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Abstract: The aim of this research is to study zirconia-based electrolyte materials to increase the commercial value of zircon concentrate as a 
side product of tin mining industries. Synthesis of CaO-Y2O3-ZrO2 (CYZ) and 8mol% Y2O3-ZrO2 (8YSZ) was carried out by solid state re-
action. The result shows that ZrO2 presents in tetragonal phase. Doping of Y2O3 into ZrO2 allows a phase transformation from tetragonal into 
cubic structure with small percentage of monoclinic phase. Meanwhile, doping of CaO-Y2O3 allows a phase transformation into a single cu-
bic phase. These phase transformations enhance the ionic conductivity of the material. Introduction of 10wt% of LSGM-8282 into CYZ 
(CYZ-L90:10) allows further improvement of inter-grain contact shown by SEM morphological analysis and leads to the enhancement of 
ionic conductivity.  
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1. Introduction 

The electrolyte material of yttria-stabilized zirconia (YSZ) 
has been extensively investigated during the last decade, and 
it is widely used in solid oxide fuel cells (SOFC) [1-3], 
which operate in the high temperature region of 850-1000°C. 
For the system of high temperature solid oxide fuel cells 
(HT-SOFCs), enormously high efficiencies can be achieved 
by its integration with a gas turbine for large-scale stationary 
applications [4]. Large HT-SOFC systems must be built in 
the stacking structure and they need various ceramics and 
high-temperature metal alloys, limiting the choice of mate-
rials. HT-SOFCs also face the problem of high corrosion 
rate of stacks. Therefore, for the reduction in cost and corro-
sion rate, there is always a demand to reduce the operating 
temperature of SOFC. Thus, any incremental improvement 
in the ionic conductivity of the electrolyte is meaningful for 
applications [5].  

A considerable interest in the mixed dopant effect on the 
ionic conductivity in several ternary systems containing 

ZrO2 and Y2O3 has arisen. These ternary systems have been 
studied from the viewpoint of structural and electrical prop-
erties. Oxides commonly used as the third component were 
calcia [6-8] or magnesia [9]. The mixed CaO/Y2O3-stabi-
lized ZrO2 (CYZ) exhibits comparable ionic conductivity to 
YSZ even at the operating temperature around 1000°C. This 
implies that the ternary system of ZrO2-Y2O3-CaO may be 
more attractive than other ternary systems, mainly because 
of the lower cost of CaO compared to other trivalent oxides 
such as Sc2O3 [10] and Yb2O3 [11]. Bućko [12] has synthe-
sized CYZ using the hydrothermal method from 
co-precipitated zirconia hydrogel and found that the fully 
cubic phase could be obtained after sintering at 1300°C. It 
has also been found that the substitution of calcia for yttria 
as well as yttria for calcia in the zirconia solid solutions led 
to an enhancement of ionic conductivity. In particular, for a 
sample with 8mol% oxygen vacancies (8C10Y90, the mass 
ratio of CaO:Y2O3 is 10:90), substitution of yttria for calcia 
caused a significant enhancement of bulk conductivity and 
grain boundary conductivity. 
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Ishihara et al. [13] found that LaGaO3-based perovskite 
oxides, particularly with appropriate dopants such as Sr and 
Mg, have high oxide ion conductivity. These materials are 
considered as suitable electrolyte materials for SOFC for 
their high ionic conductivity at lower temperatures. In addi-
tion to the high ionic conductivity factor, thermo-me-
chanical properties, namely thermal expansion coefficient 
(TEC), morphological and geometrical stability in different 
atmospheres and mechanical toughness are among other 
important factors for the electrolyte material. All factors 
must also be considered for material selection and applica-
tion at high temperature [14]. Based on (i) the similarity of 
TEC values between the lanthanum strontium gallate mag-
nesite (LSGM) and zirconia-based electrolyte (the TEC of 
LSGM-8282 is 11.55×10−6 K−1 at 298-1273 K [15] and that 
of 8YSZ is 10.1×10−6 K−1 at 298-1273 K [16]), (ii) the supe-
rior stability of zirconia, and (iii) the high ionic conductivity 
of LSGM at lower temperatures, the combination of these 
two materials may afford a composite with high ionic con-
ductivity at lower temperatures and good compatibility with 
the other components of the cell. Results of the synthesis 
and properties of the composites of zirconia with LSGM 
(ZL), CYZ with LSGM (CYZ-L), and 8YSZ with LSGM 
(YSZ-L) were reported in this paper. 

2. Experimental 

The zirconia (ZrO2) material used in this research was 
prepared by caustic fusion of zircon (ZrSiO4) and was ob-
tained from ZrSiO4 concentrate from a tin mining plant, 
Bangka Island, Indonesia. The other materials such as CaO 
(Aldrich, 99.995%), Y2O3 (Aldrich, 99.99%), La2O3 (Sigma 
Aldrich, 99.99%), MgO (Sigma Aldrich, 99.999%), SrCO3 
(Aldrich, 99.9%), Ga2O (Sigma Aldrich, 99.99%), and silver 
paste (SPI) were obtained from available commercial 
sources. 

The synthesis of LSGM-8282 was carried out by solid 
state reaction. The required amounts of La2O3 and MgO 
were heated at 1000°C for 12 h before use. These materials 
were mixed with SrCO3 and Ga2O and ground in acetone for 
2 h followed by calcinations at 1100°C for 24 h with inter-
mediate grinding. The LSGM-8282 disc finally was sintered 
at 1400°C for 36 h before impedance measurement. 

Zirconia (ZrO2) was prepared by caustic fusion of zircon 
concentrate (ZrSiO4), i.e. by reacting zircon with NaOH, 
followed by acid leaching and precipitation of ZrO2 through 
the addition of ammonia solution as described by Soepri-
yanto, et al. [17]. Doping of 8mol% Y2O3 into ZrO2 was 

carried out by solid state reaction by introducing a certain 
amount of Y2O3 into zirconia powder to produce 8YSZ. 
Meanwhile, doping of CaO and Y2O3 to create 8mol% va-
cancies was also carried out by solid state reaction to pro-
duce CYZ (Ca0.008Y0.072Zr0.862O1.84). The mixed powder was 
ground and fired at 1350°C for 5 h for CYZ and at 1500°C 
for 5 h for 8YSZ. 

Composites were prepared by introducing LSGM-8282 
into ZrO2, CYZ, and 8YSZ powders in the mass ratios of 
90:10, 50:50, and 10:90, respectively. The mixed powder 
then was pressed into a disc and sintered at 1350°C for 5 h. 

The synthesized materials were characterized by powder 
X-ray diffraction (XRD, PW 1710) using Cu Kα radiation. 
Refinements on XRD data were carried out using Le Bail 
methods implemented in Rietica program to determine their 
cell parameters. Morphological analysis was carried out by 
scanning electron microscopy (SEM, JEOL EO 1.1 JSM 
6360). Ionic conductivity was measured by an LCR meter 
(Agilent E4980A) in the frequency of 20 Hz-2 MHz and at 
the temperature from 200 to 500°C. The data from imped-
ance measurement were fitted using ZView program to de-
termine the value of grain resistance (Rg), grain boundary 
resistance (Rgb), and electronic resistance. 

3. Results and discussion 

The XRD patterns and their refinement profiles for ZrO2, 
YSZ, CYZ, and LSGM-8282 are shown in Figs. 1(a) and 
1(b). The XRD pattern for ZrO2 shows some broadened 
peaks. These broadened peaks indicate that ZrO2 has small 
particle size. This is supported by SEM analysis, which 
shows that the average particle size of ZrO2 is in the range 
of 48-80 nm. Meanwhile, XRD patterns of CYZ and YSZ 
show that doping of yttria and calcia-yttria enhances the 
crystallinity and enlarges the crystallite size of the materials, 
as appeared in the patterns of sharp peaks. It has been 
known that peak width is inversely proportional to crystal-
lite size, as described in the Scherrer equation [18]. 

We could mention here that the XRD pattern for YSZ 
still shows the presence of monoclinic phase. This mono-
clinic phase almost disappears in the CYZ sample. The 
XRD pattern of LSGM-8282 synthesized by the solid state 
reaction method shows some sharp peaks indicating good 
crystallinity. However, the secondary phase of LaSrGa3O7 
also exists as indicated by characteristic peaks at 2θ= 
29.996°, 35.540°, and 49.586°. 

XRD patterns of the composite of ZrO2 with LSGM-8282  
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Fig. 1.  XRD patterns of LSGM-8282, ZrO2, CYZ, and 8YSZ (c⎯cubic phase; m⎯monoclinic phase) (a) and the refinement pro-
files of the XRD patterns (b). 

in the mass ratio of 90:10 named as ZL90:10 and those in 
the mass ratio of 10:90 named as ZL10:90 are shown in Fig. 
2. For the ZL90:10 sample, the XRD pattern shows the 
characteristics of an amorphous phase. Meanwhile, in the 
XRD pattern of ZL10:90 there are some characteristic peaks 
of LSGM, ZrO2, and secondary phases, which are identified 
as as lanthanum zirconate (La2Zr2O7) at 2θ=48.169° and 
Ga2O3 at 2θ=63.374°. These XRD results implied that the 
reaction between LSGM-8282 and ZrO2 occurred in the 
composite. 

 

Fig. 2.  XRD patterns of ZrO2-LSGM 90:10 (ZL90:10) and 
ZrO2-LSGM 10:90 (ZL10:90). 

The addition of 10wt% of LSGM-8282 into CYZ allows 
the appearance of small peaks at 2θ=28.130°, which is iden-
tified as the monoclinic phase of zirconia and a peak of 
La4Sr3O9 at 2θ=30.940°. XRD patterns of the composite of 

CYZ with LSGM, named as CYZ-L at various compositions 
are shown in Fig. 3. In the XRD pattern of CYZ-L50:50, the 
characteristic peaks of LSGM-8282 and ZrO2 are presented. 
However, there are additional peaks of LaSrGa3O7 and 
La4Sr3O9 at 2θ=27.925° and 63.580°, respectively. Mean-
while, in CYZ-L10:90 some characteristic peaks of cubic 
zirconia disappear and the XRD pattern is dominated by 
LSGM-8282 peaks. Another additional peak at 2θ=28.53° is 
identified as lanthanum zirconate, La2Zr2O7. The XRD pat-
terns indicate that the reaction between CYZ and LSGM- 

 

Fig. 3.  XRD patterns of CYZ and CYZ-L composites (a⎯ 
characteristic peaks of LSGM-8282; b⎯La4Sr3O9; c⎯cubic 
phases of zirconia; d⎯LaSrGa3O7; e⎯La2Zr2O7; m⎯monoc-
linic phases of zirconia). 
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8282 could occur in the composite. The secondary phase 
resulted from this reaction could be easily formed in the 
composite with large LSGM-8282 fraction. 

The XRD pattern of the 10wt% of LSGM-8282 and 
8YSZ composite shows that 8YSZ remains in cubic and 
monoclinic structure. However, the insulating phases of      
LaSrGa3O7 and La4Sr3O9 appear after the addition of 50wt% 
of LSGM-8282 and 90wt% of LSGM-8282 into 8YSZ. The 
characteristic peak of La2Zr2O7 is also seen in YSZ-L10:90 
at 2θ=28.53°. The XRD patterns of the YSZ-L composite 
are given in Fig. 4.  

Structural refinement of XRD data using the Le Bail 
method shows that the crystal structure of LSGM-8282 is 
cubic and the space group is Pm3m. The presence of secon-
dary phases of La4Sr3O9 and LaSrGa3O7 in LSGM has also 
been reported by others [19-20]. A Pechini-type chemical 
preparation route reported by Tąs et al. [19] also resulted in 
the secondary phase of LaSrGa3O7 and LaSrGaO4. Fur-
thermore, Majewski et al. [20] synthesized LSGM-8282 us-

ing the mixed route and found that after 24 h at 1400°C the 
powder consisted of a high content of LSGM and about 
5vol% of LaSrGa3O7. The cell parameters of LSGM-8282 
are listed in Table 1. 

 
Fig. 4.  XRD patterns of YSZ and YSZ-L composites (a⎯ 
characteristic peaks of LSGM-8282; b⎯La4Sr3O9; c⎯cubic 
zirconia; d⎯LaSrGa3O7; e⎯La2Zr2O7; m⎯monoclinic zirco-
nia). 

Table 1.  Cell parameters of LSGM-8282, ZrO2, CYZ, CYZ-L90:10, YSZ, and YSZ-L90:10 

La0.8Sr0.2Ga0.8Mg0.2O3−δ ZrO2 CYZ CYZ-L90:10 YSZ YSZ-L90:10 
Parameter Cubic 

(Pm3m) 
LaSrGa3O7

Tetragonal 
(P42/nmc) 

Cubic 
(Fm3m)

Cubic 
(Fm3m) 

Monoclinic
(P21) 

Cubic 
(Fm3m)

Monoclinic 
(P21) 

Cubic 
(Fm3m) 

Monoclinic
(P21) 

a / nm 0.39018(7) 0.8049(2) 0.360(1) 0.5150(3) 0.51319(2) 0.5301(2) 0.51313(3) 0.5354(1) 0.51407(7) 0.5357(1)
b / nm 0.39018(7) 0.8049(2) 0.360(1) 0.5150(3) 0.51319(2) 0.5268(2) 0.51313(3) 0.5295(1) 0.51407(7) 0.5290(1)
c / nm 0.39018(7) 0.5336(2) 0.522(2) 0.5150(3) 0.51319(2) 0.5139(2) 0.51313(3) 0.5092(8) 0.51407(7) 0.5092(1)
Rp / % 5.305 ⎯ 2.645 4.828 4.41 ⎯ 7.870 ⎯ 4.16 ⎯ 
Rwp / % 4.989 ⎯ 3.011 6.210 6.26 ⎯ 5.410 ⎯ 5.24 ⎯ 
χ2 0.24 ⎯ 0.063 0.483 0.463 ⎯ 0.176 ⎯ 0.255 ⎯ 

 
Structural refinement on the XRD data of ZrO2 shows 

that ZrO2 is in tetragonal structure. Meanwhile, doping of 
calcia-yttria into ZrO2 allows the transformation to fully cu-
bic structure. However, doping of 8mol% of yttria into ZrO2 

transforms tetragonal zirconia to cubic and monoclinic 
phases. The cell parameters of ZrO2, CYZ, and 8YSZ are 
listed in Table 1. The cubic lattice parameter of CYZ is 
0.5150(3) nm. The cell parameter of CYZ is higher than that 
of 8YSZ which is 0.51313(3) nm. The complete description 
about 8YSZ and CYZ, which have been prepared from zir-
con (ZrSiO4) concentrate, has been published previously 
[21].  

Le Bail refinement on CYZ-L90:10 proceeds suc-
cessfully in two phases of cubic Fm3m and monoclinic P21. 
The existence of monoclinic phase and secondary phase of 
La4Sr3O9 indicates that a reaction possibly occurred in this 

composite during the sintering process. This is supported by 
the change of cell parameter from 0.5150(3) nm for CYZ to 
0.51319(2) nm for the cubic phase in CYZ-L90:10. Mean-
while, the refinement on 8YSZ and YSZ-L90:10 proceeds 
successfully in cubic structure Fm3m and monoclinic P21. 
The cell parameter of YSZ-L90:10 is 0.51407(7) nm which 
is higher than that of YSZ, i.e. 0.51313(3) nm. This may 
also indicate that a chemical reaction occurred during the 
sintering process. This chemical reaction may produce de-
fects in crystal structure. Interstitial defects, known as Fren-
kel defects, do perturb the host structure in the immediate 
vicinity of the interstitial atom. Meanwhile the presence of 
vacancies due to the doping process in ionic crystals appears 
to cause a relaxation of the structure in the immediate envi-
ronment of the vacancy and produce the relaxation of atoms 
outwards because of an imbalance in electrostatic forces 
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[22]. Cell parameters of the phases existing in CYZ-L90:10 
and YSZ-L90:10 are also listed in Table 1. 

Ionic conductivity measurement on ZrO2, 8YSZ, and 
CYZ gave the conductivity values in the temperature range 
from 200 to 500°C, shown in Fig. 5. The conductivity val-
ues of ZrO2 are below 10−4 S⋅cm−1, which is far below the 
range of conductivity of good electrolytes [23]. Doping of 
zirconia with yttria and calcia-yttria greatly improves their 
ionic conductivity because of the phase transformation from 
tetragonal into cubic as shown in the XRD data. In general, 
the ionic conductivity of 8YSZ is higher than that of CYZ as 
described in the Arrhenius plot (Fig. 5). The 8YSZ sample 
also has a lower activation energy, indicating that the 
movement of ions from the crystal lattice and the migration 
of ions occur easier in 8YSZ than in CYZ. However, the 
higher value of the pre-exponential factor of CYZ, 6.927, 
compared with that of 8YSZ, 4.257, as listed in Table 2, in-
dicates that CYZ could have a higher ionic conductivity at 
high temperature. The pre-exponential factor extracted from 
the Arrhenius equation is a function of the charge carrier 
concentration [24]. The Arrhenius equation is described as 

a
o exp ET

kT
σ σ

⎛ ⎞− ⎟⎜= ⎟⎜ ⎟⎜⎝ ⎠
 (1) 

where Ea is the activation energy for ionic conduction, σ the 
ionic conductivity, σo the pre-exponential factor, k the Bolt-
zmann constant, and T the temperature. The pre-exponential 
factor is a function of defect concentration. Eq. (2) defines 
the pre-exponential factor for Frenkel defects, and Eq. (3) 
defines the pre-exponential factor for Schottky defects [22]: 
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Fig. 5.  Arrhenius plots of CYZ, 8YSZ, and ZrO2. 

Table 2.  Comparison of activation energy (Ea) and pre-expo-
nential factor of CYZ, CYZ-L90:10, YSZ, and YSZ-L90:10 

Samples 
Activation en-
ergy, Ea / eV 

Pre-exponential 
factor, lnσo 

CYZ 1.047 6.927 
CYZ-L90:10 
CYZ-L50:50 
CYZ-L10:90 

1.171 
1.119 
0.953 

9.213 
7.725 
3.254 

YSZ 0.859 4.257 
YSZ-L90:10 
YSZ-L50:50 
YSZ-L10:90 

1.012 
1.178 
1.036 

5.604 
5.674 
2.441 

 

where nf is the pre-exponential factor for Frenkel defects 
and ns for Schottky defects, a is the interatomic space, q the 
charge, vo the vibrational frequency, T the absolute tem-
perature, and gf and gs are the defect formation energies for 
Frenkel defects and Schottky defects, respectively. 

The charge carrier in oxygen ion conductors is the oxy-
gen vacancy; therefore, the pre-exponential factor is a func-
tion of defect concentration. At low temperature, oxygen 
vacancies are associated with the cations which were doped 
into the host crystal and forming cluster. For example, in 
YSZ oxygen vacancies exist in two modes: Zr OY V••′  and 

OV •• . The binding of some oxygen vacancies to yttrium ions 
made the oxygen vacancies unavailable for conduction. 
Therefore, it requires a supplemental energy to free oxygen 
vacancies from Zr OY V••′  [24], so the activation energy at 
low temperature is the sum of dissociation and migration 
energy of these oxygen vacancies. Meanwhile, at high tem-
perature oxygen vacancies are assumed to be in free condi-
tion; therefore, the activation energy only represents the mi-
gration energy of these oxygen vacancies [24]. The linear 
equations of CYZ and 8YSZ intersect at 547°C. This means 
that above 547°C the ionic conductivity of CYZ becomes 
higher than that of YSZ as can be seen in Fig. 5. 

To study the effect of LSGM-8282 introduction into 
CYZ and 8YSZ, the total ionic conductivity values of the 
composites are plotted against temperature and the results 
are given in Fig. 6. The conductivity values of CYZ and 
CYZ-L90:10, in general, are similar. However, it can be 
seen that in the higher temperature region, the conductivity 
of CYZ-L90:10 is higher than that of CYZ. Therefore, we 
could expect that CYZ-L90:10 has potential application as 
an electrolyte material in intermediate temperature SOFC 
(IT-SOFC), which is operated at 600-800°C. However, the 
introduction of 50wt% and 90wt% of LSGM tends to reduce 
the ionic conductivity of CYZ.  
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Fig. 6.  Arrhenius plots of the total ionic conductivity of CYZ-L (a) and YSZ-L (b). 

It is interesting to study the factors that contribute to the 
increase of ionic conductivity in the CYZ-L90:10 composite. 
It should look into the impedance data of CYZ and CYZ-L 
at 350°C, shown in Fig. 7. For the CYZ and CYZ-L90:10 
samples, the impedance data give two clear semicircles in-
dicating the grain and intergrain conductivities. The pres-
ence of LSGM- 8282 mainly reduces the intergrain conduc-
tivity. For the samples with higher LSGM-8282 content, it 
tends to show one large semicircle. This might give an indi-
cation that a different conductivity mechanism occurs, 
probably due to the reaction between those phases. The Ar-

rhenius plots of the conductivity data for CYZ and 
CYZ-L90:10 are given in Fig. 8. In the CYZ sample, both 
grain and grain boundary conductivities have the similar 
slope. The CYZ-L90:10 has the grain and grain boundary 
conductivities with different slopes. At high temperature, the 
grain boundary conductivity is higher than the grain con-
ductivity. This indicates the significant contribution of grain 
boundary conductivity to the total ionic conductivity 
because of the decrease of resistance between grains as the 
grains are better connected each other after introducing 
10wt% of LSGM into CYZ.  

 

Fig. 7.  Typical impedance spectra of CYZ and CYZ-L at 300 (a) and 350°C (b). 

The SEM image of CYZ (Fig. 9(a)) shows rough mor-
phology, small grains and blocking phases, which are highly 
distributed and those small grains were identified by EDX 
analysis as silica-rich phases, and the EDX profile is de-
picted in Fig. 10. The blocking phases in CYZ present as 
grains that have small size compared to the blocking phases 
in CYZ-L90:10 which are shown by the white arrow in Fig. 
9(b). Meanwhile, the SEM image of CYZ-L90:10 shows 
better contact between grains as described in Fig. 9(c) and 
larger grains of blocking phase, which is identified by EDX 

analysis as silica-rich phase (Fig. 10). EDX analysis shows 
that the blocking phase in CYZ-L90:10 has a silica content 
of 8.76wt%. This is higher than the silica content in block-
ing phases of CYZ, 6.36wt%. This indicates that the addi-
tion of 10wt% of LSGM-8282 into CYZ forces silica out of 
the bulk phase and aggregates into larger grains and distrib-
utes only in some definite places. The SEM images of 
CYZ-L50:50 and CYZ-L10:90 show more roughness mor-
phology than CYZ-L90:10. Apparently, small addition of 
LSGM-8282 into CYZ enhances the interconnection among 
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grains; however, the presence of CYZ in the phase domi-
nated by LSGM-8282 tends to inhibit the sintering process. 
The good interconnection between grains is a factor that re-
sults in CYZ-L90:10 and has a higher conductivity than 

other compositions of CYZ-L. In addition, the existence of 
insulating phases of LaSrGa3O7, La3Sr4O9, and La2Zr2O7 
will also result in the low ionic conductivity of CYZ-L50:50 
and CYZ-L10:90. 

 
Fig. 8.  Comparison of grain and grain boundary conductivities of CYZ (a) and CYZ-L90:10 (b). 

 

Fig. 9.  SEM images of CYZ (a), CYZ-L90:10 (b, c), CYZ-L50:50 (d), and CYZ-L10:90 (e). 

The calculation of activation energy shows that the acti-
vation energy of CYZ is 1.047 eV and becomes 1.171 eV 
after the addition of 10wt% of LSGM-8282. It means that a 
higher energy is required to create oxygen vacancies and to 
migrate the oxygen ions in CYZ-L90:10. This leads to the 
reduction in ionic conductivity of CYZ-L90:10, so it be-
comes lower than that of CYZ at low temperature (<325°C). 
However, at higher temperature (>325°C) the increase in 
ionic conductivity of CYZ-L90:10 is larger than that of 
CYZ. This enhancement is possibly due to the higher oxy-
gen vacancy concentration in CYZ-L90:10 as shown by the 
higher pre-exponential factor value of CYZ-L90:10 than 
that of CYZ. On the contrary, the addition of 50wt% and 
90wt% of LSGM-8282 tends to reduce the pre-exponential 

value.  

The addition of 10wt% LSGM-8282 increases the activa-
tion energy from 0.859 eV for YSZ to 1.012 eV for 
YSZ-L90:10. However, based on the trend of the Arrhenius 
plots given in Fig. 6, there is a possibility that YSZ-L90:10 
has high ionic conductivity above 500°C. This is supported 
by the pre-exponential factor of YSZ-L90:10, 5.604, which 
is higher than that of YSZ, 4.257. This indicates that 
YSZ-L90:10 has a higher oxygen vacancy concentration 
than YSZ, so at high temperature when the oxygen vacan-
cies are free, YSZ-L90:10 could have a higher ionic con-
ductivity. YSZ-L50:50 also has the pre-exponential factor 
higher than that of YSZ. However, the existence of insulat-
ing phases of LaSrGa3O7 and LaSr3O9 seems to inhibit the   
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Element 
Transition 

energy / keV 
Content / 

wt% 
Error / %

Content / 
at% 

Compound Content / at% Content / wt% Cation / %

O ⎯ 28.10 ⎯ ⎯ ⎯ ⎯ ⎯ ⎯ 
Si K 1.739 4.09 0.40 16.99 SiO2 8.76 1.99 5.8881 
Ca K 3.690 1.17 0.62 3.41 CaO 1.64 0.40 1.7590 
Ti K 4.508 1.87 0.83 4.56 TiO2 3.12 0.53 2.5861 
Y L 1.922 12.42 1.47 8.14 Y2O3 15.77 1.91 16.7416 
Zr L 2.042 52.34 0.98 66.90 ZrO2 70.71 7.84 73.0251 
Total ⎯ 100.00 ⎯ 100.00 ⎯ 100.00 12.68 ⎯ 

Fig. 10.  EDX analysis on the blocking phase of CYZ-L90:10 (La means the electron transition from M to L shell, Ka means the 
electron transition from L to K shell, and the composition of each element in the form of its positive ion (cation) is listed in the last 
column. 

migration of oxygen ions, so it needs a higher activation en-
ergy to force ionic conduction, i.e. 1.178 eV.  

Generally, the ionic conductivity of LSGM-8282 is still 
higher than that of other prepared materials as summarized 
in Fig. 11. Meanwhile, CYZ-L90:10 has a lower ionic con-
ductivity than YSZ at low temperature; however, it becomes 
comparable to YSZ at 425°C. This is a promising result 
since other researchers [7-8] found that zirconia-stabilized 
CaO/Y2O3 shows a comparable conductivity value around  

 
Fig. 11.  Comparison of the Arrhenius plots of LSGM-8282, 
ZrO2, 8YSZ, and CYZ-L90:10. 

1000°C. Although CYZ-L90:10 has a lower ionic conduc-
tivity than LSGM-8282, this composite has better mechani-
cal properties than LSGM-8282 as shown in the results of 
hardness measurement (Table 3). The greater the hardness 
of the material, the greater the resistance to deformation, 
scratches, and abrasion [25]. 
 
Table 3.  Hardness measurement results of LSGM-8282, ZrO2, 
CYZ, CYZ-L90:10, YSZ, and YSZ-L90:10 

Samples Average Vickers hardness 
LSGM-8282 86.57 

ZrO2 120.97 
CYZ 276.13 

CYZ-L90:10 261.03 
YSZ 341.20 

YSZ-L90:10 310.90 

Note: Hardness was measured at 3 points for each material and the 
average values are listed. 

4. Conclusion 

Zirconia synthesized from zircon concentrate present in 
tetragonal phase. Doping of 8mol% of Y2O3 allows phase 
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transformation into cubic and monoclinic phases, and dop-
ing of CaO-Y2O3 allows phase transformation from tetrago-
nal into cubic single phase. The doped zirconia has a higher 
ionic conductivity than the undoped zirconia. Introduction 
of 10wt% of LSGM-8282 into CYZ allows the improve-
ment of inter-grain contact and increases the oxygen va-
cancy concentration. This improvement reduces the grain 
boundary resistance and increases the ionic conductivity of 
CYZ-L90:10. 
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