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Interfacial reactions of lithiumbatteries have been determined by in situ X-ray surface
scattering measurements using epitaxial thin—films electrodes. The atomic arrangements
of electrode surfaces change on being soaked in the electrolyte, and are subsequently
reconstructed when a voltage is applied in the first charge process. Mechanical and
technical development of surface structures is of considerable importance for improving
the power characteristics and cyclability of new—generation batteries.

AR TEHA
(SFHHAL - M)
[P B EE & &t
200 94 2,900, 000 870, 000 3, 770, 000
20 1 04 600, 000 180, 000 780, 000
wwoEt 3, 500, 000 1, 050, 000 4, 550, 000

WFZe5y 8 - kg

BFE D4 FL « I E - B T 3ERE - Fhdh « ARG

F—U— R gL F——#%, MBE. =& X v, B EHT ¥,
NAT Y RE

1. MBSO F
BT RV — BRI AR OSSR
BB ERILFET XA A~DEREEAIE I

W, EMERER Lo LB T Y AL
LT, e EREREN I 0 —XT v 7S
NT&E. L, BRSO R As,

TW5a. UF UL REMIIEN OERE, #
BEOZEMEDBEN D ZOFHE—E/HTH D
»n, K&, Fm, BetnihomicisnT
HER LD B 2R EAKETH L. Zh
F CTORR FIEITEMMEOBRER /Ny F
YR ETH BN, BRICEEICRELT
B RIBR 7 HEREM A2 LBie 2 ST L.

T AL, P AR AR & T R NFAET D
BHER Th D=0, ZASEMEN 2 JLIZ L7-BE
17 DT T CTIE OGS R 1 O ¥ E 03 R T
HbH. ZOOBEMPAEITDRREN S
TELHT, REHZOERIIZITE S TV
V. ZHETIS, HFEE OILHE—ekks 0L
EAL, DhOFEREICERZDE XS L



WM A /ERIS 5 2 & TR SO & B
b L, X BEREELE CEBMSFIZHBIT 5
R EL BT 2 FELZRABL TE
2. TNHOIATHIEN S, FimtEEiL v
I MG & B0 RSB AT 5 2
EEB BT, BRSSO PR AR
THETHD LEmOTHIZEST-.

2. WHEDBEM
ARFFETIL, ZHE TITE; - 72 b B E
R & R AR SR EE Z LI LT, Fomts
& & EMEEE & OB A2 RN T 5
EHEMEERE L., ZoMEE®E LT,
BEfFEMORRAMEREZ 5 & U 2 i e i
AEEZH SN T 2721 TR, ZhET
BEBR 72 B T - - BAALF R B 5 2B
THREMFEOMN ZBIEL, LT 3 i
riEHHZ L LT

1) FEFHE M EMR 0 SRS 18

2) PR EHIE L 72 B O BT

3) FmMEEE L DFE DGEIEE

3. WD L

A BHZ 35 1T 2 St s & ek
L OMBEEEM L, BFEMDL ) - Fatk
RED R Z 5| & 9B i, RIS
Rt L7z,

1) 32 M EE AR D S & e - oL A b—
P—HEREIZ LV = B X % o v L EAR
B LT L—W—HJ), IR, WA,
W TN FE OGN EEZ D Licky, &
RS OfG s L, A& IRFE, RiTEREZ
U7z, XRREET, XBRECUREE, APMBIEIZ K
D EMEE A RET D, BEMEIE LT, A
B RV LiMn,0,, Li,Ti,0,, JEIREHER
LiMO, (M=Ni, Co, Mn), AV &' % LiFeP0, % %
WL
2) Pt IE I E U 7= BEAR O R FEAT « IR
fi (10x10x0.5 mm) HIFESRALF A ZFRETT
5. KhE, VA7V IRV E AN —
WEN DR E, HOFELTHNTZ. SRRIC
BT D EEFm OGS AL, FFAE, K@l
TERENEMEFEIC G 2 2 B ZH LML,
T B X Ry WEEEEmRO BTG &
5™ LT,
3) RHEEZLDZ OB « KEGH
7% SPring-8 DR ) e A % Z & T,
wHAOGT (EfET) BT 24 ¥y
/LA T O RS 2R L A E R R
%o RMERPTED GREMEEZE L, KETRE
NOREGHE, KIERR AR 2. PIEhEfE
(W HRHE 24 0 BB EEAL IS FE O S O
W72 A6 | REdR AL, &R, RifE
REIC K D s 2 b D & a fat L7z,

4. WK
1) FEABEMEMO R EEESRE o v —Y—

HERESRME 2 I 5 2 & <, IR OfG s
L, RS, RmEREEEHIET S Z LI
i L7, fEsA i om s LT, K11
SrTi0,:Nb Hp FIZHERE L 7= Li,Ti0, =& X
X ¥y W O SR Ao g, FEARGRS St
&0, MIERRE T RNEL LT B HERE
IIEEANFE, REEZE 2D L THIICE -
REFREIZOWTIE, 25 OO FERIR S
L OHIEPERRTHD Z EBGhoTz. ZOF
#T X v, LiMno0, LiMO,(M=Ni, Co, Mn),
LiFePO, {22\ T b S mE il L7z = v ¥
Xy LEEAESS Z LIRS LT, E7-,
MEHC X & PERIE DRI, KRS & D
RERISTAER L Li 28 AP RimiE T
BhhTWA I L 2HLMNILE

o %

Siass
Li,TisOp(111)/  LisTisO1p(110)/  LisTisO1(100)/
SrTiOs(111) SrTiOs(110) SrTiOs(100)

4 1. SrTi0,:Nb Hefi LICHERE L7= Li,Tis0,,
T B H R LB ORE SL AL .

2) S I U 7 TR oD R R A

IRAVE DT 2 M S PR U 7= IR H B &b
TG 52 LT, T Xy L
B O R BT Z ATREIC L7z, PO, fbsh
M, REEEZKE L, BREZ 23 E7
Li,Tis0, (111) =¥ X % v LiEROFE
B E1To72. K2I2Z20kEREZ7R7. 39.5
nm, 26.5 nm, 5. 6 nm EfREEZEDIEH &
T, FMERENHEMUTZ. 5.6 nm B CIXHE
sy (175 mAh/g) LV b K& REENE
iz,

xin |_i4+xTi5012

Voltage v/ V
o o @
o w (=]

—
o

—
o

o} 100 200 300 400
Capacity ¢/ m;‘f’\h-g'l

B 2. Li,Tiz0p, (111) R D 78 i FE sl B 5.

—RIZ, AR A AR BN
HIZENMLNTE 2, Kimks, fisatk,
FAES S BT D 2 e h, BRORFIT
BESHTIRholz., XXy ILET



JVEMIZE Y, BAEAK 30 nm LA FE T/
fEESNTHEIE, um A RAOEME (T8
HEMEFEEE BB T 5 Z R RIS N,
LiFePO, EHEIZ OV TS, FREE % 50 nm FEEEF
TR &85 2 L TR D FHHA~D Li JEH
DL Z 5 Z EBIH ST, BT A XA
WA, BRI LT OB H
DEENEART D, LoT, T /{bickvE
WA 3 3 2 ESiofi L, R CcoE
SALFROS N EMAN L B7e b 2 LR L
TV D A[REME DS RIE S 7.

3) RmitEIE AL D Z DYl

LS I 8 1T 2 B L B S 1 A
{b% In situ XpREEPHETHETHZ L
W2 L=, [ 312 Li,Ti0,, (111) R LZ DU
TOREREZRT. MIHES (U F U LA
H)IZHRWT, EiEm T Li,Ti0, A X
D — R T D /NS WF T2 IR AR AR R
THZERRHENZ., —FHT, EHANTIX
Li D BRI %S U728 IR AL D 3
B Sz, HIER OB BREITEE DS,
AR U Rm A SR 2 H L
THY, K10 nm FERICFETHZ LD
Motz LEXD, wIhEfRIzsnN T, Wil
LR DREEICHMRT S Z E 2B 0
W2 L7z, BRULFHE TR &7z 5.6 nm
FEORERRENS, FHEMAICEREZ Li 2B
FAINTWDZ AR L., BT, £
M LiPo, EAEME 2 HESE 22 LT
ORISR SN 2 Ebanol. o
o OFERIE, BRSSPI 2Rk
S D KA S BRI 2 R E ST S ERE
BRFHLTH Y, T E CTOBEMNMEE, #
R OHIENC K DRep kIR EHT, 7 sk
S A A & D B Ao fER A RN LT
INnEY, TRAX BB OREE L
7 fE N S SESEIR A~ &, BT LWIFZEER &

HlebTIENTE .
dlA
160 148 146 144 142

| e . | d [ TN :

4-40

2.0V

1.2V
1fDﬁ/’//F\\‘\ﬁ_{ﬂ__d,gﬂfijfﬂx\\hmxh

18—~

2__9E//——-‘\\‘h‘___M___m___mﬁm

OCV
| |
3.70 3.75 3.80 3.85 3.80
H I units of a*

X 3 Li,Tis0,,(111) BRI 75 hlcds SOs Hic
BT 5 4-40 KET o F i X ARBIHTFE.

log (intensity) / -

5. TP ICE
UEEEsms) GH5h)
(D Masaaki Hirayama, Hidekazu Ido, Kyun
gsu Kim, Woosuk Cho, Kazuhisa Tamura,
Jun’ ichiro Mizuki, Ryoji Kanno, ‘D
ynamic Structural Changes at LiMn,0,/
Electrolyte Interface during Lithium
Battery Reaction’ , Journal of the
American Chemical Society, 132, 1526
8-15276 (2011)

@ Masaaki Hirayama, Kyungsu Kim, Takes
hi Toujigamori, Woosuk Cho, Ryoji Ka
nno, ‘Epitaxial growth and electroc
hemical properties of Li,Ti;0,, thin—
film lithium battery anodes’ , Dalto
n Transactions, 40, 2882-2887 (2011)

3 Masaki Hirayama, Masao Yonemura, Kou
ta Suzuki, Naoya Torikai, Hillary Sm
ith, Erik Watkinsand, Jarek Majewski,

and Ryoji Kanno, “Surface characte
rization of LiFeP0O, epitaxial thin f
ilms by X-ray/neutron reflectometry
” . Electrochemistry, T8, 413-415 (2
010).

@ Kazuyuki Sakamoto, Masaaki Hirayama,
Hiroaki Konishi, Noriyuki Sonoyama,
Nicolas Dupré, Dominique Guyomard,

Kazuhisa Tamura, Jun’ ichiro Mizuki,
Ryoji Kanno, ‘Structural changes in
surface and bulk LiNi, ;Mn, ;0, during
electrochemical reaction on epitaxia
1 thin—film electrodes characterized
by in situ X-ray scattering’ , Phys
fcal Chemistry Chemical Physics, 12,
3815-3823 (2010).
® Kazuyuki Sakamoto, Masaaki Hirayama,
Noriyuki Sonoyama, Daisuke Mori, At
suo Yamada, Kazuhisa Tamura, Jun’ ic
hiro Mizuki and Ryoji Kanno, ‘Surfa
ce Structure of LiNij ¢Co,,0,: a New E
xperimental Technique Using in Situ
X-ray Diffraction and Two—Dimensiona
1 Epitaxial Film Electrodes’ , Chemi
stry Materials., 21, 730-735 (2009).
(%ER] Gl 81F)

(D Masaaki Hirayama, Characterization of
Nano—Scale Interface in Lithium
Batteries, International Scientific
Spring 2011, 2011/3/1, 2011, Islamabad,
Pakistan.

© UCHER, B0k, SEARBER, HESER, A
SEL,CE R TR, KA HERE, (LB, In
situHPE T RIEIC LDV F U A1 v
K —J L—3 a3 A IE AT, 5 36 [A]
[ A A =27 ZA5tiwe, 2010/11/26, Al




BififE®R - EET T

H R, S ILCHER, S5 RN, Ak, M4
SF, WS ZZME, B TR, AR, KK
—Hp, Li,Ru0, A - EARE RS Y
FILA =T L — g UM, 36
[FIEARA 4 =7 A5fime, 2010/11/26,
et - EET 7.

S LHERE, H P F5 RN, Ak, Cho Woosuk,
TE TR, TEM-EELS {512 X % LiMn,0, %8

TR 8 O LA AEAT, 565 51 [IFEME R
£, 2010/11/11, EMRPEET B ¥
Ryoji Kanno, Masaaki Hirayama

Kazuhisa Tamura, Hidekazu Ido, Surface
Structure Changes in Lithium Battery
Electrodes Studied by In Situ X-ray and
Neutron Scattering Methods, 218th ECS

Meeting, 2010/10/12, Riviera Hotel,
Las Vegas, USA.
Kouta  Suzuki, Masaaki Hirayama

Kyungsu Kim, Mamoru Komo, Ryoji Kanno
Machiko Abe, Kazuhisa Tamura
Jun’ ichiro Mizuki, Nano—effects in
epitaxial LiFePO, thin film electrode,
The 5th Asian Conference on
Electrochemical Power Sources (ACEPS),

2010/9/18, National university of
Singapore, Singapore

Masaaki Hirayama, Kouta  Suzuki,
Kyungsu Kim, Kazuhisa Tamura,
Jun’ ichiro Mizuki, Ryoji Kanno
Interfacial phenomena and

electrochemical properties of lithium
battery electrodes, The b5th Asian
Conference on Electrochemical Power
Sources (ACEPS), 2010/9/18, National
university of Singapore, Singapore.

Kyungsu Kim, Kouta Suzuki, Woosuk Cho,
Hidekazu  Ido, Kazuhisa  Tamura

Jun’ ichiro Mizuki, Masaaki Hirayama

Ryoji  Kanno, Surface structural
changes of Li,Ti;0,, electrode, 3rd
International Conference on Advanced

Lithium Batteries for Automobile
Applications (ABAA), 2010/9/9
Hanyang Institute of Technology,
Korea.

Ryoji Kanno, Masaaki Hirayama
Kazuhisa  Tamura, Hidekazu Ido
Characterization of the

Electrode/Electrolyte Interface Using
Model Epitaxial Electrodes, The 15th
International Meeting on Lithium
Batteries, 2010/6/30, Fairmont The
Queen Elizabeth, Montreal, Canada.
Kyungsu Kim, Kouta Suzuki, Woosuk Cho,
Hidekazu  Ido, Kazuhisa  Tamura

Jun’ ichiro Mizuki, Masaaki Hirayama
Ryoji Kanno, Phase Transition at
Li,Tiz0,, Surface, In Situ Surface
Characterization Using  Epitaxial
Thin—film Electrode and Surface
Diffraction Technique, The 15th
International Meeting on Lithium
Batteries, 2010/6/30, Fairmont The
Queen Elizabeth, Montreal, Canada.

W EST, SELCHERE, S5 RFEN, SARR, AT
N, WS, A H 2, F8E sk, &
BTIR, BEDEXBRICE DY F U LE
TS O Z DOGELEE, AL B
REI—T 7, 2010/6/8, HA{LF
A, B

M AESE, S ILCHERE, S5 ARFEN, SARR, AT
A, BB TR E X X2 v L%
W2 U F T DR BUG D % O EER,
M RIG R SRR 22 FFERFRE,
2010/5/26, FAGHKRT:, HRL.
LR, SNARHER, BB TR, KAHE
e, BfAE M, Hillary Smith, Erik
Watkinsand, Jarek Majewski H P -
S E3RIEIC L D U F 7 A s Eh 8]
W, BRIEF2, 2010.3.30, FL.
Ryoji Kanno and Masaaki Hirayama
Interfacial phenomena of lithium
battery electrodes studied by in—situ
X-ray scattering methods, The b50th
battery symposium, 2009.12.2, Kyoto
Japan.

P HERE . Woosuk Cho, #HARFFA. Kim
Kyungsu, HHFFIA FREZEZ T8 A 5,
WAENE, Al B, FHEPR, BT
K, In situ XAFS{EIZ XKD U F U LFEH
B O, 5 50 [AIEMFF S,
2009. 12.1, 5T#B.

Masaaki Hirayama, Kouta  Suzuki,
Kazuhisa Tamura, Jun  ichiro Mizuki,
and Ryoji Kanno, Structure and
Electrochemical Properties of
Epitaxial LiFePO, Thin Film Electrode

2nd  International Conference on
Advanced Lithium Batteries for
Automobile Applications, 2009.11.28

Tokyo, Japan.

Masaaki Hirayama, Takeshi Toujigamori,
Kouta Suzuki, Woosuk Cho, Atsuo Yamada,
Kazuhisa Tamura, Jun  ichiro Mizuki,

Ryoji Kanno, Structure and
electrochemical properties of
epitaxial thin film electrodes for
lithium batteries, 216th Meeting of
The Electrochemical Society

2009. 10.7, Vienna, Austria

Ryoji Kanno, Masaaki Hirayama, Takeshi
Toujigamori, Kouta Suzuki, Woosuk Cho,




Kazuhisa Tamura, Juniciro Mizuki,
Interfacial structure changes of
intercalation materials during
electrochemical process, The 3rd
International Conference on Physics of
Solid State Ionics, 2009. 10. 27

Kumamoto, Japan.

(& fth)
http://www. echem. titech. ac. jp/ kanno/in
dex. html

6. WFIEHHR

(D) WFefaE

S HERE (HIRAYAMA MASAAKI)

HOR TERT: - KB a B LA e R
- B3

MEE®&ES 30531165




