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Path length difference of the wave scattered by the sub-
stance at r,

Path length difference of the wave scattered by the sub-
stance at r,,

Fig. 1 Path length difference of the waves scattered
by the substances located at r
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Fig. 2 Compositions of Co-Al-O granular films

A Metallic film with coarcivity larger than10 Oe or
nonmagnetic films; @: Super paramagnetic films; O :
Soft-magnetic films
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Fig. 3 HREM images of Co-Al-O granular films (a) super paramagnetic film
(CO52A120028) (b) soft magnetic film (CO(;?.A115024)
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Fig. 4 SAXS profiles of Co-Al-O granular films (a) superparamagnetic films
(solid lines: fitted curves by local mono-disperse hard sphere model) (b) soft-mag-
netic films (solid lines: fitted curves by randomly orientated cylindrical particles)
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Fig. 5 Dark field images taken from NiAl phase in the 13Cr-8Ni-1.2Mo-Al alloys annealed at 550C
for 5 hours

(a) 2.3 at% Al (tensile strength: 1400 MPa), (b) 2.7 at% Al (tensile strength: 1500 MPa), (c) 3.1

at% Al (tensile strength: 1580 MPa)
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Fig. 6 SAXS profiles and fitted size distribution of the 13Cr-8Ni-1.2Mo-Al alloys annealed at 550C for 5 hours
(a) 2.3 at% Al (R, = 2.8 nm, 1 = 0.05, n = 1.5), (b) 2.7 at% Al (R, = 2.8 nm, 7 = 0.08, n = 1.4), (¢) 3.1 at% Al (R, =

28nm,n=0.12, n = 1.2)

S = :
1+24nG(2Rusq)/(2Rusq)
G(A)=a(sinA— Acos A)/ A?
+B{24sin A +(2- A*)cos A— 2} /A®
+y[-A%cos A +4{(34% - 6)cos A
+A*-64)sinA+6}]/4°,
a=(1+2) f(1-n)",

B=-6n(1+ n/2)2/(1 - n)4,
Y =na/2. (7)
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Fig. 7 Vickers hardness change in AA6061 alloys (Al-0.59 wt% $i-0.99 wt% Cu-
0.16 wt% Fe-0.112 wt% Cr-0.002 wt% Zn-0.13 wt% Mn-0.012 wt% Ti) as a function

of annealing time
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Fig. 8 Ultimate tensile stress (black) and fracture
toughness (damage tolerance: grey) of AA6061 alloys
at the peak aged condition (final aging temperature
for 15 hours)
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Fig. 9 SANS profiles of as solution treated (as-ST)
and peak aged AA6061 alloys
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Fig. 10 B" contribution in SANS profiles of peak
aged AA6061 alloys

The profiles obtained by subtracting the solution treat-
ed profile from peak aged profiles

Table 1 Shape and characteristic length of B" in
peak aged AA6061 alloys estimated by pro-

file fitting
Aging condition Fitting results
T6 R=1.6%0.1nm L=75%06
T616/177 R=16%*01nm L=60%*03
T616/150 R=19%04nm FWHM =0.1 £ 0.8

R and L represents cross sectional radius and length of cylin-
drical particles in T6 and T6I6/177, respectively. R in
T616/150 represents radius of spherical particles. FWHM is
also obtained by fitting in T616,/150.
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ENLTENRHREES B O 2 EPHHNTE 5.

5 A =l
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GLEIC X D WEEE B A EH Ay — VO ERTMDO LN,
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AR 2 AH PSSR ORERIRE 2 AT 5 LTw
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Wb, BIZJAEA & B AL X —NES RS (KEK)
AFE TR ISR D J-PARC D KRIREE 7OV A kT
B2 2009 £ OKBE FELTBY, Zhickhhlr
MHADORK D TREBIICHINT 2 & &SI ETHEL ¢ H
BWATRBANCIIR L, &0 EREEDR 7 — Vi ] §E12
5. NIMS, JAFA 22 0 X9 2B % 5 RBRIZF A
TR, EBEwELTbR, NIMS C3EFEY—Aa /0y
=7 FA2006 EEX VKRBT LS. AT Yy bTlRF
HFE— 2 DFERAMBEANOFH 2 BBIICED TH LT
THY, MEALEIC X 55MEIZZ0HED 12TH 5.
F 7z, JAEA-NIMS HTid & ) B4 2B 72 71 BB oL
PEE IR TWS, D EoXHig, X#, PEHETRHICE
WC, MATELEOEBK 2R % ERASB RS E T
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M LR RIZ TR RFAROKERTH L. #
RfSEE TH 5 WELABEM BB AT EA L, BHEER
HALRBEHEZ, BEA BELALEHE (L, CoAlO F/
77227 BBEICOVTONSRE), ZEELEIH—HL, AR
L, WH - RO MBS L, Jun Cheol Oh 1
4 (Bl The Korean Intellectual Property Office) (BAEt, ¥k
BAF Y VAMIZOWTDOHIE), New South Wales K2 Joka
Buha {81 (ALMgSi IZDW T ORI CHEEZRLET Y. T/,
TRTOWREL @ L TOREBES TH 2 WA BT E T
gL ICHEERLET.
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Study on Microstructures of Advanced Metallic Materials by

Small-Angle X-Ray and Neutron Scattering

Masato OHNUMA' and Jun-ichi Suzukr®

! National Institute for Materials Science, 1-2-1, Sengen, Tsukuba-shi, Ibaraki 305-0047
? Japan Atomic Energy Agency, Tokai, Ibaraki 319-1195

(Received 16 December 2005, Accepted 24 February 2006)

The microstructures of metal-nonmetal nano-granular soft magnetic films, precipitation hard-
ened stainless steel and Al-Mg-Si alloys, have been studied by small-angle X-ray/neutron scatter-

ing (SAXS/SANS).

Quantitative evaluation of average scale of their microstructures in

nanometer scale has been accomplished by SAXS and SANS. Using this information, the con-
tribution of the microstructures to the magnetic and mechanical properties are discussed in this

paper.

Keywords : average size; nanogranular films; nano precipitates; soft magnetic; precipitation

hardening.
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