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Today, with the growth of the population and the increase in water, and air
pollution, the issue of water purification and the use of nanomaterials has
been the focus of many researchers. Considering that, environmental issues
such as the reduction of pollutants in porous environments such as asphalt
are important. Therefore, the aim of this research was to investigate the role
of nanomaterials in improving flexibility and removing pollution in porous
asphalt in urban surface runoff. For this purpose, titanium dioxide and
graphene oxide nanoparticles were used to improve the mechanical
performance of porous asphalt and to reduce the pollutants in the surface
runoff. Hence, 11 samples were considered; first asphalt without
nanomaterials was made, then 4 porous asphalt samples containing titanium
dioxide nanoparticles and 4 porous asphalt samples containing graphene
oxide nanoparticles with a concentration of 2-8% were made. The results of
the flexible modulus test showed that the asphalt sample containing graphene
oxide nanoparticles with a concentration of 6% performed best and was
introduced as the optimal nano percentage, and in the environmental section,
the asphalt sample containing titanium dioxide nanoparticles with a
concentration of 8% was the best.
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Role of Nanoparticles on Removing Pollution in Asphalt

EXTENDED ABSTRACT

Introduction

The use of porous asphalt as a permeable
bituminous macadam has increased significantly
during the last decade and, like many innovations,
has been the subject of many scientific
discussions. The most obvious characteristics of
this asphalt is its drainage ability. The main reason
for paying attention to the use of this particular
type of pavement on the road surface is the
drainage characteristics of the top layer of the
road. Drainage is possible due to the presence of a
large percentage of empty space and connection
between empty spaces, because these holes allow
water and air to flow to sides of the road.
Therefore, paying attention to the importance of
investigating environmental issues such as the
reduction of pollutants in porous environments
such as asphalt, so the purpose of this research is
to investigate the effect of nanomaterials such as
titanium dioxide nanoparticles (TiO,) and
graphene oxide nanoparticles (GO) on
determining the condition It has been qualitatively
and quantitatively porous in asphalt.

Material and Methods

In this section, with the introduction of
consumable materials and their characteristics,
including stone materials and their granulation,
bitumen, nanomaterials and asphalt mixture
mixing plan, functional tests and environmental
tests in relation to the percentage of pollutant
absorption in porous asphalt mixture were
investigated. Coarse and fine stone materials used
in porous asphalt must be hard, strong, durable,
clean and cube-shaped and 100% broken, with
uniform quality characteristics, and free from any
particles of clay, silt, shale and soil cover. The
stone materials used in this research were made of
limestone. On the other hand, for the granulation
plan from the Malaysian regulation (PWD) with
the percentage of free space in this plan, at least
19% was considered and the granulation of this
plan had aggregates between 0 and 19 mm. Pure
bitumen 60/70 was used in the porous asphalt
mixture according to the conventional use in the
pavement industry and literature. TiO, and GO
were used so that in each of 4 porous asphalt
samples, 2, 4, 6, and 8% of optimal bitumen was
added to it to make the sample. One of the most
well-known and practical asphalt manufacturing
methods, which is the Marshall method, was used
on cylindrical samples with a diameter of 10 cm
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and a height of 6.25 c¢cm, and the compaction of the
asphalt sample was made with a 4.5 kg hammer.
It takes place from the fall of the hammer 45 cm.
In this research, nine samples of porous asphalt,
including one sample of porous asphalt without
nanomaterials as a control, along with four
samples of porous asphalt containing
nanomaterials of graphene in different
percentages and four samples of porous asphalt
containing TiO, nanoparticles in different
percentages, were made. The assumption of the
optimal bitumen percentage of 7% was made from
the functional test samples by the gyratory device
with the rotational compression method, which
causes the application of a horizontal shear stress
similar to the roller in reality. Meanwhile, the
weight of the samples was equal to 1200 g to mix
nanoparticles with bitumen from a high-speed
mixer with a rotation speed of up to 5000 rpm, and
Crozen was used as a solvent, and the percentage
of nanomaterials was 0, 2, 4, 6, and 8% was used.
11 samples were taken into account, first the base
asphalt (asphalt without nanomaterials) was
made, then 4 porous asphalt samples containing
titanium dioxide nanoparticles and 4 porous
asphalt samples containing graphene oxide
nanoparticles in percentages of 2-4-6-8% were
made. Then, the basic pollutant solution, which is
a combination of metal salts including
dipotassium hydrogen phosphate, zinc chloride,
lead nitrate and sodium sulfate, was formed in
certain mineral water in different proportions
according to Iran's water and sewage standards
and passed 9 asphalt samples (Table 1).

Table 1 Specifications of pollutant solution (g/mol) in
this research

Specification Amount

Lead nitrate 60

Sodium sulfate 300

Zinc chloride 4.5

Dipotassium hydrogen phosphate 4.5
Results

In this research, TiO, and GO nanoparticles were
used to improve the mechanical performance of
porous asphalt and reduce the pollutants in surface
runoff. These nanomaterials were added to the
asphalt mixture and new porous asphalt samples
were made. In order to check and evaluate the
performance of the samples, functional tests of the
yield modulus and the percentage of emission
reduction were performed and analyzed. The
results of the flexural modulus test showed that
the porous asphalt samples modified with GO
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have higher hardness values on average than the
normal sample at all temperatures. It should be
noted that the optimal percentage of GO
nanoparticles in the test was equal to 6% among
the percentages investigated in this research. At
the same time, the porous asphalt containing as
TiO; nanoparticles did not have much success
over the asphalt samples in terms of flexibility.
The comparison of the qualitative results
regarding the effectiveness of as TiO;
nanoparticles and GO nanoparticles in reducing
pollution showed that TiO; nanoparticles have the
role of reducing pollution in all qualitative
parameters, and the largest reduction was in
phosphate, zinc, TSS and nitrate. On the other
hand, GO nanoparticles except in the cases of
reduction of nitrate and lead emissions, in the rest
of the cases, it showed either an unspecified
behavior or an increase. Therefore, it has a
significant advantage over GO nanoparticles,
which increases with increasing concentration. In
addition, in the performance of modulus test
section of the performance test series, the asphalt
sample containing GO nanoparticles with a
concentration of 6% has performed best and was
introduced as the optimal nano percentage, but in
the environmental section, the asphalt sample
containing  TiO, nanoparticles with a
concentration of 8% had the best performance.
The results indicated the superiority of TiO»
nanoparticles over GO, so that in reducing
phosphate  pollution for TiO, and GO
nanoparticles was 33 and 7%, respectively, and in
the lead parameter, the pollution reduction for
TiO, and GO nanoparticles was 85 and 81%,
respectively. For zinc, TDS, and nitrate
parameters, the pollution for TiO, nanoparticles
decreased by 34, 13.8, and 8%, respectively, but
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for GO nanoparticle, it was associated with no
specific behavior. Regarding the TSS parameter
for TiO, nanoparticles, there was a 22% reduction
in emissivity and for GO nanoparticles, it was
associated with an increase of 54%.

Conclusions

The results of the flexural modulus test showed
that the porous asphalt samples modified with GO
nanoparticles have higher hardness values on
average than the normal sample at all
temperatures. It should be noted that the optimal
percentage of GO nanoparticles in the test was
equal to 6% among the percentages investigated
in this research. This is while the porous asphalt
containing TiO, nanoparticle did not have much
success over the asphalt samples in terms of
flexibility. Moreover, the comparison of the
qualitative results regarding the performance of
TiO, and GO nanoparticles in reducing pollution
showed that TiO, nanoparticles have the role of
reducing pollution in all qualitative parameters,
with the greatest reduction in phosphate, zinc,
TSS and nitrate with reduction percentages of 33
and 34, and 22%. On the other hand, GO
nanoparticles showed indeterminate or increased
behavior in most cases. Therefore, it has a
significant advantage over GO nanoparticles,
which is increased with increasing concentration.

Data Availability
The data used in this research are presented
in the main text of the article.
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Table 4 Specifications of pollutant solution

Specification (g/mol) Amount
Lead nitrate 60
Sodium sulfate 300
Zinc chloride 4.5
Dipotassium hydrogen phosphate 4.5
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Table 3 Characteristics of cellulosic fibers used in this

research
Specification Unit Amount
Fiber % 3495
Natural wax % 1.5-2.5
Average length of mm 15
Fibers
Average thickness of mm 4.5
fibers
Special Weight g/mol 420-460
humidity % >6
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Fig. 2 Effect of temperature and compound types on the flexible modulus
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