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FIELD

[0003] The present invention relates to a process for the dehydrogenation of cyclohexanone
20 to produce phenol.
BACKGROUND

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

25 [0005]  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 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. However, the world demand for phenol is growing more rapidly than that

30  for acetone. In addition, due to a developing shortage, the cost of propylene is likely to
increase. Thus, a process that uses higher alkenes instead of propylene as feed and coproduces
higher ketones, rather than acetone, may be an attractive alternative route to the production of

phenols.
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t he vapor pplafsteachés thatithd @hyd@dgénatief should be conducted at a temperature of 320 to 450°C
and a pressure of 0.5 to 10 kg/cm®.
[0009] In addition, U.S. Patent No. 3,580,970 discloses a process for the dehydrogenation
of cycloaliphatic alcohols and ketones to the corresponding hydroxyaromatic alcohols in the
25  presence of a catalyst comprising a Group VIII metal, particularly nickel, and tin in a molar
amount of about 1.7 to about 15 moles of Group VIII metal per mole of tin. The catalyst may
further comprise an alkali metal stabilizing agent in an amount between about 0.3 to about 10
parts by weight of an alkali metal sulfate per part by weight of the Group VIII metal. The
hydrogenation can be conducted at 200 to 500°C, but conversion is said to suffer if the
30  temperature is allowed to decrease below the preferred range of 300 to 450°C.
[0010] U.S. Patent No. 4,933,507 discloses a method of dehydrogenating cyclohexenone to
phenol comprising reacting hydrogen and cyclohexenone in the vapor phase in a molar ratio of
0.5 to 4.0 moles of hydrogen per mole of cyclohexenone at a pressure of at least one

atmosphere and a reaction temperature of 300°C to 500°C using a solid phase catalyst
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cycl ohexangne in said feed js converted to phenol and the WO
2011/ 096989 PePhensdedsmslobBigult and expensive. According to the present invention, it has now

25  been found that, by operating the dehydrogenation process at sufficiently mild conditions to
lower the cyclohexanone conversion levels to below 50%, the production of impurities and
especially alkylbenzenes and alkylphenols can be reduced to levels tolerable in the phenol
product.

SUMMARY

30 [0013] In one aspect, the invention resides in a process for the dehydrogenation of
cyclohexanone to produce phenol, the process comprising contacting a feed comprising
cyclohexanone with a dehydrogenation catalyst under dehydrogenation conditions comprising
a temperature of less than 400°C and a pressure of less than 100 psig (690 kPa, gauge) such
that 0.1 to 50 wt% of the cyclohexanone in said feed is converted to phenol and the
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dehydr ogenati on product contains |ess than 100 ppm by wei ght of

al kyl benzenes and al kyl phenol s. [0014] Conveni ently, the dehydrogenation
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produce cyghobe¥d, BRRZenacRYSH-QPeyIticiai R0b&):ERNVEr ti ng cycl ohexyl benzene
hydroperOX|de from (b) to produce an effl uent
[0018] In one embodiment, the dehydrogenation catalyst comprises (i) a support, such as
silica, a silicate, and/or an aluminosilicate; (ii) a dehydrogenation component comprising at
15 least one metal or compound thereof selected from Groups 6 to 10 of the Periodic Table of
Elements, such as platinum and/or palladium; and (iii) potassium or a potassium compound.
Conveniently, the potassium or potassium compound is present in an amount of about 0.1 to
about 5 wt% of potassium based upon the total weight of the dehydrogenation catalyst.
[0019] In a further aspect, the invention resides in a process for producing phenol from
20  benzene, the process comprising:
(a) reacting benzene and hydrogen with a hydroalkylation catalyst under
hydroalkylation conditions to produce cyclohexylbenzene;
(b) oxidizing cyclohexylbenzene from (a) to produce cyclohexylbenzene
hydroperoxide;
25 (©) converting cyclohexylbenzene hydroperoxide from (b) to produce an effluent
steam comprising phenol and cyclohexanone; and
(d) contacting at least a portion of the cyclohexanone from (c) with a
dehydrogenation catalyst under dehydrogenation conditions comprising a temperature of less
than 400°C and a pressure of less than 100 psig (690 kPa, gauge) such that 0.1 to 50 wt% of the
30  cyclohexanone is converted to phenol and the dehydrogenation product contains less than 100
ppm by weight of alkylbenzenes and alkylphenols.
DETAILED DESCRIPTION

[0020] Described herein is a process for producing phenol by the dehydrogenation of
cyclohexanone. More particularly, there is described an integrated process for producing

_4-



st eam conpri si ng phenol and cycl ohexanone; and (d)contacting at |east a
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(CHB) : cyclohexylbenzene is generally produced by contacting benzene with hydrogen under

15  hydroalkylation conditions in the presence of a hydroalkylation catalyst whereby the benzene

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

[0022] Any commercially available benzene feed can be used in the hydroalkylation step,
but preferably the benzene has a purity level of at least 99 wt%. Similarly, although the source
20 of hydrogen is not critical, it is generally desirable that the hydrogen is at least 99 wt% pure.
[0023] Conveniently, the total feed to the hydroalkylation step contains less than 1000 ppm,
such as less than 500 ppm, for example less than 100 ppm, water. In addition, the total feed
typically contains less than 100 ppm, such as less than 30 ppm, for example less than 3 ppm,
sulfur or CO and less than 10 ppm, such as less than 1 ppm, for example less than 0.1 ppm,
25 nitrogen.
[0024] The hydroalkylation reaction can be conducted in a wide range of reactor

configurations including fixed bed, slurry reactors, and/or catalytic distillation towers. In
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bl ocks, being | ay@hsRhalOffindlor @H&PH\EW R ttoﬁb%dgg #nﬂi %El'ikfesf‘épmiﬂé‘%r ein

the | ayer of nore than one unit cell thickness 1s m rom st acki ng,

packi 7§, or bi ndinmgolyer o ant utivsll toelaicssyprcterably anee-upticell gadkinesshi ckness. The

stacking of sugh s &%pd de re%c%%h%@%q%obggcﬁfd&ﬁ%lgﬁd q.e ul ar

. 25 i
fashi on, an irreéﬂ1arafggﬁléﬁf a random fashi on,® or an?gg%m At ron o
t hereof; and noloéond @armat ehae Sneradecdiythiaknesy, @datear thotayerasfaom thao bnemsi onal

PSR TN VAT TER AN T L
di ffraction patt ehnéunit cell thickness. The stacking of such second degree building blocks can be
25 in a regular fashion, an irregular fashion, a random fashion, or any combination
thereof; and
¢ molecular sieves made by any regular or random 2-dimensional or 3-dimensional
combination of unit cells having the MWW framework topology.
[0026] Molecular sieves of MCM-22 family generally have an X-ray diffraction pattern
30  including d-spacing maxima at 12.4+0.25, 6.9+0.15, 3.57+0.07 and 3.42+0.07 Angstrom. The
X-ray diffraction data used to characterize the material (b) are obtained by standard techniques
using the K-alpha doublet of copper as the incident radiation and a diffractometer equipped

with a scintillation counter and associated computer as the collection system. Molecular sieves
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30 including d-spacing maxi ma at 12.40.25, 6.90.15, 3.570.07 and 3.420.07
Angstrom The X-ray diffraction data used to characterize the material (b)
are obt aiweaotwwdsesandard t echni ques usi ng the K-al pha dedblustoiohe®spper as
the incident radiation and a diffractoneter equipped with a scintillation
counter and associ ated conputer as the collection system Ml ecul ar sieves
WO 2011/ 096989PCT/ US2010/ 060989 of MCM 22 family include MCM 22 (descri bed
in US. Patent No. 4,954,325), PSH 3 (described in U S. Patent No.

4, 439, 409)¢ \pOKr 2P f&ﬁﬁ%s%dhm%deMb’z dedRAb&Nn INt?s ﬁaté%GNWZ))M ERB- bsp3

(descrl bed in European Patent . 0293032), ITQ 1 (described’in U S. Patent
No 6,077, AitgﬁyrlbeﬂTQUzS (Rfé@éNObédW ﬁoﬂ)nS%Z ﬁéﬁd%wmedmaﬂb&tPaMmbNOCéﬁ%%%

W97/ 1729 v/
(descri be i n us %gﬁgﬁllgﬁﬁ%% ??%%ﬁ&g%m ( S%Cglpi&g% %57) at ent
No. 5, 362 66)97)198)Um -8 ((ledeﬂwdiilbéderhatioanS’ateﬁaPéﬂitcatNm N& WGB7/023?(9§)) M@M 36
t P f
voveo, by oneradt SR PR Mot g R b A St BT ST B 38R 1R)

[ 0027] Any Mrdvie (d;eshrld)gnemaU LD rPamat aNo. S62 1697)emm1\03%e(descnbetdhm tiysdiPehik)bat i on
catal yst, t h sw abl ncI al | adi u t he

kel o 2o o ML B MR PR R Ty Puar Phel apg) M
advant age@gs(b)malahygc) tsbgparas vt Moo alﬂwt@ge%atucnasmal present in the
catal yst i ween abou 05 and about 10 % .such a en about 0.1
and about I82T] o6 By KRG bt oA BB AT DvHORaI HEOh AR 5

fam | YonDlaBEdHoRr suRALRY endls mmk aBsh]| hekkdneim, DOEIRS I 2ihE alng an@Tcobalt, with
gallosilicate, the amunt of rog enation netal resent 15 is.such that

the ol ar PRMAdWN ring partisplarly ﬁ‘dYﬁnt"tSB‘P‘En @ksratﬂmhe.%m%lﬁbomdé%weronsme% to

t he hydr ogenatiiPme MRhBL: il BetfvEQAMLBRAUGS dhdabbi 180Ut s tRAOberlvOn S¥AP] §nd rOm
about 75 to about 750, such as from about 100 to about 300. [0028] The

hydr ogenattP@t Sretalf thayaBlysidilp oae FRbadipeitrvise e MEM-Mdivmaly nolgeniay sieve

mol ecul ar 1§AIPM§1n9MS1héa% b@?&@lnipe{t@ 01 gmsﬁﬁgt@tﬂhg)gmgﬁnt o@ﬂytﬁﬁgﬁ%emetliﬂy}@s\éﬁ{ in
a nore preferred 20 enbodi nent’, at |east w % for exanple at 1least 75

wt % dAd dershahdtyths oebar aptid ef thy adjrhingh, b¢ren hepdirusy én thei ravlcandar adicvie o the
supportedy g géha{@%%ﬂ's ‘fro I3 15§~‘R>aafb€§tel 556 ngeqm?l?%oﬂl?ﬁ's W aPoEuetﬂS,

nol ecul ar n particular, it iIs ound’ y supporting t

hydr ogenatSilQhraSrf@treabOmrﬂOt)h@abquoiQ@am c oxi de, the acti vi ty of the catalyst
and its s iV ohex l,benz di cvcl ghex

i ncr eased%(ﬁgtonltr)%%/ hH&)rwig%h an e %l val g’nt d1recﬁyd|sug Aeg %I %{[léﬁnﬁ ?mﬂy
25hydr ogemati¢colar sieteady, fs esmmpanmptdzgmmm hmomkaﬂmugearHcSW@me in ﬁi@@@]rélfhteed

ot nabr oy HBeT e o0 e a8 FERRS TRats ey el aTREAIT b ons

of the hydicasldkygbmtion metad &Guptted Shiai abtgenicmmrdgaépamt@ﬁbldeat ¢quiosidﬁ vari des
of G oups 2, nd. 14 of the Periqdic Table o | enent s,
Ol g oaPS e eyt sied S it s Fokad B8L6 taperine oe Rl B o 98 e herre

for the Peidr@licCoxiad)! Be Ge@ugSof ﬂleaéhtd?'siS @h@sedsclatiihe erllohergbdmpgicnger i ng
News, 63(5), 27 (1985). [0030] The hydrogenatijon netal is deposited on the

i nor gani c dwpla%exyeswee.a&ntwaw PriagFrdt VBh anprbrient ﬁaéalﬁ%tlawl@elht%q ni ng

i Nor gani € hPxoB&haliSn HOBTO iPpSdedMntthe ﬁl@legulmh&f@m ar sieve. Typically, the
cat al yst Swﬁr;gosme i s produced by co-pelletization, in which a m xture of

WO 2011/ 0 bpchameroe @5gogmployed in such a composite hydroalkylation catalyst is not
narrowly defined provided it is stable and inert under the conditions of the hydroalkylation

reaction. Suitable inorganic oxides include oxides of Groups 2, 4, 13, and 14 of the Periodic

Table of Elements, such as alumina, titania, and/or zirconia. As used herein, the numbering
30  scheme for the Periodic Table Groups is as disclosed in Chemical and Engineering News,

63(5), 27 (1985).

[0030] The hydrogenation metal is deposited on the inorganic oxide, conveniently by

impregnation, before the metal-containing inorganic oxide is composited with said molecular

sieve. Typically, the catalyst composite is produced by co-pelletization, in which a mixture of
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t he nol ecul ar sieve and the netal -containing inorganic oxide are forned
into pellets at high pressure (generally about 350 to about 350, 000 kPa),
or by co-wetougivesy in which a slurry of the nol ecul ar fCeEwS2&006d98¢€

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

bi nder, are forced through a die. If necessary, additional hydrogenation
netal can 5subsequently be deposited on the resultant catal yst conposite.

[ 0031] Sui tabl e binder materials include synthetic or naturally occurring
subst ance%hcaﬁofé@dlér Fve! aﬂ@ lﬂgzaiﬂbtgl %%a?rﬁﬁgfln%rg%ﬂlg h)xﬁi% a?é ?&fme@ iﬂté E@ﬂe “Q/thh et al
oxides. The latter may be either naturally occurring or int f or mof

gel at i nougressuee (gshwralhezboot 3 YetoebPrISAANhE a setltur @seX@mSIQIil |ih gdichredslyret of

oxi des. u I : c de

t hose of t‘%ﬁﬁeﬁmﬁgggﬁ%%é 9§n#?%§é%@iﬁ’%ﬁﬁﬁg %;B |és&§mﬁﬂBLﬂgg%mjggg%

i ncl ude thamsmbbEAMDmwﬂbmeéﬂdommeiHaoﬂfmam&mmnmd&yommbmmogswﬁMKnewlmmNanee,
Ceor gi Sglgr ? %%d nt%HQ% tcﬂaNﬂ%om,&Q% mai n m neral constituent

i s hal oys el Ed% in di ]k te, Prie anauxite. Such clays can be
used int IﬁﬁBll}aW Sﬂu&bb tﬁrsieoma@rmi&hﬂcyldensytehbnoror naitultallﬁbtqurmigknjubﬂ:treﬁ dsowell

cal cination, acid at ment. or henlca d|f ati.on. abl e oxi de
bi nders i Aci A" Fiageéﬂalsaﬁ“ﬁ%aﬁa? a7 PYIELAPYO ![ ARKes T_Lh§ f % %lh

silica- nagaﬁﬁallg,ocajrﬂmg:@; i tHeCoimh aﬁgeMtlhbmquéd‘;ﬁfateapr getli ineladitngrnylkﬂuteapf silica

silica-titani er nar. conp05|t|ons su S .

11T oo ol i HaeT Rt o NoRr Y O i RSP 08 S e e e R and
si | i capnMagnRsh@ilbhit€ o lolib @Qﬁﬁ&mnﬁughllfeb&cmaﬂ@@hmh@hit@mna&mdoﬁnshi ghly
sel ective towards cyclohexylbenzene the effluent fromthe droalkylatlon

reaction WPRMOREIRAIP gs i MNamsreCenrair kyd Blogde pawdiotisrs mz’én%ist fERIN as

unr eact ed nghQRRbhGitfeRH hadskd) RadlBsk F Gcki@DROAk oY btk @kk. SRR kRS cah® used
unreacted aromatic feed is normally recovered gy distillation and recycl ed

to the al i thet jaghstite 46 tgiginaliy anipesk eroivgtiafly rbie¢ied Fepreip@ioni aqid [tiegiicphoar e
further d'cﬁédnkél%%dlﬁ’caﬁ&{)aSﬁ%aB1etxﬂéialrﬂ%'ibf%0&ﬁ¥de%hﬁeﬁi{&é°§%eQl‘amﬂ{aoﬁ%hlaf fi@fhany

di cycl ohexyl benzene and ot her heavi es.” Depending on fhe ambunt o
di cyclléheﬁg}llcmhim spiceswgnesian silise-zireads i divadhdrauenica-beylinmyilisetinesi pabl e

to 25transahiud et hewAb ek QUK RRZSRG 4D RIGhALADRh, DRRARN ik

maxi m ze the production o nonoa specl es.
[0033]AIthbmgmimhgwhydmbah«wmaﬁk@NZﬂ@mbtion using an N{m422 famly zeolite

cat al yst at crl here| |s g selective
t owar ds cfﬂﬁfs hﬁex§ lzlet%eh%[r%(ﬁ?ﬁ |1i)t Bt r%rl'x the ethe r\%aé chth e rllbern €46t on
will inevnmaﬂﬂymcﬁmhmmﬂnﬁamﬁwﬂmoyﬁhﬁhmxmuhenmﬂmeoﬂanbmmpdmﬂymkﬂlﬁmnemd|ng

on the .anpunt of this cycl ohexyl bepnzene, it ma esi.rab to either
Oy RAneR et el e SR PRERE AR o Rt PR SRR orBe B b
deal kyl at ardnkugic cﬂeteay@h@hﬁxykebeqf&@lrt@/ di@illaaxi m'dzlecw;he t@theAUG4tion raattot. NEhe
desired ngnoalkylated speci es. gﬁ%ﬁ%Transal atlongﬁ%{h addi ti onal

|

benzene Aoy 8t eRggene ndistiliatigh s 4%y | 1and of9  SEPE Gt &% r om
the hydr Oaﬂdﬁ&s&}%ldh@iyllseﬁié&b PFodu@MBIm @hySdidylcRk:&/16ch2dns ahKyth@the®NesC Meopbifigly Such

on the amount of dicyclohexylbenzene present in the reaction effluent, it may be desirable to
25  transalkylate the dicyclohexylbenzene with additional benzene to maximize the production of

the desired monoalkylated species.

[0033]  Although the hydroalkylation reaction using an MCM-22 family zeolite catalyst

activated by the process described herein is highly selective towards cyclohexylbenzene, the

effluent from the hydroalkylation reaction will inevitably contain some dicyclohexylbenzene
30  by-product. Depending on the amount of this dicyclohexylbenzene, it may be desirable to

either (a) transalkylate the dicyclohexylbenzene with additional benzene or (b) dealkylate the

dicyclohexylbenzene to maximize the production of the desired monoalkylated species.

[0034] Transalkylation with additional benzene is typically effected in a transalkylation

reactor, separate from the hydroalkylation reactor, over a suitable transalkylation catalyst, such
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WO 2011/ 096989PCT/ US2010/ 060989 as a nol ecul ar sieve of the MCM 22 famly,
zeolite beta, MCM 68 (see U S. Patent No. 6,014,018), zeolite Y and

nor deni t ewOBha/®osmasal kyl ation reaction is typically comrduaiSedoondsr at

| east partial |liquid phase conditions, which suitably include a tenperature
of about 100 to about 300C, a pressure of about 800 to about 3500 kPa, a
wei ght hourly space velocity of 5 about 1 to about 10 hr-1 on total feed,
and a benzene/ di cycl ohexyl benzene wei ght rati o about of 1:1 to about 5:1.
[ 0035] Dealyky! @bloQkOlicl! ACkE MckS AR YRIRAbLY, BICARBE Gl 0.53 PREACKO!
separate from the hydroal kyl ation reactor such as a reactive distillation
unit, at &01é0p®r zoliteeY aifd abidenitel FHetrosaliibson BOOELah Y PiRalhr eonduated wider] 5 t o
500 pSI g Q?Q:Q tépgrtfgpﬁ%]\ (!fﬁ‘lﬂasegﬁm%soxﬁch%t 87'1qcl @é?lt teratt&Qo?%cJﬁt?@O N

al um nosi 'l ca an nophosphate, a SI |coa um n osphate, anor phous
silica-al tam)unapom; aanesﬂune of Iahgqt 8@Onmnbmht Bed@kP )i \d@ghtsmuﬂy asacy\OxlodiryO2,

phosph I’IC ac Q |rc a of Gen he acid
Catalyst  ahardqbest | Pl s R, B brPrieiERnn s fouphare fopt OF
silicoal umlrtphb(aplﬂat e of the FAU, AEL, AFI and MW fanmily. Unlike

transal kyI tion, | kyl ation can b cond cte t he absence of_ added 15
benzene, ﬁbugﬁ i lﬁég? Berusdierapte Yc Hdefgﬁéwgéﬁél KR TP Has) '3 449 on

reaction 1119d1fo@1d54@@orﬁ@k&orf Qichat b @ActieidtilaBorC@sat 4 taﬁlFm1ugé1@f abaddtl 180 to
benzene to al kyl ated aromati ¢c_conpounds in the eed to

deal kyl at .abwt rSé%& s pressespfdalte y 09 gsie ﬁ%% t9 30 Kirogtass) 9Ver§‘ﬁéﬁd§§ta’f>’%m
about 1@. 01, d0ssaR0MmBosTlical Bh laﬁlfﬂlﬁ/oph BBQL!agﬁhctoQRmﬂlﬂﬁlloiﬁﬁb@t hrﬁ'&pﬁ(ﬁﬁ-%hfcﬁm can
be conducted in the absence of Ké rog drogen is generall

i nt r oduce@linita ap Heidiedl vy lavqe@rmet@éwx agichras t\’tsoééé?zsphqsnh%kaéldr é@ht‘?éftdi on.
Sui tabl e a S hathat:  t I ti ogen
to poly- a%f}f gatg:%dagg%%ﬂte?g h%%?rﬁou%ﬁ?r%%hg%t cg)%lczli Eh?%%% %Iua e agefaggslgy%ﬁgil on
reactor i §1Wmﬂ1@b@u@1uml@ph©mhﬁboutSlll®alu[I@lmb65]DhnT@t¢fethesF/gH1 fAEdamFl and

by- producty @hy b W%l&@'t#é%(éa ra%ﬁ%t?llat? dafl b8¥§ﬁaglfét§2f%{‘ﬁle aBhdlo Hd&l
C6-rich stream conprising ahe>(ane an unr eac enzene can e readily
25 r erthedbemzemnaﬂth@lghydmalbkydbmabbrto raddbtnzome ef the dealkyliyondiestivh lt@atddoce,
owing to t arlt n the boilin ints of henze cIohexane
Che Gorri e qorlahflr s i b B, ROl a8 oS R G AR AR T on.
However, sompounds &l the éfed tt@éw@ﬁalkjrl@ﬂibn&*eﬁcﬂammplcdﬂsz is éoych edatioat a.feuch as

o B B ek 0 STt YaBEBbaS o Lo BSRS ML, e

desi rabl e i ﬂaesat\riﬁdcy cﬁ‘%ﬁlﬂe@hydrh@ﬁl%ydrbgdh Btgcaaany Qltﬁélﬁi@h)ﬁﬁfootgeﬂ?ﬁlkﬂﬂnon
reactign zone ere. t C6-ri.c eamis contacted wt dr ogenati on
cat al fgt GSRESF tUBRPHMG ﬁé?qusﬁlpncoﬁaﬁaﬁegixérogm o ffouniect arec%ﬁe/%ﬂf hgtmelaa st
part of t hﬁlocyfcmh%mﬁepw al Ky RutddOarbinfit &InfRBAA POME itefl f6d REME QRElkyMidCh
again can be recycled to the hydroal kyl ation WO
2011/ 09698FPCTMUEPDABIOEBLBFLPEAE i on. The dehydrogenation catal yst
general |y [6@@pr | gﬁ&héraalgﬁﬁéaﬁpmrﬁmduebbf ashémgi&%ﬁmﬁdno ReaCkeRY Slr pReRLdnen
conponent; and (c) an inorgani ¢ pronoter. Conveniently, the support ga) is
sel ect ed AlBevghhe Gyrishpticen <ospringe oy clehdxpreand uryradiedabeszengrean be readi
al um ngsi 'rérﬁ@xleﬁ,froﬂ e hx%a&?l@@o&%&&%ﬂ e@ﬂ!éﬂ%b&bﬁﬁnllaﬁ%g (R’l;lﬁ%% el ){m‘Pa‘Pl@;PH S€s
silica. Sultable hydrogenation-dehydrogenati'on 5 conponents conpri se
at | east dirreborbngipowts| efcbederfa o Crabelexang, thy COrigf strdaen nedlfmltctOTémher of
El ement s, - ti - I d eof
Typi oal 1y TR B o B B el b e B LOELED
anmount bethwelprirabolation rdacand ploout nmt)omd/y Yt fof ttheebema&nalfy@it but Alss (piatt b Itlee
i norganic r&@tgl{t1ogﬁg) cgnprl ses at | east one netal or conpound t hereof
sel ected 3 & P The Periodic Table of Elenents, such as a

30 [0037] In some cases, it may be desirable to supply some of the Ce-rich stream to a

dehydrogenation reaction zone, where the Ce-rich stream is contacted with a dehydrogenation
catalyst under dehydrogenation conditions sufficient to convert at least part of the cyclohexane

in the Ce-rich stream portion to benzene, which again can be recycled to the hydroalkylation
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10 potassi um conpound. Typically, the pronoter is present in an anount

bet ween about 0.1 and about 5 wt % of the catalyst. Suitable dehydrogenation
condi t i orsOi2ncl/9aes9a t enperature of about 250C t o about PEOAS2018/0p98Esur e of
about at nospheric to about 500 psig (100 to 3550 kPa, guage), a wei ght
hourly space velocity of about 0.2 to 50 hfl, and a hydrogen to hydrocarbon
feed nolar ratio of about 0 to about 20. 15[0038] O her di sadvant ageous
inmpurities of the hydroal kyl ati on reaction are bicycl ohexyl (BCH) and the

met hyl cycl.oRgSM YHRGRERRS:chdYioh Bhtaly QIR Sy Mdbiphses ?@Caasﬂﬁ]tﬁ'orgf(tgtahﬁ/dﬁdggﬂa!ﬁ@ﬁ—i ty in
I p he desire

their boiling points,” are difficult”  to separate fromt| '
cycl ohexy|dbiireqeatiop cdingericht; and om an Mrgamicepromgler. hoojteniently, the support (a) is

1, 2- et hyl - . @id. 1, 3- ene
(2oey SR CRGRIY BERF ARG AN« iy AR HLEY S PRELN) BERE e
steps to mheotygirenahd apdfenadlshydooypekopeiiicanongstablah hpdrogmationadehadrbgenptiaduct s,
oxi dat Pon HBHRRR a0 s MTR R T s R Sl o0 PRES eipels Fonir,

Sim | arly of Bleayots otuelx 3 pl§tBGh) paltudivnead dompsepianad mdurpy thixeefrsl ygoahs tieeam
e Sk ePl bR DR ORND chufBeTRrLL Gt Sy B B Lt e
nmet hyl cyc:alb@ﬂno Wt%ﬁsgzterteta?z@d/msuibblﬁy@lrgnhwbmét@o(m ¢c{m§)rt§émwﬁ§tio_na'hemta% al yst
i's genera an aci atal yst, such as al.um nosijlicate zeolite, an
copaci o LyOPBPaRrEoE o o meda: of B J8P 0 e leBrier Ehs fof
about 1900Gotaskiak ebthpo@Crysibddly, & padimddér id gREent i @bbBun2E@eenl Boutd. 1 hie of

about 0.1 to about 3 hours, such as about 0.1 to about 1 hours. The
catal ytic about 2t Wehof ithe GEalysey ebitabls dedyfiogsnatiop genditions include a temperature of

1, 1- met hyl,gyig he@eniolbBaDBNE al Redil® oMBbSIL at%%s%ﬂ%@i@it& Mo RX 560 BAbL 180 to 3550
1, 2-net hyl cycl opent yl benzene (2-MCPB), and 1, 3- net ha/l cycl opentyl benzene

(3- MCPB) . kiheguseely &l weiekiyhourly tpacq seledtyt of pkoat 0-2na A0 BEnzeWed hydesst t4 n t he

hydr oal ky 308Gt hok: ROt PoRbOHYee cycl ohexane and nore of the
desired cycl ohexyl benzene according to the follow ng reaction: WO

2011/ 0969890381/ USHen disgbagagoud imuposopiTthe hydroalkykatien repetnrash bicpelphasel
conduct ed i . . i ot

crrer i storTaaa By BEREHSh ok iAoy MBI AL ODRATAR B o\
C6 and/ or thdrebohlagpomss, fuealefficdhto spige40 frimehacdesirahaxiphbotirerse py dgtlddtionr om

t he hydroglkyl ati on action,and ownst ream r eagt, 0 renpve e

i mpuriti eih?ﬁ!%vgﬁsse&fﬂg%%@e i é’a'snéeﬁ ?ééfcgoge? Yﬁgﬁr]lzte%ee re _h{lleg%}’ef f flient (fs’§I and
is fed tondiglgxiogattylbenzereacti-MCPHBR s care bedadily nosmeedket aiid  bled owubsequent

Cycl ohexyl benze Oxi dat i on 0[0041]1n order to convert th

el oy R ERG S ieg Tshomts o mao i S At SR RE TS« MRS e ouublfe | o
initially peotucts,zietniethylchelopamtyliespand i MCIB/)E e taadileinert fu the osidateanongy | shed
by contacti t.pe cycl ohex enzene with an oxygen-containin such as
o) o abd S e B phret S BRESE R i, e YO P i Bei B8 REE" o
that has hegno ceRities peblamdddwisir&nhedThe, heRRY @kt RakH IGdlAlERtioRIdactidhat has
been conpressed and cool ed tg condense and 15 renove water, or air_that
has been @Heh&Yi B o%5Akh Wthove CRRISH AN a PO x omatBNF 24 15t obin air

througl nmegdar,@e10BEH Y 166 B an@for BichelolfkyOPBSR kIR F6RRL aflcQRta®fst Riden@kllyodsher
conventi onal rreans.w&l0042] The oxidation is conducted in the presence of a

cat al yst. agdicetahrste sephi 4 a0 a(yﬁniég_qilégagﬁszteglite, and especially faujasite and the treatment is
conducted at a temperature of about 100°C to about 350°C, such as about 130°C to about

250°C, for a time of about 0.1 to about 3 hours, such as about 0.1 to about 1 hours. The
catalytic treatment is believed to isomerize the 1,1-methylcyclopentylbenzene to the more
30  readily oxidizable 1,2-methylcyclopentylbenzene (2-MCPB), and 1,3-
methylcyclopentylbenzene (3-MCPB). The bicyclohexyl is believed to react with benzene
present in the hydroalkylation reaction product to produce cyclohexane and more of the desired

cyclohexylbenzene according to the following reaction:
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i ncl ude N-hydroxy substituted cyclic imdes described in U S. Patent No.
6, 720, 462, which is 20 incorporated herein by reference for this purpose.
For exanpWwe,20N/deyaspoxypht hal i m de (NHPI), 4-am no- N-hydroxyyshaloabioss de,

3- am no- N- hydr oxypht hal i mi de, tetrabronp-Nhydroxypht hal i m de,

tetrachl oro- N- hydr oxypht hal i m de, N-hydroxyheti m de, Nhydroxyhi m m de,
N-hydroxytrimellitimde, N hydroxybenzene-1,2,4-tricarboximde, NN -

di hydr oxy(pyronel | i t| c diimde),

N, N' - di hydr oxy( bgermzgphenenex 3, 3'

N- hydr oxymal ei m y
Nhydroxy(tartari
exo- N- hydr oxy- 7- "OX i o[2.
N- hydr oxy-ci s -cyc | ohexane-1, 2 - di car boxi i de,

N- hydr oxy cl ohexene-1, 2 di car poxi m de, N-hy ro napht al i

Soar um o008} S RBRIEC R SO e oo ot e‘?q]ert ly,
the catal yl§aroh1ﬁyla@od\iemrdﬁ oxyRAIRAIT de the AP BloRRY1aBOH feddtlof pERILAILY Sdpatate

N, N, N'-t hi hydr oxyi socyanurl ¢ acid. [0043] These oxidation catal ysts can be
used ePt hdie Gaaafer e hpgyiediFtiftict i on with a free radical initiator, and

further cg«m cFr usged aohéxglﬂefﬂzeﬁé‘aﬁ@duohoﬂ?&ﬁe&%OH%rGﬁR}%‘%ﬁt Scalfiorf 3d Pgny VWO
2011/ 096989PCT/ US2010/ 060989 supported on a solid carrier to provide a

het er ogendgwBstEamapaggen tomepiors fhieympyries idisaysdedbsBpve ilspareiad Sg@mcihe 'qagtiony de

or the N Iélfﬂdéﬁltg-sg ah(mé%%Xﬁé@&éﬁﬁ&”é&l@tlﬁ%&ﬂb@d ﬁ'HPclrQM&QI béiové‘” amount  bet ween
0. 0001 wt % to

q such as between 0.001 to wt% of the

@eANIRtionabl e conditions for t he oxi dation step include

Sbout 308 *’“4? Se%“%?%siﬁ?é*vgﬁotg R e T T
agent nay CE@OIEdW@QhZEm% n@aomaw tdxicézﬂddtoc thwcprrcﬂ@umh& thydmpemyldé or rihguns ng
the oxi datalccoon ipli hed%d clo}ltlaé% ng the ¢ SIUEYEn ena%venh an xbeenlc%t G dnngC%(S:l S ébe i
reaction Can take prace in aenei't orocont i nuous {¥ow fasnicon.” 'ob%sf The
react or used viraus étevaoxesdﬁtalro ror eaatpleoit isTpyssibe tamye myﬁmt 0: 3 beaammessédat

all ows for roduc on.o xy.gen t o, cycl ohex Ibe zen rther
o 1 caceottd PbOl GROE Rl YPORS bR e S RA ST KT ok f ect
t he oxisdatr¢mdvereaed i bf)ﬁlr thahae bedipreichddhid. @xkelntbees tllidaﬂﬂm@l’ appRykiR@ppriise a

sinple, largel) ssel wth a distributor inlet for .the

oxygen- comog“ﬁn%nggé KO OPrapg  SgiGRM ey d?lﬁeﬂ”tf%gen‘ﬁh%*%r%l%tof 85 9e8®f%r may
have nean%oﬁ@nmliahﬂéﬁw and punp a portion of its contents through a

sui tabl e cooling device and return the 15 cgoled portion to the reactor,

t her eby maffgl ngThheidakion Kerpductedyn Be pfq%@lcsfef Heatpleyy Puikble aiflation catalysts

Al ternati velue N0RrbAGsubRithiSd Byd¥iidlideg désbsbdias U.S. aatdnN8o. 20,482, &8Rh i
water, may be operated within the oxidation reactor to rempve the gener at ed
heat . 20n daeEradsthbeiceby deferchee &% Bt PyROTCeaEPh exsraRe.cOMyeTogEphshalmides) i t y
of react OrﬁH!PB Sgl, hl%N%?rﬁﬂBx%%Hﬁﬁdengﬁan{?ﬂH N'lﬁ’rﬁro?%p}hﬁh%n{?dg d@étﬂa%n{o%c“ on,
optional ly operating at different conditions sélected to enhance the 20
oxi dat i on hyérasynhgwliatdet he @éﬁqhﬂqii@m hysloenyehtbalomde, angeN-bydrepdibtohdry | baMzene
or oxygen, n t a

pat o se sl R R B e PSR N Gt
of the cyclilwﬂwxyqpbwméme oxludla.’cGD on . dadihydrpxytomeerihasonat3, 3’ éasitetrﬁsaxfato%hcs uch
as at Iea wt or Iea %

cycl ohexy?gnf%é%)’ g\{ %ﬁér&?fn%%%ﬁde @%ledr“%%? %gi‘cgrgsogg? lctljer)orll\fj1 %}h roxlyolfccﬁ%\}\l\é% ght of

t he oxi daﬂwdlnxy(emtatm onmeief, | UehydroGefaviloingne-2 Aali@diodatilgn ¢xead¢hydnxeff | uent

cont ai ns no .9 greater t 0 W% ater
om0 e st EREER L R R N tea BRI o o SR ey ool &

cycl ohexyldidarbpk@nyel - N—l’md@trx@waxyodm(eb@sact Ltn@mbd:xhﬁldé otNhy dvetyabiphtiefintidee

oxi dation reaction | uent .. The oxi th rea tion e t ma further
conprise PR S&%Péﬁ/@’t‘ir%ﬁd) l?ﬁ‘??%’ﬁ@'f‘élgh éB?S’H b%fﬁlieéﬁ’ aé‘{@éﬁ?pl e,

t he oxpdatn- Mréﬁ?ﬁ&hlﬁd@fAhM%%u1MYe dafw}lsuﬂw NINeddHy 8 xgiyedyohgxtiaenzene in
an anount of at [ east w% or at Ieast 60 wt% or_ at |east 65 wt% or at

| east 70 W3] or Thse jogidationgentafysy cagy beypsed erdther gongupiosn epaswgtionydih roken
wei ght of {di@1 exiidat laed fr8RE taPBe 8fdil ddafuid-pHAQ, 20 xbLAREABRAHI SO0 060989
[0047] At |east a portion of the oxidation reaction effluent is subjected to

a cl eavage reaction "



to convert the cycl ohexyl-I-phenyl-1-hydroperoxide to phenol and

cycl ohexanone. Cl eavage may be conducted on oxidation reaction effluent,

wi th or wvOhloutodsdse ef fl uent undergoi ng any prior separ @CIras2a0/06698at nent .
For exanple, all or a fraction of the oxidation reaction effluent 5 may be
subj ected to high vacuumdistillation to generate a product enriched in
unreact ed cycl ohexyl benzene and | eave a residue which is concentrated in
the desired cycl ohexyl -1 -phenyl 1- hydroperoxi de and which is subjected to
the cl eav%ﬂﬁ)oﬁ@@%ﬁ QR 1id ICQI‘I‘lgIeR)eISI%l/l’de Q%Y@ieneo%’%tﬁtaﬁfgtnc%craﬁg/' P h &r&@

cycl ohexyl - I'- pheny1-1-hydroperoxi de is neither necessary nor preferred

Addi t i onalstBptiitededyeleq maitlé gethy NNLN"-ihydrokyigasyinync @¢idtih emnlw@amr aprpmuf] uent
or all or 9 0 I n cool ed
fo cause Syoral PO DL B kA Ul S 3N oL P L B0 O
can then b@MébpaSmmeﬁcen®hem1bwméDmﬂﬁamwmmlmMMbwiempapumgmﬁwnmwaMh@EC
exchanger rfa (4 tron on of
t he regul fant %at r 8‘%? 01§C9E0| %rtro ?e%é%@eldo RS oM Of abr?lugéo goxri)(gé(idr on
cat al yst rkﬁy bebefsmmtéﬁtmgi agemt hdae be ladandatgercaoe adthi aoilic ByppdAdd] Aat maptférer
exanpl e, a_fraction e oxidation effl.uen be subjected to
wnter wnshing rdxehBR 128ublnt PR pdteR T aS ot B e Bt
si eve, topheparaiachwateitinang h@ashiadsor babl e conpounds, and provide an

oxi dation co tion wt uced water .or de content that

oubj ect od IGRT he b Bikustacts BEBE PEfa SRt mt by (Gt o il Mot e Toe

oxi datipon jg@fddustRint ofMBkybdhdes a8 cRh&EMFhLAL] ¥n@r mPhyEitkal bfichesad absadpt i on,
such as 20 passage over a bed of sodium carbonate to renove the imde

oxi dat i on CEHRHINGSf oxygeRyan and N yBenenn ér ohas'br BBt ctthghditr §xamme B ovi de
an oxi dat iR GHMRAGH mﬁl}nc&eﬁ% ecknhlsreom ;@@t bR veAERK NP E diritRkdiahIcaRS ARDabl e
conmponent content that may be subjected to the cleavage reaction. Another
possi bl e SEpEERHPNBRINZHBIY-e & Whtonaembatimelty. theyoxidafipn saFtehmay havgemesRs iat i on
effluent ikl draQhibd) £OREG B MoicRBYrouSHE ifdBio Ao ARUROKS oFPLIh oft O an
al kali metal carbonate or hydrogen 25 carbonate, form an aqueous phase
conpr ilgi ngoeed aprtionfo thyegredorddiesky duniging &et%ptysmmmefn@f thp omidatanm waghlease
reduced i i i

rator al (VHHCIE 0 @ RN i oA fot AR A W oriLe
2009/02593@mthdDmpemoxwd®r@heawag@cg@@ﬁWQMEWeIﬁpﬁejmmeﬂunmmeﬂ@wemmmm»the

conversion of the gy cl ohex f gnzene henol ¢l ohex none
reactor ma I]ilpr se a u reac 0 S % SCTICS ?aC COl’l uc 11’1 a %0 01]10 the
i nvol ves the aci avage o e cycloheXxyl - henyl-1-

hydr oper o>orxnlet1q31r mdtumﬁd Opmondm}e oper:dmgr atn_dﬁfitefbpt cbﬁkﬁﬁ@iscmlmteal toy enltanee aled d

cat al yst us avage reaction is solub e in the
creavile PRERusihOn oL TE PoRGed Bl R PR Pt Bk B b5 ana
has a | OWQIE eatl| altiel dxtidatiOhir@b®r nag rigedpefaeid| ih Agbaphi Béni-Bak@nor contlnuous flow

cycl ohexyl benzene. Typically, the acid catalyst is WO

2011/ 09698¥PEF/ US2010/ 060989 al so at | east partially soluble in the

cl eavage newel i omydaca0dUBs produbt bﬂtlhb Sy dsHely I6ct@e b datidnNeAdiR conbdifis AN@stIHot
limted to, Bronsted acids, Lewis acids, sulfonic acjds, perchloric, acid,

phosphor i &t%e fush ayahileat HO o¥tie: f%rcqxamplﬁ 2 lopyi et IoF Bhieast 22 .‘ra% Arehs
chl orixde, ,AbHUMhySEpdrokidd bhdi G iRl ok whkAr bdene BRIADNL FabdonObfrdent,

sul fur dioxide, and sulfur trioxide. Sulfuric acid is a preferred 5acid
cat al yst. Generally, the oxidation reaction effluent contains no greater than 80 wt%, or no greater than 60
wt%, or no greater than 40 wt%, or no greater than 30 wt%, or no greater than 25 wt% of
cyclohexyl-1-phenyl-1-hydroperoxide based upon the total weight of the oxidation reaction
effluent. The oxidation reaction effluent may further comprise imide catalyst and unreacted
30 cyclohexylbenzene. For example, the oxidation reaction effluent may include unreacted
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 oxidation

reaction effluent.
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[ 0051] I n various enbodi nents, the cl eavage reaction m xture contains at

| east 50 weight- parts-per-mllion (wpn) and no greater than 5000 wppm of
t he aci d wetallymws9s9or at | east 100 wppmto and to no gr earars2eleannS®00
wppm or at |east 150 wppmto and no greater than 2000 wppm of the acid
catal yst, or at |east 300 wopm and no greater than 1500 wppm of the acid
10cat al yst, based upon total weight of the cleavage reaction m xture.

[ 0052] I n one enbodi ment, the cl eavage reaction m xture contains a pol ar

sol vent, S[Mf;lb] asA@Eas@hf)Qltﬁgh ofsﬁlgtoﬁ'dﬁloﬂgealcﬁ&lseﬁl@@@1s@u@@€t&pt6%1cle§%2gja r&etion

met hanol , "et hanol , 1 so-propanol, and/or ethylene glycol; a nitrile, such as
acetonitrit¢ éOfa’n@/ﬂ@r cypbb@iybhmbmyl -&-hydroparemds fearhenoland caclrksxemaec dHeapes ng 6
carbons or, S t ,

cycl ohexanok% ta[ﬁf @ﬁ@%ﬁopegﬁtﬁn% &eﬁ{ ?ﬁg ASS’% Bﬁtrﬂel% e%@ﬁgﬁmg%g g‘?;:

acet one. @snlewaarhmn dzrheeammnar Fgalxemplt, allsora@dﬂadlon of tﬂee)xmdaeavmg@wneﬁfblenbn

m Xt ur(g Sucah tgehsau J cDe twehl Vacr %rtnI &{stq%ltlgnh?o pgrlle"ra‘arte Saoﬂr\olc? c{] enr1checY| 1n u rea
cyclohexypbgnzen ?1 roperoxide in are € ran %

1:100 to abcﬂol’texﬂlﬁﬂlzéne asdliblavmreﬂiﬂlmﬂfhldh Qﬁoﬁcmtmbdum th&ﬂesﬂrpd ayi:dbhb}klethxﬁylll-r e

conpri ses ut 10..to .40 mﬁ h cl ohex enzene dr gper gxi de.
e nata o SR epeBRa Saf RRh o St s Ttk RATHn 5 o, I aseR Sheth
degree of comenedtish @ tiof cﬁctwewnlghagxylh@empaﬁﬁdmsdﬁaﬁnafmees@lzﬁymar Tphﬁerfeheavage
reaction but. al to |ncreas t he. sel ectj vi ersion.to I
o ey el orulbE o ArahER i bians b vidaiah chleroSr G pubait o

bel i eved tvhafumt bietilR@bR resSdik iaRE bE RINIEE 0 Tcﬁllﬁefdrﬁﬁllﬁzadd)rp of thenglitedcrd 1m1de
conversion of the cycl ghexyl benzene hydroperoxi de to undesired_ products

such as h&xdpPHeRbie i BRSkM tw‘@%ﬁ@ st by SiE[agem 81 Phsqpaingofigm a heat

enbodi neme§ehaﬁ§é€ sErfBaNRA 8 ERREk @ﬂrsﬁll?ﬁ&ti&he At né‘akt%%ﬁﬂ&'ﬂ@l%@ﬁﬂth&%?a@% in an
anount of at least 50 wt% or at least 60 wt% or at |least 65 wt% or at

| east 70 wPWposgiongedycedax freg figmogmidsy oxadatipe g3telysomat bg sublestsd torssncleayees

wei ght of ,the,cl eavage reaction m xture. [0054] Suitable cleavage conditions
include a tenperature of greater than 50C and no greater than 200C, or at

| east 1550[@4(8] noA@ﬂ@zﬂn@r@X%ﬂﬁn Al2@Q, fraphign of ﬁwe@,@lah@l offluent nhayahstsubjegtpdito 30 no

greater t Ang tl(e%;paésg roﬁgﬁi‘%ﬁac@@rb&{t esﬂ&l? east Hljo_%ﬁlﬁgrgs dﬁkrgato ange), or

at least 1 o greater t psig (at no greater
than 1, OOGVMPatnd @ﬁugec)somblh comaoundh eand | feevdeg en Dsd@tqncmmlvpswm wlth geduced

CO oL BTk B e PR s s U R ec
t he cl eavafehe eaddtivorffivayt ey anderdoypehaticallyaat wysikallgvirasddoadsorption, such as
20  passage over a bed of sodium carbonate to remove the imide oxidation catalyst (e.g., NHPI) or
other adsorbable components, and provide an oxidation composition reduced in oxidation
catalyst or other adsorbable component content that may be subjected to the cleavage reaction.
Another possible separation involves contacting all or a fraction of the oxidation effluent with a
liquid containing a base, such as an aqueous solution of an alkali metal carbonate or hydrogen
25  carbonate, to form an aqueous phase comprising a salt of the imide oxidation catalyst, and an
organic phase reduced in imide oxidation catalyst. An example of separation by basic material
treatment is disclosed in International Application No. WO 2009/025939.

Hydroperoxide Cleavage

[0049]  The final reactive step in the conversion of the cyclohexylbenzene into phenol and
30 cyclohexanone involves the acid-catalyzed cleavage of the cyclohexyl-1-phenyl-1-

hydroperoxide produced in the oxidation step.

[0050]  Generally, the acid catalyst used in the cleavage reaction is at least partially soluble

in the cleavage reaction mixture, is stable at a temperature of at least 185°C and has a lower

volatility (higher normal boiling point) than cyclohexylbenzene. Typically, the acid catalyst is
- 13-



those skilled in the art. For exanple, the cleavage reactor nmay be a
sinple, largely open vessel operating in a near-continuous stirred tank
react or rwoep1196w9si npl e, open | ength of pipe operati ng@Cirrusacsendspl ug

fl ow reactor node. In other enbodi nents, the cleavage reactor 5 conprises
a plurality of reactors in series, each performng a portion of the
conversion reaction, optionally operating in different nobdes and at
different conditions selected to enhance the cl eavage reaction at the

per tinent ,(onVRES LR fiAREHble inqhQE‘l@a\%pré‘Q&tmﬁq}r@dutcheSlﬁljaﬁ@\éég%at"a@%tn@Iud'es a
catalytic distillation unit. 56] I'n various enbodi nents, thé cleavage

react or i $uodenaiimitadgorBrgny ¢0udSast efidn suiforichecids] perelpricersids ph@ﬁpbmgh a
cooling d%&dcﬁyﬁ&%}]&ﬁt&é{cﬁ RO gh %cpaf%?' 1519ntcﬂf%nﬁé CRUAD & ﬁlaﬁfog{de

t her eby nmanaging the exot herm Ci eavage redcti on. ternatively,
t he react derrioalylotde, bpenaﬁbdnadsdﬁawmuaklgmsuMmUn@ﬂéﬂﬁhMMHemmdwcnmﬂhmgiCO|Is
operatlnga&hcghp t he cl eavage reactor(s) renove any heat generated.
[0057]?he naj or yproducts of the cl eavage reaction of cycl ohexyl-1-phenyl-1-
15 hydr op¢0(15>1] delnavagiophemialdirasnk, cheadl @lhgxcananen negofe cﬁ)ﬁtalﬂﬂlacbagéﬁewaigﬂty

conprise about 40Q.to about 60 wt % t 45 t abo t

crenvage PageRdRIsRSRBRE aineririhe butaBlorrtene hergteaaBst heddrast Mye
reaction pquUth@X£mu@tmawmﬁnunoe@@ﬁ@drﬁya$thbebﬂmbﬁmﬁogﬂﬁwa&mdzmm
catal yst. “[0058 The . ge rﬁact rodu t also H% &) talns
i et e REMDAT 810 SHANdo g O TR 4et ho St iR SR vt

react ilon RE@EMCHastSupda ol Waig @ Ethe @lchwva@d rdatidh mixk@si ¢ materi al to remove or
reduce the | evel of acid in the product. [0059] Suitable basic materials

i ncl ude allf®] nBtee Hpadigenads Cé%aa%@%fégn mixtRig|Gontams prpolar sofagng) such as

hydr oxi degp aa'it@h@lxédﬁ?a%m%g Ue 1RS¢ edbii e RXhARanoP ARSI WALV HLOX ABor
magnesi um hydr oxi de, ci um hydroxi de, cal ci um oxi de and bari um hydr oxi de.

Sodi um andthpbnaghrelit 28Elkr Behat acstonigyleandior propipasdle; Higpmethalc yndt kP at ed

t enper at Ul6isinndO06 Odalddny a1 RUS s&ﬁ{b%d'agﬁ&ks1métmet9ﬁsk&oﬂéatzef6@b p%ﬁ’tQ&PJn'eseS
one or nore of: "a caustic exchange resin (e.g. | foni ¢ 1on-exch aUﬁ
B,

resi n)l amidplicaamne, admmhy&nyhlymn@ﬁnpmfe The pisefeirest n,ollaayolgmlrs agstong. nfegie
dol oni te, S Sohent §%H&qgi folife é‘lgéfbagé hAL S mﬁzﬂlré‘gﬁdhvtﬂétetﬂe GR, PF&U@%‘M}%

inpregnate ctivated car an anfFoni ¢ exchange resin as a weakly
basi c i on pelechdnge t@he rcedohexwavnmg: lavdscup;roatde-ld ithei mwurbamnehmrapgﬂ yihabout

backbone qnl%&"% abogﬁ E&Odf l‘élrfc%tas a t l%rt f)outq0§e nedct e%l)jtlgrgrpo I‘QS%'S_BBOIH 10 {\IRH or

-NR2, where rogen or° roup cont ai
about 40 wt% of the cyclohexylbenzene hydroperox1de The add1t10n of the polar solvent is

20  found not only to increase the degree of conversion of the cyclohexylbenzene hydroperoxide in
the cleavage reaction but also to increase the selectivity of the conversion to phenol and
cyclohexanone. Although the mechanism is not fully understood, it is believed that the polar
solvent reduces the free radical inducted conversion of the cyclohexylbenzene hydroperoxide
to undesired products such as hexanophenone and phenylcyclohexanol.

25 [0053] In various embodiments, the cleavage reaction mixture includes cyclohexylbenzene in
an amount of at least 50 wt%, or at least 60 wt%, or at least 65 wt%, or at least 70 wt%, or at
least 80 wt%, or at least 90 wt%, based upon total weight of the cleavage reaction mixture.

[0054]  Suitable cleavage conditions include a temperature of greater than 50°C and no
greater than 200°C, or at least 55°C and no greater than 120°C, and a pressure of at least 1 and

30  no greater than 370 psig (at least 7 and no greater than 2,550 kPa, gauge), or at least 14.5 and
no greater than 145 psig (at least 100 and no greater than 1,000 kPa, gauge) such that the
cleavage reaction mixture is completely or predominantly in the liquid phase during the

cleavage reaction.
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to 20 carbon atons; an am ne pol ysil oxane functionalized with

et hyl enedi am ne; an organic basic material grafted on m croporous or
mesopor owsonet1Aloewsi des; ot her organo-inorgani ¢ sol i ds, PEIAIS2@9/08@8% i t es
exchanged with a nmetal selected fromthe group of lithium sodium WO

2011/ 096989PCT/ US2010/ 060989 pot assi um rubi dium cesium calcium barium
strontium and radiunm an oxide of Goup IIl of the Periodic Table of
Elements treated with a netal selected fromlithium potassium sodium

r ubi di Um gaksp st eado SHAPRIHEM tpercléa%geqeééu%@hiay bBLKAbOGr BRI RnBRR & O
organonetal lic;, a magnesiumsilicate generally derived'fromthe interaction
of a rragnélmswhlgeail in therpat. JOF eAsinwle, Qle§|1davagatr@actoarr@albt: awintphe, bragdle opppdesely si s
such as s e , i a a ogi

ot boaat e%ﬁé %@gg% %‘ g%a‘? coﬁ%%b%?fegatagp&g&gr mgggo&ggagﬁl% tog?n I%H%tﬁ 1 e

al i phat i c operrtresinos naargrred lﬂowamcnesmOée g 11;1 odm:r Iembeélments,bthtewleaamgen@actor

het ero ycI | c_anine ch.as ridines, |, Per di.nes, er nes. tri-ethyl
am ne, gal | lﬁg 1sleé OPI’uI‘a?llflna{ Ireac§¥ahr]1 Isleerlses a% é?ek ormllngm Plgl’tlg O%Ztar tCOl’lVerSlOl’l
anmnes in rdsahﬂon‘ Optllnnelﬂy bpmtmgsladhffsrem thédeyvedkat difGaenit coralitions serkeryedhe cdianersed.
Conveni ent t he basic s _a di.am ne u

2oty paiR SHECRy BAGU = he PO FARETION ERGt Thife SRRfiERna g clesvage

comer ci alréagtoaisai daabltie distidarionnvitsta S. r. 1. Corporation under the trade

desi t YTEKTmM A DYTE 0061] Sui t.abl lidDb
e el Ve S Bl T ORFTRAI o TGRSO o i

al kal i1oe- eaiittdis DrougRh@boligiddeiss ardll k@t thabsblad goadidnne i@ dallagee@ictor @Béreby
transition netals, rare 15 earth and hi gher val ency oxi des; hydrotalcites,

cal ci ned MRAARERGI prshesmigity frfhe leaxags cicagtions | Hligrpaiivebaltes feaefor mext¥d wi t h

an alkal i opeh@l Rpbachld Those! thbidiiint PAIARS R PO Nyithi#Dind] dielvagesi um
and combi nations thereof; perovskites; and béta-al um nas. [0062]1n one

enbodi menteactos) smeycanyaeaeeagrattd one or nore of the hi ndered ani nes
descri bed 0037,J STth,D aﬁl%BP Bl%duc@s 29f1 ti]1§7cle£ §¥V' LdactRi W%&@l%ﬁ’e%jl { Bﬁén f.he

basic materi a 0 added in the anhydrous state of may be an’aqueous
sol utilén difvdran@m?sﬁe @Iﬁephfnml egdryriohsaasione, rraeleef whish gerwrally aghmribgabionedtrist al

hydr oxi de%bé’(ﬂ‘éo%\ﬁfl/ Sr Aﬂgﬁmsbt%sab&t'?%%@' é/f%héclea[vgg@%&f&ﬂ;’pﬁe S‘t“Edc){’wt% takgpi d

basic material enplfoyed a neutralization reactron in pf esent 1 nvention,
such as armndhm weghtrof dicagttavegcasadias pheleet aiclweius sEdjredead caclpkdxatbenaghy andow

vol atili ty . Wih.a normal boiling point tenperature above that of

cycl ohexyl %enze such that 25 it will tend to remain in the bottons
product i mO(Eﬂbseﬁhaecﬂbavfaga&tabtﬁmapﬂodmt apertgpicalgscontaats umesactbé acidrdtabtseandon t he
| east B p(i)lrt on. of

cl eava ere uct .t hat ontain
stch qu a Bl I R grLS - hE SR e ga e tich o Bty A BAR
neut ral : Z addt®@ial foeaadieain re}t)dliiceﬁ‘hé aetled aMalirytthfdfluctthe acid ca]t al yst and basic
materi a ye 1ta enetra n con 1 QNS I NCl U rat ure
o ot o TEIPY S Gably; SR FubGl higticd ke mPEDEidreawe 45 opdis oAt BB o

at | east W4l 19rodided 8@B bxiB&Csudr asadodl@a sy drOAe, JRRaim HydiorRle€ magnesium
neutralization conditions |ncI ude a terrperature of no greater than 200C, or
rgoél

no great efYgmgxide. glseim Bydrpgde calgtugy o, prdibagiem byidraifieq rRodfusp aidhpiesigic,  or

no great ercaﬁab@?eslu@%@lso%uﬁ'&l g5tRAAIBS at RN d BB ra@t’fesno greater than 140C, or
no greater than 130C, or no greater than 120 no greater than 110C, or

no great ed068hn W@@MF@Q@@@WWUQQ@Q@79@%’@98@11)“565 one or more of: a caustic

exchange resin (e.g., sulfonic ion-exchange resin); ammonia or ammonium hydroxide; a basic
clay such as limestone, dolomite, magnesite, sepiolite and olivine; an activated carbon and/or
impregnated activated carbon; an anionic exchange resin, such as a weakly basic ion exchange
30  resin having a styrene-divinyl benzene polymer backbone and an amine functional structure
selected from —-N(CH3),, -NRH or -NR,, where R is a hydrogen or an alkyl group containing 1
to 20 carbon atoms; an amine polysiloxane functionalized with ethylenediamine; an organic
basic material grafted on microporous or mesoporous metal oxides; other organo-inorganic

solids, such as zeolites exchanged with a metal selected from the group of lithium, sodium
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100C. In various enbodi nents, the neutralization conditions include a
tenperature that is reduced from cl eavage reaction conditions, for exanple,
t he tenpewetarignomy be 1C, or 5C, or 10C, or 15C, or 20ECTarS2@0@6098¢ 40C

| ower than the tenperature of the cl eavage reaction. 5[0065] Suitable
neutralization conditions may include a pressure of about 1 to about 500
psig (5 kPa to 3450 kPa, gauge), or about 10 to 200 psig (70 to 1380 kPa,
gauge) such that the treated cl eavage reaction mxture is conpletely or

predom nanblaYsidd) hibi@iubd, G4k, RERRE, Q&iﬁdnlﬁl_gtr&gﬁmf‘ﬁ{é!ltr&ﬁhﬁl?ﬁ{ bQ SRAGH ANof

[ 0066] After neutralization, the néutralized acid product can be renoved
fromthe checoyiadic Thblewf Gthments|teeaigdl matha raeteldeleptesk framdithipmp petpisjumg seflium,

cycl ohexa ' LSt t - vert.- at l.e .

cyel onoxaninguindlifimt Ul of dob o R R karCRSL B LeaRlmddIRi: 671 |
order to megheviue stlibae geimgallyt deowed frophthnohtefactom ¢fhe nbemezmmesadt @ndt sohgple

mat er i gl (Bl ea f. the ohexanone in,the cleavage effl uent

) t, par ycl
T b enietpn qah SAM bRR b G SEYR RIENFACRAC Dahf L EBHAIS LN VO]
[ 0068] As gphataethndbodien carpohand) exdmoine(s prathphe pamary; sdoodangor @neot sliphate

m xture cog;gosed of 28 wt % cycl ohexanone a{ng 72 wt%ephen]gl, SO thath any
attenpt t&"EEDaYaP8TENE B Sef & (BRI BRI hEEY e RN Fie ATUKE Such &

hydr oper oyiyéing| gapaidmest pipeidyinl nfleehydi Sitihd,| sitphatic rogSatbinstid @iadntihe and
azeotropi c._m xture. reover, altho the efficienc f the separation can
e enhanc A E ORI EPRIGY Ehamdies th HF BTN (icr Sk Medks v Ehbs F00 Moam
phenolibcy ekQihexan@nRnSE Rl BisicORatér@ia N@iaRineOSich ¥s PRgI8SSentakddthg endd Ain@me
enbodi nent, the feed to the dehydrogenati on step has_the sane conposition
as the cl eabagackyiepedispine. Wisedy catiprtsialy aww@bﬁef&n fyistap it i ¢oragratpen

expensi ve y§&Ralatdde Besidnghons PePENGIMY s RNDY EKEE Hivih ency of the cycl ohexanone
dehydrogenati on, the final product may contain substantially all phenol,

t her eby atl06dhst Sishlsciohd bevie metesBlsanslede: Sepamatal ayide Remibpe néalifaonttehe
cl eavage gffibuaihiind QAR niktARRIBE LGN RRALIRBRE catihSeofileEAMAG Rt e | S

subjected to one or nore separation processes to recover or renpve one or

mor e dénpendninsl lggher yelerdyf dxuderit hydrdtaeites cealopwed 2gdrpfatriie0 88iPomMelISABedicdB0989
hydrotalcites treated with an alkali metal selected from lithium, potassium, sodium, rubidium,
cesium, and combinations thereof; perovskites; and beta-aluminas.
[0062] In one embodiment, the basic material is one or more of the hindered amines
described in U.S. Patent No. 6,201,157. Tt will be understood that the basic material may be
20  added in the anhydrous state or may be an aqueous solution of any of the foregoing basic
materials, particularly the metal hydroxides and salts with basic hydrolysis.
[0063] Conveniently, a liquid basic material employed a neutralization reaction in the
present invention, such as an amine or diamine as has been discussed, has a relatively low
volatility, with a normal boiling point temperature above that of cyclohexylbenzene, such that
25 it will tend to remain in the bottoms product in subsequent fractionation operations that may be
conducted on the least a portion of the treated cleavage reaction product that may contain such
liquid basic material.
[0064] The conditions at which the neutralization reaction is effected vary with the acid
catalyst and basic material employed. Suitable neutralization conditions include a temperature
30  of at least 30°C, or at least 40°C, or at least 50°C, or at least 60°C, or at least 70°C, or at least
80°C, or at least 90°C. Other suitable neutralization conditions include a temperature of no
greater than 200°C, or no greater than 190°C, or no greater than 180°C, or no greater than
170°C, or no greater than 160°C, or no greater than 150°C, or no greater than 140°C, or no

greater than 130°C, or no greater than 120°C, or no greater than 110°C, or no greater than
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dehydrogenation. In particular, the cleavage effluent is conveniently
subjected to at least a first separation step to recover sone or all of the
phenol frem2bheedsbl uent, typically so that the effl uentcCstuse@amob@doto said
dehydr ogenati on reaction contains |ess than 50 ww% for exanple |ess than
30 % such as less than 1 wt% phenol. The separation of phenol is
conveniently 5 effected by vacuum and/or extractive distillation.
Additional distillation steps can be used to renpve conponents boiling

bel ow 155Gnf@s rIF%MuﬁFénﬁ%diﬁQﬁts,kilﬁg)éleut?all'i%ioﬁscoQ&Hé&Wﬁcl@&lﬂa EhTHRRGX A is

and/ or components boiling above C (as neasured at 101 kPa), such as 2-

phenyl phestoredafiiem glcptrgaytacaerhemnditions, dor exempleetic rgmrcrrsurefifay e Cserré@m t o
Lhe, deny dlpagRAly Ot SaCbil or SOLOR T Goba! By Bl GIRLAURIof fhe' ifivae

cycl ohexanone dehydr ogenat i on reacti on conprises |5 support; ||§ a
dehydr ogemeaiign conponent conprising at |east one netal or conpound thereof
sel ected f G ou 6. to .10.0of the Periodie¢ Table of El ts; .an jii)
ot ass Fum! 03k HoMBBI e RS sk 0feB0 e el ARy B LBBENL B B
fornmed of psigl(d &Bg toa34$0 kP« @heze),an aladut i) moA0l dsiaT@ to 1388 keardaogs) sadh thanizon

nanot ubes. I n aone enbodi nent, t.he s ret c rises. g crystalline

s opor oudretPy FRSeEe RatisP ket ST RRRb ARAERI R TP aRInede |
ot her enb@dﬁtfwiﬂ:ﬁﬁanréahﬁorsil ica Eupport ha/s a surface area as neasured by ]
ASTM D3663 1 n. t range from about 10 .gram to apout 10 gram suc
ST om a1 50 AT G o BB st ge R GRS S5 By Byt L GG e nge
of fram abaiductQead ipcd Gu@MixQur@bOpiend. £d ¢§élHeaMoARhahZDtheR dead RALBvert

dianeter in the range from about 10 ,grg]gstroms to about 2000 angstrons, such
as from aBbl§est Pyt affBseychbgxangneBadditigmdrhaigst rom Such pore vol une and

medi an porgacﬂ,hmbﬁgpg%dgg@naﬁﬁl determ ned by nercury intrusion porosinetry
as described 1n . _The support may or nmy not conprise a binder.

[ 0072] Gend®0(7] v, Inqyder de pp¥invbeschapiodvrtion appfirank frap tsrbcazsye gerting ggtcrighat net al
conponent 16,45, 5818 Gl dydSHRIANGHOWPIhE cleagD cBluchR RRSdREI6 EaPdSehtion

El enent s, sucﬂ as platinumand palladium Typically, the dehydrogenation
conporiént afeorgngwdhg follpwimg repssemt bet ween about 0.1 wt % and about 10 wt % of
the catalyst. In one embodi ment, the dehygfogenation conponent is present
in an anount betwee@ about 0.1 wt % and abgut 5 wt % of the catal yst or

bet ween about 0.2 % and about 4 wt % of tjhe catal yst or between about 0.3
wt % and about 3 30 % of the catal yst or _JQetween about 0.4 wt% and 2 wm %

of the catalyst. -‘-Aﬁ- i mal phenol selectivity,
¢ gf ogenaten netal()t he
dehydr ogenati on fatal ygt contains potasgs 0f a potassium conmpound in an

anount of about O about 5 w% genegtly about 0.2 to about 2 wt% of
pot assi um based upon the total weight of the catal yst conposition. WO
2011/ 096989PCT/ US2010/ 060989 [0074]1t will be understood that the potassium

in the ca t ¢o sition may, not be purely the el enental netal,.. but

coul o 1 ol MeSE R RHE STt TN P BHE Fnbpdtoprofidin Feaf R i

oxi de, chlcompated oh 98 mitdesyclohdxhhee,and a2 batkaplenoles € thafFaly gemposespaite td S
applicgtio th % of  pot assi um o ot assi um co und in . the catalyst
composht i Sl iy i caabeRodse lelontha e s e B lp A gE 1wt

pﬁ[ assi unjin lﬂl&’@dzédﬁrobf@rﬂﬁ)&llﬂe. CRfioadoy &t aﬁlﬁxgi@@sthé iheﬂﬁbienEjbl’ofmié BoseERioal can be
illustration, a catalyst conmposition nade with 5 21 grans of potassium

car bonat e ev@needg?Yaﬁ%ldaqtlngd{l%@éﬁlmn AR 66 1987 R Emyacyfimy gﬁ%&ﬁﬁﬁ?&“ﬁ?‘&t i num
hydr oxi de sgfkdioh @dndirk. ARG ¥R, ) THB AL ohSerfbtRPAEL: aR R26d e Whad®g@htic | | con
di oxi de contains 1 wt% of potassiumand 1 w% Pt, based upon total wejght

of the cathPatthe sisomeyHon ahoelyspabeidysdrtherely avgitingdbe Beedfforpdt iBitial ni ng

W% 0f VakhQuSe CUPRAAENT Step.ON! Dgﬁéﬁéﬁl PRt RN Oficiths SHPRRY toycRAbxaaBRPOr t'S
t he dehydr ogenati on conponent and/ or ?he pot assi um or EOt assi'um conpound
shal | be delsirepspatign, the final product may contain substantially all phenol, thereby at least

reducing the problem of separating the phenol from the cleavage effluent.

[0069] In another embodiment, the cleavage effluent is subjected to one or more separation

processes to recover or remove one or more components of the effluent prior to
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[ 0076] The dehydrogenation catalyst is typically prepared by sequentially or
simul taneously treating the support, such as by inpregnation, with one or
nore | i qUWO 20096280t i ons 15 conpri sing the dehydr ogenat iPOR/USQNMOOM®RE Or a
precursor thereof and the potassium conponent or a precursor thereof in a
liquid carrier, such as water. An organic dispersant nay be added to each
liquid carrier to assist in uniformapplication of the netal conponent(s)
to the support. Suitable organic dispersants include am no al cohols and

ani no. aci dgpygdstehuRs, A Srilidde; hCEREREL biiuerk Aol GRS s Bic3RE TS AN ast StiRH eSent
in the liqui'd conposition in an anmount 20 between about™ 1 and about 20 wt %
of the |i gerahtionmisddd récorer 000 77]dllnofothe phenet dometic effbonl mwmdally shdhag dhcal yst

i s prepar - - - ei ng
appl 1 od 1t ok RGN0 \ELyd TR O AR e
appl i cat i dass dfan88ott%okuchie ldethadriog@hahimnh bt sdpaanon vhghepdtiassivemeitity t he
25 support .. the support i ref er abl eat .at tenperature qf about 100C
Co abodt 7OBRn B YRR on Bt RaBlSE L Sl PlouBe PR ER St ST B8 Hbou
450C, f or randven@npbnaitobidilifl belbw EBODt(asbhedmoredsat 19UAPaguetbauberiketcoammbout
10 hours. In.additiop to renoyi .any | i qui arrier and di rsant ysed to
apply. 1 he PR, A DhreRrp B BB e 48 e R i P RS I b 2o o1
i n bondi nghé¢dye phaibbandt dipHeh@ SheppRtol taftddihd elealbfucnnfreameao thredehy @bgdnation of
the final catalyst. 30The heating is preferably conducted in an oxidizing
at mospher &24eth as air, although a reducing atrmosphere, such as hydrogen,
can aligo heo7epp! OyedtalylsOSdye i0Me cRiidedintBNichy lldgerdedydictige tahirBes @at al yst
has an oxygen chem sorption val ue of greater t%an about 30% such as
greater tAERPOHHAUR dabogrogenstion camprienyrarisingeh isast 9B tetabopgompori! Yeisak er

t han abouty|6Q% flgﬁle@ﬁoﬁgs khanoadromt PEAJic ahbieVEEIGh&RS; &hd (A hoakakh 0% WO
2011/ 096989PCT/ US2010/ 060989 As used herein, the oxygen chem sorption val ue
of a partibe@rsiym eqofudt is a measure of metal dispersion on the catalyst

and is def[bd“;‘i‘]j agnhd Eﬂﬁygtast#%ﬁbrpis {ypﬁalwl%}ﬁlred Qf sm%h,e§ sﬁfcat@,t Qrmaﬁlrfgf@égﬁgte§or bed
by the catalyst to the nunber of "nole€s of dehydrogenation netal contained

by thdScaraibystdr xerb@Oagnofubes.oxiigeis embgdimentpthicosippert wesprisess e codtatlmeher ei n
are neasur i i+ -0l i ng cp[@a'g - MENEIR SQPHICRR sPE AU nts
are obtai rllrgego%&?ld e?mlytaget fngtehlglg%]e(?é\//géégug%ﬁcon |1l'4|?’ons ogl(gae91 p%/ﬂr??\ggﬁ?oﬁrrleg %osorb
| A i nst r usebbdimApiprtbx silrest eipporOh@-axubagr Aemasohicasatdby ST PI6@addht iangeo a
quartz cell and {ed in flow 2 heat,i ng..at . A4C gin2t o 130C a

or di ng 1 G Rbl Sk fulIPofE Wt RBHLAEh bt 3 I Bl T fe L vt

i s reducedn’ignarh,| opéragohydrioglenrabye bifrdm ratjowdt0.26/giam tb ab4R3q) cdigiaochi ang a
isothermal for 2 hours, .and the 10 c ing to 400C i | owi ng hydr ogen.
Fol | oPng MU PR 7R S5 s oot B Brpndt ot Fhoh s B R

t ur bonol edtdhbaboptankarondGo Abdit E@BarigotréreNBd pafyvotienmmliandiea foyddiogas. Wt h
the sanple still under vacuum the tenperature is | re 0 nd hel d
ot hor et 1T g C B e e LR BB O A G G HION SO IR (o he
pressur es shgfowedy Bthagndt 4arit@i binfékl kPa to 53 kPa]) is neasured at 40C
with 02 as the adsorhent nplecul e. 15Extrapolation of the linear portion of

this curveédl7dl zePenamlys g dshyyrqgsuation compenent CMPEISEHAL e 240 R CPBACNGRE ake.

[0039][23-“3 s8N AHRBLBRIUPO® R 0¢ &% Shd Peh@M UG brURERENLS edih | §lidtinth Ghd
conai til ons
palladium. Typically, the dehydrogenation component is present in an amount between about

0.1 wt% and about 10 wt% of the catalyst. In one embodiment, the dehydrogenation

component is present in an amount between about 0.1 wt% and about 5 wt% of the catalyst or

between about 0.2 wt% and about 4 wt% of the catalyst or between about 0.3 wt% and about 3
30  wt% of the catalyst or between about 0.4 wt% and 2 wt% of the catalyst.

[0073] In order to achieve optimal phenol selectivity, together with enhanced stability of the

dehydrogenation metal, the dehydrogenation catalyst contains potassium or a potassium

compound in an amount of about 0.1 to about 5 wt%, generally about 0.2 to about 2 wt%, of

potassium based upon the total weight of the catalyst composition.

- 18 -



conprising a tenperature of |ess than 400C, such as about 250C to about
375C, and a pressure of less than 100 psig (690 kPa, gauge), for exanple
about 0 twoabowme®9 psig (450 kPa, 20 gauge), such thaPCrhs2pe/06q98%s
conversion of cycl ohexanone to phenol in the feed is 0.1 to 50 Wt %
typically fromabout 15 to about 45 wt% By using such mld conditions the
anount of undesirabl e al kyl benzenes and al kyl phenol s in the dehydrogenati on
product can be reduced to | ess than 100 ppm such as less than 75 ppm or
even |ess jfap 2R xﬁﬁrﬂebﬁ(nd\éﬁ{o%t}tthﬂfthé g&agﬁfﬁyﬂ{ age&%§s9eoraﬁ5&ﬂwﬁtmaﬁhotsl%fhel ow

| evel s, the al kyl benzenes and enol s can 25generally remai'n In
phenol pr odigst the @lh@p@blynmlobmm@dx ﬂqeem@@&ﬁ bont lwbmméy peangidpiaionn.isoeh as a

I t 0
D oor oo WIS ol OB Shnotd el rRGENVRESHRLAD, ShSp
in a serie$ polfissclmhymqugsnmtqoomomdeipshe CEMySSE@mwany ibedulaecddmneal yon the

different. For 1 he ma sane. or different:
30dehydr Oélglr?u t 0% condn {1| % I?SO a551 m ueSFéS(It oﬁon%f fle catallys? coné%osmon %or purpogg%%

and/ or anﬂhmﬁmnm,aapuymtmﬁmm&@n@mneﬁmma:npnmhymw&ughmn@mbamMy@HapmﬁmeS)

[ 0082] Wher e t he de rogenat i on ste .con rat her
han a bapgigy GRaLes T ERBR R R B Ry SRR Sl SRy TR LD 4id feed
i s typicalsippoftedon a%g&tamz of 6ilibdh dibxide cohGainsPveN &F panh@hms tndst afpolhttbas@nd
assist in extra tlng e ég’ en enerated inthe WO

2011/ 096988BLF} E@@‘U? gﬁ@ﬂ’@'%natlon reaction, hydrogen may be

cof ed 1po féyspehydrRanadr Aipsseael ideRiminigi wBbd Yf Sudis tddapoldAe, MRlyathat at i o
of hydrogen to cycl ohexanone in the dehy droqenatlon feed is about 0:1 to

about 20: Port{oe@éél]wpa%r@t SYPROTS I dETPEFPEsRatioRsaMpereat andsy the pfassium or

al kyl benzepgsiahdordpdind PR Icensidep@. S5 feed to the dehydrogenation process
preferably al so conprises a diluent substantially inert under said

dehydr oged@®70bn Elamngqhvdr@%laﬂcsmataé}m & tytigals propared py reentighe Apsimgltangously

hydr ocar baRaiURa bodl, LRASs BFCinthoduRlONeXANGe a&dm%fmsa@ colyRLiEhd ¥V

t he wei ght ratio of dlluent to cyclohexanone in the feed i's from about

1: 100 160 aboptisind:the deBEcTHENT eatroentc ohf gt@m‘@@roﬁlewéohnfioﬂletméassmm

dehydr Oge@%k&ﬁnp&%cpﬁ‘ﬁélrsggﬁ@%é% in% 1gqt9{8p5akr§e?ssu 8 &ﬂ%r 2y, e &éaﬁr%?sqnt%

reactors containing t rogenati on catal yst on C de for
t he endot herdded tdnwh hqﬁldrcaai@t ioaﬂslstpt eﬁ@trlalaplyhowommﬂthe pttel @dipatxat(sctoltled s

\M t h I nt ergt a'0 E eXIC gai@ S ersants 1 gc{mgrll’l%toua{lco f antae 1’{’llel’lact l n S rgam
drops acr 65 €ach" %a Vet b di ANy PR amp 4ok t fie"heit ek Chafiger s.

Pr ef er abl yrgiidngd. OGEnelmélj'stharoegaMEecdspemmths arescmtrpeﬁaaﬂlqmd odmppsmdn mbmwtmoﬁiﬁtc to
about 600%6‘[%%&9 out falanrgl allgou 20 wt %rﬂ?éblgcﬂucfcompom t bed in the
[0077] In one preferred embodiment, the catalyst is prepared by sequential impregnation
with the potassium component being applied to the support before the dehydrogenation
component.
[0078]  After application of each of the dehydrogenation metal and the potassium to the
25  support, the support is preferably heated at a temperature of about 100°C to about 700°C for
example about 200°C to about 500°C, such as 300°C to about 450°C, for a time of about 0.5 to
about 50 hours, such as about 1 to about 10 hours. In addition to removing any liquid carrier
and dispersant used to apply the metal component to the support, the heating is believed to
assist in bonding the metal to the support and thereby improve the stability of the final catalyst.
30  The heating is preferably conducted in an oxidizing atmosphere, such as air, although a
reducing atmosphere, such as hydrogen, can also be employed.
[0079] In one embodiment, the dehydrogenation catalyst has an oxygen chemisorption value
of greater than about 30%, such as greater than about 40%, for example greater than about

50%, even greater than about 60%, greater than about 70%, or even greater than about 80%.
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15series runs at a higher exit tenperature than the first bed in the
series. [0085] The effluent fromthe cycl ohexanone dehydrogenati on reaction
i s conposwo 2nHi/a9k989of phenol and hydrogen. The desired phEnskoindc®asi |y
renoved fromthe reaction effluent by fractionation to | eave a hydrogen
stream whi ch, after suitable purification, can be recycled to the benzene
hydr oal kyl ati on step. 20[ 0086] By enpl oyi ng the present dehydrogenation
process, substantially all the cycl ohexanone in the cycl ohexyl benzene

hydr oper O)ﬂsqﬁe(f'h&@}{ A9 o€ deh URDHis Ao PEKOAE Sk R 1t Qatglpﬁ'}@ L 'melclﬁlrep bembhce,

however, depending on mar%et conditions, there is lik
signifi cardtsp@rémﬁnl theeptabyycand neseiinonh es [phted@ty@t)f therhurgquﬁmO@adf atymmxyg@ ng

t he pr eserggrbg({ g%q}zﬁfca{m L&l tﬁ‘é‘ﬁ@m?é? JEMRoILd Eﬁeﬁe}gﬁ’ %xﬁﬁ&ﬂ‘ﬁﬁta‘iﬁ Pﬁt CCLS?gﬁé on

(2), nanely oge ating at least sone eno

cycl ohexammkyst Khi0§%c &lrherospgtinl chetbisorpttn ealed rﬁynedtoﬂleexmrpheasumdmsmgtthmg t he
phenol vmt h n.in resence of a hydro aLi o al such as
p| at | num (gr OV&X Q%Enl%le Egemlgo fs%}l {ne%srlllgen?err]l (?' daloﬁ’%med unHer S%lt{C 1¥1§h ’V'?(:uuBIOU t
20C to abmuﬁdni@@@n aQJnamsehuasme ut@abibut A Ttkirukiest. tﬁpmbmmtatelﬁocseo K Rpananaf a

hydr ogen t heno ar ratio ut,.1:.1 to abou 00;1...30] Q087].The
vent on BT oebe s L P e oRAEY SR RaTubes e dned s Ehe

f ol | owi ng an® helllingifbr ngoﬁxamkles/ is E@ﬁ@&]t&%dtt@ﬁy&fi@ﬁﬁnb es}lle Qtabyat alrycgiced in
conprising 1.w% K an "Ou ul obe silica_ extrudate was
ol oyed T Bty et e St b2 fold oy Srgiausiibne b Sy

f eeds 1gndepolingrth a6 CCRNLWiIh® AGdrodde FQ1d4 RS GORRREH. /ﬂkésﬁaﬂpw 0GO2BGf OVBR] The
cat al yst was pregar ed by loading 1 w% K on the silica extrudate by

i nci pi ent Skt 9 Onpite gnBirh sl leh pamﬁoﬁoas?@u WA D JRRPY &% abqnaﬁprb% ter K

i npr egnat iy &o%:émew%ﬁ n}g?sstmrun@@lr VaBui@h, " thé@tembéhtard Al lbeved ihyo-ead@imat i on
in air at % of was then | oaded onto the 1%/ Si 02 by i nci pi ent

wet ness i mpHeRdquAS WibspuaNt PRIAReHN e AP SaRaifuFAtarm (it Presswey batves. 80The
sampl e wag,g Mb@%rﬁf[nll@ﬁactof?j kB ﬁngAsaifeh N AERER DRSS @R adsbfenfhofPuganpl e

was then cal cined at In ai'r and then cut into catalyst particles of
L/ D (éngttrecdaten ef )theolﬂnealbmrtlorzm’fét.hIS[cmepm pressof gites tﬁleet@tﬁll vapembingdal yst
particles yere. m: E with 1.5 g of 96-160 mcron glass mcrospheres, and
the m xture S pac ®d into a 1/4" (0.6 cm internal dianeter, 10

st ai nl ess [¢88k] Twndechpdrogeeadminoprocgss ¢ e lcobx @t onelec orteavaly ngild eeadinass
delivered to the reactor usi pu V, §

m Xi ng Wi tﬂmpﬁsmgl'ﬁqem erat rleoonﬂg\%gtﬂ?nur%&agg t“m?1 er%toﬂreso égryl nqdﬂgtd\ﬂeaélﬁ 375C
and 425C @l’ﬂdsﬂr@bﬂhssr’t@dﬂ)ﬁIpsigt(&)&i{]ﬂa,e@uge‘) ﬁﬂe)tammeﬂibomﬂitgabdlASObng% Kera,

6200 0 TSl ARHEASNBERBORS, LBh4og bt R LG, U B Ve
wt%, typically from about 15 to about 45 wt%. By using such mild conditions the amount of
undesirable alkylbenzenes and alkylphenols in the dehydrogenation product can be reduced to
less than 100 ppm, such as less than 75 ppm, or even less than 25 ppm by weight of the
dehydrogenation product. At such low levels, the alkylbenzenes and alkylphenols can

25  generally remain in the phenol product, thereby avoiding the need for expensive separation
processes.
[0081] It will be understood that the dehydrogenation step disclosed herein may be the sole
dehydrogenation step, or may be one step in a series of dehydrogenation steps. The steps may
be the same or different. For example, the steps may comprise the same or different:
30  dehydrogenation conditions, conversion of cyclohexanone (e.g., <50%) and/or amount of
impurities (e.g., <100 ppm by weight of alkylbenzenes).
[0082] Where the dehydrogenation step is conducted as a continuous, rather than a batch,
process, the weight hourly space velocity (WHSV) of the feed is typically from about 2 to 50

hr'. To improve catalyst stability and assist in extracting the hydrogen generated in the
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15 sanple was sent to an on-line GC equipped with a FID for analysis. A

t he hydrocarbons were anal yzed and the results were normalized. H2 was not

i ncl uded wo 2bh9easal ysi s. Conversi on was cal cul at ed bas@edTars2a10060989

concentration of cyclohexanone in the effluent. Cycl ohexanol, which was

typically present in the effluent, was counted as unreacted feed. The

results are summari zed in Table 1, where all concentrations shown are in
wt % 20 Exanple 1: Cycl ohexanone conversion at 425C, 100 psig, and 3.75

V\HSV with dg%ﬁikdgaﬁﬁfl%ﬂqg%tl{)@qgfdro%gp%}%@Qo?egntg'tﬂé 84 g&rogé'ha‘;[@}p}egcéijongggﬁll yield

data for conversion of exanone feed a,
gauge), 35 tshe makhr mmcqfdllydt@gmmmlomaa@ner latthebd‘thfyd@gemtlon wad s dpout
aIkyIbenz%qﬁggggugbﬁylphenol species were identified in the product, namnely
t- 25 but enzene, 2-nethyl phenol, 3-nethyl phenol, n-butyl benzene,
1-nethy|deWB]beﬁqenwﬁlmemmwmmy@ﬂmhmmaﬂe5u®m@@dkﬂb@@ﬂmemeda&mwhmupemMEnyl
benzen ¥e 8 fpegl.&s hoi.l close to g@ and sq |tmfs d| tmﬁ Lt 10

rogenation rocess re {e com LISES uent 1n rth
separa e t en1fron1ﬁhe§]f i & convie G ractionati'on T
concentr ahmdm$a1dfdehydnogeyhtbmn-z>edleon52 Smaﬂsiy |dpﬁt&1|m0d0mpmsé)phqtlbbmbﬂbocaﬂﬂn
n- pent yl ene .in the product were neasured .to be 48.. 79. 4§
T 61 60 B Hteett obngihmi RS pERARS " Sivitiliy Prscbyiiauiapt ‘ihb“”ﬂ‘gF?m A
and heavi egclalicRaida0 irbtfle ppdisagn 82G21:360 ppovutriespect i vel y. Exanpl e 2:
Cycl ohexa conversion aj 425C 1 ) nd 3,75 VWHSV with 50% .
el onoxanig) SoTCHaNGIcon Bttt oBt TroSbsBoSetiess o 5B0ROCTOTES] Fun
condi tioon ode loh mbad iRedl b&lFEaBbis ZR8talny e eieﬂycd@geaatfdarcamvemsdvﬁsrbrpéanab&O%
cyclohexanone/SO@bphenoI feed using the sane conditions as Exanple 1. The

concent r athdasobthe epdptierBienbehef rza%@fl hTefiein by Rvisintey pdjahasie rl@d%lrmth
n- pentyl b{ﬁ&%ﬁ%@héaﬂeﬁclflﬁngéfsomgtterﬂﬁaﬁurg@f e redfiof readiirdps achiRfl e R - BRIy RPM

respectlvel% he val ues are conparable or slig htlg | ower 5than those
Exanpl e 1Dbeiandsthen |s jeipdiby \thg hodhjcyehangqity g £sePaly d 1tortS bads g feedd Wihtah

phenol  at ({fcfarl S ARG RLHERE 30% f&%oﬁ&%ﬁ@i&@s@ Tebéﬁ%eh n Pfe?éi‘ét% ﬁlg 1ésFBéHf 1httlllees
Exampl e 3: cl ohexanone conversion at 3/5C, 100 psig, and th

50% dvcl @ﬂe@%mwb?lBl@%r[.?hlétﬁmpefa@é@itha{lG@Sﬁtitm%mdb?\wlﬁ on 3 |n.TabI e 1
sumari ze y 0 g@gi

375C, 100§%§$E ?%JQEEaQ%Bgﬂ%%@wﬁ%é%@%&h%%ﬁ ggﬁgécyc%&ﬁéggn nSﬂI ﬁqparatlo
of 2. The0£phmehMMduﬁamsnoﬂh¢d@ut@pbﬂmkswe$WZ%m@Vﬂw&@hdwobwnmnbﬂhymﬁanzene
and n- pent ber zene in.th roduct 10. 0 Q. 00, .44.8

espect 1 vars iR O3rhEe RSN YRCE S dut Pudfas S eideP Rbse

i n Exanpl els tbnamd hdrodkggestsiopg that | ower tenperature is favorable in

(2 Te AT TRl el iBhapla SR Pt MLaSEgPIIShRA e
cyclohexanone in the cyclohexylbenzene hydroperoxide cleavage effluent can be converted to
phenol. In practice, however, depending on market conditions, there is likely to be a
significant demand for cyclohexanone product. This can readily met using the present process
by reliance on the reversible nature of the reaction (2), namely by hydrogenating at least some

25  of the phenol back to cyclohexanone. This can readily be achieved by, for example, contacting
the phenol with hydrogen in the presence of a hydrogenation catalyst, such as platinum or
palladium, under conditions including a temperature of about 20°C to about 250°C, a pressure
of about 101 kPa to about 10000 kPa and a hydrogen to phenol molar ratio of about 1:1 to
about 100:1.

30 [0087] The invention will now be more particularly described with reference to the
following non-limiting Examples.

[0088] In the Examples, a catalyst comprising 1 wt% K and 1 wt% Pt on 1/20” quadrulobe
silica extrudate was employed to effect dehydrogenation of various cyclohexanone-containing

feeds under various conditions.
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Exanpl e 4: Cycl ohexanone conversion at 375C, 50 psi, and 3.75 WHSV with 50%
cycl ohexanone/ 50% phenol feed [0095]Run condition 4 in Table 1 sumari zes
t he yi el dwoava/®™es9a 50% cycl ohexanone/ 50% phenol feed &CTAR2@0/0608PSi g
(445 kPa, gauge), 3.75 WHSV and H2/cycl ohexanone nolar 20 ratio of 2. The
concentrations of t-butylbenzene, 2-nethyl phenol, n-butyl benzene and

n- pentyl benzene in the product were 25.80, 0.00, 0.00, and 1.15 ppm
respectively. The values are significantly |ower than those in Exanple 1 or
conpl et el O(f%b, m '@@é@a@alys% %9%1%5351@@ b§7 h@ahlngol\’\(vf% &Sating silﬁa eﬁtma%b(lyem&ﬁfent
reducing or elimnating inpurity formation. The totals of kyl” benzenes
and heavi estnges l@mn@&pnpfplﬁh apdasRmpcariongigFplutiens pé&@rﬂ{/emlg/regﬁﬁhgls ﬂtleh%m@hﬁount

of 25heavi |

benzence. "By dafia' B £ CaRTRNO coltbuPh o SO0, LAY A nb gAY
VHSV wi t h onpyibk diieariohby flecepient[‘ﬁﬁ%]i FiunpregmmntWIdnaBetraamT@bpletlmms mum yield
g:bg‘e; Qr & g%{er gt}l%nsa%{)lﬁéy ydrl tgf)?gﬂgﬂozlof enl?g%l fnm%ﬁ%%te}gé%mgsﬁeg %95 samp
concentr atwas IﬁEnGcﬁlctneﬂ) at wOb(émzan end (Remredthyto gh@lysd particidsutf /D €leaghdiaarckr)

n- pent yl b? zene in the product were 25.80, 0.00, 0.00, and 1.15 ppm
respecti ve @3 ™ val ues are si gnificantly lower than those in Exanple 1 or
conpl et el yoooj m mamg of ﬂid:g@ﬁﬁthiltrtgtal}haparhﬂw Pére siskieewitls 1f5ay of 2l @ fon

reducing or elimnating i ur| formation.. The yiel d of heav ot al)
s 5513, BEpaHo TR B0k BE0sstt g S ditdianone
converigi ORtaglless RE) dSOnMS ,rea@f@Sd 3 1 c VRN WMetddntaifee &Emvﬁh@ed@ﬁﬂ&&ﬁ/t&%
benzene feed [0097]Run condition 6 in Table 1 sunmarizes the yield data

for a 500FEFOr BHRXHNERE) B0R B s YaPFrigedpugr tamidng wih Faj §hq Bagiogpgs Yauge) |
3. 75 WHSV saRpkiRfued GhRMEBXRRARE 37 ahd 325°atdng tQhl reactd}«lg;e@sutrmif shle1oo Rlgd of

al kyl benzenes and heavies in the product is 48.86 ppm and 3045. 72 ppm

respect i véfap, to il kfrp. paugy). sﬂ’@ﬁﬁ%’@ﬁhﬂxa@%ﬁﬁ%@éﬁﬂmfew %he val ues neasur ed
at 425C, 3{6\@1]95' Ond B et Rdm g@qgﬁ)or‘%ats Qarﬁ?lga/%ﬁ}({;g Iaqrb?@%aﬁ%ﬁné ‘39% (aﬁ&(ﬂ{g) le

1) . Exanple 70 Cycl ohexanone conversion a si g, and
with 36% seyelkshesanhora/oBds Kéncpmped wila Fl@ﬁ@@@@ymrﬁﬂz dib"ﬂfio@ﬂlib(ms wwrtfrabl e

1 sunmari I t e 5 n

Pl e b S A e e A A A S A
of 2. The was ehldulafed é)hdeylldnethzemwsntmmdn loé avéletexanont e ther dtwmt.  Cyclbdex2®lppm
and 27684 P LESR ciive r toExrrpIe6 th e Its romthis
marp o 7 DT PRARE Lo o7 o Bl b BT cupeehd St H il R of
Exanpl e 1 suhioasgxedrin Tabie a,dml&rﬁaag@noa‘ntraxcmlsrplhcewrﬂaraﬁlmt@/er Exanple 6 is the much
hi gher, hinol ' X

[ 00991 Nni FeampL
r ef er ence cy€lohexanone feed

[0092] Run condition 1 in Table 1 shows yield data for conversion of a cyclohexanone feed
at 425°C, 100 psig (790 kPa, gauge), 3.75 WHSYV and Hy/cyclohexanone molar ratio of 2. At
least 9 alkylbenzene and alkylphenol species were identified in the product, namely t-

25  butylbenzene, 2-methyl phenol, 3-methyl phenol, n-butyl benzene, 1-methylbutyl benzene,
pentylcyclohexane, n-pentylbenzene, and 1-pentenyl benzene. These species boil close to
phenol and so it is difficult to separate them from phenol via conventional fractionation. Note
that the concentrations of t-butylbenzene, 2-methylphenol, n-butylbenzene and n-pentyl
benzene in the product were measured to be 48.18, 79.40, 68.36, and 61.69 ppm, respectively.

30 The totals of alkylbenzenes/alkylphenols and heavies are 330.59 ppm and 6532.86 ppm,
respectively.

Example 2: Cyclohexanone conversion at 425°C, 100 psig, and 3.75 WHSV with 50%

cvclohexanone/50% phenol feed
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particul ar enbodi nents, those of ordinary skill in the art wll appreciate
that the invention lends itself to variations not necessarily illustrated
herei n. PO 20t/®698¢ason, then, reference 20 shoul d be nede/tsodelogoIsd t he
appended cl ai ns for purposes of determning the true scope of the present

i nvention. 123456789 425 C 425 C 375 C 375 C 375 C 375 C425 C
425 C 425 C 100 psig 100 psig 100 psig 50 psig 50 psig 50 psig 50 psig 100
psig 100 psig Chone 50/50 PhOH Chone 50/50 PhOH Chone 50/ 50 PhOH Chone
CHone 50/ ?&)9@6/ qilﬁ)ﬁ'%orﬁi%oﬁ% '%%’|%i@ﬁeséﬁlﬁé&e@ﬁ{eg;bﬁﬁeda@ﬁfo?%oﬁ%%ncbpg%o@ 75
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0.00 %000 ra(l)tlooo 2Q T(Pl(e) con%lélrﬂra%gr?sdolft t—lbggfﬁoenzene, 2-methylphenol, n-butylbenzene and n-pentyl

benzene in the product were 25.80, 0.00, 0.00, and 1.15 ppm, respectively. The values are

significantly lower than those in Example 1 or completely eliminated, suggesting that low

pressure is favorable for reducing or eliminating impurity formation. The totals of alkyl

benzenes and heavies were 26.95 ppm and 5512.12 ppm, respectively. Thus the amount of
25  heavies was reduced somewhat, but not as significantly as the alkyl benzenes.

Example 5: Cyclohexanone conversion at 375°C, 50 psig, and 3.75 WHSV with

cvclohexanone feed

[0096] Run condition 5 in Table 1 shows yield data for conversion of a cyclohexanone feed
at 375°C, 50 psig (445 kPa, gauge), 3.75 WHSV and Hy/cyclohexanone molar ratio of 2. The
30  concentrations of t-butylbenzene, 2-methylphenol, n-butylbenzene and n-pentyl benzene in the
product were 25.80, 0.00, 0.00, and 1.15 ppm, respectively. The values are significantly lower
than those in Example 1 or completely eliminated, suggesting that low pressure is favorable for

reducing or eliminating impurity formation. The yield of heavies (total) was 5512.12 ppm.

-03 -



Tenperature, deg C Pressure, psig feed conposition, wt% WSV, hr-1 aol

O.,,,,,,,) ONtt 2 'aci, coci,7 .. .t2 200 CDC ,u'Li 2 a, 22 >"- -
T2 T2 2 -wW0,20110p96988 000-0 OCDO ¢ = .0- . _2 . _2 -97. PETWSR010260989
f)'-25--""UWg 7- ' '3>cie, 'c, O0-,,,, . -27".=)"Pi-2:11732211-22

I<,11,-1'-2-211,T).._S-7,11,11,11,,,¢c=, W, 0zi _22 2 T2.,

.5

10

15

20

Example 6: Cyclohexanone conversion at 375°C, 50 psig, and 3.75 WHSV with 50%

cvclohexanone/50% benzene feed

[0097] Run condition 6 in Table 1 summarizes the yield data for a 50% cyclohexanone/50%
benzene feed at 375°C, 50 psig (445 kPa, gauge), 3.75 WHSV and Hy/cyclohexanone molar
ratio of 2. Note that the yield of alkylbenzenes and heavies in the product is 48.86 ppm and
3045.72 ppm, respectively, which is a significant improvement over the values measured at
425°C, 100 psig (689 kPa, gauge) with 100% cyclohexanone feed (Example 1).

Example 7: Cyclohexanone conversion at 425°C, 50 psig, and 3.75 WHSV with 50%

cvclohexanone/50% benzene feed

[0098] Run condition 7 in Table 1 summarizes the yield data for a 50% cyclohexanone/50%
benzene feed at 425°C, 50 psig (445 kPa, gauge), 3.75 WHSV and Hy/cyclohexanone molar
ratio of 2. The yield of alkylbenzenes and heavies in the product is 54.29 ppm and 2768.49
ppm, respectively. Similar to Example 6, the results from this Example 7 are much better than
those obtained under the run condition of Example 1. However, an advantage of Example 7
over Example 6 is the much higher phenol yield (40.39 wt% in Example 7 vs. 16.20 wt% in
Example 6).

[0099] While the present invention has been described and illustrated by reference to
particular embodiments, those of ordinary skill in the art will appreciate that the invention
lends itself to variations not necessarily illustrated herein. For this reason, then, reference
should be made solely to the appended claims for purposes of determining the true scope of the

present invention.
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2011/ 096989PCT/ US2010/ 060989 CLAINB 1. A process for the dehydrogenation

of cycl oheEganares® produce phenol ,

feed conprising cycl ohexanone with a dehydrogenation catal yst under

dehydr ogenati on conditions conprising a tenperature of

OT1111111111ST1T1T1

| ess than 400 C and

gauge to form a dehydrogenati on product,

2. The process of claim1,

and 10(ii)the dehydrogenati on product contains |ess

| ess than 690 kPa,
(i)the contacting step converts 0.1 to 50 wt % of the cycl ohexanone

in the feed to phenol;
than 100 ppm by wei ght of al kyl benzenes.

a pressure of

wher ei n:

wherein the dehydrogenati on conditions conprise a tenperature of about 250C
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153. The process of claim1 or claim2, wherein fromabout 15 to about 45
wt % of the cycl ohexanone in said feed is converted to phenol. 4. The process
of any orwoabittdeesspr ecedi ng cl ai ns, wherei n the dehydr ogematsean/oprsduct
contains less than 75 ppm by wei ght of al kyl benzenes. 20 5. The process of
any one of the preceding clains, wherein the dehydrogenati on product
contains |less than 50 ppm by wei ght of al kyl benzenes. 6. The process of
any one of the preceding clains, wherein the feed al so conprises a

25di luent that is substantially inert under said dehydrogenation
conditions. 7. The process of claim®6, wherein the weight ratio of diluent
to cycl oh&dadd® in said feed is fromabout 1:100 to about 10:1. 308. The
process of claim6 or claim?7, wherein the diluent conprises phenol or a
hydr ocar bon. 9.The process of any one of clains 6-8, wherein the diluent
conpri ses lat | dasbceonéorghe dehyldoigeneaine ofnykldiern@ene to YOduce phenol, the process
e i T o CENATR K e U R R

a dehydr ogelnalirdgomtioo opalitdms ceopixnings tagpaatufe&zﬁetss tae 40@ktGadndarpressup oﬂled;

t hereof sel ec from ups t iodic Table of Elenents; and
(iii) 5 p§F§§§§gﬁ%§P%§§%g%%ééﬁﬁ%f@ﬁﬁﬂ&ﬁﬁﬁmﬁw& lile’ﬂ?e process of claim 10,
wherein the inqyganmec@u@mmg&mbSO@ehQOUedsﬁmw%uﬁhﬁag&mmamﬁaﬂsmsmiﬁgiai

silica, a silicate, g alum nosilicate. 1012. The process of claim 10,
wherein the |norgadﬂ@ %%ort conprises silica. 13. The process of any one

of theaoprecedi ag clw@k nE&hydbgneiich pReIEY 66RSSs i1&s Caasumbedphnbserdigs vith at
| east a second process for the dehydrogenation of cyclohexanone to produce
phenol . 15 alkylbenzenes.

2. The process of claim 1, wherein the dehydrogenation conditions comprise a

temperature of about 250°C to about 375°C and a pressure of 0 to about 450 kPa, gauge.

15 3. The process of claim 1 or claim 2, wherein from about 15 to about 45 wt% of the

cyclohexanone in said feed is converted to phenol.

4, The process of any one of the preceding claims, wherein the dehydrogenation product
contains less than 75 ppm by weight of alkylbenzenes.

20
5. The process of any one of the preceding claims, wherein the dehydrogenation product

contains less than 50 ppm by weight of alkylbenzenes.

6. The process of any one of the preceding claims, wherein the feed also comprises a

25  diluent that is substantially inert under said dehydrogenation conditions.

7. The process of claim 6, wherein the weight ratio of diluent to cyclohexanone in said

feed is from about 1:100 to about 10:1.

30 8. The process of claim 6 or claim 7, wherein the diluent comprises phenol or a
hydrocarbon.
9. The process of any one of claims 6-8, wherein the diluent comprises at least one of

cyclohexane and benzene.
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14. The process of claim 13, wherein the dehydrogenati on process of claim1l
and the second process each produces a conposition conprising |less than 50
wt % of cywbDcehexmesne, based upon the wei ght of the conp@siritiseno/oz29ss. A
process for produci ng phenol from benzene, the process conpri sing:

(a) reacting benzene and hydrogen with a hydroal kyl ati on catal yst under
hydr oal kyl ati on conditions to produce cycl ohexyl benzene; (b)
oxi di zi ng cycl ohexyl benzene from (a) to produce cycl ohexyl benzene

hydr oper oxi de; 25(c)converting cycl ohexyl benzene hydroperoxide from(b) to
produce an effluent stream conprising phenol and cycl ohexanone;, and

(d) cont actlPng &he preeest ohapyoene of thaafregeHmg ©laems ek e dﬁhmgeea)tlomcmlyat

dehydr oge

tormer at ur Y SRRl {BpF U ARRUER ORIk A CONENANENR 1ERERNG BFSE
wher ei n:  30fpJund ehaenitsaletted frost @pupohvet® sf G Petiodid 0 able % dflentdhes; and (iii)
cycloh§xanog%1|nogge fgﬁgu%o henol and (ii)the dehydrogenation product
cont ai ns P8<e’y qﬁﬁ B? melght of al kyl benzenes. WO
2011/096989PCT/U82010/060989 16. The process of claim 15, wherein the
dehydr ogenati on, conditi gns.conpri,.se.a tenperature of. a 50C,t 0 about
3758 and ATpr eduE PR AR EE VSRS e RAr gl s SRR Ao duiy

cl ai m 15 eonsistiag of silica, aiB¢aad, And dncdmirainodlicald t o about 45 wt % of t he

5cycl ohexanone in said feed is converted to phenol. 18. The process of any
one of clainms 15-17, wherein the dehydrogenati on product contains |ess than

75 ppnoby 1pei githe Bbcab kpdihpNDentsein HlBorghtc ApP6EsSnRHseddiicaone of cl ai ms
15-18, wherein the dehydrogenati on product contains |ess than 50 ppm by
wei ght of al kyl benzenes. 20. The process of any one of clainms 15-19, wherein

the feed 3ghso ¢RIPIL&EDF anfbhdi@Nthe bR@Eding claims, wherein the process is conducted in
series with at least a second process for the dehydrogenation of cyclohexanone to produce
phenol.
15
14. The process of claim 13, wherein the dehydrogenation process of claim 1 and the
second process each produces a composition comprising less than 50 wt% of cyclohexanone,

based upon the weight of the composition.

20 15. A process for producing phenol from benzene, the process comprising:
(a) reacting benzene and hydrogen with a hydroalkylation catalyst under
hydroalkylation conditions to produce cyclohexylbenzene;
(b) oxidizing cyclohexylbenzene from (a) to produce cyclohexylbenzene
hydroperoxide;
25 (©) converting cyclohexylbenzene hydroperoxide from (b) to produce an effluent
stream comprising phenol and cyclohexanone; and
(d) contacting at least a portion of the cyclohexanone from (c) with a
dehydrogenation catalyst under dehydrogenation conditions comprising a temperature of less
than 400 °C and a pressure of less than 690 kPa, gauge wherein:
30 (1) the contacting step converts 0.1 to 50 wt% of the cyclohexanone in the feed to
phenol; and
(i1))  the dehydrogenation product contains less than 100 ppm by weight of

alkylbenzenes.
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is substantially inert under said dehydrogenation conditions. 15 21. The
process of claim 20, wherein the weight ratio of diluent to cycl ohexanone
in said fweadoimbssom about 1:100 to about 10:1. 22 PCTRIS200608% of
claim?20 or claim2l, wherein the diluent conprises phenol or a 20

hydr ocarbon. 23. The process of any one of clains 20-22, wherein the

di luent conprises at |east one of cycl ohexane and benzene. 2524. The process
of any one of clainms 15-23, wherein the dehydrogenation catalyst conprises

(i) a suppgrt; Tk ';)roc%ssd%?yﬁahﬁlg%at&h‘éf&&Qﬁ‘&)%ﬁﬂfr QHR)‘h' SRRl doRpike Qe

met al or conpound thereof selected from G oups to 10 of the Periodic
Tabl e of Ereneeaiers of ghodt I507E Yo ghoutad SiCand@rpressyo rhaon U to da bl daugB025. The
process of claim 24, wherein the inorganic support is selected fromthe

group conghstinge Bfoc&k bk GRim 35 3t LlafiRi8: wRlidn FnRhSN 1O MoGPAE wive of the

5 cyclohexanone in said feed is converted to phenol.

18.  The process of any one of claims 15-17, wherein the dehydrogenation product contains

less than 75 ppm by weight of alkylbenzenes.

10 19. The process of any one of claims 15-18, wherein the dehydrogenation product contains

less than 50 ppm by weight of alkylbenzenes.

20. The process of any one of claims 15-19, wherein the feed also comprises a diluent that
is substantially inert under said dehydrogenation conditions.

15
21. The process of claim 20, wherein the weight ratio of diluent to cyclohexanone in said

feed is from about 1:100 to about 10:1.

22. The process of claim 20 or claim 21, wherein the diluent comprises phenol or a

20 hydrocarbon.

23. The process of any one of claims 20-22, wherein the diluent comprises at least one of

cyclohexane and benzene.

25  24. The process of any one of claims 15-23, wherein the dehydrogenation catalyst
comprises (i) a support; (ii) a dehydrogenation component comprising at least one metal or
compound thereof selected from Groups 6 to 10 of the Periodic Table of Elements; and (iii)

potassium or a potassium compound.

30 25, The process of claim 24, wherein the inorganic support is sclected from the group

consisting of silica, a silicate, and an aluminosilicate.
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