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Iron-making Process: high temp., in gas, @ non-equilibrium

Sintering
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Quick-XRD
| Kimura et al, CAMP-ISLJ, 25,175(2012).

Kimura et al, ISlJ Int., 53,N0.12(2013).

Typical conditions:
* Exposure time: 2-20s

Area detector

(PILATUS ®) - 20=23.5~46.5°

= A=0.1779 nm (~Co Ka)
* Beam size 0.5mm"x1mmVY

In situ chamber system

Sample "heating: RT~1773K
in air, He/H2, He/02,..
+40°/min, cooling -50°/min

Thermo
-Couple

*Specimen: powder, pellet, sheet
*In solid & liquid

Pt heater%
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Kimura et al, ISlJ Int., 53,N0.12(2013).
In situ observation|of sintering by “Quick-XRD”
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Melt formation
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Kimura et al, ISlJ Int., 53,N0.12(2013).
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Reduction of iron-ore sinters: motivation
v High reducibility & low reduction degradation in a blast furnace

v Analysis of quenched : chemical composition, microstructure

v Few in situ observation
Bristow and Water (BHP, Trans. Instn Min. Metall., 100, C1, 1991 )
Calcium ferrite (CF)

(Hematite)

Fe;O,
(Magnetite, 2" Mag.)

v Reaction kinetics:
- in terms of crystal structures

- for each phase
v Heterogeneity in reduction



Radial Distribution by XAFS (X-ray Absorption Fine Structures)

oExp. Setup

Quick-XAFS  Time resolution < few sec.

Crystal \ Sample

S+
X-ray 2 \ E .El —
- 7t XAFS

*~0: Bragg angle

The continuous energy scanning mode
allows flexible adjustment of the
experimental time-resolution during fast
measurements

Absorption
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Kimura et al, 2013

Crystal structures of Ca-Fe-O composing sinters
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Reaction rate: Fe2+
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zal
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? Effects of Ca
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Reduction of CaFe;0;

Kimura et al, J.Phys. Conf. Ser., Vol.190 012163 (2009)
Kimura et al, J.Phys. Conf. Ser., Vol. 712 (2016) 012077.

—Change in chemical states
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v Fe?* or Fe¥*
v atomic configuration (arrangement, diffusion)
v Fe cluster formation w/ Ca

Reaction rate:
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Chemical-state mapping at PF, BL-15A1

for chemical state mapping w/ 20um beam

- ~2013: designed
2014: commissioning exp.

drift detector(SDD)

| f CSFe

10 = Fell

s [ Fel+Fell

..... --corresponding
5 to Fe;0,

L, Fell

Chemical state of Fe
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Full-field XAFS-CT
for microstructure & chemical state mapping

v Microstructures and chemical states by AXS

v In situ : applied stress & high temperartue v Chemical state mapping
sv‘“
. . = .

3D imaging = In situ

of chemical states >
“m

w/ <50nm resolution
sample ijéctive ZP Scintillator coupled

AN phasering to CCD \ “
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Chemical state & Microstructure

Chimi.cyal state :Jf':f Persistent Homology
P Ny gl RE | < (D PCA analysis
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Chemical state of Fe
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Precipitation of NaCl
Delementary school

http://www2e.biglobe.ne.jp/~shinzo/jikken/NaCl_cubic/NaCl cubic.html
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Grain Growth
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X-ray topography for imaging of grain & strain

A
:7§ E Topography Image

Sample

In situ observation of recrystallization by SR

BELrystallization is NOT
gl form nor steady.

>grain orientation

>formation of
sub- grainboundary

>pinning

Tmm T
— Recrystallization

Reference: Y.Ushigami et al.,Grain Growth in Polycrystalline
MAterials I111(ed. H. Weiland et al., The Mineras, Metals &

T: 9 8 O to -l O 6 OOC Materials Society), p.491, 1998
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Diffraction Contrast Imaging

C. Holzner et al.,
Microscopy Today 24 (2016) 34.
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Beamstop / \ y
Sample ' Sy / Tl-a||0y
) with a few relatively large grains

Aperture

Source u

L

Schematic of Diffraction Contrast Imaging

Ti-alloy
with many small grains

(c) Focusing Magnifying
Source Sample Position Position
\ L \ L
\

(d) Laue-focusing effect:
: A crystal grain acts as a cylindrical lens
;i focusing polychromatic and divergent X-ray beam
A,

I

into a line instead of spots in the diffraction pattern

A>A>h >,

Grain size distribution

C. Holzner et al., Microscopy Today 24 (2016) 34.
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Model for Recrystallization

dR _ o P

dt Primary recrystallized grains
o akK e o it
= MY(--

R

Cc

Py Pa

. ,/ ¥ Pinning force: P3 4
1(\1/[' gl\e/lorlr)l.e;rlcal factor ,' Shrinking force: P2
: IMobilit 4 - .
Y l; Secondary recrystallized grains
P: Total driving force e
S enSItlve tO Reference: Y.Ushigami et al.,Grain Growth in Polycrystalline
K — E GB / EGB ] Materials I1I(ed. H. Weiland et al., The Mineras, Metals &
2_nd primﬂ 1008] teXture . Materials Society), p.491, 1998

Z:: Zener term (pinning)
v : G.B. Energy
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% Rt (Big)DatadDii

(1) HeterogeneityZz ESTEE{L T DM ? EELIER?
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’Absorption Image at E = E, ‘ ’Chemical state (2D + E) ‘

Quick mode (ms ~s)
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