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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-
0 342 758.

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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bi sphenol and a phenol by the process according to the invention and
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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 punty 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




WO 01/ 72677 -4 01 SEP 2001 PCTI EPO1/ 02845 concentration of included5EP 2004

_lmpurjties. Thas efreer t he adduct of a bisphenol and a phenattEsiebiai ned

i‘'n high purity follow ng separation of the crystals by filtration. If the

bi sphenol is recovered fromthe crystals_gf an adduct of a bisphenol and a
5 phenol according to the invention, then t hi s provi des a novel,

d t Th t h
many agvant ageencoriaion Ot B TRA GG L DNEE HEeHEREnor FOIFMBNEABNA ¢ hus
cost-effecti V‘Ifaherﬁqujé SBt2REd inuEh %ﬁﬁ@%l%lﬁ% Siraiof ol ele &ﬁ% Bﬁﬂltraﬂaﬁ 10

products according to the inventioh are characterised by h qual it
which is expressed by a | ow col our index, a high storage stabr lity and a

h|ghthernal ) |I|t yb|s hepol s at al use r di o the
"nvention. That Hiecpigitica e.@f) e Eaec@r:&nﬁ@d% G ¥ adnis i bohee B?@%ﬂenor
A 15 Any phe t

preferr e phe E’Rr%ég‘%%‘?g |n§ g@ ¥%@§ﬁ§§?ﬂv g“%? ?l?)lg 'Pﬁg“%ér% saulllt.)!js%'tc} '? Ht%eﬁctlé%ﬁtesn%?a@ess
process accor domngreparirigigsphanelnt i on for preparing crystals of the adduct of
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two steps. In fh'a égerl%%ea oaPhas eah%drrrl]g%tahe a%séseaewrxmg%é el if@hih0C,

preferably | ess are use and G RST st eratures of
preferably |egs sﬂh’qﬂdﬂ andfBus pastiaffevtia [Addpioatlepaificytion sigps irbamt B Gired: ety
particularly preferably |ess than 43C are used. 25 In the process according

to the i Hvent inseducsy a‘EFrOE‘Bﬁg ith ghe iyantips ase chpactaavedcby dhehs quiitipWBihI isand a
h |,
phenol , ‘a ci rCé{éPetséeﬁ% %tc%%{drﬁ?cfek,ri‘l? glégfbfasggépa%ﬁ éﬁtplleg“rl%&ﬁlapgt%ﬁgrrl Each
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Wth respect to the
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 nnsubstituted 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
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so that they are full of liquid. In the process according to the invention
for preparing crystals of the adduct of a

In the process according to the invention for preparing crystals of the adduct of a
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. i

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.
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phenol, tfie circulation cooler preferably contains el ectropolished tubes,

I n which the suspension is circulated. The surfaces of these

el ect r opol i shéd the plessswitcetding ® tha ivvamtias tfompreparingecrgsislp e shoaddhay of a
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| circulation cooler is preferably operated with constant tenperature warm
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 later and the R T o PP R o ST o
I preferably 3 thsphehol and a phenol, the circulation cooler preferably contains electropolished
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 pm. 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 1s 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.
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preparing BPA is preferably based on the acid-catalysed reaction of phenol
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5: 1is pref | e |.on.. Ho eneous., or het erqgeneous
B onsted " aci At 8T LR s PEAGLLEBnl BTRIRER e Racti] SLARE"CP
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These may either be dissol ved honpgeneously in the reaction solution or be
fixed to the orheterogeneous Bronsted acids or Lewis acids are used as acid catalysts, that is, 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,
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to purity are generally required for the raw material BPA, in particular
when prepari n§@ph skl § Aattepartipplan hae nrepaing RAYCHRPRHS-cat i on of BPA is
normal |y perforned by neans of a 10 nultistage cascade of suitable
purification processes such as, for exanple, suspension crystallisation,

mel t crystal | iThatwerkingdup tand | mirifieatican df GPFOEPhoMiallyl Ferformpd efyemegft of a
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appr oxi ek eI y TEHUstARR fascads sl spitahde apiification « propasessolsuely asodPr rexample,

reaction tsﬂgpeénsﬁ‘)\{fi'e&ysttgﬁig’lp p? g:;lagl?a A Add4Gn C&;X@ﬁﬁfoh' a5 d8s8 tu;lr_lheln a

crystalllsatlon process-1s 'y per as a suspen

crystal li sati prefeibets pabsdinent BPH &l ibolatad ifom tife reattidarmixane it fheliIBrm of an
crystallisation froma |liquid due tg. cooling, wherein the crystals forma
suspensi on wi RAPIORENFEly sErimalas crystallinenaddyct xethyphenol \hyt eqoding rthe rpagkion

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 liguor) 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 distiltation, wherein any acetone still present

is also optionally removed from the mother liquor. The dewatered reaction stream
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and is enriched in the secondary nents typically produced during BPA
preparation. BPA/BhegpbpddyctqDERBE ﬁ%tlllam $tepp (deasHSE dhovmesoms cﬁﬁdhe. s

recycledgo t Hﬁerfo??%tsérﬁnn 4 1 Eaﬂéubn sbIiGH 91‘%51 als8 b@"i‘érﬁ&@e‘d tcf‘s“t‘m%ﬁ\in?' ytic

activity of t I'on exchanger any wate pr o uce i pre erably first
renoved by distillation, wherein any acetone still present is also
optionally renoved fron1the not her i quor. The dewatered reaction streanlmo
01/ 72677 -9 0ln gmpcaseooh this pypy sbeirewains prisediradhe iproblem sisyihigt sesondary

pref er ably L OBRSleih ik SN0 R0FRARGLONG AN AL MABdh kG 881 On

unit. Alterna IVG acetone may a

removed by di $daidlth atemﬂva@dsn of the @afaBif SN dn smpmomﬂemymaaédcuﬁlatanaﬂ of
the BPA/ phenol adduct. During the distillation steps descri bed above, sone
of the B pheﬁésqunéwwpmpﬁn@ﬁ& in Beciicylation siieany rsomeyofdhe sirpdatiemetean, by

distillation. RS ur. robl em
is that secon&é O‘E‘ﬁg %%ﬁg’fng %’g?nqlﬁe prre ée)gpvae&a{)ggllle%% 9%5% lﬁgt?oql slgﬁege akHyt he
circul ation stkkgadedénthdprot&adhiin 2618 BPMA téaibi on of the Cat al yst system In

order to avoid excessive accunul ation 10 of secondary conponents in the
circulation stream some of the circulation strean1 optional ly after

partial or Cowlaﬁ&iﬁo e s rp¥0\%fn H@Eﬁl%geo% ttg p%és' | l ro fhe en?lré3 Er%];gﬁtacpfl the

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 1on exchanger.
This unit 1s generally operated at a higher temperature than the reaction unit. In this
rearrangement umt, 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 yteld of BPA can be increased.

The BPA/phenol adduct crystals obtained afier 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 1s 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 pheno! optionally remaining in the BPA after recrystallisation can then be

entirely removed by suitable distillation, desorption or extraction procedures.




excluded fromthe process chain as a BPA resin. In addition, it haq]p@9y%mﬂ
advant ageous W pagersone or the entire anount of the 15 qmnmu}@h

stream after solid/liquid separation and before or after the reanaI of
wat er and residual acetone, over a rearrajgenent unit filled with acid ion
exchanger. This unit is generally operated at a higher tenperature than
the reaction unit. In this rearrangenent unit, under the conditions
present therein, some of the secondary conponents from BPA preparation and

present in thwfeh{a@wg gﬁého%mm ¥eGemdled BRIBOISAR dddud FptBEBreRfcl hat
the overall yield of BPA can be increased. The BPA/ phenol adduct crystals

obt ai ned af t emethwelsdanthisedre dcsoqjtlcmﬁrthmmebmsmgm*a‘mrtlgamt Vmuumfdiastﬂkation
reaction solution a

dSO|I [ ar a as describ e then
taken, if rquFF‘éﬂm tghien pt the q%%?qsfm%ﬁ qﬁ@&é% ) @PE t“h% DirigdhAl  of
25 most of thephepalauhp n%l?éﬁhl @d{ﬁémraﬁau%flés@@h&dmocgdm?%ﬁ% e Sd6aR c%als

recrystallised, for exa from phenol, from ordanic solvents, from
wat er or fr omByi nitans ed soitabl heactonpoanmegsmestrand @padnally thaadxhnaﬂamﬁxa*:abﬂmei’s,a

suspensi on crystallisati gcedure. The phenol present he 30 adduct
crystal s can éﬂ%%@@ﬁ?‘? P@F Oﬁéfl?tl%Pc?f@%i‘?éﬂalﬁ‘&ﬂf@i’cﬁ%éﬁ%ﬁn thenmal

sol vent. - The ;phgpoly ﬁ%ﬂﬁﬁc%ﬁﬂhhﬁ%fh%%ﬁﬂ%fh@e&gg%@: Ql&éit gﬁr élcsd)rgttlo

recrystalllsatlon ca ntirely refov ﬂlatlon
desorption or extraction procedures. 0 1 SEP 2004 WD 01/72677

PCTI EPO1/ 02845 -10 Alternatively 9%(ghenol can also be renoved first fromthe
adduct cHyst alRepending ep thePropgss RoRritiens for Fﬂsge%ﬁ%l dudellisationdrom theeackent

using hot inergt uhyéﬂp t hods
mentioned. In twggﬁ\eﬁgs,#%\ S posg %ﬁegs%%lgm eﬁ‘“%ﬁ%?gﬂ @Hﬂ&ég{agtgpgugﬁ
phenol concentBRA bbtained id aﬁmblerfaxrprkﬁuhqgmnlyfmanmtthﬁmmme efipehladfphendBy
means of suitable reaction manaqement and opti onal I the addition of

stabilisers, fram ¢hsadduck soistelsd 1t may bspeceway 9ok ﬁBﬁs@t{“Bechaﬁﬁr‘Ibéd
e T ) B 1 PO R R R Bl
suspensi bh cr \sglagdadlisamataialsrsoch ﬁd‘;ﬁ)lj?(ﬁﬁﬁihatanFmal 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




sol ution and when performng the solid/liquid separation and cryst&g;sgpzwt
washi'ng, the wkPé/mbtrai ned is suitable for preparing pol ymaCcwerienisass
after the renoval of phenol fromthe adduct crystals. It may be necessary
to take the BPA obtained after the remval. of phenol to a further
purification operation, in particular in order to prepare 15 high quality

mat eri al s such  as,po) ycar bonat.e. Final .purificatign .may be, perf.o y
suspensi on cr@g?ﬁpfﬁégyﬁgﬁ Pfgﬁfﬁﬁ¥%ﬁ“% “éﬂ#fﬁ%?@ﬁbwﬁaﬁr%m%§ﬁvéﬁigfﬁﬁ@|t
crystal lisati @RcHafgdrh® {1ar Bir@flatiheS hihp C6.0ThelYdhapengionake takeh ySéa! 1hes Btk on,

extraction with water, aqueous neutral, acid or basic salt solutions or

sui tabl e or gan'r}tstaﬁtslati@nttslﬂorvia pipet Hearidsnpricdatos ithey lsecond agestaltisationt stept age
distillation. It.is passible to tain, BPA 20 w t urit f greater than
00°5 wt " by SUITUMEIAG LRI SERERPT Bk o bestanghelt Giefnely Sandd gt

sui tabl e sconbicfatib@dh Sltes $07Findify, teBRéeRSbA% RRSH dit 8F fe! séoctidi rRRIBsatibR
preparing high quality polynmer materials. In the following, a preferred
enbodi nent of tdnke’ viapqmrtlildior fisthexwbdiimpeap.usi ng a 25 diagram (figure 1).
The invention is not restricted to this preferred enbodinent. Fig. | shows
a two step device for preparing crystals of adducts of bisphenol and
phenol . Suppl yj j 4 e I eahal I ‘nhenol
to the devi cgﬁ :a% %oﬁ?gﬁ?év@geﬁ%éy%&lgr%‘gB’épenséf’ﬂ%‘o%@@g&% \IE&%%EEEIHE
suppl i es the cestidetbdtothy. 30 stream from heat exchanger 3 to the first
crystalljsation tank 4. The suspension is thus supplied tangentially at
the footlhf the crystallisation tank. The suspension of reaction m xture
and crystals of the adduct of bisphenol and phenol is wthdrawn WO 01/ 72677
-11 0 1 SEP 200 PCTIEPO £02845 laterally at the head of the
crystallisation tank, through pipe 5, and supplied to heat exchanger 3 via
circulating punp 6. The suspension is 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 suspension is taken out of the second
crystallisation




tank 8 via pipe 11 for further working up. In the following, the inU_ér&EiPdBﬂ&
I s ‘expl ai ned ‘t‘%@gﬁgl of an exanple, w thout being restrietearbipogds s. 10

MO 01/72677 - e 1 (according to the invention) 0 1 SEP 200
PCT/ EPOL/ 02845 In order to work up and pyiify BPA, the reaction mxture

fromthe preparation of BPA was suppli ezﬁto suspension crystallisation
equi pnent in accordance with fig. I. 5 For this purpose, a 2 step

crystal | i sat i ERampk berctardimgdo thetiayantiag) at 56C in the 1st step and then at
41 Cin the 2nd step, wherein the bisphenol content of the reaction
solution being crystallised was 30 % The reaction m xture at 70C was m xed

into the cirgul at Ml iR BPAURE fe@@ibnohixtive feory shapiepsatioonf t ank
and an upwar dgrl L@%Egg@%ﬁﬁﬁow (%Eu g)]tijout 3 mmn was maintained in 11&?@1
at 30

crystalll sat | gpal waksupblled o ﬁslzmioﬁtmmlﬁsaygn aquipﬁlanfi iaﬁcwéa%é&iﬁ't

times the rate of circulation (with .respect ta thro t :

;:L ys]'E al ![ iSs;ar t ﬁbe@i%n%fplpfﬁa ac} Etél’.llct@ﬁaﬂéj‘ag? g&ﬁ;gﬂg e&p%ﬁ?@%{itsgﬁ%é?\iz aLSItydat
e foot o e crystallisakion Ak DAL HRBA doftenY oft tibga

of the crystalsif’l?s?’?ﬁ{i%ltl)'ﬂ’1 ?taﬂ’ﬁa.& "i’ﬁrhee o ré%f]g’f%érll cool ers were sugpl "ed from t op

to bottom at %olt%{i&?%e@% c&stdﬁi@dt»{?ﬁs@m. ThE eeictiopalittareed 7000hes mixdd aoage:
| ong operating tines r the crystalliser/circulation cooler due to the

presence of onhyciscmAtingastreant dirastly dgploesm obihet gastallieationgark, ppd, ap upwards
(surface roughness 1 m d the ,cool er was.ope e e nt

t enper at ure 20PoRsy¢hARK %&T‘]’oﬁ*h WW@%&%@&P@?% | I;I%rt%%géh(?romthe
pr oduct f@de was 3 to 4 K The circulation punp was | ocated above the
crystallisation tank upstream of the

Circulation crystallisation was operated at 30 times the rate of circulation (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 pm) 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
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circulation cooler and was operated with a specific punp energy of at
25 100 Watt s/ mBooi/samaspensi on. The final mxed crystal SusSpeOasEePR 064

Wi thdrawn | aterally at the head of the crystallisation tank after a total
residence time of 4 hours. 30 In order to;f§enove BPA and BPA/ phenol
coatings, the internal surfaces of the cooli ng tubes were cl eaned at

regul ar int erva dl.y heati 01 .SEP 2404 WD

01/ 72677 E ‘%ﬁ%@g sydips g FFed {9&%‘ it EIEVaLSD%X Reating 4p theprodpctat
regular int er %hé%n&)ﬁnﬂ%@ﬁﬂrﬁ%glﬁ dpRfutPmedHeliat Gt S and continuing to
operate the circulation circuit. Bisphenol A/ phenol adduct crystals of high

purity can be obtai ned by this type of 5 crystallisation. After filtration
and separation,of t | , . bi spheno h.a purity of 99.5 % and _a
col our i ndex ls%ng}a l\%‘g g ﬁ'@ﬂgﬁs'ﬂ#@gﬁa Wity 528 e ‘-?ybﬁ%i%‘%? Dt dhig Bersrehi ned
visual ly by cq,qx};g%hghg Wi th APHA standard colorinetry solutions. The val ue
is the 10 nunber mg of platinum [as pot assi um hexachl oropl ati nate(1V)

with cobalt(Il) chI ori de hexahydrate in a ratio of 1.246:1 dissolved in
1000 m of aque drochl ori ¢ acjd] which has the sane col our as the

sanple, with t er{‘al NP SCPTAT K Hel8s phensl pisphenal ghwb e PANtH G @erndn
this way can baeccfl?%‘:%?%gx Y 28 I‘F:I%Vvﬁﬁé bﬁ?tﬁﬁﬁe?.p{‘]%:ﬁ%? E(?lo n¥Ex Q&agrhﬁpe%‘ﬁe\é
pol ycar bonat e bstrength aqueous solution 0 um bi Sphenol ate was

prepared fr omvtmmllpibgpiompfaﬁng\“aﬂ\rmPHAomrﬁiafmmlonﬂnemﬁwh&mﬂs Th@uﬁllubys #R9. 5
% colour index 20 Haze) by addi ng sodi um hydroxide (6.5 %in_  water) with

the excl i on Iblfnbﬁqu’ééﬁg Ofl‘l?lét‘@’é‘ll 25 petagsaam rhexaghdoroplatinpte(RVk géthecabati(IPo
phenol in the g h&aﬁ% € P O?ﬁ%sf)fplfg 1"8§s‘61&? }ﬁp’lgé’o l?;ﬁlI %g%r Renate

with a relatlve solutron wi scosity o was obtal ne

(yel l owness i rifdrgchifict doed] whicl das bion sdnge volsu2as3thet faghplld, GYith thHeadagi¥l B§éroNn
(ASTM D 1003) was 87.88. The yellowness index Yl was nmeasured in
accordance wi ttISKRSSf D 1925, the

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 Y1 (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.




25 transm ssion in accordance with ASTM D 1003. The relative solutio
viscosity was wiebermned at 25C using a sol ution contai ni ngpSrapAfozRl ﬁ,ﬁgﬂﬂﬂt
per litre in dichl oronethane. WO 01/ 72677 -14 Exanpl e 2 (conpari son

exanpl e) 01 SEP 2004 PCTI EP01/ 02845 I n_gpgder to work up and purify BPA,
the reaction mxture fromthe preparation of BPA was supplied to

suspensmn crystallisation e nent. in accordance with fig. 1. 5 For this
pur pose, Miﬁ%’% gﬁ'\“}aé)s performed, starting at 56C in the 1st
step and then at 41C in the 2nd step, wherein the bisphenol content of the

reaction solution being crystallised was 30 % The reaction m xture at 70C

was m xed intdn ordee toiwark|upt amigpurtfy 8N, cthe eedctiyn widstufe A8nOthe tpheparation of
crystallisati ank an n upwards speed of flow of about 3 mMmn was
mai nt ai ned in Wé?;%%& e t%a‘tﬁpettﬁl%wstalileat@nre@utpaternbm aweglenge Widafizoh was

operated at 5 |on ect t hr ut)

pgr cryst%l | i sffalrr%ggtbl{:bg)ﬁ%aat %é%l"?%sﬁaﬁﬁ'tl 'Rg &P &’SHIHFEA%@ @ﬁfﬂﬁ ?tesg; & ﬁ@%ﬂ% ally
at the foot ofstdphmdanatsied1°CSalthOInd a8 v@lﬂéﬂcﬁ‘l"tﬁé‘ﬁ'i"sﬁ‘/@ﬂopt%?ﬁ&@ tthe%aétgﬁ head
of the crystallisation tank. 15 The circulation cool ers were supplied from

top to bott omsatutian dpmgdrpdtalised wan 3 % Mo uedetion migluecitr WPC! wahatked intbes
and the cool er vvas%u(igterat ed with constant t enperature warmwat er. The

maxi mum t enper&t GFE e Sreamc dirgcHy Mpsiseam of éi%?c?ryStéllh&él‘Watén]S apd) 2 ugwagy The
Clroulation PugtdanieerlRl Bt MCmamRAA Al AMLADH difet Tea of the

circulation cooler and was operate energy of at nost
50 Wattsl®B of suspension.

Circulation crystallisation was operated at 5 times the rate of circulation (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 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.




25 The final m xed crystal suspension was withdrawn |aterally at the ﬁ?ad
of . the , crystaWwoegtdspn tank after a total residence tine of C4]" VoS I REP 200
order to renove BPA and BPAJphenol <coatings, the internal surfaces 3f the
cooling tubes had to be cleaned at short intervals by rapidly heating up to
80C and 30 the entire crystalliser systemhad to be cleaned at short

up the product contents and continuing to

intervals (I x,aeek) by heating, I

operate the ci f%ﬁf @fr?}{?“cﬂdgﬁﬁ Fatigyn Qf 1the phemo!l -fion pET bEPIBImod 28phensk pdduck 004
After filtratigRg@ Aty f i fr t ki sphenol A/ phenol
adduct cryst aFIg( o%&gﬁgﬁr@r}hﬁﬁa ’%@%ngrgp%lehnao Qrﬁi]y\?}lﬁ%g’aﬁ’ﬁﬁ$?f:91°8‘f‘ %3 %
and a col our i nfikHaeé waobtained vitis: tkhehsten obihhied bh &ﬂ@%?barﬁio?@é g-éoe&qe& n
this way canno% be processed by conventional processes to give extrenely
pure pol ycar boRAfYIVERN2 IIAGESSES oY hedigmebipire pplycirbenatd. sodi um

bi sphenol gte was prepared fromthe bisphenol A sanple obtained in
conpari son exanple 2 (purity 99.3 % colour index 50 Haze) by adding
sodi um hydr oxi del4 6 5tréfgtin ag@soRs ksolitibh omsaiafﬁcti@ﬁieﬁma&f wa%}’e%ﬁ]%d fldth %%

solution was reacted with E)hosgene and phenol in the phase 1 nterface

process. After Piipheirhd sipipleoiained i epseparisomexampde 2 éparity\96.35%) téloamindex
viscosity of 1 A . The, YI. .l pwness index) of the,
pol ycar bonat e 3\(/223 %e Yﬁlt ﬁ@hﬁ gﬁ‘ﬁ‘“’“t E%%%Wéi?‘anﬁ( WsyRfen Yo shengslsionef o

The  YI was det etygenethis Bokuien SAEReAVRM iSh EADSR i i 1
SEP 2004 -16 Clains 1. A process for pr epg%i%%g cr ysﬂt) alng?(g]fnmgﬁhésgdﬁ%f&%

bi sphenoll%and Brop#EndReicwersinesip g polyparbbratpwish areliivnsabition wisdosity 6Mi.297
containing bis . and 0, nd b) .conti nuous performance of the
crystal lisati oﬁlg‘fﬁg%h%abﬁ%@%ﬂedygﬁ?/ws?eég |“i“£%5 Pg BQeRonate was 3.1, the light
transmission (ASTM D 1003) was 87.36 %.

a

The YT was determined in the same way as described in example 1.
15



whi ch contain a crystallisation tank, a circulating punp and a cool er,
wherein the residence tine of the liquid being crystallised in theUT
crystallisation tank is 2 to 12 hours and wherein crystallisation isSEP2m4
performed in | to 5 stages, each conshgiing of the crystallisation devices
nmentioned and wherein the tenperature I'n the crystallisation tank in the

| ast cry, talllsatlon stage is 40 to 70C. and wherein the concentration of
bi sphen the inflowto the first crystallisation stage is 15 to 40 wt.
% and wherein, in the outflow fromthe |last crystallisation stage, the
concentration of bisphenol in dissolved formin the nother [iquor is 10 to
20 wt. % and A ROCE 5‘1?Td¥?936'ﬁg ofystasof ae adducsefd biwherid anda phepst ednsprisingt he

adduct of a nggrﬁ%}ati\%ﬂgfgs& ﬂpéoglltazn ﬁ%b%}ﬁneﬁ& a@ﬁghﬁolg 4 A process

according to claim1 ereint eno A and wherein the
phenol is un@@gmtlmu%pbrbimmme of 316 @sy&lhahsnofortem naﬂduqtstab‘fsatambiesnb@nol

and a phenol gess. | accordanc th claim1. 4.
Crystal s of tvﬂmﬁ’i&c? 33?1% go&%lhssgt ifa 8y icgﬁ atmﬂ?tﬁnpﬁt‘:@webhenol , obtai nabl e
by the vpiremmsle residance dndaficle lvquimbdilhgid:rm@h?éﬂ m:gh ﬂﬁiljitiﬁﬁ)faélﬁﬁﬁpﬁf 12"? a

bi sphen re I ng t he adduc¢t, of a bi spheno and a phenol in
accordaﬁ'@@ ?dhw Frﬁﬁhgﬁys'%ﬂ atfogc Brtonmed He bits phEats: Fcdniansistingi@licke of the
bi sphenairyseatitbatiredgvieB elentiénedAn@r ocess for preparing bi sphenol A conprising

prepari d’%@t he adduct of bhi sphenol A _and phenol in accordance with claim?2
and r ecoVEr'H etWE‘%F‘é‘Hﬁé‘i‘\éll’e gystalbipgtiondanid uthe laft crystallisatiomstage P phenol .

70°C. and

wherein the concentration of bisphenol in the inflow to the first crystailisation 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 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.

3. Crystals of the adduct of a bisphenol and a phenol obtainable by the process in
accordance with claim 1.

4. Crystals of the adduct of bisphenol A and unsubstituted phenol, obtainable by the

process in accordance with claim 2. -

5. A process for preparing a bisphenol comprising preparing the adduct of a 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 bisphenol A from the adduct of

bisphenol A and phenol.




