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Figure 1 Five-dimensional (5D: space (x,y,z), time (#), and energy (£))
observation of materials during reactions.
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Figure 2 Approaches to analyze 5D big data obtained by X-ray
microscopy: this study (upper) and conventional one (lower).
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Figure 3 (a) Schematic of an iron ore sinter before reduction. (b) Iron
reduction rates for the Ca—Fe—O phases corresponding to the
main phases in the sinters, which were measured using bulk
powder samples.
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Figure 4 (a) Schematic of the experimental setup for chemical state
mapping at the BL-15A1 beamline of the PF, KEK. (b)
Typical XANES spectra.
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Figure 5 Change of iron chemical states: Fe",0, (red), Fe", Fe"O,

(white), and Fe"O (blue), during reduction.
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Figure 6 Examples of image data: five holes (white) in the matrix
(blue).
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Figure 7 Examples of chemical state maps corresponding to calcium
ferrites shown in white (lower) and the corresponding
persistence diagrams (upper). The blue circles show the
centers of the representative shapes in each image (calculated
using a PCA analysis) that became predominant as the
reduction progressed.
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Figure 8 (a) Trigger sites in the calcium ferrites (7S, corresponding to
the topological features in Fig. 7) and iron oxides (7S, and
TS)0,), which are highly correlated with crack formation. (b)
Distribution of the cracks observed by X-CT.

Calcium ferrites T TS0 %h Tslofz ’
== ourglass
® Iron oxides _ *o /as.‘and N y &
. l‘ TS IR, [y Tscn\ o
Initial pores h il 5’ 92 ¥ I:I
B goss B }
A RS BT
Early stage Intermediate stage Final stage

Figure 9 Schematic of the reduction process and the trigger sites
employed: ‘hourglass’-shaped features of calcium ferrites
(TScr) and ‘island’-shaped features of iron oxides (7S)),
which are enclosed with dotted lines.
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