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Abstract

Two types of polycrystalline solids, KNOmixed GgO; and KNG, mixed NixOs, were prepared. In the case for Khl@ixed G3Os,
a remarkable enhancement ifi Kn conductivity was successfully realized by interstitially dissolved KN#med during the preparation
process in the C-type cubic @0; crystal lattice. In contrast, the conductivity of KN@ixed NipOs was more than three orders of magnitude
below that of the GgD;—KNO; solid solution due to the KN©decomposition during the preparation procedure. Theok conductivity
of the polycrystalline GgD;—KNO; solid solution is more than three orders of magnitude higher than that of*'thenkconducting KSO,
polycrystal and the value exceeds that ¢f’-alumina single crystal imb plane, realizing the highest ion conductivity among theidh
conducting solid electrolyte series. The superior ion conducting properties are realized by forming the interstitiallgigsé®ed GgO3
solid solution, without decomposing the mixed salt with K
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction considerably below that of the'KB’’-alumina single crystal.
One of the other Kion conductors is polycrystalline potas-
K* ion is one of conducting ion species in solids sium sulfate (kSQOs). However, the K ion conductivity
[1,2]. However, the K ion (ionic radius (four-coordinate):  of K,SQOy polycrystal is as small as 3.3810 °Scnt?! at
0.137 nm) conductivity is appreciably below the practical 600°C [2] and still three orders of magnitude lower than
application region compared with those of *Liionic that of the practical application region (189S cnT!) of
radius (four-coordinate): 0.059 nm) and Néonic radius the representative Liand N& ion conducting solids. In
(four-coordinate): 0.099 nm) ion conductors, such a§ Li order to obtain practical Kion conductors, the realization
ion super ionic conductor of LISICONB] and N& ion of polycrystalline K ion conducting solid showing the
super ionic conductor of NASICONY4], according to its ion conductivity which enters into the application region,
relatively large ionic size. One exception is the single is highly requested. In our previous communicatigd,
crystal of K'-p”-alumina[5] and its K" ion conductivity C-type GaO3 was selected as the mother polycrystalline
(in the ab plane) is as high as 1 Scm?! at 600°C and solid which possesses the highest symmetric cubic phase

the value is comparable to those of well-knowrt bir Na and holds reasonable space for bulky ion conduction like K
ion conducting solids. However, the"Kon conductivity of ions.
K*-B”-alumina single crystal alongraxis is several orders In this study, two types of oxides, cubic &d; (C-type

of magnitude lower than that b plane, indicating that the  rare earth oxide) and monoclinic Mbs, were selected as the
K™* ion conductivity of the polycrystalline kB -alumina is mother phase candidates and the mixing of KN@s carried
out to clarify the formation of the oxide—KN§3olid solution
* Corresponding author. Tel.: +81 6 6879 7352; fax: +81 6 6879 7354.  and their K" ion conducting characteristics were compared
E-mail address: imanaka@chem.eng.osaka-u.ac.jp (N. Imanaka). in detail.
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2. Experimental

GdO3 and KNG, powders were mixed by ball milling
method (FRITSCH GmbH, Pulverisette 7). The mixture was
pelletized and heated at 450 for 12 hiin air. The pellets were
pulverized and the resulting powder was pelletized again, and
heated at 600C for 12 h in air, and then sintered at 60D
for 12 h in air. The preparation of the KNGnixed NkpOs
solids was also carried out in a similar manner.

The sample characterization was conducted by X-ray pow-
der diffraction using Cu K radiation (Rigaku, Multiflex).
The XRD data were collected by a step-scanning method
in the @ range of 10-70 The composition was identified
by X-ray fluorescence analysis (Rigaku, ZSX100e). Fourier
transform-IR spectrometer (JASCO International Co. Ltd.,
FT/IR-430) was used to obtain the infrared spectra of the
samples. The electrical ac conductivity was measured using
the sample pellet with the two Au electrodes by the complex
impedance method (Hewlett-Packard, impedance analyzer
4192A) at the frequency region 5Hz-13 MHz in the tem-
perature range between 200 and 5G0

3. Results and discussion

Figs. 1(a) and 2 present the X-ray powder diffrac-
tion patterns of the KN@ mixed GaO3 and the KNQ
mixed NkpOs series, respectively. Up ta=0.405 in
(1 —x)Gdr0O3—xKNOQOs3, only C-type cubic GglO3 phase was
observed, while additional peak corresponds to KN@s
observed for > 0.405. Furthermore, the lattice parameter of
C-type cubic GdO3 monotonously increases with the KO
content in (- x)Gd,O3—xKNO3 as shown irFig. 1(b), sug-
gesting the formation of the G@s—KNOj3 solid solution.
FromFig. 1, it becomes clear that the solid solution limit in
the series is estimated to be g& 0.405. In contrast, for the
KNO2 mixed Nl»Os series, all samples prepared show peaks
corresponding only to mother M@s phase without any peak
shift in the XRD patterns.

From IR measurements of (1x)Gd,O3—xKNO3 with
x=0.405 and 0.469Fg. 3), the bands at 1384cm (v3
asymmetric stretching mode of NO) and 827 cm! (out-
of-planev, deformation mode of N®) were observed for
both samples, suggesting that pfOanion exists in both
solids. Furthermore, we have confirmed that the IR spectra of
mother GdOs3 did not change by KN@doping. Therefore, it
is considered that KN©may be oxidized by ambient oxygen
during the heating process. Since itis evident fi€éin 1that
the solids for < 0.405 are the single solid solution, while the
solid is the mixture phase of the g@d;—KNOj3 solid solu-
tion and KNG phases fox > 0.469, the IR spectrum for the
solid solution ofx=0.405 is the N@™ anion existing in the
interstitial sites of the solid solution. From the IR measure-
ments for the KNQ mixed NkpOs series, there appears no
peak corresponding to NO anion, indicating that all the
samples prepared in the KN@nixed NipOs series do not
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Fig. 1. (a) The X-ray powder diffraction patterns of KN@ixed GgO3
and (b) the relationship between lattice parameter and thegdd@tent in
the GgdO3—KNO3 solids.
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Fig. 2. The X-ray powder diffraction patterns of KN@nixed NkpOs.
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Fig. 5. The temperature dependencies of the conductivity for the
0.595Gd03—0.405KNQ solid solution @) and 0.4KNQ mixed 0.6NbOs

(O) with the corresponding data of'Kp’’-Al,Os3 single crysta[5] (in ab
plane) (solid line) and polycrystallines0O, [2] (dotted line).

contain N@~ at all. Although a peak shiftin XRD and the IR
bands corresponding to NO anion were not recognized at
all, the K content in the KN@mixed NpO5 system was the
same as that of the mixing ratio from the X-ray fluorescence
analysis. The results indicate the fact that KiN@oduced
from the oxidation of KNQ decomposes during preparation
procedure.

The KNG; content dependencies of the electrical conduc-
tivity at 500°C for the GgO3—KNO3 series are presented in
Fig. 4. The electrical conductivity increases with the KNO
content in the GgO3—KNO3 solids and shows the maximum
conductivity ataround=0.405. As the sample with= 0.469
was the mixed phase (s€&dg. 1), the highest conductivity
of 101 Scnt! was obtained for the sample wiitr 0.405 )

. . . : 4. Conclusions
among the samples having the single solid solution phase. On
the other hand, the conductivities for the Ki@ixed NipOsg
series were independent of the mixing ratio of KNO

Fig. 5shows the temperature dependencies of the conduc
tivity for the 0.595Gd03—0.405KNG; solid solution and the
0.4KNG, mixed 0.6NbOs solid, together with the data of
K*-B”-Al,03 single crystal (izb plane) and polycrystalline
K2SQy. The conductivity of the 0.595G®3—0.405KNG
solid solution is three orders of magnitude higher than that
of KNO2 mixed Ni»Os, indicating the formation of the solid
solution by introducing K cation and N@~ anion simul-

taneously in the GgD3 crystal lattice. The conductivity of
0.595Gd03-0.405KNQ is two times higher than that of the
K*-B’-Al,03 single crystal (inab plane) having the high-
est K" ion conductivity among the Kion conducting solids
reported so far. The solid solution formation is also effective
to avoid decomposition of KN§) which is clearly observed

in the case for the NlDs—KNOs3 series.

Two types of solid mixtures, KN®mixed GgOz and
KNO> mixed NlpOs, were studied as the starting materials
for the synthesis of new type of'Kion conducting solids.
The formation of the solid solution with holding both*K
cation and N@~ anion in the interstitial GgD3 crystal lat-
tice was explicitly observed in the case for &@3-KNOs3,
and the K ion conductivity was as high as 18Scnt? at
500°C, while decomposition of the salt with*Koccurred
in the case for the KN@mixed NbOs series, resulting in
the great conductivity decrease compared with the cases for
the GgO3—KNO3 solids and the K-B”’-Al,03 single crys-

0.0 tal (in ab plane). The results described above clearly support
. the idea that the G&D3—KNO3 solid is the superior Kion
= anl conducting solid solution electrolyte which contains not only
o ./r'/.—‘ K™ cation but also N@~ anion in the polycrystalline C-type
B cubic Gg O3 crystal lattice.
Sao0rf
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