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"
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& Acc. »’ Spoi Magn Det ‘JMD Exp }—| 5 um | AccY SpotMagn Det WD BExp 1 5um
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3.3.1.1 Young’s modulus
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V,05 6199 WiIWUI16n tensile  strength Jumalduidinduuaziinuiniigananuiduiuuas
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3.3.1.3 Stress at break
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3.3.4 N13N32918AVIKAA V,0;, liita PVA fag SEM
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ABSTRACT: In this study, we examined the effect of
vanadium pentoxide (V,Os) on the mechanical, thermal,
and morphological properties of poly(vinyl alcohol)
(PVA)/V,05 nanocomposites. The PVA/V,05 nanocom-
posites were prepared by solution mixing, followed by
film casting. The results show that the Young’s moduli of
the resulting nanocomposites films were higher than the
pure PVA modulus with increasing V,0Os content, and it
reached a maximum point at about 0.4 wt % V,0s con-
tent at 8.55 GPa. The tensile strength and stress at break
increased with increasing V,0s content. The addition of
V,05 did not affect the melting temperature. The crystal-
lization temperatures of PVA were significantly changed
with increasing V,0s content. The 5% weight loss degra-
dation temperature of the nanocomposites was measured
by thermogravimetric analysis. The degradation tempera-
tures of the V,Os nanocomposites increased with increas-
ing filler content and were higher than the degradation

temperature of pure PVA; this showed a lower thermal
stability compared to those of the nanocomposites. The
results show that the thermal stability increased with the
incorporation of V,0s nanoparticles. The dielectric con-
stant of PVA had a tendency to improve when the dis-
persion of particles was effective. The morphology of the
surfaces the nanocomposites was examined by scanning
electron microscopy. We observed that the dispersion of
the V,0s nanoparticles was relatively good; only few
aggregations existed after the addition of the V,05 nano-
particles at greater than 0.4 wt %. In perspective, the
addition of 0.4 wt % V,0Os nanoparticles into PVA maxi-
mized the mechanical, thermal, and electrical properties.
© 2011 Wiley Periodicals, Inc. ] Appl Polym Sci 000: 000-000,
2011

Key words: mechanical
thermal properties

properties; nanocomposites;

INTRODUCTION

The use of inorganic fillers is a common practice in
the plastics industry to improve some properties of
the thermoplastics, such as the heat distortion tem-
perature, mechanical properties, thermal stability,
and flame retardance.'™ The effects of fillers on the
mechanical, thermal, and other properties depend
strongly on the filler’s nature, shape, particle size,
aggregate size, surface characteristics, and degree of
dispersion in the polymer."*'" Poly(vinyl alcohol)
(PVA) is the largest synthetic water-soluble polymer
produced in the world. It is prepared by the hydro-
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lysis of poly(vinyl acetate). The degree of solubility,
the biodegradability, and other physical properties
can be controlled by the variation of the molecular
weight and the degree of hydrolysis (saponification)
of the polymer. Indeed, the chemical characteristics
of these polymers, for example, the reactivity of the
numerous hydroxyl groups depends strongly on the
residual acetyl group content and the degree of hy-
drolysis.'> PVA was chosen for this study as it
exhibits a high tensile strength, good flexibility, and
high thermal and chemical stability and is widely
used in applications for sizing processes of the tex-
tile industry and paper coatings."

Chae and Kim'* prepared polystyrene (PS)/zinc
oxide (ZnO) nanocomposites by solution mixing and
investigated the effects of ZnO nanoparticles on the
physical properties of PS. They found that the ther-
mal stability of PS was enhanced with increasing
ZnO content. Peng and Kong'® studied the thermal
degradation mechanism of PVA/silica (5iO,) nano-
composites. The PVA/SiO, nanocomposites, similar

ID: srinivasanv | Black Lining: [ON] | Time: 17:28 | Path: N:/3b2/APP#/Vol00000/102069/APPFile/JW-APP#102069

40



16" ASEAN Regilonal Symposium
on Chemical Engineering

Chemlcal Englneerlng at the
forefront of Glebal/Challenges”

December 1-2, 2009
Manila Hotel
Manila, Philippines




16" ASEAN REGIONAL SYMPOSIUM ON CHEMICAL ENGINEERING
December 1-2, 2009, Manila Hotel, Philippines

42

2MI-CIM8
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ABSTRACT: The effect of PP-g-MA compatibilizer on mechanical properties of polypropylene (PP)/zinc oxide (Zn0) nanocomposites were
investigated. PP/Zn0 nanocomposites were prepared by twin screw extruder with various concentrations of PP-g-MA (1, 3 and 5 wt%) and ZnO (0.5,
1, 2 and 4 wt%). The results found that the impact strength of PP/Zn0 nanocomposites did not change evidently with increasing ZnO contents.
Impact strength and Young's modulus of PP/Zn0 nanocomposites decreased after adding PP-g-MA compatibilizer. The values of stress at break

increased with increasing ZnO and PP-g-MA compatibilizer contents.

Keywords: polypropylene; zinc oxide; nanocomposites; polypropylene-graft-maleic anhydride; compatibilizer

INTRODUCTION

The addition of material at the nanometric scale into the
matrix of polymer has increased. The development in polymer
composites with nanometer-sized fillers has been interested
because of its increasing in surface area and the shorter distance
between particles that have been improvement in thermal
stability, gas barrier property and mechanical properties with a
minimum sacrifice in strain and impact strength (Chung et al.,
2008). In some case, particles are supplied in an aggregate form
and this required optimum mixing process to provide the
appropriate particles dispersion (Pascual et al, 2009).

PP is one of the most extensively used polyolefins due to its
good processability, relatively high mechanical properties, great
recycie ability and low cost (Hongxia et al, 2006). However,
owing to its low modulus, high notch sensitivity and poor impact
resistance, especially under extreme conditions such as low
temperatures or high strain rates, the usefulness of PP as an
engineering thermoplastic is still limited (Yang et al., 2006).

Particles filled polymer composites have attracted great
interest, both in industry and academia. The mechanical
properties of particulate filled polymer composites depend on
size, shape and distribution of filler particles in the matrix
polymer and good adhesion at the interface surface (Bose et al,
2004). Treatment of nanoparticles or modified polymer chains
had a complex method.

In many researches have used a maleated form of PP (PP-g-
MA) as compatibilizer for polymer nanocomposites (Horiuchi et
al, 1997; Tidjani et al., 2003; Tidjani , 2005; Agrawal et al., 2007;
Chung et al,, 2008; Hong et al., 2008; Pascual et al, 2009). Zn0
has useful in various applications such as photo-electric devices,
electronic devices, surface acoustic wave devices, field emitters,
sensors, ultraviolet lasers, solar cells (Liu et al, 2007) so it was
challenging to filled ZnO into PP matrix.

This work studied the effect of PP-g-MA compatibilizer on
mechanical properties of PP/Zn0O nanocomposites. PP/Zn0O
nanocomposites with varying concentration of ZnO and PP-g-MA
compatibilizer were prepared by a melt mixing technique in a
twin screw extruder.

MATERIALS AND METHODS

Materials

Pure PP (Mophen HP400K) and polypropylene-graft-
maleic anhydride (PP-g-MA, Fusabond MZ-109D) as a
compatibilizer were supplied by HMC Polymers Co, Ltd. and
Chemical Innovation Co.,Ltd., respectively. The melt flow rates of
such materials are 4 dg/min and 120 g/10 min, respectively. Zn0
with an average particle size 71 nm was purchased from Aldrich
Company.

Methods

Preparation of the nanocomposites

Pure PP pellets, PP-g-MA pellets and ZnO particles were dried
in an oven at 100 °C for 3 hrs before melt extrusion. The PP
pellets and ZnO particles (0.5, 1, 2 and 4 wt%) were melt-
compounding with and without PP-g-MA in desired compositions
(1, 3, 5 wt%) in a twin screw extruder at temperatures in a range
of 160-210 °C and a screw rotation rate of 50 rpm. The
extrudates were palletized at the die exit. After compounding, the
blends were compression moided into standard dumb-bell
tensile bars and rectangular bars, the mold temperature was kept
at 190 °C.

Characterisation of the nanocomposites

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 a crosshead speed of 50.8
mm/min. Charpy impact strength tests were performed
according to D 6110-06 at room temperature. Each value
obtained represented the average of five samples.

RESULTS AND DISCUSSION

The impact strength of the nanocomposites of PP/Zn0 before
and after adding 1, 3 and 5 wt% of PP-g-MA is shown in Figure 1.
It can be seen that the impact strength of PP/Zn0
nanocomposites did not change after adding ZnO and the impact
strength decreased with increasing PP-g-MA content. The
Young’s modulus of PP/Zn0 nanocomposites at various Zn0 and
compatibilizer contents is presented in Figure 2. Young's
modulus of PP/Zn0 nanocomposites decreased with Increasing
PP-g-MA content. Figures 3 and 4 present the variation in the

213



Effect of Compatibilizer on Nanocomposites....

tensile strength and stress at break with varying concentrations
of ZnO and PP-g-MA. It is observed that in PP/Zn0O
nanocomposites the tensile strength and stress at break
increased with increasing ZnO and PP-g-MA content. The PP/Zn0
nanocomposites after adding PP-g-MA had higher stress at break
than PP/Zn0 nanocomposites without PP-g-MA. This may be due
to the PP-g-MA improved the compatibility and interfacial area of
Zn0 nanoparticles in PP matrix.

— PP 4 2100

g PPAPP-g-MA 1%+Zn0O

Impact strength (m)/mm2)

1 —_—PP+PP-g-MA 3%4Z00
s PP APPg-MA 5%4200
0 0.5 i 2 4

Zinc oxide content (wt%)

Figure 1. Charpy impact strength values of PP/Zn0 nanocomposites
at various ZnO and compatibilizer contents.

——PP+Zn0O

= PP4PP-g-MA 1%+4Zn0

Young's modulus (MPa)

—tr— PP4PP g -MA 3%+Zn0
— PP APP-g-MA 5%4Zn0

0 0.5 1 2 4 |

Zinc oxide content (wt%)

Figure 2. The Young’s modulus of the PP/Zn0 nanocomposites at
various ZnO and compatibilizer contents.
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Figure 3. The tensile strength values of the PP/Zn0 nanocomposites
at various Zn0O and compatibilizer contents.
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Figure 4. The stress at break values of the PP/Zn0 nanocomposites
at various ZnO and compatibilizer contents.

CONCLUSION

The effect of PP-g-MA compatibilizer on mechanical properties
of PP/Zn0 nanocomposites was investigated. PP/Zn0
nanocomposites were prepared by twin screw extruder. The
results found that the impact strength of PP/Zn0
nanocomposites did not change evidently with increasing Zn0
contents. impact strength and Young's modulus of PP/Zn0
nanocomposites decreased after adding PP-g-MA compatibilizer.
The values of tensile strength and stress at break increased with
increasing Zn0O and PP-g-MA compatibilizer contents. The
PP/Zn0 nanocomposites after adding PP-g-MA had higher stress
at break than PP/Zn0 nanocomposites without PP-g-MA.
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This article investigated the effects of particle size of zinc oxide (ZnO) and polystyrene-co-maleic anhydride (SMA)
compatibilizer on impact strength and morphology of polystyrene (PS)/ZnO71 (71 nm) and PS/Zn0250 (250 nm)
nanocomposites. PS/ZnO nanocomposites with varying concentration of ZnO and SMA were prepared by a melt
mixing technique in a twin screw extruder. It was found that the impact strength of PS nanocomposites increased up
to a ZnO content of 1.0 wt%. Moreover, PS/Zn0250 nanocomposites had higher impact strength than PS/Zn071
nanocomposites. The addition of SMA increased the impact strength of PS/ZnO nanocomposites with increasing
SMA content, this result showed that SMA could improve impact strength of nanocomposites [1]. The dispersion of
Zn0O particles on PS/ZnO nanocomposites was studied by scanning electron microscope (SEM). It was observed
that the dispersion of ZnO particles of PS/ZnO nanocomposites without SMA was non-uniform and the
agglomeration of ZnO particles in the polymer matrix increased with increasing ZnO content. The dispersion of
Zn0 particles of PS/ZnO nanocomposites after adding SMA was relatively good and only few aggregations exist.
These observations support the results of the impact test where the PS/ZnO nanocomposites with SMA displayed
higher impact strength than the PS/ZnO nanocomposites without SMA. The study showed that SMA was used as a
compatibilizer to improve the dispersability and compatibility of ZnO particles in PS matrix [2-4].

Situ Preparation of ZnO Nanorod/poly(1,4-di(thiophen-3-yl)benzene) Nanocomposites via Electrochemical
Polymerization and Their Properties

M. Ouyang', G. Wang', X. Lv', C. Zhang'
'State Key Laboratory Breeding Base of Green Chemistry-Synthesis Technology, College of Chemical Engineering
and Materials Science, Zhejiang University of Technology, Hangzhou, 310014, P. R. China.

In the past few decades, organic/inorganic nanocomposite has received a tremendous attention due to presenting
better performance than their bulk counterparts, and great progress has been made [1-3]. Therefore, a scientific
study on fabrication of polymer/inorganic nanoarray composites is of great interest, and has become one of the
focuses in polymer optoelectronics field[4]. Here, we report the fabrication of new ZnO
nanorod/poly(1,4-di(thiophen- 3-yl)benzene)(PDTB) nanocomposites via electrochemical polymerization. Field-
mission scanning electron microscope (FESEM) and High resolution-transmission electronic microscope (HR-
TEM) were used to investigate the morphology of resulting sample(see Fig 1 a, b and d), and the crystallization and
absorption spectrum of nanocomposite were recorded by X-ray diffraction (XRD) and UV-visible spectra,
respectively. The continuous cyclic voltammetry (CV) curves of PDTB in dichloromethane are illustrated in Fig.lc.
The composite between ZnO and PDTB improves the photoelectric conversion of materials, and the resulting
composites possess potential applications in optoelectronics field.
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