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Abstract. Additional of metal oxide such as copper oxide, lithium oxide and iron oxide into ceria-based electrolyte had
been commercialized to improve the performance of the ceria based material in microstructure modification. In this study,
the effect of samarium doped ceria with the addition of rice husk ash silica on its characterization is described. Samarium
doped ceria (SDC) with addition of 1.0 wt.% of rice husk ash silica (RHASIO2) was prepared by ball milling method. The
SDC-RHASIO2 composite pellets were produced by uniaxial press and were sintered at 700°C. Material characterizations
of SDC-RHASIO2 sample were identifying by X-ray diffraction (XRD) for crystalline structures, porosity test and scanning
electron microscope (SEM) for surface morphology and microstructures. Based on XRD result obtained, it has been found
that the result for SDC-RHASIO2 powder only showed the face-centered cubic lattice structure of (Sm.20Ce.8001.90) without
additional impurity phases. SEM micrographs indicated that the porosity percentage decreases when the RHASIO2 was
added into SDC. This mixed material is believed could improve the structure as well as the performance of undoped SDC.

INTRODUCTION

The development of intermediate-temperature SOFCs (IT-SOFCs) using novel electrolyte materials is now
the main issue facing solid oxide fuel cell (SOFC) technologies in lowering the operating temperature [1, 2]. Gd**
doped CeO, (GDC) and Sm*" doped CeO, (SDC), among the several forms of ionic oxide conductors, are potential
forthcoming alternative electrolytes for these systems because of their high ionic conductivities in a temperature range
of 600-800°C [3]-[5]. In comparison to other component materials, the properties of electrolyte powders, such as size,
form, crystallinity, compaction, sinterability, etc., should be rigorously regulated [6, 7]. Because of this, it is thought
that the creation of ultrafine and homogeneous powders as precursors for the production of dense bulk ceramic
electrolytes would significantly affect the densification process, including the sintering temperature and the final
electrochemical characteristics [8].

The rice husk, which makes up roughly 23% of the original weight of the rice, is produced as a byproduct of
rice beneficiation. For the production of cement, ionic oxide materials, and concrete, this husk can be used as an
addition [9]. Thanks to the high silicon concentration, rice husk is now used to manufacture various silicon compounds,
including silicon carbide, silicon nitride, and elementary silicon [10]. Due to its high calorific power (about
16720kJ/kg), rice husk is being used more and more as a fuel to generate heat for drying rice. Other than that, previous
research had found that small amount of RHA (1wt%-3wt%) can increase the performance of doped ceria [11, 12]. A
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byproduct of this combustion is rice husk ash (RHA). Rice husk combustion in air always produces silica ash, which
can range in colour from grey to black depending on the amount of inorganic contaminants and unburned carbon [9,
10].

Furthermore, despite nanoscale ceria particles appear to have a stronger capacity to sinter than big particles,
they also improve the conduction mechanism, limiting the performance of the cell [13]. In order to establish a balance
between densification, size, and electrochemical properties, the synthetic approach is crucial for maximising a
powder's electrolyte properties. Several procedures can be used to create powders, including hydrothermal treatments,
co-precipitation, sol-gel processes, and typical powder mixing and calcination [14, 15].

The approach was chosen because it is a straightforward and inexpensive process, even though the
conventional powder mixing and calcination method calls for a number of reaction stages and the addition of
dispersants during the compaction of the pellets. Particle size analysis (PSA) and X-ray diffraction (XRD) were used
to investigate the micro-sized powders, while scanning electron microscopy (SEM) and energy-dispersive X-ray
spectroscopy were used to disclose the sintered bodies (EDX). The purpose of all the experiments was to determine
how the addition of rice husk silica affected the SDC.

EXPERIMENTAL PROCEDURES

Sample preparation

Rice husk ash silica (RHASIO2) powder derived from the uncontrolled burning of rice milling at Muar Johor, Malaysia,
at a temperature rate of roughly 450°C with greyish in colour. The powders were ground by ball-milling for 3 hours
to obtain the lowest possible particle size (between 0.1um-0.6um) before been added into SDC. SDC was obtained
commercially (Kceracell, Korea). SDC and RHASIO, powders were mixed for 2 hours in a low-speed ball-milling
method to produce an SDC-RHASIO; powder comprising 99wt% SDC nanopowders and 1wt% RHASIO; (lowest
composition for RHASIO, was taken based on previous finding that had been stated in introduction). The SDC-
RHASIO, composite pellets were produced by uniaxial press. Then, the pellets were sintered at 700°C for 60 minutes.

Characterization of samples

The crystalline phases of the samples were characterized by X-ray powder diffractometer, XRD (Shimadzu XRD-
6000, D8-Advance, Bruker, German) with Cu Ko radiation (A=0.15418). The continuous scanning angle, 26, set
between 20° and 80°, the XRD moves at a speed of 0.020 s™'. Densities of sintered pellets were calculated from the
mass and the dimensions of the samples. The cross-sectional morphology of the composite pallets was observed by
scanning electron microscope SEM (Hitachi, SU1510, Japan). Energy dispersive X-ray (EDX) was performed to
identify the element distribution in the composite.

RESULTS AND DISCUSSION

Phase Analysis

The functional group of alginate and beeswax films were analyzed using FTIR. Figure 2 shows the FTIR spectra
for films of 1 wt% and 2 wt% SA. These spectra were used as a reference sample against spectra of alginate and
beeswax (1-5 g) films. For films of 1 wt% and 2 wt% SA, broad bands at 3263 cm™ and 3256 cm™ were detected,
respectively, contributed by OH stretching band. Small, medium bands were observed at 2936-2937 cm™ in both films,
contributed by the presence of -CH stretching vibration band. Stretching bands at 1592 cm™, 1594 cm™ and 1409 cm’
! were due to the existence of carboxylic group as the backbone of SA [10]. The observed band at 1084 cm™ in both
films shows the existence of C-C and C-O stretching bands. For films of 1 wt% and 2 wt% SA, the band that recorded
the highest intensity was at 1025 cm™ and 1026 cm, respectively, which might be due to strong OH binding vibration.
Bands observed at 949 cm™, 811 cm™ and 812 cm™ were contributed by guluronic and mannuronic acids, confirming
the existence of G-blocks and M-blocks in SA [10].
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X-ray diffraction could be used to determine the phases that are present in commercial powders by analysing their
patterns and lattice structures. The X-ray pattern of the composition of SDC and SDC-RHASIO; pallets can be seen
in Figure 1 when the powder is sintered at a temperature of 700°C. During the analysis, there was not a single instance
of a secondary phase for RHASIO, that showed itself on the XRD graph. The analysis for XRD was undergo by using
Eva Software to examine the lattice structure, space group and pattern. The lattice structure of (Sm.2Ce.g001.90) IS
face-centered cubic with Fm-3m(225) and the peak produce follow the XRD structure for SDC with JCPDS pattern
number 01-075-0158. At 700°C, no second phase can be recognized [16]. The RHASIO, was stay in amorphous state
without changing to crystallized during sintering temperature of 700°C. The existence of RHASiO; had been prove
with the result obtain from EDX test.
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FIGURE 1. XRD patterns of SDC-RHASiIO, composite electrolyte and SDC sintered at 700 °C

Density and Porosity

The SDC-RHASIO; pellet was determined by Mettler Toledo Density equipment on findings of porosity and density.
The volume of pores that are present in a material is what has been referred to it as porosity, and the density of a
material is directly related to the characteristics and performance of powder-compacted elements. The pellet's porosity
was measured using the Archimedes principle and distilled water was used as the medium.

TABLE 1. Percentage of porosity and density for all SDC and SDC-RHASIO;

Composition of SDC-
RHASIO; (wt.%)

Sintering Temperature: 700°C

Percentage of Porosity (%) Density, p(g/cm?)

41.84 3.9207
1 40.67 3.9847

Table 1 shows the result of the porosity and density examined for the SDC and SDC-RHASIO, pallets. The pellets
are treated to a pressing pressure of three tonnes for three minutes before being sintered at a temperature of 700°C.
The result obtained show that SDC pallet has porosity of 41.84% with a density of 3.9207 g/cm®. On the other hand,
the value of porosity for SDC-RHASIO, was decrease to 40.67%, and density increased to 3.9847 g/cm?®. The porosity

020041-3

20:10:20 ¥20Z Aeniged 10



of SDC-RHASIO; pallet has lower pores composition compared to SDC pallet. This situation proved that the addition
of additives strongly promotes the densification of SDC probably due to viscous flow sintering occurs in the Sm-
doped ceria system [17].

Morphology Analysis

The cross-sectional morphology of the SDC and SDC-RHASIO; electrolyte pellet was examined using scanning
electron microscopy (SEM). Both pallets were characterized with the magnification of 1000x to observe the porosity
structure of cross-sectional morphology pellets. Figure 2 shows the cross-sectional morphology of SDC and SDC-
RHASIO; pellets. The scanning electron microscopy (SEM) reveals a composite microstructure that has a porous
surface structure in the areas where it may be identified by darker image. Porosity can be seen more significantly on
the images of SEM for SDC compared to SDC-RHASIO,. The result shows that, the porosity percentage decreases
when the RHASIO, was added into SDC. This was verified by the porosity result, which was discussed before.
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FIGURE 2. SEM images of (a) SDC and (b) SDC-RHASIO; pellets with 1000x magnification.

Elemental Analysis

The element distribution of the SDC-RHASIO- electrolyte of the pellet was shown under the Energy-dispersive X-ray
spectroscopy (EDX) machine. Figure 3 shows the distribution element of SDC with the weight of element percentages
of oxide, cerium, and samarium with 16.16%, 70.39%, and 13.44% respectively. Figure 4 shows the distribution
element of SDC-RHASIO; 1 wt.% and the composition of elements supposed to exist was on the electrolyte pellets
with the weight percentage of element oxide, silica, cerium, and samarium followed by 16.64%, 0.09%, 74.13%, and
9.14% respectively. This result proved that there is SiO, element detected in the sample which is Si element. The
element of SDC-RHASIO; was stated and the outcome of the experiment conducted meets the desired requirement.

Spectrum 1

Element Weight% Atomic%
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CelL 70.39 31.36
SmL 13.44 5.58
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FIGURE 3. EDX distribution for SDC electrolyte pellet
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Spectrum 1

Element  Weight% Atomic%
OK 16.64 63.68
Si K 0.09 0.20
CelL 74.13 32.40
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FIGURE 4. EDX distribution element of SDC-RHASIO, 1% electrolyte pellet

CONCLUSION

This research study is conducted to investigate the characterization of samarium doped ceria with the addition of rice
husk ash silica. From these investigations, there is no phase for RHASIO,. This situation occurs because its stay in
amorphous state without changing to crystallized during sintering temperature of 700°C. Other than that, the porosity
of SDC-RHASIO; pallet has lower pores composition compared to SDC pallet. The porosity also can be seen more
significantly on the images of SEM for SDC compared to SDC-RHASIO;
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