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The development of cost-effective and environmentally friendly solar thermal technologies that deliver high
performance poses several challenges, where the collector and absorber components play a pivotal role. This
research addresses these issues by investigating enhanced temperature generation using a 30 cm x 30 cm Fresnel
lens collector under solar illumination from a xenon lamp. Natural stone materials (andesite, coal, and pumice),
characterized by granular structures with an average diameter of 1.68—2.00 mm, were selected because of their
abundance and eco-friendliness. This research is focused on evaluating the effect of Fresnel lens on temperature
generation performance. Two types of temperature generation tests were carried out: wet tests (where the natural
stone materials were immersed in distilled water) and dry tests (where the natural stone materials were used in dry
conditions). The morphologies of the natural stone materials were examined using an optical microscope and
scanning electron microscope. Furthermore, the optical properties of the natural stone materials were analyzed using
an ultraviolet—visible (UV-VIS) spectrophotometer. The findings revealed that there were significant improvements
in the photothermal absorber performance with the use of a Fresnel lens in dry tests, where the highest temperature
was achieved for coal (103.25 °C), followed by andesite (89.00 °C) and pumice (73.00 °C). The impurities varied
between the materials, where the impurities were most dominant for pumice while coal was more uniform. Further
examination using scanning electron microscope showed that all materials had light-trapping structures in the form
of rough surfaces, pores, and crack gaps. Andesite was dominated by rough surfaces, while coal and pumice were
dominated by crack gaps and pores, respectively. However, based on the UV-VIS spectrophotometric results, there
were no correlations between the optical properties (absorbance, reflectance, and transmittance) and temperature
achieved by the photothermal absorber materials. This research demonstrates the potential of using natural stone
materials as photothermal absorbers in combination with a Fresnel lens collector for low-to-medium temperature
solar thermal applications.
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1 INTRODUCTION

Temperature is one of the key parameters used to assess the performance of photothermal absorbers when
converting radiant energy into heat energy. Absorber and collector, which are the primary components of solar
thermal equipment, are essential for temperature generation. Bie et al. [1] classified solar thermal applications based
on temperature: low (<80 °C), medium (80-250 °C), and high (>250 °C). Apart from being designed with a suitable
temperature, solar thermal technologies must be incorporated with economic benefits to make them more attractive
for commercial purposes. Moreover, solar thermal technologies must be used in conjunction with natural or
renewable materials to generate sustainable energy.

To address this problem, natural stone materials are proposed for use as photothermal absorbers because they do
not pollute the environment. In addition, abundant natural stone materials are considered more economical than
materials with engineered and purified chemical structures. Natural stone materials generally have granular
structures with various sizes.

Granular structures act as light traps, increasing photothermal performance. Naturally arranged granular materials
form rough and hollow surface structures such as pores. Olivernesaraj and Sethuramalingam [2] proved that a rough
surface structure could increase the light-trapping effect. Nguyen et al. [3] and Zhang et al. [4] demonstrated that
porous structures increased the light-trapping effect. Ultimately, the light-trapping effect increased the absorbance
and decreased the reflectivity of absorber materials [5].

Several natural stone materials with granular structures have been tested in previous studies using direct sunlight,
achieving low to medium temperatures. The most common collector used in previous studies is the flat plate collector
or similar structure with a maximum solar concentration ratio of 1. Mohamed et al. [6] used basalt stones in a flat
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plate collector and obtained a maximum temperature of 63.7 °C. Bilal et al. [7] used pumice stones and achieved a
maximum temperature of ~74 °C. Arunkumar et al. [8] used pebbles and obtained a maximum temperature of 57.4
°C. LOpez-Sosa et al. [9] used gravel and limestone, attaining a maximum temperature of 60 °C. EImaadawy et al.
[10] used gravel and produced a maximum temperature of 71 °C. Naik and Shekhar [11] used black-coated pebbles
and attained a maximum temperature of ~63 °C. Attia et al. [12] used a hemispherical collector with black gravel,
producing a maximum temperature 69 °C. From the aforementioned studies, the achieved temperatures can only be
classified as low temperatures because the collectors used have a maximum solar concentration ratio of only 1. By
contrast, Elashmawy [13] used a collector with a higher solar concentration ratio and a parabolic trough tracking
reflector to test the performance of gravel, obtaining a maximum temperature of 103 °C. Therefore, the use of
collectors with high solar concentration ratios exhibits the potential to increase the temperature generation of
photothermal absorbers.

One of the collectors with a solar concentration ratio equivalent to that of a parabolic trough collector is the Fresnel
lens collector [14], [15]. Previous studies have succeeded in creating Fresnel focal point innovations to boost the
concentration of light. Pandi et al. [16] combined an evacuated tube receiver with a Fresnel lens and Cu0 nanopatrticle
fluid for a photothermal absorber, achieving a maximum temperature of 89 °C. According to the temperature
classification established by Bie et al. [1], Fresnel lens collectors can be used for medium temperature applications.
Furthermore, Fresnel lens collectors produce higher temperatures than flat plate collectors due to their higher light
concentration and lower heat loss [17]. A study conducted by Asrori and Susilo [18] using a Fresnel lens to heat 2
liters of water found a temperature of around 70 °C, but they did not report the type of absorber used. Furthermore,
the Fresnel lens application also has the potential to be used for steam generation [19] and solar cookers [20].
Moreover, Rashid et al. [21] reported in their review study that Fresnel lenses have broad applications such as
photovoltaics, solar stills, solar thermal collectors, solar sterilization, solar cookers, and solar-pumped lasers.

This research aims to determine the effect of using a Fresnel lens collector on the temperatures achieved by andesite,
coal, and pumice granular structural materials. These natural stone materials were selected based on their wide
availability and affordable prices. Moreover, the natural stone materials were obtained without chemical reactions,
exhibiting properties that are not detrimental to the environment. The following variables were considered for the
experiments: (1) use of Fresnel lens, (2) without the use of Fresnel lens, (3) wet conditions (where the natural stone
materials were immersed in distilled water), and (4) dry conditions (where the natural stone materials were used in
dry conditions). The morphologies of the natural stone materials were examined by optical microscopy while their
optical properties were examined by ultraviolet—visible (UV-VIS) spectrophotometry. Further analysis was carried
out to examine the morphologies of the natural stone materials in more detail by scanning electron microscopy (SEM)
and their elemental compositions by energy-dispersive X—ray (EDX) spectroscopy. The potential of each natural
stone material was assessed under different conditions.

2 MATERIALS AND METHODS

Andesite, coal, and pumice from nature in the form of chunks that were dirty and nonuniform in size were used in this
research. Therefore, the materials needed to be preprocessed to obtain uniform-sized materials and remove
impurities such as soll, plastic, tree branches, etc., as presented in Figure 1.
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Fig. 1. Preprocessing of the materials and experiments

The natural stone materials used in this research are presented in Figure 2.
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Fig. 2. Natural stone materials used in this research

2.1 Temperature Generation Tests

Specimens were prepared from chunks of natural rocks, which were then crushed. Following this, the crushed
materials were sieved by passing the natural stone materials through a No. 10 mesh sieve. The materials were then
retained using a No. 20 mesh sieve. Next, the sieved materials were washed using water to obtain clean materials.
Apart from removing dirt on the materials, washing removes refined grains covering the pores of the materials. The
cleaned materials were then dried in an oven at 150 °C for 3 h. After drying, the materials were left to cool to room
temperature in an open space for 48 h. The materials used for the temperature generation tests are presented in the
second row of Table 1.

The dried materials were then tested to determine the temperature that can be achieved by these materials using a
Fresnel lens collector under 1000 W /m? (one solar illumination) from a xenon lamp. The temperature generation
tests were also carried out without a Fresnel lens (direct radiation). The power of the xenon lamp was 100 W at a DC
voltage of 12 V. The temperature generation tests were conducted at a controlled room temperature of 25+1 °C and
relative humidity of 51.6—82.2% for 1200 s. The thermometer used to measure the room temperature has an accuracy
of 0.25 °C with a maximum error of 2 °C. The hygrometer used to measure the relative humidity has an accuracy
of 0.1% with a maximum error of +3%. Two types of tests were carried out in this research: (1) dry tests and (2) wet
tests. For the dry tests, 20 g of granular materials were used. For the wet tests, 20 g of granular materials were
immersed in 20 g of distilled water.

This research is a laboratory-scale experiment to test the photothermal conversion properties of materials under
controlled conditions with light intensity that is always the same for each test so that each variable can be compared.
Direct solar radiation for partial testing will result in each variable being unreliable for comparison because sunlight
constantly changes in intensity with changes in time and weather. To overcome this problem, previous researchers
tested their specimens under sunlight simultaneously. Considering this research examines up to 6 specimens then
6 Fresnel lens collectors must be used simultaneously for direct sunlight testing. Therefore, testing with direct solar
radiation is impractical and too expensive for many variables. Thus, the test method using xenon lamp simulation
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provides the advantage of flexible time, is not affected by weather, reliable data for partial tests, and is more cost-
effective for tests with many variables. Furthermore, xenon lamps and halogen lamps are sources of artificial light
radiation closest to sunlight conditions [22]. Therefore, previous research has used xenon lamp light as a simulated
sunlight source for photothermal absorbers. Several previous studies used xenon lamps as an artificial sun to test
photothermal properties, including Bao et al. [23] to test photothermal conversion, Zhang et al. [24] to test
photothermal storage, Liu et al. [25] to test photothermal@electrothermal, and so on.

2.2 Morphologies

The morphologies of the natural stone materials in dry conditions were examined using an optical microscope with a
magnification of 100-200 time. The materials tested were those sieved using a No. 200 mesh sieve (Table 1). The
morphologies were examined to analyze the presence of light-trapping structures in the material grains and the gaps
between the grains. The morphologies of the materials were further examined by scanning electron microscopy
(SEM) [26]. Furthermore, the elemental compositions of the materials was examined by energy dispersive X—ray
(EDX) spectroscopy or energy-dispersive X-ray spectrometry (EDS) [27].

2.3 Optical Properties

The optical properties of the natural stone materials were examined by UV-VIS spectrophotometry in dry and wet
conditions. In dry UV=VIS spectrophotometry, the materials sieved using No. 10 and 20 mesh sieves were tested at
an ultraviolet A—visible—infrared wavelength range of 315-1100 nm.

In wet UV-VIS spectrophotometry, the materials sieved using the No. 200 mesh sieve were used. The weight of each
material for each liquid sample was 0.1 g. The materials were weighed using an analytical balance with an accuracy
of 0.0001 g. The materials were first mixed with 20 mL of distilled water to form liquid samples. Following this, the
liquid samples were stirred using a magnetic stirrer for 30 min at a room temperature of 30£3 °C. Next, the liquid
samples were tested using a UV-VIS spectrophotometer within a wavelength range of 200—800 nm. The optical
properties determined were the absorbance, reflectance, transmittance, and energy.

To ensure the liquid samples were still in good condition, the samples must be tested immediately, no more than 10
min after dispersion of the materials. The liquid samples that had expired were precipitated, resulting in clear
solutions.

3 RESULTS AND DISCUSSION
3.1 Temperature Generation Tests
3.1.1 Wet tests

The purpose of the wet temperature generation tests was to assess the ability of the natural stone materials to convert
radiant energy into heat when the materials were immersed in distilled water. The submerged test conditions
represent photothermal applications such as heat harvesting and vapor generation harvesting. Mohamed et al. [6]
used the submerged solar absorber design for solar desalination using a basalt stone absorber. The results of the
wet temperature generation in direct radiation tests obtained in this research are presented in Figure 3 (a).
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Fig. 3. Wet temperature generation test results where the natural stone materials were immersed in distilled water:
(a) direct radiation and (b) using a Fresnel lens
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Based on the direct radiation test results, the natural stone that produced the highest temperature was andesite
(37.50 °C). Meanwhile, coal and pumice produced a temperature of 35.50 and 34.00 °C, respectively. These
temperatures are suitable for vapor generation in solar desalination or solar still applications. Several studies using
different materials and structures reported the application of vapor generation at temperatures ranging from 20 °C to
33 °C tested at 1 kW /m? of irradiation. Mu et al. [28] increased the temperature from 20 °C to 30 °C using kapok
fiber aerogels. Jia et al. [29], using attapulgite/poly(acrylamide) composite material, obtained a temperature of 33 °C.
Lim et al. [30] tested a 3D hydrogel-based solar absorber at an ambient temperature of 24—25 °C and obtained a
temperature generation of 26 and 30 °C for polyacrylate (PA) hydrogel and polypyrrole/alginate/poly(n-
isopropylacrylamide) hydrogel, respectively.

Meanwhile, the test results obtained using a Fresnel lens (Figure 3 (b)) showed that the temperature achieved was
higher than those obtained without the use of Fresnel lens for all natural stone materials. Andesite achieved the
highest temperature, with a value of 53.25 °C. In comparison, coal and pumice materials produced a temperature of
47.00 and 44.00 °C, respectively. With a significant increase in temperature, the heat flux will increase, resulting in
better vapor generation [31]. Rajiv Krishnan [32] found that solar stills should be designed to focus the incident solar
radiation on the absorber, which will increase the efficiency of the solar stills . Apart from using a Fresnel lens, the
incident solar radiation can also be focused by directing light to the absorber using mirrors, as done by Alaskaree
[33].

Moreover, the temperature achieved can also be applied to warm water in households. The temperature of warm
water typically falls within a range of 36—45 °C and generally exceeds 40 °C [34]. The higher temperatures achieved
for andesite and coal can be lowered by mixing the materials with more water. Therefore, there is no need to waste
the heat energy obtained. However, the temperatures achieved for all absorbers do not meet the requirements for
hot water in distributed housing districts since the temperatures achieved were less than 60 °C [35].

3.1.2 Dry tests

Dry temperature generation tests were performed to assess the ability of the materials to convert solar radiation
energy into heat where the materials were used in dry conditions, which is representative of heating applications. To
heat liquids, a heat exchanger is needed to separate direct contact between the liquid and absorber but still transfers
heat from the absorber to the liquid. The design concept of rocks as a photothermal absorber in dry conditions for
water heating has been used by Wirawan et al. [36]. They used aa flat plate collector with a copper tube heat
exchanger. Therefore, heat exchange takes place by conduction. To heat air, the system does not require a heat
exchanger because the air can directly flow to the absorber to establish contact between the air and absorber. The
use of granular rocks as photothermal absorber for air heating without additional heat exchangers has been applied
by Kumar et al. [37]. Furthermore, the rocks used in their research also function as heat storage. Therefore, heat
exchange occurs by conduction and convection.
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Fig. 4. Dry temperature generation test results where the natural stone materials were used in dry conditions: (a)
direct radiation and (b) using a Fresnel lens

The direct radiation test results (Figure 4 (a)) showed that the material with the most optimal performance was coal,
where the temperature achieved was 53.25 °C. The temperatures achieved for andesite and pumice were 48.5 and
47.25 °C, respectively. It is worth noting that that the most optimal materials for wet and dry tests were different. In
the wet tests, the most optimal material was andesite, while in the dry test, it was coal. Coal and pumice are more
porous, causing them to absorb more water in wet tests. Therefore, there is a higher heat exchange from the material
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to the fluid because the pores expands contact of the heat transfer surface [38]. This reduces the local heating of the
area in the porous material when the material is immersed in water because gaps of cracks and holes of porosity will
absorb more water. Therefore, in the wet tests, the temperature achieved for coal was lower than that for andesite,
even though the result was opposite in the dry tests. To determine the presence of porous structures, SEM testing is
carried out. For all materials, the temperatures produced in the wet tests were lower than those in the dry tests. This
occurs because in wet tests, the absorber has an immersion cooling effect where water can absorb heat better than
air [39].

The photothermal absorber materials tested in this research (andesite, coal, and pumice) in dry conditions without
using a Fresnel lens have the potential for water heating applications in households because they work above the
required range. Therefore, water fractions should be added to obtain a temperature that suits a particular application.
All of these materials also have the potential for drying certain agricultural products such as pistachios (50£10 °C)
[40] and paddy (45-55 °C) [41]. Andesite and pumice photothermal absorbers are suitable for drying coffee with an
optimal drying temperature of 40-50 °C [42], [43]. Coal without Fresnel lens is suitable to dry fruits (50-70 °C) and
preheat raw materials (50—80 °C) [44], [45]. Furthermore, coal without using a Fresnel lens is ideal for sterilization of
E. coli because the thermal deformation temperature of these bacteria is 51 °C [46]. Isah et al. [47] succeeded in
producing distilled water without E. coli using granular charcoal in solar desalination of seawater containing 54.8/100
mL E. coli. It is better to use the recommended temperature to dry agricultural products. The drying rate is ineffective
and inefficient if the temperature is too low. However, the agricultural products will be damaged if the temperature is
too high. Moreover, solar dryers should be designed based on practical experience, local climate, and economic
conditions [48].

The results of the dry tests also indicate that the natural stone materials are unsuitable for use as building facades
in tropical regions or areas with intense exposure to sunlight and heat. The resultant temperatures of the materials
(47.25-53.25 °C) can cause discomfort for building occupants. Liu et al. [49] found that the physiological equivalent
temperature for the normal category in the tropics was 26.3-31.7 °C. The solution offered can be in the form of
coating using materials which will result in a lower temperature. Building facades can also be wetted, as proven by
the wet tests, where the temperatures produced by the natural stone materials were lower.

The results of the temperature generation test in dry conditions with focused light using a Fresnel lens are presented
in Figure 4 (b). A drastic increase in temperature was obtained in the dry tests with the use of a Fresnel lens compared
with that without a Fresnel lens, where the most optimal material was coal (103.25 °C). The temperatures generated
by andesite and pumice were 89.00 and 73.00 °C, respectively. Based on the classification of Bie et al. [1], coal and
andesite photothermal absorbers can be used for medium temperature applications whereas pumice can be used
for low temperature applications. All of the granular materials tested in this research with the use of a Fresnel lens
fulfill the European Union (EU) standard of at least 60 °C [35] for distributed water heating. Moreover, these materials
are suitable for industrial processes for pharmaceuticals (70-180 °C) [1].

To determine the significance of the variables tested in a multivariate manner, nonparametric multivariate analysis
of variance (MANOVA) was used since this method does not require normal and homogeneous data [50]. The
temperature data used was transient from 1 s to 1200 s. The p—values of the results of the one-way and two-way
MANOVA were 0.000, indicating that the use of a Fresnel lens and natural stone materials significantly affect the
temperature generated by the photothermal absorber in wet and dry tests.

3.2 Morphologies

Figure 5 shows the images obtained from an optical microscope with a magnification of 100-200 times. It can be
observed that all of the natural stone materials showed no material porosity. Andesite (Figure 5 (a)) and pumice
(Figure 5 (c)) were highly nonuniform, as indicated by the patches of darker contrasting colors. Coal (Figure 5 (b))
was also nonuniform though the nonuniformity was not as marked as those for andesite and pumice, as indicated by
the yellow spots, which were suspected to be soil contaminants. This nonuniformity is indeed expected because the
natural stone materials are unrefined materials. Pores were not observed for all of the materials based on the images
obtained using the optical microscope. However, the surfaces of all the materials appeared rough. Pores are one of
the light-trapping structures that can improve photothermal performance by trapping light in narrow slits. A porous
structure will also improve photothermal performance for steam and vapor generation applications. Ma et al. [51]
developed a light-trapping structure using porous carbon for solar steam generation. Li et al. [52] developed porous
hybrid nanohydrogels for vapor generation. Meanwhile, a rough surface is also a light-trapping structure which
increases the surface area of the material that receives light. The phenomenon of surface roughness as a light-
trapping structure has been proven by Gao et al. [53] using wrinkled nanocone surface enhanced Raman
spectroscopy (SERS) substrate materials.
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Fig. 5. Morphologies of (a) andesite, (b) coal, and (c) pumice obtained using an optical microscope

153


http://www.engineeringscience.rs/

Journal of Applied Engineering Science % Alfan Sarifudin et al. - Investigation of granular
natural stone materials as photothermal absorbers
Vol. 22, No. 1, 2024 for sustainable and environmentally friendly energy
www.engineeringscience.rs publishing | harvesting

The absence of pores in the natural stone materials observed using an optical microscope may be due to the following
reasons: (1) insufficient optical magnification or (2) the materials were indeed not porous. Therefore, the materials
were further examined using a scanning electron microscope. In addition, EDX spectrometer was used to determine
the elemental compositions of the materials.

Figure 6 (a), (b), and (c) show that each material had light-trapping structures in the form of crack gaps, pores, and
rough surfaces. Several studies have confirmed that holes [54], rough surfaces [55], and pores [56] can improve the
light absorbance of photothermal absorbers. Figure 6 also shows that there were crack gaps in the materials, which
can be classified as light-trapping structures. For andesite (Figure 6 (a)), the light-trapping structures were dominated
by rough surfaces whereas crack gaps and pores were not dominant. Hence, when andesite is submerged in water,
it does not absorb much water, which in turn, does not significantly affect the immersion cooling effect. This explains
why in the wet tests, the temperature achieved for andesite was higher than that of coal, even though in the dry tests,
the temperature of andesite was lower. As for coal (Figure 6 (b)), the light-trapping structures were dominated by
crack gaps whereas for pumice (Figure 6 (c)), the light-trapping structures were dominated by pores. Structures with
crack gaps and pores tend to absorb water, resulting in a lower generated temperature in the wet tests.
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The EDX spectra for all materials investigated in this research are shown in Figure 7 (a), (b), and (c), and the
elemental compositions of the materials are summarized in Table 1. Overall, the main element that constituted the
natural stone materials was carbon. Therefore, the higher the carbon content, the better the generated temperature
because carbon-based materials have high photothermal conversion efficiency based on the super-conjugate effect [57].

Table 1. Elemental compositions of andesite, coal, and pumice

Materials| Element number ilfr?begt Element name | Atomic concentration (%) | Weight concentration (%)
6 C Carbon 14.835 8.509
8 @) Oxygen 50.568 38.639
11 Na Sodium 1.823 2.002
Andesite 13 Al Aluminum 9.326 12.012
14 Si Silicon 14.626 19.620
19 K Potassium 0.911 1.702
20 Ca Calcium 4.759 9.109
26 Fe Iron 3.153 8.408
6 C Carbon 78.073 70.110
8 O Oxygen 20.792 24.875
Coal 13 Al Aluminum 0.298 0.602
26 Fe Iron 0.504 2.106
41 Nb Niobium 0.332 2.307
6 C Carbon 12.413 7.493
8 @) Oxygen 62.864 50.549
11 Na Sodium 1.124 1.299
Pumice 13 Al Aluminum 6.191 8.392
14 Si Silicon 13.021 18.382
20 Ca Calcium 0.546 1.099
26 Fe Iron 3.559 9.990
79 Au Gold 0.282 2.797

3.3 Optical properties

The absorbance of a photothermal absorber «; is the ratio of the fraction between the absorbed radiation and
incoming solar radiation, as given by equation 1 [58].

[ (1 — (R +T)(0, D] [I;(D)]dA
as(0,4) = —= 7 (1)
frmes(1,(2)] dA

where 8 is the light incidence angle, A is the wavelength, R is the reflectance, T is the transmittance, and I is the
direct normal solar irradiance.

The relationship between light absorbance and transmittance (%T) in the dry tests is given by a logarithmic function
(equation 2). The absorbance can also be determined from the logarithmic function of the incident light (I,) and
transmitted light (I) (equation 3). The absorbance spectra of andesite, coal, and pumice with a microgranular
structure in dry conditions are presented in Figure 8 (a).

1

as = logy (%_T) 2)
I

as = logq, (T) 3)

The transmittance is calculated from the relationship of the transmitted light (I) to the incident light (I,) (equation 4).
The transmittance spectra of andesite, coal, and pumice with a microgranular structure in dry conditions are shown
in Figure 8 (b).

I
T =+ 4
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Fig. 8. Optical properties of andesite, coal, and pumice in dry conditions: (a) absorbance and (b) transmittance

The absorbance of the natural stone materials used as photothermal absorbers in dry conditions are presented in
Figure 8 (a). The material with the highest absorbance in the UVA-VIS-IR wavelength range was andesite.
Meanwhile, the absorbance of coal was higher than that of pumice within a wavelength range of 578-1012 nm. The
transmittance of the materials in dry conditions are presented in Figure 8(b) and the transmittance showed the
opposite trend of the absorbance, forming U-shaped curves. The absorbance of the natural stone materials with a
microgranular structure in wet conditions are presented in Figure 9 (a). The material with the highest UV-VIS
absorbance in wet conditions was pumice, followed by coal, and least of all, andesite.

The results of the dry and wet spectrophotometry showed that there was no correlation between the absorbance and
generated temperature of the natural stone materials. These results align with the experimental results of Amjad et
al. [59], who tested various nanofluids and found that Si had a higher average absorbance than Fe and Cu, but the
temperature generated by Si was lower. In addition, visible light tests showed that graphene oxide (GO) had higher
absorbance than silver [60], [61], but the temperature generated by silver was higher [61]. However, other
researchers using the same materials with different concentrations found that higher absorbance resulted in higher
generated temperatures [62]-[65]. Therefore, absorbance influences the generated temperature; however, other
material properties may have a greater influence on the generated temperature for different material types.

Pumice had the highest light absorbance compared with andesite and coal. Light is more dominantly absorbed at
shorter wavelengths in the UV region. The reflectance (Figure 9 (b)) and transmittance (Figure 9 (c)) spectra showed
similar trends though the values were different. The material with higher absorbance had lower transmittance and
reflectance values. The relationship between absorbance, transmittance, and reflectance observed in this research
align with the results of Abed et al. [66] using Co;0, — Cr,0; nanocomposites.

The energy resulting from exposure to UV-VIS light was highest for coal, followed by andesite and pumice, as shown
in Figure 9 (d). These results correspond with the dry temperature generation tests. The peak area of energy
generation was in the UV region and the energy decreased at longer wavelengths. The right photothermal materials
with high energy is the key to optimize the efficiency of converting photons to heat [67].
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3 gg g 160
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21,8 & 120 Andesite
2 16 2 10,0
1,4 8,0 ——Coal
1,2 6,0 ——Pumice
1,0 4,0
0,8 2,0
06 ~— 00 —m8M8
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
(a) (b)

157


http://www.engineeringscience.rs/

Journal of Applied Engineering Science Alfan Sarifudin et al. - Investigation of granular
natural stone materials as photothermal absorbers
Vol. 22, No. 1, 2024 ' for sustainable and environmentally friendly energy
www.engineeringscience.rs publishing | harvesting

26,0 1,8
24,0 16
22,0 ’ .
20,0 1,4 Andesite
—— Coal
y 180 1, oa
c 16,0 > ——Pumice
£ 14,0 < 10
§ 120 &
s 12, . z 08
g 10,0 Andesite <
= 8,0 ——Coal 0,6
6,0 —— Pumice 0,4
4,0
2,0 0.2
0,0 0,0 e can
200 300 400 500 600 700 800 200 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
(©) (d)

Fig. 9. Optical properties of andesite, coal, and pumice in wet conditions: (a) absorbance, (b) reflectance, (c)
transmittance, and (d) energy

4 CONCLUSIONS

Based on the results of experimental data and discussion, it was concluded that:

— The use of Fresnel lens significantly increased the generated temperature of andesite, coal, and pumice
photothermal absorbers investigated in this research.

— The temperatures obtained were higher in dry temperature generation tests for all the natural stone
materials compared with those in wet temperature generation tests.

— In wet tests, the most optimal material was andesite and in dry tests, the most optimal material was coal.

— The morphologies observed using an optical microscope indicated that rough surfaces were present in
andesite, coal, and pumice.

— Further examination using a scanning electron microscope revealed that all the materials had light-trapping
structures in the form of rough surfaces, pores, and crack gaps.

— Rough surfaces, crack gaps, and pores were dominant in andesite, coal, and pumice, respectively.

— Based on the UV-VIS spectrophotometric results, there was no correlation between the optical properties
(absorbance, transmittance, and reflectance) and the generated temperature of the photothermal absorber.

— Energy was found to be correlated with the temperature generation.

5 LIMITATIONS, IMPLICATIONS AND SUGGESTIONS

In this research, temperature generation tests were conducted under open system conditions, where the heat
released to the environment was considerable. For further research, it is recommended that the temperature
generation tests should be carried out using a closed or isolated system to minimize heat losses and achieve a higher
temperature. Moreover, the use of solar collectors with different solar concentration ratios will result in different
temperatures, which can be exploited for different applications. Based on the morphologies of the tested materials,
the granular structure of the materials act as light-trapping structures, indicating that the materials have potential as
photothermal absorbers. The materials used for wet spectrophotometry in this research were microparticles, which
can quickly precipitate. Hence, in future research, it is recommended to use nanomaterials. Meanwhile, based on the
optical properties of the tested materials, further research is needed to analyze the energy generated for the tested
materials since energy is associated with the generated temperature unlike absorbance, reflectance, and
transmittance. This photothermal absorber research results imply that natural materials (andesite, coal, and pumice)
and Fresnel lens collectors can be applied for low to medium temperature solar thermal technology. To know the
performance of these natural rock materials in real applications, it is recommended that further research be
conducted under direct solar radiation.
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