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(57) ABSTRACT 

The present invention provides a lithium Secondary battery 
having high-capacity as well as good cycle characteristics. 
The lithium Secondary battery includes a positive electrode 
comprising a positive active material, a negative electrode 
comprising a negative active material and an electrolyte. The 
negative active material includes graphite particles com 
bined to Si particulate. The electrolyte includes a Solvent, a 
polyether modified Silicone oil where a linear polyether 
chain is linked to a polysiloxane chain, and a Solute com 
prising a lithium Salt. 
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RECHARGEABLE LITHIUM BATTERY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priorities to and the benefit 
of Japanese Application Nos. 2004-203292 and 2004 
378253 filed with the Japanese Patent Office on Jul. 9, 2004 
and Dec. 27, 2004, respectively, and Korean Patent Appli 
cation No. 10-2005-0057680 filed with the Korean Intellec 
tual Property Office on Jun. 30, 2005, the entire contents of 
which are incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to a lithium second 
ary battery. More particularly, the present invention relates 
to a lithium Secondary battery having high capacity and 
good cycle characteristics. 

BACKGROUND OF THE INVENTION 

0003. As there is demand for a portable electronic device 
having a Small Size and light weight, as well as high 
performance characteristics, lithium Secondary batteries 
having high capacity are needed. 
0004 Graphite for a negative active material of a lithium 
Secondary battery has a theoretical electrical capacity of 372 
mAh/g. In order to obtain a negative active material with 
higher capacity than graphite, it is necessary to develop an 
amorphous carbon material or a novel material that can 
replace a carbon material. 
0005 For example, Japanese Patent laid-open No. Hei 
5-286763 discloses coating carbonaceous material and a 
metal being capable of alloying an alkali metal with a carbon 
material. 

0006 Recently, as disclosed in Japanese Patent laid-open 
No. 2002-25.5529, there has been active development for a 
composite material in which Si particulates are combined to 
graphite particles. 

0007. However, since Siparticulate included in the com 
posite material includes a functional group Such as SiOH or 
Si=O on its Surface, Such functional groups contact the 
electrolyte and induce slow decomposition of the electrolyte 
resulting in Significantly deteriorated cycle characteristics. 
Particularly, LiPF as a conventional solute reacts with a 
hydroxyl group of SiOH to generate hydrofluoric acid (HF) 
easily. The HF deteriorates cycle characteristics remarkably. 

SUMMARY OF THE INVENTION 

0008 An embodiment of the present invention provides 
a lithium Secondary battery having high capacity as well as 
good cycle characteristics. 
0009. A lithium secondary battery according to one 
embodiment of the present invention includes a positive 
electrode including a positive active material, a negative 
electrode including a negative active material, and an elec 
trolyte. The negative active material includes graphite par 
ticles combined to Si particulate. The electrolyte includes a 
Solvent, a polyether modified Silicone oil where a linear 
polyether chain is linked to a polysiloxane chain, and a 
Solute including a lithium salt. 
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0010. The polyether modified silicone oil preferably 
includes a polyether chain linked to a position, except the 
terminal end, of a linear polysiloxane chain. 

0011. According to the above structure, a polyether modi 
fied Silicone oil is added to an electrolyte. Since the poly 
ether modified silicone oil is fused with a Surface of Si 
particulate of a negative active material to form a protection 
layer, a decomposition reaction of the electrolyte with the Si 
particulate can be inhibited and thus cycle characteristics 
can be improved. 

0012. A lithium secondary battery according to another 
embodiment of the present invention includes a positive 
electrode including a positive active material, a negative 
electrode including a negative active material, and an elec 
trolyte. The electrolyte includes a Solvent, a polyether modi 
fied Silicone oil where a linear polyether chain is linked to 
a polysiloxane chain, and a Solute including a lithium Salt. 
The negative active material includes a multi-phase alloy 
powder which includes Si-phase and SiM-phase, and also 
either one or both of X-phase or SiX-phase, and an amount 
of Si-phase on a Surface of a multi-phase alloy powder 
particle is preferably less than that inside of the particle. The 
polyether modified Silicone oil preferably includes a poly 
ether chain linked to a linear polysiloxane chain, and more 
preferably includes a polyether chain linked to a position, 
except the terminal end, of a linear polysiloxane chain. 
Above, M is at least one element Selected from the group 
consisting of Ni, Co, AS, B, Cr, Cu, Fe,Mg,Mn, and Y, X 
is at least one element Selected from the group consisting of 
Ag, Cu, and Au, and M and X are not simultaneously Cu. 

0013. According to the above structure, since the poly 
ether modified silicone oil is fused with the Si-phase of a 
negative active material to form a protection layer, decom 
position reaction of the electrolyte on Si-phase can be 
inhibited and thus cycle characteristics can be improved. 

0014. The polyether modified silicone oil is preferably 
added in an amount of about 0.2 wt % to about 20 wt %. 

0015 The lithium salt preferably includes at least one 
Selected from the group consisting of LiPF, 
Li(N(SOCF)), Li(N(SOCF)), and LiBF, and the 
polyether modified Silicone oil is preferably at least one 
Selected from the group consisting of Silicone oils of the 
following formulas 1 to 3. 

Chemical formula 1 

R R R 

R R (CH2)-O-(CH2CH2O)-Z 
Chemical formula 2 

R R R 
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-continued 
Chemical formula 3 

R R R 

R R 

0016. Wherein, in the above formulas 1 to 3, k ranges 
from 0 to 50, m ranges from 2 to 10, n ranges from 1 to 50, 
R is CH or CH, and Z is CH or CHs. 
0.017. In the present invention, the terminal end of the 
linear polysiloxane chain means R group. 
0.018. In the lithium secondary battery according to the 
embodiment of the present invention, the lithium salt 
includes a mixture of Li(N(SOCF)) and LiPF. 
0.019 According to another embodiment of the present 
invention, a lithium Secondary battery includes a positive 
electrode including a positive active material, a negative 
electrode including a negative active material where graph 
ite particles and Si particulate are combined, and an elec 
trolyte. The electrolyte includes a solvent and a lithium salt 
as a solute, and preferably includes 50 mol % or less LiPF 
in the lithium salt. 

0020 Since an amount of LiPF in the lithium salt is less 
than or equal to 50 mol %, HF generation reaction between 
LiPF and Si particulate of the negative active material is 
inhibited and thus cycle characteristics of the lithium Sec 
ondary battery can be improved. 

0021. The lithium salt preferably includes at least one 
Selected from the group consisting of Li(N(SOCF)), 
Li(N(SOCF)), and LiBF. 
0022. The above electrolyte preferably includes at least 
one Selected from the group consisting of Li(N(SOCF)), 
Li(N(SOCF)), and LiBF, as well as LiPF as a solute. 
They can prevent reaction between the Si particulate and 
LiPF, and thus HF generation can be reduced to improve 
cycle characteristics. 

0023 The lithium salt preferably includes a mixture of 
Li(N(SOCF)) and LiPF. 
0024. The above electrolyte includes Li(N(SOCF)) as 
well as LiPF as a solute and the Li(N(SOCF)) can 
prevent reaction between the Si particulate and LiPF. 
Therefore, HF generation is reduced So improving cycle 
characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.025 FIG. 1 is a schematic cross-sectional view showing 
one negative active material which constitutes a lithium 
Secondary battery according to a first embodiment of the 
present invention. 

0.026 FIG. 2 is a schematic cross-sectional view showing 
another negative active material which constitutes the 
lithium Secondary battery according to the first embodiment 
of the present invention. 
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0027 FIG. 3 is a schematic cross-sectional view showing 
another negative active material which constitutes the 
lithium Secondary battery according to the first embodiment 
of the present invention. 

0028 FIG. 4 is a schematic cross-sectional view showing 
another negative active material which constitutes the 
lithium Secondary battery according to the first embodiment 
of the present invention. 
0029 FIG. 5 is a schematic view showing another nega 
tive active material which constitutes a lithium Secondary 
battery according to a Second embodiment of the present 
invention. 

0030 FIG. 6 is a schematic cross-sectional view showing 
another negative active material which constitutes the 
lithium Secondary battery according to the Second embodi 
ment of the present invention. 
0031 FIG. 7 is a graph showing a relation between a 
cycle number and discharge capacity of a lithium Secondary 
battery in Examples 1, 2, 6, 7, 9, 10, and 11. 
0032 FIG. 8 is a graph showing a relation between a 
cycle number and discharge capacity of a lithium Secondary 
battery in Examples 1, 3, and 8. 

0033 FIG. 9 is a graph showing a relation between a 
cycle number and discharge capacity of a lithium Secondary 
battery in Experimental Example 2. 

0034 FIG. 10 is a graph showing a relation between a 
cycle number and discharge capacity of a lithium Secondary 
battery in Experimental Example 3. 

0035 FIG. 11 is a graph showing a relation between a 
cycle number and capacity retention of lithium Secondary 
batteries of Examples 18 and 19. 
0036 FIG. 12 is a graph showing a relation between a 
cycle number and capacity retention of lithium Secondary 
batteries of Examples 18, 20, and 21. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0037 Hereinafter, the first embodiment of the present 
invention will be described. 

0038 A lithium secondary battery of the present inven 
tion includes a positive electrode including a positive active 
material, a negative electrode including a negative active 
material which includes graphite particles combined to Si 
particulate, and an electrolyte. The electrolyte includes a 
Solvent, a polyether modified Silicone oil where a linear 
polyether chain is linked to a polysiloxane chain, and a 
Solute including a lithium salt. 
0039. The polyether modified silicone oil preferably 
includes a polyether chain linked to a position, except the 
terminal end, of a linear polysiloxane chain. 

0040. The lithium salt preferably includes at least one 
Selected from the group consisting of LiPFs, 
Li(N(SOCF)), Li(N(SOCF)), and LiBF, and, more 
preferably a mixture of Li(N(SOCF)) and LiPF. 
0041. The positive active material, the negative active 
material, and the electrolyte will be described in more detail. 
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0.042 A positive active material in the present embodi 
ment includes a material being capable of intercalating and 
deintercalating lithium and, for example, at least one 
Selected from the group consisting of complex oxides of 
lithium and at least one Selected from the group consisting 
of cobalt, manganese, and nickel. Particularly, there are 
LiMnO, LiCoO, LiNiO, LiFe0, V-Os, and so on. A 
material being capable of intercalating and deintercalating 
lithium also includes TIS, MoS, organic Sulfide compound, 
or organic polysulfide compound. The positive active mate 
rial is mixed with a binder Such as polyvinylidene fluoride 
and a conducting agent Such as carbon black, and is shaped 
into a sheet, flat disk shape, and So on, to fabricate a positive 
electrode. A mixture including positive active material pow 
der, binder, and conducting agent is shaped into a sheet, flat 
disk shape, and So on, and is laminated with a metal current 
collector to fabricate a positive electrode. 
0.043 A negative active material includes a material 
where graphite particles are combined with Siparticulate. AS 
illustrated in FIGS. 1 to 4, carbonaceous material can be 
used where composite particles are arranged to be dispersed 
Surrounding the graphite particles. The graphite particles 
and the composite particles are coated by an amorphous 
carbon membrane. 

0044) In a carbonaceous material 1 of FIG. 1, a plurality 
of composite particles 3 are dispersed and adhered to a 
Surface of a Single graphite particle 2. An amorphous carbon 
membrane 4 coats the graphite particle 2 and the composite 
particles 3 in a Smaller and more uniform thickness than the 
particle diameter of the composite particles 3. In a carbon 
aceous material 1 of FIG. 2, a plurality of composite 
particles 3 are dispersed and adhered to a Surface of a 
plurality of graphite particles 2. An amorphous carbon 
membrane 4 coats the graphite particles 2 and the composite 
particles 3 in a larger and more uniform thickness than the 
particle diameter of the composite particles 3. The amor 
phous carbon membrane 4 covers the graphite particles 2 
and the composite particles 3 and connects a plurality of 
graphite particles 2 to each other. 
0.045. In a carbonaceous material 1 of FIG. 3, a plurality 
of composite particles 3 are dispersed and adhered to a 
Surface of a Single graphite particle 2. An amorphous carbon 
membrane 4 coats the graphite particle 2 and the composite 
particles 3. In the carbonaceous material 1 of FIG. 4, a 
plurality of composite particles 3 are dispersed and adhered 
to a Surface of a Single graphite particle 2. An amorphous 
carbon membrane 4 coats the graphite particle 2 and the 
composite particles 3. 

0046) The graphite particles 2 included in the carbon 
aceous material preferably have an interplanar spacing 
(d002) ranging from 0.335 nm to 0.337 nm measured by 
X-ray wide-angle diffraction, more preferably ranging from 
0.335 nm to 0.337 nm. The graphite particles 2 preferably 
have a particle diameter ranging 2 um to 70 um. 
0047 The amorphous carbon membrane 4 as shown in 
FIGS. 1 to 4, coats the graphite particles 2 and the composite 
particles 3 as well as adhering the composite particles 3 to 
the Surface of the graphite particles 2. The amorphous 
carbon membrane 4, as shown in FIG. 2, also connects the 
graphite particles 2 to each other. The amorphous carbon 
membrane 4 is obtained through heat treatment of at least 
one Selected from the group consisting of thermoplastic 
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resin, thermosetting resin, Vinyl-based resin, cellulose-based 
resin, phenol-based resin, coal-based pitch material, petro 
leum-based pitch material, and tar-based material. It is 
relatively incompletely graphitizable and amorphous, and 
has interplanar spacing (d002) of more than or equal to 0.37 
nm. Since the amorphous carbon membrane 4 is amorphous, 
there is no possibility of electrolyte decomposition even 
contacting the amorphous carbon membrane 4, and thus it 
can improve charge and discharge efficiency of the carbon 
aceous material 1. 

0048. The amorphous carbon membrane 4 preferably has 
a membrane thickness ranging from 50 nm to 5 lum. 
0049. The composite particles 3 are composed of Si 
particulate itself, or composite material of conductive car 
bon material coating Si particulate and Si particulate. The Si 
particulate is composed of crystalline Silicon that has a 
particle diameter ranging 10 nm to 2 um. Silicon is an 
element capable of alloying with lithium. If lithium ion 
Works on Si particulate composed of Silicon, lithium is 
invaded into pores on the Surface of the Si particulate or 
inside of the Si particulate to form an alloy and thereby 
expands the Si particulate. If crystallinity of the Si particu 
late is reduced, alloy-forming performance with lithium is 
deteriorated and charge and discharge capacities are dete 
riorated. The conductive carbon material is arranged on a 
Surface or a neighbourhood of the Surface of the Si particu 
late. It is positioned on a Surface of the Si Semiconductor 
particulate to impart apparent conductivity to the Si particu 
late. The conductive carbon material includes, for example, 
carbon black, ketjen black, vapor grown carbon fiber 
(VGCF), and so on. 
0050. The negative active material including graphite 
particles combined with Si particulate can significantly 
improve charge and discharge capacities of a lithium Sec 
ondary battery compared with a conventional negative 
active material including only graphite. Like the positive 
active material described above, the negative active material 
is mixed with a binder such as polyvinylidene fluoride and 
a conducting agent Such as carbon black as needed, and is 
shaped into a sheet, flat disk shape, and So on, to fabricate 
a negative electrode. A mixture including a negative active 
material, binder, and conducting agent is shaped into a sheet, 
flat disk shape, and So on, and is laminated with a metal 
current collector to fabricate a negative electrode. 
0051. For the negative active material, carbonaceous 
material Such as artificial graphite, natural graphite, graphi 
tizable carbon fiber, graphitizable meso carbon microbead, 
amorphous carbon, and So on, can be used along with the 
carbonaceous material. A single metal Substance capable of 
alloying with lithium or a composite material including the 
Single metal Substance and carbonaceous material can be 
used together as a negative active material. The metal 
lithium capable of alloying with lithium is exemplified by 
Al, Si, Sn, Pb, Zn, Bi, In, Mg, Ga., Cd, and so on. 
0052 A separator can be interposed between the positive 
and negative electrodes. The Separator is essential in the case 
of non-gellitization of the electrolyte. A conventional Sepa 
rator Such as porous polypropylene film, porous polyethyl 
ene film, and So on, can be used for the Separator. 
0053 As described above, the electrolyte includes a 
Solvent, a polyether modified Silicone oil where a polyether 
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chain is linked to a linear polysiloxane chain, and a Solute 
except LiPF, as well as LiPF. The polyether modified 
Silicone oil preferably includes a polyether chain linked to a 
position, except the terminal end, of a linear polysiloxane 
chain. 

0.054 Agel electrolyte in which a polymer is impreg 
nated can also be used. The polymer may include polyeth 
yleneoxide (PEO), polypropyleneoxide (PPO), polyacry 
lonitrile (PAN), polyvinylidenefluoride (PVdE), 
polymethylacrylate (PMA), polymethylmethacrylate 
(PMMA), or a copolymer thereof. 
0055 The polyether modified silicone oil (hereinafter, 
also referred to as silicone oil) in the electrolyte Solution 
includes at least one represented by the above formulas 1 to 
3. In the above formulas 1 to 3, k ranges from 0 to 50, m 
ranges from 2 to 10, n ranges from 1 to 50, R is CH or CHs, 
and Z is CH or CHs. 
0056. When k is more than 50, thermal stability is 
improved, but Viscosity is excessively increased and ion 
conductivity is deteriorated due to decrease of Salvation with 
lithium ions. When m is less than 2, it is difficult to 
synthesize the silicone oil. When m is more than 10, 
Viscosity increases, and resultantly, ion conductivity is dete 
riorated. 

0057 When n is less than 1 (i.e., n is 0), there is no 
polyether chain linked to a polysiloxane chain, and compat 
ibility with the solvent component of the electrolyte is 
deteriorated. When n is more than 50, the polyether chain 
length is longer and thus Viscosity remarkably increases to 
thereby deteriorate ion conductivity. When R is CH or 
CHs, Z is CH, or CHs, it is easy to Synthesize Silicone oil. 
0.058. The silicone oil can be prepared by linking a 
polyether compound having double bond, Such as 
CH=CH, to polysiloxane where partial R group is substi 
tuted with hydrogen, through hydrosilylation reaction. 

0059 Since such silicone oil includes silicon (Si) in its 
molecules, it is easy to fuse Si particulate composed of the 
negative active material. It can also form a protection layer 
by coating the Surface of the Si particulate. Thereby, decom 
position of the Solute component on the Surface of the Si 
particulate can be prevented. 

0060 Since the silicone oil includes a polysiloxane chain, 
it has high thermal Stability and high ion conductivity 
because oxygen of ether linkage of the polyether chain is 
Solvated with lithium ions. Since the polyether chain is 
linked to a linear polysiloxane chain, a whole Structure of the 
silicone oil becomes linear, and thereby flexibility of the 
polyether chain is improved to reduce Viscosity. Thereby, ion 
conductivity of the electrolyte can be improved. Viscosity of 
the Silicone oil can be reduced and ion conductivity of the 
electrolyte can be improved by the linking polyether chain 
to the linear polysiloxane chain. 
0061 The solvent component included in the electrolyte 
includes, for example, a mixed Solvent including cyclic 
carbonate and linear carbonate. The cyclic carbonate 
includes, for example, at least one Selected from the group 
consisting of ethylene carbonate, butylene carbonate, pro 
pylene carbonate, and y-butyrolactone. Since the cyclic 
carbonate is easy to be Solvated with lithium ions, ion 
conductivity of non-aqueous electrolyte can be improved. 
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0062) The linear carbonate, for example, includes at least 
one Selected from the group consisting of dimethylcarbon 
ate, methylethylcarbonate, and diethylcarbonate. Since the 
linear carbonate has low Viscosity, it can reduce Viscosity of 
the non-aqueous electrolyte and increase ion conductivity. 
0063 As the solute, lithium salt can be used. Particularly, 

it is preferable to include at least one Selected from the group 
consisting of LiPF, Li(N(SOCF)), Li(N(SOCF)), 
and LiBF, and more preferably a mixture of 
Li(N(SOCF)) and LiPF. 
0064. The lithium salt of the non-aqueous electrolyte is 
present in a concentration ranging from about 0.5 mol/L to 
2.0 mol/L. The lithium salt improves ion conductivity of the 
non-aqueous electrolyte. 
0065. The silicone oil of the electrolyte may be added in 
an amount of 0.2 wt % to 20 wt %. When silicone oil is 
added in an amount of less than 0.2 wt %, Solute decom 
position can be prevented sufficiently. When it is added in an 
amount of more than 20 wt %, viscosity of the electrolyte is 
high and ion conductivity is deteriorated. 
0066 Since the electrolyte of the lithium secondary bat 
tery includes silicone oil and the silicone oil is fused with the 
Surface of the Si particulate included in the negative active 
material, electrolyte decomposition on the Si particulate can 
be prevented to improve cycle characteristics. 
0067. Hereinafter, the lithium secondary battery accord 
ing to the second embodiment of the present invention will 
be described. The lithium secondary battery according to the 
Second embodiment includes a positive electrode including 
a positive active material, a negative electrode including a 
multi-phase alloy powder, and an electrolyte. The lithium 
Secondary battery according to the Second embodiment has 
the same Structure as the lithium Secondary battery accord 
ing to the first embodiment, except that the negative active 
material is a multi-phase alloy powder. Hereinafter, a multi 
phase alloy powder will be described in more detail but 
description of the electrolyte is omitted. 
0068 The negative active material of the lithium second 
ary battery according to the Second embodiment includes 
Si-phase and SiM-phase, and also either one or both of 
X-phase or SiX-phase, and an amount of Si-phase on a 
Surface of the multi-phase alloy powder particle is prefer 
ably less than that inside of the particle. FIG. 5 is a 
Schematic view showing an appearance of a particle which 
constitutes the multi-phase alloy powder. FIG. 6 is sche 
matic cross-sectional view of the particle shown in FIG. 5. 
0069. As shown in FIGS. 5 and 6, the multi-phase alloy 
powder particle 11 of the negative active material includes 
Si-phase 12, SiM-phase 13, and X-phase and/or SiX-phase 
14. 

0070 Si-phase 12 is present in a larger amount inside of 
the particle than on the Surface of the particle. Si-phase 12 
forms LiSir phase by alloying lithium at charging and 
returns to Si Single phase by deintercalating the lithium at 
discharging. Since Si-phase does not exist, or exists in only 
a little amount, on the Surface of the particle, decomposition 
reaction of the electrolyte by the Si-phase can be prevented. 
0071 SiM-phase 13 does not react with lithium during 
charge and discharge, and maintains the shape of the particle 
11 to prevent expansion and contraction of the particle 11 
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itself. The element M of SiM-phase 13 is a metal element 
which is not alloyed with lithium, and is at least one element 
Selected from the group consisting of Ni, Co, AS, B, Cr, Cu, 
Fe,Mg,Mn, and Y. Particularly, element M is preferably Ni, 
where SiM-phase becomes SiNiphase. 
0.072 X-phase 14 imparts conductivity to a multi-phase 
alloy powder to reduce a Specific resistance of the negative 
active material. Element X constituting X-phase 14 is a 
metal element having Specific resistance of less than 3 S2'm 
and is at least one Selected from the group consisting of Ag, 
Cu, and Au. Particularly, Since Cu does not react with 
lithium to form an alloy, it can prevent expansion. Since Ag 
is not alloyed with Si, Ag is present in a single phase to 
improve conductivity of the particle by Selecting a metal 
which is not alloyed with Ag as the element M. 
0073. Since Cu is alloyed with Si and has lower resis 
tance than Si, it has both properties of element M and 
element X. In the above embodiment, Cu can be used as an 
element M or an element X, but Cu is not selected for both 
element M and element X simultaneously. 
0.074 Six-phase can be deposited as well as or instead of 
X-phase 14. SiX-phase imparts conductivity to a multi 
phase alloy powder like X-phase 14 to reduce a specific 
resistance of the negative active material. 
0075 Crystal properties of the Si-phase 12, SiM-phase 
13, X-phase 14, and SiX-phase depend on a quenching rate, 
an alloy composition, and presence or absence of heat 
treatment after quenching. In the negative active material, 
each phase may be a crystalline or amorphous phase, or a 
mixed phase of crystalline phase and amorphous phase. The 
negative active material may include another alloy phase 
along with Si-phase, SiM-phase, X-phase, and SiX-phase. 

0.076 Hereinafter, an alloy composition will be 
described. Si is an element forming a Si Single phase and 
SiM-phase, and further SiX-phase, composition ratio is 
determined from an alloy phase diagram to form Si Single 
phase, as well as SiM-phase and SiX-phase, and the capacity 
of Si can be obtained. When an amount of Si increases 
excessively, many Si-phases are deposited to increase 
expansion and contraction amount of the negative active 
material during charge and discharge, and the negative 
active material becomes a fine powder thereby deteriorating 
cycle characteristics. Specifically, the Si amount in the 
negative active material ranges from about 30 wt % to 70 wt 
%. 

0.077 Since the element M is an element which can form 
SiM-phase with Si, its amount is determined from an alloy 
phase diagram So that the whole amount of M may alloy 
with Si. When the amount of M exceeds the amount capable 
of alloying with Si, the whole Si is alloyed decreasing 
capacity remarkably. When the amount of M is less than the 
amount capable of alloying with Si, SiM-phase is reduced, 
expansion prevention of Si-phase is reduced, and cycle 
characteristics are deteriorated. M-phase may be present as 
a plurality of different elements, that is, M1-phase, 
M2-phase, and M3-phase. Since a solid-solution limit with 
Si is different depending on the kind of element, the com 
position ratio of M can not be specifically limited. The 
composition ratio should be determined So that Si-phase 
may remain after Si and M are alloyed to their solid-solution 
limit. Since the element M is not alloyed with lithium, it 
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does not have a non-reversible capacity. The element M is 
preferably insoluble in an alkali Solution. 
0078 When a composition ratio of X increases, specific 
resistance is reduced, but Si-phase is significantly reduced to 
deteriorate charge and discharge capacity. On the contrary, 
when a composition ratio of X decreases, Specific resistance 
of the negative active material increases to deteriorate 
charge and discharge efficiency. The composition ratio of X 
preferably ranges 1 wt % to 30 wt % in the negative active 
material. The element X is preferably insoluble in an alkali 
Solution. 

0079 An average particle diameter of a multi-phase alloy 
powder preferably ranges from 5 um to 30 lim. Generally 
Si-included alloy powder has higher resistance than graphite 
powder which has been used as a negative electrode material 
of a lithium Secondary battery, and therefore it is preferable 
to use a conducting agent. When the average particle diam 
eter is less than 5 um, an average particle diameter of the 
multi-phase alloy powder is less than the particle diameter of 
the conducting agent and thus an adding effect of the 
conducting agent is not Sufficient, and therefore battery 
characteristics, Such as capacity or cycle characteristics, are 
deteriorated. When the average particle diameter is more 
than 30 um, filing density of the negative active material in 
the lithium Secondary battery is deteriorated. 
0080. As shown in FIGS. 5 and 6, a plurality of fine 
pores 15 are formed on a Surface of a multi-phase alloy 
powder particle. The fine pores 15 are formed through 
impregnation with an alkali Solution after quenching an 
alloy melt Solution. It is a trace remained through an elution 
of Si-phase exposed on a Surface of the particle immediately 
after quenching. Since the Si is not exposed on the Surface 
of a particle, reaction with an electrolyte during charge is 
prevented and a Specific Surface area of a multi-phase alloy 
powder increases and So contact area with the electrolyte 
increases by formation of the fine pores 15 to improve 
charge and discharge efficiency. 
0081. The fine pores 15 have an average pore diameter 
ranging from about 10 nm to about 5 um and depth of the 
fine pores 15 ranges from 10 nm to 1 um. The multi-phase 
alloy powder has a specific Surface area ranging from 0.2 
m/g to 5 m/g. 
0082 In the lithium secondary battery including the 
negative active material, Since an amount of Si-phase on a 
Surface of the particle is preferably less than that inside of 
the particle, electrolyte decomposition reaction by Si-phase 
is inhibited to improve cycle characteristics. 
0083. Since silicone oil added in the electrolyte is fused 
with the Surface of Si-phase of the negative active material, 
electrolyte decomposition reaction by Si-phase is inhibited 
to improve cycle characteristics. 
0084. Since SiM-phase and X-phase are included in a 
particle, as well as Si-phase, expansion and contraction of 
the particle can be reduced compared with that including 
only Si-phase, there are no problems that the negative active 
material becomes a fine powder and is detached from a 
current collector, and contact with a conductive material can 
be maintained to improve charge and discharge capacity and 
cycle characteristics. 
0085. Further, because of the plurality of fine pores on the 
Surface of the multi-phase alloy powder particle, lithium 
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ions can be diffused efficiently to enable high rate charge and 
discharge because non-aqueous electrolyte is impregnated in 
the fine pores and high conductive X-phase is present 
therein. 

0.086 For example, the negative active material can be 
prepared as follows. 
0.087 Amethod of preparing the negative active material 
includes obtaining quenched alloy powder which includes 
Si, element M, and element X, and impregnating the 
quenched alloy powder with an alkali Solution. Hereinafter, 
each proceSS Step will be described. 
0088 First, the quenched alloy powder is obtained by 
quenching an alloy melt Solution including Si, element M, 
and element X. The alloy melt solution is obtained by 
dissolving a single Substance or an alloy Simultaneously, for 
example, through high frequency induced heating method. 

0089. In the alloy melt solution, Si content ranges from 
about 30 wt % to about 70 wt %. When Si content is 
excessively Small in the alloy melt Solution, Si-phase is not 
deposited. On the contrary, when Si content is excessively 
large, a negative active material that is not easily expanded 
and contracted is obtained. 

0090 The alloy melt solution can be quenched, for 
example, using gas atomization, water atomization, roll 
quenching, and So on. Through gas atomization and water 
atomization, powder-phase quenched alloy is obtained and 
through roll quenching, thin bar-shaped quenched alloy is 
obtained. The bar-shaped quenched alloy is further pulver 
ized to obtain a powder. An average particle diameter of 
Such obtained quenched alloy powder is the average particle 
diameter of the resultant multi-phase alloy powder. When 
obtaining the quenched alloy powder, its average particle 
diameter is preferably adjusted to range from about 5 um to 
30 lum. 
0.091 The quenched alloy powder obtained from an alloy 
melt Solution can be a quenched alloy including entirely 
amorphous phase, or a quenched alloy including partial 
amorphous phase and the rest being crystalline phase par 
ticles, or a quenched alloy including entirely crystalline 
phase. The quenched alloy powder includes SiX-phase and 
SiM-phase, and also includes either one or both of X-phase 
and SiX-phase. Each Si-phase, SiM-phase, X-phase, and 
SiX-phase is present in a uniformly mixed State in an alloy 
Structure. 

0092. A quenching rate ranges more than or equal to 
about 100 K/second. When the quenching rate is less than 
100 K/second, there is a problem that each Si-phase, SiM 
phase, X-phase, and SiX-phase is not deposited uniformly in 
an alloy structure, and crystal Size of each phase increases 
and it is difficult to obtain uniform expansion prevention and 
conductivity impartment. 

0093. Next, the quenched alloy is impregnated in alkali 
Solution and Si-phase deposited on the Surface of the 
quenched alloy powder particle is eluted and removed. 
Specifically, quenched alloy powder is impregnated in alkali 
Solution to wash and dry it. The impregnation is performed 
for 30 minutes to 5 hours while slowly agitating at room 
temperature. The alkali Solution includes Sodium hydroxide 
or potassium hydroxide aqueous Solution, and its concen 
tration ranges from 1 N to 5 N. 
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0094. The above impregnation condition is exemplified, 
and the impregnation condition can actually be determined 
by confirming that only Si-phase deposited on the Surface of 
the particle is eluted and removed. If the impregnation 
treatment is performed excessively, Si-phase inside of the 
particle as well as on the Surface is eluted and removed to 
deteriorate charge and discharge capacities of the negative 
active material. If Si-phase inside of the particle is eluted 
and removed, Strength of the particle is deteriorated. If the 
impregnation condition is insufficient, Si-phase remains on 
the Surface of the particle to induce decomposition reaction 
of electrolyte. 
0095 Specifically, until the specific surface area of the 
powder after removing Si-phase is 1.2 times larger than that 
of the quenched alloy powder before removing Si-phase, it 
is preferable to perform impregnation treatment with an 
alkali Solution. By performing the impregnation treatment 
until the Specific Surface area is 1.2 times larger than the 
initial size, partial or entire Si on the Surface can be removed 
to inhibit a reaction with the electrolyte. 
0096. It also is performed until the specific Surface area 
of the powder after removing Si-phase is 50 times smaller 
than that of the quenched alloy powder before removing 
Si-phase. Thereby, dissolving Si above necessity is pre 
vented to inhibit reduction of battery capacity. 
0097. Through the impregnation treatment, Si-phase 
deposited on the Surface of the quenched alloy powder 
particle is eluted and removed, and SiM-phase and X-phase 
and/or SiX-phase are present on the Surface of the particle. 
Fine pores remain in positions where Si-phase is removed. 
By removing Si-phase on the Surface of the particle, an 
amount of Si-phase on the Surface of the particle is less than 
that inside of the particle. 
0098. Since the element M and the element X are 
insoluble in alkali solution and SiM-phase and SiX-phase 
are difficult to dissolve in an alkali Solution, Si-phase is 
preferentially eluted. 
0099. The alloy melt solution including element M, ele 
ment X, and Si is quenched to easily prepare quenched alloy 
powder including SiX-phase and SiM-phase, and also either 
one or both of X-phase and SiX-phase. The obtained 
quenched alloy powder is impregnated in an alkali Solution 
to remove Si-phase on the Surface of the particle, and 
thereby Si-phase amount on the Surface of the particle 
renders to be smaller than that inside of the particle. Such 
obtained negative active material inhibits decomposition 
reaction of the electrolyte and reduces expansion and con 
traction of the particle itself to improve cycle characteristics. 
0100. Thereby, multi-phase alloy powder can be obtained 
easily which includes SiX-phase and SiM-phase, and also 
either one or both of X-phase and SiX-phase. Particularly, 
through gas atomization or water atomization, Spherical 
powders can be obtained. Therefore, filing density and 
energy density of the negative active material can be 
improved. 

0101 Next, a lithium secondary battery according to the 
third embodiment of the present invention will be described. 
The lithium Secondary battery according to the present 
embodiment includes a positive electrode including a posi 
tive active material, a negative electrode including a nega 
tive active material where graphite particle and Siparticulate 
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are combined, and an electrolyte. The electrolyte includes a 
Solvent and a Solute including a lithium Salt. LiPF content 
of the lithium salt ranges less than or equal to 50 mol %. 
0102) The positive active material and the negative active 
material are the same as those in the first embodiment. A 
Separator may be arranged between the positive and negative 
electrodes as in the first embodiment. 

0103) Next, the electrolyte according to the third embodi 
ment includes a Solvent and a Solute including a lithium salt. 
LiPF content of the lithium Salt ranges less than or equal to 
50 mol%. By adjusting LiPF content to be less than or 
equal to 50 mol %, HF generation reaction between LiPF 
and Si particulate of the negative active material is pre 
vented. As a result, cycle characteristics of the lithium 
Secondary battery can be improved. LiPF content is less 
than or equal to 50 mol %, and LiPF content may be 0 mol 
%. 

0104. A lithium salt, except LiPF, includes at least one 
Selected from the group consisting of Li(N(SOCF)), 
Li(N(SOCF)), and LiBF. If LiPF is added, ion conduc 
tivity of the electrolyte is improved and thus charge and 
discharge capacities are improved, but LiPF and Si particu 
late included in the negative active material are reacted to 
generate HF and the HF significantly deteriorates cycle 
characteristics. Therefore, by adding as a Solute at least one 
Selected from the group consisting of Li(N(SOCF)), 
Li(N(SOCF)), and LiBF as a main component, an adding 
amount of LiPF is relatively reduced, and thereby HF 
generation reaction between LiPF and Si particulate of the 
negative active material can be inhibited thereby improving 
cycle characteristics of the lithium secondary battery. When 
an adding amount of LiPF of the lithium salt is more than 
50 mol %, a large amount of HF is generated deteriorating 
cycle characteristics. More preferably, LiPF is added in an 
amount of less than or equal to 20 mol%. 
0105. As the lithium salt, a mixture of Li(N(SOCF)) 
and LiPF can be used. Mole ratio of Li(N(SOCF)) and 
LiPF, for example, ranges from 50:50 to 95:5. When the 
mole ratio of Li(N(SOCF) is reduced, HF generation 
reaction can not be inhibited. When the mole ratio of LiPF 
is reduced, it dissolves aluminum of the positive current 
collector. 

0106 Concentration of the lithium salt in the electrolyte 
ranges from 0.5 mol/L to 2.0 mol/L. 
0107 As a solute of the electrolyte, since LiPF is added 
in an amount of less than or equal to 50 mol %, reaction 
between Si particulate and LiPF can be inhibited. Thereby, 
HF generation is reduced to improve cycle characteristics. 

EXAMPLE 

0108). The present invention will be described by the 
following Experimental Examples 1 to 3 in further detail. 

Experimental Example 1 

0109 Lithium secondary battery cells including electro 
lytes having various additive components and their compo 
Sitions were fabricated, and their cycle characteristics were 
estimated. 

0110 Battery cells were prepared as follows. Positive 
electrode slurry was prepared first by mixing a LiCoO 
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positive active material having 10 um average particle 
diameter, a binder of polyvinylidene fluoride, and a carbon 
powder conducting agent having 3 um average particle 
diameter, and then by mixing with N-methyl-2-pyrrolidone. 
The positive electrode slurry was coated onto a current 
collector of 20 um thick aluminum foil by doctor blade 
method, dried at 120° C. for 24 hours under vacuum 
atmosphere to Volatilize N-methyl-2-pyrrollidone, and then 
pressed. An active maSS including a positive active material 
was laminated with the current collector to fabricate a 
positive electrode. 
0111 Next, 2 parts by weight of Si particulate having 200 
nm average particle diameter was mixed with 1 part by 
weight of carbon black. Further, most of the Si particulate 
Structure is composed of crystalline Silicon. A Solution 
where 10 parts by weight of phenol resin was dissolved in 
isopropyl alcohol was prepared, and was mixed with a 
mixture of Si particulate and carbon black and then the 
Solvent was removed after agitating Sufficiently. In this way, 
a composite particle precursor where carbon black and 
phenol resin film were attached on a surface of the Si 
particulate was formed. Next, the composite particle pre 
cursor was heat-treated under argon atmosphere at 1000 C. 
for 180 minutes to carbonize the phenol resin film. As a 
result, a hard carbon membrane of 0.05 um thickness was 
formed. Resultantly, a composite particle including Si par 
ticulate was obtained. 

0112 5 parts by weight of the composite particle was 
added to 95 parts by weight of natural graphite having 15 um 
average particle diameter and then isopropyl alcohol was 
further added and mixed by wet process. Isopropyl alcohol 
Solution including 10 parts by weight of phenol resin was 
added to the mixture and mixed, and the isopropyl alcohol 
was evaporated. Resultantly, carbonaceous material precur 
Sor where composite particle and phenol resin film were 
attached on the Surface of the natural graphite was formed. 
0113. The carbonaceous material precursor was fired 
under vacuum atmosphere at 1000° C. (1273 K) to carbonize 
the phenol resin and fabricate a 0.05 uM thick amorphous 
carbon membrane. 

0114) A negative active material where the graphite par 
ticles and Si particulate were combined was fabricated. 
0115) A negative electrode slurry was prepared by mixing 
the obtained negative active material and a binder of poly 
vinylidene fluoride, and then adding N-methyl-2-pyrroli 
done. The negative electrode slurry was coated onto a 
current collector of Cu foil having 14 um thickneSS by doctor 
blade method, and dried at 120° C. for 24 hours under 
Vacuum atmosphere to volatilize N-methyl-2-pyrrolidone, 
and pressed. 
0116. An active mass including the negative active mate 
rial was laminated with the current collector to fabricate a 
negative electrode. 
0117 Electrolytes of Examples 1 to 11 were prepared by 
adding Solute and Silicone oil described in the following 
Table 1 into a solvent of ethylenecarbonate (EC) and dieth 
ylcarbonate (DEC) mixed in a ratio of EC:DEC=30:70. The 
silicone oil 1 of the following Table 1 was a silicone oil 
having the above formula 1 where k=0, m=3, n=2, and R and 
Z=CH-. Silicone oil 2 was a silicone oil having the above 
formula 1 where k=0, m=4, n=2, and R and Z=CH. 
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0118. The positive electrode was cut in a disk shape of 14 
mm diameter, and the negative electrode was cut in a disk 
shape of 16 mm diameter. A polypropylene porous Separator 
was arranged between the fabricated positive electrode and 
negative electrode, and housed in a battery case. Then the 
electrolyte was injected, and the battery case closed and 
Sealed to fabricate a coin-type lithium Secondary battery cell 
having 20 mm diameter and 1.6 mm thickness. 
0119) The obtained lithium secondary battery cells were 
initially charged and discharged as follows: they were aged 
for 15 hours, were charged at 0.2 C to 4.2V under constant 
current, then were constant Voltage charged under constant 
current and constant Voltage at 4.2V for 9 hours, and then 
discharged under constant current at 0.2 C to 2.75V. 
0.120. After initial charge and discharge, 1 cycle charge 
and discharge were performed as follows: the lithium Sec 
ondary battery cells were charged under constant current at 
1 C (0.8 mA) to 4.2 V and constant voltage charged under 
constant current constant Voltage at 4.2V for 2.5 hours and 
discharged under constant current 1 C (0.8 mA) to 2.75V. 
The above charge and discharge cycle was performed to 100 
cycles and capacity retentions after 100 cycles of the lithium 
Secondary battery cells were measured. The results are 
shown in the following Table 1, and FIGS. 7 and 8. 
0121. In the following Table 1, LiTFSI denotes 
Li(N(SOCF)) and LiBETI denotes Li(N(SOCF)). 

TABLE 1. 

Capacity 
retention 

Solute Silicone oil (%) 

Example 1 1.3 M LiPF 55.8 
Example 2 1.3 M LiPF Silicone oil 1 (1 wt %) 61.6 
Example 3 1.3 M LiPF Silicone oil 2 (1 wt %) 73.4 
Example 4 1.3 MLITFSI 
Example 5 1.3 MLITFSI Silicone oil 1 (1 wt %) 
Example 6 1.3 MLITFSI + LiPF - 64.7 

(80:20) 
Example 7 1.3 MLITFSI + LiPF Silicone oil 1 (1 wt %) 65.6 

(80:20) 
Example 8 1.3 MLITFSI + LiPF Silicone oil 2 (1 wt %) 69.5 

(80:20) 
Example 9 1.0 M LiBETI 62.4 
Example 10 1.0 M LiBETI Silicone oil 1 (1 wt %) 6O.7 
Example 11 1.5 M LiBF 49.1 

0122). As shown in Table 1, Examples 2 and 3, including 
the silicone oils 1 and 2 respectively, both show improved 
cycle characteristics compared to Example 1 (Comparative 
Example) including only LiPF 
0123 Example 6 where LiPF and Li(N(SOCF)) were 
added, even though Silicone oil was not added, shows more 
improved cycle characteristics than Example 1. Cycle char 
acteristics of Examples 7 and 8 where silicone oil was added 
to the electrolyte of Example 6 were more improved than 
that of Example 6. 
0124 Examples 4 and 5 where only Li(N(SOCF)) was 
added as a Solute, aluminum of a positive current collector 
was dissolved by Li(N(SOCF)), resulting that charge and 
discharge were almost impossible. 
0.125 AS described above, cycle characteristics were 
improved significantly by adding Li(N(SOCF)) as well as 
LiPF to the electrolyte, or adding a silicone oil to the 
electrolyte. 
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0.126 Capacity retentions of Examples 9 and 10 were 
improved more than that of Example 1. This results from 
LiPF, not being included in Examples 9 and 10, and so HF 
was not generated and So did not deteriorate cycle charac 
teristics. 

Experimental Example 2 

0127. A positive electrode and a negative electrode were 
fabricated using the same method as in Experimental 
Example 1. 
0128 Electrolytes of Examples 12 to 14 were prepared 
by adding 1.3M LiPF as a solute to a solvent of ethylen 
ecarbonate (EC) and diethylcarbonate (DEC) mixed in a 
ratio of EC:DEC=30:70, and adding 5, 10, and 20 wt %, 
respectively, of Silicone oil. The added Silicone oil was the 
Same as the Silicone oil 2 of Experimental Example 1, where 
k=0, m=4, n=2, and R and Z=CH in the above formula 1. 
0129. Coin-type lithium secondary battery cells of 
Examples 12 to 14 were fabricated with the same method as 
in Experimental Example 1 using the positive electrode, 
negative electrode, and an electrolyte. Cycle characteristics 
of the obtained lithium secondary battery cells were esti 
mated with the same method as in Experimental Example 1. 
The results are shown in FIG. 9. The electrolyte of the 
lithium secondary battery cell of Example 12 includes 5 wt 
% of silicone oil. The electrolyte of the lithium secondary 
battery cell of Example 13 includes 10 wt % of silicone oil. 
The electrolyte of the lithium secondary battery cell of 
Example 14 includes 20 wt % of silicone oil. In FIG. 9, the 
result of the lithium secondary battery cell of Example 1 
where the electrolyte includes only LiPF is illustrated for 
comparison. 

0130. As shown in FIG. 9, Examples 12 and 13 where 
silicone oil was added within a range of 5 to 10 wt % 
relatively showed improved cycle characteristics. The cycle 
characteristics of Example 14, including 20 wt % of silicone 
oil, after 10 cycles are remarkably reduced indicating that it 
is deteriorated. This results from an excessive amount of 
Silicone oil which induces an increase of electrolyte ViscoS 
ity and reduces ion conductivity. 

Experimental Example 3 

0131) A positive electrode and a negative electrode were 
fabricated using the same method as in Experimental 
Example 1. 
0132 Electrolytes of Examples 15 to 17 were prepared 
by adding 1.3M LiPF as a solute to a solvent of ethylen 
ecarbonate (EC) and diethylcarbonate (DEC) mixed in a 
ratio of EC:DEC=30:70, and adding 1 wt % of silicone oil. 
0133. The silicone oil of Example 15 was k=0, m=3, n=3, 
R and Z=CH in the structure of above formula 2. The 
silicone oil of Example 16 was k=0, m=3, n=6, R and 
Z=CH, in the structure of above formula 3. The silicone oil 
of Example 17 was a silicone oil where k=0, m=3, n=4, and 
R and Z=CH in the above formula 3. 
0134) Coin-type lithium secondary battery cells of 
Examples 15 to 17 were fabricated using the same method 
as in Experimental Example 1 using the positive electrode, 
negative electrode, and an electrolyte. Cycle characteristics 
of the obtained lithium secondary battery cells were esti 
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mated with the same method as in Experimental Example 1. 
The results are shown in FIG. 10. In FIG. 10, the result of 
the lithium secondary battery cell of Example 1 where the 
electrolyte includes only LiPF is illustrated for comparison. 

0135). As shown in FIG. 10, Examples 15 to 17 including 
Silicone oil showed good cycle characteristics compared to 
Example 1 

Experimental Example 4 

0.136 A positive electrode was fabricated using the same 
method as in Experimental Example 1. 

0.137. A negative active material being composed of a 
multi-phase alloy powder was prepared by the following 
processes. First, 65 parts by weight of Si that has a massive 
phase near to a regular hexahedron having one edge length 
of 5 mm, 25 parts by weight of Ni powder, and 10 parts by 
weight of Ag powder were each prepared, and were mixed. 
Then, an alloy melt Solution was fabricated by dissolving 
them with high frequency heating under argon atmosphere. 
A quenched alloy powder having a 10 um average particle 
diameter was prepared by quenching the alloy melt Solution 
through gas atomization using helium gas having 80 kg/cm 
pressure. The quenching rate was 1x10 K/second. 
0.138. The obtained quenched alloy powder was put into 
a 5 NSodium hydroxide aqueous Solution and was impreg 
nated for 1 hour through agitating at room temperature. 
Then, it was washed sufficiently so that sodium residue did 
not remain, and was dried. It was performed to take a 
particle size control to have 10 um average particle diameter. 
AS described above, a negative active material was fabri 
cated. 

0.139. A negative electrode slurry was prepared by mixing 
the obtained negative active material and a binder of poly 
vinylidene fluoride, and then by mixing with N-methyl-2- 
pyrrollidone. The negative electrode slurry was coated onto 
a current collector 14 um thick Cu foil by doctor blade 
method, dried at 120° C. for 24 hours under vacuum 
atmosphere to volatilize N-methyl-2-pyrrollidone, and then 
pressed. An active mass including negative active material 
was laminated with the current collector to fabricate a 
negative electrode. 

0140 Electrolytes of Examples 18 to 21 were prepared 
by adding Solute and Silicone oil as described in the follow 
ing Table 2 into a solvent of ethylenecarbonate (EC) and 
diethylcarbonate (DEC) mixed in a ratio of EC:DEC=30:70. 
Silicone oils 1 and 2 of the following Table 2 are the same 
as in Table 1. 

0.141. The positive electrode was cut in a disk shape of 14 
mm diameter, and the negative electrode was cut in a disk 
shape of 16 mm diameter. Also, a polypropylene porous 
Separator was arranged between the fabricated positive 
electrode and negative electrode, and housed in a battery 
case. The electrolyte was injected, and the battery case 
closed and Sealed to fabricate a coin-type lithium Secondary 
battery cell having 20 mm diameter and 1.6 mm thickness. 

0142. The obtained lithium secondary battery cells were 
initially charged and discharged as follows: they were aged 
for 15 hours, were charged at 0.2 C to 4.2V under constant 
current, then were constant Voltage charged under constant 
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current and constant Voltage at 4.2V for 9 hours, and then 
discharged under constant current at 0.2 C to 2.75V. 
0143. After initial charge and discharge, 1 cycle charge 
and discharge were performed as follows: the lithium Sec 
ondary battery cells were charged under constant current at 
1 C (0.8 mA) to 4.2 V and constant voltage charged under 
constant current and constant Voltage at 4.2V for 2.5 hours 
and discharged under constant current 1C (0.8 mA) to 2.75V. 
The above charge and discharge cycle was performed to 120 
cycles and capacity retentions of the lithium Secondary 
battery cells after 120 cycles were measured. The results are 
shown in the following Table 2 and FIGS. 11 and 12. 

TABLE 2 

Capacity 
retention 

Solute Silicone oil (%) 

Example 18 1.3 M LiPF 68.2 
Example 19 1.3 MLITFSI + LiPF Silicone oil (1 wt %) 77.7 

(80:20) 
Example 20 1.3 MLITFSI + LiPF - 68.4 

(80:20) 
Example 21 1.3 MLITFSI + LiPF Silicone oil (1 wt %) 81.1 

(80:20) 

0144. As a result of X-ray diffraction of the negative 
active material, it was confirmed that there were a mixed 
phase of a Si crystalline phase, NiSi crystalline phase, and 
Ag crystalline phase. 

0145. It was confirmed by examination using an electron 
microScope that the negative active material had a plurality 
of fine pores on its Surface. These fine pores are expected to 
be formed from elution Si-phase which is exposed on the 
Surface. As a result of elemental analysis of the particle 
Surface by X-ray, NiSi phase was present at its Surface and 
Si-phase was not detected. This results because Si-phase on 
the Surface was removed through the impregnation treatment 
of an alkali Solution. Therefore, Si-phase detected using 
X-ray diffraction was present inside of the particle. 
0146). As shown in Table 2 and FIGS. 11 and 12, both 
Examples 19 and 21, respectively including Silicone oils 1 
and 2, each Show good cycle characteristics compared to 
Example 18 (Comparative Example) including only LiPF. 
Example 20 where LiPF and Li(N(SOCF)) were added, 
even though Silicone oil was not added, shows more 
improved cycle characteristics than Example 18. 
0147 As described above, when a multi-phase alloy 
powder is used as a negative active material, cycle charac 
teristics can also be improved significantly by adding 
Li(N(SOCF)) as well as LiPF to the electrolyte, or 
adding a Silicone oil to the electrolyte. 
0.148. The lithium secondary battery of the present inven 
tion has high capacity as well as improved cycle character 
istics. 

0149 While this invention has been described in connec 
tion with what is presently considered to be practical exem 
plary embodiments, it is to be understood that the invention 
is not limited to the disclosed embodiments, but, on the 
contrary, is intended to cover various modifications and 
equivalent arrangements included within the Spirit and Scope 
of the appended claims. 
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1. A lithium Secondary battery comprising: 
a positive electrode comprising a positive active material; 
a negative electrode comprising a negative active material 
where graphite particles and Si particulate are com 
bined; and 

an electrolyte, and wherein 
the electrolyte comprises 

a Solvent, 
a polyether modified Silicone oil where a linear polyether 

chain is linked to a polysiloxane chain, and 
a Solute comprising a lithium Salt. 
2. The lithium secondary battery of claim 1, wherein the 

polyether modified Silicone oil is at least one Selected from 
the group consisting of Silicone oils of the following for 
mulas 1 to 3: 

chemical formula 1 

R R R 

R R (CH)-O-(CH2CH2O)-Z 
chemical formula 2 

R R R 

(CH)-O-(CH2CH2O)-Z 
chemical formula 3 

R R R 

R-i-o-o-o-i- 
R R 

wherein, in the above formulas 1 to 3, k ranges from 0 to 
50, m ranges from 2 to 10, n ranges from 1 to 50, R is 
CH or CHs, and Z is CH or CHs. 

3. The lithium secondary battery of claim 1, wherein the 
polyether modified Silicone oil is present in an amount of 0.2 
wt % to 20 wt %. 

4. The lithium secondary battery of claim 1, wherein the 
lithium Salt is at least one Selected from the group consisting 
of LiPF, Li(N(SOCF)), Li(N(SOCF)), and LiBF. 

5. The lithium secondary battery of claim 1, wherein the 
lithium salt is a mixture of Li(N(SOCF)) and LiPF. 

6. A lithium Secondary battery comprising: 
a positive electrode comprising a positive active material; 
a negative electrode comprising a negative active mate 

rial; and 
an electrolyte, and 
the electrolyte comprises a Solvent, a polyether modified 

Silicone oil where a linear polyether chain is linked to 
a polysiloxane chain, and a Solute comprising a lithium 
Salt, 
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the negative active material comprises a multi-phase alloy 
powder which comprises Si-phase and SiM-phase, and 
also comprises either one or both of X-phase or SiX 
phase, and 

an amount of Si-phase on a Surface of the multi-phase 
alloy powder particle is less than that inside of the 
particle, 

where M is at least one element Selected from the group 
consisting of Ni, Co, AS, B, Cr, Cu, Fe, Mg, Mn, and 
Y, X is at least one element Selected from the group 
consisting of Ag, Cu, and Au, and M and X are not both 
Cu. 

7. The lithium secondary battery of claim 6, wherein the 
polyether modified Silicone oil is at least one Selected from 
the group consisting of Silicone oils of the following for 
mulas 1 to 3: 

chemical formula 1 

R R R 

R-Si-O-Si)-O-Si-R 

R R (CH2)-O-(CH2CH2O)-Z, 
chemical formula 2 

R R R 

(CH2)-O-(CH2CH2O)-Z 
chemical formula 3 

R R R 

R R 

(CH)-O-(CH2CH2O)-Z, 

wherein, in the above formulas 1 to 3, k ranges from 0 to 
50, m ranges from 2 to 10, n ranges from 1 to 50, R is 
CH or CHs, and Z is CH or CHs. 

8. The lithium secondary battery of claim 6, wherein the 
polyether modified Silicone oil is present in an amount of 0.2 
wt % to 20 wt %. 

9. The lithium secondary battery of claim 6, wherein the 
lithium Salt is at least one Selected from the group consisting 
of LiPF, Li(N(SOCF)), Li(N(SOCF)), and LiBF. 

10. The lithium secondary battery of claim 6, wherein the 
lithium salt is a mixture of Li(N(SOCF)) and LiPF. 

11. A lithium Secondary battery comprising: 

a positive electrode comprising a positive active material; 

a negative electrode comprising a negative active material 
where graphite particles and Si particulate are com 
bined; and 

an electrolyte, andn 

the electrolyte comprises 

a Solvent, and 
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a Solute comprising a lithium Salt, and group consisting of Li(N(SOCF)), Li(N(SOCF)), and 
LiBF as a main component. 

13. The lithium secondary battery of claim 11, wherein 
the lithium salt is a mixture of Li(N(SOCF)) and LiPF. 

an LiPF content of the lithium Salt ranges less than or 
equal to 50 mol%. 

12. The lithium secondary battery of claim 11, wherein 
the lithium Salt comprises at least one Selected from the k . . . . 


