
EP 0 486 277 B1 Description The present invention is concerned with a
process for catalyzing condensation reactions, and more par- ticularly to a
process for catalyzing condensation reactions using, as catalyst, strongly
acidic, cation-exchange 5   resin beads prepared from uniformly sized
copolymer beads. Strongly acidic ion-exchange resins may replace mineral
acids such as sulfuric acid and hydrochloric acid in catalyzing reactions,
for example condensation reactions. The use of the solid, acidic materials
permits eas- ier separation of the desired productfrom the catalyst in the
reaction mixture, decreases equipment corrosion and complexity, and
increases product purity. The use of the strongly acidic ion-exchange
resins for catalyzing 10   reactions is disclosed broadly in
U.S.-A-3,037,052 to Bortnick, and the use of strongly acidic Ion-exchange
resins, prepared by sulfonating copolymers of styrene and polyethylenically
unsaturated aromatic crosslinking monomers, as catalysts for the
condensation of phenols with ketones or aldehydes to produce bisphenols, is
disclosed in U.S.-A-3,153,001 to Apel et al., U.S.-A-3,172,916 to Wagner,
U.S.-A-3,634,341 to Gammill et al., U.S.-A-4,590,303 and U.S.-A-4,391,997
to Mendiratta, U.S.-A-4,424,283 to Faler et al., and others. Of partic- 15
ular interest is their use to catalyze the condensation of phenol with
acetone to produce Blsphenol-A (para, para'-isopropylidenediphenol), which
Is useful as a raw material for producing polycarbonates and epoxy res-
Ins. The copolymer beads used to make ion-exchange resins are preferably
spherical beads, and a uniform bead size throughout a particular batch of
copolymer is desirable because it produces uniform, predictable hy- 20
draulic properties, such as flow rate and pressure drop, for a bed of the
resin in a reaction vessel. Suspension polymerization, in which
water-insoluble monomers are suspended and polymerized as discrete droplets
in an aqueous medium, inherently produces beads that are generally
spherical. The size of the beads depends upon the size of the monomer
droplets that form, and various techniques are used to control the diameter
and uni- formity of the droplets. Additives are used in the aqueous phase
to help control droplet size by varying the 25 interfacial tension between
the monomer and the aqueous medium; they also are used to limit the growth
by coalescence of the monomer droplets. The intensity of agitation Is also
varied to help control the droplet size. Suspension polymerization has been
used for over half a century to produce the copolymer intermediates for
ionexchange resins, as is disclosed for example by Boyer in
U.S.-A-2,500,149. One technique that has been used to increase the
uniformity of the droplet size is jetting a stream of monomer through an
accurately sized 30  orifice into the aqueous phase, for example the
process disclosed by Koestler et al. In U. S.-A-3,922,255. We have now
found that strongly acidic cation-exchange resin beads, produced from
crosslinked, styrenic copolymer beads which were formed by jetting the
mixture of styrenic and crosslinker monomers Into an aqu- eous liquid, and
subsequently polymerizing the mixture, produce surprisingly high reaction
rates when used to catalyze condensation reactions. 35      According to
the present invention there is provided a process for catalyzing
acid-catalyzed condensation reactions between reactants, which comprises
contacting the reactants with jetted, suspension-polymerized styrenic
copolymer beads functionalized with strongly acidic cation-exchange groups.
The reactants may, forexample, comprise a mercaptan reaction promoter, e.g.
in an amount of from about 1 to about 40% by weight of the total reactants.
40       The temperature at which the reactants contact the styrenic
copolymer beads may, for example, be from about 40[err] to about 100[err]
In the acid-catalyzed condensation of phenol with aldehydes or ketones, the
process of the present in- vention results in a surprisingly greater
conversion of the aldehyde or ketone to the condensation product, com-
pared with the conversion achieved with non-jetted, batch-polymerized
cation-exchange resin beads. 45      The styrenic copolymer beads used in
the present invention may, for example, be prepared by a process which
comprises the steps of (a) jetting a mixture of one or more styrenic
monomers, one or more crosslinking monomers and a free- radical
polymerization initiator into a moving, aqueous suspending medium to form
uniformly sized mono- mer droplets, 50     (b) heating the droplets to a
temperature above the activation temperature of the polymerization
initiator until the droplets polymerize, (c) separating the resulting
polymer beads from the suspending medium, (d) drying the beads, and (e)
functionalizing the beads with strongly acidic cation-exchange groups. 55
In the above processfor producing the styrenic copolymer beads at least 50
percent by weight of the mono- 



mer mixture may, for example, be styrene. Also in the above process for
producing the styrenic copolymer beads the polymerization Initiator may,
for example, have an activation temperature of at least about 40C. 2    EP
0 486 277 B1 Styrenic monomers, useful in preparing the crosslinked
copolymer beads used in the present Invention, include styrene and
substituted styrenessuch as [err]-methylstyrene, vinyltoluene,
ethylvinylbenzene, vinylnaph- thalene and the like. 5      Crosslinking
monomers, useful In preparing the crosslinked copolymer beads used In the
present invention and containing a plurality of ethylenically unsaturated
functional groups, include: aromatic crosslinking mono- mers such as
divinylbenzene, divinyltoluene, trivinylbenzene, divinylchlorobenzene,
diallyl phthalate, divinyl- naphthalene, divinyl xylene,
divinylethylbenzene, trivinyl naphthalene and polyvinylanthracenes; and
aliphatic crosslinking monomers such as di- and polyacrylates and
methacrylates exemplified by trimethylolpropane 10    trimethacrylate,
ethylene glycol dimethacrylate, ethylene glycol diacrylate, neopentyl
glycol dimethacrylate, pentaerythritol tetra- and trimethacrylates, and
trivinylcyclohexane. The crosslinking monomer is preferably present at
levels from about 0.1% to about 20 weight percent of the total monomer, and
more preferably from about 1% to about 10 weight percent of the total
monomer. Preferred crosslinking monomers are aromatic crosslinking
monomers, and particularly preferred Is divinylbenzene. 15     In one
embodiment of the present invention the styrenic copolymer Is a copolymer
polymerized from at least about 50 weight percent styrene and an aromatic
crosslinking monomer. A jetting suspension-polymerization process useful
for forming the crosslinked copolymer beads used in the present invention
is exemplified by, but not limited to, the process disclosed by Koestler et
al. in U.S.-A- 3,922,255. In that process a minimal solubility of the
monomers in the aqueous suspending medium is impor- 20    tant. Solubility
can be decreased by adding an electrolyte to the aqueous suspending medium.
The jetting process produces monomer droplets in the suspending medium
whose average diameter for the droplet population Is preferably varied over
the range from about 20 [err] to about 1 mm, and the resulting copolymer
beads may be produced with an average diameter for the bead population
which varies over the same range. The jetting suspension-polymerization
process produces a droplet size distribution that Is narrow, 25  resulting
in uniformly sized droplets and uniformly sized copolymer beads. Jetting,
as disclosed in, for example, U.S.-A-3,922,255, is a method of suspension
polymerization of vinyl monomers in which a mixture containing one or more
of a monovinyl and/or polyvinyl monomer, and a poly- merization initiator,
is combined with a monomer-immiscible aqueous solution or suspension of a
stabilizer by jetting the monomer mixture through capillary openings to
form droplets in the aqueous phase. 30    The monomers may be jetted by
themselves, or mixed with inert liquids or prepolymers which are dissolved
in the monomers or formed by prepolymerization of the monomers, or by a
combination of both methods. The preferred jetting rate produces a weight
ratio of suspending medium to monomer of from about 1.5:1 to about 10:1,and
more preferably from about 2:1 to about 5:1. The monomer may be jetted into
the suspending medium at a temperature above the activation temperature of
the free-radical polymerization Initiator, described below, 35  which will
cause polymerization to begin almost immediately, or the medium may be
below the activation tem- perature, but preferably above about 15[err] and
be heated subsequently, after flowing into a heating zone; this will permit
the monomer droplets to stabilize before polymerization begins. Preferably,
the monomer Is jetted into the suspending medium at a temperature of from
about 15C to about 100[err] All commonly used stabilizers, especially
gelatin, starch, carboxymethylcellulose, polyacrylic acids, poly- 40  vinyl
alcohol; orwater-insoluble inorganic stabilizers in particulateform, such
as bentonite, magnesium hydrox- ide and the like; or combinations of such
stabilizers may be used to stabilize the monomer droplets in this or other
Jetting suspension-polymerization processes. The usual Initiators for
radical polymerization (organic peroxides, redox systems, etc.) may be used
to start the reaction. Free-radical polymerization initiators are preferred
to initiate polymerization of the monomerdrop- 45  lets suspended in the
suspending medium. Preferred free-radical polymerization Initiators are
oil-soluble ini- tiators which are dissolved in the monomer, such as
benzoyl peroxide, lauroyl peroxide, t-butyl peroctoate, t-
butylperoxybenzoate, t-butylperoxypivalate, t-butylperoxy-2-ethylhexanoate,
bis(4-t-butylcyclohexyl) peroxy- dicarbonate and the like; and azo
compounds such as azobisisobutyronitrile, azobis-dimethylvaleronitrile and 



the like. The polymerization temperature, that is, the temperature at which
the suspending medium is held dur- 50    ing polymerization of the monomer
droplets, and the polymerization initiator are interdependent in that the
tem- perature must be high enough to break the chosen initiator down into
an adequate number of free radicals to Initiate and sustain polymerization,
that is, it must be above the activation temperature of the initiator.
Preferred polymerization temperatures are from about 40[err] to about
100[err] and more preferably from about 50[err]to about 90[err], and the
free-radical Initiator is chosen so that it has an activation temperature
below the polymer- 55  ization temperature. If polymerization is conducted
under pressure, even higher temperatures can be used. In one method for
preparing jetted copolymer beads, for use in preparing the catalyst used In
the present invention, the monomers and initiator are mixed and introduced
Into a droplet-formation column near its base through a plurality of
orifices which may range in diameter generally from 0.1 to 0.4 mm in
diameter, but which are uniform in size for any given polymerization. Most
conveniently, the device used Is one or more perforated 3    EP 0 486 277
B1 discs with the holes spaced in such a manner as to not disturb the
uniformity of the droplets being formed. The size of the droplets formed is
dependent on: a. the diameter of the orifices, 5      b. the monomer flow
rate through the orifices, c. the difference in the physical properties:
viz. viscosity, density, and surface tension, of the aqueous and monomeric
media, and d. the material from which the orifices are formed. The orifices
may beformed through metal, glass, plastic, oreven rubber. It is noted
thatthe surface tension 10  of the material affects the jet velocity
through the orifice. Thediluted aqueousmedium is introduced nearthe base of
the droplet formation column insuchamanner as to minimize turbulence. The
aqueous medium is introduced into the droplet formation column in close
prox- imity to the drop-forming filaments of monomer. At this point the
aqueous medium stabilizes the monomer drop- lets as they are formed. 15
Continuous introduction of the aqueous phase to the dropletformation column
is preferable to provide fresh medium to stabilize the droplets as they are
formed. The buoyant, newly-formed drops, which are relatively uniform in
size, rise through the droplet formation column by virtue of their
buoyancy. The aqueous medium which Is introduced near the bottom also flows
out the top of the droplet formation column. The top of this column is
tapered in such a way that turbulence which would alter the drop uniformity
is 20  avoided. This is accomplished by means which are readily known to
those skilled in the art of designing flow through conduits. The mixture of
stabilized monomer droplets and aqueous medium is Introduced into the upper
part of the polymerization initiation column. The polymerization initiation
column is maintained in the range of 50 - 90[err] thereby providing the
proper temperature for the initiation of the polymerization of the
monomers. 25      The proper temperature In the polymerization Initiation
column can be maintained by the introduction of an aqueous stream entering
at the top of the polymerization initiation column. This aqueous stream
combines with the aqueous stream from the droplet formation column after It
enters the polymerization initiation column, and the combined aqueous
stream exists from the bottom of the polymerization initiation column. The
velocity of the aqueous stream is maintained such that it overcomes the
buoyant force of the polymerizing monomer 30b  =  drops and imparts a small
net downward velocity to the monomer droplets. By suitable adjustments of
the aqu- eous velocity, precise control of the droplet residence time is
achieved. The polymerization initiation column is operated in such a manner
that the efflux from the bottom of the column is a mixture of now partially
polymerized monomer drops and aqueous medium. Alternatively, the mono-
mer/initiator mixture and the aqueous medium may be introduced into the
upper end of the droplet formation 35    column, and the droplets flowed
from the bottom thereof to the polymerization initiation column. The height
of the polymerization initiation column is such that by suitable adjustment
of the aqueous flow velocity therethrough and the aqueous medium
temperature, the desired degree of polymerization can be ach- ieved in the
droplets which flow from the bottom of the polymerization initiation
column. It Is highly preferable to achieve such a degree of polymerization
therein, such that the droplets will not change their shape or size 40
when subjected to shear stresses commonly experienced in moderately
agitated systems. 



The slurry of partially polymerized droplets in aqueous medium flows from
the bottom of the polymerization initiation column to a suitably designed
separation vessel. In this separation vessel advantage is taken of the
buoyant nature of the partially polymerized droplets and the slurry is
concentrated from 8-30% droplets up to 40-60% droplets. The concentrated
slurry flows from the top of the separation vessel, 45   whereas the
aqueous medium, now essentially free of droplets, is allowed to flow from
the bottom of the sep- aration vessel. The top of the separation vessel is
conical in nature, to facilitate the concentration of the droplets or
beads. The volume of the separation vessel is such that there is sufficient
residence time for the concen- tration of the beads to occur. The separated
aqueous liquid from the separation vessel flows from the bottom of said
vessel to a recycle 50  tank. In the recycle tank the aqueous liquid is
accumulated for recycle to the polymerization initiation column. Extraneous
solids are removed In this recycle tank by suitable techniques well known
to the art. The aqueous liquid returns through a conduit into the top of
the polymerization initiation column for recycle. On its passage through
the conduit the aqueous recycle is either heated or cooled, as required, to
maintain the proper tem- perature range in the polymerization initiation
column previously described. 55      The concentrated bead slurry flowing
from the top of the separation vessel Is led to a bank of agitated
reactors, wherein the polymerization of the droplets is completed. Each
reactor is operated batch style, first by introducing an amount of aqueous
suspension mixture capable of being agitated, and then an appropriate
amount of concentrated droplet slurry such as to make full use of the
reactor volume available. When the re- actor is filled by use of the
aforementioned technique the temperature is varied in such a manner as to
complete 4    EP 0 486 277 B1 the polymerization. It is essential that the
beads entering the reactor be sufficiently polymerized so as to maintain
their size and shape during the completion of the polymerization. if the
drops are not sufficiently polymerized the gen- 5     eration of a large
amount of very small polymer particles will occur in the reactor. After
completion of the polymerization, the bead slurry may pass to an optionally
provided slurry holding vessel, or directly to a conventional dewatering
device. Although the beads or particles size is greatly influ- enced by
orifice size and other factors, generally the size will vary from 0.20 to 2
millimeters in diameter. It has also been found desirable to space the
orifices some distance apart. Understandably these distances may 10  vary
considerably depending on orifice size, flow rates, etc. A minimum spacing
of 2.03 mm (0.08 Inch) from center to center is however preferred.
Similarly a jet velocity of 0.25 to 10.00 cc/minute/orifice would most con-
veniently be applied, with preferred rates for each orifice size. Other
processes which form uniformly sized copolymer beads by jetting monomer
into an aqueous sus- pending liquid may be used, for example that disclosed
by Timm et al. in U.S.-A-4,623,706, which uses a vi- 15  brating orifice to
jet the monomer into the suspending medium. The suspending medium
preferably moves with relation to the jetting orifice or orifices, and the
monomer droplets may either be polymerized In the vicinity of the orifices
by jetting the monomer into the suspending medium at the polymerization
temperature, or they may be polymerized in a different zone of the
polymerization apparatus by causing the moving suspending medium to carry
them into a heated polymerization zone. The polymerized beads may be
separated from the 20  suspension medium by gravity, by centrifugal flow,
by hydraulic separation or by filtration. Functionalization processes known
to those skilled in the art may be used to functionalize the jetted co-
polymer beads with strong-acid functionality. The preferred strong-acid
functionality Is the sulfonic acid group, and known processes
forsulfonating the copolymer may be used, including sulfonation processes
which mono- sulfonate the aromatic ring and those which substitute the
aromatic ring with more than a single sulfonic acid 25  group. The
preferred sulfonation produces a strongly acidic cation-exchange resin with
a cation-exchange ca- pacity of from about 4.8 to about 5.4
milliequivalents per gram (dry basis) and a moisture-holding capacity of
from about 60 to about 70%. Moisture-holding capacity, as used herein,
refers to the amount of water a func- tionalized copolymer will retain, and
is determined by weighing a drained but wet, functionalized copolymer
sample, then drying the sample at mild conditions, e.g. 100-110[err] and
atmospheric pressure, to a constant 30  weight, and reweighing the sample.
Moisture-holding capacity is calculated as this weight difference, ex-
pressed as a percentage of the dried sample weight. In accordance with the
present invention, the reactions catalyzed by the strongly acidic
cation-exchange 



resin beads are condensation reactions, for example, the condensation of
phenols with ketones or aldehydes to produce bisphenols. A preferred
reaction which is catalyzed by the strongly acidic ion-exchange resin beads
35  according to the present invention is the reaction of phenol with
acetone. In this preferred reaction the ratio of phenol to acetone is
preferably from about 20:1 to about 2:1. More preferred is that reaction in
which phenol and acetone are combined In a molar ratio of from about 20:1
to about 2:1 and the combination is contacted, atfrom about 44C to about
100[err]with from about1 to about 40 weight percent(based on theweightof
phenol and acetone) of the strongly acidic ion-exchange resin beads of the
present invention, optionally in the pres- 40  ence of from about 1 to
about 40 weight percent (based on the weight of phenol and acetone) of a
mercaptan reaction promoter, preferably ethanethiol, aminoethane-thiol or
dimethylthiazolidine. In the process of the present invention, for
catalyzing condensation reactions, the styrenic copolymer beads may, for
example, be present in an amount of from about 1 to about 40% of the total
weight of the re- actants. 45      As is shown by the following Examples,
use of the strongly acidic cation-exchange resin beads according to the
present invention in the condensation of phenols with aldehydes or ketones
produces a higher conver- sion of the reactants to bisphenols than can be
obtained with strongly acidic cation-exchange resin beads pro- duced from
batch-suspension-polymerized copolymer beads formed without jetting the
monomer into the sus- pending medium, and this higher conversion is
achieved without sacrificing the selectivity of the reaction for 50
bisphenols. Without wishing to be bound by theory, we believe that the
higher conversion results from a higher reaction rate achieved with the
resin beads used in the present invention. Given a long enough reaction
time, the difference in conversion between jetted and non-Jetted copolymer
resin beads may disappear, but practical, commercial processes do not have
unlimited time. The ability to produce more bisphenol product in a given
time, which is afforded by a higher reaction rate in such processes, is an
advantage that is readily apparent 55  to those skilled in the art. The
difference in reaction rate is all the more surprising because we are not
aware of any theoretical basis for the difference between resin from jetted
copolymer beads and that from beads formed without jetting. The following
Examples are presented to illustrate preferred embodiments of the present
invention. All ra- tios and percentages are byweight unless otherwise
indicated, and all reagents areofgood commercial quality    EP 0 486 277 B1
unless otherwise Indicated. The catalysts used in the following Examples
are designated Catalyst K to indicate a comparative catalyst produced by
suspension polymerization in a kettle, and Catalyst J to indicate a
catalyst according to the present invention produced by jetting suspension
polymerization. 5 EXAMPLE 1 This Example illustrates the preparation of
jetted copolymer beads useful in making strongly acidic, cation exchange
resin beads according to the present invention. 10     An aqueous
suspending medium was prepared containing 0.55% of Acrysol A-5 polyacrylic
acid dispers- ant, 0.2% sodium hydroxide, 0.39% boric acid, 0.04% gelatin
and 0.025% methylene blue, and having a pH of between 8.5 and 8.7. A
monomer solution was prepared containing 7.3% commercial divinylbenzene
(contain- ing 55% pure divinylbenzene and 45% ethylvinylbenzene), 92.1%
styrene, 0.3% t-butyl peroctoate and 0.3% bis(4-t-butylcyclohexyl)
peroxydicarbonate. The monomer mixture was jetted through vibrating jetting
orifices 15    450[err] in diameter, at a rate of 145 kg/hr, Into a stream
of the suspending medium moving at a rate of 386 liter/hr. This dispersion
was conveyed by the flow of suspending medium to a gelling column held at
63[err] The flow produced a residence time of 3.5 hours in the gelling
column, and the conversion of monomer to copolymer during this time was
25%. As the suspension of copolymer exited the gelling column, additional
0.6% aqueous methylene blue solution was added at a rate of 2.8 liter/hour.
The copolymerwas separated from the aqueous 20  phase, which was recycled.
The copolymer was then held in a finishing kettle for 4 hours at 65[err]
then trans- ferred to a final finishing kettle and held at 80[err] for 1.5
hours, heated to 92[err], and held at that temperature for 1 hour. The
finished copolymer was washed with water and air dried, for later
sulfonation to Catalyst J. EXAMPLE 2 25 This Example illustrates the
preparation of the comparative copolymer beads by a batch process which
does not involve jetting the monomer into the suspending medium. 



An aqueous suspending medium of 355 g water, 1.12 g gelatin, 0.83 g boric
acid, and 13.78 g poly(diallyldimethylammonium chloride) dispersantwas
prepared and adjusted to a pH between 10.0 and 10.5. 30  A monomer mixture
was prepared containing 340.0 g styrene, 30.0 g commercial divinylbenzene
(containing 55% pure divinylbenzene and 45% ethylvinylbenzene) and 1.42 g
tert-butyl peroctoate. The monomer mixture was stirred into the suspending
medium In a reaction vessel to form a suspension of monomer droplets. This
suspension was blanketed with nitrogen, heated to 75[err] and held at that
temperature for 5 hours, then heated to 98[err] and held at that
temperature for 1 hour. The copolymer was then washed with water and air
dried for 35  later sulfonation to Catalyst K. EXAMPLE 3 This Example
illustrates preparation of strongly acidic, cation-exchange resin beads
from the copolymer 40  beads of Examples 1 and 2. In a glass lined vessel
was mixed 190 g of copolymer from Example 1 or Example 2,1450 g sulfuric
acid (96.6%) and 65 g ethylene dichloride. This mixture was heated to
130[err], held at that temperature for 15 minutes and cooled to 120[err].
The sulfonated resin was hydrated at a temperature between 95[err] and
110[err] by con- secutive additions of water and removal of a volume of the
resulting, diluted acid equal to the water added, 45 until the removed
liquid was essentially neutral. The acid free material was then removed
from the vessel and drained. The properties of the two resulting catalysts
are shown in Table I below. Table I Catalyst    Cross-         Cation
Moisture              Bead linker        Exchange       Holding
Size level         Capacity       Capacity 55 Catalyst K     4%
5.15           59.4%             425 - 600 [err] Catalyst J     4%
5.10           60.2%             425 - 600 [err] 6    EP 0 486 277 B1
EXAMPLE 4 This Example illustrates the catalytic activity of the strongly
acidic cation-exchange resins according to 5   the present invention in
catalyzing the condensation of phenol and acetone to bisphenol-A. To flasks
containing 90 grams of 99+% phenol were added 10 grams (10% by weight) of
dry catalyst K and catalyst J, respectively. The temperature was raised to,
and held at, 75[err][ and the phenol-catalyst mixture was stirred for one
hour. Ten-milliliter portions of acetone (equivalent to a 7:1
phenol:acetone molar ratio) were added to each flask and the reaction was
monitored as it proceeded at 75[err] by periodically removing 1-ml 10
samples, quenching them with awater/methanol mixture and then analyzing
them by high-pressure liquid chro- matography. Acetone conversion is
calculated as the area of the bisphenol-A peaks (both the ortho and para
isomers), expressed as a percentage of the total area of the acetone peak
and the bisphenol product peaks. Selectivity to bisphenol-Ais calculated as
the areaof the bisphenol-A peaks (both the ortho and para isomers),
expressed as a percentage of the total area of bisphenol-A peaks and those
of all other reaction products of 15  phenol and acetone. These results are
presented in Table II, below. Table II 20    Catalyst              Time
Acetone Conversion           Selectivity to BPA Catalyst K             1 hr
54.6%                       85.3% 25   Catalyst J              1 hr
60.1%                       85.5% EXAMPLE 5 so      This Example Ilustrates
the effectiveness of the strongly acidic cation-exchange resins according
to the present invention in the presence of mercaptan reaction promoters.
To flasks containing 90 grams of 99+% phenol were added 10 grams (10% by
weight) of dried catalysts K and J, respectively. Each catalyst used In
this Example had a particle size between 425 and 600 [err], and each had
been treated with 7.5 millimoles of aminoethanethiol reaction promoter.
Thetemperature was raised to, 36  and held at, 75[err] and the flask
contents were stirred for one hour. Ten-milliliter portions of acetone
(equivalent to a 7:1 phenol:acetone molar ratio) were added to each flask,
and the reaction was monitored as it proceeded at 75[err] by periodically
removing 1-ml samples, quenching with a waterlmethanol mixture and then
analyzing 



by high-pressure liquid chromatography. The resulting acetone conversion
and selectivity to bisphenol-A, de- termined as described in Example 4, are
presented in Table III, below. 40 Table III Catalyst             Time
Acetone Conversion           Selectivity to BPA 45 Catalyst KP          1
hr                  80.2%                       97.3% Catalyst JP
1 hr                  88.4%                       96.9% Claims 55 1. A
process for catalyzing condensation reactions between reactants, which
comprises contacting the re- actants with jetted, suspension-polymerized
styrenic copolymer beads functionalized with strongly acidic
cation-exchange groups. 7    EP 0 486 277 B1 EXAMPLE 4 This Example
illustrates the catalytic activity of the strongly acidic cation-exchange
resins according to 5   the present invention In catalyzing the
condensation of phenol and acetone to bisphenol-A. To flasks containing 90
grams of 99+% phenol were added 10 grams (10% by weight) of dry catalyst K
and catalyst J, respectively. The temperature was raised to, and held at,
75[err] and the phenol-catalyst mixture was stirred for one hour.
Ten-milliliter portions of acetone (equivalent to a 7:1 phenol:acetone
molar ratio) were added to each flask and the reaction was monitored as it
proceeded at 75[err] by periodically removing 1-ml 10 samples, quenching
them with a water/methanol mixture and then analyzing them by high-pressure
liquid chro- matography. Acetone conversion is calculated as the area of
the bisphenol-A peaks (both the ortho and para isomers), expressed as a
percentage of the total area of the acetone peak and the bisphenol product
peaks. Selectivity to bisphenol-A is calculated as the area of the
bisphenol-A peaks (both the ortho and para isomers), expressed as a
percentage of the total area of bisphenol-A peaks and those of all other
reaction products of 15  phenol and acetone. These results are presented in
Table II, below. Table II 20    Catalyst             Time          Acetone
Conversion          Selectivity to BPA Catalyst K             1 hr
54.6%                      85.3% 25   Catalyst J             1 hr
60.1%                       85.5% EXAMPLE 5 30      This Example
illustrates the effectiveness of the strongly acidic cation-exchange resins
according to the present invention in the presence of mercaptan reaction
promoters. To flasks containing 90 grams of 99+% phenol were added 10 grams
(10% by weight) of dried catalysts K and J, respectively. Each catalyst
used in this Example had a particle size between 425 and 600 [err], and
each had been treated with 7.5 millimoles of aminoethanethiol reaction
promoter. The temperature was raised to, 35  and held at 75[err] and the
flask contents were stirred for one hour. Ten-milliliter portions of
acetone (equivalent to a 7:1 phenol:acetone molar ratio) were added to each
flask, and the reaction was monitored as it proceeded at 75[err] by
periodically removing 1-ml samples, quenching with a water/methanol mixture
and then analyzing by high-pressure liquid chromatography. The resulting
acetone conversion and selectivity to bisphenol-A, de- termined as
described in Example 4, are presented in Table III, below. 40 Table III
Catalyst            Time          Acetone Conversion          Selectivity
to BPA Catalyst KP          1 hr                 80.2%
97.3% Catalyst JP          1 hr                 88.4%
96.9% Claims 55 1. A process for catalyzing condensation reactions between
reactants, which comprises contacting the re- actants with jetted,
suspension-polymerized styrenic copolymer beads functionalized with
strongly acidic 



cation-exchange groups. 7    [err] EP 0 486 277 B1               *  C   L
M  S  * 2. A process as claimed in claim 1, wherein the reactants comprise
phenol and an aldehyde or ketone. 3. A process as claimed in claim 2,
wherein said aldehyde or ketone is acetone. 5 4.  A process as claimed in
claim 3, wherein the ratio of phenol to acetone is from about 20:1 to about
2:1. 5  A process as claimed in any preceding claim, wherein the reactants
comprise a mercaptan reaction pro- moter. 10  6. A process as claimed in
claim 5, wherein the mercaptan reaction promoter is present in an amount of
from about 1 to about 40% by weight of the total reactants. 7. A process as
claimed in any preceding claim, wherein the beads are present at from about
1% to about 40% of the total weight of the reactants. 15 8. A process as
claimed in any preceding claim, wherein the temperature at which the
reactants contact the beads Is from about 40[err] to about 100[err] 9. A
process as claimed in any preceding claim, wherein the styrenic copolymer
is a copolymer polymerized 20      from at least about 50 weight percent
styrene and an aromatic crosslinker. 10. A process as claimed in claim 9,
wherein the aromatic crosslinker Is divinylbenzene. 11. A process as
claimed in claim 9 or claim 10, wherein the aromatic crosslinker is present
at from about 1% to about 20% by weight of the copolymer. 25 12. A process
as claimed in any preceding claim, wherein the styrenic copolymer beads are
prepared by a process which comprises the following steps: (a) Jetting a
mixture of one or more styrenic monomers, one or more crosslinking monomers
and a free- radical polymerization initiator into a moving, aqueous
suspending medium to form uniformly sized 30      monomer droplets, (b)
heating the droplets to a temperature above the activation temperature of
the polymerization initiator until the droplets polymerize, (c) separating
the resulting polymer beads from the suspending medium, (d) drying the
beads, and 35       (e) functionalizing the beads with strongly acidic
cation-exchange groups. 13. A process as claimed In claim 12, wherein at
least 50% by weight of the monomer mixture Is styrene. 14. A process as
claimed in claim 12 or claim 13, wherein the polymerization Initiator has
an activation tem- 40      perature of at least about 40[err]. 15. A
process as claimed in any of claims 12 to 14, wherein the average
diameterof the polymer droplet pop- ulation is from about 20[err] to about
1 mm. 16. A process as claimed in any of claims 12 to 15, wherein the
monomer mixture is jetted into the suspending medium at a ratio of
suspending medium to monomer mixture of from about 1.5:1 to about 10:1. 17.
A process as claimed in claim 16, wherein the ratio of suspending medium to
monomer mixture Is from about 2:1 to about 5:1. 50  18. Aprocess as claimed
in anyof claims 12 to 17, wherein the monomermixture is jetted
intothesuspending medium at a temperature from about 15[err] to about
100[err]. Patentansprriche 55 1. Verfahren zur Katalysierung von
Kondensationsreaktlonen zwischen Reaktionsmitteln, bel dam die Re-
aktbonsmittel mit gespritzten, Suspensions-polymerislerten Styrol-
Copolymerkugelchen In Kontakt ge- bracht werden, die mit stark sauren
Katlonenaustauschergruppen funktionallsiert sind. 8   



EP 0 486 277 B1 2. Verfahren nach Anspruch 1, worin die Reaktionsmittel
Phenol und ein Aldehyd odor Keton umfassen. 3. Verfahren nach Anspruch 2,
worin das Aidehyd oder Keton Aceton ist 5 4. Verfahren nach Anspruch 3,
worin das Verhaltnis von Phenol zu Aceton etwa 20:1 bis etwa 2:1 bt. 5.
Verfahren nach elnem der vorhergehenden Ansprflche, worin die
Reaktionsmittei enen Mercaptan-Re- aktbonsverstArker umfassen. 10  6.
Verfahren nach Anspruch 5, worin der Mercaptan-Reaktlons-verstirker In
elner Menge von etwa 1 bib etwa 40 Gew.-% der gesamten Reaktionsmittel
vorliegt. 7. Verfahren nach einem der vorhergehenden Ansprfiche, worin die
KOgelchen etwa I bis etwa 40 % des Gesamtgewichts der Reaktionsmittel
tbetragen. 15 8. Verfahren nach elnem der vorhergehenden AnsprOche, worin
die Temperatur, beo der die Reakffonsmittel mit den Kagelchen In Kontakt
kommen, etwa 40 bis etwa 100C betragt. 9. Verfahren nach einem der
vorhergehenden Ansprflche, worin das Styrol-Copolymer ein aus mindestens 20
etwa 50 Gew.-% Styrol und einem aromatischen Vernetzer polymerlsiertes
Copolymer 1st. 10. Verfahren nach Anspruch 9, worin der aromatische
Vernetzer Divinylbenzol let. 11. Verfahren nach Anspruch 9 oder 10, worln
der aromatische Vernetzer zu etwa 1 bis etwa 20 Gew.-% des 25
Copolymers vorliegt. 12. Verfahren nach einem der vorhergehenden AnsprOche,
worin die Styrol-Copolymerkflgelchen durch sin Verfahren hergestsilt
werden, umfassend die foIgenden Verfahrens- schrittb: (a) Spritzen elnes
Gemisches emn oder mehrerer Styroi-Monomere, emn oder mehrerer Vernetzungs-
monomers und sines Radikal-Polymerlsationsinitlators In sin sich
bewegendes, wariges Suspensi- 30        onsmedlum, wodurch glelch grole
Monomer-Trdpfohen gebildet werden, (b) Erhitzen der Trfpfohen auf eine
Temperatur oberhalb der Aktivierungstsmperatur des Polymerisa-
tionsinitiators bis die Trdpfchen polymerlsieren, (c) Abtrennen der
erhaltenen Polymer-KOgelchen von dem Suspensionsmedium, (d) Trocknen der
KOgelchen, und 9-5.      (e) Funktionalisleren der Kfigelchen mit stark
sauren Katlonenaustauschergruppen. 13 Verfahren nach Anspruch 12, worln
mindestens 50 Gew.-% des Monomergemieches Styrol ist. 14. Verfahren nach
Anspruch 12 oder 13, worin der Polymerisationsinitiator sine
Aktivlerungstemperatur von 40      mindestene etwa 40C hat. 15. Verfahren
nach einem der AnsprOche 12 bis 14, worn der Durchschnittsdurchmesserder
Polymer-Tr8pf- chenpopulation etwa 20 gm bis etwa 1 mm betragt. 16.
Verfahren nach einem derAnsprache 12 bis 15, worin das Monomergemisch In
das Suspensionsmedium In einem Verhiltnis des Suspensionsmediums zu dem
Monomergemisch von etwa 1,5:1 bis etwa 10:1 gespritzt wird. 17. Verfahren
nach Anspruch 16, worin das Verhaltnis des Suspensionsmediums zu dem
Monomergemisch etwa 2:1 bis etwa 5:1 betragt. 50 18. Verfahren nach einem
derAnspruche 12 bis 17, worin des Monomergemisch in das Suspenslonsmedium
bol einer Temperatur von etwa 15 bbs etwa 100C gespritzt wird. 56
Revendications 1. Proced6 de catalyse de reactions de condensation entre
des r6actifs, ledit proc6de comprenant la mise en contact des reactifs avec
des perles projet6es de copolymbre styrenique polym6ris6 en suspension 9
EP 0 486 277 BI fonctionnalise par des groupes 6changeurs de cations
fortement acides. 2.  Procede salon la revendicatlon 1, dans lequel lea
reactifs comprennent du phenol et un aldehyde ou une 5       cetone. 3.
Procdde selon la revendication 2, dans lequel ledit aldehyde ou ladite
cetone eat I'acetone. 



4. Procede selon la revendication 3, dans loquel le rapport du phenol a
I'ac6tone eat d'environ 20:1 A environ 2:1. 10 5. Procede selon I'une
quelconque des revendications precedentes, dans lequel lee reactifs
comprennent un promoteur reactionnel a base de mercaptan. 6.  Procede salon
la revendication 5, dans loquel Is promoteur reactionnel A base de
mercaptan eat present 15      en quantite d'environ I A environ 40 % en
poids de Ia quantite totale de reactife. 7. Procede selon l'une quelconque
des revendications precedentes, dans lequel lee perles sont presentes en
quantite d'environ I a environ 40 % du poids total des reactifs. 20  8
Procede solon 'une quelconque des revendicatfons precedentes, dans lequel
la temperature A laquelle lea r6actifs viennent en contact avec lee perles
eat d'environ 40 A environ 100C. 9.  Procede selon l'une quelconque des
revendications precedentes, dans lequel le copolymbre de styrbne eat un
copolymere polymerisd A partir d'au moins environ 50 % en poids de styrbne
et d'un agent de re- 25      ticulation aromatique. 10. Procedb selon la
revendication 9, dans lequel l'agent de reticulatfon aromatique eat le
dMnyibenzbne. 11. Procedeselon la revendication 9ou 10, dans lequel
l'agentdereticulation aromatique estpresenten quan- tiM d'environ I a
environ 20 % en polds du copolymbre. 30 12. Procede selon l'une quelconque
des revendicatlons precedentes, dans loquel lee perles de copolymere
styrenique sont preparees par un promcde qui comprend lee stades sulvants:
(a) on projette un melange d'un ou plusleurs monomeres styrenlaues, d'un ou
plusleurs monombres de reticulation et d'un initiateur de polymerisation A
radicaux libres dans un milieu de suspension 35        aqueux mobile
pourformerdes gouttlelttes monomeres calibre uniforms, (b) on chauffe les
gouttelettes a une temperature superieure A la tbmperature d'activation de
l'initlateur de polymerisatlon jusqu'A co quo lea gouttelettes se
polymerlsent, (c) on separe lea perles de polymere obtenues du milieu de
suspension, (d) on seche lea perles, et 40        (e) on fonctionnalise lea
perles par des groupes echangeurs de cations fortement acides. 13. Procede
solon la revendication 12, dans lequel au moins 50 % en poids du melange do
monomeres sont constitues de styrbne. 45  14. Procbdh selon la
revendlcatlon 12 ou 13, dans lequel l'initiateurde polymerisation a une
tempbrature d'ac- tivation d'au moins 40C environ. 15. ProcbdA selon l'une
quelconque des revendlcations 12 A 14, dans leque le diametre moyen de la
popu- lation de gouttelettes polymbres eat d'environ 20 micrombtres A
environ 1 mm. 50  I  Procbd selon l'une quelconque des revendlcations 12 A
15, dans lequel le mblange de monomeres eat projete dans le milieu de
suspension selon un rapport du milieu de suspenslon au melange de monombres
d'environ 1,5:1 A environ 10:1. 17. Prood6 selon la revendication 16, danas
lquel le rapport du milieu de suspension au melange de mono- 55      meres
eat d'environ 2:1 A environ 5:1. 1  Prmcdd selon l'une quelconque des
revendications 12 A 17, dans lequel le mblange de monombres eat projetb
dans le milieu de suspension a une temperature d'environ 15 A environ 100C.
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