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The present disclosure relates to an inproved process
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parti cul ar demands high purity BPA due to stringent

requi renents for optical clarity and color in the

finished application. Accordingly, those skilled in
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for the production of phenol conprlses a four-step
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produce one mole of BPA and one mole of water. In subsequent process steps, the water is
removed from the process and the BPA is purified. According to the present disclosure, an
integrated process in which part of the required phenol is produced from cumene, and part is
produced by an efficient integration of phenol recovery from the aqueous waste streams from the
phenol/acetone production process, ¢.g., hydroperoxide cleavage, and BPA production process,
the overall process is improved economically and environmental friendly. The phenol recovered
from the aqueous waste streams from, for example, the series of steps to separate and purify

phenol and acetone in the crude product stream from the hydroperoxide cleavage step and from



fromthe aqueous waste streans from for exanple, the
series of steps to separate and purify phenol and
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of the phenol and, if desired,
producing BPA comprising a step of reacting acetone with a stoichiometric excess of phenol

under acidic conditions, possibly in the presence of a cocatalyst or promoter, to form a reaction
product stream comprising crude BPA product wherein a portion of the phenol and, if desired,
acetone, comprises phenol/acetone recovered from waste water streams generated by an upstream
phenol/acetone production process, €.g., an upstream cumene hydroperoxide cleavage process

step, and the BPA production process.



acetone, conprises phenol/acetone recovered from waste
wat er streans generated by an upstream phenol /acet one
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(d) producing purified BPA by crystallization of the concentrated BPA phenolic feed

stream of step (c); and

(e) separating the purified BPA crystals of step (d) by solid-liquid separation, such as,
for example, by centrifugation or filtration, and washing same in one or multiple
stages with a wash stream which may include at least a portion of the second
stream, or spent wash or mother liquor from subsequent crystallization, solid-
liquid separation, and wash steps, to produce final washed BPA-phenol adduct,

final spent wash and final mother liquor.

[0010] In some embodiments, the process of this disclosure comprises:



stages wth a wash stream which may include at |east a
portion of the second stream or spent wash or nother
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separation, and wash steps, tho produce final washed
BPA- phenol adduct, final spent wash and final nother
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and (4) further recovering substantially all the

phenol (And ageiaing the phedod elcplgted atisprrtdrBRAWASQIRISRRIP or the phenol
(3) by extraction, distillation, absorption, or _a .
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(f2)  recovering phenol and possibly acetone from phenol/BPA waste stream(s) having
the aqueous waste stream from step (a) and the first stream from step (c) by the

steps of:

(1) stripping any volatile sulfur compounds from the first stream from step (c);

(2) combining the waste streams from steps (1) and (a) to form a combined
waste stream; and

3) recovering substantially all the phenol and acetone from the combined
waste stream from step (2) by extraction, distillation, absorption, or a

combination thereof, to produce an aqueous stream substantially free of

phenol; and

(2) recovering and recycling the recovered phenol and/or acetone product of step (f1)

or (f2) to steps (a) and/or (b).



waste stream and (3) recovering substantially all the
phenol and acetone fromthe conbi ned waste stream from
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(a), veltiphhacomenrisgs supcane pPhan) acetangnende mbdurmethylstyrens (AMS). In one
embolifitat ¢ c?l e‘m@figéi arh? DBl aggr&%?du ed 3 eﬁ%é fasfi) 'i? obtained from
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pheno$h&foeBproliiictRA Préss asfes (a).1h Afotheespadt, the pedsestdisclosure resides in
. resides in an inproved process for produci ng BPA
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(4) processing the crude product stream from step (3) to recover phenol and acetone,
and to produce a waste stream comprising water, unrecovered phenol,

unrecovered acetone and other reaction byproducts;

(%) reacting acetone with a stoichiometric excess of phenol, such as a portion of the
acetone from step (4) and phenol, such as from step (4), in the presence of an
acidic catalyst, possibly in the presence of a cocatalyst or promoter, such as a thiol
compound, either homogencously fed or heterogencously bound to an acidic

catalyst, to form a reaction product stream comprising crude BPA product,



byproducts, (4) processing the crude product stream
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react i 6pndsyisated BPs phemelie headaviismeessisting essentially of phenol in which
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and wagj r S
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furtheg, Qggfhaggzb&gﬁgyé (ﬁyerlng phenol and possibly

acet one ron1a ste stream having the first
(1) stripping any volatile sulfur compounds from the BPA waste stream,

(i)  contacting the stripped BPA waste stream with an immiscible hydrocarbon
stream, or after combining the stripped BPA waste stream with a phenol
waste stream having a portion of the aqueous waste stream from step (4),
contacting the combined stream with an immiscible hydrocarbon stream to
recover a portion of the phenol in the stripped BPA waste stream or the
combined stream from (i) into the immiscible hydrocarbon stream,
wherein the immiscible hydrocarbon stream comprises at least one of

cumene, phenol, acetone, and alpha-methylstyrene (AMS), then



stream of step (6) by the steps of: (i) stripping any
vol atile sul fur conpounds fromthe BPA waste stream
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[0015] The immiscible hydrocarbon stream used in step (9a)(ii) and/or step (9b)(ii) may be
obtained from any commercial process, preferably from a phenol/acetone production process,
such as step (4), which comprises cumene, phenol, acetone, and alpha-methylstyrene (AMS). In
one embodiment, the immiscible hydrocarbon stream used in step (9a)(ii) is obtained from

phenol/acetone production process of step (4).

[0016] Conveniently, the C; alkylating agent in step (1) above comprises propylene or
isopropanol.

[0017] The alkylation catalyst in step (1) above may comprise a molecular sieve selected
from the group consisting of zeolite Beta, faujasite, mordenite, MCM-22, PSH-3, SSZ-25, ERB-1,
ITQ-1, ITQ-2, ITQ-30, MCM-36, MCM-49, MCM-56 and mixtures thercof. Preferably, the
molecular sieve is selected from the group consisting of MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-
1,1TQ-2, ITQ-30, MCM-36, MCM-49, MCM-56 and mixtures thereof.

[0018] In one embodiment, the contacting step (1) above is conducted under at least partial

liquid phase conditions. Conveniently, the alkylation conditions include a temperature of up to
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a tenperature of from about 200C to abou¥ 1500 suc

2,2-biggmietyylthio) propane, and mercaptocarboxylic acid, e.g., rnercaptopropionic acid. As

further non-limiting examples, the condensation reaction of steps (b) and (5) may be conducted
in the presence of added promoters comprising promoter-bound resins, including resins ionically-
bound to quaternary amine groups contained in mercaptoalkylpyridines, or mercaptoalkylamines,
the latter most often being 2-mercaptoethylamine derived from hydrolysis of 2,2

dimethylthiozolidine.

[0023] Conveniently, at least one of, and preferably each of, the contacting step (1),
oxidizing step (2) and cleaving steps (a) and (3) may be effected by catalytic distillation.
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system enbodi nent for use in the disclosure. DETAILED
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pue e ) G O S SHE RECCRRr S LM 90 hn 80, s
than 7OR(TE (s Han WRRET lekd mahaom,elekg HhG Mere§ fhan N&NIRSs than 0°C, at 101.3
kPa-a. The term ‘volatile hydrocarbon” or volatile hydrocarbons” as used herein this disclosure
means chemical compound(s) containing no sulfur atoms, at least one atom of carbon and , in its
pure form, having a boiling point of less than 100°C, such as, less than 90°C, less than 80°C, less
than 70°C, less than 50°C, less than 10°C, less than 5°C, less than 1°C, less than 0°C, at 101.3

kPa-a.

[0031] The present disclosure is directed to an improved, economical integrated process for
producing BPA. One aspect of the process employs cumene as the source of the acetone and part

of the phenol required to produce the BPA and employs a phenol recovery system to remove
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agentsg 1r11gf§1§§ %rogpré%et %lgog’lll?g)sg ng‘“[rlr%srll € ?fég%%aécﬁglﬁﬁhglgggﬁ&%, C)t?lalcohols, etc.), such
as n-[RENELE tal Wy &és, bing BRAoploaDd]ydd] kyd ploppihdiRiez are ay frépyl chloride,
. a C3 alkylating agent, such as propyl ene, produces
with pepiiene, bengenasiicdardy prsfesisiit abl y purified by a
[00365);?87{1'262%]1%{7%8&%%2?9' %%éiﬁg&l:l%%l %ﬁ&gﬁtgg §o| fc’)rotdllqlgencumene comprises

a molSHRFSANEREIL Y@ BERMMRO SRl BnAREROY T RBGkc A58t QRSeribedABBIS. Patent No.
Fractionation of the cl eavage products produces pheno

3,308 8408), {ewroive nprdenitet instudagrdsalwhingzedcaordehien membasaof gk MCM-22
i P, O GG e S AL et ARy 2 st
includeWITENE- 20 Qﬁ’esbﬁb@ﬂﬁ/l U.S. Patent No. 4,954,325), PSH-3 (described in U.S. Patent No.
4,439,409), SSZ-25 (described in U.S. Patent No. 4,826,667), ERB-1 (described in European
Patent No. 0293032), ITQ-1 (described in U.S. Patent No 6,077,498), ITQ-2 (described in U.S.
Patent No. 6,231,751), ITQ-30 (described in WO 2005-118476), MCM-36 (described in U.S.
Patent No. 5,250,277), MCM-49 (described in U.S. Patent No. 5,236,575) and MCM-56
(described in U.S. Patent No. 5,362,697). Preferred catalysts are members of the MCM-22

family.
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products and other heavies. Depending on the amount of polyalkylated products present in the

alkylation reaction effluent, it may be desirable to transalkylate the polyalkylated products with

additional benzene to maximize the production of the desired monoalkylated species.

[0041] Transalkylation with additional benzene is typically done in a transalkylation reactor,
separate from the alkylation reactor, over a suitable transalkylation catalyst, such as an MCM-22
family catalyst, zeolite Omega, zeolite Beta, MCM-68 (see U. S. Patent No. 6,014,018), zeolite Y,

mordenite or a mixture thereof. The transalkylation reaction is typically conducted under at least
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divalefvlmhtglg@zgai?%%g ﬁgllﬁlc}gg Efﬂ%ﬁ%@éggﬁ%@ %F’Og% ﬁp ?\Hthn H n?i];tures thereof,

and d&ﬁ&&ﬁ&%@ﬁg 2 RriVMId M radsli seiceral frdie en8up %oﬁsYsMngQJf' Isﬁ Fe, Mn, Ga,
done in a transal kyl ati on reactor, separate fromt

Al andIrkiyttuaesi therepBa&ho entirvdisclasusiafdbt . Sr anrsals kayd mcpmorated herein by
roferci@t al yst, such as an MOM 22 fam |y catal yst, zeolite
Bega, zeolite Beta, MOM 68 (see U S. Patent

[0043$hg](?‘eh911§ﬂ1 aIPzeieQeltgl §s Yor TR S6M o SQ%) are )étl\lfl '112((1#09? gﬁgtttuted cyclic

ransa ylation reaction ISt
imidesirideribat ih dadliplaadt UalS. | Ragpnit dAmi‘hmsmmdeQ()OE’ﬁQ%SN and incorporated

heremt ui t blgﬁec&: élac f%gH'( %Wﬁrt | on C n di@% It gar;rziﬁig-ﬂ\f-Lg%gégpht]éalimide, 3-amino-N-
hydrof&?fqﬂﬁ&ﬂfnﬁd@f tehib P RPRUEy dldk E@aﬁﬁlcﬁb%ﬂacﬁ}oﬁg& ; oxﬁ)hthalirnide, N-

ht hourly space Ve|OCI from about 0.
hydroajzimummaﬁo thydrq;ghmnacﬂe f éﬁ»dtyd@ngitrlmelhtlmlde N hydroxybenzene-1,2,4-

v S SFREAPEL L PR RN OBl 8 Sy TR enonc-..0.0

tetrac&BOBIR Pr afitgitlcf tBEhy?drKWrﬁdlélﬁﬁdét ep pdaameiNRdicaoxtnide,  N-
is then oxidized to produce the correspondi ng

hydrokyseoipisniéxi dehydisyaiatiat imidest dphydronr-Eawphirensd bylicarboximide,
exo-N-R§Jr8}g§H910§gb1@{I]clo[2.2.l]hept- 5-ene-2,3-dicarboximide, N-hydroxy-cis-cyclohexane-
1,2-dicarboximide, N-hydroxy-cis-4-cyclohexene-1,2 dicarboximide, N-hydroxynaphthalimide
sodium salt or N-hydroxy-o-benzenedisulphonimide. These materials can be used either alone or
in the presence of a free radical initiator and can be used as liquid phase, homogeneous catalysts

or can be supported on a solid carrier to provide a heterogeneous catalyst.



oxygen-contai ni ng gas, such as air, into a liquid

phase contai ning the cunene. The reaction can be
w@erBosarl i n the absence of a_catal yst, but tPEI/US2008/062147

reaction rate can be inproveél3by performng the

oxidation in the presence of a catalyst, such as a
[0044hat e¥uigbleudsinditivhe [feit @m@m@ﬁ&ﬂlonnnwhda:h teroparitgenframeabout 60°C to

about f2|9§ﬁ(‘51,ts|1118 (Eﬁe gr(é%lo%bdo:]ils é‘e(?‘hoggbo é%(zo%]s and %%é%g}tﬂae ofsfreom aBmg[ 0 to about

1000 RBNganese, copper, iron and m xtur es t hereof (See U
S. Patent No. 4,013,725). A heterogeneous catal yst may
[0045be usddsic Bufftta’[g ageh‘eﬂney bg eddedus theatxadayioh scation to combine with acidic

described in No.. 5, 183, 945, wherein the
by-predigty {fet may é?f’“b%‘“?ﬁ dREYatigR; &&ﬁ@wpaﬁacwg?us phase may be
introdUBEH) W@[ﬁcaﬁlor[@;% 81550188 Gaél@ céinpsindSadi@Rtas NOdiumy &é%onq40: The per-pass

wherein the catal yst conprises an oxo (hydroxo)
convebanndgweﬂitetostdaanm slcpas pmrablyd@ppb@&ww@vum@)‘ya, yrugldd below about 30%,

one.ret al e, core bei.ng a.div

to mifiidh € Berighos PERRAHES ot BE b RBRuPSF R gr S Stle concontrated by
distillfrg,ofPe ublroactyh aﬂc‘?ﬁoeﬁkéﬂe%i@ﬁ td fhecR@¥ageangh. anot her net al

being a trivalent netal selected fromthe group
Hydropérokilei@lgawigel n, Fe, Mi, Ga, Al and m xtures thereof.

The entire disclosures of the U S. patents are
[0046] ncoTlFf(ﬂlmIl@d Hyémieroxbgp precﬂlmeé ng d],e ¢0@AB®h s@phiesubsequently cleaved to

o L SR SR PR AL T o
reactibiv RS icORRGhiddtlySearfiad @t nﬁﬁﬁé ifE&lch@ ola. ca 2&/ 08358 quid phase at a

and i ncorporated herein by reference, suc
tempemthlgedcvfoﬁrytpmmat QOHCd@ aholarﬁSﬁ&,l\BuwchSdizqurafohaﬂ #07i(dew, about 120°C, a

pressqrgtoﬁné % 1%{02?9 Cz#q%léﬁq ml%}]eas from about 100 to about 2860 kPa, and a
hquldtlf%hflfa\%Bitdér\%id\dltpgﬂHSW pasdaadd ikt 4 dropBisidofTRinh BbslR 0.1 to about 100

N- hydr oxyhi mi m droxytrimell'itim de,
suplhg&jﬁrm)abewzleﬁq@bogt 30 &y t}hedyﬂm,@rqqql@els preferably diluted in an organic

dy I i
solverﬁ UN;:rt go {1:1% re(e)l)\(IX I)eénc(z%loonh Selhcone % §xar&p » curpene, glclzealllr% % Sl/ etone to assist
in heﬁ irdrid ) Thé\lcléwfdg@xw’e[mbﬁ ligdietimes conducted in a catalytic dlstlllatlon unit, in
yridi ne-2, 3-di carboxi m de, Nhydroxysucci ni m de,
a reacpq_rﬁg)@ h@ggﬂ(@l&nggrrqlqgu[aﬁpg g)o,p or in'a multi-stage reaction system.

rox -5-nor born 3-di car boxi m

(0047}, oy lg%,en;tp]&yg 11&);@; 8 cgvage step can qae a homogenecous catalyst or a
heter H@ogg-cgmg,g@- 2, 3-di car boxi m de,
hydr oxy-ci s- cycl ohexane- 1, 2-di carboxi m de,

[0048N- hyslriak)e- BorBogeney @l alinrRNElchvage Batdydapkiciddesulfuric acid, perchloric
N- hydr oxynapht hal i m de sodi um salt or

acid, RhoRpHPBK ACHS. B@ﬁ@@h@&cs%ﬂl% B8R trodecneshigie agifler Feris @deride, boron
trlﬂu&ﬁgiusslﬁ r QAR il QM %oﬁlg%ﬁrla%lﬁ d&?e%ﬂgg h@&a@engB@secleavage catalysts.

intiator and can be use
The proderogEiveeneais zloasig aralysan sadfusopgadr t ed on a solid
carrier to provide a heterogeneous catal yst.[0044]
[0049Fui t&btablechﬂ'i@hog@@nss ftatalystanfen elsc))fail dlzet cloavdgaodfudencae hydroperoxide

inelude gL G40 R bR Y B R oo £ Bot, JRRe f sShrir gt g off90.565: @
Constedh@Uuhdék 142@5@1‘& sHeRQs BRI-5] @@é}@edl‘}n Qﬁ@ Patldhf NEr4,090,566; faujasite,

agent may be added to the oxidation reaction to
disclogeshin BR-Awt P80k pfqnate-functionalized mesoporous crystalline materials known as

M41S materials, e.g., MCM-41, disclosed in U. S. Patent No. 6,441,251; smectite clays,
described in U. S. Patent No. 4,870,217; ion exchange resins having sulfonic acid functionality or

heteropoly acids, such as 12-tungstophosphoric acid, on an inert support, such as silica, alumina,



by- products that may formduring the oxidation. In

addi tion, an aqueous phase may be introduced, which
\N@ammhammidlssolve basi ¢ conmpounds, such as soRETIS2008/062147

carbonate. The per-pass convé45|on in the oxidation

step is preferably kept bel ow about 50% usually bel ow
tltanlaaamﬁm Bowniat displopddnnzle. §hiatémirivat4, S8, 5. birdditionnispld acid catalysts

hydr. oper X|des be concentr
suta B RGNS Sh P F O s PRI SU SRR o o geral oxice
such & qafegezisdoaR, tddeticdpaElnXh dRide Fav@ger bYA4Obf TBR and manganese, as
cunene hydroperOX|de Eroduced in the oxidation step is

describegh gl ue ftatgnt Noe & 6% 216 ap Mesdias dhqss sABIPTISAE aa@é%ﬁ@de of cerium and
a Gro"i'lllpoﬁ% Vﬂlét@l V% e%lrgcﬂﬁiutﬁt Iagsrcrli)g@q 'I?nSblSQtreg{j % 291}'1@6 The entire
eavage réaction 1s conveniéntly carr out
disclopuire € nash dffth@atwat phigats i incobiperdtediudrein plyasterate.a
tenperature of from about 200C to about 1500C, such as
[0050f r onT lxbcmmend(h@drop@roatﬁ@wdealmct@nmaegsg ibe cofiductagdrm the presence of

the scB i Sani ABAIOSa A G- 11 P Wb ) LS aBEORI e Pt by reference.
Such & lcbi@Mkt bare e@réntoliﬁiemfcﬁ' GR|IHON Bl e, fuchmk 2hesitia Or 11tain@a modified

about 100 1, such as fromabout 1 to about 50 hr
with meomellpep@rr oxidgeof ¢ prrefrerdB ynaill yeey auSnararprgam@f chromium,
moly‘t?(fghlyrﬁrgr tﬁr%%{etn {rgat&g S}I] %%11%1%\!1391? of ﬁl%cotvgu?éWSpe&%g chx‘i Q%m}ae%t%lre of at least

or ace

about 400, epJuch it lchRABAGH008@ Lok 0RarhiSlc FRAME LI T0GWN dsEcRE 750°C. The
ina catalytic distillation unit, in a reactor and

modifration ek @Waég@lp IMB vgtehoxisi widofhe axyanian of thi Groupt Kk metal imparts

acid ﬂlf&%%ﬁl%n 3 %%trﬁweriélo %Z]c t-g[] &t &AL aqioy St %TF rr?e%feﬁ%efe@tea %%rn Groups 1B,
C eavag¥ Step can be a ﬁoﬁb eneous cat

VIIB, e t\arageinerstiodial iy, stich &ﬁ&ﬁﬁ}naﬁgaﬁea@hﬁi/mganeous
cunene cl eavage catal ysts include sulfuric acid,
PhengéA@idrer Piodaction phosphoric acid, hydrochloric acid
and t ol uenesul fonic acid. Ferric chloride, boron
[0051] r | flphml¢ad/@ge gidumane dnwdmpdr@xai@d)r@ducvﬁwn trmm@e( ptekammeanprising phenol,
acetonaeI somee% eCttIel\r/ ) g l’fgnecg gga E1 Stu% Trhreom the upstream
prePerréd %oﬁng%neous Peava tgp 5 8 %u uric p

oxida@i®i dnd cRAdPe stepist ahﬂ@tlbﬁdl@/r ﬂ)@&iﬁ)ﬁﬁigén@%@ dsdlgzckiadlcdi@ge of cumene
in the cleavage of cunene Iy%/dro per oxi de i nclude solid
hydrogerogidgathay yis¢an sprtpingst saelyiie somenyatioq ef pejdefhenel ignd acctone are

o 8 50, 3 By LR TERO Mg ot

wastedsted90, &atpridisg) jwasdr] anreda)\&u:é(bphxdloil nuiBeofkedd28@0ne and other reaction

byproalg%tf%gﬁlgtsgva%%la%gl | 22 F3}%{5t:‘oel'lsstré:glélyf%q%{gll\ﬂl_hggol/acetone production

| 1; smectite
procefy 2%% ?%s‘gﬁtigééﬁlnﬁﬂ%ggps &Qtaélgt(%o 70,517 1 on

BPA B¥sdirGige resins having sulfonic acid functlonallty or
het er opol y aci ds, such as 12-tungstophosphoric acid,
[0052pn &fhd neoductupporiic dexvhg@sresétionC atepalavem sepatatddansamveniently by

fracthtlgg/ggrlgggrsgp%%? tplhgtlf.éfalnglgarqu@lngcslgaarg%t ﬁ{;ﬁ@t@nw and at least part of the
acetone can then be used for production of the desired BPA.

[0053] In general, BPA is produced in accordance with the above steps (b) through (¢) or (5)
through (8), by reacting acetone with a stoichiometric excess of phenol in the presence of an
acidic catalyst, possibly in the presence of a cocatalyst or promoter, such as a thiol compound,
either homogeneously fed or heterogencously bound to an acidic catalyst, to form a reaction

product stream comprising crude BPA product, unreacted phenol, possibly unreacted acetone,



suitable for use in the cleavage step include those
conprising a sulfated transition netal oxide, such as
W@ oBas®ds zi rconi a, together with an oxi de of PECDHOSN8/062147
oxi des of iron and manganese;” as described in U S
Patent No. 6,169, 216, as wel| as those conprising a
possility xetdlysk icdeatdfstaermirampigndvateioeqmdEnBtipmt aald, othergeaction byproducts;

© SR APBERALEE B SEREP gt o v
streanh B6@PASIHALSProdastel ftedftomethe cefiddsatl OO hehblearlaR e in step (b), a
_hydroper oxi de cl eavage reaction can al so_be conducted
portiopnok werepgted herolopossidy gBrqagted cicgtongt RSPy gpsaiplysleer promoter or
derivdtid ythe?eof Ff?é?é} nt N st?p % g’ag&%’thelr NEQ%BA rb@%ﬁﬂi r ?ﬁc{] abs\écond stream
reference. SUCh a catalyst conpri ses an xi de of a
havinga @optidnwid uretated gheadl, ahilzisenting dowiistichinatniasBP Agarific&tbn step, the
..With an oxyani.on or oxide of G oup VI.B netal, such .
purifigatiog Usgh CoIATEHI® PG RF GRATS 10 1 9rAY CeRRt h ) sk efeps, the resulting
concchfr§i@d ‘Bi’ﬁp?h&ﬁllieif@&f ét%npéorfsﬂﬁng)é.bs@ﬁtieﬁg)e&ﬁ fi%endt iPwhich the BPA and
tenperature of at |east about 2000C, such as at | east
byproddsithag®dB€n famcersraderh| @) f producaim puri7iod 08P A oby lwystallization of the

concefReiH BRA TR Biid oFmar eriblin: Ve retiiie Brphiertiffifagon s by any
suitabl Reah® niﬁl:liuﬁiﬁgt Qf tdgsﬁreﬂ,atvﬁ?éﬁﬂatioﬂ- R sabRbaNs %Plﬁﬁi&aﬂ)bﬁ Qr mixture of

contain a netal selected from Goups IB, VITB, or VIII

hydroggrbette cadriningi Gomablte 6 eabonsas-g.r pmtangafassesietiagn dhiopurified BPA
0 . engl et one Producti 051 he av .
erystel S AL O S SR SR o 8 Y Sl G fR0R or fitraron,

and waGAg issMmBdn PAE P ImulapRt@pRs wWith®Reish Wak#h ,which may include at least a
_al pha-net hyl styrene (AMS) and other inpurities from
portioprd the seqomd rifresn it Tobailizad) uarcagiga gdcrqlgpeovered from step (c), or spent

wash O0FbfHeP Hgﬁcﬁrﬁr&ﬁ Euﬁﬁgééﬁ%gx? E}.ﬁrgtla{ﬁiz}{ti&ﬁtsglliéf-ﬁgﬁd%lsgﬁyﬁgle Iatgtg ?}vgsh steps, to

cunene r oper oxl strearh cont al ns cat a
produco fimehtvagited dBP Afphanel caddRbre imhl sprdt aeesh ané farak mother liquor; and (f1)

separated and recovered fromt hi stream t hrough. a
recov Hf% phengf japeh NosBRiEsacele FP%Itg% mto%i{fe@smast%é%eby the steps of (1)

tri r AR LFLNGoMBEBs FHM BEOMRE §lcMReN9 contacting the stripped first
Snpp%%re overedsacetoﬁg&gndsother reacti%n G?ngﬁS%%%% © SHIpPeC TS

streanT friom stegs (18 veithr saminssctbhehydrd @rlencet amacneprsinrged edst om of cumene,

penc, RAEHRL3E 5,05, MESVEHL RO CEES e BASBBRL MRS AR o s

from $t8OPBlwiliNg pBFRAWT! B Sucbiewalte aNade foBAGED OF), SIn@RtiAL She combined
separated, conveniently by fractionation, into

streang epdly &b anpmiegible Ryfocaclanoplecast cempssing e lpdrérolc efneumgne, phenol,

e rt h C e u f - -
scctonss 23 PR By B B ENRIGo R G e gt in e i
streanh Srqdi QEHC €0 b tHRC Conbiadd trdhrh hintd éhaabamiscille s dfdeirbon stream; (3)

through (e) or (5) through (8), by reacting acetone
separafjnghthg siRicd Higheir¢ane @xBe COMPANGThEram. a5 ahadqyspes feasn from the

irnrnis%fbl@rhydrocarbon stream; and (4) further recovering substantially all the phenol and
acetone from the aqueous stream from step (3) by extraction, distillation, absorption, or a
combination thereof, to produce an aqueous stream substantially free of phenol; or (f2)
recovering phenol and possibly acetone from the aqueous waste stream from step (a) and the first
stream from step (c) by the steps of (1) stripping any volatile sulfur compounds from the first
stream from step (c); (2) combining the waste streams from steps (1) and (a) to form a combined
waste stream; and (3) recovering substantially all the phenol and acetone from the combined

waste stream from step (2) by extraction, distillation, absorption, or a combination thereof, to



acidic catalyst, possibly in the presence of a
cocatal yst or pronoter, such as a thiol conpound,
weriokas09omogeneousl y fed or het erogeneously bRCHTS1008/062147
an acidic catalyst, to form Yreaction product stream
conpri sing crude BPA product, unreacted phenol,
produpe g8 idghgousratisamt etistantedllyntce o8 pheslo), @k &) yrseqvering and recycling the
cocatal yst .or pronoter er of.-.caon atjon, and
recov 5, b bl o RGP abnel B Blep et EBMTRTIE NP dp Rt o) mhe firs
streaniTf btef ((@0bokB Eis HigReifdromtel vaducitreaty fam the BPAShR@utn step or more
. to distill off a first stream conprising byproduct
simply,ghe BRA preccie wasa déisamt iHower phtoladn ¢irgaay 6paprising water and
b fAl I [
phenc] YBF CoPhomInOBEAL PRCE SHBF JREEE) BRTER conRREt Bl th fist steam of
step (chao iforat the B3P A pecesfwaste wateserbmi n step (b), and ot her
reacti on byproducts, and a second stream having a
[0054por t Thentenh “taepeangedbgiuindly allvthé peerobam wgtaiovirmn stecam(s)” as used

i B B B S SREP e R AL L9 ShER g 7 b v

ofthe‘fﬁ@%ﬂol%‘h@ B5%, 60, 68&UT09:NT5% 08P NE 08t B, BIRA SPOBN Alight of the acetone
eed stream consisting essentially of phenol in which

in thetipeonBpsigran(by gihe duret qnesrs speen seoviawiglly dice @f phenol” as used herein
i rjf [ ' f
mean Dl U 18R ol B B! Sk Bl iosR et oy proforably fess
than S ep@wc edlimoref prefdrdtty degysthad 110 z@nhonNThs tdivh adupstantially immiscible
sui t abl e neans, i ncl udi ng. I.f desired, vaporization of
hydroggban i ahasady i eiB e 1B Treetien Pk hydropsrhen P&seyng the aqueous phase
i Qi f : : )i %
ofer G RO oh S AN icinumig RSBEDSfeg Rl s than 10%
1%, os 011P/&by ivgightioSthp artatduoet hysluedarlas), sticam. exanpl e, by
centrifugation or filtration, and washing same in one
[0055br nrdvs ditpiled beraige 8BPA tshpradwesd bysthe ecandemtsiien reagtion of excess phenol

o include at | east acportion of thg second stream of S
with {BontiF, 9k priibec, Bt B bhERuP e cSuBRIGTHp Bt SPEYRE agacton incluce

inorgfic APIELL sWBSEs QUIfuIRt hed dnd i@iodenOrR1SHES emidetitionic exchange resins,
_crystallization, solid-liquid separation, and wash
optiongilyegethes Wit @urasatrlyishpr pepspeier, BroAudiRg Adhioh garseter such as an alkyl
i nal At - ANaS fi e i 3
morcaplf5, AR E° Gy’ S0 Borfe A oinclad Ry Bftpcebiah, (ESHD. ethyt
mercaptanear,2-bisehethylfiap)pbypanbe @MPB),of an(dl) nek¢apppbarbgxaliy acid, e.g.,
vol atile su] fur conmpounds . fromthe first strea

- (2) .
merCapIRT RIPT A Ih e AS TR PSP ABRIfSS Fhﬁneogké@tﬁ%% réaction may be
condu}é‘[etdhinaﬂle' ﬂg%e%% Rireadaydr &ﬁiitleﬁnc HEHS ggdgﬁétbﬁb&gldafesins, including

east one cunene, pneno acetone,
resinsalopivaiipebohyd g6 yquamendraAMBhine ogroaps epnteimethi ini mgraapwalkylpyridines, or

stri.pped first. stream fyom st 1) with a .portio f :
mercspipl BT "olefel SPTlleRmedin SrisitepetndiGuPaUkFY Fom hydrolysis
of 2,2GRMBIYREIoSSII@&M Wi t h an i mmi sci bl e hydrocarbon stream

conprising at | east one of cunmene, phenol, acetone,

[0056fnd Mbhgenaedl gy thstay ideci@al { ANVEY) ste® (4)d€ ealedstedfrpor the @Poudf consisting of
the phenol in the stripped first streamfromstep (1
homoggnepps ctahypis nbicrogsneary caelyssmad; sambinationg thgrerfo c By Bpmogencous

acid cafalysfl n%él@t%ﬁﬁBﬁrtﬁE 'g@&g Bhsitihd Bp%r%eitﬁcc‘taciﬁg.r §88meRFogencous acid
the conpl ned stream- as an aqueous stream romthe
catalysinivisslectbd érohyitic geauphmnsistingaimn archapdd rdsinst e inorganic acid catalyst
may ‘tr)ee 9Xr%rc]lzﬂggc Sa%? ,ts%ﬂtull‘ig Ialc%/d gll‘ Ia ct:or}nebigepueorr]lolche?e% . The heterogeneous acid
catalyst may include an ion exchange resin made from sulfonated polymerized styrene monomer

which has been cross linked with from about 1% to about 8% divinylbenzene (resin). Specific

examples of suitable sulfonated resins are Amberlyst® 31, Lewatit® K-1221, Purolite® CT-124,



acetone fromthe aqueous streamfromstep (3) by
extraction, distillation, absorption, or a conbination
w0 b@sayfo48 t 0 produce an aqueous stream subst anPCEHIUB2008/062147
free of phenol; or (f2) recoyérlng phenol and possibly
acet one fromthe aqueous waste streamfrom step (a)
Tulsicarfel 3BhB dnidrRowex® eigWX‘ﬂ onhhst qudymer) mgy cohtins e gsmofer Catplyst that is

o Str an Ifur unds fron1the fi

cither oI TSl BL) bR’ KT aRnTRRG BT R s cnampte

mercafpf&myqsdr@ms (Alﬁer@lﬂl@el@g’:l)n h@bcf&ﬂ@r@n@t@ﬂbat@@ﬁt smstag for example, methyl
strea and (3) recoverlqﬂbsubstant|ally al | the

mercapadMEShY clybwHartansm 2 FbistaebyHueDnvapae (SN ERhnay glsp be fed to
the reg‘ét@tpcoglga)imﬁ% % 280 o%@neo% gI‘ hdtbdbbRBus Q'cgél%t%tr'c8ﬂlb1n%{101?thereof

onmbinati o t opr oduce af aqueous” st
[0057pU bSSLﬁﬁBlea&dddlthﬁ efoP fihd E@Msatﬁ)ﬂdof( ﬂﬁenﬁ? GRME ﬁéertkgleaf@)d roduce BPA
recycling the recovered phenol and/or acetone prod uc?
includsfansaeetonefphpnarmélap yatltoansth@ pangea)f feond/about( B30 Thebduitrlsl, preferably

tr f st th .
from F LR ootHorhEMERASHRR bt BybErThGre EAsPyut 45C to abou
1 50°(BBPef@rfaBl§zef$c$m \WB&tE5 0 116 abdut HOBRY,&ihd aGL 18Kt oSl @%ﬁder@my (WHSV)
npri sing water and phenol derived fromthe

of from q_b@g‘g@ 2§q) apant (SQ)hrt aretsyabisafiomeabeph® b e abait £A he’ he The BPA can then
be sepfah{tg‘& fr3 tﬁgggn%[eﬁ%glgff p%%d)uc £ Je?a,ﬂgh %Q&,GBE %9%%%%?11%’%{%856

er stream ern1 recoverl

[0058}3 u bsf M?ﬁé Kt¥eath k ﬁle HEQ %ocﬁ@@oﬁ"‘gt @p ?nef doMBined waste stream from

as USE herei n ans recovering at | east
the BBA%ro&@iﬁpnG}Ekb and08ny Ptsspl/ 8R9Gne 8fktre @0 Yroasss 5151%i§o§/ubjected to phenol

recovifGiicergiie BAToBGS Y ACYHT PoCTHA L it oFigvE Ranol rom the waste
streanh BEGEBTBP Sloti8@tnStep Jfrb%n{b%{e@ Wﬁ%&ﬁﬁs $ilo@Phenol/acetone process and
substantially free of phenol" as used herein neans
the BM avtfoqesﬁetoaqq@t@@@ fatat equpohaiyasic phiedno Isultﬁbiﬁcf@n tlisghdrge toof biotreatment
ess,.t h

fac111t%or dlrelg ?lg? ab$eo Pq te ey rvﬁrggrql%gtl ﬁ,‘ell\rlg’r%#z]eda ]?h a1 P mcbvere(f1 in sufficient

purity ﬁﬂ&%&@é‘ td ek |p]ﬂeﬂdmt@56h@u@t1’6¥tﬁ @M&EM@ arfiortB€BPRAESBd Wt tion step.
nmeans the fraction of hydrocarbon present in the

[0059hque"ﬂlﬁswpd1la&€ateafft®m adsitA poddengsters (B uspar icserogencous acid catalyst (for
t‘\ f;:rb(?n MW t.h the incom ng. waste streans i S |ess

CXamplRaty 3?6% gejglicgpn GX%&lﬁ?rﬁ‘\ﬁ@ﬁgﬁtaﬂ&ﬂu?%’é SRR GaReRe from about 5 to

about BOAKLCAr BIRMoB WithaiMcel ABamls 68 188t A3nbRELIE KRt h@&t%c!u%ons such as
produced by the condensation reaction of excess phenol

acctoni bl aghaonk dnd trive pnewdnoé heghcarmeledwarcaeimhy diydrocarbons such as

) Suj t.a Ie st o] reaction includ |nor a

isoprapghyi el ARG SRRy ot Py HERG h SR en s BeCstripped to

remo@%létﬁé ERirCoMpetiaiRghcli@ab 08-fe®plohial Lijedtingel é&ﬁeﬂﬂaﬁ@n of phenol
a cocatal yst or pronoter, including a thiol pronoter

and aegiens, élselladuera{aréws wad calheaeompnds PYRlveh Goexiamsxekangs resin catalyst

e |n t
with PJn?JEHBt %c?]u nd Ero %}%y Pﬁ%@@gr%gg%e (?%P@IHX %anpounds include
hydroget aafitl€ @rwﬂlgd xn/drcaptealg ttly] ®e@aptafieandalrheihy g dicthel satfidd,

As further non-limting exanples, the condensation
[0060t eacini ofirsrambbéincondfidicquesent diseloprestbn wﬁoprwiddtiﬁm waste stream is
first SPl’lpp tg rrgmgxgenegllatslf ns%lf%% ggr?l%)oelindg%%gqhernegolnqgcte pre eralbgfgﬁrst with an
aqueous solution from the phenol/acetone production process containing from about 1 to about
25 wt.% of an alkali metal salt, for example, sodium sulfate, and then with the crude product
stream from the hydroperoxide cleavage process containing sufficient cumene such that the ratio
of phenol to cumene in the resulting immiscible hydrocarbon phase is not greater than about 4:1,

and preferably form about 2.5:1 to about 3.5:1. Hydrocarbons in the BPA process step waste



resins ionically-bound to quaternary am ne groups
contai ned i n nercaptoal kyl pyri di nes, or
worerosapeml Kyl am nes, the latter nost often bePEyUS2008/062147
2- mer capt oet hyl am ne derived1$ron1hydrolysis of 2,2
di met hyl t hi ozol i di ne. [0056] More generally, the acid
streang atcathye largdy extragicd ato jag imeiiswble dyfirosaiboh @hggeothpt separates from the

congi st of ho neous. cat al ysts, . het er eqQ
saqueos My S, iamis Y RATPoHST B bt o lig phenoliacetone
fracti@fation aalidlwitke iaSseies @Ftdslilfatiom stdpe @fc@tipel¢ cyaFéuatei ftgcecOhydrocarbon
i norgani ¢ acids. The heterogeneous acid catalyst is
compelds cxx&racted drane e GPduprasesster ivrgicostrdaph fiege Hignpfienol and acetone
oo G553, TR QOEGROL G REU SELRL MITRY 0 o e, ol v
phenol barcesfin thihghehelt residgesteans aci d catal yst may i ncl ude
an ion exchange resin nmade from sul fonated pol yneri zed
[0061§t yr&hécasto agretiomiel che hiemiithee aquepos phhdenkedaininghurfextragted phenol,

phenazeg glﬁ% Péﬁé‘% E}%@&{%&é@&%@%@hﬁﬁ%%@éﬁéf&% ;aﬁlge%,hggﬁetalggaﬁgiig %rgnsferred to a

separDREdeyss fdrrbmddal dEitredifhial pledd2dnd RrOarb&sl from the phenol waste
CT-124, Tul sion(r) 3845, and Dowex(r) 50WK4. The

streanp ol hevaethed yorcsmoailpfahpphamet and atherdiygsrcarbeas friom thp matar phase may
Lo cal r n n e._pol '

be ong udg ha%gstﬁlx?‘tgerr Og)%%{ll;%r%)vl% e[?tlo%/r%s?égsa%fglg%g% &% rrﬁr%gl_n% MWistd Wate? from a phenol

procchl BaBEdad Hy@nyposiion wilkomoak RydroPdrexide slichl 4S butsiit hindited to, extraction

.. for exanple, methyl nmercaptan (MESH), ethyl nercaPtan
with gp immisEble( ypYR BFOHPRISr SisdkadiopBIT PIdsprRon | Wish pstiyigd carbon or
r .
b S ERELES EARITA O EnhHEASHS peyons v e
recov&uai tiad e yclod diithiroths phomoltpneceso ntlengetifiormahopfemedovery and recycle

with acetone to produce BPA jng¢clude an acetone/ phenol, ..
of et e§ FTE bR e am@ﬁ poFAmayef Empo3et 4n s gmbodiment, no
separaké BacilRY & RGAREY tof 18R BR 0! HodDiHe BED QMkte Mdter @ream which improves
reaction tenperature in the range of from about 400C
the econoratsmificigsyaC,thpBBAgradicyiof pmeestbout 500C t o about
1000C, and a wei ght _hourly space velocity (WHSV) of
[0062}  oriRefpwing more specalicslly wother drewingsefagwp| Iy showmaaphenol recovery
o] r T t
embodhnibnt B BMcsrkt dllobare; Fhe WA BARGEth REERAA RS, for cxample
step (Byorqiecy siadinkilziatfedto. a §tPHBY cdluennvz(s tvierstvotzaite Sulfumcblm@ounds may be

separeE@F;Q a B O%g&%%%{h%&}]e[p% g)ré?ptegsﬁgg]g Zéc,si %ﬁg}] \é\%?l%%ef.gh%as@igge%néPA process
waste UWRRhFC ATy RAQL RS SWRR drS a%@ Gh&fn A %Hﬁtgﬂiling QAN Ghtal salt from

according to the present oved process disclosure
recirctlatio® powvp 28 h€polondlhyo thet diepwa SBRA pracessrvatr mhe bB8RAred in a surge tank
roductiongﬁhgg or conbi ned waste streans froma

befor ﬁ§H8P$g8Q BIQEEEE K] ¢ he BPA process to produce
[0063§ f ! l co L{SGOOJ{J?;» \é&?ﬁt sl(?rtegltnrﬁiig]. 2t t@géng%{%%rg éig{nt%g B?%&gﬁl d Rydrocarbon

bi ot reat men aci y or direc
strean@ AV tarapuiging thel beide irodied sphen ofrorh ScléBagy &f &limicAe hydroperoxide and
sufficient purityéfor recycle to the phenol /acetone

sufficignk tquaehs prush edst dhegatipddforhend BPAURERIUBt thenrastlsigg immiscible
hydrotégrgér? Llﬁégg s WB1SECarlBh &Y alg&ﬂm la?ﬁf) @efbﬁ%ﬁ? not @Jegt@r {:Sh about 3.5:1. The

usi ng heterogenheous acid catalys
purpose of the contacting device is to enhance the mass transfer of phenol from the aqueous

phase into the hydrocarbon phase. The mixed phases are fed to a settling vessel 22 via line 5, or
alternatively to a decanting centrifuge, to separate the two liquid phases. The separated
hydrocarbon phase is transferred via line 6 to a downstream process to separate phenol, acetone

and reaction byproducts. A portion of the separated aqueous phase is recirculated via line 7 by



exanpl e, sulfonated acidic ion exchange resins) is an
aqueous stream containing fromabout 5 to about 30 wt.
wQORphasOU8 Wit h trace anmounts of | ower nol ecul aPCIEB2HNS/062147
hydr ocar bons such as acetone I%nd nethanol, and trace
anmounts of hi gher nol ecul ar wei ght hydrocarbons such
pumpgs tp swiprvofety Ingsinang ktrigned BPQ wEBAWatgh @trwvmlme@g Process waste

waterz Lﬂn? ‘bhlg pzl t L gﬁlem Prﬁg%(s& &I‘teelgg O_#’ cgieg? o%etaglr nglqI atg tﬁ fecover valued
hydrot418o:0 rrde lpﬂadsﬂ 88 s@farpbEifleoanphaac af BRe7 id fRitlolled by the addition of a
derivatives, and sul fur conpounds evol ved from
base stigpmenehan e sxa@pls, sagiun paenajg, tvh hinsnd emby yddiéuref anricist such as, for
0 I n
camE IR 35 TS (e i e TR e
line 7m]xcaptaamunan@f eHsoet. gylsodmnﬂple:ﬁlht)el st lfd alkled [tﬁGé@ivei the converted

first enbodj t of t e di scl osure, the
phenog SRR IR Rees Rt PhRaiol ol ggqov By Chlbrncadhen t g the pH of the
aqueo¥® k@éa’rﬁ ﬁl 15! 7 YMe§ %HﬂOP ije?el%ﬂg e Qb&R Bl§eb&Hh6. However, the aqueous
preferably first wth n aqueous sol ution tfromthe
streanp mexyo hhec et geeapzrr oﬁiaua; t7 on np.[tmilestmm ofitcagain gr flnongamc acids in the
about 1 to.a ou % 0 n al kal i | salt, for
nycrof B B Sy TR, I AT o (0 PH THE® &7 LS stéim in tine 7 s
contrdMe@dfiehn 3t oeBuk rR Mgty dr@Re/R des ¢b ed¥ag8. PIteCRASce phenate
cont ai ni ng sufficient cumene such that the ratio of
concephietingl inttlee sitgdeme in the resulting inmiscible

hydr ocar bon phase is not greater than about 4:1, and
[0064br ef'@}%wlmw ROEBR @f the scparated agpepps phass i removed via line 11 and fed

to a dHEQ nbﬁtlBH T RGSS &t AR SIBRLORAMARES waste water.
i Bop  RrBeg BRI

t hen extracte ninms rocar bon
The dphvastecatrh dtplﬁteqﬂatlm pmctssormbhes ﬁlqumexmaqndwhls@norl’hl&i phenate present in

i mm sci bl dro arbon phase y. fed t
that S{rﬁaem’pWQFF&ﬁYQ% 8utf 8&0’1%' %’H&{ o‘ﬁt t Paf‘ﬁﬁ‘ij%ﬁ 8th§r éj@SYe water streams

gener@cgd i aitd dHeabl &@to%E SR FRLIIHRS oA ERAAAL L rdnfAGiRg in the water phase
hydrocarbon co unds extracted fromthe BPA process

after pasepgwhstughsthe nrstrcﬁm tdaehqmmgn pxn@bsaa@tleme pr ebleigt 100 ppm by

weiet] ol ErorsBl LT EL s BTG Pl ety BERUAe 88 to reduce
its tothN@-gphieN edntéR T b@tﬂaﬁﬁﬁg Rl siNpplRa&iuran BE kA 1a@8brption unit to

of the resultln%Vaqueous phase contai ni ng unextracted
remoyshehdile onghdiatca hydiegarderer unextracted hydrocar bons,
as well as

aIkaI| alt, is transferred to a
100658 & palnat %@CB?@ e@8adimspt Pgﬁsﬁéﬁc Qshrc s BRATRIREESS PR ste water stream
from, %&d?ga}iﬁkﬁé) SRLRBNST (Ifc5 %%ttﬁkeplﬂblﬂﬁp&locmgéag%eﬁ;éét@%ea;{f@om, for example,

dfor ennva ‘of the pheno
step (Hy dr é@arteomenliin@innthe svegle aqupivas etraey dostaomeg phermhyfrom about 1 to

about ST, Rl A RY FPo0uC) BuGR 4 VackoRotry iR of fecdsiock

compSHETRN@nd YA RRETQX 'ﬁ@ﬁl Yeah tRS . BIPAIt pfaetss! hill 4BE pfienol process. The
extraction with an imm scible solvent, azeotropic

embodjient miap dncdyde sémpm@g drlpast e potiontof dlet BPAtnsekcsnwhyn Water strcam from
ric adsorb Qo & conblnatlo t.here
step (82 @ dto rhernovle &ﬂ?}yl(]:ilrlgc%lor OOrliléldSa Lot fo, hts rcgcg\l/neapgra w1th the phenol
proce§se st Witdt\ll strigarh, Wh@e@lﬂ@é’a@i a PoARASS. thd RemsRACdlitile sulfur cornpounds
nmet hod for recovery and recycle
are recycled to the BPA process step. In such case, steam, nitrogen or other gas stream can be
employed to remove volatile sulfur compounds such as mercaptans or sulfides from BPA process

water stream.

[0066] The combined waste water stream is then fed to a single process for the purification of

the waste water stream by removal of phenol and other hydrocarbons and for the recovery of the



of the renoved phenol depends on the nmethod of renvoval
enpl oyed. In this enbodinent, no separate facility is
WO e@paitewd8 t o recover phenol fromthe BPA wast ePGEUS2008/062147

stream whi ch i nproves the ecthhoni ¢ efficiency of the

BPA production process. [0062] Referring nore
remosgedicfiolgal] qthqrdlyﬂmaﬂhoaw ﬂgspm@sg inr@ullf@hMO%thp hreastsl water stream
may tbere?(;tge\e/(gtr X%yt %mg\%rso mgﬁo%s FHCP ra%ﬁ] Et? %ort 12?%}3 uregtr%c-{lgn \gl)it)h an organic
solver] aAe6ropit distillAgonl o addoestidnOwih aétiviapall d&ﬂocﬁﬂlrtﬁﬂyrﬂ&lc adsorbents, or a

where vol atile sul fur compounds may be separated and
Combﬂ@ﬁ?%ﬂﬁﬁmfo t he BPA process step (5) or (b) via line

[0067ﬁ.I l’g (g%egaaf 8 Egglfezlgmve\ga‘\tfeg’%%%ng)g rgﬁ?glt Iéﬁs%téqaictlon of phenol and

other WRfu@ble Ifocfaf‘tfom) R FIRUEREHIR RUSR ader SRLHORBEhS Y witBCimmiscible
stripped BPA process water may be stored in a surge

solventanRhdnef orust preférentrallyedistmbtite mtoetlaqmgouglbbt sadeant. Useful extraction

006 The conbj he ueous stream 3B .is fed to a
solverso Aichider R e0pared B eieas G Arwofre BF sisfps and alpha methyl
styren@OAVISS, BfleisNGudl Wslan@hPduet big{T et fVIMBE) eayadaert@inyl cther and

cunene hydroperOX|de and sufficient cunmene such that
diisoprony! cther.ocegmephwnb jas mestie retné ketone nad m@sﬂwl tisapgtyl ketone and acetate

e T S5 BSOS B FG tn sbo
[0068PUT PRSEn Of, Itrﬁ'l% gﬁ&@hﬁﬁtc’uﬁ?lygﬁn\f@eﬁ@raw oF BheNGRwsNEpreferred process

mass rans er phenol e aqueousS phase into
for thishecdngdmumdihen. Podaee silfie cnhmeuin(tsrvas ssnaved ffoadthed3RA process step
rnatlve

wastegwga&%#itrg%r&vess oY ?)ﬁl&g}l@a ls%pggb%rr gla 12\,% qstrzm{tag colurnn 120 before

mixinp RA8LEhe pﬁ@ﬁolﬁﬁ@&@@%ﬁ’te RyA§0%RERAN 1RBAISyih $ink BANSMRIbBMined waste
via line to a downstream process to separate phenol,

water gt @t@nalrhﬂ be gtoeed n EWS? tahlict2d . beforgdeeding tmfhetdxéractlon process via
line 3§e’fﬁé ""3 el%nfxgueotlé'%va Al fHe 35 £S5 ﬁ]feral’t)lysf :aq%\é da “1%115 Aor\lNgolen 130 where

at leddBta€porsibh €M acdtMtelﬁPemcRre@ceaeshmsm wad 85Bf aadnrtdiRled to the
phenol / acet one process ste g may be added to stream 7
phenol/pectpnen gragegsotar SErdiee rougidy ae rmﬁoéa@qsvm Thpestispmofn line 35B is

prefert'éﬁlg 1ﬁt?c?fﬁ{c§& ?odthfa,%ggtgﬁ'es erH?o%Stl&{“trLlh%‘?teF ale on%%g rbgé:ri ?e%algﬁled from the

ase stream such
crude $9diaganbphatraire demwai frometh@ aoid dhgava@hlloﬁ ¢1mmemfhydropamxmkie and before
such as, for exanp acid, via line 10

the seppatcd PRt PaEAsY uﬁ%ﬁrgqeé by p%fécagleﬁ afhst ‘a&togm%r&a@ from column 130
in hn@h@ﬁean'drhﬂdt@ @xt?act %0%3%‘}1‘% $hExtRREEN cSlufhn lﬁpgﬂe%‘mbmed in a

phenate, nay be added to recover the converted phenol
contacvtmgoielvtw 182 plasignaldto loptlarme dhdmassphas £ oPhleamol tor the or@lny: phase. The

. enhanced t he of th ueou stream
mixed, R G ISR HENES © BreRibO el ) EHPER Tt i & separate the
immidoMIe YRAscs.t TRe ALy ?hﬁsts i€ 3BsBREnNAVE Pl IGEPt Brthé b@facfion column
if neutralization of organic or ihorganic acids in the

124 mtylcﬁrrd@@hbmf tbw@mﬂ ptagdsi ta gurthar geddlé@ theadhenoelrrogepsitraios e The aqueous
phasetlg] ?n&e};d 1th a ugl us%c? as, me>|( n Ie ns% f171r1I 343 '[11% |4? in a contacting
oabu 3 pre eraBTy 75t 0" about
dev1c<815) tot @nfrelkle expdudstatal pH at from about 4 to about 7. Extractant solvent is fed to
the extraction column 124 via line 46 and is dispersed into the continuous aqueous phase in a
countercurrent flow pattern. The dispersed hydrocarbon phase coalesces in the settling section of
the extraction column 124. The dilute extract is then fed to the contacting device 122 as
described above via line 36A. The resulting raffinate from the extraction column 124 in line 38

has phenol content less than about 100 ppmw, preferably less than about 10 ppmw. The raffinate



concentration in the stream [0064] The remaining
portion of the separated agqueous phase is renoved via
WO 2008/14048and fed to a downstream dephenol at i onPET/U8M8%062147
enpl oyed for the phenol / acet dhe process waste water.
The downstream dephenol ati on process renoves the
pH is dirpex et O dd aptrto preaﬁwdblmfmmtagomﬁetgeihouﬁ 'h te heture eifiszmt removal of

phenoi%ﬁjglle cX Wérs%tforno abog%% egﬁ%ra?%th Al gttg%n ﬁe@i t{) ?estr?pnpqné E8hn 125 via line
38 wHiIERMJVRS 8610bIe dRIcaGRiBSd h &l@caﬁb@tﬁoﬂucﬁ apeemidtadt isoRent, to reduce total
rerml ning in the water Eﬂase af ter passi n%ﬁthrough t he
Or ganoRAHRAY HepHaHAfdhe 6 %ﬁb&t&‘@@ ms ned? N§eendapoiigatment, such as
n
o PR VELEDp B ELEAROIY) GALREY ARLAL: Toc 1wl
before dilscltaogeab the garitonmean The Biriph Oy drbyarpas sapogs frbmabightrigping column

stripping col r an adsorptiop unit tqQ renmpve .
125 @ohm?of T e Qngensecand H%PIBE%%@HE? a@meﬁfeefiﬁ@ngé&% the extraction
colunf@MPAdi VESHta @i gtdgﬁcgilﬁl osure, the BPA process step

waste water streamfrom for exanple, step (6) or (c),

[00692Nd ThEcAE e PEARESShA8 Floth WRLsEHtIcE I DBl FMind AT to a distillation
exanpl e, step (4) or (a), are conbined into a single

columaq o iirs Vdtigtedlrs eviRctioni selycphendlcxiraeied dydtacarbops Witholgwer normal
boilin OpoWi /g %1 ]?lrelﬁg hre%hﬁlatseﬁgilrr&ﬁ éfé%%?%o&gé)&éh&mi 0 T%%o%hggn%ed overhead

ace ano ornient's

vaporlefel fe@tvlavigg 41010 dn0ddouinbtdBRA7 pii Q@l&ﬁhsarlalﬁdnﬂshblephzﬁél@hase is formed
process. . The enbodi ment may i nclude stri p pi n% at | east
and vs&tb;si&wri Jif dRCtHe BPR PFEELSeNtRESt Walgkatdnbls thydseparhogpn such as, for

exam%‘l% e&e{oﬁl e&reto( Rorhid a'éf?lﬁ"gﬁﬁeacgtia@ctl%e Fﬁ';be 1$rjf‘5f RO TR Water phase is

iof 10 1tS conbination W nol process wast
recychedtvaea lmt rddamo \atmge gadt 1Reastd angloert panowfvid hee MéBDmeldsed to purge

vol atile.sulf ound recycled to th
undesH?lalE élglgurétfeépsuc s, (5% zee?orgfl% ﬁfffi anctie 8@1@ grac?ﬁh%?m the process.

The SQ@a?m%ﬁ [if&anBaf pﬁ@erﬁwlrgﬂt@&i td @ db%‘ﬁﬁ’&‘&rﬁ/ BloakhthRnd Fb!cfli{fl preferably in
onpounds such as rrercagmgns or sulfides from BPA

Combm@@ewghmdﬂu@ttrs@aamm %). The conbi ned waste water

treamis then fed to a single process for the
[0070bur |Thec%&nldéliiﬁeéthﬂfPéaKbQQﬂ’@a%meanesﬁ satacayted diopy Hie igimiscible water

phaseﬁﬁetﬁg lacaﬂxgulgtfﬁpq"z CFQ q?’{] rif]brg&g id QhurhB8 v !']aﬁﬁl‘?é/ 85 %o Qfle distillation

er enov eno rocarbons. e proce
colunfnorz6pasrneﬂu;c a[rheosrxtmﬁtldnh solvas heramatz@ed atn eapnraita)sldaedrm Q)roduct from

ny nunber_ of nethoeds. such as, but not mted tq,.
the digyiaab P BT A ia oG Aariie r%f@ivef@ﬁFxtr%i@atSP{yﬁmcmﬁme 4 then fed 10

a surg‘é'téﬁk' iiSaéﬂcf;ES oérP{) d AUINERK! B MM tARE Iy aFRdn %i‘{rﬁ’é%ﬁm%lv]ent is added

pol yneric ents, or a conbination thereof
to the Aurgre¢drdr F28dviarBnh bl tof mnintain solpdne moientoex avereded nbodi ment

s extraction of phenol and other val uable
[007Thy dr BecadigfdlHsion colwmm cwiiemisticadt Bnodt eentainingaikenol and extracted

nydrolFHOR, @i Rl hOFFl Sl oY S0hink ST en T lerhpal,  sbstantally
free oS ektraR¥bi 86lven The recovered phenol stream in line 48 is then fed to a phenol
fractionation train to separate the undesirable trace organic compounds, such as from the more
valuable hydrocarbons such as phenol, cumene and AMS. The recovered phenol stream in line
48 is introduced to the phenol fractionation train, preferably after acetone has been separated
from the crude hydrocarbon stream derived from the acid cleavage of cumene hydroperoxide,
and before phenol has been separated from hydrocarbons with higher normal boiling points than

phenol, such as, for example, cresols, acetophenone and AMS dimer. In this way, any extracted



solvents include, but are not limted to, cunene,
toluene, a m xture of cunene and al pha nethyl styrene
W@ 2008140948 her s, such as nethy| tert-butyl ethePCT/NEBBEY/ 062147
ethyl tert- anyl et her and dlz%opropyl et her, ketones,
such as nethyl ethyl ketone and nethyl |sobutyl
bisph¢reisoare scpanetcd fivrmthe regtvered, phenelrandspusgashiypmabe pecess along with the
etate acetate, and hexyl acetate. [0068]

abow%@g%ﬁmféfgpp?ﬁgsnore particularly to the drawings,
' f
[00725;%3%{?&”‘&%%Q0%F2tf@{ :sfngglﬁcﬁﬁff PH &R P drgé ctl&i' ?po‘?‘t‘?&{)n& the recovered

conpoun Are noved from
hydrotdrboBRAlipe 6BsBidsthe peavasitcd phaterstsbmeiantifer 4fmmafy dre introduced to the

.exanpl e, ste 6) or (c) viali 32.in a i ppi :
fractish Gt o T BrROr s lﬁ)ﬁnmaﬁa@ﬂ o f@ﬁ&ruq&ﬁw ekBr sirgam derived
from ¥RbEId FLHaaTO éhnllén@%yarozbe%lx?del dsfe 3dbihBE B REWEHS these streams is

waste water may optionally be stored in a surge tank
substangially désortbarf gedinags flowtdfethe rudechydyacapbarc stssny dariyddngom the acid

35. .The c ned ste water in line 35 is preferably
Ckmv%%éﬁfgnﬁp%ﬁ%é?ﬁq%gﬁ%n col um 130 where at |east a

ort t v a
[0073@ Tl%ge %ﬁég dgﬁégﬁ;é&g’{lﬁ the ﬁi&gﬁ ’ %ggf‘goﬁ% nger %Ee\éﬁ d[eh%’y the following
Exmnﬁhgiher purlfy t he recovered acetone. The streamin

line 35B is preferably introduced to the acetone
Expefimgotdl Getiti:on trai n after acetone has been separated

fromthe crude hydrocarbon stream derived fromthe

aBPd #derfieagewatc BigasAerh PEPaisd resardag ta M eoprasdioptgven in Table
1 separ ated acetone stream undergoes final purification.
" The bottons streamfrom colum 130 in |line 35A and

di | ut l t
120" o AU SR oot oA Fih 331h Bt i
t o eghafnia®d he mass transfer of phenol to the @rganic

PRAREm DAErifhiditd It BPRSERtANEtd Y 1 PhdhoP Qrdste Wlter
Ofwa [decanti ngwst(;;—)m Tt ruge {0 separ gue lne

Veétfe%%% yd [USCat T yydy o T UGS 39 SEPAT iy,

DGO NN )/ PR MO R e 1 7

pl uHai t y nkg-qgnpnr et | r‘al &‘f%pq to futther redfe the

pREFNOE oh ¥tk dt i on.  Thd4difaeous phase is ni xd8o wi th

a A tE 0 pacidiGuch as, for -exanple, sulfuric a®ld vi a

i Ne, &Y, i h ’e2apnt acti ng device 129 to|control2ove

extrggfor feed gH at fromp@baut 4 to about 7.400.0%

EXtractant solvent is 1ed to the extraction col umm 124

via line 46 and is dispersed into the continuous

qu h SE| C fl r h

[0074gI Sg@lrﬂgee %u A o%caeﬁb KHI%Q:; (H{sg]gtlaéglc 8@@% KB@]%]%) qeertttE %l rnethyl ether

(MTB®)csfl ACS Qfeagdﬂe g@xler @Chdten wadt Wwbtinkd4fronhh&lddich L@I&rmcal as extraction
extract is then fed to the contacting device 122 as

solvenfe s Arnired selpenf €onteiing phengl Acctame cyrasny ddrdphagmethylstyrene was also
f I ine 38 has phenol

lwaicgﬁ$%ﬁEﬁFﬁﬁ&Eaﬁ{ %RéH 1jﬁzlgi;?{l/&rbpreferably | ess than

about 10 ppmw. The raffnatepH is fromabout 5 to about

8, preferably fromabout 6 to about 7, to ensure

ef ficient renoval of phenol in the extraction colum

124. The raffinate is then fed to a stripping colum

125 via line 38 which renpves sol uble or entrained

hydr ocar bons such as extractant solvent, to reduce

t ot al

(Jk




organi ¢ carbon (TOC) content of the effluent streamin

line 39. Secondary treatnent, such as biotreatnent or
WQElogiev4adsor pti on, may be addi ti onal | y enpl oRErUs2908/062147

further reduce TOC | evel s befdre di scharge to the

envi ronnent. The stripped hydrocarbon vapors fromthe

strlpplng coIunn'ﬂﬂ@ﬁgkikphﬁewaﬁﬂ(@m@ﬂﬁuwdensed and

Corﬁ’ 'éﬂvéc fé]] lNo':é iqu"_ﬁi‘t‘fﬁctaﬁ " AL uéousU tte Extraction
on C 124 Vi a conta ice %gg 1 ¢
The concent ated extract t'[CEperature
1’)‘2|c ed vialine 4 1] tgad|< ?‘tmllnrn 1’)R
i1 which thg3es#tracN-BatybaAkstetet | and extﬁacted 30.0
hydrocafbons wi th | gikcnormal boiling points than

phrenol—are separated fromthe extracted phenot—The

condensed dver Read| Pigerdre fed via | fhe 4 1A to an300
accurmul at or 127 i n| WHice PEE)i nmi sci bl e wat er phase is

formed and w i hdrawme@ |ine 44 This gfream contai ngg
___wﬁmeLLeﬂ4#ﬁ£Lh¥dLm;ggmmeT_sueL4¥%_i4m;exaane,
at®t one déelﬁﬂ6 fJCuhmnacid ang aceticé6dcid. A 30.0
portion T Ndr.a Ter phase is recycled V|a
I?ze 447 lg Eﬁﬁﬁ% t qﬁ&ﬂ%ﬁamﬁnd anot her "Bortion Vi 45.0
Iine 44B |$nu§gd takgg&ggﬂvage3|rable |mpyr|t|es such450

oz ol

e P2 nel
I Ot CAAITHI O+ C—ac U, abcll C—attaant—ace

¥ MlXﬁd @%V@W@rm@@s\glth *h evt% pbepml,u P Wi freacatone,i 1S ot ef @umgpeyand 5 wt.%
t.0 .a domnstrea i ot reat nent fa
a-mefPihE;

piB O BRI A O™ SR RRE by PRt Vi v iprto s we
[0075# : EnggegBPko\QZs% WEIPeS f@éﬂgF%gtg VDMQJ %ﬁ%laﬁ%%? ol@ent were charged

I's decante romthe i nmsc hase
into at35@®-raL Etlshrhéted fladll Withngla®tcaped@ile cdnfeat bf i ﬂle&k rvﬁis uﬁgtﬁ'dusly mixed
via line 43 to the dis illﬁtlon colum 126 as ref

and sybigasptly UeGedinsophpsat byl thatcyyiataarpday 30 Qéﬁa‘iﬁaﬁef% %léeast twelve

hoursd ﬁﬁ@’cﬁﬁtgﬁjt%tthg fi e Al ﬁ)tu Sfr}n&@!i gnpr t%%n% RardsFdd@d to a 125-
e recovere extra t|o o vent in I's

ml glaskaepargdryt fanaclstor g@)ataalnk 198catid rﬁmﬂyd lted phasgs l(ongenidGnd aqueous)

becanig el (51 M CogPyAH R RSB I T ABOR o Ora ity measurement and

GC (HD'/’F@IDS aﬁdl‘%@é"tm YecdmnRReate S(BIQQIYI%] lihiten Blufhbl & 1!15%8 as solvent for
um 126 bottons streamin |ine 48 contalnlng phenol
organa:rs@,meias meldlcerhténfdr aqueobosienphés during ghmplerepaetionoi | i ng
poi nts_t han phenol, such as bisphenols, is
Com free of the extraction sol vent . The
strea s then fe

er henol
10076) 5 0 T B o BT B S IGs) fhoc G apisal VB Sketohagtyents for the

recov&ﬁlaﬁﬁ PRESANLA] GREBAY NESm ﬁh'éCBPQS wWak@Miale JR%/ was measured. The
val uabl e hydrocarbons such as phenol, cunene and AMNS.

dlstrlbmlen roecﬁ"weernedeaIEhme rseqvsamitiaption, e defngds as alloydhuwend calculated to
mea Qﬁegﬁ gﬂ ctlonﬁtlon train, preferably after
© mg%gp % %§w§% %%@HV P%d fromthe crude hydr ocar bon
stream derived fromthe acid cleavage of cumene
hydr oper oxi de, agd Gefore phenol has been separated
from hydr ocar bons mcﬁm hi gher normal boiling points

t han P
Ql' - Qi — 1 Q /
QiFd QiAq . Q Ch Q Sol

F=

where C and Q are the concentration and quantity of the component i, respectively. Fd and So/
denote the feed and solvent, respectively. Ch and Ag denote the organic and aqueous phase,

respectively.



phenol, such as,
and AVS di ner.

for exanple, cresols, acetophenone
In this way, any extractedbi sphenols

W@ e@sa49a8 at ed fromthe recovered phenol
fromthe process along with the above- menti oned
Alternately and for sinplicity,
[0077} he IheaysvatdrooTi-00, ok rthecrekarienect indiOsapboskpréssed as

compounds.

| ine 35B and the recovered
may be introduced to thegtr

[ 0072

phé@pl

streamin
tion train before

and peRCTES2008/062147

bot h

line 48

acet one has been separated @ronpthe crude hydrocar bon
stream derived fromthe acid cl eavage of cunene

[0078]Y AT PREEPA AushtS Walle M@%Qtr I%ﬁ §

Streanms Is substantially
Erlenmbyerc flaske vshghd etsardapn sTheeamtdtar pf gble fftaskn Whe \agcordusly mixed and

[ Q@ é}: g(i Zﬂrpi?tr]@zilsé awelve hours.
The caﬁtehhsf fral f1.0m4 %r&gaplﬁgom@w%kwpﬁ@ﬂ tooB&iHP traByréd b a 125-ml

waste water were prepared according to the
glass genaprdetiyt fuonclgiov eppdrafionabl @nde. thtaighwted twoCphmses(argamc ehd aqueous)

cle

subse%lfeﬁl

phenol

becanbeucﬁeil e&?\g{:]rgls(eﬁ%m § éit #lr Ifl)ttr srglgnaqs 8{)%91?1‘6‘%56%%@561& measurement and

GC (HIBVTCID)J&r)allysEHEchy bxgiriv@htd n@aﬁa a@fsh & forengie fdlvet adl®alsle 3 below:
better were obtained from Al drich Cheni cal

Y 9 e i R AR

| ess t an t

erOX|de

thabimehiioeh gt

i

as

extraction sol ve[Hi§3 @dﬂﬁﬁdu%@h&ﬁﬂ.&u@ﬁéﬁ@tsnl ng

QIR @Eret E‘l% d into a 250-ml

€ nass

phenaol acetone _cunene and al pha-nethyl styrene was
Corapaseivgs ¢ ExtrFpienek perAqusaesal  donbikiracsar” ar e Mhicaeled i cetone
Exaitphd Mo.2| Tabl e 2 + Feeddextrapemt al TGopetaturons—-xed

sol vent was made| wdightRatib. % phenol , 35 V\P anetoPe, F

1 WU . "70 =110 ko] . 70 d-[ITELTI Lyr gl T

m xt ur e, g was subsequent|ly sat'urat ed'fZMht hb‘(\%gt eIrj?4 0.34

prior toAICE se| [0075] The |BPA waste ter,| phenol

=7 Lan-extractig d

i fto a 25058POFr | enmeyelr flask wiih0gl assl‘bgp.o-ﬁﬁe 121 0.30

cont ent | gt Ethhe f| ask was vigarously m xed and

subsequéfIBRE)pl aced i n a shaker bath thdt mmilnt ai ned

ato 300C| MTHEOC for at6:1 east |t wel 3®0hour|s33.Fheooont ent| 0.29

ofjthe 1lasiacwefe agg:n Vi garouskyom xed 703 1/0p.7H0 2.8 | 0.47

DEy Ny TTRRRLIETTed 10 §.¢25- N Ol a5 Senajagory shumgl g 55

for sepaggweg{]. Once the resulted two phases (organl Cc

atd agueous)—oetatte ctear; chy wetre—separated—to

dlfferent sanpl e contai ners for wei ght neasurenent and
(FI D/ TCD) analysis. To acconmodate the solubility

mowiarrp*%%%ﬂﬁ“@%?%?@? s olyent [ ok %ﬁ(ﬂgﬁagw Brocedures as

Exa

a
_ Ry ShiGa s peetion
the coPiRPANVa ek ANplcCoRRPL Blat ¥ BofeeA P tIRSphenol waste water was added to the BPA
waste water before contacting with the extractant. The examples correspond to mixtures of
95%wt BPA waste water and 5%wt phenol waste water, 85%wt BPA waste water and 15%wt

phenol waste water, and 50%wt BPA waste water and 50%wt phenol waste water.

[0080] Table 4 below shows the experimental results for each solvent for the mixed waste
water streams. Distribution coefficients and recovery fractions for the experimental examples are
improved relative to the corresponding comparative examples for all the tested solvents.
Therefore, combining the phenol waste water with the BPA waste water improves the phenol and

acetone recovery efficiency for a variety of solvent extraction processes.

[0081] The mixed solvent is substantially comprised of phenol and acetone with a relatively

small amount of cumene and AMS. Surprisingly, the mixed solvent is still effective at recovering



[0076] For the conparative exanples, the effectiveness
of various extraction solvents for the recovery of
W@ b@Rokvahd acetone fromthe BPA waste water SPCHHM00MBG62147
measured. The distribution céefficient, D, and the
recovery fraction, F, defined as follows were
more ¢hinc §0%t efd phenotrdeosurthe BP efabiecwiigonBles negativhevalues for the acetone

recove(;e:rgﬁ%agﬁl%ni} gr?qicoa%ghﬁg a gﬂ%gl %Eeggcet%%%qgl 6%%%\2%1% rs]{l%earn is transferred to the
aqueo€Shest dypity.a dibuaigiobalocthenatt eprthier tiRad2 and ik N bther solvents,
respectively. Ch and Ag denote the organi c and aqueous )
combisiigsefl theddfye anf ol Wy vales seadps ingrases e nbgnolzegovery fraction
t I i ' ' r .
o QMG T6L e WRILSRLTEL R BISFAR o T
demonytiraecs cinathge distlobal emBadimoht & doaturaye thed BRAakwastd agk a8sam with an

. .cap.. The content of_ the flask was vigorously m xed and . .
lmm@ﬂﬁ% B&E@?ﬁf\f"iﬂ Hreaeerf nhanels agsinesy cyins aA atM el Accampagjtion similar to

the efBle? RGr? FroftPC fe@laRloflcfRshe ﬁ%&?&oﬂ&é‘ [rSthe PR&oF ?fgc@ﬁt.
of the flasks were again vigorously mxed prior to
being transferred to a 125-m gl ass separatory funnel
for separation. Once the resulted two phases (organic

and agueous) DGR ChEAbnsthIRe MEIHpRIRALA ed 10

different sanple containers for weig nmeasur enent _and
Examp@C| ( EKDACTED) | ahgiigesiss| Btteacbamper ifhenolal| re®bénad are Acetone
No.shown for eac¢h Baldvent i defiigbl e] 3Wasicow—Table3
Compar ati ve BEBxomatienResul ts Exappweser[ 0079 Thef | D | F
il lustrative|exagphes| enpl oyed  hevtsanme extracti on|and
anal ytical procagduyses| as the copparative exanpl es
EXTRPR LAl @ pogyron of 14§ pnenoi; wast e 5
2 add%{‘iei%ft he BPAé'Wast e Wa%;dgg be ﬁrfz‘5 r‘nrti«é}:ﬁia dlb\:%lwl?‘\ 3.1 1052
3 the eggéact ant. The exanpl es cofrespond 8d.9m xO¥les b | 0.57
95 A waste water| and 5% pheggl wa wa ,
4 850t BPA waste water and 150t pphg.m' \AZ’EF‘ e \Ag?resr 4.7 | 0.56
6 andﬁl’?@mppﬁﬁ\ wa&te wat er3hd 5095 phendlZ.8aasP&0 | 2.6 | 0.47
7 waf eI 0080] Tabl e 4| bel ow shows the expery Me@ial | 29 | 047
re5 (DIRE)f or @ach sol vent for th n"?xed waste—water
8 stfeams. Disfribution| coefficients38nd|ré&dver P94 | 41 | 051
10 frasaTeps for therexperi mgngal exanpl es aue ijmprooved 6 | 0.46
reflative to the correspondi ng conparatijve exanptesifo
1al| the tested sol vents. Theref pr ei%cor i4ﬁie9n 5I”?g 23 | 047
12 phenol waste|water with the BPA wasbe wal@.3i|mproovesto | 0.51
the phenol and acetong re eryjeffyciency_for
14 ya Fglﬂ?n%f sol ve@tle extrac;{qg(zn processes 75 ] 09 | 84 | 071
15 15 9.7 074 | 9.8 | 0.75
16 51 16,6 | 0.81 | 12.7 | 0.76
18 Mixed 1:6 45.0 5 177 | 0.87 | 3.3 |-7.54
19 Solvent 16 232 | 090 | 42 |-5.14
20 53 60.3 | 093 | 8.8 |-1.80
21 Mixed 1:12 45.0 16 26.0 | 093 | 4.6 |-3.04
22 Solvent 50 640 | 095 | 95 [-1.11
[0082] While the illustrative embodiments of the invention have been described with

particularity, it will be understood that various other modifications will be apparent to and can be
readily made by those skilled in the art without departing from the spirit and scope of the

invention. Accordingly, it is not intended that the scope of the claims appended hereto be limited



[0081] The m xed solvent is substantially conprised of
phenol and acetone with a relatively small anount of
weerssnedand AVS. Surprisingly, the m xed sol veP@T/S2008/062147
still effective at recoverin%@vre t han 80% of pheno
fromthe BPA waste water. The negative values for the
to theaexanales ped dosoriptipnsaseti forthi edéin dive rethar that g claoms df construed as

he . h I i S. f d . )
rcorSBEICTE b GESHHFRMA LSO b ARBRSH B b monion

o >¢ |
includifieall EatirbaWhith vASuIbE frehitbe a9 bidvalsith RMST byaddei skillkd in the art to
. of the BPA and phenol waste water streans increases
Wh“*ﬂh@“bﬁé%@1pﬁﬁw%wery fracti on above 0.90 and retards
the | oss of acetone fromthe m xed solvent to the
aqueous phase. This denonstrates another disclosed
enbodi nent of contacting the BPA waste water stream
with an i mm sci bl e hydrocarbon stream of phenol,
acetone, cunmene and AMS of a conposition simlar to
the effluent streamfromthe cl eavage of cunene
hydr operoxi de i n the phenol process. [0082] Wile the
illustrative enbodi ments of the invention have been
described with particularity, it will be understood
that various other nodifications will be apparent to
and can be readily nade by those skilled in the art
wi t hout departing fromthe spirit and scope of the
invention. Accordingly, it is not intended that the
scope of the clains appended hereto be limtedto the
exanpl es and descriptions set forth herein but rather
that the clains be construed as enconpassing all the
features of patentable novelty which reside in the
present invention, including all features which would
be treated as equival ents thereof by those skilled in
the art to which the invention pertains.Cainms: 1. A
process for recovering phenol conprising the steps of:
(A) contacting a first waste streamfroma BPA
production process and a second waste streamfrom a
phenol / acet one production process with a hydrocarbon
stream wherein said first waste stream and said
second waste stream conprise phenol, and wherein at
| east a portion of said phenol fromsaid first waste
stream and/ or fromsaid second waste streamis
transferred into said hydrocarbon stream then (B)
separating said hydrocarbon stream after contacting
step (A) fromsaid waste streans; and (C) recovering
sai d phenol from said hydrocarbon stream from step
(B). 2. The process of claim1, wherein said
hydr ocarbon streamis substantially immscible with
said waste streans.



3. The process of claimany preceding claim wherein
said first aqueous waste stream from a BPA process

wh200sngpowdl ati | e sul fur conpgunds and phenol i BCT/US2008/062147

stripped to renove at | east?’a portion of said volatile
sul fur compounds from said aqueous waste stream prior
to contacting with said hydrocarbon stream 4. The
process of any preceding claim wherein said

Clai nydrocarbon conpri ses cunene, toluene, a m xture of

1.

cunene and al pha nethyl styrene (AMS), ethers, nethyl

tar 5 BULY o b Oeri 1 E&hprdfy thcgldpglor: di I sopropyl
e?h%r,E%e?onesﬁnﬁgﬁﬁ%#)e?ﬂé?gﬂ%tgné% net hyl i sobutyl

k @A?) ne coe@inat £ifs LRk, stiRhBPYom ACBP AtRodRMbY Iprétesd ada second
anyl acetate, hexyl acetate, or any conbination

t her eoWasts, stygapr Bemss phanol/peatencepofdctipheprotess onty b diydgpcarbon
t he steps of: (A contacting a first waste stream

conpri5|%6mmater and phenol from a BPA process and a

crude g@gge;#‘? Eaai% Elfs@ RUIBLh Sha gaig henak waRd sﬁ%@ﬁsl‘aeﬁggise phenol,

produc enol /acet one production proces

separ abndgvlateih eadtasaamaroon vy safl gwndl floenedid dirsk waste stream
acetone fromsaid first, waste stream ang sai.d cru

B etoe by Bart s B aNG R R Re g e, S Tdspearbon
and a ggepndpMmpste stream having |l ess than 5 wt % of

phenol ; and(C) recovering substantially all the pheno

f (BM sadriraRgoaill Nakb@risdn @Ryt xbhRctindstep (A) from said waste
di stillation, absorption, or a conbination thereof, to
producéﬁ%ﬁméa@%ous stream substantially free of

phenol . 6. The ocess.of clagimb5, further .conprises

r2®,m FEEgVeng seitkphcao fsomiseid TrQeirben SHESR FoRaaER: ().
streamto s ) .. 1.. The, process of claimb or,. I
o 38, S ARat £ whdeinih PBREREtEhel TyPufftefly immiscibie
swlithhidowaposundmsand said first waste streamis

subjected to stripping prior to step (A). 8. The
pTac gsscesd ofinlginnney eirecetmindaiby, whevdie saidnfirsaagqicbuy shste stream

ste s am conprises at |easf 5 w % pheno ased on.
{ Hom 8t 3PAvEPgRY i mgavﬁafflrer@ft%gw%@eﬂﬂ phehoR is Stripped to
PEQRGRSat 11805t RBFIMR ST%aRPROISAERIS! SnfdiRdS FeRSsad aqcBls waste
recovering phenol and acetone from a crude product
s strgampuanp rcosiaogngonih edid Apdroagboostecapr.oduced by a

phenol / acet one production process, which al so produces
al hadquiecsss ohasy eresedigg mldvaprhicadin gaidaitirocaghmeeigisgs cumenc,

p@(ﬁﬂ&le, Q%X%Q SF L 519([] a#ﬁ%ﬁ) rn?e‘%ﬁ'ﬁts%vrene (AMS), ethers, methyl tert-
butyl ether, ethyl tert-amyl ether, diisopropyl ether, ketones, methyl ethyl ketone,
methyl isobutyl ketone, acetate esters, propyl acetate, butyl acetate, amyl acetate,

hexyl acetate, or any combination thereof.
A process for recovering phenol comprising the steps of:

(A) contacting a first waste stream comprising water and phenol from a BPA
process and a crude product stream comprising phenol and acetone produced

by a phenol/acetone production process,

(B)  separating at least a majority of said phenol and acetone from said first waste
stream and said crude product stream to form a phenol/acetone product stream

and a second waste stream having less than 5 wt% of phenol; and



(b) reacting acetone with a stoichionetric excess of
phenol in the presence of an acidic catal yst, possibly

WO p00Bhes esence of a cocatal yst or pronoter eP€TES2008/062147
honogeneously fed or heter o%j%neousl y bound to an
acidic catalyst, to forma reaction product stream
conprising crude BPA product, unreacted phenol,
possi bly unreacted acet one, possibly cocatalyst or

pr t densat.i d ot her
oy atiepy VS uBlac R BACRE Ao ERECA o BREMLAR, ygoam by
reacti @ﬂtrewn@dudisnszttmambﬁdrpﬁmﬁtcﬁm chhbinatich $Kdrédf ef braluce an
first stream conp r|S|ng]mater a portlon of unreacted

8¢

phenol 20y64s pERaN sbsteakalbuireccefindsBol possi bl y

at aI r or derivatives thereof |f
o BE arRe T oSt SpRrthgr EOBOST TeeuBng BBy gy it of said second
WaGH s&OM kb Likp €8).t he BPA waste stream and a second
stream havi ng a port| on of unreacted phenol; while

s andipR@cgoynsdiren sy bowherBiiAapUfitst aat is@tars bempn@d’sevolatﬂe sulfur
purification s rising one or nore solid-liquid

t
s&papeauds ﬁn%ﬁ%id\eﬁéiéﬁv n{éé%amtlh@lbﬂf‘é&%il tp |SH§>P&$rR}’t§ﬁt“P &@% &)

BEA phenol i ¢ feed s ream ggnsn sti.n Eel enti al |

BRGYOERS G PEhothal HRT gt Ray e petm comprises at
C ARG IR R0l (bggedmnocﬁé‘ E‘dtﬂg)v&?{t'off 586 BRAVANE stream.
crystallization of the concentrated BPA phenolic feed

Sty BaRse forsireduciy) BPARSt®Yisise Py aépsnd: t he purified BPA
crystals of step (d) by solid-liquid separation and
wéphi ngecoaenng pheaoleandracotoh¢ frphen stidg pedutttstreamwasiprising phenol

stream whi ch may e at ortion of the
second? V@@@%ﬁ?@ BFOCQﬁ%Cﬁgyveaghe‘@z rr?gprqchuatefa} PFacgpy which also
SUbSeqﬁ?dlihcé‘sréﬁsicﬁilebﬁszﬁﬁét@ﬁltrea%?ké PIllél A ndtes elﬁfi‘éc%tvbl%ﬂ’phenol and
and wash steps roduce a final washed BPA-pheno

adduct Otlarfqanmnlsmmumsh and a final nother I|iquor;
(fl) recoveri phenol and possibly acetone froma BPA
it e §¢aﬁ@w¢¢gﬂmen‘glth Restqichigmetsicrexgensif phagoldn dpspigpence of an

PA weit e Pagi PERARY i BP dhe e R R B fforr cither

wast e Sblmegememustljn fahoi Imtvgetebasihpduat ar froacidicroaadyst, to form a

wherein said i sci bl e hydrocarbon stream co se
at | eaachier b r[ﬂ’]&h AT Cﬁ)é’é’ﬁléllng qeds &?@ Pé‘?f’dlcppunfeacted phenol,

al phamgp st YfeR8ed AMBIone Opossibly cocatalyst or promoter, water of

condensation, and other reaction byproducts;

() distilling in single or multistage the reaction product stream from step (b) to
distill off a first stream comprising water, a portion of unreacted phenol,
possibly unreacted acetone, possibly cocatalyst or promoter or derivatives
thereof if present in step (b), and other reaction byproducts, which constitutes
the BPA waste stream, and a second stream having a portion of unreacted
phenol; while sending downstream to a BPA purification step, the purification
step comprising one or more solid-liquid separation and wash steps, the
resulting concentrated BPA phenolic feed stream consisting essentially of

phenol in which the BPA and byproducts have been concentrated;

(d) producing purified BPA by crystallization of the concentrated BPA phenolic

feed stream of step (¢); and



(2b) after conmbining the stripped BPA waste stream

with a phenol waste stream having a portion of the
Waouwenuw48vast e streamfromstep (a), contacti nRCT/H82008/062147

conbined streamwith an i nm%ci bl e hydr ocar bon stream

to recover a portion of the phenol in the stripped BPA

waste stream or the conbined streaminto the

i mm sci bl e hydrocarbon stream wherein said inmmscible

hydr ocar . st.ream.€0 L SEes a ne. of, ¢ ne, ...
Lo SRS ARTBEASEulh o S05 A RP e Rrion an
(3) sepasiahi Bgné heorehemalltiple Btagtedith aridpetcdiPAhieshey include
stream or the phenql depleted conmbined stream as an

aqueous! eyteaptippof thfesicRid sEFahOhpaRiovashnmethepliyor from
and (4)suﬁsg&ﬁelﬁ? Eﬁs}%ﬁ UG r&%g&-gigﬁfd%géﬁhbﬁ’, Al wdsh&teps, to produce

phenol and acet rom’t ueous streamfroms %’p
(3) by aefkial actshed BPA-phdnlol atidwm, a dmabspdnt omashoandaa final mother
conbi nﬁti on thereof, to produce an aqueous stream

subst aftlf¥F |y free of phenol; or (f2) recovering

o PV Rl o RSB M BRER AL N R i having the
Gk : §

(a) andgirdtReedh b§thesdtepRaM from step (c) by the steps
of : (1) stripping any volatile sulfur conpounds from

the fi(bt sstrippmgfangvokitiépsulfty corgggunds filoiniho @BPA@aste stream ;
waste streanms fromsteps (1) and (a) to forma o
conbi né)wasowagingedlng sarpbed3BPecwsste i siggam with an immiscible

subst anti al all.the phenol, and acet.one f.yomthe

conbi nod etV BPRh SRS S5E G Esg Pk dfearbon strcam
distillati ogemphsSQr pt i1QRt e of CaniinBatphebll hee®nt, ah® alpha-
produce an aqueous stream substantially free of

phenol ; andMCeghyliteess AMey @nd recycling the recovered
phenol and/ oy acetone product of step (fl) or (f2) to
steps éﬁa) aAtfororyng ?Sﬁrw&egrﬁi’cf*@w% St{pm; Yt & phenol waste

wherei n thegphen ‘%Ciﬁg &f PAFioRSTHHE taly BB PLES $trQim $HoBP step (a),

(a) conprises an upstream phenol/acetone plant or an
upst r eam hydempamgx iltbe coinbared ggrgemocess agt apmiscible hydrocarbon

stream to recover a portion of the phenol in the stripped BPA waste
stream or the combined stream into the immiscible hydrocarbon stream,
wherein said immiscible hydrocarbon stream comprises at least one of

cumene, phenol, acetone, and alpha-methylstyrene (AMS); then

3) separating the phenol depleted stripped BPA waste stream, or the
phenol depleted combined stream, as an aqueous stream from the

immiscible hydrocarbon stream; and

(4) further recovering substantially all the phenol and acetone from the
aqueous stream from step (3) by extraction, distillation, absorption, or
a combination thereof, to produce an aqueous stream substantially free

of phenol; or

(f2) recovering phenol and possibly acetone from phenol/BPA waste stream(s)
having the aqueous waste stream from step (a) and the first stream from step

(c) by the steps of:



10.

11.

12.

11. The process of claim9 or 10, wherein the conbi ned
waste streamfromstep (2) of step (f2) is distilled

W@ 00sae¥er at | east a portion of acetone pri oPCT/US2008/062147

substanti al recovery of phéﬂbl in step (3). 12. A

process for produci ng BPA conprising: (1) contacting
benzene and a C3 al kyl ati ng agent under al kyl ati on
conditions with an al kyl ation catalyst in a reaction

zone to.,\pro . an al kyl.at | fflue risin

cumenel ) 2) SEFI0S HE LR REhpHER SRR e geam from sep
produce the(®unmene hydroperoxide; (3) cleaving the

curmene hydroperoxide fromstep (2) to produce a crude

pr oduc{2)st r eambmorgthe siastg sprhenofromasteps heandwal erfprm a combined
unreacted cunene _and other reaction byproducts, (4)
processi ng PHECSHEIR Pdoduct stream from step (3) to

recover,phengol and aceton t rrodyce .a waste .
e e e

unr ecover ed wasetsedemansh atdpaR) beagirh@dnPyRHDAWR, absofftjon, or a
reacting acetone with a stoichionmetric excess of )
phenol in tKeMpMAEhErest, nPredies & agieany sircany sebstamtiplly free
in the presgpg&mgjaﬁdcocatalyst or pronoter either
honogeneousl'y fed or het erogeneously bound to an

aqifli ¢ &RV @iSind ﬂegycflﬁrgrfh@fe%@%rie@ BhoPdHEbr 8dci&RMProduct of step
A product, unreacted phenol,

conprising crude B

pbggbbﬁ?)MMWE@éﬂemd&méMbne, possi bly cocatal yst or

pronoter, water of condensation, and other reaction

by e duesss of cBymdf} shierain sl phensl/Agatencoproigtionspragess tafestep (2)
re8habH R q{fgém }hé&ﬁﬂbé%ﬁ’%ﬁh@& &I?%l%)sttr%aﬁjl' @d’ré)ﬂer&fifie é‘leavage
first streamconprising watef, a portion of “unreacted
phesveds, stgpossi bl y unreact ed acetone, possibly

cocatal yst or pronoter or derivatives thereof if

pas emecesnobtlepn O5)r, 1Garwhentinghe cermbined nvastepstisdactrem step (2) of

whi ch .conpri ses at | east ortion.of the BPA waste :
SOFBAD BRI rerodEr aBATRGY MG S54GRS gFOr 6 substantia
ua&aa&@&ﬁpﬁaﬁmgimeyﬂhle sendi ng downstreamto a BPA
purification step, the purification step conprising

oReprotessBsreprodidig: BP §uothpsisipar at i on and wash st eps,
the resulting concentrated BPA phenolic feed stream '
cObsi sromgctmgsdenrdnaldng adf: Pghgaohg agenivhindsh atkydatBRAOaditions with
bypr Odlajucl: taﬁyqa?t}/o% E’a g’l?stcl%ng ergatlcrti?)%lez%he to produce an alkylation effluent
comprising cumeng;
(2)  oxidizing the cumene from step (1) to produce the cumene hydroperoxide;

3) cleaving the cumene hydroperoxide from step (2) to produce a crude product
stream comprising phenol, acetone, water, unreacted cumene and other

reaction byproducts,

(4) processing the crude product stream from step (3) to recover phenol and
acetone, and to produce a waste stream comprising water, unrecovered phenol,

unrecovered acetone and other reaction byproducts;
(%) reacting acetone with a stoichiometric excess of phenol in the presence of an

acidic catalyst, possibly in the presence of a cocatalyst or promoter cither

homogeneously fed or heterogeneously bound to an acidic catalyst, to form a



(7) producing purified BPA by crystallization of the
concentrated BPA phenolic feed streamof step (6); and
W@ 30083¢1938 ati ng the purified BPA crystals of SPEpUS20P8/062147
by solid-liquid separation Hnd washi ng sane in one or

multiple stages with a wash stream whi ch may i ncl ude
at least a portion of the second stream or spent wash
or nother liquor from subsequent crystallization,

solid-1 i gui epa i.on, and wash. st , 10 oduc
Final st BBRL R B cofiR Vet 783 ohRUPLINERA phenol
a fi nabogsilhetntchqedrice(oda) poegdblvecotigalpiieopl prapter, water of
possi bly acetone from a BPA waste stream having the

first sPpdeasation adgihqrgyaghion bpprodpghs of @ (i)

stri ppi,ng,,.any. vol atil e sul fur, conpaunds from t he_.BPA

oAl PP PR in (¢ b et diS RUREET PRosb BsAM, fotattep (5) to
st reamyiitiNof@ i stiehil SoriMsinL AaRQN a SEdrB&Mof Anrécter phenol,
conmbi ning the stripped BPA waste streamw th a pheno

wast e $ossedn unasactey accpmct ipossildy qoaetalygiuen psomeist @r derivatives

f - 4 i he.. i ned _
i Al TR BBy ' yiaP e Bt et FORHT B PRty St G bomprise
porti ogt Qhastt heoptanef thenBPRewsdid sPnesl Bl e Wasind sich@aRaving a

or the conbined streamfrom (i) into the inmscible ]
hydr oc 8pKeR oftupeeaaicd wheradi whileeending doynstreary de o B ppyrification

strea [ I - - -
et RIS ARl 09 RO ALoFUERSrs RSOl erraion an
separ awiaglg stche thbeawltimepineteehtsd BPPpphknBRA feals§tecam consisting
stream or tgp pheﬁggﬁdepleted combi ned stream  as

m

aqueou§sssiidymdtr § el nihiski Hice a?yﬁr%}@arWBWWFSeg‘?ﬁYe been

and (i yy,JdHiidgr recovering substantially all the
phenol "and acet'one from the aqueous stream from step

((Mi) Brodagingamtified BIA Bt drystdliiition BTIRE BohRRiratédl BPA phenolic
conmbi nati on thereof, to produce an aqueous stream

subst afadafeymiof sep 64); penol ; or (9b) recovering

phenol and possi bly_acetone from phenol / BPA wast

stPeantPpraiagi Ay Prkdcd BBt crititie aiiep dm ot %&ﬁidclaquii pparation and
the i Gsknifg s8R SRBrhBRpeRlachYwih 8 WwiBREH which may include

at least a portion of the second stream, or spent wash or mother liquor from
subsequent crystallization, solid-liquid separation, and wash steps, to produce
a final washed BPA-phenol adduct, a final spent wash and a final mother
liquor;

(9a) recovering phenol and possibly acetone from a BPA waste stream having the

first stream of step (6) by the steps of:
(1) stripping any volatile sulfur compounds from the BPA waste stream,

(i1) contacting the stripped BPA waste stream with an immiscible
hydrocarbon stream, or after combining the stripped BPA waste stream
with a phenol waste stream having a portion of the aqueous waste
stream from step (4), contacting the combined stream with an
immiscible hydrocarbon stream to recover a portion of the phenol in
the stripped BPA waste stream or the combined stream from (i) into

the immiscible hydrocarbon stream, wherein the immiscible



13.

14.

(i) stripping any volatile sulfur conmpounds fromthe
first streamfromstep (6); (ii) conbining the

W@ RBppwds first streans fromsteps (i) and wasPEI/E8200&0a02147

from(4) to forma conbi nedPiast e stream (i)
recovering substantially all the phenol and acetone
fromthe conbi ned waste streamfromstep (ii) by
extraction, distillation, absorption, or a conbination

h f, i al
nereot. L OuRAASHE AR TREENS 5 SATNEE PR At wone

recover ed phehealphanttiadeiene (Axgguatn of step (9a) or
(9b) to steps (4) and/or (5). 13. The process of claim
12 whe(i@) n s@iatht@g dikkpticadl dgplagedndtripmdpBPAesvasie stream, or the

al i phatic or, ar tjc organic,c ound havi ng one of

mor 6 avai | aBMEo deplelad RMBIFAREEIE: §b GaisPus SigfBofiom the
at onms, or Migkichstc hitgb&8hon dfbaml B pr ocess of claim

12 or 13, wherein said al kylation effluent produced in

step (Ly) comptlics @scavetiig SolstapyillPenzengsheasidatdi€cctone from the
process further conprises contacting said . . . )
pol yi sopr opiseH stfean {HPrmstei bbecxtmctipe dytdetppabggrption, or

a transal kyla%{)hl%ﬂlaﬁ@#l ﬁ%‘%‘%}lﬁ n%opfgéit%%lﬁﬁmﬁ%%ﬁegrﬁ guﬂ}?eﬁlﬁally free

process of any one o0 ereln sa

oxi di zi ng sbéphdnd); ors conducted in the presence of an

oxi dation catal yst. 16. The process of any one of

cl(@bhs recpvaring iand apdsaiblyc agnidrice fromg phayeh BPihs wastd eddiream(s)

to the, oxidizing step (2). 17., The, process of any on

of o abitend 9B ERal Gomthig T i YR i R 48P To) by the
(1), (2kpo6f:(3) is effected by catalytic distillation.

18. The process of any one of clains 12-17, wherein

t he cofipi nedtrippiigeangtvolaite $ulfumcstppun(dsifon theSirexstic®in)from step
S distilleg to recover at least a portion of acetone

prior to su % ant i al recovery of phenol in step (iii).

or oduckPon ByBEEC BEGHTbRY, B ALk Wik figwese stream

st oi chi onet o @ &M capieRdl wiktél@reanti di C
conditions, possibly in the presence of a cocatal yst

or prof(ib er recooerirgy substatiABt dlbthe phoatslcind Sicét@adfrom the combined

conprising crude BPA product wherein Qrtjon of the
phgﬁ ol agdwaste stream ﬁ[r)orn step (i1) by extractl%nl,o dlrStihatPOIl, absorption, or a

combination thereof, to produce an aqueous stream substantially free

of phenol; and

(10) recovering and feeding the recovered phenol and acetone product of step (9a)
or (9b) to steps (4) and/or (5).

The process of claim 12 wherein said Cs alkylating agent comprises an aliphatic or

aromatic organic compound having one of more available alkylating aliphatic groups

of 3 carbon atoms, or mixtures thereof.

The process of claim 12 or 13, wherein said alkylation effluent produced in step
(1) comprises polyisopropylbenzenes and the process further comprises
contacting said polyisopropylbenzenes with benzene in the presence of a

transalkylation catalyst to produce cumene.



possi bly acetone, conprises recycle recovered from

wast e water streans generated by an upstream
W@b@aokaeet one production process and the BPAPCT/US2008/062147

producti on process step. 20°3 The process of claim 19

wheri en the upstream phenol / acet one producti on process

conpri ses an upstream cunene hydroperoxi de cl eavage

process step.

The process of any one of claims 12-14, wherein said oxidizing step (2) is

conducted in the presence of an oxidation catalyst.

The process of any one of claims 12-15, wherein a basic buffering agent is added

to the oxidizing step (2).

The process of any one of claims 12-16, wherein at least one of the steps (1), (2)

or (3) is effected by catalytic distillation.

The process of any one of claims 12-17, wherein the combined waste stream from
step (i1) in step (9b) is distilled to recover at least a portion of acetone prior to

substantial recovery of phenol in step (iii).

A process for producing BPA comprising a BPA production process step of
reacting acetone with a stoichiometric excess of phenol under acidic conditions,
possibly in the presence of a cocatalyst or promoter, to form a reaction product
stream comprising crude BPA product wherein a portion of the phenol, and
possibly acetone, comprises recycle recovered from waste water streams
generated by an upstream phenol/acetone production process and the BPA

production process step.

The process of claim 19 wherien the upstream phenol/acetone production process

comprises an upstream cumene hydroperoxide cleavage process step.



