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In this study, K+ and Al3+ double doped strontium silicate was synthesized via a solid state reaction 

method using strontium carbonate, silicon dioxide, potassium carbonate and aluminum trioxide as raw 

materials. Intermediate temperature conductivities and fuel cell properties of Sr0.6K0.4Si0.9Al0.1O3- 

electrolyte were studied. X-ray diffractions of Sr0.6K0.4SiO3- and Sr0.6K0.4Si0.9Al0.1O3- results showed 

that the second phase of K2Si2O5 can be effectively inhibited when two metal oxides are doped. The 

relation between conductivity and temperature of the samples indicated that the curves agreed well with 

the Arrhenius formula. Sr0.6K0.4Si0.9Al0.1O3- showed the highest maximum power density of 44.2 

mW·cm-2 at 800 °C. 
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1. INTRODUCTION 

Solid electrolytes have been extensively investigated in solid oxide fuel cells (SOFCs), gas 

sensors etc [1-7]. Oxygen-ion solid electrolytes, such as CeO2 and ZrO2-based conductors, usually 

require a high operating temperature (800–1000 °C) which limits their application.  Therefore, searching 

for new types of electrolyte for application at medium temperature (400–800 °C) has become a research 

hotspot [8-11].  

Recently, Goodenough et al. [12-14] reported new oxide-ion electrolytes of sodium or potassium 

doped strontium silicate which had excellent intermediate temperature electrochemical properties. In a 

series of papers [12-14], the solid solution of Sr1-xMxSiO3-α (M = Na+, K+) was 45% and exhibited the 

highest conductivity > 0.1 S·cm-1 at intermediate temperature. Meng et al. [15] synthesized 

Sr1−xNaxSiO3−x/2 (x =0.2, 0.3, 0.4, 0.45) electrolytes using a spark plasma sintering method at the low 

temperature of 850 °C. Ramamurthy et al. [16] studied electrochemical properties of Sr1-xKxSiO3-α and 
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found amorphous K2Si2O5 existed between grain boundaries. The structural and conduction mechanisms 

of doped strontium silicates were also discussed [17-23]. However, the reported SrSiO3 was doped with 

a single metal ion. There are no studies about bimetallic ion-doped SrSiO3.  

Therefore, in this study, aluminum and potassium double doped strontium silicate was 

synthesized due to the ionic radius of K+ and Al3+ being close to Sr2+ and Si4+, correspondingly [24]. 

Intermediate temperature conductivities and fuel cell properties of Sr0.6K0.4Si0.9Al0.1O3- electrolyte were 

also studied.  

 

 

 

2. EXPERIMENTAL 

K+ and Al3+ double doped strontium silicate was synthesized via a solid state reaction method 

using strontium carbonate (8.8578 g), silicon dioxide (6.0084 g), potassium carbonate (2.7642g) and 

aluminum trioxide (0.5098 g) as raw materials. After weighing the above raw materials, they were put 

into a grinding bowl to make the mixture uniform. The grinding powders were pressed into pellets under 

200MPa and calcined in a high temperature box furnace for 12 h at 950 oC and then 1000oC.  For 

comparison, Sr0.6K0.4SiO3- was also synthesized.  

X-ray diffractions of Sr0.6K0.4SiO3- and Sr0.6K0.4Si0.9Al0.1O3- were measured in the scanning 

range from 10º to 70º. The surface and cross-section morphologies of Sr0.6K0.4SiO3- and 

Sr0.6K0.4Si0.9Al0.1O3- were observed by scanning electron microscopy (SEM).  

For impedance measurements, the slices were ground to 1.0 mm with 1000-1200 meshes of fine 

sandpaper. The polished slice had a circle of 8 mm (area: 0.5 cm2) in diameter  in the center and painted 

Pd-Ag paste. The glass was used to seal the ceramic pipes. After testing air tightness, the sample was 

connected to the electrochemical workstation (CHI660E). The impedance measurements were tested 

using the A.C. impedance method in a three-electrode mode from 0.1 Hz to 1 MHz frequency in dry 

nitrogen at 400-800 °C. At 800 oC, oxygen and hydrogen were introduced into the upper and lower gas 

chambers of the sample, respectively, and the H2/O2 fuel cells were tested. 

 

 

 

 

3. RESULTS AND DISCUSSION 

X-ray diffractions of Sr0.6K0.4SiO3- and Sr0.6K0.4Si0.9Al0.1O3- were measured in the scanning 

range from 10º to 70º and are shown in Fig. 1. It is clear that Sr0.6K0.4Si0.9Al0.1O3- electrolyte conforms 

to a single monoclinic crystal structure. It is noted that there are hetero-peaks in the Sr0.6K0.4SiO3- 

sample, which are consistent with the K2Si2O5. This indicates that the second phase of K2Si2O5 is 

produced when the potassium content is high. This is consistent with other reported results [16,18]. This 

indicates that the formation of the second phase can be effectively inhibited when two metal oxides are 

doped.  
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Figure 1. XRD patterns of Sr0.6K0.4SiO3- and Sr0.6K0.4Si0.9Al0.1O3-. 

 

 

 

 
 

Figure 2. The surface and cross-section morphologies of Sr0.6K0.4SiO3- (a,b) and Sr0.6K0.4Si0.9Al0.1O3- 

(c,d).  

 

The surface and cross-section SEM photos of Sr0.6K0.4SiO3- and Sr0.6K0.4Si0.9Al0.1O3- are 

displayed in Fig. 2. From Fig. 2, Sr0.6K0.4SiO3- and Sr0.6K0.4Si0.9Al0.1O3- are sintered well, with uniform 

properties, good compactness and high density, which could meet the measurement requirements of 

electrical properties. It can be seen that the bonding between grains is compact and there are no holes in 

the grains.   
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Figure 3. The relations between conductivity and temperature of Sr0.6K0.4SiO3- and Sr0.6K0.4Si0.9Al0.1O3-

 in dry nitrogen at 400-800 °C. 

 

The relations between conductivity and temperature of Sr0.6K0.4SiO3- and Sr0.6K0.4Si0.9Al0.1O3- 

in dry nitrogen at 400-800 °C are displayed in Fig. 3. According to the impedance spectrogram of the 

sample, the change of conductivity with temperature was obtained.  
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Figure 4. The electrochemical impedance spectroscopy (EIS) of Sr0.6K0.4Si0.9Al0.1O3- under open 

circuit condition at 800 °C.  
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From Fig. 3, it can be clearly seen that the experimental data fit well with the straight line in the 

whole measuring temperature range, indicating that the conductivities agree with the Arrhenius formula. 

The conductivity of Sr0.6K0.4Si0.9Al0.1O3- (1.2×10-2 S·cm-1) is higher than that of Sr0.6K0.4SiO3- (1.0×10-

2 S·cm-1) at 800 °C. This indicates that the formation of the second phase K2Si2O5 in Sr0.6K0.4SiO3- 

sample inhibits the growth of conductivity, while the formation of single phase can be maintained when 

SrSiO3 is double doped, thus promoting the increase of conductivity [16,22-23].  

The EIS of typical SOFC electrolytes are composed of semicircles and rays. The semicircles in 

the low frequency region represent the internal impedance of grains, and the rays in the high frequency 

region represent the impedance of grain boundaries [16-20]. Fig. 4 is an impedance spectrogram of 

Sr0.6K0.4Si0.9Al0.1O3- measured at 800 °C under open circuit condition. The semicircle in the low 

frequency region shows the grain conduction in the sample, and it can be clearly seen that the semicircle 

and the ray overlap, which shows that the sample has good conductivity. The total resistance of 

Sr0.6K0.4Si0.9Al0.1O3- is 6.3 ·cm2 under open circuit condition at 800 °C. 
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Figure 5. The fuel cell output curves using Sr0.6K0.4Si0.9Al0.1O3- as electrolyte at 800 °C.  

 

Fig. 5 shows the fuel cell output curves of Sr0.6K0.4Si0.9Al0.1O3- at 800 °C. As can be seen from 

Fig. 5, the open circuit voltage (OCV) is 1.09 V, which indicates the sample is dense. With the decrease 

of open circuit voltage, the current and power density increase. When the open circuit voltage is 0.61V, 

the highest current and power density are 72.5 mA·cm-2 and 44.2 mW·cm-2, respectively. 

 

 

4. CONCLUSIONS 

In this study, Sr0.6K0.4SiO3- and Sr0.6K0.4Si0.9Al0.1O3- were synthesized via a solid state reaction 

method using strontium carbonate, silicon dioxide, potassium carbonate and aluminum trioxide as raw 

materials. SEM photos showed that Sr0.6K0.4SiO3- and Sr0.6K0.4Si0.9Al0.1O3- were sintered well, with 

uniform properties, good compactness and high density. The conductivities of Sr0.6K0.4SiO3- and 

Sr0.6K0.4Si0.9Al0.1O3- were 1.0×10-2 S·cm-1 and 1.2×10-2 S·cm-1 in dry nitrogen at 800 °C, respectively. 
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When the open circuit voltage was 0.61V, the highest current and power density of Sr0.6K0.4Si0.9Al0.1O3-

 were 72.5 mA·cm-2 and 44.2 mW·cm-2 at 800 °C, respectively.  
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