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RESEARCH ABSTRACT — Not More Than 200 Words (Abstrax Penyelidikan — Tidak Melebihi 200 patah perkataan)

Poly(lactic acid)/poly(methyl methacrylate) blends were prepared using melt compounding technique in the
presence of isopropylated triaryl phosphate ester (FR). The solvent uptake experiment was conducted to
estimate the interaction of PLA/PMMA blends based on the calculation of Flory-Huggin interaction parameter
(X). Smallest x was found on the PLA/PMMA(80/20) blend, indicating good interaction exists between PLA
and PMMA at this composition. It is worth to mention that the miscibility of PLA/PMMA still remained even in
the presence of FR. This was confirmed by the existence of only one Tg for the PLA/PMMA/FR blends. TGA
results proved that FR had enhanced the thermal stability of PLA/IPMMA blends at high temperature in both
nitrogen and oxygen atmosphere. UL 94 vertical burning test revealed that the presence of FR had imparted
PLA/PMMA blend with excellent flame retardant abilities, earning a V-0 rating during the UL-94 vertical
burning test. From the FESEM analysis, a cohesive protective char layer was formed on the surface of
PLA/PMMA/FR. This further confirmed the role of the phosphorus-based flame retardant (FR) in enhancing
flame resistance of PLA/PMMA by promoting the development of char layer on the polymer surface, forming
phosphoric and related acid anhydrides that operate as dehydrating agents.
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Flexible and Flame Resistant Poly(lactic acid)/Organomontmorillonite

Nanocomposites

Wen Shyang Chow, Ee Lian Tech
School of Materials and Mineral Resources Engineering, Universiti Sains Malaysia, 14300 Penang, Malaysia
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INTRODUCTION

The disposal of petroleum-based plastics and the restricted
availability of petrochemical resources is a global concern. In
vecent years. biopolymers have been a focus of academic and
industrial research in the context of sustainable development
and reduced impact on the natural environment. Recent devel-
opnents pertaining to the economical manufacturing of lactic
acid from renewable agricultural resources (e.g., corn, potato,
sugar beet, sugar cane) have made poly(lactic acid) (PLA) one
of the most important biodegradable polymers. PLA offers govd
mechanical properties (i.e., high strength and modulus}, a high
deree of transparency, facile processability, good biocompatibil-
ity and excellent biodegradability. This material has a high ten-
sile strength (50-70 MPa) and elastic modulus (34 GPa).
allowing it to replace conventional polymers in numerous appli-
cations, such as packaging, extruded products, and thermo-
formed containers. Moreover, PLA exhibits similar processing
characteristics (o existing thermoplastic; therefore, PLA can be
readily processed using existing production equipment. How-
ever, it should be noted that PLA still faces some challenges,
e.g., inferior impact performance, low thermal stability and
ignitability.'

Similar to other common petrochemical plastics, the ignitability
of PLA and its tendency to drip during combustion limit its

© 2014 Wiley Periodicals, Inc.
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applications, especially in the electronic and electrical ficlds and
in the automotive industry. The dripping of flaming melts is a
particular problem that hinders the improvement of flame
retardant thermoplastics. The flaming drips may lead to a rap-
idly spreading fire if highly flammable materials are available."
Therefore, improving the flame retardant properties of PLA has
remained an important task. Polymer/clay nanocomposites have
drawn cxtensive interest due to thcir improved mechanical,
thermal, and flammability properties.” Although several studies
have reported that polymer/clay nanocomposites can exhibit a
decreased heat release rate (HRR), they are unable to impart
self- exhnguxshmg properties 1o the nanocompasites or pass the
regulatory tests.®

It is known that the impact strength and toughness of PLA could
be reduced by the addition of clay, Leu et al.” had reported that
PLAJOMMT had displayed lower impact strength compare to the
neat PLA. There is a need to improve the toughness and flexibil-
ity of PLA so that it can complete with commodity thermo-
plastics (e.g. polyethylene and polypropylene). Thus, various
approaches including copolymerization, plasticization, and blend-
ing with elastomeric materials have been cartied out to enhance
the inipact properties and toughness of PLA*'" Recently, litera-
tures showed that PLA can be toughened by maleated styrene-
ethylenc/butylenes-styrene,”  poly(ethylene  glycol),!'  maleic
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Thermal and flame resistant properties of poly (lactic acid)/poly (methyl
methacrylate) blends containing halogen-free flame retardant

E.L. Teoh?, M. Mariatti®®, W.S. Chow?b*

*School of Matertals and Mineral Resources Engineering, Engineering Camnpus,
Universiti Sains Malaysia. Nibong Tebal, 14300 Penang. Malaysia.
*Cluster for Polymer Composites, Science and Engineering Research Centre, Engineering Campus,
Universiti Sains Malaysia, Nibong Tebal, 14300 Penang, Malaysta.

Abstract

Flame retarded poly(lactic acid)/poly(methyl methacrylate) (PLA/PMMA) blend was prepared using melt compounding technique
in the presence of isopropylated triaryl phosphate ester flame retardant [FR; 20 parts per hundred resins (phr)). The effect of FR on
the thermal and flame resistant properties of PLA/PMMA blend was studied. The flammability of PLA/PMMA blends was
evaluated by UL-94 vertical burning test while the morphology of the residucs was analyzed using ficld emission scanning electron
microscope (FESEM). Thermogravimetric analyzer (TGA) was utilized to characterize the thermal decomposition behaviors of
PLA/PMMA blends. The UL-94 result revealed that the inclusion of FR has shorten the after-flame time and improved dripping
behavior of PLA/PMMA blend, achieving V-0 ranking in the test. An extensive and continuous carbonaceous char-like layer was
found on the surface of thc PLA/PMMA/FR residue, indicating the existence of condensed phase mechanism by FR. The
incorporation of FR has accelerated the thermal degradation of PLA/PMMA blend ut low temperature, but enhanced thermal
stability of the blend at clevated temperature.

£ 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(hitp:tereativecommons. orgilicensesby -ne-nd 4.9).

Peer-review under responsibility of School of Materials and Mineral Resources Engineering, Universiti Sains Malaysia

Keywords: poly(lactic acid); blends; flame retardance; thermal properties
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Thermal and Flame Resistant Properties of Poly(lactic acid) Blends

Containing Halogen-Free Flame Retardant

E.L. Teoh, M. Mariatti, and W.S. Chow’
School of Maierial and Mineral Resources Engineering, Engineering Campus, Universiti Suins Malaysia,
Nibong Tebal 14300 Penang, Malaysia.
*Correspondence lo: shyang@usim.my

Keywords: poly(lactic acid), flammability, thermal properties.

1 INTRODUCTION

As increasing awareness in developing eco-friendly and renewable versions of petroleum =
based plastics, poly(lactic acid) (PLA) has emerging as one of the most promising candidate iz =
replacing conventional petroleum based commodity resins. PLA possesses several environmenta!
advantageous such as biodegradability, low emission of greenhouse gas, and low productics
energy (Jamshidian et. al, 2010; Shukor et. al,, 2014). Since it exhibits high degree of =
transparency and gas permeabll!ty good mechamcal properties, low toxic and ablhty to be &
process under conventional processing equipments, it holds tremendous potential in packing =
industries, household and biomedical applications. However, its low heat resistant, slow =

crystallization rate, and inherent brittleness limit its usafulness in electronic and automotive
industries (Jang et. al., 2012; Wang et. al., 2015).

Several approaches have been adopted in order to improve thermal and mechanical performance =
of PLA. Among of them are: copolymerization, addition of fillers and fibers (Wang et. al,, 2015} =
blending with other polymers (Phuong et. al., 2014). In the PLA blending strategy, it was found tha: =
blending PLA with poly(methyl methacrylate) (PMMA) received great attention due to the =
miscibility of these blends. Zhang et. al. (2002) had successfully prepared miscible blends comprises

of amorphous poly(DL-lactide)/PMMA and poly(L-lactide)/PMMA blends by solution/precipitation

method. Imre et. al. (2014) also suggested that PMMA had greater miscibility with PLA compared to

polystyrene (PS) and polycarbonate (PC).

In this study, PMMA with moderate high glass transition temperature (1, approximate 105°C) was ‘
physical blended with PLA in order to maintain its mechanical intergrity. Although the incorporation

of PMMA into PLA able to improve the mechanical and thermal properties, but it is still unable to

develop flame retarded PLA. Therefore, phosphorus based flame retardant, triaryl phosphate &

isopropylated (FR) was incorporated to obtain PLA/PMMA blends with UL94 V-0 rating.

2 CONCLUSION

Phosphorus-based flame-retardant PLA/PMMA blends were successfully prepared through mel:
compounding technique. The UL-94 vertical burning test revealed that both neat PLA and
PLA/PMMA blend burned with flaming drips and bubbling after the flame was applied. The flame

resistance of PLA/PMMA was significantly enhanced by the inclusion of FR. The rating of PLA was

improved from V-2 to V-0 after adding 20 phr FR. From the FESEM analysis, it was found that &
continuous protective char layer was formed in the presence of FR. Addition of FR to the

PLA/PMMA was found to affect the thermal stability. FR is readily decomposed at the beginning of

combustion to yield phosphoric and polyphosphoric acids that induce char formation in the
condensed phase.
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improvement in properties of biocomposite from cellulose-based microfiller had shown promising future in
application of the water soluble plastic packaging industry.

Keywords: microcrystalline cellulose (MCC), rice straw, polyvinyl alcohol (PVOH)
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EFFECT OF PHOSPHORUS-BASED FLAME RETARDANT ON THE THERMAL AND
FLAME RESISTANT PROPERTIES OF POLY(LACTIC ACID)/POLY(METHYL
METHACRYLATE) BLEND

Ee Lian Teoh', Mustapha Mariatti"?, Wen Shyang Chow'*
'School of Materials and Mineral Resources Engineering, Engineering Campus,
Universiti Sains Malaysia, Penang, Malaysia.
“Cluster for Polymer Compasites, Science and Engineering Research Centre,
Engineering Campus, Universiti Sains Malaysia, Penang, Malaysia.
Tel: +604-599 6160; Fax: +604-594 1011, e-mail: shyang@usm.my

Abstract

Poly(lactic  acid)/poly(methyl methacrylate) [PLA/PMMA (80/20)] blends were prepared using meit
compounding technique in the presence of isopropylated triaryl phosphate ester (Reofos 50 FR). The thermaz
properties of the PLA/PMMA blends were characterized by differential scanning calorimeter (DSC) ang
thermogravimetric analyzer (TGA). Underwriter Laboratory (UL-94) vertical burning test was conducted io
determine the flame retardancy of the PLA/PMMA blends while field emission scanning electron microscope
(FESEM) was performed to study the morphology of residues after the burning test. It was found that the glass
transition temperature (Tg) of PLA/IPMMA blends was shifted to lower temperature in the incorporation of FR.
TGA results proved that FR had enhanced the thermal stability of PLA/PMMA blends at high temperature in
both nitrogen and oxygen atmosphere. UL 94 vertical burning test revealed that the presence of FR had
imparted PLA/PMMA blend with excellent flame retardant abilities, earning a V-0 rating during the UL-94
vertical burning test. From the FESEM analysis, a cohesive protective char layer was formed on the surface of
PLA/IPMMAJFR. This further confirmed the role of the phosphorus-based flame retardant (Reofos 50 FR) in
enhancing flame resistance of PLA/PMMA by promoting the development of char layer on the polymer
surface, forming polyphosphoric and related acid that operate as dehydrating agents.

Keywords: poly(lactic acid), flame retardant, thermal properties
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A NOBLE ELECTROACTIVE POLYELECTROLYTE COMPLEX FOR ELECTROLYTIC
RELEASE DEVICE OF CALCIUM ION

Toshiaki Hattori',* Keniji Hirota', Ryo Kato?, Kazuaki Sawada’
1 Department of Electrical and Electronic Information Engineering, 2 Cooperative Research Facility Center,
Toyohashi University of Technology, Hibarigaoka 1-1 Tempaku, Tayohashi 441-8580, Japan
Tel: +81-532-44-6806, Faks: +81-532-48-5833, e-mail: thattori@ee.tut.ac.jp

Abstract

We developed a noble electroactive polyelectrolyte complex to fabricate a new electrochemical device of Ca®”
releasing. A controlled local release of Ca?* is useful for experiments on the contraction of muscle cells and
Vorticella because the increase in Ca®* concentration brings the shrinkage of muscles. The electroactive
material was ternary complex consisted of poly(vinyl sulfate) (PVS), 11-ferrocenyltrimethylundecyl ammonium
ion (FeTMA), and calcium ion. FeTMA is bi-functional material having electroactive and long-alkyl-chain
cationic elements. The long-alkyl-chain cationic material, so called cationic surfactant, forms polyion complex
with anionic polyelectrolyte by electrostatic interaction and hydrophobic interaction. The kind of anionic
polyelectrolyte affects the feature of the Ca polyelectrolyte complex. Ca-PVS complex formed the precipitation
in water, while Ca-poly(styrene sulfonate) complex did not precipitate in water. Ca-heparin complex slightly
dissolved in water. Carbon paste (CP) with Ca-PVS complex was evaluated by voltammetry, and the amounts
of Ca’ released from the CP was measured by atomic absorption spectroscopy (AAS). The cyclic
voltammogram indicated redox waves of FeTMA. The measurement of AAS revealed that Ca®" concentration
increased in the sample solution of CV after a long-time electrolysis applied with a constant voltage beyond
the oxidation potential. The increased concentration of Ca®* was proportional to the quantity of Ca-PVS
complex in the CP. As a pinpoint releasing device of Ca**, a micro CP device with a tip of 500 pm of diameter

Page | 72
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DEVELOPMENT OF FLAME RETARDED POLY(LACTIC ACID) BLENDS AND
NANOCOMPOSITES

Chow Wen Shyang (Prof. Dr.)

School of Materials and Mineral Resources Engineering, Engineering Campus, Universiti Sains Malaysia,
Nibong Tebal 14300, Penang, Malaysia,

Cluster for Polymer Composites, Science and Engineering Research Centre, Engineering Campus, Universiti
Sains Malaysia, Nibong Tebal 14300, Penang, Malaysia,

E-mail: shyang@usm.m y

ABSTRACT
This paper presents the development of flame retarded poly(lactic acid) blends and

nanocomposites by using non-halogenated flame retardant. The ignitability of PLA and its tendency
to drip during combustion limit its applications, especially in the electronic and electrical fields and

nanocomposites were Prepared using melt compounding technique in the presence of
isopropylated triaryl phosphate ester (Reofos 50 FR). The thermal properties of the PLA/PMMA
blends were characterized by thermogravimetric analyzer (TGA). Underwriter Laboratory (UL-94)

nanocomposites,
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Poly(lactic acid)/poly(methyl methacrylate) blends with self-extinguishing properties
E. L. Teoh, W. S. Chow*, M. Mariatti
School of Materials and Mineral Resources Engineering, Engineering Campus,
Universiti Sains Malaysia, Nibong Tebal, 14300 Penang, Malaysia.
*Email of corresponding author: shyang@usm.my;

Tel: 604-5996160; Fax: 604-5941011

Abstract

This work focuses on the. evaluation of the effectiveness of isopropylated triaryl
phosphate ester ﬂamé retérdant (FR) in improving flame resistance of poly(lactic
acid)/poly(methyl methacrylate) (PLA/PMMA) blend with two different blending
ratios (i.e., PLA/PMMA = 80:20 and PLA/PMMA = 60:40). The properties of the
PLA/PMMA/FR blends were characterized by limiting oxygen index (LOI), UL-94
vertical burning test, thermogravimetric ana]ysjs (TGA) and field emission scanning
electron microscopy (FESEM). It was found that the LOI value of PLA/PMMA was
increase significantly by the addition of FR. Both PLA/PMMA blends (regardless of
blending ratio) achieved UL-94 V-0 rating in the presence of FR. TGA results showed
that the onset degradation temperature (7,) of PLA/PMMA/FR blends was shifted to
lower temperature due to the faster decomposition of FR. FESEM analysis revealed
that there is more char formation in the PLA/PMMA40/FR compare to
PLA/PMMAZ20/FR.

Keywords: Poly(lactic acid); poly(methyl methacrylate); blends; thermal properties;

flame retardant
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in PLA. As a result, PLA/PMMAA40/FR blends gave slightly higher residue amount

than PLA/PMMAZ20/FR in TGA analysis.
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