g | | B wos
POLYMERI C PARTICEES-Fhe—present invention relates to polyneric %gjr'?i.:cl es.
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the shell. The particles can be used as control relEase—devices—for—target——
conpounds, to inpart reinforcing properties to acrylic films, as an

opaci f yThg pmpsent imverdin neglatesnipopplyroasic particles. a suppl ement or

repl acenent of part or all of the pignentary material or extenders that

woul d ot herwi se be used in such coating conpositions. In the prior art,
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particles having microvoids in the core and one or more channels connecting

the microvoids to the exterior of the particle. These particles can be produced by
forming a core of polymeric acid or base, encasing the core in a shell polymer
permeable to base or acid, and then neutralizing the core such that the core
"- swells, causing the shell to "explode” in a controlled fashion. This controlled
explosion causes channels to form in the shell. The particles can be used as
control release devices for target compounds, to impaft reinforcing properties to
acrylic films, as an opacifying agent in cbating compositions, and as a supplement
or replacement of pdrt or all of the pigmentary material or extenders that would

otherwise be used in such coating compositions.

In the prior art, Kowalski et al., in U.S. Pat. No. 4,427,836 ('836), discloses the

production and use of an aqueous dispersion of water-insoluble particulate

heteropolymers made by sequential emulsion polymerization. The particles
disclosed in the '836 patent have a core of polymeric acid encased in a shell
polymer permeable to volatile bases, such as ammonia or an organic amine. The
- shell is not permeable to permdneht, non-volatile bases such as sodium
hydroxide. When the particle is exposed to a volatile base, the base permeates
the shell and at least partially neutralizes the polymeric acid core, causing the

core to swell be’caﬁs;_e_ of hydratiop.- Upon drying the aqueous dispersion and

volatiliz'ftt.idn'-"‘__éf‘" the . volatile base and water, an enlarged swollen particle
containing'?:a microvoid is formed. “-Because of the formation of microvoids
during drying,'"':th'e aqueous dispersions of the '836 patent is useful as an

opacifying agent in water-based coating compositions.

Kowalski et al., in related U.S. Pat. No. 4,469,825 ('825) d_iscloses core and shell

polymer particles wherein the core is composed of polymeric base and is encased
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Blankenship et al., in U.S. Pat. No. 4,594,363 ('363) also discloses a process for
making core and shell polymer particles useful for opacifying coating films. The
—) | particles disclosed in the '363 patent are prepared by emulsion polymerizing a
core from a core monomer system of at least one ethylenically unsaturated
monomer containing acid functionality, encapsulating the core with a hard shell
by emulsion polymerizing a shell monomer system in the presence of the core.
The shell system is chosen such that the shell permits the penetration of fixed or
permanent bases, causing swelling of the core at elevated temperature. When a

dispersion of the swollen particles is dried, the microvoids cause opacity.

Kowalski et al., in U.S. Pat. No. 4,468,498 ('498) disdoses a similar process as
disclosed in ‘836 for making an aqueous dispersion of core and shell polymers.
The particles disclosed in the '498 patent have a core containing sufficient acid
groups to render the core swellable by neutralization with a volatile base and
have a shell permeable to volatile base. These heteropolymer dispersions are

useful in aqueous coating compositions.

Chip et al., in U.S. Patent No. 4,920,160 ('160) discloses core and shell polymeri}c'
particles having a core formed from monomers having acid functionality and a

shell free of acid groups. The shell is permeable to non-volatile base, such as

sodium hydroxide. The non-volatile base penetrates to the core, neutralizes it,
causing swelling of the core. Swelling is achieved at elevated temperatures in
the absence of organic solvent. These swollen particles, upon drying in a paint or

other composition, have air in the voids and act as opacifying agents.
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2 .Substitute sheet- 2/9/96.  The LCAPs of this invention are
useful to encapsul ate aqueous-contai ni ng conpositions which contain

biol ogically- or chemically-active materials, such as, for exanple.
pesticides, fungicides, and fire retardants. The LCAPs containing the
encapsul at ed bi ol ogi cally- or chem cal I3y-active material can then be used
for controlled rel ease of the encapsul ated material. The process of formng
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encapsul ated within'the core-shell particle. Then, when the LCAP is faqrned,
t he t hi bawingr acenrgocontadning ar splvgesplend. The core emulsion is prepared by

emulsifying in water at high shear a mixture of; hydrophilic solvent;
hydrophobic solvent; monomer, including carboxylic acid monomer; anionic
surfactant; water-insoluble emulsion stabilizer; and water-insoluble thermal
polymerization initiator. The core emulsion is heated to polymerize the initial
monomer, forming the core particles. The mixture is a non-solvent for the
polymer prepared. Subsequently, a base selected from ammonia and organic
amines is added, neutralizing the polymerized carboxylic acid and forming core
and shell particles. Optionally, additional monomer is added and polymerized
on the core and shell particles. These particles are useful as opacifying agents in

coating compositions and also for microencapsulation of organic target materials.

All of the patents discussed hereinabove lead to core and shell particles with
microvoids in the center. It is an essential feature of all the particles disclosed in
the above patents to have a core completely surrounded by the shell. For
example, as stated in column 9, line 46-49 of U.S. Patent No. 4,468,498, properly
encapsulated particles have alkali swellable cores that do not titrate with base
when exposed to alkali metal bases. This implies the core is completely
surrounded. None of the patents discloses core and shell particles with
microvoids having a channel from the core, through the shell, to the exterior .of
the particle. Up until now, the general belief was that channels from the core

through the shell are undesirable if the particles are to be used as opacifying

agents in coating compositions because the channels allow the coating binder to
penetrate to the core, filling the microvoids and destroying their opacifying -

power.

The present invention seeks to provide new particles and processes for making

same.
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According to a second ;”nspect of the present invention there is provided a process
for making water-insoluble polymer particles, preferably in the form of an
aqueous dispersion, comprising (a) sequentially emulsion polymerizing in an
aqueous medium containing a free radical initiator a core monomer system
comprising one or more rhonoethyl‘enically unsaturated monomers and at least
about 5 mole percent of a carboxylic acid or anhydride monomer, whereby
dispersed core particles are formed having an average diameter of from about
0.05 to 1 um (micron); and (b) polymerizing in the presence of the dispersed core
particles resulting from (a), a shell monomer system comprising at least one
monoethylenically unsaturated monomer having no ionizable group to form a
shell polymer on the core particles, wherein any monoethylenically unsaturated
carboxylic acid in the shell monomer mixture is present in an amount of no
more than about 10 mole percent of the shell monomers, the resultant core-shell
particles having an average diameter before neutralization and swelling of from
about 0.07 to 4.5 um (micron), the relative amounts of core-forming monomer(s)
and shell-forming monomer(s) being such that the ratio of the weight of the core
to the weight of the total polymer in the resulting dispersed particles is from
about 1:2 to 1:100; and (c) neutralizing said particles formed with a base so as to

swell said core and form particles containing a microvoid in the core and at least

one channel connecting the microvoids to the exterior of the particle.

According to a third aspect of the present invention there is provided the use of

the particle in an effective amount to strengthen polymer films.

According to a fouth aspect of the present invention there is provided the use of

the particle in an effective amount as an opacifying agent in coating

compositions. .
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Preferably, the particle has one channel connecting the hollow core to the

exterior of the particle.

Preferably, the particle is formed by aqueous emulsion polymerization of

monoethylenically unsaturated monomers.

'Preferably, the base used to swell said core is selected from the group consisting of
ammonia, amines, sodium hydroxide, potassium hydroxide, and lithium

hydroxide, preferably the base is ammonia.

Preferably, at least about 10 mole, preferably at least about 30 mole, percent of said

core monomers have a carboxylic acid group.

Preferably, wherein less than about 5 mole percent of said shell monomers have

a carboxylic acid group.

Preferably, the ratio of said core component to said shell component is about 1:4
to about 1:15. |

Preferably, at least about 85 percent of the particles formed contain a microvoid
in the core and at least one channel connecting the microvoid to the exterior of

the particle.

Preferably, the particle according to the first aspect of the present invention is

prepared by a process according to the second aspect of the present invention.

Preferably, the core monomer having a carboxylic acid or anhydridé group is
selected from the group consisting of acrylic acid, methactylic acid,

acryloxypropionic acid, methacryloxypropionic acid, acryloxyacetic acid,
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Some of the advantages associated with the present invention are that the
particles can be used as control release devices for target compounds, to impart
reinforcing properties to acrylic films, as an opacifying agent in coating

- compositions, and as a supplemenf or replacement of part or all of the
pigmentary material or extenders that would otherwise be used in such coating

compositions.

However, none of the prior art documents discloses core and shell particles with
microvoids having a channel from the core, through the shell, to the exterior of

the particle.

In the process of the present invention, core and shell particles can be produced
by several of the processes discussed above, however, upon swelling of the core
with, for example, a volatile base, a non-volatile base or an acid, the core is
allowed to swell to such an extent that the pressure produced in the core causes
an "explosion.” This explosion, or release of pressure, causes at least one
channel to form from the core, through the shéll, to the exterior of the particles.

These particles have been given the terminology latex capsules or "LCAPs."

The channel through the LCAP's shell allows for equilibration of water-soluble
or water suspended materials between the two phases. This channel facilitates
the rapid equilibration of material between the exterior of the particle and the
interior cavity. In addition to using these latex capsules as control release devices
for target compounds these capsules impart unique reinforcing properties to

acrylic films.
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The above mentioned prior art patents disclose several suitable synthesis
methods for preparing core and shell particles. These particular methods can be
modified to prepare the particles fo the present invention. For example, the
methods disclosed in U.S. Patent Nos. 4,920,160, 4,594,363, 4,469825, 4,468,498 and
4,427,836 can be modified to produce the LCAPs of the present invention.

The core-shell polymers useful in the present invention are preferably prepared
by a muiltistage, sequenﬁal, emulsion polymerization process such as described in
U.S. Patent No. 4,427,836. While the core may be made in a single stage or step of
the sequential polymerization and the shell may be the product-of a single
sequential stage or step following the core stage, the making of the core
component may involve a plurality of steps in sequence followed by the making

of the shell which may involve a series of sequential steps as well.

Thus, the first stage of emulsion polymerization in the process of the present
invention may be the preparation of a seed polymer containing small dispersed
polymer particles insoluble in the aqueous emulsion polymerization medium.
This seed polymer may or may not contain any acid component but provides
particles which form the nuclei on which the core polymer of acid monomer,

with or without nonionic comonomer(s), is formed.

As is common to aqueous emulsion polymers, a water-soluble free radical
initiator is used, such as hydrogen peroxide, tert-butyl peroxide, or an alkali
metal (sodium, potassium or lithium) or ammonium persulfate or a mixture of
such an initiator with a reducing agent, such as a sulfite, (more specifically an
alkali metal metabisulfite, hydrosulfite, or hyposulfite, or sodium formaldehyde

sulfoxylate) to form a redox system. The amount of initiator may be from 0.01 to
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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 30°C to 60°C, more preferably in

the range of 40°C to 60°C.
Any suitable nonionic or anionic emulsifier may be used, either alone or
together.  Examples of the nonionic type of emulsifier include

tert-octylphenoxyéthylpoly(39)-ethoxyethanol, and nonylphenoxyethylpoly(40)-
ethoxyethanol. Examples of anionic emulsifiers include sodium lauryl sulfate,
sodium dodecylbenzenesulfonate, and tert-octylphenoxyethoxypoly- (39)-

ethoxyethyl sulfate. The proportion of emulsifier may be zero, in the situation

wherein a persulfate initiator is used, to about 0.3 weight percent based on the

weight of monomer charged to the first stage of polymerization.

The molecular weight of the polymer formed in a given stage may range from
100,000 or lower if a chain transfer agent is used, to several million. The acid-
containing core polymer, whether obtained by a single stage process or a process
involving several stages, has an average size of about 0.02 to about 1.0., preferably
0.1 to 0.5, more preferably 0.2 to 0.5 pm (micron) diameter in unswollen
condition. If the core is obtained from a seed polymer, the seed polymer may

have an average size in the range of 0.02 to 0.2 um (micron) diameter.

The core component is the product of aqueous emulsion polymerization of one
or more monoethylenically unsaturated monomers containing a group of the
formula -HC=C<, wherein at least about 5 mole percent or more of said
monomers contain a carboxylic acid group or an anhydride group. Examples of

suitable monoethylenically unsaturated monomers include styrene,
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methacrylate, lauryl acrylate, lauryl methacrylate, palmityl acrylate, palmityl
methacrylate, stearyl acrylate, stearyl methacrylate and the like. Examples of
suitable monomers containing a carboxylic acid group or an anhydride group
include acrylic acid, methacrylic acid, itaconic acid, aconitic acid, maleic acid,
maleic anhydride, fumaric acid, crotonic acid, acryloxypropionic acid
methacryloxypropionic acid, acryloxyacetic acid, methacrylic anhydride,
methacryloxyacetic acid, monomethyl acid maleate, monomethyl acid itaconate,

monomethyl fumarate and the like.

Although the core component can be prepared from monomers wherein at least
5 mole percent of said monomers contain a carboxylic acid group or an anhydride
group, it is preferred that at least 10 mole percent of said core monomers have a
carboxylic acid group or an anhydride group, more preferably at least about 30
mole percent of said core monomers have a carboxylic acid group or an
anhydride group. The preferred core monomers having a carboxylic acid group
or an anhydride group are acrylic acid, methacrylic acid, acryloxypropionic acid
methacryloxypropionic acid, acryloxyacetic acid, methacryloxacetic acid,
monomethyl acid maleate, monomethyl acid itaconate, crotonic acid, aconitic
acid, maleic acid, maleic anhydride, fumaric acid and monomethyl fumarate.

The most preferred acid-containing core monomer is methacrylic acid.

After the acid core is obtained, a subsequent stage or stages of emulsion
polymerization is effected to form a shell polymer on the acid core polymer
particles. This may be performed in the same reaction vessel in which the
formation of the core was accomplished or the reaction medium cont'qining the

dispersed core particles may be transferred to another reaction container. It is
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The monomers used to form the shell polymer on the acid core particles may be
any of the monoethylenically unsaturated comonomers mentioned hereinbefore
for the making of the core. The monomers used and the relative proportions
thereof in any copolymers formed should be such that the shell thereby formed
is permeable to organic or inorganic bases. 'In spite of their hydrophobicity, the
extremely non-polar or ldw-polar monomers (namely, styrene, alpha-methyl
styrene, vinyltoluene, ethylene, vinyl chloride and vinylidene chloride) are
useful alone or in admixture with more highly polar monomers, such as vinyl
acetate. Monomeric mixtures for making the shell preferably contain less than
about 10 mole percent, more preferably less than about 5 mole percent of
monomers having a carboxylic acid group or an anhydride group. However, the
equivalents of acid in the shell polymer should not exceed one-third the
equivalents thereof in the core polymer. The content of acid monomers serves
either or both of two functions; namely, stabilization of the final sequential
polymer dispersion and assuring permeability of the shell to a base swellant. The

shell has a glass transition temperature from about -40°C to about 100°C.

The amount of polymer forming the shell component is generally such as to
provide an overall size of the core-shell polymer of about 0.07 to about 4.5 pm
(microns), preferably about 0.1 to about 3.5 microns, and more preferably about
0.2 to about 2.0 pm (microns) in unswollen condition before any neutralization
to raise the pH to about 6 or higher. It is preferable to select the amount of
polymer such that a thin shell is formed which will explode upon neutralization
and form an LCAP upon swelling. In the unswollen, unneutralized state, the

weight ratio of core polymer to the shell polymer ranges from about 1:1 to about
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hacr yi:36; prefetabBcirvhosbpuppilaei aboailditret hacryl oxypr opi oni ¢ aci d,

yl oxyacetic acid, nethacryloxacetic acid, nononethyl acid nual eate,

onet hyl acid itaconate, crotonic acid, aconitic acid, nmaleic acid,

i hydr, i ' . . d
G- Comoethe Sors- B iR SURTBIFET Ibthed (ROPAE s Relfy, sBbRcHrg”
- El ”eCtheapﬁﬂﬁél%ﬁuﬁfltarﬁt&‘gF\nﬁé ot ineegariicebussithat noenmeatesatheshall and
S ected to forma shell polymer on the acid core polyner particles. This
¥ be mautralizes the core. sﬁh@ neutralization xith basegruses the cosershellopolymenne

J © 25,3500l SR8 WS KBRS he s TRl HA £ hakliM%AR Swell to such an
extent as to cause the core-shell particle to explode, forming an LCAP. During
this swelling step, it has been found that LCAPs can most effectively be formed if
the concentration of the particles in the aqueous medium is preferably from
about 15 to 35% by weight.

Any organic or inorganic base can be used to neutralize and swell the core-shell
polymer particles to form LCAPs. These bases include, for example, ammonia,
amines, sodium hydroxide, potassium hydroxide, lithium hydroxide and the

like. The more preferred base is ammonia.

If the glass transition temperature (Tg) of the core or shell is above standard
ambient temperature, it may be necessary to heat the core-shell polymers above
their Tg, or to add a solvent to soften the polymer particles, to effect swelling.
The time of exposure to the swelling agent is from about 0.5 to 24 hours,
depending on the acid content of the core. The greater the acid content, the faster
the degree of swelling and therefore the less the time. If the acid content is low,
the temperature can be increased to facilitate sWelling. The degree of swelling is

also dependent on the hardness of the shell.

The LCAP particles of the present invention are formed using the proceéses
described above, provided the formation conditions are sufficient to allow for the
formation of channels upon swelling of the particles. For example, several
parameters that can be varied are the thickness of the shell, "softness"” of the
shell, acid level of the core, permeability of the shell to the swelling agent, and

exposure time and temperature of the particles to the swelling agent.
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ispersed core particles may be transferred to another reaction container.
A 6 Substitute sheet - 2/9/96 about 2[err] by wei ght of
ge mononer charged and i a redox system a corresponding range (0.01 to
pout 299 of reducing agent may be used2 The tenperature of the aqueous

ful si on polynerization is preferably in the range of about 10[err]C to

Ol e ke 'd@l&?ﬁ SETASY FhVERBORAArOLLLTAN toNdalapORIAIS! AGheotiSldhtAihing
@nditions. In the case of the persulfate systens, the tenperature is

$F of er abbsnpositibns vahigh aintdi biolpgidadlysGirechérgically-attive anateriystsush ase

2 ' f bhly in the. f. 30C to, 7 C f Ly .
T A S pesiite Bragteidy Fod el Serdgt e B CREL Mg,
XY SUT ROLAAALARSF bIIoRTAIY-orr BRI - adBVe BfatdFial cafll A béh 288 @

controlled release of the encapsulated material.

The process of forming an LCAP can also be used to release specific compounds
from the core of a core-shell particle. For example, core-shell particles can be
used as thickeners whereby, prior to LCAP formation, a thickener compositions
is encapsulated within the core-shell partide. Then, when the LCAP is formed,

the thickener composition is released.

In addition, the LCAPs are useful for imparting reinforcing properties to acrylic
films, as an opacifying agent in coating compositions, and as a supplement or
replacement of part or all of the pigmentary material or extenders that would
otherwise be used in such coating compositions. When used to reinforce films
or when used as an opacifying agent, it is preferable the amount of LCAPs be

from about 5 to 40% by dry weight.

Other uses of LCAPs are, for example, in paper coatings and as a method of
separation whereby molecules of particular sizes are trapped within LCAPs of
specific sizes. In paper coatings, LCAPs can be used in topcoats for printing grades
at an amount of from about 1 to 30% of the dry weight. When used in thermally
insulating basecoats for facsimile paper, the amount of LCAP is from about 20 to
90% of the dry weight. '

The present invention will now be described by way of example only.

In the Examples reference shall be made to Figure 1 which is a graph showing the

elastic modulus versus frequency of the films prepared in Example 2.
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t oget her. Exanples of the nonionic type of enulsifier include

t erst - oct yl phenoxyet hyl pol y(39) - et hoxyet hanol , and

nonyl phenoxyet hyl pol y(40) - et hoxyet hanol. Exanples of anionic enulsifiers
i hcl ude sodium | auryl sulfate, sodium dodecyl benzenesul fonate, and
tert-octyl phenoxyet hoxypol y- (39)- etH3xyethyl sulfate. The proportion of
emul sifier may be zero, in the situation wherein a persulfate initiator is

used, 1) 3hoHlenadediindthe PRIIKERin B AmRled Nreny éiightOper@iiftiiges Clalagd o

age oOP polynerization.= ecul ar wei'ght " of the pol yner
f or ned otherwzeiadisitade nay range from 100,000 or lower if a chain transfer
agent is used, to several mllion. The acid- containing core polyner,
whet her obtai ned by a single stage process or a process involving several
stages, has an average size of abo o about 1.0., preferably 0.1 to
0.5, nore preferably 0.2 to 0.5 [e?gf%u%‘%ron) di aneter in unswollen

condition. If the core is obtained froma seed polyner, the seed pol ymer
o oralshell polymer was. prepared by Sequiential ‘emidsion Polymerization as
described in U.S. Patent No. 4,427,836. The composition of the core polymer was
5% butyl acrylate, 65% methyl methacrylate and 30% methacrylic acid. The

composition of the shell polymer was 40% ethyl acrylate, 58.5% methyl
“ methacrylate and 1.5% methacrylic acid. The ratio of core polymer to shell
polymer was 1:7. The shell polymer had a glass transition temperature of 55°C.
The final dispersion of core-shell polymer had a total solids of 48.4%. A sample
was titrated with 0.5N KOH. No core methacrylic acid was detected. Therefore, it
was concluded the core was well encapsulated by the shell. To determine the
amount of core acid expulsed on rupture of the core-shell particle to form LCAPs

and the accompanying water uptake, a portion of the dispersion was diluted to

10% solids and neutralized with 1.5 equivalents of 28% aqueous ammonia. This
mixture was heated to 40, 60 and then 95°C while samples were withdrawn
periodically and then cooled to room temperature. Approximately 30. grams of
each of the heated samples were centrifuged on a Sorval table top centrifuge at
8,000 RPM for 1.5 hours, separating the LCAPs from the aqueous serum. The
supernatant liquid was poured off, the weight noted, and titrated with 0.5 N HCI
using a Radiometer Automatic Titratc_)r. The core acid (pKa around 6.5) was
calculated by:

—mlTiter XO5NAcid  x 100 = % Core Acid Expulsed
(theory meq/g core acid)(g poly)

The water uptake was determined by the followihg calculation:

er) - ids) - 0.4(g solids) = water uptake

olids 2 . Tni
gs -+ This Sheet Has Been Replace
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E core conmponent is the product of aqueous enul sion, polynerization of one
f nor e nonoet hyl eni cal |y unsaturated nononers containing a group of the
Enul a - HC=C<, wherein at |east about 5 nole percent- or nore of said
omers contain a carboxylic acid grouptor an anhydride group. Exanples of
¥l mononers include styr.ene, 7 Surprisingly, the latex capsulates are
bd [ erfye QA'M??%& iONSy a Fpﬁilhﬂnéﬁ) ofi tRe! %rr@éﬁéhQB?SnYéﬂsﬁ@Mﬂ wheNgl the

f ough the she particutarly in coatings with very hi pi gment | oadi ngs
| ow plengel Thoé voas dietermitrechiseparatelyt DOngdlypnex)lofaﬁlmlgm eompagitien uwl

veral suitable s
particle size. yPabr] sl summarizes the data.

TABLE1
ffect i I ia N ization
ncapsulat ig i I
. Time2 Temp Meq acid/ % Core acid in Water Uptake
(hrs) °C  Superpatant.g Supernatant. g Supernatant £H;0/g polymer
+0.5 40 23.68 0.0000 0.0 0.97
, +1.0 40 220 0.0000 . 00 1.47
+2.0 40 21.15 0.0000 Y 1.82
+3.0 40 20.80 0.0029 46 1.93
+17.0 40 19.68 0.0070 107 23
+1.0 60 18.35 0.0136 19.1 275
+2.0 60 20.02 0.0250 : 38.2 219
+17.0 60 20.20 0.0400 612 2.13
+17.0 - 95 20.63 0.0460 720 1.99
1Particle from Example 1 - Core (1 part) 5 BA/65 MMA/30 MAA and shell (7 parts) 40 EA/58.5
MMA/1.5 MAA. All samples were neutralized with 1.5 Eq. ammonia on core acid at 10% total

solids. _
2All samples to be titrated were taken from the same vessel. The time indicates the incremental

time at which the samples were taken.

The data in Table I show that the core-shell polymer, after reaching a certain
degree of swelling (>1.9 g HyO/g of polymer), starts exploding and releasing core
acid into the external aqueous phase; the more swelling, the more exploding.
After around 20% of the core acid has appeared in the aqueous phase, there
appears to be some reduction in swelling which may be due to some relaxation of
the stretched shell after the core has been expulsed.
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bds for preparing core and shell particles. These particul ar nethods
®e nodified to prepare the particles fo the present invention. For
bl e, the nethods disclosed in U S. Patent Nos. 4,920,160, 4,594, 363,
0825, 4,468,498 and 4, 427,836 can bg nodified to produce the LCAPs of
epr esent i nvention. The core-shell pofyners useful in the present
ntion are preferably prepared by a nmultistage, sequential, enulsion
yneri zation process such as descrixaedpleri2 U. S. Patent No. 4.427, 836.

e the core may be nmade in‘a single stage or step of the sequenti al
merization and the shell may be the product of a single sequenti al

he or, st win a CPr o |

g i nvd}r\‘/eﬁgAgo Ff%élffl%sgg’{)q‘d% g;t§qt1 ehge %fwg% h‘&ﬁt hg &ng [ ﬁgQ{)}glttahe

|1 Wha¢eBhell (5% gl aefyiate, 76, %%@fﬁyla}heﬁ{a%ayla@é andl 1.5% bvsthatRgic

gst stage of enu SIOﬂ ol yrneri zation in tthe process of the present
i ifent | acidipy pertibe wassavallemwith aceseanmloymratdemmmtmssmhdwe 80°C
di 4 per sed poI yner particles insoluble in the aque}?us enul SI_PII;I
pofy mer Wt g}p%@? Gthe core acid was expulsed into the serum. is LCAP was
evaluated as a reinforcing agent for polymer films. Films were prepared using
no, 5 and 10% core/shell polymer (unswollen, no channel) and 5 and 10% of the
LCAP with a polymer having a composition of 98.2 BA/1.8 MAA. A 30 mil film
’ was formed from each composition and dried for two weeks. The physical
properties of these films were measured and the results are shown in Table 2 and
Figure 1. Figure 1 is a graph showing the elastic modulus versus frequency of the
films prepare in Example 2. Films d and e containing LCAPs are stronger and

have less elongation and are thus more reinforced than the controls a, b and c.

TABLE2
FI - RS: AVER
HEAD = N (0. AP =0. 1.27

BREAK YIELD
STRGTH % ELONG STRESS :

SAMPLE* (PSD kgm-2 x102 (PSI) kgm=2 .

a (Comparative) (27.5) 19333 44 (9.0) 6327

b (Comparative) (29.2) 20528 4.0 (10.0) 7030

c (Comparative) (28.1)19754 3.6 (10.9) 7663

d (306) 21512 34 (14.0) 9842

e (344)24183 2.7 (24.7) 17364

*a-(98.2 BA/1.8 MAA) + no LCAP
b-(98.2 BA/1.8 MAA) + 5% core/shell polymer (unswollen, no channel)
c-(98.2 BA/1.8 MAA) + 10% core/shell polymer (unswollen, no channel)
d-(982BA/1.8 MAA) + 5% LCAD
e-{982BA/1.8 MAA) + 10% LCAP
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I's seed polynmer may or may not contain any acid conponent but provides
rticles which formthe nuclei on which the core polyner of acid nmononer,
th or without nonionic conobnoner(s), is formed. As is conmobn to aqueous

| sion polynmers, a water-soluble free radical initiator is used, such as
drogen peroxide, tert-butyl peroxide,,,or an alkali netal (sodium
tassiumor lithiunm) or annnnlunlperSJV?ate or a mxture of such an
itiator with a reducing agent, such as a sulfite, (nore specifically an
kali netal netabisulfite, hydrosdﬂQﬂNL_lﬁéhyposulflte or sodium

oo fromo.01 to & mirRBRri o pEARY R ReRd LaleRomot nyl aci d mal cate,
nonet hyl acid it i taconat e,
A 5-liter flask equipped with paddle stirrer, thermometer, nitrogen inlet, and
reflux condenser was charged with 2000 grams of deionized water. The water
was heated to 85°C under nitrogen atmosphere with stirring and 0.4 grams of
- Alipal EP-110 (ammonium salt of sulfated alkylphenol ethoxylate, 9 moles of
ethylene oxide, 30% solids) was added to the flask. Then 164 grams of a
monomer emulsion was added to the flask. The monomer emulsion was
prepared from 770 grams of deionized water, 5.2 grams of Alipal EP-110, 780
grams of methyl methacrylate, and 10.4 grams of methacrylic acid. This was
followed by the addition of 5.5 grams of sodium persulfate dissolved in 40 grams
of deionized water. The temperature of the reaction mixture was allowed to rise.
To the previously prepared monomer emulsion, an additional 20 grams of
Alipal EP-110 and 510 gréms of methacrylié acid were added. Fifteen minutes
after the addition of the sodium persulfate solution to the fla'sk, a _gr-adual
addition of the remaining monomer emulsion was beguh at a rate of 15
grams/minute. The temperafure was allowed to rise to 85°C, where it was
maintained throughout the monomer addition. Fifteen miﬁuteé after the
monomer addition was completed, thg reaction mixture was cooled to 25°C.
Then the product was filtered through a 100 mesh screen. The product had a pH
of 2.5, 30.0% total solids and an average particle diameter of 218 nm- (Coulter

Nano-Sizer).

This Sheet Has Been Replac
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Preparation of Core/Shell Particle

i
To a 5-liter flask equipped with paddle stirrer, nitrogen inlet, reflux condenser,
and thermometer was added 2350 grams of deionized water. The water was

heated to 80°C under nitrogen atmosphere and then 1.7 grams of sodium



bni ¢ acid, aconitic acid, maleic acid, maleic anhydride, fumaric acid,

et hyl fumarate, and nethacrylic anhydride. Preferably, the core

gher having a carboxylic acid group is nethacrylic acid. Some of the

gt ages associated with the present invention are that the particles can
sed as control-rel ease devices for tjgrget conpounds, to inpart

forcing properties to acrylic filnms, as an opacifying agent in coating

comjosi tions,. and.as a supp|ement or .repl acenent art.or.abl of th

o afent drotinBr i e AR ENE EFSme irioREREE ST HoB s DL iRyt the
‘ I ng i5i & [ ¢ r [4 .

Cor b andrapay st ety W GResifit BF ERRgIpIE iveRlachicd REBITRILE. P aRomnger

t hr pugh drhalsibe|df S0t granhe of xietonieed avatene2. Pagrais of Alipal BP-p10,2Hsgaims bé

prepent invention, core and shell particles can_be produced by several of

t he] pr ocdnybacetate 8% gramsof methyd/methagrylaten8i0 grams of (13-bagylene glycol

dimethacrylate, and 4.0 grams of methacrylic acid was then gradually added to

the flask over 75 minutes. The temperature was allowed to rise to 80°C where it
was maintained throughout the addition of the monomer emulsion.

- Concurrent with the addition of the monomer emulsion, 1.3 grams of sodium

persulfate dissolved in 60 grams of deionized water was gradually added to the
flask at a rate of 0.5 grams/minute. Ten minutes after the completion of the
monomer addition, 45 grams of 28 percent aqueous NH3 was added to the flask.

A second monomer emulsion of 37.5 grams of deionized water, 1.7 grams of
Alipal EP-110 and 300 grams of styrene was .gradually added to the flask over 47
minutes. The temperature was allowed to rise to 85°C where it was maintained
throughout the monomer addition. After the completion of the monomer
addition, 1.3 grams of sodium persulfate dissolved in 60 grams of deionized
water was added to the flask. The temperature of the reaction mixture was
maintained at 85°C for 30 minutes, then cooled to 25°C. The product was filtered
through a 100 mesh screen. The product had a pH of 9.7, a total solids of 20.6
percent, an average particle diameter of 0.66 pm (microns) (Coulter Nano-Sizer),
titratable acid of 27.5-percent of theoretical (see following section on Polymer
Characterization Part A), dry bulking value of 0.2296 gallon/lb (2 1/kg) (see
Polymer Characterization Part B). When viewed by optical micfoscopy (see
Polymer Characterization Part C), nearly every particle was seen to contain a
single dark spot in the center, indicative of an encapsulated air bubble and when
viewed by transmission electron microscopy (TEM), the polymer particles were

seen to have light centers with dark and complete shells.
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‘'th, for exanple, a volatile base, a non-volatile base or an -acid, the
bre is allowed to swell tqQ such an extent that the pressure produced in
ie core causes an "explosion." This explosion, or release of pressure,
huses at | east one channel to formfromthe core, through the shell, to
$he exterior of the particles. These p I cl es have been given the

3 m nol ogy | atex capsules or "LCAPs." e channel through the LCAP' s shel
% | ows for equilibration of water-soluble or water suspended naterials
#btween the two phases. This channelEXample Pates the rapid equilibration of
it erial between the exterior of the particle and the interior.cavity. In
jdi tion to using these | atex capsul es as control rel ease devices for

Ar get ‘i‘#{?%ﬁf’e’i‘ fihgs "eqﬁiﬁ‘ﬁﬁé’&%ith@@&&lé’@ﬁﬂ‘éﬁ hf&@é@ﬁ GhIM, PERRR'dorRfenser,

arrylic

and thermometer was added 2350 grams deionized water. The water was heated
to 80°C under nitrogen atmosphere and then 1.7 grams of sodium persulfate
dissolved in 40 grams of deionized water, followed by 267 grams of the acrylic
. seed polymer dispersion of Example 3 was added to the flask. A monomer
emulsion of 50 grams of deionized water, 2.0 grams of Alipal EP-110, 200 grams of
vinyl acetate, 196 grams of methyl methacrylate, and 4.0 grams of methacrylic
” acid was gradually added to the flask over 75 minutes. The temperature was
allowed to rise to 80°C whefe it was maintained throughout the addition of the
monomer emulsion. Concurrent with the addition of the monomer emulsion,
1.3 grams of sodium persulfate dissolved in 60 grams of deionized water was
gradually added to the flask at a rate of 0.5 grams/minute. Ten minutes after the
completion of the monomer addition, 45 grams of 28 percent aqueous NHj was
added to the flask. A second monomer emulsion of 50 grams of deionized water,

2.0 grams of Alipal EP-110 and 400 grams of styrene was gradually added to the

flask over 52 minutes. The temperature was allowed to rise to 85°C where it was
maintained throughout the remainder of the monomer addition. After the
completion of the monomef addition, 1.3 grams of sodium persulfate dissolved
in 60 grams of deionized water was added to the flask. The temperature of the
reaction mixture was maintained at 85°C for 30 minutes, then cooled to 25°C.
The product was filtered thrbugh a 100 mesh screen. The product had a pH of
- 9.8, a total solids of 22.4 percent, an average particle diameter of 0.65 um
(microns) (optical microscopy), a total titratable acid of 86.8 percent (see Polymer
Characterization Part A), and a dry bulking value of 0.2465 gallon/Ib (2 1/kg) (see
Polymer Characterization Part B). When viewed by optical microscopy (see
Polymer Characterization Part C), few particles had dark centers; this is due to the
~ ability of the immersion oil to readily fill the microvoids through the channels

in the shell. When viewed by transmission electron microscopy (TEM), the
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FAccording to a fifth aspect of the present invention there is provided

fe use or the particle in an effective anount in a paper coating
fnposi'tions. Preferably, the particle has one channel connecting the

| | ow core to the exterior of the particle. Preferably, the particle is

k med by aqueous enul sion pol yneri zat i1 n of nonoet hyl enically unsaturated
fhoners. Preferably, the base used toSwell said core is selected fromthe
foup consi sting of ammoni a, am nes, sodi um hydroxi de, potassium hydroxide,
H it polymaydpanticles werd aegbl Yo t havedight seatersndae bp edeedNQidsawitlrast
gout 10 nol e, .preferafply at ] east .gbout 30 nol e ercent of said core
norrer%h‘H%Rﬁis é‘eég?lﬁ’g‘fa?disﬁﬁcﬁe”&agﬂa 'Il‘ig}‘g@é?%’rrwﬁ%\ﬁﬁ?el&i n less than about
¥ ol e percent of said shell nonomers have a carboxylic acid group.

Example 6

The core-shell polymers of Examples 4 and 5 were compared in coatings
. containing a low level of pigmentation: 15 parts (solids) core-shell polymer with

85 parts (solids) of a film-forming latex with composition 65% butyl acrylate, 34%

' methy! methacrylate and 1% methacrylic acid (by weight). The blends were
/’ drawn down on black viny! charts (The Leneta Co., Form P-121-10N) with a 7 mil
Dow Appliczitor and the films were allowed to dry in a refrigerator at 1° C. The
_ dry films (1.7 mils thick) were examined by optical microscopy and Kubelka-
Munk scattering coefficients (S) were measured by the method of Minton and
Jacobson (Off. Digest, Sept. 1963, pp. 871-911) as a quantitative measure of
microvoid coritent and opacity of the dried films. The film containing the core-
shell particles of Example 5 was clear and no microvoids could be seen by
microscopy due to binder filling the cores through the channels; S/mil (5/0.00254
cm) was 0.00. The film containing the Example 4 comparative particles was
‘ whitish due to microvoids which could be seen easily with the microscope a,t

900X and were around 500 nm in diameter; S/mil (S/0.00254 cm) was 0.1 hus,

the comparative particles (Example 4) with no channels through the shells are

the better opacifiers in these films with high binder content. In Example 7 below,

the same two core-shell particles were compared in films with high pigment

L VW S

content (62.5% by volume) and the opacifying performance is reversed: the

particle with channels (Example 5) surprisingly are the better opacifiers.

i : Polymer Characterization .
A. Titr. le Acid Determinati

To 20 grams of polymer dispersion from Example 4 or 5, was added 40 grams of
deionized water. Next, 10 grams of Amberlite (R) IR-120 Plus (H) -20+40 ion
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ef erably, the ratio of said core conponent to said shel lizconponent is

fout 1:4 to about 1:15. Preferably, at |east about 85 pef}-’;-fcenTh‘ et Hes Been Replaced

}ticl es fornmed contain a mcrovoid in the core and- at I’eaSt_l" .
nnecting the mcrovoid to the exterior of the particle. Pref M”
rticle according to the first aspect gf the present invention i's pr :
a process according to the second aspect of the present invention.
BRcferably, the care nmononer havjng a carboxyljc acid or anhydrjde group is

W cct e8x¢Ehange Kesigr was adnrd an g\%ﬁda&wrpesfafcf%ﬂ 20 antnntest ﬁ\sc xture

Y OXYPISOMN biftePd Ined B BRELICHIERA IR’ ARG thél 1R SthRANEE FELin"aR e

total solids were determined. 20 grams of the treated dispersion were titrated

with 0.5 N NaOH to a final pH of 11.5. The milliequivalents of acid titratable
(from pH 5 to pH 9.5) per gram of polymer titrated were determined. Next, the

=
..g
A
o

milliequivalents were divided by the theoretical total carboxylic acid, and
~expressed as milliequivalents per gram of polymer; then multiplied by 100. The

result was the titratable carboxylic acid expressed as percentage of total acid.

C’ B; Determination of Dry Bulking Value
A portion of the polymer dispersion from Example 4 and 5 was diluted to 18%
total solids. Similarly, a polymer dispersion pre?ared in the same method as
- Example 4 and 5, except for the addition of 28% aq. NH3 was treated. 40 g of each
diluted dispersion was added to two separate 50 ml centrifuge tubes. The
samples were centrifuge at 15,000 RPM for 50 minutes (Sorvall Superspeed
Centrifuge equipped with S5-34 rotor). The sample was decanted and the clear

supernatant weighed. The density of the undiluted polymer dispersion from

Example 4 and 5 were separately determined. The dry bulking values were

determined using the following equation.

BVary = [1-(1-x) (diatex )1 [ (diarex ) (x) (40-2)] -1(0.1202) (40-y)

where:  x = solids of undiluted polymer dispersion
y = weight, in grams, of supernatant from neutralized latex
z = weight, in grams, of supernatant from unneutralized latex
diatex = density, in grams/cc, of the undiluted polymer dispersion

(0.1202 = converts from cc/g to gallons/Ib)

~o—

A sample of polymer dispersion from Example 4 and 5 was dried to a powder.

The dry powder was immersed in hydrocarbon oil (np = 1.51) and viewed by




ording to a first aspect of the present invention there is provided a
ticle conprising a hollow core, surrounded by a shell, and at | east one
annel connecting the hollow core to the exterior of the particle and
brein said particle has an average dianeter of fromabout 0.1 to about

) [err]m (mcron). According to a sec@hd aspect of the present invention
pre is provided a process for maki ng water-insol uble polyner particles,

Al erabl v.in - of A | bl - aining
juent | :R(t I“%/al er?xmﬂ[erg;géﬂ%ollﬁrt&e ?Q# g iérngé aé@e‘gggnﬁgmﬁ onpglﬁ')r?i %%ngl?lrn ge
i cal difjlel AlieFovoidier witlD Beplety Shells, caanyi sarticlenavioh dadkecenters were
¥ahoet hyl eni cal |y unsaturated nononers and at |east about 5 nole percent of

g% ar borseenc(Bxarple Qnhjkithepolymeredisparsicsbyvan spade dip fr paptieles cwith
o f d havi di t f f t Q. to 1 . .

(o cr on)RicIRiOId PERROHSARIKGVER. EReniris BRRRER the, hells fBrd pp¥HEleS with
paf ti cl %ﬁfiﬂr&wwé&%&ﬁkma@gkﬂés WRHPERARAYIS tREDGERNHESINULL Ble kil

one nonoet ni cal l'y unsat ur at mononer having no 1onizable group to form
visible (Example 5).

EXAMPLE7

f. Two paints were formulated both of whose pigment volume concentrations
were 9% Ti-Pure R-900 (TiO2), 18.5% Optiwhite P (clay), 10% Veramite (calcium
carbonate) and 25% of the polymers of Examples 4 and 5; the paint volume solids
were 33% in both cases: the Ti-Pure R-900 (99.3 parts by weight), Optiwhite P
(112.4 parts) and Veramite (74.6 parts) were dispersed in 112.5 parts of water, 23.2
parts of ethylene glycol, 4.8 parts of 30% Tamol 850 dispersant, 2 parts of Colloid
643 defoamer and 2 parts of AMP-95 auxiliary dispersant using a Cowles Model 1-
V] Dissolver at high speed. At slower speed, Colotrend B lamp black dispersion
was added to give a final dry paint Y-reflectance of around 50%. To half of the
above tinted grind was added 109.2 parts of UCAR 367 latex binder (vinyl

acetate/butyl acrylate copolymer, 55% solids), 86.6 parts of the hollow core-shell
dispérsion from Example 4, 3.2 parts of Texanol coalescent, 1 part of Colloid 643,
0.5 part of Nuocept 95 preservative, 7.5 parts of 32% Acrysol TT-935 thickener, 1
part of 28% aqua ammonia, and 96.1 parts of water. A second paint was
formulated similarly using the other half of the tinted grind only 75.2 parts of the
polymer dispersion from Example 5 was used and the water was increased to
107.5 parts. The dry bulking values measured in Exémple 4 and 5 were used to
calculate the amount of core-shell dispersion required to give 25% volume

concentration. Both paints were allowed to equilibrate for three days and then

P N A R T .

were drawn down on vinyl charts with a 7 mil (0.0178 cm) bar and allowed to dry

for 7 days at 75°F (23.9°C) and 50% relative humidity. The dry films were around
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ell polynmer on the core particles, wherein any nonoethyl enically )
saturated carboxylic acid in the shel

nonomer m xture is present in
gount of no nore than about 10 nole percent of the shell rnononers, the

bsul tant core-shell particles having appaverage dianeter before
butral i zati on and swelling of fromabout 0.07 to 4.5 [err]m (m cron), the
bl ati ve anmounts of cqre-form,ng non r(s) andg,shel.l -form

B 1o <o i 0 0% R RSO AR FOMBIY Brae RefEeate rR deT e Rk
@t al pol yeer jn the re ' | i Gl | anél’ aUeApRd 01458 aad
%d 100; a‘ﬁﬁth( é)tﬂg{fﬁa&fii g"l&lﬁ%&%%f‘ (gar f‘?%lqets}?s;%dr‘ﬁrr‘ggﬁ% t§ ﬂ a base so as to
el | sap 474 0r8paaivdlg! FePeid Exhetpleanandrd pairttsmi Froav MubelkaiMenkotteaayd -
3} | east one chBnnel  2onnect | ng the microvoids to the exterjor of the

it

rticl eS/Kce@RY (rR)ovherd R is thepeaflectanaenef pribickn{opaus) fibp and Seand K

povi ded the use of the particle jin an

R

. ffectiv mount. t o strengihen.
§ yrer aia Hae SReteriangha ASRBLOR GSRIGentS ohehp ARl SRIERVEDN CHere
. °¥;9§§5§;{5§5&53r8“um€1 RAth! fHe® shihe?QoRELAThHYR B IMMp Bladl, RPORGAIHEND

assumed to be constant and R will vary directly with S. From the above

an

" equation, S is 10% higher in the paint made with Example 5 dispersion of this
invention than in the paint made with Example 4 dispersion of the prior art; the

¢ higher S value means that in thin paint films, the Example 5 paint will be more
opaque than the Example 4 paint at equal thickness.

In the specification the following trade marks have been used: Acrysol (Rohm
and Haas Company); Alipal (Rhone-Poulenc); Amberlite (Rohm and Haas

Company); Nuosept (Nuodex); Optiwhite (Burgess pigment Co.); Texanol
(Eastman Kodak); Veramite.
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posi tions. 11 U.S. Patent No. 4,677,003 to Redlich et al: relates to
sequent pol ymeri zation process for preparing a water-insoluble dispersion
j core and shell particles having a core containing a solvent blend. The
e enmulsion is prepared by enul sifying in wet efhigdheltirgbBsh®aplacai M Xt ure

hydrophilic solvent; hydrophobic solygent; rmn carboxylic
d nononer; anionic surfact ant ; vvater-l nsol ubl e’ m EwE EHHMI | zer; and
& er-insol ubl e t her mal pol ymer i zation i nltlator | OR:i S
ght ed tG%GlSymarlze the initial nonomer, forming the core particles. The
m'ture is a non-solvent for the polymer prepared. Subsequently, a base
s ected from ammoni a and organic
1. A partxcle comprising a hollow core, surrounded by a shell, and at least one

channel connecting the hollow core to the exterior of the particle and wherein

said particle has an average diameter of from about 0.1 to about 5.0 um (micron).

2. The particle of claim 1 wherein said particle has one channel connecting the

hollow core to the exterior of the particle.

{* 3. The particle of claim 1 or claim 2 wherein said particle is formed by aqueous

emulsion polymerization of monoethylenically unsaturated monomers.

4. A process for making water-insoluble polyrﬁer particles, preferably in the form

of an aqueous dispersion, comprising

- (a) sequentially emulsion polymerizing in an aqueous medium containing a free
radical initiator a core monomer system comprising one or more

monoethylenically unsaturated monomers and at least about 5 mole percent of a

carboxylic acid or anhydiide monomer, whereby dispersed core particles are

formed having an average diameter of from about 0.05 to 1 pm (micron); and

(b) polymerizing in the presence of the dispersed core particles resulting from (a),
a shell monomer system comprising at least one monoethylenically unsaturated
monomer having no ionizable group to form a shell polymer on the core:
particles, wherein any monoethylenically unsaturated carboxylic acid in the shell
monomer mixture is present in an amount of no more than about 10 mole
percent of the shell monomers, the resultant core-shell particles having an
average diameter before neutralization and swelling of from about 0.07 ‘to 4.5 um
(micron), the relative amounts of core-forming monomer(s) and shell-formmg
monomer(s) being such that the ratio of the weight of the core to the wexght of

e
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es i s added, neutralizing the polynerized carboxyticacidand form ng
and shell particles. Optionally, additional nONOMEfs dhset BeLREL Ropliced

erized on the core and shell particles. These parti |  as
i fying agents in coating conpositions and al so’.for Em I}Eﬂm 1 i-in
rganic target materials. Al of the pgjents discuss | ead

“@ore and shell particles with microvoids in the center. It is an

d@ntial feature of all the partjcles.disclgsed.in the abov tepts 1Qu:
% Cotae il pRlyrenin MReiasulting SispaRed paislesatirors bgbt f2, Bt dpo;
col gm 9,aIine 46-49 of U. S. Patent No. 4,468,498, properly encapsul at ed
par t§i cl es fSve alkali swellable cores that do not titrate with base when
expdsed to al kali metal bases. This inplies the core, is conpletely
ounded. None of the patents discloses core and shell particles with
ovoi d¢c)meutralizinghsaidgpartictes fomerbwith athasegb ashe swellisaid corerand form

extgrior of the particle. Up until, now, the genesral  belief s t hat .
charlnel s BasHleRcantatng o Fatrovaic i the Focd andeet least one Caapslronnecing

are fto be Hsei ASvORAC] W Exterior of the particle.

5. The process of claim 4 wherein said base used to swell said core is selected
from the group consisting of ammonia, amines, sodium hydroxide, potassium
f? hydroxide, and lithium hydrbxide, preferably the base is ammonia.

6. The process of claim 4 or claim 5 wherein at least about 10 mole, preferably at

least about 30 mole, percent of said core monomers have a carboxylic acid group.

7. The process of claim 4 or any claim dependent thereon wherein less than

- about 5 mole percent of said shell monomers have a carboxylic acid group.

8. The process of claim 4 or any claim dependent thereon wherein the weight

|' ratio of said core component to said shell component is about 1:4 to about 1:15.

9. The process of claim 4 or any claim dependent thereon wherein at least about
85 percent of the particles formed contain a microvoid in the core and at least

one channel connecting the microvoid to the exterior of the particle.

10. Thé particle according to claim 1 prepared by a process according to claim 2 or

any/claim dependent thereon.
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nts in coating conpositions because the channels allow the coating
Jder to penetrate to the core, filling the mcrovoids and destroying
li r opacifying power. The present invention seeks to provide new
ticles and processes for meking sane 12 in a shell polyner perneable
an acid, such as acetic acid. The p%ﬁyrreri Cc case core is neutralized

svvollen with the acid. Simlar to the 836 patent,
t he aci d-swol | en, pol yrmBSTRwG'E @BrTHErDISﬁIc@SUREld shel |l particles of

' 825 patent is useful in maki ng wat er - based coating conpositions,
grein mcrovoids are forned .

\

swol | en particles upon

‘Core and shell polymeric particles are described that have microvoids in the core

and one or more channels connecting the microvoids to the exterior of the
particle. These particles, or LCAPs are produced by forming a core of polymeric

acid, encasing the core in a shell polymer permeable to base, and then

. neutralizing the core such that the core swells, causing the shell to “"explode” in a

controlled fashion. This controlled explosion causes channels to form in the
shell.. These particles can be used as control release devices for target
compounds, to impart reinforcing properties to acrylic films, as an opacifying
agent in coating compositions, and as a supplémeﬁt or replacement of part or all
of the pigmentary material or extenders that would otherwise be used in such

coating compositions.
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ying. Blankenship et al., in U S Pat. No. 4,594,363 ('363) also

scl oses a process for nmaeking core and shell polynmer particles useful for
acifying coating filns. The particles disclosed in the '363 patent are
epared by enul sion polynerizing a CO?% froma core nononmer system of at
ast one ethylenically unsaturated nofonmer containing acid functionality,
capsulating the core with a hard shell by enul sion polynerizing a shel
noner system-in the presence of tH&GUREJ The shell systemis chosen
such that the shell permts the penetration of fixed or pernanent bases,
cpusing swel ling of the core at elevated tenperature. Wien a di spersion of

the swol |l en particles_Ls,dtd t ' ' ntar ~kKowal ski et
al., in US. Pat. NOELA@Ti&B Wﬁfﬁﬁs xgmﬁEngéess as .

di sclosed in '836 for maki nNEFLaTR2EqRABIASZ SEBBS: 88 @ 22T and shel |

pol ymers. The particles disclosed in the '498 patent have a core containing

sufficient aciydgggsypsyto render the core swellable by neutralization with
a volatile base and 7 .
1. 00E+06 —
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J -
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Q
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i Lt 1.00E+05 —
* :
1.005”‘— - . r ™I T L] ) . g T v e
1. 00E-O1 1. 00E+00 1.00E+01 - 1. 00E+02
FREQUENCY (RAD/SEC) b
SAMPLE ID a. %=t  NO FILLER b, #»a—s  5X SHELL )
c., B—2—2 10X SHELL (4, o= SX LCAP
e, v 10X LCAP
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have a shell perneable to volatile base. These heteropol ynmer di spersions
are useful in aqueous coating conpositions. Chip et al., in U S Patent No.
4y 920, 160 (' 160) discloses core and shell polyneric particles having a core
formed from nononmers having acid functionality and a shell free of acid
groups. The shell is perneable to n#gf-pol atil e base, such as sodi um
hydr oxi de. The non-vol atil e base pe rates to the core, neutralizes it,
causing swelling of the core. Swelling is achieved at el evated tenperatures
in the absence of organic solvent, These swollen particles, upon drying in
a paint or other conposition, have air in the voids and act as opacifying
agents. 13 Al percentages in the foll ow ng Exanpl es are wei ght
per cent ages unl ess

ELASTIC MODULUS VS FREQUENCY

HLL-7228, RMB1662 SERIES, 50C,2-0 /s STRAIN

1.00€ +07

1.00€+06

ELASTIC MODULUS
1

1.00E+05+

1.00E+ 04 — ————————————

1.00E-01 1.00E .00 1.00€ .01 1. ﬂﬂE 02
FREQUENCY (RAD/SEC)

SAMPLE ID a. %>  ND FILLER b ===  5°/LSHELL

c-0-68-8- 10%SHELL d.-¢—<+ 5%LIAP
e YY¥Y—¥ 10%LCAP
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otherw se indicated. Exanple 1 Core-shell polynmer was prepared b]‘”ﬁw .

sequential enul pA] yneri zation as described in U S. Patent No.

4, 4275 836 ' \i on of the core polynmer was 5% | yl 9665% -
et Tias o\ 30% nethacrylid acid. The fie ofibie” Ao 7))

pol y nETaEREE" 46" \adryl ate, 58.5% nethyl nethacrylate and 1.5%

met hagr Xakio of core polyner to shell polynmer was 1:7. The
shel | Y transition tenperature of 55[err]C. The final

di sper g ( ' pOl ymer had a total solids of 48.4% A sanple was
titrate§ w : C

No core mpihassiito aetidieas detected. Therefore,
d"the core was well encapsul ated by the shell. To determ ne
Oof core acid expul sed on rupture of the core-shell particle to

form LCAPS and 1,06 a6 ROREAMEn QIR S Tooth&iCparficeQr Li on of the dispersion
was diluted to 10% solids and neutral’i Zed wi%h 1.5 equivalents of 28%
aqueous ammoni a. This _

In particulzir, the present invention is concerned with core and shell polymeric
particles having microvoids in the core and one or more channels connecting
the microvoids to the exterior of the particle. These parricles can be produced by
forming a core of polymeric acid or base, encasing the core in a shell polymer
permeable to base or acid, and then neutralizing the core such that the core
swells, causing the shell to "explode” in a controlled fashion. This controlled
explosion causes channels to form in the shell. The particles can be used as
control release devices for target compounds, to impart reinforcing properties to
acrylic films, as an opacifying agent in coating compositions, and as a supplement

or replacement of part or all of the pigmentary material or extenders that would
otherwise be used in such coating compositions.

In the prior art, Kowalski et al., in U.S. Pat. No. 4,427,836 ('836), discloses the
| production and use of an aqueous dispersion of water-insoluble particulate
heteropolymers made by sequential emulsion polymerization. The particles
disclosed in the ‘836 patent have a core of polymeric acid encased in a shell
polymer permeable to volatile bases, such as ammonia or an organic amine. The
shell is not permeable to permanent, non-volatile bases such as sodium
hydroxide. When the particle is exposed to a vblatile base, the base permeates
the shell and at least partially neutralizes the polymeric acid core, causing the
core to swell because of hydration. Upon drying the aqueous dispersion and
volatilization of the volatile base and water, an enlarged swollen particle
containing a microvoid is formed. Because of the formation of microvoids

during drying, the aqueous dispersions of the '836 patent is useful as an
opacifying agent in water-based coating compositions.

Kowalski et al., in related U.S. Pat. No. 4,469,825 ('825) discloses core and shell

polymer particles wherein the core is composed of polymeric base and is encased
o | _ REPLACEMENT SHEETS SG
- ™ Description : paged ... to x
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mi xt Jrﬁg}wa\SEME&ﬂ SHEED 40, 60 and then 95[err]C while sanples were w thdrawn
peri ¢di T theh ftooled to roomtenperature. ApprOX| mately 30 grans of

eachloff t anpl es were centrifuged on a Sorval table taop
cent Ai fug&gﬁt‘% RPM for 1.5 hours, <eparating tﬁﬂ?ﬁsﬁﬂﬂi@ shegth + 2(9/96

aqueduq_serum.-Fhe A*le rnatant |iquid was poured off, the weight noted, and
tiftrated with 0.5 N HCO} using a Radioneter Automatic Titrator. The core
aci d PP o \ahes G Gt Qe Qbéetv.m mT'eE@{pQﬁl'pce Sadhidfiiseontathid®0 = %
Core Acid pul sed (theory meq/g core acid)(g poly) The water uptake Was

det er ni ned doynpduitidmd Wowhepréandupkegicody- of ghts'ampug-asup%mawﬂglbsa‘llqwes
0.4(g soli drgr exa&’aptlee,rpelémﬁiég. Qm%?én’i&? and fire retardants. The LCAPs containing
the encapsulated biologically- or chemically-active material can then be used for

controlled release of the encapsulated material.

The process of forfning an LCAP can also be used to release specific compounds
from the core of a core-shell particle. For example, core-shell particles can be
used ds thickeners whereby, prior to LCAP formation, a thickener compositions

is encapsulated within the core-shell particle. Then, when the LCAP is formed,
the thickener composition is released.

In addition, the LCAPs are useful for imparting reinforcing properties to .acrylic
films, as an opacifying agent in coating compositions, and as a supplement or
replacement of part or all of the pigmentary material or extenders that would
otherwise be used in such coating compositions. When used to reinforce films

or when used as an opacifying agent, it is preferable the amount of LCAPs be
from about 5 to 40% by dry weight. '

Other uses of LCAPs are, for example, in paper coatings and as a method of
separation whereby molecules of particular sizes are trapped within LCAPs of
specific sizes. In paper coatings, LCAPs can be used in topcoats for printing grades
at an amount of from about 1 to 30% of the dry weight. When used in thermally

insulating basecoats for facsimile paper, the amount of LCAP is from about 20 to
90% of the dry weight.

The present invention will now be described by way of example only.

In the Examples reference shall be made to Figure 1 which is a graph showing the

elastic modulus versus frequency of the films prepared in Example 2.
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~ o1 ACEASENT Gib : . . . .
14 The BeAthetHEMT i SHEEL hpproxi mation of the correction for interstitial
wat er ji i the plug. This}jwas determ ned separately on polyner of simlar

corrpo‘ 3QEP 994 i ¢l ¢ size. Table 1 summarizes the data. TABLE 1 Effect
of Tine aﬁlmd Tenperat uteton the Ammonia Neditral i zat i onSubstitutesheknat igrgah

Acid GoresferTi—Tirme[er]] Tenp NEq aci a/ YCor e
acid ifn Wat er_Upt ake (hrs) [err]C Supernat ant g Supernat ant
Super natant g Herr]Q g polynmer +0.5 40 - 23. 68

0. 0000 1:20, prerer'\bﬂ)v €rom about 1:1 10 .ABGuL 1Y 40 22. 20

0. 0000 0.0 1.47 +2.0 40 21. 15

0. 0000 0.0 1.82 +4.0 40 20. 80
~0. 0029

" Once the coreéh@ll polymer pariio:lgé3 are formed, they are swollen by subjecting
the particles to an organic or inorganic base that permeates the shell and
neutralizes the core. This neutralization with base causes the core-shell polymer
particles to absorb water from the surrounding medium and swell to such an
extent as to cause the core-shell particle to explode, forming an LCAP. During
this- swelling step, it has been found that LCAPs can most effectively be formed if

the concentration of the particles in the aqueous medium is preferably from
about 15 to 35% by weight.

Any organic or inorganic base can be used to neutralize and swell the core-shell
polymer particles to form LCAPs. These bases include, for example, ammonia,

amines. sodium hydroxide, potassium hydroxide, lithium hydroxzde and the
like. The more preferred base is ammonia.

If the glass transition temperature (Tg) of the core or shell is above standard

ambient temperature, it may be necessary to heat the core-shell polymers above

their Tg,-or to add a solvent to soften the polymer particles, to effect swelling.

The time of exposure to the swelling agent is from about 0.5 to 24 hours,
depending on the acid content of the core. The greater the acid content, the faster

the degree of swelling and therefore the less the time. If the acid content is low,

the temperature can be increased to facilitate swelling. The degree of swelling is

also dependent on the hardness of the shell.

The LCAP particles of the present invention are formed using the processes
described above, provided the formation conditions are sufficient to allow for the
formation of channels upon swelling of the particles. For example, several
parameters that can be varied are the thickness of the shell, “softness” of the
shell, acid level of the core, permeability of the shell to the swelling agent, and

exposure time and temperature of the particles to the swelling agent.



[ REFLEL. et onicEl
+1770 70 19. 48 0. 0070 10.7 2.3
+1.0 Lls P 19948 |31 0.0136 . 19.1 2.75
2.0 | 6@3 SE 2003 0. 0250 . 38.2 - 2.19 .
+17.0 | L66 20724 0. 04004 Substitgte sheet - 2/9/98
+17.0 95 20. d3 0. 0460 T 72.0 1.99

[err]Pafticle fromExanple 1 - Core (1 part) 5 BA/65 MV 30 MAA and shel |
(7 parts) 40 EA/58.5 MVA/ 1.5 MAA. All sanples were neutralized with 1.5 Eq. -

ammoni a on Ccor @naGid Mek0t af ’ke sALisdS: JhfsE hA SR bes: dco beuslbi rated
were taken fromthe same vessel. The tine indicates the'incremental tine at
whi ch the sanpl<iweTant AR THRWHGEL SYSseMRRrsorniggdie shelathe adesse- shel |-

pol ymer, af t err QMQE@%(@}\ eercbabusled &R ofacSYR! hididm( Thy%d i RRE]1 Y 9 Of
pol ymer), starts 'epr odi ng and rel ea&&gﬁ(cor‘e am_gl, into fhe external .
aqueous phase; PEKE TOPE “éevxi-f'f!cf‘i%‘?‘ PR e © 20our G ey WATHPERP28IRMENE0% of
the core acid fasoRRPRALEM of BmliEeAGILRUS dPRASEN 14 REY Leposition of the shell

polvmer formed on e previousiv-formed core particles.

‘The monomers used © form the shell polymer on the acid core particles may be
any of the monoethylenically unsaturated comonomers mentioned hereinbefore
for the making of the core. The monomers used and the relative proportions
thereof in any copolymers formed should be such that the shell thereby formed
is permeéble to organic or inorganic bases. In spite of their hydrophobicity, the
extremely non-polar or low-polar'monomers (namely, styrene, alpha-methyl
. styrene, vinyltoluene, ethylene, vinyi chloride and vinylidene 'chloiide) are
useful alone or in admixture with more highly polar monomers, such as vinyl
acetate. Monomeric mixtures for making the shell preferably contain less than
about 10 mole percent, more preferably less than about 5 mole percent of
monomers having a carboxylic acid group or an anhydride group. Howevef, the
equivalents of acid in the shell polymer should not exceed one-third the
equivalents thereof in the core polymer. The content of acid monomers serves
either or both of two functions; namely, stabilization of the final sequentiaf
polymer dispersion and assuring permeability of the shell to.a base swellant. The
shell has a glass transition temperature from about -40°C to about 100°C.

The amount of polymer forming the shell component is generally such as to
provide an overall size of the core-shell polymer of about 0.07 to about 4.5 u.m
(microns), preferably about 0.1 to about 3.5 microns, and more preferably about
0.2 to about 2.0 pm (microns) in unswollen condition before any neutralization
to raise the pH to about 6 or higher. It is preferable to select the amount of
polymer such that a thin shell is formed which will explode upon neutralization
and form an LCAP upon swelling. In the unswollen, unneutralized state, the

weight ratio of core polymer to the shell polymer ranges from about 1:1 to about
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fongen,

har der shel
rylic .acid);

duction in swelling which may be due to sone

retched shell after the core has been expul sed.
ptepared according to the process of Exanple 1 only
(5% et hyl acyl at e, 73. 5% net hySubstitute rshieat e 210¢d . 5
a po[tion was swollen with excess anmoni a aft

t enpen rfC until nost or the core acid was expul sed into
the serum This LCAP was eval uated as a reinforcing agent for polyner
films. Fil isnwereugrepaingtiysifghoses andimid%tiorsies hshllipety ndvior:de,
(unswol I 'en, no channel) d5 nd.10% of the LCAP w a pol. r hayving a
conposi ti on*o# RER 9" BA 1q§\ A NNl R I1H’I‘vba’§“¥‘6r‘%’éé’-f”?‘&)l}?\)jg?%#;‘l”
conposi ti on,aRdydssi@d of Q[ryﬂ.mr\/:@&iﬁe:/ﬂ'@@c.EW@dhCﬁ' methy! methacrylate, methyl

acrylate, ethyl acrylate, ethyl methacrvlate, butyl acrylate, buty! methac:ylaté, 3-
atnylhexyl acrylate, 2-2thylhexvl methacrylate, benzyl acrylate, benzyl
methacrylate, lauryl acrylate, lauryl methacrylate, palmityl acrylate, palmityl
methacrylaie, stearyl accylate, stearyl methacrylate and the like. Examples' of
suitable monomers containing a carboxylic acid group or an anhydride group
include acrylic acid, methacrylic acid, itaconic acid, aconitic acid, maleic a-cid.
maleic anhydride, fumaric acid, crotonic acid, acryloxypropionic acid
methacryloxypropionic acid, acryloxyacetic acid, methacrylic anhydride,

methacryloxyacetic acid, monomethyl acid maleate, monorethy! acid itaconate,
monomethyl fumarate and the like.

Although the core component can be prepared from monomers wherein at least
‘5 mole percent of said monomers contain a carboxylic acid group or an anhydride
group, it is preferred that at least 10 mole percent of said core monomers have a
carbbxylic acid group or an anhydride group, more preferably at least about 30
mole percent of said core monomers have a carboxylic acid group or an
anhydride group. The preferred core monomers having a carboxylic acid group
or an anhydride group are acrylic acid, methacrylic acid, acryic::xypropionic acid
methacryloxypropionic acid, acryloxyacetic acid, methacryloxacetic acid,
monomethyl acid maleate, monomethy!l acid itaconate, crotonic acid, aconitic
acid, maleic acid, maleic anhydride, fumaric acid and monomethy! fumarate.

The most preferred acid-containing core monomer is methacrylic acid.

Aiter the acid core is obtained, a subsequent stage or stages of emulsion
polymerization is effected to form a shell polymer on the acid core polymer
particles. This may be performed in the same reaction vessel in which the
formation of the core was accomplished or the reaction medium cont'yining the

dispersed core particles may be transferred to another reaction container. It is



pr dp AEPLAGEIENTt hidEd fli | n8 wer e measured and the results are shown i'n Tabl e
2 q;—i gure"I"Frgude 1 is a graph showing the elastic nodulus versus
£t ifl rs-prepare in Exanplg 2. Films d_and, e containing LCAPs
B S s, 2 2

ar dvd | ess el ongation arfl are thus mabRsiiteSHeebd 2ROt he
co TABLE 2 FI LM STRESS- STRAI N PARAVETERS: AVERAGE VALUES
XFEAD = 20 IN/MN(O 85 cmisec). GAP = 0.51IN (1.27cn) BREAK

' G STRESS SAMPLE (PSI) kgnerr] X
10[err] (PSI) kgn{err] a (Conparative) (27.5)19333 4.4 (9.0)

6327 b ( Conpy r,agwe)bv(zg Sk 3«05’2@8 mnmf‘m@r chrarkdd QAL ZQ%OLG‘.«S:CCWB?J@t 1Ve)
(28.1) 19754 0. 9 6) 21512 ~ 3.4

(14.0) 9842 corresponding range (0. 01 ;o aDOut 2‘:'..) of reducing agent mav bé used.

The temperature of the aqueous emulsion polymerization is preferably in the
range of about 10°C to 100°C. Higher temperatures can be used under appropriate
reaction conditions. 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 30°C to 60°C, more preferably in
the range of 40°C to 60°C.

Any suitable ‘nonionic or anionic emulsifier may be used, either alone or
together. ~ Examples of the nonionic type of emulsifier include
tert-octylphenoxyethylpoly(39)-ethoxyethanol, and nonylphenoxyethylpoly(40)-
ethoxyethanol. Examples of anionic emulsifiers include sodium _lauryl sulfate,
sodium dodecylbenzenesulfonate," and tert-octylphenoxyethoxypoly- (39)-
ethoxyethyl sulfate. The proportion of emulsifier may be zero, in the situation

wherein a persulfate initiator is used, to about 0.3 weight percent based on the
weight of monomer charged to the first stage of polymerization.

The molecular weight of the polymer formed in a given stagé may range from
100,000 or lower if a chain transfer agent is used, to several million. The acid-
containing core polymer, whether obtained by a single stage process or a process -
involving several stages, has an average size of about 0.02 to about 1.0., preferably
0.1 to 0.5, more preferably 0.2 to 0.5 um (micron) diameter in unswollen
condition. If the core is obtained from a seed polymer, the seed polymer may

have an average size in the range of 0.02 to 0.2 um (micron) diameter.

The core component is the product of aqueous emulsion polymerization of one
or more monoethylenically unsaturated monomers containing a group of the
formula -HC=C<, wherein at least about 5 mole percent or more of said
monomers contain a carboxylic acid group or an énhydride group. Examples of

ted monomers include styrene,
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34, 4) 24183 2.7 (24.7) 17364 "a -(98.2 BA/ 1.8 MAA)
CAP b - (98.2 BA/L.8 MAA) - 5% core/shell polynmer (unswollen, no
channkl ) O3 SES81996BA/ 1. 8 MAA) + 10% cor e/ shel | pol ymer (unswol | en, no
channpl ), d - (98.2 BA/1. 8 MAA) + 5% LCAP & - (98.2 BABubstitMe\sheetl 0%/9,Q%°
MPLE 3 Preparatiaon of Acrylic Seed Latex A 5-litér TTIask equipped
) stirrer.  thernoneter, nitrogen inlet, and reflux condenser was
charged with 2000 grans of deionized water. The water

Surcrisngly, the iatex SaTsuies are sood upac:f}-mg

compusitions, superior to simiiar particies withour channels through the shell,
particularly in coatings with very high pigmenrt loadings and low levels of

bincer.

The above mentioned prior art patents disclose several suitable synthesis
methods for preparing core anc shell particles. These particular methods can be
modified to prepare the particles fo the present invention. For examéle, the
methods disclosed in U.S. Patent Nos. 4,920,160, 4,594,363, 4,469825, 4,468,498 and
4,427,836 can be modified to produce the LCAPs of the pfesent invention.

The core-shell pélymers useful in the present invention are preferably prepared
by a multistage, sequential, emulsion polymerization process such as destribed in
U.S. Patent No. 4.427.836. While the core may be made in a single stage or step of
the sequential polymerization and the shell may be the product of a single
sequential stage or step following the core stage, the making of the core

component may involve a plurality of steps in sequence followed by the making
of the shell which may involve a series of sequential steps as well.

Thus, the first stage of emulsion polymerization in the proéess of the present
invention may be the preparation of a seed polymer containing small dispersed
polymer particles insoluble in the aqueous emulsion polymerization medium.
This seed polymer may or may not contain any acid component but provides

particles which form the nuclei on which the core polymer of acid monomer,
with or without nonionic comonomer(s), is formed.

As is common to aqueous emulsion polymers, a water-soluble free radical
initiator is used, such as hydrogen peroxide, tert-butyl peroxide, or an alkali
metal (sodium, potassium or lithium) or ammonium persulfate or a mixture of
such an initiator with a redfxcing agent, 'such as a sulfite, (more specifically an
alkali metal metabisulfite, hydrosulfite, or hyposulfite, or sodium formaldehyde

sulfoxviate) to form a redox system. The amount of initiator may be from 0.01 to
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gr ans. of mlmgmrmni umsalt of sulfated al kyl phenol ethoxylate, 9
nol es ’of| elhylene = 30% solids) was added to the fl ask Then %5% gr ans
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dei oni zed water, 5.2 grans of Alipal EP-110, 780
et hyl _met hacr

f
| gte, and 10.4 grans of nethacrylic acid. This was
gqf 5.5 grans of sodium persul fate di ssolved in 40

%

grams of | deionized. wa The tenperature of the reaction mxture was .
al | oved to midecrviestisenopddi suglomeshebaviddmatsatsraro e tsivb Acidaiacaddte. i onal

20 grans of I 0 of r d s

Fifteen m n‘lf?leasrpgf }5‘5 '}%gma dlafrilﬁonrgé aec %gﬁﬂ%%p)e{#%ﬁ?‘fqalfefgo aS gd?o t he
flask, a grmdneinedddifuiranatef and enetbaerylic nghydrideer enul si on was begun at a
rate of 15 grams/mnute. The tenperature was allowed to rise to 85[err]C

where it was mai ntained throughout the nononer addition. Fifteen m nutes
after the preferably, the core monomer having a carboxylic acid group is methacrylic acid.

Some of the advantages associated with the present invention are that the
particles can be used as control release devices for target compounds, to impart
reinforcing properties to acrylic films, as an opacifying agent in coating
- compositions, and as a supplement or replacement of part or all of the
pigmentary material or extenders that would otherwise be used in such coating

compositions.

.However, none of the prior art documents discloses core and shell particles with
microvoids having a channel from the core, through the shell, to the exterior of
the particle.

In the process of the present invention, core and shell particles can be produced

by several of the processes discussed above, however, upon swelling of the core

with, for example, a volatile base, a non-volatile base or an acid, the core is

allowed to swell to such an extent that the pressure produced in the core causes

an “explosion.” This explosion, or release of pressure, causes at least one

channel to form from the core, through the shell, to the exterior of the particles.
- These particles have been givén the terminology latex capsules or "LCAPs.”

The channel through the LCAP's shell aliows-for equilibration of water-soluble
or water suspended materials between the two phases. This channel facilitates
the rapid equilibration of material between the exterior "of the particle and the
interior cavity. In addition to using these latex capsules as control release devices

for target compounds these capsules impart unique reinforcing properties to
acrylic films.
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A nononer

the particle in an effective amount in a paper coating compositions.

Preferably, the particle has one channel connecting the hollow core to the
exterior of the particle.

Preferably, the particle is formed by aqueous emulsion polymerization of
monoethylenically unsaturated monomers. '

Preferably, the base used to swell said core is selected from the group consisting of
ammonia, amines, sodium hydroxide, potassium hydroxide, and lithium
hydroxide, preferably the base is ammonia.

Preferably, at least about 10 mole, preferably at least about 30 mole, percent of said
core monomers have a carboxylic acid group.

Preferably, wherein less than about 5 mole percent of said shell monomers have
a carboxylic acid group.

Preferably, the ratio of said core component to said shell component is about 1:4
to about 1:15.

Preferably, at least about 85 percent of the particles formed contain a microvoid

in the core and at least one channel connecting the microvoid to the exterior of
the particle. | '

Preferably, the particle according to the first aspect of the present invention is
prepared by a process according to the second aspect of the present invention.

Preferably, the core monomer having a carboxylic acid or anhydridé group is
selected from the group consisting of acrylic acid, methacrylic acid,

acryloxypropionic acid, methacrvloxvpropionic acid, acryloxyacetic acid,



grams of viny| g ms of nethyl nethacrylate, 8.0 grans of
1, 3-butyl ene gliycol dinethac { ate, and 4.0 granms of _methacrylic acid was
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allowed to rifel to 80[err]C re it was maintained throughout the addition

of the nono i on. ncurirent with the addition of the npbnomer
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of sodrum persul fate dissolved in 60 -grams of deioni zed -
According to a second aspec: of the present invention there is provided a process
for making water-insoluble polymer particles, preferably in the form of an
aqueous dispersion, comprising (a) sequentially emulsion pelymerizing in an
aqueous medium containing a free radical initiator a core monomer system
comprising one or more monoethylenically unsaturated monomers and at least
about 5 mole percent of a carboxylic acid or anhydride monomer, whereby
dispersed core particles are formed having an average diameter of from about
0.05 to 1 um (micron); and (b) polymerizing in the presence of the dispersed core
particles resulting from (a), a shell monomer system comprising at least one
monoethylenically unsaturated monomer having. no ionizable group to form a
shell polymer on the core particles, wherein any monoethylenically unsaturated
carboxylic acid in the shell monomer mixture is present in an amount of no
more than about 10 mole percent of the shell monomers, the resultant core-shell
particles having an average diameter before neutralization and swelling of from
about 0.07 to 4.5 um (micron), the relative amounts of core-forming monomer(s)
and shell-forming monomer(s) being such that the ratio of the weight of the core
to the weight of the total polymer in the resulting dispersed particles is from
about 1:2 to 1:100; and (c) neutralizing said particles formed with a base 5o as to
swell said core and form particles containing a microvoid in the core and at least

one channel. connecting the microvoids to the éxterior of the particle.

<
r

;
y
I

emil si on of ﬁ.r gggﬁ@mcliggr ied water, 2.0 grans of Alipal EP-110, 200
I
¢

According to a third aspect of the preserit invention there is provided the use of
the particle in an effective amount to strengthen polymer films.

According to a fouth aspect of the present invention there is provided the use of

the particle in an effective amount as an opacifying agent in coating
compositions.
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pLABS Afded- P khe flask. The tenperature of the reaction m xture was

ry]C for 30 mnutes, then cooled to 25[err]C. The product

fifltered through a 100 nmesh screen. The product had a pH of 9.7

theoretical (see fojlow ng section on Polynmer Characterization Part A,

(Coul tef Nano-Sizer), titratable acid of 27.5 percent of

bulking value-ef—0-2296 gallon/lb (2 1/kg) (see Polymer Characterization

Part B).
Part C),

t he center

transm ss

When_vi ewed by .optical
Aear PRl Py J9a1 P2

ifon el ectron m croscopy (TEM, t

have |i ghthaveng areoraicontdaing arfelvsyfliend shre rere emulsion is prepared by

emulsifying in water at high shear a mixture of; hydrophilic solvent;
hydrophobic solvent; monomer, including carboxylic acid monomer; anionic
surfactant; water-insoluble emulsion stabilizer; and water-insoluble thermal

polymerization initiator. The core emulsion is heated to polymerize the initia]

monomer, forming the core particles. The mixture is a non-solvent for the

polymer prepared. Subsequentlj, a base selected from ammonia and organic
amines is added, neutralizing the polymerized carboxylic acid and forming core
and shell particles. Optionally, additional monomer is added and polymerized
on the core and shell particles. These particles are useful as opacifying agents in

coating compositions and also for microencapsulation of organic target materials.

All of the patents discussed hereinabove lead to core and shell particles with
microvc:;ids in the center. It is an essential feature of all the particles disclosed in
the above patents to have a core completely surrounded by the shell. For
example, as stated in column 9, line 46-49 of U.S. Patent No. 4,468,498, properly
encapsulated particles have alkali swellable cores that do not titrate with base

"when exposed to alkali metal bases. This implies the core. is completely

surrounded. None of the patents discloses core and shell particles with
microvoids having a channel from the core, through the shell, to the exterior of
the particle. Up until now, the general belief was that channels from the core
through the shell are undesirable if the particles are to be used as opacifyihg
agents in coating compositions because the channels allow the coating binder to

penetrate to the core, filling the microvoids and destroying their opacifying
power.

The present invention seeks to provide new particles and processes for making
same.
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ssol ved in 60 grans of deionl zed water was gradual|ly added to

the flask patticles et @eoﬁ-‘opyeg? Bruseiyliin making avptes-hased coalng compesitions,

wherein microvoids are formed in the cores of the swollen particles upon

drying.

Blan_kex_xship et al., in U.S. Pat. No. 4,594,363 ('363) also discloses a process for
making core and shell polymer particles useful for opacifying coating films. The
particles disclosed in the ‘363 patent are prepared by emulsion polymerizing a
core from a core monomer system of at least one ethylenically unsaturated
monomer containing acid functionality, encapsulating the core with a hard shell
by emulsion polymerizing a shell monomer system-in the presence of the core.
The shell system is chosen such that the shell permits the penetration of fixed or
permanent bases, causing swelling of the core at elevated temperature. When a
dispersion of the swollen particles is dried, the microvoids cause opacity.

Kowalski et al., in U.S. Pat. No. 4,468,498 ('498) discloses a similar process as
disclosed in ‘836 for making an aqueous dispersion of core and shell polymers.
The particles disclosed in the '498 patent have a core containing sufficient acid
groups to render the core swellable by neutralization with a volatile base and

have a shell permeable to volatile base. These heteropolymer dispersions are
useful in aqueous coating compositions.

Chip et al., in U.S. Patent No. 4,920,160 ('160) discloses core and shell polymeric
particles having a core formed from monomers having acid functionality and a
shell free of acid groups. The shell is permeable to non-volatile base, such as
sodium hydroxide. The non-volatile base penetrates to the core, neutralizes it,
causing swelling of the core. Swelling is achieved at elevated temperatures in
the absence of organic solvent. These swollen particles, upon drying in a paint or

other composition, have air in the voids and act as opacifying agents.
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mesh screen. Thewharaskizididamd. a pH of 9.8, a total solids of 22.4 percent,
an average particle dianeter of 0.65 [err]m (m crons) (optical m croscopy),

a total

titratable acid of 86.8 percent (see Polyner Characterization Part

A), and a dry bulking value of 0.2465 geah@néib (2 1/kg) (see Pol yner
Characterization Part B). Wen viewed by optical mcroscopy (see Pol yner
Characterization Part C, few particles had dark centers; this is due to

t he

Core-sheil polymer was prepared by sequential emulsion polymerization as
described in U.S. Patent No. 4,427,836. The composition of the core polymer was

. 5% butyl acrylate, 65% methyl methacrylate and 30% methacrylic acid. The

composition of the shell polymer was 40% ethyl acrylate, 58.5% methyl
methacrylate and 1.5% methacrylic acid. The ratio of core polymer to shell
polymer was 1:7. The shell polymer had a glass transition temperature of 55°C.
The final dispersion of core-shell polymer had a total solids of 48.4%. A sample
was titrated with 0.5N KOH. No core methacrylic acid was detected. Therefore, it
was concluded the core was well encapsulated by the shell. To determine the
amount of core acid expulsed on rupture of the core-shell particle to form LCAPs
and the aécompanying water uptake, a portion of the dispersion was diluted to
10% solids and neutralized with 1.5 equivalents of 28% aélueous ammonia. This
mixture was heated to 40, 60 and then 95°C while samples were withdrawn
periodically and then cooled to room temp;erature. Approximately 30 grams of
each of the heated samples were centrifuged on a Sorval table top centrifuge at
8,000 RPM for 1.5 hours, separating the LCAPs from the aqueous serum. The
supernatant liquid was poured off, the weight noted, and titrated with 0.5 N HCl
using a Radiometer Automatic Titrator. The core acid (pKa around 6.5) was

~ calculated by:

—~—mlTiter XOS N Acid __ x 100 = % Core Acid Expulsed
(theory meq/g core acid)(g poly)

The water uptake was determined by the following calculation:

= water uptake
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JABLE1

Encapsulated High Acid Coresl

Time2  Temp Meq acid/ % Core acid in Water Uptake
) C Supemamntg Supematant. ¢ Supemarant g-H:0/g polymer
+05 40 2.68 0.0000 0.0 0.97
+10 40 220 0.0000 0.0 1.47
+20 40 2115 0.0000 0.0 1.82
-4 W 2080 0.0029 14 193 .
«170 10 19.68 0.0070 o107 23
+10 60 1835 0.0136 19.1 275
+20 60 20.02 0.0250 382 2.19
+170 - 60 20.20 0.0400 %] 2.13
. +17.0 95 20.63 0.0460 720 1.99

TParticle from Example 1 - Core (1 part) 5 BA/65 MMA/30 MAA and shell (7 parts) 40 EA/58.5
MMA/1.5 MAA. All samples were neutralized with 1.5 Eq. ammonia un core acid at 10% total
solids.

2All samples to be titrated were taken from the same vessel. The time indicates the incremental

time at which the samples were taken.

The data in Table I show that the core-shell polymer, after reaching a certain
degree of swelling (>1.9 g H20O/g of polymer), starts éxploding and releasing core
acid into the external aqueous phase; the more swelling, the more exploding.
After around 20% of the core acid has appeared in tﬁe aqueous phase, there

appears to be some reduction in swelling which may be due to some relaxation of
the stretched shell after the core has been expulsed.



. airg~the films were allowed to dry in a refrigerator at 1 C
mgéwflj“fr'g fn??ﬁ | s thi.ck) were exam ned by optical mcroscopy and
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titative neasur¢ of nicrovoid content and opacity of the drie
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m contarﬁ—hg the core- shell particles of Exanple 5 was cl ear and no
l.ds _coul d bef seen by m croscopy due to binder filli ng the cores
through the chanmets; S/nil (S/0.00254Exmhpheess 0.00. The film contai ning
the Exanple 4 conparative particles was whitish due to m crovoids which
could be seen easily with the m croscope at 900X and were around 500 nmin

di aneter; S/m} (SP. vpﬁzape gafdd Wesord; to Frﬁwﬁfowo?%qu 'IV@nl aphd i géers

(Exanmpl e 4) wi'th no chanhel's t hrough t s are the better paC|

in these fil nearder fhetil(gﬁf%tﬁthyileicrmm 5315% maﬂﬁ}k&mn!\a:r)?laheimdml 5t eneshaeylig\o
core-shell paréﬁl‘)gl es were corr& led i.n films with high gment cont ent
(62.57% by vol© BRTHOR HEa% SAOHETY Wi BETesD PRMeRia; FE\P Faluges gppve 80°C

antil most of the core acid was expulsed into the serum. This LCAP was
avaluated as a reinforcing agent for polymer films. Films were prepared using
no, 5 and 10% core/shell polymer (unswollen, no channel) and 5 and 10% of the
LCAP with a polymer having a composition of 98.2 BA/1.8 MAA. A 30 mil film
was formed from each composition and dried for two weeks. The physical
properties of these films were measured and the results are shown in Table 2 and
Figure 1. Figure 1 is a graph showing the elastic modulus versus frequency of the
films prepare in Example 2. Films d and e containing LCAPs are stronger and

have less elongation and are thus more reinforced than the controls a, b and ¢.

JABLE2

- o \'4 Vv
=

BREAK YIELD
STRGTH “%ELONG STRESS
SAMPLE® (BShkgm? x102  (PSDkem2

a (Comparative) (27.5)19333 4.4 (9.0) 6327
b (Comparative) (29.2) 20528 4.0 (10.0) 7030
¢ (Comparative) (28.1)19754 © 3.6 (10.9) 7663
d (30.6)21512 3.4 (14.0) 9842
e (34.4) 24183 2.7 (24.7) 17364

*a-(98.2 BA/1.8 MAA) + no LCAP
b - (Y82 BA/1.8 MAA) + 5% core/shell pulymer (unswollen, no channel)

¢ - (98.2 BA/1.8 MAA) + 10% core/shell polymer (unswollen, no channel)
Jd-(¥8.2BA/18 MAA) + 5% LCAP

e - (982 BA/1.8 MAA) + 10% LCAD '



particle with channels (Exanple 5) surprisingly are the better opacifiers.
Pol ynmer. Char % b -~ JTitratable Acid Determ nation To 20 grans of
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the total s Were determrled, 20 grans of the treated dispersion were
titrated wt final pH of 11.5. The mlliequivalents of
acid titratable (frompH 5 to pH 9. Skéﬁ%m of polymer titrated were

‘determined. Next, the Preparation of Acrylic Seed Latex

=

A S-liter flask equipped with paddle stirrer, thermometer, nitrogen inlet, and
" reflux condenser was charged with 2000 grams of deionized water. The water
was heated to 85°C under nitrogen, atmosphere with stirring and 0.4 grams of
Alipal EP-110 (ammonium salt of sulfated alkylphenol ethoxylate, 9 moles of
ethylene oxide, 30% solids) was added to the flask. Then 164 grams of a
monomer emulsion was added to the flask. The monomer emulsion was
prepared from 770 grams of deionized water, 5.2 grams of Alipal EP-110, 780
grams of methyl methacrylate, and 10.4 grams of methacrylic acid. This was
followed by the addition of 5.5 grams of sodium persulfate dissolved in 40 grams
of deionized water. The temperature of the reaction mixture was allowed to rise.
To the previously prepared monomer emulsion, an additional 20 grams of
Alipal EP-110 and 510 grams of methacrylic acid were added. Fifteen minutes
after the addition of the sodium persulfate solution to the flask, a gradual
addition of the remaining monomer emulsion was begun at a rate ‘of 15
grams/minute. The temperature was allowed to rise to 85°C, where it was
maintained throughout the monomer addition. Fifteen minutes after the
monomer addition was completed, the reaction mixture was cooled to 25°C.
Then the product was filtered through a 100 mesh screen. The product had a pH
of 2.5, 30.0% total solids and an average particle diameter of 218 nm (Coulter

Nano-Sizer).

XAMPLE 4- arativ
Preparation of Core/Shell Particle

To a S-liter flask equipped with paddle stirrer, nitrogen inlet, reflux condenser,
and thermometer was added 2350 grams of deionized water. The w:

heated to 80°C under nitrogen atmosphere and then 1.7 grams of



yF-eguiyalents were divided by the theoretical total carboxylic acid, and
e pmmem@m mick+ €pui val ents per gram of pol yner; then nmultiplied by 100.
The a1 .hle itratabl e.carboxylic_acid expressed as percentage of
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@ Bp@?éldn from Exanple 4 and 5 was dil uted to 18%total solids.

' r dispersion prepared in the same method as Exanple 4
except for he additi on of 28% aq. NH[err] was treated. 40 g of each
artuted—ei-spersion F\dded to two separate 50 m centrifuge tubes, The

sanpl es wer QeERTETS f‘u‘gg Vit 15 g TRPREP B YG OY Hi dt"é%“’f‘%’l‘v'aﬁfl @l}bie%é‘sed.
Centrifuge qaiyipRed: Woixnms%xﬁge"gxgh%)&a 6 Sl AdNE % geecﬁﬁ';-ed.\ Onddlé

cl ear supernat-ant wei'gtfed.” The density o 1yme |sp Fsi on

from Exanpl emhulsiod B :@egremsepaemhm‘ay vdeee 2l gmchs &'heluniﬂ)EPbuld;Et)@ oW hdIE5
wer e determne usmg tsréefollqwing aﬁl Bvdry -(1- g (d [err])]
[(d [err] ) vesyl {c8E )]] [SEARF (X mes gl)t%(e Y ate, 8.0 grams of 1,3-butylene glycol

dimethacrylate, and 4.0 grams of methacrylic acid was then gradually added to

the flask over 75 minutes. The temperature was allowed to rise to 80°C where it
was maintained throughout the addition of the monomer emulsion.
Concurrent with the addition of the monomer emulsion, 1.3 grams of sodium
persulfate dissolved in 60 grams of deionized water was gradually added to the
flask at a rate of 0.5 grams/minute. Ten minutes after the completion of the
monomer addition, 45 grams of 28 percent aqueous NH; was added to the flask.
A second monomer emulsion of 37.5 grams of deionized water, 1.7 grams of
Alipal EP-110 and 300 grams of styrene was gradually added to the flask over 47
minutes. The'temperature was allowed to rise to 85°C where it was maintained
throughout the monomer addition. After the completion of the monomer
addition, 1.3 grams of sodium persulfate dissolved in 60 grams of deionized
water was added to the flask. The temperature of the reaction mixture was
maintained at 85°C for 30 rﬁinutes. then cooled to 25°C. The product was filtered
through a 100 mesh screen. The product had a pH of 9.7, a total solids of 20.6
percent, an average particle diameter of 0.66 um (microns) (Coulter Nano-Sizer),
titratable acid of 27.5 percent of theoretical (sée following section on Polymer
Characterization Part A), dry bulking value of 0.2296 gallon/Ilb (2 1/kg) (see
Polymer Characterization Part B). When viewed by optical microscopy.(see |
Polymer Characterization Part C), nearly every particle was seen to contain a
single dark spot in the center, indicative of an encapsulated air bubble and when
viewed by transmission electron microscopy (TEM), the polymer particles were

seen to have light centers with dark and complete shells.
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To a 5-liter flask equipped with paddle surrer, nitrogen inlet, reflux condenser,
and thermometer was added 2350 grams deionized water. The water was heated
to 80°C under nitrogen a‘imosphere and then 1.7 grams of sodium persulfate
dissolved in 40 grams of deionized water, followed by 267 grams of the acrylic
seed polymer dispersion of Example 3 was added to the flask. A monomer
emulsion of 50 grams of deionized water, 2.0 grams of Alipal EP-110, 200 grams of
vinyl acetate, 196 grams of methyl methacrylate, and 4.0 grams of methacrylic
acid was gradually added to the flask over 75 minutes. The temperature was
allowed to rise to 80°C where it was maintained throughout the addition of the
monomer emulsion. Concurrent with the addition of the monomer emulsion,
1.3 grams of sodium persulfate dissolved in 60 grams of deionized water was
gradually added to the flask at a rate of 0.5 grams/minute. Ten minutes after the
completion of the monomer addition, 45 grams of 28 percent aqueous NHj was
added to the flask. A second monomer emulsion of 50 grams of deionized water,
2.0 grams of Alipal EP-110 and 400 grams of styrene was gradually added to the

flask over 52 minutes. The temperature was allowed to rise to 85°C where it was

maintained throughout the remainder of the monomer addition. After the

completion of the monomer addition, 1.3 grams of sodium persulfate dissolved
in 60 grams of deionized water was added to the flask. The temperature of the
reaction mixture was maintained at 85°C for 30 minutes, then cooled to 25°C.

The product was filtered through a 100 mesh screen. The product had a pﬁ of
9.8, a total solids of 22.4 percent, an average particle diameter of 0.65 um
(microns) (optical microscopy), a total .titratable acid of 86.8 percent (see Polymer
Characterization Part A), and a dry bulking value of 0.2465 gallon/Ib (2 1/kg) (see

Polymer Characterization Part B). When viewed by optical microscopy (see

Polymer Characterization Part C), few particles had dark centers; this is due to the

ability of the immersion oil to readily fill the microvoids through the channels

in the shell. When viewed by transmission electron microscopy (TEM),_the

e of polymer dispersion fromExanple 4 and 5 was
powder was i mersed in hydrocarbon oil (n[err]
1.2 mls (0.003 cmthick and conpl etely opaque.
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Example 6

The core-shell polymers of Examples 4 and 5 were compared in coatings
containing a low level of pigmentation: 15 parts (solids) core-shell polymer with
85 i:’an':s (solids) of a film-forming latex with composition 65% butyl acrylate, 34%
methyl methacrylate and 1% methacrylic acid (by weight). The blends were
drawn down on black vinyl charts (The Leneta Co., Form P-121-10N) with a 7 mil
Dow Applicator' and the films were allowed to dry in a refrigerator at 1° C. The
dry films (1.7 mils thick) were examined by optical microscopy and Kubelka-
Munk scattering coefficients (S) were measured by the method of Minton and
Jacobson (Off. Digest, Sept. 1963, pp. 871-911) as a quantitatiw'/e measure of
microvoid content and opacity of the dried films. The film containing the core-
shell particles of Example 5 was clear and no microvoids could be seen by
microscopy due to binder filling the cores throu.g'h the channels; S/mil (S/0.00254
cm) was 0.00. The film containing the Example 4 comparative particles was
whitish due to microvoids which could be seen easily with the microscope at
900X and were around 500 nm in diameter; S/mil (5/0.00254 cm) was 0.10. Thus,
the comparative particles (Example 4) with no channels through the shells are
the better opacifiers in these films with high binder content. In Example 7 below,
the same two core-shell particles were compared in films with high pigrﬁent |
content (62.5% by volume) and the opacifying performance is reversed: the

particle with channels (Example 5) surprisingly are the better opacifiers.

Polymer Characterization
A Titratable Acid Determination
To 20 grams of polymer dispersion from Example 4 or 5, was added 40 grams of

deionized water. Next, 10 grams of Amberlite (R) IR-120 Plus (H) -20+40 ion
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total solids were determined. 20 grams of the treated dispersion were titrated
with 0.5 N NaOH to a final pH of 11.5. The milliequivalents of acid titratable
(from pH 5 to pH 9.5) per gram of polymer titrated were determined. Next, the

milliequivalents were divided by the theoretical total .carboxylic acid, and

expressed as milliequivalents per gram of polymer; then multiplied by 100. The

result was the titratable carboxylic acid expressed as percentage of total acid.

B.  Determination of Dry Bulking Value
A portion of the polymer dispersion from Example 4 and 5 was diluted to 18%
total solids. Similarly, 2 polymer dispersion prepared in the same method as
Example 4 and 5, except for the addition of 28% aq. NH3; was treated. 40 g of each
* diluted dispersion was added to two separate 50 ml centrifuge tubes. The
samples were centrifuge at 15,000 RPM. for 50 minutes (Sorvall Superspeed
Centrifuge equipped with S5-34 rotor). The sample was decanted and the clear
supernatant weighed. The density of the undiluted polymer dispersion from

Example.4 and 5 were separately determined. The dry bulking values were

determined using the following equation.

BVary = [141-x) (d1atex )] [{diarex ) (x) (40-2)] 1(0.2202) (40-y)

where: x = solids of undiluted polymer dispersion _
y = weight, in grams, of supernatant from neutralized latex
z = weight, in grams, of supernatant from unneutralized latex
dlatex = density, in grams/cc, of the undiluted polymer dispersion

(0.1202 = converts from cc/g to gallons/Ib)

C. Qptical Microscopy ,
A sample of polymer dispersion from Example 4 and 5 was dried to a powder.

- The dry powder was immersed in hydrocarbon oil (np = 1.51) and viewed by
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being such that feh&akdfihg &d L&&r%ba%eaiuérl@ of € Pathe! REspiRtiOBly. O6ince
both paints are tinted with the same concentration of lamp black, K can be

assumed to be constant and R will vary directly with S. From the above

equation, S is 10% higher in the paint made with Example 5 dispersion of this

invention than in the paint made with Example 4 dispersion of the prior art; the

higher S value means that in thin paint films, the Example 5 paint will be more
“opaque than the Example 4 paint at equal thickness. '

In the specification the following trade marks have been used: Acfysol (Rohm
and Haas Company); Alipal (Rhone-Poulenc); Amberlite (Rohm and Haas
Company); Nuosept (Nuodex); Optiwhite (Burgess pigment Co.); Texanol
(Eastman Kodak); Veramite. ' ' '
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to 1:100; and (k) ‘rattzingrsdid particles formed with a base so as to
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particle. 5. Th rQcess Qr |n]_4 wherein said base used to swell said

core is selectefd fromthe group donsi sting of ammoni a, am nes, sodium

hydr oxi de, pota nd Iithium hydroxide, pref er abl y the base
is ammoni a. 6. The process of claim4 or claim5 wherein at |east about 10
nol e, prefer~a‘b‘l"’§'s at | east about 30 nole. percent of said core nononers have

a carboxylic acid group. 7. The process of claim4 or any cl ai m dependent
t hereon wherein | ess than

1. A particle comprising a hollow core, surrounded by a shell, and at least one-

channel connecting the hollow core to the exterior of the particle and wherein

said particle has an average.diameter of from about 0.1 to about 5.0 um (micron).

2. The particle of claim 1 wherein said particle has one channel connecting the

hollow core to the exterior of the particle.

3. The particle of claim 1 or claim 2 wherein said particle is formed by aqueous

emulsion polymerization of monoethylenically unsaturated monomers.

4. A process for making water-insoluble polymer particles, preferably in the form

of an aqueous dispersion, comprising

(2) sequentially emulsion polymerizing in an aqueous medium containing a free
radical initiator a core monomer system com'prising one or more
monoethylenically unsaturated monomers and at least about 5 mole percent of a-
carboxylic acid or anhydride monomer, whereby dispersed core particles are

formed having an average diameter of from about 0.05 to 1 um (micron); and

(b) polymerizing in the presence of the dispersed core particles resﬁlu'ng f;om (a),
a shell monomer system comprising at least one monoethylenically unsaturated
monorher having no ionizable group to form a shell polymer on the core
particles,. wherein any monoethylenically unsaturated carboxylic acid in the shell
monomer mixture is present in an amount of no more than about 10 mole
percent of the shell monomers, the resultant core-shell particles h.aving an
average diameter before neutralization and swelling of from about 0.07 to 4.5 pm
(micron), the relative amounts of core-forming monomer(s) and shell-forming

monomer(s) being such that the ratio of the weight of the core to the weight of

* c L M S *
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-85 percent oft tthe particles formed contain a mcrovoid in the

| east one chanfel connecting the microvoid to the exterior of

t he partirete=0-—The particle according to claim1l prepared by a process
according to claim?2 or any cl ai mdependent thereon. '

:ne ol eiymer .n e rasuiting dispersed zarticles is irom about 1:2 o 1:100;

and

{c) neutsalizing said parhcies ‘ormed with a base so as o swell said core and ‘orm
particles CORMINING a micsovoid in the core and at least one channel connecting
the miccovoids to the exterior of the sarsicle. '

5. The process of claim 4 wherein said base used to swell said core is selected
from the group consisting of ammonia, amines, sodium hydroxide, potassium
hydroxide, and lithium hydroxide, preferably the base is ammonia.

6. The process of claim 4 or claim 5 wherein at least about 10 mole, preferably at

least about 30 mole, percent of said core monomers have a carboxylic acid group.

7. The process of claim 4 or any claim dependent thereon wherein less than
about 5 mole percent of said shell monomers have a carboxylic acid group.

8. The process of claim 4 or any claim dependent thereon wherein the weight

ratio of said core component to said shell component is about 1:4 to about 1:15.

9. The process of claim 4 or any claim dependent thereon wherein at least about
85 percent of the particles formed contain a microvoid in the core and at least

one channel connecting the microvoid to the exterior of the particle.

10. The particle according to claim 1 prepared by a process according to claim 2 or
any/claim dependent thereon. |
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Substitute Sheet - 2/9/96

Care and shell poiymeric particles are described that have microvoids in the core
and one or more channeis connecting the miczovoids to the exterior of the
particie. These particles, or LCAPs are produced by forming a core of polymeric
acid, encasing the core in a shell polymer permeable to base, and then
neutralizing the core such that the core swells, causing the shell to "explode” in a
controlled fashion. This controlled explosion causes channels to form in the
shell. These particles can be used as control release devices for target
compounds, to impart reinforcing properties to acrylic films, as an opacifying
agent in coating compositions, and as a supplemeﬁt or replacement of part or all
of the pigmentary material or extenders that would otherwise be used in such

coating compositions.

ABSTRACT OF TEHE DISCLOSURE
POLMERIC PARTICLES




