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Recently, nanotechnology has received wide applications in environmental health and
sustainable water management. Besides, global drinking water shortages lead to the
construction of different water collection systems. Therefore, considering that the
corrosion of rebar inside concrete structures, especially in areas with acid rain and
water structures, is an essential requirement. To this end, in the current research to
investigate the effect of nanoparticles on the strength of the mortar and the corrosion
resistance of the rebar inside it, Yttrium oxide (Y,O3) nanoparticles were used.
Yttrium oxide (Y,05) nanoparticles were added to the mortar with one weight percent
of the cement weight. The strength of the mortar was investigated by measuring the 7-
day and 28-day compressive and bending strengths, and the corrosion resistance of the
rebar inside the mortar was checked by measuring the polarization and
Electrochemical Impedance Spectroscopy (EIS) tests in a 3.5% salt solution. The
results showed that Y,O; nanoparticles increase the strength of the mortar by
increasing the compressive and bending resistances. In addition, the result of the
polarization test showed that this nanoparticle increases the corrosion resistance by
reducing the corrosion tendency and corrosion rate. By examining the results of the
EIS test, the reason for the decrease in the corrosion rate was attributed to the increase
in the impedance of the mortar. Finally, conserving the water collection systems or
watershed management infrastructures using Y,0j3 is the suggestion of this research as
a new technological-based solution against corrosion conditions.
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EXTENDED ABSTRACT

Introduction: Acid rain is composed of acidic water droplets that contain sulfur and nitrogen, which are emitted
from vehicles and industrial processes. When these rains reach the ground, they fall on statues and buildings,
causing metal corrosion and damage to the structures' facades. This damage is particularly severe in industrial areas
and regions with high air pollution, resulting in more acidic rain. Consequently, it is essential to design water
structures with improved resistance to acid rain. Today, due to its fire resistance and the availability of raw
materials, the use of concrete in the construction of water collection systems has increased. For water applications,
the concrete must have high strength; otherwise, the structure may collapse over time due to rebar corrosion.
Therefore, using concrete and mortar that protect the inner rebar from corrosion is a fundamental requirement.
Considering that when a material loses electrons, corrosion occurs, it is necessary to reduce the tendency and speed
of electron loss to prevent metal corrosion. This reduction leads to an increase in electrical impedance. In this
article, the impact of yttrium oxide (Y,03) nanoparticles on mortar strength, mortar impedance, and the corrosion
protection of rebar within it have been investigated. Since electrical impedance relies on factors such as
capacitance and electrical resistance, increasing the electrical impedance of a material requires an increase in its
electrical resistance and a decrease in its capacitance. The use of oxide nanoparticles is effective in elevating
electrical resistance. Additionally, the lower the dielectric constant of these nanoparticles, the lower the
capacitance, resulting in increased electrical impedance and improved corrosion protection.

Methodology: To investigate the impact of Y,0; nanoparticles on mortar strength and protection against rebar
corrosion, the aforementioned nanoparticles were added to the mortar at a weight percentage of one percent of
the cement weight. The prepared mortar was then placed in a standard three-part mold. For corrosion analysis,
rebar was inserted into a section of these molds. After surface smoothing, the samples were subjected to an
impact machine to enhance their density. Subsequently, they were placed in a humidity chamber for 24 hours.
Finally, the compressive and bending strengths of the prepared samples were measured after 7 and 28 days,
following the ASTM C109 standard. To evaluate the corrosion resistance of the rebar within the mortar,
polarization and EIS tests were conducted after 28 days of immersing the rebar sample in lime water. These tests
were performed in a 3.5% salt solution using a potentiostat device.

Results and Discussion: The results of measuring the compressive and bending strengths demonstrate that the
addition of one percent of Y203 nanoparticles to the cement mortar improves both the 7-day and 28-day
strengths. The enhancement in mortar strength can be attributed to the filling of voids caused by the
nanoparticles. Additionally, the presence of nanoparticles acts as nuclei, reinforcing the reaction between water
and cement. The results of the polarization test indicate that the incorporation of one percent of nanoparticles in
the cement mortar reduces both the corrosion tendency and corrosion rate. The EIS test was utilized to evaluate
concrete impedance. The findings of this test reveal that the addition of a small percentage of Y,0;significantly
increases the impedance of the concrete, thereby enhancing its corrosion resistance.

Conclusion: To enhance the strength of the mortar and improve the corrosion resistance of the rebar within it,
Y,03 nanoparticles were utilized. Strength analysis was conducted by measuring the compressive and bending
strengths and comparing the results to the control sample. The findings indicated that the addition of these
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nanoparticles increased the compressive and bending strengths at both 7 and 28 days. Corrosion protection
analysis was performed through polarization and EIS tests, revealing that the incorporation of a small amount of
these nanoparticles significantly reduced the corrosion rate and tendency. Investigation of the mortar's
impedance demonstrated that the increase in impedance, due to the presence of Y,03 nanoparticles, contributed
to the decreased corrosion rate. It is therefore practical to establish water collection systems incorporated with
Y,0; in developing regions that currently lack green-water infrastructure.
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Figure 3- a- compressive strength, b- bending strength with and without Y,0; nanoparticles
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Table 4- Current and corrosion potential of different samples
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