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TO RELATED APPLI CATIONS [0001] This application clains priority to U S

Provi si oD 28ppisdesat i on Serial No. 561/391,832 fil ed Cctrolbas2dil/o496d0, the

di scl osure of which is fully incorporated herein by reference. FIELD

[ 0002] The present invention relates to a process for producing phenol.

BACKGROUND 10[ 0003] Phenol is an inportant product in the chem cal industry

and is useful in, for exanple, the production of phenolic resins, bisphenol
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t o i ncreasdereddeus, a process that uses hlgher al kenes |nstead of propyl ene

and coprogﬁﬁﬁQUhigher 20ket ones, rather than acetone, may be an attractive

alternati te to the production of phenols. [0005] One such process

i nvol ves {0002y drmhabkyénidveiniodfrelbenagodess for padtengpheh@hexyl benzene,

fol |l oned h xidation of the cycl ohexyl benzene (anal ogous to cunene

oxidation%éﬁégéﬁgﬂggﬁxylbenzene hydr oper oxi de, which is then cleaved to
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or

a process is described in
example, the production of phenolic resins, bisphenol A, e-caprolactam, adipic acid, and

plasticizers.
[0004] Currently, the most common route for the production of phenol is the Hock process
via cumene. This is a three-step process in which the first step involves alkylation of benzene
15 with propylene to produce cumene, followed by oxidation of the cumene to the corresponding
hydroperoxide and then cleavage of the hydroperoxide to produce equimolar amounts of
phenol and acetone. However, the world demand for phenol is growing more rapidly than that
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 and coproduces higher
20  ketones, rather than acetone, may be an attractive alternative route to the production of
phenols.
[0005] One such process involves the hydroalkylation of benzene to produce
cyclohexylbenzene, followed by the oxidation of the cyclohexylbenzene (analogous to cumene
oxidation) to cyclohexylbenzene hydroperoxide, which is then cleaved to produce phenol and
25  cyclohexanone in substantially equimolar amounts. Such a process is described in, for
example, U.S. Patent No. 6,037,513.
[0006] However, although cyclohexanone is a valuable product with a growing market,
there is currently no large worldwide merchant market for cyclohexanone and so most
cyclohexanone is made as an intermediate and consumed on the spot. To obviate this problem
30 it has been proposed to integrate the cyclohexylbenzene oxidation process with a
dehydrogenation step whereby at least part of the cyclohexanone is converted to additional
phenol (see co-pending International Patent Application Serial No. PCT/US2009/037223,
Attorney Docket No 2008EM120). To date, however, only limited resecarch has been
conducted into optimizing the process of dehydrogenating cyclohexanone to phenol.
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anal ogous process, high tenperature contact of the catalyst with a
non- oxi di 2fgYat nosphere, such as hydrogen or nitrogen, can be used to

protect theo1gpt al ASbrddr donde tRRBAr @dhtion, it has now been found that contacting the
catalyst with hydrogen at a temperature of at least 300°C is effective in restoring the activity of

a supported noble metal catalyst used in the dehydrogenation of cyclohexanone. In addition,

an analogous process, high temperature contact of the catalyst with a non-oxidizing

atmosphere, such as hydrogen or nitrogen, can be used to protect the catalyst during temporary

30 idling of the cyclohexanone dehydrogenation reactor required, for example, to allow

maintenance on the dehydrogenation product separation train.
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invention resides in a process for the dehydrogenation of cycl ohexanone to
produce phenol, the process conprising: (a) contacting cycl ohexanone
in a reaction zone under dehydrogenation conditions 5 with a
dehydrogenati on catal yst conprising (i) a support conprising silica; and
(i) a delyfim@gpati on conponent conprising at | east one metal sel ected
from Goup 10 of the Periodic Table of Elenents; Aﬂhernlnatlng
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interimgas I's se ectle m an | t gas or drogen gas and wherein the
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process cqnsi contacting cycl ohexanone in a reaction zone under
dehydroge Slgﬁﬁ%%g%ﬁﬁ??%ﬂﬁ ‘Wi th a dehydrogenation catal yst conprising (i) a

support conpri @)ng tsinhih@dg @adct of the alebritycbhaganaltHdyn wihnjhe recbhaxamgei Si Ng
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El enent s; @ﬁ(b)terninating contact of the dehydrogenation catalyst with the
cycl ohexanone; (d)hensupplying at least one interim gas to the reaction zone wherein the interim gas is

selected from an inert gas or hydrogen gas and wherein the interim gas contacts the
dehydrogenation catalyst at temperatures above about 300 C; and then
(d) recontacting the dehydrogenation catalyst with additional cyclohexanone.
[0013] In another aspect, the invention resides in a process for the dehydrogenation of
15  cyclohexanone to produce phenol, the process consisting of:
(a) contacting cyclohexanone in a reaction zone under dehydrogenation conditions
with a dehydrogenation catalyst comprising (i) a support comprising silica; and (i) a
dehydrogenation component comprising at least one metal selected from Group 10 of the
Periodic Table of Elements;
20 (b) terminating contact of the dehydrogenation catalyst with the cyclohexanone;
then
(c) contacting the dehydrogenation catalyst with hydrogen at a temperature of at
least 300°C; and then
(d) recontacting the dehydrogenation catalyst with the cyclohexanone.
25  [0014] Conveniently, the contacting (c) is conducted at a pressure of from 100 to 1480 kPa
for a time of at least 0.5 hours.
[0015] Conveniently, the contacting step (¢) occurs in the substantial absence of oxygen.
[0016] In one embodiment, the contacting (c) is with hydrogen and causes at least partial
reactivation of the dehydrogenation catalyst.
30 [0017] In another embodiment, the contacting step (c) causes the activity of the
dehydrogenation catalyst to be substantially maintained.
[0018] Conveniently, the dehydrogenation catalyst further comprises at least 0.1 wt% of a
metal promoter comprising at least one metal component selected from Group 1 and 2 of the

Periodic Table of Elements.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0022] Figure 1 is a graph of cyclohexanone conversion against time on stream at 375°C

10 and atmospheric pressure using WHSV values of 1 hr' and 2 hr' in the cyclohexanone
dehydrogenation process of Example 2.

[0023] Figure 2 is a graph of cyclohexanone conversion against time on stream at 375°C
and atmospheric pressure and at 430°C and 50 psig (395 kPa) both using a WHSYV value of 2
hr'! in the cyclohexanone dehydrogenation process of Example 2.

15 [0024] Figure 3 is a graph of cyclohexanone conversion against time on stream at 375°C
and atmospheric pressure, both before and after hydrogen rejuvenation, in the cyclohexanone
dehydrogenation process of Example 2.

[0025] Figure 4 is a graph of phenol selectivity against time on stream at 375°C and
atmospheric pressure, both before and after hydrogen rejuvenation, in the cyclohexanone

20 dehydrogenation process of Example 2.

[0026] Figure 5 is a graph of cyclohexanone conversion against time on stream at 375°C,
100 psig (790 kPa) and 15 WHSYV in the cyclohexanone dehydrogenation process of Example
4.

DETAILED DESCRIPTION OF THE EMBODIMENTS

25 [0027] Described herein is a process for producing phenol by the dehydrogenation of
cyclohexanone. More particularly, there is described an integrated process for producing
phenol from benzene, in which the benzene is converted to cyclohexylbenzene, which is then
oxidized and cleaved to produce phenol and cyclohexanone, and the cyclohexanone in the
resultant product is then deydrogenated to generate additional phenol.

30 Production of Cyclohexylbenzene

[0028] The first step in the present integrated process for producing phenol comprises
conversion of benzene to cyclohexylbenzene. This can be achieved by any known technique,
including direct alkylation of benzene with cyclohexene in the presence of an acid catalyst,

such as zeolite beta or an MCM-22 family molecular sieve, or by oxidative coupling of
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about 0.2 to 50 hr-1, and a hydrogen to cycl ohexanone nolar ratio of about
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cl eaved to produce phenol and cycl ohexanoney and t he cycl ohexanone in the
resul tant product is then deydrogenat ¢ nerat e additional phenol. 30
Producti on of Cycl ohexvl benzene [002& rst step in the present

i ntegrated process for produci ng phenol ~eBfpri ses conversjion of benzene to
cycl ohexyl benzene. This can be achi eved by any known techni que, i ncl uding
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of hy rogen?s not critical, it is generally desirable that the hydrogen is at least 99 wt% pure.

[0030] Conveniently, the total feed to the hydroalkylation step contains less than 1000
10 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 and less than 10 ppm, such as less than 1 ppm, for example less than 0.1 ppm,
nitrogen.
[0031] The hydroalkylation reaction can be conducted in a wide range of reactor
15  configurations including fixed bed, slurry reactors, and/or catalytic distillation towers. In
addition, the hydroalkylation reaction can be conducted in a single reaction zone or in a
plurality of reaction zones, in which at least the hydrogen is introduced to the reaction in
stages. Suitable reaction temperatures are between about 100°C and about 400°C, such as
between about 125°C and about 250°C, while suitable reaction pressures are between about
20 100 and about 7,000 kPa, such as between about 500 and about 5,000 kPa. Suitable values for
the molar ratio of hydrogen to benzene are between about 0.15:1 and about 15:1, such as
between about 0.4:1 and about 4:1 for example between about 0.4 and about 0.9:1.
[0032] The catalyst employed in the hydroalkylation reaction is a bifunctional catalyst
comprising a molecular sieve of the MCM-22 family and a hydrogenation metal. The term
25 “MCM-22 family material” (or “material of the MCM-22 family” or “molecular sieve of the

MCM-22 family”), as used herein, includes one or more of:
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WO 2012/ 050665PCT/ US2011/ 049130 benzene to bi phenyl followed by

hydr ogenati on of the biphenyl. However, in practice, the cycl ohexyl benzene
i S gener aWbyovmsdssed by contacting benzene w th hydr og@aTorsd@n/049130

hydr oal kyl ati on conditions in the presence of a hydroal kyl ati on cat al yst
wher eby the benzene undergoes the followng reaction (1) to produce

cycl ohexyl benzene (CHB): [ 0029] Any conmmerci ally avail abl e benzene feed
can be used in the hydroal kyl ati on step, but preferably the benzene has a
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than 100 ppm stuchiras ShessrysthlasindOrgpm dfsousseikantpt ¢Atlgssf Zédine Brappworksul f ur
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reactors, and/or catalﬁhic distillation towers, In addition, the

hydr oal kyl at i ofimeasiena! GHng efsugls MO Walieperrrk frrglogy pait ecliseloening s DYREYer in a

plurality of rgpgeiu@n c&PM@kness,Pritiabl odd cfRedll thidRndiydr ogen is introduced
to the reaction in stages. Suitable reaction tenperatures are between about

100C and about meBodar seish mede Brerwearmebigend dBCednddagdlnckasong larry ef
sui tahype react bl?en%r%&% FinCohe gﬁlg 6glﬁh\{§<%§sgg@{£éégm%%@?er%@%o@@fﬂdﬁ oz? Ol?lp %‘%lga’

such as betmeen‘a out 500 an ' L abl e val ues
mol ar rati o of thigkdessgematdo fiberstaskingapaskingt eveandind etulcas® M mbnalagerabbone 15: 1,

such as betweep. . -0.4:1 u : X t. 0.4 and
about 0.9:1. [gﬁgg?ﬁﬁ%g%g?ang aengﬁ%}%8&F%%%%§ﬁﬁ€g%@gﬁﬁipgﬁgéﬁgﬁgdgfﬁon i's
a bi functi onal regalaefaylson, eoirprgiki faghian, aohelonl fashiei evarygbmbinetiduEr2d; dram | y
and a hydrogenatjon nmetal. The term25 "MCM 22 fam.ly materigl! (or
S A R e Ly A e L R g S R
as usad her ei ncorhtifdtied @8 wBNE110 havifiy tBe MWW MEha R (dPbIREH5PCT/ US2011/ 049130
nmol ecul ar si eves de froma co first degree crystalli bui | di ng bl ock
unit cell ,lf?%ﬁl ch hgﬂmulaeérqve%ﬁéMmgmﬁx gw%éle/kh%aa%wﬁffs&cm Paﬁé& | is
a spatial i@ Bing Afaxdhonm 2wl ok d.9+otisl £674007 disodb e nicQiah. SRAcCe
dAIYOE fFabing
descri bes the crystal structure. Such crystal structures are discussed in

the "At| ascBY dfgastionglatussriashiagqissdie f,nZtF‘ii%lt(W a5 PRtpigef Dy2vtdarditerhnighes r e
content  ofysinhighiiaH NS ABIBOsELRELras hefBliBRGSdition RS WrRlctHhRYeguipde from
a common second degree building block, being a 2- dinmensional tiling of
such NV Prifrfesgafilatiosserseand ayseciated pempues affhsgoBectipn tistepe M elecubasicyef t
cel I thickpagem-pf ¢lbiAMNuRNEIch YS! de®fibdd SNCKNBRSH No. 4,954,325); PSH-3
(described in U.S. Patent No. 4,439,409); SSZ-25 (described in U.S. Patent No. 4,826,667);
ERB-1 (described in European Patent No. 0293032); ITQ-1 (described in U.S. Patent No
6,077,498); ITQ-2 (described in International Patent Publication No. W(097/17290); MCM-36
25  (described in U.S. Patent No. 5,250,277); MCM-49 (described in U.S. Patent No. 5,236,575);
MCM-56 (described in U.S. Patent No. 5,362,697); UZM-8 (described in U.S. Patent No.
6,756,030); and mixtures thereof. Preferably, the molecular sieve is selected from (a) MCM-
49, (b) MCM-56 and (c) isotypes of MCM-49 and MCM-56, such as ITQ-2.
[0034] Any known hydrogenation metal can be employed in the hydroalkylation catalyst,
30  although suitable metals include palladium, ruthenium, nickel, zinc, tin, and cobalt, with
palladium being particularly advantageous. Generally, the amount of hydrogenation metal

present in the catalyst is between about 0.05 and about 10 wt%, such as between about 0.1 and

about 5 wt%, of the catalyst. In one embodiment, where the MCM-22 family molecular sieve

-6 -
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met al oxi ge¥natigiced igpqranllyeovsiedd: dgHlation %ndarpwleéé%meraﬂw tig rqagtof. nEhe or m
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hal | oysi t@ltheké@I tranpalleylatelithekdigyslohprgdhaneanc gyithsasid iiohaldenBoe kr &) dyalkdata thse used
in the ray i i [ al ci nati on,
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i ncl ud@ sil0e38h, élrmlhﬁatm wighnidtional barveas issiybicaly efffasreidnia,a transalkylation

2: : : g: P??gﬁt% 1 S apsarate Fer I l%gd:_) onag‘ ry’la‘uon reacf%r tovgrral s%itab%{;lltransalkyble{lgn cata%?st such

si | i ca- al asmanaelctidari sgvesafl uheaA@Mum t’mm]m lze:cdm aetasMIAM-&8 (see U.S. Patent No.

6,014,018), zeolite Y and mordenite. The transalkylation reaction is typically conducted under

at least partial liquid phase conditions, which suitably include a temperature of about 100 to
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20al um na- magnesi a and sili ca-nmagnesi a-zirconia. [0037] Al though the

hydr oal kyl ati on step is highly selective towards cycl ohexyl benzene, the

ef f | uent woam2dseseRydr oal kyl ati on reaction will normal | pyCEarse@iin4some

di al kyl ated products, as well as unreacted aromatic feed and the desired
nonoal kyl at ed speci es. The unreacted aromatic feed is normally recovered by
distillation and recycled to the alkylation reactor. The 25 bottons from

t he benzene distillation are further distilled to separate the

nonocycl o I r i

oavi be. | B R o O e PO (200 o,
reacti on ebdutuemehoui t0 mdyonhetaldiesd, rabd benzenealidyhiphexyientenamsahkmtiabieut b

di cycl ohe>iyl beQzeEel wi th additional benzene or (b) deal kyl ate the

di cycl ohexylltBenze e'to nmaxi m ze the production of the desired nonoal kyl at ed
speci es. [@B9] 0038} dychumsallbankaiei produstt Fromd dict |h§amehlkjalemem&ct1®n tappi el |y

ef f ect dlnatra lation.r tor arate fr droal t|on
Ceacos. oup SRttt O eaTRTH QbR ORR R Rt ef By Fe shei s el
sieve of th@isVeModRe §xadutiby reazteml detcgibb®inanorb/GdhibBelsee U. S. Pat ent No.
6,014,018), zeolite Y and nprdenite. The transal kylation reaction is

typicall y%@&%@@é‘—%ﬂm east partial liquid phase conditions, which
sui tably éﬁlﬂb pde 12 k@IMeIRhuethef cyaldaslylbb@Rnt Ant¥henol and cyclohexanone, the
2012/ 050665PCT/ US2011/ 049130 about BOOCX, pressure of about 800 to about
3500 kPa, cxclofsxyihenzaesuriy yinkiphe eoxidiredcia yheofw%%@e@dlqg thydiopergkidao Hhis én

total peedec s&db&n%ﬁf@ﬁﬁ&hg&ﬁl&9@8&13!409?&%12,@%21%'[1%%5 Fa@ 'nﬁo@%&doﬁhaé!e 1to
about 5:1. [0039] The cycl ohexyl benzene uct fromthe hydroal kylation
reacti on &pefaiamg Shfovgysioheathenzeansal Iéyhl@t i ymeae.  dEagsRYdrist uaefn exedaion off i s
separat ed { oM BeLRAG BRNREIL UGN (olyANH 1y RA Ly hBROKE daldkah s
reaction descri I'n nore detail below Cyclcohexvibenzene Oxidation

[ 0040] I n @p@@qllytcgnchlgwdemﬁleph:eer@g/gIMWI benzene i nto phenol and

cycl ohexangyy I I e I I e th

corr espongl ng hy g%%%g%?ﬁﬁfﬁﬁegﬁl &;’%id&%x é%grrrl% nl%s#}é{%??éh 4 t%g u%il\hngydart%xy
oxygensconttatinitadgeyghs jmidescdesartbediin U.$. ftagena Noj q,al’(lj4q5ﬁhaslelnmmraﬁdl hergint the
cycl ohexyl henzene, nl ik men tr spherlc i.r  oxi dat

cycl ohexyIr‘%grrﬁfl%ceenesulcﬁJ %eﬁe{'ﬁlgeoﬁ qﬁh M at 4. ﬁh%’d p%%l ’%Weand R
oxi dat i on hiyéroxgthialimydec Clﬂtﬂaht(brﬁ(ﬁiNl liiydtd‘i@plﬁlhzﬂﬁmd@;etamfac}ﬂoma%hj/(jtsiyphthahmlde,

[ 0041] Sui I t al yst t.he. cycl.ohexyl benz xidation ste t he
B R e B R T A e ol S R e ek
ﬁl_ EZS 462 tmﬁ)o:xnmo%pomﬁ &dhﬂ@dx@(pgrdilyellﬁtﬁf ﬁrdﬁﬂllfi@) 3 WGK'-@Bydroxy(benzophenone-

rox Im a t hal.i m de,
3- a% 19- y tf‘%&@'ﬁ‘f‘ﬁ?ﬁ’&?ﬁﬁ lmlﬁet rﬁgwﬁ eV x PRSP rlighgboximide,  N-
tetrachl om9a&&ﬁﬁ@tﬁﬂﬁudéhn\h®drdsﬂy@temri& iyl OmﬂﬁﬁdeSdrﬁ)rbd}hdﬁerﬁdﬁ&’abbéﬂnﬁld@e

N-hydroxytrinel litim de dr oxybenzene- 1, 2, 4- tricarboxi m de

N h
N, N -di hy@ﬁ%%ky&wwf?e@aabtcyeolﬁu%l&h@éﬁ el A dl@irb%wés‘o ( benzopHyhydiesy-cisg

3,3 ,4, 4 c&@éﬁe@g&tpﬁ)ﬂ%bﬂb@xﬂhdem dﬁ)hyd%xpﬁéﬁtﬂe%mleﬁén@]ﬂée dicarboximide,  N-
pyrldl ne- - di car boxi m de, rogsucm nimde, Nh g roxy(tartaric imde),

N- hydr oxy sdrﬁéyr@nhthemede s@&@nc,salrtt@o -hydgexy- @rk@lzmleldgﬁulnp oxiapferade |ty [ 2
- 2. 1] hgpt cétal'y?trlgNzh)%roxgiblﬁhﬁfngd@xk%tg&’suft\kbwgﬂé?%y 15%,N",N” thihydroxyisocyanuric

acid.

t he

[0042] These materials can be used either alone or in the presence of a free radical initiator

and can be used as liquid-phase, homogeneous catalysts or can be supported on a solid carrier

to provide a heterogencous catalyst. Typically, the N-hydroxy substituted cyclic imide or the
30  N,N'N"-trihydroxyisocyanuric acid is employed in an amount between 0.0001 mol% to 15

wt%, such as between 0.001 mol% to 5 wt%, of the cyclohexylbenzene.

[0043] Suitable conditions for the oxidation step include a temperature between about

70°C and about 200°C, such as about 90°C to about 130°C, and a pressure of about 50 to
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cyc | ohexane-1,2 -dic arb oxim de, N-hydroxy-c is-4-cyc

| ohexene- 1, 2di car boxi m de, N hydr oxynapht hal i m de sodi um salt or

N- hydr oxywo-2bervisessedi sul phoni m de. Preferably, the 25catralrysto1i1949130

N- hydr oxypht hal i m de. Anot her suitable catalyst is

N, N, N'-t hi hydroxyi socyanuric acid. [0042] These nmaterials can be used
either alone or in the presence of a free radical initiator and can be used
as |iquid-phase, honbgeneous catal ysts or can be supported on a solid

carrier tqopo@¥pHeas ! %{-9&%9%%@4&?&&6’?} air,IXIPia&@éeh)As thle RS HE RN,

substituted cyclic i'mde or the , N*-trihydroxyisocyanuric acid is
enpl oyed iThe agpctgroeatttakiveplogsan batch ogttorpPosontnubss Wowereastpeh Asbapie tbweferngd. 001

e o 2 o ol el o LD XN LAAZENG QOB 1l Aot bl ang, (87 Lhe

oxi dati on ncl ude a tenperature tween abo and about such
as about @0ditiom ambquebusiBRE, manlt iatrpduesds whechahin Adp diss@C tasic c¥pounds, such
2012/0§oag§5%;{usz 11{049130 10, 000 kPa. Any oxygen-containi ng gas,

a

preferably AT, €an be used as the oxi di zing nedium The reaction can take

pl ace i n htdebpereddt Cleavaye conti nuous fl ow reactors. A basic buffering
agent may dd to react with acidic by-produc t hat may form durjng
e oxi ol s dlhET e 350 Iy BEs0 SRR e SleBob IRt fun Al B o
hel p di sselslehhasine BRoPeLEyVaguoh Hhas crddhckybaasizo had@perblyids, oparcaxiisde
Cl eavage 0044] The_final reactiv t in.the conversi.on of the

cycl ohexyFE%VﬁEléﬁflv ?ﬁ%ﬂ%ecﬁaﬁactawdﬁ% 5}54?8%% oW AY/BY YR the I@a@@@w % he
cycl ohexylibgRzene ohyshue PEHCoN BEut W0 RubiSasCBYRIPERS biouefid®et 8 @rdddire of
contacting the hydroperoxide with a catalyst in the |I3yld phase at a 10

t enper at utkowfS04pabrut 2000 kBa.awelups ABYCI0%igcthonisl 098 diie. Abecydohgsplhenzem0C, a
pressure %dﬁ@ﬁ%d%@ g}&e@m Whugd ROR JtEfic SHR i %qgﬁle%@ge 1R BRAER 4000

kPa. The cycl ohexy nzene” hydroperoxTde Is preferab Tuted In an
or gani ¢ st ethyhkatenet eyddhexanoaa\vhgw! oeaxdéhorylbaaety, tsasnst inylicataempyal.

ket one, C¥I‘ﬂl§ E?fé?\?%g@Pe@@tionﬁbg&%nié}{tlg%}éﬁdugﬁﬁ?1% %‘?ﬂ%@‘c‘ kﬁsaiuta{?orﬁﬁﬁﬁ st in heat
renmoval . The cl edvage reaction I's conveniently conducted 1n a catalytic
di stillbat i[@#5Lni tThe X320 &hilheedciatthé yetvagepiepycen b hdmegehway ageystaem can
be a honmogeneous catalyst or a
Sterogeieous ca alys !
[0046] Suitable homogenecous cleavage catalysts include sulfuric acid, perchloric acid,
phosphoric acid, hydrochloric acid and p-toluenesulfonic acid. Ferric chloride, boron
trifluoride, sulfur dioxide and sulfur trioxide are also effective homogencous cleavage
20  catalysts. The preferred homogeneous cleavage catalyst is sulfuric acid, with preferred
concentrations in the range of 0.05 to 0.5 wt%. For a homogeneous acid catalyst, a
neutralization step preferably follows the cleavage step. Such a neutralization step typically
involves contact with a basic component, with subsequent decanting of a salt-enriched aqueous
phase.
25 [0047] A suitable heterogeneous catalyst for use in the cleavage of cyclohexylbenzene
hydroperoxide includes a smectite clay, such as an acidic montmorillonite silica-alumina clay,
as described in U.S. Patent No. 4,870,217, the entire disclosure of which is incorporated herein

by reference.

Dehvdrogenation of the Cyclohexanone

30  [0048] The effluent from the cleavage reaction comprises phenol and cyclohexanone in
substantially equimolar amounts. The present process provides an advantageous route for

increasing the amount of phenol produced from the original benzene feed by contacting at least



het er ogeneous catal yst. [0046] Sui t abl e honogeneous cl eavage catal ysts

i nclude sulfuric acid, perchloric acid, phosphoric acid, hydrochloric acid
and p-tolwenerulsb@ni c acid. Ferric chloride, boron triflPaoaisde,1/0suBdé ur

di oxi de and sulfur trioxide are also effective honbgeneous cl eavage 20
catal ysts. The preferred honogeneous cl eavage catal yst is sulfuric acid,
with preferred concentrations in the range of 0.05 to 0.5 wt% For a
honbgeneous acid catal yst, a neutralization step preferably follows the

cl eavage $heBr inSufhyde BMERA)ilIZAIh OB SheRoT GRHRAL & 1b BURLN SmCOMARINA th 2
basi ¢ conponent, wth subsequent decanting of "a salt-enriched aqueous
phase. 25[pddirkaongin thp piélupnitintp adfbimavlighcaaltagtoyding foghe 1pgetionri2x he cl eavage of
cycl ohexyl benzene hydroperoxi de i ncl udes snectite clay, such as an acidic
nontnorillonite sil@ca-alumna clay, as scribed in U S. Patent No.

4,870, 217, the enti
ref erence. Dehydrog
t he cl eavage rea
equi nol ar anount

!nation of the Cycl ohexanone 30[0048] The effluent from
onpri ses phenol “cl ohexanone in substantially

present process S an advant agea2s route for

i ncreasing the a qf phenol produce t he original benzene feed by

contacting at |ea My 2012/ 050665PCT/ USXgX47 049130 part of the cl eavage

effluent with a dehydrogenation catal yst so as to convert sone or all of

t he cycl ohgpenone yichéagoRf fldusiholi producaddiaé@dpic MREMOLoBSEEd aF NG wie, t he
reaction (2): OH [0049]%yclohexanone and phenol produce an azeotropic

mi xtur 8 cOHPRREEBE 288 it 9’5 PERALotveRan B ALRPT 72 SR ngiiuc JTah AC any
attenpt t QyasRAyBEE AR dRfpbld RR IR EP 8y SO MliBERZANE IYIORRIRX de
cl eavage s{ep by sinple distillation requts in this azeotropic m xture.
However, e f Homerey thsf cifipenayephihat scptradem cave beshbateed bhyrorditite thang t he
di stillatigQnusRd&ndat atl1ERF Fareﬁwabﬁlm,vt?ﬁ%m at DARWC 1] ¥p AT MIRIOW, Ll oA
Moreover, extractive distiflation processes are known for separating

cycl ohexanetibatmndrpdesieslare knoavnf for sepreatipg eyclalgrpene pad ehanoNese for, 32mplgoo;

4,019,865 ¢ BhrndNos. 4.d42089% 015, 0k52. 2P8:20%: 20M5584: 4115206, 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
need for an initial expensive separation step. Depending on the efficiency of the

15 cyclohexanone dehydrogenation, the final product may contain substantially all phenol,
thereby at least reducing the problem of separating the phenol from the cleavage effluent.
[0050] 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
dehydrogenation. In particular, the cleavage effluent is conveniently subjected to at least a first

20  separation step to recover some or all of the phenol from the effluent, typically so that the
effluent stream fed to the dehydrogenation reaction contains less than 50 wt%, for example less
than 30 wt%, such as less than 1 wt%, phenol. The first separation step is conveniently
effected by vacuum distillation and the same, or additional vacuum distillation steps, can be
used to remove components boiling below 155°C (as measured at 101 kPa); such as benzene

25  and cyclohexene, and/or components boiling above 185°C (as measured at 101 kPa); such as 2-
phenyl phenol and diphenyl ether, prior to feeding the effluent stream to the dehydrogenation
reaction.

[0051] The dehydrogenation catalyst used in reaction (2) comprises a support comprising

silica, such as particulate silica, a silicate and/or an aluminosilicate, on which is deposited a
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4,230, 638; 4,167,456; 4,115, 205; and 4, 016, 049. Nevert hel ess,
phenol / cycl ohexanone separation remains a costly process, so that in one
enbodi mrerwg 20tea56@6d to t he dehydrogenati on step has t h@CIarse01aonpoes&i ti on
as the cl eavage effluent, thereby avoiding the need for an initial
expensi ve separation step.Depending on the efficiency of the

15cycl ohexanone dehydrogenation, the final product nmay contain
substantially all phenol, thereby at |east reducing the problem of

separating Ehjag nghﬁp@éhyzhrogéﬂaﬁ&? c%hl%@ﬂéﬁgety‘fofcfafl&’%hrprlglgg 501 |Rstapd heal or

enbodi nent ; e cleavage effluent is subjected to oné or nore separation
processes cvmp@@ddbeéseof@ﬁlecrtedrrﬁv@ (onep &0 Oﬁtbp &eietipdadnpsElsmentie Gehdrpllierthe pri or

to .dehydr (ﬂ?&%g%n ﬁcr;h déh?dl% nra]u?ljtJ ﬁg\{ipontentelsc%efe@%a%onﬁ“ ﬁé HEE nﬁe%alcﬁﬂ\{ﬁﬁll gt ly

subj ect ed east "a |rs separation ste recover sonme or all of
t he phenolpaliadam bsecledsfdompnunds eydincdlrtsythereoft ITarplcalhse tlefdehnhogen&tqneamYBEd to

e doBydLORERC RN CAEL! Y SR AR 1023, PG5 Ry Ll QLaRATRUEHESS, |
than 3 4s'1 €SS than phenol e ¥|r separ
convenienmbmp@ﬁﬁected by VaCUUﬁldIStI||atI0n and the sane, or addltlonal

vacuum di st iJdl ation s S O renove coO nts boilin

Lot Tae, el f e R RS ER Rl G LB o B 5 TR ERRC it omDensiE hud s or
C(ﬁﬁpolnent Qs b@b{halssﬁlgaln ablﬁ%(ﬁmﬂwﬁ@p(cal&;y, mm’iﬁ)bh;geldc aﬁsr?]d&ﬂnfpfkl:%ﬁ) is Eeeeht 1&31n2%rrnopﬁ1e nyl
pheno n t her , i Qr eding the effluent streamto the
dehydroge% e§h5¥%b%f?%ﬁ@xT8%§%f?ﬁé'Hgﬂ%ﬁrogenatlon catal yst used in
reactiion ([@0s3f 0Nk SL&ehk &dlh@@t@?énaﬁ@{mﬁth@stnﬂa}s bk | E@barcdUBN irdel P atidatifgl liat €

silica, a silicate and/or an alum nosilicate, on which is deposited a WO
2012/ 050665PET Loy P AvasenafigHrlendatio SORBINHAN FYBIREE NG Hleclb’ﬁ‘ﬁ)@ﬁ‘é%‘?n'

typi cal | y qeRiRtdediidd cahpdRASIH aQ&ultet AbreBf, (1eQPROMAD thot AR BRfe BRIpBRLEEhd rOm
G oup 10 of thékPerlgdlg Tabfgqgqulenéﬁts ggﬁeralffﬁ f e ®fp

hydr ogenat} 5p gehgrarigdinzarsapiiclestop divaran aminadpehet eyl Aragting md noIs! QLA al
pl ati num and.pak hkadby H‘sﬁ’e?se\ﬂ% L 1i§8d EQFROUNESiq@AR Qal%%k g&&%m&%‘i&oﬁxéﬁﬂ@w ally,

t he dehydrogenati on catal 5 contai ns between abou and about 10 wt %
of t hdShydf agexaidobals des wﬁg@nathp emimostpaabitseleftob§omithe gioup eprissvdngreht

the catal yahhbhlIe SARABAR. | RPROARIG.RASC CRIRRNGHL: ANSAnATnAe

pot assi um conpound.” TyplI cC I norgani ¢ Base conp onent"i's present in
an anount tlb@hamebmmboubut@ndaramd abbbutar®lamie, of ttlbwarw@tnahcyst Prd@h@asBdE The

present dglg%f?dpglﬁ%o?ﬂ%%e 11 :_f\’og;[agél nsl}neWNb 12111|:2yl|e§f’{l mj esI 'N lh‘?ll cilé‘[ha;[nro aaﬁ}lrllers?g the

support, I on, conp05| on-conprising the
hydrogenaﬂiﬂhﬂdﬁhmdhmg@maﬂiNﬂdmb@bpﬂpmmkmﬂmﬁ ﬁﬁeﬂurémnmmhanmo& Nhugkyl-

optiongl ino ni c bas nt and at |ea rganj c.di sp

o6l eocla PRORATRNER no N COROY BB R b0 Sr B i afiies b S lant
may be di @ﬁ@)ﬁﬁcﬂdmmes a IN yudikgaprop@iolamihes, | i malﬂquagrbp@blameg,enemdlkw

wat er . 15 of ol s include am no C | is
sel ect ed Pgﬁ ﬁ‘h‘amfﬁ’ou K@@H@%E§RW§m8?HW¥?han&ﬁgﬁVE@Bm ‘H%nolgﬁfﬁgg

t r - met hanghandlMines NIRN@LRYI- K RanothnTifds NERMRAIbARNnolhiingd, NABIR] AbGtdMB]1amines,

but anol am_ne, di but anol ami ne, tributanol ami ne, praopanol am ne,

di pr opanadl-Nmiliakkyl-hexpnplamiacre Naghrelihexpnqlanpesy Ryalkdhesmglamienel,N.-dialkyl-
N-al kyls- dingtdneneiREl nesy- aMyﬁéhhééJan&ﬁrﬂﬁh@@l aniN§iRyl-hexanolamines, Il\IN -dialkyl-

N, N, - di al kyl - propanolanlnes N- al k I-dlpro anol am nes, N-alky
heptanolamines, lkyf dlheptano}{ammes -alkyl- heptanolammes 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,
3,5, diiodotyrosine, glutamic acid, glutamine, glycine, histidine, hydroxylysine,

30  hydroxyproline, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine,
threonine, thyroxine, tryptophane, tyrosine and valine, with arginine being preferred.
[0054] Generally, the organic dispersant is present in the liquid composition in an amount
between about 1 and about 20 wt% of the composition. After treatment with the liquid

composition, the support is dried to remove the liquid carrier and is then heated in an oxidizing
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20 but anol am nes, N, N, -di al kyl - but anol am nes, N-al kyl -di but anol am nes,

N- al kyl - but anol am nes, N, N, -di al kyl - hexanol am nes, N-al kyl -di hexanol am nes,
N al kyl - woano/@nicnes, PCT/US2011/049130

N, N, - di al kyl 25hexanol am nes, N- al kyl - di hexanol am nes, N- al kyl - hexanol am nes, N
, N, -di al kyl - heptanol am nes, N-al kyl -di hept anol am nes,

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

i ncl ude al,g3fisPhore, 3gre9ér£,‘1'1>ﬂﬁ1 a@%ﬁ@éracg)h@lﬁ%s RSRRbhpGe %ﬁlbs@iann&l)&sh?'of‘ﬁre dr¥akd ne,

3, 5-di bronmotyrosi'ne, 3,5, di'i odotyrosine, glutamc acid, ‘gl utam ne,
gl yci ne, idnsa;@rsmtnéultqrh}@l conditiops |f®rererr@®1mgdhmhylpﬂrwm ineludi sop@peitts, ofl abeui ne,

lysine, mRpkOR AGy éﬁbe@é% ﬁ{% 8 abdifi Qs Besbofiedd lgbel sn“f‘lli ée%?el'el&‘r?gn&"yhﬂén% ne,

trypt ophane, tyrosine an ne, W th arginine
[ 0054] Genédratd 1n, a tedecing garsghed, s@rasdwﬂrogm pt emnerature toﬁebduit §0icto about

CorrpOSI ti %Hodd“ go?g (O nt)oul?%t N5 B%ﬁ’%qﬁ%ows to reguce tﬂuhgcgrgge%t%nt (i%ehy(?ro%enan

corrp05| tion. ertredrient” Wit por
dried to rcempment he |iquid carrier and is then heated in an oxidizing -11-

Conai i ond B8P fedb RRaRt b addin M ReRas iRay dhE B ol dia o

Sui tabl e @eptdittth@m&irdg@ﬁatroermwydﬂ@ehhemdnﬁapedhaaﬂtuplpﬁﬁ: |r¢$dEs a heopeaifanuirl of
about 100C tl? abouL .600C ‘fe&r Cﬁ'l ti rTE of ab%g{l 0.5 bout 50 Hour.s.. The
catal yst YT HERHEZHBE R RIS L RTITEP G %Eb‘ﬁ%ﬁ’@ UG AHNUS CPRIHYHGRN,  at
a_tenper atrekistn@at@PauUtrhd rb@ed&h&hﬂd@féﬁﬂﬁ dafbe Ichiui®l Bf 0:80aHEhcthiritRnabout
10 hours taq reduce the hy ghenatl on- dehdydroglenatl on conponent. [0055]1t is
found t hatViRdbg w@alr%@méwéﬁv ciressiracthed typicalyeexpib e @n OuvEsB ShemisMPited t o
deposi t tlgrglugﬁpgxgg%ggoq@n dehydrogenation netal on the support results in
nore uni form and snal | er gstal size nmetal particles on the support, which

in turn pl¥Pates 4 W@r%é ¢ P yaen gymisoniop galug phhparicacetalyst iThBCRWHY oved
metal di SREeLRIPHisGRGolEh (MERFAL]UAnl ¥ déﬁ)f&ieia tENEHd SPHP hifBer oMols LRSI mAL al yst

produced by the present nethod typically exhibiting an oxygen chem sorption
val ue 1dn exgsssobrd 5nthe @RbS6IoALe nwaker ke melen of dehy dwegipéian slvehewriped bn

val ue of g pgp &1&%”'1% %&g %ﬁﬁeﬂmé t?ogrr%a?lfe? [ Erofibe TEhak: dér% 91%%‘9&‘ %%H%:tﬁ]ae

catalyst and 1s fine era he nunber of nol es o
oxygen sorf@bdvilgtettmgueat al yst to the nunber of noles of dehydr ogenati on

{T(E;t ﬂ‘ler g?ﬂt[gdrSg F(rjm?sﬁﬁ%_ngse ulg‘%[l ;ralhle)c{%uﬁem?l | qrg )élgtgme(% %5“ st%t% (\)farllcu\lllr%l c%%&m&?sf oenr red

a Quantachrome Autosorb 1A instrument. Appr0x1mately 0.3- O 5 grams of catalyst are loaded

20  into a quartz cell and dried in flowing He by heating at 4°C/min to 130°C and holding for 1
hour. The flow is then switched to hydrogen and the catalyst is reduced in flowing hydrogen
by heating at 2°C/min to 425°C, holding isothermal for 2 hours, and then cooling to 400°C in
flowing hydrogen. Following reduction, the sample is evacuated (while still at 400°C) with a
turbomolecular pump for 30 minutes to remove any chemisorbed hydrogen. With the sample

25  still under vacuum, the temperature is lowered to 40°C and held isothermal during subsequent
experiments. An 8-point isotherm (with pressures between 80 and 400 torr) is measured at
40°C with O, as the adsorbent molecule. Extrapolation of the linear portion of this curve to
zero pressure gives the total or combined adsorption uptake.
[0058] Suitable conditions for the dehydrogenation step comprise a temperature of about

30  250°C to about 500°C, a pressure of about 100 to about 3550 kPa, a weight hourly space
velocity of about 0.2 to 50 hr' and a hydrogen to cyclohexanone molar ratio of about 2 to
about 20. Typical conditions include a temperature of about 300°C to about 450°C, a pressure
of about 1 atm to about 3 atm (100 kPa to 300 kPa) a WHSV of about 1 to about 15 hr' and a

hydrogen to cyclohexanone molar ratio of about 1:1 to about 4:1.
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[ 0057] Chem sor ption neasurenents are obtai ned under static high vacuum
conditions on a Quantachrone Autosorb | A instrunent. Approximately 0.3-0.5
grans of weatalymsvesare | oaded 20 into a quartz cell andPpdritsdoiitnidiBowi ng He
by heating at 4C/mn to 130C and holding for 1 hour. The flow is then
switched to hydrogen and the catalyst is reduced in flow ng hydrogen by
heating at 2C/ mn to 425C, holding isothermal for 2 hours, and then cooling
to 400C in flow ng hydrogen. Follow ng reduction, the sanple is evacuated
(while stipdsopt 4QQCacitt Ecth\f/@ultaﬁ&p&@@k&%é' Rhy RYFR A pr3Qs SRR BS cdnfhris @OV e
any chem sor bed hydrogen. th the sanple 25 8t1 11 under vacuum the

t enper at uoae ps mognexasidbadoedds gortaipiak @ job6 chialystatvitly ardehislreashafwguapation.

experi ments.. 8- pai i: SO i r r orr)
s measar a8 R 3PLOthbIL R EBRE P RL B A
l'i near po¥f¥onPofistoni@ndermaletfor fer adpthessaheatgif vesstivieprefotably lyr mobiphyi ned
adsor pel on. phaliey, LARTRLSULL ALl & Rendlt Lans.for. e dehdragsnab gn, st ep

1ta atl%‘ %ds[
conprise a enperat ure to a a pressure o about

100 t o abaeubs3abOcddPest bed, wed dlb isheised yy thphce exdlhogrd Profrahlyosito Db&istae 50
hfl| and a hydrogen to cycl phexanone ar ratio of about 2 t bout .20.
Typi ool candh P adenfeftiGetd PR Rraty 8ah hnbett J50&hL b Bafbob &,
pressure Qfricdboidtat 4 highdnekid teadpatiturSthah Me(ftQGek Hahd @ridQ0 kPa) a VWHSV of about
1 to abou hfl and a_ hydrogen to cycl] ohexanane. nplar ratio of about 1:1
Lo about 490581 BT 58 DSBS 0 4530 | Si585] ‘Firet ieiedygpucion o

conf i ggr aipheid], us Bdodil thithBe 8@htd od genatdRnaiy RSES heRHRE 3F LohveRIBAIJIfIRS ONne
or nore fixed bed reactors_containing a solid catalyst with a

dehydr ogeS¥¢Pisranonn dtlisovenifigaptly Jithgipe ga sueany ryRscilly it Groneyiqady sitefbYre i s

greater tRaSYQYue@inds R SIS nBkC@d8I o tRGRnD A% ROV | Bi B8 pfeldht BRcERAe for
the endotherm c heat of reaction, preferably by nultiple 5 adiabatic beds

wi t h i nt eftl§t alje atfagited eR¥ higHgBRENE TeBtatte phethst deleydsdecrdiien r exdelystonidt theam

drops acr QggoRaefne Al FtMRIwRGdne Qé’if%_it% Rethel cBitalyd REGaIRY Helds S8 ofS%GRARGET S-
Preferably; 3 to 5 beds are used, wth a tenperature drop of 30 to 100C

acrosdSeacdhluped. Preferably the last bed in the series runs at a higher

exit tenp re{th t j it eri.e 060 t
pr esent diﬁ%rogeﬂ}lat&%onelﬁ%rogfcn{eegg P@thtgﬁ'}%ﬁgl‘%t ?u\})g[y?ooqp]r:oé%ﬂé?%%ﬁe’o?ﬁe 10
phenol , i tdehysirdgouaidntdatatyst hethac tonsicted with b enterah glay st a derdpdname eoftah deadiegr ee

of conver sj of, .t he..cycl,.oh ne .fa Significantly wth ti on._.stream
Sspociarl SHaE @l ARG USNEXIRORE R (e BhienR AN ke Ml BBl | o
under go f requenthctingaotduwati aempdratutcheabpresboit poICedssedt b sontgctmghtimeed by

termnati contact . of the dehydrogenation catalyst with the.cycl @foanone,
typi caPly RERTEHS YEEPURTYE drthihe THCtb et Raeiediar Snraaro s gdar i (s
initial 1avaltueso kBOGL] time@fiet leasbodingan} for atdngile fremnbOAaDINgG abbhe 19Upplsy Of
cycl ohexanone1 t he de‘%ir ogenat.i onfﬁgt al.é]/.stgfi(:&1 theP cont acI.eg Vl\ll th an
i nt eri m gAY 40 fepel b POFioR e AT vigopichs Saebypo ok fyiabylubofiterssoc
to about 58Qfvatichrisetteittvdin tih@hidbEnhiioh &fa(lfishald th¢ eydldRe@adn€ RBY 8%t baNg
occurs at t er‘rger atures above abqut 300C based on contacting tine.
reestablished and the cycle of dehydrogenation and reactivation can be repeated.
25  Conveniently, the interim gas contacting may occur in the substantial absence of oxygen. The
at least interim gas may be selected from hydrogen gas or an inert gas or both. The interim gas
is chosen from a group consisting of hydrogen gas, at least one inert gas, or a combination
thereof.
[0062] In one embodiment, after terminating the supply of cyclohexanone, the
30  dehydrogenation catalyst is then contacted with hydrogen at a temperature of at least 300°C
and typically at about 300°C to about 500°C or at about 300°C to about 400°C. Conveniently,
the dehydrogenation catalyst may be contacted with hydrogen at a temperature of less than

400°C. Conveniently, the majority of the hydrogen contacting embodiment based on

contacting time occurs at temperatures of less than 400°C in one embodiment and above about
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20 Conveniently, the contacting with the interimgas is conducted at a
pressure of about 100 to about 1480 kPa for a time of at least 0.5 hours,
for exanpwe 20r2aso@bout 0.5 to about 10 hours, typicallyPCo/usetaomoiat | east
a portion of the activity of the catalyst to its initial value. After
reactivation, contact between the dehydrogenation catal yst and the

cycl ohexanone feed can be reestablished and the cycle of dehydrogenation
and reactivation can be repeated. 25 Conveniently, the interimgas

cont act i NGoFRY iPGHU! eﬂlﬁbdﬁrgéhtssHﬁ?%@%é@ho@@sﬁﬂcﬂ)@é iRX%HSRothINEmBldih&ASt
interimgas may be selected fromhydrogen gas or an inert gas or both. The
interim g&@nV@l@Hm,stén cwwgm“gtﬂldwérog@nm@p dott alpyeiswgeh algm IOQato dbenist one
inert gas, h i

torm nat: e k3 REY @%%@%ﬁ%%%ﬁ%ﬁ%%r SEGEERIP T 10 A5 Spicaty

is then conteagh edlewttanOhwdrOtﬁgeracmltyaOﬂtbleﬁitmms mftiaht/ahheea@ftera*&@@%amd
typlcally & Qut 0] abo t 500C or t 300 0..about

Convenl entP tacq%ﬁtweglneﬁ' gelg%rorga]tlllglﬁ Y and emXC eX al&oélﬁt? %egtcg ereeﬁdlﬁls rogen
at a tenpendtthk eyﬂé dfamwrbgamatcﬂcﬁﬂéhd @anumoerttahybe tdpeatedi| (IEOntvymeIftlyt hie:

hydr ogen ﬁpntact n%’enbo i nent. hased on gntac%éng time occurs at

t enper at uP&LOBTN OREETERR H#HHAE" {1y SHRETURE B e #d" above about WO
2012/0506@5EQF/U$20&®ﬂﬁﬁ9ﬁﬁﬁdﬁﬁﬂﬁ:ﬁﬁrqbﬁﬁﬁmmgbﬁﬁlﬁ@p@SoﬁnﬁdbﬁkMﬁﬂB 3I0C and

400C in still another e nment . Conve t he cont act

wdrogon HENUERILEGER o SRELCFEe oM BHSHebY & STaRgut: thBgeRP TS a
time ab atCoheasdntl). He hdisriy Jfakic BY@IRhecohiabRbRYE . tBmpRatdRoUbovkOabdts
typically to return at least a portion of the activity of the catalyst to

its initiaPGahayed ongopetinedineg. i evFyently. B coHcdiag W@ i gonducted At

dehydr ogenpaiiRd of &t Y80 tRidul RoRIG! Bh&X@RaTe: iGeCo.§ aBuRefor 8ahAL Hoghed
and the cycle of dehydrogenation and reactivation can be repeated.

Conveni enttbgut OtSHe abgit A §enPreviding dhis peptaetiye.dcie feuni what e hydnogerstitatragnt sisence
of oxygen [ QABRIlNANOLARI SRRl WRAthe 8LiRK LEMWE RALLAILARE ssuteRtivyof

cycl ohexanone, the dehydrogenation catalyst i's then contacted w th hydrogen
at a tlérrpeiraatmn@i ofc., dhe FPysdmex@BOBCCONVEBiIOCHGIER being gocreahed bmjasy ithap ofo)t he

hyd
cont st ng e Rt BaRMARaRbe bEFRS BlERR, GEONS, oMl AARDIOER ARG od a
a pressur eydbh@aa@mb de¢pairegonaivo u‘t:aclodtaeqdil@é, foo lexzannlqz,rte a@bwanalhtelaaslte On 5hehour s

for exanpl r om. about 5 to about 1 Prov this cant actin
found t hatdel% dro ena 1[_08 éonu t seg%ratlo traéré n% réve(rzlg:ﬁl r‘{f&ee iayo?%%en conta 1n§ dnaB/f cgur

with the amthe\suﬂssyanoﬁl atbhﬁce:ait alygat fbﬁezrnlye Isyulosgea ebntadting steﬁ,&ombﬂ‘ﬁeave@ecﬂhe(l .e.,

the c none conyer CtIVI bei decr.ease t han, 5

Soen_ s AEBA R B D REHER R A, B2 b ikaftRe TRl GRIRAR S Bt i A S Pf?

teerOI‘arydb@&@nﬂfonhﬁkﬁreﬁ@tﬁzb@dﬁﬁoﬁﬁfbeF@ed&hydrOgenatI on react or required, for
t he dehydr.ogenati on aration

EXa o] ot i SHDURDSE S Rt BB A s tﬂ?%@sogff}ks%?ﬁ.al

absence of, apxm@mngﬁéttlearst tl b end1ysdRRgeRN CANEAE DD RE0ISE BRIrogeANitacsst BetHaen t he
20dehydrogenation catal yst and the cycl ghexanone feed can be reestablished

and the cy¥teeds aided) o ByEndy{regrnandtaskat mpl/abyBnecdatt [enst ¢lpelit kylrogenoe64] | n

one emnBodiaMR: 70 tle®s My BiopaL Bt ekt SO'RRI% AdlrbSent BBcdeREMOP, htirbh8, 41960 Bf
hydr ogen gas conprising at |east 10 nol % hydrogen, at |east 20 mol %

hydr ogen, mfl%|hydoeenandileastipandyeiydrogen| east 40 nol % hydr ogen, at |east 50
nol % hydr ?ﬂﬁi@ aty, | @aﬁhhéoelﬁ%cfyﬁlgﬁdrtﬁ)eg%ﬂ})plg5@tt c&@@ﬁ:‘kat?oge %hg%ggéﬁg%ifb at
| east 80 nol % hydrogen, at |east 90 nol drogen, | east
hydr ogen, temppragtly Isvgsasndeégnweo/delhy@pg@eﬁmn fa@@%]ls fhem cmmqterdevvlﬂeﬁmcymrtn&ﬂm , the
supply of sﬁ%cds%ﬂ%%%@ﬁutﬁggd/&yﬂé&gm t@ﬁlﬁerature of at least 300°C and typically at about
30  350°C to about 500°C. Conveniently, the majority of the inert gas contacting occurs at
temperatures above about 300°C based on contacting time. Providing this contacting is
conducted in the absence of oxygen, it is found that the inert gas treatment can be continued for

a period of time with the activity of the catalyst being substantially maintained (i.e., the

cyclohexanone conversion activity being decreased by less than 5 %). Such inert gas treatment
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tenporarily suspended and the dehydrogenation catalyst is then contacted
with an inert gas, such as nitrogen, helium and/or argon, at a tenperature
of at | eaw0280080@&8d typically at about 30 350C t o aboRCTABE.1/049130
Conveniently, the majority of the inert gas contacting occurs at

t enper at ures above about 300C based on contacting tinme. Providing this
contacting is conducted in the absence of oxygen, it is found that the
inert gas treatnment can be continued for a period of time with the activity
of the cata yatuBRng SURSHAN ALy TRhE! Offobly fing! QEuRY Sl RREKADRNC
conversion activity being decreased by less t 9% . I'nert gas

t r eat ment delmrcmllazvoosey@%mulr%imwmpmwlk@mnmteuem an thendqby@pefmimg t he
catal yst dui{,A9 ae%mgrugfny idling of the cyclohexanone dehydrogenation
reactor require or exanple, to allow naintenance on the dehydrogenation
pr oduct s éﬁ!ﬂﬁlﬁht i omobe anlmdn{l@maﬁé lnnrt(ga@senﬂmidd hereactort dmd theymett ggmeannm’lses

suppl i tor.,and. the iIner I’IS Last, 10 ert
gag,p a | eas ?Sgg ol %, Oner}[] as atglg%st l-20 éo alg a%%f:aos}s S0 mo [/% 1nert gas, at eas AtOn

mol % i ner tmcg%sneragas] gdedst S(Dmm% %ert@s tat g:as 60a1101%e1asﬂt gﬁOatrﬂB:is‘f/&(D rnet% ums at

haast 00 BByt BT 9 inf etsolbaPt Rl el oS mfE s e B0 al o

ot her enbaogkimOnhd? h&regsuppl y of cycl ohexanone and hydrogen are tenporarily
10 suspended,_and t he deh dro |on cat al is the ntacted with the
ot ars oy odEisTRr 45 Ot RASRERD DIt v Bisep, 160 POl CERBBHPont s
the t agpesadpiced| Mdethe | dehy drode@ition OftiAk 11N Ghoni ddatdcRRe Wit @l Mi@ias gbBYat ke
300C, 310C, 320C, 330C, 340C. 350C, 360C, 15 700C, and 750C with_ranges
from any IswRsFatyE pf @t degstadfP Gppestilljofher cpbpdigeptsnthe dgmparaere Ipwersimyt ot her

enmbodi Ment.§atadiAg vﬂﬁ]ltﬁé hﬁtéhrﬁ’fgast A8y bOBEFLTS RS, %meamoegmﬁeum @t 3dobese
tenperature ra based on contacti ng?tl ne. 068] The invention will now

be more pare |Cc[}3|%8r¢ y3WesciIbed W Ch ¥ (ér‘éWc% HP Ehd>PTE. 18P lowMGC, and

non-1im tig B@CEéme%%?é}rlHn& {%ﬁlp@ﬁﬁﬁé%% 35& &1900@ @NO@%zoOEX@iﬂab%ﬂe cPisgparation
of 0.8 wt%t/ 1 wt% g/st hexachl or opl atini ¢ acid

was d|1§sol46@:°(§3 47025 480°Q; éﬂ*991°%5095ﬁ iy %c@@cfhe?w efr40n¢,xiiQr@ ARACt @K hi s
| 07,400 A
sol ution 2‘%‘), Qﬁijrﬁ% 8%&/1@1 r é%%frgffltaqlg%e?%m(ﬁlst Fﬁfﬁo@eﬁflﬁﬁ béf?ig Stl?térg]?nat%&) In

pore di anmet e result m xture was erni

t enper at usell biher em:boalemnts 26 reajarpp & the omterim lgencatdcanl atcuﬂs@@mesd)temﬂzergtucﬁ

pot assi um carbonaf e w (%Irl1 stlsol ved in 25 cc (4:1 w ratio) acetone/ water
m xture and ot he resucltn S8 Ut i on was added to the Pt/Si02 extrudates

sanpl e. THeo68] xt uihe 1mt1b1efvtﬂlomev I’mlegﬂnbrealbarn@ldnﬂyt M]:teljeat witle réforensolto elnt

evapo tl(% thennglrl ? OCtgiproduce ga 7wt/ 1 w % K/ Si 02
cat al y: rlrlﬂﬁ ® '&)% 0 PO EherssrRRABY B R At Wﬂﬂ‘gsand Hydr ogen
Rej uvenat iBxampROl: Q’Wﬂir}h«m o fEg v Py ek % IK/SillRseatalyger i mnent s was a st ai nl ess
steel t Ub%()%@] ' e% an\llclhpogopqatlmc acid was dissolved in 25 cc (4:1 wt ratio) acetone/water
mixture and to this solution were added 20 g SiO2 extrudates (surface area 130 m2/g, 300-400

A pore diameter). The resultant mixture was left overnight at room temperature for solvent

25  evaporation, then dried at 100°C. 0.71 g of potassium carbonate was dissolved in 25 cc (4:1 wt
ratio) acetone/water mixture and the resultant solution was added to the Pt/SiO2 extrudates
sample. The mixture was left overnight at room temperature for solvent evaporation, then
dried at 100°C to produce a 0.8 wt%Pt/ 1 wt% K/SiO2 catalyst.

Example 2: Cyclohexanone Dehydrogenation and Hydrogen Rejuvenation

30  [0070] The reactor used in these experiments was a stainless steel tubular reactor having a
length of 22 inch (56 cm), an external diameter of 0.5 inch (1.3 cm) and a wall thickness of
0.035 inch (0.09 cm). Two pieces of stainless steel tubing, one 0.375 inch (0.95 cm) in
external diameter and the other 0.25 inch (0.64 cm) in external diameter and both 8.75 inch (22

cm) in length were mounted one inside of the other and used as a spacer in the bottom of the
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| ength of 22 inch (56 cm, an external dianeter of 0.5 inch (1.3 cn) and a
wal | thickness of 0.035 inch (0.09 cn). Two pieces of stainless steel

t ubi ng, owe 2012888665Nch (0.95 cn) in external dianeter amdTiuseolatoinEso 0. 25
inch (0.64 cm in external dianmeter and both 8.75 inch (22 cn) in length
were nmounted one inside of the other and used as a spacer in the bottom of
the WO 2012/ 050665PCT/ US2011/ 049130 reactor to position and support the
catalyst. A 0.25 inch (0.64 cm plug of glass wool was placed at the top of

the spacerd.r K@E&n‘i&ﬁeanﬁashﬁﬁ&tsﬁle BraRAACK-0.200&1 Lol @@crﬁ?bﬁg)ﬁ?tgla% Qducgss 1 n

Exanple 1 was pressed into | ets then crushed and sized to 20 - 40 US
si eve mnesirlacgl @ thy tof Ofthesmﬁ@-t@k@@dhwtaé)rsy@tplmas then | oaded into the

react or ”ﬁﬁl = g['?\@ n%t%&st d%&fjiﬂ%‘é%aﬁ 1%6}t\94s fé&Eiﬁt ijell&?{?]]gl}l c13a§ne8 &Eizé “gth-

A 0.125 HL met er St aj ni ess s was ace
t he cat al ys20 béQJIUS oicac meshrodag ef the mfesimitsmtelysbmnhamgoadad m]g ﬂmut:aCtom érom

cat al y§t l?hedto 2‘? %rojdu%e |0 caﬁgﬁs(t%ﬁg’ of n?)oul? lg%m in lgrégq SA ‘fﬂ% 1nct h(é) e(gl?f%%tﬁ} he

top of "the ca vol & space
react or wamiddsh |set wherdno-guedr tvas (phbqiﬁs in THIBEcaitelaﬁt bHd \‘ABSCdonﬁﬁodhﬂeetdmpﬂamre

furnace with the catal yst d.in dl.e of 10f ur nace

br e rar ket aBE PR R et b2 o A0 B e Rt e Qcisn S5 rafhecd st e
ﬁt 300 psitlg tgﬁ 7@ kdralyst bpOOithd i’bﬁlaﬁﬂﬂg]?\bo)f ipéwa tlwg)tg% opihdirdattoneak ﬁllbdsmms 0by
eating to the reaction tenperatyre of 375C or 4 at. 1
o i n anGUHit iy 116 reisoRoR Seif o Brece bt Gy somaei s
SYringe pw ifRadsasa p&qdark@i istthéradUgme CY6E RAGYERANEBer Sredshie aheaak @kted hsod eed
was 15 purrped t hrough a vaporizer then through heated lines to the
reactor, WEKSEKERate experinments being conducted at cycl ohexanone WHSV

val ues of [do72nd 2fh@‘cclaltalyé% @Es%&@oﬂ@t%’he& IerWtuCWﬁé'aﬁhé & th¥@SicHSER Sy 8f ogen
feed neasurenents G ove " back pressure controller was used to

Mt
control tR& T edd38iC mﬂééls flow at té @ﬁmnw@é@k@@tgémt Sk tAftef ord-gapditienige, a

conposi ti @pg cpﬁwgﬂ&g@ﬁﬁﬂq&@ﬂ £26 4 ABSINECFIGRIMIGE BRAhatcaBbLIOBRNEE] Fas
pressure and 50 psi'g Pa) and catal yst bed tenperatures of 3/5C and

430C. lpoopsl]nnf%thmugbl@c'm@rlé%theinrtgrougiehqa@édm@@rto\ﬁmreaqt@utvém sqppratsufheriiecitse d

lines to i S r d a re
outed to iR GAIERL AL RRhSphCRIISE vl HE WEDERT SEBIRIOIR TELS
pot was heattedlet waﬁO{éda‘ndhydlegesdcmmeq&otemmas codhred Wiitthh Mot Iblaédplrcmteant to
about 10Ccor-1|;h0 e rOdllilsget \olvacsnt?oqldlee%aetg fr%gsure § I aI1 baslv?‘r}c%%a v r%fz fhé

25 24 hrs’rnterva g |0 Wer e n - and | UF €W T h ]%etﬁ

anal ysi s cAmpcbﬂEt1cﬁi8%hg%g@lan@mh@@nﬁwhremndnc&dfat amespheric p&mumamleiqugar

(FID) A echn | u 30 mx 0.32mm x 0.25 m cron
filmtA Ig%%&l% 3@9 3@@8”%68} nm%a %‘?@F é)%nfdr%}ﬂeé)hydrocar bon products.

Q/her head gmﬁpr odﬁle bﬁodaﬂahxdﬁﬁ%th\eﬂé'detdr akarond Ithra@hvheatedi ligesHP tH& 88llcgish
chromatograph with GA/ Scientific colum 60 m x O.

Tl m o bhB b B ob RS e PR h S T b ot TRt Tk G
SC m n t o 580@&as ch@hftdgraphNThd Bl potRvat ﬁeaz&ﬁ%acr(dadmeh@sez&ldrpomwﬁ@éoo@edtvqﬂlaI
analysis tjime of 60 mn. The HP 5890 ranp was set to: -30C for 5 mn,

5C/ min tocBibled peplan tOrﬁtwut BtﬁmTrl?etpfpdz@cmﬂsﬁeﬂe%drﬁphmatf?s@waﬁcqs OVe4BAESKd hel d
to thest obalhroRatwil SahpBEwet thln Bhddild Wl 20 R20RESR6T11EH2R1 WnO49 §36

gas chromatograph with a flame ionization detector (FID) and with an Agilent Technologies
column 30 m x 0.32mm x 0.25 micron film thickness was used for the analysis of the
hydrocarbon products. Overhead gas products analyses were taken on line via the HP 5980 gas
chromatograph with GW Scientific column 60 m x 0.25 mm ID x 1.0 micron film. The HP

30 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 and held 28 min for a total analysis time of 60 min. The HP 5890 GC
ramp was set to: -30°C for 5 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 and held to the total analysis time of 60 min.
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[0074] The results are sunmarized in Figures 1 and 2. In particular, Figure
1 shows that when the dehydrogenation reaction was run at atnospheric
pressur e,wea 2bemmsedsat ure of 375C and a WHSV of 1 hfl thePcatskyzisshowed
stability for nore than 140 hours on stream However, when the space
velocity was increased to 2 hfl to inprove productivity, without 5 change
in the tenperature or pressure, the catal yst exhibited rapid deactivation.
As shown in Figure 2, the catalyst showed simlar rapid deactivation when
the dehydiggs aganat i 00 L GRCAL QPrnz iR FRhrRd A% 9 &%ﬁlclaPa)Flgﬁe 4 QHRE! Ahiir e of
430C and a hr-1. [00/5]Figures 3 and 4 show t

i nterrupt mrbgn ﬁh?edeby@pgﬁmetxmﬁfélonbw rpoat atiesphyil pigeshre, f Itmpqra’qurp t@é 375°C
dehydr oge i t t.nns e e, a
10 erper Al SEEE LN, ghe YRR S by S%ff%él‘@ R A b G BhERMET D
then tr eatHomgwrh whpatlti sphdcyveliwity twas dtechsehtoal yst twurmmosrwy[dodlgewt}f ovithb6t hour s
at at sph essure and a te r re. of .37 be seen from

Fi gur o33 thanet “ﬁ{he% ThTGeN o PES n‘?%%e FEGH R l%eﬁ rapla?%c i “0“ ubSEERt Al 1y to
its origi madurae Iha'lcatyllysﬂ $h0fVa¢ tSJ,mlhuf tra:‘pnd tiéreticatioh ottex a]mdﬂlyﬂiogmam reaction

reest abl i shed decr eas e elconver5|on W th
time on stﬁ&gﬂ%%ggp“§%ﬁ§%%ﬁ%?|%%ﬁF$ ¢ %%@‘?ﬁéﬁ §ﬁ§§?% 'bited by the fresh
cat al yst. [#®5p howr‘gmdss Fiagdineshdw thbeffpliastohtesaptagt thy ickylohw@sndnupbiitatot itied | y
unaffecte h dro en re uvenati ogn and renained a st 98%

t hr oughougy%é r“? the d@éﬁiﬁ‘l% regictigs illysiralad; g figyfe ?0&‘?‘30 YRSt S U Gt %00

| & Si Q8 Cadngeyeilire o&‘ Q05°6] a‘ﬁdsal WH(S&I & Fddlak@ 120fohiPhegaAt el thsh ReatAgUIROUS
based incipi ent wetness 20 inp q%%tlon with 0.25 wt % of Pt using

ot r aami REURY deGttied saRliet Bih E2el ] 46 Dgursgd eposhero pessiusy ad iy s

fol I oned l@éfnc}%l‘eftm@%k grat iIPRilbe &%18@051 ;@[ e AriBat (AAEroMRE tkdRERGRRERE 1aNnt 0

t he cal ci ned sanpl e cont ai ni ng u3|n9 a pot assi um carbonat e
sol uti on. cEBIYFOWPHENRYY alesity mlglﬁ@ir@@ﬁ@x i O, fagth @fterahs| evclphexagpice out wa21C

and t hen 9@51%51%‘?19(1 Ithk Pa'ter oftdecralG iRl ¢ d%lc}%y?dnogescd%%@ggh Svifh: tifY G4 GRexARane
Dehydr ogenati on and Air Treatnent LThe catal yst of Exanple 3 was used

t o conver sigoifishilydrsiribsrethptraxbibghé ho Itheafres rHayst] 00 fhoivg 1f Fanrdkpdhe pligoMHSY
and H2/ Cy%!ﬁl&?ﬁﬁ?%ﬁ?uﬂgpah lg}rrL?itafo & b)zth 'h Zﬁ%g l{ l:ﬁatloﬁ aﬁ(bp\ﬁ@llﬂeﬁ aF hgtse 1.
WS s 4 cyc £

whi ch sho e cata I'te exanone conversion o
ar ound 609ﬁMﬂ@meKhemstaﬁﬁnmﬁtthe test but had deactivated to a

cycl ohexangng fONNRLS] ot fr W, PO 1 Wik RAGDL R iPQUt 80 hours on stream
[ 0078] To , after about 80 hours
on streanﬂmhélcyeiamﬁmaaonﬂméewdsamﬁmgmmﬂbgﬁngfamdmmebae&tm@pedtawﬂwa;r was
allomgﬁ to flo H%B %Qg
1mpregnat10n w1t 5'wit% of Pt using tetraammine Pt nitrate solution. The sample was dried
at 121°C for 2 hrs followed by air calcination at 538°C for 2 hrs. 1% K was impregnated onto
the calcined sample containing 0.25 wt% Pt using a potassium carbonate solution. Following
potassium impregnation, the sample was dried at 121°C and then calcined in air at 538°C for 2
hrs.

25  Example 4: Cyclohexanone Dehydrogenation and Air Treatment
[0077] The catalyst of Example 3 was used to convert cyclohexanone into phenol at 375°C,

100 psig (790 kPa), 15 WHSYV and Hy/cyclohexanone molar ratio of 2.1. The result is shown

in Figure 1, which shows that the catalyst exhibited a cyclohexanone conversion of around 60

wt% at the start of the test but had deactivated to a cyclohexanone conversion of about 50 wt%
30  after about 80 hours on stream.

[0078] To test the effect of air on catalyst activity, after about 80 hours on stream the

cyclohexanone feed and hydrogen feed were stopped and air was allowed to flow through the

catalyst bed at 450°C for 2 hrs. After the air flow stopped, the catalyst bed temperature was

lowered to 375°C in hydrogen, and was maintained at 375°C in hydrogen for 2 hrs to reduce Pt.
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catal yst bed at 450C for 2 hrs. After the air flow stopped, the catalyst
bed tenperature was |lowered to 375C i n hydrogen, and was nai ntai ned at 375C
i n hydrog®o 2bwos@eehrs t o reduce Pt. WO 2012/ 050665PCT/ UBR20ABL@491860

Fol | owi ng hydrogen reduction, cyclohexanone and hydrogen feed were resuned
to check for catalyst activity by neasuring cycl ohexanone conversion. The
result is also shown in Figure 1 and denonstrates there was a significant
reduction in cycl ohexanone conversion as a result of contact with air. In
part | cul akrongygl A0EKAROREEORVSERhAIIRCAEAT Aol REY RO R (b Ok for
Streatnment to 329 r air treatnent, a reduc%ron of 36% [0079]T

results c Icetakystwculetmysmraaurelgtqwalpheqanor@@ﬁtl@etlonm Tthe resodt isalppdowedn Ergu@alt al yst

is detri e b r /1
w ook S 08 gt Bty T o kARl SR p SRR A APk it
ext r udat e coatact priépar.edn msntln@all@yqddteaslmnl roeardonddcecaswl iom M%byriagquenus
based |ncr ient e ti After K inpregnation, the sanple was
dried | n g{%?tme ttvg%(p te]i ?lr %n?f o ucgrn?t%?f%n)(r nair at 538C. 1 w % of Pt
was then l[exé8pd drhboesh%(kl&mﬂ);z dyonstrate pha nir watanew#h ithpsupgoddd Bincacdlyst is
tetraam ng | at traée The sanple was dried at 121C fol | owi ng

pl ati num i ﬁjg 8ISy H'rr ed sanple was then calcined at 350C in air.
15 Exanpl Q:xﬁmp@yszlmhmtaﬁanﬁ‘ 1GetYs Bt/ 0 gaPaKiSio2 andalihtdr ogen Tr eat nent

[ 0081] The lyst of FExanple 5 use test the effect of hydro en
treat ment | @ﬁ%ﬁat dl y&t> &P FIP&Pg t%‘%‘?"‘%ﬁ% SHERT BYTIYC at'ay PERared ot

(790 kBa) poth&iiS¥rbande KRILEME bpttqa@merbesmhapleﬁtatvb@e@f impréknatidde AGBY & sr on
of cycl ohexanone was neasured to be 75 1%w th a selectivity for phenol of
98. 3" wt % MPpESRatOR| the e Wehdisdtip élétabaﬂ f Tpatved Jusalepgtion ’é\ﬁlraftt 5a§§c for a4
hrs after Jihieofiaeehs thenfloadedYaloC¥eKANON By ShithY WA NimpraHa®dOPeEhand er

t he hydrogen treatnent, cycl ohexanone and hydrogen feed was resuned to
check’ f or Pidipunyistates cEhieypmpleayid dsied aick2iNg fojlowingelatisymy imgregpasiogh dhm diiedl Tabl e
1 and demnghik aLembhelicihft, I8@eUR 6d activity and selectivity were
essentially 1dentical to those prr or to hydrogen treat ment, suggesting that
hydr odén .ue-’:un--'- hexhng py dirpgeng irogei) hreatmentg activity for

25support ?6{)8%'} C%@'c){t%fﬁt ot:r E)QJH%IQ'S &8%‘%8& %d L thgvte%éct of hydrogen treatment on
catalyst activity. The test was performed at 425°C, 100 psig (790 kPa), 15 WHSV and

Ha,/cyclohexanone molar ratio of 2.1. The conversion of cyclohexanone was measured to be
75.1% with a selectivity for phenol of 98.3 wt%. The catalyst was then treated in hydrogen
20  flow at 425°C for 44 hrs after the feed, i.e., cyclohexanone and hydrogen, was stopped. After
the hydrogen treatment, cyclohexanone and hydrogen feed was resumed to check for catalyst
activity and selectivity. The results are shown in Table 1 and demonstrate that the measured
activity and selectivity were essentially identical to those prior to hydrogen treatment,
suggesting that hydrogen would be a good choice for purging or maintaining activity for

25  supported Pt catalysts.

Table 1
Conversion, wt% Phenol Selectivity, wt%
Before H, Treatment 75.1 98.3
After H, Treatment 74.7 98.3

Example 7: Cyclohexanone Dehydrogenation and Hydrogen Treatment

[0082] The catalyst of Example 5 was also used to test the effect of nitrogen treatment on

30 catalyst activity. The test was performed at 425°C, 100 psig (790 kPa), 15 WHSV and
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Phenol Selectivity, W% Before H2 Treatnent 75.1 98.3 After H2 Treat nent
74.7 98.3 Exanple 7: Cycl ohexanone Dehydrogenati on and Hydrogen Treat nent
[ 0082] Thewoavelopsdssof Exanple 5 was al so used to test tireTafSE@A040B0
nitrogen treatnment on 30 catal yst activity. The test was performed at 425C
100 psig (790 kPa), 15 WHSV and WD 2012/ 050665PCT/ US2011/ 049130

H2/ cycl ohexanone nolar ratio of 2.1. The conversi on of cycl ohexanone was
nmeasured to be 74. 7% with a selectivity for phenol of 98.3 W% The

cat al yst ‘f@)‘%y&l@ﬁ&aﬁcfn@%cﬁg rhﬁb Qf 3 ﬁ 0g@D chilvAWidt of%%éghéxgﬁoé%ag rn?ea?tfr&@’fo ghe

feed, i.e cl ohexanone and hydrogen, was stopped. After the nitrogen
t r eat ment 7469/ wih exsglvetmatyaint phapdl olgeh3 ed Thescatadistivet thep tished kn piglogen

cat al yst cLi Vi ¥ I and
show  nat et r e el RS EATh et ENAORGRHAL InERAGA ol Bpheb! ek
respect i veleynitrigre ttetamaﬁnnmytlomxamnteraogélmdﬂog@ fead sesecsnwdltt ¢heck far caetysivi ty
from?7 7%to 684 8%.Rid € ction of 9% ~.The. pergent.. reduct i her
than t act1V1 ad se{%ct 10{' ¢ fll'éei rS%ulcf IaEeasrlll{)ng iy "g%gsle % E%d’ oW a:[{lat measurecf) ac|t1v1§seec€m to
be accept aéilecmvitp mesae68rﬁ% am:lg%ﬁ/ trespmawaltyairhe cedtabytst naopdnied ;o Slofne hyddcogen i s
not avail abl ta en_.10i nst ead of hydrogep is
Chat it r dueits TORRZh R O FReTe bkt L0 TR he R en PLRERT R e o
Bef or e N2 thkit @eliyidBigtn but significantly less than that in air. It seems to be acceptable to use nitrogen

to maintain catalyst activity if hydrogen is not available. One advantage of using nitrogen

10  instead of hydrogen is that nitrogen is cheaper.

Table 2
Conversion, wt% Phenol Selectivity, wt%
Before N, Treatment 74.7 98.3
After N, Treatment 68.8 98.0

[0083] While the present invention has been described and illustrated by reference to
15  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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74.7 98.3 After N2 Treatnment 68.8 98.0 [0083]Wile the present invention

has been described and illustrated by reference to 15 particular
enbodi mrerwe,20ts8@s5o0f ordinary skill in the art will appcedaisatie/oshiae t he
invention lends itself to variations not necessarily illustrated herein.

For this reason, then, reference should be nmade solely to the appended
clains for purposes of determning the true scope of the present invention.
WO 2012/ 050665PCT/ US2011/ 049130 PCT CLAIMS 1. A process for the

dehydr ogengit epairscycl ohexanone to produce phenol, the process conprising:
5(a) contaCting cyclohexanone in a reaction zone under dehydrogenation
conditions with a dehydrogenation catal yst conprising (i) a support

compr i Si ng S| kg o 0% (hd Yo aENALOIE DA IR GRAIRPRRIheCRTRYI B0l | east
one netal Select@8a$r051%§o%§ 1% 0 theggérlo%}cggﬁgﬁk Gt eheﬁgg? ®
(b) terninatingngwivingct of the dehydrogenation catalyst with the
cycl O.h(gxanone; 0 tcho(ral a{:tri_lrg cyc{oﬁg)?anosnueﬁglaxleap 01?‘ tzoqlieeug‘lﬁtr R edrloge;[ngtliolntngoggf?loﬁso the
reacti on zone ereln rnterrmagas 1S selecte rom an-1 ner gas or
hydr ogen gdth andthydregamhtiont haalystt esmprisg@s (it antwgpds ddngridiab ydiicag endt (iipra
catal yst at, tenperatures above about 300C; and the hg)
econt act LRy S ohy GFSGHACT BTG &7 OF W (e aale RS Serohtiibne. 15
2. The pr oessdc DiblebfHlomdnts;wherei n the contacting step (c) occurs for a
period of at | &%St tgpnlelnaggllérdontact of the dehydrogenation catalyst with the cyclohexanone;
10  then
(©) supplying at least one interim gas to the reaction zone wherein the interim gas is
selected from an inert gas or hydrogen gas and wherein the interim gas contacts the
dehydrogenation catalyst at temperatures above about 300°C; and then

(d) recontacting the dehydrogenation catalyst with additional cyclohexanone.

15
2. The process of claim 1, wherein the contacting step (c) occurs for a period of at least
one hour.
3. The process of claim 1 or claim 2, wherein the majority of the contacting step (c)

20 occurs at temperatures above about 300°C based on contacting time.

4. The process of any one of the preceding claims, wherein the majority of the contacting

step (c) occurs at temperatures between about 350°C to about 500°C based on contacting time.
25 5. The process of any one of the preceding claims, wherein the majority of the contacting
step (¢) occurs at a temperature of less than 400°C and at a pressure of less than 500 kPa and

causes at least partial reactivation of the dehydrogenation catalyst.

6. The process of any one of the preceding claims, wherein the contacting step (c) is

30  conducted at a pressure of from 100 to 1480 kPa for a time of at least 0.5 hours.

7. The process of any one of the preceding claims, wherein the interim gas is selected

from helium gas, nitrogen gas, and argon gas.
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3. The process of claim1 or claim?2, wherein the magjority of the
contacting step (c) 20 occurs at tenperatures above about 300C based on
cont act i nyotors0664. The process of any one of the precedirng2eihaimsg
wherein the majority of the contacting step (c) occurs at tenperatures

bet ween about 350C to about 500C based on contacting time. 255. The process
of any one of the preceding clains, wherein the magjority of the contacting
step (c) occurs at a tenperature of |ess than 400C and at a pressure of

| ess than 8.50_0 lfﬁ)@pl%&gs Sﬁéh%/e(ﬁle%‘f tﬂe%ﬁ&%diggwain?sl, wheRmtthy &UERDoRS infehf gas is
dehydrogenation catal yst. ® 6. The process of any one of the preceding

cl ai ms, whedrezen gahendwhareis therptemesgs ¢aprises Bdresri@ued ediydrogen. pr essur e of
from 100 to 1480 kPa for a tinme of at least 0.5 hours. 7. The process of
any one of the preceding clains, wherein the interimgas is selected from
hel i um ga¥, ni Thogeeesgatanyamd ofithggmecgdisg clain®, 20&2I0BOBEBRCTICUBROMIga049130
8. The b 90655 RbeAONEl ek NSnRISCALN0 Phab Ry Wher el n the at | east one
i nterim gas kS hydrogen gas Fhd erein the I'nter dgas conprises at |east
10 nol % hydrogen. 9. The process of any one of the preceding clains,

wherein t at | east one interj as J.s bHi.nert gas . wherein the interimgas
Conpr i ses 1 1 SSeoa® ey Rel  §RRed SRS nede g el ihleeg i
pr ecedi ng ta&haiafibg steyh@0) ehdthé Feeontidtiap ktap B lcbmikteftthe@ntattivg (Cestdp. nat i ng step
(b) and the recontacting step (d) consists of the contacting (c) step.
1011. The process of any one of the preceding clains, wherein the process

occur 50i n 1ihe shbpiRak i Alanpse e ehOpreodit@edlaimb 2whEinPhe e%Sss Adcc@)n @ie of
t he preceding@qlalns, wherein the contacting step (c) is with hydrogen and
causes at SHskatialghienpegt XEgRat i vati on of the dehydrogenation catalyst. 15
13. The process of any one of the preceding clains, wherein the contacting
step (c) causes the activity of the dehydrogenation catalyst to be
substant i dPl y His proggshetny opg of theergspdpeslaingf Whprgindhrecanfactitgestyny €t sdify
cl ai s, W‘ﬁ?&r%lgé?l &H%a&@é‘éﬁ%a@%ﬂ?ﬂ feg&ivgt%l%ﬁfﬁé dehydrogenation catalyst.
15
13. The process of any one of the preceding claims, wherein the contacting step (¢) causes

the activity of the dehydrogenation catalyst to be substantially maintained.

14. The process of any one of the preceding claims, wherein the dehydrogenation catalyst
20  further comprises at least 0.1 wt% of a metal promoter comprising at least one metal

component selected from Group 1 and 2 of Periodic Table of Elements.

15.  The process of any one of the preceding claims, wherein the dehydrogenation catalyst
has an oxygen chemisorption of greater than 50%.

25
16.  The process of any one of the preceding claims, wherein the dehydrogenation

component comprises palladium and/or platinum.

17.  The process of any one of the preceding claims, wherein the dehydrogenation
30  conditions include a temperature of about 250°C to about 500°C, a pressure of about 100 to
about 3550 kPa, a weight hourly space velocity of about 0.2 to 50 hr', and a hydrogen to

cyclohexanone molar ratio of about 2 to about 20.
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20further conprises at least 0.1 wt% of a netal pronoter conprising at

| east one netal conponent selected from Goup 1 and 2 of Periodic Tabl e of
El ement s.wODb12/0Fh@spr ocess of any one of the precedi ng ecaiusgoiimmEsei n t he
dehydr ogenati on catal yst has an oxygen chem sorption of greater than 50%
25 16. The process of any one of the preceding clains, wherein the

dehydr ogenati on conponent conprises palladiumand/or platinum 17. The
process of any one of the preceding clains, wherein the dehydrogenation 30

condi ti onggi nClTHﬂ}?rO@esg mgroﬁé wtﬁe&fe%@ka%%anlﬁg% fuRn@ROUbriAOC, a pressure of

about 100 to about 3550 kPa, a weig ourly space vel ocity of about 0.2 to
50 hr-1, and a(hydreogeatitgo beyashoradaholiecenovath @ alvyidooabidylagibeo utatadyst oundbiout

20, 0 201 0R0REREGTNGRY HRATEA BT S PASRS, Bl B0GRL e

precedi ng er conprisin contacti zene ahd hydrogen
wi th a hydroal Kyl at éxadiziogtaglleastt panndiethe hydiobedykbghzne dronc ondactingngpt(e) convert
at Ieagt paQ%Cofckﬂg enzen & ﬁéohexylbenzene; (Ooxi di zi ng at

0
| east par?“b tRE cfgvg g?ﬁ Egozene(?ron1contacting step (e) to 5 produce

cycl ohexyl benzéne hyehvingest deasddrt of the cyclflgkylbtrerand hglraderdxésrompakidixig t he
cycl ohexyl be ne hydr pperoxid §r0n1ox%§jzing step (f) to produce phenol
B L o MR R0 Sfighe:BEug

and cycl of at least part of the

cycl ohexanone fmom febdayatNghs Spaiof(tl) cychéta@oncedh clRiViZONED (g & thd rcbbon
process of claim 18, wherein at |east part of the phenol from cleaving step
(g) is fed®® said reaction zone. 20.A process for the dehydrogenation of
cycl ohgxanone to produce phenol, the process

19. The process of claim 18, wherein at least part of the phenol from cleaving step (g) is

fed to said reaction zone.

20. A process for the dehydrogenation of cyclohexanone to produce phenol, the process
15  consisting essentially of:
(a) contacting cyclohexanone in a reaction zone under dehydrogenation conditions
with a dehydrogenation catalyst comprising (i) a support comprising silica; and (ii) a
dehydrogenation component comprising at least one metal selected from Group 10 of the
Periodic Table of Elements;
20 (b) terminating contact of the dehydrogenation catalyst with additional
cyclohexanone; then
(c) contacting the dehydrogenation catalyst with hydrogen gas at a temperature of
at least 300°C; and then
(d) recontacting the dehydrogenation catalyst with additional cyclohexanone.
25
21. A process for the dehydrogenation of cyclohexanone to produce phenol, the process
consisting of:
(a) contacting cyclohexanone in a reaction zone under dehydrogenation conditions
with a dehydrogenation catalyst comprising (i) a support comprising silica; and (ii) a
30  dehydrogenation component comprising at least one metal sclected from Group 10 of the
Periodic Table of Elements;
(b) terminating contact of the dehydrogenation catalyst with additional

cyclohexanone; then
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15consi sting essentially of: (a)contacting cycl ohexanone in a reaction zone
under dehydrogenation conditions with a dehydrogenati on catal yst conpri sing
(1) a supporzbi2sngsi sing silica; and (ii) a dehydr ogenaPCoSecanpensnt
conprising at |east one netal selected from Goup 10 of the Periodic Table
of Elenents; 20(b)term nating contact of the dehydrogenation catalyst with
addi ti onal cycl ohexanone; then (c) contacting the dehydrogenation
catal yst with hydrogen gas at a tenperature of at |east 300C, and then

(d) recontacti &g t %nfa@ﬂﬂygdﬂlg)g@t%}dggﬁhtﬁﬁtcgthwﬁwm E)hir@g%q'gtaé Qtnﬁ{emperature of

cycl ohexanone. 25 21. A process for the dehydrogenation of cycl ohexanone to
produce pheleait 30@°Geandrtertiess consi sting of : (a) contacting

cycl ohexanone |y a B . g it with a
dehydrogenatiohﬁcaf%%%%%h%%%%§?§ﬁﬁgg%#§ggﬁéﬂ%gﬁ@?ﬁg%§%¥?gﬂﬁggggp?ca; and
(i1) a 30 dehydrogenation conponent conprising at |east one netal selected

from Goup 10 of the Periodic Table of Elenents; (b) term nating
contact of the dehydrogenation catalyst with additional cyclohexanone; then
WD 2012/ 050665PCT/ US2011/ 049130 (c) contacting the dehydrogenation

catalyst with hydrogen gas at a tenperature of at |east 300C, and then
(d) recontacting the dehydrogenation catalyst wth additional
cycl ohexanone.
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