WO 2010/ 024975PCT/ US2009/ 050497 PROCESS FOR PRODUCI NG PHENOL CROSS
REFERENCE TO RELATED APPLI CATION [0001] This application clainms the benefit
of prior U S. provisional application Serial No. 561/093,042 filed August
29, 2008, andwBurfzars Application No. 08169307.9 fil ed PREVEHDE}SILB, 2008,
both of Which are hereby incorporated by reference in their entirety. FIELD
[ 0002] The present invention relates to a process for produci ng 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
A, e-caprolactam adipie aci &B P ]CUrrentIy, t he nost
comon route for the productlon of phenol is the Hock process. This is a
three-step pro Ives al kyl ati on of benzene
15 with propyl eret ~ oxi dation of the eunene to
t he correspondumgﬂhydﬂmpemGMMdehaﬂdmﬂh$ﬁﬁGME@N@gemmﬁmmH@pﬁydﬁmﬁ@m@%pde to

produce equisokapoAIRUALES A2kuPRENSho AR 2GRHOACANTIRNEY &lo. diesyos | flodemand
for phenol i's growing nore rapidly than for acetone. In addition, the

cost of propyl &aenber 118. 3088 ypoth of WH@Y%%I'SCECW HEEPEEeLbYdeeetcs B “r’fg‘ WSt age of
propyl ene. ThU$nmﬁ)process t hat uses higher al kenes instead of propylene as
feed 20and copnﬁﬁﬁ her. ket ones, rather haqiacegonq may be an
attractive alté&Phdtiv P R EYBIPHE B ADRET 0N BrsheRsI S, [ 0005] For
exanpl e, oxi daBAGKGROWNR| ohexyl benzene (anal ogous to cunene oxi dati on)

coul d of f erjpan (ﬁgﬁﬂer %Edoy &(nofﬂgpgltjnplblom?r}p he QBQQU&@MC@Q a/V\AnE hbo Hst‘,futl hl? B obl em

of acetone cop ction. ternative route procee hr oug
cyclobexylbenz@ﬁ@Phy@P@ﬁéP%&?GéPm2®ﬁh$%% P@m%W%éVéﬁmPﬁ“ﬁPbd6@§‘ﬁﬂeﬁ@l and
cycl ohexanone ppsisilst antial ly eqU|nDIar anounts. [0006] However, one
problemin pro hexy nzene
hydr oper oxi de ﬂ@&hhafRWﬁggcﬁﬁfgﬁ §§W$W’m5ﬁ mpﬁéﬁgﬁup?%&ugémgnhazegﬁﬁbplc

m xt ure conposedcesf P inkdbreytdpghexanoneicand fi72 st ¥ gine rdkly latioihel Sezmye _
attenmpt to 1§ep@n@};r%p}m@to%'lc%aycacgﬁcn%fffoh&e@c%y B¥aabHR Hnsleiid hatd-Rfofgul ts in

this azeotrop

hydxoperomde 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, the cost of propylene is likely to increase, due to a developing
shortage of propylene. Thus, a process that uses higher alkenes instead of propylene as feed
20 and coproduces higher ketones, rather than acetone, may be an attractive alternative route to
the production of phenols.
[0005] For example, oxidation of cyclohexylbenzene (analogous to cumene oxidation)
could offer an alternative route for phenol production without the problem of acetone co-

production. This alternative route proceeds through cyclohexylbenzene hydroperoxide,

o
wn

which is cleaved to produce phenol and cyclohexanone in substantially equimolar amounts.

[0006] However, onc problem in producing phenol by way of the cleavage of
cyclohexylbenzene hydroperoxide is that the cyclohexanone and phenol produce an
azeotropic mixture composed of 28 wt% cyclohexanone and 72 wi% phenol. Thus any
attempt to separate the cleavage effluent by simple distillation results in this azeotropic
30  mixture. Moreover, although cyclohexanone is a valuable product with a growing market,
there is currently no large worldwide merchant market for cyclohexanone; most
cyclohexanone is made as an intermediate and consumed on the spot. In some cases,
therefore, it may be desirable to increase the amount of phenol in the product mix from the

oxidation of cyclohexylbenzene or even produce all phenol with no cyclohexanone.
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30 m xture. Mreover, although cyel ohexanone is a val uable product with a
growi ng market, there is currently no | arge worl dw de nerchant market for
cycl ohexanone; nost cycl ohexanone is made as an internmedi ate and consuned
on the spot. VR2UWMEEases, therefore, it may be desiraBf&ByNePéase the
amount of phenol in the product m x fromthe oxidation of cycl ohexyl benzene
or even produce all phenol with no cycl ohexanone. WO

2010/ 024975PCT/ US2009/ 050497 According to the present invention, an

i ntegrated process for produci ng phenol from cycl ohexyl benzene i rovi ded
that faci |1t at SSRBH For ot He uhtitine” of CEYE] SRERATBME TR g fdety B
product. 10007 tydiaheyytbrtzenul avyidédiat facdisen tontmve titei aonup pbwicdesamnpmoiess f or
produci ng phenghlp%dm§ oxi dation of cycl ohexyl benzene to cycl ohexyl benzene
hydr operoxi de folfowed by cl eavage of the cycl ohexyl benzene hydr oper oxi de,
in which at | ed¥7la pareitigferothe prresneiftidhprofifs m triressdPeRiodigas stwp! bys

subj ected tg a dehysongeRAdlBhzstap cyclneydehydrggepaddrnonekd epkgasegnvert s
at | east part o; t he gyc@ohex&p ne in thele fluent portion éo a ditfonal
phenol but al s8' YeRERIPEL K @W“ﬁ§wé“89?£?gﬁﬁ%ﬁ?”%ﬂf%ﬁmg‘W?“I8Wt§&anple,
be recycl ed t oclasvageniepiisaubjlenzendchydQzcharidn ggl. Kk adhy dngesdtep nftonly poodici ng

t he cycl ohexyl henzene. f . itjo : £ V, f L.uent
portion subjec?%gﬁfgg{ﬁgﬁgéﬁggﬁgggﬁa?i@%eg%%g%ggﬁngg%%&gﬁﬁéﬁgﬁ%?gi%5’pure
cycl ohexanone Bigetes Biroseiond @ Cetiropyet adish eat foperegpletiseccpieion v beizght  and
heavy ends fr Fﬂ}(ﬁ'{)&ﬁ(yfaﬁ(\lﬁl @p&ﬂ)i’lﬁlﬂ@mingictl}éled}clbl![ib@ylﬁ&ﬁc_{ne @edt M 8ddHRPAIBbIgANLe t hFI
process can al so be ied to an u ortion containi S or a

of the phenol 8?8@%6%@BWﬁmﬁﬁéS@?%ﬁ@ﬁb@egagﬂggPﬁmPﬁFgc S ?£$%QQQEP§| cost
of purifying thelchéxaane pheinoprogicediymepandion bf thpplese ntd lighhadfhegyalends from

cycl ohexanone gtfGAMEAR Bt ThoLdl & SHMERY. HOQQRL 01082 3FOPE an thE
invention resides I1n a process for proé ci ng phenol, the process .
conprisi ng: 20¢Ey@Kpdiion aefaisipe barres il By ebrackngrdgecd diitie ckyesotdx yt Bénzene
hydr oper oxige; way, the ) c&ORYGRLiRG GYChahexybbenzanadhydpeRRar, oxt deaf rom
(a) to produce a@ effluent stream conprising phenol and cycl ohexanone;

(c) feeding atf° ag%maeﬁEP?F%HW8P“@&gg effluent streamto at |east one
dfhydrggenatioﬂUmmmKRYon zone; and 25(d)contacting said at |east a portion
of said efflue tr i.th a.deh i ] i e
dehydrogenatioRﬁwiac??g%ﬂﬁ%ﬁ%@ﬁﬂﬁg¥g%§%§%?%g'%ggf%ﬁ&ﬁéﬁﬁkﬁvﬁﬁéﬂ?%8?ﬁding a
t enper at ur e of coapore 250C t o about 500C effective to convert at |east part

of the cychghexanong i nxf@ind cAlonk:&BSizei WRLILOF cOhex$iBnbenehidrspRRkidgt r eam
i nto phenol and hydrogen. 100091l [ '

of said effluent St(tf’) e arﬁo?v‘gamg &Y %gyal?bgl?zel?e y%g)lpggxrllﬁe’ frosrrijl I(agi toagroclugeaasnt efﬁluegtort hon
stream comprising phenol and cyclohexanone;
(c) feeding at least a portion of said effluent stream to at least one dehydrogenation

reaction zone; and

25 (d) contacting said at least a portion of said effluent stream with a dehydrogenation
catalyst in said dehydrogenation reaction zone under dehydrogenation conditions including a
temperature of about 250°C to about 500°C effective to convert at least part of the
cyclohexanone in said at least a portion of said effluent stream into phenol and hydrogen.
[0009] In one embodiment, said at least a portion of said effluent stream fed to said

30 dehydrogenation reaction zone has the same composition as the effluent stream produced by
said converting (b).
[0010] In another embodiment, the process further includes subjecting the effluent stream
produced by said converting (b) to at least one separation step such that said at least a portion

of said effluent stream fed to said dehydrogenation reaction zone contains less phenol than the
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30dehydr ogenation reacti on zone has the same conposition as the effluent
stream produced by said converting (b). 100101l n another embodi ment, the
process further includes subjecting the effluent stream produced by said
converting (bYO#'4tTeast one separation step such t hatCdapy'4t>'t¢ast a
portion of said effluent streamfed to said dehydrogenati on reacti on zone
contains | ess phenol than the -2- WD 2010/ 024975PCT/ US2009/ 050497 ef fl uent
stream producing by said converting (b) Conveni ently, the effluent stream

produced by sal conver 0 aratjon
step such that “E4fY “ét"tamlpéoggctmgg)ypﬂ? f‘?“ﬁﬂll %Odvcélf:‘fﬂly nésfh‘éef“ ‘ES‘}?‘.’ r@‘é}mf o said
dehydr ogenat i oy re@dctniverinzdone sogedtaitnst leas snct dagamtiBO stk Jch tlor sagikariphter | ess
t han 30 \Nt % gglla019§f \dgse%‘hfzelnqgea% M (05 d%hﬁ@ %h.)\’elldtrbllqug!](;nl 2(31% C()BIQ%% 1L§\ ‘L%;lir l Uent

stream produce sai d convert ect ed [ east one
separation step? t"vé@r@h@v@r"édﬁmé‘ﬁlé B”"/bcﬂ“f ‘l%de‘bé‘ﬁ‘b\iv“ﬁ@@m(%s T‘h@‘é%‘ﬂ? étr at 101

kPa) and/ or scoma@m&mqﬂsdhéewya&a@mv&&mbm@ rRastido ad leabOds Raphsatigr | Or to
feeding said at | east a ion of said eff% ﬁ strea
ent

dehydr ogenat i on°f dactT i %’B’t‘?%‘le‘“iotb’f'ﬂd‘fh)\‘}“eﬁ AT g] ?ﬁehojd}t‘%éeaﬁgﬂ”l on
conditions in gehpocomprilme abovt @ RPEr(at meaguraf at]lOH@@)ubnﬁ(?@Céedmg aoatlecadt50 C,

100121Conveni egngtlé/ﬂz%sg gﬂf%@@““ Bnaig&é&%a%m%ﬁ%a& pressure of about

0.01 atmto ab suc s about 1 atmto about
3 atm (100 kPalt0blI300Cdapajently. @0@3@@69&#@%110@ﬁ@qdy1011wd¢>d?g@ﬁrlw terapgrate 8fi d
dehydr ogenajyi oabgue@@mt@gb@pmod ogether with said at |east a portion of said

ef fl uent strea typicall uch that. the | ar rati ro 15 to
cycl ohexanone 11'he qoé*é‘??}lef’% tHE YRR aY 89@0?;1(’[“}1’8?'? ?8’5&”66)2 Od‘ﬁg‘%Pﬁtnéﬁ)out 0:1
to about 4:1. awovdnie(itdPy o 2800 tfegsich paabbutdfatnt aebduytlrtogEld KPed 300kzai d

dehydr ogenat | Oibniﬁac%o%@ené%? h o ﬁ;@é’ 098 Didle H> EflidnNeR@ndokq @19}\1/1&9 (d).

100141In a fur he 1 nvention resi In a process pr oduci ng
phenol from beﬁﬁzféﬁécabttawemp@ plceid s TheHp gy ngca”zee%il that é‘eﬁtoéi‘ttaflﬁ@f 1tyé’r‘i)fcf»‘é‘ne and

hydrogen wijsh @ Gabakshc Madateahy g aalykyb@biod Reaction zone is about 0:1 to about 4:1.
Conveniently, at least part of the hydrogen fed to said dehydrogenation reaction zone is
hydrogen produced in said contacting (d).

[0014] In a further aspect, the invention resides in a process for producing phenol from
benzene, the process comprising:
20 (al) contacting benzene and hydrogen with a catalyst under hydroalkylation
conditions to produce cyclohexylbenzene;
(a) oxidizing cyclohexylbenzene from (al) to produce cyclohexylbenzene
hydroperoxide;
(b) converting cyclohexylbenzene hydroperoxide from (a) to produce an effluent
25  stream comprising phenol and cyclohexanone;
(©) feeding at least a portion of said effluent stream to at least one dehydrogenation
reaction zone;
(d) contacting said at least a portion of said eftfluent stream with a dehydrogenation
catalyst in said dehydrogenation reaction zone under dehydrogenation conditions effective to
30 convert at least part of the cyclohexanone in said at least a portion of said effluent stream into
phenol and hydrogen; and
(e) recycling at least part of the hydrogen produced in said contacting (d) to said

contacting (al).



conditions to produce cycl ohexyl benzene; (a) oxidizing

cycl ohexyl benzene from (al) to produce cycl ohexyl benzene hydroper oxi de;

(b) converting cycl ohexyl benzene hydroperoxide from (a) to produce an

ef fl uent 25st WOaMOBBAPY i si ng phenol and cycl ohexanone; PCTUS2009497 eedi ng
at least a portion of said effluent streamto at |east one dehydrogenation
reacti on zone; (d) contacting said at |least a portion of said
effluent streamw th a dehydrogenation catal yst in said dehydrogenation
reacti on zone under dehydrogenation conditions effective to 30convert at

| east part of the cycl ohexanone in said at |east a portion of said effluent
streaminto ph@ROEF BRECRIFINOYEOT. TBNORAWINGS (e) recycling at |east part of

the hydrogen p ce X o G 1R, (& WO
50101 b24sancrUEd00 o b B bl ol R s &%\Q/\? hn bhinke
[ 00151Fi gure 1 timperatuggrfapiie doiydedenatipnt HerHogyie 4 sewraliaproys (1BfkPa)

conversi on agaiph§ tyith and Wi ORSHeALMES F Ohinb R sdehudd R@erat i on of cycl ohexanone

at atnospheric pressure (1
nltrogenpdIIue L 01 %8%%H§PE%ENHM%QN mnthout the addition of a

[0016] Described herein is a process for producing phenol that allows the co-produced
cyclohexanone to be partially or totally converted to additional phenol. In the present
process, cyclohexylbenzene, generally produced by the catalytic hydroalkylation of benzene, is

10 oxidized to produce cyclohexylbenzene hydroperoxide and then the cyclohexylbenzene
hydroperoxide is cleaved to produce an effluent 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
dchydrogenation catalyst under dehydrogenation conditions cffective to  convert the

15  cyclohexanone in said cffluent portion into additional phenol and into hydrogen, which can
be recycled to the benzene hydroalkylation step (when present).

Production of Cyclohexvibenzene

[0017] 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
20  acid catalyst, such as zeolite beta or an MCM-22 family molecular sieve, or by oxidative
coupling of benzene to biphenyl followed by hydrogenation of the biphenyl. However, in
practice, the cyclohexylbenzene is generally produced by contacting benzene with hydrogen
under hydroalkylation conditions in the presence of a hydroalkylation catalyst whereby the

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

[0018] Any commercially available benzene feed can be used in the hydroalkylation step,

but preferably the benzene has a purity level of at least 99 wt%. Similarly, although the
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DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [0016] Descri bed herein is a
process for produci ng phenol that allows the co-produced cycl ohexanone to
be partially or totally converted to additional phenol. In the present
process, cyclYReXY('B8Azene, generally produced by the ¢ RCAUFRIPY050497

hydr oal kyl ati on of benzene, is 10 oxidized to produce cycl ohexyl benzene
hydr oper oxi de and then the cycl ohexyl benzene hydroperoxide is cl eaved to
produce an effluent stream conprising phenol and cycl ohexanone in
substantially e f.the effl i s then
fod o a denyarobenaaber e risn D isd el g B b Dttt s bkt £ on
i's contacted wptth a dehydrogenation catal yst under dehydrogenation

conditions eff gﬁ’o dve @&v&%é{@tﬁe b BCrdPENS) QRRYRNANE ddep SRl 1%1 fdaH 9680
portion into additional phenol and into hydrogen, which can be recycled to

the benzene hy@?f&a*wﬂwé%sr &n S0y Wﬁéfﬁl@%eé%ﬂtd)* 10Gprsty ater- oorpnienty. the

Cycl ohexvl benzene feea%ﬂczliymetammmn@wa @ﬁlﬂlﬁﬂﬁdse&p kay e mbrﬁl fblhﬁarﬁ[sle&em
process can be duced onventlo(ﬂ e | ati on

P Cbensona i ¢ AR aMEr LR B ERR LAY oA RO A8 e I PR AS Lon
as zeolite beta»ammdanCNt@@mﬂaENHmedhecumamxsleve or by OX|dat|ve

coupl i ng of befiggie . biyaheryliof dLLANEd.bY. hydicgenal g ahed e digheny!

Fbmever in practlce t he cy cl O K enzene 1S ener al %ﬁﬁro uced
contacti ng benﬁ‘élﬁé“‘%{ﬁo’@WnHW‘Fgo@’@H by FEETY HEAdOB a ISP 21 YH gHionitores i B t he
presence ofjpa bk}ﬂdi’oﬁ)athcl(&U’c&éaﬂ@ﬂn@aﬁ:@hb’rﬁ&an%&fo@@lyted hea bleglz eReicunNdey gogs t he

follow ng reactjo %% roduc qﬁ (}benz gH
comercially a@%?ﬂ% Smﬂ%ﬁgg”ln ggﬁxggﬁ gyl%%%bumn?' %&HP&&P?VP?F?on
step, but pref 8riabk yeatthe tdenzene akastwacnpaputt Y0 Ceme aboof 4QEC,|sedists bBGeant %
ﬁ;g}gg;Ly;saLg?9u9B€%mezmm%gg&g&%ﬁggéf%lmé%ﬁggo%#9§‘%g{m?H:Mhag%%ﬁgn i s at
| east 99 wt % p@P@®). kPa, such as between about 500 and about 5,000 kPa. Suitable values for the molar
15  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.
[0021] The catalyst employed in the hydroalkylation reaction is preferably a bifunctional
catalyst comprising a molecular sieve of the MCM-22 family and a hydrogenation metal. The
term “MCM-22 family material” (or “material of the MCM-22 family” or “molecular sieve of
20 the MCM-22 family™), as used herein, includes one or more of:
e molecular sieves made from a common first degree crystalline building block unit
cell, which unit cell has the MWW framework topology. (A unit cell is a spatial
arrangement of atoms which if tiled in three-dimensional space describes the
crystal structure. Such crystal structurcs arc discussed in the "Atlas of Zeolite
25 Framework Types", Fifth edition, 2001, the entirc content of which is
incorporated as reference);
¢ moleccular sieves made from a common sccond degree building block, being a 2-
dimensional tiling of such MWW framework topology unit cells, forming a
monolayer of one unit cell thickness, preferably one c-unit cell thickness;
30 ¢ molecular sieves made from common second degree building blocks, being layers
of one or more than one unit cell thickness, wherein the layer of more than one
unit cell thickness is made from stacking, packing, or binding at least two

monolayers of one unit cell thickness. The stacking of such second degree
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[ 0019] Conveniently, the total feed to the hydroal kyl ati on step contai ns
| ess than 1000 ppm such as less than 500 ppm for exanple |less than 100
ppm water. Conveniently, the 5 total feed typically contains | ess than
100 ppm suchWas'18%¢7t han 30 ppm for exanple |ess tha®“SUpPHyOetir ur.
Conveniently the total feed typically contains I ess than 10 ppm such as
| ess than 1 ppm for exanple less than 0.1 ppm nitrogen. [0020] The

hydr oal kyl ati on reacti on can be conduct ed in a wde range of reactor

configurations includi fixed ry reactors

distillation towers. %”ﬂ%“fitdoci(ﬁ%ﬁ“?? E:?r’i“e [? }éﬂm&r% " RIe f‘llir’]’c‘)orll1 ?’élgté)f“?#%ér(?'ogan be
conducted in a singl erngaotmbiomtiondreocdendi n a plurality of reaction zones, in
whi ch at | east the hyd 1S, Lotk c > ) .

Sui tabl e reaction terrp(gecrcgﬁﬁbrléevg Aé?% bgg& E%n}rg 18%1%11 fg%gdb% ol 0B3 %1%958&1&1
as between about 125Goahidatipholunit2gpdayigihe MMVe itk torplgsressures are

bet ween abouyt ]436andyabatit MZVCOQQVIJSﬁazz BN AS R WeRNX AR S0P paRe about
5,000 kPa. Suitable vaI ues for the ar 15rati o_of h%% lgego_} RT_ enzene are
ol

bet ween about @chsing d a?ﬂad“‘éﬁ’@ﬁtmal% 1% 4*% e idS e we el SHRB about
4:1 for exanpl e.fhd)ettlwelmr&bmuﬂatﬁ) edandchabotrize Qb miterifl 002 2piTihel bat@hdasit

enpl oyed in the hydroal k ', ! - j |

catal yst conpr I?egll q&les ush%?(he% :Tl%la dgli%g\%é# c%Ppe S tRW%g’B{;hX’uo@f apd ; h’igpagt'oggtg

hydr ogenat i on pevipebd withe catiationonmED afd Afspojatadagoapitan 2 @@rcoﬂeﬁf&tnewsw of the

mlﬂ famllby'(;mrec milgeubawm@yeamy %Qmewmbizdet@mdy LS. a&teﬂtsﬁg. y

n, includes one or .. nolecular s rom n first

degree crystal (e 2BlittH; n@“ﬁ'[ﬂ?‘}éknmtpa%tl o ﬁ\ééﬁg){}ﬁ&ez QCTC“ m - MAW

f ramewor k t opobagy No. (40826,6670 BRI (déssritad &rmtopah Pam Hn.gmm2),OTQaK®M1thi ch if

tiled in three; db@er?’%tcnq 6%9@4@3) q?é%r d?s?iv ]tl & I&%r}{%%ﬁﬁll .P%treﬁtu Hafon §HCh
in“th t eolite 2

crystal struct ures are usse r amewor k
Types", Fifth S@O7iER0). 2@0/136 tdeeribagt ip LS. d’@fmtéﬁﬁt 5@P0.5H). MY ildressibpbinat ed as

reference) s n@'seﬁ%'t‘:lﬁrNos'S@V@%SW@MW()QH&&&@W sae@mdo degs e builidi ng
bl ock, being a 2- di mensi onal ti me rk t poI 09 uni t
cell's, form ngld&<Hddr dyeraEH 1\8’r\87§@?3{0) 8%4 P‘“f‘}‘ﬁsct %)g relFRp e 15 519 ?\;ﬁ‘

c-unit cell thiieknessited B0n (anpiCeta, aanhmhe\s@&dmad@tybm@MMandMﬁd degree
bui | di ng bl OquuchaseI;ra% | ayers of one or nore than one unit cell thickness,
wherein the | ayer of “nbre than one unit cell thickness is made from

st acki ng, packlOﬂljl orAnyikpaimiydigenpeagictat ¢y brempyay aytge brlrogiielatipgictalye] |

t hi ckness. Za_healght) Kdu R coliutfﬁuqmlu&,eﬁﬁlﬂmurgeﬂfh@ﬁumV@l{%pkfﬂé 024 AP Bfealt, with

T/ US2009/ 050497 bUI | di ng bl ocks can be in a regul ar fashjon, an irregular
fashion, a rantfdAMYREHMBAMIGYRIL AYRBHBISn AT Y HE g Oéh’dhooena“o“ metal

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

such

and about 5 wt%, of the catalyst. In one embodiment, where the MCM-22 family molecular
sicve is an aluminosilicate, the amount of hydrogenation metal prescnt is such that the molar

25  ratio of the aluminum in the molecular sicve to the hydrogenation metal is from about 1.5 to
about 1500, for cxample from about 75 to about 750, such as from about 100 to about 300.
[0024] The hydrogenation metal may be directly supported on the MCM-22 family
molecular sieve by, for example, impregnation or ion exchange. However, in a more
preferred embodiment, at least 50 wit%, for example at least 75 wt%, and generally

30 substantially all of the hydrogenation metal is supported on an inorganic oxide separate from
but composited with the molecular sieve. In particular, it is found that by supporting the
hydrogenation metal on the inorganic oxide, the activity of the catalyst and its selectivity to
cyclohexylbenzene and dicyclohexylbenzene are increased as compared with an equivalent
catalyst in which the hydrogenation metal is supported on the molecular sieve.
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nol ecul ar sieves nmade by any regul ar or random 2-di nensi onal or

3-di nensi onal conbi nation of unit cells having the MW framewor k topol ogy.
5[ 0022] Mol ecul ar sieves of MCM 22 fanmily generally have an X-ra

diffracti on paPREPH2PHcl udi ng d-spaci ng maxi ma at 12. 4+GCHES08/G4437 15,
3.57+0. 07 and 3.42+0.07 Angstrom The X-ray diffraction data used to
characterize the material are obtained by standard techni ques using the

K- al pha doubl et of copper as the inci dent radiation and a diffractoneter
equi pped with a scintjllation ¢ unt ssoci ated .c ut er t he

ol | 6etton sysTUET " TheRBraet i Srdyelnord enns s SHOHRErUOE! MoK 22
(described in hbSwlyPafigwtpriidled 4,10 Sdh| 828 )inertRSkHer 31e(qd>e<$mms bete ihndrddlkSlatidat ent
No. 4,439, 409) , : 1
(described in d%%eéﬁta@gﬁgl%&{ Lﬁﬁ?{%egoﬂﬁgg %gga&ec‘n&r 1 4( ?igeggi?lﬁ%gcﬁe Pelﬁﬁ& S.
Patent No 6, 07724908} Elemane. 2uo@désad5mnt9e@dlontllaweéﬁ%mn@ﬁm Patient hepifblticcat i on
No. W097/ 17390)1umw b ascChicbediolid tdbe. cRatent aNisci®ed 30, (21&7\)0&1] MaM- 49
(described in _15 U. 5. Pat ent Ng] % 236, 575), MCM 56 (described in U S
Patent No. 5, 3@%“@9‘7‘?“@2!@@) C4EStYi bed in U S. Patent No. 6,756,030), and
m xt ures ther eg26]Pr erfhemadtrbgenatbhmembhsea:ep&xafd @i evenoi@nis ekidgtoeavehicoin lya)

MCM 49, (b) MCM 56 and g@% Q2.
100231Any known' ef s bg&)%eltiénlg%%{%grﬁm@g% mc OX oye Wl‘?hh Hrngogec %/_ | ation
catal yst, 20 &btch augwlls Uhe abiyet qyepesits lsmrmimd éy 9<apqlla'eﬁamﬁ erdth*ie'lrﬁueame

ni ckel, zing, bfie m@l@gﬂa@QQ% Lnd M bBaIRBhthiAEE WWRhEl 0dddPaE trdr@btl Alol Pellets at
advant ageous. Gener a anmount of h}/gr ooafgﬁ% 2’ taI resent hl n the
catal yst is beP‘\%}éB’r‘ib%l‘Bdﬁetmrﬁu}O%bO&t B0 dnat 19 TOUEHCHE %’t’@\évehhc dbout
0.1 and about ﬁuw %th@f‘noll(hl@l siateadny slte. mdtal-coneniegripogimesdtide, whenfelyttdmthwu\/} 22
fam l'y nol ecul g Sl ; ﬁﬁf: hl%%e@qheaflo m[;%tgr%%l tIFnecéspd i’dn?h hg roogya%l{)rp %glglat I on

nmetal present I's SU ratlo of thea um i n
mol ecul ar si eventsepsecently peldaperaipdien thyevlinaFatdhst oppeRitabout 1.5 to about 1500,

for exanmpl @sfr @RALOW,wHR El&luapl@t%'ltialgﬁgudcsdf}ﬁthuﬁin fnﬁt@xﬁllﬁ&%bﬁmé—%stﬁ&cﬁﬂom
300. 100241The h}/dr ogenati on net

E 13/ ]:lrec ’?8 ﬁid on the MCM 22
fam |y nol ecul ¥f1 &jlgg@nigymateigly sug éh‘ﬂi‘ an Chpredgh ‘frlr%“r"f‘ SUERIHGE.
However, in a soeenafiradf ecduetlg errib(ﬂdlfmenﬁ gelafinolgasipitht®s wiedl incodingxanpése at

| east 75 wt % & qxéggn e?]‘al 0¥1d653%la§1¥%2 g fnglcllays v@lléh ?& bd ﬂguﬂyd%&ﬂf’ﬂ%deon

metal is supporte ani c rom but cglrrlr;gom ted with
t he nol ecul ar #$pewsé thelmpﬂplaﬁltﬂplmalaaql kaolhtl fqﬂ?;llq*oﬁmdi faﬁd{e* ylusuhpabiRgitshe

hydr ogenat ben Rt kaQhs EJ?ﬁllanng@ip&sQ)lQ%(|1\¢'§$am§é"@c@91§ b HipHd@ Elafshe oG@t al yst
and its selecti V|t to cy cldihex yl benze ohex | benzene @uc%

Y
i ncreased as cONFRPeFeRntH" ﬁ"“étéfEﬁ“Vél%‘@E’ még‘td‘élf”;}%tdlg‘ P?h” pryaie.
hydr ogenat i on ¢t ain UeStseShlptﬁ@fdt\fedte@m01ﬁ§\&11milﬂ¢m|lafldHSISﬂ)g'@ted tol@cination, acid

2010/ 02497PCT| 5905/ GSRATT, ARQRTATIEAOREATLG, SHge Bl QHedfysuch 2

conposi te hydroa ation cat IS not narro rovi
stable and i ne?lltcorUhd@tmdt h’ecd@blnmat ﬁle‘n&gﬁcglﬁh@hqﬁ}ydﬁmal k&}qadlﬂqﬂén“ﬂrcéﬁ@v‘ihé)n

Sui tabl e i ROr g, Git@%1 H&R111 0 Gdribee cMPol8shs Qfich @ QUBS algmindthoda sABdaildin@f t he

Peri odi c Tabl e of El ements, such . as a{ um na and/or titania and/or zirconi a.
AS Used her EI nleCt)IH% \tha alummd mdonesxa and Siica- maoncsla-zucoma

0028 Although the hydroalkylation step is highly selective towards cyclohexylbenzene,
the effluent from the hydroalkylation reaction will normally contain some dialkylated
products, as well as unreacted aromatic feed and the desired monoalkylated species. The
30 unreacted aromatic feed is normally recovered by distillation and recycled to the alkylation
rcactor. The bottoms from the benzene distillation arc further distilled to scparatc the
monocyclohexylbenzene product from any dicyclohexylbenzene and other heavies.

Depending on the amount of dicyclohexylbenzene present in the reaction effluent, it may be



5nunbering schenme for the Periodic Table G oups is as disclosed in Chem ca
and Engi neering News, 63(5), 27 (1985). [0026] The hydrogenation netal is
deposited on the inorgani c oxide, conveniently by inpregnation, before the
met al - contaanW@OWW6+ganic oxide is conposited wth salgmﬁﬂﬁgwﬂ?ﬁfnsieve.
Typically, the catal yst conposite is produced by co-pelletization, in which
a mxture 10 of the nol ecular sieve and the netal -containing inorganic
oxide are fornmed into peIIets at high pressure (generally about 350 to
2?23; 258 togg lr(rg{ﬂ )al?le g):)th kﬁpatcet?(e 51%/0 opex lgenég(ne dvzt? ad(? ttlonalLl)cP%ne tto maxinhzeert‘] \?\/IC;J:‘]ara
separat e b|ndemuﬂaﬁ@n@%hndeﬂhwmu@Mh@ddme% | f necessary, addltlonal

hydrogenat i on g Cﬁ@nélu;q%q%ﬂtdwnm HRRAS hpta@Nerfeli€y eIl ARtanGAL al yst
conposi te. 15[ 0027] Sui tabl'e binder materials include synthetic or naturally

occurring subst@fitesera@tefim the dvqrondiaen eagielt eyl él*‘é“agﬁé‘ﬁ““é@‘yléqloéfaféﬁd/ or
silica and/ or R@hala BXeaes sievEhethk atdver2 ety beolied HeheMCMBGSL{EeaU g PeERWLI i Ng or
in the form of reci |Ia S or udi n silica
and net al OX|deg?A§E EF‘PMK%% 5 ng C“fﬁﬂgﬁﬁﬁnmﬁgg Et%bdh% M§m§ém%lnder

i ncl ude t hose @fk%hﬁmwaBMBMBﬁwgmmtesamdhkaawymmmanahmesgmmhfdhuﬁ@ﬁwi|es

i nclude the subbent qq&uﬁgL Known,; as
McNanmee, Georgi %%a %ng?)fgglegplg§)§; h%lrnk‘g’t8 lktlde{%utl n CK&& Q%? Ou% ﬁlggea
constituent isvedity ofsbaue, tkabiui i he, omliowkificd andieicy paecngiicyphderilticezenSuch

clays can bg usgedndhiot-p& bW Shgfues:as originally mned or initially
subjected to cg%&hgiihgzﬁgﬁgégﬁiéeatnent or chem cal nodification. Suitable
nmet al oxi de bi X X a, alumna, zirconia, titania,
siIica-aluninaﬂmmnl|da{nmgneaha4t$ébﬁmﬁa@hmMdemm;&bkﬂemkﬂhbmkawm:mu
silica-berylli @%LhO%?X%’lbel ng?e I ¥nﬁg{l)§l o%%izwlt tl%scotrl_% p@f'f‘cfn}’o ﬁfﬂ%gl%kltdé OnﬁnsslIICh as
silica-al um na um na- zircon al umi na- nagne3|a
and s ilica- nagﬁmé@bmﬁlWIWé@hﬁm%a%@@@@}ﬁmﬁhquﬁ’vﬁélHy@rdwpkyh%wi@wﬁstep is

hi ghly sel agti vauwdbawangds cyskanxxhbenzene. carh&leefainw@laho fhomiai®n of
hydroal | cyl ation reaction M‘kl normally contain s ial ky Late products,

as wel | as unr &5Pey b arsialt ﬂ%gﬁ“ﬁhd‘?ﬁ%“déé??é “h% IRy ALEF i es.
The 30 unr eachedalironaticinfieetsinge sfarcamldty recover ed by dlstlllatlon and

led to th |1
recycied to C?lf[uf%liﬁlblleo&tdﬁysﬁq‘& Ohe ¢t I?O%e‘g/r eltiz%ﬁ"s é«faﬂm Etgb ar Et' exy

distillation a er di st Ied O se ate nono zene
pr oduct fron1aﬁ?“ﬂﬂ%VUN@h@%?#@éﬁ@éh@léﬁd”@ﬂﬁér6H€h¥?é§1mEE@éﬁﬁﬂwgmU%’the

anount of tibcyrelfeeéa%yduamzemv&zs@gﬁﬁmmﬁda Ui K ERGTdroH xﬁﬁca‘nhqu@ntzmrﬂn{o Ny be
WO 2010/ 024975PCT/ U OOQ/OSO‘%KHW |rable Eo trans 1i)(_:eﬁ/_late t he

di cycl ohexyl beP#ER@PRI RIS 8T Py e PHEPPOHIRIFon of
t he desired noNaalikyhatned:, s pagil@syhini®QR9 IN-hahealrkyllidtidon Nvhidios@bkaidne-onal

benzene is typ | ,5 ,Q—ltxJiCXrbgyzixEn%g,t I@ﬁ'-éiﬁ'yd?oxg/(r p?l%l%glln%cy Jii%gi!ie(?,nN,N'—dihydroxy(ibenzophenone—
3,3'4.4'tetracarboxylic  diimide), N-hydroxymaleimide, pyridine-2,3-dicarboximide, N-
25 hydroxysuccinimide, N-hydroxy(tartaric imide), N-hydroxy-5-norbornene-2,3-

dicarboximide, ex0-N-hydroxy-7-oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboximide, N-
hydroxy-cis-cyclohexane-1,2-dicarboximide, N-hydroxy-cis-4-cyclohexene-1,2
dicarboximide, N-hydroxynaphthalimide sodium salt or N-hydroxy-o-

benzenedisulphonimide. Preferably, the catalyst is N-hydroxyphthalimide. Another suitable
30 catalyst is N,N',N"-trihydroxyisocyanuric acid.

[0032} These materials can be used either alone or in the presence of a free radical

initiator and can be used as liquid-phase, homogencous catalysts or can be supported on a

solid carrier to provide a heterogeneous catalyst. Typically, the N-hydroxy substituted cyclic

-8-



reactor, separate fromthe hydroallcylation reactor, over a suitable
transal kyl ation catalyst, 5 such as a nol ecul ar sieve of the MCM 22
famly, zeolite beta, MCM 68 (see U S. Patent No. 6,014, 0122§ zeolite Y or
mor deni te. ThWORPUMZUIA ation reaction is typically cond PETE20NHEH 7 at | east
partial liquid phase conditions, which suitably include a tenperature of
about 100 to about 300C and/or a pressure of about 800 to about 3500 kPa
and/or a weight hourly space velocity of about 1 to about 10 hr-1 on total

feed and/or a bhenzene/ di I | benzene Ovvel ratio lto
hbout 51 Gy BHBRy s S et M PO peib ST St adp 0o e it P

cycl ohexyl benzené%itnt oviphemblas Bmgkes 900 ohéxarioofehe dytieheeyxnahexyl benzene is
pnirially oxi digRg L osddife ERLLERABNAL DML OPFLAN! Hembllird RpAGEAMAl | shed

by introduci ng _an ‘oxygen-containing gas, such as air, into a liquid phase
15 contai ni ng 7A€ %‘S}@P(wh&@ﬁ b@hzﬂéﬁl@u‘ WF%@%MQ&Q@““@!’[W@%%?‘” aboyjsp to

oxi dati on ofs cygh@hexy! Renzeen- &dﬂmtnln@ @bslﬁ&@@b]?fanacéﬁaﬁea{ls)é@tai itlfe M@Mngsl ow
and hence the oxidati n i's nor 1y Q cted In t e‘ﬁ ﬁsence %
catalyst . [ 003TIaln 451 v eut 9 yot 8edh DT e SRRy rBe IEA BRi ARPon st ep
are the N hydr oxfierisgibghi thut Bdadlyclol eact mrhie@dldewmdimdthiunnayuo& dirageint  No.

6, 720, 462 and i o h ; witH S 83 dissolve basic
25 AP U b S

3-ami no- Nhydr ORW%%IWW%OAWE%@&W%WD- N- hydr oxypht hal i mi de,

tetrachl or oo\ dﬂfo gr),sgtg@ bRlyapd de, N hydroxyheti m de, N hydr oxyhi m m de,
m- Rl'yd{:lloﬁzzj; IO;T§ {08?,4}] On.e’ll‘ ﬁP:il éeagtiv;: (‘h‘)t)f:(%lé)%pezcgl?veer]ilog ofélthé[ crylcl((:)l?urxg)lgenzcm mfd phenol and

N, N - di hydr oxyéshcmhmmfmenmm&s Ilgadagd’ oft @b r gclandapikyiizéne hidraperdade, which s
N- hydr oxynal ei @311981’1 n %{;Ehega(ﬁjgy t%ctﬁillc GR! hgfﬂ%r);[% g}xglg ?\Vﬁt a catal st in the [1 uBicg)hase ata

25hydr oxysucci ni m r oxy tart’arl ydro y-5-no rnene- 2, 3-
di car boxi m de, @K@ﬂNulhytﬂrdb&xWW’Cot)ealb@t@yém 6[ el asl MippptC6 e peup | B2 (jredgrioxi m de

, N- hydr OXyl'SC| ﬁlegsﬂlgld?r}g&@%@ to labout 2 ,500 kPa, such as about 100 to about 1000 kPa. The
, 2-di car boxi m de dr oxy-ci s-4-cycl ohexene- -

di car boxi mi de, Nﬂ‘:@%ﬁy ﬁ‘%ﬁp‘ﬁf’f‘?ﬁ‘f‘?"rﬁ“d‘éé’éfé?‘%h% éllh‘t“i?r‘ﬂl-aﬁy)&a{ﬁ‘ﬁyo%em inert to the

benzenedi sul pha&lvﬁlgedawtuﬂl’ Qf:lexsamhyl eﬂtymeemﬁ,to@&wt&kdnb& Phchyl dr @xyphybaking de.

Anot her sui tabl easgs ca t?dt Olel "IJN Nledw ye ledCtl lglisoc)g) Ve?l]%l% ar(])lfjlclil{c%d 111 dc(i?dtdl c
[ 0032] These materl al's "dan useEI €l ther alone or t he presence 51‘ a free

radi cal i niti atligileggndingan be used as |iquid-phase, hom)geneous catal ysts or
can be suppgrt ﬁ)@3§?n @rhe catalyst employed in the cleavage step can be 2 homogeneous catalyst or a
heterogeneous catalyst.
[0036] Suitable homogeneous 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 homogeneous cleavage
25 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.
30 [0037] A suitable heterogencous 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.



solid carrier to provide a heterogeneous catal yst. Typically, the N hydroxy
substituted cyclic WD 2010/ 024975PCT/ US2009/ 050497 i m de or the
.N,N,N'-trihydrox |soc anuric acid is enployed in an amount between 0. 0001
ml %to 15 wYOH ﬁyas between 0.001 to 5 wt % of tH&T/US2009/050497
cyclohexylbenzene. [ 0033] Sui tabl e conditions for the oxidation step

i nclude a tenperature between about 70C and about 200C, such as about 90C
to about 130C and/or a pressure of about 50 to 5 10,000 kPa. Any

oxygen- contalnanTQ S b6 g&gblgfajr can be used as the oxidizing medium
The reaction caﬁ—ta%e—ﬁﬁﬁéé—rnm%apt%—reactors or continuous flow reactors.
A basi c buf f eriltg8lagehit efftyntHomatiddehvign reagi@mtcomprisks @enadiand yylopreducis t hat
may form duri ng,fHg.ex Lﬂaml&nmm adel BB pr A FANGRAU S, BRAREHRY RS 1o

i ntroduced, which can ' p di ssolve basic compounds, such as sodium
carbonate. 10 W&Pﬁ‘}ﬂeﬂlﬁ))@i"d’éﬁ(ﬁf @hgaberofweBeThbe rigsl (et Peecnstieys bh the
conver si on of w@cﬁwhquﬁbﬁnmaeavmt @ﬂ@hteml a aa@meg/eahtmhemp@@e ak Eb\/0| ves

cl eavage of the c zen rope veni ent

ot foctad by contSet gt Nhorharepardien EBE s el Pl e i e Fa o
phase at a tenperatime2)of about 20C to about 150C, such as about 40C to
about 120C and/or a 15 pressure of about 5Q;to about 2,500 kPa, such as
about 100 to about 100® kPa. The cycl ohexyl benzene hydroperoxide is
preferably diluted in organi c solvent ingrt to the cl eavage reaction,
such as net hyl ethyl Qne enol or cycl ohexyl benzene, to

, cycl ohexanone
assist in heat reno e cl eavage rean S congﬁnlently2 onducted in
it.%@{—@@%]T §

a catalytic distilla Iyst énpl oyed t he

cl eavage step can be a heterogeneous catal yst.

[ 00361Sui t abl e honpgenedus cl eavage catalys s include sulfuric acid,

per 3 hloric aci ﬂ),0392)hOSQJS'QEdteﬂblea&hﬂhog,Biédth&khh)@trédﬁ baGhd iaRccmmt(o)] s@}af% ubif oni ¢
aci Ferr| bor on t | uor i i OXi u

Fr1oxi do ar arusPlr P eRRuRY mshigaiidi e ahunls: P8t abe afDdvE" i
preferred honogedgousiociheaviagegwatoalsies tcomgiss vl traperaturaci ehou - pr gfer r ed
concentrations dO'aC tdxl&ﬁm aqapegglrcoctf aQouQ% O‘i gtrrptosabm %/6 ai%]o(rl k@a 'Eb%@%ﬂﬁ%& %Ca' d

catalyst, a neutrallzatlon step preferab % | ows the cl eava e step. Such
a neutralizati BRPE¥EE of 4ppTteY” Pyo ?bﬁwﬁ%gm 't‘)Pif’SaE‘F Owbelﬁlamb%w o difent
w t h subsequentp.deg@mndriing of a salt-enriched agueous phase.

1

(9]

[0040] In the above temperature ranges, the dehydrogenation of cyclohexanone is
equilibrium-limited. Figure | is a graph showing the maximum extent of the dehydrogenation
reaction, under the designated conditions, based on thermodynamic calculations made using
free energy data in The Chemical Thermodynamics of Organic Compounds, by D. R. Stull, E.
F. Westrum, and G. C. Sinke, published by Robert E. Krieger Publishing Company, Malabar,
20 Florida (1987). Standard thermodynamic calculations (see, e.g. Chemical Engineering
Thermodynamics, R. E. Balzhiser, M. R. Samuels, and J. D. Eliassen; Prentice-Hall,
Englewood Cliffs, NJ (1972) were used to estimate the equilibrium conversion of
cyclohexanone to phenol. Figure 1 indicates that at 1 atmosphere (101 kPa) total pressure

and with purc cyclohcxanone feed, it is nccessary to operate at or above 275°C in order to

]
wh

achicve at lcast 90% conversion of cyclohexanone to phenol.  Running at lower total
pressure, or diluting with a gas inert to the reaction, such as nitrogen and/or methane,
increases the equilibrium conversion, whereas cofeeding hydrogen tends to reduce
equilibrium conversion. However, cofeeding hydrogen assists in extracting the hydrogen

generated in the dehydrogenation reaction for use in other process steps, particularty for the

- 10 -



30100371A sui tabl e heterogeneous catal yst for use in the cleavage of

cycl ohexyl benzene hydroperoxi de includes a snectite clay such as an acidic
nontnorillonite silica-alumna clay, as described in U'S

4,870, 217, t h¥O02hoPHa5di scl osure of which is |ncorporatéﬁTh§F@Wh”fN
reference. WO 2010/ 024975PCT/ US2009/ 050497 Post Treat nent of C eavage
Effluent [0038] The effluent fromthe cl eavage reaction conprises phenol
and cycl ohexanone in substantially equinolar anounts The present process

provi des an adxant %Eﬁﬁllilzseng E\é«;{;\ alkI){Patl 1n§t£ e%ﬁ(& EQO ﬂe ueh [mrm lOV Fa@al QF RS oduced

fromthe origi i Art" of the
cl eavage effluéﬂEWWWWh%a1dehyﬂmdge¢awhmmmmatahy@mt@ﬂaesﬁbnhebmwénmngbne or

all of the CYCWQQ%&%QW%& rahet h@rdﬁmherrrrrydroaénomael,@rorlrx@mk PheN@kq agcRy di ng
to the reaction (2) | sui't abl e dehydrogenation catal yst can

be used in reaé?W@H“T?T““%ﬁ@h“é@m‘qgPaTﬂnekanple the pronoted nicke

catal ysts deaschdowgd iThe- tdactor Rﬂﬁgﬁdtloh\buserﬂ fék1 the 0Ty dr&uiatiab | peoce® nghintrhigns  f or
t he dehydrogenatron st g onpri.s t rature of abo (E&%ﬁo apout 500C
and/ or a pressiF¥ ST AbSuto o 5T 81%%?"5éﬁgﬁp°fdoafﬁ1?1Vﬁﬁa o 2608 KPa) |
such as a t enpémetour BergphssaboutioB00G1blexabout tydsC sand thanydBsed pefeoflyabout 1
atmto about 3.2l ikh06KBRkRn §4?1%elflPa&f01 &rém%é}hmcm@l@&&Y%@f@mﬁ@at ure

ranges, the deﬁydrogenatron of cycl ohexanone 1s e riumlimted.” Figure
1 is a graph sﬁemwhgderrecﬁe@e.vrﬁﬁlrrrfeweqﬁeabrw%ﬂaeﬂﬁeﬂw@e@%ef iof the reastien on,
under the desi graheepcandi &dcroeamlyqbra;aeﬁid @idn meremagdwaaeat excﬁzalkgeulraémme made

using free ene d ta in Th Th d g npounds,
by D. R Stull 59%5 %m%bggrumat%{n thd r“&“ §I3§EOG%B% Lﬁ‘Chdbe% Eﬁ%ﬁ‘blc?h
Kri eger Publishmmgiﬁmwpanynmwahamanch@mﬁh@mtﬂmn@qgﬁmxdnﬁmeﬂdard

t her rodynanmi ¢ ﬁfﬂhﬁu' 6345' [Q%uglf &&ited Q:y&ohe%@ﬁg :Qlﬁl 1&1@9!)1@(@1%5 'arngzea-tmﬁrcrm%(l@am cs,
R E. Bal zhi ser, R. Samue J. D Elrassen Prentice-Hal |,

Engl ewood O | f F%“PONS} of 297%) Cyﬁ}er“éaﬂ?%%l{dﬂ% WEePhTRaL & hHEMEHIGMPY B FSPaRHe the
conver si on 1ef Gtﬂﬁdnﬂmﬁﬁﬁatﬁ@laﬁ:ldlﬁxyw@%ﬁﬂ hydrépaekige tlcivagh eza[t eg sintpat digtllatlon

necessary to ofetaruategrrRgt ey felhin e lisPo s S SaBAREOR ER MR, o00e °
conversi on of myQMGhmmaﬁ@nEMHQMQhehohtkﬁmmmhﬂg@ammlQweﬂbtﬁﬂaprweégare or

diluting wth ﬁiogg'v%r'&?r&ltwe QistiiRfod HRGELOMre SUER fassepalstrng%aoewo@ et hane,
i ncreases the equr brium conver si on, wher eas cof eedi ngé,éi% rogen tends to

reduce equrlerPHﬁré@ﬁ@bP@Wﬁh UtSovia§eir Nose 402 b#0n g ORy P o & 294 s 615208 n
extracti ng2bhes nyscoegerigenenatedsi a18hescdehydregenatjoosnoseaciimeléor use

in other pr Ocepshen(ﬁ/cycl?()%éxa &lletbep%}'clllnglr 1|e 41];15 a cosﬁy 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
cyclohexanone dehydrogenation, the final product may contain substantially all phenol,

25  thereby at least reducing the problem of separating the phenol from the cleavage effluent.
[0043] 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. TIn particular, the cleavage effluent is conveniently subjected to at least a
first separation step to recover some or all of the phenol from the effluent, typically so that the
30  efftuent stream fed to said dehydrogenation reaction contains less than 50 wt%, for example
less than 30 wt%, such as less than 1 wt%, phenol. The separation of phenol is convenicently
effected by vacuum and/or extractive distillation. Additional distillation steps can be used to
remove components boiling below 155°C (as measured at 101 kPa), such as benzene and

cyclohexene, and/or components boiling above 185°C (as measured at 101 kPa), such as 2-

Sl -



WO 2010/ 024975PCT/ US2009/ 050497 (optional) benzene hydroal kyl ati on step,
and al so frequently inproves catalyst stability. Wiere hydrogen is cofed to
t he dehydrogenati on reaction, the rate of hydrogen addition is typically
such that theVRoP¥P2¥%tio of hydrogen to cycl ohexanone ifSTHHREYEHto the
dehydrogenation reaction is about 0:1 to about 4:1. 5[0041] The reactor
configuration used for the dehydrogenati on process generally conprises one
or nore fixed bed reactors containing a solid catalyst with a

hydr nation, f v n i i call
gfegfefgfhg; (7)6%“9‘21’ 18109andfd é}% gf’e’% 5y H)%Qﬂ ?ee S tt‘e 8@3} rt%nel ?)ﬁ?éoﬁp%lor%§18¥ &P Ca y
for the endot hegantico. heat of reactlon preferably by multiple adlabatlc beds
Wi th interstagggat @}X%@gﬁésﬂle T[ttemtte@a%@gewnen gglocfene sﬁlﬁ@aﬁ&a’ll?nalﬂ-mﬁ ream
drops across each cat al hen is rai sed by the heat exchangers.
Preferably, 3 C¥BBaYs ”athe CY%@HXYIW%CPF by dtoé‘?fﬁ‘%‘tea&l"ﬁ?aée HWW 6" tsoroprsTtaboc
across each sbed piRn@f ar ahkieel lhﬁfeb@sdcpémedg ioR nfall@t SAtitias, e Ss attcl}atomcgher
exit tenperature evi ously
st at ed, eycloheka%%ﬁgmgﬁﬂjkheﬁkwuumm @ggwﬁn%§950 m:mLﬁyrmi H%g&CBm“oéed of
28 mt@bcyclohex@qGNE/ahdwa@lmk&th@n@mmeebmthauwamy @MtbdpﬂW@Ogeepanate t he
15 effluent fr@ﬂ%qbﬁe%Vﬁk%ﬂ&%beﬁQ@%Qﬁﬂ@%ﬂ&ﬁpeﬁﬁ%&ﬂQmﬁh@@yéaﬁmaiGP1Py
sinple distillation results in this azeotropic mxture. However,
ef ficiency of FHEPSepARENF Rig! Hah éh‘ﬁ%&éblthbf)‘etea‘rfdtfé‘tltyﬁ’@gecnﬁémc?rﬁélt/ttt | ation
under at | agst \@a;att dlathun aC AU unt, ymeﬁahtl?yoretnc?ah@fm d:Qhp KE’@ampMBﬂ’ulﬁcbﬁ&fout
extractive dis cesses are kn ar at ohgxanone
and phenol , se%6 m*b%%29§8 n%oSa At en ﬂBm:Rﬁléﬁ f@ﬁ ﬂgm@ L gE5"
4,115, 207, 4, 1mﬁh@@mwph@@“mﬂﬁlanOGwMA12@@%@8@014 230 638, 4,167, 456,
4,115, 205, and |[0‘645916 AR thé“ﬁx‘é?cﬁtt h@énﬁéﬁha\ %@&“&Ldrfﬁé’c@bﬁh%ﬁ&l&ﬂ@y ?e@é?&(:@td on
remains a costly process, so i n_one enbadi nent,
dehydr ogenat i oPArdquish oRRegingeRis, ﬂg%em@f edirpgskitlin e g8 “fltl.éppé‘fceév%éhbetqut&ent
t her eby avaisdi rgdstiRar neadatfodd nd@RcdeRbdly aluqeameiaﬁmveros apakcabi, atn SteRRnce
Dependi ng on t fficien of t gxanone d drogenation, the final
product nay coﬂ?ggﬁ“gﬁ%%OQYtOﬁFan %%Ch enoﬂmqutﬁgf% mm% QCéaEF”Pe uci ng
t he probl em of ths epanatvengpnt he phenol frontthe cIeavage effluent. [0043] In
anot her enbodi nent, the cleavage effluent is subjected to one or nore
Separati on processes to recover or renpve one or nore conponents of the
effluent prior to dehydrogenation. In particular, the cleavage effluent is
conveniently subjected to at least a first separation step to recover sone
or all of the phenol fromthe effluent, typically so that the 30 effluent
stream fed to said dehydrogenati on reaction contains |less than 50 wt% for
exanple less than 30 wt % such as less than 1 1,vt% phenol. The separation
of phenol is conveniently effected by vacuum and/ or extractive
distillation. Additional distillation steps can be used to renove
conponents boiling below I55C (as neasured at 101 kPa), such as benzene and
cycl ohexene, and/or conponents boiling above 185C (as neasured at 101
k Pa), such as 2- WD 2010/ 024975PCT/ 11S2009/ 050497 phenyl phenol and
di phenyl ether, prior to feeding the effluent streamto the dehydrogenation
reaction. [0044] By enpl oyi ng the present dehydrogenation process,
substantially all the cycl ohexanone in the cycl ohexyl benzene hydr oper oxi de
cl eavage effluent can be converted



5 to phenol. In practice, however, depending on market conditions, there is
likely to be a significant demand for cycl ohexanone product. This can be
readily met using the present process by reliance on the reversible nature
of the reaction (2), nanely by hydrogenating at |east sone of the phenol
back to cycl ohexanone. This can readily be achi eved by, for exanple,
contacti ngcignphenol w th hydrogen in the presence of a hydrogenation
catal yst, “TI0 such as platinumor palladium under conditions including for
exanpl e a tenperature of about 20C to about 250C and/or a pressure of about

101 kPa to abou phenol nolar ratio of about
1:1to abo&t 10 J%&g%g%ﬁg?ﬂﬁgﬂ%&%ﬁghg% gﬁ%?ﬂfh@g%? on has been descri bed
and illustrated(®y refidizengce ¢tyologpantlbamudrar ewbodirodrts, dyblobexytfenondi nary
skill in tpgiart wi || appreciate that the invention 15 lends itself to
vari ati ons "KEPPHRssarily illustrated herein. For this reason, then,

ref erence shoul ¢h)ybe smoertivgl Slcjohtoylbdnecr@phgicieaoxidaifitm {Or topprqiase anof
deternining the true scope of tge Ere nt invention. CLAIMS 1.A process
for producFHycH BN coppEgRhgRY &n BWZ? %3104 (a)

oxi di zi ngcycl ohgxyl b@@aiﬁgeator&gducw&i Qrexyd kemzanaubydr @Par Q¥dstl&nc

(b) converting cycl ohexyl benzene hydroperoxide from (a) to produce an

ef fl uent stehydiogensHpr reartinn J9Red and cycl ohexanone; (c) feeding at

| east a portiongf S@dn@acﬁﬁglsg@ﬂtat AR didH JreaRt AendeisdhodrRati on
reacti on zone; and ( contacti ng salg at least a portion of said
ef f | uent sdehpdiogeriatinn aatdbybiyidreifeddtyivaerativalrgastion porsaindeidéhydroggetiani on
reaction z . nyd [.on i L S| rature of
2500 10 sooRcuPREEiEEME! RIROARIOT: SREE.G'SBRY, SRTRle B dfhui hERRERAL ] ¢
sai d at | eafSthe &yqolidxhmmeah ssidi ad ledst h pertionsifrseminetflndno spbeem ddto ghendiyadd ogen
2. A proces€¥for produci ng phenol from benzene, the process conprising:
(al) conta ‘#%ﬁnbenzene and hydrogen with a catal yst under hydroal kyl ati on
conditions to produce cycl ohexyl benzene; (a) oxidizing

cycl ohexyl benzene from said contacting éal) to produce cycl ohexyl benzene
hydr oper oxt-de; A process fopgroduginesphenpldrary pergprex hepErs e femNigingper oxi de from

sai d oxi di zi ng ({19) cdnPrcREP BeELnaMn8T fydwRh Witk 8ABUEIONPLARE MY IRAKY RLioANd
cycl ohexanone;
conditions to produce cyclohexylbenzene;

(a) oxidizing cyclohexylbenzene from said contacting (al) to produce
cyclohexylbenzene hydroperoxide;

(b) converting cyclohexylbenzene hydroperoxide from said oxidizing (a) to
produce an effluent stream comprising phenol and cyclohexanone;

(c) feeding at least a portion of said effluent stream to at least one
dehydrogenation reaction zone;

(d) contacting said at least a portion of said effluent stream with a
dehydrogenation catalyst in said dehydrogenation reaction zone under dehydrogenation
conditions effective to convert at least part of the cyclohexanone in said at least a portion
of said effluent into phenol and hydrogen; and

(e) recycling at least part of the hydrogen produced in (d) to said contacting

(al).

3. The process of claim 2, wherein said dehydrogenation conditions comprise a
temperature of 250°C to 500°C.
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(c) feeding at least a portion of said effluent streamto at |east one
dehydr ogenati on reacti on zone; (d) contacting said at |east a
portion of said effluent streamw th a dehydrogenation catalyst in said
dehydr ogenati on reacti on zone under dehydrogenation conditions effective to
convert at |least part of the cycl ohexanone in said at |east a portion of

said effluent inhe pHRRObr and phateding @bimaRherein said at Qdast ﬁC;}I’_&ii&rﬂgf%Eid east
part of the hydrogen produced in (d) to said contacting 3. The process of

clai m 2, wabluentrstgam dedéhyadd defoidergcrriondpuiion @pre kasripe saee sompasiivonasur e of
250C to 50Q(. . t;%? Bﬁ&££§@b§gm Vgﬁgggging claim wherein said at |east
d effldent

a portion of sail streamtfed to i d dehydrogenation reaction zone
has the same conposition as the effluent stream produced by said converting

(b). 5. The progess. qf one of cl ai t nd. further,including
Subi ectingthe ois prse S ol foslfieBul By ol fheBluab i s B P s
one separ atfflaentstregm puatucédiay sBdicohvattinggBpto A 1@t dicorpahtignsteh afchlthent

stream fed to said dehydrogenation reaction zone contains | ess.phenol than
Che of f1 ueMd &t Fet Y eLE o by LS dUEBh St o1 R (BYIroegalighERgidoeds of
clai m 5 angoritdifd 1B&phicisl iadithge 8 Uit S@daNgrolited 8§ tdigestvetinggen produced by
said converting (b) to at | east one separation step such that said at | east

a portion of said effluent streamfed to said dehydrogenation reaction zone

contains |gss tRan prlleM 3 cRIETLLAR I tHePSRCILAIAD shbivkiiy MB&Mlent sfreanlNE
process of any one of clains 1 to 3, 5 and 6 and further including

subj ect i ngprotieced byl sasheonsertiag th)pe o lrseidortsyseparhidonc el eychithey sgid) attleashie | east
one separ g‘édrﬂ& 3F ?a?cé teeg}Jeﬁ{TB}’eSgFfa%?H{? &N cFehPé%béénQ@orP% 8Y¥n?z§)§§fc§aﬁt§m§‘?&§ur €d a

101 kPa) lor to ng sal east a portion of sal ent stream
to sai d dethydbOgenaprerabhelasstthonl wdagmhend. The process of any one of clains
1to 3 and 5 to 7 and further including subjecting the effluent stream
produced by said converting (b) to at | east one separation step to renove
conponent s7.boi | Tigprabey ef d32(e (oS laimas wr 8 atd dehd fuRAgr iptluding bebjdsiagi Ng

said at | east portion of said effluent streamto said dehydrogenation
feact i on 2GRl g B’f"&&@gsbyofa“éﬁﬁ)“‘ﬁfté@eﬁ’s iy a&ﬁ’ﬁ&mnwgﬁ fion stgp do

dehydr ogen@io8 csptsichis ®08ing below 155°C (as measured at 101 kPa) prior to feeding said

at least a portion of said effluent stream to said dehydrogenation reaction zone.

8. The process of any one of claims 1 to 3 and 5 to 7 and further including
subjecting the effluent stream produced by said converting (b) to at least one separation
step to remove components boiling above 182°C (as measured at 101 kPa) prior to
feeding said at least a portion of said effluent stream to said dehydrogenation reaction

zone.

9. The process of any preceding claim, wherein said dehydrogenation conditions

comprise a temperature of 300°C to 450°C.

10. The process of any preceding claim, wherein said dehydrogenation conditions

comprise a pressure of 1 kPa to 2000 kPa (0.01 atm to 20 atm).

1. The process of claim 10 wherein the pressure is from 100 kPa to 300 kPa (1 atm
to 3 atm).
- 14 -



conprise a tenperature of 300C to 450C. 10. The process of any precedi ng
claim wherein said dehydrogenation conditions conprise a pressure of 1 kPa
to 2000 kPa (0.01 atmto 20 atn). 11. The process of claim 10 wherein the
pressure is from 100 kPa to 300 kPa (1 atmto 3 atm. 12. The process of
any preceding claim wherein in said feeding (c), hydrogen is fed to said

dehydr ogenas.i OnTh@? folobQdf AN Breb AR N8I, WhtRiS Al didotediRARY, HydRREA iPRJOf said
effluent stream 3. The process of cIa|n112 wherei n at | east art of the

hydr ogen f@oﬁatdodeélaqiragfa@ﬂwW@@&ﬂgpn%wgeté@rcwlbw%d%m PP of wiheiAgentc) i s
hydrogen pgpdyced in said contacting (d). 14. The process of claim12 or
13, wherein the nolar ratio of hydrogen to cycl ohexanone in the feed to the
dehydr ogenati on reaction zone is 0:1 to 4:1. 15. The process of any

precedi ng al a ortlo f,s fqu reamis
fed to a p uraI| ﬁe% g@%%é%atﬁb%”}éég |oﬂm£5%égzc &o dpﬁhs%érles

dehydrogenatxon reaction zone in said feeding (c) is hydrogen produced in sa1d contacting

).

14. The process of claim 12 or 13, wherein the molar ratio of hydrogen to

cyclohexanone in the feed to the dehydrogenation reaction zone is 0:1 to 4:1.

15. The process of any preceding claim, wherein said at least a portion of said

effluent stream is fed to a plurality of dehydrogenation reaction zones connected in series.
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