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Calcium~ion batteries (CIBs) are attracting attentions as an innovative alternative to lithium —ion batteries.
On the other hand, the CIBs have many problems. The electrode matérials for CIBs have large
overpotentials and poor cycle performance, moreover, there are few choices of electrode materials. in
addition, the reductive stability of the electrolyte for CIBs is also one of the major issues. However, it had
not been clarified so far which element (solvent, electrolyte salt) of the electrolyte contributes deeply to the
reductive decomposition. In this research, we started from the development of'a new cathode materials for
CIBs as an approach to these problems. We focused on Fel'3-0.33H,0 as a new cathode material for ClBs.
Based on the results of constant current cycling test and various ex—situ analysis. it was demonstrated that
Ca” was reversibly inserted and extracted into/from FeFs-0.33H,0 and FeF3-0.33H,0/C. In particular, it
was shown that FeFs-0.33H>0/C had high reversibility, suggesting that the electrochemical performance
were improved by the carbon composite process. Furthermore. it was found from the examination of the
organic solvent type test that the reductive decomposition_ of electrolyte occurred even in the
electrochemical window of  organic solvents used. From this point of view, it was speculated that TFSI™
in the electrolyte was the main decomposition species. Next, in order to further investigate the effect of the
electrolyte on the electrochemical performance of electrode material, the change in the electrochemical
performance of the cathode material when water was added to the organic electrolyte was investigated. In
the electrolyvie containing water. a decrease in overpotential due to co—insertion of water—derived H" and/or
hydrated cation was expected in the past researches. However as a result of our analysis by various
measurements. it was found that these co—insertion did not occur enough to reduce the overpotential. On
the other hand, the bulk structure of the electrolyte was significantly changed by the presence of water, and
as the amount of water increased, the solvated solvent was replaced with water, and the dissociation of Ca®’
and TFSI™ were progressed. This indicats that the performances of the cathode materials of CIBs are greatly
affected not only by the ion diffusion in the crystal structure but also by the bulk structure of the electrolyte.
Next, in a non—aqueous electrolyte that eliminates the effects of water. the effect of the bulk structure of
the electrolyte on the electrochemical performance of the electrode materials was investigated in more
detail. The bulk structure of each electrolyte was analyzed by changing the electrolyte salt concentration
and the organic solvent species. As a result, it was found that the Ca’" — TFSI™ ion pair can be reduced by
lowering the salt concentration to some extent with a highly polar solvent or by using long chain ethers that
solvate Ca’"so as to wrap it. In addition, these electrolyte that can reduce ion pairs showed excellent

capacity and rate performances. Also, it was clarified from the surface analysis that the surface film was




thin when the number of ion pairs was small. Therefore, it was found that the problem of the conventional
electrolyte for CIB is caused by electrochemically unstable CaTFST™ Contact lon Pair (CIP) which formed
when using Ca(TFSI),, and that the electrochemical properties of the electrolyte are inhibited when the
surface film is excessively formed. From this point of view, it is necessary to select anions that do not easily
produce CIPs with high reduction stability. As such an electrolyte, we focused on the weakly coordinating
anion, which is larger than conventional TFSI- anion. Since this electrolyte also exhibits excellent stability
with respect to calcium metal, it has become possible to study a full cell in which calcium metal anodes and
cathodes are combined. Ca[B(hfip)s]owas selected as a salt with a weakly coordinating salt, and as a result
of synthesis and evaluation, it was found that good operation of Ca metal is possible by synthesizing salt
only at a high temperature. In the evaluation in combination with the cathode, a side reaction, which was
not seen when only the Ca metal was used, was occurred and seems to be the reductive decomposition of
the electrolyte. As a result of a test in which the CIP was increased by increase the electrolyte concentration,
it was confirmed that the side reaction on the cathode decreased as the CIP increased. On the other hand, if
the concentration was too high, the overpotential of the Ca metal and the cathode. From this point, it was
clarified that the state of the surface film can be adjusted by increasing or decreasing the number of CIPs
regardless of the anion species, and that a film that inhibit the side reactions is necessary for highly stable
charge/discharge reaction. In addition, when the surface film on the cathode and the Ca metal after cycling
and rate performance tests were analuzed, and it was found that the spontaneously formed thick surface
film was formed only on the Ca metal, which is thought to be a factor of showing excellent electrochemical
stability. The change in electrochemical performance as a function of the amount of electrolyte was
investigated, and it was found that a higher amount of electrolyte resulted in superior cycle performance.
This indicates that the decrease in the effective fon concentration due to the reductiove decomposition of

electrolyte has a significant effect on degradation of the cycle performance.




