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In this study, Sn0.9Ga0.1P2O7/KH2PO4/KPO3 was synthesized by solid-phase method. The sample was 

characterized by Raman spectrometer and X-ray diffractometer. The ionic conductivity of 

Sn0.9Ga0.1P2O7/KH2PO4/KPO3 at 400–700 °C was studied by electrochemical methods, including 

impedance spectroscopy, oxygen concentration discharge cell and hydrogen/oxygen fuel cell. The 

oxygen concentration discharge cell result showed that the sample is a pure oxygen ion conductor in an 

oxidizing atmosphere. The maximum current and power output density of 

Sn0.9Ga0.1P2O7/KH2PO4/KPO3 are 380 mA·cm-2 and 134 mW·cm-2 at 700 °C, respectively. 
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1. INTRODUCTION 

Solid oxide fuel cells (SOFCs) have become research hotspots because of theirs unique all-

solid structure, wide range of fuel use, etc [1–5]. In general, the operation temperatures of traditional 

SOFCs are too high (700–900 °C), requiring high performance of the electrolyte, electrode and other 

materials. Therefore, development of medium and low temperature SOFCs has become an inevitable 

trend [6–10]. 

Due to the high protonic conductivities in the temperature range of 100–400 °C, SnP2O7 based 

electrolytes are highly valued [11–14]. Ma et al. found that Sn0.94Sc0.06P2O7 had the highest 

conductivity of, 2.8×10-2 S·cm-1, in wet hydrogen at 200 °C. However, the reduction of Sn4+ reduced 

the mechanical property and conductivity above 200 °C [14]. In order to improve the performance of 

the electrolyte, a composite electrolyte was proposed [15–18]. Hibino et al. synthesized a new 
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inorganic-organic composite of Sn0.95Al0.05P2O7/polystyrene- b-poly(ethylene/propylene)-b-

polystyrene [18].  

In order to inhibit the reduction of Sn4+ and extend the application temperature range, this paper 

synthesizes composite electrolyte by reacting K2CO3 salt with Ga3+-doped SnP2O7. Structure 

characterization and medium temperature electrical properties of Sn0.9Ga0.1P2O7/KH2PO4/KPO3 are 

also investigated.  

 

 

 

2. EXPERIMENTAL 

According to the molecular formula, Ga2O3, SnO2, K2CO3 and 85 % H3PO4 were weighed. The 

reactants were heated with an alcohol lamp with continuous stirring and evaporating to obtain a light 

gray block. After grinding, the powder was calcined at 500 °C for 2 h. A 

Sn0.9Ga0.1P2O7/KH2PO4/KPO3 sheet (thickness: 1.2 mm) was prepared by dry pressing at 200 MPa and 

it was sintered at 700 °C for 1 h.  

The crystal structure of the sample was determined by Raman spectrometer and X-ray 

diffractometer. The AC impedance of Sn0.9Ga0.1P2O7/KH2PO4/KPO3 in air was measured with 

CHI660E measuring instrument (frequency range: 1 Hz-100 kHz) at 400–700 °C and converted into 

conductivity. The oxygen concentration discharge cell represented by the cell (1) and the 

hydrogen/oxygen fuel cell indicated by the cell (2) were measured, respectively. 

air, Pd-Ag∣Sn0.9Ga0.1P2O7/KH2PO4/KPO3∣Pd-Ag, O2      cell (1) 

H2, Pd-Ag∣Sn0.9Ga0.1P2O7/KH2PO4/KPO3∣Pd-Ag, O2      cell (2) 

 

 

 

3. RESULTS AND DISCUSSION 

Fig. 1 shows the Raman spectrum of Sn0.9Ga0.1P2O7/KH2PO4/KPO3. The characteristic peaks at 

352 cm-1 and 520 cm-1 are the bending vibration of PO4 tetrahedron and P-O-P structural unit in 

phosphate, respectively. The band near 620 cm-1 belongs to the symmetric stretching vibration of P-O-

P in metaphosphate. The vibrations at 749 cm-1 and 1097 cm-1 belong to the symmetric stretching 

vibration of bridged oxygen group P-O-P and non-bridged oxygen group in pyrophosphate, 

correspondingly [19]. The vibration peak at 925 cm-1 belongs to the symmetric stretching vibration of 

non-bridged oxygen group in phosphate. The band near 1165 cm-1 belongs to the symmetric stretching 

vibration of non-bridged oxygen group in metaphosphate. The results show that the structure of the 

sample is mainly composed of pyrophosphate group and a small amount of phosphate and 

metaphosphate group.  
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Figure 1. Raman spectrum of Sn0.9Ga0.1P2O7/KH2PO4/KPO3. 
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Figure 2. XRD pattern of Sn0.9Ga0.1P2O7/KH2PO4/KPO3. 

 

 

Fig. 2 is the XRD spectrum of Sn0.9Ga0.1P2O7/KH2PO4/KPO3. Comparing it with the XRD 

spectrum of Sn0.91Ga0.09P2O7, it can be seen that the diffraction peak positions and intensities are 

basically the same [13]. In addition, the existence of SnO2 and KH2PO4 second phase are also found. 

This may be due to H3PO4 and SnP2O7 reacting with K2CO3 during the synthesis process: SnP2O7 + 

K2CO3 = SnO2 + 2KPO3 + CO2↑ and 2H3PO4 + K2CO3 = H2O + CO2↑ + 2KH2PO4. At the same time, 

most of the potassium salts are amorphous.  

The Arrhenius curve of Sn0.9Ga0.1P2O7/KH2PO4/KPO3 in air is shown in Fig. 3 and it compared 

with the conductivities of the samples reported in the literatures [13, 20]. It can be seen that the 
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conductivities of Sn0.9Ga0.1P2O7/KH2PO4/KPO3 composite electrolyte are significantly enhanced 

compared with the single-doped sample. The conductivity reaches 1.8×10-2 S·cm-1 at 700 °C. The 

conductivity of Sn0.9Ga0.1P2O7/KH2PO4/KPO3 is several orders of magnitude higher than that reported 

by S.R. Phadke et al. [20]. This may be due to the fact that the proton transport ability in the composite 

electrolyte is greatly enhanced. There is a big gap between the results of Phadke et al. [20] and Wang 

et al. [13]. This may be mainly due to the differences in the preparation process of the materials and 

high temperature volatilization.  
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Figure 3. The Arrhenius curves of Sn0.9Ga0.1P2O7/KH2PO4/KPO3, Sn0.91Ga0.09P2O7 and Sn0.9In0.1P2O7. 

 

 

             

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

P
 /

 (
m

W
 c

m
-2

)

V
o
lt

ag
e 

/ 
V

Current density / (mA cm
-2

)

0 10 20 30 40
0.0

0.1

0.2

0.3

0.4

0.5

    Sn
0.9

Ga
0.1

P
2
O

7
/KH

2
PO

4
/KPO

3
  

 

 

 

 
 

Figure 4. Oxygen concentration discharge cell: air, Pd-Ag∣Sn0.9Ga0.1P2O7/KH2PO4/KPO3∣Pd-Ag, O2 at 

700 °C. 

 

 

The oxide ionic conduction of Sn0.9Ga0.1P2O7/KH2PO4/KPO3 in an oxygen atmosphere was 

determined by oxygen concentration discharge cell, as shown in Fig.4. The theoretical electromotive 

force value of oxygen concentration discharge cell is calculated according to the Nernst equation when 



Int. J. Electrochem. Sci., Vol. 15, 2020 

  

8510 

the sample is a pure oxygen ion conductor. It can be seen from Fig.4 that the measured open circuit 

voltage of oxygen concentration discharge cell is in good agreement with the theoretical value. It is 

shown that the sample is a pure ionic conductor under an oxidizing atmosphere at 700 °C. 
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Figure 5. I-V-P curves of Sn0.9Ga0.1P2O7/KH2PO4/KPO3 at 700 °C.  

 

 

The current-voltage-power (I-V-P) curves using Sn0.9Ga0.1P2O7/KH2PO4/KPO3 as electrolyte 

were tested. The results are shown in Fig. 5. The open circuit voltage is 1.04 V at 700 °C. The 

theoretical electromotive force of the hydrogen/oxygen fuel cell at the corresponding temperature is 

1.12 V. Therefore, the ion migration number is 0.93. It can be seen that there is a certain degree of 

electrons in the sample under the hydrogen/oxygen fuel cell condition. This may be due to the 

reduction of Sn4+ to Sn2+. The maximum current and power output density of 

Sn0.9Ga0.1P2O7/KH2PO4/KPO3 are 380 mA·cm-2 and 134 mW·cm-2 at 700 °C, respectively. 

 

 

 

4. CONCLUSIONS 

In this study, Sn0.9Ga0.1P2O7/KH2PO4/KPO3 was synthesized by solid-phase method. The 

Raman spectrum and XRD results showed that the sample structure is mainly composed of 

pyrophosphate group and a small amount of phosphate and metaphosphate group. The conductivity 

reaches 1.8×10-2 S·cm-1 at 700 °C. The maximum current and power output density of 

Sn0.9Ga0.1P2O7/KH2PO4/KPO3 are 380 mA·cm-2 and 134 mW·cm-2 at 700 °C, respectively. 
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