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conducting ‘the cl eavage acid extraction/neutralization step as a
| i qui d- erdaingiphenol and acetone as the principal products together with varying amounts

of impurities, e.g., alpha-methylstyrene, acetophenone, mesityl oxide, cumene,
acetaldehyde, hydroxyacetone, and residual acid catalyst, e.g., sulfuric acid catalyst.
‘Before the products can be recovered it is necessary to remove or neutralize the acid
catalyst in the CHP cleavage product mixture since the presence of the acid catalyst in
the subsequent distillations interferes with efficient recovery of the product and by-

products of the reaction, in addition to causing corrosion of the distillation equipment.

Commercially, the residual sulfuric acid catalyst present in the cleavage product
mixture is neutralized with an‘aqueous alkaline solution, e.g., aqueous sodium
hydroxide. The resulting concentrated aqueous sodium sulfate salt solution formed
from the sulfuric acid and the sodium hydroxide reaction is then separated from the
main organic mixture using a series of liquid-liquid extraction operations. The
resulting organic mixture, now free of sulfuric acid, is then subjected to a series of

fractional distillations to recover the products and various components.

United States Pat. Nos. 2,734,085; 2,744,143; 3,931,339; and 5,510,543 variously
teach conducting the cleavage acid extraction/neutralization step as a liquid-liquid
extraction process in a reactor utilizing a circulating aqueous solution of concentrated

sodium sulfate salt, i.e., the extractant, formed in situ by the reaction of sodium
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extraction process in a reactor utilizing a circul ati ng aqueous sol ution of
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describes a process for purifying phenol using
by-products that can be more easily separated from pheno] in subsequent distillation
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steps. Both homogeneous and heterogeneous processes are described which use both
basic and acidic treating agents on the organic streams to promote hydroxyacetone
condensation reactions, such as sodium hydroxide, amines, ion exchange resins and
zeolites. However, this treatment method is only partially effective because a new
impurity 2-methybenzofuran (2MBF) forms, which is also very difficult to remove
from phenol by distillation. This problem is particularly troublesome as its presence

also renders the phenol product quality unacceptable for many end use applications.

In the conversion of hydroxyacetone to higher boiling point materials, United States
Patent No. 6,066,767 (767 patent) describes a process for purifying phenol using
sodium hydroxide and alkaline agents as treatment agents to promote deep
condensation reactions of hydroxyacetone to high boiling point materials purportedly
free of 2MBF. In this process the CHP cleavage product mixture is extracted with 10-
20 weight percent (wt. %) sodium sulfate salt solution according to conventional
methods, and the hydroxyacetone contained within the aqueous salt phase is treated
with sodium hydroxide reagent to form deep condensation products which recycle into

the process and mix with the phenol-acetone stream for later removal.
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patent egdkPWarious equipment useless. Third, the ‘767 patent acknowledges that

unidentified deep condensation products formed from hydroxyacetone re-enter the
organic stream and recycle into the process. These unknown condensation products
can potentially contaminate the final phenol product and risk causing other quality and
equipment problems. Fourth, the process disclosed in the ‘767 patent employs
multiple extraction stages to optimize the removal of hydroxyacetone. These multiple
extraction stages require additional time, labor, materials and equipment to
implement, thus increasing costs to remove hydroxyacetone to acceptable levels in the

final phenol product.

Accordingly there remains a need in the art for a method and system for removing
hydroxyacetone and other impurities from cumene hydroperoxide cleavage products

to acceptable levels.
BRIEF SUMMARY OF THE INVENTION

A method for removing impurities from a cumene hydroperoxide cleavage product
mixture comprises reacting impurities in an aqueous salt phase with an oxidizing
agent at a temperature and for a time in a non-alkaline environment sufficient to form

water-soluble oxidized derivatives of the impurities; combining the aqueous salt phase
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one atmosphere to about five atmospheres to the reaction mixture; combining the

aqueous salt phase containing the oxidizing agent and the water-soluble oxidized

derivatives with a cumene hydroperoxide cleavage product mixture to further oxidize

impurities in the combined product mixture; and separating the aqueous salt phase

containing the water-soluble oxidized derivatives of the impurities from the combined

product mixture.

~ A system for purifying a cumene hydroperoxide cleavage product mixture comprises
means for reacting an aqueous salt phase containing impurities with an oxidizing
agent at a temperature and for a time sufficient to form water-soluble opgidized
derivatives of the impurities; means for combining the aqueous salt phase containing
the oxidizing agent and the water-soluble oxidized derivatives with a cumene
hydroperoxide cleavage product mixture to further oxidize impurities in the combined
product mixture; and means for separating the aqueous salt phase containing the
water-soluble oxidized derivatives of the impurities from the combined product

mixture.

In another embodiment, the system for purifying a cumene hydroperoxide cleavage
product mixture comprises a cumene hydroperoxide cleavage product mixture feed

containing impurities in fluid communication with an aqueous alkaline solution feed;

4




aqueous salt phase containing the oxidizing agent and the water-sol uble

oxi di zed derivatives with a cunene hydroperoxi de cl eavage product hH3 MAY.2086
to further oxidize inpurities in the conbined product m xture; and

separ at i NYOOH@4$8ieous salt phase containing the water-sBEUBS/BRIMI zed
derivatives of the inmpurities fromthe conbined product mxture. A system
for purifying a cunene hydroperoxide cleavage product m xture conprises
means f the cumsnt i hygreperexidee olgavags| progivh seixtwe aad riqnepus mbiiting iselytioh t h an

i dizi t t t d f ti fficient
vt or - <GS B 20 B ot & Mol i 2ok S0 9 Como ni ng

the aqueRILs oBBét al RGERUS 841t Fhalb Békd dohRirXd Hhiiriks #OAG AAtUnRAtion
wat er - sol ubl e oxidi zed derivatives with a cunene hydroperoxide cl eavage

pr oduct wiihyat decemposel weacknsrhayinigdinxidirgstiaquepesssaltrphesteoutlshisnpifliZipg oduct

m xture; _an ang. f.or _separating. contaifning the
wat er - Sag%lc}%ergg i @?lge%mzfﬁﬁ%%hl\/ggﬁ gﬁe ?ﬁ‘ge%gﬁg%}? ﬂ" %sggﬂgf gcﬁ%l?l"glgctg%b?ned
pr oduct jmpiirtied pRior k6 tikhedddaipossrnesitorahd ah Ridiyat finebey saftphiadeyfend a cumene

hydr oper oxi de cl eavage blpro uct m xture conprises a cunene hydrqperoxi de
cl eavageomaisinget Watexselubler eexidizednidsnivativgs i whurthe | ampwities| dng BB%muni cati on

with an_a . [ | ; 82

por/ sosPSHBREHRL i, BF RO AR e el Mol RO ROl R0 e
aqueous naitiahization drahuti on feeds are in fluid communication with a
neutralization drum having an aqueous salt phase outlet; an aqueous salt
phase f i.n I L] i id comrunication wth a deconposer
react or%@f%%ﬁghﬁg%@g&w@%# phase outlet; an oxidizing agent
feed in fluid communication with the agueous salt phase feed containing the
| mpuri t iRRferihd Abwlte thb FiglR6 ONRIRE 88 ncRay iiistrafiVe] vitibrdli itk Hdlclamusous sal t-
phase feed containing water-sol uble oxidized derivatives of the inpurities

in flui dre ewmbaied alild, die Hicure is Meschemativellow diagiam dlustrating eneewIaY oduct

m xture elfbo menf (th % system and method- for removing impurities from cumene

hydroperoxide cleavage products.
DETAILED DESCRIPTION OF THE INVENTION

The inventors hereof have discovered that common impurities in phenol production
can be oxidized to their water-soluble derivatives by the addition of oxidizing agents
into the circulating neutralized aqueous phase stream. Quite unexpectedly,
hydroxyacetone and aldehydes, e.g., acetaldehyde and propionaldehyde, present in this
stream are effectively oxidized to water-soluble derivatives by the oxidation reaction.
These oxidized derivatives are not heavy condensation products or high boiling point
materials that can oxidize to form 2MBF. Instead, these water-soluble oxidized
derivatives are extractable using existing equipment, and an additional reactor. This
| reactor eliminates the need for multiple extraction steps beyond existing equipment,
and can be installed within existing phenol production schemes. Accordingly, the
drawbacks of prior attempts employing condensation reactions and conversions to
higher boiling point materials, and the like, are avoided or prevented by utilizing

oxidizing agents.
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The figure illustrates a flow chart showing in detail an embodiment of a system and
method for removing hydroxyacetone from CHP cleavage product mixtures. A
cumene hydroperoxide feed 10 (“CHP feed 10”) and an acid catalyst feed 12, e.g,,
sulfuric acid, or other mineral acids, and the like, are fed into and mixed within a
cumene hydroperoxide cleavage reactor 14 (“reactor 14”) having a CHP cleavage
product mixture outlet. A CHP cleavage product mixture feed 16 containing
impurities exits reactor 14, and mixes with an aqueous alkaline solution such as
aqueous sodium hydroxide, and the like, (aqueous alkaline solution feed 18)
downstream, prior to or when entering a neutralizer drum 20 (“drum 20”) serially
" disposed after reactor 14, in an amount effective to neutralize any residual acid
catalyst present and maintain the pH of the resulting neutralized cleavage product
mixture within drum 20. The combined cleavage product mixture and aqueoué
alkaline solution feeds 16 and 18, respectively, comprise phenol, acetone, cumene, by-
products and residual sulfuric acid, and an oxidized aqueous solution comprising
about 10 to about 20 weight percent (wt. %) sodium sulfate solution containing water-
soluble oxidized derivatives of impurities, which will be discussed below in further

detail.
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20 wt. % sodium sulfate solution (formed in situ within drum 20) containing

impurities including but not limited to hydroxyacetone and acetaldehyde. The drum
20 includes an aqueous phase outlet, an aqueous phase purge outlet, and a neutralized
cleavage product outlet, whereby the organic phase containing the neutralized
cleavage product exits that outlet as neutralized cleavage product stream 22 for
extraction using conventional techniques known to one skilled in the art. A portion of
the aqueous phase containing undesired impurities is purged from drum 20 as aqueous
phase purge 24, while the remaining aqueous phase proceeds downstream as aqueous
phase stream 26 and flows downstream to a decomposer vessel 28 (“decomposer
vessel 28”), having an oxidized aqueous phase stream outlet, and serially disposed
after and in fluid communication with drum 20. Decomposer vessel 28 is preferably
oriented within the system in fluid communication and in a continuous loop with
drum 20, aqueous phase stream 26, oxidized aqueous phase stream 32 and CHP
cleavage product mixture feed 16. The amount of impurities, e.g., hydroxyacetone,
present in the aqueous phase stream 26 can be measured using quantitative analysis
techniques, e.g., utilizing a Hewlett Packard gas chromatograph. Prior to, while
entering, or within decomposer vessel 28, aqueous phase stream 26 combines and

mixes with an oxidizing agent feed 30.




The amount of aqueous al kaline solution feed 18 nay be controlled using a
flow control device (not shown), e.g., a valve, that is actuated efghmay 2006
manual |y or by an operator via an electronic interface (not shown), and
may be opWOO#B4BY2 nonitored using a sensor such as a preBETUSAISHWOr

out put sensor, flowrate sensor, mass flow sensor, and the like. Drum 20
contai ns an anount of aqueous al kaline solution effective to maintain the
pH of t Ogrididsglapémdeddad isaddded b edeavaghasprstrdam 26 en @mouat effegtizat er t han
or equal to about 1, preferabl reater than or equal to abi , and at a
pH | esst@ H’&ﬁlzﬁra’@qéfﬁpg’wseaﬁ%%f’x icelongs E)‘?(i,\f’%‘gﬁ@f ForaEens A aglgﬁ%%ﬁal to
about 6ot Al dvabLRNREE oRIdsHACerivhikcs! Whi¥RndedeAlob@yRddt o settle
w thin drum 20, “formng two distinct phases, a bottom aqueous phase and a
t op or gaml pymivis ecid ThEheser watri-solpblasexidianad rded eativoh arfo laterarsaosp@ in cunene,
mesityl oxide, .al phanethyl styrene, .. acetophenone i me | benzyl, al cohol ,
cuny| ph8sPus Waﬁﬁg%‘-‘&e;‘%ﬁ@,‘x\}l&%o@}?@?%ge ¥alh SHYE dtgﬂ%l d:;séli%m?/ed wat er,
whi | e t BgiapMite AdsntP NASIRAE BTRT 4ré efotahfiied 1o bRyaRROWure 20 MnosgiesiOyi um

sul fate solution (formed in situ within drum’20) containing inpurities

i ncl udi hydrbgen peyoxiti¢, sodivth pesoridelnotassivat prmangaatgcadaing peagaBle drum 20
i ncl udes (g@l q@geous phase outlet, an aqueous phase purge outlet, and a
neut r al F2%Y° eavage product outlet, whereby the organi c phase contai ni ng
the neutralized cleavage product exits that outlet as neutralized cl eavage

pr oduct Detdrapdee? Fedselr28 €xi beembintdinetsatnglowen veaiicrame! oftaboutnilodsgseek nown t o
one skilled 1 n the ar

t. A portion of the aqueoys cont ai.ni ng
undesi rgﬁlsl‘ﬁ'pﬁ’_@; Pé%felﬁEIYpﬁgﬁ’édm p@n‘?’ﬁ?tuﬁﬂ"%&gﬁ %??HEE@E& Phd8e PR ge 24,
hile tEend RS, Sty B6QR A3HC, AP BIESAAY 3BoRAUETSr Phase

stream | 'ows downst tr'eam conposer vesse ("deconposer
vessel A8¢mpernave rapgarnf ekowli 8080 tagbewub0i6asE ata loaver prassuwe of abetiserial |y

di spose after .and in fluid co Lcation with dr 0. er vessel
26" 5. pOE BRIy PR DR Pl aySe et P e OBk et on and i
a conti REAdSHreRar: ¥f dldut 8ritm, ptbfedBlyesént PRARE nivkl ?@feraﬁy 6oatindiozrad aqueous
phase stream 32 and CHP  cl eavage product m xture feed 16, The anount of
i npur i t peassure rgnge of e existinatagnaspherie Psesmireios abpet hale dosbPHaS 8t r eam 26
can be suyre I ' i e (RYA! [ e ilizing a
el ot t RS YU AT EhEICCR R feor yERRN28 455 tncCaount 6f

aqueous alkaline solution of feed 16 introduced into aqueous phase stream 26.

Decomposer vessel 28 can be charged with an amount of aqueous alkaline solution
effective to maintain a pH of the mixture of decomposition products and aqueous
phase stream components at greater than about 3, preferably greater than about 4; and

at a pH less than about 6, preferably less than about 5.

The rate of decomposition, or percent conversion, of hydroxyacetone to water-soluble
oxidized derivatives can also be monitored, e.g., by quantitatively measuring the
hydroxyacetone content of oxidized aqueous phase stream 32 using ion exclusion
chromatography techniques, e.g., utilizing a DX100 Jon Chromatograph commercially
available from the Dionex Corporation, Sunnyvale, California. The rate of
decomposition, or likewise, oxidation, can be optimized by varying certain operating
conditions such as the aqueous phase stream circulation rate, aqueous phase stream
residence time within decomposer vessel 28, temperature, pressure, and the like.
Likewise, removal of water-soluble oxidized derivatives can be optimized by varying

the circulation rate of streams 16, 26, and 32. Thus, the amount of oxidizing agent
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entering, or wthin deconposer vessel 28, aqueous phase stream 26 conbi nes
and mixes with an oxidizing agent feed 30. 7 2 9 MAY 2006 WO 03/ 045B8MAY 2006
PCT/ US02/ 38919 Oxi di zi ng agent feed 30 is added to agueous phase stream 26
in an amoWR03E#BELti ve to oxidize and deconpose hydr oxya®€Tare2/38aHd

car bonyl -cont ai ni ng and al dehyde- containing inpurities to water-soluble
oxi di zed derivatives, which include acetic acid and pyruvic acid. These

wat er - sarldab| eanoxisdi ke dhalegedv hasedespar echiaving thendesirdd | 1ate &fpssrest phase

purge 24 as will. be discussed bel in further. detail. Suitable oxidizing
agents GHRVFISIR af the lg}Pém‘ﬁSQ Pq W?FF’E‘%‘%%IS °5%§%?}5%’rv§s'or at nospheri c),
hydr ogen peroxi de, sodi um peroxi de, potassium pernmanganate, sodi um

per mngpRAfounfBE HybfxhideoneDpeodomebxMpR8 elqueshsCalasb astiginndAiined at a
| ower tenperature of about 60 degrees Celsius (C), preferably about 70C

nost predmapasgsd yithitbe eneow, of bydiaxyasgione presepcinateyfaliend agysos ABET,

f I t . 150C ferab t
of aboutreBe B deethme BeneRE e PoRaR Copddutp P hyedelBREER ;T e T anae
at N0 ph@Rr-6altBle olMisé@hdioyyanut drisOtinsns bapgt agieter dtleydabedt 1 atm

to an upper pressure of about 8 atm preferably about 7 atm most
pr ef er apirgens eonversion af hydroxyagetoneatyexisizednydsgryacstane JeAB¥AYREIP ¢ pressure

or abouf L. atmt Qabg'gto %9 ? r@élgphgr&@ﬁbg}_{ g.lée%téimtﬂgﬁ %{bﬁ)gf od pERBi! Qhdsed for

deconposer vessel e unt o gueous a ine solution of feed 16
I nt r odupegerabily greati dauabpiltetlepestaneéam 26.  Deconposer vessel 28 can be
charged with an anount of aqueous al kaline solution effective to maintain

a pH of _the m xture, of deconposition products an ueou hase. stream
conpon eﬂ‘% reé‘gft'ﬁ’rt Qx1dizedaguepus k!’g‘fﬁe ST eaﬁ‘r@f 2 YFSB‘S gg%per?ﬁ%ﬁg%%%% 4; and
at a pHy) gesutt 0P B0 Git. PF SddiR Mt afutioR RbnRbeM te wdteesdlatle of

deconposi tion, or percent conversion, of hydroxyacetone to water-sol uble

oxi di zedxidizeil \tivaterss.c Tio effest vl mainfainothe ®H within newjrabizes frpmaa0; the| y

nmeasuri (I’)]g

1d§zbeg aqueous phase stream 32 preferably combines with CHP cleavage product
mixture feed 16 prior to entering drum 20. The resultant mixture is fed downstream,
and combined and mixed with aqueous alkaline solution feed 18 to control the pH and
reequilibrate the phase separation occurring within drum 20 as described earlier. The
residual oxidizing agent present in the resultant mixture oxidizes impurities present
within the aqueous salt phase. It is also believed that at least a portion of the
impurities contained in the ofganic phase are also oxidized to form water-soluble
derivatives, thus the cleaved cumene hydroperoxide product is further purified before
undergoing distillation. As described earlier, a portion of the bottom aqueous phase is
purged from drum 20 as aqueous phase purge 24, while the remaining aqueous phase
exits drum 20 to decomposer vessel 28 as neutralized aqueous phase stream 26. The
aqueous phase stream will continue recirculating from drum 20 to decomposer vessel
28 via neutralized aqueous phase feed 26, and back to drum 20 via oxidized aqueous
phase feed 32 and cleavage product mixture feed 16. The circulation rate of these
streams within the system is monitored to optimize the percent conversion of

impurities to their water-soluble oxidized derivatives.
The method and system are further illustrated by the following non-limiting examples.

EXAMPLE 1



hydr oxyacet one content of oxidized aqueous phase stream 32 using ion

excl usi on chromat ography techni ques, e.g., utilizing a DX100 lon 79 MAY 2006
‘Chromat ograph conmercially available fromthe D onex Corporation,

Sunnyval eWO®a0488% ni a. The rate of deconposition, or |ikeGEAE2/38R19dat i on,
can be optim zed by varying certain operating conditions such as the
aqueous phase streamcircul ation rate, aqueous phase stream residence tine
Wi t hi n bez copiiseus pexsssl cu@dnet waspexidizad ¢o fome S8R, end dnrireshlgant i(HE

Li kewi se, renoval , of .ywat er-sol ubl e i di ze rivatjyes can b timzed by
varyi ngwat REVRRL i 269 Bevasr dste & polbiacr cotgant B 55 el T B Droun
of oxi dfFeAd8E roduct nBx M fe8@36, WO 03/ 045882 PCT/ US02/ 38919 added can

al so be changed based upon achieving the desired rate of percent

conversion of the inpurities to water-soluble oxidized derivatives. The
amount Sablpyidillugiyaterthe mieayagss produsihméstingi compoaente duviphabased vpdhen 32 i s

ohave  GtckREbh o SRR Morlde] BIoBEE LRRBEERICHS surmBBHCy B8, 0007

hydr oxyaaettgriphy. wat er - sol ubl e oxi di zed hydroxyacetone derivatives is
bei ng achi eved. TKe desired percent conversion of hydroxyacetone to
oxi di zed hydroxyacetone derivatives is greater than about 40 percent,
preferably greater than about 60 percent, nost preferably greater than
about 90 percent. The resultant oxidi zed agueous phase stream 32 exiting
vessel 28 generally conprises an about 10 to about 20 wt. % sodium sul fate
sol ution containing the water-soluble oxidized derivatives. To effectively
maintain the pHwithin neutralizer drum 20 the oxidized aqueous phase
stream 32 preferably conbines with CHP cl eavage product mxture feed 16
prior to entering drum 20. The resultant m xture is fed downstream and
conbi ned and m xed with aqueous al kaline solution feed 18 to control the pH
and reequilibrate the phase separation occurring within drum 20 as :
described earlier. The residual oxidizing agent present in the resultant

m xture oxidizes inpurities present
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|3. 2% Acet one39. 0%

onent Wi ght Percent (wt. % Phenol 4
Water 1.6%

Acetophenone 0.7%

0,p-cumylphenol 0.3%

Dimethylbenzyl alcohol | 0.1%

Hydroxyacetone 0.16%

Acetaldehyde 0.06%

Sulfuric acid 0.03%

Coﬁlponent Weight Percent (wt. %)
Mesityl oxide 0.12%

A 20 wt. % aqueous sodium hydroxide solution (stream 18) was added at a rate of
1,500 lbs/hr to the cleavage product mixture feed 16, having a feed rate of 200,000

Ibs/hr, in an amount effective to neutralize the residual sulfuric acid present and

provide a pH of 4.5 in neutralization drum 20. The resulting organic phase contained

a hydroxyacetone concentration of 1550 parts per million (ppm), while the aqueous

phase contained an 18 wt. % sodium sulfate solution having a hydroxyacetone

concentration of 1480 ppm and an acetaldehyde concentration of 300 ppm as
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Cunmenell. 7% Al phanet hyl styrene3. 1% Wat er 1. 6% Acet ophenone0. 7%

0, p- cunyl phenol 0. 3% Di net hyl benzyl al cohol 0. 1 % Hydr oxyacet one0. 16%29 MAY 7006
Acet al dehyde0. 06% Sul furi c aci d0. 03% Conponent Wi ght Percent (WM. %

Mesityl OXO@&045886 A 20 Wt . % aqueous sodi um hydr oxi de soPOT/USZ/3ZWr eam 18)
was added at a rate of 1,500 Ibs/hr to the cleavage product m xture feed
16, having a feed rate of 200,000 |Ibs/hr, in an anmount effective to,

neut r al ineesurdie usérgy cnaHPSE90 ugdsc chrinthtpgresigntandnal Dpmexi BDK180planef 4.5 in
neutralizati on dcum 20. The resulting organi c phase contained a

hydr oxy SEeTgig @ ncent rati on of 1550 parts per nillion (ppm), while the
‘agueous phase contained an 18 wt. % sodium sul fate solution having a

hydr oxyagehqikus GPaseRhs Mitharval frédStheridfioalof e RuthRidehndecancent ration
of 300 ppmas 11°2 9 NMAY 2006 WO 03/045882 PCT/ US02/ 38919 neasured using an
HP5890 pearatiredaqueons piplay stavsen 36,BindmasnER 100 deeompashr vesael d§rabpiate The

aqueous s wthdrawn fromthe .bostomof the t ' um 20, as
neut r al nggﬁég%&r pﬁges gecsqp}peog% ﬁ%q,sela%%j w&a r%aé%tapﬁg (r)&?ée{‘:ﬁc ﬁ’%%gl{er? %\rf/essel 28
at a rapeC ahd e, 480 ptdasréirfor The KiRe OMRRSR NutiliRfgelresthgnggenttni Mhai ned at a

tenperature of 90C and one atm pressure for one hour w thout utilizing
t r eat i nhydigeyrcstong igencenirafion it ghet spating deetnireetad Srsamnfadnioryard frem ng

heat - t Faat %gccﬁ}lﬁo%élm Je%%l f s V\@ﬁéj Jlée%med at 1210 ppm. This represents a

hydroxyacetone conversion of 18.2% using heat treatment alone. The neutralized

aqueous phase stream 26 and heat-treated aqueous phase streams were analyzed using
a Dionex DX100 ion exclusion chromatographs and determined to contain 80 ppm of

pyruvic acid.

Following recirculation at a rate of 500,000 lbs/hr of the heat-treated stream and
subsequent mixing and reequilibration with cleavage product mixture stream 16 in
neutralizer drum 20, the hydroxyacetone concentration of neutralized cleavage
product mixture stream 22 was measured at 1320 ppm using gas chromatography

analysis.
EXAMPLE 2

A second trial was conducted utilizing the same raw materials and conditions used in
Example 1, except that the decomposer vessel 28 was operated at the following
parameters: 135°C, 6 atm pressure, and 1 hour residence time. Again, as in Example
1, an oxidizing agent was not utilized. The hydroxyacetone content in the resultant
heat and pressure treated, non-oxidized aqueous phase stream was measured at 870
ppm. This concentration represents a 44.6% hydroxyacetone conversion when
employing elevated heat treatment and super atmospheric pressure conditions.
Following recirculation of the heat and pressure treated, non-oxidized aqueous phase
stream, and re-equilibration within neutralizer reactor 20, the hydroxyacetone

concentration of neutralized cleavage product stream 22 was measured at 1090 ppm.

EXAMPLE 3
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t he deconposer vessel 28 was neasured at 1210 ppm This represents a

hydr oxyacet one conversion of 18.2% using heat treatnent al one. The 19 MAY 2006
neutralized aqueous phase stream 26 and heat-treated aqueous phase streans
wer e analWo8#0428¥2ng a Di onex DXI OO i on excl usi on chr onat BEFEHISSHA
determ ned to contain 80 ppmof pyruvic acid. Following recirculation at a
rate of 500,000 | bs/hr of the heat-treated stream and subsequent m xing
and r eeduihirddriat wes condulted widizingethp setheorwrmateniale asd cerditia® ysad heutral i zer

drum 20__t he hydr ox et on oncentration of .neutralized.¢cl qav pr oduct
m xt ur e ESPBET 2SR Tt e B ERRGE PrisSien Britiras gl v bl e

anal ysi fydrbgNpirbxide OxRIBGESLet Wab a0@R] ©AROsEHGEr Wshd] 128 /G Ithet. ame raw
materials and conditions used in Exanple 1, except that the deconposer

vessel 2@eaus solptipminan anounceifestiveip sefablishrapd vy o hydogen Beraxigs pr essur e,

and 1 hqur residen | e Again, as in. | e Ox L&l 7] agent was
not wuti Fé"%&%‘ﬁmﬁ’i‘e ﬁ@%%’%@ & 8%%%% “eont lgﬁt[“%l( ﬁf’?)ﬁer esruét'salllﬁl alﬁi%&i ﬁég%&zsind
pressur ghdse @@ead, 32nwas drasiteded 2Queous ThhasacainiaiepiseneanB58Blat 870

ppm This concentration represents a_ 44.6% hydroxyacetone gconversi on when
enpl oyi hifrex¥asatons RemeTsiqre 40 navterntible petidiaedodspineliyes. pr EQliqyias

condi t gé} c%laﬁé?ﬂl'&‘“‘oQHi};]ieﬂ%&i&%b@t 1f¥4e © Jretaﬁxe 3&%&1 0 REGIGM Svitigat ed,
non- oxi di zed aqueous phase “stre and re-equilTibration within neutralizer
r eact or n@@ralizle dhind 20X yirckydomeyacetone enhdentration of timendutmalizakdeatagavage

product stream 22 s neasured at 1090 m E 312 2.9 2006 WO
03/ 04589’2’@@'@@9’3@‘2%8’9&9“%@( f 0 prp- a&%ﬁﬁ%@&&%‘ﬁ“?ﬁ‘}?%%@%ﬁe sanme raw
mat er | abﬁid%g_ z&ﬁx@&'ﬁé HIPRS sHERE I2NwaEnRaBked bt 195 GBRY, rtftdlenfindudemgen
peroxi de oxi di zi ng agent was utilized. The hydrogen peroxide oxidizing
agent wasetaldelgdetconviesionpdsmalitesive ehalgds af oxid@ed agueoys phase stream 32

and aqueous phase purge 24 using a DX100 ion chromatograph indicated 750 ppm of

pyruvic acid and 1320 ppm of acetic acid in both streams.
EXAMPLE 4

A second trial based upon Example 3 was conducted utilizing the same raw materials
and conditions of Example 3, except that decomposer vessel 28 was charged with a
0.06 wt. % sodium hydroxide aqueous solution in addition to the 0.5 wt. % hydrogen
peroxide oxidizing agent. A qualitative analysis measured a hydroxyacetone
concentration of 108 ppm in oxidized aqueous phase stream 32. This concentration
represents a 92.7% hydroxyacetone conversion to water-soluble oxidized derivatives.
Following recirculation of oxidized aqueous phase stream 32 and re-equilibration
within neutralizer drum 20, a qualitative analysis of neutralized cleavage product
mixture 22 indicated a hydroxyacetone concentration of 590 ppm and an acetaldehyde
concentration of 110 ppm. A qualitative analysis of aqueous phase purge 24 indicated
a pyruvic acid sodium salt concentration of 812 ppm, and a sodium acetate

concentration of 1250 ppm.
EXAMPLE 5

A third trial based on Example 3 was conducted utilizing the same raw materials and

conditions of Example 3, except that decomposer vessel 28 was charged with a 0.5 wt.
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aqueous solution in an amount effective to establish a 0.5 w. % hydrogen
peroxi de concentration. The hydroxyacetone concentration of the re?sgu,h&\(amﬁ
oxi di zed aqueous phase stream 32 was neasured at 210 ppm This
concent r WO 8H0458Pr esent s an 85.8% hydroxyacet one conver sPEHUS3/38919

wat er - sol ubl e oxi di zed derivatives. Followng recirculation of oxidized
agueous })hase stream 32 and reequilibration within neutralizer drum 20,

t he hydPoseuscatdinn elopaiessiunapeamnginaihas theuexidicingagent| retentian aff-dduct

stream red.at . PP The acetal.d i of the
oxi di ze§z ‘a%?ﬁg'gggs& %ﬁ)aeg(%u%t ?’g(ilrgﬁr%f%\%té hfrheeaéﬁr@gm;p X%%%g%%%%eégé g;s& gnt ing a
60% acetanitsiaby Betvaenen . oA.qualigtiat ahatdiy of axidlz¢s aguedlis phisdisean aqueous

phase stream 32 _and aqueous phase purge 24 using a DX100 iqn chromat ograph
i ndi cat 84 METUBHmaohydrgXyageipRe £LONeEniiaton 370 3hmpeT 2ad ean @cedliehyds bot h

streans S n rial d : 3 dygt ed
utilizi ﬁ%@éﬁ%@%@éfﬁ%ﬁ ﬁr@t gp?a%lg ldéglﬁgac%%%cﬁ# ?ﬁza'ag%%%ﬂﬁ%?ﬁ %L ggcept t hat
deconpogsiicaveiss phruR R avid cafcarttegtidnwiftel 0ppr). Béllosing Yecirodlation imddafeexi de
aqueous solytjon in alggii tion to .t hg 0.5 wt. % hydrogen peroxide oxidizing
agent . Fe-elibretion.Aequaliatiys pralieis of petirakized desvags PEIBAEMINYRSERI R at i on of
108 ppnmpi [Wa This concentration represents
a 92. 7[’22]%31 rﬁgg%gﬁgﬁg@ﬁgr@@?c%ﬁtr?%&%@f?&%@g}.ubl e oxidized derivatives.
Followng recirculation of oxidized aqueous phase stream 32 an
re- equi | i pHydraxyacaipneConcemtratioalol Seeards (par@Per miljordl i t ati ve angl ysi s of
neutral i z¢d cl eavage product m xture 22 indicated a hydroxyacegt one

concent r attof—of=590—pppantd—an—agetal-dehyde—eoncentation-of-1110 ppm A
qual itati EX&WE#@?-S of 5 i L1 aﬁﬁg%ng‘ér ge%‘ﬁ@é& ca 8ame;2pyr uvi ¢ acid
sodi um salt concentrat]on of 812/ ppm and a sodium agetate corcentration

of 1250 ppm EXAMPLE 5] #s4phi rd tfp4do based|[qpnidgxanpl ¢ 132vas corduct ed

utilizing{the sane raw materi al sfjand condijti ons of HKExanple 3, |except that
deconposel—vessel 28 was chargediwith a 0.5 wt 13 \WO 03/ 045882

2 1550 1480 870 1090
3 1550 1480 210 690
4 1550 1480 108 590

Example No. Stream 16 Stream 26 Stream 32 Stream 22

5 1550 1480 305 820

The method and system for removing hydroxyacetone from a phenol-acetone mixture
possesses several advantages such as reduced time, labor, equipment and costs
associated with conventional purification methods, while also improving the quality

of the final phenol product.

In particular, the inventive method and system employs oxidizing agents rather than
troublesome additional alkaline agents or condensation and conversion reactions.
There are accordingly none of the higher boiling point materials or 2-
methybenzofuran as products, fouling of equipment due to overly acidic or alkaline
process conditions, or fluctuations in pH, each of which may require complex systems

to overcome. The inventive method and system thus alleviates the need for complex
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2 9 MAY 2006 PCT/US02/38919 % concentration of potassium pernmanganate as

t he oxidizing agent rather than a 0.5 w. % hydrogen peroxi de oxi df &iMAY 2006
agent. The pH within deconposer vessel 28 was nmintained between 4 to 5. A
qual i t at W@ 03PSB32si s of oxidi zed aqueous phase stream 32PEBESY38M%a

hydr oxyacet one concentration of 305 ppm and an acetal dehyde concentration

of 35 ppm and an identical 'anal ysis of aqueous phase purge 24 indicated a
pyr uvi csysieind apdnexpatsiet equproénts 460d perjuires oloweninitial rmitrioudsihermdnasand af t er

re-equilibration, gual i.tative anglysis of neutralized cl eavage, product

m xt ur etklgﬁerléaﬁﬁ‘ceﬁﬁ%ﬂreﬁg@pé‘ﬁoﬁﬁhng\éﬁcr&fl‘é‘ﬁeén r'freléﬁl?‘?" i%nadglf“c%@b ppm
Hydr OXYfufinde f@ﬁﬁlﬁgkreﬁirh&{bn%fnd%rrd%*?i'ﬁlﬁti&xﬁ)ﬁé S per mllion) Exanple

No. St ream 16St r eam 26St ream 32Stream 22 11550148012101320 2155014808701090

315501480210690 415501480108590 Exanpl e No. Stream 16Stream 26St r eam
325t r eabhvettbE0naBod 058 stenh elsaeelinddatan dr prpvendsrihedermatiamaiigavy

cnch sttt bR PR R boRRE R ARt BaL ROPAGRETRRRRRRRepR " " 20
conventdrendecPhe igubkglof @ik il PRl piduts. aVaer-dolivlovtitiet deriwitizks ty of the

final phenol product. In particular, the inventive nmethod and system
enpl oy sofoinpHrities gSugh st Bydremyaestonm and acetsidshidsonte Foumpd, separated Khl i ne

agents qr nd i a on Si act i ) £ ar q di ngly
none. of SN SREAbEAE, " MerkOTHART Beb g MINS: erlplBhfen SdSRl O

pr oduct distill atiohiemtracifonesyeps poresqtiipteat.t Asoy sastly, exdstiap dadilitiesl deal quikly pr ocess
conditi,on%, or fluctuations in pH each of whjch naéiﬁ{r%i%:e conpl ex

syst emsiMRiemeRfdhis dinentivemethnd apd SYFemeANH SECOSHES SPTEEACNIEIS] | evi ates the

need for conplex 14
" While preferred embodiments have been shown and described, various modifications

and substitutions may be made thereto without departing from the spirit and scope of
the invention. Accordingly, it is to be understood that the present invention has been

described by way of illustrations and not limitation.
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2 9 MAY 2006 WD 03/045882 PCT/ US02/ 38919 systens and expensive equi pnent,
and requires a lower initial plant investnent, as there is, except fQOM NGD
addi tional vessel, no requirenment for special or additional equi pmezn 4or
multiple extraction and/or distillation steps. The inventive nethod and
systemalso elimnates or prevents the formation of heavy condensation

pr oduct sWont ipickpmerbisi i ng point materials that foul downstream equi pnent

and affect the quality of the final phenol products. Wter-sol uble oxidized
derivatives of inmpurities such as hydroxyacetone and acetal dehyde are

formed, BeparAtmethod foexesiovig aapilifidy ohona sieat hpdidpavkEedivivaout
enpl oyi ng additional distillation/extraction steps or equipnment. As a
resul t, RERAUG PH¥UFo 6PIPHFIBE can quickly inplement this inventive nethod

and system tg{gq j 7 j fi ile i ments
have been shgév\}%agn g‘g}géﬁﬁne ,d‘{vglis?%%g&%oﬂgﬁ f@g%dgﬂc&&%ﬁ%ﬁﬁ%ﬁ@%ﬁf? ﬁl?él ons may
be made witieaeaqueniid pieist haidpaa bagigpfr om the spirit and scope of the

i nvention. Accorg]:'. ngl , 1t is }‘o be under st ood th(g}ﬁ_1 the present invention

has been _desr}?ﬂlfr_ goggle\;agye%qsp Psledgtf?réfti"fb%@ea‘#ﬁﬁaﬁ H2¥% nitation. 15 2 9 MAY
2006 What is gliglitednd ﬁﬁpulitigéirﬂﬁ% BQQeJuQrsal'E gﬁﬁ%% Wi dn Ryl %?eﬁtrtﬁ?%xﬂl cumene
hydr oper oxi de cl eavage ‘'product m Xture, conprising: extracting inpurities
from a fwatstsalublengidirgdderpentiors dethe impwdtips; pr oduct m xture w th an aqueous

phase having a basis. pH..neutralizing th ueous, phase to form.an agueous
Salt phase:  GRPArDIEGIIHESS fstirrribeineneydrigunises EXpEe BRdSe TR an
oxi di zi ngigagRMquéss s Phash@bSbindtY HBlgidihehZBd asleihb kdr @ fubl odifiged
inmpurities; extracting inpurities in a second cunene hydroperoxide cleavage
product derixatives; angi t h t he aqueous salt phase containing the oxidizing agent
and the wat ers_eBgrlaHllljgl,efrgn)%Itﬂé Zeggracted second cumene hydroperoxide cleavage product

mixture, the aqueous salt phase containing the water-soluble oxidized derivatives from

the first product mixture and the extracted impurities from the second product mixture.

2. The method of claim 1, wherein extraction of the second product mixture is in the

presence of at least a portion of the first product mixture.

3. The method of claim 1, wherein greater than about 40 percent of the impurities

are converted to the water-soluble oxidized derivatives.

4. The method of claim 1, wherein greater than about 60 percent of the impurities

are converted to the water-soluble oxidized derivatives.

5. The method of claim 1, wherein greater than about 90 percent of the impurities

are converted to the water-soluble oxidized derivatives.
6. The method of claim 1, wherein the impurities are mesityl oxide, acetaldehyde,

hydroxyacetone, carbonyl-containing impurities, aldehyde-containing impurities, or a

combination comprising at least one of the foregoing impurities.

16




derivatives; and separating, fromthe extracted second cunene hydroperoxide
cl eavage product m xture, the aqueous salt phase containing the

wat er - sol ubl e oxi di zed derivatives from the first product nixture ZhMAY F{86
extracted inmpurities fromthe second product m xture. 2. The nethod of
claim1l1, wherein extraction of the second product mxture is in the
presence of at least a portion of the first product m xture. 3. The nethod
of claiml, ' r t t . [ riLl are
convert el o PRaep 3P B 4 WG LAY b PR el M AR bR TP
1, wher dfiromglicestend pdodictakigtuke. 60 percent of the inpurities are converted
to the water-sol ubl e oxidized derivatives. 5. The nethod of claima1,
wherein greater than about 90 percent of the inpurities are converted to

t he wat ef - sol 0l -dar i [ L erein
he { mpar &1 co e s oy et By SRR g gHE AT b en A el

car bonyleffsotivaionnaigtaimap pHidfiabeyt 3ab dbbytdeduwrmgtoxidizing i npurities, or a

conbi nati on conprising at |east one of the foregoing inpurities. 16 2 9 MAY
2006 7. The nethod of claim 1, wherein the oxidizing agent oxidizes

| mpur i extiARkAfd b Ok € vARFARINP LRSS Bt Sredint Fen Tridiagl Of
claim1, wherein the oxidizing agent Is present In an anount effective to
mai nt ai refecpre ofmabirt a gHtod abdus dito @bolwtrd digingxoxdlizingg. 9. The met hod of
claim11l, wherein the oxidizing agent is present in an anpunt effective to
mai ntain a pH of about 4 to about 5 during oxidizing. 10. The nethod of

clai m 1,10vhereigméthed afisigien's, WidréinARegfiebty daltha &OfRhéS@Pn e dbotP10 t O
about 20 wei ght percent sodium sul fate solution. 11. The nethod of claiml,
wher ei n tolBoW0dveighipetagahiodium eWlfagesplutigdr ogen  per oxi de, sodi um per oxi de,
pot assi um per manganat e, sodi um permanganate, or a conbination conpri sing
at | east one of the foregoing oxidizing agents. 12. The nethod of claim1,
wher ei n tihe tBi@fctliod of icsaidboUtwiPeihothabeulizit0 ak@ltSisUskygen, hydrogen

peroxide, sodium peroxide, potassium permanganate, sodium permanganate, or a

combination comprising at least one of the foregoing oxidizing agents.
12.  The method of claim 1, wherein the temperature is about 80 to about 140° Celsius.

13. The method of claim 1, wherein reacting further comprises applying a pressure of

about 0.5 to about 5 atmospheres.
14. The method of claim 1, wherein the time is about 0.5 to about 1.5 hours.

15. A method for removing impurities from a cumene hydroperoxide cleavage
product mixture, comprising:

extracting impurities from a first cumene hydroperoxide cleavage product mixture
with an aqueous phase;

neutralizing the aqueous phase to form an aqueous salt phase;

reacting the aqueous salt phase containing impurities with an amount of oxidizing

agent effective to maintain the pH of the reaction at about 3 to about 6, at a temperature
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13. The method of claim1l, wherein reacting further conprises applying a
pressure of about 0.5 to about 5 atnospheres. 14. The nethod of cl 2i m
wherein the tinme is about 0.5 to about 1.5 hours. 15. A nmethod for fg iZHQj
inmpurities froma cunene hydroperoxi de cl eavage product m xture,
conprising: extracting inpurities froma first cunmene hydroperoxide

cl eavageoipabouti8? torhlquirld0” (ilsinsaforagoeiois tphbew; 1. hbowsaindet agressiee Qfueous

phase to_forman, aquequs. salt ase: reacting the agueous salt phase
Contai i hgth B ArERH o A TRERnobiRGSs &P ol B ERteiRa0q PUBSE

mai nt ai nsdlige pHdREd Hbgvatgagt i on at about 3 to about 6, at a tenperature 17
2 9 MAY 2006 of about 80 to_about 140 Celsius, for about 0.5 to about 1.5
hours under a£Xbiacdng the snpeHinst inohsccenduapiae dydeonshoude eleyvagamiedisher es,

to oxidi . rifi [ - I hvat i '

extracti ‘ﬁ‘g‘% gmlhlrrrqglg raﬂ{léoglg s%l(rq p}é\t@% gg%t%%%lé%%g g)é( Rﬁ%}gé ég%rt g'ﬁ(lﬁ : & Q%%tééﬁs{jtré%bée pr oduct
m xt ur e sidiked Meivatguepusd salt phase contai ni ng the oxidi zi ng agent and the
wat er - sol ubl e oxi di zed derivatives; and separating, fromthe extracted

second cumeneseRdHBBeirow e cxfractid gecopdodimene hydanerexide pleavagsdvedictal t
hase c I i r I 0X 1] 1 I : i rities

1I‘O rom -t hce)ﬁ;)lﬂrugt @% rag gocdtélas%‘lﬁ '}1 gér%eébglkagmg %gﬁjﬁ% ﬁg%? ?ﬁhiél\sé%dé%éq ﬁ%lvggg%sn(g{rggoduct

m xt ur e. infg@iriti€h érome theofirso fpreduzt mithire whdtled mpuréiesXirah zhergecagé prodiet oxygen,

hydr ogen . per oxi de, sodi um peroxi de, potassi um pernmanganate, sodi um

per mangdMat¥S or a conbination conprising at |east one of the foregoing

oxi di zing agents. 17. The nethod of claim15, wherein the oxidizing agent

is present in an anount effective to maintain the pH at about 4 to about 5

during ol6.di ZI'mgmetltrd Phelamet hpdwbéreal dhenoiflizingegentnist bieygenpliydioigess ar e

mesityl oxid

acet al dehyde, hydroxyacet one, carhonyl -containin
Moour Tt 10055 SFHR e mR TR e ragegre YoM perRahSinald br o

combination comprising at least one of the foregoing oxidizing agents.

17.  The method of claim 15, wherein the oxidizing agent is present in an amount

effective to maintain the pH at about 4 to about 5 during oxidizing.

18.  The method of claim 15, wherein the impurities are mesityl oxide, acetaldehyde,
hydroxyacetone, carbonyl-containing impurities, aldehyde containing impurities, or

combinations comprising at least one of the foregoing impurities.

19. A system for purifying a cumene hydroperoxide cleavage product mixture,
comprising:

means for extracting impurities from a first cumene hydroperoxide cleavage
product mixture with an aqueous phase; |

means for neutralizing the aqueous phase to form an aqueous salt phase;

means for reacting the aqueous salt phase containing the impurities with an
oxidizing agent to form water-soluble oxidized derivatives of the impurities;

means for extracting a second cumene hydroperoxide cleavage product mixture

with the aqueous salt phase containing the oxidizing agent and the water-soluble oxidized
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conmbi nations conprising at | east one of the foregoing inpurities. 19. A
system for purifying a cunene hydroperoxide cl eavage product m xture,
conprising: nmeans for extracting inpurities froma first cumene 29 MAY 2006
hydr oper oxi de cl eavage product m xture with an aqueous phase; neans for
neutralizing the agqueous phase to forman aqueous salt phase; neans for

r eact i ngerivatieaguebersinsthé meghaibe extyactigrihe §irst hed seppnd ctinese by dropesexide

oxi di zin o .formwater:spluble oxidized derivatives of the

i mpur i ti%%a%g%érﬁsu?tér}lx{e% AN P%g‘ee%a%c‘faﬁ’é%&i?ﬁe%@ hydr oper oxi de cl eavage
product m Xt uh€ans\bit ephiEingdfi@aUEe SatdctddNREnhdCaMadeHydghpehxidbdleivaghg agent
and the water-sol uble oxidized 18 2 9 MAY 2006 derivatives, wherein the
means f dro@uat prEre gheagueysrsglt phase containiag therrier-sojehlo peidizril derivagivenyage
product 4 Xtyr ?frstg&%dl?& réﬁ&ur%ac{ﬁ% e dif£&h9 @uﬁ%%’ ATRARR. Lh g»?(?cfu%{' ng,
fromthe extracted second cunmene ydaroperom e cFeavage produ m xture,

t he aquenixsursal t phase contai ning the water-sol ubl e oxidi zed derivatives
fromthe first product m xture and the extracted inpurities fromthe second
product m xture. 20. The systemof claim 19, further conprising neans for
conbi ni th S . Rase LN} =SS0 i.di zed
deri vat in%)és \?\Ar %ﬁd&g@@uonﬁ%ﬁhb%r operr gg’:ﬂgggﬁ% P’%ﬁ%@g’&%@& tll'hlr%’l%l'?%o%.s 851 The
syst em gfhast aontaibthg thartdter-sadobipraxidingl dednsvéowithemomhag hfkomxddie ed
derivati \fes fromthe conbi ned aqueous salt phase/ cunene hydroper oxi de

cl eavagef*QYPEURICIUTHUXIS. 22. A system for purifying a cumene

hydr oper oxi de cl eavage product m xture, conprising: a cunene hydroperoxide
cl eavage product m xture containing inpurities feed and aqueous al kal i ne
sol ut i orRlf eedkhe sysfdouiol ctaammifhifostherocompriding nreang fal iepatvimgnthedrandiaali ng  an
aqueous gal ttiggaﬁ%mo%iy etmbmgr ein the 1%1% eoys sal thygase o%tl t isin

f1 ui d erivatiVes e Co aqueous sa ase/cumene roperoxide cleavage
product mixture.
22. A system for purifying a cumene hydroperoxide cleavage product mixture,
comprising:

a cumene hydroperoxide cleavage product mixture containing impurities feed and
aqueous alkaline solution feeds in fluid communication with a neutralization drum having
an aqueous salt phase outlet, wherein the aqueous salt phase outlet is in fluid
communication with a decomposer reactor having an oxidizing agent feed and an
oxidized aqueous salt phase outlet, wherein the oxidized aqueous salt phase outlet is in
fluid communication with the cumene hydroperoxide cleavage product mixture

containing impurities feed prior to the neutralization drum.

23.  The system of claim 22, wherein the neutralization drum is in fluid

communication with and serially disposed prior to the decomposer reactor.
24.  The system of claim 22, wherein the neutralization drum has an aqueous salt

phase purge outlet and a neutralized cumene hydroperoxide cleavage product mixture

outlet.
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communi cation with a deconposer reactor having an oxidizing agent feed and
an oxidi zed aqueous salt phase outlet, wherein the oxidized aqueo&a@%
phase outlet is in fluid comunication with the cunene hydroper oxi 008
cl eavage product m xture containing inpurities feed prior to the
neutralization drum 23. The systemof claim 22, wherein the neutralization
drumis in fluid communication with and serially disposed prior to the

deconposgr reactor. 24. The.sysiem of cl ai.m 22 rei.n t n i zation
dr um hacoan abesnentdf pAngaa hERg et db e R E T o s b B o

hydr operRxé:dee,Ct REYAISerbk AU pbtadbitiill hermMbohele, sdiuh PeinhgdQO, 25.a The
system of claim22, wherein the oxidizing agent feed Is oxygen, hydrogen
per oxi deombatitignepaposing at lepd ras of limfpreeomns gaidinieg agesi um per nanganate, or
a conbination conprising at | east one of the foregoi ng oxidizing agents.

26. The systemof claim 22, wherein the inpurities are al pha-nethyl

st yrene,26. acetiepbgsianecf diatmt by, ez tht catpokities iy | giplenolethyisgidng] oxi de,
acet al dehyde hydr oxyacet one, carbonyl -containing inpurities

al dehydéceorhananicndimphiFienrdsalcghola cugpitphanati BRSIEEnpRAS: #GAteNdEst one
of the fh?frd?(g&'a@&oﬁmﬁfﬂotnS/ﬁﬁontgﬂing impurities, aldehyde-containing impurities, or a

combination comprising at least one of the foregoing impurities.
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