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ABSTRACT: Plant oil based alkyd resin was prepared from jatropha oil and blended with epoxy resin. Subsequently, alkyd/epoxy/NiO
nanocomposites with different wt % of NiO nanoparticles have been prepared by mechanical mixing of the designed components.
The structure, morphology, and performance characteristics of the nanocomposites were studied by UV-visible spectroscopy, Fourier
transform infrared (FTIR) spectroscopy, scanning electron microscopy (SEM), transmission electron microscopy (TEM), X-ray dif-
fraction (XRD), thermogravimetric analysis (TGA), differential scanning calorimetry (DSC), and universal testing machine (UTM).
The alkyd/epoxy/NiO nanocomposites showed the gradual increase in thermal stability with increasing NiO content. With 3 wt %
NiO content the tensile strength of the nanocomposite increased by 19 MPa (more than twofold) when compared with the pristine
polymer. Limiting oxygen index (LOI) value of the nanocomposites indicate that the incorporation of NiO nanoparticles even in 1
wt % can greatly improves the flame retardant property of the nanocomposites. This study confirms the strong influence of NiO
nanoparticles on the thermal, mechanical, and flame retardant properties of the alkyd/epoxy/NiO nanocomposites. © 2014 Wiley Period-

icals, Inc. J. Appl. Polym. Sci. 2015, 132, 41490.
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INTRODUCTION

In recent time, the use of petroleum resources in manufacturing
of different industrial products is facing some serious troubles.
This is the result of more environmentally aware consumer soci-
ety, high rate of depletion of petroleum resources, and spiraling
rise in prices of nonrenewable stocks.'™ Therefore, development
of polymers from renewable resources has received a great sci-
entific attention. Amongst different renewable resources, plant
oils have attracted much attention as raw materials for the
chemical industry and are widely used for the surfactants, cos-
metic products, and lubricants and also in coatings and paints
application. Vegetable oils have been utilized in the synthesis of
various polymeric resins, such as, polyester,® epoxy,” poly(ur-
ethane),® and poly(ester amide).’

Among the various products of vegetable oils, alkyd resins are
most widely used in paints industries. Alkyd resins also find
extensive applications in surface-coating, adhesive and compos-
ite materials, and so on.® However, some major drawbacks of
the vegetable oil based alkyd resins, such as low mechanical
strength, low hardness, low thermal stability, and long curing
time limits their practical application. To overcome these draw-
backs, alkyd resins were blended with other suitable resins, such
as epoxy resin, amino resin, silicone resin, and ketonic resin.’

© 2014 Wiley Periodicals, Inc.
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Dutta et al. reported the preparation of alkyd/epoxy blends as
multipurpose coatings. The alkyd/epoxy blends showed better
performance in terms of drying time, hardness, flexibility, gloss,
thermal stability, and chemical resistance.'” Wang et al. reported
the development of alkyd/acrylic blends for the creation of hard
coatings. However, alkyd resin and acrylic phase was found to
be more compatible in alkyd/acrylic hybrid latex than the alkyd/
acrylic blends."" Radicevic and Simendic reported the prepara-
tion of alkyd/melamine resin blends with various ratio of mela-
mine. It was observed that the degree of curing alkyd/melamine
resin blends increases with increasing the ratio of melamine in
the blends.'” Pasari and Chandra reported blends of polystyrene
glycol and alkyd resins. The polystyrene glycol and alkyd blends
were superior in film properties to the alkyd resin except in sol-
vent resistant plroperty.13

Polymer nanocomposites based on multifunctional nanopar-
ticles, such as metal oxides, silicates, fullerenes, carbon nano-
tubes, graphene, and expanded graphite are being developed.
The nanoparticles have strong impact on thermal, mechanical,
electrical barrier, and flame retardant properties of the nano-
composites.'*"> Lligadas et al. reported the preparation of
epoxidized linseed oil/polyhedral oligomeric silsesquioxanes
nanocomposites.  Substantial

improvement in polymeric
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Table I. Mass (g) of Each Reagent Used in the Nanocomposite Formulations
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Entry Alkyd MEKP Co-octoate Epoxy Poly(amido amine) NiO (wt %)
1 3 0.12 0.06 3 1.5 0
2 3 0.12 0.06 3 1.5 1
8 3 0.12 0.06 3 1.5 2
4 3 0.12 0.06 3 1.5 3

properties including thermal stability, mechanical strength and
flame retardant were observed in the nanocomposites.'® Xia and
Larock reported the preparation of waterborne castor oil-based
polyurethane—silica nanocomposites prepared through a sol-gel
process. The silica nanoparticle not only reinforces the resulting
coatings but also increases the crosslink density of the nano-
composites. The nanoparticles play an important role in
improving the thermal and mechanical properties of the result-
ing nanocomposites.'”” In our previous work, we reported the
preparation of jatropha oil based alkyd/epoxy composites, rein-
forced with expanded graphite (EG) by mechanical mixing of
the designed components. The composites exhibited quite
impressive properties in terms of thermal, mechanical, flame
retardancy, water absorption, and in vitro degradation.’ Poly-
mers that are biodegradable and derived from renewable resour-
ces are moving into the mainstream and can compete with
commodity polymers. Moreover, reinforcement of the bio-based
polymers with nanofiller can produce new value-added “green”
nanocomposites in the materials world.

As the incorporation of NiO nanoparticles into the polymer
matrix significantly improves the electrical, thermal, and
mechanical properties of the resulting nanocomposite, the syn-
thesized NiO nanoparticles may greatly favor the performance
enhancement of alkyd/epoxy blends in surface coating applica-
tions. Moreover, there is no report on the study of flame retard-
ant property of NiO based nanocomposites. Inspiring from
these studies, the objective of our current work is to fabricate
nanocomposites films that contain reinforcing NiO nanofillers
in an alkyd/epoxy blend matrix. For the first time we are
reporting the fabrication of bio-based polymer/NiO nanocom-
posites. The performance characteristics including, scratch hard-
ness, chemical resistance, thermal, mechanical and flame
retardant properties of the nanocomposites were investigated
with different wt % of NiO.

EXPERIMENTAL

Materials and Methods

NiCl,.6H,0, NaHCOs3, PbO, and phthalic anhydride of analyti-
cal grade were purchased from Merck, India. Epoxy resin
(Epoxy equivalent weight: 170-180 g/eq) and hardener poly(a-
mido amine), methyl ethyl ketone peroxide (MEKP), and Co-
octoate of commercial grade were purchased from Kumud
Enterprises, Kharagpur, West Bengal, India. All the materials
were used as received without any further purification. Jatropha
seed was collected from Sonitpur, Assam, India and the oil was
extracted with petroleum ether in a soxhlet extractor. Crude oil
was purified by column chromatography over silica gel using a
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mixture of 98% petroleum ether and 2% ethyl acetate as eluent.
The average molecular weight of the oil was found to be 883
with PDI 1.05.

Synthesis of Alkyd Resins from Jatropha Oil

Alkyd resin was synthesized by a two-step method from jatro-
pha oil. The first step was the alcoholysis process in which
monoglyceride of jatropha oil was prepared by reaction of jatro-
pha oil with glycerol in a 1 : 2 mol ratio at 210°C using lead
monoxide as catalyst (0.05 wt % with respect to oil). The pro-
gress of the reaction was monitored by checking its solubility in
methanol (1 : 3 v/v). The reaction was stopped when the reac-
tion product was completely soluble in methanol at room
temperature.

In the second step, the esterification reaction was carried out
between monoglyceride and phthalic anhydride (0.12 mol) at
220°C and the reaction was continued until it reached acid
value in the range of 10-20.*

Synthesis of NiO Nanoparticles

Defect free, single crystalline NiO nanoparticles were synthe-
sized by a two-step chemical synthesis route.'® In a typical
method NiClL,.6H,0 (2.4 g) and NaHCOj; (1.2 g) were dissolved
in distilled water (10 mL) separately in conical flask. The
NiCl,.6H,O solution was stirred for 15 min and under constant
stirring NaHCO; solution was added drop wise at room tem-
perature. The reaction was stopped when the gas formation was
ceased from the reaction mixture. The resultant product was
collected by centrifugation and washed thoroughly with distilled
water. The collected product was dried at 100°C in an oven and
then reheated at 600°C for 2 h in a muffle furnace. The plausi-
ble reaction mechanism of the formation of NiO nanoparticles
are shown below:

Ni2* (aq) + 2HCO; ™ (aq) ~ Ni(HCO),.nHO (s)

Ni(HCO3),.nH;0 (s) — =5 Ni(HCO;),(s) + nH,0 (g)

Ni(HCO3),(s) —=5 NiO (s) + 2C0,(g) + H,0 (g)

Preparation of the Alkyd/Epoxy/NiO Nanocomposites

The alkyd/epoxy/NiO nanocomposite was prepared by solution
blending method. The alkyd and epoxy was blended at the ratio
of 1 : 1 in acetone (1 mg/mL) and then NiO was added in dif-
ferent wt % (Table I). The mixture was stirred by mechanical
stirrer followed by ultrasonication for 1.5 h to get homogeneous
dispersion of the NiO nanoparticles within the polymer matrix.
The solvent was evaporated at 55°C and the mixture was dried
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at 40°C in a vacuum oven until it was completely bubble free.
Afterward, poly (amido amine) (50 wt % with respect to the
epoxy resin) along with MEKP and Co-octoate (4 and 2 wt %,
respectively, with respect to the alkyd resin) were added to the
mixture. The mixture was then placed on a teflon sheet by an
applicator maintaining the film thickness of 5 mm and dried
under vacuum in a desicator for overnight at ambient tempera-
ture. The nanocomposites were allowed to cure at 80°C for fur-
ther study.

Characterization Techniques

The UV-visible absorption spectra of the samples were recorded
in the range of 200-700 nm by using Shimadzu UV-2550 UV-
visible spectrophotometer at temperature.
transform infrared (FTIR) spectra were recorded on a Nicolet,
Impact 410 FTIR spectrometer at room temperature over a fre-
quency range of 4000-400 cm ™ '. The crystalline structure of
NiO nanoparticles and the nanocomposites were studied by
using a X-ray diffractometer (Miniflex, Rigaku Japan) with Cu
Ko radiation (4 =0.154 nm) at 30 kV and scanning rate of
0.005 s~ ' in a 20 range of 10°~70°. To study the thermal degra-
dation of the nanocomposites, thermogravimetric analysis
(TGA) was carried out on a Shimazdu TGA 50, thermal ana-
lyzer in nitrogen atmosphere at a heating rate of 10°C min~ ' in
the temperature range of 25-600°C. The glass transition and
crystallization behaviors were investigated by differential scan-
ning calorimetry using a Shimadzu DSC-60 in nitrogen atmos-
phere. The analysis was run at a scanning speed of 10°C min~"
from 25 to 200°C. The surface morphology of the specimens
was studied by scanning electron microscope (SEM) of model
JSM-6390LV, JEOL, Japan at an accelerating voltage of 5-15 kV.
The surface of the specimens was coated with platinum before
the SEM analysis. The dispersion and particle size of NiO nano-
particles were studied by transmission electron microscope
(TEM, JEOL JEM 2100) at an acceleration voltage of 200 kV.
The tensile strength, elongation, and elastic modulus of the
nanocomposites were measured on a universal testing machine
(Zwick Z010, Germany) at ambient conditions. The extension
rate was 5 mm/min and the load cell was 10-kN, with a gauge
length of 40 mm. The specimen dimension was 60 mm in
length, 10 mm in width, and 0.3 mm in thickness. Three paral-
lel measurements were carried out for each sample. Scratch
hardness test on the cured films was carried out by a scratch
hardness tester (Sheen instrument Ltd., UK). The chemical
resistance test was done to study the effect of chemicals, such as
water, ethanol (25%, aq.), NaOH (2%, aq.), and HCI (10%, aq.)
on the nanocomposites. Small pieces of the nanocomposite
films were kept in the aforesaid medium in 100 mL amber glass
bottles at 30°C. The percent weight loss of the films was meas-
ured after 21 days of test. To study the flammability property of
the nanocomposites the limiting oxygen index (LOI) was
recorded in a flammability tester (S.C. Dey and Co., Kolkata).
The samples were cut into 100 mm X 6 mm X 3 mm (longitu-
dinal X tangential X radial) according to ASTM-D 2863 and
placed vertically in the flammability tester. The ratio of N, and
O, at which the sample continued to burn was recorded for at
least 30 s.

room Fourier-
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Figure 1. UV-visible spectra of synthesized NiO nanoparticles. [Color fig-
ure can be viewed in the online issue, which is available at wileyonlineli-
brary.com.]
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RESULTS AND DISCUSSIONS

UV-Visible Study

The UV-visible study was done to investigate the formation of
NiO nanoparticles and the spectrum is shown in Figure 1. The
UV-visible spectrum of NiO nanoparticles showed a maximum
absorption band at 343 nm (3.61 eV) due to the surface plas-
mon absorption of NiO nanoparticles. This type of resonance is
observed when the wavelength of the incident light far exceeds
the particle diameter. Thus, the maximum absorption band at
343 nm in UV-visible spectrum indicates the formation of NiO
nanoparticles.”

FTIR Spectroscopic Analysis

The FTIR transmittance spectra of alkyd/epoxy, NiO and alkyd/
epoxy/NiO nanocomposite is shown in Figure 2. FTIR spectra
of the alkyd/epoxy blend [Figure 2(a)] shows bands at 2920 and
2840 cm~ ' corresponds to the C-H stretching vibration. The
bands at 1270 and 1053 cm ™' can be attributed to the in-plane
vibration of =C-H bond. The bands at 1636 and 1753 cm ™'
refer to C=C (belonging to fatty acid chain of monoglyceride)
and C=O stretching vibration (belonging to ester group of
monoglyceride), respectively. The bands observed at 1430 and
1060 cm ™" are, respectively, assigned to O-C=0 symmetric and
C-O stretching vibration. The —OH stretching vibration band
appears at 3410 cm ".?>?! In the FTIR spectra of NiO [Figure
2(b)] the bands centered at 3490 cm™ ' and 1583 cm™ ' corre-
spond to asymmetric stretching and bending vibration of water,
respectively. It can be attributed to the fact that the NiO nano-
particles tend to physically absorb water. The band at 451 cm™'
is attributed to the Ni-O stretching of the NiO nanocrystals.**
In the FTIR spectra of alkyd/epoxy/NiO nanocomposites [Figure
2(c)] mostly all the stretching frequencies are same as that of
neat NiO and alkyd/epoxy blend. However, a slight shifting of
Ni-O stretching vibration frequency occurs at 487 cm ™' [Figure
2(c)] because of the binding of NiO nanoparticles to the
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Figure 2. FT-IR spectra of (a) neat blend, (b) neat NiO and (c) nanocom-
posites. [Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]

polymer matrix. The result strongly suggests the interaction
between NiO nanoparticles and the alkyd/epoxy blend matrix.*

Surface Morphology Analysis

The size, distribution, and morphology of the nanoparticles
were characterized by SEM and TEM study. Figure 3 represents
the SEM micrographs of the neat NiO and alkyd/epoxy/NiO
nanocomposites. The NiO nanoparticles are spherical in shape
with an average diameter of 20 nm. The SEM micrograph shows
the homogeneous distribution of the nanoparticles within the
alkyd/epoxy blend matrix. The SEM study also reveals the
smooth and uniform surface morphology of the NiO nanopar-
ticles. It is obvious that the NiO nanoparticles retain their shape
and crystalline structure in the nanocomposites [Figure 3(b)].

The TEM micrographs of NiO and alkyd/epoxy/NiO nanocom-
posites are presented in Figure 4. The synthesized NiO nanopar-

183 J 15kV

Figure 3. SEM micrographs of (a) neat NiO and (b) alkyd/epoxy/NiO nanocomposite.
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ticles have an average diameter of 15-20 nm with narrow size
distribution (mean diameter about 5 nm). Well-defined nano-
crystalline morphology of the NiO nanoparticles can be seen
from the TEM study [Figure 4(b)].** TEM study also reveals
the spherical particle shape with smooth and uniform morphol-
ogy of the NiO nanoparticles. No agglomeration of the NiO
nanoparticles is observed. From the micrographs it is clear that
the NiO nanoparticles are homogeneously dispersed within the
alkyd/epoxy blend matrix [Figure 4(c, d)].

XRD Analysis

The XRD patterns of alkyd/epoxy, NiO and alkyd/epoxy/NiO
(1-3 wt %) nanocomposites are shown in Figure 5. The XRD
pattern of alkyd/epoxy blend exhibits a weak and broad peak at
20 =19.85° indicating that the blend is amorphous in nature
[Figure 5(a)]. In the XRD pattern of NiO [Figure 5(e)] the
appearance of the peaks at 260 =37.30° (111), 43.35° (200),
62.95° (220), 75.45° (311), and 79.35° (222) confirmed the for-
mation of NiO nanoparticles.'” The sharpness and the intensity
of the peaks indicate the crystalline nature of the synthesized
NiO nanoparticles. It is noticeable that maximum NiO crystal-
lite growth occurs along (200) the plane. In the XRD patterns
of the alkyd/epoxy/NiO (1-3 wt %) nanocomposites [Figure
5(b—d)] the occurrence of the peaks at 20 =37.30°, 43.35°,
62.95°, 75.45°, and 79.35° revealed the existence of NiO nano-
particles in the designed nanocomposites. The broad peak for
the alkyd/epoxy blend (20 = 19.85°) also observable in the XRD
pattern of the nanocomposites. The intensity of the peaks for
the NiO nanoparticles in the alkyd/epoxy/NiO nanocomposites
is observed to be increased gradually with increasing NiO wt %.
It can be explained by the fact that higher the wt % of NiO
nanoparticles, higher is the number of NiO crystallites in the
nanocomposites.*>

The average crystallite sizes of NiO and alkyd/epoxy/NiO (1-
3%) nanocomposites for the prominent peaks (111), (200), and
(220) are calculated employing Debye—Scherrer’s relation.”®

D=kJ/Bcos 0 (1)

where D is the average crystallite size, k is an empirical constant
equal to 0.89, 4 is the wavelength of the X-ray source

xmooom}%oo 1533 SEI
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(0.15405 nm), f is the full width at half maximum of the peak,
and 0 is the angular position of the peak. From eq. (1), the
average crystallite size of NiO nanoparticles is found to be
25.35 nm, which is in good agreement with the TEM results
(15-20 nm). For the alkyd/epoxy/NiO (1-3%) the crystallite
size of NiO nanoparticles do not change to a noticeable extent.
It implies that the crystallinity of NiO is not disturbed by the
interaction with the alkyd/epoxy blend matrix. It is also clearly
observed in the TEM micrographs of the nanocomposites.*”

Thermal Analysis

TGA Study. Figure 6 shows TGA weight loss and weight loss
derivative curves for the nanocomposite films in nitrogen
atmosphere. The degradation at temperatures between 250°C
and 415°C can be attributed to the decomposition of aliphatic
moieties of the epoxy resin and the poly(amido amine) hard-
ener. The degradation observed in the temperature range from
430°C to 520°C resulted from chain scission in the jatropha oil
and aromatic moiety of alkyd resin.’® The TGA data such as
initial degradation temperature (7T;), decomposition temperature
at different at weight losses (T,;), maximum pyrolysis tempera-
ture (T,,), and residual weight are summarized in Table II. Sig-
nificant improvement in thermal stability of the nanocomposite
is observed by the incorporation of NiO nanoparticles. The T;
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Figure 4. TEM micrographs of NiO (a and b) and alkyd/epoxy/NiO nanocomposites (¢ and d).

for the neat polymer is 284°C, whereas the same for the nano-
composite containing 3 wt % NiO is improved by 41°C. Even
with 1 wt % of NiO the initial degradation temperature of the
nanocomposite increased by 11°C and increases linearly with
increasing NiO concentration. This can be attributed to the heat
shielding effect of NiO. The homogeneous dispersion of the
nanoparticles within the polymer matrix provides a thermal
barrier, releasing combustible volatiles during decomposition.
Higher the concentration of NiO nanoparticles, higher is the
insulating effect. Similar results were observed for the nanocom-
posites reinforced with nano Al,O5 and TiO,.**>° Moreover, the
decomposition of polymers starts with the free radical forma-
tion at the weak bonds and/or chains ends, followed by radical
transfer to adjacent chains through inter chain reactions. The
homogeneous dispersion and strong interfacial interaction
between the NiO and the polymer matrix reduces the polymer
chain mobility in the nanocomposites and thereby the chain
transfer reaction is suppressed and consequently the degradation
process is delayed.”!

It is observed from Table II that decomposition temperature at
different weight losses and Ty, for all of the nanocomposites
increase with an increase in the NiO content. This can be
explained by the fact that the incorporation of NiO
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nanoparticles within the polymer matrix creates an inert and
impermeable layer to the volatile products generated during
degradation process and improve the thermal stability of the
nanocomposites.*

DSC Study. Figure 7 represents the DSC thermograms for the
nanocomposite films with different NiO concentrations. Neither
melting nor crystallization transitions were observed in the DSC
curves, indicating the amorphous nature of the nanocomposites.
However, the glass transition temperature (Ty) is clearly seen
for all the nanocomposites in the temperature range of 55—
75°C. For the alkyd/epoxy blend T, is found to be 56°C,
whereas the incorporation of NiO significantly improved the T,
of the nanocomposites. The T, increases linearly with increasing
NiO content and found to be increased by 20°C for the nano-
composite with 3% NiO when compared with the neat polymer.
It can be explained by the reduced mobility of the polymer

Table II. Thermal Degradation Data and LOI (%) of the Nanocomposites

0.0 =

2 3 T T T 1
100 200 300 400 500 600

Temperature (°C)
Figure 6. TGA thermograms (a) and their derivative curves (b) of the

nanocomposites. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

chain in the presence of NiO nanoparticles. These results clearly
suggest strong interaction (dipole—dipole) between NiO nano-
particles and the polymer matrix. Moreover, the homogeneous
dispersion of the nanoparticles within the polymer matrix effi-
ciently restricts the segmental motion of the polymer chains on
the interface.?

Decomposition temperature (T, °C) at

different wt losses

NiO wt % T,' (OC) TlO% T30% T5o% T70% Tm (OC) Residue (%) at 600 °C LOI (%)

0 284 293 347 384 425 374 8 20 (+ 0.83)
1 294 304 359 393 431 380 9 27 (x 0.26)
2 309 320 376 410 449 400 10 34 (x 0.47)
3 325 335 391 426 464 415 11 42 (+ 0.63)

T; = Initial degradation temperature; T,, = maximum pyrolysis temperature.
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Figure 7. DSC traces of (a) alkyd/epoxy blend, (b) nanocomposite (1%

NiO), (c¢) nanocomposite (2% NiO), (d) nanocomposite (3% NiO).

[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com. ]

Mechanical Properties. NiO nano filler is expected to have
good reinforcement effect on mechanical properties of nano-
composites because of its high aspect ratio. The performance of
the alkyd/epoxy blend effectively changed with the incorpora-
tion of NiO nanoparticles. Mechanical properties like tensile
strength, elongation at break (%), Young’s modulus, and tough-
ness of the nanocomposite films are summarized in Table III
The tensile stress—strain curves for the nanocomposite films
with different wt % of NiO are shown in Figure 8. As expected,
NiO acts as genuine nanofiller on the mechanical properties of
polymer nanocomposites. Tensile strength and elastic modulus
of the nanocomposites increases linearly with increasing NiO
concentration. With 3% NiO the tensile strength and elastic
modulus of the alkyd/epoxy/NiO nanocomposite improved by
211% and 173%, respectively. It implies the sufficient transfer
of mechanical energy from polymer matrix to the nanofiller.
The mechanical energy transfer is only plausible when the
nanofiller is strongly attached to the polymer matrix.”»** The
homogeneous dispersion of the nanoparticles also reinforces
effect. However, as a result of the strong interaction between
the NiO nanoparticles and alkyd/epoxy blend matrix reduces
the mobility of the polymer chain. This also reflects in the
decreased elongation at break (%) of the alkyd/epoxy/NiO
nanocomposites when compared with the neat alkyd/epoxy
blend. The nanocomposite with 2 wt % NiO exhibited the best
toughness (928) as it possesses overall good tensile strength

Table III. Mechanical Properties of the Nanocomposites
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Figure 8. Stress—strain curves for the nanocomposites. [Color figure can
be viewed in the online issue, which is available at wileyonlinelibrary.
com.]

(29 MPa) and elongation at break (37%). The increment in
scratch hardness of the nanocomposites with the NiO content
can be attributed to the enhanced strength of the nanoreinforc-
ing NiO nanoparticles and flexibility of the long hydrocarbon
chains of the fatty acid part of the alkyd resin.

Limiting Oxygen Index (LOI). The LOI values of the neat poly-
mer and the nanocomposites with different weight ratios of
NiO nanoparticles are summarized in Table II. It is observed
that the pristine blend showed a LOI value of 20%. The neat
polymer essentially composed of hydrocarbon chains; as a con-
sequence it requires very less amount of oxygen for the propa-
gation of flame, and therefore, showed low flame retardancy.’”
The incorporation of NiO nanoparticles significantly improves
the flame retardancy of the nanocomposites. The LOI value of
the nanocomposites increases gradually with increasing NiO
concentration. The addition of NiO nanoparticles promoted the
char formation and thereby improves the flame retardancy of
the nanocomposites by insulating the surface of the composites.
Moreover, the nanofiller rich composite surface has better bar-
rier properties to heat and oxygen transport, which delays the
ignition of the nanocomposites.’>>® Higher the concentration of
NiO nanoparticles, higher is the char formation and hence
higher will be the LOI value.

Chemical Resistance. The chemical resistance test of the ther-
mosets are carried out in water, NaOH (1%, aq.), HCI (10%,

Entry NiO wt % Tensile strength (MPa)  Elastic modulus (GPa) Elongation at break (%) Toughness Scratch hardness (kg)®
1 0 17+0.42 1.26+0.31 672 825 8.3
2 1 22+0.13 1.81+043 51=+2 880 9.4
8 2 29+0.25 1.98+0.16 372 928 >10
4 3 36+0.27 218+0.18 21+2 510 >10

@Limit of the instrument for scratch hardness was 10.0 kg (max).
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Table IV. Chemical Resistance (wt loss %) of the Thermosets in Different
Chemical Environments

Chemical environment

NiO Ethanol NaOH HCI
Entry wt% Water (25%, aq) (2%, aq) (10%, aq)
1 0 0 0 2.47 2.63
2 1 0 0 1.09 1.45
8 2 0 0 0.54 1.26
4 3 0 0 0.21 0.86

aq.), and ethanol (20%, aq.) and the results are summarized in
Table IV. The nanocomposites exhibited excellent solvent and
good acid and alkali resistance. This is due to the highly cross-
linked and condensed/rigid structure of the nanocomposites.
The weight loss (%) decreases with increasing NiO concentra-
tion in the nanocomposites. This is due to the increasing com-
pactness of the nanocomposite structure with increasing NiO
wt %. As the polymer matrix contains hydrolysable ester link-
ages in the structure, the alkali resistance of the composites is
relatively poor. But due to the presence of rigid aromatic moi-
eties in the alkyd resins, the alkali resistance of the nanocompo-
sites is yet satisfactory.

CONCLUSIONS

NiO nanoparticles was synthesized by hydrothermal method
and successfully incorporated into the alkyd/epoxy blend matrix.
The nanoparticles are spherical in shape with smooth surface
and uniform morphology having particle diameter 15-20 nm.
XRD study shows the existence of NiO nanoparticles in the
alkyd/epoxy/NiO nanocomposites with well crystalline nature.
Thermal stability of the nanocomposites increased noticeably by
the incorporation of NiO nanoparticles. For the alkyd/epoxy/
NiO (3%) nanocomposite, the initial degradation temperature
increased by 41°C. With 3% NiO, the T, of the nanocomposites
enhanced by 20°C. When compared with the pristine blend, the
tensile strength and elastic modulus increased by 211% and
173%, respectively, with 3% NiO. The results strongly suggest
the efficient load transfer between NiO and the alkyd/epoxy
blend matrix. The NiO nanoparticle has a significant effect on
the flame retardant property of the nanocomposites. LOI value
of the alkyd/epoxy/NiO increased up to 42% with 3% NiO. The
alkyd/epoxy/NiO nanocomposites exhibited good resistance
toward solvent, acid, and alkali solution. All the results form
the analyses deduce a conclusion that the NiO nanoparticles
have significant effects on the performance characteristics of the
alkyd/epoxy blends. The use of renewable raw materials can
reinforce the rapid development of sustainable and eco-friendly
materials to the environmentally aware consumer society.
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