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Among other uses, latexes are a successful alternative to solvent-borne binders for coatings. Efforts are made to
produce hybrid nanostructured latexes containing an acrylic phase and an alkyd phase. However, after the film-forming
process, the surfactant used to stabilize these latexes remains in the film, and its location can have a drastic effect on the
application properties. Among the processing parameters, the alkyd hydrophobicity can strongly influence this location.
This article aims at the imaging of these surfactant molecules in two hybrid latexes with different hydrophobicity level of
the alkyd resin. A first part of this paper is dedicated to the understanding of the contrast provided by the surfactant in
environmental STEM imaging of latexes. Then, the influence of surfactant-polymer affinity on the surfactant location
after film-forming of those hybrid alkyd/acrylate latexes is studied by this technique. It is shown that in the hybrid latex
with an alkyd shell (obtained with the most hydrophilic resin), the surfactant molecules tend to remain buried in the
alkyd phase. Conversely, in the hybrid latex with an acrylate shell (in the case of the most hydrophobic resin), the
surfactant molecules tend to gather into islands like in pure acrylate latex films.

Introduction

A latex1 is a colloidal suspension of submicrometeric
polymer particles stabilized thanks to surfactant molecules
localized on the surface of the particles. Synthetic latexes,
polymerized in emulsion, were first developed to mimic natural
rubber latexes in the late 1940s. For health and environmental
reasons, the range of applications of latexes produced by
emulsion polymerization processes has broadened, and among
other uses they are a successful alternative to solvent-borne
binders for coatings. However, solvent-borne binders such as
alkyd resin still show superior properties, in particular for
exterior paints. After the solvent evaporation from alkyd
solution, an oxidative drying occurs based on a free-radical
chain mechanism in the presence of O2 (from ambient air) and
is catalyzed by metal complexes, leading to a cross-linked
binder with interesting properties and durability. Waterborne
aqueous dispersions of alkyd resins have also been prepared by
dissolving a surfactant in the resin at high temperature before
water addition and cooling under agitation.2,3 This process led
to stable emulsions of partially cross-linked alkyd droplets,
however the drying time was too long for a wide commercial
use. Nabuurs et al.4 attempted to synthesize waterborne
acrylic-alkyd hybrids by means of emulsion polymerization
of acrylate monomers in the presence of alkyds, but low
monomer conversion and increasing phase separation as
polymerization proceeded was observed.

As an alternative, it was proposed to synthesize acrylic-alkyd
hybrid latexes in order to combine the advantages of both phases.
Wang et al.5 first synthesized acrylic-alkyd hybrid latexes by
miniemulsion polymerization. Miniemulsion polymerization al-
lows the incorporation of water-insoluble components into poly-
mer particles because mass transfer through the aqueous phase is
avoided.6-8 Surfactants play a key role in the stabilization of the
miniemulsions and the latexes produced from them. Thus, it has
been reported that during the miniemulsification process the
strength of the surfactant adsorption affects the mobility of the
surfactant and hence its ability to stabilize the newly formed small
droplets.9 In addition, the localization of the surfactant in the film
has a strong effect on the application properties. Thus, surfactant
migration reduces gloss10,11 and adhesion12,13 when it accumu-
lates on the film surface and increases water sensitivity when it
forms aggregates inside the film.14,15 Kientz et al.16 listed three
primary locations for surfactants upon film formation: (i) surfac-
tant dissolution in the polymer, (ii) formation of a continuous
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membrane at the internal polymer/polymer interfaces, and
(iii) formation of islands of surfactant throughout the film
and interfaces (film/air and film/substrate), which have been
determined using numerous techniques: Fourier transform infra
red - attenuated total reflection (FTIR-ATR),17 atomic force
microscopy (AFM),18-20 energy filtering transmission electron
microscopy (EF-TEM),21 and freeze fracture,22Rutherford back-
scattering spectroscopy (RBS).20 However, most of the reported
results concern model acrylic or polystyrene latex films and, to
our knowledge, no information concerns hybrid systems. Besides,
it might be interesting to observe the surfactant localization in the
latex prior to the film-forming process. Surfactant migration
depends on its adsorption strength on the surface of the polymer
particles,23,24 which for a particular surfactant depends on the
characteristics of the particle surface. Consequently, the fact that
the hybrid acrylic-alkyd systems are multiphase particles may
affect surfactant migration. This is a topic which has not been
treated in literature.

Thus, this paper presents the study of surfactant location in
acrylic-alkyd systems using a scanning transmission electron
microscopy (STEM) setup in an environmental scanning electron
microscope (STEM-in-ESEM). This technique presents the ad-
vantage of enabling the observation of polymeric samples at lower
voltage than classical transmission electron microscopy (TEM)
with good resolution and contrast. Moreover, a recent imaging
configuration was developed for the observation of nanoparticles
in water suspensions (wet-STEM25). Given the novelty of such
types of STEM imaging in ESEM, the understanding of the
contrasts required a preliminary study of a model latex system.
Thus, the first part of this paper is devoted to the imaging of the
location of surfactant molecules in latex and after the film-
forming process in a model pure acrylate copolymer latex. Then,
in the second part, acrylic-alkyd hybrid latexes with alkyds with
different hydrophobicity level;that is, which display two differ-
ent morphologies;are studied. The surfactant localization in
these materials is discussed in relation to their recipes and their
morphologies.

Experimental Methods

Materials. Technical grade monomers, methyl methacrylate
(MMA), and butyl acrylate (BA), supplied by Quimidroga,
and acrylic acid (AA) supplied by Aldrich were used without
purification. Two kinds of alkyd resin were employed, SETAL
293-XX (hydrophobic, HPB) and 1630WP-292 (hydrophilic,
HPL), both supplied by Nuplex resin. The HPL alkyd resin
contains more hydroxyl groups than the HPB one, which makes
it more hydrophilic. Both alkyds were synthesized by step-growth
polymerization and differ by their acid values (HPB: 11mgKOH/
g; HPL: 21 mg KOH/g) but have similar molecular weight
(HPB:Mn=2800 g 3mol-1 andHPL:Mn=2500 g 3mol-1). Stearyl
acrylate (Aldrich) and behenyl acrylate (Norsocryl fromArkema)

were used as costabilizers, and Dowfax 2A1 (alkyldiphenyl oxide
disulfonate, Dow Chemicals) as surfactant. Potassium persulfate
(KPS, Panreac), tert-butyl hydroperoxide (TBHP, Panreac), and
ascorbic acid (AsAc, Panreac) were used as initiators. NaHCO3

was employed to control the miniemulsion viscosity by reducing
electrostatic interactions between droplets. Distilled water was
used throughout the work.

Miniemulsification. All miniemulsions contain 50%of solids
content, 50% wbop (weight based on organic phase) of alkyd
resin, 6% wbop of active surfactant, 4% wbm (weight based
on main monomers) of stearyl acrylate, and NaHCO3 at a
water concentration of 0.039 M (i.e., around 0.3% wbop). The
miniemulsion was produced as follows. First, the organic and
the aqueous phases were mixed by magnetic stirring (10 min at
1000 rpm). Then, the coarse emulsionwas sonifiedwith aBranson
450 equipment (15min, power 9, and 80%duty cycle). Finally, the
miniemulsionwas subjected to 6 cycles in aNiro-Souvi (modelNS
1001 L Panda) two-valve high-pressure homogenizer with pres-
sures of 410 and 41 bar in the first and second valve, respectively.

Polymerization and Postpolymerization Processes. Po-
lymerization reactions were carried out in batch in a 1 L glass
reactor equipped with reflux condenser, stirrer, sampling device,
and nitrogen inlet. Reaction temperature (70 �C) was set constant
by controlling the temperature of the fluid in the jacket by means
of a thermostatic bath and a heat exchanger. The miniemulsion
was added to the reactor and kept under stirring and nitrogen
atmosphere (12-15 mL/min). KPS was added into the reactor
after the miniemulsion reached the reaction temperature.

During postpolymerization the two components of the redox
pair (TBHP/AsAc) were independently fed during 90 min to the
reactor at 70 �C. Finally, the reaction was allowed to continue
30 min in batch. Two latexes were prepared, each one using either
theHPLor theHPBalkyd resin.Theaverageparticle sizemeasured
by DLS (dynamic light scattering) was 100 nm for both latexes.

The choice of the hydrophobicity level of the alkyd resin
enabled the tailoring of the nanostructure of the latex particle.
Indeed, in the case of the most hydrophilic alkyd resin (HPL), the
external area of the latex particle is enriched in alkyd resin. This
was clearly demonstrated by TEM and AFM observations.26

Conversely, with the most hydrophobic alkyd resin (HPB), it was
shown that the external area of the latex particle is enriched in
acrylate.

An acrylic latex (blank latex) was synthesized as reference. This
system was a 50% wbop solid content latex based on a P
(MMAcoBA) (50/50). The latex was synthesized with 2% wbop
active surfactant, 4% wbop costabilizer (behenyl acrylate) and
0.5%wbopKPS as initiator. Themonomers and the cosurfactant
were mixed by magnetic stirring. The resulting pre-emulsion was
further sheared by sonicationwith a Branson sonicator for 15min
then transferred in a four-neck reactor. The polymerization was
started by the injection of a 5 mL solution of initiator, and the
reaction was done at 70 �C for 3 h under nitrogen flow. The
average particle size measured by DLS was 180 nm.

Imaging Technique: STEM-in-ESEM and Wet-STEM.
New developments in imaging techniques in ESEM enables the
observation of nano-objects in suspensions in a Scanning Trans-
mission Electron Microscopy configuration (wet-STEM).25 A
homemade device holds the sample grid between the electron
gunand the annular backscatteredElectron (BSE) detectorplaced
underneath the sample grid. The observation of latex in water
is made possible by the addition of a thermoregulated plate
(Peltier plate): liquid state of water can be maintained in the
microscope chamber by adapting temperature and pressure
(for instance, at 2 �C, vapor pressure is around 5 Torr). The
BSEannular detector is placed at a distance of 7mmto the sample
and centered on the electron beam axis so that electrons from
the direct beam are not collected. Under these conditions,
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observations are performed in annular dark field imaging condi-
tions (basically, brightest contrast is given for high atomic mass
and thick materials). Under those conditions, the collection angle
range of the detector is 420 to 820mrad. This observation setup is
adequate for the imaging of latexes in water and polymer thin
films (few hundred nanometers thick). Hereafter, images taken in
the presence of liquid water in the sample are described as wet-
STEM images.When liquidwater is evaporated, the termSTEM-
in-ESEM is chosen.

A drop of diluted latex is spread on a holey carbon coated grid
before being observed. The evaporation of water is controlled in
situuntil obtaining awater layer thin enough toallow the imaging.
The experiments are performed in an Environmental Scanning
ElectronMicroscope ESEMXL30 FEG fromFEI Company. All
images are taken at an accelerated voltage of 30 keV. Additional
Energy Dispersive X-ray Spectroscopy (EDXS) are performed
using anEDXdetector at an accelerating voltage of 30 keV under
high vacuum conditions.

Numerical Approach of Image Contrasts. Modeling of
image contrasts in STEM that simulates the experimental con-
figuration has been investigated. A specific software based on a
Monte Carlo method (Hurricane27) is used to calculate the path
of 100 000 electrons across a modeled thin film. From this, the
amount of electrons collected in the 420-820 mrad collection
angle range is then calculated. The software setup enables the
choice of geometry, composition, detector, and electron beam
conditions. The sample composition is specified through atoms
ratio and density (Table 1), considerations of bonds or charges
were not available. Thus, for Dowfax 2A1 surfactant, several
cases are considered. First, the compound “Dowfax” is simply
based on the chemical formula. The compound “Dowfax tail” is
attributed to the hydrocarbon tail (hydrophobic tail) and the
compound “Dowfax head” is attributed to the sulfonated heads
(hydrophilic heads) considered as NaHSO3 crystals. Both alkyd
resins considered here are long-oil alkyd resins. For the calcula-
tions, the HPB alkyd resin is considered as a classical alkyd
resin based on the polymerization of 1 mol of an unsaturated
fatty acid containing 23 carbon atoms, with 1 mol of phtalic
anhydride and 1 mol of glycerol. The HPL alkyd resin is based

on the same formula with the addition of 1 mol of hydroxyl
groups. In all calculations, the carbon coat layer of the obser-
vation grid is not considered.

Results and Discussion

I. Preliminary Study: Localization of Surfactant Mole-
cules in Model Acrylate Latex. Given the novelty of the
environmental-STEM setup for the imaging of colloidal systems,
this first part aims at demonstrating its ability to image surfactant
in an acrylic system under both wet and dry conditions. To do so,
a model acrylic latex stabilized with Dowfax 2A1 surfactant is
observed using the wet-STEM imaging setup (Figure 1a) at 2 �C
and 5.6 torr water vapor pressure. Fairly monodisperse spherical
particles are observed since the particle deformation is avoided by
an observation below the glass transition temperature (around
15 �C). In addition, bright areas surround these particles. The
same model acrylate latex is observed in dry conditions (STEM-
in-ESEM, 2 �C and 3.9 torr water vapor pressure), and no bright
crowns are visible around the latex particle (Figure 1b). Finally,
Figure 1c shows this same model latex after slow water evapora-
tion in order to favor the gathering and compaction of the
particles. Note that the latex particles manage to deform despite
the low temperature. This is due to the fact that minimum film
formation temperature does not only depend on the glass transi-
tion temperature but also on the particle size28 and the water
evaporation rate. This image is different from Figure 1b in that
brighter edges are obtained. The images are known to follow a
mass-thickness contrast in which high-atomic-mass atoms ap-
pear brighter, as well as thicker materials. In Figure 1c, under
particle compaction, the edges of the particles deform. Thus, the
amount of material that is interacting with the electron beam is
larger for the case of deformed edges compared to nondeformed
edges. In addition, one can intuitively consider that when the
water evaporated, the Dowfax 2A1 layer adsorbed on the latex
particles might reorganize and gather toward the interparticle

Table 1. Input Values for the Simulation Run on Hurricane Software

molar ratio of each constitutive atom

compound C H O Na S density

water 2 1 1
P(MMA-co-BA) copolymer 12 16 4 1
alkyd HPB 34 60 8 1
alkyd HPL 34 61 9 1
Dowfax 24 24 7 2 1 1.2
Dowfax head NaHSO3 1 3 1 1 1.5
Dowfax tail [CH2]n 1 2 1

Figure 1. Scale bar: 2 μm. (a)Wet-STEM image of themodel acrylate latex in suspension (2 �C/5.6 torr). (b) STEM-in-ESEM image of themodel
acrylate latex after fast evaporation of water (2 �C/3.9 torr). (c) STEM-in-ESEM image of the model acrylate latex right after slow water
evaporation (2 �C/5.3 torr). Note that the large black areas correspond to the holes in the carbon-coated grid.

(27) SAMx Microanalysis Application Software; URI: http://www.samx.com. (28) Jensen, D. P.; Morgan, L. W. J. Appl. Polym. Sci. 1991, 42(10), 2845–2849.
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area and thus could influence the brightness of these thickened
edges.Moreover, the slow evaporation could lead to the presence
of trapped water between the particles, leading to a higher
electron emission field. Indeed, inFigure 6,Hurricane simulations
show that, for a given thickness, the electron scattering of water
(“water”) and Dowfax 2A1 (“dowfax”) is larger than the one of
the acrylic copolymer (“copolymer”).

From Figure 1a, a gray value profile of a 180 nm diameter
particle is plotted in Figure 2. The measured thickness of the
bright crown is around 50 nm. This thickness range is not
consistent with the thickness range of the surfactant layer ad-
sorbed on the latex particle, which should be no more than a few
nanometers. However due to the fact that these bright areas are
specifically located around the latex particle, it is reasonable to
consider that the surfactant layer plays a role in this artifact. It is
also reasonable to consider that the presence of water during the
imaging might be involved in this artifact. Indeed, previous
studies focused on the effect of radiation damage in environ-
mental scanning electron microscopy (ESEM)29 showed that
water acts as a source of small, highly mobile free radicals, which
accelerate specimen degradation. Moreover, they found an in-
crease in the quantities of reactive species produced with increas-
ing beam energy. For primary electrons of 25 keV, the reactive
species spread over a wider region and their decay is slower.

Thus, water radiolysis is likely to occur during wet-STEM
observations of latexes, leading to the creation of short-lived free
radicals H• and HO•.29 In addition, Dowfax 2A1 molecules
(Figure 3) might also undergo homolytic bond cleavage due to
the weakness of the C-S bond.30 Contrary to short-lived water
radicals, this bond cleavage would lead to long-lived radicals
due to sterical effect of phenyl groups hindering the approach

of another radical.31 In addition, these radicals can undergo
further single-electron transfer under the electron beam. There-
fore, negative charge accumulation is likely to occur on the
surface of the latex particles, leading to larger electron emission
fields from those charged areas, explaining the presence of the
bright crowns. In dry conditions, no water radiolysis is occurring,
thus this artifact is not observed.

As an attempt to model the behavior of the electron scattering
field through the latex particle with and without the presence
of water, a mathematical model based on aMonte Carlo method
(Hurricane software) has been used. A Hurricane simulation
based on a pure copolymer latex particle and two other cal-
culations considering an additional shell of either “Dowfax” or
“NaHSO3” are depicted in Figure 4a (see Experimental sec-
tion for more details). In the case of the “NaHSO3” shell, this
sample geometry is an attempt to describe the specific ordering
of surfactant molecules into a layer around the latex particle.
As expected, the scattering of the latex particle is consistent with
a mass and thickness contrast. However, no effect is observed
from the presence of a “surfactant shell” (whatever the shell
composition). Similar calculations made with an additional
100 nm thick water layer are depicted in Figure 4b. A flat plot
is observed for the pure copolymer latex particle immersed in
water as well as for the latex with a surfactant shell. The absence
of contrast between the internal area of the particle and the water
is consistent with the corresponding gray levels in Figure 2. Thus,
an electron scattering is obtained from the presence of water
but none of these calculations manage to describe the peculiar
phenomenon of bright crowns observed in Figure 1a. This
supports the idea that charges accumulation is involved in the
observed contrast.

In an attempt to simulate this phenomenon, another calcula-
tion with Hurricane is performed. Nevertheless, as the software
does not allow simulation of charging effects, the additional
charges that lead to a deviation of the electrons are assimilated
to a highly diffusive compound (Au). Thus, an additional
Hurricane simulation is done considering a core-shell particle
comprising a copolymer core and a 1 nm thick shell of Au
(Figure 4b). Under these conditions, the scattering profile shows
two “bright” peaks appearing at distance to the center equal to the
particle radius. Thus, this simulation confirms that the presenceof
a scattering compound at the only surface of the particle is enough
to create the bright artifact such as the bright crown observed
around the latex particle.

Charge contrast imaging32 is a recent technique in ESEM that
take advantage of the variations of charge accumulations at the
surface of a sample to create image contrast. Similarly, in ourwet-
STEM observations, the Dowfax 2A1 layer adsorbed on the
surface of the latex particles is highlighted through the formation
of charge accumulation at the surface of the particles due to the
presence of both the surfactant layer and the water. Thus, even if
the thickness of the surfactant layer is below the resolution of the
experimental observation conditions, wet-STEM appears as a
powerful technique to detect its presence.

The other information provided by theses images is that
when water evaporation is fast, neither surfactant aggregates
nor surfactant layers are detected. Conversely, as already shown
in Figure 1c, using slow water evaporation promotes the latex
particle gathering and compaction, that is, it enables the mimi-
cing of the film-forming process. In that case, the surfactant
localization can also be studied to address its outcome in the
film. Thus, the imaging of surfactantmolecules after film-forming

Figure 2. Grey value profile of a latex particle observed in wet-
STEM conditions (depicted in Figure 1a).

Figure 3. Formation of long-lived radicals from the Dowfax 2A1
molecules under electron beam from homolytic cleavage of the
weak C-S bond.

(29) Royall, C. P.; Thiel, B. L.; Donal, A. M. J. Microsc. 2001, 204(3), 185–195.
(30) Sanderson, R. T. Chemical Bond and Bond Energy, 2nd ed.; Academic

Press: New York, 1976
(31) Vollhardt, K. C.; Schore, N. E. Organic Chemistry, 4th ed.; W.h. Freeman

And Company: New York, 2003 (32) Cuthbert, S. J.; Buckman, J. O. Am. Mineral. 2005, 90, 701–707.
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process in the model acrylic latex is performed using STEM-in-
ESEM setup.

After storage in a clean environment (to avoid any dirt
contamination) at room temperature for a month, the same
area shown in Figure 1c is observed again and presented in
Figure 5a. Bright lumps clearly formed throughout the film
and, surprisingly, the copolymer particles remain in spherical
shape even during the storage above the copolymer glass transi-
tion temperature. This nondeformation of the particle during the
storage is likely due to interactions between the acrylate copoly-
mer and the electron beam during the first exposure (Figure 1c).
The radicals that formed under the electron beam can react
together and form covalent bonds between the polymer chains,33

leading to cross-linking of the material and hindering the particle
deformation even above the glass transition temperature. Due to
this degradation phenomenon, two successive observations of
a same area would not be significant of the real latex behavior

upon film formation. Another area is presented in Figure 5b,
in that case, the film formation process did occur and the par-
ticle edges are not visible anymore. Moreover, like in Figure 5a,
bright objects are visible,more particularly around the carbon coat
holes.

In these images of latexes after the film-forming process, no
water is remaining; thus, bright artifacts from water radiolysis
cannot be responsible for those bright lumps. Hurricane simula-
tions are performed to compare the electron scattering behavior
of each compound present in our system. Amonolayer (from 0 to
100 nm thick) of each compound is considered. To describe a
specific ordering of surfactant molecules that would lead to
close packing of the hydrophilic heads together, a layer of
NaHSO3 (Dowfax head) is also considered. Similarly, a layer of
Dowfax tail is also depicted. In addition, the scattering beha-
vior of alkyd resins is calculated. As shown in Figure 6, Dowfax
tail, both alkyd resins and acrylate copolymer have similar
scattering behavior. Consistently with a mass-thickness con-
trast, the largest amount of electrons collected is obtained for
Dowfax head andDowfax, whichmeans that the later will appear

Figure 4. (a)Hurricane simulationof a copolymer latex particle (100 nmdiameter) with andwithout a shell attributed to the surfactant layer.
(b) Hurricane simulation of a copolymer latex particle immersed in a 100 nm thick water layer (100 nm diameter) with and without shell
attributed to the presence of the surfactant layer.

Figure 5. Scale bar: 2 μm. (a) STEM-in-ESEM image (2 �C/2 torr) of the same area as in Figure 1c, after storage at room temperature.
(b) STEM-in-ESEM image (2 �C/2 torr) of acrylate film after storage at room temperature.

(33) Marechal, E.; Mercier, J. P. Chimie des polym�eres-Synth�eses, r�eactions et
d�egradations; Presses Polytechniques et universitaires romandes: Lausanne, 1999.
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as the brightest materials. This suggests that the bright objects in
Figure 5 are likely made of these compounds.

To confirm that surfactant molecules gather into lumps, a
solution of surfactant in water is evaporated on a grid and
observed in STEM-in-ESEM. Bright dots can be observed on
the image; surfactant molecules seem to rearrange into highly
diffusive objects of tens of nanometers size (Figure 7).

In addition, energy dispersive X-ray spectroscopy (EDX) is
performed on the acrylate model sample observed in Figure 5.
Both bright lumps and gray latex particles are characterized; the
analyzed area is 100 � 100 nm, and its localization is depicted on
the image (Figure 8). In Figure 8b, the EDX spectrum of a bright
lump is presented, whereas in Figure 8a the EDX spectrum of a
gray domain (latex particle) is presented. The following elements
are detected in both areas: carbon (C) and oxygen (O) come from
the polymer and the carbon coated grid, copper (Cu) from the
copper TEM grid, and silicium (Si) comes from the detector.
Besides those elements, sodium (Na) and sulfur (S) are detected in
the bright areas, whereas none is detected in the dark ones. Note
that, as the acrylate latex was done without any buffer, the Na
signal is the signature of the sole presence of Dowfax 2A1
molecules.

This confirms that a large amount of Dowfax 2A1 is gathered
in the bright lumps while few (below the detection threshold)
could remain adsorbed on the surface of the latex particles.

These observations andmodeling runs comfort the assumption
that specific surfactant molecules ordering (coming after surfac-
tant migration induced by water evaporation) are responsible for
their surprising electron scattering in dry films.

To conclude, this first part clearly demonstrates that in pure
acrylate latexes, surfactant molecules are gathering into nano- to
microscale islands throughout the film. In STEM configuration,
these aggregates of Dowfax 2A1 molecules are characterized
by a bright contrast compared to the contrast attributed to the
acrylate copolymer. In the following, this specific electron scatter-
ing behavior of surfactant molecules in environmental STEM
observations is used to provide insights on the surfactant localiza-
tion in two hybrid alkyd/acrylate latex films with different
hydrophobicity levels of the alkyd resin.
II. Surfactant Outcome in Alkyd/Acrylate Hybrid La-

texes after Film-forming Process.Due to their glass transition
temperature below 0 �C (for the model acrylate latex, the glass
transition temperature is around 15 �C), the film formed from
hybrid latexes at room temperature and even at 2 �C (experi-
mental conditions of the preliminary study). Thus, the particle
coalescence occurs very early during the water evaporation, and
isolated undeformed particles are not obtained, even in wet-
STEM. However, surfactant outcome after film-forming process
can be studied in dry state. Figure 9, panels a and b, are STEM-in-
ESEM images of films obtained from hybrid latexes based on the
HPB and HPL resins, respectively.

The image obtained with the film of the HPB alkyd resin/
acrylate latex (Figure 9a) presents similarities with the image of
model acrylate latex after film formation (Figure 5b); it shows
a continuous gray background due to the film-forming process
of the latex with bright objects similar to surfactant lumps. In
this latex, the alkyd resin is located inside the latex particle, so
the surfactant molecules should mainly interact with the acrylate
copolymer. As plotted in Figure 6, the scattering of acrylate
copolymer and alkyd resin are similar, therefore no difference in
scattering contrasts are expected in the image of mixed films.
Thus, it can be concluded that, during film-forming process, the
exudation of surfactant in this hybrid latex occurs just like in
pure acrylate copolymer latex.

Figure 7. STEM-in-ESEM image of surfactant mixed in water
after evaporation of water. Scale bar: 2 μm.

Figure 8. EDXS analysis of bright (A) and dark (B) domains of
STEM image. Scale bar: 500 nm.

Figure 6. Hurricane simulation: electrons collected vs increasing
thickness of a layer of material.
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In Figure 9b, the “background” is not homogeneous as in
Figure 9a but comprises two distinct contrasts in similar ratio. A
light gray phase with needle shape is visible on a darker gray
domain. In addition, brighter objects similar to surfactant lumps
are also present, similar to the ones visible in Figure 9a. The
causes of the background heterogeneity could be found in the
fact that, with hydrophilic alkyd based latex, the alkyd resin
is likely outside the particle, that is, in contact with the surfac-
tant molecules. Taking into account that alkyd resin comprises
long hydrocarbon chains of fatty acids, it should have strong
affinity with the surfactant hydrophobic tails.34-36 The presence
of the surfactant molecules associated with the alkyd resin in
small domains can increase the overall electron scattering of
these domains compared to pure alkyd resin or pure acrylate
copolymer, leading to a brighter contrast. Thus, the light gray
phase could be attributed to alkyd resin associated with Dow-
fax 2A1 molecules, whereas the brighter objects are likely surfac-
tant lumps due to partial surfactant exudation. This partial
exudation and the large amount of light gray phase in
Figure 9b is a direct observation of the preferential interaction
of the surfactant tail with the alkyd resin and suggests that,

even prior to film-forming process (during emulsification and
polymerization), the hydrophobic tails and the alkyd resin are
associating with each other.

To sum up, STEM observations of hybrid latexes highlights
two different outcomes of the surfactant molecules. In the HPB
case, exudation of the surfactant into islands is observed, whereas
in the HPL case the surfactant remains in interaction with the
alkyd phase due to a strong affinity between the alkyd resin
and the hydrophobic tails of the surfactant molecules. These
conclusions are depicted in Figure 10.

Note that one can wonder if the difference between HPL and
HPB cases is only related to the hydrophobicity level or also to the
particle morphology. To address this question, the design ofmodel
core-shell and inverted core-shell latex particles,withpolymers of
different hydrophobicity, (if possible) could providemore informa-
tion on their respective contributions in the surfactant localization.
Another suggestion would be to observe directly by wet-STEM
suspension of HPB and HPL resins stabilized by Dowfax.

Conclusion

The recent development of imaging technique using a high
angle annular dark field configuration enables a fine imaging of
nanometric latexes in their colloidal state. This technique has been
used in this work to observe the surfactant layer of Dowfax 2A1
adsorbed on surface of acrylate latex particles. Despite the fact
that the thickness of the surfactant layer is below the resolution of
the experimental observation conditions, its presence has been

Figure 9. STEMimageof hybrid acrylate latex (a)withHPB resin (Scale bar 1μm); (b)withHPL resin (Scale bar 2μm).Note the dark round
shapes are the carbon coat holes.

Figure 10. Scheme of the STEM observations of alkyd/acrylate hybrid latexes (left).
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detected thanks to charge accumulation phenomenon at the
surface of the particle. After the film-forming process, these
surfactant molecules remain in the film in various locations
depending on the film-forming conditions and the interactions
between the surfactant molecules and the polymer nature. In pure
acrylate copolymer latex, these molecules preferentially gather
into islands throughout the polymer films. A similar result is
obtained for hybrid latexes comprising a hydrophobic alkyd resin.
In that case, the alkyd resin is mainly located in the internal
domainof the latex particles surroundedby acrylate copolymer so
the surfactant molecules are preferentially interacting with the
acrylate phase. Different observations are made in the case of
hydrophilic alkyd resin, in which such surfactant exudation into
islands is only partial. In that case, the alkyd resin is preferentially
located on the outside of the latex particles. Hydrophobic inter-
actions between Dowfax 2A1 and alkyd fatty chains hinder the
mobility of surfactant molecules and so lead to a mixed phase
containing both molecules.

At last, these environmental observations of surfactant
exudation in hybrid films enables direct insights on the specific
interactions between the alkyd resin and the hydrophobic tails
of the Dowfax. It could be now interesting to enlarge such
study to other surfactants such as sodium dodecyl sulfonate
(SDS) or sodium dodecyl benzene sulfonate (SDBS) to see if
their behavior is similar to the one of Dowfax. More generally,
the study of surfactant outcome can give insights of the
surfactant behavior during emulsification and polymerization
steps by highlighting specific interactions with the other
component of the latex. For instance, a preferential burying
of surfactant could hinder the formation of small droplets due
to the fact that the surfactant molecules could not move fast
enough to stabilize the newly formed droplets.
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