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Abstract. This study reports the influence of silver nanoparticles (AgNPs) on some selected physical and mechanical
properties of emulsion paint. AgNPs solution of different concentrations (0, 0.15, 0.175, 0.20 and 0.35 wt% AgNPs) were
prepared via green synthesis involving reduction of silver nitrate using extract of cobwebs. Each paint sample contained
0.35 wt% of combined AgNPs and biocide acticide (benzimidazole carbamate, EPW) at different proportions. The
samples were then characterized for structural, physical and mechanical properties. Transmission electron microscopy
images showed that AgNPs are generally spherical in shape with size in the range of 3–50 nm. X-ray diffraction spectra
indicate that the formulation contained Ag, TiO2 and CaCO3. Extensive characterization indicates that the paint containing equal fraction (0.175 wt%) of AgNPs and EPW gave the optimal mix for all physical and mechanical properties
examined. The specific gravity was reduced by 16%, the hiding power/opacity increased by 30% while the abrasion
strength was enhanced by 236%. Our results were compared with other nanoparticles, especially ZnO and Fe2O3, and
found to require lower concentration while creating greater effects. The results of this study will assist paint industries to
maximize the benefits of nanotechnology.
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Introduction

Painting is a critical component of modern-day life, leading
to continuous rise in paint industry globally. Paints are
applied for different purposes, including beautification,
functionality and protection from environmental degradation (such as corrosion) of virtually all consumer products
and structures. Khanna [1] reported that the cost of protecting structures from corrosion accounts for about 4% of
world’s Gross National Product (GNP). Exposure of coated
surfaces to various environments causes degradation such as
cracking, checking, embrittlement and peeling of the coat
[2–4]. Consequently, efforts are being made to formulate
paints that are appropriate and friendly to various aggressive environments. While various new formulations of
paints and coating have come to light in recent years, none

is able to fulfill all these requirements in a single formulation [1,4]. Therefore, research efforts are being directed at
formulating paints that are resistant to weathering, thermally stable and inexpensive among others.
Paints containing biodegradable biocides are more susceptible to environmental degradation, because they can
easily lose their protective impact through chemical or
physical activities. This prompts paint industry to consider
the use of inorganic biocides/nanomaterials such as nanosilver, photo-catalytically active nanotitanium dioxide or
nanosilica dioxide among others to improve paint performance, especially photodegradation [5]. Addition of these
nanomaterials improves properties of conventional coatings
due to their tiny particle size and uniform distribution
within the paint matrix [4,6]. Furthermore, unique composition, better strength and flexibility along with excellent
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gloss and transparency makes nanocoatings even more
attractive [1,4,6,7]. For example, silver nanoparticles
(AgNPs) are of interest because of their unique properties
and unlimited applications as antimicrobial and biosensor
materials [1,8].
Silver (Ag) exhibits potent antibacterial properties with
low toxicity for both humans and animals in comparison
with other heavy metals [9]. It is also chemically stable at
ambient temperature with wide absorption of visible and
far IR region of light in addition to nonlinear optical
behaviour. AgNPs incorporated into paints are considered
to act as silver ions depot, of which its release is controlled by particle size and shape. So when silver ions
penetrate into bacteria cells, they interact with thiol groups
of vital enzymes in the cells and inactivate them causing
dysfunction and cell death [10]. Therefore, the release of
silver ions is largely responsible for the biocidal potency
of a silver additive [11]. Similarly, the potency of titanium
nanoparticles is attributed to its ability to absorb UV light
and produces hydroxyl radicals. These radicals, being
strong oxidizers, cause inflammation as well as oxidative
stress prompting oxidative attacks on cells and subsequently protecting the painted surfaces from microbial
growth [8,9,12]. Furthermore, a nanostructured starchbased film containing clay has been shown to improve
mechanical properties when AgNPs were added [13].
Starch, by nature, has poor mechanical properties. It
therefore needs fillers for improved mechanical
performance.
In our previous works [8,14–18], we produced Ag, Au
and Ag-AuNPs from diverse biological materials, such as
cobweb, cola pod, seeds and seed shell, as well as cocoa
pods, cocoa beans and cell-free extract of Bacillus safensis, with tremendous antimicrobial activities when incorporated as additive in emulsion paint. Similarly, Khanna
[1] used zinc oxide nanoparticles to enhance performance
of paints, while titanium oxide nanoparticles (TiO2) have
also been explored for similar purpose [6]. Consequently,
nanoparticles have been shown to improve the mechanical
properties even at low loadings, which is due to high
surface area to volume ratio [19]. While AgNPs have been
produced via several approaches such as chemical reduction, gamma ray radiation, electrochemical method,
microwaving and photochemical reaction, these methods
are limited by their high operational cost and toxic starting
ingredients with consequent environment degradation [10].
In contrary, AgNPs synthesized via green or biological
approach has shown to have low toxicity with wide variation in size and shape.
Mechanical properties of paints play an important role in
the reliability of the final products [20]. If paint fails or
experiences substantial deformation, its function may be
weakened [21]. This is particularly obvious for the paints
that are applied to offer mechanical protection such as
topcoats on automobiles, pipelines, buildings and consumer
products [22]. Relevant mechanical properties such as

Bull Mater Sci

(2021) 44:7

hardness, interfacial fracture toughness (adhesion energy),
scratch resistance, elastic modulus, residual stress and
coating fracture toughness are measured by deforming
paints on a very small scale using nano-indentation technique, which is sometimes combined with nano-scratch
testing among others [21].
Physical properties (such as specific gravity, hiding
power, viscosity among others) show much useful behavioural and predictive information for various products as
influenced by processing, formulation changes, aging phenomena, among others [22–24]. For example, viscosity
measurement is a reliable way of analysing some of the
most important factors affecting product performance.
Specific gravity on the other hand is commonly used in
industry as a simple means of obtaining information about
the concentration of various materials as well as the weight
per unit volume.
In this article, we report the effects of addition of AgNPs
biosynthesized using the extract of spider cobweb [14] on
some selected physical and mechanical properties of
emulsion paint. The results are compared with reported
findings. However, it should be clear that the authors are not
aware of similar study in which AgNPs were used in paint
formulation targeting enhancement of mechanical and
physical properties of the coat. Most of the works on AgNPmodified paints were carried out for its antimicrobial,
antifungal and medical applications [8,14,16,18,19,25–27].
This therefore makes the comparison a herculean task. Our
comparisons were therefore conducted with established
nanoparticles such as ZnO and Fe2O3, being frequently used
in paint industry.

2.
2.1

Materials and methods
Synthesis of AgNPs

AgNPs were produced from the extract of spider cobwebs
obtained from residential buildings. Cobwebs were selected
because they are readily available, and can be cultivated for
industrial applications. The procedures for the synthesis are
summarized in figure 1. The cobwebs were washed thoroughly using distilled water to remove dust and other
extraneous materials. Then 0.1 g of cobwebs was hydrolysed with 10 ml of 0.1 M NaOH at 90°C for 1 h. The
hydrolysed cobweb was cooled and centrifuged at 4000 rpm
for 30 min. The supernatant obtained designated as cobweb
extract was used to synthesize AgNPs following the procedure reported in Lateef et al [14]. About 25 ml of cobweb
extract was added to 1000 ml of 1 mM silver nitrate solution
for the reduction of silver ion. The reaction process was
carried out in static condition at room temperature
(30 ± 2°C) for 2 h. The formation of AgNPs was monitored
through visual observation of the colour change and measurement of the absorbance spectrum of the reaction
mixture.
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Figure 1.
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Flow chart for the synthesis of AgNPs.

Paint formulation and sample preparation

Table 2.

The conventional method of paint preparation was adopted,
and a typical high-speed disperser (working range of
1200–2600 rpm) was used to obtain uniformly distributed
nanoparticles and paint dispersion. The components of the
paints that include the extender/fillers, pigment, binder and
additives are presented in table 1. About 7.0 g of Bermocoll
(thickener/anti-settling agent and colloid protector) was
added to 315 ml of deionized water (q = 0.9970 g ml-1 at
25°C) in an empty container. The container was agitated at
1500 rpm followed by addition of other components, including extender/fillers (calcium carbonate,
q = 2.75 g cm-3), pigments (titanium dioxide, q = 4.20 g
cm-3) and binder.
Other components of the additives such as antifoam,
Calgon (wetting agent), coalescing agent (TEXANOLÒ)
(2,2,4-trimethyl-1,3-pentanediol mono-isobutyrate esther),
acticides EPW, acticides BX-H, dispersant and ammonium
hydroxide (NH4OH) were added subsequently. The

Table 1.

Paint formulation adopted in this study.

Components
Extender/fillers
Pigment
Binder
Additives
Total

7

Weight (g)

Percentage (wt%)

450.00
100.00
100.00
27.50
677.50

66.42
14.76
14.76
4.06
100.00

Additive components of the paint.

Components
Antifoam
Thickener (Bermocoll)
Calgon (wetting agent)
Coalescing agent
Acticides EPW
Acticides BX-H
Dispersant
NH4OH
Total

Weight (g)

Percentage (wt%)

3.0
7.0
1.0
5.0
3.5
4.0
3.0
1.0
27.5

0.30
0.70
0.10
0.50
0.35
0.40
0.30
0.10
2.75

quantities of these additives are presented in table 2. After
all components were added, the stirring speed was increased
to 2000 rpm to obtain full homogenization. For the purpose
of comparison of both physical and mechanical properties
of the modified paints, 1 litre of mixture was produced for
each of the experiments.
AgNPs were used as one of the additives to wholly or
partially replace acticide EPW. The influences of this
replacement on the properties of the AgNPs embedded paint
were then examined by preparing five samples (A, B, C, D
and E) containing varying proportions of AgNPs and acticide (table 3), while other components were kept constant.
Economically, acticide of 0.35 wt% in 1 litre of paint was
considered optimal [3]. Because acticides are costly, it
would be of economic advantage to the paint industry if this
amount is reduced.

7

Page 4 of 11

Table 3.
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Sample composition and designation.

Designation

A

B

C

D

E

Concentration of AgNPs (wt%) 0.35 0.20 0.175 0.15 0.00
Concentration of EPW (wt%)
0.00 0.15 0.175 0.20 0.35

2.3

Characterization of samples

2.3a Structural
and
particle
size
characterization: AgNPs biosynthesized from cobwebs were
characterized with transmission electron microscopy and
energy-dispersive X-ray spectroscopy among others as
reported in our previous studies [8,14–16,18] and
summarized herein. Our attention is focused on the
characterization of AgNPs embedded paint. Fouriertransform infrared (FTIR) spectrometer (Thermo Scientific
Nicolet 6700) equipped with a KBr beam splitter was used
to analyse the chemical binders, extender, pigment present
in the samples. To ensure that there was no transmission
from KBr, 3 mg sample were blended in 200 mg KBr, and
thereafter compressed in a 3 mm semitransparent disc. The
various modes of vibrations were analysed for the presence
of different types of functional groups. To obtain the crystal
information, the samples were analysed with a wide-angle
powder X-ray diffraction (XRD) (PAN analytical BV, The
Netherlands) operated at a voltage of 40 kV and a current of
30 mA. The spectrum was recorded by Cu-Ka radiation
with wavelength (k) of 1.5406 Å. The analysis was done for
the diffraction angle in the range of 10°–90°. The
morphology of the samples was analysed with field
emission scanning electron microscope (Tescan Lyra-3
with inbuilt energy dispersive X-ray analysis), while the
size distribution of the paint particles was obtained by
dynamic light scattering.

bubble was trapped in the liquid. The specific gravity, SG,
was calculated from equation (1):
SG ¼

2.3c Specific gravity and hiding power tests: To
evaluate the specific gravity, Weight Per Gallon (WPG)
cup was utilized in accordance with ISO 2811-1:1997 and
ASTM D 1475 standards. The weight of empty WPG cup
was recorded as W1 (169 g), then the WPG cup was filled
with paint sample, weighed and recorded as W2. While
filing the cup, precaution was taken to ensure that no air

W2W1
:
100

ð1Þ

For the hiding power/opacity, paint samples were applied
on contrast card/opacity chart (figure 2) following the procedure described in ASTM D 2805. The paints were
thereafter kept in ambient temperature for 30 min and then
placed on cubic applicator for about 10 min. The opacity
was determined from the area covered by the paint measured by discretizing the surface area (figure 2c). For a
chart of weight B, chart and paint weight W, and approximate coverage area A, then the hiding power, HP, was
determined from equation (2):

W B
HP ¼
g cm2 :
ð2Þ
A
2.3d Weathering test: For the weathering test, five
fibrocement panels (25 9 75 mm) were doubled painted
(two coats) with a drying time of 24 h between coats. They
were placed on a roof top rack. After each month, colour
change (ISO 4628, 2003), chalking (ASTM D4214, 2001),
checking (ASTM D660, 2001) and crackling (ASTM D661,
2001) were observed. The panels were compared to evaluate
the degree of degradation of each paint sample. Based on the
advice of the paint manufacturers that it is easier and more
feasible to compare the degradation of coloured paint samples
than white paint, we simply added equal amount of blue paste
to the white paint to obtain the cyan colour. While samples
of cyan paint were used for weathering test, other
characterizations were carried out on white paint samples.
3.
3.1

2.3b Wet abrasion test: Wet abrasion scrub test was
carried out following ISO 9001:2008 standard. Samples
were applied on standard black panel and dried for 7 days in
ambient temperature. Prior to testing on Sheen Wet
Abrasion tester, the coatings were wetted with distilled
water and detergent, and then scrubbed for 600 cycles
(ASTM 4828, 1999). After the scrubbing action, the panel
was weighed again to determine the weight lost due to the
scrubbing action.

(2021) 44:7

Results and discussion
Structural characterization

Detail characteristics of AgNPs synthesized from cobwebs and
a few other sources have been reported in our previous publications [8,14–18]. The particles are generally spherical in
shape with the size in the range of 3–50 nm, and are welldispersed (figure 3a). The selected area electron diffraction
pattern (figure 3b) depicts characteristic ring-like shape, which
is typical of the face-centred cubic crystalline structure of silver. The FTIR absorption spectrum (figure 3c) conforms with
those obtained elsewhere [8,14–18]. The energy-dispersive
X-ray spectroscopy pattern (figure 3d) indicates that silver is
the predominant element present in the AgNP solution.

3.2

FTIR analysis of the AgNP-modified samples

FTIR spectra of the paint samples (figure 4) are complicated due to the presence of complex components comprising solvent, extender/fillers, pigment, binder and
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Figure 2. Contrast card (Cat. No - PA-2811) for opacity test (a) without paint, (b) with paint and
(c) discretization of the coverage area.

additives. Each of these additional components vibrates
and absorbs infrared radiation at its characteristic frequency. The profile observed in the range 400–4000 cm-1
with peaks around 3440, 3025, 2630, 2525, 1825, 1730,
1160, 880 and 645 cm-1 (figure 4) are all indicative of the
presence of binder, extender and pigments in the samples
[20]. The small spectral band around 3025 cm-1 points to
the presence of aromatic C–H stretching in the biocide
acticide binding medium (benzimidazole carbamate).
The band around 1630 cm-1 is present in all the samples,
except the sample without AgNPs. The peak corresponds to
N–H stretching vibration of primary amine, which is
obtained from protein-rich spider cobweb. The functional
group is considered to be responsible for the capping and
stabilization of the nanoparticles as previously demonstrated [8,14–18]. The spectral bands around 2525, 1435,
881 and 729 cm-1 point to the presence of calcium carbonate (chalk) as an extender in the paint formulation [28],
which also contains barium sulphate as indicated by the
peak around 645 cm-1. Specifically, the absorption band
observed around 881 cm-1 corresponds to the in-plane
bending modes of CO32– absorption band [28]. The sharp
peak at 1730 cm-1 indicates carbonyl stretching (C–O or
C=O group), which confirms that the binding medium
contains poly(ethylacrylate or methyl methacrylate) acrylic
emulsion.
Chemically, addition of AgNPs does not change the
structure of the paint as no new absorption bands or shift in
the absorption peak is observed, implying that AgNPs do
not react with other constituents of the paint. This is unlike
TiO2 and ZnO nanoparticles which interacted with CH
groups in the polyacrylate coating and subsequently changed the absorption bands at 2953 and 2920 cm-1 [23]. In
addition, paint samples with ZnO nanoparticles had additional absorption band at 1606 cm-1, which is not observed
in TiO2-based paints.
What is observable in this study is the magnitude of the
absorbance peaks related to AgNPs and acticide. Since
absorbance is proportional to concentration, the absorbance

difference between primary amine of AgNPs (peaks at
1630 cm-1) and acticide (peaks at 3025 cm-1) are 0.0084,
0.0091, 0.0274 and 0.0135 a.u. for 0.35, 0.2, 0.175 and
0.15 wt% AgNPs, respectively. This indicates that absorbance difference increased with increased concentration of
AgNPs reaching maximum at 0.175 wt% AgNP. This can
be due to the extend at which nanoparticles influence the
pigment in the film. In the study conducted by Miklecic
et al [23], transmittance of UV light is significantly reduced
when TiO2 and ZnO nanoparticles were added to paint.
Furthermore, Nguyen et al [29] observed higher UV
absorption when Rutile–TiO2 was added to styrene acrylic
polyurethane coating. It was opined that the nanoparticles
enhanced the UV light shielding effect for polymer coating,
thereby improved the resistance to aging. The FTIR results
can possibly explain the trends observed in the physicomechanical properties of the modified samples as discussed
in sections 3.6–3.8. The choice of absorbance difference
between primary amine of AgNPs and acticide is because
AgNPs were used as additive to wholly or partially replace
biocide acticide, which is an active component in the paint
formulation. The influence of this replacement is expected
to depend on the concentration of the additive and consequently on their absorbance difference.

3.3

XRD/energy-dispersive X-ray spectroscopy analysis

The influence of AgNPs on structure of paint samples was
further explored with XRD. While location of peak along
the 2h axis helps to identify crystalline phases of material
components, its full-width at half-maximum is a major
parameter for determining the grain size of the crystal
[8,18]. XRD pattern (figure 5) shows nine intense peaks
located at 2h = 27°, 31.77°, 38.11°, 43°, 46°, 51.11°, 55°,
64.52° and 67.52° for the modified and unmodified samples. The patterns revealed the presence of diffraction
peaks corresponding to hexagonal structure of AgNPs,
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Figure 3. (a) Transmission electron micrograph, (b) selected area electron diffraction pattern,
(c) FTIR spectrum and (d) energy-dispersive X-ray signal of the biosynthesized AgNPs.
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The XRD patterns exhibited strong diffraction peaks at
31°, 51° and 55°, which indicate the presence of TiO2 in the
rutile phase with crystal lattice planes of (110), (100) and
(211), respectively. TiO2 is a major pigment in paint, which
is responsible for light scattering. It provides opacity
without absorption of light, allowing for lightly coloured
and white paints [32]. Generally, TiO2 is used in most
coating, except clear or black paints. Also, the diffraction
peaks at 27°, 43° and 46° with equivalent crystal planes
(104), (202) and (018), respectively, can be attributed to
hexagonal shape of calcium carbonate (a typical calcite of
CaCO3 crystal), which is the extender in the paint formulation [33]. Although alkyd resin is a component of paint, it
has no peaks because of its non-crystalline nature [1]. These
observations compliment those of FTIR results.
Figure 4. FTIR spectra of the samples A–E (A—0.35 wt%
AgNPs, B—0.20 wt% AgNPs ? 0.15 wt% EPW, C—0.175 wt%
AgNPs ? 0.175 wt% EPW, D—0.15 wt% AgNPs ? 0.20 wt%
EPW, E—0.35 wt% EPW).

25000

E
A - (E+ 3.5 ml AgNPs)
B - (E + 2.0 ml AgNPs)
C - ( E + 1.75ml AgNPs)
D - ( E + 1.5 ml AgNPs)
E - (E + 3.5ml EPW)

Intensity (arb unit)

20000

15000

D
C

3.4

Surface characteristics and particle size distribution

Scanning electron microscope analysis confirmed that the
elemental particles of the paint are largely spherical
(figure 6a). According to the dynamic light scattering
results (figure 6b), the particle size distribution is in the
range of 90–1200 nm with most of the particles having size
below 400 nm. This figure depicts that each paint sample,
irrespective of the AgNP content, has varying particles size.
It is most likely that the AgNPs are embedded within the
interstitial spacing of the paint elemental constituents, as
they are smaller (3–50 nm) compared to the paint particles.

10000

B
5000

0

A
20

40

60

CaCO3
TiO2

3.5

Ag

The average weight loss for each sample measured after 600
cycles of scrubbing is depicted in figure 7. As the concentration of AgNPs increased from 0.175 to 0.35 wt%, weight
loss increased from about 2.7 to 8.7 g. However, the weight
loss increased further for lower concentration of AgNPs.
This indicates that, within the range of concentration of
AgNPs considered, 0.175 wt% gave the optimal result. The
weight loss is an indication of the rate of leaching and
degradation of AgNPs embedded paint film. Painted surfaces are susceptible to damage by surface abrasion, which
introduces localized defects in the coating and impairs both
appearance and mechanical strength. It is demonstrated that
addition of equal concentration (0.175 wt%) of AgNPs and
EPW reduced weight loss by 70% (i.e., 9.31 g for pure paint
to 2.77 g for 0.175 wt% AgNP-modified paint). By extension, about 2013 cycles (which is about 236% higher or 3.5
folds) would cause the same material loss for the optimal
mix compared to the paint without AgNPs.
This observation shows that the abrasion resistance of the
modified paint was increased by 236% or 3.5 folds, which
indicates the veracity of the nanoparticles as strengthening
agent in paint. In this case, nanoparticles act as effective
fillers and therefore provide resistance to surface scratching.

80

100

2θ (degree)

Figure 5.

XRD pattern of paint and modified paint samples.

tetragonal structure of titanium dioxide and hexagonal
structure of calcium carbonates. The diffraction planes
(111), (200) and (220) were obtained at 38.11°, 46° and
64.52°, respectively, for silver in the crystalline structure
of AgNPs [14]. These peaks are conspicuously missing for
unmodified paint sample (figure 5, sample E). The crystal
lattice planes (110) and (112) with diffraction peaks at
64.52° and 67.52° can also be attributed to both hexagonal
and cubic crystal form of Ag in AgNPs [18]. The relative
smaller intensity of diffraction peak for Ag may be due to
smaller quantity of AgNPs compared to other components
of the modified paints. However, its crystalline structure
was not affected after inclusion into paint. Based on
Scherrer equation [30,31], the grain size of AgNPs was in
the range of 5–45 nm, which is similar to the results from
TEM analysis.

Wet abrasion (scrub test)
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Weight Loss
No of cycles to scratch 9.31g of paint

2000

Weight Loss (g)

10
9

1600

8
7
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6
5

800

4
3
2

400

No of cycles to scratch 9.31g of paint

Figure 6. (a) Representative field emission scanning electron microscope micrographs of the sample and (b) summary
of dynamic light scattering results for all the samples.

0
0.15 0.175
0.2
0.35
Concentration of AgNPs (wt%)

Figure 7. Influence of concentration of AgNPs solution on
weight loss and scratch resistance of embedded emulsion paint.

Rathish et al [6] showed that nanoparticles prevent disintegration of acrylic resin, a major component of paint, and
occupy small hole due to defects formed from local
shrinkage during curing. This reduces total free volume
while enhancing cross-linking density and strength.
According to Kohl and Kalendová [19], the use of zinc
metal nanoparticles in organic coatings improves mechanical resistance and corrosion protection capability of the
composite. Rong and Zhan [34] improved the tribological
property of composites formed from TiO2–nanoparticles
incorporated in commercial epoxy (E-51). In this case,
TiO2/epoxy nanocomposites were produced from TiO2
nanoparticles/chloroform suspension. It was reported that
the wear rate of the nanocomposite was more than twice
lower than that of the neat epoxy (0.00267 mm3 Nm-1).
Interestingly, nanocomposites prepared from TiO2
nanoparticles suspended in chloroform had lower wear rate

than when TiO2 nanoparticles were added directly to the
epoxy resin matrix. This is attributed to the fact that chloroform enhanced dispersion and by extension the wear
resistance of the nanocomposites. It confirms that the wear
behaviour of polymeric nanocomposites under sliding
environment is sensitive to the dispersion of the nanoparticles. The observed increase in wear resistance is also
attributed to higher microhardness values of 196 MPa
compared to 126 MPa for the pure epoxy [34]. Miklecic
et al [23] also reported increased strength and modulus of
elasticity, and decreased elongation of polyacrylate coating
when TiO2 and ZnO nanoparticles were added. The reason
for this behaviour was adduced to the nano-sized ZnO
limiting the moving scale of chain segments of polyurethane matrix, which by extension increases modulus of
elasticity and tensile strength of the coating. This
enhancement cumulates to lower rate at which chemical
components of paints leach out causing environmental
degradation.

3.6

Specific gravity of the samples

The influence of AgNPs on the specific gravity of the
modified paints is shown in figure 8. Similar to the trend
observed in the wet abrasion resistance, specific gravity
decreased with concentration of AgNPs until 0.175 wt%. It
then increased thereafter making 0.175 wt% of AgNPs the
best mix. This translates to 16% reduction in weight compared to the paint without nanoparticles. Paint with lighter
weight is desirable for transportation and storage as the
associated cost will reduce.
Our results are consistent with the study of the anticorrosive polyurethane paints with nano- and micro-sized
phosphates where the nano-filler exhibits lower specific
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1.56
Specific Gravity

1.52
1.48
1.44
1.40
1.36
1.32
0

0.15

0.175

0.2

0.35

Concentration of AgNPs (wt%)

Figure 8. Specific gravity of paint samples as a function of
concentration of AgNPs. EPW is added to make 0.35 wt% additive.

Figure 9. Opacity of emulsion paint as influenced by addition of
AgNPs. EPW is added to make 0.35 wt% additive.

gravity in comparison with commercial Al–Zn micro-sized
filler [35]. Also, Lotfizadeh et al [22] studied the effect of
concentration of AgNPs (0–25 ppm) on the automotivebased paint drying process using rectangular flat aluminium
plates. It was reported that the minimum sample weight,
maximum conductivity and optimum surface temperature
were obtained when alkyd melamine (ES-665) car paint was
modified with 10 ppm of AgNPs. Decreasing or increasing
the concentration beyond this value was reported to produce
negative effects. The reason for this observation, especially
with regard to the surface temperature and thermal conductivity, is attributed to insufficient nanoparticles below
10 ppm or possible agglomeration beyond this optimum value.

a combination of the two showed 50% enhancement
(3.05 g inch-2) over a single particle type. The influence of
concentration of each particle type was not reported.
However, Fouda et al [24] reported influence of Fe2O3
nanoparticles concentration on the hiding power of the paint
formed. They pointed out that the film formed using 0.20 M
had the highest hiding power, which is closely followed by
those prepared from 0.40 and 0.60 M of the iron salt,
respectively. In this case, the change in the hiding power
was attributed to decreased particle size of Fe2O3.
Generally, the efficiency of TiO2 particle as a visible light
scattering agent dependents on its particle size, crystal
phase, refractive index of the binder, and interspace
between TiO2 particles [32]. Consequently, there is an
optimum TiO2–TiO2 spacing needed for optimal opacity.
Diebold [32] conducted a Monte Carlo simulation study
showing that nanoparticles are not effective spacers for
enhancement of paint opacity due to TiO2 pigment. He
however stated that relatively large extender particles can
lead to TiO2 crowding, a situation that lowers the opacity of
the resulting paint. In this study, it is proposed that AgNPs
could have reduced possibility of TiO2 agglomeration. At
0.175 wt% AgNPs, it appears that optimum TiO2–TiO2
spacing was achieved.
From the forgoing results and discussion, it has been
shown that the optimal abrasion strength, lowest specific
gravity and maximum hiding power are obtained when the
concentration of AgNPs and EPW are equal (0.175 wt%).

3.7

Hiding power of the modified paint samples

Figure 9 shows the opacity/hiding power of emulsion paint
as influenced by addition of AgNPs. The opacity increased
from 0.0345 g cm-2 at 0.35 wt% AgNPs to a maximum
value of 0.045 g cm-2 at a concentration of 0.175 wt%.
Further increase in the concentration of nanoparticles was
observed to be detrimental to the opacity of the modified
paint. At the optimal mix (i.e., 0.175 wt% AgNPs ?
0.175 wt% EPW), the hiding power was enhanced by 30%
compared to the paint without nanoparticles. In coating with
strong hiding power, the light hardly reaches the substrate
because the pigment particles, usually TiO2 in most paints,
strongly spread out the incoming light. For a coating to
scatter the light optimally, an even distribution of the pigment stabilized by dispersing additives is essential.
In a related study, Parkavi and Benitha [36] demonstrated
increase in hiding power when TiO2 and Fe2O3 nanoparticles were incorporated into emulsion paint. While TiO2
nanoparticle-based paint (2.16 g inch-2) slightly performed
better than Fe2O3 nanoparticle-based paint (2.02 g inch-2),

3.8

Weathering test

All the samples chalked slightly upon scratching but no
change of colour and appearance was observed on the
surface of the tested fibrocement panels (figure 10). The
surface smoothness was lost after the first 6 months due to

7

Page 10 of 11

Bull Mater Sci

(2021) 44:7

Figure 10. Samples coated on the fibrocement. Letters A–E follow designation of table 3. The average area of the
painted surface is 120 cm2 (15 by 8 cm).

solvent evaporation leading to surface matting [4]. Thereafter, shrinkage occurred which made the pigments
agglomerate. After 300 days of exposure, degradation of the
films was still insignificant. However, a close observation
indicates that sample with optimal combination of EPW and
AgNPs (sample C) has minimum chalking effect as depicted by the white patches.
Generally, the major effect of nanoparticles in paint is to
reduce the bacterial and fungal attacks. AgNPs do this by
releasing silver ions into bacteria cells where they interact
with vital components of the cells and render them inactivate [10]. Therefore, chalking and colour change are minimal with addition of nanoparticles. In another study, Can
and Sivirikaya [37] used ZnO nanoparticles to improve the
weathering resistance of wood painted surface by delaying
the photodegradation of wood stain coatings applied to
Scots pine. They reported that the original colour of the
paint was maintained even after 22-day of accelerated
weathering test. Similarly, Nguyen et al [29] observed
significant improvement in impact strength and adhesion of
styrene acrylic polyurethane coating in the presence of
2 wt% Rutile–TiO2 nanoparticles after 30 cycles of
UV/condensation accelerated weathering test. While the
impact strength of the neat paint reduced by 50%, that of the
nanocomposite decreased by just 10%. Also, the weights of
the neat and modified paint reduced by 6 and 4%, respectively. It was concluded that the nanoparticles caused the
UV light shielding effect for polymer coating, thereby
putting more resistance against aging compared to the
unmodified polymer paint.

4.

Conclusion

This study has shown that AgNPs can partially replace
currently used biocide (EPW) with enhanced physicomechanical properties for emulsion paints. Consequently,
high biodegradable and more environmentally friendly
biocides (AgNPs) are now at the fingertip. The highest
influence of AgNPs was obtained when equally mixed with
0.175 wt% EPW. Hence, it can be concluded that the two
biocides have synergistic effect in all the tests performed.

At the optimal mix, the specific gravity was reduced by
16%, hiding power/opacity increased by 30% while the
abrasion strength was enhanced 4.3 folds. This will make
paint lighter, opaque and strongly adhesive to the substrate.
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