WD 2011/ 100013PCT/ US2010/ 057753 2010EMD45- PCT HYDROGENATI ON PROCESS CROSS
REFERENCE TO RELATED APPLI CATIONS [0001] This application clains priority
to U S. RAvowvosiomaB Application Serial No. 561/ 304, 040 fCiras2Helosrazy 12,
2010, the disclosure of which is fully incorporated herein by reference.

FI ELD [ 0002] The present invention relates to a hydrogenati on process. Mire
parti cul anhyEMdas-PCT invention relates to a hydrogenati on process that
may be used in the production of phenol. 10 BACKGROUND [0003]Vari ous
processes can be used to makenphrOCIENAPIOEPROUIRS Phenol can be nmade by

t he Hock process, which involves alkKylation ol benzene with propylene to
produce cunene, oxidation of the cunene to the correspondi ng hydroperoxi de,
and cleavqgg)w S GO i de A DB OGUCE enol and acet one.

15[ 0004] Pheno R?@% 0 .?ef‘ L4 gb? Ryt atT o benzene and a C4

al kyl ati ng0®dent The pp@decem skondutiptityene dns, Poxvidartal osppdicatidne Serial No.

sec- but.yl - hut e oxi (e nd cl f the
ec- butyl BOneons Hdm g LB TE T g RERE BB S A R T 2dbone.
[ 0005] Anotréferengar ocess for maki ng phenol invol ves hydroal kyl ati on of benzene
to produci%égggyclohexylbenzene, oxi dation of the cycl ohexyl benzene to

cycl ohexyl ne hydroperoxi de, and cl eavage of the cycl ohexyl benzene

hydr oper ox00de] t o The gpekseier iphariol raanes YL hahegcamneprofedO0&oopatiariarlyonies or
nore steps of .the processes descri bed above can produce substances that are
det ri ment é‘?VeP‘boner‘&%ééosa Bdrosenaiog process tha g pr Es,edé%ﬁ‘ez%oc‘f‘?tloﬁs“tf SQ‘?:“@ in

Fi gur g0l ABAeKQROEIdpDEence to Exanple 1), the inventors have di scovered that
the presence of olefins, 25 such as those produced in the

hydr oal kyl%03bn/ KraRPeRises G BY Bigd 4gyBraks Risgolydue exasarie. afgRrd carpbmade

i nter fer e ppifdHOK Haeis0AhRAGh VORI UATky hibrSdf®RIen& RN gfo?}rléﬂe RfodusdGashe,
selectivity to the correspondi ng hydroperoxide. [0007] Additionally, and as

i |1 ust r at @8idpEPIRIguthe TENENG (h thefrenoading Idiensraxide) andhgleavage ¢inkent or s

have di scoyghpdotiiat RPORBObnABhnRREARI CS, Which may be present in one or
nore 30recycle streans of a process for maki ng phenol, can also interfere

wi t h dRi dd®00dh. [Phoodlcamilse bsanale byaslyylefont ¢feyazangtsad anCeslkayeg tesnt fong

POl Nt s very, GlOSE i iAAGHOT o GHITERC oS TR DULYRRBSEERE 30T sccbunly

cyclohexypﬁénzenef nﬁ&?%g them di Piéﬁlt to sep ratégby conventl onar

t echni quedydroperbxids adil Sldavdgatdfahe sec-butylbenzene hydroperoxide to produce phenol and
methyl ethyl ketone.

[0005] Another process for making phenol involves hydroalkylation of benzene to produce
20  cyclohexylbenzene, oxidation of the cyclohexylbenzene to cyclohexylbenzene hydroperoxide,
and cleavage of the cyclohexylbenzene hydroperoxide to produce phenol and cyclohexanone.
[0006] However, one or more steps of the processes described above can produce
substances that are detrimental to process efficiency. For example, and as illustrated in Figure
1A (with reference to Example 1), the inventors have discovered that the presence of olefins,
25  such as those produced in the hydroalkylation/alkylation and cleavage steps described above,
can interfere with oxidation and result in slower conversion and reduced selectivity to the
corresponding hydroperoxide.
[0007] Additionally, and as illustrated in Figure 1B (with reference to Example 2), the
inventors have discovered that phenol and phenolics, which may be present in one or more
30  recycle streams of a process for making phenol, can also interfere with oxidation.
[0008] That said, many of these substances have boiling points very close to those of
cumene, sec-butylbenzene and cyclohexylbenzene, making them difficult to separate by

conventional techniques, such as distillation.



WD 2011/ 100013PCT/ US2010/ 057753 2010EMD45- PCT [ 0009] As such, what is needed
is a process for treating such substances to nmake them substantially inert
rel ati ve wo,2onnoeo1easi | y separable from and/or direct!| pCraseme/05118n from
phenol production processes. SUMVARY 5[0010] The invention relates to a
hydr ogenati on process in which a conposition conprising: (i) greater than
about 50 whfopsfo4sycirohexyl benzene, the w % based upon total weight of the
conposition; and (ii) a hydrogenabl e conponent is contacted with hydrogen
in the pres@ofe ofs AcMNIRIERAUEPR £BfRbYSr HOMRE sRHILBASRAL kPMhakORh | ONS.
[0011] The i nvention also relates to a hydrogenation process in which a
conposi t i epbstanallyaippr gelatpve)to.aypee @hﬁlx;ﬁmﬁﬁéwz@%@m, airvdor (dinieytlyarempde digantiome
conmponent ﬁ&lo?plto%lﬁifofl M.aked east one of an olefin, ketone and/or phenol

wi th hydr 8gen n the gr esence of a hydrogenation catal yst under

hydr ogenatSUMMARN]i t i ons, wherein the conversion of the hydrogenabl e
conponegnt t l.eas Y2 sel ect i for cl.-ohexyl be I han

bi cycl gheig@gf [&%%Z]tn*%nglo?l rq?{;egaﬁ % gon “al g%r%%%ﬁggénequ{)%xsa "ﬁy\@})}(%%eangt% ﬁlgﬁsnégr}fd

oxi dat i on cpmpgess (i) rpresir cnaabioeesh wi%h o«f eypbhasly bgneye | thhexervpbddenwenetai s
contacted with drogen.in the .presence a _hydrogenation catalyst under
nydr ogenattiieit ebaieoRER P e R A ER Gl Sa e Rl ) o BB R o ne
i s then reagiredns df b hodygeati¢recaglyst aide) hydiodeh@ioplcesdiae. of an oxi dati on

cat al yst oxi dation conditjons to, form cycl ohexyl benzene ..
rodrover olfS] [ obS 3 aEor ABSHERER ol Fare POCRY 5F SUESes CoPPRYituci ng
phenoliocompyihgi(1) @icléhickyBohByd aaxdlik ¥ hadrof@alble bEpdchtd cleObMFramGORADHE HON
havi ng: (1) cycl ohexyl benzene; and (2) a hydrogenabl e conponent; (ii)

hydr ogenaff it ketangs pndiorglenslopithhydragennp dho gEncise of ohjdisspmtion catelyyt

oxi di zi ng yhd® nGHCLERBXY LRRANBRNSyvHR T Be B AR rGoH @tﬁ@ﬂycﬁ@é’éﬁ@o‘lé E&rﬁ;lb;bnﬁﬁqp'éﬂ' sing
a hydroperoxide; and (iv) cleaving the hydroperoxide to form phenol and/or

cycl ohexakie0BRPERCIBESERY BTN OXF okex THE e hRESCYSEesaE4] Fi gure | A shows

Time On S;[ﬁ(ﬁ@fn ( TnPinvehtiohSasoGEBcE W@&%@Hat% afid Sﬂfmﬁﬁiptr(;c@fﬂ DG af Yi ng
amounts of ol efins during oxidation. TO0O15]Figure 1B shows T.O S. vs. CHB
converlgi osowpriang otyplebexenyhenaens nyy soatagicA g watho iydregasf iphtgopregence ngf 2

oxi dat | o, L R0 SRR ZuRP e EERAANLGIREAN ¥ SrorfiYGLRARGNYRRAL
h ¢ dr £ Sf £ENeh
hydr oper oxl’ eg CHBH ,Bﬁg?)slé ecﬁ?w y of a conposi tion cﬁ/aw % var yi _ng_ffrmunts
of cycl ohexdoonebduenng ri derciednvitl] 0QLED Ke.gure) 3 divopisseniccOoBan wsida@HB
conversi O@a&f stal‘mg r%r 9&%&}8‘&0%?&&9%83&%4 %f&%lgxn%eg%’nghc@l_ljgperéx%)e:!'s] Figure 4
i | lustratéS dn enbodi ment of a hydrogenation process.
[0013] The invention also relates to a process for producing phenol comprising: (i)
20 hydroalkylating benzene to form a composition having: (1) cyclohexylbenzene; and (2) a
hydrogenable component; (ii) hydrogenating at least a portion of the hydrogenable component;
(i) oxidizing the cyclohexylbenzene to form an oxidized composition comprising a

hydroperoxide; and (iv) cleaving the hydroperoxide to form phenol and/or cyclohexanone.

BRIEF DESCRIPTION OF THE FIGURES

25 [0014] Figure 1A shows Time On Stream (T.0.S.) vs. CHB conversion of a composition
having varying amounts of olefins during oxidation.
[0015] Figure 1B shows T.O.S. vs. CHB conversion of a composition having varying
amounts of phenol during oxidation.
[0016] Figure 2 shows CHB conversion vs. cyclohexylbenzene hydroperoxide (CHBHP)
30  selectivity of a composition having varying amounts of cyclohexanone during oxidation.
[0017] Figure 3 shows T.0O.S. vs. CHB conversion of a hydrogenated composition and pure
CHB.
[0018] Figure 4 illustrates an embodiment of a hydrogenation process.

[0019] Figure 5 illustrates an embodiment of a process for producing a hydroperoxide.

0.



[0019] Figure 5 illustrates an enbodi nent of a process for producing a
hydr oper oxi de. -2- WD 2011/ 100013PCT/ US2010/ 057753 2010EMD45- PCT

[ 0020] Fi gaipeod/iobdiast rat es an enbodi ment of a process f@CTASAWHOOTI§ phenol .
[0021] Figure 7 illustrates an enbodi nent of a process for produci ng phenol
conprising a recycle to the hydrogenation process. [0022]Figure 8

i1l ustratesigeBB4seaver si on of sanpl es having varying amounts of olefins. 5
DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [0023] Vari ous specific

enbodi ment g2y er FHARSe ARG AXIMRIBS ARt 318 ph &I F0duddg!phB be descri bed,
including preferred enbodi nents and definitions that are adopted herein for
pur poses d9024hdefFsguandilhgtratpreancdnziodimepnt af e poresh foriedueing mberfogwrmmsmg a
detail ed L DE I i tfic preferred enbodi ments, those skilled in
the art m?§?833%?%ggg?%%?ﬁgﬁﬂﬁﬁgge 10 enbodi nents are exenplary only, and
that the i[08238hti digucahillvetraestdiB comdersion of fagpleadiyeng Foying ampwosest adfins.
detern%ni lﬁﬁﬁﬁfﬂﬁ p ﬂﬂg(ﬁpfﬁﬁ fBb&ﬁ jﬂ¥ﬁ§tion will refer to any one
or noreé o2g%%E—appEnggg—é;arnsr—rntgﬁgrng—%$err-eqU|vaIents, and el enents
or |imtatei2dp thatiosr pedtjciembdbdmentt, yetsivns end xamphs ef the divieadon wiliynometfeer ence

to the "invention" refer to one or, nore t n necessaril.y all, of
the i mventroneeGeps e nt e SrBhiushe SPECem ol Yo 5E RRERN el v o o
i s a hydr pggosdsi @nndesaedisg thEh¢lsinfed deessonralyhike tieofotl oveing deaililoh @esceiptionn
conjunction with.one ar re steps of a process . to produce phenol, such as:
Co o] Bt St by aRy Ghod HIRISR wcrDnal (PR B, 1ge
and/ oro( i ¢mbo@hieks agenambrn; oty dha@genakd BReltio@ ¢esBe pRfidd@25 biher ae@oFeance
wi th various enbqdi ments, .the hydrogenatign process conprises contacting a
conposi t i GHPRER iChgeterriying inffiRashicelo 5SS therily qriey WHI SEE ShtnYBRPBMEHT Wi t h
hydr ogen ion tﬁéw@%@h@&eaﬁmpﬁn&mmgdﬂﬁg%@wagﬂmp at@kimenty A Simitidhoapnatd on
conditions. [0026] The first conponent can be any substance that is present
in a procé&ssVe thrseibatgrrareicd Py sefercrsere dieniyentionh aay irefet to BnPIORRL i S
cumene, segr bihyd-LeRg N (RBRentidRs &¥BLOREXY LRRZENe (CHB), or
met hyl cycl opentyl benzene. |n various enbodi nents, the conposition
conpriles [YR4ht erThethsaid. adrsartbed revgivoop ydeogenation rEesspondhts, Pregesymisait e t han
about 60 %I%l’u?_t%d tal?)ﬁe,fo'r [SdonfRERANGRE oneRR R s@eﬁ)@%f Sglto%ss \éﬁiglgﬁ'&cegﬁetfon%uch

e first co

conposi tion. ' onent may be nmay be supplie rom any source.
For exanplag, (Wt alkplptioe andfspl hedtodlkydatica; f (iies bxidgiont e(iiDprebdvaged addior ngv)
aIkylatio%egﬁh&%g£ggjkylation, and/or recycled froma step in the

Hyvdrogenation Process

20 [0025] In accordance with various embodiments, the hydrogenation process comprises
contacting a composition having: (i) a first component; and (ii) a second component with
hydrogen in the presence of a hydrogenation catalyst under hydrogenation conditions.

[0026] The first component can be any substance that is present in a process for making
phenol. In one embodiment, the first component is cumene, sec-butylbenzene (SBB),

25  cyclohexylbenzene (CHB), or methylcyclopentyl benzene. In various embodiments, the
composition comprises greater than about 50 wt% of the first component, or greater than about
60 wt% of the first component, based upon total weight of the composition. The first
component may be may be supplied from any source. For example, it may be supplied from a
fresh source, produced during alkylation or hydroalkylation, and/or recycled from a step in the

30  phenol production process.

[0027] The second component (also referred to as a “hydrogenable component™) can be
any substance that can react with hydrogen. For example, a hydrogenable component may

have one or more of an unsaturated double bond or triple bond, a hydroxyl group, and a

-3-



30phenol production process. [0027] The second conponent (also referred to
as a "hydrogenabl e conponent™”) can be any substance that can react with
hydr ogen.wban1ewentpl e, a hydrogenabl e conponent nay haveConsS2aw/081758 of an
unsat urated doubl e bond or triple bond, a hydroxyl group, and a WO

2011/ 100013PCT/ US2010/ 057753 2010EMD45- PCT car bonyl group. The hydrogenabl e
conponent 2080EMBRYS@Ca cyclic group. I n one enbodinent, the cyclic group is
aromatic. [0028]1n various enbodi mnents, the conposition conprises greater

than aboute,86Q% W} ahe Bydtysnage eﬁﬁﬁcﬁleﬁm%@ta’cyafc gg&ﬁ)atlﬁroné Qﬁﬂocﬁt@@rﬂt 0.1

wt % of a hydrdgenabl e conponent, or b5greater than about 1 wt % of a
hydrogena@kéWébh@@Wbﬁ@“mWQSed upon total weight of the conposition. In

vari ous eff&% me ﬁ%ar c{g’é‘ﬁatﬁé/&?&%ﬂ&?{!ot Ip%QHB?fb%%lséssgr & % H{Q).(HQ%OPBf for e

of alkylatlon hy roal ion, OXl on age an rogenatlon
steps. | Oezg]dtqgelaahleeqm@dnmmr greaos thapdebogteth e Qi‘mmahmnahlcscmpombm om. For
exanpl rogena onpone e Iatlon
or hydsoa E% a¥ﬁbng% ? Bp ¥%'H(?%¥ﬁrod§§3&ﬂm%:% &H§g§gtoggﬁ§ﬂgkékﬁfiary
olefins i mompm;onbuml \aneumﬁnbddnrmmsedhet loy drqpleeatyd c@y@nelhtexemdc: dphenyhdot ene,

phenyl net but ene cl.ohexen cl opent ene,
nethylcycl‘%%ﬁ@% %%8@%& %ky%%%hyﬁg? 1%?%?%”1ﬁ§9¥%ﬁ¥%W1% g ¥in oligoners
(>C8+), pheozy| prImray|eﬁtbedlrr&nﬁﬁlﬁd"lyﬂrcﬁbgmﬂj’lepoﬁp(ﬁltefiltyis%ydlefﬁle Fblué;emplle, hienzene
and cycl o entene 5[ 0030 n enbodi ment, .the r ogenabl onent is
el - POR oA SRy R dBetnbIcn oA Tk npr PEodRaRGm o
produged @Bﬁz!eﬂé}tocﬂr&méégﬂn@fe SBBR®REHBSBE @pldfBlepaY P¥lube but htd hoganiadditon of

phenol nay be desjrable, for_exanple, when it is present in a conp05|t|on
that wil| PBEW} egigtohetsne. optlwlb&ﬁﬁnaatphw SREBYloCYHORSRISHS| PP eg¥slobpyene,

parti cul arpet cloﬁﬁ%orﬁetﬂﬁy}%ldﬁbﬁg eel hatn J}?Nhéﬁ{y@@/@l%ﬁéﬂeg)n heheP sl

under the hy rogenatlon condi tions descri be erein produces at | east
one of cye®ligHesta e aﬂ&pﬁrpreméwhé%ﬁmlsw(w warythytstrens. et bevens pisin

bel ow). Asg é&&%ﬁnén Figure 2 (wth reference to Exanple 3), the presence of
cyclohexanone does not substantially IZE@Ct selectivity to hydroperoxide

dur i ndSoxil¢fB0] onIn an ¢rypRupdng e hedive neomponent iy dhherpdn ak ¢rogxampise dles
oot o oAy SER Rl chfrkEEnapl (UAEH (B SLERABLEBEL SR o s
wt % phenolCHbperbads Hytarecasiputof pheholmss lpﬁh@lamdble tﬁa%@inmlpovhen(mtlabremt ght  of
t he Conpogy, ﬁlbg)srhon that will be recycled to the oxidation step of a phenol process. In particular, the
inventors have discovered that hydrogenation of phenol under the hydrogenation conditions
20  described herein produces at least one of cyclohexanone and/or cyclohexanol (by way of the
reactions shown below). As shown in Figure 2 (with reference to Example 3), the presence of

cyclohexanone does not substantially impact selectivity to hydroperoxide during oxidation.

Q
OH
© ' 2H2—> é
OH
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6Hy ——= 2

[0031] In an embodiment, the hydrogenation process hydrogenates the phenol prior to the
25  oxidation step such that composition comprises less than about 1 wt% phenol, or less than
about 0.5 wt% phenol, or less than about 0.1 wt% phenol, based upon total weight of the

composition.



WO 2011/ 100013PCT/ US2010/ 057753 2010EMD45- PCT [ 0032] I n an enbodi nent, the
hydr ogenabl e conponent is a ketone. For exanple, hydrogenabl e conponent nay
be a ket ome 2prioemaed during oxi dation and/ or dehydr ogen®Ciras2010/057753

st eps. Exenpl ary ketones include, but are not |imted to, phenyl butanone,
phenyl cycl opent anone, phenyl nmet hyl cycl opent anone, benzenecycl ohexeneone,

5cycl ohexybidgrdioas,pcycl ohexanone, acet ophenone, net hyl phenyl cycl opent anone, 6-
hydr oxyhexaphenone, cycl ohexyl cycl ohexanone, and phenyl cycl ohexanone.

[ 0033] By V[\@OBZPf ith | S EHBSdiREht, E{egﬂﬂ;(ﬁoébn%ié)%mﬁgneﬁm?qu REHe. OfFof example,
hydr ogenati on process 400. Conposition 410 conprises a first conponent and

a hydr ogehsdiogeneblasompeientmely bea Sefpid preduced dpzecexddation @ndipredebyqrpgdngtion

cont act ed bth DydLagen ands NYALARENBH OfeCaR! Ykinds dR.Dkdtagenati on

conditions to formc sition ess of the rogena
conmponent ph¢ry3dibpentanand, ous phehyddetindnydopentaeonky dr obewmertei on grbbesseone,

descri hed her.ei ny. duce osi ] onpri sj ess, t out 1.wt%
or Ies§ tﬁgﬁ&E%nWE&gil %ﬁ&§%%$ eéss&%ﬁgg&g dutl%gg%bﬁﬁﬁgggﬁgﬁégﬁédrogénable
conponent hytasgdxapheront atyalohawgicgtivhaxhndnbeand phgpy&iytiobexandfs[ 0035] It wi || be
under st 0o t the hydr. nati on process nay .be. carrie ut as a batch
pelpor g 1 it U T S R B A T e RS T Tk o e
be i ntroduoed dompbligohytly ogefratd arfirfircapssent andra diyyrogeiablecontpofienexady e,
fresh hydrogen may be ed, ar. hydrogen. be obtajned fromone or nore
oeve o S EREE S A el s ot BlietEn 2t b S HB g AR St | on
cat al st MRYrob&atny co@tidny b fohatcoasifidr ubo,t ahieh M4 rieg esrathie Oy:drdganadie

enbodi ment, the catal yst conprises: (i) a hydrogenation conponent; and (ii)
a support OPpYs8Y The hydrogenation conponent may conprise at |east one

metal co Wmﬁﬂt 38 vk R rfdoa MO URShyRIrdnatdn GrodeieaReridcadefein dRIdGcRfa
El enents, such as platinum &glladlunland cogﬁounds and m xtures thereof
Y

The hydr oGenBesition OBRHIRAS e al apat hrake t lepsihamabaio® htviPsopletsibanbapout
\%ﬂér 2?2 ? ?gﬂk\t’t g/{foiﬂgﬁ%ﬁayg grf eﬁ%?rgotn%to alnrt’\%g?clga%? B%%ta?ﬁ‘gk%{g/%%eg%%g#igig%gawa%st .

15  [0035] It will be understood that the hydrogenation process may be carried out as a batch
process, semi-batch process or continuous process.

[0036] The hydrogen may be introduced to the hydrogenation process from any source. For
example, fresh hydrogen may be used, or hydrogen may be obtained from one or more recycle
streams of a phenol production process.

20 [0037] The hydrogenation catalyst may be any catalyst that can facilitate hydrogenation. In
an embodiment, the catalyst comprises: (i) a hydrogenation component; and (ii) a support.
[0038] The hydrogenation component may comprise at least one metal component selected
from Groups 6 to 10 of the Periodic Table of Elements, such as platinum, palladium and
compounds and mixtures thereof. The hydrogenation component may be present in an amount

25  Dbetween about 0.1 and about 10 wt%, or about 0.2 to about 0.5 wt%, or about 0.3 wt%,
wherein the wt% is based upon total weight of the hydrogenation catalyst.

[0039] The term “metal component” is used herein to include a metal compound that may
not be purely the elemental metal, but could, for example, be at least partly in another form,
such as an oxide, hydride or sulfide form. The weight % (wt%) of the metal component is

30  herein defined as being measured as the metal present based on the total weight of the catalyst
composition irrespective of the form in which the metal component is present.

[0040] The support may comprise one or more of aluminum oxide, silica, silicate,
aluminosilicates including but not limited to zeolytes and MCM-41, carbon, and a carbon

nanotube. Impurities may also be present in the support. For example, sodium salts such as

-5-



[ 0039] The term "netal conponent” is used herein to include a nmetal conpound
that nmay not be purely the elenental netal, but could, for exanple, be at

| east parwbDyoiwioendot her form such as an oxi de, hydri dePOI/USa010i08E53 or m
The weight % (W% of the netal conponent is 30herein defined as being
measured as the netal present based on the total weight of the catalyst
conposi ti onigpM@speati ve of the formin which the netal conponent is
present. [0040] The support nay conprise one or nore of alum num oxi de,

silica, S'sbdlﬁlﬁtsﬁlcat@km&f?@éeht‘f?@ﬁ e whafe! i RbuPsd 1 RObold W B8 Ehst PugRQbit €S

and MCM 41, carbon, and a carbon nanotube. Inpurities may al so be present
in the suﬂ@@ﬁ%omehwb%ﬁﬁﬁK@Cmgb@iun1sa|ts such as -5- WO

2011/ 100%&1%@/ U%%Qlﬁédgfg%@%f%nﬁa 3f}nfq§e %Hélﬁlolné b a0 BfsPrgsent

from anywhere from a 0 ased upon t wel ght of the
hydr ogenathydogaablalcymponeh004¢3cT mathHydrogere riatvammls @mbdq’ilme@tn,sthﬁrhydrb@nam

condi t ' ong otn‘gtéo gltlé% g‘%?sure %bra?tﬂ(é Eﬁa;g?l?gagﬁ'ﬁ%%{éna%%t 4 I(){k?%%,gor\/\ébtoﬂt

hydrogen n varlou con conprise a
pressure o600 &Pogto fbokP2009 k(Ph,Igaor apauged) KPe,gababidut 34EDkRg 0g abame 1@(8akRa, 2500
kPa, g to about 2000 kP S ut, .7 bout kPa r about
1000 kPa, § “g?‘.if“é?e‘ia ‘ﬁ%%&z?gﬂtr@ of° %88‘[&061%@ Sy Ofg?}‘é,% St OLHOIEeSibe to
about 80C[0(121l2] abdmtacﬁdiﬂhnc{: 0042 Jonéd rhsI&QCQ)If dandeventitd) oras a&ﬂemﬂvﬂlﬁagbdﬁﬁly

i nvention, n advant ous dIS qQvere at the u of .t he

nydr ogenatis6i B oHE SIHEF Ry Brgethasoafinen iy e oaretin Sat F6ibred n
resul t19 i meepl @Gt Viesdidcdi OBRNGdch & n ff oRifigd hiiSkeaids kahResbswintifIBUffecting
substantially affecting aromatic groups. For exanple, cy cIohexenﬁlbenzene

i s sel ect P{BIYIC GRVET tig ef%nréﬁwﬂab%éwl?%éweuﬁ &Sjeatiplieqmyrted to CHB rather

[0043]S|nmhﬁn&%mkmggﬂglcyclohexanone is converted to CHB rather than
bi cycl ohexane: 004 In varlous enbodi nents, the conversion of the

hydr ogenabl e conpon

[0043] Similarly, phenylcyclohexanone is converted to CHB rather than bicyclohexane:

15 % %&%

[0044] In various embodiments, the conversion of the hydrogenable component is at least
50%, or 60%, or 70% more seclective to CHB than to bicyclohexane, or SBB than to
butylcyclohexane, respectively. In various embodiments, the hydrogenation process produces
less than about 1 wt%, or less than about 0.5 wt%, or less than 0.05 wt% bicyclohexane or
20  butylcyclohexane, the wt%s based upon total weight of the composition.

[0045] The hydrogenation process may be performed as a stand-alone process or as part of
a process to produce phenol. For example, the hydrogenation process may be performed in
any sequence with one or more of the steps of: (a) alkylation or hydroalkylation; (b) oxidation;
(c) cleavage; and (d) dehydrogenation. These steps are described in more detail below.

25  Alkylation/Hvdroalkylation

[0046] As discussed above, the hydrogenation process may be part of a process to produce

phenol that includes alkylation or hydroalkylation of benzene.



50% or 60% or 70% nore selective to CHB than to bicycl ohexane, or SBB
than to butyl cycl ohexane, respectively. In various enbodi nents, the

hydr ogenawpaniproo@ss produces | ess than about 1 wt % oPCITAS2010I08T75Rbout
0.5 wt% or less than 0.05 wt % bi cycl ohexane or 20 butyl cycl ohexane, the
wt %6 based upon total weight of the conposition. [0045] The hydrogenation
process mayldeaqaericar mred as a stand-al one process or as part of a process
to produce phenol. For exanple, the hydrogenation process nay be perforned
in any seqyRRfe Wbk %ﬁoﬁtﬁeﬂqlﬁflﬁfon 1ﬁ'\eol§ets %ﬁ@la‘ﬁhg bé&%n@iﬂﬁyﬂréﬂ 18 t§%orm
hydroal kyl'ation; (b) oxidation; éwggc eavage; and (d) ehydro enat i on.
These st egsmeirce ldasetherrabodimanh e tmamvo}yes gy latirgg benzene with a Cy alkylating
Al kyl atio

provess. g eV AR, | RRRNAS S aRHESE AR B shORAY S BESATS D
or hydr oalnopbaddfion so¢h @dmzadmtenmaﬁqmﬁrm@q@l?@ﬁﬁ@&m@@ DEREPBIS (lncluSlve
2010EMQ45- 7] t |.ati o ngL
benzeﬁ 3 Rg%ngggﬁl i a?c%ﬁolg ”?Qﬁbﬁﬂfg‘ etcl) uiaé‘ﬁo ﬁféer But%?go\f s %{1 %tﬁ%ﬁk% éht 30N
i nvol ves aliHquatﬂaensgankiaﬂ@éhwmdw scubhavstﬁ‘ébmylkcyllcmtdemg agent over an acid

cat al yst r m, SBB. I of s b ati.ng agents jnclude
oo or e 1BPE TS et R BN el i B s PASER p fract
but ene- 2; cahlgathakh a{ colife bsia\ve aiDMICNIN (ﬁ&int}&lﬁ@lba],lar dicad, ©ﬂhy)b>s'datitvé calptinhof s,

R s (e R A T TR R i Ul

is al kyl ataggllavibd iavayésllgzhﬁxmlatmgrbehme WuﬁS@m@germndamyamamymab@bmtmn§mch as
zeolite beta or an MCM 22 fam |y nol ecul ar si eve, by oxi dative coupling
of benzendh% BreHitph oAy hxdé@allawé@n Kt rdgEhatho Helbzrmet H@d%g%héleﬁ/ folloppng

anot her enhe@id®poduddcaBkyl ation involves hydroal kyl ating benzene with
hydr ogen under hydroal kyl ati on conditions in fhe presence of a

hydr oal kyl ati on cat al yst whereby the benzen dergoes the follow ng

reaction to produce CHB: 2[:j I

Q

[0049] Any commercially available benzene feed can be used in the alkylation or

atIOI’l

15  hydroalkylation step, but preferably the benzene has a purity level of at least 99 wt%.
Similarly, although the source of hydrogen is not critical, it is generally desirable that the
hydrogen is at least 99 wt% pure.

[0050] Conveniently, the total feed to the alkylation or hydroalkylation step contains less
than 500 ppm, or less than 100 ppm, or about 12-20 ppm, water. In addition, the total feed

20  typically contains less than 100 ppm, such as less than 30 ppm, for example less than 3 ppm,
sulfur and less than 10 ppm, such as less than 1 ppm, for example less than 0.1 ppm, nitrogen.
[0051] The alkylation or hydroalkylation reaction can be conducted in a wide range of
reactor configurations including fixed bed, slurry reactors, and/or catalytic distillation towers. In
addition, the reaction can be conducted in a single reaction zone or in a plurality of reaction

25  zones, in which at least the hydrogen is introduced to the reaction in stages. In one embodiment,
hydrogen addition or benzene addition can be staged with internal recycle for cooling. Suitable
reaction temperatures are between about 100°C and about 400°C, such as between about 125°C
and about 250°C, while suitable reaction pressures are between about 100 and about 7,000 kPa,
such as between about 500 and about 5,000 kPa. Suitable values for the molar ratio of

30  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.
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[ 0049] Any commerci ally avail abl e benzene feed can be used in the al kyl ation
or 15 hydroal kyl ati on step, but preferably the benzene has a purity |evel
of at | eaw0200/M003 Similarly, although the source of hpdTapeen0ios77abt
critical, it is generally desirable that the hydrogen is at |east 99 wt%
pure. [0050] Conveniently, the total feed to the al kylation or

hydr oal kylatgpso4sipeg cont ai ns | ess than 500 ppm or |less than 100 ppm or
about 12-20 ppm water. In addition, the total feed 20 typically contains

I ess thané@(ﬁ@ pppﬂhe %MQI stfed RIR Jlm'ﬂloﬁgr Waﬂ%@iﬂoﬁ%‘&%n@na\m ﬁlhﬁi@tlo%alppm
sul fur and |l ess than m such "as | ess than ppm for ‘exa | ess than
0.1 ppm ﬁﬂtﬂlwwémpﬂql% MA@ famikymele¢udar sisive hl}dﬁlms@llrwn%nomwtqle b@ MéM-can be
conduct ed 2593&5)/\6181@&?3@93@6 ok uﬁ&act or configurations including fixed bed,
slurry reactor and/ or cata ytic distillation towers. In addition, the
reacti on can be cm’nmltar eldvesrmaaiesfromgheommantﬁmtdegreme'ystalhnﬂbmlqu@blactk gt of
reactiQn 25 zones S dro en LS 1N

eacti on in ot agett THOCKECdbmirRENV WE Y SLER Wt DA BT UEER, ARt
additi on can be siraggehend dfatonitvafi¢half tifea Gy tikee-diaenscnel slpm@ deSutibtsatht erystelact i on
t enperatures are betwee bout 100C and about 400C,, such_.as between bout
125C and about 25BESUGHPYC Bl SpicEreseie 158%56&r18§1§%r%§‘ Ze%‘i gih™a

100 and about 7, Q@fek Paifits Waltioas 2bet, V\merbnﬁhoubnt&ﬁootamloab@umc&p@ﬁ&dk&a

Sui tabl e values for the nolar ratio of 30hydrogen to benzene are between
about 0.15:1 and"#B6§0%)15: 1, such as between about 0.4:1 and about 4:1 for
exanplig bet ween 3R sthvANHRDAM aQofimbn cURZALLL LOAAASBIOTE U53101.057753
2010EMD45- PCT [ 0052] The catal yst used in th kyl'ation or droal kyl ati on
reaction may be dimimighe figralof caeha MWWV cf&iﬁﬂ“ioélf ﬁ@wépwmlmeﬁ/ nfpIging a

nmol ecul ar si eve yar W% | ecul ar sieve
i ncl udes: nol ecz‘?bgé)ﬁ‘?it’}égé)g ma eh%pgﬂn}%%%sa{émfe}- ??’ I'rst ltc?gg}ﬂé%m?:grgyst alline

bui | di ng bl ocke umdlecular sie¥ds, maskaifoim cnfmllnomzedCbnd]é&rdzeﬂauang\/bﬂqcaﬂﬂxngayers

topol ogy. (A uni tof%r?e! ér rllo e%la%%ae unlt Hh E&em\sv%te e?nth o & of Hlan ontI llted in
t hr ee- di nensi onal™ Space descri fre ! cr Stal Strucy d Ccrys al
structlgres are dicsld:tlﬁd(eelss|isnmﬁdeefronﬁthc&mgof>aczmgj orttmcﬁrmrtwOﬁme]syerstth

Edition, 2001, the e conte of which i inc fer nce) ;
o ol eeut ot si evas TTRERSS s Rohns Shaid stRiy BN TR R S el ng
a 2- dinensional if Ia|rbglgar01ﬁsh$¢h(; lan NAASYufl 7 gl K rhrioal ﬂgMoml’Urtany‘QbhlSmaffi@lr m ng

a nonol ayer of one unit cell thickness, preferably one c-unit cell
t hi ckness; nol edifrsth @leves nmade from common second degree buil ding

bl ocks, bei ng Lan&ufﬁf sRA& 1B4deBY fiytid arQﬁ‘EfaﬂHBhlt2 @ﬁﬁéns&ﬁﬂl%k@ﬂﬁ&ens%@lr ein
t he Iayer of nore than one unit 15 ce hi ckness is made from stacking,

packi Y, or bi ndicagbptiqnefgnit gelly hﬁ’ﬂﬁ&t@%WéV drmegyierkenologyel | t hi ckness. The

stacking %osgych MAERNE el sEMRWLYIAgiPLARKTY R0 RE X-PyAifrBOHA attfeﬁlSh' on,
an irregular tTashion, a random fashion, or any conbi nati dn 't her eo

mol ecul ar insilusinesd-sradiag maxappatrldgud.as, (OO0 18N 36 0 T BrASr-8 AA A ngstrom. The

Copol ogy. T B SHTRRIE R ALt Thatilgeeif B YR, WG MW AT Sy
diffracti cusnng)ahet Iéfaﬂphardohlnldu wfg:oup@pachmglcrdam mdiatain dnd, Mmf%mn&t@@qmbped

3. 570'297 N a scin 1Hat90¥1 c'g‘u r and assoc1£1]tgd computer as the collection system. Molecular sieves

of MCM-22 family include MCM-22 (described in U.S. Patent No. 4,954,325), PSH-3
(described in U.S. Patent No. 4,439,409), SSZ-25 (described in U.S. Patent No. 4,826,667),
ERB-1 (described in European Patent No. 0293032), ITQ-1 (described in U.S. Patent No
6,077,498), ITQ-2 (described in International Patent Publication No. W097/17290), MCM-36
30 (described in U.S. Patent No. 5,250,277), MCM-49 (described in U.S. Patent No. 5,236,575),
MCM-56 (described in U.S. Patent No. 5,362,697), UZM-8 (described in U.S. Patent No.
6,756,030), and mixtures thereof. Preferably, the molecular sieve is selected from (a) EMM-



X-ray diffraction data used to characterize the material (b) are obtained
by standard techni ques using the K-al pha doubl et of copper as the incident
radi at i orwearrdi1zioi1Bf r act omet er equi pped 25 with a sci nPCITNEBRI10/05T63INt er
and associ ated conputer as the collection system Ml ecul ar sieves of

MCM 22 fam |y include MCM 22 (described in U S. Patent No. 4,954, 325),
PSH 3 (desorgeharsipaTU. S. Patent No. 4,439, 409), SSZ-25 (described in U S
Pat ent No. 4, 826,667), ERB-1 (described in European Patent No. 0293032),
1TQ 1 (de%@fqb%%MrhUg‘%Ehﬂat@“Ed)WQ Se_/)‘!\%@M -49 YQD&CM]'%‘QM @?%o’tﬁses of

| nt er nati onal ~Patent Puablication MCM 36 30 (described in
U. S. Pat eMCMo? @d MOVI5H7yuch poMiA3. ( descri bed |n U. S. Patent No.

(descr ooty ShvBRRREd b RoEutyl G5 ¥ M M3 BB o B

t he nol ecultoughisauelé snetdd avtdd fatlahuaiu tlEMMm Wixkel, zinc, tin, and cobalt, with

e 135 (BRI 36ne (R (ty B ARS Gl ek b bl e L)

as | TQ 2. pfb&B4q mayatkllya\mbehwdan@@emammmmbbml10 can, kmhcam‘pétwymhbbmt @ hend

hydr oal kyl t | t.hou uta et a pal | adi u

e heni D SRar St h SES AR, Spf R R PRt Y0

parti cul and an ﬁdﬂﬁﬁilﬁ@ﬁgﬂﬁ anﬁaﬁteffabzdimgenhh@ aseLptseof is hwlrtmg dreahélarati@dal

pr esent cataly bet ween a 0. 05.and apo wt % _ such as

Det woen aBATEMITATS BT MEE o MHUORSRIT B! RrireshabBitoutr e

wher e 1phe 156aVifE2xditt iy mabb@csli@ibout B30 sich agfomla8itNostd dveat ®o. t he amount

of hydrogenatl on netal present is such that the nolar ratio of the alum num

in the noll¥dl ar d¢ ehz/érqgsnett% RStal BYEN2e dierthretuaportcd e by AboMr221 fanityg
about 10 151Qﬁecufa9§1e&éxtgﬂmr%xafrﬁ[%nlﬁ‘lpﬁgﬁatlzﬁ of %n@%ﬁdﬁge? FoweHc th AfofeRéabout

100 to about 300 he hydrogenation netal may be directly support ed
on the MCwmPodimgps We Gowciih- fpr %‘F@D’é aplpast {/ 6W°/e>aa¢rﬁq=r@raﬂw rpseg ety Breféle i on
exchange. pigWEM&fion ﬁl@taﬁls OB Gi ﬁlr 1581%21195@91@& {8 Rase f?&m bﬁ%fn eyt feOr
exanpl e at "l east 75wt % ang general |y substantial ly al P

hydr odénatiaesultesiare.i 5 engphrodiserns riheahydrogsiegiani ractebis d@p;@étpféplata@ ifargamdut
conposi ted .t h the 15nmol ecul ar sieve. In one enbodi ment, the hydrogenation
metal is supported on an inorgani ¢ oxide. [0056] The inorganic oxi de

erpl oyed il#036lich The composi exedchgraploid ky Isahi  porgsiad frstrodllylation catalystomingt
defined pr r. n h ndi n

vl oal ky s telbed Fofheblty SR’ PEher DAEF ol GuGRDT bt B Sy Bloah Pggn

G oups 2, réhetidn3 &nﬂdblﬂ:dncmgantcml(ﬁennohﬂﬂb ©x1d2@0f|' Gblues 0f 4,HI3eamdniidsof thaBéricalse

alum ng, ti lor. zir ona herein,, the nberin cherme for
T o bR S R, S0 AR s RS P
63(5), p. sa%n(elf%ﬁ)e Pdridak 7Table Ghoyugs dganditélaed netChkmical sepBsiih@angMNetvie

i nor gani C63§§b ” @%g§en| ently by inpregnation, before the netal-containing

i norganic { nposited with said nol ecul ar 25 sieve. Typically, the

Cﬁt al ylst q«lmspps! mel}@dgfg@%ﬂ@@dn@?a i€ Qtep&¥itb @ loh Z@E iiRuRganid oXvaE, Cd‘bnaeﬂTérﬁﬂS/LlfyedOf
t he nol ecul ar siI eve n the neta contal ni ng |norgan|c oxi de orne
into pel | dRRregyatigp, dw?ogs? degpstal-cogBinaisainPipanp Side 35emMRs ot %mlﬁeulkrpa),

or by 280- @& UByidhily] the WHAIGH cBmpPdsitb préductdBy ERp@RHI A0, Sh @RRhaNHixhiEof
nmet al - cont ai ni ng i norgani c oxi de, optionally together with a separate

bi nder, artle MpleeWy FNE S0gtheamefpleconfaning MOERBIE XIS el far@phIthyellctiyd hagh on

metal can ?&%@%ﬁ&@l’ﬁl é%upﬁs(ﬂt%%%ttﬁ@ 000 kb)Y Eor 1758 éx%ﬂ&o&%%lh}’c‘ﬁt GRposi te.
[ 0058] Sui tabl e nder  materials include synthetic or naturally occurring
subst anceghegmolgetlpr sieve and the metal-containing inorganic oxide, optionally together with a

separate binder, are forced through a die. If necessary, additional hydrogenation metal can
30  subsequently be deposited on the resultant catalyst composite.

[0058] Suitable binder materials include synthetic or naturally occurring substances as well

as inorganic materials such as clay, silica and/or metal oxides. The latter may be either

naturally occurring or in the form of gelatinous precipitates or gels including mixtures of silica

and metal oxides. Naturally occurring clays which can be used as a binder include those of the

-9._



as inorganic materials such as clay, silica and/or netal oxides. The latter
may be either naturally occurring or in the formof gel atinous precipitates
or gels iwolodiregoiai xtures of silica and netal oxides. RaTAS2010psTEEUrri ng
cl ays which can be used as a binder include those of the WD

2011/ 100013PCT/ US2010/ 057753 2010EMD45- PCT nontnorillonite and kaolin

fam | ies, 2otupsko4b@airl i es i ncl ude the subbentonites and the kaolins comonly
known as Di xi e, McNanee, Ceorgia and Florida clays or others in which the
mai n - m nenglykRhitd BRNMaolis faﬂﬁllésowﬁich?amﬁl@@ln'cﬁhé the s%t%mohﬁes MAGK lga%hﬁ)sr
anauxi te. Such clays can be used in the raw state as originally mned or
initiallycenpoplytkagvngs PaficiMetansa, Gepegid an¢ Blatifeelaysor otlgrcinevhiiehgthe main

Todi 1 Cat oferal AR i sn@asmﬁm@ BI G S AE o Rhd | 6 AL used
zirconia, titania I ca-al um na, i ca-nmagnesia, silica-zirconia,

si | i ca-t har ithe, ragi $tate as peigyally amn@ bn waialy tsabjeeeiso wadihatms, aad tgatynent or
composit! QNS EHGARTb,! SRRl HILARING A SULACAA bThAR: ZILER R,
S|I|caal um na-magnesi a and si a- magnesi a-zirco Transa ylfatlon
wi t h addi Ellmma]unhlelnzdm&magnéswplSdE;thyccmﬁef esmlﬁoeadhorm aﬂtcaﬂbas(aiakyilm-ntan1a 40
reactor, se ara%efro het hg qg l.ation.reactor I r .asuta q

transal ky"Sti Bn CEFACYBPOSUHR UGk % SWS?& i, lc8fa ‘i‘ﬂl&a‘ﬁlﬂ‘ﬁ@&lﬁz Fafily,
zeolite bahﬁmnd\ffﬁ%rﬁ&a@ﬁ&ﬁhdd.&gn@ﬁﬁ-&iﬂcﬁonbdo 6,014, 018), zeolite Y and

nor deni t e. Iatlo isty ducted

Tonst par 190BT 1 | daraAAEE! B i dr ot Sovaiti i B Bt SR duge s ROt at ur o

of abagt 1&0tok Qe@ba@troﬁaﬁanydaoamfymm F@cRf, dBAkuit@OtrhRakbetitn 0@t ks a
wei ght hourly space vel 00|ty of 15ahout 1 to about 10 hr-1 on total feed.

Oxi dat i on 2 [ao‘é}BIGT“ﬁTeSIWd‘? oge Mt Mot? &Habeggolﬁeayet&eM%éédfe@dUés Patept Nof  a

process tati4long) sdas Y¥hFAblaeRe( erhd ranGkyRAEH R3éRALE §PicalBRBnaXdidAtagn, and
CHB oxi dation or m xtures thereof) 0061] Oxi dati on may be acconpli shed by

i ntroduci ihlean pas&gabb%néamsa|0ﬁmﬁ@0n@a\§£10% Seblysindodg ¢ tegpeeipe ehakpuailf0 fnt o a
i quid ph ' r e of
. aat al yaroof oS re e oK 108 G AR SHRE L o R R SO e BP0

N hydrloxy abubdtto shoueth W@hlt@allfmddes described in U S. Patent No. 6,720, 462
and i ncor atEd herein by reference, such as N

hydr oxyph%-m-de 4- am no- N- hydr oxypht hal i m de, 3-am no- N- hydr oxypht hal i m d
e, 25 tetjél®pno- Tﬂdehydlrogesr;aphﬁ padcesyi ke, bd edrrdacttd as pardNofiwdrraceyptibhalcludede,

N by dr oy BSHiS e, SRR SRy R Y BBt ik B ey

di i mde), [006N] - dld)gdmn@myr(ape)eae@)lmm b3, idfrodicig ah @ky@aabhaxig s, d;lucmsde)
N T e Pl o, B8 sbgine b RIS Bt
exo- I\l-hydra@geﬁcekfaca@y@txabl cycI o] [2 2. 1] hept - 5 ene- 2,3 -di carboxi nm de,
N—hydroxy cis -cycl ohexane-1,2 - djcarboximd

N- hydr oxy 14621 4- Syatineatalygs ffr ﬁlw@aﬁl%&mrﬂ@e Nobyireryoxriswed phie imides

sodi um saljbscBbed\Ni VN, MaYnONERZ2028D SHA %ﬂ%ﬂioiﬂt@ﬁhermﬁ@y reference, such as N-
2011/ 100013PCT/ US2010/ 057753 2010EMD45- P

hydroxyphthalimide, 4-amino-N- hydroxyphthahmlde 3-amino-N-hydroxyphthalimide,

25  tetrabromo-N-hydroxyphthalimide, tetrachloro-N-hydroxyphthalimide, N-hydroxyhetimide, N-

hydroxyhimimide, N-hydroxytrimellitimide, N-hydroxybenzene-1,2,4-tricarboximide, N,N'-

dihydroxy(pyromellitic ~ diimide), = N,N'-dihydroxy(benzophenone-3,3',4,4'-tetracarboxylic

diimide), N-hydroxymaleimide, pyridine-2,3-dicarboximide, N-hydroxysuccinimide, N-

hydroxy(tartaric imide), N-hydroxy-5-norbornene-2,3-dicarboximide, exo-N-hydroxy-7-

30  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.
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[ 0063] These materials can be used either alone or in the presence of a free
radi cal initiator and can be used as |iquid-phase, honpbgeneous catal ysts or
can be suwpadtie®o@d a solid carrier to provide a heter ogemases0ms17as yst .
Typically, the N-hydroxy substituted cyclic imde or the

N, N, N'-trihydroxyisocyanuric acid is enployed in an anount between about

0. 0001 nohkdedrMmEs@ogut 15 w % such as between about 0.001 to about 5 w%
of the cunmene, SBB or CHB. [0064] Suitabl e oxidation conditions include a

t enper at un@e3pt WagBsARAMal Al bR NEEIRRAM 1 MR in BHER@Se RO BRI iRGAROUT
130C, and a pressure of about 50 to about 10,000 kPa. Any oxygen-contai ni ng
gas, pref endpanbeaised acligyibphage ddmagenepis caelydis 2 6ep pretippericd Phe sobdeutioh can
take pl ace, | caeul.d | .

embod mont? PRRRe QPSR RERBL Sl CAOHERNEUR SRR clledRIc or e
streans amdNaX¥'etrihgdroxafdcyaurinjetii icengoyed if en gmours bdiwgrn elzoub6.064 lenoldhth

separ ated Qo 85 LBNALLA. Wb Dn bl 31 A B PRE N RUSRGAS BB cBls
decant &r druns’and’ Adsor bers. e ‘aqueous effl'uent fTom t Re oxi di zers may
t hen be n¢@odpl i Badatdndxidaion conditivns tigclwatacstempCheavtagecen 36¢1006F] divkabout

hydr ogenat,j pr oces o on t.ed as part of racess that includes
o ox o aPE%, SR Bu¥:C R AENELALE Wl BBnsl a8 095 Poebitioob e e

cl eavage) AnyQR6gh@oeainagegefprifoabpelninde wahashie efiflient @ttdbyn. dbatactiénng t he
hydroperoxide with a catalyst in the liqyid phase at a t erature of about
20C to abstt ksglece S Eficin t ey Hbb tessodh werBeamat ghe dBbu 50
to abagt ZemPhek RaringStkedution arbiatthe dH0zt QurédRUind 100 Qewdlikddawithl bustic (e.g.,

hydr operoxi de is preferably diluted in an organic solvent inert to the

cl eavage rPeHRR;GPondgcHdasDRIER T eémwredk%lflbﬁ@ PREKcauippertonek h skl phenol

or CHB, tQc@sftSdruh{ MEafds6BERY ahe alhSous! GBVADEdERARE | AMNiLSs GRAVERhent |y
conducted in a series of heat exchangers, one or nore well m xed reaction

vessel s, @futipligedandyentéo wasde WitPfat i on unit. [0067] The catal yst enpl oyed in
the cl eavggg,vakep can be a honpgeneous catalyst or a 25 heterogeneous
catal yst. “Suir tabl e honogeneous cl eavage catal ysts include sulfuric acid,
per chllér i d008] d, Thadwpieseiatiompragess iyt be Rdrsiueted at pert @hd pocesy thehsldesoni ¢
acid. Ferr] l.ari 0 i.f]: i f Ur-~ehh QX | fur
trioxide !rmg)xgpgf(%g\?g?geé%? i @gﬁﬁ%ér%%%%%(%gg%gf%?\%%{ecﬁ ég}mg@% 21@&_?%% preferred
honogeneol®066] eavdgeagatiathy strokide sal b effestalchydgontdctibg fhe dify dropedxide with a
concentrations .in the.range of about 0.05 abou “S W% ., For, a, ...
nongeneodtiagi e PidRR 8 ernSitlre I Mt Aot B byl bG48 ¢ ne
cl eavage $¢ effput BUEL, @ pRssifr¢ af dbbat SO Hoein2, 5okmakich ds A¥OItVes t€ atuatdoo th a
basi ¢ conmponent, w th subsequent decanting of a salt-enriched aqueous

phase .20 W 20 1te 1pdeersoate usPeferbs 7driysd o ropneuEe petvelt JoBBIaHy defveshl e

het er 0gengOigoC ! ¥ SletPR¥thPectsHE IMERY S c RiedahOREpIaSICIIABS b Bsslde B heBAt ent
No. 4,870,217, which is’incorporated by reference for this purpose.

Dehydr ogerigineh ThodegpEneadipe isgparetdndn cprdyeted én pragrich et besh ensbtragrsasnar t
of a procegfotd\alin mixeh Hd&Rn vessels, or a catalytic distillation unit.
[0067] The catalyst employed in the cleavage step can be a homogeneous catalyst or a
25  heterogeneous catalyst. 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
catalysts. The preferred homogeneous cleavage catalyst is sulfuric acid, with preferred
concentrations in the range of about 0.05 to about 0.5 wt%. For a homogeneous acid catalyst,
30  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.
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5 dehydrogenation of a ketone that is made during the production of phenol
(e.g., acetone, MEK or cycl ohexanone). Dehydrogenation generally involves
cont act i nyot2bhe/tedidone with a dehydrogenati on catal yst. [POOASROAsTAS al yst
may conprise: (i) a support; (ii) a first conponent; and (iii) a

hydr ogenabl e conponent produced such that the catal yst exhibits an oxygen
chem sor ptowEMf45PQgr eater than 0.5, preferably greater than 0.6 and nore
preferably greater than 0.7. [0071] Conveniently, the support enployed in
the dehydigggpat i QR Gl Mét&ro!;e%e&%' &ehRAmh %Qg‘uééaes&h%'%o%’ﬁés'cﬁﬁédﬁﬁ 95,
silica, a silicate, an alum nosilicatée such as including zeolytes and

MCM 41, zfﬂ@@ﬁ%“@@ﬂ%n"@i}ds tapipertod b oefaigaey, forthty permeter abl y conpri ses
silica. | RHLdtobESM] ch can be present in the catalyst support (e.g.
silica) a | e, sodiumsalts such as 15sodium silicate whi ch can
be pr esent0G69bm dify \itydrogerfatiompaigernstm®. B cergluetbdas part wt % prp@es7 it Behdesal |y,
theflrst 0 I’IS t st one
nmet al sel edc yrIiP gr% r olﬁ]n(ér h(%ﬁ%th%t ) %86 urﬁ%%%(r&?%c |01>({: ﬁ%hgﬁ 81g éoﬁleh@%and
conpounds oa n@chﬂmtaum@ ﬂ}ehycbogepatmnc lyerasallyl @tviotvasm copabtiradithemkatode coittpaunds
and m xtures ther t%] f%mot her enbodi nent, the first conponent conprises
at | east 61 ﬁ%?%ﬁloggal tYed from G oup 10 of the 20 Periodic Tabl e of

El enent s z{tﬁm’oponmhurw&l}andlam odnqmea ther @pporty@i) calfiryt, cantpendritr sid ¢dinponent
is present in an anount n ut 10 wt % of the .catalyst.
{0075 T T e sanE CPRECweAr PR Sibar duse NS BT o et S HBH e P g at
| east 10ne g[’@fealhaﬁ)[) 5¢cprRedbRdertharRef0. 6 aldagse drefdratly Geadithdn @nd Group 2 of
the Periodic Table of Elenments wherein, said at |east one nmetal or conpound

t her eof sV} ed Gonyraianiype TPRRY cmpISYR B fs dshyhrogeptiop&siplytiiicsciestsr &ropy

El ement s igg gﬂbﬁﬁ BBisistifg %P s UNiliOfte, afn d1@ARbsileale Wick0asahclh@RASbedlytds W0 at
least 0.3 wt% at least 0.4 wt % and at |east 0.5 wt % I n one enbodi nent,

the s econcM%Mrﬁi@ AEGpniag eATPR1T diescaghon naradbeg,pad rl?éﬁtf%fﬁblb CORPINSD BIHER- t HauEges
sel ected fy QR Gh 8HBreden?in th@@atﬁ?srt 's%oﬁ d. @bglﬁcagfareEko? @?ﬂﬁ[ﬁe S§(!Hﬁllﬂ S&% ROk Assi um

cesi um and rubi di um and conpounds and ni xturés fhereof; preferably

pot asdidu ms%mpdwg gihighcewbpprassasirom anyayhsterieem abayo oD rrabouthst’80 second
conponent t om
&roup 1 of 7Bt el oA QN B AnaRlycl ATRE el AR ARG At
conponent ong metabsdastedifromafrao it 1hef theBericdtsolabledf Eleammhtsaﬁnd gbmpountl9esf t he
catal yst. IILI ?els”t}b%yeoﬁ‘ %1245}1036% atlgm% pgd}g]% &na com ugé{ arna%;fﬁtul;a g{l eo&‘ eﬁl anotﬁ 1!J de a

terrperature (0] ressure o u at nos ericto
about 500 epdbdigantgehe(fpsi og)nppﬂeﬁmc¢mpnsvmzea:mmeaﬁamdetémmmetcm5 71@53 the

2010ENMD45-PCT..3 kPa-gau kPa h

Sbout B 5 PREOUS ahpest FRHEAE i Bofiig af® byt Bhs noRE et F i ced
mol ar rat icompdneaiio piesdht tnmnalp@uht b2Bvech @BHH D Thad hieswp &0 atdbethokathlie.

dehydr oge @ﬁ i)n [ ocess be from about 300C to about 750C and from about
F00et S MR E oA G TBY e QBUTS rORG B AR IR T Sk B oy
be from abedl & dodhpalRUtheROO0sP&k@ Ot Grod®8arkiParc@p 206f theoPBridBieurablO6r t 0

about 300 psi 689 to 2068 kPa,
E?eme%ts(wherem sa12d at least oneg )metal or compound thercof selected from Group 1 and

25  Group 2 of the Periodic Table of Elements is present in an amount of at least 0.1 wt%, at least
0.2 wt%, at least 0.3 wt%, at least 0.4 wt% and at least 0.5 wt%. In one embodiment, the
second component comprises at least one metal or compound thereof selected from Group 1 of
the Periodic Table of Elements, such as potassium, cesium and rubidium and compounds and
mixtures thercof; preferably potassium and potassium compounds. In another embodiment, the

30  second component comprises at least one metal or compound thereof selected from Group 1 or
2 of the Periodic Table of Elements. Typically, the second component is present in an amount
between about 0.1 and about 5 wt% of the catalyst.

[0074] Suitable conditions for the dehydrogenation step include a temperature of about
250°C to about 750°C, a pressure of about atmospheric to about 500 psi-gauge (psig) [100 to
-12-



[0077] The reactor configuration used for the dehydrogenati on process
generally conprises one or nore fixed bed reactors containing a solid

cat al yst wdt2bh11a00@Bydr ogenati on function. [0078] 1 n one @gcibaseenes7753
separation can be enhanced by conducting the distillation under 10 at

| east partial vacuum typically at bel ow 101 kPa. Moreover, extractive

di still at corogpMuasesges are known. See for exanple, U S. Patent Nos.

4,021, 490; 4,019, 965; 4,115, 207; 4,115, 204; 4, 115, 206; 4, 201, 632;

4, 230, 63833447 il fh56 (1P HL 5 w0t hEtH) $allEIQ49 or LOQT BN 8 BB, and a
enbodi nent, the cleavage effluent IS subjected to one or nore separation
pr ocesses hydrogacio grglohsranoapreydaining fase nipba satoorfpbeis Attsabwut 2he ef f | uent pri or
to 15 de ge i i : i
convenien?%&ggubﬁg%?gﬁwﬁ%ﬂg?§@%g§§h§k$%%@§p@%gﬁ%@??ﬁﬁﬁ%{%%Hﬁ%bﬁggbﬁgytsone
or all of 766i€ quikddrol abfonoH0tGe abbhf WerE., typically so that the effluent
stream.fe sai i t nt al I % for
cxarmpl & 1 48} 21 GRGE SUFDR G, RG] R CRE) 6 PSS o AP et
separ at i o0 st2968 kBa,gamfien ot WPoed imot W big (GeCwRendk_a¢)l | ati on and t he

sanme, or Ltional vacuum.ddi st.ill ati.on s can be 20 used .to renove
componont 031 | £ e sREhFReES bR A8 Tl P b MRy S R SsDBhe. ana
cycl ohexemneae oamekt dikeCoatirodarend Sontunihg HeplidarB sthBiRC {dsdopanatsefinaionl01 kPa),
such as 2- nyl phenal .and di phenyl ether, jor to feedipg.the effluent
St ream t o 10F8F Gty Brediodtion SBAREN s o7 SbbsRE SrirapE G PrukBebur
dehydriogenalechs® ParffihioREsn, tiksl anbdlal 1§y1 ard. Mbeoket@nrectieaisti@hiohprozenver t ed
to phenol. This can readily_ be achieved b for exanple, contacting the
phehol  wi £ HYdfogas PhORAEIG St St 41 Bg AL 1R ‘ddi a) ek 190 as
pl ati num ary1pabé;achiou¥s2:uiekers3g.onit4sens 1 19wl Ugiang 1a cugnper at ur e of about
20C to about 250C  a pressure of about 101 kPa to about 10000 kPa and a
hydr ogen 1¥78hendh arashes empedimgntothe glsaysge ¢ffluentds wibisgied 1Q@ierr npkesPpIratian

Processes 3000081 R €or5 rithd kS biALES nRRENBhpBIR&ESE BO0MQHRT privsNGh St ep
510: hydrogenating conposition 505 conprising a first conponent and a

hydr odénalsFleydeesaprsivantn paitiquis. the elsengectncns isipavaisaasubingted & allgpsta imder
hydr 0genak Ao @QF b OBy &bl I FOIPRE IhLf oD ihe Ao FHARD 0 sk dhezi ng
the first conponent in conposition 515 in the presence 6f an oxI dation

cat al yst wfftient stiepaied emsandb Achiytiiogenstiomrehgiomcontrpo ddst ithan 3928t7¢ dopedagiptyy a
per oxi de r.QRek 0%l de 011/,100013P 0 57753 . 0 - PCT
TR e B e R e s e R
conpri ses eStaql Byl Oacuamkdidtdibiiongamlr théyang ak lagdiadriah gadnemzdsnidlafi@este0bant le f or m

it i 615 i Si first t d bl t;
R T T R A
f or m conpasd tycuhe S, andtoe por@DentoBoithgitoge 885°CEasheaqupd bt 100 kPOf suchas 2.5

first conponent. in conposition 625 to.form conposition 63 rising a

per oxi de: AT B4l SIOTERBL g RS (R BR et TR HEEoibsi T BHEREEh o
form conpesictioron 645 conpri si ng phenol and a ketone (e.g., acetone, MEK or
cycl ohexanone) . tionally, system 600 nmay further conprjse one or nore
addi ti ona|l00§Piaps%§@&m0ya%% the éﬁs%%g%’hyﬁvwméﬁﬁﬂc?f@ S;&Pstwaléif alhthsortrd ot any
hydr oggnalpl @ &RAB® REMHendINAthid San RERNS B abKlc @MY bk ORp184onta@ e/ 1R piinep 660:
10dehydrogenati ng the ketone. [0083]In various enbodi nents, hydrogenabl e
conponent $Vifhr aiiresn it thedpreseascent 2 Sy psenariomcgitistiofuch e pksiguare neetvgenat ed
na S'nghﬁdékﬁﬁﬁﬁﬁﬁﬁn&&ﬁﬂih%ﬂm§§mﬁ&kﬁ%B&ﬁb@Qjkﬁd%hgﬂﬁﬁc7ap&@%ﬁ?&fﬂ%ﬁ??ss
700 conpri ses Steg 710: alkyl ating or hydroal kyl ating feed 705 conpri sing

101 kPa to about 10000 kPa and a hydrogen to phenol molar ratio of about 1:1 to about 100:1.

Exemplary Processes

30  [0081] Figure 5 illustrates phenol process 500 comprising Step 510: hydrogenating
composition 505 comprising a first component and a hydrogenable component in the presence
of a hydrogenation catalyst under hydrogenation conditions to form composition 515; and Step
520: oxidizing the first component in composition 515 in the presence of an oxidation catalyst

under oxidation conditions to form composition 525 comprising a peroxide or hydroperoxide.
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benzene to form conposition 715 conprising a first conponent and a

hydr ogenabl e 15 conponent; Step 720: hydrogenating at |east a portion of

t he hydr og§enatlwo@enponent in conposition 715 to form coepasewos’7325; Step
730: oxidizing conposition 725 to form conposition 735 conprising a

peroxi de; and Step 740: cleaving the peroxide to form conposition 745
conpri si ngopieerak.pca ket one and hydrogenabl e conponent; and Step 750:
recycling at |east a portion of the hydrogenabl e conponent in conposition

745 to 20 husd[ 098 @kl dthodinRRt IdQraRilih @Rk ¥, phRE R pRR8ss 400 ORYrideVktcd e o;
conpri se l1{{3&)@431760 dehydr ogenating the ketone present in conposition 745.

[ 0084] The 2 ng oo r]ilY@JiOPIIkylﬁ'th benzpsy ke 08 jte prr:m [cgmpjesston; @édcqmnrﬁmeeﬁrétr ence

to the fol

Eanpl e 30 ar i DR b ech e EXATRGE>SARA5E 18 ARERATRERYICAD o bl ¥F oy

(150) gr afgdrogen@blB cwaponexi tdiferedcomposifien @5e§®p©é0 cwictizingLat l@stla podtich ettt 0 Wt %
of an g efff%@ﬂ@&%wm &%ﬁ&%@%@@% ?o%zc%ﬁl%%mﬁ rl&ﬁéta%%rfxf {‘;a%ﬁ%p

ol efi nS on onver 7 on was rcondt
cat al yst a#0:X10Gngnd braidnin Az copugitiond3Bitg fmrm cbmpommm@imgrrmheﬁg phenoint ent

nproves CH er.sion on Oxidat i
501 0086 ORL RURBVEGS Endesis DTS 86 pyaishon: PRRIRLY- SR 1R furer
presence @bmpiide) ond .ot Bnont Fddptivemandte@nslich awiS¥phasdr byalesgenatihg of 2yt a gordor of ) O
wt % phenol to gigter ne the effect.of phenol on CHB co yer Si 0 8t| on
was condultBdHEIeiRetE CoRpoRRi-piate B AIGSE 4t CPTHeSiUing 4 :ataﬁé@rlo%%pé%
shown 1on KegdkeddBing lﬂﬁd@coineg phenol content inproves CHB conversion. V\D

2011/ 100013PCT/ U82010/ 057753 2010EMD45- PCT Exanple 3; Effect of
cycl ohexan¥¥el on Toxiripss F@hoatlee@ﬂr]hm@gmhhrceepeﬁatsmrqwed(lesiefferavatﬁﬁs of* cHB

was oxi di zgchol BrdcBe P& BFEVERaRl 'in G sln%q)e %VWP%’ eymih e anensted @i®igurand (i)

O M% CHO to determ ne the detri nent ect of cycl ohexanone on

cycl ohexyPBe1: 8rseHy PP soBwssas deen CHiBratly lasiag o thy dipelylatmg (gad i78h comprising
Sconduct eqei3hdGg Ofodm WESHRINERbN C’ﬁltSa 'céfrﬁﬁnsﬁ{g 3106t anthpdhk PAd (4 4hylrddshabie AS

shown in Figure 2, the presence of ]yc ohexanone does not significantly
af f ectlSselce@pingnt ytapo7 0HBro @R heledst agydrident p%ﬂile [hodegt@hls dompdnad End

Lol T PLOTR s 1 GBI, combiis. o B APLMSIENES oy
composition 735 comprising a peroxide; and Step 740 cleavmg the peroxide to form
composition 745 comprising phenol, a ketone and hydrogenable component; and Step 750:
recycling at least a portion of the hydrogenable component in composition 745 to

20  hydrogenating step 720.  Optionally, process 700 may further comprise Step 760:
dehydrogenating the ketone present in composition 745.
[0084] The invention will now be more particularly described with reference to the
following non-limiting Examples and the accompanying figures.
Example 1: Effect of Olefins on Oxidation

25  [0085] One hundred and fifty (150) grams of CHB was oxidized in the presence of 5, 1,
0.1, 0.5 and 0 wt% of an olefin (namely, cyclohexenylbenzene) to determine the effect of
olefins on CHB conversion. Oxidation was conducted using 0.1 wt% NHPI catalyst at 110°C
and 1 atm. As shown in Figure 1A, reducing olefin content improves CHB conversion.
Example 2: Effect of Phenol on Oxidation

30  [0086] One hundred and fifty (150) grams of CHB was oxidized in the presence of: (i) 0.16
wt% phenol and 1 wt% hydroperoxide (HP); and (ii) 0 wt% phenol to determine the effect of
phenol on CHB conversion. Oxidation was conducted using 0.1 wt% NHPI catalyst at 110°C
and 1 atm (101kPa). As shown in Figure 1B, reducing phenol content improves CHB
conversion.
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10 hydrogenated conposition was then oxidized for conparison with pure CHB.
Oxi dati on was conducted using 0.1 wt% NHPI catalyst at 110C and 10l1kPa

(14. 7psi )WoAs11g100013 i n Fi gure 3, both conpositions haveP€TS@0/0&TTss vity

i ndi cating that the hydrogenation renoves the olefins to a | evel where they
have substantially no inpact on the oxidation. Exanple 5: SBB Production 15
[ 0089] One 20 l)eMvy4arcaf MCM 22 cat al yst (65% MCM 22/ 35% al um na bi nder) was
used for the al kylation of benzene with 2-butene. The catal yst was in the

f or m of anxagl 8. (]yfgc@(,)Cgﬂa{@gﬁ{ne%loﬂgﬁﬁal extrudate, chopped to 1/16"

| engt h, and d| luted wth Sand 3 cnB and | oaded into an isothermal,

down- f | ow[0(f8|7ked (b@dllundrqb@ndaﬁftyr(éé@tg@armsr@\ﬂ&i@waw@dm@i it gheireseeseatt: (0. 16, 76rm
(3/16"). ‘icﬁl'e;Ya%Bné/"féHé;' £ ¢ :) oteth éned & @ét {E 1&% lﬁé}i‘é{l Befed bW ng
20 nltroten f rtwo ho he nitrogen was turne of an enzene was fed

to t he reagtlorexatons@nceyBlohexylivnidne thydropemeidor CHBER’S wrlectrvetac hexid38D wad g.

Benzeneg fl . regd 7 / . .ght rl oy P3

Vel oci sy fW?Pﬁlgpén@%g@I% a)ysi?f%lﬁ)gggg@ éﬁ@‘?ggb“%%qfr%@%‘%ﬁ%ﬁ 96 . 5%
n- but ane, 20th8Yesswbuf @rkhearadork-dout B signidiahtly. aBRstatlhaivity waSHBHIPr oduced from
a syrl nge a 57 .cc/hr (1.6 WHSV). Benzene/ butene feed nolar ratio
was n&pxﬁ@?en%d%ﬁdagﬁ The reactor tenperature was adjusted to 160C.

2- but ene GaU88Er SiGore hvadred ehdfifty NED) byanmyed JWOIPYsiticl @agirethg ZHRIbah elefitkoes
but ene need to be ca ital %%ea\%%r el ative to_feed 2-buten The cat al yst was

on str eam“faérhyﬂroﬁﬁ% dypt 2 0(9 BYE el h hggpgenated, Gampesiighy

days ap 4 h§dM§-@vtewallﬂp&s5t%lc\mwmr§¢mzedtfbeebrﬂpaﬁaoh ”ith purd dMﬂSVomdhm&@%)
conversi on, and followe 7% conversi on. 30

el o Rondashrten i N GBm bR S B ) AR g 3be f g S

rhodi um t hb@NogpbdBoRYEL ALithilhy %E}ngﬁiclaﬁﬁgjthﬁtothg’g ro&n@Eore ALl &) th&BWfins
trioctyl nmethyl anmonium chloride (AliquatTM 336) from Al drich Chem cal Co.

(0. 52 grarﬁ%alemelmmemlaﬂveyuhmfl@allwﬁﬂma@@omﬂle@mﬁ@@pncne Parr autoclave. The

aut ocl ave phampRl £3BH Pro@fction 345 KPa (50 psig) with hydrogen and the
contents were stirred at room WO 2011/ 100013PCT/ US2010/ 057753

2010END451¢0891 t egrer(dt grre of MCNR2hestalyst (G4ye MEGER2E0 Esdumma \haxlengiaitiadded at
345 KP,
vacuum £ ann Aty ReRRng i 2 ERe SEPraRlT AR, Mhmdh PRI ¢ 6
except Wi tdhmtehae chBlrlfcalcnmE&awmheplﬁd ta3/12” giﬁnaths anb QihdaRwith Iseid, tOE’xafrrphIEl 8:

dr ot S S | h
yarot ¢ eamnl 8! w TRl 0P AL SRR PESSAU' oS RXGURLE 0w, SHEAPHMELNE e

SBB from adrum on
powder fr Grﬂ6ﬁdnd K3/t67).CHgtre @&ilysC@vas (dhedi agna@f@ andE)k aampl eitld 10@cimdatin d]mwrfg SBB

(0. 18500 A TG DO ol By PP AP BT Eho G Paat VBT i B A & 100
cnB Parr auf/@cuailahe irdaetocpnamm 1$>aollded 80P HeigS BenZedd flomt Wadihed egacesd thol.d3owed
cerper at e it ek ey Srtre Gofb Pute e et Eoh P 67huse Thaver 720
kPa (250 mahg@hutenthe 50XyBefan cm% dobateh VBB R, Ah&il 1¥es ofhbr) aRRrifkodudfo
from a syringe pump at 2.57 cc/hr (1.6 WHSV). Benzene/butene feed molar ratio was
25  maintained at 3:1. The reactor temperature was adjusted to 160°C. 2-butene conversion was
determined by measuring unreacted 2-butene (does butene need to be capitalized) relative to
feed 2-butene. The catalyst was on stream for 4 days at 1.6 WHSV of butene with 97% 2-
butene conversion, 2 days at 4.8 WHSV with 95% conversion, then 1 day at 7.2 WHSV with
86% conversion, and followed by 4 days at 1.6 WHSV with 97% conversion.
30 Example 6: Hydrotreatment of SBB
[0090] SBB (518 grams, 0.3864 mole), thodium trichloride hydrate from Engelhard (0.52g,
0.0025 mole) and trioctyl methyl ammonium chloride (Aliquat™ 336) from Aldrich Chemical
Co. (0.52 grams, 0.001286 mole) were combined in a 100 cm® Parr autoclave. The autoclave

was pressurized to 345 KPa (50 psig) with hydrogen and the contents were stirred at room
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15 t hroughout the six hour heating period by refilling wth pure oxygen. At
the conpletion of the run, the contents were cooled to roomtenperature and
t he prodww0 20a8100@A0DVed fromthe autoclave and sanpl ed BSITAS2¢8957753
chromat ography. See Figure 8. Exanple 10: Oxidation of SBB [0094] The

hydr ogenati on product of Exanple 6 was oxidized follow ng the procedure of
20 Exanpl eofenvaxseptr the fol l ow ng quantities were used: SBB (36.25 grans,
0. 2705 nmole) and NHPI (0.155 grans, 0.00095 nole). See Figure 8. Exanple

11: Oxi datdQirRire REB o[RS IHAR g@ﬂglre%g?er\%s' rﬁaﬂnt@ﬂh@&i MC.’MS KpafX@pRb e SEBBM@%

oxi di zed follow ng the procedure o 9, except Fﬁe foll ow ng
quant i t i esolgsted au@b@hnmt(@éoié’@/@ﬁmvaccolu21705 m)l e) and 25NHPI (0. 155

grans, O. q&ggl le@éﬁ)droé%ﬁ Bhodsgpd: Exanple 12: Oxidation of SBB [0096] The

hydr ogenati on pro arrpl e 7 was oxidized follow ng the procedure of
Exanpl e 9,00t eptSamherdoedurond Rgpngpianit dxcépe svitheheSBB dm BBBp(4 1 (4 2gmms0. 306
nol e) nd ?5’ %(3 176 grans, 0.00011 nole). See Figure 8. 30 Exanple 13:

OXi datl on o [0097] The hydrogenation product of Exanple 8 was oxidized
fol |l owi ng Ethplrr&dﬁdlmmeeameﬂm‘ IjBBe 9, except the follow ng guantities were

used: SBB ns NHPI See
Foure 5. 1008 S0 3t a5t ety ebuToh R s 3 Dyt SRR R BRI 0SS VREFEN ne
present i @\Belztmod)aj abd $%pepnlide se tlubeth ppder fkdnu Aldrizh @lelicalr @F. €r.€ gaens). 0
particul ar, enbodi nents, t of ordinary skill in the art will appreciate
that the iFAOER qddo;&"i"iarﬂﬂ’g °?g§§I f to variations not necessarily illustrated
herei no Feeo9Bhi s PugASBB, (S1HQRams; emmnﬁ@e)smuhiﬂy@axmdﬁhﬁmieemﬂftm (6.
appended cl ai ms for purposes of determning the true sco t he 5present

i nvent i on 84508891 l4vaale)direm afdsishiGhsmical Ce Wege e thtq %)H)CF ep aEaéfsattt%lave

The contents were pressurized with nitrogen, followed by oxygen, to obtain 80:20 mixture at
1,480 kPa (215 psig) at room temperature. The contents of the autoclave were elevated to
115°C and 1,720 kPa (250 psig). The oxygen concentration was maintained at approx. 20%
15  throughout the six hour heating period by refilling with pure oxygen. At the completion of the
run, the contents were cooled to room temperature and the product was removed from the
autoclave and sampled using gas chromatography. See Figure 8.
Example 10: Oxidation of SBB
[0094] The hydrogenation product of Example 6 was oxidized following the procedure of
20  Example 9, except the following quantities were used: SBB (36.25 grams, 0.2705 mole) and
NHPI (0.155 grams, 0.00095 mole). See Figure 8.
Example 11: Oxidation of SBB
[0095] The hydrogenation product of Example 5 was oxidized following the procedure of
Example 9, except the following quantities were used: SBB (36.25 grams, 0.2705 mole) and
25  NHPI (0.155 grams, 0.00095 mole). See Figure 8.
Example 12: Oxidation of SBB
[0096] The hydrogenation product of Example 7 was oxidized following the procedure of
Example 9, except the following quantities were used: SBB (41 grams, 0.306 mole) and NHPI
(0.176 grams, 0.00011 mole). See Figure 8.
30 Example 13: Oxidation of SBB
[0097] The hydrogenation product of Example 8 was oxidized following the procedure of
Example 9, except the following quantities were used: SBB (41 grams, 0.306 mole) and NHPI
(0.176 grams, 0.00011 mole). See Figure 8.
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1. A hydrogenation process conprising: contacting a conposition having:
(i) greater than about 50 wt % of sec-butyl benzene, the wt % based upon total
10wei ght wb 2bhé10e@aposi ti on; and (1) a hydragenalobsss3
conponent conprising a cyclic group; wi th hydrogen in the presence of a
hydr ogenati on catal yst under hydrogenation conditions. 2. The process
accor di ng2bmeamasdicrent 1, wherein the cyclic group is aromatic. 153. The
process according to enbodi nent 1, wherein the hydrogenabl e conponent
conpri ses [@jog| asiniRN e YreRni Rl EMoR IHE Va6 dBcBbAY bt MERRPPY reference to
but enyl -benzene. 4. The process according to enbodi nent 1, wherein the
hydr ogenatvpéicelanpopsdinerits thise rpdlordisary skiby i the g1t il ippliepigtet hatethp diedienieant 1,
wherein th e e C 1 I b ; : ess of
any of embad: et 8 QABYE,CRTARARRKL) SRRl i $ ARG ol il R EEREEST
wt % of t hehéwdibogedraiolely todinpeppenicd clalnes fot ferbased dgominingtthd tryveicget of dlfe t he
CoNposicti Misent i Vgmio‘ghe process according to enbodi nent 1, wherein the
cont ac ing procfluces a second 25 conposition conprising |l ess than about 1
wt % of t h¢0d99Hr ode nablue cobojioaestthis hasednugans tohe t ot al wei ght of the
second corfposigéi og. 8.. The process.of any of enbodiments 1-7, wherein the
hydr ogenat't on &‘ﬁ’ folg?lgﬁgnegﬁ%ﬁ F%néprgll{gerrperature of about 10C to about 200C.
9. The processca@itacinya odmerhiodihaend:s 1-8, wherein the hydrogenation
conditions 30 conprise a tenperature of about 40C to aboyt 80C 10. The
process of any of!enB&Hf! ‘E§gﬂ‘1t§fd W(gloéiS?F"?‘ﬁngﬁ}eo&?n‘éﬁq}P& Sego“rli’ﬂfltt?t%s
conprilge a tenperaiidhi 6f f cafysdltioRSfad 11. The process of any of enbodi nents
1-10, wherein the_hydrogenation conditions conprise a pressure of about O
kPa, g to about 3480 KOsgnablgreosrpenendeei e A RotALPe57753 2010EM45- PCT
12. The procesgiRfhyargeRfin eMPQHERRAL 8f - HldrodbhalRl furdihe (el 89&0&dhnh &k
conditions conprise a pressure of about 750 kPa,g to 1500 kPa,g. 13. T
process of aMdigPnsenbodi nents 1-12, wherein the hydrogenation catal yst
conpri sesa hygpogenal hQp:dGRTORAEIMANRd , RhGHRRRY dycliodBup REerdipeess of
enbodi nent 13, wherein the hydrogenation conponent conprises at

15 3. The process according to embodiment 1, wherein the hydrogenable component

he

comprises at least one of a-methylstyrene, a-ethylstyrene and butenyl-benzene.

4. The process according to embodiment 1, wherein the hydrogenable component is
phenol.
5 The process according to embodiment 1, wherein the hydrogenable component is

20 phenylbutanone.
6. The process of any of embodiments 1-5, wherein the composition has greater than
about 1 wt% of the hydrogenable component, the wt% based upon total weight of the
composition.
7. The process according to embodiment 1, wherein the contacting produces a second
25  composition comprising less than about 1 wt% of the hydrogenable component, based upon the
total weight of the second composition.
8. The process of any of embodiments 1-7, wherein the hydrogenation conditions
comprise a temperature of about 10°C to about 200°C.
9. The process of any of embodiments 1-8 wherein the hydrogenation conditions
30  comprise a temperature of about 40°C to about 80°C.
10. The process of any of embodiments 1-9, wherein the hydrogenation conditions
comprise a temperature of about 65°C.
11. The process of any of embodiments 1-10, wherein the hydrogenation conditions

comprise a pressure of about 0 kPa,g to about 3450 kPa,g.
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| east one netal conponent selected from Goups 6 to 10 of the Periodic
Tabl e of Elenments. 15. The process of enbodi nent 14, wherein the

hydr ogenawpan11ciongpenent conpri ses pal | adi um 16. The PP ASREI9/061753

enbodi ment 15, wherein the hydrogenation catal yst conprises about 0.1 10 to
about 10 wt % of the hydrogenati on conponent, the wt % based upon t ot al

wei ght of 2btvEMusdmrogenati on catal yst.  17. The process of enbodi nent 16,
wherei n the hydrogenation catal yst conprises about 0.3 wt % of the

hydrogenatihon ¢RIRAREAL of LRE MHiRARRAUPIDN KAk Wei gfito :géﬁatitoﬁ €onditions
hydr ogenati on catal yst. 1518. The process of enbodi ment” 13, wherein the

support cenppiissepreur ehahoubhd kbp.gae Lifi0idmeoxi de, silica, silicate,
al um nosi ljcat Tge ﬁ‘%&?& ﬁ?gﬁé‘mﬁ&ﬁﬁé}ﬂs Naeatiibe, th%%ﬁgsr-gg'%(%%nz&%%t QJme(ﬁ‘ﬁé(s of

enbodi nents 1- wher ei n e process i s continuo rogenati on
process cempdiogémgen component andcosHpaet.i ng a conposition conprising: (i)

sec- bukyl hgnzeng; AN (rlchBuar PISIRRLE uR0 SOTBRRED o SATRAL 51930,
aromatic ring, réin the conversron 1s at Iea Yonore selective to
sec- but y| bestzen enctdh aompueyt selpcbdfrexdiveups dlto 1A ofithe easslid Dablgefddenedneg phenol

conpri si ng; a) al kyl ating benzene in, the presence of a C4 .

SRy ot 1 ngSagente PEES) ol b GHERAT e Vs PSR B o et osang
(i) a hygaogamabl e conmponent 25conprising a cyclic ring; (b)

hydr ogenat.i ng | east ortion of the rogenabl e ¢ onent ; c)

ot 31 g 1bhe. Sheoeiy pEalSuRt bF parmL R GRSt a0 RIS YOS ng
per oxiige; t@abbut 10 wt% of €hy Hsli@aMalgn toBp@eROHedett @asfe@mm)rptwmbei%md)fm&t hyl
et hyl ketone. 30 .22. The process of enbodi nent 20, wherein the cleaving (d)
forms a sE¥HRERIUSGHEADI e conponent conprising at | east one of an olefin

a ketone gnd phgngbecss &mbbaRndat AC @HSred the FRAGI AR cAllysWRGIpekA abhig of3 1 st
hydr ogenabl e conponent and the secondwgydro enabl e congonent are the sane
P ig

or di f f er &te of thathydregenggion cemponsmt, dhehwidh hesst upon 2l pgight of thp By dregaiphiansi ng:
- 18 - MOC;Q$§/100013PCT/U82010/057753 2010EMD45- PCT (e) hydrogenati ng at

| east a portion of the second_hydrogenable conponent.
15 18. The process of embodiment 13, wherein the support comprises at least one of

aluminum oxide, silica, silicate, aluminosilicate, carbon and a carbon nanotube.
19. The process of any of embodiments 1-18, wherein the process is continuous.
20. A hydrogenation process comprising:
contacting a composition comprising: (i) sec-butylbenzene; and (ii) a hydrogenable
20  component comprising an aromatic ring, wherein the conversion is at least 50% more selective
to sec-butylbenzene than butylcyclohexane.
21. A process for producing phenol comprising:
(a) alkylating benzene in the presence of a C, alkylating agent to form a
composition having: (i) sec-butylbenzene; and (ii) a hydrogenable component
25 comprising a cyclic ring;
(b) hydrogenating at least a portion of the hydrogenable component;
(¢) oxidizing the sec-butylbenzene to form a oxidized composition comprising a
peroxide; and
(d) cleaving the peroxide to form phenol and methyl ethyl ketone.
30 22. The process of embodiment 20, wherein the cleaving (d) forms a second hydrogenable
component comprising at least one of an olefin, a ketone and phenol.
23.  The process of embodiment 22, wherein the first hydrogenable component and the
second hydrogenable component are the same or different.
24.  The process of embodiment 22 or 23, further comprising:
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25. The process of enbodi nent 24, wherein hydrogenating step (b) and

hydr ogenating step (e) are conducted in the sanme reactor. 26. The process
of any ofwerbudion®at s 21-25, further conprising dehydr o@€matSeeng/ 051183 5net hyl
ethyl ketone to format |east sone phenol. 27. The process of any of

enbodi nents 21-26, wherein the oxidizing (c) is conducted in the presence
of | ess tharrastrc@. 1 wt % phenol, the wt % based upon total weight of the
oxi di zed conposition. 28. The process of any of embodinments 21-27, wherein
the hydrogenati nge) (QhrdﬁnﬁﬁQQHgés?Qp&goﬁ thh@?ec@ﬁoqg@ﬂ%%m@ie c%n{bxgén(t)genat I on
catal yst conprising a hydrogenati on conponent and a support, wherein the
hydr ogenatPon ddepuenssit ofconpndines 24t wrtlera@thwﬁ@emémalstqp endAydregdnaiénged
from G oupg, %:BRniBmﬂﬂxﬁﬂngQBéRQHSrTable of and the support conprises at

| east one Of glunlnunloX| silicate, alum nosilicate and a carbon
nanot ube. 2629. Tmheﬂpemcésmyoﬁ%mﬂbémwnEﬁﬂ»ZBfmﬂMEmempﬂﬁmﬁdﬂydK@gemagMGn
conponegnt S a e process of any of enbodi nents

21- 29, ‘gmhél(rf\em ef@%%o%%ﬁ% 1%1& Sofige)phg;(mur s at a tenperature of about 10C
to about 200C Ehkdpla)cqfss efsuy ef ﬂﬁb(ﬁlhmlts D@ velleoid t}@lkﬁﬁ)ilhﬁla(cg 1s cc\fﬂucted in

2011/ 10001,3PCT/ US2010/ 057753 2010EMDAS- P

ydr ogenat ORI Oe 8oL e S POMs? OnPACPT i & Eamses ol disighy of e

(Ogr eat er okidaad alropisithd. W @6of cyclohexylbenzene the mﬂ@bbased upon 5t ot al
wei ght of ositi enabl e cqonmponent: with h ogen
' She pr dboncohoposengEReLimt i sty ot RAuAR RJEORERI O RO | ans.
2. Thaopr ec@sspefened af M hldrosbekich raattab@t &Bﬁq{rﬁﬁgrkaﬁﬂ/(ﬁog‘e@mn@iﬁpoh@ﬁ aall d east
one of an 10 unsaturated doubl e bond, hydr oxyl group, and a_ carbonyl

group.  SupPstt prhisrehy dicebydrogengtiog ?ﬁnipoaﬁnth%m%s% aw?é%te?% PRa! F9aPIsEhabl e

conponent gk18ct@Nfr&th @frbups 6 1410 I PERSERS Babhf ofGh@ k¥ sBpp R hptifestabRaRlog b 1S
cycl ohexene, a C8+ olefin oligoner, cyclopentene, cyclohexenyl benzene,

pheny!| netahwnwemé?)éﬂl%r@éwet@ dypmepliaced a cgbymaangfdeess of claim 1 or

claim 2, whereirf. HRQYS 09ERAALE ZOTRRAEN hd ﬁycﬁbgéﬁ%on dotfpolB® RIngrRSS of
Clalan Mhﬁifln the contacting converts at |east a portion of the phenol
palladium

30.  The process of any of embodiments 21-29, wherein the hydrogenating (b) occurs at a
temperature of about 10°C to about 200°C and a pressure of about 0 to about 3450 kPa,g.
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to cycl ohexanone or cycl ohexanol . 7. The process of claim1l or claim
2, wherein the hydrogenabl e conponent is a ketone. 8. The process of claim
7, wher eiwothe/weidne i s phenyl cycl ohexanone. 9. Pha/yse@omsSysdf claim
1, wherein the conposition has greater than about 1 wt% of the 20

hydr ogenabl e conponent, the w % based upon total weight of the conposition.
10. The propess4efpcany preceding claim wherein the contacting produces a
second conposition conprising |less than about 1 w % of the hydrogenabl e
conponent pcdher Wikgsbased upon the total weight of the second conposition
11. The process of claim 1, wherein the conversion of the hydrogenable
conmponent li s ath y8rogenstiospaxesp eempyesinget i ve t o cycl ohexyl benzene than to
bicycIohexane.ax$%ﬁm%99ng&ggﬁﬁﬁwgg.any preceding claim wherein the
contacting produces secon conpé%ition conprising less than 0.5 wt % of

bi cycl ohexane, tlie w 9gisatsethanpbouttsotvalo wecyghthexflbanhenesthe ortth basapopint i on
13. The process of any precedi i wherejn the hydrogenati on
conditsons conprise a 38“?3%%%?%?@%%“%%“%@%&?51oc to about 200C. 14. The
process of clai m@B, whehgdroganhide byrdpong@nat i on conditi ons conprise a

tenperature of abouyt. 40C to out 80C. 5.. The process, of claim 14
wherei n the hydr &jﬂinl&fdi?%%‘?n é%ﬁ‘gﬁ PIeERSe @b ﬁé}yidgoée%%t@‘é r%ﬁtéfyé‘t Hds” h%"irg%eélﬁ‘?on%c.
WO 2011/ 100013PCtbhds26nt0/ 057753 2010EMD45- PCT 16. The process of any
precedi ng .cl ai wher ei }he hx%ro e%a%i n copditions ¢ nerse a(%r ssure
of about G kPa 8 PECEDOHE 4R850 RPEIGNe My roseRlc GomRancgt 1S 16 hP1%°! her ei n
t he hydr ogeaalrhedda®rtionhd s dERIPELSS all PESeyl @o@f. about 750 kPa, g to 1500
kPa, g. 518. The_process of .any precedi ng claim wherein the hydrogenation
catal yst conpr FE%@O%FS%W%@&@{M% 2oheindithydingengble sapppient Hgn ?%Em-pr ocess
of claim 48, Whgs giddek N AR DIeRALih AR GRIRANILIOIRER! hSES @bfid 8ASIm@Ne
net al conponent selected from Goups 6 to 10 of the Periodic Table of
El ement s. C20oPrREEng Coeleliexeyfibearaiemberylgrethyd cyclgpsptengorchgdopsptinegenat i on
conponent sconPihSHEgcctOPRIAiAN Haik b; JRGRHRAE IR cBabRMYmBbndat RipHEnoL8- 20,
wherein the hydrogenation catal yst conprises

15 6. The process of claim 5, wherein the contacting converts at least a portion of the phenol

to cyclohexanone or cyclohexanol.

7. The process of claim 1 or claim 2, wherein the hydrogenable component is a ketone.
8. The process of claim 7, wherein the ketone is phenylcyclohexanone.
9. The process of claim 1, wherein the composition has greater than about 1 wt% of the

20  hydrogenable component, the wt% based upon total weight of the composition.
10.  The process of any preceding claim, wherein the contacting produces a second
composition comprising less than about 1 wt% of the hydrogenable component, the wt% based
upon the total weight of the second composition.
11. The process of claim 1, wherein the conversion of the hydrogenable component is at
25  least 50% more selective to cyclohexylbenzene than to bicyclohexane.
12.  The process of any preceding claim, wherein the contacting produces a second
composition comprising less than 0.5 wt% of bicyclohexane, the wt % based upon total weight
of the second composition.
13. The process of any preceding claim, wherein the hydrogenation conditions comprise a
30  temperature of about 10°C to about 200°C.
14. The process of claim 13, wherein the hydrogenation conditions comprise a temperature
of about 40°C to about 80°C.
15. The process of claim 14, wherein the hydrogenation conditions comprise a temperature

of about 65°C.
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about 0.1 to about 10 wm % of the hydrogenati on conponent, the w % based
upon total weight of the hydrogenation catal yst. 22. A process for producing
phenol conprosi/rege1315(a) hydroal kyl ati ng benzene to for RCR/USMOOST753 on
having: (i) cycl ohexyl benzene; and (ii) a first hydrogenabl e conmponent; (b)
hydrogenating at | east a portion of the first hydrogenabl e conmponent; (c)
oxi di zi ng 2bhEnmapslpotrexyl benzene to form an oxi di zed conposition conprising
a hydroperoxi de; and 20(d) cleaving the hydroperoxide to format |east sone

phenol andgcycirphgane G?anyﬁ;;fec-ghﬁlg RI96 E9Ber@h 115 1BdMeRatioMasE &iidhs thBpiSdeeavi Ng
step (d) forns a second rogenabl e conponent ‘comprising at eas? one of

an oleflnpﬁéﬂk@@%ﬁéméﬁd@ﬁﬁéﬁbﬂﬂ3?ﬁ”¢ﬁé process of claim 22, mhereln t he

sare or a1 T or ohy oS@IBPLRRE 1@ UhelPE RERILIS AREAB. nfRNPRRRAALE ) e
hydrogenambmg7éﬂkR&£m9ﬂ590b61g|on of the second hydrogenable conponent. 26.
The Pr9cess, O il APLE B Ml RELALLUATORARII 0 5LGRAABY, 208 hxdipgenat i no

step (&) are cond re rocess
cl ai s 22h2&pgﬁmnmhﬂmqmmﬂmam$émmpmﬁo(f) dehydrogenatlng at |east a portion
of the qubOhE)f. engr%ceesg 8 flgllinn]é) w%erem the hydrogenation component comprises at least one
metal component selected from Groups 6 to 10 of the Periodic Table of Elements.
20. The process of claim 18 or 19, wherein the hydrogenation component comprises
10  palladium.
21. The process of any of claims 18-20, wherein the hydrogenation catalyst comprises
about 0.1 to about 10 wt% of the hydrogenation component, the wt% based upon total weight
of the hydrogenation catalyst.
22. A process for producing phenol comprising:
15 (a) hydroalkylating benzene to form a composition having: (i) cyclohexylbenzene;
and (ii) a first hydrogenable component;
(b) hydrogenating at least a portion of the first hydrogenable component;
(¢) oxidizing the cyclohexylbenzene to form an oxidized composition comprising a
hydroperoxide; and
20 (d) cleaving the hydroperoxide to form at least some phenol and cyclohexanone.
23.  The process of claim 22, wherein the cleaving step (d) forms a second hydrogenable
component comprising at least one of an olefin, a ketone and phenol.
24.  The process of claim 22, wherein the first hydrogenable component and the second
hydrogenable component are the same or different.
25 25, The process of claim 22, further comprising:
(e) hydrogenating at least a portion of the second hydrogenable component.
26. The process of claim 25, wherein hydrogenating step (b) and hydrogenating step (e) are
conducted in the same reactor.
27. The process of any of claims 22-26, further comprising:
30 (f) dehydrogenating at least a portion of the cyclohexanone to form phenol.
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