WO 00/ 64849 PCTI USOQ' 09938 1 PRODUCTI ON OF PHENOL BACKGROUND COF THE

| NVENTION Field of the Invention This invention relates to the production
of phenol and nore particularly to a process for produci ng phenol and
acet one f ooowesene hydr operoxi de. Description of the Pri AICTAIS00@PSA0I is
an inportant organic chemcal with a wde variety of industrial wuses. It
Is used, for exanple, in the production of phenolic resins, bisphenol-A
and caprol actam A nunber of processes are currently in use for the

production of phenol but the PRWHGCPICI BFPHENEL i ng the | argest
proportion of the total produCtron capacity 1S the cunmene process which

now accounts for over three quarters of the total U S. production. The

basi c reaction involved in BACKkEEOIRPOF TREIRYENTRONAage of cunene
hydr oper oxi de i nto phenol and acetone: CoH5C{ CH3) 2Z00H = C6H50H+( CH3) 2CO On

the industrial scale, the cunene hydroperoxide is usually treated with
dilute sul phlp'é@ofaﬂ:,bdm(e'ﬁt,@,q) 25 percent concentration) at a tenperature of
about 500 to 70C_ Aft the cleavage is conplete, the reaction mxture is
separated and the T 'PV?"&'QEI'G'G‘?&“? [ eﬂﬂoq‘&t'e'bPBP'??”Ph%”dp'W@F?oﬂ’ar%\WrB/ct@tone

toget her W t b grog8ya3dor Jﬁbmg PARENBYArsd Adefor fréth @LIRBRE ARdieparBRidéar s. The
cumene may be recycled for conversion to the hydroperoxi de and subsequent

cl eavage. The phenol produced in this way is suitable for use in resins
al t hough f ur Degtrigtiohidf tizaidg®Ar S required for a pharnmaceutical grade

product. Although _the process cri bed, abov apabl e of uci ng both
phenol and acet on eﬂod%aauwcgfaawzorgiaplcmﬁmagglﬂa@ e YAriety of i F‘i"ffg'ai process
whi ch woul d usedums used, foeexhrhple, ih liite proadctioh of ppericit Irél!hsabtiphelrlidl-fﬁl cation
steps which arﬁ i} ntAi n[@ ho 8eneous roce s. and tH ay o #d t he need
for environfB tcaPm ar fYI9eT P RIPEPS3E? 8% %E‘t‘&%&" &P ¥hvage of
cunene hydropeplmenodbut(tﬁkﬂhgtevp%ces\smm\nwsg mllal@eetcprdpcfrﬁdsrabﬁmésothlas al r eady
exa S. Pat ent 4.490 565 di scl oses the use of

tz)gglnl { gpgét g%m#:u{; %n &qhg %6 éh%?u%mﬁrgcess which how abcountsdfor Gverthree

quarters of the total U.S. production. The basic reaction involved in this process
is the cleavage of cumene hydroperoxide into phenol and acetone:

CaHsC(CH3)2OOH = C6H5OH+(CH3)2CO

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

Although the process described above is capable of producing both
phenol and acetone in good yields, it would be desirable 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
environmentally hazardous liquid acids.

The heterogeneous cleavage of cumene hydroperoxide (CHP) over
various solid acid catalysts has already been reported. For example, U.S. Patent
No. 4,490,565 discloses the use of zeolite beta in the cleavage of cumene



WO 00/ 64849 PCT/ US00/ 09938 2 hydroperoxi de, whereas U.S. Patent No.
4,490,566 discloses the use of a Constraint Index 1-12 zeolite, such as
ZSM5, in the sane process. U S. Patent No. 4,898,995 discloses a process
for the cHRWIBi on of phenol and acetone by reacting cukEha/Se0/09938

hydr oper oxi de over a heterogeneous cata yst consisting essentially of a
het eropoly acid, such as 12-tungstophosphoric acid, on an inert support,
such as silica, alumna, titania and zirconia. Such heteropoly acid

catal ysts ar mydjn@berro&idel whereas biS. eanént iNanp 1901566 elisclasee twase affa  350C. None
of the SO|Id I d .cat t current for cunen hydr oper oxi de
cl eavage exh| tr?'ﬂtgl s?éﬁ ?58 Igﬁrﬁchéf%ﬁﬁ)gf'ng% ?W??rogﬁ selectivity to
provi de an accept abSeDatemleemstg%mlsmdefsmrprocessﬁdthé;UMh‘lQRYottdﬁ ofHE

| NVENTI ON The | nv t| 9 Cc r uci ng
phenol and ggrgcgﬁﬁgla%tﬁp a%“ﬂ@d %’ger F&‘E&&‘B%’@ﬂ%?’g&'ﬁastﬁé’%ﬂﬁ‘%:@‘gs
conprises t heatatyspcam‘snstmg)aswttlalt}g:f(ajnmemphly@cnipslcmbasd‘&-mmgstoahmhb[ib aci d
catal yst co [ t cess of the
i nvention cg%Cfd 'ngdﬁ"e?fg”ﬁﬁwds“@ aggﬁlééerag%ﬁg tﬁgnlgéhg%m%mdréycgr oxide to
phenol and a@etemmmlwwmdhcatetmstsqne mﬂjatanltlmnnstablerqbtemnere@ressuehcm of

4- cunyl phenol JEESI tyl oxide and di acetone al cohol. Preferably, the
transition n@?g oxi de includes at |east one nmetal oxide selected from

G oups 1 VB, |VA YWohBohthe sdlid-acidfcatdestseurremtly propabéd:for ckhmeher abl y, t he
transition i el ud

zirconia togg]&ﬁggpgl\%f(@ﬁ cga%v%é:e%&ﬂth:é?%d}tﬁ}ea%gm o'% Pé&'(@%')(d ‘L'é]%’éaﬂr‘t}g nese.
Pref erably, tmarosubfaatwdeptaua$epla¢annem1fcalsutiunmlds calcined at a
tenperature of at |east 400C and nore preferably at |east 500C.
Preferably, said contacting step S conduct ed at a terrperature of 20 to
150C and a pressure of atnosBMMARY ) pre preferably at a

f .
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acetone from cumene hydroperoxide, wherein the process comprises the step of

contacting cumene hydroperoxide with a solid-acid catalyst comprising a sulfated
transition metal oxide.

The process of the invention can achieve significant conversion of
cumene hydroperoxide to phenol and acetone with low coproduction of impurities
such as 4-cumylphenol, mesityl oxide and diacetone alcohol.

Preferably, the transition metal oxide includes at least one metal oxide
selected from Groups IVB, IVA, VIIB and VIl of the Periodic Table.

Preferably, the transition metal oxide includes zirconia and more
preferably includes zirconia together with an oxide of iron or oxides of iron and
manganese.

Preferably, the sulfated transition metal oxide is calcined at a temperature
of at least 400°C and more preferably at least 500°C.

Preferably, said contacting step is conducted at a temperature of 20 to
150°C and a pressure of atmospheric to 6894 kPa and more preferably at a

temperature of 40 to 120°C and a pressure of atmospheric to 2758 kPa.



3 DESCRI PTI ON OF SPECI FI C EMBODI MENTS It is known from for exanple, the
article by M Hno et al in Journal of the Anerican Chem cal Society,
Cct ober 10, 1979, pages 6439-41, that solid acid catalysts useful for
but ane i sdv@0¥/&84% on can be prepared by treating zirconi a WATUS809Bat e
i ons and cal cining the product. Accordi gg to the invention, it has been
found that a solid acid catalyst conprising a sulfated transition netal
oxide, particularly a Goup IVB netal oxide, such as zirconia, is an

active and selective cappsgriPTION dhSPECHAYIEMBODIMERNESE hydr oper oxi de.
The transition rret al oxide used the catalyst of the rnvention preferably
i ncl udes at | east téhEnQM fﬂ‘H“ofPrﬁxa@Ri‘Erﬁh‘F%CP@YMwwol%al'ﬁw18

classificati meﬂrﬁéﬁ cm;ﬂh%p edctBber! 1@3@@?9 f&?é&. 643§J@h tA&t dolid agha or
zirconia, 4 in the & classification system
r ecommended B?/ta'yF’%P'Ré“' PH a""*‘éﬁ%‘l‘?”&@“% ??"098 W@Parﬁd@éi?&t'w FiEEqni Witth 7 in

the Goup 1- &afatézloasahalcﬁlatnir@}hébﬁid%m r/&ﬁ:@Fﬂ'ﬁ%j"‘féQHe moehtkél?ﬁ@ha%bah such as
manganese ox t he Groqul 18

cl assificati egﬁ%é’rﬁ&? éE’Srﬁ?@Tﬁ@é@’BV‘% ’E%E‘)"faﬁ%q t&?”s'téqﬂ‘dﬂeté‘ Xid&n oxi de.

Most pr ef er aphyiculaiea Gré@vig merm o%de |suem a@leumdaﬁ:d, Wigrsactive @i sdlechite
catal yst of t ' han one transition netal

t}elnfveti n na I’IS
oxi de, prefef2B I|y§t @‘8%‘3’@9‘%/8 neﬂy E%’ﬁf fl€and iron oxides or a
conbi nati on of i rmhe tramsigmnasel amle E$édﬁﬁlﬂhéld?étal9§tlcﬂﬂfe anéTﬁloﬁlpK@I’drdblyanSI tion

netal oxide pa ared b q r such as
i npr egnat i onmc%g ﬁ %é’tnfe&ﬁ'd%cok %?@ <J1;<r8Hp d‘i‘u% %réﬂ“pa‘] i xture, etc.
The transiti olassninaabn systeha rea)rmuéridﬁd&ﬁ' IUPACI) eradtalpsUchvisttitarfia 9P ziFdORia) f

sulfate ion S qu lca do refera anmoni,um sul f at e.
It is also %@g‘?‘g\‘@* (tGSJOW n tpﬁﬁr?ll’%iéigt ﬁ'f tloé?l SVB@F%’?W"& ¥pound
capabl e of fHAG)gnetal bacit @s firooddara GaupiViidt (Goup B ircthe @roty dri@gen sul fi de,

Thvent i on_ pr SrefiogT SR A@myllfuen ) KR sbn P apdiaRESS ate o0y of
sul fate ion ayd/owxa @rnupdﬂllt(Gmupa&laltlyesGroupN ﬂ&claﬁs@eﬂtnamsystemh the sour ce of
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transition metal oxide mcludes zirconia. The catalyst of the invention may

comprise more than one transition metal oxide, preferably a combination of
zirconium and iron oxides or a combination of iron, manganese and zirconium
oxides. The mixed transition metal oxide may be prepared by techniques known
in the art, such as impregnation, coimpregnation, coprecipitation, physical
admixture, etc.

The transition metal oxide is sulfated by treatment with a source of sulfate
ion, such as sulfuric acid or, more preferably, ammonium sulfate. It is also
possible to treat the transition metal oxide with a compound capable of forming
sulfate ions on calcination, such as hydrogen sulfide, sulfur dioxide or
mercaptans.

The catalyst used in the process of the invention preferably contains 0.5
to 20%, and more preferably 5 to 15%, of sulfate ion by weight of the catalyst.

After treatment with the source of sulfate ion, the transition metal oxide
catalyst is calcined at a temperature of at least 400°C and more preferably at
least 500°C, typically from 500 to 800°C, for a period of 2 to 30 hours.

The cleavage reaction of the invention is effected by contacting the
cumene hydroperoxide with the solid acid catalyst described above in the liquid
phase at a temperature of 20 to 150°C, preferably 40 to 120°C, a pressure of



| east 500C, typically from500 to 800C, for a period of 2 to 30 hours. The
cl eavage reaction of the invention is effected by contacting the cunene
hydr operoxi de with the solid acid catal yst described above in the |iquid
phase at ¥Q®W#44%ture of 20 to 150C, preferably 40 to 120ECTHSHVEYR] e of
WO 00/ 64849 PCT/ US00/ 09938 4 at nospherijyc to 6894 kPa, preferably

at nospheric to 2758 kPa. To effect the <contacting of the cunene
hydr oper oxi de, the solid acid catal yst descri bed above nmay be contained in
a st ati onar yateospherickios894 kPd, prafetatihetrospherid tork7 58 kaalo@ffectthy t ake pl ace

continuously or_batch.w se. |f the ngacting.take | . | nuousl y,
Che LHsv basgiiiastn Shiietfomne JylrBererler e R pROTRENSL A BREBOY S Yoo
hr', prefer ainby bé cbotab@dhin a.stdtionartyer floidizad bedgariddhe soptheting dpErationwi se, t he

residence tlﬁé}‘.@‘ﬁz}%&l &nﬁinﬁ%fsﬁp&%a?éh-ﬁisé.o|f§r§eoccmt tingr egrp?at%:ley 1 to 180

mn. The cu operoxiae”’i’s preferably dissolv I'h "an organic
sol vent i ner ¢ortiououdhe tid EldS¥ dasedarn curnene bydroparexite isawithdy) thegbogaef, acet one

and nost prefer A T e of ' f e0:.50 as
assi ot i’ df 20150 be” PRIGRBY, TORORE, Rindecifackil ekl PHERAARGISET O
i nvention wi the residerse ting is withirt the uangel of 1de S6Pinjedpreferably ttet&hmin.t o t he

foll ow ng Ex LA y f. %ﬁ Eb : ared by
adding 3.3 gﬁﬁ)]%)&gﬁn%%m m e@ﬁ’?‘?ﬁ%" r{e\%ﬁ%y’%é%fﬂ/e e'?%hl:a;}% é)y@@bn%t GH-gtwo gr ans
of the abovetheslaavage regstion, sudeds benzeng, tolueps, aretdnefandynoest ppefershlyed

zi rconi um hy ' n ' | peloter £ i cat al yst
was cal ci nedg('gegaﬂseggagiuneg f (é)\%mglr\{gmzl ?Ile?éc;fte%&t%our lSSt ﬁk@%}ﬁt@@éﬁ’%%éﬂogw_ m
round bot t onfeartigrk(@bputt@rkagl/malla condenser, stirrer and dropping funnel,
and | ocated in a yg ﬁﬁ/ehtginh/viﬁ 96wtb%rm&‘régfal-lfcﬁlaﬂ9'&Eé&lbed‘()ﬁt’ﬁ referdritedo trie M xture
of 100.0 g of acetone and 1.00 g of the catalyst of Exanple 1. The mxture
was heat ed t®llewingExapples) with stirring, and 50.0 g of "80% cunene
hydr oper oxi de (CHP) sol ution (analyzed as 80.8% CHP, 7.7% cunene, 6.9% 2-
phenyl - 2- pr oEanoI , 2.1 % acet ophenone) was added dropw se at an approxi nate
Example 1

A 1N solution of (NH,),SO, was prepared by adding 3.3 g of ammonium

sulfate to 50 g of deionized H,O. Forty-two grams of the above solution was

added slowly to 58 g of freshly prepared zirconium hydroxide and dried overnight
at 85°C. A portion of this catalyst was calcined to 525°C in flowing air for 3
hours.

Example 2
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 1. 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 sampies (~ 0.2 ml)
of the reactant solution were withdrawn at regular intervals, fiitered, and analyzed
by GC.

Table 1 below shows the composition (mass %) of the reactant solution at
1.0 and 3.0 hours after the addition of the CHP was complete.



rate of 2 g/ mn.

0.2 m)
filtered,

of the re¥Q%EA849o] ution at
CHP was conpl ete.
Acetone 66.67 68.06 68.87 Mesityl
2.57 Phenol

0.70 0.90 1.19 2-Phenyl

0.09 2.00 3.80 a-Methyl
- 2- Pr opanol
26.93 23.59 20.54 CHP Conversion 12.4 % 23.8 %
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Oxide 0.0 0.00 0.00 Cunene 2.56 2.56
Styrene 0.07 0.15 0.19 Acetophenone
2Tafed. 30 2. 29 Cunene Hydroperoxi de
Exanple 3 Fifty grans of

Zr 00 2xH20 and 0. 8 g of FeSO4. 7TH20 were (iggggl ved

of distilled wat
by the addition
i n pol ypropyl
The product forng
and dried overni
wat er was prepar g

put

Mtlﬂorﬁtll’l’l3rtgh,ln

300 g

1_6 = pn of—tte—soi ut T TVEge. 815’” TST e§8b8 dé)é)épm mat ﬁl y 9
cCeRt-ratet—arrroromhyaro T wais t hen
é}ﬂésiﬁ i 4 BOX fq% ()1650 A2 hours.
Cumena ecovered hy filtiation?-58athed 206h ex28%s [ water

Hheapl 85C. A sol uti on of

0.7 09f

(NH42.00SO4 3.8010

g of DI

ch-MetrghStygsrens of this gol uti@o7was adoled dr opedse

on to

12 g of the freshaetdyheRaieed 1ron/ zircomi a prepgr ¢d abgyg. | TN gomateri al
was dried overnlm OI’[IOﬂ offtm TAryST ST nmed to
525C in flow ng hery onP A— Séigé" =t 2;36”1 'aé.ééunl flask
fitted with a cong =RG—frnhal g—tﬂiﬂina
wat er bath for tgnieP &ouversioontrol, was charged 12.4 % 23.8 %

Example 3

Fifty grams of ZrOCl,-xH,O and 0.8 g of FeS0,4-7H,0 were dissolved with
stirring in 300 g of distilled water. The pH of the solution was adjusted to

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 overnight at 85°C. A solution of 0.7 g of (NH4) 2SO, in 10 g of DI
water was prepared. Eight grams of this solution was added dropwise onto 12 g

of the freshly prepared iron/zirconia prepared above. This material was dried

overnight at 85°C. A portion of this catalyst was calcined to 525°C in flowing air

for 1 hour.

Example 4

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 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)

of the reactant solution were withdrawn at regular intervals, filtered, and analyzed

by GC.

Table 2 below shows the composition (mass %) of the reactant solution at

1.0 and 3.0 hours after the addition of the CHP was complete.
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Feed 1.0 hr 3.0 hr Acetone 66.67 74.75 #-88—MesityH—Odd6—6-—0—6-—0 0. 00
Cumene 2.56 2. 65 2 64 Phenol 000 12 41|15 Feed :\-I/Egﬂn\pl\ﬁ\er\Jrcandhh 7 0.22
0.27 AcetophenonA®ta® 1,76 1.19 2- Pherjyl - 26688panol 74.786 276981 71
Cumene Hydr oper oxiMesi®b0%8e5. 12 0. 65 CHP Convdl@i on 81000%]970.60% | Exanpl e
5 Thirty-ei ght grlag@meéde Ti OSAXH2SAUAxH20|wer e 2l566s0l ved2wst i} spiearipng in
300 g of distill glpyRbET- The pH of the Solut iphgwWas aqpusti 6d1562
approximately 9 IQ’-N'eIE 8 ] Iérrei O Of (,Url(,trltrdL(F8'7arnuni b%hydrgéyde Thi s
slurry was then pt . gHypt-opyere—botrtes—and—ptacett Bn a—Steatpox
(1000) for 72 houé’%ﬁ%&%@m—m—%ﬂ@a o,
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catal yst was calcined to 525C in flowing air for 1 hour.

Example 5
Thirty-eight grams of TiOSO,4-xH,SO,4-xH,0 were dissolved with stirring in
300 g of distilled water. The pH of the solution was adjusted to 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
overnight at 85°C. A solution of 0.7 g of (NH,) SO, in 10 g of DI water was
prepared. 1.3 g of this solution were added dropwise on to 2 g of the freshly

prepared titania prepared above. This material was dried overnight at 85°C. A

portion of this catalyst was calcined to 525°C in flowing air for 1 hour.

Example 6

To a 250-m! 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 5. 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 ml)

of the reactant solution were withdrawn at regular intervals, filtered, and analyzed

by GC.

Table 3 below shows the composition (mass %) of the reactant solution at

1.0 and 3.0 hours after the addition of the CHP was complete.



Example 6 To a 250-nil round bottomflask fitted wwth a condenser, stirrer
and dropping funnel, and located in a water bath for tenperature control,
was charged a m xture of 100.0 g of acetone and 1.00 g of the cat al yst of
Exanpl e 5WOr#484% xt ure was heated to reflux (57C) with stiBGHTHIY¥AY 50.0
g of "80% cunmene hydroperoxide (CHP) solution (analyzed as 80.8% CHP,

7. 7% cunene, 6.9% 2- phenyl -2-propanol, 2.1 % acet ophenone) was added
dropwi se at an approximate rate of 2 g/mn. Follow ng addition of the CHP
solution, small sanmples (- 0.2 m) of the reactant solution were w thdrawn
at regular intervals, filtered, and apgygaed by GC. Table 3 bel ow shows
the conposition (nass % of the reactant solution at 1.0 and 3.0 hours
after the addition of the CHP was conpl etre: 38 7
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Cumene Hydr oper oXi@len@® 93 14.63 6.82 CHP Cor&66silon 48.68 % 7266 %
Exanpl e 7 Twent y-[fPRemopr ans of FeSO4. 7TH2O wer e0.09 s$ol ved.26i tth1G02rrfjng in
300 g of distillledmeyeEiyrdiee PH OF The[solufgep \as agupstedp bg
approxi mately 9 'yAée‘fkfpheﬂgr‘i’é['on of COITC ntrat@goam’m)m é%hnyarénﬂ de. This
sl urry was t hen iph Ekﬁ aﬁl o) yl etre—botrttes ﬁaa |J| acte gallUOX
(100C) for 72 ho vvvvv t fnrrmrl WaS—f rod \3 Fl]f n,

washed with exce QCQ,{B?QQ‘HYC ﬁ?ﬁrﬁxlgﬁd oveldni nh26 33 si;—?(‘ 1% 3n| m‘@ ﬁ% 0.7 ¢
of (NH4) 2SO4 in [I8HR Cdhvédsionat er was | 457% | 747 %

Example 7

Twenty-five grams of FeSO,-7H,0 were dissolved with stirring in 300 g of
distilled water. The pH of the solution was adjusted to approximately 9 by the
addition of concentrated ammonium hydroxide. This slurry was then put in
polypropylene botties and placed in a steambox (100°C) for 72 hours. The
product formed was recovered by filtration, washed with excess water, and dried
overnight at 85°C. A solution of 0.7 g of (NH;) 2SO, in 10 g of DI water was
prepared. 1.3 g of this solution were added dropwise on to 2 g of the freshly
prepared iron oxide prepared above. This material was dried overnight at 85°C.
A portion of this catalyst was calcined to 525°C in flowing air for 1 hour.

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
a mixture of 90.0 g of acetone and 1.00 g of the catalyst 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 ml)
of the reactant solution were withdrawn at regular intervals, filtered, and analyzed
by GC.

Table 4 below shows the composition (mass %) of the reactant solution at
1.16 and 2.67 hours after the addition of the CHP was complete.
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Example 9

Five hundred grams of ZrO(Cl),-xH,O were dissolved with stirring in 3.0
liters of distilled water. Another solution containing 260 g of conc. NH,OH and
3.0 liters of distill water was prepared. Both solutions were heated to 60°C.
These two heated solutions were combined at the rate of 50 mi/min using a
nozzle mixing. The pH of the final composite was adjusted to 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
overnight at 85°C.

Example 10

A solution of 0.7 g of (NH,) 2SO, in 10 g of DI water was prepared. Eight
grams of this solution was first combined with 0.5 g of FeSO,4-7H,0 and 0.3 g of

MnSO4H,0. This solution was added dropwise on to 12 g of the freshly
prepared zirconia prepared in Example 9. This material was dried overnight at
85°C. A portion of this catalyst was calcined to 525°C in flowing air for 1 hour.

Example 11
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 10. The
mixture was heated to reflux (57°C) with stirring, and 50.0 g of "80%" cumene



These two heated sol utions were conbined at the rate of 50 mM/mn using a
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Example 12

A solution of 0.7 g of (NH;) 2SO, in 10 g of DI water was prepared. Eight

grams of this solution was first combined with 0.5 g of FeSO,-7H,0 and then this
solution was added dropwise on to 12 g of the freshly prepared zirconia prepared
in Example 9. This material was dried overnight at 85°C. A portion of this
catalyst was calcined to 525°C in flowing air for 1 hour.

Example 13
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 12. 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 ml)
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Acet ophenone 0.70 1.41 1.63 2-Phenyl -2-Propaanol 2.36 2.17 2.08 Cunene
Hydr oper oxi de 26.93 13.49 7.67 CHP Conversion 56.0 % 71. 5% WO 00/ 64849
PCT/ US00/ 09938 11 What we claimis: 1. A process for producing phenol and
acet one f mawoessane hydr oper oxi de, wherein said process cRQIVUBYIVHe step
of contacting cunene hydroperoxide with a solid-acid catalyst conprising a
sulfated transition netal oxide. 2. Thé1process of claim1, wherein the
transition nmetal oxide is selected from oxides of Goup |VB, Goup |VA
Goup VIIB and Goup VIIl the Periodic Table and m xtures thereof. 3. The
process of claim 1, wherein the transition netal oxide is selected from
titania, zir | i.n.oxi de, manganese oxide and iron oxide and m xtures

t hereof . 4. %tg\'reo%ée@s'gbf claim1l1l, wherein the transition netal oxide
includes zirconia 5. The process of claim1, wherein the transition netal
oxi de includgs a I j 2] j | j nbi nati on
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The process of C &e@lpXidgherein said contacting step is conducted at a
tenperature of 20 to 150C and a pressure of atnospheric to 6894 kPa. 9.
The process of Claim1, wherein said contacting step is conducted at a
tenperature &f 40The Pionges ghelaimn hrwhesein thedransitiopspetal oxide is seips®diirm

oxides of Group IVB, Group IVA, Group VIIB and Group VIII the Periodic
Table and mixtures thereof.

3. The process of claim 1, wherein the transition metal oxide is selected from
titania, zirconia, tin oxide, manganese oxide and iron oxide and mixtures

thereof.

4, The process of claim 1, wherein the transition metal oxide includes
zirconia

5. The process of claim 1, wherein the transition metal oxide includes a

combination of zirconium and iron oxides or a combination of iron,
manganese and zirconium oxides.

6. The process of claim 1, wherein the sulfated transition metal oxide is

calcined at a temperature of at least 400°C.

7. The process of claim 1, wherein the sulfated transition metal oxide is
calcined at a temperature of at least 500°C.

8. The process of Claim 1, wherein said contacting step is conducted at a

temperature of 20 to 150°C and a pressure of atmospheric to 6894 kPa.

9. The process of Claim 1, wherein said contacting step is conducted at a

temperature of 40 to 120°C and a pressure of atmospheric to 2758 kPa.



