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ABSTRACT 
Provided is a positive electrode active material including 
lithium transition metal oxide for a lithium secondary bat 
tery , in which the lithium transition metal oxide includes a 
dopant diffusing from the surface of the lithium transition 
metal oxide particle , and the dopant is distributed with a 
concentration gradient from the center of the particle toward 
the surface thereof . 
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POSITIVE ELECTRODE ACTIVE MATERIAL 
WITH CONCENTRATION GRADIENT OF 
DOPANT FOR LITHIUM SECONDARY 

BATTERY 

which may be stably used without deterioration of battery 
performances at high voltages . 

DISCLOSURE 

TECHNICAL FIELD 
[ 0001 ] The present application is based on , and claims 
priority from , Korean Patent Application No . 10 - 2016 
0075880 , filed on Jun . 17 , 2016 , the disclosure of which is 
hereby incorporated by reference herein in its entirety . 
[ 0002 ] The present invention relates to a positive electrode 
active material with a concentration gradient of a dopant for 
a lithium secondary battery . 

Technical Problem 
[ 0010 ] An object of the present invention is to solve the 
above - described problems of the prior art and the technical 
problems which have been demanded to be solved . 
[ 0011 ] The present inventors have conducted intensive 
studies and various experiments , and as described below , 
they found that when a positive electrode active material 
including a dopant which is diffused with a decreasing 
concentration gradient from the surface of a lithium transi 
tion metal oxide particle toward the center thereof is used , 
desired effects may be achieved , thereby completing the 
present invention . 

BACKGROUND ART 
[ 0003 ] As technology development and demands for 
mobile devices increase , demands for secondary batteries as 
energy sources are rapidly increasing . Among the secondary 
batteries , lithium secondary batteries having high energy 
density and working potential , a long cycle life , and a low 
self - discharge rate have been commercialized and widely 
used . 
[ 0004 ] Further , with growing concerns about environmen 
tal issues , many researches have been conducted on electric 
vehicles and hybrid electric vehicles which may be 
employed in place of fossil fuel - based vehicles such as 
gasoline vehicles , diesel vehicles , etc . , which are one of 
major causes of air pollution . Use of lithium secondary 
batteries having high energy density and discharge voltage 
as power sources for such electric vehicles and hybrid 
electric vehicles has been actively studied , and commercial 
ization thereof has been also actively carried out . 
[ 0005 ] As a positive electrode material for the lithium 
secondary battery , LiCo02 , a ternary system material 
( NMC / NCA ) , LiMnO4 , LiFePO4 , etc . is currently used . Of 
them , LiCoo , has problems in that cobalt is expensive and 
LiCoo , has low capacity at the same voltage , as compared 
with ternary system materials . Therefore , use of ternary 
system materials is gradually increasing in order to increase 
the capacity of secondary batteries . 
[ 0006 ] LiCo0 , has excellent physical properties such as 
high rolling density , etc . , and excellent electrochemical 
properties such as high cycling property , and therefore , it has 
been frequently used until now . However , since LiCoo , has 
a charge / discharge current capacity as low as about 150 
mAh / g , and its crystal structure is unstable at a high voltage 
of 4 . 3 V or more , it has problems of a rapid reduction of 
lifetime property and ignition caused by reactions with an 
electrolyte . 
[ 0007 ] In particular , when a high voltage is applied to 
LiCoo , in order to develop a high capacity secondary 
battery , Li usage of LiCoo , is increased , which may 
increase possibility of surface instability and structural insta 
bility . 
[ 0008 ] To solve these problems , a method of doping or 
coating the surface of LiCoo , with a metal such as Al , Ti , 
Mg , or Zr is generally suggested . However , there are restric 
tions on the methods , structural stability is still poor , suffi 
cient lifetime characteristics are not obtained , or capacity 
deterioration occurs . 
[ 0009 ] Accordingly , it is highly necessary to develop a 
lithium cobalt oxide - based positive electrode active material 

Technical Solution 
[ 0012 ] The negative electrode may be fabricated by apply 
ing a negative electrode active material onto a negative 
electrode collector and drying the collector . If necessary , the 
above - described components may be further included , 
optionally . 
[ 0013 ] The negative electrode collector is generally fab 
ricated in a thickness of 3 um to 500 um . The negative 
electrode collector is not particularly limited , as long as it 
has conductivity without causing chemical changes in the 
battery . For example , copper , stainless steel , aluminum , 
nickel , titanium , sintered carbon , and copper or stainless 
steel having a surface treated with carbon , nickel , titanium , 
or silver , aluminum - cadmium alloys , etc . may be used . Like 
the positive electrode collector , the negative electrode col 
lector may also be processed to form fine irregularities on 
the surface thereof so as to enhance adhesive strength to the 
negative electrode active material . The collector may be 
used in various forms including films , sheets , foils , nets , 
porous structures , foams , non - woven fabrics , etc . 
[ 0014 ] The negative electrode active material may 
include , for example , carbon such as non - graphitized car 
bon , graphitized carbon , etc . ; metal composite oxides such 
as Li Fe2O3 ( 0sxsl ) , Li , WO2 ( 0 < xsl ) , Sn Me - Me ' , O , 
( Me : Mn , Fe , Pb , Ge ; Me ' : A1 , B , P , Si , Group I , II or III 
elements of the periodic table , halogen ; 0 < xsl ; lsys3 ; 
1szs8 ) , etc . ; lithium metal ; lithium alloys ; silicon - based 
alloys ; tin - based alloys ; metal oxides such as Sno , SnO2 , 
PbO , PbO2 , Pb2O3 , Pb204 , Sb2O3 , Sb 04 , Sb2O5 , Geo , 
GeO2 , Bi2O3 , Bi204 , and Bi20s , etc . , conductive polymers 
such as polyacetylene , etc . ; Li - Co — Ni - based materials . 
[ 0015 ] The separator is interposed between the positive 
electrode and the negative electrode . As the separator , an 
insulating thin film having high ion permeability and 
mechanical strength is used . The separator generally has a 
pore diameter of 0 . 01 um to 10 um and a thickness of 5 um 
to 300 um . As the separator , for example , a sheet or 
non - woven fabric made of olefin polymer , such as polypro 
pylene having chemical resistance and hydrophobicity , etc . ; 
glass fiber or polyethylene is used . When a solid electrolyte 
such as a polymer is employed as the electrolyte , the solid 
electrolyte may also serve as the separator . 
[ 0016 ] The non - aqueous electrolyte containing lithium 
salts is composed of a non - aqueous electrolyte and lithium 
salt . A non - aqueous organic solvent , an organic solid elec 
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[ 0025 ] FIG . 2 is an XPS graph of a positive electrode 
active material according to Comparative Example 3 ; and 
[ 0026 ] FIG . 3 is a graph showing cycling characteristics of 
coin - type half cells according to Example 6 and Compara 
tive Example 4 . 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[ 0027 ] Hereinbelow the present invention will be 
described with reference to Examples . A better understand 
ing of the present invention may be obtained in light of the 
following Examples , but are not to be construed to limit the 
scope of the present invention . 

Preparation of Positive Electrode Active Material 
Example 1 

[ 0028 ] LiCoo , as a lithium transition metal oxide particle 
and A1 , 02 as a doping precursor were mixed at a molar ratio 
of Co : Al of 99 . 9 : 0 . 1 , and then heat - treated at 675° C . for 8 
hours to prepare a positive electrode active material particle 
of LiC00 . 999A10 . 0010 , in which Al was doped onto lithium 
cobalt oxide to diffuse into the center thereof . 

trolyte , or an inorganic solid electrolyte may be used as the 
non - aqueous electrolyte . However , the non - aqueous electro 
lyte is not limited thereto . 
[ 0017 ] . The non - aqueous organic solvent may be , for 
example , a non - protic organic solvent such as N - methyl - 2 - 
pyrrolidone , propylene carbonate , ethylene carbonate , buty 
lene carbonate , dimethyl carbonate , diethyl carbonate , 
gamma butyrolactone , 1 , 2 - dimethoxy ethane , tetrahydroxy 
franc , 2 - methyl tetrahydrofuran , dimethylsulfoxide , 1 , 3 - di 
oxolane , formamide , dimethylformamide , dioxolane , 
acetonitrile , nitromethane , methyl formate , methyl acetate , 
phosphoric acid triester , trimethoxy methane , dioxolane 
derivatives , sulfolane , methyl sulfolane , 1 , 3 - dimethyl - 2 
imidazolidinone , propylene carbonate derivatives , tetrahy 
drofuran derivatives , ether , methyl propionate , ethyl propi 
onate , etc . 
10018 ] The organic solid electrolyte may include , for 
example , polyethylene derivatives , polyethylene oxide 
derivatives , polypropylene oxide derivatives , phosphoric 
acid ester polymer , polyagitation lysine , polyester sulfide , 
polyvinyl alcohol , polyvinylidene fluoride , a polymer con 
taining ionic dissociation groups , etc . 
[ 0019 ] The inorganic solid electrolyte may include , for 
example , Li - based nitrides , halides , or sulfates such as LizN , 
Lil , Li - NI , , Li , N — Lil - LiOH , LiSiO . , LiSiO , - Lil — 
LiOH , Li Sisz , Li _ SiO4 , Li _ S104 — Lil — LiOH , LizP04 – 
Li2S SiS2 , etc . 
[ 0020 ] The lithium salts are readily dissolved in the non 
aqueous electrolyte , and may include , for example , LiCl , 
LiBr , Lil , LiC104 , LiBF4 , LiB10C110 , LIPF . , LiCF3SO3 , 
LiCF2C02 , LiAsF . , LiSbF6 , LiA1C14 , CH2SO3Li , 
CF2SO3Li , ( CF2SO2 ) 2NLi , chloroboran lithium , lower ali 
phatic carboxylic acid lithium , lithium tetraphenyl borate , 
imides , etc . 
[ 0021 ] In order to improve charge / discharge characteris 
tics and flame retardancy in the non - aqueous electrolyte , for 
example , pyridine , triethyl phosphite , triethanolamine , 
cyclic ether , ethylene diamine , n - glyme , hexaphosphoric 
triamide , nitrobenzene derivatives , sulfur , quinoneimine 
dyes , N - substituted oxazolidinone , N , N - substituted imida 
zolidine , ethyleneglycol dialkylether , ammonium salts , pyr 
rol , 2 - methoxy ethanol , aluminum trichloride , etc . may be 
added . Optionally , halogen - containing solvents such as car 
bon tetrachloride or ethylene trifluoride may be further 
added in order to obtain flame resistance , or carbon dioxide 
gas may be further added in order to enhance high - tempera 
ture retention properties , and FEC ( Fluoro - Ethylene Car 
bonate ) , PRS ( Propene sultone ) , etc . may be further added . 
[ 0022 ] Further , the present invention provides a battery 
pack including the secondary battery , and a device including 
the battery pack , and the above battery pack and device are 
known in the art , and therefore , specific descriptions thereof 
will be omitted in the present invention . 
[ 0023 ] The device may be , for example , notebook com 
puters , netbooks , tablet PC , mobile phones , MP3 , wearable 
electronics , power tools , electric vehicles ( EV ) , hybrid elec 
tric vehicles ( HEV ) , plug - in hybrid electric vehicles 
( PHEV ) , E - bike , E - scooter , electric golf carts , or electric 
storage systems , etc . , but is not limited thereto . 

Example 2 
[ 0029 ] LiCo02 as a lithium transition metal oxide particle 
and A1 , 0 , as a doping precursor were mixed at a molar ratio 
of Co : Al of 99 . 8 : 0 . 2 , and then heat - treated at 750° C . for 8 
hours to prepare a positive electrode active material particle 
of LiC00 . 998A10 . 0020 , in which Al was doped onto lithium 
cobalt oxide to diffuse into the center thereof . 

Example 3 
[ 0030 ] LiCoo , as a lithium transition metal oxide particle 
and A1203 as a doping precursor were mixed at a molar ratio 
of Co : Al of 99 . 8 : 0 . 2 , and then heat - treated at 950° C . for 10 
hours to prepare a positive electrode active material particle 
of LiC00 . 998A10 . 0020 , in which Al was doped onto lithium 
cobalt oxide to diffuse into the center thereof . 

Example 4 
[ 0031 ] LiCoo , as a lithium transition metal oxide particle 
and A1 , 0 , as a doping precursor were mixed at a molar ratio 
of Co : Al of 99 . 7 : 0 . 3 , and then heat - treated at 750° C . for 8 
hours to prepare a positive electrode active material particle 
of LiCo , 90 A1 , 0020 , in which Al was doped onto lithium 
cobalt oxide to diffuse into the center thereof . 

Example 5 
[ 0032 ] LiCoo , as a lithium transition metal oxide particle 
and A1 , 02 as a doping precursor were mixed at a molar ratio 
of Co : Al of 99 . 9 : 0 . 01 , and then heat - treated at 1 , 000° C . for 
8 hours to prepare a positive electrode active material 
particle of LiCo . 999 Alo 0010 , in which Al was doped onto 
lithium cobalt oxide to diffuse into the center thereof . 

BRIEF DESCRIPTION OF DRAWINGS 
Comparative Example 1 

[ 0033 ] LiCoo , was used as a positive electrode active 
material particle without doping with a doping precursor and 
heat treatment . 

[ 0024 ] FIG . 1 is an XPS graph of a positive electrode 
active material according to Example 1 ; 
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Comparative Example 4 Comparative Example 2 
[ 0034 ] 31 g of Co204 , 19 . 0 g of Li _ C03 , and 26 . 9 mg of 
Al2O3 were weighed and sufficiently dry - mixed to obtain a 
mixture . The mixture was calcined at 900° C . to 1 , 100° C . 
for 5 hours to 20 hours to obtain a calcination product , which 
was pulverized and size - sorted to prepare a positive elec 
trode active material particle of Li1 . 001C00 . 99A1 . 02 . 

f0041 ] A coin - type half cell was manufactured in the same 
manner as in Example 6 , except that the positive electrode 
active material prepared in Comparative Example 3 was 
used . 

Experimental Example 2 
Comparative Example 3 

[ 0035 ] LiCoo , as a lithium transition metal oxide particle 
and Al2O3 as a doping precursor were mixed at a molar ratio 
of Co : Al of 99 . 8 : 0 . 2 , and then heat - treated at 400° C . for 5 
hours to prepare a positive electrode active material particle 
of LiC00 . 999A10 . 002 in which Al was doped onto lithium 
cobalt oxide to diffuse into the center thereof . 

Experimental Example 1 

[ 0042 ] High - voltage lifetime characteristics of coin - type 
half cells manufactured in Example 6 and Comparative 
Example 4 respectively were measured . High - voltage life 
time characteristics were examined by measuring a dis 
charge capacity for 50 cycles , in which 1 cycle was defined 
as performing charging / discharging at 0 . 5 C / 1 . 0 , an upper 
voltage limit of 4 . 55 V and 25° C . The results are shown in 
FIG . 3 . 
[ 0043 ] As shown in FIG . 3 , the coin - type half cell of 
Comparative Example 4 showed a reduction of discharge 
capacity before 20 cycles , and the discharge capacity was 
reduced to 87 % of the initial capacity at 50 cycles . In 
contrast , the coin - type half cell of Example 6 showed the 
capacity reduction much less than that of Comparative 
Example 4 , and maintained at least 95 % or more of the 
initial capacity at 50 cycles . Accordingly , it can be seen that 
when the concentration gradient of the dopant is formed in 
a predetermined range , lifetime characteristic is improved . 
[ 0044 ] It will be apparent to those skilled in the art that 
various modifications and changes may be made thereto 
from the foregoing description without departing from the 
scope of the present invention . 

INDUSTRIAL APPLICABILITY 

Measurement of XPS Graph 
[ 0036 ] XPS ( X - ray photoelectron spectroscopy ) was car 
ried out by using the positive electrode active materials 
prepared in Example 1 and Comparative Example 3 , and the 
results are as in graphs of FIGS . 1 and 2 , respectively . 
[ 0037 ] Referring to FIGS . 1 and 2 , the positive electrode 
active material of Example 1 which was heat - treated for a 
relatively short time but calcined at a relatively high tem 
perature showed active diffusion of the doping precursor , as 
compared with the positive electrode active material of 
Comparative Example 3 . Therefore , it can be seen that the 
calcination temperature has a greater influence on the dif 
fusion of the doping precursor than the calcination time . 
[ 0038 ] In contrast , the positive electrode active material of 
Comparative Example 3 showed diffusion of a small amount 
of the doping precursor into lithium cobalt oxide particles , 
but the dopant was merely distributed within a depth range 
of about 5 nm or more from the surface of the particle toward 
the center thereof , and diffusion hardly occurred in the 
deeper part of the particle . 
[ 0039 ] In contrast , the positive electrode active material of 
Example 1 showed diffusion of the dopant in a depth range 
of up to 100 nm from the surface of the lithium cobalt oxide 
particle toward the center thereof , indicating that the con 
centration of the dopant distributed on the surface was 
higher , and the concentration of the dopant decreased as it 
was deeper toward the center . 

0045 ] As described above , the positive electrode active 
material according to the present invention includes a dopant 
diffusing from the surface of a lithium transition metal oxide 
particle , in which the dopant is distributed with an increasing 
concentration gradient from the center of the particle toward 
the surface thereof . Therefore , surface stability of the 
lithium transition metal oxide may be improved even by a 
small amount of the dopant with a concentration gradient on 
the surface of the positive electrode active material , and side 
reaction between a transition metal constituting the lithium 
transition metal oxide and an electrolyte may be suppressed , 
thereby preventing deterioration of overall performances of 
a lithium secondary battery and improving a lifetime char 
acteristic and stability of the battery . 

[ 0046 ] Further , conductivity of the positive electrode 
active material may be decreased by surface - doping with the 
dopant having low conductivity , thereby obtaining excellent 
results in a safety test such as a nail test , a hot - box test , etc . 

Manufacture of Secondary Battery 

Example 6 
[ 0040 ] The positive electrode active material prepared in 
Example 1 and 1 . 0 % by weight of carbon black as a 
conductive material were mixed , and 3 % by weight of PVdF 
was mixed thereto to prepare a positive electrode mixture , 
which was stirred together with NMP as a solvent . Then , the 
mixture was applied to an aluminum foil which is a metal 
collector , and dried in a vacuum oven at about 120° C . for 
2 hour or longer to manufacture a positive electrode . As a 
negative electrode , a lithium foil was used , and an electro 
lyte containing 1M LiPF , in a solvent of EC : DMC : DEC = 1 : 
2 : 1 was used to manufacture a coin - type half cell . 

1 . A positive electrode active material for a lithium 
secondary battery , the positive electrode active material 
comprising lithium transition metal oxide represented by the 
following Chemical Formula 1 , 
wherein the lithium transition metal oxide includes a 

dopant diffusing from the surface of the lithium tran 
sition metal oxide particle , and the dopant is distributed 
with a concentration gradient from the center of the 
particle toward the surface thereof , 
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wherein at 99 % or more of the dopant is distributed within 
the depth range of 100 nm from the surface of the 
lithium transition metal oxide particle toward the center 
thereof : 
Li , CO1xM02 ( 1 ) 

wherein 0 . 95 sas1 . 05 ; 0 < x < 0 . 2 , and 
M is Al . 
2 - 3 . ( canceled ) 
4 . The positive electrode active material of claim 1 , 

wherein at 90 % or more of the dopant is distributed in the 
range of 0 . 5 r to 1 r , based on a mean radius ( r ) of the lithium 
transition metal oxide particle . 

5 . The positive electrode active material of claim 1 , 
wherein the dopant is distributed within the depth range of 
500 nm from the surface of the lithium transition metal oxide 
particle toward the center thereof . 

6 . ( canceled ) 
7 . The positive electrode active material of claim 1 , 

wherein at 90 % or more of the dopant is distributed within 
the depth range of 50 nm from the surface of the lithium 
transition metal oxide particle toward the center thereof . 

8 . The positive electrode active material of claim 1 , 
wherein the dopant shows a decreasing concentration gra 
dient from the surface of the lithium transition metal oxide 
particle toward the center thereof . 

9 . The positive electrode active material of claim 8 , 
wherein the concentration gradient of the dopant shows a 
decreasing graph of a quadratic function of a content change 
of the dopant versus a distance ( L ) from the surface of the 
lithium transition metal oxide particle toward the center 
thereof . 

10 . The positive electrode active material of claim 1 , 
wherein the lithium transition metal oxide shows Li - defi 
ciency on the surface of the particle . 

11 . The positive electrode active material of claim 1 , 
wherein the lithium transition metal oxide exhibits charge ) 
discharge characteristics at 3 . 0 V to 4 . 55 V . 

12 . A method of preparing the positive electrode active 
material of claim 1 , the method comprising : 

( a ) preparing a lithium transition metal oxide particle and 
a doping precursor ; 

( b ) coating the surface of the lithium transition metal 
oxide particle with the doping precursor by mixing the 
lithium transition metal oxide particle and the doping 
precursor ; and 

( c ) calcining the doping precursor - coated lithium transi 
tion metal oxide particle . 

13 . The method of claim 12 , wherein the doping precursor 
is one or more selected from the group consisting of a metal , 
metal oxide , and a metal salt . 

14 . The method of claim 12 , wherein in ( c ) , the dopant of 
the doping precursor diffuses into the lithium transition 
metal oxide particles . 

15 . The method of claim 12 , wherein the calcination 
temperature of ( c ) is 500° C . to 1000° C . 

16 . The method of claim 12 , wherein the calcination time 
of ( c ) is 3 hours to 20 hours . 

17 . A positive electrode for a secondary battery , the 
positive electrode comprising the positive electrode active 
material of claim 1 . 

18 . A lithium secondary battery comprising the positive 
electrode of claim 17 , a negative electrode , and an electro 
lyte . 


