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Bisphenols are important raw materials for the manufacture of polymers such as
epoxy resins and particularly polycarbonates. High standards are set for the purity of
bisphenols for use in this application, such that particular importance is attached to
10 the reprocessing stages as well as to the achievement of high yields and selectivities

in economic industrial- -scale production processes.

According to essentially known Pprocesses, bisphenols are produced by the
condensation of carbonyl compounds with aromatic alcohols in the presence of acid
15 catalysts. A process for the technically important production of 2,2-bis(4-
hydroxyphenyl)propane (BPA) comprises the reaction of acetone and phenol in the
presence of cross-linked sulfonated polystyrene resins (ion exchanger resins). A
phenol/acetone ratio of at least 5 : 1 is used here. Co-catalysts are used to obtain high
selectivities; these are either dissolved homogeneously into the reactants or are fixed

20 to the ion exchanger resin by means of covalent or ionic bonds.

The object is to separate from BPA by appropriate means the by-products that are
generated in the above process for the production of BPA and to remove all residues
of excess phenol from the product. The side streams generated by these measures

25 should further be recycled in the overall process by economic means.

As a means of achieving these objects, the isolation of BPA-phenol adduct crystals
from the reaction solution by suspension crystallisation with or without prior
distillation is described in the literature (EP- -A-829464), whereby the highly phenolic
30 parent liquor produced during filtration of the adduct crystals, optionally after
inclusion of a rearrangement reaction, is returned upstream of the reaction unit and

supplemented with fresh phenol and acetone. The disadvantage of this procedure lies
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stream in a cascade of purification stages by means of distillation, whereby the

The

reaction stream 1s purified without generating back flows of acetone, water, phenol
and by-products. The disadvantages of this process are the exposure of the product to
10 high temperatures during distillation, the high energy cOsts involved in the
distillation cascade and the substantial raw material loss resulting from dispensing

with the rearrangement and recycling of the minor constituents.

In EP-A-785181 the reaction solution is likewise reprocessed without adduct
15 crystallisation by means of vacuum distillation to remove acetone, water, phenol and
optionally minor constituents, followed by melt crystallisation. In this process 100,
raw material losses have to be accepted as a consequence of dispensing with the

recycling of BPA-containing by-product streams generated during purification.

20 The process according to the invention for the production and reprocessing of BPA
circumvents the disadvantages described above in that the reaction mixture is
purified by means of vacuum distillation, following which it undergoes layer
crystallisation and the by-product streams are recycled. Highly pure BPA can be
produced with the process according to the invention. The return of the by-product

25 stream downstream of the production unit ensures that the catalyst in the reaction

unit is not contaminated by recycled by-products.

The present invention thus provides 2 process for the production of 2,2-bis(4-
hydroxyphenyl)propane (BPA) by reaction of acetone and phenol in the presence of
30 cross-linked sulfonated polystyrene resins (ion exchanger resins), characterised in

that BPA is separated from the reaction solution downstream of the reaction unit
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10 The remaining reaction stream containing minor constituents and residual phenol in
addition to BPA is fed to a crystallisation unit (4). In the crystallisation unit (4)
crystallisation is performed as layer crystallisation on cooled surfaces in a melt
crystallisation apparatus, with continuous oOr batchwise operation, at temperatures of
125 to 160°C, preferably 140 to 160°C. The crystallisation may be performed as a

15 static process or in the form of a falling-film crystallisation.

This procedure concentrates BPA and depletes the by-products and phenol. The
content of phenol and of by-products was reduced in the crystallisation unit (4) by

around 80% in each case as compared with the quantities present prior to entering

20 the crystallisation unit (4).

On completion of crystal growth, the BPA crystals formed are isolated by draining
off the liquid parent liquor. This is optionally followed by a further purification of
the crystals, possibly and preferably by passing them through a temperature gradient
25 by sweating. The crystals are then liquefied by raising the temperature above the

melting point and drained into a collecting tank for further processing.

The BPA obtained after the crystallisation unit (4) can optionally be freed from any
remaining phenol and/or minor constituents in a second unit (5). The unit (5) is
30 preferably operated in the same Way as the crystallisation unit (4). Purification may

also be performed by distillation and/or desorption, however.
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passed through a rearrangement reactor (6), which is fille

10 preferably with cross-linked sulfonated polystyrenc resins, particularly with

covalently or ionically bonded mercapto compounds, particularly cross-linked

sulfonated polyester resins modified with 2-mercaptoethylamine (cysteamine) and

operated at temperatures of 50 to 110°C, preferably 60 to 80°C. Some of the by-

contained in the by-product stream (0,p-BPA, higher condensates) are

products
This increases the overall

15 rearranged in the rearrangement reactor (6) to p,p-BPA.

yield of BPA and reduces the content of BPA resin.

The process diagram Fig. 1 further illustrates the following components:

20 @) supply unit for phenol and acetone
(8) and (8’) product extraction unit
) phenol return line
(10 to (13) reaction stream lines

(14) and (14°) by-product stream lines
25 (15) by-product stream OF rearrangement product stream line

(16) water and acetone drainage line

In the process according to the invention, high-grade BPA is obtained by economic

means Wwith minimised back flow, energy input and substance losses, without

30 contaminating and deactivating the catalyst in the reaction unit (1) with recycled by-

products. The use of rotary filters and centrifuges to separate the adduct crystals that
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products contained in the by-product stream (o, p- BPA, higher condensates)
are rearranged in the rearrangenent reactor (6) to p, p-BPA This increases
t he overal | i el d of BPA and reduces the content of BPA reg

process di ag\yérﬂl@i‘ﬁ“ 1 further illustrates the follow ng cgl?répfgﬁléor?zi??ss 20
(7) supply unit for phenol and acetone (g) and (g) product extraction unit
(9) phenol return line (10) to (13) reaction streamlines (14) and (14')
by- product stream|lines 25 (15) by-produgr stream or rearrangenent product
streamline (16) water and acetone drainage line 1In the process according
to the invention, high-grade BPA is obtained by econom c neans with

m ni m sed bagkahbRY, energy input and substance | osses, w thout 30

contam nati ng an eactivating the catalyst in the reaction unit (1) with
recycl ed by- products. The use of rotary filters and centrifuges to
separate theEadﬂﬁ&% crystals that WO 01/ 34544 PCT/ EPOO/ 10655 -6 woul d
otherwise b during a suspension crystallisation of BPA is further
avoi ded by the use of layer crystallisation. In this way the technically
conpl ex, hi ghmai nt enance operation of process equi pnent is avoided and the
avai | ab¥ | i t yProflugtinn fithe esectomepletén By virtue of its high purity and good
col our index, the BPA 5 produced in this way is particularly suitable for
use as a raw material for polynmers such as pol ycarbonates and epoxy resins
in particul ag | piéilfwdtled wulfonetedpplystgrene eesim (lexwdtitl SCo104, Bager AGe covered
invention. The invention is not limted to these ex | es. ﬁfr%fntaﬁe
figures givewithedl Yneystqemingris paescd dhough @ Sﬂﬁeﬁeé(gl%%ﬁﬁ%f Into a double-walled

glass reactor (5 1). The apparatus is thermostated to 70°C and rendered inert by being
10 evacuated and aerated with nitrogen five times. Under a nitrogen fog a solution of
96 % phenol and 4.0 % acetone is fed continuously into the reactor from above at
70°C and at a flow rate of 1.5 Ih. At the reactor outlet a solution having the
following composition is obtained in continuous operation: phenol 84.5 %, acetone
0.3 %, water 1.4 %, p,p-BPA 12.7 %, by-products 1.1 %.
15

Example 2

Removal of acetone/water from the reaction solution

20 The reaction solution (10 1) obtained in example 1 is distilled through two plate
columns with 10 separation stages under a nitrogen fog. Distillation takes place at
150 mbar and a plate temperature of 130°C. A distillate with the following

composition is obtained:
25 acetone 17.0 %, water 79.3 %, phenol 3.6 %, others < 0.1 %

The bottom product displays the following composition: phenol 85.9 %, p,p-BPA
12.9 %, by-products 1.2 %

30
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and 4.0 % acetone is fed continuously info the reactor from above at 70C
and at a flowrate of 1.5 1/h. At the reactor outlet a solution having the
foll owi ng conposition is obtained in continuous operation: phenol 84.5 %
acetone 0.3 Exampledr 1.4 % p,p-BPA 12.7 % by-products 1.1 % 15 Exanple 2
Renoval of acetone/water fromthe reaction solution 20 The reaction
solution (10 1) obtained in exanple 1 is distilled through two plate

col umns Wi t Ry hoveeBRpRroP frofil AEEWHRERT solutirl T 0gen fog. Distillation takes
pl ace at 150 nbar and a plate tenperature of 130C. A distillate with the
foll owi ng conposition is obtained: 25 acetone 17.0 % water 79.3 %
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PCT/ EPOO/ 1063%umn at 100 mbar; the overhead temperature was 120°C. The distillate contains

-

>99.9 % phenol and the bottom product displays the following composition: phenol
4.0 %, p,p-BPA 88.3 %, minor constituents 7.7 %.

10 Example 4

Layer crystallisation

The solution obtained in example 3 undergoes a static layer crystallisation in a melt
15 crystallisation plant at 148 to 153°C. After crystal growth, draining off the parent
liquor, washing the crystals with reaction solution and sweating off the crystals, the
product crystals are melted at 165°C and drained off. A product of the following
composition is obtained: phenol: 0.7 %, p,p-BPA 98.2 %, by-products 1.1 %.

20 The product stream thus obtained undergoes a second layer crystallisation conducted
at a temperature of 153-156°C. After crystal growth, draining off the parent liquor,
washing the crystals with reaction solution and sweating off the crystals, the product
crystals are melted at 165°C and drained off. A product of the following composition
is obtained: phenol: 0.1 %, p,p-BPA 99.7 %, by-products 0.2 %.

25
The accumulation of phenol and by-products in the two stages is calculated as

follows:

Layer crystallisation 1:

30 Phenol reduction by 83 %, by-products reduction by 86 %



8 Exam ne 3 Renoval of phenol fromthe dewatered solution 5 Phenolic
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col um at é@% JKheyy, the overhead tenperature was 120C. The distillate
contains > 5 % phenol and the bottom product displays the foll ow ng
conposition: phenol 4.0 % p,p-BPA 88.3 % mnor constituents 7.7 % 10
Exanpl e 4 Layer crystallisation The sel9ution obtained in exanple 3
undergoes a static layer crystallisation in a nmelt 15 crystallisation plant
at 148 to 153C. After crystal growh, draining off the parent I|iquor,
washing the crystals wth reaction solution and sweating off the crystals,
the pr oducLaEMYSéﬂlbsaéWQ lted at 165C and gréaﬁq‘r)}ed of f. A product of the
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165C and drgj pe kit usefl. t he fol |l owi ng conposition is obtained:
phenol ? 0. 116%/?"03%&&32\&%8% % by-products 0.2 % 25 The accunul ati on of
phenol and by-products in the two stages is calculated as follows: Layer
crystallisation 1: 30 Phenol reduction by 83 % by-products reduction by 86
PCT/ EPOO/ 10655 WD 01/ 34544



9 Layer crystallisation 2: Phenol reduction by 86 % by-products reduction
by 82 The total anount of recycled parent |iquor after the two
crystallisation stages was 5 18 % of the reaction solution used.

01/ 34544 PCWEPUBIS#0655 - 10 Clains 1. Process for the productiEho0GP65S

2, 2- bi s(4- hydroxyphenyl ) propane (BPA) by reaction of acetone and phenol in
the presence of cross-linked sulfonated 5 pol ystyrene resins (ion exchanger
resins), characterised in that BPA is -sidbarated fromthe reaction solution
downstream of the reaction unit a) by neans of a nulti-stage vacuum
distillation and b) a subsequent single- or nulti-stage |ayer

crystal li satdy@fins 10 ¢) and the by-product streamw th accunul ated

by- product s turned downstream of the reaction unit. 2. Process
according to claim1l, characterised in that the recycl ed by-product stream
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according to cl aigmdiofr o acetbl aed ?héxﬁﬂCinitHe tphéenéeh6f efaesdinked ksatonated
sul fonat ed pol ystyrene resin used Tor the production is nodified with a

coval ert |y or i ormodystyrgndansinsl (iner exghangeromgsinshd chazecterised in that BPA is

separated from the reaction solution downstream of the reaction unit

a) by means of a multi-stage vacuum distillation and
b) a subsequent single- or multi-stage layer crystallisation,
10 c) and the by-product stream with accumulated by-products is returned

downstream of the reaction unit.

2. Process according to claim 1, characterised in that the recycled by-product
stream is passed through a rearrangement reactor filled with cross-linked

15 sulfonated polystyrene resin (acid ion exchanger resins).

3. Process according to claim 1 or 2, characterised in that the cross-linked
sulfonated polystyrene resin used for the production is modified with a

covalently or ionically bonded mercapto compound.

20
4, Process according to claim 3, characterised in that the ionically bonded
mercapto compound is 2-mercaptoethylamine (cysteamine).
5. Products obtainable according to the process defined in the any of previous
25 claims.
6. Use of the products obtainable according to any of the previous claims in the

production of polycarbonates and epoxy resins.



4. Process according to claim3, characterised in that the ionically bonded
nmer capt o conpound i s 2-nercaptoethylamne (cysteamne). 5. Products

obt ai nabl e according to the process defined in the any of i 5
claims. 6. (X€ ”Hﬁ“-‘t“ge products obtai nabl e according to anyp%c?y/#ﬁoledﬁg?%vi ous

clainms in the production of polycarbonates and epoxy resins. WD 01/34544
PCT/ EPOO/ 10655 -11 7. Arrangenent characteri sed by the conbination of a
reaction unit (1) with a distillation untk-(2), a distillation unit (3) and
at |l east one |ayer crystallisation unit (4) and/or (5) and optionally a
rearrangenent reactor (6). 5 8. Use of the arrangenent as defined in claim
7 for the prpductAfEng¥mdaPBharacterised by the combination of a reaction unit (1) with a

distillation unit (2), a distillation unit (3) and at least one layer crystallisation

unit (4) and/or (5) and optionally a rearrangement reactor (6).

5 8. Use of the arrangement as defined in claim 7 for the production of BPA.



