWQHthnoﬁmuhm.ouﬂp@sn@mmmng 2

The conp03|t n n the conp05|t|on conprises 0.1 wppmto
100 mppn1of @wF@as@Kmﬁplﬁ m?%%@%%ﬁponents listed in (b), based upon the

total wei ght of (the mmamlomgtanomd Bata'lbxﬁ tocarpest tiponiodf ofcthai axidbtiar rekdonm 2

wherein the conp05|t|on of at ast

the. compondHEBe Dot T A iojee wasien G st het potu® haiegie gpicing prodict ©
ConMposiiyi okomprisTiyEpheAsTPOSiohtaNoRfand Aylean encfontahitnapt; @s€di ng cl ai ms, wherein
t he conposition | east, one of t he

onprises. 0.1 mto .l wp of at
conponents |ist& ﬂn?%ﬁwmﬁégéﬁP gﬁwpﬁ%K&% st iR Brthe RlE@EHEGEIM on.
5. The conp@gsjduttad c@ﬁveﬁrhyldaﬂ% rtidoN6Y (RE ESRGMhiRLht € RlcHBrert@In@infindn &hereby
conposition conprises. 0.1 wpmjto 100 wopm of each of two or nore of the

conponent s PFqd¥¢iga podifisy reagliidMiXion the total wei ght of the conposition.
Paragraph 22: In another embodiment, the invention relates to a process for producing phenol

15  comprising:
(a) oxidizing cyclohexylbenzene to produce an oxidation reaction product
comprising cyclohexyl-1-phenyl-1-hydroperoxide;
(b) cleaving at least a portion of the cyclohexyl-1-phenyl-1-hydroperoxide to
produce a cleavage reaction product comprising phenol, cyclohexanone, and at least one
20  contaminant; and
(c) contacting at least a portion of the contaminant with an acidic material to
convert at least a portion of the contaminant to a converted contaminant, thereby producing a
modified reaction mixture.
[00136] While the present invention has been described and illustrated by reference to
25  particular embodiments, those of ordinary skill in the art will appreciate that the invention
lends itself to variations not necessarily illustrated herein. For this reason, then, reference
should be made solely to the appended claims for purposes of determining the true scope of

the present invention.

-35-



6. The conposition of any one of the preceding clains, wherein the
conposition conprises 0.1 wopmto 100 wppm of each of three or nore of the
conmponentwol20ma82in (b), based upon the total weight ofCrhis2@ongssstion.
7. The conposition of any one of the preceding clains, wherein the
conposition conprises 0.1 wopmto 100 wppm of each one of the conponents
listed in (b), based upon the total weight of the conposition. 8. The
conposition of any one of the preceding clains, wherein the conposition
conprises 1 wopmto 100 wopm of at | east one of the conponents listed in
(b), based pggoar hlpgst ot al wei ght of the conposition. 9.The conposition of
any one of "the preceding clains, wherein the conposition conprises 2 wppm
to 100 wpprh of Atcompadionsieapyfinghe conponents listed in (b), based upon the
total weight of thg £euRASIlbQfeno1 2012/ 036821PCT/ US2011/ 047834 10. The
conposi tion of any ‘one of the preceding clains, wherein the conposition
conpri ses at | eastb)dBl opmt % dRehotpprrbat et leaonng leé thotfellowied ghmpeentshe
conposition. 11. The g i.tion of he pr i j erein
t he conposition corrptrﬁ?}gle%gg)gat%’l east © @&begpl\?fr&)felﬁ%ﬁenol : ﬁﬁglggggaéégﬁh%zeent ot al
wei ght of the conposhydioameycldbexanbies, c orypbdextenane, ofcyakofiexand, ofcytlhecxpraeedi ng

claims, wherein at | e%‘ 0{16 %Hedié)nfe E)eheoi(c:ogi'aoﬁex%aﬁ a{nidsntle ci agél%}angr?ec%'ﬁgrtelsn for
at |east 10 wt % of tHe totral anpunt 6f Contani nants pyrgs Tt he
conposition. 13. The thowpoand wppm afe basyd vpnethefiotilhecigit efddicagp@itmnns, wher ei n

o el S o e SOTREReDL ! S AN O LG RSB0 (P
any one of wippm @ faedi bee 6f fi Bmpwdtatselistedt b VagAngdh Ihd tosdl eckight of Be t hat
are pr esentcoringostltﬂ)% conposition were produced during one or nore of:
3. The composition of claim 1 or claim 2, wherein the composition comprises 0.1 wppm
to 10 wppm of at least one of the components listed in (b), based upon the total weight of the
composition.
4. The composition of any one of the preceding claims, wherein the composition
comprises 0.1 wppm to 1 wppm of at least one of the components listed in (b), based upon
the total weight of the composition.
5. The composition of any one of the preceding claims, wherein the composition
comprises 0.1 wppm to 100 wppm of each of two or more of the components listed in (b),
based upon the total weight of the composition.
6. The composition of any one of the preceding claims, wherein the composition
comprises 0.1 wppm to 100 wppm of each of three or more of the components listed in (b),
based upon the total weight of the composition.
7. The composition of any one of the preceding claims, wherein the composition
comprises 0.1 wppm to 100 wppm of each one of the components listed in (b), based upon
the total weight of the composition.
8. The composition of any one of the preceding claims, wherein the composition
comprises 1 wppm to 100 wppm of at least one of the components listed in (b), based upon
the total weight of the composition.
9. The composition of any one of the preceding claims, wherein the composition
comprises 2 wppm to 100 wppm of at least one of the components listed in (b), based upon

the total weight of the composition.
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(i) hydroal kyl ati ng benzene to produce cycl ohexyl benzene; (ii) oxidizing at
| east a portion of the cycl ohexyl benzene to produce cycl ohexyl benzene

hydr oper owoOae12/@est1(iii) cleaving at |east a portion of PCnAIS2011/047834

cycl ohexyl benzene hydroperoxi de to form phenol and cycl ohexanone. 15. The
conposition of any one of the preceding clains, wherein the conposition
conprises 0.1 wopmto 3 wppm of at | east one of hydroxycycl ohexanone,

cycl ohexenone, cycl ohexanol, cycl ohexanone, cycl ohexanedi one, benzoic acid,
hexanal , and net hycycl opent anone. 16. The conposition of any one of the

precedlng Qba'”@he%@ﬁﬁ%ﬂﬂmt&Cm%P%HQ%EHh@%m%&H&S%ﬁﬁﬁs0w%x&@ﬂﬁé&ﬁn$9;%@ﬁ”‘Of
hydr oxycycl ohexanone, based upon total t of the conmposition. 17.The

conposi t i ofoBPright le89%40 Weplﬁﬂné]eé@%gp%lltg‘? totel Watght ofithe GoRWOEBpOSI ti on
conprises §y1 w@pgncm%&sﬂlowpmgf oﬁa/%kqﬁeefypyécpcﬁﬂg &N6m b@ﬁ@rgn URo 8&@5@41 el ght

of the COFYDOSI tion he conposition o one O he prece g clal ns,
wher ei n t heowpisse st ledsotp. 1Uwthpliencloysed veon the tptalvpypxghmf tHOowappen- of wat er as

det erm ned QCCO %ﬁ@&nﬂo%nﬁ-gwa ?{'joqlgj()'f tp@ I%Qedg'lfgo?lﬁﬁﬂe v&;hglte% atV\fgé Q)Ele %]} t%er ei n

conp05|t|on e conposit precedi ng cl al ns,

t he conpos |commneﬁia listedrin Cln)rqgccvtmessfotf) atlleaqm;imwt% 50 wWopnangfuntvaf emtargnants

det erm ned accor di to ASTM D 1631, based upon the total weight of the
conpositioﬁﬁmmﬁfg%ﬁ%gwﬁﬁggﬂlPCT/U82011/047834 20. The conposition of any one
of the predédi nGhe bmlmsmomhéraey oné bé tl&opil’pﬂzsllntgl adaime,onireis @s 1dagts$5o% hdinhel wppm
of each one of hydro mesi t X|de 2- neth furan

acet ophenoR@ P BRASAR ) BB paEen iR SomBysfmagn POl fom o terna

tert butyl besgene and sec but yl benzene. 21. The conposition of any one of the
precedi ng cla| ition.contains no asur abl e

wherei.n the co
concent r at i'on g% he;sRmpoFiting o By f&ggﬁgﬁ@ec‘?%‘% 3. gjegran t%g CORMRANGYH H&Rd B ur an,
acet ophenong,thahipresemtin }He%bﬁﬁB@ﬂﬁ)n WHEBdQuced dRMEe RF SRR |

tertbutyl benzene or sec-b enzene
(1) hydroalkylatmg benzene to produce cyclohexylbenzene;
(i1) oxidizing at least a portion of the cyclohexylbenzene to produce
cyclohexylbenzene hydroperoxide; and
(iii) cleaving at least a portion of the cyclohexylbenzene hydroperoxide to form
phenol and cyclohexanone.

15.  The composition of any one of the preceding claims, wherein the composition
comprises 0.1 wppm to 3 wppm of at least one of hydroxycyclohexanone, cyclohexenone,
cyclohexanol, cyclohexanone, cyclohexanedione, benzoic acid, hexanal, and
methycyclopentanone.
16.  The composition of any one of the preceding claims, wherein the composition
comprises 0.1 wppm to 10 wppm of hydroxycyclohexanone, based upon total weight of the
composition.
17.  The composition of any one of the preceding claims, wherein the composition
comprises 0.1 wppm to 10 wppm of cyclohexylbenzene, based upon total weight of the
composition.
18.  The composition of any one of the preceding claims, wherein the composition further
comprises 0.1 wppm to 1000 wppm of water as determined according to ASTM D 1631,
based upon the total weight of the composition.
19.  The composition of any one of the preceding claims, wherein the composition further
comprises 0.1 wppm to 150 wppm of water as determined according to ASTM D 1631, based

upon the total weight of the composition.
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22. The conposition of any one of the preceding clains having a density of
1.047g/nml to 1.053 g/m as determ ned according to ASTM D 3505. 23. The
conposi t iwo 20f2/@m8e1one of the preceding cl ai ns havi ng aPCras2éng41364 nt  of
at | east 40.6C as determ ned according to ASTM D1493. 24. The conposition of
any one of the preceding clainms having a color in the nolten state of not
greater than 20 as determ ned by ASTM D1686-10. 25. The conposition of any
one of the preceding clains having a Sulfuric Acid D scoloration of at

| east 95% 26. The conposition of any one of the preceding clains having a

cresol conbgnt @fe |c@1§§os‘itllﬁ_”of1Qn%ﬁéno?acﬁ@%réé&ﬁﬁl% tefidl, WRr8htthofcobesition )
conposition. 27.The conposition of any one of the preceding clains, wherein

at | east acpoptisconlest thawe lcompasiali e¥h one ofvayiiewyaceongy Mmedsl onde of- a
phenol i ¢ 1 eRhflibeBiRBEN A etdphefnt 2RIAL AIR Ty AR, AFLRLE 3Gheh 1 -

pl astici zer. 8 A CO bs%?ﬁ%% ébhpf?sing: @g) at | east gb. df@?%héﬁgl; (b)
at | east 0buatylyopzene sndisoc-piploendcnat | east one of bi cycl ohexane,

cycl ohexyl *g?.“ze”[%e ath BLLY 'To%% %@)r/&fythggﬁgec)%(giﬁ% cZin‘H%/x% erﬁh th€ A3 hnp ithonPPM

to 3 wppm at least "one of hydroxycyc ne, ohexenone,

cycl ohexanebntaigy cloo mexamdne , cooganiratnex af ediyo €, hydemzaronagc ndsithesxadal 2-and
nethycyclope@} non%hmherein t he mﬁo%g%%ﬂls m.ar e_det er ed.according to
ASTM D6142-03";

Br v padldsBs eRE PSRl Bh o AS EBIRORRY o 20. A
conposi t i obutyteptens bingce-b(@)bemtent.east 99. 990 wt % phenol ; and
22. The composition of any one of the preceding claims having a density of 1.047g/ml to
1.053 g/ml as determined according to ASTM D 3505.
23. The composition of any one of the preceding claims having a freezing point of at least
40.6°C as determined according to ASTM D1493.
24, The composition of any one of the preceding claims having a color in the molten state
of not greater than 20 as determined by ASTM D1686-10.
25. The composition of any one of the preceding claims having a Sulfuric Acid
Discoloration of at least 95%.
26. The composition of any one of the preceding claims having a cresol content of less
than 10 wppm based upon total weight of the composition.
27. The composition of any one of the preceding claims, wherein at least a portion of the
composition is converted to at least one of a phenolic resin, bisphenol A, g-caprolactam, an
adipic acid or a plasticizer.
28. A composition comprising;:
(a) at least 99.9 wt% phenol;
(b) at least 0.1 wppm to 10 wppm of at least one of bicyclohexane,
cyclohexylbenzene and methylcyclopentylbenzene; and
(c) at least 0.1 wppm to 3 wppm of at least one of hydroxycyclohexanone,
cyclohexenone, cyclohexanol, cyclohexanone, cyclohexanedione, benzoic acid,
hexanal and methycyclopentanone wherein the wt% and wppm are determined
according to ASTM D6142-08 and are based upon the total weight of the
composition.
29. A composition comprising:

(a) at least 99.990 wt% phenol; and
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(b) 0.1 wopmto 10 wppm of each of the follow ng conponents: bicycl ohexane,
cycl ohexyl benzene, nethyl cycl opentyl benzene, hydroxycycl ohexanone,

cycl ohexaworre12/yg2ll ohexanol , cycl ohexanone, cycl ohexane@Cons20thowses c aci d,
hexanal , and net hycycl opent anone, wherein the w % and wppm are based upon
the total weight of the conposition, wherein the conbi ned anbunt of the
conponents listed in (b) account for at |east 50 wt% of the total anpunt of
contam nants present in the conposition. 30.The conposition of claim29,
wherein at |least a portion of the conposition is converted to at |east one

Or at phenolic resi, 0. bivppRaDAL WbprEotaRh OF 8kt BMwiaR caHbiichts AGEFRexde,
astli Cl zer.
P cyclohexylbenzene,  methylcyclopentylbenzene,  hydroxycyclohexanone,

cyclohexenone, cyclohexanol, cyclohexanone, cyclohexanedione, benzoic
acid, hexanal, and methycyclopentanone, wherein the wt% and wppm are
based upon the total weight of the composition,
wherein the combined amount of the components listed in (b) account for at least
50 wt% of the total amount of contaminants present in the composition.
30. The composition of claim 29, wherein at least a portion of the composition is
converted to at least one of a phenolic resin, bisphenol A, g-caprolactam, an adipic acid or a

plasticizer.
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