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RECOVERY O F ACETOPHENONE DURI NG THE PRODUCTION O F
PHENOL Field o f the Invention [0001] The present

W@pPbiswEss on rel ates to a nethod for recovery BET/US2008/080895

acet ophenone during the production of phenol.
Background o f the Invention [0002] In general, phenol

i s manufactured by oxidizing cunene to form cunene
hydr oper oxi de. The cunene hydroperoxide is cleaved to
pr adooeER @10 |ACETd PRERGIE ©OURIINGS THE! FROBUCEION OFBBHENSL
used as a feed in place of or in addition to cunene,
the process produces the generally higher val ue
Kadlnes makhyhvaitndn ket one (MEK) , either alone or in

conbination wth acetone. The process al so produces
(984 opRemctieeseortt R L i pret e tr6phERBNEC | 3 Hitdwsr ded as

M@é&ﬁery[ %@%]m&%ﬁ&%%%@%gng%he 2004125 on B VIBAO418

descri bes a net r producing refined AP from crude
Dof phenol from cunene. The

du [l S
I R
bhe&mnm cThener ugér AR rioxidat r otiue ediiemteo haddpse ¥ dtiatd o
i.C res ott p f
e Bl o T TR erbod ment.t Fhe potramene
p@@surseulss%aﬁ kK Feenr ibebownce Thie Qﬁd:’lp?r@dd@ti@s tsaicimene,
f[ | t ir ce epone.
act% F%%%ﬁésd%laev %g ogfgﬁéu‘r%/h& op%?gglgetone’
m&uﬁ@uceshdﬂfket@nﬁ iMitker, medt e esa tdren ocl eavag@b:ﬁatlon
ounene hydroperoxide,  Ther el decomoasition of, a..
B om 1 qui d alséjmoulé be°Bxipected t 6 al ter-the
composithieonceof opiendrat tiemdl b qarded pey hapseeven form ng

WY o G rone™ i TG Btieror P OMGct 16 e PRBuT
tdergmltoy gdeconpnsi n@ ttihedt argetostdeam sunvaryn® the

the I nventign ,

production of phenol from cumene. The crude AP is produced
by thermally decomposing bottom liquid remaining after
separation of phenol from crude phenol. The crude AP is
introduced into a distillation tower which is decompressed to
a bottom pressure of 13.33 kPa or below. In one embodiment,
the bottom pressure is 6.6 kPa or below. The AP product is
said to “satisfly] quality requirement of acetophenone.”
Abstract.

[0004] Cleavage of SBB-hydroperoxide produces different
intermediates than cleavage of cumene hydroperoxide. Thermal
decomposition of a bottom liquid also would be expected to
alter the composition of the bottom liquid, perhaps even
forming unwanted byproducts.

[0005] Methods are needed to recover acetophenone during

phenol production without thermally decomposing the target

stream.
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[ 0006] The present invention provides a nethod for
produci ng phenol and recovering a n A P streamfrom a

W@ ewdesysenol bottons w thout thermally deconpeSi/Oson$ies0s9s

crude phenol bottons . [0007] In one enbodi nent, the

i nvention provides a nmethod for produci ng acet ophenone
conprising: treating one o r nore al kyl benzenes t o
produce a feed conprising phenol and acetophenone;
SRt iofg tRe CInkkhtil@nol stream from the feed under

crude phenol separation conditions effective t o
8P ucEra RFasge tphBHOMt HeaHreyidghda Bepumdtiosgraofucing

Qpphenonecstéeay diy act Ly -££0m e crudee phenal:

eavi es under azeotropic distillation conditions.
Pooos)s FAthAet eRbdiatent dCERBPONE'D themsrede phenol
@ dodkenzenes conprises s-butyl benzene . [0009] In one
enbodi ment, the crude phenol separation conditions
06071 | Se @prevodiventi fromrakbogto? Pr&kPalqsle psihod for

c?ath ZQQeJéE’ d%%eo%' ?991&23 82841, pbﬁe o} gore

str qtion ¢ tions onpr pres ure o) rom
%ﬂkMMbGDZEHRPatQCpﬁﬁﬁuﬂenakgﬁed oogpouting OhkPal (3¥6 m m

gﬁ@to hkgggéo]sdgsta%JEﬁgogEHEQ héABi @%&Qgﬂ §8§pdh%$%eed

sepa atrng as ntiral'ly pur acet ophénone produ
wtdeamradeepheyot r&HpatIiaelonudencphteJMS lkéderesve Brd gfroduce

%‘9 Crdept Lan,p lge%\/‘lesDr %Wd”% é 11p] SOUrE dode SR
agranro an exehplra produa Gk on
@Mmm%@&hr@@ﬁ@iZ#r&mgﬂmeczude phém@mkmﬂwagsanm@érone

di nent .of a stem for erfornrng the AP recovery
%?%%éo e dfﬁtl%$%§%ﬁi0368ﬁ?catlon . [00013] Figure 3

LIE:} bt@%aﬂrea@bammeﬁtan@tdwerneensbodbﬁerﬁquflb@ne;éebem
for perfor %%{he AP Jfecovery process of the present

HPBITCAS SRV DEYAT 1 Description o f the Invention

[0009] In one embodiment, the crude phenol separation
conditions comprise a pressure of from about 70 kPa (10 psi)
to about 200 kPa (29 psi) and the azeotropic distillation
conditions comprise a pressure of from about 0.1 kPa (0.75 mm
Hg) to about 50 kPa (375 mm Hg).

[00010] In one embodiment, the method comprises separating a
substantially pure acetophenone product stream directly from
the crude phenol heavies.

Brief Description of the Drawings

[00011] Figure 1 is a block diagram of an exemplary phenol
production process.

[00012] Figure 2 is a block diagram of one embodiment of a
system for performing the AP recovery process of the present
application.

[00013] Figure 3 is a block diagram of another embodiment of a
system for performing the AP recovery process of the present

application.
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[00014] The application provides a nethod for

produci ng phenol and recovering an AP streamfrom a
w@ewdesyshenol bottonms w thout thermally deconpPSI/HsRD$1e80895

crude phenol bottons. In one enbodi ment, the phenol is

produced from cunene . In one enbodi nent, the pheno

is produced from SBB, either alone or in conbination

with cunmene . [00015] Where phenol is produced from

R i Ildde DREBEESGidrs dFtheCthagéhyidtsef ul because t he

anmpunt of crude AP that 1S produced during oxidation

[9P018BET e asddicathoni medvidfe anbaRbodf feF d@dmping phenol

mcpdft&%%\e@ﬁ@ shnene i axiedbged 1.0, Qa8 PheNms

pendi ng upon whet her and how nmuch cunene is used,
W%ﬁ?ﬁﬂﬁo&géfméhlbfd%ﬂﬂﬁﬂﬂslﬂ90ﬁ¥% BiHIA @@ﬁ?@heb?ﬁ¥ﬁﬁmbesln

éﬁé"@ﬁﬂ@agheétmﬁtheéﬁﬁéﬁ%ﬁoHE §oaﬁceé%ﬂ¥b%d@uﬁ€heba%ﬁgone
on the weight of phenol in the crude ketone col um

YR Bme NSt r Eaen PRRESTr ilse@TPAVADYE f 1hEt &PB, belbhgr .al&ne or

| arggamunt  of i ener @S required to handle such a

vol um nous anount of crude AP. [00016] In one

@Wﬁ@dlm@nﬂ%éEMenpﬂo¢e5§rw®nEMbﬁsoabBEB OBrampro¥eep is

SPLa ohoth5 LoLAL Medaduerd Bl dhe greduetion o,

n-one e process recovers a

B8 dmceddor inprexgfattioe b@taBBA¢B ahmuanéoenbmd$nmhﬁ,amount
r S vers 0 0.0 r

%P 5?#% %§ ?3 6%%3ﬁ%%r§08%§?e ]Lﬁzgﬁe%ﬁrééégxﬁ

;@Bneﬂal|@epen@in@unkﬁbh@thaklawdﬂnnvmmdhstnma@euseraed

as. 3. fesdst ook for, sonversion Lo styrence 8 IRLEL & on
W onner value an uses

#geitophenofeto @@ﬁﬁiﬂb AP- phenaode azeotorepd asst&i&mught

Sep ratln e AP s an1fron1 phenol
% 3}es %He prd?%%ﬁ has °the” ad&ghtaégopﬁaf Fee
r@mnme&&dnmstm@ﬁetduidiadﬁeuoﬁnalzpnen@b motinphenainergy

ch i % % L in.the c uqSMphegpl a N b

F TR e e A B 4785t Pober ST Bite 2GRBOG, Hort= Aehé
[PO®IGES Sn r&@\éaibs)d%em t?fﬁ@rprm@é@sof:e&@@eﬁﬁ@kiobﬁnéb wt.$
gpéﬁgge of the total AP produced during the production of
phenol. 1In one embodiment, the process recovers about 98
wt.% or more of the total AP. In one embodiment, the process
recovers about 99 wt.% or more of the total AP. Acetophenone
recovered using the process generally is of suitable gquality
for industrial use or as a feedstock for conversion to
styrene, a material with more commercial value and/or uses
than acetophenone.

[00017] AP-phenol azeotrope assists in separating the AP
stream from the crude phenol heavies. The process has the
advantage that it recovers most of the “additional phenol,”
or phenol which is either free in the crude phenol heavies or
forms the AP-phenol azeotrope. In one embodiment, the

process recovers 85 wt.% or more of the additional phenol,

based on the total weight of phenol in the crude phenol
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based on the total weight of phenol in the crude
phenol heavi es. I n one enbodi nent, the nethod recovers

WO00053585 or nore of the additional phenol. | nPORES2008/080895
enbodi nent, the nethod recovers 92 wt . % or nore of
t he additional phenol. In one enbodi nent, the nethod

recovers 95 wt . % or nore of the additional phenol.

[ 00018] The nethod of the present application is

ieerigys .ef ﬁthﬁ@temlﬁr@(ﬂllﬂCeShé hes euURkcef cvast® and or
non-r ecover ahl e roduct s produced u3|n%,SBB to

Hrodinde tBﬁeﬁ%@%tﬁ%gﬁWﬁéﬂa al st provicdRe U Br t eclytq gethod

ofcenaisgyand. & bt inddrepedust Saddh @ibrenvbhensent atd Yone
friendly manner. The nmethod is easily nodifiable to

NEur FRAtTHMP e XESPVARES chelical 9Fr BesssCsystens.
iﬁﬁjﬁ@ﬁgyebye§y§ten1ls easy to install w thout |arge
ital expenditures . A Phenol Production Process
W 1 oTheFirguimedl of sthe b erderdi agpanrat 1ah iexemgirayy
PheNOlerRr 9HUCELANAY 9525 Snbinhd £h,heNghy ACE! M verable
K, and AP are produced. The follow ng description
QWHﬂ@qa§¢éréﬁ@@U@%ﬁtQﬁéngléﬁBeéodﬁ@NﬁEES@@@PPﬂc The method
Sroodimpatssi Bl e faur 6% Liclar A BASESa0fproduces in
I'llustration only and shoul be construe
1 rArtiipgrmhetel By nsnicTHé ypnatess. deder m@éaoﬁeic%u TR vElyY
urin r C 1o ]
R orenol pr odaati b preabsa Tt ared o Fl gure T°°
@xﬁﬁﬂmsseghanr@mmy cryszenelidOeasn toxildatrdh priodudt large
éﬁﬂﬁkﬁt%ggeggggu&gg a recycle 11, a cleavage zone 14,
cl eavage product separation zone 16, a crude pheno
& cBhiemjolg ProdectiBon Brpcgsiget one recovery zone. |In one

' ed tot dat | 1
@ﬁ@ggLoc s§522 r?lgg O%kN%K@Fggove??gx%xgmfﬁgygog§e89

pipdtiqguioe @roc&hﬁjprmm&sﬁ phetde, preesent, aEDKj(Hﬁd(HP are
ri r|Iy cu S;i 0 the crude ﬁheno treflg n% %%
PE0S T n et Sl Hero RIS er R ai G BAF P ot dgu e

feth te and to specific embodiments in the Figures is for

purposes of illustration only and should not be construed as
limiting the claims. The process described herein may be
used during any phenol production process.

[00020] The phenol production process illustrated in Figure 1
comprises an oxidation zone 10, an oxidation product
separation zone 12, a recycle 11, a cleavage zone 14, a
cleavage product separation zone 16, a crude phenol refining
zone 18, and a ketone recovery zone. In one embodiment,
where SBB is fed to the oxidation zone 10, the process
comprises a MEK recovery zone 19, as seen in Figure 1. The
process of the present application primarily occurs in the
crude phenol refining zone 18.

[00021] In the oxidation zone 10, an oxidation feed is fed to
one or more oxidation reactor(s). In the oxidation

reactor (s), the oxidation mixture is contacted with an
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one or nore oxidation reactor (s) . In the oxidation
reactor (s), the oxidation mxture is contacted with

WQ@r@2PsEss cont ai ni ng gas under oxi dati on condi RPEDOS2008/080895

conprising an oxidation tenperature effective to

oxi di ze one or nore al kyl benzenes to produce the
respecti ve hydroperoxides. [00022] The oxidation feed
conprises one or nore al kyl benzenes. Suitable
atjodrbenzaenesi hdicdddandker cexaipl & ouenecandé@fiprising
s-butyl benzene . Were the oxidation feed conprises

! BitybenZehe ™ HE ki GafPoh' PF ddu=1StFeaml e o ridés
Sributntnbenzeneo hydianper exkdeesphed €:d hea@¥beas L oS eed
conpri ses cunene, the oxidation product stream

1080731 | B wtivEhé CRy roperiTdees POO0RB]™Tependi ng on
51%%ﬂ%%%&%ﬂ%sgf éﬁﬁ%é@@edéﬁk?mbéﬁ%%he§r%%c@ﬁbg?tf&¥]example,
product stream al so generally conprises certain nmajofr
BYTEd getd o My ot bhysnegaet s Trriadee fgidakanpl eeed
AGELARPENQDE,  disdethyl, benzyl; earhingl oGPVBA}: roANd

et hyl methyl benzyl carbinol (EVMBA) . The oxidation
PTEGUGE Ss Ereany s angy ha@nppe se<riaror Whyprpr BaRicesidation
ﬁééH”bJ%ﬁ%@EQgugﬁﬁ%ﬂéyﬂﬂwgepxﬁ@gtﬁﬁa%ﬁb%mcg'EQPQQ$ comprises
per oxi de, di-s-butyl peroxide, cunyl s-butyl peroxide,
¢wrariec hyeirdpenestde. aci d, net hanol, ethanol, nethyl

peroxi de, eth hydr.oper oxi nd. nhenol..
UGS aT TRl Shonar e 0 U S e SRS Seday 3
@rigthuction srbédct cstareaoxiadadi gengralducicogsepasat i cartain
zone. .The gxidati product separatiqgn zone my_ have a
T A~ e Lol e

sepandtnonez one-prtdduc esnayt| eanage Ir gaCBRON A&k tathe/l

£Sonpri $i.ng. one_ or. mor € aLkyl beﬂ%ee”oexi%‘%!&%ﬁer9%%9<:ets-st'r%am
one‘enbodi nt; He'cl'eavage reaction mxture

Lonpmisgesospcei batnylhenbere r byde opemMixicde bardf oduciaTENE
ﬂx}rqg@r Xi de, %@QQZ%%EIn t he enbod
) n

r a C rOxX1 ms%t'—g—£ K uerre ]ide
5241 dRvags Peset 1 CHIXE P16 Foed o5 - BT BERrger e
zong bbukpltperclieragernoneacid, acetic acid, methanol,
ethanol, methyl hydroperoxide, ethyl hydroperoxide, and
phenol.

[00024] In the embodiment of Figure 1, the oxidation product
is fed to an oxidation product separation zone. The
oxidation product separation zone may have a variety of
configurations. The oxidation product separation zone
produces a cleavage reaction mixture comprising one or more
alkylbenzene hydroperoxides. In one embodiment, the cleavage
reaction mixture comprises sec-butylbenzene hydroperoxide
and/or cumene hydroperoxide.

[00025] In the embodiment of Figure 1, the cleavage reaction
mixture is fed to a cleavage zone 14. 1In the cleavage zone,
a majority of the hydroperoxides are cleaved. Depending upon

the hydroperoxides present in the cleavage reaction mixture,
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a majority of the hydroperoxi des are cl eaved.
Dependi ng upon the hydroperoxides present in the

W@ L@awsges reacti on m xture, the hydroperoxi des BEEUS2008/080895

converted to phenol, MEK, and, if cunene hydroperoxide
is present, acetone. [00026] Were both s-butyl benzene
and cunene have been used, and depending on the ratio
of s-butyl benzene hydroperoxi de to cunene
tydnopeesirdei ddheid eavagete@acd iRePNQdMERS &GEt arre

: phenol weight ratios o f up to about 0.4, MEK: pheno
WEIGIR WEEPBRT 9% romPaB6ET T 0. 2°Y'®¢.-7, and phenol : A

[Go0%ei Oithe FatiRs Qbphir pmaboite 3nb0c3Rend MAR been used,
advant ageous enbodi nent the phenol :AP ratio varies

FPDAKHSOHGL S P A ARO[ 0602 TFUtHLENGGRe Rydreprroxide to

&lRAAGE RHRMGE: dS, el L9cavEheavane iBhodUShuces
separation zone 16. The cl eavage product separation

ZHE RS Pjenet alt o mprtiloesoh e Ude Hersne - ¢ol Wik phenol
k&G rakRoongs ephodipRnt . of he. grade ‘é%oiaﬁeﬁﬁi %@R weight

separates the cl eavage product into a crude phenol
fFdcts o anamazeeulde Ket 6fe str eamaBo028Fovheseoodiment

GHTERG oS (et L fed to tihe exidation zone, 1bhe, grude

ket one stream does not conprise a significant anmount o
[00Q5¢t Omeriduret B Steabotkarerte, prbdpay hotfdye toeeessanyage

o feed ude keto st 0 acet qne. product. .
A kB A adaing Fhe LRiAv ke bRRs g gon
tdree NEKgreecowely zomeik@s ¥Wheredd heetoneavafempr 6Ui®t. In

does conpris a&ggone tﬂgtcrude ket one stggan1|s f ed

e embodimehn crude on umn. séparates the
0 an acePone’product colurm ?A&%5 M ACEfone T s

¢ econvered rbdoot t het ARCcecobanphansl atraARCoavenhead;rude
quﬁprs%ﬁeag APC side draw. The APC conditions are

et fect ivve ?o'produce an APC bottons stream conpri sing
[b6028] | Mhone emadi Mentot thel ARCthet bei@astdrea®ne, the
conprises MEK, water, hydrocarbons, condensation

T i“GIOPF ottt K6 Mt phetiat €3¢ nd106hbt Rt giiyunt of

dheteef.. ThetAPC hidamenst reamd s fatr thehepeosessad feed
to recover a MEK product in the MEK recovery zone

ﬁkﬁ'ﬂﬁyd& beﬁ%%%v%ﬁsﬁqpkgeegg acetone product Column (APC)

before feeding the crude ketone stream to the MEK recovery
zone 19. Where the cleavage product does comprise acetone,
the crude ketone stream is fed to an acetone product column
(APC) . Acetone 1is recovered from the APC column as an APC
overhead, and/or as an APC side draw. The APC conditions are
effective to produce an APC bottoms stream comprising MEK.

In one embodiment, the APC bottoms stream comprises MEK,
water, hydrocarbons, condensation reaction products, sodium
phenate, and combinations thereof. The APC bottoms stream is
further processed to recover a MEK product in the MEK

recovery zone 19.
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[ 00029] The AP recovery process may conprise one or
nore separations. In an advantageous enbodi nent, the

WORPOSBIRry process conprises nultiple separab€CDHS2008/680895

one enbodi nent, the AP recovery process conprises two
separations. In another enbodi ment, the AP recovery
process conprises three separations . [00030] The
vari ous separators or "colums" nmay be any type of
THd UH ReCoSdiy abtsa-dsy separating the described

streans. Sultable structures include distillation
[9892MmE e gt &iSFONG T NP &P FSs BT CEBRE ALt i M WapdPTand
dd s oARY tyResandcenlinat i othefqiGRinwmmsengany b covery
used i ncluding, for exanple, perforated pI ate col ums,
DUbIs & @Q@Péb%wltdrplﬁaéﬁ@@lr%‘b}%s Insgpeapileediment,
@%ﬁ%‘e%ob@?k%%cefs%r BHBIPLEs {FAVpaRACKLAY, O a
conmbi nation thereof. -The Crude Phenol Separation Zone
AP Negc 6VEP YT PVDI ity APhreeoseparadcsns FOORBIeTHéree
fold.omwingsis a nore detailed description of the AP
recovery process conprising three separations, which
[08030] | Tis¢ retreduisn sEpguaeo® .01 Oooszianenae{ tee ahgr hype of
LR St f&' NEr el rQElEQ rofé‘sc@%gaeétreé&?
ream genera y exits Ré“separator or col um
%Urueraeafet eltrlhcbwhmm"j)nctielldemmeﬂemtn;od evébmo$ ¢dretaining
A" batt r. "he i.es exit t
lor{rstenre}éijrlSt g bg oanﬁocojfngt hegol %rﬁ(%my > dexa%% E)y {nan%t
stnteiamtiay exi ¢:omrrrreactday1 beons¢del ripatutddmyof far catanmie,
Iﬁ?(ﬁ%&% n§§a§e éﬁﬁuﬁﬁ%"gbﬁkgfef&%%ﬁ? egvnzgér;$§%ked
@@Jranmsse autcoabl matritenneflsaistredm exirt eagmpuecttﬁaws,
rom t he bottom and a SI ﬁ cut taken near the bottom
%? cdl Gfm? arf y "where the term
'Iheeldmdé" Phenollsetbpatﬂaetlshr Banegenerally exits a

COlL”nA aggggvépf fﬁuofbllengree geparatlons

[00031] The following is a more detailed description of the AP
recovery process comprising three separations, which is
illustrated in Figure 2.

[00032] Where the term “bottoms” is used herein, or the term
“heavies,” the stream generally exits the separator or column
(hereafter “column”) below the entry level of the feed. A
“bottoms” or “heavies” may exit the column at or near the
bottom of the column. For example, the stream may exit
directly from the bottom of a column. The stream alsoc may be
a side cut taken near the bottom of a column. A “bottoms” or
“heavies” also may comprise a combination of a stream exiting
directly from the bottom and a side cut taken near the bottom
of a colunmn.

[00033] Similarly, where the term “overhead” is used, the
stream generally exits a column above the entry level of the

feed. An “overhead” may exit the separator or column at or
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feed. An "overhead" may exit the separator or columm
at ornear the top of a colum. For exanple, the stream

worenp9053sss directly fromthe top of a colum. TPEI/E52008080895

al so may be a side cut taken near the top of a colum.
An "overhead" al so may be a conbination of a stream

exiting directly fromthe top and a side cut near the
top of a colum. -The CPC [00034] Referring to Figure

Zear tde teedof0a dympingal | yot hexh@itegmenkr @Hk@arﬁﬁht@ﬁ exit
ketone caolumm, is fed to a crude phenol separator
?%F%H%ﬂb568ﬂ|hﬁ%tuﬂ%ﬁg ér Gat Phenoi"sEPara o?l%@fW§’§e a

&1 &t iddratbean cdammyefepr 8d & ocasutrhe ehudevhenal” also
colum (CPC) 10. The CPC 10 has a suitabl e nunber of

B A REs 2afAIB N HaK] M FoSFERBY e dni s Cepeabl ¥ brafie e

henela st seam 46: from the teedo7 dLawinng a CPC
heavi es 80. I n one enbodi nent, the CPC heavies 80 is

t he CPC boEB8aEEGnd/ or near bottons 80. [00035] In one
[@M‘fh ﬁ@fgrrltn%e tQPQlc}Qré S2 a tq{eStbehaW) ontﬁﬁdémiy the

onprisi ng a number of theoretical stages. The number
lﬁﬂjﬂﬁébﬁépmcalC@ﬁﬁgé§t@ﬁ? gatymn A i tfige sanbeprede phenol

S&A0es Jhgheases, or%o%rn@%b’ﬂﬁeﬁjc eXﬂ}‘Ré 'dﬁ%egﬁﬂgﬁé‘i ! é’eparator

i ncreases and variability in feed osition may
h%cl@rn@o@laﬁéelllm@br@l@fnnor@fﬁﬂamd sng l&fs Khetﬁéuwtphenol

W\ PE 3B) €160 dgter c”%t H!fo(’&’tét{ﬂ‘c@bﬁ%ggﬁé%g{ St A0%5e s

usi ng standard proce 0036] In odi nent
a1 CPEatBiconp? |@E€is>valyoan a0ceedrlet iccaldesphgesl oartream

{'Eﬁrfefom' Rpane. egoadi nl%%tv’ln%hg &FC 80 %p%bseslﬁbﬁ‘ré

eoretical sfages or In one e odlnent
ambqﬁym@mtseshabdﬂtT&@VﬂheoﬁétL@dﬂkSK&@é@ootomSS@nqur near
%ﬁ?k |nent the CPC 10 conprises about 40
oretlc stages or less. [00037] In one enbodi nent,

[[)h(BSCP& ]dheﬂle&fbodﬁ)l‘frpﬁtseishea arebanl e 4 odjprtaMilde iheatolumn
{0400, BeDhatd on sad g pondensel, Lo cagenza ARy
theoretical stages may vary. As the number of stages
increases, operating flexibility generally increases and
variability in feed composition may be accommodated. Persons
of ordinary skill in the art will be able to determine the
optimum number of stages using standard procedures.

[00036] In one embodiment, the CPC 10 comprises about 10
theoretical stages or more. In one embodiment, the CPC 10
comprises about 20 theoretical stages or more. In one
embodiment, the CPC 10 comprises about 60 theoretical stages
or less. In one embodiment, the CPC 10 comprises about 40
theoretical stages or less.

[00037] In one embodiment, the CPC 10 also comprises a
reboiler to provide heat for vapor generation and a condenser
to condense vapor for generation of ligquid reflux and
distillate. A variety of heat sources for reboiling may be

used, including steam or heat integration with other parts of
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distillate. A variety of heat sources for reboiling
may be used, including steamor heat integration with

wWoeensy5a¥t s of the process. Heat is renoved frper/URm08/080895

condenser by any suitable cooling nmedium Suitable
cool i ng nedi uns include cooling water, air, or heat
integration with other parts of the process . [00038]
A crude phenol stream 40 is separated fromthe feed 70
underrekedde phesnol lS‘SQ@albateﬁoﬁr@r@n@id IcQMSlenkBr OB any

enbodi nrent, the crude phenol $arat|on condltlons are
W <FIICaCPBh DA F Bhs .SUTEech U IpRENBF A8 par dtGlore

&Qﬂghb!@@%egpn@{iﬁQnﬂkk@ﬁp@ﬁ@é@f&tﬁﬂﬂw@tﬁr@ﬁﬁ&f%wrts of
effective to separate the crude phenol stream 40,
W%%&Fﬁﬁeéscrude phenol heavies 80. In one enbodi nment,

?erﬁmRﬂﬁ%%bnéﬁr§@P%£QzMPQ%rggﬁéré%EﬁtﬂfB%aEhe feed 70
purl i cation using known technol ogy. [00039] The crude

WHETOICTREGVPRSNGD SFRErAlPY eonplises -APInAPLg hestistdiment,
@%@Qﬁﬁ&@ephgho[m%éﬁéré%%%%yEoﬁ&f%&k% %QMBélstlfigﬁ&on

benzyl al cohol (EMBA) , and other hi gh .
@ﬁﬂdqqygn@onpﬁhen@@pde Phénet uder pratnicin §@p§#ét@@ﬁ1comprlse

&cHgMﬂer%@ﬁr@rgnéLgfﬂf@s%%EEyeﬁkeékté%'Pon%gbé§ate the crude

di meri zation of AP.” [ 00040] In one enbodinent, the

ehardd phereln $eparemviionw eondids d@fser@dnﬁneegeee &P uddn one
legepa . 0, BSi 01 OF

DhenelREpoLRL P SRBHE oL, Ehoul 10 KPBRL BRL). o

mwm%ﬁﬁmaelps about MHMWN(PaCbmﬂl®$Ya) or nore. In one

t rud henol paratlo ressure
BEORE 50 sl sEEHEE oS B A B baT PR ke
nogepaeatrmpernﬂﬂ—bethaﬁrbemtymuahmohemb$bmamxﬁudqhyl

pe rating r dependi.n he crude
%?ﬁ#% Sepa ?a %on pr3§§%§% %%g operé?FnBOl +h9

t@npercateyr. @E@etﬂkkypmSnemféépﬂfﬂﬁﬂqp kiogHit bose parat e
tnﬁfcrud%&ghen stream 40 suf ficiently %OMItO

P28 TV it T 24t GG AR, gW] T THE 0 Bér% I ng
POEPFUr € dre fanpddakent, 7ohkRaude 20OnkPaselim®riiivzat i on
of AP woul d be expected
conditions comprise a crude phenol separation pressure of
about 70 kPa (10 psi) or more. In one embodiment, the crude
phenol separation pressure is about 100 kPa (14 psia) or
more. In one embodiment, the crude phenol separation
pressure is about 200 kPa (29 psia) or less.

[00041] The crude phenol separation may be carried out at
substantially any operating temperature, depending on the
crude phenol separation pressure. The CPC operating
temperature generally is sufficiently high to separate the
crude phenol stream 40 but sufficiently low to minimize
dimerization of AP. Where the operating pressure is from
about 70 kPa to 200 kPa, dimerization of AP would be expected
to occur at operating temperatures of about 250 °C or more.

In one embodiment, the CPC operating temperature generally

will be about 230 °C or less.
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to occur at operating tenperatures of about 250 OC or
nore. I n one enbodi nent, the CPC operating tenperature

w@emensdsby will be about 230 OC or | ess. [ 00042PCT/HS2908080895

enbodi nent, the crude phenol stream40 is

substantially free of unwanted aromatic inpurities .
Unwant ed aromatic inpurities that may be driven into

the crude phenol stream 40 by the recovery of AP
mn@hﬁdﬁnahﬁﬂﬁh%%dahgﬁbydﬁﬁa<£MM@nbﬁgn§¢CHE¥ééﬁ 40 is

al dehydes include, for exanple, benzal dehyde and
%Hﬁﬁ%ﬂ?téﬁééﬁyééeeﬁmfé%@@ﬁFﬁ%l%r?W%Rﬂ§ pHEHG6L 58§ eqrinwanted

LR i$es b uPPM & R8s nhgnzal @Jﬁﬂy&ﬁ ln% ageepta §henol
crude phenol stream al so coggrl ses ppm or | ess

uifee 44| 88hye TecoMee YHEE OUACB]]Uth agRB2E NG ot Fntdes -
@, ARRIORRENINE. SITRANRA hﬁcﬁ%ﬁ)@r ?%ito%d cdibpget]y from

the crude phenol heavies. "Direct]ly” means that the
keniide dshe A6l 2heasiesy s ¢lAshYEner bl 1aFce@Eahposerrde phenol
before saparatlng an acetophenons, sidigam, 50at her&fyom

[ 00044] I n one enbodi nent, the crude phenol heavies 80
¢BugeedhgrPéctt 3o ealrﬁsoa@@tﬂ@ph%ﬁ%rﬂ@ FPParrat 6fs0cungne

oNe odi ment, the acetophenone separator is a crude
phenol heavy ends col umm (HEC) 20. In one enbodi nent,

t he crude:EgE.n!éEEheavi es 80 is fed to the HEC 20 at or

B0 L5 Do, 5 00, Pty

perated under ation ¢ Fions e Crive to
saparadtce amré\@tsy rieam 50ef conmie hﬂlecrrqj,d@epheaswl h‘éﬂmeeﬂ:ly”
80an Th%a sLrear e50 heX| ts,L the HECiSZ(r)]O%t %‘h 1p
the SHIJ—_; 50 or as §)§ecut near-t he top “the C 20.

ddreomhile setir bafivo 50 smzm:rraltses AP w@tdm@néﬁepbemém 50
azeotr ope. In one enbodi nent, the AP stream50 is
substantially free of unvvanted aromatic inpurities.

Dot €l @fcormicoainBPY) | thes rildat phendl tige friact isonag efed
with AP include, for exanple unwant ed argmatic

SISl EOURar WP RBAF SBFEOHD ¢+ n one embodiment,

the acetophenone separator is a crude phenol heavy ends
column (HEC) 20. In one embodiment, the crude phenol heavies
80 is fed to the HEC 20 at or near the middle of the HEC 20.
[00045] The HEC 20 is operated under HEC separation conditions
effective to separate an AP stream 50 from the crude phenol
heavies 80. The AP stream 50 exits the HEC 20 at the top of
the HEC 20 or as a sidecut near the top of the HEC 20. The
AP stream 50 comprises AP and the AP-phenol azeotrope. 1In
one embodiment, the AP stream 50 is substantially free of
unwanted aromatic impurities. Unwanted aromatic impurities
that tend to fractionate with AP include, for example
unwanted aromatic alcohols. Unwanted aromatic alcohols
include, for example, dimethyl benzyl alcohol (DMBA) and
ethyl methyl benzyl alcohol (EMBA). A substantially pure AP
stream or product comprises 0.04 wt.% or less DMBA. A

substantially pure AP stream or product comprises 0.01 wt.%
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i nclude, for exanple, dinethyl benzyl al cohol (DVBA)
and et hyl nethyl benzyl alcohol (EVMBA) . A

WG wensEsss al |y pure AP stream or product conprPGEESDIYE089S
wt .%or |less DVBA. A substantially pure AP stream or
product conprises 0.01 w .%0or |ess EMBA. Acet ophenone
recovered using the process generally is of suitable
quality for industrial use. [00046] The HEC separation
€ONdids BRSACONMPFdiSErRdEE peesserel andng HEE process
tenperature effective to separate the A P stream 50
996 He dPudk %Wetr?éﬂlehéﬁéﬁééys@r A TéAbodT frent

fobeseER s epar %febg@ass?m'édms;l%% Qbﬁg@ﬂé@td @ftc pressure
conditions. In one enbodi nent, HEC separation

Fehdi (6N aPer HEC MAEGEFEpTE *a@sstqw@ttleoﬁh@o%lamw 50
£00041k ThegbER ORer 8ld-Rg-pr 8§SUr Io%eS%EbehﬁéM Y drWrec

to cause separation of the A P stream 50 fromthe
%ﬁﬁﬂﬁﬁtﬁﬁén@PHﬁEQVNééfgﬁ dipt ohe2erodiomeat Lorhe HECONE

ORI AldRY pEﬁéSﬁ‘é@ ée%a%%@%n 1okkRa (i A Hapc °£zé83crr% ic

I'n one enbodi ment, the HEC operating pressure i s abou
B KPd 8228 ﬁﬁ@@{ElQﬂS -l ess. [00048] The HEC may be

@Etg{ﬁ.t i "’}i é%%%&?%hﬁ! %% o W ORET g{ngf‘?%le%@g qLur €,

is's |C|en to separ Sstream
Sudrutsepafrbtcornd yHeoWwPt et neamn ni & & mpimméhezatidn mfenol

GA‘Vl%P ghhe HEC Oé’eﬁzi%t g Lemperatyre o ‘g‘erat f?(gy sure is
ependi ng upon th C operatlng pressure A
@pﬁﬁaﬂjm@apnésSume§fooﬁrmnrabouhaInkPambodah@mt 3e HEC

kPa, .t.he HEC operatln ratur ener I y is about
it 6 5 Fres RPN E b MERE) e HEC

[08048] diisd mﬂcama@nbeobp@mmm Sbbgtantlilz['ﬂb@’ 20y operatlng
theoretlcal st ages r of theoretical a

LR DI e R P T, o e Ehetare W e

sﬁtbﬁefant @odaber ﬁﬁhﬂﬁ.dlhi@lto_gt LeuMmaunhemick stageszaisidig of
st andar d ﬁﬁocedures oooso%gln one enhodi ment the

HEC 90 cSRpr IS es Gt "g0 TeHRBT Bt ¥ ical" 1t agasY of ehrk:
lgbron@ecenbodbpenitidhe rHeCu20. co;nmmme@p@bgaln@%ressures

t heoreti cal stages or nore. _|n one

of from about 1 KPa to about 30 kPa, the HEC operating
temperature generally is about 250 °C or less.

[00049] In one embodiment, the HEC 20 is a distillation column
comprising a number of theoretical stages. The number of
theoretical stages may vary. Persons of ordinary skill in
the art will be able to determine the optimum number of
stages using standard procedures.

[00050] In one embodiment, the HEC 20 comprises about 20
theoretical stages or more. In one embodiment, the HEC 20
comprises about 30 theoretical stages or more. In one
embodiment, the HEC 20 comprises about 80 theoretical stages
or less. In one embodiment, the HEC 10 comprises about 50
theoretical stages or less.

[00051] The HEC heavies 22 remaining after the acetophenone

stream 50 1is removed comprise tars and heavy ends. The HEC
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enbodi nent, the HEC 20 conprises about 80 theoretical
stages or less. In one enbodi nent, the HEC 10

W@ vpisses about 50 theoretical stages or | essPCT/O8D8E)80895
The HEC heavies 22 renmining after the acetophenone
stream 50 is renoved conprise tars and heavy ends. The
HECheavi es 22 generally exit the HEC 20 at the bottom
of the HEC 20 or at the near bottom of the HEC 20 as a

e GUbe ben8BY1DE Ppassichbento r@lent ithy settahor the HEC
conmponents in the HEC heavies 22. However,  the HEC

Hodii € 25°gBART at15 Corpr 188 Tl dehtist Pedifif ghit: 1t may

hoidddigopei b capoundserEaner apondte HEC-heavi€hedZies
is not further processed. In _one enbodi nent, the HEC

Hreavitoyers Tpuf fed s PRGE SF 02 pr &RAUE Heaf rBFithe sanme

@i o1t 1anelhel gPrReEss.g pdhet ARRGIORRS2] GERepNELy, the
enbodi nent, the AP stream 50 enters an AP recover

y
%ﬁﬂlﬂﬁ?veﬁpRég 3@Ixﬁhéuﬂph§FrEéﬂ@%ﬁ*ﬁbnpﬁpsggeﬁ@mbodlment

AR phenok .2zt 1 opesrrakd 40t B@éllﬁmgf Hdvii@s. ndhe ARRGH0
i s operated under APRC azeotropic stillation

THHIAT 8RS BRPERYT RFAGSSeparate a refined AP stream
60 fromthenerapiec AP stream 50. In one enbodi nent, the
refined AP stream 60 is a substantially pure AP
BP@2cin Jr00GEBPdineohe Erbddi weneant he qrefdnsednARP

SELERM GO xS A yARBC 33}1@%1@%%%@%@%8& ?f‘é@s b,

one enbodi nent, e reflne AP streamexits t'he APRC
Bt Hﬂwaogzebtrw,Am@ 30hetr nimmer Emsedi nEhe, AFRe 30 is

Hear ihe Lap of ‘the AR 30" Thhe pri ) or the o
¢efdatedeAPos s epam 60 anirklf 1vad yAR eggersdinn @ Oupoom at reurdyerde
z&ﬁ r%%ta%f%o Rel evant m%%kg@%lggcéﬁ%%fl% aexampl e CFan“%% is

er of “stag es in th uantlty an
@fsxgwctlalnmga@if g ARapdotihetazeotropic distillation

ons. 4] The APRC eotr |c di sti Iat|
B L HonE o RBPAr 5" Forie 56 14 B0t fBrat 1 ERpePartr b e
EWRGMB@YbeadHIGW@EHéHdJmaxeamd In one embodiment, the
refined AP stream exits the APRC at the top of the APRC 30.
In one embodiment, the refined AP stream 60 exits the APRC 30
as a sidecut near the top of the APRC 30. The purity of the
refined AP stream 60 will vary depending upon a number of
factors. Relevant factors include, for example, the number
of stages in the APRC 30, the quantity and type of packing
(if any), and the azeotropic distillation conditions.
[00054] The APRC azeotropic distillation conditions generally
comprise a bottoms temperature, an overhead temperature, and
a top operating pressure. The APRC temperatures are
sufficiently high to separate the refined AP stream 60 but
sufficiently low to minimize dimerization of AP.
[00055] The AP stream 50 comprises one or more AP-phenol
azeotropes. Table 1 reflects the predicted boiling points of

various AP-phenol azeotropes at different pressures. As seen
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sufficiently high to separate the refined AP stream 60

wWhei09es8583 ci ently low to m ninmze di nerizati onP@F/USHB08/080895

[ 00055] The AP stream 50 conpri ses one or nore

AP- phenol azeotropes . Table 1 reflects the predicted

boi ling points of various AP-phenol azeotropes at

different pressures. A s seenfromTable 1 , a s the

ﬂjﬂﬁrf&taibflg pr essute: Afpetrde 1 APRE 3% 1edusedaptheso is
nperature difference between the boili n% gm nt_of A

lﬁﬁd&iﬁ?dt héhﬁoF‘F%%mdﬁirﬁt 9Gf TR VariGus SAPT Bheriot ing point

SZ €0t 1:0PES hE NES ERSES polif tObREF nMOF LS o udS hRGpReh Oer
APRC operating pressure nakes the separation_easier
HRPHEREF Theb?etital St 8§BS W19 &SPequir ée'tio AFRC
ascmhngsBrebeusepanals @Re: sPpEESUIS Ragnek A& fewer
AP Phenol _A P Phenol. BP, BP, 0 F (0 C) BP, Mass Mass
PAEFiCa) BtEItd EH! PPagERBATES dct a&ﬁoslBlhﬁlP-lg 6.8
gg{%r@t%a_o 0.707 0.293 (102.7) (115.4) (118.3) 100
mHg 247.4 273.0 276.6 0.725 0.263 (119.7) (133.9)

(135.9) B psig 295 0 324 8 326 4 0 803 0 .197 (34 5
kP&Ps{Ea6. . 17°9°282.7) (483, 6)Aiﬂms§ﬂa 3349 368Phawl
368.9 0.880 0, ég (680 KkPaf’ (168 3) (184 ‘gg é 22 on
1457 .psi a 359246 5.2 395.3 0.939,-0,061 kﬁ
(181.9) (201.8)2(R01. 8118547 psias363. 7 400. 0 4oo 0

0. 8980m@s050 ( 108.2 kpa)zp184 3) {204. 4) @2@m 4) 19283
psia 379.2 41619-7416. 9023084 0. 00%-{1135.8 kPa) (192 9)

P (213, 52h 7p 95. 3 %24 7 (1708% kpa)©-1°7
(g§3§g 3? s[g:395. 3 434,

223 368.4 368 9 0.880 0.120
(68.9 kPa) (168. 3 (184.9) (187.2)
14.7 psia 359.4 395.2 395.3 0.939 0.061
(101.3 kPa) (181.9) (201.8) (201.8)
15.7 psia 363.7 400.0 400.0 0.950 0.050
(108.2 kPa) (184.3) (204.4) (204.4)
19.7 psia 379.2 416.9 416.9 0.994 0.006
(135.8 kPa) (192.9) (213.8) (213.8)
24.7 psia 395.3 434.7
(170.3 kPa) (201.8) (223.7)
29.7 psia 409.0 449.8
(204.8 kPa) (209.4) (232.1)
48.7 psia 450.1 495.3
(335.8 kPa) (232.3) (257.4)

[00056] In one embodiment, the APRC operating pressure is
about 0.1 kPa or more. 1In one embodiment, the APRC operating
pressure is about 30 kPa or less. In one embodiment, the
APRC operating pressure is about 10 kPa or less. The lower
limit on the APRC pressure for commercial purposes is
expected to be about 1 kPa, although lower pressures such as
0.1 kPA may be possible, for example, with higher wvacuum
equipment and refrigerated condensing medium.

[00057] The amount of AP in the refined AP stream 60 tends to
be sensitive to heat input. If excess heat is applied to the
reboiler, the amount of unwanted aromatic impurities in the

refined AP stream may increase. Unwanted aromatic impurities
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29.7 psia 409.0 449.8 (204.8 kPa) (209.4) (232.1) 48.7
psia 450.1 495.3 (335.8 kPa) (232.3) (257.4) [00056]

WO poodMsssesbodi nent, the APRC operating pressurBCT/ES2008/080895

about 0.1 kPa or nore. In one enbodi nent, the APRC
operating pressure is about 30 kPa or less. In one
enbodi nent, the APRC operating pressure is about 10
kPa or less. The lower limt on the APRC pressure for

ceRidakopar posesdte expachiedidio e ,about elakPes

al t hough | ower sressures such as 0,1 KPA may be
ﬁ&?ﬁt@l%ar%?té Shif1 O Lt hUﬁW@rh%@rd f&@ﬂ‘éﬁ%éqﬁ%%%]ts
and Jef,r irger akeeb xondansi-Ag1 nBek 2 100057] (diren armunt
of APinthe refined A P stream 60 tends to be
Shsl e YL oP PRl iHpeloll R essITheae FEPappl¢dd tide

tdye debaipl gt redhe; AMRBRL0E i ynWANt G JfOlBlheted aromatic
inpurities in the refined A P stream may i ncrease.

tRit€@Sar omati c i npuritiesthat tend to fractionate
MGQ%A&'&% wde o qf QEnexappl .2 %%\é/aﬁbﬁg %@%r%ftépg

al co Unwant ed aromatic al cohol's i nci ,
RseHITE, 1di fePhyddbENZykPal Eohabo(IDNBAKPandtee WFRC
£¢gﬁﬁéadb%@%¥g §Q&¥g“aenggyﬁf% w1if]H@q%b%ﬁQogh@E{@’oJ'Y%ss

refined AP streamis substantially free of unwanted
@@t T dmpuemibbidesent [ 0GB5&IPRCN a@aetlewmadldmmlll\a/neme

e..APRC t p ti. r f rom.abaqut 3kPa
S| R SPRLALLIG B faRy! ot Sl LT 00K L o R e,
ddd e abeuteld®d: GQcor thesse [UHO5H] the B8Restream 50 In
enbodi nt he, APRC azeot.ropi ¢ d| st.ill ati
conaen{blngjnséahot%eo mars’sse gﬁrrgss Fet I'0x aF%aPI 0 o?r 1Y Sor In
oy endodsednon thwe rrrae;fsl uefihowdtoid hes bowtob dheldAR.

m 50. |In one enbodl ment, the mass reflux ratio is
@M@ oS, OfntBRet Enbsdi FERPCS t ARY MESY -+ eFRGRODS OF

sadiriryS sabout i e 1:23Swil 0006 bIEhe cnysbermofie the
t heoreti cal sta var Persons of ordinary skill

PR FFEOGF | P b%taé%ﬂseutséxaef"e?ri‘ﬁ%éj ffgeedures:

[00061] In one embodiment, the number of theoretical stages in
the APRC is about 10 or more. 1In one embodiment, the number
of theoretical stages in the APRC is about 20 or more. 1In
one embodiment, the number of theoretical stages in the APRC
is about 60 or less. 1In one embodiment, the number of
theoretical stages in the APRC is about 40 or less.

[00062] Generally, the amount of AP in the refined AP stream
60 is about 95 wt.% or more, based on the total weight of the
refined AP stream. In one embodiment, the amount of AP in
the refined AP stream 60 is 98 wt.% or more. In one
embodiment, the amount of AP in the refined AP stream is 99.9
wtL.% Or more.

[00063] The APRC also produces an APRC heavies 24. The APRC
heavies 24 generally is the bottom stream and/or a side cut
or near bottom stream of the APRC 30. The APRC heavies 24

generally comprises AP, phenol, AP-phenol azeotrope, and
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opti mum nunber of stages using standard procedures .

[ 00061] In one enbodi nent, the nunber of theoretical
WwWee@gessssh the APRC i s about 10 or nore. |n onBCT/US2008/080895

enbodi nent, the nunber of theoretical stages in the

APRC is about 20 or nore. In one enbodi nent, the

nunber of theoretical stages in the APRC i s about 60

or less. In one enbodi nent, the nunber of theoretical

81AQas boR 1t He ARRG 1S cahoutn48nOrerR S meh@0082] or some of

Gener al | the amount of AP in the refined AP stream

|A§R§bg8€V9%S vit FE o “ndP el cpEsEf ot the Poeat!

mcgfatl% bhece e | nedh AReSthBaMmdiit 0nRe 1eAbodbh@MHE the
t he am)unt of AP in the refined AP stream 60 is 98 wt

EBRGMeryies th the Eimdrmeft ¢ HE @nodht TBESAP in t he
&die@dnAB, stheamd w199 BowtioY0OFf MR @prE0ROS3]esThe
APRC al so produces an APRC heavi es 24. The APRC ,
Pres\A%es N22ugRNEr Al 4RF i19 /t RBE LDt ot 'streaiantifsr - This
1§48 tGULaal £ Deak1 Botdrem stream pfatde pAPBE: 30nedih@ing
APRC heavi es 24 generally conprises AP, phenol,
AR BHENol azeotrope, andhi gher boiling inmpurities. In
ORe adbieohs all or some of the APRC heavies stream
Z A 1S recyclred to the phenol production process. In
[08@04b nbodirmimter ahbodinsmive tdle e APROUhedViiss op4tied.

n
e e B G or e RBRE heavies 3 4" pagegarerions.
Ahreowgty lehe CPO1d05attiive AECEROS arebdiimenAPREPSD:s Thi s
pernpts additional phenol recovery and AP refinement
and capture . -Two separations [00064] In another
[Gﬂﬂﬁsqii mentthist kebBHBECnent uNTh2 @ rivsleophét@d. hdavithi 80 is fed
giodiqrent, Pu e hd ngﬁ)t%en%pa%‘é'@{‘éde henol
exenplary i i fation of "tRi'S Enbodirent appears i m
Hréb gyiress aomp[:ﬁ)@é)ﬁsibdut t3hivs . enbodiamntphehhe . cr deone

SRE Es0a ment, e Erite phanpres o SonTlsedBholt 10

wt.% or more phenol. In one embodiment, the crude phenol

heavies 80 comprises about 30 wt.% or less phenocl. 1In one
embodiment, the crude phenol heavies 80 comprises about 15
wt% or less phenol.

[00066] The final column 230 is operated under final column
azeotropic distillation conditions effective to produce: a
final column overhead stream 260, a final column midstream
224, and a final column heavies 222.

[00067] Generally, the final column overhead stream 260
corresponds to the refined AP stream 60 in Figure 2; the
final column heavies 222 corresponds to the HEC heavies 22 in
Figure 2; and, the final column midstream 224 corresponds to
the APRC heavies 24 in Figure 2. In one embodiment, the
final column heavies 222 are burned as fuel. 1In one
embodiment, the final column midstream 224 is recycled back

to the phenol production process. In one embodiment, the
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heavi es conprises about 3 wt .%or nore phenol. In one

enbodi nent, the crude phenol heavies 80 conprises
W@R®ans55585 wt . % or nore phenol. I n one enbodi NnREE/PS1008080895

crude phenol heavies 80 conprises about 30 wt . % or

| ess phenol. In one enbodi nent, the crude phenol

heavi es 80 conprises about 15 wt % or | ess phenol.

[ 00066] The final colunmn 230 is operated under final

£oldiMmrcazeat foPs€r His izl aki o8- gordl taens tef feetdime 1t
roduce: a final colum overhead stream 260, a final

SR @St FRAnt Y24 Codd™E PIAYIT<8) did heabied !

1 Q06 ceeperaddy pdhe thi Rakocol wM¥ evenhsadesd reamol
260 corresponds to the refined AP stream 60 in Figure
Bhat pige PERAFVE ol Ui h VP 8sPRYP L dta9@<F6ndE -t o t he

ﬁ#%%S eﬁ%i%%j%a.Eglghguéﬁ%é%ﬁoﬁi%ddiEb?lféﬁﬁﬂn Q%h@gﬂions
m dstream 224 corresponds to the APRC heavies 24 in
e, fipebnee Biodore AR, P¥RSYien&lf ebPubm! higvicgs

hh%e A7 &bunped aSy fielr, LR ORe, ermodiBNborthe fidalire is

col uim m dstream 224 is recycled back to the phenol
Produdt ikba proress. A one embodinmerit, thRefinal ediwim

IQHQ§%{$§gEg§§ei§sr§HaqU %@ P@Qkoﬁchééy% C%g éQe embodiment,

Recycling of the final columm m dstream 224 to the
pirerfdlnagr odeni ovPgradc @gssperdi 1 aksadvelykBd eruckess -f

henol .t hat s present in the_crude phenal ...
IoBoP DERG e 130 AR 2RIl L e BT8RO IR tions
chrgidilsleati 6nngbnch turong opoppes sera dfi maloutol uhmkkxotdrom
rEgressure of ab%Jt 1 kPa gﬁenggal.lcnolorr]n% %rrbodi ment

He i nal 85l Ui Bt S pressure i s about °B ko S

awres. 5l iePaner endyodl mEmt onthembodiaterdql whm bBobdDmolumn top

Pressure,is pbout, 59 KPa or Less. | n, one godient,,
he Fival cdrtmm Lbot ompressuire s apout 20 kPa or
fess. do00069togdherddsnale ¢ol anvuazentkrepioe destil |l ation

itions_conprise a final colum to ressure of .
G0 6% "icha ToroTare. 2495 i EmBoar ekt - hé T Engl ons
£0d U@ s PE €8 SilingdrS o @Hb o be kRe 10Is thBEE. | Th®N@imber of
g%ﬁ%?@tq%ga'sgggeglégﬁ J%%ggnnPéggons of ordinary skill in
the art will be able to determine the optimum number of
stages using standard procedures.
[00071] In one embodiment, the azeotropic distillation
conditions comprise a number of theoretical stages of about
30 or more. In one embodiment, the number of theoretical
stages is about 40 or more. In one embodiment, the number of
theoretical stages is about 80 or less. In one embodiment,
the number of theoretical stages is about 60 or less.
[00072] In one embodiment, the AP stream is substantially free
of unwanted aromatic impurities. As previously explained,
unwanted aromatic impurities that tend to fractionate with AP
include, for example unwanted aromatic alcohols. Unwanted

aromatic alcohols include, for example, DMBA and EMBA.
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pressure i s about 45 kPa or less. In one enbodi nent,
the final columm top pressure is about 19 kPa or |ess.

WO 0®9/B8Hs35The final col um azeotropic distill atP@US2008/080895

conditions al so conprises a nunber o f theoretical
stages . The nunber o f theoretical stages may vary.
Persons of ordinary skill in the art will be able to
deternmi ne the opti mum nunber of stages using standard

BO@BE Otk S, unlRQ02E] shpp ohesenpdi ABAt o x1hesazeakr eBi §nd
distillation conditions conprise a nunber o f

P réei ¢ari sy agt ¥R aBsul=30V Y serdfRJopeen & number
enboditnert, the Hurar  okntheerst i ca s%ﬁogwsalhé/@b@glt

40 or nore. In one enbodlnent t he nunber
$ hesrest el V%f&g‘@sﬁi sthébGQWPS@U'o?OTl s tthf@ﬁ@ to the

&@%ﬂ%nbro%@s n%ﬂé“co%&o%h@%ﬁél Calr i$k808Sot St rineq

60 or less. [00072] In one enbodinent, the A P stream
3R Wéntﬂeairwdrf reel/oF ahaRt @UNRRGrEPPeLi mpuri ti es.

@br%lmeg\étt%ggy expl ai ned, unwanted aromatic inpurities
that tend to fractionate with A P include, for exanple

[008V=ht Bk arorattiionalvtbhdbs badimwantede as ot ivg tél celﬁetsnce

’&(?C‘Jh%d%’olfl&[\rlgg a!a eQNBﬁh?E‘?Q ENBA. [} QJ%%%JQ

supply stre eX|t streanms to Fom t
skmulmjsnozt;epara@mismrmy avaflymdependi ng upon a nurrber of

factors. For exanple, the, gtgﬁﬁgr of supply and/or exit

streans may vary with th tion of the feed to
[DWS@XT}d@tdIOﬂiep@ﬁGES$ sﬁf@ncmasbbdomalarvameaheaﬂ 6fom

t.h f d d d d/
b e Rt B St e PR R RESy (G Tho v r et g

wﬂﬂ the bembestmwerp&to@@dew thr1ef erencastophhee of a

ol | owi ng.exanpl e@T % 5 are jllustrative onl}y and
HENF RSt °Be” Congt HPFH}W#Q’ Exanpf8v4ty00075]
[0b€76¢ T biEle, Phangl «stiear produeed asuad vvarheadf Lo vas

the CPC colum during AP recovery operations was

EOAFAr 8 TR B RS &% tet Peam DITifced 280r FABPT IR Hdt a

ﬁgﬁﬁﬁ%dogfarecycled APRC bottoms comprising phenol rich AP-
phenol azeotrope. This mixture was fed to a CPC. Crude
phenol, both from any excess phenol in the crude phenol
heavies as well as from breaking of the AP-phenol azeotrope,
was taken overhead in the CPC and drummed for later disposal.
[00077] During normal operation of the full pilot plant the AP
concentration in the crude phenol stream, taken as an
overhead from the CPC, was maintained at less than 10 ppmnw
AP. During AP recovery the concentration of AP in the crude
phenol stream ranged higher, typically in the 10-50 ppmw AP
range. Some of this difference is related to the gross
difference in the composition of the feed to the CPC, and the
absence of the huge phenol fraction that normally traffics
the upper section of the CPC and dominates the separation.
During AP recovery, this flow was only a tiny fraction [0.2

1b/hr (0.1 kg/hr)-0.3 1b/hr(0.14 kg/hr)] of its normal 8+
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denonstration run which did not involve AP recovery.
[ 00076] Previously collected drumed crude pheno

wheawisss3svas | oaded into a m xing contai ner, bPERTSH8/080895

and conmbined with a portion of recycled APRC bottons
conpri sing phenol rich APphenol azeotrope. This

m xture was fed to a CPC. Crude phenol, both from any
excess phenol in the crude phenol heavies as well as

i am breaki rg/0f) tiieAPapBenorh 8z eptfifepencwasnt &kefn feed
overhead in the CPC and drumred for | ater dlsgosal
T?Wﬂ?P?FlﬁﬂrFﬁgt?ﬁnWﬁﬂt &65P5¥|%ﬁp%ﬁnﬁq%§nféPF b ?oﬁllghtly

Pl gidr talpe 18P coneadt riat iceB kbhudderdnide sphepgl c Stdream an
taken as an overhead fromthe CPC, was mai ntai ned at

PEEL G Han T20 PRt AP, Bir A ﬂ@?@&&\?@fﬁ fRe startup of

@@@@Wtr%@bweﬁy 1 AR ithathener ggles phenali ost EBaM d afrbg;%d been
gher, éplca y in the 10-50 ppnw AP ran% Sone
H‘n’% ch“ﬂt Fehte 1 &4t &8 F%m??fé%dﬁeo§§rdfc ?e%% |Ar¥>

the-Gemeshhi 9p ofc thefeed to the CPC, and the
absence of the huge phenol fraction that normally

0PRAB] | Blee trardgppeenseche ot hiekeaCPey aptebrdonicratest,

the, separati pp. o DY NG AP HeceVershe i, S ah Loy, yas. pnl y
atiny fraction [0.2 Ib/hr (0.1 Kg/hr)-0.3"1b/hr (0. 14

<P<ngemt)ly] tof the sHior nﬂhe8$pbﬁh@t{® @erlé@/rmresi th ovhe dife. 1s
f nst
J&ik(%]a‘i' BEENES, 1AL cQlu e Sﬁ é’s{%%%' BNk 8yd eve%

xplanatlon for t hi gher A P
ks@'evwann thheAErmlm@@h@m@lotsppeamd akfr_en nggtaheaveshemdor

BARAYe helt 105 PRBLIE AL N Rl e
éWCWomen Dnd¢hexCR@swmeomdememlcﬁwpensatemimﬂnuhe

£g%%ﬁ§vé% 61 n&%@%ﬁaaﬁ%npge%oih engﬁ] ngog$ir {g% with

heno heavi es conten
abmuwnﬁlwﬁne@b$banﬁUﬂP1©uM£th®éqﬂuﬂmm ofandemaslmmd The

I%EE Clt lpyotfo Eh HE%th\g/ge %\eg?r at Ioon fp%:]g hgegonce tratlon

non1na| and’ t eavi es
amtukHIﬂEC|SObe®MEeﬂ1Eh@.APTphen@tabueﬁnpopé ahdkeﬂnesents

nexlnenrLer BBl o LAButLL Yy PErARS SLIYl RN <o
ensure good AP product purity. The majority of the AP and
phenol were taken as an overhead or near overhead from the
HEC and the neat heavy ends was taken as the HEC heavies.
HEC heavies were drummed for later study.

[00079] The HEC overhead comprising AP and phenol was routed
to a container and from there to the APRC. The APRC had a
short pasteurizing section and it was possible to take a
light ends bleed and reduce light ends contamination of the
side draw AP product stream. The results for certain

components found in the crude phenol stream are given in the

following Table:
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In fact, in order to ensure m ni mum heavy contam nant
carryover with the A P and phenol, the HEC was

Wop@passas wi th some small net slip of A P out BEBUS2008/080895

bottom of the colum. The net slip of AP typically
was < 1 w .%of the A P concentration in the HEC

bottons stream This small slip of A P represents a
small net |oss of AP, which is acceptable in order to

ensur eoif@6entA P pr OCkatio pertd y. Thetwapor| tly ofemd m@nA
P and phenol were takerPe®s an|oveRér@geryor near average
overhead fromthe HEC and the|A¥8F298eRPFYbnds WBR™)

Rhe %]n e tha HEC haavi ok 0 Lec! haaviPds 'war o ldr unived? f ar
glppa_ethyl styrepes oLy 03 7 70 Bl - [T 187
3 % gr{y 32 %g%tenb UUUI-.J I|1|§.2|_|Eb ‘JYC! IICQE bl}llliJl | R 1‘?"!'.6’6_\ |-L
g, %H@”(ég S J-QUUET 1D ~a COolitar nef, aAia 1 riomineye 1o
diRkRez Arslel - Bt AZRC | Nad @ oShori pastedri Zzi ng Secidoon

|

a
ardid bcwashpessi bl e to take a ght 3ends blleed and
0

I
ssegduce |ight ends contaminatign
TaHlyAtPesrefawpl The rest4 s for

‘ﬁcﬁl% enzofuran . 4o nhan%l Str

ce
ar T LA ZA %A rJIILoII \oalll a
iInsaturated bﬁ.\b,,e\pzene‘ 1 Q’ . _
I S

Toblodtng Tabl € “white there yas

ne LUIIpUbI tTom dat d, the concemtratrons of the trace

BReE esiewer fadl sorhowandpfi ak £ yi:$itAd abnpdber{Of @@aid)d the
results indicate that A P recovery did not appear to

FMIFEEPECPRE Ph Fihd TRCBUPBRCHRT e GUuP L LheOY op i aifd Y

eiide phenal eoldum A Ahe1 et udeg RhaRolhakr BBMecovery did
[ 00080] Conpounds lighter than phenol were found in

iPe FHECAGY EPheRtC SIRFFESPi hg fhal T rackengosrt out the top

SeGaPOSiHEOPhELACI ANHINOCGUERED- S QHehah Soldum.
sunps, presunably because of the |ong residence tines

(400891 e@@nﬁecdlrtd@nﬁegatar eshan Thiegohagenot feurdrinsithg HEC
&f et tdhagu?ggst% tJHa%"J"w%SP?h% &s dé%%gl Iﬂ&[‘@n P05 ons

ad order o rragnltu ger |nte vol unes
QWWulld beverae @ lfumgornepei mrma@l@qbepwm of the

{é&ﬁ%’r %%"eﬁis%gﬁ%‘é ear&: %@%9%9@@ éj&&r%%u%gersmls was not
- di mer, - AES di ner 1), ertain ot her
swegotiisviegs peceestisgernito checdr sappeaabiongerbt ug@d in the
25simed Jhhat BT oAU JeGAYEEL8Se Blger internal volumes
than would be true of commercial scale equipment. Also,
certain heavier species, such as dimers (AMS-dimer, AMS-AES
dimer 1), and certain other reactive species seem to be
disappearing. It was assumed that product recoveries and
purities achieved in the pilot plant may be better than those
achievable at commercial scale, perhaps due to aldol
condensation or other reactions occurring as a result of the
longer residence times and/or higher temperatures in the
pilot plant.

[00081] The top and bottoms stream flows were adjusted to
force closure with the feed, and the net fresh feed
composition (drummed crude phenol heavies) was not measured
so the component feed rates (lb/hr) of phenol and AP were

estimated from balance, forcing perfect closure. Material
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purities achieved in the pilot plant nmay be better
t han those achi evabl e at commerci al scal e, perhaps due
W@ 20080085585 condensati on or other reactions occuPCT/H§R0as080895

aresult of the longer residence tinmes and/ or higher

tenperatures in the pilot plant. [00081] The top and

bottons stream flows were adjusted to force closure

with the feed, and the net fresh feed conposition

&m&m@e@n@r ud@p@@m@in Reavi esd1v@sd NRinpdRAgyr €ehs avdhe
onent feed rates (Ib/hr) of phenol and A P_were
ti5rafed StP o Bal HhdE@ I "F8r 8T ntf PerFedt’adr ostir 0T whom

rh@i&rﬂaal bahanee andhepasi bhesusdata Jodel. udgdwever, AP and
conpounds that were either possibly being forned or
PRI e dPaWAY, Mor e G WRdAT Aat eFP I Falldnéé el b5t & ifas

susual khyspopsiatdawever, AP and phenol showed nateri al
bal ance closures in line with the overall mass

(88982 h cea s§ DOUB L eBaS e @Y el iusiEegofiair adjifsPédodapaant
é&%n@ﬂlﬁ%ﬁe@l %‘? z?r?cp@@e'c%k}@gy(é‘% zﬂfbv%P olbeRever szQJed on

above 99 wt.9% based on the wei ght of net fresh feed,
%mﬁvvﬁphénoéd@$¥|%M§ﬂléﬁéﬁ@la@@06Weﬁyl@ﬁdabév@abaﬂﬁnOl
y@co@eﬂ§a%?da98vér5%\%% %htbgge@egnfﬂﬂgsmelﬁﬁg’o?fﬂ§¥ fresh
mat eri al balance was deferm ned. A conmerci a

,gr@f\mm detpelaldéalwocpurge & reansehi ch v\mm@fClal

%ial%eé B(jes?\ﬁﬁr Lhese Jc%%e'& §Spu R 5 %rﬁﬁ%ﬂwll‘é

e (a) a ht "en pur ge Fom t he top o e APRC,
Jaﬂdal(yb)loaeputlg@sef rmﬂcmeefiAP- pheroltwaz edtreepe wewkdre (a)

ecygl.e 0 t 00 ] B
% {éééiggg%t?L%Q%fgg%kgﬁ%nggga$$6?§$§gﬁkangﬁésﬂg %rlurge
fhen itiee AP -Phedet eraratecan appeoxirmetye lednhepm ofhe bottoms
St ages, okt was sufficient to consider only the key
conponents and a reconcil ed overall conponent bal ance
[@0083hgr eorpetHcoheabpstable aper abilann dhei ARRGoGokuaDysis

&g@g%ﬁk Q%EEQQ Eggy;gﬂggngoggn§p5¥éi¥ﬂa%% Rtggérré¥hs€%ges,
it was sufficient to consider only the key components and a
reconciled overall component balance during a period of
stable operation.

The APRC Column

[00084] During the three column AP pilot plant run, a side
draw with a composition comprising 98.3+ wt.% AP content was
produced together with an APRC bottoms with a composition
comprising approximately 76 wt.% AP and 18 wt.% phenol. The
reflux to feed ratio was approximately 2. The APRC was
configured with 2 ft (0.6 m) of packing in the pasteurization
section, 3.5 ft (1 m) of packing between the side-draw
location and the feed and another 3.5 ft (1 m) of packing
below the feed location. Operating pressure was 2 psia (13.8
kPa) . Phenol recoveries to the bottom of the APRC in excess
of 99 wt.% based on actual column feed and bottoms flows were

achieved. A heavy component 2,3-dimethyl benzofuran (23DMBF)
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draw with a conposition conprising 98. 3+ w. % AP

content was produced together with an APRC bottons
WORER/05658DNposi ti on conpri si ng approxi mat el y 7BCTUSHHEB089S

and 18 wt. % phenol. The reflux to feed ratio was

approximately 2 . The APRC was configured with 2 ft

(0.6 m) of packing in the pasteurization section, 3

.5 ft (1 m) of packing between the side-draw | ocation

il dheckeadaanthanoldhentd ob Mc}(alramt)er@fzeaa@é@mal By
bel ow t he feed | ocation. Operati n pressure was pSi a
1(5113“98 RPapr. (Phentl SECa¢ERT 852§ o th& RSt B?ﬁ’o?mﬂhb@

ARRG I orxsess ofc 99 gite. ¥ebasgdiiub activah eehgumedierdor
and bottons fl ows were achieved. A heavy conponent
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heenry it Y@l ukineharact eniczgdomat er igle BY cUShNEA Preniine11
(in the side-draw) as the heavy key and AP (in the

Det1e0rs OAEME het | G ey OF at PheotEticfal Ssf aget E6tint high

Of Bpprexmasetye 4Q0umatahed t heokay 1GeRPeBeNten AP and the
concentrations using a reflux to feed ratio of 3 . The

Rairhfratedzereomel I dveirarns cof UHPef Firépeneyneilature,

e Sreysbenn t Sok el atdvelkyghi gh ata 49% due boak he [QWge 4
relative volatili ty bet weén AP and t he AP/ phenol

écz@&ernéﬁé)— sta9¢ e)rs of Aspen stage nonencl ature, the
l}p?tc"vHsogm's%r%dSEﬁgt%ez%l)@%‘é Fgg%gs%%llt‘vt\%@g@t results

s ag condenser = stage
Tdbaslerqpe@omnt helpid vtetplvanbeanal yaliadlolr(é¥Eht swahateported

gg}tgggoﬁlﬂggtﬂfqﬁy%hgeﬂ %& ﬁ% Aﬁ%&&%ﬁ% WS Aspen

to partition nost to ott ons
mmleasmduhet@@ p@mmemomﬂadl patieldtﬂtdmtmomtlwou@ dche APRC

it t, t
PRI LT aTRehL Lyl ERC FORS AL Byt Rl LIRS o
Bt réemreonpt € S$hlgeatnhe:OAn@RGSbogtm APRhie beEGJIEl@OO%]

ilpeeh{ §ht key component in the HEC i s phenol and the

ey conponent is ethyl phenyl ketone (EPK) . The
[pled86ash @i liafred ket tbeppidrad ipl ane AEC leps;ik&n(olSaBd the

Qﬁﬂglﬁﬁe%ggﬁgﬁp%%§¥jJgjz%hygcaﬁenyglgéég%etQEP%@y L%% %%C
was piloted in the pilot plant at 2 psia (13.8 kPa) with the
feed port located 2/3 of the way up the column [below top

57 (1.5 m) bed and above bottom 10" (3 m) bed].

[00087] The alternative heavy key 2-ethyl benzofuran (2EBF)
could not be used since it was reported in the analytical
results together with 3-phenyl-2-butanone. An unknown
component with a concentration of 4-5 wt.% in the crude
phenol heavies was modeled as EMBA to ensure that it
partitions mostly to the HEC heavies as per pilot plant
analytical results. The crude phenol heavies stream only has
approximately 90% of components identified, the remainder
being treated as heavy ends (TARS).

[00088] The HEC was operated at reflux rates of 10 1b/hr (4.5
kg/hr) and 15 1lb/hr (6.8 kg/hr) corresponding to reflux to
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5" (1.5 m) bed and above bottom 10' (3 m) bed] .
[ 00087] The alternative heavy key 2-ethyl benzofuran

W@ 28BPByssedul d not be used since it was report eRICT/HS1008080895

anal ytical results together with 3-phenyl-2-butanone .
An unknown conponent with a concentration of 4-5 wm .%
in the crude phenol heavies was nodel ed as EMBA to

ensure that it partitions nostly to the HEC heavi es as

perd platabspbant . shalyti cahpbest tisalahescrudecphei@rating
heavi es stream only has approxi nat el %890% of
THROeRt Yergemt iy & - t RBT +Bfaf hider NGt Feat e Yas

heawvy ends CJARS) wad QRR88Ledhei HEG S =0REEAL £ at-0
ref | ux rates of 10 I b/hr (4.5 kg/hr) and 15 | b/ hr (6.8

Kol hri dor FBS pRRdiag 1d el Fuk ToTd i 40) BePof based on

thd-2t31 Genpenesnt Hal ancescLar eIr\MD %p%@@t pp@w EPK in the
snapshots were conpiled. During this "hi
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appred ratgly 0.1-0.8 wt . % AP in the bottons (99+ wt

% recovery to tops, based on the total weight of the
108489 ekteampIs01330vpprve HRK e thede opgnine Shgt nugper
5@0&\@%rr3ét1@aﬁ O%agé%a%%ctilﬁgtggeté %a?échw%'hghbepfofn%délzgf

feed) . [00089] Aspen nodeling was perforned
det erodiva  fhel hynBwscoftwphepbe et fioul ssnta@gé@téstuwm the

§ O matghnt henperd o Lﬂ?{%sﬁ%i% fhe £ &HE%@W EEQtﬂQeiagne

tvvo operating snaps rlngt e sinmulation
Jf@eectlgy@spprsehlmsamhﬂ aiihed Blamm@owﬁ@ reliast vidie stage

(P&?Att Iw%@; @ﬁcEQgsepd %td glhgm;:e‘f %t\/g” %@ﬁ:o&@rﬁa‘?&nﬁg‘a&cched

count ‘was 1 ncr eased he ref ux rate appr oxi
et chledtt helpebantlrvajm@ feahibi s thasmsonletbtmixmd that 36-

tt% Ju.ned . %'ﬂaé dé%es i% 1'&‘98%951{19 %1%%3 @Q%P JRGGN 5

ant data base as t [ as the
mvlwgkleykeiflem@@ ERHesr ebermewdf&&iem glﬁnpeb nth¢ or the

FEE R i DEELH il ERepuL ot 0 ROBEPOREL P e
excludlng condenser and reb01ler with a reflux to feed
ratio of 2.5.
CPC
[00090] Analysis of the CPC without AP recovery using a 2-inch
(5.08 cm) I.D. perforated plate column resulted in the
following design point recommendation: 50 trays, atmospheric
pressure; reflux to feed ratio of 1; and, a feed location to
the middle of the column.

Example 2

[00091] A three-column continuous distillation train for
recovery and purification of AP was simulated as follows. 1In
the simulation, flow rates are referenced to a feed rate to
the crude phenol column of 100 1lb/hr (45.4 kg/hr).
[00092] 21 pounds/hr (9.5 kg/hr) of a CKC bottoms feed stream
containing 10 wt.% AP and 80 wt.% phenol, based on the total
weight of the CKC bottoms feed stream, and 79 pounds/hr (36
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[ 00090] Analysis of the CPC without AP recovery using
a 2-inch (5.08 cm) I .D. perforated plate colum
wo e@alssss i n the foll ow ng design poi nt recomRCEHS20081080895
50 trays, atnospheric pressure; reflux to feed ratio
of 1 ; and, a feed location to the mddle of the
colum. Exanple 2 [00091] A three-colum conti nuous
distillation train for recovery and purification of AP
MBS Si el at edcasid oJdrews. £homt fiee SddAtoat b@nthéUDNRC
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§%¥géﬂ nﬁ@gréﬁo@eawfro@‘%%eaggp ©§ WMo H%Cpgﬁaokedb@§QQm

on the total weight of the crude AP stream is renoved
Zr\l?PéinOtpﬁéafcepgoqittanetqHE@r&ﬁQU£%dOE ol tise 2BARPRCY opRt)at i iy

Al taR, @rﬁgﬁHf)e cPE oRSa (69 %‘tprae)am, $9sL0/ Hie tﬁi‘es thtal

kg/ hr) of a oAP stream based onthetota
weelh dht odf thﬁeAlAFB@teraéaml& sepeney ed o giret hePt @b tgfe APRC.

the APRC. %%57'1%)}& (26 ZQEQAPIEQ &J‘ttt e A A@%%BQM " .

cont ai ni ng . % AP an % pheno ase
Ahentcotal W\llve% ghltlerml t @ SAPRON boit¢ orrsa i srertebymbécmeo APRC

ﬁgg%éﬂégd§sppgg§%lééﬂ€gn%hgsc§95¥wbhenol column as shown
above. A small bleed stream of 0.9 1lb/hr (0.4 kg/hr) is
removed from the bottom of the APRC. Operating conditions

are further summarized in the following table.

Flow Units CpC HEC APRC
Feed from
CKC Bottoms kg/hr 9.5 - -
(1lb/hr) (21)
Total Feed kg/hr 45 17 12.7
(lb/hr) (100) (38) (28)
Reflux kg/hr 36.7 29 11
(1lb/hr) (81) (64) (25)
Overhead kg/hr 36 12.7 4
(1b/hr) (80) (28) (9)
Bottoms kg/hr 17 4.5 8.6
(1lb/hr) (38) (10) (19)
Bleed kg/hr 0.4
(bottoms) (lb/hr) (0.9)
Overhead kPa 7 0.9 0.45
Pressure (psia) (15.7) (2) (1)
Bottoms kPa 9.3 1.1 0.7
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si ng phenol

and acet oph

lenone,

separating a

ducE,as

crude phenol

streamfromthe feed under crude phenol

separation conditions effective to produce a crude

heavi es;

and,

separ ating an acet ophenone (

henol
l@?@éérﬁ*eﬁ 9P PR ofP MRS (Cralde ﬁﬁéﬁow%wtésal&ﬁrdé%
L HNRPI C 1 di stdddatdOroCcoBdpEE QNS .in2 theTbeef‘TEéerth)fOfthe

claim1 further conprising separati

SRonenst Fodmd PeintoRe GecttpReRone S

FetBith

a refined

eb WHder

AZLOJLRhe+dhsti |dald erpeenditions afif eetive 4o 1eave

an acet ophenone
predicted to be present in the bottoms of the CPC and in the

overhead of

the HEC.

Some of the AP is predicted to be

present in the bottoms of the APRC along with a majority of

the phenol,

but a majority of the AP and almost none of the

phenol is predicted to be present in the overhead of the

APRC.

[00094] Persons of ordinary skill in the art will recognize

that many modifications may be made to the embodiments

described herein.

The embodiments described herein are meant

to be illustrative only and should not be taken as limiting

the invention,
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heavi es; and separating an acetophenone product stream
fromthe refined acet ophenone stream under azeotropic

waele@vH5isas i on conditions effective to produce PEF/USAS/080895

acet ophenone heavi es conprising one or nore AP-pheno
azeotropes . 3 . The nethod of claim2 further
conprising recycling at | east a portion of the refined
acet ophenone heavies to or upstream of the separation
of the crude phenol stream iAiromutdhe feed. 4 . The

met hod of claim 1l wherein the crude phenol separation
conditions and the azeotropic distillation conditions
TONMPIA $@+epear as+ NG dRIMepabbe espisdidiecicenpkysihgh to
separate the crude phenol _stream and the acet ophenone
streéﬁﬁaﬁaﬁgsﬁ$$iQﬁ"éﬁFPyaﬂB%ﬁ?%ﬁ%ﬁqﬁ%ﬁcfgpaFﬁ%?$2%1ion
of AP.5 . plheipeihod eb pkakird whesRi Rombhes Chddthenol
phenol separation conditions conprise a crude pheno
oper at i ng2Penpe? eI G 250 0C or less; and the
azeotdeppiretdhsti | atd-onneapdi ti ONsn GO k88 8Bcd under
azeotropic distillation tenEerature.of 250 0C or less

. 6. Thecﬁé@ﬁoﬁp%ﬁo%ﬂsépﬁFi fﬁ?t?ﬁﬂd%ﬁﬁﬂ8§i§ﬁﬁ%Ctlve to
recovering gl 9% Mde YnehoMi&EBfest;NERAP in the
crude phenol heavies in the AP stream 7 . The nethod
of clSEPRrEtEDe t Herd CHPPRESPARY f%ﬁkﬂﬁ%ﬂeﬁ@ abeett o faom the
- % or nor e, Qfic theRhengl REeSeMet AR repudesphienalation
heavies. 8 . A nethod for producing acet ophenone
conpris!n@?nﬂ%ﬁﬁﬁm%g one or nore al kyl benzenes
conpri si ngnsbpt il henzeng tQ produce..a feed; coppri sing
phenol and acet ophenone; separating a crude pheno

st r edPPREreM R Hed fredd ngddegetophenone stream from the

acetophenone stream under azeotropic distillation

conditions effective to leave an acetophenone
heavies; and

separating an acetophenone product stream from the

refined acetophenone stream under azeotropic
distillation conditions effective to produce
refined acetophenone heavies comprising one or more
AP-phenol azeotropes.

3. The method of claim 2 further comprising recycling
at least a portion of the refined acetophenone heavies to or
upstream of the separation of the crude phenol stream from
the feed.

4, The method of claim 1 wherein the crude phenol
separation conditions and the azeotropic distillation
conditions comprise operating temperatures sufficiently high
to separate the crude phencl stream and the acetophenone

stream, but sufficiently low to minimize dimerization of AP.
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crude phenol separation conditions effective to
produce crude phenol heavies, the crude pheno

WG panstssdn conditions conprising a crude phenkCT/US2008/080895

operating pressure of fromabout 70 kPa to about 200
kPa; and separating an acet ophenone streamdirectly
fromthe crude phenol heavies under azeotropic

distillation conditions, the azeotropic distillation

condig.i ongheonPrisd RE anaazeot mepdcirdi stillation
operating pressure of fromabout 1 to about 30 kPa . 9
The e CRBMS PP MG af t Aer C WU hpricsitngO%epatatd g vde

a refi ned acgl ophenons st keam f1omd he acet aphgnanes; ang

stream under azeotropic distillation conditions
ef f edthievezeotrepve dcdtidphehonechiebiviiess andsepse &l ng

t oph roduct .f th fined
St cam undar RSB0 GPi-E A LT ST B BONAEL T one™d C o

ef fectiveltesl eave refined acet ophenone heavi es

conpri sing._one or re AP-phenol azeotrope...10. The .
mot e of TBF Ak eP] ('t RAP Bohpt 181 1 FEOVELF Hgd siecovering
deast 9@ porti op Wfrd he reti nedi acetophedengnbeaviesities
or upstream of the separation of the crude phenol

5t rdSm?r GhTERB: feed. 11. The method of claim 10

wher ei.n t heechsdieopheneliasepar abifkCendbli 0Nsg afkkdReing
azeotropic distillation condjitions conprise operating
erdt Fes ST &Yt IPehPERNt b HEparat et hie® ¢ uths

Phenal nstreag and the acet ophenone stream but
sufficiently lowto mnimze dinerization of AP. 12.

The rfet hod BETRP%IMA™8 BRREPELRY I HF- B Fde phenpprising:

Separt@_teia@mngoaﬁétélorﬁﬁ;r%oa@k%we@é:ﬁetsd%oﬁb@m@in -
operating tenEerature of 250 OC or less; and the
azeot ropi CUEY SR 114G 61 EBREFEF chsf CohsPmBELahng phenol

and acetophenone;

separating a crude phenol stream from the feed under
crude phenol separation conditions effective to
produce crude phenol heavies, the crude phenol
separation conditions comprising a crude phenol
operating pressure of from about 70 kPa to about
200 kPa; and

separating an acetophenone stream directly from the
crude phenol heavies under azeotropic distillation
conditions, the azeotropic distillation conditions
comprising an azeotropic distillation operating
pressure of from about 1 to about 30 kPa.

9. The method of claim 8 further comprising

separating a refined acetophenone stream from the
acetophenone stream under azeotropic distillation
conditions effective to leave acetophenone heavies;

and
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azeotropic distillation operating tenperature of 230
OC or less. 13. The nethod of claim8 further

W@ 09pi5ssBhg recoveri ng about 95 wt . % or nor e RPET/UR0HIB08IS

in the crude phenol heavies in the AP stream and
recovering about 90 wt .% or nore of the pheno

present in the crude phenol heavies. 14. A nethod for
produci ng acet ophenone conprising: treating one or

nor e sRlpkykbenz efne s copPhesbng shidudbenzanent or ofoguce
a feed conprising phenol and acetophenone; separating

a crude pRERBPPRETEUMSITEM"t Hedtecth Sder 1 Er tdt phetdr

separati opog@ngidiprsrelhecti ¥v& 1Ry oducaca &fdlhenone
phenol heavies, the crude phenol separation conditions

conpri si n§eaverude PR reperat Phd'Picedsaracep! rigntrope -

about; 070 kRa termhowr 20Q:1kPa; r@nthseRudtkh BOn@ recycling
substantially pure acetophenone product stream

y . .
i rectity 2f PORT thre T UdE pREMDBFI MERAES CBABEr Neavies to or

azeotdapbe dhstidjatdanncondits ons,Rf feehbyest fedieavem
an acet ophenone heavies, the azeotropic distillation
ehdi®S%ns comprising a pressure of fromabout 1 to

about; 130 kRa medinog Bre ciBthOHy ofnLdaiimeid Funddesheno

conprising separating a refined acetophenone fromthe
TeRAdE tpREn 6P AERVITES ABddERcazeR FoPii¢ distillativh

&ongiciins cehf ecdd g 42 cli 88V e-RGEIARNRODE rheaVe @SLy high
and separating a substantially pure acetophenone

B cHRetr aser B 16 e neef PhReePTE raide taCet 6phenigne

StELaM yndes, azeotd 0pic 16i,Sth | hation LoNEALLE 988ion of ap.
effective to leave a refined crude acetophenone
heaviles cohprisiigy cife corimod evP-gitenol azeot ropes.

the crude phenol separation conditions comprise a crude
phenol operating temperature of 250 °C or less; and

the azeotropic distillation conditions comprise an
azeotropic distillation operating temperature of
230 °C or less.

13. The method of claim 8 further comprising

recovering about 95 wt.% or more of the AP in the crude
phenol heavies in the AP stream; and

recovering about 90 wt.% or more of the phenol present
in the crude phenol heavies.

14. A method for producing acetophenone comprising:

treating one or more alkylbenzenes comprising s-
butylbenzene to produce a feed comprising phenol
and acetophenone;

separating a crude phenol stream from the feed under
crude phenol separation conditions effective to
produce a crude phenol heavies, the crude phenol

separation conditions comprising a crude phenol
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16. The nmethod of claim 15 further conprising

recycling at |least a portion of the refined
wae@vopisehone heavies to or upstream of the crRdBEUS2008/080895

phenol separator. 17. The nethod of claim 14 further

conprising recovering about 95 wt .%or nore of the AP

in the crude phenol heavies in the AP stream and

recovering 90 wt . % or nore of the phenol present in

the crudeopbesplnieadsesire 38. rdhe aRikodookrgl e Mkt
further con‘ﬁrlsn ng recovering about 95 wt .%or nore
of the AP?PR the' Gftrde phenol heavies in the AP

St eaBpa2Bdi heCOVAIING0aM y. J0.05 JRitepabnbhe phenelt

present 'Qtiggmcéfggiéﬁge?ggm §§g|é¥zde phenol heavies under
azeotropic distillation conditions effective to
leave an acetophenone heavies, the azeotropic
distillation conditions comprising a pressure of
from about 1 to about 30 kPa.

15. The method of claim 14 further comprising

separating a refined acetophenone from the crude phenol

heavies under azeotropic distillation conditions
effective to leave acetophenone heavies; and
separating a substantially pure acetophenone product
stream from the refined crude acetophenone stream
under azeotropic distillation conditions effective
to leave a refined crude acetophenone heavies
comprising one or more AP-phenol azeotropes.

16. The method of claim 15 further comprising recycling
at least a portion of the refined acetophenone heavies to or
upstream of the crude phenol separator.

17. The method of claim 14 further comprising

recovering about 95 wt.% or more of the AP in the crude

phenol heavies in the AP stream; and

recovering 90 wt.% or more of the phenol present in the

crude phenol heavies.

18. The method of claim 16 further comprising

recovering about 95 wt.% or more of the AP in the crude

phenol heavies in the AP stream; and

recovering 90 wt.% or more of the phenol present in the

crude phenol heavies.
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