BMS 06 1 092-US TITLE OF THE I NVENTION Crystallization Processes for
Produci ng Bi sphenols BACKGROUND OF THE | NVENTI ON [ 00011 As condensati on
products of phenols and carbonyl compounds, bisphenols 5 are starting
substances or internediate products for the production of a nultiplicity of
product s. ﬁg g?gézﬁglar technical inportance is the condensati on product
which re 51ttt he reacti on between phenol and acetone, nanely

2, 2-bi s(4- hydr oxyphenyl ) propane (i.e., bisphenol A or "BPA"). BPA can be
used as a starting substance for the production of diverse polyneric
materials, such as, for exanple, polyarylates, polyetherimdes and 10
modi fi ed phenol f or mal dehyde T@ﬁﬁ?ﬁFT@ﬁ?ﬁ@WﬁﬁﬁKﬁﬁe|ds of application for BPA
as a starting material include the production of epoxy resins and

pol ycar bonat es. [ 000Ztysi&tlitanids Ptazessedfor Byudubiag Bisphendds sphenol A (BPA) by
means of ion exchanger catalysis are disclosed, for exanple, in U S. Pat.
No. 4,391,997, U.S. Pat. No. 4,400,555, U S. Pat. No. 4,590,303, and

Eur opean Patent Appli cat iBACKBROANIBEHFATHEINVENTIFOA os known to produce BPA
on a large scale by passing a m xture of phenol and acetone through a fixed

bed react[@00acked Aﬂ@hdmatymtp,ro@m»%@b@wl%@ldfcerhoeyla@nmoum blmmaﬂlger

resinsg and th rkln u 003 react on of acetone in
e preodituadne SUnES rnPlfasce podute B U pblled of FRERIHY &6t on

m xture) ghdlctsC B gaRRuf fochhiBaldRPbldreB istRe b@{d@ﬁ’s%h&ijproagctm}ﬁ&f)ksﬁﬂd possi bly
acetone, primarily BPA and water. In addition, typical by-products (m nor
constitu entns Yheatadibe betowece phanbl and acetant, mameky(ﬁ;szns(éhhﬁimyphemmmmmne for

exanpl e, (4- hydroxyphen ) -2-(2- hydr gxyphenyl ) pr opan p- BPA) ,
SUbst ¢t PRheHeLR, SHERRADK)BRA (g% P et § orrars DR BB b PiHuict

or mor o BROT R M S R b R O O B R A e

m norloconﬁédlﬁetﬁmeﬁolfm&irdeagd@remﬁgl Brefeffed ifields o0xpplieationfesBPxlagae and

di acetone al cohol, may form by self-condensation of the acetone and
react i on Srting Maigtiali in¢lade tha praductionefiepexst fiesinsand polycarbonates.
[0002] Methods for the synthesis of bisphenol A (BPA) by means of ion

exchanger catalysis are disclosed, for example, in U.S. Pat. No. 4,391,997, U.S. Pat. No.
4,400,555, U.S. Pat. No. 4,590,303, and European Patent Application EP 0210366A. It is

15  alos known to produce BPA on a large scale by passing a mixture of phenol and acetone
through a fixed bed reactor packed with polystyrene-based sulfonic acid ion exchanger
resins and then working it up.
[0003] The reaction of phenol with acetone in the presence of acidic catalysts
produces a product mixture (reaction mixture) that can contain, in addition to unreacted

20  phenol and possibly acetone, primarily BPA and water. In addition, typical by-products
(minor constituents) of the condensation reaction occur in small amounts, for example, 2-
(4-hydroxyphenyl)-2-(2-hydroxyphenyl)propane (i.e., o,p-BPA), substituted indanes,
hydroxyphenylindanols, hydroxyphenylchromanes, substituted xanthenes and more
highly condensed compounds containing three or more phenyl rings in the molecular

25  structure. In addition, further minor constituents, such as anisole, mesityl oxide,
mesitylene and diacetone alcohol, may form by self-condensation of the acetone and

reaction with impurities in the raw materials.



BMS 06 1 092-US 100041 Such by-products, as well as water, phenol and
acetone, can adversely affect the suitability of BPA for the production of
pol ymers and generally have to be renoved by suitable processes. In
particular, high purity requirenents are inposed on the BPA raw materials

used in the Br oaucti on of many pol ycarbonates. 5 [0005] Wbrki ng-up and
purificat 5 for BPA can be perfornmed by renoving BPA fromthe

reaction mxture in the formof an approxi mately equinolar crystalline
adduct contai ni ng phenol by cooling the reaction m xture and crystalli zing
out the BPA/ phenol adduct in a suspension crystallization. The BPA/ phenol

adduct cr ls c ] EJIR 1 an8YUE ok R¥rs@ySui tabl e
solid/li Jﬁ%‘ﬂsepar g?flﬁ)ﬁfgf)o%g?tgt us,eﬂ%é%aﬁég]mﬂggoé rgté;(r)y %lﬁﬁ errsoPl centrifuge,
and pur i fdaftect theisditability pOBPA [forAtlel proiductioyiif pblymeby #aid rpederally hdvieso baty can
typically have a purity of nore than 99% BPA rel ative to the m nor

const i t ugAmaved iy gyitablp REasetses dimpartishiar.digh pisisy tpanisementyaggmpossdgar fi ci al | y
adhering nitile n ] 1 stals by washing with
sui tabl e tlslgﬁg{\ir%‘hﬁ att?c{gtls l%%/%imc{g?)650%3%%1(?1%%%?@%%&%8?%%onst ituents 15 from

the grsoupo risi Woxﬁﬁ%ttqmi‘ld pleifiestionPieiisds forBFPA antlbéperdime®Bpt i t uents.
[ 0007] The BPA/ phenol adduct crystals obtained foll ow ng the above-descri bed

suspensi oemeying BRA from thengagiontmiaturemdhe omed pyepryaxigstely peuimelar d/ 1 i qui d
separation ar nerally.suljected tp further purification steps that can
"ot ude, e e ARG Spelyy leApUS coofo B ekl Wit eRd s Gl Wb de 1 n
whi ch t hght BBRYHenAfad @i P4 S&P&sﬂﬂ%ﬂs@lﬁmﬁbﬁ 2R BBAWHEAARd@ct El%?tals
concentration of mnor constituents 1n BPA can be achieved. [0008]

Al t er nat icarithen be mempvedrfoim terligaidsghakeby ®smitabld sblidihquit sefBiop lappasitus,adduct

crystals by nelting rocesse§ 100091W,§5f ntioned, high requirenents are

i mpos¥d oWCh A%A rkary SleT feetriugspad e ict crystals fromthe product

m xture. [EIJ_Q(?({ ef or e’Addﬂctacqgsitél% ﬁﬁe}ailrde s v&%ﬁ Ocﬁ'%@&{alslg ek ur}tfI ofXBRSS. and

possi bly acted acetone, rocess s generally renove water
and a nultharp99% BPA refatioé teethe Byingrrconktitietspivith A@hbicd pbpadentof pr oducti on, such
as, for exanple, the aforenentioned 2-(4-h drOX{phenyI -

2- ( 2- hy draprypHasigly Y7o pre ficialy adheringdmppriises be Fpmrvszl yierethy pddighinol s,

crystals by washing with suitable solutions that typically contain one or more constituents

15  from the group comprising acetone, water, phenol, BPA and minor constituents.
[0007] The BPA/phenol adduct crystals obtained following the above-described
suspension crystallization of the reaction solution and the solid/liquid separation are
generally subjected to further purification steps that can include, for example, distillative,
desorptive or extractive methods in which the removal of phenol and possibly the

20  reduction of the concentration of minor constituents in BPA can be achieved.
[0008] Alternatively, the phenol can also be removed from the BP A/phenol
adduct crystals by melting processes.
[0009] As mentioned, high requirements are imposed on the extraction of
BPA/phenol adduct crystals from the product mixture. Therefore, in addition to the

25  phenol present in excess, and possibly unreacted acetone, the process should also
generally remove water and a multiplicity of other by-products of the bisphenol A
production, such as, for example, the aforementioned 2-(4-hydroxyphenyl)-

2-(2-hydroxyphenyl)propane, substituted indanes, hydroxyphenylindanols,



2 BM5 06 1 092-US hydroxyphenyl chr omanes, spirobi sindanes, substituted

i ndanol s, substituted xanthenes and nore highly condensed conpounds
containing three or nore phenyl rings in the nolecular structure. 10010]
Thus, for exanple, European Patent No. 1268379 B 1 describes a process 5

for pr od@@%ﬁgﬁpﬂgenol adduct crystals by crystallization. The production
of BPA sarity of 99.5 %is described, preferably by a two-stage
crystallization in which the product mi xture is first cooled to around 50

to 70 C and then to 40 to 50 C. [00111 Since the purity requirenents inposed
on bi sphenol A are always increasing, further process inprovenents are

desired t ?Jkﬁblﬁe% Ich?orﬁdﬁ% %ﬁ 2o816n@HARY Ishidstind 15&%!5* SURAused aRthefsanmpl e, for
t he producti of “pol ycarBohate. [00121 This can bé made possible, for

exanpl e, dng more hishbi copdérsed d(W&]bdunﬂs comtdiming three @rmyae phenyd eings intheis, f or
exanple, it is known from European Patent Application No. 1607380 Al , that
in the c%@eﬂ%larétrg%ﬁ dwell tine of 0.5 h or less in crystallization and

correspondhit]]y { aSHEE, of dahAld ERALANa iR 150s5) 81 RlerbeRgbipRsT Xt ure

in ot 15 wor corporation o urities int phenol

adducts Crips f)l@ﬂﬁﬂﬁ@BBNZpHeﬂolaidd\m efﬁfalsbjy&pywmauén QUh¢ prioyuctivintofi BPAe r esul t
that dwell tinmes In the region of 1-3 h are preferred. [0013] A further
di sadvantlwg@g@fpuwmofr&%%dlsée%bﬁda@cpfwnblmv@;swaﬁtagatc@yﬁtalhzmon mydEdr9 B 1 is

t hat , st a ald i zatiaqn, .deposits may 20
occur at %ﬁgro‘éﬁ?f'%é §e'(5 5f1tl W?t‘?%m%h c'ixs@ k‘latnﬁglﬁenqgétpg §8¢ the 1st stage
of the crypigl!li ZatSnQ!étﬁ@ﬂnﬁhyF&;’ﬁﬂ@ﬁxé{tyﬁﬁpo@&ﬁ&?%lsp};@ﬁof&@@/&ﬂwﬁf@ deposits by
heating to approximately 80 C, for exanple, the circulating cooler has to
be shut dovmasig, flgthet process mnproyerents arerdesiodeo thsarelibp oxir¢asingyualisyt i ng. Duri ng

this tinme, the productio s.to be 'sto r the crystallization has to
be taMen Kou Fenlﬁ?tstﬂ’é%@ﬁfgﬁ{fa{:ﬁ??f%“ﬁ‘%?fpp%ﬁ'cé 28825 aj one. This can result

DSy | oo g sdsetune el eSSBS 0L o,
3 the crystallizers. Thus, for example, it is known from European Patent Application
No. 1607380 A1, that in the case of a short dwell time of 0.5 h or less in crystallization
and correspondingly faster crystallization, the inclusion of reaction mixture or, in other
15  words, the incorporation of impurities in the BPA/phenol adduct crystals result in a
poorer bisphenol A quality, with the result that dwell times in the region of 1-3 h are
preferred.
[0013] A further disadvantage of the method described in European Patent
No. 1268379 B1 is that, in the case of such a two-stage crystallization, deposits may
20  occur at the surfaces (fouling) in the circulation coolers of the 1st stage of the
crystallization (high-temperature stage). To remove the deposits by heating to
approximately 80 °C, for example, the circulating cooler has to be shut down at regular
intervals to remove the deposits by melting. During this time, the production has to be
stopped or the crystallization has to be taken over by the second crystallization stage
25  alone. This can result in production loss and/or reduced product quality characterized,

for example, by an increased proportion of by-products (impurities) in the BPA.



BMS 06 1 092-US BRI EF SUMVARY OF THE | NVENTI ON [ 00141 The present invention
relates, in general, to processes for producing bisphenols of high purity.
More particularly, the present invention relates to processes for producing
bi sphenol s, preferably bisphenol A (BPA), with purities greater than 5

99. 7% [O'%Iéé6 P@g_ggj ect of the present invention was to provide a process
for produ phenol having a purity of >99.7 % acconpanied by a

si mul t aneous prolonging of the tine interval between shut downs of the

hi gh-tenperature crystallization stage for the renoval of fouling deposits
by nelting. 10 100161 One enbodi nent of the present invention includes a
process conprising: (a)BEEREUNMARPITFTOUEIRYERCEOMNE i n the presence of an
acidic catalyst to forma product mxture conprising a bisphenol; (b)

renovi ng [@014jeast ahperasemtrinahtivmeeldsess phgenetal, fio processes for pddatingri xt ure in the

form of a bisphengl./phenol adduct, by crystallization, filtration and washi ng
to provi SphfgoqE)P b8 ﬁwtﬁpﬁ@%m@awa% t‘gwgﬁear ventiog relaies FUpRGSSHS at | east a

ortion =) I : s to provide
Phe. bi ophhBRapdralechbATRERRLY GRACROA ARGEPLGHNAL. seiehal o (0 P

crysta | i9e1%0on conprises continuous suspension crystallization and is
carried out in at least three crystallization devices arranged such that
the produl@®13h xt ur ©neobjgct af the presens gveptinwas tp iprastidess prgeess forpreducing

crystall iazl?iélgh%ﬁ'olth%vf% J;aﬁ)glpg{ (?1?>Lbr9el ‘%f ac%gm Qnigcpb a Li u@gée%o%?%ro%r?éﬁ;&a({fl | zation

device and & second ¢ Zat'i oh device cohnec _ ara and
subsequenthé ¥ime AktRE] bobweenSAGOIFWrS0AER Hgh-lehPeiure tigbtallzatidrsladeFobthe
tenperature of 40 to 50 Cin a third crystallization device connected
downst r ealempraloé foudiag depaskie by mefingand second crystal | i zati on devi ces, and

wher ej al d | tinme.of t roduct m.xture .in 25 the crystallization
i's m)frog ﬁﬂgﬁéh hour .e.e["&%ﬂe"lt RPR%SBFGB i) %‘f%ﬁp? e ersg,)g%rggré%ngdcpordi ng
to the presentqyRY&RkiaPRenolah& aRISHGS BRPr&RAcRT aRAVIARI ABBRUR] forR@r ri ed out
such that the I's” stage of the <crystallization conprises at |least 50 to 85

% of t he produwk mixtystcatpriziagiadmspherdolme of the

(b) removing at least a portion of the bisphenol from the product mixture in the
form of a bisphenol/phenol adduct by crystallization, filtration and washing to provide
15  bisphenol/phenol adduct crystals; and
(c) removing at least a portion of the phenol from the bisphenol/phenol adduct
crystals to provide the bisphenol having a purity of more than 99.7 %;
wherein the crystallization comprises continuous suspension crystallization and is carried
out in at least three crystallization devices arranged such that the product mixture is first
20  cooled in a first stage of the crystallization to a temperature of 50 to 70 °C in a first
crystallization device and a second crystallization device connected in parallel, and
subsequently cooled in a second stage of the crystallization to a temperature of 40 to
50 °C in a third crystallization device connected downstream in series to the first and
second crystallization devices, and wherein a total dwell time of the product mixture in
25  the crystallization is more than 4 hours.
[0017] In various embodiments of processes according to the present invention,
the processes can be advantageously carried out such that the 1% stage of the

crystallization comprises at least 50 to 85 % of the total crystallization volume of the



4 BM5 06 1 092-US two-stage crystallization, wherein the total volune of the
crystallizers is at least 4 tinmes the product-containing suspension fed
into the two-stage crystallization in unit tinme. 10018] In various

enbodi ments of processes according to the present invention, the processes

can be advant ggsgusl y carried out such that the 1st stage of the 5

crystalli rises at least 60 to 80 %of the total crystallization
volune of the two-stage crystallization, wherein the total volunme of the
crystallizers is at least 4 tinmes the product-containing suspension fed
into the two-stage crystallization per hour. [0019] In various enbodi nents

of procesggs t@%%&r f&llgzgn&? &l{%?elﬁ[h%st&gf cﬂlg}{%?f t'(l]9 @rystailﬂgrsgg thga%igﬁmgén be

advant ageou out such that uct’-cont ai ni ng suspensi on

fed into thbprodustsdontalniggduspehsion fedimpome tvebtagdcrystdilizaidioiBRAN tiol. - 85 wt %
phenol, 0.5 - 7 wt%o0,p-BPA, 0 - 5 wt% trisphenols, 0 - 7 W%
i ndanes/ i §tfles, 01ln vmw%dmﬁe&m&wm@mgrdlrmtot@e PresEhihlveRtiong - 8 wt %

acet one, BPA %, i S9) hen relative to the
fotal vei Hnprstioes dn Sgat ety ot s RHATEC 1S BEEERES tent s of
process escrﬁsqaﬁmion goﬁngn&éa at Qﬁﬁ%@% 80 B/&ithd Rl cry%ﬁﬂuﬁﬁ&?ﬁﬂﬁrﬂ& offl be

advant ageously carried out such that the washing is perforned at |[east

parti al | ytwaetstdgephestadlizatiba twierdig theaotebvdlunernf the crysetizetsiioat ledst pingsar bonat e

by the It| process 0021] ot her enbodi nent . of .the present invention
i ncl udes Bg@s@maﬂb“%ﬁ’[ﬁb"r‘}s&“ﬁ@] Infoyine P@%étﬁg‘?lﬁryﬁﬁ'é'ﬁﬁﬂoné’r‘?ﬂg%et one in the

presence n aci f or tlodl Ng 15 to
20wt % bi@%}%@nol T gt Hntobini s AioficsscPiROrLe s HpSerfARPGR, 19 15 1O
to 5 w %thé pdessey cambléadv‘la’dtzfgéhwfgod:amecﬂolﬁ Such thét%hOprodns-conitainifiy e

i ndanes/indenes, 0 to 7 wt% of one or nore chromanes/chronenes, 25 0 to 5

W % V\}é)c ersusgensign fedintp the en/stabization is campgsed of b bk e RBA, A’zO S0 to 5 wt % of
one eﬂ%lI 6§p a}?}c/ng H%}f/gﬂe-;s v&%?rls%ﬁeno S, bag ‘J)%danes n engsésed on the

wei ght of
0 - 7 wt% chromanes/chromenes, 0 — 5 wt% water, 0 - 8 wt% acetone, 0 —

5 wt% 0,0-BPA and 0 — 5 wt% isopropenylphenols, relative to the total weight of the
suspension.

15 [0020] In various embodiments of processes according to the present invention,
the processes can be advantageously carried out such that the washing is performed at
least partially with phenol that originates from the production of polycarbonate by the
melting process.

[0021] Another embodiment of the present invention includes a process

20  comprising:

(a) reacting phenol and acetone in the presence of an acidic catalyst to form a
product mixture comprising 15 to 40 wt% bisphenol A, 60 to 85 wt% phenol, 0.5
to 7 wt% of o,p-bisphenol A, 0 to 5 wt% of one or more trisphenols, 0 to 7 wt% of one or
more indanes/indenes, 0 to 7 wt% of one or more chromanes/chromenes,

25  0to 5 wt% water, 0 to 8 wt% acetone, 0 to 5 wt% o0,0-bisphenol A, and 0 to 5 wt% of one
or more isopropenylphenols, the percentages by weight based on the weight of the

product mixture;



5 BM5 06 1 092-US (b) renoving at |east a portion of the bisphenol A from
the product mxture in the formof a bisphenol A/ phenol adduct by
crystallization, filtration and washing to provide bisphenol A/ phenol
adduct crystals; and (c) renoving at |east a portion of the phenol fromthe
bi sphenol A/phenol adduct 5 crystals to provide bisphenol A having a purity
of more tBMAY840P-YE wherein the crystallization conprises continuous
suspension crystallization and is carried out in at |east three
crystallization devices arranged such that the product mxture is first
cooled in a first stage of the crystallization to a tenperature of 50 to 70
Cin a first i e I evi ce
connected in %ﬁo@lﬂga%?eé&t%ga ds@%en?qﬁn@o%?ag‘ tﬁ%}g%tdg!étcdéﬁg}ré ghéej of the
crystalli ﬁ)ﬁhloﬁﬂ bisphéhol Ayﬁh%ﬁ@taUﬂﬁ:t ey cﬁ@talllfzatl&ﬂ fiErdtion and Washin€to bﬁhé i zation
devi ce connected downstreamin series to the first and secon

cryst al | i bisphienel Afplgnobaddugharysale aadt ot al dwel | time of the product mixture
inthe crystallization s nore.th 4 hour . ei n t,ot al

Crystal || oaci gF SORYE Roleeipeion G onip um IRHEEIIT ABIDR aldbfices i s a
| east § oug &alg‘e&prb%embml Afhal A apuAELSmdr M9 7ed 15 into the
crystalllzatlon per hour, and wherein the first stage of the crystallization
conpris eswhctrelhelaesdzryﬁﬁlluzailoBEcoﬁrtpufsestChetlmmUamsmry&ma:ersntadhuatlon andisgamied BRI EF
DESCRI PTI ON, OF THE SEVERAaIc.! EV\ﬁ OF THE WN@ %002 The foregoi ng
summary, W4 i lpashibrae coysallization dgviersasanesd syeh Opt e pEAughm Xy s tdent i on,
may be beéoltg‘f"erd IHH‘i’ﬂt gng%?B/sfaﬂ?zqtlbrptocaqgﬂnpﬂﬁﬁﬁé)&§@tE BolfGy gmﬁnd?d 20

dr awi ngs ose of "assistin explanation of the invention,
there ar ecry:ahlﬁmlonmiemhean@tr avdcogdcrysplliespntdavicy eormebred imparalielvdhdch ar e
considered illustrative. It should be understood, however, that the

i nventq onsy geqﬁentlw Gomjeddpy aiserond ytagaphibe cw&akllﬁ@tlonﬁpééﬁ@@eraﬂfeeﬂfd@ﬁ@nt s and

| nstr uman% aetﬁlré ﬁla/\’\?ﬂllz‘glp gnzgéwcer}:o;[nbe%te%ac gglgtgeélnmcm Setl ?s&gﬂe fl':rsparrr!gl I S

di agrammat | f'ocess in one odi nent of
the pr ese@boﬂcruymmmm@edic&so%éﬂeuﬂ ©tal dwhi$ tithe @ HRIPIBAUcEmi oy igfiRr t of a

conparati ve process.
crystallization is more than 4 hours, wherein a total crystallization volume of the at least
three crystallization devices is at least four times the volume of the product mixture fed
15  into the crystallization per hour, and wherein the first stage of the crystallization

comprises at least 50 to 85 % of the total crystallization volume.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

[0022] The foregoing summary, as well as the following detailed description of
the invention, may be better understood when read in conjunction with the appended

20 drawings. For the purpose of assisting in the explanation of the invention, there are
shown in the drawings representative embodiments which are considered illustrative. It
should be understood, however, that the invention is not limited in any manner to the
precise arrangements and instrumentalities shown.
[0023] In the drawings:

25  [0024] Fig. 1 is diagrammatic flow chart of a process in accordance with one
embodiment of the present invention; and

[0025] Fig. 2 is diagrammatic flow chart of a comparative process.



6 BV5 06 1 092- US DETAI LED DESCRI PTI ON OF THE | NVENTI ON 100261 As used
herein, the singular terns "a" and "the" are synonynous and used

i nterchangeably with "one or nore" and "at |east one,"” unless the |anguage
and/ or context cleary indicates otherw se. Accordingly, for exanple,
reference ﬁg%g (BESEC” " 5 herein or in the appended clains can refer to a
single ph 1 t han one phenol. Additionally, all nunerical values,
unl ess otherw se specifically noted, are understood to be nodified by the
word "about." 100271 In various preferred enbodi nents of processes according
to the present invention, the process can preferably be carried out such
that the liquidto beWTSASILEb'IDES’(gRIPﬂr@ONSO}e?HquJVHNTI@Nt0 the
crystallization, to tenperatures low 80 C, preferably to tenperatures of
75 C, in poes) cul arAgﬁseﬂdnete?rQ tie sifghli2 8&mE e’ mdySIteéiIaké gabnymowandiugd out in
t he processes accordl ng to the invention takes place in at |east three
crystalli dgrehen WER “onear mogn” il iat leastengs gnlgsséhg,gapgqlqgieggq Pbn vessel, a

ci T cul at i g, oy %@ggd@at*ese&her@\%&h%%@rdmxg@gﬁé ARk, FaSeqt uehabbhzat | on

device 15 conpris | cular preferably
each cs yShaJeilnlomi theApp&ha¥d E1Rines AN réfSED aQﬂ%ld‘@&hol&i{rGﬁtﬁegﬁh ond PReridf.oduct

m xture that has been produced by the reaction of phenol wth acetone and
out of whidHitionalybply pﬁepmal wilpése walpssathpnwise specifteally neted,i areunderstqadde er abl y

i ncor por at ed lﬁieﬁge circ EI‘H" n current inmediately prior to the

crystalli %F\o 3 tHeoporg | total volume of all the crystallization

devi ces Ufprd S pr elfne\raﬁgﬁé/prgfl%ﬁ emB@dlﬁknﬂs%?ﬁxtocélssés‘ dE@@rngQo RleQfitehr cont ai ni ng
suspen5|on vo i.e., the product m xture) intothe crystallization
per hour. mizelﬁiﬁm;ttl@pymessl danmfenahlylha chinied wat SIUOhI ﬁlaetlbdniumhntbs cofstaflize¢ esses
accorﬁil ng.to fH pre i nyenti on can g g be arr| ed out such that
i s per? or Pe@oie: Rrig & g@@tallmﬂmzéo epneragly A, Comelerago st age

conpri ses e% al‘ﬁﬁ-goﬁ’éaccd}’é&rﬁédléxzﬁttbgﬁod@V' ces connected in parallel.
a

Furt her cry Ization ices can also be connected in addition to these
two in t[om28) rst sTikgeystillieanaddietdioonialtheprysdsadslaceatingno tevineatorconnect ed
likewi se in parallel to
takes place in at least three crystallization devices that can each comprise a crystallization
vessel, a circulating pump and a heat exchanger. Preferably, each crystallization device
15  comprises one or more heat exchangers. Particularly preferably each crystallization
device comprises one heat exchanger. The product mixture that has been produced by
the reaction of phenol with acetone and out of which the bisphenol A/phenol adduct is
crystallized is preferably incorporated in the circulation current immediately prior to the
crystallization.
20  [0029] The total volume of all the crystallization devices used is preferably equal
to at least 4 times the product-containing suspension volume (i.e., the product mixture)
fed into the crystallization per hour.
[0030] Crystallization in the various embodiments of processes according to the
present invention, can preferably be carried out such that is performed in two stages. In
25  this connection, the first stage comprises at least two crystallization devices connected in
parallel. Further crystallization devices can also be connected in addition to these two in

the first stage, these additional crystallization devices connected likewise in parallel to

the other two. At least 50 % of the total crystallization volume over all the stages of the



the other two. At least 50 %of the total crystallization volune over all
the stages of the 7 BMS 06 1 092-US crystallization is preferably carried
out inthe first stage of the crystallization, nore preferably at |east 55
% particularly preferably at |least 60 % The tenperature in the first
crystallization stage is generally below 70 C, preferably bel ow 65 C,

parti cul awéﬁ%:ggabl y about 50 to 65 C, very particularly preferably
about 50 to 62 C. 5 [0031] In various preferred enbodi nents of processes
according to the present invention, the process can preferably be carried
out such that the bisphenol A content of the product m xture inflowto the

first cr . I i t. ) apl 5to 35 W%
parti cul g‘?&%‘%é?’er‘%@ﬁe?fe&%?f %rﬁgé?%nﬁ}&h%&g%%ﬁge Irg_ir?{ht%ﬁfrs)% Fafflfrizgl@@rr%osr all'ization ’
stage, atprefeadbly 4MBasE5Y 4, phrticaladly prefAIY 6E18asib0 ¢4 TheGe@paiatuad intheonpri se a

crystallization vessel, a cooler and a circul ati ngb‘gu are operated in
par al | el fist ¢rysaléizativntstage is generaly belaw 79r°€% prefasebli hblowi 94t particwlarly ol umet ri ¢

capacities .of the east-two crystallizatjon, devices,.i,p the first

crystal | i PEIFEN ¢ oy {‘fr(_gss&qdﬁqy Rag}lcaﬁ?gy piTeeh] ra.b_o'ﬁrgé)ftgiabﬁy, “the vol umetric
capaci§y mpsiphe Crwﬁtv%}ﬂ)dsz;ﬁ‘&feﬁé‘d SN LRentObf ﬁﬁ@es&ésra%&ordﬁgw&e'p?es@ﬁt least 20 %
greater than that of the second stage and, particularly preferably, the 15

vol unet r i mvejpactht pracesstche pfeifershly bt agreied sutasuch thasthe bisphanot Aaohhffoft | mes as

great as that of the second stage. In various particularly preferred
embodi menth§ Praduyet %mwﬂol%wé%epﬁm eryialliggtion gfage i tef@)sw%r, M%&t i on devi ces

are equaln%rrrelfég%gg%%qwf’ﬁzpﬁﬁla{l%g)ﬁé{%b&%tglgg)g\q%nents wherein the first

stage co WO Crys Iza ces and the second stage conprises

one crystmioB2jzat i orndiey/figEcryQaltifativh stalge, at [Wagiawd @¥istdiszatiay degess Whihual 20
volunmetric capacity, the total volunetric capacity of the first stage is two
t i mes!@Q hagengfally sempggecernistatliazfion vessoB3]coolar anider civsulohing pvmp el dpetatadi on st age,

[ lizat, on, devi ce i ted in SeieiriWi the first

at | east gne cryst onnect ed th.
two or yst Bt PR o GioUsE, nriabiotSarstirss SPESTeRitete SPYBIETA DB devi ce
of the segmRdaStRADEVI GysiRN¥RdticnRickdintiReridsd &rHitalfitABR stk Bfeig@llltY oRe! ow 25 50
C, particularly preferably below 45 C, very particularly preferably about 40
to 43 C &wticer Bisforablypbnvélemeiricgapdeey s€thendystalljzstion déviasiobthedirsige, whi ch
conpri Sesstgé[e is at least 20 % greater than that of the second stage and, particularly preferably, the
15 volumetric capacity in the first stage is at least one and a half times as great as that of the
second stage. In various particularly preferred embodiments, the volumetric capacities of
all the crystallization devices are equal to one another. Thus, in various embodiments
wherein the first stage comprises two crystallization devices and the second stage
comprises one crystallization device, each of the three devices having an equal
20  volumetric capacity, the total volumetric capacity of the first stage is two times that of the
second stage.
[0033] In the second crystallization stage, at least one crystallization device is
connected in series with the first two crystallization devices. The temperature in the
crystallization device of the second stage is lower than in the first stage, preferably below
25 50 °C, particularly preferably below 45 °C, very particularly preferably about 40
to 43 °C. Preferably, upon leaving the second crystallization stage, which comprises at

least one crystallization device connected in series with the crystallization devices of the

first stage, the content of bisphenol A in dissolved form in the mother liquor leaving the



| east one crystallization device connected in series with the
crystallization devices of the first stage, the content of bisphenol A in
di ssolved formin the nother liquor leaving the 8 BMs 06 1 092-US | ast
crystallization device of the second stage is 5 to 20 ww% relative to the

t ot al meigE@ gf é?@ liquid nother liquor, nore preferably 5 to 15 wt%

[ 0034] Th +6n obtai ned fromthe second crystallization stage is then
filtered, a bisphenol A/ phenol adduct being obtained that is purified by
washing 5 operations known to the person skilled in the art and then
separated into bisphenol A and phenol by separative operations known to the

per son. SKidd &fkifizdbf d8like oFHE becdi shil s STIARLSR, rNARH BbiSM gt ||| at i on

or stripping.” A bispheno aV|ng a purity greater than rel ative
to the tobﬁmeaqmdmknmﬁlnuadumkepbﬁmdﬂ&ﬁhwﬂi«W%he excl usi on of phenol  stil
contai ned, can be obtained in this way t he processes according to the

i nvent i onl 034] [0035TheTWép°ﬁ§'@B@§@é§dz§@6btﬂllF‘?an@ grystalizatigresiagedhthedr produci ng

crystals BleBsldend ARG Rl UARNERRe AN RIRIAL AR oYL de Lhe

adducts of' €no suc url the further

wor Ki ng- usp&étﬁm kROWITR thy pESSESEIRIdYin {iY arPanddhiéh sefiardted lints BhpR&ol A andi t abl e
for high-quality secondary products, for exanple polycarbonates, epoxy

resins, fphemal hbem@l@tlvwemloas knovemte thepersa Hdied lﬂ'ﬁ@ agtaputhfasrfoher wor ki ng- up
steps 15 nor necess far exany . e itional crystallization
Stebs o BN YaeretiRet iR o BPRBE ATEwLET A BT BAE g6 of 't he
processesﬂﬁﬁ@%%n@ i9c {o1fic [oBH SRloLAbIpfoduBAbUIAR whPHERKCIIWSh br fHcfES ,
avai lable 1 n the -tenperature stage reduce the supersaturation in said

crystal l i zdt ccmlmlmddagm,beaﬂ)taanddastﬂilt way by\/theqinodels&es heatdieg ththa gpestidnave t o be

cl eaned less_ 20 often of adhering deposits that have crystalllégg out .
[0037]0 A {093fher adlhgmragrssesreeqiding foybe dusation:iop PiidHeing 60ystals of AddustSi on i s

that, a5 cphSatbtoifinchiion BRLAIS a9 &l nORRLAKIABBhADR SEgRLR | 2ors 1n

t he flrst age, Fzer remains in e sane

t enper at ufresush a @ghGukity@at the ﬁifﬂl'ei Wogkirtboustep3fnodm gltyyisdcadshiyZef protligigedy
avoi di ng a changeover to single-stage crystallization having an 25 exclusive

| ow t enpebiaphgnel 4suigable fon highcaalityrseecndary productsy for exaneplepelagarbonaiesand al so,

at the epoxy resins, formaldehyde resins etc. can be avoided. The said further working-up steps

15 normally necessary are, for example, additional crystallization steps or additional
distillation steps.
[0036] A further advantage of the processes according to the invention is that the
longer dwell times available in the high-temperature stage reduce the supersaturation in
said crystallization stage, as a result of which the heat exchangers have to be cleaned less
20  often of adhering deposits that have crystallized out.
[0037] A further advantage of the processes according to the invention is that, as
a result of the parallel mode of operation of the crystallizers in the first stage, a further
crystallizer remains in operation at the same temperature stage during the melting down
of a crystallizer, thereby avoiding a changeover to single-stage crystallization having an
25  exclusive low temperature stage. This can increase the system availability and also, at the
same time, the product purity.
[0038] A further advantage of the processes according to the invention is the

maintenance of a higher production capacity if, as a result of the production operation,



sanme time, the product purity. [0038] A further advantage of the processes
according to the invention is the nmaintenance of a higher production
capacity if, as a result of the production operation, 9 BMS 06 1 092-US
heat exchangers are already partially coated with adhering deposits that
have crystallized out. Since the deposits that have partially crystallized
out in thBMBQ8L 0% LU8anger adversely affect the heat transnission, this has
to be conpensated for during constant production output by reducing the
cooling water tenperature. This results in turn in an accelerated 5 coating
of the heat exchanger with deposits crystallizing out and consequently in a

o ol T SRUER g de S IBl LA 0eRLih ISR ALAIL B8 hark BbifE85 of @

. IS
partially Coate eat  “exchanger, roduc n"vo rc ow Ccan be

mat ched t gutt Behck BeRRpbJit ehal BaVSRr@lly ceRedlized off intthehdae atchaxgeh ad@edelyas a
result of the process according to the invention and, in this way, the

product i oaffestithy ireatdransmissikmghis ahiodte compensated for dsirirg icoratand peodpetiont enance 10
of the produc ual it 0039] In various preferred enmbhodi nents of processes
accor di hoBiondeBielizhg oot gt bt e P ST aFan b e g
composed Qfaridg B e RER Sk crARFerdvi BlitsCARtdMBzinE St 'ah@ GoRbuehtis bh 4 Mdke the heat
exchangers (e’ g., circulating coolers) are operated wt

t enper at ufrequentiy nezdédohehimng-dosvherf tleescrgstaizdrl rgtheeskiewtia paniatliceatedlgpat d, it is

preferable, in 15 particular, that the tenperature difference between the
t enper at us¥hengst. the praductign valimetric floyycanke matehadde the resneetivadsers of ool ed is <8

errboai mengiaing Ot BEhtor @GR R g et ol QUE, Bl EBARRE i

crystal | i gafwanteiprédirtiofupit RABPRERA Hdh Rvdliviemokanabdk Maipkkeark can be
carried out such that a crystallizer in the first stage and the associ ated

peri pHer aff thopradpitiqapliss are cl eaned at regular tinme intervals of preferably
20 0,50 RS0, e B bSO oS PGB, 10" ©
crystal | i gatin, M8vksalIRhibhsr th haductiARsed SUHphkRoI %A h BHsnaPE&T 8 T ed
enbodi nents of proceésses according to the present invention, the
cryst al | i catiedout ohichithat thelbeat exadhengrosEd. aircalatmgsqivbms) araogbraepwenol can be
temperature-controlled hot water as a cooling medium. In this regard, it is preferable, in
15  particular, that the temperature difference between the temperature-controlled hot water
and the product mixture to be cooled is <8 K, very particularly preferably <5 K.
[0040] In various preferred embodiments of processes according to the present
invention, the crystallization of the adduct composed of a bisphenol and a phenol can be
carried out such that a crystallizer in the first stage and the associated peripheral
20  appliances are cleaned at regular time intervals of preferably 25 to 60 days by heating
preferably to 80 °C or higher, while operation of the circulating system is continued using
the other parallel-arranged crystallization device of the first stage.
[0041] In various preferred embodiments of processes according to the present
invention, the crystallization of the adduct composed of a bisphenol and a phenol can be
25  carried out as a suspension crystallization, preferably in the form of a circulation
crystallization.

[0042] Bisphenols other than bisphenol A can also be produced by the process

according to the invention. Accordingly, it is to be understood that exemplary references

10



25 carried out as a suspension crystallization, preferably in the formof a
circulation crystallization. [0042] Bi sphenols other than bi sphenol A can

al so be produced by the process according to the invention. Accordingly, it
is to be understood that exenplary references 10 BVM5S 06 1 092-US herein to

processes &gr@r@ﬁggi ng bi sphenol A apply equally to processes for the
product i =+—=bi sphenol s. [00431 Unsubstituted phenol is preferably
used for the processes according to the invention. Oher bisphenols can be

produced by the processes according to the invention 5 by use of
correspondi ng phenol derivatives. 100441 In various preferred enbodinents of

processesy, ﬁ% loB&sd ot ﬁ%d?ﬁﬁ? %\%’éhenbln)( & l}/ Qﬂl.éarlll? StJ? pRIEGEs f3t wleur e (i

suspensi on rising t ng con per cent ages by me|ght
bei ng basm‘ldmlohhéomelttabphmblght of the suspension, is fed to the

crystalllzatlon BPA: 15 - wt % referabl¥ 15 - 35 m % 3 nor e
pr ef er abl (0043 - 35 WWSW}!}E@HB‘PWI G@refe@‘ésl}’\}dts% op FhernEpespicy ageordingto the oy nor e

pr ef er abl R o nore
pref erabl %‘V%ﬁm%%e\%b ?nl%éso(f?g r?é Iprodu ed bfth%é?cesﬂése%cgéglm%'méﬁq ﬁ%&%&%‘/{)
i ndanes/ i W@@Qﬁcoﬁespoﬂdm\gs%enar@e‘rﬁaﬁwsy 0 - 5w% 15 chromanes/chronmenes: 0

- 7 W% preferabl w% water: 0 - 5 w% preferably 0 - 3 wt%
acet one: [9044]3 wt %Inpyaeﬁ@rmbﬂesred)emb@imw% ofiprpeesprsereqrdingyo the-presenit 9

gr gf E rP le ?P"é)m?on\gg i ét%fb‘g{“fﬁ)gd 5‘58?‘?569\?@ ?"?bg{fﬁ%’eﬁ% ?@d/‘h‘@?ge r#*?ri?? ifpeats, aﬁ \gte(%:‘ reed
ComD] 1 o b} it g VR4S Skt 08 nplBBASh 4 g onc
gl stillat cnystalhpatmmgr abInE vacuum di stillation. IO[ 00461 Thg m xed bi sphengl
N phe{](? e ystgl /i I(SbI 2 ur%‘%?llarefAe/rszrl])? ?50 | 3?%‘%?}11)0recpreferably 20 — 35 wt%;
phenol: 60 — 85 wt%, preferably 65 — 85 wt%, more preferably 65 — 80 wt%;
o,p-BPA: 0.5 — 7 wt%, preferably 1 — 6 wt%, more preferably 1 — 5 wt%;
trisphenols: 0 — 5 wt%, preferably 0 — 3 wt%;
indanes/indenes: 0 — 7 wt%, preferably 0 — 5 wt%;
15 chromanes/chromenes: 0 — 7 wt%, preferably 0 — 5 wt%;
water: 0 — 5 wt%, preferably 0 — 3 wt%;
acetone: 0 — 8 wt%, preferably 0 — 5 wt%, more preferably 0 — 2 wt%,
0,0-BPA: 0 - 5 wt%, preferably 0 — 3 wt%;
isopropenylphenols: 0 — 5 wt%, preferably 0 — 3 wt%.
20 [0045] Optionally, the product mixture can be freed completely or partially of
water contained in it, unreacted acetone and other lower-boiling compounds before the
suspension crystallization by distillation, preferably vacuum distillation.
[0046] The mixed bisphenol A/phenol crystals (bisphenol A/phenol adduct) can
be separated from the mother liquor by the use of filter media suitable for removing
25  solids. Preferably, a washing of the solid removed is also possible in or on these

apparatuses. This can be achieved, for example, in suitable centrifuges, such as skimmer

centrifuges, screen-conveyor centrifuges or push-type centrifuges, but also on rotary

11



be separated fromthe nother |iquor by the use of filter media suitable for
renmovi ng 25 solids. Preferably, a washing of the solid renpved is al so
possible in or on these apparatuses. This can be achieved, for exanple, in
suitabl e centrifuges, such as skimer centrifuges, screen-conveyor
centrifuges _or push type centrifuges, but also on rotary Il BVM5S 06 1 092-US
filters, BMS0640PI-HSs™ ang (vacuum disc filters. Preferably, pressurized
rotary fllters, particularly preferably rotary vacuumfilters are used.

[ 00471 The washing of the solid renoved (filter cake) can al so be perforned
separately in a suitable apparatus following the solid/liquid separation. 5
[ 00481 Th 5] i I s can be
washed ﬁlttik’fbrr?g&tgg%gﬂg{acm 5'?53‘3 eergo?&&? %ﬁ%ﬂ%ﬁigﬁwtﬁ@ }ezs?gﬁhenol A
productl0@n@amﬁgqﬁekhmbunha§vammhgmaﬁéMebgﬁm distillatively purified

bef orehand. The washing is preferably perfornmed at a phenol t enperature of
40 - 70 d004to491 Prherwashingaf theselididmaved (filter cake) parvdle b Raifasmedhol ycar bonat e

b h | f h 00501 Th hed
myxédecx%etplgrgglyclgr? %%H% eﬁp@f%?sa%:llowglg ?‘Fe?otlg/c]lqgrddsvé?%aﬁg It[ obt ai neg :‘/\?Zeg of

the phenojoogsy knownrHer My LAl dme%lxaa bisplRn8f KB crylsta®s (i lbk washddr eed of

phenol and ot'her readily volatile inpurities in a two-stage operation. In
t hi s casewith fresh ptehol and/or phcatoé&:d| haclafrbmrtkm blS}DthOI\Mx prodioctidn psrowas:ﬂnam and an
el evated tenperature and.in e desor n gas,

pref er abl VsrﬁpP?‘é?g}@érl?ee‘h@‘S'énztt'é( E‘SE ﬁﬂ"ﬁ’g fMe ‘@g 1 I?rﬁp ?%h process

phenol is t fhts of <200 ppm 100511 I n anot her
Jﬁ%8§?ﬂ ﬁﬁwﬁgtgngﬁeno can g

preferre renoved only in one stage at

el evat ed foesgjer at urRheasldhatacsimailgtes inﬂhel\ﬂilbdllibtiph(oﬁpslsca’rbﬁiatht@l the arettigt s of
phenol in the bisphenol of up to 10 wt%relative to the total anmount of
pr odutd cﬁﬁ“ﬁécgvﬂﬁévﬁ%*ﬂ§Héﬂth90521 Bi sphenol A produced by the processes

O N TR T S S A
nel ting psKsiResfrécd Jf@ﬁd’@ﬂéﬁb%é%@@ﬂ &Ko thd PRorBirY) FRERFHBGE the melt is freed of
phenol and other readily volatile impurities in a two-stage operation. In this case, the
melt is treated in a first step with both a vacuum and an elevated temperature and in a
15  second step with a desorption gas, preferably nitrogen, at a temperature of 160 — 210 °C,
in which process phenol is removed down to residual contents of <200 ppm.
[0051] In another preferred embodiment, the phenol can be removed only in one
stage at elevated temperature and in vacuo, in which process residual contents of phenol
in the bisphenol of up to 10 wt% relative to the total amount of product can be
20  established.
[0052] Bisphenol A produced by the processes according to the invention can be
reacted with phosgene by the interface process or with diaryl carbonates, preferably
diphenyl carbonate, by the melting process to form polycarbonate. The BPA produced
by the processes according to the invention can furthermore serve as starting material for
25  producing various polymeric materials, such as, for example, polyarylates,
polyetherimides, modified phenolformaldehyde resins and epoxy resins.
[0053] The invention will now be described in further detail with reference to the

following non-limiting examples.
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by the processes according to the invention can furthernore serve as
starting material for 25 producing various polyneric materials, such as, for
exanpl e, polyarylates, polyetherimnm des, nodified phenol fornal dehyde resins
and epoxy resins. [00531 The invention will now be described in further

det ai | wijh {ge(gggg to the following non-limting exanples. 12 BVM5 06 1
092- US 4] Fig. 1 diagrammatically describes an enbodi nent
according to the invention, in which three crystallization devices (K1, K2
and K3) are used, of which the first two (KL and K2) are operated in
parallel and the third (K3) is connected in series 5 with said first two.
[0055] Fig. 2 diagrammatical |y desgsitgprasnet hod in which only two
crystallization devices (K1 and K2), which are connected in series, are

used. [0Q&EY] | n t hEigf I giagemnmdRicdHy désesba aneabbdiareny asselingto theact or

arrangenment in which the bisphenol A 10 &roductl on i s perforned, E denotes
the feed fifention "bYVE'ﬁhé‘HS‘F crxstsu@%rmqeawes L, §<rind &) areused af whighi they devi ce |

(al so den &1@@9 I ation
devi ce 2 a§so g’é '? aésrég 5 te{l Pegt“%dotrhes t‘se(%é‘ﬁ%ae(%%l?‘ esé‘llgs
cryst akl i zdih said fitemwoe 3 (al so denot ed as cystallizer 3 for short), 15 F

denotes filtration, PhT denotes phenol separation, Ph denotes phenol, BPA
denot es bil84¥énol AFlgE%émgra@rmat(anyd@s@t;b@m@hvd mﬁ’vhlﬁléomlﬁ\?‘é‘htlon) 20 [0057]

In Fig. 1, |on tu the BPA oduct on Rwas fed to a
suspensi o ATERanT 1o e BT i B2l e e PR B Bt A Fefng ¢ hr ee
crystalli ﬁ@(;gq)n dew ®e s g(nlgg K2 and K3 in accordance with Fig. 1) for the

pur pose o morklng up an
denotes a reaction vessel or reactor arrangement in which the bisphenol A

10 production is performed,
E  denotes the feed for the bisphenol A production,
K1 denotes crystallization device 1 (also denoted as cystallizer 1 for short),
K2 denotes crystallization device 2 (also denoted as cystallizer 2 for short),
K3 denotes crystallization device 3 (also denoted as cystallizer 3 for short),
15 F denotes filtration,
PhT denotes phenol separation,
Ph  denotes phenol,
BPA denotes bisphenol A.

Example 1 (in accordance with the invention):

20  [0057] In Fig. 1, the reaction mixture from the BPA production R was fed to a
suspension crystallization in a device arrangement comprising three crystallization
devices (K1, K2 and K3 in accordance with Fig. 1) for the purpose of working up and
purifying BPA. For this purpose, a 2-stage crystallization was performed, starting in the
Ist stage at 54 °C and continued in the 2nd stage at 41 °C, the 1st stage comprising two

25  crystallization devices (K1 and K2) operated in parallel and the 2nd stage comprising one
crystallization device (K3) whose volume was 80 % of the sum of the crystallization

devices K1 and K2 of the 1st stage. The bisphenol A content of the reaction solution to be

13



purifying BPA. For this purpose, a 2-stage crystallization was perforned,
starting in the 1st stage at 54 C and continued in the 2nd stage at 41 C
the 1st stage conprising two 25 crystallization devices (K1 and K2)
operated in parallel and the 2nd stage conprising one crystallization
device (K E &QOS% vglune was 80 % of the sumof the crystallization devices
KI and K2 5t> stage. The bi sphenol A content of the reaction solution
to be 13 BM5 06 1 092-US crystallized was 30 % The reaction m xture was
added at 70 Cto the circulation current imrediately upstream of the
crystallization devices KL and K2. [0058] The circulating coolers were fed
fromtop E@s@@&&@%fﬁ‘yt e RAOGGT RixWRE Gas ROl S8l Md fe circuAat'o current

t emper at uré-contro ed%mtvmuﬂ.'ﬁermmrmmtemmrﬂure 1ference 5

bet ween t iemediaplrpbidam cltht coklalitatioi deviveeK 1andK2he suspension to be cool ed
was 3 K. [0059] The prepared m xed-crystal suspension was renoved fromthe

crystal | i 1988] k3 af Tl citgulagipg coqigps Werg feddromntop [t betimn and the gpqlers dyere of 8. 5
h ) . , - . d heat
oxehanger Srniel Rl MRSl Ened HEaRP Tthe HBImENSRRARLF: ABEENSCC 20 2o

i nner sur b@68én thé CenfferdthR-@ARbIldAhot WRRS aBhe QRpEHsI@LioWelcBblad &at BIKE i nt er val
of 3 nonths, with the result that the inner surfaces of the cooling tubes

did not hi#g&%t o be TheprepdrecomixBRArystrd suspersicrivias rBRAV¢shizero thecwrgstaliges duri ng
said time_interval . [0061] .It S i ble obt ai n bi sphenol A/ phenol
adduct cr ¥t F_%aﬁ‘?&\}fj_h’ﬁﬂﬁ‘f"lﬂin aBﬁ%‘i’?ﬁéﬁws ?ftﬁ'gh?‘iffre of crystallization. 15
[ 00621 Al jgisof | ! LT afdQhe profftdrd AAMank RERL AR A e SLFRIRAC! A (BPA)
having a purity of 99.75 % and a Hazen col our i ndex of about 15 was

obt ai ned. exidhengdez dlo imphioment df lceheattam sohess ion riue @0depbsitsadnl the byercsunfaeasi son wi t h

APHA standard colorinmetry solutions in accordance with ASTM D 1209-97.
Exanpl@ 201 the conlmgivpes avag phseryrdakithin A yimedntengbal 3 manths.gviththe result thab ot j on

e | TS FEA B AR LSRS08 BB PR | 20
and K3 i nBragsheasestingsdarifrg said fimefiervilne pur pose of working up and
[0061] It was possible to obtain bisphenol A/phenol adduct crystals having high
purities by this type of crystallization.
15 [0062] After filtration F and phenol separation PhT, bisphenol A (BPA) having a
purity of 99.75 % and a Hazen colour index of about 15 was obtained. The Hazen colour

index was determined visually by comparison with APHA standard colorimetry solutions

in accordance with ASTM D 1209-97.

Example 2 (according to the invention)

20  [0063] In Fig. 1, the reaction mixture from the BPA production R was fed to a
suspension crystallization in a device arrangement comprising three crystallization
devices (K1, K2 and K3 in accordance with Fig. 1) for the purpose of working up and
purifying BPA. For this purpose, a 2-stage crystallization was performed, starting in the
Ist stage at 54 °C and continued in the 2nd stage at 41 °C, the 1st stage comprising two

25  crystallization devices (K1 and K2) operated in parallel and the 2nd stage comprising one
crystallization device (K3) whose volume was 50 % of the sum of the crystallization

devices K1 and K2 of the 1st stage. The bisphenol A content of the reaction solution to be
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purifying BPA. For this purpose, a 2-stage crystallization was perforned,
starting in the Ist stage at 54 C and continued in the 2nd stage at 41 C
the 1st stage conprising two 25 crystallization devices (K 1 and K2)
operated in parallel and the 2nd stage conprising one crystallization

devi ce (Kg $5,.11 | ume was 50 % of the sumof the crystallization devices
K2 @@@39 2- g

K1 and t stage. The bi sphenol A content of the reaction
solution to be 14 BMs 06 1 092-US crystallized was 30 % The reaction
m xture was added at 70 Cto the circulation current imediately upstream
of the crystallization devices K1 and K2. 100641 The circul ation current of

the cir C%@Ethmgecpfv?(éi@%!. il"ﬂ@f:eia&'ibnlviﬁg(ﬂ%@gvas &ﬁfag &0 &t {ol\'trli:/ eig‘tiﬁﬁiofn%freﬁf t he

respective crystallization vesse renoved centra 5 the head of
t he respetmediatelyypitddan afathe orystalizstidn deiROSK1 add&2ci rcul ati ng cool ers were
fed fromtop to bottomand the coolers were, operated with

t enper at ul®gbont r ol Thecrirsslatiorewrent vhibe piylating retpliration mas &d f er ence
bet ween t QF@%@E@? ﬁqra]ﬁelé' I%o%'t 6P (r:rié)g%lecﬁgla ?&sgla‘gfzgff&n Atk LhE S RE Qédtﬁﬂz Lp be cool ed

was 3 K repare suspensi on was renoved fromthe

crystad | i gRmheadléf tKSredpdctive arybtafiiahticivbdel.time in all the crystallizers of 8.5
hours. 100671 For the procedure, tube-bank heat exchangers were used as heat

exchanger #1068 i npalhemirsulating e¢nderh avgre fied Samtiop §0 boitoguand the deqlers ere on t he
inner surfaces, of the coolin es 0 e heat exchanger observed

W Ehina DI PR TEerg R sm N R waler (HRe eRre TP (Fep e SRR er
surfaces Béth{l-?thE%ﬂe?ﬂu&%ﬁ&ol‘l’édqloﬁ%tepﬁi’cﬂhé Qusjﬁgnsi(ﬁl hreedoltd (L BRA coatings
and BPA/ phenol coatings during said tinme interval. 100681 After filtration F
and pheno[00s&par at | Tie grbparedombeiensctal fuspBRMAn wauwemgval frputhda orywdllis®. 79 % and
a Hazen colour index of <15 was obtained. The Hazen col our index was

det er KY nel3wfteiaiora) dpgll pedn All thsrerystal izesppid- S hetstar d col ori metry sol uti ons

in accor dwglnw th lﬁ(‘)ig%é C&oé'gd%?e_ g.fbe-bﬁgbﬂnga(?gﬁ%&#er%éne%@é@ismegtt to obtain

bi sphenol enol crystals I'ng purities by this type of
crystal | i gahhfgersabloam@hifigieit@f tHtchehivmBinission dA6 toadepesitsl dn thd inhBiesuefiedsce  of

the volune of the crystallization device in the second stage, it was
possi bl e pbthg peqlimggdebes of the heat exchanger was observed within a time interval of 10
months, with the result that the inner surfaces of the cooling tubes did not have to be
15  freed from BPA coatings and BPA/phenol coatings during said time interval.
[0068] After filtration F and phenol separation PhT, bisphenol A (BPA) having a
purity of 99.79 % and a Hazen colour index of <15 was obtained. The Hazen colour
index was determined visually by comparison with APHA standard colorimetry solutions
in accordance with ASTM D 1209-97.
20 [0069] It was possible to obtain bisphenol A/phenol adduct crystals having high
purities by this type of crystallization according to the invention. As a result of the choice
of the volume of the crystallization device in the second stage, it was possible to increase

the purity even further compared with Example 1.

Example 3 (comparison example)

25  [0070] In Fig. 2, the reaction mixture from the BPA production R was fed to a
suspension crystallization in a device arrangement comprising two crystallization devices
(K1 and K2 in accordance with Fig. 2) for the purpose of working up and purifying BPA.

For this purpose, a 2-stage crystallization was performed, starting in the 1st stage at 54 °C

15



the purity even further conpared with Exanple 1. Exanple 3 (conparison
exanple) 25 [00701 In Fig. 2, the reaction m xture fromthe BPA production R
was fed to a suspension crystallization in a device arrangenment conpri sing
two crystallization devices (K1 and K2 in accordance with Fig. 2) for the
pur pose of_  wor Ki and purifying BPA. For this purpose, a 2-stage
crystalIii%@i%%Lﬁgéﬁgerforned, starting in the 1st stage at 54 C 15 BMS 06
1 092-US and continued in the 2nd stage (K2) at 41 C, both stages in the
crystallization devices (K and K2) having the sanme crystallization

vol umes. The bi sphenol A content of the reaction solution to be

crystal l'i zed NRsudPinthe Inﬁ?stﬁ%WZEMIm@%%%ta inqgggr?%t?iltlizzt%n%ebfe the

circulation current i mred at pstream of e cry I zati on 8Sevi ce Ki. 5
[0071] TheK¢hahdKRphdviny the saedérysthilizitRonoiotutndsalhenlgisphensitakditemborf e was f ed
tangentially to the foot of the respective crystallization vessel and
removed cépfcHen sojutian to bperysalized vag E%%r- d8p ecaghiqrempytyrs pves prdegdiat 40 °G & sel

90721 Tl P P O B RSbgRgn ne cool er

were ope W YRS axi mum

t enper 3t ungomd] f f er empecircdkPatR/WREH of IR irthRESAérYétaticAnIsIfed hot water and
t he suspension to be cooled was 3 K. [0073] e prepared m xed-crystal

suspensi omangestiatly tothedodtrod thekRspet tivercrystalizagion vekael dnd rémevedrsentrdllytabe
crystallizers of 00741 For the procedure, tube-bank heat

.5 hours.
exchanger dheRsp _"E@'ﬁ&eSQECtW_Q;Sf}[St RHINYEFS: To free t hem from BPA coatings and
BPA/ phenoliggagt | ngsypd Pigcu'ée{ml rc,?%ll@rs%ré %%n?fogi}ggo@&ﬂlah@&ﬁ%&ﬁ&m to be

cl eaned at approxi nate n y intervals rapid heating to 80 C or,
al t er nat i \opérgted With tempéramreacomioied hatatatearnTlkemadmusysinpenatuacldifferdaee cl eaned
by heati n?) t he Pr oduct content and conti nued operation of the circulation

systerf  {potvesy thetteraperature-gontroed ot avater gé HisisusepHPmtd Reroplet a8 drft-t he
naving a SRy of 38 BBl iiRkR R A RIt b et Bl S TRATIEY % Noa
The Hazen daell@ine ih Al @ UostaldedrebN8.HABuYI sual [y by conparison with APHA
standard colorinetry solutions in accordance with ASTM D
[0074] For the procedure, tube-bank heat exchangers were used as heat
exchangers. To free them from BPA coatings and BPA/phenol coatings, the inner
15  surfaces of the cooling tubes had to be cleaned at approximately 2-monthly intervals by a
rapid heating to 80 °C or, alternatively, the entire crystallization device system had to be
cleaned by heating the product content and continued operation of the circulation system.
[0075] After filtration F and phenol separation PhT from the bisphenol A/phenol
adduct crystals obtained in this way, bisphenol A (BPA) having a purity 0f99.72 % and a
20  Hazen colour index of 20 was obtained. The Hazen colour index was determined visually
by comparison with APHA standard colorimetry solutions in accordance with ASTM D
1209-97.
[0076] It will be appreciated by those skilled in the art that changes could be
made to the embodiments described above without departing from the broad inventive
25  concept thereof. It is understood, therefore, that this invention is not limited to the

particular embodiments disclosed, but it is intended to cover modifications within the

spirit and scope of the present invention as defined by the appended claims.
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1209-97. [00761 It will be appreciated by those skilled in the art that
changes could be nade to the enbodi nents descri bed above w thout departing
fromthe broad inventive 25 concept thereof. It is understood, therefore,
that this invention is not limted to the particul ar enbodi nents di scl osed,
but it is intendEd to cover nodifications wwthin the spirit and scope of
the pres n as defined by the appended clains. 16 BMS 06 1 092-US
CLAIMS What is clained is: 1. A process conprising: (a) reacting a phenol
and acetone in the presence of an acidic catalyst to forma product m xture
conprising a bisphenol; (b) renmoving at |east a portion of the bisphenol
fromthe product mxture in the forgafpg bi sphenol /phenol adduct by
crystallization, filtration and washing to provide bisphenol/phenol adduct
cryst al s;Wiadn ik dlgijned @70Vvi ng at | east a portion of the phenol fromthe

bi sphenol / phenol adduct crystals to provide the bi sphenol having a purity
of nore than 99.7 % wherein the crystallization conprises continuous
suspensi on crystalhlzatkpn and |srmcarr|ed out in at |east three
crystallization devices ar YA %ﬁm) B8 t hat the product mxture is first

cooled in a first stage a@ieat:heg £pienbPdridiaé@bhdi th@pRsdnEBLirPdcii€ cadly@o t 0 70
Cin a first crystalllzatlon devi ce and a second crystallization device

connect edorma padedt Ingktureacn prisingsdrsphandly cooI ed in a second stage of the
crystallization to a teaﬁerature f 40 ta ﬂ% %n 2 Lp ird cﬂyatalllzatlon
devi ce connected downst {PA&FPHN&H, Faska PW‘P‘P\@ P Pisphenelramdpnpro
crystal | 'n%%he% RAEWhG %?F b gﬂeﬁwﬁﬁéﬂo[‘acﬁiu& rysgé/lﬁidnoh' f“‘i?raf?érxhéﬁa%a{%ﬁl Yo't
m xture int ystallizatron I's nore t ours e process
accor di n@rdv(i)de(ﬂlﬁihmldl/phwﬁtﬂlaédlutt tiystaBj aghenol conprises bisphenol A 3. The
process according to claim1l, wherein the product mxture is coole
(c) removing at least a portion of the phenol from the blsphenol/phenol
adduct crystals to provide the bisphenol having a purity of more than 99.7 %;
wherein the crystallization comprises continuous suspension crystallization and is
carried out in at least three crystallization devices arranged such that the product mixture is
first cooled in a first stage of the crystallization to a temperature of 50 to 70 °C in a first
crystallization device and a second crystallization device connected in parallel, and
subsequently cooled in a second stage of the crystallization to a temperature of 40 to 50 °C in a
third crystallization device connected downstream in series to the first and second

crystallization devices, and wherein a total dwell time of the product mixture in the

crystallization is more than 4 hours.

2. The process according to claim 1, wherein the bisphenol comprises

bisphenol A.

3. The process according to claim 1, wherein the product mixture is cooled

to a temperature below 80°C prior to the first stage of the crystallization.

4. The process according to claim 1, wherein each of the at least three

crystallization devices comprises a heat exchanger having a cooling medium, and wherein a
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to a tenperature below 80C prior to the first stage of the crystallization.
4. The process according to claim1l, wherein each of the at |east three
crystallization devices conprises a heat exchanger having a cooling nmedium
and wherein a 17 BMS 06 1 092-US tenperature difference between the cooling

medi um agg tgg gé_gguct m xture being cooled is less than 8K 5. The process

accordin 1, wherein a total crystallization volune of the at

| east three crystallization devices is at |east four tines the volunme of the
product mxture fed into the crystallization per hour, and wherein the
first stage of the crystallization conprises at least 50 to 85 % of the

total cr Veﬁ)%p@}a.ltdré ﬂfffe?é?lcg B!:tw‘g@n the- coa-llfl'f'gtrﬂ&ﬁﬁﬁ%ﬁd %%95(?1&911}&&&5'6& Mbled ¥her ei n

t he product m xture 1s cool ed enper at ure bel ow 80C pri r to the first
st age of lesdhaec 8ISt al | i zation. 7. The process according to claim2, wherein a
total crystallization volune of the at |least three crystallization devices
is at least four tines the volune of the product m xture fed into the

crystallization pey houlv:h éggl% O?ch)?eﬁiémgttgh |1r§/}l%r§ aagt%ta?E %t@@lg?trc}ﬁs%ﬂg}lé zation

conprises at |east”'50 to St dt crysta 28

process grhe e thrét &l hilkafion\HeQicsy i9 af 1885t Riup dlfel tHE voluhiCof the po@h@d to a
tenperature bel ow 80C prior to the first stage of the crystallization. 9.

The pr ocewgurdebint: thg ctystatlization gr hﬂhreaed wherainithofirst stegeaaf theerystaliination

crystallization devi r| ses excha er having a cooling nedium
and wher 8PS f‘tg g‘if"tﬁso fiﬂfeetP@ 9@“ ‘ﬁ‘é ‘cool i ng medi um and t he

product m xture be| ng cooled is |ess than 8K. 10. The process according to
claim1l1, wherein a total crystallization volune of the at |east three
crystallization deui cesThHepradess msxtdirfgaumlaﬁmrﬁewhtfem thoprodectofiixtuneispodedic t

m xture fed into the cry stalllzatlon{) hour, and wherein the first stage

of the clyAteappranse baaw S0dmprpsiadhetinst ¢ agsrof 5 rytalizaioBs the t ot al
crystallization volunme. 18 BM5 06 1 092-US

7. The process according to claim 2, wherein a total crystallization volume
of the at least three crystallization devices is at least four times the volume of the product
mixture fed into the crystallization per hour, and wherein the first stage of the crystallization

comprises at least 50 to 85 % of the total crystallization volume.

8. The process according to claim 7, wherein the product mixture is cooled

to a temperature below 80°C prior to the first stage of the crystallization.

9. The process according to claim 8, wherein each of the at least three
crystallization devices comprises a heat exchanger having a cooling medium, and wherein a
temperature difference between the cooling medium and the product mixture being cooled is

less than 8°K.

10. The process according to claim 1, wherein a total crystallization volume
of the at least three crystallization devices is at least four times the volume of the product
mixture fed into the crystallization per hour, and wherein the first stage of the crystallization

comprises at least 60 to 80 % of the total crystallization volume.
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11. The process according to claim11l, wherein the product mxture fed into
the crystallization conprises 15 to 40 wt % bi sphenol A, 60 to 85 wt % phenol ,
0.5to 7 wt%of o,p-bisphenol A, 0 to 5 wt% of one or nore trisphenols, 0
to 7 wt% of one or nore indanes/indenes, 0 to 7 w % of one or nore
chromaneﬁéégro&sggg, Oto 5 w%water, O to 8 w% acetone, 0O to 5 wt%

0, 0- bi sp 1 — 0O to5 w%of one or nore isopropenyl phenols, the

per cent ages by wei ght based on the wei ght of the product m xture. 12. The
process according to claim1l1l, wherein a total crystallization volunme of the
at least three crystallization devices is at |east four tines the volune of
the product mxture fed into the crystallization per hour, and wherein the
first stage of the crystallization conprises at |least 50 to 85 % of the
total crystallizatilon ViHelpiecesSaccofiingtoeéfd, ahereindthaigrodactahiatuse fad intaher ei n
the product mxture is cooled to a tenperature bel ow 80C prior to the first

st age of theiseystallzgtion pomprisedhd todh) with bisphenebd s6QER Wi mBhansl, 815p rh Vit3e ofaher ei n
each of the.at |east, .threg rystal lLization vi.Le rises _a heat
exchange?’pﬁbévﬁﬁlboqg’pégsivﬁé’ (r)ﬁceodrlx L?ﬁ]moéentélse\}}%e@?lgﬁsnatoafwﬁ/@%ggl"rl)ea‘ll’runr] &°di fference

bet ween {rfagndzGRdehBd 0M8 A v e b RioRY @diRineschotieRed 0itd) weaOk A6k, i S | ess
than 8K 15. The process according to claiml1l, wherein the washing is

carried Ot 8 wiioctaeetphead 5 vebico,nibispbenel & and@itt 5 wi’pof bhoer méret he phenol is
obtained, from a nelt production of | ycarbopate.. 16. A prpcess conprising;
(2) T eaciPREPHRESNolsre REESTtREs X weleB! BASEL oI Wiehl AT the A BiCtRPeBat 1 o
forma product m xture conprising 15 to 40 w % bi sphenol A 60 to 85 w %
phenol, 0.5 19 BMs 06 1 092-US to 7 wt % of o, p-bisphenol A 0 to 5 wt % of
one or nore trisphinol sThebrocessyacsbidigftoeis@mdn, whdrein a todbogsiallingtimnes, 0 to 7
wt % of one or nore chromanes/chronenes, 0 to 5 wt%water, 0 to 8 W%

acet one, volumg obthgratdeast sbnge grypiaHization dexiegs & at lpasy fourgdnags thgeolume gbthe

i sopropenyl.phenol s, ~t.h er cent by wei ght 3 Fght of the

br oauct - Mo FRtuRs i g B cr M BP Bl M b WPERSEWRL el BHAR. O | o
t he produgktallization comprises at least 50 to 85 % of the total crystallization volume.

13. The process according to claim 12, wherein the product mixture is

cooled to a temperature below 80°C prior to the first stage of the crystallization.

14.  The process according to claim 13, wherein each of the at least three
crystallization devices comprises a heat exchanger having a cooling medium, and wherein a
temperature difference between the cooling medium and the product mixture being cooled is

less than 8°K.

15. The process according to claim 1, wherein the washing is carried out
with phenol, and wherein at least a portion of the phenol is obtained from a melt production of

polycarbonate.
16. A process comprising:

(a) reacting phenol and acetone in the presence of an acidic catalyst to

form a product mixture comprising 15 to 40 wt% bisphenol A, 60 to 85 wt% phenol, 0.5
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m xture in the formof a bisphenol A/ phenol adduct by crystallization,
filtration and washing to provide bisphenol A/ phenol adduct crystals; and
(c) renoving at |east a portion of the phenol fromthe bisphenol A/ phenol
adduct crystals to provide bisphenol A having a purity of nore than 99.7 %

wherein Ehg cr%gtallization conprises continuous suspension crystallization
and is c 0 #Sin at least three crystallization devices arranged such

that the product mxture is first cooled in a first stage of the
crystallization to a tenperature of 50 to 70 "Cin a first «crystallization
device and a second crystallization device connected in parallel, and

subsequentd y:o q.d e s : .| d j

tempor at Lr 6 F S5u PP LRE RIS iy o br HOR kMR O €27 R of e
downst r emdaned/irsdeneseo té D wtPteoffoné 6 marecthe@namesichromygndsal kd ¥ atdoomateevi ces,
wherein a total dwell tine of the product mxture in the crystallization is
nore t hatitud woaesetongh 8itep ik Q.erbisphenol At and § oz Wom ofonanfen®e t he at | east

three crystallizatiqgn, devices is at.least,four tinesc.the volu of the

or oduct | TRDRTRTRERR pERH TR B Brieh O P e IS bR BreRiRal: | e
first stage of the crygbplehiotagl @ a&QARkticHEST thd bibfRASl A Grohth8produ&f the
total crystallization volunme. "17. The process according to claim 16,

wher ei n mirgungrimthedormiixa bisghensl A/fpberiodadduot by ¢rgstplbirationy Bltlstibmend@Ghmeitor t o

e ot Ren Rl RSBl bR 17, o T, Process according Lo claim
e R T L L LR
i s | essAfphaiol @dduc? Brystals to provide bisphenol A having a purity of more than 99.7 %;
wherein the crystallization comprises continuous suspension crystallization and is

carried out in at least three crystallization devices arranged such that the product mixture is

first cooled in a first stage of the crystallization to a temperature of 50 to 70 °C in a first

crystallization device and a second crystallization device connected in parallel, and

subsequently cooled in a second stage of the crystallization to a temperature of 40 to 50 °C in a

third crystallization device connected downstream in series to the first and second

crystallization devices, wherein a total dwell time of the product mixture in the crystallization

is more than 4 hours, wherein a total crystallization volume of the at least three crystallization

devices is at least four times the volume of the product mixture fed into the crystallization per

hour, and wherein the first stage of the crystallization comprises at least 50 to 85 % of the total

crystallization volume.

17. The process according to claim 16, wherein the product mixture is

cooled to a temperature below 80°C prior to the first stage of the crystallization.

18. The process according to claim 17, wherein each of the at least three
crystallization devices comprises a heat exchanger having a cooling medium, and wherein a
temperature difference between the cooling medium and the product mixture being cooled is

less than 8°K.
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