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ABSTRACT

Thermal energy storage is an important element in order to conserve the energy and optimize the overall efficiency.
Development of energy storage system for local purposes requires some information on the raw material which
is abundantly available in the local market. This study aimed to investigate the characteristics of traditionally
produced salt in Aceh in terms of its potential use as a raw material for thermal energy storage. The sample was
collected from the Aceh Besar District and treated by heating at temperatures of 400 °C and 800 °C in a muffle
furnace. This treatment is carried out to study the changes in properties and define the best procedure for salt
preparation. All samples were characterized under a number of techniques including XRF, XRD, SEM/EDS, TGA/
DSC analysis, density, thermal conductivity, and electrolytic conductivity. The XRF characterization showed that
the local Aceh salt was graded as a category III salt. Furthermore, according to the TGA/DSC characterization,
the melting temperature is close to 800 °C, and the enthalpy value is close to 492 kJ/kg. It is ample evidence that
the Aceh salt can be used as a thermal energy storage material. Furthermore, increasing the temperature of local
salt’s heat treatment contributes to increasing the enthalpy value, crystal size, density, thermal conductivity, and
electrolyte conductivity.
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INTRODUCTION

energy storage can be distinguished (Sharma et
al., 2009). Thermal energy storage (TES) is a
system that allows the energy demand and sup-
ply to be balanced. Thermal energy storage sys-

Increasing levels of greenhouse gas emissions
and fuel prices force the attempts to use various

renewable energy sources more efficiently, such
as solar radiation, wind energy, and geothermal
energy. One of the factors to remember when de-
veloping new and renewable energy sources is
the need to develop energy storage devices. Me-
chanical, electrical, thermochemical, and thermal
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tems are classified into sensible heat storage and
latent heat storage (Jegadheeswaran and Pohekar,
2009). The use of latent heat storage systems is
an essential way of store thermal energy, for the
high density and isothermal nature of the storage
process (Strizhenok and Ivanov, 2021). The use
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of PCM (Mehling and Cabeza, 2008) is one of the
thermal energy storage strategies.

PCM (phase change material) is a material for
storing heat energy by utilizing latent heat during
the phase transition at a relatively constant tem-
perature. Latent heat storage is based on the ab-
sorption or release of heat when the storage mate-
rial undergoes a phase change from solid to liquid
or liquid to gas or vice versa (Anand et al., 2020).

The environmental and social impacts of the
PCM-based TES are considered part of the assess-
ment criteria, in addition to the technical aspects.
Apart from its low availability and low cost, PCM
is primarily defined by its thermal, physical, kinet-
ic, and chemical properties (Sharma et al., 2009).
Chloride salt is a PCM substance with high latent
heat and strong heat transfer (Sharma et al., 2009).
For example, NaCl melts at 800.7 °C (Myers and
Goswami, 2016). As reported by Nazir et al., all
inorganic PCM has an energy density greater than
200 MJ-m”. KF, MgCl,, and NaCl have the high-
est latent heat (> 400 kJ-kg') and energy density
(> 900 MJ-m) among all inorganic materials, the
corresponding melting points of each are 857 °C,
714 °C and 800 °C (Nazir et al., 2019) and NaCl
has thermal conductivity of 5 W-m'-K-!' (Agyen-
im et al., 2010) as well as density of 2160 kg-m™
(Mehling and Cabeza, 2008).

In this study, local salt was used as sample
material for latent heat storage material, also
known as Phase Change Material (PCM). Local
salt is traditionally processed in the Aceh Besar
region. Furthermore, in this study, characteriza-
tion was carried out by checking through the
analysis of enthalpy shifts, especially the latent
heat value found in the material by using Ther-
mo-Gravimetry Analysis-Differential Scanning
Calorimetry (TGA-DSC). Quantitative and quali-
tative analysis of elemental content using X-Ray
Fluorescence (XRF), grain size and degree of
crystallinity by using X-Ray Diffraction (XRD),
morphological or elemental analysis of local salt
by using Scanning Electron Microscope-Energy
Dispersive X-Ray (SEM-EDX), thermal conduc-
tivity analysis, density analysis and electrolyte
conductivity analysis.

METHODOLOGY

Sample preparation

The substance used in this analysis is local
salt (NaCl) from the Lam Ujong Village in Aceh

Besar. The processing of salt samples starts with
drying the salt in an oven at 400 °C until the wa-
ter content is reduced to a fixed mass. Further-
more, heat treatment is used to modify the salt.
The sample I is unheated, sample II is heated to
4000 °C with a 30-minute hold time, and sample
III is heated to 8000 °C with a 30-minute hold
time. After heating, samples II and III were al-
lowed to self-crystallize at room temperature.
Then, using a mortar and pestle, salt was ground
until smooth.

Characterization

The salt was crushed and characterized using
the X-Ray Fluorescence (XRF) branded Panalyti-
cal MiniPal 4 to determine the quality and per-
centage of elemental composition in local salt
samples. Scanning Electron Microscope-Energy
Dispersive X-Ray (SEM-EDS) branded Thermo
Fisher Scientific type E Prism fitted with Energy-
Dispersive X-Ray Spectroscopy (EDS) was used
for elemental and morphological analysis.

In order to identify know the crystal size, the
Shimadzu XRD-D7000 machine was used, which
was equipped with a Maxima X-Ray Diffrac-
tometer where X-rays are scanned continuously
from an angle of 10 to 80 degrees 2-theta at a
speed of 2.0 degrees per minute. The target X-ray
tube is Cu with a voltage of 40.0 kV and a cur-
rent of 30.0 mA. The two samples were crushed
with pestle and mortar before being placed in a
stainless-steel sample holder. MATCH! is used
for data analysis (peak scanning and matching)
— Phase Identification from Powder Diffraction
Data — Version 2.4.7. On the basis of the data ob-
tained from XRD, the data were matched with the
database and the crystal size was calculated using
the Scherrer equation.

In order to analyze the value of latent heat,
the TGA and DSC analyses were performed
under the Mettler Toledo TGA/DSC machine
with a high-temperature furnace by purging
with nitrogen at a flow rate of 30 ml/min and
heating rate of 15 °C/min. The samples were
placed in an alumina crucible c.a. 10 mg, then
heated from an ambient temperature to 800 °C.
After that, Leybold’s Single Plate Method was
used to determine the thermal conductivity val-
ue of the salt produced. Density analysis used
the bulk density method, with a 10-ml measur-
ing cup and digital scales. The measurement of
sample weight was carried out ten times. The
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electrolytic conductivity was obtained from the
Laboratory Benchtop Meter measurement; the
size of the glass used is 50 ml.

RESULTS AND DISCUSSION

Analysis of the content and
elemental composition

XRF analysis is used to determine the content
and percentage of elemental composition found
in local salt samples. Table 1 shows the XRF
analysis results for local salt originating from
Aceh Besar. There are three samples, the data of
which are presented in this table, that is, untreated
samples, samples heated at 400 °C, and samples
heated at 800 °C.

The XRF analysis in Table 1 reveals that the
elemental Cl content has higher value than other
elements from local Aceh salt. From this table,
there is no visible element of Na due to the ability
of the XRF device which cannot read the pres-
ence of the Na element (Yalg¢in and Mutlu, 2012).
The three local salt samples (NaCl) are still in
the good category since they do not have visible
heavy metal contaminants. There are several con-
taminants of metal elements such as Ca and Mo,
where the content of these elements is still below
the threshold. In the local salt compounds (NaCl),
there are also other impurity-metal elements with
a relatively small percentage.

According to Salim et al., 2016, salt with a
Cl content of less than 94% was graded as cat-
egory III quality salt (Salim and Munadi, 2016).
On the basis of the Cl level, the local salt (NaCl)
produced traditionally has not met the salt content

Table 1. XRF analysis result

Sample (%)
Element | Un-treated | Pre-heated at | Pre-heated at

NacCl 400°C 800°C
P 0.17 0.14 0.14
S 0.1 - -
Cl 93.29 92.82 93.94
K 0.33 0.43 0.31
Ca 2.29 217 1.86
Fe 0.1 0.1 0.066
Cu 0.058 0.052 0.052
Br 0.23 0.15 0.12
Mo 2.9 3.37 3.04
Nd 0.48 0.40 0.48
Pr - 0.35 -
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needed as the raw material for Phase Change Ma-
terial (PCM). The salt (NaCl) used for PCM is
a type of industrial salt with a purity percentage
(NaCl) of greater than 99% (Tian et al., 2017).
In this study, the salt (NaCl) used with a purity
level of NaCl> 99%. Salt (NaCl) is mixed with
salt (CaCl)) and Mg particles. The result of mix-
ing the three materials could increase the specific
heat capacity value by 10% which could be used
as heat storage at high temperatures. Then in an-
other study, an investigation was carried out us-
ing salt (NaCl) with a purity level of NaCl> 99%
mixed with salt (Na,CO,). The mixing of the two
materials shows that the salt has good thermal
properties and can be used as a high-temperature
PCM for Concentrating Solar Power (CSP) ap-
plications (Jiang et al., 2016). On the basis of
the XRF characterization findings for the three
samples, it can be inferred that the heat treatment
of local salt does not affect the salt consistency
as a PCM candidate. On the basis of the findings
of the local salt NaCl content, which is included
in category III, the local Aceh salt is not recom-
mended as a raw material for high-temperature
PCM. However, it is recommended for low-tem-
perature PCM (Gunawati et al., 2019a, 2019b).

Morphological and elemental analysis

Furthermore, the elemental and morphology
of local Aceh salts, as well as the findings of SEM
analysis of the salt characteristics, were examined
by using SEM-EDS.

The SEM analysis findings show that with
a magnification of 5000x, it can be seen that
the local salt surface is coarse and irregular in
structure. Meanwhile, EDS shows the presence
of Na in large quantities. When compared with
XREF, there is no visible element of Na in local

Figure 1. Morphological SEM from Aceh local salt
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Figure 2. Elemental analysis EDS result from Aceh local salt

salt compounds, but with the SEM-EDS tool, it
is clear that there is Na in a quantity of 12.15%,
while other elements, such as Ca, S, Nd, K, are
still seen in small numbers. Likewise, elemental
oxygen with XRF is not visible, but with SEM, it
is seen in amounts that exceed 50 cps/eV.

Crystal size analysis

Figure 3 shows the emergence of several
peaks defined as local salt (NaCl), where the
NaCl compound can be determined by adjusting
the XRD result data with the NaCl database. It
can also be seen that there is no change in phase
composition (no new phase is formed) of the
sample before and after heat treatment. It can be
observed from the absence of a significant change
in the position of the two theta angles, implying
that heat treatment of the NaCl sample induces a
single phase. From the figure, it is also seen that
the highest optimum peak results occur at a treat-
ment temperature of 400 °C; thus, it can be said
that the NaCl content is more significant under
these conditions.

Furthermore, the crystal size is determined
based on the widening of half the diffraction
peaks that arise from a material or FWHM. The

crystal size produced from local salt (NaCl) with
various heat treatment temperatures can be seen
in Table 2.

According to Table 2, adding hot temperatures
to local salt (NaCl) will influence the size of the
material crystal. The greater the temperature dif-
ference, the larger the resulting salt crystal size.
When a compound is heated, the crystal size ex-
pands. It is due to the fact that the higher the sin-
tering temperature applied to the sample, the more
energy the atoms gain to diffuse and agglomerate.
As a result, the size of the crystals produced on
the grain becomes larger, and the bonds between
atoms become stronger and more frequent. By the
crystal size of the grains, each grain will experi-
ence formation, resulting in tighter grains. After
heating the sample, the bonds between the pow-
ders will be stronger. The increased bonding of
the material becomes more compact. In this case,
the grain size also affects the compatibility of a
material (Callister, 1991).

Thermal analysis

Thermal analysis of traditional Aceh salt sam-
ples was carried out using DSC/TGA under the
Mettler Toledo TGA/DSC machine. This analysis
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Figure 3. XRD Test results on local salt (NaCl) with heating temperature variations
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Table 2. Crystal sizes of XRD analysis

Sample FWHP Peak position (degree two theta) Crystal size (nm)
Un-treated NaCl 0.2231 32.0191 39.10
Pre-heated at 400 °C 0.1519 31.8238 57.40
Pre-heated at 800 °C 0.1199 31.8957 72.73

begins with heating the sample from room tem-
perature to 900 °C. Figure 4 shows the weight-
to-temperature curves of the three sample types.
The three samples in the graph above show
that local salt’s heat treatment affects the rate of
sample weight reduction as the temperature rises
to 900 °C; this occurs at temperatures of 0 °C to
200 °C. The samples heated at 800 °C were seen
to be more stable than the other two samples. The
samples heated at 800 °C exhibited a decrease in
sample weight by 0.95%, whereas the samples
heated at 400 °C showed a decrease in sample
weight by 1.43% and the unheated samples had
a decreased weight by 3.57%. Furthermore, at a
temperature of 200 °C to 800 °C, the weight loss
shows stability, while at temperatures of 800 °C
to 900 °C, decomposition occurs. The results ob-
tained from this study are close to that reported

by Alexander et.al. The weight loss rate of 0.9%
is caused by the evaporation of a portion of the
sample (Schindler and Schoneich, n.d.).

Figure 5 illustrates the DSC heat flow curves
of the salt samples before and after heating. The
negative heat flow indicates that the sample emits
heat into the atmosphere. This sharp peak reflects
the sample’s solid-liquid phase transition. The
melting temperature of unheated salt samples
was 792.56 °C, then the samples heated at 400 °C
were 792.80 °C and the samples heated at 800 °C
were 792.88 °C. The results obtained from this
study are close to the value reported by Alexan-
der et al., with a melting temperature of 802.1 °C
(Schindler and Schoéneich, n.d.).

Table 3 summarizes the findings of the char-
acteristic tests of local salt that was given heat
treatment or without heat treatment. The findings
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Figure 5. Enlarged DSC graph 2 results
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Table 3. Characteristics of Aceh local salt

Melting Melting Thermal Crvstal size Densit Average electrolyte
Samples Temperature enthalpy conductivity ry(nm) ( rlcmg) conductivity meter
("C) (KJ/kg) (W/m°C) 9 (ms/cm)
Un-treated NaCl 792.59 519.133 23 39.10 1.047 52.2
Pre-heated at 400°C 792.80 558.343 - 57.40 1.068 99.3
Pre-heated at 800°C 792.88 622.164 - 72.73 1.133 113.6

are melting temperature and melting enthalpy de-
rived from the TGA/DSC analysis, thermal con-
ductivity derived from the Single Plate Method
calculation, and crystal size derived from the
XRD analysis. Furthermore, the density calcula-
tions using bulk density and electrolyte conduc-
tivity are derived from Laboratory Benchtop Me-
ter measurements.

The melting temperature value of the three
samples did not change significantly, indicating
that heat treatment of local salt had little effect
on the melting temperature value. Meanwhile, as
the salt is heated to a higher temperature, there
is a rise in enthalpy. The same is true for ther-
mal conductivity and electrolyte conductivity.
The crystal size and density value also increased
with heat treatment, consistent with the effect of
particle solidification caused by increased crystal
size, which affects the density value.

CONCLUSION

The salt produced traditionally on the coast
of Aceh has been studied for its physical and
chemical properties as a candidate material for
thermal energy storage. According to this study’s
findings, the salt can be categorized as grade 111
(NaCl<94%) and is suitable for use as a thermal
energy storage material. In terms of melting tem-
perature, the salt with or without heat treatment
is applicable for energy storage. The heat treat-
ment of local salts increases the value of melting
enthalpy, melting temperature, crystal size, den-
sity and electrolyte conductivity. The best heat
treatment method for local Aceh salt is heating
it to a temperature of 800 °C to obtain melting
enthalpy and crystal size reaching 622,164 mW
and 72.73 nm.
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