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on the latex dispersibility index and pigment binding capacity in

Acrylic-Styrene latexes. The methodology employed in this study
involves investigating the latex dispersibility index by monitoring the Brookfield
viscosity of pre-wetted powder when added to latex. Furthermore, the pigment
binding capacity of the powders was evaluated through the wet scrub resistance
of the latex paint. The findings from this study emphasize the importance of the
size, shape, hydrophobicity, and hydrophilicity of powders in influencing the
dispersibility of latex. Additionally, the physical and chemical properties of the
powder also influence the binding strength between the powder and latex in the
dried film. The implications of this study are discussed in terms of the ability to
predict the powder-latex dispersion behavior using the viscosity-latex content
curve for each type of powder. The results revealed that the maximum viscosity
for the latex mixtures containing talc powder and calcium carbonate occurs at
the amount of latex lower than 5 g. In contrast, the mixtures with titanium
dioxide powder reach their maximum viscosity in the presence of higher than 10
g latex. Overall, this paper provides valuable insights into the characteristics of
powders and their impact on the latex dispersibility index and pigment binding
capacity in Acrylic-Styrene-based latexes. Prog. Color Colorants Coat. 17
(2024), 381-391© Institute for Color Science and Technology.

T he present study aims to explore the impact of different types of powder

1. Introduction

capabilities and performance of water-based coatings,

Coatings play a critical role in protecting and enhancing
the appearance of various surfaces, including walls,
vehicles, and appliances. Water-based coatings have
become increasingly popular in recent years due to their
environmental and health benefits. Unlike solvent-based
coatings, water-based coatings do not release large
amounts of volatile organic compounds (VOCs) into the
atmosphere, which can contribute to air pollution and
have negative health effects. The development of new
technologies and formulations has further expanded the
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making them an important and versatile option for
coating applications [1-4].

The performance of a water-based coating depends
on many factors, including the type and quality of the
latex, the choice of pigments, and the dispersion of the
pigments evenly throughout the latex. Pigment binding
capacity (PBC) and latex dispersibility index (LDI) are
two important parameters for latex paint producers
looking to optimize their coating formulations. There is
a correlation between PBC and LDI in water-based
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coating formulations. Pigment binding capacity refers
to the ability of a pigment to bind with the latex in the
coating. In contrast, latex dispersibility index measures
the ability of a latex to disperse pigments uniformly
throughout a coating [5-7]. A higher LDI indicates that
the pigment is more easily dispersed in the latex, which
can lead to better pigment wetting and a more uniform
coating film. A higher PBC indicates that the pigment
is more efficiently bound to the latex, which can lead to
better color and opacity with less pigment loading.
Therefore, a formulation with a high LDI and high
PBC is generally desirable for optimal water-based
coating performance. By understanding the parameters
affecting on LDI and PBC, water-based coating
producers can develop coating formulations that
deliver the desired performance characteristics while
minimizing cost and reducing environmental impact.
Moreover, viscosity is a crucial parameter in the
formulation and application of latex paint.

The parameters affecting the viscosity of latexes-
powder mixtures would cover various aspects. The
pigment volume concentration (PVC) in coatings and
paints is known to affect viscosity. Higher PVC results
in increased viscosity due to the greater amount of
solid particles dispersed in the latex binder [8]. Studies
have shown that the particle size distribution of powder
pigments significantly impacts the viscosity of latex-
pigment mixtures. A narrower particle size distribution
leads to lower viscosity due to improved particle
packing within the latex matrix [9]. Surface treatment
of powder pigments plays a crucial role in influencing
the rheological properties of latex coatings. Treatments
such as silane modification help reduce particle
agglomeration and enhance dispersion, leading to
lower viscosity [10]. The shear rate applied during
mixing and application processes affects the viscosity
of  latex-powder  suspensions.  Studies  have
demonstrated that viscosity decreases with increasing
shear rate, indicating shear-thinning behavior essential
for optimal flow properties [11]. Temperature
variations can also influence the viscosity of latex-
powder mixtures. Higher temperatures lead to reduced
particle interactions, resulting in decreased viscosity of
the formulation [12].

The interplay of interactions among the various
materials and phases within mixtures influences their
behavior [13-18]. The rheological properties of latex
paints rely on the degree of dispersion of powders,
which, among various other factors, is influenced by the

382  Prog. Color Colorants Coat. 17 (2024), 381-391

strength of interactions between the polymer matrix and
powders. Latex-powder interactions encompass a myriad
of mechanisms, including electrostatic forces, van der
Waals forces, hydrogen bonding, and steric hindrance.
Such interactions foster the formation of intricate
particle networks or clusters within the mixture,
fundamentally shaping its rheological properties.
Moreover, the size and shape of both latex and powder
particles emerge as pivotal factors influencing viscosity.
Larger particles impede flow by creating greater
obstruction, whereas smaller particles fill interstitial
spaces, thereby contributing to viscosity. In the other
words, the size of powder particles affects their surface
area-to-volume ratio, which can influence their
interaction with latex particles. Smaller particles
typically have a higher surface area, allowing for better
dispersion within the latex matrix. Furthermore, the
shape of particles determines how they pack together,
which in turn affects the formation of networks and
ultimately influences viscosity. Surface chemistry
further complicates the interplay between particles.
Functional groups on particle surfaces can either
promote or inhibit aggregation, profoundly affecting
mixture viscosity. For instance, particles bearing polar
functional groups may exhibit stronger interactions with
latex particles, leading to increased viscosity.
Additionally, the volume fraction and concentration of
particles in the mixture play a key role in determining its
viscosity. Higher particle concentrations typically result
in elevated viscosity due to intensified particle-particle
interactions and the formation of denser networks. At the
critical dispersion concentration, viscosity is at a
minimum, corresponding approximately to the point at
which the zeta potential of the particles becomes
constant [19].

Cheaburub et al. emphasized the significance of
achieving a balance in coating applications between
the powder type's compatibility (hydrophobicity/
hydrophilicity) with the latex and the required emulsifier
amount for emulsion stability, both of which impact the
rheology and ultimate performance of the latex paint
[20]. They discussed the rheological behavior of
nanocomposite latexes made from butylacrylate—co-
methylmethacrylate—co-acrylamide terpolymers  with
various commercial nanoclays. Tests were conducted to
assess the impact of clay incorporation, type of clay, and
emulsifier content on the properties of these materials.
Results showed increased viscosity with clay addition,
shear thinning at higher rates, and improved stability and
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performance in leather finishing applications.  The
viscosity and dynamic modulus of the latex were also
affected by the hydrophobic nature of the clay and the
amount of emulsifier present.

Fournier et al. [21] researched the impact of
dispersed phase viscosity on solid-stabilized emulsions.
They established a relationship between emulsified oil
volume, o/w viscosity ratio, power density (or
Reynolds number), and agitation time. Additionally,
they proposed the existence of capillary action between
the dispersed phase (oil) and the particle at the
interface. Lay et al. [22] aim to ascertain the approach
for modifying the CaCO; particle size to enhance the
dispersion of the filler in NRL films. Their findings
reveal that an increase in viscosity occurs with a higher
filler loading, primarily due to the hydrodynamic
effect. This is because the introduction of unstrained
particles into the polymer matrix leads to a higher
viscosity of the rubber compound. Additionally, when
the filler network reaches a certain level and secondary
filler agglomeration occurs, it results in the formation
of a weak filler network held together by Van der
Waals forces. Furthermore, Karakas et al. [23]
identified that the interaction between particles, guided
by electrostatic attraction, is a key factor in
determining paint quality. This electrostatic attraction
is influenced by the surface charge of the particles
within the pH range of the paint medium.

Several different methods have been proposed for
measuring LDI. A new method was presented for
determination of the latex dispersibility of pigments,
called the “centrifugal sedimentation method". The
method uses a centrifuge to separate the pigment
particles from the latex binder, and the LDI is calculated
as the ratio of the pigment mass in the centrifuge
sediment to the total pigment mass. Khorasani et al. have
proposed a new method for calculating LDI based on

minimum viscosity. They found that the composition of
the monomers and emulsifiers had a significant impact
on LDI [24]. However, the impact of mineral powders
was the primary factor in determining the trend of
viscosity vs. mass of the latex curves, with negligible
variation based on the type of latex used.

In this paper, we investigate the pigment binding
capacity and latex dispersibility index of four acrylic-
styrene latex coatings with three different pigments:
titanium dioxide, calcium carbonate, and talc. By
studying these parameters, we aim to gain a better
understanding of how the choice of pigment and latex
composition affects the performance of coatings. One
novel aspect of the work is the integrated approach, in
which the study specifically employs a systematic
method by combining measurements of latex
dispersibility index and pigment binding capacity. By
assessing both parameters, the research provides a
holistic understanding of how different powders affect
key properties of water-based coatings. In addition, the
study systematically investigates the influence of powder
characteristics such as size, shape, hydrophobicity, and
hydrophilicity on latex dispersibility and pigment
binding. By examining powders with diverse properties
(titanium dioxide, calcium carbonate, talc), the research
offers valuable insights into the role of powder
characteristics in coating performance.

2. Experimental

The specifications of four commonly used commercial
acrylic-styrene latexes in the water-based coating
industry are presented in Table 1.

For this research, three different mineral powders,
namely titanium dioxide (TiO,), calcium carbonate
(CaCO0s), and talc were selected. A summary of the
specifications for these powders, as listed in their
respective supplier data sheets, is presented in Table 2.

Table 1: Specification of commercial acrylic-styrene latexes.

Solid Content
Latex ot (yo)n en - Viscosity (cP) MFFT" (°C)
0

Acronal T 290 D 50+1

Polyfam 707 50+1
Polyco RSS-630 50+1
Simacryl R-4410 50+1

“MFFT: Minimum Film Forming Temperature

8-9

7-9

700-1500
3500 16
8000-12000 <0
1000-2000 22
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Table 2: Specification of the mineral powders.

TiO, 0.25-0.4
CaCO, 10-12
Talc 18-20

The LDI of latexes was investigated using the
method proposed by Khorasani et al. [24]. As a starting
point, the powders were wetted using a predetermined
amount of water. Subsequently, the dispersibility of the
latex samples was assessed by gradually adding each
latex as a dispersant to the 200 g of pre-wetted powder.
After each incremental addition, the mixture was
gently homogenized through mixing, and the
Brookfield viscosity was subsequently measured
(Figure 1 a). The addition of resin is continued until the
viscosity of the mixture reaches a level of less than 20
cp. Applying this approach, a viscosity profile is
constructed by correlating the quantity of latex used.

a

|

Pre-wetted

Adding
pigment latex

b |
SN

Pigment
Preparing paint

Using film
applicator

Crystal Saudi Arabia Kingdom
Poudrsazan Iran
Poudrsazan Iran

This profile serves as an analytical tool for evaluating
the behavior and characteristics of both the latex and
powder constituents.

Formulating the latex paints involves a careful
balance of these considerations to develop paints that
meet performance requirements, regulatory standards,
cost constraints, and application needs. The formulation
used in this work was an economical, well-known
industrial formulation with a minimal amount of latex to
observe the effect of powder type on LDI. By using a
lower amount of latex, one could better distinguish the
influence of powder type on the washability results,

which arise from binder-powder interactions.

Measuring latex
dispersibility

Brookfield

Viscometry

—y
>
L~

Wet abrasion
scrub test

r
\!

= D

Film of
paint

Figure 1: a) Procedure for measuring latex dispersibilty index and b) operation for preparing films of paints and then
measuring pigment binding capacity.
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To study pigment binding capacity, twelve paint
samples were made with three kinds of pigments and
four different latex resins. The paints were placed in
containers with closed lids. Then, a paint applicator was
used to cover a 120 pm thickness of the paint films on a
surface. The relative humidity of the laboratory was
about 20-25 %. The prepared paints samples were kept
for a week in the laboratory environment until they were
completely dry. The pigment binding capacity was
determined by subjecting the latex paints containing
pigments to a wet scrub resistance test (Figure 1b). The
wet scrub resistance test was performed in accordance
with the ASTM D 2486 standard test method for latex
paints [25]. Accompanied by a description of their
respective functions, a list of the additional materials
utilized in the preparation of the latex paint is presented
in Table 3.

The loss weight of the samples is calculated by
equation 1 according to ASTM D2486.

Loss weight = % x 100 (D)
0

Herein, W, and W; correspond to the weight of the
coated panel before testing and after testing,
respectively. The amount of material lost from the latex
paint due to abrasion during the test is taken as a
measure of the coating's resistance to abrasion and its
ability to bind pigment. The correlation between wet
scrub resistance and PBC is based on the fact that
coatings with a higher PBC typically exhibit better
adhesion between the pigment particles and the binder,
resulting in improved resistance to abrasion and
scrubbing. As a result, a coating with a high wet scrub
resistance value (low loss weight) is generally
considered indicative of a good pigment binding
capacity.

3. Results and Discussion

The changes in viscosity resulting from the addition of
latex for four types of latex and three powders, including
talc, calcium carbonate, and titanium dioxide, are
presented in Figure 2. It depicted a consistent viscosity
trend directly influenced by the characteristics of the
powders.

The introduction of latex as a dispersant to the pre-
wetted pigment causes an alteration in the volume of the

dispersed phase, primarily attributed to the presence of
polymer particles. Unlike mineral particles, latex
particles possess a lower level of rigidity and exhibit an
affinity for adhering to the mineral particles. As a result,
the latex particles adsorb onto the surfaces of the
pigment particles, leading to the formation of aggregates
characterized by the amalgamation of sticky pigment
particles and latex, which is known as latex-pigment
aggregation. This phenomenon initially increases
viscosity due to the adsorption of dispersant molecules
onto the pigment particles. The adsorbed molecules form
a protective layer around the pigment particles,
promoting increased inter-particle interactions and
overall viscosity uprise. However, there exists an
optimal amount of dispersant that should be added.
Beyond this point, the additional latex dispersant can
decrease paint viscosity, as the excessive dispersant
disrupts the structure formed by the pigment particles
and dispersant molecules, thereby reducing inter-particle
interactions [26, 27].

Regarding talc, the viscosity initially demonstrates
a low level and exhibits a gradual increase as the
amount of latex is increased, albeit to a slight degree.
However, upon further substantial additions, the
viscosity begins to decrease. It is noteworthy that talc
displays minimal changes in viscosity throughout this
process.

Table 3: Latex paint compositions.

1 44

latex 43.56
2 Anti-foam 0.4 0.2
3 Anti-fungal 0.06 0.06
4 Film former 1.39 1.4
5 Dispersing 0.79 08
agent
6 Pigment 32.67 21.6
7 Wetting agent 0.4 0.4
8 Diluent 20.13 30.54
9 Thickener 0.6 1
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Figure 2: Effect of latex content on the viscosity of pre-wetted powders: a) Simacryl R-4410, b) Polyfam 707, c) Polyco
RSS-631 and d) Acronal T 290 D.

Talc's molecular structure consists of sheets of
magnesium hydroxide bonded to silica, resulting in its
hydrophobic nature primarily attributed to the siloxane
(Si-O-Si)  surfaces that repel water. This
hydrophobicity causes talc particles to aggregate in
aqueous environments, and to minimize their contact
with water, affecting their dispersibility. The
hydrophobic characteristics of talc limit the formation
of strong interactions between dispersed (powder) and
dispersing (latex) phases. Consequently, at low latex
concentrations, the viscosity does not significantly
increase. However, as the latex concentration, acting as
a dispersant, increases, the limited interactions initially
formed are further diminished, leading to a decrease in

386 Prog. Color Colorants Coat. 17 (2024), 381-391

viscosity [28, 29]. This phenomenon is observed due to
minimal water uptake occurring through talc plate-like
shape particle. As a result, the presence of hydrophobic
talc particles with large size does not significantly alter
the system's viscosity.

TiO, demonstrates a semi-sinusoidal behavior
whereby the addition of latex initially leads to a
reduction in viscosity [30]. Nevertheless, upon the
incorporation of a larger quantity of latex, the viscosity
subsequently increases. In the end, when a significant
amount of latex is added, there is a subsequent
decrease in the viscosity of the TiO, system. The
underlying mechanisms responsible for these viscosity
changes are likely governed by factors such as particle-
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particle interactions, latex conformation, and the
formation of aggregated structures within the
composite system. The titanium dioxide particles
exhibit a small and spherical morphology, resulting in a
significantly high specific surface area [31].
Additionally, their hydrophilic nature makes them
prone to agglomeration. When latex is added as a
dispersant to the pre-wetted titanium dioxide, it
effectively reduces viscosity by disrupting the inter-
particle bonds formed among the pigment particles.
Moreover, by increasing the concentration of latex and
enhancing its absorption onto the surfaces of pigment
particles, the viscosity increases accordingly. However,
similar to the behavior observed with talc, a higher
concentration of latex can excessively disrupt the
structure formed by the pigment particles and
dispersant molecules, leading to a decline in inter-
particle interactions and thus decreasing the viscosity
[32].

In the case of CaCQOs, the viscosity initially increases
upon the addition of latex and then reaches a relatively
constant level, forming a plateau. Subsequently, the
viscosity decreases. This initial plateau suggests the
presence of a stable dispersion or the formation of a
temporary network structure, which contributes to the
observed viscosity stability [22]. However, as the system
becomes less concentrated through dilution, the structure
gradually breaks down or rearranges, resulting in a
subsequent decrease in viscosity. The high specific
surface area of spherical calcium carbonate particles and
their hydrophilic nature facilitate enhanced adsorption of
latex particles onto their surfaces. With an increasing
concentration of latex, there is no formation of novel
structures that contribute to viscosity enhancement.
However, the existing structures formed by the
interaction between pigment and polymer particles
exhibit stability. This phenomenon is also observed,
albeit to a lesser degree, with spherical and hydrophilic
titanium dioxide particles. This decline which also was
observed for TiO, and Talc system can be attributed to
the disruption of the microstructure and rheological
properties caused by the excessive presence of latex. The
higher concentration of latex destabilizes the dispersion
or network structure formed by mineral powders,
causing it to break down or undergo rearrangement.
Consequently, the viscosity of the system decreases [33].

A closer examination of Figure 2 reveals interesting
observations regarding the impact of powder types on
the viscosity of the latex mixtures. Specifically, it is

evident that the maximum viscosity for the mixtures
containing talc powder and calcium carbonate occurs at
lower amount of latex as a dispersant (that is lower
than 5 g latex). In contrast, the mixtures with titanium
dioxide powder reach their maximum viscosity in the
presence of more latex (that is higher than 10 g latex).
The higher concentration of latex required to reach the
maximum viscosity with titanium dioxide implies a
better dispersibility and interaction between the latex
binder and the titanium dioxide particles. These
findings suggest that the dispersion behavior of the
same latexes is enhanced in the presence of titanium
dioxide powder compared to talc powder and calcium
carbonate. The higher concentration of latex needed for
maximum viscosity in titanium dioxide mixtures holds
significant implications for coating formulation and
performance. This phenomenon suggests that titanium
dioxide particles exhibit a greater propensity to
disperse within the latex matrix and interact with the
latex particles than other powders, such as calcium
carbonate or talc. The need for a higher latex
concentration to achieve maximum viscosity indicates
that titanium dioxide particles require more extensive
coverage and interaction with the latex matrix to form
stable networks and increase viscosity effectively. This
suggests that titanium dioxide particles have a higher
dispersibility within the latex matrix, allowing them to
be more uniformly distributed and effectively
integrated into the coating formulation. Furthermore,
the increased latex concentration required for
maximum viscosity implies stronger interactions
between the latex and titanium dioxide particles. These
interactions likely involve adhesion, aggregation, and
bonding between the latex binder and the titanium
dioxide particles, facilitating the formation of dense
networks and enhancing viscosity. This relationship is
crucial for achieving optimal coating performance,
including improved pigment dispersion, film
formation, and coating properties as washability which
will be investigated in the following section.

A series of 12 latex paints were formulated
following the compositions outlined in Table 3, aiming
for a target Pigment Volume Concentration (PVC) of
25 %. With this amount of PVC, the proper ratio of
pigment to binder was ensured for all three types of
powder, and it was a desirable minimum amount.
Moreover, our desired concentration was for an acrylic
glossy paint, considering the variety in the selected
powders, taking into account the polymer absorption of
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all three powders and aiming to investigate the effect of
powder type on LDI and PBC, in this work the PVC
amount was set to 25 % for all the samples. The
washability or wet scrub resistance refers to the paint
film's ability to withstand scrubbing or wet abrasives
without losing significant paint components from the
surface of the underlying material. The performance of
latex, pigments, and additives as a protective layer
significantly influences the paint film's ability to shield
the substrate from scrubbing or wet abrasives [34].
This study aimed to examine the influence of powder
type on wet scrub resistance and pigment binding
capacity. To isolate the specific effect of powder type,
the binder and paint formulation were kept constant
throughout the experiment [35].

The results obtained from the pigment binding
capacity tests are presented in Figure 3. These tests
were conducted to evaluate the ability of the pigments
to bind within the latex paint formulations. The binding
capacity of a pigment depends on various factors,
including its physical and chemical properties such as
particle size, shape, surface area, and surface
chemistry. Additionally, interactions between the
pigment and the latex binder present in the paint
formulation play a crucial role [36, 37].

As depicted in Figure 3, titanium dioxide (TiO,)
exhibited the highest wet scrub resistance among the

tested pigments. This can be attributed to TiO, particles
having a greater surface area and stronger binding ability
with the latex binder than calcium carbonate (CaCOj)
particles. Consequently, TiO, forms a stronger and more
cohesive film, which resists wear and tear during the wet
scrub test. Furthermore, TiO, particles demonstrate
higher resistance to moisture and alkalinity than CaCO;
particles, mitigating degradation and weakening of the
paint film over time [38]. The stronger binding ability of
titanium dioxide (TiO,) particles with the latex binder
compared to calcium carbonate (CaCQOs) particles can be
attributed to several specific mechanisms and
interactions. TiO, particles typically have a higher
surface area per unit volume than CaCO; and talc
particles due to their smaller particle size and irregular
shape. This increased surface area provides more sites
for interaction with the latex binder, leading to stronger
binding between TiO, particles and the binder
molecules. Furthermore, TiO, particles typically have a
more chemically active surface compared to CaCO;
particles. TiO, surfaces may contain hydroxyl groups
(-OH) or other functional groups that can form strong
hydrogen bonds with functional groups present in the
latex binder. These hydrogen bonds enhance the
adhesion between TiO, particles and the latex binder,
leading to stronger binding.
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Figure 3: Effect of powder type on wet abrasion scrub resistance of coatings.
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Talc, due to its excellent lamellar structure and
platelet morphology, imparts enhanced durability and
resistance against mechanical stress during scrubbing.
The plate-like particles of talc interlock, leading to the
formation of a more robust paint film and,
consequently, improved wet scrub  resistance.
Conversely, the irregular particle shape of calcium
carbonate, lacking the platelet structure found in talc,
contributes to its relatively lower wet scrub resistance.
Moreover, calcium carbonate has a solubility of
approximately 0.013 g/L in water at room temperature.
Consequently, a small amount of calcium carbonate
dissolves in pure water at this temperature, further
hindering its binding capacity in the paint formulation.
The solubility of calcium carbonate in water can
weaken the paint film by reducing the adhesion
between the pigment particles and the binder matrix.
This may lead to issues such as cracking, peeling, or
flaking of the paint film over time, and as shown in this
paper, reduces washability.

Interactions between the pigment and the latex
binder have a significant influence on the pigment
binding capacity within the paint formulation. The
pigment binding capacity refers to the ability of pigment
particles to bind with the latex binder and become
incorporated into the paint film. These interactions play
a crucial role in determining the overall performance of
the paint formulation. Strong interactions between the
pigment particles and the latex binder are essential for
ensuring that the pigment becomes effectively bound
within the paint film. Adhesion refers to the attraction
between the pigment surface and the binder molecules,
while binding involves the formation of chemical or
physical bonds that secure the pigment in place.
Enhanced adhesion and binding promote better pigment

5. References

1. Salzano de Luna M. Recent trends in waterborne and
bio-based polyurethane coatings for corrosion
protection. Adv Mater Inter. (2022); 9:2101775.
https://doi.org/10.1002/admi.202101775.

2. Gogoi S, Karak N. Biobased biodegradable
waterborne  hyperbranched polyurethane as an
ecofriendly sustainable material. ACS Sustain Chem
Amp Eng. (2014); 2:2730-2738. https://doi.org/10.
1021/5c5006022.

3. Santamaria-Echart A, Fernandes |, Barreiro F, et al.
Advances in  waterborne  polyurethane  and

dispersion and prevent pigment settling or migration
within the paint film.

Effective interactions between the pigment and the
latex binder contribute to the dispersion stability of the
paint formulation. Proper dispersion ensures uniform
distribution of pigment particles throughout the paint
matrix, resulting in consistent color, opacity, and
coverage. Without adequate interactions between the
pigment and binder, pigment agglomeration or
flocculation may occur, leading to uneven color
distribution and compromised performance. Well-bound
pigment particles contribute to forming a cohesive and
continuous paint film with good adhesion to the
substrate. This ensures long-term durability, resistance to
cracking, peeling, and weathering, and overall protection
of the substrate.

4. Conclusion

The addition of different powders, including talc,
calcium carbonate, and titanium dioxide, influences the
viscosity of the latex when used as a dispersant. Talc
exhibits minimal viscosity changes, while TiO, shows a
semi-sinusoidal behavior, and CaCO; demonstrates a
plateau followed by a decrease in viscosity at higher
latex concentrations. Furthermore, the pigment binding
capacity tests reveal that TiO, exhibits the highest wet
scrub resistance among the tested pigments due to its
greater surface area and stronger binding ability with the
latex binder. Talc, with its lamellar structure and platelet
morphology, enhances durability and resistance against
mechanical stress during scrubbing. On the other hand,
calcium carbonate, with its irregular particle shape and
water solubility, exhibits relatively lower wet scrub
resistance.

polyurethane-urea dispersions and their eco-friendly
derivatives: a review. Polymers (Basel). (2021);
13:409. https://doi.org/10.3390/polym13030409.

. Jiao C, Sun L, Shao Q, et al. Advances in waterborne

acrylic resins: synthesis principle, modification
strategies, and their applications. ACS Omega.
(2021);6: 2443-2449. https://doi.org/10.1021/
acsomega. 0c05593.

. Bilgin S, Bahraeian S, Liew ML, et al. Surfactant-free

latexes as binders in paint applications. Prog Org

Prog. Color Colorants Coat. 17 (2024), 381-391 389



M. Mohammadi et al.

Coat. (2022); 162:106591. https://doi.org/10.1016/j.
porgcoat. 2021.106591.

6. Crescenzo MM Di, Zendri E, Sanchez-Pons M, et al.
The use of waterborne paints in contemporary murals:
Comparing the stability of vinyl, acrylic and styrene-
acrylic formulations to outdoor weathering conditions.
Polym Degrad Stab. (2014); 17:1-9. https://doi.org/10.
1016/j.polymdegradstab.2013.12.034.

7. Bhavsar RA, Sardesai A. Investigation of effect of
type of pigment/extender on the stability of high
pigment  volume  concentration  water-based
architectural paint. J Coat Technol Res. (2022); 19:
919-930. https://doi.org/10.1007/s11998-021-00568-9.

8. de FA Mariz I, Millichamp 1S, de la Cal JC, Leiza, JR.
High performance water-borne paints with high
volume solids based on bimodal latexes. Prog Org
Coat. (2010); 68:225-233. https://doi.org/10.1016/j.
porgcoat.2010.01.008.

9. Shin JY, Lee HL. The influence of different shapes
and size distributions of coating pigments on packing
and dewatering. J Coat Tech Res. (2020); 17:1425-
1436. https://doi.org/10.1007/s11998-020-00371-y.

10. Petrukhina NN, Bezrukov NP, Antonov
SV. Preparation and use of materials for color
road pavement and marking. Russ J Appl
Chem. (2021); 94:265-283. https://doi.org/10.1134/
S1070427221030010.

11.Zheng SX, Chen HS. Correlations of rheological
methods to coatings' performance. Prog Org Coat.
(2023);177:107403. https://doi.org/10.1016/j.porgcoat.
2022.107403.

12. Fadhil HS, Nashaan SA, Hlihl BH. Evaluation the
influence of pH and temperature on the manufacturing
process of latex paint. In AIP Conference Proceedings.
(2020); 2213, 1. AIP Publishing.

13. Akbar MU, Rehman FU, Ibrahim M, et al. Processing
methods of  bionanocomposites. In  Bionano-
composites. Elsevier (2020); pp. 87-104.

14. Akhigan N, Najmoddin N, Azizi H, Mohammadi M.
Zinc oxide surface-functionalized PCL/graphene
oxide scaffold: enhanced mechanical and antibacterial
properties. Int J Polym Mater  Polym
Biomater.  (2023);  72:1423-33.https://doi.org/10.
1080/00914037.2022.2100373.

15. Alikhani E, Mohammadi M, Sabzi M. Preparation
and study of mechanical and thermal properties of
silicone rubber/poly (styrene—ethylene butylene—
styrene) triblock copolymer blends. Polym Bull.
(2023); 80:7991-8012. https://doi.org/10.1007/s00289
-022-04440-7.

16. Alikhani E, Mohammadi M. EVA and SEBS-MA
copolymers incorporated  silicone  rubber/SEBS
blends: improvement of mechanical and thermal
properties. Sci Rep. (2023); 13:22596. https://doi.org/
10. 1038/s41598-023-49796-6.

17.Bakhtiary N, Pezeshki-Modaress M, Najmoddin N.
Wet-electrospinning  of  nanofibrous  magnetic
composite 3-D scaffolds for enhanced stem cells

390 Prog. Color Colorants Coat. 17 (2024), 381-391

neural differentiation. Chem Eng Sci. (2022); 264:
118144. https://doi.org/10.1016/j.ces. 2022. 118144,
18. Sahafnejad-Mohammadi I, Rahmati S, Najmoddin N,
Bodaghi M. Biomimetic polycaprolactone-graphene
oxide composites for 3D printing bone scaffolds.
Macromol Mater Eng. (2023); 308:2200558.

https://doi.org/10.1002/mame.202200558.

19.Warson H, Finch CA. Applications of Synthetic
Resin Latices , Volume 2, Latices in Surface Coatings
- Emulsion Paints. John Wiley & Sons, (2001).

20.Yilmaz O, Cheaburu CN, Giilimser G, Vasile C.
Rheological behaviour of acrylate/montmorillonite
nanocomposite latexes and their application in leather
finishing as binders. Prog Org Coat. (2011); 70:52-58.
https://doi.org/10.1016/j.porgcoat.2010.10.001.

21.Fournier CO, Fradette L, Tanguy PA. Effect of
dispersed phase viscosity on solid-stabilized
emulsions. Chem Eng Res Des. (2009); 87:499-506.
https://doi.org/10.1016/j.cherd.2008.11.008.

22.Lay M, Hamran N, Rashid AA. Ultrafine calcium
carbonate-filled natural rubber latex film: mechanical
and post-processing properties. Iran Polym J. (2019);
28:849-858. https://doi.org/10.1007/s13726-019-
00748-w.

23.Karakas F, Vaziri Hassas B, Celik MS. Effect of
precipitated  calcium carbonate additions on
waterborne paints at different pigment volume
concentrations. Prog Org Coat. (2015); 83:64-70.
https://doi.org/10.1016/j.porgcoat.2015.02.003

24.Khorassani M, Afshar-Taromi F, Pourmahdian S.
Latex Dispersability Index. J Appl Polym Sci. (2010)
118:2336-2341

25. Dashtizadeh A, Abdouss M, Mahdavi H, Khorassani
M. Optimization of wet scrub resistance and
glossiness of water-based acrylic paints using silica
nano-composites by experimental method. Int J Polym
Mater Polym Biomater. (2012); 61:1176-1189.
https://doi.org/10.1080/00914037.2012.664210.

26.Sun J, Velamakanni B V., Gerberich WW, Francis
LF. Aqueous latex/ceramic nanoparticle dispersions:
Colloidal stability and coating properties. J Colloid
Interface Sci. (2004); 280:387-399. https://doi.org/
10.1016/j.jcis.2004.08.014

27.Agbo C, Jakpa W, Sarkodie B, et al. A Review on the
Mechanism of Pigment Dispersion. J Dispers Sci
Technol. (2017); 39:874-889. https://doi.org/10.1080/
01932691.2017.1406367.

28.Swerina A, Sundina M, Wahlander M. One-pot
waterborne superhydrophobic pigment coatings at
high solids with improved scratch and water
resistance. colloids surfaces Physicochem Eng Asp.
(2016); 495:79-86. https://doi.org/10.1016/j. colsurfa.
2016.01.058.

29. Wallgvist V, Claesson PM, Swerin A, et al. Influence
of wetting and dispersing agents on the interaction
between talc and hydrophobic particles. Langmuir.
(2009); 25:6909-6915. https://doi.org/10.1021/
1a900192g.



An Investigation into the Impact of Powder Types on Latex Dispersibility Index and...

30.Mahli DM, Wegner JM, Glass JE, Phillips
DG. Waterborne latex coatings of color: I. component
influences on viscosity decreases. J Coat Technol
Res. (2005); 2:627-634. https://doi.org/10.1007/
BF02774592.

31. Hagan EWS, Charalambides MN, Young CRT, et al.
Viscoelastic properties of latex paint films in tension:
Influence of the inorganic phase and surfactants. Prog
Org Coat. (2010); 69:73-81. https://doi.org/10.1016/j.
porgcoat.2010.05.008

32.Farrokhpay S, Morris GE, Fornasiero D, Self P.
Titania pigment particles dispersion in water-based
paint films. J Coatings Technol Res. (2006); 3:275-
283. https://doi.org/10.1007/s11998-006-0023-4

33.Tiarks F, Frechen T, Kirsch S, et al. Formulation
effects on the distribution of pigment particles in
paints. Prog. Org. Coat. (2003); 48:140-152.
https://doi.org/10.1016/S0300-9440(03)00095-X.

34. Ibrahim B, Helwani Z, Wiranata A, et al. Properties
of emulsion paints with binders based on natural
latex grafting styrene and methyl methacrylate. Appl

Sci (2022);
app122412802.

35.De Oliveira MP, Silva CR, Guerrini LM. Effect of
itaconic acid on the wet scrub resistance of highly
pigmented paints for architectural coatings. J Coat
Technol Res. (2011); 8:439-447. https://doi.org/10.
1007/s11998-010-9317-7

36. Alvarez V, Paulis M. Effect of acrylic binder type
and calcium carbonate filler amount on the properties
of paint-like blends. Prog Org Coat. (2017); 112:210-
218. https://doi.org/10.1016/j.porgcoat.2017.07.023

37.Khorassani M, Afshar-Taromi F, Mohseni M,
Pourmahdian S. The role of auxiliary monomers and
emulsifiers on wet scrub resistance of various latex
paints at different pigment volume concentrations. J
Appl Polym Sci. (2009); 113:3264-3268. https://doi.
org/ 10.1002/app.30199.

38.Kirsch S, Pfau A, Frechen T, et al. Scrub resistance of
highly pigmented paints: A study on abrasion
mechanisms of different scrub techniques. Prog Org
Coat. (2001); 43:99-110. https://doi.org/10.1016/
S0300-9440(01)00222-3.

12:12802.  https://doi.org/10.3390/

How to cite this article:

Mohammadi M, Nejadebrahim A, Khorasani M. An Investigation into the Impact of Powder Types
on Latex Dispersibility Index and Pigment Binding Capacity in Acrylic-Styrene Latexes. Prog Color
Colorants Coat. 2024;17(4):381-391. https://doi.org/10.30509/pccc.2024.167245.1266.

Prog. Color Colorants Coat. 17 (2024), 381-391 391



	An Investigation into the Impact of Powder Types on Latex Dispersibility Index and Pigment Binding Capacity in Acrylic-Styrene Latexes
	1. Introduction
	2. Experimental
	3. Results and Discussion
	4. Conclusion
	5. References

