WD 03/ 084910 PCT/ US03/ 07695 PRODUCTI ON AND PURI FI CATI ON OF PHENCL:
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phenol. The cunene-to-phenol industrial nmethod is well known and invol ves
a tw step synthesis: air-oxidation of cunmene to a cunene hydroperoxide

by contact i PEOHL AN ANGEPRIFICEEIGN PrOIRRBETtRROXY SCTBRE Ui ol 0™ =
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t hese undeS| ra y-products and Inpurities nmust be removed fromthe
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i ncl ude ekhe asmewsto-phegpl lindausirah nagthbd &t weytkrmwrx: hedriigedlvasr 2dweesiep The
hydr oxyacet i S known to eavage
step via™X 8%68‘& |a(5') 0’8%&’6’ PoHENAE rl8c§'n ué’?'naij}yHr Sro&l’&lm)t mt%ﬁﬁgppm
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m xture, contai n| ng sulfuric acid catalyst, is neutralized, the HA present
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t he final henol product ity. has col or-formng tendencies, so
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ef f ect i vealtiehrydee mbuiring tHA Sﬁlbma[ueﬂtepurlﬁcatlon steps these undesirable by-products
and impurities must be removed from the final product phenol and acetone using
various separation methods which include extraction, distillation and catalytic

chemical treatment.

The hydroxyacetone (HA) impurity is known to be produced at the CHP cleavage step
via oxidation of acetone at concentrations of 1000 to 2500 ppm, depending on the
operating conditions employed. When the CHP cleavage mixture, containing sulfuric
acid catalyst, is neutralized, the HA present in the mixture equilibrates and partitions
into the two phases in the neutralizer vessel in about equal concentrations. HA is
particularly difficult to remove from phenol in the downstream process because it co-
distills with phenol during the rectification processes and contaminates the final
phenol product. The HA impurity has color-forming tendencies, so trace amounts of
HA in the final product phenol renders the phenol product quality unacceptable for

many end-use applications, such as bisphenol A and polycarbonate.

Since conventional distillation methods are not effective for removing HA from the

phenol product, a number of various chemical treatment methods have been adopted
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phenol product, a nunber of various chem cal treatnent nethods have been
adopted 1 WO 03/084910 PCT/US03/07695 in the industry to achieve its
renoval vwe soswdensati on reacti ons and conversion to hi glrem/usos/bicng
materials that can be nore easily separated from phenol in subsequent
distillations. Both honbgeneous and het er ogeneous processes are descri bed
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anmount of 2MBF fornmed with ion exchange_ resins is determ ned by the
concent r a¢fi tha ahemidal itneatiriest phasasses $n ng supprdhenge tesiniealupnna, sdishange

resin. Typicall t he use of .ion exchan resjins t urif henol.. from HA
resul ts 1HumE fi) e Rewlts s TtaRERA ST EiRraire de ¢ eV ABEMTYy of ¢ he
phenol  pradusiibenZ6Rirdl @MBFE vaReLIsalchily Spedsivdd td sephRife S¥ENEHRE6! BESi NS
Wi th respect to catalyst |ife, but they typically generate even higher

amount s ofistPliApn afiacrodist e¢luswe barhanpl fealitn sulders.arhhp daxigumcdngudt of eat i ng
agents on I | 5 il e i Ll i . o nol
rocess (Aot 3 ke S ER R A AN ploBbe il SRMALERYPAMCR RRENOL
exanpl e, ghdityse 20f psadi The hnsbuakicde2MBS feemed Withurion teaclemge reias fiol | ow ng
di sadvant ages:. The strongly basic _sodium hy(aéo ide reacts with the phenol
itsel f toddtesiingd SydhtisPngsREALImOE Tsain, thy n%h%twamaw & 110 HIS O

recover edy,Qhafee S8, "TYpRARYAhe XbEbFioH dxehardg8$tdifs to purify phenol from HA
results in the formation of 2MBF in amounts that affect the quality of the phenol
product. Zeolites are generally superior to ion exchange resins with respect to catalyst

life, but they typically generate even higher amounts of 2MBF.

The use of sodium hydroxide or amines as acidic treating agents on the organic
streams in the rectification area of the phenol process to promote HA condensation
reactions causes other problems. For example, the use of sodium hydroxide has been

found to have the following disadvantages:

The strongly basic sodium hydroxide reacts with the phenol itself to form a sodium
phenolate salt. This phenolate salt must be recovered or a loss in phenol yield will

result;

The sodium phenolate salt can cause fouling of heat exchanger surfaces resulting in

downtime and lost production; and

The sodium phenolate salt can contaminate the final product phenol during the

subsequent distillation process causing poor quality product and color.
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The sodi um phenol ate salt can cause fouling of heat exchanger surfaces
resulting in downtinme and | ost production; and The sodi um phenol ate salt
can cont awprawsthe final product phenol during the subseqmarsn3/o7e9s
distillation process causing poor quality product and color. 2 WO 03/084910
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or other by-products that can foul the nachi nery or increase pollution
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in the prcess fin pheverstiemgs @\aﬂioonwtrddymg sii gnpfiigant iaﬁ&untsud‘r‘addmonal
hydroxyacet one (HA), contained in henol streami boi |'i ng
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separ at i qgcgegs% A4S jevSNCh as distillation. Thus, in accordance with the

i nventi on, rocess for converting carbonyl-type inpurities, such as
hydroxyacet one (HA), contained in a phenol streaminto high-boiling
derivati V%IQMMABIYOOFJ&E BYVEDAi@Wti ng the phenolic solvent with a | ayered
doubl e hydroxi de conposition. Prefer abI y, the LDHis a hydrotalcite-type

ial (HT f the fo I A d
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cation, Aot hitcafaly@ywethatareonserhil ahaidgrodess aﬂdomdnsng caboflyligpd 0 0. 8.
The phenol can be separated fromthe high-boiling derivatives usi ng
convent i oiflurigiep asuak ias hydieunerteised]Ak foRtaeddgnsa Phengl jsgamgato Wghi nvent i on

al so pr Ovﬁoqﬁﬁg ARVARRS Shdt0LanSEP AU AV rom the phenol stream by conventional

separation techniques, such as distillation. Thus, in accordance with the invention, a
process for converting carbonyl-type impurities, such as hydroxyacetone (HA),
contained in a phenol stream into high-boiling derivatives is provided by contacting
the phenolic solvent with a layered double hydroxide composition. Preferably, the

LDH is a hydrotalcite-type material (HTM) of the formula:
M"«M" (OH):)(A™ )

or a hydrate thereof, wherein M'" is a divalent metal cation, M" is a trivalent metal
cation, A is an interlayer anion of charge n-, and x is from 0.12 to 0.8. The phenol
can be separated from the high-boiling derivatives using conventional separation
techniques, such as distillation, so the invention also provides a process for separating
carbonyl-type impurities from a phenolic solvent. The process can be applied in the
conventional industrial process for converting cumene to phenol to remove carbonyl-
type impurities from the phenol product without introducing significant amounts of
additional contaminants, such as 2MBF. A process and a facility for producing
purified phenol by converting cumene to phenol are provided. In the conversion of

cumene to phenol, the phenol often contains carbonyl-type impurities, such as HA.
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carbonyl -type inpurities froma phenolic solvent. The process can be
applied in the conventional industrial process for converting cunene to
phenol t owpasbs®icar bonyl - type inpurities fromthe phenolpcprusdsieteon t hout
i ntroduci ng significant anounts of additional contam nants, such as 2MBF.
A process and a facility for producing purified phenol by converting
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di still aty ofF - rate it fromthe high- boiling derivatives. BRI EF
DESCRI PTIB&%W%@W‘%GS The drawi ng shows a diagramillustrating an
enbodi ment of the invention process. DETAILED DESCRI PTI ON OF THE | NVENTI ON

Sur pri si rBRIEF DESGR$PDIEE Offi BRAVEINGGS t hat | ayer ed doubl e hydroxi des (LDHs)
can be effectively enployed as catal ysts for converting carbonyl -type
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conventional separation techniques, such as distillation. LDHs are w dely

used i n tDETANMERIDBSERIPAUSONIGRTHE INWENTH@Y are not conventionally used
for catalytic applications. LDHs are a group of |ayered anionic clay
m neral s made up of positively charged |ayers of netal hydroxi des, between

whi ch ar eSurpesngy. Bﬁiaé.r@e‘aﬁéfc@tﬁ’i’?éj that éaryerq%qiqé@{ﬂ hydroyydes Ueldidsposan s ar e
based on Qﬁ%nbay%%adgs: cﬁ%lyﬁ%o%r @Mr&sgugbgg@t@ez ixﬁﬁ_%ﬂé\fgesﬁ‘g\gc}fa‘bs and

transition netafs, /Zn an : structure of
t hese LDHsgydrexyatetoheafHA) coftainedfin biphend otrgdvy (:x@b)h2gh-balimg dedivatives thatgnesi um

ions are octahedral surrounded b droxyl . groups with the resulting
oct ahedr acaé‘mfrrleﬂ‘é’"%%é@@ ths pﬁﬁ’?ﬁﬁfrﬁ%’ t@nwéygl?lgl_ Sell%ﬁraf'ﬂ’é GeBpEues SHEM of t he
My2-" - | Saq distillation. LDHs are widely used in the industry as adsorbants, but they are not

conventionally used for catalytic applications.

LDHs are a group of layered anionic clay minerals made up of positively charged
layers of metal hydroxides, between which are located anions and some water
molecules. Most common LDHs are based on double hydroxides of such main group
metals as Mg and Al and transition metals, such as Ni, Co, Cr, Zn and Fe, etc. The
structure of these LDHs is similar to that of brucite [Mg(OH);] in which the
magnesium ions are octahedrally surrounded by hydroxyl groups with the resulting
octahedra sharing edges to form infinite layers. In the LDHs, some of the Mg®" is
isomorphously replaced by a trivalent cation, such as AI**. This results in a positively
charged layer necessitating charge balancing by insertion of anions between the

layers.

One type of LDH which has been found to be especially effective in the current
inventive process is synthetic solid "hydrotalcite-type" material (HTM). True
hydrotalcite is a rare naturally-occurring mineral having the idealized unit cell

formula:



i sonor phously replaced by a trivalent cation, such as Ala+. This results in
a positively charged | ayer necessitating charge bal ancing by insertion of
ani ons bewowansehe |ayers. One type of LDH which has beemciraisasiotees be
especially effective in the current inventive process is synthetic solid
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netal cations. Preferably, M is an alkaline earth netal cation. Mre
pref er abl ym"M'Mi's (ORgHESTYM cation. The MTI is preferably selected from
the G oup IIIA metal cations alone or in conbination wth other trival ent
metal cations. Preferably, MTI is a Goup IIllA netal, catio

pr ef er abl §,a hrdratejthergply ﬁYhﬁ’(ﬁW Mt isohdivlat F?FF@% catien, i\ c‘éﬁrFé‘P’QF%ltl ’P“?ta
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known an €scril vani 11, No. 2, p.173
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M" is an alkaline earth metal cation. More preferably, M" is magnesium cation. The
M" is preferably selected from the Group ITTA metal cations alone or in combination
with other trivalent metal cations. Preferably, M" is a Group IIIA metal cation.
More preferably, M" is aluminum cation. The HTMs can by commercially
synthesized in large quantity by various methods. Their preparation is well known and
described by Cavani, F. et al., Cat Today, Vol. 11, No. 2, p.173 (1991), and in US
5358701, US 5399329, US 5507980, US 6156696, and US 6313063. The anion A is
preferably selected from the group consisting of C032', NO3;, OH, CI, F, or
combinations thereof. More preferably, the anion A is CO5%. 1t will be appreciated
by a person skilled in the art that various substitutions can be made for the interlayer
anions including, but not limited to, simple anions, such as SO42', etc., transition metal
anions, such as CrO42', MoO42', M02072', etc., organometallic anions, metal
polyoxoanions, such as V,0025", and organic anions, such as long chain aliphatic
dicarboxylates. Methods for effecting such substitutions are in the prior art, and such

substituted products are within the scope of the present invention.

Preferable HTMs employed in the present invention are aluminum magnesium

hydroxide carbonates which possess the general chemical formula:
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conbi nations thereof. Mre preferably, the anion Ais C032 . It wll be
appreciated by a person skilled in the art that various substitutions can
be made fwo oBhegiint erl ayer anions including, but not |i mpCeEdSv®97633 npl e
ani ons, such as S042 , etc., transition netal anions, such as Cr042-,
Mb042 Mp2072-, etc., organonetallic anions, netal polyoxoanions, such as V
100286 iC such as | ong chaln al i phatic dicarboxyl ates.
Met hods fog”A$4gﬁ¢THg §uch%%ubst|tut|ons are in the prior art, and such
substituted products are within the scope of the present |nvention.
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resul ts i3 TPgs RAs 58&@& fil bﬁihn%ﬂoﬁéﬁd’lﬁ E‘cﬁcﬂ?ﬁ %llnfalho%()erb&en@aq@nec{)ess

basi c by |ncorporat|n I nst ea It cdn be ma nore basic by
|ncorporabnﬂgsﬁuxensneadu@ﬁoG%ﬂmﬁﬁhesﬂmkﬁmeaaﬂéehhﬁmmayhyadmmhbblup to at

| east 500C giving thema w de te erature ran tion. Further,
t hese FWNE“@%%“% eﬂ@#ﬂ%ﬂ??%ﬂ”%?ﬁ‘ BﬁnﬂﬁéﬂQﬁﬁ }ngﬁigt SEYBRIELi es for

long life gRYAI Yattl'o(‘of@%sé‘l@'ssf?lrﬁﬁio\’@béﬁé hiate¥ial. N ASRNtH MM RAL daBVbe made

less basic by incorporating Cl instead of OH’, or it can be made more basic by

incorporating F~ instead of OH".

These HTMs are thermally stable up to at least S00°C giving them a wide temperature
range of application. Further, these HTMs can be pelletized with good mechanical
strength properties for long life catalytic and adsorptive utility in continuous-flow
packed bed commercial applications. Examples 3 and 4 show that the HTM, upon
being recycled, does not lose significant efficiency for catalyzing a reaction between
HA and phenol to form high-boiling derivatives. The form and texture of the HTM is
not critical to the present invention, and may vary depending on the type of
preparation method, among other factors. However, it is preferred that the particle
size be less than 5 mm. Preferably, the particle size range is from 1 mm to 3 mm.
The HTM particles may be formed by conventional techniques, such as spray drying,
pelletizing, tableting, bead formation and the like. Binders may be used to aid in the
formation of particle shapes. Furthermore, these HTMs are stable in both aqueous

and organic media without causing any leaching.



packed bed commerci al applications. Exanples 3 and 4 show that the HTM
upon being recycled, does not |ose significant efficiency for catal yzing a
react i on wetmesr10 HA and phenol to form hi gh-boiling deriwarivses0763he form
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cat al yt i celienypl-edntaiging\streare gpetpias mpanqrs thapg o ef B 2pd noanersthanke
treatnment, th phengl -.cont ai.nin tr.eam ins: m of
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st ream copVBFNSdReroWneof HAN 2 ppm of  2MBF and zero ppm of HA. The present
i nvention provides a process for separating carbonyl-type inmpurities, such
as HA, from a phenoli¢ solvent, by contacting th RQenolic solvent, with a
cat al yst BRC BreseahinyepiQnepioVified p PECESS QT ?eé’ﬁfi‘é‘f“&f:ﬁg@, Yletes WBRMTSIESEHER ng a

phenol - Coﬁtﬁjl\,nhgﬂ asﬁﬁeﬂgm solvent, by contacting the phenolic solvent with a catalyst at a
catalytically-effective temperature, thereby producing a phenol-containing stream
with high-boiling derivatives of the carbonyl-type impurities and with a reduced
amount of carbonyl-type impurities including HA, and separating the high-boiling
derivatives of the carbonyl-type impurities from the phenol-containing stream using
conventional separation techniques. The catalyst is an HTM (as defined above).
Typically, the catalytically-effective temperature at which the catalyst and phenolic
solvent are contacted is from 40°C to 400°C. Preferably, the catalytically-effective
temperature at which the catalyst and phenolic solvent are contacted is from 200°C to
300°C. More preferably, the catalytically-effective temperature is from 210°C to
220°C. After the treatment, the phenol-containing stream contains no more than 20
ppm of 2MBF and no more than 1 ppm of HA. Preferably, the phenol-containing
stream contains no more than 2 ppm of 2MBF and zero ppm of HA. The
conventional separation techniques for purifying the phenol-containing stream include

distillation, sorption, extraction, and phase separation.
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catalyticaglly-effective t erat ur.e_ at i he catalys d_nhanol ic
solvent a \é{)eﬁ?rgc{né’amfosn ﬁ%ﬁrﬁ%{;@ gsafog%cg%r rg?reP% P%/l?gté?gﬂ& VR
catal yti chlatsiohlofelmese totendeashaholr & hatcrude ghenbdihgpicall yatonsdinadubatyénol i ¢
sol vent are contacted is from200C to 300C. Mre preferably, the

catal yti dupg ympritiestsugh as Efpedbe crude phenal gpd anp carbanyl AyprC MM itiss afene

t r eat ment ) |- i i t - al : pm of
20BF and TS AEERE R M Bl B LRGN WG PACHRER b R p e

St r eam canieattivh prodostr thatt dvaids pippmobin® Ml wnthiz digh-haplingodertAtivashef
conventional separation techniques for purifyi t phenol - cont ai ni ng
stream i fBf SARONYrYPE IMRENIESS, andirpt sl %&QW’%&? i%\ﬂ,gsanﬂ‘

VO 03/ 0849y a%%é&b@%}ry@&m)@E}?é@mlyﬁ&v@rgf%eeﬁvé HhiRBuRLO WS a

process for p cl ng pheho Ia‘the conhver

3 r _eaC: ! %rwn?ﬂ%te itipatiti€ORt abNtedPREMGh 2BOEC FBBOGANT Nidte Hr&BraBB, khe1g
erivatives O

The cat al satalyticgllpefieetive temperdafre e tiombdVES . toR2PCalAfer thhweatment, the
catal yti cal

car bonyl “eypbnisiet by B EPRA LS A Y b AR BB BRI SpBSEY (e

catal yti cahl yr&tfabbyl, kiwereb@ipgradudt Coradinyho eforé Han Qrppie oPITaBE! andndrany

pFAAESSIS Y at i on.
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ion of cunmene to crude phenol.
The cr udehphexdelphengbiaodbhy coboiydityrs iogubitiny hre reacpas is fpor #Q9Go, 4008Ch as HA.

pr esence TP B GRAVHES-CREs (R et 1 KET VB FuBRaie €8 pr oduce

the carbonyl -type inpurities and/or a small anount of 2MBF.

carbonyl -type inpurities are reacted is from200C.to 300C. Mre preferably,

the cat apymicfaHpy- efticeraarien perdyet Mayr ke j farthero mnfigicusige comrentigngkr t he

t t t 0 t . i . - th - 2NVBF d
reatmen gz}lﬁaqonp%%ﬁlgl L& shd Orgc;agm&@p@fgot@@l&lo TR &ioh! é}{ho@gaggpécpapima, an

no more tH era
nor e t hano2sqipetafpheMad- and zero

e rfeaction pr ontal ns no

The present invention may be applied in the conventional industrial process for
converting cumene to phenol, wherein a crude phenol stream (CPS) which may
contain carbonyl-type impurities, such as HA, is produced. The improvement to that
process comprises contacting the crude phenol stream containing carbonyl-type
impurities, such as HA, with a catalyst at a catalytically-effective temperature to
produce a phenol product containing high-boiling derivatives of the carbonyl-type
impurities and less of the carbonyl-type impurities. The catalyst is an HTM (as
defined above). Typically, the catalytically-effective temperature at which the
catalyst and CPS are contacted is from 40°C to 400°C. Preferably, the catalytically-
effective temperature at which the catalyst and CPS are contacted is from 200°C to
300°C. More preferably, the catalytically-effective temperature is from 210°C to
220°C. After the treatment, the phenol product contains no more than 20 ppm of
2MBF and no more than 1 ppm of HA. Preferably, the phenol product contains no
more than 2 ppm of 2MBF and zero ppm of HA. The treatment with an HTM can be

effected using either a fixed or fluidized bed mode or using a slurry type application.
8



ppm of HA. The reaction product may be further purified using conventional
separation techniques, such as distillation, sorption, extraction, and
phase sepapaBioss o to isolate the phenol. The present i nveatiusad/owys be
applied in the conventional industrial process for converting cunene to
phenol, wherein a crude phenol stream (CPS) which may contain

car bonyl A H&d ib%) %%él%{] zss Presféfglpﬁas érﬁ'g‘dgétﬁ% rs%f:ll!iJ g&?%atc-}mﬁo&m NGBS to T hat

process conprises CofAtacting the pheno ream cont ai ni ng

car bony! -thyd¢ car bepured! FeBowigafeatsentitvithvihé batalystah alghsjuakty final product

catal ytically-effective tenBerature,to produce a phenol p;ﬁdqft cont ai ni ng
hi gh- boi INDEROIEAT PatTeRYSTeS by HOn¥eionaly FEajatien maHIss ispela @S AMth!|at8e of the

car bonyl - i idd 884 Alopst is an HTM (as defined above).
TypicalIf%ﬁﬁﬁg’%gggﬁé$icapﬁ%-é%%%ctiVe tenperature at which the catalyst
and CPS are contacted is from40C to 400C. Preferably, the catalytically-

ef f ect i veThegnmpenainyeatiat alshpolvideha foatinl fos comvuiitiGPSimere toqikeaet ethei s from
200C to 300C. More _refe%?géy. t he catau¥%ggallﬁ-effegtive %@ﬁ? rature is
f rom 210348 PRAESCALRCERST AYTHIPEEH IS & St [SREH Vv Gavtee °as no
nore thane2Q| pafiaing AMBHe 2RHeBR AR fiksh dhchoP PESAf thEBumBRefsexadiked, the
phenol product contains no nore than 2 ppm of 2MBF and zero ppm of HA. The

t r eat menttovipinh agnmem/hydneperexidef(CEED anixwss; rigseepnchevactiorn yssed copngdiad di zed
bed node .or, using a.slurry type.applicatiaqn, 08 . S03/ 07695
BB B B WP RS Bl SRS s A ke

A fixed b8 I such™as

cont i NUOUSeavB® &e forfad cARlc USRS agdPlabsomixigre! § eleitdrBiattion Vésstlh@naadtal ywst, a
high quality final product phenol can be recovered by conventi onal
separ at i dhe feeand reastiem vesselgmdierain gt thgdhird ggetien wesselaibasgds pdied tathf phase
separation, eTE‘lg?x%g%"r‘dlE TﬂxiQ{{ﬁé‘% nfih SRuikIR%l ‘i?édeaclf;a%gé Infaés W% p@nVer ting
cunene to phenol.“The facility conprises: a vessel cOntalning cunene;, a
first reagparationesseh comeerdttededeivet the newmtedized comlntcddamagegmassmaixtyrewher ei n
inthe first reaction vessel the cunene is oxidized to forma cunene
ligest érodg 9

hydr oper XN Bepyeytse ERGBE RS cIPUrey Bs SPRralth AR Hepams,

wherein one of those streams is a crude phenol stream (CPS) comprising phenol and
which may contain carbonyl-type impurities, such as HA; a temperature control
mechanism connected to receive the CPS; and a catalyst bed connected to receive the
CPS after it passes through the temperature control mechanism. The temperature of
the catalyst bed is controlled by the temperature control mechanism by either pre-
heating or pre-cooling the CPS stream using a pre-heater or pre-cooler (heat
exchanger). The catalyst bed comprises an HTM (as defined above). After passing
through the catalyst bed, the CPS has a reduced amount of carbonyl-type impurities,
including HA, and becomes a purified phenol-containing product. Typically, the
temperature control mechanism can maintain a temperature of 40°C to 400°C in the
catalyst bed. Preferably, the temperature control mechanism can maintain a
temperature in the catalyst bed of 200°C to 300°C. More preferably, the temperature
control mechanism can maintain a temperature in the catalyst bed of 210°C to 220°C.
The purified phenol-containing product contains no more than 20 ppm of 2MBF.
Preferably, the purified phenol-containing product contains no more than 2 ppm of

2MBF.



to the first reaction vessel, wherein in the second reaction vessel the CHP
m xture is cleaved to forma crude cleavage nass m xture; a third reaction
vessel cowpactedida o the second reaction vessel, wherein PaTIUSe3/018p5F d
reaction vessel a base is added to the crude cleavage mass m xture to form
a neutralized crude cleavage nmass mxture; a separation section connected

Lo recel e, e nGHLT BF bERd il Yes, 6L SANAOR WBSRR HLE: mAtbSEERR. Lhe

neutral i Zed ¢ eavage mass ‘m xture 1s separate wher ei n
one of thse asiduaaliddicsude dearege phmmhxtsﬁemamdnﬁﬁS)ydmrﬂH, amm’tgnaah@ol and
whi ch may contain carbonyl-type inpurities, such as HA, a tenperature
control QfB¥RaAME¥Pconnected to receive the CPS; and a catal yst bed
connected to receive the CPS after it passes through the tenperature

control mREhanh$fbn I&&lOBWE@EM& aoalstllui'l%n%b%laﬁﬁt a REPtibS afRMig!d ed by

the tenperatufe control mechanismby either pre- heating or pre-cooling the
CPS streaﬂmaswqguaunrepMHdmermomxpmémmOQMEmeheata exnhaﬁgmrpftmne cat al yst

bed conpr n HTM (as, .defined above Af t er

oot al var BEfah b Ao il SRS el DI RaighaSHL s,

i ncl udi ngvmbA r@ﬁ@ab@ﬁqmaﬁneﬂgécﬁlbﬁdoﬂbﬁmlth@@atsanm&gcowr@wﬁtsenaypl cal l'y,
t he tenperature control nechanismcan naintain a tenperature of 40C to

400C in the <catalyst bed. Preferably, the tenperature control mechanism
can mai nt Bintemnperasprgeqontrgh echanisie nadnt epryriiseh dhegmoopmts cenmsoigd. tonbr e

pref er abl I n rature
"t he- caarplf BETERAG ARy oCPOLRL oRRENRARRIR W e TaBpheORE
product cigntisdalg dthieved ebyt haing26) mB-rhi‘eaI’ér/]ﬁN&Boler Hioeftae ablPS' feedhe plast fied
phenol - cont ai ni ng product contai ns, ng nor 2 ppm o 2MBF. 9 WO

03/ 08491 0PTPETblEABIFPRIgREd @oﬁﬁeféwafﬁiﬂ%ﬂ@fc%%gf@gﬂ @lﬁa?paﬁ%tspnbséct&aw@zép to the

crude cl egvage m xture to forma neutralized crude cl eavage mass

m xture are sodi um hydroxi de, ammoni a and organi c ani nes. The separation

section may conprise a distillation apparatus, a sorption apparatus, a
The facility may also comprise a second separation section connected to the catalyst

bed, wherein the purified phenol-containing product is separated into two or more
streams and wherein one of the streams is a phenol stream having greater purity than
the purified phenol-containing stream. The second separation section may comprise a
distillation apparatus, a sorption apparatus, a phase separation apparatus, an extraction
apparatus, or a combination of these. Preferably, the second separation section
comprises a distillation apparatus. More preferably, the second separation section

comprises a single distillation column.

An embodiment of the process of the current invention as shown in the drawing is
now described in more detail. By the conventional continuous flow cumene-to-
phenol process, fresh cumene 1 is oxidized 2 to cumene hydroperoxide (CHP) and is
subsequently cleaved 3 (acidic decomposition) to form a crude cleavage mass mixture
containing phenol, acetone, unreacted cumene and the various byproducts formed
including "carbonyl-type" impurities such as hydroxyacetone, aldehydes, and mesityl
oxide. This crude cleavage mass mixture is neutralized 4 by addition of a base and
then released as a stream 5 for further processing via the distillation columns (6, 8,

10). From these three distillation steps are continuously generated: A) a crude
10



phase separation apparatus, an extraction apparatus, or a conbination of
these. Preferably, the separation section conprises one or nore

di stil | atwon3appar at uses. More preferably, the separati oRCTASHI/@I695
conprises three distillation colums in series. The tenperature control
mechani sm may conprise a thernocouple connected to a controller and a

heating and/or s eclgo) 09, ‘ares%gﬁqhé a{;gr@emaﬁmt eﬁol' &retaﬁ]lp ngleyah df,b M)S't

usual |y achicdved y ‘asi‘ng a pre- pre-co fee

pr ef er abl phenblt sirsanfiClNi edeiktdHOfdI7T-8¢ tt)o f;ﬂed&lngorttdnﬁlr@PS unabert dfetraepar at i on
section into the cat alyst bed. The facility may al so co {ll se a second
separ at i OHPIEEES dif %%é@@@@otla"? hearbaRyrtyRs’ cURAMINARLS AERIRN t3RBNYLRS i ed

phenot - ¢ ARk RLRA HmfHiRAN Via b&v%ﬁtﬁ’&f]%ﬁ lifn® two or more streams and

wherein one o treans 1s enol stream having greater purity than
the purified phenol -contai ni ng stream The second separation section may
conpri se Bhe dudé¢ phéml iswernapgpareat passesacavinpoushynthapygr afined-bed pm@eIZ

separation a arat u tra i on ar tus orrb,l na of these.
Pr ef er abl §°" *‘F‘ﬁ@gs%?ﬂ&ﬂgé’gﬁ %ﬁtssécgli%p cfﬁ?b?v ie@f 3 %i §?r ﬁq

appar at Uslmﬂ\fPl'il‘é‘s"F}fr@Jeﬁf ﬁ‘xllhé’ stréa'ﬂ?b? qeiaRdtabeRa @i %hcﬁ&%v'nﬂrpheﬁ&@'fd)rﬁﬁs a
single distillation colum. nbodi nent of the process of the current

i nvent i onhigh-botimgrderimativigs. éfha\mfmg&l |09€rah@g/\/te(ﬂﬁ§fﬁﬂll‘ﬁéﬂ thenfixgst-eeddeassgl lis By t he

ot i zed 35 G RHSHS R GRS bl MRS oR 3T RBRY b FRs HRDC, ' °

(aci di ¢ desomtpe TIPS foey tottﬁe finedrbed edseed £Thed @Fﬂ\dagel 4msmmnytaaee>fmoam<au ni ng
phenol, acetone, unreacted cunene and_ the various byproducts fornmed

i ncl udi ngotheragasRsyI-1yPg pRIPUTIHesw ffeds dle Bl Hil%%lah%?@ky’aclét where thg ghydes, and
mas! t _yI (%ﬂngf germ'tl%s oHﬂﬁd ﬁ"J RERA§- b%@%@ssén 1 ¥4 AE ?erhgv % nﬁ?@ fr%npy
se for turt

addition o en rel ea as a stream processi ng
vi a t he dihstfidal pfddact glehohnsgedit,178, HighOqualiBr fimalt fredwect tphewd idipsddukcédat i on

steps are contihuously generatedq: A crude 10 WO 03/084910
PCT/ US03/ #7i8bis forisphshg! P@iﬁﬁg’,on% pgasf‘%ﬁer@t‘ﬁs%am 9, and ©) a crude phenol
stream 11. The crude

The HTMs can be regenerated by several methods as previously described in the art.

A preferable method for regeneration involves washing the HTM with water, and then
heating the HTM in nitrogen or air at 200°C to 600°C. Heating at 400°C 1s
preferable.

The following non-limiting examples are provided for illustrative purposes only and

should not be construed as limiting the scope of the present invention.

Example 1

A synthetic mixture of phenol and HA (200-1000 ppm) was placed in an autoclave.
The operating conditions maintained within the autoclave were 215°C, 500 rpm, and a
30 minute residence time. The HTM catalyst, PuralMg-70, in the form of a calcined
powder (2% loading) was added to the autoclave. The HA conversion in the resulting
HTM-treated reaction mixture was measured and found to be 96%. An amount of

1.5% of 2MBF (3 ppm-15 ppm) was found in the reaction mixture. This result shows

11



phenol stream 11 consists of 97-99 wt % phenol containing a nunber of trace
inpurities including 100-200 ppm "carbonyl -type" contam nants whi ch cannot
be renowwo oBosiphenol via conventional distillation. Thectrusdgomwbenol
stream 11 next passes continuously through a fixed-bed vessel 12

contai ning an HTM whi ch effects a chem cal renoval of the "carbonyl-type

i mpuritieg” A Yol o ~ ' ' I with
phenol  t art Rl slibart PAAFLAERTL N AE 1 s AR o R M er ot ur e
of the fitketbrimato efskiw armour? b 2RI b prkdncd fred Hy. a t enperature control
mechani sm 13, which pre-heats or pre- cools the CPS feed to the fixed-bed
vessel . Tge eff! uent 14, essentially free of HA and other carbonyl-type

i mpuritiestd s the final distillation colum 15 where the high- boiling
derivatives forned in the fixed-bed vessel 12 are renoved via stream 16

from theryfe pathoRrFRIEMMAOaNRhs repbhtB@With/theHiage AWakiateriafs, AakheptadsiiCt
phenol is produced suitable for blsghenol and pol ycarbonate plastics end

use. The daENting ganditons ehdistime theyH Edeatalyst veasHoual Mg 7( pellatoist Jaddescri bed
inthe art. A preferable nethod.,f re i I I . | t he HTM
wi th vat dieen shed o & ﬁg%f)?wn%ert TuEHAFFRERTG %lgtg% rdsTHRe FERERILAR 1 25
Heati ng abas400fd tosbe o6f f1daidl B.of DB ¢ psi-nNg ppay)-was Ifoliidig texmapiias ar e
provided for illustrative purposes only and should not be construed as
limting MA&I8cope of the present invention. Exanple | A synthetic mxture
of phenol and HA (200-1000 ppm was placed in an autoclave. The operating
conditio hhtai ned within the autoclave were 215C, 500 r and a 30
108 , pm
m nut e rg%@@m‘e time. The HTM catal yst, Pural MgJ-70, in the formof a
calcined powder (2%l oading) was added to the autoclave. The HA conversion
in the rekhd miethgd offBvWampéa? evhsriepeatddoat the seme eporatingnearditiens, daweYaund to be

96% An a of, .1 5%.0f 2NMBF (3 m %{9 was foung;gign eaction
mixt ur 6. PO Gt ithmas B ons PO A B e e o caele £ B¢

HA conversion in the resulting reaction mixture was found to be 94%, and the amount

of 2MBF was 0.2% (or less than 1 ppm — 2 ppm). These results show that the catalyst

is just as effective after being recycled once.

Example 4

The method of Example 3 was repeated at the same operating conditions, however,
the HTM catalyst used was the one recovered from the experiment in Example 3. The
HA conversion in the resulting reaction mixture was found to be 94%, and the amount
of 2MBF was 0.3% (or less than 1 ppm — 3 ppm). These results show that the catalyst

is just as effective after being recycled twice.

12



that treatnent with an HTM can be effective in reducing the amunt of HA
and with the formation of a | ow anount of 2MBF by-product from HA. Exanpl e
2 The netWwod3wo$4oExanpl e | was repeated with the sane raw rararsvad=9s at t he
same operating conditions, but this tine the HITM catal yst was Pural My-70
pellets that had been crushed into a fine powder. The HA conversion in the
resul ti ng%[geiicti.on m xture was found to be 94% and 1.1% of 2MBF (2 ppm
-11 ppm Yund in the reaction mixture. Exanpl e 3 The net hod of
Exanple 2 was repeated at the sanme operating conditions, however, the HITM
cat al yst usAGro&ss fdreonnating cabemnyddypa mmpurities prepemmar]ﬂuemthsoqumlte) 2. The

HA conversion in the resulting reaction mxture was fo % be. 94% and
t he anourftigh-Beilipngaferixalaves, 2y PrOCESsCRPRIRCE CBB‘i‘i‘f“nthhﬁpEl?eno heSlvepbsul t s

show t hat,, ,22 CALl gtyat? cgétxa a?jtrrlg?]t]y-@ﬁ"e&fvtse& Xﬁtlﬁété%ﬁd Q@ﬂaggt kempabiag once.

Ie4 met odo was repeated at the sanme operafing
condl t i orsyerbbdenbde hydrohide efiivbesitiad 9fshe tispadlanas t he one recovered fromthe
experinment in Exanple 3. The HA conversion in the resulting reaction
m xture § u.n%ggép €.94% and the anobunt of 2MBF was 0.3% (or |ess than
1 ppm - bﬂ@ Vd¥ul ts show that the catal yst is just as effective
after being recycled twce. 12 WO 03/084910 PCT/ US03/07695 W claim 1. A

process f@ra Hﬁm{t@rthér%]f G Isypeivialgptifetal @atidh, @8'€1¢ aitfivalemhmsel i ¢
solvent to h-boi |l i ng derivatives, which process conprises contacting
t he phencﬂain@n,s | ipeant intgpayRr anioat off ghareeap- aané‘a’é df yrong 4 HZBI%PfSeébq%v

Pelliods HiBaucifl SRS olaifRITEeSh DR m%%ggagﬁg )QQHUB |\2s e P fied

amount of carbonyl-type impurities.

2. The process of claim 1, wherein the M" is selected from the alkaline earth metal

cations alone or in combination with other divalent metal cations.

3. The process of claim 2, wherein the alkaline earth metal cation is magnesium

cation.

1

4. The process of any of claims 1-3, wherein the M is selected from the Group I1IA

metal cations alone or in combination with other trivalent metal cations.
5. The process of claim 4, wherein the Group IIIA metal cation is aluminum cation.

6. The process of any of claims 1-5, wherein the anion A is selected from the group

consisting of C032', NO;’, OH', CI', F’, or combinations thereof.
7. The process of claim 6, wherein the anion A is CO32'.
8. The process of any of claims 1-7, wherein x is from 0.2 to 0.33.

9. The process of any of claims 1-8, wherein the catalytically-effective temperature at

which the catalyst and phenolic solvent are contacted is from 40°C to 400°C.

13



or a hydrate thereof, wherein MI is a divalent netal cation, MI' is a
trivalent nmetal cation, Ais an interlayer anion of charge n-, and X is
from 0. 12v0®3084010 t her eby produci ng a phenol - cont ai ni ng PCTABN3/AG6HH

hi gh-boiling derivatives and a reduced amount of carbonyl-type inpurities.
2. The process of claim1, wherein the MI is selected fromthe al kaline

earth netal I Kol rodaL: i laﬂé!!- W - Lval - et al
cations. @.’ ?}C?zﬁ%?%?zé’zs&o gglwaqe%l’g,ﬂ{%er |c(r%ﬂy \r?gkgﬁl%a{gﬁ{ﬁeeggdg?taﬁ%ﬁl cation
i S magneshaieatalgsitand phenblic Fhiveptr ve eaganéd B Myono 20@ICaHorA)0IC.3, wherein the M|

is selected fromthe Goup IllA netal cations alone or in conbination with
other trivalent netal .catiqns.. 5.. The process claim4, wherein,the G oup
1A metdl ¢ e@RSHCquOQF‘&}ﬂ’ﬂ@rW‘Eé‘?'PcS'Pﬁ oo y&?ﬁ?&%&%f“’&ﬂ’_e&%’ive& WL s 1-5,
wher ei n thec ARy QAndphénctilseReRChre QMO sTFMIP10€0RSI2PCNg of C032-, NO3-,
OH', d-, F-, or conbinations thereof. 7. The process of claim®6, wherein

the anion A is C032 8. The process of any of clains 1-7, wherein x is from
0.2 to 0.123.Thg propises pfrapyedslavns drlyl, whergingthpphanad-copfiaining sireapecontains

catal ytical | y-eff iV 1 [ i t he catal yst and phenolic
sol vent dPendis aé’gﬁepdo | 8&%%%%‘3&@%@%@ WO 03/ 084910 PCT/ US03/ 07695

10. The process of claim9, wherein the catalytically-effective tenperature
at whi ch 13t hEhecprbedsy o chindl 1pvereedin chesgevieRtonadiringantantoedtais fa more200C t o
300C. 11. The process of claim10 wherein the catal ytically-effective

t enper at tha 2PPuef éNBk-ne catal yst and phenolic solvent are contacted is
from210C to 220C. 12. The process of any of clains 1-11, wherein the

phenol - cont aiAi $¢ SRR ERMNRT OFborY-tyFRI finf}afs 20PN fBEnol; lvent,
D ret hyl bonzof Broces; SRppaniind! Citborlib U B BUHRILs HorRliTenolic solvent

phenol - coonprisingghsstepsaoh cont ai ns no nore than 2 ppm of 2MBF. 14. A
process for separating carbonyl-type inpurities froma phenolic solvent,

converting carbonyl-type impurities present in the phenolic solvent to high boiling

derivatives in accordance with the method of any of claims 1-13, and

separating said high-boiling derivatives of the carbonyl-type impurities from the

phenol-containing stream using conventional separation techniques.

15. The process of claim 14, wherein the conventional separation technique is

distillation.
16. A process for producing phenol comprising the steps of:

converting cumene to produce a crude phenol which may contain carbonyl-type

impurities; and

converting carbonyl-type impurities that may be present in the crude phenol to high-

boiling derivatives in accordance with the method of any of claims 1-14.

17. The process of claim 16, further comprising the step of separating the phenol

from the reaction product using conventional separation techniques.

14



conprising the steps of converting carbonyl-type inpurities present in the
phenolic solvent to high boiling derivatives in accordance with the nethod
of any ofwoloabswid- 13, and separating said high-boiling decrwabi/wess of the
carbonyl -type inpurities fromthe phenol-containing stream using
conventional separation techniques. 15. The process of claim 14, wherein
the convepyignal separation techni i i st.illatian, ss for
pr oduci ng H§ﬁ8ﬁmﬁ5ﬁﬁf‘EF&?%?%P%F@%@h%?¢‘@3%@2Ff%%%qgﬁﬁéﬁgeégggﬁgguce a
crude pheng} cohfaihcarynyaps@imp@itideonyjrotype, champisrized en; thanthecanderti ng
carbonyl -type inpurities that nmay be present in the crude phenol .to high-
boi | i ng detienohtstigam iif tERaEsr dane@ Vgt ﬁarlbﬁéyln‘ﬁt’%dﬂ“%f‘tlﬁﬁytoog“gi‘rnlé‘?‘%g 1- 14.

L7, The DiRaRDelsif Anlinbdin JbIARL: GRABAY 8 dfinkshe) 1 ep of separating the
phenol fromthe reaction product using conventional separation techniques.
14 WO 03/084910 PCT/ US03/07695 18. A process for converting cunene to
phenol , wher gifacibtydoucmvphimgehmshe tgrhenbl, stid favelyty compasingcar bonyl - t ype
inmpurities is produced, characterized in that the crude phenol streamis
treated to convert carbonyl-type inpurities to high-boiling derivatives
using a A&l Wpaﬁﬁ@8m¥jth any of claims 1-14. 19. A facility for
converting cunene to phenol, said facility conprising: (a) a vessel

cont ai ni N@) gUireNRact{od) vedsel cbsiectedas thoesyd coblaiming b@aéRd wherdine waésel
contalnlng cunene, wherein in said_ first reaction vessel the cunene is
)

oxi di zed fist feaetiom vessalethe CHIPER® pepdized tq fgum a cyngpe hydropgroxidg (SBEYnd
reaction Y 3%1 connected to the first reaction vessel, wherein in said
second reactroh vessel the CHP m xture is cleaved to forma crude cl eavage
mass m xture;

(c) a second reaction vessel connected to the first reaction vessel, wherein in said

second reaction vessel the CHP mixture is cleaved to form a crude cleavage mass

mixture;

(d) a third reaction vessel connected to the second reaction vessel, wherein in the third
reaction vessel a base is added to the crude cleavage mass mixture to form a

neutralized crude cleavage mass mixture;

(e) a separation section connected to receive the neutralized crude cleavage mass
mixture, wherein the neutralized crude cleavage mass mixture is separated into
streams, wherein one of those streams is a crude phenol stream (CPS) comprising

phenol and which may contain carbonyl-type impurities;
(f) a temperature control mechanism connected to receive the CPS; and

(g) a catalyst bed connected to receive the CPS, after it passes through the
temperature control mechanism, and to produce a purified phenol-containing product,
wherein said catalyst bed comprising a layered double hydroxide composition for
converting carbonyl-type impurities to high-boiling derivatives in accordance with

any of claims 1-14.
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(d) a third reaction vessel connected to the second reaction vessel,
wherein in the third reaction vessel a base is added to the crude cl eavage
mass m xtwoasppwiorm a neutralized crude cl eavage mass nPKTMISe3/07%62) a
separation section connected to receive the neutralized crude cl eavage nass
m xture, wherein the neutralized crude cl eavage mass m xture i s separated

into str rei ne those..stre I . Cr nhenal s am ( CPS)
conpri si ng& nﬁh%ﬁ%ﬁl%?g Cv%rinc]%f’ Mreé%measleﬁgrga?%geﬁ;@loﬁtc§%§r1| %pél}{l’%l ¥ %él% (f) a
t enper at ugR grefetdbd) thichiatiasioh appuraaseed to receive the CPS; and (g) a

catal yst bed connected to receive the CPS, after it passes through the
tenperature control nechanism and to produce a purified phenol -containing

product, 2hndbpeifssiliyiod daimal 3 er 28euhaainghe &mRpratureSARtrelMEEIANMEN K3 oxi de

conposi ti gn: gﬁgk i yB®d {griehbEi es to high-boiling
derivati v@gmlfta?lﬁ S(t:c rggpl{:eléﬂ\?\nh{%wgﬁ?k%% ??)ai ms 1- 14. 15 WD 03/084910
PCT/ US03/ 07695 20. The facility of claim 19, wherein the separation
section c2hpriteefacite ofranyoofeclainandS-21 e figtheblopmiphisieg alisetand| sgparetion

apparatuses,. 21. The facili of . cl.ai.m 19 or 2 wherein the tenperature
control n%eéﬂ%i%rﬁigﬁag’w "}’rﬁlen{ A fjbg o ngrq(g ’tcﬂ%neééet%aﬁoytg‘f Cﬂggysf 40C to
400C. 22. pethevieaGh lthd Yulfie@BHel-coh@iniy pRddd: isfsepdrhRl inMWd 6t Rtré second
separation section, preferably in the formof a distillation apparatus,

connect edstteamshehesein @ing of thebgirkamatie p @henal iseregrn hiaying regiernpirity, §1odhei ng
product is stee{%ar at e]dC i Ft.ont o, or nmore streans wherein one of the streans
is a phen% i r@ﬁﬂ?h&?%@ %Péa €r purity than the purified

phenol - contai ning stream 16

16



