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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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I's extragied, i Egidijcofreating 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.



20 wei ght percent (. % sodiumsulfate salt solution according to
conventional nethods, and the hydroxyacetone contained within the aqueous
salt phaswoiog/osgoeat ed w th sodi um hydroxi de reagent to f@Cmuserpt786
condensati on products which recycle into the process and mx with the
phenol -acetone streamfor |later renoval. 2 WO 03/048094 PCT/ US02/ 34786
Sever al sdva@wbaekbadks arassodatat edthwibe mdtivel ofthé otbTopatertie Flrsmhqmwnt First,

there are_  high raw material costs _associated wt e n
reagent S AN EET g oGl SHE Rt ioE et FoCe Y B 10. 20
rmét %bz(?(g 85‘&3% Cf B ASURRURIEL 163 WY QodifMad fatd Rfieblis Sedunrddy dr oxi de

neutral1ze and naintain the excess alkalinity required to
provi de qoaititiegsif sodihm hebpdds eusb be hildedgigansuiralzeotndspaintain Uy s de

s S e T A ST e

sodi um “the' Criel ca range while
neutr al ighRgidet ARit{diRl Shigaiagad Qﬁwﬂlhétpmhﬁsw end ’ﬁhhﬁed w\nemtabive dle costs are

significant for the '767 process. Secondl f{é al i ne genol alts (e.qg.,
sodi um phéinol bJZCb?XlﬂwmaS\AmWTé’éhthéa%@éa rﬁﬁ CPPHR TGBES 8’% © HFWE Hplfet e phase
separati ﬁ E}%{ﬂ'ﬁ%%g?%%&ﬁ 'nﬁﬂ%u'r@n”rhﬂ gav(;%ttérlali’l&)?cs tafb sigpMRadt’ amMd oul i ng of

equi prre i ne phenol ts cause pH fluctuations, and the
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uni dentified de con nsa produyct s r.om [o re-enter
the orgkRPRdl §t éﬁ}?n?le%@tél(égr M lutnhg g&% é P?g%{% gagl\%%%ﬁe

condensatj AktiBhO QH@Gﬁple&%}la@@ ts@ﬁﬁrh@dﬂsymﬁﬁlrgt ettt iohhend i dmﬁtrlbpltre tol product
and risk causing ot her qual ity and equip rrent@lprobl ens. F%g]rth t he process

di scl osetbvingtredme foumz qf@ﬂ@lt@meéﬁplfdb% alkﬁh‘llet phsnel salte cavseiRbh PBeSt o
optim Ze%tggt?)f; :’cg{t’lrlg%ll ]BH onth 1@&%%%{18@96 TGS eﬁméﬁﬂﬂ@ﬂoﬁs Ry fRhl bR Stages

require errals an équi pment to inplenent, thus
i ncr easiregdeﬁosir&)utsoeq@pmm hyedessxyafﬁlﬁrcbnéet d@cpe@hﬁl&b@dwﬂv@es that t he

];TL»? ﬁgdpgﬁ%@%%gd@%%é po@%%gé;?cigggrlo%ugtgef{mnede from ﬁy(?rog}?a%etong S Q:%te?rtﬁe for a

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 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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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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prior 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
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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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the neutralized cleavage product exits that outlet as neutralized cleavage
product Gheagdrpatment 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



22. The resultant product stream undergoes an extraction step wherein
phenol and acetone are extracted using conventional techniques known to
one skillwo oBf4g0be art. A portion of the aqueous salt pha®eTamsny/ai7gé ng
undesired inpurities is purged from drum 20 as an aqueous salt phase purge
24, while the remaining aqueous salt phase proceeds downstream as an
aqueous 38a1Q, mbs peefstabbaahol63005Caoche ampeargatemenge vhadwot 20EC o dhent

treat nent | "28"), havi tef 1 eated Lt ph f
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di sposed after, preferably in a continuous |oop, with drum 20. The
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phase stream 26 enters heat tre nt vessel 728, vessel 287is rmaintained
at a tenpinat at grestef fhianioenqual & dumy rprefenably grsater thapor equal heihout 4;

wat er - sol ybl e riyvatives. To.achjeve.such conversion, heat tgeatnent
vessel Z‘@Hi d arP&? fﬁsﬁﬁﬁgd’r §gual to afbﬁﬁgb’ p[r%ﬁ?{?g’?ya]teﬁsrt aig pr ealial o a%gbt 5:’Jlegr ees
Celsius (C), preferably about 170C, nost preferably about 200C, to an

upper t efRasAtdf RcOhpadife, o8 plcentRoai@siah) of Iadedityaceloné@d Adtér430 e
PCT/ US02/ 34786 330C, nost preferably about 300C, or_a tenperature range of

about 20BGve&esboan BVOGe aneniired Ieo%\erbb_rég%rﬁ%tw@%y ABEBY Afunds per
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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



solution effective to maintain the pH of the resulting neutralized cl eavage
product m xture at greater than or equal to about 3, preferably greater

t han or ewoab/ogsabout 4; and, at a pH less than or equalPCTwsabsIse 6,
preferably | ess than or equal to about 5. The rate of deconposition, or
percent conversion, of hydroxyacetone to water-soluble derivatives can

al so be ré@;’ﬂﬂfb?z{t@(ihe Shdle sepifatiaddtclirig wighit dFRasIr dsndgsérited dayittroxysacet one
content of” heat-treated aqueous salt phase stream 30 umg}pf? i on, exclusion
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comercially available from D X A al i fornia. The
e A A e oo
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can be optimzed by varying certain operating conditions such as the
aqueous sshlphagelfask3@ tndedmaie puidact ronxturatfeed kg iBswircslation priagkthesa r eam

residence time wthin heat treatnent,vessel 28, .tenmperatur nressure, and
the | KEeanthevifia; eqsHEm dhtmeuiRred sFPo?Pe‘H?IZF.ytE}F o&r%%eggt%ﬁgerf%hoéfdi zed

hydr oxyagehane todeit Watdr-lubR dafieates. than about 50 percent, preferably
greater than about 80 percent, nost preferably greater than about 90
percent. The resultant heat-treated agueous salt phase stream 30 exiting
vessel JBhequetbpdpng systesnpieifweher dbstreted bythe BHOWINSIHMINESEHNRIT sl f at e
solution containing the water- sol uble derivatives. To effectively maintain
the pH wi hi tralizer drum 20 the aqueous salt phase stream 30

prefer a\ll)ﬁ%mé@r%t?ﬁes wi th CHP cl eavage product m xture feed 16 prior to
entering drum 20. The resultant m xture is fed downstream and _conbi ned
and ni xdd arcdrhinaque pusess| dalannevasopadizeshtd Ewm €BPy en¢ distieppltanh€THH and 8
WO 03/ 048094 PCT/ US02/ 34786 reequil ibr.ate. KOy @ecurring
wi thin dYainiuRircld 1968t F]B%\@ggéilﬂngears.uhﬁgg a§1ds%?%2§?§eﬁbgzzﬁ§§r t%ng?, ?cg portion

of the bethE.MBERHGucE liktuRhee®16.S purged fromdrum 20 as aqueous salt
phase purge 24, while the remai ning agueous salt phase exits drum

Table 1 illustrates the cleavage product mixture components in wt. % based on 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%
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WydroRlegstsine 43. 20| Acet 0fel299. 0% Cumene 11. 7%
3. 1% V\at er 1. 6%9 WO 03/ 048094 PCTy US02/ 34786
s enol 395D | UEIILy al cohol 0.1%

A,mav gcﬁehyde 0./05% D&C&k@ peroxi de 0.01% Acetic
Ducumyl peroxide 0.01%

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 lbs/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 treatme

nt vessel 28 was

maintained at a temperature of 300°C and a pressure of 1240 psi for one hour without

utilizing treating agents.

10
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Sulfuric acid 0.03% Mesityl oxide 0.12% A 20 wt. % aqueous sodi um

hydr oxi de sol ution (stream 18) was added at a rate of 1,500 pounds per
hour (| bswOhis)p4g004 t he cl eavage product m xture feed 16, ha¢irnugon3feed rate
of 200,000 I bs/hr, in an anmount effective to neutralize the residual
sulfuric acid present and provide a pH of 5-6 in neutralization drum 20.
The resuldatddifaea@dbdt plRiRasaesn 30atka dorvard fibno Xyalet aesneaneesstlr 28 i on of

1250 parts per mllion (ppm, Wwhile the aqueous salt phase contained a 18
W . % soudsumegtredtd less dﬁ@rbdoh@mngﬂ £ H?d@%@éé@@‘%n‘é’n&%@@ﬁ?r 8% on of
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bi sul f atiepresents 8.Hydvdxyadétamdianvemoat @t .94 1s8ng asatrteasnenddlarsi nghan HP

5890 gas chromatograph and Di onex DX100.i on-.chr t ogr aph. . Jhe. aqueous salt
phase waRefph Fr%‘i &3&40‘?? Gﬁﬁl‘ieﬂga%ﬁt%%eo‘fncpmgeﬂe t?@i Q@P %pu @0,@%3 a
neutral '%ﬁﬁcﬁ%f,%cﬁﬂldica@éﬁ%@;r@dﬂc?m df: theaN@eadmpid. of 4.5, and punped
into heat ~ treatnent vessel 28 at a rate of 500,000 |bs./hr. The heat

treatnent vessel 28 was nmintained at a tenperature of 300C and a pressure
of 1240 Fdlowing ressulation apiatmatsuef SQRGAG sy of bstheagtrerirhagueoys galt

hyd t j ' : ' i 0 / 4
ey Ush o aae 3 P05 bl ohlfie” SR AEMTHLAREN b R D o the
heat tr eatxiget stwagsdlc @8 newddizeeasumezD,ai duekttivé amalysis ppfirmewttrlized t he

acet al dehyde concentration was _ neasured_at 30 usi.ng a .Di onex DX100 i on
excl usi oﬁg%g%ﬁﬁtd@ﬁfr BBHUTETIiERM 226 WNIRg 845 @Wﬁﬂ?&%@%}%@?ﬁ%@ldbcgﬁ%ear sion of

99. 9% US}};{%@%@%&J EXcBR B Rl N2 6%1%@ an RB&AREL AR 0AERIANAEN 600G PPl at i-ons

wer e unc at 5000 ppm and 92 ppm respectively, which indicates no
product dmis® 2BFt dhiempresendans hpdroxyaFebhoopnvgrsiacer®@i’t i on at a rate of
500,000 | bs./hr of the heat-treated aqueous salt phase stream 30, and
subsequelg% g{lmg and reequilibration with cleavage product m xture stream
16 in ne fA‘ i drum 20, a qualitative analysis of neutralized cleavage
product m xture stream 22 using gas chromat ography analysis indicated a -

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
paralﬁeters: 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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hydr oxyacet one concentration of 220 ppm an acetal dehyde concentration of
90 ppm and no 2MBF. This represents a hydroxyacetone conversion of 82.5%
EXAVPLE 2wv@o3mesond trial was conducted utilizing the sanePCaWsSNHseBs al s and
conditions used in Exanple 1, except that the heat treatnent vessel 28 was
operated at the followi ng paranmeters: 200C, 240 psi, and 1 hour residence
tine. Thg thirdroxyieced apen Eamnplet? wan coldichedailtilizigathedamgueeusatsadls phase
stream 30 was measured at 452 ppm. representing a hydroxyacetone

conver si 81 wndsisns of ExpHRIey X edt thed P%i‘%%?q‘{ us S‘?fé‘é‘?-su ?téé?lé‘g(’%queous

sal t phages 5615.23M 8Quadifvd SrBRN f tRAALLAGT Wildohd s1epidsakirdf 30 a@ct or 20,

t he hydroxyacetone concentration of neutralized cl eavage product stream 22
was measusudrdliztd 6d€avpgen prodpete seeam N2 a(thYeivimgy sewtcolationlorivéicaficdna of 51. 2%
EXAMPLE 3 second tri al was c%agguct ed ﬁg%l i ZI ge% th anme raw materials and
condi t i ONEIYSREEPRE CHESRFUON ST 42 R ANE REP PRI FF5RfCUY6ln queous sodi um
sulfate solution was utilized. The hydroxyacetone concentration of the
heat - t r egk@aqiPgEigous salt phase stream 30, and neutralized cl eavage
product stream 22 (follow ng recircul ati on) was neasured at 495 - ppm and
680 ppm respectively. EXAMPLE 4 11 WO 03/ 048094 PCT/ US02/ 34786 A third
trial baddbirdyed bagethpn Examplsd W%%W@P%tagHPPT“PZiﬂi‘ngaPFFera&’arﬁﬁte%ﬂ\ﬁ/aﬁ‘&t erials
and condj {1 t - YBrPEUN ' sulfate
sol uti on&&j\gg{s&ﬁ?’ FIE%%@E %%ﬁgﬁﬁ?‘g? is\};%ﬂﬂgtﬁl%%%?gy\%%mr{%at - ??gg%ggwa\gt{)neous salt
phase st %eamed0s aodiummeuifatalsolnton hheagagéd’Hf oduchydoxyagetr2 X00opimowi ng

recircul ation) indi.cated a  k hydroxyacet gne..concenfration of -4 m and 588
ppm r_esﬁ?(’?f)r\%‘ill D%Oé)%%@ﬁetgl_’%\“iaﬁi%?ﬁ?xegal Tﬁ%@“ﬁ@f %ﬁé%%%gnﬁﬁséell VJé‘%lgconduct ed
utili zi ngpdrdt€d a8 foBY IR RAFAnMcs:33d°C Cdigsi, asowe rediiatPlide landept@ept t hat
a synthet’ic aqueous solution containing 18.0 w. % aqueous sodi um sul fate
sol uti onohavi dyqualiape amg}ﬁswﬁf hgggyf;@@@(ﬂqg?og@@h@ﬁqe stream 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
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chemlcals 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 heat alone rather than
troublesome additional alkaline agents or condensation and conversion 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 require 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
equilibration and purged without employing additional

existing steps,
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In particular, the inventive nethod and system enpl oys heat al one rather
than troubl esonme additional al kaline agents or condensati on and conversion
reacti onswo o¥les®es surprisingly effective results obtai nedPca/ushs3€Bsence of
any treatnment additives 1is believed due to the discovery that the in-situ
produced salts present in the sodium sulfate streamact as catalysts to

pr onot e gishRatiesdxtaeisH\stepNyeegiinette a0 4 essalt, dtisting fasilitiencanquikigl y none of
t he higher boiling point” materials or 2-methybenzofuran as_. products,

f oul i ngioplemgut thisanverdive meghashasd|systers; ANdaeengnizckaGRiH PEEESs conditi ons,

or fluctuations in pH, each of which may require conplex systens to

Over GO MRyl Iiefehid SRtoAn R BAR RBKRYR &I labad, veMbal Asditioaidaeed 1 or
conpl ex ‘syst'ens an expensi ve equi pment, and requires a |lower initial

pl ant i an@siEnitionamayttermadestheretocerthout fdoparting fidi thesniit apésewie ofno

requi renment for special. qr addjtional equi t for . .nulft. raction
and/ or dhespyention; &F@f‘hb@ya W%toiq?ﬁﬁ?ﬁswggﬁﬁﬁﬁ%pg %Pté?%e ﬁel?ﬁpg Sstggéél i mi nat es
or preventSpkdgy (ay BRlRRa®nshaaYY: likeadaNsat i on products or high boiling
point material s that foul downstream equi pnent and affect the quality of
the final phenol products. Water-sol ubl e oxidized derivatives of
inpurities such as hydroxyacetone and acetal dehyde are forned, separated in
exi sting equilibration steps, and purged w thout enploying additional 13
WD 03/ 048094 PCT/ US02/ 34786 distillation/extraction steps or equi pnent. As
aresult, existing facilities can quickly inplenent this inventive nethod
and system and recognize i medi ate benefits. Wile preferred enbodi nents
have been shown and described, various nodifications and substitutions may
be nmade thereto wi thout departing fromthe 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 limtation. 14 WO

03/ 048094 PCT/ US02/ 34786 What is clained: 1. A nethod for renoving
inmpurities froma cunene hydroperoxi de cl eavage
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product m xture, conprising: heating an aqueous salt phase (26) containing
inpurities at a tenperature and for a tinme sufficient to form

wat er - solwblog/ogkepd vati ves (30) of the inpurities; comnbi niPEF/USKE348LEOUS
salt phase (26) containing the water-soluble derivatives (30) with a cunene
hydr oper oxi de cl eavage product m xture (16) to forma conbined product

m Xt ur ewine Sgpadati ng t he agqueous salt phase (26) containing the
wat er - sol ubl e derivatives of the inpurities (30) fromthe conbi ned product
m xture. 2. The nethod of claim11, further conprising circulating the
aqueous salt phase (26) at a rate sufficient to optim ze the formation of
the water-soluble derivatives of the inpurities (30). 3. The nethod of

clai m 1 fur \hgrecRmRs ShidgiomyRi e Gk @adherchantiraiostidboleapmecent of
the inmpurities teo t he rwat er-rfsggl ﬁ}ﬁﬂl%e derivatives (30). 4. The nethod of

cl ai m 1 prdducthixtureoenmaprasingy converting greater than about 80 percent of
the inpurities to the water-soluble derivatives (30). 5. The nethod of

claim1, further conprisi C | abouyt 2urelgycent of
the. i mpuri 1 Lot RRISHL CEPET Seh e BippREPe e o
cl ai m 1 fomh@eheknffichat iofounividtessonibie deeivetvesd30r afitht epwitisssp  consi sting of
nesi tyl oxide, acetal dehyde, hydroxyacetone, carbonyl-containing

impurities, aldehyde-containi ' iities, .and conbi nati ons. ri sing at
| east one oFOlﬁ‘%@l‘%ﬂ]@@S}l?@lSiS%Bi‘a{%% cont i%&ﬁ&%%asog%bﬁec@ezﬁvgng > further
conpri Si(ﬂ% VAedh REmaRe BFREMEroLie @I&h‘@a%@?rocﬁickﬂﬁitﬁﬁ @6} tot fobrfl a(chfhbireddf ective to
mai nt ai n pH of about™ 2 to about 8 5 WO 03/048094 PCT/ US02/ 34786 8. The

met hod gfodscinimtare; fngk t her conpri si ng addi ng an amount of aqueous al kal i ne
solution (18) effective to nmaintain a pH of about to 4 to about 5. 9. The

met hod of claim furt | S| ' aRU e &gHaaWs al kaline
sol ution (18)se%afr%%ncg[tiﬂ\e/ga?%m%§gg?%%%E‘%)%gﬂgﬁﬁ}g@lﬁt 5to ab%ut 7.
of the impurities (30) from the combined product mixture.

2. The method of claim 1, further comprising circulating the aqueous salt phase
(26) at a rate sufficient to optimize the formation of the water-soluble derivatives of

the impurities (30).

3. The method of claim 1, further comprising converting greater than about 50

percent of the impurities to the water-soluble derivatives (30).

4, The method of claim 1, further comprising converting greater than about 80

percent of the impurities to the water-soluble derivatives (30).

5. The method of claim 1, further comprising converting greater than about 90

percent of the impurities to the water-soluble derivatives (30).

6. The method of claim 1, wherein the impurities are selected from the group
consisting of mesityl oxide, acetaldehyde, hydroxyacetone, carbonyl-containing
impurities, aldehyde-containing impurities, and combinations comprising at least one

of the foregoing impurities.

7. The method of claim 1, further comprising adding an amount of aqueous
alkaline solution (18) effective to maintain a pH of about 2 to about 8.
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10. The method of claim1l, wherein the aqueous salt phase (26) conprises
about 10 to about 30 wei ght percent sodium sulfate solution. 11. The

met hod ofwoloaiossod4 wherein the aqueous salt phase (26) comwpmitsey3gbout 10
to about 25 wei ght percent sodium sulfate solution. 12. The nmethod of claim
1, wherein the tenperature is about 150 to about 350 Celsius. 13. The

met hod of8. cl ail'he Imethberadi claitthd, thentipe raatprsingsaddnogltn 2000ind ofikgueou300

Cel sius 14. The neth of. claim1, further. conprising applying a pressure
of about SR ) SBRs gt = Sh BT bk AP E et | g the. aqueous
salt phase containing inpurities (26). 15. The nethod of claim1, further

conpri si ng apgh¥iméhsd Rifedsdl &, FHrtih VoinpHfhet K1difd Al tandARP P AdBeSusper
square inch while heating the agueous salt phase containing inpurities

(26). 16alkyhiee spdatiad(18) eldecaivantamaintain poH fabpri Stombodabpl yi ng a pressure of
about 200 to about 1300 pounds per square inch while heating the aqueous

salt pha co il i it . - al wher ei n
the timirs anbarigne ph B 1) Wisichi Bt aghdo W sRERGIEE) Plnfidh dbdut
i mpuri ti @8 td atant a0 eweighn @eeynlrsoprnosul e solwamage product m xture,
conprises: heating an aqueous salt phase (26) containing inpurities at a

tenperatyre a f inme sufficient to for ter-sol ubl e derivatives of
the’mouti<i o e estio RbrETm . TR s oS s eHONas) SBES A ng
conpri seg(Aeadul 95 WREIR PUREMS o8k suMRRSVItRA) containing the inpurities at
a tenperature of about 150 to about 350 Cel sius for about 0.5 to about 1.5

hours under a pressure of about 50 to about 1500 pounds per square inch to
t he reactlPon H:gﬁtmﬁth?d of elebn > ghergie thegtramesatarg|is apedskeS 0 EAPoBLAIAI ni ng t he
wat er - sol E&g derivatives wth a cunene hydroperoxi de cl eavage product

m xture {% to forma conbi ned

13.  The method of claim 1, wherein the temperature is about 200 to about 300°

Celsius

14.  The method of claim 1, further comprising applying a pressure of about 50 to
about 1500 pounds per square inch while heating the aqueous salt phase containing

impurities (26).

15.  The method of claim 1, further comprising applying a pressure of about 100 to
about 1400 pounds per square inch while heating the aqueous salt phase containing

impurities (26).

16.  The method of claim 1, further comprising applying a pressure of about 200 to
about 1300 pounds per square inch while heating the aqueous salt phase containing

impurities (26).
17. The method of claim 1, wherein the time is about 0.5 to about 1.5 hours.

18. A method for removing impurities from a cumene hydroperoxide cleavage

product mixture, comprises:

heating an aqueous salt phase (26) containing impurities at a temperature and
for a time sufficient to form water-soluble derivatives of the impurities (30), wherein
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product m xture; and separating the agueous salt phase (26) containing the
wat er-sol ubl e derivatives of the inpurities fromthe conbi ned product

m xt ure. W0.03/0k®94ret hod of claim 18, further conprising aedirrgoasu7sérount of
aqueous al kaline solution (18) effective to maintain the pH of the
reaction at about 4 to about 7. 20. The nethod of claim 18, wherein the

i mpuri ti ésatmpeocagirded hehtingaie tipecoys emlpphaser(%)sd:dmgnm’g the smpwyitiest de,

21 oy do RSBV ST P Pkt OCHsiG REIo0h 0 S ErBPYk-hiot WpdBist one

of the fgq g?&glrggf hhRM 5D b %outq%'OO J&lﬁldg?&ﬂ‘ﬁga&fm&{ Rt detioMax@irg; t he
aqueous salt phase (26) conprises abou to about 30 wei ght percent

sodium sul fate solution. 22. The nethod of claim 18, wherein the
t enper at ur e i sombiing thoequepuaBylphage (R0) copginingrbe netasaluble derixptivess,

wherein th ressur ab und e i nch.
24. A syévtl tzlré) or]ene 3’?’ fj Yl nbog(g&ecﬁl(r%gvnggﬁggﬁ‘? é%g%?%éf)@l {e%agozgfg%eg 5?@% m xt ure,
conpri si ngjdumiﬁmur%%ndheatl ng an aqueous salt phase (26) containing

inpurities at a tenperature and for a tine suffici ent to form

wat er - sol ubl e deri vat| ves of t n&% ities; V\D 03/ g@geo

PCT/ US02/ 34788SPariiRgh aueoBhin Hﬂﬁl@e C%Rfal@zﬂgst & JfafersA f?%yﬂ%m ai ni ng
the V"ate'bfﬁl‘éhﬁkghfftl&effréﬁ{%é y&ﬁblﬁépamm&huﬁmwnene hydroper oxi de cl eavage
product m xtur forma nbi ned product mixture; and neans for

separat i ng t he aqueous sal't phase (26) containing the water-soluble
derivati V8s (303 rofthedheficimr 1 8.i ghér exmpricng addihped gnomicf aghsqudre. 25. A

system f Ofkaprlljer éthX (5}9(1%) CHEERR toXQ;{n?tQ%rtﬂé‘ gleofcthqg QY8850 BY %jolﬁ%{ tgna%&ﬂr €

conpri si ng
7.

20.  The method of claim 18, wherein the impurities are selected from the group
consisting of mesityl oxide, acetaldehyde, hydroxyacetone, carbonyl-containing
impurities, aldehyde-containing impurities, and combinations comprising at least one

of the foregoing impurities.

21.  The method of claim 18, wherein the aqueous salt phase (26) comprises about

10 to about 30 weight percent sodium sulfate solution.
22.  The method of claim 18, wherein the temperature is about 200 to about 300°C.

23, The method of claim 18, wherein the pressure is about 200 to about 1300

pounds per square inch.

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

comprising:

means for heating an aqueous salt phase (26) containing impurities at a
temperature and for a time sufficient to form water-soluble derivatives of the

impurities;
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a cunene hydroperoxi de cl eavage product m xture feed (16) containing
inpurities in fluid conmuni cation with an aqueous al kaline solution feed
(18); thewowawsseohydr oper oxi de cl eavage product m xture (PEX/on3ggueous
al kaline solution feeds (18) are in fluid conmunication with a
neutralization drum (20) having an aqueous salt phase outl et (24z; an
aqueous salt p‘rmsefdretedlbélﬁﬁg theoaruadusi salj phaseu(26) cegainmgfthe ivdte i cation
with a h a_heat at.ed a salt phase
outl et ( oA EE I e F s e on g R S R AL B e B R e a nf g
wat er - solcuﬁabﬁ,edgﬁfdu\éﬁﬁlmﬁ@ sfdthe inpurities in fluid communication with

t he cunene hydr oper oxi de cl eavage product m xture (16) prior to the

neutralization drum (20). 26. The system of claim 25, wherein the
neut ral i zat i ofPeaRuifRT(soPATating fhe mlueﬁtta sal¢ phmier2Ehearirningtthe Jalr-spblsl | v

di sposed he system of cl
25, pmheré%g%{/a?{\llgg ﬁ&é)i)lia ?g%ﬁ??t Fl{lgsa%%%ﬁe(ézlog?aﬁ%isé réﬁﬂcégﬁ%tgﬁ% sal>/t phase Su?lgtran

outlet (24) and a neutralized cunene hydroperoxi de cl eavage product

m xture @atle® §229m 28 pulifigns ys¢uamnefhydrepemxdds; clehergei roduse niinfwe,i ti es are
selected from.the group consisting of nesityl oxide, acetal dehyde,

hydr oxya¢8tBHE Ecar bonyl - contai ning inpurities, aldehyde-contai ning
impurities, and conbi nations conprising at |east one of the foregoing
inmpurities. 18 cumene hydroperoxide cleavage product mixture feed (16) containing

impurities in fluid communication with an aqueous alkaline solution feed (18);

the cumene hydroperoxide cleavage product mixture (16) and aqueous alkaline
solution feeds (18) are in fluid communication with a neutralization drum (20) having

an aqueous salt phase outlet (24);

an aqueous salt phase feed (26) containing impurities in fluid communication
with a heat treatment vessel (28) having a heat-treated aqueous salt phase outlet (30);

and

a heat-treated aqueous salt phase feed (30) containing water-soluble
derivatives of the impurities in fluid communication with the cumene hydroperoxide

cleavage product mixture (16) prior to the neutralization drum (20).

26.  The system of claim 25, wherein the neutralization drum (20) is in fluid

communication with and serially disposed prior to the heat treatment vessel (28).

27.  The system of claim 25, wherein the neutralization drum (20) has an aqueous
salt phase purge outlet (24) and a neutralized cumene hydroperoxide cleavage product

mixture outlet (22).

28.  The system of claim 25, wherein the impurities are selected from the group
consisting of mesityl oxide, acetaldehyde, hydroxyacetone, carbonyl-containing
impurities, aldehyde-containing impurities, and combinations comprising at least one

of the foregoing impurities.
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