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e Radiation shielding properties for CaCOs were investigated.
e Thermal analyzes were made with COBRA code.

¢ Coolant temperature increased with the nanoparticle ratio.
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ABSTRACT: In this study, calcium carbonate (CaCOs) was considered as nanoparticle. In the first part of
the study, half-value layer (HVL) and mean free path (MFP) values, which are radiation shielding
parameters, were investigated in determined energy ranges by Phy-X open access software. At increasing
energy levels, the HVL value reached approximately 10 cm, while the MFP value reached approximately
17 cm. In the second part of the study, the reactor core geometry was modeled with the MCNP code and
then the relative power distribution values were determined. COBRA code input was prepared with the
determined relative power distribution values and thermal analyzes were made. These analyzes were
performed for three different nanoparticle ratios. As a result of the analysis, the temperature value at the
end of the channel was 613 K when only water was used as a coolant, while the temperature value at the
end of the channel was 611.19 K when 0.03% nanoparticles were used. Although the coolant temperature
increased with the nanoparticle ratio, it was observed that the temperature decreased when only water
was used.
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1. INTRODUCTION

Calcium carbonate is a compound present in almost all food products. Although it is known as
limestone among the people, it is found in the form of rock in nature. Travertines, chalks and marbles
come to mind when calcium carbonate (CaCOs) is mentioned. Although it is frequently used in the fields
of construction and industry, academic research on CaCOs is also quite abundant [1-4]. In the literature,
especially in recent years, the effect of nanoparticles in academic studies has begun to be examined. Many
systems using CaCO3 as nanoparticles are being investigated by researchers.

Some of the studies examining the mechanical properties of materials and making mechanical
improvements are as follows. In one of these studies; by preparing nanocomposites containing calcium
carbonate, the thermal, mechanical and morphological properties of these composites were investigated
[5]. As a result of the examination, the researchers concluded that the CaCO:s ratio was 3.75%, where the
nanocomposite used showed the highest impact and tensile strength. There are researchers who examine
the modification of adhesive bonds with nano-CaCO:s to increase the shear strength of epoxy adhesives
and also investigate the adhesive properties with the tensile overlap shear test [6]. In a study examining
the effect of nano-CaCOs particles on the interlayer shear strength (ILSS) and fracture toughness properties
of carbon fiber reinforced epoxy composites [7], composite materials were prepared by vacuum assisted
resin method. As a result of the tests applied to the material afterwards, it was concluded that adding 2%
by weight of nano- CaCO:s to the epoxy increased the interlayer shear strength (ILSS) up to 24%. To
increase the wear performance of epoxy/carbon fiber (CF) composites, CaCOs was added as nano
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reinforcement and a 65% reduction in friction coefficient and 75% reduction in specific wear rate was
observed [8]. Cementitious matrices in which nano-CaCQ: is also used were investigated in a study that
carried out studies to increase concrete strength. In particular, their mechanical and durability properties
were investigated and they concluded that the use of nanomaterials in cement concrete with the necessary
properties of building materials confirmed the feasibility [9]. Investigating the mechanical, thermal,
morphological effect of two types of fillers, micro CaCOs and nano-CaCOs, on Polypropylene (PP)
composite material [10], they concluded that the inclusion of nanofillers revealed better thermomechanical
properties. In the study conducted with nanocomposites containing calcium carbonate, the change of
mechanical properties such as flexural strength, flexural modulus, impact strength was investigated. The
sample sample containing 4% by weight nano CaCOs provided positive results in terms of flexural
strength, flexural modulus, impact strength compared to pure epoxy matrix [11]. Researchers [12], who
examined the effect of nano calcium carbonate particles on stone mastic asphalt (SMA), concluded, as a
result of a series of mechanical tests, that the fatigue life of SMA mixtures increased and the final stresses
decreased with the addition of nano CaCOs particles.

In the study where the effect of clinker mineral component and nanomaterials (nano-5iOz, nano-
CaCOs and nano-TiO2) on cement composites was investigated [13], HCSC's (high content calcium silicate
phase cement) curing time is shortened and its strength is significantly increased. There are some studies
[14-16] investigating the nano-calcium carbonate effect like these, and the general conclusion from these
studies is that the use of calcium carbonate as nanoparticles improves the mechanical and strength
properties of the systems in which it is used.

The use of nanoparticles in nuclear systems has recently started to increase. Because of the thermal
conductivity properties of the nanoparticles used, the efficiency of the system can be increased [17-18].
The nanoparticles used so far have had a positive effect on the system efficiency by increasing the coolant
temperature. Some of these nanoparticles are; Al20s, CuO, TiO2, Al, Cu, Si, Ag.

In this study, firstly, open access software Phy-X [19] was used to examine the radiation shielding
properties. Since radiation shielding is very important in nuclear reactors, it is important to know the
radiation properties of the materials used.

In the second part of the study, it was investigated how the coolant properties of nuclear reactors
containing calcium carbonate nanoparticle coolant water changed. To do this, first of all, relative power
distributions were determined with the Monte Carlo N-Particle Transport (MCNP) [20] code used for
neutronic analysis.

The power distributions values obtained from the use of the MCNP code are used in the COBRA code.
The COBRA code [21] was used to obtain the thermal analysis values. The COBRA code can determine
the thermal values of the reactor coolant by performing the subchannel analysis.

2. CALCIUM CARBONATE AND RADIATION SHIELDING

The issue of protection from ionizing radiation is very important in the world. Researchers working
on this subject are doing improvement studies against radiation protection on some materials [4, 22-25].
For example, [22] investigated the shielding properties of some low-temperature superconducting brazing
alloys. The highest mass absorption coefficient and half value layer values were determined [22]. In a
study that applied solution polymerization to produce water-soluble polyurethane, CaCOs was used as
fake gunpowder. And as a result, the tensile strength of the 40% diisocyanate-treated CaCO3 WPU
composites was increased and the elongation at break was also significantly improved [4]. Half value layer
(HVL) and mean free path (MFP) values are very important in radiation protection investigations. HVL
value is the thickness of the material at which the intensity of radiation entering it is reduced by one half.
HVL is related to linear attenuation coefficient (i) and it is represented by Equation 1 [26].
HVL=0.693/ u (1)
Another important parameter is the MFP value, which is the average path a photon can travel between
two consecutive interactions with the material and it is calculated as in Equation 2 [27].
MFP=1 /u (2)
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3. THERMAL ANALYSIS

In this part of the study, thermal properties of reactor coolant water containing calcium carbonate
nanoparticles were investigated. Most nuclear reactors in the world are pressurized water reactors and
generally use water as a coolant. It is expected that the coolant material used to absorb the heat generated
by the chain fission reactions occurring in the nuclear reactor core will absorb the maximum heat from the
system. In order to do this, there are suggestions about adding nanoparticles to the coolant water in order
to improve the heat conduction properties [17-18].

The relative power distribution of the calcium carbonate nanofluid was obtained using the MCNP
code which is a time-dependent Monte Carlo radiation transport code with continuous energy and
generalized geometry that can track many particle types in various energy ranges. It can simulate particle
interactions involving neutrons, photons and electrons, as well as for simulating the fission event. While
preparing the MCNP input, data such as reactor geometry, fuel and coolant properties (such as density)
are used.

With the obtained relative power values, the COBRA input that performs the subchannel analysis was
prepared. COBRA code is a thermal-hydraulic code that performs subchannel analysis by dividing the
examined system into channels in the number and size determined by the user. As a result of the operation
of this code, thermal data of the fuel and clad regions, especially the coolant, can be obtained in the
examined system. There are a total of 163 fuel bundles in the hexagonal reactor core and 312 fuel rods in
each fuel bundle. The channel figure used in the COBRA code is shown in Figure 1 [28].

Figure 1. Schematic channel flow surface

COBRA code makes solutions by using conservation equations in its infrastructure. The mass,
momentum and energy conservation equations are shown in equations 3-4 and 5, respectively [29].
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4. RESULTS AND DISCUSSION

Open access software Phy-X was used to examine the radiation shielding property of the calcium
carbonate compound [19]. While using this software, determined energy ranges (0.015 MeV - 15 MeV)
were selected. The variation of HVL and MFP values for CaCOs is shown in Figure 2. According to this;
While the HVL value reached approximately 10 cm at increasing energy levels, the MFP value reached
approximately 17 cm. The MFP value defines the average distance between two photon interactions, while
the HVL value can be defined as a measure of the thickness required to reduce radiation and represents
the one-half value of the first photon that helps determine the material thickness for shielding [22]. HVL
value is an indicator of radiation protection performance. In other words, the lower HVL value of any
material shows better radiation shielding performance as it will need a lower thickness [30]. A low HVL
value indicates that the material has good protection properties [31]. The MFP value increased with the
increase in energy, which is consistent with the literature [27].
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Figure 2. HVL and MFP values for CaCOs

Low MFP and HVL values are important in radiation shielding materials. In this examination for
calcium carbonate, HVL and MFP values increased in line with the literature [32].

Since the reactor type considered in this study is VVER type pressurized water reactor, the reactor
geometry is hexagonal. While the image shows ( (a) contains 0.01% CaCOs, (b) 0.02% and (c) 0.03% CaCO:s)
the distribution of relative power densities of the nanofluid containing in Fig.3.
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Figure 3. Relative power distrubiton for CaCOs nanoparticle (a) 0.01%, (b) 0.02%, (c) 0.03%

The changes in the thermal properties of the coolant along the channel were investigated as a result
of the calculations and analysis using the varying ratios of calcium carbonate. The temperature change of
the coolant containing nanoparticles along the channel was shown in Figure 4. Accordingly, although the
temperature increased with the increasing ratio of CaCOs nanoparticles, there was a decrease in
temperature when only water was used. While only water was used, the coolant temperature value at the
end of the channel was approximately 613 K, while the temperature reached 610.64 K at the rate of 0.1%,
611.04 K at the rate of 0.2% and 611.19 K at the rate of 0.3% with the addition of nanoparticles. In a study
using nanoparticle added coolant, the temperature increased with increasing nanoparticle ratio, similar to
this study [33].
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Figure 4. Temperature value

The enthalpy change of the coolant containing calcium carbonate was given in Figure 5. According to
the figure, although the enthalpy increased with the increase of the nanoparticle ratio, the enthalpy value
decreased compared to the case where only water was used. When only water is used at the end of the
channel, the enthalpy value reaches 1598 kJ/kg, while this value reaches 1562 kJ/kg in the coolant
containing 0.01% CaCOs. The temperature and enthalpy changes are similar to other studies using
nanofluid coolants [33-35].
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5. CONCLUSION

Within the scope of this study, it was carried out to examine the effect of CaCOs composition, which
is used in many industrial and technological fields, on nuclear systems. Accordingly, firstly, the half value
layer (HVL) and mean free path (MFP) values were examined using Phy-X software. According to the
results obtained from the analysis for CaCOs, the HVL value reached approximately 10 cm at increasing
energy levels, while the MFP value reached approximately 17 cm.
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In the thermal analysis part, although the temperature increased with the increasing ratio of CaCOs
nanoparticles, there was a decrease in temperature compared to the case where only water was used.
Similarly, the enthalpy value decreased when only water was used. While an increase in the coolant water
temperature is expected in nuclear systems with the addition of nanoparticles, the use of CaCOs reduced
the temperature a little. This shows that the heat conduction properties of the CaCOs compound are more
ineffective than other nanoparticles (Al20s, TiOz, CuO etc.) used in nuclear systems.
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