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Polarized XANES study on Zn-K edges of Zinc Oxide crystal thin films.
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Fig. 1 Zn-K XANES spectra of the thin films and
the powder sample taken at 45deg incident beam.
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Fig. 2 Zn-K XANES of Sample 1 taken at normal
to glancing incident beams.
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Fig. 3 Zn-K XANES of Sample 4 taken at normal
to glancing incident beams.
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X-ray diffraction study on higher-order structures of epoxy resins.
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Fig. 1 Experimental Setup for real time diffraction
study on resin curing.
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Fig. 2 Relation between thermal conductivity and
curing temperature of epoxy resins.
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Fig. 3 X-ray diffraction patterns of the epoxy resins
cured at 140°C for 12hrs.
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Fig. 5 X-ray diffraction profiles of monomer “B” /
PDA system as a function of reaction time.
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Structural Study of PCDTBT:PCBM Thin Films for Photovoltaic Cells
by Grazing Incidence X-ray Diffraction

T B mEE A BN R R ER

Shuuichi Doi, Satoru Momose, Kenji Nomura, Naoki Awaji

HRASH T @A sErT
Fujitsu Laboratories Ltd.

WA NS X BREPTEEZ T p B E (KR Y <~ — PCDTBT (poly[N-9”-hepta-decanyl-2,7-
carbazole-alt-5,5- (4’7’ -di-2-thienyl-2’,1’,3’ -benzothiadiazole) |) M O n B A -EARKTHL 7 T —1L
5K PCBM ([6,6]-phenyl C, -butyric acid methyl ester) VRGN T & 2 A HE K 15 H5 ith FH T 15 o 4 i
A A AT o 7oo AR BIZEBAT U 72D Rzl B M OV BRI AN 5 70 2 BBt O E 21T o T2 &
DFE T D IR E DMEN T 28, I PN 7181 0O PCBM OREYERREE DS & < . B RO LI %t
L TWD Z Ensynro7c, PCDTBT:PCBM AH KM ## Tld, PCBM DIEERFEL mH D Z &
NEBGHFEOM LICEETHDL EEZ LD,

ST K UM X T, AN, /L ~F a4, PCDTBT, PCBM, PILATUS

WHREMIEHW

BH®EFRTIE, Tba—~vrk®r Uy
I AT IV MYV TT 4] OFEBITH
JC. ARRBEMT A ADBREETo T
%, AHKEGEMIZ, TV Z2 TN e R—ET
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TNZEBTEDLZ D, BERNEEE 0O
WA T WG EDBREFEET /3 A ATIRIE T
HD,

Fexix, BERNAFEER T O A K EHE
LT, pBRERR Y v — 2N Y — LiFE
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[1]. PCDTBT (&, KEGaEHH p BA-ERR Y <~ —
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-benzothiadiazole) 1) .

Xy v 7 L%V HOMO L ~UL Z o8 L
MECTH 5 (2],

BHJ BUA B KBt OB shE a2 m ESE 5
T2 OIZIE, FER EICBAT STz p/n BUA R E
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JEDIREFT Ko THRAET DI OB Ok
A ESHEDLZENEETHD [3],

AHWFFETiX, PCDTBT: PCBM THik &7z
AHERBSE MBI W T, AR O E
FRIF - A e e - Bl s . SRR OERIGR I K -
TEDEITELT D%, B NS X BRI
#1 (Grazing Incidence X-ray Diffraction : GIXD)
2L > THAR, KEEMOEHRE L OBELRIC
DN TiEm 21T 272,

E3]

AT CTHW - AR E, Si0, 7
Z 2y / BHEMITO (150 nm) /Ny 7 7
J& MoO, (6 nm) /BHJJ& (90 nm) &5 %8
HiETH Y, —BREEME L TOREZ
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dichlorobenzen (0-DCB) #% U 7=3k) & 6B
JE & b S 7B 2 YEfii L7-, Table 1 (Z/RL
7= 3%y, (Power Conversion Efficient: PCE)
(X, BRFE 390 Lx, HcHBREE 90 1 W/em® 0 [543
HAT FCONEERFETH D, Fio, A
DOFEREEL & L C PCDTBT, PCBM } OF P3HT
FIE IO BB S W L7z,
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ARG 5 kL LT, R EER)N SO
BT X #2 BURIZHET 2 2 & O TE 5 GIXD
EAEEH L7, GIXDJIEICHBWT, Zikm%
PR D ORI X AL, BB I AT
IRBELR T B b gy TR ROV EL 7R gy AT, 2
W IR E — o BT Dy ZDNE— L
B 7 a7 7 A b, BOmN TR &GRS T
W] & U2 AL OO W IE TR 7 B OV i o) 4 %
g2 ENAETHDH, ABFSETIE, £
PCDTBT:PCBM i £ @[5\ g i PH o 2 & ot [A]
Yo% — % BLI9B2 (2B T 2 ook %
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& L7, BLI9B2 OEBRTIX, X#MOWEE L%
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Table 1. Details of PCDTBT:PCBM blend films for
photovoltaic cells.

sample BHJHE R solvent BHJRZIZRE nNr (%)
A PCDTBT : PC;sBM  MCB 40 °C 11.81
B PCDTBT : PC;4BM  MCB 50 °C 11.10
C PCDTBT : PC;BM  MCB 60 °C 9.62
D PCDTBT : PC;BM  MCB 70°C 593
E PCDTBT : PC;4BM 0-DCB 25°C 11.00
F PCDTBT : PC;sBM 0-DCB 40 °C 772
G PCDTBT : PC7BM 0o-DCB 60 °C 3.03

HRROZ 5

Fig.1 |Z PILATUS |Z X ¥ 1§ & 41 7z PCDTBT
PCBM U} J VSRR R D GIXD /3% — v &R
3, Fig1 (a) » &, PCDTBT:PCBM # £t & GIXD
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NHERTE 5, ZnHOEYTY >~ 71X, PCDTBT
(Fig.1 (b)) % O'PCBM (Fig.1 (c)) @ GIXD /3% —
v EDHEED S, PCBM O 1~ 3 R O[EHT 12 5% i
THZERNnD, WEHO PCBM IZEE KT 2 [ElHF
Vo7, ZTOEREI0E 7L, AEICL
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pnPEIE < 2 nm O RFTHIZEIERRT & Fr DR
Thb, Flo. Vo 7RicE N Z — 2 REET
EHT D, WIERRF 2R 72 PCBM 1, FE
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DT ENT 7 ATHY, Figl (b) IZRT LI
TLx ETRENMIE CTH L Z ENRRTHD L&
Zbb, ik, FUpAEERO P3HT (Figl
(d) ORT @R RN R OSROEL AP & 13kt B
Tdh D, P3HT & PCBM THERK S5 BHI #EHE,
P3HT D& 51K E <, ZE#HE)RIZ P3HT Off bk
MOBAEA R E REEEE 525 [3],

Figl THRONTZAAEZ S L2, £HREHZ OV T,
PCBM @ 2 IR &' — 7 OFEM 72 E 21T - 72, Fig2
IZ, BL16XU T LA REID gy Fa e D gy i
MR 72 7 7 A4 VExRT, Fig2 (@) KO (b)
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ELLOEEEAWEIGA T, BEOREEREAMK
TR, gy FIAOEHTE— 7 BEENERT 25—
JiT, gy FMOET 7 a7 7 A V%, PCBM H i
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PCBM 73 FH DB BEBED 3 1T/ 5 2 &b
[4]. Fig2 O#fERIL, ORI EIZ &> T, BHJ
% & TS % PCBM 43 O i PN 7 18] O J=y T Y
RESIRRFDNENT D 2 L 2RmeT 5,

% Bk O PCBM D & 2L & F -~ 5 72 9 12,
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Fig. 1. Wide-angle GIXD patterns from (a) sample A (PCDTBT:PCBM blend), (b) PCDTBT, (c) PCBM, and (d)
P3HT. These patterns were obtained by PILATUS 100K and 300K detector.
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Fig. 2. Detailed GIXD profiles of (a) sample A— D in gy direction, (b) sample E — G in g direction, and (c) all
samples in g, direction. In figures, GIXD profile of PCBM is also plotted for comparison.
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EZbND, LEDZ LD, HEREE OBEWN SRR OB Z T 5 2 & K OVER TR
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Fig. 3. Plot of the integrated intensity of PCBM
diffraction peak vs. PCE for the PCDTBT: PCBM
samples.
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Fig. 4. Plot of the width of PCBM diffraction peak
vs. PCE for the PCDTBT: PCBM samples.

WD - BAFEZ D D,

2% IR

[1]S. Momose and K. Yoshikawa, 2012 MRS
Spring Meeting & Exhibit, W4.17, (2012).

[2]S. H. Park, A. Roy, S. Beaupré, S. Cho, N.
Coates, J. S. Moon, D. Moses, M. Leclerc, K.
Lee and A. J. Heeger, Nature Photonics 3 (2009)
297.

Bl EHE— mElE. SIER, B,
PR IERS, B B — A4FER 2 (2012) 95.
[4]M. T. Rispens, A. Meetsma, R. Rittberger, C.
J. Brabec, N. S. Sariciftci and J. C. Hummelen,

Chem. Commun. (2003) 2116.

[S]K. Yoshikawa, S. Doi and S. Momose, 10th
International Conference on Nano-Molecular
Electronics (ICNME2012), PW45, (2012).

(6] HifE., IR, HHE—, 560 HIK
o B 2 R FR AN R T =, 29P-G18-11,
(2013).



SUNBEAM Annual Report with Research Results, Part 2, Vol.3 (2013)

2011B5410, 2012B5410, 2013A5410 BL16B2

i S — 2 1 XAFS € Haly

Constant fraction critical angle control XAFS measurement
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Fig. 3 XAFS measurement for As implanted Si
wafer. "No control" indicate the case of constant
incident angle. "Angle control" indicate where
normalized angle was used.
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Fig. 4 XAFS measurement of LiCoO, electrode.
In angle control mode, background shape has been
improved.
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Fig. 1 Sectional SEM images of positive electrode.
(a): large particle, (b): small particle.
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Fig. 2 Discharge curves of battery cells for largeand
small positive particles at different current rates
(0.2C ~ 3C).
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Fig. 3 Lithium ion distribution in electrolyte and
positive material for large and small positive
particles, calculated by battery simulation.
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Fig. 4 Ni K-edge XAS spectra of large and small
positive particles. NiO and LiNiO, are references.
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Fig. 5 Peak energy mappings of Ni K-edge XAS
spectra in sectional positive electrode measured
by 2-D XAS method. (a): large particle, (b): small
particle.
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Fig. 1. Schematic view of X-ray micro CT system
using parallel beam geometry.
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Table 1. Optical specifications of X-ray micro CT
system
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Fig. 2. (a) Projection image of Au mesh (#400). (b)
Line profile of red line in projectio n image.
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Fig. 3. Thee-dimensional (3D) image of birch
splinter.
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the magnified image of orange square in (a).
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Fig. 1. The cross-sectional image of samplel using
the X-ray fluorescence mapping.

—_
N

=4
o

Normalized Absorbance [a.u.]

8325 8330 8335 8340 8345 8350 8355
Photon Energy [eV]

Fig. 2. Ni-K XANES spectrum of samplel at each
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Fig. 3. The cross-sectional image of sample2. (a)
is the optical microscope image. (b) is the particle
position on the X-ray fluorescence mapping image.
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Table 1. State of charges converted by Ni-K XANES
spectrum.
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Fig. 1 Relation of capacity recovery rate and storage
period at 65°C .
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Fig. 2 Relation of Mn-K absorption edge energies and
storage SOC after the storage test at 65°C for 60days.
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Fig. 2 XANES profiles with various charging conditions
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Fig. 3 XANES profiles with various charging conditions
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Fig. 5 Pre-Edge profiles for every point in a beam
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Fig. 1 Photograph of measurement system.
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SampleA & B CZNZEiLd=41A L d=345A1Z
A =7 PEHI S, Zhid TEM Bk
REZBRET DL EHEBICIS L, 001 B—2
ERIE & iz, SampleA D d=225A ODE—7 (%
002 [E1#T & & 2 H41L5 A%, SampleB D d =22 A D
E— IR 572, WTRORED D 1 003 LL
FOREROETE— 27 138 S ot i
IZEMEEBECIZ O SE DB D 2 & HRET 5,
Fig. 3 ICHWN X BRIEHT R Z — 2 ZRmd, Wi
NOREINSLH d~4 AMTICT B— R —
7 BBl E T2, ZAUE TEM B O BLESRS R
SRR Si0, DR ICH KT 5 ATHEEN & 2
5ND, ~4 A DY — 7 USRI IL B =
. BRICTEET 2 &5 2 DL DT
WA R 720 UTBLIIEEFE S 0 02 AT LUF (d
>31A) ICRRFREIE 2 FFORTREE DN B 5
UEDOFRERNG, A EHIE L 72506 o f &
i, EERICx L O TicEREE A Lok
ATERE BRI D D REIX S o0& &
Fib | BRICTEET D AR MR £ 72 1L b i)
JEWHREORRF 2R ORIEEMERH D LB 2 b1
% (Fig. 4 Z1),

LB oME

AR ERE ORI ~30 A LLEOR
xR D ZENTE R, HIEHEZ ST
LD LR 5,

ZE M

[I]Satoru Fujita, Akihiko Koiwai, Masaya
Kawasumi and Shinji Inagaki, Chem. Mater. 25,
1584-1591, (2013).

[2] Satoru Fujita and Shinji Inagaki, Chem. Mater.
20, 891-908, (2008).

[3]Satoru Fujita, Kazuya Kamazawa, Satoru
Yamamoto, Madhusudan Tyagi, Toru Araki,
Jun Sugiyama, Naoki Hasegawa and Masaya
Kawasumi, J. Phys. Chem. C 117, 8727-8736,
(2013).
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Fig. 2 XRD patterns with out-of plane geometry.
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Fig. 3 XRD patterns with in-plane geometry. The
incident x-ray angle o is 1.5°.
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Fig. 4 Structural model.
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BL16XU

VYA TN T 5T A G5BT A EER OO0 X HoHr

X-ray fluorescence analysis for trace chlorine of the recycled Mg alloy

/N

T it

[EASENEE 51 SRS

Satoru Kosaka, Naoko Takahashi, Hiroshi Nozaki

RS A AT SE BT
Toyota Central R&D Labs.,Inc.

UHA 7~ T %7 AEEDEIE X B5HT % SPring-8 @ BL16XU TFHEfE L7-, Z OfEFR., 4 F
ETY 77X U LESHFOMERFBOBRHNBFETH L Z NN oTe, £o, HWEOKM
TPRIX 10 mass ppm F2E & RAE S Hiv, M SN R X~ 7 R U AE&PICH—I1204 LT

D EWhol,

F—U—F: V¥ AT =7 X0 hEe, BEER, $06X

W EWEHT

HE)HEER T, KRB OEBIC T T
Hen OB ELZBERLTEY, LEXTLVI=
TAD23, D14 THDL TR LGS
DHEANLEEN TS, LR, v~ 7%
U LEHHSOAEFEIXFENE L TEY,
FH a2 MEEE LOLERGOT-0IziE, <
AU AmHEERAA LY YA 20
= N ORWEEIROMNL AL TH 5 [1],

Y TR LAEEO Y YA 7L, B LTS
EHE DO~ 7R U L E & i, R
THZETIThbis, BHICIE, b E st
7T w7 AxHUh S, G OB A
Wb RO SE 505 EE AV, WG REICE LD
DWVITIAGIEE L S5 2 & T, WHEE
t+5, LinL, <73y ATEREREDOF
THRBEEEWVOFIRERONE, 77 v/ AL
DWEENNS L, 7T v 7 ADOkREF Lok
DN L W REEES, Zo-d, VA
AT BRI L D FRE T D Al RetE R H b | Y
SO ICEEEE R ERBESHh
Do

ZOXORBHENL, VA 7Ty b
DRWEEM 2 ML T D2 02id, BET H%E
WEEEERT DEAM AL L, VYA 7 AR

«

M

SRITHT

=

DEEMREAT O LERD D,

BE, ’ex TV VA7 0402y hHOME
WHEEAA L Ia~ NI T T 4 —=TH L, &
BLTWD, R 7L BEHIZTOS5 ~
lg OFRBHIEHKZHH F L, HNO; (1+1) &
K& 10mL Mz, ORIk E ER LIk,
AF v ru~ N7 4 =0 LTV 5,
UL ERROFIEZ, 2% I ORAZ: ENB
A EN D72 mass ppm LV DRRE D E BT
L, MOTELEOI/ AT = v 7 BLET
H5D,

2T, MESHTICEEIL D SPring-8 D HURT:
ZFIH L7z X#ar (XRF) 12&0, Y
YA TN~ TR LB OMERED ST
ERE U, EBRICE L Cid, EYEREE A
TR OB TIROMR ATV, £ D L THEER
DIYA TN~ TR T LGN OREDERE
ot N

FER

FEBIZIL, HWBEOBE TIRZ D 720 DI
HEEEL L LT, (AU HEMAEKIZ (4-Chloro-3-
trifluoromethyl) phenylthiourea R4 L, 55 &
23 14, 70, 140, 350 mass ppm (272 % K 9 %
Liz~_Xby hEHAWE, £/, FEREE LT,
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20 mass ppm LA FOEHFEZ G~ 7 X T L5
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BEHCRIEHFE L= &2 vz,

b O E%E SPring-8 @ BL16XU (2% &
SNTHOE X BREEEIEA L, A= 1L ¥ —
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XB|EBRKLC, ZIhbiBEans®EEX
2 I R oy B R (WDX) (2 L0 4087 L7e,
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1248~y hOFIEXBRART bz
R, HEEZE 14 mass ppm B H T HNLy R T
6¢ps D CI-K a Bt XA SN2 &b,
RO TRIX, 10 mass ppm F2E & RAE
bz,

EJVN 2 FEFRB 2 L HL SR & 14 mass
ppm HFAH T 5Ly hOHIE X AT F L
Y, IHTORER, EREF 2 SOEE AL,
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ELREETH-T,
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Fig. 1. CI-K « spectra of the Cl conteining pellets by
XRF
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Fig. 2. CI-K « spectra of the Mg alloy by XRF
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Fig. 3. Cl Intensity of the Mg alloy by line analysis
of XRF
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X-ray diffraction measurement of semiconductor materials

A BRRRL B

fHEE, A BE

Riichiro Takaishi, Tsunehiro Ino, and Masahiko Yoshiki

MR HE
Toshiba Corporation

HRT S A ZATH B 3L D MERRERABE 0 i A 1 R AR A RO X R BT E |

2 THro7=, Si |k

\CHERE & B 72 HIO, & VB B D3R TlE. HIO, 1X1E b I T A RS & 72 5 s Sl &

L., BRI X - TRESEECAMEN R 2D 2 23 55
TR RS HEO, JE 125t L CEARAZFHIE LTV 5 AfRE

HfO, JE DS EENZE L TN e Z &b,
PERRE ST,
F—U— R : YK In-plane XRD
WREMZEHW

PRI L OHETe PR T S A 2 DBAFETIE, i
KAWL LT E 72 Si ZRMEHZ T The < k72
MEIOBEANMIEE 7R > TWND, BASHDLE
< OMEHT, — M IZEL nm O FERCEL+ nm
DIEERTH 5 70 ERUINERNZRFTRICIFEE L
TRY ., EEOT A AP TOREMEGEC LT
FEE I DWTIIBHR 2 2 b 2, DI,
T NA A DEMERFE & BRI - LSRR OFE
BB CRWEERHLONBIRTH D, ]
/NFEIB DA LS O A & E Bl 5 Tk L
LTI XMREHTRE S EM OO E D & LT
f%ﬂéﬁ Bl Z 135 nm OBERRZ t5R & L
To A IR EIPTIRE & A R RBE DO NI N EE L
\:k#%womﬁQ {EFE WA O FE IR
&SRRt OE AL, 2 9 LIRS 2 iRk
THHENIRFELERD 5 5,
AHFFETITAEIRT N A A OHEfZIEA k&
L CHSL 7 HIO, HiEA x5 & LT, ZOHh
HE1E DA 2D 72, HFO, 13325 . IEJ7 .
BT, AL & W o SRR RS A TS
ENRMONTEY (1], &L THFEEREN
B b - O IC REREZRE2 L5
To—H WIS 7z X 9 2B % —

W oTe, FTEMMBIOFMIZE > T

VELTELTIENG, AR O EE D
RIE % T 5 T2 OITIIREE 7elalffr &2 — U HIE D
TR XN D,

FER

Fig. 1. IZAMFZE CHIE L 725 0B O A X 2 7R~
T Si 7T EIZE E 10nm £ O HIO, & &
OEMmME 288 L7 3 o E A, B, C & 1t
i L7z, A & BITERSEMNR R - TEBY, C
3B & A TR, Lo Ema e 4 #
LD TH D,

B E 1% BL16XU (2% B S 4L C U 5 Z il [l 7
FrERWTITOD, AR XBOT R AF—1T10
keV & L7z, ﬁ%ﬁﬂ%ﬁlﬂLT%0T°
A&, MY —7—2Y v b & YAP
fi HH %ﬁmbmgmﬁiélofwéo

A B c
Electrode Electrode
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Fig. 1. HfO, Sample detail.
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Fig. 2. IZ%&#ELD In-plane [B]F7 /3% — o & oR
Ty WPFHOREHZOWT b, il 21F 40° £
IZHR B 022, 202 BTN SE L THD 2
EDD, EHMML T OB EEZE T HMETH
LT ENRBE T, — ) CHARIZEIL S X
H—UMEEFICIIR LN N E D, TR
XIEEF SR TR THDIEEZBND, #
T ARE LI A OFa ¥ % Fig. 2. TR L
7o B3 fHEICA OGN D B — 7 IXEWAEL
WCHRT 26D TH D, el OFHRIZE D, &
REL ORI — DB ERE AL - 72
fER A Table 1. IZ” T, & TFEMEIVERES
DA IR 2 OFECOR Lz, —Hil b 3%
D “Hifia, c LEERL T, K& D K etk
ThdZENRBINT, —J., EFEMRDT
B DB DN TR 72 Sy B DS R 8 C &
V. Table 1. |2/~ L72KE 1B DA TN Tl
AEA, BIZIES . CidRlhdE b, —H,
20° FFITIC R B AU D 110 [EITRR I IE 7 S Tl
KT DEHHRETH D DD, HRELFRLE L
TWAEEICH BT B 720 HIEDFEHE L 3
HITITED TR D o
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Fig. 2. In-plane XRD patterns of each sample.

Table 1. Lattice parameter and unit cell volume.

Sample A B C

a [nm] 0.508 0.509 0.507
b [nm] 0.519 0.522 0.523
¢ [nm] 0.508 0.509 0.508
V [nm’] 0.134 0.135 0.134

HWTHBAICOWTHERT S &, 27° 4
IZBLAL S 020, 200 BIHTHEO 5 6, IKAM O
020 [EIFTAR2MEIFTH L LTV D, [FAIERIC 46° fF
WD 131 BHTAROTRE HHFTNZ oD, 37K B
(ZEEATRUEE A TIEFS SR BLIM AN IRV 2 & AR
e X iz,

Fo, BB ERABLClzoW Tl 5 &,
BRI BB DR EIC L > TEETH S b iR 1E
B L, —HCHEITH D a, c BEITH AT
FERL o1, Thbb, KO RGIENFERN
INTHEY, FRFICHEME AL LT
WD ZEnG, BAMER) HIO, BICE %3
L TWEr RN RIS, —F, B
TIHIEE AR SN -7 110 BT S 0EE
C TIIHRLTEY, EFE»LRITE~ L
EaFESFEERRS L 72 FIREME N B D, il OERIZH
FHOFHNER LZATREME D & D23, 111 Bl
WRIZHIN 2 AN R ORI I LR L
TWReWZ Enn . BT EHASORFREZ b
FHERERELEX HND,

SHoiE

AHFFETlE HIO, J& Z fpk 3~ 2 5 b A 23 F1E
H—Tbh ORI > Tz D=, LovL
G, Seib i@ ) A NEA L T\ S Af
BEMEOMS T B & D #PHN THA LTV H]
BEHELH DD, REZEDDIVLERD D,

Fro. TFRSME LR AYE & DRI O
TITEZRMEA O NE L, SH%OBEL S
2D,

2% Wk
[1]D. W. Stacy, J. K. Johnstone, and D. R. Wilder, J.
Am. Ceram. Soc., 55, 482 (1972).
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Chemical Specification of Glass Additives

W AR SR HAR OB
Mitsuhiro Oki, Sayaka Morimoto, Masahiko Yoshiki
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Corporate Research & Development Center, Toshiba Corporation

H T AEREEOEER E LTHWOND EE LT U F T IO W T, RIS G % SPring-8 @

BL16B2 % fif > 7= XAFS 73#1. 3 X OVICP & &4y

Wric &0 77 A TOHFERRE L H~D FIEICS

WTHET 21T 272, EF 7L LT, ZMMB LXMDY &2 TN LT H T A3k % Y L,
MFEICEVFMELIZE ZA, EFE - TUoFELVELLICH LT HOMEICHBEN RS, EkE

RO FETH D Z EPHERTE T,

*—TU— R :XAFS, B3, 77 %F>, REACH £

WHEEMZEHW
RRMGEASIZIB W T, B - B HEasIcE E
N2 FRFEAEWE OMERHIRIZEE T % RoHS i
1], ALSFEWE T DT LM 3T 2 1 2
IZRB ST Db Téd 5 REACH #i1
RINVFEHLTWD, ZD XD REEEHEIC X
D ALFMEOERN T2 BHE LIRS TND,
JLERIZ L o TiE, EOLERRERMEKIZ LV 7
PR LBDOHELL, GARLET TR E
DOALFERE L EHT HMERH 5,
ARFFECIIRI G E LT, ERLT T E
VICEB LT, 2o OBIEWIE T 7 A EER:
DOEEHE LTHERAINTEBY, ifick-T
BENRe D, LU, 7 AERIEOVERLE
FEOMEANRFE CED AN T H Z &R T
HEN, HTAFTEDL D RIREETHEIEL T
WD Ty, & 2T, XAFS otk
X OVICP E &4 (ICP-MS) 12 X % il T
ZfEt Lz, ICP-MS I X {220 Tl
X DAL TRICEB W TlHERE L OBRERH 5
7o, IEMEE AT T 1L T H D XAFS o Hrkh 3
L O AR LTz,

FR

XAFS HJ 7 1X BL16B2 |28 CiFia s Tir -
72o MESAEZ Table 1 123, FEHERE L L
Tk e L Ak v # (Alfa Aesar )
BXO=Z@bTr o FEr & HBLT v FE
(Strem Chemicals #) % ZF L EiLHN=,

Table 1. Experimental conditions for XAFS
measurement

As Sb

Energy 11.5-12.6 keV 29.8-31.5 keV

Si (111) Si (311)
Monochromator | Double-crystal Double-crystal

Monochromator | Monochromator
Mirror Angle 4 mrad 1.5 mrad
Ionization L=17 cm L=17cm
Chamber (I,) N, Ar
lonization L=31cm L=31cm
Chamber (I,) N, 70%Ar-30%Kr

ICP &I HTEEE X, BSinA T 7 A=
Z 8 SPQY000 % FHV 7z, HIE G414 % Table 2 12
R, BB, T UTELOHGHTOERITIL, ICP-
MS DEAFR & L TOKFE R ALEE (B
AT 7% A = A% THG-1200) % $%ki L7=,
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Table 2. Experimental conditions of ICP-MS

Mass (amu) As: 75, Sb: 121
Frequency 27.12 MHz

RF Power 1.0 kW
Nebulizer Gas 0.5 L/min
Auxiliary Gas 1.0 L/min
Plasma Gas 16.0 L/min
Integration Time 10s

Sampling Depth 8 mm

EFOON TIiE, BTLHE TR W T 2l &
Fifli Z BT 2 FiEE AW, BARRICLE
T T NCHREE R L OV v R OIREIR E N A,
By b7 L— b BT 200 ~ 250°CIZNEN LIAfR
Lz, TDk, 7 vEENEREICERT S E Tl
B, it BOAEFHEH I, Kook
ZEARLTICP-MS THIE L, fiffivFEEmLE
L7z, F/o, ALY U7 ickt L., fifigls X
N7 BRI IE~ o B h ) v Lz
ZTTE L, =Afie FA5 2 THMIZE L L7k
BT LT, ZOWRIZEEND ) VLB
T~ oA A TBIBICLXOVRELE
#%. ICP-MS CHIE Lt FEZERE LT, =
it FET, ReFRELDHAMEeERELZE LS
< Z E&TRD 3],

T TR DOSHTTCIR, KFEFEAELE L
ICP-MS (2892 = & T B D 458 247 -
2o IRV T THEBEB L O vEEEZ A
TINBNRAR L, WAt U= &2 kB e s 4
EEICEAL, ERBLOKFATFET MY
TLALIRAESE, ZOB. UTDO XD 2RIG
W20 RO 2T T DKRFE D
(SbH,) D&% ICP-MS IZEA$ 5 Z & T, =
M7 FEL EBEEERTDHILENTE D,

NaBH, + 3H,0 + HCl
= H,BO, + NaCl + 8H + Sb*"
= SbH, + H,

Flo. LELEMRR 2 KB IR IEE A &
FTICP-MSIZEVHIETHZ & T, BT FTE
vEAZRO, EFEOLE LFEER, T T
EUEIT, BT UTFEVENS M7 TR
mEALGIWTRDZ,

A S LT, TR Y AT

A (Si0;: 65%, Na,0: 20%, Al,O;: 2.5%, MgO:
12.5%) 12, 1% Ok b FEB L1V 20% Ol
TUTERVEZNENRINUIZ A7 2% ER L
7o VRRIIEFEIL 1350°CC, VLR 1 4 KR
E L7,

WMRB L UEL

Fig. 1 I =f#fb "k & & ffefb — v R a2l
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Fig. 1. As-K XAFS spectra of standard samples.
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Fig. 2. Relationship between As (V) ratio and
intensity at 11.868 keV.
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Fig. 2 LV, 11.868 keV TOE— 7 iE & As
(V) ERITHHIBERICH B Z EnNbhho T,
ZOBERWD Z & T, As-K W UUn XAFS
AR MVinb As (V) WELZEERTDHZ &
MARE &L 72 D,

T T EATOWT B RIBRIC, ikt E A2
R TR HERUEE D Sb-K Wi dii XAFS A7 )L
RS LT, FORER% Fig. 3 1T7R7,
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Fig. 3. Sb-K XAFS spectra of standard samples.

T UFEAATONTH B ZOLA LA, Sb
(V) RO W3 5 = R L —
7 N5 Enbhotz, £72. =Wk
TUFELDANRT MIVOEMSETOE — 75
£ Sb (V) Rz L CFay 5L, Kk
BIBENEOND Z & bR Lz,

Wiz, ke BB LOBLT v FE 28RN
L7247 25882 ICP-MS (2 & Y M5Bz o3 dr
L7z, Zt e FEBIOHBIL b FEEH
MU= T A2 7 )V ORIEREF % Table 3 (12,
T o TFE B IOEBRILT VT BT
MU T=H T A% T ORIER T % Table 4 12
ThEhord, b, ThEhoVd 7%
XAFSIZ XV JIE L, EFoFEIC X Ml
REROIFERIZHOVTHEELETRT,

Table 3. Results of ICP-MS and XAFS measurement
for glass samples.

As (V) / As Ratio
Sample
ICP-MS XAFS
As,0; added 29% 28%
As,05 added 91% 92%

Table 4. Results of ICP-MS and XAFS measurement
for glass samples.

Sb (V) / Sb Ratio
Sample
ICP-MS XAFS
Sb,0, added 18% 15%
Sb,0; added 24% 23%

Table 3,4 D, ICP-MS B LU XAFS (12X D
INARERITIFE—BT DR hole, D
£V, ICP-MS Z3#r O RTALEE TR T3\ TliEk
L@, HIZAFOERBLOT VFE
O RO EETIEE L TRV &3
Molz, £lo, W7 AR TIELHR, ToFE
EHIT i & TR L TH Y . EOhFEIX
WA OMEIC L > TR DZERHLINE
VAo Y

S oiE

HITZAFDOeFEBLORT VFEIZHONT
XAFS 1 X OVICP-MS (2 X 2 e Pl 7% & 1
L7, BV T ORI THESL L 72
FIEOHRERIITHEBEN A LI, T AHO
EEB LT o FE L OMBGHEFELE LTH
HhTHDH I EEHER L,

FHIA Y DD, TEEAITH L E
FRT TR, AT AT EAME KON
DLEDONIRBIELTWDZ ERHLMNE 25T,
ZOWERIL, H T AOFECUIMNEIZ L - TR
RAOWREMELH Y . SBFEEITV, M2
ZE) MR T OIMNELND D,

%

2 R

[1] Directive 2002/95/EC of the European Parliament
and of the Council of 27 January 2003 on the
restrictions of the use of certain hazardous
substances in electrical and electronic equipment.

[2] Regulation (EC) No 1907/2006 of the European
Parliament and of the Council of 18 December
2006 concerning the Registration, Evaluation,
Authorization and Restriction of Chemicals
(REACH).

[3]S. Morimoto, M. Oki, M. Takenaka, Proceedings
of PITTCONZ2012, 1750-7P(2012).
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Identification of Trace Metal Element in Coal Ash
Using Fluorescence XAFS Measurement

A gt Bpr

JRSEN Wi SR, EFH

(=R RN i =

Tohru Yamamoto', Hiroyuki Akiho', Yoshihisa Tochihara', Naoki Noda', Shinichi Noguchi2

V() B REFEET. PSRBTV ) VAT AR
'Central Research Institute of Electric Power Industry (CRIEPI)

*Electric Power Engineering Systems Co. Ltd.

FIRIRIZE EN DA RAKROMERSBLREOCFEEE AT 5720, RRORZR 5 2 FEOA
IRIRBEIK IZE E 5B Lo LR D XAFS JIE A2 Efi L7z, AFFROARIKIZBWNT, & L A3ET
filins 0 i & 4 MO FERETIRIE L, ARMIRSCBRBESRUEFIC L VIEAHENENT L Enbho
oo —H. MBIV THOARKIZENTS, SMHOLFERNPLE THD Z EBRHLNTR T,

X —TU— F : XAFS., #XtE, AKX,

W EWIEHT

LRI BEIZE TN EWMH kDT L (Se)
RMLFE (As) X, ARREET =& 205 PEE
BUERIZ A IR IRSOHE AR S & & bR S D
DL ATIRIR D> B OFR HESCHEK B O FE 21k
LWIEEMAHRE SN TR Y, RERAE~D/L
BNrLZOEBIIEETHD, AKRKNLDZ
o OEHEITAROFEEHSCHEET 7> K TO
PRBESMEIC L0 RELSET 208, TOERK
D—2L LTHARKFTOILABENE Z bR
L2 h, WEUARPEHEREIII I L o
ML 72D, LnLEBL, AKRIKFO Se
R As FREDMRD TR, ARBROER~ 72
TCRERMBET 2720, WHOSHTHEAT ClIfm R
JKH D Se X° As DAL FIERED K E XN T dH
%, SPring-8 | 346D THELE D @ W HURE X #R3
FIH &, #IEIC X D XAFS IIE & MAE
b¥EDHZ LT, ARKIZE ENDHIKEED Se
R As DAL FICREDFFE N AIREIZ 72 D [1],
AWFIECTIE, POk IR K 7158 FE O PR AL EE |1
fED Se X As OFEBIEDO —B L LT, ER
U ASERE D S BRI L 72 47 R IR D875 XAFS
HIEAZITVN, Se & As DAL EIRE & FriE LT-,

Tl fEE

FER

£ RIRIZE F DR Se, As DAL R
(ZRIET A RMIR DB L RFT 2720, HIE
TiE, RO R 2 2 EEO AR ST
fifRIK (Ash_A, Ash B) #HH L T, %
U XAFS 7€ % Fhii L7-, XAFS JIEX, ¥
B — A D BLI6B2 (2B W\ T, 19 FE 1=Kk
28 (Ge-SSD) A L7-# ik TIT o7,
XAFS A7 MV DT O 720, BBk
RE N H 72 D Sefb & (Se’, Se™0,, H,Se0,,
Na,SeV0,, Na,Se"'0,) . B L O As (LAY (As,0,,
Na,HAsO,) (ZDOWTREROHIE ZTT - 72,

WMRB I OELE

£ RIK Ash AB L NAsh BHIZE TN D
Se O K WU 5D 2~ 7 k)L (XANES) %
Fig.l (a) (2733, i, B(bRiED 72
% Sefbatn (FEUE) @ XANES A7 kL%
D CRd, £z, WUmEE TO R~ L
AL Z RS T 2 72, WIURE A A=
KV F— T LR R % Fig.l (b) 2=,
Fig.1 (b) 75, Ash A ¥ X UV Ash B 1 @ Se
T, ELLTOoffi& 4 iDL ETHEL T

73



SUNBEAM Annual Report with Research Results, Part 2, Vol.3 (2013)

74

WHZ ERbnrol, £, SelbEWiERED
XANES A7 MWZ K DMIET 4 T 4 7
fEHTA> 5. Ash A IZH~_T Ash B 1Tl 0 fiod
Se DEIGHNE NI ERHLMNERSTZ, ZLD
DRt R 2 IRFECRRBESR M L i+ 5 2 & CL A
IRIK TG £ D Se DAGSFTERE I A R ML=
PRBESRIFFIZRE KAFTH Z LB LT,

25

===-Se(0)_std.
===-5e02(4+)_std.
~==-Na25e03(4+)_std.
~==-H25e03(4+)_std.
~==-Na25e04(6+)_std.
w—Se in Ash_A
——Se in Ash_B

»
°

Se in Ash_B

n

SeinAsh A /

o

Normalized Absorption, ut(arb. unit)

o
n

00 HEEET——w
12635 12640 12645 12650 12655 12660 12665 12670 12675 12680 12685
Photon Energy, E/eV

(a) Normalized Se-K edge XANES spectra

SeinAsh_A i a4 -~~-Se(0)_std.
AL A 1 -=--5e02(4+)_std.
-=--Na25e03(d+)_std.
--=-H25e03(4+)_std.
--=-Na25e04(6+)_std.
w——Se in Ash_A
w——=Se in Ash_B

03 Se inAsh_B

1st-derivative, Aut/ AE(arb. unit)
°

&

-03
12635 12640 12645 12650 12655 12660 12665 12670 12675 12680 12685
Photon Energy, E/eV

(b) Ist-derivative Se-K edge XANES spectra

Fig. 1 Normalized(a) and 1st-derivative(b) Se-K
edge XANES spectra of Se in coal ash, with
different valence state Se standard.
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Fig. 2 Normalized(a) and 1st-derivative(b) As-K
edge XANES spectra of As in coal ash, with
different valence state As standard.
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Fig. 2. Cyclic voltammogram measured from Pt
nanoparticles. Current density was reduced to the
value per surface area of the nanoparticles. Red
circles show the voltage where the XAFS spectra
were measured.
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Fig. 3. XANES spectra of the Pt nanoparticles
measured at the Pt L;;; absorption edge (a) and those
magnified plots at the peak top (b).
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Fig. 2. X-ray diffraction patterns of PXX thin films
measured in the out-of-plane geometry (a) and the
dependence of the interplanar distance of (001)
lattice plane (d,,) on the carbon number of the side
chain of PXX (b).
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Fig. 3. X-ray diffraction patterns of PXX thin films
measured in the in-plane geometry (a) and the
dependence of the lattice constants a, b and y on the
carbon number of the side chain of PXX (b).
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Fig. 4. Two dimensional distribution of the
diffraction patterns of the PXX (n: carbon number
of the side chain) thin films obtained by GIXD.
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Fig. 1 Ni K-XANES spectra of diffused into BYZ
and of standard samples.
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Fig. 1. Experimental setup for in-situ XRD.
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Fig. 2 In-situ oxidation measurement by XRD.
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Fig. 3. The time-resolved XRD of (A) Fe;0, 311
and (B) Fe,0, 104 during oxidation at 500 C in Ar-
1%0, and dry Air.
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Fig. 4. SEM image of scale-structures after
oxidizing at 500°C for 720s in (A) Ar-1%0, and (B)
dry Air.
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Fig. 1. Measurement system of in-situ XAFS.
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Fig. 2. XANES spectra of standard samples of Pt
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Fig. 1. Schematic structure of Gas-turbine
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Table 1. Measuring result of residual stress measurement in single crystalline super-alloy

28 w X (ORI T12 Ooo
EHTE | Geg) (deg) (deg) (MPa) (MPa) (MPa)
311) | 69.95439 858720 -9.91240
(31-1) 89.95795| 26.79855| 22.03810
878+ 628 100+81 | 22+ 44
(11-3)| 70.10206 45.84890 68.99755
(3-1-1) 69.94568| 57.34150 4.14645
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