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Development of intermediate temperature fuel cells with inorganic electrolytes
hybridized with inorganic glass matrixes

SHIROISHI, Hidenobu
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Intermediate temperature fuel cells (ITFCs) operating at 100 to 300 have
various advantages compared with other fuel cells, however there was no good proton conductive
solid electrolyte to operate in the intermediate temperature range. Therefore, we developed
inorganic electrolytes hybridized with inorganic glass matrixes which is excellent in water
resistance and low_gas permeability, and aimed to bring ITFCs closer to practical use. As a result,
the electrolytes with high water resistance operating In the intermediate temperature range have
been developed with Zr02 - 2P205 electrolyte hybridized with Zn0 - 2P205 glass with a silane
treatment. Also, ITFCs were fabricated with the electrolytes, and we have succeeded in generating
electricity using various fuels.
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Fig. 1. XRD patterns of ZnO-2P205-x wt%(ZrO>-
1.6P205) (x=20, 30), ZnO-2P20s, ZrO2-1.6P20s and
the reference.

Table 1. Dissolution rates of each samples.
Sample -log(A[H*] /mols™ cm?)
Zr0,-1.6P,05 electolyte 5.6
Zn0-2P,05 glass 10.3
Zn0-2P,045-10 Wt%(ZrO,-1.6P,05) 10.0
Zn0-2P,04-20 W1%6(ZrO,-1.6P,05) 8.9
Zn0-2P,04-30 W1%6(ZrO,-1.6P,0;) 9.4
Table 2. Gas permeability coefficient of each
samples.
Sample log(P / kmol m m? s™ kPa™)
Zr0,-1.6P,05 electrolyte -13.2
Zn0-2P,05 glass -15.8
Zn0-2P,05-10 Wt%(ZrO,-1.6P,05) -15.4
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Fig. 3. Temperature dependence of the proton

conductivity for the ZrO2-1.6P20s electrolyte (),
Zn0-2P,05+0.3MCaO+55%NaCl(0.8 + 0.41 pm)+
EL (O), ZnO-2P205+0.3MCa0O+55%NaCl (9.7*
3.7 um) +EL (), ZnO-2P,05+0.3MCaO+55%
NaCl(76.5 £18um)+EL(A) under dry air.
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Fig. 4 Disolution rates of electrolytes ZrO2-1.6P20s
electrolyte  (4),Zn0-2P205+0.3MCaO+55%NaCl
(0.8 = 0.41 pm)+EL(O), ZnO-2P205+0.3MCaO+
55% NaCl(9.7 £ 3.7 um)+EL( U ), ZnO-
2P205+0.3MCaO+ 55%NaCl(76.5+18 pm)+EL((A).

Table 3 Dissolution rates of electrolytes.

Sample log(A[H'] / mol s™ cm™®)
Zr0,-1.6P,05 -5.58
Zn0-2P,05+MCa0 -8.50
Zn0-2P,05+0.3MCa0+55%NaCl(d um)
d=0.8+0.41 -5.45
9.7+3.8 -5.72
76.5+18 -5.77
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Table 4 Gas permeability coefficient of each sample.

Sample log(P/ kmol m m*s™ kPa™)
Zr0,-1.6P,0; 132
ZNn0-2P,05+MCa0 -15.8
ZNn0-2P,04+0.3MCa0+55%NaCl(d pm)
d=0.8+0.41 -14.9
9.7+3.8 -14.9
76.5+18 -14.1
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Fig. 5 Time dependence of proton concentration for
EL (), (Zn0-2P205+0.3 M Ca0)-EL(9.7+3.7 um)
(O), Zn0-2P205+0.3 M CaO)-EL(76+18 um) ([J),
(ZnO-2P205+0.3 M Ca0)-EL(9.7+3.7 um)-SP(@),
and (ZnO-2P205+0.3 M CaO)-EL(76+18 um)-SP
(M) in 200 mL water.
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Fig. 6 (a) j-V and (b) j-P plots of EL (m), ZnP-Ca-
SP(9.743.7 pm)-EL (@), and ZnP-Ca- SP(76+18 um)-
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