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het er ogeneous &% vage of cunene hy per oxl over various solid
15 of phenot but the single process providing the largest proportion of the total
production capacity is the cumene process which now accounts for over three
quarters of the total U.S. production. The basic reaction involved in this process

is the cleavage of cumene hydroperoxide into phenol and acetone:
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20 Cer,C(CH;)zOOH = CsHsoH“'{CH:;}zCO

On the industrial scale, the cumene hydroperoxide is usually treated with
dilute sulphuric acid (5 to 25 percent concentration} at a temperature of about 50°
to 70°C. After the cleavage is complete, the reaction mixture is separated and the

25  oil layer distilled to obtain the phenol and acetone together with cumene, alpha-
methyistyrene, acetophenone and tars. The cumene may be recycled for
conversion to the hydroperoxide and subsequent cieavage. The phenol
produced in this way is suitable for use in resins although further purification is
required for a pharmaceutical grade product.

30

Although the process described above is capable of producing both
phenol and acetone in good yields, it would be desirabie to find a process which
would reduce the need for the product separation and purification steps which are

inherent in a homogeneous process and would avoid the need for

35  environmentally hazardous liquid acids.
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acid catal ysts has already been reported. For exanple, U S. Patent No.

4,490,565 discloses the use of zeolite beta in the cl eavage of cunene

hydr oper oxi de, whereas U.S. Patent No. 4,490,566 discloses the use of a

Constraint Index 1-12 zeolite, such as ZSM 5, in the sane process

Patent No. 4,898,995 discloses a process for the coproductig gpenol and
a

acetone by reactlng cunene hydroperoxi de over a heterogeneous cat yst
consisting essentially of a heteropoly acid, such as 12-tungstophosphoric

acid, on an iTHd hetetifePebus cREGAyeS éﬂn'\éd@h ;stsPosaae CgFFg@v@r?éﬁoué'sr ofi@ni a.
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i nvent i dfst ats@mnefatumsoe@&e%? $b8uci ng phenol and acetone from
cumene hydroperoxi de, wherein the process conprises the step of contacting

curmrene hydr r Si m xed oxi de
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of a Goup IVB netal] oxide with a source of cerium OXI
carbonate and zirconium oxyhydroxide, and then calcining the precipitate.

U.S. Patent No. 4,173,587 discloses a catalytic cleavage of cumene
hydroperoxide to phenol and acetone by using a solid, substantially non-soluble rhenium
catalyst. The rhenium compound is supported on an inert support e.g. alumina, zirconia,
silica-alumina or alumina-magnesia for the decomposition of cumene hydroperoxide.

According to the invention, it has now been found that a solid acid catalyst
comprising mixed oxides of cerium and a Group IVB metal can exhibit activity and
selectivity for cumene hydroperoxide cleavage.

SUMMARY OF THE INVENTION

The present invention resides in a process for producing phenol and acetone from
cumene hydroperoxide, wherein the process comprises the step of contacting cumene
hydroperoxide with a solid-acid catalyst comprising a mixed oxide of cerium and a Group
IVB metal.

Preferably, Group VB metal is zirconium.



tenperature of at |east 400C. Preferably, said tenperature is at |east 500C
and nore preferably is 600 700C. Preferably, said catal yst precursor is
precipitated froma liquid m xture containing ions of ceriumand said
Goup IVB netal at a pHless than 9, and nore preferably, to 8.
Preferably, said contacting step is conducted at a tenperat Qe/Bk 20800 to
150C and a pressure of one atnosphere (10.1325 NcnR) to 689 NcnR (1000
psig) and nore preferably at a tenperature of 40 to 120C and a pressure of
one atnospherpreférbBlyl 3aki SBIRNEdid catatydt d¥ ¢ Béntaiiila RtHEr métf sBleeffom the
I nvention can _achi eve significant conversion of cunmene hydroperoxide to
phenol a@PURCIE, B and VIl metalsp apd prefesably selagted fromeisosumanganeseand y |

oxi de an&)\PgJ'e?cet one al cool. DESCRI PTI ON OF SPECI FI C EMBODI MENTS The process
of the inh {ion uses a m xed oxide of a Goup IVB netal and ceriumas a
solid acid catal yst for the cl eavage of cunmene hydroperoxi de into phenol

and acetone. FAflferdbRS e s6R1 abidatalgdt i8 PY&dfeedd Frﬁf‘i’q '
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(i.e., Teommsingadadrge oba GroupdVBImetsl oxide withip soniré®of cerigm,oXideat 8 t o
100, e.g., from4 to 80 ugh it is to be appreciated that these forns
of oxide mqe'r%t.u,re RE)?t %ﬁﬁt&g@ may not actually be present in the catalyst
of the invention. 3 WO 01/09070 3 0 JAN 2004 PCT/USQQO 20633 The G oup |VB
met al oxide i i ' | i ' ; ia, with
it coni & bel Ha o ap, SAeRTASLRE i SORBH SEPCand e HrérerdBh 9800 2.
present 700°Che final catalyst are not limted to any particul ar val ence
state and may be present in any positive oxidation value possible for the
respective 5 species. Suitable sources of the Goup |IVB netal oxide include
conpounds cag¥eferably; sgisheatalyshgresutserdspresipitaled frgne alliguichmidureni t h ceri a,
such, a5 GVSRLRPAERE cefloaid 'S Gl AbeA a4 HTHEhaY, dliRofts Used

as the

preferably, 3 to 8.

Preferably, said contacting step is conducted at a temperature of 20 to 150°C
and a pressure of one atmosphere {10.1325 N/cm?) to 689 N/cm? {1000 psig) and
more preferably at a temperature of 40 to 120°C and a pressure of one atmosphere
(10.1325 N/cm?) to 276 N/em? (400 psig).

The process of the invention can achieve significant conversion of cumene
hydroperoxide to phenol and acetone with low coproduction of impurities such as
mesityl oxide and diacetone alcool.

DESCRIPTION OF SPECIFIC EMBODIMENTS

The process of the invention uses a mixed oxide of a Group IVB metal and
cerium as a solid acid catalyst for the cleavage of cumene hydroperoxide into phenol
and acetone.

The present catalyst may have a calculated mole ratio, expressed in the form
of XO2/CeO, where X is at least one Group IVB metal (i.e., Ti, Zr, and Hf), of up to
1000, e.g., up to 300, e.g., from 2 to 100, e.g., from 4 to 80, although it is to be
appreciated that these forms of oxides, i.e., XOz and CeO,, may not actually be
present in the catalyst of the invention.



1o I VB nmetal oxide, for exanple zirconium n-propoxide and titanium

| - propoxide. A preferred source of the Goup |VB netal oxidgﬂiﬁm ﬂrat ed
mwei@z.a

zi rconi awa@hrooexpr essi on, hydrated zirconia, is intended
material conprising zirconiumatons covalently linked to other zirconium
atons via bridging oxygen atons and further conprising avail able surface
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react with the ceria species

conponent . landriatfrid, with Zicctnda being st preferckdoyThepGatpl VBrmidi cefudf meta( OH) 4 at
a tenperature of about,100C to, abqut 400C. Wil e not bei bound by this
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ceria may bengimiay be ptesehhpsahyisie bxidbficrovdide possibldMathakéspasiides, and
therefore hydrothermal treatnent of the hydrated Group |1VB netal oxide,
such as RydrsR€E®Szirconia, could pronpte the interaction with the ceria

speci es. The hydrothernmal treatnent conditions may include a tenperature

of at |east 80C, e.,g’. at least 1Q0C. The h}/dro_t hermal treatnment may take
place 25 in a seaPublrsuEresef the Gipwr (MEmstal oxXge itrivdeccomratnds sapalitever
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refl ux conditions. itation of hydrated Group | VB netal ‘oxide In the

liquid medi fwordes. _,angwf%& Alkprides By pis0 RewTRy 35 aisquesss obthes@ioupi ng,

pr omot esyot haveirh&el bide, BF BXAcHIE QrcdHiurh heprogdﬂa@hﬁaiti&aﬁmﬁi-iﬁ\‘o’pﬁxiaﬂep.' i quid
medi um The duration of the contact of the 30 hydrated oxide wth the
liquid medi RFeleRRdSEUERe ATdhe GraumiMB metal gxide ig hydsaled zgconiaufbe The | quid
medi um f or téypﬁegsr&@hpagied%&ohﬁyelzﬁt phibPlo @J}Medz e 8inBising - 9 9 or

greater. Suitable Iiquid nmedia Include water, hydroxide solUtions

(i ncl udi ng rafEPRIMITHRIeMSTcoNBlently pked trepther/gireoniumataras vig brisigingarxsgen and

bi car bonat e InaRSrtHd ' Ao a *, Na+,
K+, 35 I\/gt+,a?gllrr1‘(gjtaCaZ+) ,ér@ﬁﬂgilsﬁ\g ﬁ%ﬂ@?gﬁﬁ%}i_vatr%/yggfoggﬁq&gﬁiilj%yﬁy Foxyl
ani nes. ¥ \Wsurface bydnoxy groupmaredeievapireBUovitiohe seda spegiestosfom s of

cerium oxi desrb et diic Lathiysf SorfSineht nh&%:ﬁ?n&&uﬁa&%ﬂm@r&ﬂﬁ@& :ts*ng salts, for

exanpl e ceriumsulfate. In_one enbodi of the invention, e catalyst is
prepared by meeaigpalintef £({OH)3) @rtemmeratyra|af pbeutetiled tapheul409°6xi de of the
Goup VB netal wth an aqueous solution containing ceriumions, followed
by drying. The
While not being bound by this chemistry, it is speculated that interactions
20 between the zirconia and ceria may be similar to those between zirconia and
tungstate oxides, and therefore hydrothermal treatment of the hydrated Group
IVB metal oxide, such as hydrated zirconia, could promote the interaction with the
ceria species. The hydrothermal treatment conditions may include a temperature
of at least 80°C, e.g., at least 100°C. The hydrothermal treatment may take place
25 in a sealed vessel at greater than atmospheric pressure. However, a preferred
mode of treatment involves the use of an open vessel under reflux conditions.
Agitation of hydrated Group IVB metal oxide in the fiquid medium, e.g., by the
action of refluxing liquid and/or stirring, promotes the effective interaction of the
hydrated oxide with the liquid medium. The duration of the contact of the
30  hydrated oxide with the liquid medium may be at least 1 hour, e.g., atleast 8
hours. The liquid medium for this treatment may have a pH of about 7 or greater,
e.g., 9 or greater. Suitable liquid media include water, hydroxide solutions
(including hydroxides of NH,*, Na*, K*, Mg?*, and Ca®*), carbonate and
bicarbonate solutions (including carbonates and bicarbonates of NH,*, Na*, K*,

35 Mg*, and Ca®"), pyridine and its derivatives, and alkyl/hydroxyl amines.



resulting catal yst precursor is then calcined in the manner descri bed

bel ow. In anot her enbodi nent of the invention, the catal yst I fr%ﬂﬁr ed by

co- 10 precipitation froma liquid m xture of cerium and GO{IE ons
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described below. The liquid m xture can be prepared by conbining a first
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medium Alternatively, the source of the Group IVB netal oxide and the
source of the ceriumi b corrbl n e sol ion. This
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determ ning the activity of the final catalyst and hence the pH should be

mai nt ai ned below 9, preferably between 3 and 8, and npst preferably

betveen 6 and 8. [HunRAREd e hhinadhioR ek icatibi BRiibdued Byasi Nt ai ned

25 during the co-precipitation Is generally less than about 200C and is
pref er ablOy precipitatinsfrors @diauist mixbiie of errigm @B‘l’ Grongp VErions fofloed By al yst

precur sor a
emper atur e S1 Ao ne FER g Sl st pRuRtl ) e Bl oRabes Belon <

pref erabl y f Fioericuidmixtgsoen ke arsaaltedmm@mhamag Adisst ligwid selulien GOMPESING about
600C to aboué égﬁ%of B?Su;? fn@@l bﬁﬂe%tﬂ% éB%)anﬂqME sBBtn&gcchﬁbﬁs‘?n apreferably

for about O ours, nDre preferably for about 1.0-10 hours In a
most pr ef errewrewbb@mtmscah@l qembination of by ﬁ@le@prﬁd@ke&tplﬁﬁ%mdemoc for

about e O@Qﬂ#}'l?on% shu(?%qém t&éaée%&pr&ébhﬁ%@.ﬂofﬁh@cé:ﬁ%tlﬁr@ém&aé@bxgnd my be

subjecte cl natl1 on under conventi onal conditions in order to
dehydr at e t hffoedhe ligeid rediumo Alleradively,tbe saege obthefaroHa YR Metal oxidengt h on

the catalyst, E’m Oéodr(te?]aﬁﬁemﬁmﬁ%@ 3y b&%nﬁmeatﬁbh%wg@sdmoarmﬁafldl ng,

e.g., by hea Ing I n resence of hydrogen sulfide, to convert oxide
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of the catalyst, such as by the addition of a precipitating reagent, such as

20 ammonia, to the solution. Water is a preferred solvent for these solutions. The
pH at which the liquid mixture is maintained during co-precipitation appears to be
important in determining the activity of the final catalyst and hence the pH should
be maintained below 9, preferably between 3 and 8, and most preferably
between 6 and 8. The temperature at which the liquid medium is maintained

25  during the co-precipitation is generally less than about 200°C and is preferably
from about 50°C to about 100°C.

Calcination of the catalyst precursor is effected, preferably in an oxidizing

atmosphere, at a temperature of at least 400°C, preferably at least 500°C, and

30  more preferably from about 550°C to about 800°C, and most preferably from
about 600°C to about 700°C. The calcination time may be up to 48 hours,
preferably for about 0.5-24 hours, and more preferably for about 1.0-10 hours. In
a most preferred embodiment, calcination is carried out at about 700°C for about
1 to about 3 hours.

35



O her netals, such as netals of Goups IB, VIIB and VIII, and preferably
I ron, manganese and/ or copper, may optionally be added to the present
catalyst to alter its <catalytic properties. The present cat Igfﬁ gﬁt}/ be
conposited with a matrix material to formthe finished form M

catal yst and for this purpose conventional matrix materials such as
alumna, silica-alumna and silica are suitable with preference given to
silica as a non- acidic binder. Qther binder naterials may be used, for
exanpl e, tit arhexresuitant@atalystmony e Sebjected & adinabesdcinatian ayder cbheerticnal/ e

cat al yst | ted w t he I n. .amunts frpm80:20 to 20: 80
by wei gh‘fon%élogg' $r$§ﬂf%%% ‘Sq% ﬂ’%& qxlteo %%nfgr gtreqwﬁqcfn'ng R 'E'B"i‘,pom ting
may be m@gWomwmaw@tnahom theCatitystenaibbd siitgedtbe toPreulfdirg, elgpoet her
fol | owe b extrusmn or pelletizing into the desired finished cat al yst

particl eating n thepigeen 'TVSFPW suifide, fe eonvestxide tormsaf dee metalont act i ng

t he cun% Mf@@qn%b&ﬁeyﬁdﬁa. gl d oxide catal yst described above in
the liquid phase at a tenperatdre o 20 to 150C, preferably 40 to 120C, a

pressure of one atnosphere (10.1325 N cnR) to 689 Ncn2 (1000 psig),
preferably a QthesmetalsSuchres metal&ofr@rwps(IBOVﬂBzﬁdl\lflﬂﬂﬁ)d preferablyMoan?2 (400

psig). To_ effect t contactin e erox ,.the solid
oxi G cAnargAnest a08far GaRb &l Y aRipnall b AT o thE Prasent solaNRAIq Alter s
fluidi zqﬁ,@ﬂqbp Pgnreg_e contacting operation may take pI ace continuously or
bat ch-w se. he contacting takes place continuously, the LHSV based on

cunene hydroperOX|de iIs within the range of 0.1 to 100 hr', preferably 1
to 50 hr'. |le'terwesemttmalystgnagakesompasited Wwith ahmat‘rixmatetid todermmdthece tine i s

within the.r 0 ref erabl

v operBIaa8 THEn B tecsaas) antlidh 1R BliR8E rénfeastifnd BartFembtel B e 58t he

cl eavagealiiaivat siflida-akimiifa and 37idd Ane suitabla'ARR préferente gieth teRlicalised R6RD! Y
acetone. The use of a salvent js preferred so as assist in dissi patl ng the

heat of a%\%mnéﬁf @Beubinder mptesgisyHRy bedisogh fo1 exaple, titagiay Zjgconja and

PCT/ USOQ4ir&64 r with

r ef erengde to téﬁggﬁ?%éjpgglmﬁk%n@ga#&vgg& ztarrp e 92@@‘@‘8%{38' \Ag*h %r%%g&gﬂzo and

32 g of amounisfrem 8@26 tmEE)ﬁchyswgled g from S0i 20iorﬁ§p 50 acme()cdtaweirmatni’x.

dlStI||E‘éi wat e ef Anotbheci sqgutiontc ai ni n%%gg centrated
ompositing may be done by conventional means includin mulll ematenats

together followed by extrusion or pelletizing into the desired finished catalyst particles.

The cleavage reaction of the invention is effected by contacting the cumene
hydroperoxide with the solid oxide catalyst described above in the liquid phase at a
temperature of 20 to 150°C, preferably 40 to 120°C, a pressure of one atmosphere
(10.1325 Nfcm?) to 689 N/cm? (1000 psig), preferably a pressure of one atmosphere
(10.1325 N/iem?) to 276 Nicm? (400 psig). To effect the contacting of the cumene
hydroperoxide, the solid oxide catalyst described above may be contained in a stationary
or fluidized bed, and the contacting operation may take place continuously or batch-wise.
If the contacting takes place continuously, the LHSV based on cumene hydroperoxide is
within the range of 0.1 to 100 hr”' preferably 1 to 50 hr'. If the contacting takes place
batch-wise, the residence time is within the range of 1 to 360 min, preferably 1 to 180
min. The cumene hydroperoxide is preferably dissclved in an organic solvent inert to the
cleavage reaction, such as benzene, toluene, cumene and most preferably acetone. The
use of a solvent is preferred so as assist in dissipating the heat of reaction (about 60
kcal/mol).



NHAOH and 2.94 liters of distilled water was prepared. Both solutions were
conbined with stirring. The pH of this conbined m xture was, adjusted to 8
with the addition of conc. NHAOH. This slurry was then pLth(élp AN 2004

_pol ypr opYPMH@ 8t t1es 10 and placed in a steambox (100C) S ¥PY8Ps. The
product formed was recovered by filtration, washed with excess water, and
dried overnight at 85C. A portion of this catalyst was calcined to 700C in
flowing air for 3rHedaventionwitnaeemormparticularly degaibed aith referenceriedhdi ng a

nom nal 5% on_zi 2. 15 Exanple 2 To a 250-m round bottom fl ask
fitted V\/ith%m&d?ﬁig%és;'ﬁ@?&sti rrer and dropping funnel, and located in a

wat er bath for tenperature control, was charged a m xture of 100.0 g of

acetone and 1. 00 of the catalyst of Exanple 1. The mxture was heated to
. reflux (57 @Eﬂlﬁ—g%ti rring, and 50.0 g of "80% cumene 20 hydroper oxi de

(CHP) sol.uti on (ﬁ%adzéffiz‘jgcﬁ%n%-a%?{ of\&}gﬁﬁﬁj Gerddif86I9ed with stirring

phenyl - 2-pr opanal’, acet dphenon ed dropw se at an approxi nate
- rate of 2 gliFi3wm liteR dfemdting weidi.t Amiher solutien CoRtainihg 260 9, of coacentsep| es ( -

0.2 mM) of the reactant. soluytj wer.e w t hdrawn equl.ar intervals,
filtered, arHHéﬂ‘dlas’/‘E@?" 'WSQEQ'S@GP&P&?'O‘&?%BW?‘%??‘Qﬁgﬁ“@’e‘? 8% %Shows t he
conposition ﬁm e STAE i rfuratwd tad fosiwgthaf t er t he
addi ti on of e @ﬁ@&ggt'%&mﬁ%&%ﬁﬁ”ﬁ’?ﬁr A({_et or?e6 . 6776. 6377. 43 Mesi

| Oxi de0. 00. Obe.auidition véeenE. BbkOH1This slupyavas then pytin privprorylenakqtiss

Styrene0,070 teRRB50N66-C)qdr PFRaitS. The product formed was
2- Pheny! 102- P?%%glﬁg%%é%. 28608 CuCrT)renre Hydr oper oxi de26. 931, 540,06, CHP

Conver si on94regoy@red dyJditration washed with excess yatencnd dred pvemgt 2885 Ehanpl e 3
Five hundr edp%@%f Bis AtsfdidvREnaado 0T B ndhd BINTEE hadrs tyBFdiuce

an acidic oxide catalyst containing a nominai 5% Ce on zirconia.

15 Example 2
To a 250-mi 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 1. The
mixture was heated to reflux (57 °C) with stirring, and 50.0 g of "80%" cumene

20  hydroperoxide (CHP) solution (analyzed as 80.8% CHP, 7.7% cumene, 6.9% 2-
phenyl-2-propanol, 2.1% acetophenone) was added dropwise at an approximate
rate of 2 g/min. Following addition of the CHP solution, small samples (~ 0.2 ml)
of the reactant solution were withdrawn at regular intervals, filtered, and analyzed
by gas chromatography. The table below shows the composition (mass %) of the

25 reactant solution at 1 and 3 hours after the addition of the CHP was complete.

Feed 1hr 3hr

Acetone 66.67 76.63 77.43
Mesityl Oxide 0.0 0.00 0.00
Cumene 2.56 2.61 2.63
Phenol 0.09 15.17 16.78
a-Methyi Styrene 0.07 0.20 0.37
Acetophenone 0.70 1.34 0.88
2-Phenyl-2-Propanol 2.36 1.82 1.48
Cumene Hydroperoxide 26_.23 _1_54 0.06 |
CHP Conversion [ 943% | 998%




di ssolved with stirring in 3.0 liters of distilled water. Another solution

containing 260 g of conc. NH4COH and 3.0 liters of distille
pr epar edWOBBI0M™ sol uti ons were heated to 60C. These two hp@é@g}m%]yglons

were conbined at the rate of 50 mMImn using a nozzle m xer. The pH of
this conbined m xture was adjusted to 8 with the addition of conc. NHACH.
This slurry ogn put I n pol ypropyl ene bottles and placed in a steanbox
(1000 for product_formed was recovered by filtration,
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2t Tegular PRyt A8 et refodbrll by illorb S g Al e Ra B 35 il o
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after the a 0 e r r o

Acet one66. 639103 B%?ég];%g | E &%%@x% .08@5650'%6%9&"%@%@%/ beep on

Phenol 0. 095.z2888ni87 a- Met hyl Styrene0. 070. 170. 20 Acet ophenone0. 701. 321. 63

2- Phenyl - 2- Pro anol 2. 362. 262. 19 Cunene Hydr oper oxi de26. 9317. 4911. 26 CHP
Conversion35.1 9568.2 % 8

15 Exampled
To a 250-mi 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 stirring, and 50.0 g of "80%" cumene
20  hydroperoxide (CHP} solution (analyzed as 80.8% CHP, 7.7% cumene, 6.9% 2-
phenyl-2-propanol, 2.1% acetophenone) was added dropwise at an approximate
rate of 2 g/min. Following addition of the CHP solution, small samples (~ 0.2 ml)
of the reactant solution were withdrawn at regular intervats, filtered, and analyzed
by GC.
25
The table below shows the composition (mass %) of the reactant solution
at 1 and 3 hours after the addition of the CHP was complete.

Feed 1 hr 3hr
Acetone 66.67 70.01 72.36
Mesityl Oxide 0.0 0.00 0.00
Cumene 2.56 2.59 2.60
Phenol 0.09 5.38 8.87 v
a-Methyl Styrene 0.07 0.17 0.20
Acetophenone 0.70 1.32 1.63
2-Phenyi-2-Propano! 2.36 2.26 2.19
Cumene Hydroperoxide 26.93 17.49 11.26
CHP Conversion l 35.1 % | 58.2%




WO 01/09070 3 0 JAN 2004 PCTfUSOQ 20633 Exanple 5 50 g of ZrQCl 2. 8H20 was
di ssolved with stirring in 300 m of distilled water. Anothef_sol ution
cont ai ni rw%ﬁ‘[l 0 ans of ceriumsulfate and 300 m of distill tJAN 200has

_prepared | utions were conbined with stirring. The BRI

conbi ned m xture was adjusted to 3 wth the addition of a concentrated
NHAOH solution. This slurry was then put in polypropylene bottles and

pl aced in a Esampleh®x (100C) for 72 hours. The product forned was recovered

by filtration, washed with excess water nd. dri ed overni h_ t 85C. A
portion of this 200 &f ¢ERCLRELOMASS! T’ﬁ?ii’eﬁjd\" Fing,ing QSW"L% ‘%‘ Ie$y|ate§ hour s

to produce a

zi rconi a. Exgng‘l%w%&qe: a‘q%g%‘ﬂn% h%@{ %‘%@gﬁﬂ% ?ﬂd}ﬁl ﬁ:ﬁu/ta condenser,
~stirrer and vﬁs(ppquam@ fBoMojutmnd weoe:mreblnemwahwatfmg beerpH ofthisenper at ur e
contr ol 47 Rty GG .M s I S0 Wik ©1 1
*stirring, andolﬁﬁorﬂ Thiokluh§0sés thempotin mWrammmms(indetasnd int@& on
L e

Fol I owi ng adgidshediwith ekbas@rﬁescdndtdned pvenmight at85f6. e pprtiod. omms gat@gstof t he
el yood by Wasdaeetia: g Gh PP a ety Bura o o sten i o i on
(mass % 10f tcamlyst eothiaiig snbminabﬁ%amednﬁ:rwmb.& 25 hours after the addition
of the CHP was conplete. Feedl hr3 hr Acetone66.6776.0277. 30 Mesi

| Oxi de0. 00. 000. 00 Cunene2.562.582. 61 Phenol 0. 0915. 3116. 73 a- Meth
St yrene0. 070.gxkbthpl8 6Acet ophenone0. 701. 500. 96 2- Phenyl -2-Pro

anol 2. 361. 811.51 q”o”?ﬂgo-'ﬁ%%&r?(? Bgﬁgng ﬁgsel‘)(' f%l?ég wut?\ a condenser stirrer and

dropping funnel, and located in a water bath for temperature control, was charged

15 amixture of 100.0 g of acetone and 1.00 g of the catalyst of Example 5. The
mixture was heated to refiux (57 °C} with stirring, and 50.0 g of "80%" cumene
hydroperoxide (CHP) solution {analyzed as 80.8% CHP, 7.7% cumene, 6.9% 2-
phenyl-2-propanol, 2.1% acetophenone) was added dropwise at an approximate
rate of 2 g/min. Following addition of the CHP solution, small samples (~ 0.2 ml)

20  of the reactant solution were withdrawn at regular intervals, filtered, and analyzed
by gas chromatography. The table below shows the composition (mass %] of the
reactant solution at 1.0 and 3.25 hours after the addition of the CHP was

complete.
Feed 1hr 3hr
Acetone 66.67 76.02 77.30
Mesityl Oxide - ' 0.0 | 0.00 0.00
Cumene 2.56 2,58 2.61
Phenol 0.09 156.31 16.73
a-Methyl Styrene 0.07 0.21 0.28
Acetophenone 0.70 1.50 0.96
2-Phenyi-2-Propanol 2.36 1.81 1.51
Cumene Hydroperoxide 26.93 3.27 0.14
CHP Conversion | 879% | 995% ﬁ
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Exanple 7 500 g of ZrQOd 2. 81-120 and 32 g of ceriumsulfate Wigﬁl’sol ved
with stimwoogesorm 3.0 liters of distilled water. Another spbﬁ% 10633
containing 260 g of concentrated NH4OH and 2.94 liters of distill e& wat er
was prepared. Both solutions were 5 conbined with stirring. The pH of this
conbi ned m'xtgréa \éfeS?adj usted to 8 with the addition of conc. NHAOH This

slurry was t n pol ypropyl ene bottles and placed in a steanmbox (100
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Acet one66. 6770. 0773. 14 Mesi Oxi de0. 00. 000. 00 Cunene2. 562. 522. 54

Example 8

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
15  a mixture of 100.0 g of acetone and 1.00 g of the catalyét of Example 7. The
mixture was heated to reflux (57 °C) with stirring, and 50.0 g of "80%" cumene
hydroperoxide (CHP) solution (analyzed as 80.8% CHP, 7.7% cumene, 6.9% 2-
phenyl-2-propanol, 2.1% acetophenone) was added dropwise at an approximate
rate of 2 g/min. Following addition of the CHP solution, small samples (~ 0.2 mi)
20  of the reactant solution were withdrawn at regular intervals, filttered, and anatyzed
by gas chromatography. The table below shows the composition (mass %) of the
reactant solution at 1 and 3 hours after the addition of the CHP was complete.

Feed 1 hr 3hr )
Acetone 66.67 70.07 73.14
Mesityl Oxide 0.0 0.00 0.00
Cumene 2.56 2.52 2.54
Phenol 0.09 5.25 9.28
a-Methyl Styrene 0.07 0.18 0.21
Acetophenone 0.70 1.48 1.89
2-Phenyl-2-Propanol 2.36 2.22 2.09
Cumene Hydroperoxidg 26.93 17.51 9.72
CHP Conversion | 3498% | 63.7%
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Phenol 0. 095. 259. 28 a- Met hyl Styrene0.070. 180. 21 Acet ophenone0. 701. 481. 89

2- Phenyl - 2-Pro anol 2. 362. 222. 09 Cunene Hydr oper oxi de26. 9317.519. 72 CHP
Conversion34.98 %%3.7 % 10 3 0 . SAN 2004 What we claimis: 1. A process for
produci ng phenol and acetone from cunene hydroperoxi de conprising the step
of contacting cunene hydroperoxide with a solid-acid catal ys$t} ¢am sing a
m xed oxide of ceriumand a Goup |IVB netal. 2. The process of claiml,
wherein said Goup IVB netal is zirconium 3. The process of claim1,
wherein said solid acid catalyst is produced by calcining a catalyst

pr ecur soWhaowger ¢laimmis:a source of a Goup | VB netal oxide wth a source of
ceriumoxide at a tenperature of at |east 400C. 4. The process of claim3,
wherein said tenperature is at |east 500C. 5. The process of claim 3,

wherei n tai d A@npeasstior producsupphend.ans. acﬁt@nwroaesumenedlyairmeroxmer ein

ons of cer usanieed e bpl o lrmbAEhfarapsitite itk §81635HE " O

process of cl@itawst comiprising SRkt ddkids o cehud ard aﬁr@uprlvse\ﬁéta}f Caiml,
wherein said solid acid catalyst also contains a netal selected from

Goups IB, VIIB, or VIII of the Periodic Table. 9. The process of Caiml1,
wher ei n 2ai d 'Eimpeuneisag)fs:iaim 1,swheneitusaid Graupd VB reetad iszinceniofm. 20 t o 150C
and a pressure of one atnosphere (10. 1325 Ncn2) to 689 Ncn2 (1000
psig). 10. The process of Claim 1, wherein said contacting step is

conduct e#t at Ehe PEIRESE Af glaimot, wierein said golid @cid %ﬁté%blsepr@ﬂuéﬂ‘é byt nospher e
(10.1325 N ciffdining o &8tallst Breduit@OPSdprisiftd a source of a Group IVB metal oxide

with a source of cerium oxide at a temperature of at least 400°C.
4, The process of claim 3, wherein said temperature is at least 500°C.
5. The process of claim 3, wherein said temperature is 600-700°C.

6. The process of claim 1, wherein said catalyst precursor is precipitated from a
liquid mixture containing ions of cerium and said Group IVB metal at a pH less
than 9.

7. The process of claim 6, wherein said pH is 3 to 8.

8. The process of Claim 1, wherein said solid acid catalyst also contains a metal
selected from Groups [B, VIIB, or VIII of the Periodic Table.

9. The process of Claim 1, wherein said contacting step is conducted at a
temperature of 20 to 150°C and a pressure of one atmosphere (10.1325
N/cm?) to 689 N/cm? (1000 psig).

10. The process of Claim 1, wherein said contacting step is conducted at a
temperature of 40 to 120°C and a pressure of one atmosphere {10.1325
N/cm?) to 276 Nicm? (400psig).
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