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Performance of bituminous binders in terms of rutting and fatique is known
to be related with rheological characteristics of asphalt binders. To enhance
the rheological properties of binder, a modification using composite polymer
and inorganic nanosilica becomes recognized as it highly improves the flow
and deformation of the modified binders. This study investigates the
application of polyethylene polymer and inorganic nanosilica for enhancing
rheological properties as well as the oxidative aging resistance of asphalt
binders. Conventional and Superpave binder test techniques. Using dynamic
shear rheometer (DSR) was used to investigate the performance and
rheological behaviors of the nanocomposite-modified binders. Changes in
chemical bonding and morphological properties due to nanosilica were also
investigated using Fourier transform infrared spectroscopy (FT-IR) and field
emission scanning electron microscopy (FE-SEM). Nanosilica was added into
polymer modified bitumen at different percentages (1% to 6%) by weight of
bitumen binder. Results of the investigations show that composite
nanosilica/polyethylene modified binders will not undergo phase separation
during storage due to improved viscoelastic properties. The Superpave
rutting parameter shows that nanosilica modified binders have higher
resistance to permanent deformation both before and after rolling thin film
oven (RTFOT) aging. FE-SEM and FT-IR investigation shows that nanosilica
modified binders are less susceptible to oxidative aging hardening.

© 2017 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

were found to be among the best materials for
bitumen modification after yielding several

Bitumen is made of an extremely complex
mixture of hydrocarbons and its behavior entirely
depends on temperature and loading time (Bala and
Kamaruddin, 2016; Yao et al, 2012). Bitumen as a
colloidal system, it consists of maltenes which are
oily medium with lower molecular weight and
asphaltene micelles with high molecular weights
which are dispersed in the maltenes (Petersen,
2000). Increase in number of traffic and axle loads
globally together with poor performance of
unmodified bitumen wunder different weather
conditions results in placing much emphasis in
bitumen modification to minimize the effects of
moisture damages, deformations and fatigue
cracking (Sengoz and Isikyakar, 2008). Polymers
such as thermoplastic elastomers and plastomers
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improvements on the modified binders (Airey,
2003). The major benefits recorded in applying
polymers are a reduction in temperature sensitivity,
increasing resistance to permanent deformation,
higher stiffness during high temperature, good
resistant to moisture, resistance to cracking at lower
temperatures and longer fatigue life (Zhu et al,
2014).

Common polymers used in modification of
bitumen binders are polyolefins group of polymers
such as polyethylenes, these includes; high density,
low-density as well as linear low density
polyethylene polymers and polypropylenes with
their copolymers (Fang et al, 2008; Punith and
Veeraragavan, 2010). Polyolefins polymers when
added to bitumen provide several benefits such as
enhancement in properties during the service life of
the pavement, improvement in thermo-mechanical
resistance, increase in adhesion and elasticity of
binder (Fawcett et al., 1999; Pérez-Lepe et al.,, 2005).

Despite the improvements achieved with
polymers, several challenges still exist. The major
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problems related to polymer modified bitumen are a
lack of morphological stability during hot storage
(phase separation), poor resistance to aging
(oxidation), poor compatibility with bitumen and the
high cost of modification among others (Ouyang et
al.,, 2006; Zhu et al., 2014).

Recently high number of researches were
conducted to investigate if the application of
optimum physical characteristics of nanomaterials
can make them suitable for bitumen modification,
and the results indicate that nanomaterials can
enhance bituminous binder properties due to their
excellent properties like small particle size which
makes them easily blend and more compatible with
bitumen (Mahdi et al.,, 2013; Yang and Tighe, 2013).

Currently, composite nanosilica/polymer
modification draws attention as the best alternative
to polymers for bitumen modification (Yusoff et al,,
2014). Composite nanomaterial /polymer
modification is generally more cost effective as it
reduces the quantities of polymer and nanomaterial
used, at the same time increasing compatibility of
polymers with bitumen (Yu et al,, 2015). The most
common nanomaterials used for bitumen
modification includes carbon nanotubes (CNT), nano
titanium dioxide (TiO2), nanoclay (OMMT), nano
calcium trioxocarbonate (CaCOs), nano silicon oxide
(Si02) and nano zinc oxide (Zn0) (Fang et al.,, 2013).
However, due to the possibility of forming time
dependent segregation as a result of poor mixing
among the composite materials, the composite
modification with nanomaterials requires the use of
high shear energy for mixing rather than ordinary
mixing techniques (Santagata et al., 2012).

The inorganic nanosilica material is generally
utilized due to its high beneficial properties which
include large surface area, excellent dispersion
ability, high absorption, excellent stability and high
chemical purity (Bala et al., 2017; Yao et al., 2012).
Nanosilica composites recently attracted scientific
research interest due to its greatest benefit of
reduction in the cost of production and excellent
performance features (Yusoff et al, 2014).
Nowadays, due to high surface area and stability of
nanosilica, it is widely used as inorganic filler in
polymers and bitumen binder to enhance properties
of polymers and bituminous binder materials (Fini et
al,, 2015; Yang and Tighe, 2013).

Nanosilica becomes very attractive for
application in bitumen modification, because the
surface of nanosilica is more chemically active with
high polarity unlike other nanomaterials (Yao et al,,
2012; Fini et al, 2015). Nano silica has strong
surface free energy and its interface atoms are
arranged in a disordered manner which allows for
these atoms to be bonded strongly to other outside
atoms by external forces (Fang et al., 2013).

Several research have been conducted on
rheological properties of polymer modified binders,
however, there are limited experimental studies on
evaluation of rheological and oxidative aging effects
of nanomaterials on polymer modified binders. The
main objectives of this study are to characterize the

166

properties of composite nanosilica/polyethylene
modified binder through conventional and empirical
techniques as well as evaluation of the storage
stability and aging properties by assessing the aging
indices of the modified binders.

2. Materials and modification process
2.1. Materials

The base bitumen used in this study is 80/100
penetration grade. The physical properties of the
base bitumen binder are presented in Table 1. A
polymer linear low density polyethylene (LLDPE) in
pellet form was used for the preparation of
composite modified blends.

Table 1: Physical properties of base binder

Physical Property Value
Penetration (25°C, 100g, 5 s, 0.1 mm) 84 dmm
Softening point temperature 42 °C
Ductility at 25°C >150 cm
Viscosity at 135°C 0.64 Pas

Specific gravity 1.03

The properties of inorganic nanosilica used in this
study are presented in Table 2.

Table 2: Physical properties of nanosilica

Physical Property Value
Appearance High dispersive white powder
Hydrophobicity Strong hydrophobicity
SiOz content (%) (950°C, 2h) 99.8
Purity (%) >99.9
Loss of ignition (%) <6
Surface density (g/ml) 0.15
Average Particle size (nm) 10-25
PH value 6.5-7.5
Specific surface area (m?/g) 100 + 25

2.2. Preparation of composite modified binder

The composite nanosilica/polymer modified
binders was prepared by modifying the optimum
concentration of 6% LLDPE with the addition of 1%,
to 6% nanosilica by weight of bitumen binder
respectively. Bitumen binder was first heated in an
oven at a temperature rate of 150°C until it was
completely melted. For the composites mixing a
propeller blade bench top multimix high shear mixer
was used at a high shear rate of 4000 rpm for 2
hours. During the mixing process, the temperature
was maintained at a rate of 150 + 5°C throughout.

3. Experimentation methods
3.1. Storage stability

Hot storage stability test is applied to estimate
high temperature stability of the modified bitumen
under storage conditions. Tube test (PN-EN 13399)
specification was followed; aluminum foil tube was
filled up with melted modified binder and stored
vertically inside the oven for 72 hours at a
temperature of 163 2C. After the samples reach the
predefined time, they are moved out and cooled at a
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temperature of -20 °C for 4 hours using a
refrigerator. The samples were then cut into three
equal sections. The samples stability under high
temperature storage conditions was considered by
evaluation of the difference in softening point
temperature between the bottom and top section.
For stable samples, the difference in softening point
falls below 4 °C (Yusoff et al.,, 2014).

3.2. Temperature susceptibility

Resistance to temperature for the modified
binders was evaluated in terms of penetration index
(PI). Temperature susceptibility of bitumen is
described to be the change in its rheological
parameters as a function of temperature. Results
from softening point temperature and penetration
are used to obtain PI. The estimation of penetration
index is obtained from Shell Bitumen Hand book
(Read and Whiteoak, 2003) using Eq. 1.

pI _1952-500l0g P,5—20Trep
TR&B ™ " 500l0g Pys—Trap—120

(1

where Plrrep is the penetration index, P25 is the
binder penetration tested at 25 2C, and Tres refers to
samples softening point temperature.

3.3. Scanning electron microscope (SEM)

The modified binders SEM images were taken
using adequately high resolution, field emission
scanning electron microscope (FE-SEM) equipped
with a cryogenic stage for minimizing the binders
structural changes during scanning due to heating by
electron beams. Flash frozen were applied to the
binder samples before placing in the SEM chamber
using a liquid nitrogen, the samples were scan at a
pressure of 30 Pa and temperature of -26°C.

3.4. Fourier transform infrared spectroscopy
(FT-IR)

The Fourier Transform Infrared Spectroscopy
(FT-IR) of composite nanosilica/polyethylene
modified bitumens was conducted using NEXUS670
FT-IR spectrometer. FT-IR spectra were conducted
to evaluate interatomic chemical bonds changes
through measurement of absorbed light at each
wavelength. FT-IR spectroscopy was conducted in
the wavenumber range of 4000 to 400 cm at a
scanning rate of 64/min and resolution of 4 cm-.

3.5. Dynamic shear rheometer (DSR) test

The most common technique applied in
determining the fundamental rheological
characteristics of modified binders is using DSR
oscillatory dynamic mechanical analysis. DSR
temperature sweep test was carried out in a
controlled strain at constant frequency rate of 10
rad/s. To ensure the test conducted is within linear
viscoelastic range (LVE), the applied strain force was
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kept at minimum 0.2% within the LVE response.
Temperature range for the test is between 20°C to
60 °C with temperature rise rate of 2 2C/min.

3.6. Aging method

RTFOT aging was conducted in accordance to
ASTM D2872 standard specification to simulate the
short term aging occurrence caused by oxidation
which usually happens during mixing of binders.
Binder samples of 35 grams weight were poured into
RTFOT glass containers. The containers with binder
samples were then placed in the RTFOT carriage
with the top opening of the containers directly facing
a jet of air inside and then closed. Aging process
continues for 85 minutes with the carriage rotating
at speed of 15 rpm at an uninterrupted temperature
of 163 °C.

4. Result and discussion
4.1. Scanning electron microscope

The SEM images of control and nanosilica
modified binders are all shown in Fig. 1. For the
control polymer modified binder (Fig. 1a), it can be
observed that the surface is rough, as a result of
continuous polymer phase that absorbs the maltenes
fraction thereby inducing a difference on the surface
of the bitumen. Fig. 1b to 1g shows a significant
change in microstructure within the nanosilica
modified binders by observing well dispersed
images of nanosilica in the asphalt matrix compared
to the control LLDPE polymer modified bitumen.
This indicates that nanosilica particle has an extreme
tendency to reacts with the bitumen binder, and
form a new structure. The well dispersed structure
observed in nanosilica modified binders can
attributed to the high surface area and energy of
nanosilica group which reacts and glued uniformly
with the polyethylene and bitumen binder there by
inhibiting aggregation of polyethylene particles and
strengthening the binding capacity of polyethylene
and bitumen.

4.2. Fourier transforms infrared spectroscopy

FT-IR spectroscopy is employed to check if there
is changes chemical bonding between control and
nanosilica modified binder. Fig. 2 presents the FT-IR
spectra for the control and composite nanosilica
modified binders. As depicted in Fig. 2a, it is evident
that FT-IR spectra of all composite nanosilica
modified binders differ from control between 400
cm-1 to 500 cm? and 900 cm? to 1200 cm!
respectively, the strong stretching peaks at 2918.29
cm-1 and 2849.52 cm™! are attributed due to C-H
stretching in aliphatic chains. Broad peaks observed
at 1375.39 cm?! are resulted due to bending
vibration of branched aliphatic band C-H of - (CH2)
n- and 1456.39 cm-1 are resulted due to
asymmetrical bending vibration of aliphatic index C-
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H of CHs. The peaks absorbed at 1098.09 cm-, bending and rocking vibration of Si-O-Si. This was
807.20 cm! and 462.05 cm! in the spectra of further confirmed by findings by Moore et al. (2003)
composite modified binders were due to stretching, and Zhang and Zhang (2015).

(8
Fig. 1: FE-SEM microstructure images of control and nanosilica modified binders (a) PE control binder (b) PE+1% nanosilica

modified binder (c) PE+2% nanosilica (d) PE+3% nanosilica (d) PE+4% nanosilica (e¢) PE+5% nanosilica (f) PE+6%

nanosilica

To evaluate the aging behavior of nanosilica composite nanosilica modified binders, while the
modified binders, FT-IR spectral bands signal control polymer modified binder showed the highest
centered around 1600 cm to 1700 cm! that show peak intensity representing the most carbonyl
carbonyl functional groups C=0 formation as a result formation, this indicates that the extent of C=0
of binders exposure to oxygen under high formation which is responsible for aging in the
temperatures are used (Feng et al., 2013; Mouillet et composite modified binders was greatly reduced due
al,, 2008). From Fig. 2a to 2f, it is evident that the to nanosilica reaction.

C=0 peak intensity found to be the lowest for
168
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Fig. 2: FTIR spectroscopy analysis of control, unaged and aged nanosilica modified binders (a) 1% nanosilica (b) 2%
nanosilica (c) 3% nanosilica (d) 4% nanosilica (e) 5% nanosilica (f) 6% nanosilica

This consequently delay oxidative aging in the
modified binder, the reduction in aging can be
attributed to the large pore size, the huge surface
area of interaction of nanosilica particles and
hydroxyl groups presence on the surface of
nanosilica, because the oxygen atom presence in the
hydroxyl groups on the surface of nanosilica has
higher electronegativity than the hydrogen atoms.
This makes it more easily to form hydrogen bonds
with aromatic sheets in polar aromatics and
asphaltene molecules in the bitumen and that type of
interactions decreases the proneness to oxidation of
polar aromatics and asphaltene molecules, which
have both shown to be quite prone to oxidation, a
similar phenomenon was also observed by Fini et al.
(2015).
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4.3. Storage stability

Storage stability was evaluated to confirm that,
the effectiveness of additives used was not changed
through modification processes. Softening point
temperatures for the top, as well as bottom sections
of nanosilica composite modified binder samples and
their differences, are presented in Table 3. It can be
observed that all nanosilica modified binders have
top and bottom sections difference of less than 4°C,
this indicates that at all nanosilica concentrations the
composite modified binder samples will be stable
under high temperature storage. However, the
control LLDPE polymer modified binder shows the
highest temperature difference of 7°C, which is
above the minimum 4°C required, this indicates that
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LLDPE modified binder will exhibit phase during
storage especially at high temperatures.

4.4. Temperature susceptibility

The susceptibility to temperature effects is the
change in rheological properties of binders with a
change in temperature. The PI value generally
ranges from -3 (highly temperature susceptibility
bitumen) to +7 (highly blown low temperature
susceptibility) (Read and Whiteoak, 2003; Samsudin
et al,, 2016). Fig. 3 shows the penetration index of
control LLDPE and composite nanosilica modified
binders, it can be observed that the composite
nanosilica modified binders have higher PI values
compared to control LLDPE polymer modified
binder, this indicates that composite nanosilica
modified binders are less susceptible to temperature
compared to control. An increase in PI values up to
4% nanosilica content was observed after aging this
shows that oxidative aging will not have an influence
on nanosilica modified binders. This result confirms
that nanosilica has a positive effect on enhancing
temperature susceptibility of polymer modified
binders.

4.5. Isochronal plots

The temperature dependencies of complex
modulus, viscosity as well as phase angle for both
control LLDPE and composite nanosilica modified
binders before and after RTFOT aging are presented
in Fig. 4 through 6, respectively.

It is observed from Figs. 4 and 5 that complex
modulus and viscosity for composites increases with
the addition of nanosilica in the binders, while in Fig.
8, phase angle values reduce with an increase in
nanosilica content.
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Fig. 3: Penetration index for modified binders before and
after aging

Comparing nanosilica modified binders with the
control, it is apparent that an increase in values was
observed with nanosilica modified binders, this
indicates that nanosilica modified binders are more
elastic in their behaviors compared to control LLDPE
polymer modified binders; this property will make
them more resistant to permanent deformations.

However comparing unaged and RTFOT aged
samples Figs. 4a and 4b and Figs. 5a and 5b
respectively, it can be seen that the complex
modulus and viscosities for aged samples are higher
than that of the unaged binders. It can also be
observed that the complex modulus decreases
almost with increase in nanosilica content especially
at high temperatures; this indicates high resistance
of the binders to age-hardening.

However, for phase angle plot in Figs. 6a and 6b,
it shows an opposite phenomenon, that is, aged
binder samples are lower than unaged binder
samples, and this implies that RTFOT aging improves
the viscoelastic properties of composite nanosilica
modified binders.
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Fig. 4: Isochronal plots of temperature and complex modulus: (a) Unaged LLDPE and nanosilica modified binders; (b) RTFOT
aged LLDPE and nanosilica modified binders

Also the increase in viscosity observed will
results in formation of strong film of binder around
the aggregates which will improve the cohesive bond
between binder and aggregates. The increase in
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complex modulus and decrease in phase angle
observed in the composite nanosilica modified
binders after RTFOT aging indicates an increase in
elastic behavior of the binders.
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Fig. 5: Isochronal plots of temperature and viscosity: (a) Unaged LLDPE and nanosilica modified binders; (b) RTFOT aged
LLDPE and nanosilica modified binders
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Fig. 6: Isochronal plots of phase angle: (a) Unaged control and nanosilica modified binders; (b) RTFOT aged control and
nanosilica modified binders

4.6. Superpave rutting parameter

For further investigation of modified binders,
resistance to deformation, a Superpave rutting
parameter G*/sin 8 ratio was evaluated before and
after binders aging. G*/sin § ratio describes
resistance of bituminous binders against rutting
defects under high temperature conditions.
Superpave rutting criteria require G*/sin § = 1 kPa
and G*/sin § = 2.2 kPa respectively (Kennedy et al.,
1994) to be the minimum required values of rutting
parameter for an unaged and aged binders.

Fig. 7 shows the effects of temperature on the
rutting resistance of the modified binders. It can be
observed that, both before and after binders RTFOT
aging, the control modified binder shows the least
value for G*/sin § ratio. From both unaged binders
(Fig. 9a) and RTFOT aged binders (Fig. 9b), it can be
seen that, at the highest test temperature of 60 2C, all
nanocomposite modified binders with exception of
1% nanosilica have G*/sin § ratio values greater
than the minimum required value specified by the
Superpave. The lower value of G*/sin & ratio
observed in 1% nanosilica may be attributed to the
insufficient amount of nanosilica which makes it
behave as control binder. This indicates that addition
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of nanosilica into LLDPE polymer modified binder
decreases the rate of oxidation in the binders; this
reduces hardening of the binder during aging
process which leads to an improvement in the
binders resistance against permanent deformation.

Table 3: Hot storage temperature stability
Softening point temperature (°C)

Binder Top Bottom  Difference rop-Bottom)

PE 69.3 62.5 6.8
PE+1%NS 539 51.6 2.3
PE+2%NS 56.6 54.5 2.1
PE+3%NS 599 57.9 2.0
PE+4%NS 613 59.4 1.9
PE+5%NS 659 64.1 1.8
PE +6% NS 63.4 61.3 2.1

4.7. Fail temperature

Superpave failure temperature is a critical
temperature for bituminous binder sample under
which the time temperature equivalence principle is
no longer applicable (Chen et al,, 2014). Superpave
standard specification describes failure temperature
for bituminous binders, to be the temperature under
which of the ratio of G*/sin § falls below a value of
1.0 kPa (Kennedy et al, 1994). A high failure
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temperature  indicates resistance  to
deformation.

Fig. 8 presents the influence of nanosilica content
on the failure temperature of modified binder
samples. It can be observed that nanosilica modified
binders show higher fail temperatures; this result

will make them more difficult to yield a permanent

high
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deformation at  higher  pavement service
temperatures (Lee et al, 2009). Higher fail
temperatures observed can be attributed due to
sufficient surface area of interaction for nanosilica
which makes LLDPE and bitumen to be more
compatible and highly stable.
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Fig. 7: Temperature effects on the rutting resistance of (a) LLDPE and nanosilica modified binder before aging. (b) LLDPE and
nanosilica modified binder after aging
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Fig. 8: Superpave failed temperature for modified
binders

4.8. Viscosity aging index

Viscosity aging index (VAI) is a parameter
calculated for estimating the degree of aging
resistance of bitumen binder. Lower values of VAI
generally describe binders higher resistance to
oxidative aging. VAl is computed as in Eq. 2.

Age‘iviscasity_unaged

VAI — ( viscosity) X 100

Unagedyiscosity

(2)

where VAI stands for viscosity aging index,
Agedviscosity and Unagedviscosity are aged as well as
unaged viscosity. Fig. 9 presents the viscosity aging
index of the modified binder, it can be noted that,
composite nanosilica modified binders significantly
have less VAI compared to control LLDPE polymer
modified binder and the VAI for composites
nanosilica modified binders continuously decreases
with increase in nanosilica contents, with 5%
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nanosilica content showing the least VAI value of
67% among, this shows that nanosilica can protect
the modified binder against oxidative aging effects.
The enhancement observed in oxidative aging within
nanosilica modified binder samples can also be
attributed due to high surface area ratio of dispersed
nano silicate layers in the binder that efficiently
protects oxygen penetration and loss of volatile
components during the aging process of the modified
binders, which eventually promotes binders
resistance to oxidative aging.
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Fig. 9: Effect of aging on complex viscosity of modified
binders

4.9. High temperature aging Index

A high temperature aging indices (HTAI) is used
to estimate changes in binder oxidation levels under
high in-service temperature conditions. Generally, a
greater value of HTAI shows binders poor resistance
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to aging. HTAI is computed as Eq. 3 (Dessouky et al.,
2011):

G*/sin8prroTaged
HTAI = G*/sinS(umgi) (3)
where HTAI is the high temperature aging index, G*/
Sin & (RTFOT aged) and G*/ sin & (Unaged) are G*/ sin §
ratios of RTFOT aged and unaged binders. Fig. 10
presents high temperature aging index values for
control and nanosilica modified binders. It is
observed that nanosilica modified binders exhibit
the least values of HTAI compared to control binder.
This enhancement in HTAI can be attributed to the
decrease in binder oxidation level during aging
process which minimizes binder stiffness increment.
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Fig. 10: Effect of high temperature aging on LLDPE and
nanosilica modified binders

G*/ sin § ratio increment is another useful
parameter that describes the degree of aging in
bitumen binder. G*/ sin § increment is denoted as
AG*/ sin § and is computed as Eq. 4.

AG™/sin§ =G/ sinGygeq-G*/ Sin Synaged) (4)
where AG*/ sin § refers to increment in G*/ sin &
ratio, G*/ sin § (aged) and G*/ sin & (unaged) are G*/ sin §
ratios of binders both before and after aging
respectively. Fig. 11 presents the increment in G*/sin
§ ratios after binders RTFOT aging. As seen,
nanosilica modified binders shows a remarkable
reduction in AG*/ sin § compared to LLDPE polymer
modified binder. Also, it is evident from the results
that, 5 and 6% nanosilica modified binders have the
lowest AG*/sin § ratio increment, this indicates that
they will be more resistance to thermo oxidative

aging.
4.10. Softening point increment

Softening point increment (SPI) is used to
indicate a susceptive degree of aging in bituminous
binders. SPI present changes in softening point
values before and after RTFOT aging which reflects
aging susceptibility of the binder. SPI is denoted as
AS and is computed as in Eq. 5.

AS = SP(Aged) - SP(Unaged) (5)
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where AS refers to increment in softening point,
SP(aged) is aged softening point and SP(unaged) is the
unaged softening point. Fig. 12 presents the
softening point increment changes of composite
nanosilica and control LLDPE modified bitumen after
RTFOT aging. It can be observed that, composite
nanosilica modified binders exhibits the least
softening point increment values. This shows that
addition of nanosilica in to LLDPE polymer modified
binder have an important effect on enhancing aging
resistance of the modified binders due to lower
hardening aging observed in the binders.
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Fig. 11: Effect of aging on G*/sin § on LLDPE and
nanosilica modified binders
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Fig. 12: Softening point increment of LLDPE and
nanosilica modified binders

5. Conclusion

In this investigation, the properties of composite
nanosilica modified binders in comparison with
LLDPE polymer modified bitumen were investigated.
SEM analysis shows an excellent dispersion of
nanosilica and polyethylene within the modified
binders, which indicates that nanosilica, can
significantly improve the compatibility between
bitumen and polyethylene. Storage stability test for
nanocomposite modified binders indicates that all
nanosilica modified binder will be stable under high
temperature storage conditions due to the ability of
nanosilica to form a strong bond between LLDPE and
bitumen. Furthermore, the Superpave viscosity aging
index showed that nanosilica can reduce aging due
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to reduction of VAI in the nanosilica modified
binders, the FT-IR spectrums results showed that
nanosilica can delay the process of oxidative aging in
the modified binders, this was confirmed by
reduction in the carbonyl group formation which is
attributed to the nanosilica huge surface area as well
as hydroxyl groups presence.
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