WD 2009/ 038899PCT/ US2008/ 072839 2007EM251PCT PROCESS FOR PRODUCI NG
CYCLOHEXYLBENZENE CROSS REFERENCE TO RELATED APPLI CATION [0001] Thi s
application clains priority to U.S. Provisional Patent Application No. 5
60/ 974,304 fil ed Septenber 21, 2007, the disclosures of which are

i ncor por at™A2WYPIN by reference in its entirety. FI EFEVIHEHSRHe present
i nventi on2pekMteBCt 0 a process for producing cycl ohexyl benzene and 10
optionally for converting the resultant cycl ohexyl benzene into phenol and
cycl ohexanone. BACKGROUND [0003]Phenol is an inportant product in the
chemi cal industry aPROCESSIIRIPRODUCING CYCL@HEXMIBENZENBPr oducti on of
phenolic resins, bisphenol A e-caprolactam adipic acid, and

15pl asticizers. [0004] Currently, the nost conmon route for the production
of phenol drOS$YREFERIENUPDTOSRELATED ABPRIGATERN St ep process in which the
first step 1nvolves alkylation of henzene wth propyl ene to produce cunene,
fol | oned bYPORk défthisoﬁPI%*FattoﬁeC‘ém?eﬁ'éor‘Etéﬁ ohE S drPEsisHh o gt ﬂﬂkﬁﬁ&%%ﬁ)de and

then cleavgges,9i4 tihe RyLdrBREs OX0OE tB@ dREBHMEGE FONMERTRIAhcAPRIBY SRl RO

phenol and acet one. However, the world demand for phenol is gromnng nor e
rapidly t eferendsak it ortireizet one. | n addition, the cost of propylene is likely
to increase, due to a devel opi ng shortage of propyl ene. Thus, a process

t hat uses hi gher al kenes instead of propylene as feed and coproduces hi gher
ket ones, ®AEBBr than acetone, nmay be an attractive alternative route to the

product i 0 ib()%&] ph %9 ?cscrg gm[cggﬁgr? Jeﬁ?ers 5% a]ﬂ:BéeQ‘; f? )i}rgcﬁ'ltcfng anghe%yﬁkr%}ﬁé( yhpenzene

(anal ogou cunend oxl
10 optionally for converting the resultant cyclohexylbenzene into phenol and cyclohexanone.

BACKGROUND

[0003] Phenol is an important product in the chemical industry and is useful in, for

example, the production of phenolic resins, bisphenol A, e-caprolactam, adipic acid, and
15 plasticizers.
[0004) Currently, the most common route for the production of phenol is the Hock
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 cquimolar amounts of

20 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
shortage of propylene. Thus, a process that uses higher alkenes instead of propylene as feed
and coproduces higher ketones, rather than acetone, may be an attractive alternative route to
the production of phenols.

25  [0005] For example, oxidation of cyclohexylbenzene (analogous to cumene oxidation)
could offer an alternative route for phenol production without the problem of acetone co-
production. This alternative route co-produces cyclohexanone, which has a growing market
and is used as an industrial solvent, as an activator in oxidation reactions and in the
production of adipic acid, cyclohexanone resins, cyclohexanone oxime, caprolactam and

30 nylon 6. However, this alternative route requires the development of a commercially viable
process for producing the cyclohexylbenzene precursor.

[0006] It has been known for many ycears that cyclohexylbenzene can be produced from

benzene by the process of hydroalkylation or reductive alkylation. In this process, benzene is
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could offer an alternative route for phenol production w thout the problem
of acetone coproduction. This alternative route co-produces cycl ohexanone,
whi ch has a gromﬁng mar ket and is used as an industri al solvent as an
activator jn ion reactions and in the productio aci d,
cyclohexaﬁ%ﬂém? gﬁ%, cycl ohexanone oxi ne, caprolactaﬁF& 3 38ﬁypon 6.
However , PHN§M§HﬂéPnative route requires the devel opnent of a commercially
vi abl e process for producing the cycl ohexyl benzene precursor. [0006]It has
been known for many years that cycl ohexyl benzene can be produced from
benzene byetthe wth dydwgenoin thy gresaick pF atcriplysiosuch et dtei heszak kptiagoasmartiah t hi s
process, henzene.i s, Y0,2000/ NRBB00CETL1ISPAPRIATEAS, 2007 EMRSIRGT lheat ed
W th hydro&engln resenc a ca alys UER t fhe ne uhder goes
parti al thDQQESaPamm:kbbpnoduQB @mtVbh@m@&ahmmneHQMhﬁnqaﬁMyl@1e®nmhe
benzene s artln mat er i 4,177,165
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conpri s® mhlkdkiaim p@ﬁ@td’rﬂlﬁnl@ﬁf tihS traeat 81ds. zieiekj 1L e sndndo@OR padldsadicust of
pronnter hnllarl 6@ Pat ent Nos. 4,122 125r@nd 4,206,082 discl gse the
use of rut HaHI Y YHd"RFL KAMPCBIfotRAY S B I e BB it o2l op st PraBr iy

zeol i tes asdiehIRyBldnCcatryhiso at HeydcalittPBmplayl iY Sheie pﬁ&eazmbéste@sar@mhme@l in
these prior art processes are zeolites X and Y. In addition, U S. Patent

No. 5,053238% Y. phoflsiétos, the Hikat dp- ?&é%é?ﬁ awp%ﬁaﬂrﬁ el ralipyamead ngkekeol it e

beta as t Qg RRAIBE 61y B6i0al k! Abhan BRI ko IHAMBVET Hol RS angarhiief 10
proposal s for the hydroal kyl ati on of benzene suffer fromthe probl ens t hat

t he sellecPrappias fop theywHwnkxipipeaznecnc suffgifronp retnretienay thyt the sdedwdrical |y
vi abl e be@;&&f’cx%&\é@ﬁé& @&V C@Ptﬁﬁrar@'aﬁcc%l%@rhlcklﬂf ﬂ?blg‘t!@&%het L2$e0bn Havensed

by- products, particularly ‘cycl ohexane and met hyl cycl opentane, are
pr oduced. t¢@0@@p%bw@aMé@enmfythagmiPéwen@mm51 @M@Qﬁmﬁﬂ3Chdsmﬁﬂ@tI@@bd t hat

cyclohcxybgﬁ§ﬁﬁ émﬁghﬁﬁ@b iLy in the hydroal kyl ati on of benzene can be

i mpr oved etin enzene and hydrogen with a bifunctional
cat al yst d:{bhﬂﬁh sMrge aetcelhbaaéis ofteenin et ég)éhéﬂ b:n dretl@eked dmd cacloipikglbenzane si eve
of the N(m42 nation el ected from

pal | a d15 sel ?_cul,ez N tlhé{ hydroeﬁ]kyn%(‘u Oo?%crfztcnc ca rg% 1m rovad Q}E Flon%w??{’ Mlegyeﬁ_?ne and

n|un1 nrc ur es ereo
contacti ngyckb@}n wish ednflucticedl adtalgst tcempemag lar eagfonabgdtoghhtivo BEACGnda

pressure of a out 10 enzene to hydr ratio of
Pbout 0. 0Bk oy iRa e e ot B BRF Gt T T RS BB eoR

di scl osespilhatunt, h@thegistl, tracke], Cyobhio ey hibenze neerednartdh e b@xmxmgll gedig o the
corr espondi hydr oper oxi de and t roxi de deconposed t ired
henol - antOYETbHe SHBRE! T GDOBIACIAR drhg- £ tne g vat Proanel SR Ht has
now been pauad tb hﬁdlogdﬂﬁthﬁm} &f abdi 0NN aYe hehewyhesnzeoe 0.01 bheo. The
hydroalkylatlon of _benzene aqver a bifunctional catal¥st conprising an

MOM 22 f ami!PyPasabidiscioseintiah they FPygeh A1  Hetgrng samigRIRe gepiertiéhtion t he
hydr ogen/ ggRrzggnainkatdeoRfoxidteafeads haekide MRS REXN Q@ﬂ%@%c%lﬁh:ﬂi is the

mat hemat i cal product” of the hydroal kyl ati on conversion rate and
nonocycl ofEPFBEAY¥ene sel ectivity

[0008] According to thc present invention, it has now been found that the yicld of
25 monocyclohexylbenzene in the hydroalkylation of benzene over a bifunctional catalyst
comprising an MCM-22 family zeolite and a hydrogenation metal is highly dependent on the
hydrogen/benzene ratio of the feedstock. Monocyclohexylbenzene yield is the mathematical
product of the hydroalkylation conversion rate and the monocyclohexylbenzene selectivity
and in particular, it is found that the yicld of monocyclohexylbenzene is optimized when the
30  hydrogen/benzene molar ratio is between 0.4 and 0.9, especially between 0.5 and 0.8. In
contrast, it is found that when the hydrogen/benzene molar ratio is below 0.4, the
hydroalkylation convcrsation ratc is too low to achicve a high yicld of

monocyclohexylbenzene, whereas at hydrogen/benzene molar ratios above 0.9, the major
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and in particular, it is found that the yield of nonocycl ohexyl benzene is
optim zed when the 30 hydrogenl benzene nolar ratio is between 0.4 and 0.9,
especially between 0.5 and 0.8. In contrast, it is found that when the

hydrogen/ henzene nolar ratio is below 0.4, the hydroal kyl ation conversation
rate is to0?PEN ¥ achi eve a hi gh yield of nnnocyclohé?%ﬂﬁ@ﬁ?gﬁg? wher eas
at hydr ogef’beiZ2B¥e nol ar rati os above 0.9, the magjor WO

2009/ 038899PCT/ US2008/ 072839 2007 EM251PCT product tends to be

di cycl ohexyl benzene. Al t hough di cycl ohexyl benzene can be transal kyl at ed back
t o nonocycglkahex ythlenzerte, didyelobogtbeofent.r ansldickgh adicyroliesylbatzenensiagnbé i cant .

5 SUWVARY [ 000911l n spect, t invention, resides. in a,process fo
pr oduci ngt%ﬁ}b@ﬁ%’%% ylct)t‘)‘ekngtgnél}onPWec Og'?’&'@%e%engbﬁ%?i %Olbﬂg(?sf (t%il}bdlupéd Plrllglbbélﬁgene
and hydr ogsipnifcast | east one reaction zone; (b) contacting the benzene and
hydrogen in said at | east one reaction zone under 10 hydroal kyl ati on
conditions with a catal yst system conprising a nol ecul ar sieve having an
X-ray o f Suaevia®y pattern including d-spaci ng maxi ma at 12.40. 25, 6.90. 15,
3.570.07 and 3.420.07 Angstrom and at |east one hydrogenation petal to
produce ah?¥Pk | udhPncHRtR:th WYCHgR reHEx N %%fﬁﬁ%“ﬁgo,r TP BE YYHE*HaZencof t he
total numapi@kss®hgssiff: hydrogen fed to said at | east one reaction zone to
t he nunber of noles of benzene fed to said at | east one reaction 15 zone is
bet ween 0.4 and 0. deading oy eerhipehivasata 3 leaptrac ieciion #Pct he total number of

mol es of hydroggn f@gdtheSat HeBhne and hydrogen in said at least one reaction zone under
10 hydroalkylation conditions with a catalyst system comprising a molecular sieve having an X-
ray diffraction pattern including d-spacing maxima at 12.4+0.25, 6.94£0.15, 3.57+0.07 and
3.4240.07 Angstrom, and at least one hydrogenation metal to produce an effluent containing
cyclohexylbenzene, wherein the ratio of the total number of moles of hydrogen fed to said at
least one reaction zone to the number of moles of benzene fed to said at least one reaction
15 zone is between 0.4 and 0.9:1.
10010] Conveniently, the ratio of the total number of moles of hydrogen fed to said at
least one reaction zone to the total number of moles of benzene fed to said at least one
reaction zone is between 0.5 and 0.8.
[0011] Conveniently, the molecular sicve is selected from MCM-22, PSH-3, SSZ-25,
20 ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56, UZM-8, and mixtures of any two or
more thereof, and especially MCM-22, MCM-49, MCM-56 and isotypes thereof.
[0012] Conveniently, said at least one hydrogenation metal is selected from palladium,
ruthenium, nickel, zinc, tin, and cobalt, especially palladium.
10013] In onc ecmbodiment, at lcast 50 wt%, morc preferably at least 75 wt%, and most
25 preferably substantially all (even 100 wt%), of said at least one hydrogenation metal is
supported on an inorganic oxide different from said molecular sieve, such as an oxide of one
of Groups 2, 4, 13 and 14 of the Periodic Table of Elements. Such oxide preferably
comprises alumina and/or titania and/or zirconia.
{0014] Conveniently, the hydroalkylation conditions include a temperature in the range of
30 about 100 to 400°C. Conveniently the hydroalkylation pressure is in the range of about 100
to 7000 kPaa.
10015] In a further aspect, the invention resides in a method for coproducing phenol and

cyclohexanone, the method comprising producing cyclohexylbenzene by the process
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| east one reaction zone to the total nunber of noles of benzene fed to said
at | east one reaction zone is between 0.5 and 0.8. [0011] Conveniently, the
nol ecul ar sieve is selected from MCM 22, PSH 3, SSZ-25, 20 ERB-1, ITQ 1

| TQ 2, I\/CM§6 MM 49, MCM 56, UZM 8, and m xtures of ?n two or nore

t hereof, an 2%@6§%$hlly MCM 22, MCM 49, MCM 56 and i s& §§§EWWHBF80f.

[ 0012] ConveiEEAtIPYT said at | east one hydrogenation netal is selected from
pal | adi um ruthenium nickel, zinc, tin, and cobalt, especially palladium
[0013] I n one enbodi ment, at |east 50 wt% nore preferably at |east 75 w %
and nost 2sscpbef ehabhy subsihantlical dyglobddylbeescen 1O0pmtiode, wflobadytbesdend east
one hydrogenation, netal is supported gn an inorgani. xide different from
oai d ol et QST B el  BRE el Rl e a0 P, B bR b GoEHk 14 oy
t he Peri odidofabdoncof El ements. Such oxi de preferably conprises al um na
and/or titania and/or zirconia. 10014] Conveniently, the hydroal kyl ati on
conditions include a tenperature in the range of 30 about 100 to 400C.
Conveni £ntppsdie Thodr ORI PRIAMINGESSSuUre is in the range of about 100 to
7000 kPaa. [0015]1n a further aspect, the invention resides in a nmefhod for
copr oduci rﬁ?ﬁlﬁhen@l’g“é“hb l%@érae%@ga%ﬁrél,ontaﬁ@nw BECCBHSRFo8T MY '3 rEudi TRy
cyclohexymgg@ggggHQMWQM§npﬁ@&@gﬁExﬂmagQOQI038899PCT/U82008/072839 2 007EMRS
1PCT descri bed herein, oxidizing the c%elohex | benzene to produce

cycl ohexyHHAE end 9wk dparswh s carleheyBanrisg GHHD wlrelivheiegnpehslimen to
hydr oper oxi0end Qo IR Qe GEhPRENADL h%ﬁalw&mfb@a@@%@sxaéplpﬁsml PTION OF THE

DRAW NGS [0016] Figure 1 is a graph of conversion agai nst hydrogen to
benzend mbiWB] r atigyrg histsheranher caplehdiylenyandoybld apamst 8v@m§o enzEamplie 1.

ratio in the benzene hydroalkylation process of Example 1.

[0019] Figure 4 is a graph of dicyclohexylbenzene (DCHB) selectivity against hydrogen to

benzene molar ratio in the benzene hydroalkylation process of Example 1.

[0020] Figure 5 is a graph of dicyclohexylbenzene yield against hydrogen to benzene molar
15 ratio in the benzene hydroalkylation process of Example 1.

DETAILED DESCRIPTION

[0021] Described herein is a process for the hydroalkylation of benzene to produce

cyclohexylbenzene and then the conversion of the cyclohexylbenzene in a two step process to
cyclohexanone and phenol. Insofar as the hydroalkylation step produces dicyclohexylbenzene
20  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 product.



10017]Figure 2 is a graph of cycl ohexyl benzene (CHB) selectivity against
hydr ogen to benzene nolar ratio in the benzene hydroal kyl ati on process of
Exanple 1. 10 [0018]Figure 3 is a graph of cycl ohexyl benzene yi el d agai nst
hydr ogen t nzene nolar ratio in the benzene hydroal i on _process of
Exanpl e 1)9?3®fé%&ﬁgure 4 is a graph of dicyclohexylb@hﬁkﬁgmgﬁéﬁ%

sel ecti vi 2)078Yaillsk hydrogen to benzene nolar ratio in the benzene

hydr oal kyl ati on process of Exanple |I. [0020]Figure 5 is a graph of

di cycl ohexyl benzene yi el d agai nst hydrogen to benzene nolar 15 ratio in the

benzene hyitneakipdaeallgdatpmocess of Exanpl e 1. DETAI LED DESCRI PTI ON
%%ation of .benzene to

[ 0021] Descyi-bed rein . 1s.a.process for the hydroalk 4
brodute. oyt ahexysadakd SR TRER TR b Tald R RhE albBIfRELn ene
in a two shép hpdoelkglstidrocaytiooh axéhnpnascandf phgrdoalkylatisotailyasyviichdy the

hydr oat kyl ati on ste oduces di cycl ohexyl benzene .20 in jtion to the
Gosi od mireneErERs T heRERR ek B reet prbERS R (b e T he r ur t her
step of transal kyl ati ng the dicycl ohexyl benzene w th™addi ti onal benzene to
produce additional nonocycl ohexyl benzene product.
2009/ 038899PCT/ US2008/ 072839 2007EMR51PCT Benzene| Hydro

| kyl ati on [0022] The

first step in the present cess conprises contatting Penzene with
hydr ogen
2 +2H, —>
5
[0023] Competing reactions include the complete saturation of the benzene to produce

cyclohexane, dialkylation to produce dicyclohexylbenzene and reorganization/alkylation
reactions to produce impuritics, such as methylcyclopentylbenzene (MCPB).  Although
dicyclohexylbenzene can be transalkylated to produce additional CHB product, conversion to

10 cyclohexane represents loss of valuable feed, whereas impurities such as
methylcyclopentylbenzene (MCPB) are particularly undesirable since the boiling point of
MCPB is very close to that of CHB so that it is very difficult to separatc MCPB from CHB. It
1s therefore important to minimize the production of MCPB impurity in the hydroalkylation
reaction.

15 10024] Any commercially available benzene feed can be used in the hydroalkylation step,
but preferably the benzene has a purity level of at least 99 wt%. Similarly, although the
source of hydrogen is not critical, it is generally desirable that the hydrogen is at least 99 wt%
pure.

10025] Preferably, the total feed to the hydroalkylation step contains less than 1000 ppm,

20 such as less than 500 ppm, for cxamplc less than 100 ppm, water. Preferably, the total feed
typically contains less than 100 ppm, such as less than 30 ppm, for example less than 3 ppm,
sulfur. Preferably, the total feed contains less than 10 ppm, such as less than | ppm, for
example less than 0.1 ppm, nitrogen. In a particularly preferred embodiment at least two, and
preferably all three of the above mentioned preferred levels for water, sulfur and nitrogen are

25 achieved.
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under hydroal kyl ation conditions in the presence of a hydroal kyl ation
cat al yst whereby the benzene undergoes the follow ng reaction to produce
cycl ohexyl benzene (CHB): [ 0023] Conmpeting reactions include the conpl ete
saturation of th enzene to produce cycl ohexane, dial kylation to produce
dicycloheQV?ggﬂggﬁg and reorgani zation/ al kyl ati on rea@F%@ﬁwagnﬁyoduce

i npuriti es07BMOIWPEs net hyl cycl opent yl benzene (MCPB). Al though

di cycl ohexyl benzene can be transal kyl ated to produce additional CHB
product, conversion to 10 cycl ohexane represents | oss of val uable feed,
wher eas i @26 t i d%c sycvabiglamat hydctyrc lcapemnrt yénderizene  MURB)rarge eofpasattiocul ar | y

undesirabl e since the boildn int of B is very close to that of CHB so
that it 1 SoBRGRG Al 189 B aMplhoute piden B, PRR 0B b

i mport ant adidtion, nharhgroditygatipn aciedén o dE cdickBed ripur digte irdactidrezone or in a
hydroal kyl ation reaction. 15 [.0024] Any commerci.al | vaj. | abl e henzene feed
o o R SR B R B e SO B Brealecd S ine R futs e has o
purity 4 e%@ésp@]ﬁveﬁbf lvaasér 199 hydirlﬁ/gencs;is fed @{’3 ‘ﬂlhy ﬂ'@eﬁ{i(ﬁr{’l@(uhﬁihuédg@ SO G&e0f it lhlé’dr oggg
is not critical, it is genera esir that the hydrogen is at | east

Wt % pur e. "TRASSBPENS FU) ,ﬂzet fois B ?é@fgew“ YHEPBRY otaﬁi%%/feafftioaﬁo dheep

contai ns hesbertoidibkAdhepRM f@ltoSHE ReadSon! € DStwleBR0.450Q PPM sutPhs BxaER] € | ess
than 100 ppm water. Preferably, the total feed ty |caII¥ contains |ess
I

than 100 Py OSu@n aBaut 0kl FohaAmaly Yspracn pheut Eatidi adontds S+ hnprrgodngs
sul fur. Poaf 6f ahedapphldse +08 #le LGt CORAL BSntBES thOIRrdLn RPRnzSHCROIAS | eSS

than 1 ppm_ for exanple |ess than 0.1.Ppn1 nitrogen.” In a particularly
pr ef erlfedrdigbwdiiprahrse dimifseagtimiagey theaigldpeleestaiprxibaargnet frleat gfgniffsentibove

ment i oned; pr.efies fedik L6 S R ML &L Sul fur and nitrogen are 25 achieved.
W0 2000/ 035500 BT UissbaT 3555y et b5 1per [0026] The hydr oal kyl ati on

reacti on MR7Ibe Cotrdlsctecadeianre nf dendugivee thef hydeabitytation reaction 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

15 5,000 kPaa.

[0028] The catalyst employed in the hydroalkylation reaction is a bifunctional catalyst
comprising a molecular sieve of the MCM-22 family and a hydrogenation metal. The term
“MCM-22 family material” (or “material of the MCM-22 family” or “molecular sieve of the
MCM-22 family”), as used herein, includes one or more of:

20 e molecular sieves made from a common first degree crystalline 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 arc discussed in the "Atlas of Zeolite
Framework Types", Fifth edition, 2001, the entire content of which is

25 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 onc c-unit cell thickness;

e molecular sieves made from common second degree building blocks, being layers

30 of one or more than one unit cell thickness, wherein the layer of more than one
unit ccll thickness is madc from stacking, packing, or binding at lcast 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,
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configurations including fixed bed, slurry reactors, and/or catalytic
distillation towers. In addition, the hydroal kyl ation reaction can be
conducted in a single reaction zone or in a plurality of reaction zones in

whi ch at hydrogen is introduced to the reac
Irrespectl‘g(g%@?%&ﬁ%gt her the hydrogen is fed to the retapg?%g%dﬁé/gﬁ nuousl y or

i n stages,20§7EMPEP¢Ihportant that the ratio of the total nunmber of noles of
hydrogen fed to the reaction to the nunber of noles of benzene fed to the
reaction is between 0.4 and 0.9:1, such as between about 0.5 and about
0.8:1, for exanploeapetondemtiabtytcod.a6d and about 0.7:1. In particular, as

w | | be cone apparent fromthe ensuin optrollin e ento
benzene nol ar On?og?cuear\‘?\hei“f‘?lrﬂadteﬁ’ SB[ grr%‘gg nﬁlﬁzdergerfshond] (?e?’I mg?g{onan

gycl o|he>r<]yl benzeneoibinbiiait ofSin{ 0élfsi haaing khe NTWoy ﬁaﬁlbﬂgrktthﬁ)lquﬂ d of

i cycl ohe nz . [ 0027] Sui_.t t ratures for condyctin

hydr oal kyﬁﬁziggn rei\g‘i‘é‘f“i[%rﬁl %Oﬁéﬁ%\é&{v‘?ﬂgﬁiﬂé’ %ﬁﬁél%rl?dvca% ra@o%ggacg?fbh as
bet weens abetn Laaﬁrdla@cti ot RoGka SUi tabloes! eamioi BN JFRoDUr 8 augrdet ween
about 100 and about 000 kPaa, such as between about 500 and ahout 15

5, 000 kpaé*ngftmsﬁﬁex et ditiondpiRoed @ Ahaeritg dPo d1grheicotPieschy on i s

a bi funct isQR@ld Eehfues buhQERELS HRK elpﬁph&@wt af co‘bF@Ve@ (9 indiBht Mdhidg ah@m |y
and a hydrog{enatl on netal. The term material"™ (or "materi al

of the MO PSrcimaiey caytpredrotitc @l wnt%lﬁ%% C@mtﬁtrh@dmwcz%eé &ATOpyten as dBe ysed

herein, i nghddessAne. 01(40!5%1% é?éves Bﬂthwem%zaram[k,em%denm@‘m 53 aM@iLe@on
first degree crystalline buil bl ock unit ce h unit cell has the

MAW f r Hhewo? kPategpoNeg§.254; 3325l)>nP§Hc3el(¢€*¢f§)€é 18 plaeS dlateat Non JeE 0 Vb S et Bhs
which if t h St t t
ich i I(% ds&fhel Nnt s én'f"?@df?' 203 66§9a%§Bdle§&e'r&% f’ogﬁ f E%lgvg%( i tgﬁt&rﬁ Rycture.

Such cryst structurés are di'scussed”i n the s of amewor k
Types", FO29303BdiTQ-Orides2@ddl,in h® eundnk Ne COMt4ORYL, 106- ZA(falesthbecBmZBnenmmmbr at ed

o o TEEk LS B AR TER,SETLE SRR, Saend e i

cells for mm@ ) (EIEH@M)@MQVU of paae Nd)n|5t236$’l7ﬂ) MuinekBesscritRu eh @r@ltayenong, C- uni t
cel |l thickness; si eves made from common second deﬁree bui | di ng
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catalyst although suitable metals include palladium, xuthemum nickel, zinc, tin, and cobalt,
20 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 between about
0.1 and about 5 wt %, of the catalyst. In one embodiment, where the MCM-22 family
molecular gieve 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
25  about 1.5 to about 1500, for example from about 75 to about 750, such as from about 100 to
about 300.
[0031] The hydrogenation metal may be directly supported on the (MCM-22 family)
molecular sieve by, for example, impregnation or ion exchange. However, in a more
preferred embodiment, at least 50 wt%, for example at least 75wt%, and generally
30 substantially all of the hydrogenation metal is supported on an inorganic oxide separate from
but composited with the molecular sieve. In particular, it is found that by supporting the

hydrogenation metal on the inorganic oxide, the activity of the catalyst and its selectivity to



or any conbi nation thereof; and nolecul ar sieves made by any regular or
random 2- di nensi onal or 3-di nensional conbination of unit cells having the
MAW f ramewor k t opol ogy. [0029] Mol ecul ar sieves of the MCM 22 famly

general ly ‘pé\é@i@&ié ray diffraction 5 pattern incl udi rf,%@‘g%@% gﬁg maxi ma at

12. 4+0. 25, 3.57+0. 07 and 3. 42+0. 07 Angstrom

di ffracti gi78¥tdPsed to characterize the material are obtained by standard
t echni ques such as using the K-al pha doubl et of copper as the incident

radi ation and a diffractoneter equipped with a scintillation counter and
associ at edydompuiberzeas andhdicyddheedbingenesars irsmasddbdsemulparcd syitvanseqivatdne

MCM 22 fa desc |bed i 0 ent., hb 4,954, 325),
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Pat ent hbIMEZBZGIaeﬂynyﬁRBmkm«dqﬁgmdbedmhmcEmpameagmﬁakﬁmkmNmmh@QE3ﬂ82)

ITO1 (d 6, 077, 4 8
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MCM 56 (dﬁsqu ]% in US. Patent No. 15 5,362, 697&6)UZN18 crlbed in
U S. PatedfPR! Bemeys 036y 25 alging wdioredianip 259 elignst e bed fgiepfine

Pr ef er abl Mumb&ﬁlgﬁﬁdh@@lwﬁf tﬁk aveelouls seileatedpd ﬁorah(mclé\éwlwc:hémw\@&& 56 and
(c) isotypes of MM 49 an such as 1TQ 2. [0030] Any known

hydr ogenaﬁpaﬁe%’@g%Wéa@@eﬂeﬂﬁﬁ%yé&ﬁhqnﬁhﬁt HélyF @sgé@m FRRIP A Spratitot et al yst

al t hough sididcail ge®@inglife inBGhndexiRakHap i difdredt Utone Mk WBledlut Kidlo, tHkdGyo ti N,
and cobalt, 20 with pall adi um bei ng partlcularléaadvanta eous. Cenerally,

t he anuntoBRONRYEREOREETGHY PEEN Preasasit rite nHbe racaP4e ¢ S0:-Bdtwelers about

0.05 and ghoyi, Mwor%%aéﬂgho @@tobﬁtW%O@@%ﬁOéb 1 and about 5wt % of the
catalyst. |n one enbodi nent, where t MCM 22 family nol ecul ar sieve is an

al um nosi 19083lt e, In Hee aih@‘tmmmﬁlfonﬁy@qumatemb@dlme@talth@r@é@mnaiﬂsn soethl that the
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metal is from25 a out .5 to about exanp roma out
about 750”msyohcashﬁsGnmabmuwwmomcmﬁmabbumc@OOBmF@OQIpThQthdmog&ﬁahion
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for exanple Ion Ion ex
enbodi nentontating @wsganEOOAMc%rc fﬁormcéxmrmlcléctaat lhlglastcsmﬁx/\(g&fmnalnda@enéﬂmol y 30

substanth;I¥3 0%k pd orb g{qgen9£|on petal 13 yﬁgq&&q: ongndlg rganic
oxi de separate rrom but npo% PG Wt W héE ﬁbpbg Feve f Scul ar,
it is foum@mthamHMyésmpgmmtbmget@ﬁmhydmagamatmﬁhan%mﬁa@hnﬁheaunﬁﬁgan|c
oxi de, t hl%zoug{l a\é%ct )if necebtscbgf gdacﬁt%lna/ﬁlyd%ggnalngl?mcta& c?a%tslugscgla/cn%lg be deposited on
20 the resultant catalyst composite.
[0034] Suitable binder materials include synthetic or naturally occurring substances as
well as inorganic materials such as clay, silica and/or metal oxides. The latter may be cither
naturally occurring or in the form of gelatinous precipitates or gels including mixtures of
silica and mctal oxidcs. Naturally occurring clays which can be used as a binder include
25  those of the montmorillonite and kaolin families, which families include the subbentonites
and the kaolins commonly known as Dixie, 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,
30  zirconia, titania, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia,
silica-titania as well as ternary compositions such as silica-alumina-thoria, silica-alumina-

zirconia, silica-alumina-magnesia and silica-magncsia-zirconia.



WO 2009/ 038899PCT/ 1152008/ 072839 2007EMR51PCT cycl ohexyl benzene and

di cycl ohexyl benzene are increased as conpared with an equi val ent catal yst
in which the hydrogenation netal is supported on the nol ecul ar sieve.

[ 0032] The i norgani ¢ oxi de enpl oyed in such a conposite hydroal kyl ati on

cat al yst i%O%ﬂg?/?ﬁg% oWy defined provided it is stabl g‘caryﬁ‘gz‘ﬁggﬁwunder t he
condi ti ongV@EMERECThydr oal kyl ati on 5 reaction. Suitable inorganic oxides

i ncl ude oxides of Goups 2, 4, 13 and 14 of the Periodic Table of Elenents,
such as alum na and/or titania and/or zirconia. As used herein, the

nunber i ng [&Bhke Altwoughhibe Redrbdblylatichasbdpas Beblypsiettsvedewdils clctdedy banzérem cal
and Engi nesr Ieﬁﬁlr Ne%m %g(li%)droaﬁglla(ti%g 8r§<)1 't Vv]vxezlrﬂ Flohrrenaﬁatc%ln cusnt $O Stdearl]il(y(feggg) rrses
a conposite o the 'HOI ecuPar eV and 'the morganYc oxide that I’s

di f f er ent ptadooms.t seweibheattaredsirenaic febessl thanlediCedcmomaighites @pedes. The

conveni ent | resent .i .weight ratio j.n the, range, 90: 10, to. 10; 90,. such as
50 20t o otcaied pamus Bed i orfaln vt Botigfab 16! v Ban TbBE5AT n t h
abOVﬁ- nentéaoned nfee$c§woﬁgdfr@ﬁh@§libaﬁ{aﬁe gtshﬂatf@)ﬁdz[r@g?@r!ﬁl@éric@sgillfﬂ@tt@se[%]ﬁatdelﬁmsi ted
on the 1 norgani ¢, oxi de, convenl ent Yy y 1 pregnati on, efore t X

met al - con%g‘ﬂ?yﬁb’h?w&e@éeﬂi%PB&@PHer}‘i(’? c%’%péiéﬁyf]@g" DeRzenf e 2| Wkl g?aVéFiSeve.

Typically pe})aﬁnfgain&hmhom@9&9@1&@@%&%{1@6@&% thy ree@iopelffeht, Z@hiyor 1N
which a m xture of the nol ecul ar sieve and the netal -containing inorganic

oxi de ar e devirEde fasaliylate tBe dicxelohfxylherreas with ad¢ifeté PaIZFY REIBUTMESEMS o

about 350 ,RQActIERAY the AEsiRY nfROAXIIRES i RBies.i N Which a slurry of the nol ecul ar
sieve and the netal -containing 1norganic oxide, optionally together with a

separ atle Bl0dtler , Tamsalindetwadvithprdlifmabarenc i fyprebe sEeaited ingdirsilnation
hydr ogenatd,gg;, rE@J%a%te Gdth %%%%ﬁ(?hlt%n pﬁdc@?p@v@f tedian ?rQnStaer?la{iﬁls Hchgl !

catal yst conposite. 100341Suitable binder materials 1 nclude synthetic or

nat ur al | ysusbes e notguiupstean clesMEaY-de Familbys zdohsrigtin MC M dsac Al 8. BarohNas ¢l ay,
silica angdj t.al .axi Ihe I . be ei r ring or
Tn the fortysfgaay BN iaRerad i nBL LBl BP LR PRAN SLILAERUE 1P, O
and net al atdristdpstialNagidr @labeycondiciony, iwhgehclhiaghdy wieludh a ¢campepduna o€ dbaus 180 i nder

inclugl 2 tE e of the nontnorillonite ng E@glin famlies, whjch famlies
i ncl ude R COBRGAPGAI T 8L AR e 8RBl T B anori e Rbu 2 B UbE e,
Ceor gi a andodiyosfi sbauch ay sbeut @t Rer on kdlalwhéd Bnd/bea mahandrilibpldlex @odistid uent
is hall oysi.tﬁ, kagl i nift e, dibcki te, nacrite or anauxite. Such clays can be
used in tWEEPEAISIRPEetds! Brabgitmal 1y nmined or initially subjected to
cal ci nat i gpelolR&yMekdep@DRRALiowr cheni cal nodification. Suitable netal oxide
bi nders include silica, alumna, 30 =zirconia, titania, silica-alumna,
si |'i ca- maldf&8i a, InsPdpcig- sanverd Hicacy PP T REnEHGr IR, Pheneli w04- Bileperapane, the
silicaptitRphax@kn¥Blk! isafmid Bk NeLi¥izEP TP AR tdoPBSHoRMER Broperoxide.  This s,
silica-alumna-thoria, silica-alumnazirconia, silica-alum na-nmagnesia and
silica- m@q@@pl@hg‘q b¥ghieducing an oxygen-containing gas, such as air, into a liquid phase
containing the cyclohexylbenzene. Unlike cumene, atmospheric air oxidation of
cyclohexylbenzene in the absence of a catalyst is very slow and hence the oxidation is
normally conducted in the presence of a catalyst.

25 [0038] Suitable catalysts for the cyclohexylbenzene oxidation step are the N-hydroxy
substituted cyclic imides described in U.S. Patent No. 6,720,462 and incorporated herein by
reference, such as N-hydroxyphthalimide, 4-amino-N-hydroxyphthalimide, 3-amino-N-
hydroxyphthalimide, tetrabromo-N-hydroxyphthalimide, tetrachloro-N-hydroxyphthalimide,
N-hydroxyhctimide, N-hydroxyhimimide, N-hydroxytrimellitimide, N-hydroxybenzene-

30 1,2,4-tricarboximide, N,N'-dihydroxy(pyromellitic diimide), N,N'-dihydroxy(benzophenone-
3,3".4,4'-tetracarboxylic diimide), N-hydroxymaleimide, pyridine-2,3-dicarboximide, N-
hydroxysuccinimide, N-hydroxy(tartaric imide), N-hydroxy-5-norbornene-2,3-

dicarboximide, exo-N-hydroxy-7-oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboximide, N-
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WD 2009/ 038899PCT/ US20081072839 2007EM251PCT [ 0035] Al t hough t he

hydr oal kyl ati on step is highly selective towards cycl ohexyl benzene, the
ef fluent fromthe hydroal kyl ation reaction will normally contain sone

di al kyl at S, as well as unreacted aromatic feed and the desired
nonoal kyl g‘?gg&%ke&ﬁ)es. The unreacted aromatic feed i sgﬁwﬁﬁqo?@n?%cover ed by
di still ati26i7EdhdP¢Tecycl ed to the al kylation 5 reactor. The bottonms fromthe
benzene distillation are further distilled to separate the

nonocycl ohexyl benzene product from any di cycl ohexyl benzene and ot her

heavi es. Deperdingydnhdxhe- bddisatboninidh, cycl ohexyNdedmeneispt-egdaiexéme-lthe
reaction effluent. it R pEASINARLE o daansal kylategthe wyy g0 o

di cycl ohexycl benzene wi BdaPtional  benzene 6 maximi ze®t he prgdrﬁ)éf Pon of

t he desi r édnzenaibalhyhiatiéd Bpeabiysthe TalyQds 6] Mydenxsphthatingtie. oAnwhdrisuaddt t | onal
benzene is tt Fti.c]qlg\h&,gf.f edqt ed in a.tr?fpsal kyl ation reactor, separate from

t he hydr o&f ﬁ@’ At MO} SHSFEPYISGRRPULE 4l t abl e transal kyl ati on catal yst, such
as a nmd eqead3ar siTeve @htetille cMOWe 28cd aiffict Vlonz e@lih ttke Pebace MEM 6& (&gl U. S.
Pat ent No. .6,014,018), zeolite Y or raor dcnitc. The transg%kyl ation reaction
i s typicalleoHdUer &8 Hirfbet Htd-plssthogiopeiears FaiyYNtOpiHAsY LBrRIIcHiWrs,

whi ch sui s@kl dardidned p&deidaam@tmgé@bw@ta@;st.ab;gmau;g@e quyliﬁyxztgmtimmc@c@dﬂd/ or a
pressure of about 800 to about 3500 kPa  and/or a weight hourly space

vel oci ty &Pidg®piic MLN-Y -HBwdtoxygoqyruuricasid iseamployed i dhgngrt etween 0.0001

benzene/ diny ¢ 9heXy bhendeRSNREOODO T Bt @t BhaUke Ghlohexd180-about 5: 1.
Cycl ohexyl benzene Oxi dation [0037]In order to convert the cycl ohexyl benzene

into plendlt48ind &yitabénescditione fortthe opgatigcteagidperizepasiug beipednagtioyt
oxi di zed G i £85I RBRONAING MYARPETOXIHEL13070] Shdlo? aFLSGATPLF mg.@%fyo

introducing an oxygen-contai ning gas, such as air, into a liquid phase
cont ai ni ng0-pHe kBy.cl dhexyydsangenaingUmsi kefauhens; cat hospheérs dhaioxidoxidat i on
of cyc! Oh%}{ilupl.enlzh%r}gach Ea[?letal?eb, £IGE thfch ?ﬁ%igtggsadr)é&qtinllﬁusvﬁ&y resdktgfy. %gasgtence
the oxidation is nornma i'y conducted 1 n the presence of a catalyst. 25

[ 0038] Sui belires catEl yst ke hddedtthacmy ctithhexdj¢ bpnrends obeit datyi orm stuepg dree t he

N- hydr.exy suhsti t .cyclic imdes described in U S Patent, Ng. 720, 462
and. | ot By arBa "hepdifl By furll BRRe HREShiRERg ol o Ph Rkl
4- am no- Nedmyghuodsy pleh habddndegrb@ragimi no- Nhydr oxypht hal i m de,

tetrabr onﬁ- N- %dr od%?lht hal i m de, tetrachl oro- N hydroxypht hal i m de,

N- hydr oxy Rt TR AaEIR 8 xy hi mi i dc, N-hydroxytri me |litinidc, N

- hydr oxybmozgne- TBOfida| Zsaétitersiepdi BRXbveton oY, eydiohy:-dnixydopyito meddol fridc

3 1 m o) oM hydron benacptenones, = & foLebr carboc  glim e,
N- hy droxyédnaédi@dily CeFicBied &) , coa BN @X Yy Srop@bies Remer Satadyst in the liquid phase.
c gar box! e exo, N oxy. 1 oxaDt cyel ol 2, 2 HhRSRL 5, S15i¢: S box! m ae
. N y p » § 5
40°C to about 120°C and/or a pressure of about 50 to about 2,500 kPa, such as about 100 to
about 1000 kPa. The cyclohexylbenzene hydroperoxide is preferably diluted in an organic
solvent inert to the cleavage reaction, such as methyl ethyl ketone, cyclohexanone, phenol or
25 cyclohexylbenzene, to assist in heat removal. The cleavage reaction is convenicntly
conducted in a catalytic distillation unit.
[0042] The catalyst employed in the cleavage step can be a homogeneous catalyst or a
heterogenecous catalyst.
[0043] Suitable homogeneous cleavage catalysts include sulfuric acid, perchloric acid,
30  phosphoric acid, hydrochloric acid and p-toluenesulfonic acid. Ferric chloride, boron
trifluoride, sulfur dioxide and sulfur trioxide are also effective homogencous 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 homogencous acid catalyst, a

10
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hydr oxy- ci s- cycl ohexane- 1, 2-di car boxi m de, N- hydr oxy-ci s-4-cycl ohexene-1, 2
di car boxi m de, N-hydroxynaphthalim de sodi unsalt or

N- hydr oxy- obenzenedi sul phoni m de. Preferably, the catalyst is
N hydr oxyph? AYPPHFHe. Anot her suitable catalyst is ~ PCT/US2008072839

N, N, N' -t r i2byyaviggdtsocyanuri c acid. 5 [0039] These materials can be used
either alone or in the presence of a free radical initiator and can be used
as |iquid-phase, honbgeneous catal ysts or can be supported on a solid
carrier tacpraivitde s&phpetfenblyehidousthe atcavags tstep Ty yph ealchyglizbtie fephiydicabky

substituted clic imde or the NN N'-trihydroxyjisocyanyric acid, i

orpl oyed 1TORRS SREHH VBEARSH 0 BO0T T hos PR et deC e (i SUPHuEeE

0. 001 to agqwoudphaed the cycl ohexyl benzene. 10 [0040] Suitable conditions
for the OEﬁggfio st.ep i.nclude a teggfr ture. between abgut170C%@nd about
200C, such'™8l aput'gdle ISR £3HEST BhdToor 'B° Srastivé BTOMBEbE 8 t o
10, 000 KPaydrbpito0dy gRArE B tstHeblith & FaSuchPdsedieiadit Ynduhoriltaine BRickarehias t he
oxi di zing nmedium The reaction can take %Iace in batch reactors or

cont i nuou§!a¥1 SwereEhet BriES: Tatea¥p o Bids4 dr ihhgntig diveloss Obuhigh derotrsratehct

wi th aci dihgefWyREREHEL S that may formduring the 15 oxidation. I'n addition,
an aqueous phase may be introduced, which can hel p dissol ve basic

conpounds |0%8lkch d8¢ sogicusiclheron and 1pde operdxires b cpalps U0y Te fi nal

reactive sffRiddno tiient QONELELOR Bhdatdagusyied %Wk%ﬂ@%pﬂeﬂgp RRERMI and
cycl ohexanone i nvol ves cl eavage of the cycl ohexyl benzene hydr oper oxi de,

whi ch i0s porifecsnerepioesss ingluses, dat sdobyimeehtoaetspigg of estiHyimdpeedXe skpamia h a
cat al yst | L O N T gnveniently carried out at a
tenperatu?gCgP&§%88#£gﬁ%ﬁ?%&gg%ﬂ%ﬁTg%gggguch as about 40C to about 120C
and/ or a pHdgsur dhofolmbost ESMtlo isapeut fop iI560atkRayurmychardsiogb oeit li00he o
about 100Qm§ggﬂh%n§mﬁ%glohexylbenzene hydr operoxi de is preferably dil uted
in an organic solv inert to the cl eavage reaction, such as nethyl ethyl
ket one, cYgiropletanone, phenol or 25 cycl ohexyl benzene, to assist in heat

renmoval.. T cl eqvage reaction js convenient|ly conducted i _catalytic
di sti ﬁlsat ‘O@%ﬂuni . Se?lﬁblfg]eﬁeermgg{ba\lv?sfon Y oilneé'hfcﬁq‘%e Zeengldélg\r}qé/gleoggf &5 can be
a honogeneotstod atithlaycatalysrsystehn et @redeneeopdicdahal y tof MOA4B](Slica tabluenina
honogeneous, cl eav catal ysts include sulfuric acid rchl oric acid, 30
ohosphor | EOHEIH0 ChodrBe P £ het dUHd PP eTase Pt G50 Righ Pile
CH oride, Inﬁﬁfs@ﬁhd&,rthef ﬂew@?ﬂ tek@pergilefaug lpﬂmzd \d@ﬁ apd c&%&;kaﬁmd{tdlt’i(r)]‘iCOaﬂddl@}akBagm SO
ef fective nmogeneous cl eavage catalysts. The preferre onbgeneous

Bargs sy i

cl eavage €a frespeetiggly-rypar@s Y BB IAlE BAT BRFATER SIS t he
range 20f Re89.0t 00.0TIR WHK0/ VFRKitRer DOTRIBNEOUBLAGIuts ERkAWSH Figdres 1 to 5.

[0048] As can be seen from Figure 1, conversion is a strong function of the

hydrogen/benzene ratio. Conversion increased rapidly when the hydrogen/benzene ratio was
increased from O to 0.4. Increase in conversion was at a slower pace when the feed
hydrogen/benzenc ratio of the feed was above 0.4.

25  [0049] As can be seen from Figure 2, CHB selectivity dropped off linearly with
hydrogen/benzene molar ratio. When CHB yield was plotted against hydrogen/benzene ratio in
Figure 3, CHB yield was found to increase rapidly as the hydrogen/benzene ratio was increased
from 0.0-0.4. Tt was discovered unexpectedly that CHB yield is nearly constant at 30wt% when
the hydrogen/benzene ratio was between 0.4-0.9. Cyclohexylbenzene yield actually declined

30 slightly when the hydrogen/benzenc ratio was further increased.

[0050] DCHB selectivity and yield are plotted again hydrogen/benzene ratio in Figures 4
and 5, respectively. As can be scen from these two Figures, both DCHB sclectivity and yicld

increased linearly with hydrogen/benzene ratio. DCHB yield was 12wt% when the
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preferably follows the cleavage step. Such a neutralization step typically
i nvol ves contact with a basic conponent, wi th subsequent decanting of a
salt-enriched agueous phase. [0044] A suitable heterog | yst for
use in the’ F%@@gﬁ% of cycl ohexyl benzene 5 hydroperox?giﬂﬁﬁgﬁﬁég? a
snectite GPEYM2EHh as an acidic nontnorillonite silica-alumna clay, as
described in U S. Patent No. 4,870,217, the entire disclosure of which is
i ncorporated herein by reference. [0045] The crude cycl ohexanone and crude
phenol fr dyibpey/icheay age 8isepl ray ib&ct DCEIBD raslot dlghnt qyclobextytbenzeparwasitbat i on
to produce, purhLhedmYahRsanane. and BIEN0ly. Aoiiball e 10 purification
process i AETGdES ™ Ut ot Preted o) "a'°ser 'S’ o 'di stillati on towers to
separ at e to0s1¢ty clVohiexdngnecanidvgiendbs becdndestrited aspeidisested [bY 4G} chbe to

follow ng Exanple js.qgiven for .il]ustrative pu es an oes not |.imt the
scope. of PRSIy ERbTiRt T Ehapes o ok S L AT B BEEPe il s
CondUCtEdI&ﬁsW@ﬂﬁh)@ﬁ@ﬂ@??maﬂ&mﬁ%ﬂ@qgeﬁmwfﬂ%ﬁﬁonFaﬁmQanhhh%&yﬁa&&hMStl
syst em prepar y ,CO-pe tizing 4.8 of MCM49 (siljca to alum na.nolar
ratio of f%u‘iﬁ}g? Fiage g9Idr 1ot pavisHd ﬂﬁ{ngémﬂw?oaase?f CJeERM @St aF 8¢ S©BhPhI ni ng
0 30 wt % Rg prdRdntiNstist udy, the reactor tenperature and pressure were kept
constant at 150C and 1034 kPag (150 psig), respectively, whereas the

hydr ogen/ benzene nol ar ratio was systematically varied 20 from0.0-1.0. The
VHSV was either 0.5 or 1.0 hr-i. The results are shown in Figures 1 to 5.

[ 0048] As can be seen from Figure 1, conversion is a strong function of the
hydr ogen/ benzene rati o. Conversion increased rapidly when the

hydr ogen/ benzene ratio was increased fromO to 0.4. Increase in conversion
was at a sl ower pace when the feed hydrogen/benzene ratio of the feed was
above 0.4. 25 [0049] As can be seen fromFigure 2, CFIB selectivity dropped
off linearly wi th hydrogen/ benzene nolar ratio. Wen CHB yield was plotted
agai nst hydrogen/ benzene ratio in Figure 3, CHB yield was found to increase
rapidly as the hydrogen/ benzene ratio was increased fromO0.0-0.4. It was

di scovered unexpectedly that CHB yield is nearly constant at 30w % when t he
hydr ogen/ benzene rati o was between 0.4-0.9. Cycl ohcxyl benzene yield
actual Iy declined
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30 slightly when the hydrogen/ benzene ratio was further increased.

[ 0050] DCHB sel ectivity and yield are plotted agai n hydrogen/ benzene ratio
in Figures 4 and 5, respectively. As can be seen fromthese two Figures,
both DCHB selectivity and yield increased |inearly with hydrogen/ benzene
ratio. DCHB yield was 12wt % when the WD 2009/ 038899PCT/ US2008/ 072839
2007EM251PET A1mk ogen/ benzene ratio was 1.0 and in fact DCHB, rather than
cycl ohexyl benzene, was the predom nant product when the hydrogen/ benzene
ratio was 0.9 or above. [0051]While the present invention has been

descri bed aﬂﬁ Ekhgstr%;ed by reference to particul ar enbodi nents, those of
ordi nary sKi f in ?ﬁ% art will appreciate that the invention 5 lends itself
to variations not necessarily illustrated herein. For this reason, then,
reference should be nade solely to the appended cl ains faor purposes of

det er mi ni nf t heAtreess s prodyeing grclphexybepzenptbepiogess CORPAFING \What i s

clainmed is: 1.AﬁgrOCEéangéF%égggﬁggﬁog%ﬁégﬂsg*kggg&gﬁgnZ5 e process

conpri si ng: (a) €’ an rogen to at | éast one
reacti on zone; (b) confdz}ing oint baizemgaridhiey dvegenenahandlchstdmegeartion Zohe at

| east one reaction zone undey. . hydroal kyl ati on conditions wth cat al yst
system conlm%gfl}ﬁ%%!ﬁﬁlﬁp%m Qi hady ek PR 7 fotceufye P&t ern
| ncl udi Ng K SRAGHNS X TR Hon ] Bakfn Zhcluind0 dhBacidle BAOMG 3042%.:420, 07
Angstrom and at | east one hydrogenation tal to produce an effluent
cont ai ni ngd-84& 1 HeXiHEadried 2 4B Angstriohs andai leash bone hedrbgeratiom arelrd to of

mol es of hydrogen f to the.at | east one reacti.on.zqope to the.n r of
ol oo of piROERe sftih? hitisfhy eRERhaRIRnkaR kRS 1B o o OB ang
0.9:1. 2. Thgnt: @f &sslePdf BYRbFBnlied W EhLhtNciddOnt dédcloRzohd'® hetmimbaraber of

nol es of
moles of benzene fed to the at least one reaction zone is between 0.4 and 0.9:1.

2. The process of claim 1, wherein the ratio of the total number of moles of
hydrogen fed to the at least one reaction zone to the total number of moles of benzene

fed to the at least one reaction zone is between 0.5 and 0.8.

3. The process of claim 1, 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.

4. The process of claim 3, wherein the molecular sieve is selected from MCM-

22, MCM-49, MCM-56 and combinations of any two or more thereof.

5. The process of claim 1, wherein the at least one hydrogenation metal is

selected from palladium, ruthenium, nickel, zinc, tin, and cobalt.
6. The process of claim 5 wherein the hydrogenation metal is palladium.
7. The process of claim 1, wherein the at least one hydrogenation metal is present

in an amount between 0.05 and 10 % by weight of the catalyst
13



hydrogen fed to the at | east one reaction zone to the total nunber of nvoles
of benzene fed to the at | east one reaction zone is between 0.5 and 0. 8.

3. The process of claiml, wherein the nol ecular sieve is selected from MCM
22, PSH 3, SSz-25, ERB-1, ITQ 1, I1TQ2, MM 36, MCM 49, MCM 56, UZM 8, and
conmbi nations of any two or nore thereof. 4. The process of claim3, wherein
t he nol ecubwatensi eve is sel ected fronrN(MA 22, MCM 49, MCM 56 and

conbi nati ops of ny two o re_t The pcess of claim|, wherein
the at |eaSt oné wa?ca'@seﬁﬁtcro elrlsthsiye&ge r%%epirlr RUFSEA, 1% 88 heni um

ni ckel, zi BfourdtibBiwdan®. l%ﬁﬁai %lgﬁw'@rgﬁt Htﬁ@@é?t&lgé’cfs y&b@l M 5 wherein the

hydrogenatl on netal 1s palladi he procéss’of claim1, wherein the at
| east one hydrogenatl on netal is present in an anount between 0.05 and 10 %

by wei ght cat al tem 9] s,of claim7 V\%)erei n the
v ogonat fon mEbaproress i sl Hie R arfbh S0 sBEERE 65 rogriroBhdpd) et ght
of the cat ﬁipmttecsarsa@iﬁbrgaalcJb&&ff@féﬁsﬁo&fm@h@r&hﬂm siebgrein at least 50 wt %
of the hydrogenation netal is supported on an inorganic oxide different

fromthe nol ecul ar sieve. 10. The process of claim9 wherein at Ieast 75

ut % of the,ydr pAeHALLONAELRlo L ReRHPRILALS Mo ht BO9R0 na‘% Melfis

The process “of wherei’n 'subs rogenatl on

metal is supponddeeh BB itdrgadinokigani ¢ oxi de. 12. The process of claim9
wherein the at | east one hydrogenation netal is applied

11.  The process of claim 10 wherein substantially all of the hydrogenation metal is

supported on the inorganic oxide.

12. The process of claim 9 wherein the at least one hydrogenation metal is applied
to the inorganic oxide before the inorganic oxide is composited with the molecular

sieve.

13.  The process of claim 9, 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.

14.  The process of claim 13 wherein the inorganic oxide comprises alumina

and/or titania and/or zirconia.

15.  The process of claim 1, wherein the hydroalkylation conditions include a

temperature of from 100 to 400°C and/or a pressure of from 100 to 7000 kPaa.
16.  The process of claim 1, wherein the effluent also contains
dicyclohexylbenzene and at least part of the dicyclohexylbenzene is contacted with
benzene under transalkylation conditions to produce further cyclohexylbenzene.

17. A method for coproducing phenol and cyclohexanone, the method comprising
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to the inorganic oxide before the inorganic oxide is conposited with the
nol ecul ar sieve. 13. The process of claim9, wherein the inorganic oxide
conprises an oxide of at |east one elenent of Goups 2, 4, 13 and 14 of the
Periodic Table of Elenments. 14. The process of claim 13 wherein the

i norgani c oxide conprises alumna and/or titania and/or zirconia. 15. The
process of peldatifg 1 .cywbbaglvenidhe Myydr del kyrbadss onf c @it | DNsoxdidieingdethée
tenperature of from 100 to 400C and/or a pressure of from 100 to 7000 kPaa.
16. The pre¥cahexypenzeng o prodyser eickpherdbearzeny, dydrogereyide oadarlsaving the

di cycl ohex i enzene is
contacted %’%c?cﬁn@%@ﬁ?gﬁ@éjhﬁ%ée @%entgg)?%ﬂggﬁh%ﬁﬂ gf(l)(?]gl tl(?%%ﬁ/({r% produce further
cycl ohexyl benzene. 17. A nethod for coproduci ng phenol and cycl ohexanone,

t he net hod, conprjsing producing cycl.ohexyl benzene by the pracess of claim
1, oxidizihg t hzﬁ%ptqcsweszfgrle%zle ergn &?Mﬁtoeo goal B pd feoles of

hydr oper oxj (g, ARtk ke MYiab Ralife GuetiBR XN BARZ BNA fikHeP BEMBIS &€ bhiReRE oduce
phenol and cycl ohexanone. 18. The process of claim 1, wherein the ratio of
the total fedibére abicastoineseationydnoigdatwWeed Ottartdib7.at | east one reaction zone
to the total nunber of noles of benzene fed to the at | east one reaction
zone is between 0.6 and 0.7.
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