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METHOD OF MAKI NG HI GH PURI TY PHENCL This invention
relates to a nethod of making high purity phenol. 5
One known approach to manufacturing phenol includes a
two-step process including the oxidation of cunene to
yield cunmene hydroperoxi de foll owed by the . )
deconp05|t|on of the cunene hydroperoxide to yleld
phenol and a AR o okt wAsing A8 e gy! BfindrPuri ti es
are formed |ﬁ§% production of 10 phenol using the
two-step process which are difficult to renove X
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Xy carbonyl conpounds, such as, hydroxy b
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The use of the mixed feed can also beneficially impact the

are

reaction kinetics and the mix of end-product compounds of
the two—~step process.

While there are certainly benefits to manufacturing
phenol, acetone and methyl ethyl ketone by the two-step
process using a mixed feed, certain sec-butyl benzene derived
and other impurities are formed that find their way into the
phenol product. Examples of some of these undesirable
impurities include aliphatic hydroxy carbonyl compounds, such
as, hydroxy propanone, hydroxy butanone and
methyleyclopentanone, and benzofurans, such as, the
substituted benzofuran compounds of methylbenzofuran,

ethylbenzofuran, and dimethylbenzofuran.
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12 It is desirable to provide a process for maeking a
hi gh purity phenol product froma m xed feed of cunene
and sec-butyl benzene. It has been surprisingly found
that high purity 5 phenol can be _obtai ned from pheno
derived from sec-butyl benzené and treated with an
acidic catalyst. Accordingly, this invention provides
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acetone, and nethyl ethyl ketone starting with a

CRtedy stedd® dhaxphihCUne e @thtsas heh et iemPhissaid
hyde A RAUNAE LSRSing A1 Fbdett Meds bYeaction

econposition of certain reacti'on products of the
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The phencl product comprises phenol and a
concentration of a contaminant such as an hydroxy carbonyl
compound. The phenol product is contacted under suitable
reaction conditions with an acidic catalyst to thereby

convert a portion of the contaminant to a reaction product.

In accordance with another invention is a composition
that comprises phenol derived from sec-butyl benzene having

a low concentration of contaminant by-products.

FIG. 1 is a schematic diagram illustrating a process
for manufacturing phenol, acétone, and methyl ethyl ketone
starting with a mixed feed of cumene and sec-butyl benzene
and using the two reactién steps of oxidation followed by
decomposition of certain reaction products of the oxidation
step. Included in\the process is a phenol purification
step.

In the two-step process of making phenol, acetone and
methyl ethyl ketone starting with a mixed feed of cumene

and sec-butyl benzene and first oxidizing the mixed feed to



30 step. Included in-the process is a pheno
purification step. In the two-step process of making
phenol , acetone and nethyl ethyl ketone starting with
a m xed feed of cunene and sec-butyl benzene and
first oxidizing the mxed feed to yield the oxidation
products of cunmene hydroperoxi de and sec-butyl
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henol product stream it is preferred
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20(x§¥¥%g&r@$if@%c&@&ﬂ%&ﬁodugtghéhat preferably are easier to
remove from the phenol product stream. It is preferred for
this conversion reaction to selectively react the aliphatic
hydroxy carbonyl compounds to reaction products and te
provide for the yielding of a purified phencl product having
25 a concentration of the aliphatic hydroxy carbonyl compounds
that is reduced below the concentration thereof in the
phenol product stream.
Acidic catalysts useful in the inventive process are
those which suitably provide for the reaction of aliphatic
30 hydroxy carbonyl compounds contained in a phenol product
stream to a reaction products that may easily be removed
from the phenol product stream by separation means, such as,

conventional distillation or other methods. It has been




phenol product stream Acidic catalysts useful in the
i nventive process are those which suitably provide
for the reaction of aliphatic 30 hydroxy carbonyl
conmpounds contai ned in a phenol product streamto a
reacti on products that may easily be renmoved fromthe
phenol product stream by separation neans, such as,
conventional distillation or other methods. It has
been 3 TB2442- PCT found that certain materials such
as zeolites, ion exchange resins and alum nas, the
qﬁw@4ﬁgs whi ch preferably have i ncorporated
therein a oup VIA (Cr, Co, W netal, can be used as
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are described in the Kirk-Othmer Encyclopedia of Chemical
Technolegy, Fourth Edition, Volume 18, rages 888-923, which
disclosuzre is incorporated herein by reference. Exapples of
zeolites may include these having the International Zeolite
ASSOClatan designations FAU (zeoclites X, Y}, MFI
(silicallte, Z45M-5}, MOR (mordenite), MAZ {omega), BEA
(beta), FER (ferrierite), LTA (zeolite A), GIS (zsolite B)
and others,
It can be desirable for the zeoclite Lo have a

constraint index (as defined in U.S, Patent No. 4,097 367

1 [} ’ r ’
which is incorporated herein by reference) in the range of
from 0.4 to 12, preferably from 2-3. Generally, the molar
ratio of 5i0; to Al;0; in the crystalline framework of the
zeolite is at least 5:1 up to infinity; but, preferably, the
molar ratic of 510; to 5i0; in the zeolite framework is in
the range of from 8:1 to 200:1 and, morea preferably, £rom
12:1 to 100:1.

Preferred zavlites are those having medium or large

pores generally exceeding 4 A (angstroms) (0.0004 pm) in

diameter. The most preferred zeolits are those having large

AMENDE%SHEET



It can be desirable for the zeolite to have a
constraint index (as defined in QS. Patent No.
4,097,367, which is incorporated herein by reference)
in the range of - fromO0.4 to 12, preferably from 2-9.
Generally, the nolar ratio of SIQZ to A1203 in the
crystalline framework of the zeolite, is at least 5:1
up to infinity; but, preferably, the nolar ratio of
SR to.SIiA2 in the zeolite iframework is in the
range of from@8:1 to 200:1 and, nore preferably, from

pard dierd®Qrd. £é¥ QirRkaads Z@Q&ééﬁﬁga&eﬁ.t YU’%%E%Z%P&.

' or._l.arge ores generall'y éxceéding
55%%5 FoRES %’gﬂfﬂ‘f'&t ¥PH)in diameter. The nost
preferred zeolite are those having | arge AVENDED SHEET
pore dianmeters for instance exceeding 6 A (0.0006
pmin dianmeter and include, for 4a AMENDED SHEET
exanpl e, zeolite Y and nordenite. Suitable zeolites
are commercially available from such conpani es as
Zeolyst International who market a wi de variety and
range of zeolite products. 5 lon exchange resins can
be used as an acidic catalyst of the inventive
process provided such ion exchange resins effectively
provide for the treatnent of the phenol product
stream by the renoval or conversion of at |east a
portion of the concentration of the aliphatic hydroxy
carbonyl 10 conmpounds contai ned therein. Typical ion
exchange resins and their properties are described in
the Kirk & hmer Encycl opedi a of Chem cal Technol ogy,
Fourth Edition, Volunme 14, pages 737-783, which
di sclosure is incorporated herein by reference.

4a
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15 1t is particularly desirable for the ion exchange
resin to be a copolyner of styrene and divinyl
benzene that is functionalized to provide an acidic
ion exchange resin, or a cation exchange resin. The
cation exchange resin can be either a strong acid
cation exchange resin or a weak acid 20 cation
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of the aliphatic h droxy carb oun
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al eihtiner t20 sheowd ddid cation exchange resin or a weak acid
20 cation exchange resin, but the preferred ion exchange resin
for use in the inventive phenol treatment method is a strong
acid cation exchange resin. An example of a strong acid
cation exchange resin is a sulfonated copolymer of styrene
and divinyl benzene that has been functionaliz?d with
25 gulfonic acid groups.

Generally, a major constituent of the
styrene/divinylbenzene copolymer is styrene and a minor
constituent is divinyl benzene with the styrene comprising
from 75 to 98 weight percent or more of the copolymexr and

30 the divinyl benzene comprising less than 2 te 25 weight
percent of the styrene/divinylbenzene copolymer. Examples
of suitable commercially available acidic cation exchange

resins are those marketed by Mitsubishi Chemical



type selected from for exanple, alpha-alumna, beta-
al um na, gamma-al um na, delta-alum na, eta-alum na,
theta alum na and hydrated al um nas (such as

boehm te, 15 pseudoboehmite and bayenite). It is
preferred for the alumna to be an activated al um na
and sel ected from gamma- al um na, delta-al um na,
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10M0loyReeiEy thdp@st.en, can be incorporated into the
alumna material to gl ve an acidic catal yst that
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pr oduct stream whi ch contains a concentration of a

coAbanerintrreferead adunirp iits Wratimipa. acthe @leging yst,
ASmaterial generally has a surface area (determined by the BET

20 method of Brunauer, Emmett, and Teller employing N3) of 100~
600 nF/q, a pore volume (measured by nitrogen intrusion
porosimetry) of 0.2-1.0 cm’/g, and a particle size of 8-200
mesh or, if an extruded pellet, of any suitable size in the
range, for example, of from 1 mm (1/16 inch) to 25 mm (1

25 inch) or more in diameter.

To help provide for the ability of the alumina to
remove or convert the aliphatic hydroxy carbonyl compounds
of the phenol product stream, a promoter or catalytic
compound, such as a Group VIA metal, i.e. chromium,

30 molybdenum, tungsten, can be incorporated into the alumina
material to give an acidic catalyst that includes a Group
VIA metal that is supported on the alumina. 2 metal

selected from the Group VIA metals can be incorporated into



descri bed herein, preferably, under process or
purification 10 conditions that suitably provide for
the renoval of at least a portion of the contam nant.
The purification conditions wll vary dependi ng upon
the particul ar contam nant contained in the phenol...
product stream and upon the particular acidic
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20 however, when hey are used as the acidic catalyst of the

inventive process, the contacting temperature will tend to

be in a lower temperature range of from 50°C to 120°C.

While it is not a necessary feature of the invention
for the phenol product stream to be in the liquid form when
25 contacted with the acidic catalyst, it can be desirable for
it to be substantially in the liquid phase. Thus, the
contacting pressure can be such tﬁat the phenol product
stream is substantially liquid and upwardly to 700 kPa (100
psig). Preferably, the contacting pressure is in the range
30 of from 68.9 kPa (10 psig) to 413.7 kPa (60 psig).

The phenol product stream is contacted with the acidic
catalyst by any suitable manner known in the art; but,

preferably, the contacting occurs within a reaction zone.



is carried out wwthin a reactor vessel which defines a
reaction zone and contains a fixed bed of the acidic
catal yst. The reactor vessel, thus, provides neans for
contacting the phenol product streamw th the acidic
10 catal yst under suitable contacting or purification
conditions as, for exanple, herein described, and for
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than zero to 1000 hour™. The term "weight hourly space

20 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 catalyst contained in the reaction zone to which the
phenol product stream is charged. The preferred WHSV of the

25 phenol product stream to the reaction zone can be in the
range of from 0.1 hour™ to 250 hour™, preferably, from 0.2
hour™ to 100 hours™ and, most preferably, from 0.25 hour™
to 25 hours™

One of the significant features of the inventive

30 process is that it solves a problem previcusly tnaddressed
relating to the purification of a phenol product stream that
contains a concentration of contaminating by-products

resulting from the use of sec-butyl benzene as a feed



catalysts to treat or purify a phenol product stream
that contains a 5 concentration of a contam nant that
can be a by-product of a process for naki ng pheno
derived from sec-butyl benzene. This purified pheno
product conprises phenol at a phenol concentration

exceeding_9 i ght rcent of the purifie

o SEAe R gt ey apaf A oy e BEhiid Site, BAGRAL, ana
pertisart pratiychpsucpr ef eceltope and aedhny Ghyd keter.
pe&ﬁﬁgu'thFAgﬁ@%qﬁgﬁelﬁﬂbcé%}euggé'ééf%giﬁhéﬁﬁﬁicpﬁgﬁﬁﬁ§ﬁps to

contai ns | ess a contam nating concentration o
al Fpeadt iog RyEHBK@ ehepohprodeshptinegs Whakticoskpingge a

5l |9§§rhée?t_%ﬁa%9%xpmf"\’a E’élglfﬁ[ii%ahiatﬁaﬁe dcaﬁpﬁéimhtﬂyagt@dh&f of a
al i phatic roxy carbonyl, c unds in e
DuPFIteRs SREAXIAG PRRRoY HerLEED fFfPaBC R benzene.
prehey gy fied ggnbhaprdluppmeomsrideanpiedmatoa pheral
undet ect ab concentratjy.on. . Th I S I Ki
hERidEERt fon SHARRALLS 90° Bt dRE 0GRS %08 Whe (TRl Mi o
r eplo¢nicdn psbdpst ehdexprafidrahlpf ¢dneeddng D Soweyght

lﬂbeﬁ%fggﬁ§tEupfcﬁﬂéiepggféygﬁi§t'éﬁbééﬁyﬁh'9§.§”N%QHHE percent.
fol T one deconposition of certain of the conponents
ofAd@#eiceﬁ{am ithe purttieshppeeeldzodwit | eonteing less than
[) eg OQJHdt%ﬁ?nELMQ lc?h@é@tﬁ&:ﬁf ohe?]fmdl)&plhf@&ﬁtb mﬁrb]gﬁc&zimwl
y-products resultin ro e nuf ac e .0 en
Qo RRETRP o L3 Bl o LASpERIEAD REne LeferrhLyr dog
nmatetdcealtratbmt o aanplsatdfc hpdréxye waabosghosmpoands in the

h . . [ 1]
1B B SO RO i 5341 110 LB,

Thus, the inventive process uses certain acidic
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nagﬁggéﬂﬁ§a§y&§_as cunene. One particul ar hydroxy
carbonyl 30 conpound derived fromthe use of sec-butyl
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followed by decomposition of certain of the components of
the oxidation reaction product. While it is recognized that
there can be many possible reaction by-products resulting
from the manufacture of phenol derived from sec-butyl
25 Dbenzene as the starting feed material, contaminants of
particular concern are those hydroxy carbonyl compounds
resulting from the use of sec-butyl benzene as a feed
material, as opposed to the use of other conventional feed
materials such as cumene. One particular hydroxy carbonyl
30 compound derived from the use of sec-butyl benzene as a feed
source in phencl production is hydroxy butanone.
The phenol product stream of the inventive process that

is to be treated or pﬁrified using the acidie catalyst will



9 have a contami nating concentration of a contam nant
such as a contam nant by-product of a process for
manuf acturing phenol derived from sec-butyl benzene
or derived froma mxed feed including both sec-butyl
benzene and cunene. The 5 phenol product stream can
have an anount of phenol ranging from 95 wei ght
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20 upwardly to 10,000 ppmw. More typically, the contaminating

c¢oncentration of hydroxy butanone in the phenol product
stream can be in the range of from or 5 ppmw to or 5000 ppmw
and, most typically, from 10 ppmw to 2000 ppmw.
The purified phenol product, or treated phenol product
25 stream, can have a concentration of contaminant that is
reduced below the concentration thereof in the phenol
product stream to be treated in accordance with the
invention. At least a portion, and preferabiy a major
portion, of the contaminant contained in the phenol product
30 stream is either removed from the phenol product stream or
converted by reaction to another compound as a reaction
product. The reaction product is preferably one that is

more easily separateable from phenol by conventional

10



converted by reaction to another conpound as a
reaction product. The reaction product is preferably
one that is nore easily separateable from phenol by
conventional 10 distillation nmethods than is the
contam nant. The concentration of contamnant in the
purified or treated phenol product is reduced to a
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r atbepedits esbught. Generally, the cumene concentration of the

20 mixed feed can be in the range of from 2 weight percent to
98 weight percent and the sec-butyl benzene can be in the
range of from 2 weight percent to 98 weight percent of the
mixed feed. The preferred concentration range of the cumene
in the mixed feed is from 10 weight percent to 90 weight

25 percent of the total mixed feed and the preferred
concentration of sec-butyl benzene is from 10 to 90 weight
percent of the mixed feed. The welght ratio of sec-
butylbenzene to cumene charged to the two-step process can
range from 50:1 to 0.02:1.

30 In the first reaction stage of the two-step process the
sec-butyl benzene or mixed feed is introduced into oxidation
reactors which define an oxidation reaction zone. Any

suitable reactor gystem known in the art can be used for the
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but yl benzene to cunene charged to the two-step process
can range from50:1 to 0.02:1. 30 In the first
reacti on stage of the two-step process the sec-butyl
benzene or m xed feed is introduced into oxidation
reactors which define an oxidation reaction zone. Any
sui tabl e reactor systemknown in the art can be used
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20 or means for separating that is known to those skilled in
the art.

The first stage oxidation reaction products axe then
subjected to a second stage decomposition, or cleavage,
reaction step. In this second stage decomposition reaction

25 step the sec-butyl benzene hydroperoxide is converted to

| phenol and methyl ethyl ketone, and the cumene hydroperoxide
is converted to phenol an& acetone. This decomposition step
is carried out by any suitable manner known to those skilled
in the art. It is preferred for the decomposition or

30 cleavage reaction to be carried out within a cleavage
reactor that defines a cleavage reaction zone within which
the oxidation reaction products are contacted under suitable

decomposition or cleavage reaction conditions with an acid-
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25 step the sec-butyl benzene hydroperoxide is
converted to phenol and nethyl ethyl ketone, and the
curmene hydroperoxide is converted to phenol and
acetone. This deconposition step is carried out by

any suitable manner known to those skilled in the .
art. It is preferred for the deconposition or 30
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ZOhGE%EQting sec~butyl benzene feed material by oxidation

followed by decomposition as described herein.

Reference is now made to FIG. 1, which is a schematic
representation of the two-step process 10 for making phenol
and other products from a mixed feed of cumene and sec-butyl

25 benzene. Also shown is the phenol purification system 12.
In the two-step process 10, z mixed feed, comprising cumene
and sec~-butyl benzene, is introduced by way of conduit 14 to
oxidation reaction system 16. An oxygen-containing feed
comprising oxygen, which can be, for example, air, is

30 introduced into oxidation reaction system 16 through conduit
18.

Oxidation reaction system 16 defines an oxidation

reaction zone and provides means for containing the mixed

13




Reference is now made to FIG 1, which is a schematic
representation of the two-step process 10 for nmaking
phenol and other products froma m xed feed of cunene
and sec-butyl 25 benzene. Al so shown is the phenol
purification system12. In the two-step process 10, a
m xed feed, conprising cunene and sec-butyl benzene,
is introduced by way of conduit 14 to oxidation

reacti on system 16. An oxygen-contai ning feed

conpri sing oxygen, which can be, for exanple, air, is
30 introduced into oxidation reaction system 16

thro gg conduit 18.- Oxidation reaction system 16 :
']H'@fdﬁ“#é' Cin oxidation reaction zone and pr.oVvi gi.es nmeans.
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€ recy ack to oxidation reaction system
the unreacted mixed feed components and the oxidation

reaction products, including sec-butyl benkene hydroperoxide
and cumene hydroperoxide. The unreacted.mixad feed
‘components may be recycled back te oxidatipn reaction system
16 by way of conduit 21 and the thus recycled atream is
introdiced therein as a feed.

Tﬁa separated sec-butyl benzene hydrdperoxide and
Cumene, hydroperocxide passes from first saﬁaration system 20
through conduit 22 and is introduced into ‘decomposition, or
eleavage, reaction system 24. Decomposition (cleavage)
reaction system 24 defines a decompositio@ zone which
provides for the contacting of an inurganic acid ecatalyst,
such as sulfuric acid, with the sec-butyl benzene
hydroparoxide and cumene hydroperoxide under suitable
decomposition reacticn conditions to thareby provide a
cleavidge reaction product, comprising phe#ol, contaminant
by—préducts, and, optionally, acetone or methyl ethyl

14
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16 by way of conduit 21 and the thus recycled stream
is introduced therein as a feed. The separated
sec-butyl benzene hydroperoxi de and.
Cunene, hydr oper oxi de passes fromfirst separation
system 20 through ¢conduit 22 andis introduced into
deconposition, or cleavage, reaction system 24.
Deconposition (cleavage) reaction system 24 defines a
deconposition zone which provides for the contacting
of an inorganic acid catalyst, such as sulfuric acid,
o h -butyl. benzene hydropl aroxi de and cunmene
Egtcﬁﬁ?‘é;éf%éi &q‘undi’fle SHRTEEATEC getd matailystnis catticmced
8i 2eempasd tibher edyctpicey isget v tion
psoduct, conprising phe#ioF?§c§%t€$1 aﬁ?§ %@a%ﬁ%gﬁétéf
and, optionally, acetone or nethyl ethyl 14 AVMENDED
SHEET ketone, or both. The inorganic acid catal rst is
introduced into deconposition reaction system 24 by
way of conduit .4 26. 14a AMENDED SHEET The cl eavage
reacti on product passes from deconposition reaction
system 24 through conduit 28 and is introduced into
second separation system 30. Second separation system
30 defines a separation zone and provides neans for
separating 5 the cl eavage reaction product into at
| east two product streans, one of which is a pheno
product stream which conprises phenol and a
concentration of a contam nant by- product, and the
other is one or nore product streans that can be an
acetone product stream or a nethyl ethyl ketone 10
product stream or a conbination streamincluding
acetone and nethyl ethyl ketone, or any conbination
thereof. The
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ot her product stream passes from second separation
system by way of conduit 32. The phenol product
stream or crude phenol stream 15 which conprises
phenol and contam nant by-product, passes from second
separation system 30 through conduit 34 and is

i ntroduced or charged to phenol purification system
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CORfRCLENGod N8 tPBgNOl product streamw th an acid
catal'yst under reaction or purification 15 conditions
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200f RReeks Pl heAddfdy LRALEP su3bable configuration. As
shown in FIG. 1, however, only a single phenol purification
reactor 36 is illustrated. Phenol purification system 12,
thus, includes a phenol purification reactor 36. Phenol
purification reactor 36 is equipped with an inlet 38 and an
25 outlet 40 and defines a phenol purification reaction zone.

- Contained within the phenol purification reaction zone is a
suitable acid catalyst for converting at least a portion of
the contaminant by-product contained in the phenol product
stream to a reaction product. Conduit 34 is connected in

30 fluid flow communication between second separation system 30
and phenol purification system 12. The phenol purification
reactor 36 provides means for contacting the phenol product

stream with an acid catalyst under reaction or purification
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10 EXAMPLES Exanpl es 1-6 describe the experinental
procedure used to neasure the effectiveness of
various materials in treating a phenol product that
contains a contam nant concentration of

hydr oxyket ones. These Exanpl es show that 15 zeolites,
cati on exchange resins and alum na can be effectively
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was used which was collected from a side—draw product stream
20 of a phenol distillation column of a commercial process for
manufacturing phenol from cumene. Feeds for each of the |
examples were prepared by adding small amounts of
hydroxyketone impurities using available reagents. The
phenol feed was then contacted in the liquid phase by
25 stirring with a catalyst in the amount of 2 percent based on
phenol weight for a period of time and at temperatures in
the range of 50-150°C. The reaction product mixture was then
cooled, filtered, and analyzed by gas chromatography for the
individual hydroxyketones and the corresponding benzofuran

30 derivatives.

Example 1 (cation resin)
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HA was converted to 2- MBF (2-nethyl benzofuran), 3
percent 10 of the 1HB was converted to EBF (2-ethyl
benzof uran), and 24 percent of the 3HB was converted
to DMBF (1,3 dinethyl benzofuran). Exanple 2
(zeolite) 15 A feed containing 1000 ppm HA, 5300 ppm.
of 1HB, and 1050 ppm of 3HB was prepared from pure
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peeaabfudah)Exanpl e 4 (4% Mo on 7-al um na cont ai ni ng
1-2% di spersed silica) A feed containing 990 ppm HA,
520 ppm of 1HB, and 490 5 ppm 3HB was prepared from
puEgaphénd (andli:txﬂt acted for 2 hours at 145C W th an

L o U e ) POOS BRNER Il P68
dr il88° wem\o&r 3PP Wagf prepared from pure phenol and contacted
for 2 hours at 150°C with a Y-zeolite catalyst which had been
previously activated and dried. The percent conversions of
hydroxyketones were 93 for HA, 84 for 1HB, and 8% for 3HB.
20 The corresponding benzofuran selectives were 33, 18 and 68

percent.

Example 3 (8% Mo on y-alumina containing 1-2% dispersed
silica)

25 A feed containing 990 ppm HA, 520 ppm of 1HB, and 490
ppm of 3HB was prepared from pure phenol and contacted for 2
hours at 145°C with an alumina catalyst containing
approximately B percent meolybdenum. The catalyst was
previously activated and dried. Conversion of

30 hydroxyketones averaged 928, 98, and 100 percent for HA, 1HB,
and 3HB, respectively, for three separate experiments. The
corresponding benzofuran selectivities averaged

approximately 6, 3, and 3 percent.
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hydr oxyket ones were 84, 87 and 98 percent for HA i HB
and 10 3HB. The correspondi ng benzofuran selectivities
averaged approximtely 6, 3, and 2.5 percent. Exanple
5 (alumna only) A feed containing 990 ppm HA, 520 ppm
of 1HB, and 490 15 ppm of 3HB was prepared from pure
phenol and contacted for 2 hours at 145C with an

al um na catal yst contai ning no nolybdenum and which
had been previously activated and dried. Conversion
of Z2apLe A idntie or drabuminegcontrining B-2haiicprrsédr
HAsinkBa) and 3HB, respectively, for three 20 separate
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56 gpﬁ 5% 3%5“#%£“%£%9g¥e3'from pure pﬁ%n%l 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 hydroxzyketones averaged 18, 15, and 8
percent for HA, 1HB, and 3HB, respectively, for three
20 separate experiments. The corresponding benzofuran

selectivities were approximately 2, 0.5, and 2 percent.

Example 6 (blank — heat but no catalyst)
A feed containing 990 ppm HA, 520 ppm of 1HB and 490 Ppm

25 of 3HB was prepared from pure phencl 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, respectively, for three separate experiments. The

correspond%ng benzofuran selectivities averaged approximately
30 3, 0.1, and 3 percent.

The following table summarizes the results from the
above tests.
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no catalyst 55 7 3 0.1 3 cation exchange resin 94 74
80 6 3 24 1zeolite 93 84 89 33 18 68 5 The conversion
data presented in Table |I above show the advantages
fromusing either a zeolite, cation exchange resin or
nol ybdenum on alumna in the treatnment of a pheno
product 10 that contains a concentration of

hydr oxyket one when conpared to the use of alum na or

of naablgatrerioncatMiShor £fe 3% [ %8 af n
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| ¢ss than 20 percent. Thga domusrFi3de 9T ga | 1HB | 3HB
hy @& oMy ket adlemimdhen nojcaBaliysds WASIoaSed gas 1 8535] 3
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Cah@atthg r c t of said
69 AR SMGCOMMRR! aaé%élieceé éﬁg?&g x%ﬂa%gae Zesin

hydr oxyl but anone cont am nant
10°bristhyeeens on Ffumina) iactbe dimgtwtc p&i anrhenoh ereiinct

10 satihy chﬁtalr&OHCcﬁii‘icéﬁtiéHioﬁfoﬁ%’f}r@:&@ﬁe@%@%&n compared to
bytﬁ)rodgct 2_ in the %#ange of from3 nmv to 10, 000
PR, SS P FEURHIR, QF no- treatment cata As can be

observed, the conversion of hydroxyketones using the zeolite,

cation exchange resin and molybdenum on alumina catalyst all
exceeded B0 percent and even 90 percent. The alumina only
15 catalyst provided a conversion of less than 20 pexcent. The

conversion of hydroxyketonés when no catalyst was used was less
than 10 percent.
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phenol in said phenol product streamis in the range

of 15 from 95 wei ght percent upwardly to 100 wei ght
percent of said phenol product stream 3. A nethod
according to claim1 or 2, furtdgr_ conprising:
yielding a treated phenol product stream having a
second concentration of said contam nant by 20 product
that is lower than said first concentration of said
cont am nant by-product. 4. A nmethod according to claim
3 wherein, said second concentration of said
cont anmi nant by-product is £ebsAt haM S3 ppnmw. 25 5. A
nmet hod according to any one of clains 1-4, wherein

said acidic catalyst is selected fromthe group of
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prgﬂ&&ﬂuﬁpnprising sec- butyl benzene hydroperoxide
and cumene hydroper oxi de; subjecting at |east a
por2t.i ok afethdie smrmidling tdefzeine hy diedes DX §ei @nfirst

cunene. hydr qper oxi de of . sai d ,
conceﬂ%ré%ﬁon of said contaminant by-product is in the

range of from 3 ppmw to 10,000 ppmw, and the amount of
phencl in said phenol product stream is in the range of
from 95 weight percent upwardly to 100 weight percent of
said phenol product stream.

3. A method according to claim 1 or 2, further
comprising: yielding a treated phenocl product stream
having a second concentration of said contaminant by-
product that is lower than said first concentration of
said contaminant by-product.

4. A method according to claim 3 wherein, said second
concentration of said contaminant by-product is less than
3 ppmw.

5. A method according to any one of claims 1-4, wherein
said acidic catalyst is selected from the group of
materials consisting of zeolites, ion exchange resins and
aluminas.

6. A method according to any one of claims 1-5, wherein

said suitable reaction conditions include a contacting




oxi dation reaction product to deconposition reaction
15 conditions to yield a cleavage reaction product
conpri sing phenol, acetone, and nethyl ethyl ketone;
separating said cleavage reacti on product into at

| east a phenol product streanTaft anot her product
stream wherein said phenol product stream conprises
at temperatuf® porthenrafigeavd phemoboofcsaibd2sbearage

i T e B RINTE CREL L
under shinebhed @ub@fdtﬂ@lﬂﬁ a89cbh@nogondhlingN3-6, wherein
accorcgr%henoi pro &distrgaﬁangTSdgg Shghgi %n7an22mount
exceeding 99 weight percent of the phenol product stream.
8. A method of making a high purity phenol product, said
method comprises:
subjecting a mixed feed comprising cumene and sec-
butyl benzene to oxidation conditions to yield an
oxidation reaction product comprising sec-butyl benzene
hydroperoxide and cumene hydroperoxide;
subjecting at least a portion of "the sec-butyl
benzene hydroperoxide and cumene hydroperoxide of said
- oxidation reaction product to dedomposition reaction
conditions to yield a cleavage reaction product
comprising phenol, acetone, and methyl ethyl ketone;
separating said cleavage reaction product into at
least a phenol product stream and another product stream
wherein said phenol product stream comprises at least a
portion of said phenol of said cleavage reaction product
and a hydroxyl butanone contaminant by-product; and
purifying said phenol product stream under suitable
purification reaction conditions according to the method

of any one of claims 1-7,



