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FIG . 3a 
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FIG . 4a 
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012 , 10 gas . 

SURFACE - TREATMENT METHOD OF consisting of Al , Ni , Co , Fe , Mn , V , Cr , Ti , W , Ta , Ma and 
CATHODE ACTIVE MATERIAL AND Mo ; and x , y and z are each independently an atomic fraction 

CATHODE ACTIVE MATERIAL FORMED of oxide - forming elements , in which Osxsl , Osysl , and 
THEREFROM Oszsl ) . 

5 The reactive gas may further comprise at least one 
CROSS - REFERENCE TO RELATED selected from hydrogen , oxygen , hydrocarbon and a com 

APPLICATION ( S ) pound containing other halogen family elements , as well as 
the fluorine - containing gas and the phosphorus - containing 

This application is a continuation of International Appli 
cation No . PCT / KR2012 / 003502 filed on May 3 , 2012 , 10 The fluorine - containing gas may be SF . 
which claims priority to Korean Patent Application Nos . The phosphorus - containing gas may comprise at least one 
10 - 2011 - 0042034 and 10 - 2012 - 0043934 filed in the Repub selected from PH3 , P ( CH3 ) 3 and PF3 . 
lic of Korea on May 3 , 2011 and Apr . 26 , 2012 , respectively , The hydrocarbon may be at least one selected from CH2 
the disclosure of which are incorporated herein by reference . . or C . H . . 

In the present invention , the gases used for generating the 
TECHNICAL FIELD plasma may further comprise a carrier gas comprising an 

inert gas , as well as the reactive gas . The present invention relates to a surface - treatment 
method of cathode active material and a cathode active The carrier gas may comprise at least one selected from 
material formed therefrom , and more particularly to a 20 min 20 nitrogen , argon , helium and neon . 
method for treating the particle surface of cathode active The reactive gas may comprise SF and CH4 , and the 
material for a secondary battery with a plasma generated by carrier gas may comprise N2 . 
gases and a cathode active material formed therefrom . The lithium impurities may comprise LiOH or Li2CO3 . 

The step ( b ) may be conducted by using a capacitively 
BACKGROUND ART 25 coupled plasma ( CCP ) generator , an inductively - coupled 

plasma ( ICP ) generator , a direct current ( DC ) plasma gen 
A cathode active material for a secondary battery has erator or a dielectric barrier discharge ( DBD ) plasma gen 

lithium impurities such as LiOH and LiCO , which are erator . 
present on the particle surface thereof . If these impurities are The step ( c ) may comprise modifying at least part of the 
present in an excessive amount , not only do they cause to 30 lithium impurities to LiF . 
make an electrode slurry to be gelated during the production The step ( c ) may further comprise sputtering at least part 
of the electrode slurry in the preparation of an electrode of of the lithium impurities with the accelerated ions of the 
a lithium secondary battery , but also causes a swelling plasma by reaction with plasma ions . 
phenomenon , particularly a lithium ion prismatic or polymer In order to accomplish the above object , a cathode active 
battery expanding , when reacted with the components of an 35 material according to the present invention is prepared by 
electrolyte introduced in the lithium secondary battery . the surface treatment method mentioned above . 

Accordingly , there is a need for minimizing the content of Meanwhile , the cathode active material of the present 
lithium impurities present on the particle surface of the invention comprises lithium compounds having lithium 
cathode active material for a lithium secondary battery . impurities including LiOH and Li CO2 on the particle sur 

40 face of the cathode active surface in an amount less than 0 . 3 
DISCLOSURE wt % relative to total weight of the cathode active material 

particles . 
Technical Problem 

Advantageous Effects 
The present invention is designed to solve the problems 45 

described above , therefore , it is an object of the present in accordance with one aspect of the present invention , 
invention to improve the properties of a cathode active plasma ions generated in a plasma generator react with 
material for a lithium secondary battery by removing lithium lithium impurities present on the particle surface of a 
impurities present on the particle surface thereof . cathode active material to modify the lithium impurities to 

50 other materials which do not react with an electrode , thereby 
Technical Solution suppressing a side reaction of the lithium impurities and the 

electrolyte . 
In order to achieve the object , the present invention In accordance with another aspect of the present inven 

provides a method for treating the particle surface of a tion , the plasma ions which are generated and accelerated in 
cathode active material for a lithium secondary battery , the 55 the plasma generator eliminate the modified lithium impu 
method comprising ( a ) preparing a cathode active material rities and the remaining lithium impurities from the particle 
having a lithium compound ; ( b ) generating a plasma from surface of the cathode active material to suppress a side 
gases comprising at least one of a fluorine - containing gas reaction of the lithium impurities and the electrolyte . 
and a phosphorus - containing gas as a part of a reactive gas ; 
and ( c ) removing lithium impurities present on the particle 60 DESCRIPTION OF THE DRAWINGS 
surface of the cathode active material by contact and reac 
tion with the plasma . The accompanying drawings illustrate preferred embodi 

In the present invention , the lithium compound may be ments of the present invention and , together with the fore 
selected from the group consisting of LiCoon , LiNiOs going disclosure , serve to provide further understanding of 
LiMn204 , LiFePO4 , LiFe - xMn P04 , LiNi1 - XMn , C0 , 02 65 the technical spirit of the present invention . However , the 
( Osxs1 , Osysl ) and LiNi - x - v - Co M1 M2 , 0 , ( wherein , Mi present invention is not to be construed as being limited to 
and M2 are each independently selected from the group the drawings . 
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FIG . 1 is a flow chart showing a method for treating the rus - containing compound and hydrocarbon . The reaction 
particle surface of a cathode active material according to the gas may be used together with a carrier gas comprising at 
present invention . least one inert gas such as nitrogen , argon , helium and neon . 

FIG . 2 schematically shows the attack of ions generated Specifically , the halogen family element - containing com 
in a plasma generator to lithium impurities present on the 5 pound may be a fluorine - containing gas such as SF . Exem 
particle surface of a cathode active material . plary phosphorus - containing gases may include at least one 

FIG . 3a is an HCl - titration graph ( pH of 4 or higher ) for selected from PH3 , P ( CH3 ) 3 and PF3 . 
the particle surface of a cathode active material according to A plasma generator used in the generation of the plasma 
Example 1 of the present invention . is not particularly limited , and may include , for example , a 

FIG . 3b is an HCl - titration graph ( pH of 5 or less ) for the 10 capacitively - coupled plasma ( CCP ) generator , an induc 
particle surface of a cathode active material which is sur - tively - coupled plasma ( ICP ) generator , a DC plasma gen 
face - treated according to Example 1 of the present inven - erator or a dielectric barrier discharge ( DBD ) plasma gen 
tion . erator . 

FIG . 4a is a photograph for the particle surface of a The step S3 is to surface - treat the particles of the cathode 
cathode active material before plasma - treatment . 15 active material prepared in the step S1 with the plasma 

FIG . 4b is a photograph for the particle surface of a generated in the step S2 to remove lithium impurities present 
cathode active material after plasma - treatment . on the particle surface of the cathode active material . 

FIG . 5 is an HCl - titration graph ( pH of 5 or higher ) for the As shown in FIG . 2 , lithium impurities such as LiOH or 
particle surface of a cathode active material according to Li , CO , are present on the particle surface of the cathode 
Example 2 of the present invention . 20 active material and react with the plasma ions generated in 

the plasma generator to modify the lithium impurities to 
BEST MODE other materials which do not react with an electrode , thereby 

removing the lithium impurities . In addition , the modified 
Hereinafter , preferred embodiments of the present inven - lithium impurities and the remaining lithium impurities may 

tion will be described in detail . Prior to the description , it 25 be removed from the particle surface of the cathode active 
should be understood that the terms used in the specification material by sputtering with the plasma ions which are 
and the appended claims should not be construed as limited generated and accelerated in the plasma . 
to general and dictionary meanings , but interpreted based on A cathode active material prepared by the surface treat 
the meanings and concepts corresponding to technical ment method according to the present invention preferably 
aspects of the present invention on the basis of the principle 30 has lithium impurities such as LiOH and Li C03 on the 
that the inventor is allowed to define terms appropriately for particle surface thereof in an amount less than 0 . 3 wt % 
the best explanation . Accordingly , the configurations illus - relative to the total weight of the cathode active material 
trated in the embodiments and the drawings are just prefer - particles . If the lithium impurities are present in an amount 
able examples for the purpose of illustrations only , not of 0 . 3 wt % or more on the particle surface of the cathode 
intended to limit the scope of the disclosure , so it should be 35 active material , an excessive swelling phenomenon occurs 
understood that other equivalents and modifications could be due to the high reactivity of the lithium impurities for an 
made thereto without departing from the spirit and scope of electrolyte . 
the disclosure . Hereinafter , the present invention will be described in 

FIG . 1 is a flow chart showing a method for treating the detail through specific examples . However , the description 
particle surface of a cathode active material 40 proposed herein is just a preferable example for the purpose 

Referring to FIG . 1 , the method for treating the particle of illustrations only , not intended to limit the scope of the 
surface of a cathode active material according to the present invention , so it should be understood that the examples are 
invention comprises the preparation of a cathode active provided for a more definite explanation to an ordinary 
material for a lithium secondary battery ( S1 ) , the generation person skilled in the art . 
of plasma ( S2 ) , and the removal of lithium impurities ( S3 ) . 45 

The step S1 is to prepare a cathode active material for a Example 1 
lithium secondary battery , intended for plasma - treatment . 
The cathode active material used in the present invention A 3 - membered ( Ni / Mn / Co ) cathode active material hav 
may include any cathode active material which is known to ing a composition of Li ( Ni , Mn , Co , No , was used for 
be used in conventional secondary batteries , and the non - 50 plasma - treatment . Since the cathode active material having 
limiting examples of the cathode active material may a composition of Li ( NiogMno . Coo ) O , has a high content 
include lithium - manganese oxides , lithium - cobalt oxides , of Ni to provide large capacity , whereas the presence of 
lithium - nickel oxides , lithium - iron oxides and lithium com - excessive lithium impurities on the surface thereof causes 
posite oxides obtained from these combinations , more spe - high reactivity with an electrolyte . Accordingly , this may 
cifically , may be selected from the group consisting of 55 increase the swelling phenomenon of a battery cell , which 
LiC002 , LiNiO2 , LiMn 04 , LiFePO4 , LiFe - Mn PO4 , may remarkably be exhibited at high temperatures . In order 
LiNi1 - x - „ Mn , C0 , 02 ( Osxsl , Osysl ) and LiNil - x to prevent such a swelling phenomenon , the particle surface 
Co M1 , M202 ( wherein , M1 and M2 are each independently of the cathode active material having a composition of 
selected from the group consisting of Al , Ni , Co , Fe , Mn , V , Li ( Nio . Mno . 1 C001 ) 02 was plasma - treated by using a 
Cr , Ti , W , Ta , Ma and Mo ; and x , y and z are each 60 capacitively - coupled plasma ( CCP ) generator under the con 
independently an atomic fraction of oxide - forming ele - ditions as follows . 
ments , in which 0 = x < 1 , 0 = y < 1 , and ( = z < 1 ) . N2 / SF ICHA ( Molecular weight — 100 : 10 : 1 ) atmosphere 

The step S2 is to generate a plasma for treating the particle Atmospheric pressure 
surface of the cathode active material prepared in the step Power for maintaining plasma : 500 W 
S1 . The plasma may be generated by using a reactive gas 65 Applied frequency : 1 kHz ~ 2 . 5 GHz 
comprising at least one selected from hydrogen , oxygen , a After the plasma - treatment , the amount of impurities 
halogen family element - containing compound , a phospho - remaining on the surface of the cathode active material was 
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30 

calculated by a HCl - titration according to the method dis - is reduced by about 36 % after the plasma - treatment , com 
closed in US2009 / 0226810A1 . Explanation for the specific pared with that before the plasma - treatment . 
titration method is omitted herein . As mentioned above , in accordance with the inventive 
As shown in FIG . 3a , the amount of HC1 used in the method for treating the particle surface of a cathode active 

HCl - titration up to pH 4 after the plasma - treatment is less 5 material , lithium impurities present on the particle surface of 
than that before the plasma - treatment , which means the the cathode active material can be reduced to alleviate the 
lithium impurities , such as LiOH and LiCO3 , excessively swelling phenomenon of a battery cell using the cathode 
present on the surface of the cathode active material before active material . 
the plasma - treatment is reduced after the plasma - treatment . 

FIG . 3b shows a HCl - titration curve at a pH of 5 or less 10 INDUSTRIAL APPLICABILITY 
after the plasma - treatment , which is consistent with the 
HCl - titration curve of LiF . From this , it can be confirmed The present invention has been described with reference 
that LiF is newly generated by the plasma - treatment . FIGS . to the specific examples and drawings , however , is not 
4a and 4b are photographs showing the particle surface of limited thereto , and so it should be understood that various 
the cathode active material before and after the plasma - 15 modifications and changes may be made by those having 
treatment , respectively . ordinary skill in the art without departing from the technol 
Meanwhile , each amount of the lithium impurities before ogy of the present invention and the spirit and scope of the 

and after the plasma - treatment was calculated and listed in following claims . 
Table 1 below . 

20 What is claimed is : 
TABLE 1 1 . A method for treating particle surface of a cathode 

active material for a lithium secondary battery , the method 
Before the plasma - treatment After the plasma - treatment comprising : 

LiOH ( wt % ) 0 . 233 0 . 196 ( a ) preparing a cathode active material comprising a 
LiCO3 0 . 296 0 . 103 25 lithium compound ; 
( wt % ) ( b ) generating a plasma from gases comprising at least 

one of a fluorine - containing gas and a phosphorus Total ( wt % ) 0 . 529 0 . 299 containing gas as a part of a reactive gas ; and 
* wt % : the weight of lithium impurities relative to the total weight of cathode active ( c ) removing lithium impurities present on particle sur 
material particles face of the cathode active material with the plasma , 

As shown in Table 1 , the amount of the lithium impurities wherein the reactive gas comprises SF6 , 
present on the particle surface of the cathode active material wherein the gases further comprise a carrier gas compris 
is reduced by about 44 % after the plasma - treatment , com ing an inert gas , and 
pared with that before the plasma - treatment . wherein the lithium impurities comprise at least one of 

35 LiOH and Li , COZ . 
Example 2 2 . The method for treating particle surface of a cathode 

active material according to claim 1 , wherein the lithium 
The procedure of Example 1 was repeated except that a compound is selected from the group consisting of LiCo02 , 

3 - membered ( Ni / Mn / Co ) cathode active material having a LiNiO2 , LiMn204 , LiFePO4 , LiFe - Mn , PO4 , LiNil - x - v 
composition of Li ( Nio . 6Mn . 2C002 ) O , was used for plasma - 40 Mn C0 , 02 ( 0 < x < 1 , Osy < 1 ) and LiNil - x - v - _ C0 M1 M2 , 02 
treatment by means of a CCP generator , so as to reduce ( wherein , M1 and M2 are each independently selected from 
lithium impurities on the surface of a cathode active mate the group consisting of Al , Ni , Co , Fe , Mn , V , Cr , Ti , W , Ta , 
rial , thereby alleviating the swelling phenomenon of a Ma and Mo ; and x , y and z are each independently an atomic 
battery cell . fraction of oxide - forming elements , in which Osx < 1 , Osy < 1 , 

As shown in FIG . 5 , the amount of HCl used in a 45 and Osz < 1 ) . 
HCl - titration after the plasma - treatment is less than that 3 . The method for treating particle surface of a cathode 
before the plasma - treatment , which means the lithium impu - active material according to claim 1 , wherein the reactive 
rities , such as LiOH and LiCO2 , excessively present on the gas further comprises at least one selected from hydrogen , 
surface of the cathode active material before the plasma - oxygen , hydrocarbon and a compound containing halogen 
treatment is reduced after the plasma - treatment , similar to 50 family elements . 
the results in Example 1 . 4 . The method for treating particle surface of a cathode 
Meanwhile , each amount of the lithium impurities before active material according to claim 1 , wherein the phospho 

and after the plasma - treatment was calculated and listed in rus - containing gas comprises at least one selected from PHz , 
Table 2 below . P ( CH3 ) and PFz . 

5 . The method for treating particle surface of a cathode 
TABLE 2 active material according to claim 3 , wherein the hydrocar 

bon is CHA 
Before the plasma - treatment After the plasma - treatment 6 . The method for treating particle surface of a cathode 

LiOH ( wt % 0 . 119 0 . 087 active material according to claim 1 , wherein the inert gas is 
LiCO3 0 . 125 0 . 069 60 at least one selected from nitrogen , argon , helium and neon . 
( wt % ) 7 . The method for treating particle surface of a cathode 
Total ( wt % ) active material according to claim 1 , wherein the reactive 0 . 244 0 . 156 gas further comprises CH4 , and the inert gas is N2 . 
* wt % : the weight of lithium impurities relative to the total weight of cathode active 8 . The method for treating particle surface of a cathode 
material particles 65 active material according to claim 1 , wherein the step ( b ) is 

As shown in Table 2 , the amount of the lithium impurities conducted by using a capacitively - coupled plasma ( CCP ) 
present on the particle surface of the cathode active material generator , an inductively - coupled plasma ( ICP ) generator , a 

To 
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direct current ( DC ) plasma generator or a dielectric barrier 
discharge ( DBD ) plasma generator . 

9 . The method for treating particle surface of a cathode 
active material according to claim 1 , wherein the step ( c ) 
comprises modifying at least part of the lithium impurities to 
LiF . 

10 . The method for treating particle surface of a cathode 
active material according to claim 9 , wherein the step ( c ) 
further comprises sputtering at least part of the lithium 
impurities with the accelerated ions of the plasma . 10 

* * * * 


