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[0001] This invention relatkes to the co-production of
phenol , acetone, a- nethylstyrene and, optionally,

propyl ene oxide, and catal yst therefor; nore

particularly to a process and catal yst for producing
phenol, acetone, and a- inethylstyrene from cunene
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sel ectively reducing cumene hydroperoxide (CHP) to
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the entire cleavage reactor effluent, including all of the AMS may be

hydrogenated prior to separation of the phenol and acetone in the distillation
section of the plant, e.g., U.S. Patent 5,245,090.

[0003] AMS is used industrially in a variety of applications, particularly in the
production of certain copolymers and specialty polymers. In addition, AMS finds
utility as an intermediate in the production of fine chemicals such as unsaturated
AMS dimers. These dimers are used as molecular weight controlling agents in the
production of copolymers such as acrylonitrile-butadiene-styrene resins and
styrene-butadiene rubber. The hydrogenated forms of AMS dimers are of

industrial value as components in lubrication compositions.



2 [0004] A nunber of patented processes have been
devel oped in an attenpt to increase the AMS yield in
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the loss of AMS through secondary reactions. One
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CHP reduced to DMPC, the amount of AMS produced in the plant can be

continuously set to meet the demand of the market.

[0006] The process of this invention also provides a method for controlling the
AMS yield by reacting a portion of the CHP with an exogenous source of
propylene in an epoxidation reaction. In the epoxidation reactor, a portion of the
CHP is reduced in the presence of an epoxidation catalyst to DMPC with
propylene going to propylene oxide. The propylene oxide can be recovered as a

valuable byproduct. The liquid solution leaving the epoxidation reactor has



val uabl e byproduct. The liquid solution |eaving the
epoxi dation reactor has WO 2004/ 058672
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then be fed to the cleavagesunit of a phenol plant
where the remai ni ng CHP under goes aci d-catal yzed
deconposition to phenol and acetone. During the
deconposition, the acid catal yst can dehydrate DWPC
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| NYG0%) Ahis GMRNAPUALESs a process for co-producing AMS along with

acetone and phenol which comprises the steps of oxidizing a stream containing
cumene in the presence of an oxygen-containing stream to form a stream
containing CHP. A portion of the CHP stream may be reduced in the presence of
a catalyst, preferably a non-acidic catalyst to form a stream containing DMPC.
The DMPC-containing stream and the remaining portion of said CHP stream are
converted in the presence of a catalyst, preferably an acidic catalyst to form a
product stream containing AMS, acetone, and phenol. AMS, acetone, and phenol
are each separated .from said product stream. In this invention, the amount of
CHP reduced to DMPC may be varied from about zero up to about 50 weight

percent of the stream containing CHP.
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i nvention also includes a ptocess for co-produci ng AVMS
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[0012] Figure 2 is a schematic flow diagram of a processing scheme for the co-

production of phenol, acetone, AMS, and propylene oxide.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0013] Figure 1 represents a schematic flow diagram of an embodiment of this
invention as processing scheme 1 for the co-production of phenol, acetone, and
AMS. Cumene in stream 10 is fed to an oxidation reactor 101 where CHP is
produced by reaction of the cumene with oxygen from the air fed as stream 12.
Initiators to facilitate the oxidation of the cumene may be added as stream 13.
Preferably, these initiators may be an organic hydroperoxide, such as CHP, tert-

butyl hydroperoxide, ethylbenzene hydroperoxide or the like. Alternatively, these



Preferably, these initiators may be an organic
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Group 2 metal, such as magnesium, calcium, barium, or mixtures thereof;, a Group
1 metal, such as lithium, sodium, cesium, and mixtures thereof;, a Group 3 metal,
such as scandium, yttrium, lanthanum, or mixtures thereof, or mixtures and/or
combinations of the above. Group numbers used in this patent application are
from the Periodic Table of the Elements using the IUPAC format described in the
CRC Handbook Chemistry and Physics, 79th Edition, CRC Press, Boca Raton,
Florida (1998).
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possible diluting stream is the product itself. If first cleavage reactor 102 is

operated with a solid acid catalyst, such as those described in U.S. Patents
6,169,215; 6,169,216; and 6,297,406, in a plug flow reactor configuration, it is
desirable to have as low as possible an AMS concentration at the inlet to minimize
secondary reactions of the AMS. To achieve this goal, it is desirable to minimize
the AMS in the diluting stream 23. This may be achieved by hydrogenating a
portion of the effluent stream 19 as stream 20. Stream 20 is hydrogenated in
hydrogenation reactor 104 in the presence of hydrogen stream 22 and a

hydrogenation catalyst (not shown).
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portion of the effluent stream 19 as stream 20. Stream
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may be I n the randge of % of the total
c ad;cahlymat;orp r’Bfecanaing of the iltyd:roganattlon BOmmo%nt Ttay be in the range of
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exmmt@at%d P Nk, or sphiysically @rlmyxed Wdhbléﬁ(r Slzllta’oé% Ghtglyst support

1&1&{; rg tgn?es %@[l%]f%mn% ﬁncu 1‘; }fozi e:x §’1§)(]:16 zﬁulpma silica, clay,

t hedrbeM, . 21foQﬁih9]t1téEh£ Ahdl m%sdp@r(ﬁis rparcwldr Rityed)aast @dmplified by
cog&letely into the front end of first cleavage
Mr411lype maferialssadinyigiuges thergoki | uti ng stream 23 may

BSQB?@ gir]% QG strHR 93 %&agglséf 06/24%19@1 {ﬂ% ﬂérrﬁtegﬁ of first

cess uti‘ng ec
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necessary dil ue t to t he rpation of heav
CoM9En SAtes AT Aewg o8 bk loronde o ariessry Hﬂmgy effect.
COffRe Qﬁ'ﬁtrﬁtl@ padoGed | '1@ sét he 8fdv?<?evtﬁg Seb&RGY Ql'il(léﬁt to k?ﬂxﬂnmlze the
does so at the cost of ss of recovefable

adhriation taf lgagy i cdmp@nmtte nacressing \B dedugts dime tamouirteof heavy
cl gomp&lents produced in the cleavage reactor(s), but does so at the cost of a loss of
recoverable AMS. In addition to providing the necessary dilution to the cleavage
reactor, stream 23 may be cooled prior to entering first cleavage reactor 102 to
assist in heat removal from the reactor. As an alternative diluent, or in addition to
the product recycle, acetone from the acetone tower 113 may be returned to the
cleavage reactor in stream 29. '

[0020] Stream 21 from the first cleavage reactor 102 may be sent to a second
cleavage reactor 105. Second cleavage reactor 105 may be operated at conditions

that are the same or are different than those in first cleavage reactor 102. For



reactor, stream 23 may be cooled prior to entering
first cleavage reactor 102 to assist in heat renoval

wo ec@aiossse2 r eactor. As an alternative dil uent, BCT/UR2003/040283
addition to the product retycle, acetone fromthe
acetone tower 113 may be returned to the cl eavage
reactor in stream?29. [0020] Stream 21 fromthe first
cl eavage reactor 102 may be sent to a second cl eavage
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and @, 297 . Secqnd .cl eavage reactor 105 s, used to .

o st IR0 PRFG i S5EPBE b o6 rUEHHYS PBLRETRR & Ses of
cl 6axagansRa6i®rs 14, beAldd 3oLl teoAsioh B8 HEUEHP TR 4 Qiluent
phenol and acetone. "I n an alternative enbodi nent, a

s ersuels apicetanganayr onmayenat ba etldedsbetery cbeh tegeidr bask f i nal

conyersion of th P,..an i l.uent. such as acet one
o VT et bRl B atlon 25e5s 5e AR Fmay e
[ 0Qspbdatddtoditodice PhBRs] @ne ABQSHdWITh nthintd amolifty @A AMS produced.
processi ng schene 1 nay be operated to produce phenol

andWaer ppereting ihthis mpdmthasmiiinetio efis A heasein @llpf CHP stream
e SBRELF BAPo bl Reliiey (0\6-aBL1, bhb0 Dol g Fyfheon

wherein a

r eagh@sr 1082 Disersitsteam 285 hnd bptsedly sagpasx, atbng with stream 15
reductjon_reactor_ 103. Diluent stream 23, and .

optae kN {edstor Bisclegvags| Aol bR 18 tthe pfssanse of @ agidig catalyst
fe £ I eac i p ence: .o .
an ateln CBlE £ SRR B RAtaeh 60’ flohe DERTERGicKatalyst i
phepreferabiyl acsotil aroal cfalyst theti di aapelst alf ydstomposing hydroperoxides,
preferably a sqlid acid catal.yst that is_capagble of .. .
HocBibot Hipohyidie ahoEs, EbyRan siamn 08 dg it (eghagiment is
aboéb‘%nprﬁfscﬁ gy o SRR ASetbid, tchien& RedintENimbénts of AMS and
conprised mainfy of phenol, acetone, cunene, and snall
andheaves.ofDiANBE strehm A2 as famed byl lysmogesniimsmsireag 2@, a portion of

f oré}ﬁgenqystr%&%r&?%] %ty&rrc])%efatti%rel argcltc%c%’ 164 Es?rrlgt ia%ﬂite(ﬂ)fle hydrogenation
catalyst, such as those disclosed above. Stream 21, the remaining portion of
effluent stream 19, may then be fed to a secondary cleavage reactor 105 for
further conversion, if desired.

[0022] In still another embodiment of this invention, a two-bed, single reactor
may be used (not shown) for reduction and cleavage since the reaction
temperatures for DMPC formation and CHP cleavage are similar. A top bed may
contain a heterogeneous catalyst that does not convert significant amounts of CHP

to phenol and acetone, as discussed above, to produce DMPC to give the desired



ef fluent stream 19, in hydrogenation reactor 104 using

a sui tabl e hydrogenation catalyst, such as those
walk@alosserl above. Stream 21, the renmai ni ng porPCDOSTNG/040283

effluent stream 19, may theh be fed to a secondary

cl eavage reactor 105 for further conversion, if

desired. [00221 In still another enbodi nent of this

i nvention, a two-bed, single reactor nay be used (not

shown) for reduction and cl eavage since the reaction

t endliSayielde STHedottDMARdf mayracitain sasdtatleRctliccatalyst tardecompose

simlar. At ed . .ma ontain ter n
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produce DVPC to give the desired WO 2004/ 058672

PCTV0Ss29 0Brassed 8Boven itAnSrifhie the scphe off dhis dmvepden feyitilize liquid

ettt SOt B B oo EBhBLYE e Ger DGR e e (ot
DVRGotva). AMBuse 1sGRZR] ofdili@ acids & npitefleh@d step Gvdise ba required
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shahehrt. I f use is nmade of liquid acids, a
neutralization ste

woul d be required, pri to the
r ec8tAty %tareoﬁlaa_? e o to %@sh SlgllpC e g P p; GRaraie the
St qadmagg&h Wnents fbth StRAREH &itih%&eeei%gg ge&ﬁﬁldfftﬂ% plant.

or the | s 1s well known to those ski ed in

ar t The GalR#{ing histBlatior, schemy inayeseltedwior titlusttative purposes only.

killed i h t t th i ndi i |
cortIEEneE G By PSR o o5 A BE I seiont ogye 110
of h&eRlcaidhe andBe fiphtedVoRhodbit iakd 3épafled FHHRMBhESol and the

presented for illustrative purposes only. Stream 24

f r dipagice aerapenentsa diberovedsad sirapaniS tsgentie ter LightsAappiigel ower
Tower, 110 .where a ne.and t.h I ght er an S

ar ot oBite A PR RS at AR RS R NE A Sk 20 The

Thebaoedishead tisd ﬁ)pﬁﬁﬁg Bowdrsstieani 27 fe fdietolth@RESneloREte@® Column
Tower 112 where |light conpounds such as acetal dehyde
ar el PeFbgesipraduc specalisatign agsiene sgeeaymicdras sieahe8. The bottoms

t oppi f t i

nocPofidnkAptalte ALLEETGE D, (b A1, WorniPhibBifhenol, and some
aceAME; cumene aosteplethons aisd hemins2&e Bd e thetHanwy Ends Gower 114,
the Crude Acetone Tower 110, stream 31, _conprisin

pheWBere iRpayy remponasts &6 ferrEalcd abittsReton GitpTchd stream 32

heayi £8.10ah8 HRBodaPbdnRetiBtMYTERES1 10WRHerd e restB] AAMS and
t he heavy conponents are separated as stream 33. The

ovecumeand ¢ semmat8P from the phenol and pass to the AMS recovery section as
stream 34. The crude phenol product, stream 35, is fed to the Phenol Finishing
Tower 116, where product specification phenol is recovered overhead as stream
36. The AMS and cumene streams 30 and 34 are fed to the AMS Recovery
Tower 117 where AMS is recovered as product stream 39, while cumene as
stream 38 is returned to the oxidizer reactor 101.
[0025] By controlling the split ratios o and B, the amount of AMS produced in the
plant can be continuously set, from about zero to about 50 wt.% of the stream
containing CHP; preferably from about zero to about 30 wt.% of the stream

containing CHP; more preferably from about zero to about 20 wt.% of the stream



is fed to the Hydrocarbon Renoval Tower 115, where the

residual AMS and cunene are separated fromthe pheno
wan@4pas32t 0 the AMS recovery section as strepOT/B82003/040283

The crude phenol product, d0ream 35, is fed to the

Phenol Finishing Tower 116, where product '

specification phenol is recovered overhead as stream

36. The AVS and cunene streans 30 and 34 are fed to

the AMS Recovery Tower 117 where AMS is recovered as
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CHRcetbSidnohd) tiydetiiy dﬁﬂpﬁﬁ@a@tafcurﬁéﬂ&%@elﬂ €diRentrated by removing
hydr oper OXI de or the like. Alternatively, these
i niatnoatien of haymiracted cmegelpHar to e cleayegesseriiepfl th processing
catgyl ¥ze44 he oxidation of organic hydrocarbons such
as € azo type free radical initiators or any of the
peneny tThecCHP stecanadl tsathen split firdtd otrsanay 46 el 47, kxeth ths spht ratio
di scl os‘?d above with respect to proceSS| ng sche
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v Y ¢ HOlng 1 Fpaigationeagpon, SLE is iefe o BV Bver a
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fed hé epoxidati'on reactor 120 where a portion of

t hen@y]miqnnmgt rResfarabty,r saddt spokitlation catalysts may be the catalysts
disclosed in U.S. Patent 6,114,551, incorporated herein by reference. Stream 48

leaving the reduction reactor, therefore, has an increased concentration of DMPC
relative to CHP stream 45. Streams 48 and 46 are fed to first cleavage reactor 102
where an acidic catalyst decomposes the CHP into phenol and acetone, and
dehydrates the DMPC into AMS. Preferably, suitable acidic catalysts, such as a
mixed metal oxide, are the same as those disclosed above with respect to
processing scheme 1. The effluent from first cleavage reactor 102 is comprised
mainly of phenol, acetone, AMS, acetophenone, cumene, and some heavies

produced from secondary reactions.
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propyl ene oxide as a product stream 70. During the
wep@Miossstt on reaction, CHP is reduced to DVPC PUEUSH03/040283

sui t abl e epoxi dati on catal y$t, which include titanium

supported on silica or nolybdenum Preferably, such

epoxi dation catal ysts nmay be the catal ysts discl osed
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di | él&dvﬁ@e Fécaét%PtIOS TR& o2 cldavigdte &t 053Hay béggéﬁteé &t cdiditions

provide the necessary diluent to mnimze
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than first cleavage reactor 102. Cleavage reactor 105 would typically be a plug-
flow reactor, and may, or may not contain a catalyst bed. If a liquid acid such as
sulfuric acid is used in reactor 102, there may be sufficient acidity remaining in
stream 51 to catalyze the necessary reactions in reactor 105. In a preferred
embodiment, cleavage reactor 105 contains a solid acid catalyst, such as those
described in U.S. Patents 6,169,215; 6,169,216; and 6,297,406. Cleavage reactor

105 is used to decompose any dicumyl peroxide that may form in first reactor 102,

and convert any residual CHP to phenol and acetone. In an alternative



does so at the cost of a |oss of recoverable AVS. As
an alternative diluent, or in addition to the product
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returned to the cl eavage rdactor in stream59. [0030]
Stream 51 fromthe first cleavage reactor 102 may be
sent to a second cleavage reactor 105. Second
cl eavage reactor 105 may be operated at conditions
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2004/ 058672 PCT/ US2003/ 040283 12 enbodi nent, a series
of ¥wo or nore reactors may be used for final
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may or nma be addéd before each reactor .

[ ooscil}'ldwh tcanmnen@ fmefsteah|5¢ exaingthealeyhpa sepapaloj?aﬂne plant.

d 105
1 e TR RE RS %5 s ofPRuER PhATYERRY IiSes onty
I I Bitedim 84 iffbin S bledwa gﬁlﬂe&dﬂ@ﬂ B @t do e BeERTRLESHe THer 110
deconposition of the If use is nade of liquid

acivdeere fcefene ead ithadighier sompongnis @repscperied fiom ph@lml and the
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Such a née zation s

| ort 1exeias ehtr @siposnds sdch @s hidtsldelngleiase Wahdvel AOWMedn®56. The
thgse skill ed |n the art. [0032] There are.many ways
kndWoms o the teRing toaverrFirepa Sdrare fod 1o dipaRefinediAgstonc Column
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is fed to the Hydrocarbon Removal Tower 115, where the residual AMS and
cumene are separated from the phenol and pass to the AMS recovery section as
stream 64. The crude phenol product, stream 65, is fed to the Phenol Finishing
Tower 116, where product specification phenol is recovered overhead as stream
66. The AMS/cumene streams 60 and 64 are fed to the AMS Recovery Tower
117 where AMS is recovered as product stream 69, while cumene as stream 68 is
returned to the oxidizer reactor 101.
[0033] By controlling the split ratios « and B, the amount of AMS produced in the
plant can be continuously set, from about zero to about 50 wt.% of the stream

containing CHP; preferably from about zero to about 30 wt.% of the stream
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[ 0om@lar TREo | ofy st sdEYMInABPhosPhasews Was t1/8/ll arllhy pH of the

desﬁoh@&%d@'&d sfe%hgrQe Bhd Rdiddie 1{ f%g%‘f‘%ﬁﬁ%k@ﬁﬁmc acid.
processin St ab et er ogeneou

c at ‘Hhe/miaterial meﬂmaddnfaqj‘olmepyleneﬂﬁmﬂ:d and ﬁl@Sn areanbaxs(100°C)
1 apd will descrihe the nt hesi s of such. a ‘
cat 2r g {hougs, AT aatenal e t@eﬁ%llltfare&eg’éﬂ}egea@h@“‘lﬁ]s"é agproximately

thegsc. cat gdnish e nfaRHdE g a%mﬂe@&épéaoo@mkﬁgm. The
[ 00351 A solution containing 500 g wat er, 45

conelementat adlysboadrysical propattiesiaregs shiovoninaldble I

nitrate, and 75 g of concen%sulfuri c acid was
prepared wth m xing. Anot uti on was prepared

cont ai ning 1600 g of water and 300

l)—l'_r

Element wt.%
Co 7.1
Al 253
P 3.4
Surface Area, m*/g | 145

[0036] A portion of the above material was treated with a 0.IN solution of
ammonium nitrate (100 ml of 0.1N ammonium nitrate solution to 10 g of calcined

material). This treatment was done a total of four times with fresh solution. The



g of alum num sulfate. These two solutions were
conbined with stirring. The nolar ratio of the

wa@ odwalosgeat um numl phosphorous was 1/8/ 1. The pHrOT/US1v83/040283
product was adjusted to 9 by the addition of a 50 wt. %
solution of sulfuric acid. The material was placed in
a pol ypropyl ene bottle and put in a steam box (100C)
for 48 hours. The material was then filtered, washed,
and dried at approximtely 85C A portion of the
matresterisl wassher filterad,ovashed, tand Shodat appresiimatetyu8 3°C. TA@ortion of

el nt al .anal yses and . physi.gal. pr.operties. were. as .
Shottr Tieril B AT Calmed Pl Bl o7 The Apgacesarea of this
P3.1ﬁat§ﬁ£1fva§se31errgzag_ m / gl45 [0036] A portion of the

above material was treated with a O 1N sol ution of
ammoniumnitrate (100 m of 0.1N ammoniumnitrate

solgéil{gﬁ!e&o 10 g of calcined nmaterial). This

tr _ s done a total of four tinmes with fresh
sol jué37prTo Bhes50MR120Q4d Bodoky fRET /Aded 0Rah Ot Qd8densdd stirrer and
material was then filtered, washed, and dried at

appfreRiag fEmgl, ga€located dn @i vwerdrath fosdempgrauraoniked wascharged

cal £i.p3 f ' r r

¢V MERERS O R Rt MO T S8 B e 1. o
25 O0mixture ovaschdatetdt to mefliva $&7°00) twidd stiviring, and 60.0ens€8) wt.% CHP
stirrer and . dr.oppi f unn d located in a ter

pat MR ERISEA S ot e, (dsvitarigatme, 49 TuPMIPC, 2.1
of . e : f ] :
2, 00 B ey e, 880 R0 81 ad UL Bl 2
wi tfollowing addytioraeliths CHP golofio§Gmatl. stmGHde (agobxiniately 0.2 ml) of

e Y5 nf Gl i -fenlie i s i frinkiged by
appga’@&ma%g’rgﬁ}p((m)_ 2 g/mn. Followng addition of

the CHP sol ution, small sanples (approximtely 0.2 nl)
of 1093k Fabietdelovsshats tha campesitipn (el Ahvaf the neagjuitaplution at 1

e BT e B GO TGS Dl For g oo dae

corpubds ITj the f¢ldwity definitibes drepedvadeid: sol ution at 1

CHP Conversion (%) = (wt.% CHPreeq - Wt.% CHPproguct)/(Wt.% CHPgeeq)
% Increase in DMPC = (wt.% DMPCroguct - Wt.% DMPCeeq)/(Wt.% DMPCreeq)

TABLE II
Feed 1 hr 3 hr
Acetone ' 66.67 66.97 66.72
Cumene 2.56 241 2.31
Phenol 0.09 0.05 0.06
o~Methyl Styrene 0.07 0.15 0.16
Acetophenone 0.70 1.57 1.97
DMPC 2.36 5.95 7.67
Cumene Hydroperoxide 26.93 22.53 20.71
CHP Conversion 16.4% 23.1%
% Increase in DMPC 152.4% 225.2%




and 3 hours after the addition of the CHP was
conplete. For analyzing the data in Table Il, the

wo odo4odeny definitions are provided: CHP ConverPsST/o8200340283

= (wt.% CHPfeed - wt. % CHPpBoduct)/ (wt % CHPf eed) %
Increase in DVWPC = (wt. % DVPCpr oduct - wt.%

DVPCf eed) / (W . % DMPCf eed) TABLE Il Feedl hr3 hr

Acet one66. 6766. 9766. 72 Cunene2. 562. 412. 31

Phenol 0. 090. 050. 06 a - Met hyl Styrene0. 070. 150. 16

Ac€disph e’H@WéJ@ve? emﬁm SBWWOZIGMAQB% 67talgaimedeces the CHP to

i 2.5320. 7 anl6. 4923.1 %
ot INURCE T S e nopradidisy a0 ArD k8 dipsontposition of CHP
PCT{MS@QQ&/&&%&@M 15 [0039] The above exanpl e shows
that the Co/Al/PO4 catal yst reduces the CHP to DWVPC.

The catal yst, being non-acidic, is inactive for the

declg os.lie ion of CHP into phenol and acetone. Exanple
3 Jﬂ?-—%iwo hundred and fifty granms of Zr(OCl2. 8H20

ando®@) grwé hﬁﬁﬁé@ﬁﬁcﬂﬁﬁy%&mwaaﬂlzssﬂi@aﬁﬂ 88 plof Co(NO3)2 6H,0
stirring in 5 1liters of distilled water. Another

sol Were SSO&‘@ﬁt ‘Z—Ylthl Sﬂi’@ml%()ngl dfliters Rl disfilied-vatar. Angther solution

lit

sol Sifine J30F ¢t Silc RESOM'RE PE AL B aiop IR Sk s propared

a rbzst ewondokutivgs Wére qoirhtified bietel rizd of GOpmdintie waeg a nozzle
dj usted imately 9 hy th ddj ti f

o RSB TR tman et oo ] by Sprimopheg by e

?Ut add')fhonpgf )égﬁééﬁbfﬁtgﬂ? eanlﬁﬁBﬁlhﬁls Xlﬁle ac?ﬂls | Budy SERAHRR :Put in

for 72 hours. The pr od fornmed was Tecovere
by fdlygropylemsn potiles ad miacdd wa&&nmeﬂoo%@j far V2cdhours. The

overni.ght. at 85C. A porjjon.of.this.catalyst was .

o) BPHE TEISOBE TROTIOHP G Bion. To1Heg AU Poeto Npigh fng dried

cat }levEEhthRags @ AQ%riéh obthi Rtk waFxaIRke t¢+800°C in flowing air
for 3 hours to form a catalyst having 20% Co, by weight.

Example 4
[0041] To a 250-ml round bottom flask fitted with a condenser, stirrer and

dropping funnel, and located in a water bath for temperature control, was charged
a mixture of 100.0 g of acetone and 1.00 g of the catalyst of Example 3. The
mixture was heated to reflux (5§7°C) with stirring, and 50.0 g of 80 wt.% CHP
solution (analyzed as 80.8 wt.% CHP, 7.7 wt.% cumene, 6.9 wt.% DMPC, 2.1
wt.% acetophenone) was added dropwise at an approximate rate of 2 g/min.
Following addition of the CHP solution, small samples (approximately 0.2 ml) of
the reactant solution were withdrawn at regular intervals, filtered, and analyzed by
GC.

[0042] Table III below shows the composition (wt.%) of the reactant solution at 1

and 3 hours after the addition of the CHP was complete.



[0041] To a 250-nl round bottomflask fitted with a
condenser, stirrer and dropping funnel, and | ocated
WO nooa/09sUer bath for tenperature control, was BOBRUSEA3/040283
a mxture of 100.0 g of acdtone and 1.00 g of the
catal yst of Exanple 3. The mxture was heated to
reflux (57C) with stirring, and 50.0 g of 80 wt. % CHP
solution (analyzed as 80.8 w.% CHP, 7.7 wt.% cunene,
6.9 mt.%DWC, 2.1 w.% acetophenone) was added
dropwi se at an approximate fasepeff 2 9/ mn. Fol | ow ng
addition of the CHP sol ution, small sanples
(approximately 0.2 m) of the reactant solution were
wi t hdr awn at regul ar intervals, Fedder ed 1and janaByzed
b (€0 042 Tabte t+11 betow st trh OsTt
(%t .9 At S[JC?IWPJ reactant solutiqn 58\%? gﬂ;ﬁ haojur 9670?2
after |tenaddi tion of the CHP vva52(56rrpl et227 W0 2.20

2004/ ( PCI/USZ0037/ 040283 16 Bl Feledl .
ARl 767 5707 32 Cumbnes Les 127200 RES

Phenol|@-B&thyd S0yre® a- Met hyl Stjyrefdd. 470.2.39. 13  0.13
Acetoph&&gbglg%%%z 292. 43 DWPCZ. 368.7p29. 95, byimene

Hydr operext-d 0319- 1717 48 CHP Comvelrsi6r28- 8985 06
% | ncrlddMEG n DMPC261. 20821. 9% [ 0848] [TheS-8bove  9-95
exanpl|ecshawsidisperdxige/ Zr 02 qat akyst redgiges [ hep P
to DNRe—Fhe—tat—pad ‘)."f’ he-l—ﬁ-g—-ﬁﬁh—-&ﬁ-l—ﬁl-l—ﬁ-’——-l—s—l—
for theCHRGoapasioni on of CHP into phegnol28a96 aceBSah%

Exanpl(g catal ysts of Exanpl and
Sui tn.gbl/gi%érgas%[ﬂDM§C fn?r/ 103 of prEPZ‘%i.QZ!I’/?m 31‘2.::1‘3

1. By adjusting the split ratio a, and using the

processing paraneters of tenperature and contact tine

to oAt Il c 1e°" S ﬁ{w Chs & mehenp

CHF;& ]Eeam gan ucSe %& g lrgor Ellg? ustcr athl ve ©
DMPC. The catalyst, bemg non—ac1dlc, is inactive for the decomposition of CHP

into phenol and acetone.

Example 5
[0044] The catalysts of Examples 1 and 3 are suitable for use in reactor 103 of

processing scheme 1. By adjusting the split ratio o, and using the processing
parameters of temperature and contact time to control the conversion, varying
percentages of the CHP stream 14 can be reduced to DMPC. For illustrative
purposes, a material balance for processing scheme 1 is shown in Table IV where

the amount of CHP reduced is varied between 0 and about 12%, by weight.

TABLE IV
% CHP Reduced 0 5 7 11.8
Phenol Yield (%) 94.1 88.9 86.8 81.8
AMS Yield (%) 80 171.6 208.2 296.1
AMS/Phenol (%) 3.5 8 10 15

[0045] The phenol yield shown in Table IV is the amount of phenol produced as a
percentage of the cumene fed to 101 that is converted. The AMS yield shown in



pur poses, a material balance for processing schenme 1
is shown in Table IV where the anount of CHP reduced
wo sowasseerl bet ween 0 and about 12% by wei ght . POABEEH03/M80283
% CHP Reduced05711.8 Phenol17Yi el d %94. 188. 986. 881. 8
AVS Yield (9980171. 6208. 2296. 1 AMS/ Phenol 9%3. 581015
[ 0045] The phenol yield shown in Table IV is the
anmount of phenol produced as a percentage of the
cunene fed to 101 that is converted. The AMS yield
shobiable BV viptieomaguwms 96 AMPoredysed i3 tipaplpmarelative To Hiceameunt of

i s o [r.odu iAn : lLati

R OURERRedty mYBRIGAIGES, MR it Sonfh BOTlIETT, bY Falyfhe the
i S S of ICHRkEdckY frody ze@r i stgput 1%, ah®watio of AGEPto phenol
reduced from zero to about 120/% the ratio of AMS to

pharefuced in theadant can bheardfram é 2 ieabPYF 124 from 3. 5%

to t 9 4 I §.i1KIH0 h i | '

IR AT AL BN et SR 3 oy S8 U Lo tha
yi éhflsermt the yieddsodf plphatol plintr here awamynyp pocessigngeps in the

steps.in th roducti on of. phenol., as illustrated i.n
> Bacudlion Y enBiel e Shidcn Praeds Rhamit b 3hg AL hat ifluence

ovehg! dvePAOgRLERSh YieflsdS FoFQliudtiative {fu@bds¥e oPUhROSESple, the
of this exanple, thé follow ng selectivities have

beenllpwatgdetactivities haveteen postatatadn Intthy oxidatdon step, the selectivity

selectivit cunene . inbeactor .101. i

osont crimeng dp GER Rl hiebylebha thisrieedliy Jo B dor the
Pr atBHCCHPI oxidRAWro & is hheutssba cThe/édldetivity i fifst cleavage reactor
cl eavage reactor 102 and second cl eavage reactor 105,

t o YHemd) seeond desvrenecartor 40b e phenadand wprionssisjabeti 3% 3%. The
to i i : ' A 0,80% The. .
2 IRy SRR B 67 et 2B Tifning 20
di npsrGenaofithp AMBYS ireandd tol AV dimess ldevsunylpheabl.e |V,

t he ghen‘gl and AMS %/i elds are a function of the _CHP
t halP047k pegipveyn habladVy SpphierghandkAdDyicldssare & function of the

r ed@aﬁ?!tﬂﬁ 19feddbQtin e cidtrealthP1 64, o%gg@&:tiiog of Q?out 7% of the
oxi dation reactor 101 represents an AVS yield relative
t o CHRepraduxedtin dlie phidatodn mpactdudet répredehis qul AMS gield relative to

about 10% , representin yield in _excess of 200% s
i 5 MOURLBHeR PTG EYIhPlapt SlaboRt Gy HotFEorting a vield in

US Eex@bssfof SO GHIION i’ 8B8Fd Ban dolBRShatHedRAd FiteiRlthe use of a
DMPC that is produced is independent of the nethod by

reduction reactor.

[0048] The additional DMPC that is produced is independent of the method by

which the CHP is reduced. Consequently, the AMS yields are the same
irrespective of whether the DMPC is formed via a reduction reaction as in the

scheme of Figure 1 or in an epoxidation reaction as shown in the scheme of Figure
2.



which the CHP is reduced. Consequently, the AMS yields
are the sane irrespective of whether the DMPC is

wo oroams8evt a a reduction reaction as in the schenesmi3/040283
Figure 1 or in an epoxidatil®n reaction as shown in the
schene of Figure 2. WD 2004/ 058672 PCT/ US2003/ 040283
18 CLAIM5 We claim 1. A process for producing
a- net hyl styrene, acetone, and phenol conprising the
steps of: (a) oxidizing a stream containing cunmene in
t hiClphBMBnce of an oxygen-containing streamto forma
stream cont ai ni ng cunene hydroperoxide, (b) reacting
a first portion of said stream containing cunene
hydyeprifxi de in the presence of a catalyst to forma
stream containing di nethyl phenyl carbinol, and (c)
recovering a product stream contai ni ng

t hyl ' § ol
co % act |1§ g}( S?e%u& L ?I?ogigu%ﬂ s glpl Is 9 ac{tﬁﬁ{%ﬂd ?Xenoll comprising
car bi nolthastdpd dfe r emai ni ng portlon of sald cunmene

hydr oper oxi de st.reamin the presence of an a idic
cat al yst® 2. O?cvfémago%e%@maf CRMAHAS] CUFRS dft nthst Bgsqcy of an

i ncl udes cont géﬂﬂeorgacu ﬁégt;&ﬁmoqeﬁﬁaw O HoMBEA%E cumene

phenyl carbinol'; sal roperOX| e stream
and a di | uenthydtapeamxiden t he presence of said aci d| C

catalyst, 3. Th rocess of claim?2,. wherein said
dil uent @1 r edff5Es e diste PORIONTIY Shigedeap captaming cumene

or 3, wherei nytdRrdxide inithd§reden&d Bgeas c£8R5P e 188N 3 stream
portion of sai'd product streamw th hydrogén in the

presence of aponnydnegmhquuhemdtcaﬂbyml and form sal d
di | uent *ream

ai d oxiGl 71 ngreiipe caySifeTee ssbl itk fymtQgf§rehe, ccctone,

st ream cont ai ghidhefsiN®Rfed B¥tcbﬁta@tﬁragsm Strédm @Bntaining dimethyl
initiator. 6. The process of claimb, wherein said

initiator is Hepdccadindlopnd Hae greaning opeition| af wid cumene
cumene hydr o 9 ego det s‘?{etamttmttpfé ?1%%%59 Bf oa &g bat%fﬁ‘é.’ |

benzene hydrope
i niZ.i at Orls, pl’pedismof claymel fwl&ﬁ'em step (c) 1ncludes contacting said stream -

containing dimethyl phenyl carbinol, said cumene hydroperoxide stream,
and a diluent stream in the presence of said acidic catalyst.
The process of claim 2, wherein said diluent stream is acetone.

4. The process of claim 2 or 3, wherein step (¢) further includes contacting a
portion of said product stream with hydrogen in the presence of a
hydrogenation catalyst to form said diluent stream.

5. The process of claim 1, wherein said oxidizing step (a) includes oxidizing
said stream containing cumene in the presence of an initiator.

6. The process of claim 5, wherein said initiator is selected from the group
consisting of cumene hydroperoxide, tert-butyl hydroperoxide, ethyl
benzene hydroperoxide, azo type free radical initiators, peroxy type free
radical initiators, and mixtures thereof.

7. The process of claim 1, wherein said catalyst of step (b) is comprised of a

metal and a catalyst support.



radical initiators, and m xtures thereof. 7. The
process of claim1, wherein said catalyst of step (b)

wo 30008872 sed of a netal and a catal yst suppoPCT/USID03/040283
2004/ 058672 PCT/ US2003/ 040283 19 8. The process of
claim7, wherein said netal is selected fromthe group
consisting of a Goup 1 netal, a Goup 2 netal, a
Goup 3 netal, a Goup 8 transition netal, a Goup 9

transition mstal a Goup 10 transition mstal and
m & ur esThGImpe@S ofgclalrrhé, pvﬂlgmrsgaléfm@talame?ec@?d gom the group

\é\?gLS' 2 &?{@%‘1% {I}gn roél'psj]u%)lgﬁi ; daf%us %l SSHE9 é{oﬁf% ﬁl@tgl a Group

crystall

anmor phogstrand]tiofi rﬁétﬂlh aspbap eSransKion meéal,rwﬁabupom tﬂﬁfsmon metal,
mesopor ous nol ecul ar sieves, and m xtures thereof.
10. The apd HusBEesgheredfai m 7, wherein said netal is

Co@al t aﬂ’l% ggdgésegs gfél%}ﬂ% or 4?5%“%%{& saﬁcf caztélérgt%gt)gt?ﬁ I%;(ée%%ted from

11.""The pr erelrn sal
cobal t ahe gaup‘i caisidtiigt of Ssifigmr bluima'nzal wngstuliine or amorphous

phosphat 12. The process of ¢ 1 wherein said
aci di ¢ @ipglpgglgosghatgsb éog}&)“r meta @p € SRFSOPQIERS 19, cular sieves,

group C%ﬁhﬁkﬁﬁ%tﬁéreéf' iquid catalyst and a solid acid
catalyst. 13. The process of claim 12 wherein said

acildi c cdteaprpstssicd Gaiof G[ wheesin gaidldetallie cpbadc end safl catalyst

claim12 V\,h%{em said acidic catalyst is a solid acid
cat al ystSUPRE} BAEF oMt he group consisting of a

Goyp 4 TRt floc&si steclhinaty, Rasrdeanid Mefl fid @6bAly asd GhidUditalyst
6 netal oxide, a sulfated transition netal oxi de, a

m xed n@paworbwuaagnmﬂnb@msphnt@xu de and a Goup 4 netal

74 Tner oy i SERRR CAEGPAR oG BUPRERE s 8 B sblected

f I xed befbrh @aCdoip célxﬁlsuiig of @hqmas:atagfst (51" mlfa atviteéa@alpst
sai d hydrogenation catalyst is conprised of

hy didegenbhei mﬁce@%ﬁ%@mﬁ amerey wid %91915 Pa@bﬁb@rsﬂlﬁulqwd

T ooty Blgt Uy VAGE Bt oL B0l i o

G oup 6 sekteld,fran ﬂ?[eogrpuﬁ comisting ofl a@roup 4&netabd>)aﬂe; that has been

(rﬁ S;J 5r 2 Smo&@led b?; aGG?gu% %C%né{glt gylnde aa s%l?atgd ’rlr%nsrf’c‘forlameta?1 oxide, a
mixed metal oxide of cerium oxide and a Group 4 metal oxide, and
mixtures thereof.

15.  The process of claim 14 wherein said acidic catalyst is contained in a fixed
bed reactor. |

16.  The process of claim 4 wherein said hydrogenation catalyst is comprised
of a hydrogenation component and a catalyst support.

17.  The process of claim 16 wherein said hydrogenation component is selected
from the group consisting of a Group 6 metal, a Group 7 metal, a Group 8
metal, a Group 9 metal, a Group 10 metal, a Group 11 metal, and mixtures
thereof.

18.  The process of claim 17 wherein said hydrogenation component is

palladium or platinum.



t hereof. 18. The process of claim 17 wherein said

hydr ogenati on conponent is palladiumor platinum WO
wQoee4/08885672 PCT/ US2003/ 040283 20 19. The pr oRERESZIN3/040283

claim 16 wherein said catalgst support is selected

fromthe group consisting of alumna, silica, clay,

carbon, zirconia, titania, nesoporous nol ecul ar

sieves, and m xtures thereof. 20. The process of any

preceding claimwherein said first portion of said
st r¥am cbh piopesspf claimré wyateiopeidpaiadist snppostisseiegied from the
step (b)_is from about ero _up. ahout 50 wei . "

per cont BPIR f ARSRRaN ffien il R Hahe ool Mibnta, dtani

hydr oper@xidperoud nolddigarRicRe 3Ad afixtota3itmeresy. wher ei n
said first portion of said stream containj n% cunen

s e .
hy #Gper b @Eocess pEay iparpedmgpclal) Whergin saida Best pogiiqnp of said
up to abgut 15 Wei: C i :
cont ai ni ér%é cunélﬁhgﬁlggéglg%%eer ox?l%té?ﬁgézﬂl 1%%ptr %c Y s(b? %)Srfrom about
produci ngera-upetdybatt yileneighp peryhie nf saidi deamacattainmg cumene
and phe]gs;)dtr conmprising the steps of: (a) oxidizing a
st ream cOFRHPHE®cunene in the presence of a stream

co I ni i 1y
hy 3% 2l N fge 3)2?‘&(%%)&0 clah M@ Wi SRMHOER] HoRGor %ﬁ‘gﬁgd stream

oper oxi de reacting a propyl ene stream an
first pocdntaningfcuswing hytiropemrridedntraiating gtapulimnefrom about zero

hydr oper oxi de jn .t resence o .epoxi dati on. .

ot ol ot o abita 15 PEGRT GGHeal iingeid, REtaHy | oghiripe cumene
car bi nol hahepaotié st product stream cont ai ni ng
propyl ene oxide; (c) recovering a second product
st reéam clrprapess rigr produeing losmpthalstyronca peemtene ewde, acetone, and

phenol fgor b ontacting said stream containing
di met hylﬁb%lgﬂ%d%rgsﬁﬁﬁglﬂeg%‘aft he remai ni ng portion of

sai d strggm 6ﬁﬂiz§ﬂ£u Bifica@! BENEnHEURRAE Gif itk pieBericB®f a stream
presence of an acidic catalyst. 23. The process, of

cl ai m 22 wher eQUHAIBMEY QFEen nEq ufEE cHnfledp ngGorigingng cumene

stream cont aj i L:qet hyl phenyl carbinol, said
remai ni ng por%‘%ﬁ&g&lgg’i d stream

(b) reacting a propylene stream and a first portion of said stream
containing cumene hydroperoxide in the presence of an
epoxidation catalyst to form a stream containing dimethyl phenyl
carbinol and a first product stream containing propylene oxide;

(c) recovering a second product stream containing o-methylstyrene,
acetone, and phenol formed by contacting said stream containing
dimethyl phenyl carbinol and the remaining portion of said stream
containing cumene hydroperoxide in the presence of an acidic
catalyst.

23.  The process of claim 22 wherein step (c) includes contacting said stream
containing dimethyl phenyl carbinol, said remaining portion of said stream
containing cumene hydroperoxide, and a diluent stream in the presence of
said acidic catalyst.

24.  The process of claim 23, wherein said diluent stream is acetone.



cont ai ni ng cunene hydroperoxide, and a diluent stream
in the presence of said acidic catalyst. 24. The

w@er@aess7nf claim 23, wherein said diluent strePeUS®03/040283

acetone. WD 2004/ 058672 PCPAUS2003/040283 21 25. The
process of claim 23, wherein step (c) further includes
contacting a portion of said second product stream

wi th hydrogen and in the presence of a hydrogenation
catal yst. 26. The process of claim 25, wherein said )

hy e gerdtei rracesatafl gjaim 23, whersiy sier) (c)ofurther includes contacting a

hydr ogenat.i an_conponen t par .

The. pr odBtisihet BE RIS Pt f AhE g 1y R e if fho proscace

conponenyf aiksdropehf&inetdlysom t he group consisting of a

Goup 6 netal, a Goup_ 7 netal, a. Goup 8 netal, .a .

G 9 Thstpapcesy ofplaimp 23 0vhsseia saidhydrqagpation Gatalugt is geypprised

M Xt ur e, dbehRRonatifh colinBiARE 3 %allysPhplh 27, wherein
dorog na pal’l adi 4

said hy on conpdnent 1's a m or

pl &@7. nuriThe2 ProcEdse op raddas L6p fwitdrein nsadd , hydrggenatidB component is
wherein said _catal yst support, is_. selected fromthe

group coﬁﬁgF@flifW e grupronsistiag of g ropp Qyt?etégra%ﬁ?p 7 metal, a

Zi r coni agrolyf 5L, ATRBEP IR, Tedr66 'l @nch! d @%ufaf‘ldmetal, and
m xtures thereof. 30. e process of claim 22, 23, 24,

25, 26, mixjurdsthewof.29, wherein said oxidizing step

Ao HiecaREs Of fim ot HGRT IO PR Rt Eogponent s
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group consisting of cunmene hydroperoxide, tert-butyl )
hy #bperbei teocesst by IclaibeMredb ¢fydb.opbesi gaid egtdystypmwport is
free radical ;iRnitiafor eroxy.. t ragica
initiator e,"{egn %"ﬁ% 3‘%‘% g r?é’?se%t ng/ g’g glqlﬁ‘gnapr%@éeas 341%¥, carbon,

cl ai m 2Zircdmia, Bniaz@esoddroud MmolédhlardBries3Bnd Bfixtdrks thereof.
wherei'n said epoxidation catalyst of st eg (b) .is . .
sel ¥kt edlher BrecesseolgelBup Lorksh 4 Ag> 8P> 27i LanPuAY, Wherein said
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26, 27, piEsen2fof @linitddor. or 32, wherein said acidic
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cat al ysteongisting of cumene hydroperoxide, tert-butyl hydroperoxide, ethyl
benzene hydroperoxide, azo type free radical initiators, peroxy type free
radical initiators, and mixtures thereof.

32. The process of claim 22, 23, 24, 25, 26, 27, 28, 29, 30, or 31, wherein said
epoxidation catalyst of step (b) is selected from the group consisting of
titanium supported on silica and titanium supported on molybdenum.

33. The process of claim 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, or 32, wherein
said acidic catalyst of step (c) is selected from the group consisting of a
liquid catalyst and a éolid acid catalyst.

34.  The process of claim 33 wherein said acidic catalyst is sulfuric acid.

35.  The process of claim 33 wherein said acidic catalyst is a solid acid catalyst
selected from the group consisting of a Group 4 metal oxide that has been

modified by a Group 6 metal oxide, a sulfated transition metal oxide, a



34. The process of claim 33 wherein said acidic

catalyst is sulfuric acid. 35. The process of claim 33
woberesss7sai d acidic catalyst is a solid aci d pet/abymes/040283

selected fromthe group congisting of a G oup 4 netal

oxi de that has been nodified by a G oup 6 netal

oxide, a sulfated transition netal oxide, a WO

2004/ 058672 PCT/ US2003/ 040283 22 m xed netal oxi de of

ceriumoxide and a Goup 4 netal oxide, and m xtures

t her eof . mEEd mgstal mxg@egg ceriug| ¥ide Fndvih&raym 4sHicgal oxide, and

solid acj is contained in a fixed bed

reactor. @9%&%&%&00%5 of claim 22, 23, 24, 25, 26,

27,3@8, 7ZRe pRessIl,clad), 383&herdth sadd solidacid 6atalykeisaontained in a

said firgt(ﬁortion of said stream containing cunene

hydr oper 8%$4Redi 182G ¥acti ng step (b) is from about zero

up 30 abeyl prRessWFicBith EbSEN 28 26 alrdog1Iean) 31, 32, 33, 34, 35,

cont ai ni ng Eunene hydropéroxi de.” 38. The process of

cl ai m 37omi3éy evirersini shid i first ppoiani ofi sald shean stcondaEining cumene
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process for produci ng a-nethylstyrene, acetone, and
phe?®l céhpriirecasy oft plainst Ehswiedrein( gid oftistlipoitign f said stream

stream containi ng cunene in the presence,. of ,an

oxygen- CENANRE GrEPF Bdiopgromsle R TeaTig . (s figm,gpout zero
cunene ydibopB&@xilsleweigh) pepcedyesf Rida sié@dl Usdntfhing abmene
cont ai ni ng_ a- net hyl styrene, acetone, and phenol

f or med bb}’(&@mr%lfiﬁ-ng sai d stream contai ni ng cunene
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wher ei n #wistepdiof:uent streamis fornmed by contacting a

portion sai d product, stream wi,th hydrogen in the
pr esence&t)of XIS Ge HERAL (POBLYIHNG QUMens “InTHYe BEGSERRSs of an

of claim 39 OB)E@n-cﬁﬁﬁfrﬂ@ sgtsag#l%sforﬁ Qosrhtehﬁncﬂtaiﬁmgdcumene

di luent strea S conprise acet one.
hydroperoxide;

(b) recovering a product stream containing o-methylstyrene, acetone,
and‘phenol formed by contacting said stream containing cumene
hydroperoxide and a diluent stream in the presence of a solid acid
catalyst.

40.  The process of claim 39, wherein said diluent stream is formed by
contacting a portion of said product stream with hydrogen in the presence
of a hydrogenation catalyst.

41.  The process of claim 39 or 40, wherein at least a portion of said diluent
stream is comprised of acetone.

42.  The process of claim 39, 40, or 41, wherein said solid acid catalyst is
selected from the group consisting of a Group 4 metal oxide that has been
modified by a Group 6 metal oxide, a sulfated transition metal oxide, a
mixed metal oxide of cerium oxide and a Group 4 metal oxide, and

mixtures thereof.



42. The process of claim39, 40, or 41, wherein said

solid acid catalyst is selected fromthe group
wa@oogiosserng of a G oup 4 netal oxide that has PEEDS2003/040283

nodi fied by a G oup 6 netal23oxi de, a sulfated

transition netal oxide, a mxed netal oxide of cerium

oxide and a Goup 4 netal oxide, and m xtures

t hereof. WD 2004/ 058672 PCT/ US2003/ 040283 23 43. The

process of claim40 wherein said hydrogenation

catddl ystThepreesspef elaiin 40iwherdiy 6316 daAeprationmetabysé it comprised
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netal, a Goup 8 netal, a Goup 9 netal, a Goup 10

met al , dtam Sigereup rensisting oha Grov Oracial,  KapuRf mets, a Group 8
The pro f [ , ej ' i :
componeniis? GG 2l o Gl (Bl 4 LA HRA, B mivtures
of cl ai nh&kdef. Wherein sai d catal yst support is selected

fromthe_ group consisting of alumna, silica, clay, .
carbon, Bher emsess, of  danl é,g‘: %Q}Boygﬁgl}’ﬁ{ﬂggem% COI‘Y"Ponent 18
Si eves, -m]'rg% iasgkhereof. 47. A non-acidic

cat al ystp%pg(}l re tﬁ:tlﬁlon of cunene hydroperoxide to

di st hy | Thegiveceps of claim ¥d) whareiprshisli aatplyst meppmirt iameleeted from the

cat al yst support. .48. Tg;f cat al ﬁSt of claima7,. = . titani
wher ei n ZWRY (EFiSING sofs $UUPRy SHBmMIHe G zirconia, - titania,

consi st ifgsoBbrods HotRlat si¥eéAhnd MiERYFhefedfEt l , 2

Goup 3 netal, a Goup 8 transition netal, a Goup 9
trafisi t idmoneculic caialgstofop radmctiomat puhens hsireperoxignep dimethyl
m xtures_,thereqgf.. 49. The catalyst, of . c¢laim47 or 48,

wher ei n SPY @K 11&?1);:§){np§15161§&r{1§9%’angea] cé:%a;i}ésg SURROSn t he

gr (480 COrK &didlg oXf clsind UEawhérkeindaid® metd] Vis tsalebted €@ the group
anmor phous al um nophosphates, G oup 4 netal oxides,
nesopor ceasigineela Sroun binskal, a Gryrm wetshasGraygrgetal, a Group
50. The L ySt | Q] rei aj b Seits

cobal t agri%&?gly Igg{a}ai%y%o% éﬁ‘ﬁagﬂgﬁf’ f in%tazli ég%%r?}]é gXI é%?n metal,
51. The mdtraixyges thkreofai m 49 wherein said nmetal is

cobalt and said catalyst_ support is gl um nophosphate.
49.  The catalyst of clai%/n 47 or 4%Pwheregn sgd catalysP suppport 1Is selected

from the group consisting of silica, alumina, crystalline or amorphous
aluminophosphates, Group 4 metal oxides, mesoporous molecular sieves,
and mixtures thereof.

50.  The catalyst of claim 49 wherein said metal is cobalt and said catalyst
support is zirconium oxide.

51.  The catalyst of claim 49 wherein said metal is cobalt and said catalyst

support is aluminophosphate.



