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can be

during the reaction, a large proportion of the unreacted
acetone remaining in the reaction mixture.

10
Bisphenols in the form of condensation products of phenols
and carbonyl compounds are source materials or intermediate
products for the manufacture of a large number of
commercial products. The condensation product arising from

15 the reaction between phenol and acetone, 2,2-bis(4-
hydroxyphenyl)propane (bisphenol A, BPA), is of particular
technical importance. BPA serves as source material for
the production of diverse polymeric materials, such as, for
example, poclyarylates, polyether imides, polysulfones and

20 modified phencl-formaldehyde resins. Preferred fields of
application lie in the production of epoxy resins and

polycarbonates.

Technically relevant methods for producing BPA are known
25 and are based on the acid-catalysed conversion of phencl
with acetone, wherein a phenol/acetone ratio of more than
5 : 1 in the reaction is preferably adjusted. Homogeneous
and also heterogeneous Brensted acids or Lewis acids can be
used as acidic catalysts, for instance strong mineral acids
30 such as hydrochloric acid or sulfuric acid. Gel-like or
macroporous sulfonated cross-linked polystyrene resins
(acidic ion-exchangers) are preferably used. By way of

cross-linker, divinylbenzene is normally employed, but
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catalysts are, for example, mercaptopropionic acid,
hydrogen sulfide, alkyl sulfides such as, for example,
ethyl sulfide and similar compounds. Fixed co-catalysts
are amincalkyl thiols and pyridylalkyl thiols which are
ionically bonded to the catalyst, in which case the SH
function may be protected and is only set free during or
after fixing to the catalyst. Similarly, the co-catalyst
may be covalently bonded to the catalyst in the form of
alkyl thiol or aryl thiol.

In the course of the conversion of phenol with acetone in
the presence of acidic catalysts a product mixture arises
which, besides unconverted phenol and, where appropriate,
acetone, primarily containg BPA and water. In addition to
these, typical by-products of the condensation reaction
arise in small quantities, for instance 2-(4-
hydroxyphenyl) -2- (2-hydroxyphenyl) propane (o,p-BPA),
substituted indanes, hydroxyphenyl indanols, hydroxyphenyl
chromanes, substituted xanthenes and more highly condensed
compounds with three or more phenyl rings in the molecular
skeleton. In addition, further secondary components such
as anisole, mesityl oxide, mesitylene and diacetone alcohol
may be formed as a result of self-condensation of the

acetone and reaction with impurities in the raw materials.
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the raw materials. W 2005/ 075397 PCT/ EP2005/ 000616 3 For econoni c and
techni cal reasons, the reaction is usually —conducted in such a way that
one- hundr ed- percent conversion of the acetone is not obtained, and 0.1 - 0.6
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suitability of BPA for producing polymers and have to be
separated by suitable processes. High purity demands are
10 made of the raw material BPA, particularly for the purpose

of producing polycarbonate.

One method for reprocessing and purifying BPA is undertaken
by separation of BPA from the reaction mixture in the form

15 of a roughly equimolar crystalline adduct with phenol by
cooling of the reaction mixture accompanied by
crystallisation of the BPA/phenol adduct in a suspension
crystallisation. The BPA/phenol adduct crystals are then
separated from the liquid phase by means of a suitable

20 apparatus for solid/liquid separation, such as rotary
filters or centrifuges, and are supplied to a further

purification stage.

Adduct crystals obtained in this way typically have a

25 purity of > 99 wt.% BPA, relative to the sum of BPA and the
secondary components, in the case of a phenol proportion of
approx. 40 wt.%. By washing with suitable solvents, which
typically contain one or more components from the group
comprising acetone, water, phenol, BPA and secondary

30 components, the adduct crystals can be freed of

superficially adhering impurities.



—20—appar-at us—for—sol-dH-i qui-d—separ ation,- such as rotary filters or
centrifuges, and are supplied to a further purification stage. Adduct
crystals obtained in this way typically have a 25 purity of > 99 wt. % EPA,
relative to the sumof EPA and the secondary conponents, in the case of a
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into the reaction unit. In order to maintain the catalytic
activity of the acidic ion-exchangers, water that has
arisen previously is removed by distillatiocn, whereby

10 acetone that is still present in the given case is also
removed from the mother liquor. The dewatered reaction
flow which is obtained in this way is replenished with
phencl and acetone and is recirculated into the reaction
unit. Alternatively, water and acetone may also be removed

15 by means of distillation prior to carrying out the
suspension crystallisation of the BPA/phenol adduct. In
the course of the stated distillation steps, a partial
quantity of the phenol that is present in the reaction
solution may alsoc be removed by means of distillation.

20 EP-A-1 162 188 describes such a separation of the reaction
water and of the incompletely reacted acetone by means of

distillation.

With such a circulatory mode of operation the problem

25 arises that by-products of the production of BPA are
enriched in the circulatory flow and result in the
deactivation of the catalyst system and also in inferior
product qualities. In order to avoid an excessive
enrichment of secondary components in the circulatory flow,

30  a partial quantity of the circulatory flow - optionally
after partial or complete recovery of phenol by
distillation - is extracted from the process chain in the

form of so-called BPA resin.
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suspension crystallisation of the BPA/ phenol adduct. In the course of the
stated,distillation steps, a partial quantity of the phenol that is present
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reaction unit. In this rearrangement unit some of the
secondary components of the production of BPA which are
10 present in the circulatory flow are isomerised under the
prevailing conditions to form BPA, so that the overall

yield of BPA can be increased.

The BPA/phenocl adduct crystals obtained subsequent to the

15 suspension crystallisation of the reaction solution,
described above, and the solid/liquid separation are
supplied to ongoing purification steps, in the course of
which the separation of phenol and optiocnally the lessening
of the concentration of secondary components are achieved.

20
In this way, the BPA/phenol adduct crystals consisting of
phenol, organic solvents, water or mixtures of the named
solvents, which optionally still contain BPA and/or its
igomersg, can be recrystallised by a suspension

25 crystallisation. In this connection, the phenol that is
present in the adduct crystals can alsoc be separated |
entirely or partially through the choice of suitable
solvents. The phenol remaining in the BPA in the given
case after the recrystallisation is then separated entirely

30 by suitable distillative, desorptive or extractive methods.

Alternatively, the phenol may also be removed from the

BPA/phenol adduct crystals by means of melting-out



yi el d of BPA can be increased. The BPA/ phenol adduct crystals obtained
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suspension 25 crystallisation. In this connection, the phenol that is
present in the adduct crystals can also be separated entirely or partially
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the given case after the recrystallisation is.then separated entirely 30 by
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mel ti ng-out WO 2005/ 075397 PCT/ EP2005/ 000616 6 processes. But with these
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is obtained which can be used without prior solidification for the
producti on of OpbRiRar p¥hitR F3tHe vPekseltlerys REtPppsolidification for

the production of polycarbonate by the transesterification
process (meclten polycarbonate). But the bisphenol-A melt
may also be solidified, for sale or for alternate usage, by

10 known processes, such as, for example, by the prilling
process or by exfcliation. Furthermore, the melt may be
dissclved in caustic-soda solution and may be employed in
the polycarbonate process in accordance with the interphase
process. The bisphencl A that has been freed of phenol may

15 optionally be subjected, prior to further processing, to a
purification step such as, for example, a melt
crystallisation, a distillation and/or a recrystallisation
out of phenol, water or an organic solvent such as, for
example, toluene or mixtures of these substances.

20
Prior to being recirculated into the reaction, the mother
ligquor has to be dewatered, since by reason of the
thermodynamic equilibrium the reaction water would greatly
gsuppress the reaction of phencl and acetcne to form

25 Dbisphencl A and would consequently reduce the conversion
arising from the reaction. On the other hand, the
unconverted residual acetone should remain in the reaction
solution, since otherwise it would have to be isclated in
elaborate manner from side flows and would have to be

30 recirculated into the reaction in order to keep losses of

raw materials down for economic reasons.
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It has now been found that this object can be achieved by a
10 distillative separation of the reaction water from the

reaction solution in a vacuum distillation.

The invention relates to a process for producing
bisphenol A, wherein
15
a) phenol and acetone are converted in the presence of an
acidic catalyst to form a reaction mixture containing

bisgphenol A and then

20 b) water is removed from the reaction mixture by means of

distillation, the distillation column that is employed
being operated at a bottom temperature from 100 °C to
150 °C and at an overhead temperature from 20 °C to

80 °C, and the absolute pressure amounting to 50 mbar to
25 300 mbar at the head of the column and to 100 mbar to
300 mbar at the bottom of the column and

c) before or after the distillation in step b) a
bisphencl-A/phencl adduct is separated from the

30 reaction mixture by crystallisation and filtration.
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to more than 95 %. But, at the same time, with this wvacuum

distillation more than 80 % of the unconverted acetone
introduced into the distillation preferably remains in the
bottom product. Furthermore, the bottom product preferably
contains between 0.01 wt.% and 0.2 wt.% water (relative to
the bottom product). To this end, the distillation column

that is employed is operated with a bottom temperature from
100 °C to 150 °C, preferably 110 °C to 140 °C, particularly
preferably 125 °C to 135 °C, and with an overhead
temperature from 20 °C to 80 °C, preferably 30 °C to 70 °C,

particularly preferably 50 °C to 60 °C. The vacuum in the
head of the column amounts to 50 mbar to 300 mbar,
preferably 80 mbar to 200 mbar, particularly preferably

100 mbar to 150 mbar. The bottom vacuum amounts to

100 mbar to 300 mbar, preferably 120 mbar to 250 mbar,
particularly preferably 150 mbar to 200 mbar. By way of
separation processes for achieving the stated object, those
distillation devices known to a person skilled in the art
may be employed which contain internal fittings such as,
for example, filling materials and/or packings and/or

trays.

The bottom product that is obtained in the course of
distillation is suitable, optionally after separation of
the bisphenol-A/phenol adduct crystals by a suspension
crystallisation, for re-use in the reaction after

replenishment of the consumed components phenol and acetone



separating water the water can be separated al nost 5 quantitatively that is
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re-use in the reaction after replenishnent of the consuned conponents phenol
and acet one water and in the course of a recirculation of the bottom
product into the reaction consequently do not disrupt the
10 reaction, above all in the course of the later separation
of the bisphenol A. Similarly, in this case it is possible
for impurities to be separated overhead from the raw
materials that are employed, such as methanol and also by-
products arising in the course of the production of
15 Dbisphenol A, such as anisole from methanol and phenol, as
well as the compounds arising from the self-condensation of

acetone, such as, for example, mesitylene, mesityl oxide

and diacetone alcohol, at least in part but preferably in a

proportion amounting to at least 50%. In the case where

20 wuse is made of mercaptopropionic acid by way of co-
catalyst, the co-catalyst remains in the bottom product.
Only the decomposed portion and the portion that has been
lost as a result of the discharge from the circuit have to
be replenished in order to conduct the reaction with a

25 constant content of co-catalyst.

The bisphenol A that is produced by the process according

to the invention is preferably converted into polycarbonate

with phosgene in accordance with the interphase process or
30 with diaryl carbonates, preferably diphenyl carbonate, in

accordance with the melt process.
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of cc- catal98ta shbferachdit ybenreseharden 4 e botaosignodict. only the

deconposegl ROLLYON ARdiiie POLLLNOT h@twi;%f PG 3 GdeS & [gett of the

d
di scharge fromt circuit be r eni shed" i n° of der conduct the
reaction withé awi25% chesens, corwent oisplvensl ai yst . 0T het bt spdieso] A that is

produced by §@§ 558955§c§5%é5£%§¥bnic acid and approx. 83 wt.% phenol).
In this process a reaction mixture results containing
1 wt.% reaction water and 0.3 wt.% unreacted acetone.
10 After crystallisation and separation of the
bisphenol-A/phenol adduct crystals the remaining mother

liquor is supplied to a vacuum-distillation stage. The
bottom temperature amounts to 130 °C; the overhead

temperature amounts to 54 °C. The vacuum in the bottom

15 amounts to 163 mbar, in the head to 129 mbar. In the

process, over 95 % of the reaction water introduced into the
column is condensed at the head; the residue remains in the
bottom preduct. In the overhead product, in addition to
the water, 5 wt.% phenol and 5 wt.% acetone are found,

20 relative to the overhead product. In addition to these,
anisole and methanol, as well as self-condensation products
of acetone, such as, for example, mesitylene and diacetone
alcohol, are detected in the overhead product. A strongly
sulfurous odour indicates that degradation products of the

25 ion-exchanger and of the mercaptopropionic acid are
likewise removed from the mother liquor. In the bottom
there remain 0.27 wt.% acetone and 0.05 wt.% water,
relative to the bottom product in the mother liquor which
is again enriched with acetone to 4 wt.% and with phenol to

30 83 wt.% and also with mercaptopropionic acid to 300 ppm and
is conducted back into the reaction. The BPA stemming from

this process is suitable, after washing of the mixed



to the invention is preferably converted into polycarhonate wth phosgene in
accordahce with the interphase process or 30 with diaryl carbonates,

pref erably di phenyl carbonate, in accordance with the nelt process. WO
2005/ 075397 PCT/ EP2005/ 000616 10 Exanple 1 On a sulfo-acidic ion-exchanger
4 wt.% acetone are 5 converted into bisphenol Awth 96 w. % nother |iquor

(6 WM. % i sondfcs 208507889 sphenol A, 0.05 wt. % water, 3ECTFERR005/000616

mer capt opr opi oni ¢ acid and approx. 83 wt.% phenol). In this process a
reaction mxture results containing I w_ %reaction water and 0.3 w.%
unreacted acetone. 10 After crystallisation and separation of the

bi sphenol - A/ phenol adduct crystals the remaining nother |[|iquor is supplied
to a vacuum diststidlas i stegpecatiie dfotittemptenser atiioe @ umaiuar 180 CC,

t he over head enper.at.yr nmoynt.s t.Q 54 [ The .vaguum | e bottom 15
amounts to 1 rPorga)tlr}{caalI;b?%h% (Labaodﬁ} olqiféz c%é{ra?n%en V%lﬁceh (fj£|zq)—lreoclens"Jst',It};;c%’vaﬁe 95 Pg of
the reacti on pwtesss rndditc ecbdortdaridee wicdl wire i s condensed at the head; the
resi due remai-tns in the . bot tto.rpHﬁ( Od%,QtCtt' |n the overhead product, in addition
to the waterS " H'SF5% LG B oo BRASSHRe are found, 20 relative to the
overhead pgoduct. In addition to these, anisole and nethanol, as well as

sel f-condensati on products of acetone, such as, for exanple, nesitylene and
di acetane al cohol, are detected in the overhead product. A strongly

sul furous odour indicates that degradation products of the



25 i on-exchanger and of the nercaptopropionic acid are |ikew se renoved from
tWme nother liquor. In the bottom there remain 0.27 w. % acetone and 0. 05
w.%water, relative to the bottom product in the nother liquor which is
again enriched with acetone to 4 wt.% and with phenol to 30 83 wt.% and al so
Wi th nmercaptopropionic acid to 300 ppmand is conducted back into the
reacti on. ThEOBRAOSA0ZAEAPTg from this process is suitabber/edaoos/0as6iseg of
the m xed WD 2005/ 075397 PCT/ EP2005/ 000616 crystals and separation of the
phenol , for the production of polycarbonate both in accordance with the

i nterphase process and in accordance with the transesterification(-nelt)
process. wo 2005/075397 PCT/ EP2005/000616 - 12 Cains 1. A process for
produci ng bi gpheémsl A, wherein 5 a) phenol and acetone are converted in the
presence of an acidic catalyst to forma reaction m xture containing

bi sphenol A and then b) water is renoved fromthe reaction m xture by neans

10 of distilhbatianprébesdi sbil pabienisg! visphbadlis, wheLeyed bei ng operated
at a bottomtenperature from 100 'Cto 150 'C and at an overhead tenperature
from20 OC to 80 OC, and the absolute pressure anmounting to 50 nbar to 300

n?artﬁt tbf headapf bhénbs £REUSPePfet Qrd O8cPartd® BQ0cnbapratehbe Hpttom
(o] e colum and
an acidic catalyst to form a reaction mixture

containing bisphenol A and then

b) water is removed from the reaction mixture by means
10 of distillation, the distillation column that is

employed being operated at a bottom temperature
from 100 °C to 150 °C and at an overhead temperature

from 20 °C to 80 °C, and the absolute pressure
amounting to 50 mbar to 300 mbar at the head of the
15 column and to 100 mbar to 300 mbar at the bottom of

the column and

c) before or after the distillation in stép b) a
bisphenol-A/phenol adduct is separated from the

20 reaction mixture by crystallisation and filtration.

2. Process according to Claim 1, wherein in step a) a
sulfo-acidic ion-exchanger is employed, optionally in
conjunction with a co-catalyst, by way of acidic

25 catalyst.

3. Process according to one of Claims 1 or 2, wherein the
bottom product obtained in step b) is recirculated,
optionally after separation of the bisphenol-A/phenol

30 adduct in step c¢), into the reaction in step a).



c} befbre or after the distillation in step b) a bisphenol -A phenol adduct
is separated fromthe 20 reaction mxture by crystallisation and filtration.
2. Process according to Claim1, wherein in step a) a sulfo-acidic

i on-exchanger is enployed, optionally in conjunction with a co-catalyst, by
way of aci di%o 2005640253%%t. 3. Process according to one BITABPRIONE/Q0QELE2,
wherein the bottom product obtained in step b) is recirculated, optionally
after separation of the bisphenol-A/phqngb 30 adduct in step c), into the
reaction in step a). WD 2005/ 075397 PCT/ EP2005/ 000616 - 13 4. Process
according to Claim3, wherein the bottom product is enriched wth acetone,
phenol and opti direddsss viedrrdinattad yhaig 5. veosys tHordratitgnt o one of

Clains | to 4, i : 6 er..n ed
into the distil aﬁﬁ%%i%‘sée%%%l?ée%qﬁélfma%%&g?&di@E‘ﬁﬁt%.g%ﬂ.lﬁ%% s
according to onewifh Gtaicmtdlysc 5, wherein the 10 bottom product obtai ned
in step b) contains at least 80 P6 of the acetone introduced into the
distillation. 7. Process according to one of Clains 1 to 5, wherein the
bottom produet ohtederesl adcst@Eindg)tcatiaidts cGlaieast i 80%airdire acet one
introduced into the distillation and between 0.01 wA and 0.2 wt. % wat er,
relative to the SRR tmal obrrit ¥ *Ppbcbbs wWeterdingreguend antc thes | to

7, wherein the distillation is separated by means of distillation.

6. Process according to one of Claims 1 to 5, wherein the

10 bottom product obtained in step b) contains at least

80 % of the acetone introduced into the distillation.

7. Process according to one of Claims 1 to 5, wherein the

bottom product obtained in step b) contains at least
15 80 % of the acetone introduced into the distillation and

between 0.01 wt.% and 0.2 wt.% water, relative to the

bottom product.

8. Process according to one of Claims 1 to 7, wherein the

20 bottom product obtained in step b) contains at most 50 %
of the impurities methanol, aniscle and the self-
condensation production of acetone which have been

introduced into the distillation.

25 9. Process according to one of Claims 2 to 8, wherein
sulfur-containing degradation products of the sulfo-
acidic ion-exchanger and/or of the sulfur-containing

co-catalyst are distilled off overhead in step b).

30 10. A process for producing polycarbonate, wherein
bisphenol A according to one of Claims 1 to 9 is

produced and is then converted into polycarbonate with



20 bettom product obtained in step b) contains at nost 50% of the inpurities
et hanol , ani sole and the self condensation production of acetone which have
been introduced into the distillation. 25 9. Process according to one of
Clainms 2 to 8, wherein sulfur-containing degradation products of the sulfo-
acidic ion-exchanger and/or of the sulfur-containing co-catalyst are
distilled ofwo aues hemdorn step b). 30 10. A process forpceyesdpeisyDoo616
pol ycar bonat e, wherein bisphenol A according to one of Clains | to 9 is
produced and is then converted into polygarbonate wi th WO 2005/ 075397
PCT/ EP2005/ 000616 - 14 phosgene in acc fdance with the i nt er phase process
or wth diphenyl carbonate in accordance with the nelt process.

phosgene in accordance with the interphase process or

with diphenyl carbonate in accordance with the melt

process.



