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Emulsion Polymerization Of Esters Of Iltaconic Acid

Field of the Invention

The present invention relates to the polymerization of esters of itaconic acid, for
example, the alkyl esters of itaconic acid known as alkylitaconate. The polymerization may
proceed via emulsion techniques (1.e. polymerization in an aqueous medium in the presence
of emulsifying agents and water soluble initiators) that is preferably below the critical micelle
concentration (i.e. not in the presence of micelles) in the presence of seed particles. In
addition, one may now control conditions to promote sustained rates of polymerization and

develop relatively high solid contents.

Background

The polymerization of vinyl type monomers that contain pendant carboxylic acid
funcuonality has always presented some unique challenges. For example, U.S. Patent No.
5,223,592 reports that the critical aspect 1s to provide complete neutralization of an itaconic
acud (ype monomer prior to conducting the polymerization reaction, where complete
neutralizauon is identified as having two moles of base neutralizer for each mole of itaconic
acid.  U.5. Patent No. 5,336,744 reports that polymers of itaconic acid are formed at high
conversion by an aqueous polymerization process of partially neutralized monomer solution,

water, polyvalent metal 1on, and initiator.

Attention 1s also directed to U.S. Publication No. 2009/0286847 cntitled

“Polycarboxylic Acid Polymers™ which relates to methods and polymer based upon vinyl

type monomers that contain pendant carboxylic acid groups and ester group functionality.

CA 2784024 2017-06-12
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Summary
A mcthod of polymcrization comprising supplying a monomecer having onc or morc of

the following structures:

c‘:oon1

H,C—C

R

| 3

COOR,

wherein R; and R; are selected from a alkyl group (e.g. —(C,Hn41) where n has a
value of 1-18, or an aromatic group, or a cyclic alkyl group or a hydrogen atom, and
combinations thereof and wherein Rz may be selected from an alkyl group, aromatic
functionality, heteroaromatic functionality, cyclic alkyl group, heterocylic group, or
combinations thereof;

supplying seed particles in an aqueous medium containing emulsifying agents and
adding said monomer to said aqueous medium wherein said seed particles absorb said
monomer and said seed particles are present at a concentration to allow for control of the
particlc sizc of said monomcr to be polymcrized; and

polymerizing said monomer.

Detailed Description

Throughout the description, like reference numerals and letters indicate corresponding
structure throughout the several views. Also, any particular feature(s) of a particular
exemplary embodiment may be equally applied (o any other exemplary embodiment(s) of this
specification as suitable. In other words, features between the various exemplary
embodiments described herein are interchangeable as suitable, and not exclusive.

[t may be appreciated that the present disclosure 1s not limited 1n its application to the
details of construction and the arrangement of components set forth in the following
description or illustrated in the drawings. The embodiments herein may be capable of other

embodiments and of being practiced or of being carried out 1n various ways. Also, it may be

o
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appreciated that the phraseology and terminology used herein 1s for the purpose of

77 66

dcscription and should not be regarded as limiting. 'The usc of “including,” “comprising,” or
“having™ and variations thereot herein 1s meant to encompass the items listed thereafter and
equivalents thereot as well as additional items.

5 The monomers that may be polymerized in the emulsion procedures of the present

invention are as follows:

COOR,

H,C—

R

I 3
COOR,

wherein Ry and R; are selected [rom a alkyl group (e.g. —(C,H»,+1) where n has a value ol 1-

10 18), or an aromatic group, or a cyclic alkyl group, or a hydrogen atom and combinations

thereof. In addition, R3 may be selected from an alkyl group, aromatic functionality,

heteroaromatic functionality, cyclic alkyl group, heterocylic group, or combinations thereof.

The monomers may initially be polymerized in a first stage polymerization to provide what is

described herein as seed particle. Such seed particles may then be exposed to additional

15 amounts of the above noted monomers wherein the seed particles may then absorb such
monomers and allow for ensuing polymerization.

Accordingly, the seed particles herein may be comprised of polymers having the

following structure:

20  wherein Ry and R, are again selected from a alkyl group (e.g. —(C,Hy,41) where n has a value
ol 1-18, or an aromauc group, or a cyclic alkyl group, and combinatons thereol and wherein

Rj3 1s selected from an alkyl group, aromatic functionality, heteroaromatic functionality,
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cyclic alkyl group, heterocylic group, or combinations thereof and wherein m has a value
such that the sced particle has a number average molccular weight or Mn valuc of 4,000 to
500,000 g/mole and a weight average molecular weight or Mw value of 6,500 to 750,000
g/mole.

Preferably, the monomers provided herein are completely bio-based, which may be
understood to mean that they are more recently derived from plant biomass and are not
petroleum sourced. For example, one may isolate itaconic acid from the fermentation of
glucose which may then be esterified with an alcohol, where the alcohol 1s also similarly
derived from plant biomass, and not from petroleum sources. The monomers are also those
which are effectively polymerized by free-radical tmtiators such as AIBN and/or 2,2'-
Azobis[2-methyl-N-(2-hydroxyethyl)propionamide| and/or anionic type tree-radical initiators
such as sodium persulfate. The level of free-radical and/or anionic type initiator may
preferably be such that the weight ratio of initiator to monomer is 10° to 3x10™.
Accordingly, 1t may be appreciated that the polymerization here 1s one that may include free-
radical type polymerization that 1s occurring at the same tume as anionic type polymerization.

In addition, the monomer compositions herein may preferably include any mixtures of
vinyl (unsaturated) monomers that also may be polymerized by free-radical initiators and/or
anionic type free radical initiators, wherein at least 50.0 % or more by weight of the
monomers are selected from the diester type monomers noted above (e.g. a dialkyl itaconate
and/or a diaromatic itaconate). Accordingly, the present invention applies to copolymers of
the diester type monomers noted above with different vinyl type monomers, which different
vinyl type monomers herein may be understood as monomers (hat are not 1n the general
category of a diester such as the dialkyl itaconate and/or diaromatic itaconate noted above.

For cxamplce, such monomcrs that arc not of the dicster type hercin may include
ethylene, vinyl acetate, butadiene, alkyl acrylates, styrene, etc.). For example, 50.0 % by
weilght or more of the monomers may be selected from the alkyl itaconates noted above
(where wherein R; and R, are selected from an alkyl group) wherein 50.0 % or less by
weight of the monomers are selected from different vinyl type monomer structure (again,
monomers that are not dialkyl itaconates and/or diaromatic itaconates). This, in turn,
provides a copolymer that includes, as a repeating unit present at a concentration of 50.0
weight percent or higher, an ester ol 1laconic acid. Prelerably, the level of diesler Lype

monomer may be at a level of 90.0 weight percent or higher. The polymerization may also

4
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be preferably configured to include some relatively smaller amounts of acidic monomer (1.e.
non-csterificd monomers of the formulas noted above whercin at Icast onc of Ry and Ry or
both of R; and R, may be a hydrogen). For example, the polymerization of the dialkyl
itaconates may proceed 1n the presence of 0.1 wt% to 5 wt% of 1taconic acid or a mono alkyl
itaconate type monomer.

The monomers noted above may therefore be polymerized 1n a seed particle latex,
which 1s reference to the use of seed particles of a polymer, within a water medium, along
with surfactant and/or emulsifying agent. The seed particles may therefore be those polymers
which may then absorb the above indicated monomers, along with an increase in size
(swelling) to about 5 times their original volume or 1n the range of 2 to 5 times their original
volume. It may therefore be appreciated that in this manner, particle size may be controlled.
The seed particles may also be preferably selected from those polymers that are also
completely bio-based but do not exclude polymers from petroleum based sources such as

polystyrene. The seed particles may preferably comprise, e.g., polydimethylitaconate, or

polydiethylitaconate. 'The emulsion polymerization in the presence of seed particles may also
be achieved either through a single stage or multistage fed emulsion type polymerization.
For example, 1n a first stage the seed particles are prepared and in a second stage additional

monomer i1s added to the aqueous phase containing the seed particles at a rate that allows for

absorption of the additional monomer following by polymerization.

As alluded to above, the emulsion herein 1s one that includes a surfactant or
emulsifying agent. The concentrations of surfactant and/or emulsifying agents are such that
micelles are not formed as (o allow the seed particles (o ulimately control particle size. The
surfactant or emulsifying agent may be either anionic or non-1onic or a combination of both
and may bc present at a preferred concentration such that the weight ratio of surfactant or
emulsifying agent is in the range of 10 to 5x10™.

The polymerization equipment is preterably a closed reactor with mechanical stirring,
temperature control, a reflux condenser, and atmospheric control to exclude oxygen. Parts of
the materials are charged to the reactor initially, while other materials are added over a period
of time, uniformly or not. A thermal 1nitiator or 1nitiator system 1s added 1n batch and/or over
time to generate free radicals able to polymerize the subject monomer(s). Preferably a semi-
continuous” addiuon of the monomers over a selecled period ol tume 1s employed (0

introduce the monomers to the reactor.
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The seed particles may preferably be at the 10 nm to 200 nm s1ze range (largest linear
dimension) and morce preferably at the 30 nm to 150 nm range with a specific solids content
of the seed particles in the range of 1.0 wt% to 40.0 wt%, preferably 5.0 wt% to 30.0 wt%.
The seed particles may be made from petroleum based materials or, preferably, completely
from biro-based materials.

Surfactant and other emulsifiers, are preferentially at a concentration to avoid micelle
formation. Stated another way, the surfactant and emulsifier are present at a concentration to
allow for the seed particles to control particle size of the polymerized ester based monomers
noted herein as well as to limit re-nucleation and formation of a second crop of seed
particles. Accordingly, the size of the preferred ester based polymers that are finally
produced herein may preferably have a volume average particle size 1n the range of 20 nm to
S00 nm and a number average particle size that is preferably in the range of 1 nm to 100 nm.

The solids content of the overall emulsions (after introduction of the ester based
monomers noted herein to the seed particles 1in the aqueous media) may preferably be 20.0
wt% to 35.0 wt%, more preterably 1n the 35.0 wt% to 35.0 wt%. Reterence to such solids
content 1s reterence to the percent of solids in the aqueous medium after evaporation of the
aqueous phase which therefore includes the seed particles, surfactants and monomer. The
emulsion may be configured to have a viscosity of less than or equal to 1000cP.

The reaction temperature for polymerization in the presence of the seed particles may
be in the range of 50°C to 110°C, preferably 70°C to 95°C. Monomer(s) addition time, as
alluded to above, 1s now regulated, and controlled to allow polymerization to proceed more
elliciently without the development ol a significant amount of (ermination reacuons which
may then reduce molecular weight and may reduce reaction rates. Accordingly, the monomer
addition to the sced particles 1n the aqucous medium may preferably take place over a period
of about 0.25 to 24 hours, preferably 3 to 12 hours. Monomer addition rate was also
controlled to be in the range of 5 to 25 wt%/hr per unit mass of total (final) polymer amount.
Additionally, the weight ratio of monomer added to the seed particles 1s 1n the range 0.5 to
500, preferably 1.5 to 100. Post polymerization 1s allowed to proceed for a selected period of
time, and may be for a period of about 1 hour past the end of monomer feed and up to 24
hours past the end of monomer teed.

Primary polymerization can be [ollowed by an extended period ol time ranging [rom

2 hrs to 500 hrs at temperatures between room temperature (25°C to 70°C) where

6
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polymerization 1s finished with a specific low-temperature redox free radical mnitiator system
that allows onc to achicvce relatively high polymerization yiclds without explicit tempcrature
control, for example 1n closed vessels called “blow-down reactors”. The monomer
conversion herein may reach the range ot 73% to 99%, preferably in the range of 85% to
99%. 'The low-temperature redox free radical initiator system may include hydrogen
peroxide/ascorbic acid or t-butyl peroxide/ascorbic acid.

The molecular weights obtained for the monomers polymerized herein indicate
number average molecular weight values (Mn) in the range of 5000 — 100,000. In addition,
the weight average molecular weight (Mw) values are in the range of 10,000 — 500,000. The
molecular weight distributions (Mw/Mn) are observed to fall in the range of 1.5 —5.0.

The glass transition temperatures (1'g) for the polymerized monomer within the seed
particles are such that one may observe two or more glass transition temperatures when the
seed particle polymer 1s different than the monomer that 1s absorbed and polymerized. That
1s, one may observe a first 'T'g between -40.0°C to +20.0°C (e.g. when one utilizes dibutyl
itaconate) and a second Tg at a relatively higher range, from -35.0°C to 110.0°C (when one
utilizes dimethyl 1itaconate). More preferably, the first Tg may be 1n the range of -35.0°C to
+5.0°C and the second Tg may be in the range of +45.0°C to 95°C. The Tg is the inflection
point of the heat capacity versus temperature trace on a DSC analysis.

It should also be noted that another important characteristic of the polymerization
procedure herein 1s that as can now be appreciated, 1n a first step, one may prepare the seed
particle latex. This may then be followed by the second stage polymerization of the added
monomer which 1s absorbed by the seed particles, which polymerization within the seed
particles causes the seed particles to expand to the indicated si1zes noted herein.

Accordingly, it may be¢ apprcciated that the present disclosure relates to the usc of the
indicated monomers, in an emulsion type polymerization, in the presence of relatively small
sized seed particles, and the controlled rate of addition of monomer to provide sustained
polymerization rates, reduced levels of termination reactions (e.g. reaction of the radical
chain ends within individual particles), thereby providing particle size control of the ensuing
polymers and overall improved stability to the emulsion polymerization system.

The above disclosed polymerization strategy utilizing emulsion procedures will have
utility 1n markets that desire renewable/sustainable/biobased waterborne polymers, which

may 1n turn serve as binder or adhesive type products. Markets may therefore include, but

7
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are not limited to, architectural coatings, graphic arts, waterborne adhesives, pressure

scnsitive adhesives and papcer coatings.

Examples
In the examples provided below, it should be noted that solid contents were measured
by mass loss using a moisture analyzer set to 160°C. At that temperature one may

experimentally confirmed that both DBI and DMI completely evaporated over a few minutes.

Conversions were calculated by mass balance of the recipes, assuming that all volatile
monomers and water are subjected to evaporation with the moisture analyzer.

Molecular weight where determined by Gel Permeation Chromatography, using
tetrahydrofuran as the eluent and calibrated against polystyrene standards.

Particle size was measured by dynamic light scattering.

(ilass transitions (Tg) were measured by differential scanning calorimetry (DSC) on
the samples 1nitially dried at 105°C for at least 20 minutes and at a heating rate of 3°C /min

using modulated heating with an amplitude of +/-2°C with a period of 60 seconds.

Seed Particles

A seed polymer may be prepared by the following method: To a 1L reactor,
mechanically agitated at 300rpm, was added 587.2 grams of dionized water, {ree of oxygen
and carbon dioxide, 1.5 grams of sodium dodecyl sultfate, 150 grams of styrene. The reactor
with the aqueous solution was purge with nitrogen and heated to 70C. 1.22 grams of
potassium persullate was added (o the reactor, and the heat and mechanical stirring was
maintained for 5 hours. The resulting latex has a solid content of 20).6 wt%, and an average
particle size diameter of 38 nm. This polystyrene seed had a molecular weight, weight

average, of 498,000 g/mole.

Example I

To a 250 ml reactor, mechanically agitated at 200 rpm, was added 80 grams of

dionized water, free of oxygen and carbon dioxide, (0.3 grams of sodium dodecyl sultfate, (0.2
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grams of 1taconic acid, 5 ml of latex seed polymer. The reactor and the aqueous solution were
purgcd with nitrogen and heated to 80°C.

Using a perfusion syringe pump with linear addition, a solution of 20 ml of dimethyl
itaconate was added over 6 hrs. Postpolymerization was carried out for an additional 12 hrs.
The resulting latex was cooled down and analyzed.

The resulting polymer had a solid content of 19.64wt%. Based on recipe mass
balance, conversion was calculated to be 88%. Molecular weight number average was 20,662
g/mole and molecular weight weight average was 34,688 g/mole. Particle size was measured

to be 303 nm volume average and 265 nm number average. Glass transition was 81.6°C.

Example 11

To a 250ml reactor, mechanically agitated at 200 rpm, was added 80 grams of
dionized water, free of oxygen and carbon dioxide, 0.3 grams of sodium dodecyl sulfate, 0.2
grams of 1taconic acid, 5 ml of latex seed polymer. The reactor and the aqueous solution were
purged with nitrogen and heated to 80°C.

Using a perfusion syringe pump with linear addition, 20ml of a solution of dimethyl
itaconatc and dibutyl itaconatc 1n a wt% ratio of 60/40 (respectively) was added over 6 hrs.
Post-polymerization was carried out tor an additional 12 hrs. The resulting latex was cooled
down and analyzed.

The resulting polymer had a solid content of 13.20wt%. Based on recipe mass
balance, conversion was calculated to be 84%. Molecular weight number average was 15,129
g/mole and molecular weight weight average was 34,982 g/mole. Particle size was measured

to be 106 nm volume average and 45nm number average. (Glass transition was 51.9°C.

Example 111

To a 250ml reactor, mechanically agitated at 200 rpm, was added 80 grams of
dionized water, free of oxygen and carbon dioxide, 0.3 grams of sodium dodecyl sulfate, 0.2
grams of 1taconic acid, 5 ml of latex seed polymer. The reactor and the aqueous solution were

purged with nitrogen and heated to 80°C.
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Using a perfusion syringe pump with hnear addition, 20ml of dibutyl itaconate was
addcd over 8 hrs. Post-polymcerization was carricd out for an additional 10 hrs. 'The resulting
latex was cooled down and analyzed.

The resulting polymer had a solid content of 22.76wt%. Based on recipe mass
balance, conversion was calculated to be complete. Molecular weight number average was
10,216 g/mole and molecular weight weight average was 16,948 g/mole. Particle size was

measured to be 39 nm volume average and 22nm number average. (Glass transition was -

11.3°C.

Example IV

To a 250ml reactor, mechanically agitated at 200 rpm, was added 80 grams of
dionized water, free of oxygen and carbon dioxide, 0.3 grams of sodium dodecyl sulfate, 0.2
grams of 1taconic acid, 5 ml of latex seed polymer. The reactor and the aqueous solution were
purged with nitrogen and heated to 80°C.

Using a perfusion syringe pump with Iinear addition, 20ml ol dibutyl itaconate was
added over 10 hrs. Post-polymerization was carried out for an additional 8 hrs. The resulting
latcx was cooled down and analyzcd.

The resulting polymer had a solid content of 16.11wt%. Based on recipe mass
balance, conversion was calculated to be 78%. Molecular weight number average was 6,169
g/mole and molecular weight weight average was 11,237 g/mole. Particle size was measured
to be 37 nm volume average and 22 nm number average. A large glass transition was

recorded at -9.5°C and a small glass transition was recorded at 108°C.

Example V

To a 250ml reactor, mechanically agitated at 200 rpm, was added 80 grams of
dionized water, free of oxygen and carbon dioxide, 0.3 grams of sodium dodecyl sulfate, 0.2
grams of 1taconic acid, 5 ml of latex seed polymer. The reactor and the aqueous solution were
purged with nitrogen and heated to 80°C.

Using a perfusion syringe pump with linear addition, 20ml of a solution of dimethyl

itaconate and dibutyl 1taconate in a wi% ratio ol 10/90 (respectively) was added over 10 hrs.

10
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Post-polymerization was carried out for an additional 8 hrs. The resulting latex was cooled
down and analyzcd.

The resulting polymer had a solid content of 14.82 wt%. Based on recipe mass
balance, conversion was calculated to be 71%. Molecular weight number average was 15,338
g/mole and molecular weight weight average was 26,059 g/mole. Particle size was measured
to be 53 nm volume average and 31 nm number average. A relatively large glass transition

was recorded at -5.8°C and a relatively small glass transition was recorded at 109°C.

Example VI

To a 250 ml reactor, mechanically agitated at 200 rpm, was added 80 grams of
dionized water, free of oxygen and carbon dioxide, 0.3 grams of sodium dodecyl sultate, (0.2
grams of 1taconic acid, 5 ml of latex obtained from example IV. The reactor and the aqueous
solution were purged with nitrogen and heated to 80°C.

Using a perfusion syringe pump with linear addition, 20ml of a solution of dimethyl
itaconate (DMI) and dibutyl 1taconate (DBI) in a wt% ratio ol 10/90 (respectively) was added
over 10 hrs. Post-polymerization was carried out for an additional 8 hrs. The resulting latex
was coolced and analyzed.

The resulting polymer had a solid content of 17.77 wt%. Based on recipe mass
balance, conversion was calculated to be 87%. Molecular weight number average was 13,991
g/mole and molecular weight weight average was 24,331 g/mole. Particle size was measured
to be 51 nm volume average and 37nm number average. (Glass transition (I'g) was -8.2°C.

All of the resulting polymers formed in Examples I through VI were observed to have
generally good colloidal stability and visually appeared to be tree of noticeable coagulum as

well as tree of noticeable flocculation.

Example VII

To a SL reactor, mechanically agitated at 150 rpm, was added 2168 grams of dionized
water, free of oxygen and carbon dioxide, 62 grams of sodium dodecyl sulfate, 83 grams of
sodium hypophosphite, 521 grams of a polystyrene seed polymer (35nm number average,

20% solid content). ‘The recactor and the aqucous solution were purged with nitrogen and

heated to SO°C.

11
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Then, 31.3 grams of 33.3wt.% sodium persulfate in water solution was added to the
rcactor. Using an dosing pump, 2150 grams of dimcthyl itaconatec was fed to the rcactor over
18 hrs. Using a second dosing pump, 29.6 grams of 33.3wt.% sodium persulfate in water
solution was fed to the reactor over 18 hrs. Heating and stirring was maintained for an
additional 2 hrs after the end of the feeds. Then the reaction temperature was decreased to
60°C. 5.3 grams of ascorbic acid was added to the reactor. 22.2 grams of 70wt.% tert-butyl
hydroperoxide 1in water solution was fed to the reactor over 7 hrs, using a perfusion syringe
pump. Heating and stirring was maintained for an additional 5 hrs. The resulting latex was
cooled down and analyzed.

The resulting polymer had a sohds content of 47.0 wt.%. The conversion was
calculated to be 94.1% via GPC. The number average molecular weight was 4,261 g/mole
and the weight average molecular weight was 9,166 g/mole. Particle size was measured to be

210.4 nm volume average and 143.5 nm number average. The glass transition was recorded

at -26.48°C.

Example VIII

To a SL reactor, mechanically agitated at 100 rpm, was added 634 grams of
polydumethyl 1taconate seed with 17.0 wt.% solid content, free of oxygen and carbon dioxide,
3 grams of sodium dodecyl benzene sulfonate, 11 grams of 1taconic acid. The reactor and the
aqueous solution were purged with nitrogen and heated to 80°C.

Then, 76 grams of dibutyl itaconate was added to the reactor, along with 1.4 grams of
sodium persullate. Aller one hour, 203 grams ol dibutyl itaconate was [ed (0 the reaclor over
6 hrs, using a dosing pump. 4.2 grams of 33.3wt.% sodium persulfate in water solution was
addcd to the rcactor over 6 hrs, using a sccond dosing pump. The resulting latex was cooled

down and analyzed.

The resulting polymer had a solids content of 36.0 wt.%. The conversion was
calculated to be 96% via GPC. The number average molecular weight was 17,700 g/mole and
the weight average molecular weight was 276,120 g/mole. Particle size was measured to be

237.8 nm volume average and 108.7 nm number average. The glass transitions were recorded

at -26.06°C, 17.9°C, and 50.94°C.



10

15

20

25

30

CA 02784024 2012-06-11
WO 2011/073567 PCT/US2010/060726

Example IX

1o a SL rcactor, mcchanically agitated at 100 rpm, was added 2700 grams of watcr,
free of oxygen and carbon dioxide, 1.4 grams of sodium dodecyl benzene sultonate. The
reactor and the aqueous solution were purged with nitrogen and heated to 75°C. 745 grams of
diethyl 1itaconate was added to the reactor, along with 5.22 grams of sodium persulfate and
2.24 grams of 2,2-azobis(2-methyl-N-(2-hydroxyethyl) propionamide). The heat and
mechanical stirring was maintained for 10 hours. The resulting latex had a solids content of
18.9 wt.%. The conversion was calculated to be 81% via GPC. The number average
molecular weight was 12,578 g/mole and the weight average molecular weight was 66,7383
g/mole. Particle size was measured to be 133.3 nm volume average and 96.8 nm number

average. The glass transitions were recorded at 11.36°C and 79.15°C.

Example X

To a 5I. reactor, mechanically agitated at 100 rpm, was added 1953 grams of
polydiethyl itaconate seed particles with 18.9 wt.% solids content (Example 1X), free of
oxygen and carbon dioxide, 17 grams of sodium dodecyl benzene sulfonate, 17 grams of
itaconic acid. The reactor and the aqueous solution were purged with nitrogen and heated to
30°C.

Then, 313 grams of a solution of dimethyl itaconate and dibutyl 1taconate 1n a wt%
ratio of 15/85 (respectively) was added to the reactor, along with 2.5 grams of sodium
persulfate and 11.8 grams of 2,2-azobis(2-methyl-N-(2-hydroxyethyl) propionamide). After
one hour, 527 grams ol a solution of dimethyl 1taconate and dibutyl 1taconatle in a wi% ralio
of 15/85 (respectively) was fed to the reactor over 6 hrs, using a dosing pump. 7.6 grams of
33.3 wt.% sodium pcrsulfate 1n watcer solution was added to the rcactor over 6 hrs, using a
second dosing pump. The resulting latex was cooled down and analyzed.

The resulting polymer had a solids content of 40.3 wt.%. The conversion was
calculated to be 82.4% via GPC. The number average molecular weight was 10,405 g/mole
and the weight average molecular weight was 33,887 g/mole. Particle size was measured to

be 873 nm volume average and 163.1 nm number average. The glass transitions were

recorded at -14.79°C and 75.44°C.
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Example X1

1o a SL rcactor, mcchanically agitated at 100 rpm, was added 1240 grams of watcr,
free of oxygen and carbon dioxide, 7 grams of sodium dodecyl benzene sulfonate. The
reactor and the aqueous solution were purged with nitrogen and heated to 75°C. 350 grams of
diethyl 1itaconate was added to the reactor, along with 2.45 grams of sodium persulfate and
1.05 grams of 2,2-azobis(2-methyl-N-(2-hydroxyethyl) propionamide). The heat and
mechanical stirring was maintained for 6 hours. After 6 hours, the reaction temperature was
increased to 80°C. 13.8 grams of sodium dodecyl benzene sulfonate and 13.8 grams of
itaconic acid were added to the reactor. 257 grams of a solution of diethyl 1taconate and
dibutyl 1taconate in a wt. % ratio of 25/75 (respectively) was added to the reactor, along with
6.9 grams of 2,2-azobis(Z2-methyl-N-(2-hydroxyethyl) propionamide). After one hour, 433
orams of a solution of diethyl itaconate and dibutyl itaconate in a wt% ratio of 25/75
(respectively) was fed to the reactor over 3 hrs, using a dosing pump. 6.9 grams of 2,2-
azob1s(2-methyl-N-(2-hydroxyethyl) propionamide) was dissolved in 50 grams of water and
the solution was ted to the reactor over 6 hrs, using a second dosing pump. The resulting
latex was cooled and analyzed.

The resulting polymer had a solid content of 38.72wt.%. The conversion was
calculated to be 34.4% via GPC. The number average molecular weight was 10,645 g/mole
and the weight average molecular weight was 26,487 g/mole. Particle size was measured to
be 184.6 nm volume average and 144.1 nm number average. One of the glass transitions was
recorded at 30.27°C.

[t should also be apprecialed that all of the various embodiments noted herein are
interchangeable and features within any of the drawings may be used within each of the
respective  drawings, to optimize any and all of the disclosed characteristics of the
polymerizations noted herein.

The foregoing description ot several methods and embodiments has been presented
for purposes of illustration. It 1s not intended to be exhaustive and obviously many

modifications and variations are possible 1n light of the above teaching.
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What 1s claimed 1s:

1. A method of polymerization comprising:

supplying a monomer having one or more of the following structures:

?oon1

HQCJT
1

COOR,

wherein Ry and R» are selected from a hydrogen, a Cy.13 alkyl group, or an aromatic
group, or a cyclic alkyl group, or combinations thereof and wherein Rs 1s selected from an
alkyl group, aromatic functionality, heteroaromatic functionality, cyclic alkyl group,
heterocylic group, or combinations thereof;

supplying seed particles in an aqueous medium containing emulsifying agents and
adding said monomer to said aqueous medium wherein said seed particles absorb said
monomer and said seed particles are present at a concentration to allow for control of the
particle size of said monomer to be polymerized; and

polymerizing said monomer.
2. The method of claim 1 wherein said monomer 1s selected from those wherein R and R»
are said alkyl group or aromatic group or cyclic alkyl group and is present at a level of 50.0%
or more by weight and further containing 50.0% by weight or less of vinyl monomer other than

one wherein R; and Rz are an alkyl group or aromatic group or cyclic alkyl group.

3. The method of claim 1 wherein said seed particles have a size of 10 nm to 200 nm in

largest linear dimension.

4. The method of claim 1 wherein said seed particles are present in said aqueous

medium at a level of 1.0 weight percent to 40.0 weight percent.
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5. The method of claim 1 wherein said monomer as polymerized has a volume average

particle size of 20 nm to 500 nm.

6. The method of claim 1 wherein said monomer is added to said aqueous medium

containing said seed particles over a period of 0.25 to 24.0 hours.

7. The method of claim 1 wherein the weight ratio of monomer to seed particle is in the

range of 0.5 to 500.

3. The method of claim 1 wherein polymerization is carried out at temperatures of 50.0
°Cto 110 °C.
9. The method of claim 1 wherein said polymerization of said monomer having the

indicated structures s initiated by an anionic and/or neutral type free-radical initiator.

10.  The method of claim 9 wherein the weight ratio of said initiator to said monomer

having the indicated structures is 10 to 3x10-2.
11, The method of claim 1 wherein at least one of R or Rz is a hydrogeh.

12. The method of claim 1 wherein the monomers and seed particles are present at a

solids content between 20.0 weight percent to 55.0 weight percent.

13.  The method of claim | wherein the conversion of said monomer to polymer is at a
level of 75% to 99%.
14.  The mcthod of claim | wherein said monomer is polymerized to a number average

molecular weight (Mn) value of 5000 to 100,000.

15.  The method of claim 1 wherein said monomer is polymerized to a weight average

molecular weight (Mw) value of 10,000 to 500,000.
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16.  The method of ¢claim | wherein the molecular weight distribution (Mw/Mn) 1s 1n the

range of 1.5 to 5.0.

17.  The method of claim 1 wherein the polymerized monomer indicates two glass

transition temperatures comprising a first Tg between -40.0°C to +20.0°C and a second Tg at

In the range from -35.0°C to 110.0°C.

18.  The method of claim 1 wherein said seed particle is comprised of the following

polymer structure:

COOR,
*+H20_T _'}'nT*
g

COOR,

wherein R and R are selected from a hydrogen, a Ci-1s alkyl group, or an aromatic
group, or a cyclic alkyl group, or combinations thereof and wherein Rj is selected from an
alkyl group, aromatic functionality, heteroaromatic functionality, cyclic alkyl group,
heterocylic group, or combinations thereof and wherein m has a value such that the seed

particle has a Mn value of 4,000 to 500,000 g/mole.
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