PROCESS FOR THE PREPARATION OF HHGH PURITY BI SPHENOL A 5 FIELD OF THE |

| NVENTI ON The invention relates to a process and in particular to a process
for preparing bisphenol A 10 BACKGROUND OF THE | NVENTI ON

2, 2- Bi s(4- hydr oxyphenyl ) propane (bi sphenol A, BPA), which is the
condensati on product of phenol and acetone, is a starting nmaterial or
internmediate for the preparation of a large number of commercial products.
Thus it is used as a starting material for the preparat|on of various types
of polyneric erial ) des,

pol ysui f ones HRQCEN FORMHELREPARALION O ' i
applicatign are in the prepar ation of epoxy resins and pol ycar bonat es.
Techni cal I'y rel evant net hods of prepari ng BPA are known, e.g. WO 00/ 35847
and 20 US 2,775,620. After t FIEAD OFCEHE IWYENTEON i on of phenol with

acet one, BPA | S separated from the product mxture in the formof a

crystal | i ne abhaupvensiongelates tria prsatsiand pmpsigicular to aprepeseifen greparingar ti al | y
renoved from t hes ystal s of BPA-phenol adduct by 25 distillative,
desorptive or %1 ive nethods. Before the separation from phenol, the
crystal s of BPA-phenol adduct may al so be subjected to additional
purification steps to reduce the concentration of secondary conponents. The
crystal s 16f BPA-phenol addBACIﬁGROIéNDdOF\ISHEIINVZHWTH)N from phenol ,

organic 30 solvents qr m xtures of §hese soI vents The phenol, present in

the adduct cré4Bis@-hydexyahayDpeop ispheng) Ay BES), wibigh iy thesondensaont  her e
by the appr Opﬂrbgl}c? of Bl?én%?ar?c{ ace?o%le,v & rI%?artmfmatenal or intermediate for the
)

preparation of a large number of commercial products. Thus it is used as a starting

material for the preparation of various types of polymeric materials, for example
15  polyarylates, polyetherimides, polysulfones and modified phenol-formaldehyde

resins. Preferred fields of application are in the preparation of epoxy resins and

polycarbonates.

Technically relevant methods of preparing BPA are known, e.g. WO 00/35847 and
20 US 2,775,620.

After the acid-catalyzed reaction of phenol with acetone, BPA is separated from
the product mixture in the form of a crystalline adduct of BPA and phenol. Phenol
is completely or partially removed from these crystals of BPA-phenol adduct by
25  distillative, desorptive or extractive methods. Before the separation from phenol,
the crystals of BPA-phenol adduct may also be subjected to additional purification

steps to reduce the concentration of secondary components.

The crystals of BPA-phenol adduct may be recrystallized e.g. from phenol, organic
30  solvents or mixtures of these solvents. The phenol present in the adduct crystals
may also be completely or partially separated off here by the appropriate choice of

solvents.



Thus PL 159620 descri bes a | aborious process for the purification of

bi sphenol A wherein the crystals of BPA-phenol adduct isolated in a first
stage are dissolved in phenol and the resulting solution is cooled in a
batch crystallizer in a kind of static nmdl-tilayer crystallization process,
crystals of BPA-phenol adduct growing on the 5 tubes. Wen the nother |iquor

has been draiTiRd Pef f5062 0 @eseribed £1aboRbusHitocddb) &5t The pddtitiatibn beBisyhémdi Al zed in
this way are washed with phenol containing water 1 n order to renove any

mot her | i quorwisréinitheitissals § BPanplienol pdduict iseldtetlun @rf@st stagetaeadissdveding

t t 7 85C, d th has t
e carri ea dERAnaNs elipg e Kbl PR RN AL b BRI R gn.
Mor eover, 10 rﬁﬁl@ilagéx‘)&yﬁﬁl'l19£hd?fﬁr8€:€s§ R84 oPBPALShRERIadLE Ao wRig A B8 are an

order of magnitud | ower in this process thanin a contlnuous suspensi on
crystalli 2at |tubesoWhenyl$etmbﬂlenﬁqucBIhaS bbmm:rhma@ldffcthc cEstdlhef BBAepheaol
acceptabl e space-time yield requires hi cool i ng rates, so a nultilayer
crystal | i zat @éﬁueffreqrmt%lh@gﬂp@ thigvayre 31@316& ol cQPRIpImgY T ip qmigher

crystal growh réﬁ% &%&hé} l?(ﬁl%&‘ Sﬂ??&?@ﬂ%ﬁ?ﬁ} ?mﬁ%é ﬁ/e?lb?l %tﬁfét'o A TP g be

resul tant incr ease corporation o I nto

conpensat ed %mbéﬂaﬁné ot BNR) wcewdﬁtéxaaatﬁﬁdﬁewevﬁslég A8 %L%Es’iﬁdsQG%e If a
high purity is required, it nmay be necessary to use a rrultlstage process. EP

718 268 A desarmddesnit daphwisesthe bquiptieat qusepas aedrraspomdingly highs Mdrboves, adduct  of

20 bi sphenol A and phenol wherei.n BPA di ssol ved in hen&d_ is first
crystal | ilfed tBaprodgetionpuiprieibesed on the heakirgnster area gsgniondst  apaeadied in

phenol, cr yStl?l»vH #&fis %ce in Qg&t{ﬂub{f{ﬁ end ofn] cr%pixlﬁzact 0?1 E’){stgg? 0

recrystalllza on bel g repeated seveéra o t he

nul tistage r @M@haxhdllaaaﬁdt%nﬂehﬁo@dﬁtugdceptabmpmohme Evi&l&&gﬁiréd hiygh purified
phenol . The washing liquids and filtrates for washing and dissolving the 25

adducts are aoOIIQamteSpsn a naﬂlmlyyar@cmalwnomgf 023 WpaBas wdeks ploesata process
wher ei n hlgh r|t i.sphenol bta| ed iple recrystalllzatlon
f rom phenol Z‘le Eyﬁté‘ {agesi tﬁ"“t‘ X‘?tHH‘PW ﬂ'[)fBFn
15 crystalhzatlon. The resultant increased incorporation of impurities into the crystals
has to be compensated by time-intensive exudation and/or washing operations. If a

high purity is required, it may be necessary to use a multistage process.

EP 718 268 A describes a process for the preparation of a crystalline adduct of
20  bisphenol A and phenol wherein BPA dissolved in phenol is first crystallized out
as an adduct and filtered off, and then redissolved in phenol, crystallized out again
and filtered off, this step of the recrystallization being repeated several times. In
the last step of the multistage recrystallization, the adduct is washed with specially
purified phenol. The washing liquids and filtrates for washing and dissolving the
25  adducts are at least partially recycled.

WO 02/40435 describes a process wherein high-purity bisphenol A is obtained by
multiple recrystallization from phenol and washing of the adducts in the individual
stages with high-purity phenol in a cross-flow washing plant. The phenol used as

30  washing phenol contains virtually no bisphenol A or isomers thereof. A multiple



stages with high-purity phenol in a cross-flow washing plant. The phenol
used as 30 washi ng phenol contains virtually no bisphenol A or isoners
thereof. A multiple -3- recrystallization is preferred. Washing with (

hi gh-purity phenol at each of the indivi-dual stages requires a very |arge
anount of high-purity phenol; furthernore, a |arge anount of bisphenol Ais

di ssol ved in {eB8s@NBARLN RlprEREBd I WASWRh asifity ph@®il bt tdg ofthd 0sses of
yield. 5 WO 03/ 5785 denscrpirbes a proceésjg fgféht he t}[;rpepar gtion of bisphenol A

wherein in tindividualstagesgpquires aspenkigeranufunt pf/kighipuritf pHsRAl; fthermoraiduct i s
filtered under, vacuum apd. washed .and the resulting filjer..cake is dissolved
1 a1 qut . cORTERRRGH OpAiSABOLAS BisyUred inBenhaaet each Rty S sk, oby af ned
are separ at ed.Qfifi ¥ h9ses §pldeld Ugati on. However, the continuous (filter)
centrifuges that are nore conom c for larger plant capacities demand a

m ni mum cryystal size, which requires special crystallization procedures. EP
1 367 043 A describes a process for the purification of bisphenol A wherein

15 the cryst aVd B3/8BTEL dasembss aqaaenss foitke prepaatiencelf hipphsnehd whereinime

| ti ign.is filtered at bef th tals of
Boa. phenal aclicr 2R epaioR o el iR B PR et RSB erT o 20 A
process for tHRuineRaishéarl th rG@hltReflfey cddeSPBREAVed\in Sligliid cbamehg The

multi- step process entails a) reacting phenol with acetone in the presence
of an aci di ¢ pleonl sxdoirpstgjbizedaagiin Tha cfystalsoahtdinedhim gepavatedofiibpst to give a

product m xture that. includes bisphenol apnd phenol ; b) continuously
obt ai ni .ngh?r o?ﬁ“f"l‘@gﬁo@d. eveR thego tl’&‘W‘éﬂ@lt%r?B‘?n E?]@ﬁb%‘eﬂ-“ﬁﬁeno! adduct by
Euﬁpe”.s' on Créfc@h&hﬁd %?gdrgé}’plaﬁ)t c%q‘%cﬁ{%%&%ﬁd‘gnﬁﬁﬁmﬁﬁ%{al apLalmed in step (b)
y solid-liqurd separatidn‘to obtarn a
requires special crystallization procedures.

EP 1367 043 A describes a process for the purification of bisphenol A wherein
15  the crystals of BPA-phenol adduct are dissolved in phenol and the resulting
solution is filtered at least once before the crystals of BPA-phenol adduct are

crystallized out again.

SUMMARY OF THE INVENTION
20 A process for the preparation of high purity bisphenol A is disclosed. The multi-

step process entails a) reacting phenol with acetone in the presence of an acidic
ion exchanger and a sulfur-containing co-catalyst to give a product mixture that
includes bisphenol A and phenol; b) continuously obtaining from the product
mixture crystals of bisphenol A-phenol adduct by suspension crystallization, c)
25  separating the adduct obtained in step (b) by solid-liquid separation to obtain a
solid phase and a liquid phase d) washing of the solid phase with a solution
containing phenol to obtain washed solid phase and a second liquid phase, €)
distilling the liquid phase and said second liquid phase to obtain dewatered
solution containing 5 to 15 % p,p-BPA, 3 to 12% isomers of BPA and less than
30  0.3% water, f) introducing of at least 90% by weight of the dewatered solution



solid phase and a liquid phase d) washing of the solid phase with a solution
cont ai ni ng phenol to obtain washed solid phase and a second |iquid phase, e)
distilling the liquid phase and said second |liquid phase to obtain dewatered
solution containing 5 to 15 % p, p- BPA, 3 -t 12% i soners of BPA and | ess than
30 0.3% water, f) introducing of at |east 90% by wei ght of the dewatered

sol ution -4- jnd gg?(a@?g)(aﬂhing@heﬁ@ldb@ﬂe Wwheealsoli®@phdie opRstdn SRpid) thhase
obtained in step to obtain a honbgeneous ma?erl al systemthat contains
pp' - BPA, i soolein ationBigEneeusdnatetiadsystymdbattconaosgl,ly -BibtAaiisoinregs 6Ff BAAL he
honobgeneous material, syst.em crystals of bhi sphenol A-phenol. adduct by
suspensi on cr & ¥AEr @a‘%&“&iﬁfml}syé@ﬂ%%f%?@fﬂgom%‘lsdpgte’aﬂtsﬁ f®d in step
(h) by solid-Li.aui iAQ i i1:0.4: b shi ng
t he second soﬁygdkggg)g?gsg\?\fﬁ Aapléo b?ﬁxﬁk%%sﬁ%@sﬁ%}g?rzghg %tho’?)ts%pajg l?glﬁn a
washed adduct theangbtdly otiteimbd ngsted ch) bysbhd-ligdaisepartation enabiainplsecald soidTAI LED

DESCRI PTI ON OF THE | NVENTI ON 10 The object of the present invention is to
provi de a si nphase;)) yaehing thsrseeond sobd phaseavitlhya selutipn Ew gRmtang Phenoh ke nol |

corour i ntiex. SR Vi PAMLAAR D bl sheitndho b deBAF, O 00 o

i ndex is understood as neaning a colour index of at nobst 20 Hazen wunits. To
determ ne the col our index, 10 g of bisphenol A are nelted under air in an
oil bath at a tenperat RETAJLEDY DESORIPTIONOHTEE, INVENTIOWN ch t he col our
index is determned i diately according to ASTM D 1209. .To, determ ne the

t enper at ure s{']gg’o&tﬂf"it)??ﬁ%rﬁrgs% TYERLAN is L0 proxidepsimple prgeesy fog the 5t 4 bat h

t enper at he. col QU | e ain. A
i oht onper at e aatding yigh bti Sludlinbh Gk By bispAoE A BilfRARMET BeBOR 1 0

i ncreases by Rhst9ORY%,40 givdaziew doldurdndex and a high temperature stability in the

melt.

15 A low colour index is understood as meaning a colour index of at most 20 Hazen
units. To determine the colour index, 10 g of bisphenol A are melted under air in
an oil bath at a temperature of 175°C over 20 minutes, after which the colour
index is determined immediately according to ASTM D 1209. To determine the
temperature stability, this material is then heated for 4.5 h at a bath temperature of

20  175°C, after which the colour index is measured again. A high temperature
stability is understood as meaning that the colour index increases by at most 40

Hazen units.

The invention provides a process for the preparation of bisphenol A comprising

25  the following steps:

a) reacting phenol with acetone in the presence of an acidic ion
exchanger and a sulfur-containing co-catalyst to give a product
mixture that includes bisphenol A, phenol, BPA isomers, un-

30 reacted acetone, and water;



The invention provides a process for the preparation of bisphenol A
conprising 25 the follow ng steps: a) reacting phenol with acetone in the
presence of an acidic ion exchanger and a sul fur-containing co-catalyst to
give a product mxture that includes bi§5h6nol A, phenol, BPA isomers, un-
30 reacted acetone, and water; -5- b) continuously obtaining fromthe
product m xture crystals of bisphenol A-phenol adduct by suspension
crystallization i i

at least one crystallizer equipped with at | east one
heat exchanger, sadd 5 fGEHEYSlPYpiRng %‘Bﬁtﬂé‘ﬂ?ﬁo thG’.?’iE“F‘BC@’StﬁTSo‘?fJ wei ght of
water, c) separating t ) i i ) i =1 L Ol
separation to obtain gﬁgﬁggpérﬁg%gaaﬁ g@%ﬁ%%ﬁ&ﬁ%&ﬂ&éﬂ%ﬁ of the

solid phase with a sol usnedtystailizéd dquipped Rethalt 1dast oreltieat ékchasdeetsakbl i d phase
and a second |liquid phase, e) distilling the |liquid phase and said second

li quid phase to obtai n predugitneixtige sentaining). b emé & by weight obwasr.wt . - % p, p- BPA,
3to 15 12 w. -%isoners of BPA yes and less than 0.3 w.-%water, the
percents relative to the weight of the dewatered solution, f) introducing of

at least 90 wt. '%)bymvi‘éﬁ%ﬁngihetia‘ﬁu&%%ﬁﬂ st C(ib%’bj'/ %lid-ﬁ§ﬂd%taﬁ£at§&9, 20 g)

addi ng phenol to the ed soli1d phase obtaine step d) to obtain a
honbgeneous nmateri al sywtobtaioansplid phasg ad atliquistphase -% p,p' -BPA, 0.05 to 2
wt. % of isonmers of BPA and 0.1 to 10 w.-% water

10 d) washing of the solid phase with a solution containing phenol to

] obtain washed solid phase and a second liquid phase,

e) distilling the liquid phase and said second liquid phase to obtain
dewatered solution containing 5 to 15 wt.-% p,p-BPA, 3 to
15 12 wt.-% isomers of BPA yes and less than 0.3 wt.-% water, the

percents relative to the weight of the dewatered solution,

f) introducing of at least 90 wt.-% by weight of the dewatered

solution into step (a),

20
g) adding phenol to the washed solid phase obtained in step d) to
) obtain a homogeneous material system comprising 15 to 35 wt.-%
p.p’ -BPA, 0.05 to 2 wt.-% of isomers of BPA and 0.1 to 10 wt.-%
water
25 h) continuously obtaining from the homogeneous material system

crystals of bisphenol A-phenol adduct by suspension crystallization
in at least one crystallizer equipped with at least one heat

exchanger;



25 h) continuously obtaining fromthe honbgeneous material system crystals
of bi sphenol A-phenol adduct by suspension crystallization in at |east one
crystallizer equipped with at | east one heat exchanger; -6- i) separating
the crystals obtained in step (h) by soli-®&4iquid separation to obtain a
second solid phase, j) washing the second solid phase with a solution that

contai ns phenol  5j)t o0 obdyatafing thesssls 38@kel in byRAULIR@Id he washed
adduct to at |east )1200 to re%ove phenol . Thegtg?(()l(k:))ess accg?ldi ng to the

i nvention affords a bi sgdperation o obtain assepond sojidgphhase, 10 | east 99. 8 wt - % of
p, p- BPA, based on all the conponents contained in the product, except
phenol. In step (a) of the process according to the invention, the reaction

of phenol and aCLerf)OHG K68 me%gﬁ)ﬂd%oﬁﬁ'@h&k‘é%ﬁﬁf‘&?olﬁtfio@ﬁlaﬁg&ﬂiigﬂ fél‘?é?lol

exchanger and a sul’'fur 15 containing co-catalyst to give a pro t mxture
cont ai ni ng bi sphenol A toStefin @ayashedadibsdndn t he aci d-catal yzed reaction of
phenol with acetone, the phenol/acetone ratio in the reaction preferably
being adjusted to at least 5:1. The reaction is conventionally carried out

continuously and ggperally. at. t enperatur f 4 110C preferably of 50
to 80C. Acidic catg| ystée%lggfﬁheaygﬁﬁglaéﬁcﬁgo %rjﬁaéfb%(gpotﬁgfm%ggﬁerﬂ?&cr opor ous
sul fonat ed crosslinked polystyrene resins (acidic ion exchangers), which
may be either nonodi sperse or heterodisperse. Divinylbenzene is normally

used as the cThsplocedsiancprdmerio thehinventivhaffontsads$phekolndy vatiempwityofieh as

di vi nyl bi phenyl , may al so _be used. The catal yst is used together with a

co- cat al yEQ, Yemi%’n%y Vhr e P&l bgsqdonalt the spmpanens eptained whe peadictsH gr oup
and, having a itiyve influence on both the selectivity and the

regcti vity of egf);?l{gglé% on. The co-

In step (a) of the process according to the invention, the reaction of phenol and
acetone takes place in the presence of an acidic ion exchanger and a sulfur-

15 containing co-catalyst to give a product mixture containing bisphenol A. Step (a)
is based on the acid-catalyzed reaction of phenol with acetone, the phenol/acetone
ratio in the reaction preferably being adjusted to at least 5:1. The reaction is
conventionally carried out continuously and generally at temperatures of 45 to
110°C, preferably of 50 to 80°C. Acidic catalysts used are gel-like (microporous)

20  or macroporous sulfonated crosslinked polystyrene resins (acidic ion exchangers),
which may be either monodisperse or heterodisperse. Divinylbenzene is normally
used as the crosslinking agent, but other crosslinking agents, such as
divinylbiphenyl, may also be used. The catalyst is used together with a co-catalyst,
which conventionally is a thiol carrying at least one SH group and having a

25  positive influence on both the selectivity and the reactivity of the reaction. The co-
catalyst may be either homogeneously dissolved in the reaction solution or fixed to
the catalyst itself. Examples of homogeneous co-catalysts are mercaptopropionic
acid, hydrogen sulfide, alkyl sulfides or alkylsilylthiols, such as ethyl sulfide or
silylmethanethiol and similar compounds. Fixed co-catalysts are aminoalkylthiols

30 and pyridylalkylthiols ionically bonded to the catalyst, it being possible for the SH



catal yst may be either honbgeneously dissolved in the reaction solution or
fixed to the catalyst itself Exanples of honbgeneous co-catal ysts are

mer capt opropi oni ¢ acid, hydrogen sul fide,_ alkyl sulfides or

al kyl silylthiols, such as ethyl sulfide or’ - si| yhnet hanet hi ol and sim | ar
conmpounds. Fi xed co-catal ysts are am noal kylthiols 30 and pyridyl al kylthiols
i oni cal | y bongmedp tob¢ petertddadnd 3o be ifteed enlygiupog st bfte fixation e thSHdatalyst,gr oup t o
be protected and to _be freed only. durj. or ter fixation. to the catalyst,
e.g. as in the8cadBhgeage %Wﬁt%‘il%eilﬁ?‘gif Ard alioflearbripoylaipdihig esiirkytheni o
esters. The )= I | e d ded, b talyst as an
al kyl t hi ol Or&Pc{:ﬁ‘té t&ﬁ%(%{z,ﬂg@glife gdg%%nggr?gﬁ?@ugﬁ %af&?ﬂegg%t gﬁ"g}gﬁ%ﬁ is al so
possi bl e for #mwhhiol, ofbe @ cohstiudnbef the-caalyat. \Isiks alsdgwesibledor twon dremuread
together. Apart from unreacted phenol and optionally acetone, the product

m xt ure for netde cpreatatists-degerihedio b updddasetheli t h acetone in the presence of
acidic catalysts contains essentially BPA and water. These are acconpani ed
by small anmounts of isonmers 10 as typical by-products of the condensation
reaction, exapphefroRfiacied Arel¥tioptioRB Mdong: the pRXRECHIRERBIMET opane

(o, p-BPA), substituted indanes, hydroxyphenyli ndanol s,

hydr oxypheny| mthe nmoton sfphenebwih aexdameais, thepilgsdanice of addicicathdystd @ntanbst i t ut ed
xant henes and nore_ hi ghly condensed conpounds. having, three or. nore phenyl
rings in the SREPRAEY P A R welsh, hepHaE 26 Y2l AOHERPEISORERSh as

ani sol e, Si e ' ' e o BBy form due
oo o oS A oS b5 R ARl SRR, o m A
matleri al s. Thghe; gc;(zonydr@x@he@ylipaapmxo,gqamx shtetinoed indanélich a way that
the acetone is 20 conpletely converted. kFor econom c and technical reasons,
however, it ibydrexipheyylindanols,dydmxypkanyldhsomansasthesrbishrdaneGubsittutehe acet one

bei ng converted, t 0. Wm- % of acetope,still, repains in, the. reactor
out f ?ow m%eno"ig, sul())stljfuted Xanthenes angl more nghfy condensed compounds having

three or more phenyl rings in the molecular skeleton. Other secondary
15 components, such as anisole, mesityl oxide, mesitylene and diacetone alcohol,
may also form due to autocondensation of the acetone and reaction with impurities

in the raw materials.

The reaction in step (a) may be carried out in such a way that the acetone is
20  completely converted. For economic and technical reasons, however, it is usually
carried out so that, rather than 100% of the acetone being converted, up to 1.0 wt-

% of acetone still remains in the reactor outflow.

The reaction may also take place in several reactors connected in series, the total
25  amount of acetone being distributed so that acetone is metered in before the

reaction mixture enters each reactor.

Said by-products, as well as the unreacted starting materials such as phenol and

acetone, detract from the suitability of BPA for the preparation of polymers and



The reaction may al so take place in several reactors connected in series,
the total 25 anmpbunt of acetone being distributed so that acetone is netered
in before the reaction m xture enters each reactor. Said by-products, as
wel | as the unreacted starting material s-8uch as phenol and acetone,

detract fromthe suitability of BPA for the preparation of polyners and - 8-

have to be sangt il Boschbfudorb) bbb HHOAESREnRE AR BlmBiIs &y demmnds

are nmde on the BPA, especially for the preparation of polycarbonate. From
t he product madelomethe BPA, egstcially fowethe pegparatin ofipolycdarbonede.0. 1 to 6 wt - % and
5 preferably 0.5 to 2 wt-%of water, crystals of bisphenol A-phenol adduct
are crystallized out in step (b) by continuous suspension crystallization.

The product . sbiie Bradlt AR oBiRicbfn 6R) (bt BHBLRY.Poh b 9adighy | at i on

upstream of step C) to renove r il'y volatile constituents

(i ncl udi ng wairefejablylQ5 The war if alakdr Zav4tals offBigpheiiot Apptanol adduon@eor nore
crystallizers connected in series. The nean total residence tinme of the
crystal s in tdysializedsquiin step(h)dy contigieous suspspepe eavBlallizgtiony Thetpseduch t en
hours. Wth a correspondi.ngl l.ow crystallizat.i.on t he incl usi of not her
" quor and 't nESRE SPABIE R ieb 4D i bRy ¢ ARkER wiErnREsEBICLR pheno)
adduct may becpGEAede ki) foRiRRASInBRSAhALEnEER). The cooling 15 is
effected indirectly by neans of heat exchangers. In the crystallization the
product mxture is cooled to 40 to 50C in one crystallization step.

Preferably, however, the crystallization takes place in two steps, the
product ikt uFke eastallizatiopanettakeplace BronsoamaTe coFtabiersropnestedhin §eEes. 1 st

stap and thenmndul SIRRIRHEEUSE ot 0 S0:A0M 4 dheuRsiaRdakse, 10 both

enbodi ments the cooling s e ns of on eat
exchangers pegrefefab$t 30 hiififés toltéh REI8s. PWRH QlcofespRRBREIyBOW chilliAmpea) at ur e of

the product m xture is adjusted upstreamof step (b) to a tenperature that
is at nost 5Chebwlusianad moethert liduor ard thenncorporation of impurities into the crystals
of BPA-phenol adduct may be avoided to the greatest possible extent. The cooling
15  iseffected indirectly by means of heat exchangers. In the crystallization the
product mixture is cooled to 40 to 50°C in one crystallization step. Preferably,
however, the crystallization takes place in two steps, the product mixture being
cooled to a temperature of 50 to 65°C in the first step and then to a temperature of

40 to 50°C in the second step. In both embodiments the cooling is effected by

20  means of one or more heat exchangers per crystallizer.

In one preferred embodiment the temperature of the product mixture is adjusted
upstream of step (b) to a temperature that is at most 5°C above the crystallization
point.

25
The subsequent solid-liquid separation, especially filtration in step (c), and
washing in step (d) may be carried out e.g. in or on one of the following types of
apparatus: continuous filter centrifuges such as screen-conveyor centrifuges or

pusher centrifuges, batch filter centrifuges such as skimmer centrifuges, and



poi nt. 25 The subsequent solid-liquid separation, especially filtration in
step (c), and washing in step (d) may be carried out e.g. in or on one of
the followi ng types of apparatus: continuous filter centrifuges such as
screen-conveyor centrifuges or pusher centrifuges, batch filter centrifuges
such as skimer centrifuges, and -9- continuous filters such as rotary or

drum £11° o1, oohbousidifeld BB lhgforldbih s, bl ifers BEEURKHfs. g Use rotary

filters and particularly vacuum tefs. n fhe case o tration by

means of a vaneferablotoarsy rétatyi filters hrhbpﬁlédlmyvamumsma@ filtefser abl y carried out
as described in DE 199 61 521 A The washing of the solid phase, especially
the filter cake, is effected with a phenol I ¢ solution, which extensively

di spl aces th t her ning n th e, nd.frees the
i op aces MR o Bhu S TR PR LS WL BB ocs, £ e,
The filters c%@fempmms%géﬁb@d%ml BoiesmlIAc solution or several
phenol i ¢ sol utions "of dlfferent conposi tions, which are applied

successively or as a mixture, e.g. via spray nozzles. Averaged over the
total anount_used

heno ic sol ut i |y c nta ns. 84 to 99. 45
W - % of phenbie W h@&%ﬁﬁ%ﬂ% Phasss eﬂﬁﬂl"i}ﬂdﬁ?}ﬁﬁ “@ge 18 i tedWyh 3 soner s.

These 15 conggn er into
account. Tho PRRORe il FIRARtheRo ARIERk the ARl AR rep@fldin il o
preferably O. ﬁ’lteraBe wid feesalic wstels.of BRFEFhepo] ddidict BomlimpoaEtied acﬂleﬁn@ttenol iC
solution), and 5 to 100 wt-% thereof preferably originates fromstep (i)

and/ or (jI0. Tthe sexéagseFla filter coke o beneashadhwith o ginigle phenphiesadution gr 40 to 85C
oD P U e Sl eR A5 A0, AR i85 Sl Byt pL Ty 1 er
rinsing the cheidRblyldias b AhiRfuYe,eld. VB sptdy rz2iRs.(Aerdfdd ovE? the total
amount used, the phenolic solution preferably contains 84 to 99.45 wt-% of
phenol, 0.5 to 15 wt-% of BPA and 0.05 to 1.1 wt-% of isomers. These
15  concentrations are based on the solution without taking water into account. The
phenolic solution used contains 0.05 to 12 wt-% of water, preferably 0.2 to 3 wt-%
of water, based on the total amount (of phenolic solution), and 5 to 100 wt-%
thereof preferably originates from step (i) and/or (j). The temperature of the
washing liquid is preferably 40 to 85°C and particularly preferably 45 to 70°C.
20  In the case of a rotary filter, part of the phenolic solution from step (i) and/or (j)
may be used for rinsing the cloth of the rotary filter in step (c) and (d).

The adduct crystals obtained in step (d) in the form of a filter cake moistened with
phenol preferably have a BPA purity of at least 99 wt-%, based on the sum of BPA
25  and secondary components. The residual moisture in the filter cake as a proportion
by weight of the liquid adhering to the crystals of BPA-phenol adduct, based on
the total weight of moist filter cake, is below 40 wt-% and preferably 15 to 30 wt-
%. Preferably, the amount of phenolic solution for washing the filtered crystals of

bisphenol A-phenol adduct is chosen so that the amount of washing liquid



The adduct crystals obtained in step (d) in the formof a filter cake

noi stened with phenol preferably have a BPA purity of at |least 99 w-%
based on the sum of BPA 25 and secondary conponents. The residual noisture
inthe filter cake as a proportion by weirdAt of the liquid adhering to the
crystal s of BPA-phenol adduct, based on the total weight of noist filter

cake, is bel ovorfdipitids’o 20do P2@HeA B thenduat SOfiléred Spystalsed fBRBApYiendlhe anmount
of phenolic solution for washing the filtered crystals of bisphenol

A- phenol adduadduct Thiemenntesed haiprefarably A8 tmP0 Bi-%%ashi ng 1iquid - 10-
corresponds to 20 to 120 wt -% of the anmount of filtered crystals of
BPA- phenol adduct. The anmount used is preferably 50 to 90 wt-% Preferably,

the water is P%?%%ﬂgeﬂh}é &'&er@@&%ﬂé?l'egelr/yddhf‘@?t‘f@j Bhodedby Pisﬁll't?c{h frbAthé he S

i quid phase o ned in step omthe solid-liquid separation
and/ or theS whgindmphasesshpanedin syepd@)vnd @) froavthiesolid-tiquid separ@tiGn wid/64 thaf t er
which at least 90 w- %thereof is recycled intoostgge(a)_, optionally after
the addition ¥eshipgicspreiallyiione to agoptent okl Hud gneorfter ek atdpast PO wihe

recycl ed sol ugj taj f y. - % i cul ar
preferably 6. é‘l’ @gre%gﬁv\r/? @3&%&%& Sgép?(%éfpgﬁ‘éﬁy %ﬁo%r\iﬁze a\lf\id-?t&)q’ @%’c%t?ﬁ?, g’ﬁéér/ls,

obt ai ned in sh@Pof £hombdgeness ddeedtal§ét EPhe feBycledsdMMBOIMEARSpreRIratly 9o
containing, inter alia, 15 to 35 w-% and preferably 20 to 30 wt-% of BPA
and 0. 05 to 21wt andipatictlarigipteferably 6 otoll Glwirnbo ePp,pFBPAcmdr3stoil? wptrHpar ed by
addi ng a phenoljc solution_to the crystals of 15 BPA-phenol adduct obtained
in step (&Y. ohisemess, gfaiwedin P& ($lg the crystals of BPA-phenol adduct with
a phenolic solution, the tenperature of the resulting solution preferably
being 70 to 100C and being adjusted so that the honbgeneous solution is

subsat ur at ed. Ifhe mBxiQstép, Pg)eh 86O PerRBDOSH1 MR contdiing) Mtdr alis, 13 toBBAvPYzenol
adduct noi stened with phenol fromstep (d) are first nelted to give a
honbgeneous nehd pieferatly 26 to 30 wt-% of BPA and 0.05 to 2 wt-% and preferably 0.1 to
1.1 wt-% of isomers is prepared by adding a phenolic solution to the crystals of
15 BPA-phenol adduct obtained in step (d). This is done by mixing the crystals of
BPA-phenol adduct with a phenolic solution, the temperature of the resulting
solution preferably being 70 to 100°C and being adjusted so that the homogeneous

solution is subsaturated.

20  In one preferred embodiment, the crystals of BPA-phenol adduct moistened with
phenol from step (d) are first melted to give a homogeneous melt having a
temperature of 90 to 140°C and preferably of 95 to 130°C. A phenolic solution is
then admixed. This procedure assures a thorough mixing and a rapid preparation
of the BPA-phenol solution. It likewise avoids the situation where individual

25  contaminated crystals from the first crystallization step do not dissolve, causing

contamination of the end product.

The amount of phenolic solution used in step (g) is adjusted so that the resulting
homogeneous solution has a p,p’-BPA content of 15 to 35 wt-% and preferably of
30 20 to 30 wt-%. The concentration of isomers is 0.05 to 2 wt-%, preferably 0.1 to



tenperature of 90 to 140C and preferably of 95 to 130C. A phenolic solution
Is then adm xed. This procedure assures a thorough mxing and a rapid
preparation of the BPA-phenol solution. It |ikew se avoids the situation
wher e individual 25 contaninated crystalsliromthe first crystallization
step do not dissolve, causing contam nation of the end product. The anount

of phenolic sglguitBndpaticulnSiRefetadly 0.3 ta0Supt %A ThEselddatentAtonieay! ti ng
homogeneous solution has a p,p"-BPA content of 15 to 35 w-% and preferably

of 30 20 to B&edondhe splwticponidleant takingthe ovatérduhraceount 0. 05 to 2 wi- %
preferably 0.1 to -11- 0.8 w-%and particularly preferably 0.2 to 0.5 w-%
These concentrations are based on the solution w thout taking the water

into account. 9%@9@@}9@%@%@#&& ﬁ{enﬁP&egﬂe@nﬁaeé gg)rc%ﬁt%hﬁd in step (9g)

contains 5 preferably 0.1 to 10 wt-% of water and particularly preferably

0.2 to 3 vi - YpeeferablgiOerto 10fwt-Yeo fvertagad partiutlyyireferablyed.2 td 8 vete¥tafi N no
wat er, an increasin anmount of acicular crystals would be obtained in the
next step of water. IE QZEBenus SHIU{PR Werdie CoBlRERMWAIeEraRING§aSIBE | somers in

i e 1 S USSR o S LA DL DL T D

pl ant, nanmely, I acce ng on ng surfaces

during the cryst@llizaged Wah thelot GRkaittafibas 6LBomeYs ih AR MeHBE NgudkUindoehavi our
in the solid-liquid separation. This nay detract from the product quality.

The presence thesewrystalspnaydeatts wirignsiproblepsstinlths plantenargélyy inter aliad  t hi cker
crystal s. reover, e,presence of ter in these concentrations during the
cr §st al | &(gfi B?Fef?é%te‘i EPé‘hggPBéPOIb‘}g S ngﬁ%e ?fﬁf&‘éﬁ%‘i‘%ﬂ’i% dS‘F“P‘F?E}BPi tiges
into 15 the .. | . hhar : 3 ' In
oot her enbodb e rRisfingul Ol il Hel:0Rd b G ARG TMOMC boith Kok

operating tethegiradust gealitin Thegpredeysd ol watéeprsdudes stusdypassibl] ee. tshorddtdindcet one
in concentrations of O to 5 w-% based on the resulting nm xture, as a
further degretugker erystaloMaseqist, the presence of water in these concentrations during

the crystallization has the effect of reducing the incorporation of impurities into

15  the crystals, allowing a further increase in product purity.

In another embodiment according to the invention, independently of the operating
temperatures in the crystallizers, it is possible to add acetone in concentrations of
0 to 5 wt-%, based on the resulting mixture, as a further degree of freedom other

20  than the addition of water. This measure makes it possible, inter alia, to optimize
the crystal morphology, the solid-liquid separation behaviour, the fouling tendency
and the behaviour of the impurities in respect of incorporation into the adduct
crystals, and to adjust the concentration of the mother liquor.
A continuous suspension crystallization of a BPA-phenol adduct from the

25 homogeneous solution obtained in step (g) is then carried out in step (h). Crystals
of bisphenol A-phenol adduct are obtained in step (h) by continuous suspension
crystallization from the homogeneous solution obtained in step (g), and these
crystals are separated from the liquid phase by solid-liquid separation (step i),
especially filtration, and then washed with a phenolic solution (step (j)). The

30  cooling in step (h) is effected indirectly by means of heat exchangers.



20 than the addition of water. This neasure nmakes it possible, inter alia,
to optimze the crystal norphol ogy, the solid-liquid separation behaviour,
the fouling tendency and the behaviour of the inpurities in respect of

i ncorporation into the adduct crystals,‘dﬁd to adjust the concentration of
t he not her liquor. A continuous suspension crystallization of a BPA-phenol
adduct fromthe 25 honpbgeneous sol ution obtained in step (g) is then carried
out in step (E%. C}%@;aLs of Qi sphenol A-phenol aqfuct are obt.ained in step
(h) by conti nhBESYSREFaHeR BRY ¢ 25111 PR PF BATE IRRIS OPRSS 9B SESol ut i on
obtained in s . . I . jquid
phase by soIigﬁ??%%%g“?&g%?%???ﬁ“%@%&% I ?Elgg%ggﬁéﬁP§QP§§tr %?@%@dand t hen
washed wi t h apfdferabllyibe bettdehihalf apdioapard teh holleW3h catespendimglgtidp (h) is
effected indirectly by nmeans of heat exchangers. -12- The crystal]ization
may take p! acerysiallizadonthemehisiomofmgtherdiguer anshthe incomparatiogeefigypuritivhe nean
total resideng ime of t rustal s.in this crystall]izatio ta shoul d
preferably be’ oe%}%/?ecé'ﬁs(%ﬂﬁpf ﬁgﬁ'ﬂﬁﬁ}?i %998%%?‘?' ﬁ%{fﬁ%‘?m@é {Qntﬁg g&%&ﬁi@%%f%‘f ngly
stow S cryst abkegaid @R crfshiliddich 4l #Baak nflRiChal hURsIcA RIS Resdoeaar porati on
of inpurities 1nto the crystals of° BPA-phenol adduct nmaybe prevented to the
great est possbhé erystallizetidn stép fonexaenpts tithdingzpdssibte fohenpoomiont cripgtalliuere nmay be

cooled to 35 to 55C in_ _one crystallization step, for exanple, it being
possi bl e for #&nee epersied i parglial ahlterpatively, the %sta}gé?t&netaay takp Rlagp prefwo

or oduct gt LPEPhar Rt RG bane SRt B iRt b ST I RE Tt o
step and thenﬁ%ﬁcﬁ%pﬁggsgg&gﬁaﬁeﬁt@ 535C ih the'sBbrRtaNth 64AP- 10 both

enbodi nments t ected by neans one or ‘nore heat exchangers

per crystal | embdodindkntsihe colslingi ik sffedtedby mkhy dfank ve nidbelit BR¢Han@érs phe t wo
crystallization stages (b) and (h) are as follows: In the first
crystallizati efstlligge (step (b)) the crystallization

15  The details of an alternative embodiment of the two crystallization stages (b) and
(h) are as follows: In the first crystallization stage (step (b)) the crystallization
takes place in two steps in series, and in the second stage (step (h)) it takes place
in one step in one or more crystallizers operated in parallel. A step within a
crystallization stage is understood as meaning a crystallization in a specific

20  temperature range. A crystallization stage carried out in two steps in series is thus
carried out in two different temperature ranges in succession. The stepwise
crystallization in the first stage achieves a greater purity, whereas in the second
stage, because of the lower isomer contents present and the increased fouling
tendency associated therewith, a longer working life of the heat exchangers is

25 achieved by crystallization in one step.

In one preferred embodiment the temperature of the product mixture is adjusted
upstream of step (h) to a temperature that is at most 5°C above the crystallization

point.



takes place in two steps in series, and in the second stage (step (h)) it
takes place in one step in one or nore crystallizers operated in parallel.
A step within a crystallization stage |su]:§nderstood as neaning a
crystallization in a specific 20 tenperature range. A crystallization stage
carried out in two steps in series is thus carried out in tw different

t enper at ure rd’ﬂngssbsiequ@msc]érb-ﬁqmd seﬂ'ami(m%qu/\(i)seSpaciaglfls(tfdtraﬁimatambwaSlﬂng he first

stage achi eves a ater ity, whereas in.th econd because of
the | ower isofpt CSQS @Qﬁ%ér& LT qr}r‘i]&er g’é@@'&“& B8PS ?I'Sa%p eng:y
associ ated t h%BﬁfM\.folﬁs fiftet QBN Qgséréénecd?lfv&&%e?g;ﬁﬁ%ﬁ)&?ﬁgﬁg grs is 25

achi eved by crystallization in“one step. In one pre | ment the

t enper at ur e ofceithi€uges dshtct filterxentriuges sadhi asskimimetipsitri fages @.fld sérejhubtly to a
tenperature that is at nost 5C above the crystallijzation oint. -13- The

subsequent Ssolfiligrs ugh ﬂ%l@@l'plahféﬂll@iﬁlt§ltsebelk ﬁl)ters a8p é@kaﬁluegs ftiip P?f‘éQfﬂ'@iﬁ to and

washing in ste carried. oyt ne._of I

types of apparar i Hisf FRUREE YRR Bt Prffiudt CliRiatd il oe or
centrifuges org ka%i‘@?e of a'idtﬁ%ﬁﬁs aB@teﬁﬁ)I(ﬁyehtlﬁrsteﬁ‘%@tdnﬁf(H}Jes such as ski mer
centrifuges, and con |nuous 5 filters such™as rotary or drumfilters, belt

filters and disk fllters |s preferable to wuse rotary filters and
particularly acuumro ters. is partijcu preferable to use a
type of appar él‘dée ‘iaﬁ%lP aBP% Y@’f?ﬁp% V%"H“@trembferaﬁlf 1%18'? ion 3§ t he case of

pr ef or abl y CcaPrr a0 Rt GEURIcBhAT R 1TE S2TB 1 i The “vashi ng of the

sol jd phase, especially the filter cake is effected with a phenolic

sol ution, which extensively displaces the nother |iquor remaining in the
filter cake aﬂ&ﬁw&bmgtdf@mﬁld@&lamymeaﬂaﬁyfhedmﬂmpkﬁ llwfé@t@dw@!ang to the

gragfigephéﬁorr eno }cl s% IQ)%,SVthJC% g?e(r:l!s,lz\iflelly%lsp?aces he mother ] 1quor rr]eHxXaggm\é\qs H‘led wth a

filter cake and frees the adduct crystals from impurities adhering to the surface.
15  The solid phase, especially the filter cake, may be washed with a single phenolic
solution or several phenolic solutions, which are applied successively or as a

mixture, €.g. via spray nozzles.

The phenolic solution used for washing the recrystallized crystals of BPA-phenol

20  adduct in step (j) may be either fresh phenol, i.e. commercially available phenol,
or recycled phenols obtained in the plant, or mixtures of the two. A recycled
phenol is understood as meaning a phenol that is obtained in the course of the
process and recycled into the process. It is also possible to use phenols obtained in
the preparation of polycarbonate by the melt process. The washing phenol used

25  here preferably contains in total a maximum of 1.0 wt-% of other phenolic
components, e.g. isopropenylphenol, BPA and its isomers and secondary
components. Recycled phenols, e.g. from the removal of phenols from the crystals
of BPA-phenol adduct, are purified here only by distillation, if at all. The
temperature of the washing phenol is 41 to 75°C and preferably 45 to 60°C. The

30  washing phenol may contain up to 10 wt-% of water.



solution or several phenolic solutions, which are applied successively or as
a mxture, e.g. via spray nozzles. The phenolic solution used for washing
the recrystallized crystals of BPA-phenol 0 adduct in step (j) may be
either fresh phenol, i.e. commercially avaliabl e phenol, or recycled
phenol s obtained in the plant, or mxtures of the two. A recycled phenol is
under st ood as neaning a phenol that is obtained in the course of the

process and r cled . into.t process. |t is.also possihle taq.us henol s
btained n ot Aofas Rt aRed g & binhE £ SR RateSe nBista Sfe

washi ng phenolpndasidespeciaRy & fitbeéke alidtes@Vith PRerdol) préfeblyghdRai prun of 1.0 wt
-% of ot her phenolic conponents, e.g. isopropenylphenol, BPA and its

i soners and seowitylaf at leaso9§HB me11b,shasébary tHesumpdfBRA snd secgnddry compbeentenoval
of phenol s fr the crystals . of BPA-phenol adduct, are purified.here only
by distillati 3@,@ regidygl mgisturep the Eléw 254 RropeTioR by Wt of hagii! s 41 to
75C and prefer 4 3! | - : 10

wt - % of wat er -a%? lﬁng @ﬁ%@gﬁgtglcs to-f?% f{s“: pgéf/@? g%@%f’%@%alcﬂr? tg'? )é%gl??%lgﬁlb t 0eltSl:‘)or m of
a solid phase fitedr stled)echelow B0 waltgaad prefaplgilaltd B0 avti%) Preferatilikghaamstiatned

wi th phenol, preferably have a BPA purity of at |least 99.8 w-% based on
t he sum of Bpmf@hgn@mhu@nforcwwéﬂm@g@ filtewd rvstaleef bisphienabfsthgnel 4ddugthe

filter cake as roportign b ight .of the,liquid dher.i to.hh
crystals o ooncensy tafiberouEatiissina fe sodtouisdRetls T hdeh o | o
cake, is bl ouhdQmBharaiird fenabl ¥pASHeRo 3R Yhe BhshanaBY % the amount
of phenolic solution for washing the filtered crystals of bisphenol A-phenol
adduct i s chqgweferabty 3htt90We%anmount of washing |iquid corresponds to 20 to

120 wt-% of 10 the amount of filtered crystals of BPA-phenol adduct. The
anount used is preferably 50 to 90 wt-% The |iquid phase from (i) and 0),

especial Iy thepfd lkcflﬁ(ﬂ)l?ase Ho%?i)t 4R (?)9'3§p%éilail§l 'rﬂeqiltrate, from the solid-liquid

separation of the second crystallization stage, (i), is used in step (g) for mixing

15  with the molten filter cake from (d), and in step (c) for washing the filter cake
and/or for rinsing purposes (e.g. washing the cloth), optionally after the addition of
water and/or acetone. Preferably 10 to 50 wt-% and particularly preferably 20 to
40 wt-% of the liquid phase obtained in step (i) and/or (j) is recycled into step (d)
for washing purposes. Also, preferably 50 to 90 wt-% and particularly preferably

20 60 to 80 wt-% of the filtrates obtained in step (i) and/or (j) is used in step (g).

In one preferred embodiment, all or part of the mother liquor obtained in step (i)
and of the washing and dehumidifying filtrates (j) may be collected separately.
The filtrates from washing and dehumidified, which are less contaminated with

25  isomers, are preferably passed to step (g), while part of the mother liquor is
preferably passed to step (d). Due to the increased discharging of the isomers, their
concentration level drops in the second crystallization stage, thereby improving
the product purity. Dehumidifying filtrates are understood to be those filtrates
which are removed from the filter cake as residual washing liquids on applying a

30 vacuum of 5 to 500 mbar.



separation of the second crystallization stage, (i), is used in step (g) for
mxing 15 with the nolten filter cake from(d), and in step (c) for washing
the filter cake and/or for rinsing purposes (e.g. washing the cloth),
optionally after the addition of water and/or acetone. Preferably 10 to 50
wt-% and particularly preferably 20 to .40 w-% of the |jiquid phase obtained
in step (i) addodier ppssible wayof dverngiheisemepcqnepniration ipdhgsesgndur poses.

Al so, f : % | 80 Wt -%
ot “Che 111 o absunizalibn el mf A8 el haie she RLGIBLARONEBUY | 0 %0 1 Sk
preferred enbeghsi@ein evapbrating Das BS &ft-%/YarefRAbIE0 td i GHWe,, BT AREhtdsn step (i)

and of the washing and dehum difying filtrat esm(]jng may be col | ected
separately. Thtaired|insigpdd md/@rroga@mm@tmmspbe and iseier-filge tp are | ess
contam nat ed wit 5 isqners r ferably passed to ste , ile part
of "the. ot per Pradispop i Steshafly B HieBol ol 287 8RRy SeiBnt. 3 el Bhc: Based
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filtrates are pwilet, shactkdtio bisphérdvd Searfd isdbmerdsgpstredmn offi step €b). Fhizurehstveom t he
filter cake as residual washing |iquids on applying a 30 vacuumof 5 to 500
nbar. -15- AndéffReds bsBessamtrel grgy the phenqkbalange oh tie plgapd bepeedmPIQ¥eSon in t he
second cryst%b&j §ﬁﬁtqi,on stage, (h), and thereby increasing the resulting
product purity &ohsY'sts in evaporating O to 35 w-% preferably 0 to 10
w-% of tipe filtrates obtained in step (i) and/or (j), passing the

bi sphenol A and isoner-free top 5 product, consisting essentially of phenol,
wat er and opt ifonalteryative embodimend of thepréapss camptises thetprepagition dBRAmal |y after

further purification, . and recycling t battom . pr t, riched in
bi sphenol A at§OiCaGERASS, (}ll?ﬂ'}gf%%‘ﬁ\e fa @?“éﬁ“{hd) P‘Hﬂfﬁpgg%é_g 8535 "szd‘i“eg bet t er
gggﬁ ;g! | f’;’;r Hih-PRRY P LFHANGSurRY of DGedt 9618 wARA {ATRE PldnTHh Wi€ Tase both

the one-stage and the two-stage crystallization, as well as the subsequent product

15  work-up (solid-liquid separation, washing, dissolution, and removal of phenol),

are carried out separately for the different BPA purities. However, the mother

liquors from the first crystallization stage and first solid-liquid separation stage

may be processed together and recycled into the reaction, the product mixture

formed in the reaction then being subjected to separate crystallization and product

20  work-up for the different BPA purities.

In step (k) phenol from the solid phase obtained in step (j), especially the filter
cake, is removed from BP A-phenol adducts by thermal separation at temperatures
of at least 120°C. Preferably, the phenol is completely or partially removed by

25  distillative and/or desorptive methods such as those described e.g. in

DE 198 48 026 A, DE 198 60 144 A and DE 199 61 566 A.

The process according to the invention makes it possible to prepare bisphenol A
with a purity of at least 99.8 wt-% of p,p-BPA, a low colour index and a high
30 temperature stability.



10 An alternative enbodi rent of the process conprises the preparation of BPA
in two categories of purity, nanely a BPAwith a purity of 99.5 to 99.75 wt
-%and a high-purity BPAwith a purity ofln%t | east 99.8 wt-% in one plant.
In this case both the one-stage and the two-stage crystallization, as well
as the subsequent product 15 work-up (solid-liquid separation, washing,

di ssol ution, and renoval of phenol), are carried out separately for the

crystal i zat | onte bt BheanbAHeEh scutedPi gt orelsaRePabhA RPLAD0 PR
processed  09GLARhIA prbRFIH 6Fmkf 190 SRS Ok bibHinbl A4HAL isHbkiitée®

formed in the 'react then bei ng subjected to Separate crystallization and

product 20 worwhitlpnfagbetubel, dptibeaikywitisAppor salideffcatibm, fot the prépargtioarad] from
the solid phase_obtained in step especially the filter _cake, is renoved

G
f r om BPA- pRendiolyatheagts byythe H_@F%F%ﬁ%aé@ﬂﬂ?@ﬁs elt polyearbenatd)sHoweve: | east
120C. Pref erab&lé( isﬁl@e OPReI‘H@ik n{a§/ afs%rﬂglfgflgl{%ﬂ%ggﬂ%?é gg%s rsﬁg:g cﬁge by .25

distillative and})o esorptive’netho escri .g. in DE

19848026 A, DiprilfiSy fdcdstdorbyedidolidtiondRr 6418 66 fifithef hRli ARG EBEtIRGMOFiHeg t0 the

invention makes it possible to prepare bisphenol A with a purity of at
| east 99. 8 wt -@6lomap bp-dbewlvedin sodiwn hpdroxidedelutian dnd uskdgfor ti@prepargtemat ur e

stability. -16-_ After the engl has been separated off to | evels preferably
of nmax. 600 prPrﬁPQIV&arbBB?tFingh‘eaP%aﬁeS?%Wa‘ﬁ?\?‘ogf max. 100 ppmin step (k), a

bi sphenol 4 nelt is obtained which may be used, optionally w thout prior
solidification, for the preparation of 5 polycarbonate by the

transesterifi CHii$ giveps polgsabimart vithal lywaeliowatss )indddqvdyef max.tihgada sphenol A
melt may al so be solidified by known processes such as the prilling
process, or bymeasaesiofdhe eplouk or sale or further utilization. Furthernore,

t he

In another embodiment of the process, the melt is evaporated in step (k) to residual
15  phenol contents of 2 to 20 wt-%, as described in DE 199 54 787 A, and this melt,
without prior solidification, is reacted with diphenyl carbonate by the melt process

to give polycarbonate. This again yields a polycarbonate with a low YL

The liquid phase obtained from the solid-liquid separation in step (c) and (d)

20  (mother and washing liquor) contains phenol, BPA, water and optionally acetone
and co-catalyst, and is enriched in the secondary components typically obtained in
the preparation of BPA. The water is separated from the liquid phase obtained in
step (c) and (d) (mother and washing liquor) to residual contents of max. 0.3 wt-
%, preferably of 0.25 wt-%, and at least 90 wt-% of the resulting solution is

25  recycled into the reaction in step (a), with the optional addition of acetone, phenol

and co-catalyst.

With an increasing concentration level of water and/or optionally acetone in the
second crystallization stage, (h), it may be advantageous to carry out a thermal

30  separation of these components from the phenolic solution transferred from step



melt may be dissolved in sodi um hydroxide solution and used for the
preparation of polycarbonate by the phase boundary nethod. 10 This gives a
pol ycarbonate with a | ow yel | owness i ndexpngI) of max. 1.5 as a neasure of

the colour. In another enbodi nent of the’ 7o'cess, the melt is evaporated in

step (k) to residual 15 E)henol contents of 2 to 20 w-% as described in DE
199 54 787 A, (Raad(htester(d), and gpntieaally torrrerclestbe resuitingdistdiate indo theact ed wit h

di phenyl b the nel ' | . Thi i
i eras a pol y RS s AR doplli Gribst® pPYYE (DR BRI T S ne
solid-1iquid sepamabiiéiof thest®pothdsindhd sbcord ciysRilatiom s gaBeddinitg sbi quor )

contai ns phenol, BPA, water and optionally acetone and co-catalyst, and is
enriched in t héghstbationstprspteviaponation or digitlaiion| of tshscdutinng tiansferned fipmepar at i on
of BPA. The wafer,..i s ar at fromthe liquid phase obtained.in step (c)
o (d) (St hoteP AR RT HEP [P ymt Joueh SeratifnapReS satiuC anvintageso st | b
preferably of g 590 the : e&g@,t%q We oefcidehg resulting solution is
25 recycl ed ir?tgl%t%?\eﬁﬂ“;lgﬂact ?%)nﬁéurgnstepa asl, evmn{%i%ctlhe optional addition of
acet one, phendifterangk-ap-of dicahytetial skt batwdenciepas) agl @) ané step gh) iardezvel of
wat er and/or optionally acetone in the second crystallization stage, (h),

it may be advipfapevsusatelyapartialsterem of -htg Rwt-"80r sesalled disehasge. ihese
conmponents fr enal i olutio ransf erred from.st 17- (i) and (j)
Lo Srep (). dmemant RBRHROA sEomls RtahRe HoBL (e tb R & aoleR o e
second crygt algp A& adsir) BpSdiRifty GRBr Bk rétREfyFPheol SkSftopéhlylphe@SN8fdpREAd] | T the
concentration of these conpounds in the second crystalli'zation stage becones
so ) hi gh t hat Aosethar @ngpoaerip andbptionatly afierspridriteentnoent efith dved(s)pdndforons
transferred from%vstep (i) and (j) to step (d), as a rough separation,

of fers econoni®@Hvant ages

By way of example, the discharge may be subjected first to rearrangement on an

15  acidic ion exchanger, then to concentration by partial distillation of the phenol,
and then to crystallization and filtration. The distillate obtained may be used to
wash the filter cake and rinse the cloth. The crop of crystals containing BPA may
be recycled into the first crystallization stage, (b), and the isomer-enriched mother
liquor may be worked up further, preferably by distillation, to recover more

20  phenol.

) EXAMPLES
Example 1 a): Embodiment
A product mixture obtained in step (a), containing 70.1 wt-% of phenol, 22.0 wt-
25 % of BPA, 6.6 wt-% of isomers, 1.1 wt-% of water and 0.2 wt-% of acetone, was
introduced continuously into a crystallizer for the purpose of suspension
crystallization in step (b) (1st crystallization stage). The mean residence time in
the crystallizer was 1 h and the mixture was circulated through an external heat

exchanger. The temperature of the crystallizer was thus adjusted to 41°C. The



conpared with the separation of water in the main circuit. After work-up of
the material stream between step (c) and (d) and step (a) in order to
renove water, a partial streamof 0.5 to 10 w-% or so-called discharge, is
taken off. This partial streamis Wi t hdr aw Trom t he process chain as
so-called 10 BPA resin, optionally after the recovery of phenol,

i sopropeny!| phenay of drystgdh énmid undenstealyfstate canditoonsad tiapheopt-fremal |y after

prior treatnment with acjd(s) /or base(s).. By.way of le, .th

di schar ge nmay GEPStiBPREhewp i f@ﬁe L gomehrh joulsh cmytal habibwpsifaunon
exchanger, then to concentration by partial distillation of the phenol, and
then to crystallization and filtration. The distillate obtai ned may be used

to wash the fThetceystaieitsEBRAHeholsldubtefiltked dff stép €c)cindvashednyssépaldy
containing BPA may be recycled into the first crystallization stage, (b),
and the i sémervesepiclinéandrixasywith p ghenoligggluben fostke (B)dp ferr 2 her, preferably

by distillatign, to recover. nore .20 noj, . VEL a 1.a).

Ebod ment A BPBRGERRE S0 alieN B Ta e e 4 PIER, 22 ShoAPhERS P8 XVHe - o6 of
phenol, 22.0 W ufZemé&Qhs B & Babtd 1 Yowf2. 1 somers, 1.1 wt-%of water and 0.2
w - % of acetone, was introduced continuously into a crystallizer for the

pur pose of suspension crystallization in step (b) (1st crystallization
stage). The nean residence ti in the crystal I'ézer was, 1. h and .the m xture

was circul ated '%li‘%%?nﬁ?flse%@ige}oﬁém%éﬁ Tablg d neaeye 1Vas mixed WHBSYALGTURE of t he
crystall 361 Sy St USLETAR oG TR acEiBRA B B he) houne
T Lo A g HhREAISe) R g o
The crystals of BPA-phenol adduct found under steady-state conditions after
filtration (i) and washing in step (j) had the phenol-free composition shown in
Table 1, row 4. A sturdy, slightly acicular crystal habit was found.
15
Example 1 b): Comparative Example
A product mixture obtained analogously to step (a), containing 70.1 wt-% of
phenol, 22.0 wt-% of BPA, 6.6 wt-% of isomers, 1.1 wt-% of water and 0.2 wt-%
of acetone, was introduced continuously into a crystallizer for the purpose of
20  suspension crystallization (1st crystallization stage). The mean residence time in
the crystallizer was 1 h and the mixture was circulated through an external heat
exchanger. The temperature of the crystallizer was thus adjusted to 41°C. The crop
of crystals found under steady-stage conditions had the phenol-free composition
shown in Table 1, row 1. A sturdily acicular crystal habit was found.
25
The filtered and washed crystals of BPA-phenol adduct were melted and mixed

with a phenolic solution to form a homogeneous solution containing 77 wt-% of

phenol, 22 wt-% of BPA and 1 wt-% of isomers, as shown in Table 1, row 2.



5 were nelted and m xed with a phenolic solution in step (g) to forma
honbgeneous sol ution containing 77 wt -% of phenol, 22 w-% of BPA and 1 w -
% of isoners, as shown in Table 1, row 2. This honbgeneous sol uti on shown in
Table 1, row 2 was nixed with water in a ~1d-ratio of 99:1 and crystallized
under the conditions described (residence time 1 h, external heat

exchanger, t enflas homogenétds) soliveh wasyaysabllizabmndenthetcagditions d¢scfibgd aboveéhe
crystal s of BPA-phenol adduct found under steady-state conditions after

filtration (i)(esiengxtmeddicktesiabpeqtiexchangern transriws|4lf €@ £BWPYBIA on shown
in Table 1, . A st urd i ght | ' tal. hapit found. 15
Exampio 1 b): SpAioR R R A Rhed oA ARG el lioR 38uD, ABF ogouct y <o
step (a), cont@ideerBPAlphhot datt foRRE Mer siddsite-c¥n@itioREAfterGilRatién %0 Of

isomers, 1.1 wt-%of water and 0.2 wt-% of acetone, was introduced

cont i nuouslSy iamdovashingyet dld pleao]-free carposginnhsenoh T2bleslyspedsAon
crystallization (1st crystallization stage). The nean.residence tipmge in the
crystallizer vﬁggmfﬂﬁ agighlag ﬁ'é(Stﬁ‘Zbﬁ%t‘fr‘@ @fiﬂl@m&%wmfm@ﬂow ha® W nal heat
exchanger. Th B : -al lizer was thus adjusted to 41 C.
The crop of ?%/sta?gaﬁ %ﬁgﬁﬁﬁweﬁ%gg@'stage conditions had the

phenol -free conposition shown in Table 1, row 1. A sturdily acicul ar

crystal habit was found. 25 The filtered and washed crystals of BPA-phenol
adduct were nelted and mixed wth a phenolic solution to forma honbgeneous
solution containing 77 w-% of phenol, 22 w-% of BPA and 1 w - % of

i soners, as shown in Table 1, row 2. - 19 This honbgeneous sol uti on was

crystallized under the conditions described above (residence tinme 1 h,
external heat exchanger, tenperature 41C) in a suspension



crystallization without the presence of water (2nd crystallization stage).
The crystals of BPA-phenol adduct found under steady-state conditions after
filtration 5 and washi ng had the phenol - %e conposition shown in Table 1,
row 3. A distinctly acicular crystal habl was found. The product purity
was |ower than in Exanple 1 a) according to the invention. -20- Table 1
Purity of thelab&lals of BPA-phenol adduct without taking the phenol into
account, and conposition of the recrystallization feed 5 Phenol [wt-%

p, p-BPA [wt- Isoners [wt- 1. crystallized once 99.29 0.71 2.

recrystallizat L nparative
Exanple 1 b)) P}f%r‘fé@?g?zyé %20 J)&gg%fﬁﬁlagﬁﬁcgwl%é&ggﬁgg%Iglveé't@%alrn((génbodl ment 1
a)) Exanpl e accohnphadobmpositbnidf tha recoystallindtiog fdedM - % of acetone, nmax. 0.1
wt-% of water, 9 w- %of p,p -BPA and isoners was reacted in step (a) at a
rate of 50°t/h in the 10 presence of an ion exchange resin in sulfonic acid

form and ner gaptopropronmrc—acird—as —catabystT7-Ih ctTgn_progyct
cont ai ned abd u'r ZZ vvtp % of p, p' - BPA g&t{(ﬁl %’ ﬁlperoﬁ %SC FAF M‘ stream
enriched in AP - BPA from st eps (r\ nd (ri) and l? ) __and (}) OBPA- nhpnn
adduct was cr ylsﬁla'Bﬂallzzedloumtl nuousl y| fromthe 15 r esf-29 ng I xt ubdlin a
first crystalft+zat+oen—stag —HA-two—Ssteps—gt—54C-and-—41C
2. recrystalhzatlon‘f'eed 77 22 1
3. recrystallized 99.84 0.16
(Comparative Example 1 b))
) 4. recrystallized, addition of 99.88 0.12
' water
(Embodiment 1 a))

Example 2:

A phenolic solution containing 4 wt-% of acetone, max. 0.1 wt-% of water, 9 wt-
% of p,p’-BPA and isomers was reacted in step (a) at a rate of 50 t/h in the
10  presence of an ion exchange resin in sulfonic acid form and mercaptopropionic

acid as co-catalyst. The reaction product contained about 24 wt-% of p,p’-BPA.

After the addition of a partial stream enriched in p,p’-BPA from steps (c) and (d)
and (i) and (j), BPA-phenol adduct was crystallized continuously from the

15  resulting mixture in a first crystallization stage, (b), in two steps at 54°C and 41°C
with a total residence time of 8 h, the suspension being cooled and the heat of

crystallization dissipated by means of heat exchangers.

The solid-liquid separation of the suspension in step (c) was carried out on a
20  vacuum rotary filter, the resulting filter cake as well being washed with a phenolic

solution at about 55°C in step (d).



with a total residence tine of 8 h, the suspension being cooled and the heat
of «crystallization dissipated by neans of heat exchangers. The solid-Iliquid
separation of -the suspension in step (c) was carried out on a 20 vacuum
rotary filter, the resulting filter cake @&l well being washed with a
phenolic solution at about 55C in step (d). _21- The filter cake was first
mel ted and t hébherfilteedakd Wis firspinehed ael theh tixeihwitlo a phselie sohnichde goews
solution in step (g). The solution prepared.in this way. contained 25 wt-%
of p, p' - BPA al®mpEsnequs splytion anster 62)- Thg solutipnrappaedingaisoyay coadiagdy) | i zat i on
to give a wat oot ent , % 1 Not t.ion. The 5

t enperat ure o?j St‘ﬁté%sogbtﬁ %%Am‘ﬁﬁsoéé‘}vﬁé%ﬁes‘?‘g&g@%‘?ﬁés ?é’c%)egal%e?crg ystallization

in step (h) wasystalizdtRd 16 giveGORitbrebntsilt ¥ 1 Wti%Gn SHedModbneowd Gomfidn 4heC, t he
suspensi on being cool ed and the heat of crystallization dissipated by neans

of heat ex6hartgapsratune efithh solatien whbedjusted tle?W@¥.time in this 10
crystallization stage (h) was 4 h. In step (i) the suspension was filtered
on a vacuumrotary filter and washed (j) at about 55C with a phenolic

sol ution cont a g RN etaizhidl /&9 (o 3ATRESied it JIFinh SR I O §epssgal s of
|senewhpeﬂ1l, a

BPA- phenol adduct having a  Tesi nol st'ure cont ent

of about 25 ws4%¢ nguUg ¢ NBL sipbassh Bélfs LR PRRNEE bR cHRIMAMORY t her nal
separation in step (k) to a content of 90 ppm After prilling of the BPA

mel t, the BPA disipaiteddsly inaghsafhaati exghaigemtin eadhsias® TheYesadwhca tiow iowhisi ndex  of
| ess than 20 Hazen unjts. 20 The ther liquor fromsteps (c¢) and (d) and
(i) and (jlf mgyséari{%@wagy(%wgﬁed. A partial streamwas taken fromthe
dewat ered not her |iquor and subjected to distillation of the part of the
phenol. The distillate was used to wash the filter cake

In step (i) the suspension was filtered on a vacuum rotary filter and washed (j) at

about 55°C with a phenolic solution containing max. 0.1 wt-% of isomers.

15  The resulting crystals of BPA-phenol adduct moistened with phenol, having a
residual moisture content of about 25 wt-%, were then melted and the phenol was
removed by thermal separation in step (k) to a content of 90 ppm. After prilling of
the BPA melt, the BPA obtained had a purity of at least 99.9% and a colour index
of less than 20 Hazen units.

20
The mother liquor from steps (c) and (d) and (i) and (j) was extensively dewatered.
A partial stream was taken from the dewatered mother liquor and subjected to
distillation of the part of the phenol. The distillate was used to wash the filter cake
and rinse the cloth. After further separation by means of crystallization and

25  filtration, a BPA-containing stream from the BPA-enriched bottom product was
recycled into the first crystallization stage, (b), and the isomer-enriched mother

liquor was worked up further to recover phenol.



and rinse the cloth. After further separation by neans of crystallization
and 25 filtration, a BPA-containing streamfromthe BPA-enriched bottom
product was recycled into the first crystallization stage, (b), and the

i somer-enriched nother |iquor was worked 2%-further to recover phenol. -22-
Exanple 3: Sinulation of a two-stage crystallization process A sinulation

study of a t WEsngsle 3¢Kitilation é@d fwstRgO&ORa1iEzMord pi8cdas epar at i on of
hi gh-purity bisphenol A is described bel ow. The sinul ati ons were perfornmed

usi ng t he conmesimuwdtionctudynfa tpacitagperyssaliratongirosesi/fudéhepreparatipe of of t war e
is 5 based on.,a.process del, wifh i al dels for the reactio detail ed
reaction ki né’t‘ggg‘j“tyi’bﬁpg?‘?'fg At ‘fr@%g&eﬁ‘t“ﬁg&eﬁ%‘tﬂﬁg‘?%‘f’gﬁ P§Fo ri(ti es in
the crystalli i I r j.C, i 3 JooftRaaGEi on of
acet one and pﬁ%ﬁlgﬁﬂ? %mgllt&grecfi%,S%%E%Xagga?ei%%fgrg@,yow § hod?&egq'l%x%sP or maﬁ% on of

wat er, in gdi dagdd ¢h 4 proeekshnstiel abispedal oddiefop tieseictnqeRiled feacidrl yst
under the following i nflow conditions: 4 w-% of acetone, 0.07 w-% of

wat er, 9 w - %kitetiss)p forgimnkinetiesrafdhaingpporaipg of ilwpwitégs in ihe crystallizatzen,i on
product s, contaid ing, 22. 5 wt-%.0f p,p' -BPA were passed to the first
crystallizati &t ?a‘gg?r EWII&OQC Abhenol adduct was crystallized in two
steps at 54C and 41 Cwith a total residence tine of 5 h. The cal cul ated
purity of the crystals was 99.68 wt % based on 20 bisphenol A Step (c):

The suspensi orstwp@)f | Resstiof of acaoghar piraolegivad ipyYBP Al dndlisontérepwifitiihe Washed
and dehum dified on the same vacuumrotary filter. The filter 25 cake was
washed usilfg a parti aforsetienaf whtep inndiabatiefixqd hedgeacsors i the presence of a

) co-catalyst under the following inflow conditions:

4 wt-% of acetone, 0.07 wt-% of water, 9 wt-% of p,p’-BPA;
temperature: 52°C.

15

Step (b): The reaction products, containing 22.5 wt-% of p,p’-BPA, were passed

to the first crystallization stage, where BPA-phenol adduct was
crystallized in two steps at 54°C and 41°C with a total residence time
of 5 h. The calculated purity of the crystals was 99.68 wt-%, based on

20 bisphenol A.

Step (c): The suspension was filtered through a vacuum rotary filter,

Step (d): washed and dehumidified on the same vacuum rotary filter . The filter
25 cake was washed using a partial stream of 27% of the filtrates from
step (i) and (j) , corresponding to a ratio of amount of washing liquid to

amount of resulting solid of 0.9.

The phenolic mother liquor discharged from the recrystallization stage contained

30 9 wt-% of p,p’-BPA, 0.3 wt-% of isomers and 1.3 wt-% of water. Some of this



step (i) and (j) , corresponding to a ratio of anmount of washing liquid to
anmount of resulting solid of 0.9. The phenolic nother |iquor discharged from
the recrystallization stage contained 30 9 wt-% of p,p' -BPA 0.3 w-% of

i somers and 1.3 wt-%of water. Sone of thi#3-23- partial stream was used
together with recycled phenols fromthe plant to clean the filter cloth.
The dehumi di fi pattihl dtteem wasaeset fagether withirekyaledphiestls frencthe tpéantt taflebthet - %
Wth the 5 irrﬂjriti s fromthe nother liquor still adhering to the
crystals, and PH&n5®%e isoner-1aden washing liquid, the purity of the
filter cake after leaving the rotary filter was 99.4 w-% based on
p,p'-BPA. Step (g): The filter cake from (d) was nelted and m xed wth the
residual 10 fi iThe délesniliified lier caltechalja)residud] hadistiteccontene 623 ati%0rwWith the p' - BPA
in the inflow of the second crystallization stage, (h), was 23 w-% The
sol ution f of medmpurgies dom tiemeether. 1gjuar stell mhmgsﬁ@agwla, apd fogpthe wat er. 15
Step (h): Crystalli ion j.n two. steps .at 54CL.41C wi t tatal. resi dence

Ui of 5.5 hisomes ash SaehifedaRich e i eie Hiatee eRySiehnB bt oBsY s e o
based on p,p' - It Jo eppipon obtained was filtered step 20
Step (j): washggérwwﬁ%?g}sth/ﬁ’p-ggﬁioﬁﬁdgrﬁééycl ed phenol streans fromthe

plant, and then dehum dified. Part of these phenol streans used in step (j)
for washing was al so used to clean the filter cloth. The anount of washing

i qui d used t oSteRYE):t hEherfiltar epke frymd dkwasyslted ang mixed yetede sesidusd sol i d 25
obtai ned.  fhe f11trat e optal fegh LM (bl Al LOMeARSh oAt 9 %R kP ()
) inflow of the second crystallization stage, (h), was 23 wt-%. The
solution formed also contained 0.3 wt-% of isomers and 1 wt-% of

water.
15  Step (h): Crystallization in two steps at 54°C/41°C with a total residence time of
5.5 h. The calculated purity of the adduct crystals was 99.93 wt-%,

based on p,p’-BPA.

Step (i):  The suspension obtained was filtered step

20
Step (j):  washed with fresh phenol and recycled phenol streams from the plant,
and then dehumidified. Part of these phenol streams used in step (j) for
washing was also used to clean the filter cloth. The amount of washing
liquid used to wash the filter (j) cake was 71 wt-%, based on the solid
25 . obtained. The filtrates obtained from filtration and washing in step (i)

and (j) were combined and recycled into steps (d) and (g) together with
the filter cloth clearing liquor.

Step (k): The filter cake, with a residual moisture content of 25 wt-%, was

30 melted. The phenol content was reduced by means of thermal



and (j) were conbined and recycled into steps (d) and (g) together with the
filter cloth clearing liquor. Step (k): The filter cake, with a residual

noi sture content of 25 w-% was 30 nelted. The phenol content was reduced
by means of thermal -24- separation to a T#sidual value of 150 ppmin the
BPA nelt. The resulting phenol was passed to step (j). The BPA nelt

obt ai ned had a puri tyemfatﬁﬁt&ﬁruﬁdlﬁﬂvddaseﬂlimpp:mﬁht}BIﬁPAﬁmeTm&’hemt her and
washing liquor fromstep (c) and (d) was dewatered to a water. content of

0.075 Wt -% A parti al respltisgiphened veasassed to aigp GrdihiegBR A nelt Qitaipedhadi 5
amount, was taken off _jn o i et soners as BPA resin after
downstream recovery oP! ?Wé’fgﬁgﬁo‘?'t (g%ﬁ%seﬁgﬁ@i’qﬂﬁﬁ)g&part of the dewatered

not her |iquor was recycled into the reaction in step (a), with the addition
of acetone, 10 phenol and a co-catalyst. According to the simulation study,

the inpurity chrtmasctheodndtwashprgditot fraecstge&ddnd @) wid dewhtetddetofa watemt es from
filtration and washi n(g in step (i). a were not conbined but separated

in such a way RNt phQO AL Whes. APHQ&SW}‘F@%F?VW’%@% 15414 afithe tofer s
(filtrat e fr Oirgrngcnﬁt f\’l’élsttgl?egll ?P dr&r t%?scﬁﬁrgg g{e‘f’}mx}{erg B 5& 1Ie 1nsatﬂ?,p (d) and

t he washing f ratces from assed Al t hough

the invention db&&sﬁ@aﬁﬂr&@G@r&ldfﬁib pHéndBtl‘ﬁb kerhdimh@%aft%fﬂ&%d%&tér@d mloftger Pur pose
of illustration, it is to be understood that such detail is solely for that

pur pose and Agquohaas vesyéled inde $herragetion imaidp (Dhwithithe aiditiomoefacstont) ed in t he
art witho t de artln from%sﬁﬁsplrlt and scope of the invention except as

it may be HOIWtaIFQ‘E?FY -25- What is clained is: 1. A process for

the) pr epar atl on of bi sphenol A conpri sing:

According to the simulation study, the impurity content of the product decreased
by 12% if the filtrates from filtration and washing in step (i) and (j) were not
combined but separated in such a way that the mother liquor more heavily laden

15  with isomers (filtrate from the filtration (i)) was preferably passed to step (d) and
the washing filtrates from (j) were preferably passed to step (g).

Although the invention has been described in detail in the foregoing for the purpose
of illustration, it is to be understood that such detail is solely for that purpose and
20  that variations may be made therein by those skilled in the art without departing

from the spirit and scope of the invention except as it may be limited by the claims.



a) reacting phenol with acetone in the presence of an acidic ion exchanger
and a sul fur-containing co-catalyst to produce a product m xture conprising
bi sphenol A, phenol, BPA isoners, un-reacted acetone, and water, wherein
the resulting product mxture is not subjected to distillation upstream of
steps (b) or (c) to renove readily volatpte constituents including water;

b) continuously obtaining fromthe product m xture crystals of bisphenol A-
phenol adduct u i.on crystallization in at |east one crystallizer
provi ded mﬁthvg%uﬁgggsﬁgﬁg heat exchanger, said product m xture containing
0.1 to 6% by weight of water; c) separating the adduct obtained in (b) by a
first solid-liquid separation to obtain a first solid phase and a first
liquid phase; ld) wasProsess fofehe preparasign pfbisphesial 4icomPESESI ut i on conpri si ng
phenol to obtg{n a I . LU - )]
distilling hd ik a‘é??%ﬁ?%l%gl#ggé%a‘ﬁ%@@??%P%é%%%?ﬁ?? é%}ug% ‘g’r%gg%ﬁ?%“obt ain a

dewat er ed sol uti onagdapilifisi-catdnihg cd-2atatyst ogpoducBRAroduct midtdram . - % i soners
of BPA and less than 0.3 wt.-% water, the Ipercent ages based on the weight
of the dewatered s&PEPTigAE bisphensl Aonheno) BRA isomsss. Mg-Taacisdeasstongenge - o5 by

ight of the d | I d ' ' I
the veished S0l i o pROSE SATErthh RRulRE Bridhb it BICuBRERTh, BRALIRRT ) ©

system conpri si ng Lpstteam3sf stéps{BH &, (p) to rBilbve aldy tolafllewonstiuérsomer s of BPA
and 0.1 to 10 wt.-% water; h) continuously obtaining fromthe honbgeneous
mat eri al systen1cry@¥%¥§gbﬁwﬁbisphenol A- phenol adduct by suspension

crystallizati gy in c%tixlu%ﬁ?lgl oBning FgL b H&i%t REQYe %S%ta‘{@ 6ihoi§ﬁheh&%-t one

heat exchanger;
phenol adduct by suspension crystallization in at least one crystallizer

provided with at least one heat exchanger, said product mixture containing
0.1 to 6% by weight of water;

c) separating the adduct obtained in (b) by a first solid-liquid separation to
obtain a first solid phase and a first liquid phase;

d) washing the first solid phase with a solution comprising phenol to obtain a
washed solid phase and a second liquid phase;

€) distilling the first liquid phase and said second liquid phase to obtain a
dewatered solution comprising 5 to 15 wt.-% p,p-BPA, 3 to 12 wt.-%
isomers of BPA and less than 0.3 wt.-% water, the percentages based on
the weight of the dewatered solution;

D optionally introducing at least 90 wt.-% by weight of the dewatered
solution into (a);

2) adding phenol and water to the washed solid phase obtained in (d) to
obtain a homogeneous material system comprising 15 to 35 wt.-% p,p'-
BPA, 0.05 to 2 wt.-% isomers of BPA and 0.1 to 10 wt.-% water;

h) continuously obtaining from the homogeneous material system crystals of
bisphenol A-phenol adduct by suspension crystallization in at least one
crystallizer provided with at least one heat exchanger;

i) separating the crystals obtained in (h) by a second solid-liquid separation

to obtain a second solid phase;



i) separating the crystals obtained in (h) by a second solid-liquid
separation to obtain a second solid phase; -26- j) washing the second solid
phase with a solution conprising phenol to obtain a washed adduct; and k)
optionally heating the washed adduct to at |east 120 C. to at | east
potentially renove phenol. 2. A process._ cordlng to claim1, wherein 50 to
90 Wt .-% of a quuid phase obtained in (i) and § is used in (g) 3. A
process accor to cl ai phase

obtained in (4 and’aflj“?g fléne] SF%?:‘% i‘g p?‘?ﬁe W‘f}d? S‘%B?O%(gﬂ?rhﬁjng phe n%\}] r ocess

according to clai Mybainheasied adBgctSalqut i on conpri sing phenol in
conprises not nore than 1.0% by wei ght of |sopropenylphenol BPA and i soners

t hereof, and &hy sepmmiiwﬁle@mgﬁbnmlsedaﬂduﬁtpabbé&td cCotoditepst o cl ai m 1,
wherein the washed_so {dbp ase ogtal ned in (d) is first nelted before
phenol is added i nPPitally TeRIOSE BREOL 2ccording to claim 1, wherein at |east
one of said first and/or second solid-liquid separation is carried out in a
vacuumrotary filter. 7. A process according to claiml, wherein the

sol uti on conp®i si nd Huhefrselacmdlng(ﬂn) clarmr]brwb@sm@ 0§09 -4 ofie liquidathesrol , 0. 5

to 15 wt. % BPA and cg yvt BPA i sonmers, the percentages based on
the weight of all © PH&‘SA%H%&H ¢ {SH’éeiB’l ‘ion except water. 8. A process

according to claim1l1, wherein the solution conprising phenol of (d)
conprises 0.05 to 12 wt.-%water, the percentage based on the total weight
of said sol utBon. @ pracgssacegdingde olath hgwhereinl 14l tn 50, winfigrofianiqBid ghadd0 wt . -

of the solution obtained in (i) and (j) is recycled into (d) for washing.

4. A process according to claim 1, wherein the solution comprising phenol in
(j) comprises not more than 1.0% by weight of isopropenylphenol BPA

and isomers thereof, and any secondary components.

5. A process according to claim 1, wherein the washed solid phase obtained

in (d) is first melted before phenol is added in (g).

6. A process according to claim 1, wherein at least one of said first and/or

second solid-liquid separation is carried out in a vacuum rotary filter.

7. A process according to claim 1, wherein the solution comprising phenol of
(d) comprises 84 to 99.45 wt.-% phenol, 0.5 to 15 wt.-% BPA and 0.05 to
1.0 wt.-% BPA isomers, the percentages based on the weight of all

components of the solution except water.

8. A process according to claim 1, wherein the solution comprising phenol of
(d) comprises 0.05 to 12 wt.-% water, the percentage based on the total

weight of said solution.

9. A process according to claim 1, wherein 5 to 100 wt.-% of the solution

comprising phenol of (d) originates from (i) and (j).



conprising phenol of (d) originates from (i) and 0). -27- 10. A process
according to claiml1l, wherein the crystallization of (b), is carried out in
two steps in series at tenperatures that differ one fromthe other, and
wherein the crystallization of (h) is carried out in one step in at |east
two crystallizers operating in parallel.p7l1. A process according to claim1l
wherein the material systemof (g) conprises at nost 5 w.-% acetone, the
per cent age based on the weight of the system 12. A process according to
claiml1, wherein at least part of a liquid phase from the solid-liquid
separation of 1(.i ) Ampdomks dkaslingpardlaiaf 1,avilersintie qisasléizatiowof (Wpshing in ()
are coll ected separately, .at |east part of the |iquij dﬁg&ase fromthe
solid-1iquid separ@¥Fiehowin twg steps ngeriey #dempgraturesythaf clfesongdranptier  part of

the Iiquid phase f ' ' i E - Ss
accor diqng tg cl ai rﬁ;t%??’ %W@?ﬁ%ﬂﬂ? chgga'il%a ?18%@89@ﬁ%g&%o%ﬁégg@st@%&fgi ned in
(i) and/or (j) is kwyapwsatwhllizuchperdiml iaphm@fielpr oduct is passed to (d)

and/or (f) and a bottom product is recycled upstreamof (b). 14. A process
for the preparation of bisphenol A conmprising: a) reacting phenol with

acetone in the pre aci dije | NG hteri S r- cont ai ni ng
co-cat al yst tgl'pr O%ﬁgg&ggéﬁcggid@{o%lépi ufr)’g)V &gé(:)lﬁprl s?tﬁﬁglb%slg%ﬁle@o(ij, phenol ,
BPA i soners, un-reamigribenarrhostes, wiidb acata@icgthe pstrenige bhded ohabaiwveighgofpr oduct

m xture is not subjected to distillation wupstreamof steps (b) or (c) to
renove readily voIJéIFiSY%eféonsti tuents including water; b) continuously
obtaining fromthe product m xture crystals of bisphenol A- phenol adduct by
suspension crystallization in at |east one crystallizer

12. A process according to claim 1, wherein at least part of a liquid phase from
the solid-liquid separation of (i) and at least part of a liquid phase from
washing in (j) are collected separately, at least part of the liquid phase
from the solid-liquid separation of (i) is recycled into (d) and/or at least

part of the liquid phase from the washing is recycled into (g).

13. A process according to claim 1, wherein 0 to 35 wt.-%, of liquid phases
obtained in (i) and/or (j) is evaporated, such that a top product is passed to

(d) and/or (f) and a bottom product is recycled upstream of (b).

14. A process for the preparation of bisphenol A comprising:

a) reacting phenol with acetone in the presence of an acidic ion exchanger
and a sulfur-containing co-catalyst to produce a product mixture
comprising bisphenol A, phenol, BPA isomers, un-reacted acetone, and
water, wherein the resulting product mixture is not subjected to distillation
upstream of steps (b) or (c) to remove readily volatile constituents
including water;

b) continuously obtaining from the product mixture crystals of bisphenol A-
phenol adduct by suspension crystallization in at least one crystallizer
provided with at least one heat exchanger, said product mixture containing

0.1 to 6% by weight of water;



provided with at | east one heat exchanger, said product m xture containing
0.1 to 6% by weight of water; -28 c) separating the adduct obtained in (b)
by a first solid-liquid separation to obtain a first solid phase and a
first liquid phase; d) washing the first solid phase with a solution
conprising phenol to obtain a washed sohgd phase and a second |iquid phase;
e) distilling the first liquid phase and said second |iquid phase to obtain

d d | uti L Si .
5T 3!t B AR IR B o R R R R 2058
| east a portion of obtin deEvakeliephaeohnd b arstligud phags; g) addi ng phenol and

water to the washed solid phase obtained in (d) to obtain a honbgeneous
material syst éh conyishigg e first salidyhagg withe solytion ppmpriging shengl to ghtaing | soner s

of BPA and 0.1 to 10 W4 %0%91%%1%@5{1&)Segéjr{'&%}nu%ﬁﬁisx' obt ai ning fromthe
emcrys S S

honbogeneous nateriéymsys phenol A-phenol adduct by

suspensi on cr ¥yt al ldisgidlidgofe ifist dquidgfRbe Mttsaiddeysidliduid ghas@rt@vsbﬁﬁpb with at
| east one heat exchanger; i) separating the crystals obtained in (h) by a
second solid-Iiqui dewals luipn oomp@@tnaileﬁSéh@é{-%m-watar, preasacentagesashi ng
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| east partiallfy repayealRNaR6ducing at least a portion of the dewatered solution into (a);

g) adding phenol and water to the washed solid phase obtained in (d) to
obtain a homogeneous material system comprising 15 to 35 wt.-% p,p'-
BPA, 0.05 to 2 wt.-% isomers of BPA and 0.1 to 10 wt.-% water;

h) continuously obtaining from the homogeneous material system crystals of
bisphenol A-phenol adduct by suspension crystallization in at least one
crystallizer provided with at least one heat exchanger;

i) separating the crystals obtained in (h) by a second solid-liquid separation
to obtain a second solid phase;

j) washing the second solid phase with a solution comprising phenol to
obtain a washed adduct; and

k) optionally heating the washed adduct to at least 120° C. to at least partially

remove phenol.



