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Abstract. Commercial inclusion of ceramic oxides such as copper oxide, lithium oxide, and
iron oxide into ceria-based electrolytes has been utilized to improve ceria-based material
performance by microstructure modification. The purpose of this research is to investigate the
impact of rice husk ash silica (RHASi1O2) composition on samarium-doped ceria electrolyte
properties. This innovation, utilizing natural silica from rice husk ash, promotes eco-friendly
technology development in engineering. RHASiO, was calcined for 4 hours at 700 °C to
produce high purity silica, which was then mixed with SDC powder using a dry ball milling
process. SDCO0, SDCO0.25, SDC0.5, and SDC1.0 will include 0%, 0.25%, 0.5%, and 1.0%
RHASIOz, respectively. To establish if RHASiO2 may act as an addition to the electrolyte, all
samples will be sintered at 1200 °C for 60 minutes. TGA analysis was used to describe the
composite powder on the basis of thermal characteristics, and Archimedes' principle will be
employed to determine the porosity and density of the composite pellet. When compared to
the pure SDC electrolyte, the density of the electrolyte with a greater weight % of RHASiO»
was higher. For SDCO0.25, SDCO0.5, and SDC1.0, the FTIR results clearly demonstrated
RHASIO; bonding at 1088, 1066, and 1067 cm™', respectively, whereas 1104 cm™ suggests
an asymmetric stretching vibrations band. After the sintering process, the addition of silica
will offer a new bonding element. EDX was used to identify the elements in the samples to
establish the presence of SiO. Aside from that, SEM micrographs and Image J showed that
the porosity percentage reduces when RHASi1O, composition increases. Overall, the results of
all investigations suggest that adding RHASiO> to SDC decreases its porosity while
increasing the properties of the SDC-RHASIO:> electrolyte composite.
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1. INTRODUCTION

It is commonly known that solid oxide fuel cells [1], or SOFCs for short, have a great
deal of potential to be significant power sources in the future because of their high energy
conversion efficiency, high electrolyte stability, longer stack life, and low pollutant emission.
They can use a variety of fuels. Because oxygen anions (O%) behave as conducting species
throughout the electrolytes to reach the anode side for the electrochemical interactions with
any combustible fuel, a SOFC's primary benefit is its considerably higher versatility with
realistic fuels [2-3].

Solid oxide electrolytes are a critical component of SOFC systems. In general, the
essential issue to consider is the ionic conductivity of a solid oxide electrolyte. The most
common SOFC electrolyte is yttria-stabilized zirconia (YSZ), which requires high operating
temperatures (800-1000 °C) to maintain a high ionic conductivity (0.01 S/cm). However, at
such high operating temperatures, YSZ as solid oxide electrolytes can produce significant
materials challenges, such as mismatches in thermal expansion coefficients between ceramic
components, electrode coking concerns, interfacial interdiffusion, and the possibility of cell
sealing. Ceria-based solid solutions have been identified as the most promising electrolytes at
intermediate temperatures (500-700 °C) SOFC (IT-SOFC) due to their higher ionic
conductivity than YSZ [4-5].

In the manufacture of solid oxide electrolytes, powder pressing and sintering ceramic
processes are widely utilized. After sintering as pressed pellets, current electrolytes exhibit
structural difficulties such as non-uniform crystallite sizes, visible voids, and low bulk
density. By using proper sintering aids and fine starting materials, electrolyte densification is
increased, resulting in constant crystallite sizes and high-density solid electrolytes [6-7].

Ball-milling is a common process for manufacturing solid electrolytes, but it only
produces micrometer-scale particle sizes and necessitates a much higher sintering
temperature to produce highly dense pressed pellets. We demonstrated a milling method for
fabricating fully-dense samarium-doped ceria (SDC) solid electrolytes using SiO; as sintering
aids. To demonstrate how SiO» affects the densification behavior of ceria-based electrolytes,
comparative research was carried out using a SDC system with SiO; addition. This
information will be useful in the design and production of high-performance solid electrolytes.

[8].

2. MATERIALS AND METHODS
2.1 Silica Production from Rice Husk

The greyish powder of rice husk ash silica (RHASiO,) derived from the uncontrolled
burning of rice milling in Muar Johor, Malaysia, at a temperature rate of roughly 450 °C. The
powders were calcined at 700 °C before being added to SDC, and then undergoing dry ball-
milling process for 3 hours to get the cleanest and smallest practicable particle size (between
0.1-0.6 um). SDC was obtained commercially (from Korea's Kceracell). SDC and RHASiO»
powders were mixed for 3 hours with 200 rpm speed in a low-speed ball-milling procedure
with different RHASiO> composition to produce four types of SDC-RHASiIO; powder
samples: SDCO0, SDC0.25, SDCO0.5, and SDC1.0, which contain 0%, 0.25%, 0.5%, and 1.0%
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RHASIOs. A uniaxial press was used to make the SDC-RHASiO> composite pellets with 30
mm diameter and 1 mm thickness. The pellets were then sintered for 60 minutes at 1200 °C.

2.2 Characterizations of Rice Husk Silica

In order to investigate the different reaction steps and temperature of the prepared
powder, a differential thermal analyzer and a thermogravimetric analyzer (DTA & TGA,
Model: SDT2960 Simultaneous DTA-TGA) with a heating rate of 10 °C/min in air were
used. The Archimedes technique was used to determine the densities and porosities of the
sintered pellets. The functional groups in the sample were identified using a Thermo
Scientific FTIR Nicolet 6700 equipped with an attenuated total reflectance (ATR) accessory.
The spectra were collected using 32 scans at 4 cm™! resolution in the 4000-400 cm™ range.
The scanning electron microscope SEM (Hitachi, SU1510, Japan) was used to analyze the
cross-sectional morphology of RHA powder. Energy dispersive X-ray (EDX) was used to
determine the element distribution in the composite. To improve accuracy and precision,
picture J analysis was utilized to detect the porosity values from the thin section picture. As a
result of this improvement in the color palette, along with greater resolution and more
complete photography of the microporosity, the true area that the computer will threshold as
pore space will improve.

3. RESULTS AND DISCUSSION
3.1 Thermal Characterization (TGA) of SDC-RHASiIO;

Figure 1 illustrates TGA graphs of weight loss for various SDC-RHASiO; composite
compositions. The temperature was plotted against the weight loss, which represented the
delta mass (mg). The first mass loss appeared at 100 °C was due to the removal of
physisorbed moisture. The second weight loss between 110 °C and 250 °C was caused by the
dehydration of hydroxyl groups in PVA polymer intra or inter chains. The third weight loss
between 400 °C and 550 °C was related to the decomposition of the polymer chains and the
acetate salts. Almost no weight loss was observed after 550 °C indicating metal oxide
formation. However, the calcination of the fibers was realized at 800 °C in order to ensure
that no carbon residue remained on the samples.

The graph was created to detect the weight loss of four separate samples (SDCO,
SDCO0.25, SDCO0.5, and SDC1.0), which can be seen when the sintering temperature increases.
Ceria-based materials can undergo phase transitions at high temperatures. The phase
transition involves changes to the crystal structure, which may result in porosity alterations
and weight loss. In the case of SDC-RHASIO,, the Si element has an effect on the
temperature and crystallinity behavior.

3.2 Porosity of SDC-RHASIO;

Table 1 shows the apparent density and percentage of apparent porosity determined
using the Equations 1 and 2, indicating a considerable reduction in porosity in pellets with the
addition of RHASIOs.

Wy
A tD ity = ———— 1
pparent Density WO — W, (1)
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Figure 1: Thermal behaviour for SDC-RHASiO; electrolyte
Table 1: Apparent density and percentage of apparent porosity for SDC-RHASiO»
electrolyte
Samples Apparent density (g/mm?) Percentage of Zl(};l;arent porosity
0
SDCO 3.885 5.215
SDCO0.25 3.949 4.996
SDCO0.5 3.974 4.944
SDC1.0 4.074 4.893

Apparent density for SDC1.0 is the highest (4.074 g/mm?) followed by SDCO0.5
(3.974 g/mm?), SDC0.25 (3.949 g/mm?) and lastly SDCO (3.885 g/mm?). On the other hand,
percentage of apparent porosity tabulated shows that porosity is the highest with SDCO
(5.215%) followed by SDCO0.25 (4.996%), SDCO0.5 (4.944%) and SDC1.0 (4.893%) coming
last. Based on the result obtained, the existence of RHASiIO; in SDC pallet helps to reduce
porosity which improving the densification of electrolyte composites. Figure 2 shows the
graph of apparent density and percentage of apparent porosity for SDC-RHASIO2 electrolyte.
The apparent density of the samples increases as the weight percentage of RHAS10, added to
SDC increases. As for apparent porosity, pellets with higher RHASiIO> weight percentage
have lower percentage of apparent porosity. These situations occur due to the RHASIO;
particles occupy the space between SDC particles and cause the SDC become denser and
compact [9]. This theory can be proved with the SEM result from Figure 4. The reduction of
porosity makes better electrolyte composite.
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Figure 2: Graph apparent density and percentage of apparent porosity for SDC-RHASiO>
electrolyte

3.3 Chemical Bonding Analysis of SDC-RHASiIO;

Figure 3 shows IR spectra obtained under group CeO stretching frequencies in the
range of wavenumbers between 900-1300 cm™ and SiO, asymmetric stretching vibrations in
the region of wavenumbers between 1000-1100 cm™. Each composition displays a composite
at four distinct compositions. It is critical to determine the functional group of organic
compounds by analyzing infrared ray transmittance lines.

Based on Table 2, it is clear that the addition of silica to the composite will result in
the inclusion of new elements, and that raising the sintering temperature will most likely
result in the addition of new bonding elements in the SDC-RHASIiO, composite electrolyte
pellets [10-12].
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Figure 3: FTIR spectra of SDC-RHASIO; electrolyte
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Table 2: Band assignments of SDC-RHASIO; electrolyte

1 . Wavelength
Wavelength (cm™) Band Assignments Range(cm-) References
?:;’83994’ 1088, 1066, Ce-O Stretching frequency 900-1300 [13]
1088, 1066, 1103 SI-O-S1 Asymmetric 1000-1100 [14]

stretching vibration

3.4 Morphology and Element Analysis of SDC-RHASIO;

The constituents of the SDC-RHAS10, composite electrolyte pellets with four distinct
compositions were evaluated by EDX are shown in Figure 4.

Samples Microstructure and Elemental Composition (%) Porosity
Porosity Area Average
Value, %0Area
Element | Weight% Atomic%
(0] 21.08 70.12
Ce 67.46 25.80
SDCO Sm 11.46 4.08 513
Total 100.00
Element | Weight% Atomic%
(0] 19.72 68.28
Si 0.17 0.34
SDC0.25 Ce 60.09 27.32 4.97
Sm 11.02 4.06
Total 100.00
Element | Weight% Atomic%
(0] 21.20 70.17
Si 0.27 0.50
SDCO.5 Ce 64.80 24.49 4.89
Sm 13.73 4.84
Total 100.00
Element | Weight% Atomic%
(0] 23.00 71.58
Si 0.94 1.67
SDC1.0 Ce 65.06 23.12 4.75
Sm 10.99 3.64
Total 100.00

Figure 4: SEM images of surface morphology and porosity value through the ImageJ
software for SDC-RHASIO: electrolyte
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The essential ingredients in composite electrolyte pellets manufactured from the SDC-
RHASIO; combination are samarium (Sm), ceria (Ce), oxygen (O), and silicon (Si). For
SDCO0.25, SDCO0.5, and SDCI1.0, all of these critical components are present in the SDC-
RHASIO, composite electrolyte pellets.The highest proportions of (Ce) components were
found in SDC-RHASIO; composite electrolyte pellets, followed by (O), (Sm), and finally (Si).
The lower the quantity of silica content measured in the composite, the less RHASiO; added.

Image J was used to examine the porosity values acquired from the SEM results. To
improve accuracy and precision, the porosity may be detected from the top surface section
picture. As indicated in the chart in Figure 4, the true area that the computer would threshold
as pore space will improve as a consequence of this improvement in the color palette
combined with greater resolution and more complete photography of the micro porosity. To
distinguish it from the overall top surface Image J, the porosity was colored red. The
existence of porosity and hole in the SDC-RHASiO> composite electrolyte was shown by red
dots. As a consequence, the porosity number will be more accurate and in line with the
samples' total porosity [15-17].

The presence of silica influences the porosity of the SDC-RHASiIO> composite
electrolyte (Figure 4). As the composition of RHASi1O; been added into SDC increased, the
porosity of the SDC-RHASiO> electrolyte decreased, which reduced the sintering
temperature for the electrolyte.

4. CONCLUSIONS

Based on the tests and analysis, it can be determined that adding RHASiO; to the
SDC electrolyte improves its characteristics significantly. Higher density in electrolytes with
higher RHASIiO, weight percentages implies increased compactness and potential for better
performance in electrochemical applications. Furthermore, the FTIR data show that
RHASIiO> has successfully bonded to the SDC matrix, validating its incorporation into the
composite. The presence of SiO, as determined by EDX analysis, supports the inclusion of
silica as a novel bonding element, which contributes to the composite's overall stability.
Furthermore, increasing RHASiO> composition results in a decrease in porosity as seen in
SEM micrographs and Image J analysis, indicating increased structural integrity. Therefore,
the comprehensive findings support the conclusion that incorporating RHASiO> into SDC
results in a composite with decreased porosity and enhanced properties, thus holding promise
for various practical applications.
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