SPring.. 8 ) )
=D (e SPring-8MERFIBELSR « €S53 w2 AT
N
(B) BEEXRZMT 2 — « EEERAA#EE  fEee H1E

@ SPring-8DFEIT

@ SPring-81Z33 1} % EEZERFH DIRIL =) o 5] i EHIE

@ SPring-8HUNZ AW TR - &F I v 7 XAOMRTHE
> XAFS/GE =) F1EMAES
> BITXAF—XHZ2HHLZXRDE =) F2EHEES T E
> YIal—arEfirAVWEEEET LOREL

b

@ SPring-8% i 5 72 DOF| il B

SPring-8%| et hig =  WIZEBHIRZ B S
SPring-87/ 7 A « £ 7 I v 7 ARRE (BllA) —HTF A - £F I v 7 ZARBOFERE
FEBLA T« AT D T2 ODXAFSITEIEDOHIM FR224E8H27 R (4)



- -

— o

SPring-8=F v /YA EMSEDFEE
o IASRECCEE RFHMM  RER

B _
SPring-BOEA R (25mig) ﬁ
SPring-BOMANE 1
(Fralal—S)rSOBiE -~ .

r o SPring-BOdEANE LT
(D5 DEODRER -7

Yy et R e TG

3y

o

-

-rmm® (mrad) ®- 0.1 %) e

Bl R e

EE S S

NS TR

A
1000 104 108 108

KOIRILF—(eV)
N prhm e e — —— ——

729" 1b=4
— g « BEKFTEICIERTEX

- EE G M ISHRRTEXR .
P : Ezgg 7?10001:.)
- B8 -




——| BSNAERNATICHORRFES |

R %ﬁ{y RL X170 X8
JEE TN 1> RS NEC L BEL
HE X RO | '

KEFE 94* 

XAFS
(X RRIRUN SIS )

A P,

0 y. | illﬂ ﬁlﬂ Illl 100
xﬁw -
ﬂnﬂﬂﬁﬁﬁ
(Eﬂlmﬁwﬁm‘
RKEBRRHTED)

A A=Y

I. ENEEZERAAT
(ALEHZRT7 7L
ERATED)

ARl DEIR

BT - K X &

I. EBRAEMNS (INERT) A 0D |
\_ (RFMBETRAD) i - KE )




SPring-8 E— LS4y 2010.5.17 B

® BL22XU JAEA ETHEEVIE (EXRFHFRFEREE) _ EF-AA—YY7 1 BL20B2 %
® BL23SU JAEA ELHERT (BaRFHFRMEREE) L FeAAXA—Y Y7 11 BL20XU

® BL24XU EERID (=&®) \ E%*{Im I 5 27 | BL19B2 ;I
% BL25SU #X#RE A5 K \, Bt YEAS 11 BL19LXU ¢
¢ BL26B1 B #:54°/A 1 T~ : I

¢ BL26B2 Bt #:54/L 11 ~
* BL27SU #X#RHALE
O BL28XU ZFAZEHVEE; ﬂg%mgﬁﬂ%

#>E—LBM BL16B2 @
|| | (ERASFHE— LT /REF iR E)

. 

ﬁ‘ﬁ' %*Xﬁ%@;ﬁ YPEERIZ 111 BL17SU ¢
\

\ #> E—AID BL16XU ®
(EERASHEE— LT REF FERE)

EEAD = AN .
> BL280? DEXEET — e , ° 23 ‘ '\ | El*fb*—aﬁ%%ﬂﬂﬁﬁ BL15XU @
¢ BL29XU B ¥3EEF | A3 =\ lm II
o = A 11 BL14B2
® BL32XU SBWTS _7y 52T o 732 JAEA BIETF BL14B1 ®
® BL32B2 A& SPring.. 8 ‘gllﬁﬁ’ AFS GES Eatet i)
f%ﬁ&ﬂa @ SEREMERIT BL13XU X
BL33XU S e , / NSRRC BM BL12B2 @
® BLILEP L—F— BT */ 36 _ . (&% NSRRC)
KA EHERR /5 ) ? E—LZ13v7 ‘T . NSRRC '@gh;,%;‘g ¢
% BL35XU &4 B I8 (4 at “1}=UZ BL11XU @
%* BL37XU 5947 X4 B L # - Exlﬁ‘%ﬂﬁ%ﬁ%%m
* BL38B1 @i&EW= 11 X 7 - B Al F#ESYiE BL10XU %
W BL38B2 NEEZ ;EFH ﬁﬁﬁ ot I 3E % B2 B HIEEEL BLO9XU %
* BL39XU HitErT H IZ &t 26 17 8 2 53 M (=== BLOSB2 @
* BLAOXU B75YIR  |— P -
* BLaoB2 A 11 | - Bt 0 1 1 0 2 P WERS BLOTLSY @
% BL41XU #EEETF | 'éf §+ 26 1 8 9 2 55 R=A=)
% BL43IR #4M1E = . FEZ W BLO5SS W

I FXEEH BL04B2 %

<& BLA3LXU B s FFH/F1FHZIR - _ pr——
® BLAAXU 1A1E%) T8 & S AT MW\ S — ———DLOB1 *

. — 70y T47VINRY—HRFEEZES BLO3XU @
(ZOVF4FYINI I —HESRAE- L1 VEEESE)

: . T v & I__,_“_ . I 1“%,& k ""‘":.__:-___-___"""--—.._____ %*ﬁm*ﬁ BL02B2 %
Ei/ m mﬁﬁﬁ Hx“'“x-h_ T~ B S EET BLO2B1 %

T XAFS BL0O1B1 %

RERAZEEBWEHN)
& BL44B2 EH WERZ
b =

% BLAGXU EEEFIMAE I |
* BLA7TXU X B LA - x4 70




#ARUERABLI BHO#ERE

o

AR\ #I11ER (1997B~2009B)

OSRMREH A :12, 7524, &5t 16, 3444
ORFMAEH  FH:81, 5214, &3

= 110, 223 A
20103 ETCICERT11AADHEENFIA !

1E5H71-Y (2009A. B)
ORMEREH M 1, 3914, &8 1, 904
OFAEH #/: 9, 033A. &8t 12, 938A
 RENO®B AREROES
1:22: BEAE-L74VF1 8 7,000 /1 1
800 r 6,000 ¢

700 5,000 1~ I "
104 I|III|I|I |

I
111 bk

0
97B 99A O00A O1A O02A 03A O04A O05A O06A O07A 08A O09A

3,000
400 [

300 | 2,000 [

200 [ %Fﬁ E‘Ai'f‘/*'lm 1,000 F_ 1

100 ]

0
97B  99A 00A O1A 02A 03A 04A 05A 06A 07A 08A 09A



Pring.. 8

#ABLISHE A RBE R ARREES o>

1600 30%
3} P8 i
1400 - EoausiRMEs A
0
RFEFHEHKE 53 2%
1200 |- EER S T a
e o
7S | &
L » 266" YRS 27/
;F_IJ 265
Bl 800 [ 215 15%
i 31 858 206
% 164 ® 124 799
BR B00 [ 6' 87 ”””” R,
& 1 10%
# 3 oo 4% w0 g
400 i o7
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, B
® 6% L
&% T 1 5%
200 [ % B66
300 295
1% 170 219 255 271
0 % 4 26 50 62 0%
HY H10 H11 H12 H13 H14 H15 H16 H17 H18 H19 H20 H21
4

KPR 248
O KFEHEHE : EANLKE. FAAIAF. SEEMEKE OEAIHEHMES  MITEEAN. KPESHRMEMEE. A3EAN BHHEASE
OE(R RETECGENTCEDAREZANZSED) @55  BHDOETOHE - EANE



RM{tEIZLLEEDE

¢ )

180

160

140

120

100

80

60

40

20

SllES

=L €S

o

q$Miiﬁnw$%$%m

B OT: = Dith
OM: ®EE- £ERAR

OM EM(ERE- &90F- 88 (TFEAME
B EN RS- TRIILXF—(IRIBEANE, BAFEM)
OELTL2h0Z=0 R

L F04'S LD EHE (20058 ~2006)

IE—LS51425) ]

EJ.#'UE%*UFH PRRA D KT
(2007Fd1a~)

i m

EEXFABLIEE 2001) FSA7IL1—R

D EHE (2003A~2005A)

1

——_

S
€

EH L

19978 [ ]

1998A [l 11
1999A [T ]
19998 [l ]

2000A
2000B
2001A
2001B
2002A

REITE£DOFAMNIERICEMN £ED20%I2,

2002B

<< [an] < m

™ ™ < <+

o o o o

o o o o

N N N N
( FIFAHEARD)

2005A

2005B
2006A
2006B
2007A
2007B
2008A
2008B

(FHRRFREDIRARELTH30%HY = FIRFEEVEZETTLD)



[ ERRCsUIAALERVHAIE | T

ZHER.EREI. v=— W&, NEC, HIL,
ELE, ETEREH, NTEHR. =T .

NTT, v/ )a— GE

AW
ZRL—

ILo2b0=922K

ZREit
R E
SRS
i

EE q:lﬁ:l:s 9"{l\“ N ﬁﬁgbs V==
RRAR N TEM, BHHR, NKK

=FER.
BHEERE

BIERE. 9S5L . FRITLIE. BAEHEH.
=BLAAY, . ZEILP.A=FH

Oﬁﬁ vy

B VN SR-B

SPr"ins-: 8

REK, A B &’ \

NBET, pFRM. A&, T RER.
ERBI . HFM(IV— . =ZFITIVPL LGE

SR

- B

AYF
REERTE
B—=%, X%
L 2]
R.TATIR
FA. 5, KE

FEIEH. B, 7—AmEg, BEALU—UFL204 HESK @
KBk FYYE—L, BROVI, % nkox
HE. BEE PRG.IF 4y

w9 Yors-



)

o)

SPring.. 8
@ SPring-8DERXEFIFETSX - €SI v I 7H

N\DEFE

() BEEXRFMEE ¥ — - EXRAAHEEE  HE HIE

@ SPring-8DH#EIT

@ SPring-8(Z331) 5 EZEF

> XAFSH¥eiE = &1

2]

> BTXAE—XEEFH L7ZXRDE ) $2E

I DIRBL = i 71| =
@ SPring-8HEN N EHNWETTFI X - T I v I XD
W

H

IS

LT 5

RETE

> YIal—arEfirAVWEEEET LOREL

@ SPring-8% 1 5 72 DF|)

1 B2

P

SPring-8H|HH#EE Wik WIZEBREAES
SPring-8 7 7 A + £ 7 I v 7 AWFEE (BIRE) —HF A - &7 I v 7 AMEOMKRE
FEHL T« FENTT D T2 D OXAFS/EEOFRIN FR22428 H27TH  (42)



SPring..8
> &@ﬁjZ%LEﬁNémﬁ?

- BREYD IS ADOWMEERIRCBE

o MY OBRERMEOREOHE (BEHMB LIOREER#EE) 20NN I RATBITAREOFE

\ FEELD FHH
Ryt 7T ADH o o AT ANZBT HRBEOKT
HEHA  RIEREHEE
[teit:]
FHIATE Bt 77 = A O it i &[RRI 25
JEWR A ERBEA O T A O i i & [FARRAE (4
G2 i LEEE T T A O it i Y & AR
L—t— Nd&*&H 07 = O it i P & (AR
[EFit] O
FAHY A4 Na,0-CaO-Si0,# T % O B L FREICZE LB T A A4
fmi# > IMIEER
A A MARE Agl-Ag,0-MoO, 7 7 A O O ELDOTHOAG B EEIZF S
YERGREIE A D .

T T AN—, JERETT A, HTAL—Y— T hruaIvr TR, EHRELTF
HIA, ToTar "—=Ua @t o A, MMepR—N A== 7T X HREEH
HITA, <= FTIVHT A

FRTFA N TA RAT A, NTA FCBWH T A, IS FA BEEHH T A
AN, THBRHE, YV - AE A UENE



i BRISADEEZR/ND,

Si0, 7 7 A DBV YA B %

i ° "Sio
SiO, Glass |
. 0-0
WAX °l ﬂ
JRAHEL ¢
F\ -
7 ok 44
Si; o
/SHL\ :
8
" Rangel [ =
5EIERE S
—dE . VAX] o
s
XAFS '
. I
. i m
Range lli o 1 2 3 4 5 6 7 8 & 10
rh % 5B i e r(&)

_

Figure 29  The correlation function for vitreous silica [57]. The

Range VI SA roman numerals indicate the extent of the ranges of order defined in table 2.
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o Experimental techniques
> X-ray diffraction =) SPring-8
= Wide-range X-ray diffraction (WAXD)
« Energy dispersion X-ray Diffraction (EDXD)

> Neutron diffraction =) J-PARC

« Time-of-flight (TOF) neutron scattering
= Isotopic substitution

> X-ray absorption fine structure (XAFS) =) SPring-8
=« Extended X-ray absorption fine structure (EXAFS)
= X-ray absorption near edge structure (XANES)

> Anomalous X-ray scattering (AXS) =) SPring-8
> Solid state NMR spectroscopy
> Raman and Infrared spectroscopy
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SPPI nS 8 The 5™ international conference on BORATE GLASSES,
( : } CRYSTALS AND MELST, July 10-14, 2005, Trento, Italy

a) K. Handa, N. Ohtori, Y. Iwadate, N. Umesaki and H. Iwasaki: “XAFS Studies of

Alkaline-Earth Borate Glasses™, Jpn. J. Appl. Phys., 38 (1999) Suppl. 38-1, 148-151.

b) N. Ohtori, K. Takase, I. Akiyama, K. Handa, Y. Iwadate and N. Umesaki: “An MD

Study of the Short Range Structure of RO-xB,0; Glasses: R=Mg, Ca, Sr and Ba; x=1, 2,

3 and 4”, Third International Conference on “BORATE GLASSES, CRYSTALS &

MELTS”, 4-9 July, 1999, Sofia, Bulgaria p. 468-473.

Ca0-2B,0; glassf\ | Ca-O\ (ia—Ca Ca K-XAFS
CaO crystal (4.038keV)
I Heat-treated )
Ca0-2B,Q; = P -2B,0}

: -
= . Ba LIII-XAFS
ﬁx Ca0-2B,0; glass (5.247keV)
S Ms
Metaborate (FEFF) 1 N Caf)'4l|3203 gla‘fs
0 4 I (A) 8 12 0 2 r(g) 6 8
Glass i-j r; (A) N;; (atoms) (FH"2 (A) Method
B-O 1.39/1.38 3.21/3.29 - ND/MD?¥
Ca0-2B,0, Ca-O  2.40%0.01/2.34 6.0+0.2/6.64 0.105£0.01/- EXAFS»/MDY
re 21 =2.39A  0-0 2.41/2.40 4.2/4.1 ND/ MD?
B-B 2.74 3.5 - MD?¥
B-O 1.38/1.38 3.11/3.11 - MD?
Ca-O  2.4110.01/2.35 6.0£0.2/6.66  0.106+0.01/- EXAFS¥/MD®
Ca0-4B,0;
0-0 2.40/2.39 4.4/4.0 - MD®

B-B 2.72 3.8 - MD®
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FIG. 2. The absolute values of Fourier transforms (FTs) of k3-
weighted XAFS oscillations (|F(r)|) of Zr30-HO (upper solid lines),
Zr30-H11 (upper dotted lines)&r40-HO (lower solid lines), and Zr40-
H11 (lower dotted lines) at th ) Ni;*(b).Nb, and (c) Zr K-edges. The
FT ranges analyzed afe 2.7 -13.3 A1, 3.0 - 12.0°A"andi2i9:13.5.A", @ O 263-264A

for Ni, Nb, and Zr K-edges, re ctively.
i He y ®—O } 3.24 - 3.25 A (3.33 A for Zr40-H11)

@—O 254-255A(2.59 A for Zr40-H11)

Zr30-HO: Ni,,Nb,eZr -HO0: Ni; Nb,,Zr,, @

Zr30-H9: (Ni,Nb,gZrs g o7 H: DoyZiry0) 50H 14
= FIG. 3. Cluster models having the icosahedral structure with the chemical

““eompositionsiofiZrgNigNb.(a), and Zr.Ni;Nb, (b, c). The sites which can be
occupied by hydrogen atoms are also indicated by small blue circles. The

H.Oji, K. Handa, J. Ide, T. Honma, S. Yamaura, A. Inoue, N. Umesaki, bond-lengths obtained by the XAFS analysis are indicated in the bottom
S. Emura and M. Fukuhara: J. Appl. Phys. 105, 113527 (2009). part.
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Electrode Average Voltage Density Theoretical Capacity
[V] [e/cc] [Ah/kg] [Ah/1]
Li,CoO, (05<x<1) 37 5.1 137 699
LiMng 0, (D<x<1) 4.0 4.2 148 622
Li,FePO, (D<x<1) 34 3.6 169 608
Li,FeSi0, [1<x<2) 28 3.2 166 531
(0<x<2) 28 3.2 332 1062
Li,FeBO; (D<x<1) 26 15 220 170
Li,Cg0p (2<x<B) 25 1.8 589 1060
Air 3.3 MN.A, o0 =

(b) LiMn,0, (c) LiFePO,
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2010.7.5-6, p.11-21.
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S PPI ﬂs 8 The 5™ international conference on BORATE GLASSES,
CRYSTALS AND MELST, July 10-14, 2005, Trento, Italy

Structure of Alkaline-Earth Borate Glasses

! &
a BO, uni \Mls \O\B/O/ }Ly a BO;™ unit with
i BT 0 | 0" ogne NBO
Motives of research ; :
BO; unit
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HIGH ENERGY X-RAY STUDY ON THE STRUCTURE
OF VITREOUS B,0,

K. Suzuya, S. Kohara, Y. Yoneda and N. Umesaki: Phys. Chem. Glasses, 41 (2000), 282.

The High energy X-ray (40-300keV) diffraction (HEXRD) measurement on the B,0O; glass has been
carried out at 41keV, using a bend magnet beam at SPring-8 and a plate sample, 2.6mm in thickness.
The sample 1s investigated in transmission geometry. Thus, the accurate structure factor S(Q) of B,0,
glass in the O range of 0.9 A-1 —24.3 A -1 is on obtained with very systematic corrections, especially for
very small absorption correction for the sample.
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HIGH ENERGY X-RAY STUDY ON THE
STRUCTURE OF VITREOUS B,0,

K. Suzuya, S. Kohara, Y. Yoneda and N. Umesaki: Phys. Chem. Glasses, 41 (2000),

282.
: B,0, glass _, B0 glass
, High-Energy X-ray (40.9keV) 20— eutron = T \\ { _/ Y K 7 Thefraction of
| | FSDP == X-ray I - - Neutron \, ' ! J planar boroxol
_ RMC | — RMC 4 A AKX/ tings B,O=0.19
S 1} R M N B N € (10
“ i - ! J . ' —( L - +) 7 B
- _ ~— \{
Y ~ YA o \
. B.O L ‘Y I ~ 0o —
SRl ~ -1} r j - Y -
N )
-4 S BO| N Y \ ~
ci L .;,:j:‘ - \ o o ' Boroxol ring
W] =
=<2 T2 o
: 0-0 : S]] el
- | - o.o| ‘[ B-B-B B-O-B O-B-B
-3 — '3 “/\-/\/\/\/vw 3F T T 7
L1 i 1 I L1 1 | I L1 1 1 I 11 1 1 11 1 I 11 1 1 I i1 1 1 I L1 1 1 2+ ‘ —— - =
0 5 10 15 20 0 D 10 15 20 | 1 1 |
0 (A Q (A )\,/\\ S ]\ SN\
Fig. 7 Total and partial structure factors S(Q) of vitreous B,O;. w;;: neutron S R B .y | O B‘ O S50 -
. . . . L . 5 -w -B- 0-0-B 0-0B
weighted partial coefficient, w;(Q): X-ray weighted partial coefficient £ WL 0-0-0 1 1
@ Neutron data from A. C. Hannon, D. I. Grimley, R. A. Hulme, A. C. 2} + +
Wright and R. N. Sinclair: J. Non-Cryst. Solids, 177 (1994) 299. L }\r/\_, 1
Fig. 8 Slice through a RMC configuration (10Ax 10Ax10A) of vitreous B,0;. 6 T 0 e 120 0 émso
 (degree)

Fig. 6 Bond angle distribution for B,O; glass
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Figure 1.4. (a) The structure of a single Cgo molecule, (b) The Lec arrangsment of Cgg balls ﬁ
in solid Cgg. (¢) Room temperature neutron powder diffraction data from a sample of solid Cgg at room 00 T ¥ o T
temperature. Note the pronounced diffuse scattering. The Bragg peaks from the f.c.c. arrangement of the balls .03
are evident at very low €, (d) Fourier transform of the data in (¢) showing the PDE, G(r), of solid Cap. L0 o=
The sharp features at low-r are the intra-ball C—C correlations. Above 7.1 A only inter-ball correlations are 03
present which are very weak because the balls are spinning. R UL L L L L
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Figure 6.5. Fits of structural models of PbZr(; to neutron powder diffraction data taken at SEPD at T= 10K
model. (a) Rietveld refinement carried out in (J-space. (b) Real-space fit to the PDF from the same data
(Teshc and Egami, 1998).
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Structural Models of Oxide Glasses

o Modeling of oxide glasses

> Debye scattering equation

0-10)- 33N, expl-4,0° )£ (0}, (0)
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> Molecular dynamics (MD) simulation

Z.7. a.+a.—r.
u, = : J+f0(bl.+bj)exp|: S ”}

7 b, +b
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> Reverse Monte Carlo technique
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Xy = O'z(Q,-)
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Structural Models of Oxide Glasses
by MD Method

X-ray and Neutron Computer Simulation with
Diffraction Methods MD simulation

AN

€ < 3-dimensional

F.T. :Fourier transform

0 = 4%sin 0
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STRUCTURAL STUDIES OF xmol%K,0-B,0, (x=0, 10 and 30)
GLASSES AND MELTS

N. Umesaki, D. A. H. Cunnigham, K. Handa and Y. Iwadate: “Cation and Network Structure in Binary Potassium Borate Glasses”, Borate Glasses,
Crystals & Melts, ed. By A. C. Wright, S. A. Feller and A. C. Hannon, The Society of Glass Technology, Sheffield, (1997), p. 99-106.

Table 2

Short-range order (SRO) parameters for K,0-B,0; glasses and melts obtained from

neutron/X-ray diffraction, EXAFS and MD results.

Glass/Melt i-j il A N, /atoms (.)"/A Method
[B,0;] B-O 1.38/1.37 3.0/3.0 0.14/0.18 ND [10]
1.37 3.0 0.126 XRD
1.36 3.0 - MD
0-0 2.40/2.38 - - ND [10]
2.38 4.0 - MD
B-B 2.64 3.0 _ M
W —B—0=11932+434" B —0— B =151.07"+13.52"
[10%K,0-B,0;] B-O 1.39/1/39 3.1/3.1 - ND
0-0 2.40/2.39 - - ND
[K,0-4B,0;] B-O 1.37 (1.48) 3.0 (4.0) 0.143 (0.155) XRD
1.38 3.2 - MD
o -B-0=118.92+5.07" B -0- B =150.15"+14.47"
0-0 2.36 4.0 0.15 XRD &0
2.40 4.2 - MD
K-O 2.86+0.02 6.8+0.5 0.153+0.02 EXAFS
K-O: r " +r,2=2.73A 2.83 6.0 0.182 XRD
2.74 6.1 - MD Fig. 3 Stereoscopic snapshot of the
[30%K,0-B,0;] B-O 1.42/1.40 3.4/3.4 0.23/0.23 ND ions in K,0-2B,0;, glass at
[K,0-2B,05] B-O 1.38 3.3 - MD 298K.
0-0 2.40 4.6 - MD
W -B-0=11523+6.41" B —-O0- B =148.70"+14.52"
K-O 2.83+0.04 5.9+0.4 0.100:£0.02 EXAFS
2.74 6.6 - MD

XRD: X-ray diffraction; ND: neutron diffraction
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Fig. 2 Three-dimensional
of the initial NaCl type

(left-hand side) and relaxed structure
by RMC moves (right-hand side).

atomic View
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Figure 5. The RMC resulls (XRD and Ge EXAFS) for sample no.7 with the sddition of the

condibons of frogen Ge, fropen 5b and frozen Ge and 5b for p-GST. The symbols represent
experimental data and the Bnes are lar the RMC model,

Matter 19 (2007) 335213 (11pp).
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Figure f. The g;ir) and 5, () oblained from the resalt for sample mo. 7. The comesponding
FM{Q) and 3™ (k}cs are shown in figure 4,
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