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The atomic scattering factors are measures of the scattering power of
individual atoms. Each element has a different atomic scattering factor,
which represents how strongly x-rays interact with those atoms. F(0)=Z
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SAXS
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Advantage of synchrotron light source e
* Collimated emission i ml :'
* High intensity i |
* Continuous spectrum (except undulator) !i ]
* Small beam size 5 1 off
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Local region measurement using microbeam (ca. 1 um)

» Time-resolved measurement (Exposure time: ~ms)
» Structure characterization under mechanical deformation
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Scratch tester

Puncture tester

Bulge tester

Strain

Fatigue tester

sample
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Polystyrene-h-(polyethylene-co-

104 "o amncaling butylene)-b-polystyrene, SEBS
%  —amnealing P L i 13 wt% polystyrene
10° a ) Mn = 181,000
PDI=1.20

Intensity / a.u.

1.

0 02 04 06 08 1 12

no annealing annealing
Scattering vector, ¢ / nm! = -1 = -
.
= 0238 nr®, 0U36 norr?, 0.45 nme* 3 .
1 W2 3 [ 2 1 a
AN0)  (@00) {2} —

Spherical microdomain packed
in body-centered cubic (BCC) latfice
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Stretching rate: 0.04, 0.2, 1.0 mm / sec
Exposure time: 1.0 sec

interval : 2.0 sec (0.2 mm / sec, 1.0 mm / sec)
4.0 sec (0.04 mm / sec)
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Strain

SAXS Pattern
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(Stretching rate:0.2 mm/s)
396 s
Maximum strain 3

— LY

(Stretching rete:0.2mm/s)
480 s
Maximum strain 5
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(Collaboration with Prof. Z. -B. Guan, Dr. Ishige)

¢ G.A. Williams, R.Ishige, J. Chung, O. R. Cromwell, A. Takahara, Z. Guan, Adv.
Mater., 27, 3934-3941(2015).

* R.lIshige, G. A Williams, Y. Higaki, N. Ohta, M. Sato, Z.-B. Guan and A. Takahara,
UCrJ, 3, 211-218 (2016)
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Photonic Crystal in Nature

Characteristics

Xp/003003041 FRa@ ISR 37— 3% R A 5E
EiEEOEL AN/ IOZZL) SIEDT

THTN FCC Crystal -
A 2 Polymer grafts, . i crosslinks
olymer g o m
—— I T
S o
-l

ke S

USAXSICLB AL/ D0307T01 FEdE ISR v —DiE & M fcc 8

° 10-40

—I_calc

Meridional

WAXD detector 3
P direction s
=
B
2
8
1 Equatorial £
| j direction fec lattice model
-
sample SAXS detector
P (P 0 o1 02 03 04 05
/nm-? .
arnm Polymer fraction
a‘nm o o/nm R/nm R Dimm o
10-35 355 0.065 0.0025 96 0.045 980 @ Q
10-40 375 0.08 0.0025 97 0.04 980 @ @ g
8-123 72 0.07 0.01 14.9 0.035 240 I+ ]
8124 56 0.075 0.01 14.7 0.045 240 2 a o
8-125 81.5 0.11 0.01 14.9 0.033 240 @ e |
a, g, 0, R, 0,, D represent lattice parameter of fcc lattice, degree of imperfection for the @ Q [}
paracrystal model, standard deviation of the line broadening function, radius of nano-particle,
standard deviation of R, and grain size luated from the line ing, respectively.

G. A. Williams, R.Ishige,J. Chung, O. R. Cromwell, A. Takahara, 7. Guan, Adv. Mater., 27, 3934
3941 (2015).
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04
Meridional
BL19B2 direction g 03
[usAxs] H
g o #
& o
through s Equatorial v
20 direction T T

Z Strain/%

SAXS detector
IP

y
aP) z
X
[)‘-H" edge] X-ray wavelength: 0.0688 nm = SPNP molded film ) mm-

Camera length: 41,800 mm

Through

6-fold symmetry

2-fold symmetry

Orientation of macro-lattice is investigated by the
anisotropic scattering peaks

Upon elongation: Decreases in symmetry of USAXS Symmetry
Deformation of fcc lattice

Increase in particle distance

Local strain (g,. &,. &)
g, :x direction
&,:y direction
&z direction

Lattice vector of fcc (a,. a,, a;)

a,=(c0530°)g, di - (sin30°)s, d j

a2, =(c0s30°)z, di + (sin30°)e, d j

a,=(12)Gs + 5, e )i~ (275 Je, e
L, mgxa o _axa,

e e T

R. Ishige, G. A Williams, Y. Higaki, N. Ohta, M. Sato, Z.-B. Guan and A. Takahara, IUCrJ, 3, 211-218 (2016)
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| USAXS & Stress-Strain Behavior under Uniaxial Stretching bhange in Selective Reflection ‘

USAXS Results Reflection Spectra

foc Crystal Eg&\‘ Hebond
Polymer grafis, AR, cfcsslmks
i e

Silica core—@%’;,‘ 2 i
e ﬁ =
n1] n 10]

Change in dy,. of fce Lattice

;g*&‘ o

Stress-Strain Curve

Strain 35%
Structural Change.

Stress/MPa

>
7 Strain 35% i

3 " | Stress Plateau e

205 L e [T

%% w0 w0 F I L
Strain/% Strain/% ® i

e

fce structure was gradually deformed until 35 % strain - — e
and subsequently changed from [111] to [110] orientation. L] = L L =

g e

Shift of visible-light reflection band during uniaxial stretching was well
consistent with strain dependence of d;;; and mechanical behavior.
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B Sample
Isotactic polypropylene (i PP) iR f=0.1Hz
ch ------ e

g M, = 67,000 5d=°'°°,5\ )
</ /) M, = 250,000 /M \W/ S \W/A\ /gs
\V4 \ AV ARV 4

Ty 1 X T

strain

0 10 20 30
Time / sec
ERANRS 5

= EIMUTH x YUTE

FESLHFRT : 200 ms

SRR : 1 sE(F500 ms

FERE: 0.1 Hz
S. Nozaki, S.Masuda, C. H. Cheng, C. Nagano
K. Yokomachi,K. Kamitani, K.i Aoyama,

H.Masunaga, K. Kojio, and A.Takahara, ACS
Macro Letters, 8, 218-222(2019)
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Local E’ [GPa] bulk £
sample (110) (040) (113) (6Pl e,
— RS
== 13 1.3 6.6 0.8 RS D
R

1.0 1.1 5.7
100 pm

2.0 - 6.2 1.0

1.8 2.0 6.2
T

3.0 - - 2.6
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UTzippiEee
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1. Sakurada ol al. J. Polym. Sci, Part C: Polym. Symp. 31, 57 (1970).
© 1. Sakurada ot al..J. Polym. Sci. Part C: Polym. Symp. 15, 75 (1967)
© K. Nakamac ot al Kobunshi Ronbunshu, 42, 241 (1385)
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Be e 4 ]
ol e :' 0 |
X-ray I e |
? JE@NO— L T L
Fluctuation of speckle intensity
X-ray &r

Intensity

Time autocorrelation function
AR <1g.01(40)>

steady fluctuation of 2,(q.0=

scatterers ’ <I(g,1) S2
M Features (g : scattering vector, 1 : time)
* e.g: JIVVEE)
Dynamics
1) = Aexp(—2I7)+1
Yenm scale 8>(q.1) p( ) 1
Y Contactless g’

Y Measurable for opaque sample

200

/re\axa(ion time
1/2r

T. Hoshino, H. Jinnai, Y. Tanaka, A. Takahara,, J. Phys. Soc. Jpn., 82, |

021014 (2013) e

Toward Dynamics
X-ray Photon Correlation Spectroscopy, XPCS (BL19LXU@SPring-8)

;c;l_..-i-J_:*.-:'ri T xil

o o
[
' "= ne -
| Schematic of optical system of XPCS ) gy ¢ rotron Radiation, 19, 988-993 (2012)
Auto- lation functi = N
. :iuﬂq.d o Amcomsisiontmciin, gk B
mopysst:‘r::;gra od nanoparticles o £ m A=Y} 41 o ETOFRH—
F P - Ay e |
- PR e : -
L s T 2l g
- silica particle: b it i’y -, TR
diameter: 110nm , 1.0 vol% ° - ‘ 3 e
* PS brush: Analyses based on “Continuous Time Random Walk (CTRW) Model™ el -— ]
Mn=23000, Mu/Mn=1.41, 5 " 0 P
0.28 chains/nm? il WU i e S .
*PS matrix: Pyt |y A ]

Mn=10500, Mw/Ms=1.09

T. Hoshino, D. Murakami, Y. Tanaka, M. Takata, H. Jinnai, A. Takahara, Phys. Rev. E, 88, 032602 (2013)




GI-XPCS (#/h B A ay Photon Correlation Spectroscopy)

M Features
Y Dynamics
coherent Yenm scale
X-rays Y Contactless

Data analysis |~

fluctuation of intensity
T T
— Fas] e 7
N

% Surface & Internal

G/-XPCS @ BL19LXU, SPring-8
=Transverse coherence
£, ~15x123(Hx V) um®

calculated from the size of the
light source (113 X 14um?)

1(q.1)

=Longitudinal coherence

& =2 /AL ~1pm
[— g<1 nmis possible |

— .
time autocorrelation function
<I(q.t+A0I(q,t) >

&,(q.A0) = > *Incident angle
<l(g,0)> >
(g : scattering vector, 7 : time) 6=0.14° \ -
o g H@DIG0) > (< 0) ol

<l(q.0)> e

GI-XPCS (homo-PS & PS-POSS /&) (1B FZE M,=2.5k )

PS & PS-POSS thin films (60 nm thick, 393 K)

Time autocorrelation functions

[22(q.0-11/2:(q,0)-1]

o “ 0
fitting curve : &,(q.1) = Aexp(-2I1)+1

T T
12 14x10°
q(m’)

The relaxations for PS-POSS were much slower than those for PS.

T. Hoshino, S. Nojima, M. Sato, T. Hirai, Y. Higaki, S. Fujinami, D. Murakami, S. Ogawa, H.
Jinnai, A. Takahara, M. Takata, Polymer, 105 (2016) 487-499 (2016).
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‘ FeCLOBRREBICAVSERICL > TRE<HEAENS Hirai, Takahara et al.
J. Polym. Sci., Part A: Polym. Chem.

Press Release 2015, 53, 2075-2078.
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SPring-8 BL40B2

Wavelength :0.1 nm
Sample : M, = 8,000 o
Detector :IP (821 mm)
Exposure time :60 sec
Incidence angle : 0.12°

Type 1 Type 2
3

- L -
SERAMICHERIETFOEEOERLD
PR BRI FE

B SREEEDIREEL R GIEICEE
Lo S RORSKTFIEORFAN LE

3 2

y 3
nm-’
Type 1 gz[nm"]
a=241nm, b=0.74 nm,
¢=5.98 nm, s =108°
Type 2
a=2.38nm, b=0.74 nm,
¢=6.00nm, g =71°
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HIGRE N FHROFESH BOBERER (TH. #8)

105 ] % =0.1 nm : Hard X '—
g 2 RAERE LT
10t Dl BARSHEMITIM
£ -
§10 BAAICLBRARSOF MR
‘*%102 | £ —05nm | —%=05nm : Tender X |—
5 t & RAERAA LT
8101} i BARSHE LM
e S t -
0 18I0 LB B AREOHBETHE
10005 04 06 08 10 HACLBBARLOMMITH

a;/ incidence degree

—

BIEPICEFNIMIBEROBERITH LU
RSHAOHERFEOMHBACIE. Tender XERNF A

Tender X##% B L\ /=GIWAXDAIZE ;&

5 wt% Chlorobenzene solution
3000 rpm

annealed at
463 K for 12h

Ctaw:> -

Pilatus3 300K
NIMKFE—LF1U/ SAGA-LS 9.
Wavelength :0.5 nm

Detector :Pilatus3(314 mm)
Exposure time :300 sec

v

sl B

ol Pilatus 300k

,000) DFRE ARDIEEFN

PAC12PDEEEE (M, =

AKRE=LIFMV
Wavelength :0.5 nm i
Sample : M, = 8,000
Detector :Pilatus 300K * &
Camera length :314 mm*
Exposure time :300 sec ¢
Thickness : 126 nm

Type 1
a=241nm, b=0.74 nm,
c=5.98nm, g =108°

REAEOHEERIELTHN.
—%  EHRBRHMEIRICEELEdge-on
HEET R
-
FEROARHEDREE L=
HiE (MR 1)) s>
rFAE—MICRE

PAc12PDIERR (M, = 8,000) MRS A M DIEIEM

AKRE=LIMY
Wavelength :0.5 nm
Sample : M, = 8,000
Detector :Pilatus 300K
Camera length :314 mm = |
Exposure time :300 sec
Thickness : 126 nm

™ ! n -
e i, it g be, ity o
«  EIRFE ClEFlat-oniEEhitE

o SEERNERICIE. Typel, Type2 s &hGRTE
¢ REEETEFERNIERICEELEdge-ontEENRE

PAc12PDIBIRD I F G LB SRR

HENSOEE S AZHT(0.6° A=120nm))

ey Ay

| [ ———

1 -9 4| S R
= 5 | a
\/ane 20, L 4
T § [t -=]]
1o@ = [ 1@p @ i |
o@ = | 1@D(p)dy ih f""- : .
Flat-on&Edge-on® L _;_,r‘ iatg |0
/2 1 F
. e
W@~ [ omlingldp i S,
0 0 [\ & 9y v :
i=lor2 e P Agimmih | fgran

PAc12PDIBRD > FIH LSS

o 0) )
T T T T
0.2 (4 nm) 100
0.4 (8 nm) 100 0.0 0.0 0.0 0.0 0.0
0.45 (11 nm) 93.6 0.0 6.4 0.0 0.0 0.0
0.5 (25 nm) 84.3 1.9 13.8 0.0 0.0 0.0
0.55 (50 nm) 561 2.9 35 07 264 105
0.6 (120 nm) 17.8 1.0 24 0.8 49.6 28.4
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* Fluorine C-C 1.54 348
Small Atom:van der Waals Radius C-F 132 485
Most Electronegative Element Cc-Cl 1.77 326

*C-F Bond

Short and Very Stable
Low segmental polarizability 3.66x1024(cm?3)

. B

Small intermolecular interaction
Low surface tension
Low index of refraction

o

Surface characteristics: friction control,
wettability control, lubricant,
solvent resistant coating

BKIEORBERLHICTS

IAETIFINTDIL— b RR)I—DERBIMEE (H7 A RE LRI R)
CF h'8LL ET R IFIH#HEKIE
400 -
o PFMA-Tm
= PliFA .
3%0 - o o Ysy=7.43mNm!
X ° PFMA-T
T 9 PFATM
= o
2 300 - N o Structural Origin
L R of Hydrophobicity?
- o
PFA-C, PFMA-C, w0l ° .
X =1fory=12 X=1fory=12 PFATY
X =2 for X =2fory=4,6,8
y =4,6,8,10 200 | \ | | )
0 2 4 6 8 10
K. Honda et al.,Chem.Lett., 34, 1024 (2005). Number of CF,
K. Honda et al., J. Phys. Conf. Ser., 100, 12035 (2008).
K. Honda et al., Macromolecules, 38, 5699 (2005). fﬁtﬁiﬂ‘]m%ﬁﬁ:ﬂ?ﬁk
-K. Honda et al., Macromolecules, 43,454(2010). GIWAXD

By RoHEfm A I E

Droplet volume : 50 uls

T=292K . 1 o
-80

140,
% tact .\ 2}
B120F cing contact angle 62 .
2 o, PERME
e 5 1°F 6, were independent on
B100 = independ
£ & fluoromethylene number
[=
[s] Q
o 140 3
© 80 )
E )
S ool o .
&80 # B
A Small 6, for PFA-C, withy < 6

B

L i >
Fluoromethylene number of R; groups and 6, increased steeply fory 2 8

The surface reorganization occurred by contacting of water
for PFA-C, withy < 6.
Origin of hydrophobicity ?

GIWAXD PFA-C8 2D Detector

oo fop Scheme 1 Chemical structure of of
e poly(2-(perfluorooctyl)ethyl  acrylate),
O//C O—CH, CH;-(-CFf)—BF Rr group (Mesogen) poly(FA-Cg).

Fig. Grazing incidence wide-angle x-ray diffraction pattern (GI-WAXD) of the poly(FA-Cs) and corresponding
structure model of the smectic B phase. The x-ray incident angle a; was 0.16 degree.

V. Volkov et al., Polymer 1996, 33. 1316, Honda. K et. al. Macromolecules 2005, 38, 5699

* R groups : perpendicular to the surface and form bilayer lamella
Structure (Smectic B)

» Surface is covered by CF3 due to themimimization of surface free
energy

- - AXD ;I - *:annealed at 333 K
PFA cy GIW. D ;ﬂji **:annealed at 348 K
Hexagonal
In-plane pack/iq Out-of-plane | amellar
Powder - struecture-:
Lamellar | | s parallel to
tryctur | Hexagondy { | thesurface
W l\ packing | = Sharpen g Pl
. i & a |
s J\M\\ PFA-C, ﬁ‘ B i
.% A g E i .- i PR
g £ El i/
- | — AL
L A W s e = R e e 23
ghm? c"I_“mr i 5 JJl-|-|1IE' N E
_d4zsing "
R; groups : perpendicular to the surface A

> Both of the orientation and order of R; groups and lamellar structure
were increased by annealing

BRETHLS NARAN EOREORE FTETHH EFMI B0 , PFACEM (#0190
§POY) COVTRES SERABAETOERE METOUE — AWAXDHZERIEL T .

xray 5 puminterval
Y SHminterval

Sx

<

Scan direction

. ==
X xy plane xz plane
b d) =7
(b) ()=i G,
Y z ° ° . teoum % e Q
T—o <2 B
z
Start position 2 %
X X=0pume._ E o o . N
'- 5 20f 85um cosoum Qq : EERLERBORDRE
| DA Yool 0 REABORRE
= . ° Q:Lzl‘(,u}‘smp‘d,u_ i=lor2
[ 50 100 150 200 250 300 3!

X/ pm
Figure (a) geometry of WAXD of PFA-C, thick film. (b) Microscope image of the thick film.
Cartesian coordinate xyz is inset the images where x-ray incident beam is parallel to the y-axis and the normal of the surface is near
the x-axis. (c) WAXD images taken at each x position (d) The integrated intensities Q; in the oriented region (open circle) and @, in
the non-oriented region are plotted with x
QEQNEASFHEL LEAEBOEHIE14umTH 2 12 .
R. Ishige, T. Shinohara, K. White, A. Meskini, M. Raihane, A. Takahara, B. Ameduri,
Macromolecules, 47, 3860-3870 (2014)
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PFA-C, MR E 7 FHESREIE BHEANROVRRESTA

&

120°

Main chain— =~ Water Fluoroalkylsurfactants: Various

‘i applications

PFOS [F(CF,)sSO3H]

> Slightly tilting R; groups
. (Perpendicular to the surface) .

R .
oo 05 | PFOA [F(CF,)sCOOH]
" Hexagonal packing
s i Perfluorooctane sulfonate (PFOS) is a persistent organic pollutant, with poorly
pace. L4 E P - X -
r Wy i understood but significant health risks to wildlife and people.
Carbamyl ! http://www. e.org/ i / ds/PFOS/2001 htm
group _ The half life for PFOA and PFOS in our bodies are estimated to be more than four
Annealing [ > Lamellar years,49 and over eight years, respectively
structures (Parallel http://www.oeconline.org/our-work/kidshealth/pollutioninpeople/report/chapter3
to the surface)
Study on bioaccumulation factor vs perfluoroalkyl chain length
r 4 revealed the low bioaccumulation at CF;(CF,);-
Before annealing L ; i ; 3 .
< Coexistence of different ;';1“:‘ gfsg’ﬁgé"%ﬁgsnﬁ'ier than Purpose: Design of hydrophobic polymer with short FA chains.

orientations of R; groups
. Slightly tifting Rigroups

5 (ca. 1159

_"ﬁﬁn'lt't —

Dynamic Contact Angle =
. Probe Sample Dynamic contact angle/
- - 0  0F AP oF 1
: R PFA-C, 132 52 80 58
g . Water (50 uL) PFMA-C, 120 80 40 28
e R e WY (| el s n=72mNm"  oF 120 79 41 30
- - a-Cl 119 84 35 26
PFA-C 93 61 32 >80 PFBA  PFBCIA
n-Hexadecane 4
AR (5uL) PFMA-C, 78 57 21 40 Bulky ot-substitutent
k. T ] =27 mNm'! o-F 76 68 8 14 gives low contact
a-Cl 75 69 6 12 angle hysteresis

by e et & Advancing contact angle, & Receding contact angle, Ag: G—-

&, o sliding angle Presence of C-F

group in a-position.

BEKMET SR B RBNEN FHERT

EAFRERTSVEFEROKCTENRT L. ., Tty
K TR E S PR R B3, taR ﬁ&
pvg
" n
H-C— CO; (CF2)gF  CHy=C- COZCHJ H-C-OH Cell Membrane
CH, CH, CH, 0 Ol
e (CHCHOMCH oS (CHp)0-P- omHmNCH;
mPFA G puma PVA  PEGMA i), CH g (CHy) rﬁcu,),so, CH;
Ch CF CHy CH;-?—)H— ° ®
Water ‘ _ PHTAC PSPMK PMAPS PMPC COO(CH,),0P05(CH,);NMe;
inalr -- ‘ e
— C— .h

s g =
e T 'l' o T 3' ) T -

59°

Hexadecane S
pave v 7] ”
89" 119 13 1517 176" 17! 175°

<5

ke l ke
ysv(mN/m) 87 438 596 612 724 729 63.1 745 e
. e —_— —_—
M. Kobayashi, Y. Terayama, H. — s kis{lst1eel3s KRS

1y ' Yamaguchi, M. Terada. D. Mutakami,
z ‘ “"“’;. ! R ) K. Ishihara, A. Takahara, Langmuir, TIVEREKPTRETIERNENOTVES—lHERRITED. Z0% . HEGERMORENTLK,
IS in e 28, 7212-7222(2012 53 D
3 " ’ - FSUBKERH, WERELNBES,
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LIRS R [T NEREY
o Taserws o
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o

(CH),0- zeo(cm,ncm (o) rﬁcu,y;soa

-

. Settlement inhibition order: PMPC > PMAPS >» PMTAC > PS, Si wafer,
Glass
. Searching action inhibition effect were hardly observed in all substrate.
3. The low adhesive force between adhesive part of mussel and
polyelectrolyte polymer brushes leads to the effective anti-settlement
effect.
4. Polyammoniumcation (PMTAC)

N

RIY—T3hDKDIEE
X-ray Emission Spectroscopy(XES)
Soft X-ray absorabion Scht X-ray amission

Prof. Harada & Mr. Yamazoe

R = @ oo
Walsnce
[ —ee- | U _ge-
1 ¥

+ 1 ) " *r"'@

kS W F
—g== Innershel _ag

M core excitation

M dipole selection
M photon-in/out

=element-specific
=>orbital-specific
:Ion% probing depth (~1um)
icable to insulator, solution, gas etc..
M polarization =>or|entat|on angular momentum selection

Water Structure
(SPring-8 HP)

. lb{ 1b.”
W T T L = ]
e | |
=l
1 5
g & \
] - rars v

T. Tokushima et al., Chem. Phys. Lett. 460, 387 (2008).
C. Huang et al., Proc. Natl. Acad. Sci. 106, 15214 (2009).

REABRETCTORII—T50ROKOEEFFME

Liquid flow through cell

X-ray
transmission
apperture
3x0.3mm?

.'*;-

nn.-nfn

SiC membrane

@ SiC : 150 nm
:11nm

Soft X-ray |

i
emission
.

Soft eray'-/. o r
excitation 2

Polyelectrolyte bru:
on SiC membrane

s
Polymer brush: 100~200 nm Humidification system

K. Yamazoe, Y. Higaki, Y. Inutsuka, J. Miyawaki, Y.T. Cui, A. Takahara, Y. Harada,
Enhancement of the hydrogen-bonding network of water confined in a
polyelectrolyte brush, Langmuir, 33, 3954-3959 (2017).

SPring-8 BLO7LSU §

HORNET station LR L Lo
mAEE 1111
L -
1.1"‘1 4 1.'
L #
w | f

&

R L Ly

EOFEBRET ZVKIKOERICEITS
«g KRFY NI LERALL.

T
n‘\h —
Haf r i e
Tetrahedral b . L . | b i =] S’“
20-30% SIS EMd DY AN BJT &M Distorted :
Photon energy (eV) 70-80%

o

T.; Takahara, A.; Harada, Y. Langmuir 2017, 33, 3954-3959.

Yamazoe, K.; Higaki, Y.; Inutsuka, Y.; Miyawaki, JI.; Cui, Y.-

Water in PMAPS brush is similar to bulk water
S e e e e s i S e s

XES, O1s non-resonant

g Ty s PMTAC brush PMAPS brush
5 | — PMTAC brush " "
g8 E{MS\PS brush Moderate Excellent
% ? Antifouling Antifouling
[=
3 1b, . f
N N Effective charge in
g y - sulfobetaine is neutral
1 i
S |m==r .
L2 PRI NI SR MR R
520 525 530

PMAPS
Emission energy (eV)

%fn Lo
o~ NS0

M. Kobayashi et. al., Soft Matter 9, 5138 (2013).

Tetrahedral

KOWEGERBEE. PEHCERCEELTNS

Tetrahedral Distorted
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BRIRE—F: 1~ 10 mmOIFFEDREH —
BKIEOBETHESN L0 Rl

Galling aphid coat their honeydew with

microscopic wax particles®
honeydew

Lyophobic
particles
1 mm

——

Air
P L L LR '
1 Air layer prevents the contact H
! of liquid. H
1
H B
! i
T iAir layer gﬁ:
I
'

HAROMERSE. BNLVNRIEAEER

Tk — T (laui e p WHF TREALSNIEDEROE]
&K —E (liquid marble) : JE{T DR IAD H HE R Foab b P42 L

NAALH A+ (TS Fa—T) OFREHKIE

Modification: Hydrophilic  Hydrophobic

. L : n E R R I
e PFOTES: 1H,1H,2H,2H perfluomftyltrlethoxysﬂane F,JLVW\/\s,i/\
e ODTMS: n-octyldecyltrimethoxysilane R R s
\\ /
/\/\/\/\/\/\/\/\/\?fn/
K

\LLLLARLY G l/,'l'|’l/;,/
- 7, ,;4 W

b
.

=

8
" HNTs-ODTMS

R 164.1+2.7¢
Materials:

* 1g of halloysite;

e 50 mL of toluene;
« PFOTES (or ODTMS)

H. Wu, H. Watanabe, W. Ma, A. Fujimoto, T. Higuchi, K. Uesugi, A. Takeuchi, Y.
Suzuki, H. Jinnai, A. Takahara, Langmuir, 29, 14971-14975 (2013)

N7t REFEFITIERTEGL 62
Contact Angles Liquid Marbles
HNTs-Raw PTFE NP (35um) S-ODTMS Marble Prepared with Different Liquids
[ .3+t4.4¢ 0==1.0° AR . Qe D
<10 e S 102.0+1.0 H,0 on on on CHala w7 Vf;d/e\/ VP - VIT:CVN);N!@
y=728 y=634  y=50.8 y=59.3 y=502  y=302  y=60.0
HNTs-
HNTs-ODTMS ODTMS-HNTs ODTMS-HNTs

164.1+2.7¢

- b o

High Adhesion and High Hysteresis of Apparent Contact Angle
Cassie Impregnating Wetting Regime
Rose Petal Effect 63

HNTs- Can not Can not
ODTMS Form Form

HNTs-PFOTES is more hydrophobic than HNTS-ODTMS.

Sen, =27 +2(71 d7sd))5 + 2(71 p7sp))5

Ssy, is large enough (>9.8 mN/m), liquid marble can be formed o
6

RALEBKERRORAOBECRAE-ENRE N HIEICEE

Direct imaging of liquid/particle interface by X-ray CT

Rotation SPring-8 BL20XU:
Energy: 12 keV

re ; bt I [elen)
= 4(. +—8amplel |oamerg|  Prolectionn: 900/180°

Pixel size: 1.0 ym

XERCTIGKERKEM ROBEN LR EOHEEE AR

) Structure af ter Marble

Self-repairing after cutting
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Self-reparing of a HNTs-PFOTES/Water Marble

-

30 ms 40 ms

160 ms

HNTs-PFOTES water marble can be self-repared due to the larger spreading coefficient.

67

XPCS

(Chain
dynamics)

GIWAXD

GISAXS

(Surface
Compos

USAXS &
SAXS

XES, XAS
(Water SRR
structure) (Thin film,

water
structure)

XAFS

(Polymerization

SR X-ray CT

(Imaging of
buried
interface)

X-ray
Microscopy

Brilliant Source, Various time and length scale, Element sensitive
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FREREL, SFTE=E, UARE, FERE. ML, S
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St
Hik: 387 > 7 x> /4H-SiIC(0001)
(BADARIE, 0°-0ff, SiCrystal AG, CMP treated)

« BARDTESME - UHVAER T = — )b (T pe = 500°C, ~10hrs)
!
- BiFE LT = —ILE
Ty =-170°C, 2X 10 Pa
73 L — b ~0.01 BL/min (1BL = 18.5 atoms/nm?)
©®=0.19BL — 1BL islands
©®=0.57 BL = T, ea = 25°C, 30min — 2BL islands
©=085BL—T, 80°C, 60min — 3BL islands

anneal =

SBE
LEEDIE
C 1s, Bi 4f, 5d PIFRPES (hv = 680eV, 70eV, @40K)
ARPES ITE (hv = 15eV, @40K)
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Cd,,Zn,0(001)D3XTT/\ Y Filhs
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CuPc(5.0 Nm)/SiO, [W.Chen et al., Appl. Phys. Lett. 91, 114102 (2007).
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Clarification of mechanism of activity enhancement for

oxygen evolution reaction on the metal cluster-loaded
layered double hydroxide nanosheets
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Electrocatalysts for oxygen evolution reaction 2
Layered Double Hydroxide

Oxygen Evoluticn Reaction [OER)

& Slow kinetics
# 4-electron transfer step
% High overpotential

Development of mighly active catalysts is indispensable.

H,0=0; +4H + de
123 Vvs RHE

Layerad Double hydroxide: LOH

Fﬁﬂmmm Hydroxide nanoshest

R O B [ e 2
Waier N M=, Cu
ﬂ.rﬂ:ﬂ‘l - .{ " & ,{ N ". '-1:"" F(‘."-“ K+
* Ca? AP

LDH nanosheets show high actvities for OER.

WP =
3 4
Objectives ==Y Synthesis of LDH nanosheets %
Au/NiM-LDH nanosheet Other metal clusters? @ Preparation of LDH nanosheets Anion NFeLDH
Ni(NO3),*6H,0 | Hydrothermal . exchange, Nalnoesheets |
- Charge transfer Efrlg;los)g.gHQO treatment v Exfoliation "\ iFe-ns) g
- Catalytic performances

-Ensemble effects

Further activity enhancement

This study

@ Investigation of effects of clusters on
catalytic  activites of  NiFe-LDH
nanosheets for OER

@ Development of highly active M/NiFe-
LDH nanosheet electrocatalysts for
OER

NiFe-LDH nanosheet

G. Abellan et al., J. Mater. Chem., 2010, 20, 7451

TEM

Monolayer NiFe-LDH nanosheets were successfully prepared.

Catalytic properties of M/NiFe-ns

Summary

Reaction steps for OER

M3  +H,0 - M¥—OH +H*+e (1)
(M*—OH —M¥*=0 +H+e @)
( M3*=0 + H,0 — M**—QOH + H* + & 3))

M3*—OOH —M¥ +0O,+H"+e (4)
Strong : Rate-determining step (3)

M3*=0 bonding energy .
Weak : Rate-determining step (2)

Excess amount
s e o

NiFe-LDH: Strong bonding energy : (3)
Decrease of bonding energy
— Decrease in OER activity

N2+ Ni2* Fes*

Activity enhancement by control of oxidative states of Fe3*

active IrO,/NiFe-ns through dual enhancement.

€ Loading of Au, Pt and IrO, clusters enhanced the catalytic
activities of NiFe-LDH-ns.

€ The activities of NiFe-ns depended on the oxidative
states of Fe3* active site regardless of clusters.

@& The IrO, clusters also works as OER catalyst and
IrO,/NiFe-ns showed higher activities than those of Au,
Pt/NiFe-ns in the more positive potential.

We clarified effects of loading of clusters on catalytic
activities of NiFe-ns and achieved to synthesis highly
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Renewable energy-  Oxygen Evolution Reaction Layered Double Hydroxide: NiFe-LDH nanosheet Enhancement of catalytic activity
derived electrici OER LDH {
ty ( ) doice — .= - . Com::jnaltio{l with
40H- - O, + 2H,0 + 4e- nanosheetm ......_-.- = - ‘ I oliation gold clusters
1.23 Vvs RHE Water =~ = Moroiyer b }‘.l ‘ Improvement
(in alkaline solution) Anion E O O O A LDH nanosheets ~ of conductivity ~ Au/LDH-ns

Carbon nanotube (CNT) /N|Fe—LDH (LDH-ns) electrocatalyst

@ 4-electron transfer step ) ’;I 1= Au cluster e b -Change in electronic
0, @ Highoverpotential 2' Hydroxide nangshiet - — Iy | S -Stability states of Fe® active
Slow kinetics ma, M :ma" S:G‘ b ] _,!" ! _% 21+ -High conductivity L sites
\ T ¥
: : M?: Mg2, Zn2* J.Am. Chem. Soc. 2013, 135,846 —

H,0 H,0 Il_“gthly aftllvet 3 LLELLS Y Improvement of conductivity Synthesis of a highly active LDH-based
Water electrolysis glectrocatalysts @ Low conductivity @ Instability of carbon materials electrocatalyst by loading of Au clusters
Results and discussion

Synthesis of NiFe-LDH nanosheet Characterization of NiFe-LDH nanosheet
Ni(NO),-6H,0 : 60 mM | [NiFe-LDH CO,> .
. =0. nm L
Fe(NO3);+9H,0 : 20 mM +—ClO, exchange solution ) | NFelDHCOR . ] !
Urea : 140 mM Methanol + aq. HCIO, d=0.921nm
Distilled water : 40 mi 50 ml (CIO;/CO*= 2.5) _LJL__,EF:&“C&
Triethanolamine : 50 mM Stirring with Ar flow : 1h N, (00 (O 03610
Washing : methanol ] S 388 8
Hydrothermal Drying, 24 h S g 8ee ¢
treatment T % s R
150°C, 36 h [NiFe-LDH CIO, 20i8ees)
Washi dnvi F d Enlargement - |NiFe-LDH COz> V(CC;™)+(CIOy) B
lashing, drying «— Formamide _ H
= Stirring with Ar flow 3 2
NiFe-LDH GO ‘ " g m c
Ni:Fe=3:1 f NiFe-LDH nanosheet £ |NiFeLDH cio; H
(NiFe-ns) £

VY

T T T
4000 3000 2000 1000
Wavenumber (cm")

G. Abellan, et.al., J. Mater. Chem., 2010, 20, 7451
lyi, et.al., Appl. Clay Sci., 2011, 54, 132

Height (nm)

Synthesis of gold nanoclusters ——— — Synthesis of Au/LDH-ns —

DMF : 5 ml DMF : 5 ml DMF : 5 ml Colloidal Au: 30l | % 2
HAUCI, in DMF HAUCI, in DMF HAUCI, in DMF [ NiFe-ns: 150
:100 mM, 150 ul‘ -f:mo mM, 150 u|‘ 1100 mM, 375 ul] | ife-iied150E E

Heating with stirring  |Heating with stirring | Heating with stirring Mixing, stirring

:150°C, 4 h :150°C, 8 h :150°C, 2 h

Au/NiFe-
‘Au cluster : S ‘ ‘Au cluster : M ‘ ‘Au cluster : L ‘ [@ -
~ [Au ratio : :I - g
- 4 o
A Au cluster i OlgEste
HAUCI,
A 12 pl
Drying at 125°C
DMF—s s 150C ) .
Colloidal solution (10 ppm) Au/NiFe-ns Cluster Slze : S < M < L

on rotating disk electrode

XAFS measurement (Au(S)/NiFe-ns, 2wt%) Catalytic performances
20/ LSV (iR-corrected) Effects of Au ratlo
S [Fe Ll —Au foil / 0348 ‘AUNiFe-ns (S)
R g ~ _,__._,v-/\/\_./—- o @ e AU/NiFe-ns (M) |
g %0 Reduction M E 154 - £ F AuNiFe-ns (L)
H i g Au(OH), < Au/NiFe-ns g 032
£ Eosd =05 No change £ 0 "
£ ° 2 = | (5. 2%t%) | NiFe-ns 2
< o Z 101 g o3
11505 11810 11515 11620 11625 T8 M0 T4 i 8330 eaas smu 835 6350 —Au clusters (S) 5 ro,| £
Energy (eV) Energy (eV) gy (eV) © 2 5
h WAV N\ = £ 028
- =
o 54 <3 i
e Charge transfer from —— Au/NiFe-ns (S) 2wt% £ . g . .
Au clusters to nanosheet 9 ) | Qo T®e«goy ]
T T T 0 f T T — . . . s -

o 1 2 3 4 5 6 7

Change in electronic state 0 ! Dis(anzce A . 4 140 ;gtse nti;is(?/ vs1|§5l—?E) 1.60 Au ratio (wt%)
of Fe active site Au clusters bonded to oxygen . o
of NiFe-ns. Au/LDH-ns showed high activities for OER.

Conclusions

@ The Au/NiFe-ns showed much higher activity than that of NiFe-ns, indicating that application of Au clusters to NiFe-ns significantly
improved catalytic activities.

@ Performances of the Au/NiFe-ns electrocatalyst depended on size and amount of gold clusters, and smaller Au clusters were preferable
for higher performances of the Au/NiFe-ns.

ﬁwﬁmm s Ner % xyusnu university T ILLINOIS

42



WA E AW RRETR) b D& R 3B L OV R ERAL

N R
JUNREZ: TR HERE RS X7 A TR

I AR OHSAIFIR MMEAICH D |
> Fe(ll)-

Z ATz . enargite (CusAsSy) ZfUF &4 ~

D HE G A WL 72 & O R O FIA Seias L aeriam
H A1 O, FEREYIZIEZ '

IMARIC® 5, £ ORD, FRIOICEZ O /\M\ Fe(lll) <

R A5 b D KAV 21T 5 Cu As

VBEVENREBI N TR Y | 8 — MR oEEE

O BIHISBH B PBE I N TS, MIFFSNDEIFO—2L LTS F Y —F U I REF 5
NDe NAFY—F 0 7 TIRERBLIAED S 2 MigkA A 2@k & LTl < 3 gk 41
KFEHNZIELT 2 Z LI kY, IRIEDOBILEREIRET 5 Z LR TE, BIRZHEO(LTFK
JIEHAR LY mE @R e R L 5 (KMBR), £/ "M AV —F U 7 EOETHD 3
Mgk A A TR A A & R Lo <L W L7 bR 2 AtER gk & U C AR P E
b+ 252 T, MEBEEGAMEDOLBICTKELEHRTHL LV D,

L2rL, enargite (ZRT A EATHIZEICE W TAAL AU —F > ZHEI FIZBWTH, KR E L
THNR M EEIZHREN D D Z &N I N TR Y | MRS SOSEEZE R O BN RIEB ST
Wb, RIFETIE, WAL EZH AL s LTI Z2 810k, "M AV —F U V& HETT
@ enargite OIRMATHEIC KX A A TR L 7=,

TRALSR ORI PEONENRE R O ) EAERE S 4L, i LSREERINR TIL 72 H T43%CHE £ - 7-
B ASETR 23 0. 04% (w/v) WSHISR Tl 96% % 2Rk L7c, T & [AIRFIC, FifbERIEAINR Ik
— BV U E O FARENMEA 15%I2 £ > 7= DIk L, 0. 04%F7RINF% Tl 53% & FEARE L%
FLRESE D Z LI, Si—MRDHET 7 & A EBLO TR R S 7,

MFEOARE LB LD 72D, XAFS pfr e iz & 2 A EREREE O W = 1 /L 3 — 73
FBRATEE L D K& KHIR L., enargite HIRD 3 LR, WMEICFEW 5 li~ L b T
5D ENHER SN, 72, EXAFS 9HTI2 & Y | enargite 10 As—S fEA 8 L OMLEESL+ D As—0
FEAICH R T D IREN SRR S, AEE L7 BER OKE 0 DSBS O CHEL TWDH 2 &
DR ST,

FERRIZ B W TR ONT SR S o728, T a2 RSB L, XAFS 7347 217
o7& A, XANES LV LR Ot 34l THEEL T 5 Z & EXAFS 2V enargite DA
MTERINTTRETHFELTWDZ ERHIH L, 20 Z b, enargite FOHA 4 23
WIRPIAFTET DA A I ko TEB I, REAREEZER, COWBREMT5Z2LI28-T
MBZEE P L, BlhSn o RICHBEg e L CHEARBEIND W) AT =X AT K
57, enargite DIFEB L OMBEARE I MMEE SN TNDZ EEZPLNCTHI ENTE,

,43,



2019.520 AMP U UAFAVERR L 4— HRARBER

MEMZRNERAZRN LD

ERHMEBS IV HYIERL

NINKERERE ITEF
BE3F PpUESR

W Ko

fA(Cu)yERETDIERE
#l(Cu) -

B
RAEBEICHT 52050FFTORBEES
CWE-HHBE Y S

R(Cu)BRDFERE
$iE Cuffu Cui ik FEL

30%

Z RS Chalcocite (Cu,S)

Covellite (CuS)

— REAL Sk Chalcopyrite (CuFeS,)
Enargite (Cu,;AsS,)

. SRSk
) 70%

VAW Rl
7A=Y EREE
e i
1 I
= axk

B B ST < 0D A58 AT ' EREE I IcHEGT

MHRESHRAOHE HEERE AT 5—
U ..l/\ /
Q ®
HHEEH

(e.g. enargite)

o® l/_\
ﬂt%ﬁﬁ
SRR TBIRIE

'
'

'

'

'

'

i

'

KRB H

'

'

'

(e.g. enargite) H

MRNBERTIYREISHFE

RS enargite D/ N A —F 245

B BAEHIELTHER S HFe®IThd

Acidithiobacillus thiooxidans enargite DB AL &

SEEEMEICES

Enargite Fe2h\bFe* ~ DAL b
2
(Cu,AsS,) JEgEERal o Hzo
Fe3*
BEE L MEI< otz) °2
SOEIEDBRE BT EATE SRER L MR
C u2 Leptosplrlllum ferrooxidans
ﬁﬁl?aa:lﬁﬁﬂ:ﬁﬁd)léﬂj

REELHOB BRI ED .dl‘
RUBA SRR T B T

BBICHZ BRI L B IS RETEE S Do EA AR

HREEEH

BROBRE
A —F IS T TURAEL TEL VGRS s
FMAIEL TRIES DB
ARROEH
FATHRIC LA RMEANTREN TSRO HEEHE

IN=ZXLOEH - KRBMERER~OZR#MNY

,44,



RBAE

enargite¥& ik o T1IE—5iE
2.0 % (wiv
(Pgo =90 pm) b (W) &Y IYLYy
Fe(ll) 5.0 mM
TEAERIIR
AR E 4.0 %107 cells/mL (day 72)
Ag,S 0% (Wiv) =
0.005 % (wiv) { 3
0.01 % (W/v) !
0.02 % (wiv) (-
0.03 % (w/v) 200 mL t&#(A500 mL)
0.04 % (wiv) 45°C, 150 rpm, 72 BRIRESEE &
#HE Opt. pH Opt. Temp.
Fef#{t#E  Acidimicrobium ferrooxidans strain ICP 2.0 45°C
Fe-SER{L®  Sulfobacillus sibiricus strain N1 2.0 45°C
SERILE Acidithiobacillus caldus strain KU 25 45°C
e
Fef#ft® Ferroplasma acidiphilum strain Y 17 35°C

Cu Ag,S0.04% _ar 96%
0 P
) »
W #
fﬁ L & 43%
& o e

20
Ag,S 0%
]

0 10 2032740 50 &0 MO

0% 0.04%
W) —F T %ERZE

Intensity (a.u.)

Lt v C A FEfes
-
K P
g 4 52%
g L /s
M 7
; o
g 4 .’ Ag?s‘_",%ﬁ' -5 14
’ - .
w0 4 e o
4 Ag,S 0%
1]
010 20 30 40 50 BD TO
BrfA (days)

T
e |5 keps
n
T Tq| En En Py
Py

T : Trisilver arsenic sulfide (Ag;As"S,)

T
24 26 28

T T T T T T T

T
30 32 34
20 (degree)

En : Enargite (CusAs'S,)
Py : Pyrite (FeS,) Q_: Quartz (Si0,)

BB EFEREDOXAFSS T
0.04% Ag,STET

- SAF)—F L ERES
H]
S KERSHAS(V)EL T
Fd — B (FeAsVO, )i BX
1
2 =g rea

—_ Red precipitates AR AN As(I1)FY

— 0.04% Ag,S

— As(V) standard — AgsAsS, DR FRAAs (1) THAHETREME

11850 11860 11670 11880 11880 11900 11810
IRILF—(eV)

by RS [XAG,ASS, IR DA SHEA &
FeAsVO,H R DAs-OfE & M FTE

S SRR DAG,ASS, IZI%
AsHBHl CHE R HEE DI 77

— Red precipitates
---- Fitted data

F7—UTERIEE

CuAsS,  Ag,As''S,

FFMER A

Trisilver arsenic sulfide
Ag,AsS,

cu(ll)
SR OEE

10

Cu Ag | As | S
3.2 0.1 1.0 4.3
2.3 1.0 1.0 4.2

Intermediate layer

Y
3.0:1.0:4.0

*atomic ratio

(Cu,Ag);AsS,

Ag(l)
BAADi2E

> AQ,SDFNMIZHESenargite/ N4 A —F 25 TD

IR DREN RSN,

> Ag,AsS,DERAHER SN . XAFSH#TICEY %
DIERPDAsHIMETHSHZ L. enargite &5 RE
MNELL M TH D ENFHIBAL Tz, FIRFICHE
RORBANREBELTTEESIhTNSIL
hHERINT=,

> RA4F > MenargiteiERFICEETHBIET
AgASS,ZERMLTHEY . CNICE>THFEEA
RESNTVDIENBES ML ST,

Acknowledgement

AMTronrayEHREL S~  AMKETI-UTOTERERIOT A

,45,



MEMEAN-RARTRMSOEBHMEE SUTHYER L
INITD¢:

AMKE T2 MKRERATLIFER ERLE REEEIFHRE

#(Cu)
ANEDEFIC
,Z\;T‘Mm'\—xx@»

e REAS TS T
i — 2 T ]
} ] — -
5 = WEQEE DA BB
= i e T=1 e ELnasAne
= - o R | - HASAnRE
i Ty 2%
= " ==l e = i o Aunm
|:J' ‘Q ,
Itlrll‘l [T 1L A
REEHEIC ﬁ?ézosoﬁitwifaﬁgg ] A e siga
S ELYRPT LA

(- HHBR SIS

> 2050 FTICFRAERE REOHMCHATELIARDERE).
ELICHEBEBA—R(MRICHFETIT N TORRERE) TSR
FEENLELTLES — HAROHEBOEER

> BHEILDOYS AL RF FAERO = OFHRE MR O BEE

> EREABIR TER THoH A MBE TR FOMBICLVIERMLIE
ISEESTA AR EFRABSHFHR R EDRIRE

> BRHERAY SRR HESER T ICVEG A BHURRD
FYRSLME TIAVIO—LAREREA, RN ENB VO IENRE

Materials & Methods

> BEEERALEE, ZREME S RMICRELR SR TS

> BRI THINFHELEORN—RELIMRISEEAN £FS

> L. B OESISERY 2RFVEOH LS EFORFES
EOLFISKY. BERRELTRE

WEMRELTHETLFe™ 2D $ N, p
TN R > NAF)—FTEEET S
I T — anar gile-T M CElTkY, BRBEOHE
R S MENRIND
= > HELAEN KA AU TR A
E e E’Fﬁﬂlmﬂm 163 B els SO L T = > 2.0% (wiv) enargitefigk (Py, = 90um)
PP owe  fumims L= s
ra. i l e
50, A > BRSO BRI LR H > 40x107 cells/mL 8
50, - A Fo?" LR R R R & - >0 0.04% (wiv) HL4R (Ag,S)
ARBERRI S 0; HEALIRE . FIEOME & 200 ml EaAIEH: pH 2.0 HORRS 92
SHNOER J [ Pl e ] Bt R CER 45°C 150 rpm (72 BEIRES 15%)
o Lepioeprilum lorcnsisn > /N4 ) —FU T DEELT
Cu YO, .—_\"\. ' — B<Fe® &, SR LI=HtEE EESH XRD: #5RHERE. XAFS: 547, & RERHT. EPMA: RERR, TREH- T8
T AUEBLY RUBER
ey e \ ﬁ*zb%‘fx;f*"l* {;_E;Taﬁ Lim  RBSHT REIE. pH. Eh. Fe(l)-As(lll)RE; WA, £Fe-Cu-ASIRE; ICP-OES
DHEERMIBHT HIE
s i . Ak BRAARLNO  WE Opt.pH _Opt. Temp.
Bﬁ%l:?iﬁ’e;?ﬁf FeB{b4lE Acidimicrobium ferr strain ICP 20 45°C
2 (= dEEL . 4R e o= %”%L% iﬁgi Hj E;;\'{g; Fe-SEA{LE  Sulfobacillus sibiricus strain N1 20 45°C
*Ef %a) E H(] ! SEREE Acidithiobacillus caldus strain KU 25 45°C
Enargite D/ \ A4 ) —F 7 1= E 1T 260 B REFMFIDEER il
FeBi{L & Ferr strain Y 1.7 35°C

FT. REMIEIERD DD AH=X LFEHA

ETARTHERUNTREN TV SEBDOZE

Results & Discussion
-z THEE

8
g

> Ag:AsS, DI FDE KL HERT
2= F &L DXANES &3 #1 %
Fot=&lh, KYBMMHIZHE L BRIRR
MRS HH, TLICEEIEE
wghd

0.04% Ag,SHEMEFDEKRZES
HEELTIHAS(V)ELTHE.
FeAsVO,EL THED KBS AT
ik

& 3k B% 12 £ FeAsVO, B £ ®
As(V)DNTFEZELTLHEFREL.
EXAFS 3 i #1721 &2 5.
Ag:AsS, 1 K D As-S #E & &
FeAsO I K DAs-OfE 5 FEER.
FEEBEPIZEFH HAsHAs(II)
EAS(V)DIRETHHENHIER
FeAsO,DFTEIZ &Y Fi LR DR
IR gk A H AN 5 EI= S TR LT

& BE%,

]

Cu AESUIH-% e

/'.
3

Ag:S 0%

0 10 20 30 40 50 6O TO
By M) (days)

) 52%

v

14%

REME R (%)
5 & 8 8
\.\.
AR (o)

R (%)
E &8 & B

1 T

=]
a

uim |1.ﬁ} 11&]& I
THILHE—(aV)

L

11850 ".-”

0 10 20 30 40 50 60 7O
B4R (days)

P AQSERMTIZA3% THoF=HAZH EM, 0.04%DAG,SDFHMIZ

v

= Rad peocipitales
===~ Fitsil 318

En : Enargite (Cu;As”S,) Py :Pyrite (FeS,) Q:Quartz (SiO,)

T : Trisilver arsenic sulfide (Ags;As"S,)

T T

£Y96%FETH LL, [FIFT N THZenargite NS BT D &SR
ol
P MRFHIEEL14%ND52%~ELF | RBHBRE DA LERER
PARSHEMRISEVWTHREXBOERERER. XROAHIC LY
trisilver arsenic sulfide (Ags;AsS,)&LYSenargite O 87 &84 A% 4RI

7—UIRREN

2]

i) n

M} LAL. F—AR—Z £ TOAGASS, DRt D% (51f) Aenargite

SO TEBESN =LY ERTE

WHEWSEZITHDE, Ag,AsS,
POMFRFT—EIN—RERLTY
As(IELTHELTNDERE

Lk @i &Y. enargite &
AQ:ASS, [F8 LR DER S D HH R
BRELLHEEEL TV H LR,

v

o

(3fffi) £R4:Y | enargiteth DA ER P DRAFVIcBiEh-C&
12&YAGASS A ERLI=-DMHETES

FWFMER (A%

enargite f O 8AANIE R P D ER A A

¥ : . s : VIcERENI-AREEE TR

M]H| Trisitver arsenlc sulfide Intermediate layer

Ag;AsS,

Cuflip

> Ag,SDFMIZHESenargite/ N\A A1) —F 2 F THRZH DIREMNFERSNT=.
> AgsASS, DA A FER S . XAFSHHTIZE Y ZF DIEZ D AsH 3 TH S &, enargite &L RE

3.0 1::1' i) "olome o
Conclusio

BlEh TWBIEAHER STz,
> RAA U hlenargitefE R PITRET HiBIE TAGASS,EERLTEY., ChITE>THZHMMRES N TW DI EL B DA ER ST,

Acknowledgement UM U IBORAVKIRER LU E— AMKRES)—o7 o7 EREEITOSS5 A

46

¥ EPMAIC& B8P TR ERDOMRER. enargitefi FBETI<
Ag:AsS, D £ % . enargite LAg,AsS, DS 28 £ 8R % 3t
BHT HHREE(CuAQ):ASS, DIFEEHER

¥ Enargite ¥ FREDICE VW TIRREDAERAFEELCEL

Y. enargite DIRHSAE R DERAA VI ko> TEHRSN,

AQ:ASS, WA RSN TWDZ LEXAFS ST EHkER

Cenargite] FADIRDZFA AR HERE. #ERAIC

BOMARHEALBMN LR

¥ RTDIREAGASS,NEEMT BT EICLY, SREEIR-F
MATESEREN

w

AERLII TH DI EMNHIBALT-. FBFICH RO KIS A M EKELTT

E-mail: o.keishi829@gmail.com



SAGA-LS IZ&iT 5
ESRRI A A= T ORI & kR

KL 5
Ml r7ve b e ¥ — VAT AT N—T

B T KRIRE D DOFATE VWO HBEMARXBRFE THY , ZOR/RBEFEMR T 2 &ick
ST, EZER - R - ROVEEESMEEDOH T T, &< H LWEBIZE SN
TRBLE 2 FEBR T2 2N TE D, AR TIEZ SAGALS THED TV D5 A A
MW7 EERM X BHECHMEE, EHRAKACEHN N ms DY T V5 A 5 2 RITBLER
MHECT, KON Y b T A MEEZHWZEREM 3 KITBEICONT, Y AT L0
TR ERBEERICONTRIAT 5, S 6T, BITEH I 2 D T 25 B 5 HE R (IR E)
CT.Ta7 VZXNAFX—CTiliv AT L.3D 7V ¥ —%Z i@k 281,
LOX{H— 777 =728 0T, SAGA LS IZBIF D4 A — 2> 7 Hi DRk
BEICOWTHMNT 5,

,47,



SAGA-LSIZH1+5
RN A—2 T D
BAFEK T &1 R B

AWM ooororHFEE2—
E—LSA>Gr

BR

1. BMEIADEMEAA—D LT ~DER

B D REEA A—D T XHREEMEE)
BN REEA A= T (VT ILEA L)

B EDREEAA—DU T (KA A—D )
R =R

CURER] (<0 BN

KILBAS
5 5
1. IRE R DEREA A= T ~DER 2 BEMAEEAA—DUY
B KA, 7, B L—H— (SRR OB 2.1 BB XRBEMBOWE
E#Fﬁﬁ =l o ]
7 - ER=R ¥ s P e
i e — N
- -
@ IREE 2tk & .Fhll'J.‘:J
» TF+BRMELE W = ﬁ
0 + _ RSN e
'%*%%E/ A7 FIRMESE
h S | 5% | RO/ NBE VoES EER (STXM)
) 4 I EREER MRS RESS—
(KBI5—)
/ el BEBL BLOTH&/\vF
IRLF— ~17 keV
BE E—LE  ~#soOv
L5 5
22 XRBEMENEER 23 E—LRROEHRIKER
o —=FE = - iy
® . 7 m
Hi i DR e
0 TE-EEEn 0 J
10 15 Zﬁ;ﬂ(um] 25 30 10 15 xﬁéblu'“l 25 30
FATIYSAF YUk HE—LTAT 7 A LOHAER
fit: 2.5um (&) . #:3um () [SHk
BLO7 /Ny FITHEL 1= X B N L B S
S S

,48,




24 ERA YV 1IDERER

200um

Ein

Cu20004 v 21 DENE (£) LEBE (F)

r|':r il
- s i

& S b

25 WIELRDEBEER

1.25mm

I g SR
A.Yoneyama, XOPT 2019 c.: $91EX/\7 F)L Tr‘&1bﬁwﬁj‘ﬁfg c.:
ERER, 5 5
A e B 328&EYA4/0CT
3. BRI D AEREA A—D VT (U T ILAA L, 4DCT) iy
N i — I DB —
WS BB 100 ms
[‘ - /J BEXENAS e 1000
EE@éﬁZ?—’) SHEBSR 100
THoMEE 3350V
‘:;"': Rl 20185k BRMEES ‘:_;—
3RTEHIE A - —
4 BEENMER(ERE) A2
T —FL AR RO FI F—
-.' R
AR (A=Y
i 10006551
”’Emga)gﬂ: - /\ — Energy| 18 keV
B o000 [ — FkeV
v .2 N [=] [e
|\
ks 3T h— A TR =) N 100
: IR
: ) \\\ ~
[/ #a o —
/i
\“ ! 0 10 20 30 40 50 60
- RFES
K& (201F) - E{K& (50%) ﬁl@
/O A —F— D= RFIHLLTRE S
AV —F—D=RS G S
eress (2018). c-; c:-}_

,49,




41 A A= DR

DB

WARA A—D 5 R A—205

(LURFY)
FybLEDRIE S (B —HERE)

AUEHRE LB RF

)

4.2 SAGA-LSIZH T BB A=

TFIAF—HE& X AS
= (VHR, Zyla)

o7

HEREHE
FER G

E#rar bS5 A (DED : EFEH

EEMITE K bm /- / -?

EBI/ILE— Gil G2
SILRTF ik B

X#RAAZ

)

4.3 DEIZ R 82 H—FaR)~v—

B YiRE

44 DEIZRALV-ERp —FE—

3RTig Sample B ﬂ
Joyal)—
AR v — ((EBHHE) ORIEH
S S
5 1% ’
FrRE = A A XA
g LU IR TTRIE. B SRS, LR aE
P ex GPS
: ERERXECTENHA E (TILFRT—)L)
T TS LB
| ot } TILFRT—)L msDEAFIHR
N y i AN - HE R L
e B jﬂ”_,r:/ -2 SR DL RBBEERIALIKL T & TO—T
/ L— ~D&E
“ St ORE HEXSTSHERV - ERIERR
XgH—E5S574—)
“ — < EE IS BN <

_50_




XBF B E—RERXRTSEHORA—

BOEREDEIZEY
P &SR S R

Sample /

x#H® N
L

FoU—7 a7 ERIBM O

_,/J —Center of

Imaging
HRBREDNT
B e - 5
AR e O st
(1 mmELTF) N e
XIRF B DX R XBFHHOBE [: R 0sacaLs) IS8 ij
g g
= =
B
EEFHTRATRT  WE TR PR
BIALF—IIEEHIRE OISR EE— TR
EAY  EEEERE REHE
Thet Thet Lwinz&fh
EEERERBHR L 4 — BE - LEH ARABE
IRA R —HREC
AR
(%) BIIEUFRtRERE s L—7 E5EBEER
AW >R b A HFRE S 2 — AN =i
S

- 51




SAGA-LS B@BEHY « 77— DB % & B

ITH R, AIBREE, Sl —, &LER
N> 7 e ha it 2 — MERITLV—7

M rm bu e 2 —OBEFEMY v 7 TIHEBAE SAGA-LS L b
Xba=— ) RBEEY 477 —R2REEINTWS, bbb EBEEY 77—
X, R F—DEWH/IEFMERICBNT, R LXF—F2 K& ks
LA RBEARFEEZEZ DN TV, L LIRIE~Y 7 A% A3 2 80 e B
By 4 7T — %, PR TIILEEROZDO AR ENEENKE L, EBROF
N YRR T E A RR AT -2 b 00 BEMEFEMN TR EIITITbAR
mMmolo, —Ji T SAGA-LS 1%, W ER A LR (B5ME 1.46T, A=/ ¥ —
1.9keV) OAH TR L., £ OBHNFH D FELE = %L F — EIRIT 28keV BRETH
olc, ELoENFEILEDO KinfEkoN— R XBFHALRRETCHY o7
BOX ORRG Ah i E R IC BV TR 10keV BEHIBIT OME RN EE N TER Y . kDK
HYRFEELTIE, BRATIAFT—OmENKREARABRETH- -,

ZOXIRERDOL L. SAGA-LS MiE#s 7 v — 7 TR/ R IZ B 1 5 %
AMEE HPEMERRDONT C AZEEICHRGFT L, ZAETICRWEEE & FIREDOERA
MO HNAT Yy NG ¢+ 757 —ORBEEIToT-, BEAIL 3MWERT, E—A7F
AN R TIBEEAAS VR —AELT1EE, AL R —MICEDRER
BRI Z@ET 2% OFBES A RR—AMAa2E606KD, A4 VR —ILORK
BT 4T, AR = F VX —1% 5.2keV TH 5, BIE 2 A L OB HIZ X5 I %
MRAICHERE L, w2 LA v zEmHA T K28 A L7z,2],

EHRFO 2B0OY 0 77— FRMEHETHECRIEFICBO CRIESNZ, 1A BIFE
BRYETRIMEIN, 2010 FRICRALE—LT A BLTH & L CHEBRH LS2 IZHA
FPR LS2W & L TkEs N, =2 —HF —#Hiz T CaIvra=vraiEn, #
2011 4 11 A HERIZ BLT 02— —F BRIz, TNETOHF= XL F
—OFIH EROEEIL50keVIZEL TS, 2B HIIFEAKELHALE— LT 1 BL16
AR E L CTEXELTR CREESH, 2015 FEICHEMBE LS5 12 LSAW & L THRE
Eht, FHERIPb—F —EELZBITo o aIva=r VaiEn, 3 2016 4 7
Ao LS2W, LS5W # RN b4 2 = — ¥ — @iz 2 B4 L 72 (8], LIkBIfEE ©, =
— Y —EHRICBT2HE MRS L CEMASN TEY, MIRICB T 2 ke LT
BEHEAGT ALY X HERMELET TWD,

[1] S. Koda, Y. Iwasaki, Y. Takabayashi, T. Kaneyasu, T. Semba, T. Yamamoto, Y.
Murata, M. Abe, IEEE Transactions on Applied Superconductivity, 21, 32-38 (2011)
[2] JLH %, SWEE, ®mAAKE -, &LERL, AT, WARM., FEEIL, P&,
st e, 24, 141-151 (2011)

[8] AREZ, MM —, &ZER, THE. F1ISHEAARMERER T —T 4 VT A
T3, 278 (2016)

,52,



SAGA-LSEBIZH/V 1 T 57—D
% LB

AMooakorHE L 54—
InER/ITN—T

IR X. 55 S8 £%

Jany
\§

=

ToOZAY

®SAGA-LSTERT D 1=—/h B EE
17 5—DRFEZFBEEKDOBE

7

SIBHRBIEH T 17 T— 5
Wave Length Shifter& (&

ERERET S5-I
BEETICRY CENBE,
Z 0TI
HARR—LHAENLE

#® EARMIZIXRRAEAILTR

& ZRUVERTICKET HE
ANXBD—7E
. A UIR—)LEHARIR—ILIND RS

* BEREBAC2NZEERAYTSS are-.
CTHRAIRIINLF—FEIREE
HMaELYETED

AUR—L

& E—LIRILF—DEDFNE \N_—
FEIEBOBERIRIILY—HLE BrA=L
[ZHE SR, 128, BRIHILE—

& FERICIE, F/NRERICED

THLREITITHIFEKRE

& HAWTBIERE D 5—TlEE
TOBIB, A4 ILERIKANY LIS
&S
—REAYD LAEREFO AR

BEEYTT—OEELORE

+aR
RRMREE. #IFR
=EFDRE

CREGFIIAAL
EER O BEIE, BB BB

5&&\”"’-‘ 754[#7\9-) 3
A)

HIEDIRE ““‘g

BEMBI4T5—DTHAUIZHT=2T

LAY
s FYBIRILF—EXERDHE

I F—k7A2

® 5L VS
[ ] E‘_L\’\o)
#)
¢ HBL~NDEEEMZD
* BREGIERFEER

FEETMASH(E—LBLE, TISVEVR

V4T F—RDBRRIRIILF—(FHIBIZLEHIT S
£.[keV]=0.666 B[T]E*[GeV]
FIARFLFIRILF—e,
g, =10g,

FIRAIDOZERK
20keV (~BL150 L) L E

{
4T

g, =52KeV

SERAMEEHISREDZHAT

B
g.=52keV

_53_




SAGA-LSEI™Y (4S5 —LS2W,LS5W =

® NATYYREBIBRIZE V(T 5— |
» BEEAUR—ILAT)+EEEYARR—ILAT)
#® (ZERHAIA N =, |
. GMAEMICLDEIEAH .
o RN LT

Ew - BEE A AL
91459k

RERYAFRROD

LS2wW LS5W

BEEAR—IL BIREYAER—)L

4T 5 0.97 T
NbTi/Cu BB 3
Rt #hix HEE vy T 36 mm
AR vy 82 mm HEREA 225 kAT
(=) 450 kAT BREE 9.8 A/mm”2
ERER 176.5 A
24 LA KIS 61T
R R QISR 67K
A/LERI R — 505 kJ
I/ ILEH 2549 [E/pole
THBREE 144.6 A/mm”2
Ryt
2= SRDK-415D

AHEEER BIRT—Y 45W(50K/60Hz)
H2RT—Y  1.5W(4.2K/60Hz)

FIRT—Y 60K F2AT—Y 4K

F TB5W XIS 003 W
WRY—FEEE) 20w BRU-FERBES 02w
BRELRO—X 248W  EREAA—X 013 W

o7

B 023W & 002 W LDJ,‘.'“
st 48W _ #E5f 0.074 W Applied Supercondy 21.32011).
it 294W B 0454 W

SAGA-LSE D A1)k

®AR—ILDAHBIZEEL-CET
BIERANRDAHAR D
o HS54F 2By MATED KIEH D
o« BEABRBTHLERY—REER

GMA 1 A8 TOEEANTHIEER (~4K)#
Al EE(C

—RAEANIDLRTE |
RN ETERICE T ARENL VI S—ERNER

Fas

SAGA-LSE 4T 5—DEH

SERKTHAL BRI LAR ER
» SAGA-LSH:EZR Y IL—7
SRR EERE
» BIIEAERR
®FH
= LS2W(BL07) {£& &
= LS5W(BL16) ¥ RKET

B85 28ERICELER

LS2wW
20065 & NOUIFE ST 5— 28
20094 ~20104 W fE
20104£3H Rl
2010459 ERAFHBRRS—b
2010568 T7—ARSAE
2010578~  BLTAHEEFL
20104117 A—4— BRI
UE1—Y —BEECEHMIER LS5W
2014% ~ 20155 1% —
201549 A &8
\ 20154 11 BiBARBRR S~
201652 I7—RLSAk
2016525 LS2W L S5WIE] B Bk 34 B2 A 2
2016421 ~ BLIGKBEEL
2016578 LS2W LSEW R B§ it 1 —H —B#E R 5 —b
LRA—H —BEICBVTEBMICV(J 528 RFER
nMoEE

LS2WEkE BL7 77—ARS51k BLI6T7—RF5 4+

(EBLORIRHR)

2 HOROY RIS HEERERE
AHERYF 2006463A9A

_54_




=1 n =
G)|[ BLO7 50keVAIRME A nsumenin
U—ﬂ» i u_%s P b \H- - i, ]
N e« iffrmation ;i =
TN REEHRBOBAAW(~70" ) bl el e 78 (DED/=-&5
IS EYRFETIBA 5 LITIHERA R fERFA A= T~ DB
fobh, SEIBLAN S —DXBLRUEE S,
(RAEESF ORI FUINIcFT
(Rs-232CA8—Tx—2)
. AN
T h .
7R~ RUSBAN W5 1-DER
wm == ARTOOYFITH—T
A= s g RO
g = E]
H 2 g
S 5 o g
£ u - ¥ THhUTTYHR
m b TR ALK TR\ s T
& & | /)57 K55 B
8 £
g # B\ [ ERBY KA !
..WB s 0 0ms Qe
+05 6(rad)
HFIHLFEV]
VH xR
BHBTRTE N
BisamBLE. sz
Jries
AROE—LY EH L ARITREOREAST .
A%, 30 keVTIE
10 mmblE(HLT
sokevithLa 14— ROBIRIS £ T [RET B0, BIFF—XEER
e | g HIHATES.
- J
a0, AAER, @B EE, SAGA-LS BLOTOA A—: (R , 2015 14118 11P046
oty oty
il il

* SEERAE
257MeV A 5%
1.4GeVn5&E (~320mA)
E—LBERIE
FoTaL—4EE
49 5—LS2W,LS5W [F]
B ERE R 2— ]
ATRNESE T - r oy
s Fa—U JARTAVTA,
HEDWE. E—LYAX
n 1—H—BERF—
* SEELRTE
» EWE—LHEVT -
¢ RHL—\— RF¥a1—4
BHARE

n 049 5—LS2W,LS5WiH
Tk

2EASBIECNERYIRY

FEDH

SNATYYRE DA —VITBIEE D1
S—EHR

SEANMH— EENICBIEEY1HIS—28
ZERG

® g CH VWV CEEDETHRKIHEH/N—TF
HEELGN—RIXEERIH

e

THAUREIZIREY, B ERICEDBETELDARIC
CHAWEEEEL, 2OGEFEYTHSILBLETFET,
* FHAY
= HwangE (NSRRC), Bt K (i ERF L BF) . MK
(HISOR/UVSOR) #[ELéh&F B ryntor IOz ok
(BEHL6oy0) GHERES VOO ARE L 2—D
7 KEK(KEK)., 8 £ K(KEK) ,+ 2 K(KEK)
* Sk
= B EERTILRK.
BREOEHK
L =D =%
» ABER.AXAKEFILHETSEEBLO7TEFHE D
o WOK. RERKZEECHET HIEEBLIGERE OB

P8R EG (L BF) . IUARK (HBH) EIELHET D

|mm|




AEHR X EAIRE DB & £ DJsH

IR T
TN > 7 bttt 2 — E—LTA T N—T

WX AR A AW T AT IR TR DR S LD GHILEw D b B &M E T2 2ME D
RREMEHTICRIH S TR Y . REIZEUIR 2 TIEN L, B ¥ —I2B W ThH, #8X RTINS
TAERLIE Ao B K 0 BRI DL FREAIRIE L TN D Z LN TE D, ME LT 550N
RRFDORSG Th DEFR, KL B LRF K LTRSS, BIZIX) F U LA 4y ZKE
AL 7p & DFEHIA T A FRPFK FREZZ R Tl L, KRR S I orEEiciat 32 4
BRBH D, T T, Yo —ClIib e My A IxEZE=E U Lo E ., W2 ERL L 723k
B O N EEE E TR T D BN 217> T & 72,

BANTBAFE L7 B L m B2 M A AFR CHETE 2@ (K1) Thd V2, %
EORRIT27.5cm, BHEIIIK kg TH D, RIEFEOB|FEE ST ~4x10"Pa TH Y . 20 HH,
1X107° Pa L FOJESZHR D Z ENRTE 5,

LUy o, RBEE FORBORFZORELZ O T 256, BEEZ CTHIFEZEH R L
TRBE TOMENER I N, £ 2T, BB ATRER/ NULO A F R T P LA R D,
WOEARENZ HRFEZEPER T 2 /il & B E A B AR LY, EEOLR
3K 67 ecm TEHEIIMN 7.8 kg TH D, /WNHUDEEEZEA A AR 71Xk O H =Rz E# 16 A
T30 RELL EOBVERFRE CTH D | EEDOREEZEEII~5X10°Pa TH D, I HIZHEED
Wtz LS D720, EEO/NUL R OB E 2TV, B2 mEZE N THlaE TE 54
BEORREEIT -7 Y, &2FIL55 em, EX(IK 5.2 kg L/ H B EfL S iz, BIEEHIT~
8x107" Pa Z L L 7=,

R T 2 O OEE E2 AW TSRO EMA B O S BT A2 KR T S

1) E. Kobayashi, J. Meikaku, T. Okajima, and H.
Setoyama: Japanese Patent No. 5234994.

2) E. Kobayashi, J. Meikaku, H. Setoyama, and T.
Okajima: J. Surf. Anal., 19 (2012) 2.

3) S. Tanaka, Japanese Patent No. 4831548.

4) E. Kobayashi, S. Tanaka, T. Okajima: J. Vac. Soc.
Jpn, 59(2016) 192.

5) E. Kobayashi, S. Tanaka, T. Okajima: J. Vac. Soc.
Jpn, 60, 139(2017).

_56_



— HFHRE
AR BAREDRFEL BEIE 2 (Al oaroy)
2O Selbiatt bt st

s [B EEUE (A oOkRa)

s HPFS (A ST
AWM ook R ER2—
E—LS14 T L—
N BE—

REDANE ABERAKEDRMSE

S s i A SE B L[ RZHHE RSB THTETBE

B 2856 [ 5 (105 ~ 10+ Pa) '

B3GR (106 ~ 107 Pa)

RiLilEirs EmAESEHEIE BREoLHExxHs
TiIT2ERAA R CEBERRLEICLYERERD

e _ BHEXRISELT oL NTERI- B2 2oL TES
s SEOBE EHEMR

g . , 1E i
AEBERSARE 156 EDHE

. B ALE (S

158 (106 ~ 107 Pa)

= SEOBE

phEE— ENEE, RS A PRO0-2T6 360




REBEEAEEORE

s NIk
s BEHS (R EREAR RZ
sl AR ED )
R ATFTUANES
s HELTEESICTEETESD
s EOR
AL EN
 BIFOEEICLFIBTES
R S1OFE 20| EIE- b by i

REDODAE
A AR B

s E~ESEZEHMGE (105 ~ 104 Pa)

. FLH

s SEOBIE

E*ﬁ?ﬁmiﬁwﬁﬁii%ﬁhﬂﬁ

R0 A R ETE

nEtpc Cwww saga|s g Tpags
E Kobayashi of 8. J. Veo. Soo. Jon, SB(3016) 182,

APEBARECLOHR

s KRRIERZEOHHO T HA AT EE
L A—DOBLI2ZA—HY—O 3455 LLEAF
F
A—Y—BEOHRETHHLEN ATHE
SHOBETS|EOEE A EEEE Fh i
A LEFELLP AT AHZENATHE

..x::jnrﬁﬁﬂmﬁi'u}&“ FEHISEEL A TE DA
TaE

R 2GR
AHBEBAREDMRE

FURELSRETSI-HHBRBOFRELIVE
MR -RETHOHAHBEZORENTED.

mm!ﬁiﬂ ELNREOREERREE /AR T
AEbHHE, fﬁu&%ﬁmmﬂﬁﬂmﬁﬁﬁkﬁﬂfé%%ﬁ
ﬁ#&iiéﬂh%ﬁ%?&ﬂ%

K2 %A
HHEBEEARBEORER

ZEOEREITHI6T cm, EEITH978 ke
A OAA A TEER

INEIDAA AR TIIHROBE =3B Hh16
A T30m5RT L;J.J:G)ﬂ}‘l"ﬁ Hia] HE

s AFHBESARENORERZEL




FEH

s E~EHEZEXGE

FEED ~46x10% pa

 AAEOB B LA R BERIRLL

1x102 pa LIFC208B[EED
n H8E A ZE %A

FEFEH: ~8x107 pa

RO B = # 164K T30

HE2E #155cm, EX:#15.2 kg

Byl LLE D ENE

,59,



BT RV X — 4y fRRE XAFS FHHI~ D BUHE A

OWEF L Bz, WA EF, MBS i
N7 va e 2 — BE—ATA T N—T

X BRI 1S (XAFS) 1L, JeH#BIRMEZ & » 7o ST 81T mwQM5$%@&m
%HF%@HL%L(M%E%WE%%@u@&k)k %@ﬁﬁ@k@ CER Nl ANE
HMEFGLZENTED. ZOREERIE, BEPER (EEF - 'K <, -#%E £3]
b%#ﬁmﬂ ECTH Y, IBENBEORBHIX L THEA S TN D. mmx«ﬁ%w®&w

TR O PSAIRE E 1XRF 12 XANES fEIR & IS, B OB FHEEICEUIRTH Y, koI
%w%hfwéiﬁx%uﬁ%wgmxA&bw&®%@.wb@éﬁﬁmﬁgﬁ& kv,
=2 7N R SAVA LN IR A T SEite %Té%ﬁ%%é EMTE D, ZO XANES sEIRICHND 7V =
v D — 7 TN BIT D 72121k, XAFS Bl E T R L X — SRR N BB L A 5 .

%ty&~mﬁwf%,E—A74/ﬁ%mﬁw—ﬁ&Lfﬁﬂ_%%énéxﬁ@m*
X = fREEN FIZ oW T ORG ZHED TR Y, XAFS WIEFHZ EL LY 5 BLIL I
BWT, ()t Ao MELFEE A OHIR, (2) /0 Jtikdn O maEim OF A,  (3) &3 0EH)»
HOHE X AT MV ORKH, O 3EKMHICOVTHRHNEZITo TS, (DIZHOWTIE, &
HERA~AKH AT XM E—LORERBHAZAY v NTHIBT L2 LICL R R LT —5
%%M®R#ﬁ%%ﬁofwéwmmowfﬁ,ﬁﬁﬁ%bfnésﬂnn%%wkz%%

SIHARITINT, Si@B3NITHRT 2 @EmHE A FHICHND Z L2 LTS, 2l
SM%@@Hy#/&ﬁ~7¥@@ﬁsunnw%mmﬂbﬁ1&&?@&#5:&%%%
L7z THD. XOP (X-ray Oriented Programs) VZAWVW/=3 I 2L —3 3 Tl X
R R L — 6. 5keV FRIELL LD @V 3L X — 8K CHIMMEN RIAE N TE Y, Mn < Fe
LOEBERE NG LT 5 XANES JIEIZHEAT 5 2 L 2RFTPTH 5. it,A%F%&@
W%#KET%D HEHETORAY v hHREW. Q)L TIE, WEDOELEM

BIHETRLX—DT 0 — RV IRV —SREEICEET L BEL, mtx
ﬁwgﬁ_;émizw%— MERE XAFS FHUlOBFT b D TV 5. ARETIE, (1), 1
DWTORY A Z FLICHET 5.

(1) http://www. esrf. eu/Instrumentation/software/data—analysis/xop2. 4

,60,



2019FEMARRBRER

SAGA VA
Light Source

B I RILX—5RREEXAFSEHAIA~ O HUAE &

BRPUL B2, UK A B8 85
MY YDO RO VHFRE Y S —

>
o

1Y RO/ EFR=Y3Y
= SIRIF—DREXAFSEHRIIC@ITZiE5T
= E—ASA YVDASXIEOBEFRE DR
= E—-ADSA UDMEDRBREDESE
= SHANAIC K D1%ET
= XED

XIRUNHHIEE (XAFS) B
SERFOEDES GHERFHESE, BiE0

&S EDEFIRAR
AEXR

SRR (81F - RIF) 0, &8 - FREl

- IBRVDEORRICK U TCERTEE
XANES#a1st

CRINS TR TEE

XANESHEEIN'S,
KO FHWSIERZES DD
BIRIF—DERESHADME

EXAFSHLE

i Ej

XANESDS IR+ —fEEE : PRE-EDGE

@ pre-edgefBIEDBEDRELRIREIC KDL FIESIRREDT AR IT
FeZlZUHET BIIEBREBEXIRE LTITHN TS,

P-E Petit , J. Synchrotron Rad. (2001). 8, 9562.

B UESOERIETE, IRILF—ENED

- BimstEZ A CRROWE
- IBRGERESE TR IRILT —DRREENINE

4

XANESZND )L DIEFRFTEDER

Photon energy / eV
7100 7110 7120 7130 7140 7150 7160

O

—spin'up

0" dodn
\i7 Sxperimant
SAGA-LS E’U 1

| D¥HE&ESI111)

a-Fe,0,

M
o~ E—RIB/NY RETE  Wien2k

7130 N4 7150 7160 7170 7180
Electron energy / eV
o EEETEHONDAND MILODREED AR,
o SHEBERRETO—RIVIUCERBREHBIA
SERELOTUED.

BEDONBFRHICH U TRESFEANDCEREL
SNBEAEEZ (B2I0) TABNESDIN . » = ?

XAFSE—=ASA > : SAGA-LS BL11

-oq—' « Leom t R e - i OF |
ERAYF =B\ F

Top view
MBS Bo® —gass #s
YRR (ABS+BS) Eel
L N
Side view

S - S i
e e Ay
1 7 B g
< T 10m ‘17
m

> 26m

YR REEWE. BRIR/ILF—: 1.9keV, HUAHAE: 8 mrad (Max)
TiE@DtES. ERESR - Si(111), TRILF—EE 2.1~23 keV
cEHIS— AV YUY RUAIL, RAD— BRBE. Ryga=46.94 mm
< AIEFE: XAFS (BB, HYEUNE. BFINE) . SAXS
« Y&: 3X10° photons/sec @ 300 mA. £, =7.2 keV (GEEHEH)

- 61




TSuOFEH 2dsinly =4

s BASNIBBHDOB, TSV IR
ERCTRERLITIN, BUAETERS
(@ =N3.

- RBROBE(TSYIREEZDCLET,

5 .. BE(TRILF—) ZHHT S,

(226keV) (21koV) * HEIDE — AIBE—FEICIRDIEDIC

2MDIEREBEB LTS,

__<——>

T ses

DIEDILHEH - BEELED

TSy IR ERLZ UIZORXEERA

ASXIRORR-BEKFE

(ABIXIEDEERED

BE1A (124keV) CHIBS (111) REORSIELBIE ERAZECI R

- - [} 1

1 1

| ; | i L

- | i i

| I
g ToyR | | | = ' 1AL KBRS PERE
& 1 @1A71240eV) | "

X g | la73 | ; '

E ' | i i

i N 1 1 1

| A | -

18 . ISV IRE
ToVIREDEOTNAG () BHENEXROREEAND ERESRH (OuMond®)
rFng 3, BRICHIIBHOTRICKLD.

(BIFEAOXBE TIE KODFHCTINENED,
HBRRBZBBUEXRIET S v TBODTHIC A = o + ¢*
ERAG Sy e A Vo + ¢ cot,
IRIF— (RE)ICEER>TLED. 0 gR0T—m18 i rad
P AFHOBERN 8

DIEDIEHEH - BEELC

TSy IRWERIZ LCOXgERA

ABXEORR-BEKFE

(ABXROBEREO

BRIA (124ke\) CBIBS (111) REORHE@IR l SRYEBCIRE
i
s
s
HE2Y

y u " 4

# B ] IM DHXEORE-BERFE

B r o
]
P
p i |

418" .
TSy TRENSDINAG ()

ISvImE
DHSNEXRORRIEA) EAEFE (DuMondE)

All:\/whry)z cotfy W

TRIVF— (B CRES > TLES. PR T T
P ABIHOBELA D °

rony (&, BRICHITIDEBHOMECLSD.
(BIFEAXRIAATIE KODT DTSN,
BREABZBEUEXERED Sy IBHINTNC HE
IN3)

EEMEQ EDIEHIC  RET 1

ABXIEDBERNZRDIER

< OROMSABEDT
< HRY A ZEDHBORICBHINE L
IR

Ay FTREDRMUZNTBEF

“ MBS
(ABS+BS)

2w FETREDHERE

= BL11 (RASWEBL T,
DitEDLRAIICKRESNZ
ARy kot ZIC
Ko TROHSND.

2y b1 XCKDEBMEDZEL

Slit size : 1.0mm (@7m) Siit size : 05mm (@7m) Sit size : 0.3mm (@7m)
1ea S
D e = I JESST
e P
B e ‘//
=
< —=—Sil11)
1E5 —¥—Si(220) —{
—A—Sil311)
——SiE33)
€6
s 6 s 5 o s 5 s

10
Proton enerey / keV Photon enerey / &V Phaton enerey | keV'

o)y A RXREEEICEBMENEIETD
BEM A% =y +¢’ cotd,

FHEUEZASDE = ¢=0

w  KERDY =D 1 UIE
& L AFHEDBELND

S WITHAAS UCHEE

TBLAVIR)VF —&E
& TofRAEE—EICIRD
CEN'TRE
s SoRse
~< v v v v v v ¥
I
iy N s ——
<
1E-5
—a—Si(111)
—v—Si(220)
——Si(311)
——Si(333)
1E-6
5 10 15

Photon energy / keV

,62,




DICEAGEDEEFHEEBDHIIR

XANESRAARY FILDRY v htigikirtE

Cu Foil

i s

—— 02mm
——— 0.3mm
——— 0.4mm
—— 0.5mm

1.0mm
— 15mm

=EE - XANESZXRD B)ILD
21w SMEREE (1.5mm~0.2mm) 13

EEMER EDEHIC BET2

DIICANSNDY I VISR (@
, TIRILF—§E (ke\)
R&E | d (A .
5° 70°
111 | 3135 227 21
DHIBED MERRMEE] D

220 | 1920 370 34 YBEBD, BETHEL

311 | 1637 434 40

333 | 1045 681 63 &

REFRPOSI(111)D
AERIEDEBDOH CIMTEE

papav =l P ES]

RERALTNBSIH1 1) ZRNZ 2#8& D[ CRNT,
Si(B33) ICHXRT DEF/REAICAND C&RET.

OvFVIAN—"7 (QIFHR) D& @7000e V

Si111), Si(220), Si(311)
© T " y Si(111)[CLART
@7000v HU\EREEE (=1 VIg)
SiER DR
(1) hkl all odd
o5 i (2) hkl all even
—Si(111), w=8.36" and htk+=4n
— Si(220), w=6.50"
—Si(311), w=3.88" N
AR 111, 333,
220, 311
ZhRe - 222, <+ .
-100 -50 5 E;O 100

111RED3BR (333RED
NRIATEE

735 J7%73‘b®§'n A6/

% XOP 2.3, Xcrystal 1.2IC K 25t58

7,000EVTODO Y+ T N—T DR

- - Si311), w=388", =327 1
——Sil333), w-3.13",

BIRIF—DEREL

Si111), Si220), SiB11), Si(333)
10 - — T
arooeey NS, Si(333) RHDO v F VT
Y N=T&, SiB11)R§FDE
“. DERFENZNIODELRN)
# |
& OB --si111), w=836" 6,164 “ H
LZ = = Sil220), w=650", 6,275 1 II

-100 -50 o} 50 1})0
TSy IBDLOTN A6/
XOP 2.3, Xcrystal 1.2T5tE

SI(333) BRVEBEHEBEHIIRIC KSDEDHEE

Ef%5Y

papjeiai) Si333), Si(111) AT
Uy HithEO :  0.5mm,  0.3mm

. XANES  aFe203 |
@ s N
# iz - = = l..-'jlr._" =
- == @ o~ -
B . — i i
: il b BRGE) — 111, 03mm |
g wp 383 oo |

oo et —333, 05mm | t

¥ I “rl-_r.p : -|-'|-\- -:'-m-. .n'l:l:\- "-‘."Jl 'I-"' ;'l'\-.:"

Ebsemgy eV Znevgy |

SiB3J)fEREZFEAITDCET,
REVRNICEIRILF—DEEEEXAFSHTZ D. ,

NMATEEISYE TRV —&0H

B e i -
> \ Si(333) ?
2 g [ Ni K 833 kv
%ﬁ ﬂ Co K 7.71 kev
510 SicHH N | Fe K711 kev
g S~ ||V % | MNK654 kev
£ [ Cr K599 kev
= ] =

AT AR (570 )T
%10 20 30 40 50 60 70
0 /deg
) Si(333) &FATREIC L, HBERBETDS LR
38\\111‘ : ?-éig;i Mn KiiixbFe Kﬁ@t’éx]%t Lz
ST E

BIRILF—DEREXANESSHAIN' TEEC B o 12,

18

,63,




SEDRREEXAFSADIEST :

BEEEIC X T DEIEXIRUNEIEXAFSD A L v

(BBEDHBE]
AZIXIEDIRIRIC KO NFRBEF ORI

ASIXBERIRU TARETF (CTTRsER)

5
Y B @ BRSn3. COCSAREAOERICERTS
2p TRILF—EDIE (Life Time Broadening) Mt

Life Time Broadening
(IR F—E D)

'O, WREOIRIVF—BICIBAEL,

FERELUTAND FILOFIODE B,

BERET, 1~15eVigE

BYCXERNEEXAFSDA Y v

(HYEXIRNEEDHE]
FREIERICHEL)

AFIXIRDUIRIC K 0 FRTEF 0Bl
RRREBFH [BHRAH] . SYEXIRNHE

4
# 0.2eV

Life Time Broadning
(IRILF—EIDIE)

|
l

BEEET, 1~15eVigE

1s L 2%

2TV IV EUD SRBEDOHREA

ERETRENRE UCEDREACERIZT
128, BEHAIROYUIY RUD MR (SDD)I &R
FETBIRAICZHRFSDDEIIRIRBIZZEA U,
HMBITREXIRE ULENXAFSAIEY T A&l
S5ETE, BFEOREEZMLEXAFSAIE TR
HEBEOE —AY 1 ADFRRE UL BMERTERD
XAFSRIEN TEEETR D12,

+FOJI—E—4t%  XSDD50-07

« 2BEHEHE 1 350mm?
(colimated to 50mm?X 7 &F)

« IRIVF—DfREE 1 244eV@59keV MnKa
(t" -7 51h 0.25 us. 1000k OCR)

BIETOTSA « T—FWNBYD =D T PR

BRDFANDEXAFSHITE TIE, BASNDEEZIND FILOE—DREEBN
TRE=DTDD 1 Y RO« YINUETHD. EIRBEDESIEREXAFSHIEY
TEOIPHSPENICHETICET. TASEXBIRIVF—XENIND MV &
2RIT—HELVTRRIDIYRATAE, ZO2RLT —INSBHRRE—DDD 1
VROV 0%E B BICRTEIMEY D DT PERR UL,

T T

XAFSEIETOTS A

EHIEHBIESWPRFIEY I~ -
XAFSEIRTOTS ANSIE TEdes
D121 ELTROINOND.

g
>

SRF TRESNDEXIRDEEEEBT
RENICRT L, By T« YV TBEOAE
BORRELBTEDILIICUE.

T—YNEBYD SO T P DRE

BEF-5—
BWEHEICRBE—D 1620 A(Cr203) /BNF#R (100pom)
Cr-KiimffENSDDT —& Z2R7TRM UIZED.

* ERDASNIRILF—TD
’ BHEXIRZNRD IV

ROl
— CrKafflckdE—2

g
B
S
h
Q

ROUBIE LIZE#IEXIRE — 0 DRERHIC KO XAFSZAND FLERS,
T —5E. XAFSERHTY T kAthena® Ta#ididd DJAEE 19809
THD - REFT6E.

B SPOEEEEXANESZNRT RIVAIEDED, EBHEABFIRZ v
FOEERA, WUICSIH11) REBOERNES A DSI(333) K287
BERDRIZET L.

o REDE—LASAYDEYT 1+ VIEEEITDCERL,
6.5keV~9keV (Mn Kiii, Fe Kiii, Cu Kifi) TOXANESX
RO BIVOBEDREEAENTRETHDCEDDD DL,

® Si(833) RHEE(EA ULEXANESANRYD ~ILDEIRES, FEIC
SOREAEETD ETEIRIIECHD. S5tk E—LST1Y
DEELZER>TNL.

O ARO—BL, CREST EHAIKIMEBEIBRUEDREIC
KBTI YFTUITY REHAl - BIAFEORHREEWAE) DI
ZRDEDTHD.

,64,




Ge FFHERLERE LICT/ERL L7z BiJRFE D
7 I LoOVIERBICR T B E TR

ARES RAORE ., AR R, &R A
ERRF 7 u bu St At > 2 —

VEEBETHL AN~y ) ary FICHEDEBZARESETERLEB
ML, AV CHEMEAERICEI VR 2REE FRELZ R T ZEnbREMRRAE
fe =27 ZAME~DIGHACEBEDEOB SN DB EN Th C& 7z, FEKE
H~DEBIRFWEICL DB FREFIEICEBNT, ZOEFREXRDCBERIEIZET
LZHRIIEETCHLEZZONDILDOD, TNHICKRELFLHETDH 72V I LLVE
FoOREEETFRESCETEBRRICET 2WMEFIIIET IOV, 22T, K%
TIX Ge (111)-c2x8 M Em FICER L2 B A~ 2 [ EIZOW T, AESR T8
BT, AESB 2T HRET D EE AN ERONEEZITo-, BRI ET X
R RV OWTEHEMABRMRT 2T 28Ik, 72 I L_LViiBICB TS 58 -
FEFETREOZ I AL —SHEVEFEBBEICOWVWTHL ML,

,65,



GeBBRNRE LICERRLIBIRFRBDIIVELANIVEFEICEITSTEFINE

SHES LA, WAS, RITF, HiENN
EBXFIarayRERmEE 42—

Introduction

Atomic layer grown on semiconductor surface attracts much attention, since they exhibits
characteristic electronic and spintronic properties.

Various phases and physical properties are obtainable with the combination of layer atoms and
substrates. In contrast to an understanding of the occupied electronic states, the reports for
electronic states in the unoccupied state which associated with their properties such as the
electron transport phenomena are very few to date.

In this work, we have performed ARPES and AR2PPE study of Ge(111)-Biv" 3 X4/ 3 surface. From
the results of detailed analysis, the electronic dispersions in the vicinity of Fermi-level were
elucidated.

Experiments

- Angle-resolved photoemission with synchrotron radiation
Excitation energy : 21eV, Temperature: 35K

- Angle-resolved two-photon photoemission

Excitation source : Ti:sapphire laser (Chameleon, COHERENT Co.)
Excitation energy : 3.96 - 443 eV(THG), Repetation rate: 80 MHz,
Intensity: ~ 0.15 nJ, Temperature: 35K

- All the elxperiments were carried at Saga university beamline in
SAGA-LS

Saga University Beamline

OSynchrotron radiation (undulator BL and bending magnet BL ) -
QOTi:Sapphire laser system : unoccupied state investigation and
excited-electron dynamics with time-resolved measurement
ODeflector equipped electron analyzer

Evaluation by 1 degree step lattice and e-beam.
- EPass 20 slit 0.2mm L4Ang0d8 (+15deg)

Two-photon photoemission process in AR2PPE

Occupied states derived features: follows 2 Ahy
E=hvy+hvi-O, Eo=hvy+hv)-O
AE=E-Ep=2hvi-2hv, = AE=2Ahy
Unoccupied states derived features: follows Ahy
By =hvi-®, E’ =hvy-©

AFK=F" Fo' =hv;-hv, > AFk=Ahv

Kinetic Energy

Vacuum ovel
Unoceupied Based on the energy conservation rule in the photo
exicitaion process, the origins of the obtained dispersions

Occupied . ) -
and their energies from Fermi-level are specified.

ARPES spectra with synchrotron radiation
Ge-Biv 3x/ 3 Ge(111)-c2x8

- aign iy

Energy dependence of ARPES specta measured with synchrotron radiation reveals the origins of
spectral features. Features S1-53 are located in the same energy for different excitation energy
excitation, and attributed to surface states Additional features observed only for ARPES spectrum
of Ge-Biv 3xv 3 were assigned as the surface states derived from Bi.

AR2PPE spectra

Ge-Biv 3x/ 3 Ge(111)-c2x8

Peak Aand A" : with the slopes of 2

[ . Energies with respect to Fermi-level

E - ) ) ‘
- - fFE S are consistent with the energies for
S1and S2 those obtained by ARPES.

465V § T D
Attributed to surface state S1 and

el d4.48eV =

S2in the occupied states observed
in ARPES for Ge.

o\ S PP
J A 4.38eV
o ol ~4.33eV

P I me - i | Dt .
P T X Peak C, G, and | : with the slope of 1

I [ -,._ _J’ -A.SAeV!.I'

These peaks were found in AR2PPE
both spectra for Ge-Biv 3xy/ 3 and

&K
LR | Ge
b l [ I Assigned as the unoccupied state
] of Ge(111) derived surface state.
L
(]

tmd s

Peak D and E: with the slopes of 1
o
Vot it Peaks were not observed in the
e Sar of Usl 1| el
Sy S ol M o o AR2PPE spectra for Ge (111) -c2x8.
Assigned as the unoccupied

I

surface-states derived from Bi layer.
Peak B and F : slopes are not integer

These peaks were found in AR2PPE both spectra for Ge-Biy 3xy/ 3 layer and Ge.
The band dispersion perpendicular to surface direction based on the previously reported
calculation, these peaks are assined as the optical transition in bulk-bands of Ge

Conclusion

Electronic dispersions above and below Fermi-level for Biv/ 3xy/ 3 layer on Ge(111)-c2x8 were
investigated with AR2PPE spectroscopy.

Obtained excitation-energy-dependence of AR2PPE spectra were elucidated based on the energy
conservation in the two-photon photo excitation process.

Observed spectral features were assigned as the transition between bulk band, occupied-, and
unoccupied-electronic dispersion.
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(a) HPHT substrate (b) Homoepitaxial layer

Fig. 1 X-ray topography images of (a) HPHT substrate and (b) homoepitaxial film at the same
position
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Spectroscopic study of immobilization mechanism of selenite
and selenate in ettringite

Binglin Guo, Keiko Sasaki
Department of Earth Resource Engineering, Kyushu University, Fukuoka 819-0395, Japan

Ettringite is a crucial cement related material in terms of Se immobilization under alkaline
conditions. However, the immobilization mechanisms, atomic configuration, and
interchannel structure of Se sorbed in ettringite are unclear. The coordination chemistry of
Se032” was evaluated through structural insight into ettringite (CagAl2(SO4)3(OH)12-26H,0)
using X-ray diffraction (XRD), Fourier Transform infrared (FTIR) spectroscopies,
thermogravimetric analysis (TG), and extended X-ray adsorption fine structure (EXAFS)
spectra. It is contrasting between SeOs3?~ and SeO4>” in chemical property of the solid
residues after immobilization. Based on the EXAFS and FTIR analysis, the oxoanion
exchange with structural SO4%~ is the main mechanism for immobilization of Se042-, which is
bond by the outer-sphere complex. In contrast, SeO3*> is easily immobilized to form
inner-sphere complexes in ettringite. Based on the FTIR and EXAFS results with the bond
valence theory, the location sites of sorbed SeOs3?" in ettringite structure were also proposed.
The results obtained in this work are relevant to the understanding of Se and its isotopes

immobilized in cements or alkaline environments, especially for nuclear waste management.
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Fig. 1. Structure of ettringite with a single column showing Al polyhedra and Ca polyhedra.
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Fig. 2. XRD patterns of solid residues after coprecipitation of (a) SeO,* and (b) SeO,*~ with
ettringite at various initial concentrations. Numbers in brackets indicate the equilibrated Se
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'pic's'tud'y of immobilization mechanism of selenite and selenate in

ettringite
Binglin Guo, Shingo Nakama, Keiko Sasaki*

Introduction

>

together.

=Ca,-OH
80 0

> To interpret mechanism in selenite and
selenate immobilized in ettringite.

Ettringite was identified as
a principal phase.

Reduced element s should
be incorporated in ettringite|
structure

The columns of ettringite are made of
{Cag[Al(OH)], 24H,01}¢" .
SO in inter

Materials and Method

1 holds the col

» Al coordinate with 6 OH and Ca coordinate
with 4 OH and 4H,0.
Functional group on the surface
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the region of 3650 to 3000 cm'!
gradually decreased after ettringite
reacted with different initial
concentrations of SeO;>".

The intensity of broad bandings at
3000 to 3650 cm™! exhibit constant
after ettringite reacted with
different initial concentrations of
Se0,>.

% Incorporation of SeO, anions will
affect the OH groups in ettringite.
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Fig. 3. FTIR spectra of ettringite reacted with (a) 0-5 mM SeO,*" and (b) 0-5 mM

SeO,>.

4 g R1 a0l
‘Wavenumber/ cm’
LE N ) .
LR . . | .=
LR L [ |

The intensity of vibration spectra in

concentrations.
savno Sample Shell  CN RA) o Rf(%)
A Standards
B So(VI)Ca CaSeO; Se-O 3* 1.69 0.002 3.44
E P i _pure Se0ettringite| CaSeO, Se-O 4% 1.64 0.002 2.03
E C Se-Ca  4* 339 0012 -
i Se sorption samples
‘:.Z Caseo, Se(FV).— Se-O 2.97 1.69 0.002 1.55
£ = ettringite
g i selenate  Se-O 3.67 1.64 0.002 1.03
2 $¢0]doped ctringitq efiringite
/\'\M *value was fixed during the fitting procedure.
i Caseo, | Rfresidual factor indicates the quality of
p=d - fitting results and is expressed by following
CTI T 5L g
R(R)

Fig. 4 k*-weighted Se K-edge EXAFS data for SeO,2 and S0, doped ettringite and reference
compounds (ot corrected for phase shift) showing both raw (solid lines) and fitted data (dash

The CaSeO, showed an
additional peak at about
29A.

No further peaks above
the noise level were
found near 3 A in
SeO,>-doped ettringite.
Se0;>-doped ettringite
and CaSeO; did not
present an additional
peak.

# w
b

Numbers indicate the sum of bond
valence values of different atoms.

lines).
T Sample _Shell _ CN RA) o Rf(%)
Standards 5 q
. N Pue  CaOH 4* 237 o005 L~ Ea g‘gm ' Coor?mﬁei
E pure Sc07 cngid Sulfate  Ca=OH, 4% 250 0005 - 7 &) (@ AR, @il
B N cttringite Ca-Al 2% 347 0004 - 4 atoms are provided
é‘ "7 se sorption samples by OH while the others
] Se(IV- Ca-OH 376 234 0007 159 are from H,0
g O] doped etingite| - etringite Ca~OH, 3.76 248 0.007 - molecules
] Ca-Al 188 3.46 0.004 - > The interatomic
2 Pure Ca—OH 3.86 237 0.005 1.61 distance and
selenate  Ca-OH, 3.86 251 0005 - coordinated number of
ettringite Ca-Al 193 347 0004 - Ca and Al did not
0 1 3 3 & & "valuewas fixed during the fitting procedure. change after uptaking
Rf residual factor indicates the quality of  Rf = <100 SeO4~and SeOy>.
R(A) fitting results and is expressed by foliowing
formula:
Fig. 5 k*-weighted Ca K-edge EXAFS data for SeO,’~and SeO,’~ doped ettringite and reference
compounds (not corrected for phase shift) showing both raw (solid lines) and fitted data (dash
lines).
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Fig. 6. Curve fitted FTIR spectra in the 2750~4000 cm! region
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Conclu

Se0;%is easily immobilized to form
inner-sphere complexes with Ca—OH, on
the channel edges of ettringite.

SeO,* is immobilized through outer-
sphere complexation via anion exchange
with SO,’~ in ettringite

SeO4" in ettringite is more stable than
SeO,* because inner-sphere complexes
are more resistant to remobilization than
outer-sphere complexes

Based on the surface function groups of
ettringite, the potential coordination site
was proposed.

The strong overlapping bands at 3000 to 3650 cm™! were
attributed to the stretching vibration of channel water,
crystal water, and OH groups in ettringite.

Based on vibration spectra of gibbsite, portlandite, and
water, the overlapped peaks were fit and separated.

After SeO;>~ was in cooperated into the ettringite, the
intensity of =Ca-OH, vibration was decreased.

Cooperated SeO,> in ettringite could modify OH and
water vibration and result in small shifts from these
vibration spectra.

The SeO,? incorporated in ettringite will not change the
crystal water, indicating SeO,* form outer-sphere
complex in ettringite

——

< SeO,* has high possibility to react with surface
function groups and remove coordinated water
molecules.

% SeO,> forms inner-sphere complexes with surface
function groups in ettringite.

% SeO > just can forms outer-sphere complexes with
surface function groups in ettringite.

Outer-sphere complexation

II'II

2 - -'j'- =

Inner-sphere complexation

PR T
b, N
g vl g e

H,0 molecules]

Acknowledgement: (JSPS) KAKENHI (A) (No. JP1

70 -

H02435); Kyushu University Beamline (SAGA-LS /BL06) proposal No. 201611K002



CaliiMFNC LB T7F5AT o anhbDHERA A EHINE

OfpEE  fEEI, B 2&, = Wk, # A 7
TN KR FRFFE LA HERE R > AT A TH R

FRKIIFEEBHRTHHEND 7747 v 2 (FAIX, URTE CIREERED L SN
TR EETEHEA LV N EOHEORSINO KEORHAHEIND LIk oT,
LinL, BEMSCE A MEMAIE W HBRTHA S DBICIZ, FA ks
FNOAEMECEDPRINMOFA TERET ~NEH T2 ERBEIN TV D, HE,
COREXLEOFELHMHEEL LT CamRMANANTHDLLEINTVDINR, TOEH
P DA T =X BN o> TR, T ZTARIFETIZ, WSO Ca RINA %= A
WTIHEHERZITWY, TORENLELMEI A =L %2HE Lz, ETIE. A%
THWEFADOXYZ7 2742 ¥—3 3L LTXRF, T oH. SEM, XRD, Jk
S (XANES) 21T 72, XANES 227 R b, 7947 v afOlETLH
Cr, As, Se Iz Cr(ID), As(V), Se(IV)E LTHEEL TWBZ ENg otz I
MR Cix, FA LK ZARY A MLVIZAR, 4 FEOKRMA (lime, gypsum, slag,
HCD60)Z F%) Ca EENE L 2D X 2ICMAlz, 2hEaReH) Lk, HBohiRk
BHa BT HEL . BIRIE pH & A AV IREAZNE L, ERERE X% XRD T
faAH O EE. SEM TEfE#lZ, TEM-EDX CrEoM&21To7-, £7-REDER %
AL FEIMZTITY, EAEE% 2 TEM-EDX Tr#ESH Lz, ERERENS., &
pH FTTA KL= NY A M A R~ A NBEES T OREITEBL
LTCWDZERHLMNERD, TROBRAERINTZRTIFAEESA L ORE LR
WL ICHfl Shie, BAV M EMATESETHORERBED A = X LARHE S,

7717



Q&mbﬂﬁﬂk&é??*f VoAb DEEA A iaH

SAGA =
Light Source 1¢|F$§ Lﬁ“ E élb\\ ?B *ﬁ;‘;\ ﬂ* EI‘::%
AMKRE KEBE THIF BHRERCATLIZ ERUE-REEEIZFHRE K VLIS UMY EREITY

TARMHSBICHFEIF1Tv10ER NIMARE
12 oclno 000 ton/year e 1009FA "~ - Ca additives FA() 100
\ XANES in 60 mL H,0 addiives | none | slag |HCD60
Reuse of FA [ Cr K-edge -
) Cal inmmmell As K-edge 100 pmatzgc | effeciveCa | g1 g54 | g3
} o= /} Se K-edge for 8 weeks weight ratio (-), ’ )
SAGALS
" e e additive Ca (g), 0 1.16 1.16
(mainly alumino-silicates) p

BRXHEEF additives (g) 0 215 | 3.77

> 7547y a(FA)ICIFARBROAEEFTHR(Cr As, S H,0 (mL) 60.0

Se, B, FE)N&EN TS

> FAZRWV=tAUMOBBMERABFAT S

slag === SiO,, Al,0;, CaO, MgO, etc.
E2BL FAPOHBTEANIBBARHT 5o LA TEOME: -

Bz £ BEPHEM T T, CaMERMT Ho&l=doT, ThU~A Ah pH XRD HCD60, 60% Hydroxylated Calcined Dolomite
ﬁﬁw%;éa? B AL R R SR ICP-AES SEM 7 CalOH), Mg(OH), Mg0, CaCO, ete.
). 60% 0%
2y = e o e — =4y 6Ca?* + 2A1(OH), + 380> + 40H: 2 Ca,Al (SO,)y(OH),, * 26H,0 (Ca, Mg, A|, S, Cr, B) TEM-EDX
1) FADLBH T SREAFTVERBILT HDOICRIHR ICP-MS (AS Se) LA-ICP-MS <Mineralogical compositions of HCD60>
ARSI RS 2 TRYSH (el co AEEBEBELTHS "% IC (F) ’ Ca(OH), Mg(OH),  CaCO MgO  others
g — LEEE LY, hT AHMOZRICEAA S EEYC
2) BEAT U FRBILDAN=ALEHET . ORISR ” 566(%) 2443 580 1126 190
+ s % e
HBRBIUEE
FAD #—\437 9 l} -ﬁ—&a S ;a:;e. 1dCh§|cjn;§al cf.mposilions of fly ash by
and acl igestion.
f (a) Cr K-edge () As Keedid I, (©)Se Kedge|  XRF (wt %)
\ i N [Na|Mg [ Al [si[P][s
} | 06 | 0.13 | 044 | 187 |59.93| 059 | 0.7

I K Ca Ti v Cr | Fe Ni

2.98|3.03 | 247 | 0.07 | 0.03 | 9.56 | 0.06
W Co | Cu|Zn |Ga|Rb | Sr| Zr
0.03 | 0.04 | 0.18 | 0.02 | 0.03 | 0.2 | 0.08
Acid digestion (mg/kg)
Fig. 1 XANES spectra of (a) Cr, (b) As and (c) Se K-edge. Cr|Se |As | F | B
47 | <0.5| 13 |<100| 59 |mg/kg
1 05|05 | 100 | 10 | DL

@ XANESZRARZRIL&EY. Cr, As, Sel$FARIZENZECr(lll), As(V), Se(IV)EL
THELTWAIEN D o1

@ XRDOFERELY . FAD T BLEFERIBL B ZE(SIOH)ELTAMAIKO,3Si,) TéHoT=

& SEMEETIE. PILS/IN T —hOBRKHE L2 pm T DL IMAKEHE
HHTLV=

Fig. 2 SEM image of the original A ® FARDHEETHE(Cr As, Se, B, F)DEHETH T A THT=

Normalization absorption

SO0 G000 6020 6040 6060 11§ 1186 1188 1190 1192x10° 1264 1265 12.66 12.67
E(eV) EeV) Efev

Fig. 5 SEM images of the solid residues after hydration of FA without additives and

. Ca S5 Mg Al 2 " with slag or HCDG60 at different intervals.
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X: inversion parameter
x=0: ideal spinel
x=2/3: random spinel
x=1: invers spinel

Under swift heavy ion (SHI) irradiation, structural changes related to the cation diso-
rdering of MgAl»O4 has been observed, but not fully been revealed. It is also necess-
ary to focus on the structural dependence on the fluence of SHIs. Moreover, experim-
ental determination of the local structure of MgAl,O4, including a control, irradiation
free sample, can only be understood by a theoretical approach.

In this study, cation disordering in MgAl,04 was investigated with a combination of
XANES and DFT calculation spectra, and the inversion degree of the spinel cation was
quantitatively determined.
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Seko et al., PRB,73, 094116 (2006)
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BEBEEY=E1L—2FFRVTN\YFHE-X
BREBHTTHAIAIIBEHABRBIRTLD

BBXAFSHEE B #3327 L “DominoBox”

BNV OD DR TEDHLNTIVD,

CITI. YtEo2—2B0THESA=-EG
XAFSAIERADBEHABIB AT LD
ominoBox" &, FNERAWNSEHEHEHAIE
VINIITERBNT o

HEAU S FBHT

ERRFEGANEY I T

EBXAFSHEBHABNIBORT L
“DominoBox” Tl&., B RLYrEFTiE
BEETFT-FRE BT/ UT)THR
IESh-ERRILY—IZBEY T TRLAIC
ARL—CF B EICHEENH D, RILT—F
mFT70 0EBABEINTEY, RILF—
RETZ#HESETERLRENST D1
EITEBLONCRYE T IENTAEETH D,
CNICKYRILT —BERDLBEORILE —D
HARELTHBEL . HARL— L OB EME
ROBWEBENFET, ERICOV /I A
R (~150mm) 221 DB RL v RE R+
L—U9 58N REE TN, . 7R
WA —DBOMNIEK Iz TRILE—ETS
DOv—THRLETFCREMBE~NEYRTTS
SUCy—EFRTERILE—NBEELITTR
MBFETELTREITHENTRETHY.
HOEES AT LTRAVLATWAEHKZ
BEOIBBENRELL- TS,

NI LabVIEW CE M N 1B HEHEHRE
VIr T IE, [HHEES/ IR —REIE
HARVRLEISK]MSEDTBIE YN ZEE
FTBRIRTDa1—F 1R KEL. TIHLRIE
YRS EITTHFBHREED 2 — L IET AR S
IWRAIEED2—ILIERYRLFVUHETIET
EGAEEESTRIGS A LLE-OTLS,

AR EED 2 — L IO U HLIZAPHES
hTHY. IDominoBox HEY 2—JL JLISMZ.
1HMOTL—rEHBORLYEEREYF1T
TAWSIERHTIL—FBEES21—ILID
REINTWNS, Ff=. COAPIEED 1—ILEE
EFHRIESNTEY. AHBOLOET
T BRHBRIAS AT LD EEEBBERTY
TE[HAHBEBILRBLTERETIELILGE
Ta—)LORELTARETHD,

YIRIIT F—FTHOF IR

- AVH-TI12R
‘ —BSLER ‘ REBEN

Ryoa—-3
- TEey b TR
+ THRDRL) R
- T—RfRIE) T

Jfwann  JL JL

HEREES 2 h ‘ 2RI FLAEES 2—)
\

27y T B
o1y ofE A

"DominoBoxs H
[ 2#7L—F
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2RI X BB %Z HvW/- XRD - XAFS HlE

A S
Ml r7e b e ¥ — E—AT7 AT N—T

WA, B BB RS OS5 BICE W T inssitu T X BREIHT(XRD) « X R W I 5500 4%
EXAFS) O RIEEFHHOFENm E > T %. XRD Tid nm L Lo J& #4812 %9
LI T D 1E 2%, XAFS TIIFEEHIE £ 5 X# kI ot F o & Ik gLk
FRAGREEFORFTHEEICHET IERIGOND. HAGE2EIS TR ONEEIT D
in-situ EBRIIFE CEBRFMEOFRANHE L2 D, 1 EOHE T ETOFER[F R
121G 5415 XRD - XAFS [ARFFHHNIEMO TH AW TH 5. oIk, XAFS O HlE
FEO—DE L TA A=V 7 XAFSIENRE SN TV D @E OFE il XAFS 054,
AN XY A4 X3 mm BB TH D720, X BB fEIIC S\ TR S vz /i
EEWERD. —0F, BEMEL 2 RooBHEHETEET 514 A —Y 27 XAFS T,
MG fE I 2 8t pm BEIICEI D T 2 EMRGE oL 72, B O R — %% "l
bt T& 5. SAGA-LSBLI5S IZBWT, ZDOA A—Y 7 XAFS & XRD O [RIEEEHH] o~
AT LORBEEITT-ZOT, TOHRERETD.

F 72, BL0O7, BL15 238 T 2 &tk H# (PILATUS 100K, DECTRIS #:%)%
W72 XRD FHHI VAT A EMEELZOT, RISV THLHETS.
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P-21

2R FTTX$RR H S8 Z AL V=XRD - XAFSHITE

A P

s >o0O Oz dmxRte> 45— )

SAGA Light Source BL15

[T A D e o | [ [, L 1

=]

R, BIMPIBEREZEDODTF(CH U Tin-situ TXHREHT(XRD) - XHRIRUX
HAEE(XAFS) DEIEHAIDEENFE D TLVD. XRDTIEFHENnmM LD
ﬂﬁﬁ%udﬁ%ﬁ’ﬁﬁu_ﬁaial NS, XAFSTIEEBHCEEND XHR
IRUNTTZR DB TFIREE AL F I SIREBEOBIEE (CB T 2 EHRNEESND.
MM EZ lﬁé’ﬁ&b‘b;ﬁﬂm’iﬁD |n-SItu%5ﬁ(¢H USRBREFOBIRNH# U
W EMNS, 1EIORIET LEDIBERNER (CHSMNBXRD - XAFSHEERET
BEES THHNTHSD. =5(CHmia, XAFSOREFED—DELTA
A= OXAFSENRFEEIN TS, BEDFEBXAFSDIZE, ABIXHR
HA X (EHEMMIZE TH D/, XERBHIHREC DWW T L ENIZBriE
EiFRERD. —FH, BBRREZ2RTRHEBTHRIDZAA-—2D
XAFSTI(&, BEMEEZHMmMIBERKICTI DD EBERMESND 2D, il

r——
e

I - Horizontal 'y
0.55 mm
ey - Vertical =
} 0.70 mm \

i (1 (] ] i ix

Energy (keV)

Photon fluy {photon'sec. )

ZEI(CXRD, XAFS, Topography®

DR — WS EERILTES. SAGA-LS BLISCHNT, Corx—> || | AEDTeIRE
XAFS EXRDOEREHAIS R ADRFREIT /2. XAFSHIES 27 s
#F/z, BLO7, BL15(CHBU\T2RTi&HES(PILATUS 100K, DECTRIS#
#)ZAVEXRDEHAIS X F AZIBE U, HNE>o0 O AHRFE> S — BLISICHWT, 2Rk EAunz1

RA—T 2 IXAFS EXRDOEKETAIS X5 ADORFEZIT O,

O 2RITXIEIa L e O A A= 2JXAFS O XfETRILF—FEEBXRD
+ PILATUS 100K (DECTRIStt&)
Sensgr Si (320 pm)
Sensitive area 33.5x83.5 mm
Readout speed 300 frames/s
Num. of pixel 195%487 —
Pixel pitch 172 pym g4 i
Counting rate 2% 106photons/s Z.
Weight 2.3 kg E
Dimensions 143x110x180 mm® |~ 0 e

+ MINIPIX (Advacam#t®)

e e WESIREHR
Sensor Si (300 pm} e - s ‘- N — "=
Sensitive area 14x14 mm Tl S B XS :' =yl el [ XEIRILE—%
Readout speed 30 frames/s = k ] % ||'; + 1 ZlE=ERNS,
Num. of pixel 256x256 gl P t - L = g —
Pixel pitcﬁ 55 um FEL il v EHOBBXAFS & | e — ,'I* ;ERI;?C&:DLCL
Counting rate 1x10°photons/s |k i 4 ‘i EEDRVEED | £ gl =
Weight 50 . 1 '::--1.' s S—AAEEBBITE - _..l-‘" ‘ i mwvm 0000
" bi ) i ks - iy L J cukese o i
imensions 60x12x5 mm RS EDHAS 2T (EAL ") e . " | /E, 1A= OXAFSEXIRTR)LF—
h il Nl EBEXRDZMEG R IZEHAIS X5 LA =185+

#R[ElrRERERDIBSE (BLO7, BL
© PILATUSZZ AL \/2#p RO 5EER ) o SAIZES

FINA 2 TS —EEAVZHERE
TEBRBRR TR, BR0.1 ~
0.2 mm¢ DISAFvESU—I(C
HASNRIER (RIS ZER

RTE SNz EHRR(BLLS, £ = 12.4keV, Si) gL, EFEESTHZE 2R TR RS

m ; - T (PILATUS) CHIET 5.
- BL15 - BLO7

DSRFrESUHARER

XELRILF— 12.4 keV XIELRILF— 17.4 keV
i Si (Nist 640e) Bits) LaBg (Nist 660c)
R X 0.1 mm¢ x 30 mm AR X 0.1 mm¢ x 30 mm
| marasm o AR 5 min. FELESRS 3 min.
“ Tsiaiy 1 ' ] LaBg (110)
1.0 * | FWHM = 0.0358 deg.| 7
WEDHET ; _ a R o
g 08 N | E o8 o4 T o150
BL15 BLO7 - E i 5
: Ty ™ g 0 wlgpmty Sy | § 060
SBIETTEE20 (deg.) — -5~140 -5~160 1 & ) LA z e w7 =
AEDERE (deg.) 0.03 0.012 j g ™ ot
HAASE (mm) 328.5 821.2 ! 5 o gl
TRILF—EF(keV) 8~ 16 15~ 25 ¢ ) = | \ ‘ [ 1 - | “ L]
SREHM@EE (K) 90 ~300  FROH s Ent s 0 S m” bty
26 (deg.) 26 (deg.)
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FIREIIFT X B NRT S 74 —DFF AL —T g v

A1 HUAE K BA
M7 m bty 2 — E—ATA T N—T

W, XM INRT T 7 4 —TIE X B2 EESICAR a) -1101 (dark field)
LTC1o0EFZ2H5, Lirl, =rL¥—LilkA
EEREEICHET L L. BEROBEHTZRFFICIZ D Z
EMTED I 2, BWBLA L7 MR XA
PR ) & RO KMot iE 2 Bl T & (1], =
ZC., BLO9 CRMEIHT X # hART T 7 ¢ — &3,
Fpr - Eira & L,

4H-SiC /N akt 2 W CRIBEET X # RAR 7 Z 7
A — DT EREREIT o7z, FleEHT g=01-11, -1101,
10-11 (RS ) & BIHREF L 42 X7 4 L A THE LT,
B 1 IZKERER Y & B X bR T T 7 2R T,
B 1(a), (b)DREHE LI & BRI HERALAY /L 5 4L
L3, AR I A MBREEL Tz, SEIORH
SRR BN L EVA() ) OFA LA SO/l W T () Direct (bright field)
EORNENRERIZZRD , WTNL2TBPDITHZ 5, = '
OMEEFM LT, FRREETRAEEBILE T, 2%
B bppp DIRENTE D, —J7, 1(c) D BRI I
LR TOREB ORI A A —U BB LT\, 4
TOWMAERZ DL AN THD &5 25, Z D, i
AF Y R, =RV X—ZEICOVTOH S I my 4H-SiC ORBEF X & R RS
DDOFERGEM, WA A=Y, REREICBT LR 7. ACEMRERT,

L b A TR (a) RERREFH (9 =-1101)

[1]1Y. Tsusaka, et al., Rev. Sci. Instr. 87, 23701 (2016). ES; gjigiiigifoll—;)l*ﬁ)
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7Y RBEFXH KT S
/

[ZC&HIZ

X ERT 57 4 —TIIEBXREEHRZT D E1OOEFARZ A%
BEICHBT L. EHOEFZRKICIRAS C EATES[], Fi=.
BB A LY AR S EHTERE L) & ARORMEEENR
Z%[1]. SE. SAGA-LSTREFEHXIR b KRT 57 1 —TERERETL.
ZTORMEBMERET S

v

B 4H-SiC(0001)/MFr(10x10x0.13 mm3EtR), E< HERRY DKEWVR,

B CZ-SitEik(5 mmEMH), BE<KHRERYD/IMSHFR,

RERFH

B 4H-SiC: ZffitzEl#rg = 01-11, -1101, 10-1M1(EEREK)EF DS A LY
b S (BARREF K)o

B CZ-Si: 220 (FE1REHK) & ZD XA LU MR (BBIRE ).

REET D%

HARTHBELALS S, IRLF—EHNAEERE,

B AH-SIC/hFEBIERERRYNKREL, g=-1101, 10-11TE—HLMR
ZEV, EfrEHEE LEEESDIEL,

B 4H-SIC/MNA R OBARESRITIFFE(THEO . —F. CZ-SiteH TmE
HALAREALREEDHE.

1I
vl

]
Direct (Bright)

Sample

'iu

E1 4H-SICORBEH/\4—>., (¥ I al—oay, (b)EEIRTOEN

4H-SIC/hNFr (R R Y X)ORFEF DR * —

B REREF (AT - BAREA(EEL)DEMOBEIY FS X MEEW
IRz,

B ErF O CIEEROERIFR = FERIRE TE. HRIL—ILgb = 0 Y 3L
DIEBEERL DERTE,

BEERHFRELETORRELOERELE, ETOREHFHLOELA
A= H B,

BEE, BRRYDPKEVEBTIEIR Xy UiRETSH. BRFALTIE
E# L TORLMEENEL Y . B5fi4( A — DI RBAE,

W@ 4H-siC: g =-1101

(b) 4H-SiCzg = 01-11

B2 4H-sicoRKEHTE4TOXE
FRTS 7, BIEEE. E = 9.5 keV,
RCEFERT.

(a) EERE k(g = -1101)

(b) BEREH(g=01-11)

(c) REHR(F M LY M)

J4—DTEVAL—3 Y

- EERE
Ao OO RHREL 42—

mARE DR
4 A—CEFE
HREBEHR &
Y. BE—E#H
DT HYAO Ko i
2

W 15 U By B i
DRBREFICE
THOHEMAR
A%

B3 4H-SiCOX# bR S5O DORERER L AR
(a), (@) E—EIHT. (b), (b’)AREEIH

Sit(#ERR Y /N OREFEIROER A 4 —2

BRI - BRBA LB ICENEER(BRI Y SR MRE).

B CZSitE[FERR YNNS K ABIARFTHDNT, AFr o LTH
FY DS ESNTERAIA G,

B BAREF(XRE1RET & U 55 U B TR EIAE.

\qiB
B4 cz-si#EonRE:EH RS 7 (g=220)
(a) EHREF K, (b) R (F 1 LY b3)

IS BEHORFZREFICESE BAZNSHEE. BEL
&k, EBhrnE,
mBHRHNATEHgb = ODE W BHRFIEEBEEDHo
WIL—ILDSRRIL, g bfEHT mEBRERERAKREL ., &
HETRE, BEOEFTOAFRZ L,
B W EARE IR EE LY
B,
BRI A— BEERHALARTAOE B EREEERY RX)DIEE.
< L3> b5 R FRER, A& v iR THBREL
EERERRY/NMNDIGEE. OERAIFRZAL,
AEx v omeE L THHR
PN DERfLILBARE,

®1 FEREFXER RIS T 1 —0ORMEEH

[1]1 Y. Tsusaka, S. Takeda, H. Takano, K. Yokoyama, Y. Kagoshima, and J. Matsui,
Rev. Sci. Instr. 87, 23701 (2016).
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BHEHEZRAWTZT 27 VRV XE—CT &M 2T L DOREZ

KWW 1 BIGHE 2
LR Z7ma b st 4 — vE—bL T4 T —TF
2 (BR) BSE®UWERTIFZER R 7 v — 7

T a7 NVERXALF—CT (LLF DECT) (X, WUURE O = 3V F — (K171 23 0 5 1
WCRAEDZZEEZFALT, O I AL —TCRELEZCTENLEUMABEACT
BoORM, T—F 777 FORE., K2 T A NOBAREEITIFETHY .,
EEHMCTZTLELTHENED LN TWS, AFFETIZ, DECT THH S h 7= #
PHAaBOEEN2FME B E LT, FH—3 72 ERE K OHE AR v
TEH FTRE 22 3 Al & X 7 A D HEH A SAGA LS @ BLO7 A v FIZHED TV 5 (K1),
FERTIHERVATLOME, RIv—8RRENOMEINTZT 7 M aE xR L
L7t RO/ R, KOEBE =X L X —CRELEHRACTHELL, EHACTHM
DEXANLF—IZB T I2HBEUEACTHAFEL LIEHE R R EIZONTHEMNT 2D,

=& g

amse A }@ _’ ——> 720
V a I DCM e

X 1 BLO7 IZHEF ORIy AT &, /£ EHEAC TERIR, A : B C TSR
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BEEEHVET 2 T AT R —CTHRAM S 2 F A DB
Development of dual-energy CT evaluation system
using synchrotron radiation

K BHE F5 EE2

AR EF

'SAGA-LS, 2(*k) BILBMEFTHARBAF Y IL—T

IFLHIZ

‘ ” E"?;.
u.:ii:‘:?

Dual-energy Compute Tomography (VA FDECT) (2422 DD I RILF—DXE THRELIZCTEEMN S, DT RILF—IZE 1T 55 LT EE
BELERB) ZEETSFEATHY. MEDOREREMLICNAT. EB7—T/I777 D ERGENPFINTLD, KEZERZHOEZD

REFIGERYTS5E. EHUHLEARICS TACTEDMHEMNSIIBO TERLT7I5—THDH, T T, BREEBEKROCTEEZ EERMIZFT
fliTH_EcEBHELT, ZRBCHEARKITEALV-DECTTRONERLUBERBRICETHCTES ., BEMSHAZAVTHLONCTRICE TS

CTEZEEMICLHE - B TESLY AT LEEEL],

DECT®D RER
ASEXER BIBXER I Igq
4 t=—In
10,51‘ ‘3 \‘_' Igy (P (10_51)
|
\ v I I
logz v \\/ E2 gt = _ln(l E2 )
0_E2
WE (EE0)

HE1 __

L5 12
HE2 - ln(’o,El)/ ln(’njz)

MER

REBIRILF—(E1, E2) CREFLISBRREZ TN TIRAT S
& FSEHE o BTEHSh THERIRFE RO DA HE D,

1

10

XBOTHI)LF¥—[keV]

THRIT &> TRANFRHD - EALTREHET S

MEL-FHESRTLOME
74— A =
UL XENAS cvp/ S j
‘ ‘ BIEHY (5~
lI= BEERT—Y KAER
g TAILE—
. m LYXHhvd)
SOXENAS

E1 BLO7ICHEEELT-EHE S R T LD E, BB XEE I L 2—%, B2

RBROLBEFAL TR XFHASTEBEDBVNCEYENST T TNS,

FEHES AT L ORI R U A& RD, 2]

1.2
EE /7 —White
g 08 / Al filter
& / Ag-filter
Z 06 / \ Cu-filter
a
2
I
£ 04 \
g
a7 0.2

0 2 AV

0 20 40 60

X-ray energy [keV]

1 &E&BIANE—ITEFEIRILE—ZARIML

a §
powde -
@ Al
2 mm

(a) (b)

B2 FHEAT7o M ADOERE

15 keV

o

15 keV

20 keV

25 keV

C
Al
Fe

100

R RIRFR L DR F B

o). 4
(20:30 keV)

0.58
0.33
0.32

IR RE DL

-~

Fe 4

Ca
P - TRIETHE
A, HEMGTE
4 B!
o /
RTES

BERFESICHTHIRIBUINF HDLL(30 keV/60 keV)

Ml RT LD D E LR

‘ (56 )

ANy F BLO7 Tt BLO7 £
(AE/NY F)

Pay vt —iE&RA LR KSEBIR

(Si(220)F1 F2) (Al Cuz &)

To/L¥ —EHE 8~35keV 10~30 keV
(AT R F—)

XigH A Z 7748 =hy TV G Lo Xhy TV s

BEEEy 16x13 mm? 8x6.5 mm?

20 keV

30 keV 35 keV

REER

25 keV

40 keV

30 keV 35 keV

BEER

B3 (k)20, 25, 30, 35 ke VEA R j &t ISk BCTHE.
()20, 30 keVDCTEM S E H LI # LIHEACTE

Al 0.5

Ag0.1+AlI1.5

B Acly
=Al
I
2 -

Cu0.3+AI0.5

Alfilter

Al filter

&4 (k) Ag, Cuz1

ERR

Ag filter Cu filter o

Ag filter Cu filter 2 mm

ILE—DEEBREAICESHCT

B, (PARGEL AN LEH L HREE AR

Al0.5 Ag0.1+AIL.5 Cu0.3.

5 F4NCTIEZEEMICEHEL/=#ER. BRER ()&
BE AR (B) CCTERFIFRLA/ITE>T,

100 -

H Acly
=Al
I

l ca

+AI0.5

[1] A. Yoneyama, et al., C-1218, ECR 2019 (2019).
[2] KILBASE ftb, 20184 IS BF M FMTHER



SAGA-LS BL10 O &K

XN
Ml r7e b e ¥ — E—AT7 AT N—T

N7 m ba s eiiget v % —(SAGA-LS)D#k X i £ — A F A > BL10 TiE,
TrValb—XENREE L, w2 A B R S LR R S i B TS - kg & VT
JLE 7 BB (PEEM)., A K 5 tE 7 6 (ARPES), &% FINEIEIC L 58 X #
XAFS %D FEBREITH Z &N TE 5,

RFERTIL 2018 FEEIAT o T2 B — L T A BT 5 BMERE~DO Y AT
THET 2, BAERMICIE, WIS 24T 5 B o B E RefE BLME 0. K 0 & 2 f6E 72 70
W OFHZ B LI2EERMA T — RTOHaRBHEIIZ DN TR, 2R3V F—2R
¥y a2 Llens PEEM BORGZBEHNICITO o070 77 LAORFER EITD
WTHRET D,
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SAGA-LS BL1ODERIR

SR

N> o0 ROVMAREYS— (SAGA Light Source)

RS

&H2019

MO0 OVHAREZYS —

(SAGA-LS DRXIRE — A5« YBL10OTIE, PYIaL—FEXRE L, TERAEAELUREBIEORBFONEZMNT, HEFEME PEEM),

BESBNBFTDH(ARPES| DRBETICENTED, Fo, TEFRSEICKIDRXIEXAFSEDRRICETMIEE TH D,
ARRTIE 2018FEICTORE-—AS T VICHI IERRANDMDMEHCONTRSET D, SEMICE. RIRDIET DROREREERO. KOBDEBRERDEDREDTBEBREL

EEERBE— FTODNEHE. ITRILF—2F v EUBNSPEEMEDIRSEBENICTSRHDTOTS ADEER. WINEAEDIRICRIEEEDNRENZEMBEIC DN TRSET D,

P2l —SHEOHRE

BL10/BL12D4%EBICDNT
BL10 : 7Y Y2 L -8R,
BL12: RYF 1 YIVTRY MR, "
RAIEREDER
BLIOTOIRNF—2F vV TIA RCELCPYIaL—F

" O RANFEZEURTBEOITEF (300, 1200lines/mm) 538
" RAEFEZIRMBTHOHBF 600lnes/mm) D35,

BHBOITRILF—RIE
TIRLF-RECRILTE, BLI2TRIRLF —EOMEFREN—U—UM T BEOEMTH,

BL1ODIBERKIDEH T, OFIBFCRAIS—RFRELTHEL. BICERRERETODNREE
EAT B ARREE— RO RRICERWENFET S XY EOFTNEFICRRS SRM/CHFEFHD

BENRL L. IRILF—DREODFEEDETICOBA > TND, TNEMIET B, ITRIVF—HEE

BAFRENICROIERBOME LTl TED (T,

BL10S>8(@ERAE— B CHITDTRILF IR

[ anix > - : . e
+ v T/ BB R/ RESS —RO3DEHMT BUENDS o UL, BETRVF L CHIMEERRT SE, Thicd o CRENED T LS. B
T BB R T ST . DEOFNAELCSD. CORBICONTRERHEICE > TREICHH ZUBESF > TS,
BL. SEMERERDOICBLIODPN S/ Sotks s> X o e .
E—L51YERB. P ] e e 3 SRS R R Aoy

i= in i

S RAO] N 3 4

PUY2L—5% 0y TETRLF—OM RO i i i

3° 3 3
Fo v TUIRIVFE—OBRIE. ¥+ v T EORBRAE SHITSNE EOEA—ZICLTHOD, i b £
FRICEF v v TEOBENUBEED, BIZF300eVEHTES. 3006VD1 R/ 1006VDIRH £ te o
/B0CVDERH/ABVDTRHENSHEDI NS — I IFEL., TNENOBAIC DN THIEREHMIC TR e e e
KD, 56, WATEEHTIZRBNB50u & TEHHIEET > T3, e el s o el

HTAEIECIT TLE S MERAREL. I8~Fr
G Tl - AR E Y - BRI ST

Hi EFTSSR COWER G
T

ERENCIONA T, AT ST, S O R A

[ id TS LS TP T

At M.
A, FRELOCRTRRERTTLOET.
lat B it Lol B Pl R U
il 2 R

Faidy - ARERTSEAFINLGE. AR NS D
BCISEDARANE, O, WiONSD
P AL
L, R L B R WS,
T =@l =0 DT DESRL

g b wRmn

ETEAEA SO 0SSR TEIEAT - X3 v Y N T SRC DT SMBe En, 50T

ERC TR AL~ PRI EET LE A B LCAANETRNOEE s CaNEHCET.

B P T A

n

BNV - TAENE-

B~ P TORERE
T T RN RO TR TS,

WRHC I, AT s B0
(LR

00 320
Photon Energy / eV

il FEF v v I/BERBE—F

EWSE - AN THE,
= NFTr T ErEAE =

WV RN P | A AL ALY
i 2 =SAn
T B VD B, W AT
Erv e s TTON —-BECCUTEOV, BENT

VIR TR

ETrEAtT— rEaEIoo

EEMATE— -l
1200ines/mm

-
-—
g
!

'
ra

i vl AV
" ®
i

Calibration Value / eV

=Rk

BERABET— FICHBNTIE. CNETEEDHBORHD
ELERBRICH. AHTIRLF—REETINENDD,
DREOASZIERERTDICH, 1~2° BRORAEIC
WUT, WY SIRILF—REZSDLTZ(FR.
IRVF—REFAU AFONEFE—IHBNSREL,
TOBRIGLBICTRIRICE O, FL. BFEOIRILF—
2F 9V IOTSLERELT. BERBE— RORAEIC

COIETIR RGUEZBREIRILVF—DOIMAITICFENENS EIC, BH~BERICED
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