WO 01/ 72677 PCT/ EPO1/ 02845 A process for preparing bisphenols 1 The
preseit i nvenyigimERvi des crystals of an adduct of a bi sphengEreanggsphenol
a 5 process for preparing these crystals and a process for preparing

bi sphenol s. Bi s(4-hydroxyaryl)al kanes, injthe follow ng called bisphenols,
are inportant as starting materials or as I nternmedi ates f

nunber of commerci al roducts .Bi shlenol S can be prepar edlmulmlmmlmm”mw
condensati on & ' MER®S10 conpounds. Substi tut eqsggﬁwnol s or
unsubsti t ut ed phenol may be used The condensation product fromt

reaction between phenol and acetone, 2, 2-bis(4 hydroxyphenyl)propane
(bi sphenol A, BPA) is of particular industrial | nportance. BPA is used as

a starting material faor aring vario es, 0 5.po mer erials
sughf asd f(r)]r E?gfﬂsglt Ry ’é’ VATQYIBES c‘ag?g?gh%gszﬁuﬁ{egtlaﬁ’gﬁp%%ﬂkfa@ﬁ?@ nolng .
nodi fi edsphen I HRiMR ion are the
pr epar atlon o?J gpsggpérgg}ﬁ%%é %&p’)%l&;scari bo g’?esf Iﬁg%déglfsges foﬂrlcg%reparl ng

bi sphenol s by aci d-catal ysed reaction of phenols with 20 carbonyl
conpounds are_kn | e.from A27 5 20 .and from EP- A-

0305753, 81 s RINEPRsR RS it ot PUPin GlSh, BEIEBA S pIBRUEEE S uhi ch
are anal ogous t | I dvia
an ‘adduct of gﬁglgﬁeﬁ%f&%%g%éﬂ%ngﬁe%{sed?ﬁél rﬁ%grﬁéépgﬁ ?2‘9 @?%gg.&?ﬁée}ﬁg‘??éfm

i nvention is padeds. olﬁisp]hmlotsbqaacbe prepq:redn\bydhmgomi@nsamipnmf@hemlsaeésarbalsyl 30

conpared with the prior art arin I S nol s. ocess accordin
torr}[)he 10 compounds gubstltufed phegols %r unsu stPcuteH pﬁenol may euscE ording

The condensation product from the reaction between phenol and acetone,
2,2-bis(4 hydroxyphenyl)propane (bisphenol A, BPA,) is of particular industrial
importance. BPA is used as a starting material for preparing various types of
15 polymer materials such as, for example, polyarylates, polyetherimides, polysulfones
and modified phenol/formaldehyde resins. Preferred areas of application are the

preparation of epoxy resins and polycarbonates.
Processes for preparing bisphenols by acid-catalysed reaction of phenols with
20 carbonyl compounds are known, for example from US-A 2 775 620 and from EP-A-

0342 758.

Bisphenols of general structure can be prepared by processes which are analogous to

the preparation of BPA.
25
Bisphenols can be prepared via an adduct of bisphenol and phenol as an intermediate
stage.
The present invention is based on the object of providing an improved process, as
30 compared with the prior art, of preparing bisphenols. The process according to the

invention is intended to provide in particular bisphenol of high purity.
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25 Furthernore, the object according to the invention is achieved by a
process for preparing a bisphenol conprising preparing the adduct of a
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wherein crystallisation is performed in 1 to 5 stages, each consisting of the

crystallisation devices mentioned and

15 wherein the temperature in the crystallisation tank in the last crystallisation stage is

40 to 70°C and

wherein the concentration of bisphenol in the inflow to the first crystallisation stage
is 15 to 40 wt.% and wherein, in the outflow from the last crystallisation stage, the

20 concentration of bisphenol in dissolved form in the mother liquor is 10 to 20 wt.%
and the proportion of crystallised solids in crystals of the adduct of a bisphenol and a
phenol is 20 to 30 wt.%.

Accordingly, the present invention provides this process.

25
Furthermore, the object according to the invention is achieved by a process for
preparing a bisphenol comprising preparing the adduct of a bisphenol and a phenol
by the process according to the invention and obtaining the bisphenol from the
adduct of the bisphenol and the phenol.

30

Accordingly, the present invention also provides this process.
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15
The process according to the invention for preparing crystals of adducts of
bisphenols and phenols has many advantages. Crystals are obtained which produce a
bisphenol of such high quality that, after filtration and removal of the phenol, it can
be used without further purification to produce high quality secondary products, for
20 example polycarbonates, epoxide resins, formaldehyde resins, etc.

The process according to the invention for preparing crystals of adducts of
bisphenols and phenols, and thus the process according to the invention for
preparing bisphenols, also has the following advantage. It provides adducts of
25 bisphenols and phenols and the bisphenol in such high purity that the further
processing steps which are usually required to prepare a bisphenol suitable for high
quality polycarbonates can be avoided. The mentioned further processing steps
which are usually required are, for example, additional crystallisation steps or
additional distillation steps.
30
Crystals of an adduct of a bisphenol and a phenol according to the invention have

many advantages. They are readily filterable and have high purity. They have a low



addi tional distillation steps. 30 Crystals of an adduct of a bi sphenol and
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Any bisphenols at all may be used according to the invention.

The preferred bisphenol according to the invention is bisphenol A.

15
Any phenols at all may be used according to the invention.

The preferred phenol according to the invention is unsubstituted phenol.

The process according to the invention for preparing crystals of the adduct of a
20 bisphenol and a phenol is preferably performed in one to five steps, particularly
preferably one to three steps and very particularly preferably two steps. In the first
step, temperatures of preferably less than 100°C, preferably less than 70°C are used
and in the last step, temperatures of preferably less than 70°C, particularly preferably
less than 50°C, very particularly preferably less than 43°C are used.
25
In the process according to the invention for preparing crystals of the adduct of a
bisphenol and a phenol, a circulating crystallisation process preferably takes place.
Each crystalliser step is preferably operated at 20 to 40 times, particularly preferably
25 to 35 times, in particular 30 times the rate of circulation, with respect to the
30 throughput. According to the invention, a crystalliser step is understood to be a
crystallisation device which contains a crystallisation tank, a circulating pump and a

cooler. The rate of circulation is defined as the amount conveyed through the



In the process according to the invention for preparing crystals of the
.adduct of a Woaphg®! and a phenol, a circul ating crystal IBCTaRRLN2845 OCeSS
preferably takes place. Each crystalliser step is preferably operated at
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15 bisphenol and a phenol, the reaction mixture from which the adduct is crystallised is

preferably mixed into the circulating stream directly upstream of the crystalliser.

In the process according to the invention for preparing crystals of the adduct of a
bisphenol and a phenol, the procedure is such that the speed of flow up the
20 crystalliser tank is 0.5 to 4, particularly preferably 2 to 3, very particularly preferably
about 3 m per minute. The speed of flow upwards is the average speed of the liquid

in the crystallisation tank, moving from bottom to top.

In the process according to the invention for preparing crystals of the adduct of a
25 bisphenol and a phenol, the crystallisation tanks are preferably operated so that they
are full of liquid.

In the process according to the invention for preparing crystals of the adduct of a
bisphenol and a phenol, a circulating pump is preferably located above the

30 crystallisation tank.



In the process according to the invention for preparing crystals of the

.adduetf of a o fixsehenol and a phenol, the crystallisati onedEmRkg 2848
preferably operated so that they are full of liquid. In the process

according to the invention for preparing_grystals of the adduct of a

bi sphenol and a phenol, a circulating punp is preferably | ocated above the
30 crystallisation tank. WD,01/ 72677 PCT/ EPOL/ 02845 -6 1.n ces
according to Phiteinioesss RerPrdige tBrtgfbéﬂVieﬂE)mb Q7 HrEparingcrysials 9 gﬁ%gé(ﬁ'\c?gfa

bi sphenol andb@?Menahd 4 PRerdYSHRNSsPhsRin € GLHON nikitkd!afd aladu@delyshls
crystals contained therein is preferably circulated with a specific punp

energy of at cwsdined Beraatis ptefBrablyacitqubantdamiith pspdcificapiupp smergysaf atg@ost
Watts/nB. 5 In_t process. acgording to, the | nti,on for preparing
crystal's of th¥ g(;d’é‘é;(‘,“% ’B‘I‘mﬁ‘?laﬁ}’gfﬂﬁg%%lb’ a&WGStam@\é&ﬁ%‘?/r,n the suspensi on

preferabky passes through the circulation cooler fromtop to bottomw th a
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tubes, in which the suspension is circulated. The surfaces of these electropolished
tubes which are in contact with the suspension have a roughness which is preferably
15 less than 1.5 um, particularly preferably less than 1 pwm. This has the advantage that
long operating times are achieved for the circulation cooler, because only small

amounts of deposit are formed on the surfaces.

In the process according to the invention for preparing crystals of the adduct of a
20 bisphenol and a phenol, the circulation cooler is preferably operated with constant
temperature warm water as a cooling medium. In this case, it is particularly
preferable that the temperature difference between the constant temperature warm
water and the suspension being cooled is 2 to 6 K, very particularly preferably 3 to
4K.
25
In the process according to the invention for preparing crystals of the adduct of a
bisphenol and a phenol, coatings are preferably removed from the internal surfaces
of the suspension-carrying tubes in the circulation cooler at regular intervals of
preferably 40 days by rapid heating to about 80°C. These coatings may consist, for
30 example, of bisphenol and of the adduct of a bisphenol and a phenol.



tenperature warmwater as a cooling medium In this case, it is
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The details given below refer to ; rocess o reparati.qn using,.acid
gor heterogencous Bronsted acles %r ﬁeww ac1dfs a?e uﬁ:g as acid cata ysts?thagls, for

example, strong mineral acids such as hydrochloric acid or sulfuric acid. Gel-like or
15 macroporous sulfonated cross-linked polystyrene resins (acid ion exchangers) are
preferably used. The details given below refer to a process of preparation using acid

ion exchangers as catalysts.

In order to produce high selectivity, the reaction of phenol with acetone can be
20 performed in the presence of suitable mercapto compounds as cocatalysts. These
may either be dissolved homogeneously in the reaction solution or be fixed to the
sulfonated polystyrene matrix via ionic or covalent bonds. The reaction unit is
preferably a fixed layer bed or a fluidised bed which is traversed upwards or
downwards or a column of the reactive distillation column type.
25
During the reaction of phenol with acetone in the presence of acid catalysts and
mercapto compounds as cocatalysts, a product mixture is produced which contains,
in addition to unreacted phenol and optionally acetone, primarily BPA and water. In
addition, there are also small amounts of typical secondary products of the
30 condensation reaction such as, for example, 2-(4-hydroxyphenyl)-2-(2-

hydroxyphenyl)propane (o,p-BPA), substituted indenes, hydroxyphenyl indanoles,



I on exchangers as catalysts. In order to produce high selectivity, the
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sui tabl e mercapto conmpounds as cocatal ysts. These may either be dissol ved
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Aounts of bl atcooieyqaanyeth Fisarieted. Ghoh s 4 welftuaneht S RellR BWsuch
as, for exanp| 12fh(e4 fhQormEeNyd bBysRxRhae kafarg;%@e ari@d ByBPA) ,
substltut ed H?g‘%rl]es uydrcljtgypheny r)p‘ri%no : WMV\D 01/72?77 Ig EEOl/ 02845
-8 hydr oxypheﬂytabbrmdﬁmdﬁeﬁlgls s@mtﬁqauomelaang mép@styarajgmegﬂﬂeyrre@turwdefns@d

conpounds wth three nor e ri n int cuI ar structure. The
secondary proEﬂ)"'c’F‘g eﬁﬁhﬁ?éﬂ@d’ar&lﬁﬂy Waléenﬁr “\Rﬁtp8 ycar 'é and acetone, may
5 inpair the suitability of BPA for preparing poI ymers and are preferably

separated by suitable nmethods. Hi gh specifications relating to purity are
general |y reqlihe exbrking uthend mavificeticer D& BPBPAS npmmadlyr péréurinad yheweapy epar i ng
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crystalline aggpl%g)glmvgte y rdlpfrrx]o ar c}/ysta?l?nleI a ucp (\amtrhegﬁénio?%y cooling the reaction
mixture, when the BPA/phenol adduct crystallises out. The crystallisation process is
15 preferably performed as a suspension crystallisation. Suspension crystallisation is
understood to be crystallisation from a liquid due to cooling, wherein the crystals
form a suspension with the liquid. The BPA/phenol adduct crystals are then
separated from the liquid phase, using equipment suitable for solid/liquid separation
such as a rotary filter or a centrifuge, and if required taken on for further purification.
20 Adduct crystals thus obtained typically have a purity greater than 99 wt.% of BPA,
with respect to the secondary components, with a phenol content of about 40 wt.%.
Impurities which adhere to the surface of the adduct crystals can be removed by
washing with suitable solutions which typically contain one or more components

from the group acetone, water, phenol, BPA and secondary components.

25
The stream of liquid (mother liquor) produced during solid/liquid separation
contains phenol, BPA, water produced during reaction and unreacted acetone and is
enriched in the secondary components typically produced during BPA preparation.
In a preferred embodiment, this stream of mother liquor is recycled to the reaction
30 unit. In order to maintain the catalytic activity of the acid ion exchanger any water

produced is preferably first removed by distillation, wherein any acetone still present

is also optionally removed from the mother liquor. The dewatered reaction stream




m xture, when the BPA/-phenol adduct crystallises out. The crystallisation
.process is 15weroeheg7abl y perfornmed as a suspension crystal [AcCTatRoonN2845
Suspension crystallisation is wunderstood to be crystallisation froma
liquid due to cooling, wherein the crystays forma suspension with the

| i quid. The BPA/ phenol adduct cr ystal s are then separated from the liquid

phase, usi ng sui tabl solid/liquid s

rotary fil ter mp WYHU§ere 8%8@&???%%}{? ‘V’gﬁpg‘?ﬂ?i &% or ur tﬂrn%ﬁ 4
purification.y QQea%%HC&th rM?etxﬁﬂtﬁzetyhlﬁbﬁaté}béxﬂ' ﬂ&ﬁbnbymhfalsbw&pa&ﬂy&npéﬂtltély
greater than 99 wt . % of w th respect to the secondary conponents,

wi th a phenol reomtd ity aﬁstﬂlabun pirdorwgo operformingr isespensiowi aystallipasion 6 thae

f ft d h h
ol ut 1 one. whi BPATRETRIRYRLChER Tn ARy 8ieBy s r ool borihaTas oo
acet one, swat ShenB Qnt irBRA r&RMo® @am¥ GRABE RGAbVed bIRistRtishr eam of

liquid (m)t h uor) produced during solid/liquid separation contains
phenol , BPA, vvater produced during reaction and unreact ed acetone and is

enri ched in the second conp nts .t |caII duc dur BPA
preparation. I Heacase &t e&‘ﬂse&’pén%tﬁﬂllr%ﬁ{“ PHOCE Usr?t @ﬂerﬁll;‘tslhtggt pecandayi s
recycled to theqs8a hpﬁlegg p%?ét{on JFBPA A8éurhflatdBh Mhtifcul iR NCsAleAtnYdnd Can

activity of the acid 1on anger any water produced is preferably first
renoved by diehd td dd¢actimationhadithe natahyyt systemo freomsier tol avoideemessive accamytation

t |1 d th th The dewat t WO
011 726710 BCT] DRSSP SPHBOBRLI 08 TS B Ry el Uiy SBr g VPR op

Wi th phenol RAGRY ARer I &t snRsketrecoveREof Simbl By disBiihtiontid prefehblyel v,
wat er and acgdt%glne rr%y al %io}q%e parngtlgyeor entl re rgylm)ved by di gtl | ayl on

prior to perfenchided feoms frernsocess chajs asd BPdatsion of t he BPA/ phenol adduct.
During the distillation steps described above, sone of the 5 phenol
present in the reaction solution nmay al so be renoved by distillation. In

the case of th sqdidRE iPhal pfdvih Al AMadtoRS BIPAR dohR & BRI ERlkd EmbliAL of the

secondary
15 circulation stream, after solid/liquid separation and before or after the removal of

water and residual acetone, over a rearrangement unit filled with acid ion exchanger.
This unit is generally operated at a higher temperature than the reaction unit. In this
rearrangement unit, under the conditions present therein, some of the secondary
components from BPA preparation and present in the circulation stream are

20 isomerised to give BPA, so that the overall yield of BPA can be increased.

The BPA/phenol adduct crystals obtained after the completion of suspension
crystallisation of the reaction solution and solid/liquid separation as described above
are then taken, if required, to further purification stages, wherein the removal of

25 most of the phenol is achieved.

Thus, the adduct crystals can be recrystallised, for example, from phenol, from
organic solvents, from water or from mixtures of the compounds mentioned in
accordance with a suspension crystallisation procedure. The phenol present in the
30 adduct crystals can also be entirely or partly removed by choosing a suitable solvent.
The phenol optionally remaining in the BPA after recrystallisation can then be

entirely removed by suitable distillation, desorption or extraction procedures.



products fromthe preparati on of BPA accunulate in the circulation stream
and can | eadwigp#e@sti vation of the catal yst system |n orgEivEtm/o2s4si d
excessive accunul ation 10 of secondary conponents in the circulation
stream sone of the circulation stream _gptionally after partial or

conpl ete recovery of phenol by distillation, is preferably excluded from
the process chain as a BPA resin. In addition, it has proven advantageous
to pass sone or the entire anount of the 15 circulation stream after

solid/liquid ﬁﬁ@ﬁlﬁﬁ%l?ﬁp&ﬂgl B&f A6 b redbi & ﬁI]Esf'ﬁoﬁ?fﬂé}’a’ﬂhu&fq&ﬁ{ll@.@@&gred

resi dual acetone, over a rearrangenent unit filled with acid ion exchanger.

This unit is methedsfdrthispes déserbtmn o the gk using dotinattigasest Waouutmhdistilisgioni on
unit. In this rearrangene uni t,. under t ondi ti.ons pr.esent, th \n,
some of the sBtdfifa Vatg%ﬂ’g%ﬁm@dﬁm%gﬁﬁé?g‘? SV EYibi p&ﬁ%%?%ggtﬁf“%ﬁ‘&t he
circul atson s{iBamesiital ﬁ@nblsmﬁﬂtﬁaggnto@ 1435 YIeanBR®, pph? flohihetdagueysadls.

yi el d of BPA can be increased. The BPA/ phenol adduct crystals obtained
after the conBletdaosobfuitbipreagioommaraggmsent|and oatipuailydhe additior afstaluhisers,

solution and solid/liqui ration descri bed ove are.then taken, if

required, to ?tlf?F“IP %Pﬁ%ﬁf@?@%%gﬁ%@é&?ﬁmh‘éﬁﬁ“at‘ eéiv‘?"éff%yﬁﬁieré ethf’gmﬁostl

of the phenol 4 ' ] tallised,
P ?tke%s&ge%g%gfr@eg Al the I?@m@@ﬂ%?f)héh'bl/% aﬂfsﬁuaﬁﬁ &%eé%rﬁﬁéﬁ?: allise

for exanple, from rom- organi c solfvents, from water from

m xtures of the conmpounds nentioned in accordance with a suspension
crystallisatign procedure. The phenol present in the 30 adduct crystals can
al so be 8nt i r Bepersingep theyreessh o RPs dRLBSPHL R fgzﬁtelﬁfﬁt’@ngfm&fﬁl.yem?ne
phenol opti onglilyor aHRiWHeADeRBrhitg BEARIAIGHA RpAMEER N SRl WaRM! RN be
entirely renoved by suitable distillation, desorption or e€xtraction
procedur es. WBPAldHT@6aY isROFAPGA/ 10Q8iRg pOYNr heaterzals aftdr yhe yehonal ofgdmanall so

be renpved first fromthe adduct crystals. Preferyre hads, for .this are
desor ption of fPAkHsetqdupiseEa o{[t MAE e Npgessary 194 ﬂ?edgg%\i‘? t@PF‘gﬁﬁerofhea

Egg\bi nation ofenifia1 FESRAE B BfttheNAifichflod BpEathY in pdrtibiRaPADARE pheParP @i N

15 high quality materials such as polycarbonate. Final purification may be performed by
suspension crystallisation from water or suitable organic solvents, melt
crystallisation in the form of a static or dynamic layer crystallisation, extraction with
water, aqueous neutral, acid or basic salt solutions or suitable organic solvents or in
the form of a single-stage or multi-stage distillation. It is possible to obtain BPA

20 with a purity of greater than 99.5 wt.% by performing the purification operations
mentioned, or a suitable combination thereof, this BPA being particularly suitable

for preparing high quality polymer materials.

In the following, a preferred embodiment of the invention is explained using a

25 diagram (figure 1). The invention is not restricted to this preferred embodiment.

Fig. 1 shows a two step device for preparing crystals of adducts of bisphenol and
phenol. Supplying the reaction mixture which contains bisphenol and phenol to the
device is achieved via pipe 1. This opens into pipe 2 which supplies the circulating
30 stream from heat exchanger 3 to the first crystallisation tank 4. The suspension is
thus supplied tangentially at the foot of the crystallisation tank. The suspension of

reaction mixture and crystals of the adduct of bisphenol and phenol is withdrawn



5 wth a residual phenol concentration of |ess than 100 ppm fromthe adduct
.crystals. Byw@apss@f suitable reaction managenent and optrcametborp284be
addition of stabilisers, it can be ensured that BPA does not deconpose to
a marked extent under the thermal stressgs experienced during the renoval
of phenol by distillation or desorption. 10 Depending on the process

conditions foy s ension crystallisati.on fromthe reagtio SOl ut | and
when perform%ﬁréif?gatstﬁ? 38#?%@?&% @5359?6?{'1(&%0 %?3?3’ %cgﬂfpﬁg,e&l%g&tBPA
obtained is suichatde® 4 Ofia PERRBAINGIpRAD YEEThEBuEHdndlon Af takent fimS g¥DYiadt Of
phenol fromthe adduct crystals. ?t may be necessary to take the BPA

obt ai ned af t ecrysthidisaticewmtarkl viaf pipleefodndt suppliedr tohére peoondl | oastalbisatinmesigpi on,
pol Yoar bonat cCOIsHAE obt PG AOPIIAYN HOK Sof PHoREeTy e LTERE A SR second
crystall gsati afbuﬁitfﬁwr?ﬁ@{pefo. @*‘ina?lgl halkh&eRtioR N takenUuY 8P sefBldicrystallisation
crystallrsation in the form of static or dynam c |layer crystallisation,
extracti on w tahk 8wad pipe 1ddorefarbemearkirgg yp.aci d or basic salt solutions or
suitabl e organic solvents or in the formof a single-stage or nmulti-stage
distillation. It is possible to obtain BPA 20 with a purity of greater than
99.5 wt. % by Reftqsmdwing! M8 iRHnkibh GRELANNGPBY MdaRNST alBHMREHith ¥ bding

sui tabl e conbi nation théreof, this BPA being particularly suitable for
prepari ng hi gtesjicedditoyhipol ynmer materials. In the following, a preferred
enbodi nent of the invention is explained using a 25 diagram (figure 1).
The invéRtion is not restricted to this preferred enbodinent. Fig. 1 shows
a two step device for preparing crystals of adducts of bisphenol and
phenol . Supplying the reaction m xture which contains bi sphenol and phenol
to the device is achieved via pipe 1. This opens into pipe 2 which
supplies the circulating 30 stream from heat exchanger 3 to the first
crystallisation tank 4. The suspension is thus supplied tangentially at
the foot of the crystallisation tank. The suspension of reaction m xture
and crystals of the adduct of bisphenol and phenol is w thdraw WO 01/ 72677
PCT/ EPOL/ 02845 -11



laterally at the head of the crystallisation tank, through pipe 5, and
.supplied to heetor/7@e@hanger 3 via circulating punp 6. The SRGIPEFSI008351 S
taken fromthe first crystallisation tank via pipe 7 and supplied to the
second crystallisation step consisting _of,.a second crystallisation tank 8,
a second heat exchanger 9 and a second 5 circulation punp 10. Finally, the

suspensi on i st ake t of.the . second crystallisation tank 8 via pipe 11
for further mm;;&_ﬁ%_ccqrﬂmgﬂgtqeolpy PRy, the invention is expl ai ned by
means of an exanple, without being restricted to this. 10 WD 01/ 72677

PCT/ EPO1/ 02845 -12 Exanple 1 (according to the invention) In order to work
up and puri f ylBRder tchworlenp ahdpunify BRe the tacticremprtuisatromi tha pisparadiea afas

liedt i tallisati I t. d ith fig. 1.
s 'Bor' thi s pubbhetss ppficd & Senerdi AR R pep S RBeR A Ry L soc
in the 1st SF@rpthgs’(;'ﬁrgﬁs%f‘a lstéﬂ-c&s@aﬂisﬁ@& 4ad P@Itf@xﬂied‘,"/@ﬁftﬂi-grhttﬁecghiﬁ)@?ﬁm

content of the re sol ution being crystallised was 30 % The reaction
m xture at 70&epand texed 4l 7T on tHel@nhdcsteps whetdim theshisghenoldioneat by thepsaateam of
the crystallisation tank and an upwards_  speed of flow of about 3 mmn was
mai nt ai ned i nsalwéonchsing srvistalised oves 3Anke: The reartienmittati0ysws mxst iMA was

operated at 3Q ti.nes.the. rate;.of.  ci |.at | (W . put)
per crystalli gngr01rscpfé18n%nsge€ edlrceldrl%lljlpgl[i’%laﬁﬁgbfs)?lrg3 eC%%Ss*{t@ﬁﬁ%ﬁ% 30‘9 a{l gﬁg@% ially
at the foot ofpeelof abywsdfabbitsahimin waikaiafthediih fdraysaliemionaidky at the head

of the crystallisation tank. 15 The circul ati on coolers were supplied from
top to B8ttom at a speed of 3 mi's through el ectropolished tubes

(advantage: | end, OREK AshididatiBl SvdsChpdrfiEd Gf %! fnbd R ffid WP UiRbIABn (with

respect to throughput) per crystalliser step and the circulating stream was supplied

tangentially at the foot of the crystallisation tank and withdrawn centrally at the head
of the crystallisation tank.
15
The circulation coolers were supplied from top to bottom at a speed of 3 m/s through
electropolished tubes (advantage: long operating times for the crystalliser/circulation
cooler due to the presence of only small amounts of deposit on the cooling surfaces)
(surface roughness 1 um) and the cooler was operated with constant temperature
20 warm water. The maximum temperature difference from the product side was 3 to

4 K.

The circulation pump was located above the crystallisation tank upstream of the
circulation cooler and was operated with a specific pump energy of at most

25 100 Watts/m® of suspension.

The final mixed crystal suspension was withdrawn laterally at the head of the

crystallisation tank after a total residence time of 4 hours.

30 In order to remove BPA and BPA/phenol coatings, the internal surfaces of the

cooling tubes were cleaned at regular intervals by rapidly heating up to 80°C and the



cool er due to the presence of only small anmounts of deposit on the cooling
surfaces) (swiof@aggsmoughness 1 p.m and the cool er was operGvERD1NRE4E
constant tenperature 20 warmwater. The maxi num tenperature difference from
the product side was 3 to 4 K The circulation punp was | ocated above the
crystallisation tank upstream of the «circulation cooler and was operated

with a specific. pu ner of at st, 25 100. Wt t.SA .S I The
final mixed ciyEr SHETESEREE sl Rrohar A &Y%%l o hefing 45 REATOGR e

crystal | i sat i gitdidd¥n@ddnBhuingi®bidrateeled drneiohicireuief 4 hours. 30 In order

to renmove BPA and BPA/ phenol "coatings, the internal surfaces of the

cooling tubes were cleaned at regular intervals by rapidly heating up to
80C and the ) 01/ 72677, PCT/ ERP01/ 02845 .-13 entire crystalliser.system was
cl eaned at r ZE{}P gnofl 4/phepg §E‘g‘§f%ﬁ@'5 alsgf bﬁgﬁtﬂlil@t%?%gﬁt‘)ﬁa&%eﬁit%yn[hés §ﬁ8 of
continui By toc,9RefiRhort he circulation circuit. Bisphenol A/ phenol adduct
crystals of high purity can be obtained by this type of 5 crystallisation.
After filtration and separation of the phenol, bisphenol Awth a purity of

99.5 % and a,col oyr ..index of 20 e S tal ned., The yA i ndex
was det er ni neé%e’{/ﬁ{i{i‘&ﬁ ?n‘iflep@ﬁai‘;?&l"g? ﬁlf %%P?\fﬁﬁ {1 ? ‘é‘n‘ﬁlgl? ﬁggrcl)&oo(ri??e%t%yanﬁ

sol utions. Thg c¥RlubEndek 620 Hiz8 Widedbtaihed ITHef HibdeaddloWMMIn{ES wao taefesitied
hexachl oropl atinate(lV) with cobalt(ll) chloride hexahydrate in a ratio of

1. 246: 1 di ssoviseallyi by d@0parig with ARbA standérdcobarimelry soluteing] Thihvelbe igthet he

same colqur as the s | e ith the sane. | ayer hi ckne 15.The, bj sphenol

A pr oduc}gd i NYHPE Q\Q&Dgcﬁﬁp nP'@aE’tsé%?% U )éwa?f?@ﬁa}a%%wc&@ (Eoé’?ftgﬁve

high purity pgliyga¢ MRMyRratd ih%a %abib §NI1N6A0URIYReE ThU1 06 nRlf of QLTS

bi sphenol ate was prepared fromthe bi sphenol A sanple obtained in exanple 1
hydrochloric acid] which has the same colour as the sample, with the same layer

thickness.

15 The bisphenol A produced in this way can be reacted by a conventional process to
give high purity polycarbonate. A 14 % strength aqueous solution of sodium
bisphenolate was prepared from the bisphenol A sample obtained in example 1
(purity >99.5 %, colour index 20 Haze) by adding sodium hydroxide (6.5 % in
water) with the exclusion of oxygen. This solution was reacted with phosgene and

20 phenol in the phase interface process. After working up, a polycarbonate with a
relative solution viscosity of 1.297 was obtained. The YI (yellowness index) of the

polycarbonate was 2.3, the light transmission (ASTM D 1003) was 87.88.

The yellowness index YI was measured in accordance with ASTM D 1925, the
25 transmission in accordance with ASTM D 1003. The relative solution viscosity was
determined at 25°C using a solution containing 5 g of polymer per litre in

dichloromethane.



(purity >99.5 % col our index 20 Haze) by addi ng sodi um hydroxide (6.5 %in
vater) with t{@ @xséysi on of oxygen. This sol ution was reacteEgEPd1iobsss
phosgene and 20 phenol in the phase interface process. After working up, a
pol ycarbonate with a relative solution vgcosity of 1.297 was obtai ned.
The Yl (yell owness index) of the polycarbonate was 2.3, the |ight

transm ssi on ASTI\/l 003) .was 87. % The yel | owness index Yl was neasured
in accordance—#—'ﬁﬂ—%e l{émxsa@%xa{xwe 25 transmi ssion in accordance wth
ASTM D 1003. The relative solution viscosity was determi ned at 25C using a
solution containing 5 g of polynmer per litre in dichloronethane. WO

01/ 72677 PCT/ BPOULORBWOrk 0y afst pupifie BPA( dhonteacticromixiurenisom) the preparpsiontad wor k
up and purify_BPA, the reaction m xture fromthe preparatign of . BRPA was
slppl i ed to SBEAcE SRPiRd G peraiepi o kTRt PRI RCOFaAS Vit et lg. 1.
5 For thiks pu , S L { WaSREr barli t 56C
in the 1§t s?glg&gsn%ﬂ?ﬁsghggﬁ%xgs?wsﬁ@ {ZV(r%gpstep, f tg’ftg}i;ggatt%eéﬁﬁst%éﬁol
content of thgep edd thearnt 43¢ Wi tterondestély wiieysi dd bisgenalaconBdt of thBheadtieact i on
m xture at 70C was mxed into the circulating streamdirectly upstream of
the crystal | i sdvtiembeingkrystadlisad was\i&r@s The pragorpmixtneatof0°Ghywast mxedinton was

mai ntai ned i n the crvstallisation tank. 10.&i rcul at.i o ] i was
oper at ed at Sthtei crlrlénsl{aiﬁﬁé S#rg 8 orey ¢ él:l{feaafnl 8%@(;3\/\%??'4‘@}1%%@8@%%@%@ ¢ élr%gwaﬁdéut)

per crystalli gfkdstapwaTdbbits @ithiduatrhaigtasieden ewagstaligdioheshk. t angential |y
at the foot of the crystallisation tank and withdrawn centrally at the head

of the dPystallisation tank. 15 The circul ation cool ers were supplied from
top to bottom.at d

the cool er wa 1r81bl§}j§(i) g:gys\ﬁ?{l%%gg n\g%sZRPéerrﬁufghS r}%rlle-se{h%céta eog?lciirsc{fﬁgoﬁ Lt?v?tlg‘n and

respect to throughput) per crystalliser step and the circulating stream was supplied
tangentially at the foot of the crystallisation tank and withdrawn centrally at the head
of the crystallisation tank.

15
The circulation coolers were supplied from top to bottom at a speed of 0.5 m/s
through non-electropolished tubes and the cooler was operated with constant
temperature warm water. The maximum temperature difference from the product
side was 3 to 4 K.

20
The circulation pump was located above the crystallisation tank upstream of the
circulation cooler and was operated with a specific pump energy of at most

50 Watts/m® of suspension.

25 The final mixed crystal suspension was withdrawn laterally at the head of the

crystallisation tank after a total residence time of 4 hours.

In order to remove BPA and BPA/phenol coatings, the internal surfaces of the
cooling tubes had to be cleaned at short intervals by rapidly heating up to 80°C and
30 the entire crystalliser system had to be cleaned at short intervals (1 x week) by

heating up the product contents and continuing to operate the circulation circuit.



tenperature warmwater. The maxi numtenperature difference fromthe product
.side-was 3 towédf72é0 The circul ation punp was | ocated aboVRCT/ERD1/02845
crystallisation tank upstream of the circulation cooler and was operated
wi'th a specific punp energy of at nost 53 Watts/nB of suspension. 25 The
final m xed crystal suspension was wthdrawn |aterally at the head of the

crystallisati tank after, a tot.al r.esidenc i of . our I to
renove BPA angﬁ%rPﬁﬂbaﬁlé’Hoarndc%?gﬁahag ,Ofﬁﬁ% pﬁ?ﬁozréloé?mg%&”fsﬁlég%&g@ p{l‘%{g’l %gglg(lrti ng
tubes had to §osi6ls@BRMEEdAh RIS Wal, biSHIRNYPA Svillya paiydf Yo Beatahdd colut inddRC and
30 the entire Crystalliser systemhad to be cleaned at short intervals (1 x

week) by heaeof HyHaze wheolsringdickhecusnhenelsA ahtined in thisi ey carnas be PECESERe
circulation cjrcuit. WO 01/ 72677 PCT/ EPOL} 028 er filtration and
separ ati on oft“f FVSTQNS! PIOSESRSS 19T ET SSHeaiY p'ﬂ?g’ﬁ%’ﬁ%rﬁog%%iuct crystals

obt ai nedsin this way, bisphenol A with a purity of 99.3 % and a col our
index of 50 Haze was obtained. The bi sphenol A obtained in this way cannot
be processed Abl4 Sostrensth egedouprsobiioned sodivg bisplsnofaseriiag psepaged from the

| bonate.. 5 A 14 % th . sol uti ' i sphenol at
has pr epar od PIRIEhS S ABABRY A SOBTLOR EATRES WHBabarr SO E RISl o 2
(purity 99.3 & m@y%@,a sodi@mHay@EdxidY @FdpnGn Sedery Wity dROXkelasioB.df % in

water) with the excluSion o oxygen. This solution was reacted with
phosgene and prygeol This sphisiop heesaeaatedewith phosgenp ead phenol At ther phwse Kiterdacdp, a

e Vi (o | outees: RABETHHE wnd neblegbaruBiaiA s Sofindn o Fiypr 289
transni ssion (ASHMahcHOGB: YEFyefdwRbss Hnddd)eof Yhe WtycdRIoRAR WA3 11N tHRgtRaNe

way as described in exanple 1.
transmission (ASTM D 1003) was 87.36 %.

The YI was determined in the same way as described in example 1.

15



15 WO 01/ 72677 PCT/ EPO1/02845 -16 5 Clains 1. A process for preparing
.crystals of awoadgwetr of a bi sphenol and a phenol conpri siruyr/EDo1DEES
prepar.ation of a solution containing bisphenol and phenol and 10 b)

conti nuous performance of the crystallisation in one or nore
crystallisation devices which contain a crystallisation tank, a

circul ating ptlE and a cooler, wherein the residence tine of the liquid

bei ng crystal inthe crystallisation tanks is 2 to 12 hours and 15
wherein crystallisation is perforned in | to 5 stages, each consisting of
the crystallisation devices nentioned and wherein the tenperature in the
crystallisatibn taAkpriopessHer preparieg grystald oian pdduct of adusphendloandoa pbenadnd 20
wherein the concentration of bisphenol in the inflowto the first
crystallisation st &YePH¥IE5 to 40 wt.% and wherein, in the outflow fromthe
| ast crystallisation stage, the concentration of bisphenol in dissolved
formin the nother liquor is 10 to 20 wt.% and the proportion of

crystal lised solids)in tePrerayaionlof asblution cantdining wsphenol andipband! aadd a
phenol is 20 to 30 wt.% 2. A process according to Claim1, wherein the

bi sphenol is bisphenol A and wherein the phenol is unsubstituted phenol.
30 3. Crystals of pje agehifmuo prhaRheNer MedcAshllRAgbn ORt dhoadt enéré t he

Pprocess ) o
crystallisation devices which contain a crystallisation tank, a

10 circulating pump and a cooler,

wherein the residence time of the liquid being crystallised in the

crystallisation tanks is 2 to 12 hours and

15 wherein crystallisation is performed in 1 to 5 stages, each consisting of the

crystallisation devices mentioned and

wherein the temperature in the crystallisation tank in the last crystallisation

stage is 40 to 70°C and

20
wherein the concentration of bisphenol in the inflow to the first
crystallisation stage is 15 to 40 wt.% and wherein, in the outflow from the
last crystallisation stage, the concentration of bisphenol in dissolved form in
the mother liquor is 10 to 20 wt.% and the proportion of crystallised solids in
25 crystals of the adduct of a bisphenol and a phenol is 20 to 30 wt.%.

2. A process according to Claim 1, wherein the bisphenol is bisphenol A and

wherein the phenol is unsubstituted phenol.

30 3. Crystals of the adduct of a bisphenol and a phenol obtainable by the process

in accordance with Claim 1.




in accordance with Claiml. WO 01/72677 PCT/EPO1/02845 -17 4. Crystals of
.the adduct ofwi@phenol A and unsubstituted phenol, obtai nadeEptp2848e
process in accordance with Claim2. 5. A process for preparing a bi sphenol
conprising preparing the adduct of a 5 hbjsphenol and a phenol in
accordance with Caim2l1 and recovering the bisphenol fromthe adduct of

t he bi sphenol  and he pre i )
conpri si ng pr%parl{; {aﬁ% gﬁ&ﬁcﬁuﬁtf P@F@'ﬁﬂghélan ﬁ@ﬁ%lph Iﬁoq n@glrlﬁ?ilﬁce
with Caim2 and rwgl\é%b&gs R corl@nddiwighendh 2A from t he adduct of
bi sphenol A and phenol .
5. A process for preparing a bisphenol comprising preparing the adduct of a

5 bisphenol and a phenol in accordance with Claim 1 and recovering the

bisphenol from the adduct of the bisphenol and the phenol.

6. A process for preparing bisphenol A comprising preparing the adduct of
bisphenol A and phenol in accordance with Claim 2 and recovering the

10 bisphenol A from the adduct of bisphenol A and phenol.



