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ABSTRACT

articles sizes and melt processing of TiO, play improtant role in thermoplastic
Psystems. The mechanical and morphological properties of polypropylene

(PP)/TiO, composites were investigated by preparing the compostie by melt
mixing technique in a twin screw extruder. The results show that after adding TiO,
particles of 42.3 nm (TD42.3) and TiO, 130 nm (TD130) sizes, the tensile strengths of
PP composites decreased with increasing filler content and their stress-at-break values
increased after filler addition. The effect of particle size showed that TD130 improved
the mechanical properties of PP in relation to TD42.3 of smaller size. TiO, of 130 nm
size was added to PP using two different mixing conditions. PP composites prepared
at screw speed of 50 rpm with 2 mixing cycles showed higher tensile strength,
stress-at-break and Young's modulus relative to samples prepared by the same screw
speed and 1 mixing cycle. The impact strength of the samples prepared by 2 mixing
cycles was higher than those prepared by 1 mixing cycle. Apparently, the 2 mixing
cycles improved the impact strength of the composites due to the improved interfacial
interaction between TD130 and the matrix and increased energy absorption during the
impact process. The higher screw speed led to low mechanical properties. The
dispersion of TD130 particles was relatively good when operated at 50 rpm and 2
mixing cycles with less aggregations in PP matrix.
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The purpose of adding inorganic
mineral fillers into polymers is to
fulfil their performance properties,
such as increasing the stiffness,
dimensional stability, heat distor-
tion temperature, hardness, and
toughening of the products [1-4].
The properties of particulate filled
polymer composites depend on the
particles size, shape, loading,
dispersion, interfacial bonding, and
surface treatment of the fillers
[5-8]. The dispersion of fillers in

polymer matrix has influence on
the physical, mechanical, and
thermal properties of polymers.
Among the various mineral fillers,
calcium carbonate (CaCO3) [5,9-
11,12], zinc oxide (ZnO) [13] and
titanium dioxide (TiO,) [7,14] have
been the most utilized materials.
While the use of CaCOg3 has been
due to its low cost [2,7-8,15], TiO,
is mainly used as white pigment
due to its brightness. In addition,
TiO, can act as a flame retardant or



antioxidant and help to improve the thermal stability
of the final products [7,16-18].

PP as one of the most important commodity
polymers is widely used in technical applications.
Because of its good processability, relatively high
mechanical properties, great recyclability, and low
cost, PP has found a wide range of applications in the
household goods, packaging, and automobiles [19].

Starkova et al. [14] studied the long-term tensile
creep of polyamide 66 and its nanocomposites filled
with 1 vol% TiO, nanoparticles of 21 and 300 nm in
diameters. D unuzovic et al. [20] prepared poly-
methyl methacrylate (PMMA)/TiO, nanocomposites
by in situ radical polymerization of methyl methacry-
late (MMA) in a toluene solution of TiO,/6-palmitate
ascorbic acid (6-PAA). The effect of TiO, nanoparti-
cles on the thermal properties of the PMMA matrix
was investigated using thermogravimetric analysis
and differential scanning calorimetry [20]. It was
found that glass transition temperature of the polymer
was not changed by the presence of the nanoparticles
while thermal stability was significantly improved.

The dynamic mixing under high-shear stress is
preferred due to the ability to decrease the host.poly-
mer diffusion path length by breaking down the
agglomerates and primary particles, efficiently.
Another advantage of the melt process is.its ability to
increase the sample uniformity by strong distributive
and dispersive mixing. However,-although extrusion
is currently the most common method in mixing
polymers with particles, there are relatively few
studies on the details of how the processing
conditions will affect the nanocomposite formation
[21].

Modesti et ‘al. [4]. studied the influence of
processing conditions on the nanocomposites
structure and on the enhancement of mechanical
properties of PP nanocomposites. These nanocom-
posites were prepared using a twin screw extruder. In
order to optimize processing conditions, both screw
speed and barrel temperature profile were changed.
The results obtained show that the barrel temperature
is a very important parameter: using lower processing
temperature, the apparent melt viscosity and,
consequently, the shear stress are higher and,
therefore, the exfoliation of clay is promoted. Even
using optimized processing conditions, exfoliation of

clay can be achieved only when a high compatibility
exists between polymer and clay.

Dennis et al. [22] investigated the effects of screw
design and extrusion residence time on the extent of
exfoliation of a nylon-6 montmorillonite clay system.
Wang et al. [23] also studied the twin-screw
compounding of PP/clay nanocomposites, where the
feeding sequence and compatibilizer grade in a
nanostructure formation were discussed in detail.

Hasook et al. [24] studied and analyzed the effect
of different screw rotating speeds on the clay
dispersion and mechanical properties of nanocom-
posites prepared by melt compounding of polylactic
acid (PLA) with an organoclay in a co-rotating twin
screw extruder. Polyamide 12 (PA12) was used as an
additive.. Two different screw rotating speeds of
65 rpm and. 150 rpm were used in this study.
According to the tensile strength data, the Young's
modulus of the PLA/clay nanocomposites showed
improvement at a screw rotating speed of 150 rpm.
The Young's modulus was improved with the addition
of an organoclay to PLA matrix, but decreased when
PA12 was added to the PLA matrix. The tensile
strengths of the PLA/organoclay nanocomposites
increased for the higher screw rotating speed
(150 rpm). The size of the clay aggregates in the
PLA/PA12/clay nanocomposites was smaller than
that of PLA/clay. Furthermore, the thermal stability
of the PLA/clay nanocomposite increases with
addition of PA12, while on the whole it had little
effect on tensile properties.

Mina et al. [25] studied TiO, filled isotactic
polypropylene (iPP) composites with various
contents of TiO, which were first single-extruded by
an extruder, and then double-moulded by compres-
sion moulding. Scanning electron micrographs show
a better adhesion between iPP and filler in the
extrusion and compression-moulded samples than the
extrusion-moulded samples. X-ray diffraction and IR
spectral studies reveal a structural change from a
three-phase (o, B, and 7) crystalline system of neat
iPP sample to only o-form due to inclusion of fillers.
Microhardness increases rapidly and then levels off
with increasing filler content and also shows
variations with respect to moulding conditions. The
thermal and electrical properties are found to be
influenced by processing conditions.
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Nanocomposites can be formed by melt processing
and melt processing conditions have an important
influence on the nature of the nanocomposite formed
[22]. It is well known that TiO, particles are easy to
agglomerate owing to their large surface energy.
Improving the distribution of TiO, particles in
PP/TiO, composites is very important for enhancing
the mechanical properties. In this work, the mixing
conditions were imposed on the process of twin screw
extruder of PP/TiO, composites. The aim of mixing
conditions was to improve the distribution of TiO,
particles, which would lead to improved mechanical
properties.

EXPERIMENTAL

Materials

Pure PP (Mophen HP400K) was supplied by HMC
Polymers Co. Ltd. The melt flow rate of PP is
4 dg/min. TiO,, in the form of white powder with
average particle sizes of 42.3 nm (TD42.3) and
130 nm (TD130) were purchased from Aldrich and
S.R.LAB Co. Ltd, respectively.

Sample Preparation

Pure PP pellets and TiO, particles were dried in an
oven at 100°C for 3 h before melt extrusion. The PP
pellets and TiO, particles were compounded in melt
with desired compositions in a twin screw extruder
within the temperature range of 160°C and 220°C.
Mixing cycles of 1 and 2 were set for screw speed of
50 rpm. One mixing cycle was set for each screw
speeds of 50 rpm and 100.rpm. The extrudates were
palletized at the die exit. After compounding, the
blends were compression moulded into standard
dumb-bell tensile bars and rectangular bars, the mould
temperature was kept at 190°C.

Sample Characterization

Tensile tests were conducted according to ASTM D
638 with a universal tensile testing machine LR 50k
from Lloyd instruments. The tensile tests were
performed at crosshead speed of 50 mm/min. Each
value obtained represented the average of five
samples. Charpy impact strength tests were
performed according to D 6110-06 standard at room

temperature. Each value obtained represented the
average of five samples.

Scanning electron microscopy (SEM) was
employed to study the morphology of the PP/TiO,
composites and to evaluate the dispersion quality of
the TiO, particles. The impact-fractured surfaces of
the PP/TiO, composites obtained from impact tests
were examined. All specimens were coated with gold
before SEM observations.

RESULTS AND DISCUSSION

Effect of  TiO, Particle Size on Mechanical
Properties

We have studied the effect of particle size of TiO, on
PP/TIO, composites which can be found elsewhere
[26]. However, the effect of particles size of TiO, still
needed mare explanations which are provided in the
current work. The results presented in Figure 1
demonstrate the tensile strengths of the composite
samples of PP/TD42.3 and PP/TD130 as a function of
composite composition.

The trend in variation of the tensile strength of
PP/TiO, composites at various particle size of TiO, is
presented in Figure 1. The values of tensile strength of
PP/TD130 and PP/TD42.3 composites show small
differences. The decreased changes in values of
tensile strength are negligible with increasing TiO,
content and, hence, TiO, does not improve the tensile
strength of PP specimens prepared by compression
moulding.
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Figure 1. Tensile strength plots of pure PP and PP/TiO,
composites at various particle size of TiO,.
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Figure 2. Stress-at-break plots of pure PP and PP/TiO,
composites at various particle size of TiO,.

It is well known that the tensile strength of a
particulate composite is usually reduced with filler
content following a power law in the case of a poor
filler/matrix bonding. That means, the strength of the
composite cannot be greater than that of the unfilled
version because the filler particles do not bear any
fraction of the external load [24]. It is seen that the
presence of TiO, further reduces the tensile strength
of the PP/TiO, composites. This is probably the result
of the lower crystallinity of these samples‘compared
to those of the corresponding pure PP.

Figure 2 presents the variation .in the stress-at-
break versus concentrations of TiO,. It.is observed
that in PP/TiO, composites. the stress-at-break
increased with increasing TiOs content. The stress-at-
break of PP/TD130 and PP/TD42.3 composites is not
significantly different.

The Young's modulus of the PP/TiO, composites
is presented in" Figure 3. It is found that Young's
modulus increases. after adding a small amount of
TD130. This may be due to the increased interfacial
area in the composite with filler content, which
promotes the stress transfer efficiency within a small
strain range [25]. Moreover, it may be due to the
brittle characteristics of fillers. An increase in
Young's modulus of the composites with increasing
filler content has also been observed in other filler-PP
composites [27-30]. The PP/TD130 composites
exhibit higher Young's modulus and stress-at-break
than PP/TD42.3 composites. This may be due to the
difference in the polarity mismatch of fillers and
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Figure 3. Young's modulus plots of pure PP and PP/TiO,
composites at various particle size of TiO,.

polymer matrix. Therefore, TD42.3 has higher
surface area than that of TD130. This may induce
agglomeration and poor adhesion between TD42.3
and polymer matrix and subsequently decrease the
Young's modulus. From the above results, it is found
that TD130 could improve the mechanical properties
better than TD42.3. Thus, TD130 was chosen for
studying the effect of processing conditions.

Effect of Particle Size of TiO, on Morphology
The morphology of the fractured surfaces of impact
specimens of the composites was examined by SEM.
Figures 4a-4f show the micrographs of the impact
fracture surfaces of PP composites filled with 0.5, 1.0
and 3.0 wt% of TiO,, respectively. It is observed that
dispersion of TD42.3 on the polymer surface was
non-uniform. This non-uniform dispersion led to
local agglomeration of TD42.3 within the polymer.
Moreover, the aggregation of TD42.3 particles in the
polymer matrix increased with increasing TD42.3
content, and the dispersion of TD42.3 particles could
have an influence on the mechanical properties of PP
composites. The results show that the PP/TD42.3
composites caused greater agglomeration relative to
PP/TD130 composites.

The SEM micrographs show that the dispersion of
the TD130 particles was relatively good, only few
aggregations exist as shown in Figure 4. This obser-
vation supports the results of the tensile tests where
the PP/TD130 composites displayed higher stress-at-
break and Young's modulus than the pure PP and
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Figure 4. SEM micrographs of PP/TiO, composite samples after adding (a) 0.5 wt% of TD42.3, (b) 0.5 wt% of TD130,
(c) 1.0 wt% of TD42.3, (d) 1.0 wt% of TD130, (e) 3.0 wt% of TD42.3, and (f) 3.0 wt% of TD130.
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Figure 5. Tensile strength plots of pure PP and PP/TD130
composites at various screw speeds of mixing.

PP/TD42.3 nanocomposites.

Effect of Screw Speeds of Mixing on Mechanical
Properties

The tensile strength for the composites of PP/TD130
as a function of composite composition and screw
speed of mixing is represented in Figure 5. PP/TD130
composites mixed at screw speed of 50 rpm
possessed higher tensile strength than those prepared
by screw speed of 100 rpm. The stress-at-break and
Young's modulus of PP/TD130 composites at various
screw speeds of mixing are shown in Figures 6.and 7,
respectively. Young's modulus <of PP/TD130
composites at various screw. speeds. increased with
increasing filler content. The stress-at-break and
Young's modulus for PP/TD130 composites at screw
speed of 50 rpm were higher than those of the
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Figure 6. Stress-at-break plots of pure PP and PP/TD130
composites at various screw speeds of mixing.
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Figure 7. Young's modulus plots of pure PP and PP/TD130
composites‘at.various screw speeds of mixing.

composites at screw speed of 100 rpm as shown in
Figures 6-and. 7. According to the tensile strength
data;Young's modulus and stress-at-break of the
PP/TD130 composites showed improvement at screw
rotating speed of 50 rpm. This may be due to the
higher mixig time or retention time in extruder
mixing for screw speed of 50 rpm than screw speed of
100 rpm. Thus, the dispersion of TD130 increaseed at
screw speed of 50 rpm.

Effect of Mixing Cycle on Mechanical Properties

The tensile strengths of the composites of PP/TD130
as a function of composite composition and mixing
cycle are presented in Figure 8. PP/TD130 composites
were mixed at 2 cycles had higher tensile strength
than those prepared at 1 mixing cycle. The PP
composites mixed at 2 cycles show higher tensile

sl
45 |
™
[
= 404
= _{_ —IT
Bl = T 3
£
W
o an
W
E
2 25 (&) 2 cycle
() 1 cyche
20 T T T
o 1 2 3

Ti (wi%)

Figure 8. Tensile strength plots of pure PP and PP/TD130
composites at various mixing cycle.
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Figure 9. Stress-at-break plots of pure PP and PP/TD130
composites at various mixing cycle.

strength than pure PP and their tensile strength
increased with increasing TD130 content. It is
interesting to see that the tensile strengths of
PP/TD130 composites samples, which were melt
mixed at 2 cycles, have been increased. The tensile
strengths of PP/TD130 composites also significantly
increased with increasing TD130 content, probably
due to the increased dispersion of TD130 in PP matrix
by 2 mixing cycles. Efficient nanoparticle dispersion
is critical for achieving improved strength® and
toughness. We have already shown that TD130
particles were uniformly distributed..in this
system [31].

The stress-at-break and. Young's modulus of
PP/TD130 composites mixed at 2 mixing cycle are
higher than those of the/composites prepared at
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Figure 10. Young's modulus plots of pure PP and
PP/TD130 composites at various mixing cycle.
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Figure 11. Impact strength plots of pure PP and PP/TD130
composites at various mixing cycle.

1 mixing cycle, as shown in Figures 9 and 10,
respectively. This may be due to the good mixig of 2
mixing cycles compared with 1 mixing cycle, thus,
dispersion of TD130 was increaseed at 2 mixing
cycle.

The Charpy impact strength for the composites of
PP/TD130 at various cycle is shown in Figure 11. It
is observed that the impact strength of the 2 mixing
cycles is higher than the 1 mixing cycle. Apparently
the 2 mixing cycles improved the impact strength
of the composites due to the improved interfacial
interaction between TD130 and matrix and
increased energy absorption during the impact
process [32].

Effect of Mixing Cycle on Morphology

Figure 12 shows a comparison between the
micrographs of the impact-fractured surfaces of
PP/TD130 composites at various mixing cycle.
Figures 12a and 12b show the micrographs of the
impact fracture surfaces of PP composites filled with
0.5 wt% of TD130 at 1 and 2 mixing cycles,
respectively. It can be seen that the composite sample
mixed at 1 mixing cycle had more agglomeration than
the sample prepared by 2 mixing cycles. It is
observed that the dispersion of the TD130 at 2 mixing
cycles on the polymer surface is uniform.

Therefore, the 2 mixing cycle times can improve
the dispersion of TD130 particles. The aggregation of
TD130 particles in the polymer matrix decreased with
increasing mixing cycle, and the dispersion of TD130
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(b)
Figure 12. SEM micrographs of PP after adding TD130 at
various mixing cycle times: (a) 0.5 wt% of TD130 at 1
mixing cycle and (b) 0.5 wt% of TD130 at 2 mixing cycles.

particles could have an influence on the mechanical
properties of PP compaosites.

CONCLUSION

PP/TiO, composites were prepared by melt
compounding in a twin screw extruder. The
PP/TD42.3 and PP/TD130 composites showed a
decrease in tensile strength with increasing filler
content. Stress-at-break of PP/TD42.3 and PP/TD130
composites increased with increasing filler content.
The effect of particles size showed that 130 nm
particle size (TD130) improved mechanical properties

..............................................................................................................

of PP more than 42.3 nm (TD42.3). The PP
composites preprated at screw speed of 50 rpm and 2
mixing cycles showed higher mechnical properties
than those prepared at screw speed of 50 rpm and 1
mixing cycle. The dispersion of TD130 particles was
relatively efficient when operated at 50 rpm and 2
mixing cycles and decreased the aggregates of TD130
particles in PP matrix. The results have indicated that
the mixing conditions can improve the distribution of
TiO, particles, leading to improved mechanical
properties as well.
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