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Abstract

In the present study, the effects of magnesia particles on thermal, dynamic mechanical, morphological, and surface prop-
erties of polystyrene resin are investigated. In general, the addition of magnesia particles in polystyrene matrix increases
the thermal stability, storage modulus, and wettability, on other hand does not affect the molecular mobility. SEM results
showed a limited distribution of magnesia particles in the polystyrene matrix at 15 wt.%.
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1. Introduction

Thermoplastic polymers are largely used due to their
attractive advantages such as recyclability, low process
temperature, and low cost.! Polystyrene (PS) is one of the
most important thermoplastics used today and produced
in a huge amount worldwide. This resin has been exten-
sively applied in many fields such as computer industry,
foam packaging, toys, and cell-culture wares®* due to its
high modulus, satisfactory tensile strength, transparency,
and its low cost.?

The polymers are rarely used in the pure form be-
cause of their poor properties; they must be combined
with other materials in the form of fibers, particles, and
spheres considered as reinforcement, which leads to gen-
erate new materials having improved properties, namely
polymer composites.* The improvement of polystyrene
properties have received great attention from both aca-
demia and industry; studies have been conducted in this
context including minerals,® glass fibers,® boron nitride,”
and nanoparticles such as carbon nanotubes.®

Two basic techniques to prepare the PS composites
are well known. In solvent casting technique, PS is dis-
solved in a solvent, such as toluene, and then the filler
particles are mixed into solution by means of mechanical
or ultrasonic mixing. After casting this solution over a
surface, solvent is evaporated and the composite PS film

is obtained.” The other technique is the melt-compound-
ing of PS composites. In this technique, PS is transferred
to viscous-melt by heat in an extruder or an internal
mixer. Thanks to the shear forces exerted in these devic-
es, the filler particles can be uniformly dispersed in the
matrix.!?

Thermoplastic polymers filled with metal oxides are
widely used in sensors,!! gas membranes,'? electronic de-
vices,!® optoelectronics, and organic photovoltaic.'* Mag-
nesia (MgO) is an interesting metal oxide characterized by
excellent thermodynamic stability, low dielectric constant,
low refractive index, and very large band gap. This metal
oxide is largely used in catalysis, refractory, ceramic indus-
try, and toxic waste treatment.!> Magnesia can be elaborat-
ed using different methods such as a combustion process,'®
chemical vapour deposition technique,!” and ultrasound
assisted one pot method.!8

Few studies have treated the use of magnesia in the
field of polymer engineering. In a study, it was found that
carboxylated nitrile rubbers reinforced with magnesia ex-
hibit better physical properties compared to the ones rein-
forced with other metallic oxides.!? Another study demon-
strated that the mechanical properties of unsaturated
polyester resin have increased after magnesia incorpora-
tion.2® A significant improvement of thermal stability of
poly (ethylene terephthalate) has achieved at high magne-
sia amount.?! To the best of our knowledge no experimen-

Hachani et al.:

Effects of Magnesia Incorporation on Properties ...



Acta Chim. Slov. 2018, 65, 646-651

tal background has been proposed to study the effects of
magnesia in properties of polystyrene matrix.

The present contribution aims to study the feasibility
of magnesia incorporation in the improvement of polysty-
rene resin properties. Both neat polystyrene and magnesia
filled polystyrene composite films prepared by melt-com-
pounding using a single screw extruder have been tested
by several techniques to investigate the effects of magnesia
on thermal, morphological, dynamic mechanical proper-
ties, and wettability of polystyrene matrix.

2. Experimental Part

2. 1. Materials

The polystyrene used in the current study was pro-
vided by Spanish Petrochemicals Company. Highly pure
magnesia powder with an average particle size of 0.447 um
was purchased from BIOCHEM Chemopharma. The
polystyrene platelets were grinded using a commercial lab-
oratory milling to ease the mixing between the polystyrene
and the magnesia powder during the melt-compounding
process.

2. 2. Film Preparation

Polystyrene/Magnesia composite films were ob-
tained by extrusion. Both polystyrene and magnesia pow-
ders were mixed using a commercial mixer during 5 min-
utes at room temperature. The resulting mixture was
extruded using Plasti-Corder PLE 330 single screw ex-
truder. The extrusion conditions were a barrel temperature
of 180 °C and a screw speed of 27 r.p.m. The magnesia
loadings were 5, 10, and 15 % by weight.

2. 3. Characterisation

2. 3. 1. DSC Analysis

DSC measurements were carried out using a calo-
rimeter model Mettler Toledo. Samples of 5-6 mg were
scanned from 30 to 140 °C under nitrogen atmosphere at
heating rate of 10 °C/min.

2.3.2. DMA Analysis

Dynamic mechanical analysis (DMA) was per-
formed using DMA Metravib 50 db machine operating at
frequency of 1 Hz. Samples of rectangular form were put
in tensile mode, both storage modulus and loss modulus
were measured in the temperature range from 40 to 150 °C
at a heating rate of 10 °C/min.

2. 3. 3. Contact Angle Measurement

To measure the contact angle, the photograph of the
droplet of distilled water put on the surface of the poly-

meric material was taken by a digital camera. The contact
angles were measured on digital photographs using image
analysis software (Image J).

2. 3. 4. Thermogravimetric Analysis

Thermogravimetric analysis (TGA) was conducted
using TGA/DTA Mettler Toledo analyser. Samples of 5-6
mg were heated from 30 to 580 °C under air atmosphere at
heating rate of 10 °C/min.

2. 3. 5. Scanning Electron Microscopy (SEM)

Magnesia particles distribution in PS matrix and
fractured surface topology were investigated by scanning
electron microscopy (SEM) (JEOL JSM-6335F). Samples
were coated with gold prior to analysis.

3. Results and Discussions
3. 1. DSC Results

Both pure polystyrene and its magnesia filled com-
posites was the subject of differential scanning calorimet-
ric analysis to investigate polystyrene molecular mobility
variations after magnesia incorporation. DSC curves of
different samples under probe are shown in Figure 1. DSC
thermogram of pure polystyrene exhibits only one thermal
event, the glass transition temperature Tg; the temperature
at which a polymer transforms from a glassy to a rubbery
state. Tg has been determined as the value corresponding
to inflection point of onset and end-set temperature pro-
files. For the neat polystyrene and polystyrene filled with 5,
10, and 15 wt.% of magnesia, Tg values are 95.56, 94.84,
95.61, and 95.12 °C, respectively. This indicates that incor-
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Figure 1: DSC thermograms of (A) neat PS, (B) 5 wt.% magnesia
reinforced PS, (C) 10 %.wt magnesia reinforced PS, and (D) 15
wt.% magnesia reinforced PS.
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poration of magnesia particles does not affect the glass
transition temperature Tg of polystyrene matrix. This ex-
perimental finding could be attributed to the weak interac-
tions between magnesia particles and polystyrene matrix,
the polystyrene molecular mobility is not modified and no
significant variations in glass transition temperature can
be registered.

3. 2. DMA Results

Dynamic mechanical analysis (DMA) was used to
study the effect of magnesia incorporation on ther-
mo-mechanical properties of polystyrene matrix. The
temperature dependence of storage modulus (E’) of
polystyrene and its magnesia composites is shown in Fig-
ure 2. It can be seen that addition of magnesia particles
enhanced the storage modulus of the studied composites
in the temperature range from 40 to 85 °C, as an example
the storage modulus at 60 °C of neat polystyrene in-
creased by 17 % with the addition of 15 wt.% of magne-
sia. This increase in storage modulus could be attributed
to the increase in the stiffness of polystyrene matrix due
the reinforcement effect of magnesia particles. Suzhu Yu
et al. also have reported amelioration in storage modulus
of the neat polystyrene after aluminium powder addi-
tion.?
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Figure 2: Storage modulus variations of pure PS and PS/Magnesia
composites.

Loss modulus curve can be used to determine the
glass transition temperature Tg for each studied formula-
tion using the peak maximum in loss modulus and its tem-
perature dependence. Loss modulus variations of neat
polystyrene and its magnesia filled composites as a func-
tion of temperature are shown in Figure 3. It is evident that
the addition of magnesia particles has not a remarkable
effect on the glass transition temperature Tg of polystyrene
matrix.
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Figure 3: Loss modulus variations of pure PS and PS/Magnesia
composites.

3. 3. Contact Angle Measurements
Results

Contact angle measurement is a fundamental meth-
od used in many scientific and industrial fields such as sur-
face chemistry and biomaterials. Contact angle measure-
ments can inform about surface properties such as surface
energy, wettability, and surface modification.?* In the cur-
rent study, we adopt this technique to investigate the poly-
styrene surface wettability which is considered as a key
factor to find an appropriate application for a polymer
film. Figure 4 shows the appearance of water drops on the

91.5° A 82.1° C

86.8° B 75.5° D

=

Figure 4: Water contact angles of (A) PS, (B) PS/5 wt.% Magnesia
reinforced composite, (C) PS/10 wt.% Magnesia reinforced com-
posite, and (D) PS/15 wt.% Magnesia reinforced composite.

samples indicating the water contact angles. The pure
polystyrene has a hydrophobic surface with an average wa-
ter contact angle of 91.5°. The insertion of 5, 10, and 15
wt.% of magnesia particles in polystyrene matrix decreased
significantly the water contact angle to 86.8, 82.1, and
75.5° respectively. The presence of magnesia in polysty-
rene composite films tends to reduce the interfacial ten-
sion between water and polystyrene interface, which
makes the polystyrene surface hydrophilic.
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3. 4. Thermogravimetric Analysis (TGA)
Results

Thermogravimetric analysis (TGA) was conducted
to investigate thermal stability of polystyrene matrix after
magnesia incorporation. TGA and DTG thermograms of
neat polystyrene and its composites containing 5, 10, and
15 wt.% of magnesia are shown in Figure 5 and 6. Thermal
degradation parameters of pure polystyrene and its magne-
sia composites were extracted from TGA and DTG curves
and presented in Table 1. Single phase degradation is ob-
served for the pure polystyrene; this phase is attributed to
the decomposition of polystyrene matrix to volatile styrene
monomers where mass loss reaches 98 % at 570 °C. When
15 wt.% of magnesia powder added as filler, the thermal
stability of the composites under study is ameliorated,
where T, increased from 426.9 to 432.8 °C and the final
residue increased from 1.6 to 16.6 %, indicating that mag-
nesia has a retardation effect on the heat transfer in the
polystyrene matrix during thermal degradation. On other
hand, it can be seen that PS/magnesia 95/05 sample shows
the highest IDT value compared with the other formula-
tions, this could be attributed to the good quality of magne-
sia dispersion and distribution into polystyrene matrix.
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Figure 5: TGA curves of neat polystyrene and PS/Magnesia com-
posites
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Figure 6: DTG curves of neat polystyrene and PS/Magnesia com-
posites.

3. 5. Morphology of PS/Magnesia Composites

Filler dispersion and distribution in the hosting poly-
mer matrix are two essential parameters which can strong-
ly influence the final properties of the elaborated composite
materials. Filler dispersion represents the agglomeration
level of filler particles in the polymer matrix whereas filler
distribution is filler homogeneity in the resin matrix. Good
dispersion and distribution of filler particles in the hosting
polymer matrix is desired for maximum properties en-
hancement. SEM images of selected PS/Magnesia compos-
ite samples at different magnifications are shown in Figure
7. SEM images of sample containing 10 wt.% of filler show
homogeneous distribution of magnesia particles in poly-
styrene matrix. In the case of sample containing 15 wt.% of
filler, the presence of agglomerations in white colour indi-
cates a difficult dispersion of magnesia particles in polysty-
rene matrix during the elaboration process.

4. Conclusion

PS/Magnesia composites were investigated as func-
tion of magnesia loading level. It is found that magnesia
particles are difficult to distributed at 15 wt.%. DSC results

Table 1: Thermal degradation parameters of pure polystyrene and PS/Magnesia composites.

Formulation IDT (°C) Tiax (°C) T,9 (°C) T509 (°C) T750 (°C) Residue (%)
Pure PS 372.3 426.9 412.4 426.7 437.1 01.6
PS/Magnesia 95/05 388.2 428.9 416.1 430.4 442.6 08.0
PS/Magnesia 90/10 374.8 430.9 416.5 432.0 4454 10.6
PS/Magnesia 85/15 387.3 432.8 419.0 435.5 452.2 16.6

IDT: initial decomposition temperature: the temperature at 5% of mass loss.?* Ty,,,: the temperature where the maximum weight loss rate occurred,
this temperature is determined from DTG thermogram. T,gq,: the temperature at 20 % of mass loss. Tsqq: the temperature at 50 % of mass loss. T-s0,:
the temperature at 75 % of mass loss. Residue: the final amount after the end of the heating.
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(C) 10 wt.% of mangesia

(D) 15 wt.% of mangesia

Figure 7: SEM micrographs of PS/Magnesia composites with respect to magnesia loading level (Magnification; x 1000, x5000).

revealed that the glass transition temperature Tg of poly-
styrene matrix was not affected by filler addition. Thermal
degradation data showed that the incorporation of magne-
sia particles has a positive effect on thermal stability of the
composites under investigation where Ty, increased from
426.9 to 432.8 °C and the final residue increased from 1.6
to 16.6 %. DMA results showed that storage modulus in-
creased after introducing magnesia particles. Contact an-
gle measurements indicated that the presence of magnesia
particles changed the nature of polystyrene surface from
hydrophobic to hydrophilic where the average contact an-
gle decreased from 91.5 to 75.5° after 15 wt.%.
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