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Many modifiers have been used to modify bitumen such as fiber, polymer, and
filler which cost the road authorities a lot of money in addition to their side effects
on the environment and their limited advantage. Aging have limited the service
life of pavement and accelerated its premature failures. The problem of asphalt
aging still exists in spite of the extensive use of the above mentioned modifiers.

Montmorillonite nanoclay is one of the hybrid materials having a favored layer
structure distinguish it from other materials in ability to disperse on a nanometer
scale. It is a natural source material with a relatively low cost and more
importantly environmentally friendly. The successfully intercalation chemistry of
the layered silicates with polymers has been widely studied for a long time, and
properties such as thermal, mechanical showed superior enhancement.

Based on these findings, this study presents a laboratory investigation into the
performance of asphalt binder and Stone Mastic Asphalt mixture modified with
different type and concentration of nanoclay.

The Rolling Thin Film Oven method was used to simulate the short term aging of
the base and nanoclay modified asphalt binder, while the Stone Mastic Asphalt
mixture was aged according to the asphalt mixture specification. The Dynamic
Shear Rheometer was performed to characterize the rheological properties of
asphalt binder at different temperatures and frequencies. The effect of nanoclay on
the performance of the Stone Mastic Asphalt mixture was also investigated by
means of the Indirect Tension Test and the Repeated Load Axial Test.



The microscopic images indicated a homogenous dispersion of the layered silicate
in asphalt medium while the spectroscopic technique showed the incorporation of
the nanoclay in the asphalt binder matrix via new functional groups. Nanoclay was
found to have a significant influence on asphalt binder and mixture properties. The
higher nanoclay concentration showed better performance. The asphalt binder
physical, rheological properties and rutting resistance were positively improved
after the addition of nanoclay.

The permanent deformation resistance of the Stone Mastic Asphalt mixture was
found to be enhanced due to the stiffening effect of the nanoclay. Meanwhile,
inconsistent trend was observed among the concentrations and types of nanoclay
especially with permanent deformation test results, however, both of nanoclay
types showed remarkable improvement as compared with the control mixture. The
reason can be contributed to the complicated asphalt mixture failure mechanism
since different variables having heterogeneous characters contributed in
construction the Stone Mastic Asphalt mixture while using very close nanoclay
concentration from each others can be a another reason.

The short term aging resistance of modified binder was found to be improved
which indicated the ability of layered nanoclay to act as a barrier that restricted
and delayed the penetration of oxygen and played an important role to reduce the
volatilization of the bitumen’s oily components and as consequence improved the
asphalt binder resistance to rutting while enhanced the engineering properties of
SMA mixtures as providing resistance against permanent deformation.
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Kebanyakan pengubah telah digunakan untuk mengubah suai bitumen seperti
serat, polimer dan pengisi yang menyebabkan pihak berkuasa jalan raya menelan
belanja yang banyak di samping kesan sampingan terhadap alam sekitar dan
kelebihan yang terhad. Penuaan telah menghadkan jangka hayat perkhidmatan
turapan dan mempercepatkan kegagalan pra-matang itu. Masalah penuaan asfalt
masih wujud walaupun penggunaan meluas di atas pengubahsuaian tambahan.

Montmorilonit nanoclay adalah salah satu bahan hibrid yang mempunyai struktur
lapisan yang disukai membezakannya daripada bahan-bahan lain dalam keupayaan
untuk bersurai pada skala nanometer. la adalah bahan sumber semulajadi dengan
kos yang agak rendah dan lebih penting lagi mesra alam. Kimia interkalasi telah
berjaya daripada silikat berlapis dengan polimer telah dikaji secara meluas untuk
jangka masa yang lama, dan sifat-sifat seperti haba, mekanikal menunjukkan
peningkatan unggul.

Berdasarkan hasil dapatan, kajian ini membentangkan satu kajian makmal ke
dalam prestasi pengikat asfalt dan campuran Batuan Mastik Asfalt diubahsuai
dengan jenis yang berbeza dan konsentrasi nanoclay.

Kaedah Rolling Thin Film Oven telah digunakan untuk mensimulasikan jangka
pendek penuaan daripada asas dan nanoclay diubahsuai asfalt pengikat, manakala
campuran Batuan Mastik Asfalt telah berumur mengikut spesifikasi campuran
asfalt. Dynamik Ricih Reometer telah dijalankan untuk mencirikan sifat-sifat
reologi pengikat asfalt pada suhu yang berbeza dan frekuensi. Kesan daripada



nanoclay kepada prestasi campuran Batuan Mastik Asfalt juga disiasat melalui
Ujian Ketegangan Tidak Langsung dan Beban Paksi Berulang Ujian.

Imej-imej mikroskopik menunjukkan penyebaran homogen daripada silikat yang
berlapis dalam medium asfalt manakala teknik spektroskopi yang menunjukkan
pemerbadanan nanoclay dalam matriks pengikat asfalt melalui kumpulan
berfungsi baru. Nanoclay didapati mempunyai pengaruh yang besar ke atas
pengikat asfalt dan sifat-sifat campuran. Kepekatan nanoclay yang lebih tinggi
menunjukkan prestasi yang lebih baik. Asfalt pengikat fizikal, sifat reologi dan
rintangan aluran telah positif bertambah baik setelah penambahan nanoclay.

Ketahanan ubah bentuk kekal daripada campuran Batuan Mastik Asfalt didapati
untuk mempertingkatkan oleh pengerasan kesan daripada nanoclay. Sementara itu,
trend yang tidak konsisten diperhatikan dalam kalangan kepekatan dan jenis
nanoclay terutamanya dengan keputusan ujian ubah bentuk kekal, bagaimanapun,
kedua-dua jenis nanoclay menunjukkan peningkatan yang memberangsangkan
berbanding dengan campuran kawalan. Alasan boleh menyumbang kepada
mekanisme kegagalan campuran asfalt rumit sejak pembolehubah yang berbeza
mempunyai heterogen ciri-ciri yang menyumbang dalam pembinaan campuran
Batuan Mastik Asfalt semasa menggunakan nanoclay kepekatan yang sangat rapat
antara satu sama lain boleh sebab yang lain.

Penuaan rintangan jangka pendek daripada diubahsuai pengikat telah didapati
bertambah baik yang menunjukkan keupayaan nanoclay berlapis untuk bertindak
sebagai penghalang yang menyekat dan melambatkan penembusan oksigen dan
memainkan peranan penting untuk mengurangkan pemeruapan komponen
berminyak bitumen dan mengakibatkan peningkatan asfalt rintangan pengikat
untuk aluran dan meningkatkan sifat-sifat kejuruteraan campuran Batuan Mastik
Asfalt menyediakan rintangan terhadap ubah bentuk kekal.
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CHAPTER1

INTRODUCTION

1.1 Background

The nanotechnology research has attracted great interest from researcher
throughout the world due to the various interesting functions of materials on
nanoscale dimensions and having relatively larger surface-area-to-mass ratio
which make them more chemically reactive and positively change their strength or
other important properties and thus increase their potential to use in a wide range
of applications.

Nanoscale materials which is a material having at least one dimension sized from
1 to 100 nanometers, have been adopted by many of the industries and academics
and showed unexpected reaction by the community, announcing a new industrial
revolution. One of the most attractive nanomaterials is nanoclay which is a natural
occurring material widely used by researcher from long time because of its
availability, relatively low cost, environmentally friendly and the most important
property which is its favorable and unique structure make it more compatible to
create nanocomposite. Montmorillonite nanoclay which is the most commonly
used layered silicates has been successfully used to reinforce polymers (Ray and
Okamoto, 2003). Montmorillonite nanoclay is anisotropy filler which has large
aspect ratio (length to thickness ratio) make it especially favorable in matrix
reinforcement (Patel et al., 2006).

Montmorillonite from smectite group clays has a 2:1 phyllosilicates layer structure
which composed of a shared octahedral sheet sandwiched between two tetrahedral
sheets (Okada and Usuki, 2006). In order to provide more compatible
nanocomposite with various polymer types, montmorillonite is treated with special
types of surfactants such as quaternary ammonium salt through an ion exchange
reaction (Giannelis, 1996). Many of polymer properties can successfully enhanced
with the addition of few amount of nanoclay (Alexandre and Dubois, 2000).

Recently nanoclay attracted the attention of the asphalt pavement researchers and
with the expected of more significant result, small amount of nanoclay was added
as a third part to enhance the compatibility between the polymer and asphalt
binder, the results showed remarkable improvement in modified binder’s
properties comparing with the unmodified one (Yu et al., 2007; Polacco et al.,
2008; Zhang et al., 2009; Sureshkumar et al., 2010; Galooyak et al., 2010).



The positive results that gained from adding nanoclay to polymer asphalt
nanocomposite gave the pavement researchers motivation to adopt this material
which enables them to study the asphalt binder behavior at nano scale level.

A lot of studies have been done on nanoclay modified polymers and other
materials but the research studies on this promising material to modified asphalt
binder is still unclear due to lack of published research on this aspect. Also, very
little information is available regarding the effect of nano materials on the
characteristics, rheological properties, and viscoelastic behavior of nano material
modified asphalt (nanocomposite) and very rare research concerning the effect of
nanoclay on asphalt mixture. However, the characteristics of this material can
significantly influence the properties of the nanocomposite, and thus can have a
significant effect on mixture performance. To better understand and characterize
the interaction of nanoclay with the asphalt binder, more effort and studies need to
be carried out on nanoclay modified asphalt binder to determine its performance.
It is believed that the focus on the asphalt binder rheological properties can have a
significant effect in the practical application of nanoclay modified asphalt. Thus,
beside the physical properties, this study will focus on the investigation of
rheological and deformation properties of unaged and aged bituminous binders
and Stone Mastic Asphalt (SMA) mixture, which is considered to be an effective
and common approach to obtain the desired purpose mentioned above.

The type and quantity of nanoclay used to modify bitumen are especially
important in particularly mixes like Stone Mastic Asphalt (SMA) mixtures where
the properties of the mortar consisting of bitumen, fine aggregates, filler, and fiber
and acts as a real glue in the asphalt mixture to stabilize the stone aggregate
skeleton in an asphalt pavement and thus contributes significantly to compatibility
impermeability, adhesion, and in-service pavement performance. Nanoclay varies
depending on their groups, sources and the type of surfactant that used to modify
them; as a consequence each nanoclay has different performance from others
when they use as the reinforcement phase in various matrices.

1.2 Problem Statement

One of the most important issues facing asphalt pavement researchers as a
consequence to the increasing traffic loads, traffic volumes, number of vehicle
axle load, and environmental factors, is the kind of modifier that need it to
improve the properties of the existing bituminous material to ensure provide
longer service life, less maintenance, cheaper, and environmental friendly asphalt
pavements. During its service life, asphalt pavement experience premature failures
such as fatigue, rutting, thermal cracking, and moisture induced damage, this lead
to urgent resolution to limit or at least delay this kind of failure which cost the
road authority a lot of money with the ever increasing of crude oil prices.

On the other hand, due to the high-temperature, aging has been limited the service
life of pavement. The problem of asphalt aging still exists in spite of the extensive



use of modification additives like polymer, filler and fiber in addition of their high
cost and possible environmental concerns. At high service temperatures, and
relatively low frequency of loading, bitumen because of it viscoelastic properties
can become soft with a low stiffness and more susceptible to permanent
deformation. Bitumen can easily get aged when exposure to elevated temperature
and air due to the diffusion of oxygen and UV radiation.

Due to the relatively new technology introduced on pavement sector and the lack
of the published research concerning this aspect; the stiffness and deformation
resistance of the asphalt binder modified with nanoclay needs to be explored to
provide insight into the performance of asphalt mixture. Based on the promising
characteristics of the nanoclay that significantly influence the properties of the
asphalt binder (Ghile, 2006), as a consequence their effect on the mixture
performance need to be investigated.

The performance of nanoclay in asphalt mixture is unclear due to the few
researches available concerning the interaction effects of nanoclay with asphalt
mixture. The importance of nanoclay has been more over looked in the asphalt
binder than mixture.

1.3 Objectives of the Study

The primary aim of this research is to investigate the possibility of using
montmorillonite nanoclay with different types and concentrations to enhance the
characteristics of the base bitumen and consequently to examine their potential
effect on Stone Mastic Asphalt (SMA) mixtures performance. In order to achieve
these aims, the following objectives were defined:

1. To evaluate the effects of nanoclay type and content on physical and
rheological properties of asphalt binder before and after aging process.

2. To determine the effect of nanoclay modified binder on Stone Mastic Asphalt
(SMA) mixture in terms of their permanent deformation properties before and
after aging process.

1.4 Significance of the Study

The knowledge produced by this research can give contribution to develop a
superior performing pavements by introducing new binder has the characteristics
of lower temperature susceptibility and aging effect and thus can mitigate high
temperature rutting throughout naturally occurring material that can reduce the
cost of highway construction and maintenance as well as contribute to resolve one
of the environmental problems. Nanoclay in this study tends to be economical,
environmentally sound and effective to improve the pavement performance.



In addition, results of this research will contribute to a better characterize the
interaction of nanoclay with the bitumen and give insight to their significant
effects on the performance properties of binder and particularly Stone Mastic
Asphalt (SMA) mixtures.

Furthermore, results of this study will give insight about the significance of the
use of nanoclay in asphalt pavements particularly SMA mixtures to prevent or at
least delay the premature pavement failure and consequently save life cycle cost.
Results of this study will enable road authority to make proper judgment regarding
the use of nanoclay in asphalt mixtures as a consequence can save a lot of money
on maintenance and rehabilitation work of the roads.

1.5 Scope and Limitation

The main goal of this research is to investigate the effect of different
montmorillonite nanoclay types and concentrations on the physical and
rheological properties and viscoelastic behavior of asphalt binder and
consequently on the performance of Stone Mastic Asphalt (SMA) mixture. This
research test results are limited best on the following:

e Only two types of montmorillonite nanoclay were used in this study which
prepared from the same origin montmorillonite clay but modified using two
different types of surfactant in order to convert it to organic montmorillonite.

e This study focused only on the effects of short term aging and how it
performs on asphalt binder and Stone Mastic Asphalt (SMA) mixture.

1.6 Thesis Layout
According to the objectives, the layout of the thesis is as follows:

Chapter 1 presents the introduction, research problem, objectives, significance of
the study, and scope and limitation. Chapter 2 elaborates the literature review
concerning subjects related to the structure, properties, and applications of
nanoclay as well as bitumen origin, application, constitution, structure, and
properties. Other works related to the nanoclay modified asphalt binder and
mixture. In addition to the aging process of both modified asphalt binder and
mixture. Description of DSR procedure and test performed. SMA Mix design and
failure mechanisms were also explored in this chapter. Chapter 3 describes the
methodology used and research approach; experimental procedure and setup.
Chapter 4 explores the test results and explains these results with analysis and
discussion of whole experimental work. Chapter 5 summarizes the conclusion
from this work and provides recommendations for future work.
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