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posite particle. The present invention eliminates the instability, This
invention concerns multi-stage polymer     coagulation and encapsulation
problems of poly- particles containing void space(s) therein which are
mers having relatively high levels of copolymerized useful as binding or
opacifying agents in coating,   5   acid in the core. Applicants have
discovered that impregnating and molding compositions.
swellable, multi-stage polymer particles can be pre- Core-shell polymer
particles are disclosed in   pared by introducing a non-polymeric
carboxylic US-A-4,427,836. The polymer particles of this pat-  acid to an
earlier stage of the particles. By in- ent are prepared by  sequentially
emulsion poly-   troducing a non-polymeric acid to an earlier stage
merizing a core monomer system comprising mon-  io  after  polymerization
of  said  earlier  stage, oethylenically unsaturated monomers, one of which
(preferably after polymerization of the complete, has a carboxylic acid
group and comprises at least  multi-stage polymer) applicants have over
come 5% by weight of the core monomer system; poly-     the disadvantages
of the core-shell polymers con- merizing in the presence of the core
polymer dis-  taining copolymerized acid in the core. persion a shell
monomer system  which is per-   15   Accordingly the invention comprises:-
meable to aqueous volatile base selected from       a process for
maufacturing multi-stage polymer ammonia and amines; and neutralizing with
ammo-     particles containing void space(s) therein, compris- nia or amine
so as to swell said core and form      ing the steps of articles which,
when dried, contain a single void      a) producing multi-stage polymer
particles by and cause opacity in compositions in which they   20
sequential polymerization, which particles con- are contained. US-A-4427836
requires that the car-   tain carboxylic acid functionality in at least one
boxylic acid be present in the core in a polymeric    stage which is not
the outer stage, form. The composition of the shell polymer is such    b)
swelling said particles by contacting them as to be not permeable to fixed
or permanent base    with aqueous base, and according to said patent "so
that films deposited   25  c) drying said particles, from aqueous coating
compositions comprising a      characterized in that the carboxylic acid
functional- volatile base-swollen core of the core/sheath poly-  ity
present in said at least one stage of step a) is mer upon drying and
resultant (at least partial)   introduced by contacting said particles
during or removal by volatilization of the base are not       after
polymerization of that stage with a non-poly- damaged by any permanent base
present in the   30   merizable compound containing at least one car-
substrate coated or in solutions used later for     boxylic acid group.
cleaning the  films." (Column 3, lines 35-41). Said    A preferred process
of the invention comprises patent teaches that "suitable swelling agents
for    A) sequentially emulsion polymerizing polymer acid-containing cores
are ammonia, ammonium hy-      particles comprising two or more polymer
droxide, or a volatile lower aliphatic amine, such as   35  stages wherein
trimethylamine, and triethylamine.  Similarly, US-A-     1) each of said
polymer stages is emulsion- 4468498 discloses core-shell polymers having a
polymerized from a monomer system com- ore of polymeric acid and being
swellable by a          prising one or more ethylenically-unsaturated
volatile base.                                          monomer(s)
containing one or more [err] US-A-4594363 discloses a process for making
40     groups core-shell polymer particles similar to  US-A-          2)
the outer polymer stage of said particles 4427836 except that a fixed or
permanent base is         has a glass transition temperature of about used
to swell the particles. It also requires that the  50 * C or greater; core
be polymerized from at least 5% by weight of       3) at least one
essentially low-acid, earlier acid-functional monomer.
45         polymer stage, other than said outer polymer US-A-4469825
discloses core-shell polymers           stage 2), is prepared from a
monomer sys- having cores which are swellable by acid.               tem
which contains less than about 5% by High levels of copolymerized acid in
the core        weight of monomers containing carboxylic polymer result in
several disadvantages. One such       acid functionality; disadvantage is
that the acidic copolymers are  50      4) each polymer stage is different
from any polar and do not adsorb surfactants well, thus mak-     adjacent
polymer stage by either about a one ing them  unstable and prone to
coagulation or          percent difference by weight in the amount of
aggregation into larger particles. Another disadvan     any ethylenically
unsaturated monomer used tage is that the acidic core polymers have a high
therein or by a difference in number average affinity for water. This
affinity makes it difficult to  55  molecular weight between said stage and
encapsulate the core with the shell polymer be-         said adjacent stage
of at least about a factor cause  the  core  tends  to  remain  at the
of 2; and polymer/water interface on the surface of the com- 2    
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of said particles having   Preferably each of the polymer stages is dif- a
Tg of about [err] or greater comprises at    ferent from  any immediately
adjacent polymer least about 60% by weight of said particles;  stage by
either about a one percent difference by B) contacting said polymer
particles with a non-  weight in the amount of any ethylenically-unsatu-
polymerizable compound containing at least one   5   rated monomer used
therein, or by a difference of carboxylic acid group before, during or
after   at least about a factor of 2 in number average polymerization of
said outer polymer stage 2) to  molecular weight between said stage and
said ad- permit said acid-containing compound to be ab-  jacent stage.
Thus, the polymer stages may be sorbed into said low-acid polymer stage 3);
and  distinguishable by either by prescribed monomer C) swelling the
resulting multi-stage polymer  10  difference or the prescribed molecular
weight dif- particles containing said absorbed acid-contain-  ference or
both. Thus each or any stage would ing compound with water at or above the
glass    contain the prescribed amount of one or more of transition
temperature of the neat polymer or   said ethylenically-unsaturated
monomers which is glass transition temperature of the plasticized  not
present in stages immediately adjacent to It, or polymer of said outer
polymer stage 2) by con-  is  said adjacent stage contains about one
percent tacting said particles with base at pH sufficient  more or less of
one or more monomers which is to swell said polymer particles, so as to
produce  present in stages adjacent to it. Alternatively or particles
which, when dried, contain one or more  additionally, each or any stage may
have a number void space(s) within said particles.            average
molecular weight which is at least twice or In the above preferred process,
each of the poly-  20  less than one-half that of any adjacent stage. Adja-
mer stages is sequentially emulsion polymerized   cent polymer stage as
used herein means a poly- from a monomer system comprising one or more
mer stage which is immediately adjacent and which ethylenically-unsaturated
monomers having one or  may be polymerized prior or subsequent to the more
groups of the formula -HC = C<. As used      stage referred to. herein, the
term  "stage" refers to the polymer  25  The polymer particles of this
invention may formed during each sequence of polymerization,    contain at
least one polymer stage other than the with the outer or final stage being
the last se-  outer or final stage which is prepared from a mon- quence of
polymerization and earlier stages being  omer system which contains
monomer(s) having the polymer formed during prior sequences of
carboxylic acid functionality, the amount of said polymerization.  Some
suitable  examples  of  30  monomer(s) preferably being less than about 5%
ethylenically-unsaturated monomers are styrene,   by weight  Preferably,
the monomer system for this alpha-methylstyrene, vinyltoluene, ethylene,
vinyl  low-acid polymer stage contains less than 2% of acetate, vinyl
chloride, vinylidene chloride, ac-  monomer(s) having carboxylic acid
functionality rylonitrile, acrylamide methacrylamide, acrylic acid  High
levels of copolymerized carboxylic acid mon- and methacrylic acid (meth)
acryloxypropionic acid,  35  omers in  the earlier stages of these polymer
par- itaconic acid, aconitic acid, maleic acid or anhy-  ticles have
several disadvantages. One disadvan- dride, fumaric acid, crotonic acid,
monomethyl mal-  tage is that the carboxylic acid copolymers are eate,
monomethyl fumarate, monomethyl itaconate,  polar and do not adsorb
surfactants effectively, and various [err] alkyl or [err] alkenyl es-
thus, making them unstable and prone to coagula- ters  of (meth) acrylic
acid. The expression (meth)  40  tion or aggregation into undesirable
larger particles. acrylic acid is intended to serve as a generic
Additionally, the carboxylic acid-containing polymer expression  embracing
both  acrylic acid and     stages have a high affinity for water which
makes methacrylic acid; e.g., methyl (meth) acrylate, ethyl  them difficult
to encapsulate with other polymer (meth) acrylate, butyl (meth) acrylate,
2-ethylhexyl  stages. The present invention has overcome the (meth)
acrylate, benzyl (meth) acrylate, lauryl  46  above disadvantages by using
little or no carbox- (meth) acrylate, oleyl (meth) acrylate, palmityl  ylic
acid monomer in this earlier polymer stage. (meth) acrylate, stearyl (meth)
acrylate, and the     The outer or final polymer stage of the multi- like.
Any of the polymer stages may optionally    stage particle may also be
emulsion polymerized comprise as one component thereof a small         from
a monomer system comprising one or more amount of polyethylenically
unsaturated monomer,  50  ethylenically-unsaturated  monomer(s) containing
such as ethylene glycol di (moth) acrylate, allyl  one or more -HC =C<
group(s). Examples of suit- (meth) acrylate, 1,3-butanediol di (meth)
acrylate,  able monomer for the outer polymer stage include diethylene
glycol di (meth) acrylate, trimethylol-  the same monomers listed above for
preparing the propane trimethacrylate, or divinylbenzene; the pro-  other
polymer stages and as described in US-A- portion thereof being in the range
of about 0.1 to  55  4427836. The specific monomers used and the 20%
preferably 0.1%  to about 3%, by weight     relative proportions thereof in
any outer polymer based on the total monomer weight of said polymer  stage
formed should be such that this stage is stage.
preferably permeable to bases. Similarly, any other 3    
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is formed subsequent to the   of the monomer charged and, in a redox
system, a stage or stages into which the carboxylic acid    corresponding
range (0.01 to about 2%) of reduc- functionality is introduced or to be
introduced   ing agent may be used. The temperature may be should
preferably be permeable to bases to allow  in the range of about 10 C to
[err]. In the case the bases to diffuse through to that stage or stages   5
of the persulfate systems, the temperature is pref- in the subsequent
neutralization step.            erably in the range of 60 C to [err]. In
the redox The final or outer polymer stage should desir-  system, the
temperature is preferably in the range ably have a Tg of about 50 C or
greater, but the  of about [err] to 70  C., more preferably about 40 Tg of
the final polymer stage may be equal to, less  to 70 C., most preferably in
the range of about than or greater than the Tg of the earlier polymer  10
[err] to [err] The proportion of emulsifier may be stages. Preferably, at
least one polymer stage    zero, but, in the situation wherein a persulfate
in- which is formed subsequent to the stage or stages  itlator is used, it
can range up to about 5 weight incorporating acid functionality - such as
low-acid  percent, based on the weight of monomer charged polymer stage 3)
in the preferred process - has a  to the first stage of polymerization. By
carrying out higher Tg than that stage. Preferably the acid-  15  the
subsequent emulsion polymerization using a incorporating stage(s) have a Tg
of 150 C or less;  low level of emulsifier, the subsequent stages of more
preferably 90 C or less.  Preferably It has a  polymer-formation  deposit
the  most-recently number average molecular weight of 10,000 or      formed
polymer on the existing dispersed polymer [err] The polymer stages having a
Tg of about      particles resulting from  the preceding step or [err] or
greater cumulatively preferably comprise  20  stage. As a general rule, the
amount of emulsifier at least about 60% by weight of the polymer par-
should be kept between 20% to about 60% of the tices.
amount theoretically required to saturate the sur- The Tg of the polymer
stages can be cal-       face of the polymer particles present in the reac-
culated using the Fox equation:                   tion mixture at any given
time as described in US- 25  A-2520959. [err] copolymer) = weight % [err] +
weight %    Any nonionic or anionic emulsifier may be [err]
used, either alone or in combination. Examples of nonionic    emulsifiers
include     tert- Wherein: [err](A-B copolymer) is the glass transition
octylphenoxyethylpoly(39)ethoxyethanol, temperature of the copolymer
containing mon-  30  dodecyloxypoly(10)ethoxyethanol, omers A and B; and
Tg(a) and [err] the glass      nonylphenoxyethylpoly(90)ethoxyethanol,
polyethyl- transition temperatures of homopolymers contain-  ene glycol
2000 monooleate, ethoxylated castor oil, ing monomers A and B,
respectively. Weight % A    polyoxyethylene (20) sorbitan monolaurate,
sucrose and Weight % B are the amount of monomers A       monococoate,
di(2-butyl)phenoxypoly(20)- and B in the final copolymer. The A-B copolymer
35  ethoxyethanol, hydroxyethylcellulose-polybutyl ac- may also represent a
homopolymer. All tempera-    rylate graft copolymer, dimethyl silicone
polyal- tures are on the Kelvin scale.)                   kylene oxide
graft copolymer, poly(ethylene oxide)- class transition temperatures for
various homo-     poly(butyl  acrylate)  block  copolymer, block polymers
are available in many literature sources,  copolymers of propylene oxide
and ethylene oxide, including J. Brandrup and E. H. Immergut, Polymer  40
2,4,7,9-tetramethyl-5-decyne-4,7-diol  ethoxylated Handbook, 2nd ed., John
Wiley & Sons, New York,   with  30  moles  of  ethylene  oxide,  N- pp
139-192 (1975).
polyoxyethylene(20)lauramide,     N-lauryl-N- The first stage of emulsion
polymerization in  polyoxyethylene(30)amine, and  poly(10)ethylene the
process of the present invention may be the   glycol dodecyl thioether.
Examples of anionic preparation of a seed polymer consisting of small  45
emulsifiers include sodium lauryl sulfate, sodium dispersed polymer
particles of minute size which  dodecylbenzene sulfonate, potassium
stearate, so- form the nuclei on which the subsequent polymer   dium
dioctyl sulfosuccinate, sodium  dodecyl- stages are formed.
diphenyloxide disulfonate, nonylphenoxyethylpoly- As is common to aqueous
emulsion polymers,     (10)ethoxyethyl sulfate ammonium salt, sodium sty-
there is used a water-soluble, free-radical initiator,  50  rene sulfonate,
sodium dodecyl allyl sulfosuccinate, such as hydrogen peroxide, tert-butyl
hydroperox-  sodium or ammonium salts of phosphate esters of ide, or an
alkali metal (sodium, potassium or lith-  ethoxylated nonylphenol, sodium
octoxynol-3-sul- ium) or ammonium persulfate or a mixture of such  fonate,
sodium  cocoyl sarcosinate, sodium  1- an initiator with a reducing agent
(such as a sulfite;  alkyloxy-2-hydroxypropyl sulfonate, sodium alpha- more
specifically an alkali metal metabisulfite, hy-  55  olefin [err]
sulfonate, sulfates of hydroxyal- drosulfite, or hyposulfite, or sodium
formaldehyde  kanols, tetrasodium  N-(1,2-dicarboxy ethyl)-N-oc-
sulfoxylate) to form a redox system. The amount of
tadecylsulfosuccinamate, disodium N-octadecylsul- initiator may be from
0.01 to about 2% by weight  fosuccinamate, disodium  alkylamido polyethoxy
4    
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sulfosuccinate  and disodium  ethoxylated nonyl-    amount of
acid-containing compounds which are phenol half ester of sulfosuccinic
acid.            useful for this invention include [err] aliphatic After
the earlier polymer stage or stages are   monocarboxylic acids,
dicarboxylic acids, and mix- obtained, a subsequent stage or stages of
emulsion  tures thereof. Specific examples of acid-containing
polymerization is effected to form the outer or final   5   compounds are
benzoic acid, m-toluic acid, p- polymer stage on the earlier polymer stages
par-   chlorobenzoic acid, o-acetoxybenzoic acid, azelaic ticles. This may
be performed in the same reaction  acid, sebacic acid, octanoic acid,
cyclohexanecar- vessel in which formation of earlier polymer stages
boxylic acid, lauric acid, and monobutyl phthalate. were accomplished or
the reaction medium con-          The multi-stage polymer particles
containing taining the dispersed earlier stage particles may be   10  the
non-polymerizable acid absorbed in one poly- transferred to another
reaction container. It is gen-  mer stage are swollen when the particles
are sub- - erally unnecessary to add emulsifier unless a poly-  jected to a
base, usually at or above the Tg of the modal product is desired. The
amount of polymer    neat polymer or Tg of the plasticized polymer of
deposited to form the stages of polymer is gen-    said final polymer
stage, which permeates said erally such as to provide an overall size of
the   15  outer or final polymer stage and induces the poly- multistage
polymer particle of about 0.07 to about  mer particles to swell with water.
The amount of 4.5 microns, preferably about 0.1 to about 3.5      base used
should adjust the pH of the polymer microns, more preferably about 0.2 to
about 2.0    composition sufficiently to swell the polymer par- microns, in
unswollen condition (that is, before any  ticles. Preferably the
composition should be ad- neutralization to raise the pH to about 5 or
higher).  20  justed to a pH of 5.0 or greater, more preferably Preferably,
the weight ratio of polymer stages hav-  6.0 or greater, and most
preferably 7.0 or greater. ing a Tg of about [err] or greater comprises at
When the water is removed by drying, the shrink- least about 80% by weight
of the complete multi-   age of polymer stage contained the absorbed acid
stage polymer particles,                            develops void space(s)
within the polymer par- In one embodiment of this invention the multi-  25
ticles. Preferred examples of base are ammonia; stage polymer particles are
optionally encapsulated  volatile  lower  aliphatic  amines,  such  as by
additional polymer having a Tg of about [err]    trimethylamine and
triethylamine; potassium  hy- or less. Said additional polymer is prepared
by     droxide; sodium hydroxide; lithium hydroxide; cal- emulsion
polymerizing one or more monomer(s),       cium  hydroxide; ammonium
complexes of zinc, preferably ethylenically unsaturated, In the pros-  30
copper, or silver; strontium hydroxide and barium ence of the multi-stage
polymer. The same mon-      hydroxide. omers as described earlier for
preparing the earlier   Preferably; the ratio of the acid-containing
polymer stage can be used in preparing said addi-   compound to the weight
of the multi-stage polymer tional polymer.
particles is from 1:2 to 1:50. In carrying out the emulsion polymerization
of  35  Preferably, the multi-stage polymer particles the  multi-stage
polymer particles of this invention,  are further encapsulated by
additional polymer hav- reference can be made to US-A-4427836 for spe-
ing a glass transition temperature of less than cific process conditions.
50 C, preferably less than [err] by emulsion poly- Before, during or after
polymerization of the   merising one or more ethylenically unsaturated
outer polymer stage, the polymer particles are con-  40   monomers
containing one or more -HC = C< group- tacted with a non-polymeric compound
containing     (s) in the presence of said multi-stage polymer at least one
carboxylic acid group for a sufficient  particles. period of time to allow
the acid-containing com-      The present invention also provides a coating
pound to be absorbed into a previous polymer        composition or article
of manufacture comprising stage such as the low-acid polymer stage 3) in
the   45   multi-stage polymer particles prepared by the pro- preferred
process. The acid-containing compound     cess of the present invention. is
desirably added after adjusting the polymer         If desired, the Tg of
the neat polymer of the composition to pH 4 or less to reduce the com-
outer polymer stage can be lowered during the pound's solubility in the
aqueous phase and in-     swelling step to a "plasticized Tg" with a
plasticiz- crease its solubility in the polymer. Preferably, the   50  ing
solvent to facilitate swelling of the polymer acid-containing compound has
a solubility in water  particles upon treatment with base. The plasticizing
greater than 0.001% and less than about 2% at pH    solvent also aids in
penetration of the polymer by 5 or less and at the Tg of the final polymer
stage.  the base. Suitable amounts of plasticizing solvent This solubility
range is low enough to allow most of  are about 1 to about 100 parts by
weight based on the acid-containing compound to absorb into the   55  100
parts by weight of polymer. Suitable solvents low-acid polymer stage, yet
high enough so that it  are any which will plasticize the final polymer can
diffuse through the aqueous phase to the poly-  stage; for example,
hexanol, ethanol, 3-hydroxy- mer particles at a sufficient rate.
Preferably, the  2,2,4-trimethylpentyl isobutyrate, toluene, and mix-    9
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tures thereof.                                    EXAMPLE I - PREPARATION
OF POLY(ISOBUTYL The solvent can be added either before after
METHACRYLATE) LOW-ACID STAGE or with the addition of the base. In certain
cases the monomer system  itself can function as the       A 3-liter,
round-bottomed flask with 4 necks plasticizing solvent for the polymer.
5   was fitted with reflux condenser, paddle stirrer, After being expanded
by water to the desired  thermometer and nitrogen inlet. 1500 grams of
extent the usual procedure is to cool the swollen  deionized water were
added to the flask and stirred particles to a temperature below the Tg of
said   under a nitrogen atmosphere at [err]. To the outer polymer stage.
The water is then removed    deionized water were added 3 grams of sodium
from the particles by drying at the lower tempera-  10  persulfate and 40
grams of an acrylic seed latex ture, resulting in the formation of
microvoids within  having a 46.5% solids content and an average the
particles For best results, the water is removed  diameter of 95
nanometers. A monomer emulsion rapidly from the polymer particles. Slow
drying at  (140  g. of water, 6  g. of 23%  sodium high humidity may be
detrimental to microvoid     dodecybenzene-sulfonic acid, 360 g. of
isobutyl formation.                                   15  methacrylate and
40 g. of n-dodecyl mercaptan) The multi-stage polymer particle dispersions
of  was added over 2 hours along with 3 g. of sodium the present invention
are useful in aqueous coating  persulfate dissolved in 80 g. of water. The
resultant and  impregnating  compositions as opacifying    latex was held
at [err] for 30 minutes, cooled and [err] in such compositions.
filtered. The resultant low-acid stage polymer latex They are useful either
as a supplement to, or  20  had an 18.7% solid content, average particle
diam- replacement of, pigmentary matter and/or extend-  eter of 260
nanometers and a number average ers therefor. For these purposes, the
aqueous dis-  molecular weight of 2000 as measured by gel persions of the
multi-stage polymer particles may  permeation chromatography. be added
directly to the coating and/or impregnat- iing compositions. Alternatively,
the multi-stage   25  EXAMPLE 11 - PREPARATION OF MULTI-STAGE polymer
particles may be isolated from the disper-  POLYMER PARTICLES WITH BENZOIC
ACID AB- sions and dried to make them free-flowing in char-  SORBED IN
LOW-ACID STAGE BEFORE POLY- actor so that they can be packaged, sold and
MERIZATION OF FINAL STAGE shipped or stored before use. The dry powder thus
obtained can also be used in coatings based on  30  To 470 g. of deionized
water, stirred under organic solvents provided the final polymer stage
nitrogen in a flask equipped as in Example 1, was of the multi-stage
polymer particles is not soluble  added 50 g. of the low-acid stage polymer
latex in the organic solvent.                          from Example 1 along
with 20 g. of benzoic acid. Besides being useful in water-based paints
The mixture in the flask was heated to [err] and based on vinyl or acrylic
polymer latices or aque-  35  then 1.2 g. of sodium persulfate dissolved in
10 g. ous solutions of vinyl or acrylic polymers (to re-  of water was
added. A monomer mixture of 46 g. of olace all or part of opacifying
pigments heretofore  butyl methacrylate, 66.7 g. of methyl methacrylate ed,
especially those of titanium dioxide), the  and 2.3 g. of methacrylic acid
was added slowly microvoid-containing particulate polymers of the  over a
one-hour period to give a second polymer present invention may be used for
similar purposes  40  stage. After a 10-minute hold at [err] to complete in
other coating systems. These include resin-for-  the polymerization, 115 g.
of styrene were added ming condensation products of thermosetting type,
over a one-hour period to form the final polymer such as phenoplasts and
aminoplasts, including    stage. The 20 g. of 28% aqueous ammonia were
urea-formaldehyde and  melamine-formaldehyde,     added to swell the
particles and the temperature and other condensates (e.g.,
water-dispersible al-  45  was raised to [err] for 30 minutes followed by
kyd resins). In addition, polymodal heterpolymers  cooling and filtration.
The final latex product had a of the present invention having a predominant
pro-  28.9% solids content and pH of 9.4. Diluted latex portion of the
microvoid-containing large mode and  was dried on a microscope slide and
immersed in a relatively minor proportion of a small mode, but  hydrocarbon
oil (nD = 1.51) and examined with an also provide an adhesion-promoting
action by way  50  optical microscope at 900X. A single air void can of the
small mode.                                be seen inside each particle as
a dark circle. The The following examples are presented to fur-  swollen
multi-stage polymer latex was Incorporated ther Illustrate this invention.
The examples are in-  into a film to measure the Kubelka-Munk scattering
tended to be illustrative and are not limitative of the  coefficient
(S/mil) as described in US-A-4427836 present invention. All parts and
percentages are by   55   S/mil of the resultant film was 0.12. weight
unless otherwise indicated. 6    11                EP 0 342 944 B1
12 EXAMPLE III - PREPARATION OF MULTI-STAGE          an average particle
diameter of 156 nm. POLYMER PARTICLES WITH BENZOIC ACID AB-
This earlier stage latex was then used to pre- 



SORBED IN LOW-ACID STAGE DURING POLY-             pare multi-stage polymer
following the procedures MERIZATION OF FINAL STAGE
of Example V. The resulting multi-stage latex prod- 5   uct had a 24.4%
solids content, pH of 9.2, average Multi-stage polymer particles were
prepared   particle diameter of 482 nm, and S/mil of 0.15. following the
procedures of Example II, except that the benzoic acid was mixed with
styrene and this  EXAMPLE VII - PREPARATION OF MULTI-STAGE mixture was
added to the flask over a one-hour    POLYMER  PARTICLES  HAVING  BUTYL AC-
period. The resulting latex product had a 28.3%   10  RYLATE EARLIER STAGE
solids content, pH of 9.9 and S/mil of 0.16. Voids were noticeable in the
dry polymer particles         Multi-stage polymer particles were prepared
through examination under a microscope.           following the procedures
of Example VI, except that butyl methacrylate in the earlier stage was re-
EXAMPLE IV - PREPARATION OF MULTI-STAGE   15  placed with an equal amount
of butyl acrylate. The POLYMER PARTICLES WITH BENZOIC ACID AB-
resulting multi-stage latex product had a 23.4% SORBED IN LOW-ACID STAGE
AFTER POLY-              solids content, pH of 9.4, average particle
diameter MERIZATION OF FINAL STAGE                         of 503 nm and
S/mil of 0.11. Multi-stage polymer particles were prepared   20  EXAMPLE
Vil - PREPARATION OF MULTI-STAGE following the procedures of Example 11,
except that  POLYMER    PARTICLES   HAVING    METHYL the benzoic acid was
added to the flask imme-     METHACRYLATE EARLIER STAGE dlately after
addition of the styrene was complete. When the ammonia was added, the latex
became         Multi-stage polymer particles were prepared thick and 100
grams of water were added. The   25  following the procedures of Example V,
except that resulting latex product had a 23.3% solids content,  butyl
methacrylate in the earlier stage was re- pH of 9.7 and S/mil of 0.13.
Examination of dry   placed  with  an  equal amount of  methyl polymer
particles under a microscope showed a     methacrylate. The resulting
multi-stage latex prod- single void in each particle.
uct had a 24.0% solids content, pH of .93, average 30  particle diameter of
477 nm, and S/mil of 0.08. The EXAMPLE V - PREPARATION OF MULTI-STAGE
earlier polymer stage had an estimated Tg of POLYMER    PARTICLES    HAVING
BUTYL            [err]. METHACRYLATE EARLIER STAGE AND AZELAIC ACID
ABSORBED THEREIN                             EXAMPLE IX - PREPARATION OF
MULTI-STAGE 35  POLYMER  PARTICLES HAVING  STYRENE EAR- A low molecular
weight, earlier stage latex was  LIER STAGE prepared following the
procedures of Example I, except that 50 grams of an acrylic latex seed
Multi-stage polymer particles were prepared (41.3% solids, average diameter
57 nm) were used  following the procedures of Example V, except that and
isobutyl methacrylate was replaced with an   40  butyl methacrylate in the
earlier stage was re- equal amount of butyl methacrylate. The resulting
placed with an equal amount of styrene. The result- latex has an 18.8%
solids content and an average  ing multi-stage latex product had a 24.1%
solids particle diameter of 150 nm.                      content, pH of
9.3, average particle diameter of 389 This earlier stage latex as then used
to prepare  nm, and S/mil of 0.11. The earlier polymer stage multi-stage
polymer particles following the proce-  45  had a measured Tg of 70 C by
differential scan- dures of Example 11, except that the amount of    ning
calorimetry. initial deionized water was increased to 700 grams and benzoic
acid was replaced with azelaic acid.  Claims The resulting multi-stage
latex product had a 23.8% solids content, pH of 9.4, average particle  50
1. A process for manufacturing multi-stage poly- diameter of 470 nm, and
S/mil of 0.20.               mer particles containing void space(s)
therein, comprising the steps of EXAMPLE VI
a) producing multi-stage polymer particles by sequential polymerization,
which parti- A high molecular weight earlier stage latex was  55  cles
contain carboxylic acid functionality in prepared following the procedures
of Example V,         at least one stage which is not the outer except that
the n-dodecyl mercaptan was excluded.       stage, The resulting latex had
a 17.4% solids content and 7    11                EP 0342 944 B1
12 EXAMPLE III - PREPARATION OF MULTI-STAGE           an average particle
diameter of 156 nm. POLYMER PARTICLES WITH BENZOIC ACID AB-
This earlier stage latex was then used to pre- SORBED IN LOW-ACID STAGE
DURING POLY-              pare multi-stage polymer following the procedures



MERIZATION OF FINAL STAGE                          of Example V. The
resulting multi-stage latex prod- 5   uct had a 24.4% solids content, pH of
9.2, average Multi-stage polymer particles were prepared    particle
diameter of 482 nm, and S/mil of 0.15. following the procedures of Example
II, except that the benzoic acid was mixed with styrene and this   EXAMPLE
VII - PREPARATION OF MULTI-STAGE mixture was added to the flask over a
one-hour     POLYMER  PARTICLES  HAVING  BUTYL AC- period. The resulting
latex product had a 28.3%    10  RYLATE EARLIER STAGE solids content, pH of
9.9 and S/mil of 0.16. Voids were noticeable in the dry polymer particles
Multi-stage polymer particles were prepared through examination under a
microscope.           following the procedures of Example VI, except that
butyl methacrylate in the earlier stage was re- EXAMPLE IV - PREPARATION OF
MULTI-STAGE   is  placed with an equal amount of butyl acrylate. The
POLYMER PARTICLES WITH BENZOIC ACID AB-            resulting multi-stage
latex product had a 23.4% SORBED IN LOW-ACID STAGE AFTER POLY-
solids content, pH of 9.4, average particle diameter MERIZATION OF FINAL
STAGE                        . of 503 nm and Smil of 0.11. Multi-stage
polymer particles were prepared   20  EXAMPLE Vil - PREPARATION OF
MULTI-STAGE following the procedures of Example II, except that  POLYMER
PARTICLES   HAVING   METHYL the benzoic acid was added to the flask imme-
METHACRYLATE EARLIER STAGE dlately after addition of the styrene was
complete. When the ammonia was added, the latex became          Multi-stage
polymer particles were prepared thick and 100 grams of water were added.
The   25  following the procedures of Example V. except that resulting
latex product had a 23.3% solids content,  butyl methacrylate in the
earlier stage was re- pH of 9.7 and S/mil of 0.13. Examination of dry
placed  with  an  equal  amount  of methyl polymer particles under a
microscope showed a      methacrylate. The resulting multi-stage latex
prod- single void in each particle.                      uct had a 24.0%
solids content, pH of 9.3, average 30  particle diameter of 477 nm, and
S/mil of 0.08. The EXAMPLE V - PREPARATION OF MULTI-STAGE
earlier polymer stage had an estimated Tg of POLYMER    PARTICLES   HAVING
BUTYL             [err]. METHACRYLATE EARLIER STAGE AND AZELAIC ACID
ABSORBED THEREIN                              EXAMPLE IX - PREPARATION OF
MULTI-STAGE 35  POLYMER PARTICLES HAVING STYRENE EAR- A low molecular
weight, earlier stage latex was  LIER STAGE prepared following the
procedures of Example I, except that 50 grams of an acrylic latex seed
Multi-stage polymer particles were prepared (41.3% solids, average diameter
57 nm) were used  following the procedures of Example V, except that and
isobutyl methacrylate was replaced with an   40  butyl methacrylate in the
earlier stage was re- equal amount of butyl methacrylate. The resulting
placed with an equal amount of styrene. The result- latex has an 18.8%
solids content and an average  ing multi-stage latex product had a 24.1%
solids particle diameter of 150 nm.                       content, pH of
9.3, average particle diameter of 389 This earlier stage latex as then used
to prepare  nm, and S/mil of 0.11. The earlier polymer stage multi-stage
polymer particles following the proce-  45  had a measured Tg of 70 C by
differential scan- dures of Example II, except that the amount of     ning
calorimetry. initial deionized water was increased to 700 grams and benzoic
acid was replaced with azelaic acid.   Claims The resulting multi-stage
latex product had a 23.8% solids content, pH of 9.4, average particle  50
1. A process for manufacturing multi-stage poly- diameter of 470 nm, and
S/mil of 0.20.                mer particles containing void space(s)
therein, comprising the steps of EXAMPLE VI
a) producing multi-stage polymer particles by sequential polymerization,
which parti- A high molecular weight earlier stage latex was  55  cles
contain carboxylic acid functionality In prepared following the procedures
of Example V.          at least one stage which is not the outer except
that the n-dodecyl mercaptan was excluded.        stage, The resulting
latex had a 17.4% solids content and 7    13     EP 0 342 944 B1
14 b) swelling  said particles by contacting         which, when dried,
contain one or more void them with aqueous base, and
space(s) within said particles c) drying said particles, characterized in
that the carboxylic acid func-  3. A process according to claim 1 wherein
the 



tionality present in said at least one stage of   5  polymer stage into
which the carboxylic acid- step a) is. introduced by contacting said par-
containing compound is introduced has a glass ticles during or after
polymerization of that       transition temperature of [err] or less,
prefer- stage with a non-polymerizable compound            ably [err] or
less, and/or a number average containing at least one carboxylic acid
group.     molecular weight of 10,000 or less. 10 2. A process for
manufacturing multi-stage poly-   4. A process according to claim 1 or 2
wherein mer particles according to claim 1, comprising     the pH of the
polymer particles is adjusted to A) sequentially emulsion polymerizing
poly-      pH 4 before contacting them with the non- mer particles
comprising two or more poly-       polymerizable acid-containing compound.
mer stages wherein                     15 1) each of said polymer stages is
5. A process according to any preceding claim emulsion-polymerized from a
monomer           wherein said non-polymerizable acid-contain- system
comprising  one  or  more            ing compound has a solubility in water
greater ethylenically-unsaturated    monomer(s)       than 0.001 % and less
than 2 % at pH 5 or containing one or more -HC =C< groups;  20    less and
at the Tg of the final polymer stage, 2) the outer polymer stage of said
par-       and the ratio of the acid-containing compound ticles has a glass
transition temperature      to the weight of said multi-stage polymer par-
of about [err] or greater;                   ticles is from 1: 2 to 1: 50.
3) at least one essentially low-acid, ear- lier polymer stage, other than
said outer  25  6. A process according to any preceding claim polymer stage
2), is prepared from a          wherein the non-polymerizable
acid-containing monomer system  which contains less           compound is a
[err] aliphatic mono- or di- than about 5% by weight of monomers
carboxylic acid. containing carboxylic acid functionality; 4) each  polymer
stage is different from   30  7. A process according to claim 6 wherein the
any adjacent polymer stage by either          non-polymerizable
acid-containing compound about a one percent difference by weight      is
benzoic acid, m-tolulc acid, p-chorobenzoic in the amount of any
ethylenically un-        acid, o-acetoxybenzoic acid, azelaic acid,
saturated monomer used therein or. by a       sebacic acid, octanoic acid,
cyclohexanecar- difference in number average molecular  35    boxylic
acid, lauric  acid, or monobutyl weight between said stage and said adja-
phthalate. cent stage of at least about a factor of 2; and
8. A process according to any preceding claim 5) the polymer  stages of
said particles      wherein said multi-stage polymer particles are having a
Tg of about [err] or greater  40      further encapsulated by additional
polymer comprises at least about 60% by weight        having a glass
transition temperature of less of said particles;
than [err] preferably less than [err] by B) contacting said polymer
particles with a      emulsion   polymerizing   one   or  more
non-polymerizable compound containing at         ethylenically unsaturated
monomers containing least one carboxylic acid group before, dur-  45  one
or more -HC = C< group(s) in the presence ing or after polymerization of
said outer        of said multi-stage polymer particles. polymer stage 2)
to permit said acid-con- taining compound to be absorbed into said    9. A
process according to any preceding claim low-acid polymer stage 3); and
wherein said base is ammonia; potassium hy- C) swelling the resulting
multi-stage poly-  50  droxide; sodium hydroxide; lithium hydroxide; mer
particles containing said absorbed acid-     calcium hydroxide; strontium
hydroxide; bari- containing compound with water at or above       um
hydroxide; volatile lower aliphatic amines; the glass transition
temperature of the neat     or ammonium complexes of zinc, copper or
polymer or glass transition temperature of       silver the plasticized
polymer of said outer poly-  55 mer stage 2) by contacting said particles
10. A process according to any preceding claim with base at pH sufficient
to swell said poly-   wherein the monomer(s) forming said multi- mer
particles, so as to produce particles        stage polymer particles are
styrene, alpha- 8    15                EP 0 342 944 B1                   16
methylstyrene, vinyltoluene, ethylene, vinyl            etwa 1 Gew.-%
Unterschied in der Men- acetate, vinyl chloride, vinylidene chloride, ac-
ge eines darin verwendeten ethylenisch- rylonitrile, acrylamide,
methacrylamide, acrylic        ungesattigten Monomers oder durch el- acid,
methacrylic acid, acryloxypropinoic acid,         nen Unterschied in dem
Zahlendurch- 



methacryloxypropionic acid, itaconic acid, aco-   5
schnittsmolekulargewicht zwischen der nitic acid, maleic acid, maleic
anhydride,              Stufe und der benachbarten Stufe von fumaric acid,
crotonic acid, monomethyl mal-            mindestens einern Faktor von etwa
2 un- eate,  monomethyl  fumaratei monomethyl                terschiedlich
ist, und itaconate, or [err]  alkyl or [err] alkenyl      (5) die
Polymerstufen der Partikel mit esters of acrylic or methacrylic acid.    10
einem Tg von:etwa 50-C oder hoher mindestens etwa 60 Gew.-% 11. A coating
composition or article of manufacture      der Partikel umfassen,
comprising multi-stage polymer particles pre-        (B) die
Polymerpartikel mit einer nicht-poly- pared by the process of any preceding
claim.         merisierbaren,    mindestens    oenen 15
Carbonsaure-Rest enthaltenden Verbindung PatentmnsprUche
vor, wahrend oder nach Polymerisation der auBeren Polymerstufe (2) in
Kontakt ge- 1. Verfahren zur Herstellung von Mehrstufen-Po-          bracht
werden, wodurch die Saure-enthal- s<,    Iymerpartikeln mit ein oder mehr
Hohirgumen          tende Verbindung von der Niedrigsaure-Po- ...d. darin,
bei dem                            20         lymerstufe (3) absorbiert
wird, und (a) Mehrfach-Polymnerpartikel durch  Se-           (C) die
erhaltenen Mehrstufen-Polymerparti- quenzpolymerisation  hergestellt
werden,           kel, die die absorbierte Slure-enthaltende wobei die
Partikel eine CarbonsSure-Funk-          Verbindung enthalten, mit Wasser
bei oder tionalit~t in mindestens einer Stufe enthal-       oberhalb der
Glasumwandungstemperatur ten, die nicht die auBere Stufe let,    26
des reinen Polymers oder bei oder oberhalb (b) die Partikel durch
Inkontaktbringen mit        der Glasumwandlungstemperatur des plasti- einer
wa3rigen Base gequollen werden, und          fizierten Polymers der
auBeren: Polymerstu- (c) die Partikel getrocknet werden,               fe
(2) durch Inkontaktbringen der Partikel dadurch gekennzeichnet, daB die in
minde-            mit einer Base bel elnem pH gequollen wer- stens einer
Stufe.von Schritt (a) vorliegende   9o   den, der zur Quellung der
Polymerpartikel Carbonsdure-Funktionalit~t eingebracht wird,
ausreichend ist, wodurch Partikel hergestellt indem die Partikel wahrend
oder nach Polyme-         werden, die nach Trocknung ein oder mehr risation
der Stufe mit einer nicht-polymerisier-     Hohirgume innerhalb der
Partikel enthalten. baren Verbindung in Kontakt gebracht werden, die
mindestens einen Carbonseurerest enthilt.   35  3. Verfahren nach Anspruch
1, worin die Poly- merstufe, in die die Carbonsdure-enthaltende 2.
Verfahren zur Herstellung von Mehrstufen-Po-       Verbindung eingebracht
wird, eine Glasum- :'9,   'l!ymerpartikeln nach Anspruch 1, bei dem
wandlungstemperatur von 1500C oder weni- (A) Polymerpartikel, umfassend
zwei odor         ger,  vorzugsweise  90 C  oder  weniger, mehr
Polymerstufen, sequentiell Emulsions-  40   und/oder sin
Zahlendurchschnittsmolekularge- polymerisiert werden, worin
wicht von 10000 oder weniger hat. (1) jede der Polymerstufen aus einem
Monomersystem Emulsions-polymerisiert     4. Verfahren nach Anspruch 1 oder
2, worm der wird, das ein oder mehr ethylenisch-un-       pH der
Polymerpartikel auf pH 4 vor Inkontakt- gesIttigte Monomere mit ein oder
mehr  45     bringen dieser mit der nicht-polymerisierbaren, -HC =C<Resten
umfaBt,                         Saure-enthaltenden  Verbindung  eingestelHt
(2) die AuBere Polymerstufe der Partikel      wird. eine
Glasumwandlungstemperatur von etwa 50* C oder hoher hat,                 5.
Verfahren nach einem der vorhergehenden An- .(3) mindestens eine frUhere,
im wesentli-  so  sprUche, worin  die  nicht-polymerislerbareO chen
Niedrigsiure-Polymerstufe anders         Saure-enthaltende Verbindung eine
Ldslichkeit als die auBere Polymerstufe (2) aus ei-       in Wasser groBer
als 0,001 % und weniger als nem  Monomersystem  hergestelit wird,         2
% bei pH 5 odor weniger und bei dem Tg das weniger als etwa 5 Gew.-% von
Mo-         der End-Polymerstufe hat, und das Verhilitnis nomeren mit einer
Carbonsiure-Funktio-  s5    der Slure-enthaltenden Verbindung zu dem
nalitft enthalt,                              Gewicht der
Mehrstufen-Polymerpartikel 1:2 (4) jede Polymerstufe von. elner benach-
bis 1:50 betragt. ''. : barten  Polymerstufe  entweder durch .~~~~~~~~~~~~~
17                EP 0 342 9441                      18 ilI IIIl lItlii 6.
Verfahren nach elnem der vorhergehenden An-           a) a produire des
particules polymeres a sprtche, worin  die  nicht-polymerisierbare,
plusieurs stades par polym6rlsation s6quen- Saure-enthaltende Verbindung
eine G6-C12 all-        tielle, ces particules contenant une fonction-
phatische Mono- oder Dicarbonslure ist.              nalite acide
carboxylique dans au moins un 



-  5      stade qul n'est pas le stade exterieur, 7. Verfahren nach
Anspruch 6, worin die nicht-           b) A faire gonfler lesdites
particules en les polymerisierbare, Sgure-enthaltende  Verbin-
mettarit en contact avec une base aqueuse, dung Benzoesdure, m-Toluylsaure,
p-Chlor-            et benzoesgure, o-Acetoxybenzoesaure, Azelain-
C) a s~cher lesdites particules, saure, Sebacinsaure, Octylsiure,
Cyclohexan-   10     caract~ris6 en ce que la fonctionnalite aci-
carbonsgure, Laurinsaure oder Monobutylpht-        de carboxylique presente
dans ledit au moins halat ist.                                         un
stade de I'4tape a) est introdulte par mise en contact desdites particules,
pendant ou -   Verfahren nach einem der vorhergehenden An-       apres la
polymerisation du stade considdr4, sprUche, worin die
Mehrstufen-Polymerpartikel  15  avec un compose non polymerisable contenant
ferner durch ein zusatzliches Polymer mit el-      au moins un groupe acide
carboxylique. ner Glasumwandlungstemperatur von weniger als 50 C,
vorzugsweise weniger als 25 C,       2. Proced6 pour fabriquer des
particules polyme- durch  Emulsionspolymerisation  elnes oder         res &
plusieurs stades selon la revendicatlon 1, mehrerer
ethylenisch-ungesittigter Monomere  20    qui consiste: mit ein oder mehr
-HC= C< Resten in Gegen-           A) A polymeriser par polymerisation se-
wart der Mehrstufen-Polymerpartikel verkapselt       quentielle en emulslon
des particules poly- werden.
meres comprenant au moins deux stades polymeres, oD 9. Verfahren nach einem
der vorhergehenden An-  2S         1) chacun desdits stades polymeres po-
sprOche, worin die Base Ammoniakj Kaliumh-             lymkrisft  par
polymerlsation en 6mul- ydroxid,  Natriumhydroxid,  Uthiumhydroxid,
sion a partir d'un systeme de monome- Calciumhydroxid, Strontiumhydroxid,
Barlumh-            res comprenant un ou plusieurs mono- ydroxid, flUchtige
nieder-aliphatische Amine            mores & insaturation 6thyl~nique
conte- oder Ammoniumkomplexe von Zinki Kupfer  30              nant un ou
plusieurs groupes -HC =C<; oder Silber sind.
2) le stade polymere exterieur desdites particules a une temperature de
transi- 10. Verfahren nach elnem der vorhergehenden An-            tion
vitreuse d'environ 50 * C ou plus: sprUche, worin das (die)
Mehrstufen-Polymer-            3) au moins un stade polymere ant~rleur, *
partikel ausbildende(n) Monomer(e) Styrol, a-  35       essentiellement a
faible teneur en acide, Methylstyrol, Vinyltoluol, Ethylen, Vinylacetat,
et autre que ledit stade polymbre exte- Vinylchlorid, Vinylidenchlorid,
Acrylonitril, Acry-    rieur 2), est pr~par6 a partir d'un systb- lamid,
Methacrylamid, Acrylsaure, Methacryl-            me de monombres qui
contient moins siure, Acryloxypropionsiure, Methacryloxypro-
d'environ 5 % en poids de monombres pionsiure, Itaconsdure, Aconitseure,
Malein-  4o        conenant une fonctionnalite acide car siaure,
Maleinslureanhydrid, Fumarsiure, Cro-           boxylique: tonsaure,
Monomethylmaleat, Monomethylfu-               4) chaque stade polymbre est
diff6rent marat, Monomethylitaconat oder (Ci-C2o)Alkyl            de tout
stade polymere immediatement oder (C3-C20)Alkenylester von Acrylsiure oder
contigu, cette diffmrence dtant d'environ 1 Methacrylsdure let (sind).
4s            % en poids pour ce qui est de la quanti- t6 de tout monombre
& insaturation dthy- 11. Beschichtungszusammensetzung oder Herstel-
lenique qui y est utilise, ou encore la lungsartikel, umfassend
Mehrstufen-Polymer-             difference, pour ce qui est de la masse
partikel, hergestellt durch das Verfahren nach          moldculaire moyenne
en nombre entre einem der vorhergehenden AnsprUche.        50
ledit stade et ledit stade imm~dlatement contigu, correspond au moins I un
fac- Revendlcations                                             teur dgal &
2 ; et 5) les stades polymbres desdites parti- . 1. Procede pour fabriquer
des particules polymb-          cules ayant une Tg d'environ 50*C ou res a
plusleurs stades contenant un ou plu-  55         plus comptent pour au
moins environ 60 seeurs espaces creux, et comprenant les 6ta-            %
en polds desdites particules; pes consistant:
B) a mettre en contact lesdites particules polymeres avec un compos6 non
polymeri- 10    ::   :   ::            ;                         t    z   |
:      : wl : 19                EP 0 342 944 B1                   20 sable
contenant au moins un groupe acide        sebacique, I'acide octanoTque,
'acide cyclo- carboxylique, avant, pendant; ou apres. Ia
hexanecarboxylique, I'acide laurique ou le ph- polymerisation dudit stade
poiymere ext6-      talate de monobutyle. 



rieur 2), pour permettre audit compose contenant un acide d'etre absorbe
par ledit   5   8. Proc~d6 selon I'une quelconque des revendi- stade
polymbre 3) a faible teneur en acide;     cations pr~cedentes, dans lequel
lesdites parti- et         .                                    cules a
plusleurs stades sont en outre encap- C) a faire gonfler les.particules
polymbres     sulees par un polymbre suppl~mentaire ayant obtenues, a
plusleurs stades, contenant le-     une temperature de transition vitreuse
inferieu- dit compose absorbe, contenant un acide,  70    re a 50 C et de
pref6rence infdrieure a 256 C, avec de l'eau A la temperature de transition
par polyrmerisatlon en emulsion d'un ou plu- vitreuse du polymere non
additive ou au-        sieurs monomeres a insaturation dthylknique dessus
de cotte temperature, ou a ia tem-       contenant un ou plusieurs groupes
-HC=C<, perature de transition vitreuse du polymbre     en presence
desdites particules polymbres A plastifie dudit stade polymbre ext6rieur
2),  16  plusieurs stades. ou au-dela de cette temperature, par mise en
contact desdites. particules avec une     9. Proc~dd selon lune quelconque
des revendl- base a un pH suffisant pour faire gonflor       cations
precedentes, dans lequel ladite base lesdites particules polymeres, de
fagon a       est I'ammonlac ; lhydroxyde de potassium produire des
particules qui, apres sechage,  20  I'hydroxyde de sodium ; I'hydroxyde de
lithium contiennent un ou plusieurs espaces crsux       ; lhydroxyde de
calcium  ; I'hydroxyde de ;h 1interieur desdites particules.
strontium ; l'hydroxyde de baryum ; les amines aliphatiques inferieures
volatiles; ou les com- 3  ProcMd6 selon la revendication 1, dans lequsi
plexes d'ammonium du zinc, du cuivre ou de le stade polymere dans lequel
est introduit le  25  I'argent. compose contenant un acide carboxylique A
une temperature de transition vitreuse de      10. Procedd solon l'une
quelconque des revendi- 150-C ou moins, de preference de 90-C ou
cations precedentes, dans loquel le ou les moins, eVou une masse
molkculalre moyenne         monomeres formant lesdites particules poly- en
nombre de 10 000 ou moins.             30      mares a plusieurs stades
sont 1s styrbne, l'alpha-methylstyrine, le vinyltolubne, lethylb- 4.
Procede solon la revendication 1 ou 2, dans        no, l'ac6tate de vinyle,
le chlorure de vinyle, le loquel le pH des particules polymeres est ajus-
chlorure do vinylidbne, ' acetonitrile, I'acrylami- t4 a pH 4 avant: lour
mise en contact .avec le    de, le m~thacrylamide, l'aclde acrylique,
I'aci- compos6 non polymerisable contenant un aci-  35   de m6thacrylique,
I'acide acryloxypropionique, de.
I'acide methacryloxypropionique, lacide itaco- nique, I'acide aconitique,
l'acide maleique, I'an- *  > 5. Proc~d6 selon lune quelconque des revendi-
hydride mal~ique, I'acide fumarique, I'acide cations prec6dentes, dans
loquel ledit compo-     crotonique, le maleate de monomethyle, le fu- se
non polymerisable contenant un acide a   40    marate de monomethyle,
l'itaconate de mono- une solubilit dans l'eau sup6rieure a 0,001 %
methyle, ou encore les esters alkyliques en et infdrieure a 2 % a pH 5 ou
moins et A la Tg    Ci-C20 ou alcknyliques en 63-C20 de l'acide du stade
polymere final, le rapport du compo-     acrylique ou de I'acide
rn6thacrylique. se contenant un acide A la masse desdites particules
polymeres a plusieurs stades etant  45  11. Composition de revetement ou
article fabriqu6 de1:2 A 1:50.
comprenant des particules polymbres a plu- sieurs stades prepardes par le
procdd6 selon 6. Procedd selon lPuna quelconque dos revendi-       l'une
quelconque des revendications preceden- cations precedentes, dans loquel le
compos6       tes. non polymerisable contenant un acide est un   50 acide
mono- ou dicarboxylique aliphatique en C . -C1 2. 7. Procede selon la
revendication 8, dans lequel le compos6 non polym~risable contbnant un   55
acide est l'acide benzofquel'acide m6tatolui- que, lI'acide
parachlorobenzorque, I'acide or- thoacetoxybenzofque, I'acide azIla1bue,
i'acide -~~ ~ ~~~~   ~    ~~~      I  lll   lll   ii  I Ni lll    


