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METHOD FOR THE PRODUCTYON-OF HIGHLY FILLED
POLYMETHYL “METHACRYLATE BASED PLASTICS

The invention relates to a method for the production of
highly f£illed plastics based on polymethyl methacrylate, in

particular those having a granite appearance.

Highly filled cast resin molded articles having a granite
appearance, especially those based oh polymethylmethacrylate
(PMMA), have attaimed a high level of importance in the
bathroom sector, as well as other household sectors. The
content of mineral filler material usually lies in the range
of 30~80 wt%.

Methods for producing such products have been disclosed,
for example, in West German Patent No. A 2,627,081,

U.S. Patent 4,159,301, WO 90/01,470, and WO 91/11,404.

West German Patent No. A 2,627,081 provides fpr the use
of two types of particles in an irregular distribution. The
fir;t type of particles are colored or uncolored,
nontranslucent particles, and the second type of particles are
colored or uncolore&.translucent or transparent particles,
wherein both types of particle exhibit, in the smallest
dimension, a minimum particle size of >200;un." '

For the production of plates with a granite appearance,

Japanese Patent No. A 02,202,445 (Chem. Abstr. 114, 8000t)
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recommends the extrusion coating of thermoplastic slabs with a
layer containing metal powder and white pigment. A granite
appearance s also attained with kitchen sinks and bathroom
articles made of acrylic resin by using granite filler
Particles (see Modern Plastics International, September 1991,
page 32). The objects thus produced have a filler
concentration in the vicinity of the surface.

In the production of objects made of highly filled PMMA,
one conventionally begins with a liguid polymer precursor, to
which the filler material is added and which is then
polymerized by radical means according to a type of chamber
polymerization. *

The production, which starts with a polymer precursor
consisting of 70 to 95 parts by weight methyl methacrylate and

5 to 30 parts by weight of a PMMA prepolymer PP and perhaps up

o approximately S parts by weight of a crosslinking monomer

and perhaps up to 5 parts by weight of a silanization agent
SIM, has proved good. With high-speed stirring, particle-

shaped, inorganic fillers, in particular aluminum _hydroxide or

~aluminum oxide hydrate, in fractions of 30 to 80 wt¥ (based on

the formed filler suspension FSS), are added to such a polymer
precursor and uniformly distributed.

A common way of dyeing granite—~like polyacrylate material
consiste in stirring into a'highly filled fi}lgr_guspension
FS§ variously colored comminuted material particles with
particle diameters up to approximately 5 mm and in

subsequently performing the polymerization. The Qariously



colored comminuted material particles are those fram the
cured, filled polymer material itgelf, for example, comminuted
recycling material. Practical experience teaches, however,
that at least two serious problems occur in the case of the
incorporation of filled, ground PMMA polywmer material;

The comminuted material particles sediment as a function
of their particle size and affect the time to attain the gel
state of the polymerization in very different ways, so that a
reproducible structure cannot be attained. l

Additionally, the comminuted material particles from
recycled material swell in the filler suspension FSS so
rapidly that the viscosity increase that occurs makes the
filling of the polymerization reactors almost impossible and

at best a faded structure is formed.

Accordingly, one object of the present invention is to
provide a method for the preparation of highly filled plastics
which permits the incorporation of filled, commingted polymer
material, while avoiding the above perlems and the resulting“.
digadvantageous coneequences for the formed polymer material.

These and other objects of the present invention may be at
least partially satisfied by the discovery of a method for the casting of
gighly filled pléstics comprising polymethyl methacrylate,
comprising the steps of: . o

~ preparing a filler suspension by combining from 30 to

80 wt%, based on the amount of filler suspension, of at least



10

15

20

25

one particle-~shaped, inorganic filler with a polymer precursor

under high-speed stirring, wherein the polymer precursor

comprises methyl methacrylate and a poiymethyl methacrylate
prepolymer, wherein the filler suspension further comprises
from 1 to 20 parts by weight, based on the amount of filler
suspension, of a colored, filled, comminuted polymer material
having a density precisely adapted to the density of the
filler suspension and wherein the comminuted polymer material
comprises a'polymer component which is highly crosslinked; énd
- polymerizing the filler suspension by contacting the

filler suspension with at least one radical initiator.

»

The present invention relates to a method for the
production of highly filled plastics based on polymethyl
methacrylate according to the casting method, beginning with a

polymer precursor (PVS), containing methyl methacrflate and a

polymethyl methacrylate prepolymer, which is converted into a

filler suspension (FSS) by the addition of at least one
particle-shaped, inorganic f£iller (FS) in fractions of 30 to
80 wt¥ (based on the filler suspension) under high-speed
stirring and is polymerized in a suitable mold with the
addition of at least one radical initiator. In the process of
the present invention, variously colored, filled, comminuted
polymer materiai GP is added to the filler suéﬁénsion.FSSlin
quantities of 1 to 20 parts by weight (based on the filler

suspension FSS) while stirring, with the requirement that the
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density of the comminuted material GP is adapted precisely to
the density of the filler suspension and that the polymex
component of the comminuted material GP.is crosslinked.

The advantage of the present invention arise from
a combination of appropriate measures, such as:

1. The comminuted material is precisely adapted in its
density to the density of the filler suspension FSS. In this
way, the sedimentation is .also hindered for longer periods of
time, and a sedimentation with varying degrees of strength and
varying sizes of particles does not
take place. The density adaptation is appropriately
controlled by mearls of the filler concentration in the
comminuted material.

2. To avoid an increase in the viscosity within the
processing time, the comminuted material polymer is
crosslinked with approximately 10 wt¥ of at least one
crosslinking mononer.

The comminuted material GP has, as a rule, a particle
diameter in the range of from 0.02 mm to approximately 5 mnm.
It is preferably obtained from the same type of polymerized
material as that from which the filler suspension FSS is
formed, but while ébserving the required features with respect
to.density adaptation and cfosslinking.

The density adaptation is controlled by means of the
filler concentration in the comminuted material. as one
exemplary embodiment, & concentration of 66 wti of aluminum

hydroxide as a particle-shaped, inorganic filler FS in the
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filler suspension FSE& can be used, whereas approximately 40~45
wti of the same are found in the comminuted material GP. The
production of the polymeric comminuted material GP essentially
takes place according to the same method as the production of
the PMMA bhasic material, with the same monowers praeferably
being used. However, the comminuted material GP is always
crosslinked by the addition of one or more crosslinking
nonomers. As crosslinking agents, conventional

mononers containinq:several polymerizable groups in the molecule can
be used. Such monomers include the (meth)acrylic acid ester
of multivalent alcohols or allyl esters, (see H. Rauch-
Puntigam, Th. VoelkBr, Acrylic and Methacrylic Compounds,
Springer-Verlag 1986), sﬁch as ethylene glycol dimethacrylate,
1,4-butanediol dimethacrylate, trimefhylolpropane
trimethacrylate, ethylene glycol diacrylate, and
trimethylolpropane triacrylate.

The fraction of crosslinking monomers is thus felatively
high, preferably at least 1 wt% and up to 20 wt%, more
preferably 8-12 wt%, most preferably around 10 wt%, based on
total monomer. In the uncrosslinked state, the weight average

molecular weight lies in the range of 2 x 10° to 5§ X 10°

daltons.

. The fine-particle, inorganic materials of the present
invention, which are appropriate also for cast ;gsins, are ,
suitable .as fillers FS. The content of fillers FS is adjusted
in such a way that the comminuted material GP has precisely

the density of the filler suspension FS8S. The polfmeric
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comminuted material GP is advantageously obtained from an
appropriately dyed polymer. Conventional pigments or dyes can
be used as dyes FM.

Suitable dyes FM include iron oxide, titanium dioxide,
zinc white, ultramarine hlue, Cu phthalocyanines, and carbon
black. The pigments can alsoc be iﬁtroduced into the
prepolymer phase as prepared dispersions with the ald of
suitable dispersants. In general, the content of the dyes FM
lies in the range of 0.2 to 5 wt$, based on the polymer based
on the comminuted material GP.

The production of the filler suspension FSS can be
carried out using known procedures (see European Patent No., B
218,866; West German Patent No. A 4,225,308). As an example
of a suitable prepolymer, PMMA can be used which can
optionally comprise minor fractioﬁs of appropriately selected
comonomers, such as other acrylic and/ox methacrylic acid
esters, in particular ¢,~C, alkyl esters. The fracfion of the
prepolymers lies at 5-~30 wt%, based on the total amount of
polymerizabie materials. . -

Furthermore, the filler suspension FSS also contains
crosslinking.monomers. Any conventional crosslinking monomers
can be used, such as those with at least two polymerizable
wvinyl groups in the molacule (see H. Rauch-Puntigam, Th.
Voeiker, c ac ie Co unds, page 184,
Springer-Verlag, 1967). Sultable examples include ethylene
glycel dimethacrylate, 1,4-butanediol dimethacrylate,

triethylene glycol dimethacrylate, trimethylolpropane
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trimethacrylate, or the corresponding acrylates and allyl
compounds, such as allyl methacrylate or triallyl cyanurate.
The content of crosslinking monomers in the filler suspension
FSS is 0.01 to 10 wt%, preferably 0.1 to S wt%, based on the
monomer content. |

The filler suspension FSS has (based on prepolymer plus
mononers) a content of o&er 60 wt%, preferably 80 to 100 wt%,
of methyl methacryiate. Other copolymerizable comonomers can
also be present. Suitable comonomers include (meth)acrylic
acid esters, vinyl aromatics, ﬁnd heterocyclic vinyl
compounds, such as styrene, ring-substituted styrenes, a-
methylstyrene, vin¥Ylpyrrolidone, vinylimidazole,
acrylonitrile, methacrylonitrile, and vinyl esters, such as
vinyl acetate or vinyl propionate. In general, in addition to
the MMA, the fraction of the (meth)acrylic acid esters and the
crossliﬁking mononers, which, together with MMA, can
advantageously make up as much as 100 wt% of the entire
polymer precdrsor, predominates. Particularly preferred is a
mixture of the monomer methyl methacrylate and a grosslinking
monomer, such as ethylene'glycol dimethacrylate, wherein the
weight ratio is advantagéously between 95:5 and 99.9:0.1. In
many cases, the polymer precursor PVS contains the monomers,
which alseo form the prepolyﬁer and in the same proportions.
They c¢an, however, also be different. The p;epolymers can be
dissolved or dispersed in the monomers. Prefe;ably, the
prepolymers are dissolved in the monomers. As a rule, the

prepolymers have weight average molecular weights M, in the
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range between 2 x 10° and 8 x 10° daltons (determination by
means of gel permeation chromatography, see in this regard:
H.F. Mark et al., Encyclopedia of Polymer Science and
Technoloqy, Vol. 10, pages 1 to 19, J. Wiley, 1987). For
example, the prepolymer can be a copolymer of methyl
methaorylate and methyl acrylate in the weight éatio 9:1 with
a weight average molecular weight M of approximately 2.5 X 10°
daltons. '

Primarily, aluminum oxides, aluminum hydroxides, or
aluminum oxide hydrates can be used as particle-shaped,
inorganic fillers FS. Othexr Xknown particle-shaped fillers can
also be used, suchras alkaline-earth metal oxides, silicon
oxide, and/or titanium oxide in various modifications, clays,
silicates, metals or metal alloys, metal oxides, synthetic
materials, such as ceramics, glass powder, porcelain, slag, or
finely distributed silicon dioxide, guartzes, kaolin, talc,
mica, feldspar, apatite, barite, gypsum, chalk, limestone,
dolomite, or a mixture of the aforementioned components.

Preferably, an average particle size of the filler
particles of 100 um (diameter), more preferably 75 um, is not
exceeded with the inorganic fillers. In one particular
embodiment, the filler is a mixture of at least 2 components,
whose average particle sizes are created in such a way that
the size distribution hetween the average sizes of the large
filler particles and those of the small filléf-barticles is

between 10:1 and 2:1, preferably between 6:1 and 4:1.
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Filler particles with a particle size of <0.1 gm should
not make up more than 10% of the volume of all filler
particles. The particle size is determined according to
conventional methods, wherein for the particie size
determination, the largest dimensions of the particles are
used as diameters (see, for example, B. Scarlett, Filtration &
Separation, page 215, 1965). The quantitative ratio between
large and small filler particles generally is between 4:1 and
1:4, preferably between 2:1 and 1:2, with particular
preference at 1:1.

The inorganic filler is preferably created in such a way
that the cured cast resin exhibits an elastic shear modulus of
at least 5 Gﬁwé, preferakly of at least 10 Gwﬁ{, wherein the
intended use of the cast resins is kept in mind during the
adjustment of the mechanical characteristics.

The filler fraction of the ocast resins of the invention
under consideration is preferably at least 40 wt%. In
general, a fraction of B0 wt% is not exceeded, with a filling
fraction being most preferred at 50 to 80 wti is indicated.
The production of the fillers in the appropriate éarticle
sizes can be carried out according to known processes, such

as, breaking and comminuting.

The progucgign of the cast resin suspensions
In the production of cast resin suspensions, one beéins
with the ligquid polymer precursor, which contains the monomers

and the prepolymer and which forms the liquid organic phase.
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Wwith the aid of a mechanical dissolver, the inorganic filler
FS is introduced into the organic phase. When using fractiong
of various particle sizes, the filler particle fractions can
be individually addeg, wheréin the sequence of the addition of
filler particles of different sizes is not stipulated.
Preferably, the process is concluded after 10 min.

Afterwards, the suspension is dispersed with the dissolver or
an equivalent dispersing unit over a time period of
approximately 10 min, wherein the rotational speed of the
dissolver is approximately 10 to 20 wm/sec. In general, the
inorganic fillers of the organic phase are added in such a way
that the viscosity does not exceed a value of approximately.lo
Pa* seo.

The addition of the comminuted material GP preferably
occurs at room temperature, together with the polymexrization
auxiliaries. Polymerization auxiliaries, such as conventional
polymerization initiators, are added in quantities of 0.1 to §
wt%, based on the monomers M of the suspension FS5S. As
preferred polymerization initiators, radical-forming agents
are used, whose decomposition into radicals can be induced
therwmally or by means of redox processes. Basically, radical
initiatore which supply a high radical flow at low
tgpperatures are most suitable {asee J. Brandrup, E.H.
Immergut, Polymer Handbogk, 3rd Ed., Chapteg_III, pages 1 to
65, J. Wiley, 1989). Preferably; the initiaféfs are added

just before pouring and curing of the cast resin suspensions.
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It may be advantageous if the cast resin suspension
contains internal and/or external release agents, which
prevent the adherence of the cured cast resin to the form and
provide good surface characteristics of the cast resin molded
articles. Examples of internal release agents are fatty acids
and their alkali metal and alkaline-earth metal salts and
alkyl phosphates and their neutralized derivatives. Among
suitable external mold release agents are coatings on the

molds, such as polytetrafluoroethylene, polyorganosiloxane, or

polyvinyl alcochol.

Production of thercast resin molded articles

The cast resin suspensions, in accordance with the
invention, nmixed with the polymerization initiators, can be
cast very well, for example, in conventional cast molds.
Advantageously, the suspension is evacuated before the
f£illing. The curing step (= polymerization of orgénic phase
B)) preferably takes place thermally by heating at 50 to 80°C
for 20 to 60 min., The curing step can take place-with the use
of pressure and also without pressure. '

The various molds can be filled with the cast resin
suspensions in accordance with the invention, and a
technically satisfactory polymerizatiorn can be carried out.

In this way, plates, bowls, wash basins, kitghgn sinks, toilet
bowls, moldgd articles for the construction industry, machine

foundations, containers, and so forth, can be produced.
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Another advantageous embodiment of the invention is
continuous plate production on a conveyer belt. The cast
resin suspension mixed with a suitable polymerization
initiator is placed on a moving conveyer belt with lateral
boundaries, wherein it is quickly distributed and leveled
because of its low viscosity and its low structural viscosity.
Afterwards, the surface of the suspensiaon is coverxred with a
second metal belt. The curing of the suspension can be
carried out thermally by heating the two metal belts or by
using suitable redox initiators also without external heating.

The residual monomer contents of the cured cast resins
lie below 1 wt%, khased on the total monomer fraction,
preferably below 0.5 wt%.

Since the cast resin suspensions in accordance with the
invention can be cast very well in conventional cast molds, a
great mold variety, in particular with complicated molds, is
available, providihg a satisfactory and complete ‘
polynerization.

The consistent reaction of the measures &esoribed above,
as well as with standing times of the liquid phase of, for
example, 2 h, leads to a f£illed polymer with uniform structure
on the upper and lower sides of the formed plates in the
casting process. The possibility of the use of the upper and
1owér sideé of a plate, preferably one with granite character,

provide a significant technical advantage.



10

15

20

25

-14~

The following examples are non-limiting

illustrations of the invention.

EXAMPLES

a a 1

Production of the highly filled plastic plate having a
granite appearance

30 g of a PMMA bead polymer with n,..,= 130-140 (PLEXIGUM?
M$20, manufacturer: Rghm GmbH) were dissolved in 296.99 g MMA
and 0.01 g 2,4~dimethyl-6~tert-butylphencl at approximately
50°C within 5 h and afterwards cooled to room temperature. In
this syrup, 5.0 ¢ stearic acid and 3.0 g ethylene glycol
dimethaorylate were dissolved. 332.5 g ALCOAR C33 (aluminunm
hydroxide with an average particle size of 45 umj), 332.5 g
ALCOAR €333 (aluminum hydroxide with an average particle size
of 8 um), and 5 g highly disperse, amorphcous silicon dioxide
(product AEROSIL® 200, manufacturer: Degussa) were introduced
into the syrup, using the dissolver, with moderate stirring.
Afterwvards, the guepension was dispersed with the dissolver at
20 w/sec for approximately 10 min. 90.2 g comminuted material
in accordance with Example 2, and 19.8 g comminuted material
in accordance with Example 3 were stirred into the suspension.
The stirring time was approximately 30 min“iﬁ"the normal case
but can also be clearly preolonged. Subseqguently, S § bis (4-
tert-butylcyclohexyl) peroxydicarbonate and 1 g 2,27~
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azobis (isobutyronitrile) were dissolved, and the enclosed air
bubbles were removed from the suspension by applying a vacuum
for a very short time. _

A chamber was constructed from two highly poiished and
chrome~plated metal plates (thickness 4 mm) with the ald of =
round PVC cord (diameﬁer 4.2 mm). ‘The suspension was poured
into the intermediate space of the metal chamber, and the
chamber claosed. |

The filled chamber was placed in a water bath of 65°C for
a polymerization time of 20 wmin. Subsequently, final
polymerization was carried out in a drying oven for 30 min at
105°C, Afterwards”, the chamber was released, and the cured
casting removed. The plate casting had high-~luster surfaces
on both sides, was not bent, and exhibited a visually

identical granite appearance on both sides.

ample

Production of white comminuted ﬁaterial

80 g of a PMMA bead polymer (PLEXIGUM* M920) and 0.01 g
2,4~dimethyl-6-tert-butylphencl were dissolved in 410 g MMA at
approximately 50¢C within 5 h and subsequently cooled to room
temperature, 5.0 g stearic acid and 50 g ethylene glycol
dimethyacrylate were dissolved in this MMA/PMMA syrup. 210 g
aluminum hydroxide (Martinal® ON 310) and 210 ¢ Martinal® OD of
the Martinswerke Company, 20 g highly dispéféé, amorphoué
eilicoh dioxide (Aerosil® 200) and 15 g titanium dioxidg (Tio,

RN 56, manufacturer: Kronos GmbH) were incorporated into the



syrup, using the dissolver, with moderate stirring.
Afterwards, the suspension was dissolved with the dissolver at
approximately 20 m/sec for approximately 10 min. In the
fusvencion cooled to room temperature, 1 g bis(4-tert-
butylcyclobexyl) peroxydicarbonate weve dissolved

and the enclosed air bubbles were removed from the
suspension by applying a vacuum for a very short

time.

UA chamber was constructed from two highly polished and
chrome~plated metal plates (thickness 4 mm) with the aid of a
round PVC cord (diameter 6.0 mm). The suspension was poured
into the intermedliate space of the metal chamber, and the
chanmber closed.

The filled chamber was placed in a water bath of 45°C for
a polymerization time of 120 min. Subsequently, final
polymerization was carried out in a drying oven for 30 min at
105°C. Afterwards, the chamber was released and the cured
casting removed.

The casting was broken into small pieces, and the small
pieces comminuted in a suitable mill. Then, the desirxred

comminuted material fractions were screened out.

Example 3
Production of black comminuted material
Black comminuted material was produced in a manner

analogous to Example 2, wherein instead of titanium dioxide,
15 g iron(IXII) oxide (product BAYFEROX* 318 M from Bayer AG)

were used.
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Claims

1. A method for the casting of highly filled plastics
comprising polymethyl methacrylate, comprising:

- preparing a filler suspension by combining from
30 to 80 wt.%, based on the amount of filler suspension,
of at least one particle-shaped, inorganic filler with a
polymer precursor under high-speed stirring, wherein the
polymer precursor comprises methyl methacrylate and a
polymethyl methacrylate prepolymer, wherein the filler
suspension further comprises from 1 to 20 parts by
weight, based on the amount of filler suspension, of a
colored, filled, comminuted polymer material having a
density precisely adapted to the density of the filler
suspension and wherein the comminuted polymer material
comprises a polymer component which is highly
crosslinked; and

- polymerizing the filler suspension by contacting
the filler suspension with at least one radical
initiator.

2. The method according to Claim 1, wherein the
polymer component of the comminuted material is
crosslinked with approximately 1 to 20 wt.% of at least
one crosslinking monomer.

3. The method according to Claim 1, wherein the
polymer component of the comminuted material is
crosslinked with approximately 8 to 12 wt.% of at least
one crosslinking monomer. R

4. The method according to Claim 1, wherein the
polymer component of the comminuted material is

crosslinked with approximately 10 wt.% of at least one
crosslinking monomer.

R
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5. The method according to any one of Claims 1 to 4,
wherein the comminuted polymer material has a particle
diameter in a range of from 0.02 to 5 mm.

6. The method according to any one of Claims 1 to 5,
wherein at least 2 differently colored comminuted
polymer materials are added to the filler suspension.

7. The method according to any one of Claims 1 to 6,
wherein the particle-shaped inorganic filler is
aluminium hydroxide.

8. The method according to any one of Claims 1 to 7,
wherein the filler suspension further comprises added
highly disperse, amorphous silicon dioxide.

»
9. The method according to any one of claims 1 to 8,
wherein the methyl methacrylate content of the filler

suspension, based on total monomer and prepolymer, is at
least 60 wt.%.

10. The method according to any one of Claims 1 to 9,
wherein the methyl methacrylate content of the filler
suspension, based on total monomer and prepolymer, is
from 80 to 100 wt.%. : -

11. The method according to any one of Claims 1 to 10,
wherein the filler suspension further comprises, in
addition to methyl-methacrylate, one or more
copolymerisable comonomers.

12. The method according to Claim 11, wherein the one
or more copolymerizable comonomers are selected from the
group consisting of (meth)acrylic acid esters, styrenes,
a-methyl styrene, vinylpyrrolidone, vinylimidazole,
acrylonitrile, methacrylonitrile and vinyl esters.

13. The method according to any one of Claims 1 to 12,

A
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wherein the methyl methacrylate prepolymer has a weight
average molecular weight, Mw of from 2 x 10 to 8 x 10?
daltons.

14. The method according to any one of Claims 1 to 13,
wherein the wethyl methacrylate prepolymer makes up from
5 to 30 wt.% of the polymer precursor, based on the
total amount of polymerizable materials.

15. The method according to any one of Claims 1 to 14,
wherein the filler suspension further comprises one or
more additional crosslinking monomers.

16. The method according to Claim 15, wherein the one
or more additional crosslinking monomers are selected
from the group donsisting of ethylene glycol
dimethacrylate, 1,4-butanediol dimethacrylate,
triethylene glycol dimethacrylate, trimethylolpropane

trimethacrylate, and the acrylates and allyl derivatives
thereof.

17. The wethod according to any one of Claims 1 to 16,
wherein the particle-shaped inorganic filler is present
in an amount of from 40 to-80 wt.%.

-

18. The method according to any one of Claims 1 to 16,
wherein the particle-shape inorganic filler is present
in an amount of from 50 to 80 wt.%.

19. The method according to any one of Claims 1 to 18,
wherein the polymerization step is performed by heating
at 50 to 80°C for 20 to 60 min in a cast mold into which
the filler suspension has been placed.

20. The method according to any cne of Claims 1 to 18,
wherein the filler suspension is placed on a moving
conveyer belt having lateral boundaries, the filler
suspension is then covered by a second metal belt and

g
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the polymerization step carried out by heating the
filler suspension between the moving conveyer belt and a
second metal belt or by radical polymerization of the
filler suspension between the moving conveyer belt and
second metal belt without external heating.

21. The method according to any one of Claims 1 to 20,
wherein the highly filled plastic has a residual monomer

content of less than 1 wt.%, based on total monomer
fraction.

A



