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Abstract:  
In this paper, several silicate glass ceramics with thermal expansion coefficients ranging from about 5 x10-6 to 12x10-6/oC 
have been assessed as sealing for SOFCs.  Glass ceramics with thermal expansions close to YSZ and GDC10 solid oxide 
electrolytes were selected for electrical property measurement and development of hermetic seals.  Small addition of 
zirconia up to 0.4 mole % to barium calcium alumina borosilicate glass compositions confers beneficial effect to the 
development of hermetic seals without covering the surface of the fuel cell element. This has enabled the power density 
of single fuel cell elements to be evaluated. The thermal expansion and the insulating behaviour of the sealing materials 
in moist oxidising and reducing environments are presented and discussed in relation to the microstructures evolved.  
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1. Introduction 
For the two chambers planar solid oxide fuel cells, it is important to separate the fuel chamber from 
the oxidant one to avoid explosion between hydrogen and oxygen. This necessitates the use of sealing 
materials to effect hermetic seals. In the literature, several types of seals have been developed and 
evaluated. The use of glass ceramics materials for planar solid oxide fuel cells is, however, the most 
widely used to date [1-6]. This is because of the wide range of silicate glass ceramics with different 
thermal coefficients of expansions that can be developed by controlling the nucleation and crystallization 
of the glasses. Moreover, glass ceramics are cost effective, electrically insulating and can withstand 
strong oxidising and reducing environment without any adverse effect on the hermeticity of the seals.   
 
2. Experimental 
Chemicals from Sigma-Aldrich such as barium oxide, ferric oxide, cobalt oxide and and yttrium oxide 
were used. Conventional ceramic powder fabrication and glass forming are used to process the 
materials. Some of the compositions studied are shown in Table 1. XRD using Shimadzu 7000 and DTA 
from Perkin Elmer have been used to identify the phases and the evolution of the glass ceramics. 
The electrical properties of the sealing materials are evaluated using the set up shown in Fig. 1. First 
the resistivity of the interconnect materials such as LSCF is first determined. Then the resistivity of 
the same interconnect is obtained after the ends are embedded in the experimental sealing materials. 
In this way the insulating nature of the sealing materials can be compared. The thermal expansion 
of the sealing materials has been studied using TMA from Setaram, France. The sample holder for 
evaluating the experimental fuel cells is shown in Fig. 2. The best sealing material is chosen to seal 
hermetically the SOFCs element to the sintered alumina tubes to form two separate chambers for 
hydrogen and oxidant respectively. The important criteria for choosing the best sealing materials are 
absence of cracking in the seals, minimal spreading of the barium alumino silicate glasses on the 
surface of the anode and cathode. The joints must be fully hermetic.  
 

Table 1 Chemical composition of the sealing glass (mol %). 
Composition BCABS BCABS-1Zr BCABS-2Zr BCABS -3Zr 
BaO 35.00 35.00 35.00 35.00 
CaO 15.00 15.00 15.00 15.00 
Al2O3  5.00  5.00  5.00 5.00 
SiO2 37.00 36.60 36.20 35.90 
B2O3   8.00  8.00 8.00  8.00 
ZrO2 - 0.40 0.80 1.10 
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Fig. 1 Set up for the electrical   Fig. 2 Two chambers sample holder for 

        stability testing of sealing materials                    SOFC elements 
 
3. Results and Discussions  
XRD of some sealing compositions with and without zirconia addition are shown in Fig. 3 and the 
phases identified are on the right side of the XRD spectrum. The DTA of the glass ceramic composition 
containing 1 mole zirconia is shown in Fig. 4. The resistivity of the interconnect materials shown in 
Fig. 5.  
 
The thermal expansion of the glass ceramics developed from the addition of zirconia is particularly 
useful as it has eliminated the spread of the barium alumino silicate glass phase on the surface of the 
experimental fuel cell. XRD of the glass sealing compositions show that the glass compositions 
containing zirconia has formed additional crystalline phases identified as CaZr(BO3)2. The presence 
of zirconia, moreover, increases the softening temperature of the glasses as seen in the thermal 
expansion curves in Fig. 6.  It is very likely that the presence of the calcium ziconium borate has 
eliminated or drastically reduced the residual barium alumino silicate glasses from spreading as 
seen in Fig. 8.  
 
The addition of the ziconia results in a much finer and more uniform distribution of the crystalline 
phases in the glass ceramics as can be seen in Fig. 7(b). The fine grained glass ceramics is attributed 
to the formation of large number of crystal nucleus following the addition of zirconia which acts as 
nucleating agents in the glass compositions, followed by crystal growth. Such type of microstructure 
improves the refractoriness, enhances the mechanical and chemical stability. This is similar to the 
use of P2O5 for the crystal nucleation and crystallisation of glasses in the barium calcium 
aluminoborosilicate glasses [7] and lithium disilicate glass ceramics [8]. 
 
The glass ceramics are, moreover, free from microcracks and porosity. The highly crystalline nature 
of the glass ceramic seals containing zirconia addition and the well defined interface with the 
experimental BFCY cathode [9] can be clearly seen in Fig. 9(b). This is in sharp contrast with the 
microstructure of the glass ceramic without the addition of zirconia as shown in Fig. 9(a). 
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Fig. 3 Room temperature  XRD of the glass sealing compositions with and without zirconium 

oxide. The phases identified are indicated on the right of the XRD pattern. 
 

 
Fig.4 DTA of glass containing 1 mole % ZrO2. 

 

 
     

        Fig. 5 Electrical resitivity  up to 800°C               Fig. 6 Themal Expansion of Sealing Materia
ls  
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Table 2. Thermal Properties of Sealing Glass BCABS-1Zr and BCABS 
Composition Thermal Expansion Coefficient (x10-6/oC) 
 34-200oC 34-400oC 34-600oC 34-800oC 
BCABS-1Zr 12.17 12.78 16.53 11.70 
BCABS 12.20 12.81 12.54 12.40 
 
  

 
Fig. 7 Microstructure of refractory glass: (a) BCABS and (b) BCABS-1Zr on the surface. 

 

 
Fig. 8 LHS showing glass sealing composition without zirconia flowing over the surface of SOFC 

element. RHS: (a) Glass ceramic seals with addition of zirconia. (b) The glass ceramic seal does not 
flow on the surface of the SOFC element. 

 

 
Fig. 9 Microstructure of cross-section between cathode materials and glass: (a) BCABS sealing 

glass without zirconia (b) BCABS-1Zr sealing glass containing 0.04 mole % zirconia. 
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Conclusion  
The present study shows that the addition of 0.40 mole % of zirconia to a glass composition 
containing (mole%) 35%BaO,15% CaO, 5% Al2O3, 8%B2O3, 36.60%SiO2 [BACBS] results in a fine 
grained glass ceramics. It is likely that the addition of zirconia acts as nucleating agents resulting in 
fine grained glass ceramics. The glass ceramics are insulating in moist oxidising and reducing 
environment rendering it suitable for the development of hermetic seals for not only the evaluation 
of the power density of the experimental SOFC using the two chamber design for the planar SOFC, 
but also for the fabrication of fuel cell stacksion. 
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