
EP 0 373 728 B1 Description The present invention relates to a process for
the continuous purification of bisphenols. The purification of bisphenols
from aqueous mixtures thereof is known. In U. S. patent specification 5
3,326,986, a bisphenol product is batch crystallized by a two-phase process
in which bisphenol is cooled to below [err], a mixture of the desired
bisphenol and water is formed and is heated to melt any crystals, agitated,
and cooled to a temperature at which a substantial portion of the bisphenol
crystallizes. However, this process is not useful for continuous
crystallization and does not lead to high purity crystals of bisphenols
which are large and firm so that they are easier to wash and otherwise work
up 10 because they do not break in handling. The present invention is
directed to a process for the continuous purification of crude bisphenol
which comprises (1) forming a single liquid phase comprising a hot mixture
of crude bisphenol and water in a ratio of from 75% to 85% weight of crude
bisphenol to 15% to 25% weight water; (2) continuously feeding this mixture
together with a stream of warm water to a first crystallization zone at a
temperature of the combined 15  streams of from [err] to [err]  to maintain
a bisphenol-rich phase, a water-rich phase and a crystalline phase
comprising 70% to 95% of the total bisphenol in the mixture; (3) passing
the three-phase mixture of bisphenol and water to one or more
crystallization zones operated at [err] to [err] until 90% to 99% of the
total bisphenol is crystallized; and (4) recovering the purified bisphenol
crystals. The above process is useful for the continuous crystallization of
bisphenols having large and firm 20 crystals. The crystals formed using the
process of the invention form at a much lower temperature than in
conventional melt crystallization, the density difference of crystals is
high with the water-rich system, so settling is rapid as compared to
bisphenol solid-bisphenol melt systems. The temperature of the hot mixture
of step (1) is preferably above [err] depending on the composition of the
mixture. The temperature in step (2) at which the three phases coexist will
depend on 25 the composition of the particular mixture, including the
particular crude bisphenol, water and impurities. The temperature in step
(2) is [err] to [err]. The temperature in step (3) also varies with the
composition of the three-phase mixture and the degree of bisphenol feed to
be crystallized but is between [err] to [err]. The pressure is adjusted by
standard means to maintain the three phases at a particular temperature.
Water in the system is kept from flashing to cool the system and causing
undesired crystallization by 30   adjusting the pressure. Usually, the
pressure is from atmospheric (100 kpa) to 135 to 170 kPa or higher. The
composition of the mixture to step (1) is from 75% to 85% weight crude
bisphenol containing undesired by-products, including the isomers and high
condensation products from the preparation of bisphenol, and from 15-25%
weight water. Preferably, the mixture comprises about 80% weight crude
bisphenol and 20% water. The amount of impurities present in the crude
bisphenol is not critical as long as 35 the solubility of these impurities
in the water is not exceeded. One of skill in the art can readily adjust
the rate of mixing and residence time to achieve the desired crystal
product. The crystals of the bisphenol are recovered by conventional
techniques known in the art as by filtration, e.g., on an open Buchner
funnel lined with a polyester felt or by centrifugation, or the like.
Further 40 purification can be accomplished by the same process of the
present invention or another conventional crystallization method. The
mother liquor obtained after recovery of the bisphenol crystals can be
treated to recover residual bisphenol and impurities for recycle to an
adduct crystallization system before the water is recycled. Some 



of the impurities form solid solutions with the bisphenol; therefore, these
impurities cannot be completely 45 removed in one crystallization step. To
closer approach the purification afforded by batch crystallization of solid
solutions in continuous operation, additional multiple stages can be used.
As an example, in a three- stage continuous crystallizer, the first two
stages will operate in the three-phase region. As in the two-stage
crystallizer, optimum purification is obtained when the same fraction of
solute fed to each stage is crystallized, and the last stage is operated
essentially at the same temperature as the last stage of the two- 50 stage
case. The use of water having an acidic nature can aid in the obtaining of
bisphenol product reduced in the presence of color as determined by having
a reading of about 20 or less in an A.H.P.A. alcoholic solution color test.
Usually, it is desirable to use water having a pH of from 1 to 6. Numerous
conventional mineral and organic acids can be used to adjust the pH, such
as hydrohalogenic acids, sulfuric acid, phosphoric 55 acid, acetic, citric,
oxalic acids and the like. Melt systems and solidification of bisphenol
alternatively can be combined to improve purity of bisphenol since solid
solutions are possible. Injection of steam or cold water can be used to
control the temperature and effect phase changes while avoiding the use of
heat transfer surfaces. 2    EP 0 373 728 B1 The simplest practical system
then consists of two stages where most of the crystals are formed in the
first stage from the three-phase region. The second stage serves to
crystallize the remaining BPA. Requirement for product purity dictates the
overall recovery, which can be controlled by setting the temperature in
stage two and the slurry concentration. The first-stage crystallizer
operates essentially 5  isothermally, so temperature cannot be used for
control of fractional recovery. Instead, a heat balance must be used, and
this can be achieved by controlling the temperature of the feed water. For
a staged system with a solid solution, the optimum purity is obtained when
the same fraction of solute fed to each stage is crystallized. For example,
for a 99% overall recovery in a two-stage system, 90% of the crystals
should be formed in stage one and 90% of the remaining 10% solute should be
10    crystallized in the second. For a two-component system of, e.g., BPA
and water, at one particular temperature, about [err] , two liquids and
crystalline BPA coexist in equilibrium. As heat is removed, BPA
crystallizes at a constant temperature from the BPA-rich phase along with
the generation of additional water-rich phase. When the BPA-rich layer is
consumed, further removal of heat results in a temperature drop and the
crystallization of 15 a relatively small amount of additional BPA from the
aqueous layer. Large, well-formed individual crystals are formed in this
mode of operation and purification is improved. The function of the
crystallization process of the present invention is to separate p,p-BPA
from the reaction by-products. The presence of impurities lowers the
three-phase temperature and causes it to fall further in the course of a
batch crystallization as the purity of the dissolved BPA decreases. Some of
the 20  major impurities include o,p-BPA and higher condensation products,
such as trimers and the like. Purification involves dissolving the
impurities in the water. Solubility in water of the two principle by-
products, o,p-BPA and trimer, is each about 2-4 times that of p,p-BPA, but
the solution capacity for the impurities is still limited. Once saturated,
these impurities will cocrystallize. Accordingly, the solubility of the 



impurities in the mother liquor should not be exceeded and, thus, the
crystallization process of the invention 25 from water starts with a rather
pure feed. The present invention is useful for the purification of
bisphenols prepared by conventional procedures used to prepare bisphenols,
e.g., from a ketone and a phenol in the presence of an acid or
acidic-acting material, including inorganic and organic materials in liquid
or solid form. The bisphenols include those prepared by the reaction of a
ketone, such as acetone, ethyl methyl ketone, isobutyl methyl ketone, 30
actophenone, cyclohexanone, 1,3-dichloroacetone with a phenol, such as
phenol, o-cresol, m-cresol o- chlorophenol, m-chlorophenol,
o-t-butylphenol, 2,5-xylenol, 2,5-di-t-butylphenol, o-phenylphenol. The
above is not meant to limit the invention but to illustrate representative
examples of ketones and phenols which are known in the art to make
desirable bisphenols and for which those of skill in the art can readily
substitute other conventional bisphenol reactants. 35     A typical feed
stream to the crystallization process of the invention is a product from
the conventional condensation of acetone with phenol to form
2,2-bis(4-hydroxyphenyl)propane, also called bisphenol A (BPA) and usually
contains from about 25% to about 60% weight of bisphenol A, and the
remainder unreacted acetone or phenol and undesirable by-products of the
reaction, including undesired isomers of the desired product bisphenol A,
higher condensation products, and water. Usually, the bisphenol A product
40 is distilled to remove acetone, water and excess phenol so that the feed
stream contains about 35% bisphenol A and about 65% phenol and impurities.
The resulting mixture is treated in a conventional adduct crystallization
or other suitable process to initially partially purify the bisphenol.
After stripping this initially partially purified bisphenol to remove
phenol, the bisphenol of improved purity is subjected to the process of the
present invention. 45     A schematic process flow diagram of the water
crystallization unit is shown in Figure 1. Feed for the unit was made up in
feed vessel 2 by charging 45-78 kg of bisphenol A (BPA) and deionized water
via line 1 in 80:20 weight ratio, the composition of the BPA-rich phase of
the three-phase region. This mixture was heated quiescently under 170-240
kPa (gauge) pressure until it was largely molten, then stirred and heated
to about [err]. The BPA feed system was steam-jacketed or traced
throughout, 50 including the injection tip into the bottom of the
first-stage crystallizer, line 3. Temperature-controlled, deionized water
was fed via line 4 to the top of the first crystallizer stage and was set
to control the slurry concentration. The two crystallizer stages one and
two, vessels 5 and 8, respectively, each consisted of a 15 cm diameter by
28 cm long, 4.5-liter industrial glass pipe with a rounded bottom equipped
with stirring or 55 agitating means, e.g., four 1,25 cm baffles and two 6
cm slant-blade turbines located 4 and 19 cm from the bottom, for mixers.
Each entire vessel was steam traced and insulated. The product overflowed
from 5 into 8 via a heated 1,25 cm tubing (line 6) from the top of stage
one to the top of stage two. To assure the transfer of a representative
slurry, timed pulses of nitrogen were injected into stage one so that the
flow was 3    EP 0 373 728 B1 in bursts. Otherwise the crystals tended to
settle back into the feed stage. The fraction of BPA crystallized in stage
one was controlled by heat balance by varying the temperature of the feed
water. The first-stage temperature of about [err] was measured to [err] and



used as a reference for setting and re-adjusting the feed water
temperature. Cold water was injected into 5 stage two via line 7 for
temperature control. A pressure of about 35-70 kPa (gauge) was maintained
on the system to assure that the BPA feed would not flash cool and
precipitate solids. At start-up, crystallizer stage one was filled and
stage two was partially filled with 95  C water, low enough to induce rapid
crystallization. At the normal operating temperature of about [err] ,
crystallization is hard to initiate because the liquid feed can persist for
a long time at a slightly subcooled state. A small 10   amount of BPA feed
was added and allowed to disperse and solidify to form agglomerates of poor
quality. The water temperature was raised to about [err] and the flow of
water and BPA was restarted. The first crystallizer contents were visually
inspected to assure the presence of three phases as evidenced by the
globules of crystals wetted with the BPA-rich phase. Stage two was operated
at [err] to [err], low enough to assure the absence of the BPA-rich layer
15 yet high enough to keep the impurities in solution. The slurry from
stage two overflowed via line 9 into a temperature-controlled surge vessel
10 from which batches of crystals were passed via line 11, filtered and
washed with hot water injected via line 12 in a Buchner funnel 13 lined
with a polyester felt. The wet cake was removed via line 15 and mother
liquor was recovered via line 14 and optionally recycled after conventional
clean-up. 20 25 30 35 40 45 50 55 4    EP 0 373 728 B1 Results of
experiments conducted as described above are set forth in Table 1. [err] 20
Z 55 Results of these experiments illustrate that when the crystallisation
is conducted continuously at a temperature in which three phases (runs 5-7)
coexist, the product is desirable single crystals and coarse agglomerates
which have good storage and are purer than the crystals from batch
crystallisation at    EP 0 373 728 B1 a temperature in which only two
phases coexist. Claims 



5  1. A process for the continuous purification of crude bisphenol which
comprises (1) forming a single liquid phase comprising a hot mixture of
crude bisphenol and water in a ratio substantially of from 75% to 85%
weight of crude bisphenol to 15% to 25% weight water; (2) continuously
feeding this mixture together with a stream of warm water to a first
crystallization zone at a temperature of the combined streams of from [err]
to [err] to maintain a bisphenol-rich liquid phase, a water-rich phase and
a 10     crystalline phase comprising 70% to 95% of the total bisphenol in
the mixture; (3) passing the three- phase mixture of bisphenol and water to
a second crystallization zone operated at [err] to [err] until 90% to 99%
of the total bisphenol is crystallized; and (4) recovering the purified
bisphenol crystals. 2. A process according to claim 1 wherein the bisphenol
is 2,2-bis(4-hydroxyphenyl) propane. 15 3. A process according to claims 1
or 2 wherein the water has a pH of from 1 to 6. 4. A process according to
claims 1 to 3 wherein melt crystallization is used prior to or subsequent
to the process. 20 5. A process according to claims 1 to 4 wherein steam or
cold water is injected into a crystallizer to control the temperature.
PatentansprOche 25 1. Ein Verfahren zur kontinuierlichen Reinigung von
rohem Bisphenol, welches die folgenden Verfahrens- stufen umfaBt: (1) das
Bilden einer einzigen fllssigen Phase, umfassend eine heile Mischung aus
rohem Bisphenol und Wasser in einem Verhaltnis von im wesentlichen 75 bis
85 Gew% rohem Bisphenol und 15 bis 30       25 Gew% Wasser; (2) das
kontinuierliche Zuspeisen dieser Mischung zusammen mit einem Strom warmen
Wassers zu einer ersten Kristallisationszone bei einer Temperatur der
kombinierten Strome von 99 bis 101 IC unter Aufrechterhaltung einer
Bisphenol-reichen fllssigen Phase und einer wasserreichen Phase sowie einer
kristallinen Phase, welche 70 bis 95% der gesamten Menge an Bisphenol in
der 35        Mischung enthalt; (3) das Weiterleiten der dreiphasigen
Mischung aus Bisphenol und Wasser zu einer zweiten, bei 85 bis 97 C
betriebenen Kristallisationszone, bis 90 bis 99 % des gesamten Bisphenols
auskristallisiert sind, und (4) das Gewinnen der Kristalle aus gereinigtem
Bisphenol. 40 2. Ein Verfahren nach Anspruch 1, in welchem das Bisphenol
die Verbindung 2,2-Bis(4-hydroxyphenyl)- propan ist. 3. Ein Verfahren nach
den AnsprUchen 1 oder 2, in welchen das Wasser einen pH-Wert von 1 bis 6 45
aufweist. 4. Ein Verfahren nach den AnsprUchen 1 bis 3, in welchem eine
Kristallisation aus der Schmelze vor dem oder im AnschluB an das Verfahren
verwendet wird. 50  5. Ein Verfahren nach den AnsprUchen 1 bis 4, in
welchem Dampf oder kaltes Wasser zwecks Kontrolle der Temperatur in einen
Kristallisator eingespritzt wird. Revendlcations S5 1. Proc~d6 de
purification en continu de bisph~nol brut qui comprend (1) la formation
d'une phase liquide 



unique contenant un m~lange trbs chaud de bisph6nol brut et d'eau en
proportion de 75 % a 85 % en poids de bisph6nol brut pour 15 % a 25 % en
poids d'eau ; (2) I'alimentation en continu de ce melange avec un courant
d'eau chaude dans une premiere zone de cristallisation A une tempdrature
des    EP 0 373 728 B1 a temperature in which only two phases coexist.
Claims 5  1. A process for the continuous purification of crude bisphenol
which comprises (1) forming a single liquid phase comprising a hot mixture
of crude bisphenol and water in a ratio substantially of from 75% to 85%
weight of crude bisphenol to 15% to 25% weight water; (2) continuously
feeding this mixture together with a stream of warm water to a first
crystallization zone at a temperature of the combined streams of from [err]
to [err] to maintain a bisphenol-rich liquid phase, a water-rich phase and
a 10     crystalline phase comprising 70% to 95% of the total bisphenol in
the mixture; (3) passing the three- phase mixture of bisphenol and water to
a second crystallization zone operated at [err] to [err] until 90% to 99%
of the total bisphenol is crystallized; and (4) recovering the purified
bisphenol crystals. 2. A process according to claim 1 wherein the bisphenol
is 2,2-bis(4-hydroxyphenyl) propane. 15 3. A process according to claims 1
or 2 wherein the water has a pH of from 1 to 6. 4. A process according to
claims 1 to 3 wherein melt crystallization is used prior to or subsequent
to the process. 20 5. A process according to claims 1 to 4 wherein steam or
cold water is injected into a crystallizer to control the temperature.
PatentansprUche 25 1. Ein Verfahren zur kontinuierlichen Reinigung von
rohem Bisphenol, welches die folgenden Verfahrens- stufen umfaSt: (1) das
Bilden einer einzigen flUssigen Phase, umfassend eine heifle Mischung aus
rohem Bisphenol und Wasser in einem Verhiltnis von im wesentlichen 75 bis
85 Gew% rohem Bisphenol und 15 bis 30        25 Gew% Wasser; (2) das
kontinuierliche Zuspeisen dieser Mischung zusammen mit einem Strom warmen
Wassers zu einer ersten Kristallisationszone bei einer Temperatur der
kombinierten Str6me von 99 bis 101 IC unter Aufrechterhaltung einer
Bisphenol-reichen flUssigen Phase und einer wasserreichen Phase sowie einer
kristallinen Phase, welche 70 bis 95% der gesamten Menge an Bisphenol in
der 35        Mischung enthalt; (3) das Weiterleiten der dreiphasigen
Mischung aus Bisphenol und Wasser zu einer zweiten, bei 85 bis 970 C
betriebenen Kristallisationszone, bis 90 bis 99 % des gesamten Bisphenols
auskristallisiert sind, und (4) das Gewinnen der Kristalle aus gereinigtem
Bisphenol. 40 2. Ein Verfahren nach Anspruch 1, in welchem das Bisphenol
die Verbindung 2,2-Bis(4-hydroxyphenyl)- 



propan ist. 3. Ein Verfahren nach den AnsprUchen 1 oder 2, in welchen das
Wasser einen pH-Wert von 1 bis 6 45     aufweist. 4. Ein Verfahren nach den
AnsprOchen 1 bis 3, in welchem eine Kristallisation aus der Schmelze vor
dem oder im AnschluB an das Verfahren verwendet wird. 50  5. Ein Verfahren
nach den AnsprOchen 1 bis 4, in welchem Dampf oder kaltes Wasser zwecks
Kontrolle der Temperatur in einen Kristallisator eingespritzt wird.
Revendications 55  1. Procede de purification en continu de bisphenol brut
qui comprend (1) la formation d'une phase liquide unique contenant un
m6lange tres chaud de bisphenol brut et d'eau en proportion de 75 % a 85 %
en poids de bisphdnol brut pour 15 % a 25 % en poids d'eau ; (2)
I'alimentation en continu de ce melange avec un courant d'eau chaude dans
une premiere zone de cristallisation a une temperature des 6    I 11111!l I
111, lllti Illl 111 EP 0 373 728 Bi courants combin6s comprise entre 99 C
et 101 IC pour realiser une phase riche en bisphenol une phase riche en eau
et une phase cristalline comprenant 70 % a 95 % du bisph~nol total dans le
m6lange ; (3) le transfert du m6lange triphas6 de bisphdnol et d'eau dans
une seconde zone de cristallisation maintenue entre 850C et 97-C jusqu'& ce
qu'on cristallise 90 % a 99 % du bisph6nol 5      total ; et (4)
recupdration des cristaux de bisph~nol puri'16. 2. Proced6 selon la
revendication 1, dans loquel le bisph~nol est le
2,2-bis-(4-hydroxyphdnyl)-propane. 3. Proc~dd selon les revendications 1 ou
2, dans lequel l'eau a un pH compris entre 1 et 6. 10 4. Procede selon les
revendications 1 A 3, dans lequel on utilise la cristallisation de la masse
fondue avant ou aprbs le procdd6. 5. Proced6 selon les revendications 1 A
4, dans lequel on injecte de la vapeur ou de l'eau froide dans un 15
cristalliseur pour r6guler la temperature. 20 25 30 35 40 45 50 55 7    


