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WO 2004/ 072008 PCT/ US2004/ 003106 METHOD OF MAKI NG
H GH PURI TY PHENOL This invention relates to a nethod

w@toommkiongy hi gh purity phenol. 5 One known appCD#s1v04/a03106
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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
methylcyclopentanone, and benzofurans, such as, the

substituted benzofuran compounds of methylbenzofuran,

ethylbenzofuran, and dimethylbenzofuran.
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benzene. It has been surprisingly found that high
purity phenol 5 can be obtained from phenol derived
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In acceordance 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, acetone, and methyl ethyl ketone
starting with a mixed feed of cumene and sec-butyl benzene
and using the two reaction 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
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sec-butyl benzene and first oxidizing the m xed feed
to 2 WD 2004/ 072008 PCT/ US2004/ 003106 vyield the

w@ziodarioos products of cunmene hydroper oxi de anpPiCT/US2004/003106

sec-butyl benzene hydroperoxi de foll owed by the
deconposi tion_of the oxidation products, undesirable
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compounds are hydroxy propanone and hydroxy butanone.
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preferred i's conversion reaction
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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 to
provide for the yielding of a purified phenol product having
a concentration of the aliphatic hydroxy carbonyl compounds
that i1s 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
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
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met hods. It has been 3 WD 2004/ 072008
PCT/ Us2004/ 003106 found that certain materials such
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Alé(-)r? hn the zeolite framework is in the range of
APEnPER$ P b 200: 1 and, nore preferably, from

It can be desirable for the zeolite to have a

constraint index (as defined in U.S. Patent No. 4,097,367,
which is incorporated herein by reference) in the range of
from 0.4 to 12, preferably from 2-9. Generally, the molar
ratio of 8i0; to Al;03 in the crystalline framework of the
zeolite is at least 5:1 up to infinity; but, preferably, the
molar ratio of 8i0; to Al;0s in the zeolite framework is in
the range of from 8:1 to 200:1 and, more preferably, from
12:1 to 100:1.

Preferred zeolites are those having medium or laxge
pores generally exceeding 4 A (angstroms) in diameter. The
most preferred zeolite are those having large pore diameters

for instance exceeding 6 A in diameter and include, for
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are those having large pore dianeters for instance
exceeding 6 Ain diameter and include, for 4 WO
Z0E4Pa 720080 PO US2004mogdenste exaﬁ?ﬁJt@blEeéEP%é‘Ceﬁ e
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duk®s_Products. 5 lon exchange resins can be used

S an acidic catal yst of the inventive process
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functio i'zed tO providé an ac exc

relsi pages 337c%ﬁ3xnwham@hdmgeloSﬂxem15Th@coappcﬂted herein
xchaQ%% reéln can be either a strong acid cation
Qﬁhange resin or a weak acid 20 cati on exchange
reS|nItme phet;mwﬁaﬂmwedesmnabk@h&ngdﬁmespn ekohams® resin

he i nven |ve ol treat nen t o (S SLyong.
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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 functionalized with
sulfonic 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 weilght percent or more of the copolymer and
the divinyl benzene comprising less than 2 to 25 weight
percent of the styrene/divinylbenzene copolymer. Examples
of suitable commercially available acidic cation exchange

resins are those marketed by Mitsubishi Chemical
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t he copol yner and 30 the divinyl benzene conprising
| ess than 2 to 25 weight percent of the
Stopperretdvi nyt bidr efd 1d6pbey et dertiddiisidess Biaion® Ion
I clald B2 b ' n
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nesifie, a00- WA grade Lashise Se AN SUIYARLG.ALLOLD

um na-contai ning materi can e use as ah aci
craicaﬁlyisd,oﬁtthéfeqmemhyverpabse’slse pkgmmh dadduct stream by
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enmova or conversi on east a po i on of
occmmtmttn:atcﬁon of thwe aailephat'LbchM'de}cacmpbaﬁlybompounds
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eS| ab The alunina to be of the type sel ected
from Iftodsegan@iaellpIMa{abﬁlm hay ﬂd&t &luglinm ha,be of the

an@?s%h%gﬁnﬁyfgglt al%@%ﬁaleetgl unh%%uﬁﬁpféetﬁ5

al“im na an umns(su
ps]wdmboebammg—ahdmbmyeldleﬂe)a altmimsa preffeeaiedihar theta
alum.na b ac at ed_al ted from
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agbspmmozbloeﬁmmae aﬂ'dnebamsntpr) ef et etls ainﬁﬁeua:eldsfor the
al um ni The al undna  materi aI g _
e Spee (Tt T R g e B Gl pron oemma
B:t:lun:auﬁr,, defmet sl umirc , Telhlees-ehphiyd ngad‘dZ)alphai@Dumﬁm
pore vol une (neasured by nitrogen |ntru5|on
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A Q)1 TEFRRO a1l 1L SXihbdade PeLeSt @d&feraﬂneauwam@ BET
size in the range, for exanple, of from1 mm (1/16
|mﬁﬂboq:@f2§rﬁﬁavq;, Emmett, and Teller employing Nz) of 100-

600 nl/g, 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
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,
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. A metal

selected from the Group VIA metals can be incorporated into
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product stream a pronoter or catalytic conmpound,

such as a G oup VIA netal, i.e. chromum 30
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condi tions var pendi ng upon the particular
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attrmama- c it apal byl retregilaming - «a@,@@airaislgt e terdal nentused
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t end In a |l ower errperature range o rom
Ennyqygrlzggpn they 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
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
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.
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desirable for it to be substantially in the liquid
phase. Thus, the contacting pressure can be such that
tﬁ@epﬁ@ﬁEﬁc?ﬁQﬁhﬂﬂﬁ bgt pEatn PatGupsesssisabteP | ¢¥ui d and

upwardbypte, 70 ak%%nﬁ:lggouﬁ)%ﬂ)ceg efgpabl y, {}L’L_@ latter

contacting pressure is in the range 30 of from6
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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
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 inventiwve
process is that it solves a problem previously unaddressed
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
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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
benzene 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 hvdroxy carbonyl
compound derived from the use of sec-butyl benzene as a feed
source in phenol production is hydroxy butancne.

The phenol product stream of the inventive process that

is to be treated or purified using the acidic catalyst will



i ncludes the two reaction steps of oxidation of the
sec- 20 butyl benzene to provide an oxidation reaction
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conponents of the oxidation reaction product. Wile
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concentration 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
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 preferably a major
portion, of the contaminant contained in the phenol product
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



contam nants in the phenol product stream but in the
case of hydroxy butanone, a contam nati ng

w@oemgeropsat i on can be |ess than or nore than BCPpmo4003106

10

15

20

25

30
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98 weight percent and the sec-butyl benzene can be in the
range of from 2 weight pexcent 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
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 weight ratio of sec-
butylbenzene to cumene charged to the two-step process can
range from 50:1 to 0.02:1.

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 system known in the art can be used for the

11



15 exploit the benefits of the two-step process. The
m xed feed to the oxidation stage of the two-step
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The first stage oxidation reaction products are then
subjected to a second stage decomposition, or cleavage,
reaction step. In this second stage decomposition reaction
step the sec-butyl benzene hydroperoxide is converted to
phenol and methyl ethyl ketone, and the cumene hydroperoxide
is converted to phenol and 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
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-

12



The oxidation reaction effluent fromthe first
reaction stage can, optionally, undergo a separation
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benzene and cunene, if present, of the oxidation
reacti on product is separated from the oxidation
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followed by decomposition as descrlbed 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
benzene. Also shown is the phenol purification system 12.
In the two-step process 10, a 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
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



wher eby the phenol product stream and a net hyl ethyl
ket one product stream or an acetone product stream
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cumene hydroperox1de passes from first separation system 20
through conduit 22 and is introduced into decomposition, or
cleavage, reaction system 24. Decomposition (cleavage)
reaction system 24 defines a decomposition zone which
provides for the contacting of an inorganic acid catalyst,
such as sulfuric acid, with the sec-butyl benzene
hydroperoxide and cumene hydroperoxide under suitable
decomposition reaction conditions to thereby provide a
cleavage reaction product, comprising phenol, contaminant
by-products, and, optionally, acetone or methyl ethyl

ketone, or both. The inorganic acid catalyst is introduced

into decomposition reaction system 24 by way of conduit 24.
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by- products. 10 The oxi dation reaction product passes
fromoxidation reaction system 16 through conduit 18,
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First separation system 20 defines a separation zone
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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

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
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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product, and the other is one or nore product streans
that can be an acetone product stream or a nethyl
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stream i ncl udi ng acetone and nethyl ethyl ketone, or
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200l /EPe38 PPCERES2004/ 003106 conditions suitable for

Cbnveﬁﬁj @eakoh§§§in ﬂ%%ﬂﬁl | QLGtQ uﬁ@nkﬂﬂﬁﬁéghs henol
contained in the phe%ol p o%uct str:%m t'o a Feaction
pradurted yhiikbredy prbhdadedafpomi &i etkdetdnsel prpdoducstream
Sbf EAMNAYING; 3¢ L eAlCRd, CONCRAT LAt L Oy Ble:Ria1 process for
cont a% nant . JI‘%e puérl‘lgjfl ed phenol product is vyi Bfded"as ¢
amnufacturing 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 liguid phase by
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

derivatives.

Example 1 (cation resin)
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effluent stream from phenol purification reactor 36
through conduit 44 which is connected in fluid flow

w@orsmrioest i on with outlet 40 of phenol puri fPCHUS®N4/003106
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reactor 36. 10 EXAMPLES Exanples 1-6 describe the
experi mental procedure used to neasure the
ef f ecthh FéREsSOoBE2 11D UL MPaPERi AVSroRyaqatens f§raor

phanall)pr egduchp ﬂlh@f my@o@ a EQB&M@WHB), and 540 ppm
concentratl on of hy roxyketones These Exanpl es show

t Plat3 1y dreg T Eekuteargnonl 3&Re ﬁén@@e’F@s‘F)né”aasn ®raPairhatrom

ffect I d r oxyk
ot Ehsheis THE Yed Gfhd BTRRHE fod P MR B G
Bxaingpt lgs tl - 16 aTmur@atmhmasgpheamn h/misusredchhhedil
was_ col | d froma side-dr pro eam .20 _of a
R s LA R
mwmmwngypaems fwaamodupeneentebuols Hgr 7daghroént for

I d by_addi t
B R oo EoF HPUF | 19 e 081 niPROAH S01 Gt Gagencent e the
pmem)is foeetrewasdt h@m{m‘m a(czt—eldthyltlbmiommam)phaspebeyent
25_st th t t
52 ot TR HEROTODETIRE for "8 pdr Sl et Ao AraTA; ohd 24

t et u:rfeﬁhenmn h@ag aﬂgﬁre&fteaOtasm@F Thie 3 edekibnl
%oduc m xture was then cooled, filtered, and

aﬁ’)} gas chromat ogr aphy for the individual
hydroxyket ones and the correspondi ng benzofuran 30

d riv tlves gaggge 1 (cation resin) 16 WO
g8 ZBef/ t82004/ 003106 A feed contai ni ng 1450

ppm hwr&éga@ahaa@niw 1arooa§>@tn8h);, 052@0 r;m} @ff 1uB, and
roxy-2-hutanone (1HB), and 54 p 0
SR 5. b anse s 2acE BRRy WRRSh @ sgatacted
fEQmMo %u‘?cspQ%nQBO°CT%tBeSde@éoﬁ.ﬂé &% 2N 95t 2w HPUK S been
80C with 5 Anberlyst 15 (TM cation exchange resin

bieerisl aitsiloh alvad vape@vangliging edeenThat Rer¢anis egnasgsions of
Vﬁ§&§g§§¥éﬂgﬁechQ¥gr§é(¥br HA, 84 for 1HB, and 89 for 3HB.

The corresponding benzofuran selectives were 33, 18 and 68

percent.

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

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 molybdenum. The catalyst was
previously activated and dried. Conversion of
hydroxyvketones averaged 98, 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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of the hydroxyketones was 94 percent for HA 74
percent for 1HB, and 80 percent for 3HB.

wa\pproxonat el y 6 percent of the HA was converP&HUS204/003106

2- MBF (2-nmethyl benzofuran), 3 percent 10 of the 1HB
was converted to EBF (2-ethyl benzofuran), and 24
percent of the 3HB was converted to DVBF (1, 3 di net hyl

%%gjﬁ%f an)as G ‘gmé \gﬁﬁ}%lB' dfe ok §gf §e§/ : COMALID0

pridpaeed from pure phenol and cont act ed for 2 hours
at 15QC, | yst N
previ %us y ac ]tzhe'% god %Igd ﬁ’l’hée% erce %? QEQ, and 450
qonv S8 ons pfepchgeett dxykepone sphweraEl %1df conklAct&d far 2
ag\tq, ig gfor .3HB. 20. The corre g,ondi ng. benzof ur an
aRgalyingg C St COBRGHMIY 3 (8%
Mpfﬁr@ﬂmalteny na Mﬂeaﬂtnmegygda%rm smefes edtasibtcids 25
eed cont ali ni ng 990 HA, 520 ppm of 1HB, and 490
BHTRYGPUS LB El‘iﬁgfeﬁ?araé‘di finﬁﬁipur‘eorﬁf?é%ﬂonaﬁé cont act ed
fiofdrdxyitedbse 8twddb @4 8h aAqadbsipda LAt #o¥sha, 1HB, and
containing approximtely 8 percent nolybdenum The

iRl y ShenaeTTRIRAADHS PoREPT VR B FARFdFiEdes averaged

ngg;wximeﬁe@% 80 hydiexyket gaesever aged 98, 98, and
per cent HA 1HB, and 3HB, respectively, for

three separate experinments. The correspondi ng

hﬁ_ﬁ%%ﬁn@gﬁ@ﬁa{ Wikes averaged approximtely 6, 3,
an percent. 17 WO 2004/ 072008 PCT/ US2004/ 003106

ExanpPe fged49omerigHing- dP0nPHR BdntXhiveg e£2944B, and 490
Hpberseds whb f@gpo efdeeqofa ﬁ?é HEh A9@ nBPBLER 829 For 2

ppm of 1HB, an B was prepared from pure
mmmﬁl aanél4@?j31tva¢ﬁ1ednf @lu@lnmmlalstmeﬁiwmingamo

AT C%ta St C%”t al ”b”gnaﬁPrx‘r’%Au”Bf el¥cd ReLg ety
ﬂg}b enum e ca aI dt

dried. Conversion of hydroxyketones averaged 18, 15, and 8
percent for HA, 1HB, and 3HB, respectively, for three
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
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, respectively, for three separate experiments. The
corresponding benzofuran selectivities averaged approximately

3, 0.1, and 3 percent.

The following table summarizes the results from the

above tests.
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previously activated and dried. Conversion of
hydr oxyket ones were 84, 87 and 98 percent for HA 1HB,

w@r@40@08HB. The correspondi ng benzof uran sel eRCT/VUE100€803106

averaged approximately 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
pheifdilead cearERiEPT @f ZhenBudsonrketame forhaaped in a
al unmi na cat@epel EsALArRI TRjinto DifkdkyBaEntd ke twhi ch

had been previously activated and dried. Conversion

of hydroxyket ones average@on®ersi®n gdd |& Sedecdavitprto
HA, 1HB. and 3HB, respectidreryketopes hijee Zengepurarte

experinents. The corresg@ndi ndihenZdBur adla 1HB | 3HB

$é| Mot pri 2lwsingere appr &8 mat 8By (2.100. %, And] 2 3 3

@dér tlenbn aBExaipl e 6 (bl &8tk | Beat| be8 no 6at Al yt)| AR.5

fadediocendalyni ng 990 ppmIKA, | 526 ppmsof | 1HB ahdd 400 pEm

2b ebt3Hpastwas prepared fson pure [phenoll aBd heatied for

2altabhSeRthandb Caninhoutodaddl hon ogo a|catkal yst3 24

Geruersi on of hydroxykedonessgaver aged|5,335, | and 68

percent for HA, 1HB, and 3HB, respectively, for three
separate experinents. The correspondi ng benzof uran

sel ectrh¥i ¢drRera¥eh agath RPN LAl YabBRO 1B apBvd , siid t8e
percent. The follow ng table supmari zes the results _
PASATERRES 4BOVeuT %t §1ther \ip 28004 o7 ARFdon exchange resin

ReThbBAQR4B034 061 urhiab! €n | £ndlLaReEsd AN o at BEenol product
E%droxyketone Contai ned in a Phenol Product Using

pfeP@Hiaingt 8l FRRCRECaRIR Glohverosgksioagt vher wompared to

hydr gxy ket @nesiRenzobidr 89 +4A hEB: 3ER 414 s HB BHR.3%,0
98 100 6 3 8

on al um na 98 3 4% M on alimna 84 87 9

ePgerved, fhgntaavemipn et ibydroxyetones using the zeolite,
cation exchange resin and molybdenum on alumina catalyst all
exceeded 80 percent and even 90 percent. The alumina only
catalyst provided a conversion of less than 20 percent. The
conversion of hydroxyketones when no catalyst was used was less

than 10 percent.
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no catalyst 55 7 3 0.1 3 cation exchange resin 94 74
80 6 3 24 zeolite 93 84 89 33 18 68 5 The conversi on

waladoa/omoesent ed in Tabl e | above show t he adveel/ag®e4/003106

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 alumna or
of no treatment catal ystS-Iad £a Be observed, the
conversion of hydroxyketones using the zeolite,

cati on exchange resin and nol ybdenum on al um na

cat aly et EREREHRHB0O percent and even 90 percent .
The alum na only 15 catalyst provided a conversion of
| ess than 20 percent._ The conversion of

hy dr BAEREs SWABANPD REAMIGHs £ ERAS usEEkRig: |sede phenol

t han &g&cﬁﬁ:rtc%ﬂkeal%gcmgﬁ% 242008 PLd/ 452004/ 003106
MS 1. A nethod onprising: 5 purifying a

phencﬁoﬁﬁQﬂ§5@Fl§?r@§n§ SHErERaghi BY ct pfoguptocess

StreaﬂhpQﬁ@ﬁh@eﬁhgﬂéiKHef¥¥$daf&bﬁsgecgﬁﬂﬁﬁm@kﬁkbgg ofy,
a cont am nant "by-product of a process for making

phenoford@dtied  f pBAes eteifiabylie Beagbhen W@e@lons, said
cont aotd g, pHRE8E: SHE AR & ieagh Qelﬁfg%gﬂa%%t gl d

phenol product streamw th an acidic catalyst
t her e EEbAV ePRVart | @asteastpar Prshlior &fi aﬁl@b@p@ﬁﬁmamnt

by- prk%d%dtu%tat{)egcféé)&:ﬂnogﬁghuc > 2. A met hod
according to claim1 wherein"said first concentration

of said contam nant by-product is in the range of

bromz3 Ramydt gcégr%@ PRI aRd 1t WEetégﬂwgal%f £i g@%nol

in said phenol product streamis iIn range of from

95 wedginengaaténr epwaridl wongandoankei gt pelucgntis in the
range of from 3 ppmw to 10,000 ppmw, and the amount of
phenol 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 claims 1 or 2 wherein said

contaminant by-product is hydroxybutanone.

4. A method according to any of claims 1 to 3 further

comprising:

yielding a treated phenol product stream having a
second concentration of said contaminant by-product
that is lower than said first concentration of said

contaminant by-product.
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20 of said phenol product stream 3. A nethod
according to clains 1 or 2 wherein said contam nant

whyeopoodoet i s hydroxybut anone. 25 4. A net hodPCT/US2004/003106

according to any of clains 1 to 3 further conprising:
yielding a treated phenol product stream having a
Secondl megnieentecabrdim@ftsaildicnodt ahe nair ﬁykpm@@und

30 that i S r th d first copcentrat ai d
cont Aa ISR By BPotnct o0 b BUBARD Fa0gR vaiet T SLE
PCT/ US04 3406 5. A met hod according to claim4
wherein said second concentration of said contam nant
by-product is less than 3 ppnw. 5 6. A nethod
accorzdimaaghbd amomﬁmgl abnanst dfo Aawhereito Sawteratn dadd

cat al S ct.ed fro the ou f materi al s .
conei Tids” 6P ESERR tes oSkt PR BB Lr ST S fareriale
aIun1¢mﬁs1s¥1né\@@tﬂumilaespribﬂuyxbhanbalfﬁsihstenﬁ aluminas.
wherein said 10 suitable reaction conditions include

a contacting tenperature in the range of from50C to
QSOCAanetQmait aetbpdifpg eSS Wiaims uheorangeenmmrsdhu to

100 A nmet hod accordi n E i.n the
honpiidanle BlBt 0O SCCOd SRatrde Soeed i Pany

Of  CUPEBRRra8RE S8R %yﬁar@@&ﬂ@roﬁ séedebhedooc, a
according to claim8 wherein said contamnant is an

al i pheeitadpiggoryeearbonyl denmpeuad wWpdeEdHiw tzo 100 psig.
concentration of said contam nant exceeds 3 ppnw. 10.

A nmet hod according to any of clains 1 to 9 wherein
8ai d A pirtiield peeduéingtieamhaipclunbsrpheridlie inheagl

anmou eii-09m99s V\@é&wedo%&%ﬁng ﬁixéche%e;%ﬁ%@ cumene

pr od Cto 25 streamand said contam nant 1S r oxy
but ardrk . seprbunyireb@oded. maki ng a high purity phenol
product according to the nmethod of claim8, said

nmet hod conpri ses:
9. A method according to claim 8 wherein said contaminant

is an aliphatic hydroxy carbonyl compound and said

concentration of said contaminant exceeds 3 ppmw.

10. A method according to any of claims 1 to 9 wherein said
phenol product stream includes phenol in an amount
exceeding 99 weight percent of the phenol product

stream and said contaminant is hydroxy butanone.

11. A method of making a high purity phenol product according

to the method of claim 8, 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;
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30 subjecting a m xed feed conprising cunene and
sec-butyl benzene to oxidation conditions to yield an

w@zi0darioosr reaction product conprising sec-bupgr/Us2004/003106

benzene hydroperoxi de and cunene hydroperoxi de; 21 WO
2004/ 072008 PCT/ US2004/ 003106 subjecting at |east a
portion of the sec-butyl benzene hydroperoxide and

cunmen r ol Qf. sai | dat i reactio
pr odu%tuﬁﬁgcggggn%%?%%n%r Egg?ff{gﬁ (I)%Q{:}loen&etci %Hgy% goenzene
yi el d hydebpavagide eatt icmmepeotudtopaormidesiofigsphénol |

acetone,. a thyl, .ethyl ketong: .separat.ing said , .
cl eav;ég%dfaggg{‘?roené/%trlc? u% olﬁﬁf:g g? ﬁlee%és) POSLhRBnbPaction

pr oducionsititéans anel wirdidher cproadaigd séacddrnl Brobecei n

sai d phenol. _product stream .conprises at lea .
porti of or lgg?% %heennoa’ SFe58Pa" c?réa\}%%élyrlegﬁlVgnketone’
product and a contam nant by-product; and contacting
under suitagl.e <‘1ati on reactipn 15 conditi

. pueri eavy, . action.: d gns 1 t
sai d pRERSP PPttt STP83ATRI FREGR Gt iRFOWStal§Ep #h 1e2s
t her ely phenuer prédudicastreampanti smoitfers girdduct stream
COmt 3L DY BE S B B eBCh pr Ot sl Acase o
phenolpodetibxeds f s018 seenbat pF bend efle: HBeRfcarBh Bgibess

than 3 DRI MYHE 293NNt By -product; and

contacting under suitable purification reaction
conditions said phenol product stream with an acid
catalyst to thereby convert at least a portion of said
contaminant by-product to a reaction product.

12. A high priority phenol composition, comprising:

phenol derived from sec-butyl benzene containing less

than 3 ppmw hydroxybutanone.
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