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SAXS
Shear band stability



XRD
q -~ 1/d diffraction at crystal lattice

diffraction angles: 4-170°

SAXS
,,&;; _,,-@ scattering at particles or
o . d - electron density changes
incident scattering angles: 0-4°
X-ray beam
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Structure
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Intensity of SAXS

The signals In crystals are attributed to diffraction.

Contrarily, the Intensity of scattering from anything
else.

Basic principle
Form factor-particle shape
Structure factor-inter-particle distances (interference)

1(q) = ¢ VparticleS(9) F(9)

Structure Factor




Scattering Intensity I(g)

Form of particle
I(q) ~q" (rod)
~q* (plate)

Surface structure
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Inter-atomic structure
(WAXD)

Size of particle
I(q) ~ exp (-¢*Re’/3) |
(Rg: radius cfgyrationi

Scattering angle 260 or Scattering vector ¢
g = 4m sin O /A



In-lab X-ray source-electron density

High-energy X-ray (Synchrotron)-electron density

Neutron-scattering length



Facilities of small angle scattering analysis

In-lab Instrument

Low background (in vacuum)

Low intensity
Synchrotron/neutron instrument

High background (in air)

Ultra high intensity




Short-range ordering cluster
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Spindonal decomposition of NiNbY

amorphous alloys
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Fig. 5. SAXS curves do/dQ(g) of glassy Ni-Nb-Y alloys and calculated
data.
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Fig. 7. In situ SAXS de/dQ(g) of Ni;gNb,sY 5 glass after different times

at T="723 K.
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Atom probe of rapid-quenched NINbY

amorphous alloys
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X-ray diffraction patterns with addition

of tantalum
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HAADF images of ZrCuTiTa TFMGs
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Phase transformation of Zr,,Cu-TijTa.,

through annealing

As-deposited Zr,,Cu,Ti;Ta,,
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WAXS from 3-20°
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WAXS from 3-20°
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SAXS from 0.1-3°
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Interaction between pre-existed Ta-Ta clusters and STZ cluster
Analysis of the amorphous structure by combining among
conventional X-ray diffraction, conventional TEM, HAADF,
HRTEM, SAX/SANS.
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Critical issues for SAXS/SANS

measurement

Sample size

SAXS:
The measurement area >> spot size (~1 mm in diameter)

SANS:
A LARGE sample (>20 mm in diameter)
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Mechanical properties of ZrCuTiTa

micropillars
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Deformed ZrCuTiTa micropillars
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Shear band stability
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Shear band stability
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Shear band stability

Activation volume
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Shear band stability
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Shear band stability
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Shear band stability
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Shear band stability
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Shear band stability
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Shear band stability

71 Cu,_Ti_ Ta
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Ta-Ta clusters (not crystalline particles) indeed exist in Ta74 TFMGs.
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Shear band stability

Thickness of shear band

=10-20 nm
Diameter of Ta-Ta clusters
=~1 nm
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