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Fig. 1 (Color online) Schematic diagrams of (a) LIB and (b)
cross-section of composite electrodes.
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Fig. 2 (Color online) (a) Changes in lattice parameters of
Li,Ni;/3Co;/3sMn; 30, and (b) typical changes in the
interplanar spacing of the (113) planes.
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Fig. 4 Estimated changes in the exit-beam height from the compact
monochromator with a Silll channel-cut crystal and a 3—
mm gap calculated using equation (1). The exit-beam
heights are plotted at 1 keV intervals between 38 keV and 6
keV.
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Fig. 3 (Color online) A schematic layout of the energy-scanning confocal XRD equipment on BL28XU at SPring-8.
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Fig. 5 (Color online) Intensity profiles of the direct beams through
the incident and detecting slits, which were set at a height of
30 um. The intensity profiles were measured using an ion
chamber at 1 keV intervals in the energy range between 20

keV and 38 keV.
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Fig. 6 (Color online) Sketches of cross-section of positive composite electrode with incident and diffracted beams, slits,
and YAP detector and schematic view of the lozenge-shape probe gauge in the cross-section of the electrode.
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Fig. 7 (Color online) XRD data for the cell containing the
Li;Ni; 3Coy/3Mn; /30, electrode. (a) Energy-scanning confo-
cal XRD spectrum with the result of pattern matching and
(b) angle-scanning XRD pattern.

Table 1 Ad/ds obtained by the energy-scanning XRD spectrum and
the angle-scanning XRD pattern shown in Fig. 7.

Energy-scanning Angle-scanning

‘Miller

indices /A 4q/A  Ad/d  d/A  Ad/A AdJd
015  1.871 0.0068 0.0036 1.870 0.0062 0.0033
009  1.581 0.0056 0.0035 1.581 0.0074 0.0047
107 1573 0.0060 0.0038  1.573 0.0059 0.0038
018  1.446 0.0043 0.0030 1.446 0.0050 0.0035
110 1.432 0.0041 0.0029 1.432 0.0043  0.0030
113 1371 0.0042 0.0031 1371 0.0042 0.0031
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Fig. 8 Charge/discharge capacity performances of the cells con-
taining LiNi;;3Co;/3Mn; /30, composite electrodes at various
C rates.
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(Color online) Time evolutions of x in Li,Ni,;;;Co;/3Mn;/;0, in the LiNi,;3C0,,3Mn, 30, composite electrodes
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Abstract

Spatial variations of Li-ion concentration in cross section of composite electrodes in Li-ion batte-
ries (LIBs) owing to their complex structures were investigated under operation condition. To
visualize spatially-inharmonious electrochemical reactions occurring in the sheet-like composite
electrodes with a thickness of 100 um, we developed spatial and time-resolved spectroscopic X—
ray diffraction (XRD) analysis that uses continuous irradiation with monochromatic X-rays using
a confocal setup as a direct observation technique. Their position sensitivity, spatial-resolution,
and profile resolution were carefully evaluated from a pre-measurement using references and
model electrode. Then, this method was applied to operand analyses for the practical LIB cells
composed of LiNij;3Co04,3Mn4,30, known as one of the most common active materials for the posi-
tive electrode of LIBs. The spatial variations of Li-ions in the cross section of composite electrodes
were successfully determined with a depth resolution of 30 um during cell operation. On the basis
of the results from the newly developed analysis, we discussed effect of the electrolyte concen-
tration (LiPFg) on Li-ion transportation from the counter electrode side to the current collector side
during the operation.
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