PROCESS FOR THE PREPARATI ON OF H G+ PURI TY 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

I nternmedi ate for the preparation of a | arge nunber of conmercial products.
Thus it is used as a starting material for the preparation of various types
of pol ymeri c PROEESSFOR THE PREBARATIONO¥F HEGH{RFERITDY IBISPHENOILJES,

pol ysul foges and nodi fi ed phenol -fornmal dehyde resins. Preferred fields of
application are in the preparation of epoxy resins and polycarbonates.
Techni cal ly rel evant net hods e nown, e.g. WD 00/ 35847
and 20 US 2,775,620. After Hﬁ}@%?&f‘?@%}%ﬁ@ﬁuon of phenol with

acet one, BPAThé irseptidradetatesito @prodebeand i datticulic ¥ apceds fohpreparing of a

crystalline adduct of BPA and phenol. Phenol is conpletely or partially
renoved fror‘rbtsﬁléﬂé’@léryst al s of BPA-phenol adduct by 25 distillative,
desorptive or extractive nethods. Before the separation from phenol, the

crystal s of BPA-phenol adduct may al so be subjected to additional

purificaggon steps to re@ACKGROUNKEORNTHE INVENTIONONdary conponents. The
crystal s of BPA-phenol adduct maybe recrystallized e.g. from phenol, organic

30 sol vents &2-Bistdhydsexyphenylpsepage (isphenol AP Ak ahidh ip tleseomdensatiome adduct
crystals my a8 SneR e bk ls PR e R B Rl e Y 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 n#Ftilayer crystallization process,
crystal s of BPA-phenol adduct growi ng on the 5 tubes. \Wen the nother |iquor

has been dr aiTied POf F59620 deseripes laboridusPirdeepfon te puriditadén oLisisptainal Ai zed in
this way are washed with phenol containing water in order to renove any
mot her 1 i quorwhereiptheerhgals of BPAnphicapl adductipelated in @ AEst sage peadissalyedan a
tenperature 5 | e ' . as. { r has to
be carried g{JhteZ‘ngp gﬁ% rs%%l,ﬂh{ﬁ%mg%% %lrégﬁi{eh %S%ng%\?égﬂég}zr%glsnpgﬁgﬁ r?g?tgia%i gh.

Mor eover, 10 rhiitéilageosiistillionioatrpedss, chatdsoOBP A phehsaddiidt helag oalte@ are an
order of magnitude lower in this process than in a continuous suspension
crystal | i 2at itebesoWhenjha mpepliquasihas becaristinediofficthe crystalsadiBRyA-phengl
accept abl e space-tine vi.eld requires high., cooling rates, so a.nmultilayer
rystalli zat g rermdlicerin eyt Hedeg rfiernept oflns St g et ney
crystal growth rémaéRsanyHadthér 16RIBE stNHAIRRriAY SRE/S beAfidPfirthésbyhddiingltd @N. The
resul tant increased incorporation of inpurities into the crystals has to be
conpensat ed hymperatmre of Entei 856C cixal ek udatiandlowewsasisithgpropessabs tnlse | f a

high purity is required, jt y he necessary to use . a_nultistage process. EP
718 268 A desamiedeut Eatﬁh%%stggﬁwpmmt cpts prsrcormespendingly high<Marovele adduct of

20 bi sphgpol ' | i ' L
crystall ﬁ? ed t%@ﬁg&%ﬁx%ﬁ%ﬁ&% gn ?r f{}'feg{r g%%(lg%ﬁg eaae{r?]% R{P ﬁlgfr%} ngllaé% (E)lﬁf\? ed in
phenol , crystlawer inehis prdcessamin Sevhtihubuisasngsensibh cryistullizasibe pf ofysfalyeof

recrystallization being repeated several tinmes. In the |last step of the
nul tistage rd8t4-phenal pdduct. drurthemeorgpmpseentablospasedmg Yieldgpqtreshigh purifi ed
phenol . The was

L ng. liquids.and fil s for.washi n d. dissolving the 25
dducts are APo s @4 PHERy GsBhion o i BRA T e AHER . L cecs
wher ei n - hi gh-sibdthdtiatlh hidheeagital erowtiPRtR IthAth dhntinidstsubpedsiogcr yst al i zati on
from phenol and washing of the adducts in the individual
15  crystallization. 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 indivigdgual stages requires a very |arge
anount of high-purity phenol; furthernore;” a | arge anount of bisphenol Ais
di ssol ved in the phenol at each individual stage, resulting in |osses of

yi el d. 5 WO Os¢rgstaidizatiasis prafersedn Wasbingsetls bighphatyphepal atteagnofhe bi sphenol A

wherein in t.he fir St suspensi on_of cryst.al s.of . BPA-phenol adduct is
filtered undépgivbdggﬁéﬁ%%egﬁ‘gqumﬁgﬁé’gryg §8taﬁ18u?te°sf)t§'11%hl'ﬂ"5‘tyiplhfré9’l’ &' ¥ ssol ved
in a liquid corigidmoit ofbispieholA Gk GEsehicdlih teqsheadlait Bachlingividuas stags obt ai ned
are separated off by 10 centrifugati on. However, the continuous (filter)
centrifuges trasulting @ lpssepof Weldnoni ¢ for |arger plant capacities demand a

m ni mum cr5ystal size, which requires special crystallization procedures. EP
1 367 043-A describes a process for the purification of bisphenol A wherein

15 the cryst alyg) ¢f/8Bih REGIRL a PSS foR TR ﬁép%mioﬁ%@bis{ﬂhahﬁ&%h@:% ihhe

resulting solution is filtered at | east once before the crystals of
BPA- phenol adtleifitst step a suspessiah bf erystals wif BRgaphreno SadduibRY fillereiRmdENVENTI ON 20 A

process for the preparation qf hi puLjt | sphenol A is, djsclosed. The
multi- step ﬁf@ﬁ@@g@gimag}quma)therrg F\E‘)%éitﬁyfféﬁﬁ}s (ﬁﬁspﬁ’egd’éﬁ Bid gonfayang, esence
of an acidi c . a < Flpl st to give a
pr oduct m xt (i CRAE AT e RPN RGPV ousl

obt ai ni nd0f r aentrifegationddoweven] the vsrtinudysfidies) cehtrifugashiea ake Moghenol adduct by

suspensi on crystal]ization, 02 25 separating the adduct obtained in step (b)
by solid- i quicandeisdprlarashplapt eapecities demand a minimum crystal size, which

requires special crystallization procedures.

EP 1 367 043 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 |iquid phase to obtain dewatered
solution containing 5 to 15 % p,p-BPA, 3 to 12% isonmers of BPA and | ess than
30 0.3%water, f) introducing of at |east;90% by weight of the dewatered
solution -4 into step (a), g) adding phenol to the washed solid phase

obtained in step,d), to tai 0 eous eri emthat contains
Db aba " SRS o} Buetng e e A R B P BRE SRR o t ho
homogeneous L4 aﬂbmégé{esﬂg m@feYiaf §sfenfPthatld P%m% quherégﬁﬂﬁk by
suspension crystallizallon; separating 5 the crystal's obtained in step

(h) by soli d-ahdqmtdlﬁemammusm obtairihyg from the hemogehesud mdtenp]‘system i) washing
t he second solid 5 %le wi th a sol ution_ that cantains _phenol, obtain a

washed adductcrysiiroidisnheneh Apherrl addugi &y sa%m%?n erysielizatien; ﬁhﬁ?&atlnE)ETAl LED
DESCRI PTI ' L t nisto
provi de ags\ll qrr?g e p?%@eﬂs:agﬂgfd %St%gh)p%%)gi?al g%fnt aﬁilﬁré E‘S g@?ﬁtayéegéﬁg&p%eﬂo

especi al | y biphpdegj)ovashinguthé Secandsolid phasd wahasbhmsh t19#9 cBfifaink phepoleo a | ow

col our index and a high tenperature stability in the nelt. 15 A |ow col our
index is und@lbﬁatllé)@)é}’aéliedr?@%?tn@dak)dﬁ%%ﬁ the fpshedaddyet tegemovepheagkn  units. To
determ ne the col our index, 10 g of bisphenol A are nelted under air in an
oil bath at a tenperature of 175C over 20 minutes, after which the col our
index is determ ned i MMEDDESEMWI&NWW@VMONO determ ne the
tenperature stability his naterial is then heated for 4.5 h at a bath

t enperat i e a“ﬂlegbjewg@he prresett inytention iste peolidas simplreproressderdber ed again. A
hi gh tenperat g%%?&g%‘%gblghﬁ?@ﬁb‘ﬁ der tegp%c(i:la §blsngAOQ%thﬁ}aﬁlpn%yc?I our i ndex

i ncreases by
least 99.8%, to give a low colour 1ndex 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 followi ng steps: 30 a) reacting phenol with acetone in
the presence of an acidic ion exchanger and a sul fur-containing co-catal yst
to give a product mxture that includes gi sphenol A, phenol, BPA isoners,
un- reacted acetone, and water; -5 5 b) continuously obtaining fromthe
product m xture crystals of bisphenol A-phenol adduct by suspension
crystallization in at |east one crystallizer equipped with at |east one
heat exchanger, sahd pr ct. m [ ntainin .1.to 6 %Dby.wei ght of

wat er, c) separ ati% g tﬁé@%ﬁ%&?%&%@?ﬁ%ﬁn} %egfoe(%m?%l}x%rf c%ﬁ{?lfﬁlgf iquid

separation to obtain adigphkhdl APR&ER] addhcaby supérbidh@§Qallidatibn ivas sy of the
solid phase with a solution containing phenol to obtain washed solid phase

and a second |iquid phasecrys&llpgr equippesiwith atrlgast hree héatjexchapgersspidnd sai d
second |igquid phase to _obtain. dewatered lLutioon containing 5to 15 w. -%
o b BPA 3to 12 wt. - aroubhlieuEtuRinne 0 T PRy el e, | Co vater

the percents relative to the weight of the dewatered solution, fl

introducing of at least 90 wt. -% by wei ght of the dewatered solution into
step (a), c) separating the adduct obtained in step (b) by solid-liquid separation

to obtain a solid phase and a liquid phase

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;



g) addi ng phenol to the washed solid phase obtained in step d) to obtain a
honogeneous naterial systemconprising 15 to 35 w. -% p,p' -BPA 0.05to 2
w. -%of isoners of BPA and 0.1 to 10 wt. -% water 25 h) continuously
obtaining fromthe honbgeneous nmateri al s%/stem crystal s of bisphenol
A-phenol adduct by suspension crystallization in at |east one crystallizer
equi pped with at | east one heat exchanger; -6 i) separating the crystals
obtained in step (h) bf%#tmmpqwﬁ@s%@adamsm (hpbysalig-hqudsecond sol i d

phase, j) washing the %g?iaggtgonég olbfmg) %%%{\n ldaR% solution that contains
uc

phenol 5 to obtain a wa ﬁ% t he washed adduct to at
| east 120C to renove phenol. The process according to the invention affords
a bisphenol A with a purity of at 10 | east 99.8 wt-% of p, p-BPA, based on
all the conponent 3) cont“@sh@éthmsew@ whdcnh@seWItleaa@lpthpH@nmntampbm@;b (a) of
t he procegs according t %t e ntlﬁ(g,11 reaction of phenol and acetone
t akes placte in the presf%ﬂ §wg egé cé,ain n exchanger and a sul fur 15
contai ning co-catalyst to give a product m xture contai ni ng bi sphenol A
Step (a) 1is based on the acid-catalyzed reaction of phenol with acetone,

t he phenol / acet on&) r athieatingthe mashedaaddicito ptrledst A 201G/ tolreinoye phignodt ed t o at

| east 5:1. The reaction is conventionally carried out continuously and
generally at tenperatures of 45 to 110C, preferably of 50 to 80C. Acidic

catal yst s usathoielClochiotfy b ThERIBIAHED GEpHERET ARANPH futlldrana: o

crosslinked styrene resins aC| I C 1 0n exchangers)
10  least 99.8 wt-% of p,p- BPA, based on all the components contained in the product,

except phenol.

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 carljying 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



whi ch may be either nonodi sperse or heterodi sperse. D vinyl benzene is
normally used as the crosslinking agent, but other crosslinking agents,
such as divinyl bi phenyl, may al so be used. The catal yst is used together
with a co-catalyst, which conventionally is a thiol carrying at |east one
SH group and having a 25 positive influenge on both the selectivity and the
reactivity of the reaction. The co- catalyst nay be either honobgeneously

di ssolved in the reaction soluytion or, fjixed. to he_cat al yst itself.
Exanpl es of %?%Bﬁ’émeggéﬁlﬁlﬁfﬁ@dﬂb"ﬁ’ﬂ"@é’ﬁﬁéﬁ?%’ﬁt@ﬁit theaf1ySbhy dr ogen
sul fide, alkylg gulf m@%%e%rfldﬁhé‘t}ihﬁﬁmmﬁie%a a aftfo thi Btdrs deheOT

silyl met hanet hi ol and sim | ar conpounds. Fi xed co-catal ysts are
am noal kyl t hicolcataB@t auag alsy b dyVvaléritiy tonided t the natelykt as analigéthidlort he cat al yst

it being possihle for, the SH -7 group to he. protect, nd to be freed only
during or af ta@ﬁﬂlffrlx%&l‘recﬁqc%mpﬁ@ O%é@ea&;@i’s,t' It gfso %Slﬁ% PReve gxBoRTof

di met hyl t Qi a i d] . |thio esters. The co-catal yst
may al so be é@%/%cf&eﬁngyégggsﬁgé%d@?eﬁﬁg@gdgt@gﬁ%st as an al kylthiol or
arylthiol, or be a constituent of the catalyst. It is also possible for two
or nore of 5 the co-catalysts described to be used together. art from

unreact ed phéerart fara upisested ahenpl ardersinaally peetoneothgrodick migturerformedl in the
reaction of Eﬂﬁ:ﬂgrh%f\@foﬁ N ﬁﬁ%ﬁ@?th'a@et%ﬁginothg Fessiic %g ggﬁkngﬁ'afalgsﬁo%lr%ﬁﬁss contains

essentially wat'e ese are acconpani € S nts of isomers

10 as typi calesdytifyBP A and MatdrNBheéze aetaREGhpatied BRGhAIPAno@it3 BPis6fmeRRei NY
2- (4- hydroxy- phenyl)-2-(2-hydroxyphenyl)propane (o, p- BPA), substituted
i ndanes, 10hy ds typyqaih byrpradugdtsied tis congensatigipreaetidne bxaonplesbeing 2(d-hydroxyndanes,

cubsti it od HACPOIS SRS S et isneg, angham gl condensed
and di acet ona el R B e R e ¥ et one
and react i on imdenhlsj sybstituteédemnthenes and more highly 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



in the raw materials. The reaction in step (a) may be carried out in such a
way that the acetone is 20 conpletely converted. For econom c and techni cal
reasons, however, it is usually <carried out so that, rather than 100% of

t he acetone being converted, up to 1.0 ws % of acetone still remains in the
reactor outflow The reaction may al so t'a§<é pl ace in several reactors
connected in series, the total 25 anpunt of acetone being distributed so

t hat acet one ha¥e tphecsenarated ofidosuitable progessgs beeashigh praty ds atgch reactor.

and avet one ol BB clBrhle s IEREL Fic] Srdd PRI D 2 St on O

polynmers and -8 have to be separated off by suitable processes because high
purity demands are nmade on the BPA, especially for the pr%parati on of
pol ycar bonat &romkgprodect migtie ebtaingd in sep().avhiek contains 8d toH)wi-%andh cont ai ns

0.1to 6wt g%&gg}ﬂy‘rbdgtog §La0LY wgte?, g?’)ﬁta%s l%%ﬁh%{l%l\’%%)g%)no(légﬁﬁgtt%}es of

bi sphenol ~A- phenol “a are crys I'ze conti nuous

suspensi on Crc?i‘stai;ll_ﬁieidm_t inodtep (bl By PémitHGhs su¥pdsinecrpdalBEatRah. The podact(a) is not
subjected to distillation upstreamof step (b) or (c) to renove readily
vol atil e congrixtureobtained fresteni(a) és natisebipcted ® distdllation apstreany of stem(bay t ake

pl ace in one Qr, nore cr al l.i.zers nnected i n seriies. The nean total
resi dence ti @%fwl{lﬂvee r@%@b@éﬂlgﬁF ﬁ°‘fsﬁf%§n§sr(§¥’§f'§f’r& Ya&EDon stage is preferably
30 mnutes to ten hours. Wth a correspondingly slow crystallization, the

i nclusion of nother liquor and the incorporation of inpurities into the
cryst al s 10of TheArystedlizakion duhydikerpdacelbin onw of nlerk drpstallizerg camteetst] ipogsisbl e

extent. The ¢qoling.15 is effected. indirectly by nmeans.of heat exchangers.
'n the cryst AHemeE IRl epidencs g,k heeryptaledn fhis brpligation #8548 50C i n one
crystall i zat PRESbRR0 Rl 16 Rhho shw%lvaeemésﬁ&ﬂg@ bW drg@bioftidnakes pl ace

in tw steps, the ct mxture bein
the inclusion of mother liquor and the incorporation of impurities into the crystals

of BPA-phenol adduct may be avoided to the greatest possible extent. The cooling

15 = is effected 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



cooled to a tenperature of 50 to 65C in the first step and then to a
tenperature of 40 to 50C in the second step. In both enbodi nents the
cooling is effected by 20 neans of one or nore heat exchangers per
crystallizer. In one preferred enbodi nent_the tenperature of the product
m xture i s adjusted upﬂremnofsta)(m9toeatemmrmurethatis at nost
5C above the crystallization point. 25 The subsequent solid-liquid

separation, eopawions filtersispel aprotany Pﬁ”ﬂfﬁﬂb@tql‘%)beltem@rs mdmhq@lwrs} Isisep (d) may
be carried o f‘ ferable tJ) #oua?'g e aﬁdggttg%ufaﬂ vacuurﬁJ o&%’?%@tg IS 1 i appar at us:

continuous frlter cen S suc SRR CONVE fuges or pusher
centrifuges, batch fil ter centrifuges such as skimer centrifuges, and -9
continuous filters such as rotary or drumfilters, belt filters and disk
filters. It Jlsthemaeﬂr@frfdﬁa@onbymgglsmftaaaaymtm retanydiltencthe Sitrationliar | y vacuum
rotary f| ters filtra s of a vacuumrotary
filter, e me?rlagl[ |°8W %s ?8?%@&8%#@%#& g%ala ut as described in DE 199
61 521 A. The washi ng of the solid phase, especially the filter cake, is
effected with a phenolic solution, which extensively displaces. the nother
| i quor remai dihagvashing loéthefsplid phase sdspecalty tlhc didter ¢dke, is effected withfa BPA- phenol

adduct fromi ur|t| n Oth fac he filter may be
Saahon w oh Bt safiBeR Rt SftebGyaly shRcchs Bbier ftersemeiing Biheng of
di fferent Comeﬁéélcb‘&ﬂ&ﬁe%% fafs &ml*Aﬁ;Hen&%l&&ﬁ%%bﬁﬁi&dbu%e@édlﬁﬁﬂkﬁur91_
e.g. via spray nozzles. Averad ed over the total anmount used enolic

sol ut i on1§r etlersubfaye. d‘dmtfﬂﬁen&l@tn&ycbeﬁ@ashsd with%sirigle plimobit sol@tién b0 15 wt - % of

BPA and 0.05 to % of. i so These 15 concentratiQ are based on
the sol utionSWef%cBll}anlz%I@PH’é‘%?g ff?mbcoamuws wﬂqeharﬁr?@ﬁmff ¢ solution used
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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



of water, based on the total anount (of phenolic solution), and 5 to 100
wt-% thereof preferably originates fromstep (i) and/or (j). The
tenperature of the washing liquid is preferably 40 to 85C and particularly
preferably 45 to 70C. 20 In the case of a rotary filter, part of the
phenolic solution fromstep (i) and/or (jyy. may be used for rinsing the
cloth of the rotary filter in step (c) an c?( The adduct crystal s obtained

in step (d) in the f f|| cake ref erably
have a BPA pPTE3POBHS {i’niqotgagp ﬂ%/%a% ﬁafﬁﬁe&eﬁg@wﬁ %&%&R land
secondary corﬁaaﬁam&eaxf{dsrﬁnrl@&i@wéferaprysyottbgom ghe filter cake as a
proportion by weight of the liquid adhering to the crystals of BPA-phenol

adduct, based on the total weight of noist filter cake, is below 40 wt-%
and pref erab
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anount of filtered crystals of BPA-phenol adduc he anount used Is
preferably SOVaSbInQDespeGl@HyMmammqntpﬁ@tmﬁﬂem-%saﬂmvﬁhehmilyasdJE)O p&rtr ally

removed by distillation fromthe phase obtained. in ste and (d)
fromthe sol |/(S‘J 1?1”%‘38‘?’&‘?‘? IrP u‘? }onf‘ ﬁm%?‘{ﬁﬁtlolb%fﬁéﬁogﬂ to a

content of 0 aFnQ/oP aﬁoﬂfoﬁ%ogé te EatWﬁ éq'ec#'ﬁg& Loldforontafd %&‘Egﬁg{ly 5o recycl ed

into step (a), optiona ter the additfo acet one, and/or a

hormgeneous as Wtayoainuiahﬂ1cﬁthelyrp@éfﬁﬁb506.5w L0 o, 60ppaBRA gdefteriabltysS to 15

-% and particularly preferably 6.5 to 10 w-%of p,p'-BPA and 3 to 12 wt-%
10 of isdRer®f 1&9§t@&i,ﬁb§meﬁ18§'@p(?)e) In the next step, (g), a honmpgeneous
solution containing, inter alia, 15 to 35 w-% and preferably 20 to 30 w-%
of BPA and 0.05to 2 w -%and preferably 0.1 to 1.1 w-%of isonmers is

prepared by afleidtExstoh g plalh@n@géﬂsouggbm@oﬂ sht£ihing! imtey aBh, 1546 38RA=Rhenol
adduct obtained in step (d). This is done by m xing the crystal s of
and preferably 20 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



BPA- phenol adduct with a phenolic solution, the tenperature of the resulting
solution preferably being 70 to 100C and bei ng adjusted so that the
honobgeneous solution is subsaturated. 20 In one preferred enbodi nent, the
crystal s of BPA-phenol adduct noistened with phenol fromstep (d) are first
nelted to give a honbgeneous nelt having §.. tenperature of 90 to 140C and
preferably of 95 to 130C. A phenolic solutlon |s then adm xed. This

BPA. phenol s SHLDTnd Rare e T B 1 A Ui IR FORRIRBLPRNGI ual 25
cont am nat ed aEidthe sd1uG8R WiBolt!thidhg ﬂfeXﬂt&J {o%REb@H, step do not dissol ve,

causing contam nation of the ena pro uct . T e anount of phenolic solution
used in step (g) is adjusted so that the resulting honbgeneous sol ution has
a p,p' -BPA coptent of 15 t rbég %9 and, pref erably of 30 20 to 30 wt-% The
concentratio omogeRsoRs falugiomel BEA 3n pheng; Pispared iy sieR (). contayns. 11 0.8 wt -

and partigul aplegpr ?foam%}%)ggf&zﬁepar{ﬂ clflarl) 1SRN 69 BT are based

on the solution W thout ta t he wat ccount he hom)geneous

sol ution of BRferi If tidisomdgepe@padition Wesd Bxohfhin A6 Watkr " iaceasthgr ably 0.1 to
10 wt-% of water and particularly preferably 0.2 to 3 w-%of water. If the
hompgeneous  $B10ynt efrcigslas chstabomewd ke ﬁbtamﬂéﬁ thegiext step ebieng  anount of

aci cul ar - cr o al i aagh difhSnORALARt oh S NLI B thtpﬁqu& Rt al i zation

wi th the | ow concen rat ons of I1sone quor t hese

crystal s may the3adrysrlsuaiy lead tavaeidus ploblems ifehdplant nalﬂallyﬁinlr’er aligter alia, 10
accelerated fouling on cooling surfaces during the crystalli zation, and

det eri or a0 onccelgrated éoumgmnrcgom sustasesdusing thecryslellizeliond and deferioratipar at i on.
This may detract fr roduct The res ce of roduces
sturdy cryst g?gh wasgmgs(?’tlégflgarwoélﬁén ﬂt% aﬁéi‘ﬁ“'@rsﬁg‘? . WIBBY/Q‘\F,@E’CF ﬁgg‘pr esence
of water in YREHBIGDQEARY P FBen8I6f Whker produces sturdy crystals, i.e. shorter and

thicker crystals. Moreover, 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.



the crystallization has the effect of reducing the incorporation of
inpurities into 15 the crystals, allowing a further increase in product
purity. In another enbodi nent according to the invention, independently of
the operating tenperatures in the crystallizers, it is possible to add
acetone in concentrations of O to 5 w-% based on the resulting m xture,
as a further degree of freedomother 20 than the addition of water. This
nmeasure nmakes it possible, inter alia, to optimze the crystal norphol ogy,
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means of heat exch er.s. -12. The cryst,allization. may take place..in one or
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t he i ncl #8i omtep$, thopiloductimiogtive being codled tonctemperanire ofi4Hto V0AGLInithe st i nto t he
crystal s of BPA-phenol adduct may be prevented to the greatest possible

extent. |In tKepEnghen tpiatempapturdef Irtedate imihesesandsigp. Bebatbol ed to 35 to
55C in one al lization.st. f exampl e, it i ible for one or
more oryst al Erapnent Bk ONRIS red b EBAR, Font by KGR SRihpRecH, o8
crystall i zat icpRtaldért ake place in two 10 steps, the product mxture being
cooled to a tenperature of 45 to 70C in the first

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.



step and then to a tenperature of 35 to 55C in the second step. In both
enbodi nents the cooling is effected by neans of one or nore heat exchangers
per crystallizer. 15 The details of an alternative enbodi nent of the two
crystallization stages (b) and (h) are 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 orhesybsequentsokid-linyidsspasplianasteni(i), gspeaiedly fdtration, sadyashingii n a

pecific 20 (aRSBARR LhUNATE YRR BRI GRA PP " T (o

steps in sericeftimsous filker cenbrifup€bubhihs sdtednvédniiefdr @E@iiFudee BPFlisher!l € ranges in
succession. The stepwise _crystallization in the first stage achi eves a
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| onger worKki f@{% 5 Sfu(SHS? r%?‘fé' %ggpgggﬁgﬁedgﬁgerf %ndzj‘%lglgﬁﬁfﬁévﬁds W%CE&S’%P%I lization
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m xture is adjusted wupstreamof step (h) to a tenperature g]hat i s at nost
5C above t he tengesa bipk of spriaatus thai is also-empdoyed én step D qudid). sol i d-1i qui d
separation step (i), especially filtration, and washing in step 6) are
carried out e.g. in or on one of the follow ng types of apparatus:

conti nuous fimft}?ercaﬁéf‘&fﬁftxfaﬂ%§¥ﬁfé&|‘i§ S W LGA PotaR Wik Ofhe $4tdn{i9ES OF pusher

centrifuges, batch filter centrifuges such as skinmer centrifuges, and
cont i nuou$ 5 piréfetablyscasimbhow s descebed mrDE A 9961 SRt Ars, belt filters and disk
filters. It is preferable to use rotary filters and particularly vacuum
rotary filters. It is particularly preferable to use a type of apparatus

that 1s al O IRIAKRE drthedofil phiice, ARECiLfY theldlhet Bkl R¥reBlealWittf 4 a1 1 ON bY
means of a vacuumrotary filter, t ITtrationis
phenolic solution, which extensively displaces the mother liquor remaining in the
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, e.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.



10 preferably carried out as described in DE 199 61 521 A The washi ng of
the solid phase, especially the filter cake, is effected with a phenolic
sol ution, which extensively displaces the nother liquor remaining in the
filter cake and frees the adduct crystalq frominpurities 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 mxture, via spray nozzl es. The phenolic sol ution

used for Was*’['h@%dﬂﬁl‘i‘ #ﬁ&ﬁsﬁ&&ﬂhéd f-“’s@’ep _1ﬁttﬁé E)nﬁfonPﬁT@Eval | a%gt tin
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SO|Id phase noi stened with phenol, esp eC|aIngaa filter cake noistened with

phenol , pPef élnmmafxéltaeemstatmf BRA-phengl addust tThegn®unt usgd ibased on t he
sum of BPA and onents. 5 The residual noisture in the filter
cake as a prBHg%?$@2%39$R€ﬁgﬁt of the liquid adhering to the crystals of
BPA- phenol adduct, based on the total weight of noist filter cake, is bel ow

40 wt-% and preferably 15 to 30 w-% Preferably, the anount
The liquid phase from (i) and (j), especially the filtrate, 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.



of phenolic solution for washing the filtered crystals of bisphenol A-phenol
adduct is chosen so that the anount of washing liquid corresponds to 20 to
120 wt-% of 10 the amount of filtered crystals of BPA-phenol adduct. The
amount used is preferably 50 to 90 wt %_qEhe liquid phase from (i) and (j),
especially the filtrate, fromthe solid-lIiquid separation of the second

crystallization stage, (i), i.s used jn step (g) for mxing 15 with the
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stage, ther elperabiditpvi ng the product purity. Dehumdifying filtrates are
understood to be those filtrates which are renoved fromthe filter cake as
resi dual 1Qashing 1iquids on applying a 30 vacuumof 5 to 500 nbar. -15

Anot her possibl e way. of |owerin he isomer concentration i e. second
rystal || 2at PovAePReS P el e Brosd S enei e 1 praperfd SEBERG r oo
purity consingb Sateforf P BuAty, Renély aBIEOwWth2%puriky 6f 7. 81 99.95 Weod Gnd - % of
the filtrates obtained in step (i) and/or (j), passing the bisphenol A and
i soner - free tigh-purity BPA with a purity of at least 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, 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 BPA-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.



5 product, consisting essentially of phenol, water and optionally acetone,
to step (g) and/or step (j), optionally after further purification, and
recycling the bottom product, enriched in bisphenol A and isoners, upstream
of step (b). This neasure affords better,.control over the phenol bal ance of
t he plant and hence inproves operability. 10 An alternative enbodi nent of
the process conprises the preparation of BPAin tw categories of purity,
nanely a BPA with a purity of 99.5 to 99.75 wt-% and a high-purity BPA with

a purity of afpd @asiheRst fsWeerl? mltéla_rkﬁ”ff& 121s gllse?e\ngl'}z%fﬁ?ﬁ%&?@gn ahfi®
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possi bl el@o prepare bisphenol A with a purity of at |east 99.8 w -% of

Phe phenol habisais AeireadRorh ¢ iR BRer LD 5 Bk o0 ppm and

measure of the colour.

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 YI.

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



particularly preferably of max. 100 ppmin step (k), a bisphenol Anelt is
obt ai ned which naybe used, optionally wthout prior solidification, for the
preparation of 5 polycarbonate by the transesterification process (nelt

pol ycarbonate). However, the bisphenol A-nelt may also be solidified by
known processes such as the prilling process, or by exfoliation, for sale

nycr oxi de. soleh )k Hen (Ao tBhEy b dFp EihG e d R HBHAE & by 1 ho

phase boundargyconatch@ehlliZtion Biep (Bi ot@psiPeanPb's _bcMliyhf el OW yel | owness
I ndex (Yl) of max. M.S as a e?réasu?% of the ?o?mt] lﬁaIcn gnot ﬁer enbodi nent of

t he process, cphgeniratien q>fstheex¢a;pmpam¢$ in thesteepnd &ystaltizatéogi dagel becamepsrenol
contents of 0,20 W - as_desc 787 A.and . this nelt,

wi t hout prio Folae frepara < SApOTaLoH %‘ﬁfté‘li’“\%‘toﬁg}t? ﬁ’i‘r‘?f}? Zr&%ﬁfﬁ%?fgff@“by the melt
process 0 b @d)Cas al; | e wth a | ow
Yl . The Ilsqu%elsgh)ggexjgg{ 2% ?Srao%hg?]g@ggﬁlog ﬁ%ﬁf‘%@?ﬁggg{#%n step (c)

and (d) 20 (rmtnlpmredamtllMasépamjlomaﬂwate)'ucﬂmtrmmmmhtenol BPA, wat er and
optionally acetone . and §1% cataly nd is enriched.in the g)con

conponent st yHIE 3ok uof heqagfeny S“F%%B‘?"éeﬁ%rstﬁ’l(@r?‘“éf(dm Stefh@) {rder | s
separ at ed fr%’%’éntfl?vel\i'ﬂéijg Fnlﬁcﬁﬁre%tﬁ* Q)f({(‘wt §Psc(-‘c‘&l&;;ﬂrlﬂsc§18? e(l%mt her and

washing liquor) to residu ontents preférably of 0.25

w-9% and at tdkeasif IBiswart?dl sfrednhis witiiravin ﬁgnﬁl!hbpfdc@fs dhain’ds soayled ed into the
reaction in step (a), with the optional additiqgn of acetone, phenol and
co-cat al Y8t . BRAWS%OPWH&@%&@ ee LY PAPheneL. isapeopeayiphenaly bisphenel

o o 8 25 Pl e SR O R BBt O st a5, o

the phenolicbag@dtion transferred fromstep -17

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



(i) and (j) to step (d), and optionally to recycle the resulting distillate
into the second crystallization step (in or--upstreamof step (h)),
especially if the <concentration of these conmpounds in the second
crystallization stage beconmes so high that a separate evaporation or
distillation of the solutions transferredrom5 step (i) and (j) to step
(d), as a rough separation, offers econom c_advantages conpared with the

separati on ofTomefstystals fopnd mder sieadyrstate conditians had fhephepel-rege mat eri al
b i1 . )
partial st esbrBpSBol o fible 2w BPuity aBichlaf Bysal R CURGIE' O ; °

This partial streamis wthdrawn fromthe process chain as so-called 10 BPA
resin, optionally after the recovery of phenol, i sogropenyl phenol , bi sphenol

A or other corhssietalsobBBAMbenerdingt flteradrofhstep () apd maphediinwtepdhci d( s)

and/ or base(s). B f.exanpl e h i.schar e.subjected first to
rearr ange?renﬁ%%m%t\é\@w%’%&% %Rhé%?glﬁg%lgé?l} "?sﬁ%n@‘go £° ncentration by
partial di st iHohigbmidudfoltifién ediaifing 73R6t-%REPhémd1CIV &9 bf BRA iafldd 130
filtration. The distillate obtained may be used to wash the filter cake and

rinse the cl &blfispmers; ppghopmn ivrkableal, sow@nt ai ni ng BPA may be recycled into
the first crystallization stage, (b), and the isoner-enriched nother |[|iquor
may be worked up further, preferably by distillation, to recover nore 20

phenol . EXAVAiHES datégERbSus Softtion BHOWR iBable £} BROLWaS mitediwiiiwakt & fed in step
(a), containing 70.1 wt-% of phenol, 22.0 wt- 25 % of BPA, 6.6 W -% of

i soners, 10. 1 ratio 66 31 amd enystaliideduddentheléondlitinnsd esasbed@@ssidanat tioeuicled
continuously into a crystallizer for the 1purpose of suspension

crystal | i zat i3} heategchagger, temperatyertdl¢) @ad icontallizajen stagnsterehl- r esi dence
time in the gysiahl b78HAYRNo! 2dET FolddGundbe b d§- RS cSididtlsAped through an

external heat
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): Comparativé 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.



exchanger. The tenperature of the crystallizer was thus adjusted to 41C. The
-18 crop of crystals found under steady-state conditions had the phenol -free
conposition shown in Table 1, row 1. A sturdily acicular crystal habit was
found. The crystals of BPA-phenol adduct filtered off step (c) and washed in
step (d) 5 were nelted and m xed with a'lgh'enolic solution in step (g) to
form a honogeneous solution containing 77 w-% of phenol, 22 wt -% of BPA
and 1 wt- 9% ofhi§ kgypegencoussolimtionvas srypiablized inderdhe conditigns deserihgd rboves

sol ution sho in Table 1, row m xed with terodn.a 10 ratio of 99:1
and crystal | 1BetnseEpE b ok TR R, bGP o lle d spiiabiBh,

external heatcrxfiizition iwithoibe padseiic® of Water (Zittlcr§stiBizatidd sl? )OTheSt age, step
(h)). The crystals of BPA-phenol adduct found under steady-state conditions

after filtrarystals of BPArmdengl odilngy foundsundgr steadytstate comulifyonsradler filtzagion
conpositign shgwn j.n Tahle. 1, row 4. A stur slightly acjcular crystal
habi t V\B.ng od‘ﬂg.waf n@ﬁiﬁﬁe@h’fﬁ(ﬂ).ee(fSHFQF@PPﬁﬂg@MZﬁ’HCLEBWO% t mxture
obtai ned analqgef YcibBaSdriRal(abit wal B @idM TR produd: 39m>%va$ lowRR&fdlin 22. 0 wt - %
of BPA, 6.6 W-%of isoners, 1.1 w-%of water and 0.2 wt-% of acetone, was
i nt roduced cdixaimplolis) accomding ta the inyemtidni zer for the purpose of 20 suspension
crystallization (1st crystallization stage). The nean residence tine in the
crystallizer was 1 h and the m xture was circul ated through an external heat
exchanger. The tenperature of the crystallizer was thus adjusted to 41 C
The crop of crystals found under steady-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 m xed



with a phenolic solution to forma honbgeneous sol ution containing 77 wt-%
of phenol, 22 wt-%of BPA and 1 wt -%of isomers, as shown in Table 1, row
2. -19 This honpbgeneous sol ution was crystallized under the conditions
descri bed above (residence time 1 h, extgrnal heat exchanger, tenperature
41C) in a suspension crystallization without the presence of water (2nd
crystallizati stage). The crystals of BPA-phenol adduct found under

st eady-state tions after filtration 5 and washi ng had t he phenol -free
conposition shown in Table 1, row 3. A distinctly acicular crystal habit
was found. The product puri was |ower than in Exanple 1 a) according to
t he inventi offuritpof thg[grygtalqu:fle RA-pherfol adduct wythout| teking tHeiphepdlantl adduct

wi t hout takin enol coun and conposition of the

recrystall i zé‘??(&w ’faglgﬁo’%‘p?ﬂ ?fb?f'?\‘?\fec% Hbz %'ﬁ) | soners [wt- 1.

crystal lized once99. 290. 71 2. recrystalllzatlon feed77221 3.
recrystallized99.840.16 (Conparative Exanple | b)) 4. recrystallized,

addi ti on of 99. 880. 12 wat er ( Enbodi nielttendl @)%Y prypBRAwt* plsenks [wisol uti on
containing 4 w-%of acetone, nmax. [0. 1 wt-% off%pter, 9 W %]

1. crystallized once 99.29 0.71

2. recrystallization feed ' 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).



*-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

mer capt opropionic acid as co-catal yst. The reaction product contained about
24 Wt -% of pp'-BPA. After the addition of,a partial streamenriched in

p,p' -BPA fromsteps (c) and (d) and (i)'Zaln'd 6), BPA-phenol adduct was
crystallized continuously fromthe 15 resulting m xture in a first

crystal | i zat i1 fHteageke was) first meltedoansl thepsmigedsuithc phenolig sciution thgize e ot al

resi dence ti f spensi bei cool .a he heat aqf
crystallizat irﬁlc?))ﬁn% Frgesﬂt&%g@ggmg% %%’a@‘og}*e sr%!auag’né’g%pnagegiglgr e vaaﬁeco % |e§-l iquid
separati on of25tyae%SIfpRe B Qlnd 0.3S4teR dfdonyRS WaeF wWasaddell before¢ 20 vacuum
rotary filter, the resulting filter cake as well being washed with a

phenol i ¢  solcaystadlization &b give a5t dontent epl wtHs in the hFimegérnconesolutide Thas fir st
mel t ed ang then m xed fyv'hth a.phenol j.c s '%oﬁ” to give a honpgeneous

sol uti on Pn <¢mMperpQye ofife saly Wé?la‘iﬂ‘%f)‘gpe n this way contained 25 w-%
of p, p' -BPA and 0.3 wt-% of isoners. Water was added before crystallization
to give a water content of | wt-%in the honbgeneous solution. The 5

t enper at ur e dfhetrbyeas arlysthlliaationbin st (W vasicdrfied 86t contirudiepaattwoswps al | i zat i on
in step (h) was carried out continuously in tw steps at 54C and 41C, the

suspensi on bé¥tg 28d 41 € thhenspensiancpinggooled andshe heah of erystalizationpat ed by nmeans

of heat exchangers ..n each se. The residence ti i, thi 10, .

Crystal || rat Conparg g R oEBET enciipt P ERR < P wrlishr BRI 111 ¢ er e
on a vacygm rcpysedngﬁiohtsggeq?dymw (j) at about 55C with a phenolic
solution containing max. 0.1 w-% of isomers. 15 The resulting crystals of

BPA- phenol adduct noi stened with phenol, having a residual noisture content
of about 25 -% were then. nmelted and t he phenol r enoved t her nal
Separation’i i steh ) Bhe suisprmioBorasdiergt o v asm TRiar fler 4 s af

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 BP A-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.



the BPA nelt, the BPA obtained had a purity of at |east 99.9% and a col our

i ndex of less than 20 Hazen units. 20 The nother liquor fromsteps (c) and
(d) and (i) and 0) was extensively dewatered. A partial streamwas taken
fromthe dewatered nother |iquor and subjected to distillation of the part -
of the phenol. The distillate was used td4mash the filter cake and rinse
the cloth. After further separation by neans of crystallization and 25
filtration, Zxamplednfimulating oftartwarstégesnystdlezaBPApesoesched bott om product was

recycled intq t.he . first crystalljzatiop.stage b),.and the isoner-enriched
ot her 11 quar SaigB b of A P erslah8 BB brocphunb e preparadia o 5

Si-mul ati on Oy SuMly BlspRéhof AYis Hadckibédbe1BR . PhOSiRRTatdnS Wi Parfdihedt udy of a
two-stage crystallization process for the preparation of " high-purity

bi sphenol A usindésceonimerciabbafiward packagenilspdn Cnsomdvedgdaf Themfiwatsing t he
commerci al software package Aspen Custom Mbdel er e. The software is 5 based
on a process PAtEn afrpeess odehyitspestal modelsiprthe seaction (etaileddpactigny eact i on

ki netics), f . iLnety.cs. i ﬂ'ﬁn ! rlda k:n._the
crystallizat %ﬁ?l%hﬁgﬁ%oﬂrlﬁ% cgfgrf{}%ggéfdgﬁ%%{e?%ﬁ ons. ‘ﬁé ie‘{p?ﬂ?&k’fd"azzaa? on of
acetone and phéfdlotlied bgsiv epdrationsBPA and i soners, with the 10 formation of
water, in adiabatic fixed bed reactors in the presence of a co-catalyst

under the following inflow conditions: 4 w-% of acetone, 0.07 w-% of
water, 9 w-%of p,p,-BPA, ~tepperature: 52C 15, ): The reaction
roduct s, " conh @ingresanien of e 4Bl BhéighR sive e T utd komerrat i
crystallygation staggrmydii &6 valéY, Rh&IMYatie #ted bed\Ractors in 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



crystallized in two steps at 54C and 41C with a total residence time of 5
h. The cal cul ated purity of the crystals was 99.68 w-% based on 20

bi sphenol A Step (c): The suspension was filtered through a vacuumrotary
filter, Step (d): washed and dehum difi ec& on the same vacuumrotary filter.
The filter 25 cake was washed using a |o'ar3ﬂ al stream of 27% of the
filtrates fromstep (i) and (j) corresponding to a ratio of anount of
washi ng | i quiRiTtia) streams was usad togetherwithresynlediphsnols fiom theeplaHde slepn thept her

| i quor di schqﬂ&?g%oftﬁ.om the recrystallization stage contained 30 9 wt-% of
p,p -BPA, 0.3 w-%of isoners and 1.3 wt-% of water. Some of this -23
partial stream was used together with recycled phenols fromthe plant to

clean the filter cloth., The dehunjdifjed filter cake had' a resi dual
noi sture cont@?t‘{e F"‘%%EW filggr opfg harg%@mdﬁa]i%é?‘ﬁ cadent ph &y Priontithdhe | i quor

still adheri . I . . | = inhg |iquid,
the puri t?/’ 01[1 ﬂiphgu%%‘lﬁ?rgrtﬂiaggh%gyﬁgb? Spggﬁér{g&tthzt?%é%lg’d&?iﬁ@%s 99.4

W - % based dsonverdadddRPeshiigdiyuid)the puiity bf tHediltet ol dffeplvatialy therotargl t ed and
mxed with the residual 10 filtrates from (i) and (j) so that the

concent r at i orfiltst was B9-4BFAY0; baseden piphBPdw of the second crystallization
stage, (h), was 23 wt-% The solution fornmed also contained 0.3 w-% of
isoners and 1 w-%of water. 15 Step (h): Crystallization in two steps at

54C/ 41 C wi t Igia, ¢t alThé ARECGRE robd (@5 wak meRe®arl mbia widh Gidladigghipurity of the
adduct crystals was 99.93 w-% baSed on p,p' -BPA. Step (i): The suspension
obt ai ned 1@as filt er efiltsttesgrom (i) and (j) so that the concentration of p,p’-BPA in the

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



20 Step (j): washed with fresh phenol and recycl ed phenol streanms fromthe
plant, .and then dehum dified. Part of these phenol streanms used in step (j)
for washing was also used to clean the filter cloth. The anobunt of washing
liquid used to wash the filter (j) cake wgs 71 Wm-% based on the solid 25
obtained. The filtrates obtained fromfiltration and washing in step (i)

and (j) were conbined and recycled jnto steps (d) and _(g) together with the
filter cloth cleari nFPRATAHQB Lo 2 tgsidyal yalue Ornpm @ythe BP& mglts They 1 esi dual

noi sture content of 59 A% BENA - et s reduced
by neans of thernal %ﬁl%égg?ﬁgﬁﬁvgﬁﬁ%g%{oﬁ%% @ugﬁeval ugleg%%%g‘géaphp?% n the BPA

melt. The resultingppitgdbBasvtpasiused 60ppt-BPAG) . The BPA nelt obtai ned had
a purity of 99.92 wt % based on p,p' -BPA. 5 The nother and washing |iquor
fromstep (c) and (d) was dewatered to a water content of 0.075 w-% A

partial stre th of. of 4 ondi n % of the total un was taken
off in order a]fﬁg B %haélpd’:&aas{lwgslﬁg%g?lg Sge% (éﬁ%r(gi‘lﬂﬁs é?v{[ag?md g“o”a/???’ie?eam_
recovery of tdafteRNGIMO75 W%, AepaEtislishgar @idrest! cdrfepSifiivy @R offtteftetal | i quor
was recycled into the reaction in step (a), wth the addition of acetone, 10

phenol and a apuphedsyaken oficio ordsr heydischargrethe ispmens dsoBPAresdy afterhe i npurity
content of th roduct decreased, b %if.the filtrates framfjiltration
and washi ng. 1RV BEE fepbiiof i Rherd- Tk itk pestiob b6 eE¥psrelether, Such
way that the pRbh@hs febfIQ infPhe r&Ravh lstéP@S wilip th¥allitiod @TBEctodd i | trate from
the filtration (i)) was preferably passe 0 step (d) and the washing

filtratedOf r o] amdaecopatlyst.abl y passed to step (g). Al though the invention
has been described in detail in the foregoing for the purpose

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 (1)) 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.



of illustration, it is to be understood that such detail is solely for that
purpose and 20 that variations nay be made therein by those skilled in the
art without departing fromthe spirit and scope of the invention except as
it my be limted by the clains. -25 WHAT, 1S CLAIMED I'S: 1. Process for the
preparation of bisphenol A conprising tmg%tﬂlomﬁng steps: 5a) 10b) 15c)

20d) 25e) 30f% gg reacti na Ehenol with acetone in the presence of an acidic
i on exchang I taining co-catal yst to give a product
m xture that includes bisphenol A phenol, BPA isonmers, on- reacted acetone,

and water; continuously obtaining fromthe product m xture crystals of

bi sphenol A- phenolpragtds €dr tHé/p&F&E@d}ﬁbﬂHis;ﬂkﬁ&t@hbﬁlﬁﬂﬁhgEhei follawirl : one
crystallizer equipped with at | east one heat exchanger, said product

m xture containing 0.1 to 6 % by wei ght of water, separating the adduct

bt ai ned in st by _sol i d: i gui. tion to obtain lid ph d
2| Tquid pnase. wadh ng 5ok hais M REGRE i R Pt BielioB #0688 ni ng phenol

to obtain washed soli ¢y r 4HAh sulBeeoMSintigtel AP sS giveaprdduct N9 the
i quid phase and said second |iquid phase to obtain
mixture that includes bisphenol A, phenol, BPA isomers, un-

reacted acetone, and water;

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

product mixture containing 0.1 to 6 % by weight of water,

15 c) 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,

20
e) distilling the liquid phase and said second liquid phase to obtain
dewatered solution containing 5 to 15 wt.-% p,p-BPA, 3 to
12 wt.-% isomers of BPA and less than 0.3 wt.-% water, the
percents relative to the weight of the dewatered solution,
25

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

solution into step (a),

2) adding phenol to the washed solid phase obtained in step d) to

30 obtain a homogeneous material system comprising 15 to 35 wt.-%



dewat ered solution containing 5 to 15 w.-%p, p-BPA, 3 to 12 wt. -% i soners
of BPA and less than 0.3 wt.-%water, the percents relative to the weight

of the dewatered solution, introducing of at |east 90 wt.-% by wei ght of the
dewatered solution into step (a), addin henol to the washed solid phase
obtained in step d) to obtain a honogeneot’s material system conprising 15 to
35wWm.-%-26 5 p,p' -BPA 0.05to 2 wm.-%of isoners of BPA and 0.1 to 10
w. -% water h) conti rupuBRA,Od5HoRi wig-% phisombrs of BPFgambolido dwmerfal system
crystal s of bisphenol A-phenol adduct by suspension crystallization in at

| east one crystallizer % fﬁpped with at | east one heat exchanger; i)

separating the cf yigt al sonlthddd Htﬂnﬁ%%rﬁﬁ%}ﬁﬁqo%%éoﬂskﬂa%ﬁa@s%s%?ﬂar ation to

obtain a second sol'id phase, washi ng the second solid phase with a
sol ution that contains qrjvm:dsybf brsphenbtAfphenol\nddmtdbyadshmmpnarydtalkl)zatiemti ng the
washed adduct to at least 120Cto re henal The rocess accordi ng

to Caim? characterize8 3f IfagpRe coit bzeg Wpedo}?{lthﬁrlé‘?séf”%%h 60 to 80 w.-%
of the liquid phase Obte@(icﬂeﬁ%ef,n sum.in step (i and j) is used in step (Q).

1) separating the crystals obtained in step (h) by solid-liquid
separation to obtain a second solid phase,
10
1) washing the second solid phase with a solution that contains phenol

to obtain a washed adduct; and

k) heating the washed adduct to at least 120°C to remove phenol.
15
2. The process according to Claim 1 characterized in that 50 to 90 wt.-%,
preferably 60 to 80 wt.-%, of the liquid phase obtained in sum in step (i
and j) is used in step (g).

20 3. The process according to Claim 1 characterized in that 10 to 50 wt.-%,
preferably 20 to 40 wt.-%, of the liquid phase obtained in sum in step (i
and j) is recycled into step (d) for washing purposes.

4, The process according to Claim 1 wherein the solution that contains
25 phenol referred to in step (j) contains no more than 1.0 % by weight of

other phenolic components.

5. The process according to Claim 1 wherein the washed solid phase obtained
in step d) is first melted before phenol is added to it in step g).
30



20 3. The process according to Claim1 characterized in that 10 to 50 wt. %
preferably 20 to 40 wt: % of the |iquid phase obtained in sumin step (i
and j) is reeycled into step (d) for washing purposes. 4. The process
according to Claim1l1 wherein the sol uti Q(r)} t_hat contains 25 phenol referred
to in step 0) contains no nore than 1.0 by wei ght of other phenolic
conponents. 5. The_process according to Caiml wherein the washed solid

phase obt ai néd ”!['hgpg:tg:e%p)acpgrdfqgrtgt AR) | adersan ot leasfms o steg cxaeb they it in
step g). 30 -27 6sol?d1ﬁﬂlﬁggﬁ§‘a§ ogﬁg%‘ﬂfeﬁgumaqa%h%'m ﬁﬁﬂ” at |east one of
step c) and i) the separation 1s carrie in a vacuum
rotary filter. 7. The process accordl ng to Claiml V\/nerel n the solution

cont ai ni ng phenol 5 of step (d) contai ns 84 to 99.45 wt.-% of phenol, 0.5
to 15 w . - % df Bplhaﬁzpcessoamrémgte%m W’STCHBﬂ‘ASPB’&‘ﬁBICQHta’&WE}@P@bntS based

on the wejght of tycf te Of t 8. The
process accordl ng %‘Q@ﬁcﬁlc‘dh char g??érsl‘g{aét Bﬁpﬁbgatshtgls‘*)tutl onﬁﬁﬁ‘o

cont ai ni ng phenol aﬂdos)sem(ocl)/t 0 6f BPASsénéb, thepdréenté baskel oh théiveight b
percent based on the total ht of said solution . 9. The process
according to d ai ﬂielsohﬁ@rléixﬁem e1ghg Eight of theaaterhe sol ution contai ning
phenol of step (d) originates fromstep (i) and (j). 15 10. The process
according to Claim1l wherein the crystallization of step (b), is carried

out in two sgeps mﬁePﬁfchssaca&rdhgmnﬁhm BBarhdidtizediih Hifk tRB1itlogm the ot her,
and where the crystallization of ste is carried out in one step in two

or nore t@ystall i zemtginogphenolaf siep (pl)aumtam:*. 0.05 to 12 wt.-% of water the

percent based on the total weight of said solution .

9. The process according to Claim 1 wherein 5 to 100 wt.-% of the solution
containing phenol of step (d) originates from step (i) and (j).

15
10.  The process according to Claim 1wherein the crystallization of step (b), is
carried out in two steps in series at temperatures that differ one from the
other, and where the crystallization of step (h) is carried out in one step in
two or more crystallizers operating in parallel.
20

11.  The process according to Claim 1 wherein the material system of step g)
contains max. 5 wt.-% acetone, the percent relative to the weight of the

system.

25 12.  The process according to Claim 1 characterized in that at least part of the
liquid phase from the solid-liquid separation (step (1)) and at least part of
the liquid phase from the washing in step (j) are collected separately, at
least part of the liquid phase from the solid-liquid separation is recycled
into step (d) and preferably at least part of the liquid phase from the

30 washing is recycled into step (g).



20 11. The process according to Claim1l wherein the material system of step
g) contains max. 5 w. -% acetone, the percent relative to the weight of
the system 25 12. The process according to Claim| characterized in that
at least part of the Iliquid phase fromijge solid-liquid separation (step
(1)) and at least part of the liquid phase fromthe washing in step (j) are
coll ected separately, at |east part of the liquid phase fromthe
solid-liquid separation is recycled into step (d) and preferably at | east
part of the l3qui d‘mtpmmss‘aaamchmo:{mammhhmgctbﬁzddaﬁymw)doi%tv@t Step (g). -28
13. The process accordi m 1 characterized in that Q to 35 wm.-%

preferably 0 to 1 Prefera bb)bgO@flot‘Mb %:i 4 thelignd phases pbtaingd dn step £irad/qri)) ind/ or j)
is evaporated, r%%?ﬁo%’teﬁ’rtﬁgiﬁf) é)dbupsfssﬁagg:dt sébZ@ %@%oraspew @ aief® (f) and

the 5 bottom produc 'S recyc rream o?
5 bottom product is recycled upstream of step (b).



