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producti o nethods for BPA are known and are based on the acid-catal ysed
reaction of phenol with acetone, wherein a phenol -acetone ratio of nore
than 5 : 1 20 is preferably established in the reaction. This reaction
convent i onal Bisplakes] pl ac ecaromen srioush yprahacigenef ghlignats dmedpex dbanes of
45 to 110C, grefera |y at 50 to, 80C, as__described in DE-A-99 57 602. Both
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pol yst yr ene pasteuaei hdwst rexk hangel S)canee preferabtyndseshtion

Di vi nyl bfﬁzeﬁlgodl_lsctnoorm}%é/ reaction between phenol and acetone, 2,2-

bis (4-hydroxyphenyl)propane (bisphenol A, BPA). BPA is used
as a starting substance for the production of various types
of polymer materials, such as e.g. polyarylates, polyether
imides, polysulfones and modified phenol-formaldehyde

15 resins. Preferred areas of application lie in the

production of epoxy resins and polycarbonates.

Industrially relevant production methods for BPA are known
and are based on the acid-catalysed reaction of phenol with
acetone, wherein a phencl-acetone ratio of more than 5 : 1

20 1is preferably established in the reaction. This reaction
conventionally takes place continuously, and generally at
temperatures of 45 to 110°C, preferably at 50 to 80°C, as
described in DE-A-99 57 602. Both homogeneous and
heterogeneous Bronsted or Lewis acids can be used as acid

25 catalysts, such as, for example, strong mineral acids, e.dq.
hydrochloric or sulfuric acid. Gel-like or macroporous
sulfonated crosslinked polystyrene resins (acid ion
exchangers) are preferably used. Divinylbenzene is normally
used as the crosslinking agent, but others, such as

30 divinylbiphenyl, can also be employed. In addition to the

catalyst, a co-catalyst can be used. These are usually
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used, as the crosslinking agent, but others, such as 30 divinyl bi phenyl, can
al so be enpkoyedosfavsaddi tion to the catalyst, a co- catrdkysdos/aoodesused.
These are usually WO 2005/ 075396 PCT/ EP2005/ 000615 2 thiols, which carry at
|'east one SH function. The co-catalyst can be both honogeneously dissol ved
in the reaction solution and, in the case of the acid ion exchangers,
fixed on the catal yst itself. Honbgeneous 5 co-catalysts are e.g.

mer capt opr ophdeile ,aehd chhydrayemt dwlafitdenealSky If uswltfiices Thsuch as e. g.

ethyl sulfide, and. sim]ar.co nds. Fi xed cc-catal ysts are am noal kyl

Thi ol s and 7Ry Ty FEhg) DOMh CoGRE FoREGH! o 5618 18 (e cat al yst,
it being pogeklechokoting i fawaGt iien the kest0opr ehected anéronly rel eased
during or after fixing to the catalyst. The co-catal yst can al so be

coval ently B¥RAEBIESS t Rdxesk ANy SheasakipRyls Lo tarylt -t Hicglogenwkewsphenol i s
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is formed which, i tion nol” and pdssibly acet one,
primarily cenfldins, BRAkgid swdtfaresl,n saddi bisor,. gsmelthyquantliftiides aehd typi cal
by- products of the condensation reaction occur, such as e.

22 (- hydr ox ARG SOTESURSdr oy Ben Py BROFENET 5( 8 16. BRANC-Siwd: iHhicdd
| ndanes, hydrexyphenyhhnganoks,iodd hxdrexuphenyhshomanes,Spi robigindanes,

substituted indenols, substituted xanthenes and norehighly condensed

conpounds wictliaflysée o weriagppesplibliendgsri theh€ indluectlian thadlkebone. | n

addi tion,, other secaondary c onents, such.as aniscle, nesityl oxide,

Tesi tyl afle BAGTGCHEE GRE SPAGhGr . 28 Callor 6t 6] SlFrcddemSatifon 61 t he

acetone andcheagkisen Twet kol -FRuEIIEIseS caft Bheor W RLANASy bonded to
the catalyst as alkyl or aryl thiol.

When phenol is reacted with acetone in the presence of acid
catalysts, a product mixture is formed which, in addition

15 to unreacted phenol and possibly acetone, primarily
contains BPA and water. In addition, small quantities of
typical by-products of the condensation reaction occur,
such as e.g. 2-(4-hydroxyphenyl)-2-(2-hydroxyphenyl)propane
{o,p—BPA), substituted indanes, hydroxyphenylindanols,

20 hydroxyphenylchromanes, spirobisindanes, substituted
indenols, substituted xanthenes and more highly condensed
compounds with three or more phenyl rings in the molecular
backbone. In addition, other secondary components, such as
anisole, mesityl oxide, mesitylene and diacetone alcohel,

25 can form by self-condensation of the acetone and reaction

with impurities in the raw materials.

For economic and technical reasons, the reaction is usually
performed in such a way that a hundred per cent conversion
of the acetone is not achieved and 0.1 - 0.6 wt.% acetone

30 1is still contained in the reactor discharge.



For econom c and technical reasons, the reaction is usually perfornmed in
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di scharge. WD 2005/ 075396 PCT/ EP2005/ 000635 3 The above-nenti oned

by- products, such as water, but also the unreacted feedstocks, such as
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separati on, msaucdrizsl By yeditieukanly Centthd ygesjuandompassed on for
further purificatiqn. Adduct crystals obtained in this way typically
exhibit a pUHYSAOICHWE wt. % BPA, based on the sum of BPA and the
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gglhf(rj' Plg%q% 0 déf‘eaéuééﬁ&irﬁa?tgf& Lh oS oL reAML oI M NG QYEing Lhe,
phenol by cooling the reaction mixture, allowing the BPA-
phencl adduct to crystallise out in a suspension
crystallisation. The BPA-phenol adduct crystals are then
separated from the liquid phase by suitable apparatus for
15 solid-liquid separation, such as rotary filters or

centrifuges, and passed on for further purification.

Adduct crystals obtained in this way typically exhibit a
purity of >99 wt.% BPA, based on the sum of BPA and the
secondary components, with a phenol proportion of approx.
20 40 wt.%. By washing with suitable solutions, which
typically contain one or more components from the group
consisting of acetone, water, phenol, BPA and secondary
components, the adduct crystals can be freed of impurities

adhering to the surface.

25 The liquid stream forming during the solid-liquid
separation (mother liquor) contains phencl, BPA, water
formed during the reaction and unreacted acetone, and is
enriched in the secondary components typically forming
during BPA production. This mother liquor stream is

30 generally fed back into the reaction unit. To maintain the

catalytic activity of the acid ion exchangers, water that
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before the dehydration. Alternatively, water and acetone can also be
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secondary conponents 1n the circulating stream a partial quantit t he
circul ati ng ot ramsugpnonat greftell pratial of CoerpbRrephecolery of 20
phenol by distillation - is. discharged fromthe proces chai n_as_  so-call ed
BPA resih’ ﬁfﬁ%@} Ié,tlbea.r?l%.lgfal’gjo_“t%%e%? e M st7 R AR be  passed
through a reargmnoepesnt i tpfdhdedoMeddnacig 410 reaction solution can

also be removed by distillation at the same time.

In a circulatiﬁg operation of this type, the problem occurs

that by-products from BPA production become cconcentrated in
15 the circulating stream and lead to the deactivation of the

catalyst system and to poorer product qualities. To avoid

excessive concentration of secondary components in the

circulating stream, a partial quantity of the circulating

stream - opticnally after partial c¢r complete recovery of
20 phencl by distillation - is discharged from the prcocess

chain as so-called BPA resin.

Furthermore, part or all of the circulating stream can be
passed through a rearrangement unit filled with acid ion
exchanger after the solid-liquid separation and before or

25 after the separation of water and residual acetone. This
unit is generally operated at higher temperatures than the
reaction unit. In this rearrangement unit, some of the
secondary components from BPA production present in the
circulating stream are isomerised tec BPA under the

30 prevailing conditions, so that the total yield of BPA can

be increased.
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water or m xtures af the ahove ,solvents, which can 13 optiaqgnally
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phenol can e feno e rom
secondary components are achieved.

Thus, the BPA-phenol adduct crystals can be recrystallised
for further purification from phenol, organic solvents,
water or mixtures of the above solvents, which can

15 optionally also contain BPA and its isomers, by a
suspension crystallisation. By selecting suitable solvents,
the phenol present in the adduct crystals can also be
completely or partly removed at the same time. Any phenol
remaining in the BPA after the recrystallisation is then

20 separated off completely by suitable distillation,

desorption or extraction methods.

Alternatively, the phenol can alsc be removed from the BPA-

phenol adduct crystals by melting-out processes.

After separating off the phenol, a bisphenol A melt is
25 obtained, which can be used for the production of
polycarbonate by the transesterification process (melt
polycarbonate) without previous solidification. However,
the bisphencl A melt can also be solidified by known
processes, e.g. by the prilling process or by flaking, for
30 sale or further use. The melt can also be dissolved in

sodium hydroxide solution and used for the production of
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descri bed, the content of secon conponents, the so-called 1soners,
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called isomers (indanes, chromanes, trisphenols, o,p-BPA
etc.) influence the crystallisation of the bisphenol A from
the reaction solution. As the content of them in the
reaction solution increases, their influence also grows. To

15 achieve adequate quality in the crystallisation in spite of
this, parts of the circulating stream, the so-called BPA
resin, have to be discharged from the circulation, as
already described above. For eccnomic reasons, it is
necessary to keep the quantity discharged as small as

20 possible since phenol and acetone are lost here as
bisphencl A and isomers. While it is true that the
processes known tc the perscon skilled in the art, such as
rearrangement and resin cleavage, make 1t possible to
recover some of the raw materials, this is however

25 associated with energy input and additional investment

costs.

The object of the present invention was therefore to

provide a process for the production of bisphenol A in

which the isomer formation during the reaction is reduced
30 and a high purity of bisphenol A in the end product is

achieved after the crystallisation and filtration, and thus



i sphenol A and isoners. Wiile it is true that the processes known to the
person skilled in the art, such as rearrangenent and resin cl eavage, nake
it possibl ewoo200ptans9ssone of the raw materials, thimct/ErRO0ENEIC6AS

associ ated with energy input and additional investnment costs. The object of
the present invention was therefore to pyovide a process for the production
of bisphenol Ain which the isoner formation during the reaction is reduced
30 and a high purity of bisphenol Ain the end product is achieved after
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the m xture contal ning phenol and acetone is reacted to form bisphenol A
15 It is anlesgdmmnical Aeathareiof the process according to the invention
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b) the mixture containing phenol and acetone is brought

to a temperature in the range of 48 to 54°C, and then

10 ¢ the mixture containing phenol and acetone is brought
into contact with an acid ion exchanger as catalyst at

this temperature, and

d) the mixture containing phenol and acetone is reacted

to form bisphenol A.

15 It is an essential feature of the process according to the
invention that the mixture containing phenol and acetone is
brought to a temperature of 48 to 54°C, preferably 50-53°C,
particularly preferably 51.5 to 52.5°C in step b} before

the reaction.

20 The acid ion exchanger in step c) is preferably used in

combination with a co-catalyst.

Other substances can also be contained in the mixture
containing phenol and acetone. For example, in addition to
p,p-bisphenol A itself, the so-called isomers, which are
25 contained in the recycled partial stream of the mother
liquor, which originates from the crystallisation and
filtration of the BPA-phenol adduct, can also be contained

therein. These are the compounds known to the person
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the reaction. 20.The acid ion exchanger in step c) is preferably used in
conbi nat i onwoi hosy CH3®aEt al yst. Ot her substances can alcagebgos®ioviensd in
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p, p- bi sphenol "A itself, the so-called isogrers, which are 25 contained in the
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desired mai BPrdUeh-cAlaliRRtSAXE Wd1Bas impurities from the raw

materials can also be contained in the recycled partial

stream.

By cooling the mixture containing phenol and acetone from

15 the otherwise conventional 55 to 60°C to 48 to 54°C, the
starting temperature of the reaction is ultimately reduced
to a temperature in the range of 48 to 54°C. As a result,
the isomer formation during the reaction on the acid ion
exchanger becomes more selective with regard to p,p-

20 Dbisphencl A, the desired main product. At the same time,
the quantity to be discharged from the recycled partial
stream of the mother liquor, which originates from the
crystallisation and filtration of the BPA-phenol adduct
crystals, i.e. ultimately the guantity of BPA resin to be

25 discharged to keep the content of by-products, the so-
called isomers, in the reactor constant at a level that is
acceptable for the performance of the crystallisation and
the purity of the end product, is reduced. Because of the
smaller discharge, less bisphenol resin is formed as a

30 residual substance. Thus, the quantity of BPA resin is a
direct indication of the isomer formation in the reaction.

By reducing the reactor inlet temperature, the resin
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the quantity to be discharged fromthe recycled partial streamof the
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conduct i $HeGRGLAR ad RRAIGEA lthid ek G d2itS ganesaldy | eads to
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t enper at ur e Pirgathiecef ¢id o lpensimgHdst licamsertat he dcalvastnhgenipe ntdfeineeact or .

Conducting the r%acti Qn %qlieaq:%t iccc%ltrl %utyiire% 1 }ﬁae!azr%eait&% udes -a .net hod of
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products of bispheno production known to the person
the reactor jacket is heated slightly from the outside to

avoid crystallisation in wall areas.

As a result of the low temperature at the beginning of the
reaction, at which a high concentration of acetone is still
15 present, in particular the self-condensation of acetone as
well as the formation of chromanes, indanes and other by-
products of bisphencl A production known to the person

skilled in the art are reduced.

To obtain a bisphenol of sufficient gquality and to be able

20 to perform the crystallisation and filtration of the
bisphenol A-phenol adduct crystals without any problems, a
content of 100 g/l of the so-called isomers in the reaction
mixture after the reaction should, if possible, not be
exceeded. A content of 60 to 100 g/l of the so-called

25 1isomers in the reaction mixture at the reactor outlet is
preferably established. As a result of the process
according to the invention, the discharge of the partial
stream of the recycled mother liquor originating from the
crystallisation and filtration of the BPA-phenol adduct

30 crystals can be quantitatively reduced without exceeding

the limit of 100 g/1 of the so-called isomers in the
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skilled in the art are reduced. To obtain a bisphenol of sufficient quality
and to be almbez0@8ydrs396rf ormthe crystallisation and gor/Epadosprooaeishe

bi sphenol A-phenol adduct crystals wi thout any problens, a content of 100
g/l of the so-called isonmers in the reactpon mxture after the reaction
shoul d, if possible, not be exceeded. A content of 60 to 100 g/l of the
so-called 25 isoners in the reaction mxture at the reactor outlet is
preferably @sabictshedtuss atr édul treefc tiolre oprtdedss A @ocordisng st o t he

i nvention, the discharge of the.parti.al _stream of t.he recycled mather
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stream nmakes up quantitativel’y less 10 than wt. % based on the quantity of
bi sphenol Awpegddcedhisi gratiiagd sty egirenakepr esemuanthe adiisthar Jedsparti al
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of the mother liqucr therefore amounts to less than 6 wt.%,

quantitatively, based on the quantity of bisphencl A

produced, taking into account all the components contained

15 in the partial stream except phenol. The content of phenol
in the partial stream of the mother liquor to be discharged

can readlily be determined by the person skilled in the art

using common analytical methods.

The quantity of BPA resin ultimately formed can alsoc be
20 further reduced in the process according to the invention
by methods known to the person skilled in the art, such as

e.g. rearrangement and resin cleavage.

In particular the formation of indanes, indenols and

spirobisindanes is favoured by high temperatures. Formulae
25 (I) and (II) show examples of indanes, formula (III) an

example of an indenol and formula (IV) an example of a

spirobisindane.
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in the partial streamof the nother liquor to be discharged can readily be
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met hods. The quantity of BPA resin ultimately forned can also be 20 further
reduced in the process according to the invention by nmethods known to the
person skilled in the art, such as e.g. rearrangenent and resin cl eavage.
In particular the formati on of indanes, indenols and spirobisindanes is
favoured by high tenperaturgs ormulae 25 (1) and (11) show exanugs of
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reaction mxture Kkept low It has been shown that the content of these

i ndanes, spirobisindénes and indenols in the product{myi xture at the 10
reactor outlet can be reduced by the process according to the invention to

| ess than 15 g/ 1. The process according to the inyeantion enables a BPA to be
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It is known that isomers such as o,p-BPA can still be
rearranged during the reaction, whereas indanes,
spirobisindanes and indenols cannot. Their formation in the
5 reaction must therefore be especially avoided as far as
possible and their concentration in the reaction mixture

kept low.

It has been shown that the content of these indanes,
spirobisindanes and indenols in the product mixture at the
10 reactor outlet can be reduced by the process according to

the invention to less than 15 g/1.

The process according to the invention enables a BPA to be
produced in a purity of more than 99.5 wt.% of p,p-
bisphenol A after crystallisation and filtration of the

15 BPA-phenol adduct, subsequent washing with phenol and
separation of the phenol by distillation and/or desorption,
without additional purification by recrystallisation being

necessary.

The bisphenol A produced by the process according to the

20 invention can be reacted with phosgene by the interfacial
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produced in a purity of nore than 99.5 wt. % of p, p- bisphenol A after
crystal | i sawbopo@syb 7si3loer at i on of the 15 BPA-phenol addwgtp2sedageest
washing with phenol and separation of the phenol by distillation and/or
desorption, wthout additional purificagpon by recrystallisation being
necessary. The bi sphenol A produced by the process according to the 20

i nvention can be reacted with phosgene by the interfacial WO 2005/ 075396
PCT/ EP2005/ @@0§tonde2 spaliynopdersatsi oxr priatesd aary Iwickhhrbadinaityls ,car bonat es,
preferably diphen carhonate, b he nelt process form polycarbonate.
Exanpl e 1 (&€ F&l‘ya#?&yt GPRET Yy ﬁtritbé)ﬁ’)at@'Abr eg iB‘ﬁHgolpEﬂC@ﬁsc siafﬁri“hg of 4
W . % acet ongo 1§ catrb¥nateqners, 7 wt. % bi sphenol A, 0.05 wt. % water, 300 ppm
mer capt opropi oni ¢ acid and the renai nder being phenol (approx. 83 w.% is
passed fromtop to bottomthrough a reactor charged with 100 nB of
phenol - noi sExanpile lofacgoxrdimen deor thendnventdemd at a t hroughput of 30 t/h.
This corresponds to a bisphenol A production of 4.2 t/h. The reactor inlet
t enper at wr e 5l S. . |.at :520C, react qQr tle rature i,s 75' C
A Th o et f) e RG arrb  F BAA ST orher [Ldtor H Sid god Arounts to
5.1 wt.% 15sguentsi,t dt wtelky bilsatedodn 2, h® .gGanti. By waft e, s Bd@nq@pmA  pr oduced,
taking into account all ,the conponents contained _in the partial stream

except phen8EICRRECPSAPARIILST 2idaRes thep BB e Rdaksd "an@ieiddnol s is 12

g/ 1 in totalsbRrokhe gheast an ng@%%@%@ YSIORO thl $ MRG0 HARRIRL izon. 20
Exampl e 2 (conparative exanple) The test is performed as 1 n Exanple 1, but
t he reactor reactor charged with 100 m® of phenol-moist, acid ion

10 exchanger Lewatit SC104 at a throughput of 30 t/h. This
corresponds to a bisphenol A production of 4.2 t/h. The
reactor inlet temperature is regulated at 52°C. The reactor
outlet temperature is 75°C. At this setting, the partial
stream of mother liquor discharged amounts to 5.1 wt.$%,

15 quantitatively, based on the quantity of bisphenol A
produced, taking into account all the components contained
in the partial stream except phenol. The content of
indanes, spirobisindanes and indenols is 12 g/l in'total in

the reactor discharge using this method of operation.

20 Example 2 (comparative example)

The test is performed as in Example 1, but the reactor
inlet temperature is now 56°C and the reactor outlet
temperature 79°C. At this setting, the partial stream of
mother liquor discharged amounts to 8 wt.%, quantitatively,
25 based on the quantity of bisphenol A produced, taking into
account all the components contained in the partial stream
except phenol. The content of indanes, spirobisindanes and
‘indenols is 19 g/l in total in the reactor discharge using

this method of operation.

30
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inlet tenperature is now 56' C and the reactor outlet tenperature 79'C At
thiss settingo ebesens39%l stream of nother |iquor di SETAEgRAOBMOOELS tO 8
W.% quantitatively, 25 based on the quantity of bisphenol A produced,
taking into account all the conponents ggntained in the partial stream
except phenol. The content of indanes, spirobisindanes and indenols is 19
g/l in total in the reactor discharge using this nethod of operation. 30 WO
2005/ 075396 PSEMEP2005/ 000615 13 Cains 1. Process for the production of
bi sphenol A, wherein a) phenol and acetone are m xed together and b) the

m xt ure cont.ai ni ol ceto ' r t t.e rature in the
range of 48 lt'o g%é’?%n&@“h&ﬁ(: %qrr%gldntlﬁﬁ%ulr%éfoc%g%pﬁeg}oﬁlg Admo “4nd acet one
is brought into contact with an acid ion exchanger as catalyst at this
tenperature, andal0 d)phdne Imatidirarctanicaiatengipeenaogtheacetmahe i s reacted
to form bi sphenol A 2. Process according to claim1, wherein the ion

exchanger in step.c) is used .in conbination with a co- catalyst. 15 3.
Process accor di ng’)to GF- X G OF T DS NGRSO R atceei”?;é?é}eatltﬁe of the
reactiongn step d) degs it @€eed enplGtite RMOGERS dnad g pne of

claims 1 to 3, wherein the reaction in step d) is conducted adiabatically.
20 5. Process accordi nd tCo @mel dtheglains 1 to 4, wherein a

c) the mixture containing phenol and acetone is
brought into contact with an acid ion exchanger

as catalyst at this temperature, and

10 d) the mixture containing phenol and acetone is

reacted to form bisphenol A.

2. Process according tc claim 1, wherein the ion
exchanger in step c) 1s used in combination with a co-

catalyst.

15 3. Process according to one of claims 1 or 2, wherein the
temperature of the reaction in step d} does not exceed

77°C.

4. Process according to one of claims 1 to 3, wherein the

reaction in step d) is conducted adiabatically.

20 5. Process according to one of claims 1 to 4, wherein a
product mixture is obtained in step d) from which a
bisphenol A-phenol adduct is then crystallised out and
filtered off and bisphenol A produced therefrom, and
wherein the mother liquor forming during the

25 crystallisation and filtration is partly recycled into
the mixing of phenol and acetone in step a), a partial
stream being discharged from the recycled mother

liquor and this partial stream making up



product m xture is obtained in step d) fromwhich a bisphenol A-phenol
adduct is then200§40H3%96ed out and filtered of f and BITYEREABS/00qEISduced
therefrom and wherein the nother liquor formng during the 25
crystallisation and filtration is partlyinecycled into the m xing of phenol
and acetone in step a), a partial stream being discharged fromthe recycled
mother liquor and this partial stream nmaking up WO 2005/ 075396 .
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of bi sphenol A prodyced, Jghord ﬁﬂy e ; t 0 ordi ng
to one of clains 1 tbgl , é\/ﬁ(}réﬁlﬁgﬁ eccegir]ft gﬂn%lqﬁ%ggegﬁleslﬁlr |ezsle?10 anes and
indenols in 5 the product m xture obtained in step d) is less than 15 g/1,

based on t he producicaaxtagerdindrocesse fofr dleemer dduad i99n viferein the
pol ycar bonat e, wherein bOnfs Ais duced, according to one of clains 1

i sphepol
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15 g/1, based on the product mixture.

7. Process for the production of polycarbonate, wherein
bisphenol A is produced according to one of claims 1
to 6 and then reacted with phosgene by the interfacial

10 polycondensation process or with diphenyl carbonate by

the melt process to form polycarbonate.



