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ABSTRACT: An in situ deposition approach was used for
the synthesis of nano-CaSO, and nano-Caz(PO,),. The nano-
size particles were confirmed with an X-ray diffraction tech-
nique. Composites of polypropylene (PP) with 0.1-0.5 wt %
nano- or commercial CaSO, or nano-Caz(PO,), were pre-
pared. The transition from the o phase to the B phase was
observed for 0.1-0.3 wt % nano-CaSO,/PP and nano-
Cag(PO,)/PP composites. This was confirmed by Fourier
transform infrared. A differential scanning calorimetry analy-
sis was carried out to determine the thermal behavior of the
nanocomposites with increasing amounts of the nano-CaSO,
and nano-Caz(POy), fillers. Increases in the tensile strength

and Young’s modulus were observed up to certain loading
and were followed by a decrease in the tensile strength. A
continuous decrease in the elongation at break (%) was also
observed for commercial CaSO, and larger nano-Caz(POy),. A
decrease in the mechanical properties after a certain loading
might have been due to the agglomeration and phase transi-
tion of PP in the composites. © 2006 Wiley Periodicals, Inc. J
Appl Polym Sci 103: 670-680, 2007
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INTRODUCTION

In the past few years, new methodologies have been
developed to prepare materials containing organic and
inorganic fillers. A uniform distribution of small par-
ticles within the polymer matrix is an important factor
for promoting strong interfacial adhesion between the
matrix and nanofillers. Such reinforcement of a single
phase has to produce new systems called hybrids or
nanocomposites. Hybrid composites exhibit drastic
improvements in the superconductivity, magnetism,
thermal stability, and mechanical properties because of
the high surface area of the nanoparticles and their
enormous interfacial adhesion with the virgin matrix.!
Many researchers have extensively worked on clay—
polymer systems.”® In thermoplastic-based (interca-
lated or exfoliated) nanocomposites, the ultimate
strength of the material can vary, depending on the
nature of the interaction between the matrix and the
filler. Synthetic mineral nanofillers such as nano-
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Mg(OH),, nano-CaCO;, nano-ZnO, and nano-TiO, are
different from mineral clay because of their treatment
methods, commercial aspects, problems in handling,
and agglomeration in polymer matrices. Researchers
have attempted different routes for the synthesis of
mineral nanoparticles, which include mainly (1) sol-
ge1,7 (2) microemulsion,® and (3) in situ deposition
methods.” Of these methods, in situ deposition con-
trols the matrix-mediated growth and morphology in
the synthesis of materials.'”"" In this method, the
growth of phases is restricted to certain crystalline
phases (o and ), in comparison with the large num-
ber of phases developed in normal solution precipita-
tion. These restricted phases are responsible for drastic
improvements in the mechanical properties of poly-
mer nanocomposites. The shape and morphology of
the nanoparticles are responsible for improvements in
the mechanical properties of nanofilled composites;
that is, nano-CaCOj; is spherical, and CaSO, has a nee-
dlelike structure.'” This article is a comparative study
of the mechanical and flame-retarding performances
of polypropylene (PP) composites filled with nano- or
commercial CaSO,4 or nano-Caz(POy),.

EXPERIMENTAL
Materials

PP (grade 310367, Repol) with a melt flow index of
8.94 g/10 min and a density of 0.92 g/cc was pro-
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cured from Reliance Industries, Ltd. (India). Analyti-
cal grades of calcium chloride and ammonium sul-
fate, diammonium hydrogen phosphate, and poly-
(ethylene glycol) (PEG; molecular weight = 6000),
procured from Qualigens India, Ltd. (Mumbai,
India), were used for the synthesis of nanoparticles
of calcium sulfate and calcium phosphate.

Nanoparticle and composite preparation
with characterization

The nanoparticles were synthesized by a matrix-medi-
ated growth technique;''™® the ammonium sulfate
and ammonium phosphate were used in place of po-
tassium carbonate to synthesize the calcium sulfate
and calcium phosphate nanoparticles, respectively.
PP granules and nanoparticles were premixed in dif-
ferent weight percentages in a Rheomix 600 mixer
(Rheocord 900, Haake, Germany). The temperatures
of the feed zone, compression zone, metering zone,
and die were kept at 225, 225, 225, and 250°C, respec-
tively. The die gap, screw diameter, and screw length
were 1, 19.1, and 477.5 mm, respectively. The mixing
was performed at 50 rpm for 10 min. The nanosizes
were confirmed with an X-ray diffractometer (Rigaku,
Tokyo, Japan) with an intensity of 0-6000 Cps and a
diffraction angle of 0-35°. The particle sizes were
determined with Scherrer’s formula:'"*!”

.

Particle size (A) = k L/A26 cos 6 (1)

where k is the order of reflection, A is 1.542, 0 is the
diffraction angle, and A20 is the full width at half-
maximum. The particle sizes of the two different
ratios (1 : 4 and 1 : 20) of PEG and calcium chloride
were recorded as 12 and 22 nm for CaSO, and 13 and
24 nm for Caz(POy),, respectively.

Differential scanning calorimetry (DSC)

The crystallization behavior of the PP composites
was recorded on a PerkinElmer differential scanning
calorimeter (Perkin Elmer, Wellesley, MA). The crys-
tallization was studied in the range of 50-250°C at a
rate of 10°C/min in a nitrogen environment. Further-
more, to ensure complete melting, the sample was
held for 1 min at 250°C and then cooled to 50°C at
the same rate.

The crystallinity of virgin PP and its composites
(Cj) was determined with the following relationship:

C; = (AHy/AHj) x 100 @)

where AHy is the heat of fusion of the PP polymer
and AH, is the heat of fusion of PP under standard
conditions (i.e., 206.74 kcal/mol).
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Optical microscopy analysis

Thin films of extruded samples were exposed for
micrographs on an optical microscope (STM-5, RE-
312, Olympus, Tokyo, Japan).

Mechanical properties

Tensile specimens of extruded sheets (according to
ASTM D 628) were tested on a universal testing
machine (model UT-2303, R&D Electronics, Mumbai,
India). Testing was done at room temperature.
Young’s modulus and the elongation at break (%)
were determined at a deformation speed of 5.00 cm/
min. A mean value of five measurements was taken.

Flame retardancy

A flame-retardancy test was carried out in a flame
tester (Prolific flammability tester, Noida, India) ac-
cording to ASTM D 635. Each sample was clamped
85 mm above the horizontal screen so that it would
not sag out to touch the screen. A free end was
exposed to a specified gas flame for 30 s. The sample
was clamped at a 45° angle to the flame tip. The
time required for burning and the relative rate of
burning were measured.'

Specific gravity

An analytical balance equipped with a stationary support
for an immersion vessel above or below the balance pan
was used for the specific gravity measurement. Corro-
sion-resistant wire for suspending the specimen and a
sinker for a lighter specimen with a specific gravity of less
than 1 were employed. A beaker was used as an immer-
sion vessel. A test specimen of a convenient size was
weighed in air, and then the specimen was suspended
from a fine wire attached to the balance and completely
immersed in distilled water. The weight of the specimen
in water was determined (with the sinker). The specific
gravity of the specimen was calculated as follows:

Specific gravity =a/(a +w) — b 3)

where a is the weight of the specimen in air, b is the
weight of the specimen (with the sinker) and wire in
water, and w is the weight of the totally immersed
sinker and partially immersed wire.

RESULTS AND DISCUSSION

Fourier transform infrared (FTIR)
characterization of the PP-CaSO,
and PP-Ca;(PO,), nanocomposites

Figure 1(a,b) shows the FTIR characterization of vir-
gin PP and its nanocomposites. Drastic changes can

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 1 (a) FTIR spectra of 22-nm CaSO,/PP composites
[(A) 0.1, (B) 0.3, and (C) 0.5%] and 24-nm Cas(PO,),/PP
composites [(M) 0.0, (D) 0.1, (E) 0.3, and (F) 0.5%] and (b)
FTIR spectra of 12-nm CaSO,/PP composites [(J) 0.1, (K)
0.3, and (L) 0.5%] and 13-nm Caz(PO,),/PP composites
[(M) 0.0, (G) 0.1, (H) 0.3, and (I) 0.5%].
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be observed in the FTIR peaks of the 500~1000-cm
region. The changes in the FTIR spectra of all CaSO,
composites are appreciable in comparison with the
Ca3(POy4), composites. The bands obtained at 459.0,
528.5, 721.3, 773.1, and 970.1 cm ™! for virgin PP can
be assigned to the o phase of virgin PP. After the
addition of various weight percentages of nano-
CaSO,4 and nano-Caz(POy),, the o phase changes to
the B phase; hence, the B form is more prominent, as
observed in the FTIR spectra. Different peaks can be
observed with increasing weight percentages with a
reduction in the nanosize and with changes in the
structure of the nanofillers. In the case of nano-
CaSO4, a change in the IR range from 563 to
688 cm ™! can be observed upon the addition of 0.1-
0.5 wt % of different nanosizes. New peaks have
been recorded at 688, 661.5, and 599.8 cm ™! for the
0.5 wt % 12-nm CaSO, composite, and peaks at
563.2 and 644.2 cm™ ' have appeared for 0.1 and 0.3
wt % 24-nm CaSO, composites. These peaks can be
assigned to the P phase. In the case of 0.3 wt % 24-
nm Caz(POs),, a new peak at 599.8 cm™! can be
observed. Similarly, new peaks have developed at
644.2 and 563 cm ' for 0.1 and 0.3 wt % 13-nm
Caz(POy),, respectively. Overall, at a certain weight
percentage of filler addition, some new peaks de-
velop, and subsequently depression in the same
peaks can be observed upon the addition of a high
weight percentage. This may be due to the orientation
of molecules by intercalation and the disorientation of
molecules by exfoliation due to the higher addition of
fillers. The agglomeration of nanoparticles observed
in the optical micrographs Figures 2 and 3 may also
be a reason. PP molecules are exfoliated after the
addition of a certain amount of a filler. This is sup-
ported by our earlier work,'” in which the same
results were observed. In this study, the weight per-
centage of exfoliation is 0.3. Radhakrishnan and Sau-
janya'"'® and Wang et al."” reported the same kind of
conclusion concerning the changes in the phases
based on the X-ray diffraction and FTIR peaks at
higher weight percentages of the loading of the nano-
filler. Jog and Priya® studied the CF bending and CH
twisting at different IR peaks of poly(vinylidene fluo-
ride). They concluded that a possible increase in the
mechanical properties was due to the changes in the
phases from o to B through v.

Effect of the nanoparticles on the thermal
properties of the PP nanocomposites

Figures 4 and 5 show DSC thermograms of virgin PP
and composites containing nano-CaSO, and nano-
Ca3(PO,), with various weight percentages of the fill-
ers and a reduction in the nanosizes. In the case of
CaSO, nanocomposites, the heat of fusion decreases
with an increase in the weight percentage of the filler.
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(b)

Figure 2 Optical micrographs (400x) of (a) a 0.1 wt % 12-
nm CaSO4/PP composite and (b) a 0.5 wt % 12-nm
CaSO,/PP composite.

A similar effect of the absorption of heat can also be
observed for Cas(POg), composites. Even in both
cases, the absorption of heat energy increases with a
reduction in the nanosize. This is due to a higher
increase in the surface area of the nanoparticles. It
has also been found that the structural effect of both
kinds of nanoparticles shows a difference in the heat
of absorption. CaSO, has a needlelike structure, and
Caz(POy), has a spherical structure. As shown in Ta-
ble I, the Caz(PO,). composites show almost higher
absorption in heat energy in comparison with the
CaSO, composites. Details of DSC thermograms such
as the peak temperatures and heat of fusion are listed
in Table I. The melting point shows the marginal

673

increase in the values; for example, virgin PP has a
melting point of 162.16°C, and all the composites
show melting points in the range of 162-163°C. As
the addition of nanoparticles is very small (0.1-0.5 wt
%), it is obvious that the melting temperature does
not show any higher increase. The nanosize reduction
also shows an effect on the crystallinity percentage
(Table I). The crystallinity percentage decreases with
a reduction in the nanosize.

Like FTIR spectra, the change in the o phase can
also be observed prominently in the case of the addi-
tions of 0.3 wt % nano-CaSO, by the appearance of
multiple melting peaks in the DSC thermograms.
However, in the case of Caz(PO,),, the multiple melt-
ing peaks are less, and this may by due to less
change in the o phase to the  phase because of the
lower aspect ratio of Caz(POy4), in comparison with
that of CaSO,.

Specific gravity

As shown in Figure 6, the specific gravity increases
with an increase in the weight percentage of the
filler in all compositions. However, the relative
increase in the specific gravity of 24-nm Ca3(POy); is
highest; it is 1.39. The increase is higher in the case
of bigger particles for all weight percentages. Com-
mercial CaSO; shows an increase in the specific
gravity with an increase in the filler content, which
is greater than the reduced size of the nanoparticles
in the composites. This is due to the formation of
spherulites in greater numbers for a smaller nano-
size, whereas the formation of spherulites is less for
a bigger size. Thus, the nanoparticles act as nano-
spacers more efficiently at a smaller size, and this
results in a lower density in comparison with a big-
ger size. Petrovic et al.*! studied the specific gravity
of a polyurethane-SiO, system. They found that the
density of the samples increased with an increase in
the filler concentration for micrometer and nanosize
fillers, whereas nanosize SiO, showed less of an
increase in the specific gravity in comparison with
micrometer-size SiO,.

Effect of nano-CaSO,4 and nano-Caz(PO,), with
variations in the weight percentage and reductions
in the nanosize on the mechanical properties

Tensile strength

Figure 7 shows the effect of the variation of the size
of CaSO4 and Ca3(POy4), on the tensile strength of
the PP matrix. An increase in the tensile strength has
been recorded up to 0.2 wt % nano-CaSO,. Subse-
quently, it decreases with an increase in the addition
of nanoparticles beyond 0.2 wt %. This is due to the
greater surface area for smaller nanoparticles, which
results in disordered exfoliation at a higher weight

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 3 Optical micrographs (400x) of (a) virgin PP, (b) a 0.1 wt % 13-nm Ca3(POy),/PP composite, and (c) a 0.5 wt %

13-nm Caz(POy),/PP composite.

percentage of the filler loading, whereas commercial
CaSQO,, which is micrometer-size, does not show dis-
ordered exfoliation. Hence, the addition of commer-
cial CaSO, shows a marginal but continuous increase
in the tensile strength. The tensile strength has been
recorded as 29 MPa at a 0.2 wt % loading of commer-
cial CaSO,, whereas the loading of 12- and 22-nm
CaSO, shows 46 and 35 MPa, respectively. This is quite
comparable to the pristine matrix, and it is quite lower
(29 MPa) than that of the reduced nanosize (12-nm)
composite. Unlike CaSO,, 13-nm Cas(POy), shows a
continuous increase with an increase in the amount
from 0.1 to 0.5 wt %, which is not observed for bigger
(24-nm) Caz(PO,),. Overall, the reduction in the nano-
size gives a higher increase in the tensile strength for

Journal of Applied Polymer Science DOI 10.1002/app

both CaSO, and Ca3(PO,),. This is due to the higher
nucleation and local orientation of matrix molecules.
The variation in the tensile strength with an increase in
the amounts of the fillers is due to the morphology of
the particles and the sizes of the fillers. CaSO, is a nee-
dlelike structure, and Cas(PO,), has a spherical struc-
ture that imparts the tensile properties.'"'?

Elongation at break

The elongation at break (%) decreases with an in-
crease in the weight percentage of the filler, except
for 13-nm Ca3(POy), in the composites (Fig. 8). Com-
mercial CaSO, shows a sharp decrease in compari-
son with the nanosize composites. This is due to the
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Figure 4 DSC thermograms of nano-CaSO,/PP composites: (V) virgin PP; (G) 0.5, (H) 0.3, and (I) 0.1 wt % 12-nm
CaSO, /PP composites; and (J) 0.5, (K) 0.3, and (L) 0.1 wt % 22-nm CaSO,/PP composites (AH = heat of fusion).

fact that the micrometer-size particles imply higher
brittleness. The decrease in the flexibility is more
prominent in the commercial filler than the nanosize
fillers, so the flexibility can be kept unaffected with a
reduction in the nanosize at a higher loading. The dif-
ference in the elongation at break (%) for the reduced
nanosize composite is higher in comparison with the
bigger size. As the weight percentage of the filler
increase for the reduced nanosize, the shearing of the
chains is reduced. The reduction in the nanosize
brings the chains closer to the nucleus, at which the
formation of spherulites is more in comparison with
the bigger size. Therefore, chain relaxation increases
with a decrease in the particle size, and this causes
an increase in the elongation at break (%). On com-
paring all results, we can visualize the structural
effect on the mechanical properties. The reduced
nanosize of CaSO, and Caz(PO,), is approximately
the same, that is, 12 and 13 nm, respectively; how-
ever, the structures are different, as mentioned earlier
in this article. A spherical structure gives a higher
increase in the chain shearing, and so the elongation
increases with an increase in the loading of Caz(PO,),
in comparison with CaSOy4 up to a certain extent.

Young’s modulus

Upon the addition of nano-CaSO,, the increase in
Young’s modulus is more pronounced for a bigger
particle size than the reduced size (Fig. 9). This is
due to the fact that the bigger particle size of the fil-
ler hinders the mobilization of the matrix molecules,
and this leads to higher rigidity. More brittleness
can be observed for commercial CaSO,;. A smaller
increase in Young’'s modulus can be observed for
smaller nanosizes, and this is due to the higher mo-
bilization of the matrix molecules. The optimum
value of Young’s modulus for a higher nanosize
(22 nm) is 59.4 MPa for a 0.3 wt % filler loading. The
optimum value of the reduced nanosize (12 nm) is
52.60 MPa for the same weight percentage of the fil-
ler loading, but a continuous increase can be
observed for commercial CaSO,. The same effect,
like that of commercial CaSO,, can also be observed
for bigger nanosizes of Caz(POy),. This might be due
to structural differences in the two fillers: nano-
CaSO, has a needlelike structure, whereas Caz(POy,),
is spherical. As the particle size of CaSO, increases,
the aspect ratio of the particle decreases; hence, the
commercial CaSO; shows a trend like that of

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 5 DSC thermograms of nano-Caz(PO,),/PP composites: (V) virgin PP; (A) 0.5, (B) 0.3, and (C) 0.1 wt % 13-nm

Caz(POy), /PP composites; and (D) 0.5, (E) 0.3, and (F) 0.1 wt %

Ca3(POy),. The optical micrographs (400x) of virgin
PP, 0.1 and 0.5 wt % 13-nm Caz(PO,),/PP composites,
and 0.1 and 0.5 wt % 12-nm CaSO,/PP composites
are shown in Figures 4 and 5. The reduction in the

24-nm Caz(POy)>/PP composites (AH = heat of fusion).

nanosize clearly results in the formation of smaller
spherulites with a uniform dispersion in comparison
with larger nanosize particles in the composites. This
is also strengthened by our earlier work,"” in which

TABLE I
Peak Temperatures and Heats of Fusion for Different Compositions of
Various Nanosizes of CaSO, and Caz(PO,), in PP

Peak Heat of Crystallinity
Composition temperature (°C) fusion (J/gm) (%)
Virgin PP 162.161 53.494 25.88
CaSOy, 12 nm, 0.1% 162.965 68.531 33.15
CaSOy, 12 nm, 0.3% 163.296 64.887 31.39
CaSOy, 12 nm, 0.5% 162.540 59.515 28.79
CaSO,, 22 nm, 0.1% 162.638 68.576 33.17
CaSOy, 22 nm, 0.3% 162.596 59.923 28.99
CaSO,, 22 nm, 0.5% 162.765 55.798 26.99
Ca3(POy),, 13 nm, 0.1% 162.407 61.339 29.67
Caz(POy),, 13 nm, 0.3% 162.085 60.309 29.45
Caz(POy),, 13 nm, 0.5% 162.600 60.002 29.02
Caz(POy),, 24 nm, 0.1% 163.665 76.879 37.19
Ca3(POy),, 24 nm, 0.3% 162.601 64.800 31.37
Caz(POy),, 24 nm, 0.5% 162.695 61.244 29.63

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 6 Comparison of the effects of different nanosizes on the specific gravity of nano-CaSO,/PP and nano-Ca3(POy),/

PP composites.

the formation of a greater number of spherulites was
observed with a reduction in the nanosize of CaCOs.
The spherulites of bigger nanoparticles grow for a
longer period, whereas they grow for a shorter period
for smaller nanoparticle. In the case of bigger nano-
particles, unlike the smaller nanoparticles, the number
of particles is lower for restricting the growth of
spherulites by the formation of new spherulites.
Hence, the growth of the spherulites affects the ulti-
mate mechanical properties of the polymer matrix.
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Figure 10 shows the results of the Shore D hardness for
composites with different nanosizes of CaSO, or
Caz(POy), or commercial CaSO,. The hardness increases
with the decreasing size of CaSO,. The commercial
CaSO, shows minimum hardness in comparison with
the nanosizes. However, it shows a continuous increase
in the hardness with an increase in the amount of com-
mercial CaSO, in the composites. Such an increase
is limited at 0.2 wt % for 12-nm CaSO, and 0.3 wt %
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Figure 7 Comparison of the effects of different nanosizes on the tensile strength of nano-CaSO,/PP and nano-Caz(PO,),/

PP composites.
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Figure 8 Comparison of the effects of different nanosizes on the elongation at break (%) of nano-CaSO,/PP and nano-

Ca3(POy), /PP composites.

22-nm CaSQ,, and above these percentages, a decrease
in the hardness is recorded. Unlike CaSO,, Caz(PO,),
shows greater hardness for bigger nanosizes. However,
the hardness increases with an increase in the weight
percentage of the filler loading at smaller nanosizes (13
nm) of Caz(POy),, although 24-nm Caz(POy), shows an
increase in hardness up to a 0.3 wt % loading in the
composites. These results also strengthen the view that
the same concentration of smaller nanoparticles forms a
greater number of spherulites, and this creates a greater
extent of local crystallization but a decrease in the over-
all crystallization. Hence, smaller nanoparticles of
CaSO,, which are needlelike in structure and have a
greater aspect ratio, are oriented in the same direction
that causes greater hardness.

Flame-retardancy behavior of nano-CaSO,/PP
and nano-Caz(POy)/PP

It can be observed from the results the that burning
time increases with an increase in the filler loading of
nano-Caz(PO,),. Similarly, the rate of burning decreases
more pronouncedly with a reduction in the nanosize
(Fig. 11). The values obtained for the rate of burning
are 141 and 96 s/mm for 04 wt % loadings of
Ca;(PO4), of 13- and 24-nm sizes, respectively, but the
maximum values are observed at 131 and 134 s/mm
for 0.3 wt % commercial and 22-nm CaSQO,, respec-
tively. The rate of the conduction of heat decreases and
the rate of the absorption of heat increases with a
decrease in the particle size of the filler. Therefore, the
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Figure 9 Comparison of the effects of different nanosizes on Young’s modulus of nano-CaSO,/PP and nano-Caz(PO,),/

PP composites.

Journal of Applied Polymer Science DOI 10.1002/app



POLYPROPYLENE COMPOSITES

P ENMC SRS S I, |

679

| —A—CaSO4 12nm

—— CaS(O4 22nm
—0—CaS04 Commerdial |
—i— Ca3(P0O4)2 13nm
—8— Ca3(PO4)2 24nm

0.1 0.2 0.3 04
VA% of filler

Hardness (Shore-D )
8658838338

o

Figure 10 Comparison of the effects of different nanosizes

Caz(POy),/PP composites.

time required for burning decreases with increases in
the amount of the filler in the case of a bigger particle
size, whereas the time required for burning the compo-
sites increases with an increase in the concentration of
smaller nanoparticle fillers. A continuous increase in
the time of burning can be observed for 12-nm nano-
CaSOy,, and the trend of decreasing is greater for com-
mercial CaSO, than the nanosizes.

Like Ca3(PQy),, nano-CaSO; shows the same be-
havior for the rate of burning, However, the re-
quired burning time is greater for commercial and
24-nm CaSO; (0.3 wt %), although 12-nm CaSO,
shows an increase in the burning time with an in-
crease in the filler loading up to 0.5 wt %. The lon-
gest burning time is required upon the filler addition
of up to 0.4 wt % 13-nm Cas(PO,),. Considering the

g

—_ — —_ —_
—

Rate of burning (s/mm)
B3B8 E83RB3

m T T T T

05 06

on the hardness (Shore D) of nano-CaSO,/PP and nano-

overall results, we can conclude that the uniform
dispersion of nanoparticles, the absorption of a
higher amount of energy, and the charring nature of
Caz(POy), are responsible for enhancing the burning
time of the samples.

Vicat softening temperature (VST)

Upon the addition of different weight percentages of
the nanofillers, an increase in VST can be observed
up to a certain level, and a further decrease can be
observed in both cases (Fig. 12). This is due to the
greater interaction of the filler particles (acting as
spacer) and proper orientation of the matrix mole-
cules. The maximum VST temperatures are 115, 121,
and 125°C for 12-nm, 22-nm, and commercial CaSO,,
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Figure 11 Comparison of the effects of different nanosizes on the rate of burning of nano-CaSO,/PP and nano-

Ca3(POy),/PP composites.
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respectively. The maximum VST is more pronounced
for the smaller nano-Caz(POy), particles. The highest
values are 115°C for the 0.2 wt % 13-nm filler and
122°C for the 0.1 wt % 24-nm filler. These results
show a decrease in the degree of crystallinity with
an increase in the amount of the filler and a reduc-
tion in the size of the filler. As discussed earlier in
this article, fewer spherulites are formed when the
spherulites are bigger. The size of the spherulite is
solely responsible for the increase in the Vicat tem-
perature. Therefore, commercial CaSO,/PP compo-
sites show much higher temperatures for softening
at a specific load.

CONCLUSIONS

A change in phase from o to B has been observed
with FTIR spectra and DSC thermograms, which show
multiple melting peaks of nano-Caz(PO,),/PP and
nano-CaSO,/PP composites. A reduction in the nano-
size leads to faster nucleation by the formation of
spherulites, as observed in optical micrographs; this
increases the mechanical properties, but disordered
exfoliation at higher weight percentages of the filler
loading in the composites decreases the mechanical
properties. The nanoparticles behave as spacers, so
increases in the specific gravity are smaller in smaller
nanoparticle filled PP composites. A higher cooling
rate is possible with a decrease in the nanosize and an
increase in the filler content. This effect is due to the
uniform dispersion of nanoparticles in the matrix,
which leads to a uniform absorption of energy.
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