RECOVERY OF ACETOPHENONE DURI NG THE PRCODUCTI ON OF PHENOL Field of the

I nvention [00011 The present application relates to a nethod for 5 recovery
of acetophenone during the production of phenol. Background of the

I nventi on PO21 In general, phenol is manufactured by oxidizing cunene to

f orm cumrengvdwe@pasoxi de. The cunmene hydroper oxi de i s pciragy@slogogospr oduce
phenol and acetone. |f s-butyl benzene 10(SBB) is used as a feed in place of
or in addition to cunmene, the process produces the generally higher val ue
ket one, methyl ethyl ketone (MEK), either alone or in conbination with
acetone. The process al so produces acetophenone. Oten, the acetophenone is
di scarded as VREICYERYS5PI0QGCEBIOTFENIDEABBHBRY THA: PROQCTION & [DERMROD4- 8
describes a nethod for producing refined AP fromcrude AP during the
production of phenol from cunene. The crude AP is produced by thermally
deconposi ng Bigtdopd |Yheuilavensiginni ng after separation of phenol from crude
phenol . The \giifle AR b2l Bhsoduced, | A3 distd Liahbgnedzoner whi ch is
deconpressed to a bottom pressure of 13.33 kPa or below. |In one enbodinent,
t he bottom prEssaFe 9is 2362 EORPACHE BET oW, tIrhe AP YpE oAU P8esald to
"satisfly] csekbbyudequ epgeniveati@cet ophenone.” Abstract. 25 [0004]

Cl eavage of SBB-hydroperoxi de produces different internediates than

cl eavage of BWAEndhyervper ok e TReFHAEaGeCoRPIST O 6N 0% BBEROmM | i qui d
al Sﬁ woul d bﬁ)f E&pﬁ%@@nbohﬁhﬂdc@fgrbhﬁcé@ﬂmﬁéi &dn«[:ameohyaahﬁaeﬁatéﬁ.@én 14 qui g, g
perhaps even form ng unwante /products. 30 05], Methods are needed to
recover acetopRERone 6ﬁPlﬁﬁaﬁﬂ€%§i (gdﬁgF?%%'3%tﬁbﬂp3?ﬁgpﬁ%T?y deconposi ng
the targst stsBeams Suemasys dfectihén [givent bOnor 1006684i e presenine, nvention
provi des a h i h n e er,i stream from a
crude phenoﬁﬁ%o??%%%&VE% %ﬁ%*?%g§ﬁ§9%§a égo%%%§¥nggg%%%gféga’phenol 5
bottons. 100GTLYineEne é&mboti ndhK) - tdhichenvehticowrpiovidesrat het hod for
produci ng acgt-aphenone .Comps iNiondsstdeat bhgaane ake-MnRakkyl benzenes to
produce a feed conprising phenol and acet ophenone; separating a crude
phenol st r edth FontthéFegd AP gnderd G GdecprehdPsE@par ati on condi ti ons

ef fective t qeapducesaociuidezphenclyocheayi esp andos-sepakating an

acet ophenone str an1direct|¥ fromthe crude phenol heavies under azeotropic
distill aticnP%? R if?%ﬂﬂdeuc ng refined AP from crude AP during the

production of phencol from cumene. The crude AP is produced

by thermally decomposing bottom liguid remaining after
separation of phenol from crude phenol. The crude AP is

20 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 kPa or bhelow. The AP product is
said to “satisfly] quality requirement of acetophencne.”
Abstract.

25 [6004] Cleavage of SBB-~hydroperoxide produces different
intermediates than cleavage of cumene hydroperoxide. Thermal
decomposition of a bottom liguid also would be expected to
alter the composition of the bottom liguid, perhaps even
forming unwanted byproducts.

30 [0005] Methods are needed to recover acetophenons during
phenol production without thermally decomposing the target:

stream,



100081 I n one enbodi nent, the one or nore al kyl benzenes 15 conpri ses

s- but yl benzene. [00091 In one enbodi nent, the crude phenol separation
conditions conprise a pressure of fromabout 70 kPa (10 psi) to about 200
kPa (29 psi) and the azeotropic distillation conditions conprise a pressure
of from abouf200ksdska (0.75 ram 20 Hg) to about 50 kPapl3uS008adses. 1000101
I n one enbodi nent, the nethod conprises separating a substantially pure
acet ophenone product streamdirectly fromthe crude phenol heavies. Brief
Description of the Drawings 25 [00011] Figure 1 is a block diagram of an
exenpl ary phenol production process. [00012] Figure 2 is a bl ock diagram of
one enbodinemmm@iyaﬁswséenn&mmi@erforning the AP recovery process of the

t i 30 100013 3 f th
Grhoa ment OB S0 o6 poh Gl i Rg” (e AP 7 QKOS y o GRBRSCHEY (he

present appldaheati omd rBeteddied Begm?wpme@m ofort hecthnicepteonl 1000141 The
application pr d t p I o] d vering an AP
strean1fronﬁ%tg§hd§§ﬁ%8ggﬂn% F%g (kg%ﬁggggFﬁgﬁga%Ieﬂagégﬁ353|ng t he crude
phenol béttéﬁ%tom% 5 one enbodi nent, the phenol is produced fromcunene. In
one enbOdl tﬁﬁ 8&?Q9%oh$m&ﬁpdgﬁgdl$k9QE§#§ﬂT§th§r ngﬂgdoﬂn!n
conblnatlon mnt cunene. 1000151 Where phenol produced from SEE, the
process is pafPtietntarcytoRemarchedtise itte %ﬁﬁﬁﬁﬁgdﬁmbpudﬁoﬁp that is 10
pr oduced dueumglggﬂgyﬁ@goaoqhx§55@h§IQQ@u@m%gughagspﬁdnglagmynt of crude AP
produced when cunene is oxidized toég‘oduce henol . fpendlng upon whet her
and how nmuch CEORBNE IS SR THHEY pF STUEE] BIFTBE ShEFET FPBntss BGEEYI benzene
producesuﬁremmaboutxﬁemmeﬁbl(%a@bﬁmtuﬁscmbdﬂﬁmﬁmdefﬁﬂﬁnbesed wrvdiohe wei ght
15 of phenol, in &? e%%théﬁ%%@e C éunn bottons stre described in nore
detai|l below). A

ge "anount of enérsepﬁga?%ﬁhﬁpeﬁuiOp andle such a

vol umi nous aveant @@mwﬁédeﬁﬁPItKﬁoqmim bPheome rentybeld mexder t he process
recovers abqygog§by@3%ggglﬂpﬁgogfc5mgjgggel AP produced during the
production of 20 phenol. In one enbodi nent, the process recovers about 98
Wt . % or ror d0WBL t Be pBR AMLARITGTH: oRBe epfOdITTBATS 4lffg 1 protess recovers about
99 wt . Ljs0r Jmbe; s theut piddn-ARe . Acet ophenone recovered using the process
generally is of suitable quality for industrial use or as a feedstock for
conver si on ti$P035 §Py?@ﬁéﬁm@dhﬁf@%1éPewE{?ﬁ%ﬂBP@n%bﬁﬁ@ﬁéﬁEF”VaIue and/ or uses

than acet ophenane: onk0QQ4FL: AP--phenol..azeot Fape 255t St WPl $e€Pasati ng the AP
stream fromt he crugﬁmpgenol heavi es. The process has Hﬁﬁ%advantage that it

recovers most’ 8P°th B7 t |Oh &P~ phEbIthe 3PP OphenSt Wwhieht 95 ei t her free
in the crudeophénodnsheaviessora boessutche tAPr@hemolit azeotkrapel . 1N mene

enbodlneﬂ;,lkpe grgaeﬁe pe%%y(3§5 % W%}@bor nore of the additional phenol,

based on the total pheno the crude pheno
[00010] In one embodiment, the method comprises separating a

substantially pure acetophencne product stream directly from
the c¢rude phenol heavies.

Brief Description of the Drawings

25 [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
sysltem for performing the AP recovery process of the present
application.

30 [00013} Figure 3 is a block diagram of another embodiment of a
system for performing the AP recovery proceéss of the present

application.



heavies. In one enbodi ment, the nmethod recovers 90 wt. % or nore of the

addi tional phenol. In one enbodi nent, the nethod recovers 92 wt. % or nore
of the additional phenol. In one enbodinment, the nethod recovers 95 wt. % or
nore of the 5 additional phenol. [00018] The nethod of the present

appl i cati owo moesessgy ef ficient and reduces the anount rofrusassescsad
non-recover abl e byproducts produced using SBB to produce phenol. The nethod
al so provides for recycle of energy and initial products in 10 an
environmental ly friendly manner. The method is easily nodifiable to enhance
current and existing chem cal process systens. The recovery systemis easy
to install wiethoued Imsgelgfalmnt aff expandettuias. A Phenol Production Process
15 [00019] F ck di agr. n1of an_exenpl a heno roduction
process in ﬁ % ,lgge onéwog a? Hwﬁﬁpéfﬁpppodﬁce ?ﬁg Yol I owi ng
descriptionamﬁhmm@ﬁ%mGQC@NUﬁ’@heeﬁmgﬁpesaandmkopbgeﬁlbpct@mbodlnents in
the Figures ; %thﬁ {HER9P oh{aéaéasﬁr%b 0 QM YnaNdh %Q‘B%rﬁshn%nbe
construed as 20 limting the clalns rocess described herein nay be
used duri‘hg “agy® ﬂ%@ﬁﬁﬁnﬁrdﬂﬁtﬁ$@ﬁ0bﬂéb§§§duTﬂb629T‘*W@“ﬁheh61‘ﬁ@oductlon

process il ustbat®chd, Nckk Bl COMIISEd anraxkdB] iOrnzeng dd can
oxi dati on product separatlon zone 12, a recycle 11, a cleavage zone 14, a

25 cl eavage Pr 6801 defiar 4t ion v s8he 16, a crude phenol refining zone 18,
andda ketonqomslgvahyr@mnolnlspmﬂoaaf@@cﬂlmmt spmhene SBRdss fiQCgi to the

oxi dation zone. 1l roces a MEK recov zone 1 as seen in
Flgure 1. THE b GRMES Tor PoTi. PPESERt BepPi et 6 BHITRIE S 6cdrs in the 30
crude phéholpmoghiad nprionecdiBiathb0247 sk t heatoxitdat | tmezonee kicuan

oxi dation fegd [ §; 3& FQOQLE‘@eQ%hQRF&m%%d%'O d&% Ll (Shyyld the oxidation
reactor(s), the oxidation mXture is contacte an~ oxygen-cont ai ni ng
gas under oxihgapi on f@@ﬁdﬁt%ﬂ@@@omﬁlﬁrngnémwrﬂd%|<ejwetnenvp@r@te@1rf

effective toch@xb%a@ctqeﬁ OF JMRhne1ak ky Qeeé@mm@n@rM%egh@rc,rnﬁspectI ve
hydr oper oxi des. [00022] The oxi dation feed conprises one or npre 5

al kyl benzene®eugyp tdbi%e tal M Ben? efies’ Fﬁ&ﬂ%d@? PEre@xXaping, “Eifféne and/ or
S- but yl benzesre phWAET & rt hre 0xivd@at thbﬁeﬁleGr@dﬂ’Mdt&eﬁs sﬁl@bﬂ benzene, the

oxi dation product Stream conmp “se bugbeEnFene %X erOX|de Where the
oxi dation fe&d Conpri §€sm%uneﬁealtﬁghoX|datlon I ottt s £F e @M npri ses 10
cunmene hydropemexudexil©0®®3mf£ependiW@l@mlmh&>@mnbemuﬂotrU@eFGX|datlon

feed, the Oﬁk@ﬁ rodu Gl strean1%lso enerally co |se%)cegta|n maj or
odlmen r ess re V(-EI"S
byproduct s or b pro Icrs ihe exanp acet ophenone, - met hyl

benzy| carbmomoe@WA)tuean@taeit Ayl pﬂ_@imtdhylhrmzzwe Bﬂatvcmcm@bn(@I\/BA) The

oxi dati ofy praduct  styeamalso, JTRYEOMR %@o@&&o cRYsproducts. oM nor
by- products ‘i nclude, for exanple, di-cunyl perOX|de, di -s- butylperOX|de

cunyl s- butYﬁ3ﬁeP6%W&€ of of#fi doael diF acét Pec et @ difet harlde, PeetdEvol , net hy
hydr oper oxi descoethylahydr opesoxi de, na@nd c20cphengla. £90024ktbpnd e _
enbodi nent of Fi the oxidation product js fed to._an OX|dat|on

ur
pr oduct sepd%ﬁPlgﬁggdﬁﬁﬂgTﬁ% oxXiCaatt o rﬁFSEh%fjhgﬁaF%fﬁ ¢28W& ey have a
variety of c@nfugumahmamSuth&~93|daﬂumntpb@dﬂnicseperﬁknomozone

25 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 “additiocnal phenocl,”

36 or phencl which is either free in the c¢rude phencl heavies cor
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



25 produces a cl eavage reaction mxture conprising one or nore al kyl benzene
hydr oper oxi des. I n one enbodi nent, the cleavage reaction m xture conprises
sec- butyl benzene hydr oper oxi de and/ or cunene hydroperoxide. [00025] In the
enbodi ment of Figure 1, the cleavage reaction 30 mxture is fed to a

cl eavage zeonewdshssdsn the cl eavage zone, a majority of Pbeukyds/epssoxi des
are cl eaved. Dependi ng upon the hydroperoxi des present in the cleavage
reaction m xture, the hydroperoxides are converted to phenol, MEK, and, if
cunene hydroperoxide is present, acetone. [00026] Where both s-butyl benzene
and cunene have been used, and depending on the ratio of s-butyl benzene
hydr oper oxi deeatroes. cumenee hydropeeoxi dée tdeha] eavage sr 8actt on opr oduces
acet one: phengl r f about en ratios
of from abogr%rs\.,\gkgme a?&i c?% Qer?OqAP \%eill g t%fng%@ésﬁgf ?ﬁovrr@é:%ggt 3to
30. In an adesRvagedis wis ol rmm“- thehgheddl tiapal gphayar i 83 9com about 8
to 12 ww. 10:LQ002H, kA FhaWR lecd g Cheaviage -praductsisnded to a

cl eavage product separatlon zone 16. The cl eavage product separation zone
16 generéflf“%%ﬁb??%b§m§“8¥ude ket one colum (CKC) . In one embodi ment, the

crude ket onqomaunmiesepaiat s the gkeayageppr egducd, it éa g ude phenol
fracti on and % crude 15ketone stream [00028] Where cunene is not fed to

the oxi dati off FZ6n8"" tHE EFUYE kELBNE' ST el WoEE ALt COnPri<eE dfgni fi cant
anount of aceteneucin prbiisceiredhngesty tot prEyucrOophbecInecessanyciod feed t he

crude ketone, str aqh&%Sagogﬁ%%g%E%nggﬁgéggoIu %g q%ﬁggd9§for§]feed|ng

t he crude ketone streamto zone ere e cleavage
product Hbesrcenpiiweeacet bnd riehelermidecket die sefleamiissefedlt o an acet one

product col ymx:ieARG. +ACeLongd S,Eecaver, éde£{Qﬂ}&h@mﬁPQaQOLHﬂﬂxéﬁ an APC
over head, and/or as an APT side draw. The APT conditions are 25 effective

to produce aiYSAPTS hottPorgCaY danybffbriss PAGY NEK -NFR2 bhe/ ' ShBOHI FERE, t he APT
bottons streamicanpsisesiMidss water, hydrocarbons, condensation reaction

products, sadi_ym phepate, . and conbinations thereof. The APT bottons stream
is further g?éﬁ%%ggdﬂ¥§E$§#§#§ﬁgﬁgﬁEK product in the MEI< 30 recovery zone
19. TheHAP[EHHQNehﬁuF%QDGSSa bﬁﬂﬂzﬁlaahﬁnéﬁ éﬁC@Mﬁ@Mappqaa&@inay conpri se
one or nore se gtlons In. an advanta

[4e) S Ll’l %O S aec O erITt 8 ﬁ? recovery
process conpri’s i 1press rafloﬁé n’ one’ enﬁbd nént t He “AP
recovery praUe@sce@npﬂMSeSolMDM&@pé@%Uu@N&mﬂWﬁ@m@LhQWJewadlwnnt the AP

recovery Prageasecomnl ises,lias SApATALhons:, L0030 he k)

separators or umms e any structure SUItab
separatlng tﬂﬂgp@ég@ﬂy%édlgﬁﬁﬁﬁgﬁgn on y and should not be constlued as

200 limiting the claims. The process described herein may be
used during any phencl 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

25 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

30 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



10 Suitable structures include distillation colums containing internals
for contacting vapor and liquid. Any type and conbi nation of columms can be
used including, for exanple, perforated plate colums, bubble cap col ums,
or packed columms. Suitable internals include, for exanple, trays, 15

packi ng, owgmocgereizgati on thereof. -The Crude Phenol Sepawsidogsegene - AP
recovery involving three separations [00031] The followng is a nore
detail ed description of the AP recovery process conprising three
separations, which is 20 illustrated in Figure 2. 1000321 Were the term
"bottons" is used herein, or the tern1"heavies," the streamgenerally exits
t he separ at arzygencodunin(hereaf tedet colidanidn behont tdve entwyidienel of the
feed. A "botto h e y i cql r Jhe 25 bottom
of the colunn 5?§€$8§ %?Méeétgﬂgt?igﬁ%ﬁ%y é???ggyrecf% ??%%1the bot t om of
a col um. 1Tﬁ§k§ﬁb@%ﬁﬁﬂ§bsborﬁﬂpdbé@aﬁhﬁ d@S@ﬁ@t%W§kéMd¥@ﬁﬁTO¥hée%ottcnn of a
colum. A b fhe OFc{ D1eFLl 8 A8 IRV LRI S&c3COMDI nati on of a
streamexitin i rect rom -t ottomand a side cut taken near the

bot t om 30 oﬁiiyééﬁﬁﬁﬁms[OO@QSPbSPn@FéﬁW?nzﬁhﬁiéﬂﬂﬁédQeﬁﬁﬂ"%V@WH@ad" is

used, the sth@antgenefdl bypexiibende ol U2 bheaanihy sbeyel of the
feed. An "overhead" na%PeX|t the separator or colum at or near the top of

a col umm. F&P"8xanpt & ﬁ%l%?V@QﬁTHHVEé%ﬁ?aBVFb€fP9UT%§ﬁF?ﬁE top of a
colum. The Sﬁnpeamalss"@uﬂ‘ﬁybdjﬁeaeShﬁﬁo@ah:okﬁi@en meatc tihhe btopdoafica col um.

An "over hea | so a_conbi at| f a strea X|t|n dlrectly from
he 5 top ani"h STHLIEGE Aok Tnensop g el abbieT. ShsBeto g

Referrlng)tonﬁﬁgar@yQEOtheXﬁEed 70, typlcally t he bottons fron1a crude
ket one col Uﬂﬁo 257 Deggn&l &qf‘o%r H%g Aensl serarabor, 19,1 B, gne .gobodi ment,
no 0 'S

t he crude phe ar at a distillation columm referred to as
t he crude pherdRteédt MIdECPOLrERn Thee CRCe 1l hascarsisasalsestaunber of

stages and/ qfasRackifidh 4,8+ 5 ECAULEL aﬂ%gmgkébi&l%edeﬂpb%&% s4ream 40 from
the feed 70, EFeaV|%§g% CPC q%@lés I n one enbodi ment %e ‘CPC heavi es

80 i s the CPChBPEYMandl ofe Hear P15 Bot f6rE B0, {DPEH0BET AtBe enbodi ment ,
t he CPC 190 n@tayansénzlyllabg@kmml uamBLONPrhsi fg @ cAuiberoaktt hearat i cal
stages. The nynber of theoretical slages TBY YAIY: oS tg pyrber of stages
include, for example, di-cumyl peroxide, di-s-butylperoxide,
cumyl s~-butyl peroxide, formic acid, acetic acid, methanol,
ethanol, methyl hydroperoxide, ethyl hydroperoxide, and
20 phenrol,
[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 wvariety of
configurations. The oxidation product separation zone
25 produces a cleavage reaction mixture comprising one or more
alkylbenzene hydroperoxides. In one embediment, the cleavage
reaction mixture comprises sec-butylbenzene hydroperoxide
and/or cumene hydreoperoxide.
[00025] In the embodiment of Pigure 1, the cleavage reaction
30 mixture is fed to a cleavage zone 14. Tn the cleavags zone,
a majority of the hydroperoxides are cleaved. Depending upon

the hydroperoxides present in the cleavage reaction mixture,



i ncreases, operating flexibility generally increases and 20 variability in
feed conposition nay be accommbdat ed. Persons of ordinary skill in the art
will be able to determ ne the optimum nunber of stages using standard
procedures. 1000361 In one enbodi ment, the CPC 10 conprises about 10

t heoreti calwstagessar nore. I n one enbodi nent, the CPCri@1R08/08upd9si Ses
about 20 theoretical stages or nore. In one enbodi nent, the CPC 10

conpri ses about 60 theoretical stages or less. In one enbodi nent, the CPC
10 conprises about 40 theoretical stages or |ess. M)037] In one enbodi nent,
the CPC 10 al so conprises a 30 reboiler to provide heat for vapor
generati on ard¢ avdongenseéret geondense evaporpifapwlgendt,atinon of |iquid
reflux and distibL!ate..A-xariety gf heat sourges for reboiling may be used,
i ncludi ng steam or heat integration with ofher parts of the process. Heat
is renoved flPYRPL iteconderiserbbyy ldmyzsud tall eusool imagenedirumse8ui t abl e

cool i ng nmedi B qbpehide QoG Watels AbLyyMeBeat #NLEgeatLan Wt h ot her
parts of the process. 1000381 A crude phenol stream 40 is separated from
the feed 70 THGEF RYIPPBREHH $BPaf HFVGACCHIRTULPBNRE 9 e8ne enbodi nent ,
the crude phenrebnsepamati opiganditionse@ang b siohkayionveenghdions. The
crude phenol separation c?ngitio S comri se a}tengerﬁturq and a pressure
effective td“?é%ﬁr%ﬁ%“?h8'c tie 228" pherfol °st r kaf 40P 1Eav *hg" & Eude pheno
heavi es 80. tationecenhodi penit X he &vudenphenolvastsgams4@nundsrgaes

addi t i onal AN i | LN n echnol ogy, N 003 The crude phenaol
heavi es 80 gg%%%ggﬁéi%%h%?#gg§£XE%QAéT%h§§8€Q§Eggt?%dg%hdi-nethyl benzyl

al cohol [(DVBAYG27ktThy Fiddrarat hyhe berzykgal wohokt (EVBAY, tand dieheradi gher

boi l'i ng conpan, . : engl ar.ap i C .t 1,0 sufficiently
mild to minim ?gkgisrr%ﬁ}}"ﬁ‘?gg ‘.E’Irgﬁmg‘? AP 1 ooﬁggié‘%rﬁ?eoggg%‘%ogi%ﬁgﬁﬁﬁq‘he crude
phenol separ@ticont coithirtil dnsceippised &refadectphenePlsepdf&El on Tor essure of

20 about 70 dRafilOaP&in), OLnd€ael ReQNR enbogi nefL ratdie (geude phenol
separation pressure is about 100 kPa (14 psia) or nore. In one enbodi nent,

p :
the crude phelfgl’288pardtton’ PredsGreds PrEpsit F 206  RPat2g FEVES or |ess.
1000411 The lcrtucdle ptwenxal. separation may be carried out at 25 substantially

any operati rature, dependin n_the crude phenol separation
pressure. THRVRBCIESER ot irg SRperataRe Yerisr 1 OF L S GPFT o1t | y hi gh to
separ at e t hecwrigdee phenok rstim earms4Bobutorput bé ci eniphy £l owtt amoini rifze
TRzt onal A0, VLR LNG,O0ERAN NG PrEsSHI e S LLOMA0 BOOM. 70 kPa to

200 kPa, dinerization of WO expec 0 occur perating
t enper at ur estief cabgetke2b0eCorearote. ai masnenenbodiveents L ithe (EPO oper ati ng

tenperat py e %@@a!ﬁéé/diWQl Ithpecﬁ%ukegé% Is@r@alhec%sfthe MEK recovery
zone 19, Where the cleavage product does comprise acetone,
the crude ketene stream is fed to an acetone product column
(APC) . Acetone is recoverad from the APC column as an APC
overhead, and/or as an APC side draw. The APC conditions are

25 effective to produce an APC bottoms stream comprising MEK.

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

30 recovery zone 19.

6



WAN I n one enbodi nent, the crude phenol stream 40 is substantially free of
unwanted aromatic inpurities. Unwanted aromatic inpurities that nay be
driven into the crude phenol stream 40 by the recovery of Al' include
aromati c al dehydes. 5 Unwanted aronmatic al dehydes include, for exanple,
benzal dehysen angosssaene al dehyde. An accept abl e crude phenskoostdoesm
conprises 1 ppmor |ess benzal dehyde. An acceptabl e crude phenol stream

al so conprises 10 ppmor |ess cunene al dehyde. 10-The HEC [00043] In one
enbodi ment, an acet ophenone stream 50 is separated directly fromthe crude
phenol heavies. "Directly" neans that the crude phenol heavies is not
thermal | y deBenpsskebdyefgr Bragegar ati ng an acet ophenone stream 50 15

t herefrom [{9&964]%@ ingece()ntgodi ment, the crO%de. eh%?lm CNbema})\/ri es 80 is fed
directly to An-acetSphenciis "Separatsr®2tY R Bhe" eBGdT et t he

acet ophenonessgepatator. | $naacraddenpivenols heladirents dul @inréHESry20. I n one
embodi ment, Lheccrudsphenolaheayl es: 20,8004 fad Lo: the b0 at or near
the mddle of the HEC 20. 1000451 The SEC 20 is operated under SEC

separ at i oh COWAPF| BRROVERT eRTPGAS St BOBBPELAL B arPeRET a8 ¢ ¢am B0 from the crude
phenol heavigst80r dhdAhens! r@@Mb0-&4tsytheddEC 20uatisthectop of the HEC
20 or as a sidecdt near the top of the SEC 20. The 25 AP stream 50

conpri ses Al%*PFndttHe -AP- phenol azeotrope. In one enbodi nent, the Al
stream 50 i Sogabptraat iﬁ@iidhsf gﬁﬁa)ﬁt?:di@\/\@flt‘%l@ﬁlﬁﬁ’ﬁtﬂa@ b_@rpatlw gciyga%obnwant eld
aromatic inmpyrities that nd.to fractionate wth A" include, for exanple
unwant ed ar onat ¢ AT ck 59%.&3 Gn%ﬁ?%ﬁr%VS%Fﬁl%%SESﬁ%?% S30°PHeI ude, for
exanpl e, 1di netikypkibenzylctakeohiolc 1 0OVBRA)s tands etduy lco ety lcobeazyinal cohol
(EMBA) . A subst { al 'S [ t ise .04 wt. % or
[ess DiveA A Suparbatih PubGyfiang HERTaRh LA B Rerea 0. 01 w06
or | ess EMBACTRGaRbphemdnectetvveredbasisng tivelyhogessogeneraldy is of

sui tabl e qualdtaprfiedg il1dust £4AlnndSeruf:NQ046) IheHEC sepatation conditions
conprise a NEC pressure and a NEC tenperature effective to separate the AP

stream 50 5 ORI Ehe TH @RI phenSIFAbavied 80, 197 SKe™eifbodifEnt, the HEC
separati oh congiihpns: ar eodbsiddibat tir«eendi tions. In one enbodi nent, the

NEC separ ati ¢ cgggciié iP ns are IjaII%C %ngtoropi c distillation conditions.
[00047] The &%—m\—i—ﬁg——m—e&&ﬁ%—s—s—@ﬁfi ciently lowto 10 cause
separation of theARRrataveam H5O7dlivany ttheeer aepatdpolk heavi es 80. I n one
enbodi nent operati.n ressure i,.s about 1 kPa (7.5 nm Hg)_or nore.
' one. enbod? Al TTEneS B her &t 1Y B Sstnet LPatonr 30 KPa Ca55 m F)
or |ess. [00048FeTherNEEsmayoine iepeg atlectcatesaulystiant abliyhany operating 15
tenperatyye fhatehscsufifi gigntd y high to separate the AP stream 50 but
sufficiently lowto mnimze dinerization of the AP. The HEC operati ng

t enper at ur e R#A3R1 véEey e delperidivng uporrehel HEG edpet et 4 mg opr Blss uree At HEC
operating pressuies, ofcfor om aboulnd kP8, t.0;aboute 3Q.kPa; .t he HEGQperating
20 tenperature general ly is about 250 or. less. [80049] In one

enbodi ment , tHECREESR0 Gos v@"di St PFativierésluhfivel of the feed. &

“bottoms” or “heavies” may exit the column at ox near the

25  bottom of the column., For example, the stream may exit
directly from the bottom of a column. The stream also may be
a side cut taken near the bottom of a column. A “bhottoms” or
“heavies” also may comprise a combination of a stream exiting
directly from the bottom and a side cut taken near the bottom

30 of a column.
[00033] Similarly, where the term “overhead” 1s used, the
stream generally exits a column above the entry level of the

feed. An “overhead” may exit the separator cor column at or



conprising a nunber of theoretical stages. The nunber of theoretical stages
may vary. Persons of ordinary skill in the art wll be able to determ ne

t he opti mum nunber of 25 stages using standard procedures. [00050] In one
enbodi ment, the HEC 20 conprises about 20 theoretical stages or nore. In
one enbodi memtopodasssNEC 20 conpri ses about 30 theoreti eal/istmgemsor nore.

I n one enbodi nent, the HEC 20 conprises about 80 theoretical stages 30 or.

| ess. I n one enbodi ment, the HEC 10 conpri ses about 50 theoretical stages
or less. [00051] The HEC heavies 22 remaining after the acetophenone stream
50 is renoved conprise tars and heavy ends. The HEC heavies 22 generally
exit the HEGL2@ abtetthe bét s omlofint hefHEE=2@p oy, ahet herepearabottiom of t he
HEC 20 as a i t t y. e possible to e qgmonentsm
t he HEC heav(fslerg(éﬁ%rI fl—%\l[/\nevgg to?’he@ P ééﬁgg& esﬂ%%g%%nrl %ei E)alg%)lyrrprl se 5

uni denti fi eoelrﬁegﬁubdiaﬂieﬁg“w n”{hec*émdlfnéscobé’ﬁm abry oveneeHEC Hegvies 22 i s

not further nmw@68§%mbhﬂa@% %&bgds%&h ekhﬁlddE@lb@@mye$rb;§ bw ned as fuel
to provide heat fgr same or anot her praqcess. -The APRC 10 1000521

In one embodiFreAts ‘N?édﬁPC%*f rrﬁgzi‘ﬁﬁ Ebe oS arfAP™Fecovery col um (APRC) 30.
The AP stream 50 conpiiheesr@P, AP-phenol azeotrope and other inpurities.

The APRC 30 ted under APRC zeot ropi ¢ stil ondi tions
effective tdb(zoe%gg%ﬁ?@rﬁ“}ge Pned B t’rE%fF‘n %)’mtiyﬁ)écé Ju’fje%fS AP stream
50. In one eémsodineenton Bhemcm‘ |kmedneé\Fbcs1nzmeams603e|dsta £tﬂusxtiang>m<aid1y pure AP

product . [ 00033115, one erbogidrent. e, efined AP siLgam o0, exids fhe APRC

30 as an ov styeanl D one e nént strean1eX|ts
t he APRC Gt Jt(heSt@pdﬂcﬁtltlﬁaetmR@oggmnzeeflemr@%et@r@ﬁoahwdetmewf| ned AP

stream 60 exidigmhhecARRE030 A% apsi Al Qe@httafﬂﬁet Qbnfr bhes ARRG 30. The
purity of the refined AP stream 60 will vary dependi ng upon a nunber of

factors. RelBV4AE PACHEFs P ndwger ?Ibracéﬁaﬁiﬁ’@ GHEe yer- BFTStages in the
APRC 30, theisquanhitie arddat ype 1@&@@@&1 @cZﬁéa\heanya andchbBe azeotropic
dlstlllatlon od|t|on [ The eotropic _distillation

condi tions generalty"’ cgcr}?ﬁr?g(‘g%ga%?fo BratursttE 6Vef Rbatr "

t enper at Ur e, bcandmrma P operati ng pr essure The APRC tenper atur es are

sufficiently, o_separate the r P.streal uff|C|entIy
l ow to ni ni nll mggGlfﬁePP%a SR O e ’fog%gS% THe™ A E’sLt1(r?éam 150 cgﬁp ¥ises one

or nore AP-phemolsazect nopes: cFabhecietigblleetsidshe Predivoted bOiling points
of various AR RREeRpL.2ZeQLEORES, 3L di ferent PrRSSULEess. A Seen
increases, operating flexibility generally increases and
20 wvarlabllity in feed composition may be accommodatad. 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
25 comprises about 20 theoretical stages or more. In one
embodiment, the CPC 10 comprises about 60 theoretical stages
or less. 1In one embodiment, the CPC 10 comprises about 40
theoretical stages or less.
{00037} Tn one embodiment, the CPC 10 also comprises a
30 reboiler to provide heat for vapor ganeration and a condenser
to condense vapor for generation of liguid reflux and
distiliate. A variety of heat sources for rebeilling may be

used, including steam or heat integration with other parts of



WO 2009/ 055535PCI TUS2008/ 080895 from Tabl e 1, as the operating pressure of
the APRC 30 is reduced, the tenperature difference between the boiling
poi nt of AP and the boiling point of the various AP-phenol azeotropes
increases. In other words, using a |l ower APRC 5 operating pressure nakes

t he separ av@mogesimr and fewer theoretical stages w | lpchaspmguissed to
acconplish the separation: 10 [30056] In one enbodi nent, the APRC operating
pressure is 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 |imt on the APRC pressure for
commer ci al puregpoesesess. | Beexpectredoted becabtith donkPasenaltyheugh | ower
pressures s : possi.hl a hi gher vacuum
equi prrent aﬁ%n' ?g%ﬁ%ﬁ m%%ﬁgﬁﬁsi§E;%%?'Fu%%h[%éog%%q¥ﬁghgﬁgﬁ#? of AP in
the refined ARIdrgeai<sd0 tends it oehe wewgiretive watheathdrnpatrts |9 excess
heat is appligdt-gcihe 20 reboiler, the ambunt of unwanted aromatic
inpurities in tﬁe refined AP strean1nay i ncrease. Unwanted aronatic
inpurities OMEB] tresdude Hheaetli ohatae WPt s Aepairaktudeont bre éegfple unwant ed

aromatic al C&J(H@rscr&iﬁ’é/\@%%gl %éﬁ&&btﬁa@'&%ﬂ@kﬁodsﬂc' e esnd @&b@éﬂﬁm}lte,
di met hyl benzyl al cohal and ethyl meth benzgv%alcohol ENBA) I n

one enbodi neMt® “FHE® 545 Fn% E%PtéP?éﬁﬁ¥P§l§ §F§n9? Vo8R8 of unwant ed
aromatic |npunkmke8ns[0@ﬁ58¢mkm @h@n@hbﬁﬁmﬂﬁﬂhn1mheaeuhhe APRE- 1 0P
operating pressure is fron1about bout 15 kPa,. th APRC, overhead
t enperat ure gzhepaf?tu Fdee Iﬁgﬁ riiﬂ%pg éggsegﬁrfﬁb6§5107n one
enbodi neht , Iﬂh@OAPRO%aweéﬂrobwnudgs@|¢ﬂ@mﬂQhe@®MdeV®wsEﬁﬂsolcon§¥|se a
mass reflux £atisQ.0f: 1. t%eorzrm %h@n@§e Rt B8 I el X { oWt ot be flow of

the AP stream 50. | n one enmbodi nent, e nass reflux ratio i s about 2 or
more. | n onePwEiodiBEHt USth® 'HEYS F@@Wﬁ%oﬂétlo is about 5 or less. 15

[00060] The mmﬁrmf c&b@@rﬁkhgﬁlhéamgg% br@EY1y ReE$ONSe Ofaror di nary
skill inthe art will be able to determ ne the op tlnun1nunber of stages

usi ng standaﬁ%ﬁﬁﬁﬁéédﬁ¥%§foF@OOEIEEFﬁyhﬁéméﬁﬁoﬂVﬁ@ﬁ% (PR nufibRy! of

t heoreti cal rsétaQQSbelmzﬁhaléaRQ [ aMal@putanLDo@heml@heLm:,manqnbodl ment, the
nunber 20 of theoretical

' APRC i s about nore. In one
Crbod ment - FHESAGABES - dF ot REOFeFTEATT STaGEe T CRE APREY S Bbout 60 or
l ess. In oneaEﬁb@dEHEhinnuhetmumbﬂmuaé<hhemneatnaio§tages in the APRC is

about 40 or [ 00062 rally,, the nt Al? in the refined A ?
stream 25 6d0ﬁﬁ§5b61On@Sé@ﬁod%PSP!nﬁfé ggééﬂﬁﬁoth%eegFgﬁomelght of the

refined Al ? strdBancns nccome iegbodirment pharire appamtioh Ar@sduret hé ref!ned Al ?
stream 66,1 s,98 Wyt 0f mRr SSI' n,.one, gnbadi nedt . i e appunt,of  Ah? in the

refined Al ? streamis 99.9 w.% or nore.
rhenol 5cparat10n preﬁqurg 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 separaltion may be carried out at
25 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 teo minimize
dimerization of AP, Where the operating pressure is from
30 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.

Y



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

t he APRC 30. The APRC heavi es 24 generally conprises Al ?, phenol, AP-phenol
azeotrope, and higher boiling inpurities. In one enbodiment, all or sone
of the AFRWMesyimsssstream 24 is recycled to the phenolpcprusechustsosss process.
In one enbodi nent, all or sone of the AFRO heavies 24 is recycled to the
CPC. In these 5 enbodi nents, the recycled portion of the AFRO heavies 24
passes through the CPC 10, the AEC 20, and the AFRO 30. This permts

addi tional phenol recovery and AP refinenent and capture. -Two separations
10 100064] Ijaoeaptivesrendodidieaht, ttdhe HECC ehanml 20 resmofd titsed. I n this
enbodi nment , [ ri i0 exenpl. ar

1T ust rati ont bE EREE” Srbaar et asaars arer suraed T G806e 1 T Eh s

enbodi ment, aeagiadephienoes Heavi vsy 8¢ idsifed iP5ot bha crigpapheowllum™ 230.

I'n one enbodiymeAl, 18 NG, ¢hude. AeRYl cheaviigs: CAMLLILS ARAUEL o - % O nore
phenol . In one enbodi ment, the crude phenol heavies 80 conprises about 10

W . % or nbr VPRERBE . 219Tebhe BAFSIPRBMNC AR cTUJE*PRRIfol heavi es 80

conpri ses abeinza3Bemtad0l L@sHcphendlyde. N ghe2@pesbodidrant, pideicrude
phenol heavies 80 cqgg}hses about 1? mﬁ%%or %gﬁf phenol . £00066J The fi nal
col um 230 i $6P8r St Wifider W h&F tOTUMT a2e6t 18 ¢ df SCEFPEET oh
condi ti ons ef:fueilet puendlo spresce:scachihmalsecol Umprover head cstheeam 260, a
final colunn_ﬂkﬁigéean125 224, and a final colum heavies 222. [00067]
Ceneral ly, thie frnal col um overhead stream 260 corresponds to the refined
AP stream 60 in Fi gurehe BEGe final col urm heavi es 222 corresponds to the
OFC heavi es I i €. 2 t fi I 1.dst ¢ 224 corresponds
to 30 the A 8804%];61151 gggﬁ?}?oﬁq @?Eﬁ’r ga%z.a Eigﬁépo}%glog%% |e%§ntr3 e final col um
heavi es 222 #rerblehedl @stivefron fhener withsiemehthearhes f i NALredltim

m dstream 22445 Eggyclied cbagk Jrenthenfhgnal j prioduchiafs process. I n one
enbodi ment, the final colum mdstream 224 is recycled back to the CPC 10.

Recycl i ng of 9¢HEPPFRAAIPCOF intCRiTdst Péat 294 P Y HRECpARTEI™ pFoduct i on
process pgrnmiscrecovery of nmuch of the phenol that was present in the
crude phenol heavi es 80. 1000681 The final colunn azeotropic distillation
condi tions c@ﬂﬁgr§€’3n?iﬁgrx38ﬁﬁﬁh FSH?%%%?gﬁﬁé“ﬁﬁnﬁﬁoéﬁjf KB4 or nore.

I n one enbodiivent:.vthe s nattoolanonebotdzompressur éni sne embodiment,

the acetophenone separator is a crude phenol heavy ends
column (HECY 20. In one embodiment, the c¢rude phenol heavies

20 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 sidecult near the top of the HEC Z0. The

25 AP stream 50 comprises AP and the AP-phenol azeotrope. In
one embodiment, the AP stream 50 is substantially free of
unwanted aromatlc impurities. Unwanted aromatic ilmpurities
that tend to fractionate with AP include, for example
unwanted arvomatic alcoheols. Unwanted aromatic alcchols

30 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 §.01 wt.%

10



about 6 kPa or nore. In one enbodinent, the final columm bottom pressure is
about 50 kPa or less. In one enbodinent, 10 the final colum bottom
pressure is about 20 kPa or |ess. [00069] The final colum azeotropic
distillation conditions conprise a final columm top pressure of about 0.1
kPa or norevo kmyesssssenbodi nent, the final columm top presage@sossabout 5
kPa or nore. In one enbodinent, the final colum top 15 pressure i s about
45 kPa or less. In one enbodinent, the final colum top pressure is about
19 kPa or less. [00070] The final colum azeotropic distillation conditions
al so conprises a nunber of theoretical stages. The nunber of theoretical
stages may var\esPepidans ofeondienany Sidovbred 2Onghehantonebs be able to

determine the Qptipym nugber; of ,st ages sy siandard prgcedures. 1000711

Lh
I n one enbodlnent,ﬂ?he azeotropic g?stfllatlon conditions conprise a nunber
of theoreti cldfl46 RpesHBf wvoutt B0 cronpbreons goopel @rbodE@rentessphe nunber of

theoretical 23 Stages.dipeaboile 400k MY € L&, ANe.eMhodipTeRL . hg nunber of
t heoretical stages is about 80 or less. In one enbodi nent, the nunber of

theoretical Stdygéseisrugoabesn deareds. 201000721 AmbreERbodi MeiEC t he AP

streamis subsiantiah ldenkit eeo0f sdavanded 1ar osmtdosak PpaHd .t e5. oAS previously
expl ai ned, 30 unwanted aromatic inpurities that tend to fractionate with AP
i ncl ude, for@¥§§ﬁ6?%tuﬁ$ﬁana55?8%5??%1éP88ﬁ8F§@ Bhidfited“SF bivati% al cohol s
i ncl ude, fordiexanphejorVBAnandidWBA. [00073] The nunber of supply streans

and exit str to and fromthe various separators ary dependi ng upon
a nunber of @@%ﬁbﬂ%@ Eg? Ed F%?I?ﬁﬁsﬁﬁ%ﬁ%r°8?E§%ﬁbq3¥a%ﬁ7é¥)exit streans
may varyl t¢eudsee sepmpasiohi oh tfe Bhesfeed H0 fiven Shext¢date pheprbcess, the
conposi tional.vari.ation ;of e I AR, pr desi , r; ot her
conpositionafﬁ%oﬁgi%%raﬁioﬁég r%%%%%%qfhéh?n%gﬁﬁﬁgnggkﬁf%ﬁgggg%€§f

under st ood wiRdiitr ef Efende s me Hygophgexol | dni vl eXBAplesnt whkehiiEr e

illustrati veomaxiaﬁdpr&sw@%ia@)@btbﬁa q@Ast s el i 40 tiRg, Exanple 1
[ 00075] The crude enol stream produced as an overﬂead fromthe CPC colum
during AP r el@8R8} fpbﬁpé%t%h@ewa@e%waaﬁéop%%ﬁﬂ%h@szaﬁréys?@eéfa%lﬁgoduced

during the |astyephase: ha is sufficiently high to separate the AP

stream 50 but sufficiently low to minimize dimerization of
the AP. The HEC operating temperature will vary depending
upon the HEC operating pressure. Al HEC operating pressures
of from about 1 kPa to about 30 kPa, the HEC operating

20 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 wvary. Persons of ordinary skill in
the art will be able to determine the optimum number of

25 stages using standard procedures.
{00030] In one embodiment, the BEC 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

30 or less. In one emboediment, the HEC 10 comprises about 50
theoretical stages or less.
[00051] The HEC heavies 272 remaining after the acetophenone

stream 50 is removed comprise tars and heavy ends. The HEC



15 denonstration run which did not involve AP recovery. [00076] Previously
col l ected drummed crude phenol heavies was | oaded into a m xi ng contai ner,
bl ended, and combined with a portion of recycled APRC bottonms conpri sing
phenol rich AP- phenol azeotrope. This m xture was fed to a CPC. Crude 20
phenol , botwo toveossassy excess phenol in the crude phenolpchasvisssass wel | as
from breaki ng of the AP-phenol azeotrope, was taken overhead in the CPC and
drunmed for |ater disposal. [00077] During normal operation of the full
pilot plant the AP concentration in the crude phenol stream taken as an 25
overhead fromthe CPC, was maintained at |ess than 10 ppmw AP. During AP
recovery theheoreentt agdremadly ARiitnthdeircr atdestphérobostaream ranged hi gher,
typically in - n o t nce, i elated to
t he gross di?# %%e%geé?en%tegg @gﬁrrgﬁg]s?%%h% 0 %10e #e%dg%%g t%[lfg ¢ r§éfnd t he 30
absence of tlre Heaggébphemolidéraicty eartdiat cropamdrity trafid @@Ctlh%awm?er

section of the CRG.and. dem.nates.chbe.sena @Béz@eﬂll EhHgi AP recovery, this
flow was only a tln}/?ractlon[O.ZIb/hr 1kd%nh -0.3 I.b/hr(0.14 kg/ hr)]
h

of its not mattiSErERFHRd (3 9B+PK I HE) PP W PRPEINFhi sCH FerdncE$ n col um
feed conposifi®mebsithe2mast ndd lﬁalryh@f(@h@laatss@m fon the sibbghtidy hi gher AP
| evel s seen |n g% crude phentgl streamt n as a o]}l/er hefad % omthe CPC.

It was recoghiZdd after oSt aF tUF 6F 85t fh Or%rczoovv y Pl € t hat the feed

| ocati on shosdng: lmavéolb@e]rmthemmrqcmtshe CPC in order to conpensate for the
hi gher AP concentrati o, Ok okfe feed. WON The crude phenol heavies had a | ow
phenol content, fromabout—5 w.%to about 10 wt. % phenol, and was fed 10
directlylt o WHH2ZHEG oTheewmepamatt orttiperfosmedn A0tdecHBECan shhom nal |y

bet ween AP and Jhe, HEG hgavhescbub . aC{nM@'A'pys£§e£@t5\ﬁe@8mﬁﬂ%eAszPhe“0|
azeotrope and the next heavier major inpurity, per aﬁ?s et hyl phenyl ketone

(a. k. a. proptophershelzeatiopactan ﬁtb?ﬁelﬁnptlél*w%*’ure HimReavy
cont am nant aé‘erc;@@ay@rv@r wiekh ézré%L'Q‘Bpﬁ@djlﬁrﬁ@mpzktlcinh@o}'&ﬁl%§ operated with
some small nef_slip of AP out the b%ttom of the colunmm. The net slip of AP

typically wa$ ff i 0h DI PRES P Cc SREERTT AEi 6h™TH" (e " HEE Bt FOWES st ream
This smallf siw psmfeavﬁ\PE)(repnasenﬂé Samosﬁmkrht netel osSinafl AP 2tnshinchoiss

acceptable in ord ensur.e AP product purity. The mpjority of

the AP and p en(})olS were é’kgn as a% over head or near overhead fromthe HEC
and t he neat[0bEgdyylrends weisodiaken, ashd hef H=G heaviesan MEC=heavités wer e

drunmed for_Latenostudy, MI9L.Jhe HEC over head. Genprisi ng AP and phenol

was routed 25 to a container and fromthere to APRC." The APRC had a
short pasteufiZingg SBctlierrandit WRasAPysgitblbe tlent aketle I45§Rt >énds bl eed

and redugg |ighihceadsoeontam aad i.0riakqthe sihden diaw. AL 2 produet 5 ream
The results for certain conponents found in the crude phenol streamare

given in the?30 FILFOW rif*Fable: oPnet 200 155535 PCTFFESPHD871°086885° Conponent

Rati o AP to Den:eW th AReam 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

25 (if any), and the azeotropic distillaticn conditions.
[06054] 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

30 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 azectropes at different pressures. As seen

12



Recovery average (ppnm Denb Run average (PPmn) phenol 1.0 94.37 95.72

al pha-ethyl styrene 0.3 61 187 3-phenyl-2-pentene 0.2 41 166 total
benzenes 6.7 126 19 ci s-2-phenyl - 2- but ene

10

20
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from Table 1, as the operating pressure ¢f the APRC 30 is
reduced, the temperature difference between the boiling point
of AP and the boiling peint of the varicus AP-phenol
azeotropes increases. In other words, using a lower APRC
operating pressure makes the separation easier and fewer

theoretical stages will be required to accomplish the

separation:
Pressure Phenol AP AP-Phenol AP Phenol
BP, BP, “F({°C) BP, Mass Mass
CE(°C) CE () fraction fraction
50 mmHg 216.8 239.7 245.0 0,707 0.293
(1o2.7M {115, 4) (118.3;
100 mmHg 247.4 213.0 276.6 0.725 0.263
(11.7M (133.9) {135.9)
5 psia 295.0 324.8 326.4 0.803 0.197
(34,2 kPa) (146..1) (182.7) (163.6)
10 psia 334.9 368.4 368.9 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
{161.3 kpra) (181, 9} {(201.8) (201.8)
15.7 psia 363.7 400.0 400.0 0,950 0.0580
(108.2 kpra) (184 .3) (204.4) (204 .4)
19.7 psia 379.2 416.8 416.9 0.994 0.006
(135.8 kpra) (192.9 (213.8) (213.8)
24.7 psia 395.3 434.7
(1L70.3 kpPa) (201.8) (2z23.7)
29.7 psia 4098.0 449.8
(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. In one embodiment, the APRC operating
pressure ls 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 l1s
expected to be about 1 kPa, although lower pressures such as
0.1 kPA may be possible, for example, with higher vacuum
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 impuritics

13
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0.9 792 894 acetic acid phenyl ester 35 2-nmethyl benzofuran 0.4 47 106
2-ethyl benzofuran 2.3 172 76 Unsaturated C5 benzene 0.3 11 32 acet ophenone
12.3 42 3

WO 2009/055535 PCT/US2008/086893

that tend to fractionate with AP include, for example
unwanted arcmatic alcohols. Unwanted aromatic alcohols
include, for example, dimsthyl benzyl alcohcel (DMBA) and
ethyl methyl benzyl alcohol (EMBA). In one embodiment, the

5 refined AP stream is substantially free of unwanted aromatic
impurities.

{00058] In one embodiment, where the APRC top operating
pressure is from about 3 kPa to about 15 kPa, the AFRC
overhead temperature generally will be about 140 °C or less.

10 {000589] In one embodiment, the APRC azeotropic distillation
conditions also comprise a mass reflux ratio of 1.8 or more,
based on the reflux flow to the flow of the AP stream 50. In
ong embodiment, the mass reflux ratic is about 2 ¢r more. 1In
one enpodiment, the mass reflux ratico i1is about 5 or less.

15  [80060] The number of theoretical stages may vary. Perscns of
ordinary skill in the art will be able to determine the
optimum number of stages using standard procedures.

[00061] In one embodiment, the number of theocretical stages in
the APRC is about 10 or more. 1In cone embodiment, the number

20  of theoretical stages in the APRC is akbout 20 or more. In
one embodiment, the number of theoretical stages in the APRC
is about 60 or less. In 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

25 50 is about %5 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 cne
embodiment., the amount of AP in the refined AP stream is 99.9
wl.% or more.

30 [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-phencl azeotrope, and



VWhile there was sone variability in the conposition data, the
concentrations of the trace species were all low and fairly simlar. The
foregoing results indicate that AP recovery did 5 not appear to drive
species to find a purge point out the top of the crude phenol colum in the
crude phenato sds/eares WOWN Conpounds |i ghter than phenol pegns2doensdss n t he
HEC over head, suggesting that cracking or deconposition reactions occurred
in several columm sunps, presumably because of the 10 |ong residence tines
at elevated tenperatures. This was not surprising given that the electrical
reboilers used in the pilot plant had order of magnitude |arger internal
vol unes t hanhwdigk-dbbel itrruenedricoreer ciralonscahdquhpirentl. cAl seye egrtain
ooyl or SPOCLAS eRCL A% ol IBLS (S ALIRG o AVB/BR I tloer 1), and
certain other Teactive Speci es Seémto b 8|sappear| 't was assuned t hat
pr oduct recawexheélemdﬂﬁﬂﬁﬁﬁre§naeh¢eve@dﬂmemhe€@ﬂlerfﬂW@nanﬁyabe better

than those aghiceyabl g abcommerClalyscale. pgrhaps dued o al do
condensati on or other reactions occurring as a result of the 20 | onger

resi dence’ t i P AREP oF ﬁ@@hé@CKQ%ﬁﬁeP%ﬁihqesoFﬂjﬁhefﬁ?lQﬂaﬁéﬁén%4 MD0811 The

top and bot tessest tpadndil ews owr ecadinstzed to, forcenel agur eow tihitshe f eed,
and the net fresh fe % .Gonp sition %drunned crg&p Eenol heavres) was not

measur ed 25 XGTHE EOMponERt HEEG r BT EE (Y biHY) HEREI  aRd” AP wer e

esti mat ed fromthakance, forcing perfect closure Mat erial bal ance and

conposition dﬂ&)segggggﬁg conpounds that were either possibly being forned

or reacted om mat eri al bal ance cl osure was unusual |y poor.
However, AP [@fb4phignehoshonedbraterital thal Erceotioswtessi orititeel.wi th the 5

overal | mass;bahancsn, ag%%ﬁgl Basedoon.d he Loregoing adissted,data, the

pil ot plant acconplis a) an recovery of above 9 % based on the

melght of netr f*€8h*deedt aﬁﬁﬁﬁbP“aﬁfddHﬁtﬁ@ﬁ%ﬁﬁﬁﬁénéﬁwﬁﬁéovéry of above 95
. % based penythezwei ght of net fresh 10 feed, after naterlal bal ance was

deternlned A commerci al pl ant desrqp woul d |nclude t wo %e st reans whi ch

woul d 1i kel yl%P¥gbrin rése Er!@@&\r@?r“es "Ther s P@ﬁﬁ@éﬁt@%ards é5 &pa |ight

ends purge from t\~rjen;§pmoqhmhhezﬁPRC1n aneh (eb))oﬁ-lr@iﬁtgetlﬁé anddaepRiqahenol
azeotrope streamrecycled fr onrarg bottons 15 of APRC 00083] Fromthe
n

per spect i ve 6144 Eof 1“S§F|%ﬁ%& Wénafysﬁgrﬁﬂﬁﬁ”Pﬁe i Ht €AF to deternine
an approxina@@xmumbet dﬁmstagesrmbhomasxsubbre@anmmvmse@nsmderl©nly t he key

conponents and .a re ﬁ% %gregglhrﬁdggﬁgﬁﬁu pah%gcgrgﬁr ggng period of 20

st abl e operation. ring the unn AP pi |l ot
pl ant run, ah%avdeSd?@v@qmptrh s@s cohmpospd ivon c@rfrpr@fsii mgeoslt 3+ Wit ©96 AP cont ent

was 20 embodiment, the crude phenol heavies 80 comprises about 15
wt% or less phenol,
100066} The final cclumn 230 is operated under final column
arzectropic distillation conditions effective to produce: a
final c¢olumn overhead stream 260, a final c¢colunn midstream
25 224, 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 2Z; and, the final column midstream 224 corresponds to
30 the APRC heavies 24 in Figure 2. In one embodiment, the
final column heavies 222 are burned as fuel. In one
embodiment, the final column midstream 224 is recycled back

te the phencl production process. In one embodiment, the
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produced together with an APRC bottons with a conposition 25 conpri sing
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 n) of packing in
the pasteurization section, 3.5 ft (1 m of packing between the side-draw

| ocati on amb tdoeodserd and another 3.5 ft (1 n) of packipag/i3@uobeswew t he feed
| ocation. Operating pressure was 2 psia (13.8 kPa). Phenol recoveries to
the bottom of the APRC in excess of 99 wt .1 based on actual colum feed
and bottons flows were achi eved. A heavy conponent 2, 3-di net hyl benzofuran
(23D11113F) was selected as the identity of uncharacterized material. By
usi ng phenol firian theusi deddtavwn agdthe keavyekd&pucando ARe( CACthe. bott ons) as

the 11ght keyoo,R1iASOLLLLEaL; 8ag8: GRUN (0L ARPTOX! TBLSIY o0, [t ched the

key conponent concentrati ons using a reflux to feed rat 3. The
cal cul at ed @Colneldn overab$ i Jeequvgwen@ﬁl nfugh @ﬁltélesyb@@m is

relatively high abs7p%ddue;f a fhe.law @%héﬁ'ﬂ@av&%%d lity between AP and
t he AP/ phenol azeotrope). In ternms of pen stage nonencl ature, the feed

position {s |88068k dge 2O TNt he" siapetdPRLE ai’tls§t~éb%t34>”19‘(>%@rfd@ﬂ?§er - stage

1). [00085] &ctmp\meo@m&gedcélmnﬁah@o%rptpreggun;.te anahytical xpgsylts that
conponent al pha- net hy benz ~al cohal (AI\/BA was reported to gartl,tl on

nmostly to t L,QF{PCIIBOCE”( as Hife TASpencHotfel °Phdit &8 FHat St woul d
partition nosiduy BOkEehe)rAﬁ?Rﬁe 15 hopse e@ﬁ;oamesul tthet hateg icslampotential for

AMBA t o buiId plnthe recycl.e st onprising.the AP ottanms. The HEC
[ 00086] Thekf O{n Rressure (%en OU% 5? aEI?(‘F: {Less’ henol “&n ﬁgﬁg rHegt\/y key
conponent( i st@t ﬁyhapheqiyutnnkle@mw @EP&}UWTIG;@ EE@QQW\/&B@I pid éted-in the pil ot

| ant at 2 t f 0 e wa t he
ool urm [belo ﬁl% (#E@ rﬁ%fﬂ‘m 28 é’t%ggl‘p lc?tt%ggg’%%q’ %85?%%8%% 1)60387]
The alter nat¢qm=§)lhéav€y g 1 2c @l iy tbemwmaﬁ(%@@p%o@ﬁd kF6t obe used since

it was reportgd ingthg aRabysicak, 25ns %%latisccgﬂ%t het Widhure is
3- phenyl - 2- but anone. An unknown conponent with a concentration of 4-5 w .%

in the crude?Phéndl Ko dii BETHas Holef s as i BVEA t'heensiile CChER" | toP
partitions r@ﬁieh)éréOlsI he«GEC heaw es E@sspel’ 1pi b0t epbaninanal yhécal results.

The crude ph noI eavi es stream onl OXI teI 90% of conponents
identifiedl,o f He rg?rg Ppb%F%SgS”r‘”Feéfe%)oé% hg W éhds ?QI"XRS) O[ooosg}) The

EEC was oper@t@d] athrer eﬁhw( dates ofedk@obbd hoist4 1 dakgdrhcpnandicks | b/ hr (6. 8
kg/hr) corres Fggngggrféﬁsrefluxber of theoretical stages. The number of
theoretical stages may vary. Persons of ordinary skill in
20 the art will be able to determine the optimum number of
stages using standard procedures.
[00071] In one embodiment, the azeotroplc distillation
conditions comprise a number of theoretical stages of about
30 or more. In one embodiment, the number of theoretical
25  stages is about 40 or more. In cone embodiment, the number of
theoretical stages is about 80 or less. In one embodiment,
the number o©f theoretical stages is about 60 or less.
[00072} Ir one embodiment, the AP stream 1s substantially free
of unwanted aromatic impurities. As previously explained,
30 unwanted aromatic impurities that tend to fracticnate with AP
inciude, for example unwanted aromatic alcohols. Unwanted

aromatic alcohols include, for example, DMBA and EMBA.

16



feed ratios of 1.5-2.3. Conponent bal ances for two operating snapshots were
conpiled. During this "high AP recovery" period, the colum was operated
with approximately 0.1-0.8 wt.% AP in the bottons (99+ wt.% recovery to
tops, based on 5 the total weight of the HEC feed) and 50-330 pprmw EPK in
the tops (IwvG200bn&sasecovery in tops, based on the totalpcamisghgoskot he HEC
feed). [00089J Aspen nodeling was perfornmed to determ ne the nunber of

t heoretical stages estimated to natch the perfornmance of 10 the col um
during these two operating snapshots. During the simulation, the feed
position was maintained at the same relative position as the pilot plant

col um whi | spoG7RE Blageneourt wasplynereased aandete srtefaelamrx toatz@d

appr oxi mat ol . Rt ghed Lg:PLAL Valuey) 0L Di & dasthon,, L uagudat eri ned

that 36- 15 heoretica ages wou ta baseolm on AP as the
l'ight key anef ERK:cass { h€oheexaitey . tiMenvebet het rsepphwendedrdesiign point for

the HEC is 38 .theergti %'rys&:ﬂg?%h(ee&‘&ﬁ liRgocandensef.and repoiler) with a
reflux to feed ratio of 2. CPC 1000901 Anal ysis of the CPC without AP

recovery UsiHgoat2on rib‘r?cfaésO8tWOWPT§ltﬁ€PPbr‘é?t%ﬁtbP%t%f CHBRURREFESul ted in

the fol | owl ngp gesighe RRIsAtcl cCoRMBRASEH AN coRfodiraysal at nospheric pressure;
reflux to feed ratio of 1; and, a feed |location to 25 the mddle of the

col umn. Exanpl'®9°*{95361] A three-col urm continuous distillation train for
recovery and[opmn] fm@aah@éhmfonA&msQeswuﬂaﬁ etddassfold ewsh ddrdrhace

si mul ati on, %b are ref erence a fee ld1 te to 30.the %rude phenol
col uim of 101_0O Fhro A AFTHY %10 253 boundsThi ' §8Ykg hr) of a CKC
bott ons f@edsistvigamrcdnt abnsngietOant 1 26iARngnd 80 wt . % phenol , based on the
total weight of the CKC bottons fee ap and 79 pounds/ hr (36 kg/hr)
of a recycle streamfromthe botton‘lg—%%e@APRC containing 84 w.% AP and
14 wt. % phenl@Pi75hdSed condd hrdehot ad t wweinghtcdfcedhes racyokehsid danrm are fed to

a CPC operatingat & 1om e&gmpgr;@ Obcderk, BSbA:108. g kRa)-andsa bottom
pressure 5of 20.7 psia(l42.7 a)at a bottomtenperature mp 222C. The crude

phenol heavi &4 §hf3e%f3“§t SETPHT éjré’fiUS%dl%’rHPg(‘ihie KGFRr #%5°% °HEE operati ng at
a top pressul@ddfst2ation run which did not involve AP recovery.

[00076] Previously collected drummed crude phencl heavies was
loaded into a mixing container, blended, and combined with a
portion of recycled APRC bottoms comprising phenol rich AP~
phenol azeotrope. This mixture was fed to a CPC. Crude

20 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

25 overhead from the CPC, was maintained at less than 10 ppmw
AP. During AP recovery the concentration of AP in the crude
phenol stream ranged higher, typically in the 10-30 ppmw AP
range. Some of this difference 1s related to the gross
difference in Lthe composition of the feed Lo the CPC, and the

30  absence of the huge phencel 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

Ib/hr (0.1 kg/hr)-0.3 1b/hr(0.14 kg/hr)] of its normal 8§+
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psia (13.8 kPa)and a bottons tenperature of 212.2 C. 10 Ib/hr (4.5 kg/hr)
of HEC heavy ends containing 4%w AP and 0.3 wt. % 10 phenol is renoved from
the bottomof the MEC. 28 |Ib/hr (12.7 kg/hr)of a crude AP stream contai ni ng
88.6 wt.% AP and 9.8 wt. % phenol, based on the total weight of the crude AP
stream is wepmvedsfsromthe top of the EEC and fed to thoe/ARREoeRer ati ng at
a top pressure of 1 psia (6.9 kPa). 40 15 Ib/hr (18.1 kg/hr) of a 98 w.%
AP stream based on the total weight of the AP stream is renoved fromthe
top of the APRC. 125 I b/hr (56.7 kg/hr) of the APRC bottons containing 77
wt. % AP and 22 wt. % phenol, based on the total weight of the APPC bottons,
is recycl ed to'ltrhd3cfude/phendlowcobtem a%ishoimfe2@nabove coAusmaidedbl eed

stream of O. he. (0., i S, v 0t h (0] APRC.
Oper ating co%ﬂrllp?)i/sé%%&gr% gé[‘ﬁ%srt gﬁﬁn%m{gr)ie%gcl:lglﬁ%ntohj?gﬂ{hgwg}\g&?%gfe. Fl ow
Units CPC HEGC #APRCAFeyeflgopser inCK@ Botdgnghenol stream taken as an

overhead from the CPC. It was recognized after startup of

5 the AP recovery pilot that the feed location should have bheen
lower in the CPC in order to compensate for the higher AP
concentration of Lthe feed.
[00078] The crude phenol heavies had a low phenol content,
from about 5 wt.% to about 10 wt.% phenol, and was fed

10 directly to the HEC. The separation performed in the HEC is
nominally between AP and the HEC heavies but actually is
between the AP-phenol azectrope and the next heavier major
impurity, perhaps ethyl phenyl ketone (a.k.a. propiophenone),
In fact, in order to ensure minimum heavy contaminant

I5 carryover with the AP and phenol, the HEC was operated with
some small net slip of AP ocut the bottom of the column. The
net slip of AP typically was <1l wt.% of the AP ccncentration
in the HEC bottoms stream. This small slip of AP represents
a small net loss of AP, which is acceptakle in order o

20 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 phencl was routed

25 to a container and from there to the APRC. The APRC had a
short pasteurlzing 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
compeonents found in the crude phenol stream are given in the

30 following Table:
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kg/hr 9.5 - (Ib/hr) (21) Total Feed kg/hr 45 17 12.7 (1b/hr) (2100)
(38) (28) Reflux kg/hr 36.7 29

WO 2009/655535 PCT/US2008/080895
Compenent Ratio AP to With AP Demo Run
Demo Recovery average
average (ppmw} {(ppmw)
phenol 1.0 94,37 95.72
alpha-ethyl styrene 0.3 61 187
3-phenyl-2-pentene 0.2 41 166
total sat. C5 benzenes 6.7 126 19
cis-2~phenyl-2-butene 0.9 792 8§94
acetic acid phenyl 35
ester
2-methyl benzofuran 0.4 47 106
2-ethyl benzofuran 2.3 172 16
Unsaturated C5 benzene 0.3 1l 32
acetophenone 12.3 42 3

While there was some variability in the composition data, the
concentraticns ¢f the trace species were all low and fairly
similar. The foregoing results indicate that AP recovery did
5 not appear to drive species to find a purge point out the top
of the crude phenol column in the crude phencl stream.
{00080] Compounds lighter than phenol were found in the HEC
overhead, suggesting that cracking or decomposition reactions
occurred in several column sumps, presumably because of the
10 long residence times at elevated temperatures. This was not
surprising given that the electrical reboilers used in the
pilot plant had order of magnitude larger internal volumes
than would be true of commercial scale eguipment. Also,
certain heavier species, such as dimers {AMS-dimer, AMS-AES
15 dimer 1), and certain other reactive species seem Lo be
disappearing. 1t was assumed that product recoveries and
purities achieved in the pilot plant may be betlter than those
achievable at commercial scale, perhaps due to aldol
condensation or other reactions occurring as a result of the
20 longer residence times and/or higher temperatures in the
pilot plant.
[06081] The top and bottoms stream flows were adjusted to
force closure with the feed, and the net fresh feed
composition (drummed crude phencl heavies) was not measured
25  so the component feed rates {1b/hr) of phenol and AP were

aestimated from balance, forcing perfect closure. Material
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11 (Ib/hr) (81) (64) (23) Overhead kg/hr 36 12.7 4 (lb/hr) (80) (28)
Bottonms kg/hr 17 4.5 8.6 (lb/hr)

10

15

20

25

30

WO 2009/055535 PCT/US20608/080895

balance and composition data included compounds that were
either possibly being formed or reacted away, cor for whom
material balance closure was unusually poor. However, AP and
phenol showed material balance closures in line with the
overall mass balance.

[00082] Based on the foregoing adjusted data, the pilot plant
accomplished {(a) an AP recovery of above 29 wi.%, based on
the weight of net fresh feed, and (k) an additicnal phenol
recovery of above 95 wit.%, based on the weight of net fresh
feed, after material balance was determined. A commercial
plant design would include two purge streams which would
likely lower these recoveries. The fwo streams would be (a)
a light ends purge from the tep of the APRC, and (b)) a purge
from the AP-phencl azeotrope stream recycled from the bottoms
of the APRC.

{00083] From the perspective of a column calibration analysis
with lthe intent to determine an approximate number of stages,
it was sufficient to consider only the key components and a
reccnciled overall component balance during a period of
stable coperation.

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 ratic was approxzimately 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 {(22DMBF)}

(9)



(38) (10) (19) Bl eed kg/hr 0.4 (bottons) (1b/hr) (0.9) Overhead kPa 7
0.45 Pressure (psia) (15.7) (2) (1)

WO 2009/055535 PCT/US2008/080895

was selected as the identity of uncharacterized material. By
using phencl (in the side-draw) as the heavy key and AP (in
the bottoms) as the light key, a theoretical stage count of
approximately 40 matched the key component concentrations

5 using a reflux to feed ratico of 3. The calculated O'Connell
overall column efficiency for this system is relatively high
at 7b% (due to the low relative volatility between AP and the
AP/phencl azeotrope). In terms of Aspen stage nomenclature,
the feed pesition ig at stage 20 and the side draw at stage 4

10 {condenser = stage 1).
[00085] Tt was observed in the pilot plant analytical results
that component alpha-methyl benzyl alcohol {AMBA) was reported
to partition mostly to the ARPC bottoms whereas the Aspen
model indicated that it would partition mestly to the APRC

15 tops. As a result, there is a potential for AMBA to build up
in the recycle stream comprising the APRC bottoms.
The HEC
{00086} The light key component in the HEC is phenol and the
heavy key component is ethyl phenyl ketone (EPK). The HEC

20 was piloted in the pilot plant at 2 psia (13.8 kPa) with the
feed port located 2/3 of the way up the cclumn [below top
5°(1.5 m) bed and above bottom 107 (3 m) bed].
{00087] The alternative heavy key Z-ethyl benzofuran (2EBF)
could not be used since it was reported in the analytical

25 results together with 3-phenyl-2-butancne. An unknown
compeonent 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

30 approximately 90% of components identified, the remainder
being treated as heavy ends (TARS).
(00088] The HEC was operated at reflux rates of 10 1lb/hr (4.5
kg/hry and 15 1b/hr (6.8 kg/hr) corresponding to reflux to
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Bottons kPa 9.3 1.1 0.7 WD 2009/ 055535PCT/ US2008/ 080895 Fl ow Units CPC HEC
APRC Pressure (psia) (20.6) (2.5) (1.5) Over head

WO 2009/055535 PCT/US2008/080893

feed ratics of 1.5-2.3. Component balances for two operating
snapshots were compiled. During this “high AP recovery”
period, the column was operated with approximately 0.1-0.8
wt.% AP in the bottoms {99+ wt.% recovery to tops, based on
5 the total weight of the HEC feed) and 50-330 ppmw EPK in the
tops {1-5 wt.% recovery in tops, based on the total weight of
the HEC feed).
{00089] Aspen modeling was performed to determine the number
of theoretical stages estimated to match the performance of
10 the column during these two operating snapshots. During the
simulation, the feed position was maintained at the same
relative position as the pilot plant column whilst the stage
count was increased and the reflux rate approximately matched
the plant value. In this fashion, it was determined that 36~
15 38 theoretical stages would match plant data based on AP as
the light key and EPK as the heavy key. Hence, the
recommended design point for the HEC is 38 theoretical stages
{excluding condenser and rebciler) with a reflux to feed
ratio of 2.5.
20 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
25  the middle of the column.
Example 2
[00091] 2 three-column continuous distillation train for
recovery and purification of AP was simulated as follows. In
the simulation, flow rates are referenced to a feed rate to
30 the crude phenol celumn of 100 1b/hr {(45.4 kg/hr).
{00092} 21 pounds/hr (9.5 kg/hr) of a CRC bottoms feed stroam
containing 10 wt.% AP and 80 wt.% phencl, based on the total

weight of the CKC bottoms feed stream, and 79 pounds/hr (36
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Tenperature oc 184 100 116 Bottons Tenperature C 225 212 130 Phenol
Overhead wt.% 99.9 9.8 0.4 Phenol in
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kg/hr) of a recycle stream from the bottom of the APRC
containing 84 wt.% AP and 14 wt.% phenol, based on the fotal
weight of the recycle stream, are fed to a CPC operating at a
top pressure of 15.7 psia (108.2 kPa) and a bottom pressure

5 of 20.7 psia (142.,7 kPa) at a bottom temperature of 222 °C.
The crude phenol heavies is fed at a rate of 38 1lb/hr (17
kg/hr) to a HEC operating at a top pressure of 2 psia (13.8
kPa) and a bottoms temperature of 212.2 °C. 10 lb/hr (4.5
kg/hry of HEC heavy ends containing 4%w AP and 0.3 wt.%

10 phenol is removed from the bottom of the HEC. 28 lb/hr (12.7
kg/hryof a crude AP stream containing 88.6 wt.% AP and 9.8
wt.% phenol, based on the total weight of the crude AP
stream, is removed from the top of the HEC and fed to the
APRC operating at a top pressure of 1 psia (6.9 kPa). 40

15 1b/hr (18.1 kg/hr) of a 98 wt.% AP stream, based on the total
welght of the AP stream, is removed from the top of the APRC,
125 1b/hr (56.7 kg/hr) of the APRC bottoms containing 77 wt.%
AP and 22 wt.% phenol, based on the total weight of the APRC
bottoms, is recycled to the crude phenol column as shown

20 above. A small bleed stream of 0.9 lb/hr (0.4 kg/hr) is
removed from the bottom of the APRC. Operating conditiecns

are further summarized in the following table.

Flow Units CpC HEC APRC
Feed from
CKC Bottoms kg/hr 9.5 - -
{1b/hr) (21)
Total Feed kg/hx 45 17 12.7
(ib/hr) {100) (38) {28)
Reflux kg/hr 36.7 29 11
(1b/hr) (81) (64) (23)
Overhead kg/hr 36 12.7 4
(1b/hr) (80) (28) (9
Bottoms kg/hr 17 4.5 8.6
{(1o/hr) {(38) (10) (19)
Bleed kg/hr 0.4
{hottoms) {1b/hr) (0.9
Overhead kPa 7 0.9 0.45
Prassure (psia) {(15.7) {2) (1)
Bottoms kPa 9.3 1.1 0.7

I
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Bottons wt. % 7.2 0.3 14.2 AP in Overhead wt.% 0.001 88.6 98 AP in
Bottons w.% 65.4 4 84.3

WO 2009/055535 PCT/US2008/080895
Flow Units cpC HEC APRC
Pressure (psia) (20.6) (2.5) (1.5
Overhead °C 184 106 116
Temperature
Bottoms °C 225 212 130
Temperature
Phenel in wt ., % 99.9 9.8 0.4
Overhead
Phenol in wt.% 7.2 0.3 14.2
Bottoms
AP in wt.% 0.001 88.6 98
Overhead
AP in wt.% G5.4 4 84,3
Bottoms

[00093] The foregoing demonstrates that substantially all of
the phenol is predicted to be present in the overhead of the

5 CPC and HEC and in the bofttoms of the APRC. The foregoing
also demonstrates that substantially all of the AP is
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

10 the phencl, but a majority ¢f the AP and almost none of the
phenol 1is 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

I5 described herein. The embodiments described herein are meant
to be illustrative only and should not be taken as limiting

the invention, which will be defined in the claims.
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1000931 The foregoi ng denonstrates that substantially all of the phenol is
predicted to be present in the overhead of the 5 CPC and HEC and in the
bottons of the APRC. The foregoing al so denpnstrates that substantially al
of the AP is predicted to be present in the bottonms of the CPC and in the
over head of the HEC. Sonme of the AS is predicted to be present in the
bottons of the APRC along with a majority of 10 the phenol, but a majority
of the AP and al nost none of the phenol is predicted to be present in the
over head of the APRC. 1000941 Persons of ordinary skill in the art wll
recogni ze that many nodifications my be nmade to the enbodi nents 15

descri bed herein. The enbodi nents described herein are nmeant to be
illustrative only and should not be taken as limting the invention, which
will be defined in the clains. CALMz 81, A met hod for producing

acet ophenone conprising: treating e al kyl benzenes conprising s-
butyl benzene to produce a feed conprising phenol and acetophenone;
separating a crude phenol streamfromthe feed under crude 10phenol
sepayation cpndj L ans, e1f S0t ve 0B aduee, e ndse Phano s heayl es, the crude
phenol separati’on conditions conprising a grude phenol operating pressure
of from about 70 kPa to about 200 kPa; separating an acet ophenone stream
conpri si ng abEERPHENGHIE OIS HCEE0BRENGHENFRBABI Ca3RHEF PR, Sand ot her

| npurities, ghfeotdy,ddomd he Lhude spheaal cB;ﬁ?)!!‘L%négm&%n@F%}KdI opic
distillation conditions, thé azeotropic distillation conditions conprising
an azeotropi gcdispli¢natdion operating pressure of fromabout 1 to about 30
kPa; and 20separating a refined acet ophenone stream fromthe acetophenone
st ream under ; @ggp4 ¢ O G disidd @ Gendibhi gnsmethectéve toddeayeude

acet ophenone heavies, the azeotropic distillation conditions conprising an
aze®iropi c dPRENP} at$IOHE BPEIRIING ifriéesued f6F L VBT Bt ICt o~ Bldut 30
25kPa; 2. Theyppthod. of; &l aimel FWdNeh58MPEESLRGLE 8YELAAG: Bbnd east a
portion of the refined acetophenone heavies to or upstream of the
separati on ofcwnheizinger phantl Emgdmobeomttine peegsure of from about

70 kPa to about 200 kPa;

separating an acetophenone stream, comprising acetophencne,
15 acetophenone-phenol azeotrope, and other impurities,
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; and

20 separating a refined acetophenone stream from the
acetophenone stream under azeotropic distillation conditions
effective to leave acetophencne heavies, the azeotropic
distilliation conditions comprising an azeotropic
distillation cperating pressure of from about 1 to about 30

25 kPa;

2. The method of claim 1 further comprising recycling at

least a portion of the refined acetophenone heavies to or
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3. The method of claim1 wherein the crude phenol separation conditions and
the azeotropic distillation conditions 5 conprise operating tenperatures
sufficiently high to separate the crude phenol stream and the acetophenone
stream but sufficiently lowto mnimze dinerization of AP. 4. The nethod
of claim1l wherein: the crude phenol separation conditions conprise a crude
phenol operating 10tenperature of 250 C or |less; and the azeotropic
distillation conditions conprise an azeotropic distillation operating

t enper at ur e VEELZ8OMCOHr thessepabat The et tHod wfudd aihanblf witleem doopri sing
recovering abaut. 95 wt.%or nore of the AP in the crude phenol heavies in
the 15AP strean and recovering about 90 w.% or nore of the phenol present

in the crude phenol heavies. .
3. The method of claim 1 wherein the crude phencl separation

conditions and the azeotropic distillation conditions
5 comprise operating temperatures sufficiently high to
separate the crude phenol stream and the aceltophenone

stream, bult sufficiently low to minimize dimerization of AP.

4. The method of claim 1 wherein: the c¢rude phenol
separation conditions comprise a crude phenol operating

10 temperature of 250 °C or less; and the azeotropic
distillation conditions comprise an azeotropic distillation

operating temperature of 230 *C or less.

5. The method of claim 1 further comprising recovering about
95 wt.% or more of the AP in the c¢rude phenol heavies in the
15 AP strear; and recovering about 9C wt.% or more of the

phenol present in the crude phencl heavies.
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