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approach, the entire cleavage reactor effluent, including all of the AMS
may be hydr sadthdsemensfrap cumerselhulrerarenddf t he phenol and acetone in the
distillation section of the plant, e.g., U S. Patent 5, 245,090. [00031
AMS is used industrially in a variety of applications, particularly in
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AMS. DMPC is also known as 2-phenyl-2-propanol or dimethylbenzyl alcohol

(DMBA). As a byproduct of the oxidation of cumene to CHP, small amounts of
DMPC are produced. The DMPC undergoes dehydration in the presence of an
acid catalyst to yield AMS. Some phenol manufacturers recover the AMS if it is
produced in sufficient quantities. Other phenol manufacturers do not recover
AMS, but hydrogenate it back to cumene for recycle to the oxidation reactor. The
hydrogenation of the AMS 1nay take place after recovery of an AMS/cumene
stream in the distillation section of the phenol plant. As an altemative approach,
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 internmediate 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.
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oxidizer unit. These processes merely seek to mimimize the loss of AMS to heavy

byproducts, and result in AMS yields of 70 — 80% of the theoretical maximum

based on the DMPC exiting the oxidizer unit.

j0005] The process of this invention provides a method for increasing the AMS

yield above the theoretical maximum based on the DMPC in the oxidizer effluent

by reducing a portion of the CHP stream to DMPC over a suitable heterogeneous

catalyst. This process stream, having elevated amounts of DMPC, can then be fed

to the cleavage unit of a phenol plant where the remaining CHP undergoes acid-

catalyzed decomposition to phenol and acetone. During the decomposition, the

acid catalyst dehydrates the DMPC to AMS. By controlling the fraction of the

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 1is 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
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SUMMARY OF THE INVENTION

[0008] This invention includes 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 pfoduct 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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percent of the stream containing CHP.

[0010]) This invention further includes a non-acidic catalyst for reduction of
cumene hydroperoxide to dimethyl phenyl carbinol, said catalyst contains a metal
and a catalyst support, preferably cobalt supported on zirconium oxide or on

aluminophosphates.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 is a schematic flow diagram of a processing scheme for the co-

production of phenol, acetone, and AMS.
[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
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respecti vel yconthigidgHOMRQT eam atdopheent aiogtiher WYRCuakacta€ upRhennnebe
together with unreacted cunene may be concentrated by renoving a portion

of the unreatesanEeAdhe IPRPGRS & BOTRE of lleayrigected pamenspatr tpth@esiagg
schene 1 (nogecﬁpg\g@%roﬂ%;%%@éhéngﬁgmogg@gtg@nent of this invention where

i ncreased anbunt's 0 gether with phenol and acetone,

the CH P strgam) 1 ks etbedin®pl 61t thishOentin eRers iddeasd adountidfmNSerspl it
ratio a = 16 / 15 set according to desired plant output of AMS. Stream
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t he reduction reac as an I'ncreased concentration o Ive to
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catal yst SUpfé%('ﬁmg the reduction reactor has an increased concentration of DMPC relative to
CHP stream 14. Preferably, in order to minimize the conversion of CHP to
phenol and acetone in reduction reactor 103, the catalyst used therein may be a
heterogeneous catalyst comprised of a non-acidic or low acidity catalyst support
and a metal. Non-acidic or low acidity catalyst supports include, but are not
limited to, silica, alumina, crystalline or amorphous aluminophosphates; Group 4
metal oxides, such as titania, zircomia, hafina, and nuxtures thereof, and
mesoporous molecular sieves exemplified by MCM-41. The metal deposited on
such catalyst supports includes, but is not limited to, a Group 8, Group 9, or
Group 10 transition metal, such as cobalt, iron, nickel, or mixtures thereof; a
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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U.S. Patent &, al@Gthpeidbaresdflat a¢a80400°C, as disclosed in U.S. Patent 6,169,215; sulfated

' transition metal oxides, as disclosed in U.S. Patent 6,169,216; and a mixed metal

oxide of cerium and a Group 4 metal, as disclosed in U.S. Patent 6,297,406. The
disclosures of U.S. Patents 6,169.215; 6,169,216; and 6,297,406; are fully
incorporated herein by reference. The effluent from first cleavage reactor 102,
stream 19, 1s composed of phenol, acetone, AMS, acetophenone, cumene, and
some heavies produced from secondary reactions.
(0017] To munimize the formation of heavies in any of the embodiments
described herein, it is preferable to dilute the AMS in the cleavage reactor. One
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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osm um  pal ll?igfuld blft QPe?xl;cg 1'Ee%t Be&&hﬁ!@aq Meféﬁelsuc la@@%&éstena&gﬂnf)lgggeﬂﬂlﬁt ures

of two or nore thereo et ed S are pa trnum A
Goup 8, G and GouprllGhogs,leudr ansicppan sieeagl almgomptdlmaxalaloyleber i X ed
with a Goup 14 netal preferably tin, and/or a G oup net a

preferably rie@pbinatcdhs ey 8 &eéwdr(aeﬂ@foww@elvm%bq iy th%angﬁ ef

cepable of, SELIA.S g Oy dragenghl en semeney el win chuvene ot

11 nmetal s, suchogsiatappesmpaidnyeran ad gehegedi taner thk oneppoirt imaterial,
impregnated into it or physically admixed with it. <.Spitab1e catalyst support
materials are those well known in the art, for examp?e, alumina, silica, clay,
carbon, zirconia, titania, and mesoporous molecular sieves, as exemplified by
MCM-41 type materials and mixtures thereof.
[0019] The diluting stream 23 may be fed completely into the front end of first
cleavage reactor 102. Alternatively, the diluting stream 23 may be fed in one or
more stages down the length of the bed to provide the necessary diluting effect.
The split ratio § = 20 / 21 is set to provide the necessary diluent to nunimize the
formation of heavy components. Increasing § reduces the amount of heavy
components 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 i 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. .
10020] 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 n first cleavage reactor 102. For



conmbi nati on. The anount of the hydrogenation conponent may be I&nigﬁ}@) 00
range of 0.001 to 30 wt.% of the total catalyst, preferably fr ; 1 %o
5 w. % Woooyshoogenati on conponent can be exchanged orm@r/ufmiosoopssr t
material, inpregnated into it or physically adm xed with it. ( Suitable
catal yst support materials are those well known in the art, for exanple,
alumna, silica, clay, carbon, zirconia, titania, and nesoporous

nol ecul ar sieves, as exenplified by MM 41 type materials and m xtures
thereof. 10019] The diluting stream 23 nay be fed conpletely into the
front end of ekample, sedopdvdgwagepaicr 1002nayAbt eperatddv et y, hipher tdmpertaiurg
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recoverable AMS, In addition to providing the necessary dilution to the
cl eavage redGfBY TeEEE 1D3STER Bé ‘@o%qigéizeprﬂi’eoPe‘E%S%Mtr@??tiﬂjlsflinr ggeond
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alternative i'n"addi roduct recyc acetone from

the acetone toweinskislidayidie catelyst, 8ech dsahbdeadesclteaMade Sr eaehwero, 169, X5t eam
29. 100201 Stream 21 fromthe first cleavage reactor 102 may be sent to

a second cl édPagd OF ek P8P 7.#06. Seeandridearpaairagier i Bas wed 198esrmpase any
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at a higher tenperature than first cleavage reactor_ 102. Second cl eavage
reactor 105 WS®IOHMGFpireackory niay Be ugsd fgr fingheanygietan of e HRRyanday dilept not

contain a_cabahystadtle ol @ hibheARhth pAUELAR Sl Gkhe acid is used

in first cleavage reactor ere may be sufficrent acidity remaining
in stream 21 (doo1)Cc &h ah \siternatecemieniment of thedat¢mion, procelt@udhemt danagee
reactor 105. In a preferred_ enhodinment, second.cleavage reactor 105
contai ns a s@Pfi@teddp dreducshendand agetang Wit pp@Emgleaneunbeel NS predugsst ent s

6,169, 215, When operating in this mode, the split ratio « 1s zero wherein all of CHP stream

14 1s fed to first cleavage reactor 102 (as stream 15), thereby bypassing reduction
reactor 103. Diluent stream 23, and optionally stream 29, along with stream 15
are then fed to first cleavage reactor 102 in the presence of an acidic catalyst
wherein CHP is decomposed to phenol and acetone. Such acidic catalyst is
preferably a solid acid catalyst that is capable of decomposing hydroperoxides,
such as those disclosed above. Effluent stream 19 in this embodiment is
compnised mainly of phenol, acetone, cumene, and small amounts of AMS and
heavies. Diluent stream 23 i1s formed by hydrogenating stream 20, a portion of
effluent stream 19, in hydrogenation reactor 104 using a suitable 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



6, 169, 216; and 6, 297, 406. Second cl eavage reactor 105 is used to
deconpose any dicunyl peroxide that may formin first cleavage'ifiﬁé%ms
102, and convert any residual CHP to phenol and acetone. In an

al t er nat wee2oewbdiarent, a series of two or nore react orsTREyoBaersed f or
final conversion of the CHP, and a diYuent such as acetone may or may
not be added before each reactor bed. [00211 In an alternate enbodi nent
of this invention, processing schene 1 maybe operated to produce phenol
and acetone with mnimal anmounts of AMS produced., Wen operating in
this node, the split ratio a is zero wherein all of CHP stream 14 is fed
to first cl eaﬂd‘d@e}/iafléadﬂmr’ooﬂiﬁﬁl Yaismsy melatmnlesguilabtmoéxby cmmsm degomgpdsect | on
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acidic catalyst is pref e 'y a solid acid catalyst that is capabl
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hydr ogenati on redactor 104 using a’'suitab 1e hydr ogenat | catal yst, such
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stream 19, n be fed to a secondary..cl eava eactor 105 far .
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this inventigg @ two-bed, single reactor may be used (not shown) for

reduction and cl eavage since the reaction tenperatures for DWPC
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heavier components. The overhead stream 25 is sent to the Lights Topping Tower
112 where light compounds such as acetaldehyde are removed as stream 26. The
bottoms from the topping tower, stream 27 are fed to the Refined Acetone Column
113, where product specification acetone is recovered as stream 28. The bottoms
from the Crude Acetone Tower 110, siream 31, comprising phenol, and some
AMS, cumene, acetophenone and heavies, are fed to the Heavy Ends Tower 114,
where the heavy components are separated as stream 33. The overhead stream 32
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 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 i1s recovered as product stream 39, while cumene as
stream 38 is retumed to the oxidizer reactor 101.

{0025] By controlling the split ratios « and 8, 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



105, as discussed above, it is within the scope of this inventiony g6 2005
utilize liquid acids, such as sulfuric acid, to acconplish the
deconposWVPizt/E®6t2he CHI P (not shomm) I f use is nmade SLCTIYGUH+8BBds, a
neutralization step would be required” prior to the recovery section of
the plant. Such a neutralization step may enploy 1liquid bases or ion
exchange resins or the like, as is well known to those skilled in the
art. 100241 There are many ways known to those skilled in the art to

separate the individual conponents from stream 24 eX|t|n the céﬁavage
section of tetanagiCHPTard mest piefciablyi &em abept é‘?fosf@h@?‘ﬁéﬂ thed f or

|IIustrat|ve p I 105|s sent
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wher e produc oh acetone iS recovered as stream
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and sone AMS, cunene, acetophenone and_heavies, are fed to the Heavy
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stream 35, is fed.to the Phenol Finishing Tower 116, where product
speci ficati oM t?méwﬂl%.taeﬁeéew\a@r%alaa\}z@rwa@dgél gitiigrs kpvn mertalves Hisd

cunene stre as i gtgdorgélmérhgg{??grgbﬂmﬁﬁ% %eRﬁ%otﬁé XreeTBHQE%éﬂ‘tFatme&e AVB

is recovere ct str e cunene st ream returned
to the oxi diagrofrthaptmixytPie fra®0ahdal Byitiatwnt volttd liige, tahelispdsetl abat¢ astha and
B, the anount of AMS produced in the?h%éﬁiﬁ can be continuously set, from

about zero t'§SRESbIR PEFERPNESHEhd- s CORER T -nEOTERPIE P
~fi-om about %@{T?h%@lﬂ)@b%"g&hgpw% b eliNSinRhE O @hRhiag bgl}gﬁ(%{@ﬁ’o5 Vo

preferably fro ro to about 20 wt.% of 'the stream 2

2004/ 058672 Parmtios20 @37 0d®2881 cumene prior to the cleavage section of the processing
scheme 40.
{0027} The CHP stream 45 is then split into streams 46 and 47, with the split ratio
o =47 / 46 set according to desired plant output of AMS. Stream 47 is fed to the
epoxidation reactor 120 where a portion of the CHP in stream 47 reacts with a
propylene-containing feed stream 44 to produce propylene oxide as a product
stream 70. During the epoxidation reaction, CHP 1s reduced to DMPC over a
suitable epoxidation catalyst, which include titanium supported on silica or
molybdenum. Preferably, such epoxidation catalysts may be the catalysts
disclosed i 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.



10 contai ning CHP; and nost preferably from about zero to about 15 vw.(ﬁ
of the streamcontaining CHI P, to neet the demand of the mar ket 1\db 1 .

10026) Ra@Hogsesstepresents a schematic fl ow di agram of pgrik2@B05385
enbodi nent of this invention as progessing schene 40 for the

co- production of propylene oxide, AVMS, phenol, and acetone. Cunene in
stream4l is fed to an oxidation reactor 101 where CHP is produced by
reaction of the cunene with oxygen from the air fed as stream 42.
Initiators to facilitate the oxidation of the cunene may be added as

stream 43. PiRisr abhyinihize s fonhhfiH Meaiiay, ibe paefeRbUaid &Y dicoR®ISoxi de
such as CHP, tert-butyl hydroperoxide, ethylbenzene hydroperoxide or the
like. Alter tatdleasiage redstose Qg possibde §ilwming Peean isclle maddwadlitseri tIf drer s

known to catal yze the oxidation of organic. hydrocarbons su as_the azo
type froe raleedee e Pal o & Brereily i & rEGRF AR U Wed phariely
initiators oppift@rdtidkeit ifdediabld @SIR8eaAb W aWMpbEkible @RPERLS EShdRHRERTSANY
scheme 1. The CI'P stream 45, containing DMPC and acetophenone, together

wi t h unr eact the iglehtmeummyzensecerdure naecuarediihe Adbyilimpchaevigahisi geal, of 1st he

unreacted cunpene prior.to.t vage secti of &h rocessi ng. schene
40. 100271 THE et deinbiiat A6 FLFT Héﬁ‘esdzlﬂ’ﬁ?g?ﬁ?%né?re P i S
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AVMS. Stream 47 is ted to the epoxidation reactor 120 where a portion of
the CHP in shydegenstedr sabydrogendiion repetopyPantl tinpegsaneey of dndrageneizeh 44

to produce pr,opyl ene oxide as roduct, stream 70. During the

epoxi dati on f'té%é ?‘gﬁ?fﬁbﬁ_'ﬁog?aﬁﬁﬁ’%%@étt%]oﬁt}ﬁgng]ver a suitable

epoxi dati on paiop! gaikabivbitelysisnet uskeint iht 3IydrPeSAIRIOFdadr A4 ShtTuE@ n6ble
nol ybdenum Preferably, such epoxidation catalysts may be the catal ysts
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necessary diluent to minimize the formation of heavy components. Increasing 3
reduces the amount of heavy components produced in the cleavage reactor(s), but
does so at the cost of a loss of recoverable AMS. As an alternative diluent, or in
addition to the product recycle, acetone from the acetone tower 113 may be
retumed to the cleavage reactor in stream 59.

[0030] Stream 51 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
example, second cleavage reactor 105 may be operated at a higher temperature
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 altemative



mai nly of phenol, acetone, AMS, acetophenone, cunene, and sone {u[:%fi?lﬁlﬁ
produced from secondary reactions. 2 2 AUG 2005 WD 20041058672

PCT/ US200@ 8028872 ] 1 10028] To minim ze the formati on ®CTHERVEREP243t | S
preferable to dilute the AMS in the 1l eavage reactor. One possible
diluting streamis the product itself. If first cleavage reactor 102 is
operated with an acidic catalyst in a plug flow reactor configuration,
it is desirable to have as | ow as possi ble an AMS concentration at the
inlet to mnimze secondary reactions of the AMS. To achieve this goal,
it is desirambedingentianienicz of theoibrd reattors Wiy beuned Srrfemhr@dersitn sf may

be achi eved _by dro en a.portion of the effluent str

stream 50. Sfl?eeg 5(911??3?‘ gﬁﬂﬁ(’)‘?é Ydhat asetone Moy rodg@f%ﬁ’iobg raéiéﬁ‘fgn}ofﬁﬁad? n
the presence gof; Olily) ogen fed stream52 and a hydrogenati on catal yst (not
shown) . 100291 Sui tabl e catalysts for use in the hydrogenation reactor
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support that_pmay, e acjdic as discl.osed above. e dil t| ng
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diluent to mnimze i‘he formati on of heavy onents. lIncreasin
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reactor(s), s o19&P eé&aﬁ&e wggllscoq%ﬂe m(e @%pfmaﬁmmcg@'sﬁl% s an

alternative d uent, or t1on roduct recyc acetone from
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59. 100301 Stream gl fromthe fir;&1 cleav e regé 02 may be sent to a
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cl eavage reactor 102. exa , second eavage reactor 105
oper ated at ahhlfgﬂewmgedpeﬂammr schepieams fpresshted| ﬁmwdalgaratwcpmrpoa@%nly

G eavage reagtor, 10psauld LyBLCaLLy be, 2 Bl Yy Lot r SOCISLnS08 TRY: ©
where acetone and the lighter components are separated from phenol and the
heavier components. The overhead stream 55 is sent to the Lights Topping Tower
112 where light compounds such as acetaldehyde are removed as stream 56. The
bottoms from the topping tower, stream 57 are fed to the Refined Acetone Column

113, where product specification acetone is recovered as stream 58. The bottoms
from the Crude Acetone Tower 110, stream 61, comprising phenol, and some
AMS, cumene, acetophienone and heavies, is fed to the Heavy Ends Tower 114,
where the heavy components are separated as stream 63. The overhead stream 62
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 a 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



sulfuric acid is used in reactor 102, there may be sufficient qf%$§§¥05
remaining in streamb51 to catalyze the necessary reactions in a 9
105. In woyelesEed enbodi ment, cl eavage reactor 105 cpgfasigsmesey id
acid catalyst, such as those descrilpgd in U S. Patents 6,169, 215;

6, 169, 216; and 6, 297,406. C eavage reactor 105 is used to deconpose any
di cunyl peroxide that may formin first reactor 102, and convert any
residual CH P to phenol and acetone. In an alternative 2 2 AUG 2005 N O
2004/ 058( 72 PCT/ US2003/ 040283 12 enbodi nent, a series of two or nore
reactors may chgtalis@dCHPE nidrélef&ablversh @Poafzerd foeabioiP20 ands af diel dhepin such
as acetone may or may not be added before each reactor bed. 10031] Wiile
it is preferabhleinieg (38; @ndonosd raefeeabs fronhaleud ergte plecatt t1or wt-Y0of Hred

105 di d ab . i i h f i i i 1.
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deconposi t i OpraHylddenidda high-Hseed srodteade pefduckdiui d acids, a
neutralization step would be required prior to the recovery section of
the plant (ndA34hdie)inveion vallveaw el ekt pashicdady daseyibedwidy rafergugedto

b [ [ he |1k ' e h
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the art to sepalat & figired R vsedbabat@MPEIRIEBKSMpIedM Sid 8amiSdesertbd tHrg t he
cl eavage section of the plant. The follow ng distillation schene is

present ed fosyntheuisef au¢lyve cpialysds dsxasls. 2 agd rée aill Blgsdribsnihe Hise ifdhosege

reactor is sent,t he .Cr.u t JTower 110 where acetone and the
| i ghter conp(%téimsssggrrreedsg%lﬁg;&ﬁ% ;r%oE %’phenol and the heavier conponents.

The over headpxlahfaen55 is sent to the Lights Topping Tower 112 where
| i ght compounds such as acet al dehyde are renoved as stream 56. The
bottons from@BY tospiuHEn ceWemng pPR fnph Watsre 4P & of sordsatrpiei mhedpimsist one

Col um 1183, er e, pr peed Ligakiope ' (0)Y %g r.eam
6. The bott 808 |17 Bt RaP R, Ahd D5 0o AGERARy SURFRCKAL B8 BRepaleal? T,
phenol, and sateEmpAD, Aauensolutiaetvappepared @nctitieg\l6es ¢ df svdt@darid@ohe
Heavy Ends Tower 114, where the heavy conponents are separated as_stream
63. The over Bedgalumirgupsphate. These two solutions were combined with stiring. The

molar ratio of the cobalt/aluminum/phospherous was 1/8/1. The pH of the

product was adjusted to 9 by the addition of a 50 wt.% solution of sulfuric acid.

The material was placed in a polypropylene bottle and put in a steam box (100°C)

for 48 hours. The material was then filtered, washed, and dried at approximately

85°C. A portion of the material was air calcined to 540°C for six hours. The

elemental analyses and physical properties were as shown in Table 1.

TABLE ]
Element wt.%
Co 7.1
Al 253
P |34
Surface Area, m/g | 145

[0036] A portion of the above material was treated with a 0.1N solution of
ammonium nitrate (100 m] 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



is fed to the Hydrocarbon Renoval Tower 115, where the residual

cunene are separated fromthe phenol and pass to the AMS recovery sectlon
as streamBd/08he crude phenol product, stream 65, is PEWUSHBKE2Phenol
Fi nishing Tower 116, where product $pecification phenol is recovered
overhead as stream 66. The AMS/ cunene streans 60 and 64 are fed to the
AMS Recovery Tower 117 where AMS is recovered as product stream 69,
while cunene as stream 68 is returned to the oxidizer reactor 101.

10033] By controlling the split ratios a and 13, the anmount of AMS
produced i n trateriahwan thes diitebel, conbidandidnsd afepprdximaelbdiiC. zamerien ebout
50 wt. % of the stream containin l* s~ Rref.er.abl om about zero.to
about 30 wt. E)Geo?m{&ﬁlé{n&a? égrﬁaimﬁe‘g@ggﬁ%&?Wlﬁdﬁ’lﬁ%S%%?fur 80¢ aréa o this

PCT/ 1JS2003/ Q40283wad3168R1ai ning A ; Prore preferably from about zero to
about 20 wt.% of the stream containing CHP; and nost preferably from
about zero to about 15 w.%of the streamcontaining CHP to neet the
dermand of the market for AMS. In addition, propylene oxide, a

hi gh- val ued E@’—‘éﬂl%ﬁ— i s produced. 100341 The invention will now be nore

particul arlyiefCrobehpih ¢ Fﬁae'b%’ﬂ&% sk Hed f0ith UM BFdERsRA P tffer zﬁﬁ][

processi ng schenme 1, a suitable heterogeneous catalyst is required for

use in react droppiiz fubxdnpiddecdtedinda Jvardr [blathdies comprratihrecorgyolt Weselsmrgdd such
a catal yst. Exanples d 4 will describe the use of t e at al ysts
for reduci ng? AP e &fér%ﬁﬂenaaiédé@lm?%? seiebat egﬁfﬁmf%_ﬁ,- 50 g of
vater, 45 g gfix@ANGRILEALEL PERSPIORLS wikCitfirind 14,050b £8b&0t whid Eatpe,

and 75 g of concentrated sulfuric acid was prg ared with m xing. Another
sol uti on wassgnepalaczohtaiddihygt 6O b7 woenunzmd, 800wt.go BIMRBRCUBINnUM

sul fate. These _two sol] utiaqns wer ombi ned with stirring. The. .no] ar
a6 of t e aSharEParn e O E ST Ol a1 BTORE SpEoet 2.

product was agjisginethdtRiof dP%hé beragddhtdO8meafl sém Qs%pp%ﬁ%zh‘él&% fol) of
sulfuric acid. The material was placed in a polypropyl ene bottl e ‘and put

in a steam bthe ied@@Tsolufion WS wobdsiwiTdh ecgvdarentienialspdistetdde and mhdlgzeddyy
washed, and %gsl € dor%gtogpa%fl?éi&at ely
[0038] Table II below shows the composition (wt.%) of the reactant solution at 1
and 3 hours after the addition of the CHP was complete. For analyzing the data in

Table I, the following definitions are provided:

CHP Conversion (%) = (wt.% CHPged - Wt.% CHPproguct)/(Wt. % CHPreeq)
% Increase in DMPC = (wt.% DMPCproguct - Wt.% DMPCreeq)/(Wt.% DMPCreeq)

TABLE Il
Feed 1 hr 3hr
Acetone ' 66.67 66.97 66.72
Cumene 2.56 2.41 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%




85C. A portion of the material was air calcined to 540C for six ?2;@305
The elenental anal yses and physical properties were as shown in ezq

TABLE | R @rmnivde;% Co7.1 Al 25.3 P3.4 Surface Area, n2/ pctAR.k0038ks A
portion of the above material was trgated with a 0.1N solution of

anmoniumnitrate (100 m of O0.1N ammoniumnitrate solution to 10 g of
calcined material). This treatnment was done a total of four tinmes with
fresh solution. The 14 material was then filtered, washed, and dried at
approxi mately S5C. A portion of the material was air calcined to 540C

for six hour sggsdpeTirbors exai8 sBdwi tHabthe B/ RUPE), ci@5ysBAlubE/ He CEFAMPI € 2
100371 To a 250 mL round bottomflask fitted with a condenser, stirrer

and droppi ngP¥itheThe eataystooangdon-acidiowstiaactiyatfar f}@rdecempema@lupécm
control, was .c&ar ed] 3 m xture of 100.0 g of acetone and 1.00 g of the
catal yst of ERWHPFBOIANIAHEONG vt ure was heated to reflux (57C) with
stirring, and 50.0 g of 80 wt.% CHI P solution (analyzed as 80.8 wt.%
CHP, 7.7 wt.% cunene, 6.9 w.% DWC, 2.1 w.% acetophenone) was added
dropwi se at dExamppedxi mate rate of 2 g/mn. Follow ng addition of the

ol utfon wer dOGT nin SAREES PERRLESR B S tuf e A RA SEERTE by

gas chromat 0gf&phdifselved &QQ%&anablhq 4 Imé}gelcqml%hm Wil GOIRes| §dhﬁfbn
(wt.% of the reactant solution at and 3 hours after the addition of

t he CHP was wnﬁhmngﬂ@grofmm yIiHm@Hta'né datigers nf diktibee water waﬁeprfepdnbdvm ng

deli iiions SEPLoY Aotk B COMELEIOD (L7 LS GRient ot

DVPCE eed) / ( Wi YaAVPEAEBH) of the final composite was adjusted ta approximately 9 by the
addition of concentrated ammonium hydroxide. This slurry was then put in
polypropylene bottles and placed in a steambox (100°C) for 72 hours. The
product formed was recovered by filtration, washed with excess water, and dried
ovemnight at 85°C. A ﬁonion of this catalyst was calcined to 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 (57°C) with sturing, 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 m}) 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.



TABLE Il Feedl hr3 1lu- Acetone66.6766.9766. 72 Cunene2. 562. 412. 31y Ag@%u%
Phenol 0. 090. 050. 06 a- Met hyl Styrene0. 070. 150. 16 Acet ophenone0. 701. . 97
DMV PC2. 389.296708772Cunene Hydr oper oxi de26. 9322. 5320. 71 CRPT/US2003/040283
Conver si onl6. 49%23. 1% % | ncrease i n DMPC152. 49225. 2% 2 2 AUG 2005 WD

2004/ 058672 PCT/ US2003/ 040283 1> 100391 The above exanpl e shows that the
Co/ A1/ PO4 catal yst reduces the CHP to DMPC. The catal yst, being
non-acidic, is inactive for the deconposition of CH' into phenol and
acetone. Exanple 3 [0040] Two hundred and fifty granms of Zr OCl 2. 8H20 and
8S g of Co(NO3)2.6H20 were dissolvedagtphstirring in 1.5 liters of
distilled water. Another solution containing 130 g of conc. NH4OH and
1.6 liters of distilled water was prepared These two sol utions were
conbined at the rate of 50 ml/mn using|a Redzl @ nidki ng} TheaupH pf the
final conposite S _adjustedto approximately - 9b | addrt o pf
concentrg}t)ed an ﬁ?tﬂﬂ’?lhydroxi de S)_EI s s urg{}%\Z\a }/ﬁ};ﬂ?pu |h§5?

pol ypropyl ene bbCtirese and pl aced in a steanbés ((100C)7fof 72.pours. The
product formed recovered by fiftration, E?s‘ ed gv%n xce¢§ er, and
dried overnigh o%85C. A portion of this Q allyst was tal ci- %d o 800C
in flowi ng air | &OetByh®tyrenet o fort a catal 997 havi®my3 2006 Co).1by Wei ght .

Exanpl e 4 100411, T0 & 250-niL round bottom T KTt % W Th &,condenser,
stirrer and dr oﬁﬁinﬁlftr_’&ﬂgel_r_and_l_ocauto ! odi-0a 07 37 fn"r‘4$¢=rr erature

control, was chabiyfRC 2.36 8.52 9.95
Cumene Hydroperoxide 26.93 19.17 17.48
CHP Conversion 28.8% 35.1%
% Increase in DMPC 261.2% 321.9%

{0043} The above example shows that a Co/ZrO, catalyst reduces the CHP to
DMPC. The catalyst, being non-acidic, is inactive for the decomposition of CHP

into phenol and acetone.

Example 5
10044 The catalysts of Examples 1 and 3 are suitable for use in reactor 103 of

processing scheme 1. By adjusting the split ratio ¢, 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 1illustrative
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 0o [ s | 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 n Table I'V 1s the amount of phenol produced as a

percentage of the cumene fed to 101 that is converted. The AMS yield shown in



a mxture of 100.0 g of acetone and 1.00 g of the catal yst of Exanple 3.
The mixture was heated to reflux (57C) with stirring, and 50.07@ Kj6 B0
wt.% CHP solution (analyzed as 80.8 wt.% CHP, 7.7 wt.% cunene, 6.9 w.%
DVPC, 2.Wwo0 mwi/@exet ophenone) was added dropwi se at an REPUSM0IBLRS3 at e
of 2 glmn. Follow ng addition of the CHP solution, small sanples
(approximately 0.2 nil) of the reactant solution were w thdrawn at
regular intervals, filtered, and analyzed by GC. 10042] Table Il bel ow
shows the conposition (w.% of the reactant solution at I and 3 hours
after the addition of the CHP was conplete, 2 2 AUG 2005 WD 2004/ 058672
16 PCT/ US2003r02d%88 thaappent off AMEepodiees Hr thagdi nelebye 16 theamsguis of

e, 52 EX ORIl O M/ TR b

Hydr oper oxi dg6u@3310 CHP1rEdd&dTbmC ety ab Hbou2 828Y8k L% REISAS Phtibl
DVPC261. 29821. 9% 100431 The above exanple shows that a Co/Zr Q2 cat al yst

reduces t he DicgPcedin tPant cendecariad yrom 3.5 rgbAvINLGei dic, is inactive
for the deco&B%@l té')?glrgp ']:85"9{{%5& gt%eo 51?@%8% 04, ACRLONG; e %a%&plra%%ogs >t(€ 441

The cat al yst Sui't abl e ’f or use’ i n reactor 3 of
processi ng sifrRBEceltheByelagjofistpHegol PRnS PTherer &t irfard), prdbekstl §igpd Methe

D omver ol o9 DeiatiEan of phonol, 54 Msiated in processng sohemes 1 and 30, 1hat inuence.
the overall production yields. For illustrative purposes of this example, thé
following selectivities have been postulated. In the oxidation step, the selectivity
of cumene to CHP in reactor 101 is about 95%. The selectivity to DMPC for the
non-CHP oxidized products is about 83%. The selectivity in first cleavage reactor
102 and second cleavage reactor 105, to phenol and acetone i1s about 99.5%. The
selectivity to AMS in the dehydration reaction is about 80%. The remaining 20
percent of the AMS is converted to AMS dimers and p-cumylphenol.

[0047] As shown in Table IV, the phenol and AMS yields are a function of the
CHP that is reduced 1in the reduction reactor 103. A reduction of about 7% of the
CHP produced in the oxidation reactor 101 represents an AMS yield relative to
the amount of phenol produced by the plant of about 10%, representing a yield in
excess of 200% which is more than double that produced without the use of a
reduction reactor. |

[0048] The additional DMPC that is produced is independent of the method by
which the CHP is reduced. Consequently, the AMS vyields are the same
urespective of whether the DMPC is forined via a reduction reaction as in the

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

2



per cent ages of the CHP stream 14 can be reduced to DMPC. For illustrative
pur poses, a material balance for processing schene |I is shown |?22'I;ﬁmb Ugv
where the anmount of CHP reduced is varied between 0 and about % @
wei ght. TABLE |1V % CHP Reduced05711.8 Phenol Yield (% 94.188. 986.3881.8
AMS Yield (% 80171. 6208. 2296. 1 AVS/ Phenol (% 3.581015 100451 The phenol
yield shown in Table IV is the anpunt 1§f phenol produced as a percentage
of the cunmene fed to 101 that is converted. The AVMS yield shown in 2 2
AUG 2005 WD 2001/ 058672 PCT/1JS2003/ 030283 Table IV is the amount of AMS
produced in the plant relative to the anmount of DMPC produced in the
oxidation step. As is shown in Table IV, by varying the anount of CHP
reduced fWhb#igdpigneds about 12% the ratio of AIMS to phenol produced in
the plant can be varied from3.5%to about 15% 100461 As is known by
those skilled in the art, there are many factors that influence the
yi el ds ofl.a phepwkesslfamprodudey enethylstmene, prebaessi pherst epsprising the
production of .phenol, as illustrated in processing schemes 1 and 40, that
i nfl uence®PPRE overal | production yields. For illustrative purposes of
this exanml e, okiifzing Ohh@d if theSRERAED Mfidxly@sh DR H8SheNPiopbdkaRd; | n the
oxi dation step, the selectivity of cunmene to CHP in reactor 101 is about
95% The (k| estlectimvely redugngepesion pheald pareneipdipprgxdedopmasidn stes (Rlsnabout
83% The seleciiy] | LSt e ck- : cl eavage
reactor 105, o5 HRahst Beahitk B TRuDA%, KaRrA Ry He R e EREL At Y T
ANS i n t Re) dehynliaetingomnremaaditg portiors odaaldun@fethydribperv eidaiand seid Alnetipdr cent
of the AMB isﬂﬁon erted to AVS di etf:rs and -funylghenol. )?{00471 As shown
'n Tabl e 1V, PREMAERAI0! e ARSSFF &f BRodis cHabSHEEPTh O RTIRICEAP { hat i S
reduced in theckgsdigld gensleact or 103. A reduction of about 7%of the CHP
produced in the oxidation reactor 101 represents an AMS yield relative to
t he amount of phenol produced by the plant of about 10% representing a
yield in o excags ofocdO Pl © ki B endAR MR G drih (B gduced wi t hout
comprised of a metal and a first catalyst support, said metal is selected from the group

consisting of Group 1 metal, a Group 2 metal, a Group 3 metal, a Group 8 transition

metal, a Group 9 transition metal, a Group 10 transition metal, and mixtures thereof.

3. The process of clatm 2, wherein said first catalyst support is selected from the
group consisting of silica, alumina, crystalline or amorphous aluminophosphates, Group

4 metal oxides, mesoporous molecular sieves, and mixtures thereof.

4. The process of claim 3, wherein said metal is cobalt and said first catalyst support

is zirconium oxide.

5. The process of claim 3, wherein said metal is cobalt and said first catalyst support

is aluminophosphate.

6. The process of claim 1, wherein said acidic catalyst of step (c) is selected from the

group consisting of a liquid catalyst and a solid acid catalyst.



reduction reactor. [00481 The additional DWPC that is produced is

i ndependent of the nethod by which the CH P is reduced. Cbnseqzq¢&@®qu5
the AMS yields are the sanme irrespective of whether the DWPC i onne
via a reduction reaction as in the scheme of Figure 1 or in an

epoxi dation reaction as shown in the sghene of Figure 2 2 AUG 2005 is
What is clainmed: |I. A process for prod cing a-nethyl styrene, acetone and
phenol conprising the steps of. (a) oxidizing cunene in the presence of
oxygen to form cunene hydroperoxide; (b) selectively reducing a portion
of said cunmenghbyescepesfaxdities, hWherddsdidigiiepateB3t ik Bulfurlkeaciy esence of a
non-aci dic catalyst to formdi nethyl phenyl carbinol; and (c) contacting
a remai ning portion of said cunene hydroperoxide and said di net hyl

phenyl car bi ngli, Poctegheoﬂ:lﬂﬁﬁle@%e?&n @Qd @51‘1dj5<9d Eﬁ%l?ktyégeléé?ecf F}BH‘the group

a-met hyl styrene, ° acetone and phenol ) ess of claim1, "where

sai d non-<agdigling of @t @roppt4 mfstahompe (hay hasschorrmdlﬁeﬁb)oa Gaoure6 aletarotide, 4 rst
catal yst s .sai d taI i s selec Si s

Group 1 RPHPS s Bed e m el ok S horim St g § SPRUR L mtF
met al , a sFdRUshdEnixhd8sihetan netal, a Goup 10 transition netal, and

m xtures thereof. 3. The process of claim2, wherein said first catalyst
support is selected fromthe group consisting of silica, alumna,
crystalligne o n p id
nesoporo&g nnﬂggﬁﬁégggﬁz§%§ nl %R%?%tﬁgégs %@%@bﬁmh@ Qﬁﬁﬁ&nﬂgceggu%
claim 3, st evith saddemtradg psrtmﬂhiﬂ faidaodmsrd Hydropedxidataad ysatd Sopdott IS
zirconiug%OX|de TgkB Erocess of, .cla.m3, wherein salg netal is cobalt
and said F’?Y%tcaibéﬂoéll I5p6F ©f spid agjdi %@%ﬁd%ﬁﬂ‘gf &-mehyIFiyEengy 3661088 of
clain11,aﬁ@§5§km said acidic catalyst of step (c) is selected fromthe
group consisting of a liquid catalyst and a solid acid catalyst. 2 2 AUG
2005

10.  The process of claim 9, wherein said diluent stream is acetone.

11.  The process of claim 9, further comprising the step of:
(d) contacting a portion of said a-methylstyrenv formed in step (c) with hydrogen in

the presence of a hydrogenation catalyst to form said diluent stream of step (c).

12.  The process of claim 11, wherein said hydrogenation catalyst comprises a

hydrogenation component and a second catalyst support.

13.  The process of claim 12, 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.

14.  The process of claim 13, wherein said Group 10 metal is palladium or platinum.

15.  The process of claim 12, wherein said second catalyst support is selected from the

group consisting of alumina, silica, clay, carbon, zirconia, titania, mesoporous molecular



19 7. The process of claim6, wherein said liquid catalyst is sulfuric
acid. 8. The process of claim6, wherein said solid acid catal ys® % &U6 2005
selected fromthe group consisting of a Goup 4 netal oxide that has
been nodified by a G oup 6 netal oxide, a sulfated transition netal

oxi de, a m xed netal oxide of ceriumgxide and a G oup 4 netal oxide,
and m xtures thereof. 9. The process P claim1, wherein step (c) further
i ncl udes contacting a diluent streamw th said remaining portion of said
cunene hydroperoxi de and said dinethyl phenyl carbinol in the presence
of said agdves,ané atiauyesther@ff orm a- met hyl styrene, acetone and phenol

10. The process of claim9, wherein said diluent streamis acetone. 11.
The process of claim9, further conprising the step of (d) contacting a

por t1 on_of, saithedrdBESW it £ el SRS pbifof oPRid Elmid Iy drRiAFASRnis he

presence of a hydrogenation catalyst to formsaid diluent 'streamof step
(c). 12. rdheeprincedsingf step fhynsohiprisesh i abosihizekohpd$ G oueight iporeestaohisaidt

conprises_a hydrogenati on, conponent and a second catal yst support. 13.
The procé?gwg?M%#%ﬁ%?ﬁ%?“ﬁ%ﬂéﬁ%\said hydr ogenati on conponent is sel ected
from the group consisting of a Goup 6 netal, a Goup 7 netal, a Goup 8

netal, a Goup. 9 netal, a Goup 10 netal, a Goup 11 netal, and m xtures
thereof . 174, TiE Rsecseeaiclgm &, avherein saidpertion of said sutene Bydropsrexide thas

pal | adi um, ?Jdu@édafni Qﬁml?%g’te%ggﬁ?%%ﬁr#{%ﬁ% Froff aolifbdld %@’15%};’@ &r&%ﬂ{ gf sfgond

catal yst support is select group consi sting-of alum na,
silica, calusygne bahrbmnoxiddé mcstapi(@). titani a, nesoporous nol ecular 2 2 AUG
2005 20 sieves, and m xtures thereof. 16. The process of claim1, wherein
said portion of said cunene hydroperoxide that is reduced in reducing

step (b) 1BOMPriLegsodesdNARAUL wheleth dafd HUdvRizGRD (PENEIRREs BidisAbdaidcunene
hydroperoxide in step (a). 17. The process of claim 16, wherein said

porti on GUMSA¢ th theAEHNCAPEIDIEISN de that is reduced in reducing step
(b) conprises fromabout zero to 15 wei ght percent of said cunene
hydr operoxi de in step (a).

19.  The process of claim 18, wherein said initiator is selected from the group

consisting of cumene hydroperoxide, tert-butyl hydroperoxide, ethylbenzene
. hydroperoxide, azo type free radical initiators, peroxy type free radical initiators, and

mixtures thereof.

20.  The process of claim 1, further comprising the step of:
(d) reacting said remaining portion of said cumene hydroperoxide and any dicumiyl
peroxide formed in step (c) with a second acidic catalyst to form phenol, acetone,

and a-methylstyrene.

21. The process of claim 20, wherein said second acidic catalyst is a solid acid

catalyst or a liquid acid catalyst.

22. A process for producing phenol, acetone and a-methylstyrene, comprising the
steps of:

(a) oxidizing a cumene stream in an oxidation reactor in the presence of an oxygen



18. The process of claim1, wherein said oxidizing step (a) includes
oxidizing said cunene in the presence of an initiator. 19. The] piAdceaed
of claim 18, wherein said initiator is selected fromthe group

consi sting of cunmene hydroperoxide, tert-butyl hydroperoxide,

et hyl benzene hydroperoxi de, azo type [ree radical initiators, peroxy
type free radical initiators, and m% ures thereof. 20. The process of
claiml1, further conprising the step of: (d) reacting said remaining
portion of said cunene hydroperoxide and any di cunyl peroxide formed in
step (c) w t hsteangaorfdrmaci elidizedhs@adays tvhiah ¢ommprisphemakne hydrbmexide amd

a- net hyl styrege. Z)é. Thg EE;OC ss of claim 20, wherein said second acidic
catal yst is aduBithyd PhaenolcarPiol yst or a liquid acid catal yst. 22. A
process {©r Pr@Huahds sBBQEPhortids DF 9418 oR1MGkzed-sHBAHYb Stry¥dI RN r&RiPhhvihd1g t he
steps of: (a) oxidizing a cunene streamin an oxidation reactor in the
presence of aAnBsygadicZaRIYALIE fyus rdueedrstaam hacks eammrisepsimsithyé ghepyt eam
whi ch conpri S@%b%‘df‘%ﬁg hydr oper oxi de and di nmet hyl phenol carbinol; (b)
supplying a selectéd portion of said oxidized streamto a reduction
react or kgvi ngupplyingerid aciudéCsteamadndst renfamifigpartian b€ chid @didsietd aamanmd ch

conprises dinethyl phenyl carbinol; and (c) s | yi ng.sai d reduce
stream and a Peﬂll%iv?g%&aéﬂ DPYRE gP eidig gl 8% i%ggrg‘t‘ PB A et Sge?ﬂ"e‘%‘wgbe
reactor havi ngopiR6 bhiol, Gatdhy Md o-hRifyRiyre@n ef fluent stream which
conprises phenol, acéetone and a-methyl "styrene. 23. The process of claim

22, wherein said selected portion of said oxidized streamis in an

anount syfficient to produc n.a- et hyl .styrene to.phenol .ratig in said
o1 uent Dt r SRRt SeiatHs % Dudielf e eIl 5o S RAG Rt e s

cl ai m 22 jn whemreunt sdficiefitafol SrodficedanBinhethydityreadi€o phefIaldd in Said RETwaEN
about 3.5 percent to 15 percent. 25. The process of claim22, wherein
essent | aPIATheiAdodt 3-8 REGEHAr 82 st ream of step

24, The process of claim 22, wherein said ratio of a-methylstyrene to phenol is

between about 3.5 percent to 15 percent.

25.  The process of claim 22, wherein essentially none of said oxidized stream of step

(a) is supplied to said reduction reactor.

26.  The process of claim 22, wherein said acidic catalyst is a liquid acid catalyst or a

solid acid catalyst.
27. The process of claim 26, wherein said liquid acid catalyst is sulfuric acid.

28.  The process of claim 26, 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.



(a) is supplied to said reduction reactor. 26. The process of claim 22,
wherein said acidic catalyst is a liquid acid catal yst or g“q&ugqgggl
catal yst. 27. The process of claim 26, wherein said |iqui d aci d catal yst
is sulfuric acid. 28. The process of claim 26, wherein said solid acid
catalyst is selected fromthe groupnéfnm sting of a Group 4 netal oxide
that has been nodified by a Goup 6 oxide, a sulfated transition
netal oxide, a m xed nmetal oxide of ceriumoxide and a G oup 4 netal

oxi de, and mi xtures thereof. 2 2 AUG 2005 22 29. The process of claim
22, wher e@9on sdihd pmcdfsaxjemhizanwhabialsyiﬁthydmgmdtisassatalysmcﬁkmgenati on
corrponent nd a catal yst support. 30. The process of claim?29, wherein
sai d hydrhé’gré’ﬁ%ftait‘B?\C?:'BPt‘B{?HE ataly SPEH from t he group consisting of a
Goup 6 netal, a Goup 7 rretal a Goup 8 netal, a Goup 9 netal, a

G oup 10 net aI a Goup 11 net aI and m xtures thereof. 31. The process
of cl ai m380, WhérpéMSSs@ﬁcdm@%ﬁmvl@rm@aaqi hydyogenationirempenenpisseleaigfrosp. The
brocess e flofth Puint0aChibubd feGALALh ~HBRP' GldpSEhers oty | he
group consfsting O um na, car rconi & nl a,
MesSOopor ousetaipd Geatlpall0 rﬁ¢telye§,roupahldmaua}>ghnﬂm&tﬂﬂeet}&&foﬂ 33. A process for
produci ng phenol, acetone and a-nethyl styrene, conprising the steps of:
(a) oxidizing a cunene streamin an oxidation reactor in the presence of
an oxygenj stfgafock@ Jf‘é[a"ﬂq@Ooééhéibﬁ’a%glds(ﬁrﬁﬁ’ﬁmrﬂéﬂél@pﬁﬁmﬁﬂ SSathiiENe
hydroperOX|de and di nethyl phenol car bi nol suppl yi ng ‘a portion of
said oxidized streamto a reduction reactor haV| ng an non- acidic

catal yst, sto rmacr 0 ses. di Vi e

car bi nol ; 32 (c)tl% cﬁsnoguc(sfaaﬁndﬁ)lt’ 3§e?é%@a§ Faetgl pr na> %é}sesr?a@{nepnfjbongg}tg O of
sai d oxi d:bﬂﬁﬂmgtolfeﬂlmlﬁa} silaf dl&ys tarbbgairagtia, rt&amh Ohesopurong mdldculas bieds| di ¢
catalyst, to forma first effluent stream which conprises phenol,

acet one &H@”HXtH’fS’tSI‘FWeOét yrene; and (d) hydrogenating a sel ected porti on of
said first effluent streamin a hydrogenation

33. A process for producing phenol, acetone and a-methylstyrene, comprising the

steps of:

(a) oxidizing a cumene stream in an oxidation reactor in the presence of an oxygen
stream, to form a oxidized stream which comprises cumene hydroperoxide and
dimethyl] phenol carbinol;

(b) supplying a portion of said oxidized stream to a reduction reactor having an non-
acidic catalyst, to. form a reduced stream which comprises dimethyl phenyl
carbinol;

(c) supplying said reduced stream and a remaining portion of said oxidized stream to
a first cleavage reactor having a first acidic catalyst, to form a first effluent stream
which comprises phenol, acetone and a-methylstyrene; and

(d) hydrogenating a selected portion of said first effluent stream in a hydrogenation
reactor having a hydrogenation catalyst in the presence of a hydrogen stream, to
form a diluent stream that is recycled to said first cleavage reactor;

(e) supplying a remaining portion of said first effluent stream to a second cleavage

reactor having a second acidic catalyst to form a second effluent stream



reactor having a hydrogenation catalyst in the presence of a hé?@&m
stream to forma diluent streamthat is recycled to said first Q/sage
reactor; (e) supplying a remaining portion of said first effluent stream
to a second cl eavage reactor having a second acidic catalyst to forma
second effluent stream 2 2 AUG 2005 23, conpri sing additional anounts of
phenol , acetone and a-nethyl styrene an said first effluent stream
(f) separating said second effluent streamin a separation zone to forma
phenol stream an acetone stream and an a-nethyl styrene stream and
wher ei n sai d sehpoirshdddidnabamamtseiptiefialy aetoat hhdiemetbylstyeme thaatsaids

hydr ogenat ed %.o f m. §ai d diluent streamis in an anount effective to
m ni m ze the PBF REFYFU6# conponents heavi er than a-methyl styrene in
said firgh cleguagmgiseidcbend cBuent fifeallif@8EFar@ionCionk 1 &o3m ahiRnel N step
(c) includes supplying said diluent stream which conprises acetone. 35.
The process oftr@mappp&ionefeang; dagiogmethyistyrgre sieat Hifl st yrene to phenol
in said - ef ' : r I The
process STCElal s 5t HER potich A aRP Rl R BAC) BordieRBETo [0 g
aci di ¢ ead dilystt siream if iigen dmacntdefatied ysmiromiz thelfornaondicatpoystts 37.

The process. of, claim,3 wher ei. aid liquid acid catalyst is sulfuric
aci d. 38.Eeaﬂ‘Fé&5’l“c%@§ y%yr%r]edpﬁ?lgé?St\le?é‘fa&%ﬁeascéqrd solid acid catalyst is
selected fromthe group consisting of a Goup 4 netal oxide that has
been nodified by a Goup 6 netal oxide, a sulfated transition netal

oxi de, a3 xedh$progess o% Flatn 3%, wearein sicpxs)decludrs suprly wgsaid4lilpentasiredi de,

and m xt yg e ﬁ;e)pﬁig&fac?tgge_ A nmet hod of using a non-acidic catalyst

conpri sing ep of contacting said non-acidic catalyst with cunene

hydr oper oxi de to form di met hyl phenyl carbinol, said non-acidic catalyst
conpri se

G oup 5. & oubePRAr 6 S 10 Ftin S £t JermelpsrEie o prenol m 409 7 °

second effluent stream is about 3.5 percent or greater.

36.  The process of claim 33, wherein said first acidic catalyst or said second acidic

catalyst is a liquid acid catalyst or a solid acid catalyst.
37.  The process of claim 36, wherein said liquid acid catalyst is sulfuric acid.

38.  The process of claim 36, 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.

39. A method of using a non-acidic catalyst comprising the step of contacting said
non-acidic catalyst with cumene hydroperoxide to form dimethyl phenyl carbinol, said
non-acidic catalyst comprised of a transition metal selected from the group consisting of

a Group 8, Group 9 and Group 10, and a catalyst support.





