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Abstract: cold environments and soft in hot environments. Pavement material is characterized by number of
failures modes at low and high temperature such as cracking, fatigue cracking, or permanent deformation which
causes a reduction of quality and performance [1]. Any improvement in service life of road pavements will be
off course of a great economical advantage and any modifications of asphalt are attempts to extend the service
life and improve the performance of asphalt pavements [2].

In this study a forward investigation of s nano silica and nano carbon on the physical properties such as
penetration, softening, and viscosity then studying its effect on the mechanical properties of marshall specimen.
Two methods of mixing nano-materials (Mechanical and High-Shear) were examined. Results showed that nano
carbon or nano silica decrease the penetration and increase softening and viscosity. Furthermore increased
stability and decreased flow. Micro scanning proved that high shear mixing is better than mechanical mixer in
case of nano carbon while there was no significant different in case of nano silica.

Index Terms- Hot Asphalt Mix; Polymers; Nano-Materials.

l. INTRODUCTION

Improve the performance of asphalt. To demonstrate many of the prospective applications, researches
have conducted a series of positive and effective efforts dealing with the preparation of modified asphalt to
demonstrate the mechanism of modification and the resultant improvement in performance [1].

This research studies the effect of nano-material such as nanocarbon tube and nano-silica on the Physical
properties bitumen such as penetration, softening, and viscosity then Asphalt (or bitumen) is used in road
pavements as the binder of aggregates in a great extent all around the world. Asphalt pavements must undergo
heavy loads and unfavorable environmental conditions for an acceptable period of time.

High-temperature rutting and low temperature cracking are the most considerable limitations of unmodified and
pure asphalts. Therefore, modification and reinforcement of asphalt binder is necessary [3].

Modification of base asphalt is required to improve the material’s performance (e.g. adhesion,

temperature sensitivity, friction properties, oxidation resistance, aging resistance and durability). There many
kinds of asphalt modifiers, including various resins, rubbers, polymers, sulfer, metal complexes, fibers and
chemical agents [4]. In recent years, nanotechnology has gradually been incorporated into the field of modified
asphalt with various kinds of nanomaterials being used to modify asphalt [5].
Nanotechnology has been used in various fields. In pavement engineering research, nanomaterials is used as a
form of new material at the molecular level. A number of researchers have used nanomaterials in Portland
cement materials. Lately, some researchers have started to work on the improvement of asphalt materials with
nanomaterials in asphalt cement and emulsions. There are various nanomaterials which have potential to be used
in asphalt modification; such as nanoclay, nanosilica, nano-hydrated lime, nano-sized plastic powders, or
polymerized powders, fibers, and nanotubes [6].

The recent practices of nanotechnologies are those using nano-sized particles in so-called
nanomaterials and nanometer-size features on integrated circuits. These materials frequently show properties
that are completely different from those demonstrated by the same products with larger dimensions. A reason
for this can be found in the increased relative surface area of minute particles as shown in Figure (1) and [7].
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Figure (1): Example of Surféce Ara of Nanomaterial for a Cubic [7]
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Nanotechnology has been gradually penetrated into the field of asphalt modification. Seemingly magic effects of
nano-materials have now been brought to studying its effect on the mechanical properties of HAM.

. LITERATURE REVIEW

In 2013, M. Faramarzi et al. [9] attempted to promote technical characteristics of asphalt mixture using
carbon nanotubes as an additive material for bitumen. In this study, marshal test parameters of hot mix asphalt,
modified with 0.1, 0.5, and 1% carbon nanotubes, are investigated and compared to conventional asphalt mix.
Wet and dry process methods are most practical ways of mixing CNF in AC. It was decided that the best method
to adopt for this investigation was dry process. According to the results, the more carbon nanotubes increase, the
better asphalt concrete specifications will be. Thus sample containing 0.01 carbon nanotubes by weight of
bitumen, has the best results. This sample regarding Marshal Stability 32.53 percent and Marshal Ratio 44.71
percent is higher than the control sample. Also Marshal flow 8.4 percent and specific gravity 0.68 percent is
lower than control sample. It should be noted that despite the decrease in flow, it is still within the permitted
regulation. The initial cost of both samples 0.005 and 0.01 is higher than the control sample but for total cost,
the amount and type of work should be investigated. When using modified mix, due to its high stability, the
lower layer thickness will be less than the control mix and then the amount of total costs will decrease. [9]

Yadykina, V.V et al. [10] made a guess based on theoretical researches that inserting CNT into bitumen
will make a positive impact on its stress-strain properties. In researchers’ opinion it may be possible because of
aromatic compounds presence in bitumen connected with m-conjugated links system. It will cause the CNT and
carbon amorphous particles dispergating improvement and forming theirs Table suspensions in organic solvents.
These suspensions will consist of separated carbon amorphous particles and carbon nanotubes, this will cause
forming a grid from nanotubes and carbon nanoparticles at asphalt-concrete and asphalt binder with improved
stress-strain properties.

Ziari Hasan et al. [11] discussed the mixing conditions of CNT with asphalt and the effect of various
mixers on the CNF mixing with asphalt cement (AC). In the first stage, multi wall carbon nanotube, which its
weight proportion to asphalt is three percent, and asphalt are mixed together. This mixture is divided into three
smaller mixtures (samples). Each sample is mixed by using a different mixer and in different conditions. These
mixers are mechanical, high shear and ultrasonic mixers similar results were observed in almost all samples
mixed by the mechanical mixer. While there was a concentration of hano materials in some parts of samples
there was almost no nano materials concentration in some other samples. This indicates that the use of the
mechanical mixers, to mix nano materials, leads to forming a heterogeneous mixture based on the materials
dispersion in asphalt. In addition, it cannot prevent nano materials from becoming agglomerated. [11]

In contrast to the provided samples by the mechanical mixer, the dispersion of nano materials in the
whole sample mixed by the high shear mixer was homogeneous. But unfortunately, this mixer, like the previous
one, could not disperse nano materials in nano scale and these materials were dispersed in micro scale.
Therefore, agglomeration of nano materials in the sample was observed. Consequently, they normally become
agglomerated and approach micro scale. Therefore, this mixer cannot separate these nano materials from each
other. [11]

For samples mixed by an ultrasonic mixer, nano materials are observed homogeneously and separately dispersed
in asphalt (without agglomeration). Also, CNT particles are separated from each other and easily recognizable.
[11]

Mojtaba Ghasemi et al. [12] reported the potential benefits of nano-SiO2 powder and SBS for the
asphalt mixtures used on pavements. Five asphalt binder formulations were prepared using various percentages
of SBS and nano-SiO2 powder. Then, Marshall samples were prepared by the modified and unmodified asphalt
binders. The results of this investigation indicated that the asphalt mixture modified by 5% SBS plus 2% nano-
SiO2 powder could give the best results in the tests carried out in the current study so that this modification can
increases physical and mechanical properties of asphalt binder and mixtures. The modified bitumens were
prepared by a high shear mixer. The physical properties of the modified bitumens (such as softening point,
penetration and ductility) were measured. The obtained optimum bitumen content for the control mixtures was
6.3% which was used for preparing all other modified mixes in order to maintain consistency throughout the
study. [12]

1. EXPERIMENTAL WORK
This research aims to study the improvement in properties of modified bitumen, by adding nano-
materials as a percentage of weight. The effect of nano-materials (nano-silica and nano-carbon) is examined. To
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achieve the optimum content, five different percentages of nano-silica (1, 3, 5, 7, and 9%) and four different
percentages of nano-carbon tubes (0.01, 0.1, 0.5, and 1%) are mixed with bitumen. Nano-silica and nano-carbon
tubes are mixed with bitumen using two different methods: (i) using the mechanical mixer and/or (ii) using the
high shear mixer as shown in Figure (2); the better method later determined through results.

Mechanical High Shear
Figure (2): Methods of Mixing Nano-Materials with Bitumen

A variety of tests are carried out on all samples to study potential improvement. Tests conducted were
the penetration test, viscosity test and softening point. The standards associated were ASTM-D5, ASTM-D4402
and ASTM-D36, respectively (See Figure (3)).

According to ASTM D5581 - 07a (2013), the Marshall test is carried out on specimen prepared by
5.5% of modified bitumen of dry aggregate weight (taken as the optimum percent from previous research
studies). Figure (4) illustrates some of the experimental work steps conducted in the laboratory. Unconfined
compression tests are also carried out on the optimum percent of the Marshall specimen to obtain the stress-
strain curve, accordingly, as shown in Figure (5).

Penetration Test Annaratiis Viscositv Test Annaratiis

Softenina Paint Annaratiis

Figure (3): Physical Properties of Bitumen
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Figure (4): Experimental Work Steps

All results compared are compared to the control specimen.

Figure (5): Unconfined Compression Test

V. RESULTS

As mentioned earlier, in this effort, the effect of nano-carbon and nano-silica — using either mechanical
or high shear mixing - onto the physical properties of bitumen is emphasized upon. From the obtained results, it
is evident that increasing the percentage of nano-carbon or nano-silica decreases penetration; whereas increases
softening and viscosity as shown in Figure 6 to Figure 11.

An increase in nano-carbon decreases the penetration degree by 10.76% in case of mechanical mixing
and by 11.2% in case of high shear mixing. As for nano-silica; increasing its percentage results in a penetration
decrease of 8% - in case of mechanical mixing - and by 8.5%, in case of high shear mixing. On the other hand,
increasing the percentage of nano-carbon increases the softening degree by 19% - in case of Mechanical Mixing
- and by 21.4% in case of high shear mixing. Whereas, an increase in nano-silica increases the softening degree
by 14.3% - in case of mechanical mixing - and 16.67%, in case of high shear mixing. As regards viscosity,
increasing nano-carbon tubes enhances viscosity by 13.33% - in case of mechanical mixing - and by 15% in
case of high shear mixing. Whereas, increasing nano-silica enhances viscosity by 10% - in case of mechanical
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mixing - and 13.33% in case of High Shear Mixer.

For some results, mixing nano-materials with bitumen through high shear mixing yields better results than
mixing using a mechanical mixer; however, the difference in results is insignificant. The difference in
penetration for nano-carbon is constant; equal to 0.03 mm while the maximum difference for nano-silica is 0.07

mm at 7%. For softening, the change occurs at 1% by 1°C for nano-carbon, while for nano-silica the difference
does not exceed 1°C.
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Figure 6: Effect of Nano-Carbon on Penetration
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Figure 7: Effect of Nano-Carbon on Softening

330

]
&

—+—Mechanical

Viscosity
5w ow

]

B

—8—High Shear

o
o
~

0.4 0.6 08

[

Nano Carbon %

Figure 8: Effect of Nano-Carbon on Viscosity
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Figure 9: Effect of Nano-Silica on Penetration
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Figure 10: Effect of Nano-Silica on Softening
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Figure 11: Effect of Nano-Silica on Viscosity

Results showed that the optimal percent for nano-carbon is 0.5%; prior to which this percentage and
relationship between nano-carbon and stability is directly proportional; the relationship becomes inversely
proportional after the optimal point where flow decreases on increasing nano-carbon content/percentage.

A nano-carbon addition of 0.5% increases stability by 30.3% and decrease flow by 7.35% for mechanical
mixing. The latter addition also increases the stability by 58.3% and decreases flow by 8.6% for high shear
mixing as shown in figures (12-13).

For nano-silica, it is observed that the optimum percent is 7%; prior to which the relationship between nano-
silica and stability is directly proportional and after which the relationship is inversely proportional. Flow
decreases with the increase of nano-silica as shown in Figures (14-15).

A 7% addition of nano-silica increases stability by 23.76% and decrease flow by 17.24% for mechanical
mixing; whereas increases stability by 17.5% and decreases flow by 13.88% for high shear mixing.

For nano-carbon, high shear mixing increases stability by 21.5% and decreases flow by 1.33% than mechanical
mixing. For nano-silica, mechanical mixing increases stability by 5.3% and decreases flow by 4% than high
shear mixing.
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Figure 12: Effect of Nano-Carbon on Stability
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Figure 13: Effect of Nano-Carbon on Flow
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Figure 14: Effect of Nano-Silica on Stability
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Figure 15: Effect of Nano-Silica on Flow
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The comparison of the change of modulus of elasticity between pure bitumen and modified bitumen are
illustrated in Figure (16)
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Figure 16: Modulus of Elasticity

From the obtained results, a percent of 7% nano silica mixed mechanically decreases the modulus of
elasticity by 0.65%; whereas if mixed by a high shear mixer, the modulus of elasticity decreases by 0.52%. On
the other hand, a 0.5% addition of nano-carbon mixed either mechanically or through high shear mixing,
decreases the modulus of elasticity by 0.39%. Thus, results indicate that the effect of nano-materials on
modified bitumen is insignificant in terms of modulus of elasticity.

Micro Scanning

To recognize the best method of mixing nano-materials in bitumen to get homogenous mix, microscanning tests
were carried out on the optimum percent of nano-carbon (0.5%) and nano-silica (7%). Microscopic Scan
equipment is shown in Figure (17). The photo is illustrated in Figures (18 to 21).

Figure 17: Microscopic Scan

Figure 18: Micro Scan for 0.5% Carbon Mechanical Mixing

Figure 19: Micro Scan for 0.5% Carbon High Shear Mixing
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Figure 21: Micro Scan for 7% Silica High Shear Mixing

The use of the mechanical mixers, to mix nano-carbon, leads to forming a heterogeneous mixture based

on the material dispersion in asphalt. In addition, this cannot prevent nano materials from becoming
agglomerated. While regarding nano-carbon mixing using the high shear mixer, the dispersion of nano materials
in the whole sample was homogeneous. A drawback however for this mixer is its inability to disperse nano-
materials in nano-scale; these materials were dispersed in micro scale. Therefore, agglomeration of nano
materials in the sample was observed as shown in Figure (19-20).
The use of the mechanical mixers or high shear mixers gave nearly the same results to mix nano-silica. The
dispersion of nano materials in the whole sample was homogeneous and the mixer could disperse nano materials
in nano scale. Therefore, agglomeration of nano materials in the sample was not observed as shown in Figure
(21-22).

V. CONCLUSION

Based on the results obtained from this research, the following conclusions can be drawn:

1) The optimal percentages for nano-silica and nano-carbon used in the asphalt mix are 7% and 0.5%
respectively.

2) A 0.5% nano-carbon content decreases the penetration degree by 9.4% in the case of mechanical mixing
and by 9.8% in case of high shear mixing, whereas 7% nano-silica content decreases the penetration degree
by 7.13% in case of mechanical mixing and by 8.1% in case of high shear mixing.

3) A 0.5% nano-carbon content increases softening by 14.3% in both mechanical mixing and high shear
mixing, while 7% nano-silica increases softening by 9.52% in case of mechanical mixing and by 11.9% in
case of high shear mixing

4) A 0.5% nano-carbon content increases viscosity by 10% in case of mechanical mixing and by 11.67% in
case of high shear mixing; whereas 7% nano-silica increases viscosity by 8.33% in case of mechanical
mixing and by 10% in case of high shear mixing.

5) A 0.5% nano-carbon content increases the viscosity by 10% in case of mechanical mixing and by 11.67%
in case of high shear mixing, while 7% nano-silica increases viscosity by 8.33% in case of mechanical
mixing and by 10% in case of high shear mixing.

6) High shear mixer - in case of nano-carbon is better than mechanical mixing — whereas vice-versa in case of
nano silica.

7) Mixing nano-carbon using a mechanical mixer yields a heterogeneous mixture; nano-carbon agglomerates
on mixing through high shear giving a homogenous mixture with agglomeration nano-silica.

8) Mixing nano-silica and nano-carbon using a mechanical mixer or high shear mixer gives the same results a
homogenous mixture with no agglomeration of nano.
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