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Development of Tin Oxide-based Materials
as an Anode for Secondary Lithium-ion Batteries

by
Takeo HYODO*, Shinichi KOYAMA * *, Yasuhiro SHIMIZU * and Makoto EGASHIRA *

Anode properties of mesoporous (m-) SnO,-based materials for secondary lithium-ion batteries
have been investigated. Thermally stable m-SnO, powders with high specific surface area were
prepared from sodium stannate as a tin-source by utilizing the self-assembly of cetylpyridinium
chloride in water, followed by annealing in air as well as argon. Various reductants such as Sn metal
and SnO, (1<x<2) were also prepared by annealing under various reductive conditions. Pure m-SnO,
annealed in air showed a small capacity (57 mA h g) at 20th discharge, while the capacity of m-SnO,
annealed in argon was two times as large as that of pure m-SnO,. Annealing in hydrogen atmosphere
brought a further high capacity to the material, while the specific surface area of their reductants was
low. Among all the samples tested, the sample containing Sn metal, Sn;O4 and several kinds of SnO,
annealing in argon at 500°C and subsequently in hydrogen at 300°C, exhibited the highest
charge-discharge properties (240 mA h g™' even at 20th discharge).
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Table 1 Annealing conditions of m-SnO,-based
powders.
Sample Annealing conditions
No. Atmosphere  Temperature / °C Time / h

1 Air 600 5

2 Argon 600 5

3 Hydrogen 410 5

4* Hydrogen 410 5

5 DAir 500 2
(@Hydrogen 200 4

6 DAir 500 2
(@Hydrogen 250 3

. DAir 500 2
(@Hydrogen 400 1

g DArgon 500 2
@Hydrogen 300 5

9 DArgon 500 2
@Hydrogen 350 5

*Sample 4: prepared under the same conditions as those for
Sample 3, but without phosphoric acid treatment, Sample 5-9:
annealed under the condition of @, followed by @.
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Fig. 1  XRD patterns of Sample 1 (i) before and (ii)

after annealing at 600°C for 5 h.
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Fig. 2 Pore size distribution of Sample 1 after
annealing at 600°C for 5 h.
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Fig. 3  XRD patterns of Sample 2~9 after annealing.
Numbers of Joint Committee for Powder
Diffraction Studies (JCPDS) are indicated in

parentheses.
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Table 2  Specific surface area and crystal phases of
m-SnQO,-based powders.
Sample No.  Surface area/ m? g’ Crystal phases
1 236 SnO,
2 298 Sn0O,
3 9 Sn, Sn;04
4 8 Sn, SnO,
5 146 Sn0O,
6 162 SnO,
7 2 Sn0O,
8 42 Sn, SnO, Sn;04
9 40 Sn, SnO, Sn;04

— B, 22K T 500°CTHERL L TCsPyCl& MES% 554
By iR L 7= (Sample 5~7) 1%, H, P CEULEL L T,
ZOXMEPTAIITEE A EBRH BT, Al o 7
NEULBLEENE L 2Bl ok e o 7. =72 L,
Sample 7 IZ DWW TIE, 45°fHiTiid-»& 0 & Lz
— 7 WHERTE 5. b L, 30°fhmic bl —27 RN A
LN BiE, OFIC/RL TWABEFEDRIPr S —
ZEw Iz EHfF N % — 1 EB-SnO (JCPDS No. 07-0195,
a-Sn0% 550°CLL ECEULEE 5 Z ik Eohd)
=T 5. —J), MERERBEIZOWTIE, HRKIR
THLEE L 7=Sample 5, 6 1T HFE D /NS e b oTz
HOD, 400°CHLEFEL (Sample 7) 13EIAYIC bL 3K HiRE
PET L, Ho O A CTEULEE L 72508 (Sample 3, 4) &
Db/ha<l ot UUEDOREERERNL, Z OB,
TTHE, VIAROFEREEEIZIZEAEEDLTIC
SnO, T OEFRENKIBIZIK T L, FakENEEIh

LHrEZxLND.

—J7, Ar CTEULE L 72 3B 2 H, Tl EVLEE T
&, Sample 8,9 @ L 5 ITHk# 22 ERK#) (Sn, SnO, Sn30,4)
WZiEIE ST, ERH T ORULERFEL (Sample 5~7) 12
2L, BRARDNIZ-ED LHERTE, B,
SDEOREELZ NI LD, REPICZIEEL T
D — R RN SN0, DE T ISIZKE < FEHE LT
L2H0EEZLND.

1.5 7

! .
s .~ (a) Sample 1
E.ﬁ. f /s /'
10 Jl,‘i:_ F] 'f
] :',\ £ Vi
V2
RN
0.5¢ <. First discharge capacity (FDC)
e I 11843 mAh g’
b) Sample 3
"~ TS FDC:1572mAhg|
0 l xl"““()s'llal
] c) Sample
>
© \
= 4
[ _L"':-'-"

‘g 0.5 r , -.,'-—: o - \R_\-\'_———_
o W~ T~_ "~ FDC:1728mAhg’
0 S e e .

{77 /(d) Sample 7
E.I ‘; !- "f
1.0 A
.Et .\t‘ / 7 F
il .\-l‘x/’.:".‘:" B
Nt ’f—-’
0.5} LB T
~ .~ FDC:1623mAhg”
D HH“"- -T-x.':-_--\“l I
MU
:"' ;" / (e) Sample 8
L ¥
%, /I 7
10 :'.lL' , - ‘ff
\\\;.\ Pl -
ettt \
05| 25z
42 }““:"ZL"‘-'-':::H FDC: 1800 mAh g
D L “‘I—. x-H::‘_'L--lﬂ""- 1
0 200 400 600 800 1000
Capacity / mA h g1
Fig. 4  Charge-discharge characteristics of Sample-Li

cells. ‘Solid’, ‘dashed’, ‘dashed and
single-dotted” and ‘dashed and double-dotted’
lines show cycle number: 1, 5, 10 and 20,
respectively.  Thick and thin lines show
discharge (Li insertion) and charge (Li
desertion), respectively.
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Table 3 Anode properties of m-SnO,-based powders.

Discharge capacity /mAh g

Sample
No. 1 cycle 10 cycle 20 cycle
1 1843 264 57
2 1872 314 118
3 1572 389 190
4 1728 214 93
5 1847 320 80
6 1728 294 101
7 1623 372 192
8 1800 423 240
9 1549 406 229
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