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Abstract

In this thesis, a series of polyurethane (PU) nanocomposite was fabricated by using the
solution intercalation polymerization by employing chloroform with the incorporation
of nanoclay Cloisite B30. The interaction between the nanoclay Cloisite B30 and PU
matrices is the major factor in determining the structure in the PU nanocomposite,
which was aimed at achieving a good dispersion with slighter agglomerates. The
thermal characterization was conducted through thermal conduction, thermogravimetric
analysis (TGA) and differential scanning calorimetry (DSC). Thermal conductivity of
the PU nanocomposite increased with increase in the nanoclay loading. The results
show that there was significant effect of the nanoclay on lowering the melting
temperature of the PU nanocomposite. Hence, the thermal degradation behaviour of PU
increased by the incorporation of the nanoclay up to 16 °C for 96 % PU/4 % B30. The
addition of the nanoclay results in the enhancement of the thermal stability. The
morphology of PU nanocomposite was investigated using the field emission scanning
emission microscopy (FESEM), scanning emission microscopy (SEM) and X-ray
diffraction (XRD), while chemical structure analysis was analysed using Fourier
transform infrared spectrometer (FTIR). FESEM micrographs demonstrated fewer
agglomerates formed in the PU nanocomposite while an even distribution of nanoclay
in SEM was obtained. The degree of crystallinity of PU nanocomposite was directly
increased according to Cloisite B30 content, which shows that good intercalated
structure has been attained. FTIR indicated that there was no chemical structure
alteration in PU nanocomposite. The barrier properties of the PU nanocomposite films
were studied through the water absorption and water permeability analysis. Water
absorption analysis presented that the highest percentage of water absorption was in the
98% PU/2% B30 with 14.9 %. Meanwhile, the water permeability revealed an
improvement through the increase in nanoclay loading due to the formation of the
tortuosity of the transport path in the PU nanocomposite. The highest decrement in the
water permeation rate amounting to 56 % for 3 bar and 68 % for 4 bars were obtained in
98% PU/2% B30 however for 2 bar, there was no volume of water penetrate through the
sample. The tensile strength and elongation of the PU nanocomposite at break were
improved by the incorporation of the nanoclay. The tensile stress for the pristine PU
was valued at 0.40 MPa while the highest tensile stress at 0.93 MPa was observed for
the sample with 96 % PU/4 % B30 film. Meanwhile, the percentage of the elongation at
break of the sample is the maximum with 106 % for the sample with 96 % of PU/4 % of
B30. The results exhibited that the tensile strength and elongation at break of the
nanocomposites dramatically increased with the incorporation of the nanoclay. This
improvement was dependent on the content of the nanoclay as well as the formation
structure of the nanoclay in the PU matrices.
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Abstrak

Dalam thesis ini, sebuah siri nanokomposit poliuretana (PU) telah disintesis dengan
menggunakan larutan interkelasi pempolimeran dengan menggunakan klorofom yang
disebatikan dengan nanoclay Kiloisit B30 . Penyebaran diantara nanoclay Kloisit B30
dan matrik PU adalah faktor utama dalam mengenalpasti struktur di dalam
nanokomposit PU yang bertujuan untuk mencapai penyerakan yang sempurna dengan
jumlah  penggumpalan yang sedikit. Perincian sifat terma dilakukan dengan
menggunakan teknik konduktiviti terma, alat analisis termogravimetrik (TGA) dan
kalorimetri imbasan pembezaan (DSC). Kekonduksian terma dari nanokomposit PU
meningkat seiring dengan peningkatan nanoclay sedikit demi sedikit. Hasil kajian
menunjukkan bahawa terdapat kesan ketara didapati daripada nanoclay pada takat lebur
nanokomposit PU. Justeru, penurunan sifat terma PU meningkat melalui sebatian
nanoclay sehingga 16°C pada sampel 96 % PU/4 % B30. Penambahan nanoclay
menunjukkan peningkatan pada Kkestabilan terma. Morfologi nanokomposit PU telah
dikaji menerusi mikroskop elektron pengimbas pancaran medan (FESEM), mikroskopi
elektron imbasan (SEM), pembelauan sinar-X (XRD) manakala analisa struktur kimia
telah dikaji oleh spektroskopi inframerah transformasi Fourier (FTIR). Fotomikro
daripada FESEM menunjukkan sedikit penggumpapan kecil terjadi di dalam
nanokomposit PU sementara penyebaran yang sekata didapati daripada nanoclay
menerusi SEM. Darjah penghabluran nanokomposit PU meningkat secara langsung
seiring dengan kandungan Kioisit B30 vyang menunjukkan pencapaian struktur
interkelasi yang baik. FTIR mengindikasikan bahawa tidak ada ubahsuaian struktur
kimia pada nanokomposit PU. Ciri-ciri kemeresapan filem nanokomposit PU telah
dikaji menerusi analisis penyerapan air dan kebolehtelapan air. Analisa penyerapan air
menunjukkan peratusan penyerapan air yang tertinggi adalah pada kadar 98% PU/2%
B30 dengan 14.9%. Manakala, sifat ketelapan air berubah dengan penambahan jumlah
nanoclay yang disebabkan oleh pertambahan rintangan saluran pergerakan di dalam
nanokomposit PU. Nilai susutan tertinggi bagi ujian ketelapan air menunjukkan 56%
bagi 3 bar manakala 68% bagi 4 bar didapati pada sampel 98% PU/2% B30
walaubagaimanapun bagi ujian ketepan air pada 2 bar, tiada sebarang isipadu air telap
menerusi sampel. Tahap ketegangan dan pemanjangan sampel kesemua nanokomposit
PU telah menunjukkan hasil yang diperbaiki dengan penggabungan sebatian nanoclay.
Tekanan tegangan bagi PU asli telah dinilaikan pada 0.40 MPa sementara tekanan
tegangan yang tertinggi adalah pada 0.93 MPa telah didapati bagi sampel 96% PU/4%
B30. Manakala, peratus untuk pemanjangan pada takat putus tahap maksimum ialah
106% untuk sampel dengan 96% PU/4% B30. Keputusan yang diperoleh telah
mempamerkan kekuatan tegangan dan pemanjangan nanokomposit PU pada takat putus
meningkat secara mendadak seiring dengan penggabungan sebatian nanoclay.
Peningkatan yang ditunjukkan ini adalah bergantung pada kandungan nanoclay serta
pembentukan struktur nanoclay di dalam matrik PU.
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CHAPTER 1

INTRODUCTION

11 RESEARCH BACKGROUND

Polymers are widely used in daily life. Polymers incorporated with nanoclay
have gained much attention to develop functional polymer composite field since the
past two decades (Okada and Usuki, 2006) and this material is chosen in application of
biomaterial devices which have led to various application (Styan, 2006). In spite of that,
polymer nanocomposite attributes positive result to be applied in many fields. It
improve the properties of pristine polymer in term of mechanical, thermal, electrical,
chemical resistant and more. Major industries broadly rely on the polymer
nanocomposite such as academic, government and industrial laboratories regarding to
the potential application in many fields (Yang, 2001; Kim, 2008). Moreover, it is easy
in the process of producing polymer nanocomposite. The speedy progress of polymer
nanocomposite commonly depends on the easy processing and inexpensive raw
materials, besides being very useful in daily life and offering many essential properties
(Sukhummek, 2005).

Nanocomposite is a novel kind of composite (Bal et. al., 2012) and it has an
important role in determining the alteration of the polymer properties (Kojima et. al.,
1993). There are several types of nanoclay that is available in the current market. The
development of nanocomposite attracts many researchers and industries to develop a
new technology. Scientific and technical review state the development of properties of
polymer with the incorporation with the nanoclay and demonstration often unfamiliar
yet beneficial for the material properties (Turro et. al, 2009). Generally, polymer
matrices inserted in between the nanoclay layers to build the polymer nanocomposite



which has better properties than the phase alone. Moreover, the mechanical and thermal
properties of nanocomposite have raised its significant development (Kojima, 1993).
Even though there are many types of additives offered, nanoclay is the one that
environmental friendly additive. The nanoclay Na® has been modified to be different
kind of nanoclay and all the classified nanoclay has its own advantages. Additionally,
additives such as nanocomposite show a high alteration of characteristics beyond what

traditional polymer composites possess (Chang et. al., 1995).

Polyurethane (PU) elastomers are built by phase-separated microdomain with
two major segments (Yao, 2005, Styan, 2006; Sigamani, 2010). The soft segment has
flexible nature besides having a very low transition glass which below than the room
temperature (Tg), whereas the hard segment of PU skeleton has Ty above than the room
temperature and a rigid crystalline nature (Sigamani, 2010). Due to the PU elastomers
unique properties, PU deserves one of the most versatile classes of polymeric materials
nowadays (Vedprakash, 1998). Furthermore, PU elastomers offer good manners in
many aspects including the mechanical, electrical, thermal and chemical resistant
properties which have been widely used in many applications. However, the major thing
that needs to be understood is the relationships between morphology and the other
properties for the material.

In the history of dewvelopment of PU nanocomposite, Air Force Research
Laboratory found that this kind of polymer nanocomposite is a novel class of insulation
material by means in reducing the manufacturing cost, lightering weight and exhibiting
better ablative performance and insulation characteristics (Chang et. al, 1995).
Moreover, the nano-scale dimension of PU nanocomposite gives a huge enhancement as
compared to the pristine PU. This may enhance the usage of PU as the significant
improvement made and it is a comparatively a new class of composite material.
Simultaneously, the compatibility of PU matrices and nanoclay particles make up the
development of properties in term of morphological structure and the dispersion
efficiency of particles (Piszczyk, 2012). This may resulted that PU nanocomposite is the

chosen material to be applied in many applications.
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