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This dissertation consists of four chapters. Based on the concept of functional electrolytes
proposed in 1999, in which a small amount of additives are added to a high purity base
electrolyte, this thesis describes the design of electrolytes that contribute to safety and
reliability of lithium ion batteries (LIBs), including not only additives but also electrolyte
solvents and Li salts.

Chapter 1 describes the importance of further increasing the capacity and power of LIBs,
which have expanded their application to large power sources such as electric vehicles (EVs)
and energy storage system (ESS). Particularly, since many single cells of automotive LIBs are]
connected in series and parallel, safety and reliability are more important issues than in|
portable electronic devices.

In Chapter 2, we designed high flash point electrolytes to improve safety. Current electrolyte
for automotive LIBs is a mixed solvent of ethylene carbonate (EC), ethyl methyl carbonate, and
dimethyl carbonate. It has a low viscosity but has a low flash point of about 25°C, raising safety|
concerns. Phosphate esters, halogen compounds, ionic liquids, and phosphazenes have been
studied as flame-retardant solvents, but have not reached practical use level and new research|
was needed. Therefore, we designed a new electrolyte using only EC and propylene carbonate
(PC) with flash points above 120 °C. However, they do not wet hydrophobic polyethylene and
polypropylene separators due to high polarity and the battery does not work. Trioctyl
phosphate (TOP) was known as an additive that improved permeability and was practically
used, but it has a problem of reducing battery performance due to high viscosity. Therefore, we
focused on low-viscosity linear carboxylate esters (Ri-COO-R2) and designed an electrolyte that
had both a flash point of 100 °C or higher and good battery performance. We found that the
a-hydrogen of Ri1 caused reductive decomposition on the graphite anode, so we decided to
replace all of it with methyl groups. Furthermore, the longer the carbon chain of Rz, the more
hydrophobic it becomes, but to prevent two-layer separation and viscosity increase, we found
that n-heptyl pivalate (PV-HP), where R2 = n-C7H15, and 2-ethylhexyl pivalate (PV-EH), where

R2: = n-CsHiz and has a branched structure at the 2-position, are separator wettability,

improving additives that have a lower viscosity and better battery performance than TOP.
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In Chapter 3, aiming to further improve safety for automotive LIBs, particularly the thermal
stability of the cathode and anode when fully charged, we mixed EC with the cyclic ester|
y-butyrolactone (GBL) as high flash point solvents, used lithium bis(fluorosulfonyl)imide
(LiFSI), which has better thermal stability than current lithium hexafluorophosphate (LiPFé),
and used wettability improving additives discovered in Chapter 2. However, LiFSI has a major
problem of Al foil corrosion of the cathode current collector, and succinonitrile (SN) and
adiponitrile (ADN) have been used as corrosion inhibitors. Therefore, we designed a new|
additive to inhibit Al corrosion by LiFSI. As a result, we found that carbonates and organic
phosphate esters having a -C=N group have a corrosion inhibition effect, but discovered that
lithium difluorophosphate (LiPO2F2), an inorganic phosphate compound that does not have a
-C=N group, achieves both battery performance and Al corrosion inhibition.

In Chapter 4, we investigated the prevention of Cu foil dissolution from the anode current
collector during over-discharge. Since EVs have many single cells connected in series and
parallel, over-discharge can occur. When the battery is over-discharged, Cu foil of the anode
current collector dissolves, causing blackening and pitting of the Cu surface, and increasing the
cell resistance. Furthermore, if the battery is left in an over-discharged state for several
months, the dissolved Cu ions will deposit on the anode during charging and reach the cathode,
causing a short circuit and making it impossible to recharge the battery again. Until now, SN|
has been known as a prior literature on Cu corrosion inhibitors, but it has side effects such as
degrading cycling performance and the inability to recharge the battery even if it can suppress
over-discharge. Therefore, we focused on the carbodiimide group (-N=C=N-) of the accumulated
double bond, and found that N, Ntdicyclohexylcarbodiimide (DCC) suppresses blackening and
pitting after over-discharge, has no side effect of degrading cycling performance, and increases
the recovery capacity after over-discharge. This DCC complex with Cu was found to be a new|
type of over-discharge prevention additive that does not form a white precipitate like the SN|
and ADN complexes, but instead forms a thin film of nm order as a barrier layer on the Cu foil.

Based on the concept of functional electrolytes, the thesis author has clarified the influence
on safety of the electrochemical properties of LIBs, including not only additives but also
electrolyte solvents and Li salts, making it possible to design an electrolyte that contributes to

improving the safety and reliability of large batteries, such as those used in vehicles.
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