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SILICON - BASED ANODE ACTIVE increases , and safety concerns also arise . Thus , in order to 
MATERIAL AND SECONDARY BATTERY commercially use silicon as an anode active material , many 

COMPRISING THE SAME studies are required into that battery . 
As a result , studies on silicon - based composites have been 

CROSS - REFERENCE TO RELATED 5 actively conducted . Among these , studies have been made 
APPLICATIONS into the use of a silicon - based material in combination with 

a carbon - based material . This method was developed to 
This application claims the priority of Korean Patent minimize the volume expansion of the silicon active mate Application No . 10 - 2012 - 0041082 filed on Apr . 19 , 2012 rial in order to increase capacity and charge / discharge cycle and Korean Patent Application No . 10 - 2012 - 0076952 filed 10 cha characteristics . The most fundamental method for synthe on Jul . 13 , 2012 in the Korean Intellectual Property Office , sizing the composite is to coat the silicon - based material the disclosure of which is incorporated herein by reference . with carbon . This improves the electrical conductivity 

BACKGROUND OF THE INVENTION between active material particles and the electrochemical 
15 properties and the properties of the electrochemical reaction 

Field of the Invention with an electrolyte and reduces the volume expansion of the 
The present invention relates to a silicon - based anode silicon - based particles , resulting in an increase in the battery 

active material and a secondary battery comprising the same . lifetime . However , there is a problem in that the initial 
Description of the Prior Art charge / discharge efficiency is deteriorated due to the forma 
Since the discovery of electricity in the 1800s , primary 20 tion of an irreversible phase by the silicon - based material 

batteries have developed into secondary batteries , and bat during initial charge / discharge cycling . 
teries having low operating voltage have developed into 
batteries having high operating voltage . Among this variety SUMMARY OF THE INVENTION 
of batteries , lithium secondary batteries are leading 21st 
battery technology and are receiving attention as energy 25 The present invention provides a silicon - based anode 
storage systems for a variety of applications , including active material for a secondary battery , which can improve 
mobile phones and electric vehicles . the initial charge / discharge efficiency of the secondary bat 

Lithium secondary batteries are energy storage devices in tery despite of using the silicon - based material as an anode 
which lithium ions move from the anode ( negative elec - active material . 
trode ) to the cathode ( positive electrode ) during discharge 30 The present invention provides a silicon - based anode 
and move from the cathode to the anode during charging active material comprising a silicon phase , an Sio ( 0 < x < 2 ) 
when storing energy in the batteries . The lithium secondary phase and a silicon dioxide phase . batteries have high energy density and low self - discharge The present invention also provides a secondary battery , 
rate compared to other types of batteries , and thus are used which comprises a cathode comprising a cathode active in a wide range of applications . material , an anode active material comprising an anode General lithium secondary batteries comprise a cathode , active material , and a separator , wherein the anode active an anode , an electrolyte and a separator . In early lithium 
secondary batteries , lithium metal was used as the anode material comprises a silicon phase , an SiO ( 0 < x < 2 ) phase 
active material , but was replaced with carbon - based mate and a silicon dioxide phase . 
rials such as graphite , because of safety concerns resulting 40 . oncerns resulting 40 . The present invention also provides a method for prepar 
from the repeated charge / discharge cycles . The potential of ing a silicon - based active material , the method comprising 
the electrochemical reaction of the carbon - based anode the steps of : dissolving an alkaline hydroxide in a polar 
active material with lithium ions is similar to that of lithium solvent and mixing the solution with SiO , ( 0 < x < 2 ) to 
metal , and the change in the crystal structure thereof during prepare a mixture ; and evaporating the polar solvent from 
the intercalation / deintercalation of lithium ions is low . Thus , 45 the mixture , and then heat - treating the mixture . 
the carbon - based anode active material can be repeatedly 
charged and discharged and has excellent charge / discharge BRIEF DESCRIPTION OF THE DRAWINGS 
cycle characteristics . 
However , in recent years , as the lithium secondary battery FIG . 1 is a schematic view showing a method for prepar 

market has expanded from small - sized lithium secondary 50 ing a silicon - based anode active material according to one 
batteries for mobile devices to large - sized lithium secondary embodiment of the present invention . 
batteries for automobiles , there is a newfound need for a FIG . 2 is a set of scanning electron microscope ( SEM ) 
technology that can achieve the high capacity and high photographs of silicon - based anode active material particles 
output of anode active materials . Thus , non - carbon - based heat - treated for various times according to embodiments of 
anode active materials , including silicon , tin , germanium , 55 the present invention . In FIG . 2 , ( a ) : SiO ; ( b ) : particles 
zinc and lead - based materials , have been actively developed , heat - treated for 30 minutes ; ( c ) : particles heat - treated for 60 
which theoretically have capacities higher than carbon - minutes ; and ( d ) : particles heat - treated for 120 minutes . 
based anode active materials . FIG . 3 is a set of transmission electron microscope ( TEM ) 
Among these , silicon - based anode active materials have a photographs of silicon - based anode active material particles 

capacity of 4190 mAh / g , which is 11 times higher than the 60 according to embodiments of the present invention . In FIG . 
theoretical capacity ( 372 mAh / g ) of the carbon - based anode 3 , ( a ) : particles heat - treated for 30 minutes ; ( b ) : particles 
active materials , and thus have received attention as a heat - treated for 60 minutes ; and ( c ) : particles heat - treated 
substitute for the carbon - based anode active materials . How - for 120 minutes . 
ever , in the case of using silicon alone as the anode active FIG . 4 shows the X - ray diffraction spectra of silicon 
material , its volume expands by a factor of 3 or more when 65 based anode active material particles prepared with or 
it is intercalated by lithium ions . For this reason , the battery without the use of NaOH and for various heat - treatment 
capacity decreases as the number of charge / discharge cycles times . 
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1 . 11 ' te 

FIG . 5 shows the X - ray diffraction spectra of silicon - a separator , wherein the anode active material comprises a 
based anode active material particles as a function of heat silicon phase , an SiOc ( 0 < x < 2 ) phase , and a silicon dioxide 
treatment time . phase . 

A secondary battery according to one embodiment of the 
DETAILED DESCRIPTION OF THE 5 present invention can be fabricated in the following manner . 

INVENTION For example , the anode can be fabricated by applying the 
silicon - based anode active material to an anode current 

The present invention provides a silicon - based anode collector , followed by drying , and can comprise a conduc 
active material comprising a silicon phase , an SiO ( 0 < x < 2 ) tive material , a binder , a filler and the like . 
phase and a silicon dioxide phase . 10 The anode current collector generally has a thickness of 

In one embodiment of the present invention , the silicon 3 - 500 um . The anode current collector is not specifically 
dioxide phase in the silicon - based anode active material may limited , as long as it has high conductivity without causing 
be dispersed in the SiOc ( 0 < x < 2 ) phase , and the silicon a chemical change in the battery . For example , the anode 
dioxide phase may be crystalline . current collector may be made of copper , stainless steel , 

In one embodiment of the present invention , the Sio , in 15 aluminum , nickel , titanium , calcined carbon , a copper or 
the silicon - based anode active material may be commer - stainless surface - treated with carbon , nickel , titanium , silver 
cially easily available silicon monoxide ( SiO ) , and the or the like , or an aluminum - cadmium alloy , etc . Like the 
silicon dioxide phase may include cristoballite . cathode current collector , fine protrusions can also be 

The silicon dioxide phase may be present in an amount of formed on the surface of the anode current collector to 
2 - 50 wt % based on the weight of the anode active material . 20 enhance the binding strength of the anode active material . 
If the amount of the silicon dioxide phase is less than 2 wt The anode current collector can be used in various shapes , 
% , an increase in the initial charge / discharge efficiency of including a film , a sheet , a foil , a net , a porous material , a 
the battery will not be enough , and if it is more than 50 wt foamed agent , a non - woven fabric . 
% , the initial discharge / discharge efficiency will increase , The cathode can be fabricated by mixing a cathode active 
but the discharge capacity of the battery will decrease . 25 material , a conductive material , a binder and a solvent to 

Moreover , the concentration of the silicon phase is higher prepare a cathode active material composition , and applying 
center portion than center - periphery portion of the silicon - the cathode active material composition directly to a metal 
based anode active material , and the concentration of the current collector , followed by drying . 
silicon dioxide phase is higher center - periphery portion than Examples of the cathode active material include , but are 
center portion of the silicon - based anode active material . 30 not limited to , layered compounds such as lithium cobalt 
The silicon phase and the silicon dioxide phase may be oxides ( LiCoo , ) or lithium nickel oxides ( LiNio , ) , or 
formed by disproportionation of SiOx . The center portion of compounds substituted by at least one transition metal ; 
the silicon - based anode active material of the present inven - lithium manganese oxides represented by Li , Mn , , 0 . 
tion is defined as follows . The " center portion ” refers to a ( wherein y ranges from 0 to 0 . 33 ) , LiMnO3 , LiMn 03 , 
portion inside a line corresponding to 50 % of the maximum 35 LiMnO , etc . ; lithium copper oxides ( Li , Cuo , ) ; vanadium 
value of the length of the anode active material in the oxides such as LiV203 , LiFe3O4 , V205 , Cu2V207 , etc . ; Ni 
vertical direction from a line that is tangent to the anode site type lithium nickel oxides represented by LiNi _ „ My02 
active material , and the " center - periphery portion ” refers to ( wherein M = Co , Mn , Al , Cu , Fe , Mg , B or Ga , and y = 0 . 01 
a portion outside the line corresponding to 50 % . In addition , to 0 . 3 ) ; lithium manganese composite oxides represented by 
" a concentration higher center portion than center - periphery 40 LiMn , Myo , ( wherein M = Co , Ni , Fe , Cr , Zn or Ta , and 
portion of the anode active material ” means that the average y = 0 . 01 to 0 . 1 ) or Li , Mn , MO , ( wherein M = Fe , Co , Ni , Cu 
concentration in the portion inside the line corresponding to or Zn ) ; LiMn 04 wherein Li is partially substituted by 
50 % of the maximum value of diameter of the anode active alkaline earth metal ions ; disulfide compounds ; Fez 
material is higher than the average concentration in the ( M004 ) 3 , and the like . 
portion outside the line . 45 The cathode current collector has a thickness of 3 - 500 um , 

The above contents will be described in further detail similar to the anode current collector . The cathode current 
below with respect to the heat - treatment process of the collector is not specifically limited , as long as it has high 
method for preparing the silicon - based anode active mate conductivity without causing a chemical change in the 
rial . battery . 

The present invention also provides a silicon - based anode 50 The conductive material is generally added in an amount 
active material , which comprises a carbon coating material of 1 - 30 wt % based on the total weight of the cathode active 
in addition to a silicon - based anode active material com - material composition . The conductive material is not spe 
prising a silicon phase , an SiOx ( 0 < x < 2 ) phase and a silicon cifically limited , as long as it has electrical conductivity 
dioxide phase . without causing a chemical change in the battery . For 

The silicon - based anode active material may have a 55 example , the conductive material may be made of graphite 
particle size ranging from several tens of nm to several tens such as natural graphite or artificial graphite ; carbon black 
of um , and preferably 100 nm - 50 um . such as acetylene black , Ketjen black , channel black , fur 

In addition , in the silicon - based anode active material , the nace black , lamp black or thermal black ; conductive fiber 
silicon phase is crystalline and has a particle size in the such as carbon fiber or metal fiber ; metal powder such as 
nanometer range . The crystal size of the silicon phase is 60 carbon fluoride , aluminum or nickel powder ; conductive 
1 - 1000 nm , and the crystal size of the silicon dioxide phase whisker such as zinc oxide or potassium titanate ; conductive 
is 1 - 1000 nm . The silicon phase , SiO , phase and titanium metal oxide such as titanium oxide ; or a conductive material 
dioxide phase of the silicon - based anode active material can such as a polyphenylene derivative . 
intercalate and deintercalate lithium . The binder serves to assist in binding the active material 

The present invention also provides a secondary battery , 65 to the conductive material and the current collector , and is 
which comprises a cathode comprising a cathode active commonly added in an amount of 1 to 50 wt % based on the 
material , an anode comprising an anode active material , and total weight of the cathode active material composition . 
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Examples of the binder include polyvinylidene fluoride , evaporation of the polar solvent , the alkaline hydroxide 
polyvinyl alcohol , carboxy methyl cellulose ( CMC ) , starch , remains on the surface of SiO , particles . 
hydroxypropyl cellulose , regenerated cellulose , polyvi The mixture remaining after evaporation of the polar 
nylpyrrolidone , tetrafluoroethylene , polyethylene , polypro solvent can be heat - treated at a temperature of 750 - 1000° C . 
pylene , polyacrylate , an ethylene - propylene - diene monomer 5 for 5 - 120 minutes . If the heat - treatment temperature is lower 
( EPDM ) , sulfonated - EPDM , styrene - butadiene rubber than 750° C . , crystalline silicon dioxide will not form , and 
( SBR ) , fluorine rubber , and various copolymers . if it is higher than 1000° C . , a large amount of crystalline 

The filler is selectively used as a component for suppress silicon will be produced to reduce the lifetime characteristics 
ing the expansion of the electrode , and is not specially of the secondary battery and cause an excessive amount of 
limited , as long as it is a fibrous material which causes no " energy to be consumed . In addition , the heat - treatment time 
chemical change in the battery . Examples of the filler that is shorter than 5 minutes , crystalline silicon dioxide will not 
may be used in the present invention include olefinic poly - form easily , and if it is longer than 120 minutes , it will not 
mers , such as polyethylene and polypropylene ; and fibrous be preferable in terms of energy efficiency , because it is 
materials , such as glass fiber and carbon fiber . 15 significantly longer than the time required to form crystal 

The separator is interposed between the cathode and the line silicon dioxide . 
anode and is made of a thin insulating film having high ion As the heat - treatment is carried out , SiO , is dispropor 
permeability and mechanical strength . The separator gener - tionated into silicon and silicon dioxide . Specifically , oxy 
ally has a pore size of 0 . 01 - 10 um and a thickness of 5 - 300 gen in SiO , moves to the outside ( surface ) to form amor 
um . This separator is made of , for example , an olefinic 20 phous SiO2 , and silicon separated from oxygen binds to 
polymer such as a chemical - resistant and hydrophobic poly another silicon separated from oxygen to form a silicon 
propylene , or a sheet or non - woven fabric made of glass crystal which is present in SiO phase , and amorphous SiO2 
fiber or polyethylene . If a solid electrolyte such as a polymer is formed mainly on the outside ( surface ) rather than inside 
is used as the electrolyte , it may also serve as the separator . the SiO , particles . As the heat - treatment temperature or time 

The present invention also provides a method for prepar - 25 increases , amorphous SiO , gradually decreases and crystal 
ing a silicon - based anode active material , the method com - line Si and crystalline Sio , increase . 
prising the steps of : dissolving an alkaline hydroxide in a In the present invention , the heat treatment is carried out 
polar solvent and mixing the solution with SiO , ( 0 < x < 2 ) to in a state in which the alkaline hydroxide is present on the 
prepare a mixture ; and evaporating the polar solvent from surface of SiOx particles , thereby promoting the formation of 
the mixture , and then heat - treating the mixture . crystalline SiO2 . As can be seen in FIG . 4 , when the alkaline In order to prepare the silicon - based anode active material hydroxide is not used , the crystalline peak of SiO2 is not according to one embodiment of the present invention , an 
alkaline hydroxide is dissolved in a polar solvent and then formed , even when the heat - treatment is carried out at the 
mixed with SiO . same temperature . However , when the alkaline hydroxide is 

The SiO , may be commercially easily available silicon 35 use on 35 used , the intensity of the crystalline peak of SiO2 signifi 
monoxide . cantly increases ( around 2 Theta = 21° while a Si crystal 

The alkaline hydroxide that is used in the present inven grows . Specifically , in the prior art in which heat treatment 
tion may be one or more selected from the group consisting is carried out in order to form a composite of SiO and carbon 
of LiOH , NaOH , KOH , Be ( OH ) 2 , Mg ( OH ) , Ca ( OH ) 2 , and or in order to coat SiO with a carbon precursor or carbon , 
hydrates thereof . 40 only Si crystals grow ( around 2 Theta = 28 . 5° in the XRD ) , 

As the solvent in which the alkaline hydroxide is dis - whereas in the present invention in which heat treatment is 
solved , any solvent may be used , as long as it can dissolve carried out in a state in which the alkaline hydroxide is 
the alkaline hydroxide and can easily be removed . Examples present on the surface of SiOr , crystalline SiO , grows , and 
of the solvent include , but are limited to , water and an initial coulombic efficiency ( discharge capacity / charge 
alcohol solvent . The alcohol solvent may be ethanol or 45 capacityx100 ; the ratio of lithium first charged into the 
methanol . silicon - based compound to the amount of lithium first dis 

In the step of mixing the alkaline hydroxide with SiO charged from the silicon - based compound ) increases . 
SiO , may be used in an amount of 0 . 01 - 30 wt % based on Grown crystalline SiOlinto is electrochemically inactive 
the total weight of the mixture . If the amount of Sio , is less ( non - reactive with lithium ) , and Sio , is divided into an 
than 0 . 01 wt % , the initial coulombic efficiency of the anode 50 electrochemically active portion ( reactive with lithium ) and 
active material will be low because the amount of silicon and an electrochemically inactive portion . It is believed that , 
silicon dioxide formed after heat treatment is small ( SiO is because the molar concentration of oxygen relative to Si in 
partially converted to Si - Sio , by heat treatment , and the the electrochemically active portion of SiO , is lower than 
content of Si — SiO , in Si — SiO SiO , is reduced due to a that in SiO , the initial coulombic efficiency increases . 
low content of SiO ) , and if it is more than 30 wt % , the 55 The method for preparing the silicon - based anode active 
capacity of the anode active material will be greatly reduced material according to one embodiment of the present inven 
because the amount of Si - SiO2 formed after heat treatment tion may further comprise a step wherein the prepared 
is large . mixture is immersed in distilled water , followed by filtration . 

The method for preparing the silicon - based anode active In this step , alkaline hydroxide that has adhered to the 
material according to one embodiment of the present inven - 60 surface of the Sior particles is removed . In this step , the 
tion comprises the step of evaporating the polar solvent from mixture can be kept in distilled water for a sufficient time 
the prepared mixture , followed by heat treatment . such that alkaline hydroxide adhering to the surface of the 

Evaporating the polar solvent can be carried out at silicon - based anode active electrode can be removed . 
80 - 120° C . and can be carried out in an alumina boat The present invention also provides a method for prepar 
preheated to 80 - 120° C . However , evaporation of the polar 65 ing a silicon - based anode active material , the method com 
solvent may also be carried out at any temperature at which prising the steps of : mixing an alkaline hydroxide in a polar 
the polar solvent can be evaporated . Meanwhile , despite solvent and mixing the solution with SiOx to prepare a 

m 
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mixture ; evaporating the polar solvent from the mixture , and Example 2 : Preparation of Silicon - Based Anode 
then heat - treating the mixture ; and coating the heat - treated Active Material 2 
mixture with carbon . 

The method for preparing the silicon - based anode active A silicon - based anode active material was prepared in the 
material may comprise the step of coating with carbon in same manner as Example 1 , except that the heat treatment 
order to increase the electrical conductivity of the secondary was carried out for 10 minutes . 
battery . Herein , the amount of carbon used to coat the 
mixture may be 1 - 30 wt % of the total weight of the Example 3 : Preparation of Silicon - Based Anode 

Active Material 3 silicon - based anode active material . If the amount of carbon 10 
used to coat the mixture is less than 1 wt % , a uniform 
coating layer will not be formed so that the electrical A silicon - based anode active material was prepared in the 
conductivity of the battery will not increase , and if it is more same manner as Example 1 , except that the heat treatment 
than 30 wt % , an additional irreversible reaction will occur was carried out for 30 minutes . 
due to the conductive coating layer to greatly reduce the 15 
discharge capacity of the battery . Example 4 : Preparation of Silicon - Based Anode 

Active Material 4 In addition , the starting material SiO , may be one coated 
with carbon , and in this case , the step of coating the A silicon - based anode active material was prepared in the silicon - based anode active material with carbon can be same manner as Example 1 , except that the heat treatment omitted . This coating with carbon can be achieved by 20 was carried out for 60 minutes . dispersing a carbon precursor in a solvent such as tetrahy 
drofuran ( THF ) or alcohol and adding the dispersion to the 
silicon oxide , followed by drying and heat treatment . Alter Example 5 : Preparation of Silicon - Based Anode 

Active Material 5 natively , it may also be performed by supplying acetylene 
gas to the silicon oxide . In addition , any method may be used 25 
without limitation , as long as it can coat an electrode active A silicon - based anode active material was prepared in the 
material with carbon . same manner as Example 1 , except that the heat treatment 

was carried out for 120 minutes . According to the present invention , a silicon - based anode 
active material having initial coulombic efficiency higher Example 6 : Preparation of Silicon - Based Anode than that of a conventional silicon - based anode active mate - 30 Active Material Coated with Conductive Carbon rial can be prepared in large amounts using a simple process , Coating Layer 1 
and thus is useful as an anode active material for electro 
chemical batteries such as lithium secondary batteries . 20 g of the silicon - based anode active material prepared Hereinafter , the present invention will be described in 35 in described in 35 in Example 1 was introduced in a rotary tube furnace , and further detail with reference to the preferred examples . It is argon gas was supplied to the furnace at a rate of 0 . 5 L / min , to be understood , however , that these examples are for and then the anode active material was heated to 800° C . at illustrative purposes only and are not intended to limit the a rate of 5° C . / min . While the rotary tube furnace was rotated scope of the present invention . at a speed of 10 rpm , the anode active material was heat 

40 treated while argon gas and acetylene gas were supplied at 
Example 1 : Preparation of Silicon - Based Anode rates of 1 . 8 L / min and 0 . 3 L / min to the furnace , respectively , 

Active Material 1 thereby preparing a silicon - based anode active material 
coated with a conductive carbon coating layer . The carbon 

Mixing of Alkaline Hydroxide with Silicon - Based Mate content of the conductive carbon coating layer was 10 wt % 
45 based on the weight of the anode active material . 

50 mg of sodium hydroxide was dissolved in ethanol , and Example 7 : Preparation of Silicon - Based Anode 
1 g of silicon monoxide was added to the sodium hydroxide Active Material Coated with Conductive Carbon 
solution and stirred for 10 minutes or more . Coating Layer 2 

Solvent Evaporation and Heat Treatment 50 

The mixture solution of silicon monoxide and sodium A silicon - based anode active material coated with a 
hydroxide was added to an alumina boat heated to 80 - 120° conductive carbon coating layer was prepared in the same 
C . , in which ethanol was evaporated from the mixture . After manner as Example 6 , except that 20 g of the silicon - based 
completion of the evaporation of the solvent , the alumina anode active material prepared in Example 2 was introduced 
boat containing the silicon monoxide / sodium hydroxide 55 in the rotary tube furnace . The carbon content of the con 
mixture was placed in a quartz tube furnace and was ductive carbon coating layer was 10 wt % based on the 
heat - treated at 800° C . for 5 minutes in an argon atmosphere . weight of the anode active material . 
Then , the quartz tube furnace was cooled to room tempera 
ture , thereby preparing a silicon - based anode active mate Example 8 : Preparation of Silicon - Based Anode 

60 rial . Active Material Coated with Conductive Carbon 
Coating Layer 3 

Immersion in Solvent , Followed by Filtration 
The silicon - based anode active material was collected Asilicon - based anode active material coated with a 

from the alumina boat and immersed in distilled water for 2 conductive carbon coating layer was prepared in the same 
hours , followed by filtration , thereby removing sodium 65 manner as Example 6 , except that 20 g of the silicon - based 
hydroxide from the surface of the silicon - based anode active anode active material prepared in Example 3 was introduced 
material ( see FIG . 1 ) . in the rotary tube furnace . The carbon content of the con 

rial 

50 
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ductive carbon coating layer was 10 wt % based on the Fabrication of Batteries 
weight of the anode active material . Each of the anode active materials prepared in Examples 

1 to 10 and Comparative Examples 1 and 2 , acetylene black 
Example 9 : Preparation of Silicon - Based Anode as a conductive material , and polyvinylidene fluoride , 
Active Material Coated with Conductive Carbon 5 ( PVDF ) as a binder were mixed with each other at a weight Coating Layer 4 ratio of 88 : 2 : 10 , and each of the mixtures was dissolved in 

N - methyl - 2 - pyrrolidone ( NMP ) , thereby preparing uniform A silicon - based anode active material coated with a electrode slurries . Each of the prepared electrode slurries conductive carbon coating layer was prepared in the same was applied to one surface of a copper current collector to manner as Example 6 , except that 20 g of the silicon - based 10 
anode active material prepared in Example 4 was introduced a thickness of 65 um , and the resulting structures were dried , 
in the rotary tube furnace . The carbon content of the con rolled , and punched to a desired size , thereby fabricating 
ductive carbon coating layer was 10 wt % based on the electrodes . 
weight of the anode active material . Meanwhile , ethylene carbonate and ( EC ) and diethyl 

is carbonate ( DEC ) were mixed with each other at a volume 
Example 10 : Preparation of Silicon - Based Anode ratio of 30 : 70 , and LiPF , was added to the mixture , thereby 
Active Material Coated with Conductive Carbon preparing a non - aqueous electrolyte of 1M LIPF . 

Coating Layer 5 Each of the above - fabricated electrodes was used as an 
anode , and a metal foil was used as a cathode . A polyolefin 

A silicon - based anode active material coated with a separator was interposed between the two electrodes , and 
conductive carbon coating layer was prepared in the same then the electrolyte was injected into the resulting structures , 
manner as Example 6 , except that 20 g of the silicon - based thereby fabricating coin - type batteries . 
anode active material prepared in Example 5 was introduced Analysis of Surfaces , Structures and Components of 
in the rotary tube furnace . The carbon content of the con Silicon - Based Anode Active Materials 
ductive carbon coating layer was 10 wt % based on the 25 The surfaces , structures and components of the silicon 
weight of the anode active material . based anode active materials prepared in the Examples of 

the present invention were analyzed by scanning electron 
Comparative Example 1 : Preparation of Anode microscopy ( SEM ) , transmission electron microscopy 
Active Material Consisting of Silicon Monoxide ( TEM ) and X - ray diffraction ( XRD ) , and the results of the 

Alone 30 analysis are shown in FIGS . 2 to 5 . 
FIG . 2 is a set of scanning electron microscope ( SEM ) 

An anode active material consisting of silicon monoxide photographs of SiO and the silicon - based anode active 
was prepared . material particles heat - treated for various times . In FIG . 2 , 

( a ) : SiO , ( b ) : particles heat - treated for 30 minutes , ( c ) : 
Comparative Example 2 : Preparation of Anode as particles heat - treated for 60 minutes , and ( d ) : particles 
Active Material Consisting of Silicon Monoxide heat - treated for 120 minutes ) . The heat treatment was car 

Coated with Carbon ried out at 800° C . As can be seen in FIG . 2 , the silicon 
dioxide phase was dispersed in the SiO phase . 

An anode active material was prepared by coating carbon FIG . 3 is a set of transmission electron microscope ( TEM ) 
in the same manner as Example 6 . 40 photographs of the silicon - based anode active material par 

The starting materials and process conditions used in ticles prepared in the Examples of the present invention . In 
Examples 1 to 10 and Comparative Examples 1 and 2 are FIG . 3 , ( a ) : particles heat - treated for 30 minutes ; ( b ) : par 
shown in Table 1 below . ticles heat - treated for 60 minutes ; and ( c ) : particles heat 

TABLE 1 

Starting 
material 

Content 

of SiO2 
( wt % ) 

Heat - treatment 
time and 

temperature 

Carbon 
content 
( wt % ) 

Coating 
conditions Example 

Ex 5 . 5 

?? 

???? 

Example 1 
Example 2 
Example 3 
Example 4 
Example 5 
Example 6 
Example 7 
Example 8 
Example 9 
Example 10 
Comparative 
Example 1 
Comparative 
Example 2 

SIO + NaOH 
SIO + NaOH 
SIO + NaOH 
SIO + NaOH 
SIO + NaOH 
SIO + NaOH 
SIO + NaOH 
SIO + NaOH 
SIO + NaOH 
SIO + NaOH 

SiO 

8 . 9 
17 . 3 
32 . 4 
35 . 5 
4 . 5 
8 . 2 

16 . 7 
28 . 6 
33 . 2 

800° C . , 5 min 
800° C . , 10 min 
800° C . , 30 min 
800° C . , 60 min 
800° C . , 120 min 
800° C . , 5 min 
800° C . , 10 min 
800° C . , 30 min 
800° C . , 60 min 
800° C . , 120 min 

10 
10 
10 

800° C . , 5 
800° C . , 5 hr 
800° C . , 5 hr 
800° C . , 5 hr 
800° C . , 5 hr 

a au 10 
10 

Sio 10 800° C . , 5 hr 

Using the anode active materials prepared in Examples to 65 treated for 120 minutes . The heat - treatment was carried out 
10 and Comparative Examples 1 and 2 , secondary batteries at 800° C . As can be seen in FIG . 3 , silicon crystals increase 
were fabricated in the following manner . as the heat - treatment time increased . 
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FIG . 4 shows the X - ray diffraction spectra of silicon - the anode active materials prepared in Examples 6 to 10 
based anode active materials prepared with or without the were about 8 % higher than that of the secondary battery 
use of NaOH and for various heat - treatment times . As can be comprising the anode active material of Comparative 
seen in FIG . 4 , when the heat - treatment was carried out at Example 2 . Meanwhile , in the anode active material of 
800° C . for 5 minutes , the peak intensity increased , and the 5 Comparative Example 2 , which consists of silicon monoxide 
intensity of the peak Sio , increased as the heat - treatment surface - coated with carbon , the initial coulombic efficiency 
time increased ( around 2 Theta = 21° . In addition , the peak of was about 4 % higher than that of Comparative Example 1 , 
crystalline Si appeared at around Theta = 28 . 5° . Furthermore , because the surface reaction was controlled so that the initial 
the results of XRD quantitative analysis indicated that the irreversible reaction was reduced . This indicates that coating 
contents ( wt % of the formed crystalline SiO , in the anode 10 of silicon monoxide with carbon increases initial coulombic 
active materials were as shown in Table 1 above . This efficiency and this increase can be found in the carbon 
suggests that , when the alkaline hydroxide was used , the coated anode active materials of Examples 6 to 10 . Thus , it 
silicon - based anode active material according to the present can be seen that the anode active material prepared using the 
invention was formed . alkaline hydroxide by heat treatment of silicon monoxide 

FIG . 5 shows the X - ray diffraction spectra of the silicon - 15 has high initial coulombic efficiency . 
based anode active materials as a function of heat - treatment As described above , according to the present invention , a 
temperature . As can be seen in FIG . 5 , at 700° C . or lower , silicon - based anode active material having initial coulombic 
a weak peak similar to carbon dioxide appeared , and at 750° efficiency higher than that of a conventional silicon - based 
C . or higher , intense peaks appeared . Similar peaks appeared anode active material can be prepared in large amounts using 
at 800° C . and 900° C . 20 a simple process , and thus is useful as an anode active 

Table 2 below shows the discharge capacities , charge material for electrochemical batteries such as lithium sec 
capacities and initial coulombic efficiencies of the secondary ondary batteries . 
batteries fabricated using the anode active materials pre What is claimed is : 
pared in Examples 1 to 10 and Comparative Examples 1 and 1 . A silicon - based anode active material particle having a 

25 center portion of the particle and a center - periphery portion 
of the particle , the particle comprising : 

TABLE 2 a silicon phase ; a SiO , ( 0 < x < 2 ) phase ; and a silicon 
dioxide phase wherein the silicon dioxide phase is 

Initial dispersed in the SiO , phase and comprises cristoballite , Discharge Charge coulombic 30 wherein the concentration of the silicon dioxide phase is ??? capacity efficiency 
Example ( mAh / g ) ( mAh / g ) higher in the center - periphery portion than in the center 

portion , Example 1 1575 . 3 2022 . 2 77 . 9 wherein the concentration of the silicon phase is higher in Example 2 1944 . 4 78 . 1 
Example 3 1376 . 8 1762 . 9 78 . 1 the center portion than in the center - periphery portion . 
Example 4 1128 . 6 1441 . 4 78 . 3 35 2 . The silicon - based anode active material particle of 
Example 5 1081 . 1 1377 . 2 78 . 5 claim 1 , wherein the silicon dioxide phase is crystalline . Example 6 1528 . 2 1854 . 6 82 . 4 3 . The silicon - based anode active material particle of Example 7 1451 . 8 1764 . 0 82 . 3 
Example 8 1308 . 4 1584 . 0 82 . 6 claim 1 , wherein the SiOx is silicon monoxide . 
Example 9 1135 . 8 1370 . 1 82 . 9 4 . The silicon - based anode active material particle of 
Example 10 1047 . 2 1261 . 7 83 . 0 40 claim 1 , wherein the silicon dioxide phase is present in an Comparative 1653 . 8 2355 . 8 70 . 2 amount of 2 - 50 wt % based on the weight of the silicon Example 1 
Comparative 1575 . 0 2114 . 1 74 . 5 based anode active material particle . 
Example 2 5 . The silicon - based anode active material particle of 

claim 1 , wherein the silicon phase and the silicon dioxide 
As can be seen in Table 2 above , the discharge capacities 45 ities 45 phase are formed by disproportionation of SiOc ( 0 < x < 2 ) . 

6 . The silicon - based anode active material particle of of the secondary batteries comprising the anode active 
materials prepared in Examples 1 to 5 were somewhat lower claim 1 , further comprising a carbon coating material . 

7 . A secondary battery , which comprises a cathode com than that of the secondary battery comprising the anode 
active material of Comparative Example 1 , due to the prising a cathode active material , an anode comprising an 
formation of crystalline SiO . . but the initial coulombic 50 anode active material , and a separator , wherein the anode 
efficiencies of Examples 1 to 5 were about 8 % higher than active material comprises the silicon - based anode active 

material particle of claim 1 . that of Comparative Example 1 . In addition , the initial 
coulombic efficiencies of the secondary batteries comprising * * * * * 
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