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Chapter 1 describes the details of lithium-ion batteries
and carbonaceous anodes. Surface modification is one of
the effective methods for improving electrode perfor-
mance. Surface modification methods such as surface
fluorination, surface oxidation, metal or metal oxide
coating, polymer coating, and so on, were used to im-
prove the electrochemical properties of carbonaceous
anodes. Many kinds of composite electrodes were also
presented. To increase the thermal and oxidation stability
of lithium-ion batteries, nonflammable additives or sol-
vents have been investigated. They include phosphates
with methyl, ethyl or phenyl groups, fluorine-containing
phosphorus compounds, organo-fluorine compounds and
so on. This chapter summarized the results recently ob-
tained on these subjects. In addition, the purpose of the
present study and outline of each chapter were described.

Chapters 2-4 present the results on the surface structure
changes and charge/discharge behavior of natural graphite
(NG5 pm, NG10 pm and NG15 pm) fluorinated by dif-
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ferent fluorinating agents samples (F, gas, CIF; gas, NF;
gas and plasma-fluorination using CF, gas) in propylene
carbonate-containing solvents. Natural graphite powder
samples (NG5 um, NG10 pm and NG15 pum) were fluori-
nated by F, gas (3x10* Pa at 200°C and 300°C for 2 min.),
CIF; and NF; gases (1x10° Pa at 200°C and 300°C for 5
min.), and plasma-fluorination using CF, gas (CF4 flow
rate: 8 cm’/min., total gas pressure: 5.0 Pa, power: 80 W,
plasma frequency: 13.56 MHz, sample temperature: 90°C
and plasma-treatment time: 60 min.) in order to prepare
natural graphite with high surface disorder, and electro-
chemical behavior of surface-fluorinated samples were
examined in 1.0 mol/dm® LiClO4 - EC/DEC/PC (1:1:1
vol.).

In the fluorination with F, gas, increase in surface
areas and total pore volumes by surface fluorination was
smaller for NG10 pm and NG15 pum than for NG5 pm.
However, surface disorder was highly increased in NG10
pm and NG15 pm, but less in NG5 pm. Cyclic voltamme-
try study indicated that decomposition of PC on original
graphite samples increased with increasing particle size
of natural graphite, i.e. with decreasing the area of edge
plane. Surface fluorination highly reduced the electro-
chemical decomposition of PC on NG10 um and NG15
pm. Due to decrease in the decomposition of PC, first
coulombic efficiencies for NG10 um and NG15 pm in-
creased by 9.9-13.2% and 20.3-23.3%, respectively. The
increase in first columbic efficiencies is attributed to the
increase in surface disorder providing a large amount of
surface defects and probably actual electrode area by sur-
face fluorination. Surface fluorine would also contribute
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to SEI formation by giving LiF.

The fluorination with CIF; and NF; gases increased
meso-pores with diameter of 2.0 nm due to surface fluo-
rination while those with diameters of 2.5 and 3.0 nm
were reduced. R values obtained from Raman spectra in-
creased with increasing fluorination temperature and par-
ticle size of natural graphite sample, indicating increase
in surface disorder by surface fluorination. These surface
structure changes would have reduced the electrochemical
decomposition of PC at 1st cycle, i.e. increased first cou-
lombic efficiencies, which was more clearly observed at a
high current density of 150 mA/g and mainly for NG10
um and NG15 pm having the larger particle sizes. The in-
crease in first coulombic efficiencies for NG10 um and
NG15 pm fluorinated by CIF; reached ca. 10 and 20%,
respectively.

In the case of plasma-fluorination, fluorination in-
creased surface disorder of three natural graphite samples
though surface areas were reduced by radical reaction
having surface etching effect. Plasma-fluorination highly
reduced the electrochemical decomposition of PC on
NG10 pm and NG15 um. As a consequence, first coulom-
bic efficiencies for plasma-fluorinated NG10 pm and
NG15 pm increased by 9.7 and 19.3% at 150 mA/g, re-
spectively.

Chapters 5-6 deal with thermal stability and electro-
chemical properties of nonflammable organo-fluorine
compounds (fluoro-carbonates, fluoro-ethers and fluo-
ro-ester) for lithium-ion battery. Electrochemical beha-
vior of organo-fluorine compounds has been investigated
in EC/DEC and EC/DEC/PC mixtures using natural gra-
phite electrodes.

In chapter 5, electrochemical oxidation using a Pt wire
electrode was largely suppressed by the mixing of fluo-
ro-carbonates with EC/DEC. The oxidation current was
much  smaller in  0.67 mol/dm’ LiClO, -
EC/DEC/fluoro-carbonate than in 0.67 mol/dm® LiClO, -
EC/DEC and EC/DEC/PC at potentials higher than 6.0 V
vs. Li/Li*. Cyclic voltammetry study showed that the
electrochemical reduction of fluoro-carbonates started at
1.9-2.7 V vs. Li/Li*, which are higher potentials than
those of EC, DEC, and PC. However charge/discharge
capacities and first coulombic efficiencies were nearly the
same in 0.67 mol/dm’ LiClO, - EC/DEC and
EC/DEC/fluro-carbonate. Furthermore the mixing of flu-
oro-carbonates with EC/DEC/PC diminished the electro-
chemical reduction of PC at the first cycle, highly in-
creasing the first coulombic efficiencies for natural gra-
phite electrodes in 0.67 mol/dm’ LiClO4 -
EC/DEC/PC/fluoro-carbonate except the data obtained for
NG5 pum in  0.67 mol/dm®*  LiClO, -
EC/DEC/PC/fluoro-carbonate. The increment in the first
coulombic efficiency by the mixing of the fluo-
ro-carbonates with EC/DEC/PC increased with decreasing
surface area of natural graphite from NG10 um to NG40
pm. These results show that fluoro-carbonates not only
give antioxidation ability to electrolyte solutions but also
contribute to the SEI formation on natural graphite elec-

455 Y224, Vol. 45, Mar. 2010

trodes. From the viewpoint of thermal and electrochemi-
cal oxidation stability, fluoro-carbonates are good candi-
dates as nonflammable solvents for lithium-ion batteries.

Chapter 6 describes thermal stability and electrochem-
ical behavior of fluoro-ethers and fluoro-ester. Thermal
stability was evaluated by DSC for 0.67 mol/dm*® LiClO, -
EC/DEC/PC (1:1:1 vol.) and EC/DEC/PC/fluoro-ether or
fluoro-ester (1:1:1:1.5 vol.). Exothermic peaks for fluo-
rine compound-mixed electrolyte solutions were observed
at higher temperatures than that for 0.67 mol/dm® LiClOy4
- EC/DEC/PC, which shows the higher thermal stability
of fluorine compound-mixed solutions. Electrochemical
oxidation currents measured using Pt wire electrode were
much  smaller in 0.67 mol/dm® LiClO, -
EC/DEC/PC/fluoro-ether than in 0.67 mol/dm® LiClO, -
EC/DEC/PC, which shows also high stability of fluorine
compound-mixed electrolyte solutions against electro-
chemical oxidation. The fluoro-ester-mixed solution also
gave the smaller oxidation current before and after 7.3 V
vs. Li/Li*. Electrochemical reduction of organo-fluorine
compounds occurred at the higher potentials than those
for EC, DEC and PC. However, charge/discharge experi-
ments indicated that fluorine compound-mixed electrolyte
solutions highly increased first coulombic efficiencies for
both NG15 pm and NG25 pm. The results revealed that
fluoro-ethers are good candidates as nonflammable sol-
vents because they not only improved thermal and elec-
trochemical oxidation stability of electrolyte solutions but
also highly increased first coulombic efficiencies due to
quick formation of SEI on graphite in PC-containing sol-
vents.

Chapter 7 summarizes the results obtained in the
present study.
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