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[0003] The present invention relates to a process for dehydrogenating a dehydrogenatable
15  hydrocarbon selected from an oxygen-containing six-membered carbon ring compound.

BACKGROUND

[0004] Various dehydrogenation processes have been proposed to dehydrogenate

dehydrogenatable hydrocarbons such as cyclohexanone and cyclohexane. For example, these

dehydrogenation processes have been used to convert at least a portion of cyclohexanone into
20  phenol.

[0005] Phenol is an important product in the chemical industry and is useful in, for

example, the production of phenolic resins, bisphenol A, e-caprolactam, adipic acid, and

plasticizers.

[0006] Currently, the most common route for the production of phenol is the Hock
25  process. This is a three-step process in which the first step involves alkylation of benzene

with propylene to produce cumene, followed by oxidation of the cumene to the corresponding

hydroperoxide and then cleavage of the hydroperoxide to produce equimolar amounts of

phenol and acetone.

[0007] Other known routes for the production of phenol involve the direct oxidation of
30  benzene, the oxidation of toluene, and the oxidation of s-butylbenzene wherein methyl ethyl

ketone is co-produced with phenol in lieu of acetone produced in the Hock process.

[0008] Additionally, phenol can be produced by the oxidation of cyclohexylbenzene to

cyclohexylbenzene hydroperoxide wherein cyclohexanone is co-produced with phenol in lieu

of acetone produced in the Hock process. A producer using this process may desire to
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25  major and currently unwanted by-product of the initial benzene hydroalkylation process.
Under the conditions of the cyclohexanone dehydrogenation step, the cyclohexane is
converted via cyclohexene to benzene, which can be recycled to the benzene hydroalkylation
step. Thus the present method not only improves the cyclohexanone dehydrogenation step
but also addresses a significant problem of the benzene hydroalkylation step.
30 SUMMARY
[0011] In one aspect, the invention resides in a process for the dehydrogenation of at least
one dehydrogenatable hydrocarbon, the process comprising:

(a) supplying a dehydrogenation feed stream comprising at least one

dehydrogenatable hydrocarbon to a first dehydrogenation reaction zone wherein the at least
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(a) suppl yi ng a dehydrogenation feed stream conprising at |east one

dehydr ogenat abl e hydrocarbon to a first dehydrogenation reaction zone
wher ei n tweo 2at1/feesset WO 2011/ 162850PCT/ US2011/ 031055 omeTdshydosgsenat abl e
hydr ocarbon i s an oxygen-contai ni ng si x-nmenbered carbon ring conpound;

(b) supplying at |east one stabilizing conpound to the first

dehydr ogenati on reaction zone, such that the weight ratio of the
stabilizing compound to the dehydrogenatable 5 hydrocarbon supplied to the
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cycl ohexy| Bé#28He, cycl ohexane, and benzene;
[0012] Conveniently, the at least one stabilizing compound is selected from cyclohexane,

cyclohexene, and benzene.
15 [0013] Conveniently, the at least one dehydrogenatable hydrocarbon is cyclohexanone
and the unsaturated six-membered carbon ring compound is phenol.
[0014] Conveniently, the weight ratio of the stabilizing compound to the cyclohexanone
supplied to the first dehydrogenation reaction zone is at least 1:200 to 200:1.
[0015] In one embodiment, the dehydrogenation feed stream is produced by a process
20  comprising:

(d) contacting benzene and hydrogen with a hydroalkylation catalyst under
hydroalkylation conditions to produce a hydroalkylation reaction product stream comprising
cyclohexylbenzene, cyclohexane, and benzene;

(e) oxidizing at least a portion of the cyclohexylbenzene from the hydroalkylation

25  reaction product stream to produce cyclohexylbenzene hydroperoxide;

(f) cleaving at least a portion of the cyclohexylbenzene hydroperoxide from the
oxidizing;

(e) to produce a cleavage reaction product stream comprising phenol and
cyclohexanone; and

30 (2) employing at least a portion of the cleavage reaction product stream as the first
dehydrogenation feed stream.
[0016] Conveniently, the at least one stabilizing compound is obtained from the

hydroalkylation reaction product stream.



(e) oxidizing at |least a portion of the cycl ohexyl benzene fromthe

hydr oal kyl ati on 25reacti on product streamto produce cycl ohexyl benzene
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[0020] In one embodiment, at least a portion of the cleavage reaction product stream is
15 supplied without fractionation to the first dehydrogenation reaction zone as the
dehydrogenation feed stream.
[0021] In another embodiment, the method further comprises distilling at least a portion
of the cleavage reaction product stream into (i) a first fraction comprising an azeotropic
mixture of phenol and cyclohexanone; and (ii) a second fraction rich in cyclohexanone.
20  Conveniently, at least a portion of the first fraction is supplied to the first dehydrogenation
reaction zone as the dehydrogenation feed stream. Alternatively, at least a portion of the
second fraction is supplied to the first dehydrogenation reaction zone as the dehydrogenation
feed stream.

BRIEF DESCRIPTION OF THE DRAWINGS

25 10022] Figure 1 is a flow diagram of an integrated process according to one example of
the invention for converting benzene to phenol via benzene hydroalkylation and for
dehydrogenating the co-produced cyclohexanone.

[0023] Figure 2 is a graph of cyclohexanone conversion and phenol selectivity against
time on stream for the process of Example 2, 3, and 4 during dehydrogenation of (a) a

30  mixture of 95 wt% cyclohexanone and 5 wt% cyclohexanol from 0 to 740 hours on stream
[Example 2]; (b) a mixture of 93 wt% cyclohexanone, 5 wt% cyclohexanol and 2 wt% of
cyclohexene from 740 to 1320 hours on stream [Example 3]; and (c) a mixture of 93 wt%
cyclohexanone, 5 wt% cyclohexanol and 2 wt% of cyclohexane from 1320 to 1920 hours on

stream [Example 4].



dehydr ogenation feed stream [0021]1n another enbodi nent, the nethod
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20 [0026] Typically, the at least one stabilizing compound is supplied to the first

dehydrogenation reaction zone in an amount such that the weight ratio of the stabilizing
compound(s) to the dehydrogenatable hydrocarbon supplied to the first dehydrogenation
reaction zone is at least 1:1000, such as at least 1:200, at least 1:100, at least 1:50, at least
1:25, at least 1: 10, at least 1:5. In one embodiment, the weight ratio of the stabilizing
25  compound(s) to the dehydrogenatable hydrocarbon is no greater than 1:1. In another
embodiment, the at least one stabilizing compound is supplied to the first dehydrogenation
reaction zone in an amount such that the weight ratio of the stabilizing compound(s) to the
dehydrogenatable hydrocarbon supplied to the first dehydrogenation reaction zone is in the
range of from 1:1000 to 1000:1, 1:200 to 200:1; from 1:100 to 100:1; 1:75 to 75:1; 1:50 to
30  50:1; from 1:10 to 10:1 and from 1:5 to 5:1.
[0027] In one embodiment, the dehydrogenatable hydrocarbon is selected from
cyclohexanone, cyclohexenone, cyclohexanol, cyclohexenol, hydroxy cyclohexanones, and

cyclohexyldiones or a mixture thereof.



oxygen-contai ning six nmenbered ring conpound is selected from cycl ohexane
and 15 cycl ohexene. In still another enbodi nent, the non-oxygen-contai ning
si x menmbeweadori/mwgsseonpound i s cycl ohexane. | n other enb@dirmsneig/,3tohe

non- oxygen-cont ai ni ng si x nmenbered carbon ring conpound is selected from

al kyl - substi tuted non-oxygen-contai ni ng six nmenbered carbon ring conpounds
such as net hyl cycl ohexane, nethyl cycl ohexene and net hyl benzene.
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initial conver hzene 0 cycC berzén inci g al’kyl ati on of
t he benzene with cycl ohexene in the prese ee~of an 15 aC|d catal yst, such

as zeolite beta or an MCM 22 fam |y nol ec sieve, or by oxidative
coupling of the benzene to-biphenyl foll owed-by hydrogenation of the

bi phenyl . However, in prag , 'the Tyctohexyl benzene® i s general ly produced
by contacting the benzene w#h hydrogen u hydr oal kyl ati on conditions in
the presence of a hydroal kyl ation catalysq:E:Ereby t he benzene under goes

t he fobhow ng reaction (1) to produce cycl yl benzene (CHB)

[0031] Any commercially available benzene feed can be used in the hydroalkylation
reaction, but preferably the benzene has a purity level of at least 99 wt%. Similarly, although
the source of hydrogen is not critical, it is generally desirable that the hydrogen is at least 99
wt% pure.

25 10032] Conveniently, the total feed to the hydroalkylation reaction contains less than
1000 ppm, such as less than 500 ppm, for example less than 100 ppm, water. In addition, the
total feed typically contains less than 100 ppm, such as less than 30 ppm, for example less
than 3 ppm, sulfur; less than 10 ppm, such as less than 1 ppm, for example less than 0.1 ppm,
nitrogen and less than 100 ppm, such as less than 10 ppm, for example less than 1 ppm, CO.



[ 0031] Any commerci ally avail abl e benzene feed can be used in the

hydr oal kyl ati on reaction, but preferably the benzene has a purity |evel of
at | east WO 29462650 | arly, al t hough the source of hydr @genUS2&11/081055
critical, it is generally desirable that the hydrogen is at |east 99 wt%
pure. 25[0032] Conveniently, the total feed to the hydroal kyl ati on reaction
contains | ess than 1000 ppm such as |ess than 500 ppm for exanple |ess
than 100 ppm_ water. In addition, the total feed typically contains |ess
than 100 pp#f33kucHhashydessyiatian rewtignean fhsr cenduerpd an | e 84de Kange fpysagtor

sul fur; | essnAdiaMonOinbRling SUCH RS IESS rLBBR, hPRRatdRle SXAABLEIRRS han
0.1 ppm nitrogen and | essS than 100 ppm such as less than 10 ppm for
exanpl e | egdditioparthel hydspgllydGaion regtipg rad He 286OPET/iyI201l¢ 0BLABEZ¢IROZIN Fhe
hydr oal kyl at i r i : C i 1 f Qf -

ot i qur at Pedl EEPACAC RS IR SRR IRLERe Rl RanbaRGR B ul AELG! i

di still ati etagdsoviaritgble Ireacaddictiiponturdsheee hstdeaatbopt H00°6rand ehaeti400°E anclhas
conducted in a single reaction e or.in.aplurality of reaction zones, in
whi ch at | Q8RR ﬂ@%hg%ﬁt ggagﬂ alg%‘“iég&rcod‘@&‘édmf Petrﬁ%c“P%Q U5 3T DetE et g .

Sui t abl e r @@ hhPiboLENPEY RELIERS RMNBtwREk WRRR SeP M abbROS0FNIEP a2 bikhb1 9Bes SUCH
as between about 125C and about 250C, while suitable reaction pressures are

bet ween abdftthe molan o obBydrogengp henepae arg Getegsaliogt hbh andh ekt 5ud sip3sabout

5, 000 kPa. paWicbRHot ol YRS 2Rl 4:4 16 ABLAE bE@bbParBlit Y HLBEH .91 benzene are
bet ween about 0.15:1 and about 15:1, such as between about 0.4:1 and about

4:1 forlOexd®3rk bdhosenlysisawioyed m thadydbdkilatpngeaction ipreforbly)a bifvactaphl yst
enpl oyed | : yl at.i : i i ' 1

caral yot oo HARERL hGknAl SRR AN CUPRELFLS Wy Bl ULh A

hydr ogenat iTon teret ‘WCMTPRe fapalynmathBNF 8 “fzatdrial ofvée eV Ch-22 {aonily” wat ‘awleallanf t he

MCM 22 fam ]y ! | ar . s 1Ly ) in,
el udes otk of S MRFEd ARiEFYE A Al hAS bRk fev nBRIE © 7

bui | di ng blookourirst deglde,crydtdllihe buildingclelbék has ctlhewli\inii Sell rhasrthwoMIVW

topol ogy. (A unit cell is,a i.al arrangenent .o tons..whi.ch if tiled in
oo  I¥ et Efue’ R duRREhats sl PRRET ALy BhaBhR evhidirfied bl

sfj ructur e; danesidhd Gpas _eakfisc'ritaestthecfjuﬁ!ﬂéd{c va_nfeh Zeudl drseal Eﬁmt&megk dfﬁwea?f'in tikd f ; h
edition, ot ntire content which. is cor porated as reference).
P0055] Nbi ottty SLradis Fifretiom Sohenkify <itisar 20015 HEOURE SR A SHRPT Roch | on
pattern 2Gnhdofpolaudi RPeferefid@dci Ng nmaxi ma at 12. 40. 25, 6.90.15, 3.570.07 and

3.420.07 Angstrom The X-ray diffraction data used to characgterize the
mat eri al (#0338t e Sftlequie dioh %ftl\éﬁ%%f%]drﬁﬂlﬁfﬁ]i)éh%}@iaﬁg?(faﬁ’e%&mﬁil‘ﬁh%?t@%bl et

of copper awildie §-BfdcHRNhadifdiadtinaroands (i S f3r e oneihgrs £auioppthsibhh a
scintillation counter and associated conputer as _the collection system

Mol ecul ar dievegyatiffigenipmdat apsd tp ¢haeacistiee thennatorial deiseiei dhtsdned Py staudaryt ent
No. 25 4, Qe%ﬂmié%)using% I@ a%@ﬁ&ﬁﬂl@%@c%ﬁ%e%s@he El@itdgrﬁtrad}gio ‘!\né@%ifﬁgg%meész' 25
Us P . 4,826,667), ERB-1 (d

- n
(described in at ent (described in European

Pat ent No. cQpEg3gith a sriytilajieieseunidserndi ysagiaRd mapmaar asothe colicctigngystemTQ 2
(descri bed yiflodyDf &EaAL 1,NAENPSS 8BHILPYRLERAKIAR MONBBI 17399) pybiMZ0
(descri bedl\%[ne U. S 1%‘3:% ent No. 5,%4511(9?27%‘, N[%%?4gb§(dglescrclf beﬁglg'n allJt . g"atent
No. 5, 236, 375%.32NVCREEE (deatbed bed).5nPaki®. Nad 1% 408 . SH.-B6 2de8@ibpd iUAMSS 30
(descri bed i 0 S. t . 0?% ] r regf - bly,
t he nol ecuIP<|%1t?nt§%I Oé\?égalg’tg%@éF%%tle@esz g%r%l ahfoﬂ%l%fg%n%(#g)ﬁwgé?aaln &?&?&a‘a
i sot ypes ofin NC3 BBeraido MOVBB98)s UEQ-2aglehcFiRe? . in [[0R6{ickal PhienwAutiigehicmglnat i on
metal can eqd, | hydr pal kyl ation.c h suitable
rotal s ncrtag EAY R e GelbRrOm 6 BRbANG B0y MR BB I, -

U.S. Patent No. 5,236,575), MCM-56 (described in U.S. Patent No. 5,362,697), UZM-§

30  (described in U.S. Patent No. 6,756,030), and mixtures thercof. Preferably, the molecular

sieve is selected from (a) MCM-49; (b) MCM-56; and (c) isotypes of MCM-49 and MCM-

56, such as ITQ-2.

[0036] Any known hydrogenation metal can be employed in the hydroalkylation catalyst,

although suitable metals include palladium, ruthenium, nickel, zinc, tin, and cobalt, with

-7-



WD 2011/ 162850PCT/ US2011/ 031055 pal | adi um bei ng particul arly advant ageous.
Ceneral ly, the anount of hydrogenation netal present in the catalyst is

bet ween avoub11e@Boand about 10 wt % such as bet ween abedt/iB2d1as®5about 5
w % of the catalyst. In one enbodi nent, where the MCM 22 fam |y nol ecul ar
sieve is an alum nosilicate, the anount of hydrogenation netal present is
such that the nolar 5 ratio of the alumnumin the nolecular sieve to the

hydr ogenation netal is fromabout 1.5 to about 1500, for exanple from about
75 to aboutralmpim seies parsicylpbhrdisbiagcorno Geaeralbo de Zu@int pPHhBirpeeTpéon mefRlgani c
oxi de_enpl ayed i UG S YRREH bY@ oAl Kyhatip QoS Al % Hetvedy A0%ut BAr r oWl y
defined provided it is’stable and inert under the conditions of the

hydr oal kyl aed gt 2actoi efthe sudlydblleonarsrtydiniant, owictietbe MHAYlwddamity dekcdhr

G oups 2, .é'fevel% aﬁ@ﬂmﬁ“’osﬂfcatte%e Eﬁ‘l‘éﬁlﬁ%ﬁ dr&%n%t’%?ll Iﬁetglfpr lef?t”f? chrthat ldfenn ar
alumina, titanra, an for zirconia. Used herel n, The numperi ng scheme for
t he Per bodirgioTdltheeal@nmumpsn itls: mgledila slegs adthe hy @hgmiical metalds Eogi abeer i.hep News,

63(5), 27 (1283300 IR RLELALE s RAGT PRoSLRL Sl REh TG0 o”a%[)‘l‘ﬁ%h& or
natural ly occurring su Handes at ‘el 1"%s I'horgani c faterials Stch as cl ay,
si |l i ca andf@37het dlhe norgha®. oxideeeniphdye in swaly a bemposith &y drodibylmamicaalylstyis not
occurring or _int form.of gel at.i nous. preci pitates. or s.includin

it ur e ofesy Py diFugdCpritidcn 55 e SR B PR YRSt TP 8F sy S i an be

used as a laod@r Suiabluaerdnsa&idb ichele vRIIEO Globpi?, e 12l kaef therPésudid i es,

which fam ljes i.nclude the subbentonites and. the kaolins co nly known as
Di xi e, 16/!: N&Jﬁ’él of %ﬁe&ﬁaﬁsasuahas éP‘&‘i‘}ad%\taE‘Fa%}@%éF“‘E)‘}“Wer‘gs Fﬁ‘?dibﬁﬁe@hngtgﬁlé‘ e

m neral coR&eideUBNthei erib@t My Gupskia @k iditlosad i Cehfi®l aMBEhih&@riag NeRIUXi t e.
Such 20 cla%s can be used in the raw state as originally mned or
initially $ib)edtb¥to calcination, acid treatment or chenical

nodi ficati ggp3gPui tsalde BREES m@xiide iRIvadYShétRCoUGrdly b&arring! MBithiRes as
zirconia, titania, silica-alumna, silica-magnesia, silica-zirconia,

si | i ca-t homiel as snarganie-epalt sugh as pley cdlicpiapd(ar metakonidas) Theslatesrpayr e either
conposigki ongysGheafrigd bl GRma! R DR LRI pred|pith€@ o ALUTERARETCARGes of
silica-alum na-fmagnesia and silica-magnesi a-zirconia. 25[0039] Al t hough the
hydr oal kyl atlicoand awted ovidesusNagradin oMIVAER cignivhigh zeo b pecdcat abipder induds ghl y
sel ective RNBLARGYGHANGINDENE KRR LRS! [hieRiniieomhlieddnaaldiytat i on
reaction wll |1 kely contain signifticant quantities of unreacte enzene
and cert ai anbthe rduha commpnly &dowi roixich¥ctlesice, € dorgyadmidorydalvéyg enahers in
General ly, th j =PI o t r | e ..an i cycl ohexyl benzene. A
mul 1 -t apd T i e R ARG ROBRR: ATARCAB0R, R NGS5

hydr oal2Ry| atalyoeanrbe asdd ioithepaw dtatetas ioriginal(y thinad G6initiatihsidfacedno caeipatios) aegl

cycl ohexane; (ii) a.cyclphexyl benzene-rjich streanm. and.(iiji).a heavies

ST ream r | CHEFE wyeial POt S SEPGREE TRE B s e 8 | ng
poi nts of brewmereitang sitiyehlaheaa Ridica-mbgneCia- fili@hzigbiieaditidashehiaf kilicatbérylia,
further separate by si rH;I e distillation. wever, as w Ll be explained in
detail bel SWCTHRMER e b e G RAMPISHOBR FUGH Bodie-glumipgfiorias sijigzplymiga-
portion of Zrbgidbiicd-SbmalRamtsadhd s 2QLAé64RMECT/ US2011/ 031055 be used

directly as a stabili zi ng conmpound. i n the subseckzent cycl.ohexanone .
dehydr dgendf®38h pridtessh ty buhenlndyiondrasiobysingre Medhiat fagply zeolite catalyst is

di cycl ohexwdngNZeR8vPIRARA eybIBhdx)BRRAY RS cBlERAm the(HyldidalkylatioMBctsh
desirable to either (a) transal kylate the di e(id?//Cl ohexyl benzene with

addi t i onal vahdislyrronin ¢igyifieraangntisiete of Hareggted, bengenex3dpeshirEnRy-predusiximi ze

the pr OdUCfah&lﬂ?@fgetd*éﬁreqec%&%ﬁ&ylﬁ'e&lélﬁé.kvaleﬁérﬁfiy, ARAA j@ﬁby-{n%%clls]kérrlé %?élélllé%)(ﬁeat I on

w th addi tional benzene i's typically effected in"a transalkylation reactor,
separ at e f rodrdichdolipyribenziig/ | Athdh-staga distiatiog\repcess 1§ dharefbiceused tondizidrylheat i on

cat al ysh: hydroalkylation reaction product into (i) a Ce-rich stream comprising cyclohexane; (ii) a
cyclohexylbenzene-rich stream; and (iii) a heavies stream rich in dicyclohexylbenzene.
Owing to the similarity in the boiling points of benzene and cyclohexane, the Ce-rich stream
is difficult to further separate by simple distillation. However, as will be explained in detail

below, an advantage of the present process is that at least a portion of the Cg-rich stream can
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such as a nol ecul ar sieve of the MCM 22 famly, zeolite beta, MCM 68 (see

U S Patent No. 10 6,014,018), zeolite Y, zeolite USY, and nordenite. The
t ransal kywetzooneessacti on i s typically conducted under | iPqUitS2@haswss
conditions, which suitably include a tenperature of about 100 to about

300C, a pressure of about 800 to about 3500 kPa, a weight hourly space

vel ocity of about 1 to about 10 hr-1 on total feed, and a

benzene/ di cycl ohexyl benzene wei ght ratio about of 1:1 to about 5:1.

15[ 0042] Thée gsed|dmethnds setrpiragcoppowdrin dip subseyucabpygiohe s ong dohy drpgenation
hydroalkyl?hkgg‘reaction product is fed to the oxidation reaction described
in nmore detall below Oxidation of the Cyclohexylbenzene [0043]In order to

convert thd0®MfL| omepeidienotethe ametiet fhbeyslohemydbeayank sk e, haatigs stream

cycl ohexyl 4 S 4058l -\l ch: { xi de.
Thi s s sobanary oh d5Tblerh ity a e T O e G, A AUARRRCS
air, into &eizenpiirdbpirabielatothe dicpélolgxy henzeyacto aheecyizb the periactidinifitheedesierene,
at nospheri (r:no%iogl q ieggteicgn of cycl ohexyl benzene in the absence of a catal yst
is very slow an1c<iy ence the oxidation is normall y conducted in the presence

of a cat al ye1] [ 004ahk8liylbtadol witlc additionst Benkate it Ingicile leffbaedy inbettzsakyletindat i on

step are the hydr oxy. 2 ubsti.tuted cyclic imd describ in U S
aront. Ko, ecs S ot MeclRRALE® e Ssy MR FIC R LR sty

N- hydr oxy pkiidhals iamhdeulad siavd sfahd\MVICha2 Xanpih, bedlitaBetie MCM-68 (see U.S. Patent No.

3- am nq- Nhydr ht hal i i de,, abr ono- N- hydr oxypht hal i m de, . :
etrachPor SERYET Pt trantis B0, 3RE YIS b ok Hrak R Ry i Wik,

N- hydr oxyt chiibdedl uhd6r tiguid WhieBoRXMORNZERE buidb- fhElubal BpernGE€ of about 100

N, N - di hydr oxy({) romellitic diim d@, N, N - di hydr oxy(benzophenone-

303, 3', 4, 4" thout 3¢ owgisiie o ppait 80 to aRoOHGPG kEaraveight Burly space velocity of

pyr i di ne- 2,55 gl GRLOQX I iMhCon al £ icyclohexyl iht ratj

hydr oxys ucgﬁonl?m ge% Fl%r o(;<ny taarete C(il’ralng iar?ielézeef?/ﬁll-cmlﬁreégég?nge%eo\?]%%rtﬁghoe%bZO?tS- dic
arb oxim @éléxoatduh§dr oxy-7-oxab icyclo [2.2. 1] hept-5 -ene-2,3 -dic arb

oxi m q§i\|.N;[|?/d§¥gr Ohe Ccyﬁfoélg%ﬁ%eh%ﬁ%%ﬁﬂ%t%agl '(i%i gep%a?ed from the hydroalkylation

oxi m de, Xy-CI S- exene-
di car boxi nirghetidd frydircoix Yerbip tichadidanbidescbn esabedn Mdry detakyeloy. WO

2011/ 16285Qf /til({SZpt]hJe./ % 95X51bee9ezn%nedi sul phoni m de. Preferably, the

catal yst i sl%ﬁ#mw%% Anot her suitable catalyst is

N, N, N' -t hi[004d)y ox i ey anusivertabé dycl¢HeRylbdnEbresmatorplicanl aldscychhexonts elik
either alone ar in the presence of.a, free dical initiator d n be used
2s 11 qui o- SRSl Reeste et B4 Bapared o0 orvelolim i nesn oot B g
carri enot o aggodiplicied sbyh Bt ASN 80 WSy Lalcahtyiting day Phwedl dsyair, ik MNigyidr shaye
substituted cyclic_ imde or the NN ,N'-trihydroxyi socyanuric acid is

enpl oyed i KOUHM B bplabotenbor Wik & flns HPOPUEHE o4 HRTIRER O 001
to 5 W% efclseyeMzbeNexink bBEERORS a catalyst is very slow and hence the oxidation is

normally conducted in the presence of a catalyst.

[0044] Suitable catalysts for the cyclohexylbenzene oxidation step are the N-hydroxy
25  substituted cyclic imides described in U.S. Patent No. 6,720,462 and incorporated herein by
reference, such as N-hydroxyphthalimide, 4-amino-N-hydroxyphthalimide, 3-amino-N-
hydroxyphthalimide, tetrabromo-N-hydroxyphthalimide, tetrachloro-N-hydroxyphthalimide,
N-hydroxyhetimide, N-hydroxyhimimide, N-hydroxytrimellitimide, N-hydroxybenzene-
1,2,4-tricarboximide, N,N'-dihydroxy(pyromellitic diimide), N,N'-dihydroxy(benzophenone-
30 3,3'4,4'-tetracarboxylic diimide), N-hydroxymaleimide, pyridine-2,3-dicarboximide, N-
hydroxysuccinimide, N-hydroxy(tartaric imide), N-hydroxy-5-norbornene-2,3-
dicarboximide, exo-N-hydroxy-7-oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboximide, N-
hydroxy-cis-cyclohexane-1,2-dicarboximide, N-hydroxy-cis-4-cyclohexene-1,2

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

-9._



[ 0046] Sui tabl e conditions for the oxidation step include a tenperature

bet ween about 70C and about 200C, such as about 90C to about 130C, and a
pressur e Wb 20101628580 to 10 10, 000 kPa. Any oxygen- cont RCHiUSg01gA31055
preferably air, can be used as the oxidizing nedium The reaction can take
pl ace in batch reactors or continuous flow reactors. A basic buffering
agent may be added to react with acidic by-products that may form during
the oxidation. In addition, an aqueous phase may be introduced, which can

hel p di ssoberzesdisulpherpmidsufasicralyc the satalytids Drivdarpiibalenida SAmtervaigdlof t he
Cycl ohexy! hgnzanenhy i QREy @¥lyi&cydndRdddidhe final reactive step in the

conversion of "the cycl ohexyl benzene I nto phenol and cycl ohexanone i nvol ves
cl eavage ofl0MAk cydrshaxtytideserehe ukgddeidise rlori e, invikd presinse ebravises edickly

S!S SEALAENATS- LIS ARG I Dyt 8 e AR
about 130Csolal qurress suprevidé a 2btemigensouss@talyst. abguallp, t,Be)I_S—HWgD,xy suhtugsl cableut 100
i red i nUARCSE G o At DB KR ENTS Y STERTES! PEublrBREVShER by
met hyl et hylt%ketl Hnedo, iyl hohexano®] tphero) ofolic gybhatytbeytdnenzene, to assi st

i conduct ed

in heat renmpval . Th | eavage r.eaction .S convenient| in a

catalyti c WPl i | SPfele SRARR 58T pRaslh S7DLENUED shefithi FEe Baluge

[st ep ]can bevo?c haniganewus, Qﬁflalk ylsctutc@oOcatol?%wt emglemndibmprels@tr@bﬁ/siout _ao to
0049 it nogeneous cl eavage catal ysts inclu sulfuric acjd,

per chl j& C%Q’Q&H?‘%Bhogﬂh&‘?’%?né&?ma{ngﬁy%arso@ %’f‘l?ﬁ}é ei 2R dpC taéltﬁeeﬁé@tﬁl%ni c

aci d. Ferrin@dfid. oTicd@actio® eatakd plhdctia ba@R reastdlsf dicotimsidBovaRidcdil fAIbasic

trioxide are_also effective honbgeneous cl eavage catal ysts. The preferred

honogeneoudUEFrEigaegat way BF pdded; to rsent pyihy eeidie by progueth thit dnayy foay dugipg the

concentrat io@fagtidn? hhaAdKiBNGR aQficdds BRask Tal) e ik JucdOvhth RETRABIRAMS. Bk
catal yst, a neutralization steg preferably follows the cleavage step. Such

a neutral i £ANPOWIS segh a yosligmcaponat ol ves contact with a basic conponent,

Wi th sybsegyeRhs ARIROELd6heRf 1bn Rl H?-%&%g,q,gﬁg aqueous phase. A suitable
het er ogeneduUs catal ys or use in € cl eavage of cycl ohexyl benzene
hydr oper oxil##7] nc(The ésalgcastecitén i td copversinootdg ¢ycl@rgdomamewse phayodawns55
;r;ggi Irrgzt Cg clﬁe%%l\éoﬁgﬁin%lltfésu%%%a&L logfﬁ%eﬂ}gclgﬁekafﬂ@&%né rl‘ﬁ/mogFl%xﬁ!:,e%%e is
phenol and cycl ohexanone 1 n substantially equinol ar
anmount s, geoercalchty ¢fegtet bgcomadting dic Hydaptropre wath acplyshexbnlduid phase at a
temperature of about 20°C to about 150°C, such as about 40°C to about 120°C, a pressure of
20 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.
[0048] The catalyst employed in the cleavage step can be a homogeneous catalyst or a
25  heterogeneous catalyst.
[0049] 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 homogeneous cleavage
catalysts. The preferred homogeneous cleavage catalyst is sulfuric acid, with preferred
30  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
involves contact with a basic component, with subsequent decanting of a salt-enriched
aqueous phase. A suitable heterogencous catalyst for use in the cleavage of

cyclohexylbenzene hydroperoxide includes a smectite clay.
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cycl ohexenol , and cycl ohexenone. The present process provi des an

advant ageous route to 5 increasing the anount of phenol produced fromthe
ori gi nal wenaanw29§5¢ed by dehydrogenating at |east a por PCOUSAI11OB®SS

cycl ohexanone in the cl eavage effluent into additional phenol according to
the reaction (2): OH [ 0051] Dependi ng on the anpunt of the cycl ohexanone
in the cleavage effluent to be 10 converted into additional phenol, the

cycl ohexanone can be partially or conpletely separated fromthe cl eavage

ef fl uent pdireatment ofC1 nt o the dehydrogenation reaction. It is,
however, tqo3f) aPRYEGHRLAMIAH, dedthitd WAioR koRBERObnafaf &} AIEXATAN
cannot be separated by sinple distilTation since the |atter produces a
first fractsisinddlypequnglgr amonrsogimonily tagothayreitibfat I@sivne phenelbheaebl28 wt %
cycl ohexan iJ f ract | ri i 4 Thus, in
one practiggﬁdgggg%fﬁéﬁ eﬁﬁﬁg&gféé@%d%&gtﬂ%ﬁ%ﬁ%&Pgégﬁéfgggg%gggp%nmaQ

di still ati arrasidg theembuntstf phenebprodyicd fipmehodriginet botrencdnahey dehpdrbgaatings
subject ed 10,dGhyd0geRald 80 LOLEAMMEL! indhe| 821 MALLT D OluidS phenol

cycl ohexanone™in PRe fr&ctt o %o A%t Mondl ﬁhé%o?. The"setsna™™ P

cycl ohexanecerdingto the @adtioo2)can t hen either be recovered or separately
dehydrogenated to additional phenol. 20[QQ52] The dehydrogenati on process
conprises contacting the cycl ohexanone-cohtaining feed with a

dehydr ogenati on catal yst i
dehydr ogenati on product
cycl ohexanone- cont ai ni ng
fromO0.1 to 10 wt% from and from1l w%to 10 wt % based
on the total weight of the cycl ohexanone-containing feed. 25 I n ot her
embodi ment $005¢he” Qrerisinecehbic ARt BWEL PFPExapy Beho Ceavieacciiiont e o. 3
W% 0.1 WedaveRedin SditbnipHendd, th¥ @ oh3xoRE cah bat Oa/?tﬁnf 015cd@ﬁp%telg@€ba¥ﬁ&i

cycl ohexanol w % upper limt tenperature may be f)mmoq 3WM% 5 Wm% 7 Wm%
10 wt % 20 figioghediervay clflusasion toRetshbiceted &0 theeghpdroggnatippe reaction. It is,

cycl ohexangpge&ont @k rawgciit@@ﬁlam bt @G Bherol B ARMhEANEe dahfBtlbe sEpaptidy UPPET
limt being contenplated. 30[ 0053] The dehydrogenation process generally

t akes pl acgywﬁmdef istdlatigre singce thet lotter pradises defiyidfragiien sconprsiog ridi aze@repic

typically i di J r A O o

2011/ 16285 P’%ﬂi‘#ué’ 2%21%}%%%6%&5}%@8{5/ u?gabo{#exéﬁ)ggtahg @2?3%0293‘%8%%“ 500 psi g
(100 kPa t ey@dBBaioRa) Thas,vieiaghtprdvtics |epnbogiacat, ed deiviage effluaitostsulfe@ed t» 50
hr-1, and a. g tp.c ohex e- Ml e | ar._rati f . about
0 to" about SsMELBEER s HE: aPSURIRT RGOSR TR IRLS, (RbleEel
dehydr ogendthydngmetat to comgegnelealt b yportion obtip cydesxdione @ thel fpaion;to ¢dditjonal

hydr ogenat i on- dehydr agepat i on_conponent .. and (iii). an inargani. c pronmpter.
Conven: ont Pt naHE LRGNl fgRamcRicia® it b kg Bo B oLERTHEx PAENE:
silica, a dthydeatestedxd additivahpisnbi. cat e, zirconi a, and carbon nanotubes, and
preferahly rises silica. Suitable hydrogenation-dehydrogenation.

P ompondht & IR o arbradinic et oot ORRCEed SEUIEIOLAeTEM 10 of
t he reri Odif&dT\ailﬂli admahy&bgdaiemd 7 rﬁcaﬁtﬁlﬁlséCiﬁrﬁ)gtkﬂ(ﬂéhﬁlﬂ@eﬁmﬁhbﬁoﬁ? t&Q)rdeileelf laoﬁrst EUCh
as platinum, palladiumand conpounds and m xtures thereof Typically, fhe
hydr ogenat 9B IERSRTAIOB FEHAET HFFatio niotentmbiming B cy¢lphexprogps e nBEt e n

about 0.1 anmaRdesthprkl cyd18ReRfndl heantAhAloY som 0. Ntoadditd, @om 6.HR1%as 8 KBk,
conprises an |norganlgtﬁgonnter (1ii) conpr|5|££ at | east one netal or

conpound t H8¢ &8 lsel"aé €4V SrcdoBRe PtabiveighioHBP FysiRhexanaps-eonsrinies &tdnt s,
such assa PEL@SSInHTUHRTROMB EycldRERARRAY 1ovkd? G RABAS. 1 1B RT 2780103 QtoRN

0.4 wt%, 0.5 wt%, 1 wt%, 2, wt%, 3 wt%, 4 wt% and 5 wt%; and the cyclohexanol wt%

+

upper limit temperature may be 1 wt%, 3 wt%, 5 wt%, 7 wt%, 10 wt%, 20 wt%, and 50 wt%
based on the total weight of the cyclohexanone-containing feed with ranges from any lower
limit to any upper limit being contemplated.

30 [0053] The dehydrogenation process generally takes place in a fixed bed reactor, under
dehydrogenation conditions typically including a temperature of about 250°C to about 500°C,
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15 anmount between about 0.1 and about 5 wt% of the catal yst.

[ 0055] Pref erably, the cycl ohexanone dehydrogenati on catal yst exhibits an
oxygen chegiearipesson of greater than 0.5, preferably grearars2ahasods 6 and
nore preferably greater than 0.7. As used herein, the oxygen chem sorption
value of a particular catalyst is a nmeasure of netal dispersion on the
catalyst and is defined as the ratio of the nunber of noles of 20 atom c
oxygen sorbed by the catalyst to the nunber of noles of dehydrogenation
met al cont &iMesirppf plrait @i tg sbout PR peigyy¥hkmierdSSe kBeh @ﬁvet%lt hewlyr wpes r ed
to herein 3LREAGHERDHRIHG- AR b READLAUS ATSRLARRAbMRiRAE LRy AU G0 th 2
M croneritics Chentsorptlon ni t his Is a volunetric device

t hat al | owsf thoat® tweabbutd0. mat eri al using an array of gases. A thermal

conduct i vi |1 r, d D Y o 5in
the effl uem( Sﬁfr egglng-?a )a%k ?tnléﬁ@gd 'i?the ?ﬁﬁgi{aﬁe oéehg %g%%nﬁaﬁgﬁl%ﬁé es an
i n-situScalanprakes dn atsuprowy; Kehpehﬂtu$QMRmkkbmbdwaKac0nmamm0naml(nhemmetals

usi ng gas- phase sulfiding with 10% H25/ H the netals a
Sl fraca, thgysionpl replishltat B RERbE 3 wsliivh 1% FRMEASuR e

pul ses of Jsﬂh% @tzﬂizceﬂej annalumihbdilicase, diatonranands:aﬂmnmhremﬁ)eamdd pi2 fdpabdabdniproesgh i s

achieved. 3 n.fresh, e deh enatlon at a rlbed erein
is highly é@ fv “llt% 8’(088‘%91“\% d%’ﬂr‘tgﬁ 188 %P‘Etet}tﬁ( 8%%%?13 Bhdle m?%lh
phenol . Howvmd frovh Chaups 6tth €0 pf iy PSﬂlchﬁt: Ddblé@menmmdfcompsarﬂb bhd @mixAged he
catal ys f ound hat t at al Ioses i so_ that the
anmount bf é‘t?ﬁ‘?? rYFBAS B t"t“ﬁ’é @%ﬁh‘ﬁ&? r‘f8‘Pi‘80 é‘h‘?“’&léréﬁ \/Ltn%’t’t‘ia]ty’

stream Thwdrogéﬁaﬁ&eddh&@@gﬁtau&ewfﬁ{fdﬂaﬁrtatgte@éhtmt @@eﬁ@untatetvteaﬁisbo@m and
stabilizing conBound sel ect ed 2011/162850PCT/U82011/031055 from

cycl ohexan@bout 8 Mg fredfdbfecaiahipt p Bypddiion. the calpliy|comgrises ap frorganicgyromoter (iii)
dehydrOgenéémﬁﬂnﬂ£QQE$PBnéﬁﬁﬁlbﬁc&ﬂﬁhh&@ﬁn%@s&&ﬁmpﬁ&hQﬁ%ﬁ mQﬂQhePQuﬁﬂpther
enbodi nent the at | east one stabilizing conmpound is selec from

cycl ohexandablp@f Elesicatiestehas 2 Tytpsseum cgmpoupd Arpicadlysthe @f@l%@rabpteseﬁ Higan
conpoung | SmdtRRLGEr iRt 0F afd fidly dEBYGr@GERGYLON reaction zone in an
anount 5 such that the weight ratio of the stabilizing conpound(s) to the
cycl ohexandM¥Sk up priferdbly.o theh eydlohesanoge hdeliy drgeanatidno patplestc exhaitsz eheoxiygen n t he

to 5.1 1°B0vFPBRly! BpdoRat 05 pERuh o ran QM pERCH R eder 10
enbodi ment thanl9e7. wei uyhd hareit, the @nygtmdlegn@mtiohwalmg otopqrtanta Catplystos & measure
cycl Ohexangg%e%‘r'%ﬁspér?%n R thp%%tgligt q?*&g@ﬁeg%%’lﬁ‘é ragl% fitg%hul%?er ’}E?lé rgt

| east 1:10 as at
| east 2025 atoatic loggseh sbrbed By tht chtebyst tolthd, nuaibdr 0O mgice atf ejehydn@endtloh metal

Sur pri si ngl th abi IZI d signifi antI ces the |oss, of
not P 1y opvtbeEiunbE Ruplufiaciio bt aryusetlin wiEE s e R Ot
reduci ng t hengethecicthtidue aésctibel ¢Iormers>tamp1@f wlitBEaCWdr@th&Xt&lOASAPO2@HEnOI
Mor eover , ere the abilizin IS cy | ohexane and/ or. cycl ohexene,
t he condi t%ﬁ@lSP‘iﬁ’“P% Nty Togs lélég{;?g‘ﬂr% VECBr‘ih"’rté eV ‘6‘??“2%8?5%6“311 1ng an

suf fici ent aR@f oOghkds. tO AW RbAdubiMatyCl | POBXBNRAEfO AetBhRAQK tHR WLt HeciéO
convert the cycl ghexane via cyclohexene to benzene. Since cycl ohexane is a

maj or By- pl”béh?ct’ flggnt (srgam frqn e poiple Aell hyide RV RS iehtgnepingRies am s Bannot
readi |y be cgigRaiAlR MW feaiflafife NHREE dﬁchb@t%GHif%e' ﬁetﬁl@%mhg/ i QHadeyduitdin
product, the C6-rich stream (conpose nalngy cycl ohexane ‘and unreact ed
benzene) r @gtln tQ%.é{sz’errﬁaau s‘tﬁtquthﬁ imstplsofretsy dﬁgi/dttl@»am@yt‘tatateé byreaerste (s a

20 par t | culajibiigtS Hddlyohh B1sal of NEviab,hanst (e oRiaRh ZiiiGOmREUI. The
benzene-enriched C6 stream produced by dehydrogenati on process can

renoved fr dreektheougdlelnypdiiogpdnat i on reaction product and recycled to the

hyd kY1 3§d

YA, AT 96 A, BESSIATKOATR 00 08 Ry Skt
st abi | i zi ngelesivp durribie ¢canverkien fof cs&tlohdednpnkr t@gélnmh @f@wewctvltkmt tl@Epr«zxosnel Oﬂ n
such cases, drﬁ‘ohl%gﬁs%{ staooflzlh Oﬁle cata Eg 1tcfg3 GJ that tﬂ{ee%mlﬁrg?ﬁappd?y §0lslgspa| lﬂVng &P

second dehy genatiron reacti o a “second
dehydrogendhtdmzmamatmsmnwndmmoﬂéhyﬁﬂogﬁmameaqnm@mHutuanwnhmhknnu@mmnto

convert at . Jeast a ort C ohex int ri.ch stream
porton o BEnsad® Ptk Adinsiniaf PRl ERuant oHEE Ry arBarey T
reaction. 30[0058]The first dehydrogenation reaction zone and the second
dehydr ogenation reaction zone may each-&bnprise of one or nultiple

reactors. \Were nore than one reactors are involved, the reactors nay be

pl aced either in series or parallel.



[ 0059] One enbodi nent of the present process is shown in Figure 1, in which
benzene and hydrogen are supplied by lines 1 and 2, respectively, to a

hydr oal kywetzooneessact or 21. WO 2011/ 162850PCT/ US2011/ 0BCOAS201h831055

hydr oal kyl ati on reaction product is fed by line 3 fromreactor 21 to a
first distillation colum 25, where the hydroal kyl ati on reaction product is
divided into an overhead C6-rich stream conprising cycl ohexane and
unreacted benzene in line 9 and a bottons stream conpri Sing

cycl ohexy| Bepr@shexpae chdehosere 9@@1 DageNg. & fuppficddo i st idelmdraganatien egagtion 2

which 5 a|z§1§b 1&1%@&1%@% @de cywoﬁe;Jah&fé 4[n aﬂgﬁeﬁé{ﬁﬂogﬂm klﬁeﬂq%feoﬂesst'ﬂ%ﬁﬂgzed in

the reactor 22 to cycl ohexyl benzene hydroperoxide which is fed via line 5
to a cl eavagepeuadcis orelep®d cyGleharhex phd erdelrractey d lopielbxithie af deastopmneer t ed

n e ol caNBInLERRhANIAE dibiRaSl SAVAGPARLBRNGRSE FEBMIDLEN, GRS

phenol and cyc one an I'S supp via l'1ne
dehydrogenammdmumgaﬁmdnr@m(ﬁﬂhaawdhygnmgenthﬁmameamﬂ@mx@wnahm@hwbbémwes at
least a 1 rtlon of. the C6- rlch .S rean1fr under
oot ons TrB Akl RoRhioh Mic i Zohe R B! fiHot | Dot 3060: L5 AL 3DEL. V10
phenol andfmhel¢@bkohbﬂan§5na7ﬁhelﬁﬂ4mSem,ﬁMndah)mdoubmzbm@nanmfproHuct of

t he dehydro atl on reaction .i enmoyed frgmthe reac 4 v line 7 and
foa to a caROa aRERRGhoReieE B ob i an g e aRyin oo St BB on
prod ]thct is sﬁ@padt a)ttﬁdﬁtsﬂddhydtogehﬁﬂ@i refidtioh zsﬂerlﬁatrtbas’v\hll(()ﬂﬁ) sus:lﬁ heMQyRT EQIO()‘ ar
purific i ne 8, 15an e-rich strea 'S rec to
the hyd oaﬁ) (}oﬁt ]'e@sécltsg? lfas\}qa? b ?trq]@asié 19,6668 ftgr (X\J{]ﬁ“gé’(? %?aéerc}  nore
enmbodi ment Surpﬁsﬁgl@r acessbifighg tchﬁlpﬁhﬁiaygigﬂg@ﬂayn@auc@g‘ tlﬂat 1ds§a>$tacﬁﬂe/ of the

dehydr ogenat abl e hydrocarbon, .the process co gplylng a
dehydr ogen&f ORI stfabath WEhpHMS oA g tiepm) Wi p dﬁ@ﬂ@othae%ﬁﬁavweﬁ thbl e

hydr ocar boRofRrsionf dff tfiE AU RAERAPAADL. I PRBELIQNWEQR i BLR: EdEpRhd heast
one dehydrogenat abl e hydrocarbon is an oxygen- cont ai ni ng_si x- nenber ed

car bon ri n§y@eiepenerigd or cyclohexayy, theeppilijiopyinahe firstdehydpgenaticngraction myc@hpound
to the kirgidehy 9151091?15}% Q&Jeﬁaﬁl%' %1&%%@%%%&% bkt haﬁsd’\% %hvéfr@ttﬁeo of

the stabilizing conpound to the dehydrogenatable 25 hydrocarbon supplied
to the fi r@ycld@hgt&r‘ogewé@hamerteé@nze@ﬁ Bowe cygolicraiichie ararigeboprofiveraf 1he200 t o

200: 1 wher %1 altbgﬁzeﬁg ‘fﬁg&rhélglg%ncﬁ&%gyﬁgi éaﬁn@t B8y B at&? Er%i%' tﬂé ﬂﬁ’re%t&i
menbered carbon ring tonpound; ‘an C) coftactin e at l[east one
dehydr ogen@Bl&bh@lnhmmm@ﬁoapd)dtlcttethaﬂs—tielasiteamr(eorspcabd inamlmg‘ cgdoipxemed Wi t h
a first deh rogenation ¢ t al e first h tlon 0.r.eaction
Zone. under Mo opLareof Rallibe ifal bk, of B FRHRR R mefR €A he
dehydrdgen@mamMamhmdﬁmsanha@%hmﬁdaﬂnnmmaﬁﬂumgkemp&nm ﬁmabeﬁeﬂ:mmmb@mcding

compound arslgeag}/%}’o%gge% by g\é%yﬁ%lgééa 19% %?&Iggr éalrﬁozeor]é]fr{o(\)fe?’cil' grom the dehydrogenation
reaction product and recycled to the hydroalkylation reaction.
[0057] In some cases, only a portion of the Cerich stream separated from the
hydroalkylation product is fed as a stabilizing compound to the first dehydrogenation reaction

25 zone. In such cases, a further portion of the Ce-rich stream may be supplied to a second
dehydrogenation reaction zone and contacted with a second dehydrogenation catalyst under
dehydrogenation conditions sufficient to convert at least a portion of the cyclohexane in the
further Ce-rich stream portion to benzene, which again can be recycled to the hydroalkylation
reaction.

30  [0058] The first dehydrogenation reaction zone and the second dehydrogenation reaction
zone may each comprise of one or multiple reactors. Where more than one reactors are
involved, the reactors may be placed either in series or parallel.

[0059] One embodiment of the present process is shown in Figure 1, in which benzene

and hydrogen are supplied by lines 1 and 2, respectively, to a hydroalkylation reactor 21.
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B. The process of enbodi nent A wherein the weight ratio of the stabilizing
conpound to the dehydrogenat abl e hydrocarbon supplied to the first

dehydr ogewat2oaneessact i on zone is in the range of from 1pCOMSt@ 1081035 C. The
process of any precedi ng enbodi nent, wherein the weight ratio of the
stabilizing 5conpound to the dehydrogenat abl e hydrocarbon supplied to the
first dehydrogenation reaction zone in the range of from1:200 to 1:1.

D. The process of any precedi ng enbodi nent, wherein the at |east one

st abi | i zi nghe dgrelkdatian weqtioaheefurt Srr e lioh dxinme reaglpe Phles divg didatirnzene.
E. The proc %§1§m9f25?91}ﬂ619 rtﬁ’ézﬁ}qircg@ll(ﬁmﬁ qLaBo pro\‘l‘ﬁ'& FeiRidel8ntdlan lo‘%@r‘ﬁ&ado@yr_ich

stabilizing 10 conpound is” cycl'ohexane. F.The process of any preceding
enbodi ment stregive cenprisitge Cealoliceenst angnenreacteldi hanzéngginclorep® uand 4 Hothursz streem G The
process of . | i in.t ; )

dehydr ogengggﬁrllﬁﬁge 8’%%1%@'3% g%eglrg'b gﬁ@ F%tto\gﬁ;ﬁ:{ro%gisafr%g ﬁogénaé\%&t%h%%t}gtg é%ztjr“éhtlcéld

si x- nrenber eldo cacdren aii ng Bodouible icscldlghbaniene k Dhidizpd or ebs regetoerd@oth nent
G wherein t d drogenation.fee tream.ji s. produced by a QCReSS

corpr 1t ng Ve loheTBUELRORIRNR A CPfieR S RA YL ol S E Sy Rl B Smhe

hydr oal kyl aydldrexglatebys hydroghesxidey dr aab &yddaini the o@andict icane 23 t@prodervegea

nydoal 1 11 g FEAKS1R8 Ryl S ADEeTRL L% SYELaher e
cycl ohexy!l e azemgirddenstdnheadty 40 allky lichty tioBea6aC kdacior P4 Aty atcedles @nltadta
producgcyel sRex! bepenc e bperext ey OSSR D9.ALLERR 2 ROLLLED O,
to produce ciclélcR@a6ag e e Gkhi o pRédRciUElcars it BRHOL APME SYdMheRRNRthe Co-rich
stream to benzene. The product of the dehydrogenation reaction is removed from the reactor
24 via line 7 and fed to a second distillation column 26 where the dehydrogenation reaction
product is separated into a phenol-rich stream, which is recovered for purification in line 8,
15  and a benzene-rich stream which is recycled to the hydroalkylation reactor 21 via line 10.
[0060] Provided are one or more embodiments:
A. A process for the dehydrogenation of at least one dehydrogenatable hydrocarbon, the
process comprising:
a) supplying a dehydrogenation feed stream comprising at least one
20  dehydrogenatable hydrocarbon to a first dehydrogenation reaction zone wherein the at least
one dehydrogenatable hydrocarbon is an oxygen-containing six-membered carbon ring
compound;
b) supplying at least one stabilizing compound to the first dehydrogenation
reaction zone, such that the weight ratio of the stabilizing compound to the dehydrogenatable
25  hydrocarbon supplied to the first dehydrogenation reaction zone is in the range of from 1:200
to 200:1 wherein the stabilizing compound is a non-oxygen-containing six membered carbon
ring compound; and
c) contacting the at least one dehydrogenatable hydrocarbon and the at least one
stabilizing compound with a first dehydrogenation catalyst in the first dehydrogenation
30 reaction zone under dechydrogenation conditions to convert at least a portion of the
dehydrogenatable hydrocarbon into an unsaturated six-membered carbon ring compound and

hydrogen.
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25and cycl ohexanone; and (g)enploying at |east a portion of the cleavage
reacti on product stream as the dehydrogenation feed stream |.The process
of enbodiwenpiiHe28sherein the at | east one stabilizing cecpasaaiiosiosht ai ned
fromthe hydroal kyl ati on reaction product stream 30 J.The process of any
one of enbodinents H and I, and further conprising dividing at |east a
portion of the hydroal kyl ati on reacti on product streaminto (i) a Co-rich

stream conpri si ngﬁ cycl ohexane and benzene; and (ii)
cycl ohexyl Benzehee piogdss gf @@%ﬂﬁm%%@i@ve%@swwa@s%ﬂ@/%ﬂm corpoTie

process of t@iﬂ@ﬁ%ﬂﬁ‘d@%nﬁabl@lﬂﬁi’lr&'&%ﬂ ShppROIRIthSHiRBdAYABL N fAth Rictiof 3Ge i@in

portion of the -rich streamto the first dehydrodgenation reaction zone as
the at | eashe rangs cffiapi I:1®itndg0donpound. L. The process of any one of

embodi ment ¢ J apgl, éocéﬁ@gf %r&%%h%@ﬁ%od’i‘%%r h&n e \%} tgﬁ%cdf‘?ﬁl%@]?zn}fnat he

C6-rich strean1|s nverte zene by the contact step (
| east a5p0|commundftot the Mmd@g@latabler bﬁyoﬂaéqﬂ)nt oipphel cortheadirst ndphgdregengayn. M
The process and L, and further conprising

suppl yi ng a UOHI%OYIG mntﬁefan% fonf EEBQ% ri'ch streamto a second
dehydr ogendti onTh@@ﬁdcessnofzmryepandincgmma@nhmmg twiherefmﬂtehar lepor dnk atabiliziighe

C6-rich stream wi,th ftﬁ?ond dlﬁﬂ%(drogﬂ ion c st in 10 the second
dehydr ogen&PTRAN S6tFEH B taclgherape. 5% %?%@H "6h'condi tions to convert
at | east aEgport T pajcedshef ﬁfy}C|p€H¢ediﬁg’l%mbBﬂlﬁleb@ﬁilfﬁf‘@n ah¢l apreduoe @absiedond

dehydro enation pr.odu stream N. The process of any one of enbodi ments J
and M Hnd cPupuRe s ¥61BF8S-ng recycling at |east a portion of the second

dehydr ogenat i onTRs peieeds Sit igapcbatly tAbsdiRcROMmaetH 08 &t Rkt (@ stabl&ik: The
process of any one of enbodinments Hto N, wherein at |east a portion of the

cl eavage r&98P9USH lspt?eB%ﬁ!i‘Et streamis supplied without fractionation to the

first dehydy ogengd hiofest 6Bl IRRAAYEMBNIIhER, WRhNAHIRAE RaliaP afifefbSiapRm  P.
The process of any one of énbodinents Hto 0, and further conprisin

di sti | i nghudrogashasy is gyglehaxprame ond thyeunsptumipd gec- mélabqr%ﬁarb@rbmﬁ:t:or@nquég#ﬁ into
(i) a fisrstpffopction conprising an

H. The process of embodiment G, wherein the dehydrogenation feed stream is produced
by a process comprising:
(d) contacting benzene and hydrogen with a hydroalkylation catalyst under
hydroalkylation conditions to produce a hydroalkylation reaction product stream
20 comprising cyclohexylbenzene, cyclohexane, and benzene;
(e) oxidizing at least a portion of the cyclohexylbenzene from the hydroalkylation
reaction product stream to produce cyclohexylbenzene hydroperoxide;
() cleaving at least a portion of the cyclohexylbenzene hydroperoxide from the
oxidizing step (e) to produce a cleavage reaction product stream comprising phenol
25 and cyclohexanone; and
(2) employing at least a portion of the cleavage reaction product stream as the
dehydrogenation feed stream.
L The process of embodiment H, wherein the at least one stabilizing compound is
obtained from the hydroalkylation reaction product stream.
30 U The process of any one of embodiments H and I, and further comprising dividing at
least a portion of the hydroalkylation reaction product stream into (i) a Ce-rich stream

comprising cyclohexane and benzene; and (ii) a cyclohexylbenzene-rich stream.
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20azeotropic m xture of phenol and cycl ohexanone; and (ii) a second
fraction rich in cycl ohexanone. Q The process of enbodi nent P, wherein at
| east a pwotoomeedsot he first fraction is supplied to thecCfiusge1/031055

dehydr ogenati on reaction zone as the dehydrogenation feed stream R The
process of any one of enbodinments Pto Q wherein at |east a portion of the
25second fraction is supplied to the first dehydrogenati on reaction zone as
t he dehydrogenation feed stream S. The process of any one of enbodi nents
Hto R whé<8 ei nThheropsse pbenadinagnt d nandyehdr sAMPHOMLITPD 2 Agap i paion of

conpri ses Ly NGOG MHERR B0 dtodEnatlbE YELAREINE RENZEN GedsS ot QRSB ARRd T O

addi ti onal cycl ohexyl benzene either "by deal kyl ation or by transal kyl ati on
with 30 besgmp@nd] 0061] The i nvention will now be nore particularly

described with e i I Lk | es. e
acconpanyi \#g dr gg\né ﬁ@ggggggﬁ{ Es)‘l;li Oeff %ﬁoggﬂtl%lgs th &Tskf g)h élle%?aéﬁlé%{r? 88@10\?\&%&}%]/ 1
w % | T Si 02ycluiex@a@lif /(6286 CPETANS? 0dive OB 03EnfdO B [t ddBcgn@stefc) and at

hexachl oro%agtt oni.¢c a%i d .was di ssol fégqo ghgcgg%fglc of 4:1 w ratio

acet one/ wat er arﬁogfoﬁlroe.th PSS OITTPESH s CahHEge TP " granms of Si02

extrudat e havi nGhapmwscast at ayarme af ombdBMem® ) gndh axdduahgp evepdiisgipplyingfa

300- 400 Angstrom The mxture was |eft overnig t roomtenperature to
cvapor at o SRECdorRice! 5 Rl Sty of ot (el Eberep s FRERT: A &M e at
100C. Then c2fadging ik fofthed ppoibAaSHiht 0 eidh bpdaat witls ® kddbhddchf fodéhatisrocntddat assi um

carbonate in an acetone/water 4:1 w ratio mxture).was added to the
Pt/Si ogbexﬁlieu%?a?’@ &WP%‘?M‘F%YW%&H&%G Wader| ¥&Y%F8%tiﬂng“lﬁ)fl3‘&f’nsr Qospnvert at

t enper at ur geakt0a §YARAT G Be WetiBhexatd i@ Beld AR afll RAued 2 108rd deXPdBL@aton
Cycl ohexan%poeduCDtleSggadng‘ogenatl on
N. The process of any one of embodiments J and M, and further comprising recycling at
least a portion of the second dehydrogenation product stream back to the contacting step (d).
15 O. The process of any one of embodiments H to N, wherein at least a portion of the
cleavage reaction product stream is supplied without fractionation to the first
dehydrogenation reaction zone as the dehydrogenation feed stream.
P. The process of any one of embodiments H to O, and further comprising distilling at
least a portion of the cleavage reaction product stream into (i) a first fraction comprising an
20  azeotropic mixture of phenol and cyclohexanone; and (ii) a second fraction rich in
cyclohexanone.
Q. The process of embodiment P, wherein at least a portion of the first fraction is
supplied to the first dehydrogenation reaction zone as the dehydrogenation feed stream.
R. The process of any one of embodiments P to Q, wherein at least a portion of the
25  second fraction is supplied to the first dehydrogenation reaction zone as the dehydrogenation
feed stream.
S. The process of any one of embodiments H to R, wherein the hydroalkylation reaction
product stream further comprises dicyclohexylbenzene and the dicyclohexylbenzene is
converted to additional cyclohexylbenzene either by dealkylation or by transalkylation with
30  benzene.
[0061] The invention will now be more particularly described with reference to the
following non-limiting Examples and the accompanying drawings.

Example 1: Catalyst preparation (0.8 wt% Pt/1 wt% K/SiO,)
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10[ 0063] The reactor used in this experinment consisted of a stainless steel
tube with di nensions of 22 inch (56 cm) in length, 1/2 inch (1.3 cm
ext er nal wopansatwessand 0. 035 inch (0.09 cm wall thickneesT/US2@i1®8®5Hf
stainless steel tubing 8.75 inch (22 cm in length and 0.375 inch (1 cm
external dianmeter surrounding a piece of 0.25 inch (0.6 cm external

di aneter tubing of simlar length was used in the bottomof the reactor as
a spacer to position 15 and support the catalyst in the isothermal zone of
a furnace. [9063] 25 0;498 rgrqnp o6 hexgyhlproplgtonic agidawas dswivedds 2picacéd 4t WEh#i op of
the spacer \LQ,ft&eRrt H&nfat 6flh%sstold‘u'an R?Jla‘%‘caﬁded‘&to%()lglén‘fs Qﬁ‘rSl@ eﬁnﬁl@e Iﬁkfﬁﬁgnal €ss
steel therno-well was placed in the catalyst be | ong enoug to nonitor

t enper at ur éurtdse eakb L0 mhigramandkpere drsertarsi AQP- “400iwetibe. he mwdere ok &eft

[ 0064] The i S S I t hen
crushed ang%rgléxs%tzlg%ﬂ? %ﬁgegatt‘% t%@@k% é’\(/c\é’?srr\gg[hle yp ?%% ﬁnﬁ %“S%F%%ﬁ

(vol ume512vas dlon dfedt 4el00dt. alThst 2hasamy ef 8ippeesito cAbohae 4®1utilmsﬁ) andramsed as
?o;t a?ﬁgr g g'gt%as‘?d n%%rbanate ?na%r?'a étoneWa%%JPg“mm: r%%‘d mlxiuaé[)o\%%shaedfg(?? 1392;@”‘ the
pl ug of gl amudamodanmm Iﬂeame{dlratwat theeft ©eponi gt attln@am:aemqjemtre bcedvaq)ma&:e\paelat e
the catal yst frotgl arti (gdgbps filling the remaining void space at the top
of the realtdr® {8 Chas 25 installed in the furnace with the

cat al yst baﬁamlnletmecmlddkal@‘enehedxfogénm& at the premarked isothermal zone.

The re r ressur | eak . tested .t al | 300 2170
kPa) . é?agﬁﬁ fﬁl& ﬁ%cform% g‘éo%a?rfffl%ﬁef@n?lﬁg‘g ? ésaﬁe%ﬁﬁ%% Cto
430C WI t h kdzndnkiows @ﬂzzLQ&h 656/061) in RAShNDD ﬁhdﬁ@{l B @) 2xBFs1 didhéer and 0.035 inch

pre- condltlonlng cc |1 SCO syringe s used to introduce a

nmi xt ure of %9%?@%@%%&5?1@)%& Bﬁé@(%ml}“]@%ﬁtﬁﬁ&%{ﬁé ?%mplhéﬂr gacindengtrpd f eed
was punped o375 Qidh(1acH RRAEMmACHia R PR rdub @ ROpithr GUGNs hedt @b LhDeseingl t he
reactor. A Brooks mass flow controller was used to set the hydrogen flow
rate. A G dipmctopubjnggfsamilap feakthpyas ysadria thedottp) off die roaetor s @ 8paces te pptitiadl t he
: gasgﬂl]@sr QR pr%orrtrg%egéla?a?}bslrt]}’n @k 1530%rr9a°1'z%né 399 ﬁﬁf@&e A 23R8I baken
2011/ 16285(gla€srw$2m plapgh g 5iE: tpm nf)@g smawrdggheptthec@dmlnyslacebécp Rl iache0.3t he
reaction te 0] f 2
and a pr essu &ig%e%f ﬂ%ﬁ(?%}@g \f}% ()gaceﬁl i tﬁé % Stgﬁ%déﬁé}}%ne&hﬁeté_gg)}:{%tgl{

fl oned thrmmgiwrdmeaﬂedlgjhpmtebe qamlbtsebbdttmlngmn@@blbdmtmmupl@t s in series, the
first pot i h 9 89 t (of0) th c |

cool ant to?@r?gﬁt %%:qulﬁep nd(%l:(r"lé’%1 goEﬁ(ES% gmag%re??ed 1&83’ SsX}[llvcxlledr;leen Jrill(l)sltlj1 (?%“dto an
on | i n@0Hewized to Patok@rdsS 518\950mg§hs ipicehiyb Ogramq(vo[uﬁﬁﬁla]ﬂm opthed:atal}st Wey e

collected for .materi al , bal ver 12 hr 0 |nte Ies
Cor ot kon PR s od B Rt aE bt anBrepb oalRar bl ERan? g e FouusRy

6890 ?as C lifeOramdt @ ¥ khewwoh. N Thd Extdledt ®ed efpicangd was 1 H carin Agigthe nd OtBQMDdOQSgI es
GC col umm 30 m cr on ness was use

anal yses of™ nl%‘%%ﬁgéw%l“{é‘s W&?‘g%él?%%ﬂ OB%&Etétyét beﬁl&%“@&‘ﬁﬁ’éﬂ%% Bt 3‘8?
product s agadrySespswenigg tiak &matfind wﬂe swl@ ztthﬁe kﬂB 59&@ r&Rsor CTIRMRIAGr *h Wi t h
J and WSC|ent|f|c columm 60 m X cron film The HP

6890GCZanaly&iIed iaibp Thesgr it Wﬁsca‘é‘b’?t ‘?QS‘ in AIGFCmfdé}e @f tPﬁ frrmageapily Rrgmarkesic,

28' do mTR 1soﬁ%§f1dpzﬂné OTROREcthel £ B PlefureMnliNedknBstd Ot Bilcal®Na! 208ip8igt 2 R bei ng
m n. e
kPa).

[0065] The catalyst was pre-conditioned in situ by heating to 375°C to 430°C with H,
flow at 100 cc/min and holding for 2 hrs. After pre-conditioning, a 500 cc ISCO syringe
30 pump was used to introduce a mixture of cyclohexanone/cyclohexanol/cyclohexane to the
reactor. The feed was pumped through a vaporizer before flowing through heated lines to the
reactor. A Brooks mass flow controller was used to set the hydrogen flow rate. A Grove
‘Mity Mite” back pressure controller was used to control the reactor pressure, typically at 100

psig (790 kPa). GC analyses were taken to verify feed composition. The feed was then
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155890 GC ranp was set to: -30C for 5 min, 5mnto 80C for 2 mn, 5Cmn
to 200C for O mn, 15C/ mn to 240C held to the end total analysis tine of
60 m n. [WO&F{1A6Lsspi cal time-on-stream (TOS) profile forCrThsS2abos®sprocess
is showmn in Figure 2. For Exanple 2, cycl ohexanone was dehydrogenated in

t he presence of 5 wt % cycl ohexanol at 2 WHSV yi el ding a dehydrogenati on
feed conposition of 95 wt % 20 cycl ohexanone and 5 wt % cycl ohexanol . The
data shows that the cycl ohexanone conversion dropped from 96%to 86% w thin

740 hours ®AMBed dupneAsthe egsrabsthed dcidnatphgueestion tenpgigie o 3y€l ohE3Pahone
Dehydr Ogen%}éfé}ﬁblwa{ Hso@zéc Ltobﬁﬁgveof i 9{216'531)%&%4 @ﬁfOO%%g 740 1@h). t g pﬁ%&'&ts

condi ti ons as Exanpl e e addition of cycl ohexene yleldlng feed
conposi t i onxigogrheiredcioy ﬂg\sed/\ﬂl%ugkr batidinanomeed 6 twi c%lleqt@nwtﬁllm brsteariled firsand 2

wt % cycl oh 0 f t t
r ea(::t )c/)r f o?éﬁ&% EQ{G? |t J @ﬁ% aﬁ??)i% %&%{dﬁ%b%%d &?g%@ﬁ? Jaglagﬁi% &ggs}rtgp?%gent ed
in Fi gube 2on-Thanddabble strovprvhmts e optldotve iamonbna dlewdatts Packarde AedOnees t he

same (86% durin £ test) during the 580 hour run indicating a dramatic
o

i npr ovement o catal yst stability. Under these conditions, the

cycl ohexen¢006§] cofMhe pteeldctt evelrannileneal foBtatexianplaace: ovey td hx’swambnentervals.

condi t 1 ons e i ) Sl EERE Ta gl oG Epbbna AleT a0 Brcea

conposi ti omhmﬁmlgtaph ﬁgth%Dvde%myaﬂmemamA@ﬂent Beci HogiasohiOledanalo, m &322 Wt %

cyclohe ane. re ows t hat en the cycl phexene repl aced
with 2 Nt oy el gﬁ&%ﬂ‘é?l%ﬁﬂ S%Sa‘?a;?s‘f*edaw itRA %‘&?Fyrs@n‘ﬁjit %&Ontdﬁ‘%fa‘\gai%d“f)gﬁfg%
further 60@rddGt20Nbh6RBAABETINPAALA Qﬁ?al%@wiafe&aléén & lﬂnef\ﬁ@ MeIB2@odoass to
1920 hours tinme on streanm indicating that cyclohexane al so. inproves the

dehydr ogen&tf SRR With J %r{daW| Jereniitic eplprap 0 Hbs 8-2¢ SRR xonE Mgl cTihexane

i's convert e §@oBENABNSIs VarRp PG RAXENL t0: Ao ARG ®XiTBEYin 24 QS0coyEg oof
total tine on stream the unit was restarted after a nonproper shutdown.

This start @pn,amcémmt@léﬁ% G keld Rpumin.owity thedotp] palvsissinpbirmAgein.n TeodPer si on
and seligct is¥d ¥ rddlh %aéjﬁe‘%{oeaﬁ)ec 'fé;} LRMY K S WA B9 n&ﬂ? $openimhybspr,and

startup and not the switch to cyc |'ohekXane. [0070] Whil e the present
i nvent i on Rasinbéer/miesc2406e deld halthe endiotal anadgisyima dfo@mence to parti cul ar

embodi ment 34964105, QficRf fthOBE Yirdikd ¢Tosh Prdtl€ e Wold pRABRE FELBLS i Bhurd heE

i nvention
2. For Example 2, cyclohexanone was dehydrogenated in the presence of 5 wt%

cyclohexanol at 2 WHSV yielding a dehydrogenation feed composition of 95 wt%
20  cyclohexanone and 5 wt% cyclohexanol. The data shows that the cyclohexanone conversion
dropped from 96% to 86% within 740 hours on stream as represented in Figure 2.

Example 3: Cyclohexanone Dehvdrogenation with Cyclohexene

[0068] The test was run at the same conditions as Example 2 with the addition of
cyclohexene yicelding a feed composition comprising 93 wt% cyclohexanone, 5 wt%

25  cyclohexanol, and 2 wt% cyclohexene. This feed composition was feed to the
dehydrogenation reactor for 580 hrs (i.e., from 740 hours to 1320 hours TOS) as represented
in Figure 2. The data show that the cyclohexanone conversion remained the same (86%
during the test) during the 580 hour run indicating a dramatic improvement in the catalyst
stability. Under these conditions, the cyclohexene is converted to benzene.

30 Example 4: Cyclohexanone Dehvdrogenation with Cyclohexene

[0069] The test was run at the same conditions as Example 2 with the addition of
cyclohexane yiclding a feed composition comprising 93 wt% cyclohexanone, 5 wt%
cyclohexanol, and 2 wt% cyclohexane. Figure 2 also shows that when the cyclohexene was

replaced with 2 wt% cyclohexane, the catalyst activity remained the same for a further 600
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|l ends itself to variations not necessarily illustrated herein. For this
reason, then, reference 10should be nmade solely to the appended clains for
pur poses Wb 20ettwessONi ng the true scope of the present | RCEMIS2@N/031058D
2011/ 162850PCT/ US2011/ 031055 PCT CLAIMS 1. A process for the
dehydrogenati on of at |east one dehydrogenatabl e hydrocarbon, the process
conpri si ng: (a) supplying a dehydrogenation feed stream conpri sing
at |l east one 5 dehydrogenatabl e hydrocarbon to a first dehydrogenation
reaction z&fe(ghdiont kB20Hwug: to] W26 thow dingteery sFesge Aadicaing they gy deerpsnlios an
oxygen- contah (L AGns ity IREBREEH AAY QRN IURRTRRYO nditions, the &fRlohSHRPLY! NG
at least one stabilizing conpound™to the first dehydrogenation reaction
zone, such cemvatted teebonesng it qyelohaxerd. Atlapproxigisiely FA0R drowis b tatal dinmeoont sgam,
dehydr ogen . r |4 [ St QN
react] on 2 asaTliEas P HE 268 PAPURE HAGHEP, T95 el PN PRI S

st abi | i 2i ndfignondbumstep shaaghimreonyeygenandorleetivity ndhsidecraspivescmdersian bondud ng

conpound; %@%ﬁéh%%mml ﬁ%mﬁgngﬁﬁﬂkgggtﬂﬁl t st one dehydrogenat abl e

at |
hydr ocar bon™ an e at [east one I |?fﬁ8&%%ﬁg6und with a first

dehydr ogend@i760h caVileytht prascithievdntios hadbdeyidicsgtrdtandillustrted dgaticence ane
under dehydrogenation.conditions to convert at |east a rtion of the
ey dr ogendP Bt E HyGREEadIPsF A1 S iSOG et PR s df i BeaGe RSB | ng
conpound amshdhyehlogevariattont et peRaess itistatedidteln. RbethBi wasohethweirgbienseat i 0
of the stabjlizin 0 und. to the 20dehydr ogenat ab] e hydrocarbon suppli ed
2o the i o Shou b Baouhat MEnt Patenis i S AE MErg ¢ HeCrae 165 v Aok 00 s o
10: 1. 3. Thenapr@emssvedfios! ai m 1, wherein the weight ratio of the stabilizing

conmpound to the dehydr ogenat abl e hydrocarbon supplied to the first
dehydr ogenati on reaction zone in the
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25range of from1:200 to 1:1. 4. The process of any one of the preceding
clains, wherein the at |east one stabilizing conpound is selected from

cycl ohexawo,20tlyisbgshexene and benzene. 305. The process ofPCars2anm3wss cl ai ms
1-3, wherein the at |east on stabilizing conmpound is cycl ohexane. 6. The
process of any one of clainms 1-3, wherein the at | east one stabilizing
conpound i s benzene. WD 2011/ 162850PCT/ US2011/ 031055 7. The process of any
one of clains 1 to 6, wherein the at |east one dehydrogenatabl e hydrocarbon
i s cycl oheP4dobAIMS t he unsaturated six-nenmbered carbon ring conmpound is

phenol . 5 §. TheARfQGesSR: Bl dehrdBefatiottde bl %H@d&?%@é&&%@%ﬁ%a%%%ét ream

i's produced by a process conpri sing: contacting benzene and
hydr ogen wiptdsess compphisoigh kyl at i on cat al yst under hydroalkylatlon condi tions

to produce a hydsoalkubidhon 'RASKLAMRLOME! SREACTLRRIRALSLNGLHR one

cycl ohexyl benze xane, enzen oxidi zing at lTeast a
porti on5Sof dbh}@rqumtwlmbwirm@e ne affirg rdehmogq:ydromafbdqdbmtzq'n@mheeac tthecm lgsoduct

streamto prod l.benzene h droperoxi.de: (0Qcl eayin | east a
por 1 on of SPhaUEESTRF HDEHAST Sy MCGRREH B iPne PRAEALLES Bhoh IR ey
(e) to prodmmﬁnmdpleavage reacti on product strean1conpr|5|ng phenol and

Loy onaone ) S LS T FRERLP ! S SR g
of cl ai m 8reaati@r sing suttethat tht @aight e oSthakiabilizihg gora@ipo tintle dshydfiganafudtt
10 hydrocarbon supplied to the first dehydrogenation reaction zone is in the range of from 1:200
to 200:1 wherein the stabilizing compound is a non-oxygen-containing six membered carbon
ring compound; and
() contacting the at least one dehydrogenatable hydrocarbon and the at least one
stabilizing compound with a first dehydrogenation catalyst in the first dehydrogenation
15 reaction zone under dehydrogenation conditions to convert at least a portion of the
dehydrogenatable hydrocarbon into an unsaturated six-membered carbon ring compound and

hydrogen.

2. The process of claim 1, wherein the weight ratio of the stabilizing compound to the
20  dehydrogenatable hydrocarbon supplied to the first dehydrogenation reaction zone is in the
range of from 1:100 to 10:1.

3. The process of claim 1, wherein the weight ratio of the stabilizing compound to the
dehydrogenatable hydrocarbon supplied to the first dehydrogenation reaction zone in the

25  range of from 1:200 to 1:1.

4, The process of any one of the preceding claims, wherein the at least one stabilizing

compound is selected from cyclohexane, cyclohexene and benzene.

30 S The process of any one of claims 1-3, wherein the at least on stabilizing compound is

cyclohexane.

6. The process of any one of claims 1-3, wherein the at least one stabilizing compound is

benzene.
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20from t he hydroal kyl ati on reaction product stream 10.The process of claim
8, and further conprising dividing at |east a portion of the

hydr oal kywet2oaneessact i on product streaminto (i) a C6-riPCH/USRe1@MB1055
conprising cycl ohexane and benzene; and (ii) a cycl ohexyl benzene-rich
stream 25 11.The process of claim 10, and further conprising supplying at
| east a portion of the C6- rich streamto the first dehydrogenation
reaction zone as the at |east one stabilizing conpound. 3012. The process of
claim 10, wherein at |east a portion of the cycl ohexane in the C6-rich
streamis gonvef} oot BERFERE MCIkRE 150! ARLLRAGNSTLERad he M uRfal R 2
portion of the benzene is recycled to the contacting step (dj.

2011/ 162850pav¢agsp0s tydghas®ne pad tichesgngted se-opmbdéred parb@y riggeorppaundh ésr
conprising gypp! ying a further portion of the C6- rich streamto a second
dehydrogengtloh reaction zone and contacting the further portion of the
Co-richSstreamwith a second dehydrogenation catalyst in the second

dehydr ogengt | onypeaeL] o0, 20RE UBHET: ARMYAeERALL OB GORdLD ORRalRa ggIVer !
at | east a portion of t e cycl ohexane I ht'o enzene and produce a second
dehydr ogenatdcess cpmpdding: stream 14. The process of claim 10, and further

conprising recycling at least a portion of the second.dehydrogenatign
rofuct str eam Bhok weBleHE Bt erh it ot 3 BRESHRINER BTt s i
8, wher ei nhadirohle@Astionacoaitibnoid ppddutd e hedresiAgton reativh rodpetatiuah cShpisadp | S

supplied without fractionation to the first dehydrogenation reaction zone
as the lgeh)ﬂﬁ“:}%{%ﬂg‘fqzﬁﬁf’}@ ‘é‘eéatnFeaélﬂ‘ntbenzf%e.’ The process of claim8, and

further conprisieng dixedikihd biGastd pbr@asbf the BRI QFb@Eede TR nl Bie hedv@gati@act i on
product streaminto éi) a first ?raction conprising an azeotropic m xture
of phenol &FAUARRIPHITENEAB IR Prodhes yflphexylberrcBrny dronst¥idsh rich in

cycl ohexanone. (f}7. cIOQinRr¢&sSa Pirtibh 8f e LoeloMRGILBARN@hydr§RSIxi® RGH kheon Of
the first fraction is supplied to the first dehydrogenation reaction zone

as the dehydidiggngen 60 tp aveduse pedpavagroreagign mrAdich pEREs SoBPritgpianelpand
wher ei nsat | gaskanponlii on of the second fraction is supplied to the first
dehydr ogenation reaction zone as the dehydrogenation feed stream 19. The
process of claif®8, amrdeenmat kest Bydprioal Kythecleayrge aeastipo progneditream ¢ itheam

further dehydrogenation feed stream.

9. The process of claim 8, wherein the at least one stabilizing compound is obtained

20 from the hydroalkylation reaction product stream.

10. The process of claim 8, and further comprising dividing at least a portion of the
hydroalkylation reaction product stream into (i) a Ce-rich stream comprising cyclohexane and

benzene; and (ii) a cyclohexylbenzene-rich stream.

25
11. The process of claim 10, and further comprising supplying at least a portion of the Cs-
rich stream to the first dehydrogenation reaction zone as the at least one stabilizing
compound.

30 12. The process of claim 10, wherein at least a portion of the cyclohexane in the Cg-rich

stream is converted to benzene by the contacting step (c) and at least a portion of the benzene

is recycled to the contacting step (d).
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25conpri ses di cycl ohexyl benzene and the di cycl ohexyl benzene is converted to
addi ti onal cycl ohexyl benzene either by deal kylation or by transal kyl ati on
wi t h benz2w0e011/162850 PCT/US2011/031055

13. The process of claim 10, and further comprising supplying a further portion of the Cs-
rich stream to a second dehydrogenation reaction zone and contacting the further portion of
the Ce-rich stream with a second dehydrogenation catalyst in the second dehydrogenation
reaction zone under dehydrogenation conditions to convert at least a portion of the

5 cyclohexane into benzene and produce a second dehydrogenation product stream.

14. The process of claim 10, and further comprising recycling at least a portion of the

second dehydrogenation product stream back to the contacting step (d).

10 15. The process of claim 8, wherein at least a portion of the cleavage reaction product
stream is supplied without fractionation to the first dehydrogenation reaction zone as the

dehydrogenation feed stream.

16. The process of claim 8, and further comprising distilling at least a portion of the
15  cleavage reaction product stream into (i) a first fraction comprising an azeotropic mixture of

phenol and cyclohexanone; and (ii) a second fraction rich in cyclohexanone.

17. The process of claim 16, wherein at least a portion of the first fraction is supplied to
the first dehydrogenation reaction zone as the dehydrogenation feed stream.

20
18. The process of claim 16, wherein at least a portion of the second fraction is supplied

to the first dehydrogenation reaction zone as the dehydrogenation feed stream.

19. The process of claim 8, wherein the hydroalkylation reaction product stream further
25  comprises dicyclohexylbenzene and the dicyclohexylbenzene is converted to additional

cyclohexylbenzene either by dealkylation or by transalkylation with benzene.
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