WO 2011/ 146167PCT/ US2011/ 031054 HYDROALKYLATI ON PROCESSES FI ELD [ 0001] The
present invention relates to hydroal kyl ati on processes. Mre particularly,
t he 5i nvewDi2on/melédt es t o hydroal kyl ati on processes t hatcirruskade3toseat i ng
one or nore of the reactant streans to renove inpurities. BACKGROUND

[ 0002] Vari ous hydroal kyl ati on processes are known in the art. For exanple,
benzene and hydrogen may be contacted in the presence of a hydroal kyl ation
catalyst to form 10 cycl ohexyl benzene. In sonme applications, the

hydroal kyl ati on catal yst cefRhREKT.IATWHIGIPRYRpetal (e.g., Pd and

ot hers) and a nol ecul ar 5|e‘e‘%e—g___Bera__NCNPZZ‘_NCWM9, MCM 56 and
others). Qher hydroal kylation catalysts may al so be used. [0003]1t has
been disceypjpd that inpurities in the hydrogen and/or benzene feed streans
can adversery affect the performance of the hydroal kyl ati on catal yst. For
exanpl e, d0MW1hs Tbb pirdsbruenveatietdrdlmesﬁogwdwelldzlaamdp®c¢mst Mare patiarady, tle
E)(;ﬁpngluﬁgs 11tvth10n I)elates to lrl'P, %Srtlagl&n)proac\és%esdt St?lgc u trea¥1r9§énet ?hrem(g}g %§ ﬁ1 aeac’glnt

sul fide amdmmanbﬁmyWean@ﬂnﬂe) in the hydrogen feed strean1adverse|y af fects
t he perfo&gﬁﬂgéggggiﬁe hydr oal kyl ati on catal yst. [0004]Simlarly, and as
illustrat s 3and 4 (with reference to Exanples 3 and 204), the
presence @6oogp! f OraricNPAUNS1atien groces@ésmaemd“auhfﬂhdwb Han ekahﬁpl&}éblmﬂeaﬂceed
adversely affects th% performance of the hy %ﬁy lﬁ i on cat al 0005] As
such, whatVi98edt¥d OF sCH35HYc s She SR n%g @é@ﬂoanews b@nF¥Rk
react ot el EIG@RBIbEYAE MOVE @hw'%@&ka@nﬁoﬁhéqndﬁﬁnibﬂohna#ﬂ &laﬁmxﬁaﬁﬁﬁby
|ncrea5|n%2the efflcac¥ and praolonging the life o theEWégroalk | at i on

cat al yst . I3HogugRYete] Gaodldmrd othsiraahd pmolesriar deve(§-2a MGMm

process i noWichse £ﬂd)otﬁ’erfk)y%tﬁ%d%ﬁfkﬁ@%&&%ﬁﬁhé}%l%&&?” and an inpurity
is treated to reduce the ampunt  of e inmpurity in the hydrogen stream and

(ii) benzd®¥3]s Hykps basrkdireeyead Wiat ImnupEcshiy dholyidroaed apdprheatent depdtstraasmre
CyCl Ohexylcglr? Q&\%ﬁ%ly 'cifﬁ:cy ! &%rrﬁ'ﬁpggf %nﬁﬁroah&ﬁtl'om%fy%ty Fosr &Qﬁpl@r altPh€ of

car bon nonoxi d
15 1llustrated in Figures 1 and 2 (with reference to Examples 1 and 2), the inventors have

discovered that the presence of COx compounds (e.g., carbon monoxide) and sulfur compounds
(e.g., hydrogen sulfide and carbonyl sulfide) in the hydrogen feed stream adversely affects the
performance of the hydroalkylation catalyst.
[0004] Similarly, and as illustrated in Figures 3 and 4 (with reference to Examples 3 and
20  4), the presence of sulfur compounds (e.g., diphenylsulfide) in the benzene feed adversely
affects the performance of the hydroalkylation catalyst.
[0005] As such, what is needed is a process for treating hydrogen and/or benzene reactant
streams to remove at least a portion of the impurities, thereby increasing the efficacy and
prolonging the life of the hydroalkylation catalyst.
25 SUMMARY
[0006] The invention relates to a hydroalkylation process in which: (i) a hydrogen stream
comprising hydrogen and an impurity is treated to reduce the amount of the impurity in the
hydrogen stream; and (ii) benzene is hydroalkylated with the hydrogen to form at least some
cyclohexylbenzene. In various embodiments, the impurity is one or more of carbon monoxide,
30  carbon dioxide, and one or more sulfur compound(s) such as hydrogen sulfide and carbonyl
sulfide.
[0007] The invention also relates to a hydroalkylation process in which a hydrogen stream
comprising hydrogen and an impurity is treated to reduce the amount of the impurity in the
hydrogen stream. In various embodiments, the treating step comprises one or more of: (i)
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30 carbon di oxide, and one or nore sul fur conmpound(s) such as hydrogen

sul fide and carbonyl sulfide. [0007] The invention also relates to a

hydr oal kywatzhor4préocess i n whi ch a hydrogen stream conpPCSiusgoihpsrnsgen and
an inpurity is treated to reduce the anbunt of the inpurity in the hydrogen
stream In various enbodi nents, the treating step conprises one or nore of:
(i) -1- WD 2011/146167PCT/ US2011/ 031054 contacting the hydrogen with a

met hanati on catal yst under nethanation conditions to convert at |east sone
of the inpygitin %dh;dﬁ?geﬂmoagﬁahmn&?wwﬁ g Ma%mn(ednhu@ﬁm%h&wt the
hydrogen with one or nore of an amne and a caustic; and (i1i) contacting

t he hydr ogefrasii omeaef tidsowbenitandThe hidiveayen metiyng hiesh WetsT;U@ig gCrubbing the

hydr ogena ene to
form at thg%l{&g%(z)\grrle 0cﬂ%csol grhfg%((;;/fsaﬁk}ea?{{%en ndra[ %%gg’]%ﬁgﬁl??ldvng%t ?%{hgﬂ (grf(ggr e glta{e}ls to a
hydr oal kylaaiqr@m pifoc dgdrogam why clien Heaysed thdndmpeast baameconmpfiiss sty ibénzene
and an sl mpurit ntact e agdsorbents to reduce the
anount o;n?l %roal}é%ptson%qbenzen?ﬂ Qe errllzleéarsitgsosecrraOhexg 8112(3%3' t he benzene is

hydr oal kyl[éx0o8H mﬂmb1myﬂnmgehotdmﬁsnnnadeRm§MU®opEm@wdh@ﬁﬁ&wa@nb&n@w 10
BRI EF DESCRI PTI ON OF gﬁ # ) %?%@ % He ¢ ers on
of hydr ogéh“dhd’ " YEhZé SHZ&B?? g "HYaPGANK ‘i‘%ﬁ” ?P%&r ‘8“6& OF?eé“ET ‘ﬁ{F fgen

st r eam anaheCand@noia My spihl Bdlzhl)ldjs!’t&@lﬁﬂarﬁit (bEtNbehAR04 Q) Hyld e Ik@latkd SHOWS

Ti me vs. gpnver5| n of h dro e Benzene during 15hydroal kyl ati on usi ng
a purifie W?&WH@ gt g ﬁPQ’&WW§H?ﬂ’gﬁm§hlflde spi ked hydrogen stream

[ 0011]16i o WRIER DHSURIPTITON GF THIORYGURESN of hydrogen and benzene during
hydr oal kyl ati on using a purified hydrogen stream and dlphen | sul fide-spiked
benzene st [foM2] Fi Jure Aimhols GOIESPE. oEohxdergsn oandd qﬁ%lﬁodwgand
benzene d%,mﬂﬂ Quﬁygﬁgg|h&hﬁkqudﬁﬁhﬂgugﬂﬁh&ﬂ@ﬁﬂ%ﬁﬂﬁ&ﬂ&m@@ﬁkQYQ,&gg&
streans. 013] Figure is a chromatograph of a hydrogen stream taken from
a dehydro@@ﬁ@tion reaction. [0014]Figure 6 illustrates an exenplary

hydr oal kyhiropn RiQFESS: sthRO LI G EcdnvhslddSof Bhifodf SRPISHHARR! afiing?

process for pr oduci ng phenol conprising
15  hydroalkylation using a purified hydrogen stream and hydrogen sulfide-spiked hydrogen

stream.

[0011] Figure 3 shows Time vs. Conversion of hydrogen and benzene during

hydroalkylation using a purified hydrogen stream and diphenylsulfide-spiked benzene stream.

[0012] Figure 4 shows Time vs. Conversion of hydrogen and benzene during
20  hydroalkylation using purified benzene and hydrogen streams.

[0013] Figure 5 is a chromatograph of a hydrogen stream taken from a dehydrogenation

reaction.

[0014] Figure 6 illustrates an exemplary hydroalkylation process.

[0015] Figure 7 illustrates an embodiment of a process for producing phenol comprising
25  recycle of a hydrogen stream to the hydroalkylation process.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0016] Various specific embodiments, versions and examples of the invention will now be
described, including preferred embodiments and definitions that are adopted herein for
purposes of understanding the claimed invention. While the following detailed description
30 gives specific preferred embodiments, those skilled in the art will appreciate that these
embodiments are exemplary only, and that the invention can be practiced in other ways. For
purposes of determining infringement, the scope of the invention will refer to any one or more

of the appended claims, including their equivalents, and elements or limitations that are
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25recycl e of a hydrogen streamto the hydroal kyl ati on process. DETAI LED
DESCRI PTI ON OF THE EMBODI MENTS [0016] Vari ous specific enbodi nents,

ver si ons woadoaxanpzes of the invention will now be descrchasotitnaioadi ng
preferred enbodi nents and definitions that are adopted herein for purposes
of understanding the clained invention. Wiile the follow ng detailed
description 30 gives specific preferred enbodi nents, those skilled in the

art will appreciate that these enbodi ments are exenplary only, and that the
i nvention a0, 08 t&{h%&tthﬁ%% ﬂe&te@t NGL riB%See tEFHe “B%ﬂ%@%las)frefg% Shabthag,
infringement, the scope of the invention wll refer to any one or nore of

t he appen@e‘dloé n@gemrﬂymﬁwﬁmﬁ nyentiney ¢efiaediby b elmnss and el ements or

limtati °f [‘ ﬁl%\tesaldv@?sggﬂ'&{ ﬂe?%&%@]i{&ﬁ%%&é g?z?;%?@g tﬁ&lqwf’i‘deegi) t}eng]ose

that are eC| erence to th nvent

nore, but onobr mec:e@s(aatnt |sireaanbs| (¢.gofhytltogen mdémthcorese)defat rfﬁeet Iiﬂytlailllyeembm ans.
[0017] That said, de h Ln.are. hydroa | ation processes th

i nel u d-é_ Cms)ur{t}_/ nt% @)g c%nﬁ%c%(r)l %16 reactant str é’ POS{OI_I’X oF lea@t sone cyhfo e)gltéerr%zear‘lﬁ d/ or
benzene) ﬂbmqﬂmkaﬂs@ﬂmammdmﬁ&Mﬂmenmm&camumﬁohmmhmntynmaﬁd&ﬁb¢f&pﬂhﬁek1ng

t he reactant, str to forma Iea t.so c ohexy| benzene. T r.ocess
s be comatEs A e St e iy AR o oy PSR RBAEE: el Bl
process t dyiogahaten/ ghemogsnassich as: (i) oxidation; (ii) hydroperOX| de

cl eavage; _and/or (iii) hydrogenation/dehydrogenation. Hydrogen Treat nent
10[ 0018] : ve, the hydroal kyl ati on processes descri bed herein

may cagpr ijgEst r eatsi dgGuaeYBUVeIMBB h§EHBRTM i HrEfHRYe dBRELAT hdi®ih SnayMPHpHld €s.
In accordance with various enbodi nents, the hydrogen reactant stream

initially TE8HSr3 SRUOFENSHEHP 1 KAROEHAGOTONEE IHPIAILSE. tIRECTHIRTES Pth BFOWY eat er
than 0.1 RRBLAiREnQB&hRIrodelFhcRROUcal- natlﬂmonﬂ)rrls&rﬁ@atté%rthain%@utm%pnil-oﬂopm

or greater than about 5 ppm or greater than about 50 ppm or greater than
about 100 tispmPrBEE of eatehihek PyprnT, 00 EOPichthen rbat §- Seirivb B eEstes thap eowyldr ogen

streamis bﬁleélt%?gatér'?haﬁl%oﬁrs 6 QkalbMBa\BYE: AR, oPEdabeh&l holC1dgiiHce the

l evel of inpurity to about 0 ppm or |ess, or about 50 ppmor |ess, or
about 15 ppfhthermpedy., or about 1 ppm or Iess or about 0.5 ppm or Iess or

about 0. 1);&@5] or 1} @é{‘?dus Q&P&HQ\%‘LS Qhé)%yn PR gtrrealn?ﬁ ?}'eat‘g(@ Eno&%%]r m?e Bl Q/g‘ynsn

stream may be may be supplie y source. For exanp it
suppl i ed flessnbed figras ko Sadunedbe @Md/@ﬂmpleaym @guf Hdmpan sttlefp owbaui}ﬁ(mmssr to

make phenale o sl SRR ST UE QBF0TRRAN 0L, Y LIRS APRIE e PURIOY . 02T L1

various e | rfpur ydrogen Prean’i’s” one or re of
(1) conpolerd sr dt@ui Mgl p;h]eoglesrseral formula CO, (e.g., carbon nonoxide (CO),

cor o LA, K b BRCHGReS b Y LA TR
may be supplied from a fresh source and/or recycled from a step in a process to make phenol,
¢.g., the dehydrogenation of cyclohexanone to phenol.
[0021] In various embodiments, the impurity in the hydrogen stream is one or more of: (i)
compounds having the general formula COy (e.g., carbon monoxide (CO), carbon dioxide
25  (COy), etc.); and/or (ii) sulfur-containing compounds, also referred to as “sulfur compounds”
(e.g., hydrogen sulfide (H,S), carbonyl sulfide (COS), diphenylsulfide, etc.).
[0022] In various embodiments, the impurity is a COx compound and the hydrogen stream
is treated by methanation. For example, the hydrogen stream (e.g., comprising the hydrogen
and COx compound) may be contacted with a methanation catalyst under methanation
30  conditions to convert at least a portion of the COx compound and hydrogen into methane and
water. In various embodiments, the methane and/or water is removed from the hydrogen
stream prior to hydroalkylation. Any conventional technique may be used to remove the
methane and/or water. For example, any of a variety of adsorbents, such as 3A, 4A, 5A, and/or

13X may be used. Suitable adsorbents also include M-SG materials commercially available
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(e.g., hydrogen sulfide (H2S), carbonyl sulfide (COS), diphenylsulfide,
etc.). [0022] I n various enbodinents, the inpurity is a CO conpound and the
hydr ogen woream4s 7t r eat ed by net hanati on. For exanpl e, PCmasShyidosasen st ream
(e.g., conprising the hydrogen and CO conpound) nay be contacted with a
met hanati on catal yst under nethanation 30 conditions to convert at |east a
portion of the CO conpound and hydrogen into nethane and water. In various
enbodi ments, the nmethane and/or water is renoved fromthe hydrogen stream
prior to hyg orIky CALLRRy, Al ﬁfafév@l@%bﬁﬁ@}cwhlgcabmaméefmgm #36Ght Rademove
t he met hane and/or water. For exanple, vari ety of adsorbents, such
as 3A 4Ana@ASelamrt6?“ Jlsxthma@}nh@élm@@dthegmthaam@/@d@@ﬁr@mosremos’@d fromIthede
M SG nat er.| %gﬂg le WD 2011/ 146167PCT/ US2011/ 031054 from
SI GNA Cheh ens an Pﬁblathlh%{%@%ﬁg*lé@oglommr cially avail abl e from BASF under
the trade [0052&13 Sdlhe st dtian ¢atalytt ety @mbryd@mt ghat idvditaret math@naalnnl/@rthewat er
are not r ved fromthe hydrogen strea prior o h al kyla.
0023 The TNRCRANA G STvaGEy *Fay SRRl bbb AP
met hanat i arefmddlecomphyait dgen aaﬁd)up‘,@ I(Q:qutn:bwsdclasﬁcﬁiled é)yaﬂi’[pllﬁnocﬂlbél“ able of
ri.se one or_nore

th t | 1 1
S oun 8. 1 Flerh dler R PRI, HE Bl B e o BT SR ot Gireer
iron, ni Ckﬁheml[rﬁmndraa;ﬁl@pcﬁﬁrlﬁa sagiortvadyechniprick ede @thade of dltaihuthoxardfi@hia,

r ut henl un) and a.supp . The s ort. .nma rise one or nore of alum num
o e +1 v Reaneae Sl clPREhIEE « HRERoh R abSTT Capierctly
Met hanet | QbaikBled oy Surdc@ oEQINFERY, Ghchl ds BAKD 1Y 8ud@ihfe dddamidrmdpler of
sources, such as BASF SE, . SudCheni e and Hal dor Topsoe. [0024] The
met hanat i 6¥2¢bndiThF Shthanationceaditionsmay Campitcat (FrPCHiura BhaRoUEEG © aheBut
800C, or abeut orlddBt fo0°@RABbut A6, opiboabmbc M&tt@o@bfawbo@@%‘)c & atRfoUt
200C to about 500C and a pressure of about ‘g} 6. 89 kPa, gauge) to
about 400 5p¢Coand 2 pressuupal abguluigesig (66¥ kﬁbdatlgei@p %6@11 V@sigt2 A Pagensgd) ok o
about 350 aQ@dth 1gA(é OMﬁ@Pa %Qﬁgg?)o’ ab%{lt ?Sl@%tg (%5119\?{139 g@Q e} FAE& 15%%9@)1 to
about 300 psig (gﬂ& I n” vari ous en%odl ment s as been
di scodéreé/ﬂfﬂqa%ugéh‘fe ab@lltﬁﬂ@ ESIS 7LMP%(gﬁw0mds (e.g., nercaptans and hydrogen
sul fide) e n dr.oge rogen
sul 110e)  sspe TEBGEhEAIIERE PHILOBRI BEL SRS LRI, K el o0
ot her knowng. ormelnf@pensnaﬁd dydggei selfidecmap icngmoyst éomothenistdnaxin sTkendmi ne
gg‘%efgl Opgcr:rﬁu 1rég mﬁl y%ﬁg [ %alir}{ ’\Vlt%ea(r:l%ﬂl(ijnaér %cml’t)b;[nglh;[alyl LYo RIS %sng‘ Xrll aﬂ%or%f the
or any other known or heremafter devised scrubbing system or method. The amine may be one

—

FIS% one or
al es

20 or more primary, secondary or tertiary amines having of the general formula NR; R, Rs:

N
/ 'llII[”IR
R, \ R

R,

where Ry, R; and R; are substituents having between 1 and 10 carbon atoms or hydrogen.

Amines include monoethanol amine (MEA), diethanol amine (DEA), triethanol amine (TEA),

diglycol amine (DGA), diisopropanol amine (DIPA), methyldiethanol amine (MDEA),
25  N,N,N'N'-tetramethylpropylenediamine (TMPDA), N,N,N',N'-tetramethylbutylenediamine

(TMBDA), N,N,N',N'-pentamethyldiethylenetriamine (PMDETA), NN,N"N-

tetramethylethylenediamine (TMEDA), N,N,N',N'-pentamethyldipropylenetriamine

(PMDPTA), N,N'-dimethylpiperazine (DMP), 2-methylpentamethylene diamine (MPMD),

bis(hexamethylene)triamine, 1,2-diaminocyclohexane, pentanediamine (DAMP),
30  hexamethylenediamine and hexamethyleneimine, polyethyleneimine (PEI).

[0026] Additionally or alternatively, the hydrogen stream may be treated by scrubbing with

a caustic to at least partially remove one or more sulfur compounds. Any caustic that at least
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N RBR2 R1 where Rl , R2 and R3 are substituents having between 1 and 10
carbon atons or hydrogen. Am nes include nonoet hanol am ne (MEA), diethanol
am ne (DBW®,20twid4etshanol ami ne (TEA), diglycol am ne ( DGRCT/u$2éigzoprospanol
am ne (DI PA), nethyldiethanol am ne (MDEA), 25

N, N, N, N -tetranet hyl propyl enedi am ne (TVPDA),

N, N, N , N -tetranet hyl butyl enedi am ne

(TMBDA), N, N, N , N - pent anet hyl di et hyl enetri am ne( PVMDETA), N, N, N , N-

tetramet hyl ebhy e AT R GEENERD uNoNp ol ds Hﬁgﬁo@ﬁ?etdh%géb@é OV S HRlgam ne
(PVDPTA), N, N -di et hyl pi perazine (DW), 2-net XI ent anet hyl ene di am ne
(MPMD), b bptsare not limited to, sodium hydroxide and potassium hydroxide, sodium carbonate, and

(hexanet hyl,ene)tgd.ap ne, 1, 2-di am nocycl ohexane, pent anedi ani ne( DAMP), 30
hexanet hyl enedi am ne and hexanet hyl enei mi ne, pol yet hyl enei mi ne (PEl).

[ 0026] Addi[€02Ghal I1Addaronallyt eralatnatredly;, the malrbged strepem ney e amysedpvdyenr threaghed by
scrubbi.ng with a c uosrgé partially renpv

t | 51 f
compourids ARy nRis AR filef Frest BRI for IR YR OBl 0SB
parti al | y adenpuasnduntt/ art areest limite e sacsivdtédiasluaoapetinds] crbyonbancaecdtopisH t abl e

tally ates At Ited o ! opiSu
caust o5 MG BBl Sl A4 k. SR oS e SoBeRg U
al t er nat i eehyhercidllg ahyibdam SIONQMhemtrhanpasmedrigy esm@ercially aviglable froane or

nore absorbepts to at?‘fJ@east partiglly renove one or nore sul fur conpounds.
Sui t abl e e e e aee SeIst ™ r'e not Tinited to, activated al um na,

acti vaped [gE8pON,In Ziritfas dMBoBAPRE thZtdated (1PN sREB ChiRthifis: (§4sss thAn 054pand

13X. Suitahl e adsorbents also include MSG materials conmercially avail abl e
from SI GNAT eHént stongxidarr/lgy it @i RS ot GHhet B1CBPYYS dbhlabie 1P armeasF
under t he chibasgioRRBR:r RaL 8%8 86 BidYlor RDALESLIN N @6i @I MRAGI FFRNG SulthN6r

treated hﬁ%rogen stream cont al ns: éi) | ess than 0.5 ppm of carbon nonoxi de,
or | ess tHanhthen 1 pppraf eflfusqriesh thep Adsipaeot splfin) | ess than 100 ppm of carbon
di oxi de, ent&eTrbiianp0 PpPm of carbon dioxide; and/or (iii) less than 5
ppm of sulTuar, or tess than 1 ppmof sulfur, or less than 0.1 ppm of

sul furl> Bd#fi28he Trsehitcnesad abavs] hohgfraslkvlptsan preendscaldeseabed kpscin yady salyiscat i on
processes Aeaard RS0 RLEhf FBn EORRIOLS Gud dr GRS IR BEMAR SN FAGLARLA! F eam
to renbve one -or nore inpurities. e benzene stream may be treat ed" | one,
or in addibtitonttloglondheorhipdadsigtem &%, rtba iy dlogerastennd anloeacgbtdanogawith ugirious
enbodi nment_s (ﬁ}ihe betrﬁ%%ne reactant stream nitial.lgl 0 eat er. t han

0. 01 ppm S e Rl e BRGeehE LAy Bbh AT D e o 8RR LR TR PhE o e
gr eat er t lapury.Sorppenter oiang. & apm@roftthaimplrity, or greater than 0.5 ppm, or greater than 1

20 ppm, or greater than 50 ppm, or greater than 100 ppm of the impurity.

[0030] In various embodiments, the benzene stream is treated in one or more of the ways
described herein to comprise about 100 ppm or less of the impurity, or about 50 ppm or less, or
about 5 ppm or less, or about 1 ppm or less, or about 0.5 ppm or less, or about 0.1 ppm or less,
or about 0.01 or less.

25  [0031] The benzene reactant stream may be may be supplied from any source. For
example, it may be supplied from a fresh source and/or recycled from a step in the phenol
production process (e.g., an alkylation or hydroalkylation step).

[0032] In various embodiments, the impurity in the benzene stream is nitrogen and/or a
sulfur compound.

30 [0033] In various embodiments, the nitrogen and/or sulfur compound may be removed by
passing the benzene stream over or through one or more adsorbents. Any adsorbent that at
least partially removes nitrogen and/or sulfur compounds may be used. For example, the
adsorbent may be a molecular sieve such as 3A, 4A, 5A (wherein “A” refers to the pore size of

the molecular sieve in Angstroms), clay, activated alumina, amorphous silica-alumina and/or a
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20 ppm or greater than 50 ppm or greater than 100 ppm of the inpurity.
[0030] I n various enbodi nents, the benzene streamis treated in one or nore
of the wawe 2dag@sicshed herein to conprise about 100 ppm @®CTIES3G1108106Hhe
impurity, or about 50 ppmor |ess, or about 5 ppmor |ess, or about 1 ppm
or less, or about 0.5 ppmor less, or about 0.1 ppmor |less, or about 0.01
or less. 25[0031] The benzene reactant stream nmay be nay be supplied from
any source For exanple, it may be supplied froma fresh source and/ or
recycl ed LEQM e albrbR ROGRMIcRIBEHERLAN, BIARSSAIN faflable AmEkKat i on
or hydroalkylatlon step). [0032]1n various enbodi nents, the rnmpurity in the
benzene stGheamsirys apd/or @@éﬁtﬁlaén@lﬂfmﬁer@agﬂl gvaitabico d9ou MSF3@P@F®3@]= | tredg aRdnesu s
enbodi mentgg,;, %p[eMnltrogen and/ or sul fur conpound nay be renoved by passing
t he benzene StTeam over or thr ough one or nore adsorbents. Any adsorbent
that at | 4e8d] partivatibys eemplees embbdiogen, anihortweuddsubergorpoureds maynde
gi\e? mgfélehn)ﬁa(ﬁ%ent’ %\)th(ranoii Orsblgvrefsjragea Qs(sieé) ZF8 g)%)alﬁlZ) eu loaeg 6n8:leecl\1/1§ars ?Slg\pehmg.ys h'c%f% a 4A,
Angst r omrs yilicehlayinaaetia QSatAda)obfadssl than &, wlakoliqecens! rsold:aumasm{mhas nailendiuorinaa WO
2011/ 146167tP UsS 0?111/ 93;\%}% ze |It§ éw bI e rbents al so include M SG
mat er i al s "COME CIAH? abt'e ¥ Aol WIGV%WSY PYrfeOET VAl s
commer ci alof yt lax@abalp b et teshsBAIFor Mméonﬂh@oléd’uaiﬂ@leﬂﬁﬂ‘ﬁy beveexpae bidbf [c034] I n
vari ous exenpl|ary enbodi nents, at |east two adsorbents are used. In one 5
enbodi menth2ERIRGMISSTIAY si eves are used. For exanple, one nol ecul ar sieve

may have 30035| i Cah btk RAbb@ ks, (R irédldd &hzdnegﬁeaﬁqhadma@nSM9 legs thbve 3 HgpaNd
nol ecul ar sieyve has a silica/alumna ratio of greater than 5, Additionally

or al t er n&f PWBEPr leshBandOeeny a#sugpbvéewnr?a?v@naofpw}fer g @) log thap g
about 6 Apgstdraifeadf REs thm@ n@mmg&lcyh@gs tBdn@VEp Y Nigy&na pore size of

| ess than about 6 An stromns. 035 I n various enbodi nents, the treated

benzene stfB4n cdh’ev& hg unqeiﬁ)toqde diggqn phberensrRimentofisqlesd helgan 1. 0
ppm  of S%afylﬂ)"e p@trfoﬁif%§§eﬂaﬂ@é1y9r1§ c&HHﬁcﬁBn St foHE or ﬁ&glhwroﬁﬂ&lhﬂonlp‘?ﬁsstepan 3.0
ppm of nitrogen, or less than 1.0 ppm of nitrogen, or |less than 0.3 ppm of

ni trodeén. WII be understood that the hydrogen and benzene

t r eat ment e qlgqﬁ S tion
w th one i 0B Qﬁ glr E)&SSIS% l'at'| énﬁgrg}%{erés 8358&35 Foal d%atcofg‘%&ﬁ?o 3%

di scussed ha@oﬂéylauﬂgebdnymeoalhﬂytl@gmdn pprdoceS8Bi ncl udes contacting (e.g.,
hydr oal kyl ati ng) benzene wi th hydrogen to pr ce CHB:

©rg

[0038] Conveniently, the total feed to the hydroalkylation step contains less than 500 ppm,
20 or less than 100 ppm, or about 12-20 ppm of water.

[0039] The 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

zones, in which one or more of the hydrogen and benzene reactant streams are introduced to the
25  reaction in stages. In one embodiment, hydrogen addition or benzene addition can be staged

with internal recycle for cooling.

[0040] Suitable hydroalkylation conditions include reaction temperatures 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, gauge such as between about 500 and

30 about 5,000 kPa, gauge. Suitable values for the molar ratio of hydrogen to benzene are



[ 0038] Conveniently, the total feed to the hydroal kyl ati on step contai ns

| ess than 500 ppm 20 or less than 100 ppm or about 12-20 ppm of water.

[ 0039] Thewbydriobieyl ati on reacti on can be conducted i n &aCRU$e0nABYS4 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 zones, in which one
or nore of the hydrogen and benzene reactant streans are introduced to the

251 eact i OfeuReS hIRRLH.15:H1 Mnd 'aﬁou? rfﬁqdéd‘éﬁ 21! bet@«%él{ %ﬁ‘ﬂo @‘i%& 405kt Q71 RELESDR,
addition can be staged wth internal recycle for cooling. [0040]Suitable

hydr oal kylbame@nah%h@ﬂﬂildﬁb@uma%llude reaction tenperatures between about
100C and 4 e e 2 25

sui tabl e tl o(rglf%gr 1é)zdsllur laoge}[b\égt a%:ér%ﬁg%o%ﬁ Oggg%%gg%out %QS%yELga
gauge suc ﬂlyd@albyelat\mmata&bo tlee bGoaindat®0 aigalyst nBy ®O@ bikiPactiogm ugelyst Soinpadige

val ues .for, t dr.oge enzene e WO

vor1s 1960 et BRISE Bl e N R AR D RO AEREBRBBLS VO 1. 1, such as
bet vveen alpang2] 0. Mdleautrd sib@st o4 MCHMe22 déxailpl e bizbovibedy ddpoukanthle andCdbout
0.9:1. 041 .The be con t in the sence

Sheence. ofirgicanon NPERUDANY B TRERS SR0GHE! 08, Bubh S BEEAREROR A ray
be a bi f umgtictidilce cfat aﬂlyqﬁlr@@aprMsleagarSSlave@wfeMﬂmmsfaeM@ @atlullhedian22?2
famly and. a on net 04 qu ar SI &s of

are descrg%eéﬁfq’yg qggaéﬁﬁ?né Ng.- ¢ aglééff’ggb}g%# e?ﬁ‘ilb%m @b@%ﬁ%ﬂéﬁh | ed
on Auggst sgz,zs @s%nbé/m;ncm Sl PatB@RNeR W SZGQ%VPQIR&E—E@ie@dhbé@ﬁrﬁE@r@ﬁ&anMen{ Rbs

pur pose. | ecu sieves of  MCM 22 fam |y include MCM 22 (described in

U S. Pat eH@93fQé2) &T@ﬂ4(d§2896d PSSP NG i PH. U Q2 (Fl%sﬁrétf?@ ingnterpationgl 409)

10 SSZ-25 Pﬁ@ﬁtsﬁliﬂh@ﬁﬁ)n'l@o UN@97E@Z9@WMN@/I 3¢, (@%&1&_@71}1 UER%t%nt( fessnkhety)i n
Eur opean Pat ent No. 3032 described in U S. Patent No.

6, 077, 498 MCHTS. @eﬂ(Cﬂé%dcm Y P?fﬁntl 26 176 h AYLClad G frtesqoibpd iie Bt didterioNo.
W97/ 1729@)3 2'85)?%* %@zmdges(ﬁésbhﬁéé n{' thJsS PaPcﬁjé 61@& %"@56 53035Qn@71%)x¢uré@fﬁe490f

(described’in U’S. Patent No. 5, described in U 'S Patent
No. 5,1362 P@@@yblymmle(cnﬂesm\iebéaelﬁq’qedtfr@n (@aﬁl‘ékvﬂt I(Néb) V56l 0805MMahd (d)

EW 10- (BT (0 MESFREAP M s ey FhBh Bt fGhsS ai?#ﬁ%%i S (o)
i sotypes oTQNICNIMUG nandetuNCMEES, susluetrealite béﬁa}aZe algx mrenndﬂt@bul ar sieves, such
as zeolit a, Aanr aI 29,5058 I at afjcan 13] ANy ;KX o¥1 pgsnation netal
can be eng? L y éf %‘fnk {1768n"Cattal );J?y alf ﬂ%’ able et al s
i ncl ude palt]umgh u;mtabkutnkemm unfiudmpaldmdmm,znnhe,mm mwl@ndmmabml, tand wobdit, with
20  palladium being particularly advantageous. Generally, the amount of hydrogenation metal
present in the catalyst is between about 0.05 and about 10 wt%, such as between about 0.1 and
about 5 wt%, of the catalyst. In one embodiment, where the MCM-22 family molecular sieve
is an aluminosilicate, the amount of hydrogenation metal present is such that the molar ratio of
the aluminum in the molecular sieve to the hydrogenation metal is from about 1.5 to about
25 1500, for example from about 75 to about 750, such as from about 100 to about 300.
[0044] In various embodiments, the molecular sieve and the hydrogenation metal are
coextruded. The hydrogenation metal may also be directly supported on the molecular sieve
by, for example, impregnation or ion exchange. In one embodiment, at least 50 wt%, for
example at least 75 wt%, and generally substantially all of the hydrogenation metal is
30  supported on an inorganic oxide separate from but composited with the molecular sieve. In
one embodiment, the hydrogenation metal is supported on an inorganic oxide.
[0045] The inorganic oxide employed in such a composite hydroalkylation catalyst is not
narrowly defined provided it is stable and inert under the conditions of the hydroalkylation

reaction. Suitable inorganic oxides include oxides of Groups 2, 4, 13 and 14 of the Periodic
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20 pal | adi um being particul arly advant ageous. Cenerally, the anmount of

hydr ogenation netal present in the catalyst is between about 0.05 and about
10 wt % swohlomgidbstween about 0.1 and about 5 w % of tReTasR@EIPSL054 1 n one
enbodi ment, where the MCM 22 fam |y nol ecul ar sieve is an alum nosilicate,
t he amount of hydrogenation netal present is such that the nolar ratio of
the alum numin the nol ecul ar sieve to the hydrogenation netal is from
about 1.5 to about 251500, for exanple from about 75 to about 750, such as
from abOUtTalg‘lg%f tE@eI@éﬂ%uEucﬁQQ ah[nggef" Gikant an al‘{(ﬁ‘&' ﬂfé%m@rr%ddsg@ﬂéﬁm {hg%u%Eﬁ%U| ar
sieve and t drogenation netal are’ coextruded hydr ogenati on ret al
may al so b@hecner t theyPasiggis oFabded Gomips kreasndibadesgil an Célp@tﬁél pyd Enginecargiysive,

i mpr egnat ig g(lg 3; y%gﬁchange. I n one enbodi ment, at |east 50 wt% for
exanpl e at % st % and generally substantially all of the

hydr ogenat@0d6] metTak hyckog@sﬁmmetaleda}ob\: d&noditad pyéwi imorgmiid@i@e parvatientfyrlym but
COh‘pOSI tegq V\f'etrpttheberfn%e eme b1 csoln a1n1n 1nn A o Oldl gr%ngsite(} thqyedﬁlggeqati on
nmet al |s su% oried on an i nor gani I'des ]f(% ]ﬁ'ﬁ norganl Cc 0oX

enpl oyed isievsutypiallg ah@oaialyﬂ chtylphssuaﬁslqybcatcecbbly Ocapeileysatmn gn maichranixomnd yf

defi ned I‘OVI ded .it nert under ons
vdr o K PaREyEeR aRt B8 Frafitatf il nireRe st ot ok §0° oo hign
G oups 2, phssuld(@nctalldatiut 850t0RSOIOTHOM00 kPa)\Or BY EdLXAARILE/RGIitIS2 9dstd 6131054
Tabl e of ﬁ%erre ts, such as alum a titania, and/qr zircaopia. As used
herein, t ,%ﬁlélf’“i ﬁ‘ﬁves &‘Hgﬁ‘?? ’FnSFa EHeRimRg jdgiergle QRtion B’ fogether Witk @ osed
in a0i Cabpa biaBE BREMHIRE t a neddssagy! al hy iomMfetal can

Ch tpasié bial ¥V, a B13( IF A7 a(difSf hyQ84efidh

hydrogenation metal may be deposited on the inorganic oxide, conveniently
by 5 i npPeR§RaeIGhbe #@P%%O%H@rﬁ%{%t CRBHEPIMPAYST nor gani ¢ oxide is

conposi t eqogazf ' tNRBIObiBEH ndferlsENGude Ky Rh &R drylatuléalnf ob@rdlyebstaREPASIdIe 1S
produced by co-pelletization, in which a mxture of the nolecul ar sieve and
the netal 2t dmreans myterinloryghiot chyi deicarad/pomesd oxides Tl jagersmay bR gther _
pressure %%ﬁ%&%kélﬁfﬂﬁgb&lﬁ tlé%@rrﬁ r &bﬁﬂgusﬁﬁ&ﬁgt%s it ?915 inlud¥ nfuRYLEYRLON, 1N
whi ch a paste of the nolecular sieve and the netal-contalni ngﬁ; nor gani c

oxi de,l5opthdmalal 9xidesgdlaheallyicenriag clay wlagneaatbe upddred @rbindgry mclugy hest afithcough a
die. If n d

deposi t ed S ppaeni A LR kARG IR R s SR PR RN IR
materi al s commlouldécns\ymtdhéﬁﬁi@ l\mNanmeL@@drgly and Elorida dgyssumltewme’dndsthwaln as

| nor gant ¢ RLE RS S RS il BBl SRe ARCh Ry TR R, NSy MRl o
may be ei ther ura ceur r’ln "tné m 0 eléltlnos precipitates
or gels i mtclthmdramgstarbms U]T%ﬁlabjf’ nﬂnédl mamnih!ﬁy esnbjecrtm ad ca‘loandﬁas ad\latmeataiehyor
occurr, ng .can se der i de those .of th

ront moPi e ARG S PRl SR bRt e Riqple frania,
subbent onistlies-amntha Reickalghdt, (sﬂmnbmdsmﬂm tﬁmal;)lsﬂicebeMMarmﬁa tifagtar g8 a and
Fl ori da cla¥s or others in whic thelnral m ner al cons ituent is

hal | oysi t & k&0l HIY EOMAYEAN eUch a2 iR 281mi%h B&?tsélcaﬁﬂwnﬁlz‘é‘i%“ caihe used

in the ra\Musg{l@d,@la@@Sl@@h(ggm@Lﬂlygneglﬁlgﬁcda[a initially subjected to calcination,
acid treatnent or chem cal nodification. SU| tabl e netal oxide binders

i ncl ude sil#94€h, a’tlﬁlﬁv%themr@wlaﬂoq ftePa i Hghly selpciye Zewptdsngyclohexylbenzene,

si | i casmagesiieont bmitkcAnydidak9kisn re%étldnciﬂﬂtnbﬁﬁﬂl@r :coﬁhﬂn's&ﬁe BRIy lakddProducts,
silica-titania as well as ternary Q)OSI'[IOHS such

si | i ca- al @fivakag woedcted b§1i12|er1%lldéh®¢ﬁSH mppQadeyiaged sgi:qlerCéFaP umictrdedrhegERas isa and
silica- magi@ﬁﬁil@ r@do(/&Q@B)ﬁdlst[ﬂggéﬁlnﬁi Je&%ﬂ:gho %ﬂé%lk@YagBQ?éa&w afHe%tt%@ﬁ‘oﬂﬁheh' ghly
sel ective towards cyclo benzene, luent fromt

hydr oal kylbamaermdlls’el&@pn e fwrthqr distitledatol %?p%r@mtﬂm mowmolmxallbm}ﬂe@ﬁ er@dw dgoct s,

as el agny %g%ﬁ&yﬁ)%ﬁzeﬁ et P fesiced mBaaalicy! ahedaspesioan. Jhe

unr eact ed enze e Is'norm recovered by disti on recycled to the
al kyl &0i oniayelabtxylbenZFhe pb@bmtomstlfer onrtidne ciflopte e ndy st kibmablontoaelélef uax her
distilled epar cl ohexyl C

i oyl oneyMsBERE, 3he SORRRIE R T AEIAGRE RARH L (RO MM g5

di cycl oheﬂgdyde]n@@rbenq@nes)emene tﬁe@rmcmaMrl quheedeﬁlkademnoamylat@dypéws desirabl e
to either sal I ate the di.c ohexyl benzene w addj ti benzene
o (b) el Bl o dRRUHR POV R H T PEREN s SRR stiele o i bR R ietor ¢ he
desired nopaoek ke}ﬂaﬂlleﬁﬁiorﬁ pleChy@goal {yQié R }eht@dn sadr kiyshiddblOfanshlk flatiehddataly@nalich
benzene is typically effected in a trangsal kyl ati on



reactor separate fromthe hydroal kyl ati on reactor over a suitable
transal kyl ation catal yst, such WO 2011/ 146167PCT/ US2011/ 031054 as a

nol ecul arweizeunel46f67t he MCM 22 family, zeolite beta, MCOMPEZ/USS@®a@/0B10S+ Pat ent
No. 6,014,018) and zeolite Y. The transal kylation reaction is typically
conducted under at |east partial liquid phase conditions, which suitably

i nclude a tenperature of about 100 to about 300C, a pressure of about 800
to about 3500 kPa, a weight hourly space velocity of about 1 to 5about 10

hfl on total, {68iarl Q&r’éoc]f' e AECOTHABGEL WL ity Béth ON@M%@E{%SU%“ phdf Rpesent
i nvention, the hydroal kyl ati on processes di scl osed herein may be conduct ed

al one, or 6|,0d4@d)$1)1 apdazeplon Yai The sarsalbylafion ecagticaps taficadly spadveted underpat detsic e
h I i
Penpar bos i E bheg UARLE" i e UARE s AOPLRELI fbyt 100 0 oo

hydr oal ky3809() a pprocesbsutdios ¢o atvad3 300 ke&a,m waght heurtyospderctobditpaof gaut 1 af a
process that |.udes ation of at least a portion of the
cyclohgxylsgﬂﬁgﬁ ‘%Hﬁégg during hydroal kylation to produce at |east sone
cycl Ogexyl[ﬁlED]ZenQn hydifdhlﬁed’ axth d@nods%s@&ﬁ@])?hleCiﬁ&sbﬁlmnﬁal}ﬁoiﬂ&hﬁ&gmkylsﬂ’t&ﬂ by

i ntroduci ng an oxygen-cont ai ni ng ch as air or. enriched air into a
i quid thgOéeSS%@Z[fg%% ﬁ?rﬁwﬁnﬁw R el etce o ianOPHBCtBPé%h@’é BrmuHsERce of
an oxi dat iopna Cab@ky tb- plod@@3pRtol, ablcd axi dat bamteal aliy d@vikl dnldoroxiidat i on
step are the N-hydroxy substituted cyclic imdes described in U.S. Patent
No. 6, 720, @@?N§ﬁﬁﬂwﬁcorporated herein by reference, 20 such as

N-hydrigxy gitididlohm de, 4-am no- N- hydr oxypht hal i m de, 3

- am no- Nhydr oxypht hal i m de, tetrabrono-N- hydroxyphthali m de,

t et rachl ol ¥Su hyd\fsofés??}ﬁﬁ%laP'PQWdéhe Rydrpelkdsiiame proagseies, deycrbedr Bsepini mani e,

N- hydroxygl’)ﬁdﬁ@! '&s eof N&X&%Q’&H&?eﬁ%ﬁa& bxiBatftn b 16 AEREX Pofln of the
N - di hydr oxy pyro l1tirc diimd

N N -di hy@l&’@ﬂl}ﬁeibléﬁzl@pﬁhemﬂde@d?) dutmg ltyétqaa@l:aﬁlbmxym oratiucer @e) least  some

N- hydr oxy o3-di carboximde, N 25 hydroxysucci nin de,
N—hydroxy??ggéa ﬁ%“?%%%“ﬁhﬁﬁi ydr oxy- 5- nor bor nene- 2, 3- di car boxi m de,

exo- NHAydriensg} 7- @Q@ttatlpm}mbfcb)e[anon@li&he]dHJerpntrﬁueimgaQ 08ygedicontamblg gas, such as

oxi m de, N-hydr ox c .l ohe ¥ane c arb0|
Nyl oy 2 8- e85 G s PR Ing o3Pl SRR B Tt in homprenraey

sodlun1sahbxmanmahdemmmxﬂmbsnzened|sulphon|nlde [0054]These materi al s can
be used ei al o n.the e of. a fr e radi c initi r 0 and
can be usgﬁggg Iﬁﬂﬂ%ﬁeﬁﬁgggm‘ 8&@%@%@3 SOEQ¥QP¢ Ps'D @Awﬂgmgga$%P§ on a
sol i d carry@ic hmddrdydirided & e, PageNe0s3264d2addSihcorgytpic€ abieln, byt Referbhcy dr oxy
substituted cyclic imde or t N, N, N -tri roxyi socvanuric acid i

enpl oy8d i#¥PMan dfount'- fw&rw@ﬁpﬁ%% 0. 6@6&%&%3@8@&@6@ i we o a@m@rﬁ as

bet ween aho@bxdbhédkmide, ab@atrorho Nﬂf@dr&&pﬁtﬂﬁm@h‘@ tad&thloro-N-hydroxyphthalimide,

2011/ 14616 /PCT/ US2011/ 031054 [ Q055] Sui t abl e oxi dation_conditjons include a

t enper at ufk Wé@%@ﬂm%&&thyek@@%am%&Mlyctfe@ctﬂmglémﬁndés Nalysreyoyesteol - ahout

130C, and y&:apRRSHE e WN‘WYO}@Q}%&@QQM dHhid00 KPR i\ -XEpnERAEAI Ni Ng
gas, preferably air, can use he oxi di zi ng nedi um he reactlon can

take pl acé-3-hibatresarbordiet ofinide). cHrvdipuglcmnidy Derdine?d-digabayimide, N-
enmbodi 1h3e nthéd u@&ﬁﬂﬁde %gﬂ&ry?tgﬁﬂlcdlﬂ{laeg gNOrfo'df@cgf r@d‘rﬁ}en'e B (lﬂgargéxflmglgs

streans and are neutrafized wth causti SO i um car bonat e) and
separ at ed eu9- Neh}ldeNa?t edbighelp22hidhaps-é-coé- 2écﬂnmmldgueltydmy@mc}yld@h@ane-

decanter dru 8‘62]%3 Slgrhgglr0§y cil & M@BH&%H? %fdléai-b%%mﬁé N 6P Aie TRY

t hen be neUtr51
sodium salt or N-hydroxy- 0—benzened1sulphon1m1de

[0054] These materials can be used either alone or in the presence of a free radical initiator

30  and can be used as liquid-phase, homogeneous catalysts or can be supported on a solid carrier
to provide a heterogencous catalyst. Typically, the N-hydroxy substituted cyclic imide or the
N,N'N"-trihydroxyisocyanuric acid is employed in an amount between about 0.0001 wt% to
about 15 wt%, such as between about 0.001 to about 5 wt%, of the CHB.
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Cl eavaue 10[ 0056] The hydroal kyl ati on process may be conducted as part of a
process that includes cleavage of at |east a portion of the

cycl ohexywbenwmerelshydr oper oxi de that is produced duri ngPoXitusaeiilos050
produce at | east some phenol and cycl ohexanone. [0057] Cl eavage of the

cycl ohexyl benzene hydroperoxi de can be effected by contacting the

hydr operoxide with a catalyst in the liquid phase at a tenperature of about
20C to about 15 150C, such as about 40C to about 120C, a pressure of about
50 to abo'fﬁOSg] 50%uhg@e oﬁﬁﬁﬁn(‘t"%n(ﬁ@&l‘étlncl-l% tt@mﬁé}gﬂd;e t;]eg)ge%n lﬁjg@lt 76%€and about

hydr oper oxi de i s preferabl luted 1n an organic solvent 1nert to the

cl eavage ROEL seah, aS@b@lﬁ 9§5g teeatiopt l?é)t"ﬁwndkaemr@i@ere(q%m;ut S8ye | brexdH¥R&Paphenol
or CHB, t tly
conduct ed 3R B8 (oBeERt ook LAY oIF CunPeTRURATE BRGLLT RoRink IREALEM ¥
vessel s, oan ke ataat yt bagcldiesttpis| atcommuoms flow r@&EtofQ0B8¢ncTdmebodabcal, ytbd acadml oyed
in the cl eayage 56 535, B A NATPIRNSOUS.GA'ALYSL nSlicch el i paEReRy

cat al yst adb onbgeneous cl éavage catal ysts i Acliude ‘suf fUric a‘%i d,
perchl ori Go@amoharmhms)pdmlr separated aby chipdltaed hlvidr the wciod cgnigmpait smblmemehuublﬁom C

acid. Ferrjic chloride, rifluoride, f di xi de..and sul

11 oxi de. drenr «Buaf gy PO EPHG ot HBBHES Bl okt PRI G R W¥R11S: e
honogeneousutellieaMageent ad abystattss sul furic acid, with preferred 25
concentratjions in the range of about 0.0l to about 2.0 % or about 0.05
to about &l€8%3ges hased upon total weight of the solution in the cleavage

react qo. |fmT56F hame 3§ Heeuslade frobdl alay He, cofdut@idt ds3lattzata RBcst aRt pichiigy ably
follows the cl eavage step.. Such a neutralizatjon step tﬁagl cally invol ves

contact wicleRvage phatleast s RprginB AT the gy elphexyibenzgnreidrenstoxiiei thay ipprogpced during

sal t - enri GRRGHAAY PRSP AR 0P bRARPIMNY ciskixhAlke het er ogeneous catal yst
may be used, such as those described in U S. Patent No. 4,870,217, which is
i ncor por at[QQWby ,Cé¢aé{pgqﬁéhefcdplobepﬁygoewgbg@operq)@e can be effected by contacting the

2011/ 1461G7RETLIR01Hh 03056 BRI AHE kL N  LABAALENS: hotlk ARkl Aolion
processes described herein may be conducted as part of a process that

i ncl udés dé@ﬂﬁ.’dsml}elaabcptmﬁo%ﬁf togiboutd 281C, a pposure ohatpfit $the abymiﬁoﬁ@@%ﬁmcﬁmeh that is
made durin h dro ) enerall ol ves
contacti ngg?lh HS%QO & ﬁ%@(@ggﬁe % ﬁﬁaromamﬁllag g rgﬁeéat%l o&r)llnl(t:%lt alaln Org gf]ltl'he
dehydr oge g tonha:dtazazlagesteamyi, aohps ngehyl (athyl leetamhd [JOIBIKT), q(cldh}xaaoﬂa pBetnol or

catalyst SHDR uhbl e aRATn L SEIAE BTGP Sypadri iy Ko oges  CraPhbl y

greater than eﬂclﬁn@dﬂsj oﬂaJdSrencpe &R hakddycgrieat@sels, bancdalytic GhRatiGOERt i on
h vacu m condi tions on a 10

nmeasur n bt a| under st tlc hi

Quant az@ 6%8 utJ rcf.%tal ?’H@P)‘%‘rﬂﬂ © C&b‘ﬁﬁgﬂeﬁéﬁ‘él Vi aoh%m%e‘?)eoa?'a ygfor a
cat al yst aeRrds0aded chidly®r. a Jyua1¢ moﬁ@Eéne&ﬁsd clhva ?@l dafalyistsOWcRge Halfie Aeat i ng
at 4C/mn to 130C . and holding for 1 hour, The flowis then swtched to

hydr ogen &REMOREaCGPAPIPEPrS %014 dydreetonianctd BdipnigupAr g roly saia shingidat

20 m n t o pd2nGrinthelddi 89} 3Rk{AE AR kuIFR NridkiOME SUso AtV 4RmeRQlbiG1£:Ragt00C i n
fl owi ng hydrogen. Follow ng reduction, the sanple is evacuated (while still

at 4000C) whehsts 1Bhe profsied| kasuicarcopusisarage QEIYH nuseidiricoadid e navfyred
chem sgr bggnééxﬁa&fw?ﬂl th%h% to'?%b @%%%&h'z dl&%r VAGHUTDS {ohﬁ)ohf?@?%@t ure

is |owere 0C and | SOt duri ng su sequent exper| ments. An
8- poi nt i detcdewm (totkl Weightesfsthe @glub@t \maéw @@ vagedre4Q0r- t bor- a ho@ogent@is 58143

kPa]) is EARM gq?ﬁ}ahéa%? ‘ngre%a@} Jéln%vsqﬁéaamgés stlfp! %H'a%euﬁﬁg%&ﬂp% é?)t' on

of the linear portion o 0 Zero ure gives t tota
conbi ned agsatlptinordvasptoakeet W20 © BGEAG @olmp@wnem/lﬂy su‘ttsmestu@qzmmttngeor&)h csyh}d in
t he dehydrolgeflngtl on cat alyst is selected from
CNTC aqucous phasc.
30 [0059] Any suitable heterogeneous catalyst may be used, such as those described in U.S.

Patent No. 4,870,217, which is incorporated by reference for this purpose.
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the group consisting of silica, a silicate, an alum nosilicate such as

i ncluding zeolites and MCM 41, zirconia, carbon and carbon nanotubes, and
pr ef er ablwoconpisses silica. Inpurities which can be pr ®€EnS201n/081064

catal yst support (e.g., silica) are, for exanple, sodiumsalts such as
sodium silicate which can be present from anywhere from about 0.01 to about
2 % 25 [0063] Cenerally, the first conponent enployed in the present
catal yst conprises at |east one netal selected from Goups 6 to 10 of the
Peri odic ﬁh%@: génaﬁogrrents and conpounds and m xtures thereof, such as

pl ati num Ea adr um and conpounds and m xtures thereof |n another

enbodi mentl0060he flihe dtydeoghgglariethprasenspr flesesbedt haram snayobre consliuetbd gelpettadd fr om
Group 10

0P 10, S 1 SR AL ARy Ol EL GBI # B0, SOTROUOR ARG TR R,
about 0. 1 danag gboutrodi@tiov %fophdnkk Daluwm@natlopogﬁ%]aﬂlm aodives aoptattme dlat al yst
conpri se econd . co ent oML ising at | east one netal or conpound
thereo? seydoexgm??gﬁgp%qa%m¥mwl Eﬁd X 2 of the Periodic Table of Elenents
wher ei n, smmd] at Tlhealslhydmgenamen ahtalgst m@mmmmﬂe t(her epboseliigat fast ongramé&@toup 1

and Grou th erlo ic Tabl e Fl e esent ip,an amount of at
Moast oo et o o By el dsoBR it oot el 1R oS omh e ehr B ost
0.3 W% aherhle@fﬁﬁorﬂofllngéYOtl&Iﬂd).ﬁbrdf@&ﬂjz glator tihaf@.6land afvee eohetiyn@eiter thdre
second conponent conprises at | east one or co ound t hereof sel ected
T ool RSB PR B el e sPnel it SRR 38at HSUTD SEuss

and rubi diguah@glose RRWaEs Aamekrithoht. umpg&immpm 035 gifaﬁfsaﬁlcytamtaa@ I:Uatl'éﬂ and
pot assi um_conpounds. I n anot her enbodi nent_,

conpri ses 14p 2|q@adz cdhand dsied in PW%r%o'@hBeaflﬂ%ﬁfe‘bﬁ/@@ t@éﬁ%& ?r}dol?ﬁl@%ﬁﬂs 11 or

of the Pemhp@ditheRR 8 t8h FiciRNb%: dr-BgeEH £ thy catdI8 iSREGRM it AFPRP ?Hrolgé:n
present in an anount between ab ou%y and about 5 Wt % of the ca

[ 0065] Sui LABEEIGSh Yy BEelRA20 dn l@lﬂmﬁ Iﬁ@tb?’f@al 108 R lhgers sand dbgiegogting @ 499°@Bout

250C to abpuine n d?O%ng F@lﬂl%&ﬂﬁ&loﬁfm@%‘rﬁle ALRSRRE (Wild Qluai?%é 3%t o
psi - gauge (ESI g) L to 34 kPa- gauge 10(kPa,g)], a weight hourly space

vel ocildy @irbeelaculay ppmpdonibuinugs thfdmove gy dlehymlzﬁgéwdltogen With the sample
cycl ohexanppes &905&3%&% ng&n g R dfowe Al Q4@ aﬁlla%‘éfd i th&m glbcﬂfﬂﬁlég‘go&e(ﬁ {2066] The

tenperature of 1 he ation process nmay be froma 0 about
750C and kxmna?btsu%nzm@@lttlwﬂabmdwnﬁ@@Sﬁure{s(lﬁﬁvk]efr Re apt 4¥tamr €107 tot 1363 kPa])

dehyd t be,. f t. 0.t bout .. 300 15 t207
Vea. ) or T PRRVEBatiT tg e aEet bESHBREN G " APty Rl %@fe] The
react or colif cgue @tzopressed givos tht Ieal de byrolsinglerladrpoon yptabeess general |y

fi bed t
denyargenitibn CORTISH FouBoyT Frone ShoodprerBprabttr i fom"

enhanced hiy gousl¢oisisigg toheﬂrda si kilicag,i amnalumdﬁslhaette lsehsds Palutling|zeMaeu bt

typically | ow 101 k ver, t|ve istillation processes
Lypl cal | B Ol ks AL saYen, it T AL ie. dLSLELLAL L%, P acens
4, 115, 207 whiehlchh b@@&senﬂnﬂ-tl&cz&ﬁ@st sﬂlppgﬁite E?’ﬁhcaﬁ a3 Eor 834haplé sdBdm48l6s such as

4,115, 205; and 4 016, 049. [0070] 1 n anot embodi ment, the cl eavage
ef fluent iediumpsiliser adrich5ambrpraien e avapgrerqmabout 0.01 to about 2 wi.

25  [0063] Generally, the first component employed in the present catalyst comprises at least

one metal selected from Groups 6 to 10 of the Periodic Table of Elements and compounds and
mixtures thereof, such as platinum, palladium and compounds and mixtures thereof. In another
embodiment, the first component comprises at least one metal selected from Group 10 of the
Periodic Table of Elements and compounds and mixtures therecof. Typically, the first
30  component is present in an amount between about 0.1 and about 10 wt% of the catalyst.
[0064] In addition, the catalyst comprises a second component comprising at least one
metal or compound thereof selected from Group 1 and Group 2 of the Periodic Table of
Elements wherein, said at least one metal or compound thercof selected from Group 1 and

Group 2 of the Periodic Table of Elements is present in an amount of at least 0.1 wt%, at least
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processes to recover or renove one or nore conponents of the effluent prior
to dehydrogenation. In particular, the cleavage effluent is conveniently
subj ect edwbDaoat14bwast a first 25 separation step to reeovars2alonel064 al |l of
t he phenol fromthe effluent, typically so that the effluent streamfed to
sai d dehydrogenation reaction contains |ess than 50 wt% for exanple |ess
than 30 wt% such as less than 1 wt% phenol. The first separation step is
conveniently effected by vacuumdistillation and the same, or additional
vacuum di gt |loaliiQBis8h SRw0s GRIaB.HSRY i of REBVES SATPOREHE orfBRliklcfg uRe! oW
155C (as measured at kPa), such as benzene 30 and cycl ohexene, and/or
conponent sedoad F@m@m@@@@pm%@t leess onemstal @@ompowmhq{ﬁé)sele@@mfﬁomﬁrgup bpleny|
phenol an t r

Genydr ogonst Eaa fieb i Hery B HopiaR pLERHIE LG ol WHE o3h LERIA, P

hydr ogen froktresd thebeof; mgefdebiyquawnmanctmtamymbempewgl Eldanbmert ¢mebodiment, the

hydroal kyI ation ste ar. o dro jor to
b 20171 148 oS Bk s Ve B B RR e En N RRAT R SRR G el 1 &
t reat ment 2sifelp ResiofiaThble of Ereh;enadfr&pltaigfemasedmed auIsEne|sSs pﬂekems tnrzmtamd)untn

Figure 5 th r.ef i.t has been discovered that carbon
nonoxi de 6815?%8??65 %(ﬁzi‘b&gt Pﬁ%ﬁéﬁﬁﬁ%ﬁ%ﬂen streamis fornmed in

dehydr ogem@ﬂﬁsp 3 Suagbld ﬁe}@droggmt?wmg)nﬁy@g@hlemaﬂﬁfbﬁlpgﬁﬁﬁ% bbabys{étaasow td" z&n@gﬁ ion).
As previo i scussed, carbon npnoxi de 5and car bon, djoxi onpounds can
be detri négé"y atpéesf‘ﬁ"eoﬂagb&P‘o"éWRiﬂ hgig @ﬁbﬁ?tég)@?%‘gaﬁ%&’ﬁlﬁ) E?? ‘h%l“@y‘?@l@f%‘%?e
dehydriggeniatd O PweigRSBoudly SHhcS Aot I i dboutSePSé abstadol i 'akdd & M§drogen to

cyclohexanone can be converted to phenol. This can readlly be achleved by,
for exanplC¥° Ol@é?ﬁoééfPfH@‘nWHéeeﬂW%%lra% ROPH QoMM 2% t he presence of a

hydr ogenatjpgag) Catik Ysiperatt6 Bf e dﬂlﬁ%dg@ﬁﬂ%ﬁbro@@s‘s IAdivd BontMHET 30pa0 e do@iNS
including a tenperature of about 20C to about 10 250C, a pressure of about

101 kPa, dé@@eaflﬁérogb&?ﬂt%%@ Pt S09duge and a hydrogen to phenol nol ar

ratio of 1the Efésﬁ@@&ﬁthé@&y&og@éﬁ&%@éeﬁs Bﬁ?ﬁ@ﬁéﬁ%bodt @Q(? Mt o 1g6
|IIustrates droal yl ati on process 600 co r|5|ng Step 610: treatlng
hydr odén é@ M@&gl‘arfmm was100ga pbGus POG PSP d0 ﬁ7MRﬁw)4 ty and form
stream 61%; & in
t he prese ce f an ccitgog%: E% %??rgﬁsggg%&@ie{hﬁgﬂ %gtﬁﬁ%%gsl%h rgltblpon R&

condi ti on®ng or Ih@ne rfnxcébqﬁasactdrmwnwlﬁng:@mm cgfalygt with 4 édigtirogomntion function.

o oY BB o5 chOREb ik TR Ry b B S o a0 e
stream 704t Ieﬁ)st mmhleasmMmaymaﬂylaybaimobklat Meas\ter Cmt:’ractli’/@dlsmﬂwnlonlpwceﬂﬂds form

stream,708; tio e I t

ot APy Heehave el BhErmRe U it 8 ST A P EPLERT, l1s gt nisghY

hydr oal kyl4atls age:st20e #08; 4?1)38 6a&d4 e usb04, imzosaztndMe(H&SIMSone cycI ohexyl benzene
in stream St ep 740: di zi n | east a tion of th

oyt oney 149Gk endt Prorir aBiliped: B8 cRovst Eperanbabieneistons b Eraacauaion
stream 744iocSiseP td SRcovet eaVirdighvichend Y| AleX YoRBHZARE oP ehOXdfHlenk Npi$dr ! @AM 744
to format |east 25 sone phenol and cygl ohexanone in stream 755; and Step

760: dehydFByEEsRatiog é}}p%%%%r e 516%\@%# BIN (SO EPIP DR RIS castd ¥am 755

to fornm akeda@sh sRPTE r@ddlirtdopeadr dIhen@t phéhob ioBaikt 8ficAN thypadalll 83 Shat IRITE
hydrogen in recycle stream 704. [0075] The invention wil [ ‘now be nore

par ti cul acfilpctediepnfedl tapaich dehgfligpngten keactionCoptaing desh Hign Onv 4. ft Pxggple
Exanpl es and tﬁaﬂ%O%@@@&%'l&g tﬁdngpcv%kplégolmrﬁ S S?ar%tﬂ%lte)ﬁslg cRRLhigkRNCe

with Purified and Carbon Monoxi de- Spi dr ogen ream
effected by vacuum distillation and the same, or addltlonal vacuum distillation steps, can be

used to remove components boiling below 155°C (as measured at 101 kPa), such as benzene
30  and cyclohexene, and/or components boiling above 185°C (as measured at 101 kPa), such as 2-
phenyl phenol and diphenyl ether, prior to feeding the effluent stream to the dehydrogenation
reaction.
[0071] In various exemplary embodiments, the hydrogen formed during dehydrogenation
may be recycled to the hydroalkylation step, or optionally, the hydrogen treatment step prior to
-12-



[0076] This Exanple illustrates the deleterious effect of carbon nonoxide in
the hydrogen stream on the performance of a hydroal kyl ati on catalyst. WO
2011/ 146 W0RAT/148@011/ 031054 [0077] A pal | adi um ( Pd) / MCMP¢3/usganoaloky| at i on
catal yst was prepared by depositing 0.6 w% of palladiumnitrate onto an

al um na support to forma Pd/ Al 203 conpound. The Pd/ Al 203 conpound was t hen
coextruded with an MCM 49 nol ecul ar sieve and a pseudo- boehm te binder.
The ratio of Pd/ Al 203/ MCM 49/ pseudo- boehm te bi nder was 42:42:18. The 5

m xture Wag;jhiien ﬁ@éy@fer{QQheaﬁycé@&Q tPthn%V s ﬂ'lrﬁ&ﬂ'ﬁ[rsf ﬁﬂgnt Oée'aﬂsef)ecaﬁsleeas

pseudo-boehnm te to gama al um na [0078] The hig puri f drogen stream
used in Bxiuspited in agr99. @9 ocfrmnee tGI' rfeiamplgrmyltplw|Hepledlsb@f¢z®n@atscar@am was

pur chased i
ur 1 od £ BRUERHLaBhn RMCR T RIRA Rand (e 4 LN BRAE (LT
si eves (nainmhglgyclc&w;anmﬁe deeh]dvyggylawun rgatien). aAumemiausamdlsm&M%rbon monoxide

Hydroal kyI ation tions nt ai erature of about 145C
and o pr ol 8 ARR AR Ry SRS A b TRPRI RS « he

experi ment007Zhe ngzternpl@ﬁngmﬁ#rctwgedrogemamImnmecBes \zlmslsﬁbd&&renﬁ COBGdbaNs alD4R0, t he
hi ghly pur.fi.ed drogen and hi ghl ur fied be t.r re

oot Ry G phs <G PR PLADpnBh! T 5 PERRCRF s, IF S

vel ocity (Wisdhg ths pﬂ.éioll :\xlﬂtﬁt}galtc%dn iim thei %mseecelpf ahe dhgertios m@smywp@en
conversions were initi.a out .28% and 70% respecti

SO nnr T catapim s malbdiins el AR if G ORI R 1S REGT Bt ars: Ot y
purifiied hyeHaeseRnE szﬁ)Bhtﬂ(HUlEPaf io@gbeie NBEIE] BHO RRABNEE end 2 Mydioead ky! at ed
under the sanme conditiaons, except the WHSV was decreased to 3.0 hfl to

i ncrease @BAVEMS|apFtio agalaut hétt‘?@to@bllqonl Figure 1, benzene and hydrogen

conver si omxxéﬁlbg‘rg@r(mggsgg ai ned at about 30% and 64% respectively.
[ 0081] Days ghly purified hydrogen streamwas spiked with 1.3

ppm of cal¥Bal m)rF(bSHr?jé ﬁlﬁﬁrWleB@a@aﬂé‘{Y%@ewrWeﬁ% 6QhsompiEng Stsitr ¢ 105 dgatiignzene

stream Ag éﬂagé/ﬂ'ktfe&n%og% &t thast B%%%nf‘enﬁﬂg am&lﬁlﬁggQn&%&%&&é&%@%ﬁ%@aﬁd to
about 22% and 45% respectivel kmPl ked hydrogen

st r earhowa$20:dpidenabkalafipg kireaheo 1 ‘gﬁh yergamq i tbelplz&nm/ df oyhydreatigylation catalyst
hydr oal kyéh@&eﬂydfﬁ)afugd&d&ﬁ RiRRlo4s PYr Fofrfnegorgé&gtﬁ) €684 rc%ﬁlﬁ]élgg f’ hfeasjt WiV, As

shown in Figure onversion rapidly recovered once
monoxi de- spélidedylbydrogen feed was renoved. Exanple 2: Catal yst Perfor mance

\(I:Ma': gl Sg[l f[. I'g ?Sqrbuwrel %ggl?lﬁ’ uStral%dandkecj ﬁgén%gerr%egrgrzg%ﬁ%ﬁ%%gfls kyPatl on
, treating hydrogen stream 702 and recycle stream 704 to at least partially remove at least one

20  impurity and form stream 708; optional Step 720: treating benzene stream 706 to at least
partially remove at least one impurity to form stream 711; Step 730: hydroalkylating streams
708 and 711 to form at least some cyclohexylbenzene in stream 733; Step 740: oxidizing at
least a portion of the cyclohexylbenzene in stream 733 to form cyclohexylbenzene peroxide in
stream 744; Step 750: cleaving the cyclohexylbenzene peroxide in stream 744 to form at least

25  some phenol and cyclohexanone in stream 755; and Step 760: dehydrogenating at least a
portion of the cyclohexanone in stream 755 to form at least some additional phenol in stream
766 and at least some hydrogen in recycle stream 704,
[0075] The invention will now be more particularly described with reference to the
following non-limiting Examples and the accompanying figures.

30 Example 1: Catalyst Performance with Purified and Carbon Monoxide-Spiked
Hydrogen Stream
[0076] This Example illustrates the deleterious effect of carbon monoxide in the hydrogen

stream on the performance of a hydroalkylation catalyst.
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conditions in this Exanple are the same as in Exanple 1. [0084] Days 0-12:

hi ghly purified hydrogen was reacted (i.e., hydroal kylated) with highly
purifi ed wenaamgeion t he presence of a Pd/ MCM 49 cat al ysPcatusaopisvsof 3.5
hfl. As shown in WD 2011/146167PCT/US2011/ 031054 Figure 2, benzene and
hydr ogen conversion were initially about 16% and 33% respectively and then
stabilized at about 29% and 62% respectively. [0085] Days 12-15: The

purified hydrogen feed was replaced with a hydrogen feed spi ked with 64
ppm hydr oqmw ul 4 ﬁlﬁlaéﬁgﬁbdm@wxgﬁpﬁba{iwmo%awygmsfb%p%a'bfy'de[lsiospﬁgz)%ne
stream own In Figure 2 cat al | ost essenti al

activity mﬁ%zofspdhtglelm Ebtlaﬁ?pbléo 3 @amallaysypp@em dorman disl/ Ak ®h cmnmumdedﬂmwd
Di phenyl sy 1"(? R 8‘61%91 @?ﬁ%ﬂ%oﬁ&&gmtﬁ%%ﬂd@ 'ﬁi&%ﬂl‘afﬁlg%pbedﬁ 5?&&%& he

ef fect of sulfur c oun enzene stream on mance of a
Pd/ MCM 49 bhg}mhmttd;iukqer athaontic af léd/&bOs/M[H‘é APk vabd Shvgesbipdee pas ébl42 ihs. 1Dhet he
sane nner as. Exa e 1. The.hydro Iatl ndi t | ns wer o.the sanme
A L A RISt R e S S s e
The fi rst ghemaehmist r eam conpri sed 99. 9% pure benzene feed pur chased from

Al drich ,cal a treated with vari ous nol r si

e N SRR R R p e e e R T oS TR A R

puri f Led @@h@?burﬁ&d%ﬁ%nbwge%m v&ﬂ@%uﬁcﬂhﬁ@ﬂdrdiﬁimm Ghdngiedn memdhy 2ed9, 9%k90dA)
pure benzene fe ase rom ny and was. spi ke
B B B T B regaPe D 900 b LG o ore ‘Hlh EREPaolRESE of
sul f uripcorRosNEsmen, 13he 4Rdélw\4cf}9atéwamﬁalh lﬁydl atanao% atadvsikylafi OB3dBays
0-19: the first benzene stream (i.e., the highly purified benzene st rean

was 20 hyd¥sampiplaedat atempeniyg of apoyldy’C apd aprgtimre; 4§ apyyidperds (hkhY®ae and

hydrogen GQIeih$d@ASut WRY &périthdnt. T ra@bOty d#R% @ménZeQe/«bvawepectl vely and
then stabilized to about about 27% and Sy%respectl vely. [0089]-1

Days 20- 299070he \WagvOwasthedighbyaaeidicd 8ydogentnd\webly puwifich bpzgaesticamy &icsd on.
The aver aggyBRRAERE 11@5}@10@{?16\99&&0?9{‘3’ §rh%' %?gh{ RGERADES &e@ocﬁP‘%WHsfi@%@s“d

63% respectively. : first bénzene stream was repl aced
with tlhe sllustipdd lmaﬁlgelf?el srher betmneA@dsle/érpgﬁm CPIVgLsraas Wer%mﬁw@y sbont 2506 zene

e, S og6n, FgRREd L DEREL At b Coer Sragl e, B ended o
st abi | ity [e$0] ng Dysl 26-QRkiyighllyi romified thipdrhgaphing pgirly fpmeﬂed benzene streams were
hydroalkylated under the same conditions, except the WHSV was decreased to 3.0 hr' to
increase conversion. As illustrated in Figure 1, benzene and hydrogen conversion were
20  maintained at about 30% and 64%, respectively.
[0081] Days 22-24: the highly purified hydrogen stream was spiked with 1.3 ppm of
carbon monoxide and hydroalklyated with the highly purified benzene stream. As shown in
Figure 1, benzene and hydrogen conversion decreased to about 22% and 45%, respectively.
[0082] Days 24-30: the spiked hydrogen stream was replaced with the highly purified
25  hydrogen and hydroalkyklated with the highly purified benzene stream at 3 hr'' WHSV. As
shown in Figure 1, conversion rapidly recovered once the carbon monoxide-spiked hydrogen
feed was removed.
Example 2: Catalyst Performance with Purified and Hydrogen Sulfide-Spiked Hydrogen
Feed
30  [0083] The catalyst, highly purified hydrogen and benzene streams and hydroalkylation
conditions in this Example are the same as in Example 1.
[0084] Days 0-12: highly purified hydrogen was reacted (i.e., hydroalkylated) with highly
purified benzene in the presence of a PA/MCM-49 catalyst at a WHSV of 3.5 hr'. As shown in
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benzene and hydrogen streans. 30[ 0092] The catal yst and highly purified
benzene and hydrogen streans were prepared in the sane nmanner as the first
benzene swoeamwvi4piéExanpl e 1. The hydroal kyl ati on condi t PORASaEn@3BWE€0 t he
sane as Exanple 1. The benzene stream was hydroal kylated at 3.5 hr -1 WHSV
for forty (43) days. WO 2011/146167PCT/ US2011/ 031054 [ 0093] As shown in
Figure 4, after initial ranp-up, benzene and hydrogen conversion were
stabl e at about 31% and 65% respectively. Excellent catalyst stability was

mai nt ai “e%%%é bl bdtBhe ARd _h%‘&fge& QR EXBE W BNt Sb LR 18d N &l e shoy Gkt @ty V-
Exanmpl e 5: x Content in drogen Stream Aftér Dehydrogenation

5[ 0094] Cy ehdthex stalHecdwh sboged e atresfedi®elyg a catal yst conmprising 1 w %

pl ati num % p b WlEY (A t [ 89
kra,  gaugdd e HPE T T el bR SRR e Sl AR BT P
was 2. As vsthaddppnmhytdnezen swifidhitofmercigrydplalky htddivgthr the Byrifiddédeccanbatreampioxi de
and car.bon, di oxi.de s.are cl earl isible. The.c entration of carbon
nonoxi ae esilrllo nclgrPdﬁ%lﬁg%ﬁ%%a?%y 5 fr:?s&ergséenﬁaﬁll}é’r%lgote%ﬁts %‘ftlrvgt m ?g &St i mated 10 to be
about 100 Expmpleo3:a@athlys, P&Gorppmice WIOBiti¥ied end MeplpmebeMideiSpiledt Bownelras
been descrjbed and illustrated by reference to particul ar enbodi nents,
those of OFd*Mary skill in the art will appreciate that the invention |ends

itsel f to|[0086] at iThisSExaaiplaidiaassarthd yffick bfistifuatedpdadeinthe bemzehdétfeamaamson,

t hen, reference shoul e solely to the. a n i for purposes
of gt or i G oA PP CbERE et ety bty RUCREAT Tt Bleplibd B

[ 0096]1Additkd QAR hynnef adEkarmatiel Yhe hjtRodINAhiORIGAR W&c A8SGhd bask By int he
foll ow ng _enbodi ments: 1. A hydroal kyl ati on process conpri si ng: (a)
treating &XH‘?HIngen stream conpri si ng hydrogen and an inpurity, 20wherein

the treatijg@g7] edusRs dlRRnABEHBL: QfcaliBvdrBMyliohikylaRdl henchiidl B8gensik@am and
(b) contacting benzene with the hydrogen to form at | east sone

cycl ohexylchBpzed&-92° PHe rngiesisedopurehasest freenpldrich (hemiseh Companynpidr Wesy i s
one or m)rtl%atg(ﬁ w@tﬁrvgf%’hs M%ia@@ieves (i.e., 13X, 4A, clay, activated alumina and MCM-49) to

15  become highly purified (about 99.999% pure). The second benzene stream comprised 99.9%
pure benzene feed purchased from Aldrich Chemical Company and was spiked with 5 ppm
diphenylsulfide (DPS) in order to study the potential effect of sulfur compounds on the
Pd/MCM-49 hydroalkylation catalyst.

[0088] Days 0-19: the first benzene stream (i.e., the highly purified benzene stream) was

20  hydroalkylated at 3.5 hr ' WHSV. As shown in Figure 3, benzene and hydrogen conversions
were initially about 28% and 70%, respectively and then stabilized to about about 27% and
57% respectively.

[0089] Days 20-29: the WHSV was decreased to 3.0 hr' WHSV to increase conversion.
The average benzene and hydrogen conversions increased to about 30% and 63%, respectively.

25 [0090] On Day 30: the first benzene stream was replaced with the second benzene stream.
As seen in Figure 3, conversion of benzene and hydrogen dropped to nearly 0% in 1-2 days.
Example 4: Extended Run Using a Purified Benzene Stream
[0091] Figure 4 illustrates catalyst stability during hydroalkylation with highly purified
benzene and hydrogen streams.

30 [0092] The catalyst and highly purified benzene and hydrogen streams were prepared in
the same manner as the first benzene stream in Example 1. The hydroalkylation conditions
were also the same as Example 1. The benzene stream was hydroalkylated at 3.5 hr ' WHSV
for forty (43) days.
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and carbon di oxi de. 253. The process of enbodi nent 2, wherein the treating
(a) conprises contacting the hydrogen streamw th a nethanation catal yst
under netweartatiyamecondi ti ons to convert at |east a portipom/uskottiioglossrpurity
and the hydrogen to nethane and water. 4. The process of enbodi nent 3,
wherein the nmethanati on catal yst conprises at | east one G oup 8-10 netal
and a support. 30 5. The process of enbodi nent 3, wherein the nethanation
catal yst conprises nickel and a support. 6.The process of enbodinent 5,

wherei n t hgyesppPPoyst shS\QﬁrH{h 40:5}%r Hitidl ngo 13; hEAARL LHAR {9?9 g?con%brjsmﬁ@vere
silicate and alum nosilica 2011/ 146167PCT/ US2011/ §1054 7.

process oftableisodbont r:‘iﬂ%sandm&ér g¢sneatively ndixhellvat ¢asryse otability wassmeiniapreil $19t1]a
t enper at ur, ? ‘glhglq%ﬁo&ggr &9@?&3&1 n?t%@%lﬁﬂtgn pressure of about 0.1 MPa,
e.

gauge to a rocess of enbodinent 1, wherein the
i mpurity iExaoipe SJrCGQCentnflt lhlﬂisrdlgw Sztudain A#g¢r Behiygnegephtan f i de and car bonyl

sulfid The ess 0 wher ej he treatl n
conpri ges ‘Zocrlubblcrp?lcgﬁ hxan?"ln Vr%(l)snzie%gl)1 g %engtﬁ]g\’}l\nmfl han bl {Comptrlsmgt A’i)fa)mﬁlénrn’tl ally
renmove t héwlt%piotalsmym, antlCa s1rfdaesuppscmcm@5‘tﬂ ammmdpsu@mw K Papnbeice)l rMTitch®H&M ne | s

one or nobre o nQet I i et hanol anm ne et hangl am ne

ot am s 7 i, A kb ON S st 2 ThaS P BRBLE e on
enmbodi nentchl&mam%ﬁ |1mFltgb1e 3, ﬂeas‘atbng n(oa))md@ﬂ’mrdaﬂ'ﬁ)ﬁ d&&ﬁdﬂ:hﬁhlﬂ;garé tiearhydsiblgen
stream w h a caustic. . 12. The ss of .e o nt 11, wherein. the
caustic i 9DpRANCERTAYEP &f GrOWJRING dﬁ;? AP edior ]%,Véiur‘t%?{l ﬁR}‘?TPb‘ﬁ c¢jinated

13. The presessuofoogphadiab®int 080 pwherein the treatl ng (a) conprises
contacting the 15 hydrogen streamwith an adsorbent. . 14. The process of

enbodi ment00P3]  wYEhils thetHeseniq@gpiionthas deeh dessribegnpnd Phustzated %tr%farea%ﬁa na,

zinc and %aﬁ@ﬁl@ﬁé&%d‘lﬁerﬁ@ TRAUNE.- Ordlﬁﬂl:}% silif€inRhO R SHill AfppRERRMLAEME idveniiier ei n
the contactin is conducted in e presence of a hydroal kyl ati on

g
cat al yst é@ﬁfnﬂﬁéf fy vaiaHphsera | ngecssqridy, dluatirtedh hergiar ofpsribis irersomethyl. refosne The
process of h&f@%mfoleilﬁo OBHEIdd EREnsBE REHA! ol RYRinfRAn Y LERNRLHON

metal are co-extruded
15  present invention.

[0096] Additionally or alternately, the invention can be described by the following
embodiments:
1. A hydroalkylation process comprising:

(a) treating a hydrogen stream comprising hydrogen and an impurity,

20 wherein the treating reduces the amount of the impurity in the hydrogen stream; and

(b) contacting benzene with the hydrogen to form at least some
cyclohexylbenzene.
2. The process of embodiment 1, wherein the impurity is one or more of carbon monoxide
and carbon dioxide.

25 3. The process of embodiment 2, wherein the treating (a) comprises contacting the
hydrogen stream with a methanation catalyst under methanation conditions to convert at least a
portion of the impurity and the hydrogen to methane and water.

4. The process of embodiment 3, wherein the methanation catalyst comprises at least one

Group 8-10 metal and a support.

30 S The process of embodiment 3, wherein the methanation catalyst comprises nickel and a
support.
6. The process of embodiment 5, wherein the support comprises one or more of aluminum

oxide, silica, silicate and aluminosilicate.
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17. The process of enbodi nent 15, wherein the nolecular sieve is one or
nore of MCMR22, MCM 49, and MCM 56 and zeolite B. 18. The process of

enbodi mrerwO2B11/mbrei n t he hydrogenati on netal conpri seeCons2an/02H50r e of
pal | adium cobalt and nickel. 19. The process of enbodinment 1, wherein the
treating (a) reduces the amount of the inpurity in the hydrogen streamto
about 50 ppmor less. 20. The process of enbodinent 1, wherein the
treating (a) reduces the anount of the inmpurity in the hydrogen streamto

abOUt_ S ppm or Th@%?ocegso ogjemglagin{éﬁpgesﬁle?éin Q@%tﬁ%%onlcoﬂ&?%ngi&nwﬁe a
treating step (a) reduces the anount of the inpurity in the hydrogen stream

to about GEepiure of abaug 200°C2o Bheut $PBEeasl apresspsadisheyit0. 1 MPRygaupefo about
conpri si n@ool(,[%rg@éei ng the benzene prior to the contacting (b) to at |east
partially Fermove a second i nmpurity. WO 2011/146167PCT/ US2011/ 031054 23.
The process of ThabodisneidmiRdimanhérdicrein the ispoon@ dnapumbteyofihgdrogen solfidanr e of
nitrog§n P%el?lsﬁfl‘ﬁcfe%dgé)rﬂgno'l’mﬁde 24. The process of enbodi nent 22, wherein
t he pret réatl r?’g comnpri ses cont act i ng the benzene with an adsorbent. 5

25. The pr@&cessThé perbodofrembo@dentwhiewdernint the tacsng Bentorgmivpy issesbinneheor
nore nol ecul ar sieves.selected from 3A. 4A SA . clay,. activated al um na,
Anor phous MIERREHT i an Anirdect FRbo il T pf BRSOt enbodi mrent. 24,
wher ei n t he. ad$hy frecdss cOModEst At wie@As theandine is bnSér rh@a ofimumdefandihideul ar
sieve and a second silica-alumn | ecul. ar_ si eve, erein the first
silica- 165 RPlARNoirigbaRalmigs. YHD%{%‘H% dé‘P‘fqlﬁaa‘?“é‘Fﬁ ‘ﬁ’&‘eﬁﬁ’lla&im“r atio of Iess
than 3oandit heTheeaidssSof mBodiMbd My NAh&TBIneHY | Bhatifd E¥)CchAFisds Stribtid ahdum na
nolar ratio of greater than 5. 27. The process of enbodi nent 24, wherein
t he adsor BEHOSTEOWEIT 8d ageustigast a first nol ecul ar sieve and a second

nol ecul ar 1Si evepe NOELEDMentoBinfdnt BT, WHRIBCHE Bdustid € ¥Fe HaRordBf RVRMABRIrAGIE Si ze
of at least 6 Angstrons and the second nol ecul ar sieve has an average pore

size of 13néBYasshaNYE®igst rons. 28. The process of enmbodiment 1, further

conprisings  Tpe prdckes OXbMbdimehiad, hR@sh He Rféﬁttiﬂ%oga)ocfon{pl?ﬁes contacting the
cycl ohexyl benzene'to form at |east sone cycl ohexyl benzene hydroperoxi de.

29. THé phypdiesen sttamppddnagsetber8, further conpri sing:

14. The process of embodiment 13, wherein the adsorbent is one or more of activated
alumina, zinc and a coppetr/zinc compound.
15.  The process of embodiment 1, wherein the contacting (b) is conducted in the presence
of a hydroalkylation catalyst comprising a molecular sieve and a hydrogenation metal.

20 16.  The process of embodiment 15, wherein the molecular sieve and hydrogenation metal

are co-extruded.

17. The process of embodiment 15, wherein the molecular sieve is one or more of MCM-
22, MCM-49, and MCM-56 and zeolite B.
18.  The process of embodiment 15, wherein the hydrogenation metal comprises one or

25  more of palladium, cobalt and nickel.
19.  The process of embodiment 1, wherein the treating (a) reduces the amount of the
impurity in the hydrogen stream to about 50 ppm or less.
20.  The process of embodiment 1, wherein the treating (a) reduces the amount of the
impurity in the hydrogen stream to about 5 ppm or less.

30 21.  The process of embodiment 1, wherein the treating step (a) reduces the amount of the
impurity in the hydrogen stream to about 0.5 ppm or less.
22. The process of embodiment 1, further comprising pretreating the benzene prior to the

contacting (b) to at least partially remove a second impurity.
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20(d) cleaving at |east a portion of the cycl ohexyl benzene hydroperoxide to
format | east sone phenol and cycl ohexanone. 30. The process of enbodi nent
29, furt hwo 200mgsiesi ng: (e) dehydrogenating at | @astusaoipostoson of

t he cycl ohexanone to format |east sonme phenol and hydrogen. 2531. The
process of enbodi nent 30, further conprising: (f) recycling at |east a
portion of the hydrogen formed in the dehydrogenating; and (e) to the
hydrogen streamin the treating (a). 32. A hydroal kyl ati on process

conpri si ngs 30¢R) FHERL bR NG 29 &herE RERCAIR Sy d oY 86} AN
impurity, wherein the treating reduces the anount of the inpurity in the

hydr ogen @n¢d @anfur gprepeing t he treating (a) conprises one or nore of: WD
2011/ 146164 PCT 031 . i) t i t ; .
6/ ‘lffr{sﬁpojcé{sa erri’g'odnaent 22, Heleif UM 81%%%?‘% %%g)lp%(gsr 9&1‘?&&&% rtlge?m

wi th a nmethanation catalyst under anat i on con 0 conver
| east sombewfend Wah amplspibtyt. and t he hydrogen to net hane and water;

(ii1) sgrubbingthe hydrogen,stre ith one.or re of an.am ne and a
Scatist vo. 2and-The SOy BRMREHRERTE WhEE o alRiRul bali i ie " roR
adsor bent mdeedla( bipeentlaatd fign Banzan®eA widyhadtiveted yldmagemmomhdeilipa-ebence of a
hydroalkyla@iOﬁtcatalyst to format |east sone cycl ohexyl benzene. 33. A

hydr oal kyl*8t fON'pr ocess conprising: 10(a)contacting a benzene stream

conpri si ngebenzenproaddd ofembdargiit LY, Whdrkin alie AdSOEDDinpridk @r ks atfiie silica-
contact| 1g L SVESR AN, SO O AR L IRULE 0,18, PSSt 34 Sa 2nd
cycl ohexy lahefigemslecdid3devEings hyticOalininahd|Orafs OER&ShA 5 e ardi &M sdida-
wherein the adsorbent conpri ses one . )
alumina molecular sieve has a silica/alumina molar ratio of greater than 5.
27.  The process of embodiment 24, wherein the adsorbent comprises at least a first
molecular sieve and a second molecular sieve, wherein the first molecular sieve has an average
pore size of at least 6 Angstroms and the second molecular sieve has an average pore size of
15  less than 6 Angstroms.
28. The process of embodiment 1, further comprising:
(c) oxidizing at least a portion of the cyclohexylbenzene to form at least some
cyclohexylbenzene hydroperoxide.
209. The process of embodiment 28, further comprising;:
20 (d) cleaving at least a portion of the cyclohexylbenzene hydroperoxide to form
at least some phenol and cyclohexanone.
30. The process of embodiment 29, further comprising;:
(e) dehydrogenating at least a portion of the cyclohexanone to form at least
some phenol and hydrogen.
25 31 The process of embodiment 30, further comprising;:
(f) recycling at least a portion of the hydrogen formed in the dehydrogenating;
and
(e) to the hydrogen stream in the treating (a).
32. A hydroalkylation process comprising:
30 (a) treating a hydrogen stream comprising hydrogen and an impurity,
wherein the treating reduces the amount of the impurity in the hydrogen stream,

wherein the treating (a) comprises one or more of:
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or nore of 3A, 4A, 5A, clay, activated alumna and zeolite. 35. The

hydr oal kyl ati on process of enbodi nent 34, wherein the adsorbent conprises
at | east wofRnrist46x6d| ecul ar si eve and a second nol ecul ar PEiT@se11M5€I n t he
first nolecul ar sieve has an average pore size of at |east 6 Angstrons and
t he second nol ecul ar sieve has an average 20pore size of |less than 6
Angstrons. 36. The hydroal kyl ati on process of enbodi nent 33, wherein the
adsorbent conprises a first alumna-silica nolecul ar sieve and a second

al um na-silica nol ecul ar; Sif¥&ing MRE TSl Girdahd Rith 3! MBhDALSE LA Rlggcul ar
sieve has a silica/alumna ratio of greater than about 5 and thé second
al umi na-si | i ca nol evethanetiel eoeditiens @ ednvirt st albuhisamer eft the infpulitys end Kz

about 5. WD 2011/ %@,?;%%tgggél%gja&égﬁépm CLAIMS 1. A hydroal kyl ation
a y

process conpri sing: reating a régen stream conprising hydrogen and
an inpurity, wherein thédiil scedbingghg bydroged ytresn itk oacroumbreoff anheninengndra t y;

and 5(RQ)contacting be zeQ%'mﬁth the hydrogen to format |east sone

CalJStcC, h . . . .
cycl ohéxyl benzene. CThe process of claim1, wherein the inpurity is one
or nore of carbon nonoxi(de cangtiogthednddpexitiden with.an Bheripngesss of cl aim 2,
wherein the treating, (a) co rizgs cont acti,ng tHe h droa&n 10streamwith a
met hanat i on cat al ys®) und&PEHER PRI O VERn gt iTSHLSED Worlr PONPYY e¥st® a
portion of thehydipaliilitionandlybiie fdisndit tg@Rome cyobihdayleenatid. water. 4. The
process of claiqla, mhFrein t he nmet hanati on catal yst conprises at |east one
G oup 8- 133net A1hvaRAlkylaiophNgress comprisfgs nrocess of claim 3, wherein the

met hangt i on cat al ysg) conphit&Rg dbpkdl 884 dohPSiRPBene and an impurity with
an adsorbent, wherein the contacting reduces the amount of the impurity in the benzene
stream; and
(b) contacting the benzene with hydrogen to form at least some
cyclohexylbenzene.
15 34.  The hydroalklyation process of embodiment 33, wherein the adsorbent comprises one
or more of 3A, 4A, 5A, clay, activated alumina and zeolite.
35.  The hydroalkylation process of embodiment 34, wherein the adsorbent comprises at
least a first molecular sieve and a second molecular sieve, wherein the first molecular sieve has
an average pore size of at least 6 Angstroms and the second molecular sieve has an average
20 pore size of less than 6 Angstroms.
36.  The hydroalkylation process of embodiment 33, wherein the adsorbent comprises a first
alumina-silica molecular sieve and a second alumina-silica molecular sieve, wherein the first
alumina-silica molecular sieve has a silica/alumina ratio of greater than about 5 and the second

alumina-silica molecular sieve has a silica/alumina ratio of less than about 3.
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6. The process of claimb5, wherein the support conprises one or nore of

al um num oxi de, silica, silicate and al um nosilicate. 7. The process of
any one oVOChHIMB163- 6, wherein the nmethanati on conditi oRETASAENIOSWSA
tenperature of about 200C to about 500C and a pressure of about 0.1 MPa,
gauge to about 20 2.0 MPa, gauge. 8. The process of claim1l1, wherein the
inpurity is one or nore of hydrogen sulfide, diphenylsulfide and carbonyl
sulfide. 9. The process of claim8, wherein the treating (a) conprises
scrubbi ng diheppydrogen streamwith an amne to at |east partially renove
the inpuriTy. 2510. The process of claim9, wherein the amne is one or nore
of monoet Hanol ariyAwalkglagemhpraedsaedmiuisingy | et hanol am ne, met hyl ani ne,

di mret hyl am ne and t j me p t he
treating (a) corrprlges g%%{éﬁhn@dr#ee S%fgn&ggeo(r?iﬁpgit%r rxa%gt%hrgn%caus%%&

12. The proceswheatinchairntind (2) wiecceitle anventcefulst impuiity; awe or nore of sodi um
hydroxisde and 30 pg SSIclclrrl]‘?aci’fl Xlz%r?e Jf}’i% hg Boe(r:le% ofrmC|a leas§ somn/{]eer ein
the treating (a) co(ﬁr?gri ses co%t ‘fwh tnydr}l) Jen st Team with &

adsor bent . l4cychhEX)pbe{m¢ZﬁES of cI a| m 13 wherei n the adsor bent |s one or
nore of acgtiva al um pa,. zi nc_and a er/2|ncc und. WO .

D011/ 46187 PCrT BB o5amish L i uf ERBREA Sh L RGR Phen piotads my

cl ai ns, whedben diokide. cont acti ng (b) is conduct ed in the presence of a

hydr oal kyI atl on, cat al i nol ecul r si eve and a hydrogenati on
et al TG PR T ST e HiGPE (5 TGN Cands g Mo 0T SR
hydr Ogﬂnatstréhlih wiah &l makRaGar cabysk ﬁh&@(ihethanatlon conditions to convert at least a portion

of the impurity and the hydrogen to methane and water.
4, The process of claim 3, wherein the methanation catalyst comprises at least one Group

8-10 metal and a support.

5. The process of claim 3, wherein the methanation catalyst comprises nickel and a
15  support.
6. The process of claim 5, wherein the support comprises one or more of aluminum oxide,

silica, silicate and aluminosilicate.
7. The process of any one of claims 3-6, wherein the methanation conditions comprise a
temperature of about 200°C to about 500°C and a pressure of about 0.1 MPa, gauge to about
20 2.0 MPa, gauge.
3. The process of claim 1, wherein the impurity is one or more of hydrogen sulfide,
diphenylsulfide and carbonyl sulfide.
9. The process of claim &, wherein the treating (a) comprises scrubbing the hydrogen
stream with an amine to at least partially remove the impurity.
25  10. The process of claim 9, wherein the amine is one or more of monoethanolamine,
diethanolamine, tricthanolamine, methylamine, dimethylamine and trimethylamine.
11. The process of claim 8, wherein the treating (a) comprises scrubbing the hydrogen
stream with a caustic.
12.  The process of claim 11, wherein the caustic is one or more of sodium hydroxide and
30  potassium hydroxide.
13. The process of claim 8, wherein the treating (a) comprises contacting the hydrogen
stream with an adsorbent.
14. The process of claim 13, wherein the adsorbent is one or more of activated alumina,

zinc and a copper/zinc compound.
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17. The process of claim15 or 16, wherein the nol ecul ar sieve is one or
nore of MCM 22, MCM 49, and MCM 56 and zeolite B. 18. The process of any
one of clwpme11lE6é7, wherein the hydrogenati on netal coRpTIESes10B®5Or nore
of palladium cobalt and nickel. 1019. The process of any one of the
preceding clains, wherein the treating (a) reduces the anmount of the
inpurity in the hydrogen streamto about 50 ppmor less. 20. The process
of any one of the preceding clains, wherein the treating (a) reduces the

amount of jkhe irﬂ&)?kfo'bésy of &hyt Jﬁh{‘%‘é&eﬁ&% et SHY P hRROMAct g R B6ndubSd in

21. The process of any one of receding clains, wheréein the treating
step (a) tlederesssceld a r@@rﬂ@dﬁﬁipn@ﬂtag'htecqmppiaimgtdymlﬁpuﬂanéieﬁwmd)gémdrggqném to
about 0.5 ppmor less. 22. The process of any one of the preceding clains,
further conprising pretreating the benzene prior to the contacting (b) to
at | east parti @ahd procesovdaian e ednein thpomldeylar si@®. andhgdopoetesmetl gt apm 22,
V\/nerei@ tréet&guegond inpurity is one or nore of nitrogen and a sul fur
conpound. A The process of claim 22 or claim23, wherein the pretreating
conpri ses 1¢ont @bd pracest becldimnibemd 6 ywlidiciarhcandanbe sitve i2 bncdbramgr o€ BEIM AR, cl ai m

24, wherein.the ad [ ri ses one or nore nol ecul ar sieves sel ected
from 3A, QE\?Ms‘E\’;a qs@@?&gé?rfcﬁ%&étaﬁcar bon, activated al um na, anorphous

si | i ca- al usi naThaproz&elof bey o2b@bcldiie 19r10¢ @dsreldf the hadrogeadtionaetetdingiries
adsor bent conpri se 1t ] east first silica-alum na nol ecul ar sieve and a
second si I°P't -lﬁ?rﬁr??ﬂaj aﬂ’BF‘e&?haEraniW@%', wherein the first silica-alumna
mol ecubar 151 evendig®eds D kaf BAAbURE PrecbBh@Elaindl Whc@fn the%Bati3an) Rdadd e
second silica-alum.na nolecular sieve has a silica/alumna nolar ratio of

greater t REQWE of the impyay it he Bedrogan sirea i abaut SRBRTdest-he adsor bent

conprises gt | @RsShrodesh iof hy ORI SCHE BFccedfs SlaPUe wABEin3hS @AM (APaG @e
sieve, wherein the first nolecul ar sieve has an average pore size of at

| east 6 AfFSEMOFECAMEULE B BpHASHBITed [0AboY SR ¢fdessan aver age pore size

of !ess t han GTEQQI%E&Q%P anyzéle oftfe Pre&ERSc18hs Wer&ﬂ%eotfreahﬂgs@ﬁ %Efgdu@gs
claims, further conprising: WO 2011/146167PCT/US2011/ 031054 (c)

oxi di ZPng thetanheaaief te ipwrtitvon thsthytisgercyichotiesipub@hremer tess.f orm at | east sone

oyl oneryasenz ik 5% OB ASERS bbb R o

cycl ohexy bberaepreor ty te operaxg de t¢ a [faor partidly réreasta ssomd ipperipl and

cycl Ohexar}?.ne' The process of claim 22, wherein the second impurity is one or more of nitrogen and a
sulfur compound.

20 24. The process of claim 22 or claim 23, wherein the pretreating comprises contacting the
benzene with an adsorbent.

25.  The process of claim 24, wherein the adsorbent comprises one or more molecular
sieves selected from 3A, 4A, 5A, clay, activated carbon, activated alumina, amorphous silica-
alumina and zeolite.

25 26.  The process of claim 24, wherein the adsorbent comprises at least a first silica-alumina
molecular sicve and a second silica-alumina molecular sieve, wherein the first silica-alumina
molecular sieve has a silica/alumina molar ratio of less than 5 and the second silica-alumina
molecular sieve has a silica/alumina molar ratio of greater than 5.

27. The process of claim 24, wherein the adsorbent comprises at least a first molecular

30  sieve and a second molecular sieve, wherein the first molecular sieve has an average pore size
of at least 6 Angstroms and the second molecular sieve has an average pore size of less than 6

Angstroms.

28. The process of any one of the preceding claims, further comprising;:
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30. The process of claim?29, further conprising: (e) dehydrogenating
at least a portion of the cycl ohexanone to format |east sone phenol and
hydr ogen.wesnfligerocess of claim 30, further conprisi n@CTABR@NAEWSS i ng at
| east a portion of the hydrogen fornmed in the dehydrogenating (e) to the
hydrogen stream of the treating (a). 32. A hydroal kyl ati on process
conprising: (a)treating a hydrogen stream conpri sing hydrogen and an

i mpurity, wherein the treating reduces the anmount of the

impurity in the hyd({c?gﬁﬂlizﬁq a8 Rt al MRS & R ERFoHCk AR b RrnfATRYE SR One

or nore of: confacting the inpurity wth a nethanation catal yst
under net hanat Pwhehereling¢nsiydioperedidert at | east some of the inpurity and

the hydroggn t?hé’@%@@??%@ﬁfﬁ Q%?thérco (ii) contacting

t he hydrogen stream w one or nore of an am ne and a 20caust i c; and
(iii) contacting th@) adriogenlesst r@armoniof heapmcladspibberts hahepefdjdeante@ot i ng

benzeng with tgﬁea@ys%rm%% nnoilg?ct%%lo%)%%gnce of a hydroal kyl ation catalyst to

format | east Soffeé cycl oﬁexy nzene. ~33. A hydr oal kyl ati on process
conpri si ngo. 25Th) moatsactdlaig 22, hetherenepsitingam conpri si ng benzene and an

inmpurity with an adsorhent, wherein the cantactin duces the anpunt of
Lhe i mpar ity i ot neharD Rl RE Sh e pORT S B RE T b S ER
hydrogen to fossmathch@asd hghogncycl ohexyl benzene. 3034. The hydroal kil yati on

process of clajm 33, wherein the adsorbent conprises one or nore of 3A 4A
5A, clay, acti ﬁ‘%@aceé%l? ﬂ@%gcmgtcé@pﬁflﬁ%i na and zeolite. 35.The

hydr oabkyl ati on progess refycklgdit Badtd RFtiodbl thag iRk fohfedidsiy bent conpri ses
at | east dehydrogenating (e) to the hydrogen stream of the treating (a).
32. A hydroalkylation process comprising:
(a) treating a hydrogen stream comprising hydrogen and an impurity,
wherein the treating reduces the amount of the impurity in the hydrogen stream,

15 wherein the treating (a) comprises one or more of:

(i) contacting the impurity with a methanation catalyst under
methanation conditions to convert at least some of the impurity and the
hydrogen to methane and water;

(ii) contacting the hydrogen stream with one or more of an amine and a

20 caustic; and

(iii) contacting the hydrogen stream with an adsorbent; and
(b) contacting benzene with the hydrogen in the presence of a

hydroalkylation catalyst to form at least some cyclohexylbenzene.
33. A hydroalkylation process comprising:

25 (a) contacting a benzene stream comprising benzene and an impurity with
an adsorbent, wherein the contacting reduces the amount of the impurity in the benzene
stream; and

(b) contacting the benzene with hydrogen to form at least some
cyclohexylbenzene.

30 34, The hydroalklyation process of claim 33, wherein the adsorbent comprises one or more

of 3A, 4A, 5A, clay, activated carbon, activated alumina and zeolite.
35. The hydroalkylation process of claim 33 or 34, wherein the adsorbent comprises at least

a first molecular sieve and a second molecular sieve, wherein the first molecular sieve has an
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a first nolecular sieve and a second nol ecul ar sieve, wherein the first

nol ecul ar sieve has an WD 2011/ 146167PCT/ US2011/ 031054 aver age pore size
of at | ea®02011M3g80r ons and t he second nol ecul ar si eve ra3/BROIAWEIAGE pPOre
size of less than 6 Angstrons. 36. The hydroal kyl ati on process of claim 32,
wherein the adsorbent conprises a first al um na-silica nol ecul ar sieve
and a second alum na-silica nol ecular sieve, wherein the first

5al um na-silica nol ecul ar sieve has a silica/alumna ratio of greater than

about 5 a@der&&e%o?@ﬁgxﬂ%uaﬁ'léé@ 87 &b andThk SGh @ moRlcEYLsIBAHaR a bl drfiR/REUM na

rati o of less than
size of less than 6 Angstroms.

36. The hydroalkylation process of claim 32, wherein the adsorbent comprises a first
alumina-silica molecular sieve and a second alumina-silica molecular sieve, wherein the first
5 alumina-silica molecular sieve has a silica/alumina ratio of greater than about 5 and the second

alumina-silica molecular sieve has a silica/alumina ratio of less than about 5.
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