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cunene to cunene hydroperoxi de and deconposing the
cunmene hydroperoxide by a cleavage reaction to yield
phenol and acetone reaction roducts. The pheno
produced by this MESHERsOReRPEIGHIACn PHENS i ties or
product contam nants that are difficult to 10 renove
by conventional nethods such as by distillation. l
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1group VIA metal, such as chromium, molybdenum or tungsten, in
the range of 0.01 to 5% by weight of the catalyst.

U.S. Patent No. 3,029,294 discloses the use of a number
of materials, such as activated alumina, aluminum silicates,
ién—exchange resins, mineral acids, strong organic acids, and
surface active earths, in the treatment of phenol to convert
aliphatic a-hydroxy carbonyl compounds that are present in
the phenol to benzofuran.

It is desirable to provide a process for purifying a
phenol product that has a concentration of a contaminating
compoﬁndysuch as a hydroxyketone.

Tt has been surprisingly found that high purity phenol

can be obtained by a purification process using a treatment
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a method, conprising: 5 purifying a phenol product,
conpri sing phenol and a contam nating concentration
of an hydroxyketone, by contacting, under suitable
contaltstngarandi ai bois, siddice shehent p@@ﬁlj@trt\metrh cgmprising

tgf@ﬁﬂ%n ans@hakysty h@yA @il ow silica content and
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e AR Bl T By e, 10
t hecenddradd nantthe invention can be any phenol~containing
material that has a concentration of a contaminant. Thus,
the phenol product stream comprises phenol and a
concentration of a contaminant with the amount of phenol in
the phenol product stream varying from 95 weight percent
upwardly to 100 percent and, preferably, exceeding 98 weight
percent and, most preferably, exceeding 99 weight percent of
the phenol product stream. The concentration of the
contaminant in the phenol product stream is generally a
contaminating concentration for the particular contaminant.

- While the contaminant component of the phenol p;oduet
stream may be any compound that imparts undesired properties
to the phenol product stream, generally, the contaminant
compounds are those compounds yielded as reaction by-products

from the production of phenol by the oxidation of cumene
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foll owed by the deconposition of the resulting cunene
hydr oper oxi de. One such contam nant of the pheno
product streamis an aljphatic droxy car bonyl
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'@M@nééﬁgbqf¥ﬁ$loﬁagk @oﬁ%ﬁﬁlﬂgﬁt %Eﬁlpﬁéffﬁfﬁﬁé/f%nGQJBE from

portion, contam nant contal ned in e phenol
piBdioemnvw sta 490 ppeivt her renoved fromthe pheno

pr oducy st g&%’f‘l‘%ﬁ HQ%{SIt;%ﬂocQ%t r8ac 'r8£‘téc§’ HANChroduct

conmpound ds a reaction pro "The O reactton
pebdeet, i aphefver abkynosrt tdidton ofnppatamspdnt that is
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homeVem;némH ddnkagoadennrthe(phamblcpmbaumhawur&ﬁm itsheither
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Nbsactpmmfmnzﬂﬁq¢he&heompmﬂmﬂnaﬁum reention ratedurt.n fhe
%£g££lon product is preferably one that is more easily
separable from phenol by conventional distillation methods
than is the contaminant. The concentration of contaminant in
the purified or treated phenol product is a non-contaminating
concentration that is, generally, less than or 10 ppmw. It
is desired, however, for the concentration of contaminant of
the purified or treated phenol product stream to be less than
or 5 ppmw, but preferably, less than 3 ppmw. Most
preferably, the contaminant concentration in the purified or
treated phenol product is less than 1 ppmw or even at a
concentration that is not detectable. » ‘
The inventive method includes contacting, under suitable
contacting conditions, the phenol product stream with an

alumina supported, Group VIA metal composition that
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contacting conditions, the phenol product streamwth

an alum na supported, G oup VIA netal conposition
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ppmv. The treatnent catal yst of the invention
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than b5 ppmw and, preferably, less than 2 ppmw. Most
preferably, the benzofuran concentration in the treated
phenol is less than 1 ppmw. ’

The treatment catalyst of the invention comprises a
Group VIA metal (Cr, Mo, or W) supported on an inorganic
oxide support that has a sufficiently low concentration of
silica so as to provide for desired catalytic properties. As
used in this specification, any references to the silica
concentration as being "low" or "small" or in the
"substantial absence" or the like means that the amount of
silica in the treatment catalyst composition isnat a )
sufficiently low concentration so as to provide a treatment

" catalyst having desired catalytic properties for the

inventive process. That is, to convert the hydroxyketone
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or "small"™ or in the "substantial absence" or the
li ke nmeans that the anmount of 30 silica in the
treat nent cat al%st conposition is at a sufficiently
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0185 Owdi yhioherrasnendy evef- 0° C1eighdi gRecpat cehtetsm 0.01
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preférred i norgani ¢ support of the treatment catal yst
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alumna an for exa
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'%%%n% ﬁBrﬁges alumina and a Group VIA metal, such as, for
example, molybdenum.

The treatment catalyst of the instant invention is
prepared by forming a calcined composite comprising a Group
VIA metal supported on an inorganic oxide support other than
silica or a material having more than a low silica content.
The inorganic oxide support comprises a solid usually
containing a major proportion of alumina. Such materials are
commonly known as refractory oxides and can include synthetic
products as well as acid-treated clays. Examples of possible
synthetic refractory oxides include alumina, élumina—titaﬁia,
alumina-magnesia, alumina-zirconia, and thoria. Preferred
inprganic oxide supports are alumina refractory oxides, i.e.,

refractory oxides containing a substantial proportion of
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than a low silica content. The inorganic oxide
support conprises a solid usually containing a mjor
proportion of alum na. Such materjials are connonly
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at | east percent by wei ght of al um na.
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1 i mprégnation and the |ike. For exanple, a 10-

nesptamg Lylpdaiecan dendripiegiapeodf i an aqueous
sol utiQn %9@E§£P+€%ﬂﬁ¥ﬁhﬂ%ﬂtVI@h@eﬁ ﬁﬁgﬂ{ cSWghy @8 of the
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piefertiet, enbodr ety alvemineeandenel dedeips oxafley hes
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source of enum oxi sSucC r exanp e,
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dimolybdate, dissolved in water. Hydrogen peroxide may also
be used to aid in solution preparation in some cases. For
example, the molybdenum solution can be prepared by adding
hydrogen peroxide to the solution in an amount in the range
of from 0.1 to 1.0 mole of hydrogen peroxide per mole of
molybdenum. Optionally, a suitable soluble amine compound
such as monoethanolamine, propanolamine or ethylenediamine
may be added to the molybdenum solution in order to aid in
stabilization of the solution.

Following impregnation, the resulting material is dried
and calcined. Drying is accomplished by convenfibnal means.
It may be carried out by forced draft drying, vacuum drying,
air drying or similar means. Drying temperatures are not

critical and depend upon the particular means utilized for
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be prepared by adding hydrogen peroxide to the

solution in an amount in the range of fromO0.1 to 1.0

nol e of hydrogen peroxi de per nole of 25 nol ybdenum
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O G B A O PET B rcent by weight, and more
preferably from 6 percent by weight to 12 percent by weight
Group VIA metal.

The process conditions under which the phenol product
stream is contacted with the treatment catalyst will vary
depending upon the particular contaminant contained in the
phenol product stream and on such factors as the contaminant
concentration and desired amount of removal. A particularly
advantageous feature of the inventive method is that
hydroxyketone can be efficiently removed from the phenol
vproduct stream using modest process conditions and without

producing large amounts of undesirable benzofurans. The

contacting temperature can be in the range of from 50°C to
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nore 20 preferably from6 percent by weight to 12
percent by weight Goup VIA netal. The process

condi ti ons under which the phenol product streamis
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preferably is carried out within a reactor vessel which
defines a reaction zone and contains a fixed bed of the
treatment catalyst. The reactor vessel, thus, provides means
for contacting the phenol product stream with the treatment
catalyst under such suitable contacting conditions as, for
example, herein described, and for yielding a treated phenol
product stream.

The flow rate at which the phenol product stream is
charged to the reaction zone is such as to provide a weight
hourly space velocity ("WHSV") in the range of from greater
than zero to 1000 hour™. The term "weight hourly space
velocity,” as used herein, shall mean the numerical ratio of

the rate at which the phenol product stream is charged to the

reaction zone in pounds per hour divided by the pounds of



operation, a solid bed of treatnment catalyst, or a
nmovi ng bed of treatnent catalyst, or a fluidized bed

wobotnembarent catal yst can be enpl oyed. The cpol/astoosg3is4
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step, however, preferably is carried out within a
react or vessel which 20 defines a reaction zone and
contains a fixed bed of the treatnent catalyst. The
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effluent through ocutlet 18 and conduit 22. Conduit 22 is
operably connected to outlet 18 so as to provide for fluid

flow communication with the reaction zone.

EXAMPLES

Examples 1-4 describe the experimental procedure used to
measure the effectiveness of a low silica content alumina
material, especially when such a material is used as a
support in combination with molybdenum, in treating a phenol
product that contains a contaminating concentration of
hydroxyketones. These Examples show that alumina having a
low silica content can be effectively used to convert the
hydroxyketones contained in the phenol product without an

excess production of benzofuran by-products.



contacting conditions as to convert a portion of the
15 hydr oxyket one to anot her conpound. The phenol
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by reactor 12 by way of conduit 20 which is operably
connected to inlet 16 so as to provide fluid flow

conmmuni cation with the reaction zone. A purified ‘
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StREERIaE Lyprengketpres 1a%t it9s EFGRMPYIIERY benzofuran

CaanEv £t Blepr OQ‘ﬁésaﬂ.@xﬁlnmgcﬁ%W tRE PAENDstf IQMtained
cumene.. Feeds for each of the 5 exanples were prepared

&eéﬁld?}f?g“ shifiet 98 froRRt SR} Sidy@Roxyket one i mpuriti es
usi ng avail abl e reagents. The phenol feed was then
contacted in the liquid phase by stirring with a
cExamyks § n(&hdoappuntuning Ypatvehta bawddiodngpheddl

hod of tine and at tenperatures in the
V\gigg%%%eo%f 8%%%OC The reaction product m xture was
t hen ZXotieed cohithtieied, 9¥hdramalygzedcbyomyas(HA or acetol),

Cgﬁ8q&&gQﬂ?ﬂh%y%95x§bf—butgnone (1HB), and 490 ppm of 3-
hydroxy-2-butanone (3HB or acetoin), was prepared from pure
phenol and contacted for 2 hours at 145°C with an alumina
catalyst containing approximately 8 percent molybdenum. The
catalyst was previously activated and dried. Conversion of
hydrozyketones averaged 98, 98, and 100 percent for HA, 1HB,
and 3HB, respectively, for three separate experiments.
Approximately 6 percent of the HA was converted to 2-methyl
benzofuran, 3 percent of the 1-HB was converted to 2-ethyl
benzofuran, and 3 percent of 3-HB was converted to 1,3-

dimethyl benzofuran.
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i ndi vi dual hydroxyket ones and the correspondi ng
benzofuran derivatives. The alum na used for the
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15 Exanple 1 (8% Mo on alum na 7-al um na cont ai ni ng
1-2% dispersed silica) A feed containing 990 ppm
hydr oacetone (HA or acetol), 520 ppm of

1- hydr oxy- 2- but anone (1HB), and 490 ppm of 3 20
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f er.
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2-ethyl benzofuran, and 3 percent of 3-HB was
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%Paos‘”p%%%%sEﬂé&%%%&%&%%m@é?%& ésﬁ%)%'\'gfgge ]
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wth an al nEn -£atal yst containing approximtely 4
per cent nol ybdenum e catalyst was previously
activated and dried. Conversion of 10 hydroxyketones

aQver %9384al§%iggdr%§,percent for HA, 1HB, and 3HB
resﬁg%frvely, or- thr 3 separate experinents. The

cor r edpdrgidngobhenioing HP0sebrcHhyi $2@pmverfadgdd, and 490
qBQJQ%gg%%ekXS prepared from pure phenol and contacted for 2
hours at 145°C with an alumina catalyst containing no
molybdenum and which had been previously activated and dried.
Conversion of hydroxyketones were 18, 15, and 8 percent for
HA, 1HB, and 3HB, respectively. The corresponding benzofuran

selectivities were approximately 2, 0.5, and 2 percent.

Example 4 (blank - heat but no catalyst)

A feed containing 990 ppm HA, 520 ppm of 1HB and 490 ppm
of 3HB was prepared from pure phenol and heated for 2 hours
at 145°C without addition of a catalyst. Conversion of
hydroxyketones averaged 5, 5, and 7 percent for HA, 1HB, and
3HB, reépectively, for three separate experiments. The
corresponding benzofuran selectivities averaged approximately

3, 0.1, and 3 percent.
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6, 3, and 2.5 percent, 15 Exanple 3 (alumna only) A
feed containing 990 ppm HA, 520 ppm of 1HB, and 490

w@pooF208HB was prepared from pure phenol and pONUSZNEMN3154
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contai ning no nolybdenum and whi ch had been
previously activated and dried. 20 Conversi on of
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benzofuran selectivities were approximately 2, 0.5,
and 2 percent. Exanple 4 (blank - heat but no
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and heat ed Plengd I?mdslctaﬂslm%@wﬁﬁelmptt gddeitvelrs of a
catal yst. Conversion of hydroxyketones averaged 5, 5,
and 7 percent for HA, 1HB, and 3HB. respectively, for
t hree separate experi nerk £onThes3oncof r e§pdatiecigivity to
benzof uran sel ecti vi ti pshaversgedt-cngsr oxi meberzofigan
0.1, and 3 percent. 11| VEAR2004HB72088B HA 1HB 3HB
PET/MIS2604/1003854 The| f 681 gwidry { abb@ surmmar|i z8s {hes
r€swd o manmtthe above Best|s.gTabl @sl :| Canvdrsson|ot.5

t neundvdr @ngket one Cont i ped {i mm |5 #hehol2 Prlodust 2

Usd neada1iyiser ent Cat al yst s %|Copversipn pbf 6 | 0.1 3

electivity to hydroxyketones benzof uran \ THB 3HB
HA 1HB 3HB 8% Mb on alumina 98 98 100 6 3 3 4% M on
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treatment of a phenol product that contains a Eoﬁcentration
of hydroxyketone when compared to the use of no treatment
catalyst. As can be observed, the conversion of
hydroxyketones using the catalyst was better than using no
catalyst. Also, the selectivity to benzofuran was very low
and, in most cases, 3 pexcent or less. The
molybdenum/alumina catalysts provided significantly better
conversion of hydroxyketones than the alumina only catalyst,
and the molybdenum/alumina catalysts still provided for low

selectivity to benzofuran.
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nol ybdenum supported on a low silica content al um na
in the treatnent of a phenol product that contains a
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use of no treatnment catalyst. As can be observed, the
conversion of 15 hydroxyketones using the catal yst was
better than using no catalxst. Al so, the selectivity
to benzofuran was very |lo nost cases, 3
percent or |less. The nolybdenuntalum na catalysts

pr.ovi ded S|ﬁn|f|cantl better conversion of
ﬂdrox KBEERRYr IR HEGF umi na only catal yst, 20 and
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PCT/ USSBBAFBERIEAI Copcantrafipn Oanﬁeﬁlﬁréaoxyketone, by

Conpfl§bﬂ@acﬁ&ﬂdth@@ras@bﬁﬁﬁdeFﬂdﬂ%%%EinSOHPﬁdf%ths, said
phenol and a cont am nati ng concentration of an

hydrOXQR%F?%KPIQﬂPCtCUﬁFBC?lFﬁFaﬁﬂﬁﬁﬁ'Q§@Piﬁ§tehavln9 a low
cont acgwgc&ocfwﬂtténQnandSQthh@ﬁ%B?Apre%,@_ﬁgcglmﬂh aand a

treatment catalyst having a low silica content and
f urt hePT@@APF 5 iMe§aadl uni na and a Group VIA netal . 10
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phenol in said phenol product is in the range o rom
95 wePRpRobelt ertidupharel yprestudo J«ﬁellght:hﬁﬂ%m cgfndfrom 95

sai d ﬁ@ﬂéﬁﬁnﬂgﬁdéﬁi EBW§§§E§E%6(¥bd %ehgg and aid
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cont acthhg, tenperature in the range of from50C to

250C and a contacting pressure upwardly to 100 psig.
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said 20nti&atdenbnaatabyst:ias R %oggﬁegééiﬁénkéyberature

silica less
in the range of from 50°C to 250°C and a contacting

pressure upwardly to 100 psig.

4. A method according any of claims 1 to 3 wherein said
treatment catalyst has a concentration of silica less
than 25 weight percent of the treatment catalyst.

5. A method according to any of claims 1 to 4'wherein said
Group VIA metal is molybdenum which is present in the
treatment catalyst in an amount in the range of from 1
percent by weight to 18 percent by weight of the
treatment catalyst.

6. A method according to any of claims 1 to 5 further
comprising yielding a treated phenol product having a
concentration of said hydroxyketone that is reduced
below the concentration thereof in said phenol product

7. A method according to claim 6 wherein said concentration
of said hydroxyketone in said treated phenol product is

less than 3 ppmw.

13



than 25 wei ght percent of the treatnent catalyst. 5. A
met hod according to any of clains 1 to 4 wherein said
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treatnment catalyst in an anmobunt in the range of froml
25 percent by weight to 18 percent by wei ght of the

treat ngn I tho ccording to an
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is |ess than 3 ppmw. 13 WD 2004/ 072009
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net hod cohtpinifyitganphenchtalyeanagedsdnggal emthaidid a

5 1 conprisi g, nrEelrow ding a reactor having an inlet

and an “o0qtP Ji? A R4 ch defines a reaction zone

cont ai dntgodut iy ssdid pheaot atnéag irteatsaeat reatelystzone

conpri um na and . a Goup VIA netal; 10
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ef f | ueAP% hrough said outl et.

removing a purified phenol stream from said reaction
zone as a reactor effluent through said outlet.

10. A reactor system useful for the method according to
claim 1 said reactor system comprises:

a reactor having an inlet and an outlet and which
defines a reaction zone containing phenol and a low
silica-containing catalyst comprising alumina and a
Group VIA metal.

11. A high purity phencol composition prepared according to
the method of claim 1, comprising:
at least 95 weight percent phenol and less than 5 ppmw
benzofuran.

12. A high purity phenol composition according to claim 11
wherein said phenol is present in said high purity
phenol composition in an amount of at least 98 welght
percent, preferably 99 weight percent, of the total
weight of said high purity phenol composition, and

wherein said benzofuran is present in said high purity
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10. A reactor systemuseful for the nmethod according
to claiml said reactor systemconprises: 20 a

WO e@azaoohavi ng an inlet and an outlet and whi BOT/US2004/003154
defines a reaction zone containing phenol and a | ow
silica- containing cat al yst conprising alum na and a

or epar BHOEE Pae e Snoa B Rt S5 Lepdi hhas 2w,

conprlgxegerawLyéB&m @hanei ghprmper cent phenol and | ess
than 5 ppmw benzofuran. 12. A high purity pheno
conposition according to claim1ll wherein said pheno
is present in said high purity 30 phenol conposition
in an anount of at |east 98 weight percent,
preferably 99 wei ght percent, of the total weight of
sai d high purity phenol conposition, and wherein said
benzofuran is present in said high purity 14 WO

2004/ 072009 PCT/ US2004/ 003154 phenol conmposition in
an anount of |ess than 2 ppnw, preferably less than 1
ppmv. 15
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