WD 2009/ 038900PCT/ US2008/ 072843 2007EM252PCT PROCESS FOR PRODUCI NG
CYCLOHEXYLBENZENE CROSS REFERENCE TO RELATED APPLI CATION [0001] Thi s
applicati rlority to U S. Provisional Patent | I

No. 5 60/ %’g@,i(}fgﬂg{% ed Septenber 21, 2007, the di sclosﬁé@glg%ﬁﬁq%@gh
are incorporate erein by reference in its entirety. FIELD [0002] The
present invention relates to a process for producing

cycl ohexyl benzene apf ok .
cycl ohexyl benzene i '
[ 0003] Phenol is an |nportant product in the chenlcal industry and is
useful 1in, 8 S 01 el n%mégi?&henol i c resi.ns,

bi sphenol 5+ pl astici zers.

[OOOﬁ] OJH[)r[ﬁDmly THIE a sdan@xomrams rplokiey t‘t@r‘UShePrcpaﬁsiuﬁlm;\tl\t,tr;a@eﬁt;1 thpr?nbaml No.
is the Hoc i S IS S in ich the first
step i nvol0d@ 43?%3’1?%%@%@ alnallie le‘{lw?%ﬁtﬁ ?éﬁehttteﬁmm%@e%tmweby
fol I owed byefexiOatds @kirefy. t he cumene to the corresponding

hydr oper oxi de and then ¢l eavage of the hydroperoxide to produce

equi nol ar anmounts of 20 phenol and acetone. However, the world denmand
for phenolgygppgrowing more rapidly than that for acetone In

addi tion, =tre cost of propylene is likely to increase, due to a
devel opi n@O(tﬂabr t @e pyéseptr mpnyttteneelafﬁhtrsa papcmm’oesmdumg cyclelexplbejtrene and

"t hor 1 AR b dreBh IR ERE B B FRC SR B HE RRoM BRF PR

producti on of phenol s. 25 [ 0005] For exanpl e, oxidation of
cycl ohexyl benzene :analogous to cumene oxidation) could offer an

alternati phenol production wthout the problem of

acet one Copy3fuCtiheRol tIanSmﬂJoE’t@ﬂitn@'b&ﬁb@ ifi @ @he!ﬁﬁchlﬂtﬂMﬁ'?Sand is useful in, for
cycl ohexanone, which has a grovm ng market and i s used as

i ndust ri alexaseniGelhe proguction ok phenslisresivs, Gisphriel én arfeaetqctﬁ% aélﬁ-ﬂc peids
productgogigé %g%plc aci d, cycl ohexanone resins, cycl ohexanone oxine,
caprol act am an 0 nylon 6. However, this aIternatlve route requires

t he devel ¢@¥dht diumndnmhermoﬁldomnmnamu@ for gbe produetionppbgikriohds thseHock
cyclohexylben e C A

Chat cyol SRERST pae b6 iR i b SHaR L et REE e VS Rl ¥E BRene
hydr oal ky hathipespybene lt@ﬂmdme\/cmmh&)fblhmedr’oy okidatidri of the amems to the nareespondng

hydroperoxide and then cleavage of the hydroperoxide to produce equimolar 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 acctone 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] 1t has been known for many years that cyclohexylbenzene can be produced from

benzene by the process of hydroalkylation or reductive alkylation. In this process, benzene is

1.



WO 2009/ 038900PCT/ US2008/ 072843 2007EMR252PCT heated wi th hydrogen in
t he presence of a catal yst such that the benzene undergoes parti al

hydr ogena oduce cycl ohexene which then al kyl ene
starting t\'qgg%.%g 896’0'I’hus U. S. Patent Nos. 4,094,918 andﬁgﬁg%&idg?a;

di scl ose hydr oal kyI ation of aromatic hydrocarbons over catalysts
whi ch conprise nickel- and rare earth-treated zeolites and a 5

pal | adi umppropie rhyd.ﬁggﬁ hﬁfﬂe%res%hc% off2 aaéa%st Das: th@t tilg BerlzéRe ﬁﬁtﬁrgoes partial

4,206, 082 di scl ose use of ruthenium and ni ckel conpounds
suppor t ed hydrogenatiore & predugceenckahezang | whids thes alieylatest ﬁ‘ne bemagne slartipe anaterpl

eorilos TGS PEhERGETRRUSTs fd AFFEION (RO, nyBBRARARE oF Eomutic

use of ruhhéwntarbomneienicetalykts svippio comeprisemided irtderakee tathaseatdiezeatisrand @

oo e SR S oA 5L ol ARt i1

sel ecti Vi trthérurf Y&IdOhRK| bafigoRngs isGppofted opardrd ceuhmnbatecatzeememm deehatic
vi abl e benzene conversion rates, .and trat | ar antl ti es of

unwant ed lby ﬁpl&ﬂlﬁ@qr@c&tﬂm i ehg 6?41?369’@ r art processes are zeolites X

net hyl cyclgpent f’tf‘@ddlﬁ’(yrfe PS5 OPHER No. [%@@Wﬁ)o&@cﬁgtdsé/ of Hitfenitfa a8 hickel
No. 6,037,513 has disclosed that cycl ohex | benzene 15 selectivity in

the hydr oamppprtad onrealfc befearibe examabe hwfﬁaﬂlsw@éprbgﬁt%m bavener, these earlier
b
enzeng a 390 Yy RO Wabdhuedidtioh 4P B AR EBIYRS pRABT BA: &ﬁechﬁ?ﬂo

one hy Fon” met and a nol ecul ar si eve 22 tfam|
The hydr ogmiehemplrbemmais lbw, metycmm@dledﬂabimbnnpmel cauveusipn rates. and

rut heni u kel , m xt t hereaf an £
ep Ts el GG SRR 0 PG uhBGhed, PRk ORARIDS o
about 100 nicthylE0Rpkitane, sreptbdaedizene to hydr ogen nol ar ratio of about

0.01 to 100 and a WHSV u 0 The 13, pat en
di scl oses [4494} t%orFerg‘iﬂnﬂ%ﬁ?% % B"né?cyé) %@nﬁén‘@séﬁ‘f °§‘Fﬂeﬁ‘ gci%eayl‘%)aene
to theso i 08 YR RPREEXK bEeenadd chk Be REFE¥INS ChRGENROME Beizend ARl
desi rgldscpﬁéelﬁ%ﬁﬁgndﬂ%ygl oh%tisgar%onel {10008c Ac?:or d| ngdd?o t he pr, esegt "

e

i nvention hydrpgmmthwm@@ﬁwéwﬁa SAMRiEIE & logst pne lpdioperiatipn @stel japd 2
conpri si ng, 40,3l kﬁgwa%hé g%hﬁ,f fo%&?at@a n{eh.ﬂ 4\6;%?3%1yfseﬁule& from

and a hydrogenation neta ect hydr oal cyI ation of
benzene, tphiéadosm, ahylsamlemhnbk@ls cebﬁihrandednﬁmr@cthemOf yangdothe contacting step is

TonocyCl OReXHLREE SRRt AR, SPLERIIK! bl Gl PYELANGEY) BOT RE o

and cycl o e acl nora i'ne
nunber2(of beRdeas to(l'fydfdgen alolarratiorafiabout HB1 mml@l:aﬂdarWHSé’wcf abtmttOtﬁsl toufdheFhe

of noles of the 30 dro nation meta he cataly fr.om abo
75 to about? 3’7?&?“Jnt ‘53% tlfé&b’gg’fg 2???‘,% SR e

SUMVARY [ GGQ a&p&@&ldetdﬁa 1h8 VSR @ dééb&l;ﬂ@fﬁi t ttee desNee Sehehalr and
pr oduci ng cy ohexyl enzene, the process conprising: (a)feeding

benzene asiclele#re®En to at | east one reaction zone; 5(b)contacting

the benzenpg, (ﬂgd W&gfﬁgfgn tb "the Airekef inveABdn, O Chas CAGY | B¥an ZRNRd UnsCHvhen a

hydroal kyl'ation condi ti'ons w th a catal yst system conpri si

al umi n2fsi bifoedtienshodatadyst apmptisngeath alvmng)s@natxmoé@sum sieraef the rﬁﬁbﬁt -84 family
i ncluding _dss t

3. 420. 07 ,&ﬂ%%{ﬂyg a@%zsa%% oné %élc]ﬁ a?l%l ?gno?fr?gltﬁa% %h@&?% l&g}éhﬂzjilﬁs
ef fl uent enaldnaédi rsglectgmiyoheb«ylrhemmgdehexylbem&nm tdnd ca&dabgdst sslytsttvﬁm to
has an acid-to-nmetal 10 lar. ratio ne sth I f

of “the ar G HoRPwIbeRES 3R eapiobiene obieR e Bita Ve APl Qherlfpl B oo
hydr ogenatimBe®t Mbles @F the elmafiontin e holcaliarudievB50. the number of moles of the

30 hydrogenation metal) of the catalyst is from about 75 to about 750.



[ 00101Conveniently, the catalyst system has an acid-to-netal nolar
ratio of from about 100 to about 300. [0011] Conveniently, the

nol ecul ar s} | el ected from MCM 22, PSH 3, SSZ-25 o

I TQ 1, |T£$,Z?J?§ﬁ£ . MOM 49, MCM56, UZM 8, and ni xt u%’%@ﬁ%ﬁ?ﬁy“ wo
or nore thereof, and especially MCM 22, MCM 49, MCM 56 and isotypes

t hereof. [0012] Conveniently, said at | east one hydrogenation netal is
sel ected f adi um ruthenium nickel, zinc, tin, and cobalt,
especi al | um [00131lln one enbodiment, at |least 50 wt% nore
pr ef er abl J0UH] | edatong Bspaetothe Anngniistesids ip eareqessvioy prodbengeiclaipxyjbearine,
(even 100@@:1,06Ss E1%§5g-at | east one hydrogenation netal is
supported orr an i1 norganfc oxide different fromsaid nol ecul ar sieve,
such as an oxi (® of feediag bénzGreoamddry@rogeh to hBleasidnd veactfontzhre; Per i odi ¢

Tabl e of El enent,s. Such . .oxi.d referably conpri.ses,al.unmn nd/ or

[ Cani & andl or O AR 6 ek S8 Pustor T skl 5 v e dEcBpf sie under

condi t i onsyé#iraslkyidord corriRRE a¥ith € catilysthstean@enpeifing an aidonibosiidtd Mmolecular

400C. Conveniently, the h rqalkz_atjonﬂ@ressune Is.in tﬂﬁ%ﬁfﬁgﬁ oB

about 100 SteBe heyorg wp5Aay Hieeersen Ratters inpluding d=Spprieg maxipa af 4 R-9+0.15,

resides in @08 had ¥ L4009PARSMEMN En®RERAL SHROhRIVGI-RIIR ARGERI0 pdBuce an
Ioﬁexylbenzene by the process

met hod conpri sing producing cyc | i

descri bed gEtbweﬁ RONtHRING | ezfphgewﬁ@n@ym wherin) he ratahest syt Jgeee acid-to-metal
cycl ohgxyl g ' '

v opgt ORI T (RAAULE! BRanabee /A0 6L B2 Sl i RONA SABATRR
2009/ 0389 @oRGAT iSRG BirI§dB2e0ipENRELRE frobEabaut EoRESCRSETI ON

benzene. ¢ S03PBG A Eoee BorSREE SR A AR L g B o ghout
cycl ohexylibeazsboat 300. a two step process to cycl ohexanone and phenol .
nsofar agyd i MEoaki A CRoRbiR BERTHCE el HSh MBI AP HGLIC 55725,
15 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.

[0013] In one embodiment, at least 50 wt%, more preferably at least 75 wt%, and most
20 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
25 about 100 to 400°C. Conveniently, the hydroalkylation pressure is in the range of about 100

to 7000 kPaa.

[0015] In a further aspect, the invention resides in a method for coproducing phenol and

cyclohexanone, the method comprising producing cyclohexylbenzene by the process

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

cyclohexanone.



5 in addition to the desired nonocycl ohexyl benzene product, the
process can include the further step of transal kylating the

di cycl OheW(l)Q@ 4596 W th additional benzene to produceP?g Edobsdds
nonocycl oheyy gﬁpgﬁne product. Benzene Hydroal kyl ati on g%@?@ﬁe 3
first step in the present process conprises contacting benzene with
hydrogen 10 under hydroal kyl ation conditions in the presence of a

hydr oal ky T On.EmbaEsCHIPHIONEbY t hc benzene undergoes the foll ow ng
reaction fo proaduce cycl ohexyl benzene (CHB): 0018] Conpeti ng

react i ons [§M8] uddeseribed ogptietie as arogesatipn theohydr Hivneple bengeny & produce
cycl ohexa I i i e,

Cor gant o of P A drindnP LS En 8 B AORYIDRRRASICS B sep progess to
met hyl cy ckpgelekgidne nad peenpMIRB)for 2a|thehlgdupalklation stepreyidse dicpeiehcsgherzene
transal kyl. . ro e i ti.0nal B produy conver.si,

cyel oncicalio Flichda B o 8L AR RSk BB e HECTHA Pilidedte tume
as met hyl e lof penshikilatngy the elidybMoRi)ybatiznd avith iadditiaal Yentagbewiptadbeadiittons]
t he boiliﬂr]]%agoi{% oilﬁl\/CPB is very close to that of CHB so that it is
very di f f PRAPEYCOBeRsareRe 87908 from CHB. It 20 is therefore

| mpor t ant BefzekB Hydldalkyliorsel ectivity to cycl ohexyl benzenes in the
hydr oal kyl ati on reaction. [0019] Any commercially avail abl e benzene

feed can Hdked Tha ey stapyinthrapisambpiossss seraprises conigctipg berreamMifh fdogen
benzeng hggdea hﬁ%h&gla{i&y Sbnd@fonRlin hﬁ%{:seﬁ% & hyd?bd’ﬂcﬁ?tfd;%atﬂ&sﬁ Wﬁll'ﬁ%ﬁ‘y the

t he source of rogen i1s not critical, IS genera desirabl e
that the hyureogadeigoesthe fulpsinDBagiond@progupesyclohgylbenzene (CHB):
2009/ 038900PCT/ US2008/ 072843 2007EMR252PCT [ 0020] Pref exably, the total

feed to the hydroal kyl ation step contains |ess that dNppm such as
| ess than 500 ppm for exanple |less than 100 ppm [water. |Preferably,
the total feed typically cqoptains | ess than 100 pg as | ess

t han 30 ppm for exanplg Pref erabl y, the

total feed contains
exanple less than 0.1
enbodi nent at | east two,
mentioned preferred | evel s
achi eved.

n 1l ppm for 5
preferred

above
g8y are

feferably all three of
or water, sulfur and mnf

[0018] Competing reactions include the complete saturation of the benzene to produce
cyclohexane, dialkylation to produce dicyclohexylbenzene and reorganization/alkylation
15 reactions to produce impuritics, such as methylcyclopentylbenzene (MCPB). Although
dicyclohexylbenzene can be fransalkylated to produce additional CHB product, conversion to
cyclohexane represents loss of valvable feed, whereas impuritics 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 separate MCPB from CHB. It
20 is therefore important to maximize the selectivity to cyclohexylbenzenes in the hydroalkylation
reaction.
[0019] 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 wit%

25 pure.



[ 0021] The hydroal kyl ation reaction can be conducted in a w de range
of reactor configurations including fixed bed, slurry reactors,

and/ or catygd¥dobpssdhesti |1 ation towers. In 10 addition, bBPusaeosinT284s
hydr oal kyl2ad7emips2perct i on can be conducted in a single reaction zone
or in a plurality of reaction zones, in which at |east the hydrogen
is introduced to the reaction in stages. Cenerally, the ratio of the
total numggopf rP?éf%ﬁabgrf ﬂﬁ%@tﬁ%@d‘toftﬁgh:}cﬁoé atiRAedp @Rtalfd lés@%aﬁqﬁb@ﬁpm
of noles of benzene fed to the reactionh is between about O.

about 15: Bucly @rlewwoé) m:fvrammpledesg thany ¥04pen twater Pr@qéHYa@e total feed
bet ween a

conduct i ngﬁﬂ %}all? rank% Flﬁt :ig% Iga%uf 1|1 %ie%s?@ﬁx?@é%%ﬁﬂg adolt) 1%%&B§{nsdppm’
about 400@11ﬁgu8tef@rsblb,eﬂmﬂehal ﬁm(bwbntmsdbsarihhnaﬂbppmzmﬁ asSasstthm ¢ ppm, for

e et b ERRHISEEh B P SRRt iy pB B s ropuci B east W6 ene
enpl oyed mreﬁrblﬂy )l dire@ bkthk abovemeneiamddi paefetred Rvdls fou Matdrcmahr ﬁﬁltn’iﬂrg@h are

conpri si ng Ium nosilicate ol ecul ar sieve of the MOM 22 famly
andahyd ¥f4ti on 20 metal. The term"MCM 22 family material" (or

“material WZII he TeMyodligmation” reQétlonTTEHne%”c@hd&te@Vﬁl af widee rdedtod Zreactor

famly"), as_used herein, includes one or nore of nol ecul ar si eves

made fromcanft%‘Fﬁ‘i'ﬁ'ﬁS mehing titpdelede slpay Jpacioss asdior &ﬂtﬁlg%ld&@i%afm foweigy | In
whi ch i Lafigdd, Has %r?ﬁléw f FeaERWOLal &0@5\%& il A stiphel rea&lon ioﬁe ?rina

spati al arrangénent ons which It ti I n three-di mensi onal
space des @hlrazhéssomh@n% zanep,dn whichat lgest the ydregentis mtrpducad tosthe reactionan stages.

di scussed deﬂ ﬁ? thé%{t%%@%ﬁ% V\ﬁ hﬁﬁb@o%”iﬁ&\i% %f &’r‘éﬁerﬁ feﬁ' ttlﬂe %gcglbﬁ) % the

2001, the &Nt ré con 'S 1 ncorporated~as re eren
nmol ecul ar nambarasfnﬁeleof bouree dnontir sationds begeaeatout 0.d5igo bbadkl s:1, for

being a 2- di S i, n MM f r amewor k. 1 oppl, 0 ni g, .
ool 19, oPE Bomgians-d i Fhont T4 bebeseR BB L S aog il ST, gt
one c-imi &engﬁ}éméwoe koesting t&’(@h@&u&@ﬂatﬁn%@ﬁoﬂaté%eﬁﬁ&maBMTOOP@ﬁﬁl%dut
degree buil di ng bl ocks, being | ayers of one or nore than one unit

cel | thi cHPEssucies betwaen shoul By ansk abrpty 207G Switehlereastion pesspures are between

t hi ckness two WO

50001 0300 8bBETT RsFha SRR b Sus e Rt Mot doBRBAa. 1O

t hi ckness [002RF  stThcldatalysbEmplogéd Betlladd'dnbemaéommab@bmig B bwicsonzd watlyst

in a reqgul ar fashlo an i.rrequl,ar, fashi o shi

combi nact ShpiRey Auafibstichs Fia SR 86 e EREAR Brbif? BT v dbgcfton

L andom&hmemnimn&mdmeh@nmémﬂ maaléegxzagh’(m lrfaﬁatTml f tHQIMCM}sQZJ gamily” or
avi ng t rame t ecu si eves of the

VENE 29 AP FORTUEIO §her B 5 ity oy PR PB BRUSSR T8 PR PHS L ng

d- spaci ng maxi nanﬁﬂec%%r@i‘é@eszrﬁade@ro%f' 0 cdmmor firsf #ELrb crgftflline ﬂﬁtﬁ@ngocﬂock unit

Angstrom The X-ray diffraction data used to ch aracr?erlze t he

material are obt &lhewuhiph urit aelbibasthe MWW femewerkdopodegyu 64 ngit cplbis a spatial
K-al pha doubl et %ﬁra&é&%ﬁif ofStonliCwhidfi iF R nPEhkARLdiABnsAE space describes the

25 crystal structure. Such crystal structures are discussed in the "Atlas of Zeolite

Framework Types", Fifth edition, 2001, the entire content of which is
incorporated as reference);
» molecular sieves made from a common second degree building block, being a 2-
dimensional tiling of such MWW framework topology unit cells, forming a
30 monolayer of one unit cell thickness, preferably one c-unit cell thickness,
¢ 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

-5.



10 a difliactoneter equi pped with a scintillation counter and

associ ated conputer as the collection system Ml ecul ar sieves of

MCM 22 fa de MCM 22 (described in U S Patent

4, 954, 325)%%@@&-?{’@%” bed in U S. Patent No. 4,439, 5@@?,52"%??%
(described in U S. Patent No. 4,826,667), ERB-1 (described in

Eur opean Patent No. 0293032), ITQl (described in U S. Patent No
6,077, 498), |TQ fs! I "0efr lich QR 2 lrnEatRRhe RO Lch el

No. W97/ 17290), %‘nécnf%%s 96 Ond e Hef” BRILARITHE Bl Shh bt defree
MCM 49 (descri beduilding) bEckPaatndmtm hosgubsy mmosmynegmfmo(ndewdmm daghion,
U S. Patent No. 5 6 ( scribed in U S. Patent No.

6, 756, 030), and r%’r%{%?on?b OH%MI?BOf r nore thereof. Preferably, the
mol ecul ar sieve llﬁolécﬁﬂlﬁ@ieﬁids rfnﬁdHTb}(ﬁ))y a4 rardoin Midhenbiond @r Galimensional

i sotypes of MCM 49 and . 56, such,as | T 20 [0024 known
hydr ogehat i on mtcam%wﬂy%w@%j@m&{hwgﬁ’fé@@%% 1’@&% kyl ati on
catal yst qédszughvx@leedlﬁbh@vewfadhé MOM—E@%ﬂ%} gef%um harv@tzﬁﬁm-ﬂdjﬂ diffraction

ni ckel , zinc, tin, cobalt, with palladium elgggartlcu arg/
advant age@a%emllnclp@ngui-maamg PBEmANBUAL.489. 28y 605 bhabisdH0-ALtand 3.42+0.07

present in gﬁ,n? atﬁgyitra:.'r itfietint &ih Eéé?ihtot ddtacteRs: AR ﬁateﬁat i@ o%falﬁeaeoy

alum numin cular sieve to t drogenat|on metal 1s from
about 75 mandand)tmhﬂsms sth:¢s mmgﬁh@l&aéﬂmwu@a of @oppeo asitho incidporadiation and

[ 0025] ]}T' wgifra)c Cuciuallgpe i W \}ﬁm% scl‘? Etfllga' iloft Céou.XtIels lAR&) go%%te%n c&gﬁuter Ias the

(MCM 2 npregnat i on or
exchange. chitsstivesy stetm Koleotiler gieweh ef Ivmemfmdﬂ tude MCMms(ﬂeﬁﬁbm 9U.S.

hyclr ogenag P NE A3 b R R Fy%a?fgoiﬁ Sl b

30 but compesphaf Ne. tmszmmvmsul @EscEibed ¢ BufbpBal Phrent! M6, 0293083, 1TQ-1
found that by supporting t he (ﬁg’;@genatl on netal on the inorganic

oxi de, t hédeseribiediin .S PateineNeo £ ), ARA-2 (escrbaddp dnteunagjonaPatent Publication
| oh Lb
el On RG50S DR RS0 B00 Apeet
; 3 89% lrth gggpw 8. iPatzegtl)mc eras 5$5)em:1v1 m&ea&%m&gscm&mummngmw
nor X e oye I Nn.sSuUuc
oyt onl oy KRHERRA ot L sPre Rbr Saaep il Foharshiss BF a0y dud pi g ticfeot
stabl e an@’réf&%l HBGeledule sf’c@é‘f&' deleBfed i () RIAEMAROB)RICRL 5@ 8nd (c) 1soty1ies

reaction. Suitable inorganic oxides include oxides of Groups 2,

and 14 of of MCNbPiasd MCNIZH0, suchs BQ@ent s, such as al uni na and/ or
tit
L tan! & aniaa 2 Afledn 1yardbRRfioR S, Ag;&g%i;?n PloPUi Sk Bltscif GdRallPltion

ups ‘i s as disc nd Engi neeri nlg
News, 63( Batalyﬁﬂalm%&ultawemetalhmwda@amum,yuthemomkﬂs@gc,ém and coba

oo™t bt bR PR RO ST BB 8o e L 05580k ion
conponent snetdl @reéeimvianhe Rudalyspisessotedisactathae tl@Mohaatatm ofnthe hiumiangdn the
90:10 to 10:90, such a 0; 20 to 20: for, e 70 .or
60: 40 to Aeplesylar sigvq ‘o0 Y oRRR R 4 B Bwﬁgg@? gt 7 S‘é%baég‘i%%?f’“t
the hygy ogepafdveit3oet al is deposited on the inorganic oxide,

conveni ently by inpregnation, before the netal-containi ng | nor%%c,
oxide is d¥Rfbsi t]@& Rydrogenstionnsptak mexs besdiesglly surnorted onythe (MM pily)

conposi t e g, oqfaQ RYfof 8 1k Sl a;?r@%da%h of RorBk&ange, MEdwEr, Qh o Bire

nol ecul ar si eve an -‘cont I norgani c oxi de are forned
into pel | grefersad hmgbdlpmissearleas(tgémevt%,l r adzemple3 80 laast iSW%olmd generally

350, 000 1cR
ai'eve and SPEriElufY obfp BYobitithmbil 8 aiiin b W fabuBid SR ERY ok
wi t h a3(sepat adrepdsited em;h tae endleputae dietiir du ghrtiaulaki, 6. 1s|fburrdetl'1€ismasqpportmg the

A b o g oS sl e T BorgSSiE AR RE UG Yor e GRRSTAAE s SHedilfy 1o
cyclohexylbenzene and dicyclohexylbenzene are increased as compared with an equivalent

catalyst in which the hydrogenation metal is supported on the molecular sieve.
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[ 00281Sui t abl e binder materials include synthetic or naturally
occurring substances as 20 well as inorganic materials such as clay,
silica and/ [ 00 0taI oxi des. The latter may be either ngéurgﬁﬂﬁ
occurringgﬁﬁEﬂnggg)forn1of gel ati nous precipitates or 2o %?%aing
m xtures of silica and netal oxides. Naturally occurring clays which
can be used as a binder include those of the nmontnorillonite and

kaolin faml..es, i 1L i i .
ool i s cOBEETs, TR foteb@lhube ambREdHSut o SHRRELhANOIRe] LahBSig not
or ot her s namowly defined ptolaizledrdti 8 stablecand| inarb msder theegunditisndaf the yhydtoelkylation
kaolinite, djckite acrite or.,anauxjte., Su cl ays,can u LN,
ho o St Sl iidbanse SRt af PySiodly 4cieig St Hhe bliodic
cal ci nat i qapleasti Bleinea! SIRAtasOdluaihe ind@dk thant bhdat kitddniaSuiAk allbd he@inathe
oxi de bi nder anlﬁge S zirconia, ti

ilica, alupgin ani a, . ,

si | i ca-al GHPASHNGS SPHeE. fRfg e @1’51}0‘@3? e Srognioass sifiased thofhegical and
silica- be'EﬁF{nbﬁing%lIéWs‘}_%(tSb,tZ@r(!l%ﬁﬁWﬁﬁi ﬂhe%&a%ﬁ%r@@éﬁi BRIPHES al doRPSsiR U e
as silica-alumna-thoria, silica-alumna- 30 zirconia,

si | i ca- al @hintigpsilicgieanelacwgrdioye|and sheninepsanie axide thap iy differeopiron Ahe melggar
t he hydro =1 ' | | : . ‘g X
cycl ohexyliqglgigizt@éﬁg?‘p? Elé‘ﬁg?‘?ﬁtﬁg h?wfn }ré%lﬁﬁtﬁjﬁ%séﬁr%gl ;@gtr?tg)nmrt%%%a%l F%%O.IO fo
wi | | nor mdRi9g, smombsdh2Goridd: & fir kydnatle @0:p0 wddciOxr 68si0ued:68s unr eact ed

aromat j.c f and _t he desired,.nmonoal kyl at ed, speci,es. Th VOD.. .
2009/ oio‘ggé@%g'n ucslﬁ o@‘ﬁl %’f‘é’éﬁ%ﬁnﬂ Ewgﬁ%ﬁrﬂ%"r‘@‘ﬁ%ﬂt’eghealgﬁ’ﬁg?‘?t‘?%éﬂet?ls is
nor mal | y WegRuer edtheyinstpaiié bkiad,icofiveaiedily Bg ympreghation,tteora theyhailicontaining
reactor. The bottqns. from t'hﬁ h nﬁene distillatjon are fur%{:ﬁer L
di sti| | ed BBSAERTIAR 18 SPHBOTHS ae@é DREIEGHIRRTSEN J YBIoai dhe atadyRt spppposite is

di cycl ohexyddagaz sy @oFeHetbhif, iHOMUEES - mRARE BRI nfdlechRe sRFPWAY t8f metal-
di cycl ohexyl benzene present in the reaction effluent, it m

be 5
desi r abl e cemsaipingriserekyit qride tapeiogned énte pellel HdneepressHIY (gea%ﬁgt aheswhiiso to
b . ral . : .
opect o | FRBOTT0Es KRR of PO UCEAE in LR ST BOMICHS S80e apd the
ef fect ed meta-containgrgl lnptganicooxides axptionallystegethert with rappapiatate binder, are forced
hyd | kKyl.at i . . i . | af | ,
oL bl 8 By g BB G059 8Bl

(see U. S. tiRatsilthntiatalykDcdmpdiide. 018) , zeolite Y or nordenite. The

‘transallc lon yeaction is typjcally conducted under at | east

par 1l 1 {0l s EETE St Fusls fotude SEHMEHE of e e Fens Bl Rpovaess
of aboyf 3R & tRRAE maRAs 36K Bcldy, FlESSil® m¥talalkaies. BRAatted ntyWateither
3500 IcPa and/ or a weight hourly space velocity of about 1 to apout

10 hi' onmettaly ocgungma /i thealondrRlaritiapus R GHEASH Fetrie HeufmpRktures of
ratio abouhi.0h,d mbed %"ﬂgguﬁﬂ?ﬁﬁl%fl%ﬁex %l %%@Mi&ﬁ%%@uﬁd' zﬁf‘at bifdr include

[0031]In order to convert the c ) 1 bénzene into phenol an _
cycl ohexatimse pf theementaiovHendte dndrkaelie familips iwhich fagniligs; inelndaithe gubligatonites
correspondi hydroperoxide, Thi sH: i . ' | :
oxygen: coftLRa kG RERAb A kaobi S piie 3ECHRIe SRigia e FALALHE BbiBRs in
t he cyrd ohichl themamneinkrl tdstitmantes kalloysitey kuthimite,clickite, maciithatriapauxgé. Such

clays can be used in the raw state as originally mined or initially subjected to calcination, acid

treatment or chemical modification. Suitable metal oxide binders include silica, alumina,

zirconia, titania, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia,

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

[0029]  Although the hydroalkylation step is highly selective towards cyclohexylbenzene,

the effluent from the hydroalkylation reaction will normally contain some dialkylated

products, as well as unreacted aromatic feed and the desired monoalkylated species. The
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20 cycl ohexyl benzene in the absence of a catalyst is very slow and
hence the oxidation is normally conducted in the presence of a

catal yst. [0032] Suitable catalysts for the cycl ohexyl benzene

oxi dat i on;%i PAE% he N-hydroxy substituted cyclic i PSS HDed
in US. Paten . 6,720,462 and incorporated herein by reference,
such as N hydroxyphthal i m de, 4-am no-N hydroxypht hal i m de,

3-am no-N-_25 hyciro hthal i m de, tetrabr = N: hydr.ox t.hal.i m .
et r achi oPBERA FPBRYLREHA PTG rockPioh PG ATRLp o G Rl 18 e aion
N- Eygr OXyEéaﬁﬂoﬁi dEhe Dbttongy ﬁfﬁmll'.)ﬂlb %hgdnbi dﬁtﬂbti(én aredfurther distilled ;tol separate the
N- hydr oxybenzenel, 2, 4-tri carboxj mpde, N, NL-di r X ro I ti .
0 1 ) PRSI GO O o 30 Qg cloRe DRl LB oot - Beavics
di i m de), Dipdhdstzony kB laflolhtd did¥lohekyltnZend petis6 id Gh¢i rddclien effluent, it may be

Nhydr oxysucci ni m de, N hydroxy(tartaric imde), . . o
N- hydr &yd@rﬁblp to tenwellylae t}ggf{cyclohexylbenzene with additional benzene to maximize the

di car boxi m : A ' :Q[ 2. 2. 1] hept - 5- ene- 2, 3-di car bo
xi m de. N- BlodGetfoh Ot M Beg QP ionba kY BRAGY !

hydr oxy- ci®36l cl duansalielation? with additional lierkendisyplicakyeficted 4n @yteansilievletiva
-1,2 dicar L m I | odj . - O
2009/ 03896“%%@1’/ ﬁﬁg‘% B%Fé%’g ﬁ@ﬁgyn@%@%s@kg?ﬁ%ﬁb gkéifg‘ﬁg‘l @%’%ﬁ%ﬂhﬁ\éﬁ’é‘ Gatalyi
Pr ef er abl yychtabe nedécalay sieve of thie MV 22\fdilhakolite Heta, MOM-H8 (ses UL.S. Pbteat No.
catalyst i.s,N.N.N'-t.rihydroxyi socyanuri ci d. 033].The mat eri.al
can bas 6 b Pcreolfeoh Bt BRenTE pR Hrbtalloiiogredshon B G aTusted tder
i ni tiator aplesht paialiRquid phhsa Sodditiins OwhibiR SiEtablyAAEI GENE RhheRairé by SHoat 000 to
can be supported on a 5 solid carrier to provide a heterogeneous

cat al yst . abepbBeH] and/or 9epredsyrp of akaut §0bh & about 290 &fa lapd/or givgighbhourlyspace
N, N, N"-trj ' U Yo 3N |

0. 0001 ol WEPo KRAFOR ol 3 1) oh BAPCRATEIP BBy AR zone
cycl ohexykbizhzetie abgud 0B84l Buslicmbb:é. condi ti ons for the oxidation step

i ncl ugl% agt elnﬁer ture tlg.l een about 70C and about 200C, such as about
90C t o abodif M1ZYREAF o ﬁpessure of about 50 to 10 10,000 kPa. Any
oX é gen-co r[][n]a'l]n I N@n @ader P rceﬁfrtaﬂhis )Cyalbhexyn)ameiﬁe ints glicst ahb eyohshekiazdregthe
medi um The reaction can take plage . in hatch reactor r cont,i nuQus .
[T ow r eac PEIHERHbHEEN: hRRERy Rtigantd (i, CHuRauRE hadipaderds | s s
aci di ¢ byaRoRglMea By aitroBBing @h MBxSdnl ddaitaldiey @xd, datH @8 air] Mtaddii§i@ Phase

an aqueous phase may be introduced, which can help dissolve basic
conpounds comaiRing a ghes sarlahsxyiepenat e. Unlikerycymeprer asapasahatice gifaggidation of

[OOBS]ZBheF%JIMk#B%Qﬁé ’ﬁ?ﬁﬁ:tno encd cRRAYMEE SIAP sBfv L hence the oxidation is

cycl ohexyl'benzene 1 nto phe and cycl ohexanorie 1 nvol ves cl eavage of
t he cycl ohempllpeorxated frythe prescrox obiecatalfstch i s

[0032] 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-
25 hydroxyphthalimide, tetrabromo-N-hydroxyphthalimide, tetrachloro-N-hydroxyphthalimide,
N-hydroxyhetimide, N-hydroxyhimimide, N-hydroxytrimellitimide, N-hydroxybenzene-
1,2 ,4-tricarboximide, N,N'-dihydroxy(pyromellitic diimide), N,N'-dihydroxy(benzophenone-
3,3',4,4"tetracarboxylic diimide), N-hydroxymaleimide, pyridine-2,3-dicarboximide, N-
hydroxysuccinimide, N-hydroxy(tartaric imide), N-hydroxy-5-norbornene-2,3-
30  dicarboximide, exo-N-hydroxy-7-oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboximide, N-
hydroxy-cis-cyclohexane-1,2-dicarboximide, N-hydroxy-cis-4-cyclohexene-1,2

dicarboximide, N-hydroxynaphthalimide sodium salt or  N-hydroxy-o-



conveniently effected by contacting the hydroperoxide with a catal yst
in the liquid phase. This is conveniently carried out at a
tenperature of about 20C to about 150C, such as about 28 4&(9: t 0_about
120C and/ %&é‘%’gﬁpgg%hre of about 50 to about 2,500 1d3a’ THAE2848 o ut
100 to about 8 Pa. The cycl ohexyl benzene hydroperoxide is :
preferably diluted in an organic solvent inert to the cl eavage
reaction, .S e | . 0 .
cycl ohexylbﬁ%%g%cﬁ%, ﬂﬁﬁéﬁég‘%i f;]{y%mnﬂﬁﬁtet%{]&rt%i%gslarﬁ m%@e c%eag\%g(gég ‘éneoglg:etr iS%lﬁable
I S convenicatalybtyis DigiiNIettidgdbxyisocgatuac weidc di stillation unit. 25

[ 0036] The |y enpl oyed in the ¢l eavage ste an _be a honogenequ
Catalyst S8 SetheStBRBEE b el SRHS5Sar P fReoRimey SR done el
cl _egv aﬁedeﬂﬁﬁ?wmcdnr&ddwée C?s ﬂﬁhﬁidfﬂh@seaﬁbliﬂ?g@.%@ ma@,lcfisﬁslzcﬁcﬂaﬂ Jbe psE ; gro'nca
aci d, rochl oric acid and p-toluenesul fonic acid. Ferric .oride,
boron t¥ i PPHfLFHTRS f© Brovidee hetesagenerus sefalysh flpicelty. d5a Riddogy aftgtiuted cyclic
ef fecti ve ;hpE0Rg @E@N}}?,hﬁitﬁlﬁy\’cﬁ&?yis%gy&ﬁﬁéhéﬁati§ empIBFePSInSAh At between 0.0001

honbgeneous cl eavage catalyst “is sulfuric acid,”wth preferred
concent r aniod fstoi 1§ wite, suah aebesivedn. 0000 1tte S ovt 56, Wi the crelphexylvenasgeneous

id catal i zat i ) |
S0 C3 iy ° RME TSR0 B Ao\ il SAeN
2009/ 038900 CAudISR0O0BI0T2 848 a8 GBAEINRE2 RGIbounlAdP U esd/onapesturewt #boat 50 to

basic o t o W th subsequent .decantin a. sal t-enriched aqueous
phase. T 0B8R et ARy SHETERTHLNES cEocrarPr Hrofin B8 Yskd Bhcne BHARMS
C: eavage ﬁfedﬁﬁ‘rﬁ' Difeeré ﬁétﬁﬁﬂﬁﬁfﬁe pldlciydf mﬁi&i«'{t@l@ ot B?itiﬁd@.& ﬂbv&STﬁCtbisI &\ basic
clay, such as.an acidic _nontnmprillonite sjilica-alumna 5 c , AS
deser i bed bpflerineseecph s beNo% (B RICOYHN apidls BRpropucty et ipy, h iing the
which i's RO RIRAiHIAr i Apubdus'Hhes QRE Be ink@BaRH, WRicE CiiRelp dissolve basic
cycl ohexanone and crude phenol fromthe cl eavage step may be '
subj ect ed cempqugds; [saeh gspdinmeatiosefet o produce purified cycl ohexanone
and p Ohyd@bﬁbiiﬁpb?efaiagééfication process includes, but is not

to

limte , a series o stillation towers to segarate 10 the
cycl ohexabi®38] andhplfisalicadtive stepiththe ceprersicasf theysohatydbehadne dnip phenol and

Exanpl e i ?%@é%ﬁwﬁg{ gkuvgss tcrleaﬁtvllgvee of u{hgogy%%h@ﬂqbe%&% Iﬁ%robérgiiﬁe,t Q/%ich is

scope of

conveniently effected by contacting the hydroperoxide with a catalyst in the liquid phase.
This is conveniently carried out at a temperature of about 20°C to about 150°C, such as about
20 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
cyclohexylbenzene, to assist in heat removal. The cleavage reaction is conveniently "
conducted in a catalytic distillation unit.
25 [0036]  The catalyst employed in the cleavage step can be a homogeneous catalyst or a
heterogeneous catalyst. |
[0037] Suitable homogeneous cleavage catalysts include sulfuric acid, perchloric acid,
phosphoric acid, hydrochloric acid and p-toluenesulfonic acid. Ferric chloride, boron
~ trifluoride, sulfur dioxide and sulfur trioxide are also effective homogencous cleavage
30 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

neutralization step preferably follows the cleavage step. Such a neutralization step typically



Exanple 1 [0041]To illustrate the inportance of acid/netal ratio in
hydr oal kyl ati on over MCM 22 15 fam |y nol ecul ar si eves, back-to-back

experiments were conducted on two catal ysts prepared 'g@ﬂh%zﬁ@gi-y%séa 5

except fo%&é‘?g’éﬁﬁ/ netal ratio. Both of these catalys
g of 0.3wmt% supported on ganmma al um na. The Pd/ Al 203 hydr ogenati on

catal yst was then co-pelletized with HMCM 49 al um nosilicate

nol ecul ar .si I.]J to.al.um . ' . ' .
i o enc oS soieds, #2n, £ pRi¢ TollBollR Noidf 3pbPallie Jdened B I enriched
t he for merquons piased 20 1.6 g MCM 49 catal yst whereas the latter

cont ai ned 4 g 49, The nmolar ratio.of the alym | t
e s 50 (81 &0tk mile ieln e iels, BBl ARt A5t PR bt By bopdhe
150-d_ E 004%6:5?_%@})%‘18& sncfudRP G Bnsviifceclh; SSueltl ayl Al @itidio Monmhdrillohite Silic4-alumina
condi ti ons, e benz

ne feed rat Q.08 cc/mn whi]e. the,
hydr ogéh FlgESsaDeRa 8- BEPHN. SRR b 4a T SEFINFRRrhich s inpgporeted
150C whi | g therRepssée was 1034 kPag (150 psig). The results are
sumarized 1n Table 1. Table 1 Catalyst A B Acid/netal nolar ratio 50
150 Convel@®38h, k% orgds cuglotsxanpane candvernde phensy fromy dho klesvage spepymay be

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
10 the cyclohexanone and phenol from other species.
' [0040] The following Example is given for illustrative purposes and does not limit the
scope of the invention.
Example 1
[0041] To illustrate the importance of acid/metal ratio in hydroalkylation over MCM-22
15 family molecular sieves, back-to-back experiments were conducted on two catalysts prepared
identically except for the acid/metal ratio. Both of these catalysts contained 2 g of 0.3wt% Pd
supported on gamma alumina. The Pd/Al,O; hydrogenation catalyst was then co-pelletized
with HMCM-49 aluminosilicate molecular sieve (silica to alumina molar ratio of 18). The
main difference between catalyst A and catalyst B (see Table 1) was that the former contained
20 1.6 g MCM-49 catalyst whereas the latter contained 4.8 g MCM-49. The molar ratio of the
aluminum in MCM-49 to Pd was 50 for catalyst A. The corresponding ratio for catalyst B was
150.
[0042] Catalysts A and B were tested under nominally identical conditions. The benzene
feed rate was 0.08 cc/min while the hydrogen feed ratc was 10 cc/min. The reaction
25 temperature was 150°C while the pressure was 1034 kPag (150 psig). The results are

summarized in Table 1.

Table 1
Catalyst A B
Acid/metal molar ratio 50 150
Conversion, wt% 43.5 42.5
Selectivity, wi%
Cyclohexane 7.1 32
Cyclohexylbenzene 70.8 78.0
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3.2 Cycl ohexyl benzene 70.8 78.0 WD 2009/ 038900PCT/ US2008/ 072843
2007EM252PCT Di cycl ohexyl benzene 17.3 13.8 O hers 4.8 5.0 [0043]As
can be seen from Table 1, the performance of catalyst B vvagztos? erior
to the pen} E f%?oof catal yst A The conversion of both¢ gﬁ‘f])ﬁ"g
was conparable (42 versus 43wt % conversion) but the total selectivity
towar ds cycl ohexyl benzene and di cycl ohexyl benzene was 5 nearly 92wt %

for catal yst B—Wh'l—cﬁ—wq stemt-frecantty—higher—tthan—the—s 'E‘CH_VTT"_/ of
88% for catal yst A llcﬂcglbeé?@fﬂgﬁ?e cat al ystlel’cvvas sijgni fi c;?f |y noreé
sel ective towards npmegycl ohexyl benzene thgn catallyst A (58 W %
versus 70.8 w94 } bresept—pventid _
described and illustrated by reference to particul ar enbodi nents,
those of s@isnar Yaskdnl de debn 5 Bibtle W thh peitRhfAlSfeallAl BN dBuaRtd G
10 | ends i(P?serf to varl%eatei ons not erge’cesgarl ly 111 ust If[sgt ed herugi n. For
thi s reasoerforriaase of cathlystehhc Bhestonvrrsiobef hettoratadysisatay ceparsile 63 yersuetbwt’e
iC ln\?le rr:f i Lﬁ rcorR%fsPo%? Bat tﬂg toqd'qtsglfaéﬂ‘)iﬁ't& Q&v&r&ecfcfoﬂ&ﬁﬁ:eﬂfe%e %Bd Bﬁﬁcla{eﬁfl%&{zene was
5 nearly 92wt% for catalyst B which was significantly higher than the selectivity of 88% for

catalyst A. In addition, catalyst B was significantly more selective towards

monocyclohexylbenzene than catalyst A (78 wi% versus 70.8 wt%).

[0044] While the present invention has been described and illustrated by reference to

particular embodiments, those of ordinary skill in the art will appreciate that the invention
10 lends itself to variations not necessarily illustrated herein. For this reason, then, reference

should be made solely to the appended claims for purposes of determining the true scope of

the present invention.
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CLAI M5 1. A process for produci ng cycl ohexyl benzene, the process
conprising: (a) feeding benzene and hydrogen to at | east one reaction
zone; (b) contacting the benzene and hydrogen in said at | east one
reaction zone under hydroal kyl ati on conditions with a catal yst system
conprising an altuninosilicate nol ecul ar sieve having an X-ray
diffraction pattern including d-spacing nmaxi ma at 12.410. 25,
6'910'15§¥ﬁ%@i$2'07 and 3.4210.07 Angstrom and at | east one

hydr ogenats tal to produce an effluent containing

cycl ohexyl benzene, wherein the catalyst system has an aci d-to-net al
nmol ar ratio of fron1§§ to 750. The rocess of claimJ1, wherein the
cat al yst lsyst énBIRSRSS pErduging Gysiehexylberseng: the precssssemPrsiAg100 to 300.

3. The process %f Ck@uﬁg%en%ﬁsaﬁﬁw&&g?n@mw Ge rézic%ﬁzb& sel ect ed
from MCM 22, 25, ERB-T MCM 49,

MOM: 56, UZM 8 (bandcerisdtingshe berzens amhtnydrmnom m:} at tehﬁr@@freawonrwne
process of claim r ve e e

MCM 22, MCM 49, NCR%@E hg)dg’ @ higﬁact%lﬁ%linlgﬁso i %tvﬁ& %ﬁ%orgm{]éler f°
5. The process of chlaimndkilicatee imildtulahesiavte haasg aan &-tayd didfrectni pattern
metal is selected {r al | adi,um rut henj i,ckel i.nc i an
cobalt. 6. The procé@g"%% GrRpsing TmERa; A liﬂléiﬁ?g’r c%gqébrqg"ts 0%15#?@%% e
conprises pal | adi ugu2¥0 6N AnREREE SdQk 1dabtadn@ ki drobBdtdh inetd] tb asducdbh
wt % of the hydrogenation netal is supported on an inorganic oxide

di fferent from t hecfilypeicontsining exsloheylanecnsy whersia the caiplystipysrerhes &1 n
at least 75 w % of #ﬁ@o_%%%wq%tioo(#m? to Bpsupported on the

i norgani ¢ oxi de. rocess o vvherel n substantially all
of the hydr ogé‘hamramassntdtcﬁmm $, whepiartbe datalysttsysteinrios gardcsl-toxmetal molar
10. The process of rein the at | east one hydrogenation
metal is appl f&9 Otfgr 18050 %6!

3. The process of claim 1, wherein the molecular sieve is selected from MCM-22,
PSH-3, 88Z-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.

The process of claim 5 wherein the hydrogenation metal comprises palladium.

7. The process of claim 1, wherein at least 50 wt% of the hydrogenation metal is
supported on an inorganic oxide different from the molecular sieve.

8. The process of claim 7 wherein at least 75 wt% of the hydrogenation metal is
supported on the inorganic oxide,

9. The process of claim 8 wherein substantially all of the hydrogenation metal is
supported on the inorganic oxide.

10.  The process of claim 7 wherein the at least one hydrogenation metal is applied to
the inorganic oxide before the inorganic oxide is composited with the molecular

sieve.
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the inorganic oxide before the inorganic oxide is conposited with the
nol ecul ar sieve. 11. The process of claim7 wherein the inorganic
oxi de conprises an oxide of at |east one elenent of Goups 2, 4, 13
and 14 of the Periodic Table of Elenents. 12. The process of claim11l
wherein the inorgani c oxide conprises alumna and/or titania and/or
zirconia. 13. The process of claim1, wherein the hydroallcylation
conditio in t : . . f
100 1o 70001cnaborls FRBELH MAGR pe Htghilc HdE RGN of oRIUEDE W 1Eest
t he total nunbsa¢ clememalf€ionds 2 di3oger 4fof thet Rerisdic T ablerf Ebdnengs. t 0 t he

nunber of _nol ﬁ* of benéfgé]e. f«fﬂ 0 saihd .contacti i S het \r/ﬁen. 0.15° 1
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' contacting is between 0.15:1 and 15:1.

15.  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.

16. A method for coproducing phenol and cyclohexanone, the method comprising
producing cyclohexylbenzene by the process of claim 1, oxidizing the
cyclohexylbenzene to produce cyclohexylbenzene hydroperoxide and cleaving the

cyclohexylbenzene hydroperoxide to produce phenol and cyclohexanone.
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