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Study on superionic conductors for eco-friendly energy system

Takanori Nagasaki
(Nagoya University)

Proton solubility as well as proton conductivity in SrZr, ,M,O,, (M=Ga, Sc, Y, Nd) under water vapor
atmosphere was measured as a function of temperature and water vapor pressure. The solubility was
high in the Sc or Y doped sample whereas it was low in the Ga or Nd doped one. The distortion of the
MO, octahedra in SrZr,,M,0O,, crystals might be a key feature controlling the proton solubility. The
conductivity of Ga doped sample was higher than that of Nd doped one, which was ascribed to high

proton mobility in the former one.

obooooooboboboooooobobobooooooboobooooooooo

gooogo
gooobgooboboobooboobobooboobobooboobobooobooo
gooobooboboooboobooooboobobooboobobooobobobOobDon
oooobooboboooboobooooboobobDooboobobDoobobObUobDoo
gobooboobooboobooboboobooboobboobooboobooboobobboboon
gooobooboobooboobooooobooboobooboobobooobobobOobDon
oooobooboboooboobooooboobobooboobobooobobObOobDoon
gboboooooboobogn
goooboobobooobooboobobooboobobooobooboboboobooo
oooobooboboooboobooooboobobooboobobooobOobobOobDoon

oy O



000000000000000000000000000000000000000
0000000000 000000000000

o=cql (€Y)
000000000000 0¢000000000p0000000000000000000
000000000000 000000000000000000000000000000000
D000D0000D00000000D000000000000000000D0000000000
0000000D00000000
0000000000000 0000000000000 SrZr, MOOMODOODO000000
00000000000 00000D00000D0000000000000D0000000000
00000000000 000000000000000000000000000000000
00000000000 000000000000000000000000000000000
00000000000 000000000000000000000000000000000
ooooQ

000000
0000000
000000000SrCo,, Zro,, Ga,0,, S¢,0,, Y,0,, Nd,0,0 00000000000 5500
0 SrCO, 8000 O ZrO,, Ga,0,, Sc,0,, Y,0,[0 0 0 0 10000 O Nd,0,0 048 h0 0000000
0003004000000000000000000000000000 135000 480 96 h
000000000000
00000000000000 14000, 24h000000000000000000000
000000000000 16000010h000000000000000Ga00000 NdO
000000000000000009% I 0000000000000000YDO0O00
sc00000000000007I000000000000000000D0O0YOOOOO
sc000000000000000000000
0000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000
a.00Ar0000000000008000000000000000000000000
000000
b.0ODODDODDODDODODO400, 500,600, 7000 000000,00000000000
00000000000
c.0000000000000000000000000
00000000000
0000000000LCROD DO O4192A0 O O 4284A, Hewlett-Packardd 0 0000 0 0
000000000000000000000000
a.00Ar000000000900000000000000000000000000

omad



gooogoom
b.OOOOOOOOOOOOOODOOOOODODOODODOOD—DbDODOOOODOO
obobob——>00boboboooo
cUoboboooboooboobobobDoooobobonbg
O000ObOlohDODODODOOOOODOODOOcOODODOODOODOODOOODOODOOO
goobobbbooodcoooobbbbboooooooobbobboeconbbbooogg
oboooooobooogn
obooooooon
gbobDoXgoooboobooobobobooboboDbOOoDbORIETAN 20000000
gooog

ooooooo
SIZr,MowOs 0 M = Ga, S¢, Y, NdOOODODODODDOD0D0000000000000000000
0000000000 0000000000000000000000000000000000
00000000000 000000000000000000000000000000000

o0zs | : : _ 00D00000000000000000
I 7/0000ScY GaNd {
b o macs ] 0000000000000 S0D0000
L 600 A 4 K=08
P as = | YOODOODGaOOOOONIODOODO
& Kz02 : 000000000
T ® 4 1
 omof e ] srzr,,M,0,, 0000000000000
A > Keom o D000D000000000000000
0.005 - ls) -
! . _ 0000**0srzro,00 Z**0 000 M*[
0 : B s 0000000000000000000

0.05

Fyoam 00000000000000V,000
0 0 0 SrZr, M, o.0..0 M = Ga, S¢, Y, NdOl [0
00000000000 D0D000O0n 0o

0.020 T T T T 0.008
Sc

T T
Ga —o—0.0089atm
—o—0.013 atm
—24—0.024 atm
—<v—0.043 atm
—0—0.126 atm

0.015 |- 4 0.006 -

50010 | 4 0004 |

—o—0.0089 atm
0.005 |- —o—0.013atm - 0.002 |
—4—0.024 atm
—v—0.043 atm
L L L L
T

i

—0—0.126 atm
0.000 L L L L 0.000
11 12 13 14 15 10

0.020 T T T T 0.008 T
Y —o—00089atm Nd —o—0.0089atm

—0—0.013 atm —o—0.013 atm
—&4—0.024 atm —4&—0.024 atm
0.015 - —o—0.043 atm 7 0006 —v—0043atm
—0—0.126 atm —0—0.126 atm
<% 0010 | 1 o004}
~
:
: :::::z::::::j
0.000 L L L L 0.000 L L L L
11 12 13 14 15 11 1.2 13 14 15
10°K /T 10°K /T

000 SrZreMy0,.0M=Ga, S¢, Y,NdOOOOODD 000000000

omboo



V=M, ] +%v(;‘ @

O00[M,]0Zr00000000000MO00O0O000000000000SIZr,MO0, 00
000000000000 000000

H,0+ VS, <% 2H" + 0} ©)
DDDOSDDDDDDDDDDDDDDDDD&DDDDDDDDDDDDDDDD
[H] 2[H"]?
K, = = 4)

T OIVE Py (IMy]-[H'] )Py
doooooooooooooobobbobob b0 ooooogad

K.P 8 [M.
[H']=—"1% 1 14+ (M, ] -1 ®)
4 KyPy o

0O0oo0ooOoKOOoOdOooooG)Qoooooooooooooooogoooooooo

0000@GOOO00D000O0000ONnong
000000000000 @OD0000000000000K0000000000000
000000000000 000000000000000000000000
logK, = -4.98+2.59x10°K /T (for SrZr,,Ga, 0. ) (6)
logK; = -4.85+2.38x10°K/T (for SrZr,e;Nd,,03,.) (7)
0D000D0@G)O0000000000000000000000000000000000
0ooooooo
O00D0000000P,,=0073atmI0000000000000000000000O00
O00000Ga0DDO0O0O0O0ONIDODDOONODODDOOONDODDOOONOOnooeonnn

0o0ooooQ
Taa 47 (8)
ONd

000000000000000000000000000000900000.073atm0O0000
00000000000 @OOD0D0Nononoon

oy
H,(ra
=1.1 ©)
Ny Nd
-1 T T T T T T
o Ga Al "<><><><><> P.5=0.073atm o |
e Nd %o °
%%a%;%
~— ©
g 2 | <© o 4
o X <
S 2L n o
g Q %00, o
S ° . Oo%oo o R 1
4 °o, 4
7308 0.9 1.0 11 12 1?3 14 15 16 08 0‘9 1‘0 1‘1 1‘2 1‘3 1‘4 15
10°K/T 10°K/T
0 0 0O SrZrGag :0:, 0 O 0 SrZryNd,:0:,0 O 0 O 0 0 O SrZry6Gag :0:,0 O O SrZryeNd, 504,00
Jo000ooooDooKOOO0D0OO0O00o Oooooooooooo

omgd



oogsrzr, M0, 0000000000 Pnmald gogobooooobooboooon

1-x x

Sample a b c 000o0000o0ooooooon
SrZr0s5 5.8180(2) 8.2068(4) 5.7957(3)
SrZry.o5Gag o503 g 5.8131(2) 8.1980(2) 5.7946(3) O0000O00OoO0O0oOo0ooon
S1Zro.055¢0.0503.0 5.8164(2) 8.2082(3) 5.7992(3)
SrZro.05Y0.0505. 0 5.8193(2) 8.2088(4) 5.7991(3) O00000GaDO0O0O0ONdODO
SrZrg.0sNdg 05034 5.8201(2) 8.2133(4) 5.7997(4)

ooobopoooobbobbooogoo
gbobooboboooboboooo

oogsrzr, MO, 00000000000 Pnmald

Sample atom x ¥y z
StZr0; St 0.4770(2) _ 0.25 -0.0036(6) 000000 oOoOoooOoooon
Zr 0 0 0
o1 0.0147(17)  0.25 0.099(2)
02 0.2833(17)  -0.0265(12)  0.2194(18) oobooooooooooooo
S1Zro05Gagos05.e ST 0.4763(1)  0.25 -0.0002(0) oooad
Zr, Ga 0 0 0
o1 0.0095(1)  0.25 0.0785(1) 00000 Srzr,,Ga,,03,,0 7000
02 0.2892(9)  -0.027(4) 0.2206(9) ‘ :
STZrg.958¢0.0503.4 Sr 0.4775(1)  0.25 -0.0031 goooooooooooooogo
Zr, Sc 0 0 0
o1 0.0138(0) 0.25 0.0680(6) gooooooogoooooogog
02 0.2866(7)  -0.0377(1) 0.2191(0)
000000 D4000 6000 0O logk,
StZro.95Y 005054 Sr 0.4775(2)  0.25 -0.0014(8)
Zn Y 0 0 0
ol 0.0123(11)  0.25 0.0729(30) pobooodoooooood
02 0.2890(11)  -0.0345(13)  0.2175(14)
o000 0000000000000
SrZroosNdg 9505, ST 0.4789(2)  0.25 0.0010(7)
Zr,Nd 0 0 0
ol 0.0169(10)  0.25 0.0566(19) boboooooobdooooon
02 0.2914(11)  -0.0436(9) 0.2138(13)

go4o00e00000000O0O0DO0O

ooogecoC OO KOOOODOOOOOOODOOOOO
n
3 _2.1

(10

"y, Nd
0o0ooooooOUoOoooOoDooDoobOoobOoDbOOoGLoUoooOoDodoDGabon
gooooooooodoodooooboooboooooooooooooooooooooo
gooog

0000000000000000000000 SrZr,M,,0,,0M = Ga, S, Y, NdO OO 00O
godoooooooooodoobooooooooooooooMoboooono r,0oooo
doooooodooooooooboooooooob oo ooooooo
000000000000000000000000SrZr,M,0,,0 000000000 0d,0
JddddddddooooooooooDoDoDoDDbOd,,J0ddfdfddfdfdoooooooo
000000 SrZrY,00,,0 00 SrZr,..S¢,,.0,,0 00 0000000000000000

0.823

- . . . . 310 . - - - T
—0— a —o0—AB
082F oy 1 -0-AC
ognl o7 ¢ 5 9/@ ] : / A i.[E)
£ —_— Al
E 0820 [ g/ 1 300 - et
E o890t 4 §
S osef g0 7 % @
E oself B—"" 1 7wl P
A )
S osso | A———h 1 ¢ ,5
Q/AS . @r .@
0579 | ]
Ga Sc Y Nd b L
wos e ———— L. @
r,/pm Vd/ pm c
00  SrZryeMy:0,,0M=Ga, Sc, Y,NdD OO0 00O 00  SrZryeM; 0,0 M =Ga, Sc, Y, Nd[T O
00000000000 000o0on Jo0000o0oo0ooooooobOOoooooooon

ombgo



SIZry0Gay,05,0 O O SrZr,,.Nd,,,0,,0 000 0000d,,000000MO, 0000000000
00000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000
00 0 O SrZr,5Ga,05,0 SrZr,Nd,,0.,0 doo 0 000 0000000000000000000
000000000000000000000000

ooooo

00 0Srzr,eM,0,,0 0000 0000MOODO0000000000000000000000
000000000000000000000000000000000000000000000
MO,0 0000000000000 000000O0O0O00O00C0O000O00DNO0O0O0OO000O0n
00000000000000000000000000000000000000000000
0000000000000000000000000000000000000000

godad

100 H. Uchida, H. Yoshikawa and H. lwahara, Solid State lonics 34 (1989) 103.
20 T. Yajima and H. Iwahara, Solid State lonics 53-56 (1992) 983.

30 F. Krug, T. Schober and T. Springer, Solid State lonics 81 (1995) 111.

0 mao O



