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Anomalous Small and Wide Angle X-ray Scattering

(ASWAXS)
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Origin of ASAXS intensity ?

density fluctuation

Density fluctuation  Enhancement at Far edge

f 1“-1 | (a) = [ Af (N)AF (r + r")dr exp(igr)dr

far near L
| = f (E)2 j AN(r)An(r +r')drexpfgr)dr

Chemical fluctuation Enhancement at Near edge

compositional fluctuation

O f I_ﬂ_ 1(q) = _[Af (r)Af (r +r")drexp(igr')dr’

far _£

F

AF(r) = {Z () f,(E) —?(E)}

Chemical fluctuation = Enhancement at Far edge

less Zr, smaller f Result : Enhancement at Far Edge
&) A g

| far near -> density fluctuation with weak

compositional modulation
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contrast variation at near edge

Far Edg
ASAXS at ~a
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atomic scattering factor, f

q / nm'

: Atomic scattering factor drawn in
Why vanish at near edge? composition triangle in Zr-Al-(Cu,Ni)

Aecuiy ! Ao zy=1.32
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e From SAXS

(compositional fluctuation)

sample A ©
I sample B o
- At bead/HAZ interface,

small cluster i1s observed.
(cluster A)

- At other places, smaller
clusters with rather
stable radius was found.

(CIUSter B : not related to distance from the center of the
crystal) bead. A:Slow, B:Fast weld

Okuda et al., Intermetallics 14(2006)1038

cluster size as a function of the



Isothermal annealing(quaternary)

ASAXS at
Far Edge

ASAXS:

density/composition
heterogeneity

In nanoscale

AWAXS:

crystalline phase
(metastable phase)
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Anomalous SAXS
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Results : Binary ZrPt alloys

AR

* as-melt spun,

*annealed at 800 K
for 0.9 - 3.6 ks

=> Precipitation from
glass state

=> Metastable phase
formation at long
annealing (3.6 ks)

Okuda et al, J.Appl.Cryst. 41(2008)675.
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Intensity (102 e. u. 2/cm®)
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1(q) = &S, (q) + 205, (q) + B°S,, (q)

F/EEROKIRB BT STwo—Phase®T /L
1(q,E) ={a(E)AC + B(E)AN} ®°(qR)
a(E)=con, (fo (E) - T, (E))
B(E)=n, f(E)
Ui fE L BN -G FR CO/NABELSRE L (X
| . (0) _ {a(E  )AC + B(E , )ANY
I near (q) {a(Enear )AE + ﬁ(Enear )Aﬁ}2

Okuda et al J.Appl.Cryst.2008.
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ZrCuPt3t %

Stable Bulk
Metallic

er'S
stabilize glass against
crystallization.

e.g., Simulation by Sheng et al.
Nature and other many

experimental studies

Abe et al.,
JIM proc.

HAADF
Image of
the AsQ

samples LSRR i gy

CuesPts 7 7 A D () M 4 AZEE
TEM # & (W HAADF-STEM f&

Crystallization of
metastable phase is
strongly suppressed

(ZrCuAlINi system)

How Quasi-crystallization occurs
where ‘icosahedral clusters’ are

already there ?

Nucleation necessary ? Kinetics?




Result : SWAXS profile (1)

610 K annealing : SAXS and a Bragg peak grow
with time.

eInterparticle interference does not appear.

eIntensity continues to increase,
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Okuda et al., SAS2009/J.PhysConf.Ser.(2010)



Relationship between sizes of QC

_ * For polydispersed

~+— Porod samples, radius
parameters have the
statistical meanings as:

e RS(SAS) 2=<R8>/<R 6>
* Rg(B)?>=<R®>/<R*>
% % %« * R(Porod)=<R3>/<R?>

frame / 180 s q

“l  SAS .

Bragg

R /nm

A

y =3

If size distribution with hard sphere is
assumed, the magnitude should be

Rg(SAS) > Rg(Bragg) > R(Porod) : But, results turn out that
Rs(SAS) > R(Porod) > Rs(Bragg)

Okuda et al. J.Phys.Conf.Ser2010.
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