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ABSTRACT

RHEOLOGICAL AND VISCOELASTIC PROPERTIES OF ASPHALT BINDER
MODIFIED WITH NANO-SILICA AND SASOBIT

by
KARANJEET KAUR
Indian Institute of Technology Delhi, August 2022

Load on pavements has increased due to the intensive number of vehicles. The life
of pavements has been abbreviated due to this rapid overloading in terms of distresses
like permanent deformation and fatigue failure, which leads to continued maintenance.
Bitumen should have lower stiffness at lower temperatures and higher stiffness at a
higher temperature for satisfactory performance under various distresses. It should not
be brittle at lower temperatures, causing fatigue failure or thermal cracking. Neat
bitumen behaves like liquid at higher temperatures (due to lower viscosity), leading to
permanent deformation. Neat bitumen has some limitations under specific requirements,

which can be accomplished using additives in bitumen.

Warm Mix Asphalt can decrease construction expenses and environmental effects
by reducing fuel consumption and emissions. Moreover, various WMA additives or
processes can enhance multiple rheological properties of modified asphalt. However, it
has some issues due to reduced manufacturing temperatures, like moisture damage due
to partial dry aggregate and rutting due to lower aging. Aliphatic polymethylene
hydrocarbon (typically long chain) produced from coal gasification using the Fischer-

Tropsch (FT) process is helpful in reduction of emission, production temperatures, and



fuel consumption. Even though, Sasobit has been extensively used in this research, the

thesis does not promote any particular commercial product.

Nanomaterials are gaining importance due to their massive explicit surface area and
superior dispersion ability. Various nanomaterials have improved the performance of
the modified asphalt. Nano-Silica has improved the anti-aging performance due to high
surface area, large pore size, and hydroxyl groups. The oxygen atom present in
hydroxyl groups forms hydrogen bonds with aromatic sheets present in the polar
aromatics and asphaltene molecules in asphalt. In this interaction, the oxygen affinity is
reduced, and oxidation is declined. The hydroxyl groups also help to promote hydrogen

bonding with fused aromatic rings to develop the barrier for oxidation.

In this study, the effect of Sasobit (WMA additive) and Nano-Silica (Nanomaterial)
and their interaction on Viscosity Grade (VG)10 and 30 binders have been investigated.
The study is conducted in three parts. Part one is the characterization of Sasobit
modified binders, and part two is the characterization of Nano-Silica modified binders.
Part three explains the characterization of Sasobit and Nano-Silica interaction. For part
one, modified binders were prepared with four dosages of Sasobit with both VG10 and
VG30. For part two, modified binders were prepared with three dosages of Nano-Silica
with both VG10 and VG30. For part three, modified binders were prepared with the
interaction of Sasobit and Nano-Silica with both VG10 and VG30. For part four,
optimum dosages were determined from the test results obtained from objectives one,
two, and three, respectively, using Response Surface Methodology (RSM). Total one

ninety-eight blends were prepared under different aging conditions to understand the

Vi



aging effect of modified binders. These unaged blends were aged for short-term, long-

term, and extended aging conditions.

Total of seven aging conditions were used to study the aged effect. Total 70 blends
of Sasobit modified binder were tested to evaluate the rheological and viscoelastic
properties. Brookfield rotational viscometer was used to measure the viscosity from 100
°C to 180 °C. Fourier transform infrared spectroscopy was used to assess quantifiable
variations with chemical bonding and chemical structure. Frequency sweep test was
used to measure the viscoelastic properties for unaged, short-term aged, long-term aged
and extended aging conditions at a frequency range of 50 Hz to 0.01 Hz from 10°C to
90°C at 10°C interval. Nano-Silica was used in three dosages for part two of the study.
Standard and modified storage stability tests were conducted to evaluate storage
stability. For part three, the interaction of both additives was used. The methodology of
part one was adopted for parts two and three. The optimum dosage of additives was

determined using Response Surface Methodology.

Various parameters were used to measure intermediate and high-temperature
performance, such as conventional properties, fatigue parameter, rutting parameter, zero
shear viscosity, non-recoverable compliance, and activation energy. It was observed by
conventional tests that stiffness was increased by Sasobit, and Nano-Silica modified
asphalt binders. At higher dosages of Sasobit, elasticity was reduced at lower
temperatures. Sasobit addition reduced the viscosity by improving the workability for
lower production temperatures. However, increase in viscosity was found by increasing
Nano-Silica content. In general, complex modulus increase and decrease in phase angle

was found with an increase in Sasobit content and Nano-Silica content at all aging

Vil



conditions. Activation energy was decreased by increasing Sasobit (up to certain

dosages) and Nano-Silica content.

Limiting temperatures, rutting parameter and zero shear viscosity were increased
with increase in Sasobit and Nano-Silica increase. Lower Jnr values showed the
improved rutting resistance. Thus, it can be concluded that Sasobit and Nano-Silica
improved the high temperature performance of modified asphalt. Nano-Silica also
improved the anti-aging property of Sasobit modified asphalt binders due to lower aging

indexes.

Disclaimer statement: The additives, Sasobit and Nano-Silica used in this study do

not promote any company. The similar names have been used in other studies too.
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