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Proton conductive solid electrolytes for high-efficiency intermediate
temperature solid oxide fuel cells

Yoshio SHODAI, Kenta ONISHI,
Minoru INABA and Akimsa TASAKA

Proton conductive electrolytes of (NH)xM:i-POs (M = K, Rb, and Cs) solid solutions were
prepared for the intermediate temperature fuel cells. The alkaline metal ions in the solid solutions
worked to improve the thermal stability of electrolyte at 300°C. The ionic conductivities of
(NH9:M1-POs (M = Rb, Cs) electrolytes were about 7 X103 S em™ at 300°C and maintained the
conductivity for 200 h in dry Ar, which was brought about by proton formed by decomposition of the
electrolytes. The conductivity depended mostly on the content of NH4* ion in the electrolyte, and the
effect of alkaline cation was minor. Consequently, it is important to increase NH4* content without a
decrease in thermal stability to improve the proton conductivity.
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Fig 1 XRD patterns of (a) (NH,),;,Rb,,,PO;, (b)

(NH4)0_48Rb0.52PO3,(C) (NH,)g2sRby 7,PO3, (d)

(NH,)o 04Rby 4sPOj; after sintered in NH; at 350°C for 12

h, (¢) RbPO; (JCPDS 43-0098) and (f) NH,PO,

(JCPDS 22-0061).
720 25, 2P ICHER SN B — 7 ([R5 &, B
BHONH D2 HIEE, TOE—71%, mAEH
WO L3 27 PLTWE, ZOFER LY. RoPO,
DHEIEDHIZ Rb XV b A A2 4D/ NS 72 NH, A8
— BN LI E R LT D Z L3, Fig
2 1R L72 (NH)Cs PO BEAFEICDWTIE, BIfEE
TIZHAE 3T % CsPO; D JCPDS 71— RDF— %
LT B IR TE RS2 b DD, NH,'
D ZDIEE BAEMA~T T FLTWDZ END,
CsPO; DREEDHIZ Cs L D b A AL B RD/NE 72
NH, D3 —EREVE L= LT D EE X T,
F72. Fig 5IZRBWTIE, BEAEERICEENS NH,
DOFIE DN HITHE, KA KD 20 =16°,

Intensity (arb.unit)

. ‘ S Tlal nwwntenn o vyt
10 15 20 25 30 35 40
26/ deg.

Fig. 2 XRD patterns of (a) (NH,)g70Cso30P0;5, (b)
(NHy)o47Cso53PO5,  (€)  (NHy)g30Cs)7PO5,  (d)
(NH,),0:Cs ¢oPO5 after sintered in NH, at 350°C for 12
h, (e) CsPO; (JCPDS 37-0027), (f) CsPO, (JCPDS 38-
0135), (g) CsPO; (JCPDS 43-0101) and (h) NH,PO,
(JCPDS 22-0061).
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Table 1  Compositions of NH,)M,, PO,
(M =Rb, Cs) electrolytes.

Nomlnal Measured values
composition NH,* : Rb*
(NH,)o 0sRbg 45PO; B 0. 04 0 96 |
(NH)o2sRby7sPO; | 0.28:0.72
|(NH,)5Rby5,PO, | 0.48: 0.52
(NH,),75Rbg ,5PO, 0.71: 0.29
B Nominal Measured values
composition NH,*: Cs*
(NH,)o0sCS00sPO;  0.01: 0.99
| (NH,),sCs075PO; | 0.30: 0.70
WH4)0.5OCSO.SOPO3 047:0583
(NH.)y7:C8055P0; | 0.70:030 |
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Fig 3 TG curves for (NH,),,sRb,-,PO; and
(NH,)g30Csq 70POselectrolytes at a heating rate of 5°C
min"! from room temperature to 500°C in dry Ar.
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Fig 4 Time dependence of weight loss of
(NHy)g 25Rbg 7,PO; at 300°C for 20 h under Ar flow.
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Fig 5 Arrhenius plots of the ionic conductivity of a
(NH,), 25Rby 7,PO; electrolyte in dry and humidified
(R. T.) Ar (100 ml min'!) in the temperature range of
150 ~300°C.
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Fig 6 Arrhenius plots of the ionic conductivity of a
(NH,)g 30Csq 70PO; electrolyte in dry and humidified
(R. T.) Ar (100 ml min'") in the temperature range of
150 ~300°C.
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Fig 7 Time dependence of proton conductivity for
(NH, )M, ,PO; M = Rb, Cs) electrolytes in dry Ar
at 300°C for 200 h.
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Fig 8  XRD patterns of (NH,),,5Rb,,,PO; after
holding in (a) dry and (b) humidified Ar at 300°C, (c)
(NH,)004Rb; 6sPO; after holding in dry Ar at 300°C, (d)
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Fig 9  XRD patterns of (a) (NH,),3,Cs070PO3. (b)
(NHy)o 01Csg 9oPOs3, after holding at 300°C in dry Ar, (c)
CsPO; (JCPDS 37-0027), (d) CsPO, (JCPDS 38-0135),
(e) CsPO; (JCPDS 43-0101) and (f) NH,PO; (JCPDS
22-0061).
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