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Anomalous small-angle scattering at K absorption edge of Al for visualization of
nanoclusters in Al-Mg based alloys

OKUDA, Hiroshi
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Anomalous small-angle X-ray scattering system for contrast change using resonant
effect at K absorption edges of Aluminum and Magnesium has been designed and constructed for realizing
contrast enhancement to measure small-angle scattering from low-Z aluminum alloys, i.e., Al-Mg and
Al-Mg-Si. To visualize Fourier transform of the scattering patterns by strengthening nanoclusters and
nanoprecipitates, establishing quantitative measurements at the tender X-ray region is a new and
technically difficult requirements.

We have shown that resonant small-angle scattering at the K absorption ed?e of Aluminum by Alumina
nanoparticles and precipitates in Al alloy systems agreed with theoretical prediction given by
Cromer-Liberman calculations.



Al

Mg K keV
X
Al  Mg,Al-Mg-Si
X
AlZnMg
X
6 —26
6 —26
X X
X
CCD
TenderX-ray
CCD
Al Mg
Al-Mg
Al Mg Na,Si,P,S
Al-Mg-Si,Al-Mg
1.3~1.8keV
Al-Mg
Al-Mg Si
PhotoDiode
IP
TenderX-ray Ex-situ

CCD

CCD

PhotoDiode

Al

X
BL27SU)

Al

Mg Si K

X
PF) BL11A
Mg
SPring8
X keV
Al
Al



CCD

GISAS

PD

TenderX-rays

1P
Normalization

alloy systems
2

Al

CCD

PhotoDiode

X

CCD

CCD

OFF LINE

TenderX-ray
1.5 2.5keV)

grazing-incidence
small-angle scattering of phospholipid

J.J.A.P.

8 12keV

0.1 nm?

X

Acceptable

3
<.l
-—
EA
(¢)]
o
oo
)
<

arb. unit
=
S -g—

-
o
w
L
—

() |

0 1 2 3 4 5
g/ nm’
1 Al K 1558eV)
1
Kapton
Porod
Al
(
PF 2
~10
SPring8
Al
—eo— 1.559 keV
4+ —0—8.26 keV
) o
. ®
© §
~ 1 {
—~ 2r
oy °
=
Al-6.7 mol.% Zn
o Il
0 1 1 2
g/ nm
K CuKa
X X




Al K

eV
X CuKa
AlZn Al X
X AlZn GP
Guinier
X
Al-Zn
Al-Mg
Al Al
Al
Al-Zn
EO
1(E.q)
R=1(E,q)/1(E0,q)
v R
Cromer-Liberman
I 1avsky
= ‘.? VE - T = Y
= (at tayese (rieas + 1.5 2328
4 3
_ E
1.5 oleLr)
CL
E0=1.516keV
E Cromer
-Liberman
Al-Zn
Al

Cromer Libernman

/

Al-Mg

Al
Al

Mg

1
H.Okuda, T.Yamamoto, K.Takeshita,
M_Hirai, K.Senoo, H.Ogawa and Y_Kitajima
Normalization of gazing -incidence
small-angle scattering of phospholipid
alloy systems. Japan. J. Appl. Phys.
53(2014)05FH02-1-5

15
Al K
2013.9.17-2013.9.19
6000 Al AIK
X
2013.12.18 (
6000
Al- K X
(

2014 1 11 ~2014 1 13
H.Okuda, T.Yamamoto,Y.Nishizawa and
Y.Kitajima Anomalous small-angle
scattering with soft X-rays at Al and Si K
absorption edges. TMS2014(SanDiego)
2014 2 17 ~2014 2 20

1.5-2keV X
( 2014
3 21 -~2014 3 23
Al-Mg-Cu Ag
( 2014 9 23 -~2014
9 26
H.Okuda, T.Yamamoto, K.Takeshita,
M.Hirai, S.Sakurai, Y.Kitajima,

N.lgarashi, N.Shimizu, H.Ogawa



GISAXS measurements near the ()
absorption dege of P. ALS workshop
Berkeley, CA,USA) 2014
10 7 ~2014 10 10 (©)
H.Okuda, Y.Nishizawa, Y.Kitajima,
T.Sato, M.Mihara  Early stage of
Precipitation in Al-Mg-Si and related
alloys  examined by  small-angle
scattering TMS2015(Orland, FL,USA)
2015 3 15 -2015 3 20

GISAXS X

( 2015 3
10
H.Okuda, T.Yamamoto, Y.Kitajima,
S.Sakurai,H.Ogawa,N.Shimiau,N.lgaras
hi Microstructure evolution of thin films
examined by GISAXS, American
Crystallographic Association  Annual
Meeting (Philadelphia, PA.USA)2015 7
26 ~2015 7 29
H.Okuda, T.Yamamoto, M.Hirai,
Y.Kitajima, N.Shimizu and N.lgarashi
Extensions of GISAXS measurements in
tender X-rays region, GISAS2015(Nice
France) 2015 9 8 2015 9 11

Al-K
(
2016 1 9 -~2016 1 11
X 2 Al
(
2016 1 27
lkeV  100keV
PF (

2016 3 30 -~2016 3 31
H.Okuda,H.Ogawa,S.Sakurai,Y.Kitajim
a. Use of tender X-rays for depth
-dependent structure analysis for self
-organized thin films and related
materials, GISAS2016, DESY,
Hamburg Nov. 16-18 2016. (Plenary
Lecture)

http://mcmd.mtl.kyoto-u.ac.jp

@
OKUDA, Hiroshi)

50214060




