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PROCESS FOR PRCODUCI NG PHENOL CROSS REFERENCE TO
RELATED APPLI CATI ON [ 0001] This application clains the

whenef2497Hf prior U S. provisional applicati onPGEUBZN9/050497

No. 61/093,042 filed August 29, 2008, and European
Application No. 08169307.9 filed Novenber 18, 2008,
both of which are hereby incorporated by reference in
their entirety. FIELD [0002] The present invention
relates to a prggaeESSFOR PRODUTINGEAPNOIBACKGROUND
[ 0003] Phenol is an rnportant product 1n the chem ca

i ndustry and is useful in, for exanple, the production

EROWAPOFERENET TS RSP AP PIACAG1O6&PT 0l act am adi pi ¢

acl d, and prasticizers. [0004] Currently, the most .
B8hHon Toiseeplicarontdpsmp thedarafit ohpiadr Lhhamovisipral apdicasniSerial No.

?f/@é%eoi@- Al %u'%lfst Byt o%@‘%ﬁ@%&%%ﬁ%éﬁgdn@awﬁ! ﬁc} [3869307.9 filed

Irst step invdlves alkyl ation ene W
Proogyee bk 2008, botb i ebich aredreechy figbipovetal Hyyreloseinckainitiom: apfirety.
Fﬁ@ yumene to the correspondi ng hydroperoxide and then
age of the hydroperoxide to produce equi nol ar
pe02int sThd prpdeenialending redaa@tto aproctis kevpesducing @hawoi.| d
mmhenol is growing nore rapidly than that
- In addition, the cost of propylene is
[o0b3g! Iy Ph):nbhﬁr a8 §fpordhtepiodudd ﬁﬂ&h/e%lﬂalﬁiiéhlﬂg iﬁdh 18] i lag@ iotiseful in, for
ro ene. us, rocess .that use i gher . al kenes. .
PHEPLoa it ropy Rl b TR 1B DR Ao diree o afibic acid, and

Keitenes., rather than acetone, may be an attractive
al ternative route to the production of phenols. [OO,OS%1
B8P4lex atrpirently o icaRest sipmironc irafeo X BENRE e ¢laphaelyude Hock

Re&HMEAR 9% ittlad-kigh hroe@u lidl whichahe ARt QHIS VOREL ¥Ry IROME 8F benzene
or phenol production w thout the {;r obl em of acetone

eBpPoaviers Grrodras eimene.dpbeitadpy axiitien ofiteraesse torihorjiesponding
YR RARYIE! DRNGEN B1cAIE QPROKI G erWU Ll Irdaikck &N B 1dr Cmounts of
produce phenol and cycl ohexanone in substantially '

pligodlnidaacetanmd uHpwevel. 0D 8Pritigvragst for phenop salspeimg inpre rapidly than

L

shychghd aenyte. ailbtiusp h erogbss pihad deps dighar dkeanes moterd ofprapylene as feed
. 9% a 7 % phenol . ..

U L

thie ppldectainef phdnatsi on results in this azeotropic

P RSB A RIERIBRE 5 &, e oxiions

coultd efférl an al@riadivg eoudofor e preincivantithoat Ketprbldem of acetone co-

cycl ohex ne; nost :
pl%cC{uctlon. Ols a’lternat?ve route proceeds through cyclohexylbenzene hydroperoxide,

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

[0006] However, one 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 wt% phenol. Thus any
attempt to separate the cleavage effluent by simple distillation results in this azeotropic
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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cycl ohexanone is made as an internedi ate and consuned
on the spot. In sone cases, therefore, it may be

wa@leapoad9re to i ncrease the anmount of phenol i NPETES2009/050497

product m x fromthe oxidation of cycl ohexyl benzene or

even produce all phenol with no

cycl ohexanone. According to the present invention, an

i ntegrated process for produci ng phenol from

AV AREXY | (ReNFRBR InSelloAY fledtcbRal %@@és& IhapeRIuERRtPhehol from
of the anmount of cycl ohexanone in the final product. )
esoh ey lheizeng it previded that faeilifsics sanftol o thepoyht ¢ cye/plpsanoge in the
RhAGRStf or produci ng phenol by oxidation of

cycl ohexyl benzene to cycl ohexyl benzene hydroper oxi de

080 Tlowel pajticulasathg gpacsett inyratiey praykiex ¢l iiedsssefps producing phenol by
2}?{?’«{‘[1{39 OFQ I%X¥IR§1Z\§$E ﬁ)hcg@foh‘l—:)?"l’tﬁhze"i’le Fﬂggljro 83}(1@5 tfcgllagled by cleavage

uent from eavage step is s cte
dethy dyabgendbénagencdtydpperthide.de wharhory daasitd ptieroef therbffluent from the
. . t [ I n '
SORVECAD EPbEa o Pl SRLBrH PR ot RS o comens
gelest ghg sofhthdreggleexasona ibythpreditiwat poribin ab addiripnafl grhenol but also

g%lg?ng:g ‘Iﬁkglrsgetn:‘ag %%gltpg%du};tg Fvﬁlg‘lh ISQAU g%r%léarg%elg,zb%qgcycled to an initial benzene
byiedatiyéaiph Besp zlon erollednk tHencyaldéyibenzenalféddouighadiitien, although the

| eava ef fl uent portjon, subj ected to the )
o8 QOB POBRN SHRECtEL R SehaTHEHAR sigPIn B ubstantilly purc
Sxthetaysa@ation padhdedbyRenaiad s me Hefndnal light 28f hthe ends from
henol _and |i ght andtgﬁavy ends, fromthe raw eff]| uent,

FUaw offient gdyenghe et Of Jiih SPRAratioR, the EOGSHHEalsdSq i applicd to an

aigént ?Srti@ﬁ Rbat@Eink QoMb ofhil bEeRphER Eid@lﬁcéﬂqmﬂ% OeRGg SR In this
or all of the phenol produced in the cl eavage step. In

VAT sthiatptal t gpst 1ot Ui t thef finsdi ribegelngfreeme and.nH| pistdhothe final

SlcldBemndntrehd B BSGMmiztde final cycl ohexanone stream
can be mnimzed. SUMVARY [0008] In one aspect, the

PUMMARAN resides in a process for producing phenol,

pr oge tHleSihGhtiod Akid@Xind G i

08057 2659 AR ISAo BuBE Y AR f ot ol e s
¢oyeprioper oxi de; (b) converting cycl ohexyl benzene

hydr gper oxide. fr L1
compror g SRl B OBl Bk by E HBoxice

| east(ba pooivegimgafyclobdxglbefifcheldpdrostroaedmiroro (at tolpeabite an effluent
qne dehgdr. ggg@rgggliag@ react ion zone; and (d) contacting

Sard ArPTEEST R SOF FION 8 %A d effluent streamwith a

dehydrpgeratlingnt kat alpysion bhsagbdffluadeftyedinag etledst @r dehydrogenation
reaction zone under dehydrogenation conditions
AR APg™S t enperature of about 2500C to about 5000C

ef f eqtlj ve cbiRadtiof vad bt 1adst 4 faRG6n kil ePiuchtMeream with a dehydrogenation
ga?tla%'sggﬁ%(alac{;é)q?lgdar};rgqnateaqlﬁldrﬁ%tgﬁggoa%tﬁaﬁﬁrp } %%ggﬁnggonscaolngtions 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
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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[0009] In one enbodinent, said at |east a portion of
said effluent streamfed to said dehydrogenation

WO e®on249ms zone has the sane conposition as theP&f/U520091050497

stream produced by said converting (b). [0010] In
anot her enbodi nent, the process further includes
subj ecting the effluent stream produced by said
converting (b) to at |east one separation step such

tiadnt S@dath Abalc@rYy @idReAT @My ©f. Sativehigfify! e Btiustts88M produced
fed to said dehydrogenati on reacti on zone contai ns

bresad gemispingt(Ahiy hEerd [Uainieass OPe sePRISHOY SEP nechbiiatswidyat least a

ﬁ&ﬂc\/ﬂe&t éa‘ﬂgef@a%nt S{ronY el t%@Elldydehggd?ggeﬁattfohl%@a%ﬁor?’&d'n%%mltams less than
roduced by said convert %n uéh I'S subjected
0, §

Qato, Hhnexaepalas than 38t ast lhﬁtth@ai avt¥ phanakt Ingaddition, the
%ﬁ&éﬂé gﬁlea(ﬂ{ aﬁ(%d% fslnldec'afwéﬁ ﬁe(%mlﬁaf %etsz ?c‘%cfi[o ah least one separation

rogen tlon reacti on zone contai ns ess t
mr%tofl@mowammbenelnésbmtlmmew VB94C dercmeasir¢de s ItOrhakuPal and/or

0 f f . - 0d
%gynfgsoglgrgse g(glli%f\l/% lﬂ?ov%dl%%b(; 921@ méaglﬁe(? e%{;@dg{%retg?efdrén?%%%e Qt least a
pnrgorsepaidatilent steap td md@i’rmregenaxmmmtid)rszobai ling bel ow

ed P d/ :
BRPH hoCabs0RtheSed ot hestifindORt 8 QAL CSiirie ¢ tpgperanre of

ﬂﬁ)ed}omgcs@awumsofceast a portion of said effl uent

@3} amio said dehddro enat | O@reactl on zone. b %01
eni SATICHeN GG o"@ﬁ@‘&?‘b*g‘éln I“BRPESHY P’EGF%‘H“SO AP atm to
SO0 86 (2 kP:EMO@kPH) &sudll asdpouit1 3HA0 deum atlﬂD@l)O #BORCO0 kPa).
conditions in _(d) conprise

b 012] Convenltghﬁ1 % Sal?

OLYsur EOBRNISHEH Y GOgPD 15shte b Ay rogﬂlaa?l}ﬁeectlfn ke tpgsther with
2208 1kRed poribie br A%l SR steadl Wp‘ic@llﬁmtthﬁ tiad id16QA80 kPRydrogen
to 300 kPa giw 13%WConven| entl ydrogen is fed to

éiyaloa@q%wwdg the dehy g REA BRI CRBIGB PRy S AP Osla'iOdlbout 41

@sndeﬁl@&iy, At @&'étt bé}{‘ opﬁhesgwo%%ﬁffw &8kaid L RRMochMiBh GRlctidn zone is
such that the nolar ratio hydr ogen to cycl ohexanone

hydrogge pfodeqgd irpsatdrenigetingddogenat i on reacti on zone is
@E? t Ojly hﬂth?]g%%ct"’th; 1rg€%ﬁ¥ﬁ§é1§&t ih Y% r@&esé i Qdﬁaflé 819Jn01 from

e "hydrogen to sai rogenatl on rea t| on
banzéngdhopreecespewnfuisiwd: i n said contacting (d). [0014] In

a fur er I nvent A resides. | C '
for pf dugﬁﬁg&%%etﬁ%g%ﬂ%r% E%(;]rgger?e%’tk hag Cs{rag’ggsug&& iydfoallcylation
mdpmnsﬂomgoduca@)clob@qu@mdmg benzene and hydrogen with

a cat Iyst nder h | ati c ions, to pr
cycl o exyIB (74 ae)xy% |Z|tﬁg c§32? {Qefy?dﬁ‘(%%z ﬁ%%exy?benzene
hydospefcexide; t o pr oduce cycl ohexyl benzene hydr oper oxi de;

(5) Sprer b Syl aheyLbenzene, hotgper o og LLm 1
ﬁfé@m@:&!ﬁbﬁﬂl@@l@% Qid 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 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 stream into
phenol and hydrogen; and

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

contacting (al).
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(c) feeding at least a portion of said effluent stream
to at | east one dehydrogenation reaction zone; (d)

w@onvazerng said at | east a portion of said ef PCTEHL009/050497

streamw th a dehydrogenation catalyst in said
dehydr ogenati on reacti on zone under dehydrogenati on
conditions effective to convert at |east part of the
cycl ohexanone in said at |east a portion of said
ef fl uent streaminto phenol and hydrogen; and (e)
rec cling at Ieast art of the hydrogen produced in
: DESTRIPTHIN HE BRAWINAY acting (al ). BRIEF
BﬁﬁﬁRl Pﬂ-llggél lq: %#gphD%\% N%&&Q&;%ml:d &%ﬁa‘u%ms‘ %f 8onversion against
graph, based her rodynam c cal cul ati ons,
eoncetsd & thy d¢h§’§t0gﬁ@ﬁ*@e A cyelehekeyrong [k a@eﬁglmﬂe daersure gH01 kPa)
I 1 kPa)
A AR S
Adh ED NS CRIYTd ONO F HFMAEVIBODERENTSTI ON OF THE
| r 0
@ ol uc:vﬁgw- eno%g %1 hsD? %?cchgetgr Pﬁbd&én& B gl ﬁat 1w tfle Eo—produced
oythotmxananee tportibBy partdtaldy lcynverted od alichyorrab IphﬁI'Ol ednttbe present

addi t i onal enol. In the presen roces . .
Qb e RoRRs: etyBiby BroRheR PO unsRaGRES Brdreotigign pf prozenc. i
bbydiz@lakd(pfoﬂhéeo nycﬂxfhebﬁbemeae hydomxéxidez @l tigenptho desehexylbenzene
cl ohex nze xi de _and then t h]?
RS HY |“b EE? ) ‘6 fg@%‘?“& Sirgam qompLyag PRegolng gyglghexanone
ﬁhnsmtﬁlhtmepteqeﬁﬂcﬁ@ranmmr | At n@sPHoRlonaTdthe weihRhe xathended to a
gubst antially equinplar anoynts. At |east a portion

AN [RIRTOT Lofeh aicie dht SO eHiFAMoBUHER iprfontacted with a

a&ﬁ%g&lﬁn&p Q:@taaly‘é\th eingert AEhyRFJobMBOA SInURBAY PAFki@N th Sconvert  the
contacted with dehydr.ogenati on cat al yst under
%Véh)}lefa@@watse@rﬁfgwap@m% ntepddiiqnpl/phepd] agrytehydiogen, which can

E&&&ﬁ%&é‘ﬁﬁ%@nieﬂe ﬁ@k&ll&fa%lyﬁéﬁ% Bf bicQRr)i Nto additi onal
D eno. and into ogen, can be recycled to the

step (when present).

@gﬁum Tﬁ) fh%%eﬂﬁ% | gg)g}[&ﬁ Hltetﬁg g%gn]t 1JaEs can be groduced by any

ohex nze e enp pres Ent process can
rmvntionhl mmm;e anlpdiog ﬁlk@htl@tmfédenzee@wnh geboheiane intllé prgsence of an

. i f . o
B TR eRar ZRYRT O e S S R B SV ricuive
écsnpiiﬂg/oﬁrbﬁnemaltarbi;ﬂ]iem d‘pllqwedb:;y drdatdtive orfcbh,qobip]nfgybf However, in

%rap[ﬁ% tﬁe cyci_% \;cveﬂg r}%ene AS E?n ¥ Cpegdu{:%e Cygnah Q‘fntz)% Eh hydrogen
m&legbﬁtﬁdiﬂltyllaylop rooﬁklm@d ibyhecpnicact ofhg hﬁxmezllerlﬁmm datalyst whereby the

dro en und droalk | at | on condltl S in the
haEerbS B gHeine it G oitars st RliRelbu s e :
benzene undergoes the follow ng reacktNQn (1) to
produce cycl ohexyl benzene (CHB):

2 +2H, —_— (D

[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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[0018] Any commercially avail abl e benzene feed can be
used in the hydroal kyl ati on step, but preferably the

whempenhas a purity level of at |east 99 w 9BCT/US2009/050497

Simlarly, although thesource of hydrogen is not

critical, it is generally desirable that the hydrogen

is at least 99 wt % pure. [0019] Conveniently, the

total feed to the hydroal kyl ati on step contains | ess

§haR o RRBRRAM n UhkcalSt ik e rdl) ABsiRBR (RRMe Hy@ogX@ APt 99 wi%
| ess than 100 ppm water. Conveniently, thé total feed
PYpically contains |less than 100 ppm such as |ess

@Eﬁq 30C9{Wéhlefltw xR &d! 6§38 B}l;@&llgllﬁf%msté%omﬂns less than 1000
nveniently the total feed typlca contains |ess

piarsuginaplesn tham g0 prm.| fes sxaptpimless thpml OG prm.exaierpl eonvergently, the
{olt'll"ll@eeg #1@&@1 COHtlaﬁlE ?Q¢ 'ﬂlanc}gg %Bﬂn ;rll} alé“fégg %Uﬁp p}?ﬂ ol example less

reacti o be conducte e range o eact or
thanBi |pgmr alfupnSonveoicntdy thg tétilxfeet Weldallysctomtamy lese dlpndOppm, such as

| tii In addition, the
%&ﬁL ﬁﬁ$%%f%ﬁ %é%%?%haééﬁﬁb Ilé%nducted in a S|ngle
roeaut [ oTﬂhez dxydrodkylatmnarqabtwnabant Y odondesedt inol walkesipgd f reactor
whi.ch_at l.east the nt r qduce
e e 15, e W P o Y BRI abifuion gpyers. 1
ﬁﬁttm,emeabﬂtﬁaﬂcgzﬁﬁ&ﬁr@ﬂd)namme édihﬁ@c(fed sugRingk leeadtoeene or in a

bo t&&ZSC and abou g able rea tign ..
Aatyst Bacthaous Rewiian i trdst Qe nGasics Bube wession in sages.
SHEDPlcasachet WapBraahQUlre BONcaNshoah PoC 2l QBols Eieoo , such as between
Suitable values for the nolar ratio of hydrogen ‘to

Hont E198C and bt GeER- awitablc moactign preasuies o batwad: aboutsiP@rpnd about
%ﬁ?@ﬁﬁ%g %gkrezfg %ut %O@ggd glpcg.\ltltSj(_)ﬁO f%&z%%ltﬁ)ﬁegm&eg for the molar

ween about about
rab af sirogenpd W@dlelarﬁ lteltneeehyttjqnm Al1kyl aatl iabout A &dctucloms besween about
RLSTShablY43 fE’r'&%ﬂ”&t O”a' acp’ o a%out dé Ryd.ping a
nol' ecular sieve o
[992ir] 0 g eTilxt d':arm\ystremplloyed'l' 1|n€thet E}Fdﬁmaﬂmﬂoﬂ 2eaf:tami| ik prafatldy iadlifinctional
mat eri a Ly ar "nolecul ar .
L S P T e I S T S

inﬁ‘ “IOIC ML eanﬁfy mat&fdle@u F‘@ﬁteﬁ:ﬂ @Y & MExie2 @il aorC ioMRlar sieve of

[ yst II|ne bui | di ng bl ock. unit cel
@Wf}ﬁ%{mﬁ}é 18R } AERAIKE Popol ogy. (A

unit & ehlblebﬁalasl@esaﬁlh@é fréh %Bﬂﬁﬁﬁ st @bordd @ORaMN Gillldidg block unit
tiled in three-di nensi onal ace describes the crystal

st r uct uf@; “SigdHnicglhay th§lM fireswenkdorfilegyy &% gt gl is a spatial
the "Atlas %enze&l didifs @hféﬁeimﬂéﬂ leﬁl?& dimBhsidnBi ?[ga'cé 'd@&rlbes the

2001, the entlre content of whi I'S incorporated
r ef er enegytal stiyptuese (puelr CQAS@l/etSuCﬁa@Eearﬁ rdiensicE cunﬁ’@n"Atlas of Zeolite

secon d glre%gli'l]p Wh‘ n %11% 0 10nb eﬁd@@ th engfew%lgﬁtérﬁn %l‘ which is

tiling of suc framework topology unit ce

f or m ngingomporaet ayefergfcebne unit cel | thi ckness,

pref < abo%cu Qreswcveé'l pnla e ﬁgrlnla go%n%o%ns%g’os’nd 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;

e 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

-5-



10

15

20

25

30

nol ecul ar sieves nmade from conmon second degree
bui | di ng bl ocks, being |ayers of one or nore than one

wapiw/ozerd thi ckness, wherein the |ayer of norRCT/H82009/050497

one unit cell thickness is nmade from stacking,

packi ng, or binding at |east two nonol ayers of one

unit cell thickness. The stacking of such second
degreebui | ding bl ocks can be in a regular fashion, an

i rregul grildRMRE canaaerlﬁlﬁgégﬁlai &SRR n 19EguiR Yashion, a random fashion,
conbi nation thereof; and nolecular sieves made by any
regularméwyﬂﬂﬁ@ﬁﬁﬂﬂiﬂﬁﬁﬁh§ﬁonal or 3-di mensi ona

conbiha _ T .

t opol og{r/l'ofé 01%; Séi{’ré a&@ﬂ)j ﬁlﬁg el{l}go;tro Wl%ﬁ%]%amw:é§3 dimensional
gener al ¢gmiheatien ghunt qelly haiifef tha MW Bhfrqpeaviogk topblagy-udi ng

aC| . :
3555 BT TS 05 iR TS
mhladlagtdemameg tnimmmaten 4&0 2, ©.90t1a) ASFHDY7 stdAdar@07 Angstrom.
C u the ha doub et of opper, .as
PRER e Sl R Gl € SR PR Wb BORRfied BF, sundara
@cliiquad usllh@ﬂlle (Knalphwdttueret affubppes 39 dicdh@dkbne eadjativ e andas dif e tometer

RS a3 e B SRR a0 o v
Mo%dlaﬁgfé%s SN AVI(Xte sfilybadiude MCSI-2Pati@eitibdioin U.S. Patent No.

4,439, 40 SSZ-25 (d bed in tent No . .

49 Bab50 013 R D BS L HRE ACecBpedl PREan: (CRisribg in US.
Pt 832,824, é’ JEREe 8dekdrivedlin Fuirdpean Pdra 8B 0 MB 032), ITQ-1 (described
6,077, 498% 8— described in International Patent
PublS: d#fen FNONé W@ﬁ/ 23 oflescbwd g6 ItgraionplpByent Publigition No.
%9@”@2% M'@M?§Q (@eggr)bedw §9PaQ&|1?%r ishegl 2*7’)'} MC@/I 49 (described in

Pat ent NO. 6 (described in

Pax é’ment\lHo 5 23@27569 CM@ZW@C{I@%&W Pide dafent U0é5 3paoeht UZM-8
Qg?crlge 7516U%3 @Lventaﬁg 'f)gsa]pEl I?fﬁﬁt?gﬂ)g t}ﬁ}éé%\hﬁzgfré?%%ﬁy, {ﬂaqnolecular

ol ecul ar sieve is sélecte rom ' :

MO S Sleted o) (a) YBENFEs(boMANEMO49d ) db ombRa FEVICEl¢harelsMCM-56,
023] Any known hydrogenation netal can be

§Eﬂ%gﬂj 9|n t he hydroal kyl ati on catal yst, although

Elﬂ?-?z]abl Anyrkt@ishyidnagenadion patdl adi bengmprlepteld iemthle ﬂnydmalkkletliqn catalyst,

a%ﬂhoy% 191bl|e mgt \cs;grg Efuc{e Wa(ﬁlu p?uedrle%;ljlinllj rrr]n(f‘ é t r‘rCD lﬁlrr]lt ancit cobalt, with
mndmoglelseatg mncmmral adpm@mﬁs. [ @eﬂeke&lypﬂ]bahrmht bfShyldedgaeeion metal

o t W 9 ween about 0.
BRrbisght cudiitos dar cendotd b7 a6 tboth GRS eRERar RifeSt dbout 0.1
uﬂwbeuttmwwhli’e&afaam | 3 die le@®UdidientS ivBse theSMaM-22 famﬂy molecular

alunln05|llca e anoun{, of hydrogenati on net
ii?"@s‘%ﬁ‘t alpging ﬁat‘fﬁ APt ﬂ-‘{aleéiFOgF tﬁoB%l?fa?Pf‘Fée“éF a]hﬁlm the molar

faflo bh e riﬁinﬁﬁlﬁh &l ths In%\r&utapsﬂe\keeto hiydiyQesRadtion fﬂne‘f@ﬁﬁfroﬂn %bout 1.5 to
f rom about t o about for exanpl e from abo

Ut bioﬁbf@ufxawt? frogy, etwua%S P@éﬁwtdéwpclmdr%ab&%mo ts e‘eput 300.
[0@@4@4] The h?d’rg% QIEHA AN nﬁ%ltﬁé dFBY1yP&pHbERCE Yhe MCM-22 family

Pported on the MCM 22

ecular sieve by, for example, 1mpregnat10n or ion exchange. However, in a more
preferred embodiment, at least 50 wt%, for example at least 75 wt%, and generally
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 sieve by, for exanple, inpregnation or ion
exchange. However, in a nore preferred enbodi nent, at

WO 2E80200 W % for exanple at |east 75 wt % aneCT/US2009/050497

generally substantially all of the hydrogenati on netal
IS supported on an inorganic oxide separate from but

conposited with the nolecular sieve. In particular, it
is found that by supporting the hydrogenation netal on

fobgs]i NOTEARbL& A b¥ife eﬂhPl% &pﬁﬂs\iéht y c&ﬁpotsifbehﬂ%aﬁiyl/a‘ﬁbn 8iflyst is not
Its selectivity to cyc % | benzene and

RATOYEY deiRy |p5éfrdz>é Alels a@fablq %@rl@% Biylen gheconpiipsofiihe Ry dpplkylation
RAMIH a'sﬁift‘albleclﬂ&%luﬁé bxil® b ehhxidag oPes QQn@tlB Oa'ﬂd MBtRkhe Periodic
i's supported on the nolecul ar sieve.[0025] T

Tabde gg laneaiei dechestplogang dnd/os igdisa a @Eﬂotl]é “As used herein, the

i 0 r
RIERRL ) 20, 5L RSl Bl R4 BT, chemin an
bigindegniiewo &P@yI2a1(1 ¥).r eacti on. Suitabl e inorganic
es i de - d 14 of

1S5, RS o8] 803 s ey Sty
hmﬂamamnahd%mnhanmmbnmmmmﬂ§nmsﬁmch&ﬂeMnmnmhswdwwm&mMngdamhr

I%VeCh é/lg{cgf;\[ g %1% g%lg}gqu% 8@ pre{@%%ocy E%f%—?elﬁqu?&,glgé%n& a mixture

p0B26jolcthiar kgt agiethatmadl-cothiaing inordaposkide dreoforméteinto pellets at

VR oHeT AT (BAHE ARG Syt B O U e coh e Tt i which

Mmtr;h o8 e UndTeduee tsleaé afid al\eanetmyd@h@a;hﬂgymoﬂg&ac ©atdal yfionally together
£p03|te i.s_ produce eIIetlzatlon in whjch a

§yharat bipges, ang Oéqie&t}gpu % L ngcepigy, additional hydrogenation metal

ORtsabseGRALRbOdNYsitcd Oh BRNEGIt@NIcakaly B mbedifded i nt o
Egllets at hlgh pressure (generally about 350 to about

&7lo00SKieRle, biester it lseire s pctt pr WATMEHY pcgiripg yubstances as
tbe amb&%k %atéfaﬁ\éﬁc@&dd&wﬁldy@fsﬁﬂca E&ﬂ&ﬁh&hlr&ldeﬁ‘ OftRaRtcF may be
OoXI , tional ether wth a Separate |nder ar e
¢161|et@43umﬁsr wgﬁma Oéillfet e fgrmefcasasiapyp, Presétifate ohagls including mixtures
Qfﬁs%cgglﬁ@ Ak %xﬂ@st atl@lly %&&ﬁ%%l@%l%lgle ofl Q1§éa{b§da @Ahder include

e resultant catal yst conposite. 0027

thosededr thermtoamallionita @ﬁdubb@hs yarnihies, wdn@r famaliagriegliide the subbentonites
II (0]

%@gﬁg %{Soﬂg Cc’ao%}ﬁcg %p%?o%vs a’«1§| Cale al\l’/1[ arh& E}?@rg aoca)r(lﬁrg‘ eogldll ?ﬁﬁs or others in
Whit:h dre may rrm@rzdlct)imeltuenas Malklyblye imcdmrte |dmgnte,rnamtetoh enauxite. Such
clax(s can Eggse fl n?alcjx:xzst%[[ﬁ gsp I0r’1J tyerns’ln orin}\é y S}lglleftecll J[’logcalclna‘uon acid
DECEt Idﬁg:hﬁhﬁgdSmWhﬁ@iTﬂoﬁ al'SuhﬂoleJ &ﬁ:dal akida Hmd'ed;e]mcludm kilicke alumina,
t.hose of the.nontnorillonite and.kaolin.famlies, .. )
AR FANR ?”é%a %l%ﬂnﬁroséllﬁaﬁ’éag&%%éﬂt%ﬁ [requda, éﬂ?&a‘f}}%‘a’ silica-beryllia,
KR@l tithEia GO RIS YtethBQVWONEDsibbasi @ich NE NaRE @lunfBROh G saite-alumina-
Fl orida.cl ays or others |n which the main mnera
dEruiei Ylirsr ““i“§a H‘&E‘P%&?&P?@ 1CRIBPNHAZECOY - ckite, nacrite

2§ NauXith&igh SOy dEJaBY BatiGRBeP B HERH sdfttil O R wWaRW §E10h&ylbenzene,
as originally mned or initially subjected to

tha vt i fem ﬂaf‘c inydroplkalptiemn feagtione i oanallyp @93 1e aomsndialkylated

ptdlitc@blag wimtRlunakEe aRinde rf§ed' el tHd @es@ﬂeh In€RoalRY 1Y Bfbcies. The
Zlrconil a, tltanla silica-al Un]na silica- magnesi a,

wirpdcted -asqmasisripes is giormally-reenypica by ghistillatiantrmdypaycled to the alkylation

reactor. The bottoms from the benzene distillation are further distilled to separate the
monocyclohexylbenzene product from any dicyclohexylbenzene and other heavies.

Depending on the amount of dicyclohexylbenzene present in the reaction effluent, it may be
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silica-titania as well as ternary conpositions such as
silica-alumna-thoria, silica-alum nazirconia,

W@ R010024928 um na- magnesi a and sil i ca- magnesi a- zZPC€TUR1089/050497

[0028] Al though the hydroal kylation step is highly

sel ective towards cycl ohexyl benzene, the effluent from

t he hydroal kyl ati on reaction will normally contain

sonme di al kyl ated products, as well as unreacted

et ’tcptrefn@ﬁgylﬁt@ dhd Meydaskyieshzomnoial kadi®n8b SR8 1t6 $aximize the

The unreacted aromatic feed i s normally recovered by

Rroduqtipp at the Acsitpg meaeaiellae eciehe al kyl ation reactor.

(0089 POt TR0 b RBRGENDAIAE id fBlchiBNARdlik L RS alkylation

distilled to separate the nonocycl ohexyl’benzene '

fsrQefu cepafato froaniie divdipelkplhéony repeinz oner andtablehiensalkylation catalyst,
Y f%ﬁb@@l?ﬁﬁgde%@tﬂ%rﬂ/{&p@2ﬂmﬂ9t egfite beta, MCM-6 %see U.S. Patent No.
I cycl ohexyl'benzene present 1 n the reaction e l'uent,

0.01500) lredds iYramhadenge t Fhnisansiigylatian redesion is typically conducted under
i exyl i i ti.onal. t

Sk EpS0R RLRTASEAS LR, FHERSLERR AR REu Ry, plapout 100 0

sHoac3WSC ahdO2D preduuangablyt 80 it@abost 8F00dddianhd/onalveight hourly space

benzene is typically effected in a transal kyl atio

VRS O, So0up P EBoT 00 H B RIGAY BrepRssiygiohexy lbenzene

RVight raticaboledr el braengalikyl ation catal yst, such as a

nol ecul ar sieye of the MCM 22 famly, zeolite beta,

_ neOwdagon ent No. 6,014,018), zeolite Y or
[pese{eni iforddh® ddnddts ﬂlekc‘/&'cﬁ)hé;@!lbeﬁ%_gtihtegoh'e%ﬂaﬁ@'cs}élbilékanone, the
conducted under at |east partial |iquid phase ) o
eskapnilsngencwli Bifiadlyi eddbiesd ithdhegerresppedipge hydigperowfe.  This is
&QQM%IIS‘EQ@ bgf AnRRRE 300 @ﬂ%ﬂiniﬁg £S5 Gs %fr, ahout liquid phase
800 to about 3500 EPa an§/or.a wel ght hourly space =
wakoghg ythef cxthdarylicnzencabolinlito ¢wmene,ontreespidrict e@d oxidation  of
SR B Rn R A 1L BN P OLRRORONSY BRAO B Db dus pydoton i
1 @080y cdndudediorthe mescarevwdatcatelyet. cycl ohexyl benzene into

ol and.cyc X e | ohe e | E
2 P 0 B e s S B it g vrony
Subbtguted cydic omles gévedbdalyinith$.r Ratkne Nog6,820,462 and incorporated herein by

0 en- cont ai as, .such.as, air, into a |jqui .
RAEER. SR A P ey BBt Rl at B Sefoblpdig feemine-v-
Bid®Sphailinidgi fetrabtord &N-DRiredy pbtiall il € Xy trivd vz @ Nehyidroxtypithalimide,
sence of .a catalyst is very slqw and hence t

Qb danrami® oS Ry bt Daa<E Rl R e dne A bydrgpvbenzene-
¢ atatiyFboxirhiA0 33U IN'JihytRRY @y oatehity SignidF NINWRlihydroxy(benzophenone-
Céplqhexylbenzeneﬂoxldatlon step are the N hydroxy . .
SapstieutEodel fEmidi adshvdeserriseyds n PUidne-pardtbonggnide,  N-
Rydf$Qs HeRiARE 1| NCOLPALRANBGaREr el iy, I ef RUSAERy-5SMFBbrnene-2,3-
as N-hydroxypht hal i m de, 4-am no- N-hydroxypht hal i m de,
@C%{hﬁ»ﬁl@ldﬁhy d ﬁé&%}&ﬁdﬁ%yﬂn?@é%cyclo[ll 1Thépt-5-ene-2,3-dicarboximide, N-

ﬁﬂ&@&ﬁ@%ld}b{%gfl ,CQ)—(M@J?IBMM@] d e, N-hydroxy-cis-4-cyclohexene-1,2
t'etrachl oro- N- hydroxypht hal i m de, N-hydroxyhetim de,
tctberioidghi i Nihsldroxypahlytbialosige r i neddivim j ni e, ~ or  N-hydroxy-o-
t@%nQé’n‘éEl@?ﬁ}ﬁP&%ﬁ@e Preferably, the catalyst is N-hydroxyphthalimide. Another suitable
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, homogeneous catalysts or can be supported on a

solid carrier to provide a heterogeneous catalyst. Typically, the N-hydroxy substituted cyclic
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1,2,4-tricarboximde, N N -dihydroxy(pyronellitic
diimde), N, N -dihydroxy(benzophenone-
W@2B0/024923 - t et r acar boxyl i c diim de), PCT/US2009/050497
N- hydr oxymal ei m de, pyridi ne-2, 3-di carboxi m de,
Nhydr oxysucci ni m de, N-hydroxy(tartaric imde),
N- hydr oxy- 5- nor bor nene- 2, 3- di car boxi m de,
exo- N- hydr oxy- 7- oxabi cycl o[ 2. 2.
Inlire Bt heNeReN' Qbrr%?f&ibfg}%&%uﬁb ded 151\@13/115*169@@’111 an amount between 0.0001

ci s-cycl ohexane di car boxi m d

)ohpd? bxyt & guckw&?@wm&%éo p v ‘VmOéﬁxems%Phﬁxwl@enzene

m})wdr oxyiRBRNRakibLI fe tﬁ@gilﬁldf{ioﬁasltép #€lude a temperature between about
dr oxy- obenzenedi sul phoni m de. Preferably, the

E(hﬂaﬁnyl gboyt 00{Ch yeihoas yabprt AP G ta ehout JHGE had/osy Preayreeof about 50 to
[ X r [ 2
N
lpip@wen dde afactaorf qapdakegdiice ail bateli tehciorsor eendingeus floev ngsasels. A basic
ferlng1 %I %1 gﬂa%él%s%c?h%gqg g%r%{l) %é{l?'th ta@ d{jcI %P%dﬁ’cﬁs Gar m9§ form during the
bvediaeuomg ém edlitson at adlqesils phhygmeybe mtrotilhmed Nvhiyld coxhelp dissolve basic

subst i Jut eﬁl %Oﬁ an% de or the
RIIROURES: 9P AY BB 7288 Snur i ¢ acid is enployed in an
HM%rdiﬁie\@@iVa@_OOOl rml %to 15 wt % such as

0. to.5 wt of the cycl ohe nzene.
PGS " e O ra R st s Lot T el reg ea into phenol and
syrtIhed@oe Liepes atltdvagd eifwae NcrikdidkyIFdRéncangdraestide, which is

é%gggw@uggctgg@ago%get@uggt g@ggege?%iée ‘%g\]i?] g(c:atglgsqllr? r[he%lquld phase at a

RXPHaRrL Qplélﬂ)’up b®: ASHouPl & er %thyasadbbut @(ﬁ@ t@edet?tteZOa@ and/or a
the oxidizing medium The reaction can take place in

pratsuie elealonbp8 torabewn?.PHubbs suclws rabawt Bl0sto ghoghdPR0 kPa. The
t. t
B R 2050l Rt R 90 ERGT M BB Do e
clekdgd I@antloa,rsuelq@sewlsylpﬁ)atleetmycyt@tohawmm@d plesad] onai¢lokexylbenzene,
a e .bas S.
{6 JA ona{)heeg{ %En p %,/)1 e’flgexil‘,lg Vi eaé\jt;b%els [cgg\ffg ei’ﬁ%%g Iungil in a catalytic
dmatzitanowemst ep in the conversion of t he

ﬁ%\%}ﬂjgi ¢t z%#zéglpgng{) Hgﬂg%ﬁa‘é%g%f% can %gﬁeaorr}logeneous catalyst or a
hydogpesnxi@dgst. whi ch is conveniently effected by

act droperoxide with a t in.the ) )
B80S Sl S e QRS ERAtaas eiiah s el e Sutibte hlapighioric acid.
ﬁlﬁﬁﬁl{ancsm BerRheHt #40end @-tahentksulidOeciandfedic achloride, boron
gressure of about 50 to_ about 2, 500 kPa, such as about

Boonds. suli diepide BasulfithdrieNda BKexlyt 5ERG R homogeneous: cleavage
oYy epermpyig@ed&l REBSRhaRL Yldidddt @ehly<n iABuIABAME with preferred
solvent inert to the cl eavage reaction, such as neth P
@ﬁnﬁey]trakgtsoﬁetheCr91&eoﬁ%Q&ﬁotﬁe Spwe(hmF%ra omogeneous acid catalyst a
FEhRRRXY Et@ﬁ Prefditédly FMods %e%ledvg ehﬁég Sﬁa@\ﬂé\ltrah;ﬁ%n step typically
cl eavage reaction 1s conveni ent%y conducted in
waelatsy eangactlivgthi ¢ 1basic qemppiant, VOID38)scqurat é@qaaﬂn}&pf a salt-enriched
5&% gd.i n the cleavage step can be a honpgeneous
cat

alyst or a
[0037] 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.



10

15

20

25

het er ogeneous catal yst. [0036] Suitabl e honbgeneous
cl eavage catal ysts include sulfuric acid, perchloric

wa@eid/o249mdsphori ¢ acid, hydrochloric acid and PCT/US2009/050497

p-tol uenesul fonic acid. Ferric chloride, boron

trifluoride, sulfur dioxide and sulfur trioxide are
al so effective honbgeneous cl eavage catal ysts. The
preferred honogeneous cl eavage catalyst is sulfuric

Bést Treadinkht df@iRLLERIRRRCENt rations in the range of
0.05 o 0.5 W% Eor a_honpbgeneous acid catal yst, a )
K381 al Theaatfflaent dioapthe clopeacs Bragtietosnaiiscst pienel| awgveyglehexanone in

Sb&iRntiafty Cluithoe Udohts Z afte QtesthP oL P ipFRideY ah MMPANESous route to
contact"with a basic conponent, w th subsequent

decaning ty gnowt of|nhergd riredised digre dhgsopiaad cCHPB 0o3trpnzone feed by
koY Gt RELSILAISNRO Uhea Ok A&t (0 HihyiReldG lyst t
C é%@%%e o? g%blohexyﬁ%éﬁ%ene&%ydropero%?gﬁI?hgfﬁﬁzgsgoés 0
gmeet fanee o Alyof thecyrlahsxamnaini the effiweritimto raidditiomal peenol according to
L Ga- m na clay, as described in U S. Patent No.
%?g%g$§%?? the entire disclosure of which is
i ncorporated herein by referenc@HPost Treatnent of
Cl eavage Effluent [0038] The effluent fromthe
cl eavage Ieaction conpri ses phenjol and cycl ohexanone
I n substamyally equi nol ar ampuilbs, The present
¢ te to creasin
he ‘or i%i2nal CHSgér
A/ part of the
cl eavage |l uent with a dehydregénati on catal yst so

B3 9l0ontny mPlsoRmTe ToRdr eI S8 Br A L STl (2 Seh s, fo

é)@ﬁ@}:ei @ léraﬁn'otgﬂ Gﬁk&gﬂdca‘My’s@ vdstatialdein deRy Bﬁtelgelﬂi@.t 4,?1r7,076. Suitable
catal yst. can be used .in reactian (2), such as, for_

%ﬁ’ﬁ%{%,}orttﬁ% AR ImsERgOnsER éPmBeraé ;}é?%erad%rg &? ey #rq C to about
$60SC aR@benbrddue 4f 4bbit 0F6 andl ik 20 sendi kHaad00@kP4)N&ich as a
dehydrogenati gn_ step congrgse a tenperature of about

SRPPe OO 2B 08600 PAR AP IC 2d gmessetie af oublh¥ito abey 3 atm (100
RidBeo RRQUt 20 atm (1 kPa to 2000 kPa), such as a

temﬁerature of about 3000C to about 4500C and a )
B0dsur b0 dte abrygt tempgiafing dangshuthe 3deky drogerationk ph qyelolsggnone s
«gﬁlﬁ)briu[nol%@e}d, IPﬁlgutrJ]?is%hgl?éiﬁ sh@ngﬂg HR A Em A RGE R of 1ﬂl?:%lehydrogenation

ehydrogenati on of cycl ohexanone is ' ' '

wagioni wdenthe [devigiagad . comligjorsebased gn ghegnedyhamisalcnigtiotyenade using

?ﬁ%éng%g;dgétn‘? 9%6 8£engpa? .ngrg%g%r%%%g%g?9%1%966@&@099% téSDB?R. Stull, E.

nat e condi tions, ase erno ynam
EaVeuiuat, pohS. Ge¥lekeupibhighddrbyeR abae g iiridger ublshifig& ompany, Malabar,

m Jh nani f ni.c. Co unds,-. by. R.. ,
GO TS 3 SNSRI e
RabeodynkmicKr RederBfeiider,sN. nR. SampadsyandMal Bbdiliassen; 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 pure cyclohexanone feed, it is necessary to operate at or above 275°C in order to
achieve at least 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, particularly for the

- 10 -
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Florida (1987). Standard thernodynam c cal cul ati ons
(see, e.g. Chem cal Engi neering Thernodynamcs, R E

w@Bahpieees, M R Sanuels, and J . D. EliassenPCT/US2009/050497

Prentice-Hall, Englewod Ciffs, NJ (1972) were used
to estimate the equilibrium conversion of

cycl ohexanone to phenol. Figure 1 indicates that at 1
at nrosphere (101 kPa) total pressure and with pure

@%ﬁ&)rﬁbeﬁeﬁh@&ﬁeh)fc@&%yla{t%nis@ep‘ﬂ%ﬁ@sﬁﬁ%@r BreduentBP GhEkbGes datdWfst stability.
above 275C in order to achieve at | east 90% conversion

Bhereydengek dnetted toothe Hlehsirogerasion irpagtion: theotgksr oft lyidgggen addition is
RbeaRUkich Bht ehe! Hfoia_p Gratth L 1®d nih e@fcloh@xah&% in the feed to the
reaction, such as nitrogen and/or nethane, increases
dehedregpuptiongesction & ahow g toabourdr eas cof eedi ng hydr ogen
st i | hr i i r
B i Tl ROMRE Soisuiafi] AP Fh P bRNENE grosess seneraly
eremeiset @i or morh Bxadidivy deagtpemernianming @ sdid cerrlyisbwithyg @elpylrogenation
[ P , ticul f ' I
Bk, REROES SulkS R or BRAEEHORL iRl LELERA 105 dha proteravly
gpeoiasI®Pat Bloystonshmbe madeyfor Wk endothyrohicogenofi reactiof, gteferably by

to.the hydrogenation reaction, the rate. of hydrogen .
SR YR bR SPenee o PAT e PR reaction
fiedihaly@n atosCyach oftgxamomennd ftheh heraise@ dy the Helxecxchangers. Preferably,

ehydrogenation_ reaction i s about - 1.to abo 4:1.
{ B IR TRO L A0 Rt Pt BagitFost RN bell Pioteably he
dehygdingenales ams pr 068588 egeRapabiuye GHMAE FigkeBedin €heQkrics.

nore fixed bed reactors containi ncgﬁ\ sgl ig catal yst . .
WO a GeRyauyE it RYSlRlisetnonn anpahengh B dpGs P32 tEpic mixture

& mpoy&d GIRXANORRIIhSxAnyii £l Vw98 SIRLEI sé maﬂhngrcb%mﬁﬂg separate the
preferably greater than 90% Provision can be made f

or
sfHucns firsn Heg gyddohsadbensene Bydrprcgexidepeleragaisicp yy simple distillation

s R s e?zgé)t%ﬁt h&ubke dﬁox\%\ten tlilenéfﬁgiéﬁc@gﬁ t}{ées@f)aration can be enhanced
exchangers. The tenperature of the réaction stream

bir 6puluatineoths dedidlptianavngey 8t leps dhartiph yaquyen tyrgcally af daglogy 101 kPa.
a : . P ; r
%%?&QU&, text?ﬁ&ﬁb@ﬁ%ﬁfleﬁl PO%gé()e ge%(b)ir%/ cl)cn%% 3%15 %%rglqlﬁnf,a cg%lﬁlﬁ&gnone and

a’ tenperature 0ss e
bedol, Peeefier edaple HES] RstentbNs. | H021EE0s 8101 B96F, uhbl5a07a 4,115,204,

iy g, e%%é&f‘é?,”ﬂ%@,%é‘é e4,E Rt hz?%fesidz"oit aQi?gAhbﬂs $49€  Nevertheless,

serres. A5 previ ousl’y sta tyc exanone an
plredldyclohoduae saprrameotmeips @ costit proeesg coples ed ooé e@Bodiment, the
B PR REEDANG, 3%l SRR e B L0 Yool ermuent, terety
Dyidightbx ytddezaneitihyapaper expateioa kepvBgengding pn lhe efficiency of the
sinple distillation results.in this azeotropic ..

el Pereons ditisyBieetine "B 481 afdyCofed Homaisy b iaty g henol,
thereby st ed diyngClodn piablemngd séfamutidp Sleiphbrdll From thieleiva@d effluent.

| east partial vacuum typically at below 101 kPa,
8fHoveln sither an e 2 Ml Sl de oPhiEbe s 8DIogted fongih or more

{BhiraB@PROAdsERTo el @R xRN R nRAE B&thponsKE of @fc cffluent prior to
exanple, U S. Patent Nos. 4,021,490, 4,019, 965, 4,1

debiydrggenation 1 paguacular, the slepynge chiluspyyis ganvenignthgibipagd to at least a
s L& fardRRy st td dedo e Som@Rh114r HeGoneA frohleye Eﬁlﬁ&{t,ﬁ?ﬁcally so that the

phenol / cycl ohexanone separation remains a costly
offlaens secans fpdith s31d dphydrpgcnsiipid agfontconteise less than 50 wt%, for example

less than 30 wt%, such as less than 1 wt%, phenol. The separation of phenol is conveniently
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-

S11 -
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feed to the dehydrogenati on step has the sane
conposition as the cleavage effluent, thereby avoi di ng

W@ baoo2eds for an initial expensive separati on BCEPS2009/050497

Dependi ng on the efficiency of the cycl ohexanone

dehydr ogenati on, the final product nmay contain

substantially all phenol, thereby at |east reducing

t he probl em of separating the phenol fromthe cl eavage

ﬁ{eﬁ%l%@ﬁol b @8 Rdnyl Sha@NHRLS f8MRE e FBMient duR6m ¢ BR\IBGRIrogenation
uent is subjected to one or nore separation

Bﬁﬁ@@sses to recover or renove one or nobre conponents
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partlcular | eavage effluent is convenlently
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dglhﬁchno demandi fon cyadelekinone Q@Idtl‘al fihiy easbet teadilys@etmsdag the present
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khdt aome bfltlre yaawl tvackn oy qrclcé1xXanan¢ i Udisd¢ast richdilyt beomchieved by, for

Addi t 7. be ysed
£l Sterb T R P D EBRn G he st Sp fgRAion caralyst
bR hs plsm @pabetize, nﬁdﬂftﬂndlym{sdhteu«ﬁmg?for anadkphy a temperature of about

Q Qili above 185 ured, at
AL 2 4B oaphey PeSwBinot et BT FReds o8B0 kpa andror «
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cl eavage effluent can be _converted to phenol. In

fspdiciscEdo VABRISDE POt REEFEAHHY A sBRCHBFRBL RSP 1920 thon, reference
§h|3§fdeoe' RadeisBRly, ytottl% elﬁieg lc@ithd fof gﬂltpogﬁ Wﬁgeﬁlﬁﬁmg the true scope of
cycl ohexanone pro uct. This can be readily net Using

thp propené gepntiosr ocess by reliance on the reversible

nature of the reaction (2), nanely by hydrogenating at

| east some of the phenol back to cycl ohexanone. This

can readily be achieved by, for exanple, contacting

t he phenol with hydrogen in the presence of a

hydr ogenati on catal yst, such as platinumor palladi um

under conditions including for exanple a tenperature

of about 200C to about 2500C and/or a pressure of

about 101 kPa to about 10000 kPa and/or a hydrogen to
phenol nolar ratio of about 1:1 to about 100:1. [0045]
Wil e the present invention has been described and
illustrated by reference to particul ar enbodi nents,

those of ordinary skill in the art will appreciate
that the invention lends itself to variations not
necessarily illustrated herein. For this reason, then,

ref erence should be nade solely to the appended cl ai ns
for purposes of determning the true scope of the
present invention. CLAIMS 1. A process for producing
phenol , the process conpri sing:
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(a) oxidizing cycl ohexyl benzene to produce
cycl ohexyl benzene hydroperoxi de; (b) converting

W@ yaboezy| benzene hydroperoxide from (a) to pPOOUSEOHOS0497

ef fl uent stream conprising phenol and cycl ohexanone;

(c) feeding at least a portion of said effluent stream

to at | east one dehydrogenation reaction zone; and (d)
contacting said at |least a portion of said effluent
ei.agsiy W t h a dehydrogenati on catal yst in said
dehydrogenati on reacti on zone under dehydrogenati on
conditions including a tenperature of 2500C to 5000C

ef f ech hMBesk PorGRIANERS pl?etnolI ﬁ@ﬁioc&@@&m&fsﬂghe

cycl ohexanone 'in said | east a portion of said
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kydioopercoxidde; (b) convertlng cyclohexylbenzene

hydr g ero r od
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dehydrogenati on reaction zone under dehydrogenation

condi4 PORES S PEIEFipRPhegol R Reoponst the BQeds (RITRTISHE t he

cycl qhpxanemgeting Sdkshe dnd BAGbgd RAKt 4 QAtaBfst $AUG hydroalkylation
effluent into phenol and hydrogen; and (e) recycling
%Wdﬂ@§§PPB§er@F(@ﬁ%”ﬁ?ﬂw6gen produced in (d) to said

cont E(? | NGxiaBhne:  Sclof§IRARRES Froff &kda' Bntactit €81 Nto  produce
sai d ehydroggnatlon conditions include a tenperature
ofclopgodieneae Hpdoroxdde; The process of any precedi ng

cl ai wh a f [

c Tl Lght  ep R S L BB P AU s RP s pyidizine @ o
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pr od n

one d CI gé/edﬁlg fg egs(l)g\{)gﬁléh gsagq?gfﬂue?ll’g] sctir ng tﬁ %tolgaﬁ ?nee:ciehﬁﬂggenatlon
mhﬂmet@wuent stream produced by sald converting (b) to

apor f(ﬁ)zt q%czllg ga{‘l ]tat: leoag n'%’ f)oerf’ rneé;‘r:ﬁa]fd 1{61’1’[8 gad% Z\i)vtlth a dél ﬁydrogenatlon
chediyd rroge:hda:ﬂaydrngernemt feamioz asre uhdert dehyndogeastionploadiabns 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 include a
temperature of 250°C to 500°C.
4, The process of any preceding claim, wherein said at least a portion of said effluent

stream fed to said dehydrogenation reaction zone has the same composition as the effluent
stream produced by said converting (b).
5. The process of any one of claims 1 to 3 and further including subjecting the eftluent

stream produced by said converting (b) to at least one separation step such that said at least a
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than the effluent stream produced by said converting

(b). 6. The process of claim5 and further including
waabpezrng the effluent stream produced by saP@rI/US2009/050497

converting (b) to at | east one separation step such

that said at |east a portion of said effluent stream

fed to said dehydrogenati on reacti on zone contai ns

| ess than 50 wt% preferably less than 1 w % phenol.

dortidN&r RIIRERESt Qfca¥d ANQidUehFdrddciRioh réRtich zone 88taifk less phenol

and further including subjecting the effluent stream

Hrothg cEtepipteyn erOéwaéwtswﬁgormsyﬂngéb)at | east one
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pafsfabbt lesghanhlews, foheraht st ream produced by said
onveflt.i b "
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| a| %\%ﬁ%:g%il gggqul é The % SSSt Bﬁg,?/ elglﬁglﬁ ng gubjectmg the
EFI0RT IsGEand pRIde&IUEyesadd cdnvisitag t(p) ‘Z)OzQQeéSPane( Cop@rhtiéd Biep @ remove
20 atm i The process of claim 10 wherein the
‘ﬁﬂ“&%ﬂ%b?l ng pReYE 160 G o2 mgsuerhak i 1?3@39%%%@@%%% at least a
ﬁcg“mnTJYﬁa]ﬁreﬂﬁi%ﬁﬁstl@ﬁm@J‘éﬁl@deﬁ?(ﬁ‘ggdﬁﬁh&l'ré’dc%n i’@‘ﬂ@r einin
said feeding (c), hydrogen is fed to said
Yehy drisgeieasss off Pvadtsceing shamt oywtdifesaidi dehydigpenatign conditions
écﬁﬁb?fse Qte?f%"eiahﬁ’@opfoos@'tﬁs@ﬁ(f}' uent stream 13. The

rocess of claim 12, wherein at |east part of the

dr ogenpoeess tof i dregediyelrgmnathicein rsaidc dehydrogenation gonditions

r n said

éd’?ﬁ isk Q?Qkéﬁ% défq)kﬁﬁpﬂ%dék@gg@op&& 96%&)

tact cess of clarm 12 or 13,
hher efhe prévessradiciaim rltvwhoreof thhpasogels from EickFetedbhbiee(l atm to 3
ét%)the feed to the dehydrogenati on reaction zone is 0O

to 4 :1. 15. The process of any preceding claim
Vher éile majesh aftanly gastdiag pha'rm iwlrerof irs sdid feefli @nhydrogen is fed to

raédf;l g%ygrﬁ)genan%% reag norrllgcq[ngﬁ ey w1thd§aqa/ Al ?e%gtng tp|01%0n of said effluent

stream.

13. The process of claim 12, wherein at least part of the hydrogen fed to said

dehydrogenation reaction zone in said feeding (c) is hydrogen produced in said contacting (d).
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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