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ABSTRACT: A method is described for the preparation of the core-shell latex particle containing
a cross-linked core and a polar shell in submicron size range and of the odd shaped “sponge-
like” aggregates in 3 to 5 um using non-aqueous dispersion (NAD) polymerization. These latexes
were prepared by seeded semi-continuous dispersion polymerization in n-heptane, and sterically
stabilized by the poly(12-hydroxy stearic acid) (PHS) type amphipatic stabilizer. The final shapes
of the resulting core-shell dispersion particles were found to be greatly influenced by the detailed
composition of the monomer mixtures in the reaction. The aggregates formed in this study were
easily redispersed after settling under the influence of the gravity. The freeze-dried core-shell
particles were easily redispersed in water containing an amine base.

Introduction

Dispersion polymerization has received relatively
little attention compared with the conventional
emulsion or suspension polymerization. Although
a number of papers' ® on the morphology of the
emulsion-polymerized latexes including odd-shaped
particles have also reported, very few’ ! about dis-
persion-polymerized latex particles have appeared.

Dispersion polymerization™! usually involves the
polymerization of a monomer mixture dissolved in
an aqueous'®*~'® or non-aqueous media” * in the
presence of an amphiphatic polymeric stabilizer to
produce insoluble polymer particles dispersed in
the continuous phase. In each instance, the particles
form stable colloidal dispersions in its respective
media. In fact, dispersion polymerization can be re-
garded as a modified precipitation polymerization
in which flocculation is prevented and the particle
size is controlled by the presence of the steric sta-
bilizer. Dispersion polymerization can be carried out
by one of two ways, like conventional emulsion.
Thefirst is a “seeded semi-continuous process” %%
in which the seed formation is formation is followed
by semi-continuous addition of monomer mixture.
The second type of polymerization is a batch pro-
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cess in which all of the ingredients is added to
the reactor vessel at the beginning of the polymeri-
zation. Most applications of these dispersions are
in the fields of solvent-based coatings,”***" inks, and
adhesives, etc. In higher technology applications,
such particles often go by the name “polymeric mi-
crospheres.” These applications include ion ex-
change resins, functional packing material for high
performance liquid chromatography column,?® solid
supports for organic and biopolymer synthesis,”
and new applications in biomedical field or medical
diagnostics.* Another type of application of these
materials which has not yet been given its proper
attention is as models for processes which occur
between colloidal-size particles. One example of in-
terest to us is the overall process of sludge forma-
tion in motor oil’! resulting from the incomplete
combustion of gasoline in the presence of moisture.
With appropriate models, one might be able to in-
duce aggregation, flocculation, and coagulation un-
der more controlled conditions as a model for the
sludge formation process. Alternatively, one might
be able to study directly the interaction of current
and candidate dispersants with these particles as
a way of understanding how the various dispersants
work.
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In this paper we decribe the synthesis of model
non-aqueous dispersion (NAD) particles by a 3
stage dispersion polymerization The particles pro-
duced have a cross-linked core and a shell rich
in —OH and —COOH groups.

Experimental

Methyl methacrylate (MMA), ethylene glycol
dimethacrylate (EGDMA), n-butyl acrylate (BA), 2-
hydroxyethyl acrylate (HEA), and acrylic acid (AA),
purchased from Aldrich, were vacuum distilled un-
der nitrogen and stored at —10 C before use. 2,2'-
Azobis-(isobutyronitrile) (AIBN, Polysciences) was
recrystallized from methancl before use. The poly
(12-hydroxystearic acid)-methyl methacrylate-acrylic
acid (PHS-MMA-AA) comb stabilizer, a gift from
ICI Canada, was supplied as a 33 wt% solution in
a mixture of butyl acetate, aliphatic hydrocarbon
and toluene (53/11.5/2.6 by vreight). This stabilizer
is referred to as PHS comb stabilizer.

Composition of the Stabilzer. According to
the supplier, the polymer was comprised of 50 wt%
PHS, 45 wt% MMA, and 5 wt% AA. A sample of
the polymer was purified by precipitation into me-
thanol, followed by dring under vacuum to yield
an off-white powder. The 'H NMR ((400 MHZ) spec-
trum was clean, and showed a singlet at 3.6 ppm
(PMMA, CO,CH.), a pentuplet at 4.83 ppm (PHS,
(CH2)CHO,C-), and a triplet at 2.29 ppm (PHS, CH,
CO,-), with an area ratio of 1:0.14 - 0.27. The re-
maining protons apperar at 0.7~2.1 ppm. From the
respective areas, one can infer that this correponds
to a mole ratio of PHS/MMA =04, consistent with
the composition described above.

Molecular Weight of the Stabilizer. The mo-
lecular weight of the purified stabilizer was deter-
mined by gel permeation chromatography (GPC)
using a Waters 5014 instrument coupled to a differ-
ential refractometer detector. The measurements
were performed at room temperature using non-
aqueous Microstyrage! columns (pore sizes 10" and
500 A° units) and tetrahydrofuran (THF) as the
solvent. Monodisperse poly(methyl methacrylate)
(PMMA) samples with the molecular weights of 5,
27, 107, 330 K were used as references. The stan-
dard PMMA had a concentration of 0.2 wi% in
THF; the flow rate was 0.3 mL/minute, and the
sample size was 0.1 mL Af,, M,, and molecuar
weight distribution of the stabilizer were 1,588, 14,
605, and 9.2, respectively.

Dispersion Polymerization. Dispersion polym-
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erizations were carried out in a three-stage pro-
cess:seed formation, preparation of the cross-linked
core, and third-stage (shell) formation. The detail
polymerization recipes are given in Table 1. Most
reactions were carried out in a 250 mL three-neck
round-bottom flask equipped with mechanical stir-
ring at 200 RPM. In second-and third-stage polym-
erizations, monomer, initiator, and additional sta-_
bilizer were fed slowly into the reactor using an
FMI metering pump. In a typical reaction, a reactor
flask containing n-heptane solvent, plus stasbilizer
and NAD prticles from the preceding stage was
placed in an oil bath-kept at 100 C and purged
with nitrogen. The reactants were added and react-
ed as described below.

For the seed formation, 354 g of n-heptane was
first placed into the 250 ml reactor and purged
with nitrogen. The flask was immersed into an oil
bath kept at 100 C for -15 minutes. A mixture of
MMA/AIBN/PHS stabilizer (5.40/0.4/2.0 in grams),
thereafter, was added at once, and stirred for 1.5
hour under nitrogen. The formation of seed latex
was entirely completed within an hour. An aliquot
was removed for SEM analyses and the solid con-
tent measurement. After an additional 30 minutes,
a mixture of the core formation MMA/EGDMA/
AIBN/PHS stabilizer/heptane (2.5/1.2/0.35/5.3/12.5
in grams), was fed into the reactor maintained at
100 C, using a feed pump over three hours. At
the end of the addition of the mixture for the core
formation, additional heptane (30 g) was fed into
the reaction slowly over 30 minutes. After the addi-
tional 0.5 hour post-reaction, an aliquot was remo-
ved for SEM analyses and the solid content meas-
urement. Five separate sets of experiments were car-
ried out for third-stage polymerization. In these
experiments, the conditions and compositions of the
third-stage feed were varied as described in Table
I. The monomer mixtures was fed into the reactor,
immersed in the oil bath kept at 100 C or 110
‘C using the feed pump for an hour. After the addi-
tion of the monomer mixture for the shell formation
was completed, the polymerization was allowed to
proceed for an additional 2 hour post-reaction to
complete the reaction, and the resulting latex was
cooled down to room temperature and filtered
through the glass wool. The percent solids and the
final conversion were determined gravimetrically
from the dried sample weights based on the total
amount of the ingredients in the recipe.

Particle Size and Particle Shape, Particle
sizes and particle shapes of the resulting dispersion
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Table I. Dispersion Polymerization Recipes

STAGE 1
Seed (g)

STAGE 2
Core (g)

STAGE 3
Core-Shell (g)

Polym Temp.

Stage 3 (C)

Sample Code

MMA : 54

AIBN : 04

PHS 1 0.2
Heptane : 354

Polym
Condition :
200 rpm,
100 ©
Batch polym

MMA : 25
EGDMA : 12

AIBN : 0.35

PHS" 153
Heptane : 12.5

Polym
Condition :
200 rpm,
100 €
Seeded Semi-

Continuous polym

HEA ' 8.9
AA 12
AIBN [ 0.07
PHS @ 21

MMA 44
BA 132
HEA @21
AA 04
AIBN : 04
PHS 121

MMA : 39
BA 30
HEA 20
AA 12
AIBN : 0.07
PHS @ 21

100

110

100

110

110

Polym Condition :
200 rpm, seeded
semi-conitnuous

polym

“PHS : stabilizer, 33% in solids.

were determined and viewed using the scanning
electron microscopy (SEM). One drop of the fresh-
made final dispersion was diluted in about 2~3
mL of n-heptane and one drop of the diluted dispe-
rsion was coated on the aluminum stub and was
dried at room temperature overnight. The samples
were sputter coated with gold, and examined with
a Hitachi S570 SEM instrument 15 KV.

Results and Discussion

In the Backhouse patent®” for water dispersible
automotive base-coat,?® a procedure is described for
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preparing NAD particles in hexane with a shell rich
in poly(12-hydroxyethyl methacrylate) (PHEMA).
These are subsequently transferred to water (in
a manner that does not seem particularly conven-
ient), and the water dispersibility of the particles
implies that the surface is indeed hydrophilic. Nev-
ertheless, for our purposes, the patent describes
a means of preparing hydrocarbon dispersions of
particles with a surface rich in —QH and —COOH
groups. In this approach, one first prepares seed
particles of methyl methacrylate using the ICI comb
stabilizer based upon poly(12-hydroxystearic acid
(PHS). Our stabilizer is composed of 50 wt% PHS

Korea Polym. J., Vol. 2, No. 1, 1994
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Figure 1. SEM micrograph of the PMMA seed par-
ticles.

Figure 2. SEM micrograph cf the cross-linked seed-
core particles.

units, 45 wt% MMA, 5 wt% AA, and this composi-
tion was confirmed by 'H NMR. In the second
stage, one polymerizes MMA plus a bifuntional me-
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thacrylate to obtain cross-linked particles. Finally,
in a third stage, one adds a mixture of MMA, butyl
acrylate, AA, and HEMA to the dispersion polym-
erization. The role of the first two monomers is pre-
sumably to control the T, of the particles and to
balance the hydrophilicity of the HEMA and AA
comonomers.

Figures 1 and 2 show SEM micrographs of the
seed and core dispersions prepared, according to
the recipes as shown in Table L All of the seed
and core preparations, carried out in the present
study, gave stable latexes of almost 100% conver-
sion with negligible coagulum. The seed latex was
PMMA dispersion particles in n-heptane medium,
stabilized by the PHS comb-type stabilizer, of which
the particles are spherical and about 190 nm in
an average diameter with a broad size distribution.
The seed-core latex was EGDMA-crosslinked
PMMA dispersion particles with no detectable solu-
ble component, of which the particles are also sphe-
rical and about 280 nm in an average diameter with
a broad size distribution. The presence of small
particles (80~100 nm) is suggestive of some renu-
cleation occurring during the reaction.

Third-stage polymerization of the cross-linked
seed-core particles yielded almost coagulum-free
dispersion whose properties depended sensitively
on the composition of the third-stage feed. Five sep-
arate sets of conditions are denoted as A to E,
and the compositions are given in Table L In g,
only HEA and AA were employed as monomers.
This should lead to the most polar shell. In B and
C both MMA and BA are incorporated into the
feed, and the major difference between the two
reactions is the smaller amount of AIBN initiator
used in C. In D and E we increased the ratio of
BA to MMA. This will have the effect of lowering
the T, of the third-stage polymer. SEM images of
the products of reactions A, B, and C are shown
in Figure 3. The particle sizes and size distributions
are similar. The size distribution appears to reflect
that of the previous stage, with no obvious evidence
for renucleation occurring during the reaction. We
attempted to transfer the dispersions to water using
the approach described in the Backhouse patent.”
In this method, one is supposed to add the heptane
dispersion dropwise to hot water in such a way
that the heptane distills over into a separate con-
tainer. In our hands no variation of this approach
was successful. Nevertheless, it turned out to be
very simple to disperse the freeze-dried particles
in water containing a small amount of amine base
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Figure 4. SEM micrographs of the odd-shaped “sponge-like” aggregates D and E.

by gentle ultrasonication. This estabilished the pres-
ence of a water swellable surface layer on the par-
ticles.

The products of reactions D and E were quite
different. They were stable dispersions that settled
under the influence of the gravity but were easily
redispersed. By SEM (Figure 4) one identifies
“sponge-like” aggregates on the orer of 3 to 5 ym
in diameter. Because of the unusual nature of the
products, we repeated the reactions to confirm that
we could obtain the same structures if we reprodu-
ced the reaction conditions. In addition we cinfor-
med that dispersions which were allowed to settle
and were redispersed gave similar SEM microgra-
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phs. The shape of the aggregates was very sensitive
to the detailed composition of the monomer mixture
in the reaction. The aggregates fromed in D are
more compact in structure, not quite spherical but
regular in shape. In E the aggregates have a more
open architecture.

Third-stage reactions were carried out in the
reactor kept at 100 C or 110 C. The seed-core
particles prepared in this study are cross-linked
PMMA. The major differrence between reactions
A-C and D-E is the thermomechanical properties
of the resulting shell polymers formed on the seed-
core particles. In general, an increase of BA content
in the monomer mixtures A to E was found to be

Korea Polym. ], Vol. 2, No. 1, 1994



“Sponge-like” Particles

favorable to make the aggregates of the core-shell
particles as shown in Figures D and E. On the
other hand, an increase of MMA, AA and larger
amounts of HEA and AA in the monomer mixtures
A to E were found to be favorable to make the
conventional spherical core-shell particles as shown
in Figures A, B, and C. To explain the particle ag-
gregation in D and E we assume that at the reaction
temperature the surface layer of the particles is
well above its T, (or near rubbery plateau or rub-
bery flow). Under the shear forces of stirring the
reaction particles come into contact. If the surface
layer is sufficiently soft and sticky, the resulting
core-shell particles would form “sponge-like” clus-
ters. There seems proper conditions for making the
conventional core-shell latex particles with a sphe-
rical shape and for making the odd-shaped “sponge-
like” aggregates, that might be influenced by the
amount and the types of the monomers in the shell
formation, the concentration of the stabilizer, the
ratio of the thickness of shell to seed-core particles,
the degree of crosslinking in core particles, the po-
lymerization temperature, polymerization processes,
the density of the medium, and the shear force
applied to agitation, etc. More work should be done
on this subject for more detailed investigations.

Conclusion

Micron and submicron sized NAD particles con-
taining a cross-linked core and a polar shell were
prepared by a 3 stage dispersion polymerization
and were sterically stabilized by PHS comb type
amphiphatic stabilizer. The seed and seed-core par-
ticles produced were all spherical, in the submicron
size range, and showed a broad size distribution.
The final shapes of the resulting core-shell disper-
sion partcles were found to be greatly influenced
by the composition of the monomer mixtures used
in the shell preparations. Stable dispersions of “spo-
nge-like” aggregates were obtained if the mon-
omer mixture in the third stage contained relati-
vely large amounts of butyl acrylate. These aggre-
gates were 3~5 um in size. After settling under
the influence of gravity, they were easily redisper-
sed. The shape of the aggregates was very sensitive
to the detailed composition of the monomer mixture
in the reaction. The freeze-dried core-shell particles
were easily dispersed in water containing an amine
base.
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