WD 2009/ 134516PCT/ US2009/ 034823 PROCESS FOR PRODUCI NG CYCLOHEXYLBENZENE
CROSS REFERENCE TO RELATED APPLI CATIONS [0001] This application clains the
benefit of prior U S. provisional application Serial no. 561/049,530 filed
May 1, 2008, which is hereby incorporated by reference in its entirety.

FI ELD OF THEO2DYBB#SIEON [ 0002] The present invention relRATASS2009/0348pY ocess
for produci ng cycl ohexyl benzene optionally and for converting the resultant
cycl ohexyl benzene i nto phenol and cycl ohexanone. 10 BACKGROUND

[ 0003] Phenol is an im@é%F@ﬁ%ﬁf)H@NF@Y@ﬂ@ﬂ@j‘ﬁﬂﬂ%ﬂ\?’ and i s useful
in, for exanple, the ' ; A,
z-caprolactam adipic acid, and plasticizers. [0004] Currently, the npst
comon rout&Rb ﬂﬂﬁl@él@gﬁ ' fT ]p hbgﬁa SHock 15 process. This is a
three-step'prugéss—rn—mhrcﬁi¥3312¥#§£—sgep—rnvuﬁves al kyl ati on of benzene
W th propyl[@d]t o Thioghptieatiouriaimey thé bédefivwefthrioy USk poberisional apbli¢ahien Seriabne t o

t he corresp ' rope lde and then .cl eav of .t he hydroperoxide to
pr oduce “eq Jﬁﬂ%?ggo Eﬁg&gﬁsf ’ 2?688 P‘?’é’f‘fglls lé\%%)yég“é)f‘%oﬁ%gf%%e\?eé‘tc? "%llﬁgee“\aﬁﬁ' d denand
for phenol FIELIY OFi INVENT#ONd| y than that for acetone. In addition, the
cost of pr ne |.s likely to.increase, due to devel opi n 0 shortage of
oyt eno. DHBES] il restnh ieRial FISE s aSPREGREPT FCHBE Phofeulbegient
propyl ene agptibe@ld and €aproogkiens hihghedguksit OoR3ehesHbéhzask Ciiol QileXENQRE,

rat her than %petone may be an attractive alternative route to the
product i on YFHOYFEMIFs. For exanple, there is a growi ng market for

cycl ohepan@ueKaR@eiNDS used as an industrial solvent, as an activator in
oxi dation reactirons 25 and in the production of adipic acid, cyclaohexanone
resins, cydf¥ibxarddeelgxispemperpt Jreguchin Sisachepicah slustip b s wsefud inohn
fromU.S. Rak@hlt, Me-protuliich of IndibAL rGHE! BRATAbIDRNZEAS oI ARD Gdifie AR Gflg DY

contacting benzene wth hydrogen in the presence of a catal yst conprising
plasticizers.

[0004] Currently, the most common route for the production of phenol is the Hock
15 process. This is a three-step process in which the first step involves alkylation of benzene
with propylene to produce cumene, followed by oxidation of the cumene to the corresponding
hydroperoxide and then cleavage of the hydroperoxide to produce equimolar amounts of
phenol and acetone. However, the world demand for phenol is growing more rapidly than
that for acetone. In addition, the cost of propylene is likely to increase, due to a developing
20  shortage of propylene.
[0005] Thus, a process that uses higher alkenes instead of propylene as feed and
coproduces higher ketones, such as cyclohexanone, rather than acetone may be an attractive
alternative route to the production of phenols. For example, there is a growing market for
cyclohexanone, which is used as an industrial solvent, as an activator in oxidation reactions
25 and in the production of adipic acid, cyclohexanone resins, cyclohexanone oxime,
caprolactam and nylon 6.
[0006] It is known from U.S. Patent No. 5,053,571 that cyclohexylbenzene can be
produced by contacting benzene with hydrogen in the presence of a catalyst comprising
ruthenium and nickel supported on zeolite beta and that the resultant cyclohexylbenzene can
30 be processed in two steps to cyclohexanone and phenol. The hydroalkylation reaction is
carried out at a liquid hourly space velocity (LHSV) ranging from 1 to 100, a reaction
pressure ranging from 100 to 1000 kPa, a hydrogen feed rate ranging from 0.2 to 6 mole per

mole of feedstock per hour, and a reaction temperature ranging from 100 to 300°C.



rut heni um and ni ckel supported on zeolite beta and that the resultant

cycl ohexyl benzene can 30 be processed in two steps to cycl ohexanone and
phenol . The hydroal kyl ation reaction is carried out at a liquid hourly
space velocity (LHSV) ranging from1 to 100, a reaction pressure ranging
from 100 t oWOPOW/IR$33¢ a hydrogen feed rate rangi ng fronR@/U82009/08483b| e per
nol e of feedstock per hour, and a reaction tenperature ranging from 100 to
300C. WD 2009/ 134516PCT/ US2009/ 034823 [0007] I n addition, U.S. Patent No.
5,146, 024 djghgj0Sef dalidbn NG RZPRG s B HEPGEESs Ml bRY eI Be tlcted Giith
presence of carbon nonoxide and a palladiumcontalining zeolite X or Y to
produce cychygrery ithia prasence o carhore manexidenender edladivmtaotainingnieghiteyX ef ¥ too
phenol and u i dati i . ACi tgnt .
The hydr oal ot HRRANRRAE.AGK &R bbb Ry STHER yidhf ) bR T

vel oci ty (LesiSivhexpfiortehby betvpridatidne gith ofubsdgoent acid drestbeott 1100 hydrdalkydativot al
reaction. pr ure of . about, 345. bout 10, 350 lar ratioof H2 to
benzene ot Roa el kb aiind B hoetotny () B H el Heghrdbal” o
H2 of aboutl ©.#bdutll 00dr§lcotal Radioh,prasmae af bleupa4satoubeutdi), 38D &ith, al@6lat mtiabout

250C. [0008]Furt Uus.P . B 7,513 di | t hat .
cycl ohEaxyI b(Jé‘rgz(ratﬂg’%fr}%?ﬁe Bg a W?bﬁgléfi’g%&%%/&go%fnﬁ@f f%%%cﬁg%sﬁlﬁ’éﬁén%"me i &k Sden in
t he presencabowf0.(d : biofaboui0i30nahd £ ehpesasire 6fubpit 190 BgatmunzdoeCcul ar si eve of the

MCM 22 fam | nd at _le ne hydr jon petal selected from pall adi um
rut heni um 90l Pirbet 5. Biens Jou P5 s b bsloscsTiha Exdhepipenzaye i 4e
contai nea roweed By @omhctiiBibehzend Rthi lﬁydiég@n@mllf@*)&&n’é@@f @ aifthytfonal atdlyseduced
by inpregnating .an extrudate of the fZiln{%f'glm y nol ecul ar sieve and_ an

al uni na bi rFABIPTIYBE gimaqfecy raﬁ%aﬁ@e%ﬁwﬂ% agd a4 fqastmethydrogenstigy ail i on

netal usi nGeleftéd RoANFallMBLAEAShcnR, EUREL KAt ahBnixRiR REGEENITIRI @yl fe) 0Ses
that the resultant cycl ohexyl benzene can be oxidized to the correspondi ng

hydr oper oxiae eanérin Bebipderosidips meies pdsiadthe cExamplegethie rwtplyshdn prodaers by

oyl ohexanapbregh Rl h! Rufiike 6ORRAIEMS) HniBARERbuAPRLC A Qﬁalg@maadimge-

60/ 964874, filed August 15, 20 2007 (Attorney Docket 2007EML40), we have
descri Béd avighr erc @gecop solptiand o€ ianspliceic thehiedyagseaiion iactal heing inpinders wamgss i si ng
contacting; a h it t r t

cond 1 ong PEregRgn S Ahe WEF BRER ol dhchebPlnal KB reld Ml oy PEREO Retn B kP Be
cat al yst conjlized itn gheacarespoding chydfoperoridt @od ltker pgoxade decamppsedrigaid desoxd de
different f o Sﬁidé%c\fr{ﬁl %ﬁullear sieve and at | east one hydrogenation netal,
wher ei n at Mreast 601 sai d 25 hydr ogenati on nmetal is supported on the

i norgani c ¢é008¢. By opr evpediding I8 Patea Applibeiomsetiali No. 6006887, fijedrag@stalts, on

net al t i ngr.gani c.oxi de ] rt. rather than.the nol ecular sieve, it is

f ound ?ﬂat Bﬁ?je MWH Poé‘fegtg@yg&ﬁéé)&/s?e aﬁad'ei E%scg 1% & PTACES? ?‘3 producing

TPl A lalt
anpl e disclosed in at ent plication Serial No,

(At tor ney Beéqz}wg@e'éﬁlemrne()rzdﬂm% tq REEeeAncefine coptapmng, wyglobeyihgrzeas dhor t

for the hy_dat@lgmaﬁigﬁﬁng%&hp%ﬁ@ oA\ hdleiaSBavea bt HofpAnic\Wide i fi@ent 3dnfyAd age
particle size of about 45 um (mcrons). Accordi ng@%o the present invention,

p :
it has nowM9sHIer sigrel aptat leasteonsehydsasntipnr mefrlyherain At sast 0 py%oef gpid
bi f uncik ongldr6adnadidSihetal 8 sipoftbd SPIR iRIro@Mid oRfe. t I@fpf@)?(fgig nalki AL fy !S

supported on an i norgani c oxide separate fromthe no ul ar sieve,

2009/ 13451 6PtivhydpoastiopasgaBonta itnsganithaideetippdrt tathsr than thyamolecudatisipwe,i it
sel ect ed >R find AnAUE. RUvRY OF 38E BAK Gie ifS h&ﬁs&iﬁ@s to Qfd?oh‘é%lﬂéﬂzéﬁq GLPNS) -
e W t hout cant

Mor eover t Increase in activity Is-obtalne s1 gni 0SS in
t he sel ect digy¢lgheafibetrencat alcyeesedt o cycl ohexyl benzene and

di cycl ohex nzene, i | S i rabl e Si - di. h | b can
et ead |y MORENS G adeler Ao R, S PRER. ARMQHBY SsPafiNe, RIERE,
cycl ohagyl beorssye Dotloet IRD7EM140), the inorganic oxide employed as the support for the

hydrogenation metal was CATALOX SBa alumina, which has an average particle size of

about 45 um (microns). According to the present invention, it has now been found that the
benzene hydroalkylation activity of a bifunctional catalyst, in which some or all of the
hydrogenation metal is supported on an inorganic oxide separate from the molecular sieve,
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SUMMARY [0011] I n one aspect, the invention resides in a process for

produci ng cycl ohexyl benzene, the process conprising contacting benzene and

hydrogen with a catal yst under hydroal kyl ati on conditions to produce an

ef fluent containing cycl ohexyl benzene, the catalyst 10 conprising a

conposi te oWORWIBERY| ar sieve, an inorganic oxide dif fRYTERR200084Lai d

nol ecul ar sieve and at | east one hydrogenation netal, wherein at |east 50
wt % of said hydrogenation netal is supported on the inorganic oxi de and the

i norgani ¢ OxhdR cHRhcaHif MeChGYeiP Bkitié &l s%leéde&ﬁ‘o € haldANavePhol PhitidleGiARNS:s -
[ 0012] Conveni ently, said inorganic oxide has an average particle size |ess

t han 20 gm thars 4@ weH{magronsg s Mordoxer tme)mgrmsefloracfemam@pbtallne%whmlalgﬁlfumt lpasr
exanpl e, C i rang
om0 LSS LG 16 PO ORI BeRME b bR 270
to | ess thadtsﬁa(bleg IFin0¢ ahyodrc;@:ld)ﬁxylbnnBemntan[ 00 1i8jdily umwalkyleteéi with taldéltlbmaim
average5 vaol u di aneter of the inorganic

rtic
oxi de part?%elnzene%f%rg ucefu eﬁgcr%lgwq%né%tpé? |n ium of the vol une
dlstrlbutldﬁﬂﬂmLQR}The partlcles which represents the centre of gravity of
the distribytjon. An instrupent useful. for neasurin his avera article
iz of ¢ haOPHEF o hione BSetio ME miengReriers St ¢ Sramce Mpiingsg  ShodReRehe o o
Mcrotrac ShdOpdcds@Sedmppisingi CbrRactingi Behzamal and e hydvegdnl amle efraﬁathChﬂdd%aC
Inc. (a unit of Eﬁklgﬁékof Larg&, Fl orj da, USA. Sucﬂ yzer ﬁgg
sof tware t Hyfrqalkglaies cosiditions foproghicg an efflught copfainjng & QW ficap e ties and
neasur e, tdagpHsing | £ kfmpdsa® ASa HITRAR NALUBR inddAnidlioR M8t @fferent from said
[0014]Cbnven|ently, t he inorgani c oxi de conprises an OXIde of at |east one

el enent of TepleRylys speve and 123 leash one hydroganatique pietly; whereip |2k legst &9 arfenek saidych

as al um na 1gaRefatibh btk ds @ﬁt%ﬁéd Bh rtﬁ@mo?gan{c%l&] SRnne rih&g&nha/ oma& hL1§§§t
75wt% such as substantla y a (eg at least 95 wt % or % or 99

W%, or emﬂa&mWIQ/Slzﬁle@ah@M()g@mﬂ on nmetal is supported on the

i i 016 t th t | t d t t al
2 ool | od W e ORISR S Fiteafiecil hat R AR B A B £ e
wi th the mghecay 18ds thdneMey m| for etenpRTRhAE R um. F¥¥xample, the average particle size

2009/ 134516PCT/ 1JS2009/ 034823 the catal yst is produced by depositing the at
| east one I9fthedgerermi¢ ovidamisimihe snge héfrpm&r(ljéﬁ P& nax pora A2t bass than 20 pm,

co-pel l eti zsh&gasq\r n&gﬁ{gﬁﬁs%ftham%&gﬂ%ﬁrqn?9% g i norgani c oxide and the

nol ecul ar sréeve. alyst i s produced by
deposi ti ng [0018] at Asaasd havia, mychmg)'matgeqmtnm@ie" araisithe mdar ghimhe diamietde and
t hen co-extr d|n a.mxture f t he, taI cont ai ni nor gani ¢ oxi de and
t he nol eculogf egugggnc oxide pamc es, that is, the mean diameter (in um ?gf the voliime distribution
20  of the particles, which represents the centre of gravity of the distribution. An instrument
useful for measuring this average particle size of the inorganic oxide employed in accordance
with the invention is a Microtrac S-3000 laser particle sizing analyzer available from
Microtrac, Inc. (a unit of Nikkiso) of Largo, Florida, USA. Such analyzer employs software
that reduces particle sizes to effective spherical diameters, and measures, the particle size as
25  mean volume (MV) diameter.
[0014] Conveniently, the inorganic oxide comprises an oxide of at least one element of
Groups 2, 4, 13 and 14 of the Periodic Table of Elements, such as alumina and/or titania
and/or zirconia.
[0015] Conveniently, at least 75wt%, such as substantially all (eg at least 95 wt% or
30 98 wt% or 99 wt%), or even 100 wt% of said hydrogenation metal is supported on the
inorganic oxide.
[0016] Conveniently, the at least one hydrogenation metal is applied to the inorganic

oxide before the inorganic oxide is composited with the molecular sieve. In one embodiment,
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[ 0017] Conveniently, the nol ecul ar sieve has an average pore size of at

| east 7 x 10-wm (7 Angstrom and typically is selected fromzeolite beta,
zeolite X, zeolite Y, nordenite and a nol ecul ar sieve of the MCM 22 famly.
[ 0018] Conveniently, the nolecular sieve is an alum nosilicate and the nol ar
rati o of thWOROOIAB4HHE num i n t he nol ecul ar si eve to the MANBHMG3DON net al
Is fromabout 1.5 to about 1500, such as from about 100 to about 500.

[ 0019] Conveniently, the at |east one hydrogenation netal is selected from
pal | adi um ' ' rdefdE | ‘3,’0113@ . Al L.um

[ 0020] COnvet%?%ﬁ??ét?%rg@h%ﬁ%&gﬁs@y a{:ﬁ %nl@d(%g% It k)(;r%gmﬁﬁgl u eogx?dg%%} ratb ure
of about 10®idesandothgl atrclaBDgan arivreaofpthe gneitleconthiniigoinprga®i axideadnduthe 7000

kPaa. In o kEN %'Ia% . t] Vs t €l . d
cont acti ngqlﬁ%lg rag(r%liegg'o&% g’ é%lo%ma%bgﬁ? ¢ ly?t § %%gg%]dlb% %ﬁgﬁ@rmgghgg*, t he
i nvent i on rassibpidregénatien mretahandthé morganip oeide endjeptreadiudmgd noiywiodfekametnle, t he
nmet hod PSRy - ucing ¢ ohexvyl.benzene by the process described

her ei n, %gxiglht; n;‘?ﬁrgg%%’flg aeria% rélﬂfz&é[ur%aerse(‘)’e'produce cycl ohexyl benzene 20
hydr oper oxi[@@17ind Cdnweniemtly, theenalyomlap biexy hdsan zearagdpyate sigevdatiletat T a 1orbauce

phenol and gycl ghexangne. In.a further enmpodi ment e | ohexanone, may be
Clohy ar ogendd APEST AR Boieal i eisted AR PO R psHhy Pl Mol e e pie
EVBODI MENT Snolf 02 3ikesfihd bed-nefaiity.i s a process for the hydroal kyl ati on of

benzene to uce. 25 cyc)] ohexyl benzene and, . in a._preferred enbodi nent of
the invent i[%‘% t C%FR%PQ& [ e%ﬁéﬁ&g&lﬁ&ﬁé&&lﬁ%ﬂ@@ﬁéﬂﬁ* thegnalgagtigyolsthep ¢ o

cycl ohepanangniaid iPthe Adleculan §ieFcto tashyldRsehutidh aatai i§ Birh @bbubl 3G &Soul ! STLICES
di cycl ohexyl henzene in additjon to the desired nonocycl ohexyl benzene

pr oduct tﬁéc%sé@@%%boﬁbwoitﬂ&?q}’aéoqhe further step of transalkylating the
di cycl ohexxbdq@gzer&n%ﬁiéht@,dmetdt Q8R4 o&ewa%gmn%aﬂw QelReted loRNAdlladium,

nmonocycl ohexyl benzene 30 product. Benzene droal kyl ati on [0023] The present
process (whHitEenigBwckel giic theandicpbalt, pyeeialbspadledipmi n” t he above- nenti oned

preferred i B I - T |
Ryar oal kvl Sta "varsgE e T O RSO PR TRAS A, by AgBf bR

presendé ofto abayb9@1°Crapdionaprepsuae plorboutattltg sboufie9EkBeat e oteemmdénentdbe goes
the foll OWnWarrrﬁ?oC&f'h9@Eogen to benzene in said contacting is from about 0.15:1 to about 15:1.

[0021] In another aspect, the invention resides in a method for coproducing phenol and

cyclohexanone, the method comprising producing cyclohexylbenzene by the process

described herein, oxidizing the cyclohexylbenzene to produce cyclohexylbenzene
20  hydroperoxide and cleaving the cyclohexylbenzene hydroperoxide to produce phenol and

cyclohexanone. In a further embodiment, the cyclohexanone may be dehydrogenated to

produce further phenol.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0022] Described herein is a process for the hydroalkylation of benzene to produce
25  cyclohexylbenzene and, in a preferred embodiment of the invention, the conversion of the

cyclohexylbenzene in a second step to cyclohexanone and phenol. Insofar as the

hydroalkylation process produces dicyclohexylbenzene in addition to the desired

monocyclohexylbenzene product, the process can include the further step of transalkylating the

dicyclohexylbenzene with additional benzene to produce additional monocyclohexylbenzene
30  product.

Benzene Hydroalkylation

[0023] The present process (which comprises the first process step in the above-mentioned

preferred embodiment) involves contacting benzene with hydrogen under hydroalkylation
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[ 0024] Conpeting reactions include the conplete saturation of the benzene to
produce 5cycl ohexane, dial kylation to produce dicycl ohexyl benzene and
reorgani zati on/ al kyl ati on reactions to produce inpurities, such as

met hyl cycl opent yl benzene. Al t hough di cycl ohexyl benzene can be transal kyl at ed
to produce &9@!’ 918458¢ nonocycl ohexyl benzene product, cofAYSIPIQ34883

cycl ohexane represents | oss of valuable feed, whereas inpurities such as
met hyl cycl opentyl benzene (MCPB) are particularly undesirable since the

boi I'i ng poi Bhdiibns hdViPRe | preséRdeYofCh 9§€eltlﬂrd¥ol%%la%n gyﬁlggh@wkﬁgﬁﬂ&%ﬁz&gﬂ)
and hence it is very difficult to separate B from CHB, whi'ch is the
desired proddengogsithgdoflpwingyepcen:kyl ati on reaction. [0025] Any comercial |y
avai | abl e benzene feed can be used in the hydroal kyl agtion step, but
preferably the benzene has a purity |level of at |eg
whereas the source of hydrogen is not critical, itfis generally desirable
that the hydrogen is at |east 99 wt % 15pure. [0026] Convenjently, the total

feed to the hydroal kyl atie®
than 500 ppm for exanpj s han 590 ppm-bhy weight,| water and/or |ess
30 ppi for exanple |e

than 100 ppm such as |legs
wei ght, sul fur and/or |ess 10 ppm such as |ess

exanple less than 0.1 ppm by wei ght, nitrogen. 20
hydr oal kyl ati on reacti on can be conducted in a w dg range|of reactor
configurations including fixed bed, slurry reactor¢ or catalytic
distillation towers. Suitable reaction tenperatures are bet ween about 100C

and about s -%Qgﬁt géﬁ} .t

reaction pﬂ@@? res a#%aﬁgﬁﬁégﬁpé outtT% aI§Q§%@5¥M@F%2%§k?§§#1?3%%&52

bet ween Sabatitlolsgancandialigiigion &, PEBlukPabcycBbéxylichzny adnde scof ganizatios/athylation r at i 0

of 25 hydr 0 he ar. t wee bqut X out 15: such as

betmeenyabg%§98#44§ gﬁgﬂg%ogsmgﬁfge %@féggQP%gég?éﬁ@#ﬁﬂ %@7034%9§mg§

[0028] The nlivyelbhexsibedzgsd campl ayaashlkyiatdvy dr paddiyd additiomal emadiyolohéxslt@nzene

conposite ofgﬁtnnlecula sipve an ino ganif ?x%p% %jfLerent f&on1tne

mol ecul ar é)i'l'o Cé, (‘é)ﬁl&ﬂr&lmﬁ Cfly8 81&%3?% I‘SP{GSGIIS 0SS OI vaiuabple 1¢cd, whereas impurities such as
methylcyclopentylbenzene (MCPB) are particularly undesirable since the boiling point of

10 MCPB is very close to that of cyclohexylbenzene (CHB) and hence it is very difficult to
separate MCPB from CHB, which is the desired product from the hydroalkylation reaction.
[0025] Any commercially available benzene feed can be used in the hydroalkylation step,
but preferably the benzene has a purity level of at least 99 wt%. Similarly, whereas the
source of hydrogen is not critical, it is generally desirable that the hydrogen is at least 99 wt%

15  pure.

[0026] Conveniently, the total feed to the hydroalkylation step contains less than 1000
ppm, such as less than 500 ppm, for example less than 100 ppm by weight, water and/or less
than 100 ppm, such as less than 30 ppm, for example less than 3 ppm by weight, sulfur and/or
less than 10 ppm, such as less than 1 ppm, for example less than 0.1 ppm by weight, nitrogen.

20 [0027] The hydroalkylation reaction can be conducted in a wide range of reactor
configurations including fixed bed, slurry reactors, and/or catalytic distillation towers. Suitable
reaction temperatures are between about 100°C and about 400°C, such as between about 125°C
and about 250°C. Suitable reaction pressures are between about 100 and about 7,000 kPaa,
such as between about 500 and about 5,000 kPaa. Suitable values for the molar ratio of

25  hydrogen to benzene are between about 0.15:1 and about 15:1, such as between about 0.4:1
and about 4:1.



metal. In particular, the inorganic oxide is selected so as to have an
average particle size less than 40 iam generally less than 20 gm such as
| ess than 10 gm for exanple less than 5 um 5 Preferably the average
particle size of the inorganic oxide is in the range of from0.01 to 30 pm
or from 0. OWOt280%18646 t han 20 | am such as from 0. 05 t o PEEES20004M83D or 5
gm Moreover, at |east 50 wt % of the hydrogenation netal is supported on
the inorganic oxide rather than on the nolecular sieve. In particular, it
is found th y s e n mgﬂﬁ I : thele

si ze inor gal?f)%:d?om g%%‘f%%%%?v?%g%@gﬁhg}t cat bt rfégﬂ?lﬂéfg’é;sdgl g{se Egrt‘lrpar ed
with an 10 @eja¢ular]siene, apanersynde oxide differsnt from thgxdm@gelmammm kyrdrggenation
support ed i tion,
Tt st ound e hatt PRACee o8 deBBhicRRldeliClcfeobl S of 09D Iﬁe%gﬁf%ﬁ?wcfe@lﬁq@s

si gni f i cantthaim4kpinnganbally ws.etham 20 wyl, slfchtah\&ss:mmall(yam foo ekdneplelizss thew 5 um

pr oduct | benzene a | ohex Ibe zene ] 0029 er

P ooul & HEEOGr BTRGR MRl 4 SORF S5FF ST B hoRt g Opg A"

aver age poremSréendf.02io [bRakdn 20 1, s0chMB ffof G09S 1remhananpbr<sqnﬁ VIbRBYdr Yat | s
selected fromzeolite beta, zeolite X, zeolite Y, nordenite and a nol ecul ar

si eve of t HEASMEWBof thgydrogenationimetal isyunporicd op ths iggrattiraside rather thrnset g ed

in, for exafifib&ar Hew. Iﬁ) ﬁ{uﬁmlar'\l@ls f&nﬁ% QﬁﬂmpLﬂﬁé%B?&oée%ﬁﬁBn Yo shai | Y
rraterlal (or "material " of | ecul ar sieve of the
MCM 22 f amnagﬂc;e sizgsingegagjc WéIdél Ihe aptmtb/ucfébe éﬁ@lyssrls mre@s@f as complaceduvidh asi eves

it ool SO TRR el i SERATRe BRI aAb N fbBhed ACK 1L PR Lo M1 1

ar r angemnentpadicleatizzninorghmic loxide. tln ladditibm it by foandlithme tigs ammbvesmc én detsmyl ibes

h I S I At |
of zeo) 1t o SRRt Rt R, RS Wt F BB e R B IR s of

which is i regrdolpmy%&énamdr&@ebﬁag@enzenﬂol ecul ar si eves made from a comon
second degr il ck, bej a 2- di fonal tiling of such MW

£ r anronor K UGBOT ooy R R FoletHaF Rty Sap bR oy £ P U Y i iappoess

t hi cknass, hps ed evakgeypoe@ 6iz€ ofI B Teast @1 4 10 PhC{MNABS oM 2D b@EBhiditlySis R¥RSedade
from commo second ﬂeggree bui | dlpg bl ocks,. bei ng | ayers of one or m)re t han

one unit cdfom £enlia prigszeolifp h-erealit e mardeniteptnd i, moldcplan sisyreof thie t MEM-

t hi ckness lfﬁnéllpﬁdelef)ﬁ@n’béﬁ K 1R YsynPRGK 2RI disBlosddl R ifHd eRimpI€aSTs. tPARNt W@
2009/ 134516P / US2009/ 034823 nonol ayers of one unit cell thickness. The
st acki ng of3>-¥88R%second degree building blocks can be in a regul ar fashion,

an i rregul %03&P5h'ﬂ@ terfh r‘ﬁ@ﬂ?@ffﬁﬁw Rdterifl @PYmfy | JFahd my%rﬁfﬁhy” gpd

nmol ecul ar sieves nmade by any regul dar or random 2-di mensi ona

3-di meRSi onalplec@arcﬁmmvﬁélm ZfEmﬂlY”)c?éluS@ Mn,nylmweommanfémr k
t opol ogy. [0031] sieves MCM 22 al | ray
diffracti on patt 2/?+’Io ?CHC 51 YRy G fmglca} Y ﬁr%{;&egfee% gﬁﬂ% gloi umt

3.570. 07 and 3. 426el0 Kvlﬁdg&tlfmlﬂmas the MWW framework topology. (A unit cell is a spat1al
arrangement of atoms which if tiled in three-dimensional space describes the
crystal structure. Such crystal structures are discussed in the "Atlas of Zeolite

25 Framework Types", Fifth edition, 2001, the entire content of which is

incorporated as reference);

e molecular sieves made from a common second degree building block, being a 2-
dimensional tiling of such MWW framework topology unit cells, forming a

monolayer of one unit cell thickness, preferably one c-unit cell thickness;

30 e molecular sieves made from common second degree building blocks, being layers
of one or more than one unit cell thickness, wherein the layer of more than one

unit cell thickness is made from stacking, packing, or binding at least two
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The X-ray diffraction data used to characterize the material are obtained
by standard techni ques such as using the K-al pha doubl et of copper as the
incident radiation and a 10 diffractometer equipped with a scintillation
counter and associ ated conputer as the collection system Ml ecul ar sieves
of MOM 22 fWXY/1B4d¢ ude MOM 22 (described in U S. Pat ePtT/¥RF009434823 305)
PSH 3 (described in U 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),

| TQ 1 (described imohdlsyersPat @n¢ i &II0thickASS) Thé Fkikding B Swbh REshnt Ndegree

I nternational Patent Publication No. 15 W97/17290) A 36 (described in
U.S. Patent No. 5,2sldingpblocks gamhena regules fashier an iregular fashiop,ft rapgom fashion,
5,236,575), MM 560r(aq?g&ﬁgigggnitﬁbr&f,sdndPat ent No. 5,362,697), UzZM 8
(described in U S. Patent No. 6,756,030), and m xtures of any two or nore
thereof. Preferably, the nolecular sieve is selected frqn1ga) MCM 49, (b)
MCM 56 and (c) i%ofgisedarsievRampdabyasny mewarss random2-dimensienabor Sdinposiopaihe

i norganis oxi de enghhmedoh B drCellyBvaR! iy MAY WRanfAlodl #8810k NOt narrowy
defined provided it is stable and inert under the conditions of the

hydr oal kyl ati on reactiaon. Suitable inorganic oxides include oxides of

G oups 2, 490313 o Mfolegulpysiguge Ogmql\é&?cfa%b peneptly hegsehXaray difErpetion pattei na,
titania, Orindidif®RlPacing GlxAe AR AR50 Uy, 357A00M s 22407 UEdroREr €i N,
the nunbering schene for the Periodic Table Groups is as disclosed in
Cheni cal 258KdXEAYidideetiongdateused ¢x (chyracterjze( tho gmyterigl pmg Fbgiingd| by Isiandasdy
known hydr i : 3 I j VA [

Al though Sortan s Rl o he IS «BRP BYAC b elrpP 7R HEkofl dBAGn Bd ¢, |
and cobdl t diffjactamgtet pquénpadwitkiarsgingBation cotmerapd agsoeiped gramider astheepl¢dtipn t he

ot et ool SEree
ool orred (4 Be. BaneuaRs B B MRS Kt inkiie Sy s R A SRt Voo
about 0.1 akR$43B6)tPSH-Hu(descnitiedt inel SatPateyts Noc 64409 2SSZ-35 drescabdionli Hesnt ,

wh h | ' ' I i il h .
nydr ogenat o Tbp ol S BLE A LBt | Rones B N BB L vttt 1 n
t he nol eculiarU.Si @etentt Not )@77,408), 200082 (34&ilERPGh/ &S24 PhBAB Papkatge ™ot | on

metal i.s fr. out 1500,, for exa 5 t o about
750- sden ALOYPERhLSCMB RS et it Do lep RS T AR T B BB eSreRe e i
lpr esent in U.s.ePagaﬁmi5,@3@ﬂFﬁIMGM-5@qabsbﬁtﬁa biatU.B.eastlkrlltSIQo.Y\sl,S/é(z,égay, B|ZBID$)| eggt
east 75wt % and parii arly prefe y substanti y a eg at | east ,
5 98 or 99 @S‘t‘%meﬂrmebjei%aé@tvw& g%é@gghm Hﬁmﬁi‘gna%f“éﬂ oF s‘f‘%rﬁptbﬁﬂe?fed on
t he i nor gamkdferaly dBe mblldctilal SieROR waIBEEN b (RCCRNA9 (BY MERRSBiahd 1Y iRtypeast
part of thgfﬂﬁﬁéaggggtloqégﬁ;g%égﬂgfge |norga3|c OEldﬁ bef?re fhe f
nmet al - cont - bgﬂﬂ “¢conposited with the nol ecul ar sieve.
necessapy, jti | : td Al e e ILhed on
e T oo R e S 121 1€ PpARARGH Okt A nticRARAL
produced bylefengd proviged| if és stabde preshineft pndgri théy cenditions of ehedfydrdatkylitivresaabtion. si eve
and the in j i.de_ar e i leys i . rally
about 350 oo it Sy pHal B G AU Fhad 1 O B BESMECTHAEDET O
t he nol eculEimegisesush an dluntien, ititaniag an zicconiei duch opideomay by usadge takmixtme t As a
separate bi [ oo 1€, Faor .t hose, enpodiment s t hat
enpl oy a b?’% ere 1:e1r§&1%t1{é1§{bgﬁrg% %Bgergg%gtt%r&gﬁgw %I%@?%%up 15 assy ﬁstc*?é?rq)]g% fital’
nat ur akfy entEnginsegnsNbss, 6327439861 | as inorganic materials such as clay,

silica and/ met al_oxj des. .The latter be either naturally. occurrjng or
"n the for MBH oo Spilatlyy, &0y kogi; Bdrorenaliot gatal i B APPSR BRSBTS | i oa
gindl rrgt al h&xrhpiﬁﬁe alﬁkwgu alifallc @otdly | intlage ﬁdélaiiam}{\d_‘liﬂtblﬂilﬁ_ﬂ:ﬁ_ichﬁ, ﬂgﬁ_@in%ﬁ? aoﬂa}tpder

I ncl ude thos 0 .he .nont nor | onlte an a I N a | es, | C am.|l |l es
e e B leshivs e R b TSRS SRRy D uint OF fy pgenation

metal present in the catalyst composite is preferred to be between about 0.05 and about

30 10 wt%, such as between about 0.1 and about 5 wt%, of the catalyst composite. In one
embodiment, where the 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
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20 McNanee, Ceorgia and Florida clays or others in which the main m neral
constituent is halloysite, kaolinite, dickite, nacrite or anauxite. Such
clays can be used in the raw state as originally mned or initially

subj ected to calcination, acid treatnent or chem cal nodification. Suitable
met al oxi deWOi2AWE3L1¢ ncl ude silica, alumina, zirconia, RGEESP/034823
silica-alumna, silica-magnesia, silica-zirconia, silica-thoria,
silica-beryllia and silica-titania as well as ternary 2500npositions such
as si | i ca- alyapdRaatiol Mt is From! &amaiy% Qlﬂou%'lﬁﬁp% xafple! £dn aboUT1 7335 HBGRES! 2
and silica-ragnesi a-zirconia. [0036] Al though the yd oaI ylation step is

hi ghly sel etX0i snsh enliemgbout yed @Wéﬁl}tﬂl@@nzene the effluent fromthe

hydr oal kyl ts,
as well as alggﬂac?ﬂ%t Ha?;aﬂ) wtldltli(:m ?& lEam[a%alé d eﬁﬁm}gée n?p%gl? rmnoasl%dcﬁtt? !segggﬁes
The 30 unr ew@b.dor %ﬂmpbtat trast g6wt%. sand partighlasty pestaatdy awsibytlaiﬂwsdh(bg atleasn9fand
recycled t g or m t he benzene

di S%/I | git [ 89n %ﬁ% év8 166%‘%’ 05 t{m H%dr‘%%tfoqls?%apls iy é’f/t(e: Flexeyll B@ﬁ’%ne
product fr anmc&nyl“ln'h mwoh@henw hehizved by dqnbsmmg @t lehe art@f theD@ﬂmgdnamgn @etdl he
anount of d|c cl.ohexyl benz ese n.t.he.reaction,effl uent.

V0 20007 1348 ERERPERS RS B TG e cifut P R rcapRed Wi BY °

di cycl ohexyhdlenieniever Ifheceddry, additdnabbyiiegeaation Iil‘iél:%licﬁil zlﬂ)sédmentgymd bdied f)f
t he desired noal at ed speci es. Q37] Transa ation with additiona
benzene is ¥ F&easluh%}‘t §1atf‘g(8tt R"Fftea {T ﬁ% Bg| cafalysh comapasite s p@@‘b“&&abtyecof rom
t heh hydlmoalﬂélyét&hi:uﬁﬂ il @akch er?lxﬁlﬁ@f)f e Sﬂﬂléc@m elew amistaf lﬁ%(ir@ftr)ﬂc?fhd‘ea'\;ié%lf%fgﬁea(i 3
such as a nol ecyl ar sieve of the zeolite beta see
U.S. Pat ent™R@eligs etllzglbafgﬁsurez@memmowrﬁ%? a'émt £20.008ePa).r05 by £P1eyirasionen
reaction isp theaémxyy 6016 Wl @dlak PR aridit thé BRSFanRVxIdeabptlondlty BeBRASHith a
conditions, which suitably include a tenperature of about 100 to about
300C, a pr septe bigderatse frrcedtyoreh adisut 3500 kPa, a wei ght hourly space

vel oci ty ofjpgaaput F%r ttﬁbs@'%&%m&@n@ that e%l&yoﬁ @ind&e %ﬁiltab?cnﬁn&’er materials 1ncli1de

benzene/dlcyclohexy benzene wei ght ratio about 10of 1:1 to about

Cycl oheRy| sERbetiseor @ﬁﬁutpélmogwr{lm%]itmpeaawelﬂ ey metga@mrxmrwbrwch ashelay, silica

cycl ohexyl Qﬁ BFB@taPJ &goﬂ% 1B¥er b %%nﬁ)aﬁ oﬁ SHB'tfPé‘fohﬁ of g&%éfh%%
convert ed. I'n order to con e cyc enzene I'nt'o and

cycl ohex an@n@;pltaihe ocgald whlugdipk bmn@eas @f s@ca md inethl «ymdns: dNapeal Lt @:cuﬂnmg clays
corr espondi%gch can be used as a binder include those of the montmorillonite and kaolin families,
which families include the subbentonites and the kaolins commonly known as Dixie,
20  McNamee, Georgia and Florida clays or others in which the main mineral constituent is
halloysite, kaolinite, dickite, nacrite or anauxite. Such clays can be used in the raw state as
originally mined or initially subjected to calcination, acid treatment or chemical modification.
Suitable metal oxide binders include silica, alumina, zirconia, titania, silica-alumina, silica-
magnesia, silica-zirconia, silica-thoria, silica-beryllia and silica-titania as well as ternary
25  compositions such as silica-alumina-thoria, silica-alumina-zirconia, silica~alumina-magnesia
and silica-magnesia-zirconia.
[0036] Although the hydroalkylation step is highly selective towards cyclohexylbenzene,
the effluent from the hydroalkylation reaction will normally contain some dialkylated
products, as well as unreacted aromatic feed and the desired monoalkylated species. The
30  unreacted aromatic feed is normally recovered by distillation and recycled to the alkylation
reactor. The bottoms from the benzene distillation are further distilled to separate the
monocyclohexylbenzene product from any dicyclohexylbenzene and other heavies.

Depending on the amount of dicyclohexylbenzene present in the reaction effluent, it may be
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15 hydroperoxide. This is acconplished by introduci ng an oxygen-contai ni ng
gas, such as air, into a |liquid phase containing the cycl ohexyl benzene.
Unl i ke cunene, at m)spheri c air oxidation of cyclohexylbenzene in the
absence of a catal is very slow and hence the oxidation is normally
conduct ed | WO:2A¥/13 5é%ence of a catalyst. [0039] Suitabl PCTHBINWERB2X or t he
cycl ohexyl benzene oxi dation step are the N-hydroxy 20 substituted cyclic

i mdes described in U S. Patent No. 6,720,462 and incorporated herein by
reference, &ugkbld® Mm&m&mla@ldh@iﬂm&ewmmmohm%%ﬁ@% hakiflkdge

3- am no- Nhydr pht hal i m de, tetrabronmo- N-hydroxyphthalim de,

t et rachl or dzrﬂﬂmiim@&p@msmd mencbkylagedispeniosxyhet i mi de, N-hydr oxyh| m ni de,

N- hydr oxytr it

NN - i hycr S pyr D Mo MG RRRncis NATAS A REEL T f rnelitation
253, 3', 4, 4' reactary saparalsoltomnithe HydrodlitdytionNetsjetr oxey rrasuatable dransalkylation catalyst,

pyridi neg 2 :
hydr oxygjccsﬁﬁl?hnﬁcﬁgpmépggoﬁg t aM%I\r/Ilzgl f?n éy ewt%b%? ongl 08 (ge gr?eg%}enj 1\?
di car boxi m @@l4eN 8), KediyalY ®x ym?deobt@le:Wt(ahsﬁllﬁﬂatwn reacuon is typically conducted under

. 2. 1] hept - 55 .
hydr OXYy-Ci s- cyclp% gé}( gﬂm ?%dgtr? ok‘?'lﬁl‘lc%%ulﬁblﬁy}%crl%dfya-tgrlng?rﬂt-uﬁey%ﬁ agﬂlét%é)ﬂég 1,2
di car boxi maﬂeutl\}obg(drmysmnahiﬂaaéutmodecsﬂﬂmumlltP@[M&Lgdf BoirtyGspactlvelocity of
benzenedi s a:bghonl de. Prefer atflﬁg/ cat aI i s N-hydroxypht hal i m de.
Anot her sui®P3#i'doé ?%19%1{ Fontorg ede arl?eﬁm% sswg’aféy&ﬁ%ﬁe%wa'@mraﬂo about
[ 0040] Tiwesercatiabydut 6:1mat eri al s can be used either alone or in the presence
of a free radical initiator and can be used as |iquid-phase, honmpbgeneous
catal ysts dryclohrompengens dvidatitnon a solid carrier to provide a heterogeneous
catal yst. m;yg al Iy a ok SRS
2000/ 134510 0 Usanad, /%ﬁzéé*z"?*’?@?% S Ebheky RnzcHproduced by the process of the
N,N,N-tr |1%‘g¢a?@k1§|f§r@@yaﬁwﬁ@d ddig in grdsps) wé@rt the axplobgnylhenzené irfte pheno! 0001
ml %to 1 h I zene.
[0041] Sui 1 bl o YenerRHs; 3he OB AHach?, 3 MR olipeda IHE SBREPHHS
bet weer 5abdudropaexida dThib duaccaopiGhed by ntraducitgoan 0:99@-tmtaiiog gaslsﬁnﬁ asaurd/ or a
pressure o 0 ge n
pr ef er abl yuzlat?b"1 H 15 %tl)lg&useaamng ?lgelé}g%h(ﬁ@%&éyﬁedlﬁﬁﬁng@%ﬁ%&{e gté’?osglﬁe aHr t ake
place in bamclhtlmleaitcmcﬂxewlbmmel muhelsxbsfehcn/vof ea:atalysts is Yerpabiwc atalihéree ithg
agent may be1 atdqlelgntoa[leactd E ucts that may form during
t he oxi dati orq a T EAuaR (f ee%ra%enfje be i ntroduced, which can

hel p di ssol[a39pasiSaitstdsrpaalpsts forsthe hyalshes@u;em@ okidarivat fep AR ﬂliydwpcﬁngi de

(?yg?\(;ﬁgﬁyl[ g‘&%gé‘ﬁgeﬁ‘p’;ﬁc&%@%%f tr%\ﬁ/cginsﬁ.%pP;thttl\?o? 6?738,\41 grlldoljglcgr];)ogatgg herein by

reference, such as N-hydroxyphthalimide, 4-amino-N-hydroxyphthalimide, 3-amino-N-

hydroxyphthalimide, 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-
25  3,34,4'-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-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-
30  benzenedisulphonimide. Preferably, the catalyst is N-hydroxyphthalimide. Another suitable
catalyst is N,N',N"-trihydroxyisocyanuric acid.
[0040] These catalytic materials can be used either alone or in the presence of a free
radical initiator and can be used as liquid-phase, homogeneous catalysts or can be supported

on a solid carrier to provide a heterogeneous catalyst. Typically, the N-hydroxy substituted
-9-



cycl ohexanone invol ves cl eavage of the cycl ohexyl benzene hydr oper oxi de,
which is conveniently effected by contacting the hydroperoxide with a
catalyst in the liquid phase at a tenperature of about 20C to about 150C,
such as about 40C to about 120C and/or a 15 pressure of about 50 to about
2,500 kPa, ¥Y0O@M943454bout 100 to about 1000 kPa. The cydi@ERIME2ENe
hydr operoxide is preferably diluted in an organic solvent inert to the

cl eavage reaction, such as nethyl ethyl ketone, cycl ohexanone, phenol or

cycl ohexyl N6ide bP 1RASS NG Ntk ﬁﬂ?i | acidl y i '
convenientPﬁg%gnd&%%egéﬂﬁbgk%g?gpyt 36 istlIT%%Fgﬁﬁgﬁgyagggaﬁgg&g?ﬁﬁgﬁ

cat al yst erﬁ%@@}é@l ”ntot 3and) [Yasvelps fromed0Qlsta Sieolo.lof thsgaelelmxglbendent.yst or a
het er ogene at I tiab |

et uda- ouPBIFe’ Hutbte cobB WEPGARGTRARIRANE £hRVARG, S B . |
and p-t ol uelfécahd abriuc 26 Cdsuckes phomt 80fiCooiatieyt 1801 and/oii 4 prassuiede, absut| SOUo

di oxi de @an f trioxide are, al.so effecti honpbgeneous cl eava . 25
ot al oo R0 s, | A ERLRTE o oTER IS AP AR PR PGzt g

wi t h pref ermediune.ofberehetvni camsake placdi bazshgeactdrs O dntituwul flowwkddtor§ OA basic

honbgeneou i.d cat al yst neutralizatian. ste referably .follLows the

cl eavage st%élgf.gn%%ngnﬁ&ﬁera;fi?‘gﬁ featt ‘g‘?l?eﬁc@ﬁéiyéﬁ?‘&?%i tﬁf‘fo‘f“@%?%ﬂ‘?ﬁ'@t&‘w th a
basi ¢ conpar&iation. Wint dildiiehs#0aypsdusphasthayig dfroducsd vihichngah HRRAdiSALe ddsic
phase. 30[0045£A sui t abl e het erogeneous catal yst for use in the cleavage of
cycl ohexy| SERPRSHYe 3558018 GPOM%S| udes a snectite clay, such as an acidic

mont noriol | dydrepdirokide @laavagd na clay, as described in U S Patent No.
4,870, 217, })% entire disclosure of which is _incorporated herein by
reference. [ 2009¥ fBaebrg sesphospsarsion of th srglatsaybensaes Bipabert gadone

and crude phapdxatdn® mnbbleesc!creav%geoﬁ tRp Wh@@&%@f:ﬁﬁiﬂ?&ﬂ,xwr gL is

purification to produce purifie cPl/cI ohexanoné and phenol’. A suitable
puri fi cat i GANSPisEs effacird|byrentactingithe bydraperaxideivtithr eagalyshinste ligwid phase at a
distillatl OfndoNee elBoRoRAeah Gpblici HYC! LBRXRARNR ARC PUEAR 12 IOMALNET
speci es. The crude or purified cyclohexanone nay 5 itse e subjected to
dehydr d§enatdssme iofi abowte¥0 to aloomn 2600 kRa, suchpiseaimiut 180iad atledty00gdhat Thar may
be perforne

e P2t O Tl AR oAl B RUE o S D A B
and does noleavagairdactidigsuch as methyl ethyl ketone, cyclohexanone, phenol or cyclohexylbenzene,
to assist in heat removal. The cleavage reaction is conveniently conducted in a catalytic
distillation unit.
20 [0043] The catalyst employed in the cleavage step can be a homogeneous catalyst or a
heterogencous catalyst.
[0044] Suitable homogencous cleavage catalysts include sulfuric acid, perchloric acid,
phosphoric acid, hydrochloric acid and p-toluencsulfonic acid. Ferric chioride, boron
trifluoride, sulfur dioxide and sulfur trioxide are also effective homogeneous cleavage
25  catalysts. The preferred homogeneous cleavage catalyst is sulfuric acid, with preferred
concentrations in the range of 0.05 to 0.5 wt%. For a homogencous acid catalyst, a
neutralization step preferably follows the cleavage step. Such a neutralization step typically
involves contact with a basic component, with subsequent decanting of a salt-enriched
aqueous phase.
30 [0045] A suitable heterogeneous catalyst for use in the cleavage of cyclohexylbenzene
hydroperoxide includes a smectite clay, such as an acidic montmorillonite silica-alumina
clay, as described in U.S. Patent No. 4,870,217, the entire disclosure of which is incorporated

herein by reference.
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scope of the invention. Exanple 10[0048] To illustrate the inportance of the
particle size of the support for the hydrogenation netal in benzene

hydr oal kyl ati on, back-to-back experinments were conducted on two catal ysts,
designated A and B, prepared identically except for the particle size of

t he al um naWoupds4s16 Bot h catal ysts contained 2 g of 0. BCHFSHP@Zbport ed
on gamma alum na co-pelletized with 4.8 g of MCM 49 acidic al kylation
catalyst. The nmain difference between catalyst A and 15 catalyst B is that

the former Mﬁ%(]SUpﬁ%rEﬁﬁeQ ol hont AL CdSBRend it fa@escﬁyvagy%@gﬁawet' cle

size of 45 gm (m crons) ereas catal yst B was supported on gm (‘m cron)
aver age parsubierted & fusthen purifisationrte mmupapm@’mcycl[otymgffmmdmc&geﬁ paieblec| e

size of each @faldiSrdes ﬁ{:lH@Es“ﬁut%yH{%ﬂfex%&dW@m (s uf &in%oﬁ‘ t%eq‘{{%t deffrate™ 3000

| aser particle sizing analyzer supp trac,
Fl ori da, zahusmlomewwdmwdrfmxmwbeltﬁpeweﬁﬂm omlear E&Tﬁ?ﬂ @zclvmxmoms edy the

SUSpensions; s%ﬁ"b@ gubiéc?erdaté agqy%?ot Slhetofl i &%gratﬁ %bé(x?eﬁr !o'b&&ﬁo‘f &uch (aal%i%agtéﬁalfﬁn

aggr egat’es. sanpl’e anoun oAl erm ne
anal yzer, wasy @bmfom&(d()fmrgxanﬁhe owrsatqawwmucbaqxblaymm smktl\mpdlaﬁhmt reduced

all particl o] . her ca d| ers.. and_neasur d th icle
size as rre &4 Iuﬁfe (%Wlaga T Iglve Or ﬁlHSt{ahV? BYBPS? ﬁ‘gd A& %Pgél%”{ &18 its
use may be sbqwmfthenn%tloxExpl anatl on of Data Reported by Mcrotrac

| nst runent :ﬁ @ﬁgl ications Note SL-AN-16 Rev B (Term nol ogy, abbreviations
and cal cul at}® shown in reports) by Philip E, Plantz, PhD, available from

M crot rigc, [0e43] prTcnllustnateAm iMpoRfHE8 of the Pusicld Sk 0Nthe kupPoa forvid kleogdhaldRt er
i s contained |1n hat 3](3{5 ] %%*{gint]gahcatal st vvas%({)re ared ﬁ%lflrSt
deposi t i ng THH AT ’6’3 tioft, BATKHS: eé(pp;gne WETG FPRUGTEH g AV R AR s
then added desigidadt 4 9nd 8, bRparedidthitdally @ fol fiR piktcldIsige yhe hhgimaPRppdt | zed
using a hand press underi) 36 000 kPg% )f(%?thO seﬂcﬁgnds The epel | et vvgg t hen

sized to mdgh aagsaé}‘ﬁ%%ﬂﬂafedf%g)ﬁf 03 g% Pdrsupportedanoeaminy slomig crushetized vitk| es)

before it wasgtME-4Piikit AYRASE RPN dr BRI %Mb%ﬁﬁf&&c@%&%ﬂ%@t&@m AVahh each
catal yst, all the pal | adi um was on the i1 norgani c oxide

2009/ 13451 6raysBsEoD trFarms wa omrpeest on SASQL CATATR% §Bemohé%@n SEhE?
| | P -
Ve andt” ¢ e ofPlor 85 1A G, Uncied Fara f B8 B B8RS el

per for rrancg»axﬁble(siacballuymtaiﬁnmatfazéaspaerior to that of catalyst A The

conver si on st B was ni f her . (59 versus

conver si on) ?i;%raver%%@agtbc? %T ?}Jete@“ tl%% @81?‘ "r'l'fxsgﬂ%or{%fwaéé?eﬁ‘f‘ﬁ;%qo%avvas
out slt andi ngmyrotr@cy\s 3600 %s&%ﬂfghe;;]zs@hmtywl s'lxp‘plieg bmﬂawn@y?h@ﬁemﬁ@aﬁﬂbm) of
cataly persto e to be hi at. 1. 3% but nost of the higher

sel ect i“Vi t}?ﬁo OYss SERRENSOgS (Gfethy % Yvraina BRI sVER. USihet hﬁv%‘ts%qnflg PR vity

of cat al ystitBsoMiate@Xif ahd andlyzeRtin 34 8 bRARMPYadpRYate W &sitad Ramplo Taldust, 1

Cat al yst Al um na Support, Aver age Particle Size, pm (m.crons)
automatically "determined by the analyzer, was about 200 mg. The instrament employed

software that reduced all particles to effective spherical diameters, and measured the particle
size as mean volume (MV) diameter. Further details of the analyzer and its use may be found in
25  "Explanation of Data Reported by Microtrac Instruments" Applications Note SL-AN-16 Rev B
(Terminology, abbreviations and calculations shown in reports) by Philip E, Plantz, PhD,
available from Microtrac, Inc. prior to April 2008. A discussion of mean volume diameter is
contained in that document.
[0050] Each catalyst was prepared by first depositing palladium onto the alumina. The Pd-
30 containing alumina was then added to MCM-49 to form a mixture and the mixture was then
pelletized using a hand press under 136,000 kPaa for 60 seconds. The pellet was then sized to
mesh openings of from 0.841 mm to 0.250 mm (20/60 mesh particles) before it was tested for
its benzene hydroalkylation performance. With each catalyst, all the palladium was on the
inorganic oxide.
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A 45 B 3 Conversion, wt % 46.3 59.3 Selectivity, t % Cycl ohexane 4.5 2.6
Cycl ohexyl benzene (CHB) 72.6 71.7 Dicycl ohexyl benzene (DCHB) 18.5 19.4 CHB

+ DCHB 91.1
WO 2009/134516 PCT/US2009/034823

[0051] Both catalysts were evaluated under nominally identical conditions of 150°C, 1034
kPag (150 psig) and 0.7 hr'! WHSV and the results are shown in Table 1. As can be seen from
Table 1, the performance of catalyst B was superior to that of catalyst A. The conversion of
catalyst B was significantly higher (59 versus 46 wt% conversion). Moreover, the selectivity to
5 cyclohexane of catalyst B was outstandingly low, at 2.6%. The selectivity to
methylcyclopentane (MCP) of catalyst B appears to be to be high at 1.3%, but most of the
higher selectivity to MCP is due to the higher conversion. The overall selectivity of catalyst B

was excellent, at 91% at nearly 59% conversion.

10 Table 1

Catalyst A B

Alumina Support Average Particle Size, um 45 3

(microns)

Conversion, wt % 46.3 59.3

Selectivity, wt %
Cyclohexane 4.5 2.6
Cyclohexylbenzene (CHB) 72.6 71.7
Dicyclohexylbenzene (DCHB) 18.5 19.4
CHB + DCHB 91.1 91.1
Methylcyclopentane 0.2 1.3
Methylcyclopentylbenzene 1.9 2.1

[0052] While the present invention has been described and illustrated by reference to
particular embodiments, those of ordinary skill in the art will appreciate that the invention
lends itself to variations not necessarily illustrated herein. For this reason, then, reference
15  should be made solely to the appended claims for purposes of determining the true scope of

the present invention.
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91.1 Met hyl cycl opentane 0.2 1.3 Methyl cycl opentyl benzene 1.9 2.1
[ 0052] Whi | e the present invention has been described and illustrated by
reference to particul ar enbodi ments, those of ordinary skill in the art
will appreciate that the invention lends itself to variations not

necessarilyy hfff¢strated herein. For this reason, then, reference 15 shoul d
be made Ség%éy_fb t he appended cl ains for purposes of determning the true
scope of the present invention. CLAIM5S 1. A process for producing

cycl ohexyl benzene, the. process conprisjing contacting benzene and hydrogen
with a catlal yst® arees R BioGHARS F TSy EBHARE I %Eﬁ%iﬁgﬁpﬁaﬂ&l@g sAntafinuent
cont ai ni NGerynk QREXRYABEAZ 6B 2 dabifyst Ah@ S HrRATRt0f! BEdiBoROIPBHLE Hf 2

nol ecul ar sieve, an i norganic oxide différent “fromthe nol ecul ar sieve and
~at | east efhidudny doogenag icyolohetyiienzadeertle natalyst eampri§og vt Yompositeeof a

hydr ogenatign netal is .supported, op.the inorgani i de and the jnorganic
o e s MifiCaB iRy FeRRBS ettt R famihAEroRG M Moyl ot 0
process omyaﬁo%bﬁaﬁlm MRS ShBrel® 16RO5 QNGO BiRIrb@Radéh ALRI ﬁgaﬁp@fadl cle
size of fromO0.01 to 30 um 3. The process of claim1l or 2, erein the

i nor gani c oBxhelénaiganiaexidy erddhe iparganic| axidd bas qneavsraghaartade sige lesg thaphe
process ouﬂagxlgrece ing claim wherein the inorganic oxide has an average
particle ST 2% F §%han 5 um

2. The process of claim 1, wherein the inorganic oxide has an average particle

size of from 0.01 to 30 pm.

3. The process of claim 1 or 2, wherein the inorganic oxide has an average

particle size less than 20 pum.

4. The process of any preceding claim, wherein the inorganic oxide has an

average particle size less than 5 um.

5. The process of any preceding claim, wherein the inorganic oxide comprises an
oxide of at least one element of Groups 2, 4, 13 and 14 of the Periodic Table of

Elements.

6. The process of claim 5 wherein the inorganic oxide comprises alumina, titania

or zirconia.

7. The process of any preceding claim, wherein at least 75 wt% of the

hydrogenation metal is supported on the inorganic oxide.

8. The process of any preceding claim, wherein the at least one hydrogenation
metal is applied to the inorganic oxide before the inorganic oxide is composited with

the molecular sieve.
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5. The process of any preceding claim wherein the inorganic oxide

conpri ses an oxide of at |east one elenent of Goups 2, 4, 13 and 14 of the
Periodic Table of Elenments. 6. The process of claim5 wherein the

i norgani c oxide conprises alumna, titania or zirconia. 7. The process of
any precedj ng i [-ej 75 Wt 9% 0f o] i tal is
supportedq%n tﬁgﬂﬁﬁ%?%ggﬁg&’f?%é&eaé&mTEgvgg%géggm%$£§ﬁ§:%ﬁggég%ﬁégﬁlaim
wher ei n t hiepaditihgedstat dewst by hpdregaiation nieedladn ths iagphiie dxide dndethemos-gani ¢
oxi de before the ingrganic oxide is conposited wiith the no|ecul ar sieve.

9. The pr Jelizin 2 gRytET th mfal atasping Inglgapis oRtderped i @P{?gwwf ¥Yfr oduced
by depositing the at | east one hydrogenation netal on the inorganic oxide
and then co-pelletizing a m xture of the netal -containing inorganic oxide
and t he ndlleculldre moease.of By cHeeofpelaines 5-6pfwhareyn dmecablystl @i preduced, bywher ei n

the catalyst i.s produced b epositi.ng the at _|east aone hydr nati on net al
on the. | ndeBeiied B achans REROCHLURT MG e HEUe ost g e o

met al - contegtrfiing ainRFIRHF he ct£lRoRAchiABOFRINRCIMIAS arkil 1BY tholckhilar $RQe Pr OCESS
of any preceding claim wherein the catalyst further includes a binder.

12. The process of any preceding claim wherein the nol ecul ar sieve has an

aver age pqgre size of at least 7 x. 10-10m (,7 Angstrom... ~13. Th rocess of
By breceditng digimbesthef 3R reivsting LAl arrer YRS L8 adtisn Rl Foor o
bet a, zeolvidder.X, zeolite Y, nordenite and a nol ecul ar sieve of the MCMR2
famly. 14. The process of any preceding claim wherein the nol ecul ar

sieve has an X-ray diffraction pattern including d-spacing maxi ma at

12. 4+0. 25 ’126' Q%h% rog'es§7&;[ %é' ﬁ%{ée(ﬁné %Qaigz \ﬁ%géihrt‘ﬁg]moll:éﬁaﬁ! ?1%%@%%31; of any

precedi ng claim erern ecufar sreve Is selecte

PSH 3, SSAv@age fRBsike of TQedst 7IXTIQ O (MAMg3GomMOM 49, MCMB6, UZM 8, and
conbi nations of any two or nore thereof 16. The process of any preceding
claim wherein the nolecular sieve is an alumnosilicate and the nol ar

ratio of tihe ahyEijasuBsd Br Lie pRREERYRImS WB¥RiH BcthBlchVEY QoaNatdRRidEt al s
from1.5 to 1500. '17. The process of claim 16 wherein the nolar ratio is
from 100 tfionBa®lite beta, zeolite X, zeolite Y, mordenite and a molecular sieve of the MCM-

22 family.

14.  The process of any preceding claim, wherein the molecular sieve has an X-ray
diffraction pattern including d-spacing maxima at 12.4+0.25, 6.94+0.15, 3.57+0.07 and
3.42+0.07 Angstrom.

15.  The process of any preceding claim, wherein the molecular sieve is selected
from MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-

56, UZM-8, and combinations of any two or more thereof.

16. The process of any preceding claim, wherein the molecular sieve is an
aluminosilicate and the molar ratio of the aluminum in the molecular sieve to the
hydrogenation metal is from 1.5 to 1500.

17.  The process of claim 16 wherein the molar ratio is from 100 to 300.

18.  The process of any preceding claim, wherein the at least one hydrogenation
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18. The process of any preceding claim wherein the at |east one
hydrogenation - 14 - netal is selected frompalladium ruthenium nickel,
zinc, tin, and cobalt. 19. The process of any preceding claim wherein the
nol ar ratio of hydrogen to benzene in the contacting is in the range of

fromO0. 15: Iﬂ'etalqs §I§Iec]t fr&% aﬁgﬁuﬁaggﬁéﬁmﬁfm% ﬂﬁce?lﬁdér[fgcg%hl@' m wherein the

hydr oal kyl at1 on con |t|o I'nc a tehperaturé of to 400C and/or a
pressure of 100 to 7000 kPaa. 21. The process of any precedlng claim
wherein t effluent al sqQ contains d exyl benzene an Ieast part of
the di cyclqghex g9 of S0 GIRCSB S i, HBE ERemaa ?%&dé @t ion

condi ti ONbehRrpEOHHLBfE ﬁrlnmé%@eam&@ﬂgnetmleZ A method fo

copr oduci ng phenol d cycl ohexanone, the nethod conprising producing
cycl ohexyl benzene by the process of any preceding claim oxidizing the

cycl ohexyl henzene to uce ohexyl benzene h cl eavi ng
Che cycl oyl B0 ALREEh JAAShEFSETAR Q0o URTIS T BHOT A kdteh PR one.
23. The nmehdiedt Pfenfplraiit 42100 W 400eC 1600PE bidstige S€ N0EHomBOAPRAY t he
cycl ohexanone to form further phenol.
21.  The process of any preceding claim, wherein the effluent also contains
dicyclohexylbenzene and at least part of the dicyclohexylbenzene is contacted with

benzene under transalkylation conditions to produce further cyclohexylbenzene.

22. A method for coproducing phenol and cyclohexanone, the method comprising
producing cyclohexylbenzene by the process of any preceding claim, oxidizing the
cyclohexylbenzene to produce cyclohexylbenzene hydroperoxide and cleaving the

cyclohexylbenzene hydroperoxide to produce phenol and cyclohexanone.

23. The method of claim 22, further comprising dehydrogenating the

cyclohexanone to form further phenol.
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