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reaction, in addition to causing corrosion of the distillation equipnent.
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circul athiya%x%&?o%g,s annd® kéﬁ(iugp agifd ga(m?&ms.rg%ts%ﬁ:uric acid catalyst. Before the
products can be recovered it is necessary to remove or neutralize the acid catalyst in
the CHP cleavage product mixtures since the presence of the acid catalyst in the
subsequent distillation 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 Patent 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

hydroxide and sulfuric acid. It is known that hydroxyacetone is typically present in an
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t he organi.c Bt%ﬁ%ms C}o ronot e hydroxyacetone condensation reactions, such
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al kal i ne agents ﬁstreatment agents to pronote deep . .
. 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 troublesomé 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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Hen proc?ucts 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 additionall 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 heating an aqueous salt phase containing impurities at a
temperature and for a time sufficient in a non-alkaline environment to form water-

soluble derivatives of the impurities; combining the aqueous salt phase containing the
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‘A system for purifying a cumene hydroperoxide cleavage product mixture comprises

means for heating an aqueous salt phase containing impurities at a temperature and for
a time sufficient to form water-soluble derivatives of the impurities; means for
combining the aqueous salt phase containing the water-soluble derivatives with a
cumene hydroperoxide cleavage product mixture to form a combined product mixture;
and means for separating the aqueous salt phase containing the water-soluble

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;
the cumene hydroperoxide cleavage product mixture and aqueous alkaline solution
feeds are in fluid communication with a neutralization drum having an aqueous salt
phase outlet; an aqueous salt phase feed containing impurities in fluid communication
with a heat treatment vessel having a heat-treated aqueous salt phase outlet; and a
heat-treated aqueous salt phase feed containing water-soluble derivatives of the
impurities in fluid communication with the cumene hydroperoxide cleavage product

mixture prior to the neutralization drum.
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products or high boﬂmg pomt materials that can further convert or react to form

2MBF in this environment. Instead, these water-soluble derivatives are extractable
using existing equipment, and an additional heat treatment vessel. This heat treatment
vessel eliminates the need for multiple extraction steps beyond existing equipment,
and can be installed within existing facilities. Accordingly, the drawbacks of prior
attempts employing condensation reactions and conversions to higher boiling point
materials, and the like, are avoided or prevented by heat treating the circulating

aqueous salt phase stream.

An efficient method and system for the commercial purification of CHP cleavage
mixture products in phenol production comprises heating an aqueous salt phase
containing impurities at a temperature and for a time sufficient to form water-soluble
derivatives of the impurities; combining the aqueous salt phase containing the water-
soluble derivatives with a cumene hydroperoxide cleavage product mixture to form a
combined product mixture; and, separating the aqueous salt phase containing the
water-soluble derivatives of the impurities from the combined product mixture. The
method and system removes or eliminates impurities such as mesityl oxide,
acetaldehyde, hydroxyacetone and various carbonyl-containing and aldehyde-

containing impurities, and combinations comprising at least one of the foregoing

5




products or high boiling point naterials that can further convert or react

to form 2MBF in this environment. |nstead, these water-sol uble derivadtiN&¥s006
are ext rﬁég%]e using existing equipnent, and an additional heat treatment
vessel . B4 treatnent vessel elininates the need fRET/HB2AX oe
extraction steps beyond existing equi pnment, and can be install ed W t hin

f | d h Kk f
el oy HBPEBIC R cAseMATEEY RO Brd TsBh POl amedics hFghanmsset 18 poi nt
mat er i alifustrdich, the plocks 1W1ﬁrb% BYQIss%in0he RERY ?%&n@%nﬁ@?ﬂr 3{1 %a'n@g the

circulating aqueous salt phase stream An efficlent system for
t he confremcCEP pleavage qvmdmhlmxmfﬂsP waavcagetherrbx—pmdectp ramduintpsirities,phenol

productio ri ses. heat.in eous sa ha e nt ai nj.n urities

P et et bie Heionas o caR R maRed ersmor B abS weingD

deri vat kys@sn afscldigd heridr i ties; conbi ni ng the aqueous salt phase containing
the water- soluble derivatives wth a cunene hydroperoxi de cl eavage product
mxture to forma combined product m xture; and, separating the aqueous

sal t phabe figyr Blusiraies ¢ Hew eharteshowing iy detaibpn mﬂood«g@nbef & Iswo:mr@ndl ties from

the co 0 r th ste S i m nat es

I mpur i ':qI:H éagl%gug{ g’%&'"&sg &(illro%{(acg{%‘ﬁe ig‘%@t §?@eﬁ€ﬁv§§ g‘lr?ﬁ‘le nd vari ous

car bonybumér&t hydropgosgidel fedddenyteHP deost aa)’r)laﬁﬁ anraw baltal §t, fea@dzce@bl nations
|.east one of the for MAY 2006 WO 03/ 048094

corrprlsmgE e 0|n
PCT/ UsosyiButesecidnpypihey waneral pcidse Hg q= eaJ@ |f%d nfo engd mm%m@me Aol

product . f | 9N ssed in

t he cont erggﬂeop Y §1d9 Cilneak’g%éﬁ%g%% ol%e %Jr&g%pféls—)ig%ﬁngnvage pr %‘% m xt ures.
However produueuml&w-r@rmﬂat:t sAaﬁHPl ojpavagei pmducts uiikiures féddodé cvmtdiniaged above

can al so be.renoved e usi ng the, net hod and ste dls | osed
et ei . SRR e rooFior L LA o G i FosA GG oot o Penbodi ment
of a syg{RBusAkaliN®sNGtod Qich!BMRVEAS DA Ry&oLideNadf the BkEHRqGERRVage
product m xtures. A cunene hydroperoxide feed 10 ("CHP f eed 10") and an
acid ¢ ag&plpgq sqletéen feed 18, 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 resultant neutralized cleavage product

mixture within drum 20. The combined cleavage product mixture and aqueous

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 30 weight percent (wt. %) sodium sulfate solution containing water-

soluble derivatives of impurities, which will be discussed below in further detail.

The amount of aqueous alkaline solution feed 18 may be controlled using a flow
control device (not shown), e.g., a valve, that is actuated either manually or by an
operator via an electronic interface (not shown), and may be optionally monitored
using a sensor such as a pressure sensor, output sensor, flow rate sensor, mass flow
sensor, and the like. Drum 20 contains an amount of aqueous alkaline solution
effective to maintain the pH of the resulting neutralized cleavage product mixture at
greater than or equal to about 1, preferably greater than or equal to about 3, most
preferably greater than or equal to about 5; and, at a pH less than or equal to about 10,

preferably less than or equal to about 7, most preferably less than or equal to about 6.
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neutralized cleavage product m xture nay 0 0 Se e wthin drum
20, foAnpergionves thie siqienus splh pbas, caitdinipgamgesited ipipadtesaishuagddofromm aqueous

sal t ph%se. The_ or gani c%ﬁth se conpr, sgxajé.lotlgnol, .acetone, c rreHe, mesi tyl
oxi de, BRI RAHITELUT ePhask BIEH 7o SIS thF Frenaigin aAusAus Splt shate
cunyl phﬁf&beds doveisersya as he BgueodAEdIOM st k@& 06 EPPRMk eRRiinti 84l ged wat er,

whil e the aqueous salt .
(“beat treatment vessel 28”), having a heat-treated aqueous salt phase stream outlet,

and serially disposed after and in fluid communication with drum 20. Heat treatment
vessel 28 is in fluid communication and serially disposed after, preferably in a
continuous loop, with drum 20. The continuous loop comprises a continuous flow
beginning from CHP cleavage product mixture feed 16 to drum 20, aqueous salt phase
stream 26, heat-treated aqueous salt phase stream 30 and returning to CHP cleavage
product mixture feed 16. The concentration(s) of one or more impurities, e.g.,
hydroxyacetone, present in the aqueous salt phase stream 26 can be measured using
quantitative analysis techniques, e.g., gas chromatography methods utilizing a Hewlett

Packard gas chromatograph.

Once aqueous salt phase stream 26 enters heat treatment vessel 28, vessel 28 is
maintained at a temperature sufficient to convert the impurities to their water-soluble
derivatives. To achieve such conversion heat treatment vessel 28 is maintained at a
lower temperature of about 150 degrees Celsius (°C), preferably about 170°C, most
preferably about 200°C, to an upper temperature of about 350°C, preferably about



phase conprises about 10 to about 30 wt. % sodi um sul fate sol ution (forned

in situ within drum20), preferably about 10 to about 25 wt. % sodi urpd MAY 2006
sul fate solution, <containing inpurities including but not limted to

hydr oxyac®® 83488%d acet al dehyde. Drum 20 incl udes an aquRoLESE:4T86phase
outlet, an aqueous salt phase purge outlet, and a neutralized cleavage
product outlet, whereby the organic phase containing the neutralized

cl eavagd3@omest resierablytabaet KT eor nemneratnes rhngecofcbeuh 208C 5e bt st r eam

ohenol - 300C ShE a6 88k Bleeihd B MAIR OO B FEbIRRLA BRI G 1o

one ski kb&d 100 pishenest brefepéblp@bblhtOZOOqfsi,ttbQmagypaop&‘%ss&fﬂ &f abbasE00gii,ai ni ng
undesired inpurities 1s purged from_ drum 20 as an aqueous salt phase purge
24, whi Peferadlyrahont Ar0Q) palywest prefarablypphens 130 psbau BIEMEE FagMAs an

6 heat . "
Fear no ot 20810 35am TRRSE Th oft St G A IGP o 1ER B

out | et, vesaeld28,eandabday bt smusdidd dfyt the anehint roffdqueshscalkatinei whjtionnfedi t h drum
20. Heat treatnent vessel 28 is.ipn fluid conmmunication and serjally
di sposelPsitee®r | Yiprer BRraisRHrly.n vesselc 48 (oRtagss an gBIouNGOf Rausqih kalinghe
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product m xture 16 to 20, aqueous t phase
heat - t r sExivtt atiqredersthambt equhbivebstt Bpmefdtbhngteatet thamonguebto@bButcd;eavage

duct m f 16. Th t ' f [ ities,
e o AR ORe o s linEP G RETHB0ES B § BHEdR B0 Faam 26 can be
measured using quantitative analysis techniques, e.g., gas chromatography

net hods Th irdté oF Becotnpd@tl o] br pdrexsk abithe@sion, OFhOdRk PAERRAB to Makesalgbieous sal t
phase stream 26 enters heat treatnent vessel 28, vessel 28 is nmuaintained

at a t eAPRYAIVE? e CLf pisei Ot MApioEtl et NeY | apitatively tocaspidng the
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vessel I's” mal ntal ned a era of i 7 egrees
Cel si us exéisionp robfamatbgrgplab tcachnitid€C, e. g1pstilizipg af BXADD ioaChromatdgapht o an
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of hydroxyacetone present in heat-treated aqueous salt phase stream 30 is compared
with the amount of hydroxyacetone present in neutralized aqueous salt phase stream
26 to determine whether the desired percent conversion of hydroxyacetone to water-
soluble oxidized hydroxyacetone derivatives is being achieved. The rate of
decomposition, or conversion, can be optimized by varying certain operating
conditions such as the aqueous salt phase stream circulation rate, aqueous salt phase
stream residence time within heat treatment vessel 28, temperature, pressure, and the
like. The desired percent conversion of hydroxyacetone to oxidized hydroxyacetone
derivative is greater than about 50 percent, preferably greater than about 80 percent,

most preferably greater than about 90 percent.

The resultant heat-treated aqueous salt phase stream 30 exiting vessel 28 generally
comprises about 10 to about 30 wt. % sodium sulfate solution containing the water-
soluble derivatives. To effectively maintain the pH within neutralizer drum 20 the
aqueous salt phase stream 30 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

8



330C, nost preferably about 300C, or a tenperature range of about 200C to
about 300C, and at a |ower pressure of about 50 pounds per square inci MAY 2006
(psi), preferably about 100 psi, nost preferably about 200 psi, to an

upper pr&¥Q@03/848894 about 1500 psi, preferably about 1400 PeT/USOMEITSS :
preferably about 1300 psi, or a pressure range of about 200 to about 1300
psi. The pHis nonitored and controlled for heat treatnment vessel 28, and
may be gephilibdt€ thedphabd separiion tocoliirrngUeithis dais 20i 8 desibed edilicf.€ds upstream
More particularly, vessel 28 contains an anount of aqueous al kaline

sol ut i oflsefipwEibed sarigr, ggioric ¢f the botipm gguedys splephase istyrgasufiemIdryBd ¢l eavage

pr oduct 1 ]?eqlﬁﬂ 1. fer greater
t han or 2%%3{1&{0%56‘ lgﬁl{iﬁg?ﬁfgg?g?@gﬁ Eé p "aéljgfs?g ?@%ﬁﬁsosglté’%% eq{lfgta!%l"‘ty)mout 6,
pr ef er ab0 ytol leas tichiaenovessglia8 ak meabralitedSaquebes Bt Fhasé stlegangrosiTheon, or

percent conversion, of hydrgoxyacetone tqQ water-soluble _derivatives can

al so bed@¥sons s3lbghasg sheam pill copiwpye teeratng e i g 0tte deatralasdfacet one

cont ent =t hNg: i xcl usi on

chr omat SaFeREv SERRE0 A0MRRL SuPfdsy ROASH, SRR fotiPI Pis sBfleon

comer c k&t phasavadd Hidnd deavagePprodect niatype fedi16n ThSehrayatidresateCaflthdser ni a. The

anount  of h%g\;.wq[ﬁetone present, in, heat-freated aqueous sal.t phase stream
t

30 i s cERpReIt © ¢ fystemnd, Mrodiorsd, & SRfERiat dhk PECERe APNYERIOR R al i zed
aqueous jaakhtRAe fRiISVABABIHEE dbvaRber M ne whet her the desired percent
conversi on of hydroxyacetone to water- sol ubl e oxidized hydroxyacet one
derivatives is being achieved. The rate of deconposition, or conversion,
can be dpe mathasdendsystamyare firher dlasmatepby e faowingmdndindtisg expoipless t he
aqueous salt phase streamcircul ation rate, aqueous salt phase stream
resi den%%ﬂirgg}g\é!i thin heat treatnent vessel 28, tenperature, pressure, and
the |iKe. € desired percent conversion of hydroxyacetone to oxidi zed
hydr oxyacet one derivative is greater than about 50 percent, preferably

gr eat er I havontilnoaits [BOcegae co@ate wasrogidizpdetoefoah | GHER)r adtthe résuitanta®HBt 90

percent. The resuyltant heat-treated ueous salt, ph .Stream 30 exiting
vessel X8 55‘?’?8?%? 1t acid gy F@e‘és‘%ﬁﬁ’t‘ﬁ‘i 2448 t%@‘? 3? n %@g’&i@ﬁ‘f’sul fate
sol uti oq:o&pagﬂa@is?gjd%ﬁnm@%edsl@.ubI e derivatives. To effectively maintain
the pH wthin neutralizer drum 20 the aqueous salt phase stream 30

prefer ablé conmbi nes with CHP cl eavage product m xture feed 16 eri or to
ent er i ndablleumlhptratep he eleavaga prodvick mixwrg sompenedivin vty &abpsedren the

total weight of the CHP cleavage product mixture feed 16 as measured by gas

chromatography.
Component Weight Percent (wt. %)
Phenol 43.2% |
Acetone 39.0%
Cumene 11.7%
Alphamethylstyrene 3.1%
Water 1.6%




conbi ned and m xed wi th aqueous al kaline solution feed 18 to control the 9H
and 8 2 9 MAY 2006 WD 03/048094 PCT/ US02/ 34786 reequilibrate the phaség MAY 2006
separation occurring within drum 20 as described earlier. As also

descri bedV@83/9488M4, a portion of the bottom aqueous salt pPEBES24R6r ged
fromdrum 20 as aqueous salt phase purge 24, while the renmaining aqueous
salt phase exits drum 20 to heat treatnent vessel 28 as neutralized

aqueous salt phase sfesdaphedéne The aqueous IBT% phase [streamwi ||l conti nue
recirculating fromdrum 20 to heat trneatnent vessel 28 via neutralized
aqueous salt phase [feed—26 a..q' backto—erum %’o" vi-a—agueous salt phase
feed 30 and cl eavag O’B?CBHW “PR'xt ure |f eed 1&' ’\f’he cirqulation rate of these
streans within the systemis nonitored to optim ze thg percent conversion
of inpurities to thphﬁemgb@{zym&mE* dertvajioes. Thg nethod and system
are further illustrjated by the follow ng non-limting|exanpl es. EXAVPLE I
In a continuous process cunene was oxidized to form CHP, and the resultant
CHP was subj ected {tBydrexyhcetoraivage Using a0d8@% uric 4cid catal yst feed 12
in reactor 14 to fjormcleavage prodyct m xture feed 16. Table 1

nonito 3

illustrates the cl ed.wé%?guut —rxtrur-e w"@aé%ma - wt. % based, on the
1

total weight of the vage product m feed |16 as neasured by gas
chromat ogr aphy. Conponent Wei ght Perceént (wt. % Phenol{43. 2% Acet one39. 0%
Curmenell. 7% Al phanef byt pergidie1% Wat er 1. 6900992 9 MAY 2006

Acetic acid 0.02%
Sulfuric acid 0.03%
Mesityl oxide 0.12%

A 20 wt. % aqueous sodium hydroxide solution (stream 18) was added at a rate of
1,500 pounds per hour (Ibs./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 5-6 in neutralization drum 20. The resulting organic
phase contained a hydroxyacetone concentration of 1250 parts per million (ppm),
while the aqueous salt phase contained a 18 wt. % sodium sulfate solution having a
hydroxyacetone concentration of 1107 ppm, an acetaldehyde concentration of 300
ppm, a phenol concentration of 5070 ppm, an acetone concentration of 9200 ppm, 0.5
wt. % sodium bisulfate, and 0.1 wt. % sodium acetate salts, as measured using an HP

5890 gas chromatograph and Dionex DX 100 ion-chromatograph.

The aqueous salt phase was withdrawn from the bottom of the neutralizer drum 20, as
a neutralized aqueous salt phase stream 26 having a pH of 4.5, and pumped into heat
treatment vessel 28 at a rate of 500,000 Ibs./hr. The heat treatment vessel 28 was
maintained at a temperature of 300°C and a pressure of 1240 psi for one hour without

utilizing treating agents. The hydroxyacetone concentration in the resulting heat-
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WD 03/ 048094 PCT/ US02/ 34786 Acet ophenone0. 7% o, p- cunyl phenol 0. 3%

Di i net hyl benzyl al cohol 0. 1% Hydr oxyacet one0. 12% Acet al dehyde0. 05% Duc riyMAY 2008
per oxi de0. 01% Aceti c aci d0. 02% Sul furic aci d0. 03% Mesityl oxide0.12% A 20

w . % aqi¥83¥048% um hydr oxi de sol ution (stream 18) was aB€6®@Sex34a86r at e of
1,500 pounds per hour (lbs./hr) to the cleavage product m xture feed 16,
having a feed rate of 200,000 |bs/hr, in an amunt effective to neutralize

t he resitrtated aspuedusr sadt pluisel streane $8rfed domivapd drond ¢heahgaHtredtmatGvessel 28

tralization d 20. | ting. i t ai ned
Pyl oy AER BREEEh e e 167 rbs il HE” atsta ARRF FopHifiS W 1 e the
aqueous micishreANAST) ppAt BdiNd Diock8x X100 s ickSbh fcRfPna360iH. OThitavi ng a

hydr oxyacet one concentration of 1107 m an acetal dehyde concentration of
300 ppreprasepkien dlydusiaceianeatonyersion S9%pwsinghead drsatment @lomeentheat i on of

9200 ppny..0..5 % sadi um hi sul fate nd Q. % sadi cetate salts,
2s meadpeRicad oot Bl g vk et omaehst S AT
i on- chr qegeoven WhidinR1dRAUR 9id précuct IR asEtoiRat trdathgitawn from the bottom of

the neutralizer drum 20, as a neutralized aqueous salt phase stream 26

havi ng aoﬁH of 4.5, and punped into heat treatnent vessel 28 at a rate of
500, 000 foblgwing reciqplatien @t aratgrofet0.QWsHerhref the deatiirsaindagqyeenssaliy

t enpera e of i I e ' t
i1 7, T St 36, 80 s8R RAP g ant bRl Ol WBTIBRE Phodipt
resul ti nyixheatsttb@m?2 18 dAXeReHliGe\OnO3/ 20} 80 YhaPETivd 3024 1dFondutdiveld aqueous

salt phase stream 30 fed forward fromthe heat treatnent vessel 28
P c?eavage prog]uct metur_e sfream 22 using gas c%romatography ana ysEs 1n81scated a-

hydroxyacetone concentration of 220 ppm, an acetaldehyde concentration of 90 ppm,

and no 2MBF. This represents a hydroxyacetone conversion of 82.5%.
EXAMPLE 2

A second trial was conducted utilizing the same raw materials and conditions used in
Example 1, except that the heat treatment vessel 28 was operated at the following
paranieters: 200°C, 240 psi, and 1 hour residence time. The hydroxyacetone content
in the heat-treated aqueous salt phase stream 30 was measured at 452 ppm,
representing a hydroxyacetone conversion of 59%. Following recirculation of the
heat- treated aqueous salt phase stream 30, and re-equilibration within neutralizer
reactor 20, the hydroxyacetone concentration of neutralized cleavage product stream

22 was measured at 610 ppm, representing a hydroxyacetone conversion of 51.2%.
EXAMPLE 3

A second trial was conducted utilizing the same raw materials and conditions used in
Example 2, except that a 10 wt. % aqueous sodium sulfate solution was utilized. The
hydroxyacetone concentration of the heat-treated aqueous salt phase stream 30, and
neutralized cleavage product stream 22 (following recirculation) was measured at 495

ppm and 680 ppm, respectively.

EXAMPLE 4
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was neasured at |less than 10 ppm while the acetal dehyde concentrati on was
,measured at 30 ppmusing a Di onex DX100 ion exclusion chromatograph. 7§HiA¥ 2006
represents a hydroxyacetone conversion of 99.9% usi ng heat treatnent al one.
The pheNdP 0HME0%HCcet one concentrati ons were unchanged at BOOOUSE3arsand 9200
ppm respectively, which indicates no product |oss due to heat treatnent.
Follow ng recirculation at a rate of 500,000 | bs.lhr of the heat-treated
aqueous A #iitd trphdssedsupomalixs@iple 2nelas crgiagied nitiliningi the sane rave agidriaisor at i on

wi th cl eayage,..produ m.xture stream. 16 in neutralizer um 20, a

qual i t = Py COBGEPYS PE A BIE PPyt 2 _8% aﬁv{@@u&?wé{umﬁ‘ﬂfa{ﬁ Wi am 22

usi ng gagsGlilRedt mgmi@%bwﬁb %f'h@&k?é’a‘ié?fjwﬁ:eéus ARAYAGREAMD and
concentration of 220 ppm an acetal dehyde cohcentration of 90 ppm and no

2MBF. Thiestraligsde skeavagea pngdico xsteant dPe (follorengi moiradlatish) SdidwdVRLE 2 A
second tri.al was conducted utiljzing t ane raw erials and conditions
used i nDYESOAYH ezonf,cog%?irag% ﬂg%j()tz?Pégﬁ’é‘ESS?P@Bth%%sel 28 was oper at ed
at the following paranmeters: 200C, 240 psi, and 1 hour residence tinme. The
hydr oxy@&eapmpe gEontent in the heat-treated aqueous salt phase stream 30
was neasured at 452 ppm representing a hydroxyacetone conversion of 59%

Fol l owi ng recirculation of the heat- treated aqueous salt phase stream 30,
and r e- dythird Biahbasse o Example b ras sondugied widiging the same rae mpjatiadsansc et one

concent rc%&iﬂ@n?&f Ez?éfﬁgﬁlglli %,}?A%BH}]E?X & H%us.sstofu?l%ﬁ]cg%aiﬁfgs ]&ﬁ\ ured at

610 ppm representin h xyacetone conversion o LE 3 A
second t% iagheowsssociium unifed solutionzhaving hel47angpm dwdraxlsdetonk s 560 @pmondi ti ons
that a 10 wt, % aqueous sodi um SiJ| fate solution

used in ,Ex | e except
was ut i IPP‘E’%‘%TTB’%&O%QH% %’ét‘ﬁ?‘ﬁee’E‘BWS‘ilrt r Hi Bt dreatopent iygsie!l 28e%ted aqueous
sal t phaperatdd fam Rovaidpardfbicfabbaed 19b@gyia9 ioff x%gi‘dgﬁce%ﬁﬁé?ﬁﬂh PH
(follow ng recirculation)” was neasur ed ‘at 495 ppm and 680 ppm
r espect iof 8t% . ARmANRLIFe gnalysip obhdenireated 8quaoud SADABOEO dtream 30 indicated a
hydroxyacetone concentration of 115 ppm, representing a hydroxyacetone conversion
of 92%. As noted in Example 1, both the phenol and acetone concentrations remain

unchanged, thus indicating that heat treatment alone resulted in no product loss.

EXAMPLE 6

A fourth trial based on Example 1 was conducted utilizing the same raw materials and
conditions of Example 1, except that a synthetic aqueous solution containing 1000
ppm hydroxyacetone, 500 ppm phenol and 1000 ppm acetone was employed rather
than an aqueous sodium salt solution. The heat treatment vessel 28 was operated at
the following parameters: 300°C, 1250 psi, 1 hour residence time, and pH of 5-7. A
qualitative analysis of heat-treated aqueous salt phase stream 30 indicated a
hydroxyacetone concentration of 642 ppm, representing a hydroxyacetone conversion

of 36% in the absence of sodium salts.

Hydroxyacetone Concentration of Streams (parts per million)

Example No. Stream 16 Stream 26 Stream 32 Stream 22

1 1250 1107 10 480

12



PCT/ US02/ 34786 A third trial

the sanme raw material s
aqueous sodi um sul fate sol ution

heat - t r eAY@03/@04§080us salt phase stream 30 and
stream 22 (follow ng recircul ation)
concentration of 430 ppm and 588 ppm

based upon Exanple 2 was conducted utilizing
and conditions of Exanple 2, except that a 2528tMAY&06

was utilized. A qualitative analysis of

neutral i zeecwusmsags product
i ndi cated a hydroxyacetone
respectively. EXAMPLE 5 A third trial

based on Exanpl @ 1 was| congsot ed|utiiigz ng [t he 45ane riaw raperi dal s and
conditiong of Exanple [, except that a syntlhetic aqugous sol utijon

cont ai ni n¢ - —9 j & ign-having g 1477 ppm
hydr oxyacét one, 3500 ppm plefRol and 1850 pgm ad®one jwas 8fpi oyed. The heat
treatment |vessel 28 wap operate@ at the fqllow ng paraneters: |300C, 1200
psi, 1 hogr Tesigence [ ndpHPiHo- 7 A HtgtTv matysi s of
heat-treafed aqt?eous sal ?Elp%?gse 5t ream 30 i|ndi cated 4 h?grgoxyecetone
concentration of 115 ppm represénting a hydroxyacetdne converdion of 92%
As noted |n Exarfpl e 1, |both-the phenbi77and |acetldse cgncent-rati qns renain
unchanged| thus indicating that heat treatnent al oneresulted ijn no product
| oss. EXAMPLE—6-Afourth—tral—based—on—Exanple—lwas—conducteq utilizin
the sane faw mat@‘ri al s| and—cond{ t i oH¥0of Eb(gn'pﬁ‘@ 1, |[excépt thgt a °
synt heti c|aqueous sol uti on contalning 1000| ppm hydrdxyacet one,| 500 ppm
phenol and TU0OU ppm acet oné was enpl oyed rathner than an aqueous sodi um

salt solution. The heat treatnent vessel 28 was operated at the follow ng

paranmeters: 300C, 1250 psi, 1 hour residence tinme, and pH of 5-7. A

qual i t aflibe sesined gl system fsaemovieghpdroayacstoms fomh & phérad-aceioneemint®® i ndi cat ed

a hydrogxyacet on ncentrati on, of 6 repyesentin hydr oxyacet one
865 Bl ST ASD B oo 8o T DS “BinPinf EPBRY

conver Slp8

Concent chérhiefls odndStdsea Afsotiarat withp @bnventibha Npurbicatitn endodS! WhiéNalkdSt r eam

26Stream 32Stream 22 11250110710480 12 2 9 MAY 2006
improving the quality of the final phenol product.

In particular, the inventive method and system employs heat alone rather than
troublesome additional alkaline agents or condensation and convetsion reactions.
These surprisingly effective results obtained in the absence of any treatment additives
is believed due to the discovery that the in-situ produced salts present in the sodium
sulfate stream act as catalysts to promote the desired HA 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 reduire complex systems to overcome. The
inventive method and system thus alleviates the need for complex systems and
expensive equipment, and requires a lower initial plant investment, as there is, except
for an additional vessel, no requirement for special or additional equipment for

multiple extraction and/or distillation steps.

The inventive method and system also eliminates or prevents the formation of heavy
condensation products or high boiling point materials that foul downstream equipment
and affect the quality of the final phenol products. Water-soluble oxidized derivatives
of impurities such as hydroxyacetone and acetaldehyde are formed, separated in
existing equilibration steps, additional

and purged without employing
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5----- 1477115- - - - - 6----- 1000642 The met hod and system for renmoving 29 MAY 2006
hydr oxyacet one from a phenol -acetone m xture possesses several advantages
such as rWd0¥e48094 ne, | abor, equi pnent, treatnent cheni cRCEUSONB4TIBST S
associated with conventional purification nethods, while also inproving
the quality of the final phenol product. In particular, the inventive

met hod  gigtllsSioalextraciitnl Siyss Bieéduighane Asad keultf Hidsting! facilitibecanmiddyli t i onal

al kal i ne agents_or condensation _and conversion reactjions. _These

sur pri simpierpentrthis dnvepaive mpthadsand sysiehmd taeqgnizedpansdiate bnefilsy t r eat nent
additives is believed due to the discovery that the in-situ produced salts
present Wllﬂeg)h]&‘eﬁ%] hmodﬁl'ignftéiﬁﬁlesbtegxﬁﬁmvﬁ? bnP8eseAbad, ¥8fiSusBoBfiGNBhe the
desired onversion reactions. ere are accordingly none of the higher
boi | i ngambsubbtitatitry mal deanade-thetioyidnoms depating fronpthe dpicit apd foopt iohg  of

equi pnent .due to overl cidic or alkaline process conditians, or
"1 uct uaffiedmeentipny Boc “éj\é‘i"g}&flt WI"FPg’ﬁ “Hﬁ?fsﬁoeaﬁhgﬁéh%%?néin@%?’g}f?é %81 over cone.
The | nyeRibotfo RANBHIRRLLRS ki liiuichevi al es the need for compl ex
systens an eXpensi ve equi pnent, and requires a lower initial plant
investnment, as there is, except for an additional vessel, no requirenent
for special or additional equipnment for nultiple extraction and/or
distillation steps. The inventive nethod and system also elimnates or
prevents the formation of heavy condensation products or high boiling
point materials that foul downstream equi pnent and affect the quality of
the final phenol products. Water-sol ubl e oxidized derivatives of
impurities such as hydroxyacetone and acetal dehyde are forned, separated in
existing equilibration steps, and purged w thout enploying additional 13 2
9 MAY 2006
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WO 03/ 048094 PCT/ US02/ 34786 distillation/extraction steps or equi pnent. As
aresult, existing facilities can quickly inplenent this inventive neghay 2006
and system and recogni ze i nmedi ate benefits. While preferred enbodi nents
have been shown and described, various nodifications and substitutions may
be nade thereto without departing fromthe spirit and scope of the
invention. Accordingly, it is to be understood that the present invention

has beeﬁﬁw@ésﬁnﬁbéu3by way of illustrations and not limtation. 14 2 9 NMAY
2006 What is clainmed is: 1. A nethod for renoving inpurities froma cunene
hydr oper oxi de cl eavage product m xture, conprising: extracting, at a pH of

about 21t 0 apomethdd, fdrMimidih@Snmpudified ffdrh Sd MR QydIBpRIGRES OshdgeCl eavage
product m xture with an aqueous phase; neutralizing the aqueous phase to

form anp@éu@dm@ﬂgalopnﬁz}?ﬁlé% heating the aqueous salt phase containing the

mpur i1 es LA BIPer 8UHE S OAPotla o850 10 BRI IR HiltSalRed L1 e

sufficient to 1or er-so rrva urrtiles extract|ng

i mpur i t hedropdrodids eleavighe pusRRemNtticope! axageow gavage product m xture wth
t he agqueous salt phase containing the water-sol uble derivatives; and

separating, PEUiHiERE t@x%quﬁﬁ‘ﬂsdﬁ%‘?e@ofﬁﬂnéﬂﬁﬁ‘ﬁé’uﬁ%?ﬂﬁé soxi de cl eavage product
mxture, the,agUeels o, du Bﬁs ?ﬁﬁﬁs&@d&ﬁ%%@@e fnglﬁ%r*f‘fgg 1 RBlePlGe dPLbYAL | ves

fromthe first re an e“ext Impurirties fromthe
second ps®dcuahourB X u@dsmz.fofl'dnemmﬂﬁﬁdemftocfbm mater-sohdiederientivesact thon of t he
second product m xture is in the presence of at |east a portion of the
first pFBRHHEESHi xture. 3. The nmethod of claim 1, wherein greater than about

50 per cent oéxﬁdaﬁng b TRl me's%%a s&oRd CRAYRS ﬁﬁﬁloﬁe‘?mﬁﬁ@cl‘é@\; £ ﬁ%ﬂu‘dpﬂnﬁiture
derivatives. 4. claim1, whereln greater than about 80
per cent Wuththmmumqmﬂalttpheg coataenmgﬂwemtaelscﬂldal¢ Heiwativey; asdl ubl e derivati ves.
separating, from the extracted second cumene hydroperoxide cleavage product
mixture, the aqueous salt phase containing the water-soluble 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 50 percent of the impurities

are converted to the water-soluble derivatives.

4. The method of claim 1, wherein greater than about 80 percent of the impurities

are converted to the water-soluble derivatives.

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

are converted to the water-soluble 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.
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5. The method of claim1l, wherein greater than about 90 percent of the
inpurities are converted to the water-soluble derivatives. 6. The rreE @(MY 2006
of claim1l, wherein the inpurities are nesityl oxide, acetal dehyde,

hydr oxyacet one, carbonyl-containing inpurities, aldehyde-containing
inpurities, or a conbination conprising at |east one of the foregoing
inpurities. 15 2 9 MAY 2006 7. The nethod of claim 1, wherein an aqueous

al kal i né sol h¢ owsthiod ofelér 1t whewimamaqueons Pkplite sabiion igaddsd apvaintaindur i ng

heati n et h d cla wherein an aqueous al kaline solution is
added t%pﬁﬁﬁﬁggn tog% &5?g%gto about 7 during heating. 9. The net hod

of claim1, wherein the aqueous salt phase conprises about 10 to about 30
wei ght gercent sodi um sul fate solution. 10. The method of claim 1, wherein

the aquéous Sht MepiedHé clagrps Phersimppaqueens allalingtsolitionss gsled e meEHEBNt
sodi um ?Bgf(gtatgoétcg 0 581%070&11% 'Iﬁégmggt hod of claim1, wherein the tenperature

is abou 0 about 12. The method of claim1l1l, wherein a
pressure of about 50 to about 1500 pounds per square inch is applied while
heatlng t he agueous salt phase contalnlng the inmpurities, 13. The nethod of
clai m 19- whet 8% Meihqsh elselamg 1owhgrsan ther apiceus @?ébal@assmmpy@%@ko%ép tosquar e

inch i sa%pgqgg éﬁgg Iﬁlﬁg@hﬁgﬂﬁa& 2AugQus salt phase containing the

impurities aim1, Wwherein a pressure of about 200 to
about 1300 pounds per square inch is applied while heating the aqueous
salt p 15. The method of claim 1, wherein

hase c ta| urltles
the ti n@? i enlepcg ﬁ@% utvheredn s aqueoyss salinphase (KOERPFISES ?%JP g

lrmurltw&nhswa@t?%aﬁ%oﬁmﬁmm%e%&hﬁencleavage product m xture,
conprising: extracting at a pH of about 1 to about 10, inpurities froma

first cunene hydroperOX|de cleavage product m xture with an aqueous phase;
neutral gl nor ¢, SANPOF RN CwhSeli T AhAHIERYS 38U 26035 Sbod00

Celsius.

12.  The method of claim 1, wherein a pressure of about 50 to about 1500 pounds per

square inch is applied while heating the aqueous salt phase containing the impurities.

13.  The method of claim 1, wherein a pressure of about 100 to about 1400 pounds per

square inch is applied while heating the aqueous salt phase containing the impurities.

14.  The method of claim 1, wherein a pressure of about 200 to about 1300 pounds per

square inch is applied while heating the aqueous salt phase containing the impurities.
15. The method of claim 1, wherein the time is about 0.5 to about 1.5 hours.

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

extracting at a pH of about 1 to about 10, impurities from a first cumene
hydroperoxide cleavage product mixture with an aqueous phase;

neutralizing the aqueous phase to form an aqueous salt phase;
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2 9 MAY 2006 heating the agueous salt phase containing inpurities at a
tenperature of about 150 to about 350 Celsius and for a time of abouty g 2006
to about 1.5 hours under a pressure of about 50 to about 1500 pounds per
square inch to formwater-soluble derivatives of the inpurities;

extracting the inpurities in a second cunene hydroperoxi de cl eavage product

m xture with the aqueous salt phase containing the water-sol uble

deri vat i ves; heaig thepmears salf phagseontraniag imperitess ag @ tammpEraguneei @bomtdidBper oxi de

cl eavag ro . m.xture the aguegu as nt ai ni t he

vator - o) TsRE G by b R GHESP BT LDORE S P2 mRoHs e i xt ure
and t heabd®B0itb iaBSutl IS0 PolBd S AG HarR liREH &t fofth Xidtéresoluble ddineatived bPtheof cl ai m
16, wherein_an aqueous al kaline solution is added to maintain the pH at
about 3MmMPIrEESuUt 7 during heating. 18. The method of claim 16, wherein the
inmpurities a Ltyl -0X] cet h t

car bonyl - confIe )gtlregclﬁ?%é T’lmrirﬁu?‘\)!nﬂ?eess,ﬁLl glsg%a%@déé- c%rﬁ:t Q(%{)ﬁ%&?i%ﬁ%gﬁ%@mg}ma

conbi nahiigarecwitp theSiqugoudisalk pREt con@indig thb evat@rsoidladerivapues] dides. 19. The

met hod of claim 16, wherein the aqueous salt g&fse conprises about 10 to
about 30 wei §Rardimechom heextrared seeand ewnens byfdropaoxite slegxagsoproghctc| aj m

16, wherel.n. .t I i HQH% - The.apt hod of
claim 1%’%%9\%1%@2?&%%% S%E gféfs\sﬁ r gmlﬂs %%89 af%}gso?]gﬂ %g%lﬁ‘%gégo%@%%bﬁ lé“ﬁf@éer

squar e frmomhhe Zizst podugsmenureand therinfpyirings fromuhe seeohy pirodpetroixtwle cl eavage
product m xture, conprising: neans for extracting inpurities froma first
cunene hydroperoxi de cl eavage product m xture with an aqueous phase; neans
for neujyall 2hpandiied AUANS 1BNIHRrdiR OLMCBT; AUEALSOARIch RNARRA b7 2.9
MAY 2006 neans for heating the aqueous salt p%ase containing the inpurities
at a tempesiathe g ef almuodito Amt 7 duahgbeat®80 Cel sius for a tinme sufficient
to formwater-soluble derivatives of the inpurities;

(@)

18.  The method of claim 16, wherein the impurities ale mesityl oxide, acetaldehyde,
hydroxyacetone, carbonyl-containing impurities, aldehyde-containing impurities, or a

combination comprising at least one of the foregoing impurities.

19.  The method of claim 16, wherein the aqueous salt phase comprises about 10 to

about 30 weight percent sodium sulfate solution.

20.  The method of claim 16, wherein the temperature is about 200 to about 300" C.

21.  The method of claim 16, wherein the pressure is about 200 to about 1300 pounds

per square inch.

22. 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;
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means for extracting a second cunene hydroperoxi de cl eavage product m xture
with the aqueous salt phase containing the water-soluble derivatives, 13 MAY 2006
wherein the means for extracting the first and second cunene hydroper oxi de

cl eavage product m xtures may be the sanme or different; and neans for
separating fromthe extracted second cunene hydroperoxi de cl eavage product

m xture tie aqueous salt phase containing the water-sol uble derivatives
fromthe fimpanpriordweting xheraguands tshk ghase aeoméainingpthei thperitigsom ehe

o1 cavaol Bl rbsidoe ™ s P oo e BUPRR Fal S8 e

pr oduct dBiiiv@tib&é@oﬁﬁé!hﬁbxﬁtEtm; inpurities feed and an aqueous al kali ne
solution feed in fluid communication with a neutralization drum having an
aqueous sal t MsRBs frgutrasting amesadrumeac dydepgeoxidy ¢lepiage erasiuet mixtye j n
fluid c | | | . . ' . t- at ed
aqucous "o 1 SRR s phle® cfhind (RIS SRR Ao R L ERE PO
salt phésexauttirgtthe $irstand s¢dodld comeniny drapdroxideclehvidaeredizeneéxtbiyed heger oxi de
cleavagg ?roduct m xture containing inpurities prior to the neutralization
drum 2Xe therfemeps dEfRTeHt @1dai m 23, wherein the neutralization drumis in
flurd comupi f e i L i r eat ment
vessel . 25. egﬂii;/ds?[g g %@@f}gﬁ]ﬁgfﬁ% %(?g%rr%ﬁ? %gmﬁé‘ttﬁ (gf)? ezrg%'ilﬁgﬁfeg{rza has an
aqueous pedutt mptharsaiepagugensmattl phhseaguahtaning dihe whiez-eclublendenieatined fmpethexi de
cl eavag roduct m xtur outlet. 26. The system of claim 23, wherein the
i npuri t Figd p cwgit&lrﬁang fhekragled inpydiey Jiord aﬁ;ﬁ&?%&@%ﬁl&m-
carbonyl -containing inpurities, aldehyde-containing inpurities, or a
conmbi nation conmprising at |east one of the foregoing inpurities. 18

23. A system for purifying a cumene hydroperoxide cleavage product mixture,

comprising:

a cumene hydroperoxide cleavage product mixture containing impurities feed and
an aqueous alkaline solution feed 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 heat
treatment vessel having a heat-treated aqueous salt phase outlet,

and further wherein the heat-treated aqueous salt phase outlet is in fluid
communication with the cumene hydroperoxide cleavage product mixture containing

impurities prior to the neutralization drum.

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

communication with and serially disposed prior to the heat treatment vessel.

25.  The system of claim 23, wherein the neutralization drum has an aqueous salt
phase purge outlet and a neutralized cumene hydroperoxide cleavage product mixture

outlet.

26.  The system of claim 23, 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.
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