MATEC Web of Conferences 149, 01035 (2018) https://doi.org/10.1051/matecconf/201814901035
CMSS-2017

Hybrid Latex Particles: Preparation with Miniemulsion Polymerization
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Abstract. This research developed a novel poly(trifluoropropylmethylsiloxane) (PTMS)/montmorillonite
nanoparticles, for technologic applications. PTMS /MMT nanoparticles were prepared by the miniemulsion
polymerization method. Montmorillonite clay was encapsulated within a fluorinated cyclosiloxane (1,3,5-
tris(trifluoropropylmethyl)cyclotrisiloxane) to give stable water based nanocomposite latex, using
miniemulsion polymerization technique. The resulting composite latex was characterized by transmission
electron microscopy (TEM), dynamic light scattering (DLS) and RX diffraction. The particles stability was
investigated by sedimentation and surface tension measurements. An efficient cationic/nonionic surfactant
mixture was used in order to achieve the best compatibility with the monomer. TEM and RX data revealed the
partial embedding of montmorillonite in the spherical polymer based nanoparticles. According to DLS
measurements, the encapsulated clay particles conserve their size throughout the polymerization process. The
melt processing of poly(trifluoropropylmethylsiloxane) matrix to encapsulate the montmorillonite clay was
also carried out for comparison purposes.

1 Introduction ripening) by an efficient surfactant or a mixture of two
) ) surfactants and also by addition of a hydrophobic
Polymer-clay  nanocomposites  have  received compound [9,10] allowing the polymerization to occur
growing attention during the last 20 years since they are mainly inside these nanoreactors.
knownto display much better. physi.cal propert?es than Furthermore, due to their hydrophobic nature
pure pol}{mers or their .cl.assmal microcomposites [1]. platelet clay can be dispersed within the organic phase,
Séveral kinds of phyllosillicates hav§ been coated [2’3] i.e. inside the monomer droplets and stabilize the
with a polymer layer or encapsulated in a polymer matrix dispersion provided that chemical compatibility and
[4] to enhance their stability and also to improve their partial clay exfoliation are achieved. In this work,
particle distribution at a nanoscale. An appropriate miniemulsion polymerization through an anionic reaction
process is crucial in order to achieve this nanocomposite. pathway is successfully used to encapsulate a
Several strategies have been considered to prepare montmorillonite clay within a fluorinated
polymer silicate nanocomposites which include four main cyclotrisiloxane, the 1,3.5-
processes: exfoliation—adsorption,in situ polymerization, tris(trifluoropropylmethyl)cyclotrisiloxane  (D3F) [11-
melt intercalation and template synthesis.Under the first 13]. A cationic/ nonionic surfactant mixture which
one is also gathered the emulsion polymerization consists of didodecyldimethylammonium  bromide
synthesis  [5]. The polymer layered phyllosilicate (DDDBr) and FSO-100 whose general formula is
panocomposne ) ] (C2H40)x(CF2)yC2H5FO) was employed to stabilize the
in the second.process. 18 develppeq by swelling the system. In addition, the melt intercalation strategy was
layered phyllosilicate within the liquid monomer so that tested from the polymerised D3F,
the polymer formation can occur in between the poly(trifluoropropylmethyl)siloxane (PTFPMS) in order
intercalated sheets [6]. The melt intercalation enables the to estimate the miniemulsion process efficiency with
layered silicate to mix with the polymer matrix in the regards to the classical melt process. Our ultimate goal is
molten state but compatibility is required to ensure a to assess silicate dispersion on a nanolength scale.

thermodynamic stability in the final state [7]. The last
technique is the in situ hydrothermal crystallisation of the 2 Experimental
clay in an aqueous gel medium where the polymer often
acts as a template for layer formation [8].

In miniemulsion process, the monomer droplets are
protected against the monomer diffusion (Ostwald

2.1 Materials
Montmorillonite clay whose general formula is
Mx(Al—xMgx)SigO,o(OH),, was purchased from a local
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company (ENOF Maghnia) in Algeria. Prior to
employment, an acidified clay form was obtained by
shaking the clay in a 0.25M sulfuric acid solution until
saturation was achieved at 95 C with continuous stirring
during 6 h. The cation-exchanged clay was recovered by
filtration and then suspended in de-ionized water.

The monomer D3F was provided by ABCR Company
and its nominal purity was larger than 98%. The
surfactants DDDBr and FSO-100 were purchased from
Acros Organics and Zonyl respectively, and were 99%
pure. All compounds were used as received. The solvent
is de-ionized and bi-distilled water.

2.2 Characterization

The determination of particle size and particle size
distribution was investigated by dynamic light scattering
(DLS) using a Malvern Zetasizer-4 with a fixed incident
light angle at 90-.

All samples were diluted when necessary to avoid
counter saturation. The latex particle morphology was
observed through Philips CM 30 transmission electron
microscope (TEM) at a maximum accelerating voltage of
100 kV. The samples were prepared by casting a latex
solution drop onto a 200-mesh copper grid covered with
carbon film. This drop is absorbed on a filter paper no 41
and deeped immediately in liquid ethane cooled with
liquid nitrogen, then transferred inside the electron
microscope. The incineration experiments were carried
out in programmable Forced-Draft furnace (Fisher
Scientific Inc.) at 500 °C for 1 h. The ash weight was
taken as the clay weight after subtraction of the adsorbed
water weight estimated to be 3.5% of the initial sample
weight.

Table 1:

Miniemulsion basic components and composition

Component Total ((wiw)%)
DY 18.0
Montmorillonite 0.75

DDDBr 1

FSO100 0.5

Water 76

3 Results and discussion

3.1 Miniemulsion stability
3.1.1. Surfactant effect

The samples were prepared following the typical
procedure described above with the basic components
shown in Table 1 except that only the nonionic surfactant
FSO 100 was incorporated, the cationic surfactant effect
being previously described elsewhere [12]. The variation

of the average droplet size (R) before polymerization
deduced from DLS as a function of added FSO 100
amount is represented in Fig. 1. It is noticed that at very
low concentration or in absence of FSO 100 the droplet
size measured is as high as 800 nm. By increasing the
FSO 100 concentration up to 0.15 wt% in the basic

recipe, the oily droplet size is reduced down to 350 nm. A
further increase of the surfactant content up to 0.3 wt%
does not bring any additional size reduction and a
leveling off to a plateau-like step is observed.

It is also interesting to mention that at and above
0.15 wt% of FSOI100 the system shows remarkable
stability over several months.
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Fig.1. Correlation between particle size and FSO 100
amount added to the aqueous phase before
polymerization.

As can be seen from Fig. 2, the particle size change
as determined by DLS in the course of the polymerization
reaction when combining cationic and nonionic surfactant
in optimal proportions as described in Table 1 is minor.
This result is consistent with the literature [15] and
indicates clearly that a real miniemulsion process has
been accomplished. It should be noted that the average

Rhas about the same value at that obtained above (see
Fig. 1). This is in good agreement with the results
obtained by Qunhui et al. [16] for polystyrene laponite
composites synthesized via miniemulsion polymerization
using a nonionic/cationic mixture.

3.1.2. Miniemulsion stability

The miniemulsion surface tension was measured as
a function of time just after sonication as shown in Fig. 3.
After 50 s, the surface tension remains relatively constant
at about 42 mN/cm. Since this value is well above typical
values of micellised surfactant aqueous solutions, it can
be ascribed to incomplete covering of the latex particle
surface by the surfactant molecules [17]. This observation
is an additional support for an effective miniemulsion
process occurrence.
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Fig.2. Droplet size evolution during the polymerization
reaction.

On the other hand, the constancy for a relatively long
time of the surface tension confirms that the nonionic/
cationic surfactant mixture is very efficient in stabilizing
the nanocomposite.
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Fig.3. Miniemulsion surface tension time evolution of the
D;F miniemulsion.

3.2 Encapsulation by miniemulsion

3.2.1. Preliminaries

In order to investigate the montmorillonite surface
modification efficiency, the clay was stirred with the
surfactant in the aqueous phase for 1 h, then the monomer
was added under continuous stirring for 24 h. A phase
separation was observed after 48 h of free standing. The
aqueous and oily phases were separated and clay
distribution in each phase was determined by ash weight
measurement after mixture incineration. The obtained
results show that 65% of the clay are located within the
monomer layer. This indicates clearly that the
surfactants/clay mixture remained primarily in the oily
monomer phase under mechanical shear.

322 DLS

The monomer and polymer droplet sizes with and without
clay added are regrouped in Table 2. The size increase
observed upon clay addition is a direct evidence of an
effective encapsulation. Indeed, the phyllosilicate

hydrophobic nature compatible with the monomer is
favourable to the droplet stability. However, the presence
of a double population in the montmorillonite polymer
sample can be interpreted in terms of a partial
encapsulation since some of the particles remain
unchanged with regards to their mean size.

Table 2:

Particle size and particle size distribution in the miniemulsions with and without
added montmorillonite (from DLS)

Without the
montmorillonite

With the
montmorillonite

Miniemulsion

R (nm) Standard R (nm) Standard

deviation deviation
Monomer 246 0.04 276 0.17
Polymer 280 0.15 Ry =330, R, =276 0.19

3.2.3. XRD

Spectral information on the clay platelet structure can be
obtained by XRD analysis [18]. As depicted in Fig. 4
when the pure montmorillonite XRD pattern (I) exhibits
one diffraction peak at diffraction angle 260 = 5.6° leading
to d(001) spacing of 13.5A° , the diffraction profile of the
acidified montmorillonite (IT) is centered at 20 = 4.8¢
with d(001) spacing of 18.01A° . The larger latter value is
probably due to the presence of two interlamellar water
layers, subsequent to the acid treatment and reflects the
change in interlayer cations and their associated
hydratation states [19].

Intensity(c.p.s)

2 6(degrees)

Fig.4. Nanostructure @~ XRD  spectra: (I) pure
montmorillonite; (II) acidified montmorillonite; (III)
nanocomposite before polymerization; (Iv)
nanocomposite after polymerization.

On the other hand, for both nanocomposites in monomer
and latex miniemulsions, no apparent diffraction peak
could be detected in the whole available diffraction angle
range suggesting a fully exfoliated structure of the
montmorillonite clay. This result is also due to the fact
that DDDBr pre- modified montmorillonite can easily be
exfoliated and encapsulated inside the polysiloxane latex,
in agreement with the literature [20,21].
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3.2.4. TEM analysis

The structural and composition heterogeneities have been
observed by transmission electron microscopy. As seen
on the TEM image of the mixed nanocomposite in Fig. 5,
most of the particles have a well-defined spherical shape
though a small fraction of solid particles co-exist. Hence,
the mixed nanocomposite contains both free

montmorillonite clay and spherical nanocomposites. In
this case, only partial encapsulation is obtained as
already deduced from sedimentation data.

Fig.5. Mixed nanocomposite TEM image
4 Conclusion

It was shown by DLS, TEM and RX diffraction that the
miniemulsion process leads to an effective encapsulation
of montmorillonite. A novel
poly(trifluoropropylmethyl)siloxane / montmorillonite
hybrid nanoparticle in the form of a

water dispersion was developed with up to 5 wt% clay
loading through a miniemulsion polymerization
approach. The nanocomposite system obtained in this
way was macroscopically homogeneous and stable with
clay being embedded within the polymer particles with a
fully exfoliated structure. The presence of a
cationic/nonionic surfactant mixture together with the
sonication process played a cooperative role in stabilizing
the miniemulsion.
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