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WD 2004/ 074230 PCT/ US2004/ 004009 PROCESS FOR
PRODUCI NG PHENOL AND METHYL ETHYL KETONE The present

wa@ppiiozesl on rel ates to a process for 5 producP@mUs2004/004009

phenol and nethyl ethyl ketone (MEK). The product
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30 described to date for produci ng MEK as a CO-pro uct

| @MSe cpreriuctdBY loPhEReholCRay IFsithglBoRAY 2 ohol
COMER) C1 BLLYopd ARlL . (ABPTMRIS | @lrlet oV @ﬁba) new@éﬂsaraf e

needed’ f or prooduci ng control | abl e yi el ds of phenol
ded NBK, (amd, indradesicr egid1syeh 2004038230 acid. Acetone,

PQE&H?%QQ&AQP%QQ@;menOl are the primary products in this

group. Equimolar amounts of acetone and phenol generally are

produced by this method.

Although acetone has a variety of uses, acetone
generally is not in as high demand as phenol. MEK is a
technically important ketone which is used, for example, as a
lacquer and as a resin solvent. MEK is a high value ketone
which can be produced if s-butylbenzene is used in the
production of phenol (rather than cumene). The methods
described to date for producing MEK as a co-product in the
production of phénol have not proven to be commercially
viable.

Commercially viable methods are needed for producing

controllable yields of phenol and MEK (and, if desired,
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acetone) during the manufacture of phenol,
particularly nmethods which are controllable to

W0 p@ne280 or decrease MEK vyield, dependi ng upp@I/Ds2oke004009
demand. It has been surprisingly found that such a
process can 5 be obtained by producing phenol ,

acetone, and MEK by a _process incl udi OXI?IE
acggppg) daFk99bEH%eﬁégugﬁatuéﬁea€.ﬁeeaﬁ Bpalra ﬁgrﬁwe
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diragram of the process of the 10 present
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preX%peki Apphakasapnl esrtgunki chiNH3 wasecadded, daSgram of a

described in Exanple 2. Figure 5 is a chart of the
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oxi dation feed to an oxidation reactor to 30 produce

whaghogirgatHenvas xadded aheaoxidaei of 3204l kespdi ehngxpected

g0 g3t ogfl Y bepzenes selected from (o)

but ylllgaméemeland ehaenepf2tWO 2084/0064230MBA + EMBA) to
toggzlggéggégggigggs achieved in a control with no added NHj3
and in experimental samples to which NH; was added, as
described in Example 2. Figure 5 is a chart of the ratio of
phenol to total hydroperoxides achieved in a control with no
added NH; and in experimental samples to which NH3 was added,
as described in Example 2.

Accordingly, the present invention provides a process
for producing controllable yields of (a) phenol and methyl
ethyl ketone (MEK) or (b) phenol, acetone, and MEK, said
process comprising the steps of:

feeding an oxidation feed to an oxidation reactor to

produce an oxidation mixture, the oxidation feed
comprising one or more alkylbenzenes selected from
(a) s-butylbenzene, or (b) a combination of s-

butylbenzene and cumene;



oxi di zing the oxidation mxture to produce an

oxi dati on product stream conprising product
whyanopesoxi des selected from (a) s-butyl benze@EUS2004/004009

hydr operoxi de, or (b) a conbination of s-butyl benzene

hydr operoxi de 5 and cunene hydroperoxi de; cl eaving

the prqduct h X|des rodu cl eavage
proag%glébﬁ%r¥g?ngxf ?thEnBFXgHHeN%R PgpAuEp) a ghaﬁaﬁatlon
acet one, QBQu&EKst§§9ﬁré&hﬁ91E&961bﬁ%dﬁb%aﬁ99%oﬁégéﬂiﬁes

a crude phenol 10 fraction conprising phenol and

crude keﬁ@h@ctgdréaﬁmséaécsebutwéhﬁpapna bvdd@pWERdee, or
stream ory, cr ude. acet ong/ reamco
2 % cgmbln FQH GBNEL BE% ige ﬁEFeHggg§h§?8x1de

MEK and one; ~an coverlng on
selectedaﬁdoauMEﬁéangﬁebpeiBXadetone In one

enbodi nent the invention provides a process for
pr08E@Pﬁbnﬁoﬁh?oPF%%P%tyh@ﬂﬁ@pSFoéléﬁﬁbFﬁa?F@ﬁuSF a

productsclésbsgéesréagaktBsm9&9g@wgowélSbhegogfaﬁa)MEK or
phenol and net et hyl ketone (b) pheno

acet one, (hhdeEKQlThecezcnpro@eésMaﬁmpr|ses feedlng
an oxi dat X|dat|on r

an SxpaaeroRontxonr En8r RESaYRkR: Poncrcea” EongF Srage!

one or nﬁf@c@h&ﬁ|b@ﬂ@ﬁﬂ§§n§ebﬁéheﬁ bhamg bbadgraaaone
consisting of (a) a content of s 25 butyl benzene, and

(b) a coRbraai salerted Buey hahzenerang MEkeméraemaor (b)
wei ght ratie,gf &HQFQSe/MBKS3Pyéxhbéeﬁ§9§slﬁépﬁﬁkngnd

the oxidatron m xture to oxidation con
ef fecti vectoopepdacé an oxi dation product stream 30
ri sing,product hydroperoxi de d fr.omt
o oReanRe: B e oot (5 PR B RE R, SROCCRYr haToUEEeand/ox
and (b) acegshknation of s 3 WO 2004/ 074230

PCT/ US2004/ 004009 butglbenzene hydr oper oxi de and
cumBpeone embodiment the invention provides a process for

producing controllable yields of a combination of products
selected from the group consisting of (a) phenol and methyl
ethyl ketone (MEK) and (b) phenol, acetone, and MEK. The
process comprises:
feeding an oxidation feed to an oxidation reactor to
produce an oxidation mixture, the oxidation feed
comprising one or more alkylbenzenes selected from
the group consisting of (a) a content of s-
butylbenzene, and (b) a combination of s-
butylbenzene and cumene at a weight ratio of cumene
to s-butylbenzene;
exposing the oxidation mixture to oxidation conditions
effective to produce an oxidation product stream
comprising product hydroperoxides selected from the
group consisting of {(a) s-butylbenzene

hydroperoxide, and (b) a combination of s-



hydr oper oxi de; cl eaving the product hydroperoxi des

under cl eavage conditions effective to produce a
wW@bk®@awagso product 5 conprising a combi nati on BEl/E81084004009

fromthe group consisting of (a) phenol and MEK, and

(b) phenol, acetone, and MEK; and, separating the

cl eavage,  product unde eparatio condi tions
effectiVQBF89§@B5?3?eL¥§EP88§06ﬁ§ﬁ0Pnglﬁupﬁﬁétion
conpri si gqpReBReLxaRd;a crude ketone stream sel ected

fromthe group consisting of (a) a crude MEK stream
andclbyvangr be pcetuvat/ VMERrepesamidesnpnidsicnglEKadRd

acetone; _and..,tecovering, o r r roducts lec
rom t necghous i B88 EnarerPa, oy Bkl ReR 5 B8t bEBanct
and (b) aompefbingt koBoebARELSDAY saleMEKdprE@dtictthand roup
an acetone product. In one preferred enbodi nent, the

i nvent i oROPPATEEBE af pRrOCBEENPér 2pFolEErngnd (b) phenol,

controlIg?ggoﬁgelgﬁdoﬁEg;cgﬂgLnation of 20 products
sel ected fromthe group consisting of (a) phenol and

MEKsepadathhgphbrot leavegenprodndtMEKdesaisgrpratéss
conpri sing; .feeding oxidation feed to a seriges_of
continuoﬁgnd8§?839iS%?Fggéygréot868558%8eaaﬁrggﬁdggﬁgﬁl
m xture f25canenf eeflbRgsangopheaoof anEl acdlrarcoxy86ne

to the oxidation m xture, the oxidation feed
conpri si A§reaMesererbrd AFRY bBRzEHEsPssrasiedingomt (2) a

the 9r°”8ru88”ﬁ' tEEQeQE ﬁb §b§ogt%th9facetone/MEK stream
) a co ng

s- butyl benzene I nation conpri si
s- butyl benzmpnésand MEKeardatcB8foae; and,

cunene: s- but yl benzene rati o; exposi ng_.th i dati
i xEGFBVESBYi AFT 6h BBREi PFOAECCE! PELEALE: 6 ToFofEe ITOUP
an OXidaEbﬁ@i@EQﬁEbesgé?aﬁh ﬂgﬁpbk%ﬁﬁ&tp%%@UQb) a

hydr oper oxi des sel'ected fromthe 4 WO 2004/ 074230
PCT/ US2002mbonsbgongceuprésnsdsennEsf pegpuct and an

s-butyl benzeng, product.

In one preferred embodiment, the invention provides a
process for producing controllable yields of a combination of
products selected from the group consisting of (a) phenol and
MEK, and (b) phenol, acetone, and MEK, said process
comprising:

feeding an oxidation feed to a series of continuous

oxidation reactors to produce an oxidation mixture
and feeding a source of molecular oxygen to the
oxidation mixture, the oxidation feed comprising
one or more alkylbenzenes selected from the group
consisting of (a) a content of s-butylbenzene (b) a
combination comprising s-butylbenzene and cumene at
a cumene:s-butylbenzene ratio;

exposing the oxidation mixture to oxidation conditions

effective to produce an oxidation product stream

comprising product hydroperoxides selected from the
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hydr oper oxi de, and (b) a conbination conprising s-
but yl benzene hydroper oxi de and cunene hydroperoxi de;

wGh2®epanrad i ng t he oxidati on product stream undBCT/US2004/004009

oxi dation separation conditions effective to produce

an OB and an oxi dation vapor overhead; feeding the OB

and a quantity of water to_one or re. strippers and
exposinggFﬂBpCEOPSl§%ﬁpﬁppﬁgqié 565@F¥#8ﬁ§2 ective

to concep{HabgebUliyref haat i(¥e at ecdecarReSe $BhPrising s-
product hydrogerOX|des, the stripping conditions

bei ng ef pPatvibentenpr bideergrogifdeppar cwaechead and a

stripper.h ns_compri sing the hydroperoxi des, said
quantityhgggégFﬁPxﬁggﬁg 15 effective to produce a
firgtpaondengethwapati dahase peodpLisisngeammBjnakirt pxaHation
wat er, ethanol, nethanol, . nmethyl hydroperoxide, ethyl

hydr oper 8RPEE2C4RB CEBRBIAEPFORS TERELEST Lo RTPRECRI A8t OB

StriPperanavgﬁh8§§aa%90wh%5§bg bhe rskhippi ng
conditions conprise first stripper conditions
ef f Eeediegt cheroBlueed aa dquardti tyt Kifppeiteotbonseand more

first str er _overhead conpri,sin portion of the
one or ﬁ% PRERY | BRAZEHR ?ﬂg%1§5%gﬁgt§iﬁﬁﬁﬁgplng
condi ti opsnef t eehé vertocpreduce doneeaand sShiitppeeffective

overhead and a second stripper bottons, and third
stri pper teoABFPIBASE 33 bR tRARIGT frstister@xidgsy dthe

stripper sQ}{gf)Qtf?gpggﬁidi@i&gs %éiirﬁgoeerffe%gi%t tt?irr?g?duce a

wher ei n sai I'ng conditions conprise a
stri pper spréppéreoyeeadad drivhre atsEggret Podomns comprising

20041 01200 PCTLLSZ003( 04000 , 1. pRss PLSSEALE . being
effective to produce a first condenser vapor phase
comprising a majority of water, ethanol, methanol,
methyl hydroperoxide, ethyl hydroperoxide, and
combinations thereof, in the first stripper
overhead;

wherein the stripping conditions comprise

first stripper conditions effective to produce a
first stripper bottoms and a first stripper
overhead comprising a portion of the one or
more alkylbenzenes;

second stripper conditions effective to produce a
second stripper overhead and a second stripper
bottoms, and

third stripper conditions effective to produce a
third stripper overhead and third stripper
bottoms,

wherein said stripping conditions comprise a first

stripper pressure greater than a second



exposing the first stripper overhead to first stripper
over head condenser conditions conprising a first 5

W@ 200pes0 over head condensati on tenperature anPCHUS100£004009
stripper overhead condensation pressure, said first
stripper overhead condenser conditions being
effective to cause a majority of the one or nore

al kyl benzenes StH1PREY PSS SSES Fp6f toverlrhédd & &higd

condense, producipg.3 iJlkskyeendenser organi ¢ phase,
said first stripper ovérhead condenser conditions and

sai éxgoamngt ghef fuatser salrdpribel pyerdkbacttiovd it stripper
produce a f&&ét c%gd nser vapo%ﬁghase co L'SEggaafirst

maj or i t y 8P TREREr 76, Srethans’® f

hydr oper g¥irlgpeet Byl rihvdopeneknde r iafd t ca@EtzRHORSd a
thereof, in the first stripper overhead; separating

the firstieshdehsépreaporphase rrafensetipny pressure, said
COndense%igggagkgﬁggg§sbv%gh%% %%hh%%s%@ebgﬂéﬂtions being

condenser vapor 0 secon condensati on
condi ti opEfettarki v ttauser m amagecdnyg ofortdensere or more

organic se. and a second condenser . aqueous phase
o o1 B TR Py SR St M et et Y atged to
met hanol cohhRenset hyl-chydriereroxidetr 29nhReseth¥Wrganic

hydr oper oxi de, and conbi nations thereof in the first
condensepPhaaper sphdsélrddc spdPrrg rherbeechgondenser

Condensercoﬁgf%?% SPHase s%nggg%%tggrt&;éfd%%%rg%oéielgsioo%eing

condi tions ective'to 0Sé r'Oper oxi
sel ect edefrenttike @goowm o3 ceorsifitrisng cohdethylr vapor phase
hydr oper oxi de,, nmethyl hydr.operoxi de, and conbi nati ons

t her eof , CPBPELEdlige @ TREATY Cde¥GiSdsi GitORPlodmGthanol,

conpri Si c I des, r j I1ds,
A A e e R Ry Sl

t her eof , combdnehéomsl tdecewgosiini the ddnditt isdns pper
conprisigge%h%gggnal deconposi tion
separating the first condenser vapor phase from the
first condenser organic phase;
subjecting the first condenser vapor phase to second
condensation conditions effective to form a second
condenser organic phase and a second condenser
aqueous phase comprising a majority of each of the
ethanol, the methanol, the methyl hydroperoxide,
the ethyl hydroperoxide, and combinations thereof
in the first condenser vapor phase;
decomposing the second condenser aqueous phase under
thermal decomposition conditions effective to
decompose hydroperoxides selected from the group
consisting of ethyl hydroperoxide, methyl
hydroperoxide, and combinations thereof, to produce
a thermal decomposition product comprising

alcohols, aldehydes, carboxylic acids, and
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tenperature of from 80C to 250C and a thernal
deconposition pressure of from 100 psig to 200 5

w@siogo7f2eedi ng to a first cl eavage reactor at PEHES2084/004009

portion of the third stripper bottons and an acid
catalyst to produce a first cleavage reaction

m Xt ure, sa%d acid catal yst being effective to D
cat al yzeCPHRIABt tPRAVERBTBP ThyBRdPerBRFHBS SEFEEPRFLTLION

fro”’thecSﬁQPPioﬁQnébﬁb%ﬂgiHE 8- PHEYLRENEERBmposition

hydr oper oxi de, cunene ~hydroperoxi de, and conbi nati ons

t her eof , texposahgreheff Fren 8Pé8vage2hBAa€Et hod A khermal
to first cleavage.reaction conditions ectiye.to

pr oduce gecagp?%?§%08|ggsgagr$egétFsﬁmpﬁééugﬁ}gsgﬁd200
first clpgavgge reaction conditions conprising a first

cl eavage reaction tenperature of from45Cto 70C, a .
firEeeciedvhgedr EhEEFoRLBRY3EAr 8°3GEPFcRENLPFSthRgROFG1oN

mai ntainoEnenll ERt 6] 8RY2EBoECBELEBRS20nM] XhULE 1N LG yst
l'iquid phase, and a first cleavage reaction residence
time of tooprddtoeld fiinates]lecasabpecebnyibhemfikktstre, said

cl eavage_reaction. product to cond cl eava eacti_on
condi t 1 ORE L8 FRLEL V80t BOpPEEEGSST 1¥BcbAd T BhVABe oS
reactioncpegesigs, osahgasepenrdx2aes! eavagecHe@ebnoRhe group
condi tions conEr|S|n a second cleavage reaction

$

t enper at 8PeSbPLiRGNPEOSCPUbYIBONZENCahYEEBRETEKEARagEUMEne
reaCt'0”h§&?§§8£8x§H£f'shSP%omFESEEEQEQ'EE%ng%?CO”d

cl eavage feaction m xfure iquid ase, "and a
firskpoktayageer Eacttonldfveagsi deaceibhmaigtufreotwSfirst

seconds to 1 mnute; c¢ooling . and neutrali zin he
Second cPOSTEGGST BREEFOAT FROAACTORRT REAeShagRq O Produce a

cl eavagerf eact £ P8a Pk QUQEacBQthgkbahBE bagequrdes
second cl eavage reacfion 7 WO 2 04/ 074230

PCT/ US2004¢£804989r epebdant caadi FaPRzacPBAré6atot PoAgrst
effective, Lo, PLOJUSE:, BoReVLL AL 260, 8e69NY §heq¥age , 70°c,

reaction
a first cleavage reaction pressure sufficiently

high to maintain the first cleavage reaction
mixture in the liquid phase, and a first cleavage
reaction residence time of from 1 to 10 minutes;
subjecting the first cleavage reaction product to second
cleavage reaction conditions effective to produce a
second cleavage reaction product, said second
cleavage reaction conditions comprising a second
cleavage reaction temperature of from 60 °C to 130
°C, a second cleavage reaction pressure sufficient
to maintain the second cleavage reaction mixture in
the liquid phase, and a first cleavage reaction
residence time of from 5 seconds to 1 minute;
cooling and neutralizing the second cleavage reaction
product with a second cleavage reaction product

neutralizing base under second cleavage reaction
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product, said second cl eavage reaction product
neutralization conditions conprising a second 5
W@b®@awagao r eact i on product neutralization presBCr/ES2004/004009
sufficient to maintain the second cl eavage reaction
product in the liquid phase; and, separating the
neutrallzed second cleiéége reacti pr odu into a

heut 1 al | BEAYEEEONEUEFE by 40E 1 PBACOPORt 1RhSpPEGREELYS to

aqueous fraghb8naandurSKE,E8ede68ARN £SERYagB reaction
neutralized second cl eavage reaction produc? or gani c

fracti onprodedingseahe ekcondedleavager ugecképpnproduct

Col um (ggg%Fgg EXBOiEQﬁdEPEO scﬁgﬁggigg %énoFond

conditions e O produce a cru

fractuoncmeavagelngaétQathmbd&@tonEuWka%iaétﬁba pRessure
nor e alk¥lbenzenes AMS, AES, 222B, and_a CKC
vapor di SEFFEaL et chbApPrérhgiRvsreoperRBoRECEBY 26 ESaCtion

al kyl bengepggct VAt E€he W§u1éE§ha%828anand _
conbi nations thereof in he CKC feed; condensing

t hes€&rgapong uhstneuarelieegr@dgoedaCCKévagapoeaction
condensat e a ndensi ng_conpri.sin fee

G vapor TR SR 1 PR R0 ERE T RR0r = PaRter cBr VAR zeaction
subj ecti pgotibetr CkGu¥apser rdhsti bhabad2a tacCkeeMapefprising
condenser conditions effective to produce the CKC

vapor cofdefdh¥reliapd, secerpdsrhgavregeckeaghpep product
condensage gg%gkg%gggggncondensate separati on

conditi ons effective to produce a CKC vapor
confleadate bhgadKkC fagydr andaaCrB88eCKEtwapoColumn (CKC) and

por 1 on BFPORETBKENS apGRC CoRBeRbalECaRRBONE PAFoPLEgCt ive

the CKC EQ'%HBd@Eeaa £eGY6l ghpabNt fréc\é@oaogéfn 743389 from
PCT/ US2004/ 004009 m xi ng a renmai nder of C vapor

condensafewhqtieb0s®| dyed @ﬁthh@h@neKQIvﬁgéﬁ ééhdéhga?@nesr
organi ¢ AﬁggrAES, 2P2B, and a CKC vapor distillate

comprising most of the one or more alkylbenzenes,
water, AMS, AES, 2P2B, and combinations thereof in
the CKC feed;

condensing the CKC vapor distillate to produce a CKC
vapor condensate, said condensing comprising
feeding the CKC vapor distillate to a CKC vapor
condenser and subjecting the CKC vapor distillate
to CKC wvapor condenser conditions effective to
produce the CKC vapor condensate; and,

exposing the CKC vapor condensate to CKC vapor
condensate separation conditions effective to
produce a CKC vapor condensate organic layer and a
CKC vapor condensate aqueous layer;

feeding a CKC recycle portion of the CKC vapor
condensate aqueous layer to the CKC column at a

recycle point;



to forma CKC vapor condensate mi xture conprising 2
wt . % phenol or less; 5 recovering a product selected

WO p@a0t4280 gr oup consisting of (a) a MEK produp€T/a@s81904/004009
(b) a conmbination conprising a MEK product and an
acetone product. In another enbodi nent, the invention

rovides a_process  for dug] control | abl ield
of BhERBP. 2aCaroRBASEnaT1O0feLHyT TEPRYI CREFGRETE adueous

conpri si ngycheqdingran oxcdahpber teedeheadl exhdaticonayer
reactor to produce an oxidation mxture, the o
oxi dat i ohof Eedm eoRBFI ¥RRETracebABRAatEoNi&spEl SPRgrising 2

cunene apgd §-ﬁg%ég&bggz§§gFﬁmherein t he anount of

cumene is fro greate an 15 wt.%to | ess than 30
5 W . Yetelrarivg at probHactontesttell Srbut yhleegzeng; consisting
exposi ng the oxidation m xture to oxidation, conditions

ef fecti veEt d2pr 8dliEE RHCERFHaPPEN (B 0GuEOTELPE&AP

CO”DriSiEgmérﬁgﬁﬁgbgnﬁﬁﬁepkﬁéﬁeﬁeéﬁ&iQ% and toHEERe gLt
hydr oper oxi de; and, cleaving the product

hydr dperoritbes enbdedinkravaghe dorgntions pebfddeisve pgocess

roduce a_cl eavage.product . npri.si enal ,
£ BEBRE TR, R e PR vieTTeR s RASRE o heCEreRFaga™d
10 mephoUuethyndeetsapakatpens2hgeonditions effective to
separate a crude phenol fraction conprising pheno
andfgceindeaRePBhE2tiPReARPEORPr P8I RFIABLRPR EERFIOT to

ket one (nghu@@daEaSQHBQEioﬁ”ﬁix%ﬂgkeckhgg8&E%a%&8ﬂefeed

ket one streamto ketone separation 30 conditions

ef fecti veomprpsadgce anmbhéstbdnenpcodpct.siagd cameeehpnd s-
et hyl ke%oge groduct. 9 WD 2004/074230 .

PCT/ US2084F 802606 Fn YRGEREF ShbodMTERE, ofhgumene is from

15 i nventi ogrpe@¥rdesad PEOGESS thonepkOdUenNGOPRENGl relative
nmet hyl ethyl ketone, and acetone conprising: feeding
an oxi datPotihPee@nesnpr P§i Agbatwegheenati o of
exposing the oxidation mixture to oxidation conditions
effective to produce an oxidation product stream
comprising s-butylbenzene hydroperoxide and cumene
20 hydroperoxide; and,
cleaving the product hydroperoxides under cleavage
conditions effective to produce a cleavage product
comprising phenol, acetone, methyl ethyl ketone;
separating the cleavage product under separation
25 conditions effective to separate a crude phenol
fraction comprising phenol and a crude ketone
stream comprising methyl ethyl ketone (MEK) and
acetone; and,
subjecting the crude ketone stream to ketone separation
30 conditions effective to produce an acetone product

and a methyl ethyl ketone product.
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5 cunene: s- butyl benzene of from1:8 (or 12.5 wt. %
cunene) to 2:1 (or 66.7 w.% cunene) to an oxidation

WO e@ehor3t o produce an oxidation m xture, expPSI/ORIDI@4009
oxi dation m xture to oxidation conditions effective to
produce an oxidation product stream 10 conprising
s- but yl benzene g%droperoxide and cunene

hydfBp8REkras; cBPeaHmRg e hehs- BOTFrhdRzeRgovides a process
fo?y9£88859ﬁbd§P@9@19ug@@%ylhx@hgﬂek%%Fﬁ%,ua%%rag %%;@96

conditions effective to produCe a cleavage produc
compmpeiisgng phenol, 15 acetone, and mnethyl et hyl

ket gne;,. separati, the cl egvage _pr.oduct under .
SeparaliBH SPoRdterbAS et PEAL LVRPES Sebdaats 4Pty daEio of
phenol  toaehk@B-8QRRNbLEhRAENnBhemOl rand 1a gcriude 1ketsope | 3
stream conprising nethyl ethyl ketone (MEK) and 20
acetone;Cﬁﬁépeéugpeéﬁﬂnd0€h66eﬁu6§-%e?@ﬁ@n§®ré@nﬁmo

ket one SSE@QQEEBH r%QE@BEiEBSpEEEEEEig 001 REQAUCE ARy re,
acetone product and a nethyl “ethyl ketonée product.
Theeppesénty appl bgatiedhonenakeésrtota pxddessohorcodbitions

produci n controll abl e product sl ate conprisin

bhenol aRdTefbtRy| C8t RFPIREEORE PRERFELFRo BpPoMGRL Stream
al so may ceRRRLkS8g @Cﬁh@gﬁbeﬁﬁgh@ph?@QB%er%QQde and cumene
conbi nations thereof at "controllable yields. The term

" hydr ocaheioreroxhyar ocar bons, " as used 30 herein,

r ef n 1 Xt rLLsin r._nore of
cunenee eButgF Beh e R o PRSP e e ek Spegymene
2- phenyhyarbpteneii2PaBYerablecaoabienabndis ither edfective

10 WO 2004/ 074230 PCT/ US2004/ 004009 Oxi dati on Zone
Ref erri n§°t BrRAYSe12 FhEAYREEBECEYApr CSBRTAF1Ng phenol,

oxi dati OBcoEgRE, 18nAOKBELSINGLADE EcAREE OXi dati on
reactor(s). The oxidationh reactor(s) may be batch

reagepafsyiop tomt cheevsgd peadtiok(sjhdelrnsapprefeorned

enbOdinegghdgggogéig%%gggiégn%olgeparate a crude phenol
fraction comprising phenol and a crude ketone
stream comprising methyl ethyl ketone (MEK) and
acetone; and,

subjecting the crude ketone stream to ketone separation

conditions effective to produce an acetone product
and a methyl ethyl ketone product.

The present application relates to a process for
producing a controllable product slate comprising phenol and
methyl ethyl ketone (MEK). The product also may comprise
acetone, acetophenone, and combinations thereof at
controllable yields.

The term “hydrocarbon” or “hydrocarbons,”.as used
herein, refers to any mixture comprising one or more of

cumene, s-butyl benzene, AMS, a-ethyl styrene (AES), 2-
phenyl-2-butene (2P2B), and combinations thereof.

10
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conprises a series of continuous reactors. An

oxidation feed is fed to the oxidation reactor(s).
wabh@4ox428@t i on feed conprises either (a) PCT/US2004/004009

s-butyl benzene, or (b) a conbination conprising an

amount of cunmene and a 10 content of s-butyl benzene.

t he oxidation reactor(s), the oxidation feed is

Qiﬂaiﬁigﬁdgﬁﬁsnnlecular oxygen, preferably air, to

profueerAtn9xidafi gn PI ogdHEt pebEEAM cIRBrXEdabhOBxidation

product stréamis Separated 1 n the oxidation
zoneatf oe¢sPrining aneofkdagrenokbdabisnangaghosxXisdat i Bhe

v t overhead. 1 erg t [ ' feed is .
o BB R R IER (Fh S B aaP T o B EP = FT gy comtinuous
re£OUPri8ps sihubypbenzened Bydoapeenx| dehebukibtigpieal kyne 10

does not conprise a significant anpunt of cunene
CORpHEdperdxFABleThel opeRhifHgUEoRBREFBAS - can  be

adj gst gd; reduge; BOEE0L ! €88 B%eLigPRBRO (s).

20 %ﬁe?gléﬁgfgﬁigggﬁoﬁg?eed cgnprises bot h cu%%ﬁgégﬁés)
The- obltlyt benzEaed tbepoxsdat ebbhhprodatt ssbnegidbenzene, or
bﬁonprises s-.butglbenzene hydr oper oxi de and cunene
(o ey GpBP o7 bOht CHITGhL SLBP eBti oT0Y. CTHG GWIGAE: GRO 2

y
coRt @HHChHE SEL8afy AbeNzEAAPI | $8SthEebkalAtMBhOkeactor (s), the

byproducts, including but not necessarily 25 |imted
oxidahéeRopherohe, odidaeeAyPYbBAZGFUEAFbPHREBSPDVBARLerably
ai?”d58t$¥$dﬁ8éh¥£ Benayt i AT pLoghct EVBAL o N3hLY xRS tion

oki datTon product stream may conpri S€ m nor
prbyuptodticeésn isnsépdragebuinnohenerédsalibhyrkebnicbeds)ointo

di-¢ | peroxjde, di-s-butylperoxide, cunyl s-buytyl
an 7 637 O { BP e cPRY 30 GELEPELGR] ASPRET NARGNSaC

et hgRete fREhykihydionerexhdes stByty1Bxdreper oxhde,

henol, acetone, and MEK. In a preferred enbodi nent,
oxtHatbridaridnuchi xtueem comprises a-ketyhbenaens of

BB odiObe TEeog Y FRERerbnr SiE - arne, tROLEoent

ambanegoet ngunahé osydeppeseridel r omméd2openht¥mguaenditoons can
wt . % cunmene. |n anot her enbodi nent, the anmount of

66. 7
be cadeHated ??oﬁ?@F%ﬁF%? DAER 25 WES8 AFETPRESNPREN (48) -
W fhEelath ok P9t PeoRORLERT cBfpSiscRULYLRERERRBe and s-

butylbenzene, the oxidation product stream comprises s-

butylbenzene hydroperoxide and cumene hydroperoxide at high
selectivity. The oxidation product stream also comprises
certain major byproducts, including but not necessarily
limited to acetophenone, di-methyl benzyl carbinol (DMBA),
and ethyl methyl benzyl carbinol (EMBA). Finally, the
oxidation product stream may comprise minor by-products,
including but not necessarily limited to di-cumyl peroxide,
di-s~butylperoxide, cumyl s-butyl peroxide, formic acid,
acetic acid, methanol, ethanol, methyl hydroperoxide, ethyl
hydroperoxide, phenol, acetone, and MEK.

In a preferred embodiment, the oxidation mixture

comprises a weight ratio of cumene:s-butylbenzene of from 1:8
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Wthout [imting the clains to a particular nmechani sm

of action unless expressly stated in a claim the
w@e@donmi2e@t e nechanismfor the formati on of tPEI/DS}004/004009

and m nor by- products (described previously) is

believed to be the free 10 radical deconposition of

t he_s-butyl -benzene hydroperoxide and, (if present)

tothelcunbRePRiaropReBxFEETPn tHE 6RFEIPLBH rBFéBﬁcFepFﬁsent

fréfe19x5dati en-fgaglorfSke. thgroxi dakiban. M ¥hubgokfer
contacted with an oxygen-containing gas under

embgildaendn uBec@mduntOQé compnesipgfanmogidateonthan 15 wt.$

col FPUSTBLARESSLECKl ¥ hos XLl eRee byl Xbbepsene and

buﬁyﬂb@ﬁgéﬁéLdeS. SU|tabIe oxi dation tenperatures at
nnst_oxidatipn.gressures are from90 Cto 150 C .
PreWéFP@Httéh%é hgreBewrLpivar fodepeasthgulpsnrerBangsm of

actyB 8518§ QQséfgCEQ£téBd hg EQOPAST EhANpQEabAgnate

oxI dat1 on Conversion and sel ectivity to cumene
me@ydnbpmrﬁarQEhanﬂosmbUighbeﬁzéhe hydpopendxindeor by-

i ncreas Wi t n increase in.th .
proliEhes adt bt rhev Sarly! nibnBelograd: Fonbreble Eree
ra&@@&@f§é@8m§b§9ti@ﬁf§§S€§emhtbuﬁglLB§ﬁQéﬁ§ h%érbﬁerox1de
oxi dati on tenPerature In a batch oxi dation reactor,

anghelbxpuaseoh) t thperarene hrdnoperasdjdst éa thﬁogghdatlon
e.Leaction period to nmaximze selectivity of the
OX|aaf|on reaction. Suitable oxidation pressures for
bat th thacbﬁidsﬁlameréaoﬁbe(p$ygthe dR0dpsign dOxture is
from15 I n continuous

eferam
cogi?aﬁ??ow %a%?o?%¥§enfﬁ%nB§FH Pgoﬂastéﬁﬁ%FaPéﬁéthon

coﬁéﬁﬁlgﬁédéémﬁﬂléfﬁgtgﬁ b§1§§£§Shegeﬁ9egﬁﬁhﬂbz@ffectlve to
selectivity, and depend upon the conposition of

oxxﬁezQZSVE»QE@M¢@Z&Q@OaH@TAU@ZD@ﬂﬁeon@ogquXEdatpoproduce
the g%%iégl §g£5g£d essg %gﬁﬁﬁ?agsggglgg 100

COﬂ UOUS rea enera ly are

temﬁegatupéefeta@bytféﬁnaaﬁlpﬁlgrésséQeQShge Yhemeovhec to
oxjdation feed conprises a weight ratio of ,
15@unkene: Brpteyreenteneesrtores Witlpvarygr fepepgiagdt pan the

tyb&BEr 8k ¥ALLI0h AcLOPLENYQYSthEAELALOLStion of the

oxidation feed. Conversion and selectivity to cumene
hydroperoxide and s-butylbenzene hydroperoxide increases with
an increase in the cumene:s-butylbenzene ratio in the
oxidation feed. Conversion also increases with an increase
in oxidation temperature.

In a batch oxidation reactor, the oxidation temperature
can be adjusted throughout the reaction period to maximize
selectivity of the oxidation reaction. Suitable oxidation
pressures for batch reactor(s) are from 0 psig to 100 psig,
preferably from 15 psig to 40 psig.

In continuous oxidation reactor(s), the oxidation
temperature in each oxidation reactor is selected to maximize

selectivity, and will depend upon the composition of the

12
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from100 C to 115 C. Were the oxidation feed

conprises a weight ratio of cunene:s-butyl benzene of
waz2@4/0a2p0 ef erred oxidation tenperature for aPCT/US2004/004009

conti nuous reactor is from110 C to 130 C. 10

Oxi dation reaction times will vary from5 to 25 hours.

The oxidation reaction tine in,a batch reactor

oxpdfePApf§efs PHORMBLE0CTIIRBLPE PEESEMEFes when using
coftIRNEuS- Pé&%%QEQZ§@§e£§1195ar@”E?omthe g#pdﬁbvﬁﬁo psig,

tenperature adjusted to naxi m ze sel ect
preﬁ@r@&lﬁafrgm &éapsog(5¢ é@epe@gt|nWbaseokhdabxmdatlsn feed

reactors eaction tine" typical |s referr
cobgTE s or BT oPbeTabhGeot ) FEmehHe o Bukh bRekRBRcEE  Pid- 2
préSeﬂrédd@ﬁld@ﬁiwﬂeﬂeﬁ#ér@fukéef@@nblBéﬁﬁ§nﬁ@§§t@é§ctor is

used. For exa 5 conti nuous oxidation reactors

fr%?elgﬁerﬁtéa £E5se?:esWh?ﬁ@ thespyédatippnterdr cegpkises a
weféhgaiégforSECEQﬁehé grBH%%lEQné 489 QQUESB mﬁtpreferred

oxi dation reacfion fenperatures For eac Eont f nuous
oxidation thmsenatppeoforatetyntonaohseveadesicr éd from 110 °C
toc$€¥eg ions. The total residence tinme can be

d ibuted uniformy or non-uniformy between the

oxi dat H90i bRACEAESIoBOL Imbat Gh11eastor §rafdsCcept bHURYEY s .
oxidation reactors 25 produce a total conversion of

Thatoxédatign reachéoresiredinhydpPopehoxpdetoprerefabpply is
frgﬁ %eéét}§ 98&¥£bf@fegflng%%éggggg%hg§lﬁgh§8ne rataos, with

erab risin cunené rOper oxXl
thandethiyhbEGMpGEahwﬂeO@eﬁoxtde tBrﬁéeﬁﬁbhy seletalivity.

conversion is from10%to 30% npre preferably from
1504185 95@@13@Eh0%a¥?§?ﬁaréai ERE FERELRBRUPnOXLdation

reQ@fétQ'etﬁ@”“f@&@ﬂ§onr@ﬁ&éarﬁyF§8¥lm9”?§rr@Eerred to as the
conti nuous reactors can be enpl o Pr oduct

total ecepiidepcestimer eabled bytahcr@asdﬁgcehélmanberd@Vlded

ooy lP, F00%0TEE30.ECTLLERO0LOBEO0R, OBl MUBME e, 1

5 powdicesua bxga@tlymef@a@fotﬁeade3bpeﬂatbudﬁﬂpgé@xégeSthe
t han u3|ng onI one cont nuous reactor. In a
re%%%?%??eﬁl%ﬁb€ﬂ¥n%ﬁ?h ?%bﬁ?él?% BeRBRPFNLBUELPBaLt BRSO

ho®F§, SwiBBdokNaSEI b8 SredbE DR el 0 PUIDET r0F Lgagtors

wil vary
continuous reactor chosen appropriately to achieve desired

conversions. The total residence time can be distributed
uniformly or non-uniformly between the oxidation reactors.

Both batch reactors and continuous oxidation reactors
produce a total conversion of at least 5% to the desired
hydroperoxide, preferably at least s-butylbenzene
hydroperoxide, also preferably comprising combined cumene
hydroperoxide and s-butylbenzene hydroperoxide. Preferably,
total conversion is from 10% to 30%, more preferably from 15%
to 25%.

When carrying out the reaction in multiple continuous
reactors, any number of continuous reactors can be employed.

Product selectivity is increased by increasing the number of
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with the cunene: s-butyl benzene ratio of the oxidation

feed. For exanple, where the oxidation feed conprises
w@2ania3of 2:1 cumene: s-butyl benzene, it is peEUS0WEM4009

to use 4 reactors. In contrast, where the oxidation

feed conprises a ratio of 10 1:8

cunene: s- butyl benzene, it is preferred to use 5 or 6
CORbBABUBHS. TPREEETBhe BRIdAKRBAPealfdRdi §Weneoh LRBPES
ref8PLERUBNSLEECLORL Sher! PECEANEENUAUS deBAELAT () can

€ avariety o typés, including but not necessarily
hyliroaptedxtidest theadutank &51yeanéoc@sﬁlnuobsbhbactokunnIn a

react or ( S%PBV%en the oxid tkon reac are stirred

prefRkrefeSCPBREEF toxF ST ontPeldCal FP|8 Saf§actors are
us8i gt 5ep;iBet t Offe ﬁ&%@@&@@@'nﬁﬁBeQeoErQ@héﬁﬁrs will vary
[ ocation. In a preferred enbodinent, the oxidation
witkethescanded: Snbuhelbﬁp@Eh@rIQGlPe@ﬁoﬁh@fOalﬁﬁﬁﬁpédfeed
tank react or St e r
B g g R
23 Dubbhenéueﬁaoeyabeazewbenlthesopméabm@@dreaCMGe(g)raaetors.
bubbl e col unm reactor(s), the oxidation product is

INWEPREF aRA/ fwaﬁF§n§h250ﬁé€3Fﬂeﬁ fRefheopegdses puratio of

1:Br eLeeank ¥ - gﬁ@g&beﬁzgaetOEkoast?%ef&%§%@l tohlse 5 or 6
preferably 1s added near the bottom of the bubble

regotama.reactor through a sparger designed to produce

bubgges o snaIL s%ze. The %ize.of t he bubbl es .
sui 1abr§ 8% PEARTSP™ E§ECTBrefar 8BFy O5 MmESr cPBESRUoUS
re§@t$ymb¢alkhe tenhmtauatkdrandtaeqki) C cagl Beake vRroduged £
as oxidation b% products as wel | as acetophenone
u

typap) , iarlretngl Pubehgyl naresrar 1L BVBARL tedd tet Firred tank

l, cbe h d t d
oAt 3L PRe PPBP R PO Gl pRaRS e (T WD 2004/ 074230

PCTWUS@O@AEOGA@GQtlwhlmhacSoa(p®|sma @murkadibbhar) of

t he i oxi dati on th to.make the desire
reb gl Rl A S AR  a oA, FadA A B SRA OXIaREa o BRbTo™S
wiGAHSEWALr edUChom bR bR feEARELAN Ofindesikederred

products relative to by-products. 5 Al though it is _not
emhedémsaty tbeuszidanéatr pedi Af Bdé@d in the impeller
region of a stirred tank reactor(s). In stirred tank

reactor(s), it is important to maximize bubble formation and
total bubble surface area.

When the oxidation reactor(s) are bubble colﬁmn
reactor (s), the oxidation product is withdrawn from any
location in the vessel, but preferably from the bottom of the
vessel. Ailr preferably is added near the bottom of the
bubble column reactor through a sparger designed to produce
bubbles of small size. The size of the bubbles suitably is
10 mm or less, preferably 5 mm or less.

Typically, formic acid and acetic acid are produced as
oxidation by-products as well as acetophenone (AP), di-methyl
benzyl alcohol (DMBA), and ethyl methyl benzyl alcohol (EMBA).

Formic and acetic acids catalyze the formation of phenol,
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(or "oxidation base") in the oxidation m xture, the

yield of hydroperoxides is increased and attendant
whyeopoosct formation (e.g., AP, DVBA, ENMBA) PGI/US2004/004009

decreased by the addition of small anounts of

oxi dati on base. The use of an oxidation base also 10

neutralizes acids, such as acetic and formc acid, as

whifleylfrd PIbidhed O itHiRL GRE), ofhéhgcMddParsifpévent pathvay
toflﬁ%f&fﬁ{én fg@gﬂlodlﬂ{% t h%‘o)ijmg_lcd a‘?lfd %%%lt&%dSCldS and
roperox!%e produ

maxi m zed. \WWhere oxi dati oh
hebasephsnozﬂs,ed;ause i rdefariced itno thdd fogmatSonhef desired

oxi dation m xture sol utj of oxidation base in an
prgﬁgﬁﬁ Eéh??%ﬁ?ﬂﬁo 4%§%52e the acids formed at

t hep1 exbeah i N cONE I Sesddrotidaldeon PSR o 14sed base

it is preferred to add a portion of the oxidation

(opaSexsdparen &36e'tlo Igadhoazdatatdrny edetore, nbbe yield of
hy8£ %%f@;picye[%ol% :Lshecrf e(g a%Qi %qfl%tel L&S by(n%qghhgg formation

reactors ase s Ut on prefera rises
(ecgnpemmxamMBxy EMBANatier detdretasies @wfthelamdltﬁoacbfaSmall

a carri t he _oxidatjon base,_  but |nsuff|C|ent to
st o TP LAl S 0B G S CHEAPY BRSe SLso

neéﬂﬂ@Pﬂ%@%ﬁ@ndsM YL RNase: f%g!mﬂ&eaéﬁﬁunbsthey are
water in the oxidation m xture preferably is rom 400

fOp@ﬁdto Invithds weie dlidlatdicls Base orevaaded ifmomnforming
f
ph%@?% &?§%§3§¥5?4 :%p OEch'l"{iore rab%%rproﬁgoggoagﬁg 18

maﬁiﬁlzéMJtable oxi dati on bases are 30 those that have a
pH of 8 to 12.5 in 1 to 10 wt. % aqueous sol ution and
|ncW96€e %d%FéoﬁoPaﬁécé§sH??ﬂy LEnitEeBredergprafp add to

thQa§§§daﬁfgﬂdﬁ?ﬂ@uﬁgngnb@lu@ﬂgna89e8§§dggﬂgﬁ'Base in an
Preferred al kali bases include, but are not

amnenéssaffiylaﬁtVEDZDentGa&ZZG POF/ WS2064£08med9at the
ng ed to glgali netz% car ates and al kal i tﬁ!.
OXB?% rBonat s “Suifabl e aPka r" h%PaP%SSréSpBFSQSi&I afid
pré0drusy fopsefiearpdralikal brbase bsigediuvm packoBaperately
Amoni a also is a preferred oxidation base. Amoni a

tocgachsopbdakibed éga@59é0u§0§ﬁh96?§@§a§ﬁﬁoﬁpaa ggries of
coH€§ﬁ885538Q¥§£998n reactors.

The base solution preferably comprises a concentration
of water which is sufficient to act as a carrier for the
oxidation base, but insufficient to cause separation of the
oxidation mixture into an aqueous phase and an organic phase.
The amount of water in the oxidation mixture preferably is
from 400 ppm to 2 wt.%

The oxidation base is added in an amount sufficient to
produce a molar ratio of base to acids of from 0:1 to 6:1,
preferably from 0.5:1 to 4:1. Suitable oxidation bases are
those that have a pH of 8 to 12.5 in 1 to 10 wt.% aqueous
solution and include, but are not necessarily limited to
alkali bases, anhydrous ammonia, and agueous ammonia.

Preferred alkali bases include, but are not necessarily
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amoni a along with a small water feed, or as aqueous
anmmonia. Wthout limting the application to a

w@2ootiozeBar nmechani sm of action, the smal |l anPCrUSHD4/004009
water in the oxidation mxture is believed to inprove
the solubility of the 10 oxidation base in the

oxi dati on nk Lure naklng t he oxi dation. base nore
Lipshaf| Yoavalfabl Boto1pERFBPRFTRE ABGt PAKPZAt MGRal

pi%kdahheasis §ﬁ1€é@l@eéﬂkﬁl&eﬁ%EbQ§ a2BdobReshedh aha
reaction is renoved fromthe oxidation reaction
sogfiumur er duefagreteal kaéti baseros endmpmecasbweaheat

emoved b 15 va or| tion_.of h rocar duct
andgﬂﬁ?%%a 1+5%at ér i é% eggﬁtoﬁﬁ & 8x%8§F| Shia can
bef%@@édﬂhﬁngégéﬁusl@h@yﬂh@u&l%mmﬁﬁﬁangaihgﬁégﬁubh%nhydrous
reactors, while nost heat is renoved by heat exchange
amBRp R Pl PRe Wi gt | TR MaheE diredos R 2RNGPYS. ammonia.
Int@i@ﬁgufoohh%gtﬁﬁbls L b% ﬁﬂhg¥§gn'ntﬁbe gO articular
oxi dation reactors. "Pre erabl the oxidation reaction
meghatuse isfrenitiou at ethd o el exaianger ofextwertead tim  the

the . oxidation reactor(s The oxidati vapar , ...
oxEr R TE o S8 R SR ofe it dhe B ity of the
ox€Q8/tifg, bavEi NE whtecBxlia@e@@he%&wﬁ:@;amm&g Zpeantkidation
aqueous material, if present, are condensed and
bagepapae eteddiohy et e tonﬂ@nﬁfambéaﬁb@ﬁgtaﬁélZatlon
rec d, regy a
il ol gt e Lt
reaethanol s eéhytedhﬁdompéhexbdedaamdhomeﬂethyh mixture

droperoxide, ,30 In a refe red enbodi ment, the
dusipaa F%nr9ﬁﬁBfoBveFﬂEaganE §ep§P§FegePFt6saﬁemoved by

va@ékQ%EtQBnVéﬁoﬁyeygéﬁﬁggnor9§BHﬁctErQEH'QBtérCNQECﬁaker is
may be recycl ed and an oxi dati on vapor
pr@v@ﬁheaa thqu@éydatipacrﬁ@ﬁtébcwmnﬁpuye ThatovohaFais
16. 4/ Q4 P 04 0 e osed_under
o3 5410 FRRALAT 250, PETLLSR04L 04000, defomosad-undst oy
hedeceﬁpBSﬁgethgtwhgﬂreneroxndetabd fekhBvlke and cooling
hydr operoxi de, . resulting in a thernmal decomnposition

£151 6anct INFRENE heFRal LNEeEBipEs PERORSFERLEY SHoRpr F88s

ox@ligehghsreabashydesp ardlion1 9, canRoxyl hGrachdsealon
thermal deconposition conditions

mixture is recirculated to heat exchangers external to the

Fat of

oxidation reactor(s).

The oxidation vapor overhead is passed through one or
more stages of cooling, during which unreacted hydrocarbons
and aqueous material, if present, are condensed and separated
from each other. The hydrocarbons are recovered and
recycled. The aqueous material typically contains
significant amounts of ethanol, methanol, ethyl
hydroperoxide, and/or methyl hydroperoxide.

In a preferred embodiment, the oxidation vapor overhead
is separated into an oxidation vapor overhead organic
fraction (“OVO-OF”), which may be recycled, and an oxidation

vapor overhead “aqueous” fraction (“OVO-AF”). The OVO-AF is
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conprise a thermal deconposition tenperature of from

80C to 250C, nore preferably from 150C to 200C, and a
w@e@ssuso of from 100 psig to 200 psig. | n onBCT/US2004/004009

enbodi nent, the thermal deconposition conditions 10

conprise adding an inorganic acid to the OVO AF at a

concentratign ef%ectlve to accel.erate the

defelBREGE HPERT TRGFTabI §SCRBPGShtd Caciceadihdride eThgCtive

todtechh OB§C€§§§"1' hydrbb@rb@theoam' ‘;nlért'g&la?l roperoxide,
hydrochl ori c aci d, d phosphoric aci For purposes

relﬂléﬂﬁgcﬂen@ytharpaéféepemppﬁgtg@nu@radm@tlS E@e thermal
r ef er abl cancen ted sulfu aci d.
Aok b B8 B Bl R4S B ko0 4 0dhy8eRT! Gnaor

caebbeeltitabcddsof ThemB8rmappmdkteckddsprmoaf cbhgitions
inorganic acid in the OVO AF. After deconposition is

COpBRpFEt &, thﬁ§mﬁﬁoﬁ@§ﬁm@oaé¢aonstﬁ@@@ﬁaﬁmz@dofwﬁﬁﬁmaﬁo C to
ZSQkKalho?@sgreEE§3859bk¥omtﬁ% abk@5|2%@$§ ?ﬁgr ﬁ?{%ssure of

even nore pre erably ap
from. 10Pr pbepgréd BASepsape sel ected fromthe group

t di d id d bonat e.
ThePhBPHaP ABEBAR0ET ( FBR proA0EL e CoDBPELE o™ fonditions

coflbgtbkl atibeAgundei nbhgbABL desampesithkobyBLaduet a
distillation 25 conditions (TDP-distillation

copeRarrrbAs) effeetive te pregdesazet hbemdecomposition.
Sug€g§ﬂ90§pggggnﬁeogagasoag@mgaed'ih%'5§gengDFFg§%sa%9§y

er ma osrtron product ™madqueodus
1ihgTDPe AB)suIﬁerIBPadndtihyakbchlo@mdlhbaﬂs eadpphsepaoric

TDP- distillation t ratyre effective to renove
acdBant 6T BBEPE 800kt REFLERaRCar BORVFFErSeFqanpraRRic acid

lstgaltu£§& geganp9§é§éeab1§reeﬁebntza%eaDEu@fakhhlahaen The
suitably is carried out a at nospheric pressure. 17

ingpypyapda/ ez4d3ds Peides20042004009 aTﬁQHTBPtCEmﬂQH of from 20
a e, US| propri ate
pp@kﬁgailongégog 2?§éeﬁ§§a g%%QZone PeFrlnggéoAElg After

dethﬁpoxnﬂabnomsbobﬁpﬂ@téQBihandnaﬁgaﬁlaﬁﬁumH 0 watiefalized
is fed to an oxidation product segaration, zone 12.
WitheR8 ROXBLIGARPSN bREEIPSAPEY ¢ b fhalsRidabpsf, has a pH of

11 or less, even more preferably a pH of from 10 to 11.
Preferred bases are selected from the group consisting of
sodium hydroxide and sodium carbonate.

The thermal decomposition product is subjected to
distillation under thermal decomposition product distillation
conditions (TDP-distillation conditions) effective to produce
a thermal decomposition product organic distillate (TDP-0D)
and a thermal decomposition product “aqueous” bottoms (TDP-
AB). The TDP-distillation conditions comprise a TDP-
distillation temperature effective to remove organic species
other than carboxylic acids from the first decomposition
product. The TDP-distillation suitably is carried out at

atmospheric pressure.
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preferred oxidati on product separation zone 12 is one

or nore strippers. The anobunt of water fed to the
w@oodar42en product separation zone 12 is suffPCi/E81004/@4009

recover methanol, 10 ethanol, nmethyl hydroperoxide,

and et hyl hydroperoxide in the first condenser vapor

phase (described below). Generally, an anount of

wat erCedtrvaPerf £6SPPERA0CE @F. YREhe1 USiRgC, sPeroPrHate
me9xikdation bottons is sufficient. Wen an oxidation

base is fed to oxidation, a preferred 15 oxidation
Oxpdatiiion ngdnetiSﬁEauaeiéﬁ Eonene or nore washing

d I'ts.formed h
oxi RREEGAI1ST bPI Bidia By GHE GFiRGrace: FRGsare. (PR ARg an

améihedbieRbethes @édd@blaﬂ pkoduel onWateHuaRdsehaka%e on
is fed to the mashlng decanter(s). Salts in the
ZOoBRi dat i ofhprednet o&k aaépnuheéethé Zedageedlis payeetiipn, a

pripe geaagkgaat§8ﬁ§p tdgeeggéeiohnzggeogeﬁgggph%nor more

pro uct during t step € amoun
stdippeksed Ehethmoontdaflwatprodedttbstﬁefbk&demhohOproduct
ecover netha eth nethyl hydr oper oxj de, _and
SeRERgE Loy APDBor ox ! de L h LR Er LB EONGERCRoy RATPL,

ctPARSE, (feshyibrYdrdpebekoul, LAdt BEnYNChOHBBE®oxide in the
strlppers t he iI's exposed to stripping conditions

fléﬁ?e@@ndenﬁerc@ﬁeeﬁtpbaee descirnbfflebellow)t o Generally, an
am 8RR R e BuLYLDETENe LY EOBY Bl heal Tl 1.5 we.x of

cumnen droperox de “the stt pﬁ

theooﬁnﬁabﬂenSBoptoﬂecesasaffnbmehtbottonB conpri si ng
s-butglbenzene E%drogerOX|de and (if cunmene was fed
to BXFaaffofif‘Eakefe PAFEr opefssi 88 anddatdppippepreferred
y&t DsAd, CORREL SEBYL HBE €841 hydrecaphan

OXorganlc gpe0|es ag?ngEaégo?gPﬁgX%SQ%CFg%OXfSQEg%OWQQQng

deGEﬁt@EEO@aﬁdoﬂcogempmensaﬂbaeEOtmad $nbuhgbenzeneion,

droper oxi de and_cunen dr oper
fog%%%?§s£¥eﬁ%vearlﬁofﬁe gf%?%ﬁé? g@rﬁgéa Fﬂ@?ﬁa@enﬁutthe
oxbgethoh peeessafikytéinbhedotopbbe 1B FEH BY- PhedWEERing
del i neat ed above, and small anobunts of 5 DVBA, EMBA,
degaRt 8 &F bphendhes TyprRal PyidehépPRaProdesbnpasrerbnisto the

aqSebutyi bgazens pydropespxide aBdnbifiater dissolves in the

oxidation product during the wash step. The amount of water
dissolved in the oxidation product is sufficient to recover
methanol, ethanol, methyl hydroperoxide, and ethyl
hydroperoxide in the first condenser vapor phase (described
below) .

In the one or more strippers, the OB is exposed to
stripping conditions effective to concentrate, but
ineffective to decompose s-butylbenzene hydroperoxide and (if
present) cumene hydroperoxide. The stripping conditions
produce a stripper bottoms comprising s-butylbenzene
hydroperoxide and (i1f cumene was fed to oxidation) cumene
hydroperoxide and a stripper overhead comprising unreacted

hydrocarbon, water, and organic species having a boiling
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present) cunene hydroperoxide is mnimzed or avoided

at stripper bottons tenperatures of |ess than 120 C
wa\Raohonghbo t he use of a single stripper i s encoPEEESEN4/004009

by 10 the present invention, a preferred enbodi nent

i nvolves feeding the OB through nultiple strippers,

nore_preferably through three strippers in sequence.
point alovef ebRed sehububPrBAENSt hEdERPPSOKREdSt RRGuGHTEne

hy§g$ﬁé95§iéé!iP@EgénQBeEBE8§3SaEeﬁSQEQU&hakh striPﬁer

cteasing pressares to produce a stripper I5 overhead
ovangead sincppée, bbtitorse hntt heseprefeéilyediménpdditrenbhe

,the strippi,ng, condition onpri se a_hotto
nibop ey spEBelEr 098  1hen e ioaB0 ke BpanrlRTLs emenaho196
DMER, EMQA,aaﬁﬁf§be§bph§ﬁ@hepfe@§p&@a@ﬁyﬁfﬁﬁbéQa&0 60 mm
; a second stripper pressure of from25 to 35 mm

deggﬁpgﬁatigntﬁfra-be glbrppenephEdsaperokifeoando (€6 20
pr@?éﬁﬁ &Qm@ngpﬁ%dr8£828§ﬂﬁg EgbﬁﬁhﬁﬁﬁEédtBQ LibShed at
str t Irst stripper

I pper conditions conprise a
stpiessurieobtobf hemplgradusesond dessppean préssSdre of

30 ;o an a third stri r essure of 15 mm

o ATEhBiahn s ab2obl: Bt RRRTG, BEETRERE S5 FRcommeiisd by
th85pf§§¥ﬁ£e§nbéﬁﬁibﬁ,tEe Qékéﬁké@nehgéaﬁﬁéﬁt RvB1lves

preferred enbodi nent, the first stripper conditions

fegdinegfthet PRethsoppbduvétaripr strippepper mover headerably

cnfQUBE T ShDge 2CRRLLLAD of Lhg, cHANe (11 pLesent) and

porfion o eRzeng I'n'the or

emibdd Emefit | hehwaoBr ikeded thr3QghhaulBipd8 wkr¥%pperBDbRerated
of the nethanol in the OB, 99 wt.% or nore of the |

at P PARBRt ALt HedBRI©IG11E. DFBFSHERE 6P Pﬁ@dﬁéﬁh9IStrlpper

ovEydEopes Ryl destpibherBor8BAs99 Wh- %95 EQE%eQEeBhe
ethyl  hydroperoxide in the OB. In a nost preferred
emepdodénent thal bt19pWDn@0041074280sPCIINPB26844£004000ms

of the water, | ;af the nethanol, a of the,etha ' o
cefpe b dFulBL8E A2k P ohr SRER P Ha e RAR I 1-o6F FRETetA)i °C-
anydr 9pei ext detrippbhepEBskGret bEppedmover headoi Aimt RE; a

first stripper overhead. 5 The first _stripper _
seppf e BBLHPRBNPEPSEYrat Of eBEPMaZ P £8t 35sTj Pgér and, a third

st PYS50ea0-600(easEE. ~PERM ehabby 28 MMl kP! erhi GShost
preferred embodiment: the first stripper conditions comprise
a first stripper pressure of 50 mm Hg; a second stripper
pressure of 30 mm Hg; and, a third stripper pressure of 15 mm
Hg. Greater than 90 wt.% of the hydrocarbons in the OB are
recycled back to the oxidation reactors.

In a preferred embodiment, the first stripper conditions
are effective to produce a first stripper overhead comprising
a portion of the cumene (if present) and a portion of the s-
butylbenzene in the OB, 99 wt.% or more of the water fed with
the 0B, 99 wt.% or more of the methanol in the 0B, 99 wt.% or
more of the ethanol in the 0B, 99 wt.% or more of the methyl
hydroperoxide in the OB, and 99 wt.% or more of the ethyl

hydroperoxide in the OB. In a most preferred embodiment, all
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stripper overhead condenser system The first stripper

over head condenser is operated under partia
w@orndemnead i on conditions referred to herein aBCT/USBD4/004009

stripper overhead 10 condenser conditions. The first

stripper overhead condenser conditions conprise a

first stripper_overhead condensation tenperature and

ofather¥atesri pperobvEPReBathEBRAENsALLORT prEsSthancl, all of
th@fﬁgfﬂ¥yeh§8r8§é§8x§dgajQ?HtXleOEhEh@uggﬁg%(h&drogerox1de

present) and a nmjority of the s-butylbenz
infthet OB5ist stppepredverhehdatioinohdensérspr sttuciopgra
st .condenser organic phase. Preferably, the first
OVEFﬁﬁﬁﬁer overhead condenser conditions are effective

to gpadensst 99t Wi pfeer praBeeapl vyt Bemprhuty! Benzeaetandrirst
85 w.%or nore of the cunene % Eresent) in the

StFip§?rS@V?ﬁb@ﬁdOVQﬁﬁ@aéantEr?ﬁ@rﬁb ¥t a2pudfipppedirst
stg¥§FQ§aQVEEB§ dcggﬂagggér05999é§ phage. fﬁ?@tf%E§E

pper over condenser-conditi ons al'so conpr §&*a
oveehpedatondeandrptesspeeaetliechdee perpieducendehisnston
ndenser vggor hase conmpri sin jori
e

a ha rLt ,
coRtEraran! § Byi8: DREFON BF EhbShaPeribPRE evRERERd

cohbengBEhanak; + 1 bgs . 25THEtBYkSBYQE9@$ﬁ@%'@%erﬁ@gdta%ndenser
et hyl hydroperOX|de inthe first stripper overhead

comfetiprst cevnddasep ﬁap@t phasepres s¥pangbddchndsnshsion

rebbEkeGRadEHaCE 21030 £ RIBRE, B0d. KOS LERL AaRdeaRer
% ase IS su secon conden ?
pré@ﬁdtél@ﬁSeaﬁleéfEGtbM&séOafmaﬁbﬁlﬁgceﬁdtﬁ@nd&m%ﬁé (1f

organi c phase and a second condenser "aqueous" ghase
Pr%%ﬁﬁF?s?ﬂﬂ a WﬁPBFFFy OprBPeFaBP§Yé©eRFe@@ann§ g, fafst

stk?§$§£h@@@khegaetHEEBﬁB@hsethﬁrggu¥€h§094@9Z§%3gondenser
P US2004/ 004009 net hyl hydroperoxi de, and the ethyl

Orhydnopph@xede PnefheabﬁvvstheoﬁdeaSestvépperphaseheaue

S cond er _aqueous _phase ted fr,om t he
co B g Bt CONNEnCor B B2 CEPRALET okl PRECEBEGNGD WE S or
moe@ndensre 5-pgdeOHEnphaseahs ssbwec%eartﬂokaebﬁakhe cumene
deconposition conditions effective to deconpose

(1fePK9FeRyUr 6PekbBRi érahdsteiRPErhyUesPeRrExiige0 the first
stPEﬁﬁHE'BQe?h&QQr?EkSQGEBHHQEEEEOBrganlc phase. The first

stripper overhead condenser conditions also comprise a
temperature and pressure effective to produce a first
condenser vapor phase comprising a majority, preferably 95
wt.% or more, of the water, the ethanol, the methanol, the
methyl hydroperoxide, and the ethyl hydroperoxide in the
first stripper overhead.

The first condenser vapor phase is separated from the
first condenser organic phase, and the first condenser vapor
phase is subjected to second condensation conditions
effective to form a second condenser organic phase and a
second condenser “aqueous” phase comprising a majority,

preferably 90 wt.% or more, of the ethanol, the methanol, the
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product conprising al cohols, al dehydes, and/or
carboxylic acids. The thermal deconposition
w@omndior428ms are the same as 10 descri bed previ pCEU§2000004009
the thermal deconposition of the oxidation vapor
over head aqueous fraction (OVO- AF). The second

condens aqueou as t he rmal | y deconposed
mef ALy BROERPEYCRbier ha P ACRHiLt HUCSEBRICRdansehe
flggge@gﬁdeggg§evgﬁgrcgﬂgg@ed to produce a deconposition

m xture which 15 is exposed to the thernal
decBhposetpod @@ndEﬂS@ﬁsaquepéavagészomé Fhpagaitegpdrom the

but vl
e H0P oBRPRIBGt SACE IREnE AYAr oBeroXP e PL R gd CEhtegoes

aqﬁb@agagﬁag@neS1§ubﬁegtea)to Ehermbeauagempoaetlén
nErlses 20 one or nore cleavage reactor(s) in which
Coﬂﬁé éPPﬁpEé?eBB%Y%n§° ﬁ@cgﬁﬁPéét@étPMl hVPF@Pe6P§é@§génd
etﬁgﬁchySEO ?90918@0059odﬁbﬁﬁgaaeth%@ﬁgioaec@REB%1%Q%n
I dation feed conprises s-butyl benzene, the
produdatcomppnsdugtagenbpébbyaédﬁbydses enﬂybrneampbxyllc
g garbiﬂog %ELBA o A cuneng gx i dati_on oduct
acy ﬁeraFP EBREYR hs“arRBPRYBERYY FORFE H8PS(BH§A) elFame as
deb&rgﬁédrpbbeloﬁgiynﬁo§|Eﬂéaﬁﬁekﬁamaﬁéﬁbﬁ@o@@ﬁ&@hsb@nthe
of DVBA in the oxidation product to a- netgy yrene
OxX{ARB}ONaHaPPd AHKFHF2E 28BRPBFSIEACEHEOEVBR pnAFhe The

segéhﬁagbﬁaiﬂggg é %ngBﬁhgé%agggﬁ%ﬁeggetﬁAgﬁélagddecomposed

compounds
1nbephydengéyated thepoOUQuae audeneeaedcsndbubmubalaenaqueous
for recycle %o t he .oxi dati.on reactg ch
Ph?ﬁ8r8£§e§°89éP§ | tRoRVEFEFEn e fiPFEMBREY F157 Wﬁ%ture which

152@Qﬂ69$6269 Ped/ U8ePR41 084088 p oYt 9phuBahal ¥ 1 oRBNY

cl eavage reactions are run at relatively high reaction

__EEHEEEaEﬂEEs For exanple, the reaction tenperature
B'Cg#rhﬁgékngb@?%omgacé$@§§ L8, fron1 75 C to 85 .

Suc reactron te ajf ure SI gnl fi Carﬁ

buaymbehSeﬁé EWBAopEwBA;daraducbuANBe nyadu@éré§$de ard fed to
product 2P2B are converted to "non-recoverabl e by-
a pL&avess. Zoﬁﬁelﬁre§€ﬁi éHpild%@?oﬁ %?6@9%e§°86p960€§ﬁprlses

onkObr more cleavage reactor(s) in which the stripper bottoms
is subjected to a first cleavage reaction and a second
cleavage reaction.

Where the oxidation feed comprises s-butylbenzene, the
oxidation product generally comprises ethyl methyl benzyl
carbinol (EMBA). A cumene oxidation product generally
contains dimethylbenzyl alcohol (DMBA). It is desirable
during cleavage to maximize conversion of DMBA in the
oxidation product to a-methyl styrene (AMS), and to maximize
conversion of EMBA in the oxidation product to a-ethyl
styrene (AES) and 2-phenyl-2-butene (2P2B) because these
compounds can be hydrogenated to produce cumene and s-
butylbenzene for recycle back to the oxidation reactors,

which increases overall conversion efficiency.
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cl eavi ng one or nore hydroperoxides selected fromthe
group consisting of s-butyl benzene hydroper oxi de,

we eoven2i23® hydr oper oxi de, and conbi nati ons t heP@DiiS1004/004009
reduce the production of non-recoverabl e by-products
of DVMBA and EMBA. The cl eavage reaction feed to the
cleava e zone 14 generally is the strip bot t ons,

wat BPL 5ﬁHn§tEéV0n@a§Vr@éﬁ?végﬁeGFé&tFPgﬁlFﬁ@ gHBupt

re§98§b§§ynﬁlgﬁ aBaacebAnecpbeeafurad, 1roMEK ahbeam +ok
a m xed acefone/ MEK stream The stripper bottomns

reaohpons@gmpydabp@ﬁoxndespseaécb@dlﬂngnpphergaa@pons is from

Slyhr bpePox; e, B LBRoN Al GRS CERGr oo MCEhuE Beer

Slgﬁumﬂcahhahmbhﬁtée@ﬁ brem, t BEBNEKpi-ecover BMEONe rosual AES,
aid in 20 reducing production of non-recoverable

angyPppedGEt $PERoA DVBRNVEREREr CEMBRONVALEPVRE2PRE PY-
f
pr%?HHEE @ ghlsﬁggagg% phngcg@hght Bf1HRe Eegﬁbgggg for

the fee erate the reactio
cleh91ngeamagerrmacE|hyduoparsxﬁdea sengkéecdedcbor the2§roup

the feed s first d to first
ol SabABE OF caCbr oK. BORGFFORE FRESEPRARE DEFDRT®

hy&e8peiskhded hBHAbbMBLEMath6Wst EARREAFULS, raRtdce the
subsequent |y exposed to second cl eavage reaction

pregnariPanst( apsoraestrrpedebblonyofictire ofaR¥BA and EMBA.
rea@hgrclggggggrﬁégE%E e%@88'€8”%hetE%F% ggngrEe 14
afrrs ee I'g.

bottons i's eavage reactor
geR¢rtbla fibr sheckeavpger beatbms l5at&he ahdamagetone stream

eactar%s) be a varletX reactor
eFE aowggﬁﬁoggopﬂcpaaé ShiPIaPE ﬁ&taﬁé 8§§a?FF§amr an
MEﬁ2s¥€b390469752%Qx8§7éé§%eﬁé&ﬂﬁﬁog%rebmﬂlt@ﬁetetrl ppe

ow reactors R s"); plug-flow reactors Mﬁth
boté@yél@O@PFRRE§)hYéﬂdp@QQKﬂﬁa§u§eéECtEQdfﬁamktheaQKOHQ

h I 15 b
cohFF Fand afi o rbuiBopERRE L RBckERER ot ERARE

hyé@xbpenakibeat apdcbangeénaefliohpmentrebfect Tvehk® been found
maintain the first cleavage reaction mxture at the

Ehafr SpecFeadageorenlei BhKt ERpeVatyr éonpnig an aid in

reducing production of non-recoverable by-products from DMBA
and/or EMBA. Water in the amount of 0.5% to 2% of the weight
of the remainder of the feed is added to moderate the
reaction.

When the cleavage reaction occurs in a single reactor,
the cleavage reaction feed is first exposed to first cleavage
reaction conditions (described below) comprising a relatively
low temperature, and subsequently exposed to second cleavage
reaction conditions (also described below) in the same
reactor. 1In a preferred embodiment, the stripper bottoms is
a first cleavage reactor feed 32 (Fig. 2) to a first cleavage
reactor 15.

The cleavage reactor(s) may be a variety of reactor

types. Preferred reactors include, but are not necessarily
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preferred enbodi nent the first cleavage reactor 15 is

a pipeline | oop reactor conprising one or nore heat
wezehangsr s 10 20, 22 at appropriate | ocati onsPE€DUS2004/004009

provi de cooling sufficient to maintain the first

cl eavage reaction m xture at the first cleavage

reacti on tenperature. Gbnerallé the first cleavage
linkeedi b @%ﬁﬁeﬁh@wréeagt@¥%n{ ER{ 8" yocrlpg-glow Feactors

w1@ﬁe£§£r@ﬁe g'Q?ntan&h@oﬁtiﬁﬁoﬁée§¥§9§eae@85k09eactors

erature Is from15 45C to 60C, nore preferably
(C$T®h$M5C to 55C. The first cleavage reaction pressure
|n alned iufficientl t he

t
Bt g eEce FRn ARk AP FAE Lha PRRUPE Sphksbecd Lh

re&@@éﬂIWﬁﬂhaés@@élété@SPﬁﬁéﬁﬁaDroﬁDéﬁt@@ﬁﬁiahEMtléxchange
sufficient to maintain the first cleavage reaction

eqyi e ?ﬁfeleVﬁetpl@@i@tﬁhﬁséheAﬁbHﬁﬁ ghepgage reaction
nix0gE&! 4 ed BQ %Efs9'8f£59§%é0?8a89 EOXEQE BQEF In a
rst c eava

recrrcu |on of a recyc ow of the
préﬁ@tré@nembddﬂmenthtbegﬁlrhe tlestvagkeavageoredbtvs a

15, A econd go&tlon of the first cleavage reactio
DiRRLiTe e OPRer 980 T CPTRT b YAGeCRBatE] BRLRr BRALL SKCPangers

o“ﬂi@déﬁmﬁ?ﬁfsﬁ}iQﬁe PbEetiB8s| eOPpEEacHAr cBb18ng sufficient
drawal point 26 |ocated a short distance upstream

togfaimeateethpofhrsR8cienvayie £Ea§tloc|@avégéeré§ctbe first
cl%§$g Bzr?%g rec¥gm$era9urgo tgrggghéa tﬁlp% Loe cleavage

oop of tits eavage i eaC mich arge
re@@ti@@ntéhpefbﬁmméf1Sh6r6mr$5 cleavagécreamhoa peededZed
onetines referred to as the "first cl eavage reactor
em?%%ame$FomF@?"flr§$e?é?%5?9e Fﬁ@CFéPPotﬁmp?ﬁétPééyéPefrom

45*&0M63@o@@ ﬁ@?ef%Eéfeféﬁ ayageoheaster cheegobl ow 3.1 $4 rst
from10:1 to 100 23 WO 2004/ 074230 PCT/ US2004/ 004009

cl@mvagﬂerghctbaslsreaadrﬁnxe pagherabby Bnéfiedettiyg high to

The first cle e,reacti
me{BH A ST 6Re EORAF SLOAVROP sPeach babage rbagy fonehe Plauid
ph& &8l devserst MBgebfect bvethOspheave brofp9e%yehet8l 98% s

of hydroperoxi des selected fromthe group consisting

Su%flgl%%¥yFBe%%éﬂ%ahydFBBer&?Ee?lééﬁéﬁé KyaFbpepoRigeure in

thﬁn Gggbéﬂggéons t hereof . Dependi ng upon the
yd pero

A pump 24 is installed in the pipeline loop to provide
for recirculation of a recycle flow of the first cleavage
reaction mixture through the first cleavage reactor 15. A
second portion of the first cleavage reaction mixture, the
“first cleavage reaction product,” is withdrawn from the
pipeline loop reactor at a withdrawal point 26 located a
short distance upstream of the feed point 28 for the first
cleavage reactor feed 32. The recycle flow 30 through the
pipeline loop of the first cleavage reactor 15 is much larger
than the flow of the first cleavage reactor feed 32
(sometimes referred to as the “first cleavage reactor feed
flow 32”). Preferably, the ratio of the recycle flow 30 to
the first cleavage reactor feed flow 32 is from 10:1 to 100:1
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present in the first cleavage reaction m xture, the

hydr oper oxi des are converted to phenol and a conpound
waoogerest ed fromthe group consisting of nethpdT/E81v94/004009

ket one (MEK), acetone, and conbi nations thereof.

Generally, the first cleavage reaction residence tine

is from1l mnute to 10 mnutes. The first cleavage
ony 8a¥ei ot cBABLEr oABIcBABFI BECARTaPLY fF8McaPallysp 40:1 on a
weE&éECE£¥§sEO catal yze the cl eavage of s-butyl benzene

ydroperoxide and (if present) cunene hydroperoxi de.

Sui Thbl éiastdctetabyst sehantliigdecobdtitapesnepmprise a first

necessar.i | dimted to sulfuric_acid, sulfuric_aci o
CLERRSaR, GBmChiPRFoRraeags: fitanGt BRETHIS: £e' RufaTeatzon 954
top98%eéfeﬂy§§b§eﬁakﬂhﬁgtsé&e&@e&ufﬁdmi@h@Cb&oanc@nsisting

preferred enbodi nent, the acid catalyst (preferably
ofcgnbehytheBac88| hifireraepryd)der scHageg tydgoresgsipen and

' Ld m 3 e .0 r Ci i.ti.Qn
o R e E o T e "Rl L Py ergies
prekeeatedn beewEénstheltbwsgeckeacagenr mactiuoer,ptbeuct

gﬁthdramal goint 25 26 %ng %he Pirs& clgava e reactor

hyHERRSpBTF AT 822 T $hECHEFI Et APy RIS 1u8BE Pn CQRPRHBENt

se®bctE@MEOof0BNet grolpléwhyivei ght olbanedngn theyfli kekone
cl eavage reactor feed flow 32. Concentrated sulfuric

(MBE) d anetenmer asdi capbénagianschhargsfs afenerally, the
fi$§g"§§§é§£%¥e%¥§hk§8herfE?H%ﬁc¥a£&ﬁEZ5%{§§$3395@S§%te to 10

avage reactiron produc
migsactend cl eavage reactor 38, preferably a once through

plug flow reactor, to produce a second cl eavage ,
reagPFoﬁlﬁﬁitGFE?V?ﬁé 5%2Hr9p0gPRFAS3eNS comprise an acid

caP&TL V52004004009 osegend ckearage 1 £8aeHRr o38slButyibenzene
opefated at second cl eavage reaction conditions

hydftpperpyiédeoapdodifepaecsestndcohearayydropacoiane.

oduct 44. Th irst cleavage reaction_product 44 .
suBFEPURLATSY Coradvan s, ShEARG HERS kbt r dacereaT Ly
likherpar abuselbuand BehAl ac0edurict beigeeangdeligavagerchloric

reactor 38 for a second cleavage reaction residence.
acifreaBflf BRPFPBOEHCpBFLEr m BnBIBFECITRBFe 2CpFerairaply talp

su®kuthe Lehkow g EURCLIFARSCLRRY¥AiARNt, the acid catalyst
(preferably concentrated sulfuric acid), is added to a
reaction mixture side stream 33 at one or more acid addition
points 34. The reaction mixture side stream 33 is located
between the first cleavage reaction product withdrawal point
26 and the first cleavage reactor feed point 32.

The acid catalyst is used in an amount of from 0.005% to
0.1% by weight based on the first cleavage reactor feed flow
32. Concentrated sulfuric acid and other suitable acid
catalysts are commercially available from a variety of
sources.

The first cleavage reaction product 40 is fed to a second
cleavage reactor 38, preferably a once through plug flow

reactor, to produce a second cleavage reaction mixture. The
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W . % or nore of remmining hydroperoxides present in

the first cleavage reaction product; convert 70 w. %
w@eoonoTe30 preferably 10 75 wt. % or nore, nore PCT/US2004/004009

preferably 85 wt.% or nore of DVBA (if present) in

the first cleavage reaction product to AM5; and,

% r refera 75 w. % or nore,
SeROPE. ChPATRdRIT A BT S8 T T EARAY EBA I A garRpe

relaetteﬁ ébﬁéttl@waé/@g@ct%tﬁ&rpw&fwta R AR MNdavage
In this preferred 15 enbodi nent, selectivity of

re@@hv@nsptmd@@t DVBA tﬂle&mmﬁ/@readtageEm@qt@omEsrm@ct 44
o-BBR.1,5 MR i zedy Generallynd he sesond . 6l eavage oo o ure

resi ence

antl ndtetaSued abh yehé h@e@@@rwtt&t@a}eag%ar@aﬁ:t I3®N for a second
condi tions 20 conprise a second cleavage reaction
cleaipepateret PN Fottdones tigna RFfecthrist dramioy forsmere or

mofel 0ptdBe LapThe; fecond. h £l aviage dLacidn £RNdidIQRS 95
al’ o conprise a second cl eavage reaction pressure

wtwhi oh, m@h@nOﬁoQOammhmwthydtﬂpemﬂxmﬂﬁs Clreseade in the first

react ion te ur is suffi o8l intain t
15885 Ereshigs THatiTeh Sitre Th de R sonags erably
75Atvtt%eorf1@<5§@9|rﬁkgré efpef et 8s, 85\@%83% eodfe 3F PSBE (if
nore i sufficient. The second cl eavage reaction
prsﬁéaaétlmttl% £ 45 $ P BT FFO M RATE 18T P BICEakgg@MS; and,

coﬁ@@gcoﬁostﬁtaﬁdojparﬁéfg t p@f’% l?qaﬂSS%}tagse%xf Wore, more

recovering the cl eavage 0 deaving
prefereablyy8atwi ow denperatafl eEMBICT @S gxretdemt ) ylleﬂ dhef first

nd 2P2B d
BV PBeRsRnL Ghdr i Bt o ST 1 co T Glhice Pyeterred

emBb¥eRen 80881 c Of 1 PN £ ah-MEK jad/F DAL @REAMS and/or of
Conversi on 25 WD 2004/ 074230 PCT/ US2004/ 004009

EMBRf fei BR2yand IPgR ovednammidnigdsd f oGeatered lof the second
- d ri
clgggaégcggﬁe@éﬁ ré)é/l&é %éjecérﬁrtle Urd So?rlb \é%%%nd% to 1

endi ng atioo enzene
mlhydeoperOX|de to cunene hydr oper oxi de, the cl eavage

produces f second cl eavage 5 reaction product, 44 with

ol GF50B1 6o  BREAGFOR TR 146 1745 1. 4o 244 N8 ar
com551886@0£e&éﬁ&6@1é£b5 ﬁ%géﬂﬁ%n‘ﬂé%§€%¥%u&%a%E'QQom 60 °C

product 44 are fromO to 0.77:1. 'In a
to 130 °C, preferably from 70 °C to 120 °C. The second
cleavage reaction conditions also comprise a second cleavage
reaction pressure which, when combined with the second
cleavage reaction temperature, is sufficient to maintain the
second cleavage reaction mixture in the liquid phase. At the
foregoing temperatures, a pressure of 30 psig or more is
sufficient. The second cleavage reaction product 44 is
withdrawn from the second cleavage reactor 38 and passed to
additional stages for recovering the cleavage products.

Cleaving initially at low temperature increases the

yield of AMS, AES, and 2P2B, and reduces the amount of s-

butylbenzene and/or cumene required to co-produce a given

amount of phenol and MEK and/or acetone. Conversion
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nost preferred enbodi nent, the acetone to phenol ratio
in the second cleavage reaction product 44 varies

wo eava002d8d: 1 to 10 0.25:1. Reacti ons whi ch occPECT/ES2004/004009

10

15

20

25

30

| ower tenperatures occur in the early cleavage
stages, preferably in the first cleavage reaction,

Whirehi OEOH IS iidraeeti 868 tedoagatioactOrndib-rfertible
98% conver si on ,of hydroperoxi des to phenol and MEK

RYAPEPIUE 5 dRe cLea¥afRviel S5 FRE first cl eavage

r eact gépdriingReacthensa tildi ol EfﬁuuyﬂbdMZgherhydroperox1de to
tenperatures occur in the_later cleava?
onfhgleavage

preces dBIdFPRTPREIRecdifd CLPBEY ST UEE

%%Q&@i&& P Rifu cEVBA xbptrAl‘pﬁlamdacEé\ﬁ%et @hARSL il APZBom
%U|re relatively high tenperatures of from 70 C 20
180t Grdd dhe¥elr e MK HRE At IS pdRe bR pist®¥ bl v

lériteblzagé h?eafdt&%h gheavagea 4r gast a5 pr.educto40. T?&a(:he$n a
the second cleavage reactor 38. At this g0|nt it

PRl opET (HAITO8 SRBABITRRI0 thE RFERARE FOTRBOSRE g 10 in®ene

GlLBNAAE dRAGk PBaEONGH tHQRscE MU bairaRks! HkdRdo I 1 to
maxi m ze the ‘conversion of 25 DVBA to AMS and EMBA to

AESSahd 2P2B. In a preferred enbodi ment, the safety of

the cheayage,s naac %’?sc‘u§ gahaReed reappatedré9 GUdRr in the
enbodi nents. By using glpellne | oop reactor_as the

feiardy eleavadgr Sﬂ'@életsor prsrergbly dnpbbsi pLEest ochriE e

Ut PLE, exRl ierdRdBASULerRAt S > \Rkblig80rédetod Ns. 95%
reaction is being carried out properly and_ to control

{tee S8FDRLVOTS4RT Pl RUARGBETHEART 56 PBODRE R79 ofER and/or

Cajc%%\éﬂgelsr§@iﬁé% Xk ueersige Sidfame32eatfot Yy cal
l'ing pot cleavage reactors, acid addition

t%qmc@apny Wi cloreBiited Byhol SADRRFGAPEPE230CUT in the

S 4 dd1e p3keRgk gy Bxotheny seasHs corsy
ta SH é?géﬁ%&%u J%IC g%ld a&ggtlon poi nt. The S|$iﬁe

e&aﬁdﬁemnﬁﬁeas’t@%mﬁvﬂ@lﬁﬁd@f MBAp (repPH§ andnBYpA to AES
aAMHREgf rggﬁlfé eAVBHS 8 9CHO%n nﬂéﬂp}érx%tﬁi%%sofﬁ ff&n 70 °C

reactor at e acid addition point and mxing t
Smal1305 °Gnendt thse Heastéanagers aRatrornerl xPa?%ewktlw until

agld fl?%% cfég$£5%r?é%@%%%ﬁtﬁgo&ﬁﬁﬁ14ﬁ”ﬁ$a@ﬂgbttﬂ@ d&cond

neasured for process control and to determne if a
stiledewr rsaceoui $&d f&ﬁ—tgaﬁepgant, little hydroperoxide

remains to be cleaved. The second cleavage reaction
conditions can be optimized to maximize the conversion of
DMBA to AMS and EMBA to AES and 2P2B.

In a preferred embodiment, the safety of the cleavage
reaction is enhanced compared to other embodiments. By using
a pipeline loop reactor as the first cleavage reactor 15, it
is possible to make multiple exotherm measurements to verify
that the reaction is(being carried out properly and to control
the amount of acid catalyst added 36 to the first cleavage
reaction mixture side stream 33. In typical boiling pot

cleavage reactors, acid addition typically is controlled by
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purposes. If the reaction is running well, then the
exotherm neasured is noderate (typically 15 Q. If

wWo b@4oast i on is 10 running too fast, then no BXDURBDH004009
is measured. If the exothermis large (25 C or nore),
then the reaction is running too slowy. The risk of

the reaction running too slowy is that a runaway
th?e%t%:rﬁquﬁl T TouEu SRR HEE L iteren a&citdei suadusdc asid

adé’l%‘ﬂoxﬁ athS?{ s(l?!:ﬁes)e %f%ugleg'sﬁ chgag! QFt F%’Péhby

recyc are especl a adaptable to nu
pumexihdnex mmaﬂe]asamo&rrﬂntcsi ’c@rmtcrl@lalmalg@ aehdtaddntikonre out of

based on I ti rm measuyr rrents lLowers th
e SRR g G AAE O 0 i CHORER o By B small
amb@nt f@ffﬁﬁestclcéaa%@efera%&clto@f mhxtdee L9tR0a8Ad. The

i ncorrect exotherm neasurenment by any one fail ed

exebhern| gengmatan camporiahd agidd tdoseasi acpypudedofipkeprocess
coﬁ@% iyéﬁgqﬂp %?é%mfﬂe :§QPE! td%%gpggeg%ggﬁkgggfor safety

preferred enb e exo erm pref
puﬂp@.sew ed BErdss maddtipre ilsocatnndms;. wéhe, exhtehetmel sxotherm
neasured 25 across, one or 51% reaction mxtur
e

MeRXGEHor 1 MRS A ontEROI SIS Poer’n abl y 1oy DReASAFFAGR 18

rubfend SRS AL € dHIG 8RS & {J1eBrnTBaS HEGRBREAROI Rt BRet O
nmeasurenent point 54 along the reaction mxture side

exgthenam B3. lapue eblddt Her mralnqur,eftéueabrtve reagbasor éd
in.the fir OWcleav e rea acr.os one or _30 mgre

FURRIRG PR HYE Feact bt Jilf exoehéref:?‘lC aSufenent'd

s1peiptss tiprefenablawdy maﬁlirdnng:ahhacbampefhahuaadltlonal
i ncrease from neasurenent point 35 to measurement
acpei &% B ong the first cleavage reactor 15. The

eXOb G 1 2l 0. DLAT SEAD] ef 5 TRARIILAL 21U 20044074230+,

004/ 004009 across-the second cl eavage reactor,
repyeier 6BIBR'y) mess wiparidalhly teemperbtilier &or ingétipdm exotherm
0 neas | nt 41.

e g R BL R Sy B el By T aRh G S Fiop Bagpg on AliSeipte

exOPREFRHSa s Btialerass thardme o] es.skbofhedseeendoo little or
cl eavage reaction product 44 is cooled, preferabl

togi Bueh heatd el B0, thindifad cdeavageureartoat Xéndue to
ana9886§£é€%(é§8tE§EM“HeAMH¥éﬁéHQer%e%QQdone failed control

system component, and essentially decouples safety components
from control components.

In a preferred embodiment, the exotherm preferably is
measured across multiple locations. The exotherm is measured
across one or more reaction mixture exotherm measurement
points, preferably by measuring the temperature increase from
measurement point 52 to measurement point 54 along the
reaction mixture side stream 33. The exotherm also preferably
is measured in the first cleavége reactor 15 across one or
more first cleavage reactor (FCR) exotherm measurement points,
preferably by measuring the temperature increase from
measurement point 35 to measurement point 37 along the first

cleavage reactor 15. The exotherm also preferably is measured
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cl eavage reaction product 44 is subjected to

neutralization conditions conprising a neutralizing
whame/oaf28ecti ve to 10 produce a neutralized seRPORUS2004/004009

cl eavage reaction product. The neutralization

conditions conprise a tenperature of from 40 C to 60

r ef er abl rom45 Cto 5Q0 C, and XS
acgp ] EhEr Rt A TR 408 e et TR AT an0y: DY oPFBRUT ing
thO O8HSE ratird Nei dd Gl RRASERr MRS PREKILC 4B €SSHEEsQkement

higher is 15 sufficient for this purpose. The
porett £4} i ZHi¢ oPreppamamey kendgessineforgdgl eolit guitaple

apé£|?§§§ongu8¢%§¥|za]!eéﬁhﬁﬂ% product with the base.

e ne tion a paratuses include, but are
notTnecessandly1baﬂhgedréecalwﬁspebdequ|ppeds wobled,
stirrer and pe m xer sui tabl e neutraI|2|ng

preheeahay Béau§eaeabr%¥ghﬁgaerné§tréPﬁzﬁﬁ& Basés are
ne@tKghk-RRses. aﬁﬁakgéhs ghkal shBasgswnkrel Ve, sBubnare

not necessarily limted to hydroxides, carbonates,
clekvagbonasesionndrptienat é4 o sobnantegotasseunralandtion
i nations thgﬁeof The a base, i s

005%1E§8gguﬁogﬂréﬁﬁﬁﬁt SsFFFErEne P ﬁﬁ?ﬁt% Fﬁéve to

proeuteahi aedrrantigcedssEragti enchdager irkbgdtiAnt peolaxt. The
paragraph) at a pHof from5 to 11, preferably at a

nepfrafiERrbAPS £6NG1LioTReCABREL AR 2elicEBEsAN ERaFagEO 40
°Cr€§CBboa gggfgréﬁﬁnyggﬁaﬁgd°bnE8 goneetrghﬁzgdpressure

organic fraction-an neutral i'zed "aqleous"
suffacienh t@hmametghn theiseobndheleaeageakeaeﬂ1ongpmbduct

, f on 1 ge neutg i zed "aqgueous fractjon )

in FAS PRl PRSP S A PR aeher 30 S B anar0os shgdner s

suffﬂéigﬁeoﬂéeoéﬁeg phbpbeast paet nebhictheingutpal bggdratus
pora

"aqueous"” fraction preferably is recircul ated bac
engheepebhparigat Frontagppafatis. s¢ﬁ@ndeﬁéeﬁaégeoreﬁhélon

prQSHEEa%%Eﬁo hgqﬂgggherS%E@§£i§nggﬁﬁrgflg5§£8£d$ggggatyses

rec sone 0 rocess
1ncbudentbat|ane|nothﬁenessaahnyeM1mlaqdeGUSa freastiiobquipped
|ncreases over tine, , but gﬁeferably is maintained at

withom $TL6T360RY ﬁe?bﬂ? NeRgavage Product Separation

ZONgny suitable neutralizing base may be used. Preferred
neutraliziﬂg bases are alkali bases. Suitable alkali bases
include, but are not necessarily limited to hydroxides,
carbonates, bicarbonates, and phenates of sodium, potassium,
and lithium, and combinations thereof. The alkali base is
used in an amount sufficient to maintain the neutralized
aqueous fraction (described in the next paragraph) at a pH of
from 5 to 11, preferably at a pH of from 5 to 5.5.

The neutralized second cleavage reaction product is
separated into a neutralized organic fraction-and a
neutralized “aqueous” fraction. The weight ratio of the
neutralized organic fraction to the neutralized “aqueous”

fraction suitably is from 1:3 to 3:1.
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In a preferred enbodi nent, the cl eavage product 10
separation zone conprises a Crude Ketone Colum (CKC).
wab@4/omesd ral i zed organic fraction, or "CKC f ercl/US1084/004009
fed to the CKC 16' (Fig. 1) and exposed to CKC
conditions effective to produce a bottom crude pheno
fraction and a CKC vapor distillate. 15 The CKC i
con@Ft#6ﬁ§tapérEfPéc?ﬁ@en?BtEFéaﬁég a2@Reygpofraction
ST te.C .S S e t L pr ),
P Ene T Syl bengtne. “and ANB. g {Re ReatralT ooy
appagahis.f Thet remaindke GKCtbendeticons ipeef Eraflkepusfe
effective to pr,oduce a CKC _vapo istillate
ErGOREPTSITY 88" (L ORGPEROPE, THaPLPabES SPRCo6 BPZaRF=E OF
th¥abebcBEgsentnnsthe aeHteakiraedoar ganicgef haekirani zed
The CKC conditions also preferably are effective to
“agpedueé ArackCopapBErapsEE| PHEE E6RPri HulgPTsFEspbly is
; efer han.,75% t he hydroxy- ket ones
ma?ﬁ£§ﬁggﬁe5?rg?%éegogggggfcﬂyf?é%g%gﬁ. The CKC
Cleandgei BredaksoSaeperetient Beset o produce a 25 crude

phenol fraction co i Si.n rom 2 .%to 5 w.%of a
Conbiindt PORZot SeanBmEods TRy | BOR EHEEVARE. PAES CEnd
sepB2BribA 2oReetenped segbadirent, kRenEKEa0RA! LicQBS. The
conprise a CKC top tenperature of from 190C to 220C
nepreféiaptyorgamic20g3ectoonro7er akdCatferd, t‘opspiedsitipethe
f.EromQ psig 1 psi.g referabl.y fr i
oxot5 RGP kS, Breri e  Ehnsa nenE e e Cae Ay o to
profiutbeaCKetterdctradehghenet fabczednseadnd ckeavager
.reaction product aqueous fraction is from1l:3 to 3:1
disHiirbBe4/ 074230 PCT/ US2004/ 004009 The crude pheno
fraghiopxbs cBHAk Eisdst 9r8 BRERBL i HEOFUChH bALRCHUBRC vapor
phenol refining zone 18 using known procedures. The
di€KClvaper cdinptriibliagempstf ed tbeaw@K€rvdpdr pceseanser cumene,

n ubjected_t vap condenser. candi ti ons .
S RPP et YRS oA el Ehg S pOP te Bt deRaate datE Egaction.
Th¥apRC e6ndensahe pserfsepBlgt adei BEFeatTE V¥ap@hoduce a CKC
condensate_organi ¢ | ayer and a CKC vapor condensate
vapghedistiayaEe AOPpBriFoRJIoP ot NE - Ekervapse, preferably all

of any water present in the neutralized organic fraction.

The CKC conditions also preferably are effective to produce a
CKC vapor distillate comprising 75% or more, preferably more
than 75% of the hydroxy-ketones in the neutralized organic
fraction. The CKC conditions also are effective to produce a
crude phenol fraction comprising from 2 wt.% to 5 wt.% of a
combination of cumene, s-butylbenzene, AMS, AES, and 2P2B.

In a preferred embodiment, the CKC conditions comprise a
CKC top temperature of from 190°C to 220°C, preferably from
203°C to 207°C, and a CKC top pressure of from 0 psig to 10
psig, preferably from 3 psig to 7 psig. In a preferred
embodiment, the weight ratio of the CKC feed to the
neutralized second cleavage reaction product aqueous fraction

is from 1:3 to 3:1
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condensat e aqueous | ayer--called the "CKC recycle

portion"- 10 is fed to the CKC colum at a recycle
w@oioan74280 t hough it is possible for the recycP@r/psions/004009

to be at a variety of |ocations on the CKC col um,

the recycle point nost preferably is the sanme tray at

whi ch the neutralized organic fractionis fed to the

CKCTR8I GRHIeTRBERRE FEaFErarpdrt PR 1IisdcSpri Sbsnolom

. Y%t .9 f 5 %; 1,0 W, % of

P i oS aeubnet g er P TRE Phhs nder P 10
preapdnreendensat e aqueous | ayer and the CKC vapor

condens or gani c .| re.mxe o forma CKC vapor
conggﬁsg%g HﬁgParSlEgﬁgﬁP§Fn552¥ﬁ%.%§pﬁe€%k JeRogssondenser
andO0shrgtetabl Yol wkc¥pberokoatchess. ctheiCHony RIffdBive to

mass reflux ratio to effect this deggee of phenol '
predparati 6KCi §apogsrendepgaiepr efFaer E6Cefopdirneendenigate is

di:tiaqn [ a I rati o fr

B (a e T e A e A G e SRR
vapbt poadentptacetioreuar éayecovehegorrnionhefMEKe CKC vapor

recovery zone 20 (Fig. 1). -Wyere cynmene is not fed to
copAEP Rkt FOHORTR: GRECrIRERS LEGnERE | CRhof o3 o PORE 10N -
isofbgatboﬁhéeéﬁb|QBJuRH?atcgcr¥@9€ﬂePgB@%%$at%QQhough it is

m xture does not conprise a 30 Significant acetone
pogsipbaehrratibie] secyeaceototr éeober aVER vprdedst ofl n

' S co n ixture.is _mxed

lo%?%%o%% §8uég§sgg§;égggﬁgfe?ggl%géﬁcgkkgpﬁ%gaggftnore
prpretebabl ysathedsumecontgi aknghbase thennantagurkdandganic

30 WD 2004/.074230, PCT/ US2004/ 004009, concentration ,
frgrfeeti vé £69caPalPzeCkhe CRoRUBNsalPENCEF raryetydrertion
colBri B8s CKEoYaRar wgoBdensate, i xt Ub?e‘ﬁ'e'&:ﬁb'Y?K-TSTQﬁ: .% to 80

base is fed in sufficient quantity to react with
wtplenbl tha CKRevEKCrvaporouendemsate Rhet wematiodeor mfathe

henate, 5 preferably sodiu henate. . The resulting

CK Ve &Pe, CRBFGIT “GaPHEaOaR "RER T SBGVERY Mkt JPET s
cofdbhestedotgaNEK 1s¢par akkonigendibi gasmetf exti vapbe

separate a MEK product. The MEK separation conditions

(o)

copeenraphpl pigbHpei semprising 2 wt.% phenol or less,
preferably 1lwt.% phenol or less. The CKC minimum mass reflux

ratio to effect this degree of phenol separation is 0.05/1.
In a preferred embodiment, the CKC conditions comprise a mass
reflux ratio of from 0.1/1 to 0.2/1.

MEK Recovery Zone

MEK product and (if present) acetone are recovered in
the MEK recovery zone 20 (Fig. 1).

-Where cumene is not fed to the reaction mixture

Where cumene is not fed to the oxidation reaction, the
CKC vapor condensation mixture does not comprise a
significant acetone component and is treated to recover MEK
product. In this case, the CKC vapor condensate mixture is
mixed with an aqueous base, preferably an alkali base, more

preferably a sodium containing base, in an amount and
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cooling the MEK recovery mixture to a tenperature of
from35 10 Cto 55 C, preferably from40 Cto 45 C
wao ooopiootece a cool ed MEK recovery m xture. TheP€DUEm®A4/004009
MEK recovery mxture is fed to a MEK recovery m xture
decanter where the cooled MEK recovery mxture is
separated into a MEK decanter_aqueous stream and a
conx ezt re bF gaini e st P eadt 2 Iree MERe deeadeepatgson of
r f Vel : e..clea e
B R SRR ST SR e
bas¢ reanfedanmprss£6i MOt hydantatbone othet wighnpbenol in
speci es, and aq¥ di ssol ved water. _The MEK decanter
Eheyr GEni ERTT A SR SULT Bt RS B nf AFHufh BRSR&LS
prEELeM sy Wash@sum Theehb 8t WaBE r29utenpyi segtwashi Afrein
the MEK decant er organic streamw th aqueous al kal
cabbee 2o TNRHveccpEerY phenbirepr sdueihgeatedr §p MaBshed
*%ff%ﬁ”égﬁdf%ﬂéﬁ Co ELEAM, o THE ééﬁgkaﬁésgeﬁEkEﬁr
ecanter organic stréeamis exposed o TIrst wasne
VEKT Itke Clamit es e o4 gahl 6n st oedht separ aprefic2dbtgndbhpohse
effective to produce a first washed MEK decanter

cogttROusShpHEER BRECESFY ret XTakRelC MEKC BBREAREF LBy §AnfEC™ 35
ocpbases odhe firstappshedoEKodecaptersorgants phaagcksa
subjected to a second wash with water to renove trace
coal al MEKasecopevyusingura. t wee washed NEK decamesy mixture
. _0 nic stream The tw she 0] Kd nt
o b EAntE RN LRty AR IR et ntE AR Ehpegootec
MEKecasd e raquegtsrphasesapdrat MOCiheeda CHRRr ietAgtar aqueous
final MEK decanter organi c phase. 31 WO 2004/074230
st pea U802/ BokoodeCaReS VDRr FeRHC StFRMt o ahe MEK decanter
LSEL j |} ed d [
R U R ies G e
nehydabtarbbon separatasd oTherMBKgdacsnspechbeganThesibean
feed is @ﬁ@j:ﬁ%&d t o MDC cogﬁitions effective to d
CoBPotte Aty bUEPhRRY’ cBhPPf sPhg2arerPaHISEr g&RMAcARY
dispeties havény arhbomkkngepohbbrsuotfasienttychaves
than MEK to be separated fromthe MEK, and a MDC |
subpeebrd EonprisnHEUNERE trganfecodperpeieRayi Rfeafirst wash
coRBE1LD0 POLRL g UEAL CER! L¥cLAYEE bDARNVEKSCLAGkURS ey
t are not necessarily fmted to nethanol an
aqueous alkali base to remove trace phenol, producing a first

8duct.

washed MEK decanter organic stream.

The first washed MEK decanter organic stream 1s exposed
to first washed MEK decanter organic stream separation
conditions effective to produce a first washed MEK decanter
aqueous phase and a first washed MEK decanter organic phase.
The first washed MEK decanter organic phase is subjected to a
second wash with water to remove trace alkali base, producing
a twice washed MEK decanter organic stream. The twice washed
MEK decanter organic stream is again separated into a final
MEK decanter aqueous phase and a MDC feed comprising a final

MEK decanter organic phase.
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10 ethanol. In a preferred enbodi nent, the MDC
conditions conprise feeding an entrainer to the MDC

wao ooosemse the water fromthe MDC feed w th nP@i/Dsi004/004009
|l oss of MEK in the MDC overhead. In a preferred
enbodi nent, the entrainer is selected fromthe 15
group consi sting,of hexane, cycl Qghexane, heptane, and
conEBﬁaMPSn%eFHeFéoﬁedAﬁﬁnétdﬁ?@ﬂé#@édoénppépﬁ@w icglled a

MERY@EB?@%QE@OH'@O@QHht'89 tg MgKcrihe MG bkt os d comprises
general ly conprises hydrocarbon and ot her organic

MEKpebivdsohavbny, awvboeki ngnpopihher20rghindk ispettiessanm®he MDC
or. gr ate t,h . The.boilin oi nt, of ME
redf 85 SLRALELAN"ED MBE: chBGRoshEr e e tnel bolpE ot
MD@ pﬁ@&ﬁééa cehpehsyagywbekat bve begengcarpkhes HRking a
exanpl e, when the MDC pressure is from3 to 10 psig,

boi hangpeoiBhperaEiFdenElir dRYPS EheB MBKogochel peparated
£BRELRE! AkenbRdl BBbe LBECMIE BoRpSULERLS MM Brghdil

psig and the MDC tenperature is
sp®dBCesohdivingns absbingnppise auﬁB@cubntﬁynﬂmmbarthan MEK

[.ux based on the reflux flow to the_overhea
ingSeeF PRbuArsr igr1nSPR e ASs el Bl b e ke sh
eth@ﬁbmolar 30 reflux ratiois 10/1 to 20/1. The NDC

bottoms is fed to a MEK product colum ("MPC') and
subfectedrederpPedcenapreinastef thet MPE p@néeﬁapaﬁecpm@rlse

ol OO L0, A RO 0, A 21083 o e

MDDrﬁdethEK minimaté etobedbfeMEK ﬁhetNBCMD@ebheadeaﬂ In a
r.oduct In a preferred enbodi nent, the MPC

pr%%%FﬁgﬁdemPSHﬁW?gEs ENRPENBGRGRESt Eaffe6RpRASTERGTs She

gr&E cbﬂs&Bt§ngGBP0Hé§EHé; Ep%lyﬁgkﬁﬁégehébﬁﬁﬁg"%nd
ective to purge 5 organi ¢ speci es having a boiling

combiﬁ@tuégg thane®EK fkompﬁheprwperred ehisagnbodiiment ,
tially pure MEK product is wthdrawn as a
cyg%gggg%§§l Where purging occurs, the MPC purge stream
is [ﬁcydﬁedlbﬁckotMEKhetﬁerchcbeavage geaetanlyt eomprises

hygggggggo%hgngegggéiSoigaggSagggglg;eﬁgggggyad%ggaaggdp01nt
which is the same as or greater than MEK. The boiling point
of MEK is 79.6 °C.

The MDC conditions comprise a temperature and a pressure
which vary relative to one another. For example, when the MDC
pressure is from 3 to 10 psig, the MDC temperature is from 75 °C
to 90 °C. In a preferred embodiment, the MDC pressure is from 6
to 7 psig and the MDC temperature is from 80 °C to 85 °C.

The MDC conditions also comprise a MDC minimum molar
reflux ratio, based on the reflux flow to the overhead water
flow, of 5/1. 1In a preferred embodiment, the MDC molar
reflux ratio is 10/1 to 20/1.

The MDC bottoms is fed to a MEK product column (“MPC”)
and subjected to MPC conditions effective to separate the MDC

bottoms into a MPC bottoms and a MPC overhead comprising
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10 The MPC conditions conprise a tenperature and a
pressure which vary relative to one another. For
wez@apre3o when the MPC pressure is 0 psig to ROI/pSi0g4/004009
the MPC top tenperature is from85 Cto 101 C
Preferably, when the MPC pressure is from4 psigto 6
psig the MPC top tenperature is from92 C 15 to 95 C
Prefec PlERondibi 8RS €1 PHLTSREMpF8eMECvPEeRBRaE is the
prb&hbUXMERL | 07nbasEde PB. L-eh! UxbbLowehe , PEAdUGECS Lowrnat 4
0.15 or nore, preferably nore than 0.15. In a
coppeieesed MBfibpdrgenstrehs MPOpmrbEangr eblexME&Li 0Ihsthis
1. ,The C,_bot conprises_hydrocarbons and ot her
em%?%é%?%QPngép BLeRthd iﬁérgaﬁoﬁﬁiﬁngSEﬁFehgahBPrﬁﬁan

ordEicThpebPEs havingsai BosUbhgchednto18kandakd MEK from the
MP%OSI -treatnment for anal ogous. streans I n a

hendh/ kBef offEPpRRRRE! bef BrESbanhadartéyuped MBK pheduct is
wi@%&ﬁé&hoasrQagiaé(éiaw:V“ﬁﬁ@r@ﬁ@ﬁ%&ih& BEQP%gngﬁe MPC

oxi dati1on reaction 25 Were cu is fe
pupngedatireanr tacteoncladcbade tacehenéilEK tiaatrhga irsactor

exposed tp, acetone/ separation conditions in the

to EROT 5, ERE BENEL 2b0 (EpgELas =P RECH: BHaTYedesCHibed.
enbode NBOL, cbRE1i VEkn & e6OMEEY s€0Ret6APBLE$88eaAnd a pressure
Acet one Product Columm (APC), and the APC feed is the

whigit vaDyvapsat EBAdensate oAnfikeldr e. FPhecAPOPLeedwhen the

e GEBPLELIL oI 68, (LA AL g S0p 2, pERlEBRcure .

frane8gnty, tantd023° et . phydevabl hpnwhengehberPw phedsure is
variety, of 33 WD 2004/ 074230 PCT/ US2004/ 004009 by o
frop oduREsY 1R BrRStbotifelifC WABr ESPRETBkHEgt Fontrom 92 °C

tomxtere BREPIPECSoAEPM dRs WMnuXe RHIERENHC138 WM MM molar
cunene, the APC feed has the follow ng conposition:

refAPgx Feeticonpasedi on Rahgex (fladi tatpsodmat| flow, of 0.15
ox RLEL1 BRcePl) dhese:fzang gec pepelblel oo
embodiment, the MPC molar reflux ratio is 1.

The MPC bottoms comprises hydrocarbons and other organic
species having a boiling point higher than MEK. The MPC
bottoms is subjected to standard post-treatment for analogous
streams in a phenol/acetone process before being returned to

the oxidation reactor(s).

-Where cumene is fed to the oxidation reaction

Where cumene is fed to the oxidation reaction, a crude
acetone/MEK fraction is exposed to acetone/MEK separation
conditions in the MEK recovery zone 20 (Fig. 1). 1In a
preferred embodiment, the MEK recovery zone comprises an
Acetone Product Column (APC), and the APC feed is the CKC
vapor condensation mixture.

The APC feed generally comprises from 14 wt.% to 45 wt.$%
acetone, from 46 wt.% to 15 wt.% MEK, 14 wt.% water (if

present), and 23 wt.% hydrocarbon, together with a variety of
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MEK 44 32 Water 14 14 Hydr ocarbon 23 + 23
(nostly s-butyl benzene) Phenol <2% <2%
w@ehentBadehydes, <0.5% <0.5% Hydr oxy- ket onesPCIII52004/004009
nmet hanol, ethanol) 5 Product acetone is recovered
fromthe APC columm either as an APC overhead, or as
an APC side draw. Wien product acetone is recovered
by aBrPRECAPC o¥Br RB&ISMPREBFBHuctGEEt bhe omdglabéon mixture
cohBLALed wLbh 151 gt anaanbersPapl o2 BaKing.a bo b%"a%c feed
pol nt | ess than acetone I'n a preferred e

haBhehAPCblmowvegheampoempnoses a purge stream
hic owhnr‘llJmnf, the APC

| t
\JUll | r ol |[§ \JUIIL’ u\zbl. Ull\’ T I| C III £=J CITTIOOUTT 1ToTT

Bver Fead W@@§1Fh@nlR@ﬁgeoﬁéahpélc§§éélé@aﬁévwﬁglatlons
boi | i ng poi ntakdayss thede aedvheefh res ARG e over head,

and a substantiallly pure ad#t®one product is mﬁWh%ramn

Cuhens the APC columm as a side draw. In{this 15 3p
OxgﬂbedbﬁEEbedthe ARC overhead is soneties referred to

as an EPC purge |streant. T or. . Canenl e Ce. The /:\I':’b o
1 stream —preflferabty-isorecycted—tpthe—firs
ACQ éggﬁﬂo reactor—tlo nrn\/l ilg Shn bepnefits to cl ‘—1\;'}:‘-1{10

TV g

ME5reV|ousIv descri bed. The ApC¢C0ndltIOWS preferﬁmkw

Watenprlse feedi ng an APC 201hage to the| APC col unm.+ The

Hyéggbggggnpreferably I's an gkkall —Dbase| nost
m@ggizrgb ¥tap aqueous sol ution of alkali base, %QLTND

rerD04 974230 PCT/USZOO4/OO4009 nDSt pr

£
Ph%bl Uua DUI Ull UT1 LI DUUI tm '23/‘0U| U)\I UC
£ Fa¥

X IR WP\ \NZO

O \Jut ul y<£ < Lllu \J\.Il ullqutl

Otﬁﬁf§ﬁ£dgﬁeﬁeaed wilth NEK arftt 3fcet one t b producéO 5%
HydpA8¥Ensat PBRS pr odyct s. The APC bott ons| conprises the 5
MOcoRaERA3BPLon react|i on products. The APC base also is

ethbaneétive to reactl with phenol in the APC bottons to

form

Product acetone is recovered from the APC column either
as an APC overhead, or as an APC side draw. When product
acetone is recovered as the APC overhead, the product acetone
may be tainted with “light” organic species having a boiling
point less than acetone. In a preferred embodiment, the APC
overhead comprises a purge stream comprising some acetone.
In this embodiment, the APC overhead purges the light organic
species having a boiling point less than acetone in an APC
overhead, and a substantially pure acetone product is
withdrawn from the APC column as a side draw. In this
embodiment, the APC overhead is sometimes referred to as an
“"APC purge stream” for convenience. The APC purge stream
preferably is recycled to the first cleavage reactor to
provide the benefits to cleavage previously described.

The APC conditions preferably comprise feeding an APC
base to the APC column. The APC base preferably is an alkali

base, most preferably an aqueous solution of alkali base,
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sodi um phenate. Hence, in a preferred enbodi nent, the
APC conditions are effective to produce an APC
whedtome3conpri sing MEK, water, hydrocarbon, PCT/US2004/004009
condensati on reaction products, and 10 sodi um
phenate, and conbinations thereof. The APC conditions
conprise an_ APC pressure of from400 to 500 mm Hg and
mogh APELeERPLY aRlr 8IBEORFOAPBDLEOROCE0SCdiupyr B dirabliie. The

Ap@MHAEC pgeﬁff%gaﬁe‘lgé} mgﬁgggdtﬁe ABngflgg?grgture

of 40 C condi tions SO pre era
aldenpdéseiant WPCARC nEsuth whtar MEEf hud aaétOneft&Zproduce
cul ted as rate of eflux fIOﬁgto si de draw

|
CO%& ABRELPT o BAYG  Fol af eb%EPSbOF BSpFererregs the

coRdEREL FBOh , r&het APk £0BELEEQNSTHEORPEI B8s8 APLAS i
reflux ratio of 15 or greater. The APC bottons is

efSemf bee eliot beMEK weplr aheoal 20ncbhdi APEnkoetbret kvefbom
K ct._The ar n co d| on
R A s AL

cot@ipesmas usecobffeoti 36 €otprb8u€e aheAECabbytoﬁéoﬁbﬂer81ng
Cto 45 Cto produce a cool ed APC bottons. The cool ed
MERAPETHLEE onsl VST PEAT PO anCAREERBRE AR HRBSRieR whefucds, and

sod N@n CoRL £ APCGRQt LONB1 h st s6Rar ahgdebRt 0 an APC

decanter aqueous stream and an APC decanter organic
st rBlagn ARG ecapdtit Heeancerpayseoas APCenpnepseterabl yrom 400

co SR e Ao UL 8 BELFOBROBRI A o vc,

prefeceaib By Of gAPC Cp8é & Sank COAPL b 6esm3AgVEKd Aydrpear bon,
ot her organic sp§0|es and_any dlsso?ved wat er. Al so,
tenpeaties MeK decant er [Bf gART cCaRfehipns halaporeferably

coﬁﬁ%fggeénQéﬂ@nhfn§$uﬁ$ﬁ%i$rSPfoﬁ£e9a£90 OE1TQHUQ%?%%lated

aqueous washes rst wash conprises (a
astt&iewmf3EeﬂIMQOﬂM¢@7ﬂQ3©i&éﬁthﬁOﬁﬁéﬂ@éﬁOﬂloﬂeoanaemolar

an| streamw t h aqueous al ka etor
badie PhEhIPLC pr HTR| HEP AT RE bR APEo DS LAt rer
co@m% wéIeanrefThex frastio washes APC deganter organic
streamis 5 subjected to decanter separation

conth¢ i dffs efleens ves t subjr et eta YEKssepasaetonPC
coﬂ&%%HGﬁg éf&@%%@v@hééeségg&gEé'éS&EK product. The MEK

separation conditions preferably comprise cooling the APC
bottoms to a temperature of from 35 °C to 55 °C, preferably
from 40 °C to 45 °C to produce a cooled APC bottoms. The
cooled APC bottoms is fed to an APC bottoms decanter where
the cooled APC bottoms is separated into an APC decanter
aqueous stream and an APC decanter organic stream. The APC
decanter aqueous stream preferably is recycled to the
cleavage neutralization apparatus. Like the MEK decanter
organic stream, the APC decanter organic stream comprises
MEK, hydrocarbon, other organic species, and any dissolved
water. Also, like the MEK decanter organic stream, the APC
decanter organic stream is subjected to a minimum of two

aqueous washes. The first wash comprises washing the APC
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washed APC decanter organi c phase. The first washed

APC decanter organic phase is subjected to a second
wo®h/on2sh water to renove trace al kali base, PCT/US2004/004009

produci ng a twi ce washed 10 APC decanter organic

stream The tw ce washed APC decanter organic stream

is a ain separated into a final washed APC organic
degRALET cBRPR %Fnatrﬁém"waéhfégaeoaﬁdaékﬁﬁﬁabaWQSﬁ@dremove

tré@g:9@&@81erp@SHGQHﬁ?pHa§§rsgh@ayggdfﬁ@@ ﬁgggﬁkﬁgsorganlc

VEK hydrocarbon and 15 ot her organic spec
StfhemNDC feed is fed to a distillation colum, called

K DebvdralLon, SoLuim,gr MO and, subl ected Lo

sub@&@té@lﬂg mabgﬁt@@ds@pg@at@oﬁp@@hagtmamsngfﬁeceg%bi@a
poi nt suff|C|entI¥ | ower than MEK to be separated 20
8

prP@Bﬁ%tﬁefhERt HAahadMBEChBEFBRE EoRARPSNAgPNERS and a first
aShoamge a@sgh@érha¥g§gl@bggageng BAENE;SULT LG ﬁeh'xpc

ower than MEK 1nc are not necessarl
detant¢edotganethphekeand sebhanbed tn a peebedredsh with

nbodi t, the MDC ditions conp rise, 25 feedlng an
“a e r 6 nEFMPBSt RESNBCEL B HenBRaSt hECREEEANET Brihee NpEhed

aptegdcahtbrnbphaRL ol 988cah. MEKhENLT NEeMEsA¥Er ReadqekAnter
a preferred enbodinent, the entrainer is selected

OrgRBRT { HETGRBUPS cOASI Bt PABaBRtRAExaNES ayEliohéxaaehed APC
orggﬁig. a@gdco EPEEﬁ%hgﬂé RMS¢69238 tQRét p%%&%irwﬁshed

ntraimer 1s cyc exane ron to
AP@IthmmtﬁnBaqeeeualpyasenprlses hydr ocar bon and ot her
org nlc S having a boiling point which is the
Q157 ﬁ?% t 6PTPR ﬁeﬁEMEKThﬁygéﬁﬁaﬁbﬁ@ 3Baper, and
otg894é§gA@§@ 5526&@@004¢994ﬁ9@ FBEQCEdUERY AKe, tagsﬁﬁﬂ?ation

as described in the corresponding sections under
COh@@@An@alyﬁér@ ¥eKehehydrabiohedoigmnher PEREHi end

o ST b WP rerdrar SREG SELeRBEE ForBauinge = 1oc
ovexaspd eSomfxa8Phe water and organic species having a
boiling point sufficiently lower than MEK to be separated
from the MEK, and a MDC bottoms comprising MEK. Organic
species having a boiling point sufficiently lower than MEK
include, but are not necessarily limited to methanol and
ethanol.

In a preferred embodiment, the MDC conditions comprise
feeding an entrainer to the MDC to remove the water from the
MDC feed with minimal loss of MEK in the MDC overhead. 1In a
preferred embodiment, the entrainer is selected from the
group consisting of hexane, cyclohexane, heptane, and
combinations thereof. A most preferred entrainer is
cyclohexane.

In addition to MEK, the MDC bottoms generally comprises
hydrocarbon and other organic species having a boiling point

which is the same as or greater than MEK. The remaining
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Bat ch oxi dations were perforned to neasure the effect

of reaction tenperature on conversion vs. tinme and
w@eloent4280 ty. Hydrocarbon m xtures having a wWweCTO$2004/004009

ratio of s-butyl benzene 10 to cunene of 7 to 1 were

oxi di zed using depleted air with 7 vol. % oxygen at

at mospheri c pressure. The results, .presented in the

PLPGEAGRERg 2FEbIEES, SREe afe SS5FE4PESH i§ dde corresponding
8RBt agHaRhyheT lye viheh-ef el o asul

Se%?lgggb le 1A Teﬁpgggﬁggge ??SOC Conp03|t|on§§12EV%}ghthe

re%ﬁtunﬁ mhFGLEe? "4 apogel0 12 Cumene 11.99 11.83 11.46

g0, 16578285 RBIer o4 10865 61650 LSRG T3P 35 oA rence

toOthé @oldotihd %xb&m@e%z 0.27 EMBA 0.01 0.03 0.07
0.05 0.09 0.11 CHP*** 0.75.0.96.1.28 1.62 2.25 2.69

sBBHP**** 0.41 1.03 1.96 3. .63 Unknowns 0. 10
O 1%a@cﬁ4ogla§t90%% %e%@ %% o§mgﬂt¥|b9@%%%%e the effect of
*acet ophenone cunene roper oxi d
re&ttisnbh&mbbeatame bmdcopeemxnde 26. Tahhe hﬁd%ﬁéhaﬁtiv1ty
resul t abl,e 1B Te [ ature
Ry R BE PO RO XEH T081 HR0 S TAmHC BBt €95 1p $74 S5hytyl benzene
toCaiRBRe13r13 3. 69wkkel0x10126d10s96494 lé%e%B%ﬂ%e%%th 7
85.90 84.11 81.53 78.30 77.61 76.26 AP 06 0.12 0.
vo@ .48 0xgoen. 96 aﬁmoweh2@@¢/9¥@23@rpc7/wszoaﬁﬁ@a¢@09

prgggétggiéngﬁié %pigo%i%% Qa%ieg}4%ergw%éa%u %dpu%%ng gas

chromatography. The Table 1A reflects results at 110 °C:
Table 1A
Temperature

110°C Compositions in Weight %
Time, hours 2 4 6 8 10 12
Cumene 11.99| 11.83| 11.46| 10.95| 10.33 9.96
s-BBenzene* | 85.37| 85.51| 84.52| 82.69} 80.10| 79.33
AP** 0.03 0.05 0.08 0.12 0.21 0.32
DMBA 0.14 0.15 0.17 0.19 0.22 0.27
EMBA 0.01 0.03 0.07 0.05 0.09 0.11
CHP*** 0.75 0.96 1.28 1.62 2.25 2.69
SBBHP**** 0.41 1.03 1.96 3.15 5.02 6.63
Unknowns 0.10 0.12 0.14 0.18 0.23 0.35
*s-butylbenzene
**acetophenone
***cumene hydroperoxide
****s-butylbenzene hydroperoxide
Table 1B reflects results at 125 °C.
Table 1B
Temperature

125°C Compositions in Weight %
Time, hours 1 2 3 4 5 6
Cumene 12.13] 11.69} 11.10| 10.26| 10.06 9.55
s-BBenzene 85.90| 84.11| 81.53| 78.30| 77.61| 76.26
AP 0.06 0.12 0.24 0.49 0.60 0.96
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CHP 0.98 1.27 1.69 2.33 2.65 3.23 sBBHP 0.81 1.90

3.41 5.82 6.95 9.32 Unknowns 0.10 0.11 0.16 0.37 0.46
w@2@®9/0742B f or egoi ng results indicate that, WhRCT/UK®04/004009

reaction tenperature was increased by 15 C, the

reaction tinme to achieve a given total hydroperoxide
cohversion was halved._ 5 Example 2 A standard

DMBRi dat i on lni x@ utd [wad -griepar @dl8gnt A Ahh 30034dr arfs. 46

EMBA sec-butlyl Behkzene O.$HBB), @ndéan dwiuni of.éémend. 30

CHeffective [to progluce la2wej ght. éatli o nf3xPB: eugene of. 23

sBBH#: 1. The oxigafi on . moxt ure. al o0 @orga| ned, $%|CumeEne

UnthereRer oxXji deg 1o as an 11 LT @I 96| ThE £X| Jabi @8 0. 69

M XtUre was exposed t0 OoxidatTom condrtrons
0 Lsi.ng .a ratur 1 ' oxi.di zi ng ,agent
T oS s b SR S 5tlhs ok, M sty 1o
tempexauueeomaéo1nskgaséblb@xmerPnsnt&ewméadﬁmaw edmReut:o
n a 500 ¢c Bucghi %e Il reactor, with stirring rate
achieTe00 918 PP CHheBETEREr AY  SEARPRTE BidatiPan h L red.

m xture was oxidi zed as Eﬁaﬁgqgrgl to assess the
No

effect of ammoni a on the anmoni a or
matérSﬁagdadde@xudathencmmxturenwnﬁupeepAkE@rc&ntalnlng 300

r contal 438 pm form c acid, 860
graﬁ% 850 aceghc ac 128G ?%%B W%pﬁ@ngpouPE R icrgene
efeeaﬁawattmepemaabenanwelqutl@gt@bléatb@@,cu@@&%0@$ NH3 .1,

was bubbl ed through the standard oxidation mxture at
Thg QELgRt1PAL MéXEHTS. zlfObagéaaéﬁeﬁhéoe@y@@p@dha@m@perox1de

aspgadyﬁ&tgato&GS%h%'eg bO+8BnapmeRiaf eed 382 26
d 5

cc/ mn. I'n a second conparative experinme
oxmﬂa@&mateonﬂaS1oohacngrwsuhgthetsm@adamﬁrGXDdaﬂBOn C, an

m.xture. Durin oxi.datio gaseous ni a, was
oxLb6rad FAFBGGHOPRE 5xPdach BncohiAPar d b 2 4 apurnd a
stedfif;i pkeptute Beuunabikig. 73@@QfekB%rlﬁéﬁ%%t%@récbgrrled out
production (nolar ratio of NH3 of 0.73:1 based

in2p02PB72938upti/ UgRe04L0020090ronvike expacioad aata of 1300
rpHroductlon) resulting in feed rate of anmonia of

0.26 cc/ mn.
The foregoing standard oxidation mixture was oxidized as

a control to assess the effect of ammonia on the reaction. No
ammonia or water was added to the control mixture. After 8
hours, the mixture contained 438 wppm formic acid, 860 wppm
acetic acid, and 1510 wppm phenol.

In a first comparative experiment, during oxidation,
gaseous NH3z was bubbled through the standard oxidation
mixture at a weight ratio of 9.2:1 based on the expected acid
production, resulting in an ammonia feed rate of 3.26 cc/min.

In a second comparative experiment, 1.25 wt.%$ water was
charged with the standard oxidation mixture. During
oxidation, gaseous ammonia was bubbled through the oxidation
mixture in an amount sufficient to neutralize 73% of the

expected acid production (molar ratio of NH; of 0.73:1 based
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Measurenents of cunene hydroperoxi de (CHP), s-

but yl benzene hydroperoxi de (sBBHP), acetophenone (AP),
WORrBAD74230 and EMBA were perforned on sanpl es tB&KENS2004/004009

every two hours fromthe control mxture, and every

hour fromthe conpar ative experinmental m xtures, with

t]tj followng re Its Tabl e 2a Oxi dation W|thout NH3
onT ﬁ% ?ﬁBﬁFfe% 2 6P§°déﬂﬁléné 3resyliingy ip feegpmppe of
amﬁoglg 5£701280c3/42n,1 AP 0.1 0.3 0.8 1.7 3.1 DMBA

.30.30.71.32.3 EMBA0.10.10.20.6 1.2 Table
2b Mﬁﬁéarﬁ@ﬁn%ﬁtthH@mwnethdZOPerONH@etdCEPpecsed

bu?ﬁ%%?ﬁggﬂgtgyﬁggggkgxgﬁggﬁéﬁéﬁg_ssf%%téﬁégéggea (AP, DMBA,

and. BMEAGwe 8BBpRrtoBm3d7oh. 8akp8eS. Eakénoé%e%§2t%o ﬁBurs from

0.1 0.3 i 5081.21.82635 DVWAO.20.30.
they gontzol miztyrep\ppdpoeyesy1hour érgmotheocemgagarlge

ex @Pkﬁ@ﬁt@e'ﬁ%ktﬁﬁew tm%%%%&ae%ggﬁga gtéb’ 5 1

expect ed acid anount Amoni a 26
cc/mn Time (hour) 1 2345678 CHP 2.1 3.2 4.5
Talhlé Da 0OAidaBidn8wbthebBHRHL.0 3.7 5.8 7.8 9.7 11.4
F . AP 0.10.3,0.5 9.8 2 1.8 2.6 3.4 DWBAO.2
z;ﬂg e NI A A 0.0 0.1 0.10.20.4
.6 0.9 1. e1 m@ro eQTen?s are summari zed in the
SBRRF | owi ng Ta%{:é 3 a5n(7 Li LPySt Adtdd in Fig. 3: 39 WO
AP 2004/ 074230 PAT/AUS2@04/ ODADO093. 1
DMBA 0.30.30.7 1.3 2.3
EMBA 0.10.10.2 0.6 1.2

Table 2b Oxidation with NH;
with 9.2 : 1 NH; to expected acid amount

Ammonia feed rate = 3.26 cc/min

Time (hour) 1 2 3 4 5 6 7 8

CHP 2.03.14.4 5.5 6.4 7.0 7.5 7.6
SBRHP 1.8 3.7 5.9 7.8 9.5 11.012.112.7
AP 0.10.30.5 0.8 1.2 1.8 2.6 3.5
DMBA 0.2 0.30.5 0.6 0.9 1.3 1.8 2.4
EMBA 0.00.1 0.1 0.2 0.4 0.6 0.9 1.3

Table2c Oxidation with 1.25%
H20 and NH; at 0.73 : 1 NH; to
expected acid amount

Ammonia feed rate = 0.26 cc/min

Time (hour) 1 2 3 4 5 6 7 8

CHP 2.13.24.5 5.6 6.6 7.4 8.1 8.5
sBBHP 2.0 3.7 5.8 7.8 9.7 11.412.914.0
AP 0.10.30.5 0.8 1.2 1.8 2.6 3.4
DMBA 0.20.30.4 0.6 0.9 1.3 1.8 2.3
EMBA 0.00.10.1 0.2 0.4 0.6 0.9 1.2

The improvements are summarized in the following Table, and

illustrated in Fig. 3:
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Summary of inprovenent as a result of NH3 addition:
Conpare wW no NH3 (DMVBA + base case HP yield AP*
wEkBAD7423Phenol NH3:acids = 9.2 :1, no water PQI/B3%004/004009
-7.70%-12.40 -32.90 NH3:acids = 0.73 :1, w 1.25%
wat er +13.5% -35.70% -37.2% -73.4%* neasured at total
hydr operoxi de |evel of 19.82% After 8 hours, the
S LOYPHERt| A5t Bo TEEMAY OFn NHaj 2ddibionar ged
CompPeReanmoni a was 13.5% hi gher than in the 5 contro
w/an8 PHenol poison was 449%P¥BRr+than in the control.
baget erseadiP guiadal | 0APH xt EMBA)Ad Phasbdd 20 Wi
NHRY Egegroxides, t he ammoni a- charged oxi dation m xture
xBi bhted an AP production 36% | ower than in the

__contral an BA ar BA re 37% 1 ower than in the
noggﬁ%? | . T%%' 8sult’s are Idﬁgf%thg%rgﬁ depicted in

NHEi 8688 3-5. Note that Fig. 3 also includes the

“_resdlts when dry NH3 was added at a ratio of 330:1

*lpa¥éd on expected acid production. In this experinent,

1.AP%was higher than in the control. 15 40 WD

wapeB4/ 074230 RS US20040804309 2%C +t7A. 45M S 1. A

* peasessdf at poeduchpgrepatkoaliiabl e yiel ds of (a)

lepbenok apdspethyl ethyl ketone (MEK) or (b) phenol,
acetone, 5 and MEK, said process conprising the steps

of : feeding an oxidation feed to an oxidation reactor
t o AhEe8uB ehanroxi e inapansre,dea hd edxi dat itbe peedation

mi&CIPE i élllglgg&ﬁ]%i:&rh %%n%]akWa%eQ%g%eﬁs hi%lh%cz::t %gay grrln the

control and phenol poison was 44% lower than in the control.

After each oxidation mixture had reached 20 w$% hydroperoxides,
the ammonia-charged oxidation mixture exhibited an AP
production 36% lower than in the control and DMBA and EMBA
were 37% lower than in the control. The results are
graphically depicted in Figures 3-5. ©Note that Fig. 3 also
includes the results when dry NH; was added at a ratio of
330:1 based on expected acid production. 1In this experiment,

AP was higher than in the control.
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(a) s-butyl benzene, or (b) a conbination of s 10

but yl benzene and cunene; oxidizing the oxidation
WOorRooHr4e3t o produce an oxi dation product str eRer/US2004/004009

conpri sing product hydroperoxides selected from(a)

s- butyl benzene hydroperoxide, or (b) a conbination of

s- butyl benzene hydroperoxi de 15 and cunene

hydr oper oxi de; cl eaving the product hydroperoxides to

produce a cleavage progugt ncanpy issi ng (a) phenol and

MEK, or (b) phenol, acetone,—and—MEK;, separating from

thelcleaﬁaQGOpsadufbrapmoddelpgen@htr@&lbbaetWQ@lds of (a)

PERTh CAf AEPUAcheR s cPoHCor E) OF dBldénenol, acetone,

anaCEEanesEK §k6ea§bCeﬁﬁbk§bmagNEﬁea%er%C%Eone and
recovering one or nore products selected from MEK

andf8rdipg grepBheat2onALprEcESss aaceFidiatg ono rekaitmrl to
conprl Si ?QOESSQ Qg E( Sa@fbﬂaw %[l]_ugpe)(t E’l}%etg%j_%&%éon feed

nmore conti nuous oxi datiron™ reactors an

sour ce oﬁompkesmhgronxygenmbmetbekyobedabh@? &bﬁ%@&@d from
30 3. A ces ording to clainms 1 or_ 2 further
conpri5|26?s§p§P iﬁ@nFﬁg SoxPdat!Pon3pFeahinasipaamtt 6-

produce LapyoxkHakhaNaRQt LARBLHEEB) and an oxidation
vapor overhead. 41 WO 2004/ 074230 PCT/ US2004/ 004009

4. %Kbﬂééé@@ 5@@0@&Lﬂgt@gnamyX©ﬂrelapnpr@dquSawhexedatlon
e e OB os Lo RN Lo, UYL ASRE Sl S Lo ..

1:8 to process Becdr

the 5 oxsdaecbedrea@moxaoSSabbay@beﬁxedéthgarbga@bgﬁde, or
and t he i dati on conditions congrlse an oxi dati on
tenperatuP of CPPBiRablent 8f 150 et YaheBgraat hyAroperoxide

pressureaQf £6Q8H0 H§H90b8r%99des'g’ and, an
oxidation reaction tinme of fromé to 11 hours

cleaving the product hydroperoxides to produce a
cleavage product comprising (a) phenol and MEK, or
(b) phenol, acetone, and MEK;

separating from the cleavage product a crude phenol
fraction comprising phenol and a crude ketone
stream selected from (a) a crude MEK stream or (b)
a crude acetone/MEK stream comprising MEK and
acetone; and

recovering one or more products selected from MEK and/or

acetone.

2. A process according to claim 1 comprising feeding
the oxidation mixture to one or more continuous oxidation
reactors and feeding a source of molecular oxygen to the
oxidation mixture.

3. A process according to claims 1 or 2 further
comprising separating the oxidation product stream to produce

an oxidation bottoms (OB) and an oxidation vapor overhead.
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10 6. A process according to any of clains 2 to 4
wherein the oxidation conditions conprise: an
W@xqod/amsm tenperature of from 100 C to 130 C. PCT/HB2004/004009
oxi dation pressure of fromO psig to 100 psig; and, a
#otallresigeﬂce time in each continuous reactor of 15

roml to ours. 7.
A process acc gdlng todﬁnyo

cldims A RFFaReradPrding & iy dt wherein
£ %I A 0N JERC O & i5ess Iy ﬁoeﬁzcérﬁe CONtEAYRUS: 8 to
F CXCTRrS 1 series A process accordlng to claim4

2 lmgereig the wei ght 20 rati o of cunene to
s-butyl benzene is 1:8 and the sef [ us
oxidat i dh R4t saca‘?%r rb‘%‘n%ot Cogtvf}h%%%%“ e
oxﬂi%l@?ér& ORd @At Of$ d oSt e@xu@atforﬁ)rm@oﬁcm dt Ing
to claim3 further conprising: separating the

oxxﬁat%?nEfpndﬂﬁwonﬁmﬁ¢mﬁﬁﬂ$%to an 25 oxi dation vapor
over hea do
o108 & dhacl gﬁré%}@m gfdo @n 9x{ gt ben

vaﬁg? OV aqueo action O AF) ; deconp03|ng
tfﬁhﬁ)6%f&étﬂmhnpfeé@@I@a¢fdﬁn@np©sp$1@nt0tbﬁ@epatﬂreand
of from 80C to 250C and a _t her dgconp |on
pre%%Lﬁ%QQﬁt¥?QwﬁQQEFh%?gtf%e2% EE?@ t 6° ?gdu et

theg mal deGonposi tion, paoLYCEo §@ﬂpéfStD@1ﬁbCQh@bS4 wherein
al dehydes, carboxylic acids, and conbinations

the¢ hexeddtid@ N%M@D@H¢@$4Q3@PFE§¢U82004/004009 10. A
process a rdin 9 fu i n
the HetHhBosT 0o L ELEL S EUELBE 1 6QTRE ] EbNGa0 b8 ;

|on s?ep, ad F Inorganic
aClQnt@xl@@t£bﬁ>ﬁ£é@@dr@eufrﬁkbmlﬁgpshg WALAF psig; and,
inorganic acid wth an, OVO. AF a IFaIi ?ase aving a 5
pH af teEal 105idenge bhae dRsepFRi Agn hEU?Hérﬁﬁgc or-of
deconposktjan PEQUEC ot espr oduce a ther nal
deconposition product organic distillate and a
t hefoal Bepoopesst aonopddddctoagusons boeiwAs2 to 4 wherein

the series of continuous oxidation reactors comprises from 3
to 8 continuous reactors in series.
8. A process according to claim 4 wherein the weight
ratio of cumene to s-butylbenzene is 1:8 and the series of
continuous oxidation reactors are from 5 to 6 continuous
oxidation reactors in series.
9. A process according to claim 3 further comprising:
separating the oxidation vapor overhead into an
oxidation wvapor overhead—orgagic fraction (OVO-QF)
and an oxidation vapor overhead aqueous fraction
(OVO-AF) ;

decomposing the OVO-AF under a thermal decomposition
temperature of from 80°C to 250°C and a thermal
decomposition pressure of from 100 psig to 200 psig
to produce a thermal decomposition product
comprising alcohols, aldehydes, carboxylic acids,

and combinations thereof.
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10 11. A process according to any of clainms 3, 4, or 6

further conprising feeding the OB and a quantity of
WQWR10e/074280 one or nore strippers to produce a BCT/URIO$/004009

overhead and a stripper bottons conprising the

hydr oper oxi des, said quantity of water being

equivalent to from0.1 w.%to 1.5 w.%of the 15 ,

?xil@ﬁt i &n PFOCEETs ACEPI AN de skl adt ot o‘%"d@tft%‘f O L B e

ur, k. .C I S| f ' g i - i

S D B T ARt T ey i g | noFganie

pressur escitdd for aduc ©VEO-AR igrpemewver Hezidn@inthe OVO-AF

stripper, bottons. 20 13.. A proc cord
claims FRFIEFTT lﬁctlt?érch%hﬁaﬂ sﬁ%&geag’“ﬁ%fg %%aé‘p ng @
conprisifig & M ra izediorgamd c fraction fromsaid

cl eavage product to a cleavage product separation
zorﬂjlsirildllgémffé”ta ridra e oS IRRP S ol Gt Jefifed19E o produce
crude phenqgl ctio 9 M

of a corbi HFn. ot TR R S R, Tt ap s, b Hhate
AVS, AESnand 2R a lantk cankd vaporpdidt ¢t | agesous
corrprlsirg(g}&st of the water, the one or nore

al kyl be 1S.AMB, AES, 2P2B, and 30 conbinations

thef£0f A n,tdie G ude-Kedong €01 amm of KR iheed, 44.0A 6

process according to claim13 wherein the separation
fustiepr covppt isel 43 e @D0A/ 07230 T/ USPeRaT HbK0oes water to

CKC top tenperature of f 0 I
on S5 R STRETALE € PRS0 Loy Bretasal i o
stﬁ&@ﬁhrFéfﬁﬁﬂﬁﬁﬂgbm§%$§i@g;bhé ppilgopandxiBea, neaiduguantity
mass reflux ratio of 0.05/1 referably, 0,1/ t o
of vaar BEing\ ¢HGEERECRECH? df h t@-iﬂé nE 43 ir%ﬁt-ﬁ of the

oxﬂi’gm’{(fﬁ HLSOBEL Si ng condensing the CKC vapor
distiTTate to produce a CKC

12. A process according to claim 11 further comprising
feeding OB through multiple strippers operated at
sequentially decreasing pressures to produce a stripper
overhead and a stripper bottoms.

13. A process according to any of claims 1 to 12
further comprising feeding a CKC feed comprising a
neutralized organic fraction from said cleavage product to a
cleavage product separation zone and separating the CKC feed
to produce

a crude phenol fraction comprising from 2 wt.% to 5 wt.%
of a combination of the one or more alkylbenzenes,
AMS, AES, and 2P2B; and,

a CKC vapor distillate comprising most of the water, the
one or more alkylbenzenes, AMS, AES, 2P2B, and
combinations thereof in the Crude Ketone Column
(CKC) feed.

14. A process according to claim 13 wherein the

separation step comprise
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10 vapor condensate; and, separating the CKC vapor
condensate to produce a CKC vapor condensate organic

wo 2000728 a CKC vapor condensate aqueous | ayRCT/USBIN4/604009
process according to claim15 further conprising 15
feeding a CKC recycle portion of the CKC vapor
condens%tg agueous | ayer to the CKC colum at a
r ecfcfECp6PRL Lerperatyrsc ofs fECRuldnG 6 @28 1w 1/referably
further o@aPEI $LNGo7McXi Ng a remai nder of the CKC
vapor condensate aqueous layer wth the CKC vapor
condeR&&t €0pr gariseulray erf tfarofroOmps IGKEo20. Ovapdly, preferably
condensate_ni xt ure_conprising 2 w.% phenol or |ess.
18. A prgcgggga SOFdPﬁdgfoagﬁy of clains 15 to 17

whegemint hemMaKsks re¢coxerad iBy ot @R9 5GANPHrifdGably 0.1/1
m xi ng the CKC vapor condensation m xture with an

anount P 8-REK-recovery alkali base effective to

congsnsen 22o8<08 gLibyaehoakdelydend 14l e HCvanqL .
condensate  mxture with MEK and to convert a maj ority
comprphengl in the CKC vapor condensate mixture to

sodi_ um,phenate, . th b roduci n MEK recovery

i xEAFEETAAAY  5B°SESGr SEPRG. PHE NERAFEc5Pery oRiskEuPe CXC
to a MEKygpeduebndehAfatl;pragess according to claim 18
wherein the MEK separation step conprise 44 WD

2002£D74230npCrheS8504repa6090ongepbilig thepBRuce a CKC
recovery. o xtu [ re,of from,35 0_55
C, preer%%?% %gnég?oaggngsggkgﬁr% dce gngoglggkwﬁﬁpor

recover yconsdénseteaadueosepangeirng the cool ed MEK
recgéery mxture to MEK a 5 first MEK aqueous stream

a \ L
and* 8- fiPsPTRERSSr §arPEILRer EQnfladm ASpfyEeger comprising

£e886R50LNGKE Or&E LM 18 LUK LReh sCORRN bREN
ereci?culating tge fi?gt VEK aqueoustsFrggﬁ?focgﬁgensate

agqgeenvageyeneudrbhez8KConoappar atus. rédy2le popnbeess
30095?i”ﬁ'%réSeQanSEo%&§£§Bt% E?agg 16 further comprising
mixing a remainder of the CKC vapor condensate aqueous layer
with the CKC vapor condensate organic layer to form a CKC
vapor condensate mixture comprising 2 wt.% phenol or less.
18. A process according to any of claims 15 to 17
wherein the MEK is recovered by steps comprising
mixing the CKC vapor condensation mixture with an amount
of a MEK recovery alkali base effective to condense
a majority of aldehydes in the CKC vapor condensate
mixture with MEK and to convert a majority of
phenol in the CKC vapor condensate mixture to
sodium phenate, thereby producing a MEK recovery
mixture; and,
separating the MEK recovery mixture to a MEK product.
19. A process according to claim 18 wherein the MEK

separation step comprise
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wherei n the acetone/ MEK separation step conprise

feeding the acetone/MEK streamto an Acetone Product
w@iounmd260APC) as an APC feed and separati ng tPET/BSL004/004009

feed to an APC product conprising an APC over head

conprising an APC purge stream 15 conpri sing acetone,

;Eurd ﬁr‘&ﬂﬁ 1_I%dugﬁﬁ%urt gg‘;eaf:o%Qt rjpa%qvtégg é&ﬁéﬂ{é{re of

accordi mxdn0 38 a2l yherEi npidee AR y sepat@ttomis °C  to
conprise feeding to the APC col um an APC base
ef f ect i WEAWTD =AWV NFe (&AIEAtT-ORtbFe Al ehydes

| D 08RG ] Sk Vit MEpARC AERIONe A0 PERIUCS K

conpri sing MEK, hydrocarbon
condensatimst MERdGQOIoyws osluctay aodi ant phendiBX andganic
conbi nations thereof; and, 25 separating the APC
bot t ons T ¥parate MEK product. 23. A process

accnf di g g &d 4 NBeddr@n@Zohereim thefulBlet Scomprising

operated at conditions conprising an APC top pressure
regfréulom YoD the SODCHim MK HTEF AT yream ot emt iy; cBeawrIe

C t.0p tenpe from30 Cto 50 C, preferably

ne@%a&ﬂaé&éﬁ’ %H&Q PC molar reflux ratio is 12/1,

preder alil yordcons 15¢dotdi@gIy, tooamy poef etabhy 21¥d 20

greater, 45 WD 2004/074230 PCT/U 2004/ 004009

WheEs Bl Fie P CRETRE ATHR TSR3 EAC FT0ur 9P ST RO BT ay Teeding the

acP GIGIRL | Pt Qi a 0L Arnbashse RAodhoProsEsEnagapei 89 an
to any of clainms 1 to 23 wherein said oxidation

APQri Keed eamcmrsetteatr@bm i e AFC ok¢edt Fonan SABaserodary

oxidation_ b Si g i ty_ of t
Corpﬁzlléjtﬁlfrf%laérﬁaﬁﬁc %Ye% eég %ep@#g%]ieﬁ%qﬁlgo%%\e ur%e SEregm
comtb PLESSg dECOE Sy 916! APM Phoavhet efirwater comprising

present in an anmount from 400 ppmto 2 W .% 26. A

SUlp BRis ks B dP T AP 8 F b %emn%ra%samﬁéﬁi%. Ard&¥e 10

oxi dzat' O DASELS PEESEHLngNAMRURImSH fikbeBint e APC
pr oduce

separation comprlse
feeding to the APC column an APC base effective to
catalyze the condensation of aldehydes in the APC
feed with MEK and acetone to produce an APC bottoms
comprising MEK, hydrocarbon, APC condensation ‘
reaction products, sodium phenate, and combinations
therecf; and,
separating the APC bottoms toﬂseparate MEK product.
23. A process according to claims 21 or 22 wherein the
APC is operated at conditions comprising
an APC top pressure of from 400 to 500 mm Hg, preferably
450 mm Hg;
an APC top temperature of from 30 °C to 50 °C,
preferably 40 °C; and,
a minimum APC molar reflux ratio is 12/1, preferably

from 15/1 to 27/1, more preferably 21/1 or greater,
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ratio of base to acids of fromO:1 to 6:1, preferably
0.5:1to 4:1. 46

WO 2004/074230 PCT/US2004/004009

calculated as rate of reflux flow to side draw
product flow on a molar basis.

24. A process according to any of claims 1 to 23
wherein said oxidation mixture further comprises an oxidation
base, said oxidation base comprising a quantity of water
insufficient to create a separate aqueous phase.

25. A process according to claim 24 wherein water is
present in an amount from 400 ppm to 2 wt.$%.

26. A process according to claims 24 or 25 wherein the
oxidation base is present in amount sufficient to produce a
ratio of base to acids of from 0:1 to 6:1, preferably 0.5:1 to
4:1.
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