10

15

20

25

WO 2004/ 048430 PCTHUS2063+635960- PROCESS FOR

PURI FYI NG BI SPH esent invention relates to

a process for thgmumm @ on bi sphenol -A and to

pur| fied bisphen enol - A" or

a, bi sphenol - A" art®'%el | - known nanes for 2- bi SS4-
ﬂﬁ’&? g theny! ) - propane which is a condensa‘quGf?mm’ 35900

product of phenol and acetone. Bisphenol-Ais a

product of hi gh PROCUESS IR PURIFYOMYBISHEENGIAC! t ance
for the manufacturing of rrany commer ci al products,

such a ol ycar bonpat e epox sins, The rid

pr oducﬁ]g %flt By ?Perﬁf? es ngé%@ &ﬁg“l’b(if’é’i‘°né’1?ﬂ\ﬁ€1}°il'érﬁnd to
mpurifiel Highenopar year and is still grow ng. High

qual ity epoxy resins, and particul arly poI ycar bonat es,

hoi - R SABRTD G ety A €l ries it oty

t @ydmxyphwl)lqmpme whiok sa&eﬁeh;atbhm&@ﬂd@hsmﬂ b acetone.

oA pBoRREL NG Bl B Supett e

p mm&&steﬁngwf Gy eorﬁm&'ﬁhﬁﬁéﬂucﬁ s%ﬂﬂas%fyﬁﬂrbéhatemﬂ' dpbkPresins. The

d honnl h
I ; C Wgﬂﬁﬁ?;oﬁgﬁ%@ Sﬁé é‘iaag%gﬁbg & 81} %lfe-’%ﬁg;!ggglglaegr and is still

( tiEEh i &ﬁnsaﬁn akh -
IEQ"Vﬁﬁé e & %%Elhyl@’rdg@%' Byt (;1%/ A ﬁ:lélﬁl; f?&lﬁdr’é.g}onﬁés require bisphenol-A of

th@ﬁ’ﬁ@ﬁ PrUsh B HPTRIARSFELARd unf avor abl y col or ed
substances.. In view of the high technical and

c ommer Bisplienblrk &ppcplret Bedofding @ ivargbul kebWn)prébiéises by the condensation
research effort been spent

i T “sﬂg ‘??r?(%ﬁa&%%e&ﬁy a stojchigmgfrip gxaess b HE“RHB\FSW resenrs @t agatalyst
mmése k8o protesdh progbcedisphchoVAlafd cdrinim! Pﬂg{eﬁ thelud@ isodfers,
cool e

ure é‘s ‘heat ed and subsequently.

?%?éf‘ homojogugs, sish a2 de}y@mﬁ&?éﬁhy%xypbﬂy@zmg%

duﬁéaﬁ&%fem&o@go,gf BigheRd SONED Dhrirfe wlmumg&%iy@%l)chmman
heathmghthe m xture to a tenperature o OC resulting

ekyphene]izad unfaypsably ¢alesed sybstancesa AR wiepof the highrjechnical
mai(d wn&néréialqﬁ’t@k&(iln So0itdny nigBlyPu¥etighldof-8, RbsiesaRh sfort has

%./ng: sonmeri ¢ diphenols or other organicC Inpurities
r& SHF%Q“F‘ﬁP‘ﬂﬁéat?ﬂ“yst als are renoved by washing with
25 a 'chlorinated sol vent,. such as chloroform

net hy| at@rdifig o roneialomt:ﬁeﬂhoamnﬁmmfmspmol-A I@ﬁd’ﬁ%ﬁ@ ﬁrepared, the
dIC l.oride 8 h orob%nzene Patent ‘No. .. = - _
Infiegte abcg%tgieguwr XF?P&%E%?‘Y béﬁ]PP‘Fn?
bl sphenol Ain the '
U.S. Patent No. 3,326,986 discloses mixing crude bisphenol-A with water and

heating the mixture to a temperatm'e of 100°C resultmg in an aqueous phase and a liquid

- organic phase The mixture is cooled slowly to crysta]hze blsphenol-A. Any isomeric
dehenols or other organic mpunhes remauuncr in the crysta]s are removed by washmg with
a ch]onnated solvent, such as chloroform, methylene chlonde ethylene dlchlonde

propylene dichloride or chlorobenzene

. U:S. Patent No. 4,461,915 suggests mixing water-crystallized bisphenol-A in the
presence of water with a water-immiscible organic solvent, such as toluene, agitating the

mixture and forming three phases in the agitated mixture. The phase containing mainly the
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presence of water with a water-inmiscible organic
sol vent, such as toluene, agitating the m xture and
form ng three phases in the agitated m xture. The
phase containing mainly the 1 WD 2004/ 048430

/035900 organic solvent is renov
purl(id @ i sphenol -A is recovered fromthe ?’gﬁ@sﬂ’f’”‘é’s’“”

ses, U. S. Pteng_f 40635d Io es a,
pPrcse@g §° Yegt is eqmayed pd ppn &;\@P@‘B?Pir?‘o‘ﬁfﬁ@w i the fggpaiing o
| phaekded to a m xture of a phenol-free mxture of
bi sphenol -A, 0.5 to 15 w.-percent 5 di phenol isoners

and i rities. e nd t he crude bi sphenol - .
st ur B batenh a4 05 Slo%e0 8 Bo5eS TG Rl bisigmeh-f gherein
Mplater Rlalideliiea Sdlthnd offBpiRhblee mikGR of bisplfenaldh ANBloi16 akt. LpErcent
cqol ed whi I e stirri n%{ by reducing the pressure

{ Eipbeohisomes md impatiissy Watrr Bad (BorofRisPhRRel-ARpErS TP P%ﬁéf‘d’ to

bips AHSEQk arhbiBRrddGrdBThdhittRe: doMd tbRFiall fmér?ﬁﬁ;%diaﬁzﬁlcally cooled,
purity, Unfortunately, the maximumpurity

th
c pile &irrings Byredneingtbe pressure. d\he fpmperaiiFe @&ﬁ@?egﬁo Wé%"h PhG- The
oeﬁgﬁﬁﬁéﬂrlﬁsphérgl QHE% Hé%asﬁe’&@?ﬁﬂh&%&ea@@fhﬁﬁﬁﬁy UhfSttunately, the

Pat'ent No. di scl oses a process for renoving

ommwng@fﬁhtcrmlb@ﬁfmsphqn@lmﬂwp#@ﬁ savera} wb@ggperqtrvés
CﬁX&%@{é{c@erd@Q?p%cg& in water which is nmaintained at a
t enper at ur e “of C or above to produce a nolten

mater-bis henol ﬁhase The wat er- bi sphenol phase
separ apés e (NOt 483 3k dlisgloges @ process dorrarmoapg Qrslyded organic solvent

O Gk tiSHledoY %r%iﬁs I%Ql?y?s'ih‘?s} méﬁa&ﬁm&}éﬁvlﬁaﬁs ﬂiatxft&ﬁfc@ at gt o

the water phase fromwhere it can | ash distill ed.
Utesnperagireet L OREC ouaboveito groguei asaoliss é‘@te&bﬁpléﬂ?élsﬁ‘a?eo The water-

'p%{sgﬁéﬁb selsgyﬂ%qe oy b Bkdel ter%c?ﬂ‘i@tsbl%xﬁ essaswgv 8 ufsshenol

15

30

|sp rern a |s ersion | quef i ed
crcupustals cma@&meantmtlw vaterahre cﬁtqm whezpuit @Pmb§ ﬂ‘aéh Chﬁdle@)y :
agitating the m xture at anbient pressure and at a

t enper gisupgert Wol i §a Loty Jls‘élogé%'atpr&gﬁ f Zﬂthﬂeyn'@é &ﬁde&)rystallme o

Agltatlonlsthenreduced permt. formation
t faFamratip pepapoynd, éu@msub&plafmls{««awher%a fispegsion of %&?&Eﬁfﬁ‘scmde

| 'tﬁh‘tHrQI Br&ﬁ‘ﬁ%o ﬁ’sdhcf%ldf@fci?ﬁéd by dgithg tﬁﬁ'&ﬁﬁ@n‘e b{- amibieltBprd3tire and ata

5,512, 7 di scl oses a process for the purlflcatlon -
oﬁerapeeatmel suffigjnsinmels fheweride matesah Aigitationtis bem redpred iy pepmpif

PSRRI tﬁ'regrbﬁ‘aké’sr ?scﬂ’iti cﬂ'sﬁfliﬂg Eha?é 3R Q@Jb@ﬁs Ruffhase and a mother

hquor phase.

U.S. Patent No. 5,512,700 discloses a process for the purification of a crude
blsphenol which compnses the steps of N prepa.rmg a mixture of a crude b1sphenol-A and
water at a pressure above atmosphenc anda ‘temperature above 100°C, (2) crystalhzlng
bisphenol-A at a pressure below atmospheric, (3) separating crystalline blsphenol from the
mother liquor, (4) dividing at least a portion of the mother liquor into a blsphenol-nch '
organic phase and a water-rich phase, (5) preparing a mixture of the bisphenol-rich organic
phase, water and optionally an additional amount of crude bisphenol at a pressure above -
atmospheric and a temperature of above 100°C, (6) cooling the mixture and crystallizing

bisphenol and (7) separating crystalline bisphenol from the mother liquor.
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water at a pressure above atnospheric and a

t enper ature above 100C, (2) crystallizing 25

bi sphenol -A at a pressure bel ow at nospheric, (3)
separating crystalline bisphenol fromthe nother
liquor, (4) dividing at |east a portion of the nother
l'iquor into a bisphenol-rich organic phase and a

wat er

B oY e sest fdse e RRlk Bk, Bt Bestls G psapno-a

@fd@@htquaml Uafoptutitel g ftheCpatetles dblnsghze;h (hbwads ofinfi#eBS Vel of the

ey gl ohg vk e ATty afef Hrnyudisien

iﬁn&ﬂﬁﬁiﬁ@lﬁe fa‘ﬂdfllla(t Bx)spl&eaa« atprmceardylsk@rl lhﬂﬁﬂﬁ‘cabl ebediagly, it is very
romthnhe. nother t he process . .
imeeriant fetghicke ¢ high a ?Péfﬂql éﬁ%leﬁa&l@m% ﬂgﬁw? Efhe purification

pbb&@b e\@h a AmalOperén@ile ﬂlly'ikildl tnYreaééWdﬂ[dl‘dﬂl&tlxehlyge sﬁ\hﬁgs in raw
patents do not teach how to optim ze the yield of the

RigAteRrdn mAtCHAl thal hag e of r58tied ni ng a high quality. A

hi gh quality alone is not sufficient considering the
fact AbRtdikigRNERN] debirdbfe BHRIECAG R ﬁlrdé@JsYorlp@fl%gs(ﬁﬁie%isphenol-
Accordingly, it is very 5 inportant to achieve a high
Qual ity bisphenol-A while optimizing the yield of the
purification process. Even a snall percentage in
yi el dohduxp&ash¥piebelt mGSHbA islalbrébd bSoSAYiRAShilghe AN which
materials or in material that has to be recycl ed.
wEwordithrgiigpsoft is still desirable to provide a new
process for purifying crude bisphenol- 10 A One
zﬁs&%ﬁltng QfquIl(hI%lXPJrg §(§H&r15£\% EﬁéngpA Ia§d @atplrlgg%?sﬁhefnng crystallizer to

urifying bisphenol - conprises the steps of 15
é%mb@BMmﬁbAaw$@Gur@hm¥&PM$% conpri si ng bi sphenol -A and
water in a bisphenol-A crystallizer to form

[ i [ b) separating
?h%8§?§§#2§% 1%?@?5 tggﬂ?%g%ﬂbﬂmqﬁqu|d phase; 20 c)
dividing at least a portion of the liquid phase into a
] @pﬂd@a@t least ¢ hortipg afithe liphdstasaint acbisphertobrich prgdmipptasednd a

phenol and at |east a portion of the

g% I"?C‘%eﬁh%%hch organi ¢ phase into an adduct

crystalllzer to forma crystalline adduct of pheno
dnftedbnspivesicind A least apornerhefithd tigpherol-rigtborginispipss iatol angdduct

cgrg)s%alﬁzré{ ?ot 3 Im|1 L rc]reystg 1%] a(}du to? phengleanggsgﬁernoll A P Phother liquor;

e) separating the crystalline adduct from the mother liquor;

f) subjecting at least a portion of the mother liquor obtained in step €) to a distillation step to

remove water;

g) contacting mother liquor from which water has been removed with a catalyst for

isomerizing isomers of bisphenol-A to bisphenol-A; and

h) recycling at least a portion of the mother liquor treated in step g) to step d).

The present invention also provides a process for purifying bisphenol-A comprising the steps

of
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T) subjecting at |least a portion of the nother |iquor

obtained in step e) to a distillation step to renove
wat er; 30 g) contacting nother |iquor from which water
has been renoved with a catalyst for isonerizing

i somers of bisphenol-A to bisphenol-A; and h)

recycling at |east a portion of the mother |iquor

a)L(\:e/og)n?g Ol1qu1<? mbyglgrg%%m génggapsgg%lgbA anﬁl w:I;]ter 1R%%fs§}{1]enol -A crystallizer to

foirra plspitmbl-A coerprin §liqgd piese;st eps  of 3 a) cooling a
l[iquid nixture conpri sing bisphenol-A and water in a

henol - A crystallizer to fqrmpbisphenol-A crystals

PSP g 8 bR s Bl i el AR, < phenol

crystals fromthe liquid phase; 5 c) dividing at

J:)e@Sfdm% apRAdt b Portioh of theliquidphade pasEsph&iodriah organic phase and a
bi sp -rich organi c phase and a water-rich phase;
?w?%gﬂﬁﬁﬁ phenol and at |east a portion of the

bi sphenol -rich organi c phase into an adduct 10

&) wedifg pheablrant @t QK Efb&tl&{ M&ﬁs’i&éﬁh%l&dlﬁi bighni®PhaRRROIN adduct
and hi sphenol -A in a npth quar ; separating.the

evsratizar |t<r foEm 3 qErsieting ?Qﬂwttqﬁ @h%sk W@P‘SPP‘?EB]O‘?‘ in gymother liquor;

contacting at |east a portion of the nother |iquor

OPihAek th@cr§§tﬂﬂneez)dd\ei‘éttfr'%rrﬁh&ﬁbtﬂleﬂ/lﬁﬁloxf or 15
i sonerizing 1soners of blsphenol A to bisphenol -A; and

h) recycling at | east portion of the nother |iquor
& eayasting 3 l@ptapogiontad ﬂgét%hedjlquombteﬁé# ingep LY ithp ctppst for

REGSEMe isEWERNSAPBhend1-RUS bikpiRAoID; SRAENCl - A which i's
producﬁ% 20 according to the above-nentioned

rocess. Fig. 1 represents a flow sheet of a preferred
gmv@mlm At least a perEompighemathefligperdrepied gestap &) tnsierrdi on.
25 Fig. 2 represents a flow sheet of another preferred

embod 'Aggtﬂér agsec{ Jﬁhﬁr@s@ﬁt‘?ll?vegfiont i@ Burifl¥d %%Sﬁgnoi-ﬂ %Wl')iip}g}oducible

according to the above-mentioned process.

Fig. 1 represents a flow sheet of a preferred embodiment of the process of the present

invention.

Fig. 2 represents a flow sheet of another preferred embodiment of the process of the

present invention.
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3a WD 2004/ 048430 PCT/ US2003/ 035900 Preferably, the
purity of the crude bisphenol-A which is purified
according to the process of the present invention is
90 percent or nore, nore preferably 95 percent or

'Wb%m/o}_snﬁ) producti on of crude bisphenol -A qJCTﬂ}éSJ&%/oss?]oo
I'C

I's well known in the art. The inpurities
re?%ﬂ?by th purl fication process of the
pr esen? refes ecrity ok the qmdg bisphenelr4y whish irpurifiediacserding do the

Ofprdci® o? R RRAER ivéntidh RUOTetRfk or HéFd] m%l?e preferably 95 percent or more.
2 2- hydroxyphenyl) 2-(4 "hydr oxyphényl propa%e

arpduction o erudehispbenopA of spchapurityi isrwelhdowa-iy the art. The impurities
hﬁdﬁ&)ﬁ{gﬂﬁ@%&%ﬁ Big:@gunﬁcrahérhf/rgéegg(gﬁlbeeﬂyslent%@@o%qgaude a variety

such as 4,

pl@éhxrp@ﬁwst ¢fsthqinwpsnoi danaiudiiqr, are las 2- (ﬁahyydpixypimh;sl) -2-(4-

10, The
| PoRoSRBESIRREAR, al o iliRensp's RA AR RRUER the
P meéremphﬁnW)em)mm tr;sh}edrexyabdwl conqmmds,ssaeh ds g 420 dtoxy 8-
p f 1o 60 rcent .of .
e Pne SR R R, ol 3Pl o Ehrd sag B i
pbrodants. nore- preferably from 40 to 70 percent of - -
wat er, based on the total weight of the m xture. The

term " gud mﬁﬁd Sl X bl & st G?thg Bx%gesg Fﬁh g]fgg I&Flhvenhon preferably

liquid at condi ti ons osentin-s
bicepprises fromrto &epapreaty mateepdefanablly fﬁmmno 6@pergendof crude bisphenol-

t IS CO cted
Tl o8 203G b Pheectl o RS A5, M b Do B pwater,
otbaded omtie3atal voeight 0fhe mmtm'e.p‘imé Efnahi I)Qufdr mixtute"Gndans Aakhe
o8 € T SRaROR ISR P8 S ot i
45&1&1a113161&ﬁt1f ﬁtmhﬂtep befbrriab b(}htidtddrm&Gwdt@ Ihék:)llﬂéﬁheﬂall & preferably

xt.u [ n ter
PR a3t e B e {520 2408 b G ot o 205°C. Water
fpt:af sscelfd gtelfeat!am:élforS 1th§co'ﬁta2@d Radh ,blspmlolapfe@f@@rtfaa tngheRiture of

r.om rocess 0
p |ﬁ8§’e‘}1ﬁot° lbg\?l H‘PfecPﬁef?‘ﬁ Y 05&?9 3 PG Ce d] g? BHYR O%b‘SPheml'A and
bivep egteferably mmmﬁalabd mcpfeswe iuien Barg p00aiPa), prfedbYphaths.s to 5
JO%wd eralythe ressure i s_reduced
¢ B, B @rﬁé‘ ?‘i"E‘ loﬁfﬂ *Feheﬁtwf 9f thesprocgss offaspreteat
p ﬁr&&ﬁﬁﬂxﬁh@ﬁuﬁtﬁr@ M dodied ina %ﬂeﬂwwc&sﬁﬂm&ﬂo M@henomeﬂystals in
I‘J n the hot m xture of bi sphenol -
gy Pse § %?gﬁkﬁamegfw@d&reéawééo beloveaipasherics awaarpreferably to
f Eaﬂ Bbs3fhtd Srestre bOBSm 64010920 fthaf (63 92 Urap MWE& bR eithe ?ressure

The cooling is preferably conducted adi abatically.

- stheghopmiyreopbisphepplwsand fater prprpfieishly gpoled o @ tempsratire of from 80 to

L8]
th

30

bij gerire HQ&G p@eﬁfaﬁ@tﬁ%ﬁﬁﬁ 98%E pﬂfe%t)&glg is preferably conducted adiabatically.

In step b) of the process of the present invention bisphenol-A crystals are separated
from the liquid phase. Bisphenol-A crystals can be recovered by techniques known in the
art, such as filtration or centrifugation, preferably at atmospheric pressure. The temperature
in step b).generally is from 80 to 110°C, preferably from 92 to 105°C. The recovered
crystals can be washed with an organic solvent.or pfeferably with water. The washing

liquor generally has a temperature of from 70 to 105°C, preferably from 85 to 100°C.

4
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15

fromthe |iquid phase. Bisphenol-A crystals can be

recovered by techniques known in the art, such as

filtration or centrifugation, preferably at

at nospheric pressure. The tenperature in step b).

qgg%{o%’himl s from80 to 110C, preferably from 92 t
recovered 30 crystals can be vvashé’&TWisfoﬂy‘Qﬁ”O

organi ¢ solvent or preferably with water. The washing

| . q uor AgOFdRg P ayothe preferred ppbpdimantof the invertianzle blsphm&@

4
DA 1O ok 4140 B0 3R i i
o TERa Goplad ingrscednd bisphaanl A erystaligertio fophbisphengl-4 rcws!lah lirsa liquid
W'Bh&s@ aﬂ@t‘ﬁg c@&ﬁ?aég%fa@édqﬁm{ fh@ ﬁh&%as& Oéj}; ﬁ{ls cgyc’s?alﬁzahon step,

ste p are ne
s e@@m the bisthenadiA ayshaly eliteindd ip step b)aré mcltndtand stbysrad knd/b) are

%J% % 3 5&?} @n%fﬁ&loﬂlla ucﬂ%%?dh s gs rg ! este%?lrz\éts ct)naprgcess can be conduc:ted

r@ocylsnabhmsatl on step, 5 vvherel n the bi sphenol

crystal s obtained |n step b) are melted and st eps a)

and b) ¢ ti

achi evgg;l.i' 'F%Ptgtﬁf crys % z F ﬁg%é%ér;do%g%g %ﬁmg of the liquid phase
C esdividedsigto adisphemol- mzl‘rﬁgttmqndmse dnd asﬂaEpncb phafe. Pheferably at least 75

grcégrﬁ% fﬁg tottxb volﬁmggap moI gye enrt I o{l]w tsé \Zoq%%lggrﬁgggc{@i ﬁ{gxﬁe is
0 Isgmratdd mb&reewaphhses it ewo phasds cﬁrhMparaﬁ’éﬂf)elt@h'hmeaﬁs, such as

I 5 10 sroent of the total | une _and _nos o
oPERhAsh o7 CPmERERR, TR tsrafatin g S dtr Y ' ARV 105°C,

s (prﬁerdilyéﬂomms tb 931€. Therepliiesaterieh phéb@ g€HeAHg Sortafs e than 50
epar at ed. ch as &ia tation or

an
o EREF e v e Taen o chedoakp AL B 3tenpashentdn g iguid
| phise OThehtiteRmbABGr a p&‘i 6f té dedtriéh phBRe €an bdifbed of frecycled to

resul ti er- se generally. contains. nore
R a5 SRl pisPHS eI STHAHCABASE ETRiaHYy SehgIe T foap 60 prcent,
t bﬁaférﬁﬁlﬁlfnoi/ﬁh@rﬂo p@fcew e tREISFRBME of Tphé}@l -Al gré&ieitGh dhe hqmd

e entire a tg?as} art of the water-rich

p IRE%% éé{‘lra%épﬂ?%’b@ Jakly a RFEFRmers prederahly aleastigkpercent

r o ﬂie‘bisﬁ]ﬁbnbl'—ﬁdhﬁﬁﬁﬂéhs l!is!e@hl tBE SMEHqGen? Bébgtﬁ oF ERGIreteds)bf the present
cont ai, ns percent, pre ably nore than

30Y5RE%e @12? 08§ usmgéhq %ﬁ@ﬁnqkﬂca phasgm SE?P é}; dh emthaltyrsg@emd to an

| Rdditiéhal iréheth&ht, f R &@ple Aldisti ﬁﬁﬁﬁx t@feﬂg{'é W&QEB thdd "r&ﬁﬂs@phﬁé
at | east 50 percent, nore preferably | east

p&isehanel-rigephaseafia; depaneation OF centrifpgatiarin p@p @sed in the

' subsequent step d) of the process of the present .20:

9
h

30

| nvent ifeiphdR6t R lcH/stdfsiafitedrittal Ried REROdmIbisphend AT stallizer, the
g@d is optignally subjected to an additi onal
lé rPLq‘*FP recmiﬁredetgoaﬁ&eéecsn@b@nhem LA frpsiallizsT psamticablyalpedivided
t kb 2 bRPRENGISrich/drdafiR phase and a water-rich phase as described in step c) above.
'Ihe bisphenol-rich organic phase may be either used in step d) as described below or,

preferably, recycled for use in the initial step a).

In step d) of the process phenol and at least a pomon of the blsphenol-nch orgamc
phase are fed lnto a adduct crystalhzer to form a crystallme adduct of phenol and blsphenol-

A ina mother hquor Fresh or recovered phenol or both can be used in step d). For



bi sphenol -rich phase after decantation or
centrifugation in step c¢). If bisphenol-A crystals are
recrystallized in a second bi sphenol -A crystallizer,
the 1liquid phase recovered fromthe second

A crystallizer is preferably, also divided
g%gﬂ({@%ésobl sphenol -rich organi c phase and aCT/US2003/035900
wat er-rich phase as described in step c) above. The
bi €gMelsoheng! exn kerreesrypred bh@isfellmegffﬂ@neilﬂduem adéexd of phenol and

?ttﬁ@&gﬂgl [ﬂf’] pl@f’e?é%:[}}nit?ctﬁ'? ng&‘ddgw o? gs.enolpang E?gl? %%/A g‘aF 1% ﬁg £% in step €)
p rz«g belfarter below. épcdrd;agto aaotbcrrrteferredcefnbbdﬁﬁwnt of the present
A3 S0 B e
arnhend] gphtsnhknol-20thdt i obtainedoh ktep e)lais qmﬁbedl'fﬁxﬁﬁ:hbéww Preferably, at

L IR ONT ENR (M OB A

" befed mtroaned et brystallisdri The ﬂ@gl&fritloﬂalaﬁ@&k the biRPReAM-rA SHfahic phase,
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ﬂi%@laﬂipﬂl%gbﬁﬁgﬁg erqupﬂrgx;_ grfegr a ci\p;erg glrlrc;hglrx]eg fatggmg;.\re rn the

-asaddm CﬂystﬂHﬁr E@tﬁpﬁl@i frBRIBANG0 REGAL HloRChrifral ?%ﬂﬁf’) to 40 percent,

pref 2{%&9 of the present invention
P B ErEBatGr | 0Ere Shbhmheativh fom a b5 netsemb e
u qrféfer‘aﬁl? fORSI0ItH 80 Pétcent] %&ﬁttpr@feraﬁy BRRNR to a@?erpén Mr}ﬁ%l, dnd

t hat, ﬁ obtaj ned 1 n st%B as descri bed
b@PHoallpPR o0 psTcnt, Breferaplyipito b5 prugent efiethst camponeritie such as 2-(2-

| kB3-S Y Sy iRy lorh i LalfRS o BEHEHHeRAh, 2,2, 4-trimethy-
¥ Into an a 8 C

further belo _
Hy(éthémllomz@ﬁnyl)m@nm|tlgqhvdm&>tphcnybmnmendst dueh as 4,4'-(4-hydroxy-m-

* oErrRaRse ‘%’ﬁ%“?}%’?ﬂ‘i“ﬁﬁrﬁQ@?‘mg‘sp‘?%@é%ﬂ@r’he%ﬂogfgfnspérﬁch

t PHPdaNB® ni xture in the adduct crystallizer conprises
from8 to 60 percent; nore preferably -from.12 to 40 .

per centThe &ﬁpmim@ﬂefaembb%smmﬂhs%é it Qep3f) pREGAHE f ﬁ% 30 to
prefera

DR SE% bt o St o oo ot opty

pe§ £6H10. SQJ) 1 BI®R Ghore ﬁ@ferabﬁpﬁ'drﬁ’@ ahd Y 1 4P, 10 cRBaIREL Etﬁg& ’oﬁphenol
preégl(S up to, 15 percent of other conponents,

F’(ﬁ(&bﬁ@}w fafiojn g mothsrdlqup fmnsad )?vrqppmm the crystal

alqﬁ&lrtﬁ ﬁgﬂrsgspeo?] e%ta;/] 9*%%?%@3& Igarﬁedg} Lin ﬂgﬁgerg%}xce of water and/or

ceﬁ%eﬁagauglstmw% 5 Paten{No. ﬁ;ﬂai,é&Sy mi5
phenyl enedi i sopropyl i dene) di phenyl, pol yphenols,

| SOpr PR PHBBAIAprotBsd /0P the PRiséP mvEHtioH dahfisses ihhE preferred
.ature |n the adduct crystallizer used. 1n step .
gg? tgﬁqupq 1§e¥qhggr§t3p§ ag described herein. To mamtam the concentratlon of

the impurities below a certain level, it may be advisable to remove a portion of the rnaterial

from the process. For example, a portion of the bisphehol-ﬁch organic phase can be
removed from the purification process before the remaining portion is combined with

phenol.

In step e) of the process of the present 1nventlon the crystalline adduct of phenol and

blsphenol A is separated from the mother quuor The crystalline adduct can be recovered
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95C, nore preferably from 35 to 65C. The pressure in
the adduct crystallizer preferably is from0.5 to
1.3. kPa, nore preferably from0.7 to 1.1 kPa. A
crystalline adduct of phenol 20 and bi sphenol-Ain a

1:1 nolar ratio in a nother liquor is formed. To
opP P28 Phe crystal quality and shape, PCT/US2003/035900
crystallization is preferably carried out in the
p o Seshrigues knowes isrthesantdl sush as filtretiarme cemnﬂ,xgangh,tprefenablp at mbsphenc
U

iR e Mnnepnl B0 el BRUD o PG B BEPREDY s6m 45 o
e Iﬁb‘lﬁ:l i Trertystalsard preferablycyashed nfgr &taem& with phesod,ra pherbl-acetone
h To, mai n centration of he
i Ebcr BB BBl P Prebl R0 BoRe. 1 e iRer o e e
t erys@ip \P&:feﬁam rﬁtoho(m ta)fl 4 }lmets hnmre bte@dﬁablyf rlr @t %ﬁs Bfﬂ{éﬁa%re used,
For exa Q t e sphenol -ri ch orga

ﬁass?g % wsizhy ethisphe 'l‘llé cgﬁt i 1hF eeperatipn ttsecssg@ blsphenol-
b e\r/pueﬁoltah@cr £om i paaiua%tctumnushmmh@ srdmw.;cthtt addflRER ?leferabry
In step of  the process of the present invention

c P%@%Plltl temperatre Qﬁfromﬁéﬁ@ P5°%nmorezweferably Efiom 3Atg 60°C.

separated fromthe nother |iquor. The crystalline

adduct AccrdiRgto fa@ﬁ&&?&d&ﬂtb@dﬁﬂ@tt%@%p%&ﬁ %Qlentton atleast a portton of
PCT/ US2003/ 035900 by techni ques known he art, such
adnofher fiquor phyamest insteh £} i Fegyled to step 8- efff%fFf&le'W lgast 80 percent, more

abrw&msa iti1€ast JURESAoF mothREli éu%f'ﬁ ‘i"éc%l&[ eAchrd%ng@ ar?&her preferred
general is from40 to 75 reférably from4

5@t Odmént Of {he prgsent jpventiop @t lersabpgmwa@,ﬂmhem ithag kcmbprrepl eferably
Wiabdd fONGRRINg 1R cARANRME a@uel Bfned B 1) & r@éycl’é@tt@é'tfp cﬁoﬂeferably
preferably mnth phenol al one, to renove

f iJRast Phpasceat, snorepreterahly st leash BY percant ofithaphenal ds recysle o step d).
Pahé fomaliEpoidhl o2 it Bhothd? hi”uotr %orgﬁ rtl{e?hﬁ'r A?ihﬁxg qk Px%f’e?ably

used, based on the wei ght I spheno

a2 dFmaved frymahesprprepsand dispesed pﬁg cenftal the lbqvglmf@;pmmtes Preferably, the

raBE B o PRGBS A e

atwater andmpdipeally othenfoldtiomatedals, sudbBiCacetnne endiorak e pertiby othe '

| PR R ARERLAIS kol LS SRR Byl

| mm tsrpreferably westied out ot atempdraturse of écyxcﬁloed 2003C sthexp pferably from 70

Q! ah Blotle€ BRLsuRbREH ‘iffkt to 158, Brefdbdif RIRB1Y 6.5 bar

ast per cen uor rec

Accordrng to another preferred enbodrnent of the

pr esento maiptain the PlOU&Pntllaté%t'SQf the ipwhritieshelow atcamaip kevploit may be

t Q@sﬁsa%ﬁsto %ﬁﬂe l'ré/ mateS Grobfthe lll%§43§ ng the.

crystalline ad ct o tained I1n step e) Is recycled to"

step d). Preferably
Accordmg to a more preferred embodrment, the process of the present ifvention

compnses the additional step of f) optionally subJectmg at least a portron of the mother
quuor obtained in step €) to a distillation step to remove water g) contactmg mother liquor
ﬁom which water has been removed with a catalyst for i 1somenzmg isomers of btsphenol A
to bisphenol-A; and h) recycling the mother hquor treated in step g) to step d). Preferably at
least 20 percent, more preferably at least 40 percent of the mother liquor is subjected fo

steps ) to h). The distillation step f) can be carried out as described above. An
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15

at | east 50 percent, nore preferably at |east 80
percent of the phenol is recycled. to step d). 15 The
remai ning portion of-the nother |iquor and/or of the
phenol, if any, is preferably . renoved fromthe
pracess and di sposed of to control the |evel of
%l}ﬁf"@“é%o Preferably, the mother |iquor Hd/(GR0E/AIE00
phenol tQ be recycled is subjected to a distillation

st BEmerzafiomticnas syghvhereimenesmosmistmeys efbisphengbA ate ibamerized to
MabiSpHeAbISA b Hiedhs %@axﬁﬁcﬁﬁé?ﬁmcﬂﬂg(aﬂfst 19%110%9 i 6816}1)‘2{ Pgtgnets Nos.

phenol before t t he guor “and
r ety &84 t‘»éz%Qlé)p“ §§ 92'$hléd 64195 026 antl Forop@@ PetesipApysications Nos. 0

pr V. I ur e of fromb50 to

Og%eg I%Ieang ?eé gg?gkb%g&%br om %'%H%%r?%f?@n at soglﬁn%?bf‘ﬁ‘il%st The
%@,Xﬁt 8 pegferphly acgion Eth@nge rhsint in apid édren Mﬂryprfefemlﬂ}@ it2ba strongly

to concentratio

| s gl B heta I GRDEST D O 888 sl

t ostyrengidivingbengere copolyrfier tuifonmederrosalinkbd gyfeidiRliedGhefol-

o e b9l QuBulTRE8 (RS B ESe BRI S Sl etorndhe

St letpl'ncxfza(ﬂon stqptg) m’;méﬂmbly uh:ngd: but Iﬁg% ﬁinpérﬁ&&tof ﬁo:BQUtté mb°efmofe

ained. in ste
o SR o 4 838 ool oSt ep R enevg o sep

nmot her |iquor from which water has been renmoved with
a cat alMest plfe&rabl}s etrfeast Zportiori cfolierhétheé fliqhir @B phenbl usk®to wash

Cr BEERA Aol FrRtiion Oflyer Sadeembed odrecvlgigvo, e

2 O'egwtede;ubl; is mbyeetep teedreopébhay, bat prefaed dxél@laﬁ’cﬁf Sth rédovt Rter,
? % 1.0 io& i S. su Lgctegglto 30 st to h). The

i Lt e QPLS opytaq Yo foRiseg ?ﬂ% lmwf@mhenol -Ato

abigsphenoha éfﬂ)sﬂ&&ﬂie&ﬂs&ﬂa BomerlZele20081i¢h3PR MLycled to step d). The steps

|so ri zat S such wherein one or nore

i B ?gm“ F%%ﬁ%ﬁﬁ?ﬂﬁvﬁre i sonerized to bisphenol - A

by means of an isonerization catalyst is known in the ,

art. UThe cipstalling sddiictof phehp3ad bERenokA 8RGin&lH step €) can be melted

4, d.Eu t
B BP A RN PR 0o 308 SR QR T RS M gy, Berapsd
arblspbmvéﬂ is ptefepablisteeyvled riolsters HIos the padcese Bf thaprebens tnvenTiog.

e tion exch e.resinin:
o PRl o BePSEd Bl prfnsRoh b Gt gpi S sppiiresi
c aAdvantageousingeast zemrﬁbd’tﬂ“ﬂ'lel’tﬁstﬂle@pﬂeﬁ@l i 1ecyRled @ sty d)lwthe process.
such as a sul fonated styrene/d|V|nbeenzene -

copol y Fﬂ?l ro§éf+ é@tﬂgérg ¥ ullrnos I0r|1 pslg?gef %}'S?lg 6$do coym{lrr?uohsly although it

phenol - onl ¢
besan elﬂ@b¢ amdedtaldh ystehes uAf:@rdmg @aheproess of the ideent mventlon

[ t abl t

¢ SIREEACE R Ul TR oo o R Rl By i Shenol-a

f nm?ﬁ Bficanbor3idze, uhle optimized cdudmom eveli 8N ﬁé)‘cdnﬂor‘:‘xh@'ﬁ G):nerally the
' Syu{lcie & tﬁe Sr%cess of’ thee grese)nt invention comprising steps a) to &) is at least 75 percent or

more, preferably at least §0 percent or more and under optimized conditions even 90 percent
or moré, based on the weight of the crude bisphenol-A. Crystalline bisphenol-A havmg
very large and firm crystals is obtained.
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Mbst preferably, at least a portion of the not her
i quor and the phenol used to wash the crystals in
the solid/liquid separation of step e) are conbined to
a recycle liquor, the recycle liquor is subjected to

[ , but preferred distillation step- renpve
\;\ag]tog?‘?‘dogt{]@en the recycle liquor is. contact gl’d:tr\?asgwg/gssmo
catal yst for, isoperizi i soners af bisphenol-A to 15
b1 s pheRETETIed SRBOLTENS G pieseat ingention ik dbmond ithaglereice to the
| i dtar@ihgd. 9t i @LbGIn@ststb thhteRe dhiwindd¥e 8t 8PBe cof@Fhed 8s limiting the
carried out as described above. The crystalline adduct
ofscﬂﬂ?é’gé)‘}el’é‘f%}.“%'i-sphenol -A obtained in step e) can be
nmelted and phenol can be distilled off to recover
bi Ia pieefiptes fheir8ferefcddugibers iramer . Recovered bi sphenol - A
is preferably recycled to step a) of the process of
the present invepntion.,2Q Alternatively, it my be
uglng%e .sﬁﬁaén?)ﬁ%og%&cf“gﬁb%%%?lh‘gr products such as epoxy
resins. Advantageously, a |least-a portion of the
di &t ifeddestteaphefwidteri.s recycled to step d) of the
process. The process of the present .invention is
pref . conti nuously although it can
algo- %ﬂécngln‘ggg}ggg&ﬁ bat ches. According to the process
of the present invention bisphenol-A of high purity at
a hi gustypliyiauidsepyetal ned. Generally the purity of
bi sphenol -A 25 is 99 percent or nore, under optim zed
c ondistorape dewsecor Bihhangley cent or nore. Generally the
yield of the process of the present invention
conpri si teps.a) to e). is at |least '75 percent or
noé,r'rg,hq‘ﬁ‘rdg%gﬁg@%f/ang%Sﬁa%east 80 percent or nore and under
optim zed conditions even 90 percent or nore, based
on’:t heategaichpbasef t he crude bi sphenol -A. Crystalline
bi sphenol - A having very large and firmcrystals is
obg: aivi@Henol-righ pfke20041048430 PCT/ US2003/ 035900
Preferred enbodi nents of the present invention are
dﬁ%crp;i]?'&e?g with reference to the drawings. It is to be
under §'%fat. the drawings are not to be construed
as limting the scope of the invention. In the
f i Qumresyckliigueref er ence nunbers nean: 5 1: feed stream
of nolten crude bisphenol-A 2: feed stream of water

3: l-lbia'ﬁ@ttb?gﬁktalﬁz&r ystal lizer
12: second solid/liquid séﬁar_ator
1.3: isomerization feactoxj
14: isomerized recycle liquor
15: crystalline bisphenol-A/phenol adduct
16: first distillation device

17: watgr



4: first solid/liquid separator 5: storage device for

bi sphenol-A 10 6: liquid/liquid separation stage 7:

wat er-rich phase 8:. bisphenol-rich phase 9: phenol

stream 10: recycle liquor 15 11: adduct crystallizer

é@ cond solid/liquid separator 13: isomerization

&0@?4%10 i sonerized recycle |iquor 15: crY/SiEH2003/E5900

b| s henol - A/ phenol adduct 20 16: first distillation
V$:cygcond.di S\Hﬁﬁt&n dgviggD 2004/ 048430 PCT/ US2003/ 035900

18. second distillation device 19: bisphenol -A recycle

st 1®abispRedd A tebiBlen@¥Wint 0 Fig. 1, a feed stream 1 of

nol ten crude bi sphenol A and a feed stream 2 of water

are cong i.nuous a bi sphenogl - A crystalllzer 3

wher ei MEHED %noe%/ E?sFe i r‘?%sﬂ §HR5AM d£01 FlodsherHés trsmhengl-A and a feed

C ostdaamtzeﬁ vater d&%ﬁﬁtinb@ﬁlyl fad Sitcebisbhe N GystdBiRPH GRGLin the
hase are obtained and fed into a

£ ¥ S\L@ﬁpapf bliﬂ%ﬁwl -Sdp senducied a5 desaribed instep a) abeye: Bisphepol-A
WhEry @418 ina{qhsd phdel a?@ob%x?da Qﬁtpf&i irffo b Firs? @&ﬁfl%ﬁ@%ﬁﬁ% 4 0€h asa

l'iqui d phase as describ in step b . _
cr SReiTiREs Wherpinspiialiae bsaphegolrﬁemmtcf feom the diqdid please as described

S Ofpi sk ) Glbdjvel Ws?a.tllﬁ{e b”sghd%?&%f AR Yed DG ﬁ?s'i'g)liﬁ/liiﬁw?g

(not shown) and col In a storage device
10separatendrigtferably wa@hed mflﬂr@d (iod showng aﬁde@lléqtqdnm t bterage device 5 for

10 SObikSHehdi | ﬁxeslfggﬂ é)mis% t‘é%h‘?%%eaﬁr sjoﬂclll/iuﬁ_.{p& gegyrator 4into a
separation sta
d egemd/hqm@wpa'ﬁwrmtaga 6 dwlgch ﬂyinaallyammpsses jp decahietien dntiier a distillatior

lplhg Qrg"i‘l?eq Vgaufd éﬁt'aéé 19?61 gldcl:cf1 R aablsp'hsrﬁ)l? nnl-%r_ggxhg phase S¢ A3 Water-rich

phase The water-rich phase 7 is removed from the liquid/liquid separation stage 6. The

bisphenol-rich phase 8 is combined with a phenol stream 9 and/or a phenol-containing

15  isomerized recycle liquor 14 and is fed into an adduct crystallizer 11, such as a continuous
adduct crystallizer where the mixture is cooled as described in step d) above. A crystalline
adduct of phenol and bisj)henol-A in a mother liquor is formed, usually in the form of a
suspension. The suspension is passed to a second solid/liquid separator 12, such as an
adduct centrifuge, wherein crystalline bisphenol-A/phenol adduct is separated from the -

20  mother liquor and washed with phenol (not shown) as described in step ) above. The
crystalline bisphenol-A/phenol adduct 15 is removed from the solid/liquid separator 12.
The mother liquor and phehol are combined to &' recycle liquor 10 which is contacted with
an isomerization catalyst 13 for isomerizing isomers of bisphenol-A to bisphenol-A as
described in step g) above. After the isomerization step the isomerized recycle llquor 14is

25 recycled to the adduct crystalhzer 11.

. The emquunent of the .pr_esent invention illustrated by Fig,. 2 differs from the
process illustrated by Fig. 1 in that the recycle liquor 10 is fed into a first distillation device
16 to distill off residuals amounts of water 17 before the recycle liquor is contacted in an
isomerization reactor 13 with an isomerization catalyst. The crystalline bisphenol-A/phenol

30  adduct 15 is fed to a second distillation device 18 wherein a phenol stream 9 is distilled off.

10
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phase. The water-rich phase 7 is renoved fromthe

[iquid/liquid separation stage 6. The bisphenol-rich
phase 8 is conbined with a phenol stream 9 and/or a
phenol - contai ning 15 isonerized recycle liquor 14 and

is fed into an adduct crystallizer 11, such as a
cWRZPHAGHY adduct crystallizer where the niBET(HS2003/g35900
cool ed as described in step d) above. A crystalline
adkipaertion of thephendl streantlis lserg pihthe sdcor s'olid/hqui«btdpmtoi‘ imfw lise as wash

S B e e R B vt
S elpar’I‘he bisphieRol-4 iefitin ﬂﬁ seu@nd dighllucion devive1B isfebas adiheiolA recycle

Frief Rl R Ru At A o R e phenol ( not

shovvn) as described in step e) above. The crystalline
bi sphefdb¢ pﬁﬁqnhiammﬁomﬂcfurﬂter llstrasedrbyime/followingeratnpe which should

S
ok Sl BRRIE Bpe A e myri i Mool UG e indicated,
C cnaitammromthm aarbylwiﬁghIEf e Al ﬁih‘ts@ﬂd ﬁAe’iéea{agé‘stareE]é?retfalgé \/Ia\alues measured
i soneri zi.n nmer s IS to eno as
Tk T e o R R
step the isonerized recycle liquor 14 is 25 recycled
t Exampleadduct crystal lizer 11. The enbodi ment of the

present invention illustrated by Fig. 2 differs from
th ' \t t
| quor 1ot Srepn y 7 4 fhe B GcebiqpPlrbl* 8 colgting 354 fen

t ,rHbisphdnbl-Aafd othcrexnputmik of atemperatoreaflf 1803Cavas tombinddowith a feed

Li
TR D e e e
C r‘p]@teml Iiai'tiaévdpiownemof theWvptveand |fed t3@ bisglttnclEA. ﬂ:@stblhzéred The -

S t r Sl ?Z%p 3 googp:dg%m% i qc/xg?q?xdn%yc etﬂé? %"8&?@%@6 |gooqmg Purified
POTsphSROAIEBEOIN @ liguid tphdse merecfbmtehe ThélesphknotHAr @gstals were

h d,sal i t 12 f
S b5 RSRBRE S Pl by 85
stdried amdwseldeo a storpgd dxdtick 6 fértbisphehdliat The yqaﬁcaﬂaﬂasezﬂm thel.

1 B RN sopaimllih o i BT SRR 8 e £ o e end'e

bi lﬁﬁphamd}hcmo@ams plakse 8.22030 Bg/hr)dif tﬁwliﬂhaiol-ﬁbﬂ orgArEEpliagsis were

esent vent onJ t.her trated by the
7 SOTBIN S T P SR o Al iR 137D S Bk of Pl ipor 14. The
i lmnteritzhﬁresmﬁ]ueff 14 daetam@ swﬁurcdnnpm&n laf\d11.4per&n6p,p' -bxsphenol-A,

wé'P se, i.ndj cat.ed, and percent ages are
"g‘P%M ance, peing, mputies, ﬁﬁ%%&)@@ %(Preofé!vévsag@oba?mgamc phase

MEBG A 18 oved ViR HE yRtas. 632005g/nFREthe pAaed rhixhukS il B tank was

the invention with reference to Fi 2.
fed to a continuous adduct crystallizer 11 operating at 50°C. The adduct crystals from the
crystallizer were separated from the mother liquor and washed with phenol in an adduct
centrifuge 12. The mother liquor and the phenol 1_eavfng the adduct centrifuge 12 were
combined to a récycle liquor 10 and distilled in a first distillation device 16 to remove water
and optionally other light impurities and then cooled to 75°C. 41400 keg/hr of distilled
recycle liquor 10 was fed to an isomerization reactor 13 which contained an isomerization

catalyst and which was operated at 65°C. As the isomerization catalyst a sulfonated

11 -
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Exanple 10 A feed stream 1 of 5840 kg/hr nolten crude

bi sphenol - A contai ning 95.4 percent p,p' -bisphenol-A
and other inpurities of a tenperature of 180C was
conbined with a feed stream 2 of 8700 kg/hr of water
aﬁl egrature of. 100C under pressure sufficient to
8\73%04 Htial vaporl zation of the water antfHE3003/§35800

bIS henol - A crystallizer |. The crystallizer 3 cool ed

‘6?1@5%3 IO s HW%WIF%C TeHn oEMprisipg dveeiaht parpentof divinylbenzene
COQJoﬁp%Qvas el Theimbrhirdl AANET Ryl IGhY SR oSmbefwlh 41 ¢
phase were -forned bl spheno crystals were

s elSemertzatipnireastar efflaentiand the bpsh@eel-aa rich washrephm $ fromadlte

way f r
e T T
| i Gere anelieda steippedofin phesol strearn Blvfln:@ewad useeso weqhahmdﬂdct |crysa1s in

or B dlyh blifhg® R A BLBnBl- A %98t Bt 18 KA it SPmpten
k g!;bmvewﬂ bisbleenbli @pthmmgl 973i p;lh -bisphemoi-A wabkagebiftéd wigt the £9d stream 1

sh i ig..2 it h
o120 S el rb et i fecd et ? 8 kgl ot water
remr;icd:tmnbd tquhﬂblsbﬂenbd}mcmymmzefm per.cent. phenol - and 11.6 .
percent p, p'-bisphenol - A, the bal ance being -

I npurity [ 200 kalhr of the ..

bi s phenlcg)ﬁfk’%/lI %?B‘Eri";ﬁ;éﬁr”% % 8 cryéta&é"sererpé?ﬂi\?%cgw P praersy. The
proedeswasGdiptedlagd foundfo dohinmmmdimneﬁi pip-Kispheoli- A a@d¥® have an
m to a continuous adduct crystallizer
1{5%%§g§<*ﬁ§239$ The adduct crystals fromthe 25
crystallizer were separated fromthe nother |iquor and
washed wi th phenol in an adduct centrifuge 12. The
not her |iquor and the phenol |eaving the adduct
centrifuge 12 were conbined to a recycle liquor 10
and distilled in a first distillation device 16 to
renove water and optionally other light inpurities
and then cooled to 75C. 41400 kg/ hr of distilled
recycle liquor 10 was fed to an isonerization reactor
13 which contained an isonerization 30 catal yst and
whi ch was operated at 65C. As the isonerization

catal yst a sulfonated 11 WD 2004/048430

PCT/ US2003/ 035900 rmacroporous cross-1inked

pol ystyrene. resin conprising 4 weight percent of

di vi nyl benzene groups was used. The remaining
distilled recycle Iiquor was conbined with the

i sonerization reactor effluent and the bi sphenol -A
rich organic phase 8 fromthe |liquid/liquid separator
6. The adduct crystals 15 recovered fromthe adduct
centrifuge 12

12



5 were melted, stripped of a phenol stream 9 which was
used to wash the adduct crystals in the adduct
centrifuge 12.. A bisphenol -A recycle stream 19 of 2070 LLOYD WISE
kg/hr of nolten . recovered bi sphenol containing 97.3
p, p' - bi sphenol - A was conbined with-the feed stream1
of 5840 kg/ hr of nolten crude bi sphenol-A and the feed
stream 2 of 8700 kg/ hr of hot water and returned to
t [ | = rystallizer 3. 10 4500 kg/ hr of
puhﬁ{?ﬁﬂg%gmﬁﬁﬂ%l -A crystals were produced by this
process. The product was anal yzed and found to

cont ai n. 99. & peess fon purffyipt bisphemitdnmmpAsiegidie stepslvfive an

al cohol color of 2.3 APHA. 12 LLOYD WSE WHAT IS
CLAI ME " A - hEyi [ -
conpri 3 Fiphe iy ERBAES Srchlnpbirold Aol P B inol-a
© ¢ oerystallizientg fdymsyidpbenol-A Aryatald inveligerd phasea bi sphenol - A
crystallizer to form bi sphenol -A crystals in a liquid

phase; & ' th | - tals from
5the i agls%)aﬁﬁ%tgg&g h@%hl\;\l %Ys%hgs a??ﬁﬂgg%@ag{%%r.ti on of

the l'iquid phase into a bisphenol-rich organic phase

and a whididing atleaghhpertion efjthefliguidiphese priiembisphanad-righ onganigphase

a partion . e bi sphenol -rich organic phase into an

adﬁ’ﬁéb‘lag“?{}g@%‘f rzer to forma crystalline adduct of

phenol and bisphenol -A in a nother 10 |iquor; e) '

separ atd) fegding phenphand af lpashapogtiva of the pisphenelitish gigesie phase into an

li - ' i : QU . r

| 485 B 5 | ling 8551 o s ¥hgflnf N5 IR0
10relpwe water; g) contacting nother |iquor from which

wat er has been renoved with a catalyst for 15

i somerizi (iSO af. - hj - i sphenol - A; and

h) recfils%hggtwg}shtaf%quglgg ?%}ﬁkhgﬁmm@r‘%?her i quor

treated in step g) to step d). 2. The process of Caim

| wher d) pubjastingat east aippitige offbrmether dieasobiained in sisp eljoe)

: Sdis%ﬁwep% Fé?no%@%‘;-

g) contacting mother liquor from which water has been removed with a catalyst for

15  isomerizing isomers of bisphenol-A to bisphenol-A; and

h) recycling at least a portion of the mother liquor treated in step g) to step d).

2. The process of Claim 1 wherein the crystalline adduct obtained in step €) is
washed with phenol.
3. The process of Claim 2 wherein at least a portion of the phenol that has been

20 used for washing the crystalline adduct is recycled to step d).

4. The process of Claim 3 wherein at least a portion of the phenol that has been
used for washing the crystalline adduct is first subjected to a distillation step to remove

water and then recycled to step d).

5. The process of Claim 2 wherein at least a portion of the phenol that has been

25  used for washing the crystalline adduct and at least a portion of the mother liquor obtained
13



'3. The process of Claim2 wherein at |east a portion

of the phenol that has been 20 used for washing the

crystalline adduct is recycled to step d). 4. The LLOYD WISE

process of Claim3 wherein at |east a portion of the
phenol that has been used for washing the crystalline
adduct is first subjected to a distillation step to
repove water and then recycled to step d). 5. The

pr JL2L) gF C‘EH“HP 92 fgqeiediqyorthe resyry ll%‘Ofp‘é pybjested tsra digtilation
|O hewPlo réhée wags, dIRElMe dlgt'i_’lldﬁgﬁgeﬂ‘ tRE re¥\RR Mghdt id %ﬁta ted with a catalyst
¥st all'ine adduct and at |east a portion o f]
mo a5 éomerizRgoForesist efibirplenoliA to bispivepolah S the recydieljue)is thee
ggg @gqoggp@ recycle liquor, the recycle liquor is
ected to’a distillation step to renove water,
after the distillation step the recycle liquor is

Scont actfed wlhpracessislaym i wherein thesatalystiforiisomerisiogrsorserodf

bi 5%&%&1'/(1%&53@%15‘&% ?xﬁxgﬂgge r%‘rn i'i]%&}i%rﬁx liquor is

then recycl to ste ne process of claim1l
wherein the catal yst for i sonerizing isoners of

bi sphenbl - AAtRIOqsISSprREFfingAispRenel- A compsising shststenee reS| n
inacid form 7. A process for purifying bisphenol -

conpr i sd) NGolida® 1ihid RExtefe caﬁxprfsﬁa@bisﬂﬁkné! A hmﬂer'ﬁl %ﬁllk&&h@nol-A

conpri sing bisphenol -A and water in a bisphenol -
cr gttallizer focfprm SHhéiiQhAtﬁ@ﬁﬂiﬁenéllqmdB}Mt alsin. aliquid

phase; 10 b) separating the bisphenol-A crystals from

10t he i Ud)'sgpa@ﬂﬁgﬁre bf]s%vh&lbIVA Hyls Bbm ke dghia phRer tion of

15) 58

20

the liquid phase into a bi sSphenol-rich organic phase

and a water-rich phase % feedi ng phenol and at | east.

a port Y\Cgrﬁi“’d‘?m& ﬁéeaﬁtlasf’ﬁﬁ’é’ﬁﬁ the Jiqued Risfapip @ bjsakesel-rich ogagipphase
add,wcatwgér;fﬁhgiu{sé,zer to forma crystalline adduct of
phenol and b| sphenol Ain a nother 15 |iquor; e)

separ atd %ﬁl a%l i ne addyct from the nother

i quor, ﬂ? o gt lgest p Boguen of tsdpspheapl-High ofgoaic phaspigo an
| adaact c@bﬁaﬂﬂz&&&i forf a%Hyetallife addhidt Bf phend? adcPdisphbnol-Ain a mother
merizing isomers of bisphenol-A to bisphenol-A and

ﬂ‘é’&ycl ing at |east a portion of the nother Ilquor
treated in step g) to step d).

e) separating the crystalline adduct from the mother liquor,

g) contacting at least a portion of the mother liquor obtained in step €) with a

catalyst for isomerizing isomers of bisphenol-A to bisphenol-A; and

h) recycling at least a portion of the mother liquor treated in step g) to step d).

8. The j)rocess of Claim 7 wherein the crystalline adduct obtained in step €) is
washed with phenol. |
9. The process of Claim § wherein at least a portion of the phenol that has been

used for washing the crystalline adduct is recycled to step d).
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20 8. The process of Caim7 wherein the crystalline

5

10

adduct obtained in step e) is washed with phenol. 9.
The process of Claim8 wherein at |east a portion of

the phenol that has been used for washing the LLOYD WISE
crystalline adduct is recycled to step d). 14 LLOYD

WSE 10. The process of Caim9 wherein at |east a
portion of the phenol that has been used for washin

t he cr 8t al Thesocssspf Etaim & whereig gt lgashy pastienpfiths phenol that has been
di 564 o a@%hmg o Ffulifhe RSB Ceirl 1t B1eADY olsifioh SEY for&ifove

to step he process of "any one of Calns
10Wmhsméﬂnnﬁhﬂmﬂﬂsghaﬁol A crystals 5 which have been
separated fromthe liquid phase in step b) are nelted,

m xed with yR&eless ¢ X Rlof Mlaifhs §8E ANEhis Y %Eﬁ}lencﬁ‘ A créstals

crystalllzer to form bi sphenol -A crystals in a

phwhieh haye beeniseparated froz the hguid phegsan sterch) aferrogiied, m;mdu vgth vehter,
PNARRA i fsecondbi s@ﬁe%l‘?ﬁ g?!&ﬁl i gc;tfgﬂr?bicpﬁhegl 2\ c‘?—?sta s dgx Qhéﬁd phase

wherern crys Ine-a al ne

suh]delmetcexktaﬂmeaseplar&ed fréna thie bquid pleyse.t 0 di st i I I of f phenol
and the resulting bisphenol-A 10 is recycled to step
a). 15 12.  The process of any one of Claims 1 to 10 wherein crystalline adduct obtained
in step d) is subjected to a distillation step to distill off phenol and the resulting bisphenol-A

1s recycled to step a).
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