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EMULSION POLYMERIZATION USING
POLYMERIC SURFACTANTS

Technical Field

This invention relates to copolymers used as
supports for emulsion polymerization. More
particularly, this invention relates to alpha olefin
maleic anhydride copolymers used as supports for

emulsion polymerization.

Background Art
Agueous emulsion polymerilzation 1s a process

whereby water insoluble or mostly water insoluble
monomers are polymerized 1n dispersed form 1n an
aqueous medium. A surfactant or a surfactant blend is
typically used to stabilize the prepared insoluble
polymer particles, maintalning particle integrity and
preventing phase separation.

Agqueous emulsion polymer systems have been
developed in response to continuing environmental and
regulatory pressures to reduce and/or eliminate the
use of volatile organic solvents 1n polymer
preparation and delivery systems. While emulsion
polymerization has proven to be a highly successful
and practical method of preparing commercial
industrial polymer products, the performance
characteristics of such systems, such as 1n coatings
applications, often do not match the performance
obtained from a polymer system delivered from an
organic solvent. This 1s due in part to the existence
of the surfactant in the emulsion polymer system.
Comprised mostly of highly charged molecules, for
example ionic type surfactants such as sodium lauryl
sulfate, the surfactant contributes adversely to
properties such as water resistance and detergent

resistance in coatings applications.
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Copolymerizable surfactants, fugitive
surfactants, and reactive surfactants have been
proposed 1n the patent and scientific literature as
steps toward higher performing emulsion polymer
systems. While these approaches have all met with
some technical and commercial success, economic
considerations often prevent these technologies from
displacing conventional surfactants in emulsion
polymerization.

An alternative technology 1s the use of polymeric
materials as the stabilizing species in emulsion
polymerization systems. These polymeric materials
have been referred to 1in various publications as
polymeric surfactants, protective colloids, polymer
supports, support resins, polymer seeds, or polymeric
stabilizers, and are typically lower molecular weight,
between about 400 - 20,000 Daltons. The polymeric
materials' functionality yields a polymer that is
either water soluble or soluble on addition of base
(known as alkali soluble resin, which contains
carboxylic acid or sulfonic acid), or upon addition of
acid (known as acid soluble resin, which contains
nitrogen). These "polymeric stabilizers", as referred
to herein, serve the same purpose as conventional
surfactants in emulsion polymerization, and also
provide additional performance characteristics not
obtailinable from conventional surfactants such as gloss
development, flow and leveling control, and dry time
control. Polymeric stabilizers are preferably
prepared using weaker acids such as carboxylic acids
instead of sulfonic acids, and utilize a fugitive
amine, for example triethyl amine or ammonia, which
results ultimately 1n a noncharged stabilizing
component in the film. As explained below, the

presence of large amounts of i1onic species in final
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polymers can detract from performance characteristics
such as water resilstance. Systems containing
polymeric stabilizers exhibit improved resistance
properties including water resistance when compared to
conventional stabilizers.

Examples of emulsion polymerization systems exist
in the patent literature, whereby variations 1in the
monomers, surfactants, addition profiles and
processing conditions result in unique compositions
and/or unigue performance characteristics. U.S.
Patent Nos. 4,931,510, 5,013,794 and 5,258,466
disclose diisobutylene/maleic anhydride copolymers
modified to imide with aminosulfonic acid which are
used as resin supports in ranges of 2.5-30% by weight.
The resins are used to polymerize such monomers as
styrenics, (meth)acrylates, (meth)acrylonitriles and
mixtures thereof. The resulting polymers are
disclosed as useful as paper surface and fiber sizing

agents.
U.S. Patent No. 5,166,272 discloses an alpha

ol
anhydride copolymer which has been modified to

=fin (Cq, C,,, Cip) Or undecylenic acid/maleic

incorporate some olefin functionality used 1n an
amount between 5% and 30% by weight to polymerize
(meth)acrylics useful in coatings. U.S. Patent No.
4,775,723 discloses an alpha olefin (C.-C,,) /maleic
anhydride copolymer, partially esterified, used in an
amount of 2.5% to polymerize ethyl acrylate useful as
a lubricant and emulsifying agent.

Japanese Patent No. 6,172,728 discloses an

isobutylene/maleic anhydride copolymer modified to
imide (commercial Japanese product Isobam 304 ™) used
in an amount of 13.8% by weight to polymerize vinyl

acetate monomers which are used i1in adhesives. The

patent discloses use of a co-stabilizer of modified
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polyvinyl alcohol. U.S. Patent No. 5,298,568
discloses an alpha olefin/maleic anhydride copolymer
modified with hydroxy and amino used in an amount of
81% by weight to polymerize acrylate monomers useful
in 1nks and adhesives.

Japanese Patent No. 7,118,312 discloses a
chlorinated alpha olefin/maleic anhydride copolymer
used in an amount of 50% by weight to polymerize
methacrylates useful as a pigment dispersion and in
inks. Japanese Patent Nos. 51 001,706, and 83 013,679

disclose a nonpolymeric adduct of alpha olefin/maleic

anhydride extended with diamine used in an amount of
20-80% by weight to polymerize (meth)acrylates and
(meth)acrylonitriles which are useful as paper sizing
agents. Although appearing similar, these adducts are
actually non-polymeric emulsifiers and not properly
characterized as polymeric stabilizers. Finally,
Japanese Patent No. 6,088,052 discloses a
diisobutylene/maleic anhydride copolymer, and partial
esters thereof, used 1in an amount of 17% to 95% by
welght to polymerlze (meth)acrylates useful in ink,
overprint and varnishes.

Although the published prior art teaches that
polymers can be used as stabilizers in emulsion
polymerization systems at levels as low as 5% by
welght, experience has shown that these polymeric
stabllizers are typically useful only at the level of
20 to 30 percent. While the use of polymeric
stabililizers generally enhances polymer performance,
this relatively high level of stabilizer traditionally
used often i1ntroduces some undesirable attributes for
certain applications, 1including wet adhesion and long
term water resistance.

Therefore an emulsion polymerization stabilizer

18 degirable which eliminates the need for volatile
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organic solvents in polymer preparation and delivery
systems and is active at reduced levels from those of

typical conventional and polymeric stabllizers.

Summary Disclosure of the Invention

This invention provides an emulsion
polymerization system comprising a polymeric
stabilizer, wherein the polymeric stabilizer comprises
one or more alpha olefin/maleic anhydride copolymers
and 1s present 1n the emulsion polymerization system
in an amount greater than 0 and less than 5% by
welght .

The copolymer compositions used 1n the emulsion
polymerization system of the inventilion can be used to
prepare stable emulsion polymers at levels of
polymeric stabilizer previously believed unattailnable
by those familiar with polymer stabilized emulsion
polymerization. The polymeric stabilizers of this
invention provide the benefits realized from prior
emulsion polymeric stabilizers. However, because they
are used in reduced amounts, and in some instances 1in
amounts less than conventional stabilizers, they avoid
the drawbacks of prior art conventional and polymeric
stabilizers. In addition, they provide advantageous
performance and property attributes. For example,
polymers resulting from the claimed emulsion
polymerization system exhibilt improved properties due
to reduced particle size.

This 1nvention also provides a process for
producing a polymer by emulsion polymerization which
comprises combining in an agueous solution at least
one monomer, a free radical initlator and a polymeric
stabilizer comprising one or more alpha olefin/maleic

anhydride copolymers, wherein the polymeric stabilizer
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1s present in the aqueous solution in an amount

greater than 0 and less than 5% by weight.

Description of the Figures
5 Figure 1 shows the particle size to polymeric

stabllizer concentration relationships for an emulsion
polymerization system comprising 50% butyl acrylate
monomer, 50% methyl methacrylate monomer and the
polymer stabilizer of the present invention.

10 Figure 2 shows the particle size to polymeric
stabilizer concentration relationships for an emulsion
polymerization system comprising 50% n-butyl acrylate
monomer, 20% methyl methacrylate monomer, 30%
2-hydroxyethyl methacrylate monomer and the polymer

15 stabilizer of the present invention.

Best Mode for Carrving Out the Invention

The present 1nvention provides an emulsion

polymerization system comprising a polymeric

20 stabilizer which comprises one or more copolymers of
alpha olefin and maleic anhydride. The term "emulsion
polymerization system" as used herein refers to a
combination of monomers in agqueous solution, from
which a desired end product polymer precipitates to a

25 stable dispersion. This system can include further
components as discussed hereinafter.

This invention provides for the use of greatly
reduced amounts of stabilizers or surfactants in
typical emulsion polymerization techniques. The

30 polymeric stabilizers are generally present in the
emulsion polymerization system of the invention in as
small an amount as necessary to provide emulsion
stabilization. Generally, the polymer stabilizer is
present 1n the emulsion polymer system in an amount

35 greater than 0 and less than 5 percent by weight. 1In
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a preferred embodiment the polymer stabilizer is
present in the emulsion polymer system 1n an amount
between about 0.5 percent and 4 percent by weight. In
an equally preferred embodiment the polymer stabilizer
1s present 1n the emulsion polymer system 1n an amount
between about 0.5 percent and 2 percent by welight. In
a particularly preferred embodiment the polymer
stabilizer i1is present 1in an amount between about 0.5
pexrcent and 1 percent by weilght.

Copolymers of maleic anhydride and olefin are
known. The olefin/maleic anhydride system 1s unique
in 1ts tendency to form regular alternating
copolymers. The olefin/maleic anhydride alternating

copolymer has the general structure:

Olefin

Derived Polymer

Segment

R H
H

Maieic Anhydride
Derived Polymer'

Segment

- Head to Tail Addition
- Regular 1:1 Alternaling

The alpha olefin maleic anhydride polymers useful

in the present invention are polymers of maleic

20 anhydride and at least one l-alkene. Preferably, the

polymers are comprised of from about 49 to S5 mole
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percent of maleic anhydride and from about 5 to 51
mole percent of alpha olefin. These polymers are
partially disclosed in U.S. Pat. No. 4,358,573 (bulk
processing) and U.S. Pat. No. 4,522,992 (solution
processing) which patents are expressly incorporated
by reference for their disclosure of suitable alpha
olefin maleic anhydride polymers as well as in U.S.
Pat. No. 4,871,823 likewise incorporated herein by
reference.

The anhydride included in the alpha olefin maleic
anhydride polymers 1s most preferably maleic
anhydride. However, other maleic anhydrides can be
utilized in this formation of the polymers such as
methylmaleic anhydride, dimethylmaleic anhydride,
fluoromaleic anhydride, methylethyl maleic anhydride
and the like. Accordingly, as employed herein the
term "maleic anhydride" includes such anhydrides in
whole or in part. It 1s preferred that the anhydride
be substantially free of acid and the like before
polymerization.

The alpha olefins generally suitable in the
formation of the polymeric stabilizers described
hereln have from 2 to 60 carbon atoms, preferably
between about 2 and 30+ carbon atoms, and include the
following: ethylene; propylene; 1l-butene; 1l-pentene:
1l-hexene; 1l-heptene; l-octene; l-nonene; l-decene; 1-
dodecene; l-tetradecene; 1l-hexadecene; 1l-heptadecene:
l-octadecene; 2-methyl-l-butene; 3,3-dimethyl-1-
pentene; 2-methyl-1l-heptene; 4,4-dimethyl-1-heptene;
3,3-dimethyl-1-hexene; 4-methyl-l-pentene; l-eicosene;
1-docosene; l-tetracosene; l-hexacosene; l-octacosene;
l-triacontene; l-tetracontene; l-octatriacontene: 1-
tetracontene; l-octatetracontene; l1l-pentacontene; 1-
hexacontene; and mixtures thereof. The term "30+" or

"C30+" 18 used herein in its commonly accepted usage
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wherein a "C,;,," l-alkene mixture 1is a mixture of high
boiling l-alkenes with carbon content between about 30
and 60 carbon atoms per molecule.

Mixtures of the olefins can be combined with
anhydrides described above to form terpolymers or
higher polymers. It is preferred to utililize straight
chain l-alkenes having from 6 to 18 carbon atoms, and
accordingly, l-hexene, l-heptene, 1l-octene, l-nonene,
1-decene, 1l-dodecene, l-tetradecene, l-hexadecene, 1-
heptadecene, l-octadecene, and mixtures therecf are
preferred. These materials should be substantially
free of diolefin as an impurity which causes gel
formation and cross-linking. However, small amounts,
i.e., less than 2 percent, can be present without
causing undue gel formation and cross-linking in the
resulting polymers. Also as noted above, either
single materials, i.e., l-hexene, l-decene, etc., can
be used, or mixtures of these materials may be
utilized.

As 1s well known 1in the art, polymers containing
equimolar ratios of alpha olefin to maleic anhydride
are essentially alternating polymers with maleic
anhydride alternating between random comonomers.
Accordingly, the alpha olefin maleic anhydride
polymers may contain from about 49 to 95 mole percent
of maleic anhydride and more preferably, from 495 to 70
mole percent of maleic anhydride. Under some
conditions such as 1s described in U.S. Patent No.
4,871,823 noted above, 1t 1s possible to include an
excess of maleic anhydride relative to the comonomer
in these polymers. The amount of alpha olefin will
correspondingly vary from about 5 to about 51 mole
percent. The optimum alpha olefin maleic anhydride
polymers include about 50 mole % maleic anhydride and

about 50 meole % alpha olefin, but this 1s dependent
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upon the alpha olefin selected. This is generally
true for C,; and higher carbon content alpha olefins,
referred to herein as "C,g, alpha olefins". For
polymers containing between about C, and about C,,

5 alpha olefins, i1t is preferred that greater than an
equimolar amount of maleic anhydride be used, up to

about 50 mole percent greater.

Generally, 1t has been found that copolymers of
malelc anhydride and a single alpha olefin having no
10 less than 6 and no more than 24 carbon atoms are
needed to obtain clear, single phase agueous
compositions, and more preferably, between 6 and 18
carbon atoms alpha olefins maleic anhydride polymers

contalning higher alpha olefins (i.e., more than 24

==te

15 carbons per molecule) can be used in the compositions
of the present 1invention in the form of ter- or higher
polymers which also contain at least one C, to Cg,
alpha olefin. Preferably, the ratio of C,-C;4:C,4.
alpha olefins i1s such that the average alpha olefin

20 carbon chain length in the polymer is greater than
about 6 and less than about 18 to obtain clear, single
phase agueous compositions.

The alpha olefin maleic anhydride polymers may be
prepared by any of a number of conventional

25 polymerization processes including polymerization
processes as set forth in U.S. Reissue Patent No. Re.
28,475 and U.S. Patent Nos. 3,553,117, 3,560,455,
3,560,456, 3,560,457, 3,488,311, 4,522,992, 4,358,573,
4,871,823 and 4,859,752. These patents are all

30 1ncorporated herein by reference.

The polymeric stabilizers of the present
invention are generally low molecular weight materials
having a number average molecular weight of from about
500 to about 50,000. In a preferred embodiment the



CA 02286036 1999-10-14

WO 98/46646 PCT/US98/07663

-1 -

polymeric stabilizers have a weight average molecular
welight of from about 3,000 to about 50,000.
The emulsion polymerization system of the present
invention is useful for preparing polymers according
5 to known emulsion polymerization techniques. In a
typical technique, emulsion polymerization involves
polymerizing a mixture of ethylenically unsaturated
copolymerizable monomers in an agueous reaction
medium, in the presence of a surfactant and a free
10 radical initiator. The agqueous reaction medium is the
ligquid in which the various components are dispersed
in an emulsion state by the stabilizer and 1is
substantially composed of water.
In a preferred embodiment of the present
15 invention, the alpha olefin maleic anhydride polymer
stabilizer described above 1s substituted for
conventional surfactants. However, the emulsion
polymerization system of this invention may comprise
the alpha olefin maleic anhydride polymer stabilizer
20 described above and, optionally, one or more
conventional surfactants at levels up to 3 percent by
weight. Examples of such surfactants 1nclude, but not
limited to, linear alkyl phenol ethoxylates and
primary alcohol ethoxylates such as Triton and
25 Tergitol, respectively (Union Carbide, Danbury, CT).
The free radical initiators useful in the
emulsion polymerization system of this invention can
be a thermal initiator or a redox initiator. Examples
of suitable free radical 1nitiators and components
30 thereof include persulfate initiators, such as sodium
persulfate, potassium persulfate, barium persulfate,
and ammonium persulfate; alkall metal bisulfites;
peroxides such as benzoyl peroxide, and dicumyl
peroxide; hydroperoxides such as methyl hydroperoxide

35 and ter-butyl hydroperoxide; acyloins such as benzoin;
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peracetates such as methyl peracetate and tert-butyl
peracetate; perbenzoates such as t-butylperbenzoate;
peroxalates such as dimethyl peroxalate and di(tert-
butyl) peroxalate; and azo compounds such as azo-bis-
5 1sobutyronitrile and dimethyl azo-bis-isobutyrate.
Mixtures of such free radical initiators may also be
employed. Typically, the free radical initiator 1is
employed i1n an amount of at least about 0.1%,
preferably from about 0.3% to about 1.0%, by weight
10 based on the total weight of the monomers present and
depending on the weight and activity of the initiator.
Sultable monomers that can be polymerized using
the emulsion polymerization system of the present
invention include monoethylenically unsaturated
15 monomers such as ethylenically unsaturated aromatic
monomers, acrylic acid ester monomers, methacrylic
acld ester monomers, ethylenically unsaturated acid
tunctional group-contalning monomers, and
ethylenically unsaturated hydroxy functional group-
20 containing monomers. Diethylenically unsaturated
monomers may also be used 1f restricted to levels low
enough to avoid gelling the polymer.
Examples of ethyleneically unsaturated aromatic
monomers 1nclude styrene, alpha-methyl styrene, vinyl
25 toluene, para-methylstyrene, and tertbutyl styrene.
Examples of acrylic acid ester monomers are those
containing from 1 to 20 carbon atoms in the alkyl
group which include methyl acrylate, ethyl acrylate,
n-propyl acrylate, isopropyl acrylate, n-butyl
30 acrylate, n-decyl acrylate, isopropyl acrylate, n-
butyl acrylate, n-decyl acrylate, and 2-ethylhexyl
acrylate. Examples of methacrylic acid estexr monomers
are those containing from 1 to 20 carbon atoms in the
alkyl group which include methyl methacrylate, ethyl
35 methacrylate, n-propyl methacrylate, n-butyl
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methacrylate, isopropyl methacrylate, 1sobutyl
methacrylate, n-amyl methacrylate, n-hexyl
methacrylate, isocamyl methacrylate, allyl
methacrylate, sec-butyl methacrylate, tert-butyl
methacrylate, 2-ethylbutyl methacrylate, cinnamyl
methacrylate, crotyl methacrylate, cyclohexyl
methacrylate, cyclopentyl methacrylate, methallyl
methacrylate, n-octyl methacrylate, and 2-ethylhexyl
methacrylate. Examples of methacrylates contalning
aromatic groups include 2-phenylethyl methacrylate and
phenyl methacrylate.

Examples of acid functional group-containing
ethylenically unsaturated monomers include acrylic
acid, methacrylic acid, crotonic acid, 1taconic acid,
fumaric acid, maleic acid, citraconic acid, and
monoalkyl esters of unsaturated dicarboxylic acids.
Examples of hydroxy functional group-containing
ethylenically unsaturated monomers include 2-
hydroxyethyl acrylate, 2-hydroxybutyl acrylate, 6-
hydroxyhexyl acrylate, 2-hydroxypropyl methacrylate,

6 -hydroxyhexyl methacrylate, and 5,6-dihydroxyhexyl
methacrylate. Of these, hydroxyethyl-, hydroxypropyl-
and hydroxybutyl acrylates are preferred.

The present invention also provides a process for
producing a desired polymer by emulsion polymerization
which comprises combining in an agueous solution at
least one monomer, a free radical 1nitiator and a
polymeric stabilizer comprising one or more alpha
olefin/maleic anhydride copolymers, wherein the
polymeric stabilizer is present 1n the aqueous
solution in an amount greater than 0 and less than 5
percent by weight of the monomers used. In a
preferred embodiment the polymeric stabilizer is
present in an amount between about 0.5 percent and 4

percent by weight. In another preferred embodiment
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the polymeric stabilizer is present in an amount
between 0.5 percent and 2 percent by weight. In a
further preferred embodiment the polymeric stabilizer
1s present 1in an amount between about 0.5 percent and

5 1 percent by weight.

The present invention provides an end product
polymer having greatly reduced particle size which are
produced by the emulsion polymerization process
described above. The end product polymers produced by

10 the methods of this 1nvention have a particle sgize
less than about 100 nanometers. In a preferred
embodiment the end product polymers have a particle
slze between about 40 and about 90 nanometers. In

comparison, typical emulsion polymerization end

15 product polymers have particle sizes in the range of

greater than 100 to about 300 nanometers. Due to
their small particle size and low levels of
stabilizer, end product polymers produced by the
emulsion polymerization system of this invention are
20 particularly useful for glossy finishes, ink binders,
overprint varnishes, i1ndustrial coatings and the like.
As discussed above, the ability to reduce the
level of polymeric surfactant in the emulsion polymer
system yields enhancements 1n performance of surface
25 coating prepared from these emulsion polymers. 1In
addition, the emulsion polymers prepared according to
the present invention allows for more flexibility in
formulating emulsion polymer systems. For example,
typical polymeric stabilized emulsion polymerization
30 systems may contain 30% polymeric resin. Because
prior art polymeric support resins are used in amounts
approaching 30%, no flexibility is provided in such
systems for the addition of other resins to provide
other performance characteristics to the finished

35 polymer. In the present invention, however, the lower
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levels of polymeric stabilizer provide for greater
flexibility i1n formulation. For example, a 1% resin
can be used to prepare the emulsion polymer and the
additional 29% made up of additional resins post
blended in to provide additional performance
characteristics. This greatly expands the number of
useful compositions that can be prepared using
polymeric stabllizer systems.

The polymeric stabilizers of the present
invention are typically added as an aqueous solution
of polymer and a neutralizing substance. As discussed
above, conventional surfactants are comprised of
highly charged molecules, for example ionic type
surfactants such as sodium lauryl sulfate. A polymer
stabilizer or surfactant, on the other hand, must be
neutralized in a solution which provides a counter ion
to allow the polymer to mix with the agqueous emulsion.
Tne "neutralizing agent" can be organic or i1norganic
provided that 1t allows for solvation of the polymer
stabilizer in the agueous emulsion system.

Examples of organic neutralizing agents include,
but are not limited to, volatile organic substances
such as ammonia or amines, preferably tri-, di-, or
monoalkylamines, for example triethyl amine,
morpholine, or alkanolamines, such as 2-amino-1l-methyl
propanol. The volatile organic substance will perform
the neutralizing function and then evaporate upon the
formation of the end product polymer. Examples of
lnorganic neutralizing substances include, but are not
limited to, aqueous alkaline solutions containing
sodium, potassium, and lithium. Since the inorganic
substance 1s typically not volatile, the counter ion
used to perform the neutralizing function will remain
1in the end product polymer. The prior art shows that

the presence of the counter ion detracts from end




CA 02286036 1999-10-14

WO 98/46646 PCT/US98/07663

~16 -

product polymer performance such as water resistance.
However, the present 1invention, since it uses greatly
reduced amounts of polymer stabilizer, allows for the
use of inorganic neutralizing agents which result in
5 levels of counter i1on which does not detract from the

performance of the polymer end product.

In one embodiment of the emulsion polymerization
system, the polymer support 1s present in a sodium-
neutralized solution. In a preferred embodiment of

10 the emulsion polymerization system, the polymer
support 1s present 1n an ammonium-neutralized
solution.

In the present invention, emulsion polymerization
can be carried out by any well known free radical

15 addition agqueous emulsion polymerization process,
including batch, semi-batch, multiple stage batch,
multiple stage semi-batch, and continuous emulsion
polymerization. Preferably, the polymerization
according to the present invention is conducted by

20 semi-batch polymerization. Semi-batch polymerization
generally involves 1nitially charging into a
polymerization reactor a reaction medium such as water
and additional components which facilitate the

-

preparation of a stable dispersion of the polymer in

25 the reaction medium. These components include the
surfactants and the bases discussed above. Other
ingredients known in the art such as seed latices for
particle size regulation, monomer precharge for in-
situ seed latex preparation, polymer initiators/

30 catalysts/accelerators, chain transfer agents such as
butyl mercaptopropionate for molecular weight
regulation, and chelators for incidental metal removal
may also be added.

The free radical 1nitiator is then added to the

35 1nitial charge followed by controlled addition, with
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agitation, of the ethylenically unsaturated
copolymerizable monomers over a period of from about

30 minutes to about 4 hours at a temperature ranging

from about 74°C to about 85°C. O0Of course, depending

upon the free radical 1initiator employed, higher or
lower temperatures and other monomer feed profiles can
be employed. When a redox initiator 1s employed as
the free radical initiator, the monomers and the
initiator may be simultaneously fed to the 1initial
charge. When the initiator 1s soluble and suitably
stable in the monomers, 1t can be added to the monomer
mixture and thus added to the initial charge along
with the monomers. Those of ordinary skill in the art
recognize that wvarious 1nitiators exist which operate
at various temperatures, 1ncluding room temperature,
and selection of the appropriate initiator will depend
upon the methods employed. Upon completion of the
controlled monomer addition, the formed polymer is
continuously stirred and maintained at a temperature
to facilitate complete consumption of the monomers.
Thereafter the polymer 1s cooled, and additional
components such as additional surfactants and bases
may be added to further ensure dispersion
stabilization. Other well known ingredients including
defoamers, wetting agents, thickeners, preservatives,
UV stabilizers, and water may also be added, as
needed. An inert gas such as nitrogen is typically
used to purge the polymerization reactor of oxygen and

is usually continued throughout the polymerization

process.
Industrial Applicability

The emulsion polymerization systems of the
invention provide for the use of greatly reduced
levels of the surfactant typically use which results

in benefits i1n performance properties of the resulting
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polymer, in manufacturing capacity, and in meeting

progressive governmental regulatory restrictions with
respect to storage, handling and disposal of VOC's.
The end use applications of the emulsion polymers of
this i1nvention include coating applications such as
glossy finishes, 1nk binders, overprint varnishes,
wood lacquers, malntenance and industrial coatings and
the like.

The following Examples are provided to i1llustrate
the invention only. They are not intended, and should
not be interpreted, to limit the invention defined in

claims which follow thereafter.

EXAMPLE 1

Agqueous Ammonia Solution of 20% Cl10 / 80% C1i8
Alpha Olefin Maleic Anhydride Copolvmer

A glass 5 liter 4 necked round bottomed flask
equipped with a condenser, thermometer with
thermoregulator (Thermowatch®, Instruments for
Research and Industry, Cheltenham, PA), mechanical
agltation and heating mantle was charged with a maleic
anhydride alpha olefin copolymer (800 grams; Mw =
16000 by size exclusion chromatography) consisting of
a 20/80 mole ratio of alpha olefins 1-decene (C,,) and
1-octadecene (C,3) and deionized water (2992 grams). A
28% solution of aqueous ammonia was added (208 grams)

with agitation, and the temperature was brought to 75

°C. Agitation was continued until homogeneous,

resulting in a clear, yellowish, siightly wviscous

solution of pH: 8.34; % solids: 17.44%; and viscosity:

19 centipoise (0.019 pascal:-seconds, "pa-s").
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EXAMPLE 2

Aqueous Sodium Solution of 20% C10/80% C18
Alpha Olefin Maleic Anhydride Copolymer

A glass 5 liter 4 necked round bottomed flask
equipped with a condenser, thermometer with
thermoregulator (Thermowatch®), mechanical agitation
and heating mantle was charged with a maleic anhydride
alpha olefin copolymer (229 grams; Mw = 16000 by size
exclusion chromatography) consisting of a 20/80 mole
ratio of alpha olefins 1l-decene (C,,) and l-octadecene
(C,s) and deionized water (931 grams). Sodium
hydroxide pellets (39.3 grams; EM Science, Gibbstown,

NJ), 97% minimum assay) were added with agitation, and
the temperature was brought to 85 °C. Agitation was
continued until homogeneous, approximately 6 hours.

The resulting aqueous solution was clear, slightly

vellow with pH: 9.18; % solids: 19.46%; and viscosity:
10.5 centipoise (0.0105 pa-'s).

EXAMPLE 3

High Efficiency of Support Resin -- 20% C10/80% C18
Alpha Olefin Maleic Anhydride Copolymer, 50% n-Butyl

Acrvlate/50% Methyl Methacrylate Emulsion Polymer

A. Polymer stabilizer.

A 19.0% solids aqueous ammonia solution of an
alpha olefin/maleic anhydride terpolymer was prepared
using techniques outlined in Examples 1 and 2 above,
using a copolymer comprised of 50 mole percent maleic
anhydride and 50 mole percent of a 20/80 mole ratio of
1-decene (C,,) and l-octadecene (C,z). The olefin
maleic anhydride terpolymer was determined to have a
welight average molecular weight of 16000 (Mw size
exclusion chromatography vs. polystyrene standards)
and contain as residuals 8 percent by weight

1-octadecene and 1 percent by weight 1-decene. This
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polymer stabilizer solution was used to prepare a
series of emulsion polymers (A through F in Tables 1
and 2) with varying levels of polymer stabilizer

contained therein.

B. Emulsion Polymer.
A glass 2 liter 4 necked round bottomed flask

equlpped with mechanical agitation, thermometer with

thermoregulator (Thermowatch®), condenser, nitrogen

10 purge line, mechanical feed pump, and heating mantle,
was charged with deionized water and the above resin
solution and raised to 82 degrees Celsius. A 16%
solution of ammonium persulfate initiator in deionized
water was added to the reactor, and a 50 n-butyl

15 acrylate/50 methyl methacrylate monomer mixture was
fed into the reactor over a 60 minute time period.
Nitrogen was used as an inert gas purge throughout the
reaction, and the temperature was maintained at 82
degrees Celsius. The monomer addition period was

20 followed by a one hour hold period, whereupon the
reaction was cooled, and filtered through 100 micron

screening to a storage container.

Table 1 shows the various levels of emulsion
25 polymerization reactants A through F used to prepare
this series of copolymers. G is a control emulsion
with no polymer stabilizer. Table 2 outlines some of

the physical properties of the resulting polymers.
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TABLE 1.

FEED:

FLUSH:

TABLE 2.

CHARGE:

CA

EMULS ION

% STABILIZER

Deionized
Water (g)

(19%) (g)

IINITIATOR|Ammonium
CHARGE :

Persulfate

Deionized
Water (g)

n-Butyl
Acrylate (g)

IMethyl Meth-
acrylate (g)

Deilonized
[Water (g)

BPAL  w ey —

Resin Soclution

(g)

A

-21 -

B

10

646

192.5

6

708

120

.68

164 .6

164 .6

12|

17

168

168

12
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37.

15

174

174

12

E F G

1 0.5 0
766.5| 766.5| 766.5
18.65| 9.4 0
>.8] 2.8 2.9
15 15 15
174 174 174;
174 174| 174
12 12 12

B e ———————————— e L ]
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SO%$BA/50%MMA Particle Size versus Resin Level

S0%BA/SO0%MMA Particle Size versus Resin Level

Lk ——

I N O O O S O

% SOLIDS ';30.6 29.9 30.2 30.1  [30.7 30.5

pH (19%) 7.9 7.7 7.3 6 5.5 14.76  [1.74 I

VISCOSITY:

centipoise {14 .00 10.00 (10.00 6.80 5.00 7.00 4.00

(pa-'s) (0.014)[(0.010)(0.010)i(0.0068]|(0 OOS)I(0.00'?) (0.004)
| ) ;

PARTICLE 44 l52 66 6’7 76 83 517 :

ISTZE

(diameter in | l

nm) |

| APPEARANCE

a Translucent,

. —— . . . W s — —————. b4 s s 3 s "

b Milky settlement

As 1llustrated,

no settlement

— . g S . g A W S A A P A N A, . . e o M., . s, e e, \gfeed g " — e . st * 9} ¥ . - .
et T e —

all of the alpha olefin/maleic

anhydride copolymer stabilized emulsion polymers were
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free of coagulum and were translucent in appearance.
The particle size measurements (instruments used:
CHDF, (capillary hydrodynamic fractionation vs.
polystyrene particle size standards) reveal that the
5 alpha olefin/maleic anhydride copolymers vyielded
emulsion polymers with small particle size. In
contrast, i1n the absence of support resin the
resulting emulsion polymer (emulsion G) was milky,
separated on storage, and was extremely large in

10 particle size.

EXAMPLE 4

Comparative Example -- Standard Styrene Acrylic
Copolymer Polyvmeric Stabilizer

15
As a comparison, a standard styrene acrylic

copolymer described i1n U.S. Patent No. 4,820,762 was
used at reduced levels. A glass 2 liter 4 necked
round bottom flask equipped with mechanical agitation,

20 thermometer with thermoregulator (Thermowatch®),
condenser, nitrogen purge line, mechanical feed pump,
and heating mantle was charged with deionized water
and a 29.5% solids resin solution of a commercial
styrene acrylic copolymer (Joncryl 678%; S.C. Johnson,

25 Racine, WI) and raised to 82 degrees Celsius. A 16%
solution of ammonium persulfate initiator in deionized
water was added to the reactor, and a 50 n-butyl
acrylate/50 methyl methacrylate monomer mixture was
fed 1nto the reactor over a 60 minute time period.

30 Nitrogen was used as an inert gas purge throughout the
reaction, and the temperature was maintained at 82

degrees Celsius. The monomer addition period was

followed by a one hour hold period, whereupon the
reaction was cooled, and filtered through 100 micron

35 screening to a storage container.
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For polymerizations containing 5% and 10% resin,
the polymerization was observed to proceed poorly,
with a very milky appearance with some flocculation.
Filtration through 100 micron screening was slow and

5 the decanted samples exhibilted gross separation on
standing. Table 3 summarlzes the reaction components
for the styrene acrylic copolymer support comparative

examples. Table 4 summarizes the appearance of these

preparations.

10

Table 3. Data for Comparative Examples:
50%BA/50%MMA Using Styrene Acrylic Support Resin

| COMPARATIVE | COMPARATIVE

‘:
| A B
““"W“'“m_‘"M"wwmw “'"mm"“wm“"%“
CHARGE:  |[Deionized Water (g) | 714 750. 7
- |[Resin Solution 124 77.3

(29.5%) (g)
INITIATOR [Ammonium persulfate '2.65 | = 2.68 |
ICHARGE : (g)
— Deionized Water 13.6 -
O el A

Methyl Meth- 164 .6 168 l

acrylate (qg) |

FLUSH:
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Results for Comparative Examples:

50%MA/50%MMA Using Styrene Acrylic Support Resin

_——I e e e e ——— et et e e e essreareere
COMPARATIVE A | COMPARATIVE B
s STABILIZER 10 5 |
Appearance: Milky; Thin; | Milky; Thin; m
Much separation | Much separation
l on standing on standing
gnsgﬁcessful Unsuccessful
YHLNESLS Synthesis
Tables 1, 2, 3, and 4 demonstrate the utility of

the alpha olefin/maleic anhydride copolymers of the

subject invention to prepare small particle size

emulsion polymers using low levels of polymer

stabilizer.

polymer show that the use of

Comparisons to standard styrene acrvlic

such levels of styrene

acrylic polymeric stabilizer yield unacceptable

emulsion polymers.

alpha olefin/maleic anhydride copolymer (Table 1)

In addition,

the absence of any

vields unacceptable emulsion polymer preparation.

also
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EXAMPLE 5

High Efficiency of Polymeric Stabilizer
20% C10 / B80% C18 Alpha Olefin-

Maleic Anhydride Terpolymer

Another series of emulsion polymers were prepared
in a similar manner to the first series (Example 1),
using instead a 50% n-Butyl Acrylate/20% Methyl
Methacrylate/30% 2-Hydroxyethyl Methacrylate
("50BA/20MMA/30HEMA")

As 1n the first series,

emulsion polymer composition.
one observes that small
particle size emulsion polymers are obtained even when
the polymeric stabilizer 1s used at the level of 1
percent. With no alpha olefin/maleic anhydride
copolymer a stable emulsion polymer was obtained, but
Stability of the

emulsion polymer containing no polymeric stabilizer is

had a large particle size of 268 nm.

presumed to be due to the stabilizing effect of the
hydroxyl function monomer, 2-hydroxyethyl
methacrylate.

Table 5 summarizes the particle size data from
the various levels of resin. Figures 1 and 2 are
graphical representations of the particle size data

found in Table 2 and Table 5.

TABLE 5.

SOBA/20MMA/30HEMA Particle Size versus Resin Level
PARTICLE SIZE: 35 41 54 69 78 88 268
(Diameter, CHDF) | l
A_PL‘TW—&&_J— a | a a a a | b
(S U N E— —

a Translucent, no settlement

b Milky white
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EXAMPLE 6
Ammonia Free Clear Coating (Overprint Varnish)

There 1s a desire to eliminate or reduce the
level of ammonia present 1n state of the art inks and
overprint varnishes. A reduction in the resin level
in the emulsion polymerization allows one to use
sodium hydroxide instead of ammonia as the
neutralizing species. Even though sodium counter-ion
1s a permanent component of the film (whereas ammonia
volatizes out of the film), the low sodium levels do
not compromise performance.

An ammonia free emulsion polymer was prepared
contailning as a stabillzing species a sodium hydroxide
neutralized alpha olefin maleic anhydride copolymer
(C,0/C,s 20/80), the level of which was 6% as follows: a
19.0% solids aqueous sodium hydroxide solution of an
alpha olefin/maleic anhydride terpolymer was prepared
as described above, using a copolymer comprised of 50
mole percent maleic anhydride and 50 mole percent of a
20/80 mole ratio of 1-decene (C,,) and 1l-octadecene
(C13) . The olefin maleic anhydride terpolymer was
determined to have a welght average molecular weilght
of 16000 (Mw, size exclusion chromatography vs.
polystyrene standards), and contalining as residuals 8
percent by welight 1l-octadecene and 1 percent by weight
l-decene. Thils resin solutlon was used as a polymeric
stabilizer i1n the subsequent emulsion polymerization.

A glass 2 liter 4 necked round bottomed flask
equipped with mechanical agitation, thermometer with
thermoregulator (Thermowatch®), condenser, nitrogen
purge line, mechanical feed pump, and heating mantle
was charged with deionized water (708 grams) and the

above resin solution (120 grams) and raised to 82
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degrees Celsius. A 16% solution of ammonium
persulfate initiator (2.68 grams) 1n deionlzed water
(17 grams) was added to the reactor, and mixture of
n-butyl acrylate (154.5 grams), methyl methacrylate
(111 grams), 2-hydroxyethyl methacrylate (67.1 grams),
and SEM-25® monomer (3.4 grams) (PPG Industries,
Gurnee, IL) was fed into the reactor over a 60 minute
time period. A flush of the monomer lines with
deionized water (12 grams) followed. Nitrogen was
used as an 1lnert gas purge throughout the reaction,
and the temperature was maintained at 82 degrees
Celsius. The monomer addition period was followed by
a one hour hold periocd, after which the reaction was
cooled, and filtered through 100 micron screening to a
storage contailner.

The final emulsion polymer was translucent, the

solids were determined to be 30.1%, the pH was 8.1 and
the viscosity was 8 centipoise (0.008 pa's). Table 6

illustrates some of the performance attributes of the
emulsion polymer compared to the prior art commercial
polymeric stabilized emulsion polymer Joncryl 77® (S.
C. Johnson, Racine, WI). Table 6 shows that the
performance of the ammonia free polymer i1s at least as
good as, i1f not better than, the state of the art

emulsion polymer that contains ammonia.

PCT/US98/07663
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Table 6.

5 Rating 1 to 5, Score

e
TEST

iLevellng

Holdout

60 degree gloss

Water Resistance

test)

1 Minute
5 Minute
10 Minute

30 Minute

l.S%Ammonia Resistance

test)

1 Minute

5 Minute

10 Minute

30 Minute

}

(spot test)
1 Minute
5 Minute
10 Minute

30 Minute

.5% Sodium Hydroxide Resistance

-28-

Performance Comparison,
A vs. Joncryl 77® Clear Coating
S50%BRA/50%MMA Using Styrene Acrylic Support Resin

5 is

Wetting 4

pest

(water spot

(spot

Joncryl

1779®

3.5

4

43 .4

30

D W W W

1

PCT/US98/07663

w W W b

3
2.
2

The performance was measured on a coating

prepared on a 10 point SBS board, which was previously

base coated with a water based ink.

The cocating was

10 prepared with a #1 Kbar wire wound drawdown bar on a
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K-coatexr® (Testing Machines, Inc., Amityville, NY)

automatic drawdown apparatus.

EXAMPLE 7

Highly Resistant Clear Coating (Overprint Varnish

It is highly desirable to obtain coatings with
superior resistance to various chemical solutions,
most importantly water, ammonia, detergent and alkalil
(sodium hydroxide). The reduction of polymeric
surfactant in the system provides emulsion polymers
with improved resistance properties. The followling
emulsion polymer was prepared according to the
invention using 4% by weight of an ammonia neutralized
alpha olefin maleic anhydride copolymer (C.,/C,g 20/80)
polymer stabilizer produced according to Example 1.

A 19.0% solids agueous ammonia solution of an
alpha olefin/maleic anhydride terpolymer was prepared
as described above, using a copolymer comprised of 50
mole percent maleilic anhydride and 50 mole percent of a
20/80 mole ratio of 1-decene (Cl0) and l-octadecene
(C18) . The olefin maleic anhydride terpolymer was
determined to have a welight average molecular weight
of 16000 (Mw, Size exclusion chromatography, vs.
polystyrene standards), and contain as residuals 8
percent by welight l-octadecene and 1 percent by weight
1-decene. This resin solution was used as a polymeric
stabilizer in the subsequent emulsion polymerization.

A glass 2 liter 4 necked round bottomed flask
equipped with mechanical agitation, thermometer with
thermoregulator (Thermowatch®), condenser, nitrogen
purge line, mechanical feed pump, and heating mantle
was charged with deionlized water (565.6 grams) and the
above resin solution (56.6 grams) and raised to 82

degrees Celsius. About a 16% solution of ammonium
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persulfate initiator (2.8 grams) 1n deionized water

)

(15 grams) was added to the reactor, and a mixture of
n-butyl acrylate (174 grams) and methyl methacrylate
(174 grams) was fed into the reactor over a 60 minutes
5 time period. A flush of the monomer lines with
deionized water (12 grams) followed. Nitrogen was
used as an inert gas purge throughout the reaction,
and the temperature was malntained at 82 degrees
Celsius. The monomer addition period was followed by
10 a one hour hold period, after which the reaction was
cooled, and filtered through 100 micron screening to a
storage container.
The final emulsion polymer was translucent, the

solids were determined to be 36.5%, the pH was 7.2 and
15 the viscosity was 11 centipoise (0.011 pa's). Table 7

illustrates some of the performance attributes of the
emulsion polymer. The table shows that the
performance of the high resistance emulsion polymer 1is
superior to the state of the art emulsion polymer

20 Joncryl 779.
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Table 7. Performance Comparison,

B vs. Joncryl 77 Clear Coating
50%BA/50%MMA Using Styrene Acrylic Support Resin

5 Rating 1 to 5, Score 5 1s best

[ TEST — | domecryr | B ]
77¢
'Wetting T s 4 |
Leveling 3.5 3.5 |
Holdout 4 4
60 degree gloss | 43 .4 29.2
Water Resistance (water spot test)
1 Minute 3.5 5
5 Minute 3 5
10 Minute 3 5
30 Minute 3 5
.5% Ammonigfﬁesistdﬁgg_TspoE test) |
| 1 Minute 2 5
5 Minute 2 5 |
10 Minute 1.5 5
30 Minute 1.5 5
.5% Sodium Hydroxide Reslistance
(spot test)
l1 Minute 1 5
i 5 Minute 0 5
10 Minute 0 4.5
30 Minute 0 4
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The performance was measured on a coating
prepared on a 10 point SBS board, which was previously
base coated with a water based ink. The coating was
prepared with a #1 Kbar wire wound drawdown bar on a

5 K-coater® automatic drawdown apparatus.

The reduction of the amount of support resin 1n

an emulsion polymerization system while maintaining

small particle size, ylields polymers whose coating

properties are superior to state of the art emulsion
10 polymer coatings. In addition, the invention offers

unigque coating opportunities as 1llustrated in the

novel ammonia-free emulsion polymer.

Other variations and modifications of this

invention will be obvious to those skilled in this
15 art. This i1nvention 1s not to be limited except as

set forth in the following claims.
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WHAT 1 CLAIM IS:

1. An agueous emulsion addition polymer system
comprising a polymeric stabilizer, whereln the

5 polymeric stabilizer comprises one or more alpha
olefin/maleic anhydride copolymers and is present in
the emulsion polymerization system in an amount

greater than 0 and less than 5% by weight.

10 2. The emulsion polymerization system of claim 1
wherein the polymer stabilizer 1s comprised of from
about 49 to 95 mole percent of maleic anhydride and

from about 5 to 51 mole percent of alpha olefin.

15 3. The emulsion polymerization system of claim 2
wherein the polymer stabllizer 1s comprised of from
about 49 to 70 mole percent of maleic anhydride and
from about 30 to about 51 mole percent of alpha
olefin.

20
4. The emulsion polymerization system of claim 1
wherein in the maleic anhydride 1s chosen from the
group consisting of maleic anhydride, methylmaleic
anhydride, dimethylmaleic anhydride, fluoromaleic

25 anhydride, and methylethyl maleic anhydride.

5. The emulsion polymerization system of claim 1
wherein each alpha olefin 1n the polymer stabilizer
has from 2 to 30+ carbon atoms.

30
6. The emulsion polymerization system of claim 5
wherein each alpha olefin in the polymer stabilizer

has from 6 to 24 carbon atoms.
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7. The emulsion polymerization system of claim 6
wherein each alpha olefin in the polymer stabilizer

has from 6 to 18 carxrbon atoms.

5 8. The emulsion polymerization system of claim 1
wherein each alpha olefin 1s chosen from the group

consisting of ethylene, propylene, 1-butene, 1-

pentene, l-hexene, l-heptene, 1l-octene, 1l-nonene, 1-
decene, l1l-dodecene, l-tetradecene, 1l-hexadecene,

10 1-heptadecene, l-octadecene, 2-methyl-l-butene, 3,3-
dimethyl-1-pentene, 2-methyl-l-heptene, 4,4-dimethyl-
1-heptene, 3,3-dimethyl-1l1-hexene, 4-methyl-1l-pentene,
1-eicosene, l-docosene, l-tetracosene, l-hexacosene,
1-octacosene, l-triacontene, l-tetracontene, 1-

15 octatriacontene, l-tetracontene, l-octatetracontene,

1-pentacontene, l-hexacontene, and mixtures thereof.

9. The emulsion polymerization system of claim 1
wherein the polymer stabilizer is a ter- or higher
20 polymer which contains at least one C, to C,3 alpha

olefin and at least one C,5, alpha olefin.

10. The emulsion polymerization system of claim 9
wherein the ratio of C,-C,,:C,4, alpha olefins 1s such
25 that the average alpha olefin carbon chain length 1n

the polymer is greatexr than about 6 and less than
about 18.

11. The emulsion polymerization system of claim 1
30 wherein the polymeric stabilizer has a weight average

molecular weight from about 3000 to about 50,000.

12. The emulsion polymerization system of claim 11
wherein the polymeric stabilizer has a weight average

35 molecular weight from about 500 to about 50,000.
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13. The emulsion polymerization system of claim 1

further comprising one or more surfactants.

5 14. The emulsion polymerization system of claim 1

further comprising one or more free radical

initiators.

15. A process for producing a polymer by emulsion

10 polymerization which comprises combinling in an agueous
medium at least one monomer, a free radical initiator
and a polymeric stabllizer comprising one or more
alpha olefin/maleic anhydride copolymers, wherein the

polymeric stabilizer 1s present in the agueous

15 solution in an amount greater than 0 and less than 5%

by weight.

16. A polymer produced by the method of claim 15

having a particle size less than about 100 nanometers.
20
17. The polymer of claim 16 having a particle size

between about 40 and about 90 nanometers.

18. An emulsilion polymerization system comprising an
25 amine-neutralized polymeric stabilizer solution,
wherein the polymeric stabilizer comprises one Or more
alpha olefin/maleic anhydride copolymers and is
present 1n the emulsion polymerization system in an

amount greater than 0 and less than 5% by weight.

30
19. An emulsion polymerization system comprising an

ammonia-neutralized polymeric stabilizer solution,
wherein the polymeric stabilizer comprises one or more

alpha olefin/maleic anhydride copolymers and is

3w L A S A La | ey WA Lt T B e e e T BAA Y . de et e A I et Chmhd mag—
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present in the emulsion polymerization system 1in an

amount greater than 0 and less than 5% by weight.

20. The emulsion polymerization system of claim 19
5 wherein the organic neutralized polymeric stabillizer
solution comprises a solution of one or more alpha

olefin/maleic anhydride copolymers and ammonia.

21. An emulsion polymerization system comprising an

10 alkali-neutralized polymeric stabilizer solution,
wherein the polymeric stabllizer comprises one oOr more
alpha olefin/maleic anhydride copolymers and 1is
present in the emulsion polymerilzation system in an
amount greater than 0 and less than 5% by weilight.

15
22. The emulsion polymerization system of claim 21
wherein the inorganic neutralized polymer stabilizer
solution comprises a solution of one or more alpha
olefin/maleic anhydride copolymers and an agueous

20 alkaline solution chosen from the group consisting of

sodium, potassium, lithium, and mixtures thereof.

23. The emulsion polymerization system of claim 22

wherein the inorganic neutralized polymer stabilizer
25 solution comprises a solution of one or more alpha

olefin/maleic anhydride copolymers and a sodium alkali

solution.
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24. Use of one or more alpha olefin/maleic anhydnde copolymers as specified in any
one of Claims 1 to 12 in an amount greater than 0% and less than 5% by weight as a

stabilizer in an aqueous emulsion addition polymerization system.

AMENDED SHEET
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