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ABSTRACT

PROCESS FOR PREPARING BEADS OF POLYMERS HAVING AN ACRYLIC

BASIS

Process [or preparing beads based on acrylic polymers which
comprises the preparation of microbeads from 10 to 40 micron
by means of a polymerization process in suspension of

acrylic monomers in the presence of at least a crosslinking

monomer at least bifunctional, characterized in that a se-

cond polymerization of the acrylic monomers is carried out
1n absence of crosslinking monomers and using as suspending
phase a fraction of the suspension obtained in the preceding
polymerization containing a crosslinking agent, said fract-
lon containing an amount of microbeads comprised between 3

and 40% by weight with respect to the final polymer obtained

in the second polymerization.
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Description of the industrial invention in the name of
ATOHAAS HOLDING C.V., of Dutch nationality, with head office
in Schipholpoort €0, 2034 MB Haarlem, Holland.

e 2 2 &b 2% 4

The present invention relates to a process for prepa-
ring milcrobeads of polymers having a crosslinked acrylic
basis and microbeads thus obtained.

More particularly the invention relates to crosslinked
microbeads o©of acrylic polymers usable to prepare antire-
flection surfaces by means of extrusion processes.

It 1s known 1in the art to prepare said antireflection
surfaces by using microbeads of crosslinked acrylic polymers
having sizes from 10 to 40 micron, generally around 20 mi-
cron.

The industrial processes for preparing said microbeads
are carried out for instance 1in suspension by preferably
using as suspending agent polyvinylic alcohol.

The drawbacks of these processes reslide 1n that the
prarticles of these sizes are hardly centrifugeable, 1t 1s
indeed necessary to operate also with a dilution ratio of
the order of 3:1 since the viscosity of the agqueous phase
containing the microbeads is very high.

It 1s necessary to operate at a centrifugation rate of

the order of 1/5 with respect to the centrifugation of the
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normal beads based on acrylic polymers, for instance PMMA of

200-300 micron of average diameter, for instance commercial-

ly well known as ALTUGLAS'® of ATOHAAS.

A further drawback from the industrial point of view

regards the drying of said microbeads after centrifugation.
Considering the low size of the microbeads, one is near
the explosion limits wherefore it is necessary to operate in
inert atmosphere.
Moreover the yield obtainable by these processes is of
the order of 70% whereby ecological problems arise, the COD

(Chemical Oxygen Demand) of the waste waters being of the

order of 50,000 ppm.

There was therefore the need to have at one’s disposal
an 1ndustrial process allowing to overcome the drawbacks
mentioned above and especially allowing to increase the
vlields and lower the COD.

It 1s necessary to notice indeed that the antire-
flection surfaces can be obtained only by using microbeads
in the order of the sizes indicated above.

Also tests carried out by the Applicant have shown that
1f particles of 10 times higher sizes are used it is not
possible to obtain antireflection surfaces.

It has now been unexpectedly and surprisingly found

that 1t 1s possible to produce beads based on acrylic poly-
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mers which, utilized in extrusion, allow to obtain antire-

flection surfaces if a preparation process as hereinafter

described is utilized.

by means of a polymerization process in suspension of
acrylic monomers in the presence of at least a crosslinking
monomer at least Dbifunctional, characterized in that a se-
cond polymerization of the acrylic monomers is carried out
in absence of crosslinking monomers and Dy using as suspen-
ding phase a fraction of the suspension obtained in the pre-
ceding polymerization containing a crosslinking agent, said
fraction containing an amount of microbeads of from 3 to 40%
Dby welght, preferably from 4.5 to 25, with respect to the
final polymer obtained in the second polymerization.

It has been unexpectedly found that by operating in the
conditions indicated above, beads having sizes of at least
80 microns, generally of the order of about 150-200 microns,
are obtained which when are utilized in extrusion allow to
obtain antireflection surfaces.

This results completely surprising since normal cross-
linked beads having sizes of the order of 150-200 microns,

as said above, do not allow to obtain antireflection surfa-
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ces.

A further object of the invention consists in that in-
stead of the water as dispersing phase in the second polyme-
rization 1n absence of croslinking agent, the recycling wa-
ters coming from the polymerization in supension of acrylic
mOnomers can be used which produce beads having sizes
greater than 100 microns.

In this way one contributes to lower the total COD pro-
duced 1in an 1industrial polymerization plant since, as well
known, mother waters are generally sent to a treatment plant
to lower the COD at the outlet.

The beads sizes according to the present invention are
greater than those of the microbeads, generally from 80 to
300 microns, preferably from 140 to 250 microns, more prefe-
rably from 150 to 200 microns.

As acrylic monomers which can be used to prepare poly-
mers having an acrylic basis according to the present inven-
tion, C,-C, alkyl (meth)acrylates, 1linear or branched when
possible, can be mentioned, such as for instance:
al) one or more C,-C, alkylacrylates or methacrylates, 1li-

near or branched when possible, such as, for instance,

methyl (meth) acrylate, ethyl (meth)acrylate, propyl-

(meth)acrylate, isopropyl (meth)acrylate, butyl (meth) -

acrylate, secbutyl (meth) acrylate, ter-butyl (meth) -

3540



acrylate;

bl) optionally one or more monomers soluble in water having

solubility in water of at least 5 g per 100 g of water

at .T of 23°C generally in amount of 60% Dby welight at

most, preferably 650% as, for instance, acrylic, me-

thacrylic acids, acrylamide, hydroxyethyl (meth)acryla-
te, hydroxypropyl (meth)acrylate;

cl) optionally another monomer in amount generally of 50%
by weight at most, such as for instance, styrene, al-
pha-methylstyrene, (meth)acrylonitrile, n-alkyl or
arylmaleimides with alkyl from 1 to 10 carbon atoms and
aryl from 6 to 12 carbon atoms, butadiene, styrenesul-
phonic acid, N-vinylpyrolidone.

Peroxides can be used as radical initiators, such as
for instance t-butylperoxy-2-ethylhexanoate, dibenzoylpero-
xide, lauroylperoxide, t-butylperoxy-diethylacetate or un-
stable azocompounds such as, for instance, azodiisobutyroni-

trile.

As chain transfer agents can be used alkylthiols with
the alkyl linear or branched by C;-Ca,, preferably C,-C,,, such
as, for instance, n-butanthiol, n-octanthiol, n-dodecan-

thiol, ter-dodecanthiol, cyclohexanthiol, pianthiol.

Wwhen as dispersing phase the mother waters as described

above are used, those obtainable according to the polymeri -
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zation processes indicated in European patent application EP

457356 can be used.

The processes for obtaining microbeads from 10 to 40
microns above are well known in the art and use suspending
agents capable of giving microbeads of said sizes.

The polyvinylic alcohol 1in concentration can generally
be used as suspending agent generally of at least 1.5% by
weight, and up to values of about 10% by weight.

The ratio between aqueous phase and monomers in the
polymerization for preparing microbeads is generally higher
than 2:1, for instance 3:1.

The crosslinking agents used in the first phase of the
polymerization are well known and as already said at least
bifunctional, they can generally be also trifunctional or
polyfunctional. They can be of acrylic type without being
this however a necessary requisite.

Allylmethacrylate, divinylbenzene, glycidyldime-
thacrylate, ethylenglycoldimethacrylate (EGDM) , tetra-
ethylenglycoldimethacrylate (TEGDM) can for instance be men-
tioned.

In the second polymerization in absence of crosslinking
agent the ratios between dispersing phase and monomers can
be those 1indicated for the first polymerization or can be

also lower, for instance 1.4:1.
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The characterization of the beads and microbeads 1s
carried out by determining the granulometry by means of opt-
ical methods or by sieving; the COD on the waste waters 1is
determined according to the IRSA method "chemical oxygen
demand"; after centrifugation of the beads the dry residue
1s determined at 160°C.

The most relevant characterization and process data are
reported in Tables 2 and 1 respectively.

The following examples are given for illustrative pur-
pose but are not limitative of the present invention.

EXAMPLE 1 (comparative)

Preparation of crosslinked microbeads

The polymerization in suspension of methyl methacryla-
te, ethylacrylate and allyl methacrylate is carried out by
using as suspending agent the polyvinylic alcohol (PVA).

245 parts by weight of deionized water at room tempera-
ture and.S parts by weight of polyvinylic alcohol are intro-
duced in a stirred, jacketed and pressure-resistant reactor.
It is slowly heated up to 40°C by keeping the reactor under

stirring and the temperature is kept at 40°C untlil the com-

plete dissolution of the polyvinylic alcohol. The oxygen 1s
removed by nitrogen flow. A mixture, it too deoxygenated, 1S
then fed, which consists of: methylmethacrylate 94.75 parts

by weight, ethylacrylate 4 parts by weight, allyl methacryl-
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ate 0.25 parts by weight, lauroyl peroxide 0.6 parts Dby
weight. The reactor is hermetically sealed, it is pressuri-
-ed at 100 KPa and under continuous stirring the mixture 1s
gradually heated up to 110°C 1in 120 minutes. Crosslinked

microbeads (called XD in the Tables) having an average dia-

meter of 20 microns, are obtained. The characteristics of

rhe beads and of the mother waters are reported in Table 2.

EXAMPLE 2

Preparation of a master containing 7% of crosslinked micro-

beads

In the same reactor already used in example 1, and with the
general operating modalities described in said example, the
polymerization in suspension Of methyl methacrylate and of
ethylacrylate is carried out by using as suspending solution
a fraction of the pulp (microbeads+agueous phase) coming
from the polymerization described 1in example 1. Then 188.4
parts by weight of deionlzed water and 26.9 parts by weight
of pulp coming from example 1 are introduced in the reactor.
The solution is heated to 80°C and a mixture was then fed
consisting of methyl methacrylate 96 parts by weight, ethyl
acrylate 4 parts by weight, lauroyl peroxide 0.6 parts by
weight, n-butanthiol 0.12 parts Dby weight. The reactor 1s
hermetically sealed, pressurized at 100 KPa and under contil-

nuous stirring the mixture is gradually heated up tO 110°C
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in 120 minutes. The reactor is let stay at 110°C for 15 ml-
nutes, then it is cooled. The polymer, under form of beads,
is separated from the mother waters by centrifugation, wa-
shed with deionized water and dried 1n stove at 80°C. The
characteristics of the beads and of the mother waters are
reported 1in Table 2.
EXAMPLES 3-7
Preparation of masters containing various amounts of micro-
beads

In the same reactor already utilized 1in example 2 and
with the general operating modalities described in said

example, the polymerization in suspension of methyl metha-

crylate and ethylacrylate is carried out by using the su-

AM

spending solutions described 1in table 1. Therefore the
amounts of deionized water and pulp indicated in table 1 are
placed 1in the reactor.

The solution 1is heated to 80°C and a mixture 1s then fed
consisting of methyl methacrylate 96 parts by weight, ethyl-
acrylate 4 parts by weight, lauroyl peroxide 0.6 parts by
weight, n-butanthiol 0.12 parts by weight. The reactor 1s
hermetically sealed, pressurized at 100 KPa and under conti-
nuous stirring the mixture is gradually heated up to 110°C

in 120 minutes.

The reactor is let stay at 110°C for 15 minutes, then 1t 1s
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cooled. The polymer, under form of beads, is separated from
the mother waters by centrifugation and dried 1in stove at
80°C.

The characteristics of the beads and of the mother waters

are reported in Table 2.

EXAMPLE 8

Preparation of the suspending agent

120 parts by weight of a 40% by weight NaOH solution and 630
parts by weight of deionized water are 1introduced into a
reactor.

250 parts by weight of 2-acrylamido-2-methylpropansulphonic
acid (AMPS) are slowly fed, then the pH is adjusted 1in the
range 7-8 with small additions of soda or AMPS. After the
solution was fluxed with nitrogen to remove the oxygen and
heated to 50°C, potassium persulphate 0.075 parts by welight
and sodium methabisulphite 0.025 parts by weight are added.
The polymerization ends in about 60 minutes. IC is then di-
luted with about 4000 parts by weight of_ deionized water
obtaining a solution with a dry residue at 160°C of 5.5% Dby
weight and a Brookfield viscosity of 4 Pa.s, measured at
25°C.

EXAMPLE 9

Preparation mother waters

The polymerization in suspension of methyl methacrylate and
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of ethyl acrylate is carried out by using as suspending
agent the homopolymer of the sodic salt of the 2-acrylamido-
2-methylpropansulphonic acid obtained in example 8.

193 parts by weight of deionized water and 7 parts by weight
Of the solution obtained in example 8, corresponding to
0.385 parts by weight of dry product, are introduced in a
stirred, jacketed and pressure-resistant reactor. The oxygen
l1s removed by nitrogen flow and the solution is heated to
80°C. 100 parts by weight of a mixture, it too deoxygenated,
are then fed, which consists of: methylmethacrylate 96 parts
by weight, ethylacrylate 4 parts by weight, t-butyl peroxy-
2-ethylhexanoate 0.25 parts by weight, n-butanthiol 0.12
part by weight. The reactor is hermetically sealed, it is
pressurized at 100 KPa and under continuous stirring the
mixture is heated gradually up to 110°C in 120 minutes. The
reactor 1s let stay at 110°C for 15 minutes, then it 1is
cooled. The polymer, under form of beads, is separated from

the mother waters by centrifugation, washed with deionized

water and dried in stove at 80°C. The beads have sizes of

200 microns.

The mother waters, with a dry residue at 160°C of about

0.62% by welght, in part consisting of the suspending agent

(0.2% by weight) and for the remaining fraction of other

products obtained in polymerization, are joined together to
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be used in the subsequent polymerization proofs.

EXAMPLE 10

Preparation of a master containing 7% of crosslinked micro-
beads

In the same reactor already used in example 2, and with the
general operating modalities described in said example, the
polymerization in suspension of methyl methacrylate and of
ethylacrylate is carried out Py using as suspending solution
a fraction of the pulp (microbeads+aqueous phase) coming
from the polymerization described in example 1 and from mo-
ther waters coming from example 9. Thus 188.4 parts by
weight of mother waters coming from example 9 and 27.2 parts
by welght of pulp coming from example 1 are introduced 1in
the reactor. The solution is heated to 80°C and a mixture 1is
then fed, which consists of methyl methacrylate 96 parts by
welght, ethyl acrylate 4 parts by weight,' lauroyl peroxide

0.6 parts by weight, n-butanthiol 0.12 parts by weight. The

to 110°C in 120 minutes. The reactor is let stay at 110°C

for 15 minutes, then it is cooled. The polymer, under form
Of beads, is separated from the mother waters by centrifuga-

tion, washed with deionized water and dried in stove at
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waters are reported in Table 2.
EXAMPLE 11 (comparative)
Preparation of crosslinked beads

In the same reactor already utilized in example 2, and
with the general operating modalities described in said
example, the polymerization in suspension of methyl metha-
crylate, ethylacrylate and allylmethacrylate is carried out
by using as suspending solution a fraction of the mother

waters coming from example 9.

200 parts by weight of mother waters coming from example 9
are therefore introduced into the reactor. The solution is
heated to 80°C and a mixture is then fed which consists of
methyl methacrylate 94.75 parts by weight, ethyl acrylate 4
parts by weight, allyl methacrylate 0.25 parts by weight,
lauroyl peroxide 0.6 parts by weight.

The reactor 1s hermetically sealed, it is pressurized at 100
KPa and under continuous stirring the mixture is gradually
heated up to 110°C in 120 minutes.

The reactor 1s let stay at 110°C for 15 minutes, then it 1is
cooled. The polymer, in form of beads, is separated from the
mother waters by centrifugation, washed with deionized wa-
ter and dried in stove at 80°C.

The beads have sizes of 200 microns.
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EXAMPLE 12

Extrusion of antireflection plates

Starting from beads prepared in examples 1, 2, 9 and 11, 5
cm X 10 cm plates having a depth of 2-3 mm, were extruded in
order to test the antireflection properties with the compo-
sitions reported in Table 3. All the plates contain 6% by
weight of crosslinked particles. The evaluation of the pla-
tes appearance is made visually.

In practice the test is carried out as follows: the plate
prepared by extrusion 1s put on a surface which contains
printed characters.

The extruded plates starting from the microbeads coming
from examples 1 and 2 (plates 1 and 2) have good antire-
flection properties, that is they allow to exactly see the
printed characters of the underlying surface as though the
plates were not present.

Plate 3, extruded starting from the beads of example 9 and
the beads of example 11, on the contrary does not show an-
tireflection properties, i.e., the characters of the under-

lying surface appear distorted. Plate 3 has therefore no

acceptable antireflection properties.
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(1) bgeed on the master (6% means an amount of XD slurry containing 60 parts
by weight of beads and emulsions, diluted and used to polymerize 940 parts
by weight of monomers in the second reaction); (2) waste: (3) COD of the
mother waters; (4) XD standard process
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CLAIMS

1. A process for preparing beads based on acrylic
polymers which comprises the preparation of microbeads from
10 to 40 micron by means ©of a polymerization process 1in
suspension 1n an aqueous phase of acrylic monomers 1in the
presence of at least a crosslinking monomer at least
bifunctional, characterized in that a second polymerization
of the acrylic monomers 1s carried out 1in absence of
crosslinking monomers and by using as suspending phase a
fraction of the suspension obtained 1in the preceding
polymerization containing a crosslinking agent, said
fraction containing an amount of microbeads comprised
between 3 and 40% by welght with respect to the final

polymer obtained in the second polymerization.

2. The process according to claim 1, wherein a
fraction of the suspension obtained in the preceding
polymerization containing a crosslinking agent 1is used as
suspending agent, said fraction containing an amount of

microbeads of from 4.5 to 25% by weight.

3. The process according to any one of claims 1 to

2, wherein waste waters are utilized as dispersing phase in
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the second polymerization in absence of crosslinking agent,
sald waste waters coming from the polymerization in

suspension of acrylic monomers, which produce beads of

sizes greater than 100 microns.

4, The process according to any one of claims 1 to
3, wherein the acrylic monomers for preparing polymers
having an acrylic basis comprise C;-Cg alkyl (meth)acrylates
linear or branched when possible, selected from the group
consisting of:

methyl (meth) acrylate, ethyl (meth)acrylate,

propyl (meth) acrylate, isopropyl (meth)acrylate,

butylacrylate, sec-butyl (meth)acrylate, and

ter-butyl (meth)acrylate.

5. The process according to any one of claims 1 to
4, wherein polyvinylic alcohol 1s used as a suspending
agent 1n the first polymerization 1in the presence of

gt

crosslinking agent, 1n concentration generally of at least

1.5% by weight and up to values of about 10% by weight.

6. The process according to any one of claims 1 to

5, wherein the ratio between agueous phase and monomers in
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the polymerization in the presence of crosslinking agent

for the preparation of microbeads is higher than 2:1.

7. The process according to any one of claims 1 to
6, wherein the ratio between agqueous phase and monomers 1n
the polymerization in absence of crosslinking agent 1s

1.4:1 or higher.

8 . Beads based on acrylic polymers having sizes from
80 to 300 microns obtained by the process according to any

one of claims 1 to 7.

9. The beads based on acrylic polymers according to

claim 8 having sizes between 140 and 250 microns

10. The process according to claim 3, wherein said

waste waters are diluted with water.

11. The process according to claim 4, wherein said

acrylic monomers for preparing polymers having an acrylic

bagsis further comprise one or more monomers soluble 1in

water, having a solubility in water of at least 5 g per

e

100 g of water at T of 23°C in an amount of 50% by weight,

selected from the group consisting of acrylic, methacrylic
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acids, acrylamide, hydroxyethyl (meth) acrylate, and
hydroxypropyl (meth)acrylate.
12. The process according to claim 4 or 11, whereiln

said acrylic monomers for preparing polymers having an
acrylic basis further comprise another monomer in an amount
of 50% by weight at most, selected from the group

consisting of styrene, alphamethylstyrene,

(meth)acrylonitrile, n-alkyl or arylmoleimides with alkyl
from 1 to 10 carbon atoms and aryl from 6 to 12 carbon
atoms, butadiene, styrenesulphonic acid, and

N-vinylpyrolidene.
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