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A Simple Method of Analyzing the Phase Transition Behavior of a Na-Sn
Battery Using Energy-Dispersive X-Ray Spectroscopy
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Abstract: Anode materials of the Na-Sn battery experience a series of phase transitions during charging and
discharging. These phase transitions in many cases are accompanied by a large volume change in the
electrode materials, which leads to pulverization, a major source of reducing the battery capacity. In
contrast to the rich literature on the phase transition behaviors of the Li-Si battery, those of the Na-Sn
battery are much less understood due to experimental difficulties in determining the chemical composition
of the phases. In this study, we demonstrate a simple method of analyzing the composition of the reaction
compounds of the Na-Sn battery electrodes using energy dispersive X-ray spectroscopy.
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Fig. 1. SEM images showing (a) the pristine Sn particle right after
the contact with Na plate and the Na,Sn compound formed as are-
sult of the sodiation for (b) 12, (c¢) 24, and (d) 36 min.
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Fig. 2. (a) SEM image of the cross-section of the sodiated NaxSn particle prepared by FIB milling. (b) Same particle of (a) observed
after being exposed to high density e-beam for 30 min, showing that the Na,Sn particle was fully covered with tiny Na particles. (c)
EDS line profile of Na measured along a direction indicated by the arrow in the inset, showing that the intensity of Na varied gradually

with increasing distance, i.e. irradiation time.
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Fig. 3. Series of the SEM images showing the sodiation and
desodiation behaviors of Sn foil. (a) The experimental
configuration of pristine Sn foil and a Na rod prior to sodiation
by contacting with each other. (b) NaySn compound (dark)
formed as a result of the sodiation for 60 min, which is observed
at low current density (5 keV, 37 pA). (c) Desodiated region
(bright) after the exposure to the e-beam with the high current
density (5 keV, 3.9 nA) for 36 min. (d) Magnified view of the
rectangular region in (c), showing the formation of Na particles
on the surface of the NaxSn compound.
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Fig. 4. SEM images of (a) the locally sodiated Sn foil, which was
prepared by contacting with Na for 36 min. and (b) the partially
sodiated Sn foil coated with 200 nm-thick Au (8 V, 8 mA, 180
sec), on which high-density EDS e-beam was irradiated. Note that
Na extraction was not observed within the limit of SEM
resolution. (c¢) EDS line profile measured along the arrow
indicated in the inset, showing that the intensity of Na remained
nearly constant with increasing distance, i.e. irradiation time. (d)
Variations in the composition of the NaxSn alloy measured as a
function of the number of EDS run.
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