WD 2009/ 131769PCT/ US2009/ 037223 PROCESS FOR PRODUCI NG PHENCL AND/ OR
CYCLOHEXANONE CROSS REFERENCE TO RELATED APPLI CATI ONS [0001] This
application ¢ benefit of prior U S. provisiona n Seria
no. 5 61/047, gﬁgggﬁq‘d April 25, 2008, U.S. provrsronakcggg#yggg%gn Seria
no. 61/104,296 filed COctober 10, 2008, and European application no.
08158576.2 filed June 19 2008, all of which are hereby incorporated by
reference inits ent|rety FIELD [0002]The present |nvent|on relates to a
process for produciPROGIHH RO X ORI

[ 0003] Phenol is an |nportant product in the chem cal |ndustry and i s useful
in, for exanple, the -roductlon of -henollc resi ns, bisphenol A,
r-caprol act am CRASSIREF (YRELZ PPLICATIONS)004] Current |y, the nost
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phenol is grom%éhmggnMB§§E?Ebgnﬁﬁghnﬁﬁg?a&gg for acetone. In addition, the
cost of propyl s likely to increase, due to a devel opi ng shortage of
propyl ene. Thugpos progessschihabedisescBieghera aldanes: ipnseang ppénopraapyl ene as
feed and co roduEﬁs hi her ket ones, rather than acetone, may be an
attractive 4l t&° ??V?’route to the production of phenols. [0005]For
exanpl e, oxi daBAGKGHROWNR| ohexyl benzene (anal ogous to c-unene oxi dation)
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m xture of pheno exanone but a maxj m zing the pro ctlon
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20 for acetone. In addition, the cost of propylene is likely to increase, duc 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.
[0005] For example, oxidation of cyclohexylbenzene (analogous to cumene oxidation)
25  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
nylon 6. Moreover, cyclohexanone and phenol are readily interconverted by
30  dehydrogenation and hydrogenation, respectively, so that the cyclohexylbenzene route offers
the potential not only for producing a mixture of phenol and cyclohexanone but also for
maximizing the production of phenol or cyclohexanone according to market demand.
[0006] It is well known cyclohexylbenzene can be produced from benzene by the process

of hydroalkylation or reductive alkylation. In this process, benzene is heated with hydrogen
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of hydroal kyl ation or reductive alkylation. In this process, benzene is
heated wi th hydrogen WD 2009/ 131769PCT/ 1JS2009/ 037223 in the presence of a

cat al yst sucaﬂbQﬁgnﬁpg benzene undergoes partial hydroggpafsaid:eproduce
cycl ohexene Irch then al kyl ates the benzene starting material. An exanple

of such a process is described in U S. Patent No. 6,037,513. [00071However,
despite its potential advantages, no commercial process for manufacture 5
of phenol and/or cycl ohexanone via the hydroal kyl ati on of benzene and the
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catal yst under qiwdioal kypraticonsucondiytibiersct Fhppoducieveatidn scgs tepblident
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(b) supplying sard first e u streamto a rst separation systemto
di vi de sai d 20fidastcyeplfckanenst frerm berganc it phigh EyordtraRyiPbiamy dhie cPeResier eam

and a C6 produgt,iskibSHMGRIB:LRIaNGi£yC| ohexane and benzene; (c)
contacting at |east Eart of said C6 product streamwi th a second cat al yst

under dehydrog Xconditions to convert at |east part of the
cycl ohexane t o[does|zene candsppstotitGevedios et et fofgentforgirodeeing clonpranding

benzene and . hydrogen: d G i.ng .at |east part of the second effl uent
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cycl ohexyl benzene in sai d cycl ohexyl benzene-rich streamto produce

cycl ohexyl benz BHEKYBPEBEr oxi de; and

(b)  supplying said first effluent stream to a first separation system to divide said
20 first effluent stream into a cyclohexylbenzene-rich stream and a C6 product stream comprising
cyclohexane and benzene;

(c) contacting at least part of said C6 product stream with a second catalyst under
dehydrogenation conditions to convert at least part of the cyclohexane to benzene and
produce a second effluent stream comprising benzene and hydrogen;

25 (d recycling at least part of the second effluent stream to said contacting (2);

() contacting at least part of said cyclohexylbenzene-rich stream with an oxygen-
containing gas in the presence of a third catalyst under oxidation conditions to oxidize the
cyclohexylbenzene in said cyclohexylbenzene-rich stream to produce cyclohexylbenzene
hydroperoxide; and

30 () converting cyclohexylbenzene hydroperoxide from (e) to produce phenol and
cyclohexanone.
[0009] Conveniently, the process alternatively comprises
() dividing said C6 product stream in said supplying (b) into a cyclohexane-rich

stream, and a benzene-rich stream;



30converting cycl ohexyl benzene hydroperoxide from (e) to produce phenol and
cycl ohexanone. [00091Conveniently, the process alternatively conprises

(9) dividing sgj,d,&R;RL0duct streamin said supplying (b)pc'rﬂfsﬂ)oﬁosms
cycl ohexane-ri e’ Stream and a benzene-rich stream

2009/ 131769PCT/ US2009/ 037223 (h) recycling the benzene rich stream
to said contacting (a); and (i) contacting the cycl ohexane-rich

streamwith a second cat al E/ in said contacting (c). hq50010] Conveni ent |y,
fresh benzene suppl(ted teorcliehqcprsasachsnmmdp i aeing fané ppm by Swei ght

sul fur, less than Lppmdbycinei @OtcyOlbickAgeth anchn &6 4 RandQEkappmmbyidei ght
water. In one enmbodinent, fresh benzene is supplied to said first

separ ation syslc‘e}‘ﬁcmigd@)ll 1Conveni ently, fresh hydrogen supplied to the
process cont ai p@1djes sCdnhaiently, fpsh Hyzcweiughited lyttkk pgess ok e, thingsgpnt bhan 1

ppm by wei ght e;}gﬁtoqg@u 806l £5 5 Bm&%épgag%h% mitlgh'som%avemﬂ@%%;dﬁr 'n

one enbodi nént, rogen 1s su to said contacting (d
[ 0012] Conveni emdnybodlmﬁé ffepfr@pzte%ﬂballpy%ﬁtdt‘t@rﬁﬁ‘ﬁté@?a@nmﬁ‘%ul ar sieve and a

hydrogenation f@ifl - é&&&ﬁaﬁﬁ’@@%m’@g&mu@h&i tmle%%é@-&)n&ir@%@b @fn S@intloyf i 1 st

catalyst is selected fromzeolite beta
fam |y nol ecul &Fiekheduessuiing k& ﬁ‘é‘s Q%t?ye‘%‘f‘ghéﬁaogtcﬂén‘ﬁ&/sﬂFlﬁaér?g‘?l %Eal of
said first cat alxy(ﬁltmdnqu&e|Ile@iceﬁlb(fdlir®d’m fradhlhadtbgemis snpplibietn sadgonfttak€d), zi nc,

tin, cobalt, a“?u E‘lA mﬁcm%f ?h%ffu&%&@9&@&@2Q&%ﬂh&&mwm@gn @@%%OG%M % of

sai d hydr ogenat'i I'S 'supporte I norgani ¢ oxi ferent from
sai d nol ecul ar msfab\ie Oem‘dn®élﬁema‘lh¢ JoleaHAp picyi Cﬁ@al%ﬁlsb‘%@idh’et ipfelegted framgeolihe

el ement of G oyps &litdx, £3i@Rda MenNeh2 ey ReNdeash Govd 3l Bix@fes BlcRBBHlIShe
hydrogenation metal of said first catalyst is selected from palladium, ruthenium, nickel, zinc,
tin, cobalt and mixtures thereof.

15 [0013] Conveniently, at least 50 wt% of said hydrogenation metal is supported on an
inorganic oxide different from said molecular sieve and generally comprising an oxide of at
least one element of Groups 2, 4, 13 and 14 of the Periodic Table of Elements.

[0014] Conveniently, said hydroalkylation conditions include a temperature of about 50
to about 400°C, a pressure of about 100 to about 7000 kPa, a weight hourly space velocity of

20 about 0.01 to about 100 hr' and a benzene to hydrogen molar ratio of about 0.01 to about
100.

[0015] In one embodiment, the process further comprises dividing said first effluent
stream into at least first and second portions; cooling the first portion of said first effluent
stream; and recycling said cooled first effluent stream portion to said contacting (a).

25 [0016] Conveniently, said  first  separation  system  further  separates a
dicyclohexylbenzene-rich stream from said first effluent stream and the process further
comprises contacting said dicyclohexylbenzene-rich stream with further benzene in the
presence of a transalkylation catalyst to convert said dicyclohexylbenzene to additional
cyclohexylbenzene.

30 [0017] Typically, second catalyst comprises a metal or compound thereof of Group 8 of
the Periodic Table on a porous, non-acidic support and said dehydrogenation conditions
comprise a temperature between about 330°C and about 500°C and a pressure between about

100 and about 1000 kPa.



[ 0014] Conveni ently, said hydroal kyl ati on conditions include a tenperature
of about 50 to about 400C, a pressure of about 100 to about 7000 kPa, a
wei ght hourly |l ocity of 20about 0.01 to about 1 5 a
benzene to hyg§gg%§1%§lar rati o of about 0.01 to about %%ak%f%%%@?fn one
enbodi ment, the process further conprises dividing said first effluent
streaminto at least first and second portions; cooling the first portion
of said first effluent stream and recycling said cooled first effluent
stream portion to said contacting (a). 25 100161 Conveniently, said first
separation system further separates a dicycl ohexyl benzene-rich stream from
said first effluent streanland,tﬂe process fgrpheﬁ.coggrgﬁes’cpp}aciing
sai d di cycl oheX$M¥enZeiEesdn saf PEd MY FOGPE RS 5 eRYRARTT BPRE e  ence
of a transal kyl@ation catalyst to convert said dicycl ohexyl benzene to
addi ti onal cycl ohexyl benzene. 30[001? Jypically, second catal yst conpri ses
a metal or conpound thereof of Group §*“of the Periodic Table on a porous,
non- aci di ¢ support and sai d dehydrogeflati on conditions conprise a
tenperature between about 330C and ab@ut 500C_and a pressure between about
100 and about 1000 kPa. B %3&76 CT/ USZ2009/ 037223

[ 0018] Conveniently, said third %&alyst rijses a cyclhg i mde of the

general formula (1): C,
b/

wherein each of R' and R? is independently selected from hydrocarbyl and substituted
hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SOs;H, NH;, OH, and
NO; or from the atoms H, F, Cl, Br, and I, provided that R' and R? can be linked to one
another via a covalent bond;

10 each of Q' and Q” is independently selected from C, CH, CR?;
each of X and Z is independently selected from C, S, CHy, N, P and elements of Group 4 of
the Periodic Table;
Y is O or OH;
kisO, 1, or2;

15 1is0,1,0r2;
mis 1to3.
[0019] In one embodiment, the cyclic imide comprises N-hydroxyphthalimide and is
dissolved in said at least part of said cyclohexylbenzene-rich stream prior to said contacting
®

20 [0020] In one embodiment, said converting (g) is effected in at least two stages
comprising a first stage conducted at a temperature of less than 50°C and a second stage
conducted at a temperature greater than the first stage temperature but less than 150°C.
Conveniently, said converting (g) further comprises a third stage conducted at a temperature
of about 120°C to about 150°C.

25 [0021) Conveniently, said converting (g) comprises contacting said cyclohexylbenzene

hydroperoxide with a fourth catalyst, such as sulfuric acid.



5(0)1 wherein each of RI and R2 is independently sel ected from hydrocar byl
aﬂd substituted hydrocarbyl radicals having 1 to 20 carbon atons, or from
t he groups SCBH, OH, and NO2 or fromthe atons H K nd I,
provi ded thaf&EIZOng)ril%7?32 can be linked to one another vi gc;gg%)\(}gtfsgﬁ? bond,;
10each of Q@ and @ is independently selected fromC, CH, CR3; each of X
and Z is independently selected fromC, S, CH2, N, P and el enents of G oup
4 of the Periodic Table; Yis O or OH k is O, 1, or 2; 151 is O, 1, or 2;
: X1 O RETTAQN SN ik DRAVWHAGSycl i c i mide conprises

N-hydr oxypht halggabde apde i § diss@hyaslof Re SRIH@ bl 8RS ntRAK kte@bf S proehss

cycl ohexyl benzene-rich streamprior to said contacting (0. 20[0020]In one
enbodi nent, saPHFOUBRETE FRYPEGS F EVEfiPcted in at | east two stages

corrprijsi ng a fi[(mg}] stagee zRnduetdadraaitor e baimperdewee ofdali@ssep bhaanpd@S and a
second stage conducted at a te ture.greater than the first stage
terrperature%butaccf)rleélsngotﬁgﬁni%@%%ﬁe\%ﬁcﬁ%ﬁtIy, said converting (Qg) ?urther
conpri ses a t hil@0@4lst agerednduibaiierm o trengdreattnenohydgpeoridldaaes andabout
150C. 25[ 0021] %@Nc‘?[@b&@ltylsﬁéps e Jroe QDY LY b PG sLi@dnCRIAd SR iGRRIACt i Ng sai d
cycl ohexyl benze-ne hydroperoxide with a fourth catalyst, such as sulfuric
acid. WD 2009PEIAYEBHBEYC RIPIAGH (oL 5 VIRIHMIRESCRI PTI ON OF THE DRAW NGS

[ 0022] Fi gure 1iossja fhawibddi agsiam 0protdrefoe polahexjtive agéneydohntanasifonst ep of

a Process al%coggrllzerh aﬁcphygr%gcnen)l( %fﬂ@}'l ’%c %‘iogshs?cpé vatf’?cr};r&cgg, particularly hydroalkylation,

oxidation, cleavage and product recovery, are performed and integrated in a manner that

maximizes the utilization of the feedstocks and the yicld of the desired products and
minimizes by-product formation.

Feed Pretreatment

15 0026} Any commercially available benzene and hydrogen feedstocks can be used in the
present process. However, in hydroalkylation, it is desirable for the feedstocks to be as pure
as possible. The sulfur, nitrogen, water, carbon monoxide and/or other impurities in the
benzene feed and hydrogen feed may be removed by adsorption using 13X, 4A, Selexsorb
CD, clay, Zn, Cu, and or any other effective adsorbents. The preferred sulfur level in the

20  benzene feed to the hydroalkylation catalyst is less 5 wppm, generally less than 1 wppm. The
preferred water level in the benzene feed is less than 500 wppm, generally less than 250
wppm. The preferred nitrogen level in the benzene feed is less than 1 wppm. Similarly, the
preferred hydrogen sulfide level in the hydrogen feed is less than 5 wppm, generally less than
1 wppm. The preferred CO level in the hydrogen feed is also less than 5 wppm, generally

25 less than 1 wppm. The preferred nitrogen level in the hydrogen feed is less than 1 wppm.

Production of Cyclohexvlbenzene

[0027] In the present process, cyclohexylbenzene is produced by contacting benzene with
hydrogen under hydroalkylation conditions in the presence of a hydroalkylation catalyst
whereby the benzene undergoes the following reaction (1) to produce cyclohexylbenzene

30 (CHB):



[0023]Figure 2 is a flow diagram of the cycl ohexyl benzene oxi dation step of
the process 5according to said one exanple of the invention. 100241Fi gure 3
is a f|0MldIa%6§HbR;”&ﬁe cycl ohexyl benzene hydroper oxi dg ¢\ SaA¥HG 2§1nd
product recovery sSteps of the process according to said one exa %

i nvention. DETAI LED DESCRIPTICN OF THE EMBODI MENTS [0025]Descr|bed hereln
is a process for producing phenol and/or cycl ohexanone from 10 benzene and
hydrogen in which the various steps of the process, particularly

hydr oal kyl ati on, oxi dation, cleavage and produc sovery, are perforned
and integrated in a manner that nmaxim zes the iti on of the feedstocks
and the yield of the desired products and m ni | py- product formation.
Feed Pretreatnent 15[ 00 3 comercially ava e benzene and hydrogen
f eedst ocks can be useg n the present _process. Hoyever, in roal kyl ati on,
it is desirable for t ocks to be as pure @s possible.” The sul fur,
NWlies in the benzene
sing 13X, 4A,

nitrogen, water, carbon i de and/ or other iy

feed and hydrogen feed nmay be renoved by adsor
Sel exsorb CD, clay, Zn, Cu, and or any other ef e adsorbents. The
preferred sulfur level in the 20 benzene feed e hydroal | cyl ati on
catalyst is less 5 wppm generally less than 1 wopm The preferred water
| evel in the bé¥2Bne Theelydioglkylaion redsegn SOObapPHICtYetiet afifey rAngs of tHgp 250

wppm The pref eélﬁegatﬂ)hst ﬁl@lg(ﬁlﬁb heMaled,| s'ﬂmly heachenzene chaed digihesSotdaninl wopm

Similarly, the preferr d? en su hydr oge n feed is

| ess than 5 mpﬁﬁwm@eﬁﬁ &VWVWP 116Fﬂﬂh“TqﬁﬁﬁW¥c%$é]%F@$ %@Hm T 8V8I* in the
hydr ogen feed pﬁm&@@@ekﬁﬁ&mmhamw&dvmmpmﬂmgﬁmexakmWoﬂﬁth®ekhamnmSWpﬁnl The
pr eferred nitr g%% & rgagtle ten'? e;[a Ures %%%%Flp at{oﬁte gb bsdnJl %ﬁt MB@@ @&Chvggg)%cen

Production of SnExVI' bénzene e present proceéess
cycl ohexyl benzenet i08°(paddbioedsBiy, @bhmmablNQMEBmmsﬂeswwﬂhm@ﬂuhwdﬂﬁgemiunder

hydroal ky! at! O, GeneHeie8NGel & gcﬂ&elfgb%ﬁ%eqmoiboa 066102 QAL LAk, GRLRY VSt

wher eby t he benzeng under goes ow ng reaction (1) to produce
cycl ohexyl benzenkr 30¢ EhyByon © W00 DI STGOPER) LISBGHUI 08 25 particularty

10 between about 0.15:1 and about 15:1, such as between about 0.4:1 and about 4:1, for example
between about 0.4 and about 0.9:1. The benzene weight hourly space velocity is normally
from about 0.01 to about 100 hr™.

[0029] The catalyst cmployed in the hydroalkylation reaction is a bifunctional catalyst
comprising a molecular sicve with an acid function and a hydrogenation mctal. Suitable

15 molecular sicves include zeolite beta, zeolite X, zcolite Y and molecular sicves of the MCM-22
family The term “MCM-22 family matcrial” (or “material of the MCM-22 family” or
“molecular sicve of the MCM-22 family™), as used herein, includes one or more of:

. 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

20  of atoms which if tiled in three-dimensional space describes the 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 monolayer of one

25 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

-6 -



100281The hydroal kyl ati on reaction can be conducted in a w de range of
reactor configurations including fixed bed, slun-y reactors, and/or

catal ytic dis%b h@hiop towers. To addition, the hydroal@¥&§ghﬁgmﬁﬁ§ctlon
can be conducted in a single reaction zone or in a 5 plurality of reaction

zones, in which at |east the hydrogen is introduced to the reaction in
stages. Suitable reaction tenperatures are between about 50C and about
400C, such as between about 100C and about 250C, while suitable reaction
pressures are Watkigseis medoliem tetingrdcldisoerbimingopleRBo nonelpy et BEtiBEs! about
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enpl oyed in t he 'h eac ctional catalyst
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metal . Suitabl ‘?ncluglég bR @xint QVIQS&(') fbclawd@lz%omm bRt 242:8.60hh iR ont,
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material " (or Thatapy diffraston ki wedioxhargprzf e gere éﬁdﬁ%?wgPéVEH 4t he
MC. M 22 fam | y'tchni@ss MB@%eh@ﬁlﬁhafﬂpuhld’mf wges aotheincdenmmdieticafand a fittkaeoobtar
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cel I, which uni{“Re Famewor
spati al arrangémmiatlar Q@wbﬁféﬂaﬁﬁ2WhP@huwﬁdQﬁ“@@ﬂ?ﬁdﬁﬁﬁééiﬁﬂﬁﬁﬂ@ﬁﬁhﬁp space

describes the goysia| p%hrauﬁdwh@ed iPuch Ekystal 4 $horbet yELss alerdisskussed in

the "Atlas of Zeolite Franewo edi tion 001
content of mhlBﬁmF§m|%%@ﬁﬁ@r%@%ﬂ“%?“V@F%?ﬁﬂ@@)mmm”“’H%Vé?uﬂ3912gﬁvg§fnade
froma common secmmdwﬁmgm&eobuukdnmg2bwaemxdbenmgnam&ﬂIdwmﬁhﬁm@maihmjl|ng

of such MN/}ISf r %&%E?%E%)O) Rf?fe%fl ggg%scn 1%% é %’ate[ﬁ%WSr}gO %77?%@[1/[%%5&8{%(9 ﬂﬁe

25unit cel |7t hi ckness -'uni kness
si eves made frbﬁi@@wﬁdﬁ>§é@@ﬁ6>d@§M€é(Bﬁﬁwﬁﬂnglﬁi6@W§WN%é¥W§6VQyB¥¥”bf one

or nore than ongBldinGes lpalchi €K RESE030VRE ﬁl'lxrﬁn&hﬁexéc@-Y@fete@ib Jrrmeenotléa@a one
unit cell WD 2009/ 131769PCT/ US2009/' 037223 t hi ckness i ? d@ﬁﬂgstacklng,
dﬁpgméé fo Khess

packi ng, or bi fgicriteleted B ta) Mid-Ho i MAYap erdde) ohass

The stacki ng ofuckuitQecond degree bU|Id|ng blocks can be in a regul ar

thoreof: and mieur dim dreueD Ry i s ARss Bpey A AL AUILNG Gl o
or 3- d|nenS|ondﬂwamomnﬁﬁnewmsmwbﬂcaﬁh@umehwgmhﬁvmﬁglFh@ NG ERbrib vTEK

t opol ogy. palladium being particularly advantagcous. Generally, the amount of hydrogenation mctal
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 molecular sieve is an

25  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.
[0032] The hydrogenation metal may be directly supported on the molecular sieve by, for
example, impregnation or ion exchange. However, in a more preferred embodiment, at least

30 50 wi%, for example at least 75 wt%, and generally 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 cyclohexylbenzene and



[ 0030] Mol ecul ar sieves of MCM 22 fam |y generally have an X-ray diffraction
pattern including d-spacing maxi ma at 12.40.25, 6.90.15, 3.570.07 and

3.420. 07 Angs{iaedhe X-ray diffraction data used to chanagi®sészast he
material (b) are oﬁtalned by standard techni ques using the K-al pha doubl et

of copper as the incident radiation and a diffractoneter 10 equi pped with a
scintillation counter and associ ated conputer as the collection systen1

Mol ecul ar sieves of MCM 22 famly include MCM 22 (described in U S. Patent
No. 4,954, 325) dicpdphenyiteprsac pir Beseraicd 2 cgnpapdt iy anslvaloy Fgfalgygy whslzhoos
(descrlbed i N Wy Sogehab e RttalNOsuptbriBléh tBbfdlecultRIEvd. (described in European

Patent No. 029 d b U.S. Pat 077 | TQ 2
(Seggrlbed in ﬁﬁﬁérna#FS%ﬁﬁ&ﬁg?g%%mgﬁﬁin g?lcﬁmﬂﬁleT@"ﬁ%gyfifﬁéﬁf SRom 36
(described i n WaBwlPatfienl priNdded 5, i@ St@41Q 7id) iperMoNer48: {odéisas iobend hy drodikyBtioPat ent
No. 3, 236, 5755) T agw §1§ta£ gﬁ Elhé)@&%l‘. nclydc%mdga&mgupw 4, 53 %@21,460??1)@%%4 8

(described in Pat ent , m Xt ureés thereof. Preferably,
the nol ecul ar Jridyel Flgnoges| swek edluﬁm@mltelaa wamr@mla(kﬁ)s m%ee th pungheying

i sotypes of MC\iAQe & chcMeNbBOTabTUGCRURSS hsTdRcRsed20 [(RO3iddI ARY EKMQWhg News,

hydr ogenat i on gﬁéal ﬁ%& be enpl oyed in the hydroal kyl ati on cat al yst
al t hough suita > e ¢ i ncl ude pal | adi um ruthenium nickel, zinc, tin,

and cobal t, mﬁﬂMBﬂalIEﬂHuMn@mﬂmgrmamﬁi¢m&$miw1&dVam$agemMs<m@®nENa1%y, t he
amount  of h%)df%%ﬁmsd ofbeREAL mALESEMhink Mohlife GaLA LRboy& DB MRGRADAUL 0. 05
9

and about suc ‘bet ween a ouf

catal yst. In oﬁ@“@ﬁﬂ@@Pﬁ@ﬂFdﬂmhemwowﬁeTﬁwPEbJFaWM§¥éW@mP§‘Hﬁ“@&ﬂbyC“

al Ium nosil i ca}g @ellﬁﬁﬂﬂonﬁmlﬂ&h Ohixayds0geRakduli siBRt Al tRIes@bdndisnSiueharidhat t he
mol ar ratio of the alum numin t mol ecu i eve t he atlon
netal is fron1aﬂgﬁ?e%”%mtﬂoaﬁghfpﬁgﬂ%%“F% C%%%ﬁﬁwetfﬁﬁ%aﬁﬁg%&B@%‘ b about
750, such as fbpnlamoumlmﬁﬂmm@Aab@umd@@@hmﬂﬂ@@@]JhdwhydﬂegenamimmoumiaI_nay
be directly; SUBBQ{bggmag tsgzﬁlemh@w!;armsmée gnyfomzoormax@male 1 I ORGS gatl on

or ion exchan e na nore preferre nbodi ment t | east 50
w% for exarrpp@napdu}ea@genww%l wndgeterthl oy dpanet Antthea Futan] qatlypt t he
hydrogenati on ggiRlici S supported on an |norgan|c OX|qe separate from but

conposited mntﬂw ul.a S|eve ar |cu ar 0 dtthat by
supporting the %groggﬁgg %ﬁehﬁ?ﬁvdbw PRSI AR Oﬁ%”m “ &S REE flty of
t he catal yst awdlmhsmsmkemnmmhbwmmodeyemohewytmedzeﬂe ahdmkwmhybemmm

2009/ 131769RCT. Mﬁ%@o&é&?ﬁﬁ&%{l Heoit 9#53%,){1&,@@ RERRATE LOGLAARE hififCOMPAI e

with an equl va ent "cat a enati on netal "i s sup %orted
on the nol ecul &lhcasing ystal p@@mmeaﬂvreraugamc yw igfecas s | veRfle & ndgyplu

conposi te hydr galckylat rh&ﬂn&ﬁlt)ﬁ{e)’aﬁﬂ khein TRbiliRAWRiOWhiIde fcnedmpE@vtdEades t 1S
st abl e and inertt%HBer the conditiol s of %@1 dr oa 5 reaction.

| kyl atio
Sui t abl e i nor g&Hi % BGELTPHO! e & lﬁégﬂ nﬁ?%ﬁﬁgmém%ﬁmuﬁﬁﬂﬁﬁﬁoTﬂ“5¥ t he
Peri odi ¢ Tabl ewbith &t ereniiscral sustiuasisaklivgiinakaolibit,aldkag, naund/ oo rnapkitec Sméba.  As

sed her ei t S
used nerel ??} Cﬁgymfac %ted gepgggerdt gugumggﬁea gamlayrag&%dg m[abagﬁ]a o

hydr ogenat i on Hesfrednt PlsChG'eﬁdstdéHd@H tshlédhl@n’@?‘daﬁi")é baséﬁlaelclue%w%}enﬁ'éﬁtnﬁy by

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-magnesia-zirconia.

30 [0030] The hydroalkylation reaction is exothermic, and so the reaction system must take
heat management into account. A preferred method is to recycle a portion of the effluent from
the hydroalkylation reactor through a cooling heat exchanger, and mix the cooled recycle
stream with the feed. [t can also be advantageous to have more than one hydroalkylation bed or

reactor, and add hydrogen in stages.



10 i npregnation, before the nmetal -containing inorganic oxide is conposited
with said nol ecular sieve to produce the catalyst conposite. Typically, the
catal yst conmpsi.t& iS.Produced by copelletization, in w@bgaﬁgmgkﬁﬁyre of

t he nol ecul ar "si'eve and the netal -contai ni ng i norgani c oxi are formed
into pellets at high pressure (generally about 350 to about 350,000 kPa),
or by co-extrusion, in which a slurry of the nol ecul ar sieve and the

nmet al -contai ning inorganic 15 oxide, optionally together with a separate
bi nder, are fofSeciadatiohofiyglohexvibierzend f necessary, additional hydrogenation

metal can subseggugnt |A(m#a@ohdﬁél%iohl%§ddt%ﬂ PR hBBUbIAIRNS toGatial ¥Bhex¢BERARI t €.
[ 0035] Sui t abl e ‘binder materials inc

de synthetic_or nat rring
subst ances as Wepqdites tp {br drakide mﬂ%ﬁ'@ﬁf‘tgﬂ &Pegitie Alca %fﬂ%e“‘a@(’m% k%%oagﬁgy "B net al
oxi des. The | atdaedonrmeyl hemeiytdoenin Dbe nbuliytagek| gndonteumeavmgm@iucts nast W@l hor m of
gel atinous pre s _Qar. ge il 1 Ga..and el
oxi des. Nat &r aluPrgaC%)eg%glzene feeg ITEL ﬂgg\/\/ﬂy}q%{ﬁg e useé&ggeﬁéd ??\aler ﬁ% ude
those of the nopmathy ¢drr1poma?é1€aﬁdwtk@wl“ﬂ@nfﬂa’mf‘l ilede figh fisHlafiarpyviredreded ude

the subbent oni f,gs.RNEdt iBGKAR4! RAsh Qﬁmﬁtﬁnh nYEleAR tﬁl K&cﬁoal%h@%@etmeeor gia
and Florida clays or others in V\/mc he mai.n m neral constitue S,

hal | oysite, kacPicHictll; myiorkicmeod ”H‘é‘ér‘ih‘f SNERYnBEE d° TSHEY Y8 V’é&/s can be
used in the rawycs&lataec am ddifek gh!ﬂﬁinlcytsm @eﬂh@anerrmh tir@hl iy resenojee dtomathd Hrst

cal ci nati On splla]ﬁmn %&VEEQEC Qndcrﬁ ?q'b%ﬁzcncmi)cql ba?r?‘t hlosrhl aF(Hflcq %legdllggltt atllb oxi de
bi nder s |nc ude Si al um n a, zirconi ani a, I ca-al um na,

si |i ca- magnesi ayclobiane ganz by ceniaialls |S¢na@@d thP@T |ﬂ¥§ b°§¥°P? On-4dipg |2 jagditional

silica-titani as@ﬁraml lcpafﬁhot%@lfs&ﬁtﬁ scﬁ%&}m%& &y’c@ﬁb’idr&lf%hl RBzene can be dong but this
silica-alum na-thoria, silica-al um na2| rconi.a, | i ca- a}ﬁpum na- ?nﬁl a and

si |i ca- magnesi AlFTHCOHPR IR 5 P61 HHHE Sy areBsr s ‘1?9 n9E Sk M SERIT RS

exot herm c andotﬁ)ﬁlbth@nI’tﬁtﬁ&‘frﬂtod‘i\tfklytSilGMVBﬂJSiC fuake Hiedd manageeent purified
account . referred nethod is tQ.rlec a [ i fILuent Jrom
t he hydr oal 1Igyl a¥%ﬁogﬁxyrb§’3az§ oYt Gﬁeah X%oeg ! h%&eé&geﬁgﬁaﬁgg% “and 2{} he
cool ed recycl e ratovabimaniutds strpe. f@@dmﬁHIYt lﬂdhlh Sp- WW@%‘G‘MH?“&’@@W“‘% ahave

nmore than one hydupalkydabin®he D b@'iec()\%@e‘atf&rfeedﬁgd) @dﬂumﬂr&g&mdm Shages.

WD 2009/ 131769PCT/ US2009 037223 ar ation of hexyl benzepe . .
[ 0037] Al t hough %% r?é“ﬁy%iﬁﬁbrbkyl éﬁ“iwef %ttﬂélbbtf%drhil %’%g figomy ¢ E‘%’P‘“ é‘s-t@‘%)\)*aPedé‘%

cycl ohexyl benzen@m may l&bdﬂblipbt@damt(ﬁ thd polgdigiarcedremmnoahdyyticathe cesgpepeshe t he
effluent frgmthe hydroal kyl.a r tion narnmed Ly, co fiyS Qe

di al kyl at edz(aanaurl q}()n tgavé I%atllgdl% st?e%gx o? W%olnt)m R nﬁﬂnretéct gﬁ%enzene feed.
The hydroal kyl axdtﬂ)rﬁyé?ﬁﬁdempeﬁﬂovq%“taﬁ@mélfl*@?deu*fnéanet% ogticgdhydaticam gidtaaen

normal Iy conprigj.Rg at least two distillation towers. In the first
distillation tower, unreacted benzene feed is recovered fromthe effluent
and recycl ed t dramsglkylationobDicvdlohexylbenzens ot oy Specifically, in one

enbodi ment, t h@oss)r eandpadingenzieneous of ecpwesetbeadmngeswit tiththt halrgykylaobrexanc.
In other e od| ,a.cycl hx,n,,— N [ ver.ed: L g;g}lztegeeflrst
10 distill ar%g i o %%Nétrm ? Xem%cfet '?r dng?lﬂyé‘,ﬁ%éézzm}%gomﬁy @ﬁ] Zgl%%éar% st

anot her enbodi rpem@XIthhehecIy@duethlexén’ee desincdpmonpglisgpteth triceips yTléé“ﬁ%fVla‘ﬂ(@dW‘Fhr omt he
benzene by addipgioal REALL '150%ica seaRedd iR t%)@;ﬂ]{yla-tll_@e Y&M&Stﬁ@fﬂiatcahorﬁeﬁlﬁr ation
of cycl ohexane from benzene can belﬁgone b 1 his alternativ appr oach may
be prohi biti vePY kg AR OBE R 166?‘}“5? atéqn R OB S MR R 8hs from
the first distikhatvan fingieteokte @eth,UMCHeR (chedt$.IHaed Moo 60EEOBE reditepUpid | ed

15 cycl ohexyl benzene produc el han, | liquid

cycl ohexyl )é)}esnzénh)lélex}lrtae.y%e gans%%}aétgq@&twl\@ srg caig copcﬁl@t\éa %)deti Ona[st pajﬂal rllqutl hi s
step, a pol yal kiybatmdigbrseahich elowlpimnyiludg dat@mlreé@sq Oﬁﬁméﬁ/&odhéﬁtw BehiZerre, may
be recovered f ﬁz‘é%ﬁt@%phﬂ& StOQ t%o&@%(ﬂ%' a @51@@%@1}1534})&%& {f@&n?t)%out'% t@@@)\ﬂ €s

streamis stil moved at this step and purged fromthe process. This
heavi es str eam‘(h‘a‘y opaoty feeyd; %‘§tarbé‘a7ﬁ?€61“cyﬁlﬁlé’xﬂéff“§eé‘f3 W!gﬁ&‘ét“’satbf’@é?ﬁ]‘ 149 ahely pe
the residue fremthe 20 purification of a polyalkylate stream or a
conbi nati on of both. Generally, the cycl ohexyl benzene recovery is
acconpl i shed using one or optionally two-¥acuumdistillation towers.
Transal kyl ati on of Di cycl ohexyl benzene



[ 0038] Dependi ng on the anpunt of dicycl ohexyl benzene present in the

hydr oal kyl ation 25 effluent, it nay be desirable to transal kyl ate the

di cycl ohexyl bggagpgs it h addi tional benzene to maxi m ze phgsposeissti on of

t he desired nonoal kyl ated speci es. Transal kyl ati on with additional benzene
is typically effected in a transal kyl ation reactor, separate fromthe
hydroal kyl ati on reactor, over a suitable transallcylation catalyst, such as
a nol ecul ar sieve of the MOM 22 famly, zeolite beta, MCM 68 (see U.S.

Pat ent No. 6, 0faclphegane Dehydrogepation 5nq ~ 30 nordenite. The transal kyl ation
reaction is tyrmosql I Wn%ﬂld@lﬁﬂ@@ffﬂﬂd@fem&he hﬁﬂ&tkyuaamtueakor wiilg) brehalh asein

condi tions, which 1" a trﬁ'b % f lLllee éa temg%r atem roce% Fotﬁe h %Qalt%ng‘nbgyt 300
C, a pressure OF"4B0 3 uf™880 Y574 3E60 TBEIE RSTShE RodF Y

vel ocity of abbetzent tb (plcsliy@Lnyclal@xshbwzj.en@mVQlwb dlle dompldte %atnldmal of the benzenc to
benzene/ di cycl ?R@M Lﬁ%ﬂé&&%@%@m thé f%mw@n%g&u&n @®f 1:1 to about 5:1. WO
2009/ 131769PCT/ US2009/ 037223 Cycl ohexane hydrogenation 100391l n addition
the effluent fromthe h : mal |y contain
significant anounts of yclo’-xane since a conpeting|procgss to the

hydr oal kyl ati on of ben E i

conpl ete saturation of tNhe #€nzene to 5produce cyslefiexane according to the
foll owi ng reaction (2): 100401Even with highly selective
hydroal | cyl ati on processes such as that described above, it is common to

find levels of gysl ohexaren Kagﬁy\@&aw@ hyﬁl%]@ﬁdonzﬁoc\é&%shdﬂ ab hﬁtde@ﬁﬁédlaﬁ&'cpr oduct
10 (ignoring unconverte&i? ene% hSl nce % ne. d%p e0r3|t 5—3

hydr oal kyl at i off "SPEBORPAY FE FISPPERS “ﬁ’tfc% ¥ 4 2P dhaen i%ct“i)fi '3?1 'Sf the
C6 product 1oractioang ingoitvgpiddahdeye).r Soycicedne ddoweva@r jn by gydohtkyane carmot be
read |y separapgd, f,f @ gﬁaﬁ/&%m@s\( oHlofloh ot &l Qe MG ARl idihPRE,RA! T N
points. But in ne e nent, cycl o exane can be separat fed frombenzene to
sone extent by Hpuitves, ﬁ@@c@y‘ﬂa@%ka%ﬂlb’lseﬁ“@ﬁrﬁé%LF¥W%%®ilét@ﬁ£F‘%P|thﬁﬁ‘ system

conveni ently asiostdofing hdifs. $uf BIM &ﬁl%mrrfcmec:}fcloﬁ&'&ncfbhl$ bd Jcbe@itécpﬁblﬁ BMRdne tol e
slip streamwoulde%%lca pul | ed. from | ati on tower

I
somewher e bet w&¥ty by B%IL ‘iyﬁLPheé?ﬁi“‘f%greﬁl@é?’ﬁé}gdepﬂa glaﬁbﬁteq‘ ﬁoné‘(rﬁ%llt’ly as
enbodi ment 85 cyslipohexatien thalﬁlsbﬁstﬂﬂ@lmﬁ totnsTlantip atchy wedp apatlechefpridahftole C6
product streamfy,.} @{sm%hc 208 BhcAA b ARRINGXE BRPXANR! BRARRNG.GEPA! ali on
step into the overal rocess. In sti her enbodi ment s, r oduct
streamis not dﬁlvleﬁéddlinmt&a ceelabyng prasbgriecre ebstptighy %@Pfléajrﬁlafﬁdheb%nlzi it rich

stream Wth t t}%aﬁwamw%gojn ada@m@m bﬁ&@@;dh%enﬁea@@ép@u@m@f mfohtﬁe @veeinohex ane
from C6 product stream t he c(;rch ohexane ‘W t end

bui 1 up |t hEES bayi " SHRLRIT A o gt BRE bR RATHEERE step.
where it can dn&mltraemedriﬂeammlcarsdeaml SWith teackctpoiod ofi thdrabstannidegiaraddyl & the

bypr oduct s. N the. i obhgm the
capar ati on sysEon R EEhafl AR08 - JAKR0R: W) LEEALERG b
dehydr ogenat i om wftheGeteoiskxapen infhe %lohqxhkéelﬁﬁ’élbvit‘tféd s1g5 vPesduen depkeam

conpri si ng benge%%e AAG1SG Ve d Qhﬁﬁ@%d&@%léﬁ@p%@&tst o the dehydrogenation
system Second cycl ohexane-ri eam.recove romthe separation

systemas a sl ‘OB" 14 r Sgrdan bt eacyf‘l8'£et‘ﬁr3 ‘%fé?‘f’y?f?‘@@%@? PORPSVER PP rd, a
substanti alby pundesyoleoiypracies stticakhydr@covar @dycthmemjg hFisulisegdieid¢d Cs

distillation Oﬁlo&u@ﬁst@m%ﬁa@%% RhLEAM @)3\009&35 tbg td% d0delvdragenation

system howeve expensi ve "because of
system. Second, a cyclohexane rich stream recovered from the qepalatlon system as a slip

stream can be fed to the dehydrogenation system. Third, a substantially pure cyclohexane
stream recovered through subsequent distillation of the C6 product stream can be fed to the
30 dehydrogenation system, however, this third approach may be unduly expensive because of

the close boiling points of benzene and cyclohexane.

- 10 -



the close boiling points of benzene and cycl ohexane. WO
2009/ 131769PCT/ US2009/ 037223 [ 0042] When a streamis described as being

“rich" in a speGhfhisdssspecies, it is meant that the spegichigshospesses in
that streamis enriched relative to other streans in the sane systemon a

wei ght percentage basis. For illustration purposes only, a cycl ohexane-rich
stream | eaving the separation systemw ||l have a cycl ohexane w 9% greater
than either the feed to the 55eparat| on system the benzene-rich stream or
the cycl ohexyl b¥iZleneWhinctiugtt garerisd 2owiies BECi R TGERE a1 e aia 41y

speci es cont ai MicRPecBic@EpedTari@theatrb@mis a{rﬁlﬁ&mlz{tﬁ)@%%}ﬂefhtﬁehﬁ ipthe sentsypnDaess,

t he problemof cycl ohexa egrating a
dehydr ogenat i o 'S f"gbpefCSn agterl?gmc q@\ iy g’)%téoﬁ‘ s[eq Ollljﬁeal CVCE%:{]G)E: ne_”fq]o%ﬁar%g e
hydr oal kyl at i ofthe sEbrursgion M’Fteom*zlllelmb@cdlcmmtewwhe\ﬁé% rgle@ﬂqetlblenlzl@néleefm to the

CyCl ohexane sal € ![QHJH%Q(\/ 'ﬁ rtﬁﬁbeﬂ?@n@u@%@&?@‘f‘ﬁk c§(§l5h%%enz%¥le !‘1&18\%%31’1@ RO"’CE' on of
the C6 product stream (typically containi n¢g nor e 50% benzene and | ess
4]

t han 50% cycl oBSRIghes e B ipgedny HISCHEIRpE H’é&ey‘laﬁ’é'h%‘@ﬁ% product may be fed
to a dehydrogernghijon meﬁcﬁl&éntw&@, tﬁ&@omwbp@emmalel woduanvas tetnkal henzene,
Wi th selectivities h as eate han 9%‘3/?0? oL £ xanpl e

e
greater than 9995 ’aé{g%dl é‘i‘ﬁﬁ‘&mc&at?lhétc P’i oW Wélog“é%l%:ct el h(C3 yeye “anot her
enbodi ment, t héydydybhiexarféus jic hncsthmunayvhben fled bengeng ddéhyd@mgvelnaltq on

reactor anlet h?c@ovc?cﬁ)ﬁg l, & B@&Jﬁt LiRarh, hﬁ ydy gﬁ' iy J)fattl(! el Wﬁl%ﬁﬁsp strJaQO(f%lcﬁgia-Ct 1on

(3) is of course the Inverse of reaction ereas reaction (2) is
favored by con@idibrsmer tha % \l?@wlw3@9\/1%~eﬁﬁérSQ?mYélolatﬁawhil@wviﬁ Bardbe, to

drive reacti oncfc®hedyMenzene product may be fed to a dehydrogenation reactor where the cyclohexane
is converted to benzene, with selectivities greater than 90%, such as greater than 96%, for

example greater than 99%, according to the following reaction (3):

15

In another embodiment, the cyclohexane-rich stream may be fed to a dehydrogenation reactor
and then recycled back to the hydroalkylation step.
[0044] Reaction (3) is of course the inverse of reaction (2). Thus, whereas reaction (2) is
favored by conditions of relatively low temperature and high pressure, to drive reaction (3) in
20 the forward direction, thermodynamics demands lower pressure and/or higher temperatures.
Thus the cyclohexane dehydrogenation step is typically run under conditions comprising a
temperature greater than 300° C, such as between about 330° C and about 430° C, and a
pressure less than 1000 kPa, such as between about 100 and about 500 kPa.
[0045] The cyclohexane dehydrogenation is generally conducted in the presence of a
25  catalyst having an active metal function, such as onc or more Group VIII metals on a porous
non-acidic support.  Suitable Group VII metals include palladium, platinum, nickel,
rhodium, ruthenium and combinations thereof. Conveniently, the dehydrogenation metal is
combined with one or more other clements, such as potassium, sodium, tin and/or
phosphorus, for acid site neutralization and for improving catalyst stability and selectivity.
30 Suitable supports for the dehydrogenation catalyst include aluminum oxide, silicon oxide,

titantum oxide, zirconium oxide, activated carbon and combinations thereof. The support

S11 -



20 the forward direction, thernodynam cs demands | ower pressure and/ or

hi gher terrper atures. Thus the cycl ohexane dehydrogenation step is typically
run under ng,gtzb(gn§17&onprl sing a tenperature greater thap389d37225uUch as
bet ween abou 30 C and about 430 C, and a pressure |less than 1000 kPa,
such as between about 100 and about 500 kPa. [0045] The cycl ohexane
dehydrogenation is generally conducted in the pr esence of a 25 cat al yst
having an active netal function, such as one or nore netals on a
por ous non- aci diricalbilp @ percsEy e BRbhE e eh arepo %0 Or?t?P‘GCTQO ﬁ‘dgl &8 um
platinum ni ckeyolmémmoumndnut tlyf_aeu @ieﬁé\dhdﬁ@ﬂ%! qﬂa{dsﬂﬂﬁ abdverEo hibout 99%.

Conveniently, dehydr o ) nor e ot her
el enent s, suchtﬁg}g6 pot%§%&%§?% @I %Erf)%enanﬁ f)t?r i h‘gﬁ 3y Berdué)IQ hﬁdm%e“ 0 site
neutral i zati on cafidd fsoreférrep tosippress catbladt yekings tvalballywb yhdaﬂnd Hs/bydetuiban tylar

30Sui tabl e suppQy b Esooretwtegl ,b0G AT QIERAL 1 O GRE 3 K bnb UG ShedlcYhagm

oxi de, silicon oxi tani um oxi de, zirconi um oxi de, activated carbon and
conbi nati ons t Hérhé‘b? on ﬁﬁéh%@ﬁ%rpffoccw 20001 13 17 cYPTFASIGIPEITLP Ftep.
typically has @h@%x@é@@ﬂm@-r&ﬁpl&fuc&fom%x&@ﬁnh3th€12/®mpﬁ:kls64ﬂ a3 abaul 20 o about
500 nR/g. The %é:%?g%’fji{ xane conversion is typically greater than 50% such as
from about 70 OTYE¥E° [ 0046] A gas co-feed to the dehydrogenation
reactor i s not [(0éfui rad, kiowh reactay dendigentiogasn bo<hplerkdi s offc@fter pxebbhixanc
suppress_cafal xﬁéltym%géﬁada ; mtcmgﬁl&‘anlca' bR M;kaﬁg wﬁ dmz ngiacog@mmgh nokdk S
feed ratio i's betwe and about” 5: In fact, 1n one

enbodi ment, t héﬁofqoéféﬁhqfﬁ%‘éwahww’éﬁd fbd’rba‘tch@ d(?\?’é’r‘%i’ﬂ“ PRFStess is supplied

to the cycl ohexgdsh.dahyaine ORidalidnON step The excess and co- produced

hydrogen is th onpressed and r 0 the hy tor.
10047 Any know#actbymEo it AUt e eu Bapr aes” ¢ bbb fae

cycl ohexane 10dehychytbgenat isomjtiailnokiddedgp fthexedleb)euﬂmgrrbmlcwgroméd ahuds is
catalytic dﬂsst'aéclmq%uqf?aa by RRLRAE R, am;zfggﬁ/@cnmmm 0ol 8RGE OB GAD D uﬁpmgect ed as

a batch or a continuous process. Cyclohexyl enzene Oxi dat i on 0048] I n
order to convefuAtRg é‘%ﬁclcm%‘élﬁwtﬁé%‘?%ne[ﬁnwfeo CHRERoIPIRRPCEy Ao wERHBne. t he

CK cl ohexyl benzeﬁﬁ)héx%rlbbﬁgﬂel @l thy - dtfé!é(dcgbi e Qatl9sttiN@er¢ QlokvesmpaaRebicnge bMdiihOrpﬁr oxi de.
This is 15acco t r oduci xygen-cont ai ni ng gas, such as
air, intoali gﬁ ﬁl?ypcﬁﬁ‘?é%%i’}n}fcé’ﬂ%?“ﬁ%r}t%ﬁ%nlggcI ohexyl benzene. Unlike cunene,

at nospheri c ai (008} detuitdie @falysy dbrohexylobspkereacioniditve sebssnydicofidas efat al yst

is very sloy an]FU 0 s OXI dation is normally conducted in the presence
of a catal yst 0 E f@unlslt g%le catal ysts for the cycl ohexyl benzene oxi dati on

step are cyclic imdes of 20the gener( I formula (1):

1/
\ —Y )
Q \Z

(0)1

wherein each of R' and R? is independently selected from hydrocarbyl and substituted
hydrocarbyl radicals having 1 to 20 carbon atoms, or the groups SOs;H, NH», OH and NO,, or
the atoms H, F, Cl, Br and T provided that R! and R? can be linked to one another via a
25 covalent bond; each of Q' and Q is independently selected from C, CH, CR*; each of X and
Z is independently selected from C, S, CH,, N, P and elements of Group 4 of the Periodic
Table; Yis Oor OH; kis 0, 1,0r2;1is 0, 1, or2: mis 1 to 3 suchas I, 2 or 3, and R* can be
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(0)1 wherein each of Rl and R2 is independently sel ected from hydrocar byl
and substituted hydrocarbyl radicals having 1 to 20 carbon atons, or the
groups SQO3H, nd NO2, or the atonms H, F, C, Br Lded t hat
Rt and R2 canwgémpﬁﬁkgh to one another via a 25 covalenf%ggﬁ%?p%ﬁ%% of QL
and @ is independently selected fromC, CH CR3; each of X and Z is

i ndependently selected fromC, S. CH?, N, P and el enents of G oup 4 of the
Periodic Table; Yis O or O4 kis O, 1, or 2, 1is 0, 1, or 2; mis, Ito 3

such as 1,2 or a®; ofakcni@s fraicabesronnp 0200y 1arBOPCTPUSIOUY! B3793% aah§’ of t he
entities (radi GakQepe@lcAHPSolecRl AP ABhatid 8Ik&Y Fr0froRliic LHaRY arii@nt kyboxgach of

Rl and R2 is independently sel ected om aliphatic al k or .arqmatic

al koxy radi cal <24l 8%??“%%8?%&?@FWLBW5§V335W@8hy?£ﬁ%@?ﬁ%?%m%ﬂﬁmsEm

hydr ocar bon r adocabomatoeach of which radicals has 1 to 20 carbon atons.

5[ 0050] General | the.cvclic iplde - 0X| I c obeys
t he generalsfog%§Wa (?ﬁ¥§h%gfi§ggg?§?3$@gcﬁaB@eE§?M1%FQ@%?&%%aﬁ%$&¥§f Y
i ndependent | y demelefl®d from hydrocarbyl and substituted hydrocar byl
radicals having 1 to 20 carbon gtoms, (r the groups SGBH, NH?, OH 10 and
NO2, or the atoms H, F, O, Br and I; gach of X and Z is independently
selected fromC, S, CH?, N, P apd elenﬁnts of Group 4 of the Periodic
Table; Yis 0 or OH k it Qr 2,-aQd 1 is 0, 1, or 2. Conveniently,
each of R7, R8, R9, and R Tf iﬁﬁe-enden y selected fromaliphatic al koxy
or aromatic al koxy radicals,lcarbo yl radiatsY alkoxy-cé?%onyl radi cal s
and hydrocarbon radicals, eash ofich yadicals has 1 to 20 carbon atons.
15[ 0051] I n one practical f he cyclic imde catal yst conprises N
hydr oxypht hal i m de.

RIO

(O)
wherein each of R’, R®, R®, and R'® is independently selected from hydrocarbyl and
substituted hydrocarbyl radicals having 1 to 20 carbon atoms, or the groups SO:H, NH,, OH
10 and NO», or the atoms H, F, Cl, Br and [; each of X and Z is independently selected from C,
S, CH3, N, P and elements of Group 4 of the Periodic Table; Y is O or OH; kis 0, [, or 2, and
1is 0, I, or 2. Conveniently, each of R, RS, Rg,, and R'® is independently selected from
aliphatic alkoxy or aromatic alkoxy radicals, carboxyl radicals, alkoxy-carbonyl radicals and
hydrocarbon radicals, each of which radicals has 1 to 20 carbon atoms.
15 [0051] In one practical embodiment, the cyclic imide catalyst comprises N-
hydroxyphthalimide.
[0052] These cyclic imide can be used either alone or in the presence of a free radical
initiator and can be used as liquid-phase, homogeneous catalysts or can be supported on a
solid carrier to provide a heterogeneous catalyst. Typically, the N-hydroxy substituted cyclic
20  imide is employed in an amount between 0.0001 wt% to 15 wt%, such as between 0.001 to
5 wt%, of the cyclohexylbenzene. [n onc embodiment, the cyclic imide catalyst is added to
the oxidation rcaction step by dissolving in cither the cyclohexylbenzenc feed or in the
reaction media (or a combination). Thc catalyst is advantagcously added to the reaction
media, where the temperature is alrcady high, and where there is present some
25  hydroperoxide, both of which contribute to the improved solubility of the solid catalyst.
[0053] Suitable conditions for the oxidation step include a temperature between about

70° C and about 200° C, such as about 90° C to about 130° C, and a pressurc of about 50 to
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[ 00521These cyclic imde can be used either alone or in the presence of a
free radical initiator and can be used as |iquid-phase, honpbgeneous

catal ysts or gahgassspported on a solid carrier to prowcdgstofiebesogeneous
catal yst. Typically, the N-hydroxy substituted cyclic 20 imde is enpl oyed
in an anount between 0.0001 wt%to 15 w% such as between 0.001 to 5 wt%
of the cycl ohexyl benzene. In one enbodi nent, the cyclic inide catalyst IS

added to the o on reaction step by dis |n elther

cyclohexylbenzéﬂga*kéﬂ éPy(%W¥%8mP€5c1¥%nmﬁ§@W§ WoFinab 8ﬁ%ﬁﬁ5¥l8ﬁ¥nm?he
catalyst is admnmage"ousehcymmkdeﬁe placd ihatehe@etorom ccmlducam ﬂvmma@ort h# basic
tenperature 1s @f{)%g‘qyenr h\?\%} be gd thl%gc? V\Lthea&glc bg g%{?&e{ﬂh dul?uo the

25hydr oper oxi de, th” contribute t rove of the
solid catal yst ox@c@awgmh@@bla@a@ewmpbﬁ*msy beolrltrqdhcedowhlﬁlactdp ésﬁp §1~°é>§yeubmq ude a

tenperature5bekwﬁ§mmﬁbggp“Lgug“ﬁngn@@out 200 C, such as about 90 C to about
130 C, and a pressure_of abo to WO 2009/131769PCT/U 009/ 037223

10, 000 kPa. An}mﬁﬁygéﬂmcﬁﬁﬁﬁF%ﬂﬁgﬂ5a§“d%W%fﬁghﬁ?? Bi jauide gAY  GUEHYS ¢ he
oxi di zi ng nedi uylo 13'hﬂaeﬁzemzﬁyﬂmﬂer@ﬁl’e ahcallmcapxbca@/elohemy bakah ardedtt gessomposed

continuous fl O\{*\r’]amc?}ﬁ gg%ljtl ﬁ%lcpc%%h Tgérj‘%{ @ﬂéx cn%gﬁ ’ﬂ&dr&!%}d’)xf&? m@tg g g&nE 3 égtg@ ct

with acidic by- at1on. Ition,
aqueous phase ﬁuVHMEma¢ﬁ%b@ﬁééﬂ“mwﬁﬁchmcﬁﬁdﬁé4%mﬁW§S@PW@Oba%ﬂﬁﬂ%c%mﬁbunds

such as sodigumagafiRamabesteds O%f%lamlglethmﬁﬂk&p@cneéncﬁly@oﬂawﬂatsln&rboﬁacﬁ&mar e a
l'iquid effluent contalnln hex%bbenz ene hydgoperOX|de and unreacted

cycIohexbeenzéﬁb“aH%ddn ‘6h‘“@o %% GORIHT (P BYAe 0P e n e Brear sl i 1 .

The cyclohexylbﬁmme@ﬂmmwdrmpmsmmmdcuwaymbEﬁmomcGMMmghedmbymsn¢mppkmg>off at
| east a portiog eact ed cycl ohexyl benzene in one or nore vacuum
10 flash/dlstlpfgt%%ﬁgg#g%c Preferably, the cycl ohexyl benzene
hydr oper oxi de 1%5¥ot Weheess iagoeldd. aphd a8t apgBign phthg yaporirpdyste aif 6pneePet t he

subsequent @l egwAgBarsitERom THEIHRGABNEAT. € Bre):blyO REXWLBENZEN G d. B bdlivEcsSt I €am
is recovered after the cleavage secti.on, cled to the oxidation

section. [0055F4PE) ¥ (5 ogeraver “@%8%@83“ﬁﬁﬂmgﬁ“W€:%‘% ¥*portion of the vapor
products are c@m&eneeﬂd&Snmdgseparated from non- condensabl e gas.

Pref erably, or ben cover
further or gam gﬁg@ﬁpgﬁlﬁ tng ?eqictkg ﬁt%ﬁ 1n?l{e c%%xlg%ggietge &@{op&%enlzéle “ﬁ(?[qleﬂo(?a de
cyclohexanone involves cleavage of the cyclohcxylbenzene hydroperoxide, which is

20  conveniently effected by contacting the hydroperoxide with a catalyst in the liquid phase at a
temperature of about 20° C to about 150° C, such as about 40° C to about 120° C, for
example about 60° C to about 100° C, and a pressure of about 50 to about 2,500 kPa, such as
about 100 to about 1000 kPa for example about 100 to about 200 kPa. Typical residence
times are of the order of 5 to 10 minutes. The cyclohexylbenzene hydroperoxide may be

25 diluted with an organic solvent inert to the cleavage reaction, such as methyl ethyl ketone,
cyclohexanone, phenol or cyclohexylbenzene, to assist in heat removal.

[0057] The cleavage reaction is conveniently conducted in a least two stages. The first
reaction stage is operated at relatively mild conditions; lower temperature (less than 50° C)
and lower acid concentrations, so that phenylcyclohexanols in the feed do not get dehydrated

30 to olefins. Because of the mild conditions, the first reaction stage can operate with a higher
level of cyclohexylbenzene hydroperoxide with a residence time preferably around 5-10
minutes. The first reaction stage is conveniently conducted in a fixed bed or continuous

stirred reactor.
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Hydr oper oxi de Cl eavage [0056] The final reactive step in the conversion of
t he cycl ohexyl benzene i nto phenol and cycl ohexanone i nvol ves cl eavage of
the cycl ohexy{ganpaeshydr operoxi de, which is 20 convenicgrihio@hihect ed by
contacting the hydroperoxide with a catalyst in the liquid phase at a
tenperature of about 20 C to about 150 C, such as about 40 C to about 120
C, for exanple about 60 C to about 100 C, and a pressure of about 50 to
about 2,500 kPa, such as about 100 to about 1000 kPa for exanple about 100
to about 200 kﬁgHmTprc%PapﬁéHﬁ@ﬁ&éﬁwrH§SQ§P@“6PmFﬁ@ bidererrogte st 10

m nutes. The cy@nh@haxwobﬂn%nea Py gl Flop edatnsi wlieh prafyrable anidBO ut:e@hdencte kiman

or ganl ¢ SOl Ventrllls r[]‘(%CttOl Can Slm be aeafé/C% rr%?i t I ?nrt]drcogllfle%tn 1 nqn a¥md e cyon
ket one, cyclohexanone ﬁﬁﬁ pcyc Fﬂ’ Assi St in hea

renoval . [0057PWheh@heawaQEHM@atumdﬁyh@mnGQVé%ﬂ%ﬁﬁlyThwﬁﬂu@tedﬂumﬂaW4east

two stages. STh%r&JOE §1¥0tﬂe%€ b%e&»&rﬁgﬁsférﬁ)l}pﬁg&t ah @eg é’%‘fdex{c@ i@l {v}{lﬁklﬁ(& ﬁUv} Ghnd
conditions; | ower tenperature é ess O | ower ac

concentratlonsl‘@@lwﬁéb’%ﬁ@ﬁyﬂ‘Wé%bﬁé&aHGPg‘%ﬁ‘?ﬁ@“T@é@hﬁ%mﬁﬁﬁmﬁ%@bw

dehydrated 30 pﬁéﬂyl@}cﬁ)ﬁléﬂaﬁ% B&Csiﬁbl‘ﬁ Q%l@dcncé e dvked bt giohale blleﬁﬂ&y,clohék&lefx tifnS to
reaction stage Ca 0 dP S 4t thlr ompon nts H'l I quﬁ i lnchuccd gc pt réf rmati (glzene

hydr oper oxi de et %.?é%ﬁd% ¢& {? r et Erale Y EAMeUAdTs- oM nlt es.  The
first reactlonlﬁﬁﬁge’Hscadwv@mpbﬂﬁhyﬂm@hQUMQedﬂwnbaaﬁpmeﬂmbedGGW%t@ntinuous
stirred reagt Of i, M2 RA00M 3 769PCT/ US2009/ 037223 [00581In a second
reaction step, the cyclohexylbenzene hydr oper oxi de content is reduced to
about 0.5%in #PYlug FIEW beEreterus e IiehretErablyleapbilc 8 sediyiedrigence
time. This reagh®phoGancis, lmwmb@: acuplaﬁ?(ﬁ@ t@ﬁcnwﬂlfwbcaa edrcirfat eﬂ@ﬁan@ﬁdm ng

pipe. In athir cti act | ) ui ¢ heated to
126150 Tni ETHEERr IR 4ERE ] Sie” SPRHsuRn Taho RS BoBRE pRSC
preferably abowital36. sﬁa1ﬂ€3mﬁdnmeg@mm@<mmw®cpMdgﬁﬁiemmnemddn@ﬂEMemHEM|ckly

cool ed. This '%t:emmogb m»gqaﬁgteyofsﬂ%pmc(p@wot srdrNenpROXbEYLIOBEXRNA] s to
phenyl cycl ohexenes. The short residence tine does not give the

phenyl cycl ohex 8i&dizeorgtep §ormale fo/ e nie ek 4 (R ot et "ebHipBitR AT YPiHlrs
resulting in raducedoflRenit a 5@;& c&ﬁ}j’oﬂaﬁlsm as QORI Thets atiabypsduaniitmged 1 n
t he cl eavage st ep, can Qe a h eneou catal yst or a

and'decanting tor remov em iched aqueous phase.

[0061] Suitable heterogeneous catalysts for use in the cleavage of cyclohexylbenzene

20  hydroperoxide include smectite clays, such as an acidic montmorillonite silica-alumina clay,
as described in U.S. Patent No. 4,870,217, acidic ion-exchange resins (e.g., Amberlyst 15),
acidic mixture of metal oxides (WO3/ZrO,, M0oOs/ZrO,, etc.), and aluminum chloride.

Treatment of Cleavage Effluent

[0062] The effluent from the cleavage reaction comprises phenol and cyclohexanone in
25  substantially equimolar amounts, together with unreacted cyclohexylbenzene. The effluent is
therefore subjected to one or more separation steps at least to remove the unreacted
cyclohexylbenzene for recycle to the oxidation step, and normally to recover the phenol and
cyclohexanone as separate products. Since cyclohexanone and phenol produce an azeotropic
mixture composed of 28 wt% cyclohexanone and 72 wt% phenol, the latter separation
30  normally involves vacuum or extractive distillation.
[0063] Depending on the market demand for phenol, some or all of the cyclohexanone in
the cleavage effluent, with or without prior removal of the phenol, can be dehydrogenated to

produce additional phenol according to the reaction (4):
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10het er ogeneous catal yst. [0060] Sui t abl e honogeneous cl eavage catal ysts

i nclude sulfuric acid, perchloric acid, phosphoric acid, hydrochloric acid
and p- toluene@Bb&gng@&ﬁC|d Ferric chlorlde boron trif lpg@rikehesnssishf ur

di oxi de and sulfur trioxide are also effective honbgeneous cl eavage

catal ysts. The preferred honogeneous cl eavage catal yst is sulfuric acid,
with preferred 15 concentrations in the range of 0.05 to 0.5 W% For a
honbgeneous acid catal yst, a neutralization step normally follows the

cl eavage step. Such a ngutralization step t'-ically i nvol ves contact with a
basi ¢ conponent, such g$ sodi um phenyl ate, W th subsequent settling and
decanting for renoval salt-enriched aqueauds phase. [0061] Suitabl e

het er ogeneous catal ys use in the cIf?‘fﬁﬁ of cycl ohexyl benzene
20hydr oper oxi de i ncl - ant aéldi ¢ nontthorillonite
silica-alum na clay, :
i on-exchange resins (exgs, Anberlyst 15) dic mxture of netal oxides
(W3/ Zr 02, NbO num. ¢ Iorlde eat nent o vage
Ef f | uent [0062]4%@ ef?@h%ﬁ%ﬂ%§&WﬁW$?mm‘CM%% gn e A 13ﬁ®%3Hq4L§%% ﬁﬁgﬁolgand
cycl ohexanone mnmm25mswbmw&dnmaﬂhywbquﬂwmﬂaﬁuaﬁﬁhﬁﬁgﬂbﬁoééﬁﬁﬁﬁ\ﬁ%@@c

unreacted cycl QMﬁth%né]@ra@hydrm%a&Bf ch%&Bpxls§ SeRher & awmz@@t@% LiRuone or
nor e separatlon steps at least to renpve the unr eactedgﬁé gﬁg Ibenzene

for recycle toS?%é3H%ﬁﬁ%f$ﬁﬁ0%ﬁ€6(”Hnﬂmﬁ%?mﬁ Q2! kg PHeHd  and
cycl ohexanone aﬁm&e@&hﬁh@mpﬁmdaabsmnéwmeeaﬁymbmnaxananetamdt@mﬁmoimproduce
an azeotropic % re. gposed of 28 wt % cycl ohexanone and 72 wt % phenol ,
the latter separa i on }nally i nvol ves vacuum or extractive
distillation. MEGHB]D@gendwm@ﬁ@nﬂﬂhemwunk@ﬂmﬁ@ﬁhmﬁmf@ﬁwph@hﬁﬁmi@@mﬁﬂbr al |

of the cycl Ohe)ﬂ@”&&@a@'@ Nerndie \)Glhle@rv Qigtﬁou@fﬁcr LM € ovaWhit IﬂleoéfyclMl@xQIQ)H@ Qhi gy
renoval of the phenol, can be enated to gro uce addltlonaI‘PhenoI

according t'8 th@h%é%%ﬁﬁ%ﬁm@ﬁyathWﬂZ@%@WT@T?G@ gUeisoByeEs PoXtien(4)

Any suitable hydrogenation catalyst can be used in this reaction, such as, for cxample, a

platinum or palladium catalyst. Similarly the hydrogenation conditions are not closely
controlled and typically comprise a temperature of about 20° C to about 250° C, a pressure of
about 101 kPa to about 10,000 kPa, and a hydrogen to phenol molar ratio of about 1:1 to
15 about 100:1. The hydrogenation reaction can be conducted in a wide range of reactor
configurations including fixed bed, slurry reactors, and/or catalytic distillation towers.
Depending on the conditions employed in the hydrogenation process, some or all of the
cyclohexanone may be further reduced to cyclohexanol.
[0066] The phenol produced by the present process can be used in, for example, the
20  production of bisphenol-A, whereas cyclohexanone and mixtures of cyclohexanone and
cyclohexanol are useful feedstocks for the production of nylon 6 and nylon 6,6.
[0067] One example of a process according to the present invention will now be described
with reference to the accompanying drawings.
[0068] Referring to Figure 1, which is a flow diagram of the cyclohexylbenzene synthesis
25  step of a preferred embodiment of the present process, benzene and hydrogen are supplied to
a hydroalkylation reactor 11, where they react to produce cyclohexylbenzene, together with
some cyclohexane and dicyclohexylbenzene. The cffluent 12 from the hydroalkylation
reactor 11 is fed to a first distillation unit 13, which also receives fresh make-up benzene 14.

A first benzene-rich overhead stream 15 is removed from the first distillation unit 13 and
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[ 0064] Any suitabl e dehydrogenati on catal yst can be used in reaction (4),
such as, for exanple, the pronoted nickel catalysts described in U S.
Patent No. 4, 4bho§dA66eSUi t abl e conditions for the dehydreagaRajd@:5t ep
conprise a tenperature of about 250 Cto about 5 500 C and a pressure of
about 0.01 atmto about 20 atm (1 kPa to 2000 kPa), such as a tenperature
of about 300 C to about 450 C and a pressure of about 1 atmto about 3 atm
(100 kPa to 300 kP OOGJA)@,ternatl veI ycl ohex?none i S |n hi gher
demand, sone oﬁecéi‘F]T Herrorn |‘??Ctt“hé c‘?’l?élé\f’ageéo“élf?"leﬂéar‘h sregl {18 G i t hout
prior rermval @l mhlaemeyﬂi wihexamprieh incaslotoene kGethyvdd 6geniat fed disollgpooduice
addi tional cycloh C t y

sui tabl e hydroggn‘i{f?é;ﬁ)qc @%‘09&@ &%ntt (?7 ﬂ% tkﬁp%%gaﬁﬁm%erqg%c?%)\%)eﬂ]lga&%ﬁi Gk
exanpl e, a pl atly prpmresd t@mnlzawdmdnhwrwhystthe ®hydregarapign t“hblhy@r @gemlthnbn
condi tions are BRbnGhARElYis @&Wlédqbltl%dlyaﬁ@k§1mh Gakby 1 CONMPLdSEE sdchl KRG at ure
of about 20 C to about 250 ressure of about 101 kPa to about 10, 000
kPa, and a hydPBb%PP lfyéloﬁ‘T‘i‘eﬁBIP“oﬁ'ﬂ v avpppcthtp e dihydiggion 1ty 15 about 100: 1.
The hydr ogenat |[01169]r ea,&tbbmﬂandeﬂmbEI%Qiﬁdhhﬁltgeﬁk iRiral aytidiexyladngae ofgcthaaeittor
et P e o SRR 8 reclely it RO A BG4 U5 SRR MLLE

hydr ogenati on i acegs] dlst@lﬁ@llomltélll whyfre thh@y‘écgb@*ytﬂhe;@ambnémm? apan pygrhckier

reduced to gyckehgxanlpassd L0068l Jheqiahenrh bmdmgqc QYAthaﬁmpﬁL@g?cesﬂEanpfﬁC ess
can be used in, for exan‘glgrg&fthe 20 production of bis

wher
cycl ohexanone AmFOrFReGH © sgspa 8‘ﬁtél$?é\?{’olﬁlét zéntﬂgcgﬁfﬁl”ﬁ’ﬁé‘k%t‘i%i’al B?Iéallﬁ’é"éci‘ uI
f eedst ocks for skdam Jr oduwatiéconeraf thoybipatkybatandamph (u,nt‘cdﬁxoﬁa twgRQIGFiQn eniexanpl e

of a process a? tgglwrll ar?of.ttpe bepéegesrelc overﬂvgdé 5 whe c. t@oﬁggglﬁgﬁ§&1%n?§d WI t h

reference to the acco anyi ng
is a flow di agterriresdn 2he t@y@lkmlh@d(yll Ibe«h@@ﬁbiltsw%tcmllﬂsylbe%n@st Elﬁ fluegt 26

preferred el@boq{)mtragjalkgfﬂ@onﬂfnﬁégrktpaﬁ)slé@fbetﬁc,sﬁlrstmﬂﬁﬂﬁ uRings RY AEQRGENF akye
supplied to a hydroal kyl ation reactor 11, where they react tq_produce

cycl ohexyl benz&¥erctef Byaqapd \‘/\}i’“f"ﬁle%t{%?é“’Eﬁ@ﬂ%ﬁ@?ﬁ%&“%‘hBa‘mté%Pl&ﬂexyI benzene.
The effl uent 1m0ﬁ0]odeﬁerldgmwaalF@feaz |vﬂlﬁthnea(fk>®rd1£gilan1 of thedyduealbenskst

di |1 13 Wh Q- fi
I Sti ation UB)I(I 1011 atepS 0 a éne fg(? emg&le Ilnen?%i tt%?pz%r{{rﬁg)%?s?ﬁpﬂsn%) %}%?02)%58’”)%42’6 eA Irst

benzene-rich over moved fromt . "at1on unit
13 and WO 2009}‘61132?6@9@@'@8@0@9/\%@@@%@@%1@@ it Rpsseth SO Unespdtet | on

reactor 11,00WhijcnéyBeeanRd708LRE 86 bk A& frofds feps B GYSi@hGXRNRGNECH slip
strean) rich in cyclohexane i s renoved fromthe first di StI]JatI on unit 13

and fed to a d@l’ﬁﬂa‘f‘c&béﬁé’t“? BREIVR oFidatipn cappfest &3 pdagmekaiem H- Phis" sedigndhe
over head str eaﬁycﬁbﬁeﬂyﬁaeﬁaﬁwﬁﬁﬁeeﬁbsélﬂe bethz ettysaridio I‘py(ﬂﬁdngﬂfaluldrpiddhcﬁ stream 32

dehydr ogenati on_uni esul t.ant 5Sef recycl ed
to the hydroal & ﬁ ield (r)nﬁm eoé 8 ohe enzlggledltydlo%eroxu};e ljll’(l: umi"ecla% c%g‘lnlegzﬁbén%ne &Ry

a flue gas stream 33 composed mainly of oxygen depleted air.

25 [0071] The flue gas stream 33 is fed to a condenser 34 where the majority of the organic
materials in the stream 33 condense and separate from the non-condensible gas in the knock-
out drum 34a as a liquid effluent stream 35. The remaining non-condensible gas exits the
condenser as a vent gas stream 36 and is conveniently passed through an adsorbent bed (not
shown), for example, activated carbon, for removal of additional organic materials before

30 being vented from the system.

[0072] The liquid product stream 32 and the liquid effluent stream 35 are combined and
may undergo an optional treatment step 37 and an optional concentration step 38 before being
passed as stream 39 to the cleavage and product recovery section shown in Figure 3. In the

optional treatment step 37 the combined streams 32, 35 are treated to remove acids, such as
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make- up hydrogen, is optionally supplied to the dehydrogenation unit 17.

[ 0069] A bottons fraction 19 containing the desired cycl ohexyl benzene

toget her with some dicycl ohexyl benzene is al so recovered fromthe first
distillation unit 13 and then passed to a second distillation unit 21,
where the cycl ohexyl benzene is renoved as an overhead 10 stream 22 for
passage to the oxidation section shown in Figure 2. A heavies purge stream
23 is al so renoved. fr se ond, di st | b My h an
opti onal polyaﬂﬁﬁTﬁﬁﬁ W? B RYPURER! H@%ggerede&ﬂh 8;&ﬁ§£lgg%g§erﬁ%ﬁean124
is fed to a tramﬂakkg&amm@nmuﬂmquSHumthhememm®ﬁﬂQémﬁm@ﬂmﬁﬁ@3%éh%@ﬁé rich
overhead stream ;t%nvm’etn M’é I %%h%%&%g&eﬂ s@x%ed et hleo&t b€ W2 4adudm

transalkylatedIP roduce a |t|ona cycl ohexyl benzene. The effluen%
15from t he trarfsl <ky1llattqnoﬁ’fﬁpu [P 12 2(56?@6%3@5%% CBtCE?h?XPfE’e’TZF‘} ’EYdEﬁP%‘P’F?@I 4 "8n uni t
13 for recover yeoRbindWredttl 2agd ethe heRZE0 YAk sithaaorient khgn 6f rebyried to the
cyclohexylbenzene as part_of stream 22. [0070] Referring now to Figure 2,
which is a flowWw* ‘%ﬁfﬁﬁ?ﬁ% t he cycl ohexyl benzene oxidation step of a
preferred embodbemnt Réfetihe npr esBigtre Pr obeb sy 2 toirkerisy cOYERSL 96 HESHBVEE r eam
22 recovered f rpcr)orpg U} c 31%% 99900% %gcg lnlaﬂﬁ}} CQ Q?Iéi'tﬂl'c;ylt%lzchcshy@ﬂ)%&@)gd&a@@@ﬁrb&fcdw th

-unreacted 20 enze recyc f'rom downst r eam roces%zsteps
to an OX|datloWY¢éaeﬂ%mﬂ28bfWh@c?%ﬁ@@BFS?Q”ﬁﬁgﬁc?@%é VB OV HELTOR" ¢at al yst
29 and an aig ShéEAMNSdbulbbagh Xl 28 tchailtiye tohaxybiben Teneolin ykem

presence of the catal @géz whva 1606gatc%t%c ntcn’%UhQC RQ&Q‘AE& @%g?ﬂzﬁ] %haﬁwosed

mai nly of cycl SHERYFD e and unreacte | bénzene
and a flue gas 4stsoeam 33 comdosedornedntshy ©ik WXWg@%<Hé§I@€éHd§FKﬂ enzenc

25[ 0071] The fl L;ledrg&%éﬁgrmmtﬁm'ﬁ bb6d tﬁeqtr@mp&eaan&@eataﬁt whemh enctrbiRtor®y, or i ty
of the organic rmat er s in stream 33 condense_ a dwgqggrate fromthe

non- condenS|bIémg%ﬁbhﬁﬂhﬁémﬁﬁw&%@&%mEFU%$§ﬁ§iQémﬁwf? FHPURHE S8t% eam
35. The reny niMgrcRPi0n GOSN ShD L& cGasi@xift rsaertoln anc oyrilbnserne dwilds went thgas

stream 36 and is conveniently p thr U N, . on S oRown) ,
for exanple, acéty Teﬁ”ﬁ%ﬁﬁ%%“*ﬁgpo er%ﬁquP%q %???%ﬁﬁﬂ;ogggﬁﬁggﬁa?grlals

bef ore 30be|ngavenﬁ@dn$nem1ﬁﬁbﬂ&@@@@#WWEQQM@PWWéﬂFPﬁHWﬁ“ﬁT@ﬂhct stream 32

and the liquid [@{73]' Uenl st f SR 1R RabQIRLAGLFARE W&y%ﬁ%ﬁ&ﬂmﬁﬂveﬁl}%l onal
treatment step an optional concentration stgp re b passed

as stream 39 t@me@ﬁﬁﬁ@é*ﬁ§§e§#&“SWSHUthPé%B%ﬁw?e Q@PW%N“%%&WHS Fgur e
3. in the opti ongdr iT eahdRBE s&biRipryIleatdge reaniis Rizavnst FeanBigd2 3. 35idameal
treated to renpve aci suc an aci sin
the-oxi dar i on EAERBEL ShCRHAEGRERE I nl 78 A BaSH DB RRAGHAL
cyclohexylbenzemﬁas&ﬁymiﬂwsﬂmeamﬁs#mh$nmﬂh@<@EWNGW§W“@bﬁééﬁFWétﬁ@ﬁ“§?ep 38,
at | east a portlony {1on he/% UGG 8dinGY&konenydnb enB NS ent, 3he&1pf1d)rﬂp%donﬁirff in
one or nore vacuun1 hdi sti |l ation steps so as to con Erate t he
cycl ohexyl benzéﬁé“h%ﬁé?%’ﬁ@r”ﬂ%f“ﬂ@“i"wl popggalization step(s) 4 th series.

25 [0075] After the optional treatment steps 47 and 48, the cleavage reactor effluent 46 is

may be com me

fed to a distillation system, which is shown generically at 49 but which would normally
involve one or more extractive distillation units, where the effluent stream is divided into

phenol and cyclohexanone product streams 51 and 52 respectively, an unreacted

cyclohexylbenzene stream 53 and a heavies stream 54. The unreacted cyclohexylbenzene

30 stream 53 is recycled to the oxidation reactor.
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5conbi ned streans 32, 35. The unreacted cycl ohexyl benzene 27 can then be
recycled to the oxidation reactor 28. [0073]Referring now to Figure 3,
which is a preferred enbodi nent of the cleavage process, the stream 39
conposed mai nly of cycl ohexyl benzene hydroper oxi de and unreact ed

cycl ohexyl benzene is fed together with a sulfuric acid catalyst 41 to a

cl eavage r €AAIMS 42, 10 shown as a tubular reactor provided with a
circulating cooling system The cooling system conprises a punp 44 which
circulates the contents of the reactor 42 through a heat exchanger 45 so
that the cpol edArRaskfor pRHUEIRAL Phefox ad/bhcy@shedidont ahé peceyebabexibbenzene
hydroperoxide in the stream 39 before the streamcontacts the catal yst 41.
In the reactor @2, teentagyioRobenaenpeasdnbydiggrmopeitxpddirsts caghtbr wrdstt o
phenol and, cycl.phexanon nd so he r ti o] : o
concentrat?%%ogg%ﬁﬁ%ho &gﬁﬁggyépoﬁggéﬁ%nglbﬁ?ﬁdgﬂﬁgﬂfngﬁﬁg§cf§g§?g?gng
react or cogfcisHesylbBadche,0fycldtexieaahd runebted richizatee whesdie ftlor érst anatalystiousl| y
renoved as an effluent stream 46 for optional %Erther treat ment and, for

product r eeQVRISPS ameRealla pievsand erldrosepationy meth apg g hyskogeoationy el 1 | yent
46 may opt {Q0RLLY riofy i AN FuMEniTRY. Sickt! HRE! i LoRNAGE mhadesneRpr al |y
under nore severe conditions that those used in the 20 reactor 42. One
such secondary @)eavaupplyimaet loastipsrtsiicwd fast Luent sEegurte airsisiphtaiional
treatnment of the ¢l eavage. reactor effluent 46 inyolve treatnment with a
basi ¢ conp%ﬁ@ﬁ%?’@ﬁ ﬁSﬁgﬁggdgﬁW?ﬁﬁ%ﬁ?WBT%?“?8Cﬂ%ﬁ??%%F?QﬂFH§%§§F§nC%taIyst
present i nckheo®REf i8Rt confIRInBUSBIoASNE 3hd BadAa8 step is shown at 48 in
Figure 3. In one enbodi nent, thé optional secondary cleavage reactor(s) 47
and optional nefsdral ¢andactiog ait spgtshary@f raid K6 pMdbEthadcanh vagh jaggeconds
[0075] After .the qptional trea o S , act or
il nent 42K Rudl R Bget bR IR PLS Rkl Aar 15 nsb O B0 SURRGRERT O
49 but whi @meﬂ@éﬂe@nﬂ?fd&lbé ¥ sédovid leffucangream donierising bemetrievmddiydtdgehat i on
units, where the effluent streamis divided 'q;oeghenol and. cycl ohexanone
product streans(@1 afayemgrabdenstpart af {he sgrondh¢ideRtedierrde SASANASHE @ ne
stream 53 Pd a heavi es stream 54. The unreacted cycl ohexyl benzene 30stream
53 is recyclt’ed to the oxidation reactor. CLAIMS 1.A process for producing
phenol and/or cfes! ohexnsaeting at tdast prockssd corphaxgibagzene-rich stigan withemct i ng

benzene and hydrogen.with . .a first catal yst. under hydroal kyl ation conditions
to produce®¥eFRreRtaping gasip e REsArS 'rgic %Ejyég/ﬂ?%ﬁ@%@ﬁgé%?gﬁét}om%_

cycl ohexang g dnhdinh ERALEIREBEE L saith&ffdH x| B8nechE $ich Cateay 83 pesE | Ses a
nol ecul ar sieve and a hydrogenation netal, and the hydrogenation netal is

sel ected feyshhpaylbeconpydraphiexiderandni ckel , zinc, tin, cobalt and nixtures
bl ) B linCefion G ihenfie il RBp e el e BB | DFC &°

a first separati sal uen part into a

cycl ohexyl hipRgend-dytohesdnbgam a C6 product stream conprising cycl ohexane
and benzene; (c) contacting at |east part of said C6 product stream

with a second catal yst under dehydrogenation conditions to convert at |east

part pf_thf Cych%gﬁé&%@ﬁ%gaﬁﬁwéﬁ&%aﬁagy9&99H§ﬁg@ second effluent stream
conpri si ng ‘benzene" an ydrogen;
(2) dividing said C6 product stream in said supplying (b) into a
cyclohexane-rich stream, and a benzene-rich stream;
(h) recycling the benzene-rich stream to said contacting (a); and
(1) contacting the cyclohexane-rich stream with a second catalyst in said

contacting (c).

3. The process of claim 1, wherein the molecular sieve of said first catalyst is
selected from zeolite beta, zeolite X, zeolite Y, a MCM-22 family molecular sieve and
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(d) recycling at least part of the second effluent streamto said
contacting (a); (e) contacting at |east part of said

cycl ohexyl benzene-rich streamw th an oxygen-containing gas in the presence
of a third catal yst under oxidation conditions to oxidize the

cycl ohexyl benzene in said cycl ohexyl benzene-rich streamto produce

cycl ohexyl bextzenehdnyadr oper oxi de; and (Oconverting cycl ohexyl benzene

hydr oper oxi de from (e) to produce phenol and cycl ohexanone. 2. The process

of claim1 alternatively conprising: (g) dividing said C6 product
streamin gai d sUPRYERY dPlny %&eéin%}’@l'aﬁﬂ,e&ﬂl@féiﬂ I hlegdtr SRMORNSE 8aid
benzene-rich stream (h) recycling the benzene-rich streamto said

cont act i nghydipgenation (riejal dosupaertechen ahinogganiopdsaAidiorind frogt saadmalgoulr g
second catalyst in said contacting (c). 3.The process of claim1l, wherein
the nol ecuP'8§f®si eve of said first catalyst is selected fromzeolite beta,
zeolite X, zeolite Y, a MCM22 fam |y nol ecul ar sieve and - 19- m xtures
thereof. 4. The process of any preceding claim wherein at |east 50 w % of
sai d hydr ogenat Thhprasessiofickim b peictear saf IMeaHe PYAR CemBR i detctit from

sai d mol ecyl ar, SR %QGB%EngP{H%%a 19001 elePpdAodic MR 6f Flefghd. 1 nOr gani c

oxi de conprises an OXxl east one elenent of Goups 2, 4, 13 and 14
of the Periodic Table of Elenments. 6. The process of any preceding claim

wherein said hydroal kyl atj on conditiqns include a t rature of,.50 to
400C, a pr@ssurgﬁ%Pﬁ¥6ﬁ‘#%m766ﬁz ﬁﬁdﬁmghwgﬁﬁﬂPSW@JP@§B®ﬁ§¥Em¢§P88FP§ of
0.01 to 10Qchidk a38Hp&aRENSELIDONY U PGERrIH BJD thFODPkPAa, AWl RodMP. 7.
The process of any preceding claimand further conprising dividing said

first efflspant veloriganf Ditldoail0l leasndfa baremntd kwtrogrn poler irgisof 888Ithng t he
first porthﬁﬂ of said first effluent stream and recycling said cool ed
first effluent streamportion to said contacting (a). 8. The process of
any preceding claim wherein said dehydrogenation conditions conprise a
tenperature between 330C and 500C and a pressure between 100 and 1000 kPa.
9. The probess bhe pivgessiod @aiprseding;chimyirdrlartherscomprisgreotiyideng sid st

CONPri S€S &fluent stream into at least first and second portions; cooling the first portion of said

first effluent stream; and recycling said cooled first effluent stream portion to said

contacting (a).

8. The process of any preceding claim, wherein said dehydrogenation conditions
comprise a temperature between 330°C and 500°C and a pressure between 100 and

1000 kPa.

9. The process of any preceding claim, wherein said second catalyst comprises a
metal or compound thereof of Group 8 of the Periodic Table on a porous, non-acidic

support.

10.  The process of any preceding claim, wherein said third catalyst comprises a

cyclic imide of the general formula (I):
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metal or conpound thereof of G oup 8 of the Periodic Table on a porous,
non-aci di ¢ support. 10. The process of any preceding claim wherein said
third catal yst conprises a cyclic imde of the general formula (1): _ \Ql
1z N- Y @ z 111 (0)1 wherein each of Rl and R2 is
i ndependently sel ected from hydrocarbyl and substituted hydrocar byl
radicals having 1 to 20 carbon at¢@%, or fromthe groups SOBH, NH2, OH, and
N2 or fromthe atoms H F, C, Br|| and |, provided that Rl and R2 can be
| inked to one another via a coval efit bond; each of QL and Q is
i ndependently selected frgmC, CH CR3; each of X and Z is independently
sel ected fromC, S, : H%\\P qu/élenents of Goup 4 of the Periodic
Table; Yis 0 or OH /k is 0,[]@ or 2; % isYO, 1, or 2; 0

|

/

2
A0 \Z‘

Oy
wherein each of R' and R? is independently selected from hydrocarbyl and substituted
hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SOs;H, NHa,
OH, and NO; or from the atoms H, F, Cl, Br, and I, provided that R' and R? can be
linked to one another via a covalent bond;
each of Q' and Q7 is independently selected from C, CH, CR’;
each of X and Z is independently selected from C, S, CHz N, P and elements of
Group 4 of the Periodic Table;
Y is O or OH;
kis0,1, or2;
1is 0, 1, or 2;

mis 1 to 3.

11.  The process of any preceding claim, wherein said converting (f) is effected in
at least two stages comprising a first stage conducted at a temperature of less than 50°
C and a second stage conducted at a temperature greater than the first stage

temperature but less than 150° C.

12. The process of any preceding claim, wherein said converting (f) further

comprises a third stage conducted at a temperature of 120° C to 150° C.

13. The process of any preceding claim, wherein said converting (f) comprises

contacting said cyclohexylbenzene hydroperoxide with a fourth catalyst, preferably

sulfuric acid.
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mis 1 to 3. 11. The process of any preceding claim wherein said
converting (f) is effected in at |least two stages conprising a first stage
conducted at a tenperature of less than 50 C and a second stage conducted
at a tenperature greater than the first stage tenperature but |ess than 150
C. 12. The process of any preceding claim wherein said converting (f)
further coifri sébe ardchisrad agy pyeediog dlaimend ftrtaertcompeisiag gopveasfing 20ledtt o 150

C. 13. The pracess, of an r ecedi. cl ai. er.ei,n_sai.d, convert.i (f)
Conpri ses BBRERAE Aok PPl B id payeR (YA ks SYP BRSO & #5ar ¢
catal yst, pfighes@ly¥oftahbhd snPGictbhexanb. The process of any preceding
claimand further Conprising converting at | east part of the phenol

produced in said converting (f) to further cycl ohexanone or to a m xture of
cycl ohexanope and cycl ohexanol . .15. . The nr f . i ai m and
further coﬁgris?ﬁ%p%gﬁ?égpPﬁaﬁgFmpgéél §§5€8§§§?ﬁ§m8$§¥5ﬁ%§%ﬁg ggﬁg%duced
in said copymeotiheg@yélibhextaBodeisrbiigded phsdsidkonverting (f) to further phenol.
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