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The tiecoat (referred to in some of the prior patents as "the first stage of sheath

formation”) was generally an acrylic polymer which compatibilized the hydrophilic

core polymer with the one or more hydrophobic shell polymers, particularly for a

hydrophilic core polymer having a particle size diameter of less than about 280

nanometers (nm).

This invention is directed to a multistaged polymer containing a hydrophilic
core polymer fully encapsulated with a hydrophobic shell polymer without the use
of a tiecoat layer. The hydrophilic core polymer is formed from about 5% by weight
to about 100% by weight, based on the total weight of the core polymer, of a
hydrophilic monoethylenically unsaturated monomer and from 0% by weight to
about 95% by weight, based on the total weight of the core polymer, of at least one
nonionic monoethylenically unsaturated monomer. The hydrophobic shell polymer
formed from about 90% by weight to about 99.9% by weight, based on the total
weight of shell polymer, of at least one nonionic monoethylenically unsaturated
monomer and from about 0.1% by weight to about 10% by weight, based on the total
weight of the shell polymer, of an acid-functional monoethylenically unsaturated
monomer. The shell polymer fully encapsulates the core polymer and does not
require a tiecoat layer.

This invention is also directed to a method for encapsulating a hydrophilic
core polymer with a hydrophobic shell polymer including the steps of:

(1) emulsion polymerizing a hydrophilic core polymer from about 5% by weight
to about 100% by weight, based on the total weight of the core polymer, of a
hydrophilic monoethylenically unsaturated monomer and from 0% by weight
to about 95% by weight, based on the total weight of the core polymer, of at
least one nonionic monoethylenically unsaturated monomer;



noni oni ¢ rmnoet hﬁl eni cal | y unsat urated nonomer. The_hydrophobic shell

pol yrer fd 90% by wei ght to about qgg 997~by wei-ght.__based on
t he total aa pol yner, of styrene and 'fr o' ‘abouat - 0 &5 Ipy
wei ght 1o i ght, based on 2he total I\A»Q-L_gliﬂ iof Lt he she[l
pol yner, of an acid-functional nonoethylenically unsaturated onomer. The

shel | pol yner fuII encapsul ates the core polyner and does not require a
ti ecoat | afr. iorTpolymerizing,iinthé presérze of thewire g otygn%r Helbbstdmfa%hell
encapsul ating 2 I opha ymer
i ncl udi ng the :Ft)&gq{é??m ’J(l f?mﬁpgdﬂ/ Pg vyér'@{t tWyk%’l"ﬁaggy oﬁj bg Vﬁ?&hﬁ&ﬁfﬁ o @lﬁ

pol yner conpri stofr) weight efishell peiymer, of at leasteing mlnntaruabmube&@w&l@)ldywel ght,

based on the toﬁﬁéah!{ﬁ't&ﬁﬁ\oﬁt)rﬂe?ﬁna%&n 99%;%@3{% bgfw%éht to. a%ﬁ@f%%w a C

nonoet hyl eni cal | y, urated nononer an

95% by wei ght, sgg‘&%iﬁeql AB thetosal weighhef the shdbp@lweerp@_ﬂajmd fetctipnal east
one( n;)nl oni cI mn@ﬁbétlyibrma@ubrlmwﬁﬁaﬁewﬁér%in&)nomr " | t

2 (2 enul si on pol ynerizin presence e care yner, a

| east one shel | wihés é\?&%idcbfﬂfppg?lﬁﬁ‘”?‘?% aﬁy 96%%93“ YMOMET about
99. 9% by wei ghtis aidedto the polymerizatien dfthalshel pglyimerfovehedid% D@H}énfafal of at
about 0. 19 by HEp fﬂ%’f“?ﬁ”%lfﬁﬁ”*%&}“éyamﬁﬂ%%‘ﬁ%‘Jco?et B OO RSl
wei ght of the slﬁamm porBenir2.0 picrans and dvénthe firstrf@fs of the totahsfmmbybmr cally
unsat urat ed noFedRivhen the particle size W@%ﬂ: pIgmRe isﬁgés&ﬂgﬁ LB0GY 130

nonoet hyl epi.cal | at ur nonomner poI nerization
of the she MP? %ﬂxﬁéPSlalﬁﬂﬁsét Yﬁ@@)albe pperénqrowhahydrOPh@i@po ymsToner

feed if t mmaateseh@nsecz&xqfnetcb@t lepére polyner is fromabout 130 nm
The present invention involves a multistaged polymer containing a
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hydrophilic core polymer fully encapsulated with a hydrophobic shell polymer and
its method of preparation.

The hydrophilic core polymer of the multistaged polymer of this invention is
the product of emulsion polymerizing from about 5% by weight to about 100% by
weight, based on the total weight of the core polymer, of a hydrophilic
monoethylenically unsaturated monomer and from 0% by weight to about 95% by
weight, based on the total weight of the core polymer, of at least one nonionic
monoethylenically unsaturated monomer.

Hydrophilic core polymers containing at least about 5% by weight, based on
the total weight of the core polymer, of at least one hydrophilic monoethylenically
unsaturated monomer have practical swellability for the purposes of the present
invention. There may be instances wherein, because of the hydrophobicity of certain
comonomers or combinations thereof in conjunction with the
hydrophobic/hydrophilic balance of a particular acid monomer, the copolymer may
require less than 5% by weight, based on the total weight of the core polymer.
Preferably, the level of hydrophilic monomer is from about 5% to about 100% by
weight, based on the total weight of the core polymer; more preferably, from about
20% to about 60% by weight; and most preferably, from about 30% to about 50% by
weight. The hydrophilic core polymer may be made in a single stage or step of the
sequential polymerization or may be made by a plurality of steps in sequence.

This invention contemplates a hydrophilic core polymer wherein at least one
hydrophilic monoethylenically unsaturated monomer is polymerized alone or with
at least one nonionic monoethylenically unsaturated monomer. This process also
contemplates, and includes in the term "hydrophilic monoethylenically unsaturated
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acids, such as benzoic acid, m-toluic acid, p-chlorobenzoic acid, o-acetoxybenzoic
acid, azelaic acid, sebacic acid, octanoic acid, cyclohexanecarboxylic acid, lauric acid
and monobutyl phthalate and the like.

Suitable nonionic monoethylenically unsaturated monomers for making the
hydrophilic core polymer include styrene, a-methyl styrene, vinyltoluene, ethylene,
vinyl acetate, vinyl chloride, vinylidene chloride, acrylonitrile, (meth)acrylamide,
(C1-Co0) alkyl or (C3-Cp0) alkenyl esters of (meth)acrylic acid, such as methyl
(meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, benzyl (meth)acrylate, lauryl (meth)acrylate, oleyl (meth)acrylate,
palmityl (meth)acrylate, stearyl (meth)acrylate and the like.

The hydrophilic core polymer, whether obtained by a single stage process or a
process involving several stages, has an average size of about 50 nm to about 2.0
micron, preferably 100 nm to 1.0 micron, more preferably 200 nm to 500 nm diameter
in unswollen condition. If the core is obtained from a seed polymer, the seed
polymer may have an average particle size of about 30 nm to about 200 nm.

The hydrophilic core polymer may also optionally contain less than about
20% by weight, based on the total weight of the core polymer, preferably about 0.1%
to about 3% by weight, of polyethylenically unsaturated monomer, wherein the
amount used is generally approximately directly proportional to the amount of
hydrophilic monoethylenically unsaturated monomer used. Alternatively, the
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and dicarboxylic acids having terminal ethylenic unsaturation including allyl

methacrylate, allyl acrylate, diallyl maleate, diallyl fumarate, diallyl itaconate and

the like.

The hydrophobic shell polymer of the multistaged polymer of this invention
is the product of emulsion polymerizing from about 90% by weight to about 99.9%
by weight, based on the total weight of the shell polymer, of at least one nonionic
monoethylenically unsaturated monomer and from about 0.1% by weight to about
10% by weight, based on the weight of the shell polymer, of an acid-functional
monoethylenically unsaturated monomer.

Suitable nonionic monoethylenically unsaturated monomers for making the
hydrophobic shell polymer include styrene, a-methyl styrene, vinyltoluene,
ethylene, vinyl acetate, vinyl chloride, vinylidene chloride, acrylonitrile,
(meth)acrylamide, (C1-C20) alkyl or (C3-C20) alkenyl esters of (meth)acrylic acid,
such as methyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate, 2-
ethylhexyl (meth)acrylate, benzyl (meth)acrylate, lauryl (meth)acrylate, oleyl
(meth)acrylate, palmityl (meth)acrylate, stearyl (meth)acrylate and the like. Styrene
is preferred.

Suitable monoethylenically unsaturated monomers containing acid-
functionality for making the hydrophobic polymer shell include acrylic acid,
methacrylic acid, acryloxypropionic acid, (meth)acryloxypropionic acid, itaconic
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ethane  monomer used to make the shell may be added over 100% of the shell monomer

feed, based on the total weight of the shell monomer feed, preferably over the first

50% of the feed, more preferably over the first 25% of the feed and most preferably

over the first 10% of the feed. When the particle size of the core polymer is less than

about 130 nm, the acid-functional monoethylenically unsaturated monomer may be

added over the first 50% of the feed, more preferably over the first 25% of the feed

and most preferably over the first 10% of the feed.

As used herein, the term "sequentially emulsion polymerized” or "sequentially
emulsion produced” refers to polymers (including homopolymers and copolymers)
which are prepared in aqueous medium by an emulsion polymerization process
wherein the dispersed polymer particles of a preformed latex or "seed” polymer in
the aqueous medium are increased in size by deposition thereon of polymerized
product of one or more successive monomer charges introduced into the medium
containing dispersed particles of the preformed latex in one or more subsequent
stages.

In the sequential emulsion polymerization with which the present invention is
concerned, the term "seed” polymer is used to refer to an aqueous emulsion polymer
dispersion which may be the initially-formed dispersion, that is, the product of a
single stage of emulsion polymerization or it may be the emulsion polymer
dispersion obtained at the end of any subsequent stage except the final stage of the
sequential polymerization. Thus, a hydrophilic core polymer which is herein
intended to be fully encapsulated with a shell by one or more subsequent stages of
emulsion polymerization may itself be termed a seed polymer for the next stage
wherein the shell-forming polymer is deposited on such seed polymer particles.

The method of this invention contemplates that the hydrophobic shell
polymer may be made in a single stage or step of the sequential polymerization or
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aci d, net hact.9l%byaeeghttozmbiodt Z%tbymalght of reducing agent may be used. The
temperature may be in the range of about 10°C to 100°C. In the case of the persulfate
systems, the temperature is preferably in the range of 60°C to 90°C. In the redox
system, the temperature is preferably in the range of 30°C to 70°C, preferably below
about 60°C, more preferably in the range of 30°C to 45°C. The proportion of
emulsifier may be zero, in the situation wherein a persulfate initiator is used, to
about 0.75% by weight, based on the weight of total weight of the core polymer. By
carrying out the emulsion polymerization while maintaining low levels of emulsifier,
the subsequent stages of polymer-formation deposit the most-recently formed
polymer on the existing dispersed polymer particles resulting from the preceding
step or stage. As a general rule, the amount of emulsifier should be kept below that
corresponding to the critical micelle concentration for a particular monomer system,
but while this limitation is preferable and produces a unimodal product, it has been
found that in some systems the critical micelle concentration of the emulsifier may be
exceeded somewhat without the formation of an objectionable or excessive number
of dispersed micelles or particles. It is for the purpose of controlling the number of
micelles during the various stages of polymerization so that the deposition of the
subsequently formed polymer in each stage occurs upon the dispersed micelles or
particles formed in the previous stages, that the concentration of emulsifier is kept
low. _ :
Any nonionic or anionic emulsifier may be used, either alone or together.
Examples of suitable nonionic type of emuisifier include tert-
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The polymerization of the shell polymer may be performed in the same
reaction vessel in which the formation of the core was accomplished or the reaction
medium containing the dispersed core particles may be transferred to another
reaction container. It is generally unnecessary to add emulsifier unless a polymodal
product is desired, but in certain monomer/emulsifier systems for forming the shell,
the tendency to produce gum or coagulum in the reaction medium may be reduced
or prevented by the addition of about 0.05% to about 2.0% by weight, based on total
weight of the shell polymer, of emulsifier without detriment to the deposition of the
polymer formed on the previously formed core particles.

The amount of polymer deposited to form shell polymer is generally such as
to provide an overall size of the multistage polymer particle of about 70 nm to about
4.5 microns, preferably about 100 nm to about 3.5 microns, more preferably about
200 nm to about 2.0 microns, in unswollen condition (that is, before any
neutralization to raise the pH to about 6 or higher) whether the shell polymer is
formed in a single stage or in a plurality of stages. In unswollen state, the ratio of
core weight to the total weight on average is from 1:4 to 1:100.

The method of the present invention may be extended to form voided
polymer particles by adding to the hydrophilic core polymer fully encapsulated with
a hydrophobic shell polymer, a suitable swelling agent to which the hydrophobic
shell polymer is permeable.



In the sequential enulsion polynerization with which the present invention
I's concerned, the term "seed" polyner is used to refer to an agueous

enul si.on pol ynmer dispersion which nay be the initially-fornmed di spersion,
that is, the product of a single stage ofy, enul sion polynerization or it may
be the emul sion pol yner di spersion obtained at the end of any subsequent
stage except the final stage of the sequential polynerization. Thus, a
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of acid-functional monoethylenically unsaturated monomer in the shell polymer

may serve several functions:

(1) stabilizing of the final sequential polymer dispersion;

(2)  assuring permeability of the hydrophobic shell polymer to a swellant for the

hydrophilic core polymer; and

(3)  compatibilizing the hydrophobic shell polymer with the hydrophilic core

polymer so that the core may be fully encapsulated with shell.

The hydrophilic core polymer of the multistage polymer particle is swollen
when the polymer particles are subjected to a basic swelling agent that permeates the
shell to at least partially neutralize (to a pH of at least about 6 to 10) the hydrophilic-
functionality of the hydrophilic core polymer and thereby to cause swelling by
hydration of the hydrophilic core polymer. The expansion may involve partial
merging of the outer periphery of the core into the pores of the inner periphery of
the shell and also partial enlargment or bulging of the shell and the entire particle
overall. When the swelling agent is removed by drying, the shrinkage of the core
tends tends to develop a void, the extent of which depends upon the resistance of the
shell to restoration to its previous size.

Suitable swelling agents for hydrophilic core polymer include volatile bases
such as ammonia, ammonium hydroxide, and volatile lower aliphatic amines, such
as morpholine, trimethylamine, and triethylamine, and the like; fixed or permanent
bases such as potassium hydroxide, lithium hydroxide, zinc ammonium complex,
copper ammonium complex, silver ammonium complex, strontium hydroxide,
barium hydroxide and the like. Solvents, such as, for example, ethanol, hexanol,
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EXAMPLE 0: Synthesis of Hydrophilic Core Polymer (40% Hydrophilic
Monoethylenically Unsaturated Monomer)

(@) A 5-liter, four necked, round bottom flask is equipped with paddle stirrer,
thermometer, nitrogen inlet and reflux condenser. Deionized water, 1700
grams, is added to the kettle and heated to 85°C under a nitrogen atmosphere.
A monomer emulsion consisting of 335 grams of deionized water, 3.5 grams
of sodium dodecylbenzenesulfonate (SDS, 23%), 4.35 grams of methacrylic
acid, and 364.5 grams of methyl methacrylate is prepared. A portion of this
monomer emulsion, 82 grams, is added to the heated kettle. After the
removal of the 82 grams of monomer emulsion, 7 grams of SDS and 241 grams
of methacrylic acid are added to the remaining monomer emulsion. After
stirring the monomer emulsion kettle charge for five minutes at 80° C under
nitrogen, a solution of 2.75 grams of sodium persulfate in 15 grams of
deionized water is added to the kettle. A 1to 2°C reaction exotherm occurs,
the reaction mixture is stirred for 10 minutes. The remaining monomer
emulsion is then added to the kettle over a 2 hour period at 80°C. After the
completion of the monomer feed, the dispersion is held at 80°C. for 20
minutes, cooled to 25°C and filtered to remove any coagulum formed. The
filtered dispersion has a pH of 3.11, 22.27% solids content and an average
particle size diameter of 330 nm.
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deionized water is added to the kettle. A 1 to 2°C reaction exotherm occurs,

the reaction mixture is stirred for 10 minutes. The remaining monomer
emulsion is then added to the kettle over a 2-hour period at 80°C. After the
completion of the monomer feed, the dispersion is held at 80°C for 20
minutes, cooled to 25°C and filtered to remove any coagulum formed. The
filtered dispersion has pH of 3.11, 22.28% solids content and an average
particle size of 132 nm.

EXAMPLE 1: Acid-functional Monoethylenically Unsaturated Monomer (Acrylic
Acid) added over first 2.7% Shell Monomer Feed (Core Particle
Size = 330 nm)

A 5-liter round-bottomed flask is equipped with paddle stirrer, thermometer,
nitrogen inlet and reflux condenser. To 2070 grams of deionized water heated to
90°C in the flask under a nitrogen atmosphere there is added 1.6 grams of sodium
persulfate dissolved in 25 grams of deionized water. This is immediately followed
by 383.58 grams of the core prepared in Example 0-(a). A monomer emulsion
consisting of 400 grams of deionized water, 4.5 grams of SDS and 1080 grams of
styrene is added to the kettle at the rate of 4 grams/minute. A separate feed of 12.5
grams of acrylic acid in 38.5 grams of deionized water is started at the same time as



neutralization to raise the pHto about 6 or higher) whether the shel
polymer is formed in a single stage or in a plurality of stages. In
unswol I en state, the ratio of core weight to the total weight on average is
from1l:4 to 1:100. The nethod of the present invention may be
extended to form voi ded polyner particlebl by adding to the hydrophilic core
pol ymer fully encapsulated with a hydrophobic shell polynmer, a suitable
swel ling agent to which the hydrophobic shell polynmer is perneable.
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reaction mixture is then cooled to room temperature and filtered to remove any

coagulum formed. The final latex product had a 27.23% solids content and pH of 9.7.

Diluted latex was dried on a microscope slide and immersed in hydrocarbon oil

(np=1.51) and examined with an optical microscope at 1000X. A single air void can

be observed inside of each particle as a dark circle. The swollen particle was

incorporated into a film to measure the Kubelka-Munk scattering coefficient (S/mil)

as described in U.S. Patent 4,427,836. S/mil of the resultant film was 0.45. Samples

of either high acid core becomes completely soluble when neutralized with sufficient

base. But, when totally covered by the polymer sheath, hard bases such as sodium

hydroxide will not neutralize the core at room temperature. Sodium hydroxide

titration on samples removed during the course of this reaction demonstrated that

complete core encapsulation occurred after the polymerization of 400 grams of

monomer emulsion onto the core.

EXAMPLE 2: Acid-functional Monoethylenically Unsaturated Monomer
(Acrylic Acid) added over 100% Shell Monomer Feed (Core
Particle Size = 330 nm)

The reaction in example 1 was repeated, except that the acrylic acid was added
to the monomer emulsion. The resulting latex had a 27.23% solids content, pH of 9.7
and a S/mil of 0.28. Voids were observed in the dry polymer particles through
examination via the microscope method described in Example 1. Titration of in-
process samples demonstrated complete core encapsulation after the polymerization
of 1000 grams of monomer emulsion onto the core.



(1) stabilizing of the final sequential polyner dispersion; (2) assuring
perneability of the hydrophobic shell polynmer to a swellant for the
hydrophilic core polymer; and (3) conpati bilizing the hydrophobic shell
polymer. with the hydrophilic core | ymer so that the core may be
fully encapsul ated with shell. The hydrophilic core polymer of the
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may be added to aid in fixedr or permanent base penetration.

Example 3 was repeated except the methacrylic acid was added to the
monomer emulsion. The reaction was thicker at the end of feeds and 300 grams of
extra water was added. The resulting latex had a 25.59% solids content, pH of 9.7
and a S/mil of 0.2. Voids were observed in the dry polymer particles through
examination via the microscope method described in Example 1. Titration of in-
process samples demonstrated complete core encapsulation after the polymerization
of 800 grams of monomer emulsion onto the core.

EXAMPLE 5:Fixed Base Swellant

Example 1 was repeated except 60 grams of diethanolamine was used in place
of the ammonia. The resulting latex had a 27.81% solids content, pH of 8.7 and a
S/mil of 0.2. Voids were observed in the dry polymer particles through examination
via the microscope method described in Example 1. Titration of in-process samples
demonstrated complete core encapsulation after the polymerization of 400 grams of
monomer emulsion onto the core.

EXAMPLE 6: Acid-functional Monoethylenically Unsaturated Monomer
(Acrylic Acid) added over first 1.6% Shell Monomer Feed
(Core Particle Size = 208 nm and Acid Feed Time = 10 minutes)

A 5-liter round-bottomed flask is equipped with paddle stirrer, thermometer,
nitrogen inlet and reflux condenser. To 1192 grams of deionized water heated to
81°C in the flask under a nitrogen atmosphere there is added 3.6 grams of sodium
persulfate dissolved in 60 grams of deionized water. This is immediately followed
by 142.6 grams of the core prepared in Example 0-(b). A monomer emulsion



The voi ded | atex particles produced by the nethod of the present invention
are useful in aqueous coating conpositions, such as aqueous-based paint and
paper -coatings. The voided pol yner particles produced by the nmethod of this
invention inpart inproved gloss, brightnéss and opacity to paper coating
formul ations to which they are added. Al so, the voided pol yner particles
produced by the nethod of this invention inpart opacity to aqueous coating
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8o[err]C. p@qt@mt gmﬁ of80 a S/mll of 0.18 and a particle size of 0.82 micron. Voids were

observed in the dry polymer particles through examination via the microscope

method described in Example 1. Titration of in-process samples demonstrated

complete core encapsulation after the polymerization of 800 grams of monomer
emulsion onto the core.

EXAMPLE 7: Acid-functional Monoethylenically Unsaturated Monomer
(Acrylic Acid) added over first 1.6% Shell Feed (Core Particle
Size = 208 nm and Acid Feed Time = 0 minutes)

A 5-liter round-bottomed flask was equipped with paddle stirrer,
thermometer, nitrogen inlet and reflux condenser. To 1192 grams of deionized water
heated to 81°C in the flask under a nitrogen atmosphere there was added 3.6 grams
of sodium persuifate dissolved in 60 grams of deionized water. This was
immediately followed by 142.6 grams of the core prepared in Example 0-(b). To the
kettle was added 40 grams of a monomer emulsion made up of 723 grams of
deionized water, 8.04 grams of SDS and 1710.6 grams of styrene. A separate charge
of 17 grams of acrylic acid in 33 grams of deionized water was added to the kettle.
The remaining monomer emulsion was fed to the kettle at a rate of 4 grams/minute.
The reaction mixture was held at 80°C and after 10 minutes the monomer emulsion



conpl etion of the nononer feed, the dispersion is held at 80[err]C for 20
m nutes, cooled to 25[err]C and filtered to renove any coagul um fornmed. The
filtered dispersion has a pH of 3.11, 22.27% solids content and an average
particle size dianmeter of 330 nm 14
10 (b) The process in core synthesis (a) was repeated except the SDS
| evel in the nmononmer enul sion was increased to 12 grans from 3.5
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After the the kgRlEeaﬁgvtgF r}%?cﬁ em’f%\ﬁreg‘gﬁsfgagflt ﬁ%ﬁ%&?‘”&ﬁ% rg?‘ou}?ngsa 2 gr ams of
SDS and 24Ireaction wes crrdedfo 888 Charet § mixtuae bfil graem af sediumoparpidfate fdthi ng
nononer e ' ‘s g4 0 BSIUbEOR tatsbfu rge
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of sodi um pérdgmamseofilic Yersgreard 4% grms of 0.1% iron sulfate and a solution of 1.5

grams of isoascorbic acid in 30 grams of deionized water. The reaction mixture was
held at 80°C for 10 minutes and then cooled to room temperature and filtered to
remove any coagulum formed. The final latex product had a 43% solids content, a
pH of 8.0 and a particle size of 0.82 microns. Voids were observed in the dry
polymer particles through examination via the microscope method described in
Example 1. Titration of in-process samples demonstrated complete core
encapsulation after the polymeriztion of 400 grams of monomer emulsion onto the

core.

EXAMPLE 8: Acid-functional Monoethylenically Unsaturated Monomer
(Acrylic Acid) added over 100% Shell Monomer Feed (Core
Particle Size = 208 nm)

The process in Example 6 was repeated except the acrylic acid was added to
the styrene monomer emulsion. The final latex product had a 43% solids content, a
pH of 8.4, a S/mil of 0.165 and a particle size of 0.82 micron. Voids were observed in
the dry polymer particles through examination via the microscope method described
in Example 1. Titration of in-process samples demonstrated complete core
encapsulation after the polymerization of 2400 grams of monomer emulsion onto the

core.

EXAMPLE 9: Acid-functional Monoethylenically Unsaturated Monomer
(Acrylic Acid) added over first 1.6% Shell Monomer Feed
(Core Particle Size = 132 nm)

The process in Example 6 was repeated except 142 grams of core from
example 0-c was utilized. The final latex product had a 43% solids content, a pH of
7.9,aS/mil of 0.11 and a particle size of 0.53 micron. Voids were observed in the dry



dei oni zed water is added to the kettle. A1 to 2[err]C reaction exotherm
occurs, the reaction mxture is stirred for 10 m nutes. The remai ni ng
nononer enul sion is then added to the kettle over a 2-hour period at
80[err]C. After the conpl etion of tlhe nononmer feed, the dispersion is
held at 80[err]C for 20 m nutes, cooled to 25[err]C and filtered to
renove any coagul um formed. The filtered dispersion has pH of 3.11,
22. 28% sol i pelysenparticlesrtiraughegramipation via thpatitiostapeshetiodfdesaiberin

EXAMPLE 1: ik 1h 4 Nt - ' r r (Acrylic
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Si ze = 330 Hieppsulation afferthe polymerizationnfl08hgrams efyronemerempsien antorthe
paddl e stirdogé., thernoneter, nitrogen inlet and reflux condenser. To 2070
grans of deionized water heated to 90[err]C in the flask under a nitrogen
atnosphere there is added 1,6 grans of sodi um persul fate dissolved in 25
grans of dei%AMEEE Wt er . Atid-fundionghMunaethylenispilpisabyraasbVemogreans of
the core prepared i n ExanfAaylic Axjd) ad dedrovee 1060 8heildviononsir Feed Cofe 400
granms of deionized water, Pértirl @8 es 12 RP-TWn g&gvgmgﬁp@é styrene is
added to the kettle at the rate of 4 granms/mnute. A separate feed of 12.5
grans of acrylic acid in 38.5 grans of deionized water is started at the
same time as  The process reExamplesdt wesrdpeated exeest, 142igrathe of edre fedm5

gr ans/ m nut ' hese | f e Q Lum
persul fate ?ﬁn@égag?)%y%él 3‘ O%?%?@O%?x@% BIE ?%2‘88‘8 égmtzsolg{‘%'erg%kaé{ eﬁgg& t he

rate of 1. 3egftipnenitwigstarterhe thickeni dhe meaction avisstopged due ®opassifedevels
of coagulum. The remaining 1600 grams of monomer emulsion could not be
polymerized. This comparative example demonstrated a lack of encapsulation.

EXAMPLE 11: Synthesis of Pre-Core Polymer

A 3-liter, round-bottomed flask with 4 necks was fitted with reflux condenser,
paddle stirrer, thermometer and nitrogen inlet. 1500 grams of deionized water were
added to the flask and stirred under a nitrogen atmosphere at 85°C. To the
deionized water were added 3 grams of sodium persulfate and 40 grams of an acrylic
seed latex having a 46.5% solids content and an average diameter of 95 nanometers.
A monomer emulsion (140 grams of water, 6 grams of 23% SDS, 360 grams of
isobutyl methacrylate and 40 grams of n-dodecyl mercaptan) was added over 2
hours along with 3 grams of sodium persulfate dissolved in 80 grams of water. The
resultant latex was held at 85°C for 30 minutes, cooled and filtered. The resultant
polymer latex had an 18.7% solid content, and a average particle diameter of 260 nm.

EXAMPLE 12: Encapsulation of Core containing Nonpolymeric Acid

A 5-liter round-bottomed flask is equipped with paddle stirrer, thermometer,
nitrogen inlet and reflux condenser. A mixture of 1134 grams deionized water and
51.66 g of benzoic acid is heated to 81°C in the flask under a nitrogen atmosphere.
To this mixture is added 129 grams of the pre-core polymer from example 11. After
stirring at 81°C for 15 minutes a solution of 1.5 grams of sodium persulfate in 75
grams of water is added to the kettle. A monomer emulsion consisting of 713 grams
of deionized water, 6.03 grams of SDS, 2.18 grams of linseed oil fatty acid and 1283
grams of styrene is added to the kettle at the rate of 3 grams/minute. A separate
feed of 12.75 grams of acrylic acid in 24.75 grams of deionized water is started at the



and after 10 mnutes the acrylic acid cofeed is conplete and the nononer
enul sion feed rate is increased to 8 grans/ mnutes. Twenty mnutes |ater

t he nononer enmul sion feed rate is increased again to 19.5 grans/ m nute and
the reaction tenperature is allowed to i 1érease to 90[err] C. After 1157
grans of the rmnorrer enul sion has been fed to the reaction m xture, a
solution of 42.0 of ammoni u y?ro Ide (28%. in 72 grans of deionized
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denonstrat eg conpl ete core encapsul ation after the polymerization of 1000
grans of nononer enul sion onto the core.

EXAMPLE 13: Encapsulation of Cores containing no Hydrophilic
Monoethylenically Unsaturated Monomer Core/Formation of
Voids via Hydrolysis of Core

A 5-liter round-bottomed flask is equipped with paddle stirrer, thermometer,
nitrogen inlet and reflux condenser. To 1192 grams of deionized water heated to
81°C in the flask under a nitrogen atmosphere there is added 3.6 grams of sodium
persulfate dissolved in 60 grams of deionized water. This is immediately followed
by 103.89 grams of the core prepared according to the example in U.S. Patent
5,157,084 assigned to Dow Chemical. A monomer emulsion consisting of 723 grams
of deionized water, 8.04 grams of SDS, 2.18 grams of linseed oil fatty acid and 1710.6
grams of styrene is added to the kettle at the rate of 4 grams/minute. A separate
feed of 17 grams of acrylic acid in 33 grams of deionized water is started at the same
time as the monomer emulsion feed, at the rate of 5 grams/minute. The reaction
mixture is held at 80°C and after 10 minutes the acrylic acid cofeed is complete and
the monomer emulsion feed rate is increased to 8 grams/minute. Ten minutes later
the monomer emulsion feed rate is increased again to 12 grams/minute for twenty
minutes. The monomer emulsion feed rate is increased to 18 grams/minute and a
solution of 2 grams of sodium persulfate in 85 grams of deionized water is co-fed to



12 EXAMPLE 3: Aci d-functional Monoethyl enically Unsaturated Mononer
(Met hacrylic Acid) added over first 2.7% Shell Mononer Feed

(Core Particle Size = 330 nm The reaction in Exanple 1 was :
repeat ed, except that methacrylic acid ( grans) was used in place of the
acrylic acid. The resulting latex had a 27.04% solids content, pH of 9.6
and a S/m| of 0.3. Voids were observed in the dry polyner particles

t hr ough exam ion.via,t i Crosgope hod described in Ex le 1.
Titration gi?é P%SFQQES@%‘Q@WE%&%%@@%R@SW e @@58@ %tion
after the pudreaserto 281C.oAftef ald 0Hthgrmosomeér emuisicr hanhdenifedtoothe eeddtimncor e.
EXAMPLE 4: __; I Q- 1 : t. LG . . n r
(et hacr yi Firef Pafiontihe PARPRRR P HpERREA aahotidte P TnarE

(Cor e Part ineptedspA80°C m3pstainjess steel reaptoanBrammation of dpied sempisss phist he

met hacryl i geibe M@ eurdddestdird fotBe MARHE N E%Eleopmdﬁaﬁedrtﬁa?ré&acéﬂ@ﬁm
thicker at the end of feeds and 300 grans of extra water was added. The
resul ting V8t had a 25.59% solids content, pH of 9.7 and a S/m| of 0.2.
Voi ds were observed in the dry polynmer particles through exam nation via
the m croscope nethod described in Exanple 1. Titration of in- process
sanpl es denonstrated conplete core encapsul ation after the polynerization

of 800 grans of nonomer enul sion onto the core. EXAMPLE 5: Fi xed Base
Swel | ant



Exanple 1 was repeated except 60 grams of diethanol am ne was used in place

of the ammoni | atex had a 27.81% solids content, pH of 8.7
and a S/m | cm! E jﬂ&ile observed in the dry pol yﬁgsrs a ticles
t hr ough .exani croscope mgghod descri bed m“ﬁﬁwlam

Titration of in- process sanpl es denonstrated conplete co
after the polynerization of 400 grans of nononmer enulsio
EXAMPLE 6: (laims: Aci d-functional Monoet hyl enically Unsaturated Monomner
(Acrylic Acid) added over first 1.6% Shell Monomer Feed

(Core Particle Size = 208 nmand Acid Feed Tinme = 10 m nut es) A
5-liter roumd- boAtn(bmbd fb,}@ﬁ kpsuRtiRgIhy lcvpdlymaadﬂhfpnghgrrer therm)meter,
nitrogen inlet g refI X denser Ao [:H n(g of dei g&ll zed1 t er
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0-(b). A nmononer enul
13 consisting of 7289yfbdysveight hasesiinbeltod weight of bacefe apymst. obpideamd

1710.6 grans of styr%ﬂenbﬁoﬁel%qoézegéd?eu&%&dneaeh ridiémeat e of 4

granms/ mnutes. A separate feed rafms of acr cidin 33 gr of
dei oni zed water ®5 stegRiRRn %Y’P?‘\'@‘@a}?éhﬁ Pfﬁﬁﬁnﬁ%oéﬁéc?fﬁﬁ&ﬁﬂer @hisALio gﬁ%@e
at the rate of 5 grarslymenfofS0% Be weRRabI99 @%’fby(tvﬁifgﬁt basethoh CheabtaBﬂélgh!rdfC
and after 10 m nutes mﬁ q? {f a{; zm d cofeed is cot% 5 ttrhe nononer
enul sion feed rate i ST hRYERY & 528 OGF AREPHF MARES! xr’ﬁ”ﬁ’ﬁ;i weldoier the
monomer and from 0.1% by weight to 10% by wcxght based on the total
weight of the shell polymer, of an acid-functional monoethylenically
unsaturated monomer, and wherein:
either the acid-functional monoethylenically unsaturated monomer is
added to the polymerization of the shell polymer over 100% of the total shell
monomer feed when the particle size of the core polymer is from 130
nun to 2.0 microns; or
the acid-functional monoethylenically unsaturated monomer is
added to the polymerization of the shell polymer over first 50% of the
total shell monomer feed when the particle size of the core polymer is
less than about 130 nm.

2. The method of claim 1, wherein the acid-functional monoethylenically
unsaturated monomer is added to the polymerization of the shell polymer
over the first 50%, preferably 25%, even more preferably 10%, of the total shell
monomer feed.

3. The method of claims 1 or 2, wherein said acid-functional monoethylenically
unsaturated monomer is a monomer selected from the group consisting of
acrylic acid, methacrylic acid, acryloxypropionic acid, methacryloxypropionic
acid, acryloxyacetic acid, methacryloxyacetic acid, crotonic acid, itaconic acid,
aconitic acid, maleic acid, maleic anhydride, fumaric acid, monomethyl
maleate, monomethyl itaconate, monomethyl fumarate and mixtures thereof.

4. The method of claims 1, 2 or 3, wherein said nonionic monoethylenically
unsaturated monomer is a monomer selected from the group consisting of
styrene, a-methyl styrene, vinyltoluene, ethylene, vinyl acetate, vinyl



nononer enul sion feed rate is increased again to 12 .2 e/mnutes for

twenty m nutes. The nononer enulsion feed rate is incr eenReplaced
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wherein said shell polymer fully encapsulates said core polymer.

7. The multistaged polymer of claim 7, wherein said acid-functional
monoethylenically unsaturated monomer is a monomer selected from the
group consisting of acrylic acid, methacrylic acid, acryloxypropionic acid,
methacryloxypropionic acid, acryloxyacetic acid, methacryloxyacetic acid,
crotonic acid, itaconic acid, aconitic acid, maleic acid, maleic anhydride,
fumaric acid, monomethyl maleate, monomethyl itaconate, monomethyl
fumarate and mixtures thereof.

8. The multistaged polymer of claims 7 or 8, wherein said nonionic
monoethylenically unsaturated monomer is a monomer selected from the
group consisting of styrene, a-methyl styrene, vinyltoluene, ethylene, vinyl
acetate, vinyl chloride, vinylidene chloride, acrylonitrile, (meth)acrylamide,
(C1-C20) alky! ester of (meth)acrylic acid, (C3-C20) alkenyl ester of
(meth)acrylic acid.



14 feed rate was the increased to 8 grans/mnutes. Ten mnutes |later the
nononmer enul sion feed rate was increased to 12 grans/ m nut es for twenty

m nut es. The nononer emnul sion feed rate was |ncreas¢§}5§ho gram;/m nut es
and a solution of 2 grans of sodium persulfate in 85 eeuimqu@gdzed‘ IS
co-fed to the kettle at the rate of 0.7 grams/m'nute

tenperature was allowed to increase to 90[err]C. Aft m)nonfer
enul si on had been fed to the reaction m xture, a solution of 1 gram; of

ammoni um hydroxi de (28% in 20 grans of deionized was added to the kettle
and the reaction nixture was hAbdtragt 90[err]C for twenty minutes. The
reaction was cooled to 80[err]C and a m xture of 1 gram of sodi um

persul fate pQcR(p E‘ﬂEBfHYﬁg&BPFI‘fﬂId‘? y s?ﬂ@'ﬁdr}gﬁll%?ﬁéﬁﬁé?b ﬂ" S Was

foll owed by a soI ron of rans Versene an grns Yo i ron
sul fate and a solution of 1.5 grams of isoascorbic acid in 30 grams of

dei oni zed wat er A-ﬁlﬁﬁnEtﬁ n‘f@r)&bHFa%ﬂ‘@% H}f‘ﬁ' Rlic 80Nl €nk suﬂe@eMiﬂ es

and then coo)ed to roo lﬁ) raturea eredto re gzayg gul um
isc

formed. The? hygrphogicsie am;goaé claged: o od sed and a
particle SIfz:eeﬁéa ufbingihgdestshiliye bqﬁnmmmmﬁgm@ﬁe goft he dry pol yrer

SHEER T R e
encapsul ati on afli08% bhwejght \based ah ithntond] widightgyfahs care pobyroeeiof errul si on ont o
ser™ St AR AL AN B A
Feed (Core to 95% by weight, basgdhpn |t}¢q totaljwaight aftlse eorp polymer, of at least

one nonionic monoethylenically unsaturated monomer;

(2)  emulsion polymerizing, in the presence of the core polymer, at least one shell
polymer from 90% by weight to 99.9% by weight, based on the total weight of
shell polymer, of at least one nonionic monoethylenically unsaturated
monomer and from 0.1% by weight to 10% by weight, based on the total
weight of the shell polymer, of an acid-functional monoethylenically
unsaturated monomer,

wherein the acid-functional monoethylenically unsaturated monomer
is added to the polymerization of the shell polymer over 100% of the total
shell monomer feed when the particle size of the core polymer is from 130 nm
to 2.0 microns and over the first 50% of the total shell monomer feed when the
particle size of the core polymer is less than 130 nm.

This method of encapsulating a hydrophilic polymer with a hydrophobic polymer

eliminates the need for a tiecoat layer.



The process in Eifrgﬁp e Q. __s_,_r_ep_-eat ed except the acrylic acid was added to
t he styrene nononet errul si on. The final latex product had a 43% solids
content, a pH of {8/4,7a Sl nif:iof: 0. 165 and a particle size of 0.82 nicron.
Voi ds were observed in the dry polyrrer parti cl esutistitatey bheetanbmaky orpog a
the mcroscope net hod désSETibed i ni Exanple 1. Titration of i N-process
sanpl es denonstrated. conplete core: encapsul ation after the pol ynerization
of 2400 grans of rmnorrer enul si on onto the core. EXAWPLE 9:

Choryl o ot ARICRRET D HYOROBHIIRR AL PMHERSHIATTHEIR PREPARATION
(Core Particle Size = 132 nrr) The process in Exanple 6 was repeated

except 142 gramsThfs moe:&xdzfmm@(wmhmsﬂxg@d ymbr %arhelés andehéit pedpak B

product had a,43% g?ncalﬁy&oe@m%& g/e SJI eparat iftes ﬁf fxﬁ&fdagg’hxiic poijmer

particle si 28%
15 pol yner siage eneapssilated w@wtéﬁ%ﬁr&pnahyémnhoéxqméyrmerﬁtage:ope met hod

descri bed in Exanpligisthged pbry@tergao@e& $SpHEROEIre pollen@ trich péisted by

conmpl ete core an ter_the pol mar t on of
rmggrrer emuf sV on&glp (?m'!: %&PQOI%H ¥ S&Wf’t ii/fdv SI’ IS‘IKH &lr?g?gghaqasr{‘%u
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added over 30404 Sheh ks 5@&9{83& rﬁ@l@ﬁl §{9RIrR, vinyl toluene, ethylene, vinyP@{lbtigé 8ndl z€

= 132 nm - v% @nd tc londe cormd not be formed directly on a core containing a high level of

hydrophilic monomers ("hydrophilic core”) without either:

(1)  copolymerizing the extremely non-polar or low-polar hydrophobic monomers
with vinyl acetate, acrylonitrile or methacrylamide; or

(2)  first forming a tiecoat on the hydrophilic core.

The tiecoat (referred to in some of the prior patents as "the first stage of sheath

formation") was generally an acrylic polymer which compatibilized the hydrophilic

core polymer with the one or more hydrophobic shell polymers, particularly for a

hydrophilic core polymer having a particle size diameter of less than about 280

nanometers (nm). '

This invention is directed to a multistaged polymer containing a hydrophilic
core polymer fully encapsulated with a hydrophobic shell polymer without the use
of a tiecoat layer. The hydrophilic core polymer is formed from about 5% by weight
to about 100% by weight, based on the total weight of the core polymer, of a
hydrophilic monoethylenically unsaturated monomer and from 0% by weight to
about 95% by weight, based on the total weight of the core polymer, of at least one
nonionic monoethylenically unsaturated monomer. The hydrophobic shell polymer
formed from about 30% by weight to about 99.9% by weight, based on the total
weight of shell polymer, of sfyrene and from about 0.1 % by weight to about 10% by
weight, based on the total weight of the shell polymer, of an acid-functional
monoethylenically unsaturated monomer. The shell polymer fully encapsulates the core
polymer and does not require a tiecoat layer.

This invention is also directed to a method for encapsulating a hydrophilic core
polymer with a hydrophobic shell polymer including the steps of:

(1)  emulsion polymerizing a hydrophilic core polymer comprising trom about 5% by
weight to about 100% by weight, based on the total weight of the core polymer, of

a hydrophilic monoethylenically unsaturated monomer and from 0% by weight to

about 95% by weight, based on the total weight of the core polymer, of at least

one nonioni¢ monoethylenically unsaturated monomer;



The process in Exanpl.e 8 was'repeated except 142 grans of core from Exanple
0-(c) was utili zed.f-"After 80,Q___gra;ms§ of mononer enul sion was added the
reaction mxture startgd.to t-h¥cken. The reaction was stopped. due t

massi ve | evel s of icoagul um The _remi ning 16005§P§H§‘t6fshﬁ§ﬁ0rﬁM%ﬁ§§ﬁnn
coul d not be pol yneri-zed: " Thi's conparative £xanpl e denonstrated a | ack of
encapsul ati on. EXAMPLE 11:. _ _..Synthesis of Pre-Core Pol yner A
3-liter, round-bottoimed flask with 4 necks was fitted with reflux
condenser, pa@l e emulsipe polymerziApiBttbs PIFACH Pt the GoTs ROMMRAT, atlsash ops S of,

dei oni zed wat er %gd@ : bibHQd abEA©0. B B by Nbased
at nosphere at 85\[Ngér : %ﬁrﬁgb@n@h@éﬁ@%@élg\éreaadded 3 gé%%ygf ass?)di um

persul fate and 40 @ Radotal weightf sl polymery of at l8ast AR POTOTHC 748 eficaly
Contentfand an a\é%r@&ﬁra@@d&ﬁsﬁf ZB@eé%d%gngmemuw ?y wéiggl)mm’niﬁmm%llbyi“fhﬁ‘gm,l40d
grans of water, ra Yo : ang _of iso yE N crylate an
40 grans of n-dode®f %B’Géﬁ?ﬁﬁ?g&b%r t@%ﬂgg pg@ er’2°tha(51ualr&sdygjlngtﬁ§gnr3&th 3 grans
of sodi um per sul f anenatityiaicaiy unsang@ed monemer, wat er. The resultant | atex
was held at 85[err]C f%tﬁ‘ﬁg%e{%ﬁcﬁﬁmeﬁ;&ﬁl By 1didali§ uRshurlfg midRo et ANt

0

pol ymer | atex had an 18. [ content, and da average ar}d@ e_di anet er
of 260 nm EXAWPL&Edgpto the pelymepaatiogiaf dhe Hell palyaes grarat Hios b iRl ¢
Aﬁi d A 5-1i dnen nicefer Q@gﬁmfe attitRSleeiof tRtdr@peigmet isirqpadistue 130 hinr er
t hermonmet er, nitrogen i t .and refl ux_condenser I ans
dei oni zed water and %Y 85"%‘!"“?)%%%“&8? %?esgﬁte%qb%?f iﬁ%ﬂg ggre}l] f&rr{% It’r he

fl ask under a nitrisekif th¢ putiphsize of The cord polymant iadess than abeisd 3@ 20.gr ans  of
the pre-core pgiyHBhHOH 2z hlhy dAbbRilic polynidrieitiRh h§dtHdbte pilymbp

m nutes a sol ution o?af?%h?éq%grrg@lg S ddi% plg?gdlrfarte in ?5 %:}grrs Pf)fyr\]/r\llat er
is added to tIgdmMiRate] Be NReAHRIEFC8MAYET-on consi sting of 713 grans of

dei oni zed wat er, 6TRSpgsansinoéntBDSnvalvesagudtistagéd polyseedoniainifigaty acid
and 1283 gra : | At ehf pol d

gr ans/ m nut e%l(gg%”% ggéfdggp g%ﬁ%ﬁﬁ %Te%at%rﬁgﬁﬁtﬁgg{ryﬁ ?@1 acid i np 2)Alfr.n$r5a?:1r ans
of deioni zed \teathed oEpeapaEiioRt t he

The hydrophilic core polymer of the multistaged polymer of this invention is

the product of emulsion polymerizing from about 5% by weight to about 100% by
weight, based on the total weight of the core polymer, of a hydrophilic
monoethylenically unsaturated monomer and from 0% by weight to about 95% by
weight, based on the total weight of the core polymer, of at least one nonionic
monoethylenically unsaturated monomer. '

Hydrophilic core polymers containing at least about 5% by weight, based on
the total weight of the core polymer, of at least one hydrophilic monoethylenically
unsaturated monomer have practical swellability for the purposes of the present
invention. There may be instances wherein, because of the hydrophobicity of certain
comonomers or combinations thereof in conjunction with the :
hydrophobic/hydrophilic balance of a particular acid monomer, the copolymer may
require less than 5% by weight, based on the total weight of the core polymer.
Preferably, the level of hydrophilic monomer is from about 5% to about 100% by
weight, based on the total weight of the core polymer; more preferably, from about
20% to about 60% by weight; and most preferably, from about 30% to about 50% by
weight. The hydrophilic core polymer may be made in a single stage or step of the
sequential polymerization or may be made by a plurality of steps in sequence.

This invention contemplates a hydrophilic core polymer wherein at least one
hydrophilic monoethylenically unsaturated monomer is polymerized alone or with
at least one nonionic monoethylenically unsaturated monomer. This process also
contemplates, and includes in the term "hydrophilic monoethylenically unsatura ted



16 sanme tine as the nonomer enuision feed, at the rate of 3.8
grans/ mnute. A catal ysti'cofeed of:'2!7 grams sodium persulfate in 112.5
grans of water is started at . a rate of 0.7 grans/minute. The reaction
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grans/ m nute for tv&enty m-nut-es.—.Theinmonomer emul sion feed rate is
i ncreased to,1 rans/ mnute until all,the nmononer enul sjon is added to
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formed. The reaction a an tyrene,
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t her monet er, divinyl benzene, vinyl methacrylate, vinyl crotonate, vinyl acrylate, vmyl acetylene,
trivinyl benzene, triallyl cyanurate, divinyl acetylene, divinyl ethane, divinyl sulfide,
divinyl ether, divinyl sulfone, diallyl cyanamide, ethylene glycol divinyl ether,
diallyl phthalate, divinyl dimethyl silane, glycerol trivinyl ether, divinyl adipate;
dicyclopentenyl (meth)acrylates; dicyclopentenyloxy (meth)acrylates; unsaturated
esters of glycol monodicyclopentenyl ethers; allyl esters of a,b-unsaturated mono-
and dicarboxylic acids having terminal ethylenic unsaturation including allyl
methacrylate, allyl acrylate, diallyl maleate, diallyl fumarate, diallyl itaconate and
the like.

The hydrophobic shell polymer of the multistaged polymer of this invention

is the product of emulsion ponmeriiing from about 90% by weight to about 99.9%
by weight, based on the total weight of the shell polymer, of at least one nonionic
monoethylenically unsaturated monomer and from about O.l%'by weight to about
10% by weight, based on the weight of the shell polymer, of an acid-functional
monoethylenically unsaturated monomer.

Suitable nonionic monoethylenically unsaturated monomers for making the
hydrophobic shell polymer include styrene, a-methyl styrene, vinyltoluene, ethylene,
vinyl acetate, vinyl chloride, vinylidene chloride, acrylonitrile, (C,-C,,) alkyl or (C;-Cyp)
alkenyl! esters of (meth)acrylic acid, such as methy! (meth)acrylate, ethyl (meth)acrylate,
buty! (meth)acrylate, 2-ethylhexyl (meth)acrylate, benzy! (meth)acrylate, lauryl
(meth)acrylate, oleyl (meth)acrylate, palmityl (meth}acrylate, stearyl (meth)acrylate and
the like. Styrene is preferred.

Suitable monoethylenically unsaturated monomers containing acid-functionality for
making the hydrophobic polymer shell include acrylic acid, methacrylic acid,
acryloxypropionic acid, (meth)acryloxypropionic acid, acryloxyacetic acid,
methacryloxyacetic acid, itaconic



nitrogen inlet andireflux:condenser.:; To 1192 grans of deionized water
heated to 81[err]Ciin the flask under a nitrogen atnosphere there is added
3.6 grams of sodium persulfate:dissolved in 60 grans of deionized water.
This is imediately followed by 103.89 grans of Subetieweeshiedpas daynaeoegli ng
to the exanple in U S--Patent5;157, 084 as;i ghed—t o~ Bow Chenrcat——ATromoner
emul si on consisting_of 723 grams of deioniZed water, 8.04 grans of SDS,
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accor di ng t o hydeophsthoshélhpdyenep| Whenithelpadickedsizde! the esrerpoéyroér iaifrom abaigt
130 nm to about 2.0 microns, the acid-functional monoethylenically unsaturated
monomer used to make the shell may be added over 100% of the shell monomer
feed, based on the total weight of the shell monomer feed, preferably over the first
50% of the feed, more preferably over the first 25% of the feed and most preferably
over the first 10% of the feed. When the particle size of the core polymer is less than
about 130 nm, the acid-functional monoethylenically unsaturated monomer may be
added over the first 50% of the feed, more preferably over the first 25% of the feed
and most preferably over the first 10% of the feed.

As used herein, the term "sequentially emulsion polymerized” or "sequentially
emulsion produced” refers to polymers (including homopolymers and copolymers)
which are prepared in aqueous medium by an emulsion polymerization process
wherein the dispersed polymer particles of a preformed latex or "seed” polymer in
the aqueous medium are increased in size by deposition thereon of polymerized
product of one or more successive monomer charges introduced into the medium
containing dispersed particles of the preformed latex in one or more subsequent
stages. )

In the sequential emulsion polymerization with which the present invention is
concerned, the term "seed" polymer is used to refer to an aqueous emulsion polymer
dispersion which may be the initially-formed dispersion, that is, the product of a
single stage of emulsion polymerization or it may be the emulsion polymer
dispersion obtained at the end of any subsequent stage except the final stage of the
sequential polymerization. Thus, a hydrophilic core polymer which is herein
intended to be fully encapsulated with a shell by one or more subsequent stages of
emulsion polymerization may itself be termed a seed polymer for the next stage
wherein the shell-forming polymer is deposited on such seed polymer particles.

The method of this invention contemplates that the hydrophobic shell
polymer may be made in a single stage or step of the sequential polymerization or



18-  Caimir. '"1?-.' o A et Hod for encapsul ating hydrophilic polyners,

conpri si ng: t” (a) enuIS|on pol ymerizing a hydrophilic core polymer
conpri sing from5 L0y e P wei ght to 100% by wei ght, based on the
total weight iof: t he ‘cor e’ polyrrer SeistRuty ghedhi biMay 1998
nmonoet hyl eni calil y uynsatur.ated fonomer and fronr09% by wetrght
to 95 % by wei ght based on the total i ght of the core polyner, of

at | east one ‘noni-enie- rmneet—hy’r‘enl cal I'y “unsat ur at ed nononer ; (b)

enul si on polymerizing, in the presence of the core one
shel | poly { .conprising from 90% by wei ght to 99. gmﬁm“m ullﬁmud

on the tota 'ght of shell polyner, of at |east one nonionix s

nonoet hyl eni cal | y unsaturated nononmer and fromO. 1% by weight to 10%

by wei ght, sed e al r_.of an aci d-
functi onal mnoe‘éﬁg?&é%ﬁ%ﬁ%@&psm@g’q%b&?rgaﬁlﬂﬁ ﬁ'é’?ers’ Séi’\’/(ﬁ ngl n:

if the particle &@ze cxnuhsha potymeerzing arbydriophilic oorel8lymen comprisig from 5% by
Tided o the pol yrer | JERDR) 1090RF AR bERY o diGEA Weltf Ot BB Golner,
total shell nonomer fekahydephilic monoethylemcally unsaturpted mosoper and froms 0 Febyof

the core polynmer is | %ﬁ%r gfba%"%%g vﬂg%htt Bgsegﬁhgh% tot%l weight of the cx;ﬂé'bﬁ}}rﬂé}ahf

nonoet hyl eni cal | y unsat s a
pol yreri zati on of t heatdpst pngaenipRie neaneethyleniegty unmramdsmomof the total

shel | monomer fegy. emulsion polymerizing, in the presence of the core polymer, at least one
shell polymer comprising from 90% by weight to 99.9% by weight, based
on the total weight of shell polymer, of at least one nonionic

monoethylenically unsaturated monomer and from 0.1% by weight to 10%
by weight, based on the total weight of the shell polymer, of an acid-
functional monoethylenically unsaturated monomer, and wherein:

if the particle size of the core polymer is from 130 nm to 2.0
microns, the acid-functional monoethylenically unsaturated monomer is
added to the polymerization of the shell polymer over at most 100% of the
total shell monomer feed; or

if the particle size of the core polymer is less than 130 nm, the acid-
functional monoethylenically unsaturated monomer is added to the
polymerization of the shell polymer over at most the first 50% of the total
shell monomer feed.

2. The method of claim 1, wherein the particle size of the core polymer is from 130
nm to 2.0 microns and the acid-functional monoethylenically unsaturated monomer
is added to the polymerization of the shell polymer over the first 50% of the total
shell monomer feed.

3. The method of claims 1 or 2, wherein the acid-functional monoethylenically
unsaturated monomer is added to the polymerization of the shell polymer over the
first 25% of the total shell monomer feed.

4. The method of claim 3, wherein the acid-tfunctional monoethylenically unsaturated
monomer is added to the polymerization of the shell polymer over the first 10% of
the total shell monomer feed.
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method of any onGCRpeylsrically upsanyated mongmer is 3 monomer sektied frohm the gl

nonoet hyl eni cal | §oNsH&AE of atlc aeidometharlia agish epmloxyprapianieia¢idom t he group

consi'sting of acmétiaerydedypropiiiib asitly hdrflodgicdiic a6y kRMARKARARe #6d,brotonic
met hacryl oxypr opi Qall ¢ acjd, macr |.axyaceti ¢ aci.d, methaC{QyI oxyacetic acid,
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aci d, nononet hyl msabmethgl itaconate, monomethyl fumarate and mixtures thereof.

6. The method of any one of claims 1 to 3, wherein said nonionic monoethylenically
unsaturated monomer is a monomer selected from the group consisting of styrene,
c-methyl styrene, vinyltoluene, ethylene, viny! acetate, vinyl chloride, vinylidene
chloride, acrylonitrile, (C,-C,;) alkyl ester of (meth)acrylic acid, (C;-C,) alkenyl
ester of (meth)acrylic acid.

7. The method of any one of the preceding claims, further comprising the step of
swelling the core polymer with a swelling agent; the swelling agent preferably
being a chemical selected from the group consisting of volatile bases and fixed
bases.

8. A multistaged polymer, comprising:

(a) a hydrophilic core polymer formed from 5% by weight to 100% by weight,
based on the total weight of the core polymer, of a hydrophilic
monoethylenically unsaturated monomer and from 0% by weight to 95% by
weight, based on the total weight of the core polymer, of at least one
nonionic monoethylenically unsaturated monomer; and )

(b) a hydrophobic shell polymer formed from 90% by weight to 99.9% by
weight, based on the total weight of shell polymer, of styrene and from
0.1% by weight to 10% by weight, based on the total weight of the shell
polymer, of an acid-functional monoethylenically unsaturated monomer,

wherein said shell polymer full encapsulates said core polymer.

9. The multistaged polymer of claim 8, wherein said acid-functional monethylenically
unsaturated monomer is a monomer selected from the group consisting of acrylic
acid, methacrylic acid, acryloxypropionic acid, methacryloxypropionic acid,
acryloxyacetic acid, methacryloxyacetic acid, crotonic acid, itaconic acid, aconitic
acid, maleic acid, fumaric acid, monomethyl maleate, monomethyl! itaconate,



mononet hyl i t aconate;-nononmethyl;f umarate and numnnﬁmrullﬁuﬂ ﬂm The
nmet hod of any one of clalns pg '§5 wher ei n sai hylenlcally
unsat ur at ed nnnpner is a nnnoner selected from t he gr dup consi sting of
styrene, . a- methyl: styyene,i vinyl tol uene, sghiRE&he¥t DY NVRGLT 908,

vi nyl chloride, ;V|nyI|dene . 1 chloride, acr erri=t€err])
al kyl ester of (nethyacryltc-acid, (Jerr]-Cerr]) alkenyl ester of
(nmeth)acrylic agid. 7. The dethod‘%ﬁ any one of the preceding clains,
further conprising the step of swel ling the core polynmer with a

swel ling agent; the swelling agent preferably bei ng a chem cal

sel ected from t hewgesethyt Srsareteiang mixtupes theieb bases and fi xed

bases. 8. A nul tistaged pol ymer, conprising: (a) a
hydrophilic _core _polyner formed from 5% hy wei ght to 100% by wei ght,

based on thé0t ot Q‘Bem}lgﬁ{lgeéfpoﬂm@crgqfrc@@& Byatet, Wherein Spig d108108Hq | ¢

nonoet hyl eni cal | mdﬂﬁétﬁﬁlléﬁﬂmﬁuﬁﬂiﬂﬁﬁfﬁd n@ﬁdnﬁf%&%@d&emmﬂf% ﬁr@mgcﬁe Yedryp
wei ght, based on the tot ghit of the core

O
noni oni ¢ nonoet hy%ﬁtﬁﬂegm?wmawp WSS RS ERY toaﬁfal , ethy ene’(bl)’*yfaaf-&tate’ vinyl

hydr ophobi ¢ shel thipéildy mdmaeﬂloha@ na&ﬂ%{mbnﬂem,gﬁ;o) by D&t Ineth)acrylic
wei ght, based on t e ail yeid é’&e@%{;’ of styrene and from
0.1 % by weight &8 2L Y testebgg ’(Sltal wei ght of the shell

pol yner, of an acid- functl onal nonoet hyl eni cal | y unsaturated nonorner,
wherein said shell polymer full encapsul ates said core pol yner. 9. The
mul ti staged pol yner of claim@8, wherein said acid-functional

nonet hyl eni cal | y unsat urated nmononer is a nononer selected fromthe
group consisting of acrylic acid, nethacrylic acid,

acryl oxypropi oni ¢ acid, nethacryl oxypropionic acid, acryl oxyacetic
aci d, nethacryl oxyacetic acid, crotonic acid, itaconic acid, aconitic




acid, mal ewc::ac'l d; fumari c aC| d, nononet hyl nal eate, nononethyl itaconate,
-20 - | fmnomat hyl.. fumar ate and m xtures thereof. 10. The
nultlstaged polyner of clalné 8 or 9, wherein said nonionic

monoet hyl enj cal ky: UASAt4r atied monomey, is a nonofiebstilerte sheat f SoMamto8Boup
consi sting bf styrene a- ms*,t Hyl styrzelne vi nyl t ol uene, ethylene, vinyl
acetate, vi ny1 “~""Chioride, vinylidene chloride, acrylonitrile,
(Cerr]-Cerr]). alkyl..ester- .of (Mmtta)cacryllc acid, (Cerr]-Cerr])

al kenyl ester of (rret h)acrylic acid.
ENCAPSULATED HYDROPHILIC POLYMERS AND THEIR PREPARATION

A multistaged polymer containing a hydrophilic core fully encapsulated with

a hydrophobic shell without a tiecoat layer is disclosed. A method is also disclosed

for encapsulating hydrophilic polymers including the steps of:

(1)  emulsion polymerizing a hydrophilic core polymer from 5% by weight to
100% by weight, based on the total weight of the core polymer, of a
hydrophilic monoethylenically unsaturated monomer and from 0% by weight
to 95% by weight, based on the total weight of the core polymer, of at least
one nonionic monoethylenically unsaturated monomer;

(2)  emulsion polymerizing, in the presence of the core polymer, at least one shell
polymer from 90% by weight to 99.9% by weight, based on the total weight of
shell polymer, of at least one nonionic monoethylenically unsaturated
monomer and from 0.1% by weight to 10% by weight, based on the total
weight of the shell polymer, of an acid-functional monoethylenically
unsaturated monomer,

wherein the acid-functional monoethylenically unsaturated monomer
is added to the polymerization of the shell polymer over 100% of the total
shell monomer feed when the particle size of the core polymer is from 130 nm
to 2.0 microns and over the first 50% of the total shell monomer feed when the
particle size of the core polymer is less than 130 nm.

This method of encapsulating a hydrophilic polymer with a hydrophobic polymer

eliminates the need for a tiecoat layer.



