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Fig. 1. Ti-K XANES of SrTiO; single crystal with
different excitation angles.
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Fig. 2. Ti-K pre-edge spectra of SrTiO; single
crystal with different excitation angles.
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Fig. 3. Ti-Ka spectra of SrTiO; single crystal by
with different excitation angles excited 8 keV
monochromatic X-rays.
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Table 1. Ti-K emission intensities for SrTiOj
single crystal, excited by 8 keV X-rays with
different incident angles.

90° 60° 45° 20° 5°
Ko, 0.0228 | 0.0457 | 0.0451 | 0.0669 | 0.1052
Ko, 0.0169 | 0.0171 | 0.0204 | 0.0491 | 0.0643
KB, 0.0061 | 0.0009 | 0.0086 | 0.0155 | 0.0210
KBi/Ko; | 0.2666 | 0.1982 | 0.1910 | 0.2316 | 0.2000
Fig. 412, 8 keV Hifa X #CHihit L 7= STO

Hifidh « Sr-L 3 X AT ML O A X
PRA AR T, M, £ A7 by
TR D Sr-Loy o #1 (G 1800 eV) D5 THl
AL L7, 8 XMmETHDH, A7 FL
FICRO LD E—7 X, K 3 X —{)
SIELZ Lys (LsMy, 1583 eV). Ln (LM, 1650
eV). Loy (L3Mys, 1805 eV) | LB, (L,My, 1872
eV). LBss (LiMys, 1942 eV) THYH | &b
BT RV X —{ll O v — 71X Ti-Ka (4507 eV)
D E R ETHEEHEE S D, 1700 eV L LD 4
ADE—r7 1t L Te—L o YEKTT v
T AT EAT, ENTENOE — 7 (LE &R
EAERDZN, b biffETcE58, A
FAEICXHT D Sr-L MOK B — 7RI
BEOEWERD N> T, Ti-Kaft o
BmKREFEEZ LN =7 DR, THhTh
AFTHRENFH 2D, E\Wolo, Fig. 3 &

RN A ONTZR, 2 OERIZIAH
Th b,
10}
STO Sr-L
- ) E, = 8.0keV
= 08p ‘ 90deg
S 60deg
c —— 45deg
5 0°r 20deg
S —— 5deg 4
Tg“ 04 | !
2
02| l
vV /.
0.0 ., | |

1600 1700 1800 1900 2000 2100 2200 2300
Photon Energy (eV)

Fig. 4. Sr L emission spectra of SrTiO; single
crystal excited by 8.0 keV X-rays of various
incident angles.
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Fig. 1. Simplified HEMT structure and

corresponding energy band diagram.
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Table 1. Material properties of common
semiconductors.
poan) WRER HANMEFEE BEE BREE
(MV/cm) (cm/s) (cm®/Vs) (W/cm/K)
Si 03 10x10" 1350~ 1500 1.3~20
GaAs 0.4 20x10" 8500 0.5~0.6
SiC 2.8~30 20x10" 650~1020 45~50
GalN 3.3 25x%10'" 900~2000 1.0~2.1

GaN-HEMT OB FEIZ B W T, ~7T n s
S RO PR RE g & A AR/ B IS R S
LR HEME DB LY N FEEN AL
L., A AR RELSEDDL Z ERHD
nNTWsb, ik, 2DEG AT H~T 1
BAERmbE AR m oy MEEZ
5 L. T AT OREICRE < H B
ToHEZEZLND, X MIETFHIE (Xray
Photoelectron Spectroscopy, XPS) (. ffi#E
i Eus (Valence Band Maximum, VBM) dD /N
VREEABIIN R FES L THMLELTWY
5, LU, FEBRE XPS (3£ mBUE 2 | E F
ETHY, 20~30 nm OOWIEIS ZLEE T
% GaN-HEMT O /N> R & AT (25 A4 5
ZEEWNEECTH D, £ T, M XMAEE T
¢t (Hard X-ray Photoelectron Spectroscopy,
HAXPES) OHIREDKRE S &M L.
GaN-HEMT O /8 > R 5& g A By B o8 2
S

EBRFEBIOY A

SPring-8 @ BL16XU & O* BL46XU 2% & &
A7z HAXPES ZEiE A W THIE A 1T - 7=, )6
BFTFTITAY =TT d VG Scienta
R4000 TH YV |, i =RV F—iFB L% 7.95
keV ThH 5, RATEINBFE D722, Table 2
WZaR L2310 o 7 2 Ui Uiz,

Table 2. The samples prepared for measurements.
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-3
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2E+19 om _ _
n-GaN Si 2E+18 cm™® - -
Si 1 um x=32% [ o
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x=17 % Ni
AN | 1 nm 7 nm A0 | 5 nm
SiN
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Fig. 2. The four steps for energy band alignment.
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Fig. 3. Peak fitting of the N 1s core-level spectra
at two different take off angles of p-GaN.
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IZBWTIE, Fig. 3R LiELHIc, e
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Fig. 4. The depth profile of valence band
maximum resulting from the curve fitting of

figure 3.
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Fig. 5. Measurement of the bandgap of GaN

using onset of electron energy loss spectra.
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core-level spectra, with curve fitting, recorded
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Fig. 7. Measurement of the bandgap of InAIN

using onset of electron energy loss spectra.
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Fig. 8. Energy band diagram of InAIN/GaN.

13 6 AT AN A o QMBS H D N R A EL e
HEXK %, AE,~=0.20 eV, AE~=0.72 eV & R
HoHhb,

KT NA ZTBWTIL, EREEE B2/ — b
B (g vy X —fEm) KO, Y—RA - K
LA VEMCE— v 7 BB BERSND,
Fo, Ny R_N— g UL LCEREE LI
MRENTER SN D, S HIC, EREE L F v
KB DRI N A=Y FRFAIND
ZEHLEZW, EZT, ERRO XD RET A
AN AT O EEAE & O HEMT ~O i % ik 7 72,
HHELT, F—FMEMIZESHWLNS NI
A 2 JZ ik L 72 Ni/InAIN/AIN/GaN &} OF, 2%
v N =g VEICR K W b D #E R
AlO Z A% L 72 A1O/InAIN/AIN/GaN & o fig #
fER AR,

Ni/InAIN/AIN/GaN & O gt & 0 15 & iz
N RS % Fig. 912789, Ni2ps3, TNi
i, Ga 2p3» C GaN F ¥ R/VJ&E, In 3ds;, T
InAIN FEEEfE D N> RGBS IR E S
72 (Ni O/ REEIIARKAR), £72. In3ds,
THWESNT InAIN O REEEZEZE L.

Al 1s T InAIN/AIN J& % fif#r 3 5 2 & T, AIN
JED /N RIEENRE S LT, &EIC, N s
T InAIN/AIN/GaN J& D fENT I F JE R 2 &
DIEDND B IV, Ni BRI RAT# D /N R
WAL S & FEEE O REIRIEDZEIC
PRV, FREERE DN RGO KX e B b & 8l
B L7, Ni EBEREZDO Y 3 v b —[EEEX
$5=2.3 eV TH VY . Ni DIEFRE I =52 eV,
InAIN O &EF BT ypan=2.7 eV 226 PR S
N5 ¢p=52-2.7=2.5eV EH—E L TW5,

“ [nAINAIN GaN R
s3T5 >
T oA £
& -1 s CBM
g o‘-E—F—————-——/(—— ——————— T —————————————
» 4350V 3.45eV
£ 2 6.20 eV |
c
= 3
@ L VBM

0 5 10 15 20 25 30 35 40
Depth (nm)
Fig. 9. Energy band diagram of Ni/InAIN/AIN
/GaN.
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Fig. 10. Measurement of the bandgap of AIO

using onset of electron energy loss spectra.
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Fig. 11. (a)Ga 2psp, (D)N 1s, (c)In 3ds;,, (d)Al
s, (e)O 1s core-level spectra, with curve fitting,
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¢) Comparison of Highly conductive Co compound-coated Ni(OH), and CoOOH-coated Ni(OH),.
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2013A5100, 2013B5100, 2014A5100 BL16XU
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Hard x-ray magnetic-circular dichroism microscope imaging of micro size
sintered Nd-Fe-B magnet
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72 HWACERIRRE N L Z > TNV D Z & A/RIB LTV, ZHUIHRERENC K DL inE T L & 3R

ROMTH Y | R DAL Z Y | KIS ESFEIRABE L T 2 ENnhoTz,

F—U— N X#EEH A XMCD, A4 Y LA, Nd-Fe-B, Juaganl bl E

TREMFEEW

BUE, e b @ MERe e A A BT, 1982 421
TENBIZ X VBIR S 7- Nd-Fe-BRéA Th D
[1]0 L2rL. A Y LBERS A ORI,
BIPERR D 30%BE L 72> TWND, ZD7%E
DIRRIL, 2555 b ALk N < ok S HE A AF A
EEMRABTORGHERTICHERNT S L%
Z b TWb, F7, Nd-Fe-B Ak, @ik
BREE T Tk, REESIDIK T T 2HERH 5,
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Fig. 1. Schematic drawing of experimental set up of scanning XMCD microscope at BL16XU of

SPring-8.
¥ — I Nd-L, D XAFS & XMCD 75 6.712 keV
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Fig. 2. FIB pick-up sample of sintered Nd-Fe-B
permanent magnet sample. SEM images were front

view (a) and top view (b). Fluorescence images

were Nd-La (a) and Fe-Ka (b).
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Fig. 3. Element specific magnetic hysteresis maps of Nd-Fe-B sintered magnet at Nd-L, edge.
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Fig. 4. ESMH
sub-micron focused beam. The measurement
points A ~ E indicated in Fig. 3(h).

loop measurement using
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Super-resolution X-ray CT using sub-pixel shift method
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Fig. 3. Schematic view of experimental set up of SPS at BL16B2 of SPring-8
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Fig. 4. Sectional images of electrolytic capacitor
obtained by normal CT (left) and SPS method
(right).
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Fig. 5. Sectional images of metal wire obtained
by normal CT (left) and SPS method (right).
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[11 BJNF, BEe, 22,256 (2009).

[2] A. Yoneyama, R. Baba, K. Sumitani, and Y.
Hirai, Appl. Phys. Let. 106, 084102 (2015).

[3] https://www.dectris.com/products.html.
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Study of Graphite Anode Surface in Li Batteries Using Hard X-ray
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JE £ il SR TH AF T O IE R 2R NS B 7
WRIREMEN & 5,

ZZ T, TRAX—DOEWIEH N E W
il X #7436 (Hard X-ray Photoelectron
Spectroscopy: HAXPES) H|EIZ & v FEmkEE T
WHREKROBREI FHOEREESEDL Z LN
REZN, Fo. AMEEREBMA L =10
—ARFx—F (VC) iRMDA I X ORAER
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Fig. 1. HAXPES Spectra near Cls binding

energy from (a) graphite anode samples without
VC and (b) graphite anode samples with VC.
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Fig. 2. XPS Spectra near Cls binding energy
from (b) graphite anode samples with VC.
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Fig. 3. HAXPES Spectra near Lils binding
energy from (a) graphite anode samples without
VC and (b) graphite anode samples with VC.
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Fig. 4. HAXPES Spectra near F1s binding energy
from (a) graphite anode samples without VC and

(b) graphite anode samples with VC.
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[1] D. Aurbach, K.Gamolsky, B. Markovsky, Y.
Gofer, M. Schmidt, U. Heider, Electrochim.
Acta 47 (2002) 1423.
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Valence Analysis of Niobium in a Noble Niobium Nitride by using XAFS

R I,

HH oL, BFA R4, PE -

Takahiro Kurabuchi, Nobuhiro Miyata, Takaiki Nomura, Kazuhito Hatoh

NF Y =y 7 RS

Panasonic Corporation

Nb 25+5 fflio> = A 7 2%, "I
TINRTWVE W) =F T DR |,
W=d 7 & 5k L7 IKIR

AT D E ORI EA & LTRSS, LavL., B
kDB T OB A TITERDPRNETH 72, KERTIX. H
A E2 R A RRERB O = A TS AT A KT O G i %

SPring-8 @ BL16B2 T1T7 572, Z DFER ND” 24T D HHl=4 7 Z{MN GO 2 EARENT,

Ta,Os DX KX v v TIENRH 39 eV TH D
D% LT, TasNs DZ 3T 2.1 eV &M E

X—U— N =7 EY), RERRAE, MEHT. XAFS
EELELHEED

HEROFmIZIZ, HAEEKDOZ XX —H

BB A2 1L B D KBS 2L X — 03k <72V,

DIEWTWDS, ZOEKDLHKRZ XL —%
T DGR DI AT S Z &N TE
7l b NEITAL A BREHTK A L 7= BIE Ot
BYVATANBMAIT L ENTE D, it
AWK RKFAERIT, ZDOX D
A AT RE = R L K — HA%EﬁméﬁéT%ﬁ
EROT-EMN S E L THEREINLTWS

B ARk AR e ﬁ%<%%én
TE BB BB LEOLMEILT, £0
FEAEN 3 eV U EDARY FEy v TiHE
FFoz®, LAKDOHIZLNIEE LN E N
I A L TWIZ[1,2], KB HAKFE~
DEWNFEEZEAL L VICETH ESHED
eI, =R —#E TREGEO 55 LA
EEEODL A ERIMT D 2 & 2 ZH A
E7rb, ZTH LEEBLRENG, 2000 AR WIEE X
VD AT RN T D K 43 g S Al oD BR 7 208
WZITh T\ 5

FO—flE LT, # v ZILENY: TasNs 3
2T B 5[3), TasNs Ol & 47 L o0 Ak
STHD N2p#LEIX, R U Z Lok
T % Tay0s DAl EE 1 # L% 727 O2p #LiHE
KXV HBENENIZMET D[4, 2D,

W EA 600 nm LA T ORI E T
BENHRRICR D, ST, 2IhbHERDLEWNR
Bt &0 - T, 4 B3B8 T im0 NI
Hd %, —#xmic., # v ZubamEERo
REH FiZ 72T TaSdBLE LV b . =471k
W EROZE L% 72T Nbad Bl O 7 A3 5%
WM WZH D Z & HE SN TV D [5-7],
2, Fig. 1 12789 &L 91T, TazNs @ Ta % Nb
IEH L7 =4 7 bW NbsNs DA T X

Mﬁ\ﬂyFﬁwyfﬁﬁ WZHE/N L, AR
oz FEI (P 400-780 nm) A% T

éﬁﬁt%ﬁ&mbﬁé EMTHIEND,
UL, — e mERETHD T4
E&m%%T/% 7 RS F CTRERT D 2
LT, YA REMMMES D WO LT
X, NbsNs #4525 Z L3R ICHEETH D,
I, =470 TErxaned v, v
xR ol Th b, ERIC LR GIET
= A TEAMERERRDE, TUVE=T O
RBEIC X > CTAHE LT AKRFEN=AT HELL,
Nb %23 +3 i T D NbN 285k S 5 [8],
23, :ﬁ7‘£1t¢@75§¥%@ki‘ﬁﬁm€& LToD
FEBE 2 B9 5 72 9 12 13 . Nb4d HlLiE 23 22 4R
RE. 97725 Nb 3 mﬁﬁf%éﬁﬁ@



SUNBEAM Annual Report with Research Results, Part 2, Vol.5 (2015)

Potential energy

(V vs. SHE)
-1 | Ta 5d | | Ta 5d |
Conduction band
H*'H, == -G4-=-=-=-=-q4-=-=-===--- |— ———————————
Band gap Band gap
39eV 21 eV

+1 1
(0 o e e SR
+2 N 2p Valence band

A 1/

O2p

Ta,05

Ta;N5

Nb;Ns

Fig. 1. Schematic band structures of Ta,Os, TazNs and Nb3Ns.
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Fig. 2. XANES spectrum of prepared samples:
(a) Prepared niobium nitride powder, (b) Nb,Os
powder, (c¢) NbN powder, (d) Nb foil.
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Fig. 3. XPS spectrum of Nb3d peaks for a

prepared niobium nitride sample. (Black line)
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Fig. 1 (a) Charge curve of C electrode
at 1.0 C CC CV charging.
(b) In situ XRD patterns are assigned to
Li,C4 during 1.0 C CC CV charging.
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Fig. 2 (a) Charge curve of SiO
electrode at 1.0 C CC CV charging.
(b) In situ XRD patterns are assigned to
Li-SiO during 1.0 C CC CV charging.
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Fig. 3 (a) Discharge curve of Gr
electrode at 1.0 C CC discharging.

(b) In situ XRD patterns are assigned to
Li g6.,Cg during 1.0 C CC discharging.
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Fig. 4 (a) Discharge curve of SiO
electrode at 1.0 C CC discharging.

(b) In situ XRD patterns are assigned to
Lig g7.,-Si0 during 1.0 C CC discharging.
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Evaluation of the High Efficiency LED's Active Layer
by X-ray Microbeam with using the Synchrotron Radiation
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Table 1. Fluorescence X-ray energy of related

elements.
In Kal 24.21 keV
Ga Kal 9.25 keV
In Lal 3.29 keV
Ar Kal 2.96 keV
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Fig. 1. Effect of He chamber which was

confirmed by comparing the spectra.
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Fig. 2. The results of In_L X-ray fluorescence
mapping, sample A (above), sample B (down),
respectively.
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Fig. 3. The results of PL mapping, sample A

(above), sample B (down), respectively.
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Table 2. Differences between sample A and

sample B obtained by these experiments.
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Table 1. Results of polarization XAFS
measurement.

Direction In-N In-Ga In-In

of y

_polarization. N R(A) N R(A) N R(A)
mp.L c-pl|  4.000 2.090 9.40 3.23 2.60 3.28
m-plcpl  4.000 2.079 9.30 3.24 2.70 3.28
mpfep.l  4.000 2111 9.00 3.27 3.00 331

m-p., c-p. : m-plane, c-plane
N*: In-N coordination 4 fixed.
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Fig. 6.
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InGaN crystal model on sapphire

Fig. 6 T® 249 JF+F 5 /L ® In JF+EALD
MM AR L=, Fig. 712249 R DET
NEE2ITHBEETO2TRFET VTR,
FEFF AX7 hLv 2 2 b—v 3 & F¥ML
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Detection of Pr in Cs ion-implanted Pd/CaO multilayer complexes with and without
D, gas permeation

Naoko Takahashi, Satoru Kosaka, Hiroshi Nozaki, Tatsumi Hioki and Tomoyoshi Motohiro

TOYOTA CENTRAL R&D LABS., INC.

The Iwamura-type nuclear transmutation,'>Cs—'*'Pr, with D, permeation through Pd/CaO multilayer
complex was examined. Using ICP-MS, the amounts of Pr were measured in the range 10'° atoms/cm®. The
amounts of Pr measured in D, permeated samples were larger than those in non - D, permeated samples.

Keywords: Nuclear transmutation, Cs—Pr transmutation, Deuterium permeation, [CP-MS, SR-XRF

Introduction

It has intensively been reported by Iwamura
et al. that nuclear transmutation occurs with D,
gas permeation through Pd substrates covered
with a Pd/CaO multilayer film [1]. The
elements to be transformed are deposited on to
the surface of the multilayer complex by
electro-chemical method or by ion implantation,
and the complex system is subjected to D,
permeation at 343 K for a period of a week or
so. The selected nuclear transmutation reported
so far are ®Sr to 96Mo, 3¢Cs to "'Pr and **Ba
to °°Sm [1, 2].

Few following experiments performed at
other laboratories, however, have successfully
reproduced their results. One of the difficulties
in reproducing the results of Iwamura group
may be that the amounts of the transformed
element are too small to be detected by surface
elemental analysis such as XPS, which has
often been used in Iwamura-type nuclear
transmutation replication experiments [3, 4].

In this study, we have focused on the Cs to
Pr transmutations. We investigated the
performance of analysis methods for trace Pr
detection. We compared the detection
sensitivity of ICP-MS (Inductively Coupled
Plasma Mass Spectrometry) and SR-XRF
(Synchrotron Radiation X-ray Fluorescence),
using reference samples that were doped with
given concentrations of Pr. We concluded that

ICP-MS was adequate for detecting small
amount of Pr. Using ICP-MS, we measured the
amounts of Pr in samples with and without D,
permeation treatment and in some reference
samples.

Experimental

Substrates of Pd (purity: 99.95%) 100 um
thick were obtained from Tanaka Kikinzoku
Kogyo. The as purchased substrates were
heat-treated in vacuum (5x107 Pa) at 1173K
for 15 h and subsequently in the air at 873K for
10 min to remove impurity atoms. With this
pre-treatment, impurities in the Pd substrates
were greatly removed [5]. The D, gas for
permeation treatments with purity of more than
99.995% was obtained from Takachiho
Chemical Industrial Co. Ltd. The impurity
concentrations determined by the supplier were
less than 5 ppm for oxygen, nitrogen and water,
and less than 1 ppm for carbon monoxide,
carbon dioxide and total hydrocarbon.

Multi-layers of Pd/CaO were formed on the
Pd substrates by pulsed laser deposition (PLD).
The multi-layer structure was the same with
that used by Iwamura et al., ie., Pd (40
nm)/Ca0 (2 nm)/Pd (18 nm)/CaO (2 nm)/Pd
(18 nm)/CaO (2 nm)/Pd (18 nm)/CaO (2
nm)/Pd (18 nm)/CaO (2 nm)/Pd substrate (100
pum).

Then Cs atoms were implanted in the
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multilayer at 65 keV to a dose of 1.5x10"
atoms/cm’. The range of the implanted Cs was
estimated to be 11.8 nm. Subsequently, the Pd
substrates were heat-treated in the air at 573K
for 10 min in order to remove carbonaceous
materials deposited during the ion implantation.

The deposition of Cs to the top of the
multi-layer was also carried out with the electro
chemical method in the same manner as
reported in the original paper by Iwamura et al
[1].

The samples were then subjected to D, gas
permeation treatments at 343K or 423K for a
period of 150 h — 250 h. The deuterium gas was
supplied to the upper stream side (multilayer
side) of the sample via a reservoir tank of about
1 L, which was connected with a 6 MPa
cylinder (D,: 200 L) though a pressure
regulator. Tablel is the list of the samples
prepared in this study.

In order to confirm the multilayer structure
for the prepared samples, X-ray diffraction
pattern using Cu (Ka) radiation was taken.

Figure 1 shows the pattern for a Si wafer on
which the multi-layer structure was formed
with the PLD technique.

According to Iwamura et al. [6], the

conversion rate of Cs to Pr is larger with
increasing D, gas permeation flux. The D, flux
is sensitive to surface conditions of sample.
Furthermore, it is generally observed that the
permeation flux is comparatively high at the
beginning of permeation but it decreases with
increase of permeation time [7]. Therefore, it is
not easy to keep a high D, flux during the
whole period of D, permeation treatment.

d=21.3nm

8% 103 v
Y
S 6x10° /
: /
2 4%x10°
e
()]
c 2x10°

001 02 03 04 05
20 (degree)

Fig. 1. Low angle X-ray diffraction pattern for the
multilayer structure prepared on a Si wafer by PLD.

Table 1. Samples prepared for ICP-MS analysis ( - ; No data)

Maximum .
Sample ) - ) upstream D, Permeation Average Total
Multilayer Cs deposition | D,permeation - Temp. D, flux permeated D,
number pressure >
[°C] [SCCM] [L]
[atm]
# Yes Electro- Yes 6 70 0.77 187
chemical
) Yes Electro- Yes 9 70 1.6 454
chemical
# Yes Electro- Yes 6 150 1.6 34
chemical
#4 Yes Electro- Yes 2 70 0.71 143
chemical
#5 Yes Electro- Yes 9 150 36 11
chemical
#6 Yes _on Yes 9 150 63 43
implantation
Ton
#7 Yes . . Yes 9 150 2.6 74
implantation
48 Yes _on Yes 9 150 -
implantation
#9 Yes No Yes 9 150 2 27
#10 No No Yes 9 150 - -
#11 No No Yes 9 150 -
#12 Yes . on No
implantation
#13 Yes . Ton . No
implantation
#14 No No No
#15 No No No
#16 No No No




SUNBEAM Annual Report with Research Results, Part 2, Vol.5 (2015)

Figure 2 shows an example of D, flux as a
function of permeation time.

12 50

o
AL

4 -
rd \ 1
P

0

D, flux (SCCM)

Total volume of permeated D, (L)

0 50 100 150
Fig. 2. Permeation flux and total permeated D,

volume vs. time for sample #6.

As seen in Figure 2, when the reservoir tank
and the upstream side was filled up to about
900 kPa and kept at that pressure, the
permeation flux was very high; about § SCCM
or more. The abrupt decreases of the flux
sometimes seen in Figure 2 were caused when
the supply of D, to the tank was stopped. Under
such condition, the D, pressure in the upstream
side decreases with time and so the permeation
flux.

In Table 1, the average permeation flux and
total permeated D, volume are shown for each
sample.

The ICP-MS instrument used was Agilent
7700X. The samples were dissolved partially or
totally by nitric acid or aqua regia. Most
samples were partially dissolved. The depth of
dissolution was about 100 nm.

SR-XRF was performed wusing the
synchrotron radiation at BL16XU in SPring-8.
The incident X-ray energy was varied around 5
keV and the emitted X-ray was detected using a
scintillation counter.

To evaluate the detection limit of the
ICP-MS analysis and XRF spectroscopy, we
prepared standard samples, i.e., Si wafers and
Pd substrates with the Pd/CaO multilayer
structure, both of which were implanted with
30 keV Pr ions at doses of 10“, 1012, 10" and
10'* cm? The ion implantation of Pr was

performed at the Ion Technology Center. Si
wafer samples without Pr-ion implantation
were also used as control samples containing
no Pr. For the dissolution of Si, a mixture of
hydrofluoric acid and nitric acid was used and
the dissolution depth was ~ 0.5 pm.

Results and discussion

In Figure 3, the amounts of Pr determined by
the ICP-MS analysis were plotted as a function
of the given doses of Pr ion implantation for the
two series of samples. The amounts of Pr
determined by ICP-MS well agree with the ion
implantation doses for both the Si wafer
samples and CaO/Pd multi-layer samples. It is
seen that ICP-MS is capable of accurately
determining the amounts of Pr as small as
1x10"" atoms/cm” in the samples of CaO/Pd
multi-layer complex as well as in high purity Si
wafers. Figure 3 also indicates that almost no
Pr atoms other than the ion-implanted ones are

contaminated in the prepared multi-layer
complexes. The contamination level is
. 11 2
estimated at most 10" atoms/cm”.
1.00E+15
i & Cal/Poomult layer
o Leoeld @ i weafer &
:—.j 1.00E+13 “1
g
= 1.0DE+12 !
S
=
100811 42
1 EH1 100EH 2 100EHZ 100EH 4 100EH S

Prlon Implantation Dose (cm =)

Fig. 3. The amount of Pr measured by ICP-MS vs. ion
implantation dose.

Figure 4 shows the characteristic X-ray
intensity of Pr La as a function of incident
X-ray energy for the Pd/CaO multilayer
complex samples ion-implanted with Pr at the
given doses. It is seen that the detection limit
for Pris ~ 1x10'* cm’ with SR-XRF.
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Fig. 4. SR-XRF spectra for the Pd/CaO multilayer

complexes implanted with 30 keV Pr ions at 1.0x10"?,
1.0x10" and 1.0x10" jons/cm’.

Figure 5 compares the amount of Pr
determined by the ICP-MS technique for
samples #1 to #11. The results for the amount
of Cs are also shown.

2.5E+12 2.0E+15

2.0E+12 - 1.6E+15

1.5E+12 1.2E+15

1.0E+12 8.0E+14

5.0E+11 4.0E+14

Concentration of Pr (atoms/cm?)

0.0E+00 0.0E+00

‘#l #2 #3 #H4 #5" #6 #7 #8 "#9 #10 1411j
Y Y

Cs lon No Cs

implantation  deposition

/
Elechtrochemical
Cs deposition

Fig. 5 The detected amounts of Pr and Cs in the
samples with D, permeation treatments.

In Figure 5, all the samples were treated with
deuterium permeation. The samples #1 to #8
are deposited with Cs either by electrochemical
method or by ion implantation, while #9, #10
and #11 are samples without Cs deposition.

Samples #10 and #11 are Pd substrates
treated only with D, permeation.

It is seen in Figure 5 that significant amounts
of Pr are detected in the three samples #6, #7
and #8. In samples #2 and #4, amounts of Pr far
exceeding 1x10'" atoms/cm? are also detected.

From this figure, it is suggested that Pr is not
detected in the samples which are not deposited
with Cs before D, permeation treatment (#9,

Concentration of Cs (atoms/cm?)

#10 and #11). This seems to be consistent with
the idea that Pr emerges as a result of nuclear
transmutation from Cs.

The samples #1 to #5 are deposited with Cs
by the electrochemical method. In these
samples, however, as seen in Figure 5, the
amounts of Cs detected after D, permeation
treatments are much smaller compared to the
samples deposited with Cs by ion implantation.
The detected amounts of Cs in samples #6 to #8
are comparable with the ion implantation dose
of 1.5x10" atoms/cm®. The electrochemical
method seems to be unable to control the
amount of Cs to be deposited.

If we assume that the Pr atoms detected in
samples #6 ~ #8 are converted from Cs
atoms, the conversion rates, Pr/Cs, are in the
order of 0.1% as shown in Table 2. The
conversion rates are 1 to 2 orders of magnitude
smaller than those reported by Iwamura et al.

Table 2 suggests that the conversion
efficiency is more correlated with the total
volume of permeated D,, rather than the
average D, flux.

Table 2. Conversion rate and permeation conditions

Sample Pr/Cs Average D, Total permeated
number [%] flux D,
[SCCM] [L]
#6 0.16 5.3 43
#7 0.25 2.6 74
#8 0.086 - -

In order to confirm the effect of deuterium
permeation on the emergence of Pr, the
ICP-MS analyses were performed for the two
samples of #12 and #13. These multilayer
samples are deposited with Cs by ion
implantation but not subjected to D,
permeation treatment. The results are shown in
Figure 6. For comparison, the data for samples
#6 ~ #8, which are deposited with Cs by ion
implantation and subjected to D, permeation,
are also shown.

As seen in Figure 6, small amounts of Pr are
detected in the non-deuterium permeated
samples; 0.98x10" atoms/cm’® and 1.0x10"
atoms/cm’” in #12 and #13, respectively. These
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amounts of Pr atoms as small as 1.0x10"
atoms/cm’ are considered to exist frequently as
impurity atoms in ordinary environment.
However, it is noted that the amounts of Pr
detected in the D, permeated samples are more
than one order of magnitude larger than those
detected in the non D,-permeated samples.

— I L I [
#13 #6 #7 #8
A J

! |

Without D, gas permeation With D, gas permeation

2.5E+12

2.0E+12 |

1.5E+12

1.0E+12

5.0E+11

Concentration of Pr (atoms/cm?)

- |
#12

0.0E+00

L

Fig. 6. Comparison of the amounts of Pr in samples
with and without D, permeation

In order to determine the amount of Pr
contained in the Pd substrates, 3 Pd samples
(#14 ~ #15) in the as-purchased state were
analyzed with ICP-MS. These samples are
totally dissolved. The results are shown in
Figure 7. For comparison, the results of #6 ~
#8 are also shown.

2.5E+12

2.0E+12

1.5E+12

1.0E+12

5.0E+11

Concentration of Pr (atoms/cm?)

0.0E+00
#14 #15 #16 #6 #7 #8

Fig. 7. The amount of Pr in Pd substrates #14 ~ #16.
The results of #6 ~ #8 are included for comparison.

As shown in the figure, Pd substrates
contained small amount of Pr; 2.3x10"
atoms/cm’, 9.0x10'" atoms/cm? and 7.9x10'"
atoms/cm’ for #14, #15 and #16, respectively.
Therefore, the contamination of Pr in Pd
substrates is at most 1.0x10" atoms/cm’.

Therefore, the amounts of Pr detected in the
samples #6 to #8 are more than one order of
magnitude larger than the total amount of Pr
impurity included in the Pd substrates used in
the present study.

Conclusion

Using ICP-MS, we determined the
concentration of Pr in the range of 1.0x10"
atoms/cm>. The amounts of Pr in the D,
permeated samples were one order of
magnitude larger than those in the non- D,
permeated samples. We detected approximately
1.0x10'* atoms/cm” of Pr in the D, permeated
Pd/CaO multilayer samples with ion-implanted
Cs atoms. On the other hand, in the non- D,
permeated samples, the amount of Pr was at
most 1.0x10"" atoms/cm®. If we assume that the
Pr atoms detected were converted from Cs
atoms, the conversion rates, Pr/Cs, were in the
order of 0.1%. This value is much smaller than
these reported by Iwamura group.
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Fig. 2. X-ray scattering spectra of DLC films
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Fig. 4. Visible Raman spectra of DLC films.
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Fig. 1. P-E hysteresis loop.
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Fig. 2. XRD patterns of Hf(Si)O film.
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Fig. 1. HAXPES and total reflection (TR) mode
HAXPES spectra (Sn3ds;) of GeSn film of 2%
(black) and 3% (red & blue) Sn concentration.

J DRV F—EIIBELE045eV E/hE L,
— 5, IR T Sn Bk o v —2 (486 eV
W) & DILERE T 7 FREIZB L 2eV R
ETHDH LD, 3at%IlV GeSn R ED
Sn3ds, E— 27 12D AHBIND Sn =TF AT E
— 7%, B by EEBIE koY —2 LB 2
bNb, 5T, FidRoO X 91T, 2at%il Vi
e, R Sn R E S E W 3at%IH VY GeSn
HIEDOF R, REWATDELLT NI LD
5 7TL 3at% IV BB O R 121 Sn D
KREATHPEL TVD Z LT BICHEHEL 20
ZZ T, U< Fig. 112, Sn#lpk 3%IH VD
GeSn B D 2 8 (total reflection; TR) E—
K@ HAXPES HIE A7 MR %O T
AT, fEHR. Fig. 1| O E © HAXPES HIE A
N7 MV (RFR) LM LT REBEUE A
B — K HAXPES I E (F#) TH LNz
Sn3dsp, BE— 2 FZv e —27 THhY, £D
B — 7 (\LE AN @ s O HAXPES HI & CHH &
Nz Sn =X XA T E—I7fiEE —F LT,
1D | FHER DS 3%IH VY GeSn 3k CHELAI S 7z
2 KD Sn3ds;, B — 7 1%, R w0 — 4
DR RO — 7 & AR = 2L —1]
DOEREHHEKOZF A NI E—7 & THK
SNDHDENPRBINDIERE ST,

% Z T, Fig.2 TlZ, Ll Sn =F X KT
E— 277 Sn OFrHiIcHET A E—27 TH D
ME DN ELICHERT D720, GeSn #EH
Sn A2 Fig. 1 ORABLL YV LV EL, Sn

Sn -
1 | segregation
Sh 3%

- Sn3d5/2 ________

Sn 2%

Intensity (arb.unit)

488 484
Binding Energy [eV]

492 480
Fig. 2. HAXPES spectra (Sn3ds;;) of GeSn film
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concentration.
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Fig. 3. XPS (Sn3d) spectra of GeSn thin film of
2% (black) and 3% (red) Sn concentration.
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Fig. 4. FWHM analysis of XPS (Sn3d) spectrum
of GeSn thin film of 2%.
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Fig. 5. FWHM analysis of HAXPES (Sn3d)
spectrum of GeSn thin film of 2%.
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Fig. 6. RBS spectrum of GeSn thin film of 3%.
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[1] S.Zaima et al., Japanese Journal of Applied
Physics 52 (2013) 030001.

[2] C. D. Thurmond et al., J. Chem. Phys. 25
(1956) 799.

[3] M. Yoshiki et al., SPring-8 User Experiment
Report (2009) 2008B1852.

[4] K. Suda et al., ECS Trans. 64 (6) (2014) 697.
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Investigation of Chemical Specification Method for Antimony in Glass

R, BR I, &K BE
Mitsuhiro Oki, Sayaka Morimoto, Masahiko Yoshiki

RASAHAGE
Toshiba Corporation
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BDRDHNTWND, BRMNEAGIZHB W T, EA
BTSRRI D 5 EA FEWE O IR
\ZB39 % RoHS 84 [115°, L2 E BT %
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Fig. 1. Schematic of hydride generation system.
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Fig. 2. Recovery of Sb(IIl) by HG-ICP-MS.
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Fig. 3. Sb-K XAFS spectra of Sb(III) and Sb(V)

solutions.
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Fig. 4. Sb-K XAFS spectra of Sb(III) solutions.
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Fig. 5. Sb-K XAFS spectra of standard samples.
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Fig. 6. Sb(V) ratio and normalized intensity.
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Table 1. Analytical Results of Sb(V) ratio in
glass samples by HG-ICP-MS and XAFS.

YT HG-ICP-MS  XAFS

Sb,0; HEIN(20%) 18% 17%
Sb,0s ¥ 11(20%) 24% 23%
Sb,05+ Sb,Os HAN (4% 10%) 22% 21%

Table 1 £V | WE&HEDOSHRERITIFIE—Z L,
S L 7= HG-ICP-MS Z#ricB\WTh, fli%k
T BB TEDZERbhotz, £,
T ARTIE, I®INT 5 Sb Offific L o3
Sb (Il BLUSh (V) BEAELTNDH I &
b E ST,

ERR-))

XAFS 73T CIdlk bt B O E & LT 2 72
W23, HG-ICP-MS 73T Tix Sb (1) B LT
Sb (V) Offsxt EERDHDHZ LENAEETH Y |
MOBEETHDENSTZ AV v EBRH D,
WeST L7 FEIE A 7 Ao Sb Ol F
EBELTHEDTHD LN Z D,

2% W

[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 the
Council of 18 2006

concerning the Registration, Evaluation,

and of
December
Authorization and  Restriction of
Chemicals (REACH).
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Creep Damage Evaluation of Ni-base Superalloy for Gas Turbine Blade
Application by using Williamson-Hall Analysis
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Yasuhiro Mukai', Toshihiko Hayashil, Hiroshi Deguchi1
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R&D Center, The Kansai Electric Power Company
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Fig. 1. Specimen geometry.
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[1] B. E. Warren, Dover Publications, Inc.
(1969).

[2] S. K. Rai, A. Kumar, V. Shankar, T.
Jayakumar , K. B. S. Rao and B. Raj, Scripta
Materialia, Vol.51, No.1, pp.59-63 (2004).
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£k & 8, Vol. 99, No. 5, pp. 366-372 (2013).
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XAFS Study of Trace Mercury in Combusion By-products
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Fig. 1. Normalized Hg-L;;; XANES spectrum, its
first and second derivatives of HgS reference
sample.
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Fig. 2. Normalized Hg-L;;; XANES spectra and first derivatives of reference Hg compounds.
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Table I. Reference mercury compounds.

Hg compounds X-ray fluorescence XAFS X-ray transmission XAFS
formula  valence El E2 AEZE2-EI HI1/H2 El E2 AEZE2-EL H1/H2
[eV] [eV] [eV] [eV] [eV] [eV]
HgO Hg(Il) |12282.0 12295.2 13.2 1.68 12282.3 122955 13.2 1.23
HgSOy4 Hg(I) |[12281.5 12292.4 10.9 0.94 12281.5  12292.5 11.0 0.79
Hg(NO3)>  Hg(Il) |[12282.7 12291.1 8.4 1.18 12283.0 12291.4 8.4 0.90
HgCly Hg(I1) | 12282.3 12291.1 8.8 1.11 12282.3  12291.4 9.1 0.87
HgCl Hg() |[12282.7 12291.1 8.4 1.18 12283.0  12291.4 8.4 0.90
HgS Hg(I1) |12282.6 12290.4 7.8 1.77 12282.9  12291.0 8.1 1.38
Hg(SCN),  Hg(Il) |12283.0 12288.0 5.0 1.70 12283.3  12288.6 5.3 1.56
Hg/Ag Hg(0) |12284.0 12284.0 0.0 - - - - -
Fig. 3 IZ/KERILAEWDAE & E2 OB ZRr B2 ITHERGIE B . B, #HHEER L)

9, AE X E2 1% L TIRITEMR L2 LT
WHZ ERNbND, £z, 2 MEOKELE
W& ZZ 1 0.75:0.25, 0.5:0.5, 0.25:0.75 D
# A TR A L 7= HgO/HgS. HgO/HgSO,.
HgS/HgSO, ZiRA WIS\ TR DM 21T
572 & A, Fig. 3 T TRT L IIC, £
NEN DKL E W % K5 SEM LIS T D
ZENERTELL, b0 kb, iR

DKL AW EIREDITONT El FTFREE
fELZ2nWZ &b 22T 52T B
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ENbholz, LOLERL, —KiIZ
16
O X-ray trans. R
14 . ® Xerayfluo. (‘ 1£0.3eV)
X 1~100mg/kg HgCIZ ,}m« HgO
12 -<--HgO/HgS04 mix. o S
—_ = <+=HgO/HgS mix.
E 10 - {r-HgS/HgS04 mix. Hg(NO;), H:gSOA
E . A JSAC-0521 gxhl 100me/kgHeCl,
& % HgS— ¢A ™ HgCl
@6 b, Ncoal ash(JSAC-0521)
N Hg(SCN),— ®
4
s
0 "/Hg/Ag amalgam
12282 12284 12286 12288 12290 12292 12294 12296 12298
E2 [eV]

Fig. 3. E2 vs. AE=E2-E1 plots of Hg references
and the certified reference material JSAC-0521.
Closed and open circles indicate the differences
by X-ray fluorescence and transmission XAFS
measurement, respectively. AE=E2-E1 vary from
0 to 13.2 eV with the changes of E2 in the range
from 12,280 to 12,295 eV. All analytical values
are distributed on a straight line within £0.3 eV
variation. The result of JSAC-0521 also
represents in the same figure.
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Fig. 4. Normalized Hg-L;;; XANES spectra and
first derivatives of dilute HgCl, samples adjusted
at the concentrations of 1, 10, and 100 mg/kg
with suitable amount of BN powder. Maximum
-minimum ranges of E1, E2 and AE were 1.1, 0.9
and 0.3 eV, respectively, in the series of dilute
HgCl, samples.
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Fig. 5. A linear combination fitting result of
Hg-Lij; XANES spectra in JSAC-0521. The
fitting was carried out by using Athena-Artemis
interfaces of IFFEFIT. By the fitting results,
weight ratios of Hg compounds in the
JASC-0512 were roughly estimated as follows.

HgS: 72wt% of 0.14+£0.01 mg/kg

HgCl,: 20 - 28wt% of 0.14+£0.01 mg/kg

HgCl: 0 - 8wt% of 0.14+0.01 mg/kg
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Particle Size Effect in Ru-Core/Pt-Shell Catalyst Nanoparticles
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Fig. 1. Positive scan direction polarization

curves for the oxidative desorption of a saturated
CO monolayer on 1.9 nm Ru-core/Pt-shell
nanoparticles and 2.5
nanoparticles in Ar-saturated 0.1 M HCIO,.
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Fig. 2. Fourier transforms of the k’-weighted
EXAFS spectra at the Pt L3 and Ru K edges of
(a) 1.9 nm Ru-core/Pt-shell nanoparticles(NPs)
and (b) 2.5 nm Ru-core/Pt-shell NPs (&:
photoelectron wavenumber). The circles are the

experimental data, and the lines are the best fits.
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Ru L7 J& 0 & Pt Jil 7 D FEIEALEL (Nry_py)
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Table 1. Structural Parameters Determined by
Fitting the Nearest-Neighbor Portions of the Pt
L;-and Ru K-Edge EXAFS Data.

coordination number  bond length (&)

NPI—Pt =69 Rpt-pt =2738

1.9 nm core/shell nanoparticles xp'u__i: z ;; gz::'-: ; gggg
Ru-r = 2.2 RRy-r, = 2.634

NF'I—P( =6.7 Rpt_pt =274

2.5 nm core/shell nanoparticles %:::: ; 12 gz:_’;:: ; g;gg
NRu-Ru =46 RRu-Ru = 2.666
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Electrochemical in situ XAFS measurements of Sn nanoparticles
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Fig. 3. X-ray scattering spectra.
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Table 1 RDF peaks of hard carbon.

No Radius (nm) | No Radius (nm)
@® 0.246 ® 0.512
@ 0.284 © 0.568
® 0.376 0.651
@ 0.426 ©) 0.710
® 0.492 0.852
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Fig. 7. Valence band structures of a-IGZO

films.

ZIZT. InORFEEOENE XVFELL
T 2720 BLEEH OB D EXAFS #l
ERERITKI LT 4 T o4 v TRAT %2 30 L 7=,
fENTIX, BT8O In-O FEAHEEICEH L, In
[Zxf LEESR 6 BAAL O KT T /v & L CHAT
ERM LU, ZORE, 4B In-0 #EiG &
2ENED In-OFEA D 2shell ET NVTT 4 v T
AT EITO ZENRHER, BTG
ERVICRT, WTFhoREHZB W T 4
fir & 2 B2 O In-O 5 & BEREAY 0.02 nm F2 5
moTREY, BEALNEAEETHDL Z L2
R END, BEDTZDIZ, InGaZnO, fi ik D
LA O In-0 A HEEX, 0218 nm TH D, #E
g & T 5 &L a-IGZO D In-O #if & HHEE
FAZED LIFEELS o TWD 0, Vy B8N
/N VBB TIE 2 BAZ O In-O 5 & BEBE AL
X0 LE< ., 4 BALD In-O FE A HEEE 0.02
mm REEIR->TWnD, ZCkL, V&
BN KR EWREEHCIX 28N 4B & B2 In-O
FEEHEERFEREVES o TS, LM

=)
(&)
N
g
Q
=)
~—'
2
RZ)
=
8
=
[
1 1 1 1 1 1 |
3.0 2.0 1.0 0.0
Binding Energy/eV

Fig. 8. Band gap structures of a-IGZO films.
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[1] B. Ravel and M. Newville, J. Synchrotron
Rad. 12 (2005) 537.

[2] H. Hosono, ERATO/SORST [ ] {b¥
T WEIE A VE M U7 HERE BR HE & i H R BA

[3] K. Nomura et al., APL 92 (2008) 202117.

Table 1. Analysis result of In-O bonding length.

CN| In-O length/nm |CN | In-O length/nm
Va Z®)/N | 4 | 0.231+£0.007 | 2 | 0.212+0.003
Va BB | 4 | 0.220+£0.001 | 2 | 0.246+0.002
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Oxidation behavior of silicon containing steel in heating process
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Fig. 1. Experimental setup for in-situ XRD.
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Fig. 4. Scale thickness as a function of process

temperature.

Fig. 5 1Z1%. 700°C I EM O Wriki TEM #8142
fERZ 8T, EDX 72 5 QNS 1 FRAT OfE 5.
FHE M Fer03 & Fes0, D 2 BB & T
BYO, A7 — L EEWOREIZIEIESE D Si
MBALERER SN TS Z ERHLNE RS
oo SIBLEIFFERETHDLZ L H . XRD
TR TE R holmbDEEZLND,

o 5 Fe,0: » 70
4 J -

3 _ ﬁ:’so‘s

A'—\

i

8. amorphous
EDX
(Si, O, Fe)

Fig. 5. TEM images of cross sections through the

scale formed at temperature ranging from 700°C.

Si MAF — VR EIZKIETEEIZHONT,
800°C LA FTIX, A7 —1LOREICHEEFTD
NS R — L ~D Fe OILEHIETE D
SIOIZEVLESND Z & TAZ—LREM
B> 7= DIT% L, 800°C 75 900°C TIHER
'E Si0; & FeO D It T Fe,SiO MAEK S 7=
Z & T, Fe DILEN AL —RITRY | Alr—
ANRARELEZEEZ BN D[5].

B XRD #15H L7z Si i = 77 — v
DEDOEFRILZIZEL Y, MAT v X TOHH
LB R O E Rl

S OMRE

SiE Mg o F b ' AR TE 2 &
WXV BES/ D o X T X TOEL TN
AIRE & 72 0 . SiIRINEH O B M BRI S
Do 5%, M/ DT T A L OMBT vk X
DOFARNCER SN DHKELZIDBLZEEN K
ETREEPMA L . E b BN BRI D,

2% Ik
[1] N. Birks, et al, Introduction to High

Temperature Oxidation of Metals, Edward
Arnold (London, 1983)

[2] T. Amano, et al, Camp-ISIJ, 16 (2003), pp.
1349

[3] C. W. Tuck, et al, Corros. Sci., 5 (1965), pp.
631

[4] M. Fukumoto, et al, Tetsu-to-Hagane, 85
(1999), pp. 878

[5] K. Nishida, et al, Kinzoku-no-kouonsanka-
nyumon, Maruzen (Japan, 1988), pp. 119



SUNBEAM Annual Report with Research Results, Part 2, Vol.5 (2015)

2013A5320, 2013B5320
2014A5320, 2014B5320

BL16B2

XAFS & SANS Z0tA L 728t Rl O fE B O (2)

Structural evaluation of steel surface in corrosion process
by using SANS and XAFS (2)
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Fig. 1. The layouts of the equipment of in-situ measurements.
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Fig. 2. In-situ SANS profiles of rusts of JIS
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Fig. 3. Mean size (left) and scattering volume (right) of rusts of JIS weathering steel from in-situ
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Fig. 4. Radial distribution functions of rusts of JIS weathering steel from in-situ XAFS.
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Residual Stress Analysis on Additive Manufactured Parts
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y y g

YIS E TR, PIET 7 /Y —
"Kawasaki Heavy Industries, Ltd., “Kawasaki Technology Co., Ltd.
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Fig. 1. Schematic image of powder bed fusion.
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Fig. 2. Schematic view of goniometer.
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Table 1 [ZFE RIS NERS R 288 5, B
BRATIZ X, +700 MPa 2 £ O 5| 5EF% &2 It 11 03 81
W, BB EZf+TZ Lok, 1ZFE 0
MPa £ T TE 2 Z b ONE -T2,
ABAERICED2EZT, R 80mm DY 7
NDFPRERMEZIY . JEHNS OWAT)
DEDEENDDL EEZEZLND, WEMEID
DWTIE, LD FOE O TN RE REE
ARLTHEY, WmBIZAZ T b ENRRY
BB DI ) & B L 7e 2 & R S
Do

WF LIS L BRI ISR W IR IS T 53
FAELTWDLZ ENHLNERY, MEZE
B RT I ENTE 2,

Table 1. Residual stress of additive manufactured

plate-shape samples which have full density.

Size Position Heat Residual
Treatment | Stress (MPa)
center 687 £ 56
20 mm
edge 511 £88
None
center 873 + 81
80 mm
edge 636 £ 91
center 38 +44
20 mm
edge Done -23 £ 55
40 mm center -52 £ 63

2) L—H— RT A — 2RO R

FEAE N T XA — 2 bl L7z &k CToiE
B DRl 2 Ffi 3~ bL—PF =T —%
70 W, 90 W, L —HF — E& M % 600 mm/s,
900 mm/s. 1200 mm/s, 1500 mm/s DO #iH N T
EHEL, EBY O LRI T D% T
FH L, 2B, L= —0OxAFR vy MRITK
100 um, FEEE XL 25um Th 5,

FER A Fig. 3 WC#iE 5, —@WHIEMED
RERPERDEEND OO, HEE DO
Ke L HITHEFMOEEIR B AL T
Do ZHUE, HWEEEZ GO D T2DIZ ANBDE
Z. BEENMEORBENRE LS RolcZ ERE
REEZBZOND, EHZIT, miks T CEUL
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Fig. 3. Relationship between relative density and
residual stress. Laser parameter was changed in

additive manufacturing process.
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Fig. 4. Schematic view of mock-up samples.

Measurement points and directions are shown.

Table 2. Residual stress of additive manufactured

mock-up samples.

Unit : MPa
AM Equipment A B
Length long short short
X-Dir. | 447£139 - -
Pos.-A
Y-Dir. | 415+£90 - -
Pos.-B 365+139 - 718+137
Pos.-C | X-Dir. | 61667 | 713+58 | 565+96
- 493475 | 534+111
Pos.-D
Y-Dir. - 524495 -
Pos.-E | Z-Dir. - 493475 | 487+36
4t ORE

RIS DZ G200 D NBVEZ | W
HIEE 3 5 72D OBGRIT SRR EEET D FikE
BFETL TV D, £ 6 O ABMIENT - B4 6L AH |
RRICHWEFZEMT 22 & T, &RHEE
W OWMIER~ER D EEBEZ TN D,

B IR

[1] HMFH#, 5z 6Ee, 20 (2015) No.5 170.

[2] B. D. Cullity, in “Elements of x-ray
diffraction”, Addispm-Wesley Publishing Co.,
Inc. (RAFFIRCRES (BR) . BTl X [ml 4 22
Fi. 77 %, (1980) 425.)
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Chemical Specification of cerium(IV) oxide in three-way catalyst under
changing gas atmosphere condition

mE TH, P B, A0 Eth
Chiaki Matsuda, Kousuke Nakayama, Tatsuya Taniguchi
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Kawasaki Heavy Industries, Ltd.
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Fig. 2. Measurement system of in-situ XAFS.
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Fig. 3. Ce-K XANES spectra of standard samples

of Cerium(IV) oxide and Cerium(III) acetate.
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Fig. 4. Temporal Changes of the Ce-K XANES spectra of (a)CZ, (b)6%Pt/CZ, (c)6%Pd/CZ.
E( : Absorption edge of the first spectrum, E; : White line of the first spectrum.
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Fig. 5. Temporal changes of the average

oxidation number of the Ce K-edge XANES.
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