[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a) OO0 Lisco20 00000000000 DOO0ODOODODOODOoDoOooonOg
OO0
Title(English) Synthesis, Crystal Structure and the lonic Conductivity of New Lithium
lon Conductors, M-doped LiScO2 (M = Zr, Nb, Ta)
oo@a) 000, MUHAMMADIQBAL, 00O O0O,0000,0000
Authors(English) Guowei Zhao, Muhammad Igbal, Kouta Suzuki, Masaaki Hirayama,
Ryoji KANNO
oo@a) OO00000000, Vol 11, No. 62, pp. 543-547
Citation(English) J. Jpn. Soc. Powder Powder Metallurgy, Vol. 11, No. 62, pp. 543-547
000 /Pub. date 2015, 11
Note OO000000000000DO0DO0DOO0ODOOooOgn

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

J. Jpn. Soc. Powder Powder Metallurgy Vol. 62, No. 11

543

BBl LiScO, R F 7 A4 4 VEBERD G, WG, 14 SRR

H [FEfE, Muhammad Igbal, $5A BEA, P HERE, EE TR
RO LR G B LA A 2UE T F 8, T 226-8502 Bl X S HINT 4259, GI-1,

Synthesis, Crystal Structure and the Ionic Conductivity of New Lithium Ion Conductors,
M-doped LiScO, (M = Zr, Nb, Ta)

Guowei ZHAO, Igbal MUHAMMAD, Kota SUZUKI, Masaaki HIRAYAMA and Ryoji KANNO*

Department of Electronic Chemistry, Interdisciplinary Graduate School of Science and Engineering, Tokyo Institute of Technology,
4259 Nagatsuta-cho, Midori-ku, Yokohama 226-8502, Japan.

Received July 8, 2015; Revised July 31, 2015; Accepted August 3, 2015

ABSTRACT

New lithium ion conductors of M-doped LiScO, (M = Zr, Nb, and Ta) were synthesized by a solid-state reaction
method. Peak shifts of the X-ray diffraction patterns revealed the formation of solid solutions with aliovalent

cation doping. In addition, increase in the ionic conductivity by the M doping is indicated. The highest total

conductivity of 7.94 x 10° S cm ' at 623 K with an activation energy of 88 = 5 kJ mol ' was observed for the Zr*"

doped sample in the systems. The Zr*" doped system showed the largest solid solution limit in Li,_ Sc,_Zr,0,

(x~0.1) and continuous increase of the conductivity with increasing x. Structural analysis by Rietveld refinement

indicated that the lattice expansion and lithium-ion vacancy formation by the Zr doping in the structure, which

could contribute to the increase in the ionic conductivity.
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Fig. 1 X-ray diffraction patterns (a) and observed shift of the 211 reflection (b) for LiScO, and aliovalent cation doped Li,,Sc¢, . M,0, system (M = Zr*, Nb™*

or Ta’", x=0.1).
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Fig. 2
system (M = Zr*", Nb*" or Ta™").
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Representative impedance plots at 623 K (a) and Arrhenius plots showing the temperature dependences of the conductivity for the doped Li, ,Sc, .M. O,

Tonic conductivities at 573 K and activation energies of the doped

Li,,Sc, ,M,0, system (M = Zr*', Nb*" or Ta™"). Those values of
the LiScO, are also indicated from previous report”.

Doped Composition Total conduct1V1ty Activation energy
element P p/Sem’' @573 K E,/%J mol
— LiScO, 4.2 x 107 [ref] 101 [ref]
Ta LiysScooTay,0, 579 x 107 57+11
Nb LiysSceoNby, 0, 6.01 x 107 85+3
Zr LigeScooZr,,0, 9.73 x 107 88+ 5
@573 K
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-
S
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o
-8.0
Re
-8.5 [Ref]
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Fig. 3
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Tonic conductivities of the Li,_Sc, ,Zr,0, at 573 K as a function of

composition x. LiScO, (x = 0) value is plotted from previous report.
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Fig.4 Observed (+), calculated (solid dark green line) and different plots
(solid blue line) for Rietveld refinement of synchrotron X-ray data
of LiScO, (a) and Li,_(Sc,_Zr,)O, (x = 0.1) (b) obtained at room
temperature. Vertical markers below the patterns indicate positions
of possible Bragg reflections of space group /4,/amd(141) for LiScO,.

Table 2 Refined structural parameters for LiScO,.

Atom Site g X y z B/ A’
Li 4b 1.0 0.0 0.25 0.375 2.0
Sc 4a 1.0 0.0 0.75 0.125 0.135(7)
(¢} 8e 1.0 0.0 0.25  0.09895(3) 1.352(6)

Unit Cell: tetragonal /4,/amd(141); a=b=4.1791(18) A, and ¢ = 9.3610(4)
A;R,,=11.55.

Table 3 Refined structural parameters for Li, ,(Sc, Zr,)O, (x =0.1).

Atom Site g X y z B/ A’
Li 4b 1-[g(Zr)] 0.0 0.25 0.375 2.0
Sc 4a 1-[g(Zr)] 0.0 0.75 0.125 0.240(6)
Zr 4a  0.0968(7) 0.0 0.75 0.125 0.240(6)
(¢} 8e 1.0 0.0 0.25  0.09793(3) 1.116(6)

Unit Cell: tetragonal /4,/amd(141); a = b =4.1804(16) A, and ¢ = 9.4186(3)
A;R,,=7.28.

THI LD, ol Figdllx=0, .1 0RK»S5HESN
TG XA AT 7 — 5 12xb 9% U — bV MENT O #5 R
R, Table2, 31O N/fEENNT A -V —%F L DD,
HEREFEFEMIST A —F —ZIERCHBEDH 5 720,
Se {78 O T 1E i A B A ALAA ISR E L 72 IRE TR T2
W8T A= — 2 fEEAL LIS, FoNBTEM T
A= —ZHE L CTHEEORKENL T 72, BT OFHE
BT R, Ex=0, 0.1ITBVWTENEN, 1155 728¢7%
D, BUIFRMNERZAL LMk AR 5

DA K EEFEEAE WA N, T2, Ze" o
W& DA F VERERRENCMEL, S5 T VEEORRE
LW b AVF =R T L2 F2, 2N R 10% R
MUZZBIZIRARD A VEERPEM S N, oI 623K
IZBWT794%x10°Sem™ THh o7z Lij,Se, Zr0, ZHK L
Wi & A VEBEFEOMBE Z R ER, BB E AT
BEAFFVEEATHIETYF 7 LRV T S Z LD
A& VB R FIEEET LI EFHAL IR
7z. U F 7 KA T B g AR K 5 LiScO,
BB BWT, 44 Y EBROKIEZE EASTETHS
EDVALPIT oz, AR, EIRTTEORBELIZ XD FE
A, BIRITCHEOSMLE FEBT 5 2 L TR T
v LMD B8 728 72 e W ERE OIS RE L 22 5.

E | 33
AWFE D —ER 1 ISPS BHFE 25106009 DB % 21 TH1b
F L7z BB Xm0 o 130K BB S )it 3% SPring-8
(%5 : 2014A1408, 2014B1931, 2015A1778) THEML F
L7z, SCICHEEZERLET.

X )

1) N. Kamaya, K. Homma, Y. Yamakawa, M. Hirayama, R.
Kanno, M. Yonemura, T. Kamiyama, Y. Kato, S. Hama, K.
Kawamoto, A. Mitsui: “A lithium superionic conductor”, Nat
Mater, 10 (2011) 682-686.

2) K. Takada: “Interfacial Nanoarchitectonics for Solid-State
Lithium Batteries”, Langmuir, 29 (2013) 7538-7541.

3) S. Adams, R. P. Rao: “Ion transport and phase transition in
Li,_Lay(Zr, M)O,, (M = Ta’", Nb*", x = 0, 0.25)”, J. Mater.
Chem., 22 (2012) 1426-1434.

4) Y. Inaguma, C. Liquan, M. Itoh, T. Nakamura, T. Uchida,
H. Ikuta, M. Wakihara: “High ionic conductivity in lithium
lanthanum titanate”, Solid State Commun., 86 (1993) 689-
693.

[k KORGS5 62 &% 1177



5)

6)

7)

8)

BBl LiScO, RV F 7 A A F VEEAKO G,

vt H

T

e IEAT, A A R 547

P. Birke, S. Scharner, R. A. Huggins, W. Weppner: “Electrolytic
Stability Limit and Rapid Lithium Insertion in the Fast-Ion-
Conducting Li,,,La,s,TiO; Perovskite-Type Compound”, J.
Electrochem. Soc., 144 (1997) L167-L169.

E. E. Hellstrom, W. Van Gool: “Li ion conduction in Li,ZrO;, 9)
Li,ZrO,, and LiScO,”, Solid State Ionics, 2 (1981) 59-64.
C. J. M. Rooymans: “The Crystal Structure of LiScO,”, Z. 10)

Anorg. Allg. Chem. 313 (1961) 234-235.
M. Tabuchi, S. Tsutsui, C. Masquelier, R. Kanno, K. Ado,

20154 11 H

I. Matsubara, S. Nasu, H. Kageyama: “Effect of Cation
Arrangement on the Magnetic Properties of Lithium Ferrites
(LiFeO,) Prepared by Hydrothermal Reaction and Post-
annealing Method”, J. Solid State Chem., 140 (1998) 159-167.
ZPLOT and ZVIEW for Windows, Scriner Associates Inc.,
North Carolina, USA, (1998).

F. Izumi, K. Momma: “Three-Dimensional Visualization in
Powder Diffraction”, Solid State Phenom., 130 (2007) 15-20.



