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high penetration power using Mo-Ka (17.5 keV)
typical sample thickness that we have measured
20~50 pm for steel
20~50 pm for Ni-based superalloy
100 um ~ 1 mm for Al alloy
1.8mm thick foods or cements sealed by two cover glasses

typical time slice interval : 5 — 30 min
i temperature control: -20~300"C
covered g range: 007 <q< 10 nm'!

pixel array detector for high Energy X-ray

2D confocal mirror with fine focus X-ray source
: low scattering slit (2pin hole system)
low scattering slit &)xn holé system)
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Fig. 3-2 Layout of SAXS labo. for suppressing loss time before SAXS measurements
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Neutron Bragg Edge imaging

Small angle Neutron Scattering
Fig. 3-3 Geometry of Hokkaido University Neutron Source (HUNS)
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Fig. 3-4 Dependence of scattering length, b on atomic number Z for both neutron

and X-ray
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[2000_A_65_st_060h. img

Fig. 3-5 2D SAXS pattern of 2000 Aluminum alloy with 1 mm thick. Some spots
(indicated by arrows) appear due to the double diffraction

A 0.1 mm E
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fF‘ iy ?+5 mm =
[a] —t
§ 1 3
:,1‘_,:- 3
E -
o 1F 3
= = 3
01k
0.01 e 2 3 45678
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Fig. 3-6 SAXS profiles of 2000 Aluminum after long time natural aging with different
thickness. Samples are prepared from the same sheet with 1mm thick and mechanically

thinned to 0.5mm, 0.3mm and 0.1mm.
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Fig. 3-7 Time evolution of SAXS profiles of Al-4.5Zn-2.5Cu-2.0Mg alloys at room
temperature just after solution treatment (ST) at 480°C for 1h. left: without rolling, right :
with cold roll.
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Fig. 3-8 Accumulated volume fraction obtained by fitting to observed SAXS profiles
in Fig.3-7. (a) without rolling, (b) with cold roll
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Fig.3-9 Time evolution of (a) average size, D, (b) volume fraction Vr and (c) average
number density, N, of nanostructure in Al-4.5Zn-2.5Cu-2.0Mg alloys formed at room
temperature just after solution treatment (ST) at 480°C for 1h. Red markers: without cold

roll, Blue markers: with cold roll
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Fig.3-10 Time evolution of SAXS profiles of Al-4.5Zn-2.5Cu-2.0Mg alloys at 65°C after
solution treatment (ST) at 480°C for 1h. (a) without rolling, (b) roll after ST.
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Fig.3-11 Example of the fitted results of SAXS profiles of Al-4.5Zn-2.5Cu-2.0Mg alloys
aged at 65°C. red: aged for 1h and fitted by using form factor of sphere and local
monodisperse hard sphere model. blue: aged for 48 h and fitted by the sum of sphere and
ellipsoid of rotation.
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Fig.3-12 Time evolution of size of nanostructure formed in Al-4.5Zn-2.5Cu-2.0Mg alloys

aged at 65°C. red: aged without rolling, blue and green: with cold roll.

30 I‘l 'u‘a T T T LI I T . I
— 25 y ]
= sphere wio rolling
5§ 2 ]
©
£ 15 ]
£ r
5 100 _
g PTAY

5 i & -"JL'- -\."A".I".“'-.‘ YA i e
PV AL AT elipsoid
! 10 100
aging time [h]

Fig.3-13 Time evolution of Volume fraction, Vr of nanostructure formed in Al-4.5Zn-
2.5Cu-2.0Mg alloys aged at 65°C. red: aged without rolling, blue and green: with cold
roll.
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Fig.3-14 SAXS and SANS profiles of Al-4.5Zn-2.5Cu-2.0Mg alloys aged at 65°C for 4
hours (red) and 48 hours.
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Fig.3-15 Time evolution of SAXS profiles of Al-4.5Zn-2.5Cu-2.0Mg alloys at 120°C
after solution treatment (ST) at 480°C for 1h. (a) without rolling, (b) roll after ST
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Fig.3-16 Time evolution of size of nanostructure formed in Al-4.5Zn-2.5Cu-2.0Mg alloys
aged at 120°C. red: aged without rolling, blue and green: with cold roll.
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Fig.3-16 Time evolution of Vf of nanostructure formed in Al-4.5Zn-2.5Cu-2.0Mg alloys
aged at 120°C. red: aged without rolling, blue and green: with cold roll.
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Fig.3-17 Time evolution of SAXS profiles of Al-3.9Cu-1.0Mg alloys aged at room
temperature after solution treatment (ST) at 480°C for 1h. solid curves: without rolling,

markers: cold roll after ST
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Fig.3-18 Time evolution of SAXS profiles of Al-3.9Cu-1.0Mg alloys aged at 65°C after
solution treatment (ST) at 480°C for 1h. solid curves: without rolling, markers: cold roll
after ST
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Fig.3-19 Example of the fitted results of SAXS profiles of Al-3.9Cu-1.0Mg alloys aged
at 65°C. blue markers: aged for 0.5 h, red markers: aged for 24 h (fitted by using form
factor of sphere and local monodisperse hard sphere model).
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Fig. 3-20 Accumulated volume fraction obtained by fitting to observed SAXS profiles

in Fig.3-18. Vfratio is shown in relative values and compare to the value for 65°C
w/o rolling in the regend

-46-



3-4-4 120°CH LN 190°CIz BT 57 / ik O R FE
Fig. 3-21 {Z/R L7218 Y | 120°COREN TITIE K L7k O REICRINT 5 7 1
T 7 ANEROEPEL D, IR UM TR +T7 4 v 7 ¢ 7 AR
2 DITKE L, JEIEM TIERRIPIE 2 bR & . BIFRRRL 72> D OBGELICRA O
(72T IROEELE 72D, a7 7 A LOREH SRRIRORT-. T2 5 GPB
V= CHIST DRAF DI E B R HILD, Fig. 3-22 [ZI1T4URF] & LT 24 IfH
P2 D SAXS 70 7 7 A NVDT 4 v T 4 U TR ER Ulc, EIEM TlX c/a 23
10 DL EOPRIR OISR ZAES 2 LHET —F & < —ET 2,
Fig. 3-23 121X 190°C TORFENC L D SAXS 7' 7 7 A VB L &R LTe, EIEEE L
MCIE=EIRNS 120°C £ TR L ERIRL 7 O BGELAS 3 Re R 13587 T 5
bOD, ZDHT 0T 7 A NVGIRITERTTREA DR THE~E BT D, 12 B
LA BT3B g Bk CHN—TE DR F A X300 A1 THELTWD
T AUCKF UL EIES U A4 TlE 30 43 OEMILEL T4 CIZ low—q (A D FREEHI NI AL,
high—q fEIRDIRERVDNAE L TR Y | WIMELEZOBE L FEl> TS, 2 K
FIRFZD LRI L Z DAL S HICBHE TH Y | EIEM TILYZ 7 A X — 3B L T
LT IEHMLTCODENT TAZ Y U 7RI S FICHEE, GPB Y — O
ALTHnDHEEZLND, 22 TR LU highq lIORIEDH TIEY A XERE
TE D IR E L TWDIeH, 5%, lowvqlIlIERDOEY T 0 7 THE

DB ZAT O TETH D,

3-4-5 £ %%

AR O TIRIRF S R OFEMARHT RN BUEEITH TH D23, SAXS w7 7 A )b
WK ZRT CuMg 7 FAZ—LEBEZONDT /HEENERTHEILESE LT
b HLHR AR CHEAT L, 6 RF[HFREE TRIANS %, 7000 5% Tid 10 KefE LA B0

-47-



100

wio rolling
—05h
—12h
—24h
with cold roll

o 0.5h

12h

o 24h

----- reference (RT, 30min)

1 Illlllll

1 Illlllll

E

10 &

IE :
s

= 1

w0 -

= C

o L

E L

0.1k

0.01
0.1

-1
qlnm ]

Fig.3-21 Time evolution of SAXS profiles of Al-3.9Cu-1.0Mg alloys aged at 120°C after

solution treatment (ST) at 480°C for 1h. solid curves: without rolling, markers: cold roll

after ST
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Fig.3-22 Example of the fitted results of SAXS profiles of Al-3.9Cu-1.0Mg alloys aged
at 120°C for 24 h. blue markers: w/o rolling fitted by sphere with 1nm in diameter, red

markers: with cold roll fitted by ellipsoid of rotation with a-axis=4nm and c/a > 10.
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Fig.3-23 Time evolution of SAXS profiles of Al-3.9Cu-1.0Mg alloys aged at 190°C after
solution treatment (ST) at 480°C for 1h. (a) without rolling, (b) with cold roll after ST.
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