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FIELD

[0003] The present invention relates to a dehydrogenation process, specifically optimum

operating conditions for the dehydrogenation of a dehydrogenatable hydrocarbon such as
15  cyclohexanone.

BACKGROUND

[0004] Various dehydrogenation processes have been proposed to dehydrogenate

dehydrogenatable hydrocarbons such as cyclohexanone and cyclohexane. For example, these

dehydrogenation processes have been used to convert at least a portion of the cyclohexanone
20  into phenol.

[0005] 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.

[0006] Currently, the most common route for the production of phenol is the Hock process.
25 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.

[0007] Other known routes for the production of phenol involve the direct oxidation of
30  benzene, the oxidation of toluene, and the oxidation of s-butylbenzene wherein methyl ethyl

ketone is co-produced with phenol in licu of acetone produced in the Hock process.

[0008] Additionally, phenol can be produced by the oxidation of cyclohexylbenzene to

cyclohexylbenzene hydroperoxide wherein cyclohexanone is co-produced with phenol in lieu

of acetone produced in the Hock process. A producer using this process may desire to
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of benzene with propyl ene to produce cunene, followed by oxidation of the
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20 SUMMARY
[0012] In one aspect, the invention resides in a process for the dehydrogenation of at least
one dehydrogenatable hydrocarbon, the process comprising contacting a feed comprising the at
least one dehydrogenatable hydrocarbon under dehydrogenation conditions with a catalyst
composition comprising a support and a dehydrogenation component wherein said conditions
25  include a temperature of from 250°C to 750°C and a pressure of at least 50 psig (345 kPaQG).
[0013] Conveniently, the process will produce a fully or partially dehydrogenated
hydrocarbon.
[0014] Conveniently, the catalyst composition may comprise: (i) a support; (ii) a
dehydrogenation component comprising at least one metal component selected from Groups 6
30  to 10 of the Periodic Table of Elements; and (iii) an inorganic base component comprising at
least one metal component selected from Group 1 and Group 2 of the Periodic Table of

Elements.



| east one dehydrogenat abl e hydrocarbon under dehydrogenati on conditions
with a catal yst conposition conprising a support and a dehydrogenati on
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process will produce a fully or partially dehydrogenated hydrocarbon.
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20[ 0021] Conveni ent rogenati on conponent conprises at |east one
nmet al [0020] Conveniently, the support comprises at least one material selected from silica, a

silicate, an aluminosilicate, a zirconia, carbon, and carbon nanotubes, and preferably comprises
silica.
20 [0021] Conveniently, the dehydrogenation component comprises at least one metal
component selected from platinum, palladium, and preferably comprises platinum.
[0022] In one embodiment, the inorganic base component is a metal component
comprising potassium.
[0023] Typically, the dehydrogenation process conditions are capable of dehydrogenating
25  cyclohexanone at an initial conversion of 95% or more.
[0024] In a further aspect, the invention resides in a process for producing phenol from
benzene, the process comprising:
(a) contacting benzene and hydrogen with a catalyst under hydroalkylation
conditions to produce cyclohexylbenzene;
30 (b) oxidizing at least a portion of cyclohexylbenzene from (a) to produce
cyclohexylbenzene hydroperoxide;
(c) converting at least a portion of cyclohexylbenzene hydroperoxide from (b) to

produce an effluent steam comprising phenol and cyclohexanone; and
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conponent selected from platinum palladium and preferably conprises

pl ati num [0022]1n one enbodi nent, the inorganic base conponent is a netal
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DETAILED DESCRIPTION

[0026] Described herein is a process for dehydrogenating at least one dehydrogenatable
hydrocarbon such as cyclohexanone wherein the dehydrogenation process operates at a
pressure of at least 50 psig (345 kPag). Specifically, this dehydrogenation process can be
15  utilized in a phenol process wherein cyclohexanone is co-produced with phenol by allowing at
least a portion of the co-produced cyclohexanone to be converted to additional phenol. In the
phenol process wherein cyclohexanone is co-produced, cyclohexylbenzene, generally produced
by the catalytic hydroalkylation of benzene, is oxidized to produce cyclohexylbenzene
hydroperoxide and then the cyclohexylbenzene hydroperoxide is cleaved to produce an effluent
20  stream comprising phenol and cyclohexanone in substantially equimolar amounts. At least a
portion of the effluent is then fed to a dehydrogenation reaction zone, where the effluent stream
portion is contacted with a dehydrogenation catalyst so as to convert the cyclohexanone in said
effluent portion into additional phenol and into hydrogen wherein the hydrogen may be
recycled to the benzene hydroalkylation step.
25  Dehydrogenation Process
[0027] The dehydrogenation process may be used to dehydrogenate any dehydrogenatable
hydrocarbon such as an alicylic compound. "Dehydrogenatable hydrocarbon" refers to all
classes of hydrocarbons containing saturated carbon bonds which have the potential for
forming one or more unsaturated bonds through the process of dehydrogenation. “Alicyclic
30 compounds” refers to saturated or unsaturated non-aromatic hydrocarbon ring systems
containing from three to twenty ring carbon atoms wherein the hydrocarbon ring system may
also have a side-chain or a functional group attached directly to or bound within the ring.
Examples of alicyclic compounds include, without limitation, cyclopropane, cyclopentane,
methyl  cyclopentane,  cyclobutane,  cyclopentene,  cyclodecane,  cyclohexane,
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[0025] Figure 1 is a graph conparing cycl ohexanone conversi on against tine
on stream for the 1%/ 0.8%t/Si 02 catal yst of Exanple 1 at 2 hr-1
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as cycl ohexanone wherein the dehydrogenati on process operates at a pressure
of at least 50 psig (345 kPag). Specifically, this dehydrogenation process
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from t hr eéndsleairmpayatyrc pf akoak BYRCae ahrast WHSE e Pretshie of peirud aopRisrie fnosly st em
may al so hgy Es@ga%e%s@ﬁ@@ tP5448 KIpY) %Qﬁgec{ﬂf"a{g)]gﬁ%pghgﬁélﬁlﬁf@ﬁ&tew&o@ﬁ}t bﬂ/ abtoﬁt or

bound within the Tin es of "alicyclitc conpoun I ncl ude,” wi t hout
limtdbi oﬁ2t@>5@|h0p|a@<gah@rog,epé¢ eystacxanenc-eautdming d:rr@bémtlar@éabqv ¢ rothgtane,
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nethylcycloh xane, cane, SIX carbon ring al I cyclic conpounds
such as cﬁ@lohexane O her exanples of allcyllc conpounds i ncl ude w t hout
ohex non a I|c alcohols

such as. oy eP8hexdhént EbBOTRERA S DuRHERAATRE BF ROLuPLEHNE BRGNP
si x car borroni 209°@kd TIECi Erefavatppundspeaatiag témpdeiye vditye deitydrbgémnmm prmv&s ised) to
o oTRe SOIPAURS, SHEL, A5 SRS A0 SRR R AP G L PR,
portion oﬁhmy@kbbax60@(n&m«hmxdﬁﬂmdmﬁgename@mﬁmgpeﬁ@aﬁﬁm:baﬁﬂﬁkhnn@mmiher
crodl e 2 e OGSl e L Bl TRREREh t
alicycli ctaaRAUB Sy be 500°C, 510°C, 520°C, 530°C, 540°C, 550°C, 600°C, 650°C, 700°C, and
750°C with ranges from any lower limit to any upper limit being contemplated. In still other
25  embodiments, the operating temperature lower limit may be 500°C, 510°C, 520°C, 530°C,
540°C, 550°C; and the upper limit temperature may be 560°C, 570°C, 580°C, 590°C, 600°C,
650°C, 700°C, and 750°C with ranges from any lower limit to any upper limit being
contemplated.
[0032] In one embodiment, the operating pressure of the dehydrogenation process is from
30 0 to 500 psig or from 0 psig to 150 psig or from 0 psig to 125 psig. Preferably, the operating
pressure of the dehydrogenation process is from 0 to 300 psig (0 to 2068 kPag), 50 to 300 psig
(345 to 2068 kPag), from 60 to 300 psig (414 to 2068 kPag), from 70 to 300 psig (482 to 2068
kPag), from 80 to 300 psig (552 to 2068 kPag), from 90 to 300 psig (621 to 2068 kPag), and
from 100 to 300 psig (689 to 2068 kPag). In other embodiments, the operating pressure lower
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exit tenperature than the first inthe series. [0 I m one enbodi nment,
t he dehyd20¢bmesrons, owtcapryisrablydmm P@kangstranyip G angswmmn frgm 300 angstroms

to 400 angstroms. The surface areas (m*/gram) from 10 to 1000 m*/gram or from 20 to 250
30  m?gram or from 50 to 200 m?*/gram or from 100 to 150 m*/gram.

[0036] In one embodiment, the dehydrogenation component employed in the present

catalyst comprises at least one metal component selected from Groups 6 to 10 of the Periodic

Table of Elements, such as platinum and palladium, such that the dehydrogenation component

may comprise any combination or mixture of metal components selected from Groups 6 to 10
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formed of silica, a silicate, an alumnosilicate, carbon, or carbon

nanot ubes, on which is 20 deposited a dehydrogenati on conponent. One type
of al um MeeI2bilv@s®7t hat may be used in as a support i nclPalias261006i037 not
limted to MCM41. [0035]1n one enbodi ment, the dehydrogenation catal yst
conprises a silica support having pore volunes and pore dianeters

determ ned by the nethod of nercury intrusion porosinetry described by ASTM
St andard Test D4284. The silica support nmay have surface areas as 25
measured Ry t}f%SP-E%(Pg’ @@@e of BleRafts. ﬁ"g@gdll?eﬁg deﬁy}a?oggﬁ%{tﬁn %&hb%%l?t i@pRsdnid 1€

range from about O. gramto a gramor from about 1.0 cc/gram
to about ﬂrr@umcbeg)veatmabmné) hreetl abpupdP evith @t‘n@@ @ﬂtgly@tspwéea@qlu‘ betwigsn fdrandrdy are
inthe ra r S 0 « ol

pr ef er abl 3& ?f Iélm%g@ %’btjegger?g%g o%'ggor% a}nggt?eﬁg}rfrﬁs %‘?&? g%% lglr%llsqsdﬁ% (E)e?r%toto 400
angst r ons .incTikle aguetdlzompaungdahat (nw@/ngt bsm)urél]s'dm l@ndngal mem hm2¢cg1ﬂchrf®r@p<arhp1@m 20

to 250.30,.n2/ fro 50t02 or .From 0 1

10036] P &het BB heheROhcrob e S8R aGahdr G Sl Sk b o B TRt 2
present cawebystthcontl ¢csrqs>natt id lwesn deﬁred mebahg maqnmdeis tthesmbtelqirmdnn‘ raged

G 6t f th di . plati
o oo i S o8 e oStied ST ST E R e by Rl My aar

combi nat i @empéneni X piekent.of metal conponents sel ected from Goups 6 to 10 WO
2011/ 0969 / US2010/ 061 of the Periodic Table of Elenent cally,
Che. dehy anBGdhat oA BRETeNs s BBy S o S LB PGSO 16 1 and
about 150 WefpdafechdiRn CRbhpbi&k, aPiRt@hRbbYe Qeinmﬁt @orﬂ;pﬁwg Bt Wado ond0meral
preferably between 0.1 and 2 ww% The term" Trr:qgonent " is used herein
to i ncl ud€ORPRSPCICHAEmGrowat 2phFromt 2 BEthﬁLPreélP?lCt leetfditgherdt SHEM &) | but

coul d, fomh.@¥AMR! &siumd aB® rdidihi@agiich RRdt thy 1ﬂol?aﬁi303a|§@60rf1 ndht B BorAsrisdn
oxi de, hygrl de or sulfide form The wei Wt %«?Of he netal conponent

i s herei nTpéA icampongst ysiacied frasnSgupd al 81@@19 :%eqfallle rdientablpaefdélcmentts hk t ot al

wei ght of of0emG6akiakitSthe %F@%ﬁé'bfaée%rﬂp%&é E&%ﬁés‘ef(ﬁn Qﬁ afBEntloPhiMdsPo MREeN of he
met al conponent is present. [0037]1n another enbodinent, the

dehydrlége st Ghweat 2 llgpsit0- ?tw%,rat daast 0.4 wtoadell atilesst @ o Whe TYP]CIdb’thd MgEAnEet i on

conponent , 0
component "5 toREHHE R rertiof GARRARER CATBOEH i bk 35t Bk Bl
El ement s, psdghbladeporaddi and3 wsi moge mefdrabhrl:hedvasrmo lsagh? st oftthe citwpstgani ¢

base conpgnent . nay, fa nent, sel ect Bd fro 1.and
G oup 2 01%1 Wel rrgrAi @ﬁ% Oﬁ'ﬁblﬁh}l) rogéln%thoélﬁ I 8neélnbo FIYen e%?cﬁe ]?erllcﬁ gani c

bas e co rrpamemred & thr @steliresent lasedammbmtbtabiveight dfelaatataﬂ)rsﬂcomiﬁ)zfs itio irredfectieast
a ast % east 0.4 wt% and at |least 0.5 W%

Typ| czfﬁl Y, %{hﬁ OthIBrWd’é%% %'Sgtcog@%%éqrﬂr *& present in an amount between
about 0. 1 [@038] abantond enitaliddent, ke daltyalkogshatioprcatBtamby bbqirWileﬂ:’l Oy thﬁiilljr 3

wt % rmrelpreferabl%) between 0,1 .and 2 wt% 0 %the cat al y g %
(W% of HEMEeHydrBE¥haticBrsoPy HERES A hpSAtnt SO}‘%‘Oﬁe‘?f ﬁ by rﬁ%ﬁ‘d‘a ‘§1 bei ng
nmeasur ed asmphHiRn®@laPreddis0f BRtcoasRed d@ing, Mg ddatcalsumpighdy KfcalchiRd GRSt
conposition irrespective 20 of the formin which the metal conponent is

present. [DOBSKYFHLSABRBHBFIMAWAES. TUGR 2 SHy tr b FEIRSTRIGH 085‘?%99@ Crigyabout

producsd byoddiok halnoft db8aL 0. 0% 4Rt SORHRLL Thé BAAN&BsuBYort Hﬁ%@lﬂ:’ﬂ%' tRAedM th a
sol ution of the dehydrogenati on conponent or a precursor thereof Aft er
drying, t[ein tepicdly” By pppicenaiay. Beh capelptied of My Hergapici pasgrpomponent or a
oxygen- C0%&hl@bpﬁieﬁgﬁoﬁﬁgﬁfr&tméﬂQﬂthai%e 2hdrgan® bfe @ﬂg&feﬁtt il su‘BEr @%Oé%amlooc
to about for a time of about 0.5 to about 50 hours he cal ci ned
suppor t rmi}‘/led ﬁ@mab@eﬂr@am@l&y ingg @Kygenyephtemingyptgspherprsegihattdito at a t@nperatgre
sol uti on gbldie)dPEIIARLEIRAE Ry SAMONGBO TS B QLRSHRSAL thereof After
treatment wt e i norgani ¢ base conponent e support is again dried and
cal ci 36d, [¢B3Phal Iy ancnhfarerrdmshg@nt M@V(ﬁrpgﬁgamnma@bhtamey bs pedued baiinifialgt a
Lgm?gr at w’tr%at?r}cg tf?‘p 31'15{)01%%190% a;[s%y 1%8%%%?199 hoar so?ut n%?th%fino%ggl%tbage éorﬁp%ngig,om 50
such as an aqueous solution of potassium carbonate. After drying, the treated support may be

calcined, normally in an oxygen-containing atmosphere, such as air, at a temperature of about

100°C to about 700°C for a time of about 0.5 to about 50 hours. The calcined support may
-7-



30[ 0039] I n anot her enbodi nent, the dehydrogenation catal yst nay be produced
by initially treating the support, such as by inpregnation, with a solution
of the i oganimease conponent, such as an aqueous sol BRCITars2@b/opwBAsSSi um
carbonate. After drying, the treated support nmay be calcined, normally in
an oxygen-contai ni ng atnosphere, such as air, at a tenperature of about
100C to about 700C for a tinme of about 0.5 to about 50 hours. The cal ci ned
support may WO 2011/ 096997PCT/ US2010/ 061037 then be treated, again

typical ly oy BATREASD A pithIiNbR iasllegﬁdﬁgﬂ, Qftn L&Ay G ggenRatd8insosPONeNt
or a precursor thereo After treatment wth the dehydr ogenati on conponent,

t he supporcempencager nprdeyrsad tzanedtc Nl Hedmeriorighathk yichysregenasiop gempersnt. dini ng

o et el Moyl EUBEIA U PR ARy ROF T 2
enbodi nentt a tehped iy drabgerl 8070t abatt DY for & tipe otitbmet0. Hyo dboit 30diouss. t r eat i ng
e, SR 4 PRSP e ST SRR SRS i L e

t her eof , opstingnalid wuppogetsoedr as b iatprdgaasin, omieh ar galniion diosferianbths elieect ed

froman am no al cohol and an amino acid.. In this case, after dryi a
singl e cal RRAIECBHORr SRROFE, Mo MRalPiEes BiC SOPgaRAt 5 b dPssRPR ghereor

at nospher @ptigialii tagsthad With atlet biepednad dispRrsaht salkoill frdn dndn@ilosHol 704 for a
time of about O.qSHIto 'abOUt%tge? hours,.i? Cgfed to ]‘%ro uce the finished

cat al yst . P44 nndhie CBYLYE FETS: 2HS CCRHCHIATER PORHUEY Sarmally (i an oxygen-
dehydriggeraithiaihg8AGHh@E sGENRIHiS 8Sa tefnbdra@reSeRBOWtt100(d io)abdutd®0YTFR@eimat i on
conponent ; and fiii) an_inorgani c_base congonent nag@exhibit oxygen

cheni sor ptof #PUbe-S ¢ &0 haysnis 194 to Boulicetiel f18iobad calabtler abl y 15 greater than

60% and naysg) Pr ¢f esRbLMbAiR&TE thd Q@t@ltho%/ﬁpo?&ﬁriﬁ“ Me QMylDEnIBInh P! Oyed
in manufacturing the catalyst. [0042]In still another enbodi nent, the
dehydr ogeSaPEES:c@t &l Sppport: s(i rae delveepepiation qopmppRgat:t gisla {ijihgn tiReeaip Pese |

nor mal |y Qme&HBEﬁQW&h% ox%éﬂqcli%mlisioﬂiﬁiog of ?ﬂﬁg@ﬁﬂh&ﬂ %, CHID _rahé 56‘%; ﬁr@ﬁrably_

dehydr ogenat on conponent OF a precursor reof, an optional 1norganic
base dénpatretsr than 687; 201 merequeisteblytdieatas dlian “Ae dapenflingon temmetbpgemployed

di spersangnﬁgﬁﬁggt&glgftﬁ@gpt (amno al cohol and an am no acid. The organic
di spersant may be di"spersed in a liquid carrier. The liquid carrier is

gener al | y [0#2Er . IExahpheberofmbtaxdinmmnt, ahe dbpldegemtibudealytias ereparch dy amitinlty

al cohol i §resel e%t ed fromt hqlggbryo%)p consi st .qgaqf t hanol.am ne

. ating _the ;Support. ,norm régnation, , wit 1quigl” composition comprising the
di met hanol am e, trppnertf hanol am-ne, &t hanol ‘am ne,q i “etimanol am Re, &

t ri et hanoldaimidaeendioh @aap@arhng,a @ednsoathotcafyianeptichbl inbigaiia bade @impenent or a

propangl am ne, di propanaol.am ne, tri.propanol am ne,. N, N, -dial kyl. -

o1 hanaP anPHgron PRT ST 8RR raeRHE IRPEME) P Ao Ahieme, AL ey

pr opanol ammnesacd at heydreahipdigRrasand Ay edsgsrsall ki Li@uio paried arfienggidNaiier i al Kyl

pr opanol aﬁF‘?Féaél,ny"Nfr-' d]i:”%?mi’gﬂs-%&F@??o?l%ﬂh_oﬁeigc,lwea‘fvﬁ??ipd]i‘e_oﬂfli&ﬂ&fcﬁh‘?lﬁéé‘?l?@%ﬂ kyl -

but anol amifras, thl, Nrovil adokgidtmb utein ctndieineN- d@ikieiHanslhbiat an@hRHaASemine,

N al kyl - but angl am nes,. 30 N, N, - di al ky| - hexanol am nes, . . .

N-al kyl - dichiaselfBmani ndiscthaaolmias - hdebopRittes, DNRPIRINg ky dibutanolamine,

hexanolsamyfigsanbtadilecy | -ﬁgﬁﬁmﬁm{@m NeSpMudhine; haxpOpREEERS, NN atiighky! -

hept anol am nes, N- al kyl - di hept anol am nes, N- al kyl - hept anol am nes, N, N, -di al kyl

- ethanolamines, N-alkyl-diecthanolamines, N-alkyl-ethanolamines, N,N,-dialkyl-
propanolamines,  N-alkyl-dipropanolamines, = N-alkyl-propanolamines, = N,N,-dialkyl-
propanolamines, N,N,-dialkyl-butonolamines, N-alkyl-dibutanolamines, N-alkyl-
butanolamines, N,N,-dialkyl-butanolamines, N-alkyl-dibutanolamines, N-alkyl-butanolamines,

30  N,N,-dialkyl-hexanolamines, N-alkyl-dihexanolamines, N-alkyl-hexanolamines, N,N,-dialkyl-
hexanolamines, N-alkyl-dihexanolamines, N-alkyl-hexanolamines, N,N,-dialkyl-
heptanolamines, N-alkyl-diheptanolamines, N-alkyl-heptanolamines, N,N,-dialkyl-
heptanolamines, N-alkyl-diheptanolamines, N-alkyl-heptanolamines. Examples of amino acids

include alanine, arginine, asparagines, aspartic acid, cysteine, cystine, 3,5-dibromotyrosine,

-8-



hept anol am nes, N-al kyl -di hept anol am nes, N al kyl - hept anol am nes Exanpl es
of am no acids include al anine, arginine, asparagines, aspartic acid,

cyst ei ne,woyst1/a969973, 5- di br onot yrosi ne, -8- WD 2011/ 0969eTRSII1082ZMID/ 061037
3,5, diiodotyrosine, glutamc acid, glutam ne, glycine, histidine,
hydr oxyl ysi ne, hydroxyproline, isoleucine, |eucine, |ysine, nethionine,
phenyl al ani ne, proline, senile, threonine, thyroxine, tryptophane, tyrosine
and valine, with arginine being preferred. [0043] Generally, the organic

di spersant; § s d%@o%gaagmén hibenld a4t COTRARA | Oy, amlsaamynth@rh@im@n
about 1 and about % of the conmposition. ter treatnment wth'the

liquid corlmdj@mnr@lme tikdeusingpdeucities lgsinedmethiangwoviicneatinguplisar sirge. and

is then h LV nder

condi ti ongﬁj‘rt&gl(iln eco i’;H;l((l)nge u@htg lgeh S%lﬂﬁpa"ﬂ& ?mgi% glg%%lng%gﬂgﬁllg?ﬁ%%éger sant .

Sui tabl e ¢&H3] ti (ﬁﬁgerﬁllby theemgwmglspdn@ndlssppmmalmthel ligoldudepasitigmpemaimoust of
about %Oo%‘et 2 ab T@C bou Wt'o/m%f ?he g‘ot}r(l)puotmng S AR&H%I‘G&FIHGH?%EIO%I’ Sllq&-lgpe

cat al yst nayePhe mbe a reducing

at a t enpevapasitewonothe algpoit 15cﬁ{édtt@remha®uthe5fq€iﬂ danrer and:ls then hfatebinuh o@1d5z1rtgo
about 10 h urs to reduce. the d hydrﬁgen ti.on co onqhH H& g % &

dehydr ogef ‘?SBIPFY%SF’F%?@ t Ml d 18l ?‘P&a é’ﬁh’“ﬂ” PC S0y gaillE RERTSBI YR8 of
greater t Id@periﬁl% Sa0nle o6MiticdlYor @nWvigsard eispdrhaninélie adeppaaiurgofoabotihe

nmet hod e W uf act ur.i ng .t he taI 5[ 0045] As ysed he ein, the
oxygen chal o rula 48 bims Sgabe O Grabe 0 Ghet | DaCHRRCArS B fot o
di sperigi omeAdy tnheredadind Xtﬁioslﬂi@fb kgchde fhiybRdera it b tdhepefadirt @f @bout BeeAtondment Of
nol es of atom ¢ oxygen sorbed by the catalyst to the nunber of noles of

dehydr ogenf? ot trita ! ehomt &p MOBW%B&%G&P%PT dohydiogonatiqtheo ey efin

chem sor ptpgaa) valtyesich h&hnt QedMRE @Ldd R & SERHASH B9 chdiisdrpfidnovt Ng
technlqueq 20}004 bcﬁéﬁﬁg% tPoniﬂgasurenén?gﬁgfe obtgﬁﬁedcundgﬁﬁgtatlc

hi gh vacugreates Han tPend0%n> 0% QQun pet gederehauiBeclependme anghe pathad employed

Appr oxi natl@}nxmga@urgrgﬁhfgg tof catal yst are |loaded into a quartz cell and
dried in flow ng hel |un1 by heating at 4C/mn to 130C and holding for 1

hour. Fhe [§0481v | sAStth@dwh%w,tt e setochepdiomyion valte of heardeuagicytelystiisa megiytced i n

{1 ow ng_IudraeR RSt 008ty S0 MDA ARCD0k B0GbAYHEITRY e 2

hour s, en ool n rogen.
reduct i on oxydee sgdnpbe thescaeibatwah@dur(lbm |0f ot |0f Helazﬂroga@@))n wictah centained by

the sanpi St RITR AP 2 T b S B B B S B B P R R e
i sot her rralthecfuhownggseuhmwent experinments. An 8-point isotherm (wth

press en., 80. an 400 torr [between 10 and 53 kPa S sured at
hoc wi P S0EEn S RS e arayditopbr: HEFaed PP ot iatb PP GRS H! S e

| i near poratQLQﬂtadfroﬁlhlAﬁtoeubVl@x hQrineho @p;ﬁs;amaelygj&es drdies dfebalysodre aoki ned
adsorption u t ake. cti.o enzene [ 0047] The :

ool OhexyBERSEIE SIBROYS i RovHs FuB ot B euaee: Simgeo D A doMpeny
convent i ofal 1 he@hnTikRew Iin eel divighadl t6 Hyatdgm aff tHRERZBRE ettt it IfRR@pene in

the presence of an WD 2011/096997PCT/U82010/061037 acid catal yst, such as
zeolite bOYHOBM bynhofitg 3 2° AR (3430t chalding isethexmal fo52 hoyrsoandhen ¢Rolipgifpl i ng

of benzengoyw i BB@I’E%'hyﬁﬁigk@"‘%ll@é&m@%&&ﬂ@rﬂ&h& QMmAt it ReachhBheriile stipwever,
in practice, the cyclohexyl benzene 1's generally produced by contacting

benzene W% %yﬂflbgélﬁb%@l@qulqﬁwmaﬂowpaltnnbtﬁs toffalove gas chemipgibedbwelieasee of a

hydr oal kylyak @R sGap!s%f undeR&R:, ttﬁlﬁeé@&%fé“ﬁs IMRGET geRP i bRl il aNiRgl
reaction (1) to produce cycl ohexyl benzene (CHB):
during subsequent experiments. An 8-point isotherm (with pressures between 80 and 400 torr

[between 10 and 53 kPa]) is measured at 40°C with oxygen (O,) as the adsorbent molecule.
30  Extrapolation of the linear portion of this curve to zero pressure gives the total or combined
adsorption uptake.

Production of Cyclohexylbenzene

[0047] The cyclohexylbenzene employed in the present process can be produced by any

conventional technique, including alkylation of benzene with cyclohexene in the presence of an

-9._



[0048] Detail s of such a process for produci ng cycl ohexyl benzene can be
found in paragraphs [0027] through [0038] of WD 2009/131769, the disclosure
of whi ch We 2bewmbnp7i ncor porated by reference. 10 Cycl ohexyluseonannm®37
Oxidation [0049]1n order to convert the cycl ohexyl benzene into phenol and
cycl ohexanone, the cycl ohexyl benzene is initially oxidized to the
correspondi ng hydroperoxide. This is acconplished by introducing an
oxygen-containing gas, such as air, into a liquid phase containing the

cycl Ohexylapﬁ%ﬁtﬂgt gﬁéﬁ Ksezéblli'fgeﬂﬁa oﬁtaMQNPﬁi (Panﬁlyr m%?ébﬁiﬁl Lonr of by oxidative
150yc|ohexy|benzene in the absence of a catalyst is very siow and hence the
oxi dat i on cpepling rofrdichagne dm divbend follpwic dyplvdsagareasionfof dhes biphgnyst However, in

[ 0050] Det 0 [

found i n paelesy e deluBoRRAREE S, Lol BE IBTRLRONY S B0R YRRL SR ISB0EF oo e
of whi ch usddndyédivglkyltar pordaioss ilbyherm‘éﬁnm@fea hzﬁomﬂatmecrmmdwhaebﬁ\mge

[ 0051] The flnal reacti nver si on e c xyl benzene

i nto pheno ngﬁ%mle%?dﬁéxgﬁgﬁggf%§% Q§9 ed§8§ do Xv’%m%%géﬁEnylbenzene
hydr oper oxi de, mhlch is conveniently effected contactlng t he

hydr operoxi de with a catalyst in the |Iiquid([phase at a tenperature of about
20C to about 150C, such as about 40C to aboyt 120C] a pressure of 25about

nmet hyl et hyl ket ong, Cyg ohexanone, phenol or clycl ohexyl benzene, to assi st
in heat renoval. Thescteavage reaction is cow ntly conducted in a
catalytic distillation unit.

[0048] Details of such a process for producing cyclohexylbenzene can be found in
paragraphs [0027] through [0038] of WO 2009/131769, the disclosure of which is hereby
incorporated by reference.

10  Cyclohexylbenzene Oxidation

[0049] In order to convert the cyclohexylbenzene into phenol and cyclohexanone, the
cyclohexylbenzene is initially oxidized to the corresponding hydroperoxide. This is
accomplished by introducing an oxygen-containing gas, such as air, into a liquid phase
containing the cyclohexylbenzene. Unlike cumene, atmospheric air oxidation of
15  cyclohexylbenzene in the absence of a catalyst is very slow and hence the oxidation is
normally conducted in the presence of a catalyst.
[0050] Details of such a process for producing cyclohexylbenzene can be found in
paragraphs [0048] through [0055] of WO 2009/131769, the disclosure of which is hereby
incorporated by reference.

20  Hydroperoxide Cleavage

[0051] The final reactive step in the conversion of the cyclohexylbenzene into phenol and
cyclohexanone involves cleavage of the cyclohexylbenzene hydroperoxide, which is
conveniently effected by contacting the hydroperoxide with a catalyst in the liquid phase at a
temperature of about 20°C to about 150°C, such as about 40°C to about 120°C, a pressure of
25  about 50 to about 2,500 kPa, such as about 100 to about 1000 kPa. The cyclohexylbenzene

hydroperoxide is preferably diluted in an organic solvent inert to the cleavage reaction, such as

- 10 -



[ 0052] Detail s of such a process for hydroperoxide cl eavage can be found in
par agr aphs [ 0056] through [0075] of WO 2009/131769, the disclosure of
whi ch i s wenretiysaecor por at ed by 5reference. Treat ment ofCTUSavagelof f | uent
[ 0053] The effluent fromthe cl eavage reacti on conprises phenol and

cycl ohexanone in substantially equi nolar amounts. The present process

provi des an advantageous route to increasing the anmount of phenol produced
fromthe original benzene feed by contacting at |east 10a portion of the
cleavage fdiby e Mhibds, 8y HRRYARISNAN) O LANRINELSR, AakiOl AUYELhoSATE OF
all of the cy exanonhe in the effluent 1nto additional phenol according
to the reé@@ﬁbwmgQrﬁﬁGHISﬂmﬁ@@@ﬁ?mnmbﬁ@déh%@ﬂﬂﬂ%hhﬁﬂbh@lméhydrogenat|on

cat al yst ro i I

151 0055] OJ 0 2hex s YRG! B E IR 1 aRkoRfic (R8hel Tok BEIME I vakmpl 1 o
28 vw%cyéﬂ)ﬁjhbﬁhmh@(ﬁﬁhowmwﬁﬂbMI the doclohat 0éwbﬂcla15tlerqbv ntoorlmeqwlrla’te t he
ef fl uent f%%h%he cycl ohexyl benzene hydroperoxi de cl eavage step by sinple
distilPati'on results in this azeotroplc m xture. However, the efficiency of
t he separ direatmeatef Gleavanb Effbedt by conducting the distill atl on under at

| east par va t bel ow.101 kPa tractive 20
G ari 1 Do gy Y ATt TP SR s Rbvn® L re, MR s hRSh E of
see for exﬁﬁ@%ﬁﬂb&k@mmﬁbiembmﬁbsThéIﬁ&ém4@6a3§p&ﬁﬁm965,mﬂm&%ﬁo@ﬁﬁmw m
4,115, 204:;. 4, 115, 206; 4, ﬁ i 45%r 638; 4%’27 456: 4, 115, 2Q5; ?

4 016, 049 ncRiyER theariouat oTRRURDPAYHcr Siindi B d Dpizeat ooty cmicHas o Tedist | y

processy, a@oftdabf tha cRacige eRdh T a dchitRodca@tbnicttalyRe o deRydhreEdatkopall st ep
has the same conposition as_ the cl eavage eff|luent, thereby avaoiding the
25need f ortheaﬁarcliOh%ap%e i hesHlyehdn dditian] ghengl acsorBgdn the Ao ke ef fi ci ency
of the cycl ohexanone dehydrogenati on, thepfii nal product may contain
substantially all -?enol, t hereby at | east| reduci ng the probl em of
separating the phenil fromthe cl eavage ef|fl uent. [0056]1n anot her

enbodi nent, the cl glyage effluent is subjeeted to one or nore separation
processes to recg remove one or ponents of the effluent prior

to - + 2H 2)

[0054] In one embodiment, the dehydrogenation catalyst and process described herein may
be used in reaction (2).

15 [0055] Cyclohexanone and phenol produce an azeotropic mixture composed of 28 wt%
cyclohexanone and 72 wt% phenol, so that any attempt to separate the effluent from the
cyclohexylbenzene hydroperoxide cleavage step by simple distillation results in this azeotropic
mixture. However, the efficiency of the separation can be enhanced by conducting the
distillation under at least partial vacuum, typically at below 101 kPa. Moreover, extractive

20  distillation processes are known for separating cyclohexanone and phenol, see for example,
U.S. Patent Nos. 4,021,490; 4,019,965; 4,115,207, 4,115,204; 4,115,206; 4,201,632;
4,230,638; 4,167,456; 4,115,205; and 4,016,049. Nevertheless, phenol/cyclohexanone
separation remains a costly process, so that in one embodiment, the feed to the
dehydrogenation step has the same composition as the cleavage effluent, thereby avoiding the

25 need for an initial expensive separation step. Depending on the efficiency of the
cyclohexanone dehydrogenation, the final product may contain substantially all phenol,
thereby at least reducing the problem of separating the phenol from the cleavage effluent.
[0056] 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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WO 2011/ 096997PCT/ US2010/ 061037 dehydrogenation. In particular, the

cl eavage effluent is conveniently subjected to at |least a first separation
step to rewoavarovsdne or all of the phenol fromthe effl gemtusS2apswat |y so
that the effluent streamfed to said dehydrogenati on reaction contains |ess
than 50 wt % for exanple less than 30 wt% such as less than 1 W% phenol .
The first separation step is conveniently 5 effected by vacuum
distillation and the sane, or additional vacuumdistillation steps, can be
used tO I QERNE,LRARANEND Sl hOGiASkOWNIaRE LvenRas Uibjdteato #QdstPake such
as benzene and cycl ohexene, and/or conponents boili1ng above 185C (as

measur ed &epamaQion kRp)to repgrtt semeor ahefnthé ppénohdlomathe ceflyshte typically e rthat ghd or to
feeding t f t j on td By
I e S R L LR T

cycl ohexanornéhan30twio, sydl ssHess yhdnehwenepheydr dierfoxisderrglopateage cafvehiaght can
be convyert t henol . .| ractice. however... dependi n n..mar.ket

cond t Fond 5 HERE HRA% iR RS g K B SRR SR B0 8 sabtone
product . Tkddstoceamoveemdipbyentethoilirgy bedow hES°Qr(@s erisupriat é85kba), suehianbemetn t he
reversible nature of t reactiaon, (. na hydr oge [ at . | east
Some 15 oY RieiSxdh i nt R b B R R BT FIRAAP). Bl TR eved
by, for exyasmsl phenobiidadipliengl dtie, gatve ne Feewing hehaftlicag etfcabntotthe ddghy @sgenatonof a
hydr ogenati on catal yst, such as platinumor palladium under conditions

i ncl udi ng "&t€hperature of about 20C to about 250C, a pressure of about 101
kPa t qoabqeus7[L00Gy) kitgplaymtk andlypieQ@enddh9didb@andn nprbaks, r afvs@nedllyabquthel: 1 to

about 100:1. 20[0058] The invention will now be nore particularly described
wi th ref ec¥rlelexerpne Hothe Sy leRmmlereR: Mdrneroilc mhearise S TusRtran e caeesfiptnyi ng
dr awi ng. L Enlpralit ahywivelr &padidtd On hAk& ¥Wndhths, - thdre Wk ARKySIPBY a

[ 0059] 0. 403 granms hexachloro platonic acid was dissolved in 25°cc (4:1 wt
ratio 25 sigeBicaelenardioy cyciricxangng poflesth Wais cerdigadilyt et 20ing thersessht PR

ext rudat e p( SULLACS AL RReRiblclBtrIBf GE %E’cti&*tp{ij,‘hggie& Ry BrodtARRE 8 ast IR

m xture waS left overnight at roomtenperature t0 évaporate excess water.
The mdbal of thembepvhbasl te esciihyxanong sTishesn repdilip be aghicvodby, faaampls, epnteatngof a
pot assi u | O s 0 e, N
Dot onel iy R SPILOR, K0 v/ 85 2R BRSSP R S Tutumy o
m xt ur e wasllddeim, vodarcandhensancludiom Bdpeemperbibonie2(0fo tevapolH’E, aatesure Then
it was dried a .. Thi s lyst. ha roxinatel v 0. 8 .w ¢ nd. 1wt %
< Oyol one SnBhaObRRy & sl SREE od 3 AR R ORRS, ol Piafiebn o
experi mentabowwdd&Gists of a stainless steel tube with di nensions of 22 in.

(56 c I 1/2 in. (1.3. 0.d. x 0.035.in. (0.09 c |1 thickness.
W0 2020/ 03888 peTPecditit il A mils rtaiaPniegied, S Mimeg IG5 n
(22.2 cm fhlxdngncdIBnitiAg F<4nB& atdthecchbnndyiag piaeées. of 1/4 in. (0.635 cnm

t ubi ng ofmhellength was used in the bottomof the reactor as a spacer
(one insi other) to position and support the catalyst in the

i sot her malcazpRrePbarktha b e .- 1Avidd K¥/sion) (0. 635 cm plug of gl ass wool was
pl aced at the top of the spacer to keep the catalyst in 5place. A 1/8 in.

f
(0.32 cm) [U53] ni A3 sgramp Liewpahipse datpniGepsidy Was dipsplied i 20afc had, Wi &l

enoughst 0 .pREtclvedicr). eTRIE kAL HEEWh ARG RPLE clahe 1@ YiafudRe dsddbdBieRoMPIAD! e
t her mocoupl,e. [0061] The catal yst was pressed into pellets then crushed and
si zed to 20/gram,} 0QjApere diameter). The mixture was left overnight at room temperature to

evaporate excess water. The metal impregnated catalyst was then dried at 100°C. Then 25

grams of a potassium carbonate solution (0.71 grams potassium carbonate in acetone/water 4:1
wt ratio) was added to the Pt/SiO2 extrudate sample. The mixture was left overnight at room

30  temperature to evaporate water. Then it was dried at 100°C. This catalyst had approximately
0.8 wt% Pt and 1 wt% K.

Cyclohexanone Dehydrogenation

[0060] The reactor used in these experiments consists of a stainless steel tube with

dimensions of 22 in. (56 cm) long x 1/2 in. (1.3 cm) o.d. x 0.035 in. (0.09 cm) wall thickness.
- 12 -



mesh. Typically 5.0 grans, vol. 12.5 cc. of the catalyst was pre-sized to
20 - 40 nmesh and used as a standard | oadi ng. The catal yst was then | oaded

i nt o t he woaeotioméfrom t he top. The 10 catal yst bed typiPcCaiUSgoMm@s1035 cm in
|l ength. A 1/4 in. (6.32 mm plug of glass wool was placed at the top of the
catal yst bed to separate quartz chips fromthe catalyst. The remaining void
space at the top of the reactor was filled with quartz chips. The reactor
was installed in the furnace with the catalyst bed in the mddle of the
furnace aly & AIGIMAL K€M iRl BERTR) Z0RPonTRE ¥ BAGLAINRS) IIGTREGFSLT €
and leak tested typically at 300 psig (2068 kPag). 15[ 0062] The catal yst was
pr e- condi t}-dhéH ¢m) wbing;of Riszilee bngid VBRI b thadatoni efith¢ieagtongy aspad@@orec/ mi n
and held f o . FRLr et he
cyel ohexariue o Hefhed SRNES agiipp b ARIRL IR BS USR8 of DL ERMES A

bef ore fl dwinnf).63raoughughaatias wobines itlared hiethe empatfdhe spAccBrokdes timasgaly¥sk ow

cont I’0|5| er la\é?tsALl i(rjl. @%230%[ s%1h esp é‘[gé’l%%ﬂo—wleﬁvx\{laéafagéd i'r?‘thcgc%‘}/ t()aed" II\O/Int Xnol}lll 1%?0 back
pressure CoNt ol %er S use 0 control the 8 €act or pressure typically
at 50 psi gndnddSekpagrettbroigdupthe gatdlf8 Dek Rap) a poedbérthbinpcatplel00 psi g (689

kPag). GC ys were taken to, verify feed c ositio e was then
sumaed e B08hY T e 656 Erd & DatSh bbbt B rEER Ak SeaRiea G P AR sc 1o
430C pref er]fealbl S[yﬁ't:all@@?@gﬁin;(savd)li 05 ﬁchﬁfuh% yatﬁm(b&s\p@é—ﬁﬁeid':]tys 2(0L—H$)/ine§1$ adl agd a
pressure of 100 psi 68 Pag) . e prqduct Xiting the reactor owe
Phr ough: noslen & Pauld i T b Coby SEE FomepiNe I geachE gt Pedor. T

non- candersaiktehedaHidMPGHE | S chotmtitht. 0A 3Nin0 (.32 M) Plig28 9RssGhool e pfakést pot

was heated to 60C and the second pot cooled with chilled coolant to about
10C. The ptBader ofiks caiglvpidedda sengratratastzichips figrathe satalyverThezempigingyosly hr g

i nterval s.g,38APRSoWBF fhelrédeRN wab Gl hih @fhay Epo OPAELRANOkasf iRltalRRah YRI 5. A
Hew ett Packard 6890 gas chromatograph wth flane ionization detector (FID)

and wi th dwnggividhthe celebipidicddn & naddig off thefuzoes & the BRrmrkedoisatberpl #Angr on
film thi ckilesscRrRatBetQlrct i 1aRALYS %iaafh{ Lo BYdiaRraNdey. product s.

Non- condensabl e gas products anal yses viere taken on line via a HP 5980 Gas

Chr ondfogrl$R] wi tlie Jatalyer was Sed-eanditioned o sitwirhgated tord 7%°© tpB Oinwiithy B2 flowp ati cr on

film The 0 | &St a # e - A0C far. 1.0, 5C mn
1 Gha A0R' Y5 bShif. | €hurd h

to 150C, hgﬁég/ggm% ?Igcgsmbn r% Orpggg@c;ggh%?@évyggn% é]u tlgtwgf gag%r?a ylggg(mtc?,rtree was

60 m n; angclolipsande 3890 @AcoanPhendsd sets pumped 30Quglbra Fpoi@r before flowing

2011/ 096997PCT/ US2010/ 061037 min, 5C/ynn to 8 for 2.mn, 5C/ mn 200C

for o mi ningisgy i Bebd5 e oy el Rt Sy By B0t B i

[ 0063] A t ypdrogdn flowreatanAsGrevarfMityBjte’pbakidressurs csitobiar fvas u@drto icomentthes e

system.in Figure 1 wherein.the pr S ran fl Y 4 .

a7 1 orlint BFRE Bt ERE b at i 8 SEER Y TR 68} KBuaderetstoby hla0psiey

k ng% , ) ( 2%%83715@5;}&1 n%(é Lodygps iv@re(9 @S tls Radly; feécﬁéonﬂ%&ﬁ?lﬁ NThSReP $hgtheddbmidRng) h
and (4) 4 nd 1 S] Pag) .. EXAMPLE 4] The cata in this
exapl & wddotgiote saphBEbE AR 3 QeBiction ERbEIS of Tosh ATy T P s

di fferencaso dat)a fidied Mburlyapeden@ldegy 10AS WAL bT akd@PreduB¥Df ANChs(d (689 kPag).
tetra-amm_ne platinum 10nitrate_ rather than hexachl oropl atinic acid was
used as t HEC Brdusth GRpE dreuradi flopsesbpush keated ey Lutedds tWe selsqtigurts 1t wi de

range 28f L&AG! Phe hENRAUSEEEIE Sas JrédiBisMGutld BMh3QGike HO KRIGCC. iBle it poowEd Y
space velocity was kept constant at 2 hr-1 WHSV. The hydrogen/cycl ohexanone

mol ar r at iheatesf totREC pracige teeendipe soRepvite eilledgnelangio apout R et Be sP&ISEHte was
100 psi g. cglﬁ&teqqgﬁnﬁ%dl %Ql‘éui@s bver 1% ‘ﬁ?setﬂb@ﬂrs' iﬂtef:vafg.l %ar_ﬁpl@@lvg/ﬁé"tak%ggﬁmﬁﬁxlted

Ti me-on-Stream Days Reactor Tenperature, C Conversion, %
with 50% Ethanol for analysis. Hewlett Packard 6890 gas chromatograph with flame

ionization detector (FID) and with an Agilent technologies GC column 30m x 0.32mm x 0.25
30  micron film thickness was used for the analyses of the hydrocarbon products. Non-
condensable gas products analyses were taken on line via a HP 5980 Gas Chromatograph with
J and W Scientific column 60 m x 0.25 mm ID x 1.0 micron film. The HP 6890GC analysis
ramp program was set to: 40°C for 0 min; 5°C/min to 150°C, held 0 min; 10°C/min to 260°C,
held 28 min total analysis time was 60 min; and the HP 5890 GC ramp was set to: -30°C for 5
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1.8 473.0 98.3 4.8 457.3 97.4 5.7 441.8 95.8 6.7 424.5 93.0 9.2 398.7 84.0
12.5 373.2 70.3 13.7 474.0 97.5
WO 2011/096997 PCT/US2010/061037

min, 5°C/min to 80°C for 2 min, 5°C/min to 200°C for 0 min, 15°C/min to 240°C held to the

end total analysis time was 60 min.

[0063] A typical time-on-stream (TOS) profile is shown for our inventive system in Figure

1 wherein the process was ran at 2 hr' WHSV at 4 different pressure and temperature
5 conditions: (1) 375°C and 0 psig (0 kPag); (2) 375°C and 100 psig (689 kPag); (3) 430°C and

50 psig (345 kPag); and (4) 430°C and 100 psig (689 kPag).

EXAMPLE 2

[0064] The catalyst in this example was the same as the catalyst in Example 1 with only

two differences: (i) the Pt loading is 1% rather than 0.8%; and (ii) tetra-ammine platinum

10 nitrate rather than hexachloroplatinic acid was used as the platinum precursor.

[0065] This catalyst was tested over a wide range of reactor temperatures, ranging from

366°C to 476°C. Weight hourly space velocity was kept constant at 2 hr' WHSV. The

hydrogen/cyclohexanone molar ratio of the feed was also kept constant, at 2. Reactor pressure

was 100 psig. The data collected is presented in table 1 below.

15 TABLE 1

Time-on-Stream, Days Reactor Temperature, °C Conversion, %
1.8 473.0 98.3
4.8 4573 97.4
5.7 441.8 95.8
6.7 424.5 93.0
9.2 398.7 84.0
12.5 373.2 70.3
13.7 474.0 97.5

[0066] As can be seen from the Table 1 above, conversion was 98.3% at day 1.8 when the

reactor temperature was controlled at 473°C. Conversion dropped from 98.3% to 70.3% as
reactor temperature was reduced from 473°C to 373.2°C. More importantly, it was found that
20  conversion was 97.5% when reactor temperature was adjusted back to 474°C at 13.7 days-on-
stream. This data once again illustrate that high stability can be obtained at high pressure in
dehydrogenation of cyclohexanone to phenol.
[0067] 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
25  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.

[0068] In another embodiment, this disclosure relates to:
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[ 0066] As can be seen fromthe Table 1 above, conversion was 98.3% at day
1.8 when the reactor tenperature was controlled at 473C. Conversion dropped
from 98. WOt20117I06B% as reactor tenperature was reduced PCoMmS4r8@6t037 373. 2C.
More inmportantly, it was found that 20 conversion was 97. 5% when reactor
tenperature was adjusted back to 474C at 13.7 days-onstream This data once

again illustrate that high stability can be obtained at high pressure in
dehydr ogenati on of cycl ohexanone to phenol. [0067]Wile the present

i nvention has been described and illustrated by reference to particul ar
enbodi nents, those of ordinary skill in the art will appreciate that the

i nvent i on 125 | drrfecest Geltife debydraginationpfsatdesst precéebydipgdnptable |hydroeatbend thyer ei n.
For this r n c I

o i e £ or Ray sohBRhe GSREEADTE R RRITAUR SPURY 4R LORIARRRISES |
[ 0068] | N apdobrbone mindedi debyitrogendtion dindtions wid at&hatyets Cdzmposnm comprising a
2011109699 BT 52010 98008 An o B B8 shBiIE WAIRICRRLBR,OLs 2

| east One %pé)h c?ro erat abre th drocar the pcon %I ng a

feed conpifiosi 40@°<°c In:e75@)t’C lamha;presslue aieahlysﬂkn &gpmg(%blkEag)ydr ocar bon under

dehydr ogenati on, condi ti th at al st conmpos;ition

Ssuppor s ana atwenyirosEetistet DaBEEE ST ERR S BB ke R fude a
tenperaturaeamdycﬁcfaimﬂﬁﬁw to 750C and a pressure of at Ieast 50 pSI g (345
kPag). 2. The T ocess nt 1 wher |n t he | east

dehydr ogeﬁat abfl 8° RYEFHE ?IB‘Eﬁn?bfP%mge Wﬁ?@‘c‘?ﬁ@q? eaéb%?o‘{?ﬁ rog%ﬂataﬁ"ﬁéyﬂ)ﬁ%"é‘é‘% of
enbodilgents dclonb@néien the at | east one dehydrogenat abl e hydrocarbon 10is

cycl ohexanone. 4. 5. 6. 7. 158. 9. 10.
4. The process of embodiment 1, wherein said temperature is at least 450°C.

5 The process of embodiment 1, wherein said temperature is at least 460°C.
6 The process of embodiment 1, wherein said temperature is at least 470°C.
7. The process of embodiment 1, wherein said temperature is at least 500°C.
15 8 The process of embodiment 1, wherein said temperature is at least 550°C.
9 The process of embodiment 1, wherein said pressure is at least 75 psig (517 kPag).
10. The process of embodiment 1, wherein said pressure is at least 90 psig (621 kPag).
11. The process of embodiment 1, wherein said catalyst composition has an oxygen
chemisorption of greater than 30%.
20 12. The process of embodiment 1, wherein the catalyst composition has an oxygen

chemisorption of greater than 50%.

13.  The process of embodiment 1, wherein the catalyst composition has an oxygen

chemisorption of greater than 70%.

14.  The process of embodiment 1, wherein the support comprises at least one material
25  selected from silica, a silicate, an aluminosilicate, zirconia, carbon, and carbon nanotubes.

15.  The process of embodiment 1, wherein the support comprises silica.

16.  The process of embodiment 1, wherein the dehydrogenation component is at least one

metal component selected from platinum and palladium.

17.  The process of embodiment 1, wherein the dehydrogenation component is a metal
30  component comprising platinum.

18.  The process of embodiment 1, wherein dehydrogentable hydrocarbon is

dehydrogenated at a conversion of 95% or more.

19.  The process of embodiment 1, wherein said conditions further include introducing

hydrogen to the process.
- 15 -



11. The process of enbodinment 1, wherein said catal yst conposition has an
oxygen chem sorption of greater than 30% 2012. The process of enbodi nent 1,
wher ei n tWe 20at@b9p3t conposition has an oxygen cheni sor prirams2ab/ogreat er
than 50% 13. The process of enbodinent 1, wherein the catalyst
conposition has an oxygen chem sorption of greater than 70% 14. The
process of enbodi nent 1, wherein the support conprises at |east one
material 25selected fromsilica, a silicate, an alum nosilicate, zirconia,
car bon, aQ@ caﬁ;@ Brd&%oéfug%dlméé 1, %re@ﬂ Qﬁ@scatagjst @%ﬁmtﬁﬁn&nﬂorwé@"%‘)e@i n the
support conprises silica. . The process of ertbodi nent 1, wherein'the
dehydr ogengrnogn(ig &W@hmﬁ@gm@tloatcommt emepriveeal leeSts rpometat cossionertt seledtedom

pl ati num u t he
dehydrogeggﬁ}%ﬁhbﬁﬁ%%ﬁLﬁwh?gmg%£rn$F(ggﬁgﬁﬁﬁ%ﬁ%Llﬁg%ﬁggggﬁéb%ecwﬁﬁ%%#?

The processmpmmmnvddwnenﬁnﬂmlmewmmdeehgﬂﬁ@géhD@blemhﬁdmpéaﬁbbﬂPemmhc
dehydr Qge ersion @6or r.ocess. of

errbodl(g qa& f%hmnm& ‘sald condi {F%%s “mﬂﬁg? &8”&% Pg u@?ﬁﬁlhyd¥ogen
to the pr@hemszofmKP&QmmHDBEQEEEﬁEhwsaﬁﬁﬁhOEhﬁBmomﬁ©fmmhﬂt@ﬂ@ﬁﬁss of

enbodi nment,, 1, erein s cat al yst gsition ¢ ri ses ort
(i the ddhyalBoRmst ShBbifbmeD: BRERE e ERs TEnehet a8 RBonent
sel ect ed fnic@ncénEunRst s@letted ﬂerq)fotatsshlﬁnRemumdh@ru”B&b\hrﬁ of Elenents; and (iii)
an inorgagic b@ﬁe co ent comp § | east one netal conpanent

sel ected FPom GORPCESS ae“éﬁwgﬁlb né 28t W FfémF’é‘FHB‘Hﬁ"E“% DesTBTOLPIRCTE 1 Befial

wher eiip S@bﬁp@knhﬁﬁﬁimﬁggmﬁghﬁﬂ conmponent selected from Goup 1 and Goup 2
of the Periodic Table of Elenments is present in an anount of at least 0.1
W% 21. 2Fhe phodsessorf ol the opregidiice ERbeHBeRth oY BpasiR coash catalyst

conmponent cb&p@s‘itldn%ﬁ%rl%@ (ﬁ%tsabp&p@ngaah &@gaﬁh@lﬁccfnm%&%ﬁﬁ&hmt 1&8S1 um
and rubi di um n%o dinment 20, wherein the inorganic

rocess of
base conp@ﬁ%ﬁl@tai @Onawﬁ@ttaqﬂe%ip EgnpEen O te dpt the ngodﬁo“f%?ées@flﬁ%me@% andriy)
process of igR¥aRNBasef oﬁlb&eﬁ{ &hGilisiag o8 [EQQ%Q%{&RQ c&‘élﬁén%hﬁseﬁe%{eé ot 8kt

conp05|t|on conprisesz: (1) a support; (ii) ydrogenati on conponent
conpr il8i ngndGroupas of 6WePermdlalTabbrﬁ§(ﬂi@mntss ewhémreéﬁld plolepsGone pwta compa@niof t he

Periodi ¢ ‘Tabli& 93 C(S)%%%P&?d G?oﬂglz(o'f'tﬂe) Fobina 91%%&‘%593%@% QPR SRR | ST Ng

at | east one net onent s ecte ron1 oup oup 2 of the
Peri odi c Béwﬂsmd$IEWénents mhereln said at |east one netal conponent

sel ect ed from gr Slfoanr(g uGvrno en & t%e SSPgI’I orcljstc Tabl e of El enments is
pr esent |n an arfou P SfP 9 ? % ©OsE> “Op Kgprocess for producing

phenol , the prOOes&w@ﬂnpgCﬁﬂd@xﬂb@&ﬂwndpﬂhm@choh&hE%mkb@h%ﬂﬂEnkﬁmprOduce
I | b d b) ¢ tl
gggl g%@igl bgz; e %} o 12(# gé e%]sg fprOBt )Q‘ofo Cyf 8 exy zene Ihy(?l 0per0x15)eo E‘romo a) 90

produce an efﬂuent stream comprising phenol and cyclohexanone; and
(c) contacting at least a portion of said effluent stream with a catalyst composition
comprising a support, a dehydrogenation component comprising at least one metal component
selected from Groups 6 to 10 of the Periodic Table of Elements and a inorganic base
25  component comprising at least one metal component selected from Group 1 and Group 2 of the
Periodic Table of Elements under dehydrogenation conditions effective to convert at least a
portion of the cyclohexanone in said feed into phenol and hydrogen;
wherein said dehydrogenation conditions include a temperature of at least 450°C and a
pressure of at least 90 psig (621 kPag).
30 25.  The process of embodiment 24, wherein the at least a portion of said effluent stream in

said contacting (c¢) has the same composition as the effluent stream produced in said converting

(b).
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produce an effluent stream conprising phenol and cycl ohexanone; and
(c)contacting at least a portion of said effluent streamw th a catal yst
conposi t iw 200M96993i Ng a support, a dehydrogenati on compomarstoloonPs? si ng at
| east one netal conponent selected from Goups 6 to 10 of the Periodic
Tabl e of Elements and a inorgani c base 25 conponent conprising at |east one
nmetal conponent selected from Goup 1 and Goup 2 of the Periodic Tabl e of
El ement s under dehydrogenation conditions effective to convert at |east a
portion ofgiggﬂﬁyclohexanone in said feed into phenol and hydrogen;

wher ei n sal enydrogenation conditions include a tenperature of at |east
450C and a pressure of at least 90 psig (621 kPag). 3025. The process of
enbodi ment; 24, r e in
ai d cont ot nd o R paRhelo B RhoPo P lcnp B bl A Bl L AT

pr oduced mnmsardompmwegummgdﬁ@)a e 20y 35§ 0 iePET/ 1USR 0d/ 08dREciGabldVs 1.
A hrocess i hehd IEY RIENALEN Shafhn! SR, QOB ICRNTLRINAAR G o

| east onesd@hydmdgemﬁyabgmwanhydmnmaﬁbﬂmmmndﬂdcdﬁhydmmgﬁan1mnmeemdabﬁons
with a cat n _co rrs d a dehydrogenation
conponent %@rﬁ%ﬁﬁﬁhb %P?f L%%h %p% BQR%SWQture of from 400C to
750C and a pressure of at |east 50 psig (345 kPag). 2. The process of

claim1l, ereipn the at .| east ope de dro ena I s an
T0al | cyel o cotBotiges oehing. BRoBdty BroRF arany Snaph hAeapSs Bt one
dehydriogenatyaht eopin@car bon i s cycl ohexanone. 154. The process of any one

of clainse 1 to 3, wherein said tenperature is at |east 450C. 5. The
process of any one of clainms 1 to 4, wherein said tenperature is at |east
460C. 3. 6. Tﬂ?pﬂk@ﬁ@ﬁﬁﬂﬁﬁlﬁnwh&aﬁtﬁiaihﬁmﬂﬁ@Qﬁﬁ N sh@blEBmydasbel i said

tenperature is at |east 20 470C. 7. The process of any one of the

pr ecedi ng c¥¢leliognongher ei n said tenperature is at | east 500C. 258. The
process of any one of the preceding clains, wherein said tenperature is at
| east 550C. 9. The process of any one of the precedi ng clains, wherein
sai d pbesdure iTe procdseeisany pBe pidlgme 1073 . khgegin said temperature is at least 450°C.

5. The process of any one of claims 1 to 4, wherein said temperature is at least 460°C.
6. The process of any one of the preceding claims, wherein said temperature is at least
20  470°C.
7. The process of any one of the preceding claims, wherein said temperature is at least
500°C.
25 8. The process of any one of the preceding claims, wherein said temperature is at least
550°C.
9. The process of any one of the preceding claims, wherein said pressure is at least 75 psig
(517 kPag).

30
10. The process of any one of the preceding claims, wherein said pressure is at least 90 psig

(621 kPag).
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30 10. The process of any one of the preceding clains, wherein said
pressure is at least 90 psig (621 kPag). WD 2011/ 096997PCT/ US2010/ 061037
11. The pwoces®9ef97any one of the precedi ng clains, whePerrussadéwar al yst
conposition has an oxygen chem sorption of greater than 30% 12. The
process of any one of the preceding clains, wherein the catalyst

conposi tion has 5an oxygen chem sorption of greater than 50% 13. The
process of any one of the preceding clains, wherein the catalyst

conposi ti g, hag a0y ILMCHETr SRMRLLAR, efangsr SaLeh &R ontRbiod R
process of any one of precedi ng clarns, rein the support 1s selected
fromthe gﬁ@&ﬁ&é@hgmsmpmgﬂﬁgﬁgwrﬂ@a3wé S|I|cate an al um nosilicate,
zirconia, carbon, and carbon nanotubes. 15. The process of any one of the
precedi ng clains, wherein the support conprises silica. 15 16. The process
of any oné2of ThemppﬁseﬂhmgmwhdnhsmemhégemhmshéKMQmﬂdn@@bmawmmNBMthmhent
is at gea%£ogn%nc mn$0 nono n%Q# g&;ed from platinum and pal | adi um

17. The procégé rp &t the™ precedlng cl aims, wherein the
dehydrogenatlon 20 conponent |s a netal conponent conprising platinum 18.
The proce one f t he cedl cl ai ms,, wher.ein

compostti i +sTERBBRS ob Pty B BT e P s B Rk e B RURE b bon
at a conveﬁsmgﬁnomﬁﬁﬁﬁ@mﬁnﬂ@ﬁﬁwr25n7¢% The process of any of the preceding
clainms, wherein said conditions further include introducing hydrogen to the
process. 20. The process of any of the preceding clains, wherein said
catal yst aa rrp0$hé p@Besk WF hiyesne3(Y thOPREddHRSclAMs| WG M CsubATEisCORPION &din
conprisingh | east .one netal conponent selected from Goup 1 and Goup 2
of the Perffcodiorr Famyigingfof Kiligte Atsdliqise o afrnainpsicgte. picia, c9ﬁ@0ﬂse%’1 CaéB‘?Pponent
sel ected fpenyskoup 1 and Goup 2 of the Periodic Table of Elenents is
present in an anmount of at least 0.1 wt% WD 2011/ 096997PCT/ US2010/ 061037
21. The process of claim 20, wherein the inorgani c base conponent is at

| cast one |Bet i ORRANGAIy SL ihShel B RRLASIIHM i ERIUALAAMHLU B, um

22. The process a|n1§0 wherein the 1 norgani c base conponent Is a

met al 1éonponent

16.  The process of any one of the preceding claims, wherein the dehydrogenation

component is at least one metal component selected from platinum and palladium.

17.  The process of any one of the preceding claims, wherein the dehydrogenation

20  component is a metal component comprising platinum.

18.  The process of any one of the preceding claims, wherein the catalyst composition is
capable of dehydrogenating the dehydrogenatable hydrocarbon at a conversion of 95% or
more.

25
19.  The process of any of the preceding claims, wherein said conditions further include

introducing hydrogen to the process.

20. The process of any of the preceding claims, wherein said catalyst composition further
30 comprises an inorganic base component comprising at least one metal component selected
from Group 1 and Group 2 of the Periodic Table of Elements wherein said at least one metal
component selected from Group 1 and Group 2 of the Periodic Table of Elements is present in

an amount of at least 0.1 wt%.
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5conprising potassium 23. The process of any one of the preceding clains,
wherein said catal yst conposition conprises: (i) a support; (ii) the

dehydr ogewet2nomIe®nponent conpri sing at | east one netal pcomsenensiosel ect ed
fromGoups 6 to 10 of the Periodic Table of Elenments; and (iii) a 10

i norgani ¢ base conponent conprising at |east one netal conponent selected
fromGoup 1 and G oup 2 of the Periodic Table of Elenents; wherein said at
| east one metal conponent selected from Goup 1 and Group 2 of the Periodic

Tabl e of Iélle”e@flégfoéesg'b§§ﬁﬂﬁ 2b nwl?é?mﬂ@%“ﬂﬁ%rgglfnc %‘ésel ?r%toneglt (N WIJQ(S’[ 31%2141@1‘31

process for produ henol , the process conprisin oxI di zi ng
cyclohexyKb@n@@m@eb@Béﬁ@dUE@B%wmhwﬁeKvm@éﬂE@n@ hydr oper oxi de; (b
converting at |east a portion of cycl ohexyl benzene hydroperoxide from (a)
to produce an effluent stream conprising phenol and cycl ohexanone; and

(c) cont aéfi ngTht ploeas vf daijpo?q,ivdrredf ths anatgaid bage némginedasms wietdh campateal yst

conposi.tign 20.co r|S|ng a support, a dehydrogenation conmponent conpri sing

at | east Sﬂ%pnm?%ﬁ %gnponent selected from Goups 6 to 10 of the Periodic

Tabl e of Elenments and an i norgani c base conponent conprising at |east one

met al nent, sel ected from G nd Gr.oup th riodi c Table of
 ement o oder THORVETS QA 0k Coiperaite g ECefio8i CeHILy Fompovads at
| east a peoinpes:ofi) & BeppostcliDhex asgamgbiutisRicdmpar et ¢dinﬁpmsm@%0éastam taytdr ogen;
25wher ei n sai d dehydr og § atéon andltlo Jg |nclg5 % rature g | east
450C and &OPPYEELFRecHd Hpm) Eogps §oopld gt thsoticriopigTable B0 A8 é“ f* claim
24 whaoei MdriicBasd @Aglonént BOMPiDHY Dlcasiing nfl Edylﬁ;ﬁﬁneﬁtsél@&m fromS@béb 1 and
contacting (c)_has the sane co%P05|t|on as the effluent stream produced in
sai d conv I't)lf%of(tb§ Periodic Table of Elements; wherein said at least one metal component selected

from Group 1 and Group 2 of the Periodic Table of Elements is present in an amount of at least

0.1 wt%.

15 24. A process for producing phenol, the process comprising:
(a) oxidizing cyclohexylbenzene to produce cyclohexylbenzene hydroperoxide;
(b) converting at least a portion of cyclohexylbenzene hydroperoxide from (a) to
produce an effluent stream comprising phenol and cyclohexanone; and
(c) contacting at least a portion of said effluent stream with a catalyst composition
20  comprising a support, a dehydrogenation component comprising at least one metal component
selected from Groups 6 to 10 of the Periodic Table of Elements and an inorganic base
component comprising at least one metal component selected from Group 1 and Group 2 of the
Periodic Table of Elements under dehydrogenation conditions effective to convert at least at
least a portion of the cyclohexanone in said feed into phenol and hydrogen;
25 wherein said dehydrogenation conditions include a temperature of at least 450°C and a

pressure of at least 90 psig (621 kPag).

25. The process of claim 24 wherein the at least a portion of said effluent stream in said

contacting (c) has the same composition as the effluent stream produced in said converting (b).
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