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(57) ABSTRACT 
According to the present invention, there is provided a silicon 
oxide for a non-aqueous electrolyte secondary battery nega 
tive electrode material wherein the silicon oxide is a carbon 
containing silicon oxide obtained by codeposition from a SiO 
gas and a carbon-containing gas, an the carbon-containing 
silicon oxide has a carbon content of 0.5 to 30%. As a result, 
it is possible to provide a silicon oxide which is capable of 
manufacturing a non-aqueous electrolyte secondary battery 
having excellent cycle characteristics and a high capacity in 
case oX using as a negative electrode material, a method for 
manufacturing the same, and a lithium ion secondary battery 
and an electrochemical capacitor using the same. 
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SILICON OXIDE FOR NON-AQUEOUS 
ELECTROLYTE SECONDARY BATTERY 
NEGATIVE ELECTRODE MATERIAL, 
METHOD FOR MANUFACTURING THE 
SAME, LITHIUM ION SECONDARY 

BATTERY, AND ELECTROCHEMICAL 
CAPACTOR 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a silicon oxide for a 
non-aqueous electrolyte secondary battery negative electrode 
material which is used as a negative electrode active material 
for a lithium ion secondary battery to impart a high capacity 
and a good cycle characteristics, a method for manufacturing 
the same, and a lithium ion secondary battery and a electro 
chemical capacitor using the same. 
0003 2. Description of the Related Art 
0004. In recent, years, with the rapid development of por 
table electronic equipment and communication equipment, a 
non-aqueous electrolyte secondary battery having a high 
energy density is strongly desired from the viewpoints of 
economy and a reduction in the size and the weight of the 
equipment. As means for increasing the capacity of this kind 
of non-aqueous electrolyte secondary battery, a method using 
an oxide of element such as B, Ti, V. Mo, Co, Fe, Ni, Cr, Nb, 
and Mo, or a complex oxide thereof for a negative electrode 
material (Patent Documents 1 and 2), a method using a melt 
quenched Moo Si, whereinx is more than 50 at 96 and M is 
Ni, Fe, Co, or Mn, for a negative electrode (Patent Document 
3), a method using a silicon oxide for a negative electrode 
material (Patent Document 4), and a method using SiN.O. 
GeNO, and Sn-N-O for a negative electrode material 
(Patent Document 5) have been conventionally known. 
0005 Patent Document 1: Japanese Patent No. 3008228 
0006 Patent Document 2: Japanese Patent No.3242751 
0007 Patent Document 3: Japanese Patent No. 3846661 
0008 Patent Document 4: Japanese Patent No. 2997741 
0009 Patent Document 3: Japanese Patent No. 3918311 

SUMMARY OF THE INVENTION 

0010. Among the above materials, a silicon oxide is 
expressed by SiO, wherein X is slightly larger than a theo 
retical value of 1 due to covered oxide film. From the analysis 
of X-ray diffraction, it is confirmed that the silicon oxide has 
a structure in which amorphous silicons having a size of 
several nanometers to several tens of nanometers are finely 
dispersed in silica. For this reason, the capacity of a battery 
using the silicon oxide is lower than the capacity of a battery 
using silicon, but five to six times per weight higher than the 
capacity of a battery using carbon. Further, the Volume expan 
sion of the battery is low, and the cycle characteristics are 
comparatively excellent. Therefore, the silicon oxide has 
been considered to be a negative electrode material close to 
practical application. 
0011. However, when the battery is used for an automo 

bile, the cycle characteristics are insufficient. Therefore, it is 
necessary that the battery using the silicon oxide has the same 
cycle characteristics as in a current battery using a carbon 
material as a negative electrode material. 
0012. The present invention is made in view of the above 
described problems. An object of the present invention is to 
provide a silicon oxide which is used as a negative electrode 
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to produce a non-aqueous electrolyte secondary battery hav 
ing excellent cycle characteristics and a high capacity, a 
method for manufacturing the same, and a lithium ion sec 
ondary battery and an electrochemical capacitor using the 
SaC. 

0013. In order to achieve the object, the present invention 
provides a silicon oxide for a non-aqueous electrolyte sec 
ondary battery negative electrode material, wherein the sili 
con oxide is a carbon-containing silicon oxide obtained by 
codeposition from a SiO gas and a carbon-containing gas, and 
the carbon-containing silicon oxide has a carbon content of 
O.5 to 30%. 

0014 When such a carbon-containing silicon oxide is 
used for a negative electrode material, a non-aqueous elec 
trolyte secondary battery having a high capacity and excellent 
cycle characteristics can be manufactured. Thus, the above 
silicon oxide for a non-aqueous electrolyte secondary battery 
negative electrode material is of high, quality. 
0015. In this case, it is preferable that carbon of the car 
bon-containing silicon, oxide be carbon which has not been 
converted into silicon carbide. 
0016. When carbon of a carbon-containing silicon oxide is 
carbon which has not been converted into silicon carbide, 
Such a silicon oxide becomes a silicon oxide for a negative 
electrode material which is capable of producing a non-aque 
ous electrolyte secondary battery having a Sufficiently high 
capacity and excellent cycle characteristics. 
0017. In this case, it is preferable that the carbon-contain 
ing silicon oxide have an average particle diameter of 0.1 to 
30 um and a BET specific surface area of 0.5 to 30 m/g. 
0018 When such a carbon-containing silicon oxide is 
used to manufacture a.. non-aqueous electrolyte secondary 
battery negative electrode material, the silicon oxide for a 
non-aqueous electrolyte secondary battery negative electrode 
material can achieve good adhesion in case of coating an 
electrode and Sufficiently increase the battery capacity. 
0019. The present invention provides a method for manu 
facturing a silicon oxide for a non-aqueous electrolyte sec 
ondary battery negative electrode material, including heating 
a raw material generating a SiO gas to generate a SiO gas, and 
Supplying the generated SiO gas with a carbon-containing gas 
at a temperature of 500 to 1,100° C. to deposit a carbon 
containing silicon oxide having a carbon content of 0.5 to 
30%. 
0020. By manufacturing a carbon-containing silicon 
oxide in this manner, a carbon-containing silicon oxide hav 
ing a carbon content of 0.5 to 30% can be deposited effi 
ciently, and a silicon oxide capable of manufacturing a nega 
tive electrode material of a non-aqueous electrolyte 
secondary battery having a high capacity and excellent cycle 
characteristics can be manufactured with high productivity. 
0021. In this case, it is preferable that the raw material 
generating a SiO gas be a mixture of a silicon oxide powder or 
a silicon dioxide powder with a metal silicon powder. 
0022. When such a raw material is used, a SiO gas can be 
efficiently generated, and the productivity of a silicon oxide 
for a non-aqueous electrolyte secondary battery negative 
electrode material can be improved. 
0023. It is preferable that the raw material generating a 
SiO gas is heated at a temperature of 1,100 to 1,600° C. in the 
presence of an inert gas or under reduced pressure. 
0024. When the raw material is heated as described above, 
a reaction efficiently proceeds to sufficiently generate a SiO 
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gas, and the productivity of a silicon oxide for a non-aqueous 
electrolyte secondary battery negative electrode material can 
be further improved. 
0025. It is preferable that the carbon-containing gas is a 
hydrocarbon gas represented by CH2, wherein “n” repre 
sents 1 to 3. 
0026. Since such a hydrocarbon gas is excellent in cost, a 
silicon oxide for a non-aqueous electrolyte secondary battery 
negative electrode material can be inexpensively manufac 
tured from the hydrocarbon gas. 
0027. Further, a lithium ion secondary battery in which the 
silicon oxide for a non-aqueous electrolyte secondary battery 
negative electrode material of the present invention is used is 
provided. 
0028. When the silicon oxide for a non-aqueous electro 
lyte secondary battery negative electrode material of the 
present invention is used as a negative electrode material, a 
lithium ion secondary battery has a high capacity ana excel 
lent cycle characteristics. 
0029 Moreover, an electrochemical capacitor in which 
the silicon oxide for a non-aqueous electrolyte secondary 
battery negative electrode material of the present invention is 
used is provided. 
0030. When the silicon oxide for a non-aqueous electro 
lyte secondary battery negative electrode material of the 
present invention is used as a negative electrode material, an 
electrochemical capacitor has a high capacity and excellent 
cycle characteristics, 
0031. As described above, according to the present inven 

tion, there is provided a high-quality silicon oxide for a non 
aqueous electrolyte secondary battery negative electrode 
material which is capable of manufacturing a non-aqueous 
electrolyte secondary battery having a high capacity and 
excellent cycle characteristics in case of using as a negative 
electrode material. 

BRIEF DESCRIPTION OF DRAWINGS 

0032 FIG. 1 is a schematic view illustrating a horizontal 
tubular furnace used in Examples and Comparative 
Examples. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0033. The present inventors have focused on a silicon 
oxide-based negative electrode material as an active material 
which realizes a battery capacity higher than the capacity of a 
battery using a carbon material. The present inventors have 
investigated a silicon-based active material which can realise 
cycle characteristics the same as in the battery using a carbon 
material while the high capacity is maintained. 
0034. As a result, the present inventors have found that 
when a conductive network is formed on a negative electrode 
material of a silicon oxide which is an insulating material, the 
cycle characteristics are significantly improved and the object 
may beachieved with a high possibility. Further, the present 
inventors have earnestly studies a method tor forming a con 
ductive network on a negative electrode material of a silicon 
oxide, and as a result, found that when a carbon-containing 
gas is used, for codeposition in case of the manufacture of a 
silicon oxide by the deposition from a SiO gas, a conductive 
carbon-containing silicon oxide can be obtained with com 
parative ease, and that by using such a carbon-containing 
silicon oxide as an active material for a non-aqueous electro 
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lyte secondary battery negative electrode material, a non 
aqueous electrolyte secondary battery having a high capacity 
and excellent cycle characteristics can be obtained, thereby 
the present invention has been completed. 
0035. Hereinafter, an embodiment of the present invention 
will be described in detail as an example, but the present 
invention is not limited to the embodiment, 
0036) A silicon oxide for a non-aqueous electrolyte sec 
ondary battery negative electrode material according to the 
present invention is obtained, by codeposition caused by Sup 
plying a carbon-containing gas as a carbon source in case of 
the deposition from a SiO gas, and the carbon-containing 
silicon oxide has a carbon content of 0.5 to 30%. 
0037. When such a carbon-containing silicon oxide is 
used for a non-aqueous electrolyte secondary battery negative 
electrode material, a non-aqueous electrolyte secondary bat 
tery has a high capacity and excellent cycle characteristics. 
0038. When the carbon content of the carbon-containing 
silicon oxide of the present invention is less than 0.5%, if is 
not confirmed that the cycle characteristics of a non-aqueous 
electrolyte secondary battery using Such a silicon oxide as a 
negative electrode material is improved as compared with a 
battery using a ordinary silicon oxide. In contrast, when the 
carbon content is more than 30%, the improvement of the 
cycle characteristics is confirmed, but the capacity of the 
battery decreases. In order to certainly improve the cycle 
characteristics, the carbon content is preferably 1 to 25%, and 
more preferably 1.5 to 20%. 
0039. Further, it is preferable that carbon of the carbon 
containing silicon oxide according to the present invention is 
carbon which has not been converted into silicon carbide. 
0040. When carbon of the carbon-containing silicon oxide 

is carbon which has not been converted into silicon carbide, 
degradation of the battery capacity and the cycle characteris 
tics can be reliably prevented, thereby a non-aqueous electro 
lyte secondary battery exhibiting excellent capacity and cycle 
characteristics can be manufactured. 
0041. The physical properties other than the carbon con 
tent of the carbon-containing silicon oxide in the present 
invention are not particularly limited, but the average particle 
diameter of the silicon oxide is preferably 0.1 to 30 um, and 
particularly preferably 0.2 to 20 um. 
0042. When the average particle diameter is 0.1 um or 
more, and particularly 0.2 Lum or more, the manufacture is 
easy, the specific Surface area is low, and the ratio of silicon 
dioxide on the particle surface decreases. Therefore, the 
capacity of a battery using Such a carbon-containing silicon 
oxide for a non-aqueous electrolyte secondary battery nega 
tive electrode material increases. When the average particle 
diameter is 30 um or less, and particularly 20 um or less, a 
foreign Substance is unlikely to be generated during coating 
an electrode, and a decrease in the battery characteristics can 
be prevented. 
0043. Such an average particle diameter, for example, can 
be represented as the weight average particle diameter 
obtained in a particle size distribution measurement by a laser 
light diffraction method. 
0044) The BET specific surface area of the carbon-con 
taining silicon oxide according to the present invention is 
preferably 0.5 to 30 m/g, and particularly preferably 1 to 20 
m?g. 
0045. When the BET specific surface area is 0.5 m/g or 
more, and particularly 1 m/g or more, the adhesion in case of 
coating an electrode is good, and the battery characteristics 
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are excellent. In contrast, when the BET specific surface are is 
30 m/g or less, and particularly 20 m/g or less, the ratio of 
silicon dioxide on the particle Surface decreases, and the 
capacity of a non-aqueous electrolyte secondary battery using 
Such a carbon-containing silicon oxide for a negative elec 
trode material increases. 
0046) Next, a method for manufacturing the silicon oxide 
for a non-aqueous electrolyte secondary battery negative 
electrode material of the present invention will be explained. 
0047 According to the method of the present invention, a 
raw material generating a SiO gas is heated to generate a SiO 
gas, and the generated SiO gas is Supplied with a carbon 
containing gas at a temperature of 500 to 1,100° C. to deposit 
a carbon-containing silicon oxide having a carbon content of 
O.5 to 30%. 
0048. According to the method of the present invention as 
described above, a carbon-containing silicon oxide having a 
carbon content of 0.5 to 30% can be efficiently deposited, and 
a high-quality silicon oxide for a non-aqueous electrolyte 
secondary battery negative electrode material can be manu 
factured with high productivity. 
0049. Here, the carbon content is measured, for example, 
by an oxygen combustion method, and specifically, an analy 
ser of carbon in metal EMIA-110, manufactured by Horiba, 
Ltd., is used as a measurement device. 
0050 Here, a SiO gas (silicon oxide gas) is obtained by 
heating a raw material, generating a SiO gas. In this case, as 
the raw material generating a SiO gas, a mixture of a silicon 
oxide powder or a silicon dioxide powder with a powder 
reducing them is preferably used. 
0051. When a mixture of a silicon oxide powder or a 
silicon dioxide powder with a reducing powder is used, a SiO 
gas is Sufficiently generated. Specific examples of the reduc 
ing powder may include a metal silicon compound and a 
carbon-containing powder. In particular, a metal silicon pow 
der is preferably used since it is effective for (1) an increase in 
reactivity and (2) an increase its yield. 
0052. In this case, a mixing ratio of a metal silicon powder 
and a silicon dioxide powder is appropriately selected. In 
consideration of the presence of oxygen on the Surface of the 
metal silicon powder and a minute amount of oxygen in a 
reaction furnace, it is desirable that the mixing molar ratio of 
the metal silicon powder to the silicon dioxide powder (mole 
of metal silicon powder/mole of silicon dioxide powder) is 
more than 1 and less than 1.1, and particularly equal to or 
more than 1.01 and equal to or less than 1.08. 
0053 When such a raw material is heated to generate a 
SiO gas, it is preferable that the raw material is heated and 
held at a temperature of 1,100 to 1,600° C., and particularly 
1,200 to 1,500° C., to generate a SiO gas. 
0054 When the reaction temperature is 1,100° C. or 
higher, and particularly 1200° C. or higher, the reaction 
efficiently proceeds to generate a sufficient amount of SiO 
gas. When the reaction temperature is 1,600° C. or lower, and 
particularly 1,500° C. or lower, a sufficient amount of SiO gas 
is generated without melting of the raw material while a high 
reactivity is maintained. Further, since the temperature is not 
too high, a furnace material is not limited. 
0055. It is preferable that the furnace atmosphere during 
heating is in the presence of an inert gas or under reduced 
pressure. In terms of thermodynamics, it is more preferable 
that the atmosphere foe under reduced pressure since the 
reactivity is high and the reaction at lower temperature is 
possible. 
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0056. Therefore, it is particularly desirable that the raw 
material is heated under reduced pressure, for example, at 1 to 
200 Pa, and particularly 5 to 100 Pa. 
0057 The carbon-containing gas supplied in case of the 
deposition from the SiO gas is not particularly limited, but as 
the carbon-containing gas, a hydrocarbon gas represented by 
CH, wherein “n” represents 1 to 3, alcohol Such as 
methanol and ethanol, an aromatic hydrocarbon having 1 to 3 
rings such as benzene, toluene, Xylene, styrene, ethylben 
Zene, diphenyl methane, naphthalene, phenol, cresol, 
nitrobenzene, chlorobenzene, indene, coumarone, pyridine, 
anthracene, and phenanthrene, and a mixture thereof, or a 
mixture of one of these reducing gases and an inert gas Such 
as an Argas and a He gas can be supplied. 
0.058 Among them, a hydrocarbon gas represented by 
H, wherein “n” represents 1 to 3, can be suitably used 

since it is excellent in cost. 
0059 For the deposition of carbon-containing silicon 
oxide, a carbon-containing gas is Supplied during the depo 
sition from the SiO gas, resulting in the codeposition on a 
Substrate for deposition. The deposition temperature range is 
set to 500 to 1,100° C. 
0060. When the deposition temperature is lower than 500° 
C., the thermal decomposition rate of the carbon-containing 
gas decreases, and a silicon oxide completely free of carbonis 
deposited. Further, it takes a long time to manufacture a 
carbon-containing silicon oxide having the carbon content of 
the present invention. Therefore, it is not practical. In con 
trast, when the deposition temperature is higher than 1,100° 
C., SiC is manufactured by a reaction of the SiO gas with the 
carbon-containing gas, and battery characteristics such as 
capacity and cycle characteristics of a battery using Such a 
carbon-containing silicon oxide for a negative electrode 
material are significantly deteriorated. In consideration of 
deposition efficiency, the deposition temperature is particu 
larly preferably 700 to 1,000° C. 
0061 The temperature in a deposition chamber can be 
appropriately controlled by heater-heating, heat-insulating 
performance (thickness of heat-insulating material), or 
forced cooling. 
0062. The type of a substrate for deposition to deposit a 
carbon-containing silicon oxide is not particularly limited, 
but high-melting metal Such as SUS, molybdenum, and tung 
sten is suitably used in terms of formability. 
0063. The carbon content of a carbon-containing silicon 
oxide to foe manufactured can be easily controlled by the flow 
rate, the Supply time, or the like of a carbon-containing gas to 
be supplied. 
0064. The carbon-containing silicon oxide deposited on 
the Substrate for deposition is ground by an appropriate 
means, if necessary, thereby the preferable average particle 
diameter and BET specific surface area can be obtained. 
0065. When the silicon oxide for a non-aqueous electro 
lyte secondary battery negative electrode material according 
to the present invention, as manufactured above, is used for a 
negative electrode material, it is preferable that the silicon 
oxide for a non-aqueous electrolyte secondary battery nega 
tive electrode material obtained in the present invention be 
coated with carbon by chemical vapor deposition or mechani 
cal alloying in order to increase conductivity furthermore. 
0066. In this case, a gas and/or a vapor of hydrocarbon 
based compound is introduced under normal pressure or 
reduced pressure at a temperature of 600 to 1200° C., and 
preferably 800 to 1,100° C., and publicly known thermal 
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chemical vapor deposition or the like is carried out. Thereby, 
silicon composite particles in which a carbon film is formed 
on the particle Surface of the carbon-containing silicon oxide, 
and at the same time, a silicon carbide layer is formed, on the 
interface between a silicon and a carbon layer may beformed. 
0067. As the hydrocarbon-based compound, a compound 
which is thermally decomposed at the above thermal treat 
ment temperature to produce carbon is selected. Examples 
thereof may include hydrocarbon Such as methane. ethane, 
propane, butane, pentane, hexane, ethylene, propylene, buty 
lene, and acetylene, a mixture thereof, alcohol Such as metha 
nol and ethanol, an aromatic hydrocarbon having 1 to 3 rings 
Such as benzene, toluene, Xylene, styrene, methylbenzene, 
diphenylmethane, naphthalene, phenol, cresol, nitrobenzene, 
chlorobenzene, indene, coumarone, pyridine, anthracene, 
and phenanthrene, and a mixture thereof. Further, compound 
obtained by a tar distillation step Such as gas light oil, creosote 
oil, anthracene oil, and naphtha cracked tar oil may be used 
alone or in a mixture thereof. 
0068. When the silicon oxide is coated with carbon, the 
carbon coating amount is 1 to 50% by mass, and particularly 
preferably 1 to 20% by mass, relative to the amount of carbon 
coating silicon oxide. 
0069. As described above, the silicon oxide for a non 
aqueous electrolyte secondary battery negative electrode 
material obtained by the present invention can be processed to 
produce a lithium ion secondary battery. 
0070. In this case, a lithium ion secondary battery to be 
produced has a feature of using the silicon oxide for a non 
aqueous electrolyte secondary battery negative electrode 
material of the present invention. Materials for a positive 
electrode, an electrolyte, and a separator and a battery shape 
are not limited, and publicly known materials and battery 
shape can be used. 
0071. For example, transition metal oxides and chalco 
genides such as LiCoO, LiNiO, LiMnO, VOs, MnO, 
TiS, and MoS are used as a positive electrode active mate 
rial. A non-aqueous solution containing a lithium salt such as 
lithium perchlorate is used as the electrolyte. As a non-aque 
ous solvent, propylene carbonate ethylene carbonate, 
dimethoxyethane, Y-butyrolactone, and 2-methyltetrahydro 
furan may be used alone or in a combination thereof. Non 
aqueous electrolytes and Solid electrolytes of other various 
types may be used. 
0072. When a negative electrode is manufactured using a 
secondary battery negative electrode material obtained from 
the silicon oxide of the present invention, a conductive agent 
Such as graphite may be added to the secondary battery nega 
tive electrode material. The type of conductive agent used 
herein is not particularly limited as long as it is an electroni 
cally conductive material which does not cause decomposi 
tion or alteration in a battery to be made. Specifically, a 
powder or a fiber of metal such as Al, Ti, Fe, Ni, Cu, Zn, Ag, 
Sn, and Si, natural graphite, artificial graphite, various coke 
powders, meso-phase carbon, a vapor phase grown carbon 
fiber, a pitch-based carbon fiber, a PAN-based carbon fiber, or 
graphite obtained by firing various resins may be used. 
0073. An electrochemical capacitor to be obtained has a 
feature of using the silicon oxide (active material) of the 
present invention for an electrode. The materials for an elec 
trolyte and a separator and a capacitor shape are not limited. 
For example, as the electrolyte, a non-aqueous solution con 
taining a lithium salt Such as lithium hexafluorophosphate, 
lithium perchlorate, lithium fluoroborate, and lithium 
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hexafluoroarsenate is used. As a non-aqueous solvent, propy 
lene carbonate, ethylene carbonate, dimethyl carbonate, 
diethyl carbonate, dimethoxyethane, Y-butyrolactone, or 
2-methyltetrahydrofuran may be used alone or in a combina 
tion thereof. Non-aqueous electrolytes and solid electrolytes 
of other various types may be used. 
0074. In the lithium ion secondary battery and the electro 
chemical capacitor using the silicon oxide for a non-aqueous 
electrolyte secondary battery negative electrode material 
according to the present invention, battery characteristics 
Such as capacity and cycle characteristics are excellent. 

EXAMPLES 

0075. Hereinafter, the present invention will be more spe 
cifically described with reference to Examples and Compara 
tive Examples, but the present invention is not limited to these 
Examples. 

Example 1 

0076. A carbon-containing silicon oxide was manufac 
tured using a horizontal tubular furnace 10 shown in FIG. 1. 
An alumina reaction tube 1 with an inner diameter of 80 mm 
was charged with 50 g of equimolar mixture of a metal sili 
con, powder having an average particle diameter of 5 um and 
a fumed silica powder (BET specific surface area: 200 m/g) 
as a raw material 2. 

0077. Then the temperature of the raw material was 
increased to 1,400° C. by a heater 6 at a temperature increas 
ingrate of 300° C./h while a gas was exhausted by a vacuum 
pump 7 and the pressure in the furnace was reduced to 20 Pa 
or less. At the same time, a deposition portion in which a 
substrate for deposition 3 was disposed was heated by a heater 
for a deposition portion 8 and bold at 700° C. When the 
temperature of the raw material reached 1,400°C., a CH gas 
was introduced at a flow rate of 1 NL/min from a gas inlet tube 
5 through a flow meter 4 (the pressure in the furnace was 
increased to 100 Pa). This operation was carried out for 3 
hours. After that the introducing of CH gas and the heater 
heating were stopped, and the temperature was cooled to 
room, temperature. 
0078. After the cooling, a deposit on the substrate for 
deposition 3 was recovered. The deposit was a black lump, 
and the recovery amount was 41 g. 
0079 Subsequently, 30 g of the deposit was subjected to 
dry milling in a 2L alumina ball mill to manufacture a silicon 
oxide for a non-aqueous electrolyte secondary battery nega 
tive electrode material. 

0080. The resultant silicon oxide was a powder having an 
average particle diameter of 7.5um, a BET specific surface 
area of 4.3 m/g, and a carbon content of 5.3%, 
I0081. Evaluation of Battery 
I0082. A battery using the processed powder of silicon 
oxide as a negative electrode active material was evaluated by 
the following method. 
I0083) To the processed powder, 45% by weight of artificial 
graphite (average particle diameter: 10 um) and 10% by 
weight of polyimide were added, and N-methylpyrrolidone 
was added to prepare a slurry. Then the slurry was applied to 
a copper foil with a thickness of 12 um, dried at 80°C. for 1 
hour, and pressed by a roller to mold an electrode. The elec 
trode was dried under vacuum at 350° C. for 1 hour, and 
punched into 2 cm, to obtain a negative electrode. 
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0084. For evaluation of charge/discharge characteristics 
of the obtained negative electrode, a lithium ion secondary 
battery tor evaluation was manufactured using a lithium foil 
as a counter electrode, a non-aqueous electrolyte Solution 
obtained by dissolving lithium hexafluorophosphate in a 1/1 
(volume ratio) mixture of ethylene carbonate and diethyl 
carbonate in a concentration of 1 mol/L as a non-aqueous 
electrolyte, and a microporous polyethylene film with a thick 
ness of 30 um as a separator. 
0085. The manufactured lithium ion secondary battery 
was held overnight at room temperature. After that the lithium 
ion secondary battery was charged at a constant current of 0.5 
mA/cm using a secondary battery charge and discharge 
tester (manufactured by Nagano Co., Ltd.) until the voltage of 
a test cell reached 0 V, and then, charged at a reduced current 
so that the voltage of the test cell was maintained to 0 V. The 
charging was terminated when the current value was less than 
40LLA/cm. The battery was discharged at a constant current 
of 0.5 mA/cm. The discharge was terminated when the cell 
Voltage rose above 2.0 V. Then a discharge capacity was 
determined. 
I0086. The above charge/discharge test was repeated, and 
the lithium ion secondary battery for evaluation after 200 
cycles was Subjected to the charge/discharge test. The lithium 
ion secondary battery had a first charge capacity of 1,440 
mAh/g, a first discharge capacity of 1,090 mAh/g, a first 
charge/discharge efficiency of 75.71, a 200th discharge 
capacity of 1,070 mAh/g, and a cycle retention rate after 200 
cycles of 98%. Therefore, it was confirmed that the lithium 
ion secondary battery had a high capacity, excellent first 
charge/discharge efficiency, and excellent cycle characteris 
tics. 

Example 2 
0087. A silicon oxide for a non-aqueous electrolyte sec 
ondary battery negative electrode material was manufactured 
in the same manner as in Example 1 except that an acetylene 
gas was used instead of a CH gas and the temperature of the 
deposition portion was changed into 550°C. 
0088. The resultant silicon oxide was a powder having an 
0089 average particle diameter of 7.6 um, a BET specific 
surface area of 14.3 m/g, and a carbon content of 2.2%. 
0090 Subsequently, a negative electrode was manufac 
tured in the same manner as in Example 1, and the battery was 
evaluated in the same manner as in Example 1. The lithium 
ion secondary battery had a first charge capacity of 1,460 
mAh/g, a first discharge capacity of 1,100 mAh/g, a first 
charge/discharge efficiency of 75.3%, a 200th discharge 
capacity of 1,080 mAh/g, and a cycle retention rate after 200 
cycles of 98%. Therefore, it was confirmed that the lithium 
ion secondary battery had a high capacity, excellent first 
charge/discharge efficiency, and excellent cycle characteris 
tics. 

Example 3 

0091. A silicon oxide for a non-aqueous electrolyte sec 
ondary battery negative electrode material was manufactured 
in the same manner as in Example 2 except that the amount of 
an acetylene gas was changed into 1.5 NL/min and the tem 
perature of the deposition portion was changed into 1,000° C. 
0092. The resultant silicon oxide was a powder having an 
average particle diameter of 7.5um, a BET specific surface 
area of 2.8 m/g, and a carbon content of 22.5%. 
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0093 Subsequently, a negative electrode was manufac 
tured in the same manner as in Example 1, and the battery was 
evaluated in the same manner as in Example 1. The lithium 
ion secondary battery had a first charge capacity of 1.320 
mAh/g, a first discharge capacity of 1,020 mAh/g, a first 
charge/discharge efficiency of 77.3%, a 200th discharge 
capacity of 1,000 mAh/g, and a cycle retention rate after 200 
cycles of 38%. The capacity of the battery decreased as com 
pared with Examples 1 and 2, but it was confirmed that the 
lithium, ion secondary battery had excellent first charge/dis 
charge efficiency and excellent cycle characteristics, 

Comparative Example 1 
0094. A silicon oxide for a non-aqueous electrolyte sec 
ondary battery negative electrode material was manufactured 
in the same manner as in Example 1 except that a silicon oxide 
was deposited without Supply of a carbon-containing gas. 
0.095 The resultant silicon oxide was a powder having an 
average particle diameter of 7.6 um and a BET specific sur 
face area of 5.6 m/g, and free of carbon. 
0096. Subsequently, a negative electrode was manufac 
tured in the same manner as in Example 1, and the battery was 
evaluated in the same manner as in Example 1. The lithium 
ion secondary battery had a first charge capacity of 1,460 
mAh/g, a first discharge capacity of 1,100 mAh/g, a first 
charge/discharge efficiency of 75.3%, a 200th discharge 
capacity of 990 mAh/g, and a cycle retention rate after 200 
cycles of 90%. Therefore, it was confirmed that the cycle 
characteristics of the lithium ion. secondary battery was dete 
riorated as compared with Examples 1 to 3. 

Comparative Example 2 

0097. A silicon oxide for a non-aqueous electrolyte sec 
ondary battery negative electrode material was manufactured 
in the same manner as in Example 2 except that the tempera 
ture of the deposition portion was changed into 450° C. 
0098. The resultant silicon oxide was a powder having an 
average particle diameter of 7.5um, a BET specific surface 
area of 34.2 m/g, and a carbon content of 0.2%. 
0099 Subsequently, a negative electrode was manufac 
tured in the same manner as in Example 1, and the battery was 
evaluated in the same manner as in Example 1. The lithium 
ion secondary battery had a first charge capacity of 1,410 
mAh/g, a first discharge capacity of 1,060 mAh/g, a first 
charge/discharge efficiency of 75.1%, a 200th discharge 
capacity of 940 mAh/g, and a cycle retention after 200 cycles 
of 89%. Therefore, it was confirmed that the cycle character 
istics of the lithium ion secondary battery was clearly dete 
riorated as compared with. Examples 1 to 3. 

Comparative Example 3 

0100. A silicon oxide for a non-aqueous electrolyte sec 
ondary battery negative electrode material was manufactured 
in the same manner as in Example 2 except that the amount of 
an acetylene gas was changed into 2 NL/min and the tem 
perature of the deposition portion was changed into 1,000° C. 
0101 The resultant silicon oxide was a powder having an 
0102 average particle diameter of 7.5um, a BET specific 
surface area of 3.2 m/g, and a carbon content of 33.4%. 
0103 Subsequently, a negative electrode was manufac 
tured in the same manner as in Example 1, and the battery was 
evaluated in the same manner as in Example 1. The lithium 
ion secondary battery had a first charge capacity of 1,260 
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mAh/g, a first discharge capacity of 980 mAh/g, a first charge? 
discharge efficiency of 77.8%, a 200th discharge capacity of 
960 mAh/g, and a cycle retention rate after 200 cycles of 98%. 
Therefore, it was confirmed that the capacity of the lithium 
ion secondary battery clearly decreased as compared with 
Examples 1 to 3. 

Comparative Example 4 

0104. A silicon oxide for a non-aqueous electrolyte sec 
ondary battery negative electrode material was manufactured 
in the same manner as in Example 1 except that the tempera 
ture of the deposition portion was changed into 1,150° C. 
0105. In the resultant silicon oxide, the average particle 
diameter was 7.5 um and the BET specific surface area was 
1.1 m/g. From the X-ray diffraction analysis, the production 
of SiC was confirmed. 
0106 Subsequently, a negative electrode was manufac 
tured in the same manner as in Example 1, and the battery was 
evaluated in the same manner as in Example 1. The lithium 
ion secondary battery had a first charge capacity of 1,300 
mAh/g, a first discharge capacity of 950mAh/g, a first charge? 
discharge efficiency of 73.2%, a 200th discharge capacity of 
720 mAh/g, and a cycle retention rate after 200 cycles of 76%. 
Therefore, it was confirmed that the capacity of the lithium 
ion secondary battery clearly decreased, and the first charge? 
discharge efficiency and the cycle characteristics were clearly 
deteriorated, as compared with Examples 1 to 3. 
0107 The present invention is not restricted to the 
embodiments shown above. The embodiments are examples 
so that any embodiments composed of Substantially the same 
technical concept as disclosed in the claims of the present 
invention and expressing a similar effect are included in the 
technical scope of the present invention. 

1-9. (canceled) 
10. A siliconoxide for a non-aqueous electrolyte secondary 

battery negative electrode material, wherein the silicon oxide 
is a carbon-containing silicon oxide obtained by codeposition 
from a SiO gas and a carbon-containing gas, and the carbon 
containing silicon oxide has a carbon content of 0.5 to 30%. 

11. The silicon oxide for a non-aqueous electrolyte second 
ary battery negative electrode material according to claim 10, 
wherein carbon in the carbon-containing silicon oxide is not 
converted into silicon carbide. 

12. The silicon oxide for a non-aqueous electrolyte second 
ary battery negative electrode material according to claim 10, 
wherein the carbon-containing silicon oxide has an average 
particle diameter of 0.1 to 30 um and a BET specific surface 
area of 0.5 to 30 m/g. 

13. The silicon oxide for a non-aqueous electrolyte second 
ary battery negative electrode material according to claim 11, 
wherein the carbon-containing silicon oxide has an average 
particle diameter of 0.1 to 30 um and a BET specific surface 
area of 0.5 to 30 m/g. 

14. A method for manufacturing a silicon oxide for a non 
aqueous electrolyte secondary battery negative electrode 
material, comprising heating a raw material generating a SiO 
gas to generate a SiO gas, and Supplying the generated SiO 
gas with a carbon-containing gas at a temperature of 500 to 
1,100° C. to deposit a carbon-containing silicon oxide having 
a carbon content of 0.5 to 30%. 

15. The method for manufacturing a silicon oxide for a 
non-aqueous electrolyte secondary battery negative electrode 
material according to claim 14, wherein the raw material 
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generating a SiO gas is a mixture of a silicon oxide powder or 
a silicon dioxide powder with a metal silicon powder. 

16. The method for manufacturing a silicon oxide for a 
non-aqueous electrolyte secondary battery negative electrode 
material according to claim 14, wherein the raw material 
generating a SiO gas is heated at a temperature of 1,100 to 
1,600° C. in the presence of an inert gas or under reduced 
pressure. 

17. The method for manufacturing a silicon oxide for a 
non-aqueous electrolyte secondary battery negative electrode 
material according to claim 15, wherein the raw material 
generating a SiO gas is heated at a temperature of 1,100 to 
1,600° C. in the presence of an inert gas or under reduced 
pressure. 

18. The method for manufacturing a silicon oxide for a 
non-aqueous electrolyte secondary battery negative electrode 
material according to claims 14, wherein the carbon-contain 
ing gas is a hydrocarbon gas represented by C.H., wherein 
n” represents 1 to 3. 
19. The method for manufacturing a silicon oxide for a 

non-aqueous electrolyte secondary battery negative electrode 
material according to claims 15, wherein the carbon-contain 
ing gas is a hydrocarbon gas represented by C.H., wherein 
n” represents 1 to 3. 
20. The method for manufacturing a silicon oxide for a 

non-aqueous electrolyte secondary battery negative electrode 
material according to claims 16, wherein the carbon-contain 
ing gas is a hydrocarbon gas represented by CH2, wherein 
n” represents 1 to 3. 
21. The method for manufacturing a silicon oxide for a 

non-aqueous electrolyte secondary battery negative electrode 
material according to claims 17, wherein the carbon-contain 
ing gas is a hydrocarbon gas represented by CH2, wherein 
n” represents 1 to 3. 
22. A lithium ion secondary battery, wherein the lithium 

ion secondary battery uses the silicon oxide for a non-aque 
ous electrolyte secondary battery negative electrode material 
according to claim 10. 

23. A lithium ion secondary battery, wherein the lithium 
ion secondary battery uses the silicon oxide for a non-aque 
ous electrolyte secondary battery negative electrode material 
according to claim 11. 

24. A lithium ion secondary battery, wherein the lithium 
ion secondary battery uses the silicon oxide for a non-aque 
ous electrolyte secondary battery negative electrode material 
according to claim 12. 

25. A lithium ion secondary battery, wherein the lithium 
ion secondary battery uses the silicon oxide for a non-aque 
ous electrolyte secondary battery negative electrode material 
according to claim 13. 

26. An electrochemical capacitor, wherein the electro 
chemical capacitor uses the silicon oxide for a non-aqueous 
electrolyte secondary battery negative electrode material 
according to claims 10. 

27. An electrochemical capacitor, wherein the electro 
chemical capacitor uses the silicon oxide for a non-aqueous 
electrolyte secondary battery negative electrode material 
according to claims 11. 

28. An electrochemical capacitor, wherein the electro 
chemical capacitor uses the silicon oxide for a non-aqueous 
electrolyte secondary battery negative electrode material 
according to claims 12. 
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29. An electrochemical capacitor, wherein the electro 
chemical capacitor uses the silicon oxide for a non-aqueous 
electrolyte secondary battery negative electrode material 
according to claims 13. 

k k k k k 


