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(57) ABSTRACT 

A positive active material for a rechargeable lithium battery 
includes a lithium intercalation compound; and lithium tita­
nium oxide represented by Chemical Formula 1 on the sur­
face of the lithium intercalation compound surface. 

In the Chemical Formula 1, 
0<xs3, 
lsys5, 
-0.3szs0.3, and 

Chemical Formula 1 

Mis an element selected from Mg, Al, Ga, La, Tb, Gd, Ce, Pr, 
Nd, Sm, Ba, Sr, Ca, and combinations thereof. 
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FIG. 2A 
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FIG. 2B 
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FIG. 3B 
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FIG. 4A 



AMPEREX Ex. 1006 
Page 8

Patent Application Publication 
May 26, 2016 Sheet 7 of 20 

US 2016/0149215 Al 

FIG. 4B 
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FIG. 4C 
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FIG. 5A 
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FIG. 5B 
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FIG. 6A 
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FIG. 6B 
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FIG. 6C 
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FIG. 7A 

- - · - Comparative Example 7 - - - - Comparative Example 8 
- -- Comparative Example 12 -- Example 4 
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FIG. 7B 

-·- - Comparative Example 7 ---- Comparative Example 8 
- - - Comparative Example 12 -- Example 4 
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FIG. 8 

- - - Comparative Example 7 ---- Comparative Example 8 
- -- Comparative Example 12 -- Example4 
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FIG. 10 
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POSITIVE ACTIVE MATERIAL FOR 
RECHARGEABLE LITHIUM BATTERY, 
METHOD OF PREPARING SAME, AND 
RECHARGEABLE LITHIUM BATTERY 

INCLUDING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to and the benefit of 
Korean Patent Application No. 10-2014-0163370 filed in the 
Korean Intellectual Property Office on Nov. 21, 2014, the 
entire content of which is incorporated herein by reference. 

BACKGROUND 

[0002] 1. Field 
[0003] One or more embodiments of the present disclosure 
relate to a positive active material for a rechargeable lithium 
battery, a method of preparing the same and a rechargeable 
lithium battery including the same. 
[0004] 2. Description of the Related Art 
[0005] Lithium rechargeable batteries have recently drawn 
attention as a power source for small portable electronic 
devices. Lithium rechargeable batteries typically use (utilize) 
an organic electrolyte solution and thus, have two times or 
more higher discharge voltage than that of a battery in the 
related art using an alkali aqueous solution. Accordingly, 
lithium rechargeable batteries using an organic electrolyte 
solution have high energy density. 
[0006] As a positive active material for a rechargeable 
lithium battery, a lithium-transition metal oxide having a 
structure capable of intercalating lithium ions (such as 
LiCoO2 , LiMn2O4 , LiNi 1_xCoxO2 (0<x<l), and/or the like) 
may be utilized. 
[0007] As a negative active material, various carbon-based 
materials (such as artificial graphite, natural graphite, and/or 
hard carbon), which intercalate and deintercalate lithium, and 
oxides (such as tin oxide, lithium vanadium-based oxide, 
and/ or the like) have been used. 

SUMMARY 

[0008] One or more aspects of embodiments of the present 
invention are directed to a positive active material for a 
rechargeable lithium battery having excellent cycle-life char­
acteristics. 
[0009] One or more embodiments are directed to a method 
of preparing the positive active material. 
[0010] One or more embodiments are directed to a 
rechargeable lithium battery including the positive active 
material. 
[0011] According to one or more embodiments, a positive 
active material for a rechargeable lithium battery includes a 
lithium intercalation compound; and a lithium titanium oxide 
represented by Chemical Formula 1 on the surface of the 
lithium intercalation compound. 

[0012] In Chemical Formula 1, 
[0013] 0<xs3, 
[0014] lsys5, 
[0015] -0.3szs0.3, and 

Chemical Formula 1 

[0016] Mis an element selected from Mg, Al, Ga, La, Tb, 
Gd, Ce, Pr, Nd, Sm, Ba, Sr, Ca, and combinations thereof. 
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[0017] The lithium titanium oxide may be Li4 _xMxTi5 O12 . 

The lithium titanium oxide may have a spine! structure. 
[0018] The lithium titanium oxide may be included in an 
amount of about 2.0 wt% to about 6.0 wt% based on 100 wt 
% of the positive active material. 
[0019] The lithium intercalation compound may be an 
M-doped compound, where Mis selected from Mg, Al, Ti, 
La, Tb, Gd, Ce, Pr, Nd, Sm, Ba, Sr, Ca, and combinations 
thereof. The M may be doped in an amount of about 0.1 mo! 
% to about 2 mo! % based on 100 mo! % of the lithium 
intercalation compound. 
[0020] According to one or more embodiments, a method 
of preparing a positive active material for a rechargeable 
lithium battery includes mixing titanium compound-contain­
ing liquid and a lithium intercalation compound to prepare a 
mixture; drying the mixture to obtain a dried product; and 
heat-treating the dried product. 
[0021] The titanium compound-containing liquid may have 
a concentration of about 1.5 wt % to about 3.0 wt % of a 
titanium compound based on the total amount of the liquid. 
[0022] A mixing ratio of the titanium compound-contain­
ing liquid and lithium intercalation compound may be a 
weight ratio in a range from about 0.0092: 1 to about 0.073: 1. 
[0023] The drying the mixture process may be performed at 
about 60° C. to about 100° C. for about 6 hours to about 24 
hours. 
[0024] The heat-treating the dried product may be per­
formed at about 700° C. to about 950° C. for about 3 hours to 
about 20 hours. 
[0025] The lithium intercalation compound may be an 
M-doped compound. 
[0026] According to one or more embodiments, a recharge­
able lithium battery includes a positive electrode including 
the positive active material of the present embodiments; a 
negative electrode including a negative active material; and 
an electrolyte. 
[0027] Other embodiments are included in the following 
detailed description. 
[0028] The positive active material for a rechargeable 
lithium battery according to one or more embodiments of the 
present invention has excellent cycle-life characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a schematic perspective view showing a 
structure of a lithium rechargeable battery including a posi­
tive active material according to one or more embodiments. 
[0030] FIG. 2A is a scanning electron microscope (SEM) 
photograph showing the surface of the Mg-doped positive 
active material prepared according to Example 1. 
[0031] FIG. 2B is an energy dispersive X-ray (EDX) pho­
tograph showing element distribution at the surface of the 
Mg-doped positive active material prepared according to 
Example 1. 
[0032] FIG. 3A is a SEM photograph showing the surface 
of the Mg-doped positive active material prepared according 
to Comparative Example 5. 
[0033] FIG. 3B is an EDX photograph showing the element 
distribution at the surface of the Mg-doped positive active 
material prepared according to Comparative Example 5. 
[0034] FIG. 4A is a transmission electron microscope 
(TEM) photograph showing the surface of the positive active 
material prepared according to Comparative Example 2. 
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[0035] FIG. 4B is a scanning transmission electron micro­
scope photograph of the cross-section of the positive active 
material prepared according to Comparative Example 2. 
[0036] FIG. 4C shows a FFT (fast Fourier transform) pat­
tern of the positive active material prepared according to 
Comparative Example 2. 
[0037] FIG. SA is a TEM photograph showing the surface 
of the positive active material prepared according to Com­
parative Example 6. 
[0038] FIG. 5B is a scanning transmission electron micro­
scope photograph of the cross-section of the positive active 
material prepared according to Comparative Example 6. 
[0039] FIG. SC shows a FFT (fast Fourier transform) pat­
tern of the positive active material prepared according to 
Comparative Example 6. 
[0040] FIG. 6A is a TEM photograph showing the surface 
of the positive active material prepared according to Example 
2. 
[0041] FIG. 6B is a scanning transmission electron micro­
scope photograph of the cross-section of the positive active 
material prepared according to Example 2. 
[0042] FIG. 6C shows a FFT (fast Fourier transform) pat­
tern of the positive active material prepared according to 
Example 2. 
[0043] FIG. 7 A is a graph showing initial resistances of the 
battery cells prepared according to Example 4, and Compara­
tive Examples 7, 8 and 12. 
[0044] FIG. 7B is a graph showing resistances of the battery 
cells prepared according to Example 4, and Comparative 
Examples 7, 8 and 12 after 50 cycles. 
[0045] FIG. 8 is a graph showing cycle-life characteristics 
of the battery cells prepared according to Example 4, and 
Comparative Examples 7, 8 and 12. 
[0046] FIG. 9 is a photograph showing the state of the 
positive active material before and after charging the cell 
prepared according to Comparative Example 8. 
[0047] FIG. 10 is a transmission electron microscope 
(TEM) photograph of the positive active material according 
to Comparative Example 11 after 50 charges and discharges. 
[0048] FIG. 11 is a photograph showing the state of the 
positive active material before and after charging the cell 
prepared according to Example 4. 

DETAILED DESCRIPTION 

[0049] Hereinafter, embodiments are described in detail. 
However, these embodiments are provided for illustrative 
purposes, and this disclosure is not limited thereto. 
[0050] Expressions such as "at least one of' and "at least 
one selected from", when preceding a list of elements, modify 
the entire list of elements and do not modify the individual 
elements of the list. Further, the use of"may" when describ­
ing embodiments of the present invention refers to "one or 
more embodiments of the present invention." In addition, as 
used herein, the terms "use," "using," and "used" may be 
considered synonymous with the terms "utilize," "utilizing," 
and "utilized," respectively. 
[0051] As used herein, the term "substantially," "about," 
and similar terms are used as terms of approximation and not 
as terms of degree, and are intended to account for the inher­
ent deviations in measured or calculated values that would be 
recognized by those of ordinary skill in the art. 
[0052] Also, any numerical range recited herein is intended 
to include all sub-ranges of the same numerical precision 
subsumed within the recited range. For example, a range of 
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"1.0 to 10.0" is intended to include all subranges between 
(and including) the recited minimum value of 1.0 and the 
recited maximum value of 10.0, that is, having a minimum 
value equal to or greater than 1.0 and a maximum value equal 
to or less than 10.0, such as, for example, 2.4 to 7.6. Any 
maximum numerical limitation recited herein is intended to 
include all lower numerical limitations subsumed therein and 
any minimum numerical limitation recited in this specifica­
tion is intended to include ail higher numerical limitations 
subsumed therein. Accordingly, Applicant reserves the right 
to amend this specification, including the claims, to expressly 
recite any sub-range subsumed within the ranges expressly 
recited herein. All such ranges are intended to be inherently 
described in this specification such that amending to 
expressly recite any such subranges would comply with the 
requirements of35 U.S.C. §112, first paragraph, and35 U.S. 
C. §132(a). 
[0053] A positive active material according to one or more 
embodiments includes a lithium intercalation compound; and 
a lithium titanium oxide represented by Chemical Formula 1, 
the lithium titanium oxide being positioned on the surface of 
the lithium intercalation compound. 

[0054] In the Chemical Formula 1, 
[0055] 0<xs3, lsys5, -0.3szs0.3, and 

Chemical Formula 1 

[0056] M is an element selected from Mg, Al, Ga, La, Tb, 
Gd, Ce, Pr, Nd, Sm, Ba, Sr, Ca, and combinations thereof. In 
one embodiment, M may be an element selected from Mg, Al, 
Ga, and combinations thereof. 
[0057] In the Chemical Formula 1, x refers to a doping 
amount of the M ( e.g., the amount of doping element Min the 
lithium titanium oxide). In the Chemical Formula 1, x may be 
within the following ranges: 0<xs3, or lsxs2. When the 
value ofx is within any of these ranges, electrical character­
istics at the surface of the active material may be improved. 
[0058] The lithium titanium oxide may be positioned on the 
surface of the lithium intercalation compound in a form of an 
island coating. Herein, the term "island coating" refers to a 
spherical, semi-spherical, non-spherical, or amorphous shape 
having a predetermined volume, without being limited 
thereto. For example, the "island coating" may be a discon­
tinuous coating formed of spherical, semi-spherical, non­
spherical, or amorphous shape particles. 
[0059] In some embodiments, the lithium titanium oxide is 
doped with M, and the M-doped lithium titanium oxide is 
positioned on the surface of the lithium intercalation com­
pound. The resulting positive active material exhibits 
improved ion conductivity and electric conductivity, as com­
pared with a positive active material including a lithium tita­
nium oxide not doped with M positioned on the surface of the 
lithium intercalation compound, and thus, excellent rate 
capability and cycle-life characteristics during the charge and 
discharge of the battery may be obtained. 
[0060] When the lithium titanium oxide is not a compound 
represented by the Chemical Formula 1 but instead is, for 
example, Li2 TiO3 or M-doped Li2 TiO3 , or when the com­
pound represented by Chemical Formula 1 is included along 
with the Li2 TiO3 or the M-doped Li2 Ti 0 3 , surface resistance 
of the resulting active material is relatively high, and the 
structure of the coating layer on the surface thereof may be 
relatively easily broken during charge and discharge, and 
thus, cycle-life characteristics of the battery may not improve 
or may deteriorate. 
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[0061] The lithium titanium oxide represented by Chemi­
cal Formula 1 may be a compound having a spine! structure. 
The compound having a spine! structure, unlike the com­
pound having a layered structure, can remain stable (without 
a structural transition) during charge and discharge. 
[0062] In one embodiment, the lithium titanium oxide may 
be included in an amount of about 2.0 wt% to about 6.0 wt% 
based on the total amount (100 wt % ) of the positive active 
material. When the lithium titanium oxide is included within 
this range, cycle-life characteristics of the battery may be 
improved, while capacity per gram of an active material is 
maintained. 
[0063] The lithium intercalation compound may be an 
M-doped compound (where Mis Mg, Al, Ti, La, Tb, Gd, Ce, 
Pr, Nd, Sm, Ba, Sr, Ca, or a combination thereof). Herein, the 
Mis doped (included) in an amount of about 0.1 mo!% to 
about 2 mo!% based on the total amount (100 mo!%) of the 
lithium intercalation compound. When the Mis doped within 
this range, surface electrical characteristics may be improved. 
[0064] In some embodiments, the M-doped lithium inter­
calation compound may be represented by the following 
chemical formulae. 
[0065] LiaA1-bMbD2 (0.90sasl.8, 0.001 <bs0.2); LiaAl­
bMb02-cDc (0.90sasl.8, 0.00l<bs0.2, 0scs0.05); LiaEl­
bMb02-cD c (0.90sasl.8, 0.001 <bs0.2, 0scs0.05); LiaE2_ 
bMb04-cDc (0.90sasl .8, 0.001 <bs0.2, 0scs0.05); LiaNil-b­
cCobMcDa (0.90sasl.8, 0sbs0.5, 0.001 <cs0.2, 0<as2); 
LiaNil-b-cCobMcO2-aTa (0.90sasl.8, 0sbs0.5, 0.001 <cs0. 
2, 0<a<2); LiaNil-b-cCobMcO2-aT2 (0.90sasl.8, 0sbs0.5, 
0.00lscs0.2, 0<a<2); LiaNil-b-cMnbMcDa (0.90sasl.8, 
0sbs0.5, 0.0Olscs0.2, 0<as2); LiaNil-b-cMnbMcO2-aTa 
(0.90sasl.8, 0sbs0.5, 0.0Olscs0.2, 0<a<2); LiaNi1_6_cMn-
6McO2_aT 2 (0.90sasl.8, 0sbs0.5, 0.00lscs0.2, 0<a<2); 
LiaNi6EcMj)2 (0.90sasl.8, 0sbs0.9, 0scs0.5, 0.001 <ds0. 
2); LiaNi6Co

0
MndMeO2 (0.90sasl.8, 0sbs0.9, 0scs0.5, 

0sds0.5, 0.00lses0.2); LiaNiM6O2 (0.90sasl.8, 
0.00lsbs0.2); LiaCoM6O2 (0.90sasl.8, 0.00lsbs0.2); 
LiaMn1_6M6O2 (0.90sasl .8, 0.001 sbs0.2); LiaMn2M6O4 

(0.90sasl.8, 0.00lsbs0.2); or LiaMn1_gMgPO4 (0.90sasl. 
8, 0.00lsgs0.2). 

[0066] In the above chemical formulae, A is selected from 
Ni, Co, Mn, and combinations thereof; M is selected from 
Mg, Al, Ga, La, Tb, Gd, Ce, Pr, Nd, Sm, Ba, Sr, Ca, and 
combinations thereof; D is selected from 0, F, S, P, and 
combinations thereof; E is selected from Co, Mn, and com­
binations thereof; and Tis selected from F, S, P, and combi­
nations thereof. 

[0067] In one or more embodiments of the present inven­
tion, a method of preparing the positive active material 
includes mixing a titanium compound-containing liquid and a 
lithium intercalation compound to prepare a mixture; drying 
the resulting mixture to obtain a dried product; and heat­
treating ( e.g., by firing) the dried product. Hereinafter, each 
step is described in more detail. 

[0068] First, titanium compound-containing liquid and a 
lithium intercalation compound are mixed to prepare a mix­
ture. 

[0069] The titanium compound may be titanium butoxide, 
titanium isopropoxide, titanium dioxide, or a combination 
thereof. 

[0070] The titanium compound-containing liquid may have 
a concentration ( of the titanium compound) of about 1.5 wt% 
to about 3.0 wt%, based on the total amount of the liquid. 
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[0071] When the titanium compound-containing liquid has 
a concentration within this range, the titanium compound 
(e.g., the compound represented by Chemical Formula 1) 
may be successfully formed on the surface of the lithium 
intercalation compound. When the titanium compound-con­
taining liquid has a concentration out of this range, undesired 
impurities such as, for example, M-doped Li2 TiO3 and/or the 
like may be formed. 

[0072] The titanium compound-containing liquid may be 
prepared by mixing the titanium compound and a solvent, and 
agitating the same. The solvent may be ethanol, methanol, or 
a combination thereof, but is not limited thereto. 

[0073] The lithium intercalation compound may be an 
M-doped lithium intercalation compound. When the 
M-doped lithium intercalation compound is used, the doping 
element M may be diffused towards the surface of the com­
pound during a firing process and may form an M-doped 
lithium titanium oxide represented by Chemical Formula 1 on 
the surface of the lithium intercalation compound. 

[007 4] In the mixing process, a mixing ratio of the titanium 
compound and the lithium intercalation compound may be a 
weight ratio ranging from about 0.0092:1 to about 0.073:1. 
When the titanium compound and the lithium intercalation 
compound are mixed within this ratio range, capacity char­
acteristics may be improved. When the titanium compound 
and the lithium intercalation compound are mixed out of this 
ratio range, capacity per gram of the positive active material 
may decrease. 

[0075] Then, the mixture of the titanium compound and the 
lithium intercalation compound is dried. The drying process 
may be performed at about 60° C. to about 100° C. for about 
6 hours to about 24 hours. 

[0076] The firing process (following the drying process) 
may be performed at about 700° C. to about 950° C. for about 
3 hours to about 20 hours. In some embodiments, the firing 
process is performed by increasing the temperature up to 
about 700° C. to about 950° C. at a rate of about 5° C./min to 
about 10° C./min and performing the heat treatment at the 
increased temperature for about 3 hours to about 20 hours. 

[0077] According to the process of one or more embodi­
ments of the present invention, a starting material that gener­
ally remains as an impurity during the manufacturing of a 
lithium intercalation compound (for example, Li2CO3 

remaining during the manufacturing ofLiCoO2), reacts with 
a titanium compound to form a lithium titanium oxide, such 
that a doping element M (initially doped on the lithium inter­
calation compound) is then doped on the lithium titanium 
oxide. As a result, a positive active material including the 
lithium intercalation compound and the M-doped lithium 
titanium oxide represented by the Chemical Formula 1 on the 
surface of the lithium intercalation compound may be pre­
pared. 

[0078] One or more embodiments of the present invention 
provide a rechargeable lithium battery including a positive 
electrode including the positive active material of embodi­
ments of the present invention; a negative electrode including 
a negative active material; and an electrolyte. 

[0079] The positive electrode may include a positive cur­
rent collector and a positive active material layer formed on 
the positive current collector. The positive active material 
layer may include the positive active material of one or more 
embodiments of the present invention. 
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[0080] In the positive active material layer, the positive 
active material may be included in an amount of about 90 wt 
% to about 98 wt% based on the total amount of the positive 
active material layer. 
[0081] In some embodiments, the positive active material 
layer further includes a binder and a conductive material. 
Herein, the binder and conductive material may be included 
in an amount of about 1 wt % to about 5 wt %, respectively, 
based on the total amount of the positive active material layer. 
[0082] The binder improves binding properties of the posi­
tive active material particles with one another and with the 
current collector. Examples of the binder may include poly­
vinyl alcohol, carboxymethyl cellulose, hydroxypropyl cel­
lulose, diacetyl cellulose, polyvinylchloride, carboxylated 
polyvinylchloride, polyvinylfluoride, an ethylene oxide-con­
taining polymer, polyvinylpyrrolidone, polyurethane, poly­
tetrafluoroethylene, polyvinylidene fluoride, polyethylene, 
polypropylene, a styrene-butadiene rubber, an acrylated sty­
rene-butadiene rubber, an epoxy resin, nylon, and the like, but 
are not limited thereto. 
[0083] The conductive material is included to provide elec­
trode conductivity. Any suitable electrically conductive mate­
rial may be used as the conductive material, so long as it does 
not cause a chemical change in the battery. Non-limiting 
examples of the conductive material may include a carbon­
based material such as natural graphite, artificial graphite, 
carbon black, acetylene black, ketjen black, denka black, a 
carbon fiber, and/or the like; a metal-based material such as a 
metal powder and/or a metal fiber of copper, nickel, alumi­
num, silver, and/or the like; a conductive polymer such as a 
polyphenylene derivative; and mixtures thereof. 
[0084] The current collector may be aluminum (Al), but is 
not limited thereto. 
[0085] The negative electrode includes a current collector 
and a negative active material layer formed on the current 
collector, and the negative active material layer includes a 
negative active material. 
[0086] In some embodiments, the negative active material 
includes a material that reversibly intercalates/deintercalates 
lithium ions, a lithium metal, a lithium metal alloy, a material 
capable of doping/dedoping lithium, and/or a transition metal 
oxide. 
[0087] The material that can reversibly intercalate/deinter­
calate lithium ions includes a carbon material. The carbon 
material may be any suitable carbon-based negative active 
material commonly used in connection with lithium ion 
rechargeable batteries. Non-limiting examples of the carbon 
material include crystalline carbon, amorphous carbon, and 
mixtures thereof. The crystalline carbon may be non-shaped, 
or sheet, flake, spherical, and/or fiber shaped natural graphite 
and/or artificial graphite. The amorphous carbon may be a 
soft carbon, a hard carbon, a mesophase pitch carbonization 
product, fired coke, and/or the like. 
[0088] Non-limiting examples of the lithium metal alloy 
include an alloy oflithium and an element selected from Na, 
K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Si, Sb, Pb, In, Zn, Ba, Ra, Ge, 
Al, and Sn. 
[0089] The material capable of doping/dedoping lithium 
may include Si, a Si----C composite, SiOx (where 0<x<2), a 
Si-Q alloy (where Q is an alkali metal, an alkaline-earth 
metal, a Group 13 element, a Group 14 element, a Group 15 
element, a Group 16 element, a transition element, a rare earth 
element, or a combination thereof, and Q is not Si), Sn, SnO2 , 

a Sn-R alloy (where R is an alkali metal, an alkaline-earth 
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metal, a Group 13 element, a Group 14 element, a Group 15 
element, a Group 16 element, a transition element, a rare earth 
element, or a combination thereof, and R is not Sn), and/or the 
like. At least one of the aforementioned materials may be 
mixed with SiO2 . Q and R may each independently be 
selected from Mg, Ca, Sr, Ba, Ra, Sc, Y, Ti, Zr, Hf, Rf, V, Nb, 
Ta, Db, Cr, Mo, W, Sg, Tc, Re, Bh, Fe, Pb, Ru, Os, Hs, Rh, Ir, 
Pd, Pt, Cu, Ag, Au, Zn, Cd, B, Al, Ga, Sn, In, TI, Ge, P, As, Sb, 
Bi, S, Se, Te, Po, and combinations thereof. 
[0090] The transition metal oxide may include vanadium 
oxide, lithium vanadium oxide, and/or the like. 
[0091] In the negative active material layer, the negative 
active material may be included in an amount of about 95 wt 
% to about 99 wt% based on the total weight of the negative 
active material layer. 
[0092] The negative active material layer may include a 
binder and, optionally, a conductive material. The negative 
active material layer may include about 1 wt% to about 5 wt 
% of the binder based on the total weight of the negative active 
material layer. When the negative active material layer 
includes a conductive material, the negative active material 
layer may include about 90 wt % to about 98 wt % of the 
negative active material, about 1 wt% to about 5 wt% of the 
binder, and about 1 wt % to about 5 wt % of the conductive 
material. 
[0093] The binder improves binding properties of the nega­
tive active material particles with one another and with the 
current collector. In some embodiments, the binder includes a 
non-water-soluble binder, a water-soluble binder, or a com­
bination thereof. 
[0094] Non-limiting examples of the non-water-soluble 
binder include polyvinylchloride, carboxylated polyvinyl­
chloride, polyvinylfluoride, an ethylene oxide-containing 
polymer, polyvinylpyrrolidone, polyurethane, polytetrafluo­
roethylene, polyvinylidene fluoride, polyethylene, polypro­
pylene, polyamideimide, polyimide, and combinations 
thereof. 
[0095] Non-limiting examples of the water-soluble binder 
include a styrene-butadiene rubber, an acrylated styrene­
butadiene rubber, polyvinyl alcohol, sodium polyacrylate, a 
copolymer of propylene and a C2 to CS olefin, a copolymer of 
(meth)acrylic acid and (meth)acrylic acid alkyl ester, and 
combinations thereof. 
[0096] When a water-soluble binder is used as the binder 
for the negative electrode, a cellulose-based compound may 
be further included to provide viscosity. The cellulose-based 
compound includes at least one selected from carboxymethyl 
cellulose, hydroxypropylmethyl cellulose, methyl cellulose, 
and alkali metal salts thereof, but is not limited thereto. The 
alkali metal may be, for example, Na, K, and/or Li. The 
cellulose-based compound may be included in an amount of 
about 0.1 to about 3 parts by weight based on 100 parts by 
weight of the negative active material. 
[0097] The conductive material is included to provide elec­
trode conductivity. Any suitable electrically conductive mate­
rial may be used as the conductive material, so long as it does 
not cause a chemical change in the battery. Non-limiting 
examples of the conductive material include a carbon-based 
material (such as natural graphite, artificial graphite, carbon 
black, acetylene black, ketjen black, a carbon fiber, and/or the 
like); a metal-based material (such as a metal powder or a 
metal fiber of copper, nickel, aluminum, silver, and/or the 
like); a conductive polymer (such as a polyphenylene deriva­
tive); and mixtures thereof. 
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[0098] The current collector may include one selected from 
a copper foil, a nickel foil, a stainless steel foil, a titanium foil, 
a nickel foam, a copper foam, a polymer substrate coated with 
a conductive metal, and combinations thereof, but is not lim­
ited thereto. 

[0099] The negative electrode and the positive electrode 
may each be manufactured by mixing the respective active 
material, a conductive material and a binder in a solvent to 
prepare an active material composition, and coating the com­
position on a current collector. The electrode manufacturing 
method should be apparent to those of skill in the art, and thus 
is not described in detail in the present specification. The 
solvent may be N-methylpyrrolidone and/or the like. In some 
embodiments, depending on the binder, an aqueous solvent 
such as water and/or the like may be used, but the solvent is 
not limited thereto. 
[0100] The electrolyte includes an organic solvent and a 
lithium salt. 

[0101] The organic solvent serves as a medium of transmit­
ting ions taking part in the electrochemical reaction of the 
battery. 

[0102] The organic solvent may include a carbonate-based, 
ester-based, ether-based, ketone-based, alcohol-based, and/ 
or aprotic solvent. Non-limiting examples of the carbonate­
based solvent may include dimethyl carbonate (DMC), 
diethyl carbonate (DEC), dipropyl carbonate (DPC), methyl­
propyl carbonate (MPC), ethylpropyl carbonate (EPC), meth­
ylethyl carbonate (MEC), ethylene carbonate (EC), propy­
lene carbonate (PC), butylene carbonate (BC), and the like. 
Non-limiting examples of the ester-based solvent may 
include methyl acetate, ethyl acetate, n-propyl acetate, dim­
ethylacetate, methylpropionate, ethylpropionate, y-butyro­
lactone, decanolide, valerolactone, mevalonolactone, capro­
lactone, and the like. Non-limiting examples of the ether­
based solvent include dibutyl ether, tetraglyme, diglyme, 
dimethoxyethane, 2-methyltetrahydrofuran, tetrahydrofuran, 
and the like, and non-limiting examples of the ketone-based 
solvent include cyclohexanone and the like. Non-limiting 
examples of the alcohol-based solvent include ethyl alcohol, 
isopropyl alcohol, and the like, and non-limiting examples of 
the aprotic solvent include nitriles such as R-CN (where R 
is a C2 to C20 linear, branched, or cyclic hydrocarbon, a 
double bond, an aromatic ring, or an ether bond); amides such 
as dimethylformamide; dioxolanes such as 1,3-dioxolane; 
sulfolanes; and the like. 

[0103] The organic solvent may be used alone or in a mix­
ture. When the organic solvent is used in a mixture, the 
mixture ratio can be controlled in accordance with the desired 
battery performance. 

[0104] The carbonate-based solvent may include a mixture 
with a cyclic carbonate and a linear carbonate. The cyclic 
carbonate and the linear carbonate may be mixed together in 
a volume ratio of about 1: 1 to about 1:9. When the mixture 
having this volume ratio is used as an electrolyte, the electro­
lyte may have enhanced performance. 
[0105] The organic solvent may further include an aromatic 
hydrocarbon-based organic solvent, in addition to the carbon­
ate-based solvent. The carbonate-based solvent and the aro­
matic hydrocarbon-based solvent may be mixed together in a 
volume ratio of about 1: 1 to about 30: 1. 

[0106] The aromatic hydrocarbon-based organic solvent 
may be an aromatic hydrocarbon-based compound repre­
sented by the following Chemical Formula 2. 
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Chemical Formula 2 
R1 

Ro~R, 

Rs~R3. 

~ 

[0107] In the Chemical Formula 2, R1 to R6 may be the 
same or may be different from each other, and may be selected 
from a hydrogen, a halogen, a Cl to Cl0 alkyl group, a 
haloalkyl group, and combinations thereof. 
[0108] Non-limiting examples of the aromatic hydrocar­
bon-based organic solvent may include benzene, fluoroben­
zene, 1,2-difluorobenzene, 1,3-difluorobenzene, 1,4-difluo­
robenzene, 1,2,3-trifluorobenzene, 1,2,4-trifluorobenzene, 
chlorobenzene, 1,2-dichlorobenzene, 1,3-dichlorobenzene, 
1,4-dichlorobenzene, 1,2,3-trichlorobenzene, 1,2,4-trichlo­
ro benzene, iodo benzene, 1,2-diiodobenzene, 1,3-diiodo ben­
zene, 1,4-diiodobenzene, 1,2,3-triiodobenzene, 1,2,4-tri­
iodobenzene, toluene, fluorotoluene, 2,3-difluorotoluene, 
2,4-difluorotoluene, 2,S-difluorotoluene, 2,3,4-trifluorotolu­
ene, 2,3,S-trifluorotoluene, chlorotoluene, 2,3-dichlorotolu­
ene, 2,4-dichlorotoluene, 2,S-dichlorotoluene, 2,3,4-trichlo­
rotoluene, 2,3,S-trichlorotoluene, iodotoluene, 2,3-
diiodotoluene, 2,4-diiodotoluene, 2,S-diiodotoluene, 2,3,4-
triiodotoluene, 2,3,S-triiodotoluene, xylene and 
combinations thereof. 
[0109] The electrolyte may further include vinylene car­
bonate or an ethylene carbonate-based compound repre­
sented by the following Chemical Formula 3, in order to 
improve cycle life. 

Chemical Formula 3 

[0110] In the Chemical Formula 3, R7 and R8 may be the 
same or may be different from each other, and may be each 
independently a hydrogen, a halogen, a cyano group (CN), a 
nitro group (NO2 ), or a Cl to CS fluoroalkyl group, provided 
that at least one ofR7 andR8 is a halogen, acyano group (CN), 
a nitro group (NO2 ), or a Cl to CS fluoroalkyl group, and R7 

and R8 are not simultaneously hydrogen. 
[0111] Non-limiting examples of the ethylene carbonate­
based compound include difluoroethylene carbonate, chloro­
ethylene carbonate, dichloroethylene carbonate, bromoethyl­
ene carbonate, dibromoethylene carbonate, nitroethylene 
carbonate, cyanoethylene carbonate, fluoroethylene carbon­
ate, and the like. The amount of the additive for improving 
cycle life may be varied in accordance with the desired battery 
performance. 
[0112] In one or more embodiments, the lithium salt is 
dissolved in an organic solvent, supplies lithium ions to the 
battery, improves transportation of the lithium ions between 
positive and negative electrodes, and facilitates the basic 
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operation of the rechargeable lithium battery. Non-limiting 
examples of the lithium salt include at least one supporting 
salt selected from LiPF 6 , LiBF 4, LiSbF 6 , LiAsF 6 , LiN 
(SO2C2F 5)2, Li(CF 3 SO2)2N, LiN(SO3 C2F 5)2, LIC4F 9SO3 , 

LiClO4, LIAlO2, LIAlCl4, LiN(CxF x+l SO2)(CyF2y+l SO2) 
(wherexandy are natural numbers, e.g., anintegerofl to 20), 
Li Cl, Lil, and LiB(C2O4)2 (lithium bis( oxalato) borate; 
LiBOB). The lithium salt may be used in a concentration 
ranging from about 0.1 M to about 2.0 M. When the lithium 
salt is included at this concentration range, the electrolyte 
may have excellent performance and lithium ion mobility due 
to optimal ( or good) electrolyte conductivity and viscosity. 
[0113] The rechargeable lithium battery may further 
include a separator between the negative electrode and the 
positive electrode, depending on a kind of the battery. Non­
limiting examples of a suitable separator material include 
polyethylene, polypropylene, polyvinylidene fluoride, and 
multi-layered structures of these materials such as a polyeth­
ylene/polypropylene double-layered separator, a polyethyl­
ene/polypropylene/polyethylene triple-layered separator, 
and/or a polypropylene/polyethylene/polypropylene triple­
layered separator. 
[0114] The rechargeable lithium battery may be classified 
into a lithium ion battery, a lithium ion polymer battery, and a 
lithium polymer battery, depending on the kind of the sepa­
rator and the electrolyte utilized. The rechargeable lithium 
battery may be cylindrical, prismatic, coin-type (a coin bat­
tery), pouch-type (a pouch battery), and/or the like. In addi­
tion, it may be a bulk or a thin film battery, depending on the 
battery size. Various suitable structures and manufacturing 
methods for lithium ion batteries pertaining to this disclosure 
should be apparent to those of skill in the art. 
[0115] FIG. 1 is a schematic perspective view showing a 
structure of a rechargeable lithium battery according to one or 
more embodiments. Referring to FIG. 1, the rechargeable 
lithium battery 1 includes a positive electrode 2, a negative 
electrode 4, and a separator 3 between the positive electrode 
2 and the negative electrode 4; an electrolyte solution impreg­
nated therein; a battery case 5 including the same; and a 
sealing member 6 sealing the battery case 5. 
[0116] Hereinafter, certain examples of embodiments of 
the present invention and comparative examples are 
described. These examples, however, are provided for illus­
trative purposes only and are not in any sense to be interpreted 
as limiting the scope of the present disclosure. 

COMPARATIVE EXAMPLE 1 

[0117] Li2CO3 , Co3 O4 and Mg were mixed. Herein, a mole 
ratio of Li, Co and Mg in the final product was 1:0.95:0.05. 
The mixture was heated up to 1000° C. at a rate of 5° C./min 
for 6 hours and then naturally cooled down, thus obtaining 
LiCo0_95Mg0_05O2. Herein, the Li2CO3 remained in the 
LiCo0_95Mg0_05O2, and the residual amount of the Li2CO3 

was 0.07 wt%. 
[0118] Subsequently, the LiCo0_95Mg0_05O2 was heat­
treated again at 950° C. for 5 hours, thus preparing a LiCo0_ 
9sMg0_05O2 positive active material. 

COMPARATIVE EXAMPLE 2 

[0119] Li2CO3 , Co3 O4 and MgO were mixed. Herein, a 
mole ratio of Li, Co and Mg in the final product was 1:0.95: 
0.05. The mixture was heated up to 1000° C. at a rate of 5° 
C./min for 6 hours and then naturally cooled down, thus 
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preparing LiCo0_95Mg0_05O2. Herein, the Li2CO3 remained in 
the LiCo0_95Mg0_05O2, and the residual amount of the Li2CO3 

was 0.07 wt%. 
[0120] A titanium butoxide ethanol solution having a con­
centration of 0.46 wt % was prepared by adding titanium 
butoxide to ethanol and agitating the mixture at room tem­
perature for about 2 hours. 
[0121] 50 gofthepreparedLiCo0_95Mg0_05O2 was added to 
50 g of the titanium butoxide ethanol solution, and the result­
ing mixture was agitated at room temperature for 2 hours. The 
obtained mixture was dried in an 80° C. oven for 24 hours. 
[0122] The dried powder was heated up to 950° C. at 5° 
C./min in a furnace under an air atmosphere and then heat­
treated at 950° C. for 5 hours. The heat-treated product was 
then cooled down, thus obtaining a positive active material. 
The positive active material included the LiCo0_95Mg0_05O2 
lithium intercalation compound and a Li2_xMgxTiO3 (x=O. 
048) compound coated on the surface of the lithium interca­
lation compound in a form of an island coating. 
[0123] The resulting positive active material included 99.6 
wt% of the lithium intercalation compound and 0.4 wt% of 
the Li2_µgxTiO 3 • 

COMPARATIVE EXAMPLE 3 

[0124] A positive active material was prepared according to 
the same (or substantially the same) method as in Compara­
tive Example 2, except a titanium butoxide ethanol solution 
having a concentration of 0.90 wt%, instead of a concentra­
tion of 0.46 wt %, was prepared by changing the addition 
amount of titanium butoxide. In the resulting positive active 
material, a Li2_xMgxTiO3 (x=0.37) compound, instead ofLi2_ 
xMgxTiO3 (x=0.048), was coated on the surface of a LiCo0_ 
9sMg0_05O2 lithium intercalation compound in a form of an 
island coating. In other words, the Li2_xMgxTiO3 compound 
contacted the surface of the lithium intercalation compound 
and formed a coating layer thereon. In the resulting positive 
active material, the lithium intercalation compound was 
included in an amount of 99.35 wt%, and the Li2_xMgxTiO3 

was included in an amount of0.65 wt%. 

COMPARATIVE EXAMPLE 4 

[0125] A positive active material was prepared according to 
the same (or substantially the same) method as in Compara­
tive Example 2 except LiCoO2 was used instead of the LiCo0_ 
9sMg0_05O2 as the lithium intercalation compound and a tita­
nium butoxide ethanol solution having a concentration of 
1.80 wt %, instead of a concentration of 0.46 wt %, was 
prepared by changing the addition amount of the titanium 
butoxide. In the resulting positive active material, Li4_ 
xMgxTi5O12 (x=0.48), instead of Li2_xMgxTiO3 (x=0.048), 
was coated on the surface of the lithium intercalation com­
pound. The LiCoO2 lithium intercalation compound was 
included in an amount of 95.1 wt%, and the Li4_xMgxTi5O12 

(x=0.48) was included in an amount of 4.9 wt%. 

COMPARATIVE EXAMPLE 5 

[0126] 50 g of the LiCo0_95Mg0_05O2 prepared according to 
Comparative Example 2 was mixed with 2.5 g ofLi4Ti5O12 

powder. 
[0127] The mixed powder was heated up to 950° C. at 5° 
C./min under an air atmosphere and then heat-treated at 950° 
C. for 5 hours. The heat-treated product was cooled down, 
thus obtaining a positive active material. The positive active 
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material included the LiCo0_95Mg0_05O2 compound coated 
with the Li4 Ti5O12 . Herein, the Li4 Ti5O12 was included in an 
amount of 5 wt % based on the total weight of the LiCo0_ 
9sMg0_05O2 positive active material. 

COMPARATIVE EXAMPLE 6 

[0128] A positive active material was prepared according to 
the same (or substantially the same) method as in Compara­
tive Example 2, except that a titanium butoxide ethanol solu­
tion having a concentration of 1.35 wt %, instead of a con­
centration of 0.46 wt %, was prepared by changing the 
addition amount of titanium butoxide. In the resulting posi­
tive active material, Li4 _xMgxTi5O12 (x=0.37) was addition­
ally coated on the surface ofa Li2 _xMgxTiO3 compound (x=O. 
048) coated on the surface of a LiCo0_95Mg0_05O2 lithium 
intercalation compound in a form of an island coating. In 
other words, the Li2 _xMgx TiO3 compound was contacting the 
surface of the lithium intercalation compound and the Li4 _ 

xMgxTi5O12 was positioned on the surface of the Li2_xMgx­
TiO3 compound, that is, a double-layered coating layer was 
formed. In the resulting positive active material, the lithium 
intercalation compound was included in an amount of 96.39 
wt%, theLi2_xMgxTiO3 wasincludedinanamountof0.04wt 
%, and the Li4 _xMgxTi5O12 was included in an amount of3.57 
wt%. 

EXAMPLE 1 

[0129] A positive active material was prepared according to 
the same (or substantially the same) method as in Compara­
tive Example 2, except that a titanium butoxide ethanol solu­
tion having a concentration of 1.80 wt %, instead of a con­
centration of 0.46 wt %, was prepared by changing the 
addition amount of titanium butoxide. In the resulting posi­
tive active material, Li4 _xMgxTi5O12 (x=0.48) compound, 
insteadofLi2_xMgxTiO3 (x=0.048) compound, was coated on 
the surface of a LiCo0_95Mg0_05O2 lithium intercalation com­
pound in a form of an island coating. The lithium intercalation 
compound was included in an amount of 95 .1 wt %, and the 
Li4 _xMgxTi5O12 was included in an amount of 4.9 wt%. 

EXAMPLE2 

[0130] A positive active material was prepared according to 
the same (or substantially the same) method as in Compara­
tive Example 2, except that a titanium butoxide ethanol solu­
tion having a concentration of 2.23 wt %, instead of a con­
centration of 0.46 wt %, was prepared by changing the 
addition amount of titanium butoxide. In the resulting posi­
tive active material, Li4 _xMgxTi5O12 (x=0.6) compound, 
insteadofLi2_xMgxTiO3 (x=0.048) compound, was coated on 
the surface of a LiCo0_95Mg0_05O2 lithium intercalation com­
pound in a form of an island coating. The lithium intercalation 
compound was included in an amount of 94.1 wt%, and the 
Li4 _xMgxTi5O12 was included in an amount of 5.9 wt%. 

Evaluation 1 

[0131] FIG. 2A is a SEM photograph showing the positive 
active material according to Example 1, and FIG. 2B is an 
EDX photograph showing Ti, Mg, Co, and O elements on the 
surface of the positive active material according to Example 
1. As shown in FIG. 2B, Ti and Mg were simultaneously 
positioned on the surface of the active material. This result 
shows that Mg-a doping element in the LiC01_µgxO 2 -was 
diffused into the coating layer during the heat treatment. 
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[0132] FIG. 3A is a SEM photograph showing the positive 
active material according to Comparative Example 5, and 
FIG. 3B is an EDX photograph showing Ti, Mg, Co, and 0 
elements on the surface of the positive active material accord­
ing to Comparative Example 5. As illustrated in FIG. 3B, Mg 
was diffused into a coating layer, similar to the results illus­
trated FIG. 2B, even though the appearances of the two coat­
ings were different. 

Evaluation 2 

[0133] FIG. 4A is a TEM photograph showing the surface 
of the active material according to Comparative Example 2. 
In addition, FIG. 4B is a scanning transmission electron 
microscope (STEM) image showing the cross-section of the 
active material 

[0134] Comparative Example 2 and illustrating the coating 
layer structure of the active material, and FIG. 4C is a FFT 
pattern ( a fast Fourier transform pattern) showing the coating 
layer structure of the active material of Comparative Example 
2. In FIG. 4C, the L and M show the FFT pattern respectively 
corresponding to the Land Min FIG. 4B. In FIG. 4B, Mg is 
not referenced in the LiCoO2 and the Li2 Ti 0 3, but both com­
pounds included Mg. Accordingly, referring to the results of 
FIGS. 4A, 4B and 4C, it was found that a coating layer on the 
surface of the active material according to Comparative 
Example 2 had a Li2_xMgxTiO3 (x=0.048) structure. 

[0135] In addition, FIG. SA is a TEM photograph showing 
the surface of the active material according to Comparative 
Example 6, FIG. 5B is a scanning transmission electron 
microscope image showing the cross-section of the active 
material according to Comparative Example 6 and illustrating 
the coating layer structure of the active material, and FIG. SC 
is a FFT pattern showing the coating layer structure of the 
active material according to Comparative Example 6. In FIG. 
SC, K', L' and M' indicate the FFT pattern respectively cor­
responding to K', L', M' in FIG. 5B. As shown in FIG. 5B, the 
coating layer had a bilayer structure, where the lower L' part 
was Li2 TiO3, and the upper K' part was Li4 Ti5O12. In FIG. 
5B, Mg is not referenced in LiCoO2 , Li2 TiO3 and Li4 Ti5Ow 
but all compounds included Mg. 

[0136] FIG. 6A is a TEM photograph showing the surface 
of the active material according to Example 2, FIG. 6B is a 
scanning transmission electron microscope photograph 
showing the surface of the active material according to 
Example 2 and illustrating the coating layer structure of the 
active material, and FIG. 6C is a FFT pattern showing the 
coating layer structure of the active material according to 
Example 2. In FIG. 6C, K" and M" indicate the FFT patterns 
respectively corresponding to K" and M" in FIG. 6B. In FIG. 
6B, Mg is not referenced in LiCoO2 and Li4 Ti5Ow but all 
compounds included Mg. Accordingly, the coating layer on 
the surface of the active material according to Example 2 had 
a structure ofLi4 Ti5O12 doped with Mg on the surface. 

[0137] The results of FIGS. 4A to 6C illustrate that as the 
amount of titanium butoxide was increased, the compound 
comprising the coating layer on the surface of the lithium 
intercalation compound changed from Li2 TiO3 to Li4 Ti5O12 . 

EXAMPLES 3 and 4 

[0138] 96 wt% of each positive active material according to 
Examples 1 and 2, 2 wt% of a polyvinylidene fluoride binder 
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and 2 wt% of a denka black conductive material were mixed 
in an N-methyl pyrrolidone solvent, thus preparing a positive 
active material slurry. 

[0139] The positive active material slurry was coated on an 
Al foil, and then dried and compressed, thus manufacturing a 
positive electrode. 

[0140] The positive electrode was used with a lithium metal 
counter electrode and an electrolyte solution to manufacture 
a half-cell utilizing one or more processes commonly known 
to those of skill in the art. Herein, the electrolyte solution was 
prepared by mixing ethylene carbonate, ethylmethyl carbon­
ate and dimethyl carbonate in a volume ratio of3:3:4 to obtain 
an organic solvent and dissolving 1.15 M LiPF 6 (a lithium 
salt) therein. 

COMPARATIVE EXAMPLE 7 to 12 

[0141] 96 wt% of each positive active material according to 
Comparative Examples 1 to 6, 2 wt % of a polyvinylidene 
fluoride binder and 2 wt % of a denka black conductive 
material were mixed in an N-methy I pyrrolidone solvent, thus 
preparing a positive active material slurry. 

[0142] The positive active material slurry was coated on an 
Al foil, and then dried and compressed, thus manufacturing a 
positive electrode. 

[0143] The positive electrode was used with a lithium metal 
counter electrode and an electrolyte solution to manufacture 
a half-cell utilizing one or more processes commonly known 
to those of skill in the art. Herein, the electrolyte solution was 
prepared by mixing ethylene carbonate, ethylmethyl carbon­
ate and dimethyl carbonate in a volume ratio of3:3:4 to obtain 
an organic solvent and dissolving 1.15 M LiPF 6 (a lithium 
salt) therein. 

Evaluation 3 

[0144] FIG. 7A shows the initial impedance of the cells 
according to Example 4 and Comparative Examples 7, 8 and 
12, and FIG. 7B shows the impedance of these cells after 50 
charges and discharges. As shown in FIG. 7A, the cells of 
Example 4 and Comparative Examples 8 and 12 showed 
similar initial surface impedance, and thus, the coating layer 
including Li2 _xMgxTiO3 having a layered structure or the 
coating layer including Li4 _xMgxTiO12 having a spine! struc­
ture (as in Example 4) showed almost similar surface imped­
ance. However, as shown in FIG. 7B, the cell of Example 4 
showed lower surface impedance than the cells of Compara­
tive Examples 7, 8 and 12 after 50 cycles. 

Evaluation 4 

[0145] The rechargeable lithium battery cells of Example 4 
and Comparative Example 7, 8 and 12 were respectively 50 
times charged and discharged at 0.5 C, their residual capaci­
ties depending on a charge and discharge cycle were mea­
sured, and the results are provided in FIG. 8. As shown in FIG. 
8, the cell of Example 4 showed significantly better cycle-life 
characteristics than the cell of Comparative Example 8. 
Accordingly, although the cells of Example 4 and Compara­
tive Example 8 showed similar surface impedance (as illus­
trated in FIG. 7A), the cell of Comparative Example 8 showed 
significantly more deteriorated cycle-life after charges and 
discharges than the cell of Example 4. 
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Evaluation 5 

[0146] FIG. 9 is a TEM photograph of the positive active 
material before and after charging the cell of Comparative 
Example 8 (a), an elemental analysis thereof (b) and a dif­
fraction pattern photograph thereof(c), andFIG.10 is a TEM 
photograph of the positive active material of Comparative 
Example 11 after 50 charges and discharges, an elemental 
analysis thereof and a diffraction pattern photograph thereof. 
As shown in FIG. 9, the coating layer of Comparative 
Example 8 showed a structural change during the charge. In 
other words, the diffraction pattern ( c) before the charge in 
FIG. 9 was changed into a ring pattern after the charge, which 
shows that the structure of the coating layer was broken and 
changed from a single crystal structure to a polycrystal struc­
ture. In addition, the change into the polycrystal continuously 
occurred as a cycle progressed, as can be seen from the results 
in FIG. 10 which shows the same change in the transmission 
electron microscope photograph of the positive active mate­
rial of Comparative Example 11 after 50 times charging and 
discharging the cell. As shown in FIG. 10, the ring pattern 
(indicative of a polycrystal structure) was shown after 50 
charges and discharges, and this is at least partially due to the 
fact that lithium in Li2 TiO3 was deintercalated during the 
charge. 
[0147] In contrast, as shown in FIG. 11, the coating layer of 
Example 4 maintained a structure during the charge. The 
results of FIG. 11 indicate that Li was present in the coating 
layer after the charge and that its diffraction pattern remained 
almost unchanged after charge and discharge. Accordingly, 
cycle-life characteristics of the battery cell were improved. 
[0148] In other words, when Li is deintercalated from the 
coating layer during charge, it should be intercalated again 
during discharge. However, when is not intercalated again 
and does not go back to an active material because there is a 
structural change in the coating layer, like in Comparative 
Examples ( e.g., in Comparative Example 1 ), the amount of Li 
capable of participating in the reactions of the battery 
decreases. In addition, such Li may react with an electrolyte 
solution to form a coating layer on the surface or may exist in 
a resistance state and thus, may increase resistance of the 
battery. Accordingly, the active material of Comparative 
Examples ( e.g., of Comparative Example 1 ), showed deterio­
rated cycle-life characteristics and increased resistance. 
[0149] While this disclosure has been described in connec­
tion with what is presently considered to be practical embodi­
ments, it is to be understood that the invention is not limited to 
the disclosed embodiments, but, on the contrary, is intended 
to cover various modifications and equivalent arrangements 
included within the spirit and scope of the appended claims 
and equivalents thereof. Therefore, the aforementioned 
embodiments should be understood to be for illustrative pur­
poses only and not limiting the present invention in any way. 

What is claimed is: 
1. A positive active material for a rechargeable lithium 

battery, the positive active material comprising 
a lithium intercalation compound; and 
a lithium titanium oxide represented by Chemical Formula 

1 on the surface of the lithium intercalation compound: 

wherein 
0<xs3, 
lsys5, 
-0.3szs0.3, and 

Chemical Formula 1 
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Mis selected from the group consisting of Mg, Al, Ga, La, 
Tb, Gd, Ce, Pr, Nd, Sm, Ba, Sr, Ca, and combinations 
thereof. 

2. The positive active material for a rechargeable lithium 
battery of claim 1, wherein the lithium titanium oxide is 
Li4 _xMxTi50 12 (0<xs3). 

3. The positive active material for a rechargeable lithium 
battery of claim 1, wherein the lithium titanium oxide has a 
spine! structure. 

4. The positive active material for a rechargeable lithium 
battery of claim 1, wherein the lithium titanium oxide is 
included in an amount of about 2.0 wt% to about 6.0 wt % 
based on 100 wt% of the positive active material. 

5. The positive active material for a rechargeable lithium 
battery of claim 1, wherein the lithium intercalation com­
pound is an M-doped compound, and 

wherein Mis selected from the group consisting of Mg, Al, 
Ti, La, Tb, Gd, Ce, Pr, Nd, Sm, Ba, Sr, Ca, and combi­
nations thereof. 

6. The positive active material for a rechargeable lithium 
battery of claim 5, wherein the M is doped in an amount of 
about 0.1 mo!% to about 2 mo!% based on 100 mo!% of the 
lithium intercalation compound. 

7. A method of preparing a positive active material for a 
rechargeable lithium battery, the method comprising: 

mixing titanium compound-containing liquid and a lithium 
intercalation compound to prepare a mixture; 
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drying the mixture to obtain a dried product; and 
heat-treating the dried product. 
8. The method of claim 7, wherein the titanium compound­

containing liquid has a concentration of about 1.5 wt % to 
about 3.0 wt% of a titanium compound based on the total 
amount of the liquid. 

9. The method of claim 7, wherein a mixing ratio of the 
titanium compound-containing liquid and lithium intercala­
tion compound is a weight ratio in a range from about 
0.0092: 1 to about 0.073: 1. 

10. The method of claim 7, wherein the drying the mixture 
is performed at about 60° C. to about 100° C. for about 6 hours 
to about 24 hours. 

11. The method of claim 7, wherein the heat-treating the 
dried product is performed at about 700° C. to about 950° C. 
for about 3 hours to about 20 hours. 

12. The method of claim 7, wherein the lithium intercala­
tion compound is an M-doped compound. 

13. A rechargeable lithium battery comprising: 
a positive electrode including the positive active material 

of claim 1; 

a negative electrode including a negative active material; 
and 

an electrolyte. 

* * * * * 




