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Article info Abstract

Keywords: In this study, magnetite nanofluids have been developed from natural sand for temperature
Nanofluid sensor application. On the basis of the results of XRD data analysis, it was known that the
Magnetite nanoparticles as fillers of the nanofluids had a single phase, namely magnetite with an
Natural sand inverse cubic spinel structure with a crystallite size of 11 nm. The SEM image showed that
Temperature sensor the nanoparticles were composed of spherical particles and tended to agglomerate with a
Sensitivity particle size distribution of 38 nm. The octahedral and tetrahedral Fe-O functional groups

were detected at wavenumbers of 506 cm'! and 762 cm! which confirmed the presence of
magnetite. The band gap energy value of the magnetite nanoparticles was 2.797 eV.
Furthermore, the temperature sensor test showed that the output laser intensity of the
magnetite nanofluids increased with increasing temperature. The best dilution with the
volume composition of H20:nanofluids (1:4) achieved the best sensitivity for temperature
sensor application.

1. Introduction

The COVID-19 pandemic that has hit the world in the last 3 years has one of the common symptoms of flu and fever above normal human
temperature [1, 2]. This situation implies the importance of using a high accuracy temperature sensor. In addition, temperature sensors are
also used to detect fires both in buildings and in nature [3]. Some of these problems make temperature sensors important to develop and lead
many researchers to conduct more in-depth research both in fundamental aspects and aspects of production [4]. Temperature sensors that
have been successfully developed by previous researchers, such as CMOS, liquid crystal cholesteric, and fiber optics [5]. Recently, several
researchers have succeeded in developing temperature sensors based on liquid or ferrofluid magnets [6,7]. Pathak et al. have reported that
ferrofluids have a high temperature sensitivity of up to 3.7 mK [6]. Our previous studies also reported that ferrofluid exhibits a sensitive
response as a sensor at temperatures of 27 - 50 °C [8]. In general, ferrofluid consists of a filler, surfactant, and dispersing liquid. In this research,
magnetite filler is used, which is proven to have superior properties to be applied as a temperature sensor, such as superparamagnetic [9] and
in nano-size it has a high surface area so it has high sensitivity, easy to absorb and desorb the targeted sensor object [10].

In this study, the raw material for making magnetite is iron sand which is widely found in Indonesia. Indonesia is famous for its abundant
natural resources, one of which is iron sand. So far, iron sand has only been used as an additional material for cement and steel, which is
classified as not optimal. In our previous research, we also succeeded in using iron sand as the main precursor for the manufacture of ferrofluid
which was applied as a temperature sensor capable of detecting temperatures from 27 °C [11]. In its application as a temperature sensor, it
turns out that the viscosity of ferrofluid is an important thing to note. Therefore, in this study, dilution variations were also carried out to obtain
the best formula so that magnetite ferrofluid can be applied as a temperature sensor with maximum performance.

2. Experimental Methods

The preparation of magnetite nanofluids started with the preparation of filler, namely magnetite nanoparticles synthesized by the
coprecipitation method following our previous research [11, 12]. Magnetic powder from iron sand was reacted with HCl to get FeCl; and FeCls
solution. Then the solution was titrated with NH4OH to get precipitated magnetite nanoparticles. Then 1 g of magnetite precipitate was mixed
with 2 ml of TMAH followed by stirring for one hour and titrated with distilled water until homogeneous to obtain high homogeneity magnetite
nanofluids. Then the remaining precipitate was dried at 100 °C to obtain magnetite powder. Magnetite nanoparticles were characterized using
an X-ray diffractometer (XRD) type PANalytical X'Pert Pro, Cu-Ka 1.540 to determine the phase, structure, and crystal size of the nanoparticles.
The characterization of the fourier transforms infrared (FTIR) spectrophotometer with the Shimadzu brand and IRPrestige-21 type was also
carried out to determine the functional groups of the nanoparticles. The morphology of the nanoparticles was also characterized using the FEI
scanning electron microscopy (SEM) brand with Inspect-S50 type. The optical value of magnetite nanoparticles was also characterized using
UV-Vis spectrophotometer. Furthermore, temperature sensor testing was carried out using magnetite nanofluids samples with various
dilutions using composition of nanofluids: H20 (1:0, 1:1, 1:2, 1:3, and 1:4).

3. Results and Discussion

The diffraction pattern of the magnetite nanoparticles is shown in Figure 1. The diffraction peak was identified at the 26 position = 30.1°,
35.5°,43.3°,47.6°,53.7°,57.3°,62.9°, 71.3°, and 74.4° represented Bragg planes (220),(311),(422),(133),(511),(440),(533),(026),
and (3 3 5). The results obtained in this study are consistent with previous research [14]. In addition, there is a match between the black sphere
and the red line, which indicates that the formed nanoparticles have a single-phase magnetite with an inverse spinel cubic structure and a
crystal size of 11 nm. The structure of magnetite nanoparticles is the inverse spinel magnetite structure is based on the face centered cubic
concept of 02+ cations where Fe3* cations occupy half the tetrahedral gap or 50:50 mixture composition between FeZ+ and Fe3* occupies 1/8 of
the octahedral site.
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Fig. 1. X-ray Diffraction Pattern of Magnetite Nanoparticles

The morphology of magnetite nanoparticles has been characterized using SEM with the results shown in Figure 2. By using SEM at a
magnification of 100,000x, virtually the characterization results can be seen that magnetite nanoparticles are composed of spherical-shaped
particles with a size distribution of 38 nm. Based on the figure, it is also known that the particles that make up magnetite tend to clump together
to form secondary particles, according to previous research [15].

Fig. 2. SEM Image of Magnetite Nanoparticles

Figure 3 is the FTIR spectrum, where valleys are formed due to the vibration of functional groups in the magnetite nanoparticles. Based on
figure, it is detected that there are valleys at wavenumbers 506, 762, 1356, 1636, and 2378 cm-. The first two absorptions at wavenumbers
506 cm and 762 cm! were formed as a result of the vibrations of Fe-O octahedral and tetrahedral. The results in this study are close to our
previous studies [16, 17]. The existence of these two bonds also confirms the XRD results, where the magnetite formed has an inverse spinel
cubic structure [18]. Furthermore, the vibration of the tetrahedral Fe-O functional group was detected at a wavenumber of 1356 cm-! [19].
While the functional group of O-H bending is found at wavenumbers 1636 and 3500 cm ' and CO: is detected at wavenumber 2378 cm-L. Similar
results have also reported in previous studies [20]. Furthermore, the optical value described by the energy gap of magnetite nanoparticles was
analyzed by the Tauc plot method shown in Figure 4. The results of the analysis show that the magnetite nanoparticles synthesized from iron
sand have an energy gap of 2.797 eV. These results are close to the magnetite energy gap value of 2.890 eV and was still classified as a
semiconductor [21].
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Fig. 3. FTIR Spectrum of Magnetite Nanoparticles
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Fig. 4. Energy Gap of Magnetite Nanoparticles
The sensitivity test of magnetite nanofluids to temperature changes has been characterized by looking at the effect of heating on the

intensity of the laser fired at the nanofluids. The testing process was carried out by varying the dilution of nanofluids with deionized water in
aratio of 1:0, 1:1, 1:2, 1:3, and 1:4. The test results relationship between temperature and laser intensity, as shown in Figure 5.
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Fig. 5. Intensity versus Temperature of Magnetite Nanofluids

The room temperature as the initial temperature is indicated by a digital thermometer, which is around 27-28 °C at the time of
measurement. At samples 1:0, 1:1, and 1:2, there was no increase in the intensity of the luxmeter. This shows that the laser cannot penetrate
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the nanofluids because the viscosity is still high. However, after a 1:3 dilution, there was an increase in the laser intensity from 0 to 0.2 lux at
36 °C and after that the laser intensity tended to remain constant. Furthermore, when nanofluids were diluted in a ratio of 1:4 it was found that
there were 3 increases in intensity, namely from 0 to 0.7 at 36 °C, from 0.7 to 0.8 at 39 °C, and 0.8 to 0.9 at 75 °C. On the basis of these results,
it is known that the laser transmittance is affected by the nanofluids viscosity. Nanofluids with high viscosity cause the laser to have little or
no transmittance, so that the lux intensity is low. Furthermore, good sensor sensitivity was obtained in samples with a 1:4 dilution, where the
higher the temperature, the higher the lux intensity obtained.

4. Conclusions

Nanofluids with magnetite filler have been successfully synthesized by the coprecipitation method from natural sand. Structural analysis
showed that the magnetite nanoparticles had an inverse cubic spinel structure with a crystallite size of 11 nm. The magnetite nanoparticles
were spherical in shape and tended to agglomerate in nanometric size. The success of magnetite synthesis was also indicated by the presence
of functional groups of Fe-O octahedral and tetrahedral at wavenumbers of 506 cm! and 762 cm'L. Furthermore, magnetite nanoparticles had
a energy gap of 2.797 eV as semiconductor material. The results of the optical properties of the magnetite nanofluids showed that the effect of
the temperature increased the intensity of the laser. The thermo-optical effect has been demonstrated in magnetite nanofluids, where the lower
the nanofluids viscosity, the higher the transmitted light, and the higher the intensity of light.
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