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[ 0001] The present invention relates to an inprovenent in the yield
of an integrated process for producing blsphenol A (BPA). BPAis a
comercially significant conmpound used 'to manufacture

pol ycarbonates, other engineering thernoplastics and epoxy resins.
The pol ycarbonate application in particular denmands high purity BPA
due to stringent requi SN o] aTs) ) LA, or in the
fini shed application. kubdqﬁgg .ﬁ]hb A L“b%g#t
continually strive to inprove the product quality of bisphenol-Ain

econom cal ly %ﬁlj i ent rocess schemes. The present invention
concerns a new -M@@Bﬂ%roduce hi gh purity BPA in |rrproved
yi el d. BACK OF T béﬂ\(ﬁhﬁ%ﬁ% [Qﬁ%]t f

GRED) Bor n O%ﬁgﬂsof? 'Eﬁéﬁ&lh% zfn)

the prior art is described U S |nuro
U.S. Pat. . IBegzatsd meesvmngradt@mgabzsghemid% (BPS). BRA is N@pnaﬁ;e&@ﬂbew

(Bvitt, et aI t r d%‘% ref erence.
[0003] BPA is S?ﬁ"?“o g&@&#ﬁgr%ﬁ@ltﬁ h ozt g’oﬁggﬁgﬁ‘ﬁ? iy Dsupgie
and phenol owﬁnmamaamsdmdankystmandﬁnﬂpbﬁ@mﬁqndBPﬁgm&ﬂﬂmphjpmﬁugmihe
| ar gest consuner henol rre e npst co te for the
production of rae% B %% ‘iﬁ‘ Q‘Hr%ié‘gg{% Bq"blfﬁg’(’?gti’ggm HPW?H Yriphgnd
first step i nwibyﬁlsthalﬂmehad bitc@ion. ReaZERLyMhbE: MIRRAY 8Lart olinpslice
cumene, followed by oxidation of the cumene to the corresponding

hydr oper oxi de STARd® (HEFPVEI t@%\?&@&%ﬂ“@@@@@éﬁlﬁﬁ@r*&@oeéOIiQ?llcﬂfYOﬁﬁ@ént
equi nol ar am)%mc%soich%%ot’héiﬁiﬁs&ﬁeih%ﬁon [cgﬁ%% Ehﬁevprp?&!'égst ls 8{% %f BPA
consunes two nol es of phenol one nol e acetone

of BPA produc@ﬁﬂuﬂﬁééhﬁmﬁgfﬂﬁﬁﬁh@mpwgtﬁnﬁ-|nvent|on, an |ntegrated
process in which part of the required phenol is produced from

cunene, and part is produced by a heavies cracking stage, yield of
the overal | BACICSROGNDQF FHRINVBENSI®Nal | y. [0005] In the

manuf act ure of, by, Lur rocedures, residue conpri si SO

phenol , BPA an %ﬁgﬁA %%}DC Sla‘ﬁéntf ’Faélufg%lfe 1, fg A0y, 2 ﬁﬁ%g@hﬁ% EEDT
4,950,805 (limuro, et al.), U.S. Pat. No. 5,345,000 (Moriya et al.) and U. 8. Pat.
No. 6,806,394 (Evitt, et al.), which patents are incorporated herein by reference.

[0003] BPA is produced commercially by the condensation of acetone and
phenol over an acid catalyst and, in fact, BPA production is the largest consumer
of phenol. Currently, the most common route for the production of phenol
comprises a three-step process in which the first step involves alkylation of
benzene with propylene to produce cumene, followed by oxidation of the cumene
to the corresponding hydroperoxide, and then cleavage of the hydroperoxide to
produce equimolar amounts of phenol and acetone.

[0004] The production of BPA consumes two moles of phenol and one mole
of acetone for each mole of BPA produced. According to the present invention,
an integrated process in which part of the required phenol is produced from
cumene, and part is produced by a heavies cracking stage, yield of the overall
process is improved economically.

[0005] In the manufacture of BPA by current procedures, residue comprising
some phenol, BPA and BPA byproduct is lost, usually being used as a fiel
component. In the present integrated process, typical BPA byproduct residue



conponent. In the present integrated process, typical BPA byproduct
residue -2- |osses are converted to phenol that is recycled and used
in the reaction with acetone to reduce the overall consunption of
phenol in the production of BPA. SUVMARY OF THE | NVENTI ON [ 0006] In
one aspect, the present invention resides in an inproved process for
produci ng BPA conprising: (1) contacting benzene and a C3 al kyl ati ng
agent, e.g. propylene, isopropanol _or propyl chloride, under )

al kyl ation coM§ie|ashsonertad 4 phenad ythaitis G?PYE]éﬁie?in%%se@ An dhe Feagiian wih
zone to produ i : .S ; EHTBNG

oxi di zi ng thegﬁaﬁgﬁ%e?%{égﬁnhés%%ﬁ{%nthﬂ%ﬁtg)rﬁ% céélgltlﬂgh corr esgg%gﬁﬁé

hydr oper oxi de; (3) cleaving the hydroperoxide fromstep (2), to
produce produg |':|4" [ To N YqT=TaTo d acetone; (4) reacting acetone
With a stoi chPoMHEer et eaedNIENMEN | Under acidic condi ti ons,
possi bly in t[®0gr esence Bhed, hOpRbal yentivn rpyidwtn & imgroded rotdas @r
conpound, to form.a ]'éﬁg(:ti on .product stream conprising crude

bi sphenol - A BigeiRs BPQSPERESBE phenol ,. possibly unreacted acetone,
possi bly cocatgl ySton@ktindbBeSind A} ﬁkyi@tﬁngfég@ﬁhe&%@ Ho@Piend AsbpRIDRES]
reaction byproducts; (5) distilling in single or nmultistage tphe‘
reaction prod@tprogyly dey éﬂ@@it?)@ﬁlf?fw)l cop@tignsswith |an gilfylatiopotatalyst i ed
unr eact ed phe . St ' r?s%%t Stream
possibly a st%gg}@c%ﬁfgpﬁ%égg%%?%ﬁ?g%}ﬁg‘?ﬁgég%t r&l?%ne’r esent in
step (4), ant®)t heoxidiving &f cunctensam orep (Hi toe pssindd rthe domestondam t o
a BPA- phenol ﬁdcflj:clilcetroxié;e[ySt allization and purification step, said
purification step.” conprising one or nore solid-liquid separation
and wash step@) thdeavaguht hpdropancieationt @ch @F Ao phainot peodubierthpsikihgam
consisting essentjally of phenol in which the bisphenol-A and

bypr oduct s hai}léenﬁfea@ﬂ%?f?f&eéntrat ed; (6) produci ng BPA-phenol adduct
crystals by cyyst akhdtizgticen®fwithe st6RRicsBEcat:RessBRApRRRNAns: fasd
streamin said crystallization, solid-liquid separation and wash
steps with cofAUSHEns.oposgalydine psRIgsanry &f ot CBiplyfaploPTomiero s gofa thiol

compound, to form a reaction product stream comprising crude bisphenol-A

product, unreacted phenol, possibly unreacted acetone, possibly cocatalyst or
promoter, water of condensation, and other reaction byproducts;

(5)  distilling in single or multistage the reaction product stream from: step (4)
to distill off a volatilized wmreacted phenol stream, possibly an unreacted acetone
stream, possibly a stream containing cocatalyst or promoter if present in step (4),
and the water of condensation, while sending downstream to a BPA-phenol adduct
crystallization and purification step, said 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 bisphenol-A and
byproducts have been concentrated;

(6) - producing BPA-phenol adduct crystals by crystallization of the
concentrated BPA phenolic feed stream in said crystallization, solid-liquid
separation and wash steps with cooling for said crystallization by vaporization of
an alkane hydrocarbon or mixture of hydrocarbons confaining from 4 to 6

carbons, e.g. pentane;



an al kane hydrocarbon or m xture of hydrocarbons containing from4 to
6 carbons, e.g. pentane; -3- (7) separating the BPA-phenol adduct
crystals by solid-liquid separation, such as, for exanple, by
centrifugation or filtration, and washihg sanme in one or nultiple
stages with a wash phenol stream which may include at | east a portion
of the volatilized unreacted phenol streamrecovered fromstep (5),
or spent wash or nother guor from_subsequent chégtalllzatlon

sol i d-1i qui d éparsaparging thﬁ PM%ﬁﬂO@é@ﬁé@fﬁ@S&»ﬁ/@@ Hayid separafiqayagh
BPA- phenol adgdugt;, of f‘@?}ﬁﬁn%}dﬁftﬂaﬂ% aﬂﬁ%«h@ﬁngj éa?déofn oﬁ@)or
cr acki ng a st ream conpri SI n east a portion or exanp from

about 0. 5 t omalbipletstazes with %w@u Eh@phﬁteymf\ﬂuch mby)utcluﬂe aﬂe@b@@pmm of

ot her 11 quor e foRftidea LEATLERRL) St ARl th (3 SRR L
catal yst, f ormemaﬂmdmz cfmnsbmt&emntadrwémmmi\oﬁ,hémﬁuﬁ@d sfepmdmsngmnaw@smg
condi ti ons selectedto recover risi.n rom about, 60, to
about 90 wt . A EPEPIRes fnadnv aéﬁ ng? Pﬁ“ﬁ?fi ‘Etth | $PERE VS8 §0d a‘g‘i‘a&s
phenol  havi ngo@ef ub}y | evel of from about 95 to about 100 wt.% and

fromabout 10 to out 40 wt.% of said cracked stream as heavy

resi due bypr oduct cr%@g(@ytrqaébeﬁmnswg #henst e paiting, M@X@W@ﬁ&onbﬁwuct
of step (8) t A o]
ot e that er skt haront 28 vage o iraty Hocl Bous L HCHEN 10 wi20 WEEPRRKLY
di stillation emiabowti2 toi a’@oat ﬁws%, bf mui ﬁnalsysh@mquergﬁsttrpnﬁﬁ krea reactor

distillation 1?1? tons racki ng .69 di.ti,ons arehlond

specifically ot 8tt'e am‘ﬁ g?agl i c%}al?' fy ST r%‘%}s'll?jgr ]HIé’unrugbﬁl red

resul ts. Furtihees crhﬂ&l1§1ﬁﬁ1ﬂ}t10h£$lﬁtlﬂ t@y@b@sﬂmq;kocbfct catipeingSHone aigat 66 es
Iess t han about 40 . %,, pr r abl 01 to about 0

5 rore prBrEPELPY e SHOGOn o S e 15oREr Gaish RO £ PRI
for ease of lﬂﬁfﬁfgﬁﬁﬁlrﬂglev%béfﬁ'dﬁhﬁédﬂgse%mhteﬁ)m BCardl Fork BBH&HEI 100
catal ysts for use in step i ncl ude hydrochloric acid, sulfuric

aci d, al um nuaeBH vt Yef S%ﬂﬁ@é‘ﬁﬁdﬁﬁﬁm‘% At v gEesise bypre@ushiaén sul f at e.
[ 0008] Convenioent | ¥oovklify Gt AlebiXE Ad ARn8OKBHud RBrSiBRS &) st&P P dndRs

propylene

step (7).
[0007] It is important to note that cracking step (8) may precede a distiliation,
follow a distillation or be within a distillation system, e.g. in the distillation
bottoms, so long as the cracking conditions are specifically selected as herein
detailed to provide the required results. Further, the heavy residue byproduet of
step (8) comprises less than about 40 wt.%, preferably from about 0.01 to about
30 wt.%, more preferably fiom about 1 to about 12 wt.% phenol to allow for ease

- of processing. Non-limiting examples of acidic cracking catalysts for use in step
(8) include hydrochloric acid, sulfuric acid, aluminum chloride, zirconium
chloride and zirconium sulfate.
[60038] Conveniently, the Cs alkylating agent in step (1) comprises propylene
or isopropanol.
{6009] The alkylation catalyst in step (1) above may comprise a molecular
sieve selected from the group comsisting of zeolite Beta, faujasite, mordenite,
MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56

and mixtures thereof. Preferably, said molecular sieve is selected from the group



or isopropanol. [0009] The al kylation catalyst in step (1) above may
conprise a nol ecular sieve selected fromthe group consisting of
zeolite Beta, faujasite, nordenite, MM22, PSH 3, SSZ-25, ERB-1,

I TQ 1, 1TQ2, MCM 36, MCM 49, MCM 56 afid m xtures thereof.
Preferably, said nolecular sieve is selected fromthe group -4-
consisting of MCM 22, PSH 3, SSz-25, ERB-1, 1TQ 1, ITQ 2, MM 36,
MCM 49, MCM 56 and m xtures thereof. 400101’ In one enbodi nent, said
contacting st epsieine eEMEM AR B Sunrlesd, &RB-bddR-1.08R 2. NCM-3uiMMhas e

condi tions. C@}W%ﬁ,mi %%éﬁérgcw ation conditions include a

tenperature o about a pr essure up to about 250
at nospheres (91000 IMQ=)emtmdesmntend cofad@Bgsicky L bt cogluage mbder gt lgast

ropyl ene, ratip.fro bout 1..to out . 10 an benzene..wei gh
oo Ty e o bRl asiopdib s et 24 o RE G GiSR e o
[0011] | n oneteabRdirgeNip tosbbw 2804 lagtdsane af fd dbeat 250rpdowpaetes (255060

(1) conprise ol yi sopr opyl zenes and the process_fur
45 & pBoiA k

enz her
conpri ses contidtd bRgzeng AIER BEEh I B B PEITRS r@ﬁ"cfﬁ‘"ﬂé‘fﬁ%ﬂé"?‘l’fwhe

presence of aif fRNSEhiisHeatd @M howdf PhiSleldeRy DWRIRNO GroetABNES hn! to about

Conveniently, the transalkylation catalyst conprises a nolecular
si eve sel ect e®¥¥om t he group consisting of zeolite Beta, faujasite,

mordenite, US , ; 8 I % ,
MCM 36, MOM 4@?4@% %% °an rﬁ%ﬁ%@?ﬁé@gﬁ [65%&1% p:f'%deu %ﬁ%is{z‘%%g
step (2) nay compriags polyisberopwhetwenas chnil rthe phrocpsseButherecahprises certtediingt |
whi ch catal yst_.can, be a npgeneo cat al yst, or_nore eferably..is a
net o ogencous 6 PRSP R LRRVRRRCRIR PoBleRe 15 i d prthis® g b tatof
conduct ed at eataly=Bpprodicer @nehe.f Cofiventzatly, thdfarisalkalation ca24106 camprises

pressure of fromabput O tg .abqut 1000 kPa. [0Q013 nveni ent|y. the
cl eavi ng st ep? {ect é{?ﬂﬁﬁﬁl’ﬁ‘g@y%ﬁ%&’@ %?‘@s@?é%t nge%g’é? gF?s?a,“J tch
can be a honoggrReius UGS AMENL20! MCIESE PEYE!)esRE2 L At Y S ITQ-101€0W), Ng
step (3) is conducted at a tegi)er ature of from about 20C to about

150C, such asM-360dpl-69.MoM-abaif mizbrssttheratfout 120C, a pressure of

from [0012] The oxidizing step (2) may or may not be conducted in the presence of
a catalyst, which caialyst can be a homogeneous catalyst or more preferably is a
heterogeneous catalyst. Conveniently, the oxidizing step (2) is conducted at a
temperature of from about 60°C to about 200°C and a pressure of from about 0 to
about 1000 kPa,
[0013] Conveniently, the cleaving step (3) is conducted in the presence of a
catalyst, which can be a homogeneous catalyst or a heterogeneous catalyst.
Cleaving step (3) is conducted at a temperature of from about 20°C to about
150°C, such as for example from about 40°C to about 120°C, a pressure of from
about 0 to about 7000 kPa, such as for example from about 100 to about 2860 kPa,
and a liquid hourly space velocity (LHSV) based on the hydroperoxide of from
about 0.1 to about 100 hr™", preferably from about 1 to about 50 hr.
[0014] Suitable catalysts for step (4) include inorganic and organic acids, such
as sulfuric acid and hydrogen chloride, and cationic exchange resins, optionally
together with a cocatalyst or promoter, including a thiol promoter such as an alkyl
mercaptan. As a non-limiting example, the condensation reaction of step (4) may

be conducted in the presence of added promoter, non-limiting examples of which



about 0 to about 7000 kPa, such as for exanple from about 100 to
about 2860 kPa, and a liquid hourly space velocity (LHSV) based on

t he hydroperoxide of from about 0.1 to about 100 hr-1, preferably
fromabout 1 to about 50 hr- 1. [0014] -Suitable catal ysts for step
(4) include inorganic and organic acids, such as sulfuric acid and
hydrogen chl ori de, and cationic exchange resins, optionally together
Wi th a cocatal yst or pronoter, including a thiol pronoter such as an
al kyl  mer captishide pgetayl, grereaphny iethyl anerpaplan, 3hbistresididaipiopene, and

reaction of s ) gﬁﬁ- 8:4cQng ol : £S ﬁggﬁg“
pronot er, non%ﬁ?ﬁétiﬁg %%%ﬁﬁés%g#%aﬁﬁghﬁ?gggi%%'uggpﬁgﬁﬁy Hing
mer cap% an, gt h)gd]n}pi@r ﬂlggomivnsmoz I@DBQTeﬁdtqpl #hiney pe oqnahelj:csi a?ﬁhe tpr]esence

mer capt ocar boxy| i ;aci e.q. mercaptopropignic acid. . .urther,
non 1 m tng. SLsdi P e R AR BRIt St B R e
conduct ed i n biwewdpte seaedaryohmaedetbups contRed i@omefdaploli@ylpyridines, or
pronot er - bound resjns,. i ncludi resins_ionically- bound ta )

quat er nary anfri’?_@aﬁtroglgﬂémgﬁﬁttgf’ﬁ T mpst ﬂ%@c%ﬁ;&%?%‘%@'ﬂ%&? d?ﬁ"ed_
mer capt oal kyl adinSarolfsherhat dipkthiREbzdMdi@n bei ng 2- mer capt oet hyl anmi ne
derived fronnﬁﬁdroly5|s Qf 2,2 dinethylthiozolidine. [0015] )
Conveni ent | y, [¥H5) ea$tonymiensy, atdaet gpephraad ipyefeably esch ofHae coeddei ng

step (1), oxigigzi d... el i f by
catal yi1c i S aeTaRe fin PDC ARARNHLRD e PR PR
[ 0016] ‘The pr diséllationnvention is directed to an inproved, economi cal
i ntegrated process for producing BPA. The process enpl oys cunene as
the source of the acetone and part of the phenol required to produce

t he BPA and ®iIAIYEDDESERIPTION (GHEHNFEMBODIMENASt of t he phenol
needed for pr tion,of the BPA.[0017] Al kylating benzene wt.h.a
c3 aIkylatingﬂggﬁnt,qEECWE§§deﬁﬁ§P n@,dkﬁ?ﬁﬁdﬁe%“é@%ﬁﬁ@.=TW%N%%W@ne
is suitably pdgtited phgess fof 38édueihg B AOUThel PRoceRUdthplbRd oG s

t hen oxidized to cunene hydroperoxide, which is subsequent]

> Y
deconposed t oSP¥ENR tha mectensetsingart phthpehenr sequinsd 4o irgerluge thehBPA and
cl eavage produghisyds SHHGRS sBEROl-ARE 138 &F MiEphenol needed for production of

the BPA.
[0017] Alkylating benzene with a C3 alkylating agent, such as propylene,

produces cumene. The cumene is suitably purified by a fraction method. The
purified cumene is then oxidized to cumene hydroperoxide, which is subsequently
decomposed to phenol and acetone.

[0018]  Fractionation of the cleavage products produces phenol and acetone

product streams, which can then be reacted to produce the desired BPA.

Cumene Production

- [0019] The benzene employed in the alkylation step to produce cumene can be
any commercially available benzene feed, but preferably the benzene has a purity
level of at least 99 wt.%.
[0020] The alkylating agent can be any aliphatic or aromatic organic
compound having one or more available alkylating aliphatic groups capable of
reaction with benzene and having 3 carbon atoms. FExamples of suitable Ca

alkylating agents include propylene; alcohols (inclusive of monoalcohols,



product streanms, which can then be reacted to produce the desired
BPA. Cunene Production [0019] The benzene enployed in the allcylation
step to produce cunene can be any commercially avail abl e benzene
feed, but preferably the benzene has a-purity |evel of at |east 99
wt.% [0020] The allrylating agent can be any aliphatic or aromatic
organi c conpound having one or nore available alkylating aliphatic

gr oups capabl reaction with benzene and havi pg ﬁ‘f arbon atons.
Exanpl es of sﬁf‘]lcalﬂﬂl% @al"%ﬁoﬂ&ll &ingSeGerfts TRiEPAIGE Meénes“"h as

al cohol's (in Cﬂn’éﬁioﬂﬁd@ﬁyd@‘%@ %1’(%)9“%18@ suéls asr&yE 006k, with F)?d;ﬁ/&]ﬂ@ béing

etc.), such as n-propanol ehydes such as propional déhyde; and
propyl hal i debardeialypsefspebyl chioride, with propyl ene being

particularly @hgfclerrqﬁe ROl PEAN 1;]' a8y |1l§s)éh?‘ﬁ1i a1 éﬁ%%e%% ﬁ’z&?egss%gﬁ?e grou

present process conprises-a no ar sieve s rom
consi sti ng of mzlechlat scBedelcied dsnr tHeeptowmnconsisng atoelite Bt (Bs@HBIG69) ,

faujasite, nit.e um.ni zed rdenit.e ers of
tho NOW 22 1 athtyy PRl i O o B it T ePe Sne PifaE o Bt ntzed
Mol ecul ar si elyieﬁiem"ﬁe trhe@nBdMVoL tef TM-¥2 i fRGI1YAE nMﬂWuEu? s{ed@esaﬁd Beghuted
U S. Patent & 4, 954 325) PSH- 3 (described in ent No.

4, 439, 409), SBgeobsMolesular figyss of the WIGM-Bp fagty 1}\61161641\/1@%2%6%501‘1@@11

(descri bed InUléuan@ﬁ% B@tsﬂaﬁs Pﬁm({a&%ﬁz?e’d)mﬂg @a@enfﬁ@sﬁpﬂm?]'s@zu S.
Patent No 6, 077 4982P 1?12(8 escrib in International
£d 09 §) Pat

Publ i cation N (dgpo tRics d, 8@@@@& ERBd (desoribeg, in meeumt

5, 250, 277) , b 3

V065 ( b or Bt ATIE0 Rebclifledtn ® 5 BhGRNWb77 308 O SrdecMtain
are menbers lofertatiendDvtep? Phldwvition. N§. mepllm)mmét(dmnbﬁ ml Yt

ai ter nat vel f Sehatoreti g MEMD KRB B ppnBuert i S At na

manner with av[cm-sde(dbacnﬂaf in flbg. exanpNe. 8l360jcoR), PushrddakialyBe are
final allcylatio l;t% Xfé czgr}t ajns between about 2 and about 80 w.%
ers of the M-

mol ecul ar ~ siBY8" amily.
[0022] The alkylation catalyst can include the molecular sieve in unbound or

self-bound form or, alternatively, the molecular sieve can be combined in a
conventional manner with an oxide binder, for example alumina, such that the
final alkylation catalyst contains between about 2 and about 80 wt.% molecular
sieve.

[0023] The alkylation process is conducted such that the organic reactants,
ie., the benzene and C; alkylating agent, are brought into contact with the
alkylation catalyst in a suitable reaction zone such as, for example, in a flow
reactor containing a fixed bed of the catalyst composition or in a catalytic
distillation reactor, under effective alkylation conditions. Such conditions include
a temperature of up to about 250°C, e.g., up to about 150°C, e.g., from about 10°C
to about 125°C; a pressure of about 250 atmospheres (25,000 kPa) or less, e.g.,
from about 1 to about 30 atmospheres (100 to 3,000 kPa); a benzene to alkylating
agent, e.g. propylene, ratio from about 1 to about 10 and a benzene weight hourly
space velocity (WHSV) from about 5 hr™ to about 250 hr', preferably from about
5hr to about 50 hr'.



[0023] The allcylation process is conducted such that the organic
reactants, i.e., the benzene and C3 allcylating agent, are brought
into contact with the alkylation catalyst in a suitable reaction
zone such as, for exanple, in a flow r-€actor containing a fixed bed
of the catalyst conposition or in a catalytic distillation reactor,
under effective allcylation conditions. Such conditions include a
tenperature of _up to about 250C, e. up. tQ about 150C, e.g., from
about 10C to k8Lt 198 <y;;ah§pg§a§tﬁp§ cip Db VanorpEEeF Bartissom 00
kPa) or |ess, .8 r

3,000 kPa): a blgg%e#éﬁqttgm@ﬂ@?g%s:l 2 d)cagl%g%léat:ﬁ%. ﬁ?ggf?’%“ﬁ{e@??é@%‘ﬁ@“
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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.

[0026]  Transalkylation with additional benzene is typically effected 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
partial liquid phase conditions. Suitable transalkylation conditions include a
temperature of from about 50°C to about 500°C, a pressure of from about 10 kPa to
about 3,500 kPa, a weight hourly space velocity of from about 0.5 to about 500 hr™

on total feed, and benzene/polyalkylbenzene weight ratio of from about 0.1 to about
10.



pol yal kyl at ed products present in the allcylation reaction effluent,
it my be desirable to transal kylate the pol yal kyl ated products with
addi ti onal benzene to naximze the production of the desired

nonoal kyl at ed speci es. [00261 Transal kyBation with additional benzene
is typically effected in a transallcylation reactor, separate from
the al kylation reactor, over a suitable transallcylation catalyst,
such as an MOM 22 fam |y catal yst, zeolite Orega, zeolite Beta,
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Co, Ni, M and mxtures thereof, and anot elng a trival ent
met al se| ect dHe By consisting of In, Fe Mn, Ga, Al and mixtures thereof. The entire

disclosures of said U.S. patents are incorporated herein by reference.

[0028]  Other suitable catalysts for the oxidation step are the N-hydroxy
substituted cyclic imides described in Published U.S. Patent Application No.
2003/0083527 and incorporated herein by reference, such as N-
hydroxyphthalimide, 4-amino-N-hydroxyphthalimide, 3-amino-N-
hydroxyphthalimide, tetrabromo-N-hydroxyphthalimide, tetrachloro-N-
hydroxyphthalimide, N-hydroxyhetimide, N-hydroxyhimimide, N-
hydroxytrimellitimide, N-hydroxybenzene-1,2,4-tricarboximide, N,N-
dihydroxy(pyromellitic diimide), . N,N-dihydroxy(benzophenone-3,3',4,4'"-
tetracarboxylic diimide), N-hydroxymaleimide, pyridine-2,3-dicarboximide, N-
hydroxysuccinimide, N-hydroxy(tartaric imide), N-hydroxy-3-norbornene-2,3-
dicarboximide, exo-N-hydroxy-7-oxabicyclo[2.2,1]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



the group consisting of In, Fe, M, Ga, Al and m xtures thereof. The
entire disclosures of said U S. patents are incorporated herein by
reference. 10028] Other suitable catalysts for the oxidation step are
the N-hydroxy substituted cyclic imde9-described in Published U.S.
Patent Application No. 2003/0083527 and incorporated herein by
reference, such as N hydroxypht hal i m de,
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be added to t .0xi datjon reaction to canbine with acidic
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aqueous phase nay be introduced, which can hel p dissolve basic

conpounds, s Q as sqgi &m carbonate. The per-pass conversion in the
oxi dation st e#y LopeppfeLlegrsgekept bel ow about 50% usual |y bel ow
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conveniently carried out in the presence of a catalyst in the liquid phase at a
temperature of from about 20°C to about 150°C, such as from about 40°C to about
120°C, a pressure of from about 0 to about 7000 kPa, such as from about 100 to
about 2860 kPa, and a liquid hourly space velocity (LHSV) based on the
hydroperoxide of from about 0.1 to about 100 hrl, preferably from about 1 to
about 50 hr''. The hydroperoxide is preferably diluted in an organic solvent inert
to the cleavage reaction, such as, for example, cumene, phenol or acetone, to assist
in heat removal. The cleavage reaction is sometimes conducted in a catalytic
distillation unit, in a reactor and heat exchanger circulation loop, or in a multi-
stage reaction system.

[0032] The catalyst employed in the cleavage step can be a homogeneous
catalyst or a heterogeneous catalyst,

[0033] Suitable homogeneous cumene cleavage catalysts include sulfuric acid,
perchloric acid, phosphoric acid, hydrochloric acid and p-toluenesulfonic acid.

Ferric chloride, boron trifluoride, sulfur dioxide and sulfur trioxide are also



Hydr oper oxi de Cl eavage [0031] The cunene hydroperoxi de produced in
the oxidation step is subsequently cleaved to produce phenol and
acetone. The cl eavage reaction is conveniently carried out in the
presence of a catalyst in the liquid phdse at a tenperature of from
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pressure of from about O to about 7000 kPa, Fuch as [LgU;aEOUtdloo to
about 2860 kPa,. and a liquid hourl ace velocity ased on
the hydroper 8%?‘3%’66’1"”’105%%‘3%’&@; oat %gtsabrgl%ﬁpfiﬁge% OIROZERFAS SleRispaP
fromabout 1 t@alygll9siIAR@ abig4. The hydroperoxide is preferably
diluted in an organlc solvent inert to the cleavage reaction, such
as, for exanmpl®34tunemétablphsireigerious catelypie, for usaassﬂ@'écieavmgme%vmene
removal . The t

i sti 1 ati on (fpsacfal SREke0d RECRRIGIRRLREIENT Ble Bplofilif it
or in a multi Paﬁsnialge 4,640:3650n ConsitainindeR03R) zdbiies, Gﬂﬂlads)@MénﬂisOMﬁﬂ in

catal yot . LoodsT SuPRal NS G Aottt arao o dayirys- DEb T oprEe
i ncl ude sul f ufinetia@ilided nﬁﬁf;ﬁfﬁu@rch&taﬂﬁiednat@ﬂi’ﬂ§ﬂﬂ&hh Gs 3418, materials, o.g,
hydrochl oric %Mﬁnd p-t o] uenesg)af onic acid Ferri.c chloride, boron

trifluoride, JissloseemaHF- FatertNot pAGLL e sapestitg) clays. degoribed in

ef fective hompgenaemsNe! £8160C %teaklyaagéresﬁ %ﬂﬁg&@f&.ﬁ%ﬂ%ﬁ&%ﬁ&f
cl eavage cat al g% is sulfuric acid Sui t t er ogeneou

catal ysts for ouBderopoly meide) stely agl? @ﬂgséfmhéﬁéwnhy@ido@fembwﬁxﬂ@upmcﬁ sl
solid acid ca nt
o, 4, 400, 5655 gk AAHED oSy Sl pfoEl B T8 eddhe Ngia o _E’%g
di scl osed i nAdeISon@abbmacw@atanzsz@mtd’&&Gfoz ﬁqua:he tleavagde skejla droéeliei those
EP- A- 492807, | f onat e- n ali zedq Mesoporous ta

material s knoﬁ%n%%snﬁﬂ\%ulﬁ%?(ffr n néeg Oxl1 Jyas ?é%a(%réﬁ'ﬂ?’ foggther
Patent No. 6, #ith a253ide®fikoi bi @u@és @)‘Z Fon BeBEANdAREke] & debdriBed AU SNPatbi@-
4,870, 217, sulfonlc aci d functlonallty or

resj.ns _havi ng
het er opol y acﬁagg (fg(ﬁgll%e A3WED 4% Wﬁ@f‘s‘fc’é}ﬁ%@ﬁ Rarixed g¥idg of esiugnandrasiroup
support, suc hwmsnewl k. gazuadn&mal Ngesoriblell ANUBS. AP NZ 699RbE. THE Shfesed

in US. Patent
dlsclosure of each of the above U.S. patents is incorporated herein by reference.
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[0035] The cumene hydroperoxide cleavage reaction can also be conducted in
the presence of the solid acid catalyst disclosed in U.S. Patent No. 6,169,215,
incorporated herein by reference. Such a catalyst comprises an oxide of a Group
IVB metal, such as zirconia or titania, modified with an oxyanion or oxide of a
Group VIB metal, such as an oxyanion of chromium, molybdenum or tungsten,
treated by calcination of the oxide species at a temperature of at least about
400°C, such as at least about 600°C, for example from about 700°C to about
750°C. The modification of the Group IVB metal oxide with the oxyanion of the
Group VIB metal imparts acid functionality to the material. The catalyst can also
contain a metal selected from Groups IB, VIIB, or VIII of the Periodic Table, such

as iron, manganese and/or copper,



Additional solid acid catalysts suitable for use in the cl eavage step
i nclude those conprising a sulfated transition nmetal oxide, such as
sul fated zirconia, together wth an oxide of iron or oxides of iron
and nmanganese, as described in U.S. Pat€nt No. 6,169,216, as well as
those conprising a m xed oxide of ceriumand a Goup |VB netal,

e.g., zirconium described in U S. Patent No. 6,297,406. The entire
di scl osure of %ach of the above U. S. patents is incorporated herein
by reference. B 98Cti9he  cumene hydr oper oxi de cl eavage reaction can

al so be condugloss) i N Thb BRoAERSRIGE clefvabd ReasiR £l A61AEaAt
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reaction product streamfrom step (a) to disti a volatilized

unreact ed pheplsnols padduph crygsligion and unridisetiond step, said purification step
comprising one or more solid-liquid separation and wash steps; (¢) producing
BPA-phenol adduct crystals by crystallization of the concentrated BPA phenolic
feed stream in each crystallization, solid-liquid separation. and wash where cooling
for said crystallization utilizes vaporization of an alkane hydrocarbon or mixture
of hydrocarbons containing from 4 to 6 carbons, e.g. pentane; (d) separating the
BPA-phenol adduct crystals by solid-liquid separation, such as, for example, by
centrifugation or filtration, and washing in.one or multiple stages the BPA-phenol
adduct crystals with a wash phenol stream which may include at least a portion of
the volatilized unreacted phenol stream recovered from step (b), 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; (&) cracking a stream comprising at least a portion, for example
from about 0.5 to about 20 wt.%, preferably from about 1 to about 10 wt.%, more
preferably from about 2 to about 7 wt.%, of said final mother liquor of step (d) in

a reactor with basic or acidic cracking catalyst, for example sodiwm hydroxide or



acetone stream possibly a stream containing cocatalyst or pronoter
if present in step (a) and the water of condensation, while sending
the resulting concentrated BPA phenolic feed stream consisting
essentially of phenol in which the bisPhenol'A and byproducts have
been concentrated, downstreamto a BPA- phenol adduct crystallization
and purification step, said purification step conprising one or nore

solid-liquid separati and sh steps; (c) prqducjng BPA-phengl
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[0038] The st pie@msicanid)popang t BMIPNAl 200t heferchpi@bidboxfyBE ChaEKI NG, i N
step (e) is separated fromthe product stream BPA-phenol adduc_t , of
step (d) by af§roaipPeRBmE Ipithng)s Sirdher aonfligrting srasmdesy e sprjansaiga or
vacuum filtrafhQfdn 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.
[0040] More generally, the acid catalyst for step (a) is selected from the group
consisting of homogeneous catalysté, heterogeneous catalysts and combinations
thereof. The homogeneous acid catalyst is selected from the group consisting of
inorganic acids. The heterogeneous acid catalyst is selected from the group
consisting of ion exchange resins, The inorganic acid catalyst may be
hydrochloric acid, salfuric acid or a combination thereof. The heterogeneous acid
catalyst may include an ion exchange resin, e.g. Lanxess Lewatit K1131S, made
from sulfonated polymerized styrene monomer which has been cross linked with
from about 1% to about 8% divinylbenzene (resin). The polymer may contain a

promoter catalyst that is either ionically or covalently bonded to the polymer resin



[ 0039] As detailed herein, BPA is produced by the condensation
reaction of excess phenol with acetone in the presence of an acid
catalyst. Suitable catalysts for this reaction include inorganic
acids, such as sulfuric acid and hydrog®n chloride, and cationic
exchange resins, optionally together with a cocatal yst or pronoter,
including a thiol pronoter such as an al kyl mercaptan. Non-limting
exanpl es of pronoters include nethyl nmercaptan (MESH), eth
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a pronoter c st 4t i i r..konically, or.coval entl nded to
t he pol yner r%i%‘r@é %jg-&gltrgtfl]éda@, ]Brﬁglp © %@n‘%ﬁl (E:y ¥1r17%nr°(1:§%~tr§% Y énnél) eéa.%ng
Al t er nat i vel yhacrio dreicecitnEtapni) ey feedsitchk) atsifor doi6lep dd) asf idph pudphash

TS (bt o & i GRSk oDRE R ETE R S s fiom oyt 207G o about
cont ai ni ng ei 330eC, prefdpPGeNEBYH OIS tb%b@ﬁ?ﬁ@ﬂepéiﬁl @@%@éuﬁﬁéf fBdm about
conbi nati on t hereof. I 00%12188ui table conditions for the condensati on

of phenol with’atetd r'® AR 7 ey rieferahly fire ebi 1 pAdn 463
mol ar rati o igpdheo0anasuPssd LN ALY besidence time of from about 5 to about 600

minutes, preferably from about 30 to about 200 minutes. The catalyst

concentration under these conditions is from about 5 to about 1500 wppm. In this
cracking step, there is no intentional addition of inert gases, i.e. nitrogen. The
recovered product of this cracking step under these reaction conditions comprises
from about 60 to about 90 wt.% of the stream, i.e., portion of mother liquor
stream sent to cracking, as phenol, and from about 10 to about 40 wt.% of the
stream as heavy residue by-product. Under the above reaction conditions, the
phenol portion of the product of this cracking step is high purity, i.e. having a
purity level of from about 95 to about 100 wt.%, preferably greater than about 99
wt.%, for example 99.5 wt.%.

[0043] It is important to note that cracking step (e) may precede a distillation,
follow a distillation or be within a distillation system, e.g. in the distillation
bottoms, so long as the cracking conditions are specifically selected as herein

detailed to provide the required results. Further, the heavy residue byproduct of



1/30 to about 1/3, preferably fromabout 1/20 to about 1/4, a
reaction tenperature in the range of from about 40C to about 150C
preferably fromabout 50C to about 100C, and a wei ght hourly space
vel ocity (WHSV) of fromabout 0.2 to aout 30 hr-1, preferably from
about 0.5 to about 20 hrl. The BPA can then be separated fromthe
condensati on product as detail ed above, e.g. by crystallization.

[ 0042] Reactign nditions of the cki,n t i.e, ste e) above,
are select ed&%f??&%?ﬁfi%f eéﬁﬁ%%luﬁ%(fﬁjéﬁhﬁﬁﬁr%@ frp aBﬂ‘étrQo(ﬁ é&%om 36
recovery and {eeglinog: prefedold Gofh@olitclaictabout 19tvet¥s bBdnod$o AIRRE S @6 of
and/or to step (d), as_high purity wash phenol. Those conditions

. : p )
i ncl ude a t enPeF&tng-cThy catalyvhoh ser {c) Boteic cckins grtalyss e exaprle aqdimpn v
from about 21B 0@ 8k ki ArdckingRetaBstd i SR4MRe Ahnfih @ ABRAHL, Zirdordion ¢ ©
101. 3 kPa-a (%6 té él.bou(i1 760 r%‘rngg ,a%St?_ef er ab y f‘rérr_l about 13.3 10
46. 65 kPa-a ¢Hodlet groahivot sdbe, lorigrgidros silfieieaeidt i me of from
about 5 to ab 600 } e : : : 200
m nut es. The @g%‘gl ys?hé%glﬁ%:vg%erxa p%ﬁ&‘g%&e{?c{e? ﬁéeps@&%ﬁ‘é???r%ﬁ%??%% rom
about 5 to aboettliniGBesampp ot themovehiien: cracki ng step, there is no
intentional addition of inert gases, i.e. nitrogen. The recovered
product of this cracking step under these reaction conditions

conprises frpgampeyt 60 to about 90 wt.% of the stream i.e.,
portion of nmother [i1quar stream sent to cracki ntlg, as phenol, and
)

from about 10008 labofh dmem itzeosample id ackial gBefhers laay s ddfegufiom 2
by-product . UnfgherbiEBRRACH S RACHARS HRHrbde@ Seschilel hLABRENPherd RPAL ON
of the product of this cracking step is high purity, i.e. having a
purity | evel pfengl addugbotistads wees fasdt fap0that vapripationeefalsl G4 doe@f er
t han about 99 f 9 % -1 00 . IS L.haportant to
not e that cra}é}f(d?gr%%g?’e%ﬁ? Z}iﬁeaggéﬁlpsr g’%%d‘\gg%lg%ilﬁétal #?I%ﬁlfugﬁlﬁ angﬁ Sévgé}
di still ati on wolibk shgedwithea phirs tphédohsiram wyHtem puee garatpara RRA-phenol
distillation ottons, . so long.as.the crackin onditions are

apect 11 cal 'y EBREcOMy S8 Rt B GLPEr el BERPhARAS SPHE VeRteray
resul ts. Furtfoe4e] t hehdw@othyr Qsi mmﬁamml?iocéﬁ‘s had the foli@#ing €)
conprises |ess than about 40 wt.% preferably fromabout 0.01 to
about 30 wt. WPTRYPUC FYBPSHEBY y from about 1 to about 12 wt. % phenol
to allow for ease of processing. Thergatial yst of step (e) is basic

cracking cat pE¥sfoneh0r exanpl € [SPdEM Percent

Phenol 75-77
Bisphenol-A (ortho-para | 15-17
and para-para isomers)

Trisphenol-A 1
Heavies 5-9
Total 100

[0047] A portion of the mother liquor was fed to an experimental cracking
apparatus consisting of an Oldershaw column with a condenser overhead and a
collection system for the overhead distillate and reflux. The system bottom kettle
consisted of a stainless steel kettle with a heating unit. The mother liquor was fed
with a stream of caustic (0.25 wt.%) such that the wppm of NaOH in the feed
stream was 25 wppm. A bottoms product was withdrawn on a semi-continuous

basis while the distillate was constantly withdrawn.



hydr oxi de, or acidic cracking catalyst, for exanple al um num
chloride, zirconium chloride, zirconiumsulfate, hydrochloric acid
or sulfuric acid. [0044] The foll ow ng exanples are provided for
illustrative purposes and do not |imtl%the scope of the invention:
Exanpl e 1 [0045] A drum size sanple of actual nother |iquor was taken
froma commercial BPA plant that practices the process described
herei n where -, phenol adduct, crystals were formed fromthe

vapori zati on ﬁﬁﬁﬁl c4 8¢ ltlmé?réﬁ%\’%@mkeﬁﬁlﬁiw%rﬁgli:?géftaa}l’@m%@r@l@féghed
[na centrifugep s iniieh) OTF Msidel bl ShaGeRs Wobil BB 1RIGRO
streamto forma pure para-para BPA-phenol adduct solids stream a
not her quuorb%fﬁqi@aﬂfﬁv(-centrat e), and a spent wash stream [0046] The

not her | i quor |l e ol C -nad e f.ql | ow appr.oxi mat e
conposi ti on: @%?g I fa@gnﬁpéﬁgg%{t?@% §fﬁ‘§ﬂ lla"%lrr(‘:ageurrfuttS Of%ee%‘?rﬂ%g-% bottons

Bi sphenol - A ( protihas pas drybasid i weidhtpaitafop diigcias@iew sl caustid. sphenol - A 1
Heavies 5-9 Total 100 [0047] A portion of the nother |iquor was fed

to an experinental cracking apparatu opsi sting of an A dershaw
colum with ; _a_n_d__iﬂb(i%ﬂ! | ection systemfor the

a—condenser—over-head
over head di st FPPEM¥MENd ref | ux. |[H#8489%: eCBBiE ofPxeheads Battomsi kt ed
of a stainless steel kettle with athEbai ngFlawi t . | Fhrachot Residuequor
was fed with a streamof caustilc (BU95 wt.9% suphrodmeit (Hewwppm of
NaOH i n the feed stream was 25 wpp#Hiond bott ons product was wi t hdrawn

on a sem -coptinuous basis whille the distillatejwas constantly
wi t hdrawn. - [LBhenpD0481 The condi[t398ns for| @ he bol3@m ket|td e werp 215
C at a pressuBsplxholtA. 66 69 0 0 38
Trisphenol-A 4 0 0 9
Heavies 28 0 0 41
Isopropenylphenol (IPP) 0 0 0 2
NaOH 0.01 0.01
Total 400 0 305 95

[0050]  The results of this example show a marked increased in the amount of
phenol recovered from the top distillate and bottom product (as compared to the
feed phenol) such that in a commercial BPA plant, the phenol required for the
process would decrease by 0.3%. As can be seen in Table II, only phenol was
recovered overhead with no measurable IPP. IPP in tﬁe bottoms was also

minimal. Recovered phenol was 99.99 wt.% on a dry basis.

Example 2

[0051] In this example, the same system was used with a portion of the same
mother liquor source as in Example 1. The system was fed with 50 wppm of
caustic relative to the mother liquor feed. The operating temperature and pressure
of the bottom kettle was 230 °C at 17.3 kPa-a (130 mmHg) with 3.3 hours
residence time.

[0052] The analytical results of the overhead and bottoms products of this

example on a dry basis in weight units are shown in Table III,



kPa-a (80 mmHg). The residence tine was about 3.3 hours based on the
net bottoms flow. [0049] Table Il presents the analytical results of
the overhead and bottons products on a dry basis in weight units for
this exanple with caustic. Table Il Conffonent Feed flow Caustic
Overhead Bottons (nother Flow Phenol Residue |iquor Product Flow
portion) Phenol 299 0 305 5 Bisphenol-A 69 0 0 38 Tris henol-A 40
0 9 Heavies 28 0 0 41 1so ro enyl hﬁ%fl IPP) 0002 NaOH O0.01

0.01 Total 4@9—0—30595—[00501 The s his_exanple ch wa

mar ked increagﬁﬁmP he amount Fpeiier rg@EV%ragvﬂﬁﬁﬁ

distillate apd bottom product (as &BHpEr epFlPw t hePheiebd dﬁ@ P) such
that in a comercial BPA plant, theh%lﬁéno requi { Bepdpgr tIHeW prpcess
woul d decrease hy 0.3% As can ble B®&ain| Table |I. onlyl phenol]| was

recovered overhead with no neasurable IPPL PP ip the bottons was
al so m ni nal PhdRetover ed phenol |vd 99. 99| & . % oh3z8 dry |blasi s.
Exanpl e 2 [ 00Bkphdnol-phi s exanpl €,64 he sanppsystepwas usled wthj a
portion of thgrigaegol-Aother Tiquoy source[@s 1 n anpl e |Is Thé system
was fed w thig@wmRpm of caustic gl ative| §o the[gorher |[[4zquor f eed.

The oper at i nOih&ERPETPHEA (FPY PrRpsure ofgtie beLun1Kep§ie 230

Cat 17.3 kP NGORL3U TTHg) WILII 33 hours Qbfaid,m,c t IW%Z] The
anal ytical resgifs—of—the uvclll AQ ard—b O'Urﬁs p %"cts &, this
exanpl e on a-dfy—basts—+n—weirght—dhts—are—showr-+r—Fable—+H

[0053] Again, there was a marked increase in the phenol from the system.
The phenol taken from the overhead distillate and bottoms was greater than the
feed phenol. On a commercial scale basis, the phenol required for the BPA
process would decease by 0.7%. As can be seen in the Table ITI, only phenol was
recovered overhead with no measurable IPP. IPP in the bottoms was also

minimal. Recovered phenol was 99.99 wt.% on a dry basis.

Example 3
10054] In this example, the same system was used with a portion of the same

mother liquor source as in Example 1. The system was fed with 50 wppm of
caustic relative to the mother liquor feed. The operating temperature and pressure
of the bottom kettle was 230 °C at 10.66 kPa-a (80 mmFg) with 3.3 hours
residence time.

[0055] The analytical results of the overhead and bottoms products of this

example on a dry basis in weight units are shown in Table IV.



-16- Table 111 Conponent Feed Fl ow Caustic Overhead Bottons (nother
Fl ow Phenol Residue |iquor Product Flow portion) Phenol 304 0 328 1
Bi sphenol-A 64 0 0 10 Trisphenol-A 5 0 05 Heavies 27 0.0.54 1Iso
ro enyl henol (IPP) 0 0 0 2 NaCOH 0.02 002 Total 400 0 328 72

[ 00531 Again, there was a marked increase in the phenol fromthe
system The phenol taken fromthe overhead distillate and bottons was
greater than the feed phenol. On a cq) I al scale basis, the
phenol requi reg—for—t-he-BRA—progess—p diH-decease by 0 7% As can be
seen in the TEOMROMH  onl y phenpfeREoW  LeavsEiped Qypdiere aBOHR | no
measurabl e I PP. 1 PP in the bottonESBE al £Blo%hi nil Rhenol RecBeUEd
phenol was 99.99 wt.%on a dry bali®r Exapple 3 [|GosWpt | pFlewi s
exanpl e, the|sane system was use{P#fi®H a portion|of the kame npther
| i quor source _as in Exanple 1. The systemwas fed with 50 wppm of
caustic relatfive to the nother ||quor feed. The operating tenpefature
and pressur e | Phdnol he bottom ket t| &avas 23p0C at 16366 kPa<p (80| nmHg)
wi th 3.3 houll Bisph@sl-dence tinme. [§P55] Theoanal yifigcal repglts of the
overhead and|lygtdieA®-RNr oduct's of [1hi's exppple Onpa dry pasis in
wei ght units ‘aEg;i§hown Tn Tabl e |3 - 17- [Tgbie YgConponery Feefd Fl ow

Caustic Over het: BOCHOIFoT (Pp) 0 0 0 3
NaOE 0.02 0.02
Total 400 0 336 64

[0056] Again, there is a marked increase in the phenol from the system. The
-phenol taken from the overhead distillate and bottoms was greater than the feed
phenol. On a commercial scale basis, the phenol required for the process would
decease by 1%. As can be seen in Table IV, only phenol was recovered overhead
with no measurable IPP. IPP in the bottoms was also minimal. Recovered phenol
was 99.99 wt.% on a dry basis.
[6057] As can be seen from the above specific Examples, essentially no IPP is
recovered in the overhead phenol product, and it is a surprising result of this
mnvention that the IPP contained in the bottoms product did not result in the
occurrence of polymerization of IPP and the formation of heavies so as to make
the system difficult to move hydraulically.
[0058] While the present invention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.



(rmot her Fl ow Phenol Residue |iquor Product Flow portion) Phenol 304
0 336 <1 Bisphenol-A 63 005 Trisphenol-A 4 00 3 Heavies 29 00
53 Iso ro enyl henol (IPP) O 0O 0 3 NaCH 0.02 0.02 Total 400 0 336
64 [0056] Again, there is a marked incrhgase in the phenol fromthe
system The phenol taken fromthe overhead distillate and bottons was
greater than the feed phenol. On a conmercial scale basis, the
phenol required for the process would decease by 1 % As can be seen
in Table 1V, d%h@ﬂgﬁénol was recovered overhead w th no neasurable

PP 1PP in the DOl ke el iebi ARBGONSEEMANB00N  vas 99. 99

wt.%on a dry basis. [005/] "As can seen _ ve specific
Exanpl es, essenti al®y IsactinRRcptone with @\staidhibriatri¢ brecessvefitiend yoherrpidic

product, and it is a sUrphi.si esul t . this, invention that th
| PP contained in the bé(;otn? %{r?éé ggofé’f}i‘tJi F%E?l%tpr?délgtlsﬁe?lﬂ tigrse crace

occurrence of pol yner i zigitieosi-Afprd R, andadieepieac I pbisitly @bhreaead b@fons0
as to make the system gtlgrff cult to nove hydrauli calc{g%/l.é{a[OOSS] Wi | e

the present invention ¥ FORAFSLI B PthshErastqn RyPF > by

reference to parti gus) adis@rROGh RBISer MMiSBeD the Vet Modlet stredn fbofie
art will appreciate that the invention |ends itself to variations
not necessarily il ust¥ieh e to AisHBioff a matilized ynreecierbphenphereamy pfssibbince

shoul d be nade solely &P&Q&géﬁfﬁc&%@@tmﬂ,%ﬁﬁhg %a%e%%@@?%feﬁiﬁ%&?,wlel

determ ning the true scope o present 1 nveén

A process for produci nigniing ptevmsiredn compPisspiegolt hddist epystalfizatioa) and

reacting acetone wth paun ic éic?nhist%ﬁrgtslﬁr{dcpuen fe5tion gtfep pc%%:g%sinléngn%r oragfogei ¢
solid-liquid separation and wash steps, the resulting concenirated
BPA phenolic feed stream consisting essentially of phenol in which
the bisphenol-A and byproducts have been concenirated;

(c) producing BPA-phenol adduct crystals by crystallization of the
concentrated BPA phenolic feed stream in said crystallization, solid-
liquid separation and wash steps with cooling for said crystallization
by vaporization of an alkane hydrocarbon or mixture of
hydrocarbons containing from 4 to 6 carbons;

(d) separating the BPA-phenol adduct crystals by solid-liquid separation
and washing same in one or multiple stages with a wash phenol
stream which may include at least a portion of the volatilized
unreacted phenol stream recovered from step (b), 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;

(e) cracking a stream comprising at least a4 portion of said final mother
liquor of step (d) in a reactor with basic or acidic catalyst under
reaction conditions including a temperature of from about 200 to
about 350°C, a pressure of from about 1.33 to 101.3 kPa-a (10 to
about 760 mumHg), a residence time of from about 5 to about 600

minutes and a catalyst concentration of from about 5 to about 1500



conditions to forma reaction product stream conprising crude
bi sphenol - A product, unreacted phenol, possibly unreacted acetone,

wat er of condensation, and other reaction byproducts; (b) distilling
in single or multistage the reaction product streamfrom step (a) to
distill off a volatilized unreacted phenol stream possibly an

unreacted acetone stream and the water of condensation, while
sendi ng downstream to BPA-phepol adduct crystallization and

purification steps, sal@PPuridd ceachon odiforonplested g tasevesr a nppduct
solid-1iquid separati 0QomHekiNREHnStHs N rated
SPA phenolic feed st reacr)n COI}I%?‘SU ng gzgoeﬁrﬁ%gﬁﬁe?%;'/p esgagq]g?%ﬁ&\}\ﬁf f:éﬂd
t he bi sphenol - A and by fraduether lignowraskehstsence phemf daving e pugityoldist iong
BPA- phenol adduct crys S i.gAati.Qn of, the .c entrate
BPA phenolic feed st reéwﬁnl %ﬁg}sﬁgfﬁd){%%@s‘#éﬁ i“ga}]f”i %lﬁftr%lapﬁ&n]ﬁ)l Gugtgut o

separation and wash st ®p¥ wﬁsaﬂdmhbdmammshwb’des@dtﬁ%@ﬁﬂoghﬁﬁéﬂdgn by
rocar bons

vapori zation of an ,al kane hydro bon qr m xture_of

contai ning from 4 ¢ 6%8%@6%%saflﬁ?fr&?cg’%%gﬁrlgiepﬂgprpﬁ'éﬁ Blﬁﬁ¥?9h@h69 std@tt
crystals by solid-I|iquasi/seppr@li on and washing sanme in one or
multiple stages with a wash phenol stream which may include at | east
a portion of the volatilized unreacted phenol streamrecovered from

step (b), or spent TWaSRo@Es oFTHME! 1 %h&h’iﬁrthgrvgﬁhmggﬁﬁﬁqéﬁ%%. o5 5t5p dlice

crystallization, solid-liquid separation, an st eps,
final washed BPA- phhisies ahdensce, pdrtiemiof dhenplatibesl amehcfadnphientD siagin

l'iquor; (c) cracki Rgodersd rising at least a portion of said
final nother [|iquor Oofr§%tg%r%e§§w?n a reactor with basic or acidic

catal yst under reaction conditions including a tenperature of from
about 200 to sabou a essure of from.aboyt 1.33 to 101.3
kPa-a (10 to 3ébou¥rh%§%§mmﬁ39f;a,’lalgl fgg‘FrﬁlélntI}%P?ﬁhﬁﬁ og?a“il fipeh mefBen ligor of
about 600 mi nut essap@®)dn s @) ystrort @PALDISHabHA20%:t 55 om about 5 to
about 1500 -19-
4, The process of Claim 1 wherein step (a) is conducted in the presence of an
acid catalyst selected from the group consisting of a homogeneous

catalyst, a heterogeneous catalyst and combinations thereof.

5. The process of Claim 4 wherein said catalyst is selected from the group

consisting of an inorganic acid and a cationic exchange resin.

6. The process of Claim 5 wherein step (a) is conducted in the presence of
added promoter selected from the group consisting of methyl mercaptan,
ethyl mercaptan, 2,2-bis(methylthio)propane, mercaptocarboxylic acid,
and promoter-bound resins,

7. The process of Claim 5 wherein said inorganic acid is hydrochloric acid,

sulfuric acid or a combination thereof.

8. The process of Claim 4 wherein said heterogeneous acid catalyst includes

an ion exchange resin made from sulfonated polymerized styrene



wppm said reaction conditions selected to recover a product
conprising fromabout 60 to about 90 w.% of said portion of said
final nother liquorcracked stream as phenol having a purity |evel of
fromabout 95 to about 100 wt.% and fraem about 10 to about 40 wt.%
of said cracked stream as heavy residue byproduct; and (f) recovering
and feeding the phenol product of step (e) to step (a) and/or step
(d). 2. The process of Caim1l1 wherein the wash phenol stream of
step (d) includesngropenwhich e beé¢nosrosstlinkbde with| fadm labaed Yot atzoit 8%
phenol stream recq %%%nﬁéom step (b). 3. The process of daiml
wherein the portlon 0 * i nal rmther liquor of step (d) in step
(e) is fromabout 0.5 to about 20 wt % 4. The process of Claiml

wherein step (@) i conduc':]oghd%1 (gfnpre ence of an acjd catal

sel ected fromthe glﬁﬁﬁcﬁﬁ pith | vere e palusted sier Ehisa Ypsic ca 1Y3t
het er ogeneous cat by Bthe 36160 BRI Ak 6 \der dafrn%ﬁhe a@emﬂe%lﬁaro@%ﬁlsab%t
Claim4 wherein said catal is selected fromthe group consisting

of an inorganic ack¥ Hh‘@o %/@QQ onnée peemieefdioneshont 183 tTHE 7 Pty of

Claimb5 wherein stﬁp lucted in the presence of added
pronoter selected from e group consisting of nethyl nercaptan,
ethyl nmercaptan, 2,2-bi s( nmet hyl t hi o) pr opane, nercapt ocar boxylic acid,

d t do d
a0 B oMot er - BUNATkeSkNe B TS, FLASERF pClo? phPa b S
t hereof. 8. The pr pmsoin‘te;(ﬂamemlﬁ ﬂmegt@smoﬁxpndn@et er ogeneous aci d

cat al yst incl udes n ion_ exc resin from sul f onat ed
polynerized st yren - 20%° “ﬁi‘fﬁ‘ﬁﬁg?ﬂg%ﬁ?ﬁﬁ’?dhaagab@@ﬂa%%%@ iuRReglimripgpn
from about 1%to about wmtdjnywmlah%mﬂ@n c§a1yél€hﬁa%éeﬁa§§oﬂefm Groausm 1
wherein the catalyst of step (e) is basi ¢ catal yst and

reaction conditions of %‘i@bﬂ(ﬂ%‘)n‘?fﬂ%@u@@nmﬁwa%ure of from about
¥4 oxidizing the cumene from step (1) to produce the corresponding

hydroperoxide; and

(3)  cleaving the hydroperoxide from step (2) to produce product
comprising phenol and acetone;
and said cracking steamstream of step (e) comprises from about 0.5

to about 20 wt.% of said final mother liquor of step (d).

11.  The process of Claim 10 wherein said alkylating agent comprises an
aliphatic or aromatic organic compound having one of more available

alkylating aliphatic groups of 3 carbon atoms, or mixtures thereof.

12. The process of Claim 11 wherein said alkylating agent is selected from the
group comsisting of propylene, propanol, propionaldehyde, propyl halide

and mixtures thereof.

13. The process of Claim 10, wherein the alkylation catalyst in step (1)
comprises a molecular sieve selected from the group consisting of zeolite
Beta, fawjasiie, mordenite, MCM-22, PSH-3, SSZ-25, ERB-1, ITQ-1, ITQ-
2, MCM-36, MCM-49, MCM-56 and mixtures thereof.



215 to about 260C, and a pressure of fromabout 13.3 to 46.7 kPa-a
(100 to about 350 mmHg). 10. The process of Caim1l wherein at |east
a portion of the acetone and phenol of step (a) results from steps
conprising: (1) contacting benzene and-&-C3 al kyl ati ng agent under
alkylation conditions with an alkylation catalyst in a reaction zone
to produce an allcylation effluent conprising cunene; (2) oxidizing
the cunene fromstep (1) to produce the correspondi ng hydroperoxide;
and (3) cleaving the hydroperoxide fromstep (2) to produce product
conpri sing phenol and acetone; and said cracking steanstream of step
(e) conprises fromabout 0.5 to about 20 wt.% of said final nother

| i qguor of step (d). 11. The process of Claim1l0 wherein said

al l cylating agent conprises an aliphatic or aromatic organic
conmpound havi ng one of nore available alkylating aliphatic groups of
3 carbon atons, or m xtures thereof. 12. The process of Caim 11l
wherein said alkylatlng agent _is selected fromthe roug conS|st|ng

of propyl ene, Yhr opaifoProcs i (AR denyResen SpigRPntaptng der (Brid wpductsdes

thereof. 13. The proeesSeRf pididiihlQnadheh@iithst he al kyl ation catal yst
in step (1) conprises a nn?ecu | ar sieve selected fromthe group

consisting of zeolite Beta, faujasite, nordenite, MCM 22, PSH 3,

SSZ-25, ERB-1451T pfo-gggs & CW&%SF%W &3 eaIMthigzq ¢ ﬁﬂtz@xsxﬁl%ﬁg a

t hereof. -21- 14. e process I'n salrd contac
step (1) is conductegemhdenpf @i tol sbast 2507, tai ;abssmieoppitd apha 260 atnmﬂpiterasns :

"ol ude a i enper aCaB08FFhs RS AR et o B aBER 1 5 MR e
250 atnmospheres (2R, D0zkRayeight Hoaflz enee waoatﬁwHSVm@oagmm satie

fromabout 1 to abqut 10 and a benzene wei ght hourly space velocity
(VWHSV) from about #POHF20 hitg.

6. The process of Claim 10, wherein said alkylation effluent prodnced 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.

17. The process of Claim 16, wherein the transalkylation catalyst comprises a
molecular sieve selected from the group consisting of zeolite Beta, zeolite
Omega, faujasite, mordenite, USY, MCM-22, MCM-68, PSH-3, SSZ-25,
ERB-1, ITQ-1, ITQ-2, MCM-36, MCM-49, MCM-56 and mixtures

thereof,

18. The process of Claim 10, wherein said oxidizing step (2) is conducted in

the presence of an oxidation catalyst.

19.  The process of Claim 18, wherein said oxidation catalyst is selected from
the group consisting of (a) an oxo (hydroxo) bridged tetranuclear metal
complex comprising manganese, (b) an oxo (hydroxo) bridged tetranuclear

metal complex having a mixed metal core, one metal of the core being a



about 250 hr-1. 16. The process of C aim 10, wherein said al kyl ation
ef fl uent produced in step (1) conprises polyisopropyl benzenes and
the process further conprises contacting said polyisopropyl benzenes
with benzene in the presence of a trarféalkylatiion catalyst to
produce cunene. 17. The process of C aim 16, wherein the
transal kyl ati on catal yst conprises a nol ecul ar sieve sel ected from

the group consisting.of zeqlite ta, ,zeolite

o don 16, USY. - MRSt el StopEeftne aRobnsitiait s TR 069
MCM 36, MCM 49, Mh SHidantiieX tibgres, ahdenebtr ikl El'di@ Rr @ﬁf@i&ﬁt fiktal
Claim 10, wherein said_oxidizing step,(.2) i.s conducted in

presence of an oxisgeedrranmnily gopD CQ@IS i of Jp.of% Jdnofa, d\hﬁl?‘ﬁ lllé?mlres
wherein said oxi d%ﬁér%f £ la)ﬁ‘ﬁ-h&&oﬁ?éu@&ftﬁ@d Eﬁc‘ﬁmlmidg%ltﬂér%}b%e or in the
consi sting of (a) an oxo y roxo) bridged tetranuclear

conpl ex conpr|5|ngwﬁﬁm@amaﬁﬁem¢wdamM¢XO (hydr oxo) brldged
tetranucl ear netal conplex having a m xed netal core, one netal of
the core being a 22 divalent netal selected fromthe group

consi sting of20Zn, Thg,préess 6DClabh,10, Whereind bk thurfesng hehe tfaddaind the
anot her net al beln g? trivalent netal selected fromthe group
consi sting of In, ZigSteR) Al and mixtures thereof and (c) an
N- hydroxy substituted cyclic imde either alone or in the presence
of a free radical initiator. 20. The process of C aim10, wherein a
basi ¢ bufferifg agdtrrpeesaaielinn 40y Wesreip feqrxdinige ster A2 i ypondugted #he
process of O aim hnpuhierehnabhcrdil dhelBanshienot@ni s FOAMICHGHAL 2
t enper at ure of fron1%bout 60C t o about 200C and a pressure of from
about 0 to about 100® kiPabo®2000kea process of C aim 10, wherein the
cleaving step (3) is conducted in the presence of a catalyst. 23.
The process of Caim22, wherein the cleaving catalyst is a
honogeneous 22.  The process of Claim 10, wherein the cleaving step (3) is conducted in the

presence of a catalyst

23. The process of Claim 22, wherein the cleaving catalyst is a homogeneous

catalyst.
24, The process of Claim 23, wherein said homogeneous catalyst comprises at

least one of sulfuric acid, perchloric acid, phosphoric acid, hydrochleric
acid, p-toluenesulfonic acid, ferric chloride, boron trifluoride, sulfur

dioxide and sulfur trioxide.

25 The process of Claim 24, wherein said homogeneous catalyst comprises

sulfuric acid.

26.  * The process of Claim 22, wherein the cleaving catalyst is a heterogeneous

catalyst.

The process Claim 10, wherein the cleaving step (3} is conducted at a

temperature of from about 20°C to about 150°C, a pressure of from about



catal yst. 24. The process of C aim 23, wherein said honbgeneous

catal yst conprises at |east one of sulfuric acid, perchloric acid,
phosphoric acid,- hydrochloric acid, p-toluenesulfonic acid, ferric
chloride, boron trifluoride, sulfur dimxide and sulfur trioxide. 25.
The process of O aim24, wherein said honogeneous catal yst conprises
sul furic acid. 26. The process of C aim 22, wherein the cleaving
catalyst is a heterogeneous catalyst. 27. The process C aim 10,
wherein the cl eavibhip shomp 70®) kRasand gt exinlytspace teborpe (BHEVRbokd bnom
about 20C to about, 150 a_pr. of m.ab -33- 0 to about
7000 kPa and a |iqtll}f’§Y%SB?P§d§§§%%§3%ﬁ“E§'??%a‘i‘t hlbased on the
hydr oper oxi de of from about 0.1 to about 100 hr-t. 28. The process of

Claim 10, whergein step (a) Ls,conducted in the presence of added

promoter sel e&t ed fhwmwéﬁmqﬁo‘ﬁ%%f%ﬁ% s feidigiod i fhegpsis of

ethyl nercaptan, ZaddedhafoiREyelcbil @R @PARAp MRSSHRIY m&@ﬁmbﬂcgptéﬁ' d,

and pronoter-bound resins. 29. The process of C aim 10, erein at

| east one of the st¥tkysmercpptap,2 R 2dns(uethyltkio)pssifaset agrdeptoearbenylie i asid,

distillation. 30. %%r@h?@g?&ngfm E{Sai m 10, wherein the catal yst of
atalys ang

step (e) is a basic n he reaction conditions of step (e)
i nclude a tenperature of fromabout 215 to about 260C, and a

pressure of fLpm aRoul Jeds 3¢ Eint 0o, Stk & 1642 0nd & m@B (1778 TR

effected by catalytic distillation.

30. The process of Claim 10, wherein the catalyst of step (e) is a basic catalyst
and the reaction conditions of step (e)-include a temperature of from about
215 to about 260°C, and a pressure of from about 13.3 to 46.7 kPa-a (100 to
about 350 mmHg).



