TRANSALKYLATI ON OF POLYCYCLOHEXYLBENZENES CROSS REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clains the benefit of prior U S.

provi si orab 2appi3smati on Serial no. 61/181 133 fil ed MayPe®/us2009310esi ch is
hereby incorporated by reference in its entirety. FIELD [0002] The present
invention relates to a process for the transal kyl ati on of

pol ycycl ohexyl benzenes i nto nonocycl hexyl benzene and to the use of the
resul tant nmonocycl ohexyl benzene in the production of phenol and
cycl ohexanone. BACABRNSHLKNAAIIOPHARROLYCYEGLOMH EEﬂﬁﬁhﬂﬁbt in the
chem cal industry and is useful in, for exanple, the production of phenolic
resins, bisphenol A, e-caprolactam adipic acid, and plasticizers. [0004]
Currently, 4R REFERE) TORERATED APR IONS on of phenol is the Hock
process. This . is ree-sten. .nr ! i t . 1 idvol ves
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cl eavage o 1 E hydr oper oxi de to produce equi nol ar amounts of phenol and
acet one. r, the world demand for phenol is growing nore rapidly than
t hat for ad¢@iene. Tha ackgdnti diventione relmsd ©f aprppgyeckenter i thel ikmdalkytadon neff ease,
due to a devel opi.n hort age, of propyl ene. [0005] Thys, a process that uses
hi gher al k@RREY %@gﬁéﬁmgpsp?gbfwgﬂ@%ﬁ§xgggﬁgﬁhani6Brgﬁu&%@Oﬁﬂéﬁe?mﬂ@P%nes,
such as cyealbssrnetghensdat iethe bRdictdaof pidolaiy chdol@Ra@intr acti ve al ternative
route to the production of phenols. For exanple, there is a grow ng market
for cyépohéﬁéﬁgaggguﬂch is used as an industrial solvent, as an activator
in oxidati geuospactrhends i@hfl inPorkde pRidastusmt heRh&hicadinBieryamads we¥eal aheyanone
resins, cycl ohexanone oxine, caprolactamand nylon 6. [0006] It is known
from U. S. Psgie the prastugipn afpheppli resing| BByl B nizeateoleciin pdinpe gefdcaid by
contactingppgﬂgﬁﬁg with hydrogen in the presence of a catal yst conprising

[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  Dbe processed in two steps to cyclohexanone and phenol. Similarly, U.S. Patent No. 6,037,513
discloses that cyclohexylbenzene can be produced by contacting benzene with hydrogen in
the presence of a bifunctional catalyst comprising a molecular sieve of the MCM-22 family
and at least one hydrogenation metal selected from palladium, ruthenium, nickel, cobalt and

mixtures thereof. The ‘513 patent also discloses that the resultant cyclohexylbenzene can be
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rut heni um and ni ckel supported on zeolite beta and that the resultant

cycl ohexyl benzene can be processed in two steps to cycl ohexanone and
phenol . Svoi2bavi3g248U. S. Patent No. 6,037,5 13 di scl osesPCHALS2010/031029

cycl ohexyl benzene can be produced by contacting benzene with hydrogen in
the presence of a bifunctional catal yst conprising a nolecular sieve of the
MCM 22 fam |y and at | east one hydrogenation netal selected from pall adi um
rut henium nickel, cobalt and m xtures thereof. The '513 patent al so

di scl oses whidized fie theegpmicsnanding Yy iopa ¥y etk Bserceidcpdasgmpesee do ths dopised

cor r espondingh N¥fr QPERAxhE, and the peroxide deconposed to the desired
phenol and cycl ohexanone. [0007] One problem facing the conmerci al

expl oi t at i d0003F t Kserehderh depsngothe p@mﬁ@&i%gxmymti@h@gyheb@m@ﬁés pisprogesing
general ly % Qf y I are
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solution totnrs p emi s ransa cyclohexyl benzenes

wi t h addi t uesfel mdmeopdobexylbenzaleyirodmot. whi ch 1s addressed in the '513 patent

by effecti e trans alkylation in the .presence of a, catal yst, containing
the same n@ﬁ@%ﬂlafﬁﬁie9§$§§ u a9 f%e%%€dr%8@ﬁvlapioﬁ)cg?ﬁ%ggTﬁenéﬁ%ly an
MCM 22 f amipblycddhak yibdnzeren twithradtffiondbsenas aofolitiog whtdhak addopedanths ‘O3 t he
hydr oal kyl ati on catal yst and i he absence of a.hydrogen co-feed. [0009]
I'n addilfi oR3eR) & eé%ﬁlé%tth?\l&?nséﬁét%@?fs%t | EieBeel f‘t‘féﬁag’gﬁ S BARAIA ene
can be conv@idcallr tievd ReiseDnand kydradligdatida chidBhd, Mandy af MTENICDI @ily BRalyst,
dicyclohex¥lbenzene wi th benzene in the %fesence of a catalyst selected

from the grBup theghesnse pite getabspmponhteonsihe fydredipgrtianicaiglyey adpn thymbsrateal
oxi de nmodi i edydbddd cgfedaxyani on of a Goup VIB netal oxide, TEA-nordenite,

and zeolite beta. [0010] In our co-pending PCT Application No. PCT/EP
2008/ 00607200881 have a¢ibidey UbedPagnhNe ety 28 disglosrsibat disyelpbexyihenaeny eszlene

where dikcyelQRAXY [OSRZ SRAANTIREOWRlathve By B8lRacBhith@ RS cbhd:iRAALE vangl
benzene in a transal kyl ation reactor, normally separaté fromthe
hydr oal kyl &cizene methe posencowér catabyisi teddsted fromathwadriyl eansisingeelt 2l gosdic sglidch as
a ol ecul arcorﬁfaﬁs%%g Group IVB metal oxide modified with an oxyanion of a Group VIB metal oxide,
TEA-mordenite, and zeolite beta.
[0010] In our co-pending PCT Application No. PCT/EP 2008/006072 we have described
20 a process for producing cyclohexylbenzene where dicyclohexylbenzene by-product is
transalkylated with additional benzene in a transalkylation reactor, normally separate from
the hydroalkylation reactor, over a suitable transalkylation catalyst, such as a molecular sieve
of the MCM-22 family, zeolite beta, MCM-68 (see U.S. Patent No. 6,014,018), zeolite X,
zeolite Y, zeolite USY, and mordenite.
25  [0011] The silica/alumina molar ratio of a given zeolite is often variable. For example,
certain faujasite zeolites can have varying silica/alumima ratios such as zeolite X which can
be synthesized with silica/alumina molar ratios of from 1.5:1 up to 3:1, while that ratio in
zeolite Y is from 3:1 to 6:1. In the ultrastable Y zeolite (zeolite USY), which is made by
dealuminating zeolite Y, the silica/alumina ratio can be made to exceed the value of 6:1
30  typical for zeolite Y. The term dealuminating is generally understood to mean the removal of
aluminum from the zeolite framework, even where the overall composition of the material is
unaltered or only slightly altered because the aluminum removed from the framework

remains in the channels and cavities.



of the MCM 22 famly, zeolite beta, MCM 68 (see U S. Patent No. 6,014, 018),
zeolite X, zeolite Y, zeolite USY, and nordenite. [0011] The silical/alum na
nol ar ratwo 20fo/@8yB8ven zeolite is often variable. For eramaiSe¢iomsreai n
faujasite zeolites can have varying silica/alumm ratios such as zeolite X
whi ch can be synthesized wth silica/alumna nolar ratios of from1.5:1 up
to 3:1, while that ratio in zeolite Yis from3:1 to 6:1. In the

ultrastable Y zeolite (zeolite USY), which is nmade by deal um nating zeolite
Y, the silil@U2hI ukonany agdalysedn b Viskife faro thex eammereiab sqale Lreangflogatipnt gy cal
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conposi t i ogowfersidne ofvditce pplaplkylated rapdiesr bet mﬂStofﬁﬁfy selpgtiyhly| producaeethe ddebisesaus e

the al um ”B{BBT%EE)O%@M&Q&‘J&&J& q‘ﬂ‘ﬁ&p{hgn u &?ﬁt@(? b:yrbré]c{ﬁgts(:hﬁp gljtléllllgl‘nqt |15

cavities.| r ‘any catalyst to be viab e corme cial sca
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1 Accordin res e ion, as now been nd t hat
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selectivity for the desired nonocycl ohexyl benzene product and a | ow
sel ecti vi t;éﬂ%% unwant ed net hyl cycl opentyl benzene inmpurity. SUMVARY

[0014] In Q&R4PSPEEtone t RBeck, MAE NIl @0k §8HAESInI f RoRELEES thel @dnsdiR@ation of
transal kyl ation of pol ycycl ohexyl benzenes, the process conprising

cont act i ng PAYEXSEhCBHMEINGS. Hee BIOCISe ASMPEHRE PUIAREYE Rofiek goEinRe mé 1t pne
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zeolite US avin a silicato alumna nolar ratio i n excess of
convert at co@mﬂlnmxmlle%%hw11m¢ siisecto ghvaxyd pelay eatie in @XC@@Sc,qfdﬂ@(Wrbéll’qZ‘Ene.

least part of said polycyclohexylbenzene to cyclohexylbenzene.
[0015] Conveniently, the zeolite USY has a silica to alumina molar ratio in excess of 25.
[0016] Conveniently, the zeolite USY has a silica to alumina molar ratio in excess of 50
20  and typically has a unit cell size less than or equal to 24.50.
[0017] Conveniently, said transalkylation conditions include a temperature of about
100°C to about 300°C, a pressure of about 350 kPA to about 4200 kPa, and a benzene to
polycyclohexylbenzene molar ratio of about 1:1 to about 50:1.
[0018] In one embodiment, the feed comprises at least part of an effluent produced by a
25  method comprising contacting benzene and hydrogen under hydroalkylation conditions with a
catalyst comprising a hydrogenation metal and a molecular sieve selected from zeolite beta,
zeolite X, zeolite Y, mordenite, and a molecular sieve of the MCM-22 family.
[0019] In a further aspect, the invention resides in a process for producing
cyclohexylbenzene, the process comprising:
30 (a) contacting benzene and hydrogen with a first catalyst under hydroalkylation conditions
to produce an effluent containing cyclohexylbenzene and polycyclohexylbenzenes;
(b) separating cyclohexylbenzene from said effluent; and
(©) reacting at least part of the polycyclohexylbenzenes from said effluent with benzene

under transalkylation conditions with a second catalyst comprising a zeolite USY having a
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[ 0015] Conveniently, the zeolite USY has a silica to alumna nolar ratio in
excess of 25. [0016] Conveniently, the zeolite USY has a silica to alum na
nol ar ratwo 20r/Bgess of 50 and typically has a unit celPCTAiS2@0l08829 t han or
equal to 24.50. [0017] Conveniently, said transal kyl ation conditions

i nclude a tenperature of about 1000C to about 3000C, a pressure of about
350 kPA to about 4200 kPa, and a benzene to pol ycycl ohexyl benzene nol ar
ratio of about 1:1 to about 50: 1. [0018] In one enbodi nent, the feed
conpri ses &ficy elaselupunra reglargmatier fin uessessprbdlfteel B9nvart el Hesdt drpef siaily
contact i ng ;DERZERE AR, AYAL I8 MNF& ey dr 0al kyl ation conditions with a

catal yst conprising a hydrogenation netal and a nolecul ar sieve sel ected
from zeol i 1&028kt an yetal frtleer Xspegtethe iinvention resded éink pecesariel podvoingobénst 2l eve

of the NCN*%%dkﬁﬂ%hyﬂm&ﬂﬁ%&koﬁ@ﬁg?%urther aspect, the invention resides in

a process f produci ng cycl ohex enzene, the process conprising: (a)
cont act Bng (Henzemgcamgbednyaie egé hydgeh vathfa firsttcat bystaindert hydredby lahgrdeanditiknd at i on
conditions to produce an effLuentlgpntainingﬁg&qlo&gﬁxlgenzene and

pol ycycl ohdEP TSRS L HES Py IBR el RIP K Lr SHERN BERIENE PSR sai d

ef fluent; &@nd (spame@cdyciobexatbeheastompasit effiieiithe pol ycycl ohexyl benzenes from
said effluent with. benzene under transal kylation condi.tigns with a second
catal yst oGpr i SpRa Ja nte s RO R ALRIBE F8N R pSER o
excess of 10ddr araf@iyeikibn abnditkas twithad tecofd Sadlght ROy GG ©hetyd DeWzienRag 4 0

cycl ohexyl benzene. 0029% In yet .a further gspect, the invention resides in
a procéés f Fap?oﬁh%P %@hS%“hdH @Vﬁﬁoﬁéxgh&ﬁeFmPﬁ% b?g?@%émﬁoﬁgr$%¥ng:
(a) contachbReychhbzena-abe JxBhagtrRnehé;h a first catal yst under

hydr oal kyl at1 on conditions to produce an effluent contain

cycl ohexyl b€nzefrddizig HolgtyraroRexin werohenglsenzels) f@gbél?)aﬁli‘%ngc) to produce

cyclohexylQﬁﬂaﬁgﬁb&&ggufabgm@gaégﬁpt; (c) reacting at |east part of the
pol ycycl ohexyl benzenes from said effluent with benzene under

transal kyl &) dervesridiledsondt wf dite ayckiepmepnee divgwperewapite Pradyccarhaael prde USY
having 13 sic|iiGRdf@nal umna nolar ratio in excess of 10 to convert at |east

part of said polycycl ohexyl benzene to cycl ohexyl benzene;
[0021] Conveniently, the first catalyst comprises a hydrogenation metal and a molecular

sieve selected from zeolite beta, zeolite X, zeolite Y, mordenite and a molecular sicve of the
MCM-22 family.
DETAILED DESCRIPTION OF THE EMBODIMENTS

20 [0022] Described herein is a process for the transalkylation of polycyclohexylbenzenes
and, particularly, but not exclusively, the polycyclohexylbenzenes produced as a by-product of
the catalytic hydroalkylation of benzene. Thus the catalytic hydroalkylation of benzene is a
useful route to the production of cyclohexylbenzene, which in turn can be used a precursor in
the manufacture of phenol and cyclohexanone. However, as will be discussed below, current

25 methods for catalytic hydroalkylation of benzene produce about 20% of di- and tri-
cyclohexylbenzenes by weight of the hydroalkylated product. Thus, to be commercially
viable, any method of producing phenol and cyclohexanone via the catalytic hydroalkylation of
benzene requires an effective method for transalkylation of polycyclohexylbenzenes to
additional monocyclohexylbenzene product.

30 [0023] Polycyclohexylbenzenes comprise di-cyclohexylbenzene and tri-

cyclohexylbenzene.



(d) oxidizing at |east part of the cycl ohexyl benzene from (b) and (c) to
produce cycl ohexyl benzene hydroperoxide; and (e) cleaving at |east part of
t he cycl oMexylleszene hydr oper oxi de to produce phenol amdTayedioheranone.

[ 0021] Conveniently, the first catal yst conprises a hydrogenation netal and
a nol ecul ar sieve selected fromzeolite beta, zeolite X, zeolite Y,
nordenite and a nol ecul ar sieve of the MCM 22 fam |y. DETAI LED DESCRI PTI ON
OF THE EMBODI MENTS [ 0022] Described herein is a process for the

t ransal ky| &enzone vdrealiovlationohexy| benzenes and, particul arly, but not

excl usi vel ygpone RQLYGYHHRNEFHbIBNARACS: RERIHE Sh R%s AcdiicfiO BelnOfwitihe
catal ytic hydroal kyl ati on of” benZene. Thus the catal ytic hydroal kyl ati on of
benzene i s hadrageaf wider bydrealkdationecqpdisiguc it gy prescasge bb heswyde hydmelkylaidnch i n
turn can b ' : .0of . phenol and
cyclohexangﬁg§gsgﬁg%g?%H%§2éfP&mb%%%ﬁggﬂégég B%?%&L current nethods for
catal yti c hydroal kyl ati on of benzene produce about i - and

tricycl ohexyl benzenes by wei ght of the hydroal kyl af ed prgduct. Thus, to be
commercially viable, any nethod of producing pheno dycl ohexanone vi a
the catal ytic hydroal kyl at i o%0f benzene requires ctive nethod for

nonocycl ohexyl benzene gr ¢lduct.
di - cycl ohexyl benzene andt rig,
[ 0024] The catal ytic hydroa

w t h hydrogen under hydroal kyl ati on conditions in sence of a

foll owi ng reaction: [0025] Conpeting reactions inclhude#tie conplete
saturatfon of the benzene to produce cycl ohexane (CHB), polyal kylation to
produce di ¢8026phexXiphipetnrerectand irichude el alvaptatt bamatme ofathd benzene to produce
reorgani zat |

oS L LS S0 2R PR AE LR FEB Bs on
si nce, eveandM t heokdaeizamstaligeltioct | vectakal st s prelucdh admpuneiedCMs@éh f amd | y
zeolites dinase(t:hly?cilglgperr]lteyrlt%inge’ne.t I%Ee I;nea?'o(% tcior?l{)]eting reaction is polyalkylation since, even with
10 the most selective catalysts, such as the MCM-22 family zeolites disclosed herein, the reaction
effluent contains 20 % or more of dicyclohexylbenzene and tricyclohexylbenzene by weight of
the converted products.
[0026] 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
15  source of hydrogen is not critical, it is generally desirable that the hydrogen is at least 99 %
pure.
[0027] Conveniently, the total feed to the hydroalkylation step contains less than 1000
ppm, such as less than 500 ppm, water. In addition, the total feed typically contains less than
100 ppm, such as less than 30 ppm, for example less than 3 ppm, sulfur and less than 10 ppm,
20  such as less than 1 ppm, for example less than 0.1 ppm, nitrogen.
[0028] 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, while suitable reaction pressures are between about 100 and about 7,000
25  kPaa, such as between about 500 and about 5,000 kPaa. Suitable values for the molar ratio of
hydrogen to benzene are between about 0.15:1 and about 15:1, such as between about 0.4:1

and about 4:1.



ef fl uent contains 20 % or nore of dicycl ohexyl benzene and

tricycl ohexyl benzene by wei ght of the converted products. [0026] Any
comer ci awvbyosviasi4abl e benzene feed can be used in the Rgdmusalikpbare on
step, but preferably the benzene has a purity level of at |east 99 w%
Simlarly, whereas the source of hydrogen is not critical, it is generally
desirable that the hydrogen is at |east 99 % pure. [0027] Conveniently, the
total feed to the hydroal kyl ati on‘steé) contains | ess than 1000 ppm such as
| ess than B9 pmThoesetatyst prplasesi i1 drdroglkdationt ihction elax pisc SPPROSED I & ns

| ess than 100 RRMicRUGH ifzah®Skide NAferdR RAM el R51cEXATRYE 2h&5hybBERaRPPM
sul fur and less than 10 ppm such as less than 1 ppm for exanplé less than
0.1 ppm nimetabgueferaplgOonrgyhichhet lpasti PO altloyodfathe bndrogeaetianometelais shepottohdudhed in
a wide ran . r fl i i.ncludi i .
Ceactors. napai SHE Lt TR AHARE seE MaRR e, KL BRE padhpioring

t enper abur ds ladegtatinemntaladnobt ndGACoaId thwttit4g0DGatadstindas stettmge v about

125C and abouyt, 2500C, whil e sui,tahl e react.ion essures are, bet ween, about
160 and anagsionst pRSencild Gtk ANhEALRAR AP B2 SHhGR- AL MR A ERARO L

Sui t abl e vahtelgs ifi @hich e hydtogenatiat motabfs stpypobrtedjentht molenizesievear e bet ween
0.4:1.and about

bout 0. 15; d t..15:1 h bet ) t
Ao 0026) 1A C RaRkn Bhesna Bl R SR ER T RE P Eigigito R s org
colrrpos: te @fst@n rrmdhg;ﬁmg ﬁf é@htem, f}@mmlrmitﬁg?nibg Q?M&gfﬂefeheﬁ%bf E&’tﬁl’fe({rdﬂfy . 50
ecu r Sl eve an a rogen I QN ,. pre r A | CI as
N9 of Phe pydREEbam o fsaey oructaneat sebemndng enur Be o s etk her

t han on the mpkeald afd MCBMER. I n particular, it is found that by supporting
t he hydrogenation neta n the inor?ani c oxide, the activity of the

I
catal yst af3its <Mdie fim?wv greafkyfadne c3ple s atdepstioneRolegar gicken ene

i's increasgg RENeOMMARBA Dhe &rﬁn‘mtmafaﬁﬁu? ALY & <t Shht RECM-22
hydrogenati on netal is supported on the nolecul ar sieve. [0030] Generally,

[3

t he nol eculfarils]@yaoksprbyie 4fihe MEMA ik )l asghhgseincagydey pec ghpersy st em
includijRg af | east one channel defined by a 12-nenbered ring of
tetrahedrally coordi nated atons. Exanples of such nol ecul ar sieves include
zeolite beta, zeolndeul sizesnade frym axndem first dgate MIMaBB¢ building block unit

cell, which unit cell has the MWW framework topology. (A unit cell is a spatial
arrangement of atoms which if tiled in three-dimensional space describes the
crystal structure. Such crystal structures are discussed in the "Atlas of Zeolite
20 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;

25 e molecular sieves made from common second degree building blocks, being layers
of one or more than one unit cell thickness, wherein the layer of more than one
unit cell thickness is made from stacking, packing, or binding at least two
monolayers of one unit cell thickness. The stacking of such second degree
building blocks can be in a regular fashion, an irregular fashion, a random fashion,

30 or any combination thereof; and

s molecular sieves made by any regular or random 2-dimensional or 3-dimensional

combination of unit cells having the MWW framework topology.
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[ 0031] Alternatively, the hydroal kyl ati on catal yst includes at |east one
nol ecul ar sieve of the MCM22 famly. The term"MCM 22 famly material” (or
"mat er i alwof2otossEM 22 fam | y" or "nol ecul ar sieve of wrhe/usBMoA2102am |y"),
as used herein, includes one or nore of: nolecular sieves made froma
common first degree crystalline building block unit cell, which unit cell
has the MAW franework topology. (A unit cell is a spatial arrangenent of

atoms which if tiled in three-di nensional space describes the crystal
structure. [#32h c™Mdecalar seyescafived-at Endiyssenersbahav apperaydiffepstioy parest i t e

Framewor K Ty d5pdciid Selibh OR.1220035 & By B3 478099 MG M 429D oMU fflirb.

i ncor porated as reference) mol ecul ar’ si eves nmade froma conmon second
degr ee bui [Téf Agrayl @ﬁwctlmdﬁg used2to ehiarpeignio gl matpiigl Hp) et ebtpared Naswwtandardewor k

t opol ogy u@échmﬁﬁés u§1’n§ft T?"aﬁ')ﬂ% LLB?\ 3k %%Er fthé)iﬂgid&ﬂ!radiﬁﬁ)lnlanggid D&Smeter

preferably one c-uni ess; ecul ar sieves made from common
second degrewpizdi Wi rgsdoitidletan C@mtqnganﬂaaﬁmcgt@f cqmnreltemrasntbﬁ ecotl¢réinn opgerani t

cel | thick 0% la\fms?ervgsl %ﬁtﬂ&\i 9?’ Efr%mlﬁ% nc uc{% I\/{&ES escrl ed (fellj St atm%tnﬁss s

made froms ing, i'ng WO nonot ayers of one unit
cell thi ckm%g 325|)h@SHt3a(xiesmijped)fm iﬂShPﬁaﬂCNKd 43 490), B87A-26 ndpsdribod ks &N be

in aregular f Iarf ap, . an

conbi nat oeehevedr Rl ERETO b QR gy BB RO R A IR o o st

f2 di rrensikomalU.sxr Pﬁcri[illﬁ@l’(]ﬁ)mﬂlag) aoQy (dEbdribad Qﬁ luRiratigrl |P3teﬂtaPumgatidiieNM/\¥]V

r amewqr, eG ie ner ave
o A aPBTLER oh N e e tbe Ci T NGt e ha 4 e

6.90. 15, 31HS0rfht and 532362305 Memgsd (déﬁﬁnb@@@n)@sayataitf}ﬁd aLi2@97dayavissed to
characterize the materi al ngiy)Ot ﬁre obt ai ned, by standard techni ques using the

K- al pha doldfs@tbedrn (o &0 o mixgHrsathrisat ahigiesebdy. the meleeHat er

equi pped Wisfhe A sSiediel fr&ﬂl%)'h@@l\@w m)@&[cmnsis %S@%&&&@l oppmwm ran@MdM%
col l ection system Mol ecular sieves of fam'ly include MCM 2

(descri bed st ®I'E-2pat ent No. 4, 954, 325), PSH—3 (described in U.S. Pat ent
No. 4,439, f&gk} Sz %§0r§g'ﬂﬁs %ﬁi’dp%glplo@e(p'irﬁthe 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 Table of
Elements, such as alumina, titania, and/or zirconia. As used herein, the numbering scheme
for the Periodic Table Groups is as disclosed in Chemical and Engineering News, 63(5), 27
20 (1985).
[0034] Similarly, any known hydrogenation metal can be employed in the hydroalkylation
catalyst composite although suitable metals include palladium, ruthenium, nickel, zinc, tin,
and cobalt, with 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

25  between about 0.1 and about 5 wt %, of the catalyst. 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 hydrogenation metal is from
about 1.5 to about 1500, for example from about 75 to about 750, such as from about 100 to
about 300.

30  [0035] The hydrogenation metal is present in the composite catalyst such that at least 50
wt%, for example at least 75wt%, and generally substantially all of the hydrogenation metal
is supported on the inorganic oxide. This is conveniently achieved by depositing at least part
of the hydrogenation metal on the inorganic oxide, for example by incipient wetness

impregnation, before the metal-containing inorganic oxide is composited with said molecular
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Pat ent No. 4, 826,667), ERB-1 (described in European Patent No. 0293032),

| TQ 1 (described in U S. Patent No 6,077,498), ITQ 2 (described in

| nt er nat iwoabi10AasaRt Publ i cation No. WDO7/17290), MM 3eCrdssawiobmwdo i n U. S.
Pat ent No. 5, 250,277), MCM 49 (described in U S. Patent No. 5,236,575),
MCM 56 (described in U S. Patent No. 5,362,697), UZM 8 (described in U S
Patent No. 6, 756,030), and m xtures thereof. Preferably, the nol ecular
sieve is selected fron1(Q3 MCM 49, (b) MCM 56 and (c) isotypes of MCM 49
and MCOM 56 sickgic i esessarg gdditjapal3ipjdrageaation gpejairfiag S@kﬁe@@néwﬁwgwltpdw OR e

hydr oal kyl afy, Rt C@arta?sysctonipgsﬁém ﬂ%‘igaﬁw Mled@a{tblyﬁdcd}ﬁﬂb\ﬂt(gqg drbddcsd sJyal%e and
inert under the conditions of the hydroal kyl ation reaction. Suitab

i nor gani ¢ oRliladdiegionn weieh oxiiger offthanelepelansicwg, and heaingrganic gkide [ee ﬁDElTNPdodl c

Tabl e of EL I 0

her ei n, théﬁﬂgaiéiyngﬁg)%gm%(gg% %gﬁéérlogjﬂ%qp% (X%f%g)g}?%cﬁgmggsc1osed
in Chenfcalin ahigh Ers@lrrye@‘rthﬂgmldeu\lsr 516/3(85\)1 theszJ(ng@)ude[cﬁmazﬂa]llySDgntheam@l a any
known hydro en§t|o 8%1 quloyed i n the hydroal kyl ati on catalyst
eb1 by T qe %]

conposi te a H SUI i'ncl ude pal |l adi um ruthenium nicke
zinc, tin, [mnd]cobﬁhﬂﬂebnma-mabmadmmnmbeymgmmannmnmmar&xuad&ambﬂgeau&
Gbnerally e anmount of drogenati o cat

ot wean abalil 2 e mupEAlt “28 g oy s s g PG faks Disolferam b Rtshout
w % of thewedyalyating bnirome feribof igtieiions phetpitateder pEb eelidarg sixewes o5 an

al um nasi | i ate t he amgunt__of dr ogenatj on resent uch that the
mol ar 8t | 81 i63 2y @etyy aﬁﬁmmﬁmraﬂ%@c Tl%%:&lia&“r Wg’%\%‘l b Upged Sr?yE’P e‘Pi%P(‘fs1

metal is fre%R abaikdtmdntBotifndbanl kiSM0amilRK, eXehPing ity mmua@métsuﬁ&ntdauasbout
750, such as_ from about 100 to about  300. [0035] The hydrogenation netal is

present i naphiekaohsssommoplykapya ps Rivion Mcjamee Gepggagnddiondagays gt othsiaipl e at

| east 75w Yhid@nfe gemehiabhycoastledn@ Ridafby e, alablifife, Lib@tYAHRAGNANPR RBIAl 1S
supported on the inorganic oxide. This is convenj ently achieved b

y
deposi ti ng ckys saadstusgslap thegpw state fprHEBybHADCAr rdrbY suectcddo palainagiani «€idoxi de,
for exarpl gehehinGl Befithal %hﬂﬁét%on' ”@J&Ef&%&t&lr‘om&e&ﬁ&&s ‘id&ﬁldg‘%ﬁlﬁh 4eRkal ni ng

i nor gani € OxXl de 1Is COh‘pOSI ted th sai d nol ecul ar si eve. necessar]y
addi ti onal zhiguhiae digans isdiga- nlstnena eléma @agwqu%mamrcg@a,d@msthm@d sibina-berellia,

silica-titania as well as ternary compositions such as silica-alumina-thoria, silica-alumina-
zirconia, silica-alumina-magnesia and silica-magnesia-zirconia.

Transalkylation of Polycvclohexvlbenzenes

20 [0037] The major components of the effluent from the hydroalkylation reaction are the
desired cyclohexylbenzene product, unreacted benzene and di- and tricyclohexylbenzene.
The unreacted benzene is normally recovered by distillation and recycled to the
hydroalkylation reactor. The bottoms from the benzene distillation are further distilled to
separate the monocyclohexylbenzene product from any polycyclohexylbenzenes and other

25  heavies. The polycyclohexylbenzenes must then be transalkylated with additional benzene to
maximize the production of the desired monoalkylated species. The present process provides
a novel and advantageous method of effecting this transalkylation.
[0038] In particular, the present transalkylation process involves reacting the
polycyclohexylbenzenes with additional benzene, either fresh benzene or unreacted benzene

30  from the hydroalkylation step, in the presence of a catalyst comprising a dealuminated zeolite
Y (i.e. zeolite USY) having a silica to alumina molar ratio in excess of 10, typically a silica to
alumina molar ratio in excess of 25 and typically a silica to alumina molar ratio in excess of

50. Conveniently, the catalyst comprises a zeolite USY having a silica to alumina molar ratio



resul tant catal yst conposite. Typically, the catal yst conposite is produced
by copelletization, in which a mxture of the nolecul ar sieve and the

i nor gani cwoxnte13sa4e formed into pellets at high pressurectgsaaoadlogs about
350 to about 350,000 kPa), or by co-extrusion, in which a slurry of the

nol ecul ar sieve and the inorganic oxide, optionally together with a
separate binder, are forced through a die. [0036] Suitable binder materials
i nclude synthetic or naturally occurring substances as well as inorganic
materi al s duetscrrf 2P ayd a gpit F@gSI%@?SdhaWteaualé& PHeQ typrepdly|less thep ofaguap

ei ther natypakly occurring or in the formof gelatinous precipitates or
gels including m xtures of silica and netal oxides. Naturally occurring

cl ays whi ch0@B8h bén otherembodimens ribieiransailylyn catalysidapd sitidreo plyminzondlir e t e
and kaol | ”&ﬁBﬁ}hb?&i,OM&% ?(molS'Oﬁér\g&ﬁllﬂ(?@ldd@.ﬁ%mg%bFo?ﬁorﬁ@g 6 5%
kaol i ns commonly known as Xl e, nmee, Georgia and Florida clays or

ot hers Bn whifiohm 2hée @l nr fiomeFato ¢.60G b fromnd0 tosS¢abt Gywi F0efo Kol Impther,

di ckite, nacrit.e or .anauxite, Such cl can in at e, as
or i i nai 1y Tebafen. AR RpnTE0LE S o018, BEF0 R8I HeIRhR %5
chem cal nudisilicaad alominaSppdrainliemagebals, 60X, d 80,017 /,d00 2300300, d@o, $00,i1606,,700,

al um na, ziJfgcaoni.a i tania L1 ca-alumna, silica- nesi a o

oi 11 cazi v oBfi 4o %PM’C%@Q%EP?Q, i i38§g16)§69‘r1ﬁ‘| NS PO ANY [T L B 1 as
ternary conpgesiitiitRigustmpkted] | i ca-al um na-thoria, silica-alum nazirconia,
silica-al um na-magnesi a and silica-magnesi a-zjrconi a. Transal kyl ati on of
PoIycvésohgkgﬁbeng%ﬁg%e?g W‘”TﬁﬁtWﬁfgﬁﬁﬁﬁﬁﬁﬁﬁéﬁkgﬂd? 2 @fue dRt P m t he
hydr oal kyl abe,0duck @aGésk AMnaT £ typlealfesist gh 6Y.ClIANEX YbHRAZ ERCalpia0IEd is an
unreacted benzene and. di- and tricycl ohexyl benzene. The unreacted benzene

i s nor mal | PPRIEERGE, BdicpPngpisthe | ihitis Fragkiner bty &f arBateiad 3y @PRAIcRyP &t i on

reactor. TRenped tANSsf AN &hR REAZERE Ainsthid Jratd @ Sorf HekidRQFacling {(fatd €d tO
separate the nonocycl ohexyl benzene product from any pol ycycl ohexyl benzenes

and ot her RéavmMakhexareecopysrsienpar yRBRIPI b 6H2IEHEST HiiMe) lsembaied torthmackivity plat ed
wi th adgi ti,QRalar P ENZENEmIA FREhILARy ¢t kR LOHEHLLOTE OfRal EondaR £ €616 sec-
nonoal kyl at ed speci es. The preséent process provides a novel and
advant ageouds et Alpba destéf deseribicadn V. Satertahn®di K1 iatthaolournabof¥eatalyss, 4, 527
particul argef PHeseke) hANEAI Y| FdQ Ll RE&ETSrateBNAINESy FRAGKE 79 tJ MGt
description. The experimental conditions of the test used herein include a constant
temperature of 538°C and a variable flow rate as described in detail in the Journal of
20  Catalysis, 61, 395 (1980).
[0041] In one embodiment, the transalkylation catalyst has a BET surface area greater
than 500 m’/g, typically greater than 600 m*/g and a pore volume greater than 0.5 cc/g,
typically greater than 0.7 cc/g.
[0042] The transalkylation catalyst may comprise a binder, such as those described above
25  for the hydroalkylation catalyst, or alternatively can be binder-free. The transalkylation
catalyst is generally free of any hydrogenation metal.
[0043] The transalkylation process is typically conducted in a transalkylation reactor,
separate from the hydroalkylation reactor, under at least partial liquid phase conditions,
which suitably include a temperature of about 100 to about 300°C, a pressure of about 350
30  KkPA to about 4200 kPa, a weight hourly space velocity of about 0.5 to about 50 hr" on total
transalkylation feed, and a benzene to polycyclohexylbenzene molar ratio of about 1:10 to
about 50:1. In one embodiment, conditions include a temperature of about 150 to about

250°C, a pressure of about 700 kPA to about 3500 kPa, a weight hourly space velocity of

about 1 to about 30 hr'' on total transalkylation feed, and a benzene to polycyclohexylbenzene
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pol ycycl ohexyl benzenes wi th additi onal benzene, either fresh benzene or
unreact ed benzene fromthe hydroal kyl ati on step, in the presence of a

cat al yst worepro/s823§ a deal uninated zeolite Y (i.e. zeol PCe&/USSMp/oBELY Ng a
silicato alumna nolar ratio in excess of 10, typically a silica to
alumna nolar ratio in excess of 25 and typically a silica to alum na nol ar
ratio in excess of 50. Conveniently, the catal yst conprises a zeolite USY
having a silica to alumna nolar ratioin excess of 25 and a unit cell size
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nolar ratio of from10 to 1, 000 from10 t 00 or from10 to 100 or from
25 to 1, 006nda bénzem t25>0¥y9yc1¥£@©><3dlpenﬁ¢n@rm<2@ r@t@ qf@(bomrl ¥, rebent 3@, leputl 1 30@oBr from

50 to 500 qu—&&Bﬂi§Q%&9£§9953£&5§%@§%mﬁ§§8 g§ggs the silica to alumna

lower limt 45, 50; and the silica to
alunlna5upmuﬂ4]|nﬂtmnmymbmlﬂﬁmeM@ﬁamiﬁﬁmlmﬂSwz@bﬁveﬂgﬂﬁaﬁmaxw¢®®mCS®® 600,
700, 800, 90 0 3,000, .4 wi th ranges .from any
Lower Lini 11)018! &/c}dhex%benzénef Qd the oer%oi%lkylél%%tpm(ﬁ]lc wﬁfdle a? e tlmeclmlmmlzmg
enbodlnentnwﬂbﬁyt%amﬁﬂb&yhaﬂwmﬂﬁoah@hgwmsh@§+pmnmhmhaPuﬂﬁmeoﬁM(EB&ﬁchan

100, such as less than 7 han, 50 r espect

A pha val udradul Rtttk et Rir BB s ARG IR Piei gt el e BRRE st v ¢
of a mat er MePRSacONes @dditl aald&neamdﬂbaﬂncgafoahmsaﬁa 0f|rﬁet1glldyelszé1h:ﬁloﬁ@|vﬁ{1¢ﬂ\/e
rate cqonstant of the nm rlal hexane_cr ackjn e of nor hexane
conver slpon%bseFO BI%P?éatﬁci Rt é}"i}gliexﬁbpfleun]f"t her, ntb‘i qcféﬁg‘é{ eflgl X?ZOPS Bty
of a st and@éfoﬂleﬁbdnh@tdfe%b%bﬁ’dtétﬁfr&ﬁ ath nadigatkadysid thlﬂkl@fbea(&lcﬁibd/}lll mfa@xmaudln (Rate
Const ant 0.016 sec- The Al pha Test is described in

3, 354, 078; Sth tP?{%bYJWWéiuple C‘@é?‘&’fa%li‘ @ the EPCY%Wree&lgagfavyem@?@ @m@a@)ﬂ and

61, 395 (1280)p inQRCHhchNGA RO AhEH hd8b6iliNg BMnfs &NENGE nA®ribR 14Hat
descri ption. f)e experimental conditions of the test used herein include a

const ant t é¥48k at dw éd(bflonagm@t@n@naalbwtwama@lwsr oWl plavdy lose getyEy ipvarrin
detail 1sn yhewlpug rﬂlﬁlof 931(6%%%1%%&&1‘[ tha@ﬁ-le agl%g ra(té-gfgtﬂt\; cat&l?gl}sus bR a9 P&sible

enbodi nent, the transal kyl ation catalyst Ras a BET surface area greater
t han 500 méthgr,ebx phoeaB| lyngg CEele dimas hzptiv@o Oreg@etptianid  alnpedditionolsinge cgﬁaé/att er

than 0.5 C%ggnergt}/o%i t8ql:rhéfv@&%@‘%@fmaﬁl@%ﬂvo@veg bcﬁlﬁ{ilgg of the coke in the presence of air,

either ex-situ or in-situ, it is also important that the catalyst can readily be regenerated with a
little loss in activity as possible.

20  [0046] Using the present transalkylation process, with a high silica zeolite USY as the
catalyst, it is found to be possible to achieve polycyclohexylbenzene conversion rates in
excess of 50 % with a selectivity to monocyclohexylbenzene greater than 90 wt% and a
selectivity to methylcyclopentylbenzene less than 1.5 wt%. In contrast, as will be shown in
the following Examples, using other zeolite transalkylation catalysts, it is found that at least

25  one of the conversion and selectivity values are adversely affected. In addition, the high
silica zeolite USY employed in the present transalkylation process appears to exhibit slow
catalyst aging and good regeneration stability.

Cvyclohexvlbenzene Oxidation

[0047] The major components of the effluent from the transalkylation reaction are the
30  desired cyclohexylbenzene product, unreacted benzene and unreacted di- and
tricyclohexylbenzene. The unreacted benzene is normally recovered by distillation, typically
in the same unit used to separate the unreacted benzene in the hydroalkylation effluent. The
bottoms from the benzene distillation are further distilled to separate the

monocyclohexylbenzene product from unreacted polycyclohexylbenzenes and other heavies.
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[0042] The transal kyl ati on catal yst may conprise a binder, such as those
descri bed above for the hydroal kyl ati on catalyst, or alternatively can be
bi nder - f r@o.20MB8148ansal kyl ati on catal yst i s general |y PcgaSedioasmn29

hydr ogenati on netal. [0043] The transal kyl ation process is typically
conducted in a transal kyl ation reactor, separate fromthe hydroal kyl ati on
reactor, under at |east partial |iquid phase conditions, which suitably

i nclude a tenperature of about 100 to about 3000C, a pressure of about 350
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i s i mport afPFAERLS CYHSAFRDPRREI SN HC 8“15 i Y0 8r1ﬁf %t‘ WBhvEE si on
of the pol ywaieahlewblhaemzem%sér@e toie myasahé(yb@tﬂ(ﬁivphd)didﬁde thWaricBu@d: it he
sane ti m ni Igu%ﬁngt cl O‘E%pt al benzene (MCPB) and heavies (Cl +)
format i g eyt %p e Ets can cause problens for the

steps f urt hevaopowsuitdige REOIGES Forl e tcbélbheﬁ( Ibblaz!eﬂe bﬁl@ﬁ]ﬁnsstgf alYGR8 NeRfIradysO be
oxi di zed and cl eaved | eadin H% formtiaon hyl cycl opent anone, whjch has

to be sepaf#striad Frhicimitcsisscaibeh UﬁuP%tﬁ@rNo {8l f%@t%gﬂporp%a&sﬁ@ﬁrﬂn by

cycl opent a@&eﬂe%”%cl?%n@tlgbﬁo;@ﬁﬂﬁﬁlﬁﬁﬁg ﬁfaﬁﬁﬁ%yﬁ%x%}ﬁﬁdhhh@é | famaRdNw | |
not be oxi di zed he oxi dati oh step, ere in concentration

A AT A I R ANGLNE A TR i NSk A W Lpimihelpienol
tar dug st O gl R RIBO NGB Re,* SORbkb B HGRLE! | RIS b5 zch0045]

In addition, since the transal Kyl ation catal yst wi| Wy’ lose activity
primrily diet- -trigatbokiarey iV, 9 dileysikexy (nyromalitiongigniden N, N‘Hhhydtr%/(@gm@erroaﬁe of

Lgtev\/ggf’]a:‘ Z‘%t ﬁh A @éachl%\&ﬁ? Qlﬂgi dd ? ! q\l—il}tuﬂ Rﬁg}'enﬁ{dleowﬁgml: Qrkgdlgéfﬁéygmide”%
ge erations on, ce cat regéneration to renove
coke nor naﬂly@roxwucﬁlmmsiebur nNrig'dexy(ttetrelrlcoke innle),he pPY- bﬂhWQIeS—o@rbannrzneQ 3-
dicarboximide, exo-N-hydroxy-7-oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboximide, N-
20 hydroxy-cis-cyclohexane-1,2-dicarboximide, N-hydroxy-cis-4-cyclohexene-1,2
dicarboximide, N-hydroxynaphthalimide sodium salt or N-hydroxy-o-
benzenedisulphonimide. Preferably, the catalyst is N-hydroxyphthalimide. Another suitable
catalyst is N,N',N"-thihydroxyisocyanuric acid.
[0050] These materials can be used either alone or in the presence of a free radical
25  initiator and can be used as liquid-phase, homogeneous catalysts or can be supported on a
solid carrier to provide a heterogeneous catalyst. Typically, the N-hydroxy substituted cyclic
imide or the N,N'N"-trihydroxyisocyanuric acid is employed in an amount between
0.0001 wt % to 15 wt %, such as between 0.001 to 5 wt %, of the cyclohexylbenzene.
[0051] Suitable conditions for the oxidation step include a temperature between about
30  70°C and about 200°C, such as about 90°C to about 130°C, and a pressure of about 50 to
10,000 kPa. Any oxygen-containing gas, preferably air, can be used as the oxidizing
medium. The reaction can take place in batch reactors or continuous flow reactors. A basic

buffering agent may be added to react with acidic by-products that may form during the

-11 -



either ex-situ or in-situ, it is also inportant that the catal yst can
readily be regenerated with a little loss in activity as possible. [0046]
Usi ng t hewpreserss248r ansal kyl ati on process, with a hi gh ®Criusacinesioze e USY
as the catalyst, it is found to be possible to achieve

pol ycycl ohexyl benzene conversion rates in excess of 50 %wth a selectivity
t o nonocycl ohexyl benzene greater than 90 wt % and a selectivity to

met hyl cycl opent yl benzene less than 1.5 wt%_ In contrast, as will be shown
in the fol loSdptY. BERAaHHes ansgieeys phase may dgliptrasdueqda whighiepn Aelp gpselug Basisst s,
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be market edeRfap GRETRAd¥ CREOH CRY c&%ni@ﬂ%ﬁbg%lﬁ'ﬁu@eh ¥n laSCETK §&dcto¥ or a
converted into phenol and cycl ohexanone. [0048] In order to convert the

cycl ohexyl sealyeadistiiliption piienol and cycl ohexanone, the cycl ohexyl benzene is
initiall i<di ze i i bhShl o) i shed
Y Ggds9] Zednt Qattaﬁ_?tcegiﬁfl&%a AR é]&av@ésfeﬂ%ﬁ)o@in% agﬁomérgégéouk ??%%?t dJIBJh

by introduci ng an oxyge tdini ng gas, as air, | a ase
cont ai ni ng hetawgeneobsodatakysl-benzene. Unl i ke cunene, atnospheric air oxidation

Che. oxi'dat Tir s ROl phHEARRE R A SRRl LSaKEi pathBRE RS,

Sui t abl e cabedpheics afidr hydrechéycl ahé xaptl betvhenesutmiidatcidon Ftrep cldpedd, Heron

N-hydr oxy trifluoride, sulfur dioxide and sulfur trioxide are also effective homogeneous cleavage
catalysts. The preferred homogeneous cleavage catalyst is sulfuric acid, with preferred
concentrations in the range of 0.05 to 0.5 wt%. For a homogeneous acid catalyst, a

20  neutralization step preferably follows the cleavage step. Such a neutralization step typically
involves contact with a basic component. Typical basic components that can be used are
alkali metal carbonate, bicarbonate, hydroxide, or phenoxide, as well as ammonia or organic
amines. When an aqueous solution of the basic component is used for neutralization, the salt-
enriched aqueous phase is subsequently separated from the organic phase.

25  [0055] 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.

[0056] The crude cyclohexanone and crude phenol from the cleavage step may be

30  subjected to further purification to produce purified cyclohexanone and phenol. A suitable

purification process includes, but is not limited to, a series of distillation towers to separate

the cyclohexanone and phenol from other species.
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substituted cyclic imdes described in U S. Patent No. 6,720,462 and

i ncorporated herein by reference, such as N hydroxyphthal i m de,

4- am no- \WbydroonsgyaRt hal i m de, 3-am no- Nhydr oxypht hal i m @#€T/US2010/031029

t et r abr ono- N- hydr oxypht hal i m de, tetrachl oro- N hydroxypht hal i m de,

N- hydr oxyheti m de, N hydroxyhi m m de, N hydroxytrimellitimde,

N- hydr oxybenzene- 1,2,4-tricarboxi mde, N, N -dihydroxy(pyronellitic
diimde), N N -di hgdroxy(benzophenone- 3,3 ,4,4" -tetracarboxylic diimde),
N- hydr oxy pyri di ne- 2, 3-di car boxi m de, Nhydroxysucci ni m de,

N- hydr oxy( t[(ﬁf5t7 Fi ek Thék&dion N?ﬂh%()voﬁé' n%r@%gigﬁlgﬁ}p%e%nged Qi ALRAAEN e

exo- N- hydr oxy- 7- oxabi cycl o[ 2. 2. |] hept - 5-ene- di car boxi m de, Nhydr oxy-
ci s- cycl ohéXmmeng nbndingiieclEaowlcri de N-hydroxy CI s-4-cycl ohexene- 1,2

di car boxi m N
N- hydr oxy- ggﬁnlzeng%?%u ﬁg%?%ﬂ%%ﬁl%ﬁgﬁ§£gt%bﬁ%hre% Pllowt/ed to test catalysts
N- hydr ofy plieritehsabiydion Aﬁditmhesﬂbﬂameemdabeakqnst Oing gram of catalyst in the 20 — 40

N, N, N'-thi he\{}(ljgl%( Pélnse‘ﬁ\%gsac{] Hl{ed wfl‘lCI d to[ VO%P e nﬁaﬁaﬁrédatl 3 fc Xed- gec? reacs[
eit her al one " orin % resence O ree ra I ni OI’ an can e used

as |iquid- mhﬁs(ﬁ%hmfn@)éﬁam@&msaleammét& dﬁhewamlybewwqtrmirmelcb oact@ widl 160

carrier to provide a_heter.ogeneous ca st ally, .the N hydrax
abst | 1 ut oab ey NPEE A G P R RS PP ity mi B o s ey peatitr g

enpl oyed Han@fheaéﬁetéflbremievmmeﬁo@@@ﬁs 21%I<1€h)15 w % such as between 0.001
to 5w % of the cycl ohexyl benzene. 051] Suitable conditions for the

oxi dat |18n 400581 i n&jomuesrdalitisngsas HetpaEC %%éwg%lbaﬁpmmééu@m 1 FHRAVE FBE0C,
such as abQuter 908 et Res2RBWtotH3 A0Ee MNEr &_RhAFHHY ﬁnﬂfrlt@p%@forégsé 0 Al-che&po

kPa. Any oxygen-containing gas, preferably air,” can be used as the
oxi di zi ng sewrinine e of dhec piedrraicd rbenzane apd 2% priligyalobexyfheaeane (BCHB) by

cont i nuous vJeLg% %%ﬂ ﬂ{u%d%c%d bR G aQH)fr Q%Ldpﬁﬁgégﬁlﬁgpxﬂgﬁ cPs f&dpﬁ&rﬁl‘ﬂ(e i

with acidic pro ucts that _may orm ation tlon an
aqueous pha@etorrwys beatedrie thedlavesd terogeiratirec dhe feed prtaivassiofiuced rak$ ec/ls 6WbI(SNnds

such agssodi 4 The &l Q&Pé‘ég%? t%gfdg&&?u%ﬁ érge‘?ef g%ln%é‘t‘éé‘ﬁle &h@l@e%%hagm? afdl n%‘z@h by GACt 1 ve

step in"the conversion o enzene 1nto
cycl ohexanohematwgobiresftdiheavage of the cyclohexylbenzene hydr oper oxi de,

which | e o AL SR el R AN AN K S DE-BY ERREL RIS W th 2
[0060] One gram of mixed metal oxides WOx/ZrO, was used in testing DCHB/benzene
transalkylation following procedure described above. A product sample was taken after 26

20  hours on stream and the results are shown in Table 1.
Example 2: DCHB/benzene transalkylation over alumina bound zeolite mordenite
(Comparative)
[0061] One gram of alumina bound zeolite mordenite was used in testing DCHB/benzene
transalkylation following the procedure described above. Product sampling started after 43
25  hours on stream and the results are shown in Table 1.
Example 3: DCHB/benzene transalkylation over alumina bound MCM-22
(Comparative)
[0062] One gram of alumina bound zeolite MCM-22 was used in testing DCHB/benzene
transalkylation following the procedures in Example 1. A product sample was taken after 67

30  hours on stream and the results are shown in Table 1.
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tenperature of about 200C to about 1500C, such as about 400C to about
1200C, a pressure of about 50 to about 2,500 kPa, such as about 100 to
about 10080kPw/13§4138 cycl ohexyl benzene hydroperoxi de i s pceftsealblogiodsd | ut ed
in an organic solvent inert to the cl eavage reaction, such as nethyl ethyl
ket one, cycl ohexanone, phenol or cycl ohexyl benzene, to assist in heat
renoval . The cl eavage reaction can conveniently be conducted in a CSTR
reactor or a catalytic distillation unit. [0053] The catal yst enployed in
the cl eavad@amplp 4aMGaBRensnpgenamlleylation| gpst  sluming ebeyiisly etvabigs beta
catal yst. [@f0mfiragvé) abl e honogeneous cleavage catal ysts include sulfuric
acid, perchloric aC|d phosphoric acid, hydrochloric acid and

p- t ol uenes®U63hi ¢ Quei glam Reratinging fioard deolitd Betorvasr istdl dortestieg DIHB/benzaieoxi de

and sul f ur t&&ag@aﬂ& ?Jn%w‘f}lgt e g}foc&ﬁﬁ% Y& IRTDY e%‘?ro%&asgﬁgf% xfaﬁtt%lre}{?gt The

pref erred honogeneous cle catalyst 1s sulfuric aci rred
concent pat i6@hsurk nn stheenrzad e r@a‘ults)al@Sthn @.Teblgtl% For a honpbgeneous acid

catal yst, neut.r I Qn st ref rabl IIo eava ep. Such
S hout ra | FARRBl S plcEbhR FOnBIGIRA, AP Fodnd S RSBV R Pt
Typi cal ba$0(164porrmmaeg1hm ¢fha1ﬁmmarbobed usdie ar eSiadlkal 5. lrmmalceld:a'rzboofaZ%2

bi b t d d h
Vhen an aqasstonore pist” by SR Drdfho GGty Bhe dufedte HelPafuln: fon
t he sal t enecliBdl @gueousprpias eamde SRR e ahatesn fah® et bail®rgani c

phase. 0055; A zuhtgble het er ogeneous catal yst for use in the cl eavage of
cycloh yIB @ roperoxi de includes a snectite clay, such as an acidic

nmont nor i | | @ihin®leSd: ID OB BleliEh 8 &rafidadyylatich & slulti@dbsundWish SPALARBlte IUSY
4,870,217, the entire disclosure of which is incorporated herein

reference. [§18866] Ori@ra airlunipe Powehiigiorbicahumins T Frierselite P§Pﬁ<§r4 L=

cl eavage stgpuiiB¥elP8izs Ubp£5d AfltRnl)Widsh@kd i fdstih € BABHLEReR QSR IRYYH f 1 ed
cycl ohexanone and phenol. A sui'table purification process includes, but is

not |im t edolfopyingth grqcgdurglesgribed fmoa@ i dnproduge sample vae fken plicr 116 hours on

cyclohqgangg&mpggiﬂgggg&aﬁnﬂg%ghpg%k§pe0|es EXAMPLES [ 0057] The invention
w Il now be nore particularly described with reference to the
Example 7: DCHB/benzene transalkylation over alumina bound high Si/Al zeolite USY

[0066] One gram of alumina bound high silica/alumina molar ratio zeolite USY (Si/Al, =
60; unit cell size = 24.26 Angstrom) was used in testing DCHB/benzene transalkylation
following the procedure described above, except the weight ratio of benzene/DCHB was 6/1
20  and the feed flow rate was 4.6 cc/h to achieve WHSV of 4 for the total feed. A product
sample was taken after 576 hours on stream and the results are shown in Table 1.
[0067] The results in Table 1 clearly show that zeolite USY with high silica/alumina
molar ratio and low unit cell has significant advantages over the other zeolite catalysts tested:
DCHB conversion and cyclohexylbenzene (CHB) selectivity are high while MCPB and C;gt+
25  selectivities are low. Increasing the benzene/DCHB weight ratio in the feed from 3 to 6
further increases selectivity to CHB (Example 7). A weight ratio of benzene to DCHB of 3 is
approximately equal to a molar ratio of about 1. A weight ratio of benzene to DCHB is

approximately equal to a molar ratio of about 2.
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follow ng non-limting Exanpl es.

di cycl ohewgl2benizezae wi t h benzene.

[ 0058]

In the Exanpl es,

the foll ow ng
screeni ng procedure was followed to test catalysts for trans al kyl ation of

One gram of catal yst POTIU$201203102910 nmesh

size range was diluted with sand to a volume of 3 cc and charged to a
fi xed-bed reactor with 0.375 inch (0.95 cn) outside dianeter.
was dried in the reactor with 100 cc/mn flowng N2 at 125 0C and 1

at nosphere pressure for 2 hours.

pressure was set to 300 psig (2170 kPa).
percol ated t hrough a

colum o

f

al un
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Table 1

MCM-22

560
alumina

539

370

169

11.34
2.8

180

16.0

9.21
0.26
0.2

3.85
3.38
62.92

18.9

Mordenite

565
alumina

494
322

172
6.73

1.8
180

0.742
79.3

0.151

0.746

22.45

1.51

69.95

5.097

WOx/ZrO,

none

1.1

150
63.0

0.227

0.442

0.091

0.028

1.609

96.64
0.963

Example
Catalyst

Unit Cell size (Angstrom)

Alpha

Binder

Total BET Surface Area, m2/g
Zeolite Surface Area, m2/g
Matrix Surface Area, m2/g

Avg. Pore Size by N2 BET

PSD (nm)
Pore Volume, cc/g

Days on stream

Temperature (°C)

DCHB conversion (%)
Selectivity (wt%)

Lights
Methylcyclopentane

Cyclohexane

Toluene
Methylcyclopentylbenzene

Other Cy5

CHB
Other Ci5
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hours on streamand the results are shown in Table 1. Exanple 4:
DCHB/ benzene transal kyl ati on over alum na bound zeolite beta (Conparative)
[ 0063] Owognewm3gfs8al um na bound zeolite Beta was used POTIUS2M10/081029
DCHB/ benzene transal kyl ation foll owi ng the procedure descri bed above. A
product sanple was taken after 67 hours on streamand the results are shown
in Table 1. Exanple 5. DCHB/ benzene transal kyl ati on over al um na bound Y
(Conparative }0064 One gram of al um na bound zeolite Y (Si/A 2 = 5.1,
unit cell 490881 of Vohilesthe mrggentripygntioiadag becs depcribed ppé glvprpist b rigferpace to
transal kyl higflaf Ghidhae, LiRe B SRAN QaflGs G LOYIPRRYR i B (EUElnSATP! ©
mas taken after 18 hours on stream and the results are shown in Table 1.
Exanpl e 6: libdHBsdbetozanietians aiet agdesspealkyi iBpstigied rhepgding nf erathisogerdnhiberh reerepge

zeolite US

ratio ZeolFﬁgﬂfggk?%ﬂ&%%%ﬁﬂhggmﬁhﬁ¥%&%g??&gﬂ@ﬁm&ngjf%%ﬁ%ﬁ%gﬁ?hﬁ§sags used

i n testbng tiDCHBLMemzenen.t r ansal kyl ati on foll owi ng the procedure descri bed
above. A product sanple was taken after 576 hours on streamand the results
are shown in Table 1. Exanple 7: DCHB/ benzene transal kyl ati on over al um na
bound high Si/A zeolite USY [0066] One gram of al um na bound high
silica/lalumna nolar ratio zeolite USY (SiZAl = 60; unit cell size = 24.26
Angstrom was used in testing DCHB/ benzene transal kyl ation foll owi ng the
procedure descri bed above, except the weight ratio of benzene/ DCHB was 6/1
and the feed flowrate was 4.6 cc/h to achieve WHSV of 4 for the total

feed. A product sanple was taken after 576 hours on streamand the results
are shown in Table 1. [0067] The results in Table 1 clearly show t hat
zeolite USY with high silica/alumna nolar ratio and | ow unit cell has
significant advantages over the other zeolite catalysts tested: DCHB
conversion and cycl ohexyl benzene (CHB) selectivity are high while MCPB and
Cis+ selectivities are low. Increasing the benzene/ DCHB wei ght ratio in the
feed from3 to 6 further increases selectivity to CHB (Exanple 7). A weight
rati o of benzene to DCHB of 3 is approximately equal to a nolar ratio of
about 1. A weight ratio of benzene to DCHB is
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approximately equal to a nolar ratio of about 2. Table 1[0068] Wile the

present invention has been described and illustrated by reference to
parti cul avoentvodsz¥ent s, those of ordinary skill in the &ct/useéilo/oapy eci at e
that the invention lends itself to variations not necessarily illustrated

herein. For this reason, then, reference should be nade solely to the
appended cl ains for purposes of determning the true scope of the present
invention.1l. A process for the transal kyl ati on of pol ycycl ohexyl benzenes,

t he proces®CdoebAIMShg contacting a feed containing at |east one

pol ycycl ohexyl benzene w th benzene under transal kyl ation conditions with a
transal kyl ati on catalyst conprising a zeolite USY having a silica to

al umi na nollar r Atpreceshiostleetansgkylatent o pobryadehexybenzengs tthp aroresy fcompiiising

pol ycycl oh z { . hexyl henze e i
B o g e Ay

met hod ¢onmpriwikyiticn ntralgions gith entresedkydaion leydlysigempuiside . Zaylde dalYklydvaigizon
conditions wth a_hydroal kyl ation catalys ri.sin dr agenati on, net al
and 5 ot edlFar oo AR Il Hid ar Rl 1t < F AL obEs A M BEoR

nor deni t e, pMghfcbBeaisbnzenon] @clohawylbshzue of the MCM 22 famly. 3. A process
for produci ng cycl ohexyl benzene, the process conprising: (a) contacting
benzene and hydrogen with a hydroal kyl ati on catal yst under hydroal kyl ati on
condi ti ons2t 0o pThdypaeednfefliimuentvheoint de kdig caymisohax atiepuze oL aaReluent

pol ycycl ohexyl benzenes; (b) separating cycl ohexyl benzene fromsaid .

ef f1uedl; &Fued)by 24K Oﬁéo‘?ﬂ’“ RH ENM45LPE DL Ed BidiRsyR PB@Fé%WYBng‘%% from
sai d ef f| uepiditivnt RithenganeIkyREe cddlAnsethiikimtd BAr¢peRnioh nRas aid 4 MoRcular
transal kyl ati on catal yst co risiqg zeolite USY havingba silica to

a

al umi na noPi&re iy frem gsliss ety izeqle o ety & Mostenite MEModt tndyr meleeyar
pol ycycl ohexyl banzemas2b ¢siuc! ohexyl benzene. 4. The process of claim3,
wherein the hydroal kyl ati on catal yst conprises a hydrogenation netal and a
nol ecul ar sieve selected fromzeolite beta, zeolite X, zeolite Y,
mor denijse, VOV G6rand B FRNRAHIA IRk G e, BPrdEMaRudaR |y, S A process
for produci ng phenol and cycl chéxanone, the process conpri sing:

(a) contacting benzene and hydrogen with a hydroalkylation catalyst under

hydroalkylation conditions to produce an effluent containing cyclohexylbenzene and
polycyclohexylbenzenes;
(b) separating cyclohexylbenzene from said effluent; and
20 () reacting at least part of the polycyclohexylbenzenes from said effluent with
benzene under transalkylation conditions with a transalkylation catalyst comprising a zeolite
USY having a silica to alumina molar ratio in excess of 10 to convert at least part of said

polycyclohexylbenzenes to cyclohexylbenzene.

25 4 The process of claim 3, wherein the hydroalkylation catalyst comprises a
hydrogenation metal and a molecular sieve selected from zeolite beta, zeolite X, zeolite Y,

mordenite, MCM-68 and a molecular sieve of the MCM-22 family.

5. A process for producing phenol and cyclohexanone, the process comprising:
30 (a) producing cyclohexylbenzene by the process claimed in claim 3;
(b) oxidizing at least part of the cyclohexylbenzene to produce cyclohexylbenzene
hydroperoxide; and
(c) cleaving at least part of the cyclohexylbenzene hydroperoxide to produce phenol

and cyclohexanone.
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(a) producing cycl ohexyl benzene by the process clained in claim3; (b)
oxidizing at |east part of the cycl ohexyl benzene to produce

cycl ohexywbenmersge4Rydr oper oxi de; and (c) cleaving at | e&st/ysar/0sf029 he

cycl ohexyl benzene hydroperoxi de to produce phenol and cycl ohexanone. 6. The
process of any one of clains 1 to 5 wherein the zeolite USY of the trans
al kyl ation catalyst has a silica to alumna nolar ratio in excess of 25. 7.
The process of any one of clains 1 to 5, wherein the zeolite USY of the
trans al kylation catalyst has a silica to alumna nolar ratio in excess of
50. 8. The pr 0CeRs (RlecANyr ORE e 6F Qalis 4 &P 2. witheih ohe JDfe 288V b SV of
the trans al kylation catal yst has a unit cell size less than or equal to
24.50, preftenakylatipeesalysihes ovilicade aluming pdarxgtio @ exqieofddocess of any one of
claims 1 to 5, wherein the trans al kyl ation catal yst has an al pha val ue

| ess than 100. 10. The process of any one of clains 1 to 5, wherein the
trans abkyl7at i ohhe ar@keyss vf iang | endest ahiad Unitn e, bivimdan . thd 1zeolliheUPY ook dls: of
any one of ¢l aj A to.5, . wherein said transal kyl ation.gconditions include a
tenper at ur S457I4 BHoLSTars bt 4 o Pel AR RS ot %200 kPa, a benzene
to pol yeyel ohexyl benzene nolar ratio of 1:1 to 50: 1. 12. The process of
any one of 8cl ai e brdoessS of wher@enof kit 1| east winecipothy cacolitohegyl benlzene

conprises di-cycl ahexyl benzene.. 13. .The process ny, on f clains 1 to

S her o n eI OPEAT S RE DB, e bEs P R siblo A, PB bty Fuhior
tri-cyaboheyyd beyizne. 14. The process of any one of clains 1 to 5, wherein
the silicato alumna nolar ratiois from110 to 1,000. 15. The process of
any one of clainﬁ 1 to 5, wherein the silica to alumna nplar ratio is from
25 to 1, 008: The process of any one of claims 1to 5, wherein the transalkylation catalyst has an

alpha value less than 100.

15 10. The process of any one of claims 1 to 5, wherein the transalkylation catalyst includes

an alumina binder.

11. The process of any one of claims 1 to 5, wherein said transalkylation conditions
include a temperature of 100°C to 300°C, a pressure of 350 kPA to 4200 kPa, a benzene to
20 polycyclohexylbenzene molar ratio of 1:1 to 50:1.

12. The process of any one of claims 1 to 5, wherein the at least one

polycyclohexylbenzene comprises di-cyclohexylbenzene.

25  13. The process of any one of claims 1 to 5, wherein the at least one

polycyclohexylbenzene comprises tri-cyclohexylbenzene.

14. The process of any one of claims 1 to 5, wherein the silica to alumina molar ratio is
from 10 to 1,000.

30
15. The process of any one of claims 1 to 5, wherein the silica to alumina molar ratio is

from 25 to 1,000.
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