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Graphical abstract Abstract

In this paper, the effects of nanopolyacrylate (NP) in binder modification on the empirical
and rheological characteristics of the conventional binder were explored. The empirical
and rheological binder properties were characterized using penefration, softening point,
viscosity and dynamic shear rheometer (DSR) respectively. These testings have become
useful methods in characterizing of the binder performance on the pavement. The results
indicated that NP polymer modification improved the physical properties of the
conventional binder such as; penetration, softening point and temperature susceptibility.
The results of viscosity test show that the NP polymer modified binder is more viscous than
unmodified binder where viscosity increases with the increment of polymer content. The
DSR results indicate that the NP polymer improves rheological properties of conventional
binder, i.e. increasing the complex shear modulus (G*) values and rutting parameters
(Gx/sin &), as well as decreasing the phase angle (6) values. Therefore, it can be
concluded that NP polymers considerably improves elastic properties and rutting
resistance of binder and thus could be used for enhancing the asphalt pavement
performance.
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1.0 INTRODUCTION

pavement failures. Therefore, polymer modified
binder is one of the dalternative approaches to

Increment in fraffic density, tyre pressures, heavier
frucks loading, construction and design errors and
also environmental conditions have a significant
effect on pavement performance. As a
consequence, premature failures of asphalt
pavement increased. This has resulted in the need to
enhance the properties of asphalt material in order
to create high performance of asphalt pavements.
Asphalt binder is one of the important materials in
asphalt pavement. However, in recent years the
conventional asphalt binder has not performed well
in most highway pavements as it no longer able to
cater the existing problems that contributed to

improve the pavement performance|[1].

Polymer modified binder (PMB) has been observed
for a long fime in improving asphalt pavement
performance([2]. The application of polymers into
binder has been proved to improve pavement
performance such as stripping, rutting deformation,
fatigue and low temperafure cracking, wear
resistance and ageing [3.4,5,6]. Some of the
significant advantages of ufilization of PMBs are
higher elastic recovery, a higher softening poinft,
greater viscosity, greater cohesive strength and
greater ductility [1]. To date, researchers are
interested in using the material at nano scale as one
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of asphalt modifier. Nanotechnology is a promising
and creative technique in the material industry and
nanomaterials have been widely applied to various
fields world-wide [7]. The addition of nanomaterials in
asphalt pavement mixtures has the potential to
enhance further the mechanical properties of
asphalt mixtures and overcome the shortcomings of
using polymer in asphalt pavement mixes. Literature
review shows that a few studies have been
conducted using polymer nano composites consist of
a blend of one (or more) polymer (s) with various
nanomaterials  such  as  nanoclays, carbon
nanotubes, etc[8,9]. Most studies highlighted that the
most commonly used nano materials is nano clay [10,
11,12]. The addition of nanoclay in asphalt mixture
has been observed to increase the viscosity, thus has
the potential to reduce rutting and fatigue problems
in asphalt pavement[13]. The influence of modified
binder using NanoPolyacrylate (NP) with virgin
mixtures has not yet been identified clearly and the
use of NP has not been explored in improving the
properties of asphalt binder. In this research the use
of nanopolyacrylate (NP) polymer as a modifier was
investigated.

2.0 MATERIAL AND METHODS
2.1 Material

In this study, asphalt binder 80/100 penetration grade
was selected and used as a conventional binder.
The nanopolyacrylate (NP) with three different
contents from 0%, 2%, 4% and 6% (by weight of
asphalt binder) were used as the modifier in this
study. The NP was obtained from Nan Pao Resin
Chemical CO., Taiwan. Polyacrylate, also commonly
known as acrylics belongs to a group of polymer
which could be referred as plastic. This polymer is
commonly used for their fransparency and its ability
fo resist breakage and elasticity. The
nanopolyacrylate consist of 39-40% polyacrylate resin
with the average diameter of 50nm.

2.2 Preparation of Nanopolyacrylate (NP) Modified
Binder

The samples prepared were unmodified binder
sample and modified binder samples. For modified
binder sample, nanopolyacrylate (NP) was added
according to the weight percentage of the binder.
The percentage used for NP content was selected at
various range from 0% to 6% by weight of binder. For
the preparation of a sample, 500g of base binder
was melted at 110°C and poured into a 500 ml
container. Then, the binder was heated in the oven
at 160°C until it liquefies. The polymer was then
added slowly into the liquid binder and sheared using
a propeller mixer with mechanical sfirrer. The polymer
modified binder was then evaluated for further
physical properties test.

2.3 Emprical Binder Test

The unmodified binder and modified binder samples
were subjected to the following empirical binder
tests: penetration, softening point and viscosity test.
Penetration test was used to measure the
consistency of the binder after heating. The
penetfration of binder can be defined as the
distance to which a standard needle is able fo
penetfrate under known condition of time, loading,
and temperature. Penetration test was conducted
accordance to ASTM D5. The softening point test was
used to determine the softening point of a bitumen
mixture which is used as indicator to characterize the
rutting resistance. Softening point test is conducted
accordance to ASTM D36. In addition, the
temperature susceptibility of the modified bitumen
samples was calculated in terms of penetration index
(PI) using the results obtained from both penetration
and softening point temperature tests. Temperature
Susceptibility is defined as changes in the consistency
parameter as a temperature function[14]. The
viscosity test was evaluated to describe the
resistance of flow fluids. This test was conducted
using a Brookfield rotational viscometer and tested
according to ASTM D4402 procedures.

2.4 Dynamic Shear Rheometer Test

Dynamic Shear Rheometer (DSR) testing was
conducted according to AASHTO TP5. The DSR
measures a specimen’s complex shear modulus (G*)
and phase angle (6) over a femperature range from
46°C to 70°C. The complex modulus ( G*) and the
degree of phase angle (6) are used to determine the
relationship between asphalt stiffness and the type of
deformation: recoverable and non-recoverable. In
Superpave requirements, the relationship G*/siné has
been used as the indicator to determine the rutting
of an asphalt binder at a high-performance
temperature. The critical G*/sind values are 1000 for
unaged conditioned at a reference temperature
[7.15].

3.0 RESULTS AND DISCUSSION
3.1 Empirical Binder Properties

The empirical binder properties test (penetration,
soffening point and penetration index) were
investigated for unmodified and modified polymer
binder of NP. Table 1 below shows the summary of
empirical binder properties results. The penetration
value was decreased for all type of modified binder
compared to unmodified binder. The maximum
decrease in the penetration value was observed at
6% NP content. However, from the practical cost of
view, the most suitable ratio for NP is 4% since there is
no significant difference in penetrafion value
between addition of 4% and 6% NP. In ferms of
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softening point, the asphalt modified binders with NP
demonstrate higher soffening point compared fo
unmodified binder. It also presented that the
softening point temperature increases with increasing
in NP content. The maximum softening point
temperature was achieved at 6 percent NP content.
The increase of softening point temperature is used
as an indicator of the stiffening effect of polymer
modification which is stated that bitumen with higher
softening point is less sensitive to permanent
deformation (rutting) and also showed that the
stfrength and compatibility of the modified asphalt
binders were increased[16]. The temperature
susceptibility of binder is determined by the
Penetration index (PI) that was evaluated from the
penetration and softening point test results. From the
table, it is clearly stated that addition of NP polymer

intfo asphalt binder has increased the Pl value with
increased NP polymer content. Increased values of Pl
indicate a significant reduction in temperature
susceptibility of PMBs samples. This clearly shows that
polymer modified binder induces less temperature
susceptibility thus befter resistance to low
temperature cracking and permanent
deformation[14]. In general, as shown in Table 1, the
penetfration decreased and the softening point
increased with increasing of NP polymer content. The
decrease in penetration and the increase in
softening point indicate an increased hardness or
stiffness of the modified binders. This fable also shows
that the viscosity at both temperature (135°C and
165°C) increased when the NP content increased.
This results indicate that the modified binder more
viscous than unmodified binder[17].

Table 1 Physical properties results

Binder Type Penetration (dmm) Softening point (°C) Penetration index Viscosity at 135°C Viscosity at 165°C
0% 88 44 -1.4 0.5 0.1
NP 2% 70 47 -1.2 0.6 0.2
NP 4% 64 48 -1.1 0.7 0.3
NP 6% 63 49 -1.0 0.9 0.4

3.2 Rheological Binder Properties

The DSR test data obtained for the unmodified and
NP modified binder were analysed. The complex
modulus  (G*), phase angle (8) and rutting
characteristic (G*/sind) of binders were presented as
below.

3.2.1 Complex Modulus and Phase Angle of Unaged
Binder

Figures 1(a) and (b) illustrate the complex modulus
(G*) and phase angle (38), respectively, versus
different NP polymer contents in the binder. In this
figure, the G* value decreases and the phase angle
(8) increases when the temperature increases. The
similar frend could be seen in all modified binder
types. In general, the NP modified binder shows
slightly higher complex modulus throughout the
temperature range compared to unmodified binder.
The higher complex modulus indicated that binder
strength has increased which can be correlated to
higher rutting resistance. From these results, it shows
that the NP polymer modified binder may have the
potential to reduce rutting failure in aspahlt
pavement. Figure 1 also shows that the phase angle
for modified binder is lower compared to
conventional binder, As temperature increases,
conventional binder totally loses it elasticity (phase

angle fo 90°C). However, modified binder for NP
polymer is improved where the binder can retain its
elastic respond or delay lost of its elasticity response
at high temperature. This relationship follows the
rationale that a binder with a high G* value is sfiffer,
which increases its resistance to deformation, and a
binder with a low siné value is more elastic, whereby
its ability to recover part of the deformation is
increased [18].

3.2.2 Rutting Characteristic G*/sins of Unaged Binder

According to Strategic Highway Research Program
(SHRP) specifications, the rutting factor G*/sind has
been used in evaluation of the rutting resistance of
asphalt binder under repeated load. In this study,
rutting test was conducted at five different
temperatures, 46°C, 52°C, 58°C, 64°C, and 70°C. The
results of rutting characteristic G*/sind for unaged
binder are illustrated in Figure 2. It could be observed
that all binders have G*/sin & values higher than 1.0
kPa (unaged condifion) at 64°C testing condition.
This shows that all modified asphalt binders meet the
Superpave specification requirement at selected
testing temperature. It could also be observed that
G*/sin 8 value for unaged increases for asphalt
binders modified with NP polymer. Higher G*/siné
indicates high rutting resistance for asphalt binders.
NP 6% shows the highest G*/siné values compared to
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others. The minimum G*/siné is found for conventional
binder. Therefore, it shows that the binder with NP

reveals rutting resistance and significant to reduce
rutting failure in asphalt pavement.

G* Value (kPa) |
o (6] o

(6]

0% NP 2% NP 4% NP 6%

Temperature (EC)

(@)

Phase angle,? (=)

90

[o0]
u

[0}
o

~
ul

W 46°C W 52°C W 58°C W 64°C H 70°C

0% NP 2% NP 4% NP 6%
Temperature (EC)

(o)

Figure 1 (a) Complex Modulus (G*), (b) Phase angle (8) versus different NP binder content
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Figure 2 G*/sin6 of conventional and modified binders containing various NP content

4.0 CONCLUSION

Based on the results obtained from this study, the

following conclusions could be deduced:

e The physical properties of NP modified binder
shows significant improvement as compared to
unmodified binder where the penetration
decreases and the softening point, penetration

index and viscosity increases with increasing of
NP polymer content.

The DSR test results indicate that the addition of
NP polymer increases complex shear modulus
(Gx) values and rutting parameters (Gx/sin §),
and decreases phase angle (6) values.
Therefore, it can be concluded that NP polymers
considerably improves elastic properties and
rutting resistance of binder.
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The use of NP polymer as modifier seems to have
positive effects on empirical and rheological
properties of the binders. Therefore, there is a
potential fo use the NP polymer for enhancing
the performance of asphalt pavement.

Further study on performance of hot mix asphalt
mixture is needed in order to verify and
generalize these findings.
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