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Syntheses and characterization of highly grain-aligned polycrystalline materials by
reactive diffusion between solids and gases
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La9.33+2xGe6026+3x c

We have prepared the highly c-axis-oriented polycrystalline material of
apatite-type La9.33+2xGe6026+3x by isothermal heating of the randomly grain-oriented ceramics material
and gases at high temperatures. In our previous studies, we reported the formation of highly
grain-aligned polycrystalline lanthanum silicate oxyapatite (La9.33+2xSi6026+3x) by the solid-state
reactive diffusion. The present study reports, for the first time, the successful preparation of the
grain-aligned polycrystalline material, using the same technique, between solid and gases. The authors
think that one of the most significant implications of this research is that we successfully extended the
reactive diffusion system from solid-solid to those including solid-gases in the preparation of
grain-aligned ceramics. The present solid-gas interaction technique could be widely applicable to the
other grain-aligned materials.



1-(0. 78




VESTA
L&y 655€6026.52
P1
a/nm 0.98949(7)
b/nm 0.99056(7)
c/nm 0.72865(5)
a /e 89.46(1)
B /° 89.944(1)
y /0 60.09(1)
V/nm® 0.61903(10)
Z 1
D /Mg 5.912

779
%
2
[%]
8
£
600 6‘50 760 7I50 860 8;50 900
Raman shift / cm-'
-1 -1
c
X -7 m
X -2 m
c
c
X-Offi (=1. 2eV) bIFF—HTHZ



Vol .56
2014 pp.43-48.

K. Fukuda, T. Asaka, N. Ishizawa, H.
Mino, D. Urushihara, A. Berghout, E.
Béchade, 0. Masson, I. Julien, and P.
Thomas, “ Combined  effect of
germanium doping and grain alignment
on  oxide-ion  conductivity of
apatite-type  lanthanum silicate
polycrystal,” Chem. Mater., Vol.24,
2012, pp.2611-2618.

Vol .56 2014 pp.43-48 DOI:
10.5940/jcrsj .56.43

2015
2015 3 18 H—~20
2014
12 6
- C
2014 2014
9 9H~11

K. Fukuda, “ Reactive diffusion as a
new facile texturing method for
syntheses of highly grain-oriented
oxide-ion conductors,” JSPS-CNRS
Joint Seminar “ Material Design and
Development of Highly
lonic-Conductive Ceramics Devices” ,
2014 6 4H—~—6 ,Limoges(France)
S. Hara, T. Asaka, K. Fukuda, A. Pons,
P.-M. Geffroy, E. Béchade, 0. Masson,
J. Jouin, M. Colas, and P. Thomas,

“ Preparation of highly
c-axis-oriented apatite-type
lanthanum silicate polycrystals by
combined use of reactive diffusion and

tape casting,” 3rd International
Symposium on Ceramics Nanotune
Technology, 2014 3 2 H~4

P. Thomas, 0. Masson, E. Béchade, A.
Berghout, M. Colas, J. R. Duclere, 1.
Julien, J. Jouin, D. Hamani, G.
Delaizir, A. Gulenko, A. Bertrand, A.
Pons, J. Carreaud, O. Noguera, P.-M.
Geffroy, K. Fukuda, T. Asaka, T.
Hayakawa, and M. Nogami, “ Crystal
chemistry of complex materials:
apatite-type lanthanum silicates for
SOFC applications and tellurium oxide
based glasses for non-linear optics,”
3rd International Symposium on
Ceramics Nanotune Technology, 2014
3 2H~4 ,

20014 1 9

_ Crystal structure and oxide-ion
conductivity along c-axis of oxygen
hyperstoichiometric lanthanum
silicate apatite

2014 1 9 —~10

2013 12 7

0. Masson, A. Berghout, P.Thomas, G.
Leveque, 1. Julien, R. Mayet, J.Jouin,
E. Béchade, K. Fukuda, T. Asaka, and R.
Hamaguchi, “ Synthesis, structure and
ionic conduction mechanisms of
apatite-type lanthanum silicate
materials for SOFC applications,” 2nd
International Symposium on Inorganic
and Environmental Materials, 2013nenn
10 27 H~30 , Rennes(France)

Si

2013
2013 9 4H—6

K. Fukuda, “ Crystal structures and

oxide-ion conductivity along c-axis
of apatite-type lanthanum silicates,”
13th International Conference of the



European Ceramic Society, 2013 6
23 H~27 , Limoges(France)
S. Hara, K. Fukuda, T. Asaka, A.
Berghout, E. Beéechade, 0. Masson, 1.
Julien, and P. Thomas, “ Crystal
structure and oxide-ion conductivity
of apatite-type lanthanum silicate
with excess oxide ions,” 13th
International Conference of the
European Ceramic Society, 2013 6
23 H—~27 , Limoges(France)
M. Okabe, T. Asaka, K. Fukuda, A.
Berghout, E. Beéechade, 0. Masson, 1.
Julien, and P. Thomas,
“ Characterization of highly
c-axis-oriented apatite-type
lanthanum silicate polycrystals
formed by reactive diffusion between
La,Si0; and La,Si,0,,” 13th
International Conference of the
European Ceramic Society, 2013 6
23 H~27 , Limoges(France)
0. Masson, J. Jouin, A. Berghout, P.
Thomas, G. Levéque, I. Julien, R.
Mayet, E. Béchade, K. Fukuda, T. Asaka,
and R. Hamaguchi, “ Local structure in
Lay 33.,(S10,)¢0,,, studied by X-ray PDF
analysis and DFT calculations,” 13th
International Conference of the
European Ceramic Society, 2013 6
23 H—~27 , Limoges(France)
G. Leveque, E. Béchade, I. Julien, ]J.
Jouin, O. Masson, P. Thomas, T. Asaka,
and K. Fukuda, “ New synthesis method
and oxide ion conductivity of pure
apatite-type Lag 5,.,(510,)¢0,.3,/, phases,
13th International Conference of the
European Ceramic Society,” 2013 6
23 H—~27 , Limoges(France)
A. Berghout, 0. Masson, P. Thomas, J.
Jouin, E. Béchade, G. Levéque, I.
Julien, R. Mayet, R. Hamaguchi, T.
Asaka, and K. Fukuda, “ Local
structure in Lag s,,(510,):0,, studied
by X-ray PDF analysis and DFT
calculations, The 19" International
Conference on Solid State lonics,”
2013 6 2H~7 ,

M. Oyabu, K. Fukuda, T. Asaka, A.
Berghout, E. Beéechade, 0. Masson, 1.
Julien, and P. Thomas, “ Syntheses and
characterization of highly
c-axis-oriented apatite-type
lanthanum silicate polycrystals,”
The 19* International Conference on
Solid State lonics, 2013 6 2 H~
7,

K. Fukuda, T. Asaka, A. Berghout, E.
Béchade, 0. Masson, I. Julien, and P.

Thomas, “ Oxide-ion conductivity of
highly c-axis-oriented apatite-type
lanthanum silicate polycrystals,”
The 19™ International Conference on
Solid State lonics, 2013 6 2 H~
7,

2013 5 20 H—22

http://crystals.web.nitech.ac.jp/index.

html
@
FUKUDA, Koichiro
90189944
@
ASAKA, Toru
80525973
A

YOSHIDA, Hideto

30376553



