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ABSTRACT

Apart from achieving homogeneous Multiwall Carbon Nanotube (MWCNTs) dispersion in
nanocomposites and preventing agglomeration of MWCNTs due to Van der Waals
attraction forces, the main challenge here is to enhance the interfacial compatibility
between MWCNTs and nonpolar polypropylene (PP). Therefore, the aim of this study was
to identify the most effective and suitable ratio of MWCNTs loading through two mixing
methods. The ratio of fillers and binder was fixed at 80:20, while the conductive fillers of
MWCNTs (0% up to 10%), G (45% up to 55%) and CB was set to 25% of the weight
percentage of G/CB/MWCNTSs/PP composite. The multi filler of Graphite (G), Carbon
Black (CB) and MWCNTs composite using a medium density polypropylene (MDPP) as
binder was mixed through melt compounding method. The second mixing method is
through dry mixing method by using MDPP and low density polypropylene (LDPP) as
binders. The composite were fabricated through compression molding. The results
included the characterization of electrical and mechanical properties and analysis of the
hydrogen gas permeability and surface morphology of the composites. The effective
MWCNTs loading is in the range of 5 wt.% up to 7 wt.% of MWCNTs and based on the
two methods, melt compounding method is better than dry mixing method in terms of its
electrical conductivity and mechanical properties. For melt compounding method, it was
found that using MWCNTs as a third filler at a loading of 5 wt.% in a G/CB/MDPP
composite produced higher results of in-plane electrical conductivity; 518.90 S/cm, the
flexural strength, density and shore hardness 61.43 MPa, 1.61 g/cm® and 65.1 (SH)
respectively. Meanwhile, through dry mixing method for the MWCNTs/MDPP composite,
the electrical conductivity is 158.32 S/cm with 6 wt.% MWCNTSs content. The flexural
strength of MWCNTs/MDPP increased from 22.95 MPa (3 wt.%) to 29.86 MPa (5 wt.%)
with the increment of MWCNTs content. Results also indicated that there was no leaking
gas occurred during the permeability test at 5 wt.% MWCNTs content for melt
compounding and dry mixing (LDPP) and 6 wt. % MWCNTs for dry mixing (MDPP).
These results confirm that melt compounding methods and the addition of MWCNTs lead
to a significant improvement on the properties of the conducting polymer composite as
bipolar plate.



ABSTRAK

Selain daripada mencapai penyebaran homogen Multiwall Carbon Nanotube (MWCNTs)
dalam nanokomposit dan mencegah penumpuan MWCNTs disebabkan oleh tarikan Van
der Waals, cabaran utama di sini adalah untuk meningkatkan keserasian antaramuka di
antara MWCNTs dan bukan polar polipropilena. Oleh itu, tujuan kajian ini adalah untuk
mengenal pasti nisbah yang paling berkesan dan sesuai MWCNTs pengisi melalui dua
kaedah percampuran. Nisbah pengisi dan pengikat ditetapkan pada 80:20, di mana pengisi
konduktif MWCNTs (0% hingga 10%), G (45% hingga 55%) dan CB ditetapkan kepada
25% dari peratusan berat G/CB/MWCNTs/PP komposit. Pengisi iaitu pelbagai Grafit (G),
Karbon Hitam (CB) dan MWCNTs menggunakan kristal polipropilena (MDPP)sebagai
pengikat telah dicampur melalui kaedah percampuran lebur. Kaedah percampuran kedua
adalah melalui kaedah percampuran kering dengan menggunakan (MDPP) dan amorfus
Polipropilena (LDPP) sebagai pengikat. Komposit yang dihasilkan adalah melalui teknik
pengacuan mampatan dengan dua kaedah pencampuran. Keputusan yang dibincangkan
bukan sahaja untuk mencirikan sifat-sifat elektrik dan mekanikal, tetapi juga menganalisis
kebolehtelapan gas hidrogen dan permukaan morfologi komposit. Pemuatan MWCNTs
vang berkesan berada dalam julat 5 wt.% sehingga 7 wt.% berat MWCNTs dan
berdasarkan kedua-dua kaedah, kaedah pengkompaunan leburan adalah lebih baik
berbanding kaedah percampuran kering yang menghasilkan kekonduksian elektrik dan
sifat-sifat mekanikal yang lebih baik. Untuk kaedah percampuran lebur, didapati bahawa,
dengan menggunakan MWCNTs sebagai pengisi ketiga pada muatan 5 wt.% dalam
G/CB/PP komposit, menunjukkan hasil yang lebih tinggi kekonduksian elektrik dalam-
satah adalah 518.90 S/cm, kekuatan lenturan, ketumpatan dan kekerasan adalah 61.43
MPa, 1.61 g/cm’ dan 65.1 (SH) masing-masing. Sementara itu, dengan menggunakan
kaedah pencampuran kering, bagi komposit MWCNTs/MDPP, kekonduksian elektrik
adalah 158.32 S/cm dengan kandungan MWCNTs 6 wt.%. Kekuatan lenturan
MWCNTs/MDPP telah meningkat daripada 22.95 MPa (3 wt.%) kepada 29.86 MPa (5
wt.%) dengan peningkatan kandungan MWCNTs. Keputusan juga menunjukkan bahawa
tiada kebocoran gas berlaku semasa ujian kebolehtelapan pada kandungan MWCNTs 5
wt. % untuk kaedah percampuran lebur dan percampuran kering (LDPP) serta kandungan
MWCNTs 6 wt.% untuk kaedah percampuran kering (MDPP). Keputusan ini mengesahkan
bahawa kaedah percampuran lebur yang digunakan dan penambahan MWCNTs membawa
kepada peningkatan yang ketara pada prestasi sel plat dwikutub komposit polimer.
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CHAPTER 1

INTRODUCTION

1.1  Background

Proton exchange membrane fuel cells (PEMFCs) have been found to be a good
choice and important source of energy for portable and automotive propulsion
applications for their advantages of high power density, solid state construction, high
efficiency of conversion of chemical to electrical energy, near zero environmental
emissions and low temperature operation (de Oliveira et al., 2012; Gautam et al.,
2015). However, the high cost of PEMFCs is still a major obstacle in its
commercialization of transport applications. The bipolar plates is a major component
of PEMFCs stack which takes a large portion of stack cost (Lee et al., 2007; Mathur et
al., 2008). They can contribute 70-80% of the stack weight and up to 45% of the costs
(Kakati et al. 2009). Hence, the investigation on cost/performance materials of bipolar

plates has become an important area of research.

Basically, bipolar plates can be made from many different materials, such as
pure graphite, metal or polymer composites with carbon or metal conductive as a main
filler. Pure graphite is one of the more traditional materials used to produce bipolar

plates due to their advantages of good thermal and electrical conductivity, excellent



chemical compatibility and good corrosion resistant. However, some problems with
pure graphite include the high cost and time factor during fabrication process,
especially the machining process of gas flow channels into the plate surface in which
graphite has low mechanical strength properties (Cunningham and Baird, 2007; Du et
al., 2010). Therefore, conductive polymer composite (CPCs) bipolar plate has gained a
considerable interests among researchers to replace pure graphite bipolar plate for

PEMEFC.

CPCs are made of conductive fillers or multi fillers such as graphite (QG),
carbon black (CB) and Multiwall Carbon Nanotubes (MWCNTs) which are
incorporated in Polypropylene (PP) matrix. Most researchers (Suherman and Bung,
2016; Selamat et al., 2011, 2013) reported only on high loading of fillers (more than
90 wt.%) and reaching electrical conductivity above 100 S/cm, which is targeted from
Department of Energy (U.S. DOE). Higher loading of fillers causes change in
rheological properties and increase the difficulties in polymer processing. This will

decrease the electrical and mechanical properties of CPCs as bipolar plate.

Although there are many studies on CPCs as bipolar plates for PEMFCs, only
few of them focus on MWCNTs as reinforced filler. Hence, it is necessary to do in-
depth research on the combination of multi fillers bipolar plate materials to obtain a
better electrical conductivity of the composite (Dweiri and Sahari, 2007; Bauhofer and
Kovacs, 2009; Selamat et al., 2013b). Therefore, some conductive fillers like CB, G,
MWCNTs and carbon fiber (CF) are commonly used as reinforced fillers to enhance
overall performance of CPCs as bipolar plates (Ghosh et al., 2014; Dang et al., 2011).

The interaction between fillers and polymer chains is the most important aspect that



